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BCTYII

Meroro  BuBYUEHHs po3auliB  «EinemeHTH  Teopii  MMOBIpHOCTEH»  Ta
«MareMaTnyHa CTAaTHCTHKA B TIPHUIITBI» € MIATOTOBKA (axiBI[iB JO BUPIMICHHS
PI3HUX TIPHUYOTEXHIYHUX 3aBJaHb Ha OCHOBI OOPOOKH CTAaTHCTHUYHOI 1H(opMaIlii 1
MIPOTHO3Y TOBEAIHKHA CTOXAaCTUYHHUX CHCTEM IUISXOM MOOYI0BH MMOBIPHUX MOJCIICH
TOTO YH 1HIIIOTO TEXHOJOTIYHOTO TpoIiecy abo MPUPOTHOTO SIBUIIIA.

Jlanuii MOCIOHMK MICTUTh KOPOTKI BIAOMOCTI 3 Teopii HMOBIpHOCTEH Ta
MaTEeMaTUYHOI CTAaTHCTHKH, IO HEOOXiMHI NJis MOOYTOBU CTAaTUCTUYHUX MOJIEIEH,
AK1 6e31mocepeIHb0 BUKOPUCTOBYIOTHCS ISl BUPIILIEHHS MPAKTUYHUX 3aBJIaHb.

OCHOBHOIO METOI BHMBYEHHS JaHUX PO3AUIB € UIIOCTpalis 3aCTOCYBaHHS
CTATUCTUYHUX METOJIIB JJIs1 BUPIIICHHS 3aB/JaHb TPHUIITBA, 30KpEMa I'€OMEXaHIKH.

ABTOpPH BHCIIOBIIOIOTh BIAYHICTh DOHIY NIHUBUIBHUX
nociimkens Ta po3Butky CIIIA (CRDF Global) 3a miarpumky
npu po3poOIll AaHOrO HABYAIBHOIO IMOCIOHHMKA B paMKax
CHUIbHOrO YKpaiHChKO-AMEpPUKAaHCHKOTO MpoekTy «HaykoBo-
OCBITHIN 1eHTp «CTIMKICTh T€OTEXHIYHUX CHUCTEM: MPOLIECH,

G L 0 B A L SABUIIA, PUSHUKH.




CTATUCTHUYHI METOJAM B ITPOBJIEMAX I'PHUIITBA

[lin ywac pochipkeHHA piI3HUX (PIBUYHUX 1 TEXHIYHUX TIPOIECIB YacTo
TPAIUISAIOTBCA SIBUIA OCOOJIMBOTO POAY, SKI MPUHHATO HA3WBATH BUMAJAKOBHUMH.
Bunaoxose seuwe mpu OararopazoBOMy TOBTOPEHHI TOr'O C€aMoOro JOCHiIy
MPOXOJUTH 1O0pa3y Mmo-iHmomy [1].

Hampuknan, mpu OaraTopa3oBoMy BH3HAYEHHI XapaKTEPUCTHUK MIIHOCTI
3pa3KiB OAHIET 1 Ti€i caMOi TIPCbKOI MOPOAM Pe3yJbTaTh OKPEMHUX BHUIIPOOYBaHb
OyayTh Tpoxu pisHUMH. L{i po3xomxKeHHs] 00yMOBIIEHI BIUTUBOM 0aratbox (akTopis,
a caMe HE3HAYHUMHU BIAMIHHOCTSAMH T€OMETPUYHOI (POpMH 3pa3KiB, PI3HUISIMH B
CTPYKTYp1 IpChbKOi MOPOJIM B OKPEMHUX 3pa3kax i T.1. [2]. Sk Ou TOYHO 1 TOKIATHO HE
Oynu JOTpUMaHI YMOBH €KCIIEPHMEHTIB, HEMOXJIMBO JOCSATTH TOBHOTO 30iry
pE3yJIbTATIB.

[Tomibna kapTUHA CIIOCTEPIra€ThCs MPU BUMIpaxX 3CYBIB KOHTYpY BUPOOKH B
NepeTuHax, 1o nepedyBaloTh B OJIHAKOBUX YMOBAaX, 32 TOM CaMUW MPOMIKOK 4Hacy;
OpU BUMIPIOBAaHHI MPOAYKTUBHOCTI POOIT B OUMCHUX ab0 MIATOTOBYMX BHUOOSX,
MPOBEICHUX y THUX CAMHUX TIPHUYO-TEOJIOTIYHUX YMOBAX 13 3aCTOCYBaHHSIM THX
caMUX MEXaHI3MiB.

Y psal  OpakTUYHUX 337ad  BUMNAQJKOBHMMM  €JIEMEHTAaMHU 3HEBAXKalOTh,
PO3TIISA0UM 3aMICTh pealbHOTO 00'€KTa HOro crmpomieHy cxemy — Monenb. [lpu
bOMY 3 MHOXUHHU (aKTOpiB, IO BIUIMBAIOTh, BUAUIAIOTH HAWOUIBII Baromi, a
BIUTUBOM JIPYTOPSIIHUX (PAaKTOPIB HEXTYIOTh. [10TiM 3aCTOCOBYETHCS TOM YW 1HILIHNA
MaTeMaTUYHUH anapaT (HanpHKiIaa, CKIaJaroThCA M IHTErpyroThea AU(EpeHIIAbHI
PIBHSAHHS, IO OIUCYIOTH JaHe sBUIIE). TakuM YUHOM, BHSBISETHCS OCHOBHA
3aKOHOMIPHICTh, 110 BJacTHWBa JaHoMy sBHUINY. Yum Oinbiie d¢akTopiB Oyae
BpaxOBaHO MPH MAaTEeMAaTHYHOMY MOJCIIOBaHHI, TUM JETAJIBHIIIE TOCTIIKYEThCS
SBUIIIE, & TAKOXK TOYHIIIIE CTa€ HAYKOBUI MPOTHO3.

Onucana cxema Ja€ BIPOTIIHUN pe3yibTaT MpH PO3B’sI3yBaHHI 3ajad, e
MIJCYMOK JOCHIAY 3aJeKUTh B HEBEIUKOI KIILKOCTI OCHOBHUX (DaKTOpIB, SKi
3aJIMIIAI0THCS MOCTIMHUMU B TOCHIAY A0 AOCHIAY. AJe L cxema HenpujaaTHa Mpu
PO3B’SI3yBaHHI TaKUX 3a7a4, JIe Pe3yJIbTaT JOCTIAYy 3aJIeKUTh HE TIJIbKU Bl OCHOBHUX
dakTopiB, ane W 3HAYHOIO MIPOIO BiJ KUIBKOCTI APYrOpSAHUX, TOB’SI3aHUX MIXK
coboro, BumagakoBux (akrtopiB [2]. Came Taki MUTaHHS BUHHUKAIOTh Yy TIPHUITBI.
Hanpuknan, HaBaHTaKEHHS Ha KPIIUICHHS TIPChKOI BHPOOKH, 3CYBU ii KOHTYpY
(GopMyIOThCS M1 BIUIMBOM LIJIOr0 psiay (hakTopiB, cepel AKUX Oe3Jiy BUMAJKOBHX,
NpUYOMYy TaKHUX, $KI HEMOXIHWBO BpaxyBaTH B pIIIEHHAX, 3aCHOBAHUX Ha
dbyHIaMeHTaIbHUX 3aKoHaX. Hampukiaza, cTpyKTypHa HEOJHOPIAHICTH MOPOIHOIO
cepenoBuia (HasBHICTh TPIIUH, (DIYKTyarliii, BKIIOYEHb), MOXUOKH B TEXHOJOTI]
3BE/ICHHSI KPIIUICHHS, HEIOCKOHAICTh TaMIIOHAXKY 3aKPIITHOTO MpocTopy Tolo. Kpim
TOro, Ti (i3MYHI KOHCTAHTH, IO (PIrypyIOTh y PO3paxyHKax — MOAYJb MPY>KHOCTI
nopina, koedimient Ilyaccona, 06'eMHa Bara, Mexi MIITHOCTI Ha PO3TSATaHHS 1 CTUCK —
TICHO TIOB'Si3aHI 3 BHUIIQJKOBOI IPUPOJOKD SBHILNA, TOOTO caMl € Bunaoxkosumu
BEITMYMHAMHU.



Jlnst po3B’si3aHHS 3a7a4, 10 MICTITh BUIIAQJIKOBI BEJIMYHWHH, TOOTO €JIEMEHTH
HEBM3HAYCHOCTI Ta 0araTONPHYMHHOCTI, BUKOPHUCTOBYIOTb  UMOBIPHICIMHO -
cmamucmuyHi memoou. BoOHUW CHUpAIOTbCS HA meopilo  UMogipHocmel 1
MamemamuyHry Cmamucmuxy.

[IpakTrka mokasye, SIKIO BUMAJAKOBI SIBUI[A MAIOTh MAaCOBHI XapakTep, Y HUX
MO>KHA 3HaWTH LIUIKOM BH3HAYE€H1 3aKOHOMIPHOCTI. BUBUEHHS 1IMX 3aKOHOMIPHOCTEM
CTAHOBUTb npeomem meopii UMOBIpHOCMEIl.

BinzHaunMo, 1110 came MacoBICTh BUIAJKOBUX SIBUIL 3a0€3Meuy€e MPOsSIB y HUX
cnenuivyHuX, TaK 3BaHUX «CTATUCTUYHHUX» 3aKOHOMIPHOCTEH. 3aBHaHHIM
mMamemamuyHoi CMamucmuky € CHUCTEMaTu3allisl CTaTUCTUYHUX JaHuX s
BCTAHOBJIEHHS  3aKOHOMIPHOCTE  mepediry  BUMNAJAKOBUX  MAacCOBHUX  SIBUIL.
Cmamucmuynumu OaHuMu HA3UBAIOTHCSA BIJIOMOCTI MPO KUIBKICTh O00'€KTIB, IO
BOJIOAIIOTh TUMH YH 1HITUMH O3HAKaMH.

CraTtucTUyH1 METO/IH, 110 BUKOPUCTOBYIOTHCS B PI3HUX Taly3sX 3HaHb, Y TOMY
YUCIIl ¥ Y TIpHUYOMY BUPOOHUIITBI, MAIOTh 3arajibHi pyucu. J{Jig rmuOoKOro BUBYCHHS
X METOIB 1 BUKOPUCTAHHS 1X y 3aBJIaHHSAX TIPHUIITBA BAPTO YCBIIOMUTH OCHOBHI
MOHSITTS T€Opii KMOBIPHOCTEHN 1 MaTEMAaTUYHOI CTATUCTUKY, BUKJIAICHI B YUCICHHUX
HaBYAJILHUX MNociOHMKaX. Hukde HaBeIeHO OCHOBHI BIJIOMOCTI, HEOOXIJHI IS
BUPIIIEHHS psAAy crnenudIyHuX 3aBJIaHb T€OMEXaHIKM 1 TIPHAUYOTO BHUPOOHMIITBA.
binbi moBHUM 1 JOKIaAHUM BUKJIAJ MOHSATH, IKUMHU ONEPY€E TE€Opish HMOBIPHOCTEH 1
MaTeMaTHYHAa CTATUCTHKA, MICTSITh MiApy4dHUKH [1 — 3].



1. OCHOBHI IIOHSITTHI, _
110 BUKOPUCTOBYIOTCS B TEOPII HUMOBIPHOCTEH

1.1. Bunaakosi noxii. ImoBipHicTs moaii. Yacrora moaii

BunankoBa mopmis — (akT, sSKUi y pe3ynbTaTi IOCHIy MOXE BIOOYTHCS, a
MOXKe 1 He B1IOYTHCH.

Hpukaaam nomii:

A — «pyiiHYBaHHS 3pa3Ka Mopoax po3MipoM 7x7X7 cM Mif [i€l0 HABAaHTAKEHHS
P=500 Hy;

B — «pyliHyBaHHSA 3pa3ka NOpOAH po3MipoM 7X7X7 cM Mif Al€I0 HABAHTAKEHHS
P=1000 Hy;

C — «06e3BiIMOBHA poboTa MexaHi3My npotsarom 100 ronuny;

D — «6e3BiamMoBHA poOOTa MeXxaHi3My NPOTIroM 50 roIuH»;

E — «06e3BiiMoBHA poOOTa MEXaHI13MY IIPOTSTOM 25 TOIUHY.

besymoBHO, 1m0 momis B Okl MOXIIMBA, HDK Tomis A, a momis £ Ouibml
MoxHBa, HUK 1ol C u D. MOXXIIMBICTD MOSBY TO1T XapaKTEPU3Y€ETHCS YUCIIOM, 1110
HA3UBAIOTh IMOGIPHICMIO TIOII.

Knacuuna bopmyna Bu3Hau€HHS WUMOBIPHOCTI MOJI1 4 Ma€ BUTIISI;

P(A) =% : (1.1)

7€ N — 3arajibHa KUIbKICTh PIBHOMOXKJIMBUX BHUIAJKIB (pe3ynbTaTiB) JOCHIy ; M —
KUTBKICTh TUX BUMIAJIKIB, IO CIIPUSIOTH TOSBI TO/T].

Hexaii, nanpukiian, y ckpusblll 3HaxoasaTbes 100 neraneit, 3 sskux 10 meranei
€ OpakoBaHUMHU. SIKIIO HE TUBISYUCH BUTATTH OJHY JI€Tajlb, TO UMOBIPHICTh MO1I A
— «BUTATHEHA JIeTallb € OPAaKOBAaHOIO» —

P =10/100=1/10.

[3 kmacu4HOrO0 BHW3HAYCHHS BUIUIMBAE, MO WMOBIPHICTH BWITAJIKOBOI MOl
KoJuBaeThes B Mexkax Big 0 mo 1. 3a oguHuUIIO NpHitHATa WMOBIPHICTE 8ip0o2ioHOT
nojii, ToOTO Moii, 0 HEOAMIHHO BiAOYIEThCs B pe3ynbTaTi qocuiny. Hanpuknan, y
JOCTIl 3 KUJIaHHSIM TPaJTbHOI KOCT1 BIPOTIMHOIO € TMOJMIS: «YHCIO0, 10 BHMANIO, HE
OinbuLe 6.

Hymto nopiBHIOE HIMOBIPHICTh HeMOMcAU60F TIOALl, TOOTO TaKOi, II0 HE MOXE
BiIOyTUCSA B AaHOMy nochiifal. Hanpuknan, mpu KugaHHI TpajibHOI KOCTI OIS
«YUCNO, WO BUNANO, 00pieHIOE 16%» € HEMOXKITUBOIO B JOCIIII.

3a knacuyHoro Qopmynoro (1.1) KHMOBIpHICTE TOMAIl MOXXHAa BH3HAYUTH 3a
yMOBaMH JOCJIiAy, HE 3/1MCHIOI0YHN Woro. SIcHo, Hampukiiaa, 1 0e3 KuaaHHs rpajgbHOl
KOCTI, 110 HMOBIPHICTD MOIl «yucio, wo eunano, oopisHioe 5» cranosuth 1/6. Tomy
HMOBIpHICTh, 110 OTpUMaHa 3a KiacuuHow Qopmynoro (1.1), Ha3uBarOThH
XapaKTEPUCTUKOIO  «anpiopi». CllabKol0 CTOPOHOI KJIACHYHOTO BU3HAYCHHS
HMOBIPHOCTI € Te, IO JAJIEKO HE 3aBXJIMU PEe3ylbTaTH JOCIIIY MOXKHA TOJATH Y



BUTJISIZII CYKYMHOCT1 eneMmeHTapHux mnoxaid. Tomy dopmyna (1.1) mae obmexeHe
3aCTOCYBaHHSI.

Ha npaxTuiii anaiorom iMOBIpHOCTI € @i0HOCHa uacmoma 1ol — BETUYNHA,
110 BU3HAYAETHCSI MICIISI MPOBEAEHHS cepii TOCHimiB («anocmepiopiy) 3a popmymnoro:

MM=%, (1.2)

TYT N — 3arajibHa KUIBKICTh JIOCIHI/AIB; M — KUIBKICTh JIOCIHIZIB, Y PE3YNbTATl SIKUX
BiOymnacs mmomis A.

HMpuxaan 1.1
VY Buboi BiAiOpano 35 npob pyau. 3 HUX 7 nMpo0 Malid BMICT METally HE OUTbII
1%. YacTtoTta noaii 4 — «BMICT MeTaiy B npoOi He Outbi 1 %» —

w(r) = -1

35 5
AxOu MU MOBTOPWIIM JOCHTiA, TOOTO BimiOpanu Ha Ik camii AUIsHIN 1HII 35
mpo0, TO pe3yapTaT Mir 6u Oyt iHmuM. Hanpukinan, Tiabku 5 mpo0 MiCTHIN METamy
He Oumbmn 1 %. Tomi © wyacrora moxmii A ckimamana 1/7. OpHak, TpuBaii
CIIOCTEPEKEHHS TIOKAa3aju, SKIIO B OJHAKOBHX YMOBAax 3IiHCHIOIOTH IOCHIJIH, Y
KOXHIM 13 SIKMX KUIBKICTh BHIPOOYBaHb JOCHTh BEJIHKAa, TO BIJHOCHAa YacToTa
3MIHIOETBCS B KOXXHOMY JOCHIAl Majio (TUM MEHIIEe, 4YuM Ouiblie 3po0JeHO

BUNIPOOYBaHb), KOJMBAIOYUCH OUIA JESIKOro mocTiiHoro yuciaa. lle uucio 1 €

HMOBIPHICTIO TIOAII — TEOPETUYHOIO BEJIWYMHOK, 10 SKOI IparHe emIipuyHa
BEIMYMHA — BIJIHOCHA YacTOTa — NPU HECKIHYEHHOMY 30UIbIIEHHI KIUIBKOCTI
BUIIPOOYBaHb.

1.2. Buay BUNAaKOBHUX MOIiN

1100ii nazusarombcst HECYMICHUMU, SIKWO BOHU HE MOXCYMb GIOOYMUCS PA30M
8 0OHOMY 0O0CTIOL.

[Ipuknagum HECYMICHUX MOMAIN: «BUMAIIHHS repba» 1 «BUNAAIHHSA TUPPU» MIPU
OJTHOMY TIJIKHUJIaHHI MOHETH; «3pa30K 3pyHHYBaBCS» 1 «3pa30oK HE 3pYyHHYBaBCA» Y
TOMY CaMOMY JOCIiIi.

Kinbka mofiii yTBOPIOIOTH MOBHY TIPYyMy, SKIIO B pPE3yNbTaTi IOCIITY
3'IBUTHCA X0ua O ofHa 3 HUX. [HIIMMU ciioBaMHM, MosBa Xo4ya O OJIHI€T 3 MOAIN MOBHOT
Tpynu € JOCTOBIpHOIO Tomier0. Hampukinaa, y pe3yabTaTi OOCHINY — KHIAHHS
IpaJIbHOT KOCT1 — 000B’3KOBO BiI0YI€ThCS OJIHA 3 MOMAIN: A; — «BUIAI0 4ynciio 1»; A,
— «BHIAJIO YHUCIO 2»;, Az — «BHUMIAIO YUCIO 3»;.... Ag — «Bumamao uucio 6». 11
HECYMICHI TI0Jlii YTBOPIOIOTH MOBHY Tpymy. B pe3ynbrari mocmiay — cTpijiok 3poOuB
MOCTPLUI IO 11JI1 — 0OOB'I3KOBO BIOYAETHCS OJIHA 3 TOAIN: «IOMaJaHHI», KIIPOMAaX».
i aB1 HECYMIiCHI MOii yTBOPIOIOTH MOBHY TPYILY.

1o0ii nazusaroms piBHOMONCIUBUMU, AKWO € NIOCMABU B8ANCAMNU, WO HCOOHE
3 HUX He € OLIbUL MONCTUBUM, HIJIC THULE.

Hanpuknan, nonii «BumnagaiHHs TepOa» 1 «BUMAAIHHSA THPPU» TPU OTHOMY
MIIKUAaHHI MOHETH € pigHoMoxcausumu. [liicHO, mependadaeTbesi, IO MOHETa
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BUTOTOBJIEHA 3 OJHOPIJHOIO MaTepialy, Ma€ MPaBUIbHY LWIIHAPUYHY (GOpMy 1
HAsSIBHICTH KapOyBaHHs HE BIUIMBAE HA BUNIAJAHHS TI€T UM 1HIIOT CTOPOHH MOHETH.

1.3. OcHoBHi TeopeMu Teopii iiMmoBipHOCTel. Asredpa noaii
1.3.1.Teopema nonaBanHs iMOBipHOCTEH

Cymoro A+B nBox moxiit A 1 B Ha3uBaroTh Moo, sKa MoJsrac y mosBi momii
A abo noxii B, abo ix 000x.

CymoO10 JIeKUTbKOX MOl Ha3WBaIOTh MOJII0, SIKa MOJArae y MosBI xo4a O
onuiei 3 mux moxid. Hampuknan, momis A + B + C monsrae B mosiBi OmHiel 3
nactynuux nogi: A, B,C, AiB, Ai1C, BiC, AiBiC.

Teopema. fxwo nooii A, B, C,......N Hecymichi, mo UMOBIpHICMb CYMU YUX
nooill 00PiGHIOE CYMI UMOBIpHOCMEll NOOIIL.

P(A+ B+ C+...+N )=P(4)+P(B)+P(C)+......+P(N). (1.3)

I3 111€1 TEOpEMU BUILIIMBAE YK€ BAKIMBUI BUCHOBOK 1.

Sxmo HecymicHl momii Ay, Ap As...... An BUYEPIYIOTh CO00I0 BC1 MOXITHBI
BUIAJKKU J0CIITy (TOOTO YTBOPIOIOTH HOGHY 2pyny TOJliA), TO cCyMa WMOBIPHOCTEH
X MO1IN JopiBHIOE oguHUIll. ToOTO:

P(A1 )+(Ax)+( Az)...... +(4y) = 1. (1.4)

Hamnpuknaz, npu kuaaHH1 rpajibHOI KOCTI MO A — «BUMANO YUCIO 1», Ay —
GBHITAJIO YHCIO 2», Az — «BHIAJIO YHUCIO 3»;.... Ag — «BHUNAJIO YUCIO O» €
HECYMICHUMH, BHUYEPHYIOTh COOOI BCl MOMJIMBI BHUIQJKH 1, TaKUM YHHOM,
YTBOPIOIOTH TOBHY TPYIy TOii. FIMOBipHiCTh KOXHOI 3 IUX MOAiH BiAIOBiTHO 10
kinacuuHoi popmyiu (1.1) nopiBroe 1/6. Cyma HMOBIpHOCTEH 1TUX MOTIN:

P(A)+ P(A)+ P(Ax)+....... + P(A¢)=1/6+1/6+1/6+...+1/6=6/6=1.

[Tepen TuM, sik chHOpMyTIOBATH APYTUil BUCHOBOK 3 TEOPEMH JOJaBaHHS 1aMO
Take BHU3HauCHHs. IIpomunexcHumu nazusaromocs 08i €OUHO MONCAUBL NOOIi, U0
ymeopwwombs nosny epyny. Hanpukian, y I0CHial — KAJaHHS MOHETH — mojii 4 —
«BUTAIIHHS TepOa» 1 A*— «BumagiHHA TUpU» € NPOTUICKHUMH, Yy HOCTIIl —
HaBaHTaXEHHs 3pa3ka — MoAll B — «3pa3ok 3pyillHyBaBcs» 1 B* — «3pa3ok He
3pYHHYBABCS» TaKOXK € IMIPOTHIIC)KHUMHU.

BucnoBok 2. Cyma mpOoTHIEKHUX MOA1HN J0opiBHIOE onuHuUIl. To6TO:
P(A)+P(A*)=1.
ITo cyTi, BUCHOBOK 2 — OKpeMuil BUNIaAOK BUCHOBKY 1. TakuMm unmHOM, SKIIO

BiJloMa HMOBIPHICTh TOMIi A, 3aBXIM MOXXHA BH3HAYUTH WMOBIPHICTh TMPOTHICKHOI
10



nonii A*. el ¢akT mMPOKO BUKOPUCTOBYETHCS IJISl PO3B’sI3yBaHHA 3aaad. SKiio,
HAMIPUKJIQA, TPOTUIEKHA ToMia A* po3mamaeTbcs HAa MEHIIYy KUIBKICTh
eJIEMEHTapHUX BUMAJKIB, HIXK MOMAIs A, JOIUIBHO MiApaxyBaTH UMOBIPHICTH Moaii A
SK PI3HULIIO:

P(A)=1- P(A*).

1.3.2. Teopema MHOKeHHsI iiMOBipHOCTEili

Jobytkom aBox momiit A 1 B HasuBatoTh nojito AB, sike monsirae B COUIbHIN
nosiBi (moegHaHHi) nux moai. Hampukman, skmo A — «aeranb npujaatHa», B —
«netanb nodapOoBaHa», To AB — «nerans npunatHa i1 nopapooana». Jo0yTkom
KIJIBKOX MO/1i HA3UBAIOTh IIOII0, KA IIOJIAra€ B CHIJIbHIN ITOSIB1 BCIX [IUX MOIIN.

[Tepur Hix chopMyTroBaTH TEOpEMY, HABEAEMO TaKe BUSHAUCHHS.

1lo0ii Hazuseaiomv HeE3ANEHCHUMU, SKWO NOA6A OOHIEL 3 HUX He 3MIHIOE
ULMOoBIpHOCmel NoABU THUUX NOOILL.

IToniss A Ha3uBaeThbCs 3anexcHoro BiA Moail B, sSKmo HMOBIpHICTH moaii A
3MIHIOETBCS 3aJI€KHO B TOTO, BIAOyJacs Mojis B 4M Hi. YMO6HOW Ha3UBAIOThH
IMOBIPHICTB NOJ1i A, OOUKCIIEHY 3 ypaXxyBaHHSIM TOro, mo noxais B BiaOymnacs. Taky
HMOBIpHICTh TO3HAYAIOTh Pp(4). Ymoeny WMOBIpHICTH TOAIi B OOYHCIIOIOTH 3
ypaxyBaHHSIM TOT0, 10 MOJist A BiOy/acs, i mo3Ha4amTh Py(B).

Teopema. Mmosipnicmo cninouoi noseu Hezanexchux nooiti A, B, C,...... N
0opieHI0e 00OYMKY UMOBIPHOCIEN YUX NOOIU.

P(4,B,C,...N)=P(A)P(B)P(C)...P(N)... (1.5)

Imogipnicms cninbHoi nosAsuU KiIbKOX 3ANeHCHUX NOOill OO0PIBHIOE 000YMKY
UMOBIDHOCMI 00HO20 3 HUX HA YMOBHI UMOBIPHOCMI 6CIX I[HWUX, NPUYOMY,
LUMOBIPHICIMb KOJHCHOI HACMYNHOI NOOIi 00YUCTIOEMBCA 3 YPAXYBAHHAM MO20, WO 6CI
nonepedHi noodii edce 8i0Oynucs. 30KkpemMa s TPboxX 3alekHux noail A, B, C
WMOBIPHICTh CIIUTHHOI MOSIBU

P(4, B, C)=P(4)P4(B)P.15(C). (1.6)

Hpuxaan 1.2

Hexaii nminmsHKa eJIEKTPUYHOIO KOJIa MICTUTh JiBa TIOCIHIJIOBHO 3'€THAHUX
eneMmeHnTa. Hexaif 3a manuMu BUTIPOOYBaHb MEPIITUI €JIEMEHT IpaIoe 0e3BiIMOBHO 3
uMoBipHicTIO p1=0,9, a apyruit — 3 imoBipHicTIO p,=0,8. Tlomii A — «mepumii
€JIEMEHT CIpaloBaB 0e3BIAMOBHO» 1 B — <«Apyruil eJleMeHT CHpaloBaB
0e3BIAMOBHO» € He3aJekHUMU. [lofis «komo crpalroBaigo 6€3BiIMOBHOY TOJSATA€E B
CHUIbHIHN MOSB1 He3aNeXHUX Mo A 1 B. IMoBipHICTH 6€3BIIMOBHOI POOOTH KOJia

P(4,B) = p1x p,=0,9%0,8=0,72.
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[lefi nmpukiax HAOYHO UIIOCTPYE BIAOMHMA (DAKT: 4YMM OUIbIIE MOCIHITIOBHO
3'€THAHUX EJIEMEHTIB MICTUTh EJIEeKTPUYHE KOJO, TUM MEHIIE WMOBIPHICTH HOTO
0€3B1IMOBHOI pOOOTH, HABITh SKIIO KOXKHHUHU 3 €JIEMEHTIB Ma€ BHUCOKY MMOBIPHICTH
0€3B1IMOBHOI POOOTH.

Hpuxnang 1.3

TexHiuHUl TPUCTPIA CKIAAAEThCS 3 7-MU eJeMeHTIB. KoxkeH eleMeHT,
HE3aJIEKHO BiJ IHIIUX, MOXE MaTH HECIPABHICTb, UMOBIPHICTh K01 opiBHIOE 0,05.
Slkmo xoua O OOWMH €IEMEHT HECIpPaBHHM, TO B Iporeci poOOTH MPHUCTPOIO
BIIOYIE€ThCS aBapis. 3HAUTH UMOBIPHICTB III€T MO/

Hexaii momis B — «eleMeHT HecmpaBHMil». VMoaipricts P(B)=0,05.
[IpoTHnexHa MONis B* — «elIeMEHT CIpaBHM». VIMOBIpPHICT MPOTHIICKHOI MOALI

B1JIMOB1JTHO BUCHOBKY 2
PB*)=1-P(B)=1-0,005=0,95.

[Toznaunmo uepe3 A TOMII0 «aBapis: xoua O OJUH EIIEMEHT HECIPABHUI.
[Iporunexna momist A* — «yci 7 eIeMEHTIB CHpaBHI». 3a TEOPEMOIO MHOXKECHHS
o . . 7 o . .
nmoBipHicTh P(4%)=0,95"=0,695. OTxe, nrykana iMOBIpHICTb moii 4

P(4)=1-P(4*)=1-0,695=0,305.

Takum uyunoM, y 30,5 % eunaokie moowciuea asapia. 1 e npu WMOBIPHOCTI
HECIPABHOCT1 KOXKHOI'O €JIeMEHTa, sika JopiBHIOE ycboro juiie 0,05. Yce Tomy, 1m0
MPUCTPIN CKIAAAETBCA 3 7 €IEMEHTIB, 1 BIAMOBJIEHHS OJIHOIO 3 HHUX 30BCIM HE
MaJoOWMOBIpHA MOisl.

Hpuxnan 1.4

Hexait maprtis 3 100 geraneit mae 10 OpakoBanux. BumaakoBo BiIOMparoTh
OJIHy JeTajab, TOTIM Jpyry. BuszHaunMo WMOBIPHICTH TOTO, IO OOWJBI BOHU
OpakoBaHi.

ImoBipHicTh TIONIT A — «mepiia 3 BimiOpaHUX aeranell — OpakoBaHa» Mae
umoBipHicTE P(A4)= 10/100=1/10.

ImoBipHIiCTh MONIT B — «apyra 3 BiAlOpaHux aetaneil — OpakOBaHa» 3AJIEKUTh
BiJl TOro, 4u BimOynacs nomais A. 3 ypaxyBaHHSM TOTO, III0 BOHA JiMiCHO BimOymacs,
YMOBHA MMOBIpHICTb NOA11 B

P4(B)=9/99=1/11.

ImoBipHiCTIO TOro, 1O 00MIBI AeTani OpakoBaHl, € WMOBIPHICTb CHLIBHOT

[OSIBU JBOX 3aJICKHUX ITOAINA A 1 B

P(AB)=P(A)P4(B)=1/10%1/11=1/110.

1.3.3. ®opmy.ia NOBHOI HMOBIpHOCTI

BucHoBKkOM 3 TeopeM do/aBaHHS 1 MHOXEHHS WMOBIpHOCTEH € dopmyna
MMOBHOI KMOBIPHOCTI.

12



Hexaii momiss A Moxke BIIOYTHCS TUIBKH pa3oM 3 oaHiero 3 momik Hi, Hy,
Hs,...H,, momapHo HecymicHuX, o yTBOpIOWOTH MOBHY rpymy. Iloxii Hj, j=1n
HA3MBAIOTHCA TinmoTe3amu s noii 4. Y mociial mofis A Moxe BIIOYTHUCS TIIbKHA Y
Burisigi AH;, abo AH,, a6o AH,. Otmxe, WMOBIPHICTh Ili€l MOMIl 3a TEOPEMOIO
JO/TaBaHHS

P(A)=P(AH)+P(AH,)+...+P(AH,)...

BianoBigHO 10 TeopeMH MHOXKEHHST WMOBIPHOCTEH [Jis 3aJIeKHUX TOM1H

oJIep>kUMO (popmMyITy TOBHOT HMOBIPHOCTI:

P(AY=P(H1 JPrs(A)+P(Ho)Pro(A) ... P(H)P(R)= X P(H P, (). (L)

Mpuxaan 1.5

Ha nBopi xonansHi C (puc. 1.1) rpymnyroThCsi BArOHETKH ISl 3a00py MOPOIH 3
MPOXiTHUIBKUX BUOOIB, MO3HAYEHWX TOYKaMU. BaroHeTkw B PIBHUX KUIBKOCTSIX
BHPYIIAIOTH 10 BUOOIB 110 MaricTpaisax hy, hy, hs.

hs

h, [2 a

h;

Puc. 1.1. Cxema o npukiany 1.5

Baronerka 3 (¢ikcoBaHUM HOMEpPOM MOXE IOTPANUTH Ha KOXHY 3 IHX
Mmarictpaied. fka WMOBIpPHICT, TOro, IO camMe II1 BaroHeTKa MOTPAMUThH JI0
MIPOX1THUIILKOTO BUOOIO .

Po3B’s130k. Bucynemo rinoresu:

H, — «saconemrxa nompanuna na macicmpans hy »;, P(H;)=1/3,

H, - «saconemrxa nompanuna na macicmpans hy »;, P(H3)=1/3,

Hs - «saconemrxa nompanuna na macicmpans hs », P(H3)=1/3.

