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IlepeamoBa

Metoau Teopii WMOBIPHOCTEH Ta MaTe€MaTUYHOI CTAaTUCTUKU MarTh Oarato
3aCTOCYBaHb Ta IIMPOKO BUKOPUCTOBYIOTHCS B PI3HOMAHITHUX Tally3iX Cy4acHOi
HAayKH 1 TEXHIKH, HapOAHOTO TocmojapctBa. Tomy Ied mpeaMeT SK HaBYallbHa
JUCIMIUIIHA TIOCI/Ia€ YiIbHE MICHE B MIATOTOBII TEXHIYHHX CHEIaNICTIB Pi3HUX
HanpsMKiB. MeTa NaHOro MiApyYHHKAa — JONOMOITH CTYACHTY ONaHyBaTH Kypc
«Teopis HMOBIpHOCTEl Ta MaTeMaTHYHA CTAaTUCTUKA», O3HAWOMHUTH WOTO 3
OCHOBHUMH TOHATTSIMHU, TBEP/UKCHHAMH, METOJaMU Teopii MMOBipHOCTEH 1
MaTeMaTHUYHOI CTATUCTUKH, BUPOOUTH WMOBIPHICHY 1HTY{II1I0, OBOJIOITH HABUIKAMHU
PO3B’sI3yBaHHs PI3HOMAHITHUX, Y TOMY YHCIII IPUKJIATHUX 3a/1a4.

Marepias niapydyHHUKa MOJaHO y BUTIISL ABAJLSTH OKPEMHUX PO3/LIIB, V SKUX
BUKJIAJICHO TEOPETUYHI TMOJIOKEHHS 3 JIOBEJECHHSM OCHOBHUX TeopeM Ta (opmyl
Teopii KWMOBIPHOCTEH Ta MaTeMaTHYHOI CTAaTUCTUKU. B KIHII KOXXHOTO pO3JAUTY
MICTSITBCS 3allUTAaHHS JJI1 CAMOKOHTPOJIIO 3HAaHb, PO3B’SI3aHO THUIIOBI 3a/1a4l 3 JaHOI
TEMHU, a TAKOXX HaBEJICHO 3a/1a4l 111 CAaMOCTIHHOTO BUKOHAHHS.

[linpy4HUK € pO3IIUPEHOI0 Ta MEepepoOJIEHOI0 BEPCi€l0  HABYAIbHOIO
nocionuka [9]. [lepiia yactuna nigpyunuka (po3aumm 1-5) oxoruitoe 6a30B1 MOHSITTS
Ta OCHOBHI T€OPEMH TEOpii HMOBIPHOCTEM, 10 CTOCYIOTHCSI BUIIAAKOBUX MOAIN Ta iX
UMOBIpHOCTEH. Y IIMX PO3AUIaX aBTOPU CHUPAIMCA HA Marepian MIIPYYHUKIB Ta
HaBYaJbHUX MOCIOHMKIB [6, 7, 9, 10]. Ti 3 uwurauiB, sKi Oa)kalOTh TIUOIIE
03HAMOMHUTHUCH 3 JTAHOIO TEMOIO, MOXKYTh CKOpHUCTAaTHCh Takox [13, 14, 18].

Y napyrii yactuHi (po3aim 6-15) po3riasHyTO BUIAAKOBI BEJIMYMHU Ta IX
XapaKTepUCTHKU. HaBeneHo mNpUKIaAM KIACHYHUX JUCKPETHUX 1 HENepepBHUX
po3noautiB. Po3risnaroTbCs MOHATTS HE3AJIEKHOCTI Ta KOPEJSMil BHUIIAJKOBUX
BEJIMYMH, @ TaKOX MOHATTS (DYyHKUIA B1J BUIAAKOBUX BEJIWYMH. Y LHUX PO3ALIAX
aBTOpaMHu OyJi0 B35ATO 3a OCHOBY [2, 8, 9]. Po3mmpene BukIaaeHHs 1[bOTO MaTepialy
MOJKHA 3HAWTH, HAIPUKIIAI, Y HaBYaIbHHUX MociOHnKkax [13, 14, 18].

Tpers uwactuna (posminmu 16-20) mpucBsiueHa MaTeMaTHYHINA CTaTUCTHIL.
[Mpuknaau po3iOpaHi 3a JOMOMOTOK CHCTEMHU eJeKTpoHHHMX TaOmuib Excel. Ipu
HamucaHHI OyJI0O BUKOPUCTAHO WIAPYYHWKH Ta HaB4yaybHi mociOHwku [2, 9, 10].
JlonatkoBy JiTepaTypy 3 Ii€i Temu MoxkHa 3HaiTh y [15, 16, 18, 20, 21]. Yurauawm,
Kl XOUyTh JETaJIbHIIlIe pO310paTUCh 3 METOJaMM aHali3y JAaHUX 3a JOMOMOTOIO
nakeTy R, MOXHa pekoMeHIyBaTH HaB4YalbHUI TociOHMK [17]. [Ipu migbopi 3amad
MU BUKOPHCTOBYBAJIU i7IeT 3aJaYHUKIB Ta pakTUKyMmiB [1, 3, 4, 11].

[limpyyHUK € pe3ynbTaTOM y3arajlbHeHHsl 0araTopiyHOro JOCBiAY aBTOPIB MPHU
BUKJIQJIaHHI JIaHOT JWCIMIUIIHA Y BUIIMX HayalbHUX 3aKjajax. lemMaruka
3alpPONIOHOBAHOTO MaTepially BIANOBITAE HaBYANBHIN Tiporpami Kypcy «Teopis
AMOBIPHOCTEM Ta MaTeMaTW4YHa CTAaTHUCTHKa» Ji1 CTYJCHTIB HaBYAJbHO-HAYKOBOTO
IHCTUTYTy AaTOMHOI Ta TEIUIOBOI eHepreTuku HallloHaabHOrO  TEXHIYHOIO
yHiBepcuteTy YKpainn «KuiBCbKMII TMOMITEXHIYHMA 1HCTUTYT 1MeHi Irops
Cikopcbkoroy, cremanbHicTh 143 «AToMHa eHepreTuka». I[ligpydHUK TakKox
MICTHTh JOJIATKOBI PO3/I1JIH, SIKi MOJKHA BUHECTH Ha CAaMOCTIHHE OIpaIlfOBaHHS.

[limpyyHUK pEKOMEHIOBAHO i CTYACHTIB Ta BHKJIQJayiB 1HXXEHEPHUX
CHeIlaIbHOCTEN HaBYAJILHUX 3aKJIaJI1B BUILOI OCBITH.
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1. OCHOBHI IIOHATTSA TEOPIi UMOBIPHOCTEN

Teopiss ¥MOBIpHOCTE — MOPIBHSHO MOJIOJA Taly3b MaTeMaTtwku. Ilepri
pobotu Oynu mMoB’si3aHl 31 CPoOOI0 CTBOPUTH Teopito azaptHux irop (XVII ct.).
[IpoTe oOnacTh 3acTOCyBaHHS TeOpii HMOBIPHOCTEM Maibke Bipa3y MOYUHAE
PO3IIMPIOBATUCH, BKIIIOUAIOUN B ceOe MPUKIAAHI 3a1aui AeMorpadiuHoi CTaTUCTUKH,
CTpaxoBOi cmpaBu 1 Teopii HaOMMKeHHX obOuuciaeHb. Ha mpoMmy etami BiqdyTHUN
BHECOK B ifiei HOoBoi Hayku BHecnu brnes Ilackamp Ta [T’ep depma. Y meit ke gac
XpuctusH ['tolirenc BBiB pyHIaMeHTaIbHE OHITTS YUCIOBOI Mipy HMOBIPHOCTI.

Y XVHI ctoniTTi 3’sBUKMCh MOHOTpadii 13 CUCTEMAaTUYHUM BUKJIAJA0M Teopii
nmoBipHocTeit. Ilepmoro 3 Hux crama kaura Sko6a beprymn “MucrtenTBo
npunymens” (1713p.). YV Hiii bepuymn 3anpomnoHyBaB KiIacH4HE O3HAYEHHS
BUIIQIKOBOI I0/111, BUKJIAB MpaBuja MiIpaXyHKy HMOBIPHOCTEH JIJIsl CKJIQJIHUX MOJIIHN 1
chopMyIIIOBaB MEPIINNA BaplaHT “3aKOHY BEITUKHUX YUCENT .

Ha mowatky XIX cronittsa imei bepHysuil po3BuUHYIM Taki BiIoMi BY€HI, K
[T’ep-Cumon Jlamnac, Kapn ®@piapix ['ayc, Cimeon-Jleni [lyaccon.

Ha mouarky XX cropiuyuss OypXJuMBUA PO3BUTOK TEOPETUYHOI Ta
eKCIIEPUMEHTaIbHOI (P13UKH, T€Opii MAacOBOro OOCIYrOBYBaHHS, CTPAaXOBOI CIPABH,
KOHTPOJIFO SIKOCTI MPOJYKLIi, Teopli IMOMUJIOK BHUMIPIOBAHHS TPHU3BEIH 10
(dbopMyIIOBaHHS HM3KH WMOBIPHICHUX 3adad HoBoro tumy. Kapn Ilipcon po3pobus
AITOPUTMH MaTEMaTHYHOI CTAaTHCTUKH, SIKI IIHPOKO 3aCTOCOBYIOTHCS MJIS aHATI3Y
NPUKIAJHUX BHUMIPIOBaHb, IepeBipku rinote3. A.M. KoiMmoropoB yBiB y Teopito
AMOBIPDHOCTE KJIACHMYHY akKcloMaTuKy. Teopis HMOBIpHOCTEH (QOpPMYy€EThCS SK
OKpeMa MaTeMaTH4YHa AUCHHUIUIIHA Ta OTPUMYE CTPOTe€ MaTeMaTH4YHE OOTPYHTYBaHHS.

VY apyriit nonoBuHi XX CTOMITTS B YKpaiHi CKJajacs MOTyHa IIKOoJIa Teopii
BUITA/IKOBHX MpOLECiB. 30kpeMa y poborax M.1. T'ixmana Gyi1a 3aro4aTkoBaHa Teopis
CTOXaCTUYHUX JU(epeHIiaIbHUX PIBHAHD (MapajieibHO 3 SMOHCHKUM MaTEMaTHKOM
K.Ito). IToganpimmii po3BUTOK B YKpaiHi Teopii BUMAJAKOBUX MPOIECIB 1 TOJIB Ta 1i
3aCTOCYBaHb y CTATUCTHIIl, TEOPIi MACOBOTO OOCIYrOBYBaHHS, TEOPii ONMTHUMAIBHOTO
ynpaBiiHHS NoB’si3anuii 3 imeHamu A.B. Ckopoxopa, B.C. Kopomtoka Ta iHIIHX.

VY wnamri gH1 Teopis KMOBIPHOCTEH 3aiiMa€e OJIHE 3 MEPIINX MICIh y MPUKIATHUX
HayKax 3a IHUPOTOI0 CBOEI 001acTi 3acTocyBaHHSA. MOXKHA CKa3aTH, 110 HEMAa€e TaKoi
NPUPOAHUYOI HAYKHU B K1/ OM HE 3aCTOCOBYBAJIMCS WMOBIPHICHI METO/IH.

1.1. OcHoBHi noHATTS Teopii iiMoBipHOCcTell. ExcriepuMeHT, BUNaAKOBI
nozii

Teopist iiMOBIpHOCTEH BHUBYAE 3aKOHOMIPHOCTI MAacCOBUX BHUIAJKOBHUX SIBHII,
NoMi, BEJMYMH, TMpoleciB. MacoBl sBHUIIA Ta TPOLUECH XapPaKTEPUIYIOTHCA
OaraToKpaTHUM  TIOBTOPCHHSM  ACSAKUX  ONepaliiid, ik, JOCHiJiB  TOIIO.
AOcTparyrounch Biag crnenudidYHUX BIACTHUBOCTEM IMX oOmeparii, y Tteopil
MOBIpHOCTEH  BBOJSATH TMOHATTS  excnepumenmy (E) (abo  sunpobysamns,
CNOCMEPEINCEHHSL).

[lin excnepumenmom (E) Oynemo po3yMiTH sIKeCh BHIIPOOYBaHHS, JifO,
pE3yNbTAT SKOI HEMOXJIMBO TEpPeA0ayuTH 3a3/ajeri/ib, aje Ky MOXHA TMOBTOPHUTH
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Oarato pasiB (xo4a O TIIbKM TEOPETHYHO) MPHU THUX CAMHUX YMOBax Ta CIOCTEpIraTu
pe3ynbTar.

Crnocrepiratu pe3ynbTaT O3Ha4ae, 10 MU (HIKCyeMO JesIKui (akT, HACHIAOK,
pe3yibTaT €KCIEPUMEHTY, SIKUM MU HA3UBA€EMO 6UNAOK08010 nodicto (a00 TPOCTO
nodiew). Y pe3ynbTaTi EKCHepUMEHTY TMOAisl MOXKe BIIOYTHUCS, a MOXKE 1 He
B110yTHCS.

Posrnsaemo npuknaau.

Hpuxaan 1.1. E — nigkuganHsg MOHETH. Y pe3yNbTaTi OO €KCIIEPUMEHTY
MO’KEMO OYiKyBaTH MOSBY TaKUX MOJIIN:

A="Bunas “rep6”” abo
B="Bumnana “mudpa’’.

3ayearxncennsa. 3BepTaeMo yBary, 1o Mo/ii MO3HAYa€MO BETMKUMU JTATHHCHKH-
MU JIITepaMH, a iX “3MICT" MOSICHIOEMO y Jlanmkax: ~...*

Hpuxnan 1.2. E — nigxkuaands rpajibHOro Kyouka. [Ipukmaay moii:
A="Bunajna napHa KuIbKiCTh OYOK”,

B="Bunana KiJIbKICTb OYOK, 1110 OiJIbIlIa a00 piBHA 37,

C="Bunanu “1” ado “5” o4oK”, TOIIO.

3po3ymino, 110 B Pe3ybTaTi IIbOT0 €KCIIEPUMEHTY KIJIBKICTb MOIH, SIKI MU MOYXKEMO
OUIKYBaTH, 3HAYHO OUIbIIIA, HIXK Y MOMEPETHbOMY TTPUKIAII.

Hpukaan 1.3. E — rpanbHuid KyOuK miKuaaeTbes aBidi. [Ipukinanm nomiid:
A="BuUnano Bl 0IHaKOBI LU(ppu”,

B="cymMa 040K, 110 BUTIaJIH, KpaTHA 6,
C="Bumano TUIbKH “1” abo “5” ”, Tomio.

Hpuxnan 1.4. E — cknaganss icnuty ctyaedaTom. [lomii:

A="1CIUT CKJIaJIeHO”,
B=""1ciuT He cKnajeHo”,
C="1CIuT CKJIaJICHO Ha OIIIHKY “A” ”, TOIIIO.

Sk 6aunmo, oaii MOXKYTh OYTH TPOCTUMH 1 O1TBIN CKiIagHUMHK. Bl moii

MOAUISIOTH Ha €JIEMEHTapHI Ta CKJIaIHI.

1.2 E.]IeMeHTale MOJil. Hpocnp e/leMeHTapHUX nojaii

Cepen ycix MOXIMBUX TONINA, SKI MOXYTh BIZOYTHCS B pPE3yJbTari
EKCTIIEPUMEHTY, BUILITUMO eleMeHmapHi noodii. Enemenmapnoro Ha3BEMO TOJII0, SKY
HE MOYKHA MPEJICTABUTH K CYKYITHICTh 1HIIKX MO1M, a BC1 1HIII MOJ1i MOKHA MOAaTH
yepe3 11 enemMeHTapHi mnoxii. EnemeHTapHi moAil BHUKIIOYAIOTh OJIHA OJHY.
Pe3ynbTaToM €KCHepUMEHTY € OJHa 1 TUIbKU OJHA 3 TaKUX €JIEMEHTapHUX MOJii.
MHOXH1Ha BCIX €JIEMEHTapHUX pPE3yJbTaTIB EKCIEPUMEHTY YTBOPIOE HpOCHMIp
enemenmaprux nooiu. IIpocTip eneMeHTapHUX TMOAIM To3HaudaeTbest €2, a
eJIEMEHTapHI TOoAll cUMBOJaMU . bynb-ska BHUMmaakoBa TOAIS TOMAETHCS uepes
eJIEMEHTAPHI MO/11, a OTXKE € MiIMHOKUHOIO TIPOCTOPY EIEMEHTAPHUX TO/IIMH.

JIist  mpuKIadiB - eKCIEPUMEHTIB, HABEACHHX Y TMONEPEIHOMY TTYHKTI,
OTIMIIIEMO BiJMIOBIHI TPOCTOPH €IIEMEHTAPHUX MOJIIH.

Hpuxknax 1.5. E — migkuganHs MoHeTd. IIpocTip eneMeHTapHHX IOl

72999

Q= {a)l,a)z} , 1Ie o, = ’BUNAB “Tep0’”’, w, = ’BUnana “mudpa
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Hpuxnan 1.6. E — nigkuaands rpajibHOro Kyouka. [Ipoctip enemeHTapHUX
noxii Q= {a)l,a)z,a)3, 0)4,a)5,a)6}, Jie eJIEMEHTapHI MOl w, = “Ha BepXHIN rpaHi KyOuka
BUITAIO | 04OK” , i =1,6.

Toni monist A= ’Bunaia napHa KuUIbKICTh OYOK™ = {0)2 y Wy we} :

—b

nofis B= “Buajna KUIbKICTh OUYOK, 1110 O1yibIa abo piBHa 37= {a)31a)41w51 a)e} ,

nonia C="Bunano “1” abo “5” ouok” = {601,605} :

ITomii 4, B, C € nigMHOXKUHaAMHA .
Hpuxnan 1.7. E — rpaabHuil KyOUK MIIKUIAETHCS JIBIYi.

Q= {a)ij A, ] =1, 6} , J1e eIeMEeHTapHI Mol @, ="TIpy TEPIIOMY IiAKUIaHHI BHITAJIO |
OYOK, TIPU JAPYTOMY ITiIKAJAHHI - | O90K”, TOJI

A= ’Bumano nBi ogHaKkoBi mudpu’’ ={a)11,a)22,a)33,a)44, 6055,0)56} :
B="cyma 040K, 10 Bumaiam, Kpataa 6” ={w15,a)24,0)33,0)42,0)51, 6066} :

C= "Bunaiu TUIbKH “1” abo “57 ={a)11,a)15,a)51,a)55} :

D="cyma ouok Oinpmma 13” = & (MOpoKHS MHOKHHA, HEMOXKITUBA TTO/Tis).
Hpuxnan 1.8. E — cknananHs icnuTy cTyaeHToM. EneMenTapHi momii:
@,="1CIIAT CKJIAaJI€HO Ha OIIHKY “A” 7,

@, =”1CIIUT CKJIAaJEHO Ha OLIHKY “B””,

@, ="1CIINT CKIIaIleHO Ha ouiHKy “C” 7,

@, ="1CTIAT CKJIaJIEHO Ha OLiHKY “D” 7,

(05 ="1CIIUT CKJIaJIEHO Ha OLIHKY “E” 7,

@, ="ouiHKa 3a icruT “FX” 7,

@, ="CTyJIEHT HE IOMYyUIEHUH 10 CKiIafgaHHs icnury, “F” 7.
(0, ="CTYJICHT YCYHEHHUH 3 icuty’.

IToxiss A="1cnuT cKJIageHo = {a)l, Wy, Wy, Ay, 0)5} :

noaisa B="iCIIHUT He CKJIaAeHO = {606 y 0y, a)g} :

nofist C="ICIUT CKJIaJE€HO Ha OLIHKY “A” 7= {601} :

OTxe, HaroJIOCUMO 1E pa3, 10 y PO3MIAHYTHX MpUKIagax (CHIJIbHUM B HUX €
TE, MO MPOCTIP EIEMEHTAPHUX MOJIN € CKIHUCHOIO MHOXHHOIO) 6UNAOK08d Nodis €
NIOMHOJICUHOIO NPOCMOpY elleMeHmapHux nooiu, A c Q , 30kpema, nojis A Moxe
30iratucs 3 & abo Q. Y 3araJlbHOMy BHIAJIKy MNPOCTOPU €JIEMEHTApHUX MOJIN
MOXYTbh OyTH TaKOK HECKIHUEHHUMH (3JIIYEHHUMH a00 HE3TTUCHHUMHU).

1.3. Kaacudikanis moaii

[loxmis, sika B pe3ysbTaTi €KCHEPUMEHTY HE MOXKE BIAOYTHCS, HA3MBAETHCS
Hemooicausoro. 11o3Havaersesa & .

[lonmist, sika 00OB’S3KOBO BIAOYAETbCA TMPU BHUKOHAHHI EKCHEPUMEHTY,
HA3UBAETHCS 0ocmogipHoto. 11o3HauaeTbest Q.
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JIBi moxii A 1 B Ha3UBaWOTLCA CYMICHUMU, SIKIIO B PE3YyJIbTaTl €KCIEPUMEHTY
BOHU MOXYTh BiOyBaTUCs OJHOYACHO. | BiAMOBIAHO, TTOAIT A 1 B HecymicHi, SIKIO B
OJIHOMY BUNPOOYBaHHI BOHU HE MOXYTh B1JIOYBAaTHCS OJTHOYACHO.

JIMBASYMCH Ha MOIT SIK Ha MAMHOXUHU (), MAEMO:

Ai1B—cymichi < ANB=J;

A1B—necymicni < ANB=J.

3actocyeMoO cxeMaThyHe 300pakeHHsI MOJIA 3a JomnoMororo kpyriB Eiinepa,
nuB. puc.1.1. ta 1.2., IpIMOKYTHUKOM 300pa)K€HO MPOCTIP €IEeMEHTAPHUX TOiH 2

\ Q Q

Puc.1.1. 41 B — cymicHi Puc.1.2. A1 B — uecymicni

[onis A HasuBaeThCs npomunexcroro 10 nomii A, skio noais A BixOyBaeTbes

KOKHOTO pa3y, Koiu He BigOyBaetbcs momis A . Ilomii 4 ta A He MOXYTh
B1JI0YBaTUCS OJTHOYACHO, CXEMATUYHO 11 OJI1i MOKa3aHo Ha puc.l.3.

A ta A — npomunencni < ANA= 1a AUA=Q.

Puc 1.3. 4 i A — nporunexHi moii.

[Monist A cnpuuunsic (msene 3a coboio) nouiro B (abo 3 momii A euniusae noodis
B, abo monis B € uacniokom mopii A) o3HaYae: SKIIO BigOynacs momais A, TO
000B’sI3KOBO BiI0y1acs 1 nmojisa B. JIUBAsTYMCh HA MOIT SIK HA M1JIMHOXKUHHU TTPOCTOPY
€JIEMEHTapHUX MOJ1H, MAeEMO, 110 MOisA 4 € IIMHOXKUHOK No1ii B.

IMonis 4 cnpuyunse nonito B < A B. 11 noaii 306paxeHo Ha puc.l.4.

Q

Puc. 1.4. A < B.Iloxnis B — Hacmigok nomii 4.
Skmo A< B ta omHoyacHo Bc A, To monii A,B € exesisarenmuumu
(pienumu), A=B.
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1.4. Onepanii Hag nogisaMu
Posrnsaemo taki onepartii (i) HaJ1 MOIIAMH: Cyma, T00YTOK, PI3HMIL TTOIIH.

1.4.1. Cyma nogaii

Cymoro (06’conannsam) nBox momid A 1 B HazuBaioTh Taky nofgito C, sika
BiIOYBAETHCS TOJI, KO BiMOYBa€Thcsl xoua O omHa 3 mofiit 4 a6o B, abo oOumBi
oxHovacHo. Ilosnawaetscs: A+ B=C (AUB=C). CxemaTnuHo, 3a IOIOMOIOIO
KkpyriB Eilsiepa, cyMy ABOX IMOA1M nmoka3aHo Ha puc.l.5..

Puc.1.5. Cyma aBox nofiii A 1 B (3amrpuxoBaHa 001acTh).

1.4.2. JoOyToK moaiii

Jlobymkom (nepemunom) nBox mopiil A 1 B Ha3zuBawoTh Taky mnoxito C, sika
B1JIOYBAETHCS TOJI1, KOJIM MO1i A4 Ta B Bi10YyBalOTHCS OJIHOYACHO.

[Mosnavaerscs: A-B=A4B=C (AN B=C). [lokazano Ha puc.1.6.

Puc.1.6. JoOyTok aBox momiit A i B (3amTpuxoBana 0071acTh)

1.4.3. Pizuuusa noaiu

Piznuyero nBox nopit A 1 B Ha3uBawTh Taky nofito C, sika BiAOYBa€eThCs TOI,
KOJIY B110yBa€ThCs OISl A Ta HE B110yBa€ThCs OIS B.

IMosnavaersest: A\B=C (A\B=A4B=C). Ha puc.1.7. cxemaTu4uHo 300pa’keHo
PI3HUIIIO ABOX MOJIM.

Puc. 1.7. Pizauns noxiit 4 1 B (3amTpuxoBaHa 00J1acTh)
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Hpuxnan 1.9. E — nigkugaHHs rpajbHOTO KyOHKa. Q={a)1,w2,0)3,0)4,w5,0)6}, zie
, = 7Bunano i ouox”. Ilomist A= “Bunana mapHa KiJIbKiCTh OYOK” :{a)z,a)4,a)6},

noisi B=""BuIiaja KiJIbKiCTh OYOK, 1110 KpaTHa 3= {0)3,606} :

Cymoro noaiit 4 1 B € noais C=A+B="KiIbKICTh 040K KpaTHa abo 2, abo 3=
{0, 0,0, 0.

Jobytkom monii 4 1 B € moxgis C=AB="KUIbKICTh OYOK KpaTHa 2 Ta 3
oJiHOoYacHo (To0TO, KpaTtHa 6)” :{a)s} :

Pizaunero nmomii 4 1 B € nomis C=A4\B ="kinbkicTh 040K KpaTHa 2, ajie HE

KpaTHa 3”:{(02,&)4} . Piznwumero nomiii Bi A € momist C=B \ 4 =’kinbKicTb 04uoK KpaTHa

3, ajie He KpaTHA 2”={603} :

1.4.4. BnacTuBocTi onepauiii Haa nogisMu

Teopisa iimoBipHOCTEN 0a3yeThbcsl HA TEOPETHUKO-MHOKMHHIN OCHOBI, omepailii
HaJ MOJIISIMU TOBHICTIO aHAJIOTIYHI OmepalisiM HajJ MHOXWHaMmH. [lii jomaBaHHS Ta
MHOKCHHS TIOJIi{ 33TOBOJIBHSIOTH HACTYITHUM 3aKOHAM:

o KomyratuBunit: A+ B =B+ A A-B=B-A4

o Acomiatuanii: (A+B)+C=A4+(B+C) (4-B)-C=4-(B-C)

o Juctpubytusuuii (I): (A+B)-C=4-C+B-C

o Huctpubytusnuii (I): (4-B)+C=(4+C)-(B+C)

Takox HeBaXKKO MOMITUTH (Ta JOBECTH) TaKl MPaBUJIA:

A+ A=A A+D=4 A+A4=0 A+Q =0
A-A=A A-D=0 A-A=D A-Q=4
A=A F=0 Q=0
A\B=A\(A-B)=A-B

A+B=A-B; A-B= A+B (3akoHU 1BOICTOCTI 200 3aKOHM Jic¢ MopraHa)
Jgxkmo A B, tomi A+B=B 1a AB=A.

1.5. Aaredpa ta o - aaredpa nogii
Hexaif MHOXMHA ) — TPOCTIp €JIeMEHTApHUX MOJiH, 10 BIAMOBIIAE€ TAaHOMY
CKCIIEPUMEHTY, € CKIHYeHOI MHOXHHOI0, N(Q)=n — KIUIBKICTh €JIeMEHTApHHUX
Mo, 1m0 ckiIagarTh 2. YKCio miIMHOKIH MHOXUHHA Q (BKIIIOUYAIOUH & ta camy
MHOXUHY Q) , nopiBHioe 2". OTXe, YMCIO BCIX MOKJIMBHUX BHUIAJKOBHX MO,
10 Bi/INOBiIAIOTh JAHOMY EKCIIEPUMEHTY, NopiBHIOE 2",
MHOX1HA BCIX TOAIH, IO CKIATAETHCS 3 MIJAMHOXKHUH MPOCTOPY €IEMEHTAPHUX
Mofiii Q, HA3UBAETBCA Anee6poIo MO, TO3HAYAETHCA N | SAKIIO CIIPaBIKY€ETHCA:
1) QeR;
2) axmo A€ R, o A= Q\A €R;
3) sxmo 4, Be R, 10 A+ BeR.
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VY 3aragpHOMY BHUIAJAKy MHOXHMHA  MOXE OyTH HECKIHYEHHOK (SIK
3MiYEHHOI0, TaK 1 He3liyeHHow). Muoxuna Bcix mogii R, nobymosana y

HECKIHYCHOMY IPOCTOPI €IEMEHTapHHUX IO/, HA3UBAETHCA O - aleeOporo TIOJIN,
SKIIO BOHAa € aireOporo, TOOTO BHUKOHYIOTBbCS ymoBH 1), 2), 3) Ta TakKoX
CIIPaB/IXKY€EThCSI HACTYITHA YMOBA!

4) sxmo 4 e R,ie N, Tomi CJAi cR.
i=1

3anumanHnsa 0na CamoKOHmMpPOJilo

1. I1]o susuae meopis iimogipnocmeti?

2. ll]o nasusatroms excnepumenmom? Iloodiero?

3. Il]o make npocmip enremenmapHux nooiti?

4. fka noodis Ha3uBaeMvCsi OOCMOGIPHOI, HEMONCIUBOIO?

5. Aki nodii Hazusaroms cymMiCHUMU, HECYMICHUMU, NPOMUNEHCHUMU?
6. Aki noodii nazuearomo exgisaieHmMHUMU?

1. ll]o nazueatoms cymoro nooiu?

8. Lo nasusaromv 000ymKkom nooii?

9. Il]o nasusatomo piznuyeio nooiii?

10. Hazeims enacmusocmi onepayitl Hao noOisMu.

PO3B’H3yBaHHH THUIIOBHUX 3aJa4

3aoaua 1.1. TexHIYHHUI KOHTPOJIb MEPEBIPAE AKICTh TPHOX MPUIIAIIB.
Onwucaru:

a) MPOCTIp eNIeMEHTapHUX MO,

0) mojiro A= "BCi IpHIIaH SIKICH1”,

B) MOJ1it0 B= xo4a 6 OAMH 3 MPUJIAJiB € HEIKICHUM

r) noxito C= ’cepen MepeBIpEHUX NMPUIIAAIB PIBHO OJUH HESKICHHI .

o o3nauarots noxii: 1) A+B; €) AB; %) B+C; 3) BC ?

Po3zé’azanns. Excnepument E — nepeBipka 3-x npunais. [Toznaunmo: “S” —
npuia sikicHui, “H” — npunan nesikicHuil. Pe3ynbratu nepeBipku 3-X npuiaaiB
MOJKHA 3aIlMCaTH TaK:

a) MPOCTIp eIeMEHTAPHUX MOA1H:

Q={A44, A4H, AHA, IHH , HAA , HAH , HHA , HHH | ;

6) moxis A="gci npunanu sxicui”={ A4} ;
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B) mofisi B="xo4a 0 OJIMH 3 MPWJIAJIIB € HESAKICHUM =
{AAH, AHA, AHH , HAA, HAH , HHA, HHH | ;

r) nogis C="cepen npunais pisuo 1 nesxicuuit” ={AH, AHA , HAA} ;
Ockinbku ofiii 4 1 B € IpOoTHIICKHUMH, TO:

o) A+ B =< — 1ocToBipHa MOI;

€) AB=0 — nemoxnmBa momis.
3ayBaxxumo, 1o 3 noxii C summBae noxis B, C c B - OTKE:!

%K) B+C=B="xoua 6 01MH 3 IPUIALIB € HEAKICHUM " |
3) BC =C = "cepen npunaais piBHo 1 HesKicHUI”.
3aoaua 1.2. Cupoctutu Bupas: (4+ B)(A+B)(4+B).

Po3zé’azannsa. CkopucraeMocsi 3aKOHaMu 1 TpaBWIaMd JJIs JOJaBaHHS 1
MHOKEHHS MOJiH, 10 HaBelleHl y TyHKTI 1.4.4. Po3KkpueMo JTy>)KKU Ta BpaxyeMo, 110

AA = BB =& . OtpuMaeMo:
(A+B)(A+B)(A+B)=(A+B)(AA+ AB + BA+ BB) = (A+ B)(AB + BA) =
= AAB + ABA+ BAB + BBA=QB + AB+ QA+ BA= AB+ BA= AB '

Bionogion: (A+B)(A+B)(A+B)=4B.

3aoaua 1.3. Jlosectn: (A+B)(A+B)+(4+B)(A+B)=Q.

Poszé’azannsa. CkopucraeMocsi 3aKOHaMu 1 TpaBWIaMH 7 JOJaBaHHS 1
MHOKeHHA mofiit (m. 1.4.4). PoskpumeMmo myXKu, Bpaxyemo, mo AA=BB = Ta
A+A=Q:

(A+B)(A+B)+(A+B)(A+B)=AA+ AB+BA+BB+ AA+ AB+BA+BB =
= A+ AB+BA+ A+ AB+BA=Q+ AB+BA+ AB+BA=0Q '

[Ilo 1 Tpeba Oys0 10BECTH.

3aoaua 1.4. Konu MoxiuBa piBHICTh : A+ B = AB?

Pose’sazannsa. Cnocio 1. Tlomis A< A+ B ta AB — A 1ig 1OBUIBHUX NOIINA
A,B.Ocxineku A+B=AB, 10 A=A+ B = AB . AHanoriuso,
B=A+B=AB.Otxe, A=B.

Cnoci6 Il. lomHOXXHMO OOW/IB1 YaCTHHH PIBHOCTI Ha B, oTpuMaemo:

(4+ B)B=(AB)B, 3Binku AB+ BB = ABB = AB+ B=AB . Ockinbku

ABc< B, to AB+B=B, otke, B= AB . Ananoriuno, A= AB . 3Biaku,
B=4A4.
Bionosios: Taka piBHICTh MOXJIMBA, SIKIO A = B.

3aoaua 1.5. Yu cymicHi ioaii A ta A+ B?
Po3zes’sizanns. Cnocio 1. Hexaii enemenTapHa nomiss w € A+ B, o] 3a

3aKOHOM Jie Moprana w € AB , 3Binku we A, aorxe, ®¢ A. Toxnii A ta A+ B
HECYMICHI.

Cnoci6 II. Posrnsmemo A-A+B=A-(A-B)=(A-A)-B=0-B=0.

Bionosiow: Hi, HecymicHi.
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3aBaaHHA IJIM CAMOCTIHHOI0 BUKOHAHHS

1.1. TexHIYHUI KOHTPOJb MEpPEBIpsie YOTHPHU BUpoOH. Onucatu:

a) MPOCTIp eNeMEHTApHUX TMOIIH;

0) monito A="xoua 6 OIMH 3 IPUIAAIB € OpaKOBaHUM;

B) MOi10 B="cepe/ nepeBIpeHNUX MpUIaaiB OpakoBaHUX HE MeHIIe 2-X.
1o o3navarots momii 1) A; 1) B;e) A+ B: €) AB ?

1.2. 3 Tabmuii BUIMAJKOBUX 4YHCEI HaBMaHHS BHOpaHO OJHE HaTypajbHE
yucio. [Toais A — Bubpane unciio kpatHe 5, mojais B — BuOpaHe 4nciio € mapHuM.
Ormwits monii a) A\B; 6) AB; B) A+B .

1.3. CnipocTuTH BHpa3s:

a) A(A+B); 6) A(A+Q)(B+D); B) (A+B)(B+Q)(A+D);r) (4+B)(4+B).

1.4. Hexait B < A. CnpocTuTH HACTYITHI BUPA3H:

a) A+ B; 0) AB; B) (A+B)B; r) A(A+B); n) A+ B; ¢) AB.
1.5. loBecTu:

a) (A+B)(A+C)=A4A+BC;0) A(A+C)(C+B)=A4AB+ AC,

B) (A+B)(A+B)(A+B)A+B)=D ;1) (A+B)(A+B)+(4+B)(A4+B)=Q.

1.6. Ko MoxmBa piBricts : a) A+ B=A4;6) AB=A;?

1.7. 3a IKUX yMOB € MPaBWILHO PiBHICTD (A + B)(A+C)=A4?

1.8. Yu cymicui moxii a) A Ta A+B? B) B1a A+B?

1.9. V mimieHp CTpUIsIOTh YOTUPH pa3u. Po3rinsaarorbes moaii: A4, = BIydeHHS

— ]

npu i-Mmy noctpimi”, i=1,2,3,4 . Onucatu nofdito B=" B MillIeHb BIYYUJIA PIBHO OJHMH

2

paz”.
1.10. TexHiuHuii KOHTposb nepeBipse Tpu Bupoou. Hexait 4, , i =1,2,3 —

MOJIisl, 0 03HAYA€E HASABHICThH AePEKTy B i-My BUpOO1. 3anucatu noniro: B="“xouda 6
OJIMH BUPIO BUSBHUBCS 3 JehEeKTOM .

1.11. Hexait A,B,C,D — yotupu 10BUIBHI T0A11. 3HaWTH noaito F, 1110 mojsrae B
TOMY, 1110 *)oxaHa 3 o 4,B,C,D He BinOymnacs.

1.12. Hexaii A4,B,C — Tpu A0BUIBHI mojii. 3amucaTd HACTYIHI TOMIi: a)
BiI0yslacs MpUHAMMHI OJHA 3 BKa3aHUX MOAiM; 0) BimOynacs olHA 1 TIIBKH OJHA 3
BKa3aHUX TO/II ; B) B1IOYJIUCS PIBHO JBI1 3 TAHUX TPbOX MOIIH.

1.13. HaBmanns B3sta aeranb moxe Oytu I, II a6o III copry. Maemo Taki
noxii: A=“neranp [ copty”; B=" nmerans Il copry”; C=“merans III copry”. lllo
o3Havae nojis B+C?

1.14. EnexTpoHHa cXe€Ma MICTUTh JBa TPAH3UCTOPH, IBA KOHJICHCATOPH 1 TpU
pesuctopu. Cxema mpanesatHa, SKIIO0 CIPaBHUMH € Xo4ya O OJIMH TPaH3HUCTOD,
obuBa KOHAEHCATOPH 1 JBa pesuctopu. Onucatu noairo D="cxema mparie3natHa’

uepe3 momii A4, ="i-uil TpaHsucrop cnpasHuii”, i-1,2; B; ="j-if komnmeHcarop
cpaBauii”, j=1,2; C, ="k-it peaucrop cnpasuuii”, k=1,2,3.
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1.15. Ilo3nauumo uepe3 4 ; A,; 4;; A, — CHOpPaBHICTh BIJANOBITHUX E€JIEMEHTIB

SIEKTPUYHUX CXEeM, 300paKeHUX Ha PUCYHKaxX, 4epe3 4 — MO0, IO TOJSATaE B
TOMY, III0 CTPYM IPOTIKae uepe3 BkazaHi cxeMu. [logatu A4 yepes nonii A;; 4,; A5 4, .

)

Q_

6)

o—O O—o
_O_

Bionoeioi

1.1. “S” — mpunan sixkicaui, “H” — npuitar HeSIKICHUH,
2) O {HHHH JHASA  AAHAA  AAIHA  ACIAAH  HHAA , HAHA  HASIH }

AHHA  AIHAH , ATHH , HHH , HHATH , HIHH , AHHH , HHHH
6) A- {HHHH AHAA  AAIHA  ATAH  HHAA  HAHA , HAAH }

AHHA  IHAH  IAHH \ HHHA HHAH , HAIHH , AIHHH , HHHH
B) B = {HHH}I HAHA  HAAH , AIHHA , AIHAH  AITHH

HHHX ,HHIH ,HIHH , AIHHH , HHHH

OpakoBaHUX MPUJIAJIIB MEHIIE 2; €) OpaKOBaHMX MPHJIAJIIB MEHILE 2; €) BC1 MPUJIaaH
SKICHI.
1.2. a) uncno 3akiHayeThCs 1Udporo 5; 6) yucio 3akingyeTbes nudporo 0 (kpaTHe

} ; T) BCI IPUJIaJIN SAKICHI; [T)

10); B) A+ B = AB - uncno 3akinayerscs mudpporo 0 (kpatae 10).
1.3.a) A ;0)AB;B) 4; 1) A. 14.a)A;0)B;B)B;1)A4; 1) Q;e) D .
16.a) A=J;B=Q;0) A=Q;B=J. 1.7. Ao BC. 1.8. a) Tak; 0) Hi.
19. B=Ad A + A A A + A4 A + A4 44, 110. B=O\(44,4;).
1.11. F=ABCD F =ABCD. 1.12.a) A+ B+C;6) ABC + ABC + ABC;
B) ABC + ABC + ABC . 1.13. nerans I-ro copry.
1.14. D=(44, + 44, + 44,)B,B,(C,C,C; + CC,Cy + C,C,C + CC,Cy)
1.15.a) A=A4A,+A4,A4,0) A=A+ A,A4,+ A,.
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2. IMOBIPHOCTI BUITAIKOBUX MOAIM

2.1. AkcioMmaTuyHe 03HAYeHHS WMOBIPHOCTI
PosristHeMo mpocTip ) Ta Oymb-Ky CHCTEMy HOro MiAMHOXHH R , 10

YTBOpIOE o -anrebpy moniit. Hexail Ha MHOXHHI N 3aJaHO YHCIOBY (YHKILIO,

T00TO, 015t KodcHoi nooii A€R nocmasneno y eionosionicme uucno P(A), sxe
3aJI0BOJIbHSIE HACTYITHAM aKCiOMaM:

Al: P(A) >0 (axcioma nesio ’emnocmi),

A2: P(Q) =1 (axcioma nopmysanms);

A3: Sxkmo A4, eNR, n=12,... Ta AiAJ-=®, L# ] (Ai,Aj - IIOIIapHO

HECYMICHi), TO P(CJ A)= i P(A4,) a6o P(i A)= i P(A4,) (axcioma snivennoi

n=1 n=1
AOumueHoCcmi).
Hacnioox. Slxmo A,BeR t1a A4AB=0 ( A,B — Hecymichi), TO
P(A4+ B) = P(A) + P(B) (meopema 0odasanms 0ist neCymMiCHUX NOOIIL).

3ayeasicennsn. 3po3ymino, MO0 aKcioMa 3JIIYEHHOI aguTUBHOCTI A3 € OuIbII
CUJILHOI0O YMOBOIO, 1 3 HEi 3pa3y BUILUIMBAE Teopema JOJaBaHHS MJii HECYMICHHX
noii. Ajle Ha IPAKTUL MU YacTimie Oy1eMO BUKOPUCTOBYBATH LIEH HACIIOK, TOMY 1
BUAIIAEMO #oro okpemo. Takoxk s TphOX momapHo HecymicHux moxiin A4,B,C

cupaBmkyeTbcsi:  P(A+B+C)=P(A)+ P(B)+P(C). Amnaioriuia  piBHICTb
BUKOHYETBCS JUIsl IOBLILHOT CKIHYEHHOT KJTBKOCTI HECYMICHUX MOTIH.

Yucno P(A) Ha3uBAETHCS UMOGIpHICHIO ROJIT A .

Imogipnicms BuUmankoBoi momii — 1€ JesKa 4YHCelbHA Mipa 00’ €KTHBHOI
MO>KJIMBOCTI TTOSIBU BUITAJIKOBOT MOJI1.

Ipoctip Q i3 o -anrebporo noxiit R Ta 3amamol0 Miporo P Mo3HAYAETHCS
(Q,R, P) Ta mae Ha3By imogiprichuit npocmip.

2.2. BnactuBocTi iiMoBipHOCTI

HapenemMo BaacTHBOCTI KMOBIPHOCTI, SIK1 BUILIMBAIOTH 3 akciom A1-A3.

Bl: P(D) =0 (iimosipricmv nemoosiciusoi nooii).

Hoseoenns. Q=0+0 = P(Q)=P(Q+J). Ockinbku Q, D - necymicHi, T0
3a  akciomoro A3 = P( Q) £ ( QP . Tom 3a axciomoro A2
= 1=1+P(8) = P()=0.

B2: P(4)=1-P(A) (iimosipricmb npomunexcnoi nodii).

JloseoenHs. A+A=Q = P(4+4)=P(Q). Ockinbku A, A - HECYMICHI, TO 3a
akciomoo A3 = P(4)+P(4) = P(Q)=1. Orxe, niiicuo, P(4)=1-P(A).

B3: SIkmo A < B , 10 P(A) < P(B) (timosipricms nodii, wo € naciiokom).
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Jloseoenns. Ockinbku A< B, 10 A+ AB=B = P(4+ 4B) = P(B) . Ockinbku
A, AB — HeCcyMicHi, To 3a akciomoro A3 = P(4)+P (ZB FP B . 3a akciomoro Al
P(4B)>0. Tomy P(A4) < P(B).

B4: P(4)<1.

Jloseoenns. Ockinbkun A — Q, To 3a Biactusictio B3 P(A4) < P(Q) =1.

OTxe, HaroJaoOCUMO 1€ pa3: UMOBIPHICMb NOOJIi - He8l0 €MHe HUCNO, WO He
nepesuwye 1:

0<P(4)<1.

BuacTuBocTi iMOBIpHOCTEH cyMm moaii

B5: P(A4+ B)=P(A)+ P(B)— P(AB), niis noBUIbHUX MOJiH A Ta B.

[IpormoHyeMo TOBECTH CaMOCTIMHO.

B6: P(4+ B) < P(A)+ P(B), nis noBinbHUX mofiii A Ta B (BuruiuBae 3 B5).

B7: P(A+B+C)=P(A)+ P(B)+ P(C)—P(AB)— P(AC) - P(BC)+ P(ABC)
utst noBinbHUX A4, B, C.

2.3. KitacuyHe o3Ha4YeHHsI HMOBIPpHOCTI

Hexaii y pesynbTaTi ekcnepumeHTy E MOXXKHaA OTpuUMaTH N PiBHOMOMKIMBUX
eneMenrapuux mnoxii. Ilomis A BimOyBaeTbes, AKIIO BigOyBaeTbcs M 3 IUX
eJIEeMEHTapHUX oI (abo ToBOPATh, M — KUIBKICTh €JIEeMEHTapHUX TMOJii, M0
crpusitoTh noxii 4, m < n). Toxi fiMoBipHicTh OAIT A:

P(4) = % (2.1)

®opwmyna (2.1) Ha3UBAETHCS POPMYNO0I0 KIACUYHOT UMOBIDHOCHII.
Mpuxnan 2.1. I3 ypau, mo mictute 10 Kynb, cepen sSkux 7 OUTNX, HABMaHHSA

JICTAaHEMO OJIHY KYJII0. 3HAWTH WMOBIPHICTh TOTO, 1110 BUMHATA O11a KyJIs.

. < o 7
Po36 azanns. UmoBipHicTh nofii P(4) = o
[TokaxkeMo, 0 KJIacHMYHA CXeMa MOXke OyTH MojaHa 4yepe3 aKcioMaTu4iHe

O3HAYEeHHSI IMOBIPHOCTI.
[Ipoctip eneMeHTapHUX TOAIM Mae BUTIIAN Q={601,...,a)n} . Bcei monii

: : 1 :
piBHOMOKITHBI, TOMy P(®,) =P(®,)=...= P(w,) == . Hozis A cQ cknamaeTbes 3 M
n

m
eneMeHTiB, A= {Ct)il 1 Oy COim} = Ua)ik - € o0’e¢qHaHHAM M NONAPHO HEeCYMICHUX
k=1
nooiu. Toni
1 m
P(A)=P(®)+P(@ )+..+P(@ )=m-—=—.
1 2 m n n
[Tpu 1boMy BUKOHYIOTHCS akciomu Al1-A3:
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1) P(A):EZO; 2) P(Q):E:l; 3) sK1I0 A:{a)i VD ey O } (cximamaeThest 3
n n 1 2 m

m eJIeMEHTapHHUX TOJii), B:{a)jl,a)jz,...,a)j} (ckmamaeTbest 3 S eJIEMEHTapHHUX

M _M, 3 _ pa)+P(B).
n n

noxiit) ra AB=©,toni P(A+B)=

2.4. CtaTucTuyHa WMOBIPHicTH
Hexaii excriepument E mposeneHo N pasis, a nogis A B pesyabrari 1iei cepii
eKCIIEpUMEHTIB 3 sBUJIach M pasis. BimnocHa uwacrora noxpii A (abo craTucTHdHa

MMOBIpHICTb) JIOPIBHIOE BiJHOIIEHHIO 4YKMCIa BUIPOOYBaHb, y sAKMX moxis A
Bin0ynach, 0 yncia (akKTUYHO BUKOHAHUX BUMPOOyBaHb. [l03HauatoTh:

. m
gionocua wacmoma nooii. W (A) =—
n
. . * m
abo cmamucmuuna timogipricms P (A) =—.
n

Sxmo mie pa3 NpoBeCcTU €KCHEPUMEHT HAaBITh Ty caMy KUIBKICTb N pazig, M

MOXe 3MiHUTHCE, TO0TO P (A) =W (A) He € mOBHICTIO 06 €KTUBHOIO MipOIO.
IMmoBipHicTIO TOAlT A HA3MBAETHCS YHCIO, OIS SIKOTO CTaOUII3yEThCS
BigHocHa vactota momii W (A) 3a HeoOMEKEHO BEIHKOI KiIbKOCTI BHIPOOYBaHb:

P(A) = limW (A) = lim P*(A).

n—o0 N—o0

IMOBIpHOCTI TOMAIN 3a CTATUCTUYHUM BU3HAYEHHSM OOYMCIIOIOTHCS TUIBKU
nicas MpOBEAECHHS cepli BUIPOOyBaHb, SKI MOKHA BIATBOPIOBATH HEOOMEKEHY
KUIBKICTh pa3iB MpU OJHOMY M TOMY caMOMY KOMILUIEKCI yMOB a0 * Ha OCHOBI

KOJMIIHIX JaHuX. st moaiit Mae OyTu XapaKTepHOIO CTaTUCTUYHA CTIHKICTD.
BigoMi Taki eKCIepUMEHTH B I1CTOPil CTATUCTUKU. E — MIJKUIaHHS MOHETH,

noxis A =’Bunas rep6 (“I'”)”. Pesyapratn 6aunmo y tadmmii 2.1,

Tabnuns 2.1. Pe3ynbTaTu €KCIEPUMEHTIB 3 MiIKUJAHHSI MOHETH

CraTucTuuHa HMOBIPHICTh
Buxonasenp N- YUCIIO MIAKUAAHb M-4yucIo % _m
173 i) P (A) -
EKCIIEPUMEHTY nosaBu T’ n
broddon 4040 2048 0,508
[Tipcon 12000 6019 0,5016
ITipcon 24000 12012 0,5005

Sk 6aunmo, cTaTUCTHYHA WMOBIPHICTh P*(4) Ma€e TeHIEHLII0 OyTH CTIMKOIO
BEJIMYMHOLO, TTpU 301IbIIeHH] NI P*(4) — 0,5.

2.5. 'eomeTpu4He 03HAYeHHS HMOBIPHOCTI
Hexaii Bc1 MOKIIHMBI pe3yJIbTaTH €KCIEpUMEHTY E 300paxXyroThCsl TOUKaMHU, SIK1
HETEePEPBHO 3aMOBHIOIOTH JIEAKY 001acTh {2 €BKIIIIOBOTO IPOCTOPY (0HO-, TBO- 2060
TPUBUMIPHOTO). PO3IIIIHEMO MO0, sIKAa 300paKYEThCS IEAKOI0 YacTHHOI Q, A Q.
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N

N

Puc. 2.1. [Toxis A Ta obsacTh 2 HA IUIOLIMHI

Ha puc. 2.1. 300paxkeHo mofir0 A sK 4YacThHy o0jacTi {2 Ha TUJIOMIWHI.

IMoBipHicTh mOiT A BU3HAYAETHCS PiBHICTIO:
P(A) = mes(A) |

mes(Q2)
e “mes - mipa obactel (qoBXKuHA, TII01Ia a00 00 €M ).

IMOBIipHICTB, siKa 3amaeTbes  (GopMyioo (2.2), HA3UBAETBCSI 2COMEMPUUHOIO
umosipricmro. J1Jiss TEOMETPUYHOI TMOBIPHOCTI BUKOHYIOThCA akciomu Al1-A3, sxiio
IIEBHUM YHMHOM 3aaTH cirMa-anre6py miaMaoxuH 3 £2. OOrpyHTYyeMO 1€ 4aCTKOBO.

(2.2)

) P20 ; 2) p@="E) 1 . 3 gamo 4ANB=Q , 1o
mes(<2)
P(A+B) = mes(AU B) _ mes(A) + mes(B) _ mes(A4) N mes(B) _ P(A) + P(B).
mes(<2) mes(<2) mes(Q2) mes(Q)

HMpuxaag 2.2. Ha Bigpisky Q=[0;1] BunagxoBum 94MHOM 3’SBJISCTHCSA TOUKA.

3'3

12
Sxa WMOBIPHICTH TOTO, 1110 BOHA MOTPAIUISE B IHTEPBAI ( ?

12
Po36 saizanns. P(A)::EA; I(A) - noexuna inteppary A= (3 3]
2 1 1 1
I( )_——§=§ a 1(Q) - nosxwuna Bigpizka Q , [(Q) =1. Orxe, P(A)==.

Hpuxnan 2.3. Ha niomuHi npoBeneHO psij NapajesbHUX MPsIMHUX, BIACTaHb
MK SKMMH J0piBHIOE 2a. Ha muonuHy KuHYTO MOHETy paaiyca ¢ (r<a). 3uHaitu
WMOBIPHICTb TOTO, III0 MOHETA HE TIEPETUHAE KOJHY 3 MPSIMUX.

Posé azanns. Ha puc. 2.2. cxXeMaTMYHO TIOKa3aHO Pi3HI  BUIIAJKH
pPO3TallyBaHHS MOHETH Ha IUIOUIMHI. 3p03yMLI0, IO MOJIOKEHHS MOHETH MOBHICTIO
BU3HAYAETHCS TTOJIOKECHHAM i1 LIEHTpA.

()
—_—— e — - — - — 2a

@ 2

Puc. 2.2. CxematnyHe 300pa)keHHS PI3HUX BUIAJIKIB PO3TAIIyBaHHS MOHETH
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MoHeTa He IepEeTUHAE KOJHY 3 MPSIMUX, AKIIO 11 LEHTP MONaaa€ B MOJIOCY, IO
posTainyBajacs MocepearHl MK IapajeIbHUMU MPSIMUMU Ha BIJICTaHI1 I B1J] IPSMHX
(Ha puc. 2.2. 11e mojoca MK JBOMa MYHKTUPHUMH JiHIsIMHU). Toal KMOBIPHICTh MOl
A, ska TONAra€ B TOMY, III0 MOHETa HE TMEpeTHE >KOJAHY 3 JiHIH, IOpPIBHIOE
P(A) = I(A) _2(a—r) _ a-r

1(Q) 2a a

Hpukaan 2.4. 3adaua npo 3ycmpiu. JIBo€ 1py31iB JOMOBHINCS 3yCTPITUCS MIK
9-o10 1 10-010 roguHaMu y TEBHOMY Micli. JIOMOBWINMCH, IO YEKAaTUMYTh OJIMH
OJIHOTO He Ounbie 15 xB. 3HATH WMOBIPHICTH TOTO, III0 BOHU 3YCTPIHYTHCS.

Po36 sizanns. Hexaii x (XB) — yac MpUXOAY Micist 9 TOAMHU TEPIIOro 3 JAPY3iB,
a y (XB) —yac Ipuxoay APyroro.

MHOXWHa BCIX MOXJIMBUX 3HAa4€Hb Yacy MPHUXOAY KOXXHOTO 3 JPYy3iB —

Q={(x,y)] 0<x<60,0<y<60}.

ITonis A="3yctpiu BigOynacsa” — O3HAYae€, MO PI3HUIS MDK 4acoM IPUXOIY
JIPY31B HE TIEpEeBUIILYE 15 XBUIHH.
A :{]x—y‘ <15}={-15<x-y<15}={y <x+15, y > x-15}.

300pa3uMo MHOXKHMHM A, ) Ha KOOpAMHATHIN IJIOLIMHI, JUB. puc.2.3., mofdis A

— 3allITPUXOBAaHA 0071aCTh.

L

680

5
)
g — X

a i3 &0

+’\c}

M

Puc. 2.3. 3006paxkeHns moxdii A Ta MHOKUHHA () Ha KOOPAWHATHIN TIIOIIMHI

3HaiiiemMo HMOBIpHICTH MOl A (32 O3HAYEHHSIM T€OMETPUYHOI WMOBIPHOCTI):

PA)= S

00J1acTI, 110 BIANOBIAAE MPOCTOPY €IEMEHTAPHUX MOIIN Q.

ne S(A) — mromra obuacTi, 110 Bigmosigae momii A, S(Q) — mioma

S(Q) =60-60 =3600, S(A)=3600—2025=1575. Ocrarouno, P(A) = % ~0,44.

Hpuxnan 2.5. 3a0aua Broggona npo 2oaxy (3amauy Oyno chopMyaLOBaHO
dbpanny3pkuM Hatypaiictom Ta matematukom JK.JI. Broddonom y 1733 p., 1i
pO3B’si3aHHS HaJpyKoBaHo y 1777 p.).

Ha noBepxHi cTola MPOBEACHO PsiA MapaleIbHUX MNPSAMHX, BIICTaHb MIXK
SKUMH jAopiBHIOE 2a. Ha cTin xumpmaroTh roiky, fopxkuHa skoi 21 (21<2a). Slka
HMOBIPHICTB TOTO, 1[0 T'OJIKA MEPETHE OJHY 3 IPSAMUX?
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Po3zs si3anns. Hexalt y - BiicTaHb BiJl LIGHTPY T'OJIKU J10 HAHOIMKUYOT MIPSAMOT, @
— KYT MDXK TOJIKOIO 1 IpsiMOI0. MHOKHHA BCIX MOMKJIMBHUX 3Ha4eHb (¢,Y) - MPOCTIp

eneMeHTapHuX nogii 2= {(go, Y)[0<p<7,0<y< a} ,

A/\L\é :

Puc. 2.4. Pi3Hi BapiaHTH pO3TalllyBaHHS I'OJIKM Ha TJIOIIMHI

[Moxist A = roiKa nepeTHHae npsamy”’= {((o, y) y <lsin go} :

300pa3uMo Ha KOOPJAMHATHIN TJIOMMHI MHOKHHE Q 1 A

0 1

Puc. 2.5. 300paxkennsa noxii A ta npoctopy {2 Ha KOOPAWHATHIHN IUIOMIMHI

T

3a reoOMEeTPUUHOI0 HMOBIPHICTIO P(A) = % S (Q) =ar,

x
S(A) = II sinpdp =1-(—cosg) [;=1(1+1) = 2| . Takum unnomMm, P(A) = 2—|
. ar

3anaya brodpona BUKOPUCTOBY€ETHCS AJII CTATUCTUYHOIO 3HAXOKEHHS Yucia

7. e oauH 13 mepimx NpuKIaaiB 3acTocyBaHHsl MeToa MounTte-Kapno (uncenbHuii

METOJ PO3B’SI3yBaHHS MaTeMaTUYHUX 3a/ad 3a JONOMOIOK  MOJEIIOBAaHHSA

2l
aP(A)
€KCIIEPUMEHT MO KHUJAHHIO TOJKM BUKOHATH JOCUTHh BEIMKY KUIBKICTh pa3iB Ta

3HAUTH YacTOTy TOTO, LI0 TOJKa MEPETUHAE MpsAMi, TOOTO 3HANTH CTATUCTUYHY
2

aP"(A)
Binomo npo peanizamito 1mporo exkcrnepumeHty B 1849 p. Boubdom, sikwuii

nigkuaaB 5000 pas3iB TOJIKy JOBKUHOIO 36 MM IMpH BIFACTaHI MK OpIMUMH 45MM  Ta
OoTpuMaB, 10 y 2532 BUMaaKax roJjika mepeTHya Mpsmi, OTKE 3HAYCHHSI KOHCTAaHTH

BUIAJIKOBUX BEJIMYMH). 3 OCTaHHBOI PIBHOCTI BUPA3UMO 7T . 77 = Axo

fiMoBipHICTE (auB. 11. 2.4.) P (4) = P(4), 10 7~
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36 36
12532 11,394
5000
Takox y 1864 p. kamitan ®@okc 500 pa3iB MiJIKUAAB TOJKY JOBXHHOIO 3CM
IPU B1JICTaHI MIX NPSIMUMH 4CM Ta OTpUMAB, IO y 236 BUIA/IKaxX TOJKa MEPETHYIIA
npsiMi, oTke orpumas 7 ~ 3,1780

3,159

T

22,5

JIst  3HAaXOJDKEHHS 4YWCiIa 7 1AM OPHUTIHAJIBHUM CIOcoOoOM  (opMyiry
Bbroddona MoKHA CIIPOCTUTH, SKIIO BiJICTAaHb MK TapajeIbHUMU MPSIMUAMU B3ATH Y
2 pa3u OubIe ToBXuHM rojku: a=2| , Toxi

1 A00 ﬁzﬂ,

P*(A) m
Je N — 3arajibHe YHCIIO MiJKUIaHb, @ M — YUCJIO BUMAJKIB, KOJH TOJIKa MEPETHYIIA
napaJsesiabH1 JIiHii.

~
~

2.6. EnemeHTH KOMOiHATOPUKHT

[Ipu oOumciieHHI WMOBIPHOCTEM YacTO MOTPIOHO MIAPaXOBYBAaTU KUIBKICTh
CJIEMEHTapHUX MOJINA (CHPUATIMBUX JJI TOSIBU JAHOI TMOJII Ta BCIX MOKJIMBHUX).
KoM0OiHatopuka — 1e po3aul MaTeMaTUKHU, B SIKOMY BUBYAIOTh PO3TAllyBaHHS Ta
BUOIp 0O0’€KTIB 3a MEBHUMHU NPABWIAMH 1 METOAU OOYHMCIEHHS BCIX MOXIJIMBHX
coco01B, SKUMH 1I€ MO>KHA 3TIHCHUTH.

Ocnoenuit npunyun komoinamopuku. llpasuno 0ob6ymxy. Skio o0’exT A
MOXHa BHUOpaTH K crmocoGamu i micist mporo 06’e¢xt B y CBOIO 4YEpry MOKHa

BHOpATH M crrocobamu, To Bubip A i B pasoM MoskHa 3aiiicauTa K XM crocoGam.

Daxkmopiarom HATYypaJbHOTO 4YHCIAa N  HA3MBAEThCS  JOOYTOK  BCIX
MOCJIIIOBHUX HAaTYpaIbHUX yuced BiA 1 70 N BKIIOYHO
n'=12..n;0=1. (2.3)
Ynopsaorxoeanoro Ha3uBa€TbCs MHOKHHA, SKIIO MPO KOXKHI JBa 1 €IE€MEHTH
MO>XHa TOBOPUTH, IO OAMH 3 HUX Mepeaye 1HImOoMY (IHakKIIe KaKydH, SIKIO0 Ha
MHOYKHHI 3aJ]aHe BITHOIIICHHS TIOPSJIKY).

Posmiwgennn 3 N enemenmie no K — me BIIOPSIKOBAH1 MIIMHOXWUHH, IO
MICTSTh K pi3HHX €JIEMEHTIB 13 3aJJaHOT MHOXHHU N €JICMEHTIB.

o : : K .
Kimekicte  posmimens i3 N mo K mosmauators A, i 064HCIIOOTE 32
dbopmyiioro:

n!
k=—(n_k)!. (2.4)

Bracmusocmi. SIxio n, keN i k<n,To A:“l:A:‘ -(n—k), A: :A(? =1.

Posmiwennamu 3 nogmopennamu 3 N enemenmis 1o K HasuBaroThCs Taki
PO3MIIIEHHS, SKI MOXKYTh MICTHUTH TaKOX OJHAKOBI €JIEMEHTH.
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. : Ak
KinekicThb PO3MIIICHb 3 MTOBTOPCHHAMU 3 N 1O k IIO3HA4YarTb A 1 3HaXOATb
n

3a GOopMYJIOIO:

As=nk . (2.5)

Ilepecmanoeku 3 N elNeMEHTIB — 11€ pO3MIIICHHS, SIKI MICTSTh IO N €JIEMEHTIB
(iHakime: mepecTaHOBKH 1€ BIOPSAKOBaHI MHOXKHHH, IO MICTATh N €IIEMEHTIB I3
3aJ]JaHOT MHOKHHH N €JIEMEHTIB).

KinbKicTh HepecTaHOBOK 13 N €JIEMEHTIB MO3HA4aloTh P, 1 3HAXOIATh 3a
bopmyiioro:

Pnzn!zAr? . (2.6)

Kombinauii (cnonyuenns) 3 N eremenmie no K — 1e BCl HEBIOPSAIKOBaHI
I IMHOXHHH, 110 MICTATH K pI3HHX eleMeHTIB I3 3a1aH01 N-eJIEeMEHTHOT MHOXKHHH.
Kinbkicts koMOimanii 3 N mo K mosnauarors Crlf 1 O04YHCIIOITH 32
bopmyIioro:
n(n-1)(n-2)-...(n-k+1)  n! A

k! (n—k)'k! R’ @7

Bracmusocmi. Slxmo n, KeN i k<n,ro

Ci=Cr¥ Ccil=Cci"+Cl k<n,Cl=C) =1,

n+1

Ci =

n
Cl+Cr+Clt..+Cl =Y 2" =2",

k=0

Ilepecmanoskoro 3 nosmopennamu i3 N €JIEMEHTIB HA3UBAETHCSA Oynab-sKe
YIOPSIKYBaHHS MHOKUHH 3 N €JIEMEHTIB cepesl AKUX € OJTHAKOBI.

SIKmo cepex N €IEMEHTIB MHOXHHM € N, €JIEMEHTIB IepHIoro Tumy, N,
eJIEMEHTIB APYroro THIy, ..., N, eneMeHTiB K - ro tumy (N, +Nn,+...+N, =n), TO
YUCII0 BCIX NEPECTAHOBOK TaKoi MHOXHHH Io3HadaroTe depes P (n,n,,...n,) ta
00UYHCITIOIOTH 3a (HOPMYJIOIO

n!
Pn(nl,nz,...,nk):ﬁ . (28)
n!n,!--n!
. . e e . ~k -
Yucno BCiX Kombinayiin i3 noemopennamu 3 N eneMeHTiB 1o K nosxavatots C, i

00UYHCITIOIOTH 32 (HOPMYJIOIO
G _ck - (n+k-1)!

n— n+k-1 T k'(n—l)l (29)
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3anumannus 01 CAMOKOHmMPOJlI0

1. Cihopmymotime axciomu meopii tiMogipHocmell.

2. Hazsimw enacmueocmi umogipHocmi ma Hagedimos NPUKIaou.

3. Chopmynrotime knacuune o3nauenHs timogipnocmi. Haseoims npuxiaou.
4. Chopmyntotime cmamucmuyte 03HA4EHHS UMOBIPHOCMII.

5. Chopmyntotime eceomempuune o3nauenus umogipnocmi. Hasedimo npuxiao.

Po3B’s13yBaHHSI THIIOBMX 3a/1a4

3aoaua 2.1. Cxinbku TPU3HAYHUX YKCET MOXKHA CKIIACTH 13 10 KapTOK, Ha SIKUX
HanucaHi uudpu Big 0 1o 9?

Po36’sa3anns. Binznauumo, mo uudpu B NpeacTaBiIeHH] YUCET TOBTOPIOBATUCH
HE MOXYTh (€ numre 10 KapTok 13 pi3HUMH LHPpPaMH), KpPIM TOTO, Nepiia nudpa He
Moxke Oyru 0. Takum uYMHOM, Yyci TpU3HA4YHI 4YHKCIA € YHOOPSAKOBAHUMU
MIIMHOKUHAMH, 10 CKJIAJaI0ThCS 3 TPhOX elleMeHTIB MHOXuHHU 1udp {0; 1; 2; 3; 4;
5; 6; 7; 8; 9}, To6TO posmimieHHaMH 13 10 mo 3, 3 SKMX BHIIYYEHO BCI Ti, SIKi
MOYUHAIOTHCS HYJIEM.

KinbkicTh ycix po3miriens i3 10 o 3 3HaiaeMo, KOPUCTYHOUHUCH (2.2)

A =12 _10.9.8-720.

71

Kinbkicte po3mimiens 13 10 mo 3, y Sxkux Ha neprioMy Micii cToith 0, piBHa

KUTBKOCTI po3MmitieHs 13 9 (6e3 nudpu 0) o 2.
9l 9!

Aoy 71 977

OTxe, IyKaHa KilbKiCTh Tpu3Hausnx uncen Ay — A = 720-72 =648,

[HIM MeTo po3B’sI3aHHS.

Mu BuOMpaemMo 3 JAECATH KapTOK MO 4ep3l TpU LUPPH, 1O YTBOPIOIOTH
Tpu3zHauHe yucno. [lepmy uudpy moxxkeMo oOpatu JeB’ATbMa Pi3HUMHU CIIOCOOAMM,
00 Ham He miaxoauts 0. s BuOopy apyroi uudpu € tex 9 BapiaHTiB, 00 HYJb
JIOMAEThCSA, a BUJYYA€ThCsl OJHA MuUdpa, M0 BXKE CTOITh Ha mepriomy Mmicii. Jis
BUOOpPY TpeThoi LM(PpU y HAC 8 BapiaHTIB, 00 IIe OJHA LHU(pPa BUIYYaETbCS — BOHA
CTOITh Ha Jpyromy wMicul. 3a mnpaBWwiIoM J0OYyTKY (OCHOBHMM MPUHIIMIIOM
KOMOIHATOPHKH) TPU3HAYHE YKHCIIO MU MOxeMo oopatu 9-9 -8 =648 crmocobamu.

Bionosion: 648.

3aoaua 2.2. CtyneHTu OAHOTO 3 KypCiB BUBUAIOTh 8 HABUAIBHUX JHUCIIMILIIH.
CkinpKkoMa croco0aMy MOXHA CKJIACTH PO3KJIAJ 3aHATHh HA MOHEIIOK, SKIO B IeH
JIeHb CJI1J1 3aTUTAHYBATH TPH JISKIT 3 PI3HUX MPEAMETIB?

Po3zé’azanns. KinbkicTh Takux crmocoOiB JTOPIBHIOE YHCIY PO3MIMIEHb 3 8

IPEIMETIB 110 3: A§’ =8x7x6=336.

Bionosgiow: 336.
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3aoaua 2.3. Komanpaa 3 “Kny0Oy 3HaBIIB” y ckiajal 6 oci0 3aiiMae Mmiclis, 110
npoHymMmepoBani Bif 1 10 6, 3a kpyrium ctojoM. CKIJBKH 1CHY€E MOYKJIMBUX BapiaHTIB
posminieHHs: rpaBuiB? CKUIbKHM TaKMX BapiaHTIB Yy BUMNAIKY, KOJU JBa BiaiOpaHi
IpaBIll KOMaHI1 TOBUHHI CICTH TIOpYY?

Po36’azanna. Y nepmioMy BUMAJAKy KIJTBKICTh BaplaHTIB PO3MIIIECHHS T'PaBIIiB
JIOPIBHIOE YUCITy MEPECTaHOBOK 3 6 eleMeHTiB, To0To Py = 6!/ = 720. Y npyromy
BUIIAJIKY JJIS IBOX BHJUICHHUX OCIO € 6 PI3HMX CYCITHIX TMap MicCIlb, Ha KOKHOMY 3
SAKUX 11 Bl 0COOM MOXYTh CICTH JBoMa criocobamu. OTke, MOCaguTH iX Topyd
MoxkHa 12 cmocobamu. Ha Micis, 10 3aWIIMINCh, PEIITY MOXXHA PO3CAJAUTH
P, = 4/ cnocobamu. 3a mpaBwiIoM I00yTKYy HICTa€EMO KUIBKICTb YCIX BaplaHTIB

posmimienn: 12 x 4! = 288 .

Bionosiow: 720, 288.

3aoaua 2.4. Cxinbku NOTPIOHO KynmUTH KapTok jotepei “CroptinoTo 5 13 36 7,
100 HameBHE BrajaTtu yci 5 HoMepiB MailOyTHbOro Tupaxy? CKIJIbKU rpolIei Ha e
Tpeda BUTPATUTH, SKILO OJIHA KapTKa KOIITYE 2 TpH.?

Poszé’azanns. BapiaHTu 3allOBHEHb KapTOK JIOTEpEi € HEYNOpsSAKOBaHWMU
(MOpsAOOK CIIayBaHHS BraJlaHMX HOMEPIB POJI HE Tpae€) MIJIMHOXKHUHAMHU IO O
CJICMEHTIB 13 MHOXXHHU 36 eaeMeHTIB, ToOTo € komOiHamismu 13 36 mo 5. II[o0
HAlleBHE BraJlaTd ycl 5 HOMeEpIB JioTepei, MOTpiOHO mepedpaTH yci MOXKIIUBI
KoMOiHaIri 13 36 1o 5 1 3aIIOBHUTH BIAMOBIIHI KapTKH. Takux KoMOiHAIlIH, a OTXkKe, 1
KapToK, Oy/ie

5 3! 36! 32.33-34-35-36
36 (36-5)!5! 31151  1.2.3.4.5

Jlns npun6aHHs Takoi KimbKocTi KapTok notpioro 3/6992x2 = 753984 rpm.

Bionogion: 376992 xapmxu , 753984 epn.

3adaua 2.5. CkinbKy MOXKHA CKJIACTH MICCTHU3HAYHMX UKCEN, SIKl CKJIaJai0ThCS
3 udp 2, 5, 7, 3a yMoBH, 1110 HUdpa 2 MOBTOPIOETHCS TPHU pasu, 1udpa 5 nBa pasu, a
7 — onuH pas?

Posg’azanns. 3a ymoBoro N, =3, n,=2, n;=1, n+n,+n,=6 , orxe

6!

31211

Bionosios: 60 uncen.

3aoaua 2.6. Ckinbkoma croco0aMu MOXKHA PO3MOAUIATH 7 4Yaliok Ha 3
MOJIMIISX @) SIKILO YalllKK Pi3Hi, 0) KO YalllKK OJTHAKOBI1?

Poszé’azanns. a) OCKUIBKM YalllKM pI3HI, TO TOPSAOOK PO3TAlllyBaHHS Ha
HOJUIAX Ma€ 3HAYCHHs, U1 PO3B’SI3aHHS BUKOPUCTAEMO (DOPMYIYy pPO3MIILIEHb 3

=376992.

PG 21 = = 60 uyucern.

nosropennsamu: A’ =3' = 2187 crocobis.

0) Y BuUmajKy KOJM YalllKd OJHAKOBI, BUKOPUCTAEMO (HOpMYTy KOMOIHAIIN 3
MOBTOPEHHAMHU

_ |
Cl=Cl,, = % =36 crocobis.
x-1

, X
3aoaua 2.7. Po3B’13aTH PiBHAHHS A7 =x-A .
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7v AL 7! T
(7—x)' 7  (7T—(x=1)! (8-x)!"

, : X
Po3zs’sizanuns. Ockinbku A~ =
7

TO PIBHSHHS 3aIMIIEThCS Y BUTIISI
X T 60 TH8=X) = x-TN(T=X)!:

(7—x)! (8—x)!

(8—x)=x(7-x)!'; 1-2-..(7T-x)-(8=x)=%x-1-2-...-(7T—X);

8—x=x; 2x=8:x=4,

Bionosios: x=4.

3adaua 2.8. YuacHUKYU XepeOKyBaHHS OCEpyTh 13 sIIIMKa HaBMaHHS JKETOHU 3
Homepamu Bif 1 mo 100. 3HaliTH MIMOBIPHICTH TOTO, IO HOMEP MEPIIOr0 HaBMAaHHS
B3STOTO JKETOHA HE MICTUTH ITUdpH 5.

Posé’szanns. Cepen XeTOHIB, M0 MICTATh Udpy 5 HacTymHi HOMepH 5, 15,
25, 35, 45, 50, 51,..., 59, 65, 75, 85, 95. Ix Bcporo 19. A THX KETOHIB, IO HE

MicTath nudpu S5 — 81. O1xe, 3a KIIACUYHUM O3HAYEHHSIM P ( A) = % =0,81.

Bionogion: P(A) =0,81.

3aoaua 2.9. Cepen 17 cryneHTiB rpynu, cepel SKUX 8 AiBYAT, pO3IrpyeThes 7
OuneriB. SIka WMOBIPHICTH TOTrO, IO CEPEJA BIACHUKIB O1JIETIB BUSBUTHCS YETBEPO
iBYaTt?

Po36’a3anns. KinbKicTh BCIX MOXKJIMBUX BaplaHTIB PO3NOIAUIMTH 7 OLIETIB MIXK

17 ctyneHTaMu AOpIBHIOE YUCTy KoMmOiHaiii 13 17 enemeHTiB 1o 7, ToOTO C177.

BiniOpatu 4oTHphOX AiBYAT 13 BOCBMHU MOYHA Cé’ cnocobamu. KokHa uerBipka

JIBYAT MOXKE MOMAJaTH 3 KOXKHOIO TPIMKOIO XJIOMINB 13 9, a YKCIO TaKuX TPIHoOK

JIOPIBHIOE C93. OTXe, YUCIIO HACIHIJIKIB TaKOTrO pO3MOALLY, 3a MPaBUIOM JT00YTKY
Cs xCy 735

nopistioe Cq xC3, a itmoBipHicTs mykanoi nozii: P(A) = — = ~0,302.
c/ 2431

Bionosion: P ( A) =0,302.

3aoaua 2.10. B smuky 32 aetaii, 3 sKuX 22 cTaHAapTHI. 3HAUTH WMOBIPHICTh
TOTO, IO Cceped S5 HaBMaHHSA BIOIOpaHMX [eTajedl BUSBUTBCS Xouya O oOJHA
HECTaHIapTHA.

Po3se’sa3anns. BBenemo no3HayeHHS TOI1H:

A ="cepen 5 BimiOpaHUX JeTajiell BUSBUTHCS Xoua O OJlHA HECTaHIapTHA,

npoTuiexHa noais A=“Bci BimiOpani netaii € cranmaptHumu”. OTKe,
5
P(A)=1-P(A) = —C_gz ~0,87.
Cs

Bionosiow: P(A)=0,87.

3aoaua 2.11. Tlpu mnepeBipii TOTOBOi MpOAYyKIii Oyno BusiBieHo 14
OpakoBanux zgetaneil 13 140 mepeBipeHHX. 3HaiAITh BIJHOCHY YacTOTy KUIBKOCTI
OpakoBaHMX (Ta SKICHHX) JACTaJICH.
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14

Po3z6’sazannsn. CKOpUCTaEMOCS 03HAYEHHSM BIIHOCHOI 4aCTOTH: W, = 120

01

126 . .
— OpakoBanux ta W, = ——=0,9 — AKICHUX JeTaeH.

140

Bionogiob: W, =01, w, =0,9.

3aoaua 2.12. Ha npuyani ovikyeTbcst mpuOyTTS 1BOX Terioxois 3 10-1 go 11-
i roguan. Bu3HauuTH WMOBIPHICTH TOTO, IO OJHOMY 3 TEIUIOXOJIB JOBEIETHCS
YeKaTH 1HILIOTO, SIKIIO Yac CTOSHKW MEPIIOro TEroxojaa — 15 XBUIUH, a JPyroro —
25 XB.

Posé’sazanns. 1lo3Haunmo x Ta y — yac npuOyTTs (Y XBWIMHAX) NEPIIOro Ta
JIPYTroro TEIUIOXOAiB 10 mpuuany BiamosigHo: 0 <X <60; 0<y <60 (Tak SK BOHH
npuOyBalOTh NPOTATOM TOAuHH). OTXKe, MPOCTIp elIEeMEHTapHUX MOl (2 — TOUKH
kBagpara OABC, puc.2.6. Hexail nomis 4 — oauu 3 KarepiB Oy[e YeKaTH iHILIOrO.
Ockuibku TipocTip ) € HENepepBHUM, TO UMOBIPHICTE P(A) MOKHa 0OUMCIUTH 32

mes(A)
mes(QQ)

BusnauuMo BigmoBimny mns moxmii 4 MHOXHMHY TOYOK Iutommuu Q. B
3aJIEKHOCTI B1Jl MOPSAAKY MPUOYTTA TEIUIOXOJIB MOKe OyTu nBa Bumaaku. Ileprimii

TEIJIOX1J] YeKaTUME JPYroro, AKIO BIH NIAIHAE 10 MpUYally MPOTArOM 25 XBWIUH
miciast npuOyTTs Apyroro, To6to X—Y<25. AHaJOri4yHO I APYroro BHUIIAIKY

TCOMETPHYHUM O3HaueHHsAM, T00TO0 P(A) =

y—Xx<15 . Ormxe, MHOXHMHA TOYOK IUIOUIMHH, IO 3a/J0BOJIbHAE CHUCTEMY
HEPIBHOCTEH
X—y<25
y—x<15
0<x<60
0<y<60
Bu3Hauae mectukyTHuUK OMNBPQ , sxuit 300paskeHo Ha pUCYHKY 2.6.:
w1 N
135
P
M
sl
c
o] . 25 O 60 > y
Puc. 2.6.

SOABC = 602’ Sl = SOMNBPQ =S - (SMAN + Sch) ;

31



SuAN :%AMZ =%-452 =1012,5;

S :%CQZ =%-352 =612,5;
3600 —(1012,5+612,5) 1975

3600 3600
Omxe, HUMOBIPHICTH TOTO, IO OJHOMY 3 TEIUIOXOJIB JOBEICTHCS OYIKyBaTH
1HI10TO, AOopiBHIOE 0,55.

Bionosios: P ( A) =0,55.

P(A) = ~0,55.

3aBIaHHA IJI CAMOCTIHHOT0 BUKOHAHHSA

2.1. Haramoumi Oymo motpioHo 3 bopmariBku nicratucs Ha Tepemkw,
3aiXaBIId MO JOPO31 OO0 MOAPYTH, sika kuBe Ha Ilomomi. IlpoanamizyBaBiiM KapTy-
cxemy Kuesa, Hatanouka BusiBuina, mo 3 bopmarisku Ha Iloain € yotupu aBToOyCHI
MapuipyTt, a 3 Ilomony Ha Tepemku — nBa. CKUIBKM ICHY€ PI3HHUX BaplaHTIB
aBTOOycHOI mooposxi Hatanouku 3 bopmariBku Ha Tepemku yepes [Tomin?

2.2. Crynentry Tpeba 3a 8 AHIB 37aTH ICIHUTH 3 4-X PI3HUX JUCHHUILIIH.
CxinpkoMa crioco0amMu 1e MOKHa 3po0ouTH?

2.3. Cxinpkd MOTPIOHO MaTH CJIOBHHKIB, IIOO MOKHa Oys0 TepexiafgaTH 3
OyIb-IKOi 3 II'ITU MOB: YKpPaiHCBKOI, IOJbCHKOI, AaHTJIMCHKOI, HIMEIbKOI Ta
dbpaHiy3pK0i Ha Oy/Ab-SKY IHIIY 3 LIUX MOB?

2.4. B inanpHi € 7 BUIB MEPIIUX CTPaB, 6 BUJIIB IPYTUX CTPaB i 8§ BUIIB TPETIX.
CkinpkoMa crnoco0amMu MOXKHa CKJIaCTH 00111 13 TpbOX CTpaB?

2.5. Y4aCHHUKHM IIaXOBOTO TYpPHIpY 3irpaiy OAWH 3 OJHUM JABi mapTii. YChoro
Ha 1IbOMY TypHIpi Oyno 3irpaHo 110 maptiid. CkuUIbKM IIAXICTIB Opajio y4acTb y
bOMY TYpHIpi?

2.6. Komanam Bumioi jirm 3 (yTOOJy MpOBENM 3a CE30H y JBOX KOJax
posirpanty 240 maTtuiB. CKUJIbKH KOMaH/ Y BHIIIH J1i31 ?

2.7. llna craxxyBanns 30 cTyneHTIB BUIeHO 12 Micib y nepiiiid komnanii, 10
y Ipyrid Tta 8 y Tperid. BBaxkarouum po3mojiia pIBHOMOXIIMBUM JJIS KOXKHOTO 13
CTYJICHTIB, BH3HAYUTH CKIJIbKOMa CIIOCOOAMH MOKHA PO3MOJIIMTH CTYISHTIB Ha
CTaXYBaHHS y 3 KOMMaHIii, SKIIO JBOE 3 HUX TOBUHHI MpaIloBaTH Yy OJHIN
KOMITaHii?

2.8. Y crymeHTtchkiil rpymi 3 23 oci0 yci CTyA€HTH BUBYAIOTh a00 aHTIIHCHKY
MOBY, a00 iCIIaHChKY MOBY, a00 00MIB1 MOBH ojipa3y. BimomMo, 1110 aHTIiHCbKY MOBY
BUBYAIOTh 18 CTYIEHTIB i€l Ipyld, a iCHAHCBKY MOBY — 12 cryaeHTiB. CKUIbKH
CTYJICHTIB LI1€1 TPy BUBYAIOTh OOUIBI MOBH?

2.9. Jlng goctymy A0 KOMIT' FOTEPHOT MEPEXi ornepaTopy Tpeda HaOpaTu Ko 13
4 uudpp. Omneparop 3a0yB kojA. CKUIBKM MOXJIMBUX KOMOIHAIlil BiH IOBHUHEH
CKJIaCTH, 1100 3HANUTH MOTPIOHMM KOA: a) AKIIO U(pU B KOJII HE TOBTOPIOIOTHCS, 0)
SKIIO TU(PU TTOBTOPIOIOTHCSA?

2.10. Po3B’s13aTu piBHSHHS:
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a) (n+4)1=30(n—k)IA*Z; 6) A>=20A", .
2.11. Tlinkugaemo rpanbHuil Kyouk. EnementapHi nmoaii «, = ’Bunano i o4ok”,

ne i =1,6. IToznaunmo moxii: B =“Bumnana mapua kinekicts o9ok”; C =“Bunana
HenapHa KiIbKicTh 04oK”; D =“Bumajia KiIbKICTh 040K He MeHIa 2”; F =“Bunana
KUIBKICTh OYOK KpaTHa 4. 3HalTH WUMOBIPHICTb MOII:

a) D; 0) B\F; B)C+F; r)B-D; nF.

2.12. Tlpu ctpinb0i 3 TBUHTIBKM BiJIHOCHA YacTOTa BIYyYEHHS B MIIICHb
nopiBHioe 0,85. Ckinbku npuOInU3HO Oye BIydeHb, SKIO mpoBeaeHo 120 moctpinis?

2.13. B aynuTopii cuasate M npiByat Ta N xjomnuiB. OAHa 3 AiBYAT BUXOIUTH 3
aynutopii. Ilicnsa Toro BHWKIanad HaBMaHHS BHKJIMKAaE CTyJIEHTa 10 AOIMIKH. Ska
HMOBIPHICTb, 1110 10 IOIIKH BHii/Ie XJIOMeNb?

2.14. 'V 7ipT mecTUNoBepxXoBOro OyIWHKY Ha MEPIIOMY MOBEpCl 3aXOJsITh
TPOE YOJIOBIKIB. 3HANTH MMOBIPHICTH TOTO, IO BC1 BOHU BUWYTh: a) Ha 4 mtoBepci; 0)
Ha OJTHOMY ITOBEpCi; B) Ha PI3HUX ITOBEPXax.

2.15. Y maraszuni 0ysno npojano 21 3 25 miogaoBuX AepeB TPhOX COPTIB, SKUX
oymo 5, 7, 13 mryk BiamoBigHO. BBakarouum piBHOMOKJIMBHM IIPOJIaXK KOXKHOTO 3
COPTIB, 3HAUTH UMOBIPHICTH TOTO, 1110 JIEPEBA, K1 3ATHIIHIUCH OJTHOTO COPTY.

2.16. Y rpym € 20 xmonmiB 1 5 pgiBuaT. [l y4yacTi y CTYHEHTCHKIA
KoH(epeHIli HaBMaHHS BUOUpPAIOTH ABOX 0cCi0. SIka HMOBIPHICTH TOTO, WIO: a)
BUOEPYTh JBOX XJIOMIIB; 0) BUOEPYTH IBOX /I1BYAT; B) BUOEPYTH XJIOMILIS 1 TIBUHHY?

2.17. Y ckmananbauka € 10 meranei, ski Majgo BIJIPI3HAIOTHCS MK c00010. 3
HUX 4 J1eTani OJHOro BUIY, 10 2 — IPYroro, TPEThOro 1 YeTBEpPTOro. SIka KMOBIPHICTh
TOTO, IO 3 MIECTH B3ATUX HaBMAaHHSA JETajeil BHSABUTHCS TPH JETaNl MEPIIOTO BHUIY,
JIB1 — IpyTOro i 0JIHa — TPETHOr0?

2.18. Yuutens mompocHuB y4HsS Ha BiIPi3Ky [—2;3] HaBMaHHS NTO3HAYNUTH TOUKY.

Ska IMOBIPHICTH TOTO, 1110 B1ICTaHb BiJl TOYKHU JI0 TOYATKY KOOpAUHAT Oubiie 17
2.19.B xono paaiyca R BnucaHo nmpaBUJIbHUM TPUKYTHUK. 3HAUTH MMOBIPHICTh
TOTO, 1110 TOYKA HABMAHHS KHHYTa B KOJIO, ITONAJe Y TPUKYTHHK.
2.20. VY kpy3i paniyca 5 HaBMaHHs BUOPAHO TOYKY. 3HAWTH WMOBIPHICTH TOTO,
10 BOHA BUSIBUTHCS BCEPEIMHI BIIMCAHOTO B 1IeH KPYT KBajpara.

Bionoegioi

21. 8 22 1680. 23.20. 24 33. 25 11. 26. 16.
27. Cyp-Cld+C3-CE+Cy-Cld . 28 7. 29. a) 5040; 6) 10000.
2.10. a) n=2; 6) n=20, 211 a) 0.667; 6)0.333; B)0.667, r)0.333; 1) 0.167.

212.102. 213 — ' 214 2a)0,008: 6)0,04: ) 0,48. 2.15.0,06.
n+m-1
3[
2.16. ) 0,633; 6) 0,033; B) 0,333. 2.17.0,038. 2.18.0,6. 2.19 220 2.

T
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3. ®POPMVYJIN AOJABAHHS TA MHOKEHHSI ﬂMOBlPFlOCTEfI.
YMOBHI UMOBIPHOCTI. HE3AJIEKHI ITOA11

3.1. ®opmyJuu 10AaBaHHA iIMOBipHOCTEll

VY nonepeHii po3aii MU PO3TIISTHYJIM aKCIOMaTUYHE O3HAUYE€HHSI WMOBIPHOCTI
BUIAJKOBOI MOAIT 1, SIK HACTIJIKHK 3 aKCiOM, OTpUMaIu (OpMYJIH sl 3HAXOKCHHS
WMOBIPHOCTI CYMH CKiHYeHHOi KUIbKOCTI mojii. CdhopMyatoeMo 1€ pa3 OCHOBHI
MpaBUJIa JIJIs1 3HAXO/IKEHHSI HMOBIPHOCTI CYMH JIBOX, TPhOX 200 CKIHYEHHOI KIJIBKOCTI
MOJiH, IK HECYMICHHUX, TaK 1 CyMICHUX.

3.1.1. @opmMyJu T0JAABAHHS UMOBIpHOCTEH ISl HeCyMIiCHUX TONIN
Axwo nooii A, B — necymicui (AB=9), 1o timosipnicmo cymu yux nooii
oopisHioe cymi ix timosipnocmeti (HaCHiIoK akciomu A3):
P(A+B)=P(A)+P(B) . (3.1
Ak Hacmimok Tiel k akcioMmu, Ko nojii 4, B, C momapHO HECYyMiCHi, TOIi
TaKOXK LLMOGIPHICMb CYMU NOOIU OOPIBHIOE CYMI iX UMOBIPHOCMEI.!
P(A+B+C)=P(A)+P(B)+P(C) . (3.2)
L{a piBHICTH CHPABIKYETHCSA 1 TOAl, KOJM MAEMO CYyMY CKIHYEHHOI KUIBKOCTI
MOMNapHO HECYMICHUX MOIH:

P(A+A +..+A)=P(A)+P(A)+..+P(A)
abo P(ZAJZZP(A&) : (3.3)

3.1.2. ®opMyJiu 10JAABAHHS UMOBIPHOCTEH ISl CyMICHUX TIOAII

Imosipuicmo  cymu  06ox cymicnux nooiti ( AB#Q ) oopisnioc cymi
umogipHocmetl yux noditi 6e3 UMosipHicmi ix 006ymKy:

P(A+B)=P(A)+P(B)-P(AB). (3.4)

ImosipHicms cymu mpbox nooil BU3HAYAEThCS (HOPMYIIOL0:
P(A+B+C)=P(A)+P(B)+P(C)-P(AB)-P(AC)-P(BC)+P(ABC). (3.5

Mpukaan 3.1. Y komnoxai 52 kaptu. OrosomeHo ko3up. Ska MOBIPHICTB TOTO,
10 BUTSITHYTa HABMaHHSI KapTa € KO3upeM abo Ty30oM?

Po3zé’azanns. Tlogis A="BUTATHYTa KapTa € KO3UpeM’, MOJid B="BUTATHYyTa
kapta € Ty3oMm”. [lonii 4 Ta B MOXyTh BiIOyBaTUCS OJTHOYACHO, OTXKE, € CYMICHUMH,
AB # . Jlo6yToK nmomiii AB="BHUTATHYyTa KapTa — KO3UPHUI Ty3” .

13 4 1

P(A) = =1 P(B)= =% P(AB) = =

[Tonis A+B="BUTATHYyTa KapTa € KO3UpeM a00 Ty30M”.

P(A+B) = P(d)+ P(B)— P(AB) ==+ 2 _ 1 _16 308
50 52 52 52

Bionosionw: P(A+ B) =0,308.
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3.2. YMoBHi liMmoBipHOCTI
Hexaii 4 1 B — BUMmaakoBi Moii, ki MatoTh HEHYJILOBI KMOBIPHOCTI.
A, B = Q ; P(4)#0; P(B)#0.
Hexait nonis B BinOynacs. [loctaBumo nutanHs: Ak ye enausac na nooiro A? Yu
SMIHUNACH UMOBIPHICMb NOOTi A?

[To3naunmo P(%) — YyMo6Ha uMmogipHicms abo UmogipHicms noodii A 3a

ymoeu, wio nodisa B eiodynacsa. YMoBHaA HMOBIPHICTh OOUHCITIOETHCS 32 POPMYJIOIO:

P(4)= 122453)) | (3.6)

AHamoriyHo: P( %) = PP(ZIAZ? : (3.7)
3BiJIKH OTPHMAEMO: P(AB) = P(B) P(%) : (3.8)
P(AB) = P(A) -P(%) . (3.9)

Imosipuicms 0006ymKy 080X nooiil 00piHIOE 00OYMKY UMOBIPHOCMI OOHIEL 3
HUX HA YMOBHY UMOBIDHICMb Opy2oi, 00YUCNeH) 3 YPAXYBAHHAM MO20, W0 nepuld
noois 8i0dynacy.

Imosipricms 006ymky mpwvox nooiu A, B, C:

P(ABC) = P(A) -P(%)-P(% B). (3.10)

VY Bunaaxky N moJii:

Ao A= P(A)- P ). P(s A
P(A Ay A)=P(A) P PV )P s 0 ) e

Imogipuicms  000ymKy OeKitbkox nooill 00pieHIOE O0OYMK)Y UMOGIPHOCHII
OOHI€EL 3 Yux NoOoiti Ha YMOBHI UMOBIPHOCMI THUUX, NPU YbOMY YMOBHI UMOBIDHOCTI
KOJICHOI HACMYNHOI NOOII 00UUCTIOIOMbCA 3 YPAXYBAHHAM MO20, WO 6Ci NONepeoHi
nooii 8i00YIUCY.

®opmynu (3.8) — (3.11) — hopmynu muoscennsn iimogiprocmelii.

Hpuxkaan 3.2. B ypui 10 kynb, 3 skux 7 oumx. [lo depsi gictaemo 2 Kydi.

3HaTH UMOBIPHICTH TOTO, IO OOMABI BUTATHYTI KYJII € OLTUMH.

Po36 azanns. Hexaii noxais A="nepma Kynus 6in1a” ; P(A) = % .

[Toxiss B="npyra xyns 6ina”, momist %:”z{pyra Kynst Oina, 3a YMOBH, IO
6
. 5 o .. B _9
nepia KyJist 0yna 6171010”. YMOBHA HMOBIPHICTb P( /4) g’
[Tonis AB="00ungi kymi 6111”.
7 6 _42

P(AB):P(A)-P(%) =55
42

Bionosiow: P(AB) = %
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3.3. He3anexHicTh moaii

[lonis A He 3anexcumsv 6i0 nodii B, KO yMOBHAa HMOBIPHICTh MOMIIl A
JOpiBHIOE 11 O€3yMOBHIM HMOBIPHOCTI, TOOTO: P(%): P(A). Iamumu croBamw,

BUKOHAHHS TO/IIi B HE BIUIMBA€E HA HMOBIPHICTH MOIIT A.
Amnajioriuao, nofisg B ne zanexcums 6i0 noodii A, Ko P ( %) =P(B).

Hexait momis 4 He 3anexuTh Big momii B, Toai ¢opmyla MHOXECHHS
rimoBipHOCTeH (3.8) mepenuineTses Takx:

P(AB)=P(B)P(4%)=P(B)P(A) . (3.12)
A 3 hopmynu (3.9) orpumMaemo P(AB): P( A) F(%) (3.13)
Mopisasiemo (3.12) ta (3.13): P(B)P(A):P(A)P(B/A), (P(4)#0) . 3pimcn

P(B) =P ( %) ToOTo0, moxisa B He 3a1€KUTh Bij Hodii A.

Taknm ynHOM, TI011 A 1 B — 63aemno nesaneiicHi.
Takox, aK1o0 mojii 4 1 B — He3aJIekH1, TO Ma€ MiCIle HACTYITHE MPaBUIIO.
Imosipricmes 000ymKy 060X HesanedxdcHux noditi A ma B 0opisHioe 00OYmMKY ix
umosipHocmeil.
P(AB)=P(A)P(B). (3.14)
AHasnoriuyHe TBEepKEHHs CPOPMYITIOEMO ISl CKIHUEHHOT KUTBKOCTI MOJIIH.
Bunankosi moxii A, A,,..., A, Ha3UBAIOTbCS NONAPHO HE3ANEHCHUMU, SKIIO
JUTSL TOBLIBHHUX |, | BAKOHYETHCS:
P(A-A)=P(A)-P(A), i,j=1...,n
Bunankosi mnonii A, A,,..., A, Ha3UBAIOTbCS HE3ANEHCHUMU 6 CYKYHHOCHI
(He3anescHumu), IKIIO JUISl NOBUTBHUX Iy, 1, ..., I, 1 TOBUTBHOTO K BUKOHYETHCSL:
P(A, A, - A) = P(A)P(A) .. P(A). (3.15)
®opmynu (3.14), (3.15) — ue gopmyau mnoxrcennsn iimogipnocmeii 0ns

He3aneHCHUX noolil.
MoskHa JJOBeCTH, IO KO A, B — He3aJIeXKHI, TO:

1) 4 , B — He3aJexKHi;
2) A, B — HE3aJIEKHI;
3) A, B— HezanmexHi.
Imogipricms nosisu xoua 6 0O0Hi€l 3 noodiu A, A,,...,A, , He3anNedNCHUX 6
CYKYNHOCHI, 00PIBHIOE
P(A+A +..+A)=1-P(A)-P(A)-....P(A) , (3.16)
oe P(A),P(A,),...,P(A) — LUMOGIPHOCII NOABU NPOMUNEIHCHUX NOOIL.

Axwo 6ci N noditl He3anexiCHi 8 CYKYNHOCMI | MAromb 00HAKOBY UMOBIPHICb
P, Mo ocmaHuIO opMYIy MOACHA nepenucamu y 6U2isoi :

PAA+A+...+A)=1-(1-p)"=1-q". (3.17)
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3ayeasicenns. TlousTrs “3aneKXHOCTI/HE3ANEKHOCTI” Ta “CyMiCHOCTI/HECYMiCHOCTI” €
PI3HHMMH, X04a MEBHUHN 3B’ 30K MI>K HUMH MOHa BCTaHOBUTH.

Hecywmichi nozii He3aJie)KHUMHU OyTH HE MOXXYTb, TOMY IO MHOXXHMHHU iX €JIEMEHTapHHUX
HACJTIJKIB HE TMEpPETHUHAIOTHCS 1 HWMOBIPHICTh JOOYTKY IMX TOJIIA JOPIBHIOE HYJIIO, TOII 5K
HMOBIPHOCTI KOYKHOI OKPEMO B34TO1 3 IUX MOJIN HE JOPIBHIOIOTH HYJIIO.

HezanexxHi moaii 000B’s13K0BO € cymicHUMHU. Hanpukiaz, sSKIIO B 1IEXy € 1Ba BEPCTaTH, SAKI
HiSIK HE MOB’s3aHi Mk cO00I0 32 YMOBaMH BHPOOHHIITBA, TO IMPOCTOIOBAHHS KOXHOTO BepcTara —
nmoAil CyMICHI 1 He3aJIekHi. SIKIO K BEpCTaTH TMOB’S3aHI €IMHUM TEXHOJOTIYHHUM ITUKIIOM, TO
IPOCTOIOBAaHHS OJJHOTO 3 HUX 3aJICKUTH BiJl TEXHIYHOTO CTaHy 1HIIOTO (3ayiexHi). [Ipu oMy BOHU
MOXXYTb OyTH CYMiICHHMH (B MOCJIJJOBHOMY ITUKJI1) 200 HECYMICHHMHU (B TTapaJIeIbHOMY ITHKI).

Pazom 3 TuM, SKIIO MHOXXKMHHU €JI€MEHTApHUX HACIIIKIB MEePETUHAIOTHCA (MOiT CyMICHI), TO
MOi1 MOXKYTh OYTH SIK 3aJIC)KHUMU TaK 1 HE3AJIC)KHUMH.

Hpuxaan 3.3. Onumemo nofii: A = “HaBMaHHS BHIIYYEHO 3 KOJIOIU KapT KapTy MiKOBOi
Macti”’, B = “HaBMaHHS BWIydeHO 3 Koyoau kapT Ty3” . L{i momii cymicHi, TOMy IO cepea Kapt
MiKOBOI MacTi € Ty3, a cepea Ty3iB — KapTa mikoBoi Macti. KpiM Toro 1i moaii He3anexHi:

P(B) =i = 1 ( ockinbku B xononi 4 ty3u). P(B/A) = 1 ( ockinpku B kool 1 Ty3 13 9

36 9 9
KapT MIKOBOI MacTi).
PA) = ==, P(AL) ==,
36 4 BY 4

Mpuxaan 3.4. Maemo Habip 20 nmeraneii, cepen Hux 4 OpakoBani i 16 sxicaux. Hexait
noJiis A="nepioro pasy HaBMaHHsS BUTANIU SIKICHY JAeTajb “, nmoais B = “mpyroro pasy HaBMaHHA
BUTATIH siKicHy netans”. [lonii A Ta B, cyMmicHI, TOMy IO MOXK€ TPAlMTHUCh, IO 3a MEPIINM Ta 3a
IpyruM pa3om Oyne BUlHATO skicHi aerani. [Toxaii A ta B 3anexHi.

3po3yMmino, o N MoiH, sIKi € He3aIeKHUMHU y CYKYITHOCTI, € TAKOX MOTIAPHO HE3AJICKHUMHU.
AJe, monapHa He3aJeKHICTh ACKUIbKOX MO1H 111e HE 03HAUa€E, 1[0 BOHU HE3AJIEkKH] B CYKYITHOCTI.

Mpuxaan 3.5. [punyctumo, 1Mo rpaHi IpaBHWILHOTO TeTpaeapa 3adapOoBaHO: mepiry — B
yepBOHMI Koumip (monig A), Apyry —B 3eneHuit (noaist B), Tpetto — B cuniit (moxis C), ueTBepTy — B
yci Tpu xompopu (nogist A B C). SIkmio teTpaenp migKWHYTH, TO, IMOBIPHICTh TOTO, IIO TETPACAp
BIIaJIe HA IPaHb, 1110 MICTUTH (PapOy NEBHOTO KOIHOPY, NOpiBHIOE - 0,5.

Otxe, P(A) = P(B) = P(C) :% |

Po3zrnsinemo yMOBH1 IMOBIpHOCTI:

P(B%)=P(5C)=P(3)=P(B4)=P(S/a)=P(S4) =+

Le o3nauae, mo noxii 4, B, C monapHo He3anexHi. Ko x BiAOyAeThCsS 0JTHOYACHO JIBi
noii, Hanpukian, A Ta B, T061o AB, To oaist C 000B’s3K0BO BIIOYIETHCA

P (%B) =P ( %C) = P(%C) =1. Omxe, UMOBIPHOCTI KOXHOI 3 o A, B, C 3MIHUITUCH,

T00TO NOJi1 A, B Ta C B CyKYITHOCTI 3aJI€XKHi.
[lle mpocrime nepeBipuTH, MO II HOMAlI € B CYKYNHOCTI 3aJ€KHHMMHM, 3aCTOCYBABILIU

dopmyny (3.15). P(ABC) = %, a P(A)-P(B)- P(C) =% , orxe P(ABC) = P(A)-P(B)-P(C), mo
O3Ha4dae€, 1o HO,Z[ﬁ HC € HC3aJIC)KHUMU B CYKYTIHOCTi.

3.4. Po3paxyHOK HAAiHHOCTI cCUCTEeMH

Haoiiinicmio cucrtemu (eleMEHTy, MpUiIaay) Ha3UBAETHCA MMOBIPHICTH TOTO,
oo cucrteMa (eJeMeHT, Mpuiana) OyayTh IMpalroBaTh O€3BIAMOBHO, 0€3 300iB,
BIIPOJIOBXK JE€SKOTr0o (pikcoBaHoro yacy T.
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CroyaTKy pO3TJITHEMO JBOCJIEMEHTHI CUCTEMU. [[Ba €IeMEHTH MOXYTh OyTH
o0’eqHAaHI B CHCTEMY JBOMa CIocoOamu: depe3 IMOCTioBHE abo mapayielibHe
niakIrodeHHs. CXeMu TakuX MiAKII0YeHb 300pakeHo Ha puc. 3.1..

1

Puc.3.1. Cxema A (mocnigoBHe HiJKIFOYEHHS) Cxema B (mapanenpHe miIKIIOYeHHS)

PosrnsHemo noaii 4,="enement 1 npaigtoe 6e3 360iB yac T”; A4,="eneMeHT 2
npairoe 6e3 300iB yac T”. Hexait HagiiiHocTi eneMmeHTiB 1, 2: P(4)=p,;
P(4,)=p,.

[Tonia A="Cxema A mpairroe 6e3 36018 uac T”. [Togis B="Cxema B mpairtoe 6¢e3
3001B yac T”.

Omnumemo noxii 4 1 B yepes nofii 4, A, Ta 3HaiiieMo iX HIMOBIPHOCTI.

A=4-4,; B=4+4,.

T1o0ii nezanescni, momy
P(A4) = P(4,- 4,) = |3a popynoro = P(4)-P(4,)= p, -, ;
MHOINCEHHA UMOBIPDHOCMEU
11o0ii cymicui,momy 3a

dopmynoro dooasanms
P(B)=P(4+4,)=|. . . =P(4)+P(4,)-P(44,)=p,+p, =P P, -
umogipnocmei 04

CYMICHUX NOOili
Hanpuknan, sxmo p,=p,=0,8 , 10 P(4)=0,64; P(B)=0,96, T10OTO mpH
napajieIbHOMY MiIKIIOYCHH] €JIEMEHTIB HaIIMHICTh CXEMH IT1JIBUIIYETHCS.

ImoBipHiCTh TOAIT B MOXKHa 3HAWTH IHIIMM CIIOCOOOM, Yepe3 IMOBIPHICTh
npotunexHoi mnoxii. Ilpotunexna mnoxais B = “cxema He mpamroe’. Ilpu
napajielbHOMY MIJAKIIOYEHH] 1€ 03Hayae€, 10 HE MPAIfOI0Th BCl €JIEMEHTH CXEMH.
P(B)=P(4,4,)=Q1- p)1- p,). 3igku P(B)=1-P(B)=1-(1- p){1- p,)

Hpukaaa 3.5. Po3paxyBatu HalliHICTh CXEMH, 300paKe€HOI Ha pUC. 3.2., AKILIO
HaAIMHOCTI €JIEMEHTIB p, = p, = p, =0,8.

L 3 —

Puc. 3.2. CxemMa napajienbHOTO MJKIIOYEHHS TPhOX €JIEMEHTIB
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Pos3é’azanna. Hexaii noxii A4, ="enemenT i mpairoe 6e3 36018 wac T”; i=1,2,3.
IMogist A="Cxema npauroe” Moxe OyTH mopjaHa depes nofii 4,: A=A + A, + 4,.

[Tpotunexxna nomis A= Zl : Zz : Zg .Tomi P(4)=1-P(4)=1- P(Z1 A, - ZS) =
_|\Mooii 4, 4,, 4, -
HE3ANeHCHI

=1-P(4,)- P(4,)- P(4,)=1-(0,2)* =0,992.

Bionosiow: 0 ,992.

MoxHa y3arajJbHUTH OTpUMaHi pCByJILTaTI/I Skmo mnoTpiOHO OIIHUTH
HaJIHHICT, POOOTH CHCTEMH, N EJIEMEHTIB SKOi 3’€HaHl1 TMOCIIJIOBHO, 1 BiJoMi
iiMoBipHOCTI 0€3BIIMOBHOI pPOOOTH KOXxHOro enemenra p; (i=1,2,3,...,n) , TO,

n

MO3HAYMBIIK HAMiHHICTH cucTemu R, maemo R=]]p;.
i=1
n

Y BUNaJKy NapaneabHoro 3’ € HaHHs eneMeHTiB R =1— Hqi, oeq; =1-p;.
i=1

3anumanHa 011 CAMOKOHMPOJII0

1.3anuwimos opmyny oooasanus umosipHocmeu OJisi HECYMICHUX, CYMICHUX NOOIU.
Haseodime npuxnaou.

2. Jlatime o3nauenHsi YMOBHOI UMosipHocmi noodii. Haeedimv npuxnaou iv
00UUCTIeHHS.

3. Banuwime opmyny MHOIICEHHS UMOBIPHOCMEN 0I5l 3ANeHCHUX NOOill (VY 8UNAOKY
060X, mpvox, N noditi).

4. AHxi nooii hazusaroms He3aNeHCHUMU?

5. 3anuwims hopmyny MHON*CEHHS UMOBIPHOCMEU OJ151 He3anedicHux noodiu. Hasedimo
NPUKIAoU.

6. 11]o po3ymitoms nio Mo8ipHiCMIO NOSABU X0UA O OOHIEL 3 NOOIl?

1. ki nooii € ne3anexdcHumu 8 CyKynHocmi?

8. IlJo maxe naoitinicmo cucmemu?

9. Yomy oOopisnioe HalilHiCMb CcXeMU NpU NOCTIO0BHOMY mMaA NAPALETIbHOM)

BKJITOYEHHI 2 eemenmig?
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Po3B’si3yBaHHA THIIOBUX 33124

3aoaua 3.1. B norepei unymeno 10000 Ginetis, cepen skux 100 6ineris 3
BUrpamieM no 5 tuc. rp., 200 — mo 1 tuc. rpH., 500 — mo 500rpsu., Ta 1000 — 200
TpH., a pemra 6e3 Burpairy. 3HailTu IMOBIpHICTh Burpairy He MeHie 500 rpH., Ko
npua0aI OJUH O1JIeT.

Po3zs’si3annsa. BBenemo mo3HadeHHs mojii: A=“urpam He MeHiie 500 rpH.”,
A = “BUTpall CTaHOBUTb 5 THUC. I'pH.”, A, =“BUrpall CTaHOBUTb | THC. TpH.”, A,

=“purpamt cranoBuTh 500 TpH.”. OCKUIBKU KYIUICHO TiJIbKA OJHWH OLJET, TO Il MOl
HecyMmicHI. 3a popmyIoro qomaBaHHs mMoBipHOCTEH (3.1):

100 200 500
P(A)=P(A)+P +P = + + =
(A)=P(A)+P(A) +P(A) 10000 10000 10000
Bionosiow: P(A)=0,08.

3aoaua 3.2. TligxuparoTh nBa rpadbHUX KyOuku. OOUYUCIUTH WMOBIPHICTD
TOTO, 1110 X04a O Ha OTHOMY KyOWKY BHUTIAJC TPU OYKH.

Po3zs’si3annsa. BBenemo mo3HadyeHHS MOMi: A ="xo4ya O Ha OJHOMY KyOHKY
BUIIAJIC TPU OYKM ™, A = BUIAJIO TPU OUKM Ha MEPLIOMY KyOUKY”, A, = BUIAJIO TPU

0,08.

OUYKH Ha IPYyromy KyOuky”.
3a ymoBoro P(A)=P(A) :% . Ili moxii cymicHi 1 He3asexH1. Bukopucraemo

TEOpeMy J0JIaBAHHS MMOBIPHOCTEHN ISl CYMICHHUX TIOJIIN:

P(A)=P(A) + P(Ay) ~P(A - Ay) =<+ — - =0,306.

Bionogiow: P(A)=0,306.

3aoaua 3.3. Pama nIUpEKTOpiB CKIAJAETHCS 3 TPHOX OyXTalTepiB, TPbOX
MEHE/KEPIB Ta ABOX 1HKEHEpIB. [TaHyeThCS CTBOPUTH MIAKOMITET 13 HOr0 YJICHIB.
Ska IMOBIPHICTH TOTO, 1110 BC1 TPOE B LILOMY MIAKOMITETI OyAyTh OyXrajrepamu?

Po36’a3anns. BBeneMo no3HadeHHs MOIIM:

A="niepiuii BUOpaHU YJIEH MIAKOMITETY — Oyxranrep”,

B ="npyruii BuOpaHuii ujaeH migKomMiTeTy — Oyxrairep”,

C ="rperiii BuOpanuii uieH migkomirery — Oyxranrep”.

[li moxii 3amexHl. 3a TEOPEMOIO MHOXEHHS WMOBIPHOCTEH 3aleKHUX IO
(bopmyna (3.5)), maeMo:

P(A-B-C)= P(A)P(%)P(%B): _____ — = ~0,018,

8

Bionogios.: P(ABC)=0,018.

3adaua 3.4. B uexy aBa TKallbKi BEpCTaTU MPAIIOIOTh HE3aJIKHO OJIUH BiJl
oqHoro. IMOBipHiCT TOro, IO TPOTATOM TOAMHM MEpPIIMl BEpcTaT He
noTpedyBaTuMe HalaJIKu onepartopa nopiBHioe 0,7, s napyroro BepcTata U
MOBIpHICTB A0piBHIOE (,8. 3HAWTH UMOBIPHICTH TOTO, IO MPOTITOM F'OJAMHU KOACH
3 BEpCTaTiB HE MOTpeOyBaTUME HalaJKU OMepaTopa.

Pozé’azanns. BBenemo mno3HaueHHd Tnonid: A ="mepmuii Bepcrar He
noTpedyBaTuMe HalaJku oneparopa”, B ="apyruil Bepcrar He mnoTpeOyBaTUMe

321 1
7
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Hajajaku omnepatopa”. L1 moaii He3anexHi. 3a TEOPEMOIO MHOXKEHHSI WMOBIPHOCTEH
HE3aJIEKHUX MO MAaEMO:
P(A-B)=P(A)-P(B)=0,7-0,8=0,56.

Bionosios: P(AB)=0,56.

3adaua 3.5. VIMoBipHicTh X04a 6 OJHOTO BIyYaHHS CTPLIBLEM y MillleHb TIPH
4OTUPHOX mocTpinax aopiBHIOe 0,9984. 3HailTu WMOBIPHICTH BIy4YaHHS B MIIICHb
IIPU OJTHOMY TTOCTPLJII.

Po3zs’s3anns. BBenemo no3HaueHHs moaii: A="BIy4HTH B MillIecHb X04a O Mpu
OXHOMY 3 4OTHPBOX moctpimis”. Omxke, P(A)=1-q*, ne q - iimoBipHicTH mpoMaxy.

3a ymoBoro P(A)=0,9984 , q*=1-0,9984=0,0016 . Orxe (=4%/0,0016=0,2 :
p=1-9=1-0,2=0,8.

Bionosios: p=0,8.

3aoaua 3.6. Po3paxyBaTu HaJIHICTh CXEMH, MOKa3aHOi Ha puc.3.3., SKIIO
HaJIHHOCTI €JIEMEHTIB p, = p, = p, =0,8.

1

Puc. 3.3.

Pos3é’sa3anna. Hexail moxii A4, ="enemeHT i mpairoe 6e3 300iB wac T”; i=1,2,3.
IToma A4="Cxema mpamtoe” Moxe OyTHM MojaHa uepe3 nomli A,

A= (Al + Az) + Ay . O6umncamo HMOBIpHiCTb Moii A:
I1ooii (4, + A,)ma A, —

P(A)=P((4,+4,)- 45)= _ = P(4,+ 4,)- P(4,) =
He3a/1eICHI
looii A ma A, —
= .. :(P(Al)+P(A2)_P(A1A2))‘P(A3):
CYMICHI
I1ooii A ma A, —
= . :(P(A1)+P(A2)_P(Al)'P(Az))‘P(A3):
He3a/1eICHI

=(0,8+0,8-0,64)-0,8=0,768.
Bionogiow.: P(4)=0,768.
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3aBaaHHA IJI8 CAMOCTIHHOI0 BUKOHAHHS

3.1. TliakuaatoTh TpU rpayibHI KyOUKH. 3HAUTH MMOBIPHOCTI TaKUX MOJIM: a)
Ha KOXXHOMY KyOWKY BHUIIAQJIO IT’ATh OYOK; 0) Ha BCIX KyOMKaxX BHITajga OJHAKOBa
KUIBKICTh OUOK.

3.2. IlinkuaaroTh aBa TpajibHI KyOUKH. 3HAWTH WMOBIPHOCTI TaKUX TMOAIN: a)
nojiis A — cyma 04Ok mapHa; 0) mozist B — xo4a 6 Ha OAHOMY KyOHKY BHUIIAJO IIiCTh
ouok. OmumiiTe nonii B) AB; 1) A+B Ta 3HaWmiTh iX iMOBipHOCTI. Ym € moxii 4 1 B
He3anexxHuMu? CymicHUMU?

3.3. Ilomii 4, B, C — me3amexHi, ix imosipHocti 0,1; 0,2; 0,3 BiamoBimHO.
3HalTH HMOBIPHICTDH TOTO, IO BIAOYAETHCS X0ua O OJHA 3 LUX MOIH.

3.4. Tonii A4, B taki, mo P(4)=0,5, P(B)=0.7. Un MoxHa 3pOOUTH BHCHOBOK
PO CYMICHICTh IIUX MO1H?

3.5. Bigomo, mo P(AB) = 1; P(A) = 1; P(B) = 1 . 3uaiitn P(A+ B).

4 3 2

3.6. IlpamiBHUK CcKJIagy HE BICBHEHHH B ocTaHHIA 1udpi 4-nmdpoBoro
KOJIOBOTO 3aMKa. Y HBOTO € HE OLIbIIe TPhOX CHpoO, 100 BIAYMHUTH CKiIad. Ska
WMOBIPHICTh TOTO, 110 HOMY BIACThCA 1€ 3p0oOUTH? SIK 3MIHUTHCS WMOBIPHICTD,
SKIIO B1JIOMO, IIO OCTaHHA Kudpa napHa?

3.7. 'Y (inan maxoBoro TypHIpy notpanwiu udotupu rpaBumi A, B, C, D.
Binomo, 1m0 WMOBIpHOCTI BUHTH y TIEpeMOxXKIll y TpaBis A ckianae 0,3, y rpasiiiB B 1
C o 0,25, y rpaBust D — 0,2. B ocranniit neHs 3’sicyBaniocs, 1o rpasetb C He Oyje
Opatu ydacTh y (iHami. SKUMU Tenep € HMOBIPHICTI OTPUMATH MEpIIE MICLE Y
rpaBiiB A, B i D?

3.8. Hexaii WMOBIpHICTH TOrO, IO MOTPIOHUI TOKYIIIO PO3MIp TEHICKU
3HAXOJMTHCS B MEPUIiil, IPYTiid, TPETIH, YETBEPTI KOPOOILl BIAMOBIIHO AOPIBHIOIOThH
0,6; 0,7; 0,8; 0,9. 3maiiTh WMOBIpHICTH TOTO, IO TOTPIOHWUH PO3MIp TEHICKH
3HAXOJMTHCS: a) MEHIIIE HIXK B TPhOX KOpoOKax; 0) OuIbIe HiXkK B IBOX KOPOOKaXx.

3.9. B nexy po06iTHUK OOCIyroBy€ 4OTHpU BepcTaTu. IMOBIpPHICTH TOTO, IO
MPOTATOM TOJMHU TIEPIINA BEPCTAT HE MOTpeOyBaTUME HaNIaku, nopiBHIOE 0,65, mis
JIpyroro BepcTaTta I WMOBIpHICTH gopiBHioe 0,8, mns tpersoro — 0,7, a s
yetBepToro — 0,75. 3HallTH WMOBIPHICTH TOTO, IO MPOTSATOM TOJAWHU MPUHAWMHI
OJIMH BEpPCTaT MOTPEOyBaTUME HAJIAIKH.

3.10. [IIBauka o6ciyroBye Ha GhadpHIll TpU IBEHHUX aBTOMATH, SIK1 MPAIIOIOTh
HE3AJIEKHO OJWH Bl OJHOTO. ﬁMOBipHiCTB TOTO, 10 MPOTATOM F'OAWHU HE BUUIE 3
Jajy mepuuid aBTomart, aopiBHioe 0,7, i Apyroro aBToMara Taka WMOBIPHICTh
nopiBaoe 0,8, a mua tperboro — 0,9. 3HaTH WMOBIPHICTH TOTO, IO MPOTATOM
TOJVHU HE BUWE 3 JIaAy KOJCH IIIBEMHUM aBTOMAT.

3.11. JIns omoBIlIEHHS] TIPO aBapil0 BCTAHOBJICHI JIBa HE3AJIEKHO Mpalioroyl
CUTHAII3aTOpU. IMOBIPHICTH TOTO, IO MEPIIMNA CUTHATI3ATOP CIPALIOE, JTOPIBHIOE
0,95, nmns apyroro cuWrHajgi3atopa Taka WMOBIpHICTH JopiBHIoe 0,9. 3HaiiTu
WMOBIPHICTH TOTO, IO TIPH aBapii CIpaIioe a) TUTLKU OJWH CUTHAII3aTop; 0) xo4a O
OJIMH CUTHAII3aTOpP; B) HE CIIPAITIOE KOJICH CUTHAII3ATOP.
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3.12. ViMoBipHiCTh BiIy4eHHS B LiIb HPH OZHOMY 3aiIi 3 ABOX TrapMar
nopiBHioe 0,38. 3HalTH UMOBIPHICTh BPXKEHHS 111 MPU OJHOMY MOCTPLI MEPIIOI0
rapMaToro, SKIIO BiOMO, IO JUIS APYTOi rapMaTH sl UMOBIPHICTH opiBHIOE 0,8.

3.13. Bigain TeXHIYHOrO KOHTPOJIO TEpeBips€e AeTaldl Ha CTaHIapTHICTb. B
pe3yibTaTi MEepeBIPKU BUSBICHO, IO B KOXHOMY AmUKYy € 90% cranmapTHUX
nerajgeid. 3HaMTH WMOBIPHICTH TOTO, IO 3 JBOX HaBMaHHs BiAiOpaHuX jeTanen
TITBKH OJTHA € CTaHIAPTHOIO.

3.14. Ilix gac cecii CTyICHT 37a€ /IBa 3aJIKM Ta YOTUPH ICUTH. J[0 KOXKHOTO 3
3a;mikiB crygaeHT BuBYuMB 70% mmTaHb, a 10 KokHOro 3 icrutiB - 80%
3alpONOHOBAHUX MUTAHb. 3HANTH WMOBIPHICTH TOTO, IO CTYJIEHT CKJIaJIE CECifo.

3.15. Cepen 12 TeneBi3opiB, sKi HAAIMILIM Y PEMOHT, y IT’ITH 3 HUX Tpeda
3aMIHUTH €JICKTPOHHI KOMIIOHCHTH, a y IHINMUX 3aMIHWATH JAeTali Kopmycy. Ska
HMOBIPHICTb TOTO, IO CEPE]l YHOTUPHOX TEIEBI30PIB, B3ATUX HABMAHHS MAWCTPOM IS
PEMOHTY, Xoua 0 ABOM Tpeba 3aMiHUTH €JIEKTPOHHI KOMITIOHEHTH.

3.16. Ha aromHiii enekTpocTaHIii € TpW aBapiiiHI TeHepaTopu, sKi
BUKOPUCTOBYIOTBCS Y BHUIAAKYy 30010 €JIEKTPUYHOTO O>KUBJICHHS Y CHCTEMI
OXOJIO/DKEHHST peakTopa. Bcl reHepaTopu mpaiioloTh HE3aJIEKHO OJHE Bij OJHOTO.
IMOBIpHICTB TOTO, 1110 TE€HEpaTOp OyJie MpaIfoBaTH HAJEKHO Mij yac 30010, TOPIBHIOE
0.95. 3HaliTi WMOBIPHICTH TOTO, IO BCl TPU T'€HEPATOPH BIAMOBJIATH IiJ Yac 30010
eJIEKTpOEHEePTii?

3.17. Po3paxyBaTu HamiitHOCTI cxeM, puC. 3.4., SKIIO HAIIHHOCTI €IEMCHTIB
»n=p,=07, p;=p,=0,8.

a) ' 0)
1 2
2 4 -
3 4
3
Puc. 3.4.
Bionoegioi
3.1. a)i; 0) i 3.2. a) i; 0) E; B)i; r) g A, B 3anexHi, CyMicHi.
216 36 2 36 36 3

3.3. 0,496. 3.4. Tak, noxii cymicHi. 3.5. % .3.6.03;06. 3.7.04, 0,33; 0,27 .

3.8. a)0,697 6) 0,957. 3.9. 0,727. 3.10. 0,504. 3.11. 0,14. 3.12. 0,7.
3.13.0,18. 3.14. 0,201. 3.15. 0,576. 3.16.0,000125. 3.17.a)0,786. 6) 0,816.
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4. ®OPMYJIA TOBHOI KMOBIPHOCTI. ®OPMY.JIU BAHECA

4.1. ®opmMyJia MOBHOI IMOBIPHOCTI
Hexan H,H,, ..,H, — nomapHo HecyMicHI moxli, a pa3oM
H,+H,+..+H, =Q. Taky cykynHicTb moAiii OyaeMo Ha3UBaTH MOGHOIO 2PYNOIO
noodiu. Cyma UMOBIpHOCTEH 1IUX MOAIN JOPIBHIOE 1:
P(H,)+P(H,)+..+P(H,)=1.
IMomii H,,H,,..,H, HasuBaroTh cinomeszamu. Hexaii A — neska BUIagKOBa
nonia, A < Q. Ha puc. 4.1. cxemaTnyHO 300pa)k€HO MOIiI0 A Ta TIMOTE3H.

f Y

|

\

| /

I
( \ -

Puc. 4.1. CxeMaTnyHe NpeICTaBIECHHS IPOCTOPY €JIEMEHTAPHUX MOALH SIK
CYyMHU TIIOTE3 Ta JAesKoi moii A

ITomiro A MoXxHa opatu sk cymy noaid: A= AH, + AH, +...+ AH .
AH,,AH,,....,AH -

n

P(A)= |:>(AH1+AH2 +..+ AHn)=‘ Hecymichi

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

= p(Hl).P(%J+ P(Hz)-P(% 2)+...+ P(Hn)-P(% ) -

Imosipuicms nodii' A, sika Modice Hacmamu auuLe 3a YMO8U NOSABU OOHIEL 3
HecymicHux nooiu (cinomes) Hy, H,,..., H , wo ymeopioroms nosny epyny nooi,
00pigHIOE CyMI 00OYMKIB UMOGIPHOCMEN KOMCHOI 3 2inome3 Ha 8I0N0BIOH)Y YMOGHY
umogipricms nooii A:

P(A)=P(H,)- P(%J+...+ P(Hn)-P(% j

abo

P(A)=gP(Hi)-P(%i)- 4.1)

PiBHicTh (4.1) Ha3UBAETHCS hopmynoro noenoi iimosipnocmi. Po3risineMo
MPUKJIAAN 3aCTOCYBaHHS (POPMYIIH MTOBHOI KMOBIPHOCTI.

Ipukaan 4.1. B samuky mictutbest 12 nmeranei, mo BUTOTOBJICHI Ha 3aBOJIi
Nel, 20 meraneii, mo BUToTOBJICHI Ha 3aBoial Ne2, 1 18 meraneii, 1o BUTOTOBIJIEHI Ha
3aBoal Ne3. fIMOBipHiCTL TOro, IO JeTajlb, sIka BHIOTOBJEHA Ha 3aBoal Nel, €
SKICHOO, AopiBHIOE 0.9, mist AeTanei, ski BUTOTOBIEHI Ha 3aBomax Ne2 i Ne3, mi
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“MoBipHOCTI JopiBHIOIOTE 0.6 1 0.9 BigmoBigHO. 3HAWTU WMOBIPHICTH TOTO, IO
BUOpaHa HaBMaHHS JIeTalb BUSBUTHCS SKICHOIO.
Po3se’a3auns. Posrngaemo noii:

H,="“neranp BurorosieHa 3aBogoM Nel”, H, ="nerans BUTOTOBJIEHA 3aBOJIOM
Ne2”, H,="neranb BUrorosnaeHa 3aBogom Ne3”.

12 20 18

IMOBIpHOCTI ITUX TOTIH: P(Hl):%, P(Hz):% , P( 3):%.

3 12 20 18

Y P(H,)=

i1 50 50 50
H,,H,, H, — HecymicHi. H,, H,, H,- yTBOpIOIOTE IIOBHY I'pyIy MOl
[Momis A = “aerans BUABUIACH SIKICHOIO .