3a gopmyroro moBHOI iiMoBipHOCTI (1.7) oTpuMaemo

P(A)=P(H1)Pu1(A)+P(H2)Ph2(A) +P( H3)Pus(A) =
=1/3*1/3+1/3*1/2+1/3*1/4=13/36.
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1.3.4. ImoBipHicTh rinore3. ®opmyaa baeca

Hexail moniss A Moxe BigOyTHcs TUIBKH pa3oM 3 OfHiero 3 momiit Hj, j=1,n.
Hexaii Takox nonis 4 BigOynacs. Slka KMOBIpHICTB TOTO, IO MOSABI MOAIT A cripusiia
came rinoresa H;? Otpumaemo

P(AH;)= P(A) Pa(H;) = P(H)P(A).
3BincH Pa(H;)= P( H;j)Pw;(A) IP(A).
3 ypaxyBaHHAM (opmynu moBHOI HmoBipHOCTI (1.7) nmicranemo dopmyny

baeca:
P(H,)P, (A)

PA(Hj) =
> P(H,)P,, (A

st popmysna BHU3HAYAE «IIUTOMY Bary» WMOBIPHOCTI MOSIBU TOAIT A pa3oMm 3
rinore3o0 H;j cepen ycix MOXKIMBUX peanizauii moaii 4.

(1.8)

Ipuknan 1.6

[Ipu oOcTexxeHHI JesKO0i aBTOMATU30BAHOI CHUCTEMH PO3TJISIAIOTHCS Bl
OPUYUHY, 1[0 MOXKYTh BHUBECTH 11 13 CTpOIO. IMOBIpHOCTI MX MPUYHMH BiAMOBIIHO
nopiBHoOTh 0,6 1 0,4. Jlns yTouyHEHHS OOCTEXEHHsI NMPU3HAYAIOTHhCS J0JATKOBI
ICITUTH, PE3YJIBTATOM SIKUX € TMIO3UTHBHUHN «+» UM HETAaTUBHUU «-» CUTHAIIN JTaTYUKA.
VY Bumanky peanmizamii mepuioi MpUYMHU WMOBIPHICTh CUTHANY «+» aopiBHioe 0,9,
curHany «-» — 0,1. V Bunazaky peanizauii Jpyroi IpUYMHA CUTHAN «-» 1 CUTHAJ «+»
MaroTh iIMOBIpHICTH 0,5. Icmut 3poOuinu 1Bidi i 00uIBa pa3u OyB OTpUMaHUN CUTHAT
«-y». [1oTpiOHO 3HANTH UMOBIPHICTB peatizallii KOXHOi 3 MPUYUH MOKIIUBOTO BUXOIY
CUCTEMHU 3 JIajy MICIIsi MPOBECHHS ICTIHUTIB.

Po3B’s30k. [To3Haunmo

H, - «npuuuna Nel »; P(H;)=0,6,

H, - «npuuuna Ne2 »; P(H;)=0,4.

Hexait moxmiss 4 — «oOuaBa CUrHaluM HETAaTUBHI». Y BUNAAKy npuuumHud Nel
iMoBipHICTh HeratuBHOro curaany Py (A)=0,1*0,1=0,01, a y Bunaaky npuauau Ne2
Pu2(A) =0,5*0,5=0,25. 3a ¢popmyioro (1.8) maemo

P (H )_ P(HI)PHl(A) _ 0,6*0,01 :0 06

AT P(HDP, (A) +P(H,)P, (A) 06%0,01+04%025
*

PA(HZ) P(Hz)PHz(A) _ 0,4*0,25 0.94

~ P(HDP, (A)+P(H,)P, (A)  06%0,01+0,4*0,25
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Otpumani pe3yJbTaTd JAlOTh Baromi MiJICTaBU BBa)KaTH, IO CUCTEMA MOXKE
BUWUTH 3 Jaay yepe3 npuuuny Ne2.

KoHTpoJbHI NUTAHHSA
[Ilo Ha3UBa€ETHCSI BUMIAJAKOBUM SIBHIIIEM?
o cknagae mpeameT Teopii HMOBIPHOCTEH?
Y 4oMy nossirae 3aBAaHHA MaTEMATUYHOI CTATUCTUKU?
Hagenits kmacuuny Gopmyity HMOBIPHOCTI BHITaIKOBOI MOII.
[Ilo € emmipUuYHUM aHAJIOTOM HMOBIPHOCT1?
Sxi momii HA3UBAOTHCS HECYMICHUMHU?
CdopmynioiiTe TeopemMy J10aBaHHS UMOBIPHOCTEH N7 HECYMICHUX TO/TIH.
Sxi moaii yTBOPIOIOTH MOBHY rpymny? YoMy NOpiBHIOE cyma HMOBipHOCTEH
MOJT1i, 1II0 YTBOPIOIOTH MOBHY TPyIy?
9. ki moail Ha3UBAOTh HE3AIEKHUMU ?
10. ChopmymroiiTe TeopeMy MHOKEHHS WMOBIPHOCTEH ISl 3alleKHUX 1
HE3AJIEKHUX 10117

NGO RWNE
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2. BUTIAJIKOBI BEJIMYWHMU 1 3AKOHHU X PO3IOALTY
2.1. [loHATTHS BUNIAAKOBOI BeJIUMYMHHU

Bunaokoeoro Ha31BaIOTH BEIMUUHY, SIKa y Pe3yJbTaTi JOCIy HaOyBae Oyab-
AKOrO 3HAa4y€HHs. 3a3jajerilp BOHO HEBAOME 1 OOYMOBJIEHE BHIIAJKOBHUMHU
MPUYUHAMH.

Sx110 3HaYCHHS BUTIAAKOBOI BEIMUMHNA MOJYKHA MEPETiYNTH, BOHA HA3UBAETHCS
ouckpemnoio. Ilpuknang — KUIBKICTh BiIOIMHWUX MOJIOTKIB, IO BUXOIATH 13 JIaIy
MPOTAroM 3MiHU. TyT BUNAJAKOBA BEIUYMHA MOXKE IPUMUMATH TUIBKY 11111 3HAYESHHS.

k1o BUMAAKOBA BEIWYMHA B XOJ1 JOCHIAY MpuiMae OyIb-sKe 3HAYEHHS 3
JIESIKOT'0 1HTEepBaly, BOHA Ha3UBAETHCA Henepepenoro. J1o HernepepBHUX BUMAIKOBUX
BEJIMYMH BIJHOCSATHCA: 3HAYEHHS BMICTY MeETaly B pyAl 3a pe3yJbTaTamu
BUNIPOOYBaHHS, Yac O€3BIIMOBHOI pPOOOTH MeXaHI3My, NPOIYKTHUBHICTH Mpalli
poOiTHUKA, TOXUOKM BUMIPIOBaHb 1 T.l. Maike BCl BETUYUHU, 110 XapaKTEPU3YIOTh
BJIACTHBOCTI TPCHKUX MOPia (MeXa MIIHOCTI, MOIYJb AedopMaliiii, MMToMa Bara), €
HEMepepBHUMU BUTIAKOBUMH BEIIMUYUHAMH.

Hanaii BumaakoBi BeTUYMHH OYAEMO TO3HAYaTH BEJUKHMH Jitepamu (X, V,
1 T.1.), a IX MOXKJIMB1 3HAUCHHS — BIAMOBIIHUMH MaJIUMHU (X1, X2 , Xn; Y1, Y2, -.r Yn)-

PosrisitHeMo nuCKpeTHY BUNIAAKOBY BEIUYHUHY X 3 11 MOXKIMBUMU 3HAYCHHAMU
X1, X2 , ... Xn . KOXKHOTO 3 1IMX 3HAa4YeHb BeMnyuHa X HaOyBae 3 JESIKO0 HMOBIPHICTIO,
a came: 3Ha4eHHS X=x; — 3 UMOBIPHICTIO p1; 3HAY€HHS X=X, — 3 IMOBIPHICTIO p5,
3HaYeHHA X=X, — 3 IMOBIPHICTIO pp.

[Momii «X=xp», «X=x»,...,«X=xp» HeCyMICHI 1 YTBOPIOIOTh TOBHY TpYIy.
OT1xe, cyma HMOBIPHOCTEH LIMX MOIN

Z P =1. (2.1)

IIs cymapHa WMOBIPHICTP TEBHUM YHHOM pO3MOAUICHA MK OKPEMHUMHU
3HAYEHHSAMM BUIAJKOBOI BennunHu X. Bunankosa BenuunHa Oyze MIJIKOM OMUCaHa 3
IMOBIPHICHOI TOYKHM 30pYy, SIKIIO MH OyJIe€MO TOYHO 3HAaTH, K camMe pO3IOAlIEeHA
CyMapHa WMOBIPHICTb, TOOTO $Ka MMOBIPHICTh KOXHOI 3 TOMIA «X=xo»,
«X=x2,...,«X=x.

BusHaveHHs1. Bionogionicmv Midc 3HAYEHHAMU BUNAOKOBOI GeNUUUHU |
UMOBIDHOCMAMY, 3 AKUMU Yi 3HAUEHHS 3'A61810mbcsi 6 pe3yibmami 00cCioy,
HA3UBAEMbCS 3AKOHOM PO3NOOITY.

[Ipo BUMANKOBY BETUYHHY TOBOPSTH, IO BOHA HIONOPAOKOBAHA HAHOMY
33KOHY. Haitnpocrimow ¢opMoro 3aBnaHHs 3aKOHY posnoz[my € TabnuLs, 110
MICTUTh 3HAYCHHS BUIIAJKOBOI BEIWYMHHM 1 BIiIMOBIIHI iM iMOBipHOCTI (Tabm. 2.1).
Taka TabauLst HA3UBAETHCA PLOOM PO3NOOILTY.

Taomung 2.1

P

X
iy
X
)
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IMpukaan 2.1

Ha pyanuky mpotsirom 100 poGounx 3MiH (hikCyBamacs KUTbKICTh BiIOIMHUX
MOJIOTKIB, IO BHUXOIATh 3 JIaAy 3 PI3HUX NPUYHH. Pe3yabTaTH CIOCTEPEKEHb
HaBeACHO B Tabi. 2.2, 1o sBisie COO0I0 Pl PO3MOILITY JJIS BUMAIKOBOT BETUYMHU X
— KUJTBKOCTI MOJIOTKIB, 1110 BUMIIUIH 3 JIay MPOTATOM poOOYOro yacy.

Tabmums 2.2
KiJIpKICTB MOIOTKIB, IO KinpkicTe BignocHi
BUUIIUIH 3 JIATy TPOTITOM CIIOCTEPEXKEHb M 4acToOTH W
poOoyvoro yacy
0 16 0,16
1 56 0,56
2 24 0,24
3 3 0,03
4 1 0,01
> m, =100 D w, =1
i—1 i=1

[Ilo6 momatu psAy poO3MOALTY HAOYHICTh, OyAYIOTh TaK 3BaHY MOJITOHAJIBHY
KPHUBY: MO 0C1 a0CIUC BiAKIAal0Th 3HAYEHHS BUMIAJKOBOI BETUYUHHU, IO OC1 OPJAMHAT
— IMOBIPHOCTI IIUX 3HaYeHb (Y JAHOMY BHIIAJIKY BIJHOCHI 4acTOTH) (puc. 2.1).

3 HaBEJEHOTro MNPUKIAAy BHUIHO, 10 B yMOBax JIaHOI IIAXTH HANUOLIbII
IMOBIPHHUM € BUXIJI 3 JIay OAHOTO BiAOIMHOr0 MOJIOTKA MPOTATOM poOOYOro yacy.

T A
04 // \\
02y AN
01] AN
0 O

0 1 2 3 4

Puc. 2.1. ITonironanbHa KprBa pO3IMOALTY BUITaIKOBOI BETMYUHU
X — KUTBKOCTI BiAOIMHIX MOJIOTKIB, 10 BUWIIUTH 3 JIay IPOTATOM 3MIHU

2.2. InterpajbHua QyHKIlisi po3nmoaity

Psan posnoauny BUYEpPHHO XapakTEepU3ye IUCKPETHY BUIAJIKOBY BEIMYHHY.
OpnHak 1 XapaKTepUCTHKAa HE € YyHiBepcalbHOIO. JlJis HemepepBHOI BHIAJIKOBOT
BEJIMYMHY MOOYAYBAaTU TaKUI psAJl HEMOXKIIUBO, OCKIJIBKH HE MOYKHA MIEPENIIYUTH BCl il
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3HaueHHs. Kpim TOro, sk Mu mepekoHaemMocs Hajajai, WMOBIPHICTh TOro, IO
HerepepBHa BUIIAJKOBA BEIMUYMHA HAOyBa€e SKOroCh OKPEMOTO 3HAYEHHS X TOPIBHIOE
Hyn0. s HenmepepBHOI BUNAAKOBOI BEIUYMHM MAa€ CEHC TOBOPUTH TUIBKU PO
WMOBIPHICTh TOTO, IO BOHA MpHiIMae 3HAUEHHS 3 JEAKOro, HeXail HaBiTh IyKe
MaJjioro iHTepBaiy.

ToMy mJis KUIBKICHOI XapaKTEpUCTHUKH PpO3IMOAULY HENEepepBHOI BHMAIKOBOL
BEJIMYMHU PO3IJISIAI0Th HE WMOBIPHICTh Tonaii X=x, a WMOBIpHICTH Tomii X<x.
3po3yM110, 1110 UMOBIPHICTH II€T MOA1T 3a1€KUTh BiJl 3HAYEHHS X, TOOTO € (YHKIIEIO
X, O HA3UBAETHCS hYHKUIEIO pO3nOOLY BUMAIKOBOT BEIMUWHHY 1 Mo3HaYaeThest F(X):

F(x) =P(X<X). (2.2)

OyHKIIs pO3IMOALLY € YHIBEpCaIbHOIO (HOPMOIO 3aKOHY po3nofity. Bona Takox
npuaTHa JIJIsl OMUCY HEMEPEPBHUX 1 IUCKPETHUX BETHUHUH.
Bracmueocmi ¢pynxyii poznooiny
1. I3 Bu3HaueHHs iHTerpanbHOi (QyHKIii F(X) sK iMOBIpHOCTI BHXOIWTH, MO ii
3HAYEHHA Hajexarth BiApi3ky [0,1]:

0<F(xx) <l
2. InrerpanbHa Gynkiis F(X ) — HecriagHa QyHKIISI CBOIO apryMeHTY, TOOTO
F(X2) > F(Xq), SKxmo X, > Xj.

HiticHo, Hexalt X, > X;, Ilomis X < X, po3mamaeThcs HA ABI HECYMICHI TOMIi:
« X, <X <x,»a00 «X < X;». 3a TEOPEMOIO 10JaBaHHS

P(X < x2)=P( x, <X <x, )J+P(X < xy).
3Biacu
P( x, <X <x,)=P(X <Xp) - P(X < x1)=F(Xz) - F(Xp).

Omxe, Buxoauth, o F(X2) >F(X;), OCKiIbKM HMOBIPHICTH y JiBIH YacTHHI
PIBHOCTI OlJibllie a00 JOPIBHIOE HYJIIO.

3 ocTaHHBOI (POPMYJIM BUIUIUBAE BAXKIMBUM BUCHOBOK: LMOGIDHICMb MO20, WO
8UNAOK0BA BENUYUHA OMPUMAE 3HAUEHHS 3 IHMep8any (Xi, Xz), OOPIBHIOE NPUPOCmy
dyuKkyii Ha ybomy iHmepaani.

P(X, £ X <X,) =F(x,)—F(x,). (2.3)

3. SIk1o MOXITMBI 3HAYEHHS BUMAKOBOI BETMYMHU HajleXaTh IHTEpBANY (a, b), TO:
1) F(x)=0 npu x < a (MiMOBIpHICTb MOIi «X <a », a, OTXKe, 1 3HaAUYEeHHS QYHKIIIT
B TOMIIl X=a IOPIBHIOE HYIIIO, OCKUTBKH 15 TIOJTisI HEMOYKJTHBA);
2) F(x)=1 nipu x > b (imoBipHicTh moii «X > b », a, oTke, 1 3HAYCHHS QYHKIIIT
B TOYIl X=b IOPIBHIOE OJIMHUIII, OCKUIBKH 115 MMOI1s1 IOCTOBIPHA);
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I3 popmynu (2.3) BumMBae, M0 AMOBIPHICTH TOTO, 1110 HEMEPEPBHA BUIAKOBA
BeJIUYrMHA X MpUKME OJTHE BU3HAUCHE 3HAUYCHHS X =X; JIOPIBHIOE HYIIIO.

Ileit daxT 1iIKOM BIJANMOBIAAE BUMOraM MPAKTUYHUX 3anad. Hampukmian,
BOXJIMBO BU3HAYUTH HMOBIPHICTIO TOTO, IIO0 PO3MIPH JIeTalel HE BHUXOAATH 3a
JTIO3BOJICHI MEXI, ajie HE CTaBJIATh MUTAHHA MPO WMOBIPHICTH X 30iry 3 HOMiHAJIbHUM
3HAYCHHSIM.

Bigmitumo, 1mo Oyno 0 HEnpaBMILHO BBa)KaTH: SIKIIO WMOBIpHICTH P(X=Xx;)
JOPIBHIOE HYJIO, TO MOJIsA X=X; HEMOXJIMBA (AKIIO, 3BUYANHO, HE OOMEXKyBaTHUCA
KJIACMYHUM BHU3HAYCHHSIM IMOBIpHOCTI). [[ilicHO, y pe3yabTaTi JOCIiTy BUIIAIKOBA
BEJIMYMHA O0OB'I3KOBO OTPUMAE OJIHE 3 MOXJIMBUX 3HAYEHb. 30KpeMa, 11e 3HAYCHHS
MO’KE BUSIBUTHUCS TaKUM, 1110 JTOPIBHIOE X1.

JIist AMCKpEeTHOiI BUMAIAKOBOI BENWYMHU Tpadik I1HTErpanbHOi (GyHKIII Mae
cximyactuil Burisan. Hanpukman, Ha puc. 2.2 300pakeHa iHTerpajgbHa (QyHKIA,
moOy1I0BaHa IS PSTY PO3MOALTY, 3a1aHOro Taou. 2.2.

105
0,81
0,61
0,4
0,2

O T T T X
0 1 2 3 4 5 6

Puc. 2.2. I'padik iHTerpanbHoi GyHKIUII pO3NOALTY ISl BUIIAIKOBOI BEIMYMHU
X — ymucna BiAOIMHUX MOJIOTKIB, 110 BUMIILIN 3 JIAJly IPOTIATOM poO0YO0ro 4acy

Komu Benmumna X nHaOyBae auckperHux 3HadeHb 0, 1 ,2, 3, 4, iHTerpaibHa
(GYHKIS 3MIHIOETBCS CTPUOKOIOAIOHO, MPUUOMY BEITUYHMHU CTPUOKIB JTIOPIBHIOIOTH
WMOBIpHOCTSIM TIMX 3Ha4eHb (Biamosimuo 0,16; 0,56; 0,24; 0,03; 0,01). Cyma Bcix
cTpudKiB ¢yHKIi F(X) 10piBHIOE OTMHMIITI.

31 30UIBIIEHHSAM MOXJIMBHX 3Hay€Hb X KUIBKICTh CTPHOKIB 30UIBIIYETHCA, a
CTpUOKHM 3MEHIIYIOThCA. CXimyacTa JiHIS TpH I[bOMY HAOIUKAETHCS 1O IUIABHOI
KpuBOi. [[7s HemepepBHOI BUIAKOBOI BEIUMYMHM TIpadik 1HTErpaibHOi (QYHKIIT —
HenepepsHa JiHis. Ii rpadik nasenenuii a puc. 2.3.

3po3yMiiI0, 110 Yy BUMAJKY, KOJIM MOXJIMBI 3HaYEHHSI HETEepPEepPBHOI BUMAIKOBOL
BEJIMYMHM 3allOBHIOIOTH BCIO YHCJIOBY BICh, CIIPaBEUIMBI TPAaHUYHI CITIBBIIHOIICHHS,
1110 BUILIMBAIOTH 13 BH3HaUeHHs iHTerpanbuol GpyHkiii: F(-©)=0; F(+0) =1,
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F(x)

1,0 —
..0,8_ 1 -
0,61
0,
2
pr— T T 1 X
-60 -40 -20 0 20 40 60

Puc. 2.3. I'padik inTerpanpHoi QyHKIIT 11 HETTepepBHOT BUNIAJAKOBOI BETHUNHU

Hpuxaan 2.2
Bumnankosa Bennunna X 3agana QyHKIE po3noainy (puc. 2.4):

0 npu  x<2
F(x)=405x-1 npu 2<x<4
1 npu X<4

3HalTH UMOBIPHICTH TOTO, IO B PE3Y/bTaTl BUIPOOYBaHb BUIIAJKOBA BEIUYUHA
npuiime 3HaueHHs: a) 3 iHTepBany (2,5; 3,0); 0) He menme 3.

F(x)

1,0

0,5

0 X
-2 0 2 4 6
Puc. 2.4. I'padik 3amanoi inTerpanbHoi QyHKIT po3noainy (nmpukiaz 2.2)

Po3B’s130k

a) P(2,5<X < 3,0) = F(3,0)-F(2,5)=0,5-0,25=0,25.

6) [Tonii X >3 1 X < 3 € mpOTHUICKHUMHU.

BuxopucroBytoun (GyHKIIIIO pO3MOALTY, 3HaIeMO HMOBIPHICTb TOTO, 110 X < 3:
P(x <3) =F(3)=0,5 toni P(x2>3)=1-px<3)=1-0,5=0,5.

2.3. ndepenuianbua GpyHKUisE po31moAiay BUNAAKOBOI BeTHYHMHH

Po3rnsiHeMo HemepepBHY BHIIQJKOBY BEIMUMHY X 3 (DYHKII€O PO3NOALLY
F(X). O0uncnumo WMOBIPHICTh IOTPAIUISIHHS Ii€1 BUMAAKOBOI BEJIMYMHU HA IUISTHKY

BiIXx 10 X+ AX:

P(x< X <X+ AX) = F(x+Ax) - F(X). (2.4)
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PosrnsitHemo BigHONICHHS 11i€1 WMOBIPHOCTI 10 JOBXUHHU JUISHKH, TOOTO
CEepEeIHI0 MWMOBIPHICTh, IO MPUXOAUTHCA HA OJUHHIIO JIOBXKHHHU II€l JUISHKH, 1
Oynemo HaOmmkaTu Ax 10 HYJs, TOOTO MepeiIeMo 10 Tpanulli nmpu AX —0:

f F(Xx+ AX) — F(X)
m AX '

I{eit BUpa3 € HEe YUM IHIIUM SIK IMOX1THOK (PYyHKIIIT posnoairy F'(x).

[i HasuBatoTh Ougpepenyianvroro Gynkuicto posnodiny ta nozHavaots f(X).
Takum 9uHOM,

F0=F'()=im F(X+AXx) - F(x) |
Ax—0 AX
®dyukmig f(X) mokasye, sSK IIIIBHO PO3MOAUIAIOTHCS 3HAYCHHS BHITAIKOBOI
BEJIMYMHHU B IHTEpBa BiJ X 10 x+ AXx. 3BijCH ii iHIIA HAa3Ba — WiIbHICMb PO3NOOLTY
BUIIQJIKOBOI BEJIMIUHHU.

[linpHICTE pO3MOAUTY, TaK camMO SK 1 IHTerpajibHa (QYHKIIS PO3MOAULY, €
oJiHi€l0 3 (OpM 3aKOHY po3noAuTy. Mu nmobaunmo Hajaalli, 10 BOHA OUIBII HAOUYHA,
Xo4ya 1 He Taka yHiBepcaibHa. BoHa iCHye TUIBKM I HEMEPEPBHOI BHITAJIKOBOI
BEJTUYMHH.

I3 (2.4 — 2.5) BUXOAWTH, 110 UMOBIPHICTh MOTPAIJISTHHS 3HAYCHHS BHUIIAJKOBOI
BEJIMYMHU HA IPOMDKOK (X, X+ AX) (3 TOUHICTIO O HECKIHUEHHO MaJIHX)

(2.5)

P(x < X < x+Ax) = f(x)dx. (2.6)

Bennuuny f(X)dX Ha3uBarOTh €I€MEHTOM IMOBIPHOCTI. I'€OMETpHUYHO MOKHA
300pa3uTH IUIOLIEI0 €JIEMEHTAPHOI0 MPSIMOKYTHHKA 3 BUCOTOIO, 110 A0piBHIOE f(X), 1
ocHOBoO Ox (puc. 2.5). OueBMAHO, IO MWMOBIPHICTH BIIYUYEHHS BHUIAAKOBOI
BEJIMYMHM B JIOBUIbHHMI 1HTEpBaI Bij X1 O Xp AOPIBHIOE CyMi €J1€MEHTIB IMOBIPHOCTI
Ha 11} AUISHII, TOOTO IHTErpany:

X3
P(X, < X <X,) = [ f(x)dx. @.7)
X
['eomMeTpudHO WMOBIpHICTh BIy4YEHHS BUIAJKOBOI BEIMYMHU Ha UISTHKY
(X1, X2) OpIBHIOE TUTONII KPHUBOJIHIMHHOI Tpameriii, ooMexeHoi kpuBor f(X) 1
OPSIMAMHA X=X; , X=Xo.
®dyukiig posnoainy F(X) mis miasHoCTi po3noainy f(X) € mepsicuor. Tomy i
HA3UBAIOTh IHTErPajJbLHOI PYHKIIIIO PO3MOALTY. 32 BU3HAYEHHSIM
F(X)=P(X <X)=P(-0o< X <X) ,
ToAl 3a popMyoro (2.7) oTpuMaemMo

FO) = [ f(x)dx 2.8)
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['eomerpuuno F(X) € He YuM IHIDMM, K IUIOMICIO I KPHUBOIO IIUIBHOCTI
PO3MOJILTY, IO JIGKUTH JIBOPYY BiJ TOUKH X.

X
-

Puc. 2.5. I'padix nudepenmianbaoi GyHKIIT (IUTBHOCTI pO3MOILTY)

Hudepennianpaa ¢ynkmis f(X) (WUIBHICTE po3moaily) Ta IHTErpaibHA
¢bynkuis F(X) — pi3ui GopMu 3aKoHY pO3MOILTY BUIMAAKOBOI BeMYuHM X. 3HAIOYH
xouya 0 OJHY 3 IuX (YHKIIH, MH MOXEMO BIJIMOBICTH Ha HAWOUIBII BaXJIMBE
NpaKTHUYHE 3aMUTaHHS: 13 KO0 WMOBIPHICTIO JOCTII)KyBaHa BUIAJKOBA BEIWYHHA
HaOyBa€ 3HAYCHHS 3 TOTO YM IHIIOTO iHTEpBaldy. 3 ypaxyBaHHsAM (2.7) i ¢popmynu
HeroTona — JleiliOHila s KMOBIPHICTb

P(x, <X <X2)=Tf(x)dX= F(x,) - F(x), (2.10)

X

Jam 6yne mokasaHo, 110 caMe 1151 (hopMyJia € OCHOBOIO PO3B’s3aHHSI OUIBIIOCTI
CTaTHCTUYHHUX 3a/a4.

[Ipu 11bOMY 1ICTOTHE 3HAYEHHSI MAIOTh BIACTUBOCTI IIIIBHOCT1 PO3MOALTY:

1. f(x)>0. T'eomerpuuno Iie O3HAYae, M0 KPHBA PO3MOALIY 3aBKIH
JIC)KHUTH HE HIDKYE OC1 aOCIIHC.

+00

2. f f(x)dx =1 (2.11)

—o

JliticHo, 1el iHTerpajd € MHMOBIPHICTIO TOTO, IO BHUIIAJKOBAa BeIWYMHA X
HaOyBa€ 3HAYCHHS 3 iHTEpBay (—oo, +o0). Taka MoJis € TOCTOBIPHO. IMOBIpHICTB
ii JopiBHIOE ONMHHULI. ['€OMETpMYHO IIe O3Hauae, M0 BCS IUIOMIA IiJ] KPHUBOIO
PO3IOALTY IOPIBHIOE OJTMHMIII.

Hpuxnan 2.3
BuzHauuMo WIUIBHICTh PO3MOALTY JJI BHUIAQJAKOBOI BEIWYUHU, 3a/1aHOI B
MOTIEPETHEOMY MPUKIIAJIL 2.2 IHTETPATBHOI0 (PYHKITIETO:
0 npu  x<2
F(X)=405x-1 npu 2<x<4.
1 npu X>4
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Hudepenuitoroun F(X) onepxumo:

0 mpu x<2
f(X)=F'(X)=<05 nmpu 2<x<4
0 npu X>4
I'padix orpumanoi nudepenmianbHoi QyHKIT 300paxeHuit Ha puc. 2.6. Ha
BCbOMY IHTEpBaJll 3MIHM BHUNAJAKOBOI BEIMYMHA X MIUIBHICTh pO3IMOAULY €

nocTiitHow. Takuil BUA PO3MOMAUTY HA3UBAETHCS 3AKOHOM DIBHOMIDHOI WilbHOCMI
(puc. 2.6).

0,757
0,501 —_—
0,25
e — e i

-2 -1 0 1 2 3 4 5 6
Puc. 2.6. I'padix qudepennianbpHoi GyHKIIIT (3aKOH pIBHOMIPHOT IIUTFHOCTI)

[Tokaxxemo, Temnep, sIK MOXe OyTH OTpUMaHa IIIILHICTh PO3IOALTY BUIAAKOBOI
BEJTUMYMHY MPAKTUIHAM IIIITXOM.

KonTpoabHi nuTaHHs
1. SIxy BenmUYMHY Ha3WBAIOTh BUIAIKOBOIO?
2. Sxi BUMAAKOBI  BEJIWYMHM  HA3WBAaKOTh  JUCKPETHUMH 1  SIKl
oesnepepBurMu? HapeniTh mpukiaiu.
3. 1o Ha3WBarOTh 3aKOHOM PO3MOJITY BUIAIKOBOI BETUMUNHH?
4, SIxyM yMHOM MOX€ OyTH 3aJlaHUi 3aKOH PO3MOLTY?

d. [Ilo Ha3uBawTh IHTETPAIbHOW (QyHKIEO po3noniny? Ha3sith
BJIACTUBOCTI i€l QyHKIN. Axuit Bursg mae ii rpadik ?

6. Lo Take mudepenuianbHa ¢GyHKIIA po3nonury? Yomy i1 Ha3MBaIOThH
HIUTBHICTIO pO3MOALTY?

1. Hanumnite, sk  3B'I3aHa  iHTErpajibHa  (QYyHKIIST  pO3MOALTY 3
nudepeHIlianbHO0 (QYHKIIIEIO.

8.  SIx BU3HAYMTH WMOBIPHICTH yJIyYEHHS BUIMAJIKOBOI BEJIUYMHU B 3aJIaHUN

iaTepBan? Lo sBasie coboro 1 WMOBIpHICTH Ha rpadikax iHTErpaibHOI 1
nudepeniianbHol QYHKINH?
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3. MOBYJOBA CTATUCTHYHOI'O PO3MNOJLIY KIJIBKICHOI O3HAKH
(EneMeHTH MaTeMaTHYHOI CTATHCTHKH)

3.1. CyTHicTh BUOIPpKOBOI0O METOIY

Buime BkasyBanocs, IO MPOTHO3 TNOBEAIHKM TIPCBKUX MOP1J HABKOJIO
MIJ36MHOI CTIOPY/AM MOXKHA 3IIMCHIOBATH Ha IMIJICTaBl aHANI3Y JIESIKUX KITbKICHHUX
O3HaK. 30Kpema TakuMu € (Di3UKO-MeXaHI4Hl BJIACTMBOCTI MacuBYy. BHaciijiok
HEOHOPITHOCTI MOPOTHOTO MACHBY OUTBIIICTh 3 KUIBKICHUX O3HAK € BUIAJKOBUMHU
BenumunHamu. Hanpuknan, y pe3ynbTaTi BUIPOOYBaHHS 3pa3KiB T1PChKOi MOPOAM HA
CTUCK MH OJEpPKYEMO pI3HI 3HAY€HHS MIIHOCTI HaBITh JJIsI 3pa3KiB OJHIET
JITOJIOTIYHOT PI3HUIN, 110 OOYMOBJIECHO BHUMAJAKOBUMH IMPUYMHAMH. TakuM YHUHOM,
JlaHa KIJTbKICHA O3HaKa — MIIHICTh MOPOAU HAa CTUCK — € BUIAJKOBOI BEIUYHHOIO,
0 MOXE TPUMaTH 3HAYEHHS 3 TEBHOro iHTepBaly. JlochimHuWKa, 10 BUKOHYE
r€OMEXaHIYHl PO3paxXyHKH, I[IKaBUTb, $KI 3HAYCHHS JOCIIKYBAHOI O3HAKH €
HAWOUTBIIT IMOBIPHUMH, SIK OIIIHUTH HASBHUM PO3KHUJ IUX 3HAYCHD, SIK BiH BILUTMHE HA
OCTAaTOYHI pe3yJIbTaTH TOIIO. /{1 BIAMOBIAI HA 11l TUTAHHS JOCIIIHUK Ma€ MiaiopaTu
JUTSI OTPUMAHUX JAaHUX TEOPETHYHHHA 3aKOH PO3MOAUTY y BHUTJISAAI IHTETPATBbHOI UM
mudepeHmianbHol  QyHKIINA po3noniny. Ilepmum KpokoM Ha HUISXY MTiA00PY
TEOPETUYHOT 0 PO3IO/ULY € CTATUCTUYHA 00poOKa JaHUX, TOOTO iX crmamucmuyunui
ananis.

I[Ipy  cratucTMyHOMY  aHaji3l  MPOIECIB  TIPHUYOrO  BUPOOHHMIITBA
BUKOPUCTOBYIOTh 6UOipKo6i oOani. 3 OOCTEKYBAHOI 2eHepanbHOi CYKynHOCHL
OJTHOPITHUX O00'€KTIB, KUIBKICTh AKUX N, BiIOHWparOTh BHUMAJAKOBO IEBHY KUIBKICTH
00’exTiB (N ouHMIIB) , TOOTO (HOPMYIOTH UDIPKY.