P( % j:‘ IMOBIPHICTh TOTO, IO JETaNh € SKICHOIO, 332 YMOBH, IO BOHA
1

BUroTOBJIeHa 3aBogoM Nel | = 0.9;

P( %I )=| IMOBIPHICTh TOTO, IO JETajb € SKICHOIO, 332 YMOBH, III0O BOHA
2

BUTOTOBJICHA 3aBO;IoM Ne2 | = 0.6;

P( % ):| IMOBIPHICTh TOTO, IO JETajb € SKICHOIO, 332 YMOBH, III0O BOHA
3

BUTOTOBJICHA 3aBojioM Ne3 | = 0.9 .
3a popmysioro moBHOI iiMoBipHOCTI (4.1):

P(A)=P(H,)- P(% )+P(H2) P(% j+P(Hs) P(% j

:—09 E06 E09 0,78.
50 50 50
Bionosion: P(A)=0,78.
Ipuxnan 4.2. € nBi ypHH, y TIEPIIii ypHI MICTUTBCA 3 OUTUX 1 7 YOPHUX KYJIb,
y ApyTiil ypHI - 6 61KX 1 4 YopHUX. 3 TIEPIIOi ypHU HABMAHHS BUUHSIN OJHY KYJIIO 1

NEepeKaii y IPyry YpHY, MICIS TOTO 3 APYroi YpHH JICTadd OAHY KYJIIO. 3HAUTH
WMOBIPHICTB TOTO, 1110 BUHHATA KyJIs OiJa.

Po36’azanns. Posrnsgaemo nonii: H, =3 mepiioi ypHM A0 ApYyroi nepexiaim
Oury Kymo”, H, =“3 nepumoi ypHu 10 Ipyroi NepeKiIaal YOpHy Ky .
3 7
P(H)=—, P(H,)=—. P(H,)+P(H,)=1.
()=, P(H,)=1. P(H)+P(H,)
H,,H, yTBOpIOIOTH NOBHY I'pyIy HOJIIH.
IMomist A=%3 Ipyroi ypHU BUTATIHU OLTy KyJI0”.

e (%h.)-

3a (opmyJI0t0 MOBHOI fiMOBipHOCTI (4.1):
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3 7 7 6 21+42 63
_P(H,)-P +P(H,)-P Lyl 2 -
P(A)=P(H,)- (/4 ) (H2)- (% ) 10 11 10 11 110 110

Bionosion: P(A) ﬁ ~0,57.

4.2. ®opmyau baiieca
B ymoBax mormepenHboi 3a7adi MOCTaBUMO MTUTAHHS: HEXail BiJOMO, IO KyJIA,
SKY JICTaJIu 3 IPYyToi ypHU BUsBWIAcS Oi0r0 (odist A BimOynacs). [loTpiOHO 3HaNTH

HMOBIPHICTb TOTO, IO 3 MEPIIOi YPHH J0 APYroi OyIio mepekiaaeHo 011y Kyiro (abo
YOPHY KYJIIO).

P(H/A\j—l‘/’lMOBipHiCTL Toro, 1o 3 I-i ypau go ll-i nepexmanu OuTy KyJIro,

SKILIO BiAOMO, 110 TOTIM 13 |1-1 ypHH ficTanu Oty KyIto.

3 7
P(H,)-P 2.0
p(H/j:P(AHl) (H,) (%j _ 1011 21
WP p(hy) (A Jep(Hy)p(Ay | 2T BB
H H,) 10 11 10 11
AHaJor14HO,
7 6
P(H P(yj r.o
CA L R |
P(H -Py}PH -P(y) s .16 63 3
) ( H, (H.) H,) 1011 10 11
3 H
P(H,)= = =03 A ARLE:
7 H
P(Hz):E:O7 P( %A)NOG?
anpiopti UMogipHocmi anocmepiopui UMOGIPHOCMI

VY 3aranpbHOMY BUIAJIKy MAaEMO:

Hexaii H, H,,...,H, - nodii, wo ymeoproiome noeny cpyny. Tooi oia 6yoo-
AKOL nodii’ A, wo modice Hacmamu auue 3a YMO8U NOA8U OOHIEL 3 HeCYMICHUX NOOIlL
(einomes3) Hy, H,, ..., H,, i maxoi, wo P(A)#0 , euxonyromuvca pienocmi:

PULTARN

abo

| PH--W
LA OT ORI

®opmynu (4.2) HazuBaroTh ghopmynamu baiteca.
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3anumannsn ona camokoHmpoJiio

1. Axuti uenso mae popmyna nogHoi imosipHocmi?

2. Ak naszusaromov noodii H,,1=1,2,...,n y ¢hopmyni nosnoi iimogipnocmi?

3. Yomy oopisnioe cyma imosipHocmeti cinomes?
4. B sikomy sunaoxy 0oyiibHo suxopucmosysamu gopmyau baiieca?
5. 3anuwims popmyny bauieca.

6. Ak 3minumsbcs cmynins 008ipu 00 8UOpaAHUX 2inomes nicis 8UNpooysanus?

Po3B’si3yBaHHS TUIIOBUX 3a/1a4

3adaua 4.1. Y xoMmanmi 5 cTpimbIiB: 3 4oNOBiKiB Ta 2 kiHKH. MIMOBipHiCTB
BIYYCHHS Yy IIJIb y 4osioBiKiB — 0,95, y xiHok — 0,9. [lnsg moctpidy B MillIEHb
HAaBMaHHS OOpaHO OJIHOTO CTpuUIblLiA. flka MMOBIPHICTH TOTO, IO B MilIeHs Oye
BIIy4€HO?

Po3zs’si3anns. Po3risiHeMo Taki TinoTe3u:

H,="m1s nocTpiny 0yso 0OpaHO CTPUIBLA-YOJIOBIKa™,

H, ="nus noctpiny Oysio 00paHO CTPUIBLA-KIHKY .

3a KJIaCHYHUM O3HauYeHHAM HMoBipHOCTI Maemo: P(H, )= g , P(H,)= é :

ITomi H,,H, - HECYMICHI, yTBOPIOIOTh IOBHY I'pYILy HOJIN.
[Toxiss A=""y mileHb BIy4YEHO .

P(%J:O’% , P(%JzO,Q.

3a (opmyJI0t0 MOBHOT MiMOBipHOCTI (4.1):
P(A)= P(Hl)-P(% )+ P(Hz)-P(% j=§-0,95+3-o,9=o,93.
1 2) 5 5

Bionosios: P ( A)=0,93.

3aoaua 4.2. Ha ogniit mo3utlii iMITyJIbCHOTO KOJIy 3 OJIHAKOBOIO MMOBIPHICTIO
moxke 3’siButuca 0 a6o 1. Ilpu mepenayi curHaiy 1€ 3HaYE€HHS MOXE MOMIJIKOBO
sminnTHcs. MMoBipHicTh meperBopenns “0” B “1” mopisuioe 0,01, i#MOBipHiCTH
nepetBopenns “1” B “0” mopiBaioe 0,004. 3HaliTH WMOBIPHICTH TOTO, IO CHUTHA
OyJie mepenano npaBUIIHHO.

Po36’a3anns. Po3risHeMo Taki rinoTe3u:

H,="Ha no3uii iMIyJbcHOro koay 3’siBuBcs “07”,

H, =" Ha no3uuii iMIyJIbCHOrO Koay 3’siBuiacs “17”.
1

P(H1)=P(H2)=2
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ITomii H,, H, - HECYMICHI, yTBOPIOIOTh IOBHY I'PYILy MOAIM.
[Toxist A="curHan nepeaaHo MPaBUILHO .

P(%l):1—0,01:0,99 , P(%J:l—o,omzo,g%.

3a popMyIi0r0 MOBHOT TMOBIPHOCTI:

P(A)=P(H,)- P(% )+P(H2) P(% jz— 099+% 0,996 =0,993.

Bionogiow: P(A) =0,993.

3aoaua 4.3. Ha tprox ¢abpuxax BupobiseTses Biamosigao 5000, 8000, 2000
enektponamil. Bigomo, 1o Ha nepmii ¢adbpulli muToMa Bara Opaky y BUTOTOBIICHIH
npoxaykuii craHoButs 0,3 %, Ha npyriit — 0,2 %, Ha Tperiii — 0,5 %. Kymnnena nammna
BUSIBMJIACh OpakoBaHOIO. BusHauuTh, Ha sKid 13 ¢abpuk HaWiMOBipHIimEe OyIa
BUTOTOBJICHA OpaKkOBaHa Jiamra.

Poss’azanns. BBenemo mo3HaueHHs MOJiH: A ="KyIUIeHa Jlammna OpakoBaHa’.

H,, H,, H; - rinoTe3u, AKi NOIAraroTh y TOMY, 110 KYIUIEHA JJaMIla BUTOTOBJICHA Ha

nepIii, pyrii, TpeTii (padpukax BIANOBIIHO, YTBOPIOIOTH NOBHY IpyIy MOJIid. 3a
KJIACHYHUM O3HAYEHHSIM WMOBIPHOCTI MA€EMO:

5000 5
P( Hl ) = =,
5000 +8000+ 2000 15
8000 8
P( H 2 ) = =
5000+8000+2000 15
2000 2
P(H 3 )= =

5000+8000+2000 15

P(%J:0,00B, P(%Z):o,ooz, P(%S)zo,ogg,_

3a popmynamu baiieca:
P(H/j P(H-).P(%') . i=123
) ZP(H ) P(% j
P(H%jzo’?’?’ P(H%)zo’?’& P(H%jzo,m.

Otxe, HaWIMOBIpHIIIe, 0 OpakoBaHa jammna Oylia BUTOTOBJICHA Ha JAPYTii
babpurii.

3aoaua 4.4. B cnoptuBHOMY 3aii y citii Jexatb 20 GyTO0NbHUX M’SIUiB, 3 HUX
12 HOBUX, a 8 BKE BHKOPHUCTOBYBAJINCH y Tpl. TpeHep HaBMaHHs Oepe 13 CITKH 2
M’s191 7T TPH, @ TICTS TPU MOBepTae ix y ciTky. Ilicis 1boro i3 CiTKku 3HOBY BUHMA€
JIBa M’sii JJI HACTYIHOI TpU. 3HANTH WMOBIPHICTH TOTO, 10 BUMHSATI IPYyroro pasy
M’ST9l BUSIBIIATHCSI HOBUMH.

Po3z6’a3anns. BBeneMo mo3HaueHHs MOAIN: 4 ="00uABa M’sUl MPU JIPYromy
BWJIYYEHHI BUSBWINCh HOBUMU . PO3rIsTHEMO Taki TIMOTE3W MPO BMICT CITKH HEpea
OPYTMM BHJIydeHHSM M’suiB: H, =12 HOBUX 1 &, siK1 Oynm y rpi”,
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H,="11 HoBux 1 9,5x1 6ynu y rp1”, H,="10 HoBux 1 10, six1 Oyau y rp1”.
3HaiiieMo WMOBIPHOCTI IMX TinmoTe3. Skio obuasa M’si4i Bxke Oynu y Tpi, TO
BUKOPHCTOBYIOUH KJIACHYHE O3HAYCHHS MMOBIPHOCTI:

C2 14
P(H,)=—%=—.
CZ 95

Jns toro, mo6 mana Micue rinoresa H, - mepmioro pa3y norpiOHo Oyio
BWIYYUTH | HOBUM M’s14 1 1 M’ 514, SIKMI B’KE BUKOPUCTOBYBABCS:
Ci 95
Jus Toro, mo6 Mmana Micue rinore3a H,- mepmoro pasy HorpiOHo Oyiio

P(Hz):

BUJIYYUTH 2 HOBUX M’ S4l:

C2 33
P(Hs) :%:_-
ci 95

3HailieMo yMOBH1 UMOBIPHOCTI MOA1T A!:

()-GO )i
Hi) cZ H,) cZ 190 Hy) ¢c2 190

3a GpopMyII0t0 MOBHOT HMOBIPHOCTI:

p(A):P(Hl)PWH j+P(H2)P(7H )+P(H3)P(7H3):

_14 66 48 55 33 45 _0.279.
95 190 95 190 95 190
Bionoegiow: P(A) ~0,279.

3aoaua 4.5. Tpu cTpuIbIll HE3AJIEKHO OJAHMH BIJl OJHOTO 3pOOMIIM MO OJHOMY
MOCTPUTY, NPUYOMY ABOE 3 HUX BIYYWIM B MilleHb. VIMOBIPHOCTI BJIy4€HHS B
MILIEHb JJI NEPIIOTo, APYroro Ta TPEThOro CTPLIBLIB BIMOBIIHO JOPIBHIOWTH 0,4,
0,310,5. 3HaiiTi KMOBIPHICTB TOTO, 110 BIYYUB NEPIIHI CTPLIECIb.

Po3zs’siz3annsa. BBeneMo mno3HaueHHsI TOAIN: A = JBa CTPUIbLI BIYyYWId B
mimenp”. I'imoresa H, ="BayuuB nepwmmii crtpineus”’, H, =’nepmmii cTplieus
npomaxHyBcs”. OTxe 3a ymoBoro P(H,;)=0,4,P(H,)=1-0,4=0,6 (nmomii H, 1
H, mnpoTtuiexHi).

3HailIeMO YMOBHY HMOBIPHICTh P( %1) TOTO, 110 B MIIIEHI JBa BIyYEHHS,

NPUYOMY BIIYYUB NEPIINA 1 IPYTUi CTPiIbL a00 NepIIni 1 TPETI CTPLIBII.

P(% ):0,3'0,54'075'0’7:0’5'
1

3HaiiieMo YMOBHY WMOBIPHICTD P( % j TOTO, 110 B MIIIIEH] J[Ba BIy4YEHHS,
2

MPUYOMY MEPIIU CTpiJielb MPOMAaXHYBCA, & BIYYUIIU JIPYTUM 1 TPETii.

P(%) 0,3-0,5=0,15.



IMOBIpHICTH TOTO, 11O BIYYUB MEPIIMNA CTpuUIClb, 3HAWIEMO 3a (HOPMYJIOO
barieca:

o(Hi /) _ P(Hl)P(%lj _20
( AJ_P(HQP(%JW(HZ)P(%J_Z_S"

o H 20
Bionogiov: P| " Y, |=—.
i0n0giob ( A) 59

33BI[3HHH AJIHA CAMOCTIIHOT0 BUKOHAHHSA

4.1. ]Ia 3 TppOX HE3AICKHO MPALIOIOYUX EJIIEMEHTIB JESIKOT0 MpHIIaLy
BiIMOBWJIM. 3HAWTH WMOBIPHICTh TOTO, 110 BiIMOBUJIM NEPIINN 1 APYTHI €IEMEHTH,
SKIIO MMOBIPHICTh BIJIMOBU MEPIIOT0, APYroro i TPEThOTO €JIEMEHTIB BIANOBIIHO
nopiBHIOI0TH 0,2, 0,4 Ta 0,3.

4.2. Tlpoaykiiis nepeBipseThCs HA CTAaHAAPTHICTh OJHHUM 3 JIBOX KOHTPOJIEPIB,
NpOAyKTHBHICTh mpami sxkux 0,6 Ta 0,4 BimmoimHo. MMoBipricTh TOro, mo
nepeBipeHa MpoAyKIis Oyjda BU3HAHA CTAaHAAPTHOIO NEPIIUM KOHTPOJIEPOM,
nopiBHioe 0,95, a npyrum — 0,9. [lepeBipena npoaykiis Oyja BU3HAHA CTaHIAPTHOIO.
3HalTH UMOBIPHICTH TOTO, IO MPOJIYKIIII0 IEPEBIPUB APYTUIM KOHTPOJIEP.

4.3. B rpymi 20 cTyneHTiB, cepea HUX: 4 — BIAMIHHMKH, § — XOPOUINUCTIB, 6 —
TPIEYHHUKIB Ta 2 JABI€YHHKU. [0 ICOMUTY 3alpONOHOBAHO BUBYUTU 25 MHTaHb.
CryneHT-BIAMIHHUK BUBYMB BCl MUTaHHS, XOpomncT — 20 nuTaHp, TpieYHUK — 15, a
JBIEYHUK — 5 NUTaHb. BUKIIMKaHUI HAaBMaHHS CTY/ACHT BIANOBIB Ha TPU MOCTABJICHI
MUTAaHHS. 3HANTH HMOBIPHICTh TOTO, 11O 1I€: a) XOPOUIUCT; 0) TPIEYHHUK.

4.4. Kypc nonapa miBUILYEThCS MPOTATOM Micsaud 3 WMoBipHicTio 0,8 1 magae
3 iimoBipHicTio 0,2. IIpy miABUIIEHH] KypcCy J0JIapa KOMIaHis po3paxoBye OTPUMATH
npubyToK 3 ¥mMoBipHicTio 0,75, a mpu NOHMXKEHHI — 3 WMOBIpHicTIO 0,45. 3HaiiTu
WMOBIPHICTB TOTO, 1110 KOMIaHis OTPUMAE MPUOYTOK.

4.5. Tpu cTpuIbIll HE3AJIEKHO OJUH BiJl OHOTO 3pOOUIIH MO OJHOMY MOCTPILITY,
IPUYOMY JIBOE 3 HHX BIYYHIH B MilieHb. VIMOBIPHOCTI BiIydeHHs B MillleHb IS
MEepPIIOro, JPYroro Ta TPEThOrO CTPUIBIIB BiAMOBIMHO AopiBHIOOTH 0,2, 0,4 1 0,3.
3HaNTH UMOBIPHICTH TOTO, IO BIIYYUB MEPIIUNA CTPLICIIb.

4.6. B MicbKy JiKapHIO Ha MPOTs31 MicAll MOTparuisie B cepeaqabomy S0 %
xBopux Ha rpumn, 40 % xBopux Ha aHriHy Ta 10 % XBOpUX Ha 3amajeHHs JIETEHb.
VIMOBipHiCTb OmyXaTH npu 3axBoproBaHHi Ha rpun 0,9, npu amrini — 0,8, 1pu
3anasieHHl JiereHb — 0,7. XBopuii, sSIKMi MOTpanmuB 1O JIIKapHi, OQYy’KaB. 3HAUTH
HMOBIPHICTb TOTO, 1110 BiH OYB XBOPUI Ha aHTIHY.

4.7. B cenumii IBaHiBKka mpaitoroTh ABI OyAiBeNbHI KoMmadii A Ta B, ski
IIPOIIOHYIOTh CBOT TIOCHYrH. VIMOBIpHICTH yKIAJaHHS KIi€HTOM JOrOBOpY 3
koMmmaHiero A craHoBuTh 0.4, a 3 xommaniero B — 0,6. ﬁMOBipHiCTb SIKICHOT'O
BUKOHAHHS PoO0IT kommaniero A — 0,7, a kommnanii B — 0,5. Tlpu yknaganHi 10roBopy
3 OJIHIEI0 3 KOMIIaHIA KJIIEHT HE OTPUMAaB SIKICHOTO BUKOHAHHS 3allJIAHOBAHUX HUM
poOiT. 3HANTH WMOBIPHICTH TOTO, 1110 TOTOBIp OYB YKJIaJCHUN 3 KOMITaHI€0 A.
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4.8. B mepmiit ypai 2 Oumi 1 4 4opHi KyJi, a B Apyrid ypHi 3 Ouni 1 1 yopHa
KyJsl. 3 mepuioi ypHU NepeKyany B APyry 2 Kyii. 3HalWTh WMOBIPHICTh TOTO, IO KYJIs
BUIHSATA 13 APYTOi YPHU MICIIS NepeKiIaaaHHs Oyae OuIoro.

4.9. B ypHy, 110 MICTUTh 2 KyJIi, NMOKJIAIXd OUTYy KyJtO, MICIs IbOro 3 Hel
HAaBMaHHS BUIydyuiau | kymo. 3HATH HMOBIPHICTH TOTrO, L0 BUWHATA KYyJA
BUSIBUTHCS O1I010.

4.10. Ha cknami € 20 woBux ta 10 crapux iHctpymeHTiB. [lepmiiii 3miHi
pOOITHUKIB ~HaBMaHHS BUAAIM 2 1HCTPYMEHTH, SIKI MICIS BUKOPUCTaHHS Oynu
NOBEepHYTI Ha ckian. [pyra 3miHa oTpumana 2 IHCTpyMEHTH. 3HAWTH HMOBIPHICTD
TOTO, IO JPyTa 3MiHa OTprUMaja 2 HOBUX IHCTPYMEHTH.

4.11. V mara3uH ra3oBi IJTUTH NMOCTA4alOTh TPU KOMMAaHil y CIIBBIIHOIICHHI
5:8:7. Cepen mpomaykiii meprioi KOMIaHii CTaHAApTHI IMTH ckiIamgaroTe 90 %,
npyroi — 85 %, tpetboi — 80 %. 3HaliTH IMOBIPHICTH TOTO, I1IO:

a) mpuadaHa IUINTA BUSBUTHCA CTaHAAPTHOIO; 0) mpuadaHa IUIMTA, sIKa BUSBHIIACS
HECTaHJapTHOIO, BUPOOJIEHA TPETHOIO KOMIIAH1€10?

4.12. Jlo icnuty 3anpornonoBano 40 OineriB, 35 3 SKUX CTyJeHT BuMBYMB. Ha
ICIIUT CTYJIEHT MOXKe 3aiTu mnepmuM abo napyruMm. o ans HboOro BuUTIAHIIIE?
Po3paxyBatu HIMOBIPHOCTI CKJIACTH iICITUT B 000X BHUIIAIKAX.

4.13. Ha 3anik Bukiagad miarorysar 60 3amgad, cepen skux 30 3 Teopii hyHKITIH
KOMIUIEKCHOI 3MiHHO1, 20 3 omeparliiinoro uucieHHs: Ta 10 3 Teopii KMOBIpHOCTEH.
J{nst oTprMaHHA 3aJ1iKy CTYAEHT ITOBUHEH PO3B’s3aTH IEPITY 3alIPONIOHOBAHY 3aj1auy.
CryzneHT BMI€ po3B’si3yBaTu 25 3a7a4 3 Teopli (PyHKIIH KOMIUIEKCHOI 3MiHHOIL, 15 3
ornepauiiHoOro 4yucieHHs 1 5 3 Teopii KWMoBipHOCTEl. CTyneHT ckiaB 3amik. fka
HMOBIPHICTb TOTO, 1110 OyJa 3aIIpOIOHOBAHA 33/1aya 3 ONEePaliifHOrO YUCICHHS?

4.14. JlocmiKyrOTh IPUYUHU MOJOMKH XOJIOJWIBHOI YCTAHOBKH, MIPHU LIBOMY
BHUCYBaloTh 3 rinote3u 3 WMoBipHocTsiMu 0,3, 0,5 ta 0,2. ITicas Toro, ik BUSIBUIIOCH,
1o OyJnv CUJIBHI Mepenaan Hampyrd B Mepexi (mofis A), BCTaHOBJIEHO, 1[0 YMOBHI
nMoBipHOCTI Toxii A mopiBHIoI0TE 0,95, 0,65 Ta 0,54 BiamoBigHO. Ska 3 TimoTes €
HaWOUIBIIT HMOBIPHOIO B TAHUX YMOBax?

4.15. IMOBIpHICTH Bpa3uTH IUIb IS mepiioro ctpiiabis — 0,6, 17s Ipyroro —
0,85. Ctpinbill MOBHHHI MO 4Yep3i y BHUIAJKOBOMY MOPSAKY CTPUISATH MO MIIICHI.
[Ticnist oTHOTO MOCTPIY IIJIb BUSBHIIACH BPaXKE€HOIO. SIka TMOBIPHICTH TOTO, IO IiJIb
Bpa3uB MepLIui CTpuielb?

Bionoeioi
4.1. 0,098. 4.2. 0,387. 4.3. 0,44; 0,25. 4.4. 0,69. 4.5.0,92. 4.6. 0,38.

4.7. 0,29. 48. 0,611. 4.9. 0,667. 4.10. 0,38. 4.11. a) 0,845, 6) 0,452.
4.12. ognakoso, 0,875. 4.13. 0,333. 4.14. npyra. 4.15.0,414.
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5. CEPII HE3AJIEXKHUX BUITPOBYBAHb. CXEMA BEPHYJLII

5.1. Cxema i popmy.ia bepnysii

Hexaif excmepumeHT E HE3aJ€KHO TIOBTOPIOETHCS N pasiB — BimOyBaeThCs
cepis N He3aJIe)KHUX BUIPOOYBaHb, MPU IbOMY B KO)KHOMY OKpEMOMY BUIPOOYBaHHI
nomist A Moke BiIOyTHCS 3 HMOBIPHICTIO P 1 HE BIZOyTHCS 3 WMOBIipHICTIO (, =1-p.
Taxa cepis BunpoOyBaHb HA3UBAETHCS cxemoro bepuyni.

UYwucma N, P Ha3UBaIOTh MapaMeTpaMu CXeMHu bepHyti.

VY cxemi bepHyi nosiBy nofii A npuiHATO Ha3uBatu “ycnixom . IloctaBUMO
3a/1a4y: 3HAUTH WMOBIPHICTH TOTO, IIO Y cepii N He3aIe)KHUX BUIIPOOYyBaHb Moais A
B11I0yZeThCS PIBHO M pa3iB, a0o0, IHIIMMHU CJIOBaMHU, 110 cepea N BUIPoOyBaHb Oyje
pIBHO M “ycmiXiB”.

IMOBIpHICTB TOTO, 10 B N HE3AJIEKHUX BUIIPOOYBAHHAX MOJIS A BiAOYyAEThCS
piBHO M pa3iB i He BigOymerbcs (N—M) pasiB (B Oyap-sKid TMOCIITOBHOCTI)
00UHCTIOEThCS 3a hopmynoro bBepuynni:

P(my=Cp™"g" ™", (5.1)

ImoBiprocti  P,(M) HasuBatoThes 6inomianehumu. Cyma OiHOMiaJbHUX
HMOBIPHOCTEH

RO)+PO+..+P(M=Cp"q"+Cp"q +..+C1p"q" = (p+4q)" =1.

Hexait P,(m, <m<m,) o3Hagae HMOBIpHICTH TOTO, II0 B N BUIPOOYBaHHIX
cxemMu bepHymn noxis A 3’ABUTBCA HE MEHIIE, HDK M, pa3 1 He OuIbIe, HIK M,
pasu (0<m, <m, <n). Toxi

my
P(m <m<m,)= 3> B,(m). (52)
m=nmy

ImoBIpHICTH TOTO, 110 B Pe3ysbTaTi N BUIPOOYBaHb MOMAIS A 3’SIBUTHCS XOua
0 oIMH pa3, MOXKHA PO3MJISIIATA Ye€pe3 IMOBIPHICTh MPOTUIICKHOT TO/11i, TOOTO TaKoi,
mo moaisi A He 3’ABUTHCA y KOJAHOMY 3 BUIIPOOYyBaHb, OTKE, Taka WMOBIPHICTH
BH3HAYAETHCS 32 (POPMYIIOFO:

P@<m<n)=1-P(0)=1-q". (5.3)

Hpukaax 5.1. Crpunens cTpiyisie mo MilleHl 4 pa3u, UMOBIPHICTh BIIYYEHHS
npu KoxHoMYy nocTtputi 0,8. 3HalWTH WMOBIPHICTH TOTO, IO OyJIO PIBHO M BIIyYEHb,
m=0,1,2,3,4.

Pos¢’azanns. 3apmaua Bianosimae cxemi bepuymni. BinOyBaetscs Nn=4
HE3AJIEKHUX BUMPOOYBaHHb (MOCTPLIM MO MIIIEH]), B KOXHOMY 3 SIKHUX OIS
A=“BIly4eHHs y MillIeHb” Bi10yBaeThcs 3 MoBIpHICTIO P=0,8 Ta He BiIOyBaeThCs 3
nmMoBipHicTio =0,2. 3a dopmynoro bepuymm nius m=0,1,2,3,4 3naitnemo:

52



P,(0)=C?-0,8°-0,2* =1.0,2* =0,0016;
P,(1)=C!-0,8-0,2° =4-0,8-0,008 = 0,0256 ;
P,(2)=C2-0,82-0,22 =6-0,64-0,04=0,1536;
P,(3)=C:-0,8°-0,2' =4-0,8-0,64-0,2=0,4096

P4(4) =C,-0,8"-0,2°=1-0,8"=0,4096.
[lepeBipumo, 110 cyma OiHOMIaNBHUX MOBIpHOCTEN AopiBHIOE 1. JliiicHO,
P,(0)+P,(1)+P,(2)+P,(3)+P,(4)=1.
[Tomitumo, mo HmoBipHOCTI P, (M) mpu 30UIBIIEHHI M CHOYaTKy 3pOCTarOTh,

* * o -
MoTiM crafaroTk. IcHye Take M=m’, ipu sikomy P,(M') mae HaitbinbIne 3HaYeHHS.

5.2. HaiiimoBipHiie uuciao “ycnixie” y cxemi bepnysii

[losHaunMo M~ — Take 3HAYEHHS, IIPH SAKOMY OiHOMiadbHa HMOBIPHICTH
P(m’) € Haiibinemoo. 3HadyeHHs M HA3UBAIOTh  HALIMOGIDHIUUM YUCIOM
“yenixie” (mosiBu ozl A). Unemo M™ — Iife, 10 3HAXOAUTHCA B MEXKAX:

np—qu*Snp+p_ (5.4)

Hanpuknan, sikio

n=4,p=0.80=0.2, o 32-02<m*<3.2+0.8 , orxe, M*=3 abo m*=4.

3ayBaKUMO:

1. Skmo NP+ P He € winuMm, Toxi M HaGyBae OJHOTO 3HAYCHHS.

2. Axmo NP + P € minum guciaom, To iCHye ABa 3HaUYCHHS M*=np + p abo
m*=np-q

3. Sxkmo NP e minum, Toai M™* = np.

5.3. Habau:keHi popmyn o0uncieHHs1 OiHOMiaabHUX iiMOBIpHOCTE#

[Ipu Benukux 3HaueHHAX N ¢opmyna bepHymnl cTae HE3py4HOK IS
00YHCIIEHb, TOMY 3aCTOCOBYIOTHCSI HAOJIMKEHI (POPMYIIH.

5.3.1. ®opmy.a Ilyaccona

Skmo N — Benmuke umcno, p — mane (P<0,1),np <10, GinomiambHy

HMOBIPHICTh MOKHA OOYMCIIUTH 3a HAOIMKEHOIO (POPMYIIOFO:
m

A

®opmyny [lyaccona Ha3uBaoTh “OpMyIIOI0 HEYACTUX MOIIN”.

3ayearncennsn. Sxmo p Oausske 10 1, a ¢, Biamosiano, mane (0<0,1), Tomi
MO>KHa BUKOpUCTOBYBaTH opmyiy [lyaccoHa ayis oOunciieHHs WMOBIPHOCTEN yucia
“‘HeBmav’’, TOOTO YKCIlia BUIPOOYBAHb, Y IKUX MOAIS A HE 3’ sIBUJIACH.
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5.3.2. JlokaabHa Teopema MyaBpa-Jlaniaca

Sxmo n — Bemuke umcio (N>100), p, q —6mm3eki A0 0,5, To OGiHOMIialbHY
HMOBIPHICTh MOKHA HAOJMKEHO 3HAUTH 3a (POPMYIIOI0:

P ~

1
(M) = mco(X) , (5.6)

m-—np

ne QyHKITs (o(x) = %ez — ¢yukuig 'ayca, X= \/ﬁ :
7T

X2

2

Jns pyHkIi (p(x) = %e_z cKJageHo Tabnumi (HoaaTok 1) .

HaBenemo BmactuBOCTI (hyHKIIIT {0(X):

1) gD(—X) = (D(X) , TOOTO YHKIIIS € TTAPHOIO;
2) (p(X) - cmazae mpu X > 0;

3) 1pH 301UIBIICHH] X IO +00, {0(X) 3MeHIy€eTbest 10 0;

g X>4  mpuiitmaemo qo(x) =0.

5.3.3. InTerpanbHua Teopema MyaBpa-Jlanjaca

[Mognaunmo P,(m;,m,)=P(m <m<m,) — HMOBipHICTH TOTO, mO M —
KUJTBKICTh TOSIBH Tonii A (umcio “ycmixiB”) B cepii N He3ale)KHUX BUMPOOYBaHb,
3HAXOAMUTHCS B MEXKax BiJ] M, 0o m,, .

HabnmxeHe 3HaueHHS 11i€] TMOBIPHOCTI MOYKHA 3HANUTHU 32 (OPMYJIOIO:

By (mg,m,) =~ P(x) — P(Xy) (5.7)

ne O(X) — pyukmis Jlammaca, O(x) = ije_idt X = m, —np X, = m, —np '
27 0 /npq /npq

BnactuBocti ¢pyHKIii d(x):

1)  ®(x) — Hemapua, O(—x) =— D(x) ;
2)  ®(x) —3pocrac qus X € (—00,+0) ;
3) @0)=0;

4) lim ®(x)=0,5.

X—>+00

X

Sxmo X > 95, npuiimaemo ®(X)=0,5.
st pynxiii @(x) cxmaneno Tabmuill (101aTOK 2).
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Hacniook. Hexait y N BunpoOyBaHHsSX 3a cxemor bepnymn momis A

. . o .. m
3’sBwiachk M pasiB, TOMI OPU JOCUTH BEIUKUX N AMOBIPHICTH TOTO, IO YaCTOTA —
n

nofii A BIOpI3HsETHCA BiA i1 HMOBIPHOCTI P Ha BEIMUYMHY & (3a aOCOJIIOTHOMO
BEITMIMHOIO ), 00UHCITIOETHCS 32 (OPMYIIOH0:

P m—p<8 —20| | L.

n g ) (5.8)

3anumanHna 01a cCAmMOKOHMPOJi10
1. Axi sunpobysanns nasusaroms cxemoro bepnynni?
2. Axi uimosipnocmi Hasugaromuvcs OinomianvHumu? Yomy oopisnioe cyma
OiHOMIaNbHUX UMOGIPHOCIEU?
3. 3anuwims popmyny beprnynni.
4. lllo make nauimogipHiuie Yucio «ycnixie» y cxemi bepnynni? Ak ye uucno
8U3HAYAIOMb?
5. B sakux sunaokax nompioro suxopucmamu ¢opmyny Ilyaccona? 3anuwime
gopmyny [lyaccona.
6. Chopmynroume noxanvry meopemy Myaspa- Jlannaca.
7. Axa @ynkyin nasusaemocs gyuxyicio I'ayca? Hazsimo ii ocnosHi éracmusocmi.
8. Chopmynrotime inmeepanovry meopemy Myaspa- Jlannaca.
9. Axa Qynkyin nasusaecmocs gyuxyicio Jlannaca? Hazeimo ii 0CHOBHI 61aCmMU8ocmi.
10. Cghopmyniotime Hacniook npo UMoipHiCMb GIOXULEHHS 8I0HOCHOT YaCmMomu 6i0

CManoi UMogipHOCMiI.

PO3B’ﬂ3yBaHHH THUIIOBHUX 3aJa4

3aoaua 5.1. I'panbHuii KyOUK MAKUAAIOTH 6 pas3iB. 3HAUTH WMOBIPHICTH TOTO,
o “5” O4OK BUMAJE a) piBHO 2 pa3u; 0) meHIe 3 pa3iB; B) Xxo4a O OJUH pas.

Poszé’sizanns.  3amaua Bianosimae cxemi bepnymni. BigOyBaetbcs N=6
HE3aJIOKHUX BUMPOOYBaHb (MIIKHUIAHHS TPATBHOTO KyOWKa), B KOXKHOMY 3 SIKHX
nomist A="“Bunano “5” 040k’ BiZOYBA€THCS 3 IMOBIPHICTIO [ 1 HE BIOYBa€ThCS 3
IMOBIpHICTIO (!

ool

1 1
=—, :1——:
b 6 d 6
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a) 3a ¢popmyioro bepuymui (5.1) mis m=2 3uHaiigemo:

2 4
p(2)=cz (1) (2] 215. L. 8B _ 98B 450
6 6 36 1296 46656

0) Iloxiss B="5 0o4OK BHUMaNO MEHIIIE TPHOX Pa3iB’ € CyMOI MOMIIN: “5” 04Ok
Bunano 0, 1 ado 2 paszu. Toxi WMOBIpHICTH MOIT B:
P(B)=P,(0)+P,(1)+P,(2).
3a opmynoro bepaysui (5.1) ns m=0,1,2 3naiigemo:

0 6
pﬁ(o):cg.(lj (Ej _ 15625 ) 335
6 6 46656

1 5
(1) =C! (lj (ﬁj _ 18750 _ 6,402
6 6 46656

3mma) P(2)=0,201.
Otxe, P(B)~0,335+0,402+0,201=0,938.

B) Iloxis C=""5" o4ok BuMago xo4a 0 oguH pa3”’. Po3risiHeMO NpPOTUIICKHY
nogito C ="5" ouok He BAMA0 *xo0H0r0 pasy”. 3 m.6) : P(C) =P, (0)~0,335.

Orxe, P(C)=1-P(C) ~0,665.

Bionosios: a) 0,201; 6) 0.94; B) 0,665.

3adaua 5.2. VIMOBipHiCTH TOTO, 110 MACAKUP 3AITI3HATBCSA HA HOTAT JOPIiBHIOE
0,02. 3HaifT HAWIMOBIPHIIIE YUCIO MACAXUPIB, AKI 3AMI3HWIACS Ha MOTAT 13 855
MacaXXupis.

Pose’szannn. 3a ymosoro n=855 , p=0,02 , g=0,98 . 3naiigemo

HaliMOBipHimIe yncio m* 3 HepiBHOCTI (5.4): NP —( < m < np + p. Orpumaemo:
855-0,02-0,98<m <855.0,02+0,02 a6o 16,12<m" <17,12.
Line uKcII0, 1O JNEKUTH B IUX Mexkax, m =17.
Bionoeiob: m" =17.
3aoaua 5.3. JIBa pPIBHOCWIBHHX CYNPOTUBHUKM TrparoTh y Mmaxu. Lo
WMOBIpHIIIIE BUTPATH:
a) OJIHY MapTIIO 3 ABOX YH JIB1 3 HOTUPHOX?
0) HEe MEHILE ABOX MapTiil 3 YOTUPHOX YU HE MEHILIE TPHOX 3 I ATU?
Hiuuiinuii pe3ynbTar napTii He BpaXOBYIOTHCS.
Po3z6’a3anns. OcKiNbKU TpaloTh PIBHOCHIIbHI CYNPOTUBHUKH, TO WMOBIPHICTh

1

1
BUTpaIy p:E Ta WMOBIpHiCTh Mopa3ku (=1— pzz. OcCkUJIBKM B yCIX THapTisix

WMOBIPHICTH BUTPAIIlY OJTHAKOBA, TO MOKHA 3acTocyBatu hopmyny bepaymm (5.1).
a) 3Hal1eMO WMOBIPHICTH TOTO, IO BUTPAHO OJHY MAPTIIO 3 ABOX:

21 (1\'(1) 1
P(l)=Cp'g =—-=||Z| ==.
(1)=C2pd 1!-1!(2)(2) 2

IMOBIpHICTB BUTpATH JBI MAPTIl 3 HOTUPHOX:
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41 (1V(1Y 6 3
=civa =555 (5] =55

Ockinbku P,(1)> P,(2), TO IMOBIpHIllIE BUTPATH OJHY MAPTIIO 3 IBOX.

6) O0uucIMMO UMOBIPHICTh BUTPATH HE MEHIIIE JJBOX MAPTIN 3 HOTUPHOX:

11
P (2) + P, (3) + P, (4) =1- (P, (0) + P,(1)) = TS
O6uncaMMo MMOBIPHICTH BUTPATH HE MEHIIE TPHOX MapTId 3 I SITH:
8
B (3) + Ps(4) +P;(5) = —.
16
OTxe, IMOBIpHIIlle BUTPATH HE MEHIIIE TBOX MApPTiid 3 YOTUPHOX.
3aoaua 5.4. IMOBIpHICTH HApOKEHHS XJjonmuuka mopiBHioe 0,515. 3Haiitu
HMOBIpHICTh TOrO, 10 3 200 HOBOHAPOHKEHUX JITEH XJOMYMKIB 1 JIBYATOK Oyje
MOPIBHY.
Posé’sizanna. Y  gamomy Bumagky n=200 , m=100 , p=0,515 ,
q=1-p=0,485 . Ockinmeku N, M € JOOCTaTHHO BEIUKHUMH, TO 3aCTOCOBYEMO
m-np  100-200-0,515

JokanbHy TeopeMy Jlamnaca. 3naiizeMo X = =
YIROPEY Jnpg  4/200-0,515-0,485

3a Tabmumero (auB. Jomarok 1) 3Haiizemo 3HaueHHs ¢yHkuii [ayca:
¢(—0,424) = p(0,424) = 0,3647 .

Toni 3a popmyitoro (5.6):

P, (100) = ¢(-0,424) _ 0,3647 N

J200-0,515-0,485 7,068

Bionosiow: 0,052.

3aoaua 5.5. 3a pe3ynbraramMu nepeBipoK (iCKAIBbHUMH OpPTaHaMH BUSIBICHO,
10 B CEpeHHOMY KOXKHE Jpyre Malie MiJIMPUEMCTBO PEriOHY JOMYyCKA€E MOPYIIESHHS
(db1HaHCOBOI AUCHMIUIIHA. 3HAUTH WMOBIpHICTH TOTO, 10 3 1000 3apeecTpoBaHUX Yy

pErioHI MajauX MIAMPUEMCTB JOMYCKAIOTh MOPYHIEHHS (hDIHAHCOBOI JUCIUIUIIHU BiJ
480 no 520 Manux MiaIPUEMCTB.

Pos6’sizanns. 3a ymosoro p=0,5, q=0,5, n=1000, m, =480, m, =520.
3acTocyeMo IHTerpalibHy Teopemy Myaspa — Jlamnaca, 3a ¢hopmyiioro (5.7):

B (M, m,) =~ ©(X,) — (%), me
_m—-np 480-1000-0,5

~ 0,424

0,052.

X, = = =-1,265,
* Jnpg  4/1000-0,5-0,5
X, = m, —np _ 520-1000-0,5 1265

Jnpg  4/1000-0,5-0,5

3unavenns ¢yukiii Jlamnaca ®(x) 3naiimemo 3 Tadaumi (auB. Jlogatok 2):
P00 (480,520) = 2d(1,265) =0,7924 .
Bionosiow: 0,7924.
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3aoaua 5.6. MarasuH OTpUMaB TapTi0 CKISHUX  ITUIAIIOK MOJIOKA.
JIMOBipHICTh TOrO, 10 [P TPAHCIOPTYBAHHI IUIALIKA PO3i6’€ThCS JOPIBHIOE
p=0,06. Ckinpku ciif mepeBipuTH IUIAIIOK, m00 3 ¥MoBipHicTIO 0,9973 MoXxHA
OyJI0 CTBEp/KYBaTH, IO BiJHOCHA YacTOTA TOSBH PO30MTHX TUISIIOK BiIXUISETHCS
BiJl IMOBIpHOCTI 3a aOCOJIOTHOIO BEIMYUHOIO He Oinbie Hixk Ha 0,017

Posé’saizanns.  Ockinekn, pP=0,06 , g=1-p=0,94 , £=0,01 , ro.

P[ % -0,06|< 0,01} =0,9973 . 3a (opmystoro 3aIMIIeMo:
n
2| 0,01- [—— |=0,9973.
0,06-0,94
/ n
3 6 2) ©(3)=0,4986 , , 0,0———=_,
a tabmanero (Jomaroxk 2) O(3) OTXKE 0 06 09

n=>5076.

Bionogiob: N=5076.

3aoaua 5.7. Tixgpyunnk Bumano TupaxeM 10000 mpumipaukis. FiMoBipHicTH
BUTOTOBJICHHA OpakoBaHOTO NpuUMipHHKA migpydHuka jopiBHIoe 0,0001. 3naiitu
HMOBIPHICTB TOT0, 1110 THPAXK MA€ PIBHO 5 OpaKOBAaHUX KHMT.

Po3g’si3anns. 3a ymosoto N=10000, p=0,0001,M=5. Ockinekn N BenwKe, a
iimoBipHicTh P Mama, i A=np=1, 10 3a dopmymoro Ilyacconma (5.5):

m -1
P.(m) A te 039 0,004.
m! ol 120
Bionoeion: 0,004.

3aBIaHHA JJISI CAMOCTIHHOT0 BUKOHAHHSA

5.1. ¥V cim’i m’sitepo aiTedt. 3HaWTH WMOBIPHICTD TOTO, IIIO CEpPeJl IUX JTITSH: a)
nBOE 1iBYatr; ©) He OuIpIe OBOX JiBYaT. BBakaTh MMOBIPHICTH HAPOKEHHS
JTIBYMHKHU piBHOMO 0,49.

5.2. VIMoBipHicTh GaHKpYTCTBa OJHi€i 3 IIECTH KOMIMAaHiii HA KiHEIb POKY
nopiBHtoe 0,3. Slka UIMOBIPHICTH TOTO, IO HAa KIHEI[b POKY 30aHKPOTYIOTh HE OUIbIIE
JIBOX KOMIIAHIMN.

5.3. KoxHe 3 cemu miampueMCTB Xap4yoBOi MPOMHUCIOBOCTI BUKOHY€E MiCSIUHUHN
mwiad 3 KMoBipHicTIO 0,8. 3HaliTH WMOBIPHICTH TOTO, IO B KIHII MICSI IUIaH
BUKOHAIOTh IPUHANMHI I’ SITh M1ANPUEMCTB.

5.4. 3a CTaTUCTUYHUMHU CIIOCTEPEKCHHSIMH pPIBHO TMIOJIOBUHA TMOKYIIIIIB
OBOYEBOr0 Mara3uHy poOJIsATh 3aKylKy Ha cyMmMy Ouiblle, HIX S TIpH.. Y uep3i 5
MOKYMI[iB. 3HANTH MMOBIPHICTB TOTO, IO 3 3 HUX 3pOOJIATH 3aKyIKY OUJIbIIIE HIK HA S
IpH..
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5.5. ToBapo3HaBelp orysigae 24 3pasku ToBapy. MIMOBIpHICTb TOTO, 1O KOXKEH
13 3paskiB Oyje mpuaaTHUH 10 MNpojaxy, nopiBHioe 0,6. 3HalWTU HaWiMOBIpHIIIE
YHCIIO 3pa3KiB, SKi TOBApPO3HABEIh BU3HAYUThH MPHUIATHUMH JI0 POJIAXKY.

5.6. barapes npoBena 6 TOCTpiliB 110 06’€kTy. IMOBipHICTH BIyYeHHS B ILiJb
Ipu OJAHOMY MOCTpini AopiBHIOE 0,6. 3HailTH: a) HANIMOBIpPHIIIE YHUCIO BIy4YEHB; O)
WMOBIpHICTh HANIMOBIPHIIIIOTO YHUCJIa BIy4YeHb; B) WMOBIPHICTH TOTO, IO 00’ €KT
Oyze 3pyiHHOBaHUMN, KO IS IBOTO JTOCTAaTHHO NIPUHAKWMHI JIBa BITyYCHHS.

5.7. Ilpu nikyBaHHI EBHOTO 3aXBOPIOBAaHHS OYyJI0 3aCTOCOBAHO HOBY TEpamiio,
e(eKTUBHICTh fKOI 3a momepeaHiMu BHCHOBKamu ckiamae 70 %. Jlo 10 xBopux
JiKapHs 3acTOCyBalia JaHy Tepamiio. Slka HMOBIPHICTb TOTO, II0 HE MEHIIE, HIXK Yy 8§
XBOPUX 3aBJSIKH I[iil Teparnii CTaH 310pOB’ sl TOKPAITUTHCS?

5.8. ImoBipHICTh MOsiBU TOAIl y KokHOMY 13 100 He3anexxHux BUIPOOYyBaHb
ofHakoBa 1 nopiBHIOE 0,8. 3HaTH WMOBIPHICTH TOTO, IO MOJIS BiAOYAEThCA: a) HE
MeHiie 75 pa3iB 1 He Oubine 80; 6) He MeHIe 75 pa3iB; B) He Oublie 74 pasiB.

5.9. 3acrocoBytouu a) popmyiny bepaysii; 6) nokanbHy Teopemy Jlammaca i B)
dbopmyny Ilyaccona 3naliTu HMOBIpHICTH TOro, moO cepen 200 ocid BUABUTHCS
YEeTBEPO LIYJBIIB, SIKIIO Y CEPEIHbOMY LIYJIbIU CTAHOBIATH 1%.

5.10. IMOBIpHICTh ypa)KE€HHS Il TapMaTolO MPU OJHOMY IMOCTPLIL JTOPIBHIOE
0,9. 3Haiitu MOBIpHICTH TOTO, 110 TIpu 100 mocTpinax Oyae ypaxeHo Bia 84 no 96
LJIEN.

5.11. Pamiorexniunuid npunag Mmictuth 1000 MikpoeneMeHTIB. IMOBIpHICTB
BIJIMOBH JIOBIJILHOI'O €JIeMEHTa 3a 4ac TecTyBaHHs AopiBHIoe 0,001 Ta He 3ameKuTh
BIJl CTaHy 1HIIMX €JIEMEHTIB. SIka IMOBIPHICTH BIAMOBH JIBOX ejleMeHTIB? He meHIe
JIBOX €JIEMEHTIB?

5.12. Ckinpku Tpeba MOCIATH 3epeH, MpopocTaHHs sSkux ckimagae 70%, mo0
HaMIMOBIpHIIIE YHUCIIO 3€PEH, SIK1 HE 311N, 10piBHIOBaANIO 607

5.13 Hexaif IMOBIpHICTH TOTO, IO MOKYIII0O HEOOXITHO KYyMUTH B3yTTs 41-TO
po3Mipy, nopiBHioe 0,2. 3HalWTH WMOBIPHICTH TOTO, 1O 13 750 MOKYyIMIIB HE OlIbIIE
HDK 120 moTpiGHE B3yTTS 41-T0 po3mipy.

5.14 Tlpu Habopi AOBUIBHOTO CJOBa 3 TEKCTY HAOOPIIUK POOUTH MOMHIIKY 3
iMoBipHicTio 0,001. Slka WiMOBIpHICTH TOTO, IO B HaOpaHii crarTi, sika mae 3000
cIiB, Oyzie He OLIbIIe YOTUPHOX MOMUIIOK?

5.15. BakmnunHa ¢gopMye IMYHITET BiJl JESKOTO 3aXBOPIOBaHHS 3 IMOBIPHICTIO
0.99. IIpoBakimuoBano 200 poOITHUKIB MiANPUEMCTBA. SIka WMOBIPHICTH TOTO, IIIO
HEe Ha0yJIM MOTPIOHOTO IMYHITETY HE OubIle 2 pOOITHUKIB?

Bionoegioi

5.1.a) 0,318;6)0,477. 5.2.0,837. 53.0,85. 5.4.0,3125. 5.5.14.
5.6. 2) 4; 6) 0,31; 8) 0,96. 5.7.0,3828 .
5.8. Po(75<k <80)~0,39; P, (75<k <100)~ 0,89; Poo(k <74)~0,11.
5.9. 0,9002; 0,1453; 0,9002 . 5.10.0,9545. 5.11.0,1839; 0,2642. 5.12.. 200.
5.13. 0,0031. 5.14.0,63. 5.15.0,6767.
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6. BUITIAAKOBI BEJIMYUHU. OCHOBHI NIOHATTSA

6.1. IlonsTtra BUNaakoBoi BejnuyuHu (BB). uckpeTHi Ta HemepepBHi
BUIIAIKOBI BeJINYHHHA

PosrissHemMo BUTIPOOYBaHHS, PE3yNbTaTOM SIKOTO MOXKE OYTH BHUMIpIOBaHHS
JesIKo1 BENMMYMHHU, OTXKE, y pe3yibTaTi BUNPOOYBAaHHS ISl BeJIMYMHA HaOyBae
YUCJIOBOTO 3HA4YCHHS. [le 3HaueHHs Hamepex HeBiIoMe, 3aJICKUTh BiJI MPUYHUH, K1 HE
MOXHa TIepea0ayuTH 3a3Jaierifb, TOOTO € BHITAJKOBUM. Taki BETUYMHH MU
HA3UBAEMO BUNAOKOBUMU BETUUUHAMU.

Hagenemo npuknaau.

Ipuxaan 6.1. Exkciepument E — Tpu pasu CTPUIAIOTH MO MimeHi. Po3risHemo
BUIIAIKOBY BEIMYHHY & — KUIBKICTH BIYYEHBb NPH TPHOX IMOCTpiiax. Y pe3yibTaTi

CKCIIEPUMEHTY BUIIAIKOBA BeJMYMHa & MOe HaOyTHu ojaHOro i3 3HaueHs: 0, 1, 2, 3.

Ipukaaxg 6.2. Excnepument E — nepeBipka 100 mnpunaniB, BUIAAKOBA
BenmurHa & — KUTBKICTh MPaIiol0unX mpuiaaiB. Moxmusi 3Havenns ¢ : 0, 1, ..., 100.

Ipukaag 6.3. Excrepument E — CTpULIIOTH MO MIIIEHI J0 TNEPIIOTO
BIIyUCHHSI, BHIIQJIKOBA BEIWYMHA & — KUIBKICTH MOCTPUTiB. MHOXMHA 3HAYCHb

BUMAAK0BOI Benmmuuan &: 1,2, 3, ... .

Bunaokoea eéenuuuna (BB) — 11e BenuuuHa, sika B pe3yJbTaTi eKCIEPUMEHTY
HaOyBa€ JISSKOTO YHMCIOBOTO 3HAYCHHS.

Hasenemo O11pIn TOUHE MaTEMAaTHYHE O3HAUYEHHS.

Hexait (€2,R, P) — iimoBipHicHHii ipocTip (nuB. Po3xin 2).

Bunaoxoeoio éenuuunoro (BB) & , 3a1aHo10 Ha 1IbOMY TIPOCTOPI, HA3UBAETHCS

dynknis & = E(w): Q — R, BuMipHa BigHOCHO cirma-anre6pu R , T06TO Taxa, 110
ns VxeR{w:E(w) <x}eR .

Huckpemnoro eunaokoeorw eeauuunoro (/IBB) Ha3uBaeThCid BUIMAIKOBA
BEITMYMHA, sika HA0yBa€ CKIHUYEHHO1 a00 3J11Y€HHOI KUIBKOCTI 130JJbOBAHUX YHUCIIOBUX
3Ha4YeHb 3 IEBHUMH HMOBIPHOCTSIMHU.

KO KUIBKICTh TaKUMX 3HA4YeHb € CKIHYEHHOK — JIMUCKPETHA BHITAJIKOBA
BEJIMYMHA HA3UBAETHCS CKIHUEHHOIO.

SKIIO KITBKICTh TAaKUX 3HAYEHb € HECKIHUEHHOIO, ajie 3IIYCHHOI — JIMCKPETHA
BUIIAJIKOBA BEINYNHA € HECKIHUEHHOIO.

VYV npuknagax 6.1, 6.2 ~ HaBeOEeHO NPHUKIAAM CKIHYEHHUX JUCKPETHUX
BUIMAJKOBUX BEJIWYUH. Y MOpuKAaal 6.3 pO3MIIAHYTO HECKIHYEHHY JIUCKPETHY
BUIIAJIKOBY BEITUYHHY.

PosrnsaemMo e Aexinbpka MpuKIaaiB BUTIAAKOBUX BEIHUWH.

Hpukaang 6.4. Excnepument E — mocTpin y KpyroBy MillleHb pajiyca R.
Hexait £ — BijcTanb Bij HeHTpa MillleHi 10 TOUKH BiydeHHs, 3Hauenns & € [0; R].

Mpukaag 6.5. Excniepument E — mpu celeKiMHOMY BITOOp1 JOCIHIIKYIOTh
Bary 3epeH mineHuri. Hexait £ — Bara koxwuoi 3epuunn, & e[0;m] (me m —

MAaKCHUMAaJIbHC 3HAYCHHA Balr'd 3CpPHHUHHU HIHCHI/II_Ii).
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Ipukaaxg 6.6. Excnepument E — OCHIIKYIOTh TPUBAIICTH 4Yacy poOOTH
npunany. Hexait & — vac 6e3BinmoBHOI poboTn npunany, &£ € [0;+00).

HaBeneni y mpukiiagax 6.4 — 6.6 BUIMagKoBI BEIMYWHU HAOYBAarOTh 3HAYECHD,
SKi TIUTBHO 3allOBHIOIOTH JESKHH MPOMIKOK YHCIOBOI TpsiMoi. Taki BUIAIKOBI
BEIMUMHU € HenepepsHumu. HemnepepBHa BumankoBa BennuunHa (HBB) moxe
HaOyBaTH Oyab-SKOTO 3HAYECHHS 3 JEIKOrO0 CKIHYEHHOTrOo ab0 HECKIHYEHHOTO
MIPOMIKKY a00 JNEKiJThbKOX MPOMIKKIB. MHOXXHWHA 3HAYCHBb HETIEPEPBHOI BHUITAIKOBOI
BEJTUYMHU € HE3JIIYCHHOIO.

3ayeasricennsn. BurankoBl BEIWYMHM Ta BHUMIAIKOBI MOJIi TICHO MDX CO0OIO
MoB’sg3aHl. BumagkoBa BeMWYMHA — I1HIIWAN CIIOCIO BUBYEHHS BHUIAJIKOBUX ITOMIH.
HaBenemo npuxiaau.

1. Posrnsaemo excriepuMeHT E — BUKOHAHO 3 MOCTPILIU MO MIIIEHI.
[TopiBHsIEMO:
Moeorw sunaokosux nooitl Mosorw sunaokosux eeauyun
[Tonif: BunankoBa  BemmumHa & -
Ao— ““He OyJ0 KOJTHOTO BIIyYEHHS KiTBKiCTb BITyYCHb.
A1—"0yno 1 By4eHHs"; Mmuoxwuna 3Hauenp & :0,1,2,3.

A2—“Oyno 2 BIy4eHHS;
Asz—“Oyno 3 BIy4eHHS .

BuBuaemo iimoBipHOCTI P(A). Posrasgaemo MOBIpHOCTI
P{§ = i} =p,1=0123.
[Tpu ipomy P{§ = i} =P(A), 1=0123.

2. Hexaii monis A < Q, P(A) — iiMoBipHICTb HOAII A.

Po3ryisHEMO BHITAKOBY BEJIMYWHY ¥, IO HaOyBae 3HaueHb. J, =1, sKimo
nomist A BIOAOYIETbCA, Ta Jp = 0 , sakmo mnomis 4 wue BigOyagerscs. Tomi
P{x.=1=P(A) ; P{x,=0}= P(A)=1-P(A) . Taka BHNajKOBa BeJIHUMHA
HA3UBAETHCS [HOuKamopom nodii A. OTxe, MOKHA BUBUATH BUIIAJKOBY MO0 A 3a
JIOTIOMOTOF0 BUTIAIKOBOT BEJTUUNHU Y 4 -

6.2. Iuckperni Bunaakosi Bequunnu (JIBB). 3akon po3noainy /IBB

Hexait £ — muckperHa BumaakoBa BenmmunHa ([IBB), mo nHaOyBae okpemmx
3HaueHb X, X,,...,X, . JSIKImo HMOBIpHOCTI P{§:X1}= P, P{§:X2}: p, ,
P{gf:xn}: P, Bimomi, To BBaxaemo, mo JIBB € 3amanoro. Halip 3HaueHb

n
Xy Xy,.00y X, Ta HMOBIpHOCTER [, Py,..., P, (7€ Z Py =1 — YMOBA HOPMYBAHHS)

k=L
Ha3MBAaIOTh 3aKOHOM po3nodiny IBB .

Ileit 3akoH po3noAiTy MOXe OyTH MOJaHWUN y BUTIsAAl Tabmuii (quB. TaOm.
6.1.), IKy HaA3UBAEMO PsOOM PO3NOOLTY.
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Tab6mn. 6.1. P po3noainy AUCKpETHOI BUTIAIKOBOT BEJTUYMHHU.

Xk X1 X2 e X

n

Py Py P, - Px

3aysascenna. SIKmo MHOXKHMHA MOXIIMBHX UHCIOBHUX 3HaueHb & €

%
HECKIHYCHHOIO (aJie 3JIIYeHHOI0), TO CyMa PsIy Z P, nmopiBHIOE omuHUII (YMo8a
k=1
HOPMYBAHHS).
3aKkoH  po3noAiLTy, TmoAaHul y rpadiyHOMY BUIJISAIl, HA3UBAETHCS
MHO2OKYMHUKOM po3nodiny. Ha puc. 6.1. 300pakeHO MHOTOKYTHHUK PO3IOILTY.

Pk
Ps |
P4
P2 ]
Ps
P1

0 Xy X X3 Xa Xs X

Puc. 6.1. MHOTOKYTHHUK PO3MOILITY

ToOTO MHOCOKYMHUK pO3nOOiTYy € JaMaHOI0 JIHIEI, fKa 3’€IHYE€ TOUYKHU 3
koopauHartamu (X, p, ), K=12,....

6.3. ®yHKuis po3noaily BUNIAIKOBOI BEJIMYNHU

OnHuM 13 BaXJIMBUX MOHAThH, IO JO3BOJSIE ONMUCATU MOBEIIHKY BHIIaJKOBOL
BEJIMYMHU, € PYHKIIIS pO3MOIITY BUMAIKOBOI BEJIMYUHM .
@yukyiecto po3nodiny eunaokoeoi eenuuunu & HAZUBAECTHCS WMOBIPHICTH

TOTO, [0 BUIMAJKOBA BeIMUMHA & TMOTpPAIUISLE B iHTepBaI (—0o0;X) !

F.(x)=P{&<x}. (6.1)

3agatu (QYHKIIIO pO3MOAUTY O3HAYae 3a7aTH BUMAJAKOBY BelW4YuHy. Takuit

cnoci0 3aJaHHS 3aCTOCOBYETbCA SIK ISl AMCKPETHOi, TaKk 1 JJig HemepepBHOT
BUIIAJIKOBOI BEJIMYMHHU.

Henepepsnoto eunaokosoro eeruuunoto (HBB) & Ha3uBaeTbcs BHIIAJKOBA

BEJIMYMHA, PYHKII PO3NOALTY F\f (X) sixoi € HenepepBHOIO.
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6.3.1. BaactuBocti ¢pyHkKuii po3noainy

3 o3HaueHHs (QyHKIII po3nmoauty, 1o 3agaHa Qopmyrnoro (6.1), MoxHa
OTpUMAaTH HACTYIHI BIIACTUBOCTI I11€1 (PYHKITIT.

1° @ynkuin po3nodiny Fg (X) nabysae snauens 6io 0 oo 1.
JlilicHo, ockimbku iiMoBipHicTs P {gg < X} €[0,1] , to ms Bcix Xe€R
suavenns ynkuii posnoginy 0 < F, (x) <1.
2° @ynkyin po3nodiny Ff (X) € necnaonoio naR.
Jlosedenns.: Hexait x, < X, , posrmsaemo moxii A={&<x}, B={&<x,}.
AcB (3 moxmii A BumuBae moxis B), Tomi 3a BIacTHUBICTIO HMOBIpHOCTI
P(A) <P(B). Orxe, P{& < x}< P{& < x,}, 3Bimku F.(X) <F.(x,).
3° Axuwo X — +oo, mo 3nauennsn Gynkuii poznooiny F§ (X) npamyroms oo 1.
Jli¥icHO, HEXal X — +oo, TOII
F.(+0) =P {§ < +oo} = |()ocm06ipHa nodiﬂ| =1
4° Axkuwo X —> —o0, mo 3HaueHHs Gynkuii poznooiny F§ (X) npamyroms oo 0.
Jli¥icHO, HEXal X —» —o0, TOI1
F.(-0)=P {f < —oo} = |HeM09fCJzu6a nO()iﬂ| =0.
5° Jinsn JIBB Fg (X)— Henepepena 3niea, 01a HBB Fg (X)-¢ HenepepeHoIo

Ha (—o0;+0) .

6.3.2. ImoBipHicTh noTpamisinus BB y niBinTepBas

PosrasineMo HacTymHI NOAi:

A={a<é<p}, B={é<a}, C={&< f}, ne a,f=consteR .

ITomii A, B — necymicHi , momisi C € cymoro momii A 1 B. Toxi
P(C)=P(A)+P(B).

3sinkn  P(A)=P(C)-P(B)=P{{ < f}-P{{<a}=F.(f)-F.(a).
Tomi,
Pla<&<f}=F.(B)-F.(a) . (6.2)

OTxe, WMOBIPHICTh TMOTPAIUIIHHS BUMAIKOBOI BEJIMYMHH Y JCSKUN TMIBIHTEpBaI
MOXe OyTH mojaHo depe3 (yHKII0 po3noaury. Tomy, SKIo 3amaHo (YHKIIO
posmnoainy BB, To BB BBaxkaeTbcs 3aaHoro.

6.3.3. [Io0ynoBa ¢pynkuii posnoainy ais BB

Ipukaan 6.7. Hexaii 3anano JIBB 3 Takum psimom po3snoainy:
X, 0 1 3
Py 0,2 0,5 0,3
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[ToGynyBatu GyHKIIIIO PO3MOILTY.
Po3zé’azanns.
1.  Hexait X<0,

X 0 1 3
Puc. 6.2.
OckibKM BUMAJAKOBA BeJIMYMHA HE HAOyBa€ B1JI’€EMHUX 3HAYCHB, MOTPATLISTHHS

v

ii B inTepBan (—o0;X) € HEMOMKIUBOIO MOIIEIO: Fg(X) = P{f < X} =0.
s X=0 posrnsaemo oxpemo: moxis {& < 0}e HEMOXKIUBOIO, OTXKE, TAKOK
npu X=0, F.(0) =P(£ <0)=0.Ocrarouno, axmo x € (—o;0] = F,(x) =0.
2. Hexait  xe(0;1]. Ilpu Ttakomy 3HadenHi x moxis {& e (—oo;X)}
piBHocmibHA ofii {& = 0}.

N,

0O x 1 3

>
7

Puc. 6.3.
P{&<x}=P{£=0}=0,2.
3. Hexaii X € (3;3].

I W

0O 1 x 3

Puc. 6.4.

Llooii

HeCyMICHI

F.(x)=P{&<x}=P{£=0ab0&=1}= =P{E=0}+P{&=1}=

=0,2+0,5=0,7.
4. Hexaii X € (3;+0).

v

Puc. 6.5.
Bci MokMB1 3HaY€HHS BUTIAKOBOI BEIMYMHHU NOTPAIUIAIOTH Y 1IEH MPOMIKOK.

Omxke, P{& < x} =1.
OcraTouHo, GyHKITIS PO3MOALTY 3a7aH01 TucKkpeTHOi BB Mae Burssiz:

64



0; axuwo x<0

0,2, saxwyo0<x<1

F.(X)=
() 0,7, saxwol<x<3

1; akuwo x>3

I'padix byskmii po3moainy 300pakeHo Ha puc. 6.6..

F.(X)
é
N o
070_.
02 H—. i
0O 1 2 3 X

Puc. 6.6
[TepeBipuMO BUKOHAHHS BJIaCTUBOCTEN (DyHKINT po3noainy. [ilicHo,
1) O<F.(x)<1

2) F.(X) - necriaza (3pocTae cTpuOKaMy Ha BEIMUHHY )
3) F.(+00) =1

4) F.(-0)=0

5) F.(X) - nenepepsHa 3iBa.

3ayeasicennn. Jlnsa JIBB dbyHkiisa posnoainy Fg(X) € PO3PUBHO-CX1T4aCTOIO
(dynkuiero, mo Mae pospusu I-ro pony y Toukax X = X, 3 BEJINUMHOIO CTPHOKA, 110

JOpIBHIOE Py . OTxe, SIKIIO 3a/1aH0 (PYHKIIIO PO3MOAULY BKAa3aHOTO THUITY, TO 32 HEIO
MO>KHA BIAHOBHUTH PSAJ PO3NOILITY JUCKPETHOI BIMAJKOBOI BETUYHHH.

6.4. llpuxaaagum cTaHAapTHUX PO3NOALIIB JUCKPETHUX BHIAAKOBHUX
BeJIMYUH

6.4.1. PiBHomipHuii po3noaia /IBB

JluckpeTHa BHUIIAJIKOBA BEIMYMHA MA€ PIGHOMIPHUL pO3nOOil, SKIIO BOHA
Ha0yBae N pI3HUX 3HAYEHb 3 OJIHAKOBUMHM MHMOBIPHOCTAMH. MHOXXHHA 3HAYCHb

E1 X, Xy,.., X, BIATIOBIZHI HMOBIPHOCTI: P{fle}:P{fzxz}:...:P{fzxn}:%.

Psan po3noniny y HpoMy BUNAAKy MAa€ BUTIISI!

X,
P«

<
X

N
X

S|+
S|+
S|+
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6.4.2. BiHoMiaIbHUI 3aKOH PO3MOAITY

JluckpeTHa BUITaJIKOBA BEJIMUMHA, 110 MA€ OiHOMIANbHUL pO3n00il, TIOB’I3aHa
31 cxemoro bepuymm (muB. Po3min 5). Hexaii BigOyBaeThcs cepisti N HE3aIeKHUX
BUNPOOYyBaHb, B KOXXHOMY 3 SIKMX Jeska momias A («ycmix») BigOyBaeThCcs 3
IMOBIPHICTIO P Ta HE BIIOyBa€Thes 3 IMOBIpHICTIO  =1— p . Po3risHemMo BUMMaaKOBY
BeMIMUMHY & — KUIBKICTH «ycmixiB» y cxemi beprymr. Bemnmumna & wmae
Oinomianvnuit - poznoodin  (6inomianvno  po3nodinena). IHIIUMU  CIIOBaMH,

1€ BEJIMYMHA, Ka Ha0yBa€ 3HaUYE€Hb 3 MHOKUHU {0, L. n} 3 IMOBIPHOCTSIMH:
P{&=k}=Cp“q"™*, k=01..,n. (6.3)

Ipukaag 6.8. Crpinenp BUKOHYE TpH MOCTPUIM MO MilleHI, WMOBIPHICTh
BIIly4eHHs IIPU KOkHOMy moctpinmi p = 0,4. Bunankosa Benmumna ¢ — KiJIbKiCTB
BiIyueHb. [loOyayBatu psii po3NOAITy Ta MHOTOKYTHHK PO3MOJUTY BHITaJIKOBOI
BENTMYNHU & .

Pose’azanns. BunagkoBa Benwumua ¢ mMoxxe HaOysatu 3Hauens. 0, 1, 2, 3.
[TosHaummo (=1-p=0,6 Ta 3a pomomororo Qopmynu bepHymi, 3HaKAEMO
HMOBIPHOCTI, 3 IKUMH BHUIIa/IKOBA BEJIMYMHA HAOyBa€ BIANOBIIHUX 3HAUYCHbD.

P{=0}=0°=0,6°=0,216:

P{¢=1}=C;-p'-¢*=3-0,4-0,6°=0,432;

P{§=2}:C32 -p2 -ql=3-0,42 -0,6 =0,288;

P{§=3}=C§’ .p*-q"=0,064 .

BunankoBa BenmunHa £ Mae OiHOMianbHHHN po3moain. [Toqamo 3akoH
posnoauty JIBB y Burmsiai psay po3noainy:

Xk |0 1 2 3
p« 10,216 | 0,432 0,288 0,064

3

Z p,=0,216+0,432+0,288+0,064 =1 — ymoBa HopMyBaHHS BUKOHYETHCS.

k=0
[ToOynyeMo MHOTOKYTHUK po3noJiiy (puc. 6.7.).

Pi |
0,432

0,288
0,216

0,064

0 1 2 3 X;

Puc. 6.7. MHOTOKYTHUK po3mnoAity (10 npuxiany 6.8)
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6.4.3. Po3noaia Ilyaccona
BunankoBa BemuumHa & posmnonineHa 3a 3akonom Ilyaccoma, sKIo BOHA

HabyBae ninux 3Havens & € 0,00 3 imoBipHOCTSIME
ﬂ,k
P{g=k}= ’

— e_
k! ’
ne A — mapamerp posmoginy.
[TepeBipEMO YMOBY HOPMYBaHHS:
0 k

0 0 k
>p = A g :e‘iz/l—ze‘*-eﬂzl.
k=0 o K! oo K!

(6.4)

Posmozin ITyaccona yacTo BUKOPUCTOBYIOTH SIK alpOKCHMAIIiI0 01HOMiaabHOTO
po3noainy mpu BenukuxX N. SIKmo y cxemi bepHymIi KUTbKICTH BHIPOOYBaHb N
Benuka (N>30), a KMOBIPHICTH TOSIBU TOIIT P Y KO)KHOMY BHIIPOOYBaHHI JTyXe MaJia
(p<0,1), i mpu upomy 3HadeHHs A = NP 3amumactbes HeBemukum (A <10), To

3aMicTh (popMynH bepHysuli BUKOPUCTOBYIOTh ACUMOTOTHYHY GopMyiy Ilyaccona:
k

A
PE=Ky=Cip'a™" ~ e’

3mict mapamerpa A=NP — 1e cepeaHs KUIBKICTh TMOSBU TOAIl B N
BUNPOOYBAHHSIX.

Mpuxaan 6.9. Marazun orpumas 5000 Mok MiHepaIbHOI BOJU.

VIMOBipHiCTH TOro0, IO Mijl Yac MepeBe3eHHs IUIAIKA BHABHTHCS PO3GHTOIO,
nopisaroe 0,0002. 3HaiiTy psig PO3MOIITY BHIIAIKOBOI BEIUYMHM & , IO BH3HAYAE
KUIBKICTh PO3OMTHUX IUISIIOK Ta WMOBIPHICTH TOTO, IO TMPU  TPAHCIOPTYBAaHHI
BUSIBUTHCS TPU PO3OUTHUX TUIAIIKH.

Po36’sizanns. JIACKpeTHA BUTIAIKOBA BEJIMYMHA ¢ KITBKICTh PO3OUTHX IUIAIIOK

mae posnoxin Ilyaccoma, ockimeku N=5000 (mocratro Bemmke), a p =0,0002
(mocrarabo mane). Tomi A =np=5000-0,0002=1, 1 3aKoH PO3MOALTY KIJIHKOCTI
pO30UTHX IJISIIOK npu TPaHCIIOPTYBaHHI Mae BUTJISI]]

P{§=k}=%-e‘1, K=0123,.... a6o

X, 1

k

3 4
N N I PLE=kp="—
3le | 4le !

0
Pk l
e 2le

D |-
|_\

IMOBIpHICTP TOro, M0 pO30OUTUX IUIAIIOK BHUABUTBCS PIBHO  TpPH

P{§=3}:éz0,06.

6.4.4. 'eoMeTPUYHNH 3aKOH PO3NOAITY
PosrasineMo HesanexxHi BUlpoOyBaHHs bepHyil, y KOXKHOMY 3 SIKMX HOJI A
(«ycmix») wmoxe BigOyTtucs 3 imoBipHicTiIo P (0<p<1) , i He BimOytucs 3
iMoBipHicTIO (=1— p. Hexait BunpoOyBaHHs BiIOYBAarOTHCA 10 TEPIIOI TMOSBU
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noxii 4, To6TO, e 03HAYAE: SAKIIO MOMis A 3°sBHThCA y K -My BHIpoOyBaHHI, TO y
nonepenHix (k—1) BumpoOyBaHHsx 1i He Oyino. BumaagkoBa BenmmumHa & — e

KiJIBKICTh BHIIPOOYBaHb, SKi Tpeba MPOBECTH IO MepIIoi MmosBU monii A, oTxke, & !

1,2,3,....K,... IMOBIpHICTP MOJKHA 3HAWTH 3a (OPMYJIOI0 MHOKEHHS HMOBIPHOCTCH
JUTST HE3AJIS)KHUX TTOI1MN:
P(E=k)=q"p. (6.5)
Taknii 3axon po3noxiny JIBB & naszuatoTs ceomempuunum.
0 . o0 ~ 1
[lepeBiprMO YMOBY HOPMYBaHHS: qu 1p = quk = pﬁ = % =1
k=1 k=1 -

Hpukaag 6.10. Crputenp BUKOHYE MOCTPUIM IO MIIIEHI J0 NEPIIOro
BIIYYCHHS, IMOBIPHICTh BIIYYEHHsS IIPH OJHOMY MOCTpuIl p. Bumaakosa BenuunHa ¢
— KUTBKICTh OCTp1iB. [1oOymyBaTu psii po3moiay BUIAIKOBOI BETUYHHU C.

Pos3é’si3anns. Bunaakosa BenmuynHa ¢ Ma€ TEOMETPUYHUHN 3aKOH PO3IMOILTY, Ta
HaOyBae 3Ha4eHs : 1,2,3...,Nn,....

Biamosigui HIMOBipHOCTI: P{f =1} =p; P{f = 2} =p-q;
PlE=3}=pq® P{&=4f=pq’ ... Pig=nj=p-a""
Psin posnoniny mae BUTIISIL

X 1 2 3 4 n

Dk P p-q p-9* | p-q’ p-q"*

6.4.5. I'inepreomeTpu4HuUii 3aKOH PO3MOIITY

Hexaif ckiHYeHHA CYKYITHICTb, IO CKJIamaeThcs 3 N eIIeMeHTIB, MICTUTh K
€JIEMEHTIB TIE€BHOI BJACTUBOCTI. BHUMaZKOBMM YHMHOM 13 3arajibHOi CYKYIHOCTI
BUOWpAEThCA Tpyma 3 N eneMeHTiB. PosrimsHeMo BUMAAKOBY BeIWMYHMHY & , SKa
JIOPIBHIOE KUTBKOCTI €JIEMEHTIB Y BUOpaHiil TpyTi, 1110 MalOTh 3a3HaY€Hy BJIACTUBICTb.
IMOBIpHICT, MOSIBU M €JIEMEHTIB 3 JaHOK BIACTHBICTIO cepel BHOpaHHX N
CJICMEHTIB JIOPIBHIOE:

Cm . Cn—m
P(=m)=——"% m=01....n, k=n (6.6)
CN
["oBOpATH, 1110 BUMAJAKOBA BEJIMUUHA & MAE 2inepeeomempuyHuil po3nooii.

3ayeascennsn. SIxkuo oOcsar BUOIpKKU N Manuid nopiBHSAHO 3 00csirom N, ToOTO

-ESQL ESQL n
N n N —

OynyTh OJMW3BKUMU JO BIAMOBIAHMX WMOBIPHOCTEH OIHOMIAJILHOTO PO3MOJALTY 3

<0,1, To WMOBIPHOCTI B TIEPreOMETPUYHOMY PO3MOALIL

UMOBIPHICTIO P = N

IMpukaang 6.11. 3 15 notepeitanx OinetiB, 3 BurpamnHi. HaBmManus Buitmaemo 3
outern. CKIacTH psja PO3MOAUTY YWCIAa BUTPAIIHUX OUIETIB cepen BiMIOpaHHX.
3HalTH UMOBIPHICTH TOTO, IO CEPE HUX HE OIbIIE OJTHOTO BUTPAIIIHOTO.
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Pose’sazanns. Hexaii BumagkoBa BeluunHa & — YHCIO BUTPALIHHX OIJIETIB,
Ha0yBae 3Ha4YeHb x=0 ,x,= S . CkiazemMo psa  po3mnojiy.
O6uncaMMo WMOBIPHICTD TOTO, IIO BUIMAAKOBA BEIMYMHA HaOyAe KOXKHOTO 31 CBOiX
MO>KJIMBUX 3HAYEHb.

0 3 1 2
Pe=0)="C2 _0484: pre=1="%2_ 435;
15 15
2 1 3 0
pe=2)=3"%2_0079; pe=3)="52_0002.
15 15
Ps1 po3noiiay Ma€e BUTIISL
x 10 |1 2 3

p« |0,484 0,435 0,079 0,002
ipk =0,484+0,435+0,079+0,002=1.
k=0

3HaiiieMo WMOBIPHICTh TOTO, IO Cepe]l TPHOX BiiOpaHUX O11€TIB, BUTPAIIHUX
He Ounble 1:

P(£<)=P(£=0)+P(£=1)=0,484+0,435=0,919.

3anumanna 011 CamMoOKOHmMpPOio

1. Il]o nazusaecmucs eunadxogoio eeauuunoro? Hasedime npuxiaou ouckpemnux ma
HenepepeHUx UNAOKOBUX BETUYUH.

2. Il]o na3zusaioms 3aKOHOM PO3NOOITY OUCKpemHOi 6unadxoeoi seauuwunu? IlJo maxe
pA0 poznodiny /[BB?

3. Hatime o3nauenns pynkyii po3nooiny 6unaoxkosoi seiututiL.

4. Braoicims enacmusocmi QoyHKyii po3nooiny.

5. Ak 3a 0onomoeoro yuxyii po3nodiny 3a0amu UMOGIPHICIMb NOMPANJISIHHSL
BUNAOKOBOI BeIUYUHU ) NiBIHMEPBAN?

6. I1{o make pisnomipruii po3noodin /[BB?

7. Aka sunaodkosa eenuyuHa Mae OiHOMIiaIbHUL po3nooin?

8. Axa eunaokosa eenuyuna po3nodinena 3a 3akonom Ilyaccona?

9. Hageodims npuknao /BB, sika mae ceomempuyuruii po3nooil.

10. Axuii po3noodin nazusaemvcs cinepeeomempudHum?
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Po3B’si3yBaHHA THIIOBUX 33124

3aoaua 6.1. 3HaiiTi 3aKOH PO3MOALTY JUCKPETHOI BUIAAKOBOI BEIMUYMHU & —
yuciaa MosiB repba Mpu JABOX MIJKUAAHHSAX MOHETH, MOOYAyBaTH MHOTOKYTHUK

PO3IOILTY.

Po3s6’sazanns. Bunankosa BennunHa & Mae OiHoMianbHHE po3moxin. Ilpu gBox
NiAKUAAHHSIX MOHETH Tepd moxke 3’saButuch 0, 1 abo 2 pasu. lle OyayTh 3HaueHHS
BUITAJIKOBOI BEJMYMHH. 3HAWIEMO WMOBIPHOCTI TIOSBH Tepba, KOPHUCTYIOUNCH
dbopmyor beprymmi:

0 2
1V (1 2! 1 1
P,(0)=C)|=||=] = 1.=== ,
2 (0) 2(2) (2) 0L2! " 4 4
1, .0
1y(1 2! 1 1
P(1)=Cl=||Z| =r>=2,
2 (1) 2(2) (2) 11 4 2

2 0
1 1 21 1 1
P(2)=CZ|Z||=]| = =z
2 (2) 2(2} (2) 0L21 4 4
OTxe, 3aKOH PO3MOJITY MAa€ BUTJISI:

X, 0 1 2
P 0,25 0,5 0,25

[To6ynyeMoO MHOTOKYTHUK pO3MOJILTY, puc. 6.8.:

P
0,5

025 Y-

0 1 2 Xk

Puc. 6.8. MHOTOKYTHHK po3moainy (10 3anayi 6.1.)

3aoaua 6.2. JJano 3ak0H pO3MO/ILITY BUMAJAKOBOI BEIMUUHU & !
X, 0 1 2 3
Py 0,1 0,2 0,3 0,4

3anucatu QYHKIIO PO3NOALTY Fé (X) Ta o0y xyBaTH ii rpadik.

Po36’szannsn. OyHKUIS pO3MOIITY BUIIAJAKOBOI BEIMYMHU & Ma€ BUIIIS
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P

0, X<0;
0,1, 0<x<l
F:(x)=40,3, 1<x<2;
0,6, 2<Xx<3;
1, X > 3.
[To6ynyemo rpadik byHkIiii po3noaity (puc.6.9).
Fg (x)
1 |rmmmmmmmeee  EE—
06 oo q_,
03 f---- Q—E i
0.1 :
0 1 ? 3 X g

Puc. 6.9. I'padix ¢pyHKIiT po3noainy (10 3amaui 6.2)
3aodaua 6.3. ExzaMeHaTop 3a/1a€ CTY/ICHTY J0ATKOBE 3aIMTaHHs. FIMOBIpHiCTh
TOTO, 110 CTYJAEHT BIANOBICTh Ha Oyab-ske 3anuTaHHsA — 0,9. Buknamau npunusse
€K3aMEH, SKIIO CTYJEHT HE 3HA€ BIJMNOBIAI Ha MOcTaBiieHe 3anuTaHHA. CKiacTu
3aKOH PO3IMOJAUTY JUCKPETHOI BHITAJIKOBOI BEIMYUMHU & — KUIBKOCTI JTOAATKOBUX

3aIIMTaHb, K1 3aaBaTUMC BHKJIaJa4d CTYACHTY Ta HaﬁiMOBipHiﬂle qHCJI0
IIOCTABJICHUX NOAATKOBHX 3allMTAHDb.

Pozg’sizanna.  JluckpeTHa BUIAJKOBA BelIMYMHA & — 4YHCIO 33/IaHUX
JOJATKOBUX 3alUTaHb NMpHUMMae Takl 3HAYEHHA: x; =1, x, =2, x3=3, ..., x, =k, ...
3HaiieMo BiIMOB1AHI TMOBIPHOCTI.

Bennunna & HaOyae 3HaueHHs x; =1 (BUKIazad 3a7acTh TIIbKU OJIHE
3alUTaHH), SKIIO CTYACHT HE BIAMOBICTh Ha MEpIIE 3alUTAHHS. fIMOBipHiCTL el
noii nopisutoe P{& =1}=0,1

Bennuuna & Habyne MOXKIMBOIO 3Hau€HHS x, =2 (€K3aMEHaTop IOCTaBUTh
TIIBKM JIBa 3allUTaHHA), SKIIO CTYAEHT BIAMNOBICTh HAa TNEpIIE 3alUTaHHSA 1 HE
BianOBIiCTh Ha Apyre, T0 P{&=2}=0,9%x0,1=0,09.

AHaJIOTIYHO 3HANAEMO:

P{E=3+=0,9%-0,1=0,081, ..., P{E=£}=0,9"-01 ...

OTxe, MIyKaHUM TeOMETPUYHUN 3aKOH PO3IOIITY MAa€ BUTIIS!

X, 1 2 3 k
Py 0,1 0,09 0,081 0 9k—1_0 1
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HaitimoBipHime 4ucio 3aJlaHuX 3anmuTaHb (HAHIMOBIPHIIIE MOXKJIHUBE
3Ha4YeHHs & ), TOOTO YMCIIO MOCTABJICHUX BHKJIAaueM 3allUTaHb, IKE Ma€ HAHOLIbIIY
AMOBIPHICTD, SIK 6a4MMO 13 3aKOHY PO3MOJILTY, TOPIBHIOE OUHHUIII.

3aoaua 6.4. Jpykapka HaOupae ctopinky TekcTy i3 3000 cumBodmiB. Ilpwu
HabOpl TeKCTy BOHA poOUTH MOMWIKY 3 HMoBipHicTIO 0,002. [TobymyBatu psin
PO3MOTy BHUIAIKOBOT BENMWYMHHM &, KUIBKOCTI MOMHJIOK HAa CTOPIHII TEKCTY, Ta
3HANTH WMOBIPHICTB TOTO, IO iX Oy/1e OLIbIlIEe YOTHPHOX.

Po3é’sizanns. JluckpeTHa BUNAAKOBa BenWuWHA & , KiNBKICTh MOMWJIOK Ha
CTOpiHIII HaOpaHoro TekcTty, wmae posmoxin Ilyaccona, ockimeku n = 3000
(mocratabo Bemmke), a p =0,002 (mocrataro maine). Toxi A =np =3000-0,002=6 i
3aKOH PO3MOJIIY KUIBKOCTI IMOMMJIOK Ha HaOpaHiM CTOPIHII TEKCTYy Ma€ BUTIISA

k
P{§=k}=%-e‘6, K=0123...a60

Xy 0 1 2 3 4 k
p. |0,0025 | 0,015 | 0,045 | 0,089 | 0,134 | ... P{g:k}:i'e‘e
k!
IMOBIpHICTB TOTO, 101(0) TTOMMJIOK oyne OibIIIe YOTUPBOX

P{& > 4} =1— P{& < 4}=1—(0,0025 + 0,015 + 0,045 + 0,089 + 0,134) ~ 0, 715.

33BI[3HHH I CaMOCTIHiHOT0 BUKOHAHHSA

6.1. PiBeHb THCKY BOOM y BOJOIMPOBIAHIA MEpPEkKi KOHTPOIIOETHCS TPHOMA
JaTYMKaMHU, 10 MPalolTh HE3alekHO. [MOBIPHICTH BIAMOBH KOKHOTO 3 HHUX
nopiBHoe 0,1. Ckiact 3aKkoH PO3MOJITY KUIBKOCTI BIIMOB JaTUMKIB. 3HATH
HMOBIPHICTb TOT0, 1110 MPALIOBATUMYTh BCl JaTUUKHU.

6.2. Axuii miAnpueMCcTBa MJIAHYIOTh NPUAOATH YOTUPHU 1HBECTOPU. IMOBIPHICTH
BIJIMOBH BIJ] MOKYIKU aKIliii KOXHOTO 3 1HBecTOpiB nopiBHIOE 0,08. CkiacTu 3aKoH
PO3MOJILTY KUTBKOCTI 1IHBECTOPIB, sIKI MOXKYTh BIJIMOBUTHCS BiJl KYMiBII aKkIid. 3HAUTH
HMOBIPHICTb, IO BiJl MOKYMKHU aKI[ii BIIMOBUTHCS MIPUHANMHI OJTUH 1THBECTOP.

6.3. Bimgmin TEeXHIYHOrO KOHTPOJIO 3aBOAY TMEpEBIps€ MPOAYKIIID Ha
CTaHJAPTHICTH JO MEPIIOro BUSIBICHHsS Opaky. IMOBIpHICTH MOsiBU Opaky OpiBHIOE
0,25. CkiacTv 3aKOH PO3IOIiIY JUCKPETHOI BHIIAJKOBOI BENMYMHH & — KiIBKOCTI
nepeBIpeHNX OJUHUIIb MPOIYKIIT 10 MepIIoi MOsBU Opaxy.

6.4. I'panbHuil KyOMK MIAKUAAETHCS A0 TMepuioi mosBU HUbpU «2». 3HANTH
PO3IIOI BUITAAKOBOI BEIMYMHU & — KiIBKICTh MiJIKMIAHb KyOMKa 0 MEPIIOl MMOSBU

i€l mudpu.
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6.5. Crynent BuBuuB 10 611eTiB 3 30 Ta HaMaraeTbCs CKJIACTH icnuT. Bumaakosa
BennurHa & — KIUIBKICTH CIOpoO I yCHimHOro ckiafanHs. IloOymyBatd psin
PO3IOiTy BHITAQJAKOBOT BENMYMHH & Ta 3HAWTH WMOBIPHICTH TOTO, MO CTYIACHTA
BIJIPaxyIOTh 32 aKaJeM3a00pTroBaHICTh (ICITUT 103BOJIETHCS IEPECKIAaTH TPHUL).

6.6. Ilinpyunuk BumaHo HakmazoM 5000 nmpumipHUKiB. MIMOBipHiCTH TOTO, 110
30pOITYypOBaHUN TIAPYYHUK BUSBHUTHCA HesKiCHUM, aopiBHIoe 0,002. 3HaiiTu pan
pO3MOALTy BHUNAAKOBOI BEIMYMHU P, , IO XapaKTepU3y€e KUIBKICTb HESKICHO
30pOIIYPOBAaHUX €K3EMIUISIPIB Ta WMOBIPHICTH TOTO, IO OpakOBaHUX IMPUMIPHUKIB
Oyne OiIbIIe 1’ STH.

6.7. Apromatnyna TenedonHa craHis oociayrorye 10000 TenedhoHHUX HOMEPIB.
[Ipotsirom onniei xBuwnHU Ha ATC NpuxoauTh B ce€peAHOMY BUKIIHUK BiJ] YOTHPHOX
aOoHeTiB. 3HANTH psAA PO3NOALTY BHIIAJAKOBOI BETHYUHH &, KA TOPIBHIOE KiJTBKOCTI

BUKJIMKIB, K1 Haaiinum Ha ATC npotarom 1 XB, Ta KUMOBIPHICTH TOTO, IO 3a IIEH Yac
HaJiiae xoya O OMHUH BUKIIUK.

6.8. B nocninax Epucta Pesepdopna i ['anca I'efirepa pagioakTuBHa pe4oOBHHA
3a 7,5 cek. BUIIPOMIHIOBaJa B cepeaHbOMYy 3,87 a-4aCTUHOK. 3HAUTH WMOBIPHICTD
TOTO, 110 3a | CeK. I pedoBUHA BUIIPOMIHUTH X04ua 0 OIHY (-4aCTHUHKY. BumankoBa
BeJIMUMHA ¢ — KUIBKICTh BHIPOMIHEHHUX (-4aCTHMHOK 3a 1 CEK. — pO3mojiijieHa 3a
3akoHoM [lyaccoHa 3 mapameTpoM A, Ikl TOPIBHIOE CEPEIHIN KIJTbKOCTI YaCTHHOK,
BUIIPOMIHEHUX 3a | CeK.

6.9. V marasuni 20 aBTOMOOGLIIB IIEBHOT MapKu, cepel SAKMX 5 Oinux, perira
yopHi. KommnaHis 3BepHynach 0 Mara3uHy 3 IpONO3UIIEI0 NpoaaT 4 MallluHu Oyab-
AKOoro Koibopy. CKIAcTU psif pO3MOJUTY YHCIa MPOAAaHUX aBTOMOOUTIIB O170T0
KOJILOPY, SKIIIO0 aBTOMOO1T1 BIIOMPATUCh BUTIAKOBO.

6.10. Y koHKypCl Ha 3aMIIICHHS BaKaHTHUX I10CaJl €KOHOMIYHOTO BIJILITY
MPUITMAIOTh Y4aCTh JECSATh KOHKYPCAHTIB, 3 SIKUX CIM MalOTh CTaXX poOOTH 3a Paxom.
HaBmanHs BUOMPArOTh YOTUPHOX KOHKYpPCAHTIB. 3HAMTH 3akoH po3noauty BB & —

KUJIBKOCTI KOHKYPCAHTIB, SIKI MalOTh PAKTUYHUN CTaX poOOTH, cepell Bi1IOpaHuX.

6.11.Y XonoauinbHUKY M’SICOKOMOIHATy BUIIQJKOBO Pa3oM 13 M’sThbMa TyllaMHu
CBUHUHM HAIINIIIO Tpu Tyl TensTuad. HaBmanHs B3sTO Tpy Tymni. CKIAcTH 3aKOH
PO3MOILTY KUIBKOCTI TYIIl CBHHUHU CEepe/ BlIOpaHUX.

6.12. YV X0noauiabHUKY MICTUTBCS JIECATh OATOHIB PI3HUX COPTIB KOBOAcu Ta
n’sTh OatoHiB cupy. HaBmanHs B3sito m'siTh OatoHiB. CKJIacTH 3aKOH PO3MOALTY
KUTBKOCTI OaTOHIB KOBOACH cepen BiaiOpaHuX.

6.13. Bun3aBo oTpuMy€e MPOAYKITIFO MAPTISIMU IO MIICTh ITUCTEPH, MBIl 3 IKUX
MICTATH Cyx1 BuHa. HaBmanHs BinOupatoTh Tpu 1uctepau. CKIACTH 3aKOH PO3MOILTY
KUIBKOCTI IIUCTEPH 0€3 CyXWX BUH Cepel BiMIOpaHuX .
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6.14. 3amaHo 3aKOH PO3MOILITY TUCKPETHOI BUITAAKOBOI BEIMYMHU & |

Xy

4

-3

-2

0

1

Pk

a

a

5a

a

a

3HaiiTu a, 3anucatu PyHKIII0 PO3MNOALTY Fg (x)1i mo6ymysaru ii rpadix.

6.15. 3agano 3aK0H PO3IOILITY JUCKPETHOI BUIIAIKOBOI BEIUUNHH & |

X, 1 2 3 4
Py 0,4 0,3 0,2 0,1
3anucaTtv PyHKIIIO PO3MOALTY F§ (x) i mo6ymyBaru 1i rpadixk.
Bionoeioi
6.1.
X; 0 1 2 3
pi | 0,729 | 0,243 | 0,027 | 0,001
p1=0,729.
6.2.
X 0 1 2 3 4
P« 0,716 0,249 | 0,033 | 0,002 0,00004
P(£>1)=1-P(£<1)=1-0,716=0,284.
k-1
1 (3
6.3. P({=k)==-|=| ,k=123,...
s
6.4.
X, 1 2 3 k
s s |36 |7 36
b, 66 6 \6 6 (6
kg =1
1 [\t
6.5. P(ézk):g-(gj ,k=123,...., P({>4)=0,012
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k
6.6. p(g:k):lki'

e k=01,23,...

P(£>5)=1-P(£<5)=0,93.

6.7. P(fzk)zi—k'e“, k=0.123,.. P(£>1)=1-P(&<1)=0,98.

6.9.

6.10.

6.11.

6.12.

6.13.

Py

0,282

0,469

0,218

0,03

0,001

0,008

0,076

0,265

0,412

0,240

0,053

0,264

0,439

0,244

0,004

0,041

0,165

0,329

0,329

0,132

Pk 0,037

0,222

0,444

0,296
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/. HEITIEPEPBHI BUITAJIKOBI BEJIMYWHU (HBB).
CHHOCOBMU 3AJAHHA. HIIJIBHICTDB PO3ITOALTY

B OaraThox mpuKIagHUX 3a/a4axX BUHHUKAE noTpeda posrasaaru BB, 3HauenHs
SKUX HEMEPEepPBHO 3aMOBHIOIOTH JCSKUNA MPOMIXKOK, a00 JeKiIbka MpOMDKKIB. Jlis
JOCTipKeHHsT Takux BB BHKOPUCTOBYIOTH TMOHSTTS HENEPEpPBHOI BUMAAKOBOI
BEJIMYMHHU.

7.1. Cnocoou 3agannsa HBB. lllinsHicTs po3moainy
[loBemiHKy BHMAIKOBOI BEIMYMHH, y TOMY YHCHII 1 HEMEpPEepBHOI, MOXKHA

OMHCaTH 3a JIONOMOT0K (YHKIT pO3MOILITY Fg (X) (muB. 1mmn.6.3). Haragaemo, mio
GYHKIIS pO3MOAUTY HENEPEpPBHOI BHITAJIKOBOI BEIMYHUHU Fg (X) € HEMEePEPBHOIO.

[HKONMM HemepepBHY BUIIAJIKOBY BEIMYMHY KpiM (YHKIIT PO3MOILITY MOXKHA 3a/laTh
TaKOX 11 1HIIIOI0 XapaKTEPUCTUKOIO, IKa MA€ HA3BY IIUIbHICTh PO3IOALTY.

BunankoBa BennurnHa & HA3UBAETHCS AGCONIOMHO HENEPEPEHOI0, SIKIIO iCHYE
HernepepBHa a00 KyCKOBO-HENepepBHA (ska Ha OyAb-SIKOMY CKIHYEHOMY IPOMIKKY

Ma€ TUIbKU CKIHYEHY KUIbKICTh po3puBiB | pony) dyHkiis f§ (X), Taxa, mo dynkris

PO3MOJILTY Ma€ BUTJISIAL
F. (x):j f.(t)dt . (7.1)

OyHKIIISA f§ (X) mae Ha3BY wiinibHicmb po3nodiny (a0o ougpepenuianvna gyuxuin
po3nodiny). A GyHKIIIO PO3MOALTY Fé(X) HA3UBAIOTh 11I€ IHMeZPAIbHOI0 (YHKUIEIO
PO3nooiny.

VY Toukax HenepepBHOCTI PYyHKIIIT fé (X) 3a Teopemoto bappoy oTpumaemo:

f.(x)=F/(x) . (7.2)

3HalouM IUIBHICT po3noauty f (), IHTErpYBaHHAM MOXXHa 3HAUTH (PYHKI[IO
posnoxiny BB F, (x).

Hexait  dynkuis  posmominy F.(x)=P{{<x} € HemepepBHOIO i

nudepenIiioBHoro. PosrisiHemo ii moxigHy.
. AR, F.(X+AX)-F.(X) . P{x<&<x+AX
f.(x) =F/(x) = lim—= = lim o ) ‘f()zllm <o 3
d ° Mx—0 AX Ax—0 AX Ax—0 AX
Sk 6aunmo, féz(X) € TPaHUIICIO BIIHOIIEHHS MMOBIPHOCTI noTparisinisg BB y

IPOMIKOK [X, X+ AX) 10 JOBKHHHM I[LOTO MPOMDKKY, Ko AX — 0.

VY nogansmioMy Mu OyJ1IeMO MaTH CIIpaBy TUIbKHU 3 aOCOJIFOTHO HENEPEPBHUMU
BUIMAJKOBUMH BEIMUUHAMU, TOOTO TAaKUMH, JJIsI IKMX iCHYE (DYHKIIS MIUTBHOCTI. JIjist
CIPOLIEHHS Oy/1IeMO Ha3UBATH iX HenepepeHuUMU.

®opmynu (7.1) ta (7.2), o moB’s3yr0Th (QYHKIIO PO3MNOALTY Ta (YHKIIIO
IIUJIBHOCTI HEMepepBHOI BEJIMYUHH, J03BOJISIOTH, 3HAIOUM OAHY 3 HUX, BIAHOBUTHU
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apyry. Otxe, HenmepepBHY BHIIQJIKOBY BEIMYMHY MOXHA 3aJaTH 3a JOMOMOTOIO
dyukuii posnoainy F.(X) a6o 3a nonomororo pynxuii mwinsrocti f,(X).

7.2. BnacTuBocTi IJILHOCTI po3noainy
1° @ynkuyia winenocmi nadyeae miibKu Hegi0’ EMHUX 3HAYUECHD:

f.(x)20,vxeR.
Jlosedenns: fé(X) = Fé' (x), a Ff (X) — mecnagHa (3a BIACTUBICTIO 20 byHKIi

posnoziny (aus. . 6.3)), 3sinen F:(X)>0.
2° BHKOHYETBCS yMOEA HOPMYCAHHSL

T f.(D)dt=1 . (7.3)

Hosedenns.  Ockinbku, 3a ¢opmynoro (7.2) F.(x)= I f.()dt , a 3a

practuBicrio  3°  QyHkuii posmomimy (amB. mm  6.3) _°°F§ (+0)=1 |, 10
F.(+) :T f.(t)dt=1.

3° Imogipnicmb nompaniiannus eunadkoeoi éequuunu y niginmepean [o;f3)
3HAXOJSTH 32 (HOPMYJIOL0:

P{a£§<ﬂ}:ff§(x)dx : (7.4)
JloseoenHs. )
Plazep) TR ) Fula)-

= f f.(x)dx - T fg(x)dx:f f.(x)dx.

4° Imosipuicmv nacmanns nodii {«f =a}, acR, akwmo & € nenepepenoro
BB, oopisnioe nyamn.

Jloseoenns. Tlonis {f = a} € MMIMHOXHUHOIO 1Ol {95 € [a; a-I-E)}, e>0. Toni
0<P{{=aj<P{le[aa+e)}=F.(a+&)-F.(a).

Hepeitnemo no rpammui, ko € >0 . Ockineku dyHKmis posmominy e
HETEePEPBHOIO, TO Iirrg(F§ (a+¢)—F.(a))=0. Orxe,
&>

P{{=a}=0.

Hacniook. IMOBIpHICTh MOTPAIUIIHHS HENEPEPBHOI BUIIAJKOBOI BEJIUYUHU Y
IPOMIKOK 3 KiHIAMHM @ Ta f , He3aJIeKHO BiJl TOTO YH € Iel MPOMIXKOK 3aMKHEHHM
BIJIPI3KOM, 1HTEpBaJOM a0o0 TiBIHTEPBAJIOM, JOPIBHIOE IHTETpany Bia QYHKITT
IIUJILHOCTI B MEXax Bix « 10 f :

77



P(a£(§<ﬂ)=P(a<(§<ﬂ):P(a<§£,b’)=P(aéfﬁﬂ)szé(x)dx. (7.5)

['eomeTpuunuit 3micT piBHocTel (7.4), (7.5) monsrae B TOMY, 110 WMOBIPHICTh
HOTPAIUIAHHS BHIAIKOBOI BEIUYMHHM y MPOMDKOK 3 KIHISIMH @ Ta f} YHCEIBhHO

JOPIBHIOE TUJIOINII KPHWBOJIHIMHOI Tpamelii, mo oOMeXxeHa (QYHKIE IIUIBHOCTI

f.(x), Bjccm Ox TanpsAMuUMH X =, X= 3 (3amTpuxoBaHa o61acTh Ha puc. 7.1).

Je(x)

Puc. 7.1. IMOBIpHICTh MOTPATUISIHHS BUITAIKOBOI BETMYUHH y TPOMIXKOK [¢, f]
I'padix pynkuii Y = f £ (X) masuBaeThCs Kpueoio poznodiny iimogipnocmeii
abo kpuBoio posmoxiny. Skmo suavenns HBB & e[a; ] , 1o f.(X)=0 mu

X<o,aTakox it X> [ .

7.3. llpuknaau nesskux crangapTuux posnoaiiis HBB

7.3.1. PiBHomipuwuii po3noaii HBB
HenepepBHa BumankoBa BEIWYMHA HA3UBAETHCS PIGHOMIPHO PO3NOOLIEHOIO,
AKIIO ii (PYHKIIS IIUTBHOCTI:

0,x¢[a;b]
f.(x)= 1 Oe c=const.
c,Xe[a,b]

JIns 3HaXOKEHHSI KOHCTAHTU € BHUKOPHCTAEMO YMOBY HOPMYBAaHHS:

T f.(x)dx=1 = 'T fg(x)dx+ifé(x)dx+Tf§(x)dx:1

b
chx:l = cx|2=1 = c(b-a)=1 = co—t

b-a’
O1xe, QyHKINS MITBHOCTI PIBHOMIPHO PO3MOI1IJIEHOT BUMAJAKOBOT BEJIMUUHU
0, x¢|[a;b]
Mae suran: f, (x)=9 1 .
——, xe[a;b]
b-a

I'padix dbyHKIIT MILTEHOCTI 300pakeHo Ha puc. 7.2.
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R
b—a

a b X

Puc. 7.2. I'padix PyHKIIIT MITBHOCTI pIBHOMIPHOTO PO3IOALTY
3HaiinemMo GyHKIIO po3noaury. SAkmo x <a, To Fg(X) =0. fxmo x >b, T0

F§(X)=1. SIkmo a < X < Db, 1o0:
X X X 1 X _ a
F. (x):_J;fg(t)dtzifg(t)dt:j;mdt:m.
O1xe, PyHKIlE PIBHOMIPHOTO PO3IMOALTY MA€ BUTIIAL:
(0,x<a
X—a
F.(X)={——,xe(ab| .
()= 1222 xe(ab)
1L,x>b
A
I'padix dbynkiii po3noainy 300pakeHo Ha puc. 7.3.
F:(x)
17777 /
0
Puc. 7.3. ®yHkiig po3noauty piBHOMipHO po3nojaiieHoi HBB
Mpuxaax 7.1. Ha Bigpizky [a,b] 3‘sBisierbest Touka, BCi MOJOXKEHHS SAKOT
piBHOMOXJMBI. BunaakoBa Bemuumna & - alcuuca TOYKH, € PIBHOMIPHO

PO3MOIIEHOI0 HEMEePEepBHOIO BUITAJKOBOIO BeIMYMHOIO. HeBaxkko mobOayuTH, 110
WMOBIPHICTh MOTPAIITHHSA TOYKHU Y OyJb-AK1 JBa BIAPI3KH OJHAKOBOI JOBXKHUHHU, IO
Hayexatb [a,h], € omHaKOBOIO, I WMOBIPHICTH MPOMOPIiHHA TOBKHHI BiIpPi3KiB.
IMOBipHICTB TOTO, IO Ha Biapi3Ky [@,0] 3’gBHTHCSA TOUYKA 3 TOYHOI KOOPAMHATOIO
X, €[a,b], € HynboBOIO. 3 MPAKTUYHOI TOUKH 30py TaKa CUTyallisl MOXKE 31aTHCS
napagokcanbHoro. llomis, mo momsirae B TOMy, IIO TOYKAa MOTPANUTh TOYHO B
MOJIOKEHHS X( € IIJIKOM MOXJIMBOIO, aje WMOBIPHICTH 1€l momii gopiBHioe 0. {s
HETMEePEPBHUX BEJIMYMH TaKa BJIACTHBICTH € XapaKTEPHOK. IMOBIpHICTH TOTO, MIO
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0
HeIlepepBHA BeIUYMHA & HaOyBae NEBHOTO 3HAYCHHS X, , € HYJIbOBOK (IHB.4,
nm.7.2).

7.3.2. Iloka3HUKOBHI PO3MOIia

HemnepepBHa BUMAaKOBa BENWYHHA & € HOKA3HUKOBO PO3NOOINEHOI0, SKIIO il

IIUTHHICTB PO3MOIUTY 3a/1aHa Y BUTIISII

0,x<0
f.(x)= . 1e A >0 — mapamerp posnoziny.
A6 x>0

[lepeBipuMo, 1110 BUKOHYETHCSI YMOBA HOPMYBaHHSI:

~+00 0

+00 0 £ +00
Jfg(x)dx='[fg(x)dx+J‘f§(x)dx=O+Iﬂe‘“dx=—e‘“ =e’=1,
—o —o0 0 0

0

3naitnemo ¢yukmito posmnoairy HBB. Skmo x < 0, To F5 (X) =0 . Skmo x > 0, TO

X zl_e—ﬂ,x
0 .

X 0 X X
F. (x):j f.(t)dt = j fé(t)dt+J‘f§(t)dt:0+J‘/1€‘“dt=—e‘“
—0 —0 0 0

OT1xe, PyHKITIS PO3MOJILITY:

F( ) 0,x<0
X)=
¢ 1-e ™ x>0

Tpadixu ¢pynxuiit f.(X) Ta F.(X) s06paxeno na puc. 7.4.

S (x)
A
0 X
F.(x)
1
0 X

Puc. 7.4. I'padixu ¢yHKUIT HIITBHOCTI Ta PYHKIIT pO3MOILITY
MOKa3HUKOBO posnojaiienoi HBB
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IMOBIpHICTh TOrOo, IO BWIIQAKOBAa BeNMYMHA ¢ , SKa pPO3MOJUICHA 3a
MOKa3HUKOBHUM 3aKOHOM, Ha0y/le 3Ha4eHb 3 iHTepBany («, ), «,f >0, nopiBHIOE:

B B
Plasé<p)=[f.(dx=A[e " dx=e""—e ™.

Hpuxnang 7.2. Henepepsua BB &£, wac Ge3BinMOBHOI poOOTH mpuiany, €
NPUKIIAJI0M ITOKa3HUKOBO PO3MOALICHOI BUIAAKOBOI BennunHU. DYHKIIISL HAAIHHOCTI

R(t) _ e—M o . . 6 . . 6
- , BH3Ha4Ya€ HWMOBIPHICTb C3BIIMOBHO1 POOOTH IIpUIady 3a 4ac t,

napameTp A — iHTCGHCHBHICTh BiZIMOB.

7.3.3. HopmaJubHuii po3noaij

BunankoBa BenmumHa & HA3UBAETHCS  HOPMANLHO  PO3NOOINIEHOI0 3
napaMmerpamu a, o (o > 0), AKio T IIIBHICTh PO3MOALTY 3a1a€THCSI (POPMYJIIOLO:

—(x—a)2
f.(x)=
()=

2
e 2 xeR.
JIns HOpMajbHO pO3MOAUICHOT BWUMANKOBOI BeMWMYMHM ¢ 3 mapamerpamu &, O

BUKOPHUCTOBYIOTh  ITO3HAYCHHS f ~N (a;a) . 30Kpema, SKIIO a=0,0=1, 10
E°~N (0;1) , TaKAd PO3MOJII HA3uBarOTh craHmapTHuM. II[iabHICTE pO3MOILTY
2

: 1 = .
CTaHIapTHOI HOpMaiabHO po3mnojiieHoi BB f P (X):T-e 2 =¢p(x) € pynkuiero
T

["ayca. Jlnsa pynkuii Nayca cknageno tabauii (nuB. Jomarox 1).
PosriisiHeMo 3aranbHuii Bunanok, Hexai &~ N (a;a) . Toxi HOpMOBaHa

0o_c—4a . . :
BHIIQJIKOBA BEJMYUHA & _em8, N(0,1) mae cranmapTHMIi HOpMANBHUN PO3MOJILIL.
o

®yukuito migsHocTi & ~ N (a; 0') MOXHa moAaTu yepe3 ¢pyHkilito ['ayca:

ﬂ

—(x—a)z
1 -—— 1 1 1 X—a
f.(x)= e 200 .~ _.pg 2 =_.pl ——|.
5( ) N2rmo o \2rx o (0( o j

Takox QyHKIIS pO3MOALTY:
t-a )’
~(t-a)’ X _(7)

00

t—a
x-a

_22 o

=t>-0=7—>-© L jerz: J‘(p(t)dt:Fg(X;a):

o

—00
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0 2

- 1 @ 2 X—a 1 %t .
2dz+ g 2 dZ:—+CD(—j, e d(x)=——|e 2dt — dyHxuisa
ol el ; |

J'[annaca, 3HAYEHHS KO MOYKHA 3HAWTH 3 BiAMOBIAHOI Tabmmii (muB. JlogaTok 2).

3naitnemo itMoBipHicTh Toro, mo BB & ~ N (a;U ) noTpaiuisie B intepsai [a;f).

Pla<é<B)=F.(B)- Fg(a):%+®(ﬂ;a]_%_®(aaaj:
A4

Otxe,
P(a£§<ﬂ):®(?j—®(a—_aj (7.6)

3HaiieMo HMOBIPHICTB TOTO, 10 BUITaJIKOBA BEIMUYMHA BIIXUISETHCS Bl TTOJIOKEHHS
a He OllbllIe, HIXK Ha &.

P(|§—a|<3):P(a—g<§<a+5):®(wj—®(m)z
O

(o}
()05 )=(7)
(o} (o} o)
Maemo,
&
P(¢-al<e) :2@(—] (7.7)
o}
Interpas Ilyaccona (0nsa camocmitinoco onpayroeanis)
JloBecTH, 1110 I e “dx = \/; .

Jlosedenns. Po3rnsiHeMo oIBItHUM 1HTErpa:

2
x+y x+y _y2 —a<x<a
e dxd dx|e d e dx[ed e*dx|,me D: - KBaJIpar,
” - j I - I j ' [I j ! {—asysa &
D, : X’ +y? <a’- Bmmcane B kBazpart kono, D, : X’ +y? <2a’- onmcane kono, D,cDcD,.

A
y D

\

Puc. 7.5.



” ef(xzﬂz)dxdy < j' e dsz < _U ef(my?)dxdy .
o, ‘a B,

OO0YHMCIMMO OJIMH 3 THTETPAIiB;
IICK : x=pcos@

“ef(%*yz)dxdy =y = psing = ngp?e"’zpdp :Zﬂi(—%e"Z jd (-p")=
By dxdy = pd pde 00 0

= 2ﬂ(—%(eaz —1)) - 7(1-e)

AHanoriuHo: ” e Y xay = 7r(1—e‘Zaz ) .

D,

2
a
Orxe, ;r(l—e‘az ) < ( j e dx] < 72'(1—(:‘_232 ) Tepeiiaemo 10 rpaHumii, Kou a — oo, Tofi 3a TeopeMoro

Npo npoMikHy QyHKIiI0 oTpumaemo: [e dx=z .

—0

Hacnioku.

1. Te"zdx=£
0

2

2, Teidx=ﬁ+fe_[jfj d(%):ﬂ

3. I e 2dx= %
0

IlepeBipTe BUKOHAHHS YMOBH HOpMyBaHHs mis & ~ N (a; o ) CaMOCTIHHO.
(x-a)?

e 20°  T'padik QyHKIIi IiIEHOCTI

. 1
Hexait £~ N (a,O'), 10070 f,(X) = ———
N2r o
HOPMAJILHOTO PO3MOAUTy Mae BuUmsia (Ha puc. 7.6 mokazaHo naBa rpadika 3
OJTHAKOBHMM 3HAYCHHSAM MapameTpa a, Ui Pi3HUX o, <0, ):

X

a

Puc. 7.6. I'padiku ¢pyHKLIT IITEHOCTI HOPMAJIBLHOTO PO3NOAUTY Uil PI3HUX 0, < 0,
Touka X=a € TOYKOI MAaKCUMyMy (QYHKIII] féz(X) , Tpadik sKoi €

CUMETPUYHUM BITHOCHO Ii€i TOYKW. Toukamu TeperuHy Iporo rpadika € TOYKH
X=a—-o Ta X=a+o . llpu 3mMmeHmeHHi o TrTpadik crTae OUIBII

83



“roctpoBepiiiHHUM”. Tlnoma mig kpuBow Tpadika MIUIBHOCTI (3TiTHO 3 YMOBOIO
HOPMYBaHHsI) IOPiBHIOE 1.
IIpaBujio «TprOX CUTM»

VY dbopmymni (7.7) HanaMo BETUYHHI £ PI3HUX 3HAYECHb.
Hexall £ =0o, Tozi P(|&—a|<o)=2d(1)=2-0,3413=0,6826;
SKIIO & =20, P(|&—a|< 20) = 2d(2) = 2-0,47722 = 0,9544;
KO ¢ =30, P(|&—a|<30)=2d(3) =2-0,49865 =0,9973.

«IIpaBujI0 TPHLOX CHUIM» TMOJSITa€ B TOMY, IO WMOBIPHICTH TOTO, IO

HOPMAJIBHO po3n0,uiﬂeHa BUIIAAKOBa BCJIMYHNHA BiI[I[aJIeHa BiII HCHTPAJIBbHOI'O

TOJIOXKEHHS 8 MEHIIIe, HiX Ha 30 , IPaKTHYHO AOpiBHIOE 1.

3anumanHua 011 CaMOKOHMPOJII0

1 AKi 6unaokosi eenuduHY Mu Ha3UBAEMO HenepepeHUMU?

2 Hageoimb 06a ocnosni cnocobu 3a0anns HenepepeHoi 8unadKo80i 8eludUHU.
3. Haszsimwv enacmueocmi ¢pynxyii’ winonocmi.

4 Tlooatime 1imogipricms nompanianHs 6UNAOKOB0I 6eTUYUHU 6 IHINEPB8AT Yepes
@yuKkyito winbHocmi.

S5. Ak, 3Harouu QyHKYito po3noodiny, uzHauumu QyHKYio witbHoCmi?

6.  Ax nooamu gynxyiro poznooiny HBB uepes ¢hyukyiro winonocmi?

7. Hageodimv npuxnaou cmanoapmuux nenepep8Hux po3nooinie ma 3aoatime ix 3a

00NnoM02010 PYHKYIT WitbHOCMI.
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Po3B’s13yBaHHA THIIOBUX 3a/1a4

3adaua 7.1. HeniepepBHa BUIIaAKOBa BelMunHa & 3aaHa GYHKIHEO MIUIBHOCTI

X +2

Xe (=271,
f ¢ (x) = ]
0, xée(-2;7].
HeoOximHO0:
1) 3HAlTH a |

2) noOyayBaTH rpadik UIUIBHOCTI Y = f§ (x);

3) 3HAUTH QYHKIIO PO3MOILTY Féz (x);

4) 3HAWTH HMOBIPHICTh MOTPAIUISHHS BUMAKOBOI BETUUUHU & Y
3aganmii npomikok («; f), Pla<&< fB)—?, a=5, f=6,5.
Po3zé’azanns. 1) Ckopucraemocsi yMOBOIO HOpMYBaHHS (DYHKIIIT IIUTBHOCTI

NX+2

7
(7.3), oTpumaemMo .f dx=1. 3sixcu @ =18. Omxe dynkuis minpHOCTI Mae

L a
BUTJISII.
‘X+2, xe(-2;7],
f.(0)=1 18
0, xé&(—2;7].

2) I'padik dyHKIT MUTBHOCTI 300pakeHo Ha puc. 7.8..

0,21

) //
/

1 1 >

2 7

Puc. 7.8.
3) s 3HaxomkeHHs QYHKINT po3moairy ckopuctaemocs (7.2).

Hexait ¥ <=2 tozi F.(x)= [ f(t)dt= [ 0dt=0;

—00

Nt+2 1 3/
8

-2 X
—2<X<7,mo F.(x)= | 0d dt =—(t+2
Ko —2 < X mo F(x) J. t+ j t >7 (1+2)

—0 -2 -2

Jt+2
18

N
I
—~
=
+
N
~
w

-2 7
Ko X > [ 1o F.(x) = _[Odt+j

—0 -2

dt+f0dt:l.
7
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0, X< -2,

1
OT1xe QYHKIIIS pO3MOLTY Ma€ BUTIIS F§ (x) = E\/ (x+ 2)3 ,—2< X<,

1 X>7.

4) IMOBIpHICTE MOTpAIUITHHS B iHTEpBa (5; 6,5) 3HAHIEMO KOPHUCTYIOUNCH
dbopmyioro (6.2).

P(5<£<6,5)=F.(6,5) - F§(5)=2—17(\/8,?—\/773)z0,23.

3aoaua 7.2. HeniepepBHa BUIAAKOBA BeMUUHA & 3a7aHa QYHKIHEIO PO3MOIITY

0, X<1,
()= a(x* — x),1< X< 2, HeobxiaHo:
1, X> 2.
1) 3HAWTH a;
2) noGyaysaru rpadix dpymkuii posnoxiny Y = F: (X);
3) 3HAUTH QYHKIIIO IIIJILHOCTI fg (x);
4)

3HANTH HMOBIPHICTH MOTPAIUISIHHS BHIIAJAKOBOI BEJIMYMHU & Y
3amanuii npomikok («; ), P(a <& < ) , skmo a =0,5, f=1,5.
Po3z6’azanns. 1) CkopucraeMocs BIaCTUBICTIO HETIEPEPBHOCTI PYHKITIT

1
posnoxiny F; (b)=1, to6t0 F: (2) =1. Orpumaemo a = > i pynkuis posmogimy
MaTHMe BUTJISN:

0, X <1,

F.(X) = %(x2 -x),1<x<2,

1, X> 2.
2) I'padix dyHKIIIT po3moaiay 300paskeHO Ha pUCYHKY 7.9..
A Frx)

]__

0,5+
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3) ®yHKIlA MIIIBHOCTI — TTOX1AHa BiJ QYHKINT po3noainy. ToMmy
0, X <1,

' 1
f.(x)=F. (x)= E(Zx—l),1< X< 2,
0, X> 2.

4) NmosipHicts notpammsinusi B intepsan (0,5; 1,5) 3HAHAEMO KOPHUCTYIOUHCH
byHKIIiEO po3noainy ta hopmyitoro (6.2):

P(0,5< x <1,5) = F(L,5) - F(0,5) =%(2,25—1,5)=o,375.

3aBaaHHA AJI9 CAMOCTIHHOIr0 BUKOHAHHSA

7.1. UYn ™Moxe GYHKIIS pO3MOALIY IpU ACIKOMY 3HAYCHHI apryMEHTY
Ha0yBaTH 3HAYCHHS:

a) OupInie 3a 1;

0) meHie 3a 07

7.2. Yn wmoxe OGyHKIIS UUIBHOCTI TPU JIEIKOMY 3HAauY€HHI apryMEHTY
HaOyBaTH 3HAYCHHS:

a) OunpIe 3a 1;

0) menue 3a 07

7.3. Uu icHye BHITaIKOBA BEIMYMHA, JJIS SKO1:

a) F:(-3)=0; F:(3)=1;
6) F:(-3)=L F.(3)=1,
B) Fg(_g):]-; F§(3):0?

7.4. Yu icHye BUMIAJKOBa BEJIUYUHA, JJIsI SIKOi:
0 1

a) [ f.(\)dx=0,4; [ f.(x)dx=0,4 ;
-1 0
0

1
0) | f.(x)dx=0,6; | f.(x)dx=0,4 ;
-1 0
0

1
B) | f.(X)dx=0,6;| f.(x)dx=0,6 ?
-1 0
7.5. Illo mMoxHa cka3atu mpo abCOIIOTHO HEMEPEPBHY BUIIAJIKOBY BEJIUYHUHY,
SIKIIIO

a) J'fé(x)dx:o X

6) [ f,()dx=17?

7.6. Ha mepexpecTi BCTAaHOBJIEHO CBITIO(Op, HA SKOMY | XBWJIMHY TOPHTH
3eneHe cBi™io, a 30 cexkyHn — 4yepBoHE. ABTOMOOLIL Mmij i3kae 10 cBiTiiodopa y
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BUITAJIKOBUM MOMEHT. 3HAHTH HMOBIPHICTH TOTO, IIO B MOMEHT, KOJIM aBTOMOO1JIb
nia’ige 10 ceimiodopa, Oyae ropiTu 3eieHe CBITIO. 3a SKUM 3aKOHOM PO3MOJiIeHA
BUIAKOBA BEJIMYMHA — MOMEHT TIij1’ 3]y aBTOMOO1J1s1 710 CBiTI0(0opa?

7.7.-7.11. Bunaxkosa BenuuuHa ¢ 3anaHa ¢QyHkuiew posnoniny F.(X) .

HeoOxiaHO:

1) 3HAUTH C |

2)  moOynmysaru rpadix dpynkuii posnoginy Yy =F.(X);

3)  smaitn Qpyukuiro miteHoCTI f,(X);

4) 3HalTH WMOBIPHICTH MOTPAIUISHHS BHIIAIKOBOI BEIMYMHH & y 3aaHUi
npomixok (a; ), P(a <& < f).

0, x<0,
77. F.(x)=1c4x, 0<x<9,  a=1 4=10.
1 X>9,
0, x<0,
78. F.(x)=1c-x*,0<x<l, a=-28=2
1 X>1
0, X <0,
7.9. Fg(x):<c-sin2x,0<x§%, azo,ﬁ:%.
1, x>£,
4
0, X< -2,

7.10. F,(x)= c-[g+1}—2<x£2, a=-2,p=1

1 X> 2,
0, Xx<-1,

1 ) 1 1
7.11. F.(x)=<c+—arcsinx,—1<x<1, =——,f=—.
é( ) e @ 2 B 2

1, X>1,

7.12.-7.16. BumagkoBa BenuunHa ¢ 3amaHa (DYHKINEK IMIIBHOCTI fé(x) .

HeobximnHo:
1) 3HAUTH C |
2)  moOynmysatu rpadix minbHOCTi Y = f.(X);

3)  smaittn Qpyukuio posnoginy F.(X);
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4) 3HaiiTK HMOBIPHICTH MOTPAILIAHHS BHIIAJKOBOI BEIMYHHH & Y 3a0aHUi
npomixok (a; ), P(a <& < f).

S (]
712, f.(x)={Vx+3’ T a=—4,8=1.
0, x ¢ (-31],
C-COSZX,XE(O;%},
7.13. f.(x)= a:%,ﬂ:%.
0, xg(o;f},
4
o@+6x—ﬂ§me(&5L
7.14. f,(x)= 4 a=3, /=45
0, x ¢ (3;5],
c-(x=5)(x+1),xe(-L5],
7.15. f.(X)= a=-1 F=2.
() 0, x & (-15], p
7.16. f.(X)=—— Xe(—0;+0), a=-1, B=1.

x? +1

7.17. BumagkoBa BenuunHa & Ma€ IMOKa3sHMKOBHM PO3MOIII 3 MapaMeTpoM

a)a=-2,b=-1, 0) a=2,b=3; B) a=-2,b=2.

7.18. TIpoxykmiss mMakapoHHOT (aOpuKHM TMaKyeThCs B MIIIKA. Bara omHOro
MIIIKA — BUIIAJKOBAa BEJIMYMHA, II0 MAa€ HOPMAJIbHUU PO3MOALT 3 MHapaMmeTpaMu
a=12 kri 0 =0,14 kr. BusHauntu HMOBIpHICTH TOTO, 10 Bara Ye€proBOro MilllKa:

a) nepeOyBaTume B Mexax Big 11,96 no 12,06 kr;

0) He nepeuntyBatume 12,06 Kr.

7.19. PobGoTra aTOMHUX €JEKTPOCTaHIIM 3a3BUYail PETEIIbHO KOHTPOIIOETHCS,
iX eHepreTMyHa CHPOMOXKHICTh TPOTHO3YETHCA Ha KUIbKa POKIB  BIEpes.
[Tpunyctumo, 1m0 aromMHa €JIEKTPOCTaHLII TE€HEPY€e EJEKTPOCHEPTito, 10
pO3Mo/IJieHa 33 HOpPMaJbHUM 3akoHOM. CepenHs  eJeKTpOeHeprisi, BUpoOIeHa
CTaHIII€I0 3a piK, cTaHOBUTH a = 35 MmeraBaT(MBT).
a) IMOBIpHICTH TOro, IO CTaHLIS 3TeHepyBaia 3a SIKUWCh BHUIIAJIKOBO OOpaHUU piK
meniie 34 MBT, ctanoButh 0,3540. 3HaiiTu cepeIHLOKBAIPATHYHE BIIXUJICHHS O .
0) [lpumyctumo, 1m0 TEHEpyBaHHS EJIEKTPOCHEPrii 3a pi3HI POKU BiAOYyBAETHCS
HE3aJIEKHO, 1 BBAOXXAEMO, IO CTaHIisA 3adiKCye MPUOYTOK y MEBHOMY POL, SIKIIO
BOHA 3MOXe€ 3reHepyBatu mjoHaiimenmie 37,8 MBT Toro poky. fka HMOBipHICTb
TOTO, 1110 CTaHIisl Oy/1e MPUHOCUTH MPUOYTOK YOTHUPU POKH MOCIILIH?
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Bionoeioi

7.1. a) Hi; 6) H1. 7.2. a) Tak; 0) Hi. 7/.3. a) TaK; 0) Tak; B) Hi. /.4. a) TaK; 0) Tak;
B) Hi. 7/.5. a) BB He HaOyBae 3HaueHb B iHTepBaii (2;3); 6) BB nabyBae 3HaueHHs
auie B inTepaii [-1;1]. 7.6. 2/3; piBHOMIpHUI pO3MTOILI.