Hexali BuUBYaeThCs Jesika KUIBKICHA O3HaKa X, IO BJIACTHMBA TEHEPAIbHIN
CYKYIHOCTI OJHOpITHUX 00'ekTiB. Hampukmaa, DOCHIKYEThCS MIIHICTh JEAIKO1
ripChbKOT TMOPOIM HA OJHOOCHOBHHM CTHCK. 3BHYAHO IIs1 XapaKTEPUCTUKA
BCTAHOBJIIOETHCA IUIIXOM BUIPOOYBaHHS B JIAOOPAaTOPHUX yYMOBAX 3pasKiB MOPOAU
00’€MOM V, BUTOTOBJIEHUX 13 IPOOH, 110 Y CBOIO YEpry BiAlIOpaHa B JOCIIKYBAHOMY
MacuBl TIPChKOi MOpoau. TakuM YWUHOM, 3aCTOCOBYETHCS BHOIPKOBHM METOJ: 3
reHepasibHoi yucenbHocTi 3paskiB N =V/n  (V — yBech 00CsTr AOCHIIKYBaHOTO
MacHUBY TipCbKOI MOPOAN) BIAOMPAETHCS TUTBKM N 3pa3KiB. BennunHa N Ha3uBaeThCs
00caz2om eudipku.

Jnst Toro, mo0 3a AaHUMHU BHOIPKH MOMKJIMBO OyJIO JOCTAaTHHO BIEBHEHO
CYIIUTH TIPO BAXJIMBI O3HAKU TCHEPAJIbHOI CYKYITHOCTI, HEOOX1JHO, abu 00'eKTH
BUOIpKM MpaBWIbHO 11 mpenctaBisuid. KopoTko s BuMora (opMmyJroeTbes Tak:
BHOIpKa MOBHHHA OYyTH penpezenmamuenoro. Bubipka € penpe3eHTaTUBHOI0, SKIIO 1l
CTBOPIOBATH BHUIIAJIKOBO, TOOTO TakK, 1100 BCl 00'€KTH T€HEPAIBHOI CYKYITHOCT1 MaJIH
piBHI IIaHCH OTPANHUTH Yy BUOIPKY.

Hexaii y pe3ynbTaTi BUMIpIB OTpUMaH1 3Ha4YCHHS (BaplaHTH) KiJIbKICHOT 03HAKHU
X: X1 X2 X3 ... Xp, SIKIIO 111 3HAYEHHS 3aMKCcaHl B Til MOCHIIAOBHOCTI, y SIKIi BOHU
CIIOCTEpIraJICs B JIMCHOCTI, BOHH HAa3UBAIOTHCS He32PYNOGAHUMU TAHVIMU.

24



SIKI0 TaKuX JTaHUX KUJIbKA JIECATKIB UM COTEHb HAIll PO3YM HE B 3M031 OXOIUTH
3MICT SIBUIIIQ, 110 CIIOCTEPIraeThes. JIJisi BUSIBICHHS XapaKTEPHUX PUC JOCTIIKYBaHOI
O3HaKHU KOPUCHO 3rpyIyBaTH JAaHi.

Hexait y pe3ynbTaTi JOCHIAIB KiITBKICHOI O3HAKU X 3HAYCHHS X1 3'SBHIIOCS Mj
pas, x, — 3'IBUIIOCS M, pa3iB, 3HAYCHHS X; — 3'aBHI0OCS M, pa3. Yucma m; (I = 1,r), mio
MOKa3yIOTh CKUIbKU Pa3iB CIIOCTEPITa€ThCsl KOXKHE 13 3HAUEHb O3HAKU, HA3UBAIOThCS
yacmomamu.

3p03yM110, 0 CyMa 4acTOT MOBMHHA JOPIBHIOBATU 00CSTY BUOIPKU

r

> m;=n. (3.1)

i=1

m; .
Bennuunaun , =—1  Ha3uBaIOThb GIOHOCHUMU YACHMOMAMU. O‘I@BI/II[HO, 1o

n
> =1, (3.2)

SIKIo po3TanlyBaTH BapiaHTU B HOPSIKY, IO 3pOCTa€ 4M CIajae€, 1 BKa3aTH
JUIST KOXKHOT BapiaHTU 1i YacTOTy, OJEPXKUMO pPO3NOOIN O3HAKU Y BUIIISII
BITOPSIIKOBAHOTO apiauiitnozo pady (tadmn. 3.1).

Tabmwmg 3.1
3aragpbHUM BUTJISI BapialliitHOTO psTY.
3nauenns xkinoxicrnoi osnaku X | X1 | Xo | X3 Xn
HYacmomu m my| my | mg | ... my 2mi=n
Bionocni vacmomu W Wi | Wo | W3 | ... W, 2w=1

SAx OGaummo, BaplalliiHUW pAN AHAIOTIYHUN PATY PO3MOAUTY ITUCKPETHOI
BUTIAJKOBOI BENWYMHM, IO TMpencraBieHuil B Tabnumi 2.1. Panime HaBeneHa
Tab1. 2.2, sika XapaKTepu3y€e CTATUCTUUHUN PO3MOALIT KUIBKOCTI BiIOIHHUX MOJOTKIB,
KOTpP1 BUHIIUIN 3 JIay 3a IEBHUN TEPMiH, SIBJISIE COOOI0 IPUKJIIA] BapialiitHOro psIy.

3.2. [lodynoBa inTepBagbHOro psiay. I'icrorpama yacror

VY tabn. 3.2 Kk npukiag HaBeAeHO (parMeHT KypHalTy JOCIINY 3 BU3HAUCHHS
MEK1 MIITHOCTI 3pa3KiB aJIeBPOJIITY Ha OJHOOCHOBUIM CTUCK Y BUTJISAI HE3TPYOBAHUX
naHux. SKOoo s UMX AaHUX ToOyJyBaTdU BapiallldiHUM psiji, BiH BUIJIE JyXKe
rpoMizikuM (Tadu. 3.3).

Tabmuis 3.2
No 3pazka MilHICTB 3pa3ka Ha CTHUCK
1 52,8
2 48,4
3 60,0
31 56,3
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32 49,7
33 56,4
1T.0...
Taomung 3.3
Bapiantu | Yactora, | Bapiantu | Yacrora, Bapiantu Yacrora,

Xi, mlla m; X, mlla m; X, mlIa m;
48,4 1 51,2 1 53,4 3
48,9 1 51,4 1 54,3 4
49,2 1 51,8 1 54,5 1
49,3 2 52,2 2 64,6 1
49,7 1 52,4 1 55,4 1
50,3 2 52,7 2 56,4 3
50,8 2 52,8 4 57,2 1
51,0 2 53,0 1 60,0 1

JInsi KUIBKICHOI O3HAaKW, IO SIBJISE COOOIO HenepepeHy 6unaokosy 6eiutuHy,
BapTO MOOYyBaTH TakK 3BaHUM iHmepeanvHuil pad. Jjig uporo:
1) cepen He3rpynoBaHUX AaHWUX BUOUPAIOTh HAHUOLIBIIE Xpax 1 HAUMEHIIE Xpin
3HAYCHHS,
2) BIAPI30K (Xmax, Xmin) TOAUISIOTH Ha IHTEPBaAIH (PO3PSIAH) JOBKUHOIO I
X

| = Zmax ~ Xnin
k ]
ne K — kimpkicTh iHTepBamiB. lle umciao MoXHa BHOpaTH JOBUILHO, a MOXKHA
CKOpHCTATHCS (POPMYIIOIO

(3.3)

k=1+32Ign;: (3.4)

3) BU3HAYAIOTh YAaCTOTY BIIYYCHHS 3HAUCHb BEIUYMHU X Y KOKHHH 3 iHTEpBaIiB;

4) 00UYMCHIOITHh CEepeANHY KOXHOTO IHTEpBally, 1 Hajaul pO3IJIAJAITh ii SK
BapiaHTy.

Taomung 3.4
[HTepBaM MIITHOCTI 3pa3ka | 3HaueHHs cepeauHu | Yacrtora, Binnocua
Ha CTHUCK, Ui - Ui, mIla IHTEpBAIY , U; m; JacToTa ,Wij
48-50 49 6 0,15
50,1-52 51 9 0,225
52,1-54 53 13 0,325
54,1-56 55 7 0,175
56,1-58 57 4 0,1
58,1-60 59 1 0,025
r r
Zmi =40 ;Wi =1,0
i=1 i=
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TakuM 4MHOM, B 1HTEPBAJIBHOMY DSl YaCTOTH BIJHOCSTHCA HE JO OKPEMHUX
3Ha4YCHh O3HAKW, a JI0 CepeAauH iHTepBamiB. Hampukman, maHi, IO HaBEJCHI B
tabi1. 3.3, po30uTi Ha 6 iIHTEpBaJiB AOBKUHOKO |1=2 (Tabdi. 3.4).

Haounnm rpadiuyamm 300pakeHHSM I1HTEPBAIBHOTO POy € 2icmozpama
yacmom.

Ha oci aGcuuc BiaKiIaaaroTh BIAPI3KY, SKI JOPIBHIOIOTh JOBXKUHAM 1HTEPBAIIB.
Ha koxHOMY 3 BiIpi3KiB OYAyIOTh IPSIMOKYTHHK, BUCOTA SIKOTO CKJIAAE:

W. .
h' :I_Ii |:11r ) (35)
i
Ae I — KUIbKICTh iHTepBastiB. TOJI IIOIA KOXKHOTO i-20 MPSIMOKYTHHKA JOPIBHIOE

BIJIHOCHIHM 9acTOTi Wi, a IIJIOIIA BCi€l TicTOrpaMu TOpiBHIOE oauHUIl (puc. 3.1).

1h W,
. W3
_
- W,
i | e | wr
| e |
X
Xmm 11 11 [1 e !r Xmax

Puc. 3.1. I'icrorpama BiTHOCHUX 4acCTOT

Hanpuknan, Ha puc. 3.2 moOymoBaHa ricTorpama BiIHOCHMX YacTOT ISt
BEJIMYMHU X — MIITHOCTI Ha CTHCK aJIeBPOMITY (3a nanumu tadi. 3.4).

0,35 1

0,3 1

0,25 1

0,2 1

0,151

0,14

0,05 1

0 L] L] L) L) I ) L] 1

Puc. 3.2. I'icrorpama BiIHOCHUX YaCTOT MEX1 MIITHOCTI Ha CTHCK aJIeBPOJITY
(3a manuMu TadauIll 3.4)

[IpoBeneMo MHpUONM3HO Yepe3 CEepPeIMHH CTOPIH MPSAMOKYTHHKIB JiHi0 f*.
OdeBuHO, IO MpHU 30UTBIIEHH] YKCIa JOCTIAIB MOKHA BUOUpATH yce OUTbI apiOHI
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iHTepBayim. [lpw 1upomy umiHis f* Oyme Bce OuTblie HaOMWKATUCA OO JCSKOI
TEOPETUYHOI KPHBOi, IO OOMEXY€E IUIOMY, SKa JOpIBHIOE oauHuUIl. HeBaxko
MePEKOHATHCS, 110 151 TEOPETUYHA KPHBa SBJISIE CO00I0 TpadiK MILTFHOCTI PO3MOALTY
JOCITI/KYBaHOI KUTbKICHOT 03HaKH X, TOOTO Tpadik ¢pyHkii f(X).

[MToanpinuii aHaTi3 MOJIATaE B MiJ00pi aHATITUYHOTO BUpa3y it yHkiii f(x).
[Ipy ©pOMy JOCHIIHMK aHANI3y€ BUIJISA TICTOrpaMH Ta JHII f*, 1m0 y nepumomy
HaOJMVM)KCHHI BKasye Ha BUTIAN Tpadika mimsHOCTI posmominy f(x). Jam Oyme
nokasaHo, 1o s BuOopy ¢ynkmii f(X) Mae 3HadeHHs (i3WyHA CYTHICTB
JAOCHTIKYBaHOI BETMUYMHU. AJie Ha MEPUIOMY eTami Mmia0opy aHATITHYHOTO BHPA3y
s f(X) romoBHY ponb BIAIrparOTh Tak 3BaHI YKCIOBI XapaKTEPUCTUKH BHITAIKOBOT
BEJIMYMHM, 1110 OYAYTh PO3IIISHYTI Jali.

KoHTpoJbHi nuTanHs

1. V 4gomy € cyrtHicth BuOipkoBoro meromy? IloscHITH 1€ Ha TpHUKIAIL
BUBYEHHSI BJIACTUBOCTEN TPCHKUX MOPI.

2. Slkiii OCHOBHIM BMMO31 MOBHHHA 3aJJOBOJILHATH BHUOIpKa 3 TEHEPAIbHOI
CYKYITHOCTI?

3. Sk rpymyroTh CTaTUCTHUHI AaHi? SKuil BUTIISA Mae Bapiamiiauii psia?

4. Illo sBnsie coOor0 IHTEPBATLHUMN PsiA?

5. o € rpadiynuM 300pakeHHSIM 1HTEPBATBHOIO psiny? 1K1 BUCHOBKH MOXeE
3pOOUTH JOCHIAHUK Micisl MOOYJOBH TiCTOrpaMu 4acToT. SIKi mojanbIii KPOKH BiH
MOKe TTOYaTH JIJISI BUBUYCHHSI PO3MOJIUTY KUIBKICHOT O3HAKH?
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4. YUCJIOBI XAPAKTEPUCTUKHU BUIIAJIKOBOI BEJIMUUHMU.
MOMEHTHU PO3HOJLTY. BABHAUYEHHA X 3A JAHUMU JOCJIIAY

4.1. OcHOBHI XapaKTePUCTUKHU PO3TALLYBAHHSA i Bapianii BUNaJK0BOI BeJTHYNHI

YucaoBUMH XapaKTepUCTHKAMHU BUIAJAKOBOI BETUYMHHA HA3UBAIOTh YMCIA, IO
BU3HAYAIOTh ICTOTHI PUCH PO3MOJIIY BHIAJKOBOI BEIMYWHHU, HANPHUKIAA, JEAKe
CepelHe 3HAYCHHS, HABKOJIO SKOTO TPYMYIOTHCS MOJIHMBI 3HAUYEHHS BHUIAJKOBOI
BEJIMYMHM; SIKe-HEOy/Ab YMCIIO, IO XapaKTepH3ye CTYIIHb Baplalii MOXJIMBHUX
3HaYeHb MI0/I0 CEepeaHbOro. Y Teopli HMOBIPHOCTEH 3aCTOCOBYETHCS BEJIHKA
KUIBKICTh ~ YMCJIOBUX XapakTepucTHK. Po3riasHemo mume TiI 3  HHX, LIO
BUKOPUCTOBYIOTHCS HAWOIBIIT YACTO JJIs XapaKTEPUCTUKU KUTbKICHUX O3HAK.

1. Mamemamuune cnodieanna eunadkoeoi eenuuunu (1HOII MOTO HA3WUBAIOTH
IIPOCTO CEPEHIM 3HAYCHHSIM).

Hexait X — ouckpemna BunaakoBa BeIWYUHA, 110 TpUAMae 3HAUYCHHS X1, Xp ...
Xn 3 UMOBIPHOCTSIMU P1, P2 ... Pp. MaTemaTuuaum criogiBanusiM M(X) (uu cepentim
3HAYEHHSAM X.,) HAa3WBAIOTh BEJIMYMHY, IO JOPIBHIOE CyMl JOOYTKIB 1 MOKIHMBHX
3HAY€Hb HA UMOBIPHOCTI, 3 IKUMH 111 3HAYCHHS 3'SIBJISTFOTHCS

M(X)= X, = X1 P+ Xo P2t ... Xn Pn.= Zn:xi P, . (4.1)

Hpuxnan 4.1. Y myxasaai € 100 3arotiBok Baroro 1kr, 20 3aroTiBok Baroro 2 Kr,
5 3aroTiBoK — Baroto 3 Kr. BusHauutu cepeHio Bary 3aroTiBKH.

VY nanomy npuKiaji cepeaHs Bara 3aroTiBKHM — I1€ 1 € MaTEMaTUYHE CIIO/IIBAaHHS
(cepenmne 3HAYCHHS) BUMAJAKOBOI BEIMYMHM - BarW 3aroTiBKUM. Bu3HaumMo cepenHe
3Ha4eHHs 3a ¢hopmyiioro (4.1):

100 20 5 155

X =M(x)=1 +2 +3 =
o M) =1oe+ 2055 3155 = 105 (<)

SIkmo X — Henepepena BUTIAAKOBA BEIMYWHA 3 IIUIbHICTIO po3noairy f(X) , 1i
MaTeMaTHYHE CIIOIIBaHHS BUPAXKAETHCSA BXKE HE CYMOIO, a iIHTErpaioM

M(X) = [xf (0x. @2

I3 BU3HAaYeHH MaTEMAaTUYHOIO CIIOMIBAaHHS BUIUIMBAOTEH MO0 BJIACTUBOCTI:
a) MaTEeMaTHYHE CITOAIBAHHS MOCTIHHOT BeMMYMHHA X JTOPIBHIOE Il BETUYHUHI:

M(C)=C; C=const;

0) MaremMaTH4HE CHOJIBaHHS JOOYTKY HE3aJIeKHUX BHUIIAJKOBUX BEJIMYMH
JOpIBHIOE JOOYTKY iX MaTeMaTHYHUX choAiBaHb. Hampuknaa, s Tphox
He3aleKHuX Beuuud X, VYV, Z:
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MXV,Z )= MX)M(Y)M(Z ),
3BIJICM BHUXOJUTh, IO IIOCTIHHMH MHOXHHMK MO)KHA BHHOCHUTH 3a 3HaK
MaTEMaTUYHOTO CIIOIBAHHS:

MCX)=M(C)M(X)=CM(X);

B) MaTeMaTW4yHE CIOJIBaHHA aireOpaiuHoi CyMH BHIMAJKOBUX BEIUYHH
JIOPIBHIOE CYMi MaT€MaTUYHUX CIIOJ[IBaHb ITUX BEITUYMH:

MX+Y+ Z)= MX)+M(V)+M(Z).

Ipuknan 4.2 PosrasHemMo ABI BUMAAKOBI BeMMYMHM X W YV, M0 MarTh Taki
pSAIU PO3MOALTY:

Xi| -2 |-1,0]|1]| 2
P 10,05/0,2]/05]0,2|0,05

Yi | -20 |-10| 0 | 10| 20
P;0,05]|0,2]0,5|0,2]|0,05

Hepaxxko nepexonarucs, mo M(X)=0 1 M(Y)=0.

Sk OaunMmo, BHIIAAKOBI BeanuuHH X U Y MaOTh OJHAKOBI MaTeMaTHYHI
CIIOAIBAaHHA, ajie BIAXUJIECHHS 3HA4YEHb IUX BEJIWYMH Bl MaTeMaTUYHHUX CIIOJIBaHb
ICTOTHO BIJAPI3HAIOTBCA. Bioxunennsam HA3UBAIOTh PI3HUII0O MDK 3HAYEHHSIM
BHUITIAIKOBOI BEJIMYHMHU 1 11 MAaTEMaTHIHUM CITOIIBAHHSIM: |x -M (X)|

VY Teopii IMOBIpHOCTEH pO3KHU/ 3HAUEHb BUMAAKOBOI BEJIMUMHH, TOOTO CTYIIHb
Bapiallii 03HaKH, XapaKTePU3YIOTh TUCIIEPCIEIO.

2. Mucnepcicto (pO3CiIOBaHHSM) Ha3MBalOTh MAaTEMaTHYHE CIIOIBaHHS
KBaJpaTa BiJIXWJIECHb BUMAJIKOBOI BEJIMUUHH:

D(X) =M (x—M (X)), (4.3)

dopmyna s BU3HAYEHHS JTUCTIEPCii Ma€e BUTIIS/L:
a) JI1 TUCKPETHOI BUIAIKOBOT BEJIUYUHU:

D(X) = (% - M) p; (4.4)

0) /I HenepepBHOT BUITAIKOBOI BEJIMUUHU 3 IIUILHICTIO po3moainy f(X)
+00

D(X) = j(x—M(X))2 f (x)dx. (4.5)

—o0
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Ha npaktumi oOuucinenns aucnepcii 3a gopmynamu (4.4) 1 (4.5) tpoxu
rpomizniki. 3 ypaxyBaHHSM BJIACTHBOCTEH MAaTEMAaTHYHOTO CIOMIBaHHS (OpMYITy
(4.4) MoxHA TIEPETBOPUTH J0 BUTJISATY

D(X)=M(X?)-[M(X)]. (4.6)

(loka3 HaBeaeno y [3.c.81]).
Toxi nnst AUCKpeTHOI BUIMAIKOBOT BETHUNHU

D(X) = %P, =M OO (4.7)
Jlnst HenepepBHOI BUNIAAKOBOI BENMYMHHA
D(X) = sz f (x)dx—[M (X)?]- (4.8)

s momepeaHboro mpuKiIaga aucnepcii BenwuuH X WY BIANOBIAHO
JIOPIBHIOIOTh
D(X)=0,8; D(Y)=80.

OCKiIbKM TpU TIAHECEHHI B KBaJpaT 3MIHIOETHCS PO3MIPHICTH BUIIAKOBOL
BEJIMYMHM, JJIS XapaKTePUCTHUKU PO3KUAY BHKOPHCTOBYIOTH BEIMYHMHY, fKa
O0YHCITIOETHCS:

o(X) =/D(X) (4.9)
1 HA3UBAETHCS CEPEOHIM KBAOPAMUUHUM BIOXUIEHHAM a00 CHAHOAPHIOM.

JUis  TomepenHboro MpUKIAAy 3a3HAueHl XapaKTepUCTHUKU BIAMOBIIHO:
o(X)=089, o(Y)=89.

4.2. MoMeHTH po3nmoaiLy

PosrnsHemMo TUCKpEeTHY BUITAIKOBY BEIWYUHY X, 110 3aJaHa PO3MOALIOM

X 1 2 3) 100
P 0,6 0,2 0,19 0,01

MareMaTH4He CroMiBaHHS [1€] BEJIMYUHA
MX)= 1*0,6+2*0,2+5*0,19+100*0,01=2,95.

Ckrnagemo Temep psl 13 KBaApaTiB 3HAYeHb BEIWYMHU X U 3HAWIEMO
. 2_
MaTEMATUYHE CHOAIBAHHS JUIA BEIUYUHU X .

31



X? 1 4 25 10000
0,6 0,2 0,19 0,01

o

M(X?)= 1*0,6+4*0,2+25*0,19+10000*0,01=106,15.

M(X?) icrorHo 6inbme M(X) 3 Tiei NPUYUHY, IO CEepPe]l MOMIMBUX 3HAUYCHD
BEJIMYMHU X € OjHE, 10 HabaraTo mepeBakye BCl 1HII, X04Ya 1 Mae ayKe Maly
UMOBIpHICTh mosiBU. Jyi1 TOro, mod ypaxyBaTH BIUIMB TakWX 3HA4€Hb y TeoOpli
HMOBIPHOCTEH YBEIEHO MOMEHTH PO3IMOUTY, TOYATKOBI 1 IIEHTPAJIbHI, KOTP1, IK MU
no0aynMo Jaii, y3aradbHIOIOTh IOHATTS YHCIOBUX XapaKTEPHUCTUK BUIMAJAKOBOI
BEJTUYMHH.

Houamkoeum momenmom K-20 TOPSAAKY HA3UBAIOTh MaTeMaTU4YHE
CroiBaHHs BenauHu X', TOOTO

v, = M(X").

Taxk, 171 TUCKPETHOT BeTMYMHU (hOpMYJIa Ma€ BUTIIS:

v = x“ip;, (4.10)
i=1

a JUUTA HEMEPEPBHOI BEJIIMYMHMU:

vk:jxkf(x)dx_

30kpeMa, TOYaTKOBHUI MOMEHT TEPIIOr0 MOPSAKY € HE YWM IHIINM, SK
MaTeMaTUYHUM CIIOJ[IBAaHHSIM

v, =M(X) , (4.11)

MOYAaTKOBUI MOMEHT APYTOro MOPSAKY € MaTeMaTUYHUM CIIOMIBaHHSM KBajpaTa
BUIIAJIKOBO1 BEJIMUYUHU:

v,=M(X?) irm

Ilenmpanohum momenmom K-20 TIOPSIKY Ha3UBAlOTh MaTeMaTUYHE
crioxiBanHs Benunauuu (X-M(X))":

u =M((X =M (X)) . (4.12)

3okpema, 3 (4.12) BuruMBae€, MO0 LEHTPATHLHUNA MOMEHT MEpIIOr0 MOPSAKY
(To0TO MaTremaTH4HE CIOJIBaHHS BIAXWIEHb) JOpIBHIOE HYyN0. lleHTpanbHuit
MOMEHT JIPYTOro MOPSIKY SIBJISE COOOK0 JUCTIEPCIIO:

1, =M((X =M (X))?)=D(X). (4.13)
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3 popmynu (4.6) BUILUIMBAE, 110 AUCTEPCIS JIETKO MOXe OyTH BUpa)KeHA 4Yepe3
MOYaTKOB1 MOMEHTH TIEPIIIOTO 1 IPYroro MOpsIKiB:

D(X) =, =v, =¥, . (4.14)

Tperiii 1 yeTBepTHl UEHTpPaJIbHI MOMEHTH TaKOXX MOYKHA BHUPA3UTH Yepe3
MOYaTKOBI MOMEHTHU:

Ly =V, =3,V + 21 (4.15)

_ 2 4

MOMEHTH BUINUX MOPSIKIB BUKOPUCTOBYIOTHCS JIJISl OIUCY 3aKOHY PO3IMOJLTY.
3 HUMH 3B's13aHI:
1) acumeTpist
A=t _ Hs
i w2 (4.16)
Hy

0 XapaKTepu3ye HECUMETPUYHICTh KPUBOI IILJILHOCTI PO3MOALTY BHITaIKOBOI
BeJTMUMHU X BIZHOCHO ii MaTeMaTUYHOTO criofiBaHHs (puc. 4.1);
2) ekcuec
Hy Hy
E—G4—3— =3 (4.17)
H;

10 XapaKTEpHU3y€e TOCTPOBEPIIMHHICTh Tpadika AU(epeHiabHOI (PYHKIIT pO3MOALTY
(puc. 4.1).

(A=0)

X

A<0 (aiBocToponHsi acumetpisi), A>0 (mIpaBOCTOPOHHS aCUMETPis)
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0)

Y X

Puc. 4.1. Jlo moHATTA acuMeTpii i eKcliecy BUMAAKOBOI BETMUYNHU

4.3. BusHaYeHHsI YMCJIOBUX XapPaKTEePUCTUK KUJIbKICHOI 03HAKH 3a
pocaitnumMu fanuMu. [lapaMeTpu CTATHCTHYHOTO PO3MOILTY.
(E;leMeHTH MaTeMATHYHOI CTATHCTHKH)

VYc¢i MOMEHTH pO3NOJLTY BUIAJAKOBOI BEIHMUYUHH, PO3IJIAHYTI B MONEPEAHHOMY
pO311Ii, MalOTh CBOi CTAaTHCTHYHI aHalord. BOHM Ha3WBAaIOTBHCS MoOMeHmamu
CMamucCmu4Ho20 po3nooijly 1 BABHAYAIOTHCS 3a JOCITHUMU JaHUMHU.

Sxmo nmaHi 3rpynoBaHi y BaplamiiHuN psij, TOMIOHWUN 1O HABEACHOTO Y
Tab. 3.1, CTATUCTUYHI MOMEHTH BU3HAYAIOTHCA 32 TUMH CAMUMH (POPMYJIaMH, IIO 1
iX TeopeTHyHi aHAJIOrW ISl JAMCKPETHOI BUMAJAKOBOI BEIWYHHH, aje 13 3aMiHOIO
WMOBIPHOCT1 p; Ha BIIHOCHY d4acToTy W; (Tabm. 4.1). CrarucTuuHi NapameTpu
OyneMo rno3Havatu *.

Hampuknan, cTaTUCTUYHMIA aHAJIOr MaTEMaTHYHOTO CHOJIBaHHS, TOOTO
CTaTUCTUYHUA MOMEHT IMEPIIOro MOPSAJAKY, HA3UBAETHCS BUDIPKOBOI) CEPEeOHbOIO,

HO3HAYAETHCSA X 1 BU3HAYAETHCS (DOPMYIIONO:
- . r
X = v =D %W
=
I' — KITbKICTh 3HAYE€HB BUITAJIKOBOT O3HAKH, IO CIIOCTEPIratOThCA.

CTaTUCTHYHUM aHAJIOTOM JUCIIEPCIi € 6ubipKkoea oucnepcis, 1o BU3HAYAETHCS
SIK CTAaTUCTUYHUN IIEHTPATBbHUI MOMEHT JIPYroro MOPsIKY:

D" = Hy, = ZXiZWi - (7*)2 .
i1

TyT BapTO 3p00UTH 3ayBaKEeHHS.
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* * . . —* .
1. CratucTuyHI BETUYUHU Vi, My, Y TOMY YHCII cepeHs BUOIpkoBa X 1

nucnepcis D, € nna teopernunmx Bemwumn 4, v, (y Tomy umcni X ,D(X) ) Tak

3BaHUMH TOYKOBHMH OIlIHKAMH, TOOTO TAKUMH, 10 BUPAKAIOTHCS OJHUM YHCIIOM.

2. YV NOBHOMY KypCi MaTeMaTU4YHOI CTaTUCTHKU JTOBOJMTHCS, IO CEPETHS
BUOIpKOBa Ja€ He3MiujeHy OUIHKY JIACHOI BEJIMYMHU MaTEMAaTHYHOTO CIIOZIBaHHSI.
Ha BinmiHy Bia Hel BUOIpKOBa JUCIEpCis A€ 3Miwyen)y OLIHKY AIMCHOI aucrnepcii
JOCIIIJDKYBaHOT ~ KUIbKICHOT O3Haku. He3zmiweny OIIHKY Jla€ BEIWYWHA, IO
00YHCITIOETHCS :

[i masuBatoTh  eunpasnemorw  Oucnepciero. OLIHKOIO  CEPEIHBOTO
KBaIPaTUYHOTO BIAXWIICHHSA (CTAaHAAPTY) € KOPIHb 3 BUMIPABJICHOI TUCTIEPCii.

CratucTUyHl OIIIHKM acuMeTpii i ekclecy IMOoB'A3aHl 31 CTaTUCTUYHUMHU
[EHTPATbHUMH MOMEHTAMH TPETHOTO 1 YETBEPTOTO MOPSI/IKIB.

Axkmio gocnigHi gaHi copMoOBaHI y BUIIISAI 1HTEPBAJIBLHOTO PSAAYy B POl
BapiaHT Xj BHCTYIMAIOTh CEPEINHU iHTEpBaIiB (U;).

MoOMEHTH CTaTUCTUYHOT'O PO3MOJUTY MOXYTh OYyTH BH3HAuY€Hl 1 3a He-
3rpynoBaHUMHM JaHuMu (tadi. 4.1).

Taoanus 4.1
CraTucTHYHI MOMEHTH PO3MOIiLY

Ha3ga He3rpynosani xani 3rpynoBasi gaHi

CTATUCTHYHOI0 MOMEHTY
1 2 3
1.ITouaTKkOBUT MOMEHT K- 1S « Ok
Vk:_zxi Vk:ZXi - W
ro HOpsIAKY n s i1
N — obcsie eubipku I' — KibKiCmb 3HAYEHD,

Oxkpemuii 8unadox.

. ULO CHOCMEPEOHCYIOMbCS
NOYaTKOBHUHU MOMCEHT

n r
HCPILIOTO TIOPAIRY = X = Vi = i Z Xi X = Vi = Z Xi Wi
cepeliHs BUOIpKOBa n iz —
X =v
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2.1lenTpanbHUN MOMEHT
K-T'O TTOPSIIKY

Okpemi 6unaoxu.:

2.1) ueHTpaIbHUNA MOMEHT
JPYroro MOPsJIKY - BUOIpKOBa

aweniepein D' =t =1, ~(v;)

2.2) lleHTpayibHHIT MOMEHT
TPETHOrO MOPSIKY

* * * * *3
Uy =V, —3V,v, +2v,
2.3)  LEHTpaJIbHUN MOMEHT

YETBEPTOrO TMOPSIAKY

* * * * * *2 *4
U, =v,—4vv, +6v,v, =3y,

. n *
3. Bumpasiena gucrepcis S% = 1 D
n —
4. CepenHe KBaJpaTUUHE S — / X
BIJIXWJICHHS (CTaHJAPT)
5. BinHocHa Bapiaiis « S - * 4
) — . _ 0
Koe(ilieHT Bapiarii 4 X v J) 100%.
6. CrarucThyHa OIlIHKA A" Hs Hs
acumMerpii g3 ’u*?” ?
2
7. CraTucTHYHA OIlIHKA = Hy 3= Hq _3
eKCIEeCy g4 x?
H,
Ipuxnan 4.2

Bu3HaunTH MOMEHTH CTaTUCTHYHOTO PO3MOAUTY Ui JaHWX BHUIPOOYBaHb
MeX1 MIIIHOCTI Ha CTUCK 3pa3KiB aJeBpOJIITY, 110 HaBe/eHl y Ta0u. 3.3 1 3rpynoBaHi B

1HTEepBaIbHU psifl (Tab1.3.4).

1. Bu3zHaunMo MOYATKOBHUH MOMEHT TIIEPIIOr0 MOPSIKY, TOOTO BHOIPKOBY

CEepEIHIO:

X =v"=49*0,15+51*0,225+53*0,325+55*0,175+57*0,1+59*0,025=52,85 MI1a.

2. BuszHaunMo xapaKTepUCTUKHU Bapiallii 3Ha4eHb KUTbKICHOI O3HAKU:
® CTaTMCTUYHUU MOYATKOBUH MOMEHT JIPYTOro MOPSIAKY:
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2 2 2

v;=492*o,15+51 0. 225+532*0,325+552*0 175+572*0 1+592*0 0252799 6

® CTaTHUCTUYHWHA ICHTPATHHUA MOMEHT JIPYTOro MOpSIKY, TOOTO BHOIPKOBY
JUCIIEPCIIO:

* *

D" =1y =v, — (v )% =2799,6—52,85% =6,48

¢ BHIIPpABJICHA I[I/ICI'[GpCi}I

S% = %*6,48 = 6,64 (MIla)*;

® CcepelHE KBaJpaTUUYHE BIIXUJICHHS (CTaHAApT):

S =+/S?2 =258 MIla:

e BIJHOCHA Bapiailisi, KoedIillieHT Bapiarlii:

7= o =005
52,85

V" =0,05*100 = 5%.

3. Buznaunmo BenMUUnHU, M0 XapaKTEPU3yIOTh ACUMETPII0 Ta EKCIIEC:
® CTaTUCTUYHI TOYATKOBI MOMEHTH TPETHOTO 1 YETBEPTOTO MOPSJIKIB!