77.c=%;P@<§<ﬂﬂ)z0ﬁ7.18.c:xF%—1<§<2)=L
79.c=1;P(0<§<%)zOBI 7.10. c==; P(-1<£<3)=0,87.
1 1 1) 1
711. c==; P| —=<¢é<=|== T7.12.c=—, P(4<&<])=1.
2 (2 - 2} 3 (F4<s<)
T T
7.13.c=2: P| —=<&<—=|~013.
o)
744.c:—§F(3<§<45):034 zuic=—i%ﬁ%—1<§<2)=055

1 1
_ 1 P(-l<E<1)=2.
7.16. = (-1<¢<) 5

7.17. a) 0;6) 0,0158; B) 0,9817.
7.18. a) P(11,96<¢£<12,06)~0,28; 6) P(0<<£<12,06)~0,67
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8. HUCJIOBI XAPAKTEPUCTUKHU BUITAJKOBUX BEJIUYUH

Jloci MU pO3TIsAanu  XapaKTepPUCTUKH BUMAJKOBUX BEJIMYMH, SKI €
(GYHKIIIOHATFHUMU: 1€ (PYHKIIISI PO3MOLTY, IUIbHICTD PO3MOALTY, 3aKOH PO3MOILTY.
[{i xapakTepUCTHKH MICTITh BCHO 1HGOPMAII0 TPO BUITAJKOBY BEIUUYUHY,
BH3HAYAIOTh PO3MOLT OJJHO3HAUHO. 3@ BIJIOMUM PO3IMOAIIOM MOKHA 3HAMTH YUCIIOBI
XapaKTepUCTHKH, sIKi, B3araji, He BH3HAYalOTh PO3IMOMAIT OJHO3HAYHO, aje JaloTh
NeBHE YSBJICHHS MPO JaHUN po3nofin. TakuMu 4YUCIOBHUMH XapaKTEPUCTHKAMH €:

MaTeMaTU4YHE CIOIIBaHHS, TUCIIEPCIS Ta CEPETHE KBAAPATUYHE BiIXVIICHHS.

8.1. MaTtemaTn4yHe cnoAiBaHHS BHNAAKOBOI BeTHYNHHA

8.1.1. MareMaTH4He CIOAiBAHHS JUCKPETHOI BUNIAKOBOI BeJIMUUHU

Hexalt 3amano muckperny BumnajakoBy Benuuuny (IBB) &£, mo nHaOyBae
3HaueHb X;, X5,..., X,... 3 HMOBIpHOCTSIMU P{f;:Xk}Z P, ; k=1..,n,...

Mamemamuunum cnoodisannam (a6o cepeonim) JIBB & HazuBaeThcs 4uco,
SKe JJOPIBHIOE CyMi TOOYTKIB BCiX 11 MOKJIMBUX 3HAYEHb HA BIAMOBIAHI HMOBIPHOCTI.

[Mo3HauaeThes oAHUM i3 cumBoie: M (5), M £ m £

Skmo mHOXMHA 3Ha4YeHb [IBB € 37114ueHHO0I0, TO MaTeMaTHYHE CITO [IBaHHS:

M (f) :ixk Py (8.1)

3a YMOBH, 1110 TaKUI Psif] € a0COITIOTHO 301KHUM.
SIKII0 MHOKMHA MOXJIMBHUX 3HadYeHb JIBB € CKIHUEHHOIO, TO MaTeMaTH4HE

CIO/IBaHHS MO>KHA 3HAUTH 3a (PopMyIIoI0:

M(é)zzxk Py - (8.2)
k=1
Mpuxaan 8.1. Hexaii J/IBB & 3amana psgoM po3nofiny:
X 1 2 5
Py 0,3 0,4 0,3

3naiinemo maremaTuuHe cnojaiBanus JIBB 3a dopmynoro (8.2):
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M(&)=1-0,3+2-0,4+5-0,3=0,3+0,8+1,5=2,6 . OrprimaHe 3HaAYEHHSI €

CepeHIM 3HAYEHHSIM BHUITaKOBOI BEIHUUHH & |

8.1.2. MaTeMaTH4He CIIOAiBAHHSI HelepepPBHOI BUNAIKOBOI BeJIMUYMHHI

Mamemamuune cnodieanns nenepepsenoi eunaokoeoi éenuuunu (HBB) &,

sika 3ajaHa (yHKuiero miasaocti £ (X), 3sHaxomaTh 3a (HOPMYIOIO:

M (&)= [ x- f.(x)dx (8.3)

32 YMOBH a0COJIFOTHOT 301’)KHOCTI HEBJIACHOTO 1HTErpasa.

3okpeMa, AKI0 ¢ Ha0yBae MOXKIIMBUX 3HAYCHb TLILKH 3 Bipisky [a;b], To

M (&) =jx- f.(x)dx. (8.4)

3MICT MaTeMaTHYHOI'O CHO,Z[iBaHHH nojpsira€ B TOMY, IO MAaTCMATHUYHC

CHOI[iBaHHH € cepe;[HiM 3HAa4YCHHAM BI/IHaI[KOBO'l' BCINYHHU.

8.1.3. BiacTuBocTi MAaTeMaTHYHOI'O CIIOAiBaAHHSA

Po3rasiHeMo B1acTUBOCTI MaTEMaTUYHUX CIO/IBaHb AUCKpeTHUX BB.

1° Mamemamuune cnodisanns cmanoi eenuuunu OOPieHIOE yiti cmaniii:
M(c)=c.

Jlosedennsa. Ctaiy ¢ MOXHa pO3TISIaTH K BUNIAIKOBY BEJIMYHMHY, 0 HAOyBae

3HaueHHs ¢ 3 imoBipHicTio 1. Toxi, nns JIBB:
M (c):Z:xkpk =c-1=c.
k

0 o
2" Cmanuit MHOMCHUK MOXMCHA 6UHECHIU 34 3HAK MAMEMAMUYUHO20

CROOIBAHHA:

M(cé)=cM,.

Hoseoennsa: M (c-&) :Z(C- X, ) Py :CZXk P =C-M,.
K k

92



0 . .
3" Mamemamuune cnooiganHHa cymu 060X 6UNAOKOGUX GeJIUUUH OOPIBHIOE

CyMi MamemMamuyHux cnooiéans 000AHKIB:

ME+n)=M,+M .
Hacnioku.
1. MarematuuHe croniBaHHs cyMu crajoi BenmuumHHM C i JIBB &

JOpiBHIOE cyMi MaTeMaTHyHOTro criofiBanHs JIBB & 1 cramoi c. To6To,
M(S+c)=M, +c.
2. MaremaTu4dHe CIIOAIBaHHSI MA€ BIACTUBICTH JITHIMHOCTI:
M(c,-&+c,)=c-M,+c,, c¢,c,=const.

3. MaremaTuyHe CHOAIBaHHS CyYMH CKIHYEHOTO 4HCJIa BHUIIAJIKOBUX

BEJIMYMH JIOPIBHIOE CyMi 1X MAaTEMAaTUYHUX CIIO/[IBaHb:

MG +E++8) =M, +M, +..+ M, .

0 .
4"~ Mamemamuune cnoodieanHus 000ymKy He3AeHCHUX BUNAOKOBUX GEIUYUH

JIucKkpeTHl BUMNAAKOBI BEJIMYMHU ¢&,7) HA3UBAIOTHCS HE3ANEHCHUMU, SIKIIO
HE3AIeKHUMU € MOl {f =Xk} Ta {77= yi} mig Beix  (x.,Yy,) . Tomi
P =P{&=x.,n=y.}=P{é=x}-Pln=Vy}=p,0, kii=1..,n,..

Hexaif nuckpeTHi BUIAIKOBI BEIMYUHU &,7) € He3aneHCHUMU 31 CKIHUCHUMU
MaTEMaTUYHUMU CIIOJ[iBAaHHSIMHU |\/|§, |V|,7 . MaremaTu4He CrHoJliBaHHS BHITaJIKOBOI

BEIMYMHU & -77 , O € J0OYTKOM JAaHMX BEIMYMH Ta HaOyBae 3HA4YCHb X Y, 3
HNMOBIPHOCTSIMH P,; = P, 0, , JOPIBHIOE:
M(¢-n7) = ZXkYi P = ZXkYi PG :Zkak 'Zyiqi = |\/|§°|\/|77_
k,i=1 k,i=1 k=1 i=1
Mamemamuune cnoodieanna 000ymKy 080X HE3AIEHCHUX BUNAOKOBUX

eeIuYUH 00OPIGHIOE O0OYMKY IX MamemMamuuHux cnooiean:
M(E =M, M,
Hacniook. MatemaTiuHe CIIOJIIBaHHS JOOYTKY CKIHUEHOTO YHCIa HE3aJeKHUX

BUIIAJIKOBUX BEJIMYUH JOPIBHIOE TOOYTKY 1X MAaTEMAaTUYHUX CIIO/I1BaHb:
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M(& & &) =M, M, oM,

n

3a yMOBHM, IO MaTeMaTH4Hl CIIOJIBaHHSI Yy TMpaBii 4YacTHHI ICHYIOTb Ta €
CKIHUEHHHUMH.

[Toku MH pO3TISHYIW O3HAYEHHS HE3AICKHOCTI JIUINE I JUCKPETHUX
BUIMAJKOBUX BEJIMYMH, IM3HIIIE PO3TJISHEMO OLIbII yHIBEpCcajlbHE O3HAUYCHHS, IO
CIIPaBIKYEThCS JJ1s1 Oy ib-sikux BB.

0 . .o

5 Abconiomua eeiuduUHa MAMEMAMUYHO20 CHROOIBAHHA GUNAOKOBOT
6E/IUYUHU HE NEPEesUUYE MAMEMAMUUHO20 CHROOIBAHHA ADCOIIOMHOT GeTUYUUHU

6UNAOKOBOT 6eTUYUHU
M. <M
‘ 5‘ -k

3ayeasicennsn. Bcl po3TiIHYTI HaMHM BJIACTUBOCTI MaT€MaTUYHUX CHOJIIBaHb

BHKOHYIOTBCA AK IJIA TUCKPCTHUX, TAK 1 AJI HETICPCPBHUX BUITAAKOBHUX BCIIMYHNH.

8.2. Iucnepcisi BUNIAAKOBOI BeJIUYMHU
8.2.1. O3naveHHsi Aucnepcii BUNMAAKOBOI BeJITMUMHH

Hucnepciclo nUcKpeTHOI BUNAIKOBOI BENMYMHH & HA3MBAETHCS UHUCIIO, SIKE
JOPIBHIOE ~MaTEMaTUYHOMY CHOJIBaHHIO KBaJpara BIAXWICHHS BUITQJKOBOI

BEJIMUMHM Bif 11 MATEeMaTHYHOTO CIIOAIBAHHSA i Mo3HadaeThes D(&) abo D £

D(&) =D, =M {(£-M,)?} (8.5)
Hucrnepcist xapakTepusye “po3CIIOBaHHS BHITQJKOBOI BEJIWYMHHU BITHOCHO 1l
MaTeMaTHIHOTO CHOMiBaHHSI. YuM MeHIe Jucrepcis, THM TICHIIIE 3HAaYeHHS
BUIIAJIKOBOI BEJIMYMHU TPYNYIOTHCSA BIAHOCHO 1i CEPEIHBOr0 3HAUEHHS, BUPAKEHOIO
MaTeMaTHYHUM CITOJ[IBAaHHSIM.

Hasenemo mie oany dhopmyity mist oouncineras D(E).

Teepaxenns. ucnepcis BB D(&) nmopiBHIOE pi3HMIN MiXK MaTeMaTHYHAM
CIOJIBaHHAM KBaJpaTa BUIAIKOBOI BEITHMYMHHU § Ta KBAAPaTOM 11 MAaT€MaTUYHOTO
CHOIIBaHHS:
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D(&)=D, =M(&*)-(M,)*. (8.6)
JliticHo,
D, =M {(E-M,)*} =M {& =2EM, + M} =M (&) -M(2-&-M,) + M(M}) =
=M(£%)-2-M(&)-M(&)+M, =M(£*)-M,".

dopmyia (8.6) Ha MPAKTHUIIl € 3PYUHIIIONO JIJI1 00UKUCIICHB Y MOPIBHAHHI 3 (hOPMYJIOIO

(8.5).

8.2.2. 3Haxo/sKeHHsI JUCHepcii JUCKPETHOI BUNIAIKOBOI BeJINYNHHU
Sxmo MHOXWHA 3Ha4YeHb J[BB € 371i4eHHO0, TO AHMCTIEpCii0 MOXKHA 3HAWTH 32

dbopmynamu:
D) =2 (% —M.)p, (8.7)
k=1
abo

D(&) = i (x°p,)—(M éz)2 (3a ymoBH 36ikHOCTI psiziB).  (8.8)
k=1

VY BuUNaAKy CKIHYEHHOI JUCKPETHOI BHMAJKOBOI BEIUYMHM 1i JIUCIEPCII0 MOXXHA

3HAUTH 32 OJIHIEIO 13 POPMYIT:

D(§):Z(Xk—|\/|§)2 Py - (8.9)
k=1
AbGo
D(&) =D x’p —M,* . (8.10)
k=1
Hpuxnan 8.2. O6uucnutu gucnepcito JIBB, 3aganoi psimom po3noiny:
X 1 2 3)
Py 0,3 0,4 0,3

Pozs’sizanna.  Cnouatky 3HaljgeMo waremMatuuHe crnojaiBanHs JIBB 3a
dbopmyoro (8.1):

M(£)=1-0,3+2-0,4+5-0,3=0,3+0,8+1,5=2,6.
Tenep o6uncnuMo auUCTIEPCIIO.
I cnoci6. 3a popmymnoro (8.9):
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D(£)=D, =M {(£-2,6)°} = (1-2,6)°-0,3+(2-2,6)*-0,4+(5-2,6)*-0,3=2,64.
11 cnoci6. 3a popmymnoro (8.10):
D(&)=D, =M {&}-M,*=1*.0,3+2°-0,4+5°-0,3-2,6° =2,64.

Omxe, 3a popmynamu (8.9) ta (8.10) orpumainu onue it Te came 3Hauenus D, =2,64.

8.2.3. 3Haxo/sKeHHsl JUcCHepcii HenepepBHOI BUNIAAKOBOI BeJIUYUHU

Jlucniepcisi HemepepBHOT BUMAIKOBOT BEJTMUMHN BU3HAYAETHCS TaK CaMo, AK 1y
BUITAJIKY JUCKPETHOT BUTIAJKOBO1 BETTUIHHM, 32 hopmyIoro (8.5).
Sxuwo HBB & 3anana ¢yHKui€ro mwinpHOCTI f, (X), TO

+00

D(&)=D, = j (x—M,)?- f,(x)dx (8.11)

—00
(3a yMOBH a0COIOTHOT 301)KHOCTI 1IHTETpasia).
Slkmo HBB £, sika 3anaHa (QyHKIEO MITBHOCTI f (X)) Ha0yBa€ MOKJIMBUX

3HAYEHb 3 BIAPI3KY [a, b], to D(&) 3HAX0mATh 32 POPMYIIOIO
b
D(¢)=D, = j(x— M,)?- f.(x)dx . (8.12)

Jucnepcito HemepepBHOI BUIMAJKOBOI BEJIWYMHU TaKOXK MOKHA 3HAXOAUTH 3a

bopmyIioro
D(¢) =D, = fxz- f.(x)dx—(M,)*. (8.13)

Hpuxnan 8.3. 3naliTu 3Ha4yeHHS A Ta OOYUCIIUTH MaTeMaTUIHE CITO{IBaHHS Ta
nucnepcito HBB, 3aganoi ¢yHKII€O MIITBHOCTI:
Ax, x €[0;1]
f.(0)=1Axe@3] .
0, x¢[0;3]
Po36’s3anns. 3actocyeMo yMOBY HOPMYBAaHHS

3 1 3 A 5
Ifg,(x)dx=JAxdx+IAdx:—+2A:—A:1.
0 0 1 2 2
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2
—X, Xe[0:1];
c €[0;1]

3BigKku A=§.OT>KC, fg(x): %,Xe(l;B];
0, x [0;3].

MarematnyHe crioliBaHHS 3HaK1eMO 3a hopmyIoro (8.4):

2
+ —-
=

N | ©
|
N |-
-
Il

3 1 3
2 2 2 1
M,=|xf.(xX)dx=|X-=xdx+ | x-=dx==-=
: ! () ! 5 ! 5 53

Jlucnepcito 3Hainemo 3a popmyioro (8.12):
3 2
x—E -zxdx+ x—ﬁ -de:
15) 5 1 15) 5

1

|

1 2

I(x3—§x2+@x dx+J'(x —§ 676) dezﬁ.
0

15 225 450

3a dopmynoro (8.13):

1
D. Ix f.(x)dx—M,? Ixz %xdx+_[x2 g (igj =

0

0
21 E.(g_lj_(%jz 1 52 676 45+1560-1352 253
54 5 '

3 15 10 15 225 450 450

8.2.4. Baacrusocri gucnepcii

3aCTOCOBYIOYHM O3HAYEHHS, OTPUMAEMO HACTYITHI BIACTUBOCTI AUCTIEPCIi.

1° ucnepcin cmanoi éenuuunu C 0opienioe Hyio, TOGTO D(c)=0.
HiiicHo, ockibkn M (C) =c¢, Tomy ¢—M(c) =0, orxe, D(c) =M (0) =0.
2° JTucnepcia JIBB & € negio'emnoro genuuunorw, 1o6to D(E)>0.

. . 2 :
Jliticro, ockimpku Bemmumua (& —M (&) HaOyBa€ HEBIJ'€MHUX 3HAYCHb, TOMY

MaTeMaTHYHE CTIOJ[iBaHHS ITi€] BEIMYMHH TaKOX € HeBia eMHNM, oTxe, D(&) > 0.

0 o oo . «
3" Cmanuit MHOMCHUK MOJCHA 6UHECMU 34 3HAK 0ucnepcu, RIOHOCAYUU 11020

00 keadpamy, T06To D(C-&) =c*- D, .
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JloseoerHs.
D(c-&)=M{(c-E—c- M)} =M{c* (E-M,)*}=c* - M{(E-M,.)’} =c’D,.
4° Hucnepcia cymu 06ox nezanemcnux BB & ma 1)  Oopienioe cymi ix
oucnepciit, Tooto D(E+71)=D(&)+ D(n).
Hacniooxk 1. Jlucnepcis cyMH CKIHYEHHOI KUIBKOCTI He3alexkHux BB
&y .oy &, MOpiBHIOE CyMi TX aucnepcii, Tooto D(& +...+ &) =D(&) +...+ D(&,) .

Hacniook 2. [lucniepcis cyMH cTanoi BeMMYWHA C 1 BUIAIKOBOI BEIHYHHU &
nopiBHIOe aucnepcii BumagakoBoi Benmunan & D(E +¢) = D(E). Omxke, 3MimieHHS
BUITAJIKOBOI BEIMYMHU HE 3MIHIOE 1 AUCTIEPCii.

3aysarcennsn. Bci po3TisiHyTI HAMH BJIACTUBOCTI UCIIEPCli BUKOHYIOTHCS SIK

I AUCKPCTHUX, TAK 1 AJIsT HCTICPCPBHUX BUITAAKOBHUX BCIIMYHNH.

8.3. Cepenne kBajjpaTuYHe BIAXUJICHHS

Cepeonim KeaopamuyHum 6iOXUIEHHAM BUMAIKOBOI BEJIMYMHU HA3UBAETHCA
qucao O, 0 BUBHAYAETHCS PIBHICTIO:

o.=oc(&)=,/D, . (8.14)

CepeL[He KBaaApPaTHU4IHC Bi,Z[XI/IJ'IGHHH CyMH CKIHYEHOI'0 4YHCJa B3a€EMHO
HC3aJIC)KHUX BUITAAKOBHUX BCIIMYHH ,Z[OpiBHIOGI

O(&+& +.t &) =02 (E) + 02 (&) +.+ T2 (E)

Ipukaag 8.4. 3a ymoBow mnpukiaga 8.2 3HAUTH cepeaHe KBaJpaTUYHE
Biaxunenns [[BB & .

Pozé'sazannsa.  OcCkiTbKM MM 3HAWNUIA, IO D(£)=2,64 , 10O
o, =D, =+/2,64~1,62.

Ipukaag 8.5. 3a ymoBow mnpukiaga 8.3 3HANTH cepeaHeE KBaJpaTUYHE
Biaxwienas HBB & .

253
Posé’ 0, =D, = |22 ~0,75.
036 A3AHHA £ £ 450

3aysarxcenna. CepenHe KBaJIpaTUYHE BIIXWICHHS O £ XapakTepusye

PO3CitOBaHHs BUTIAKOBOI BEMYMHH & BIZHOCHO MaTeMaTHYHOTO criofiBaHHsA. Kpim

TOTO, Ha BIAMIHY BiJl JUCHEPCii, BOHO BUMIPIOETHCS B TUX CAMHUX OJUHUIISAX, B SIKUX
BUMIPIOETHCS & .
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3anumannsn 011 CAMOKOHRmMPOJl10

1. Haszsimb 0CHOBHI YUCNI08] XAPAKMEPUCMUKU BUNAOKOBUX BETUYUH.

2. Ax snatimu mamemamuune cnodi6anHs OUCKPemHoi 6UNAOK0B0T 6eIUYUHU?

3. Ak 3natimu mamemamuune cnooianHs HeNnepepeHoi BUNAOKOBOL GeIUYUHU?

4. Axi enacmusocmi mae mamemamuyre cnoOi8aHHs UNAOKOBOI GeIUUUHU?

5. [aiime o3nauenns oucnepcii 6unaoxko8oi 8eIudUtU.

6. Hasedimv hopmynu 0ns 06uucienHs oucnepcii OUCKpemuoi unaokosoi GeuyduHuU.
7. Hasedimo ghopmynu 01151 obuucienus oucnepcii HenepepeHoi 6unaoko8oi 6enuduHuU.
8. ki enacmusocmi mae oucnepcisi BUnaodKo8oi euyuHu?

9. ll]o Ha3usaemuvcs cepeOHiM K8AOPAMUYHUM BIOXUNEHHAM GUNAOKOBOI 6eIUUUHU?

POBB,ﬂ3yBaHHH THUIIOBHUX 3aJ1a4

3aoaua 8.1. JTaHo 3aKOH PO3MOIiIY JUCKPETHOI BHIIAJAKOBOI BEJIWYHMHHU &
MO>KJIMB1 3HAYEHHS KO Ta BIAMOBIIHI iM UMOBIPHOCTI 3allMCaHO B TAOJIHIIL:

¢ 0 1 2 3

P, 1 011]1021|03]| 04

OOYHMCINTH YUCIIOB1 XapaKTEPUCTUKHU M (95 ), D(gg ), o (f )
Po36’a3anns. 3HalimeMo YHCIOBlI XapaKTEPUCTUKH BUMAIKOBOT BEJIMYHMHH,
xopucryrouuchk Gopmyinamu (8.2), (8.9) a6o (8.10), (8.14), orpumaemo M (f )=2,

D(§)=1 o) =1

3aoaua 8.2. JlaHo mepeliK MOXJIMBHX 3HA4eHb JIHUCKPETHOI BHITAJKOBOI
BemmuuHn & X= -1, X,=0, X3=1, a Takox M(f) =0,1, M(f2 ): 0,9. 3uaiitu
HUMOBIPHOCTI p;, p,, P53, Kl BIANOBIAAIOTh MOKIMBHAM 3HAYEHHAM X, X,, Xj.
Po3z6¢’azanns. Kopuctyrounch TUM, IO CyMa MMOBIPHOCTEH YCIX MOKJIMBHX
3HaueHb £ JIOPIBHIOE OJMHMIII, a TAKOXK BpaxoByroun, mo M (f ) =01 M (62) =0,9,
OTPUMAEMO CUCTEMY PIBHSIHB:
P+ P+ Py=1
—p+p;=01
1’ p+(-1)%ps =0,9.
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Po3B’sa3yroun 110 cucremy, orpumaeMo: p, =0,4, p, =0,1, p, =0,5.

3aoaua 8.3. JlaHo 3aKOHM PO3MOLIY HE3AIEKHHUX BHITAJKOBUX BEIUYMH &,77 .

g

-1

0

1

P

0,2

0,3

0,5

CkiractH 3aKOHU p03noniﬂy 1A (95 +77), (5 '77), (gt —77) Ta OOYHCIUTHU M(f ),

M (), D(¢), D(n), o(&), o).

[lepeBipuTH BUKOHAHHS PIBHOCTEI:

M(E+n)=M(E)+M(n), M(E-n)=M(S)-M(n),
M(&n)=M(&) -M(n), D(&+n)=D(&)+D(n)=D(&-n).

n

0

1

2

3

9

0,1

0,2

0,3

0,4

Po3zs’si3auns. a) CkiiaieMo T0MOMIXKHY TaOJIHITIO.

Ne HIMOBIpHICTh BIAMOBIAHOTO
3/1 S| metnon | e pe3ymiaTy e
1 |-1]0 -1 0 -1 0,20,1=0,02
2 |-1]1 0 -1 -2 0,2:0,2=0,04
3 |-1| 2 1 -2 -3 0,2:0,3=0,06
4 | -1 3 2 -3 -4 0,2:0,4=0,08
51010 0 0 0 0,3:0,1=0,03
6 | 0|1 1 0 -1 0,30,2=0,06
7 |1 0|2 2 0 -2 0,30,3=0,09
8 | 03 3 0 -3 0,30,4=0,12
9 110 1 0 1 0,50,1=0,05
10 | 1 |1 2 1 0 0,50,2=0,1
11 | 1 | 2 3 2 -1 0,50,3=0,15
12 | 1 | 3 4 3 -2 0,50,4=0,2
3anuiieMo Ternep Po3MoaiIH (95 + 77), (f : 77) Ta (95 —77)
SHTl 4] 0o | 1| 2| 3| 4
P |0,02]| 007|017 | 0,27 | 0,27 | 0,2
E-n |-3 -2 -1 0 1 2 3
P 0,08 |0,06 (0,04 0,37 |0, |0,5 |0,20
S —1 -4 -3 -2 -1 0 1
P 0,08 0,18 0,33 0,23 0,13 0,05
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3HaI\/'II[€MO YHCJIOBI XapaKTCPUCTUKN BHUHIIAAKOBHUX BCIHWYHH, KOPHUCTYIOUYHCH

dopmynamu (8.2), (8.9), (8.14). Orpumacmo M(§)=0,3, M(I])=2, D(f):0,61,
o(&)~0,78 , D(n)=1  o@m)=1 M(+n)=23  M(&-n)=-17,
M(&n)=0,6, D(£+1)=161 D(£-7)=161.

OTtpuMaHi pe3yJabTaTH CBiYaTh IMPO TMPABWIBHICTh BKa3aHUX B YMOBI

PIBHOCTEH.
3a0aua 8.4. HemepepBHa BuIaJKOBa BeduuuHa ¢ 3agaHa  (YHKINIEIO

IIUTHPHOCTI
f.(x) c-x(2-x),xe(0;2],
X)=
: 0, xg(0;2].

HeoOximHo: 1) 3HaliTH 3HAYCHHS C;

2) 3HAWTH YHKIIIO PO3MOALTY ng (X);

3) OOYHCIMTH YHCIOBI XapaKTEPHCTHKH BHIAJKOBOI BEIMYMHH &
(M;.D;.0)

4) 3HaiTH HMOBIPHICTh MOTPAIUIIHHS BHUITAJKOBOI BEIWYMHHM & Y 3aJaHHA
intepBan («; f), P(a <& < f) , axmo a=0,5, f=4.

Posze’azannz.

1. CkopucraeMocsi yMOBOIO HOPMYBAaHHS (PYHKIIi HIUIBHOCTI, OTPUMAEMO:
2
J.CX(Z — X)dx=1.3Bigku C= % . O1xe, GYHKILIS MIITBHOCTI MA€ BUTIIS:
0

3x(2-x) (0
2O
0, xe(0,2].

2. 3HaiiieMo (QYHKIIO PO3TOILTY.

Hexait <0, roxi F,(x)= [ f,(t)dt= [ 0dt=0

0 X
3t(2-t) 3(,2 3 3x% — X
0<x<2 mo F.(x)= | Odt + dt=—|t 3
SIKIIO £(x) _L g 1 ( £/ ) 2
0 2
o x> 2,70 F () = ] 0dt+ [ 1o + + fodt =1.
—00 0 2
0, x<0,
: : 3x2 —x3
OTtxe, (I)yHKulﬂ po3noAuLy Ma€ BUTIIAL Fg (x) =+ O<x<L2
1, X > 2.
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b 2 2
3. Marematnune cnioiBanns M, = Ix + fe(x)dx =Ix : de
a 0

=1.

Jlucniepcito o6uncanmo 3a GopMyIor0
2

b 2
D, = [x*f.(x)dx—M > = [x* X=X 228 L
" 0 4 5 5

1
CepeniHe KBaJIpaTHYHE BiIXUIIEHHS Oy =, D, = \/; ~ 0,448

4. ImoBipHicTh oTparuisiHas B iHTepBai (0,5; 4):

B 2 _ 4 2 3
P(0,5<x<4):j fg(x)dx: dex+jo-dx: XX
a 0,5 4 2 4 4

2 J—
05

_3-2-34 1 Lo
16 32

A60 P(0,5< x<4)=F(B)-F(a)=F(4)-F(0,5) =1-0,156 ~ 0,844

33BI[3HHH JJIA CaMOCTIiiHOT0 BUKOHAHHSA

8.1. JIuCKpeTHA BUIIAJKOBA BEIMYMHA ¢ HAOyBae TPHOX MOMKIMBHX 3HAYCHD
X =1, Xy Ta Xy, IPH LBOMY X, < X, < X5. VIMOBIpHOCTi TOrO, ILIO ¢ Halyjie
3Ha4eHb X; Ta X, gopiBHoe 0,3 1 0,2 BiANOBIAHO. 3HAWTH 3aKOH PO3MOILLY

Beruuny ¢, sximo maremarnune cnogisanmst M (€)=2,2, a qucnepcin D(&)=0,76.

8.2. JluckpeTHa BUIMAAKOBA BEIUYMHA MA€ JBAa MOXIMBUX 3HAUCHHS X Ta X,:
X < X, - 3HAWTH 3aKOH PO3MOJILITY BHUIAIKOBOI BEIIMUYUHH cf , KO p, =0,4,
M (&) =4,6; D(&) =0,64 .

8.3.-8.9. JlaHO 3aKOHHM pO3MOALTY HE3AICKHUX JTUCKPETHUX BHIAJIKOBUX
HE3aJIeKHUX BETHYHH & Ta 7] .

& Xy X X3 Xy Xg n i Vo V3 Va
P a a ha | a 2a qj 0,4 0,3 0,1 0,2

3HauYeHHS 3MIHHUX X, X,,Xg, X4, X5 Ta Y;,Y,,Ys, Y, A4 PI3HUX HOMEpPIB 3aBJaHb
po3MiteHo y Tabmui 8.1.

[ToTpibHoO:
a) 3anmcaTty 3akoHu posnopiny 2&, E+n, &n, E-n

6) 3HANTM YMCIIOBI XapaKTEPUCTHKH BHINAAKOBMX Benauumu: M (f ), D(f ),

o(¢). M(n), D(n),o(n).
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TaOmurg 8.1.

3aBI[aIJ{\‘I.iSI . 2| s 4 X5 N Yo | Vi3 Va
8.3 0 1] 2 3 4 -8 -7 | -6 -5
8.4 1 21 3 4 5 -7/ 6| -5 -4
8.5 2 3] 4 5 6 -6 S5 4 -3
8.6 10| 98| 7| 6| 5| 4| 3] 2
8.7 -9 -7 | -5 3 -1 -4 -2 0 2
8.8 -5 -4 | -3 2 -1 0 2 4 6
8.9 -6 5| -4 3| -2 -1 0 1 2

V 3apnannsx 8.10.-8.15. BHIIAIKOBY BEIMUMHY & 3a1aHO (YHKII€IO MIiTEHOCTI
fgz(X)- 3HaliTH 3HAYEHHA NapaMerpa C Ta OOYHUCIUTH YHCIOBI XapaKTEPUCTHKHU

BumakoBoi Bemmunan & - M (&), D), a(&).

C Xe(—3'1] _
8.10. f.(x) = Jx+3° o 8.11f§(x):{X_C’X€(1,2],
0, x¢(-31], 0, x¢(12],
C°COSZX,X€(O;£:|, X ve(0:2]
8.12. 1.(x)= 813. f,()={c
0, xg(O;%}, 0, x&(0;2]
c: X+12,X€ -1,3],
8.14. fé(x):{o ( xi(—l-s(] ]
c-(x=5)(x+1),xe(-15],
8.15. fg(x):{o’( XL((_MZ]. (-%5]

8.16. Jlano Bl BHUIAAKOBI  BEJIMYMHHU, TMPO  SKI  BIIOMO, IO
ng =4 Dsg =4; Mn =2; D,7 =1. 3gaiTu:

a) M{35 +1};

06) M{S+2n-1};

B) D{27 +1};

r) D{& + 21}, saxmo &, 7 He3aaexKHi;

n) D{& —2n}, saxmo &, 7 He3anexKHi.
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Bionoeioi

8.1.p; =0,5;%, = 2; %, =3. 8.2. x,=3,625, %, =5,25, p, =0,4, p, =0,6.
8.3. M(&)=22:D(¢)=136; (&) ~1,17; M(n)=-6,9,D(n)=1,29; o(1) ~1,14.
8.4. M(£)=32:D(£)=136; o(&) ~1,17; M(n)=-5,9;D(n)=129; o(n) ~1,14.
8.5. M(£)=4,2; D(&)=1,36; o(&)=117; M(n)=-4,9;D(n)=1,29; o(1) ~1,14.
8.6. M(£)=-7,8;D(&)=1,36; 0(&) =1,17; M(n)=-3,9;D(n)=1,29;
o(n) =114,
8.7. M(&)=-4,6,D(&)=544; (&)~ 2,33, M(n)=-18D(n)=>516;
o(n)=2,27.
8.8. M(&)=-2,8; D(&)=1.36; o(&)~117; M(n)=2,2;D(n)="516;
o(n)=2,27.
8.9. M(&)=-38; D(&)=136; o(&)~117; M(n)=0,9,D(n)=129; o(n) ~114.

8.10. ¢ =%; M (&) = —g, D(&) ~1,42, (&) ~1,19.

8.11. C:%;M(f)zl,S& D(&)~0,08,5(&)~0,29.
8.12. c=2:M(&)~0,29; D(&)~0,04; (&) ~0,19.

8.13. ¢ = 2;M (&) :g, D(&) :é,a(g) ~0,47.

8.14. C = 7%; M (&) =1,89; D(&) = 0,67, (&) ~ 0,82.

8.15. c=—3—16;|v|(.»§)=2, D(£)=18,0(&)~1,34.

8.16.a) 13;6) 7;B)4; 1) &; n) 8.
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9. YUCJIOBI XAPAKTEPUCTUKU CTAHAAPTHUX BUITA/IKOBUX
BEJIMYUH
Ha npuknagax cTaHgapTHUX BUIIQJKOBUX BEJIMYMH IMOKAKEMO, SIK MOXKHA
3HAWTH MaTeMaTHYHE CIIOAIBaHHS, JUCTIEPCIIO Ta CEPeIHE KBAAPATUIHE BIIXHUICHHS.
9.1. 3Haxo:KeHHs YMCJIOBHUX XAPAKTEPUCTHK CTAHAAPTHUX JHCKPETHUX
po3noaiiiB
9.1.1. PiBHomipumii po3noaia /IBB

PiBHoMmipHO po3noaineHa JIBB & 3anmaerscs psgoM po3noainy:

& X, X, C X,
Py 1 1 . 1
n n n
1 1 1 1 + X, + X+ .+ X
Orxe, Mé‘g:xl'—+X2-—+X3-—+...+Xn-—:X1 23 . — cepenHeE
n n n n n
apu(METHUUYHE 3HAYCHHS YUCET X, Xy,..., X, -
9.1.2. binomiaabHuUii po3moaia
binomianeHo posnoxinena JBB & nHaOyBae 3HaueHb 0,1,...n 3

imosiprictamu p, = P(E=k)=C - p*-q" ™. Maremarnuse cnonisannus & :
M(£) =2 X - p, =) k-Cy-p“-(A-p)"*.
k=0 k=0

besnocepenne oOuyuciIeHHS Takoi CyMH Ma€ TIEBHI TPYJHOII, TOMY

3aMpOINOHYEMO HACTYITHUMN CIOCIO PO3B’sI3aHHS.

Posrsmemo BB &,k =1,...,n, saxi naOysarors 3Hauenus 1, sxmo momis A4

BifOynacek ipu K-tomy BunpoOyBaHHi, 0 — sikiio mofis 4 He BigOyaack. TooTo fk €
iHaMKaTopamu moii A npu K-toMy BUIIpOOYyBaHHI:

1, saxwo A P(gk =1)= p
fk = - =
0, saxwo A P(=0)=q=1-p

Tomi §:§1+§2+"-+‘§n .
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3HaliieMo MaTeMaTUYHE CIOIIBaHHS Ta JUCIEPCII0 BEJIUYHH fk, k=1..n
M(&)=1-p+0-g=p;
D(&)=M(5)-M; =1°-p+0*-q—-p*=p-p°=p(-p)=pq;
Tomi

M(E) =M +&++6) =X ME) =D p=n-p
D(£)=D(& +&+.+£,)=D(&)+D(&)+.+D(&,)=npg .

Omxe, ana  OIHOMIAJBbHO  PO3MOAUIEHOT  BHUMAAKOBOI  BEIMYUHU

M. =np, D, =npq.

9.1.3. Po3noaiu Ilyaccona

BunagkoBa BemuumHa &, 1o posmojineHa 3a 3akoHoM IlyaccoHa, HaOyBae

k
sauenb  0,1,2,..,N,..., 3 #MOBipHOCTAMHU P(@f:k):%-e‘ , e A -mapamerp

posmoainy, A > 0. 3naiiremo MaTeMaTHYHE CHOiBAaHHS TaKOI BUITAIKOBOI BETMUMHH.

M —ik.i_k.e‘ﬂ—e‘i.ik.ﬂ'_k—e‘i./l.i ﬂ’k_l _
s k! k! (k —1)!

k=1

3HaiiieMo JUCTepCito.

© ﬂm © /Iml
D.=M(&EH)-M2=Ym*Z—e*-2"=e*21- Y m- A2 =
= M(T) =M, % m! 21 (m-1)!
5 © ﬂ/m_l )
=e"A-) (m-1+1)- -A"=
Z( ) (m_1)!
) ml ; 0 ﬂmfl )
=e A m-1 +e A —A° =
Z( )’ (m-1)! Zi(m—l)!
© m-2
=e-612-z’1—+e-61-e4—/12:e-uz-eu/z—f:i.
m=2(m_2)!
To6To, |\/|§ =A, Dé =/ — 174 BENMUMHHM, pO3MOMITEHOI 32 3aKOHOM

IlyaccoHna.
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9.1.4. T'eomeTpuuHMii po3nmoaia

Sgxmo [ABB & mae reomerpuyHHMH pPO3MOALI, TO BOHAa HaOyBae 3HAYCHb

1,2,3,... 3 imoBipuoctamu P, = P(E=K)=q""- p, (k=123,...) (1uB.6.4.4).

MaremaTtuuHe Cl'[OIliBaHHH:

M(E) =% b =D k- p-(-p)* = p(L+ 20 +3¢7 +..+ kg +..)
k=1 k=1
J1J1s 3HaXOKEHHS CYMH I[LOTO PSAY MOWICHHO MPOAu(EPEHIIFOEMO 110 J P
S(@)=1+q+9*+...+q" +...:ﬁ (mpu 0<q<1),
OTPpHUMAEMO

S'(q)=1+2q+...+nq" " +...=

(1-q)*"
1 1
omi M($)=p- =—,
Ton &)=p o b

AHanoriyHi MIpKyBaHHsI, pa3oM 3 MOWICHHUM JU(PEPEHIIOBAHHIM PSy IIIe

pas3, MOKa3ywTh, IMI0:

1+ 1+
M(E)=1°-p+2°-q-P+...+N°-q" - p+...=p ( q)3 = Zq_
@-a)° p
. 1+q 1 q
Jucniepcis: D(E) =M (£2) —M2(&) = ——— =5
P PP
Otxe, TUTS r€OMETPHYHO PO3IOIICHOT BUIIAJKOBO1 BCJINYMHU
1
M, ==, D,=—.
p p
9.2. 3HaXOXKEHHS YHUCJTOBUX XaPAKTEPUCTUK CTAHIAPTHUX HelepepBHUX
po3noaiiiB

9.2.1. HenepepBHuii piBHOMipHHIA PO3MOIii
Hexaii & — piBHOMIpHO pO3MOAiJIeHa Ha BIAPI3KY [a;b] HernepepBHa
BUIIAJIKOBA BEJIMYMHA, (YHKIIISI MILTEHOCTI SIKOi:
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0, xg¢[ab]
f(x)= L x e[a;b]
b-a’

3HalieMo MaTeMaTUYHE CIIOIIBAHHS:
+00 a b +00 b
M (&) = j X+ f,(x)dx = j x-fg(x)dx+jx-f§(x)dx+ j x-f,(x)dx = jx £, (x)dx =
NS —o a b a

PO | 1 [bz azj b+a

2 2) 2

a

Otxe, M (&) — cepente apudMeTHIHE KiHIIB Bipi3Ka [a;b].

3HailnemMo Jucnepciro:

D, =M (&%)~ (M(2)y —Jx (X [a;bj _

TZ 1 (a+bj 1 p-a° (a+bjz (b—a)?
=| X - ——dx - = : - = .
b-a 2 b-a 3 2 12

. (b-a)? .
Otxe, pucnepcis D, = o , a4 CepeaHe KBaJIpaTHYHE BIAXHUICHHS
b a
23

9.2.2. Iloxka3HUKOBHIA PO3MOAiJI

Hexait & — mOKa3HUKOBO PO3MOAiJICHA BUITAIKOBA BEIMYMHA 13 MIUTHHICTIO

0, x<0
fgv(x):{i-e‘“, X>0,z[e napamerp 4 >0,

3H3ﬁI{GMO MAaTCMATHYHC CHOI[iBaHHHI

M (&) :Tx- f.(x)dx = j‘ x-fé(x)dx+Tx-f§(x)dx:Tx-ﬂ-e‘“dx:

u=x dv =e *dx
+00 b
=1- _[ X e dx=A - Iim-jxe‘“dx: du = dx v:—ie“X =
b—-+o0 /1

J'udv =uv-— J'vdu
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1 17 1 1 b
=Alim(-x-=-e™* +— edx)=A-lim(-b-=-e®+=.(-2)-e ™| )=
b—>+oo( /’L ﬁ,([ ) b—)+oo( /1 ( i) 0)
=Alim (- e‘“’g—iz-e‘“’qL 12 lim (e~ B)— lim —> b:o‘:ﬁ-iz:i.
b—>-+o0 A A A [N A b—+0 ] . e A A

3HaiiIeMo quctepciro:

2 ’ —AX 1 _
D, =M(&%)-M, IX f.(x)dx - (;tj jx e dx — [/J -

=x* dv=e"d
u=x v X [2 1) 1 2 1 1
—AX ]| = - |-—=— - =

Tldu=2xdx v=2 A AP) AP AP 22X
1 b 1 .
Maemo M (&) = 7 e = ? y O = ;t—, e A — mapameTp po3MoJIiy.

Hpukaag 9.1. CnocrepexxeHHs 3a 4yacoM O€3BIAMOBHOI pOOOTH MpHIIATy
MoKas3ajau, 10 MWOro cepelHe 3HAauYeHHS JOpiBHIOE 5 roa. Bkazatu ¢yHKIIO

IIIJTHHOCTI BUIMAIKOBOI BEIMYMHN & — dac 0€3BiAMOBHOI pOOOTH MpHIIaTy.

Po36’sa3annsa. BumaakoBa BenmuumHa & — 4ac 0e3BiAMOBHOI poOOTH TpHIIamy

1

Ma€ TIOKa3HUKOBUU po3nonin (muB. mm. 7.3.2). OCKUTBKH tcep =5200.=> A1=—,

TOI1 (DYHKITIS IIIJTLHOCTI

0, x<0
f.(x)= X
: L e’ x>0
5
9.2.3. HopmaJjbHuii po3moij
Hexait ¢~N(a,o) - HOpMaIbHO  po3nojauieHa BB,  uiiapHICTE  SIKOI
1 ~(x-a)?
f.(x)= > —— e 2 | XeR.Ipadik uiei gpynxuii 306paxero na puc. 9.1..
T-O
4
|
|
_./T\
i | X
a

Puc. 9.1. I'padik uriapHOCTI HOPMAJIBLHOTO PO3MOILITY
109



3Haii1eMO MaTEMaTUYHE CITOMIBAHHS:

+0 +0 1 _(x-a)?
2
M, = Jx- f.(x)dx = jx-—-e 20" dx =
—0 —0

27 -0

. X—a
3aMIHa =z =>x=0z+a dx=odz
(o) l +00 72
= X = +00 X = —0 :—-I(az+a)-e 2 .gdz=
N2m o 2,
7 = 400 7 —> —00

o —+00 _é a +00 _i a
=——-|2-€ 2dz+—=|€ ?2dz=0+—==-27 =a.
27 _'[O 272'_'[O \/_ﬂ-

V2r V2r V2r

(ITepmwmii iHTErpas TYT JOPIBHIOE HYJIO SIK 30DKHUI 1HTErpai BiJ HemapHOi QyHKIT
0 CHUMETpUYHOMY NpoMiXKy. Hpyruii — interpan Eiinepa-lIlyaccona, sikuii mu
PO3MJISIIANK PaHIIIIe).

3HaleMo JUCIIepCito:

% 2
D§:M((¢—M§)Z)=j(x—|v|é) f(x)dx=
s 3amina \)/(E_-Z'ZZ

= e 2 gx=|dx=+/200z =
X0 = Z->m

_ 202 o 2 _72 202 o 2 _;2 _02 F _z2 2
_\/Za_wze \/Ead2=ﬁ:[oze dz:ﬁ_‘[oze d(_z ):
u=z dv:e‘zzd(—zz) —o°

=T ()=
du=dz v=e’’ T

Dach2 = 0.=0.

Omxe, mis HopMmanbHO posnoniieHoi BB &~ N(a,o) mapamerpu a,o e,
BianoBiaHO, i1 cepenHiM 3HadeHHsM M (E)=a Ta cepeaHiM KBaJApaTUYHUM

BIAXWIECHHAM O :=0.

9.3. Inmri yncsI0Bi XapaKTepUCTHKH BUNAIKOBUX BeJTUYUH

Mooorw (noznagaemo MO ) BumagkoBoi BenW4nMHH & HA3WBAIOTH 11 HAHOULIBII
AMOBIpHE 3HAueHHsA (TOOTO Take, JUIA SIKOTO MMOBIPHICTH p; a00 IIUIBHICTB

HMOBIPHOCTI fé‘: (X) mocsirae MakcuMymy):
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fo (X)) =max f.(x) - onz HBB
P{€=x,}=max— oxa [BB

Jiis HopmassHoro posnoaity N(a,o) moma Mo =a.

Mo =X, =

Meoiana nenepepenozo po3nodiny Me — 11e Take 3HAYEHHS apTyMEHTY X , IO

1

HAMOBIpPHICTH TOTO, IO BEIMYMHA & MEHINA 3a X JOPIBHIOE > TaKo0X, WMOBIPHICTh

1

TOTO, 110 BeIuunHa & Oiablla 3a X JTOpPIBHIOE E

« x v 1

Me =X, sxmo P(§<X )=P(&>x ):E :

Iouamkoeum momenmom nopaoky K BB & HasuBaerbcs BeIUYMHA
a =M (&), (k=12,.n).

3okpema,

k=1, o, = M (&) — mamemamuune cnodisanns &,
k=2;a,=M(&)
k=3;0,=M(&).
Ienmpanvnum momenmom nopaoky K BB &  HasuBaeThcs BeanunHA

B=M((E-M,)"), (k=12,...n).
30Kkpema,

k=1 f=M(S-M,;)=M(£)-M(M,)=M(5)-M(£)=0;
k=2; B,=M(&-M, Y = D, (oucnepcin &),
k=3 f,=M(¢-M,)"
[leHTpanbHl MOMEHTH BHUPAXAIOThCA dYepe3 IOYAaTKOBI MOMEHTH: Bz =a, - Otl2 ;
B, = o, — 30,0, + 207 Tomo.
Acumempia. Tperiii NEHTPAIbHUI MOMEHT XapaKTepU3y€ CHUMETPII0 3aKOHY

pO3MOMLTY BUMAIKOBOI BEIWYMHU. SIKIIO BHUMAJAKOBA BEIUYMHA CHUMETPUYHO
pO3MOITIEHA BITHOCHO CBOI'O CEPEHBOI0 3HAUYEHHS, TO 5, =0,

Ockunbku f3; Ma€ PO3MIPHICTh BHIIAJKOBOI BEIMYMHUM B KyOl, TO BBOIATH
0e3po3MipHY BETUUUHY — Koegiyienm acumempii.
_b5
As=—.
o
JI71st HOpMaJTbHOTO PO3MOALTY KOedillleHT acuMeTpii JopiBHIOE (), OCKITBKH PO3MOILT
€ CHMETPUYHHM BiJHOCHO cepeaHboro 3Hauenns a=M, . [lna oxHoMonanbHuX
posmominiB  koedimienT acumerpii AS>0 | Km0 Moma pO3MOMINTYy MEHIIE
MaTeMAaTHYHOTO CIOiBaHHs, i HaBmaku, koedimieHt acumerpii AS <0, skmo moma
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po3mojiy  Oijbllle  MaTeMaTUYyHOro  crnojaiBaHHs. ['padiku  po3mominiB - 3
KoedillieHTaMu acUMETPIi pi3HUX 3HAKIB 300pa’keHO Ha puc. 9.2..

ff (x) As>0

As<0

X
Puc. 9.2. TlopiBHSIHHS pO3M0AUIIB 3 KOoedilliEHTaMU aCUMETPIi pI3HUX 3HAKIB

Ekcyec. lleHTpanpHU MOMEHT YETBEPTOTO IOPSAKY BHKOPHUCTOBYIOTH JUIS
BU3HAUYCHHS excyecy. Ekcyec o0uncmoeThes 3a GopMyJioro:
Ex = A -3.

4
(o3

Jns  HOpManmbHOro po3moaily ekciec JnopiBHioe 0. Ekcuec xapakrepusye
“IUIOCKOBEPIIMHHICTE” a00 “TOCTPOBEPIIMHHICTH KPUBOI IIUIBHOCTI PO3MOILITY

HMOBIpHOCTEM fé (X) y mopiBHSHHI 3 KpPHUBOI HOPMATBHOrO po3MOiNy. Ilpwm
CUMETPUYHOMY OAHOMOJAIBHOMY pO3MOALT ekciec Ex>0, Ko KpuBa po3MNoAlLy €
“rocTpoBepIIMHHOKO”, 1  HaBmaku, FEx<0, 4KmO0 KpuBa  pO3NOAULY €
“mockoBepiiHHO0”. Ha puc. 9.3. mokaszaHo mnpuxianad rpadikiB po3mojauIiiB 3

OJIHAKOBUMHU MAaT€MAaTHMYHUMHU CIIO/IBAaHHSMU Ta TUCIEPCISIMHU, ajie MalOTh €KCIIECU
PI3HHUX 3HAKIB.

P(x)

E <O

X
Puc. 9.3. ITopiBHSHHS PO3MOILIIB 3 €KCIIECAMH Pi3HUX 3HAKIB

KoeditienT acumeTpii Ta ekcuec BUKOPUCTOBYIOTHCS B CTATUCTHII, 32 HUMU MOKHA
3pO3YMITH, HACKUJIBKH PO3IOIiI € OJU3BKUM 10 HOPMAJILHOTO.
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. — k . .
Abconiomui momenmu. O, =M|§| - a0CONIOTHUN NOYaTKOBUH MOMEHT;

— k
By :M‘E_,—I\/l&‘ - a0CONIIOTHHH TEHTpaTbHUH MOMEHT. 3HaueHHS K Moxe OyTH i

I[pO6OBI/IM YHUCJIIOM.

3anumaHH:A 013 CAMOKOHMPOIIO

1. Brastcimv yucno8i xapaxmepucmuku pisHOMIpHO20 po3nodiny /[BB.

2. Ak 3uaiimu mamemamuune cnoodi6anus ma OUCnepciio 6uNadKo8oi 8eIUYUHU, WO
mae 6inomianvHul po3nooin?

3. Axi uucnosi xapakmepucmuxu 6unaoKko8oi 8eIUYUHU, WO PO3NOOLIEeHA 3a 3aKOHOM
Ilyaccona?

4. 3natidimv mamemamuyne cnooi6anHs ma OUCnepcilo HenepepeHoi 8UNA0K0601
BENUYUHU, WO MAE PIBHOMIPHUL PO3NOOLI.

5. Ha3simb 3HaueHHs mamemamuiHo20 cnoOi8anHs ma Oucnepcii 6unaokoeoi
BENUYUHU, WO MAE NOKAZHUKOBUL PO3NOOLL.

6. Ha3gimb 3Hauenus mamemamuiyno20 cnooi8anHs ma Oucnepcii 6unaokosoi
BENUYUHU, WO MAE HOPMATLHUL PO3NOOI.

7. Axi enacmusocmi po3nooiny MoxcHa onucamu, 3acmoco8yioyu MOMeHmu
Mpemv020 ma 4emeepmozo nopsoKie?

8. ll]o nazueaemwvcsi MOOOIO ma medianorw po3nooiny?

PO3B’ﬂ3yBaHHH THUIIOBHUX 3aJ1a4

3aodaua 9.1. ABTOOYyCHU €IKOT0 MapUIPYTy KypCYIOTh PErYJsipHO 3 IHTEPBAIOM
10 xBwiuH. Ilacaxkup MAXOAUTH 10 3YNHUHKU Yy OyAb-SKHMl MOMEHT 4acy. Ska
WMOBIPHICTh TOTO, 110 YEKATH MACaXUPY TOBEAETHCSA HE OLIbIIE YOTUPHOX XBHIIHH.
3HalTH MaTeMaTUYyHE CIOJIBAHHS Ta CEpPE/IHE KBAJPAaTUUYHE BIIAXWJICHHS BUMAJIKOBOT
BeJIMYMHU & — Yacy O4YiKyBaHHsS aBTOOYCA.

Poseé’sizannsa. BumaakoBa BenwuwmHa & — d9ac OYiKyBaHHsA aBTOOyca Ha

gacoBomy mnpomikky [0;10] (y XBuiauHax) Mae PIBHOMIPHHMHA  PO3IMOILT
i, x €(0;10],

f.(x)=110
0, xe(0;10].
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Tomy WMOBIpHICTH TOTO, IO NACAXUPy JAOBEACTHCA YCKAaTH HE OuIbIIe
4

YOTUPHOX XBUJIMH, piBHa P (/f < 4) = j—dx =0,4; unca0Bi XapaKTEPUCTHKH
0

M(&) = 0 +210 =5(xsunun), D(E) = % ~ 8,33,
10-0
o(&)= >0 ~ 2,87 (xéununu).

3aoaua 9.2. Ha puHok Hajailuia BeIuKa naptist cBUHUHU. [IpummyckaeTses, 1o
Bara TYIIli — BHITQJIKOBA BEJIMYMHA, SKa IiTIMOPSIIKOBYETHCS HOPMAJIbHOMY 3aKOHY
pPO3MOJIITY 3 MaTEeMAaTHYHUM CIOJIBaHHSAM a =250 KI' Ta cepelHIM KBaJpaTUIHUM
BiaxwieHasaM o =100 kr.

1. 3HaiiT UMOBIPHICTH TOTO, 110 Bara BUIAKOBO BITIOpaHOI TYTIIi:
a) BusaBUTHCs Oumbmoro 300 kr;
0) BusBUTHCA MeHIIo10 200 Kr;
B) Oyne 3HaxoauTuCch MK 150 Ta 350 kr;
I') BIIXWISATUMETHCS BiJl MATEMAaTHYHOTO CITOIBaHHS MEHIIIE HIXK Ha 50 Kr;
1) BIIXWIATAMETHCS BiJl MAaTEMaTUYHOTO CIIOAIBaHHS OibIe HiX Ha 50 Kr;

2. 3HANTH MEXi, B SIKAX BiIXHWJICHHS Bard BUITAIKOBO BiMiOpaHOi TyIII Bif
CBOTO MaTEMaTUYHOTO CTIO/[IBAaHHS HE MEPEBHUIIUTH MTOTPOEHOTO
CEpEeIHbOKBAAPATUIHOTO BiIXHIJICHHSI.

3. 3 #nmosipHicTI0O 0,899 BH3HauUMTH MEXi, B KX OyJe 3HAXOIUTHCS Bara
BUITAJIKOBO B1A10paHoi Tyuii. Ska 3a 1i€i yMOBH MakCHUMaJlbHA BEJIMYMHA BIAXUIICHHS
Baru BUIAJKOBO BiiOpaHOi TyIII BiJi CBOTO MaTeMaTUYHOTO CIIOIiBaHHS?

Po3zs’sizanna. Hexail BumankoBa BelWurMHa & — Bara BUIIAJKOBO BiiOpaHOi
TYIIIL.

1. IMOBIpHICTH TOTO, IIIO

a) Bara BUNAJAKOBO BimiOpaHoi Tymn BUABUTHCA Outbmioro 300 kr, MokHA
PO3YMITH SIK UMOBIPHICTb TOTO, 1110 & BUSBUTHCS B iHTepBati Big 300 kr 10 + oo :

300 - 250) B
100
= @(+0) - P(0,5)=0,5-0,1915=0,3085.
0) Bara Tymi MeHma 200 kr, ToOTO BUIIaJKOBA BEJIMYMHA JIEKUTh B IHTEPBAJl

(0:200) :

P(300 < £ < +0) = @(+0) — di(

P(0< & < 200) :@(MJ_@£O—25OJ

100 100
= ®(~0,5) - d(~2,5) = -0,1415 + 0,4938 = 0,3023.

B) Bara BHITaJIKOBO BiJiOpaHOl TyIIi 3HaxXoAuThes B iHTepBaii (150;350).

P(150 < £ < 350) = @[%j - @(%j = (1) + D(1) = 20(1) ~ 0,6827.

r) CkopuctaemMoch (GopmyJsioro
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o

o

50
P(|¢ - 250)< 50) = 20 > | = 26(0,5) = 0,3829.

P(j¢-a|<5)= 2@(
1) CrkopucTaEMOCS THM, 10 TOTPIOHO 3HAUTH UMOBIPHICTH MPOTHIICKHOT
o111, TOOTO:

P(|¢-a[>5)=1-P(|¢-a|<5)=P(|¢-250[>50)=
=1-P(|¢-250|<50)=1-0,3829=0,6171

2. 3HalAgeMO MeXl, B SIKMX BIOXHJICHHS Barh BIJ CBOIO MAaTE€MaTHYHOTO
CHOJIIBAaHHS HE TMEPEBUILUTHh TMOTPOEHOTO CEPEIHHOKBAIPATUYHOIO BIIXUIICHHS,
TOOTO

a-30<é<a+30, 250-3-100<¢&<250+3-100, —50< & <550.

BpaxoBytouw, 110 Bara BifiOpaHoi TyIll — HOPMaJbHO PO3IOIiJICHA BUIIAIKOBA
BEJINYMHA, MOYKHA OyTH BIICBHECHOMY B TOMY, III0 Bara BUIIaJIKOBO BiIOpaHOl Tyl HE
Buiize 3a mexi -50 go 550 xr.

3. 3naiineMo Mexi, B AkuxX 13 WMoBipHicTIO 0,899 Oyzae 3HaXoaUTHCS Bara
BUMAJIKOBO  BimiOpanoi Tymi. g 1nporo Qopmylny mepenumeMo  Tak:

P(\§-a|<5):P(a—5<§<a+5):2q>(éj:o,899.

o)

5 5\ 089
i P(250— 6 <& <250+ 8) =20 -2 |=0,899, @ -2 | =222 ~0,4495,
Bsiaan P ° ) (100) (100) 2

o
3a tabmunero pynkiii Jlamnaca 3HaiiieMo apryMeHT 100
Toni mexi iHTepBaiy, ki Hac mikaBuTh (250-164; 250+164) a6o (86; 414). 3
uMoBipHicTIO 0,899 MOXHa CTBEpKYBaTH, IIO BIAXWJIEHHS Baru BHIAJKOBO
B1/110paHoOi TyIIl BiJl CBOr0 MaTEeMAaTUYHOTO CIIO/IBAHHS HE EPEBUILIUTH 164 KT.

=164 = 5=164

3aoaua 9.3. Yac 0e3BiIMOBHOI pOOOTH Ma€ TMOKA3HUKOBUM PO3MOJLI
0,04t . e 3
F, (t) =1-e , (t > 0). 3HalTH UMOBIPHICTH TOTO, 110 3a yac t = 60 ro.
a) cucTeMa BiIMOBHUTH; 0) cUCTeMa HE BIJIMOBUT.
Po3z6’azanns. a) Ockinbku QyHKINS PO3MOILTY Féz (X) BHU3HAYA€ MMOBIPHICTh

BiiMOBM cucremu 3a yac [, To migcraBuMo t =60 y (QyHKLiO po3mominy, Ta
OTPUMAEMO MMOBIPHICTH BIIMOBU CUCTEMU:

F,(60) =1-e %% =1-¢7*~ 0,91,

0) Iloxii «cucrema BiIMOBUThY» Ta «CUCTEMa HE BIAMOBUTHY € MPOTUIICKHUMH,
TOMY MMOBIPHICTh TOTO 110 cucTema He BiamoBuTh P =1-0,91=0,09.
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3aBIaHHA JJI CAMOCTIHHOT0 BUKOHAHHSA

9.1. BumagkoBa BenmmumHa & piBHOMIpHO posmofineHa Ha iHtepBami (1;9).
3HANTH YMCIIOBI XapaKTEePUCTUKU BUIAIAKOBOI BEMHMUUHA &, QYHKIIIO PO3MOILTY Ta

iiMoBipHiCcTh oTparuisiHas B iHTepBai (0;5).
9.2. BumagkoBa BenmumunHa & pIBHOMIpPHO posmojineHa Ha iHTepBami (4;),

o : . 1 .
IIPUYOMY INUIBHICTH Ha LBOMY IPOMIKKY JOPIBHIOE 0 3HaiiTH 3HauYeHHS D Ta

YHCJIOBI XApPaKTCPUCTHUKU BI/Il'IaI[KOBOT BCIIMYNHHA 5 .

9.3. 3epHOCXOBHINE OTPUMYE 3EPHO MAPTIIMH TIO JECATh MAIWH, YOTHPH 3
SAKUX — 13 rpeukoro. HaBmanHs BifiOpaHO TpU MaIIMHU. 3alMCaTH 3aKOH PO3MOALTY
KUTBKOCT1 MAIIIMH 13 TPEUKOIO Ta 3HAUTH YHCIIOBI XapaKTEPUCTHKHU.

9.4. Cepen 1000 notepeiinux kBuTkiB 100 Burpammmux. Kmient mpuabas 50
KBUTKIB. BumankoBa BeIMYMHA — KUIbKICTh BUTPAIIHUX KBUTKIB cepell MPUI0aHUX.
SAxuM € cepeHE 3HAUCHHS 11€1 BEJIMYMHU Ta 11 Cepe/IHE KBaJAPaTUYHE BIIXHIICHHA?

9.5. Ilpu mepemaui cuUrHajdy B TEBHUX yMOBaX HMOBIpHICTH #oro ¢ikcarii
nopiBHtoe 0,8. 3HAliTH MaTeMaTU4YHE CIOAIBaHHA Ta CEpPEJHE KBaJApPAaTUUHE
BIIXWJICHHS NI KUIBKOCTI 3a(plIKCOBAaHMX CUTHANIB MPU YOTHPUKPATHIN Iepenadi
CUTHAITY.

9.6. ABTOMaT BUT'OTOBJISAE NE€TAJ, JOBKHHHU SKHUX € BHUIIAJIKOBOI BEIUYHHOIO
&, o Mae HopMallbHUI po3noain i3 cepeaniM 50 mm. [IpoekTHa noBXkHHA NeTanei

Mae Oytu B Mexax (30;70) mM. 3HaifiT HMOBIPHICTH TOTO, 1110 JIOBKMHA HAaBMaHHS
B3SITOI JieTaji Oye: a) Ouibiina 56 Mm; 6) MeHIa 42 MM.

9.7. lllogennnii mpuOyTOK pipMu Bij peamizariii IPOAYKIi MiAMOPSIKOBAHUI
HOpMaJIbHOMY 3aKOHY 3 MaTeMaTHuHuM criogiBanHsaM a = 20000 (rp. ox.) i cepenHiM
KBaJpaTu4HuM BiaxwieHHsM o =100 (rp. ox.).

B sxux mexax ciiJ O4iKyBaTH IIOJAEHHUN NpHOYTOK, 00 HMOBIPHICTH HE
BUITH 3a Il MeXi mopiBHIoBana 0,8324 ?

9.8. BcTaHOBIICHO, 1110 Yac PEMOHTY TEJIEBi30pa € BUIAIKOBOIO BEIMYHHOKO &,

PO3MOAICHOIO 3a MOKa3HUKOBUM 3aKOHOM. 3HAaWTHM HMOBIPHICTH TOrO, IIO PEMOHT
TeNeBizopa TpuBaTuMe He MeHie 20 AHIB, SKIIO CEPe/IHIM Yac peMOHTY TelieBi3opa
CTAHOBUTH 15 NHIB. 3HAUTH MIUIbHICTH UMOBIPHOCTI, (DYHKI[IIO PO3MOLIY Ta CEPEIHE
KBaJ[paTUYHE BIIXMICHHS BUITAKOBOI BETHUNHHA C .