*_ 3* 3* 3* 3* 3* 3* —
v3—49 0,15+51*0,225+53*0,325+55°*0,1 75+57~*0,1+59-*0,025=148648,3 ,

* 104 4 44 4 4, 4, _ :
V4—49 0,15+517*0,225+537*0,325+55 "*0,175+57 "*0,1+59 "*0,025=7911190;

CTaTUCTUYHI LIEHTPAJIbHI MOMEHTH TPETHOTO 1 YETBEPTOI'O MOPSI/IKIB!

* % * * *3 3
,u3=v3—3v2v1 +2v1 =148648,3-4*2799,6*52,85+2*52,85"=4,72;
* * * * x *2 =4

Hy =vg —4vgvy +6voyy -3 =

= 7911190 — 4 *148648,3* 52,85 + 6 * 2799,6 * 52,852 -3* 52,854 =104,76.
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® CTaTHCTUYHA OI[IHKA aCUMETPIi:

A =212 028,
2,58

® (CTaTUCTHUYHA OHiHKa eKcuecy.

. 104,76
E :—4—3:—0,63_
2,58
AHaI3YyIOUM CTAaTUCTUYHI MOMEHTH JOCHII/DKYBaHOI O3HAKH — MIITHOCTI

ripCbKO1 MOPOJY HA OJIHOOCHOBUI CTHCK — MOYKHA 3pOOUTH Takl BUCHOBKU. CepenHe
3HA4YCHHsA O3HaKu ckiamae 52,85 MIla. 3HaueHHS O3HAKHW KOJIMBAIOTHCS HABKOJIO
CBOT'0 CEpPEHHOI0 3 HEBEJIUKOIO Bapialli€to, o ckiaagae 5 %. Po3mnoain o3Haku mae
HEBEJIMKY NpPaBOOGIUHY acHMeTpiro. Moro MokHa BBaXKAaTH Maike CHMETPUIHHM.
3HaueHHS EKCLeCcy TakoX OJIM3bKO 10 Hy/dsS. 3a BUIUISJIOM TIiCTOrpaMu MOKHA
NPUITYCTUTH, IO PO3IOALT JaHOI 03HAKU OMHUCYEThCS Aeskoro GyHkuiero f(X), rpadik
SIKOT Ma€ MaKCUMyM Yy TouIll X=52,85, KpuBa Maibke CUMETPHUYHA I1[0J10 BEPTUKATBHOT
IIPSAMOI, IPOBEECHOI Yepe3 L0 TOUKY.

Jlnst mporHO3y TOSBU 3HAYEHb O3HAKH 3 TIEK YW 1HIIOK WMOBIPHICTIO
notpioHo migiopatu st GyHkiii f(X) anamitnunuii Bupas. IcHye psa QyHKIH, 10
3aJI0BITLHO OMHUCYIOTh PO3MOMALUT JTOCTATHRO BUBYCHHUX BUMAIKOBUX BeMWYWH. BoHM
HA3UBAIOTHCA TEOPETUYHUMU 3aKOHAMH po3noiny. Huwkde OynyTh HaBe[eH1 NesKi 3
HUX.

KoHTpoubHI NnUTAHHSA
1. [ITo xapakTepu3ye MaTeMaTUIHE CTIIO[IBAHHS BUTIAIKOBOI BETUIHHU?
2. HaBenits ¢hopMynu 7151 BU3HAYEHHSI MATEMAaTUYHOTO CIIO/I1BAHHS
JUCKPETHOI 1 0e31epepBHOI BUIAIKOBUX BEJTUYHH.
3. llo xapakTepusye aucnepcis BUNAIKOBOT BETUUHHU?
4. HaBenith hopMyiu JJIsi BU3HAYCHHSI IUCTIEPCii JUCKPETHOT 1
0e3nepepBHOI BUMAKOBUX BEJTUYHH.
5. IIlo Take MOYaTKOBUI MOMEHT PO3MOAUTY K-20 MOPAAKY? SIKy YuCIOBY
XapaKTEPUCTUKY J1a€ MOYATKOBUN MOMEHT 1-TO mopsiaxky?
6. 1o Take HEHTpaIbHUII MOMEHT K-20 MOPAAKY? SIKy YUCIOBY XapaKTEPUCTUKY
J1a€ NEHTPAIBHUN MOMEHT 2-TO MOPAAKY?
7. o xapakTepu3ylOTh acUMETpis M ekciiec BUNaakoBoi BenuuuHU? HamemiTh
dopMynH 171 BUSHAUYEHHS LIMX XapaKTEPUCTHUK.
8. Sk BU3HAYMTH YKCIIOBI XapaKTEPUCTUKH BUMAIKOBOT BETMUUHHA 32 TAHUMH
nocainy? Haenite opMynu aiis cepeHboi BUOIPKOBOI 1 BUOIPKOBOI
JqUcnepceii 1S 3rpyrnoBaHuX 1 HE3rPYNOBaHUX JAaHUX.
9. Illo Ttake BunpasieHa aucnepcis? HaBeaite popmymny s ii BU3HAUEHHS.
10.1o Take koedilieHT Bapiallii BUMIAJKOBOI BETUYHHU?
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5. AEAKI TEOPETHUYHI 3AKOHHU PO3IIOALTY
5.1. Iloka3HMKOBUI1 3aKOH PO3MOALITY

Taka BenmuunHa, K yac 0€3BIAMOBHOI pPOOOTH JIESIKOTO MEXaHI3MY OIHUCYETHCS
HIUTBHICTIO po3noAiny (audepenmianbHo0 GyHKIEW), rpadik KO HaBEACHO Ha
puc. 5.1.

BunHo, 1o 11 KpuBa SBIISE€ COOOIO CEKCIIOHEHTY, IO CIaJa€ Ha MPOMIKKY
(0, +w). Tobro s 3a3HayeHoro iHrepBany f(x)=Ce ™. Jlis Toro, 1mod paHa
GyHKIIIS TIHCHO OMHMCYBaJla 3aKOH PO3IMOALTY HMOBIPHOCTEH BHUIAAKOBOI BEIIMUNHH,
BOHA IMOBMHHA 33JI0BOJILHATH YMOBI (2.11), TOOTO

C +j:oe‘”xdx =1
0

3a 111€10 YMOBOIO 3HaiiJIeMo 3HaueHHs nocTiiHoi C.

e 1 ... C C
C e‘ﬁxdx:——Cllm(e‘*b—eo)z— -3pizen —=1=>C=21
! A A A

b—

TakuM 4YHMHOM, IIUIBHICTH PO3MOAULY MOKAa3HUKOBOIO 3aKOHY (MOro Takox
Ha3MBalOTh €KCIIOHEHI[1AJIbHUM) Ma€ BUTJISA;

f(x)=1 e . (5.1)

Benuuuny 4 Ha3uBawTh napamempom po3noodiny. Jlns onucy po3moaily
KOHKPETHOI KUIbKICHOT O3HaKU MapaMeTp po3MnoAlly Mae OyTH BU3HAUEHUI Ha OCHOBI
CTATUCTUYHUX NaHUX. /{75 [IbOTO BUKOPUCTOBYIOTH MeH00 Momenmig. Bin nomsrae
B MIPUPIBHIOBAHH1 EMIIPUYHHUX 1 TEOPETUYHUX MOMEHTIB OJTHOTO TOPSJIKY:

*

V=V My =y (5.2)

A f(x)

Puc. 5.1. [loka3HUKOBUI 3aKOH PO3MOALILY
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Mu no6ayumMo HIKYE, [0 TEOPETHIHI MOMEHTH ISl TOTO UM IHIIOT'O PO3IOILTY
94acTO TMOB'S3aHI 3 TapaMeTpoM JaHOro po3moaury. ToMy, Hacammepen, BapTo
BU3HAYUTH TEOPETUYHI MOMEHTH IJIs JTAHOTO PO3MOAUTYy. 3HAWJAeMO MaTeMaTHUJHE
CHOJIIBAaHHS TIOKAa3HUKOBOTO PO3MOJLIY, TOOTO TIOYaTKOBUHA MOMEHT TMEpPIIOTro
nopsiaKy. 3a popmyioro (4.2) nicranemo:

M (x) = jx- f (x)dx = zjxe—“dx =
0 0

X=U du=dx

1 = Alim —lxe‘“+

b
2 -2 ij‘e—“dx -
e X =dv V :—Ze X b A A 0

= Alim —ibeﬂb—ize‘“ri2 :1.
bowol 4 A A A

Takum ynHOM JJIA IIOKa3HHUKOBOI'O pOBHOI[iJ'Iy:

M (x) = % (5.3)

AmnanoriuHo, 3a (opmyrnoro (4.8) BUKOHYIOUM JIBa pa3d IHTErpyBaHHS 3a
YaCTHUHAMM 1 NEPEXO0UM A0 rpaHulll GyHKIII1, 3HalIeMO AUCTIEPCIIO MOKa3HUKOBOIO
PO3MOJILTY, TOOTO IEHTPAIILHUI MOMEHT JPYroro MOPSAKY

2

D(x):/’tj'xze‘“dx— 1 ==
) A

Cepenne kBagpaTU4HE BIIXWICHHS BiANOBIAHO 10 Gopmyinu (4.9) nopiBHIOE:

o(X) = % = % (5.4)

Sx Oauumo, mapaMeTp pO3MONITY A TICHO TIOB'S3aHUN 3 YHUCIOBUMHU
XapaKTepUCTUKaMU BUTIAAKOBOI Benmanan. Kpim Toro, i3 (5.3) 1 (5.4) BUXOAUTH, 110
JUISl TIOKa3HUKOBOT'O 3aKOHY XapaKTepHa PIBHICTh CEPEAHBOTO KBAJIPATUYHOIO
BIIXUJICHHSI 1 MaTeMaTU4YHOro crojiBaHHs. [lel dakT momomMorke Hajaml miaoupaTu
3aKOH PO3MOAUTY I eMITIPUYHUX JTAHUX.

3actocyeMo Temep METOJ MOMEHTIB il Bu3HadueHHS A . JlopiBHIEMO
TEOPETUYHUN 1 EeMMIPUYHUA MOMEHTH MEpUIOro MOpsAKY, TOOTO MaTeMaTH4HEe
CTOJIBaHHS 1 CEpEAHIO BUOIPKOBY:
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M(x)=X*,

Ockisibku TUTSt MIOKa30BOT'0 3aKOHY M (x) =
1
x*

Takum uYMHOM, &7 3HAXO/UKEHHSI IMapamMeTpa IMOKAa3HUKOBOI'O PO3MOILLY
JIOCUTh MaTH CEPEAHIO0 BUOIPKOBY 3a EMITIPUYHUMU JAHUMHU.

1
I , OTPUMAEMO,

10 Y*:% = A=

Mpuxaan 5.1

Hexait Biomi pe3ynbTaT NEPEBIPKU JESIKOT0 MPUIaay Ha ICIUTOBOMY CTEH]I.
Bunpob6ysano 100 3pa3kiB, BUB4aBcs yac 0€3BIAMOBHOI poOOTH npuiaay. BiH ckias:
st 80 mpunaaiB MeH 10 rogus; i 10 npunagis 10 — 20 roxwH; 11 S5 mpuiamiB
20 — 30 roaun, nus 5 npunaaiB 30 — 40 roguH. BusHauutu UMOBIPHICTH TOTO, IO Yac
poOoTH mpunany ckiaanae He MeHnr 20 ToauH.

[HTEpBaTBEHUM P IS IUX JaHUX MOJaHo y Tabi. 5.1.

Tabanmg 5.1
0-10 10-20 20-30 30-40

Yac 6e3BiAMOBHOI
pobotu

CepeanHu IHTEpBAJIIB 9) 15 25 35
KinbkicTe npunamais 80 10 5 5
(dacToTa 03HaAKH)
BignocHa yacrora 0,8 0,1 0,05 0,05

Cnuparounch Ha BUTIIA TicTorpamu (puc. 5.2) y rpyOoMy HaOJMKEHHI MOKHA
BHUCJIOBUTHU TIPUNYIICHHS TPO T, MO JaHa KUIbKICHA O3HaKa — Yac Oe3B1IMOBHOI
poboTH Impuaay — po3NOJALIEHA 3a TOKa3HUKOBUM 3aKOHOM.

1,09 w
0,9 -
O,BF
0,7 -

0,6 -
0,5 -
0,4 -
0,3 -
0,2 -
0,11 T

0 T T T 1 X
10 20 30 40

Puc. 5.2. T'icrorpama BiJTHOCHUX YacCTOT JJIs JaHUX Ta0J. 5.1
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Buznaunmo emmipudHi MOMEHTH PO3IOLTY.

Cepenns BuOipKoBa:
X" =5.08+15-01+25-0,05+35-0,05=4+15+3=85 .
BubipkoBa nucnepcisi:

D" =25-0,8+225-0,1+625-0,05+1225-0,05— (8,5)° =
=20+22,5+925-72,25=62,75.

Bunpasnena qucnepcis i cepeiHe KBaApaTUIHE BiXHICHHS

52— " 6275100 75_6338:
n-1 99

o =4S =79.

bauumo, 110 MareMaTH4HE CIOAIBaHHS 1 CEpeaHE KBaJpaTUYHE BIAXUJICHHS €
ONMM3BKUMU 3a 3HAYCHHSAMU. L{e TakoX CBIIYUTH HA KOPHUCThH IMOKA3HUKOBOT'O 3aKOHY
3 qudepenmiansro0 Qynkmieo f(X)=4 e .

Bu3zHaunMo 3a 10MOMOT 00 METO/Tly MOMEHTIB TapaMeTp po3nojainy A :

A= L :i:O,117z0,12

__*

Tenep, Marouu TEOPETUUHUN 3aKOH PO3MOILTY JAHOT KITBKICHOT O3HAKK MOYKHA
MPOTHO3yBaTH WMOBIPHICTh MOSIBU TOTO YW I1HIIOTO 3HAYEHHS I[€i BUIAJIKOBOT
BEJIMYMHU. BilOBIMO Ha 3amUTaHHS 3a/1a4i. IMOBIpHICTB TOTO, 110 Yac 0€3B1IMOBHOT
pobotu npunanay Oyae He MeHil 20 roauH, BU3HAYUMO 3a ¢popmysoo  (2.8)

P (20 <t <+00) =012 [e*dt=012- (LJ lim (e —e2*)=0,091 _
20 - 0,12 b—+o0

Jlonamo, 10 MOKa3HUKOBUM (€KCITOHEHI[IalbHUI) 3aKOH BIAIrPa€e BEJIUKY POJIb
y Teopii HQAIHHOCTI MEXaHI3MIB 1 MaIlIHH.

5.2. HopmasnbHHii 3aK0H PO3M0JLTy
3BepHEMOCS Temep 10 TicTorpamu, 1o 300paxeHa Ha puc. 3.2. Kpusa, 1io
MPOBE/ICHa Yepe3 CepeArHU CTOpPIH OaraTOKYTHHKIB, Yy TEPIIOMY HaOIMKEHHI

NOKa3ye, SKUWA BUISL Mae nudepeHmianbHa Qynkuis posnomaiuty f(X). YV nanomy
BUTIAJIKY KpHBa Ma€e GopMy, Maii’Ke CHMETPUYHY II0JI0 BEPTHKAIBHOI MPSIMOT X = X *.
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XapakTepHO Te, IO BEJIMKAa YacTWHA 3HAY€Hb KUIBKICHOI O3HAKH TPYIYIOTHCS
MOOJIM3Y TOYKH X =X*, IO € TOYKOI MaKCUMYMY KPHBOI.

Benuka KiTbKICTh BHUIAIKOBUX BEIIMUMH Ma€ MOAIOHY HIIIBHICTH PO3IOALTY
iimoBipHOCTeiA. Ii Ha3MBaIOTE HOpManbuum 3akonom a6o 3axonom Iayca (puc. 5.3).
Bupas nns qudepenmianbHoi QyHKINT po3noainy 3akony ['ayca Mae BUTIs;

(x-a)?

1
f(X)=——e 2%
(0 o\N2rx (5.5)

f(x) 4

a

Puc. 5.3. I'padix nudepenmianbHoi GyHKINT HOPpMaTLHOTO PO3MOILTY

[Tepmr 3a Bce BUHWKAE MHUTAaHHS, 4d € QYHKIIA (5.5) NIUIBHICTIO PO3MOILTY.
. . . X—a 1
[lepeBipumo piBHIcTh (2.11). i nporo 3pobumo 3amiHy —— =t=dt=—dx Ta
o (o2
BI3bMEMO /10 yBaru inrerpan Eiinepa — [lyaccona

+oo  —t?
J e dt=,27
Tonai orpumaemo:

+oo -t

fezdi=1

1 +00 _(X—a2)2
J‘. e 20 dX —

1 +0 —tz

jezadt =

o2

1
\N2r
Takum uywmHOM, piBHICTH (2.11) BUKOHY€ThCs, TUIOmAa miAg Kpubowo (5.5)
JIOPIBHIOE OJIUHUIII.

oN2r
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MaxkcumanbHa OpiMHATa KpUBOI, 110 JOPIBHIOE , BIATIOBIZA€ TOYI X=a.

1
or2r
[Ipu BimmaneHH1 BiJ TOYKH @ IIUIBHICTh PO3MOJUTY 3MEHIIYETHCS 1 MPU X —> oo
KpYBa aCUMIITOTUYHO HAOIMKAETHCS J10 OC1 a0CIuC.

3'scyemMo 3HaU€HHS MapaMeTpiB @ 1 o, U0 BXOIATH 10 Bupaszy (5.5). s uporo
3HaWJIEMO YHMCIIOB1 XapaKTEPUCTUKH HOPMaJIbHOI BETUYHMHH.
Binnosinno go dopmynu (4.2 )
1 _(X—a;)2
j x-e 2 dx.
2 *

M (x) =

o

BuxopucroByrouu nonepeaHio 3aminy ta interpain Einepa — [Tyaccona
orpumaemo M (X) = a. Amanorigno Mo’kHa TIOKa3aTH, 110

D(x)=0c? o(X)=0.

Otxe, mapamerp a sBisie cOO0K0 MaTEeMaTUYHE CIIOAIBAaHHS 1 XapaKTepusye
LEHTP PO3MOJLLY; MapaMeTp o XapaKTepHu3ye PO3CIIOBaHHS BHUIMAJKOBOI BETUYMHU
10J10 IIEHTPA PO3MOALTY 1 00YMOBIIIOE KPYTICTh KPUBOI: UMM OUIbIIE o, TUM OUIbIIE
PO3CiIOBaHHs, TUM MEHIIIE KPYTICTh KPHBOI.

MoskHa mMokaszaTu, 110 JJII HOPMalbHOI BHUMAJAKOBOI BEIMYUHHU (TOOTO IS
BEJIMYMHHM, 1[0 PO3IMOALICHA 32 HOPMAJIbHUM 3aKOHOM) IIEHTPAJbHUNA MOMEHT 3-TO
MOPAJIKY JOPiBHIOE HYIO (U3 =0), a IEeHTpaIbHUH MOMEHT YETBEPTOrO MOPSIKY

},l4=30'4.

L1e o3nauae, 110 1 aCUMETPIsA 1 €KCLEC AJI1 HOPMAIbHOT'O 3aKOHY JTOPIBHIOIOTH HYJIO

Hs _6.p_H
(A:G—§=O,E=G—j—3:0 ).

3ayBaskeHHsI. 3aKOH PO3IOALTY, III0 BUPAKAETHCS AUPEPEHITIATBHOIO (PYHKITIEIO

_(x-a)’
1

="

HAa3UBAETHCS 3A2ANbHUM HOpMAbHUM Po3noaiaoM. st Heoro M (x)=a;o(X)=0.
YacTo mpu po3B’sI3yBaHHI 33/1a4 MEPEXOIATh J0 TaK 3BAHOI HOPMOBAHOI BEIIMYUHH
xX—a

=1 . Jlyis Hel WiIbHICTH PO3IOALITY MA€ BUTTISL,
o

L £

N ’ (5.6)
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1 HA3UBAETHCS HOPMOGAHUM HOPMATbHUM PO3TIOIIIIOM.
MarematuyHe CHOAIBaHHS 1 cCepeaHe KBajapaTUYHE BIAXWJICHHS IS
HOPMOBAHO1 BeJTMYMHHU BignoBigHo M(t)=0; o(t)=1.

[aTerpanbHa QyHKIISI HOPMATIBHOTO PO3IMOALTY MA€ BUTIIS!
a) I 3arajbHOrO PO3MOALTY

. _(x—a)2

1 2
F(X)Igmj. e 2° dX’ (5.7)

0) 1711 HOPMOBAHOT'O PO3MOJLITY

F, (t) = F j 2olt 5.8)

IaTerpanu (5.7), (5.8) He BUpakarOThCsl B eleMEHTapHUX (PYHKIISIX. AJe ais
iHTerpana (5.8) iICHyloTh TaOJuIl, i€ HaBeleHl 3HaueHHS QyHKIIT F,(t) U1 pi3HUX
3Ha4YeHb aprymeHnTy t (mogatok A). A y nomatky b HaBeneHo 3HaYeHHS (YHKIIIT:

2

1 t
D(t) = j e 2dt (5.9)
0

27[

sKa Ha3uBaeThbes QyHkiiero Jlamaca.
Imosgipuicmo yiyuenHHsa HOPMATbHOT BUNAOKOBOT 6eIUYUNHU 6 3A0AHUIL IHMEPBAl
BinmoBinao no dbopmynu (2.8) WMOBIPHICTh BIYyYEHHS BHITAJIKOBOI BEIMYWUHU B

iHTepBai ( X1, Xp):

Xy (X a)

e

P(x, <x<x2)=jf(x)dx_

X—a X—a X—a
3pO6I/IMOSaMiHy:t:T; dx = odlt; tl—T; tzzT-

Tonai orpumaemo:
2

P(x1<x<x2):—\/_j e 2dt=F,(t,) - F,(t) = F( aj—Fo(Xl_aj,
(o)

o

Tyt F,(t) —inTerpansna ¢ysakmis (5.8) . MoxHa moka3atu, 1o P TaKin
camiii 3aMiH1 Moke OyTH BUKOpUcTaHa 1 pyHkiis Jlamnaca (5.9). Takum unHOM, 115
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HOPMAJILHOT'O 3aKOHY PO3MOJILTY UMOBIPHICTh MOTPAIUISIHHS BUIIAJIKOBOI BETUYMHU B
3aJIaHui IHTEPBaJ

P(X < X< X,) = FO[XZ—_a)— F{Xl _aJ - cp(x2 - a)—cp(xl _aj. (5.10)
(o2 (o2 (o2 (o2

Imosipnicmo 3a0ano2o sioxunenns. Ilpasuno «3-x cuzm»

3HaiiIeMO WMOBIPHICTh TOTO, IO BIAXWJICHHS HOPMAaJbHOI BHUMAJIKOBOI
BeTMYMHU X BiJI 11 MAaTEMAaTUYHOT'O CIIO/IIBAaHHS @ HE IMEPEBUIIYE BEIIMUYMHH O, TOOTO
3HaiieMo iiMoBipHicTh moxii P(x - a| < §). 3a dpopmyrnoro (5.10) micranemo:

P(x-al<d)=Pa-d<x<a+8)= [a+5—aj_@ (a—5—aj:
(o2
:@(éj_@(_ fj _ qu(é}
O (02 (o}

Tyt BuKOpucTanuii Toil ¢akr, mo GyHkuis (5.9) Henapua. [Ipoananizyemo Taki
BUIA/IKH.
1. Hexaii 6=0. Tomi

P(x-a/ <o) = 2@(2] =29(1)=0,68

(5.11)

Tyt 3nauenns pyukuii (1) = 0,34 BuzHadeHe 3a TabMIECIO i3 J0AATKY b.
2. Hexaii Tenep 6=20. Toxi

P(x-a| < 20) = ch(z—"j = 20(2) = 0,95
(o2

Tyr @(2) =0,478.
3. Hexaii 6=30. Tomi

30

P(x-al<30) = 2@(—j = 2(3) = 0,997

Tyr &(2) = 0,4986.

baunmo, mo 3 imosipHicTIO 0,997, TOOTO 3 mMpakmuunor GipocioHicmio,
3HAYEHHS HOPMAJIbHOI BETMYMHU MOTPAIUISIOTH B IHTEpBal
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a—-30 <x<at3o. (5.12)

Ileit paxT HA3WMBAIOTh «IPABUIIOM 3-X CUTM». 3a HOrOo JOMOMOI'OK0 MOXXHA
CYyIUTH TPO T€, YU € JaHa BUIMAJKOBA BEIMYMHA PO3MOMUICHOI 32 HOPMAJbLHUM
3aKOHOM YW Hi. TakuM YMHOM, OAHIE0 3 TIJACTAaB JUIi BUOOPY TIMOTE3U IPO
HOPMAaJIbHUW 3aKOH PO3IOALTY € BHKOHAHHS YMOB:

1) 99,7 % 3HaucHHS BUIAaIKOBOI BETMYNHU HAJICKATH IHTEPBATY

a-30 <x<at+30;
2) acumerpis i exciec 0au3bki 1o vy (A =0 |, E =0).

HopmanbHuii  3akoH pO3MOALITY BiJIrpa€ OCOONHMBY pOJb y Teopii
UMOBIpHOCTE 1 CTAaTUCTUKU. Y Teopii HMOBIPHOCTEH JOBOJIWUTHCS TakK 3BaHa
[EHTpaJIbHa TpaHWYHA TeOopeMa, BIAMOBIAHO 1O SKOi CymMa BEIHKOI KUIBKOCTI
HE3aJICKHUX BUMAIKOBHX BEIMYWH, MiAMOPSIIKOBAHUX OYAb-IKOMY PO3MOALTY,
OpUOIU3HO MiANOPAIKOBYETbCSA HOPMAJbHOMY 3aKkoHY. Ll 3aKOHOMIpHICTH TUM
TOYHIIIIE, YMM OUIbIA KUTbKICTh BUTIAJIKOBUX BEIMYHMH CKJIAJIA€ 110 CYMY.

Hamnpuknan, noMuika BUMIPIB — 1€ BUIIAQJKOBA BEJIMYMHA, L0 € CYMOIO
€JIEMEHTapHUX MMOMWIOK, KOKHA 3 SIKHX BUKJIMKAHA J1€l0 MEBHOI NMPUYMHU, SIKa HE
3aJIEKUTH BI1J] 1HIIMUX. SKIIO BCl 11 TOMMJIKH BiAIrparOTh y CyMi PIBHOMIPHO Maiy
pOJib, TO CaMa CymMa pO3MOLIeHA 38 HOPMAaJIbHUM 3aKOHOM.

OCKUIbKM yMOBH, 10 BHU3HAYAIOTh HOPMAJIbHUN PO3MOJILI, 3YyCTPIUalOTHCS
4acTo, JAaHUN 3aKOH pO3MONALTy WMOBIpHOCTEH 3700yB IIMPOKE 3aCTOCYBAHHS.
30KkpeMa, y3arajibHIOIOYM PE3yJabTaTU ICHUTIB TIPCHKUX MOPiA, JOCIITHUKA YacTO
JAOTPUMYIOTHCSA TIMOTE3H PO HOPMATBHHUMA PO3MOILT, TAPAMETPH SIKOTO MAIOTh SICHHIA
(b13UYHMM 3MICT 1 JIETKO BU3HAYAIOTHCS 32 XapaKTePUCTUKAMH BUOIPKH.

Ipuxaan 5.2

VY pozainax 3.1 Ta 4.3 gk npuUKIa] BUBYABCA CTATUCTUYHUN PO3MOALT TaKOl
KUIBKICHOT O3HAaKH, SIK MII[HICTh Ha OJJTHOOCHLOBUM CTHCK Tipchkoi mopoau. Kpuga f*,
10 BUPIBHIOE TicTOrpamy Ha puc. 3.4, Mae mpuOIU3HO TaKuW cCaMUW BUIJISA, fK 1
HOpMaJibHA HIUIBHICTH po3nojuny (puc. 5.3). Ha kopucth HOpMambHOTO PO3MOJLTY
CBITYaTh 1 ONM3bKI 70 HYJS 3HAYCHHS aCUMETPIl W eKCIleCy, a TaK0oX BUKOHAHHS
npaBuia «3-x curm». J[ilicHO, MakcUMajiabHE 1 MIHIMaJIbHE 3HAYEHHS BHUIIaJIKOBOT

BeTMUUHU (Xmin= 48,4; Xmax= 60,0) yKkiamaroThes B iHTEpBa (528-2,58"3;  52,8+2,58+3) ,
Tomy B mepmoMy HaOMMKEHHI MOXXKHA BHCYHYTH TIMOTE3y MPO TE, IO 3HAYEHHS
JIOCIIJPKYBAaHOI KIJIbKICHOT O3HAKM — MIIIHOCT1 Ha CTHCK JAESKOI TipChKOi MOpoaAu —
MTOPSIKOBYIOTHCS HOPMAJIbHOMY 3aKOHY p03noz[iny

Busznaunmo mapaMerpu I1bOr'0 PO3IOAiLTY Ha OCHOBI JOCHIJIHMX JaHUX.
BuxopucroByemo Meron MoOMEHTIB. JlOpiBHSEMO MOYATKOBI CTaTHCTHYHUN 1
TEOPETUIHUN MOMEHTH PO3TIOJILTY:

M (X)=Xx*.
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OcCKiTbKHY U1 HOpMaIbHOTO 3aKkoHy M (X) =a, OTPUMAEMO, 110
X*=a ,T100T0 @ =528

Jani, mo0 3HalWTH 1Ie OJWH HeBigoMmuid mnapamerp (o), HAOPIBHIEMO
IIEHTPaIbHI CTATUCTUYHUHN 1 TEOPECTUIHUH MOMEHTH JIPYTOr0 MOPSIKY:

D(x)=52 .
OCKIIbKH JII HOPMAJIBHOI'O 3aKOHY D(X) =¢® JiCTaHEMO, IO

82=0'2 —> o0=S5S=258.

Takum dYWHOM, IS JaHOI KIJIBKICHOI O3HAaKM MIUIBHICTH  PO3MOILTY
HMOBIPHOCTEH ONMUCYETHCS QYHKITIEI:
(x-52,8)?
~ 2%2,582

1
f(X)=———¢
() 2,582

Busnaunmo, Hampukiiana, iIMOBIpHICTH TOTO, IO MIIHICTh Ha CTUCK Oyae He
mewniie 50 MITa. BukopucroByemo dhopmyiy (5.10):

50-52,8

P(x >50) =1— P(x <50) =1— FO( S

j =1-F,(~108)=1-0,1401=0,8599 .

3ayBaxkeHHsl. Y TIpUKJIaJl 5.2 Te3a Npo TCOPETUYHUN 3aKOH PO3IOIiITY O3HAKU Oyia
NpUHATAa B TIEPIIOMY HAOMMKEHHI. Y BIAMOBINATBRHUX PO3PaXyHKaxX MOTPiOHA
MepeBipka CTAaTHCTUYHOI TIMMOTE3W 3a TaK 3BAaHUMHU KpuTepissMu 3romu. llpomy
NUTAHHIO PUCBAYEHUIN pO3LI 7.

Torann Kapa ®piapix Iaye (1777 — 1855) — HimMenbKuii MaTeMaTHK, MEXaHiK, (i3UK, aCTPOHOM i
reoJie3ucT. BBaxkaerbcs OJHMM 3 HaWBEIMYHIIIMX MAaTEMaTHKIB BCIX YaciB, «KOpOJEM
MaTEMaTHKiBY.

5.3. Jlorapu¢pmiuHO HOPMAJILHUI PO3MOILT

SIKIO KiJbKICHA O3HAKa Ma€ 3HAYHO aCHMETPUYHHMU PO3IOJLI, TiloTe3a IMpo
HOpPMAJIbHUH 3aKOH € HempaBwiIbHOW. OJIHAK HOPMaIbHOMY 3aKOHY MOXYTh
MIMOPAIKOBYBATHCS  JIOTapu(MH  3HAYEHb JIOCHIPKYBAaHOI O3HAaKH. Y IbOMY
BUTIAJKY PO3MOALT O3HAKH HA3UBAIOTh J102APUPMIUHO HOpMAAbHUM (CKOPOUYEHO
J0cHOpmanbHum). Sk mpukiaax Ha puc. 5.4 HaBEACHO PO3MOMIIU IOTYXKHOCTI
IUTACTIB BYT1UIA 1 Jorapu@MiB 3HaYEHb MOTYKHOCTI.
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JlorapupmMiyHO HOPMaJIbHUI PO3MOJLI OINUCYE BHUMAAKOBY BEIUYUHY X,
jgorapudM SKOi Ma€ HOPMAIbHUN po3momin 3 mapamerpamu a i1 o. LlimbHICTH
posnoniny Benmmuuan Z = In(X) mae Burmsaz (5.3):

_(z-a)?
f(z)= Le 20°

oV2r

. z . .

Toni BumaakoBa BeMunHa X=¢~ po3IoiieHa 3a JorapuhMigHO HOPMATBHUM
3aKOHOM.

(In x-a)?

1 A Sl ?

2

f(X)Zﬁe S (5.13)

0,359 W
0,34
0,251
0,24
0,151
0,14
0,051 T

0)

—_

~

J
N|§

[

0 - Inx

-1,5-125 -1,0-0,75-05-025 0 025 05 0,75 1,0 1,25 1,5

Puc. 5.4. I'icrorpama BiIHOCHUX YacCTOT:
a) MOTYXHOCTEH 1yacrta; 0) JjorapumiB MOTYXKHOCTEH T1acTa

BaxnuBo Bif3HAYUTH, IO MapaMeTpu & 1 O I HOPMaJIbHO PO3IMOALICHOT
BeauurHU Z =In(X) BIANOBIIHO JOPIBHIOIOTH MAaT€MaTHUYHOMY CIOJIBaHHIO 1
CepeaHbOMY KBaJPaTHUYHOMY BiJXHIICHHIO, aje JJIsl JIOTHOpMaibHOI BEMUYMHU X 11e
npocto mapamerpu (opmu 1 mMacmTadby. OgHaK BOHM TEX TOB'S3aHI 3 YUCIOBUMH
XapaKTEepUCTUKAMU BUITAJIKOBOI BEJIMUMHUA. MaTeMaThyHe CIOAIBaHHA 1 JUCIEpCis
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IUIsL TIOTHOPMAJIbHOI BEIMYMHHU BHPAXKAIOTHCS 4Yepe3 NapameTrpu PO3MNOALITY TaKUM

YHNHOM:
2

a+Z
M(X)=e ?; (5.14)
D(x) =€ (7 —1) . (5.15)

dopMa KpUBOI IIUIBHOCTI JIOTHOPMAJIBHOTO PO3MOALTY 3aJIEKUTh BiJ
CHIBBITHOLIEHHS mapameTpiB a 1 o (puc. 5.5). na Hei xapakTepHa ICTOTHA
MpaBoOIYHA ACUMETPIsl.

a)
051%)
0)
1,6 1
1,21
0,84
0,4 1
0
0 2 4 6 8
Puc. 5.5. JlorapudmiuHo HOpMaNbHUN PO3MOAUT 3 PI3HUMH 3HAYCHHSIMU
napamerpiB: a) 1 —a =0, 0'221; 0)1-a =0, 0'2:0,1;
2- a =03, o’=l; 2- a =0, 0°=03;
3- a=1 0=l 3- a=00°=1
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[TokaxxeMo, sIK BU3HAYUTH MapaMeTPy JOTHOPMAIBLHOTO PO3MOAUTY u 1 O 3a
METOZI0M MOMEHTIB. BUKOpHCTOBYEMO OCHOBHI CITIBBIHOIIICHHS:

M(x)=X*,
D(x) =S?.

3 ypaxyBanHsMm (opmyn (5.14) ta (5.15) yTBOproemMo CHCTEMY IIOAO JIBOX

HEBIJIOMHX L1G !
X" = exp(G% + ,u)
s = explo? + 2ufexplo?)-1 |

Jlorapudmyroun 0OUIB1 YACTUHU LIMX PIBHOCTEH, TICTaHEMO:
2
. O
InX"=—+u
2

INS? =% +2u+ In(exp(az)—l)
Buxnrounmo u 3 piBHSHB!

*

5 nfoole)-)

Js?

_ 2
BpaxoByroun, mo ~—; = 1, orpumaemo:

o= «/In(nz +1i

yzlnx*—;ln (772+1)'

In

X

(5.16)

@®opmynun  (5.16) € ocraTouHMMHU  JUIA  BHM3HAUEHHS  ApaMeTpiB
JIOTHOPMAJILHOT'O PO3MOJILTY 32 BUOIPKOBUMHU JAHUMHU.

JlorapupmMiyHO HOPMATBLHUNM PO3MOALT HMOBIPHOCTEH € JOCUTH IIIHPOKO
PO3MOBCIOJIKEHOI0 CTATUCTUYHOIO MOJEIIII0 ONUCY SIBUIL 1 IPOLECIB y HayKaxX Mpo
3emmto. LlpoMy po3moOAiTy MIAMOPSAKOBYETHCS BMICT €IEMEHTIB 1 MIHEpaliB Y
BUBEP)KEHUX TIPCHKUX MOPOJaX, pO3MIpH 4acTOK OCAJOBMX IOPiJ, PO3MIPH YaCTOK
Opy MNOAPIOHEHHI TBEPAUX TUI 30CEPEIKEHOI0 CHIIOK, BEJIMYMHU TPaHUYHUX
PYWHIBHUX HAMPYKEHb IS JEIKUX TUIIIB ITOP1I TOIMIO.
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3HayHuil  o0cAr  BUNPOOYBaHb  3pa3KiB  OCAJOBHX, MarHeTUYHUX 1
MeTaMOp(PIYHHX TIPCHKUX TOPIJ] HA PO3TATAHHSA 1 CTUCKAHHS TTOKA3aJld, 110 HAWOLIBII
MPUHUHATHOIO CTATUCTUYHOK MOJCIUIIO JUIS TPAHUINl MIIHOCTI € Jorapu(midHo
HOPMaJIbHUNA PO3MOILL.

JlorapupmMiyHO HOPMAJIBHUIA PO3MOJIT MOXHA BHUBECTH SIK CTaTUCTHYHY
MOJIeJIb BHIAQJKOBOI BEIMYMHM, 3HAYCHHS SIKOI YTBOPIOIOTHCS Yy PE3YJIbTari
MHOXKEHHsSI BEJIUKOi KUTBKOCTI €JIeMEHTapHUX TIOMUJIOK, aHAJOTIYHO TOMY, SIK
HOPMAJILHUN PO3MOJILT € MOJICIUTIO X CYMHU.

BnactuBocTi norapudmMivHO HOPMAJIBHOTO 3aKOHY BUXOJSATH 3 BIIACTUBOCTEH
BIIMOBIAHOTO  HOpMajbHOro po3nonauty. Kpim Toro, med po3moain wmae
HalBaXXJIUBIIIY OCOOJMBICTh: PO3MOALT JOOYTKY N HE3aJeKHUX IMO3UTHUBHUX
BUIAJKOBUX BEJIMYMH 3 JIOrapuMiyHO HOPMAJIBHUMH PO3MNOJLIAMU 3HOBY
MIIMOPSAKOBYETHCS 1IbOMY poO3moaury. JlJisi HOrO Mae MicClie aHajor IEHTPaTbHOT
TPAaHUYHOT TEOPEMHU: PO3MOAUT JOOYTKY HE3QJICKHUX TMO3UTUBHHUX BHIIAIKOBUX
BEIMYMH TMpU JESKUX CIUIBHUX YMOBAax Iparte A0 JIorapu@MiuHO HOPMAaJIbHOIO
3aKOHY MPU HEOOMEKEHOMY 3pOCTaHHI YUCIIa CIIIBMHOXKHUKIB.

5.4. 'amma-po3noaij

Judepenuianbaa QyHKISI raMMa-pO3MOILITy Ma€e BUTIIS!

/1’7
f(xX)=11I(n)
0 6 IHWUX 6UNAOKAX.

X"tenpu x>0, A>0 n>0

Tyr I'(n) — ramma-QyHKIIS:
I'(n) = j X" e7¥dx
0
3anexHo Bij mapameTpiB 771 A kpuBa f(X) npuiimae pizui popmu (puc. 5.6).

MaremaTuyHe CHOJIBaHHSA 1 JHCHEPCis TraMMa-po3lojaily 3B'sA3aHil 3
napaMeTpaMu po3MoJITy CIIBBIHOIIECHHSIMMU:

M(X):%; D(X)=%.

[Ipu 17=1 ramma-pyHKIIS TpUiiMae 3HAYEHHS:

)= je‘xdx =—e|,” = —(% —e%) =1
e
0
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1 TOJIl raMMa-po3MO/IlJI Ma€ BUTJISI:

Ae P npu x>0, 1>0

f(x)=
0 8 IHWUX BUNAOKAX
Ile HiI mo I1HmeE, $SK IUIBHICTh ITOKA3HUKOBOT'O (E€KCIIOHEHINAJbHOTO)

po3noniy. TakuM YHMHOM, MTOKa3HUKOBUN PO3MOJALT € YaCTKOBUM BHUIIAJIKOM ramMMa-
PO3MOALTY.

Puc. 5.6. 'amma-po3nozin 3 mapameTpamu:
1-n=05; 1=1; 2-n=1; A=1; 3-n=3; A1=1

['amMa-po3mofin TakoK SK 1 MOKa3HUKOBUH Mae HIMPOKE 3aCTOCYBaHHS B
3ajayax HaJldHOCTI, y Teopili MacoBoro oOcinyroByBanHs. Kpim Toro,
eKCIIEPUMEHTAIbHO BCTAHOBJIEHO, II0 LFOMY PO3MOALTY MiAMOPSIAKOBYIOTHCA TaKl
BEJIMYMHM SIK BMICT KOPUCHOTO KOMITOHEHTA B MP00ax TpChKUX MOPII.

JloxmanHinie Mmpo TEOPEeTUYHl PO3MOAUIH, SKI € OCHOBOKO ISl TMOOYTOBHU
CTaTUCTUYHUX MOJIeNIeN y TeXHIlll, MOKHA O3HalloMHuTHCS B MOHOTpadii [4].

5.5. Bu0ip TeopeTHYHOr0 po3moaijy 3a eKCiepuMeHTAJIbHUMH JAHUMH

Jlns BUOOPY TEOPETUYHOIO PO3MOJLITY 3a EKCIEPUMEHTAILHUMU JTaHUMU
aBTOopu [4] pexomeHnyroTh BHKopucToByBatH rpadik K. ITipcona (puc. 5.7). Ha
IbOMY Tpadiky 1Mo oci aOCIKUC BIAKIAaI0Th HOPMOBaHUM MMOKA3HUK aCUMETPIi:
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(Y
ﬁl_[aj , (5.17)

By =— . (5.18)
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MapaboniyHe -2 Makceen
HopmanbHe N
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Qg’/cn
=5
o 5
AV

N

bepHwTenHa
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QCHOHGHLUIZHQ
-9 JlorHopmarneHe &

/

®pewe

B,

Puc. 5.7. I'padik ITipcona ayist BUOGOpY TEOPETUUHUX PO3MOILIIB

HeBaxxko mepexoHatucs, o Ajs HOpMajabHOro posmoauty A, =0, a S, =3.
Takum yumHoM, Ha rpadiky [lipcoHa HOpMaTbHOMY PO3MOALTY BIAMNOBIAE€ TOYKA 3
koopaunatamu (0, 3). Jlng mokasoBoro posmoaity B, =4 1 f,=9, 1 HOMy TaKoX
Bi/MoBiAae Ha Tpadiky Touka 3 KoopauHaTamu (4, 9). s iHIIKMX PO3MOALUTIIB, TAKUX
AK Jorapu(pMIyHO HOPMAJbHUN Ta TaMMa-pO3IO/LJI, TOKA3HUKKU acCUMETPIi i eKcuecy
3MIHIOIOTBCS 3aJIEKHO B1J] MapaMeTpiB po3noauTy, ToMy Ha rpadiky iM BiJIIIOBIJAIOThH
BXK€ HE TOYKH, a JiHli (puc. 5.7). [esdki po3noguiu 3ailmMaroTh 1Ty AULTHKY. s
Toro, MO0 migiOpaTu pO3MOAIN Il CTAaTUCTUYHUX JaHUX EMIIPUYHI TOYKH 3

xoopauHaTamu (B ; [ ), HaHOCATH Ha rpadik ITipcoHa. SIKIIO i TOYKH IPYIYIOTHCS
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no6sn3y JiHii a00 TOYKH, IO BIAMOBIJA€ TOMY UM IHIIOMY PO3MOJILTY, BUCYBAIOTh
rinoTe3y mpo Te, 10 CTATUCTUYHI JaHl MIANOPSIAKOBYIOTECS CaM€ IbOMY PO3MOJLTY.
Jlani mpuiHATY TinoTe3y BapTO MIATBEPAUTH 3a OJHUM 3 KPHUTEpIiB 3roiu, M0
HaBeneHi y miapy4yankax [1 — 4] Ta OyayTh po3TIsSHYTI HIDKYE B PO3/ILT 7.

Ipukaan 5.3

[Tinbepemo 3a rpadikom [lipcona 3aKoH po3noALTY KUTBKICHOI O3HAKH, 1110
po3risiHyTa B po3aiii 4.3 (mpukian 4.2.). Jlis HaBeieHUX CTaTUCTHYHUX JTAHUX
HOPMOBAHHI IMOKa3HUK aCHMETPii

2

Uy 472 5
== = =0,28"=0,0784
Pi=lor) 288
HopmoBannii moka3HUK €KCLEecy
u, 104,76
= = =2,37
b= ot = 258 |

TakumM 4YMHOM, HAaHOMY CTAaTUCTUYHOMY posnojauly Ha rpadiky Ilipcona
Bignosimae Touka (0,078; 2,37), mo po3ramoBaHa moOim3y Touku (0; 3), sKa
BIJIMOBIIa€ HOPMAJIBHOMY 3aKOHY po3noauny. Tomi, 10JaTKOBO /10 BUKOHAHHS
npaBmwia «3-x curmy» (IpUKiIaa 5.2), MaEMO 1€ OJHY IMiJICTaBy BUCYHYTH TilOTE3y
Opo MIANOPSAAKYBAHHS PO3IMNIAHYTUX B TMpuKIaAl 4.2 CTaTUCTUYHUX JaHUX
HOPMaJIbHOMY PO3MOJILTY.

5.6. Jlesiki TeopeTHYHI PO3MOALIH, IO 32CTOCOBYHOTHCA B MATeMATHYHIN
cratuctuui. Posmoain «Xi-kBagpam»

Ieit po3moin («y» — rpelbka OyKBa, BUMOBIISIETBCS «X1») TICHO IMOB'sI3aHUM 3
HOpMaJibHUM. BUB9a€eThCs BapiaHTa:

n
x% = Zyiz, (5.19)

ne y? — He3aleXHi BUMAAKOBI BENMUMHH, PO3HOMINEHi 33 HOPMAILHHM 3aKOHOM 3
napamerpamu a=0, o =1.IIpu npomy BenuuuHa y2 Mae cBiil 3aK0H Po3HOAiNy (TaK

3BaHUU «Y -KBajpaT» abo «)(2», BUMOBJISIETBCA «Xi-KBaJipaT»). MoXKHa JTOBECTH, 110
11l 3aKOH Ma€ MIUTHHICTh PO3MOILTY
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1 -1 -2 ,x>0
- ° X2 e 2

f(x,v) = {22rwy2) : (5.20)

0 x<0

IIpu ubomy

v=n-—-r , (5.21)
H . 2 2 Xi—xX .
ne ' — 4Yucio 3B’A3KIB, HAKIQACHUX Ha BeauuuHy Y. SMxmo y  =— 1

o
. _ — 1 )
MPUAMAETHCS, WO X = X* = - ?:1 X;, TO Ha yiz HaKJIa1ac€ThCS ONUH 3B'sI30K 11 = 1;

KOJIM TIPUAMAETHCSI, KPIM IHOTO, IO 0 = ¢, TO I = 2 TOIIO; V — HA3UBAETHCS YHCJIOM
CTeleHiB CBO0OIM.

: 1 . :
3 dbopmynu (5.20) BUIHO, 10 TaMMa-pO3NOALT IIPU [ = 5 Q= g 301ra€eThes 13

posnominoM x2. I3 30inblIeHHAM V PO3NOiA Y2 MOBUILHO HAOGIMKAETHCA 10
HOpMaJIbHOTO (pHC. 5.8).

Puc. 5.8. IL[inbHIiCTH pO3MOALNY 3aKOHY 2 IIpU Pi3HHUX 3HAYEHHSAX HapaMeTpy v

Mos>kHa TToKa3aTH, 110

My =v (5.22)
D(x*) =2v (5.23)

Bnepuie y2-posnoxin Oymno posrasayro P. Xensmeprom (1876 p.) i K.Ilipconom
(1900 p.).

Kapa (Yapaw3) Ilipcon (1857 - 1936 pp.) — BuUAATHHHA aHTIIACHKHIA
MareMmatuk, Oiosior, Qurocod, wieH JIOHTOHCHKOTO KOPOJIBCHKOI'O TOBApPHCTRBA,
npodecop JIOHZOHCHKOrO yHiBepcHTeTy. MOro OCHOBHI mpari MOB’s3aHi 3
MaTeMaTUYHOI CTATUCTUKOIO, TEOPIEI0 KOPEIALl, KPUTEPISIMHU 3TOIH.
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5.7. Po3noaija CThI0€eHTA

Hexaii Y — HopManbHa BunaakoBa BennunHa 3 a=0, o =1, Z — He3aJIe)KHa BiJ

Y BumajkoBa BEJIMYMHA, PO3MOJIIIEHA 3a 3aKOHOM Y2 3 V CTeNeHAMH CBOOOJIH.
MoskHa JOBECTH, IO BUIIAIKOBA BEJIMYMHA

T = JZY_/U . (5.24)

po3nojiyieHa 3a 3ak0HOM CTbIOJIEHTA 13 IIITHHICTIO KUMOBIPHOCTI

l"(v;l) 2 —E
tix;v =—2-(1+x—) ), 5.25
(v) = o (145 (5.25)
Leii po3moain, sK i y%, MICTHTh OMH MapaMeTp V — YKUCIO CTENEHIB CBOOOIH,
1110 00UYHnCITIOEThCS 3a Gopmyiioro (5.21).
31 3poctanHHsM V po3nofin CThlOJeHTa IIBHUJIKO HAOIMKYETHCS 10

HOpMaJIbHOTO (pHcC. 5.9).

A (%)

X
>

Puc. 5.9. llinbHicTh po3noniny 3akoHy CThIO/IEHTa

CTbI0fieHT (aHTIIIHCHKOI0 — «CTYACHT») — nceBaoHiM Binbsama Cinmi Noccera (1876
— 1937 pp.), aHIIIHACHKOrO CTATUCTHKA, 110 BHUBYAB JOBIpYl IHTEpBAJIU, KpPUTEpIi
3TOJIH.

KoHTpoJbHI nMTAHHS
1. Hamenite Trpadik 1 aHANTUYHUN BUpa3 I UIJIBHOCTI  PO3MOJLTY
MOKa3HUKOBOI'O 3aKOHY. Slka BUIIAJKOBa BEJIIMYMHA OINUCYETHCS MOKA3HUKOBUM
3aKOHOM PO3MOALTY?
2. Y 4omy MOJIATa€e METOI MOMEHTIB OLIIHKH MapaMeTpiB pO3MOALTY?
3. HaBeniTh rpadik i aHamITUYHUN BUPa3 7Sl HIUIBHOCTI PO3MOALTY HOPMAILHOTO
3aKOHY. fIK1 BUMAJKOB1 BEJIMYUHU OMUCYIOTHCS HOPMAJIbHUM 3aKOHOM PO3MOALTY?
4. Slx 3B’sA3aHI MapaMeTpU PO3MOAUTY HOPMAJIbHOI'O 3aKOHY 3 YHCIOBHUMH
XapaKTEpUCTUKAMU BUIAIKOBOI BETMYNHU?
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5. IIlo Take HOpMOBaHa HOpMaJIbHA BETUYNHA?

6. UM BiIpI3HAETHCS 3arajlbHU HOPMAJIbHUK PO3MOALUT BiJl HOPMOBAHOTO
HOPMAaJIBHOTO PO3MOALTY?

7. SIx 3HAMTH MMOBIPHICTH YIYYEHHS HOPMAJbHOI BHIIAJKOBOI BEIUYMHHU B
3a/IaHUM 1HTEepBa?

8. Sk BU3HAYMTH WMOBIPHICTH 33JJaHOTO BiIXHUJICHHS?

9. VYV yomy mosnsrae mpaBUIIO «TPHOX CUTM»?

10.Yomy OpiBHIOE aCUMETPIs i €KCIIEC HOPMAIBHOTO PO3MOALTY?

11.Ha3BiTh 1iHIII 3aKOHHW PO3MOMAUTY, IO BHUKOPUCTOBYIOTHCS IS OIHACY
KUTbKICHUX O3HAK.

12. 51k migiOpaTy TEOPETUYHHUI 3aKOH PO3MOALTY I EMITIPUYHUX TaHUX ?
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6. IHTEPBAJIBHE OLITHIOBAHHSI HEBIJOMWX ITAPAMETPIB
PO3IOLTY

B poznini 4.3 orpuMaHi TOYKOBI OLIHKH HEBITOMHUX MapaMeTpiB pO3MOALTY 3a
BUOIPKOBUMHM JaHUMH, 1110 € PE3yIbTaTOM JI0ciiAy. BoHM MaloTh CyTTEBUI HEAOMIK:
HEBIJIOMO 3 SKOIO TOYHICTIO BHU3HAYAIOTh MAapaMeTp, IO OLIHIOEThCA. SKIIO TpH
BEJIUKOI KITBKOCTI CIIOCTEPEKEHb TOYHICTh 3BHYAMHO OyBa€ JOCTATHHOIO IS
MPAKTUYHUX BUCHOBKIB, TO ISl BUOIPOK HEBEJIMKOrO 00’€MY MUTAHHS MPO TOYHICTh
OLIIHIOBaHHS € cyTTeBUM. Lleit akT roBopuTh Mpo BaXxJIMBICTh IHIIOTO MiAXOAY, L0
MOB'SI3aHUM 3 THTEPBAJILHUM OI[IHIOBAHHSAM HEB1JIOMUX MapaMeTPiB PO3MOALTY.

6.1. XapakrepucTuky NOXu0OK BUNIPOOYBAHHS

Hexali ¢ — mykanuil mapamerp posmominy, a & — HOro TOYKOBa OLHKA,
3HailineHa 3a NaHUMHU BUOIpKHM. TOYHICTH OLIHKU XapaKTEpPHU3YIOTh 3a JOMOMOTO0
BETMYMHH &, TAKOIO, MO |0 -’ < . [lapameTp ¢ HeBinoMHii, TOMY NpH 3a/1aHOMY &

MO>XHA MOCTaBUTU MUTAHHS JIMIIE MPO MMOBIPHICTH MOAIT ‘9—9*‘<g. [i HasuBaloTH

008ipuoio iimogipuicmio ad0 HAOdiliHicMIO Ta TIO3HAYAIOTh ¥, TOOTO
y=Plo-07<¢).
HepiBHicTb ‘49 - 49*‘ < & MOXKHA 3aITUCaTH y BUTJISIL:

0 -c<0<0 +¢ .
Toni noBipua UMOBIPHICTh (HAIHHICTH) MA€ BUTJIS/IL
y=PO —c<0<0 +¢). (6.1)

3BHUaiiHO HAIAHICTH Y 3a/1al0Th 3a3JaJIerilib. 3aJIeKHO BiA 3MICTY 3a1adi y
MOKJIAJIal0Th TAaKUM, 1110 JOPIBHIOE 0JIHOMY 13 3HauyeHb: y=0,95; 0,98; 0,99; 0,999.

Tax y Bunaaky, sxmo y=0,99, to piBHicTh (6.1) 03Hauae, MmO 3 WMOBIPHICTIO
0,99 napamerp ¢ momajae B inreppan |, = 0 —&,60 + 6‘). Lle#t iHTEpBa)l HA3UBAIOThH

Oogipuum. ITnmvMu cioBamM, y — IMOBIpHiCTH Toro, mo intepsan |, moxpusae

V4
HEBIJIOMUM TTapameTp 6.

[ToHATTST Oo06ipuozo inmepeany NO3BONISIE OXapaKTEPU3YBATH ITOXHOKY
BUNPOOYBAaHHS 3 JIOMOMOTOK JIBOX BEJIMYMH — JIOBXKUHHM 1HTEpBaIy 2& 1
HAJIHHOCTI y. SIKIIO /IS BUIAJIKOBOI BEITUYMHHU ‘.9—9*‘ BiJIOMa IIUIBHICTh PO3MOILTY

f(x), To
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y =Pl )= j f(X)dx. 6.2)

Ak BiIOMO, MJIS HU3KKM HAMOUIbII BXUBAaHUX 3aKOHIB PO3MOJLITY 3HAYCHHS
iHTerpaniB Tumy (6.2) OO4YMCIICHI Ta 3BENEHI y CIHemialibHI TaOIHIl TOBiTKOBOI
JiTepaTypH.

VY BUNAAKY HOPMAJbHOIO 3aKOHY pO3MOAULY OTPUMAEMO HAIIMHICTh 3a

dhopmyIioro:
y = I f (X)dx = CD( - j—q{%:a} 6.3)
e a=M(@-8); o,=/DO-6).

Jlnst me3minienoi ominku M (0)=60 ta a=0.V TAaKOMY BHUIIAJKY PIBHICThb

(6.3) mae BurISA;
£
=20 — |.
’ (01] 4)

6.2. JloBipuuii iHTEepBaJ AJIs MATEMATUYHOTO CIIOAiBAHHS HOPMAJIbHOL
BHUIIAJIKOBOI BeJIMUYMHHU X NPH BiIOMOMY CepeIHbLOKBAAPATHYHOMY
BiaxuJeHHi

VY Tux BUMaaKax, KOJM BHUMIPIOBAHHS BHUKOHYIOTHCS 3a JIOMOMOTOI0 100pe
BIJIOMOr0 METOAYy, MU 3a3jajieriib 3HaemMo mnoxuOku BuMipy. lle o3Hauae, 1m0
3a37aJerib BiJjoMa BETWYMHA CepeI[HBOKBaI[paTI/I‘lHOFO BiIXWICHHS o . Hexail s

IIYKaHOr'O MapaMeTpy X OTpHMaHa OIiHKa : X = —Z X;
Toni

2

o/ =D(X-X)=D(X)-D(X) = D( Zx j ——nD(x) =— a6o O =%. (6.5)

[Ipu BuBenenHi Gopmynu (6.5) Oynu BpaxoBaHi BiJoMi BIaCTUBOCTI JUCTIEPCIi:

D(x+y) = D(x) + D(y);
D(c)=0, oe c=const;
D(cx) = ¢*D(X); (6.6)

D(anxij =nD(x,) = nD(Xx).

[TincraBumo (6.5) y (6.4) Ta oTpuMa€EMO:
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y =20 % = 20(t), (6.7)

evn.

ne t=

Takum uymHOM, n7s TOro 1IO0 BHU3HAYUTH JIOBIpYMN 1HTEpBal JIs
MaTEeMaTHYHOTO OYiKyBaHHS HOPMaJbHOI BHIAJIKOBOI BEJIMYHUHU MPH BIJOMOMY o
HEOOX1JTHO:

1. st y 3a Tabnunero ¢yukmii Jlarutaca @(t) (Jlomarok b) 3HaiiTh Take 3HAYCHHS
aprymenry t, mo0 BuKoHyBasack ymona: y=2@(t), To6T0 @(t)= 7/2 (ducno t
1HOJII Ha3UBAIOTh KBAHTHIIEM);

2. 3a gomnomororo Gopmysu (6.7) aJist 3HaWIEHOT0 3HaYEHHS | O0YUCITUTH &:

Jn ©9)
3. 3amucaTy HEpiBHOCTI:
X —e<X<X +&
abo
* d — % d (6.9)
X ——F/—=<X<X +—F

n I

OT1xe, 3 HANIMHICTIO y TEOPETUYHHUMA MapaMeTp, IO OLIHIOETHCS, X MOTPAILIsNe

*

. . ot 24 ot
B IHTEPBAII -—, —_ |
P Jn'" T n
3 dopmynu (6.8) BH3HAYAEMO HEOOXIMHHH 0OCAT BHOIPKH N, TpH SKOMY
3Ha4YCeHHS X Oyje BU3HAYECHO 13 3aJaHOI0 TTOXMOKOIO € 1 3a1aHOK0 HAIWHICTIO ):

o’t?
2
&

n=

Hpuxaan 6.1

[ToBepHeMoch 0 AaHUX BUNPOOYBaHb MeEXI MIITHOCTI Ha CTHCK 3pa3KiB
alneBpoNiTy, WO mpeiacraBiedi BuOipkorw obcsrom N=40 t1a 3rpynoBani B
iHTepBasibHUN  psg  (tabn. 3.4). B npuknami 4.2 po3paxoBaHi mapameTpu
CTaTUCTUYHOIO  PO3MOAULY 1€l KUIbKICHOI ~ O3HaKW: cepeiHs BHOIpKOBa
X =52,85 MIla Ta cepemHe KBajpaTWuHe BimxuineHHs (cranmapr) S = 2,58 MIla.
[TpumycTumo, 10 Take BIAXWICHHS € CTaHIApTHUM /Ji BUOPOOYBaHb B JaHUX
7a00paTOpHUX YMOBaX, TOOTO Oy/eMO BBaXKaTH, IO BeIHMUnHA O = 2,58 € moXxuOKoio
METO.Y.

3a oLiHKaMH acUMETpli Ta eKClecy MpUMaeMO TINOTe3y MPO HOpPMalbHUN
3akoH posnoaity (npukian 5.3). Busnaunmo 3 HagiiiHicTio 0,98 noBipumii iHTEpBa
JUISL TEOPETUYHOTO CEePeIHbOro (MaTeMAaTUYHOTO CIOJIBaHHS) JIOCHIIXKYBaHOI

O3HaKM:
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1.3a ymoBow y = ZCD(t) =098, Ttomy D(t)=0,49. [nst 3HaueHHs QyHKIT
Jlammaca 0,49 3naxonumo (mogatok b) t=2,32.

2.3a 6.8) o o-t 258-232 _0.946.
a POPMYJIOIO BHU3HAYaEMO. & = =
Py o

3. OTxe, NOBIpYUH IHTEPBA JIJI1 MATEMATUYHOTO CIIO/[IBAaHHS X Ma€ BUTJIAL.
52,85—0,946 < X < 52,85+ 0,946

Tobt1o 3 iMoBipHIicTIO 0,98 mIykaHUW TEOPETUUHUIN MMapaMeTp X (MinHiCTH Ha
CTHCK aeBPOJIITY) 3HAXOMUTHCA B iHTepBani 51,90 < x < 53,80.

Hanitinicte y = 0,98 o3nHauae, mo TiIbKH B CEPEIHHOMY B JBOX BHUIIQJIKaX 3
100 noxu6Ka Mpy BU3HAUEHH] X IEPEBUIIYE 32 MoayneM ¢ = 0,946 MIla.

Ipuxaan 6.2
Buznaunmo Temnep, sSkuM MOBUHEH OyTH 0OCST BHOIPKK N (CKUIBKK 3pa3KiB

HEeOoOXinHO BUIPOOyBaTH), 00 rpannyHa nomuwika & = 10,946 Gyna rapanrosana 3
HajiiHicTIO Y=0,997.

Y nanomy Bumanky Bigomi y=0,997, X =52,85MIla, & = 2,58 MIla. 3akon
pO3MOJLTY  KUIBKICHOI ~ O3HaKM —  HOpMaslbHMM. OCKUIBKM 32  YMOBOIO
2@(’[): y=0997, 10 ®(t)=0. Ilo Tabmuui 3Haxogumo Biamosigme t=3. 3a
dopmyitoro (6.8) BU3HAYNMO HEOOXiTHHUI 00CIT BUOIPKU:

t’c® 3%.2,58°

n=L1T -5 5% 66 94— 67 paki
82 019462 3pa3KiB

Takum uuHOM, IS miABUIEeHHA HamiiHocTi (Bim 0,98 mo 0,997) mokpurts
JIOBIPYMM 1HTEPBAJIOM IIYKAHOTO TEOPETHYHOI'O MapameTpy — MIIHOCTI Ha CTHUCK
aJIeBPOJITY — HEOOX1AHO 30UIBIINTH KUIbKICTh BUMIpoOyBaHb 3 40 10 67 3pa3KiB.

6.3. JloBipuuii iHTepBaJ A1 MATEMATHYHOT0 O4iKyBaHHSI HOPMAJILHOI
BeJMYMHHU X NPU HEBIAOMOMY KBaJpATUHYHOMY BiIXWIEHHi ¢

Ak npaBuiio, MoxubKa METOly BUMIPIOBaHHS 3a3/aJieriib HeBigoMa 1 ii Tpeda
BU3HAYATH B MPOIIECi BUMIpIOBaHb. [Ipu MOPIBHIHO HEBEIMKOMY 00Cs31 BUMIPIOBAHb
MU Ma€EMO MOXKJIUBICTh BU3HAYATH JIMILIE BEJIMYUHY S — BUIPABIICHY JUCIEPCIIO, AKY
HE MOKHA PO3IIHIOBATH SIK CTaHJIAPTHY MOXUOKY METOY o .

Hexait X — HopMasnbHa BHUIaIKOBa BEeIMYMHA. TO/I1 BUNIAJKOBA BETUYHHA

*

y _X-X
= oin (6.10)

TaKOX PO3MOJIIJIEHa 32 HOPMAJILHUM 3aKOHOM 3 TlapameTrpamu M (Y )=0 Ta o(Y)=1.
Jliticro M(X=X) =M (X)-M(X)=X-M ( ZXJ X—— nx = 0.
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D(Y) = D(Z/_—jﬁj:l.(mx)— D(Y*)):%D(% n xijzlz-iz-nD(x) -1,

2
o ) o’ n

I[Ipu nmoBemenHni 1wmx ¢akTiB Oyau BUKOPUCTAHI BiIOMI BIACTHUBOCTI
MaTEeMaTHYHOr0 OYiKyBaHHs Ta qucrepcii (6.6):
1. M(c)=c¢, saxwo c=const;
2. M(cx)=cM(x), saxwo C=const;
3. M(x+y)=M(X)+M(y).

Posrnsaaemo BHITAIKOBY BCIINUUHY:

(=18 | s2=" D) | _nD(X) _ n & (4-%X) & [xi—x*jz
Z=—F—= n-1 —— =)= . (6.11)
o (n-1)s?=nD(x)) 2 ¢ le n le o

Taki BeTMYUHM MIAMOPSIIKOBYIOTECS 3aKOHY y° (OUB. PO3aiT 5.6) 3 YMCIOM
CTYIIEHIB CBOOOAM, 1110 OOYUCIIOETHCS: v =n—1. PO3rJIsIHEMO TaKOXK BETUUUHY

t:%, sSKa 3 ypaxyBaHHsAM criBBigHomeHb (6.10) ta (6.11) 3anmucyerbest y
“n-1
BUTJISL:

_ Y Anx=x) ey 6.12
t\/%n_l) stzz g =) (6.12)

Taka Bemu4mHa 3MIHIOETHCS 32 3aKOHOM CTBIOJIEHTA, 0 HABEEHUH B po3aiii 5.6.
BpaxoByrouu (6.12), BUKOHAEMO TOTOKHI IEPETBOPEHHS:

QX - X*‘ < g):> (%‘)‘(— X

<8—j:» (t<t), (6.14)

A€ IMOKJIaZICHO.

¢ =&V (6.13)

OTxe, TOYHICTh BU3HAYCHHS X Yy BHIIAJKy HOPMaJIbHOI BUIIAJKOBOI BETUYUHU
Py HEBIJOMOMY o MOXKHa OIlIHATH JOBIPYOI0 HWMOBIPHICTIO (HAJIAHICTIO)
y=p(t|<t,), sxa Moxe Gyt Bu3HAUeHa:

t,

y=p(t]<t,)= [ f(xv)dx, (6.14)

,t}/
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ae f(x,v) — mineHicTh posnoainy Crerogenta (5.25). 3nauenns inrerpany (5.25)
MO>KHA OfIep>KaTu 3a Tabmureto po3noauiiB CThIO/IEHTa y 10AaTKy B,
TakuM yMHOM, SKIIO BiZoMi y Ta N, 3a TabauIero 3 1oAaTKy B 3Haxomumo t, .