9.9. Ha punok Hamiinuia Beawka mapTis cBHHUHH. [IpumyckaeThcs, 1mo Bara
TyIIIl — BUTAJIKOBA BETUYMHA, SKa MIIMOPAIKOBaHA HOPMAJILHOMY 3aKOHY PO3TOILITY
3 HEBIJIOMUM MaTEMAaTUYHHUM CIIOIBAaHHIM Ta CEPEIHIM KBaJAPATUUHUM BIJIXUJICHHSIM
o =100 xr. Bigomo, mo 37,07% Tym MmarTh Bary Oumemy HibK 350 kr. 3HaiiTh
OUIKYBaHy Bary BUIIQJKOBO BIIOpaHOi TyIIII.
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9.10. Cepennss maca Kypsiuux s€llb, III0 BUPOOJSAIOTHCS Ha mnraxodadpwuiii,
nopiBHoe 60 r. Bigomo, mo 10,9% senp 3 Macoro menmie 50 T BiACOPTOBYIOTHCS.
BBaskarouu, 1110 Maca si€llb € HOpMaJIbHO PO3MOIIICHOIO BEJTMUNHOIO, 3HAUTH CepeTHE
KBaJIpaTHYHE BiIXUJICHHS i€ BETUIHHU.

9.11. BunankoBa BenwuuMHA ¢ Mae€ HOPMaJIbHHU PO3MOALT 3 HapamMeTpaMu
a=8 t1a o =2. [lopiBHITH WMOBIPHOCTI MOTPAIUIIHHS BHUIAJKOBOI BEIUYMHU B

inTepBamu (3;8) 1 (-90;1).

9.12. BumaakoBa BennynHa £ Ma€ HOPMAJIbHHU PO3MONLT 3 MapaMeTpaMu
a=0,0=1. 3uaiitu iHTepBan, y SKHH TOTPAIUIE BHUMAAKOBa BenwunHa & 3
MPaAKTUYHOIO JOCTOBIPHICTIO (3 iiMOBipHicTIO 0,9973).

9.13. HopmanpeHO po3moijicHa BUMaAKOBa BeIUYMHa & Ma€ cepe/IHE 3HAUSHHS
a=250 Ta HEBiOME cepeaHE KBaapaTUYHE BiIXwIeHHS o . Bimomo, mo 50% Bcix
3HAYEHb I[1€1 BEJIMUMHMU MOTPAIUIAIOTh B 1HTEpBad (230;270). 3HailTH 3HAYEHHS O .
3aCTOCOBYIOUM TPaBUJIO «3-X O », BCTAHOBUTU MEXKI, B SAKUX 3 MPAKTHYHOIO
JIOCTOBIPHICTIO 3HAXO/SATHCS MaiKe BC1 3HAUCHHSI BUIIAJIKOBOT BEJTUYUHHU.

9.14. IlinpHICTP HOPMAJIBFHO PO3MOMAIIEHOI BUIAKOBOI BEIMYMHU & Mae
(x+2)?
Burmsan f.(x)=c- e ® . 3maiitn napamerpu ¢, a=M, Ta o =o0,. [lopiBHsiTH

HMOBIPHOCTI MOTPAIUISIHHS BUIAIKOBOI BenuunHu & B iHTepBaiu (-8;2) ta (3;100).

9.15. ®yHKIIsS pO3MOALTY BUTIAIKOBOT BETUYUHH & |

0, x<0
X2

F.(x)= R 0<x<2 .
1, X>2

\

3Hantu M e Dé; O 3naiitu mogy Mo, memiany Me.

Bionoegioi
0, x<1,
X—1

9.1. M(&)=5;D(&¢)~5,33; o(&)~2,3L F.(x)= T,l<x£9,
1, X>9

P(O<§<5):F(5)—F(O):%.
9.2. b=14: M(&)=9:D(&)~8,33;0( )~ 2,89.
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9.3.

Xi 0 1 2 3
Pi | 0216 | 0432 | 0,288 | 0,064
M (£)=12;D(&)=0,72; o(&)~0,85.

9.4. M (&) =5: o(&) =2,12..

9.5. M(&£)=3,2; (&) =0,8.

9.6. o =4; a) P(£ >56) ~0,07; 6) P(& < 42) ~ 0,023,

9.7. [19862; 20138].

9.8 P(£220)=0,264;6(&)=M(&)=15

1 1
f (x)_ie B F,(x)=1-e B (x20); 99. a=317 k.

9.10. 0_8,13.
9.11. P{3< & <8}~ 0,49 > P{-90 < & <1} ~ 0,00023; P{& ¢ (2;14)} = 0,9973.
9.12. (-3:3).

9.13. =29,4: (161,8; 338,2).
9.14. c=—=—,a=-2,6=2,P(-8< X <2)~0,96> P(3< X <100 )~ 0,00621.

9.15. M, .

wlb@'*

;D :é;a{f =0,47, Mo=2; Me=+/2 ~1,41.
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10. ABOBUMIPHI BUITAZIKOBI BEJIMYUHU

SIKIIO OCHIKYBaHUN MPOIEC XapaKTePH3YEThCS KiTbKOMa BUIAJKOBUMHU
napaMeTpamu, TO € IoTpeda BU3HAUMTHU HE OJHY, a JEKIJTbKa BUIMAIKOBUX BEIUYHH.
Kpim 0JHOBUMipHHUX BUMAIKOBUX BEITMYMH BUBYAIOTH BETUUYMHU, MOXKIINBI 3HAYCHHS
SKUX BU3HAYAIOTHCS ABOMA, TPHOMA, ..., N mapaMeTpaMu. Taki BEIMYMHU HA3UBAIOThH
BIJIMOBIZIHO JABOBUMIPHUMH, TPUBUMIPDHUMH, ..., N-BUMipHUMHU. Hampukman: cran
MOTOJIM B TIEBHIM MICIIEBOCTI Y (pIKCOBAHUM Yac JOOU XapaKTEPHU3YETHCA CHCTEMOIO
BUIIQJIKOBUX BEIMYMH: & — TeMmIeparypa MoBiTps, &, — IIBHUAKICTb BITPY, &3 —

atMoc(epHUil THUCK, &, — BOJOTICTh NOBITPA. B 1bOMy BHIIAAKy pO3IIIAIAEMO

BUIIAJIKOBUI BEKTOP 92 = (& &,: &5 &E,) , AKMIA OITUCYE CTaH MOTOMN.

Ha GararoBumipHi BUNIaJAKOBI BETUYMHH MOIIUPIOIOTHCS Maike BCl O3HAYCHHS,
AKi MH JaBajdW IS OJHOBUMIPDHHUX BWITQJKOBUX BEIWYMH. AJie TP BUBYCHHI
CUCTEMHU BHITQJIKOBUX BEJIMYWH, B3araji KakKy4dd, HEJOCTATHbO 3HATH 1H(GOpPMAIIiIO
PO KOXKHY BUMAJKOBY CKJIaa0By. HeoOXigHO BpaxoByBaTH 1€ W 3aJIEKHICTh MIX
HUMU.

10.1. IousaTTs Npo ABOBUMipHi BUNaAKOBi Beuyunu. [lpukaaan

JIBOBUMIPHOIO BHUIAJKOBOIO BEJIMYMHOIO HA3MBAETHCS BIOPSIKOBaHA Mapa
(&,m), ne & Ta § — ONHOBUMIpPHI BUIAJKOBI BEIMYWHH. /[BOBHMipHA BHITaIKOBA

BeJIMYMHA HaOyBae 3Ha4YeHb (X,Y), AKi MOXyTh OyTH 300pakeHI TOYKaMH Ha

koopauHaTHIW TuTomuHI OXy. 3HaYeHHS HeMepepBHOI IBOBUMIPHOI BHUMAAKOBOI
BEJIMUMHU 3alOBHIOIOTh JESKy OOJacTh Ha IUIOMMHI. 3HAYEHHS JIUCKPETHOI
BUIIAJIKOBOI BEIMYMHU YTBOPIOIOTH JUCKPETHUI HaOip TOUOK Ha TIJIOIIUHI.

Hagenemo npuknaau.

1. Ha xoopauHaTHi#l uiomuH1 y kpy3i 3 neHtpoM (0,0), paaiyca R 3’saBiserbes
TOYKa, KoopauHaTH K01 (X, Y), muB. puc. 10.1. Po3risHeMo 1BOBUMIpHY BUTIAJKOBY

Bemmmunny (£,77), ne & — X, abciuca TOYkd, 17 — Y, OpAMHATA TOYKH.

S <

I
!
\
X

Puc. 10.1
119



MHOXHHA 3HA4YeHb BUMANKOBOI BeinwuuHU (£,77) 300paKaETbCS KPYrom
pamiyca R: {(X y):X2+y2£R2}. [ls BenwuuMHA € JBOBUMIPHOIO HENEPEPBHOIO
BUIAJKOBOIO BEJIMYHHOIO.

2. Ha expani MoHITOpa 3 SBJISETBCA TOYKA. PoO3MIsTHEMO JIBOBHMIPHY
BUTIAAKOBY BennuuHy (£,7), ne & — HOMeEp MIKCeNs 1O TOPU30HTAIl, 77 — HOMEDP

mikcenss 1o BepTtukami, nuB. puc. 10.2. lle mpuknam IUCKpETHOI IBOBUMIpPHOI
BUIMAJKOBOI BEJIMYMHHU, OCKUIBKM & Ta 77 (HOMEpPU MIKCENiB) HaOyBalOTh TIIbKU

[IJINX 3HAYEHb.

Puc. 10.2

3. Bumiproemo 3picT 1 Bary cTyaeHTIB. Po3risHeMO BUIMAAKOBY BETUYHHY
(&,n), ne & — 3picT crynenTa (y ¢M), 7 — Bara cryjaeHTa (y Kr). SIKIIo, HalpuKIiIa,
3pICT Ta Bara BKa3ye€ThCs Yy IIUIMX YKCIAaX, TO MOKHA BBaXKaTH IO JIBOBUMIPHY
BUIIAJKOBY BEJTMUYUHY IUCKPETHOIO.

Bynemo ka3zatu, o JABOBHUMipHA BUIAaKoBa BenmunHa (£,77) € HENepepBHOIO
(AHBB), sikmo oqHOBUMIpPHI BUIAKOBI BeIMUMHU & Ta 1] € HEMEPEepBHUMHU. SIKIIO
OJIHOBUMIpHI BHIIQJIKOBl BEJIMUYMHU & Ta 7] € AUCKPETHUMH, TO Taka BHUIIaJKOBA
BEJIMYMHA € TBOBUMIPHOIO JTUCKPETHOIO BUIAIKOBOIO BesnunHOIO (1/[BB).

10.2. /IBoBuMipHi quckpeTHi BunajakoBi Beiuuunnu (J1JIBB)

JIBoBUMIpHI auckpeTHi BunaakoBi BenuuuHu (JIJIBB) — me Bumamkosi
BEJINYMUHU (f ,77), MHOKHMHOIO 3HAY€Hb SIKUX € CKiHUYeHHa (200 3J11YeHHA) MHOXWHA

BIIOPSJIKOBAHUX TIAp YHUCEII:
(%.Y;), k=Ln; i=1m; (k=10;i=100).
3HaueHHs Takoi BB MoxHa 300pa3uTi TOUKaMH Ha KOOPAMHATHIN TIIOIIUHI.
[To6 3amatu JI/IBB nocratHho BKa3zaTh MHOXKHMHY 3HA4Y€Hb I11€1 BEJIMUUHU Ta
HMoBipHOCTI, 3 sikuMmu 11 JI/IBB HaOyBae BiANOBITHUX 3HAYCHD:

P{E=X.n=Y,}=pg k=Ln; i=1m (k=1o0;i=10).
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SIKIo 3a7aHO MHOKHHY 3HaueHb (X,,Y;) Ta BiamoBinHi WMoBipHOCTI Py,

k=1n; i=Lm; (k=Lloo;i=10), TO TOBOPSTh, IO 3aJaHO 3aKOH PO3NOOLLY

JUCKPETHO1 ABOBUMIPHOT BUMAIKOBOT BETMUNHHU.
Haityacrime 3akoH po3moauTy 3a/1al0Th y BUTJIsSAl Tabnui, auB. Taom. 10.1.

Ta6mui 10.1. 3aKoH po3noaALTy JBOBUMIPHOT BUITAIKOBOT BETUYNHU

Y/ Y1 Y, Ce Yi Ce Ym
Xq Prs P12 ce i ce Pim
Xy Pr1 Py2 ce Pyi . Pym
Xn pnl pn2 e pni e pnm

[lepmmii psgok TaOAMI MICTUTh BCl MOKJIMBI 3HAY€HHS CKJIAJ0BOiI 77, a
NEepIINI CTOBIIELb — YC1 MOKJINBI 3HaueHHs &. Ha mepeTuHi paaka X, Ta CTOBIUA Y;

BKA3aHO WMOBIPHICTb [y = P{§:Xk,77: yi} TOro, IO JIBOBUMIpHA BHUIIaJIKOBA

BEJIMUMHA HaOyze 3HaueHHsS (X, ,Y;) (KoMa BcepenuHi HMOBIPHOCTI O3HAYAE TIEPETUH

R - n m
nogii £=X, Ta n=Y,), aec kK=1n; i=1,m . O4eBugHO, IPH IBOMY ZZpki =1,
k=L i1

OCKIJIbKU TaKi MO/I1i yTBOPIOIOTH MOBHY TPYILY.
Bnacmueocmi /[/[BB
1. Bukonyemuocsa ymoea HOpMYBaAHHA

ZZ p.=1 . (10.1)

2. Cnpagoiscyromovcs ymMosu y32004#ceHOCHI.

Z Pi =Pt Pt P = P{XZ X1 = y1}+ P{XZ X1 = yz}+---+

i=1

+P{X=X 1= Yy} = P{X: X (=Y, a6077=y2...a6077=ym)}=P{x=xk}=pk.

Orxe, P = Py (10.2)
=1

AHaJOrI4HO, Zn: Pi =0 = P{77= Yi} (10.3)

k=1
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OTxe, 3rigHo 3 popmynamu (10.2), (10.3), 3Haroun po3noaina aBoBuMipHOi BB,
MU MOXEMO OTPHUMATH PO3MOJLT ii KOMIIOHEHT. Y 3arajibHOMY BHUIAJKy HE MOXKHA
po3B’s13aTu OOEpHEHY 3a/auy, TOOTO 3a BIIOMHMHM PO3MNOAUIAMUA KOMIOHEHT & Ta 1

HE MOXKHA BITHOBHUTH 3akoH posnoairy 1JIBB (&,7).

10.3. ®yukuis po3noainy AsoBumipHoi BB

JIist  3amaHHs JBOBHMIPHOI BHUIAJAKOBOI BEJIMYMHUA MOKHA 3aCTOCYBaTH
byHKII0 po3noaity. Po3risHemo nBoBuMipHy BunanakoBy BenwuuHy (&,77) . Hexaid
(X, y) — mapa miHCHMX dYHCE. ﬁMOBipHiCTB MoAii, sKa IojsIrae B TOMy, 1o &
HaOyBa€ 3HAYCHHS MEHITIOTO 3a X, 1 IpH IbOMY 77 HaOyBa€ 3HAYEHHS MEHIIIOTO 3a Y ,
MMO3HAYMMO 4Yepe3 F.,(X, y. Slkmo X Ta y OyayTh 3MiHIOBaTHCh, TO Oyne

sMintoBatuch 1 F,  (X,y), 10010 F, (X, Y) € dyHKuiero Bix X Ta y.

Dyukuiero po3noodiny 0606umipnoi eunaoxoeoi éenuuunu (&,17) Ha3UBAETHCS
GbyHKIA ABOX 3MIHHUX (X,Y), IO JOPIBHIOE HMOBIPHOCTI OJHOYACHOTO BHKOHAHHS

HepiBHOCTEHN & < X, 7 <Y, TOOTO

F.,(xy)=P{S<xn<y}. (10.4)

¥ j

J/'/7

Puc. 10.3

['eomeTpuuHo, 3HaveHHs GyHKIOIT posmoainy y Touri (X,Y) [dOpiBHIOE
iimMoBipHOCTI TOrOo, 1m0 BB (&,7) moTpamise y «miBAEHHO-3aXiTHUN» KYyT 3
BepinHoio B T.(X,Y) (Hmwkue Ta miBimne Touku (X,Y), Ha puc. 10.3 3amrpuxoBaHa

00J1acTh).
Baacmueocmi ¢pynkuii poznodiny
1. 3nauenna gynkuyii poznoodiny nexncams y mexcax mixye 0 ma 1:

0<F., (Xx,y)<1 s Bcix (X,y).

2. @ynxuyia posnodiny F. (X,Y) € necnaonotw no Koscnomy 3 apzymenmis.
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3. I'panuysa @ynkuyii po3noodiny na neckinuenocmi 0opienioc 1:

limF, (xy)= P{& < +o0,17 < 400} =1.
y—>+0

A0G0 y CHMBOJIIYHOMY 3aIlUCI

F., (+00,+00) =1.

4. I'panuya ynkuii po3nooiny na minyc neckinuenocmi 0opisnwoe 0:

lim F. (x,y)=P{&<—w}=0, yILrpw F.,(xy)=P{n<—x}=0.

X—>—00
A0G0 y CUMBOJIIYHOMY 3aITHCi:

F.,(-o,y)=0, F.,(X,—0)=0,

a TaKOX

F., (—0,—0)=0.

5. Cnpasoicyromucsa ymosu y3200ceHocmi:

CrpsiMy€eMO 10 oo TIIBKH OAHY 3MIHHY:

limF. (x,y)= P{&<+o,m<y}=P{n<y}= F.(y).

X—>+0

KopoTtko 3anumemo:

F.,(+0,y)=F,(y). (10.5)
6 yILer F.,(Xy)=P{& <x,n<+0o} =P{& <x} =F.(x).
Kopotko 3anumemo:
F., (X, +0) = F.(X). (10.6)

BnactuBocti 5 1 6 1€MOHCTPYIOTh, IO SIKIIO € BIOMOIO (PYHKIIIST PO3MOALTY
nBoBUMipHOT BB, TO MOXkHa oTpumaTH GyHKITIT pOo3MOALTY 11 KOMIOHEHT & 177 .

OOGepHeHy 3amady, a came: MO BIIOMUM (PYHKINISIM PO3MOITY KOMIIOHEHT
oTpuMaty (QYHKIIIIO PO3MOILTYy ABOBUMIpHOT BB, y 3araiibHOMy BUMaiKy po3B’si3aTu
HEMOKITHBO.

7. ImosipHicmb nompaniaHHa 6UNAOKOGOT MOYKU Yy NPAMOKYMHUK

ImoBipricth P{X, <& <X,, Y, <n<YVY,} 3HaAXOIAThH 3a HopMyII0F0

F’{X1 <E<SX, Y, Sn< yz} =(F(X,, ¥,) —F (X, ¥,)) —(F(X, v,) —F (X, ¥1)) - (10.7)
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10.4. IBoBumipni HenepepBHi Bunaakosi BeqnunHu (JHBB). HliibHicTH
po3noairy

JIBoBumipHa BB HazuBaeTbcsi HemepepBHOIO, SAKIIO i1 (QYHKIIS pO3MOALTY
ng‘n(x,y) € HEMNEPEepBHOIO ISl BCIX (x,y)eRZ. Y 1upoMy BumNanaky (GyHKIT

PO3MOTY OKpEMHUX KOMIIOHEHT TeX € HenepepBHUMU. 3HaueHHssmMu JJHBB (f : 77) €

BIIOPSJIKOBAHI TIapu YHCell (x,y). Toukn 3 KoOpAMHATAMH (x,y) HENEPEPBHO,
IIITBHO 3aMOBHIOIOTH JesKy o0macth miomuan OXY . Jlnst xapakrepuctuku JJHBB
BUKOPHUCTOBYIOTh (DYHKIIIIO HIUIBHOCTI PO3MOILTY.
Axmo icaye QyHKIis fm(x,y) (HenmepepBHa ab0 KyCKOBO-HEIEpepBHa Ha
Rz) Taka, 1o Qynkiiro posnoaity JIHBB ((;‘, 77) MOXHAa MOJaTH Y BUTJISAII
X Y

F.,(xy)=P{&<xn<yj= j j f., (u,v)dudv, (10.8)

—00 —00

TO TOBOPSATH, IO (5,77) Mae aOCOJIIOTHO HEMEepPEepBHUM pO3MOILI, a (YHKIIIIO

f . (X, y) HA3UBAIOTh WIIbHICMIO PO3NOOLTY.

AHAJIOTIYHO OJHOBHUMIPHOMY BHMAJKy, WMOBIPHICTH TOTO, IO JIBOBHMipHa
HerepepBHa BB 10piBHIOE Mapi 0OKpeMo B3ATHX 3HAYEHb, JTOPIBHIOE HYJIIO, TOOTO

P{=x.n=Y,}=0.
VY nopanbiioMy Mu OyAeMO pO3TJsSAaTH TUIBKA Taki JaBoBuMipHi BB, ski

MaloTh LIUIBHICT, TOOTO € aOCOMIOTHO HenmepepBHUMHU. [{ns chpolueHHs
Ha3MBaTUMEMO 1X IIPOCTO HenepepsHumy, JIHBB.

Baacmueocmi wiinenocmi po3nooiny
1. @yukuia winonocmi nadyeae minvKu Hegid’eMHUX 3HAUEHD:

f.,(xy)=0.
2. Bukonyemuoca ymoea Hopmyeanus.

T T f.,(x,y)dxdy =1.

3. Dyukuia winoHocmi modxce Oymu ooeprcana 3 QyYHKuUii po3nooiny
nOOGIIIHUM OuhepeHUilo8aHHAM:

M Fm(x, y)= fm(x, y). (10.9)

4. Imogipuicme nompannanna eunaokoeoi eenuuunu ¢ oonacmo D < OXy

00pisHIOE NOOGIAHOMY iHme2pany 6i0 QPynkuii wiinenocmi f. (x,y) no obnacmi D:

P{(&m)eD}=[ ., (xy)dxdy (10.10)
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5. Ymoeu y3eo00icenocmi

3ayBaxumo, 1o 1yt GyHKuii posnoxiny F, (X) =F

- (X,+oo). Tomi

X o0 0

fg(x):(Ff(X)),:{J. [ fm(u,v)dudvj = [ f.,(xv)dv. (10.11)

—00 —00 —00

0

AHarnorivHo: f,(y)=] f.,(uy)du . (10.12)

—0
To6T0, 3HatOUM QyHKIIIIO HIUIBHOCTI ABOBUMIpHOT BB, MoxHa 3HalTH QyHKIIIT
[IJIBHOCTI 11 KOMIIOHEHT.

Posrimanemo npuknanun JIHBB.
Ipuxaan 10.1. PinomipHo po3noaisiena JIHBB

JHBB (&,77) € piBaomipHO posnoninenor B obnacti D < OXy , saxio

HIUTBHICTh PO3MOJILTY I[1€1 BUMIAAKOBOI BEJIMUUHHU € CTAJIO0, BiAMIHHOIO Bif 0, 17151
Touok obusacti D, 1 nopiBHioe 0 y Toukax mo3a obaactio D:

0,(x,y) ¢ D;
f. (Xx,y)= k =const .
a (%0Y) {k,(x, y)eD, 7

3a yMOBOIO HOPMYBaHHS: I I f., (X y)dxdy =1.

—00 —00

Toni H f.. (X, y)dxdy = ”k dxdy =k S, =1. 3Binku K = Si Toni
D D

D

0, (xy)eD;
fo,(xy)=11
n(%Y) —, (xy)eD.
SD
PosrasineMo yacTUHHUIN BUMAIOK, KOJU 0071acTh D € MpsSMOKYTHUKOM:
as<x<b
) , 1110 TMOKa3aHo Ha puc. 10.4.
c<y<d
y
2
A S
| |
| |
| |
a X
Puc. 10.4
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Toni momna obiacti Sy = (b—a)-(d —C)

DYHKITIS MITHBHOCTI:

0, (x,y)¢D;
f. (Xy)= 1
s , (X, D.
(b—a)-(d—c) "Y€
OyHKIIIST pO3NOILTY:
0, x<a abo y<c;
(X_a)(y_c),a<xsb,c<ysd;
(b—a)(d —c)
Fgﬁ(x,y):iﬁ,x>b,c<ysd;
E,a<x£b,y>d;
b-a
1, x>b,y>d.

Mpuxnag 10.2. /IBoBuMipHa HOpPMAJbHO PpO3NOJiJIEeHA BHUIAJAKOBa
BeJMYMHA

JIBoBHMIpHA BHMAAKOBA BEIUIMHA (5, 77) € HOpMalTbHO po3noaiieHor JIHBB,
AKIIO ii (PYHKIIS MIUIBHOCTI MA€ BUTJISIA:

1 [(a)’  (x-a)(y-b) (y-b)
1 2(l—r2)L 0'12 r 010, I 0'22

f. (x,y)= e :
en (%) 2710,0,\N1-r°

ne yncina a,b,0,,0,,r =const — mapamerpu wi€i TBOBUMipHOT BHIIaAKOBOI

BCJIMYUMHHU.
3a  dopmymamm (10.11), (10.12) wmoxkHa 3HAWTH (QYHKIIT IIIILHOCTI
KOMIIOHCHT:

i 1 =
ff(x)zjf§vﬂ(x’y)dy:mal'e ’ J

—00

~(y-b
o 1 =
fn(y):J‘féyn(X,Y)dXZ\/go_z-e ?

—00

To6To KOoMmoOHeHTH HOpMabHO posnoaiienoi JTHBB (&, 77) B cBoro uepry €
OJHOBUMIPHHMH HOPMAQJBHO PO3IMOMIICHHMH BEIHMYMHAMH 3  TapamMeTpamu
(a, 0y), (b,o0,) BigmosigHo.
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3aysarcennsn. Tlapametp I Mae Ha3By KoedilieHT Kopensmii Beauuud &, 177.
Skmo r=0, 1o QyHKOiS OHILHOCTI ABOBUMIPHOI HOPMAJBHO PO3MOILIECHOT
BUIAJIKOBOI  BEJIIMYMHU € JOOYTKOM (PYHKIIM IIIIBHOCTI 11 KOMITOHEHT,
fm(x,y): fg,(x)- fﬂ(y), TOOTO KOMIIOHEHTH OyayTh He3alekHUMU. JleTanbHime

He3asnexHicTb BB Oyzae posrnsayra B m.11.4..

10.5. Yncaosi xapakrepucTuku ABoBuMipHux BB

10.5.1.MaTemaTu4He cnioJiBanHs ABoBuMipHoi BB

Mamemamuunum cnoodisaHHAM 080BUMIPDHOI 6UNAOKOGOT 6eUYUHU € TIapa
ancen M, =(M;,M ), ne M,,M, —wmatemariuni conisanns Bemmaus &, 77.

Js J1JIBB (5,77) MaTeMaTH4Hl CIOAIBaHHS KOMIIOHCHT MOJKHA 3HAaWTH 3a

BIIOMUMU (hOpMyJIaMu:

M, Zx P = ZZX Pa

i=1 k=1

M, Z:yI g = ZZ Y- P, (32 yMOBM 30DKHOCTI BIANOBIAHHUX PSAIB).

i=1 i=1 k=1

(10.13)

Posriaremo  JIHBB (5,77) Ta BHUPA3UMO MaTeMaTH4yHl CHOJIBaHHA i

KOMITOHEHT uepe3 QpyHkuito muisHocTi JJHBB.

M{S:Tx-f dx—ijfM xy)dyjdx—jjx f., (X y)dxdy.

—00 —00

AHanoriuso,

y-f., X y)dxdy (32 ymMOBH 301KHOCTI HEBJIACHHX IHTETpaIiB).

"]

8'—.8

(10.14)

10.5.2. ilncnepcisi xpoBumipHoi BB

Hucnepcii komnonent /1/[BB (5, 77) MO>KHa 3HANTH 32 BIIOMUMH (POPMYJIaMH:
Dg =M{(¢ - Mg)z}:kz_ll(xk - Mg)z Py s

D, =M{(n - Mn)z}: Z(yi — Mn)2 -0, (3a yMoBM 30DKHOCTI BiJIOBITHHX
i=1
pSIiB).
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Hucnepcii komnonenT JJHBB mosxHa BupasuTi uepe3 (pyHKIIIIO MITbHOCTI !

D, = M{( } jj (x—M, M(xy)dxdy

—00 —00

D, = M{( } jj y-M,) fm(x,y)dxdy.

—00 —00

CepenHi KBaJIpaTHYHi BiJIXUIEHHS KOMIOHERT: o, =,/D,; 0, =,/D, .

Ha murommui Oxy 306pasumo einc 3 nearpom (M £ M 77) , 3 HIBOCSIMH O, O, .
Ha puc. 10.5 mokazano Takwii eminc, 1€ erinc pos3ciio8aHHs ITBOBUMIPHOI
BUITAJIKOBOI BEIMYWHHU.

M,?Jrcrn Pt ~~<.
g RN
/ \
—————— e )
M;} I\ I il
[IRN | s |
(RN 1 o1
| S | Phe |
| S~ o | - |
M, -0, | T |
n O-'? : : :
| : |
0 M‘_ — O M;: M; +Gr X
s ¢ I &

Puc. 10.5. Enirnc po3ciroBaHHS JBOBUMIPHOI BUITaIKOBOT BETUYHUHU

10.5.3. Mimani MOMeHTH
Miwmanum momenmom nopaoky (K, S) Ha3UBAETHCS MaTEeMATUYHE CIIOIBAHHS

HACTyNHOI BemuuuHu: f, =M {(5 - Mg)k .(77 - Mn)s}.
Stimo k=2,5=0,70 f,,=M{(¢-M, )’} =D;;
axmo k=0,5s=2, 10 ﬂoyzzM{(n—Mn)z}IDn;

samo k=1,5=1,10 B, =M {(£=M,)(n-M, )| =k, .

Yucno K, € kopenayiinum momenmom (6yne posrisHyTo y posaimi 11).

Takox 11  XapaKTepUCTHKHA  JBOBHUMIPHOI  BHIAJAKOBOI  BEIMYHHHU
3aCTOCOBYIOTb KOPEAAUIUHY MAMPUUIO:

(ﬂz,o ﬂl,l]:£D§ kgn)
ﬂl,l ﬁo,z kén Dﬂ |
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3anumannsa 01 cCamoKOHMPOJIo

1. Ill]o maxe cucmema 060X 6UNAOKOBUX 8eNUUUH?

2. Aka 0sosumipna 6unadkosa 8eauyuHa HA3UBAEMbCS OUCKPEMHOIO?

3. Ll]o make 3axoH po3nooiny 0808UMIPHOI OUCKPEMHOI 8UNAOKOBOI GenudUuHU?

4. Ax marouu 3aKoH po3nooiny 0808UMIDHOI OUCKDEMHOI 8UNAOKOBOI  B8eIUYUHU
3HAUMU 3aKOH PO3NOOINY KONHCHOI 3 KOMNOHEHM ?

5. Hxa 0soeumipna eunaokoea GeaudUHa HA3UBAEMbCS HENEPEPBHOIO?

6. I1]o Hazusaemovcs yHKYi€rO pO3N00iNY 080BUMIPHOT BUNAOKOBOI BeaUYUHU?

7. Axi enacmusocmi mae pyHKYisi po3nooiny 0808UMIPHOL 8UNAOKOBOI GelUYUHU?

8. LL]o make winbHicmb po3nooiny HenepepeHoi 0808UMIPHOI BUNAOKOBOI GeUdUHU?
9. Axi enacmusocmi Mae winbHicms po3nooiny 0808UMIDHOI HenepepeHoi 8UNAOK0801
genuduHu?

10. Aki yucnosi xapakmepucmuxu Mac 0808UMIPHA BUNAOKOBA BETUUUHA?

Po3B’si3yBaHHS THIIOBHUX 3a/1a4

3aoaua 10.1. Pan po3noniny senmmunau [1JIBB (df, 77) Ma€ BUTIISIA;

$\y 0 1 4
1 01 0,2 0,08
2 0,12 0,3 0,2
1. [ToOyayBaTH psiy po3noauly KOMIOHEHT & Ta 7).

2. [TobynyBaTtu ¢dynkiito posnoaity J1JIBB.

Po3zé’sazanns.

1. HonoBHumo psiax posnoainy Benunuunu JI/IBB (5,77) JIOJIATKOBUMU
psSiTIKOM, B SIKOMY BKaxkemo 0 =P, + P, ,1=12,3 (3rizno dopmymu (10.3)) ta
CTOBIUUKOM UL P, = Py; + Py, + Py, K=12 (3rimHo dopmynm (10.2)), Toxmi psn

po3mnoaiTy Oyae MaTu BUTJISI:

S\n p
0 1 4 )
1 0,1 0,2 0,08 | 0,38
2 0,12 0,3 0,2 0,62
of 0,22 0,5 0,28 1

Bunumemo okpemMo psu po3no/Iiiay KOMIOHEHT & Ta 7
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g 1 2 n 0 1 4
Pk 0,38 0,62 Qi 0,22 0,5 0,28

2. 3HadyeHHs (QYHKIII pO3MOAUTY MOXKHAa 3HalTH 3a  (HopMyJoro
Fm(x,y)zP{§<X,77<y}= Z Z p. Haramaemo, mo 3HadeHHS QyHKUil

Kix <x By;<y
po3noxiry y Touri (X,y) — Ile WMOBIPHICTH TOTO, IO JBOBHMipHA BHIIAJKOBA
BEJIMYMHA TIOTPAILUISE Yy «IIBJACHHO-3aXiIHUA KyT» 3 BEPIIMHOI Yy TOYI 3
xoopauHaTamu (X,Y). OTxe,

0, x<labo y<0;
0.1, 1<x<£2,0<y<],
022, x>2,0<y<];
an(x,y)z 0.3, 1<x<21<y<4
0.72, x>2,1<y<4;
0.38,1<x<2,y>4;

L X>2,y>4,

[To xoxHI KOMIOHEHT! (QYHKIIIS PO3NOALTY € HecnagHoro. Y Bumaaky /[/IBB
(GyHKLIS pO3MOALLY € CXITYaCTO (PYHKIIEI, «CXOAUHKI» SKOI € MPSIMOKYTHUKaMU
{(X, V)i X <X<X . Yi<Y< yi+1} , Ha IKMX (DPYHKIIISI Ma€ cTajie 3HAaYSHHS.

Bucnosoxk. J1JIBB moxHa 3agaTi abo 3a 10MOMOTo0 (GYyHKIII po3noaury, abo

BKa3aBIIM MHOXXWHY 3HaueHb (X,,Y;) Ta BIAMOBIJHI WMOBIPHOCTI {pki}s k=1n,

i=1,m (k=2100;i=100), TOOTO 3aKOHOM PO3MOIiIY.

3aoaua 10.2. ]luckpeTHa ABOBMMIpPHA BUMAJKOBA BEJIMYMHA 3a/laHa 3aKOHOM
pPO3MOLTY:

n

1 3 4 8
3 0,15 0,06 | 0,25 0,04
6 0,30 0,1 0,03 0,07

1. IToOyxayBaTH pay po3MOJIITy KOMIOHEHT S rall
2. O0uyncanTn Mé, Dég O, Mﬂ, D,], g,

Po3ze’azanmns.
1. lonmoBHUMO psia po3noairy BenuunHu [[/IBB (5, 77) JIOTATKOBUMMU PAZIKOM,
B SIKOMY BKakeMo (. = P, + P, ,1=1,2,3,4 (3rimHo dpopmymu (10.3)) Ta cTOBIYUKOM
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s P =Py + P+ Pz + Py K=12 (Brizro dopmymm (10.2)), Tomi maTpuus

po3noauTy Oyae MaTh BUTIISL:

$ \ n 1 3 4 8 Pk
3 0,15 0,06 0,25 0,04 0,5
6 0,30 0,1 0,03 0,07 0,5
Qi 0,45 0,16 0,28 0,11 1
OTXe, PAAU PO3MOJITY KOMIOHEHT & Ta 7] MaOTh BUTJIS:
n 1 3 4 8 & 3 6
g | 045 | 016 028 | 011 0. | 05 | 05

2. 3HailiieMO YHCJIOBl XapaKTEPUCTUKH KOMIIOHEHT. M £ = 4.5; Dé =2,25;
o =./2,25=15; M,7 =2,93; Dﬂ =4,815; o, =2,194.

3aoaua 10.3. 3agaHo (GyHKIIO pO3MOAUTY JBOBUMIPHOI HENEPEpBHOI

BUIIaK0BOI Benuuunn (&,7) :

1-27% -2 +277Y (x,y)eD,

F., (X y)= G o eD, | e D={(xy):x>0,y>0}.

3HaiiTi: a) WMOBIPHICTH MOTpPAIUISHHSA BHIAankoBoi Benuuunuu (&,77) B
IPSIMOKYTHHK, OOMEXKeHHH psiMumMu X =1, x=2, y =3, y =5,;

0) UIIIIBHICTH CYyMICHOTO PO3MOILTY.

Pose’azanns.
a) 3a popmymoto (10.7) 3Haitnemo;

P{l<£<2,3<n<5}=(F., (25 -F, L5)-(F.,(23)-F., L3) =

24 4+27-2°-27 :i.
128
0) 3rigHo 3 dhopmynoro (10.9) 3HalineMo YaCTUHHY MOXIIHY MO X BiJ (yHKIIIT
oF. (X, .
po3noiny: % =27In2-27""In2. Big oTpuMaHOro pe3ynbTary 3HaNIEeMO
X
0°F. (X,
YAaCTHHHY TOXiIHY 110 3MIHHIN Y ! oF, (%) =27"In%2.
oXoy

OTxe, MITBHICTh PO3MOJILTY:

27%Y1n22, (x, y) e D,
f(_f,n (X, y) — ( y)
0 , (X, y) D,
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3aoaua 10.4. 3anano GyHKIIIIO MITBHOCTI PO3MOIIY CUCTEMU BUIIAKOBUX
Beimunaun (£,77)

2
’X’ D’
fo, (% y)=4 720+ Xx*)(4+y?) Ve ne D={(x,y):x=0,y>0}.

0 , X, yeD,

3HaiiTH QYHKIII0 PO3MOLTY CUCTEMH Ta (GYHKIIT pO3MOALTY i1 KOMIIOHEHT.

Posé ’sizanns. 3a popmymoro (10.8) 3anumemo

F ST (uv)dudv=2 [0 1L gy
f,n(x’y)—_J;__[o £, (U,v)du V_?_J;1+u2_-[o4+v2 V=

2 ¢ du

7r2 el 1+uZtH wj4+v

21 1 T y
=—=lim arctqu|* I|m arct —| arctgx + — || arctg = +
7% 2> g g 7[2( J 2]( g2 2)

(1 1)(1 y lj
=| —arctgx += || —arctg = += |.
T 2N\« 2 2

(1 arctgx + 1)(£arctgz+lj, X, yeD,
Otrxe, F., (X,y)= 2 )\ 7 2 2
0, (x,y)eD,

ne D={(xy):x=0,y>0}.

Jlist 3Haxo/KeHHsT (DYHKINN pO3MOITy KOMIOHEHT BHUKOPHUCTAEMO (HOPMYITU
(10.5) Ta (10.6).

y—+w©

1 1)1 y 1 1 y 1
F = lim arctgx +— || —arctg=+— |=| —arctg=+— |,
n(¥)= (72' J 2)(% J 2 2) (72' J 2 2)

F.(x)=lim [1 arctgx+1J(larctgl+1] =(£arctgx+1j :
V4 2N\ 2 2 T 2

X—>+00

: : 1 y 1 1 3 1 1 1 1z
ockimeku lim| —arctg=+ = +==1, lim| —arctgx + = |=| ==+
2 2 T 2 T2

y—+o\ g7 T 2 2 X—>+00

Il
=

.
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3aBaaHHA IJIl CAMOCTIHHOT0 BUKOHAHHSA

10.1-10.7. 3akoH po3MOLTy TBOBUMIPHOI TUCKPETHOT BUITAJKOBOT BEJIMUUHU
3aJIaHO HACTYITHOIO TaOJIMIICIO:

n
4
Y1 Y, Y3 Ya
X, 0,05 0,05 0,05 0,05
X, 0,05 0,05 0,05 0,15
Xs 0,10 0,05 0,05 0,05
Xy 0,10 0,05 0,05 0,05

1. 3anumcatu 3aKOHM PO3NOAUTY CKJIAJOBHX JIBOBUMIPHOI BHIAaJKOBOL
BEJIMYMHH.

2. O6‘-II/ICJ'II/ITI/IM§, Dg O Mﬂ, Dn’ o,
3Ha4YeHHSA Xy, Xy, X3, X, TA Yy, Vy, V3, Vg 2011 10.1-10.7 3agano B Tabmuni 10.2.

Taomurs 10.2.

No 3aBIL. 3HayeHHS BHUITIAAKOBHUX BCJIINYHNH

Xt | X | X | X | Vi | Yo | Ya| Va
101 [1] 23] 410|987
102 |56 | 7|8 |-6|5]-4]-3
103 |9|10 1112 2[-1]0 1
104 |[5|10]15]20[-1] 0] 1] 2
105 3|6 | 7 |11[9]2]0]3
106 |4| 8 |12 16 |-14|-12]-10] -8
107 [5] 7 |9 [11[-13]-11| -9 | -6

10.8. 3agaHo MIIBHICTH PO3MOJUTY JBOBHMIPHOI HENEPEPBHOI BUMAIKOBOI
BEJINYUHU (5,77):
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1.
fo, (Xy)= Esm(x+y), (x.y)eD, e Dz{(x,y):x,ye{o;%}}.
0, (x,y) D,

3HANTH MaTeMaTHYHE CIIOAIBAaHHS Ta AUCTICPCIIO CKIAI0BHX.

10.9. 3amano (QyHKIIIO PO3MOALTY IBOBUMIPHOI HEMEPEPBHOI BUIIAKOBOL
semmunnu (&,7):

1 x 111 y 1
—arctg—+ — —arctg =+ — , X, D,
F., (xy)= (n 93 2J£7z 93 2} Y€

0, (x,y) D,

ne D={(x,y):x=0,y>0}.

3HaiTH WMOBIPHICTh MMOTPAIUITHHSA BHMaaAKoBoi Bemuuuad (£,77) B
OPSIMOKYTHHUK, oOMekenuit npsimumu X =0, x=2, y=0, y=3,;

10.10. 3agano QyHKIIIO PO3MOALTY IBOBHUMIPHOI HEMEPEPBHOI BHITaTKOBOI
BEJIMYUHMU:

1-37*-37+377, (x,¥)eD,
0, (x,y) ¢ D,

3HAUTH HIUIBHICTH PO3MOALTY WUMOBIPHOCTI. Pe3ynbrar nepeBipuT 3a yMOBOIO
HOPMYBaHHS (PYHKI1i O{IJIBHOCTI.

Ff,n(x’y):{ ne D={(xy):x=0,y>0}.

10.11. 3amano ¢yHKIIO PO3MOJALTY JABOBUMIPHOI HEMEPEPBHOI BUITAJIKOBOI
BEITUYMHU

(1—e‘4x)-(1—e‘2y), (x,y) e D,

D={(x,y): x>0,y >0;¢.
0 (X y)£D. e {(X y):x=0,y> }

Fg,;; (x,y)= {

3HAUTH IIIBHICT PO3NOALTY HMOBIPHOCTI.

10.12. Bcepenuni kBagpata D = {(X, y) e R2,0<x< %,0 <Xx< %} JBOBHMIpHA

minpHiCTh po3noniny 3amano dopmynoro f., (X,y)=2C0SX-C0SY, a 30BHi KBanpaTa

fe,(X,y)=0. 3naiiTn MaTeMaTHUHi CIIO/iBAHHS KOMIIOHEHT.

10.13. 3amaHo WMIUIBHICTH CYMICHOTO PO3MOJIIY JABOBUMIPHOiI BHIIaJKOBOI
36xye Y, (x,y)eD,
0, (x,y) & D,

3HalTH MaTeMaTUYHE CIIOIBaHHS Ta JUCIIEPCII0 KOMIIOHEHT.

BEJIMYNHU fm(x,y):{ ne D:{(X,y):XZO,yZO}.
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10.14. 3agaHo UIIBHICTH PO3MOJLITY JIBOBUMIPHOI HEMEPEepPBHOI BHMAIKOBOI
_ —X2+Xy—y2
BEJINYHUHU (&.m): fo (X y)=ce , —30< X < 400, —00< Y < 400

3HaAWTHU ¢ Ta UIIJILHOCTI PO3IOI1TY KOMIIOHEHT.

10.15. 3agaHo MIUJIBHOCTI PO3MOILIIB HE3AJIC)KHUX BUIIAKOBUX BEIUYHMH &, 7

0, y<-2,
2% x<0 1
f.(x)= ’ f =1—,—2<y<4,
£(X) {0’ >0 ,(Y) c y
0, y>4.

3uaiitu M(g), D(¢), ne ¢ =3¢ -5 +1.

Bionoeioi

10.1. M (&) =2.55, D(£) =1.15, o(&) ~ 1.1, M (57) = —8.5,D(r7) =1.45, o(17) =1.2
10.2. M(£) =6.55, D(£) =1.15, 6(&) ~ 1.1, M (57) = —4.5,D(17) = 6.85, 5:(7) = 2.6 .
10.3. M(&)=10.55, D(£) =1.15, (&) ~ 1.1, M (57) =-0.5,D () =1.45, o(17) =1.2.
10.4. M (&) =12.75, D(£) = 28.69, 5(&£) ~ 5.35, M (17) = 0.5, D(57) =1.45, 5-(;7) =1.2
10.5. M (&) =6.9, D(£) = 7.49, o(&) ~ 2.74, M () = 2.2, D() = 22.96, 5(17) ~ 4.8.
10.6. M (&) =10.2, D(£) =18.36, (&) ~ 4.28, M (17) = —11,D(57) =5.8, o'() = 2.4.
10.7. M (&) =8.1, D(&) =4.59, 6(£) ~ 2.14, M (57) = —9.7,D(r7) = 7.81, 5(17) = 2.8.

7% +8r—32

v
10.8. M(§)=M(77)=Z,D(§)=D(,7)= .

377Y.In?3,x>0, y>0,

9
109.2. 1010 f. (x.y)=
16 en(XY) {0 Xx<0,y<0.

10.11. f,,(x, y)={8e_4x_2y’x>°’ y>0, 1012, |\/|(g):|\/|(,7):L—4JE

0 ,X<0, y<O. 4
J3r 4-
10.13. M(g):l\/l(n):Tﬂ,D(é):D(n):l—zﬂ.
3.2 3.2
10.14. c:z—f , fg(x):%e“x ,—00< X <+, fn(y):%e 7 o<y < 4o

10.15. M(¢) =-2.5, D(¢) =77.29.
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11. EIEMEHTHU TEOPII KOPEJISAIIII.
HE3AJIEXKHICTH BUIIAJIKOBUX BEJIMYUH

11.1. KopeJsiniisi 1BOX BUNIAJIKOBUX BeJIHYHH

OxkpiM BKE BIIOMUX YHCIOBUX XapaKTepUCTUK M £ Dé, O, Mn’ Dn’ o, SIK1

XapaKTepU3ylOTh KOXXKHY KOMIIOHEHTY OKpPEMO, Uil JIBOBHUMIPHOI BHIIaJKOBOi
BEJIMUMHU BBOJSATH KOPEISAIINHII MOMEHT Ta KOS(IIIEHT KOPEIIIii, sIKi BU3HAYAIOTh
CTYMIHb JIHIMHOTO 3B’SI3Ky MK KOMIIOHCHTaMH.

11.1.1. Kopeasimiiinuii MoMeHT (KoBapianist)

Kopenayiiinum momenmom K. (abo kosapiauicio Cov(cf,n)) JIBOX

BUTIQJIKOBUX BEIMYMH & Ta 7] HA3WBAETHCS MAaTEMaTHYHE CIOJIBAaHHS JOOYTKY

(ﬁ—l\/lé)(n—l\/ln)i

k., =Cov(&,n)=M{(&-M,)(n-M,)}. (11.1.)

OTtpumaemo 1HITy GopMyITy JJI KOPEIAIIHHOTO MOMEHTY:
=M (£ M) (M, )} =M =M, MMM, -

=M{E 7} =M{EM, [ =M M 7} + MM, M, =
=M{&-7} =M, M, -M,-M +M,-M, =M {£-7} -M,-M

n

Otxe,

k., =Cov(&,7)=M{&-n}-M,-M, (11.2)

11.1.2. Koedinient kopeasiuii. HexopeiboBaHi BUNIAIKOBI BeJIUYUHH

Koeghivienmom kopenayii Ha3mMBaloTh 0€3pO3MIPHY BEIMYHUHY:

r, = G'% . (11.3)
&

Lloxaoicemo, wo Koeghiyicnm Kopenayii 3a adCoIOMHOI0 8eTUYUHOIO He NEPEeBULYE

OO0UHUUI.

<1. (11.4)

136



Hns  mporo cmepiry jgoBeaeMo HepiBHICTH — Kommi-byHsikoBcbkoro — n1iist
MaTeMaTHYHUX CTOAiBaHb. PO3risiHeMO KBaapat BUMAAKOBO1 BennuuHu (AS +177), ae

£ Tta 1 — ODHOBUMIPHI BHUIIAOKOBI BEIHYMHH, a A — YHCIOBHMH Koe(illieHT.

OuesuaHO, 1o M {(/15 + 77)2} >0, VAeR.BukoHaeMO IepeTBOPEHHS:

M {(zgm)z} =M {227 + 2280 + 2} =M {2267} + M {228} +
+M {7’} =AM (£} + 2AM {én} + M {°} 20,V A€ R.

Mu oTpuMau BHpas, SKHil € KBaApaTHIHOIO GyHKII€0 Bif A . OCKUIbKY TpH
BCIX 3HAYEHHSX 3MIHHOI A 1€l BUpa3 € HEBil €MHHUM, TO TUCKPUMIHAHT M€l
kBagpatnuHoi pynkuii D <0. Orxe,

D =b’ —4ac=4M*{&n} -4M {£*}-M {°} <0.
3BiJIKM OTpUMAEMO HepiBHICTH Kori-ByHSIKOBCHKOTO 711 MaTeMaTUIHUX CIO/1IBaHb:
M2{&n} <M {E%)-M ()
M {&n)|< \/M {gz} ‘M {772} .
3amiHuMO B 1 HepiBHOCTI § >&—M,, n—>n—-M . Toxui

(6w, = (s, - 0.5, -,

< .
kfn‘_ag o,

ATOI[i‘ ‘— ‘k ‘ O-é i =1.

O:°0,

Otxe, 11 KoeQili€HTa KOPeALil CIIPaBIKy€eThC |r§77| <1.

SIkmno e,

Ha3UBAIOTLCA HEKOopeibO6aAHUMU.

=0, a Toxi i kopensuinuii moment K. =0, To Benmuunu &, 7

11.2. MaTteMaTu4He CNIOAiBAHHSA 100YTKY JIBOX BUNATKOBHX BeJUYHH

3 dopmymu (11.2) BuUpa3uMo MaTeMaTHYHE CIOJIBaHHA JOOYTKY JBOX
BUIMAJKOBUX BEJIMYMH:

M{&-n}=k., +M.-M, . (11.5)
Jns nexopenboanux &7, 10010 KOMu K., =0, 3 hopmynu (11.5) Bunnmsae, mo:
M{é-iy}:Mg-l\/ln. (11.6)

Mamemamuune cnoodieanna 000ymKy 060X HEKOPEIb0BAHUX BUNAOKOBUX GETUYUH

00pieHIOE 000YMKY IX MamemMamuyHux cnooieams.
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11.3. Iucnepcisi cymu Ta pi3HHII 1BOX BUNAAKOBUX BeJINYNH

3HalaeMO TUCTIEPCII0 CYMH JIBOX BUIIAIKOBUX BEJIMYHUH:

D +m)=M{(&+m) ~ (M +M,))}=M{(({-M )+ (7 -M,))}=
=M{(E-M,)*+2(-M )7 -M,) +(7-M,)}=

= M{(£ ~ M)+ 2M{(E - M)~ M )3+ M{(-M,)*}=
=D, +D, +2k,,

Sk 6aunmo:
D(+n)=D,+D, +2k,,. (11.7)
Jucriepciro pi3HUIN MOKHA 3HAWNTH aHAJIOT1YHO:
D(-n)=D.+D, -2k, . (11.8)
Sxmo BenuunHau £ Ta 77 € HEKOPEIbOBaHi, TOOTO K = 0, Tomi
D(&+n)=D,+D, , (11.9)
D(-n)=D.+D,. (11.10)

Jucnepcia cymu ab6o pizHuyi 080X HEKOPENbOGAHUX GUNAOKOBUX GEAUYUH
00pisHI0€ cymi iX oucnepciil.

IMpuxaag 11.1. Hexaif 3a1aHo BUNAAKOBY BeIWUYMHY &, sSIka Mae CKiHYCHHI
MaTeMaTHIHE CTIOJIiBaHHS Ta TUCTIEPCITO. Bumankosa BETMYMHA
n=at+b (a#0,a,b=constecR) € niHIAHO 3aJIeKHOIO Bix & .

3HalTH KOe(IIIEHT KOPeNsiii Beauuud & Ta 7.

Po3é’sizanns. Crepury 3HaiIeMO MaTeMaTHYHE CIIOJIBaHHS, JUCIIEPCII0 Ta
CepeHE KBaAPATUIHE BiIXHJICHHS BUIIAJIKOBOI BEJIUYHHU 7] .

Marematnane criofisanns: M, =M (ag +b)=aM, +b.
D, =M{(n-M,)}=M{(as +b) - (aM, + b))’} =
=M{(@(-M,))}=a’"M{(-M,)*}=2a’D,.
Cepenne kBapaTnyne Binxuwienus: o, =,/D, =, [a’D : = |a|0'§ .
3HaiiieMo KOpesIiiHui MOMEHT BUTIQAKOBUX BEeIMUUH & Ta 7
Key =M{(E=M,)(7 =M, )}=M{({-M,)(al +b-aM, -Db)}=
=M{a(-M,)(¢-M,)}=aD, = aa§ :

k

Hucnepcist:

én

3a popmyioro I, 3HaWIeMO KOe(DIIIEHT KOPEIISITii:

5'677
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B B -1, a<0

ao; a [L a>0
r§77 -

o lalo; a|
3poduMO 6ucHOBKU.

SIKII0 1B1 BHUITAQJIKOBI BEJIWUYUHH I10B’A3aHI MK COOOIO JIHIMHOIO 3aJI€KHICTIO
n=as+b, ro ix xoediuient kopensuii 1, =1 abo r, =-1, 30kpema, npu a>0

r,,=1,mpma<0 r, =-1.

én
Uum Ommxkue no 1 abcoifoTHAa BeaudyMHA Koe(DIIieHTa KOPENsIli, TO TUM
TICHIIINH JIIHIMHUH 3B’ 130K MK BEJIMUYMHAMH.
Uu Moke 1€ O3HayaTH, SKIO0 JBlI BEJIMYUHH IIOB’S3aHI MK COOOIO
(YHKIIIOHATBFHOIO 3aJIeKHICTIO, TO KOe(ilIeHT Kopessiii Ha0yBae KpaiHiX 3HaY€Hb
+1, ToOTO BOHM € KOpenboBaHUMU ? [lokaxkemo, 10 11€ HE 3aBK/IH TaK.

Ipukaax 11.2. Hexail BumagkoBa BeIMYMHA € HOPMAJIBLHO PO3MOJILICHOIO
2
X

1 RS
~N(0,1), TOOTO mIABHICTH 1i PO3IOILI f.(X)=——-¢e 2, xeR. Hexai
S (0,2) p y 5( ) \/E

BUIIAJIKOBA BEIMUMHA 7] € KBajpaToM & 1 =¢E°. 3naiitu koedilieHT Kopensii &
Ta 77.
Po36’a3anns. 3nalineMo KopensiiH1i MOMEHT:

kgn:M{n-f}—Mg-Mn:M{fz-f}—O-Mn:

X2 +00 X2

R R S SR T 1 X
=M{E=| x¥*—==-e 2dx= | X¥*—=——=-e 2dx+ | X}*—==-e 2dx=1,+1,.
3 _'[o N2 _'[O N2 ;[ \N2r7 S

O6uncnumo okpemo iHTerpani Iy ta l, .

0 .1 X2 0 RS x2 X X2

l,= [ x*—=—-e 2dx=——=—1lim [x®.e 2dx= lim|(-——)-e 2d(——) =
1 j — J—bﬁ_w J—Mj( >)e 2d(--)
b2
0
2 BS —+1
2 im| X e 7 | =2 lim| -1+ 2 _ V2.
2 b0 2 ‘/ T b0 e% \/;

1, :Tx3i.exzzdx— lim J'x3.exzzdx— lim J‘(—X—2)°exzzd(—x—2):

) /27[ / b—-+o0 ,/ b—+o0 2 2

X2 X b b2+l \/E
2 ——I|m 1- 2 =

2 .
w2 0F J27 b eb7 N

139



_ N2 N2
én \/; \/;

OTxe, KOpeNsiHII MOMEHT JIOPIBHIOE HYJTIO, TAKOXK 1 KOSPIIEHT KOPETAIi

K 0.

_ g2
r,, =0, T00T0 Bermmuuun & Ta 7 =¢&° € HCKOPEIBOBAHMMHU. Y PO3IIITHYTOMY

NPUKIAl BETUYUHU & Ta 77 € 3aJIEKHUMHU, aJie HE € KOPEIbOBAHUMHU.

11.4. He3aJie:kHi BUIIAAKOBI BeJINYUHH
BunankoBi Bemmuman £ Ta 7)) HA3MBAIOTBCS — HE3AIEHCHUMU, SKIIO €

He3anekHuMu nofii (£ < x) ta(n<y) g Beix X, y € R.

11.4.1. ®dyHkuis Ppo3moAiJly CHCTEeMH [BOX He3AJIeKHUX BHIAJKOBHX
BeJIMYUH

F.,(xy)=P{E<xn<y}= .
HE3AJIEIHCHI

= P{E <x}-P{n < y}=F.(x)-F,(y)

Axwmo & ma n € He3anexcHumu, mo (QyHKuia po3nooiiy 0608UMIPDHOT

nooii (& <x)yma(n<y)|

eunaokoeoi eeruuunu (£,1) € 0odymkom (yHKuin po3noodiny it 00HosUMIpHUX
KOMHOHEHm :
F., () =F.(x)-F,(y) (11.11)

L1 BIaCTUBICTh Ma€ HAa3BY XapaKmMepucmudna 61acmugicms QYHKYIu po3nooiny.

11.4.2. ®yHKIis HIVIBHOCTI CHCTEMM JABOX He3aJIeKHUX HelepepBHUX
BUIIAIKOBUX BeJIMYMH
Hexait nenepepsui BB & Ta 77 € HezanexxHuMmu.

O°F ,(%.Y) ” | |
g'x—ay = (Fg (X) - F,;(Y))xy = (F{f (X) - Fﬂ(y))y _

=F.(0)-F/(y)=1.00-1,(y)

Axkwo nenepepeni BB & ma n € nezanexcuumu, mo Qynxuyia winoHocmi

fe,(Xy)=

0sosumipnoi eunaokoeoi eenuuunu (£,n) € 0ooymkom Qynxuin winbnocmi it
00HOBUMIDHUX KOMHOHEHM
f.,(xy)="f.(x)-f (y) (11.12)
Ils BIACTUBICTL HA3UBAETHCS Xapakmepucmu4Ho eracmugicmio  QQyHKyii
WIIbHOCMI.
Bkazani y dopmymax (11.11), (11.12) ymMoBH € HeoOXiOHumu ma
00CIMAMHUMU YMOBAMU MO20, W0 GCIUYUHU & MA 1) € HE3ANEeHCHUMU.
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11.4.3. MaremaTH4YHe CIIOAIBAHHSA 100yTKY ABOX He3aJIeKHUX BeJTHIUH
Ha mpuknani vemepepBHux & Ta 7 3HaWIEMO MaTeMaTU4YHE CIIOAIBAHHS iX

TOOYTKY:

MEE b= [ [ Xy £ iy = | [ xy- £.00- £, (y)dxdy =

= [x- f,0dx [ y- f,(y)dy=M, - M,

Axwo & ma n € He3anexdcHuMuU, mo MaATEMATUYHE CIIOAIBAHHA X J00YTKY

€ 000ymKomM mamemamuuHux cnooieansv & ma 1 .
M{S-7}=M, -M, (11.13)

11.4.4. Kopeasiniiinuii MOMeHT (KoBapiamisi) He3aJ1eKHUX BeJIMYMH

3actocoByroun dopmyiny (11.2) Ta BpaxoByrouu (11.13) 3Halizemo
KOpEJSLIMHIN MOMEHT JIBOX HE3JICKHUX & Ta 77 -

kK,, =M{&-n}-M,-M =M.-M, -M,-M, =0.

Kopenayiitnuiit momenm (Koeapiauisn) He3anexncHux eeaudut 0opienioe 0.

OTXe, AKWO 6enUYUHU € He3ANeHCHUMU, MO 60HU MAKOMC €
Hekopenvosanumu. Ane oOepHEHE TBEpP/HKEHHS HE 3aBXKAU € BIpHUM. SIKII0
BEJIMYMHU HEKOPEIhOBaHI, TO 1€ HE O3HA4Ya€ iX HE3aJCKHICTh, HAMPUKIAM, JUB.
[Mpuxman 11.2.

&, n — HezanedcHi = &,1 — HeKopelboBani |

&, n — HezanedicHi # &,1 — HeKOpenbOoBaHi .

11.4.5. lucnepcist cymu Ta pizHULI 1BOX He3aJ1eKHUX BeJIMUMH
OCKUTBbKM Il HEKOPEJIbOBAaHWUX BEIWYMH BHUKOHYeThCs dopmynu (11.9),
(11.10), TO 1 01 Hezanexchux & ma n oOucnepcia cymu ma pPi3HUUI UUX 0BOX

ee/IuYUH 0OPIGHIOE CYMI iX ouchnepciii:

D{S +n}=D,+D, (11.14)

D(-n)=D,+D,. (11.15)

3aysarcennsn. BnactuBicTh AUCTIEpCii CyMU HE3aJIC)KHUX BEJIMYWH, SKa 3a7aHa

dbopmynoro (11.14), Mu Bxe poO3MISIAUIA y PO3ALII 8 Ta 3aCTOCOBYBAIM 1i IS

JUCKPETHUX HE3aJIC)KHUX BEJIMYMH, 3apa3 MU OOIPYHTYBAJIM I[f0 BJIACTUBICTD 1 IS
HETICPEPBHUX HE3aJICKHUX BUIIAJKOBUX BEITHUHNH.

Mpuxnan 11.3. Hexait aBoBuMipHa BunaakoBa BenmuuuHa (£,77) € HOpMaIbHO

PO3MOIIIIEHO0, TOOTO 11 HIUIBHICTD PO3MOILITY

141



. 1 [(xa)_, (a)y-b) (y-b)
20-r*) of 0103 o}
ffvﬂ (X1 y) = € r L )

2710,0,\1-1r?

ne I — KoediIieHT KOPEIIsIIii.

Axmio r=0, To0To BenmuuuHu & Ta 17 € HEKOPEITLOBAHUMHU, TO/II

(x-a)®

f (X y)—#.e 20} #
s \N2ro,; \N2ro,

Ile o3nauae, mo &~N(a,0,) T@a n~N(a,,0,) € HesanexHumu. s

(x-a,)?

e 2 =1, (x)-f,(X).

HOPMAJIbHO  PO3MOAUICHHX  BEJIMYMH  HEKOPEIhOBAHICTH  CKBIBAJICHTHAa  1X
HE3aJIeKHOCTI.

11.5. IloHATTS PO N-BUMipHi BUNIAAKOBI BeJINYNHI
Cucrtemy N BUIIQJIKOBUX OJHOBUMIPHMX BenuuuH &, K =1,...,n, Ha3uBaroThH N-

BUMIpHOIO BB abo0 gunaokosum eexmopom: & = (&, &5y ---Sp) -

OyHKITIS PO3MOILTY BU3HAYAETHCS K
nepetud mofin (& < X ), me 1=1,n).

BrnactuBocTi Takoi (PyHKIIT PO3MOJIIY aHAJNOTiIuHI BIACTUBOCTAM (DYHKIIIT

po3MoaLTy MOBIpHOCTEH ABOBUMIpHOI BB.
ibHICTH pO3MOALTY HENEpepBHOI N-BuMipHOi BB MokHa 3HaliTH 3a

dopmysoro : f - (Xpyeeny X)) = — B TOYKAaX, 1€ IIIbHICTh

Lo n

HeTepepBHa.
YMOBa HOPpMYBaHHS JUUIsl CHCTEMH N HENEPEPBHUX BHUITAIKOBUX BEIIMYHH

Kopensmiiinuii MOMeHT KOMIOHEHT &, &;: K, 6 = M{(& -M)( -M )}

Kopensiiitha MaTpulig cucteMyd N BUMAJAKOBUX BEJIMYMH MA€ BUTIISIL

Ky oo Ky,
k21 """ k2n
Ky o oo K.,
Ha ronoBHi# miaroHasti KOpesIiiHOT MaTPHIll CTOSITh AUCTIEPCii KOMITOHEHT
k. =07, pemrTa eneMeHTiB — Kopeisuiiini MomeHTH (koBapiaii). OCKiNbKu
ky =K;;, TO MaTpuIIs € cCHMETPUIHOTO.
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3anumanna 0nsa camMoOKOHmMpPOJII0
1. Il]o nazusaromuv KOperAYIUHUM MOMEHMOM 080X BUNAOKOBUX GETUYUH?