. St
[Ticns mporo 3a ¢dopmynowo (6.13) 3Haxomumo ¢=—~. TuM caMuM BH3HAYAEMO

N

JIOBIpYMH 1HTEPBAI:

* St]/ _ _* St7
X ——L<X<X + (6.15)

7n NS

3ayBaxuMo, 1110 1HTepBaJI (6.15) 1CTOTHO BiJIpI3HAETHCS B 1HTEpBaY (6.9)

JuIIe s Manux BUOIpok. [TpuitHsITO Mpu n > 30 KOPUCTYBATUCH BXKE HE BUPA3OM
(6.15), a Bupazom (6.5).

Ilpukaan 6.3

[Ipunyctumo, 10 BUMPOOYBAaHHS MIITHOCTI aneBpodiTy (mpukian 6.1)
BUKOHYBaNuCh TUIbKK HA 10-TH 3pa3kax. To6To oOcar Bubipku n=10. [Ipumyctumo,
o0 OTPUMaHI TakKl caMl XapaKTePUCTUKH PO3MOALTY: CcepeiHs BHOIPKOBA
X =52,85kr/cM® Ta cepelHe KBaapaTuuHe BimxmieHns (crampapr) S = 2,58 MIlla. B
[IbOMY BHITAJIKy y 3B’SI3Ky 3 HEBEIUKUM OOCATOM BHUOIPKH HE MOXXHA BBaKaTH
BEJIUYMHY S = 2,58 BIJJOMOIO MOXHOKOI MeTony. ToMy JIsl 3HaXOMKEHHS JJOBIPYOTO
1HTEpBaTy, 10 TMOKPUBAE 3 HAMIWHICTIO ICTUHHE 3HAYEHHS MIITHOCTI JaHOI T1pChKOi
MOPOJIU, BUKOPUCTOBYEMO popmyiy (6.15).

Po3z6’a30x. bynemo BHU3Hauatu NOBipuMil 1HTEpBan 3 HafdiiHicTIO y=0,99. 3a
nomomororw Tadauii (momarok B) mas n=10 i y=0,99 3HaX0IUMO ty =3,25. 3a
dbopmyitoro (6.15) BuzHawaeMo:

t,S 325.2,58

T o

TakuM YHUHOM, TEOpETHYHE 3HAYEHHS MINHOCTI (ICTUHHE 3HAYEHHS) X 3
nmogipHicTio 0,99 HaneXXUTh IHTEpBAITY.

52,85—2,65< X < 52,85 + 2,65
50,20 < X < 55,50,

=2,651.

baunMo, mo meil iHTepBas 3HAYHO OUIBLIE HDXK TOHM, IO MU OTPUMAIH B
npukiami 6.1. Lleit pesynprar oOyMoBiIeHHI ManuMm oOcsroM BuOipku. Jjist OiibId
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TOYHOI OI[IHKY TpeOa 30UIbIIYyBaTH KUIbKICTh BUIPOOYyBaHb. Tak, mpu o0cs31t N =40 i

y =0,99 orpumaemo t, =2,708.

t,S 2708-258

£ = =
Tom \/ﬁ m

[leit pe3ynbrar OJM3BKUI 10 TOro, 0 OTpUMaHuii 3a (opmynow 6.8 y

=1,104

npukiani 6.1.

N =

KoHTpoJIbHI NUTAHHSA
[I{o Ha3uBarOTh AOBIPUOIO HMOBIPHICTIO?
[Io Take goBipumuii iHTEpBaAI?
SIk  BU3HAYAETHCA JOBIPUMM 1HTEpBAT [JJiE MATEMATHUYHOTO CIIOJIBAHHS
HOPMaJIbHO1 BUMAKOBO1 BEIMUMHU?
Sk BU3HAYae€ThCS JAOBIPYMN IHTEpPBaJ JJII MaTEMaTUYHOrO OYIKYBaHHS
HOPMaJbHOI BEIMYMHUM TPU 3a3JaJerilb HEBIJOMOMY KBaJpaTUIHOMY
BIIXWJIEHH]?
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7. IEPEBIPKA T'IIIOTE3U PO 3AKOH PO3MOALTY TEHEPAJIbHOI
CYKYIHOCTI. KPUTEPIA MMIIPCOHA

Ha ocHoBi 00poOKM CTaTUCTUYHHMX JaHUX, TpapidyHOro 300pakeHHs
CTATUCTUYHOI'O PO3MOJIUITY y BHUIJIS/II TICTOIPAaMH YacTOT, aHaJli3y TOUYKOBUX OITIHOK
MOMEHTIB PO3MOALTY, a TaKoX BHUXOASYM 3 (PI3UYHOIO 3MICTY AOCTIAKYBAaHOI
KUTbKICHOT O3HAKM MOKHA BUCYHYTH TinoTe3y H (3pOOUTH MPUITYIIEHHS) PO T€, 10
BUMAJKOBA BETMYMHA X , IO JOCTIKYEThCA, MiIMOPIAIKOBYETHCS JACSIKOMY 3aKOHY
po3noniny. Po3momin, mo Mae BUMAAKOBA BEIMYHMHA 32 BUCYHYTOIO TIiMOTE3010,
HA3MBAIOTh TEOPETUIHUM (TITOTECTUIHUM ).

JUIst OCTaTOYHOI0 BUCHOBKY PO 3aKOH PO3MOJALTY HEOOXIAHO IEpEBIpUTH,
HACKUIbKM TPUITYIIEHHS PO 3aKOH PO3MOAUTY Y3TOJKYEThCS 3 CTATUCTUYHUMHU
JaHUMH, TOOTO €KCIEPUMEHTOM. | HaBiTh, SKIIO 3pOOJIEHE MPUITYIIEHHS PO 3aKOH
pPO3MOJITY € TPABUIBLHUM, EKCIIEPUMEHTATbHUN (CTATUCTUYHUIN) 3aKOH PO3MOILTY
Oyne B SIKMHCh Mipl BIAPIZHATHCS BiJ TEOPETHYHOTr0. ToMy MOTPIOHO BHPIMIUTH
3aJ1a4y: YU € PO3XO/KCHHS MK cratucthyHuM f(x) Ta TeopetudHum f(X)
3aKOHAMH PO3MOMAUTY HACTIIKOM OOMEXEHOI KUIBKOCTI CIIOCTEPEKEHb, TOOTO
BUIAJKOBUM, YU 1€ PO3XOJKEHHS € CYTTEBUM 1 MOB’S3aHE 3 TUM, IO JIACHUINA
pO3MOJLI BHIIAJKOBOI BEJIMYMHU X BIJIPI3HIETHCS Bl TiNOT€TUYHOro. Tomy
HEOOX1JH1 KpUTepli, SKi JJO03BOJIAIOTH BUPIIIATH, YU Y3TOKYIOTHCS 3HAUYCHHS
BHUIAQIKOBOI BEIUYUHU X : X, X,,...,X, 3 TIMOTE3010 MO0 i1 HIIJILHOCTI PO3MOJLITY.
Taki kpuTepii Ha3UBaIOTh KPUTEPISIMU 3TOIH.

OOMEeXHMOCS OIIICOM 3aCTOCYBaHHS KPUTEPiO y°, 10 OYB 3alpONOHOBAHUN
K. IlipconoM. BiamoBilHO IbOMY KPHUTEPIIO MOPIBHIOIOTHCS €MIIPUYHI YaCTOTH Ta
TEOpETUYH1 UMOBIPHOCTI. PO3TIIIHEMO BETUUHNHY:

| 2

) m, —np,

7 =Z( i |) ’ (71)
i1 np;

ne | — KUTbKICTh pO3psAiB JAHOTO IHTEPBAIBLHOTO PSAY; N — 00CAT BUOIPKU;

M; — iHTepBaNbHI 4YacTOTH (eMmipu4Hi AaHi); P; — IMOBIPHOCTI NOTPAIUISHHSA

BUIAJKOBOI BEJIIMYMHU Y i-d TPOMDKOK, 110 OOYHUCIIOIOTHCS  BIJIMIOBITHO
rimoreTnyHor0 QyHKIiero f(X):

X.

p(xig <x<x)= [ F(x)dx. (7.2)

Xj—1

Benuuuna (7.1) € BUMAgkKoBOWO, TOMY IO y PI3HUX BUMNPOOYBAHHSX BOHA
npuiiMae pi3Hi, 3a37ajerib HEBIJIOMI 3HAYEHHS. 3pO3yMiNO, IO YUM MEHIIE
PI3HATHCS EeMIIPUYHI Ta TEOPETUYH] YaCTOTH, TUM MeHIe BenuyuHa (7.1).
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SKIo 3aKOH pO3MOAULY KPUTEPIIO 3roJld BIAOMMM, MOXKHAa BKa3aTH Take
. 2 2 2 2
KPUTHYHE 3HAYEHHA KPUTEPIO X = X, abo X" =x. ., (puc. 7.1) npu saxomy

. . o . . 2 2 2 2
BIANOBIHA WMOBIPHICTb NOAIT ¥~ > X,y @00 X° < ¥, .. Oyne OJM3BKOIO 10 HYJIA.

y
o

f(x,V)/ f(x,V) 1

1-a 1-0

.
'

2 2 2 .. 2 "
N A A X
Puc. 7.1. Kputu4Hi 3Ha4eHHS KPUTEPIO y°

['eoMeTpuvHO 111 IMOBIPHOCTI SBISIOTH COOOIO IO Tl KPUBOKO PO3MOALTY,
TaK 3BaHI MPABOCMOPOHHIO TA IGOCHOPOHHIO KPUTHYHI o6iacti. VIMOBIipHICTH
NOTPAIUIIHHA B 11 00JacTi B OAMHUYHOMY BUMNPOOYBaHHI AyXe Maia, OJu3bka 10
HyJs. o IMOBIpHICTB BIATIOBIIHO 3MICTY 3aj7a4i MPUHUMaIOTh TaKO0, 110 JIOPIBHIOE
0,01; 0,025; 0,05 Ta Ha3UBaIOTh pieHeM 3HaAUYU{OCHI 1 TIO3HAYAIOTH « .

3po3ymiI0, IO OIIHIOBAHHS TIMOTE3W 32 KPUTEPIEM TOJATAE B TOPIBHAHHI

2 . .
BEJIMYMHU ¥ , 10 BU3HAUeHa BIANOBIAHO A0 ¢opmynu (7.1) 3 KpUTHUHHM

2 2 . . : : .
3HAYEHHAM Y, .. 800 X, 4. , 110 3HAMJICH] 3aJI€KHO B1J 0OOPaHOro PIBHA 3HAYYHIOCTI

2 2 2 2 : .

a. Axmo ¥~ > X 200 ¥ < Xy, TO 3HAUEHHSA JOCIIDKYBaHOI BEIMYHMHHU X

MOTpaIIsie B KpUTUYHY 00J1acTh (BIAMOBIIHO MpaBy ado JiBY) 1 00paHy TiloTe3y Mpo
. . 2 2 2 2

Bux ysakuii f(X) cmin Binkuayrn. Skmo, HaBmaku, ¥ < X, 4060 ¥° > X, TO

BEJIMYMHA )(2 3HaXOJIUTHCS 11032 KPUTHYHOK OOJIACTIO 1 rimoTe3a MoXKe OyTu
IIPUMHATA.

TakumM dYMHOM, JJid TIEPEBIPKK TINMOTE3U HEOOXIAHO BHU3HAYUTH 3aKOH
PO3MOiTY BHMAAKOBOI BennauHE ¥ . JIoBeIeHO, M0 NpH N —> 00 3aKOH PO3MOILIY
BUMAAKOBOI BenumuuHH (7.1) He3aieHO Bi 3aKOHY pO3MOAULY TeHEepaibHOI
CYKYITHOCT1 X , TIPAMYE 10 PO3MOALTY y° 3 v CTYNEHSIMH CBOOOIH (IuB. po3aia 5.6)
Tomy kpurepiii (7.1) i Ha3uBaOTh x> («Xi — KBaapaT»).

KinpkicTh cTymneHiB CBOOOMM 3HAXOIATH 3a ¢opmyiaow v=Il-r, ge r -

|
KUIBKICTh 3B’SI3KIB, 110 HAKJIaJeHl Ha dyacToTu M. Hampuknaz, gxiio Zmi =n Ta B
i=1

pOJIl TEOPETUYHUX IMapaMeTpiB X 1 G, Kl BXOIATH M0 TeoperudHoi ¢yHkmii f(X),
NpUIMAKOThCS 1X TOUKOBI ouiHku X i S, To mpuiiMarots I =3. Kpuruuni 3HaueHHs

2 . . .
BCJIMYMHU } HaBCICH1 B Ta6J'H/II_I1 A0OaTKy I' 3anexno B1J1 3HA4YCHb O TA v .
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Po3paxyHku BUKOHYIOTh B TaKii MOCI1JOBHOCTI: .

1) BUCYBaIOTh TilOTE3y MPO 3aKOH po3moaiay f(X), 3a BUOIPKOIO BH3HAYAIOTHCS
HapaMeTpy poO3NoAily (Hampukiaan, a=X Ta o =S, SKIO BUCYHYTa TilnoTesa
PO HOPMAJIbHUW 3aKOH PO3MOALLY), a TAaKOX KUIBKICTh CTYIIEHIB CBOOOAM
v=1-r (r=3 ;I HOpMaJIHHOTO 3aKOHY PO3ITOJILTY).

2) BHOHMPAIOTH PIBEHb 3HAYYMIOCTI . 3a TaOJIMIICIO I JaHUX o Ta v 3HAXOIATh
KPUTUYHE 3HAYCHHS KPUTEPIIO ;(,fp_np_

3) 3a ¢opmynoro (7.2) BHU3HAYAIOTh HMOBIPHOCTI p, TOTPAIUISHHS BHITaIKOBOT
BEJMYMHKM X JIO iHTEpBAIB (X _,X;).

4) 3a popmysioro (7.1) 0OUHCTIOIOTh EMITIPUYHE 3HAYCHHS y°.

5) MOpIBHIOEMO 3HAYCHHS y° 3 KPUTHIHUM:

a) y BHINJAKYy TMPaBOCTOPOHHLOI KPUTHYHOI 00JIacTi TimoTe3a, IO
BUCYBANAcs, BIIKUIAETHCA, AKIIO y° > y7
0) y BHNAAKY JIIBOCTOPOHHBOI KPUTHUYHOI O0JIaCTI Trimore3a, 1o
BHCYBAJacs, BIIKUIAETCS, KO y° < z2

B) Y BUITAJIKy IBOCTOPOHHBOI KPUTUYHOI 00JIACTI TIMOTE3a, 110 BUCYBajacs,
Oyze MpaBUJIbHOIO, SKIIO BUKOHYETHCS YMOBA!

p(r2 <22, )+ plx2> 42, )= (7.3)

OdyeBuAHO, MO KPUTHUYHI TOYKH MOXYTh OyTH BHOpaHI HECKIHYEHOIO
MHOXXHHOIO CIOCOOIB. SIKIIO PO3MOALUT KPUTEPII0 CUMETPUYHUN BIJHOCHO HYJIA 1 €

. . . 2 . 2
MiCTaBH OOMpaTH CHUMETPUYHI BiAHOCHO HyJdd TOYKH X, <0 i ., >0, 1O

IPUIMAEMO

pr? <22 )=plr?>22) .

Bpaxosytouu (7.3), onepkumo:
o
p(x? <z2.)=plz?> zfp,@,)=5 |

VY nopatky I' BkazaHi numie «mpaBi» KPUTHUYHI TOYKH. 3HAUTH «IIBY» TOUYKY

2 2 . 2 2 .. o

MOXHA BPAXOBYIOUH, IO MOAIl ¥° > X 1 X < X, TPOTHISKHI i cyma ix
HMOBIpHOCTEM JTOpI1BHIOE 1:

p(Zz < Z}(zp.fle.): 1- p<12 > pr.np.): l_% (74)

Hpuxaan 7.1
[lepeBiprMoO TiMOTE3y NPO HOPMAIBLHUN 3aKOH PO3MOJAUTY IJIs JAaHUX, IO

npencrasnedi Bubipkoro obcarom N=40 Ta 3rpymoBani B iHTepBambHMI P
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(tabn. 3.4). B npukiaai 4.2 po3paxoBaHi napaMeTpu CTATUCTUYHOTO PO3MOALTY LI€i
KiTbKicHOT O3HAaKM: cepemHs BHOipkoBa X =52,85 Ta cepemHe KBajpaTHUHE
BimxwieHHS (craHmapT) S=2,58. B mnpukmani 5.2 BHCyHyTa TiloTe3a Ipo
MIANOPAAKYBaHHS [HUX JIaHUX HOPMAJIbHOMY 3aKOHY pO3MOJUTY 1 BH3HAUYCHI
mapaMeTpu IbOro posnoaily a=X*=528; o =5=2,58. 3uaxomumMo umcIO
cryneniB cBobomau: v =|1-r=5-3=2. Po3rnsHeMO JABOCTOPOHHIO KPUTHUYHY

obnacTp 3a Tabdnumero (mogatok I') mims v=2 1 % =0,025, BU3HAYNMO ¥ ,fp,np, =17,4,

a s [1—%) =0,975 i TOro camMoro v 3HaXOUMO ., ., = 0,051,

3HaiineMo Temep MWMOBIPHOCTI pj MOTPAIUIAHHA 3HAYEHHS BHIIAJIKOBOI
BEJIMYMHM B 1HTEpBAIH (Xj+1, Xj). CKOprcTyeMOCh yHKIli€to Jlamiaca BiIMOBIIHO 0
dbopmynu 5.10:

Otpumaemo:

P=a S0-528_p[ 48528 )_ @(-1,08)- &(-1,86) = —0,3599 + 0,4686 = 0,11;
2,58 2,58

p, = 227228 | _ g 20928\ _ 50 31)- p(-1,08) = ~01217 +0,3599 = 0,24
2,58 2,58
P,=0 54528 4522528 @(0,46)-@(-0,27)=01772+0,1217=0,3;
2,58 2,58
P,=a S6-528 ) _ 5 24-528)_ @(1,24)-®(0,5)=0,3925-0,1772 = 0,22;
2,58 2,58
p = 2072281 _ g 307928 _ 55 01) (1,28) = 0,4772-0,3925 = 0,09;
2,58 2,58
P=0 00 _52'8j —@(58 _52’8) = ®(2,79)— ®(2,05)=0,4974 - 0,4772 = 0,02.
2,58 2,58
Tabmuma 7.1
[HTepBanu MILIHOCTI 3Ha4YEHHs Yacrora, | Bignocna | Teopernuni
3pa3Ka Ha CTHUCK, Ui - cepeauHA m; 4acToTa ,wj | HMOBIPHOCTI
u; , mlla 1HTEepBaly, U;
48 — 50 49 6 0,150 0,11
50 - 52 51 9 0,225 0,24
52 -54 53 13 0,325 0,30
54 — 56 55 7 0,175 0,22
56 — 58 57 4 0,100 0,09
58 — 60 59 1 0,025 0,02

69




3a popmyoro (1) BI/ISHa‘-II/IMO eMITIpHYHE 3HAYCHHS KPUTEPIFO:

(zf -y, 0] 5 (m-40p)
_(6-44) +(9—9,6) +(13—12) +(7—8,8)2+(4—3,6)2+(1—0,8)2
4,4 9,6 12 88 3,6 08

=0,58+0,037+0,08+0,37+0,04+0,05=1157.

2 2 2
B naHOMY BUTAIKY e, < X~ < Xrpup. (0,091 <1157 < 7.4),
Tomy MOXHa CTBEpI)KYBaTH, IO TiMOTE€3a TPO PO3MOALT BUMAIKOBOI
BEJIMYHMHM, 1110 CTIOCTEPIraeThcs X 3a HOPMaJILHUM 3aKOHOM 13 TapameTrpamu a=52,8 1

o = 2,58 He NPOTHPIYUTH CTATHIHUM JIAHUM.
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8. BAKOPUCTAHHS METO/IB TEOPII UMOBIPHOCTEM TA
MATEMATHYHOI CTATUCTHUKU JJIs1 BUPIHIEHHA JEAKUX 3ATAY
I'EOMEXAHIKH

8.1. BusHayeHHs1 Koe(illieHTa CTPYKTYPHOI'0 NOCJIA0IeHHS

OnHi€ero 3 HAMBAXXIIUBIIIMX T€OMEXaHIYHUX XapaKTEPUCTUK € MIIHICTh TOPiT
Ha OJIHOOCHOBE CTHCHEHHS, 1[0 BU3HAYAETHCS B JJAOOPATOPHUX YMOBAX 3a BiJOMUMHU
METOJUKaMU. BiqMIHHICTh MIITHOCTI HAa CTUCK MOPOJHOTO MacuBy R, Bia cepeaHboi
MIITHOCTI J1a00paTOPHUX 3Pa3KiB MOPiJ R OLIHIOETHCS KOE(DIIEHTOM CTPYKTYPHOIO
NOCJIa0eHHS:

R

Ke=-2
R

(8.1)

BianoBigHO 10 CTaTUCTUYHOI TEOpii MIIIHOCTI MAacUB TIPCHKHUX MOPiA MOXHA
YSIBUTH SIK JIeAKY CUCTeMy (arperar), IO CKJIQJa€TbCA 3 HEOOMEXKEHOI KIJIbKOCTI
CTPYKTYpHHX elieMeHTIB (puc.8.1). 3pa3ku, SKi JOCIIKYIOThCS B J1aOOpaTOPHUX
YMOBaX, T€X MOKHA BBOXaTH TAKUMU €ICMEHTaMHU.

Puc. 8.1. VsBneHHs mpo MOpOJHUN MacUB SIK CYKYITHICTh CTPYKTYPHHX €JIEeMEHTIB

MinHicTh R KOXXKHOTO 3 CTPYKTYPHUX €JIIEMEHTIB II1€i CHCTEMH € BHUIAIKOBA
BEJIMYMHA, IO ITiIMOPSAKOBaHA TOMY YH iHIIOMY 3akoHy posmoniry. Hexait F(R) —
1HTerpanbHa (QYHKIIIS [IbOTO PO3MOALTY.

MinHicTe yciei cucteMud (TOOTO MIIHICTh MOPOJHOIO MAacHBY) ITOBUHHA
OLlIHIOBaTHCS BenuunHOIO R, (puc. 8.2) Takoro, 10 MIIHICTh WOTO CTPYKTYPHHX
eneMeHTiB Oyna O e Huoicue 3HaueHHs R,. IMOBIpHICTH Takoi MOAll BU3HAYAETHCS
dbopmyioro:

P(R>Rwm)=1-F(Rm). (8.2)
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L{st IMOBIPHICTH 3aJICKHUTh BiJ BUAY po3moaiay, To0To Bix Buay ¢pyHkiii F(R).
BinHocHo i€l GpyHKITIT MOKHA BUCYHYTH Pi3HI TIOTE3U.

A(R)

Puc. 8.2. I'imoTeTnuHuit po3Mmoaisi MIITHOCTI CTPYKTYPHHUX €JIEMEHTIB MacUBY

8.1.1. I'imoTe3a nmpo HopMAaJILHUI Po3noAiJa Beanunuu R — minHocTi
CTPYKTYPHHX eJIEMEHTIiB MaCHBY

Hexaii MIIHICTb CTPYKTYpHUX €JIEMEHTIB MiJIOPSIIKOBYETHCS HOPMAIBHOMY
3aKOHY pO3MOJLTY, BIAMOBIIHO sIKOMY AuQepeHiianbHa QyHKIisT KIMOBIpHOCTEH Mae
BUTJISI

_(R-a)?
F(R)=———.¢ 2

o271 ’

Je @& — MareMaTH4He CIOJIBaHHA BelIWuMHH R; O — i cepemHe KBaapaThyHe
BiaxwieHHs. Toal popmyna (8.2) nmpuilMae Takuil BUTIIS:

Rm—-a

P(R= Ru) =1-Fy( ).

Po3B'sxkeMo 11€ pIBHSIHHS 111010 BEIUYUHU R,

— R a
Ry =1 p=s D
(o2 (o2

t t2

1 v
ne t=argF,(1- p) — aprymenr pynxuii Fo(t) = E I e 2dt npu i 3HaYeHHi ,

ske nopiBHIoE 1 — p. Jlani orpumaemo:

R,=c-argF,(1-p)+a . (8.3)
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3a ¢opmynoro (8.1), BukopucToByOuM MeTosn MomeHTiB (M (R)=R),
3HaXOJUMO KOe(DIlI€EHT CTPYKTYPHOTO MOCIA0ICHHS:

_ RM
“TMR)

Jns mopmansroro posnopiny M (R) =a, roxi, po3ainusmm oOuaBi yacTUHK
Bupasy (8.3) Ha BeNMU4YUHY d, JICTAHEMO:

Kc:z-arg F,1-p)+1.
a

o . .. . . .
Tyt P 7 — BIIHOCHA Bapiallisi MIIIHOCT1 CTPYKTYPHUX €l1eMeHTIB. OCTaToyHO

ICTaHEMO:
Kc=nargF,(1-p)+1 (8.4)

Otxe, Mu 3100y KOEPIIIEHT CTPYKTYPHOTO TIOCTAOICHHS K BEIHMYHUHY, 110
3QJIEKUTH, TO-TIEPIIIE, BiJ BIAHOCHOI Bapiallii 77, Ka MO CYTI XapaKTEepPU3Yy€E CTYIiHb
HEOJHOPIAHOCTI CEepPEAOBUINA; MO-ApYyre — Bl MMOBIPHOCTI P, IO XapaKTepHU3ye
co0010 piBEHb 3HAYUMOCTI 00'€KTa.

Ananizyroun rpadik 3amexHocti (8.4) (puc. 8.3) momitumo, mo npu 7>0,4,
KOEQIIIEHT CTPYKTYPHOTO MOCIA0JICHHS MOXKE MpUAMATH BiI’€MHI 3HAU€HHS, IO
MPUPOJIHO CyNepeunTh (Pi3uuHii cyTi AaHOl BeauduHU. OYEeBUIHO, IO 1€ HEIOJIK
IMOBIpHICHOT Mozenl. HopmanibHMiA 3aKOH 3a/10BUIBHO ONUCY€E TUIBKU TaKl BEIUYHUHH,
JUTSL SIKUX Bapiallisi 3Ha4yeHb BIIHOCHO cepeHboro He nepeBuirye 33 % (1ie BUTUIMBAE
3 MpaBUiIa «3-X CUTM»).

Ipukaan 8.1
BusnaunTti po3paxyHKOBE 3HAYEHHS MIIHOCTI HAa OJHOOCHOBHH CTHCK
QJIEBPOIITY, SKIIO 32 JAHWMHU ICIHUTIB CEPEAHE 3HAYEHHS MIITHOCTI JIa0OpaTOpHUX

3paskiB Rc ckmamae 40 Mlla, Bapianis 3HaueHb cknanae 30 %.
3 piBasiHHSA (8.1) 3HAXOAMMO PO3pPaXyHKOBY MIIHICTh TTOPOTHOTO MACUBY:

R _.=R, =Rc-Kc.

pacu

byaemo Bu3Hauatu KoedimieHT mocnabieHHs 3 imoBipHicTIO p=0,95.
Busnaunmo aprymeHnTy t HOpMoBaHOi HOpMaiibHOT PyHKIT F,(t) mpu ii 3HaYEHHI, 110

nopipatoe 1-0,95=0,05. I3 Tabmumi pgomaTka A BHU3HAYAEMO, M0 3HAYEHHIO
t

inTerpansHoi Qynkiii Fo (t) :T Jle_zdt =0,05 ginnosinae 3HaueHHs aprymeHry
T —00
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t=-164. Tooro argF,(0,05)=-164. Toxmi koedilliecAT CTPYKTYpHOIO
nociadJIeHHs

K.=0,3-(-164)+1=0,508 .
TakuM YUHOM, pPO3pPaxyHKOBE 3HAUEHHS MIITHOCTI

R =0,508-40=21 MIIa.

pacy

3avBaskeHHSH
k1o kopucTaTucs TadauIero, 1e HaBeaeHl 3HaueHHs ¢yHkiii Jlamiaca (5.8),
TO 1y 3amaHoi #moBipHOcTi p=0,95 mnoTpiOHO 3HaiiTM aprymeHT QyHKIil

1L
(D(t):ﬁ J e ?dt npu ii 3mauenni, mo gopisaioe 1—(0,95+0,5). IIpu upomy
0

BapTO BpaxyBaTH, 1o (yHKIiSs D(?) HemapHa, 1 BiJ’ €MHOMY 3HAUYCHHIO (PYHKIIIT
BIJIMTOBIZA€ BIJ €EMHE 3HAYCHHS apTyMEHTY.

Bumie Bim3Hawanmocs, 1o s BEJIWYMH, Bapiamis skux mneperepirye 33%,
rinore3y Mpo HOPMAIbHUI pO3MOAUT chiff BIAKMHYTH. OJHIED 3 MOXIMBUX
CTAaTUCTUYHMX Mojenell ans BenuuyuH 13 Bapiamiero 7>0,33 € norapupmivyHO
HOPMaJIbHUN 3aKOH PO3MOALTY. 3100yaeMo BUpa3 sl KoedillieHTa CTPYKTYPHOTO
MOCJIa0JICHHS BUXOISYH 3 III€1 TIMOTE3H.

8.1.2. I'imoTe3a npo jorapupmiuyHo HOPpMATBLHUIA PO3MOIIT BeJIUUHHH
R — MilITHOCTi CTPYKTYPHHX eJIeMEHTIiB MaCUBY

Hexaii R po3nozinena noeHopmansro, TOAl BEMUYUHAZ = INR Ma€e HOpMaIbHUIA
po3moni 3 mapamerpamMu a 1 o. Hexaii Z, — ouiHooe jorapudmM TPaHUIHOTO
3HAUEHHSA MILHOCTI MOPOAHOIO MAacHUBY. 3HaieMO HMOBIPHICTH TOro, L0 BCi
3HAYEHHS BEIMYMHU Z € HE MCHIIIUMH 32 BEIUUUHY Z,,

m—a
P(Z >Zm)=1- FO(T) _

Po3B'sbxemo 11e piBHSHHS BITHOCHO Z,,:

Z =a+ocargF1-p).

[ToBepTatounch 10 BHUMAAKOBOI BeMWYMHM R, 13 ormsgy Ha Te, IO
Z=InR=R=e”, micranemo:

a -arg(1-
RM —e +o-arg( p) (85)

[Io6 mepeliTu 10 KoedilieHTa CTPYKTYPHOrO OCIA0IeHHS, PO3AUTMMO OOUIB1
YaCTUHM Ha BEIMUYMHY MaTematudHoro cnopiBands M(R). list morHopmaibHOTO
3aKOHY MaTeMaTHU4HE CIOJIBaHHS 1 AMCHEpCis BHUPaXaloTbCs 4Yepe3 MapameTpu
po3noniny 3a hopmynamu (5.13) 1 (5.14).

I3 (8.5) maemo:
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e a+o-argF (1—-P)

Kc = >
% ia : (8.6)
e 2
2 D(R) o’
Bpaxyemo, 1o st JOTHOPMaJIbHOT'O 3aKOHY: = ME(R) =e” +1 Tomi
OCTaTOYHO BeJIMYMHA KOe(iliEHTa CTPYKTYPHOTO MOCIa0IeHHS
pduF (1-P)y/In(n®+1)-
Kc = .
772 +1 (8.7)

I'padixu 3anexnocti (8.7) HaBemeHo Ha pwuc. 8.3. Sk OGaummo, y JaHOMY
BUIAJIKy TPU HEOOMEKEHOMY 3pOCTaHH1 Bapiallii 3Ha4e€Hb MIIIHOCTI CTPYKTYPHHUX
€JIEMEHTIB KOEPIIIEHT CTPYKTYPHOTO MOCIA0IICHHS aCUMIITOTHYHO MPSIMYE 10 HYJIA.
[TosiBYy Bim’€éMHHMX 3HA4YCHb BHKIIFOUYECHO 3aB/ISIKM BJIACTUBOCTSAM JIOTHOPMAJIbHOI
GyHKUIi po3noaily.

Puc. 8.3. I'padiku 3anexHoCTI KOedillieHTa CTPYKTYPHOTO MOCTa0IeHHS BiJ
BEJITMYMHHM BIIHOCHOI Bapiallli 3Ha4€Hb MIITHOCT1 CTPYKTYPHUX €JIEMEHTIB MaCHBY:
1-p=0,99; 2-p=0,95; 3-p=0,9;

MYHKTUP — HOPMAJIbHUN 3aKOH PO3TMOLTY;

HerepepBHa — JOTHOPMAIIbHUHN 3aKOH PO3MOALTY

Ipuxnan 8.2

Bu3HaunMo po3paxyHKOBE 3HAYCHHS MIITHOCTI HA OJHOOCHOBHH CTHUCK
AJIEBPOIITY, SIKIIO 32 JaHUMH JabopaTopHoro BunpoOyBanHs Rc=40 Mlla, a po3kun
nanux ckmnagae 50 %, tooTto 7=0,5. Takuii BenMUKUW PO3KWJ 3HAYEHb MIIHOCTI

75



CBIIYUTH IPO ICTOTHY HEOJHOPIAHICTh CEpeloBUIA. 3aCTOCOBYBATU TINOTE3Y MPO
HOPMAaJIbHUN PO3MOJUT MIITHOCTI TYT HE MOXKHA, TOMY OylI€MO BHUXOAHUTH 3 TIMOTE3H
PO JIOTHOPMAJIBHUM po3moaul MimHocTi. KoedilieHT CTpyKTypHOro mociabiieHHs
BU3HAYUMO 32 Gopmyitoro (8.7) 3 iiMoBipHicTio p=0,95. OTpumMaemo:

n?+1=125: «n*+1=112 : In(n?+1) =0,22:

In(7?+1) =0,47 ;  arg F(1—0,95) = —1,64;
e—1,64-0,472

Ke =——=10,412
1118 '

Po3paxyHkoBe 3HaU€HHS MIIHOCTI
R, =RC-Kc=40-0,412=16,1 MIla .