2. l]o uazusaromv Koeghiyichmom Kopenayii 060X eunaoxkosux eeauvun? AHxe
Maxkcumanvbte 3Ha4eHHs 8iH Modce Habymu?

3. Aki 6unaokosi eenuduHu HA3UBAIOMbCS HEKOPETbOBAHUMU?
4. Hxi eunaokosi eenuuunu HA3U8AIOMbC HE3ANEHCHUMU?

5. Axwo 06i 6unaoxosi GeUdUHU € HE3ANeHCHUMU, YU MONCHA CINBEPOAHCYBAMU, U0
80HU € HeKkopenvosanumu? A nasnaku?

6. V axomy sunaoky @yuxyis wintbnocmi 0808umiphoi eunaoxkosoi eenununu (&,1) €
000ymKom OYHKYI WitbHOCMI i1 00OHOBUMIPHUX KOMNOHEHM?

7. LlJo moocna cmeepoxcysamu, AKWO QYHKYIsL po3NoOiNy 0B0BUMIDHOI 8UNAOKOBOI
senuuunu (£,n) € 006ymrxom ynxyitl po3nooiny it 00HOBUMIDHUX KOMNOHEHM'?

8. Aki uucnosi xapaxmepucmuxu 0808UMIPHOT BUNAOKOBI GeIUYUHU 68U 3HAEmEe?
9. Yomy oopisHnioe oucnepcisi cymu, pizHuYi 080X HE3ANEHCHUX BUNAOKOBUX GETUUUH?

10. Ax 3naiimu mamemamuune cnooieaHHus O00OYMKY HE3ANEHCHUX BUNAOKOBUX
genudun?

Po3B’s13yBaHHA THIIOBHUX 33124

3aoaua 11.1. Po3risiHEeMO CEMECTpPOBi OI[IHKM 3 MaTeMaTWKu (BUIIaJKOBA
BenuunHa &) Ta 3 (i3uKH (BUMAIKOBA BEJIMYMHA 7)) TPYNH CTyHeHTIB. [Ipu npomy
ominkam A, B, C, D, E mocraBumo y BignoBigHicTs uncia A-4, B-3, C-2, D-1, E-0.
Omxke, (£,7) — ABOBMMIpHA BHIIQJKOBA BEIMYMHA. Y HAIIOMY PO3MOPSHKEHHI €

1H(opMmaris rpo omiHKKA 10 CTyIeHTIB y BUTJISAAI TTAp BIAMIOBIIHUX YHCEI.

Crynent 1 (4,3)
CryneHr 2 (2,1)
Crynent 3 (1,2
Crynent 4 (2,2)
CrynmeHt 5 (4,4)
CryneHt 6 (3,2)
Crynenr 7 (0,0
CryneHr 8 (1,0)
CryneHr 9 (0,0
Crynent 10 (2,0)
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[IpuitmMaroun BIOHOCHY 4YacTOTy Mapu 3a ii HMOBIPHICTh, CKJIACTH 3aKOH
posnoainy &, n . 3HalTH KoeilieHT Kopensiii BeauduH &, 77 1 BIIKOMEHTYBATH HOT0

3Ha4YCHHA.

Pos36’s3anns. TlepenuiieMo nani y BUTIISIAL TaOJIALIL:

E\ng 0 1 2 3 4 P,
0 0,2 _ _ _ B 0,2
1 0,1 0,1 _ B B 0,2
2 0,1 0,1 0,1 _ _ 0,3
3 _ _ 0,1 _ B 0,1
4 _ _ _ 0,1 0,1 0,2
q, 0,4 0,2 0,2 0,1 0,1 1

Bunwumemo psiau po3noainy A1 KO>KHOT BUTIAIKOBOT BETUYUHU & Ta 7

OKpEMO.
Psin posnoainy &
X, 0 1 2 3 4
Py 0,2 0,2 0,3 0,1 0,2
Psin posnoainy 7:
Yi 0 1 2 3 4
qi 054 0;2 012 011 O’l

3HaiiieMo MaTeMaTUYHe CIOIIBaHHS, TUCTIEPCIIO Ta CePEAHE KBAPATHIHE
BIJIXWJICHHS BUTIAJKOBO1 BETUYUHU & .

4
M,=> X -p,=0-0,2+1-0,2+2-0,3+3-0,1+4-0,2=109;

D, =M{(£-M)}=> (% ~M.)’p,=(0-19)*-0,2+

+(1-1,9)%-0,2+(2-1,9)%-0,3+(3-1,9)>-0,1+ (4—1,9)*-0,2 =1,89;

o, =,/D, =1,37.

3HaiiieMo MaTeMaTUYHe CIO/IIBaHHS, TUCIIEPCIIO Ta CePEAHE KBAPATHIHE
BIJIXWJICHHS BUTIQJIKOBO1 BETUYNHH 7] .

4
M, =>y,-q,=0.0,4+1.0,2+2.0,2+3.0,1+4-0,1=13;

i=0

144



D, =M{(7 - l\/|,7)2}=Z(yi ~M,)%q,=(0-19)*-0,4+

+(1-1,9)>-0,2+(2-1,9)*-0,2+ (3-1,9)°-0,1+ (4-1,9)2-0,1=1,81;

c,=,/D, =135.

3HailieMo KOpesIiitHuii MOMEHT BeIMYuH & Ta 7).

4
kgq = M{f'ﬂ}— Mg ) Mq = Z X Yi Py _Mg ’ |V|,7 =

i,k=0

=0-0,2+0-0,2+1-0,1+0-0,1+2-0,1+4-0,1+6-0,1+
+12-0,1+16-0,1-1,9-1,3=4,1-19-1,3=1,63

KoediuienT xopemnsmii:
. kfn _ 1,63 _
¥ o,-0, 137135
Ockinbku KOe(]illeHT Kopensiii € Onu3bkuid 10 1, MOXXHa BBaXkaTu , IO

BEMYMHU & Ta 77 TOCTATHHO TICHO MOB’S3aH1 MK COOOIO JIIHIMHOIO 3aJ1€XKHICTIO.

3a0aua 11.2. Cuctema HemepepBHUX BHIMAIKOBUX BeauuuH (&£,7) Mae

IIIJIBHICTD
PO3IOLTY KMOBIpHOCTEH
a(xy +y?), (x,y) D,
f. (X,y)= D={(x;y):0<x<L0,5x<y<x}.
fln( y) {0, (X, y) ¢D. {( y) y }

3HalTH 3HA4YCHHS CcTayjoi a, mareMmaruddi cmomiBanus M (E) ta M(n),

cepenni KBanparnudi Bigxuienns o($) 1 o(n), xopensuilinuii moment K., i
KOCQILIEHT KOPEILi I, .
Poss’sizannsn.  JIis  OOYMCICHHS KOHCTAHTH & CKOPHUCTAEMOCH YMOBOO

HOpMYBaHHS (PYHKIIIT IITBHOCTI, a came: J.J. fe,(X;y)dxdy =1. Toui
D

Ha(xy +y?)dxdy =a I _[ (xy + y?)dxdy =

00,5x

1 2 2 3 3 1 3
a~j X(x__0,25x )+(x__0,125x ) dx:a-jﬁ:g
0 2 2 3 6 6

0

3BiAKK a =1 Tomy a=6.
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MaremaTtuuHe ciofiBaHHs 3HaiaeMo 3a popmynoro M (&) = J. I x f., (X;y)dxdy.
D

OTtpumyemo

1 X 1
M (£) = 6] x(xy + yz)dxdy:6jx( | (xy+y2)dy]dx:6 %x“dx:gzo,&
D 0 0

0,5x

Amnasoriyto, 3a ¢opmynoro M (7) = ﬂ y f., (X;y)dxdy obGuucnroemo marematndHe
D

CIO/IIBAHHSA

1/ x 1 4
M (7) = [ y(xy + y*)dxdy =GJ( [ (xy?+ y3)dy)dx =6 (Mde -
D 0\ 05x 0 12
=0,6325~0,63.
Kopucryrourcs dpopmynoro D(E) = M (%) —M2(&) obunciumo mucrepeito &

D(£) =6[[ x*(xy + y*)dxdy — (0,8) ~ 0,0267,
D

cepeaHe KBaJpaTuuHe BiAXWIeHHS o (&) = \/ D(¢) = \/0, 0267 ~0,163.

AHanOT14HO, JJIs1 BEJIMYUHHU 7] : OOUHCITIOEMO JTUCTIEPCIIO:

D(17) =M () —M?(17) = 6[[ y*(xy + y*)dxdy — (0,63)* ~ 0,428;
D

CepelHE KBaJApaTUyHE BIIXWICHHS o (1) = \/ D(n) = \/0, 428 ~ 0,654 .

Kopensmiitnuit MOMEHT 00YnCINMO 3a bopmyoro (11.2):
Ky = [[ %y f (x;y) dxdy — M (£)M (17) = 6] xy(xy + y®) dxdy —0,8-0,63 ~ 0,021.
D D

KoeditienT kopensiii o6uncanmo, kopuctyrouncs (11.3):

o001
" 0,163-0,654

To6to Benmuuunu & Ta 17 c1ab0 KOpEIbOBaHi.

3aoaua 11.3. Hexaii 3 kpyra {(X, y):x2+y2£1} HaBMaHHS OOMPAETHCS

BUIAJIKOBA TOYKA (BCI MOJIOKEHHS TOYKH Y Kpy3l € PIBHOMOKIMBUMH, MAEMO
PIBHOMIpHUN pO3M0LT). 3HANTH CyMICHUI PO3MOJIII MOJSPHUX KOOPJIMHAT p Ta

¢ i€l Touku. Yu OynyTh BOHU HE3aJIeKHUMU?

Po3zs’si3anns. Hexait Touka Mae BUMAJAKOBI IEKapTOB1 KOOPAMHATH (f ;7).

146



3HaiineMo cymicHy (GYHKIIO PO3MOLTY MOJSPHUX KOOPAMHAT p Ta ¢  IIEl

TOYKH

F,, (X ¥)=Pip<xp<y]

OueBugHo, mo 0<p <1, 0<¢p <?2m.
OKpeMI 00J1acTi, 1110 MOPOJIKYE TaKe pO3OUTTS.

I)x<0abo y<0 = F (xy)=0;
)x>11 y>2r = F. (x,y)=1;

30<x<1; 0<y<2m

Tonai MaeMoO TakHMii pUCYHOK

NI

Puc. 11.1.

v

ToMy I5OTIYHO PO3IIIAHYTH

Tyr C — cekrtop kpyra pagiyca X 3 kyrom Y. Tomi (32 TeOMETPHYHUMH

WMOBIpHOCTSIMU) Tpeba 3HAUTH UMOBIPHICTH, IO KUHYTa HABMAHHS B OJUHUYHUN

KpYT TOYKA MOMAJIE 1 B 3aIITPUXOBAHUI CEKTOP.

2

Yy
__2 _
Fopxy) = nl?2  2m
N0<x<1; y>2m
A
y

Puc. 11.2.
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Y nanomy Bumagky C — wMajeHbkuil Kpyr pazaiyca x. Tak camo, 3a

r€OMETPUYHUMHU HMOBIPHOCTSIMH Ma€EMO

2
X~TT 2

E ,(x,y) =—=x
b (X,Y) = —
5)x >1; 0<y< 2nm. PucyHok MmaTume Bke iHIIHH Burisa, odaactio C Oyzae

ceKTop paziyca 1.

v

g
NIV

Puc.11.3.

Y npomy Bunanky F, ,(x,y) = % :

3anuiieMo 3HalaeHy (PYHKIIIO PO3IMOILTY.

r 0, AKILIO x<0 abo y<0;
x2y
Er ako 0<x<1; 0<y<2m;
2 . .
E),¢(x,y)=<’;' AKILO 0<x<1; y>2m
o gkmo x>1; 0<y <2m;
1, AKIL0 x>11i y>2m.
\

JInst 3HaxoKeHHS (DYHKIIN pO3MOALTY OKPEMO p 1 ¢ IIYKAeEMO I'PaHUIIl
0, AKIIO x<0;
2 AKIIO0 0<x<1;

B,() = lim E,,(x,y) = ix
1, AKIILO x > 1.

0, AKILO y <0;
: y
Fy(y) = xll_)fréo Fo(x,y) = o akmo 0 <y < 2m;
1, AKILO0 y > 2.
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Sk My 6auMMO, yMOBa HE3aJIEKHOCTI BUKOHYETHCS
E,o(x,y) = F,(x) - F, ().

BI/IHaI[KOBi BCJINYMHU € HC3AJICKHHUMU.

3aBIlaHHﬂ JJIA CAMOCTIIIHOI0 BUKOHAHHS

11.1. JIBoBHMipHA XMCKPETHA BUIQJKOBA BelM4uHa (&,77)3a1aHa 3aKOHOM

PO3IOILTY:
E\n 1 2 3 4
2 0,05 0,10 0,04 0,01
5 0,02 0,08 0,07 0,03
8 0,13 0,22 0,19 0,06

3HaANTH 3aKOHU PO3MOJIIITY KOKHOT KOMIIOHEHTH, 1X MaTeMaTU4H1 CIIO/IIBaHHS
Ta KOe(DIIIEHT KOpesIlii.

11.2. JIBoBuMipHA IUCKPETHA BUIAAKOBA BenuunHa (£,77)3a/aHa 3aKOHOM

PO3MOILTY

E\n 4 5 6 7 8
1,5 0,02 0,07 0,13 0,28 0,10
2,5 0,11 0,08 0,05 0,12 0,04

3HANTH 3aKOHU PO3IOLTY KOKHOI KOMIIOHEHTH, iX MaTeMaTU4IH1 CIIOAIBaHHS
Ta KOe(DIIiEHT KOpesIlii.

11.3. JIBoBuUMipHa JUCKPETHA BUIAAKOBA BenuunHa (&,77)3aaHa 3aKOHOM

pO3MOALTY
E\n 1 2 3 4
3 0,02 0,10 0,07 0,01
6 0,05 0,08 0,04 0,03
9 0,10 0,10 0,09 0,03
12 0,03 0,12 0,10 0,03

3HaNTH 3aKOHU PO3IOIITY KOKHOI KOMIIOHEHTH, iX MaTeMaTU4Hi CIIOAIBaHHS
Ta KOe(DIMEHT KOPEIIii.
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11.4. JIsoBumipHa BB (5 ,77) PIBHOMIPHO PO3IMOAiJIeHA BCEPEANHI TPUKYTHUKA
3 sepmmnaamu (0,0); (0,1); (1,0). 3maiitu Kk o TR MaTEeMaTU4YH1 CIOiBaHHS
KOMIIOHEHT.

11.5. lI{ipHICTHF HOPMAJIBHOTO PO3MOJITY HMOBIPHOCTEH CHCTEMHU BUITAKOBUX
BemaumH (&,7) mae Buraan . (X, y)= ae ¥ ov10Y xR yeR.

3HaiTH 3HAYCHHS cTajoi a, maTtemMaTu4dHi criofiBanus M (&), M (n), cepenHi
KBajpatnyHi Binxuienns o(&), o(n), xopensauiinuii Moment K. i koediuieHt
KOpeJsii M-

11.6. Bigomo, mo P{& <100}=0,3; P{n <20}=0,4; P{& >100;7n > 20}=0,42
. 1) 3naiitm P{& >100; 77 < 20}. 2) Yn MoxyTh OyTH HE3aIC)KHUMHU BEIUUMHU & Ta 7}
2

11.7. Bigomo, mo P{& <10}=0,3; P{nn <200}=0,4; P{& >10;7n>200}=0,32.
1) Yu € Hezanexuumu Benmanan & ta 77?7 2) 3naitn P{< <10; n > 200}.

11.8. 3a maHHUMH CIIOCTEPESKEHb JIBAa MOKA3HWKU & Ta 77 € HE3aIC)KHUMHU.
3HaveHHs IuX Nokas3HuKiB Taki, mo P{<G}=0,3, a P{n<G}=0,1<, ne G ta H
neski (DiKCOBaHI BeMUYHMHU. 3HAWTH HAcTymHi iiMoBipHocTi: 1) P{E>G;n>H}; 2)
P{&<G;n>H}.

11.9. Benumuunnu & Ta 7 € HE3AICKHHUMH HOPMAIbHO PO3MOAUICHUMH,

MaTeMaTU4Hl CIOJIBaHHA SKUX m.; m cepeqHl KBaApaTHYHI BIOXWICHHS O.; O, .

n’ n
3HaiiTh: 1) MIBHICTH PO3MOALTY JIBOMIpPHOI BUNaAKoBOi Benmmuuuu (&;77); 2)

M{S-n}.
11.10. Benmumnu & Ta 7 € HE3aJICKHUMH HOPMAIBHO PO3MOALICHUMH,
MaTeMaTH4YHl CIIOJIBAHHSI  SIKHX m. =150; m, =250, cepemHi KBaapaTH4HI

Binxuienns o, =50; o, =80. 3naiitu P{100 < & < 200; 200 <7 <300} .
11.11. Beepenuni kBagpata D = {(X, y)eR?,0<x< %,O <y< %} JIBOBUMIpHA
WIBHICTE po3moziny 3anana dopmymnowo f. (X,y)=cosx-cosy, a 30BHi KBagpara
f.,(X,y)=0. loBecTn, 10 KOMIIOHEHTH & Ta 77 HE3AEKHI.
11.12. Bcepenuni kBampata D = {(X, y)eR%,0<x<7,0<y< 7z} IIUTBHICTH
posmoziny IBOBUMIpHOI BumajakoBoi BenmunHd (&,77) 3agaHa  (OPMyIIOKO
fe,(Xy)= %Sin X-Siny, a B iHIMX To4kax mpocTopy R” fe,(x,y)=0.

3HaliTU: MaTeMaTW4HI CIOJIBaHHS Ta IUCTEPCii KOMIOHEHT, KOPEIAIIHHUI
MOMEHT & Ta 77 .

11.13. 3amano (yHKIIIO MIIBHOCTI PO3MOJALTY HMOBIPHOCTEW JBOBUMIPHOI
HENepPepBHOI BUNAIKOBOI Benmuunu (&,77):
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(4xye‘y2"‘2 ) (x,y) e D,

O; (X’y)¢D’
3HallTM MaTeMaTW4yHl CHOJIBaHHS Ta JAuclepcli KoMmoHeHT & Ta 7.

f., (x,y)= ne D={(x,y):x=0,y>0}.
O06unCIUTH KOpeJALiiHUA MOMEHT & Ta 77.

11.14. 3amano GyHKIIO MITLHOCTI CHCTEMH BUIAIKOBHUX BeMuuHH (&£,77) :

2 22 2 (X Y)eD,
fo, (% y) =4 720+ X*)(4+Yy?) ne D={(x,y):x>0,y>0}.

0, (x,¥) ¢ D,

BI/ISHa‘-II/ITI/I, Y1 € KOMIIOHCHTH 5, n HC3aJIC)KHHUMU.

11.15. 3amaHo (yHKIIIO MIJIBHOCTI PO3MOALTY HMOBIPHOCTEW IBOBUMIPHOI
HENepPePBHOI BUNAAKOBOI Benmuunay (&,77):

a, (x,y)eD,
fm(x,y):{o’ (x ) gD, D={(x,y):-2<x<4,-3<y<5}.

3naiitu: crany a. Kopensauiiinuii moment K., Ta koediuieHT Kopemsuii Iy, .

BI/I3Ha‘-II/ITI/I, YH € KOMIIOHCHTH 5, n HCE3aJIC)KHHMU.

Bionoeioi
11,1 M(£)=M () =2 p()=D(n)= 2%,
1 1 1
11a MEO=ME) =ik, == M) =M () =Sk, ==
3L 5 .2
e A= M@ =M )=0:0(0) = o) = Gy =07, =0

11.6. 1) 0,28; 2) Tak. 11.7.1)Hi;2)0,28. 11.8.1)0,63;2)0,27.

1 _1[(x—m5)2+(x—m”)2]
2l o2 o2 .
e : T 2 M(E ) =m,-m, .

11.9.1) f. (xy)= 5
TT

&Y

11.10.0,3195. 11.12. M(&)=M (n)=%; D(£)=D(n)=7% —4;k,, =0.
LL12.M (£) =M (7) =2 B(¢) =D ()1~

1. .
1115, a=— ik, =01, =0.
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12. XAPAKTEPUCTHUYHI ®YHKIIIT

12.1. O3HaveHHs XapaKTepucTUYHOI PyHKUII Ta i BJIaCTHBOCTI

Xapaxkmepucmuunoro gynxuicto ¢(Z) BUNAAKOBOI BEIMUUHN & HA3UBAETHCS

KOMIUIEKCHO3Ha4YHa (yHKIIis JIMCHOT 3MIHHOI Z € R, 3a/1aHO1 CiBBIAHOIIICHHAM
. +w .
o(2) =M (e'*°) = M (cos(z&) +isin(zé)) = Ie'ZXdF(x).

OT)KG, JJIsA aMCerWIHMX BUITaAKOBUX BCIIMYMH O3HAYCHHS Ha6YBa€ BUITIAAY

p(z) =2 py,
k
JJIs1 a6COJZ707’l/IHO HenepepeHUux
+o0
o(z) = [ e f.(x)dx.

Xapaxkmepucmuuna @yHKYisi 0OHO3ZHAYHO 8USHAYAE PO3NOOIN BUNAOKOBOL GETUUUHUL.

Hpuknax 12.1. Hexaii BunagkoBa BenuunHa & Mae po3IMOAiI

s -1 1

p; 172 1/2

3HaANTH XapaKTepUCTUUHY (QYHKIIIIO & .

s . .1 a1
Pose szanns. @(z) = Me'# = e‘zz +e lzz = CO0S Z.

Mpukaag 12.2. 3HaiiT XapakTepUCTHUHY (DYHKIIIIO BUIIAIKOBOI BEIMUUHU &,

PO3MOiICHOT piBHOMIPHO Ha [a, b].

Pose’szanns. 1inpHICTE piBHOMIpHOTO Ha [a,b] po3mominy Mae BHUIJIS

1
_|=—, x€lab]; _ izg¢ _ (P jizx 1 _ L e _
ff(x)_{boc,l velop) 0 POTMET TR T
eizb_eiza
iztb—a)
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JlesiKi BJIACTHBOCTI XapaKTePUCTHYHUX (PYHKIIH
1.9p(0)=1. |e(z)| <1 paascix z€R.

Jlosedenns. Jiticuo, ¢(0) = M(e®) = 1. Takox, |@(z)| = |[Me'?| <
M|e#$| = M|cos z& + isinz&| = 1.

2. Qg 45,(2) = 0 (2) - g, (2), ne &,& nesanexni. (XapakTepucTHdHA
GYHKIIST CyMH HE3aJNeKHHMX BHIIAJKOBUX BEJIMYMH JIOPIBHIOE JOOYTKY iX
XapaKTepUCTHYHUX (DYyHKIIIN).

ﬂO@e@eHH}Z. Pe, +¢&, (z) = Meiz(f1+fz) — M(eizfl . eizfz)_

Mu 3HaEMO Taky BIACTHBICTh MAaTEMaTHYHHX CIOIIBaHb. MamemamuyHe
CNnoOiBaHHsI 00OYMKY 080X HE3ANEHCHUX BUNAOKOBUX BENUHUH OOPIBHIOE 00OVMKY iX

mamemamuunux cnodieans: M(&n) = ME-Mn. &,&, — HesanexHi, oTxe, e'%1,

e'Z82 _ tex He3aJekH1, 00 11e QYHKINT BiJl HE3aJeKHUX MK CO00I0 BeTUYMH. Takum
YHHOM,

M(e™51 - et#52) = M(e™1) - M(e'%2) = ¢, (2) - 95, (2).

3. Skmo M|¢|™ < oo , To cnpaBemmBa Totoxuicts @™ (0) = i"ME™; n >

4. XapakTepucTuuHy (PYHKIIII0O MOXHA pOo3KiacTH 3a hopmyroro Teitnopa

0e(2) = oo S ME™ 4 0(2™),

SKIO 1ICHYFOTh BIATIOBIIHI MaTEMaTHUYHI CITO [IBaHHSI.

Teepoorcenna 12.1. XapakrepuctuyHa (YHKISI HOPMAJIBHOTO DPO3MOAUTY 3
a?z?

napameTpamMu a, o2 mae Burnan @(z) = e’z .

Joseoenns. Cuepiry mpunyctumo, mo §~N(0,1), To0TO € cTaHZapTHOO
HOPMaJIbHO ~PO3HOJIINEHOI0 BENWYMHOKW. 3Haiizemo ¢p,(z). Buxopucraemo

Gopmyy
0(2) = j e (x)dx.

"’"(Z)‘rf mj_w

Cknanemo audepeHifianbHe pIBHIHHS AJI1 XapaKTEPUCTUUHO1T QyHKIIIT

lZX

e~ . dx = lzx__dx
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x2

2
lzx—— > = |lHT€I‘pY€MO olZX o™ 2

YyacCTUHaAMH v2 f

J izx_?dx = —2¢,(2).

<p7,(2)—\/_j

= —¢€

V2m

lZXe 7

[Tepmmit  momaHok gopiBHIOE 0, OCKIIBKH |elzx | = |coszx + isinzx| =

x2

1,ae 2z - 0;x > +oo.OTxe,

90,17 (z) = —ZPy (2).

Lle piBHSIHHS 3 BiIOKpEMIIOBAaHUMH 3MIHHUMU. [IpoiHTerpyemo:

| dﬁ((zz)) =~ | za
2

n(<pn(z)) = —%+ C

ZZ

Pn (z) = Cie 2.

Ockinbku @, (0) = 1 (Bnactusicts 1), T0 C; = 1.

HNani, sxmo E~N(a,d?), To n = E?Ta ~N(0,1). Cupasni:

P{n<x}=P{¥<x}=P{€<ax+a}=

ox+a _(t—a)z
e 20% (dt
\/ZHGJ_

Z:t_a' o .[x _éd
= o | = e 2dadz
dt = odz V2To /oo

Tomi ¢ =a+on Ta

o . . 0%z
§0§(Z) — Melaz+izon — elaz(pn (6z) = pldz——5—

TBepIKEHHS TOBENIECHO.

12.2. Cnadka 30iskHicTh po3noaijiiB

[MocnigoBHICTh BuMaaKkoBUX BeianduH {&,} 3 QyHkuismu posmoainy F,(x) =
P{¢&, < x} 36izaemuca crabo no BUNAnKoBOi BeauuuHH ¢ 3 (YHKIIEIO PO3MOIITY
F(x) = P{¢ < x} (nosnauenns &, = &), sxmo F,(x) — F(x) nnas Bcix 3HaYCHb X,
SKi € TOuKamMu HerepepBHOCTI GyHkiii F(x).
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Teopema JleBi. /lns Toro, mo6 mama wmicue ciaabka 301kHICTE &, a0 &
HEOOXIIHO i JOCTAaTHBO, 00 P¢, (2) — o (z), n — oo i BCiX Z.

Mpuxnag 12.3. (Teopema Ilyaccona) Hexaii X, — GiHOMianpHa BHUMAJIKOBa
BEJIMYMHA, PO3MOJJICHA 3 MapaMeTpamu n, p,. dosectH, mio gkmo np, — A,n —
00, TO po3moaiT X, 36iraerscs n0 [lyaccoHIBCHKOTO 3 TapamMeTpoM A.

Poz¢’azanns.  CnodaTky 3HaleMO XapaKTepucTuuHy O¢yHkuiio X,. Sk
BiIOMO, O1HOMialbHY BHUMAJKOBY BEIUYMHY MOKHA IPEACTABUTH 3a JIOMOMOTOIO
CYMH BUTIIAJKOBUX OJTHAKOBO PO3MOIIJICHUX HE3AJICKHUX 1HIUKATOPIB:

Xn = 2?:15510 Ae & =
{ 1 3 iMoBipHicTIO p,,, (Tomis A BinOymach),
0 3 iimoBipHicTIO 1 — p,,;, (mozis A He BigoOyJs1ach).’

BiamiTumo, 1o xapaktepucTiuuHa QyHKIIS 1HANKATOPA:
<P§k(z) = Me'#Sk = eizpn + (1 —pr).

CkopucTaBIIMCA BJIACTUBICTIO (2) XapaKTepUCTUYHUX (DYHKIIHA, MOKEMO

. 73T X.¢. cymu
3pOOUTH Taki TEPETBOPCHHS: z) = Me2i=1%k = | -
p P p Px, (2) He3a/IeXKHUX B. B.

Z=1 Meika — (eizpn + (1 . pn))n _ enln(1+pn(ei2_1)) |

n

. yl :
3po6uMo 3aMiHy P, = — Ae A, — A, n — oo 1 po3kiaziemMo 3a GopMyJIor0

Teiinopa norapupm: In(1 + x) = x + o(x) .

n1n<1+%(eiz—1)> _ en(%‘(eiz—l)+o(%)) _ eln(eiz—1)+o(1) .

‘PXn(Z) =€
e/’l(eiz—l) .

A 1ie 1 € xapaktepuctudHa QyHkiis po3noauty Ilyaccona. Teopemy nmoBeneHo.

3anumanHnsa 01 CAamMOKOHMPOJI0

1. Il]o maxe xapakmepucmuyra yHKYis 6unaokosoi eeauvunu? Hasecmu ghopmynu
iX 3HAX002HCeHHs 0N OUCKPEMHUX | ADCOIIOMHO HenepepeHUX BUNAOKOBUX BETUYUH.

2. Hagecmu enacmugocmi xapaxmepucmudHux @QyHKyitl.

3. Homy Oopisnioe xapaxmepucmuuna @QyHKYis HOPMAIbHOI BUNAOKOBOI 8eTUYUHU 3

napamempamu a =7, ¢ =3 ?
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4. Ceopmyntosamu meopemy Jlegi. Hx moocna  O0osecmu caabky 30ixcHicmo

NOCTIO0BHOCMI BUNAOKOBUX BEIUYUH, CNUPAIOYUCHL HA Anapam XapakmepucmudHux
Gdynxyiu?

5. losecmu meopemy Ilyaccona 3a 00nomo2o1o0 XapaxmepucmuyHux QyHKyii.

Po3B’si3yBaHHS TUIIOBHUX 3a/1a4

3aoaua 12.1. 3HaiiTu XapaKTepUCTUYHY (DYHKI[IIO BUMAJAKOBOi BEJIUYUHU ¢,

. . L
posmoaiacHoi 3a 3akoHoM [lyaccona: P{¢ = k} = e A k=01,..,n,..

(eiz2)"
k!

L _
Pose’sizanns. ¢(z) = Yr-o eleﬁe A=y,

k
o o X x .
3acTOCYEMO CTaHIAPTHHIA PO3KIAT ) p - T =er. Toni

o(z) = e tphe” — pA(e?-1)

3ao0aua 12.2. BunankoBa BenuuuHa ¢ Mae ramMa-posmoil 3 mapamMeTpaMu

(a, B). Le o3nauae, 1mo ii UIbHICTH

Ba
fo ={r@* ¢ x>0
0, x < 0.

(T(a) = fooo x%le™ dx — rama — QyHKLin).

JloBecTH, 110 XapakTepucTuuHa GyHKIis ¢ 1OpiBHIOE

a

ﬁ—iz) '

o(z) = (

Po3zé’azanns.

(0] ) ﬂa fw ]
— izx — izx ., a—1,—-Bx —
¢ (2) f_ooe f(x)dx o) ). e x* e P*dx
— x@1o=x(B=i2) dy = dy —
I'(a) J, dx = iz
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a 0 a— af°° a-1,- a
F'fa)jo (,Bi]iz) le_yﬁciyizz(ﬁfi) : yr(ae) ydyZ(ﬁi‘z) '

(TyT MH CKOPHCTAIUCH TUM, O [ Ooo y*le™Vdy =T(a)).

3aoaua 12.3. Bunaakomi BemuuuHu ¢&;,§, HE3aJIeKHI 1 MalOTh rama-

posnoxin 3 mapamerpamu (@, B) 1 (a,, B) BigmosigHo. Jl0BECTH, IO BUIAIKOBA

BenuuuHa 711 = &; + &, Mae raMa-po3noJIlI 1 3HAWTH MapaMeTPH LIbOrO PO3MOJILITY.
Po3zé’azanns. Ockinbku

B \" B \*

v, (2) = (,8 - iz) P ve(D) = (ﬁ — iZ) ;

a &;,¢&, He3alexHl, TO 3a BIACTUBICTIO (2) XapaKTepUCTUYHUX (DYyHKIIIN

a;t+a;

Perve,(2) = (B f iz)

ToOto 1 Mae rama-po3mnoain 3 mapamerpamu (@ + ay, ).

3aoaua 12.4. 3uaiiTu mMaTeMaTUYHE CIIOAIBAHHSA 1 JUCIEPCII0 HOPMAJIbHOI
BHMIIAJKOBOI BEJMYMHU &, PO3MOJiJIEHOi 3 mapameTpaMu a i 02, 3a JOMNOMOIO0
XapaKTEPUCTUYHOI (DYHKIII].

Pose’szannsn. 3a BnactuBicTio (3) xapakTepuctnunux (yHKuiin ¢@'(0) =
iM&;,  @''(0) = i?Mé&? = —Mé&2. BHKOPUCTOBYIOUH TBEPKEHHS po
XapaKTEpPUCTUYHY byHKLI1I0 HOPMAaJIbHOTO po3noainy, Ma€eMO:

O'ZZZ ! . 0'222
@' (0) = (elaz_ 2 ) l,=0 = (elaZ_T> (ia — 0%2) |,z = ia = IMé§ = Mé=aqa.

2.2 144
11(0) _ (iaz-Z2 _
() = (e 2 |z=0 =

o272

0'222 .
(elaz_ 2 )(ia —0%z)*+ (elaZ_T> (—02)|y=p = —a* —0? = -ME&* =
Mé? = a? + g%; DE = Mé? —a? = g2,

3aBZlaHHH JJIA CaAMOCTIIfHOT0 BHUKOHAHHS

12.1. Hexaii BunajgkoBa BeMyrHa ¢ po3MOALIeHa HACTYITHUM YHHOM

3 -1 0 1

p; 1/3 1/3 1/3
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3HalTH XapaKTepUCTUUYHY QYHKITIIO & .

12.2. Hexait &;,¢&,,...,&, — He3alexHI OJHAKOBO PO3MOAIICHI BUITQJKOBI
BEJIMYMHH, PO3ITOJILT IKUX MA€E BUTJIS
& -1 1
i 1/2 1/2

3HalTH XapaKTepUCTUUHY (QYHKIIIO BENMUYUHU S, = & + &5 + -+ + &,

12.3. O6uncnuTy XapakTepucTuuHy QyHKIIi0 a)po3noairy Ilyaccona 3
napameTpoM A; 6)01IHOMIaTLHOTO PO3MOILTY 3 MapaMeTpaMu p 1 m;
B)T€OMETPHYHOTO PO3MOJILTY 3 TTAPAMETPOM P .

12.4. BunaakoBa BennunHAa ¢ Ma€ TTOKA3HUKOBUN PO3MOILT 3 MapaMeTpoM A.
OOuucimutu XapakTepucTHyHy OQyHKIII0O ¢. 3a J0MOMOTOI XapaKTePUCTUYHOI
GyHKIIT 3HaWTH MaTeMaTUYHE CIIOIIBaHHS 1 JUCTIEpCito ¢ .

12.5. JloBectH, 110 kim0 ¢ (z)- xapakrepuctuuHa ¢yHkiis &, To n = a + bé
Mae XapakTepucTudHy Qyskuiro e'“ @ (bz).

12.6. Hexait &, 1 &, — He3alle)kH1 OJTHAKOBO PO3IOALICHI BUNAAKOB1 BETUYNHU
3 XapaKTePUCTUYHOIO (YHKIE  ¢@(z). 3amucatd XapakTePUCTHUHY (DYHKIIiFO
BUITIAJIKOBOI BEIMYUHU 1) = &; — &,.

12.7. BumankoBa BeaudyuHa ¢ Ma€ JBOCTOPOHHIM MOKA3HUKOBUN PO3MOALT 31

x|

o 1 . :
miIbHICTIO p(X) = Se ", X ER. 3HalTH XapaKTepUCTUYHY (PyHKLIO &.

12.8. BunaakoBa BemuumnHa ¢ Mae posmoxin Komn 31 mimbHIicTIO p(x) =

1 a . :
g 47 0. 3HaiiTi xapakTepucTHuHy (PyHKIIIIO &.
12.9. Bunaakora BEJIMYMHA '3 Mae HTBHICTD PO3MOILTY
0, x| > a;

p(x) =11 |x| 3HaiiT XapakTepucTHu4IHy QyHKIIiO ¢,
5(1—7), |x|<a
12.10. BukopucToOBYIOYH amapat XapaKTepUCTUIHUX (DYHKIIIH, JOBECTH: SIKIIIO

& 1 &, HesanexHi, po3NOJideHi HopMambHO 3 mapamerpamu: &; ~ N(aq, o?);
&, ~ N(a,,02), To BUNaaKoBa BenuuuHa 1) = &; + &, Tex po3NojiIeHa HOPMAILHO
n ~ N(a; + ay, o + 02).

12.11. Hexait &, ¢, — He3anexH1 BUMAJAKOBl BEJIMYWHU, SKI MAIOTh PO3MOILT
[Tyaccona 3 mapamerpamu A, Ta A, BianoBimHO. J[oBecTH, 0 BHITaIKOBA BEIMYMHA
n = & + &, mae posnoaun [lyaccona 3 mapametpom A +A4,.

12.12. 1. BunaakoBa BenuurHa ¢ Mae raMa-po3nojin 3 nmapamerpamu (a, ) .

a
JlosecTtu, 110 XapakrepucTudna GpyHkitis ¢ nopiBHioe @(z) = ( ﬁf iz) :
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2. BumankoBi BemmumHM &; 1 &, HE3QJIEXKHI 1 MamOTh TaMa-po3MOALT 3
napametpamu (@4, f) Ta (a5, f) BiamosigHo. JloBecTH, 10 BUIIAIKOBA BEIMYMHA 1) =
&1 + &, Mae rama-posnozin 3 mapamerpamu (a;+a,, ).

12.13. Hexait fp,n — BUNAJKOBa BEJIMYHHA, PO3IMOJJIEHa 3a OIHOMIaJIbHUM
3aKOHOM 3 TlapameTpamMu p 1 n. JloBectH, mo komu n — o, p — 0, pn — 1 < ©
, TO PO3MOJILJT BETUYUHU fp,n cnabo 30iraeTbCs 10 PO3MOALTY BUMAAKOBOI BEJIMUUHU
¢;, po3mnofineHoi 3a 3akoHoM Ilyaccona 3 mapametrpom A.

12.14. Hexaii ¢, - BumagkoBa BeTM4nHA, PO3MOIiieHa 3a 3akoHOM Ilyaccona 3

napameTpoM A < co. JloBecTu, mo mpu A — 00 PO3MOIIT BUMAIKOBOI BEITUYHHH
_ sa—h
Va
CTaHJAPTHUI HOPMAJIBLHHUI PO3MOILI.

30iraeThCs C€nabo0 0 PO3MOMITY BHUNAAKOBOI BEIWYMHH, IO Mae

12.15. Hexait  {{,,n =1} - MOCIIAOBHICTh HE3aJICIKHUX  OJHAKOBO
PO3HOMIIEHMX BHUNAAKOBUX BEIWMYMH, npuaomy M¢E, =a > 0. Hexaii v,
He3alexHa Bif {§,} BUMaJKOBa BENWYHMHA, PO3MOIIICHA 32 TEOMETPUYHUM 3aKOHOM

I o l¢
3 mapameTpoM p > 0. Po3riisiHeMO BUIAJKOBY BENUUHHY (), = X~ . &
1. osectu, mo mnpu p — 0 po3moaiin BUNAIKOBOI BEJIUYUHU PJ;, 30IracThes

cmabo 0 PO3MOJIIY BHUMAAKOBOI BEIMYMHH {, PO3MOMIICHOI 3a TMOKA3HHUKOBUM
1
3aKOHOM 3 MTAPaMeTPoM —.
2. Hexait M& =0; D& =o0?>0. JloBecTu, 1O PO3MOMII BHIAIKOBOI

BEJIMYMHM / Py, Tipu p — 0 30iraerhes €nabo 10 po3nojaily BUNAJKOBOI BENHYUHY 3

XapaKTEPUCTUYHOKO (PYHKIIICIO (1 + %2202) 1.

12.16. BumankoBa BenumunHAa ¢ HA3WBAETHCS CUMETPHYHOIO, SKIO & Ta —¢&
MaroTh OJHAKOBI (PyHKIIT po3moairy. JloBecTH, M0 CUMETPUYHICTh ¢ €KBiBaJCHTHA
JHACHO3HAYHOCT1 XapaKTePUCTUIHOI (PYHKITIT.

12.17. Hexaii mOCiOBHICTh BHITAQJKOBUX BEIHYHMH {&,,m = 1} posmomiacHa
nopmansho: &, ~ N(a,,0,%), 1 Hexait a, — a, 0,2 — 0 npu n — oco. JloBecTy:
pPO3MOiIN BUMAAKOBOI BeMMUMHU &, 30IraeThCs MpPU N —> 00 [0 PO3MOALLY,
30CEpPEKEHOMY B T. @, TOOTO 10 pO3MOJAULYy BHUMNAIAKOBOI BEIMYMHU 7] = a 3
UMOBIpHICTIO 1.

12.18. BumankoBa BenuunHa &, 3aJ1aHa PO3IOILIOM:

1 k S
P{fn=xk}=m,' Xk=;; k=0n.

1. 3naifTn XxapakTepucTUIHy QYHKIIO &, .

2. JloBecTH, 110 mpu n — o &, 30Ira€ThCcsi A0 PIBHOMIPHOTO PO3MOJAUTY Ha
[0,1].
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12.19. BunasnkoBa BenuuuHa &3, Ma€ raMa-po3mnonin 3 mapamerpamu (4, ).
ASpa—a

JloBectn cnabkKy 301KHICTh TNPU @ —> 00 BHIAJKOBOI BEIUYMHH (, = N

BUIIA/IKOBOI BETUYMHU {, PO3MOIIIEHO] CTAaHIaPTHO HOPMAJIBHO.
12.20. XapakrepucTuyHa (YHKI[ISI BUMIAAKOBOI BENTUYMHHU 31 muIbHICTIO Kot

fx) = —

w(1+x2)
(= ;Zﬁ:l &k, me &, posnoxaineni 3a 3akoHoM Ko 1 He3anexHi, TeX po3MmoiieHa 31

nopiBaoe  @(z) = ezl JloBecTH, 1[0 BHIAAKOBAa BEIMYHHA

mpHIcTIO Kormi.

Bionoeioi

1+2cosz
3 .

12.1. p(z) = 12.2. ¢(z) = cos™z.

iz

12.3.3) (2) = e 1) ; 6) p(2) = (pe” +1- P)m; B) 9(z) = _1_:;:(1_2,)'
A 1 1
124. 9(2) = .—; M§=+; D§=—.

12.6. @¢,—¢,(2) = 9?(2). 12.7. ¢(2) =
12.9. ¢(z) = —

a2z2

1
1422

12.8. p(z) = %e"‘”'.

(1 — cosza).
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13. TPAHUYHI TEOPEMMY TEOPII UMOBIPHOCTEIM.
3AKOH BEJIMKUX YUCEJI. TEOPEMA YEBHUIIIOBA TA i HACJIIIKHA

['pannuHi TeopemMu Teopii WMOBIPHOCTEH BCTAHOBIIIOIOTH 3aKOHOMIPHOCTI, SIKi
BUHUKAIOTh Y PE3YJbTaTi All BEJMKOI KITBKOCTI PI3HUX BUIAAKOBHX (PAaKTOPIB, KOJIH
YUCII0O BUNPOOYBaHb € HECKIHYCHHO BETUKUM. Pe3yiapTar KOXKHOTO OKPEMOTo
BUMNPOOYBAaHHSI MOXKHA Iepea0ayuTd JIMIIe 3 TIEBHOIO HMOBIPHICTIO, alie
y3arajJbHEHUN pe3yJbTaT BEJIMKOi KUIBKOCTI BHUIIPOOYBaHb CTAa€ JOCTOBIPHOIO
MOJIi€10, TIepecTae OyTH BUIMAKOBUM, BUSIBIISIE CTATUCTUYHY CTa01IbHICTb.

13.1. HepiBnicTh YUebumona

Jlema. Hexaii £ € HemepepBHOIO BHITQAKOBOIO BEIHMYMHOIO. Po3risHeMo

MaTeMaTUYHE CIO/AIBaHHS KBaJparta 1€l BETUYUHHU.

M{ﬁz}:szfé(x)dx: j X? f, (X)dx + j X? f, (x)dx >
—o0 xj<e x>
> j X* £, (x)dx > J.Ezfg(x)dx=82j f.(x)dx=”P(&]> ).
|X|25 |X|25 |X|25

Otxe, M {52} >e’P(¢|2€).

3BIJIKA OTPUMAEMO HEPIBHICTD:

M 2
P(|§|28)S¥ | (13.1)

JloBeieHHsT TPOBEACHO MJisi HEMEepPEepBHOI BUMAJAKOBOI BEJIMYUHU, ajie HEPIBHICTH
(13.1) cripaBmKy€eThCS TAKOXK 1 TS TUCKPETHOT BUTIAKOBOT BEJTUYHHH.

HepiBnicts YeOumoBa. SIkmo BumaakoBa BeinwynHa ¢ Mae CKiHYGHHE

MareMaTuyHe crofisanus M ¢ 1 CKIHYCHHY IUCIEPCIIO Dg, TO WMOBIPHICTH TOTO,

D

110 3HAYCHHS & BIAXUISIOTHCS Bif M P OlIbIIIE HIXK HA & , HE MEPEBUIILYE —f :
&

D
P(‘é:_Mg‘Zg)Sg_f . (13.2)

Jloeedenns. 3acTocyeMo nemy Juis Bunaaxosoi Bemuuunn ¢ — M., . IlincraBumo y

HepiHicTh (13.1) 3amicts & Bemmumny (£—M,):
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P(&-M,|2¢)< MM,
&

BpaxoByroun, mjo M {(f—M 6g)z} =D, , orpumaemo HepiBHicTs (13.2), sika i
Ha3UBAEThCS Hepignicmio Yebuuiosa.
SKI110 pO3TIIIHEMO MO0, TPOTHIICKHY A0 MO (‘5 -M g‘ > £), TO HEPIBHICTD

(13.2) MoskHa mepenucaTy y HaCTYIHINH (HopMi:

Dé
P(£-M,|<e) 21— (13.3)

Ipuxaang 13.1. Hexaif 3agaH0 BHUMNAAKOBY BEIMYMHY ¢, MaTeMaTHYHE
croxiBaHHs ~ Ta gucmepcis sikoi gopisuiotots M, D, Bimmosimmo, cepemne

KBaJpaTUYHE BIIXUJICHHS o :,/D§ . OuiHUTH WMOBIPHICTH TOTO, IO BUITAJKOBA

BEJIMYMHA BIIXWISIETHCS Bl CBOTO CEPEIHLOI0 3HAUEHHS MEHIIIE, HIXK Ha 3o £
Pos36 szanna. Y uepisHocri (13.3) noknagemo € =30 £ > TOIL

2
O: 1 1.8 089,
9 9

> =

P(‘i—M§‘<30§)21—90§

OTpuMaHa OIliHKa € JIOCTaTHhO rpydoro. Hampukiian, 11 HOpMaabHO PO3MOAUICHOT
BumagkoBoi &~ N(a;0) ng omiHkKa CKIagae 3a BigOMHUM IpaBuioM “3o ™

P(&-M,|<30)~0,997.
Hepiuicth YeOumoBa Mae TMEPEBAKHO TEOPETUYHE 3HAYEHHA  Ta

3aCTOCOBY€THCS MPU JOBEJEHHI 3aKOHIB BEJIMKUX YMCEJ, HAPUKIIad, IPU JTOBEICHHI
teopemu Yebwuiona.

13.2. Teopema YeOumona

Teopema. Hexait 51, 52, oy fn — He3aJIe)KHI BUIIAJIKOBI BEIMYMHU, K1 MAIOTh
CKIHYEHHI MaTeMaTH4Hi CHOAIBaHHSA m,,m,,...,m_ Ta aucnepcii D,D,,...,D, , mo

obmexeni y cykynnocri, tooto D, <B, i=1n, B=const, roxi

n—o0

Iimp{§1+§2+“'+§n _m1+m2+"'+mn
n n

> g} =0; (13.4)

1, (13.5)

Iimp{é:1+é:2+"'+é:n _m1+m2+"'+mn
n n

N—o0
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+&E +.+
Hoeedenns. PO3IISIHEMO BUIAAKOBY BEIMYMHY &= bt o b i
n

MaTEMaTHU4dHE CHOI[iBaHH}II
m+m,+..4m,

M§=M{§l+§2+"'+§n}=1M{§1+§2+...+§n}—

n n n

Jlucriepcito MOKHA OLIIHUTH TaK:

+&+.+E ] 1 C11Garen G =
szD{él 52 é}Z_ZD{§1+§2+---+§n}: 1152 =
n n He3ANEeIHCHI
_Db+D,+.+D, B+B+..+B_Bn_B
n’ - n® n> n

3actocyemo HepiBHocTi (13.4) Ta (13.5) mma BHUIAAKOBOI BETHYMHH

_atetate

n

g

3 mepiBHOCTI (13.4) BUIUIHBaAE

P{51+§2+...+§n_m1+m2+...+mn Zg}nggiz (13.6)
n n & ne
A 3 HepiBHOCTI (13.5) :
P{§1+§2+...+§n_m1+m2+...+mn<8}21_E§21_£2 (13.7)
n n & ne

V nepiBHocTsx (13.6), (13.7) nepeiinemo no rpanuii mpu N — o OTprMaemo:

25}:0;

< 5} =1. Teopemy noBezeHO.

Iimp{§1+§2+'“+§n _m1+m2+"'+mn
n n

n—oo

n n

nN—o

Iimp{§l+§2+...+§n m+m+.+m,

Hacniook. (YacTuHuuit BUnaaok teopemMu Yebuiona)

Hexaii 51, 52,---,;1 — HE3aJIeXKHI, OJIHAKOBO PO3IOIiJICHI BHITaIKOBI
pemmunnn, M {&} =a, D{&} =D, i =1,n . Toxi:
|imp{5l+52+'"+5n—a 25}:0, (13.8)
n—o0 n
|imp{51+52+'“+‘fn—a <g}=1. (13.9)
nN—oo n
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Bucnoeok. llpu Benukux N BUNAAKOBAa BeJIMYMHA, IO € CEPEIHIM
apu(METHYHUM  BHIAJKOBUX BEJIMYMH, MaiXKe HE BIAPI3HAETHCI BiA a:

+& 4.+ :
&t o n ~a . [i nucnepcis crae npakTHyHO Hy/IboBOW: D, <—~=~0.
n n

Teopemu YeOumoBa Ta IHIN TPaHUYHI TEOPEMH, IO OMHUCYIOTh
3aKOHOMIPHOCTI TIOBEIIHKM CEPEAHhOTO 3HAYCHHS BHUIIAJKOBHX BEJIMYMH TIPU
BEIIUKHX N, HA3UBAIOTh 3AKOHAMU BEUKUX YUCEIL.

3aKOHM BEIWKUX YHCEN CTBEP/KYIOTh, IO TMPU BEIUKAX N CepeaHe
apuMEeTHYHE BUMNAIKOBUX BEJIWYMH HAaOyBa€ BIACTUBOCTI CTaTUCTHYHOI CTIMKOCTI,
MOBOJUTHh ce0e SIK HEBUIIQJKOBA BEIWYMHA. Y MPAKTUYHOMY 3aCTOCYBaHHI IIe
O3HAYae, MO CepeAHiil pe3yabTaT JOCTATHHO BEIMKOI KiJTbKOCTI BUMIPIOBAHb JEAKOI
BEJIMYMHU OyJ€ CKUIBKU 3aBrOTHO OJIM3BKUM JI0 111€1 BETMYMHH, 110 BUMIPIOETHCS.

13.3. 30ixknicThb 3a iiMOBipHicTIO

["'oBOpSTH, 1O MOCIIIOBHICTD fn 30Ira€ThCsl 70 YHUCIa a 3a WMOBIPHICTIO,
P
nosHavaethes: &, ——>a, N —> 00
limP{|¢, —a|<e}=1.

nN—oo

, KMo guA  gosimpHOro Ve >0

Takum ynHOM, y TeopeMi Uebuiiosa

GT&tts, M+M+..+m
n n

P 50,n—>w®

13.4. Hacainku. Teopemu bepnysuii ta Ilyaccona

13.4.1.Teopema bepnyJuii
Teopema. Akio m — KUIBKICTb MOSB MOAIT A y N HE3AJIEKHUX BUITPOOYBAHHSX,
P — WMOBIPHICTh MOSIBU MOAII A y KOXXHOMY 3 BUIPOOYBaHb, TO JJI JIOBUIbHOTO
>0
. m
lim<|—-p|<er=1.

n—o0 n

Jloseoennsa. Hexail BinOyBaeTbcs cepisi N HE3aJIEKHUX BHUIPOOYBaHb, B
KOXXHOMY 3 SIKMUX TOJIs A MOXe BIIOYTHUCS 3 HMOBIPHICTIO p 1 HE BIOOyTHCA 3
“MoBIpHicTIO (=1-P.
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Hexait m kinbkicts noss mogii A: 0<M <N, BunaakoBy BenuduHy 7 MOXKHA

nmogatn sk cymy M=¢&+&E +..+&, ne & - immmkatop moxmii A B i-ToMy
sunpobGysanni: M (&) =1-p+0-q=p, D(&)=ap _

m +&,+...+
Bemmunna — = ot <

n n
3a ¢popmyioro (12.9) (vacTuHHMI BUTIAOK TeopeMu YeOuIosa):

€ 4aCTOTOKO ITOSBU MO A.

. m
lim<|—— p|<é&;=1. Teopemy noBeneHo.

N—o0 n

m

— =P . Omxe, npu

Teopema bepHymti cTBepKye, IO MPU BEIUKUX N n

BEJIMKHX N 4acToTa HO,ZIﬁ A crae HCBHUIIAJIKOBOIO BCIIMYHUHOIO. TeopeMa BepHYJ'IJ'Ii Jae
CTaTUCTUYHOIO ﬁMOBipHiCTIO, OTPHUMAHOIO B n IIOBTOPHHUX HC3aJICKHHNX
BI/Il'IpO6YBaHH}IX, 10 IMPOBOAATHCA B OAHAKOBHUX YMOBAX.

3aysarxcenna. B ymoBax teopemu bepHyin HepiBHICT, YeOuiioBa HaOyBae

m
Bursaay: P ‘F—p <g >1—ﬂ

ne?

besnocepenHiM y3aranpHeHHSAM Teopemu bephyii € Teopema Ilyaccona, komu
WMOBIPHOCTI MOJ1i y KO)KHOMY BUITPOOYBaHHS Pi3HI.

13.4.2. Teopema Ilyaccona

Teopema. fAxio M — yucio nosiB noii A y cepii N He3aJIeKHUX BUIPOOYBaHb,
y SKMX mofisi A Moxe BigOyTucs 3 WmoBipHOCTAMH Py, P,,...P, , Tomal pi3HUIA

m
BUIAJKOBUX BeJIMYUH — (YacToTa MOSBH MOJIi A), Ta CepeIHbOro apu(PMETHIHOTO
n

uMoBipHOCTEH [}, P),-.- P, , € 301KHOIO 32 IMOBIPHICTIO O HYJISL:

L R R o I

n n n—oo
13.5. llenTpasibHa rPaHMYHA TeopemMa
Teopema. Hexaii fl, 52 yreey é:n — He3aJe)KH1 BHITAJKOB1 BEJIMYMHH, IO MAIOTh
maremarnyni  cmomiBamas My, My, .., M, 1a  amcnoepcii D, D,,...,D,.
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Hexait icHy!OTh HEHTpalbHI a0COJIOTHI MOMEHTH TPEThOTO TOPSIKY, a came:

2/
i=1
ﬂi:M{|§i_mi |3} Taki, mo npu N —>oco0 o 3

(3D’
Zn:éti _Zn:mi

i=1 i=1

—0

Posrnsaemo BenuuuHy n™ =

[TomiTHMO, 1O 19 BEJIMYMHA € IIEHTPOBAHOK Ta HOPMOBAHOIO:
(n) M\ _

M {7} =0; D{n b=1.
OyHKIIA PO3MOALTY 11€1 BUTIAIKOBOT BETUIMHH - Fq(n) (x)=P {77(“) < x}

X

t
-5 1
Tomimpu N — oo Fw (X)—>F§o (x) = _[ __+T"'e 2dt=5+@(x)_

—00

(n)

ToOTo mnpu BenuKHX N BUMNAJAKOBA BEIMYMHA 1] MOBOJUTE ce0e SK

. n .
HopmanbHo posmoginena: 77" ~ N(0;1).
3 LEeHTPaIbHOI TPAHMYHOI TEOPEMHU K HACIIJIOK MOYKHA OTPHMATH JIOKAJIbHY
Ta IHTErpajibHy TeopemMu Myaspa-Jlamnaca.

13.6. JlokaabHa Teopema MyaBpa-Jlaniaca

Teopema. Skio y KoXHOMY 3 N HE3aJEKHUX BUMPOOYBaHbL MOMIIA A MOXKE
B11I0yTHCS 3 UMOBIPHICTIO p 1 HE BiA0OyTHCS 3 IMOBIpHICTIO (|, =1-p, TO WUMOBIPHICTH
P (m) Toro, mo noxis 4 BinOyneTsecst piBHO m pa3iB, HAOIMKEHO MOYKHA OOUYUCIIUTH
3a GOopMYJIOIO:

_(m-np)? R
P (m) ~ 1 o 2ma 1 m-np 1

V27 Jnpg "\ ) T

Ta0ynpoBaHa (pyHKIIA ["ayca, MUIbHICTh CTAHIAPTHOTO HOPMAJIBHOTO PO3MOALTY.

13.7. InTerpaabHa Teopema MyaBpa-Jlaniaca

Teopema. ko 311iiCHIOETECA N HE3aJIEKHUX BUMPOOYBaHb, Y KOXKHOMY 3
SIKUX MMOBIPHICTh ITOSIBH BUIIQJKOBOI MOJIIi A € BEIMUMHOIO CTAJIOK 1 JOPIBHIOE p,
TO UMOBIpHICTH P,(M, <m<m,) TOro, mo m, KIUIbKICTb IIOSBYU NOAIl A, HAJIECKUTH

iHTepBasy [M;,M,), HAOIKEHO JTOPIBHIOE:

P(m <m<m,)~o| 2P| g MZ0P

Jooa )\ Jnpg )
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2
1 ¢ -5 .
J'e 2dt — yukmis Jlarumaca. i 3Hauenns 3HaxoasThes B Jlomatky 2.
7T

2x

Mpuxnag 13.2. 3aBog Burorosisie 80% BupoOiB mepiioro copry. HaBmanus

D(x) =

Bii6pano 800 BupoOiB. SIka WMOBIPHICTH TOTO, IO YKCIO BUPOOIB MEPIIOTO COPTY
BUSBUTHLCS B Mexkax Big 600 1o 680 mTyk?

Po3zé’szanns. 3a ymoBOIO
p=0,8,q=0,2,n=800, m, =600, m, =680.
n- p==800-0,8=640, \/npg =+/800-0,8-0,2 ~11,3.
P(600 < m < 680) ~ @(M) - @(M) = 2@(4—0) =
11,3 11,3 11,3
=2 (3,5) =2-0,49977 =0,99954 .

3anumanna 011 CAamMOKOHmMpPOio

1. 3anuwime Hepienicmo Yebuwiosa. B axux ¢popmax ys Hepienicmeo
BUKOPUCTNOBYEMbCA HA NPAKMUYL?

2. Cpopmynrotime meopemy Yebuwiosa.

3. Cghopmynrotime nacnioxu 3 meopemu HYebuwiosa.

4. Chopmynrotime yeHmpanoHy epanuyHy meopemy.

5. Chopmynrotime noxanvhy ma inmeepanvry meopemu Myaspa — Jlannaca.

6. [{losecmu meopemy Ilyaccona 3a 00nomo2ot0 XapaxmepucmuyHux QyHKyii.

Po3B’s13yBaHHA THIIOBUX 3a/1a4

3adaua 13.1. imoBipHicTh MOABU MOAIT y KOKHOMY BHIPOOYBaHHI OJHAKOBA i
nopiBHioe 0,3. 3acTOoCOByrOYM HeEpiBHICTH UeOuWIOBa, 3HAWTH HaMMEHIIE YHCIIO
BUMNPOOYBaHb, HEOOXIAHUX IJII TOTO, 00 WMOBIPHICTh BIAXWJICHHS YacCTOTH MOJii
BiJl ii iMOBIpHOCTI Oyia 3a abcomroTHOIO BenuunHoo He Oinbie 0,01, 6inbmre 0,99.

P9

< sj >1- — , AKa € HaCIIJKOM
ne

Po36’s3anns. 3riIHO 3 HEPIBHICTIO P[

m
——Pp
n
HepiBHOCTI YeOurosa a1 61HOMIaIbHOTO PO3MOTY, SKIIO MPH BITOMUX 3HAYCHHSX
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P9
ne

P, Qi &, n Oyne BunpoOyBaHO TakuM, IO pisHUI 1— BUSIBUTHCSI HE MEHIIIE

JaHOi B yMOBiI HMOBIpPHOCTI P, TO OTpUMaemMo HepiBHiCTb 1——;>P, ska i
BU3HAYHTH IIIYKaHE HAWMEHIIIC YMCJIO BUTPOOYBaHb N .
s mepisuicts mpu p=0,3, ¢ =0,7,£=0,017i P=0,99 nae

1-93%0.75 5 99 a60 0,00 — 22— > 210000.
nx 0,01 nx0,01

Haitmenmie yucio sunpoOyBans gopisHioe 210 000.

3adaua 13.2. MaremaTuyHe CHOJIBaHHS IIBUJIKOCTI BITPY Ha JaHId BHCOTI
JOPIBHIOE 25 KM/T, a cepeaHe KBaJApaTHYHE BIAXWICHHS JIOpiBHIOE 4,5 KM/T. SIKi
HIBUIKOCTI BITPY MOXHA OUYIKYBAaTH 3 IMOBIPHICTIO, HE MeH1I010 0,97

Posz¢’azanns. 13 HepiBHocTi UYeOuimoBa BUILIMBA€E, IO SKIIO OpH JaHIA

D D. )
aucnepcii e &€ Oyne BuOpaHo Tak, 1o 1-— —=0,9, To ymoBa 3ajadi
&

BUKOHYBATHUMEThCS. OTPUMAEMO PIBHICTD, 3 IKOI 3HAUAEMO &

2
A _09=e=14,2.
&

1

Toni |¢€-25/<14,2, To6T0 10,8 < & <39,2.

3aoaua 13.3. Tucnepcis koxHOi 13 3000 He3aneKHUX BUMATKOBUX BEIMYUH HE
nepeBuiirye 6. OIIHUTH WMOBIPHICTH TOTO, 10 BIAXWICHHS CEPEIHHOTO
apu(PMETUIHOTO IMX BHUMAAKOBUX BEIUYHHH BIJ] CEPEIHBOTO apU(PMETHIHOTO iX
MaTeMaTHIHUX CIIO/IIBaHb HE MepeBUITUTH 0,3.

Po3zé’azanns. HepiBaicth YeOumoBa juisi N HE3aleXKHUX BUIPOOYBaHb Mae
BUTJISI

d

ne B — uucio, skuM 0OMexxeHa TUCIepcis.
3acrocyemo mro Hepisaicts npu € =0,3, B=6, n=3000, orpumaemo:

d

OT:xe, UMOBIPHICTH ITyKaHO1 noii Oinbiia 0,978.

§+§+m+@_%+%+m+%
n n

S+E +..+E, A ta+.ta,
n n

<0,3 >1—L2 ~0,978.
3x0,3
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3adaua 13.4. Yn MoxHa 3aCTOCYBATH J0 MOCTIAOBHOCTI BUIIAJKOBUX BEJINYHH

&, &, ..., &, TeopeMy HYeOMIIOBa, SIKIIO 11 BUIIAJKOB]1 BEIMYUHU MAOTh PO3IOALI:
Xy -100n 0 100n
Pk 1 1— 1 1
2n° n 2n°

Poszé’sizanns. IlepeBipuMO BHUKOHaHHS YMOBH TeopeMu YeOumioBa mpo
0OMEXXEHICTh IUCTIEPCi TaHUX BUMAIKOBUX BeTUMYHH. OCKUIBKU
1 1 1

M (fn) =-100n W +0- (I_Fj +100n- W =0, To aucnepcis

=10000-

2

2 2
~10000n 0 .(1_ 1 j+ 10000n
n

D(&)=M (5"2)_ 2n? 2n?

Orxe, M (ggn) =0 i gucnepcii D(én) =10000 , To 1o wi€l MOCIIIIOBHOCTI MOXKHA

3acTocyBaTu TeopeMy UeOuiona.

3aBaaHHA AJIfl CAMOCTIHHOI0 BUKOHAHHSA

13.1. I3 1000 Bupo6iB HaBmanHns Biniopano 200. [Ticist nmepeBipku cepes HUX
BUSBMIIOCH 15 OpakoBanux. OIIHUTH HIMOBIPHICTH TOTO, IO B IIiii MapTii OpakoBaHUX
BUp0oOiB Oyze He Oubiie 10% 1 He MeHue 5%.