Sx OaunMo, 3HAYHA Bapialis 3HAYEHb MIIIHOCTI CTPYKTYPHHUX €JIEMEHTIB
MacHUBy, fIKa BpaxoOBaHa 3a JOMOMOIOI0 TIMOTE3U MPO JOTHOPMAIbHHUI PO3MOILI,
VIUIMHYJa B OCTATOYHOMY MIJCYMKY Ha 3HAUYEHHS MIIHOCTI MOPOJHOTO MAaCHUBY.
Bowno Buiinuio Ha 23 % MeHIe HIX y TIONepeIHbOMY TPUKIAIL.

Tpeba, ogHak, BIA3HAYMTH, IO, SIK MPABUIIO, JIJIsS PE3Y/IbTATIB JIAOOPATOPHOTO
BUNPOOYBaHHS 3pa3KiB TaKWi BENHUKHUI PO3KUJ JaHUX HE XapaKTepHUU. 3BUYAIHO
Bapiallis MIITHOCTI 3pa3KiB OJHIET JITONMOriYyHOI rpynu He mepeBepinye 30-35 %, a
CTATUCTUYHUN PO3IOILI, 10 MOOYA0BAaHUN 32 TAaHUMH BUOIPKH, 3a3BUYAN OJIU3BKUIMA
no0 HopMmanbHOro. Ha mili mimcTaBi AOCHITHUKA 1 MNPUAMAIOTh TINOTE3Y MPO
HOpManbHUM po3noaul. Ha puc. 8.4 HaBeAeH1 CTaTUCTUYHI PO3MOIIIN MEXK1 MIITHOCTI
Ha CTUCK IICKOBUKIB, 1110 TOOYAOBaHI 3a pe3yibTaTaMu J1abOpaTOpHUX BUIPOOYBaHb
B nabopatopii reomexaniku HI'Y.

T3 a0 38 41 43 45
R,.Mfa

o
0,259 M:%

0,2
0,15
0,1
0,05

R, Mfla
Puc. 8.4. I'inpaBniunuii pec A1 BUIIPOOYBAaHHS 3pa3KiB FPChKUX MOPiJ Ta
pe3yabTaTh BUMIPOOYBaHb y BUTJISIII TICTOTpaMU BITHOCHUX YacTOT
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OTpumaHni gaHi HE cynepedaTh HOPMaJIbHOMY 3aKOHY PO3MOLTY. AJle BHHHKAE
NUTaHHS, 4Yd JiiicHO BUOIpKa, 10 OTpUMaHa SK pe3yJbTar JadopaTopHOro
BUIPOOYBaHHS, BITOOpakye BIACTUBOCTI T'€HEPAIbHOI CYKYMHOCTi. YW BUKOHY€ETHCSA
OCHOBHA BHMMOTa J0 BUOIPKU — 1i peNpe3eHTaTUBHICTh, TOOTO PIBHICThH IIAHCIB JJIA
BCIX €JIEMEHTIB I'€HEpaJIbHOI CYKYIHOCTI NOTpamuTu y BUOIpKY? Po3srisHemo 1e
IMUTAHHSA JOKJIAHIIIIE.

8.1.3. BpaxyBannsi MakpojaedeKkTiB npu BU3HaYeHHI KoedimieHTa
CTPYKTYPHOI'0 MOCJIA0JICHHSA

Binomo, 1m0 B TipchbKidd MOpOAl IPUCYTHS NMPUPOJHA TPIIIMHYBATICTh. Bigomo
TaKOX, 110 HAsSBHICTH TPIIIUH 3HAYHO 3MEHIIIY€E MIIHICTh Tipchbkoi mopoau. JliiicHo,
CTPYKTYpHUH €JIE€MEHT, L0 IEepeciueHuil TPIIIMHOI0, Ma€ 3HAYHO MEHIIY HECydy
3MAaTHICTh HDK 1HII €TeMEHTH. AJle Takui €JIEeMEHT HE Mae€ IIAHCIB IMOTPANUTH Y
BUOIpKyY, 00 BiH 3pyHHYETHCS NMPU BUTOTOBIIEHHI 3pa3KiB 13 MpoOOH 1€ A0 MOYATKY
nocmigiB. TakuM YMHOM, CTPYKTYpHI €JIE€MEHTH, SIKI MICTATh MakKpoJedeKTH He
O0epyTh y4yacTb y (GOpMYBaHHI CTATUCTUYHOTO po3noiny. OaHaK SIK peajbHO ICHYI0Ul
BOHM ITOBMHHI OYTH BKITIOUYEHI B CTATHCTUKY BUTIPpoOyBaHHs (puc. 8.5). Y MoHorpadii
[6] 3ampomoHOBaHMil crocid ypaxyBaHHS TakuWX €JIeMEHTIB. B ocHOBy cmocoOy
MOKJIaJIEHO, 110 y BUOIpIi 00CATOM N MICTUTBCA Ny MOPYHIEHUX €IEMEHTIB, MILHICTh
AKUX Onu3bKa 10 Hy/Isd. BenmuunHa Ny 3aleXuTh BiA BIACTaHI MDK TpPIIIMHAMHU.
HasBHICTh HyIbOBUX €JIEMEHTIB 3MIHIOE CTATUCTUYHUI PO3NOJALT 1 BC1 MOMEHTH, 11O
XapaKTepU3ylTh 1€ PO3MOJUT: CEepeaHI0 BHUOIPKOBY, MIHUCIEPCiI0, BIIHOCHY
Bapiallilo, MOKa3HUKU acCUMETpii i ekcluecy. Y 3B'SI3KY 3 IIUM PO3IMOALT BIIXUISAETHCS
BiJl CUMETPHUYHOTO, TIlOTe3a PO HOPMAJIbHUU PO3MOJLT CTa€ HEMOXKIUBOIO. Y [6]
BCTAHOBJICHO 3aJIEKHICTh MDK CTaTUCTUYHUMM XapaKTEPUCTHUKAMHU 3BUYANHOIO
BapiaiiHoro pany (v,,u,) 1 «BHUIPABICHOrO», TOOTO OTPUMAHOTO IIJISTXOM

YMOBHOTO JIOJaBaHHA y BHUOIPKY €JIEMEHTIB 3 HYJIhOBOIO MIIHICTIO (v, ). Jns
MOYAaTKOBUX MOMEHTIB IIsl 3aJICKHICTh Ma€ BUTIISL:

m, =K,m,, (8.8)
I, )
I, +1,

BUNIPOOOBYBAHOTO 3pa3ka. «BumpaBiieHi» IEHTpaIbHI MOMEHTH 3 ypaxXyBaHHSAM IX
BUPXCHHS Yepe3 M0YaTKOBI MOMEHTH 3a dopmyinamu (4.14) i (4.15) maroTh BUTIIS:

ne K, = — BIZICTaHb MDK TPIIIMHAMHU B MacuBl, | ,— po3aMmip cTaHIapTHOrO

T

My, = Km, - KTZPle;
e = Kom, —3K2Zm,m, + 2K m/’; (8.9)
o = Kem, —4K7mm, + 6K m,m; —3K;m/'.

Bupas nns BimHOCHOT Bapiatlii «BUIPABICHOT0Y» PO3MOILITY Ma€ BUTIIS:
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7’ =\/(772 +1)'T|Ll°—1 (8.10)

T

Takum yrHOM, TIpH 0OPOOII CTATUCTUYHUX JAHUX MPH BIIOMIM BIJCTaHI MIXK
TPIIUHAMHA MOMEHTH PO3MOALTY BapTo mepepaxysaru 3a ¢opmynamu (8.8) i (8.9);
BU3HAYUTH BIJIMOBIIHO “BHUIPABIICHI “ 3HAYCHHS MOKAa3HUKIB acUMETpii i ekciiecy 3a
dopmymnamu (5.16) i (5.17); 3a rpadikom Ilipcona (puc. 5.7) BuOpatu HaHOLIBII
Onusbkuii 10 Touku (f,,,) PO3NOALL, BU3HAYMTH KOE(ILICHT CTPYKTYPHOIO
MoCJIa0JIeHHsT MOPOJAM BUXOASYHM 3 Ili€l TiMOTe3W (HANpUKIaj] 3a TIMOTE3010 MPO
JIOTHOPMAJIBLHUM PO3MOILT).

v l' g
/ / Al - - L[UI1 3pa3Ku
(i

£ ( ,
: - IOPYILIEH1 3pa3Ku

S ij y @8 %f (, - BUIpaBIEHI 3pa3Ku

a
T

Puc. 8.5. YsBHe BkitoueHHs B BUOIPKY ACPEKTHUX €IEMEHTIB

8.2. Ilpuxiaa BUKOHAHHSI PO3PaXyHKOBOIO 3aBAaHHS

Hanano BHOIpKYy 3Hay€Hb KUIBKICHOI O3HAKM X — MILHOCTI TIPChKOI MOPOAM HA
CTHUCK 3a pe3yJibTaTaMu JIA0OpaTOPHUX BUIPOOYBAHb!

20,15 | 26,2 | 20,76 | 22,57 | 29,23 | 27,41
29,83 | 34,67 | 37,09 | 43,14 | 20,15 | 29,83
34,67 | 24,99 | 28,62 | 25,59 | 37,69 | 26,81
28,62 | 14,7 | 21,97 | 35,23 | 29,23 | 29,83
27,41 | 35,28 | 28,62 | 23,78 | 28,62 | 29,23

3aB/laHHS
1. TloOynyBaTu CTaTUCTUYHUN PO3MOJLT KIIBKICHOI O3HAaKM 3 BHUKOPUCTaHHSIM

BUOIpKOBHX AaHuX. /s uporo:

a) 3rpyMyBaTH JlaHi y BUTJIA/II IHTEPBAJIBLHOTO PSTY;

0) moOyayBaTH ricTorpaMmy 4acToT abo BIITHOCHUX YaCTOT.

2. Bu3HauuTH MOMEHTH CTATUCTUYHOTO PO3MOAUTY: CEpeaHI0 BUOIPKOBY,
BUIIPABJIEHY JIUCIIEPCIIO, CEPEAHbOKBAIpPATUYHE BIIXWICHHS, KOEQILIEHT Bapialii,
aCHMETPIIO Ta eKCIIEC.

3. BucyHnyTtu rinore3y npo T€OPEeTUYHHUM 3aKOH PO3MOLIY BUIMAIKOBOI BETUUYUHU —
IPaHMI]l MIIIHOCT1 HA OJTHOOCHOBUI CTHCK.

4. 3 BHUKOPUCTAHHSM METOJYy MOMEHTIB MiAIOpaTH MapaMeTpu TEOPETUIHOTO
PO3MOALTY.

78



5. IlepeBipuTH rinoTe3y Npo TEOPETUYHUIN 3aKOH pO3MOoALTYy 3a KputepieM IlipcoHa.
6. Busnauutu KoeQIIIEHT CTPYKTYPHOTO IOCIA0JIEHHS TIPChbKOI TOpOAHM Ta
PO3PaXyHKOBE 3HAUECHHS MII[THOCT1 MOPOJTHOTO CEPEIOBUILIA.

Po3B’si3aHHA
1. 3HaiizeMo MakcUMalbHE Ta MiHIMaJIbHE 3HAYEHHS €JIE€MEHTIB BUOIPKH:

=147; x . =4314.

mln m
2. JloBiibHO BHOEPEMO KUTBKICTh IHTEPBAIIB:
k=5,
3. JloBXHMHA KOKHOT'O 1IHTEpBAIY:
|- Xmax — Xmin _ 4314 -14,7 569
k 5 '
4. ®opMyeMO 1HTEpBAIM Ta BU3HAYAEMO YACTOTY MOTPAIUISIHHS 3HAYEHb B KOXKHUM 3
IHTEpBAaIIB:
1.-147-2039: m =3;
2.- 20,39-26,08: m,=6;
3.-26,08-31,77: m,=14;
4.-31,77-3746: m,=5;
5.-37,46-4314: m, =2.

) ) m .
5. Buznawaemo BiTHOCH1 YaCTOTH: W, = —-;
n

W, :izo,l; W, :3:0,2; W, =E=O,47; W, :3:0,17; W :3:0,06;
30 30 30 30 30
6. Buznagaemo ceperiHM iHTEPBAIIB:
U, = Xmin T X1 _ 14,7 + 20,39 1755
2 2
u,=u, +1=2324;
u, =u, +1=28093;
u, =u; +1=234,62;

us =u, +1=4031.

7. Buznaumumo 17151 KO)KHOTO 1HTEpBaTy BUCOTY MPSIMOKYTHHUKA h @ h = %;
h=2 _002 h=22_004 =22 _0004 =2 _003 nh=22_o01
5,69 5,69 5,69 5,69 5,69

9. ®opMyeMo iHTEPBAILHUH PSI:

Trrepan 14,7- | 20,40- | 26,09- | 31,78— | 37,47—
20,39 | 26,09 | 31,77 | 37,46 | 43,14
YacroTn 3 6 14 5 2
BigHocHa yacrora 0,1 0,2 0,47 0,17 0,06
Cepenunm inTepBaiis | 17,55 | 23,24 | 28,93 | 34,62 | 40,31
Bucoru 0,02 | 0,04 | 0,094 | 0,03 | 0,012
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9. I'paiunrM 300pakeHHAM IHTEPBAIBHOTO Py € ricTrorpaMa 4actor (puc. 8.6):

h

-+ 0.094

- 0.04

-+ 0.034

|
|
X

|
14,7 20,39 26,08 31,77 37,46 43,14

Puc. 8.6. I'icrorpama BiIHOCHUX YaCTOT.

10. BusHaunMo mMo4yaTKOBUN MOMEHT MEPUIOro MOPSAKY, TOOTO BUOIPKOBY CEPEAHIO:

_*

X =v, =17,55%0,1+23,24*0,2+28,93*0,47+34,62*0,17+40,31*0,06=28,31;

11. BuzHauuMo XapaKkTepUCTUKH Bapiallii 3Ha4eHb KUTbKICHOI O3HAKHU:
® CTaTUCTUYHUI MOYATKOBHI MOMEHT JIPYroro HopsaKy:

v, =17,55°%0,1+23,24*0,2+28,93°*0,47+34,62°*0,17+40,31**0,06=833,53;

® CTaTUCTUYHUI LEHTPAJIbHUII MOMEHT IPYroro MopsjiKy, TOOTO BUOIPKOBY
JICIIEPCIIO

D =uy=vy—(vy)” =83353-2831" =3253;

® BHIIPABIICHY JIUCIIEPCIIO:

S?= %*32,53 =33,65 ,
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® cepelHE KBaJpaTUUYHE BIIXUICHHS (CTaHAapT):
S=+/S? =58;

e BIJHOCHY Bapialliro, KoedilieHT Bapiarii:
g =28 _02: v 20.2%100 = 20%.
28,31
12. BuzHaunuMo BEIMYHMHH, [0 XapPaKTEPU3YIOTh aCUMETPII0 Ta EKCIIEC:

® CTAaTUCTHUYHI IT0YaTKOBI MOMEHTH TPCTHOI'O 1 YCTBCPTOIO HOpSI,IIKiBZ
v, =17,565%0,1+23,24%*0,2+28,93**0,47+34,62°*0,17+40,31**0,06=25411,6 ;
v =17,565**0,1+23,24**%0,2+28,93*0,47+34,62"*0,17+40,31**0,06=799675,43;
® CTaTUCTUYHI LIEHTPAJIbHI MOMEHTHU TPETHOT'O 1 YETBEPTOr 0 MOPSIKIB!

e =V, —3viv, +2v," = 254116 —3%833,42* 28,31+ 2*28,31° = 35,04 ;

* * * * * *2 *4
U, =v,—4vy, +6v,v, —3v, =
)

=799675,43 - 4*25411,6* 28,31+ 6*833,42* 28,31° —3* 28,31 = 2767,47

® CTaTUCTUYHY OLIHKY acUMETpii

A - 35,034 ~018.
58
® CTaTUCTUYHY OLIHKY E€KCIIECY
LI P
58

13. BucyBaeMo rinore3y Npo TEOPETHYHUN PO3MOALT BUMAIKOBOI BEIUYUHHU.
basyrounch Ha TOMy, 11O KOE(ILIEHTH aCUMETpli Ta eKcuecy OJM3bKl 10 HyJs, a
ricrorpaMa 4acTOT Ma€ CHUMETPUYHUN BUTIAN, a TAaKOX BHUXOASYH 3 (DI3UIHOTrO
3MICTY BHIIaJKOBOI BETMYMHHA BBKATUMEMO, [0 BHUIIAKOBA BEIMYMHA PO3MOAiICHA
32 HOpMAJIbHUM 3aKOHOM.

14. TlepeBipuMoO 1110 TIMTOTE3Y 32 MPABUIOM «3-X curM». BuzHaunmo iHTEpBa:

X' -3s; X +35|= [2831-3.58; 2831+3-58]= [1091; 4571]

SHaueHnst Xy, =14,7 ta Xpa = 4314 norpamsors go mporo intepsany.
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15. BUKOpHCTOBYIOUM MeTOJ MOMEHTIB 3HaxOJAMMO TapaMeTpu TEOPETUUHOTO

po3noauy:
M(xX)=x = a=x =283L
D(x)=S*= o(x)=S =58= o=S =58.
HudepenmianpHa (QyHKINST HOPMaJbHOTO 3aKOHY po3moaury (3akoH ['ayca) mae

BUT'JIAA:

1 _(x—a)?
e 202

fo) =7
JInst mocHiKyBaHOI KUTbKICHOT O3HAKHU

a = 28,31 — cepenns BUOIPKOBA;

o = 5,8 — crangapr.

Takum YUHOM, OACPIKHNUMO:

(x—28,31)2
233,65 |

1

fx)=5me

16. IlepeBipuMoO TimoTe3y NpPO HOPMAIbHHWI 3aKOH PO3MOAUTY 3a KpHUTepieM

Iipcona:
e 3HaiizeMo 4KcIIo cTymeHiB coboau: vV =1—-r=5-3=2,
e PosrnsHeMo ABOOIYHY KPUTHYHY 00JIacTh Ta 3a TaOJUIECIO y MOoAaTKy A

msg v =2, a/2=0,025su3raunmo pr.np =74, a s (1-2/2)=0,975 1a
TOTO CAMOr0 V 3HAXOAMMO X, = 0,051,

e ImoBipuicte P, mnorpammsiaEs B pospsimn (Xi_l,Xi) 3HAUAEMO SIK JUIst

HOPMAJLHOTO po3noAury (3 BuUKOpucTaHHAM (yHkiii Jlammaca) 3a

dbopmyioro:

J1J1st KO’)KHOTO 1HTEPBAITY MAEMO:
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- (20 3928, 31] ®(14 728, 31] ®(~1,36)— D(~2,35) = 0,08;

26, 09 28, 31j ®

(20 39728311 _ p(_0,4)— d(~1,36)=0,26;

31,77 - 2831) ©

(26 09— 28, 31] ®(0,6)— ®(~0,4)=0,37;

37, 46 28, 31) q{al 77-2831 — ®(1,58)— (0,6)= 0,22;

4314 28,31) B q)(?,? 462831

55 j ®(2,56)— (1,58) = 0,05;

3a ¢opmyioro (7.1) BU3HAUMMO eMITipUYHE 3HAYEHHS KPUTEPIIO:

= le (m, —np,f =i (m -30p,) _(3-24)  (6-78)  (14-111) (5-66)  (2-15) _ 189
) np, Py 30p; 2,4 7,8 111 6.6 15
OTpuMaHO CITiBBITHOIICHHS )(,fp“w <yi< ;(fp.np = (0,051<1,89<7,4). Tomy MoOXHa

CTBEP/KYBATH, III0 TilIOTE3a MPO HOPMAIbHUN PO3IMOJLI BUIAIKOBOI BEIUYMHU X 3
napamerpamu a = 28,31 ta 0 =5,8 He cynepeunTh CTATHCTUYHUM JTaHHM.

BuznaunMo koedini€eHT CTPYKTYPHOTI0 MOCJIa0JIeHHS

Kc=n*argF,(1-p)+1 argF.(1-P) =-1.64
Kc=0.2:(-1.64)+1=0.672
R. =X -K,

R. =28,31-0,672 =19,02
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9. KOPEJIAALINHA 3AJIEXKHICTh. METOJI HAUMEHIINX KBAJIPATIB

9.1. CroxacTuunuii 38’s130K. Perpecis

BunankoBi BenmuunHU X 1 Y HA3WBAIOTh CMOXACMUYHO 3AJIEHCHUMU, SIKIIO
3MiHA OJHIET 3 HHUX MNPUBOAUTH A0 3MIHM PO3MOAUTY 1HIIOI. 30Kpema, MOXKe
3MIHIOBaTHCh TOW YW IHIIMKA Mapamerp po3moAlly. SKmo 13 3MiHOIO OfHI€T
BUITQIKOBOI BEIWYWHU 3MINIYEThCSA IIEHTP PO3MOJALTY 1HIIOI, TOOTO ii CcepemHe
3HAYEHHS, TO CTOXaCTUYHHA 3B'SI30K MK BETUIMHAMH HA3UBAIOTh KOPEIAYIUHUM.

Hapenemo npukiian BUMaaKOBOI BEIMYMHU Y , sIKa HE MOB'SI3aHA 3 BETUYHUHOIO
X (yHKIIIOHANIbHO, alie 3B's13aHa KopenaiiiHo. Hexail Y — BugoOyTok Byruuist, X —
KUIbKICTh KOMOaWHIB. 3 OJIHAKOBHMX 3a IUIOHICIO JUISHOK MPU PIBHUX KUIBKOCTAX
TEXHIKHA 1 00CITYyroBYIOYOro NEpCOHAy, OJHAKOBIM oprasizaiii mpaiii BUI00YBaIOTh
pi3HY KUIBKICTh BYT'ULIISL B MiCsillb, TOOTO Y He € QyHkuieto B X . Lle moscHoeThCs
BIUIMBOM BHUMAJKOBUX YHHHHKIB (Bapialieio (i3UKO-MEXaHIYHUX BIIACTUBOCTEH
Mopija, 3MIHOK TOTYXKHOCTI IlacTa Ta iH.). Pa3oM 3 TuM, sIK TMOKa3zye JOCBI,
cepenHiid BUI0OyTOK € (YHKITEI BiJ KUTPKOCTI KOMOAWHIB, III0 BUKOPUCTOBYIOTHCS,
TOOTO Y TIOB'SI3aHUI 3 X KOPEIAIIHHOI 3aJICKHICTIO.

Sk npuknag po3risitHeMO Kopensuiiny Taoa. 9.1.

Tabmuws 9.1
X 30 35 40 45 50 55 n, h, =5
Y
18 4 6 - - - - 10
28 - 8 10 - - - 18
38 - - 4 35 5 - 44
48 - - 4 12 6 - 22
58 - - - 1 3 2 6
Ny 4 14 18 48 14 2 n =100
h, =10

UYucna ny,, B KIITUHKaX TabJMLI BU3HAYAIOTh YUCIIO MOSAB Ti€i a00 1HILIOI Mapu

3HaYeHb X 1Y; n, 1 n, 3arajJbHE YUCIIO MOSB TOTO 200 IHIITOTO 3HAYEHHS BEJIUYUH X

1Y; N — o0csar BUOIPKHU.

KoxeHn psanok tabmuill 3 yMciaMu n,, pa3oM 3 MEPUIUM PSIKOM € YMOBHUM

PO3MOMIIJIOM BETUYMHU X TMpU JaHoMy 3HadyeHHI Y. [lepmmii psgox pazom 3

OCTaHHIM — O€3YMOBHMI po3MoALT X . AHAJIOTIYHUMA 3MICT MalOTh CTOBMIII.

JUis yMOBHUX pO3MOJALIIB MOXHA 3HAXOAUTH 3BHYAlHI XapaKTEPUCTUKU

PO3IOALTY.
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YMOBHI cepeHl BU3HAYAIOThCs 3a GOpMYyJIaMHU:

I
m
_ > Ny Y _zlnxv Yi
K=1 . i=
Yx =——— Xy =—"—_—", (9.1)
nx ny
ne M —uwucno psakis; | — gucio cros61iB (Tadm. 9.1).
BuxopucroByrouu nani tabiu. 9.1, ogepxxumo:
X =30y, = 4-18+(A)1-28+... 1
X =135 yx :M:237;
X — 40 yx :10-28+4-38+4'48 _ 3467
18
X — 45 yx :35-38+14-48+1-58:41;
48
X —50 yx _ 51-38+6-48+3-58 _ 465:
14
X =55 vy, :¥=58.
3Benemo 111 1adl B Ta0i. 9.2.
Ta0numg 9.2
X 30 35 40 45 50 55
Yy 18 23,7 | 34,67 41 46,5 58
N, 4 14 18 48 14 2

Sk 6auMMo, KOKHOMY 3HAYEHHIO X BiJNOBiJac €IuHe 3HAYCHHA Yy, . ToMmy
3QIEKHICTD Y, OT X € (PYHKIIOHAIBHOIO:

yx = f(x) (9.2)

PiBusiHHs Burnsagy (9.2) BU3Hayae KOpENSLIMHY 3aliexHICTh Y oT X . BoHo
3BEThCS PIBHAHHSM perpecii Y mo X . Jlomana, mo modyaoBana 3a manumu Tabi. 9.2,
€ eMITIPUYHOI0 JiHI€ perpecii. TeopernuyHoro niHie perpecii € rpadik QyHKIT
f(x).

PiBHsiHHA perpecii X 10 Y 3aJa€eTbCsl PIBHICTIO
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§=¢(y)- (9.3)

Axmo obunsi pyukiii f(x) u ¢(y) B (9.2 ) Ta ( 9.3 ) miHINHI, TO KOPEIAILIiIO
MDK X Ta Y Ha3MBAIOTh JIHINHOO. [HaKIIIe TOBOPATH MPO HENIHINHY KOPEJSIIO.
B teopii kopenswii po3riisiiatoThCs AB1 OCHOBHI 3a/a4i:
e BcTaHOBJIEHHS QyHKIIH perpecii f(x) Ta ¢(y);

® OILIIHIOBAaHHS TICHOTH KOPEJAIIITHOTO 3B’ SI3KY BUNIAJIKOBUX BEIHUMH.
9.2. Jliniiina xopeJsinisi. MeToa HaliMeHIIMX KBAJAPAaTiB

ko TeopeTuyHl NepeAyMOBH BIACYTHI, TOo BuOIp ¢yHkuid (9.2) 1 (9.3)
MOXJIMBO 31ACHUTH TaKUM YHWHOM: INepen0ayuTH, Hanmpukian, mo f(x) — miHiiHa
GyHKIIS, 110 33J0BOJBHSE PIBHSIHHIO

yX:p'X+b’ (9.4)

1 mapameTpu p 1 b 3HAWTU 3a BUOIPKOBUMHU [AHUMU MEMOOOM HAUMEHUIUX
keaopamie. I101CHUMO CYTb IIbOI'O METO/Y.

Hexaii B  pesynbrari  BumpoOyBaHb OTpuMaHo N map  4ucen

(X, Y1) (X5, Y5 ) (X, Y, ). Bymemo BumaraTtw, mo0 mpsma (9.4) Oyma HaiOLIbII
Onu3bKa 10 Beiel cyKynmHocTi qanux To4ok. Ockinbku Touku (X, Y;), K npaBuio, He

jgexarh Ha npsmid (9.4), To migcraHoBka koopawHatT (X;,Y;) B piBHsHHA (9.4)

MIPUBOUTH JI0 HEB 3Kl (BIAXWICHHS):

8i :yl _p'xi +bp:tg§0,

sKa y 3araJIbHOMY BUIIAJAKY € BIIMIHHOIO Big Hyns (puc. 9.1).

¢ X
- p=tgo 5
Puc. 9.1. Jlo onucy MeTony HaliMEHIINX KBaJpaTiB
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n

2 .

Bemnuuna F =Z«9i XapaKTepu3ye CyMapHy MNOXUOKY HaOIMKEHHS JaHOl
i=1

cyxymaocti Toaok (X;.Y;) mo mpsimoi (9.4). I3 3miHOI0 p i b 3MiHIOETBCS BeanunHA

F, TOOTO F 3aJeXUTh BT p 1 b:

F=F(p,b).

[Tin6epemo mapameTpu p 1 b Tak, moO cyma KBaJapaTiB BiIXWICHb TOYOK
(X;.Y;) Bim mpsamoi (9.4) Gyna MiHIMAIBHOI0, TOOTO MO0 MiHIMAIBHOI Oya

byHKITIS:

F=>6l =) (yi —px —b)". (9.5)

VY 11poMy 1 mossirae CyTh METOAY HaWMEHIIINX KBaIpaTiB.
Jlnst ontucy miHiMyMy GyHKIIT (9.5) MpUpiBHAEMO HYIIO BiAMOBIAHI YaCTHHHI

MMOX11H1:
P2
— =2 X;(y; —p% —b)=0;
dp 21:
P 3
—=2 . —pX —b)=0;
i iZzll(y. pX; —h)

abo

Pzn: X2+ bzn: X :Zn: X Yi
i1 i1 i1

i i (9.6)
pY X +b-n=>"y,.

OckinbKy mapa 3Ha4eHb (X,,y,;) B Ta6a. 9.1 Tpamnserscs Ny, pas, TO B KOKHY

cyMy B piBHOCTI (9.6) HEoOX1THO BHECTH MHOXKHUK Ny, . Kpim ToOro, Ha miacrasi

BiIOMUX (POpMYII:

3aIIMICMoO
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2 NyX = nx; ;nxyyi =ny; inxyxI =nx (9.7)

3 ypaxyBanusMm (9.7) cucrema (9.6) HaOyBae BUIIISA:

p-n-xX +b-n-§:2nxy X Yi;

(9.8)
p-n-X+b-n=ny.
3 apyroro piBHsSHHS cucteMu (9.8) oTpumaemo
b=y—px. (9.9)
[TincraBumo (9.9) B nepie piBastHHS crctemu (9.8):
2 _ n
PN-XE+N-Xy—p-n- X2 =3 n
Xy i
3BIIKA OTPUMAEMO:
pn-(x2—x2)= Z My XiYi —nXxy,
=1
TOOTO
Z rlxyxl i —nxy
I_
p= 5 (9.10)
nO-X

I1{06 migKpecouTH, IO MaeThcs Ha yBasi piBHsHHA perpecii Y mo X, p
MO3HAYaroTh iHACKCOM Y/ X 1 dhopmynu (9.9) 1 (9.10) 3amuCyrOTh Y BUTIISII:

b=y-p (9.11)

y/xX
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n -
.Zlnxyxi Yi —nxy
1=
Pylx = 2 : (9.12)
Noy

[TincraBuBmu (9.11) B piBHsiHHSA (9.4), OTpUMaEMO PIBHSIHHS perpecii Y mo X
y BUTJISIIL

Yx =Y =Py/x(X=X). (9.13)

B orpumanomy piBHSHHI fy;x BU3HauaeThca 3a Qopmynor (9.12).

AHaNOT1YHO 3aMUCYETHCS PIBHSHHSA perpecii X 1mo Y :
Xy =X=pyx/y(y=Y). (9.14)

ObuznBa koedimientn perpecii Py;x 1 Pyx/y MOKHA BHPA3UTH YEpe3

CUMETPUYHUN 110 X 1 Y eubipkosuit koeghiyicnm xopenauii -

n o
2 Nyy X Yi = NXY

r , (9.15)
a caMe
O-y . _ Oy
py/x:G_r, px/y_a_r’ (916)

X y

ne o, 1 o, — BUOIPKOBI CepeIHI KBaAPATHYHI BIAXUICHHS BEJHYMH X 1 Y.

3 ypaxyBaHHsM criBBigHOIIeHb (9.16) piBHsHHSA perpecii (9.13) i (9.14)

3aMUIIEMO Y BUTJISIL:
Y=Y X=X,
X~ 2= (9.17)
O O

Yy X
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Xy—X:ry—y

(9.18)

3ayeascenns. BubipkoBuil Koe(dilliEHT KOpPENAIii 3aJ0BOJBHSIE HEPIBHOCTI

r|<1. SIxmo r=0, To niHilHA KOpensAIis Mixk X i Y BigcyTHa. B 1poMy BUMazKy
piBHsHHEA (9.17) 1 (9.18) MaroTh BUrIS y, =y i X, =X, TOOTO yMOBHi cepemHi
30epiraloTh TMOCTiMHI 3HaYeHHS. YuMm Onrokde |r| IO OOMHHIN, THUM TICHIIIE

eKCTIEpUMEHTAIbHI TOUKU TPYMYyOThes Ot mpsamux perpecii (9.17) ta (9.18). Ilpu
r=1 3aJeXHICTh MDK X 1 Y cTae (yHKIIOHAJIbHOI, OOWIBI MpsAMI 3JIMBAIOTHCS B
OJTHY, PO3KHJI TOUYOK 3HHKAE.

9.3. O6podka kopeasiniiinoi Tad ML

Busznauumo piBastHHS perpecii (9.17) 1 (9.18) 3a nanumu tadma. 9.1.
Jlns coporeHHs po3paxyHKIB 3a HOBHHM MOYaTKy BUIIIKY BHOEpeMO Mapy
3HaueHb x=45, y=38, AKa Mae HaWOLIbUIy YacTOTy n,, =35, i MeperaeMo 0

YMOBHUX BapiaHT:

Lleit mepexig He 3MIHIOE BeIHMYMHHU KoedimieHTa kopemsuii S. Y HOBHX
3MIHHUX B1H Ma€ BUTJISAI:

r=-12 , (9.19)

Ve, o, =\Nu"—-u ; o,=Vv' -v , (9.20)

| — 4KCIIO CTOBIIIIIB; M — YUCJIO PAJIKIB.
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JInst BU3HAYEHHS! BEIUYMH, 110 BXOAATH B (9.19), obunciumo qo0ytku Ung,

u’ng, vn,, v°n,, uvn,. Pesymprats obumcieHp 3ammmemMo B Tabm. 9.3. VY

BEPXHbOMY KYTKY KOKHOT KJIITHHKHU TaOJUIIl 3aIIUILIEMO BiAMOBIIHI J0OYTKHA UV .
3a manumu Ta6:1. 9.3 BianosiaHo 10 Ghopmyd (9.20) orpumaemo:

Znuuj _ invvk ZnUuJ?

T e Y, v = e S VST = S U} 7
n 100 n 100 n 100

LMW g

Vi =1+ =—— =104

n 100
o, =Vu? —u =,132-0.16 =116 ~1,08;
o, =V’ —v" =./1,04-0,0016 ~1,00.

3a dopmyioro (9.19) 3HaX0AUMO KOE]IIIEHT KOPEIISIIii:

n —
> n,uv—nuyv

5 _ 90-100-(-0,4)(-0,04)

no,o, 100-18-1,2

= 0,806;

[ToBepTatounck 10 3MIHHUX X 1Y , OTPUMAEMO

x=hu+c, =5(-0,4)+45=43;

h,v +c, =10(-0,04) + 38 = 37,6;
. =ho, =5-1,08=54;

, =h,0, =10-1,02=10,2.

Q Q <

PiBusians perpecii (9.17) 1 (9.18) naGyBaroTh BUTTISY:

y,—37,6 _ 0806 X —43 i Xy —43 — 0806 y—37,6
10,2 54 54 10,2
abo
yx =15,3x - 28 ;y =0,43y + 27. (9.21)
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Taomung 9.3

[To6ynyemo

TaKOXK

TEOPETUYHY
EKCTIEPUMEHTATIBLHOIO JIAMaHO0, TOOYTOBAHOIO 3a TaHUMH Tabsumili 9.2.
SAx BumHo 3 puc. 9.3, obuaBi miHII gocuTh Onum3bki. lle o3Haudae, 1O

npsimy  perpecii

Y

BlL X

u
y S30-20 1] 0 |12 n, vn, vin, UVN,,
2 | 4lel| glal | - - - | - 10 -20 40 48
-1 - g2 |100| - - | - 18 -18 18 26
0 - - | 4l0] | 35050 - 44 0 0
1 - - | gl | qpl00 | gldl| - 22 22 22
- -] 1[0 | 3] gl 6 12 24 14
2
n, | 414 18 | 48 |14 | 2 | 100 Z”n” v Z””"“”
=—4 |=104 |=90
un, |-12|-28|-18 | 0 |14 | 4 z”"“
= —40
2
u?n, |36 |56 | 18 | 0 |14 8 2“ M
= 132
uvn,, |24 40| 6 | 0 |12 8 Z“””’“’
=90
[To6ynyemo minii (9.21) 1 kopensiiiine mone — TOYKH, 3aaaHl B Tabmumi 9.1
(Puc. 9.2).

3a

TEOPETUYHUHN PE3YNIbTAT 100pE y3rOKYETHCA 13 CTATUMHUM MaTepiajoM.
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y=2,33x-62,2 4
RZ =l ”

[ 4

7 4
x=0,43y+27
T M
P
2
%‘ ¢
y=1,531x - 28,28 ~ -
/ ‘

'
”
”

Puc. 9.2. KopensiiitHe mose Ta piBHSIHHS perpecii

CYIJIbHA JIiHIS — §X =153x-28,0; mynkrupHa - Xy = 0,43y + 27,0

’ /

60

401

17

Puc. 9.3. Teopernuna mpsima perpecii Y Big X (CyIibHA JTiHIS) Ta
eKCIIepUMEHTAJIbHA JIaMaHa, o0y 10BaHa 3a JaHUMU Ta0J1. 9.2 (TIyHKTHD)
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JOJATOK A
3HadyeHHS HOPMOBAHOI IHTETPATbHOI (PYHKITIT HOPMAITLHOTO PO3MOILITY

Fy(t) ! f _ﬁd
t) = —- e 2dt
0 m |
X Fo(X) X Fo(X) X Fo(X) X Fo(X) X FoX) | X | Fo(X)
0 05| -04|0,3446| -0,8|0,2119| -1,2|0,1151| -1,6 | 0,0548 -2 10,0228
-0,01| 0,496|-0,41|0,34091-0,81| 0,209]-1,21|0,1131|-1,61|0,0537] -2,1 | 0,0179
-0,02| 04921]-0,42 |0,33721-0,82 | 0,2061]-1,22 | 0,1112| -1,62 | 0,0526 | -2,2 | 0,0139
-0,03| 0,488 -0,43 |0,3336-0,83 | 0,2033 ] -1,23 | 0,1093 | -1,63 | 0,0516 | -2,3 | 0,0107
-0,04 | 0,484]-0,44 0,331-0,84 | 0,2005|-1,24 | 0,1075] -1,64 | 0,0505 | -2,4 | 0,0082
-0,05 10,4801 1 -0,45 | 0,3264 | -0,85 | 0,1977 | -1,25 | 0,1056 | -1,65 | 0,0495 | -2,5 | 0,0062
-0,06 | 0,4761 | -0,46 | 0,3228 | -0,86 | 0,1949 | -1,26 | 0,1038 | -1,66 | 0,0485 | -2,6 | 0,0047
-0,07 1 0,47211-0,47 | 0,3192 | -0,87 | 0,1922 | -1,27 | 0,102 | -1,67 | 0,0475| -2,7 | 0,0035
-0,08 | 0,4681 | -0,48 | 0,3156 | -0,88 | 0,1894 | -1,28 | 0,1003 | -1,68 | 0,0465 | -2,8 | 0,0026
-0,09 | 0,4641 1 -0,49 | 0,3121| -0,89 | 0,1867 | -1,29 | 0,0985 | -1,69 | 0,0455| -2,9 | 0,0019
-0,1|0,4602| -05]0,3085| -0,9|0,1841] -1,3|0,0968| -1,7 | 0,0446 -3 10,0013
-0,11 | 0,4562 | -051 | 0,305(-0,91|0,1814]-1,31|0,0951|-1,71 | 0,0436 ] -3,1 | 0,001
-0,12 | 0,4522 | -0,52 | 0,30151-0,92 | 0,1788 | -1,32 | 0,0934 | -1,72 | 0,0427 | -3,2 | 0,0007
-0,13 | 0,4483 | -0,53 | 0,2981 | -0,93 | 0,1762 | -1,33 | 0,0918 | -1,73 | 0,0418 | -3,3 | 0,0005
-0,14 | 0,4443 | -0,54 | 0,2946 | -0,94 | 0,1736 ] -1,34 | 0,0901 | -1,74 | 0,0409 | -3,4 | 0,0003
-0,15 10,4404 1 -0,55 | 0,2912|-0,95 | 0,2711|-1,35 | 0,0885 | -1,75 | 0,0401 | -3,5 | 0,0002
-0,16 | 0,4364 | -0,56 | 0,2877 | -0,96 | 0,1685 | -1,36 | 0,0869 | -1,76 | 0,0392 | -3,6 | 0,0002
-0,17 1 0,43251 -0,57 | 0,2843|-0,97 | 0,166 -1,37 | 0,0853 | -1,77 | 0,0384 | -3,7 | 0,0001
-0,18 | 0,4286 | -0,58 | 0,281 -0,98 | 0,1635] -1,38 | 0,0838 | -1,78 | 0,0375| -3,8 | 0,0001
-0,19 | 0,4247 1 -0,59 | 0,2776 ]| -0,99 | 0,2611 | -1,39 | 0,0823 | -1,79 | 0,0367 | -3,9 0
-0,2 |1 0,4207| -0,6 | 0,2743 -1]0,1587| -1,4|0,0808| -1,8 | 0,0359 0 0,5
-0,21 | 0,4168 | -0,61 | 0,2709 | -1,01 | 0,1562 | -1,41 | 0,0793| -1,81 | 0,0351 ] 0,01 | 0,504
-0,22 | 0,4129| -0,62 | 0,2676 | -1,02 | 0,1539 | -1,42 | 0,0778 | -1,82 | 0,0344 1 0,02 | 0,508
-0,23 | 0,409 -0,63 | 0,26431-1,03 | 0,1515]-1,43 | 0,0764 | -1,83 | 0,0336 0,03 | 0,512
-0,24 | 0,4052 | -0,64 | 0,2611 | -1,04 | 0,1492 | -1,44 | 0,0749| -1,84 | 0,0329 10,04 | 0,516
-0,25 10,4013 | -0,65 | 0,2578 | -1,05 | 0,1469 | -1,45 | 0,0735| -1,85 | 0,0322 | 0,05 | 0,5199
-0,26 | 0,3974 | -0,66 | 0,2546 | -1,06 | 0,1446 | -1,46 | 0,0721 | -1,86 | 0,0314 | 0,06 | 0,5239
-0,27 1 0,3936 | -0,67 | 0,2514 | -1,07 | 0,1423 | -1,47 | 0,0708 | -1,87 | 0,0307 | 0,07 | 0,5279
-0,28 | 0,3897 | -0,68 | 0,2483 | -1,08 | 0,1401 | -1,48 | 0,0694 | -1,88 | 0,0301 | 0,08 | 0,5319
-0,29 10,3859 -0,69 | 0,2451 | -1,09 | 0,2379] -1,49 | 0,0681 | -1,89 | 0,0294 | 0,09 | 0,5359
-0,3/0,3821| -0,7| 0,242 -1,1|0,1357| -1,5|0,0668| -1,9|0,0287| 0,1 | 0,5398
-0,31|0,3783|-0,71 | 0,23891(-1,11 | 0,1335] -1,51 | 0,0655 | -1,91 | 0,0281 | 0,11 | 0,5438
-0,32 10,3745 -0,72 | 0,2358 | -1,12 | 0,1314 | -1,52 | 0,0643 | -1,92 | 0,0274 1 0,12 | 0,5478
-0,33 | 0,3707| -0,73 | 0,23271-1,13 | 0,1292 | -1,53 | 0,063 -1,93 | 0,0268 | 0,13 | 0,5517
-0,34 | 0,3669 | -0,74 | 0,2296 | -1,14 | 0,1271 ]| -1,54 | 0,0618 | -1,94 | 0,0262 | 0,14 | 0,5557
-0,35 10,3632 -0,75 | 0,2266 | -1,15 | 0,1251 | -1,55 | 0,0606 | -1,95 | 0,0256 | 0,15 | 0,5596
-0,36 10,3594 | -0,76 | 0,2236|-1,16 | 0,123 -1,56 | 0,0594|-196 | 0,025] 0,16 | 0,5636
-0,37 | 0,3557 1 -0,77 | 0,2206 | -1,17 | 0,221 -1,57 | 0,0582 | -1,97 | 0,0244] 0,17 | 0,5675
-0,38 | 0,3521-0,78 |0,2177|-1,18| 0,219|-1,58 | 0,0571]-1,98 | 0,0239] 0,18 | 0,5714
-0,39 10,3483 1 -0,79 | 0,2148 | -1,19 | 0,217 -1,59 | 0,0559 | -1,99 | 0,0233] 0,19 | 0,5753
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[IponoBkeHHS T0JaTKy A

X Fo(x) X Fo(x) X Fo(x) X Fo(x) X Fo(x)

0,2]0,5793| 0,6 | 0,7257 1/08413|114 [0,9192]18 |0,9641

0,21]0,583210,61|0,7291]1,01|0,8438]1,41|0,9207 ] 1,81 | 0,9649

0,22 10,587110,62 | 0,7324]1,02 | 0,8461 | 1,42 | 0,9222 ] 1,82 | 0,9656

0,23] 059110,63|0,7357]1,03]0,8485]1,43|0,9236 | 1,83 | 0,9664

0,24 10,5948 10,64 | 0,7389] 1,04 | 0,8508 | 1,44 | 0,9251 | 1,84 | 0,9671

0,25]0,5987 10,65 | 0,7422]11,05| 0,8531 | 1,45 | 0,9265 | 1,85 | 0,9678

0,26 | 0,6026 | 0,66 | 0,7454 ] 1,06 | 0,8554 | 1,46 | 0,9279 | 1,86 | 0,9686

0,27 | 0,6064 | 0,67 | 0,7486 | 1,07 | 0,8577 | 1,47 | 0,9292 | 1,87 | 0,9693

0,28 | 0,6103 ] 0,68 | 0,7517 | 1,08 | 0,8599 | 1,48 | 0,9306 | 1,88 | 0,9699

0,29 | 0,6141] 0,69 | 0,7549 | 1,09 | 0,8621 | 1,49 | 0,9319 | 1,89 | 0,9706

0,3/0,6179] 0,7| 0,758 1,1]0,8643]15 |09332|19 |0,9713

0,31]0,621710,71|0,7611) 1,11 | 0,8665] 1,51 | 0,9345] 1,91 | 0,9719

0,32 ]10,625510,72 | 0,7642] 1,12 | 0,8686 | 1,52 | 0,9357 | 1,92 | 0,9726

0,33]0,629310,73|0,7673]1,13|0,8708 | 1,53 | 0,937 | 1,93 | 0,9732

0,34 10,633110,74 10,7704 11,14 |1 0,8729| 1,54 | 0,9382 | 1,94 | 0,9738

0,35]0,63680,75|0,7734 11,15 0,8749] 1,55 | 0,9394 | 1,95 | 0,9744

0,36 | 0,6406 | 0,76 | 0,7764 1,16 | 0,877]1,56 | 0,9406 | 1,96 | 0,975

0,371 0,644310,77 | 0,7794 1,17 | 0,879]1,57 | 0,9418 | 1,97 | 0,9756

0,38| 0,648]0,78 10,7823 1,18 | 0,881]1,58 | 0,9429 | 1,98 | 0,9761

0,39 | 0,6517]0,79 | 0,7852 | 1,19 | 0,883 ] 1,59 | 0,9441 | 1,99 | 0,9767

0,4]0,6554] 0807881 | 1,2[0,8849]|16 |0,9452]|2 0,9772

041065911081 0,791]1,21]0,8869]1,61|0,9463]2,1 |0,9821

0,42 10,6628 10,82 |0,7939]1,22 | 0,8888 | 1,62 | 0,9474]2,2 | 0,9861

0,43 10,6664 0,83 | 0,7967] 1,23 | 0,8907 | 1,63 | 0,9484 | 2,3 | 0,9893

0,44 0,6710,8410,7995]1,24 10,8925]1,64]09495]2,4 |0,9918

0,45]0,6736 0,85 0,8023]1,25|0,8944 | 1,65 | 0,9505| 2,5 | 0,9938

0,46 | 0,677210,86 | 0,8051] 1,26 | 0,8962 | 1,66 | 0,9515]| 2,6 | 0,9953

0,47 10,6808 | 0,87 | 0,8078 | 1,27 | 0,898 1,67 | 0,9525 | 2,7 | 0,9965

0,48 | 0,684410,88 | 0,8106 | 1,28 | 0,8997 11,68 | 0,9535|2,8 | 0,9974

0,49 1 0,68791 0,89 | 0,8133 | 1,29 | 0,9015] 1,69 | 0,9545| 2,9 | 0,9981

0,5/0,6915] 0908159 1,3[0,9032|1,7 |0,9554 |3 0,9987

0,51] 0695]0,910,8186]1,31|0,9049]1,71|0,9564 |3,1 | 0,999

0,52 10,698510,92|0,8212]1,32 | 0,9066 | 1,72 | 0,9573 | 3,2 | 0,9993

0,53]0,701910,93|0,8238]1,33|0,9082 | 1,73 ]0,9582 | 3,3 | 0,9995

0,54 10,7054 10,94 10,8264 11,34 0,9099 1,74 10,9591 | 3,4 | 0,9997

0,55 10,7088 0,95 0,8289]1,35|0,9115]1,75]0,9599 | 3,5 | 0,9998

0,56 | 0,7123 10,96 | 0,8315] 1,36 | 0,9131 | 1,76 | 0,9608 | 3,6 | 0,9998

0,57 0,71571097 | 0,834 1,37 0,9147]1,77 | 0,9616 | 3,7 | 0,9999

0,58 | 0,719]10,98 | 0,8365| 1,38 | 0,9162 ] 1,78 | 0,9625 | 3,8 | 0,9999

0,59 | 0,722410,99 10,8389 1,39 | 09177 11,79 | 0,9633]39 |1
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Ta6muusg 3nauens Gynkuii JTamnaca: @ (t) =

YBAT ' A! Jlana ¢yukuis € HEnapuoro: ®(—t) = —0(t)

JNOJATOK B

1

Vam

¢ _t
Jyezadt

0

1

2

3

4

5

6

7

9

0,0

0,00000

00399

00798

01197

01595

01994

02392

02790

03188

03586

0,1

03983

04380

04776

05172

05567

05962

06356

06749

07142

07535

0,2

07926

08317

08706

09095

09483

09871

10257

10642

11026

11409

0,3

11791

12172

12552

12930

13307

13683

14058

14431

14803

15173

0,4

15542

15910

16276

16640

17003

17364

17724

18082

18439

18793

0,5

19146

19497

19847

20194

20540

20884

21226

21566

21904

22240

0,6

22575

22907

23237

23565

23891

24215

24537

24857

25175

25490

0,7

25804

26115

26424

26730

27035

27337

27637

27935

28230

28521

0,8

28814

29103

29389

29673

29955

30234

30511

30785

31057

31327

0,9

31594

31859

32121

32381

32639

32894

33147

33398

33646

33891

1,0

34134

34375

34614

34850

35083

35314

35543

35769

35993

36214

1,1

36433

36650

36864

37076

37286

37493

37698

37900

38100

38298

1,2

38493

38686

38877

39065

39251

39435

39617

39796

39973

40147

1,3

40320

40490

40658

40824

40988

41149

41309

41466

41621

41774

1,4

41924

42073

42220

42364

42507

42647

42786

42922

43056

43189

1,5

43319

43448

43574

43699

43822

43943

44062

44179

44295

44408

1,6

44520

44630

44738

44845

44950

45053

45154

45254

45352

45449

1,7

45543

45637

45728

45818

45907

45994

46080

46164

46246

46327

1,8

46407

46485

46562

46638

46712

46784

46856

46926

46995

47062

1,9

47128

47193

47257

47320

47381

47441

47500

47558

47615

47670

2,0

47725

47778

47831

47882

47932

47982

48030

48077

48124

48169

2,1

48214

48257

48300

48341

48382

48422

48461

48500

48537

48574

2,2

48610

48645

48679

48713

48745

48778

48809

48840

48870

48899

2,3

48928

48956

48983

49010

49036

49061

49086

49111

49134

49158

2,4

49180

49202

49224

49245

49266

49286

49305

49324

49343

49361

2,5

49379

49396

49413

49430

49446

49461

49477

49492

49506

49520

2,6

49534

49547

49560

49573

49585

49598

49609

49621

49632

49643

2,7

49653

49664

49674

49683

49693

49702

49711

49720

49728

49736

2,8

49744

49752

49760

49767

49774

49781

49788

49795

49801

49807

2,9

49813

49819

49825

49831

49836

49841

49846

49851

49856

49861

D(t)

D(t)

D(t)

D(t)

D(t)

3,0

0,49865

3,1

0,49903

3,2

0,49931

3,3

0,49952

3,4

0,49966

3,5

0,49977

3,6

0,49984

3,7

0,49989

3,8

0,49993

3,9

0,49995

4,0

0,499968

4,5

0,499997

5,0

0,49999997
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JNOJATOK B
Kpurtnuni Toukn posnoainy CTerofeHTa

Yucno PiBenb 3HauymocTi (JBOCTOPOHHS KPUTHYHA 00J1aCTh)
CTEIICHIB
ButbHOCTI | 0,10 0,05 0,02 0,01 0,002 0,001
K
1 6,31 12,7 31,82 63,7 318,3 637,0
2 2,92 4,30 6,97 9,92 22,33 31,6
3 2,35 3,18 4,54 5,83 10,22 12,9
4 2,13 2,78 3,75 4,60 7,17 8,61
S) 2,01 2,57 3,37 4,03 5,89 6,86
6 1,94 2,45 3,14 3,71 5,21 5,96
7 1,89 2,36 3,00 3,50 4,79 5,40
8 1,86 2,31 2,90 3,36 4,50 5,04
9 1,83 2,26 2,82 3,25 4,30 4,78
10 1,81 2,23 2,76 3,17 4,14 4,59
11 1,80 2,20 2,72 3,11 4,03 4,44
12 1,78 2,18 2,68 3,05 3,93 4,32
13 1,77 2,16 2,65 3,01 3,85 4,22
14 1,76 2,14 2,62 2,98 3,79 4,14
15 1,75 2,13 2,60 2,95 3,73 4,07
16 1,75 2,12 2,58 2,92 3,69 4,01
17 1,74 2,11 2,57 2,90 3,65 3,96
18 1,73 2,10 2,55 2,88 3,61 3,92
19 1,73 2,09 2,54 2,86 3,58 3,88
20 1,73 2,09 2,53 2,85 3,55 3,85
21 1,72 2,08 2,52 2,83 3,53 3,82
22 1,72 2,07 2,51 2,82 3,51 3,79
23 1,71 2,07 2,50 2,81 3,49 3,77
24 1,71 2,06 2,49 2,80 3,47 3,74
25 1,71 2,06 2,49 2,79 3,45 3,72
26 1,71 2,06 2,48 2,78 3,44 3,71
27 1,71 2,05 2,47 2,77 3,42 3,69
28 1,70 2,05 2,46 2,76 3,40 3,66
29 1,70 2,05 2,46 2,76 3,40 3,66
30 1,70 2,04 2,46 2,75 3,39 3,65
40 1,68 2,02 2,42 2,70 3,31 3,55
60 1,67 2,00 2,39 2,66 3,23 3,46
120 1,66 1,98 2,36 2,62 3,17 3,37
0 1,64 1,96 2,33 2,58 3,09 3,29

0,05 | 0,025 0,01 0,005 | 0,001 | 0,0005

PiBeHb 3HauymocTi (0AHOCTOPOHHS KPUTHYHA 00JIaCTh)
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JOJATOK T
KpuTHuHi TOYKH PO3NOAiny y 2

Yuciao PiBenb 3HauymocTi

CTYINeHIB

cBoGomu K 0,010 | 0,025 | 0,050 | 0,950 | 0,975 0,980
1 6,6 5,0 3,8 |0,0039 | 0,00098 | 0,00016
2 9,2 7.4 6,0 | 0,103 | 0,051 0,020
3 113 | 94 78 | 0,352 | 0,216 0,115
4 133 | 111 | 95 | 0,711 | 0,484 0,297
5 151 | 12,8 | 111 | 1,15 0,831 0,554
6 16,8 | 144 | 126 | 1,64 1,24 0,872
7 185 | 16,0 | 141 | 2,17 1,69 1,24
8 20,1 | 175 | 155 | 2,73 2,18 1,65
9 21,7 | 19,0 | 16,9 | 3,33 2,70 2,09
10 23,2 | 20,5 | 183 | 3,94 3,25 2,56
11 247 | 21,9 | 19,7 | 4,57 3,82 3,05
12 26,2 | 23,3 | 21,0 | 5,23 4,40 3,57
13 27,7 | 24,7 | 22,4 | 5,89 5,01 411
14 29,1 | 26,1 | 23,7 | 6,57 5,63 4,66
15 30,6 | 27,5 | 250 | 7,26 6,26 5,23
16 32,0 | 288 | 26,3 | 7,96 6,91 5,81
17 334 | 30,2 | 27,6 | 8,67 7,56 6,41
18 348 | 31,5 | 289 | 9,39 8,23 7,01
19 36,2 | 329 | 30,1 | 10,1 8,91 7,63
20 376 | 342 | 314 | 10,9 9,39 8,26
21 389 | 355 | 32,7 | 11,6 10,3 8,90
22 40,3 | 36,8 | 339 | 123 11,0 9,54
23 416 | 38,1 | 352 | 131 11,7 10,2
24 430 | 394 | 36,4 | 13,8 12,4 10,9
25 443 | 40,6 | 37,7 | 14,6 13,1 11,5
26 456 | 419 | 389 | 154 13,8 12,2
27 47,0 | 43,2 | 40,1 | 16,2 14,6 12,9
28 48,3 | 445 | 413 | 169 15,3 13,6
29 49,6 | 45,7 | 42,6 | 17,7 16,0 14,3
30 50,9 | 47,0 | 438 | 18,5 16,8 15,0
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BapiaaTu 111 BUKOHaHHS 1HAWBiAyaJIbHOTO 3aBaaHHs Nel

JIOJIATOK ]I

Bapianr 1 BapianT 2
24,3 23,8 28,4 18,3 12,7 14,8 14,5 17,5 10,9 7,3
20,6 28 24,2 16,86 34,4 12,4 17,2 14,8 10 21,4
18,7 23,8 17,3 21,5 16,9 11,2 14,5 10,3 13 10
23,3 19,6 23,3 28,4 22,4 14,2 11,8 14,2 17,5 13,6
23,3 21,9 30,3 21 23,3 14,2 13,3 18,7 12,7 14,2
29,8 28 24,3 22,4 23,8 18,4 17,2 14,8 13,6 14,5
BapianT 3 BapianT 4
42,5 41,6 50,4 31 28,4 32,36 31,7 38,3 23,78 | 15,86
40,7 35,4 49,5 42,5 61,8 27,08 37,64 32,36 21,8 46,88
41,6 29,3 37,2 28,4 41,6 24,44 31,7 22,46 28,4 21,8
40,7 33,7 40,7 50,4 39 31,04 25,76 31,04 38,3 29,72
20,48 40,7 38,1 53,9 36,3 31,04 29,06 40,94 | 27,74 | 31,04
53 49,5 42,5 39 31,9 40,28 37,64 32,36 | 29,72 31,7
Bapianr 5 Bapianr 6
5,6 5,5 6,5 4,3 3,1 34,89 | 34,18 | 41,33 25,6 17,01
4,8 6,4 5,6 4,0 7,8 29,17 40,61 34,89 | 23,45 | 50,62
4,4 9,5 4,1 5,0 4,0 26,31 34,18 24,17 30,6 23,45
5,4 4,6 5,4 6,5 5,2 33,46 27,74 33,46 | 41,33 | 32,03
5,4 5,1 6,9 4,9 5,4 33,46 31,32 44,19 | 29,89 | 33,46
6,8 6,4 5,6 5,2 5,9 43,47 40,61 34,89 | 32,03 | 34,18
Bapiant 7 Bapianr 8
42,4 41,5 50,5 37,7 19,9 4,6 4,5 5,5 3,3 2,1
35,2 49,6 42,4 28 62,2 3,8 54 4,6 3 6,8
31,6 41,5 28,9 37 28 4,4 4,5 3,1 4 3
40,6 33,4 40,6 50,5 38,8 4,4 3,6 4,4 5,5 4,2
40,6 37,9 54,1 36,1 40,6 4,4 4,1 5,9 3,9 4,4
53,2 49,6 42,4 38,8 41,5 5,8 5,4 4,6 4,2 4,5
Bapiant 9 Bapiant 10
37,42 | 36,65 | 44,35 27,4 18,17 26,3 25,8 30,83 19,7 13,6
31,26 43,6 37,42 25,1 54,36 22,2 30,3 26,3 18,2 37,4
28,18 | 36,65 | 25,87 32,8 25,1 20,2 25,8 18,7 23,2 18,2
35,9 29,72 35,9 44,35 | 34,34 25,3 21,2 25,3 30,8 24,3
35,9 33,6 47,43 | 32,03 | 35,88 25,3 23,8 32,9 22,7 25,3
46,66 43,6 37,42 | 34,34 | 36,65 32,4 30,3 26,3 24,3 25,8
Bapianr 11 Bapiant 12
60,1 49 59,5 36,5 23,9 37,8 37 45 27,4 17,8
41,7 58,4 50,1 33,4 73,1 31,4 44,2 37,8 25 55,4
37,5 49 34,4 43,8 33,3 28,2 37 25,8 33 25
48 39,6 48 59,5 45,9 36,2 29,8 36,2 45 34,6
48 44,9 63,7 42,7 48 36,2 33,8 48,2 32,2 36,2
62,6 58,4 50 45,9 49 47,4 44,2 37,8 34,6 37
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[IponoBxenusa nonarka /|

Bapiant 13 Bapiaunr 14
29,83 | 29,23 | 3528 | 21,97 14,7 39,95 39,13 47,4 29,2 19,3
2499 | 34,67 | 29,83 | 20,15 | 49,14 33,4 46,55 39,9 26,8 58,1
22,57 | 29,23 | 20,76 26,2 20,15 30,1 39,13 27,6 35 26,8
28,62 | 23,78 | 28,62 | 3528 | 27,41 38,3 31,7 38,3 47,4 36,7
28,62 | 26,81 | 3569 | 25,59 | 28,62 38,3 35,8 50,7 34,2 38,3
37,09 | 34,67 | 29,83 | 27,41 | 29,23 49,9 46,6 40 36,6 39,1
BapianT 15 BapianT 16
52,6 51,5 62,5 38,3 25,1 28,6 28,8 34 20,8 13,6
43,8 61,4 52,6 35 76,8 23,8 33,4 28,6 19 41,8
39,4 91,5 36,1 46 35 21,4 28 19,6 25 19
50,4 41,6 50,4 62,5 48,2 27,4 22,4 27,4 34 26,2
50,4 47,1 66,9 45 50,4 27,4 25,6 36,4 24,4 27,4
65,8 61,4 52,6 48,2 51,5 35,8 33,4 28,6 26,2 28
Bapiant 17 Bapiant 18
45 44,1 53,4 32,9 21,6 19,4 19 23 14,2 9,4
37,5 52,5 45 30,1 65,6 16,2 22,6 19,4 13 28,2
33,8 44,1 31 39,4 30,1 14,6 19 13,4 17 13
43,1 35,66 43,1 53,4 41,3 18,6 14,5 18,6 23 17,8
43,1 40,3 57,2 38,47 40,1 18,6 17,4 24,6 16,6 18,6
56,2 52,5 45 41,3 43,14 24,2 22,6 19,4 17,8 19
Bapianr 19 Bapiant 20
47,5 46,6 56,5 34,7 22,8 10,2 10 12 7,6 5,2
39,6 55,5 47,5 31,7 69,3 8,6 11,8 10,2 7 14,6
35,7 46,6 32,7 41,6 31,7 7,8 10 7,2 9 7
45,6 37,6 45,6 56,5 43,6 9,8 8,2 9,8 12 9,4
45,6 42,6 60,4 40,6 45,6 9,8 9,2 12,8 8,8 9,8
59,4 55,5 47,5 43,6 46,6 12,6 11,8 10,2 9,4 10
BapianT 21 Bapiant 22
47 46 56 34 22 25,3 24,8 29,6 19 13
39 55 47 31 69 21,4 29,1 25,3 17,5 35,9
35 46 37 41 31 19,5 24,8 18 22,4 17,5
45 37 45 56 43 24,3 20,4 24,3 29,6 23,3
45 42 60 40 45 24,3 22,8 31,6 21,9 24,3
59 55 47 43 46 31,1 29,1 25,3 23,3 24,8
BapianT 23 Bapiant 24
33,2 32,5 39,5 24,1 15,7 24 23,5 28,5 17,5 11,5
27,6 38,8 33,2 28 48,6 20 28 24 16 35
28,4 32,5 22,7 29 22 18 23,5 16,5 21 16
31,8 26,2 31,8 39,5 30,4 23 19 23 28,5 22
31,8 29,7 42,3 28,3 31,8 23 21,5 30,5 20,5 23
41,6 38,8 33,2 30,4 32,5 30 28 24 22 23,5
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JNOJATOK E
BapianTu 111 BUKOHaHHS 1HAWBIAyaJIbHOTO 3aBaaHHs Ne2

10/10|10(15|15|15|20(20|20|25|25|25|30

X
! y|25]|25]20(35|30|35|45|45|50| 55|55 |55]|60
5 | X 1011015202020 |25(25|30|35|35|35|40
y|15(15|15|25|20|25|30|30|30|35|35|35|35
3 | X 6|6 |6 |16|17|18|20|20|20|22|23|22 |25
y|20(21|21|25(24|25|31|29|30|35|35|35|38
4 | X 12112 |12 15|15|15|23 |21 | 23|38 |27 |28 |35
y|14 |14 114 |22 |21|22|30|30|30|36|37|38]|42
5 x120]120]20(22|25{25|30|30|31|25|35|35|41
y| 9 (10| 9 |14 (15|15|20(20|19 |29 |24 |24 |29
6 X 8 8|8 |16(15|16|22|22|23|29|30|30|38
y|17 |47 | 17|27 |26 |27 |38 |37 |37 |45 | 47 | 46 | 57
7 | X 11112 |12 |17 |17 |17 20 |22 |21 |28 |27 | 27| 32
y|20]25|25|34|34|34|36|36|36|40|40 40|41
3 x[110| 9|9 (1515|1518 |18 |25|22|25|25|25
y|10(10|10|11|11|11/12|12|15|13|15|15|15
g | X 10 15|15(15|20 2120|2627 |26|32 |32 |32
yl2|3|3|3|4|4,4]5|5|5|6)|6]|6
10 X19]19(19 14141141919 |19 (2424|2429
y|24124 11934 |29|34 |44 |44 49|54 |54 |54 |59
11 X 919 (14|119(19]1924|24|29 3434|3439
y|14 |14 |14 |24 119|24 129|129 |29 |34 34|34 |34
12 | X S |5|5|15(16|17|19|19|19|21|22|21 |24
y|19(20|20|24 (23|24 |30|28|29|34|34|34|37
13 Xx|11 |11 (1114|1414 |22|20|22 |37 |26|27 |34
y|13]13 |13 (21|120(21|29|29|29|35|36 37|41
14 1% 191191921 124|24129(29 30|24 |34 |34|40
y| 8|9 |8 |13[14|14/19|19|18 |28 |23 |23 |28
15 | X 7|7 |7 |15(14|15|21|21|22|28|29|29 |37
y|16 |46 |16 |26 | 25|26 |37 | 36|36 |44 | 46 | 45 | 56
16 x|10|11 (1116|1616 19|21 |20 |27 | 26|26 |31
y|19]24 124|133 |33|33|35(35|35(39|39|39]40
17 X 9 | 88 14|14 14|17 |17 |24 21 |24|24 |24
y|9(19]9|10/10|10|11 11|14 |12 14|14 |14
18 | X 9 (1414114 |19|20|19|25|26|25|31|31 |31
yl1|2|2|2|3|3|3|4|4|4]|5|5]|5
19 x|11]11 (1116|1616 21|21 |21 |26 | 26|26 |31
y|26]26]21|36|31|36|46|46|51 |56 |56 | 56|61
20 x|111]11]16 (2121|2126 |26|31|36|36 36|41

16 |16 |16 |26 |21 |26 |31 |31 |31 |36|36 |36 |36

<

Ilpumimka. Y Ta0iuIli HABEICHO: «X» — HAaBaHTAXXCHHS Ha KpirieHHs (MIla)
«y» — 3MIIIEHHS KOHTYPY BUPOOKH (MM).
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