13.2. Ckinibku BUPOOIB MOTPIOHO B3STH JUISI TIEPEBIPKU SKOCTI MPOAYKIIIi, 11100
3 WmoBipHicTIO 0,95 MoxHa Oyno CTBepAXyBaTH, IO YacTKa Opaky
BIJIpI3HATUMEThCS BiA WMOBIpHOCTI p =0,1 BuUmycky OpakoBaHOi AeTasll HEe OuIbIIe

Hik Ha 0,027

13.3. Jlo6oBa motrpeba eneKkTpoeHeprii B JaHOMY HACEJICHOMY ITyHKTI €
BUIIAIKOBOIO BEJIMIMHOIO, MaTeMaTUIHE CIIOAIBaHHSA sKoi popiBHIOE 2000 KBT./TOI., @
nuctepcis cranoBuTh 20000. OmiHUTH WMOBIPHICTH TOTO, IO B HAWOJIMKYIUKN JICHB
BUTPATH EJIEKTPOCHEPrii y IbOMY HaceleHOMYy MyHKTI OyayTts Big 1500 mo 2500
KBT/TO/I.

13.4. Hexaii WMOBIpHICTh TOTO, IO BIIPEMOHTOBAHWI TOJWHHUK Ma€ Xia y
MeXax cra”aapty, aopiBHioe 0,97. OuiHuTH WMOBIpHICTH TOro, 1o cepex 1000
TOJIMHHUKIB YacTHMHA THX, AKI MAalTh X1 Y MeXaxX HOPMU BIAXUIATUMETHCA (110
abComI0THINM BenmuuuH1) BiJ iiMoBipHOCTI 0,97 He Oinbiie sk Ha 0,02.
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13.5. Ilpu aHoHiIMHOMY TecTyBaHHI BusiBHiIOCS, 1o 10% mpaliBHUKIB
MiIIPHEMCTBA 30BCIM HE BKHBAIOTh CIOUPTHOTO. BumagkoBa BenwunHa & —

KUTBKICTB, JIFOJICH, SIK1 30BCIM HE BXKHMBAIOTh CIIMPTHOrO Yy BUITAAKOBINM BHOipIi 3 900
pobiTHHKiB. Bkasatn Mexi B sKi IOIajae BHIIAJKOBa BelWYHMHA & 3 HMOBIPHICTIO

0,9.

13.6. Ilpu BupoOHMIITBI AuCKEeT Opak cTaHOBUTH 1%. CKIJIBKH JHUCKET
noTpiOHO BiiOpaTH 17 mepeBipkd, mo 3 iMoBipHICTIO 0,95 moxna Oyno 6
CTBEPJIKYBaTH, IO Yy BUOIPII JUCKET BIJICOTOK OpakOBaHUX BIJIPIZHATUMETHCS Bij
1% ne 6u1bme HiXK Ha 0,5%7?

13.7. Tlpu BUpOOHHULITBI TMOJICTUJICHOBUX TAaKETIiB Opak CcTaHOBUTH 5%.
Ckinpku BUpOOIB TOTPIOHO BimiOpaTH i TEPEBIPKH SIKOCTI MPOAYKIii, mob 3
nMoBipHicTIO 0,9 MokHa OyJj0 CTBEp/pKyBaTH, IO YacTKa OpaKOBaHMX ITaKETIB
CTAaHOBUTH BiJ 4 10 6%?

13.8. B enexkrpuuHy Mepexy MapajeinbHO BKJIOYeHO 20 IJ1laMIo4oxk.
JIMoBipHicTh TOrOo, IO 3a uyac T JaMma Oyae BKIIOYeHa jgopiHIOE 0,8.
Kopucrtytouncs HepiBHICTIO YeOuiioBa, OLIHUTH WMOBIPHICTh BIIXWUJIEHHS MIX
KUIBKICTIO BKJIIOYEHHUX JIAMIT Ta IX CEpeAHIM YMCIIOM (MaTeMaTUYHUM CIIOJ[IBaHHSIM)
3ayac T Oyze: a) MEHIlIEe TPhOX; 0) HE MEHILIE TPHOX.

13.9. Jlo cBara Tpeba 3pobutu ripasaay 3 400 eneKTpUyHUX JaMIIOYOK,
BKJIFOUEHUX MapasenbHo. MMOBipHiCTh TOro, o Oyab-fKka 3 HUX IIOTAacHe IIiJ dac
cBaTa nopiBHIoe 0,5. 3 gornomororo HepiBHOCTI UebuinoBa OIiHITh KMOBIPHICTH TOTO,
10 YMCJIO JaMIIOUOK, SIKI TOPITUMYTh, Oyae 3HaxoauThucs B mexax Bizg 100 go 300.

13.10. MmoBipHicTh TOro, IO CTYAEHT CKJaje BCi iCIIMTH Y BH3HAYCHMI
TepMiH nopiBHIOE 0,7. 3a 1OoNOMOror HepiBHOCTI YeOMIIOBAa OLIIHUTH WMOBIPHICTh
TOTO, IO YacTKa THX, IO CKJIAJH ICOUTH y BuU3HaueHuil TepMiH 13 2000 CTyIeHTIB,
3HaXOOUThCs B Mexkax Bijg 0,66 no 0,74.

13.11. Maca pneranei, IO BHUTOTOBIISIOTBCS Ha CTaHKY, € BHIIaJIKOBOIO
BEJIMYMHOIO0, CEPEHE 3HAUEHHA SKOi JOpIBHIOE 1,2 Kr, a aucrepcisd i€l BEIUMYMHU
nopiBHioe 0,012. BukopucToByrourd HeEpiBHICTh UeOuIIoBa, OLIHUTA WMOBIPHICTH
TOTO, IO BIAXWJICHHS Macu JeTajl BiJ ii cepeaHbOro 3HA4YeHHS 3a aOCOIOTHOIO
BEJIMYMHOIO HE TiepeBuiryBatume 0,2.

13.12. IIpunan cknagaerbes 3 10 ereMeHTIB, 0 MPAIIOIOTH HE3AISKHO OIUH
B1JT OHOTO. ﬁMOBipHiCTB BIJIMOBH KOXXHOTO €JIEMEHTa 3a MeBHUM yac t 1opiBHIOE
0,05. Koucryrounce HepiBHICTIO YeOuII0Ba, OI[IHUTH HMOBIPHICTH TOTO, IO
a0COJIFOTHA BEJIMUMHA PI3HUII MK KIJIBKICTIO €JIEMEHTIB, SIK1 BIIMOBHUJIU Ta CEPEaHIM
YHUCJIOM BiIMOB 3a yac t Oyne MeHie 2.

13.13. JInis BU3HAUEHHSI CepEIHbOI Baru KOHAUTEPCHKOTO BUPOOY B MapTii, 110
3HaxoauThesl y 50 smmkax, OyJo B3STO MO OJHOMY BHUPOOY 13 KOXKHOTO SIIHKA.
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O1iHUTH UMOBIPHICTH TOTO, IO BIAXUJIEHHS cepelHboi Baru BiniOpanux 50 BUpoOiB
BiJl CepelHbOI BarM BCiX BUPOOIB y MapTii 3a aOCOJIOTHOI BETUYMHOIO Oyne
MeHIUM Hixk 0,5, SIKIO TUCIIepCis 0 KOXKHOMY 3 SIIITUKIB HE TIEPEBHIIYE 2.

13.14. JIluckpeTHa BUIMAIKOBA BEIMYMHA 33/1aHAa 3aKOHOM PO3IOALTY

X, 01 |04 |06

D 02 (0,3 |05

OMiHUTH HMOBIPHICTB TOTO, IO |§ -M (§)| <4/0,4.

13.15. IocninoBHICT HE3ANEKHUX BUIAJKOBUX BEIMUYUH &,&,,...,&,, 3alaHO
3aKOHOM PO3IOJILTY

Xk a —a
n n+1
Py
2n+1 2n+1

Uu MokHA 3aCTOCYBATH JIO 3a1aHO1 MOCIIIIOBHOCTI TeopeMy Uebuiiosa?

Bionoegioi

13.1. P>0,889. 13.2.n>865.13.3. P>0,92. 13.4. P> 0,998.
13.5. (75;105). 13.6. n >1522. 13.7. n>1294.13.8. a) 0,64; 6) 0,36. 13.9. P>0,99..
13.10. P>0,93. 13.11. P>0,7. 13.12. P>0,88. 13.13. P>0,84. 13.14. P >0,909.

—a 5
D =a‘.
2n+1' (¢n)=2

13.15. Tak. M (&,)=
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14. ®YHKIII BLJ1 BUIIAJIKOBOI BEJIMYVMHUA

14.1. IlonsaTTss mpo PpyHKUII BiJl BUNIAJIKOBOI BeJIUYUHHU

Slkmo ¢ — BHIAnKOBa BelwuuHa, a Y =¢@(X) — nesika dyHkuis (pikcosaHa,
HEBUNAJKOBA), TO 7] = gp(§ ) € (QYHKITIIO BiJ] BUTIQAKOBOT BETMYUHHA & .

[HIIMMH croBaMU: SIKIIO KOKHOMY MOXKJIMBOMY 3HAQUEHHIO BEJIMYMHU &
MOCTABJICHO Y BIAMOBIAHICTh 3a JEAKUM MPaBUIOM 3HAYECHHS BEIMYUHHU 7], TO
TOBOPSTH, IO 33JIaHO0 PYHKIIIO 7] = go(/;‘ ) . HaBenemo mpuxmiaau.

Hpuxnanx 14.1. Hexait & — aquckpetrna BB, 1110 3aigana psiioM po3nojiny:

& 1312|102
p. 102(03{04|0,1

PosrisiHemo Taki ¢yHKIIT Bif i€l BUTAAKOBOT BEJTUUUHH:

1. Hexaii n=¢&°. Sxmo E=x =>n=Y,=x,1om q, =P{n=y,}= Z P -

oy 3
X7 =Yy

Psn po3noniny BeIUYUHU 7

y | 27][-8] 08

g | 02030401

Sk Mu 6aunMo, QYHKIIIS @ B IbOMY BUITQJIKY € B3a€EMO OJTHO3HAYHOIO: OJTHOMY

3HAUCHHIO 7] BIJAMOBITA€ OJHE 3HAaYeHHA &, 1 HaBmakd. 1ol WMOBIPHOCTI B psiai

PO3MOILTY 1) TPOCTO OepyThCst O€3 3MIH 3 pO3NOALTY & .

2. Hexait n=¢&". Sxmo E=x =n=Yy, =%, Toni g, =P{n=y}= Z P; -

oy 2
X7 =Yy

Psig po3nonisty BeTUYuHU 7

vy | 0 [47]09

q. | 04 {0,402

Tyt QpyHKIIA @ € Takoro, 110 JBOM PI3HUM 3HAYEHHAM & MOXKE BIAMOBIIATH
OJIHE 1 Te came 3HadeHHs 7). Tol BiAMOBIAHI WMOBIPHOCTI A0/al0Thes. Hampukian,

ns 3HaueHHs n =4 P{n=4}=P{&* =4}=P{ =23+ P{6 =-2}=0,3+0,1=0,4.
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14.2. 3HaxomkeHHSI IIUIBHOCTI po3noalty ¢GyHKUii Bil BHIAaAKOBOL
BEJIMYUHH

Hexait ¢ — HemepepBHa BHNAJKOBAa BEIWYMHA, IO 3a7aHa (yHKIIEIO
PO3IOILTY Fé(x) abo mineHicTIO posmoiny f g(x). Ta nexait QyHkIiga Yy = (o(x) €
HemepepBHO0. PosrisiHeMo GyHKIi0 BiJ BHIagKoBOi BenmuduHn 7 = ¢(&).

3’scyeMo, SIK MOXKHA 3a 3aJIaHOI0 BETMUMHOIO & 3HAWUTH (YHKINIO PO3MOIITY
aGo wineHicTs posnoniny Gynkuii 7=¢(&), Tobro F, (), f (X) .

Posrnsaemo I sunaook: Hexaut Yy = go(x) — MOHOTOHHO 3pOCTa€ Ha [a; b].

Axmo £ HaOyBae 3HaUeHb X € [a;b], TO 1 = g0(§ ) HaOyBae 3HA4YEHb Y € [A; B],
ne A=gp(a), B=p(b).

Slkmo dyHKUis Yy =¢(X) € MOHOTOHHO 3POCTAIYON, TO ICHYe OOEpHEHa
dyHkuis X =y (y), Takox 3pocraroua. Ha puc. 14.1 mokasaHo npukian 3pocTardoi

byHKITI.

Puc. 14.1. ] 6unadok: y = ¢(X) MOHOTOHHO 3pOCTarOYa

1. Hexait Y <A, toxi

F,(y)=P(n<y)=0.

2. Hexait A<y<B, roxi

F,(y)=P(n<y)=P(<w(y))=F:(v(y)).
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3. Hexaii y> B, Toxi

F,(y)=P(n<y)=1

OcraroyHo:
0,y<A
F(y)=1F:(w(y)). A<y<B.
Ly>B
[IpoaudepenniroeMo 1m0 (QyHKIN0O, 3HAWAEMO MIUIBHICTH po3noairy. Jlms
A<y<B:
L =F (V=[FW)], =F 1) v¥)= 1))
OcraroyHo:
0,ye(AB
W :{fllﬂ((y))-]w’(y),ye(/% B] -
Il 6unaoox.

Hexan y = go(x) — MOHOTOHHO cnajiae. Skmo & HaOyBae 3HAUCHb X € [a;b] , TO
n= gp(éj) HaOyBae 3HaueHp, Y €[A;B], ne B=¢(a), A=¢(b).
SAxmo QyHkisn Y= (p(x) MOHOTOHHO CIaJHa, TO iCHye oOepHeHa (YHKIIIS

x =1 (y), rakox criaana. Ha puc. 14.2 npoinrocTpoBaHo Lieil BUMajok.

y
3 1
y é ——————— i y=p(x)
N ,
0 a :x:y/(y) Ib X

Puc. 14.2. I] 6unadok: Y = ¢(X) — MOHOTOHHO CIIajiHa

1. Hexait Yy <A, Toxi
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F, () =P(n<y)=0.

2. Hexait A<y <B, roxi

F,(y)=P(n<y)=P(&>y(y))=1-P(&<y(y))=1-P(S<y(y))=
=1- Fé(‘/’(y))'

3. Hexaii Yy > B, Toxi

F,(y)=P(n<y)=1
OT1xe, PyHKIIISE PO3NOLTY MAa€ BUTTISI;
0,y<A

Fn(y): 1- Fg(l//(Y)),A< y<B
lLy>B

[Iponudepeniiroemo 110 QyHKINI10, 3HANAEMO HIUTBHICTh PO3MOLTY:

f ()= 0,y (AB] (142)
R w (v) v () y e (AB] |

®opmymu (14.1) i (14.2) moxHa 00’etHaTH B 0JIHY (hOpMYITy:
0,y ¢ (AB]
f,(y)=

L)

11/ sunaoox.

(14.3)

w'(Y).ye(AB]

Hexaii Y =¢@(X) — KyCKoBO-MOHOTOHHa, TOOTO Bipi3ok [a;h] MoxHa po36uTn

Ha TIPOMDKKH, Ha KOKHOMY 3 SIKMX (DYyHKIIiSI MOHOTOHHA. Hexail Ha KOKHOMY 3 ITUX

MPOMIXKKIB JIJIs1 PyHKIIIT Y = (D(X) ICHy€ BIIMOBIAHA OOCpHEHA, 1 HEXal 1Ig Y € [C; d]

BCbOTrO icHYIOTB K oGepHennx gyHkuiit v, (Y),y,(Y),...w, (V).

Toni MmoxxHa 1oBeCTH, IO IS Y € [C; d] HIUTBHICT 1) 33J1a€ThCS (HOPMYITOIO

k

f,(v)=2f(wi(y))

i=1

v (y) (14.4)

Hpuxnanx 14.2.
Hexaii & € HOpMajabHO pPO3MOAUIEHOI0  BHIAJKOBOIO  BEJIMYMHOIO,

(x-a)

- 2
e 297 | Xe(-oo;+). Po3rasHEMO  BHIAIKOBY

1

\N2rno

E~N(ao)e f.(x)=
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Bemunny 77 =kE+b, nme k,b=const,k#0. 3’scyemo, skuii posmomin Mae
BUIIAJIKOBA BEJIMYUHA 7] .
Benmnmunan & Ta 7 moB’s3aHl JIIHIMHOI 3aJICXKHICTIO Y = go(x) =kx+b.

Ockinpku & € (—0;+0), To 77 € (—00;+00) . 3HaiiIeMo 00epHEHY 10 (p(x) byHKIIITO.

(0(X)=kX+b:>X=yT_b=y/(y),k¢0.

3a popmymnoro (14.3): f (y)=f. (t//(y))

Ockinbkn ¥'(y) = % , TO

y/'(y)|, y € (—o0;+0).

(y—(kaer))2

1 - 1 1 - 2
f — . 202 |Z| = . 2(ko) ’ R.

A 1e o3Hayae, 10 BUMNAJIKOBA BEIMYMHA 7] TAKOXX € HOPMAIBHO PO3MOJIICHOIO,
n~N(ka+b;k|o).
Ipuxnanx 14.3.
1 X
Hano: &~ N (0;1) = fg,(x) =——-€ 2. BunaakoBa BeJWYUHA 7} € QYHKIIIEIO

2z

B1Jl BUTIQJIKOBO1 BEIUYUHU & 1) = \/E . 3HAWTH PO3MOILT 7] .
Pose szanms. Y = p(X)= JX . Tpadix pyHKuii 306paxeHo Ha puc. 14.3.

y

y=+x

Puc. 14.3.
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xe[0;+0]= ye[0;+0]. y= JX — monoToHHO spocratoua Ha [0;+0],
3HaleMO OOEpHEHY:
X=Y: =w(y). Omxe, y/(y)=2y.
3a ¢opmymnoro (14.3):
0,y<0 0,y<0

2

f(y)= , T oy
! = e 2 .2vly>0 |—==-e?2,y>0
2z 21y20 5y

Ipukaan 14.4.
ano. &£~N(0;1) — smopmambHO posmomuieHa, f.(X)=—-e 2, XeR.
A S (0;1) p p £(x) N

Bunajkosa BequuuHa 7 = £ . 3HAWTH MIiTBHICTL PO3HOLTY 7.
Po3zé¢’azanns. Oynkuis Yy = (o(X) =X*, X € (—0;40) = y e[0;+x).

Ha puc. 14.4. 306paxkeHo rpadik GyHKITI.

x:_'\/J_, x:\/; X

Puc. 14.4.

3HaiiieMo oOepHeRy QYHKIN0: Y = X* => X = i\ﬁ . Orxe, mis Yy >0 icHye nBi

obepreni GyHKIT v, (Y) =—Y Ta w,(y) =Y . 3HaiimeMo moxiHi:
' 1 ' ’ 1
=\ - = —_—— = =—, 0 .
v, (Y) ( \/Y) 20y v, () (\/y) T y >

3a ¢opmyioro (14.4):
0,y<0

Y= ).

!

v! () + . (va () (9)] y=0
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Otpumaemo:

0,y<0 0,y<0

f(y)=1 1 -e_(f) RIS P S y>0 =
Vr T 2ly er o 2yt Wew

Hpuxnanx 14.5.

7(x—a)2
Hano: &~ N (aJG) = fé(X)z \/%G e 2 XeR.BumnaikoBa BeIdYHHA n

€ QyHKIi€I0 77 = €°. 3HANTH IiIBHICTh PO3MOLTY 77 .
Pose szanns. Y = @(X)=e"
X € (—o0;+0) = Y € (0;+0)

e* — MOHOTOHHO 3pOCTac = iCHyc 00epHeHa (YHKIIIA:

y=e"=x=Iny,y>0

: 1 1 1
w(y)=Iny,tomi y'(y)==. W' (y) ===
6 =5 b 0l=5=3

3a ¢opmysoro (14.3):
0,y<0 0,y<0

(In y—a)2

202 ’y>0.

f(v)=] 1 .e_(lnzyoza)2 1 y>O: L e
\N2rno y' \N2roy

14.3. JlorHopMAaJILHUIH PO3MOAiJ

BumnankoBa BenumuumHa ¢ HA3MBAETHCS TaKOI, IO MAa€ JIOZHOPMAAbHUIL
po3noodin, sikmo BennmunHa Iné wmae HoOpmanbHuii po3nonin. Ilo3nadaeTscs:
E~LnN (a;a) a6o £ ~LogN (a;a). VY Ipuknani 14.5 6yno po3riasiHyTO came TaKy
BenuuuHy. OTxe, PYHKIIS IIIBHOCTI IOTHOPMAIBHOTO PO3IMOALTY Ma€ BUTIIAL
0,x<0

f.(x)= 1 —('nzx_za i :
e 227 x>0
\27moX g
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2
. .. a+i .
Matematnune crnoaiBaHHsS Takoi BenuuuHu M (§ ) =€ 2, jmcrepcis

o? 2a+0? : : a a-o?
D, :(e —l)-e . Meniana posnoaity M, =€e”, Mmona M, =e"7 .

3acmocysants n02HOpMaIbHO20 po3nodiny. JIOTHOpMaIBLHUN PO3MOIiT MAalOTh
BUTIAIKOBI BEJTMUNHU:
- ¢ — dac 0e3BIIMOBHOI poOOTH O0O0’€KTIB, y SKHX BiJIMOBAa BHUHHUKAE
BHACJIIOK “BTOMU;
- pO3MOJILIT PO3MIPIB YACTHHOK IIPH JPOOJICHH];
- BEJIMYMHA IHTEPBAJIIB Yacy MIXK IMOCII1IOBHUMH TOI1SIMHU.

Sxmo Benmuuunk &, &,, ..., &, - JOTHOpPMaIbHO posnoauieHi, & ~LnN (ai;O'i ),

TO BEJIMYMHA, 110 € AOOYTKOM LMX BenuuuH 77 ~¢& -&,-...-& =LNnNN (na;JZJiz) €

TAaKOXK JIOTHOPMAJIBHO pO3HOI[iJIeHOIO.

14.4, MaTemaTu4He cnoaiBaHHs pyHKUII BiJl BUNIAAKOBOI BeJIMYUHU

Hexait & — HemepepBHa BwWagkoBa BenwmunmHa, 7=@(&) — GYHKIS Big
BHITAIKOBOI BeanumHy, fe GyHkuis Y = ¢@(X) MOHOTOHHO 3poCTaroya i HelepepBHa.

3HalieMO MaTeMaTUYHE CIIOIIBAaHHSA 7] .
M, = [y f,(0dy =]y f.r(y)-v'(y)-dy =

V) -ty =d(y) =dx | 7
S g L ORACLS

OTxe, 0CTaTOYHO MAEMO

M, = T(p(x)- f,(x)dx, (14.5)

32 YMOBH 301>KHOCT1 HEBJIACHOTO 1HTETpaIa.
3ayeasricennn. Xoya Mu BuBenu Qopmyny (14.5) nume ajs 4aCTUHHOTO
Bunanky, koma Y = @(X) MOHOTOHHO 3pOCTalo¥a 1 HENEepepBHa, BOHA

CIIPaBIKYETHCS Il Oyab-sAKO01 AificHo3HauHO1 (yHKIIT ¢ (X), HEOOXIqHO JIHIIE, 100
iHTerpan OyB 30DKHMM. MaremaTuuHe CrOAiBaHHA (YHKIII BUIAJAKOBOI BEIMYUHU
n=¢(&) moxma Bu3HavaTh 3a hopmymnoio (13.5), snatoun f,, 6es smaxomxenns f, .
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SAxmo & — nuckpeTHa BHIagkoBa BeiawunHa, 7=@(&) — QyHKImS Big

BUIAJKOBOI BEMYUHU &, TO MATEMAaTUYHE CIIOAIBaHHS 7]

M, = ico(xi)- P (14.6)

32 yMOBHU 301KHOCTI PsINLy.

3anumanHna 011 CAMOKOHmMPOIo

1. Il]o maxe ¢pynkyis 6i0 8unaokosoi seauuuHu?

2. Hexau & — eunaoxosa éenuuuna, Y = @(X) — Hesunaoxkosa yukyis, uwo €
Henepeperoto. [L[o modxcna ckazamu npo eunaokogy eeauyuny 1 =@(&), axa €
@yukyiero 6i0 &, akwo & € ouckpemmuoro BB? nenepepenoro BB?

3. Yu moorcHa 3a 8i0omor pyHKYieo po3nodiny eunadkosoi seiudunu &, GUBHAYUMU
@yHryio poznodiny BB n, wo € ¢pynxyicio 6io &: n=p(&)?

4. Ak 3a 6ioomum po3nooiiom eunaoxkosoi eeaudunu &, suzHauumu wyiibHicmos BB
n, wo € ynxuyicio 6io &. n=@(&)?

5. Bioomo, wo & € HOpMabHO Po3no0LIeH0I0 8UNaokosoio éeruyunoio, & ~ N(a,o).
LI]o mooicna ckazamu npo eunaokosy eeauuuny 1 =K<E +b, k,b =const ?

6. Ax snatimu mamemamuune cnodieanusa QYHKYIi 6UNaoKo8oi eruduHu?

Po3B’s13yBaHHA THIIOBUX 3a/1a4

3aoaua 14.1. BunaakoBa BenuunHa & € piBHOMIPHO po3mnoaiieHor Ha [1;3].

. : 1 . .
BunankoBa BenuuMHa 77 € (PYHKUIEIO BiJ BENUYUHU & 77 =—. 3HAWTU UIUIBHICTb

PO3MOLTY 7.
Po3zeé’sazanns. 3a ymoBoro £ — piBHOMIpHO po3mojijieHa BenuduHa Ha [1;3],
1
: . : —, XelL3
Toxi (PYHKIIiS IIIIEHOCTI fé(x)z 2 el ].
0, x¢[L3]
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. : : 1
OyHKIS, SKOW 3aa€ThCS 3ANCKHICTE 77 Big £:y= gp(x) ==, x€[L3].
X

. 1 1,5 e . , 1 ' 1
OGeprena dynxuis y(y)= 3’ ye [5;1]. Ii moximma y'(y) = v v (y)| =7
OyHKIIIO OIIIBHOCTI 77 3HakAeMo 3a popmyroro (13.3), a came:
1
f 0,y ¢ (A B] 5 . O,ye[g,ll
y)= , . Orxe, y)= _
2y?’7 T3]

. : : : T
3aoaua 14.2. Hexaii £ — pIBHOMIPHO pO3MOJiJCHA BEIMYMHA Ha (O;E) :
BunankoBa BenuunHa 77 = C0S<E . 3HANTH MIUTBHICTD PO3MOALTY 77 .
, /4
Pose szanns. Y =@(X)=C0OSX, X € (O;E) :

['padix cxemaTH4HO OKA3aHO Ha puc. 14.5.

Y =C0SX

0 X =darccosy E X
2
Puc. 14.5.
OGeprena ynkuis y (y)=arccosy, y € (0;1). 3uaiinemo noxinny:
: 1 , 1
wi\y)=- CWwAY)| = -
== b=
& — piBHOMIpHO po3mnomiieHa BenmuuwmHa Ha (a;b) = (0;%) , TOMl
L = E’ X € (O, Z)
fg (X) _ b-a =« 2
T
0. xe(0.:7)

3nauenns M e (0;1).
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OyHKI1110 HIJIBHOCTI n 3HAIEMO 3a bopmyioro (14.3):

0,y (0;1)
f’?(y): E#’ye (0,1)
T ]__y2

3aoaua 14.3. Hexaii BunaakoBa BenuunHa ¢ Mae MOKAa3HUKOBHM PO3MOALT 3
napamerpoMm A >0. BunaakoBa BemuumHa 7=Kk<&+b,k>0,b=const. 3naiitu
HIUTBHICTH PO3MOALTY 7] .

Po3zé’azanns. BB & Mae MTOKa3HUKOBUI PO3MO/IL, OTXKE:

f (x)= {0, X € (—0;0]

27, x(0;400)

—-b
y:¢(x):kx+b:>x:z//(y):yT.
oy A oo 11
3ayBaxkuMo, 1m0  ockiibku k>0, TO X € (—0;0]= y €[—o;b].
X € (0;400) = y e[b;+x).
DyHKIIIIO ITIJIBHOCTI n 3HaAKIEMO 3a dhopmyIior (13.3):
0,y € (—o;b] 0,y € (—o;b]
f(y)= b =< 4 A . MoxHa CTBEp/KyBaTH, IO
() %elk Y € (b;+x) ek-Ee ky,yE(bH-oo) P
npu b =0 BumagkoBa BeiauunmHa 77 =KE TakoXK € IMOKAa3HMKOBO PO3MOIICHOIO 3
A
napameTpom A4 = o

3aoaua 14.4. BunankoBa BeauuMHa ¢ Mae CTaHAAPTHUW HOPMaJIbHHMA
posnoaia N(0,1). 3HalTH HIUIBHICTH PO3MOALTY BHUIIAAKOBHX BEIUYHH a) 7] = |§ |; 0)

- 1

=—.

g

Po3zé’azanns. a) I cnoci6. OyHKIIS PO3NOAUTY CTaHIAPTHOI HOPMAJIBHO
x  t?

PO3IOIICHOT BEIMYUHU & Ma€ BUTIIA Fg(x) = i J e 2dt . 3maiinemo GYHKITIFO
NVZ
posnoity Bunaakosoi Benmunun 1 F (y) =P {77 < y} =P {|§| < y} :
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Ouesnnno, mo F (y) =0, sxmo y <0.
Hexait y>0. Toxi
F(y)=P{lg|<y}=P{-y<&<y}=F.(y)-F.(-y) =

3a enacmusicmio YyHKyii po3nooiny
= |cmandapmnozo nopmanerozo posnodiry|=F,(y) — (- F.(y)) =2F.(y) -1.

Fg (_y) =1- Fg (y)

Otxe,

0, y<0

(1)’ .
2 dt-1, y=>0

F = Yo
n(y) %__Le

Hudepeniitoroun 3HaieHy QYHKIIII0 pO3IOALTY, BA3HAYAEMO IIUTbHICTD:

0,y<0
f = v :
() 2., 2,y>0
T
1l cnocio

3HaiieMo o0epHeHy QYyHKIIIIO: Y = |X| = X==Vy.Omxe, ;11 y >0 icHye 1Bi
obepueHi pyukuii , (Y)=-y Ta w,(y) =Y. 3HaiigemMo NoXiHi:

!

v (¥)=(-y) =-1; v/ (¥)=(y) =1.y20.
3a popmyoro (13.4), a came:

0,y<0
f(y)=+ , , .
= ) )+ L) o (9] y20
Otpumaemo:
0,y<0 0,y<0
fLy)=9 1 ©F 1 O =i
! —— e 2 d4——-e 2 .1y>0 |,]=-e2,y>0
NP Jox g P

0) I cnoci6. ®yHKIS PO3MOAUTY CTaHAAPTHOI HOPMAJIBHO PO3MOJIICHOT
x  t?

1 -~ : :
BeTMYMHU & Ma€ BUTIIS Fg(x)zf j e 2dt. 3uaiimeMo QYHKIIO PO3MOILITY
T —o0

BHMaaKoBoi Bemmanun 77: F (y)=P{n<y}= P{é < y}.

Ouesnpno, mo F (y) =0, sxmo y<0.

Hexait y > 0. Toxi
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1 1 1
F(Y)=P{=<yt=P{é<——=t+P{&>—=F +1-F 2-2F,
2 (Y) {§2<y} {§< ,—y}+ {§> ,—y} (= ,—) (= ,—) (— ,—y)

OTtxe
0, y<0
1
)= -2 f Tt y>0
- e ) >
Yz y
JudepeHnuirooun 3Hai1eHy QyHKIII0 pO3NOiTy, BU3BHAYAEMO HIUIBHICTb.
0,y<0
1.
f,(y)= 1 il 1 -2 '
—2-——-e 2 .(—=y?),y>0
Tor =35y )y
0,y<0
0 , f(y)= - :
crarouno, f (y) 1 e ys0
\2ry?
11 cnocio
3HaiinemMo o0epHeHy (QyHKIIO: Y :i2 = X= J_ri. Otxe, nns Y >0 icHye
X y
: : 1 1 . .
nBi o6epreHi pyHkuil v, (Y) = —T Ta ¥,(Y) = —=. 3HailigeMo NOoXifHi:
y

%’(W{-\k] =2\/1? ; l//!(ﬂ{%} =—2\/1? y>0.

0,y<0
f,(y)= : ,
= ) )+ L) o (9], y20
OTPUMAEMO
0,y<0
f77 ( y) = _(_\/}j 1 l _(\/]-ZJ 1 O
Sr T  ofy Ny
OctaTtouHoO,
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0,y<0

fy)=4 1 =+ -
/() —— e ¥, y>0
2ry®
3aoaua 14.5. BunagkoBa BenmuuuHa ¢ Mae HIUIBHICTH posnoaury Ko
1 . ) .
f. (X):ﬂ. 3HalTH MaTeMaTU4YHE CIIOJiBaHHS BHWIIAJKOBOI BEIMYWHU
T(L+ X

n = (arctg&)?®.

Po3é’s3anns. JIns 3HaXOKEHHA MAaTEMaTHYHOTO CHOJIBaHHSA (DyHKIIT Bixg
BHUIIAJIKOBOI BEJIMYMHU CKoprcTaeMocs Gopmyioro (14.5), a came:

M, = j(p(x)- f.(x)dx .

Tomi

(arctgx)®|” o

3z E

—0

M, = j(arctgx)z -%dx— 1

IO :[o (arctgx)® - d (arctgx) =

3aB[[aHHH JJIA CaMOCTIHHOI0 BUKOHAHHS

14.1. BunaakoBa BenuumHa ¢ € PIBHOMIpHO po3mnogiieHoo Ha [L;3].

Bunajkosa BelMuMHA 77 € (YHKI[€IO Bifl BenuuuHu &: 1= E2. 3HaliTn MinbHiCTh

pO3MOALTY 7.

14.2. BumaakoBa BenmmuunHa ¢ € PIBHOMIpPHO posmoxaiieHoro Ha [-11].

BunaakoBa BenuuuHa 7 € QYHKINE Bif BeauuuHu & 17 =3/& . 3HAWTH HIUBHICTD

PO3MOILTY 7).

14.3. BumaakoBa BenmmuuHa ¢ € PIBHOMIpPHO posmofiieHoro Ha [-11].

Bumazakosa BenuurHa 77 € QYHKINEO Big BenuuuHu & 1) =+f| & |. 3HaliTn mijabHICTh

PO3MOILTY 7).

14.4. BumankoBa BenuumHa & € pIBHOMIpHO po3nofiieHoo Ha [o;P].

Bunankoa Benwumna 77 =KE+b, k#0,b=const. IlepeBiputn, um € BHIIaJKOBa

BEJIMYMHA 7] TAaKOXK PIBHOMIPHO PO3MOAUICHOI0. 3HAWTH MIIITLHICTH PO3MOJLTY 7] .
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14.5. BunankoBa = Benxu4uHa & 3amana  (yHKIE0 — TIUTBHOCTI

1
0, x¢g[=:1
[3 ]

f.(x)= 1

L BunajnkoBa BeqnuuHa 77 = £°. 3HANTH MIIBHICTE PO3MOALTY
—,xe[=:1]
2x? 3

BI/IH&I[KOBOI BCJIMYUHU 7] .

14.6. BumagkoBa  BelIHMuHMHA & 3amaHa  (yHKIE0  TIUTBHOCTI
fg(x): 3 . BunagkoBa BenuunHa 77 =|§|. 3HANTH MIIBHICTH PO3MOILITY

BI/IH&I[KOBOT BCJIMYMUHU 7] .

14.7. BumankoBa  BenuuumHa & 3aJaHa  (DYHKIED — PO3MOILTY

0, X< 1
4
F.(x)= 2Jx -1, %< x<1. DBunagkoBa BeJIUWYMHA 1] = \/E . 3Haiith QyHKIiIO
1, x>1

PO3MOILTY Ta IIIIBHICT PO3MOALTY BUIIAKOBOT BETUYHHH 7] .
14.8. BumagkoBa BenuunHa & Ma€ MOKAa3HUKOBUN PO3MOJLT 3 MapaMeTpoM
A =1. Bunagkosa BenuuuHa 77 = 3£ + 5. 3HalTH MaTeMaTUYHE CIIOIIBAHHS 77 .

149. Hexaii BunaakoBa BennuuHa ¢ Ma€ TMOKa3HUKOBHHA pO3MOIIT 3

napameTpoM A >0. Bumankosa BeauuuMHa 77 =€°. 3HAWTH LIIBHICTH PO3MOMALTY
BUIMAJKOBOI BEJIMUUHU 7) Ta il MAaTEMaTUYHE CIIO/[IBaHHS.
14.10. BwumagkoBa BemuumHa ¢ 3adaHa  (PYHKINEO — PO3MOILTY

0, x<1
2

X" =X o . .
F (x):< > 1<Xx<2. BunagkoBa BenuuuHa 77=¢2. 3HAWTH  IITBHICTD

5

1 X>2

PO3IOIITY BUIIAIKOBOT BETMYMHU 77 Ta il MaTeMaTUYHE CIIO [IBaHHSI.
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14.1.

14.3.

14.5.

14.7.

14.9.

Bionoeioi

0,y «[L9]
fﬂ(y): L o1’
4\/y,ye[l,9]
_J0,y[0:]]
f”(y)_{Zy,ye[O;ll'
O,yef[i;l]
27
f,(y)= 1 1
Gy@’ye[ﬁ
1
0, ySE
F,(y)=12y-1yeGil ;
1, y>1
0,y e[—x;1)
f”(y)_ M,ye[l;+oo);

1] .

0,ye[-L1]
14.2. f (y)=4ay2 .
AL EAe)
2
0,y ¢[ka +b;kp +Db]
14.4. Tax, e. _
a, e 7, (y) 1 yelka+bkp+b].
k(B -a)
0,y e[—x;1)
146.1,(y)= %,ye[l;+oo)'
y
O,yé(%;ll
f(y)= ; 148. M =8 .
2, —:1
ye(2 ]
0,y [14]
1410. f (y)=11 1 M, =2
AU T V)= ———,y€[1;4]’ 7 12

2 4y
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15. ®YHKII BIJI IBOX BUITAJIKOBUX BEJIMUUH

15.1. ®yuknii Bix ABOX BHUNAJAKOBHX BeJUYHUH. 3HAXOMKEHHSI (PYHKIIIT
po3noaisy

Hexait £, 7 — ogHOBHMIipHI BUNAAKOBI BeNWYMHH. 3amamo Z=@(X,Yy) —

HEBUNAJKOBY (DYHKIIIO JBOX 3MIHHUX, IO HaOyBae AIMCHMX 3Ha4yeHb. Bumankosa
BeanunHa ¢ =@ (&,7) Ha3UBaEeThC (PYHKINEO BiJ JBOX BHITAJKOBUX BEIMYUH & Ta 7]

a0o ¢yHkiiero Big nBoBuMipHOi BB (£,7) .
Hexaii Bimomuii 3akoH po3noainy nsosumipHoi BB (&,7) .

Skmo (£,n7) — AJABB, To BBaxkaemo, 1o 3amano (X,,Y,) — MOXKJIMBI 3HAUCHHS,

ki HabyBae (&,7), a Takoxk Bignosigui iimosipHocTi P,; = P {5 =X.,n= y,.} :
Axmo (£,17) — AHBB, To BBaxkaemo, 1o 3ajaana QyHKIlis OiiabHOCTI f n (X,Y).

3naiineMo QyHKII0 po3noauty ¢ y sunaaky [JHBB.
F.(z)=P{¢ <z}=P{p(£,n) <2}=P{(&,7) € D}, ne D={(x,y):¢(x,y) <z}.

Ha puc. 15.1 cxematnaHo 300paxeHo (YHKIIIIO ABOX 3MiHHUX @(X,Y) Ta obnacts D.

z=p(x,y)

N

=

D={(xy): p(x,y)<z}

Puc. 15.1.
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Omxe, ko (&,7) € IHBB, F.(2)= H f., (X, y)dxdy . (15.1)
D:{o(x,y)<z}
Amanoriuno, xomu (&,77) € I[IBB, 0o F.(2) = Z Pyi - (15.2)
ki
(X, Yi)<z
Mpuxaag 15.1. Hexait &~ N(0;0), n~N(0,0) — He3anexHi HOpPMAaJILHO

pO3MOJIEHI BUMAAKOBI BenuuMHUA. Tomi (yHKIIA IIUIBHOCTI JIBOBHMIPHOI

~(+y?)
. 202
> €

Bunaakosoi Bemmuunu  (£,7)  Oyme . (X, y)=f.(x)-f (y)= 5
Po3ryIIHEMO BUNAAKOBY BeIuuuHy ¢ = &£ +1°. 3HaiiTu GpyHKIi0 minsHOoCTI ¢ .

Po3zs azanna. @(X,y)=x"+Yy*. 3a dopmymomo (15.1)

F@)= [ f.,(xy)dxdy=

D:{p(x,y)<z}
- Ile eﬁ()eMo o
Lze dxdy P 27 od pdp =
DO y?<r} 2no oo IICK 272'6
1 27z\/; —p 2 \/; ;,02 p2
dpdp = d(- =
272'0' 'O pEe= 27r0'2 ( 20'2)
2 ﬁ .
=g’ =1-g¥",
0
0,z<0
Orxe, pynkuis posnoginy ¢ : F.(z) = =2 :
1-e2" 7>0
5 0, z<0
Oyukuisg winsaocti: f.(2)=—F.(2) = = .
Y ) oz 2) 1 e2o’ z>0
20
0, z<0
3okpema, sximo o =1, 1o f (2)=71 =2
Ee2,z>0

15.2. Po3noain y°. Po3noaia Penes

PosrnsHemMo BUMAAKOBY BEIWYHMHY, IIO € CYMOIO KBaJpaTiB HOPMAaJIbHO
posmominenux — BemmumH: E=&E +E 4+ +E =y~ (“xi’-kBampar), e

& ~N(01),i =1,n. OYHKUis WIIBHOCT UBOTO POSIOALILY:
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0,x<0
I —X n

f.(x)= —e7-x71,x>0,
22. T(= )

ne I'(x) — ramma-dynxkiis, a came I'(X) = Itx’l -e7'dt.

BrnactuBocti ramma-¢gyskmii I'(X):
1. T'(M) =1,
2. T(0,5) =~/
3. I'(x+1) =xI"(x),
3okpema, mpu X=n(neN):I'(n+1)=n!.
Po3rsHEMO YaCTHHHI BUMAJKU PO3NOAiTy y° npu N=1, n=2,
0,x<0

Sxmo n=1, f,(X)=1 1 = (mopiBHsHTE 3 pe3ynbTatoM [Ipukiana 14.4).
¢ e2,x>0

27X
0,x<0
Sxmo n=2, f £ (xX)=<1 = 0 (mopiBHsiiTe 3 pe3ynpTatoM [Ipukiana 15.1).

Posnofin y° € BiZOMHUM Ta BMBYEHHUM. Mu 6yaeMO BMKOPHUCTOBYBATH Ieif

posnonin (kputepiifi y°) y HACTYNHMX PO3ZiTaX 3 MATEMATHYHOI CTATUCTUKHU, KOJIH
NEePEeBIPATUMEMO JOCTOBIPHICTh CTATUCTUYHUX TINOTES.

Mpuxnang 15.2. Hexait &~ N(0;0), n~N(0,0) — He3anekHi HOPMAJILHO

pPO3MOMUICHI BUMAJKOBI BeIMYMHH. T00TO (YHKINS UIBHOCTI JABOBUMIPHOT

(2.2
1 (z;y)

. Po3riigaemo

Bunaakooi Bemuuunn (&,77): f. (X, y)=f.(x)-f (y)= >

BUTIAJIKOBY BeMMUNHY ¢ = /&% +n° . 3HaiiTi GyHKIi0 mWinsHOCTI ¢ .
Posé’sizanns. 3a popmynoro (15.1):

—x2_y?

F.(2) = jj f. (% y)dxdy = j Lzezﬂazdxdyz\ncm:

D:{p(x,y)<z} D: x%+y?<z? 2ro
2z z —p
27r0' pdp=
1 _p? z _72 _72
:—2—27ze2"2 = g2 11=1-¢2",
T

0
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0,z<0
Omxe, pynkuis posnoxiny: F.(z) = 2

1—e?,z>0
0,z<0
Oyukuis minsnocti: f (z)=4 ; ;izz :
—e*,2>0

o)

Takuit po3nois1 Ha3uBaeThCs po3noauioM Penes (posmoain Petini). Po3zmomin
Penest mpupoaHO BUHMKAE, KOJHM y JABOX HampsiMax aHali3yeTbCs, HaNpPHUKIIAJ,
MIBUJAKICTh BITpY. I[lpumyckarodu, Moo MOpoeKiii MBUIKOCTI y KOXHOMY 3
HaIpPSAMKIB € He3aJeKHUMH HOPMaJIbHO PO3MNOAIJICHUMH BeJIMYMHAMU 3 PIBHUMHU
JUCTEPCIsIMU 1 HYJIbOBUMU CEPEIHIMHU, TOJ1 3arajibHa MIBUAKICTH BITPY (MOIYIb
BEKTOpa) XapaKTepu3yeTbcs posnoiisomM Penes. [Hmwmil npukmag Takoro x
pO3MOAINY BUHHMKAE MPHU POl BUIAJKOBUX KOMIIEKCHUX BEJIHWYMH, A1HCHI
Ta ysBHI KOMIIOHEHTH SIKUX € HE3aJeKHUMHU HOPMAIbHO PO3MOAIIEHUMHU, 3
OJIHAKOBOIO JIMUCIIEPCIEI0 Ta HYJIBOBUM CEPEIHIM 3HAUYEHHAM. Y IbOMY BUIAAKY
a0CONIOTHE 3HAYEHHS KOMIUIEKCHOTO dYHCIa € po3mojiieHnM 3a Peneewm.

V3aranpHEHHAM TaKoro pO3NOAITYy € BelduuuHa &=+ +EX+E2, e
& ~N(0,0),1=12,3.

15.3. MaTremaTn4yHe cnofAiBaHHA (YHKUII Bil ABOX BUNIAJKOBUX BeJMYMH

Posrisaemo ¢yHKIIO Bix aBOX BHmagkoBux BenumuudH ¢ =@(&,n), ne
PO3MO/IiJ1 ABOBUMIPHOT HENEpepBHOI BUTIAAKOBOI BemuuHU (&£,77) 3amaHO (PYHKINEO

mieHOCTI  f . n(x, y) . Toni MaTeMaTH4YHE CIIOTiBaHHS

M, =[x y)- f,,(xy) dxdy, (15.3)
RZ
32 YMOBH 3015KHOCTI 1HTETpaa.
Jliis neoBuMipHOI auckpetHoi BB (&,7):

M, = Z(P(ka ¥i) P (15.4)

k-1
32 YMOBH 3015KHOCTI pAJLY.

Hpukaan 15.3. YV kpy3i paaiyca R BUnNagKoBUM YMHOM 3’ SIBJISIETHCS TOUKA.
Po3rissHeMo BUNaIKOBY BEJIMYMHY — BIZICTaHb TOUKH BiJl IEHTpa Kpyra. 3HANUTH i1
MaTeMaTHYHE CHOIBaHHS.
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Posé’sizanns. Hexat & — abcmuca To4ky, 17 — opauHaTa Touku. (£,7) —

nsosuMipHa BB, piBHOMipHO po3nominena B o6macti D ={(X,y): x> + y*> <R%}:
0,(x,y)¢D

f.,(xy)=1 1 :
S ——,(x,y)eD

Bincrans Bz ienTpa koma & =+/E2 + 1%, £ €[0;R]. 3naitnemo 3a hopMyIo0
(15.3) matemaTuune cogiBanus M

=N

c-

2 R

dezéR. (15.5)

0 0

15.4. Po3nogin cymu nsox BB. Komno3uuis po3noaiiis

PosrasiHeMo BUNIaAKOBY BEJIMUUHY, 1110 € CYMOIO TBOX BUIAJIKOBUX BEJIMYUH
$=&+n,100T0 O(X,Y)=X+Y.3a popmyinoro (14.1) GpyHKIIIsI pO3MOALTY:

F.()=P{¢<z}=P{&+n<z}= [[ f,,(xy)dxdy= jdxj f. (X y)dy
D:{(x+y)<z}

abo

F.()=P{¢<z}=P{+n<z}= [[ 1., (xy)dxdy= jdyjf (x, y)dx.
D:{(x+y)<z}

Hexait &, n — nesanexni, roni; f, (X,y)=f.(x)-f, (y). Omxe,
F.(2) = j f, (x)dx j f, (y)dy (15.6)

260 F.(z ):T fx dyzjy fxOx. (15.7)

OyYHKIIIO IIITBHOCTI OTPUMAEMO AU(PEPEHIIIIOBAHHIM (YHKIIIT pO3MOALTY. 3 PIBHOCTI
(15.6) BurunBac:

f.(2)= f f,(z=x)f.(x)dx=f (y)* f.(x). (15.8)
3 popmynn (1;7) :
f.(2)= I f.(z=x)f, (X)dx=f.(x) * f (y). (15.9)
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Taxa omepallisi HA3UBAETHCS 320PMIKOI0 ABOX (YHKIIIH. 3ropTka QyHKIIii €
xomytaruHoOIO onepauiero: f (z)=f.(x)* f (y)=f (y)* f.(X).

Po3nonin cymu ABOX HE3aleXHHMX BHIAQJAKOBUX BEIMYMH HA3UBAETHCA iX
Komnosuyicro. Slkmo HesanexHi BB &, nHanexxaTh ogHOMY 1 TOMy camMoMmy

po3noiny, 1 ix cyma & +7 TexX HAJICKHUTh TOMY XK PO3IMOJALTY, TO el THI PO3MOILITY

HA3UBAETHCA CHIUKUM.
-2
2

1
f.(X)=——e 2 |
:(X) oo
1

B > . : : : _
f,(y)= —\/Z e ? . 3uaditu pynkuiro wineHocTi f.(2) cymu £=E&+7.

Hpuxaag 155, Hexait &~ N(0;1),7~N(0,1),

Po3zé’azanus.

1 +o0 1 _x2+zz—22x+x2 1 _i+oo ,
f (2)=f *f.(X)=— | —¢ 2 dx=—=e 2 | e " dx=
L) =T, (N*F.(x) 27[_[0@ o J
Lo j e g =t e 7en j e "7 dx-% =‘t —x-Z|=
21 2 21 2 2 2

= ie_7 I e dt :|iHmeepaJ1 Hyaccow| = ie_T \/; =
27 27

—00

ZZ

1 YY)
_ e 2(\2)

Vexi2

Tobro ¢~ N (O;\/E) € HOpMaJbHO po3moiiieHoo BB.

Cyma aBOX HOPMAJIBHO PO3TOIIJICHUX BEJIMUYMH € HOPMAJIBHO PO3IOIIICHOIO
BB. Hopmanvruii 3axkon po3nooiny € cCmiikum.

3ayeascennsn. 3axoH IlyaccoHa Tex € CTIMKUM, TOOTO CyMa JIBOX HE3aJICKHUX
[TyacconiBcbkux BB Tex € [lyacCOHIBCbKOIO BETMYHHOIO.

3anumanHna 011 CamMOKOHMPOJII0

1. I1]o nazusaecmucs ynxyicto 8i0 080X 8UNAOKOBUX BEAUYUH !

2. Ak euznauumu ¢hynkyito po3nooiny sunaokosoi seiuduHu, wo € QyHKyicto 8i0 080X
BUNAOKOBUX BETUHUH?

3. Akuii po3nodin Hazueaemvcs posnodinom y°?

4. SAxuil po3noodin Hazusaemvcs po3nooiiom Penes?

5. Ak snatimu mamemamuune cnodisanns QyHKYii 6i0 080X BUNAOKOBUX GETUUUH?

6. I1]o Hazusaemwvcs KoMno3uyieto 080X po3nooinia?

1. Axi po3nodinu nazusaromucs cmitikumu? Hasedimos npuxnaou cmanoapmmux
PO3N00INi6, SKI € CMIUKUMU.
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Po3B’si3yBaHHS THIIOBMX 3a/1a4

3aoaua 15.1. Hexaii &, He3aneXHl BUMAAKOBI BEJIMYWHU, PO3IMOALICHI
eKCIIOHEHINIATBHO. X MIJIBHOCTI MAIOTh BHIJISI:

0,x<0 0,y<0
f.(x)= X o f = y .
() 1e3,x20 ) Ze“,yzo

3HANTH MUIBHICTD PO3NOALTY CYMU S=¢& +77.
Posé’sizanns. Buxopucraemo ¢opmyny (15.8) mid mijapHOCTI CyMH JBOX
HE3aJICKHUX BHIIAJIKOBUX BEJIIMYWH, IIUIBHICTH CYMH JIBOX HE3aJIC)KHHX BCIIMYUH €

3roptkolo ix mnpHocTer:  f (2) = f (x) * f.(y) = I f,(z—u)f.(u)du.

AHanizyroud migiHTerpaibHi QyHKINT 6auynMo, 0 Mexi ciijl B3aTH Bia 0 10 Z,
OCKUTBKMA UIIJIBHOCTI TMEpPeTBOPIOThCS B 0, KOJM apryMeHT CTae BiJ €éMHUM a0o
OLIbIIMM 32 Z .

E _—U 1 17 u z
e —e 4du_lze Ie12du e4(e12)|0_e4 es.

- fi

0,z<0
Orxe, minbHIcTh cymu f (2)=9 .

e?-e32z>0

3aoaua 15.2. Hexaii &, 7 He3ayexHi 1 piBHOMIpHO po3nosineHi: & Ha [-1,0], a
n Ha [0,1]. 3HalTH MUIBHICTH PO3NOALTY CyMU S=& +177 .

1, xe[-10] f ):{1,ye[0;1]

Poseazanns. 3a ymosoto, f,(x)=
¢[-1,0] 0,ye[0]

Buxopucraemo ¢popmyiy Uil IIJIBHOCTI CYMU JBOX HE3AJIEKHUX BUIIAJKOBUX

pemuunn: f,(z) = j f.(z—u)f, (u)du.

(0, ze(~x;-1)
B . Izdu, 7 [-1:0] z+1, ze[-10]
f (2)= j f.(z-u)f, (u)du =j f.(z-u)du=1"" =1-7+1 ze[0:]]
0 0 Jz_ldu, ze(0l] |0, ze [-11]
0, ze(l+x]

OnepkaHuil po3MOAUT Ma€ Ha3By «TPUKYTHHI», IO IIJIKOM 3PO3YMILNO,
SKIIO MOJAUBUTHUCH Ha rpadik HOro migbHOCTI, IKUi 300paxkeHo Ha puc. 15.2.
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10 1 X

Puc. 15.2.
Ha npomy npuxiaai 3po3ymijio, o piBHOMIPHHUI pO3MOJLI HE € CTIMKUM, 00
KOMIIO3HIIisl TBOX PIBHOMIPHHX PO3IOAUIIB € «TPUKYTHHUMY», a HE PIBHOMIPHUM
PO3MOILIIOM.

Hagenemo inmmii crioci6. Crioyatky 3HaiiieMo QyHKIII0 po3noainy S=¢ +177.
3a ¢dopmyoro (15.6):

F.(2)=P{¢+n<z}= ” f. (X y)dxdy :dezjX f., (X y)dy.

Di{(x+y)<z}

BpaxoByrouw, o &, 17 He3alexkHi, 3HAXOAUMO CyMiCHY HIUTBHICTD (&, 77)

1, xe[-1,0],y €[0;1]
fg,;;(xi y) = {0 . .
y AKWO THAKUWe
vy 1
1
1 z «

y=zZ—Xx
Puc. 15.3.

[I1inbHICTh € HEHYJIBOBOIO TUIBKHU BeepeauHi kBajapaTa [—1;,0]x[0;1]. 3 pucynka
BUJIHO, 1110 00J1aCTh iHTErpyBaHHs Oy/e pi3HOIO Y Bunajakax: a) z<—1; 0) -1<z<0;
B) 0<z<1; r) z>1.

a)z<-1 = F/(z)=0;

z Z—X 2
6) -1<2<0 = F(2)=[dx | dy=Z47-1.
G000 2 2
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B) 0<z<1l = Fs(z):deJl'dy+ _T dxzjxdy:—z—2+z+1;
0 z-1 0 2 2

-1
r)z>1 = F/(z2)=1.

Omxe, MOJKHA 3aITUCAaTH

0, z<-1
ZZ
—+z——, -1<z<0
F(2)={%
—Z—+z+—, 0<z<1
2
1, z>1

B3sBimu noxigHy Bif GYHKIT po3MOAUTY, OTPUMYEMO Ty CaMy IIUIBHICTD,
110 Oyna 3HaiieHa IepIrM CriocoOOM 3a JOTIOMOTOI0 3TOPTKH.

3aoaua 15.3. Hexait &, n He3ajexHi 1 pIBHOMIPHO PO3MOUICH] Ha BIAPI3KY
[O,l] . 3HANTH PO3MOALT BUMAJAKOBOI BEIMUUHU § =& - 177.

Po3zé’azanns. PosriasHeMo (yHKIIO pO3MOAUTY IIYKAHO! BEJIMYMHU. 3a
O3HAYEHHSAM Fg(z) = P{( < Z} = P{§77 < Z} Ocxkimpkn 0<E<1 Ta 0<<1, T1O

0,z<0,
Plén<zi=11,.1

Hexaii 0<z<1, ckopucraemoch popmyioro (15.1):
F.(z)= j j f,, (X y)dxdy.

D:{xy<z,0<x<1,0<y<1}
3anumeMo iIbHOCT] BUIIAIKOBUX BEJIMYUH.

0, x¢(0,1, 0,ye|01],
N L A A
1 xe [0,1], lye [0,1],
BpaxoByroun He3anexHICTh &, 77 , CyMiCHA HIUIBHICTh Oyze TOpiBHIOBATH

0, X, D,
fm(x.y):{l’ Z;:D, ne D={(x,y):xe[0,1], y€[0,1]}

Ha puc. 15.4. 3006paxxeHo 06:1acTh, 1O SKiil BiIOyBa€ThCA IHTETPYBaHHS.
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Puc. 15.4.

z

F.(2) =j.dxj'dy+ j.dXJX.dy =z—-1zlnz.
0 0 2 0

0, <0,
Omxe, F,(z)=¢z(1-Inz),0<z<1
1, z>1.

3aoaua 15.4. [lepexonsun 10 y3araJlbHEHUX MOJIAPHUX KOOPIWHAT, 3HAUTHU

2 2
M { Q- % —%} ne (5 ,77) — BUNAJKOBUN BEKTOP, PO3MOIJICHUI PIBHOMIPHO B
2 2 2 2
00J1acTi, oOOMexeH1H enincamu s /- 1, il /i
4 9 16 36

Po3z¢’azanns. Cnepury HamaioemMo o0nactb, AuB. puc. 15.5. /[BoBuMipHa
BUIAQJKOBA BEIMYMHA PO3MOALICHA PIBHOMIPHO B KUIbIl MK JBOMa €JIICaMHu
(noapOoBaHO B CHHIN).

Puc. 15.5.
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Sk Mu 3Ha€EMo, TUIOIIA efIinca aopiBHIOE S = 7ab, ae a, b — miBoci enirnca.
OTxe, uoma cuHboi Qirypu, D:

S=7-4-6-7-2-3=18~x.
3anmiemo winbHicTs (£,77)

1
PP ’ D!
f, 00 =18r VS

0, (x,y) & D.

3a popmysioro (15.3)
=[x y) - ., (xy) dxdy,
R2

Maemo:

e

TyT 3py4HO NEpPENTH 10 y3arajJbHEHUX MOJAPHUX KOOPAUHAT. 3p0OUMO
X =2,C0S,

y=3psing,
D={(p,0):1<p<2,0<p<27}.

X’ yz 1 (2n ° 2 67 2 2
M 1/9———— =— [T dp[6p9-p?dp=———[9-p*d(9- p?) =
2 9} 187TI0 (p!p pdp 187[! p-d(9-p7)
?_2ge 5 |
1 9

2 2 ERE
Bionosion: M1 Jo- XY 1 _2/g: 52|
4 9 9

3aMIHY: { Moayib SkobiaHa ‘J ‘ =3-2p,
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16. IEPBUHHA OBPOBKA JJAHUX. 'PA®IYHUM AHAJII3.
CTATUCTHUYHI OINIHKUA ITAPAMETPIB PO3HOALTY

16.1. 1o Take ctaTucTHKA?

BuByaroumn Teopito KIMOBIPHOCTEH MU, SIK MPABUIIO, PO3TIIAIAEMO 3a1adi TAKOTO
TUITY: 3HAIOYM JICIKI XapaKTEPUCTHKH BHITAJIKOBOrO 00'€kTy, Tpeba 3HAHTH
HMOBIPHICTB TOTO, IO BIAOYIETHCS JesKa MO/Iisl, MOB's13aHa 3 UM 00'€KTOM.

Hpuxnax 16.1. B maprtii 3 N npunanie M e HectipaBHUMHU. HaBMmaHHS
BuOuparoTh 10 mpunanis 3 maprii. Hexait ¢ - Bunaakosa BenmnunHa (BB) - Bu3Hauae
KUTBKICTh OpakoBaHUX MPUJIAAIB cepel X AecsaTu. CKIacTU 3aKOH PO3MOoLy &.

3po3yMiJio, IO 3a KJIACHIYHUM O3HAYCHHSIM
k 10—k

ckcie
P{&E =k} = %; k=01,..,10.
N

Lle rinepreoMeTpUYHUANA PO3NOILI.

HacnpaBal, konu Ha MpakTUIl 3aCTOCOBYIOTh BHOIPKOBHI KOHTPOJIb, TO
KUIBKICTh HECIpaBHUX mnpuiagiB B maptii M HeBigoma. Came mid ii OLIHKH
BUKOPHCTOBYETHCS MPOLEAypa BUOIPKOBOIO KOHTPOJIO. BimoMumu €: HeBHUIIaIKOBa
BenuunHa N — o0'eMm maprii, 1 came 3HaueHHs BB . Omxe, Hama 3agava nosisirae B
TomMy, o0 3a cmocTepekeHHsMH 3a BB & ominutn M - KUIBKICTh HECIPaBHUX
NPUIAJIIB B MAPTIi.

Ile omna 3 TUIMOBUX 3aJady MaTeMaTHUYHOI CTAaTUCTUKU — 3a0aya OYIHKU
Hegi0OMO020 napamempy UMOBIPHICHO20 pO3N00ity 3a CIIOCTEPEKEHHIMH & .

B3arani MoxHa ckazaTu, L0 MamemMamuyna CamucmuKka - ye Hayka npo
me, AK pooumu 6UCHOBKU, GUX00AYU 3 BUNAOKOGUX OaHux. TaxumMu BHUCHOBKaMHU
MOXYTbh OyTH HE TIJIbKH OLIHKH HEBIJOMMX MapaMeTpiB.

Ha OoCHOBI CTaTHCTMYHUX JAaHUX MOXKHA TaKOX MEPEBIPATH JEsAKl TINOTE3H.
Hanpuknan, Maemo ABa mpwiiaay Ui BUMIPIOBaHHS MiHOCTI Metany. HeoOxigHo
BU3HAUYWTHU: YU € EKBIBAJICHTHUMU PE3YyJbTaTH BUMIPIOBAHb Ha 000X MpPHIIaIax.

[IpuknagoM MUPOKOro Kiacy CTATUCTUYHHUX 3aad € 3a0aui npocHO3Y8aHMHA,
KOJIM Ha OCHOBI CIIOCTEPEKEHb MUHYJIOTO Tpeba mepeadadynuTu sikich MaOyTHI MO,
Hamnpuknan, BizioMo, SKUMH OyJId IiHK Ha 30710TO Ha JIOHIOHCHKIN OipiKi HA MPOTs31
octanHix 10 pokiB. SIkumu OynyTh 11l IIIHK 3aBTpa, Yepe3 THXKIEHb, yepe3 pik? [lle Ha
noyatky XX cropiyus OyJ0 BCTaHOBJIEHO, IO JJI TIPOTHO31B TAaKOTO THITY MO>KHA
3aCTOCOBYBAaTH CTAaTUCTHYHI METOIU pecpeciliHoc0 ma asmopezpeciuHozo analizy.
[lumMu MeTomamMu MPOTHO3YIOTH HE TUIBKKM KYypCH BalllOT, @ M KUIBKICTh TUISIM Ha
CoHIri, BUCOTY pO3JIMBIB PIYOK, PEAKIII0 OpraHi3My XBOpPOTO Ha JIKyBajbHI
poIeAypH 1 T. 1.

[le onHa rpyna 3aaad, 3 sSIKOIO Mpall0e MaTeMaTUYHa CTaTUCTUKA — 1€ 3a0ayi
knacughixayii. Ilpukiagom Moxe CIyKUTH poOoTa OaHKipa. JIo HOrO 3BEPTAIOThCS
KJTIEHTH 3 MPOXaHHAM HajaaTH iM KpeauT. Momy TpeGa BHABHTH — HAmilHWH 1ei
KJIieHT yu Hi. Lle poOutbea Ha miactasi 1H(opMalli npo (iHAHCOBUN CTaH CIpaB
KJIIEHTA Ta MpO HOro KpeAUTHY 1CTOpito. Sk mpaBuiio, iHpopMallisi TOPIBHIOETHCA 31
CTAaTUCTUYHUMH JAaHUMHU IHIIWUX KIIE€HTIB, K1 paHilie Opailu KpeauT 1 MOBEpTald
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Horo (abo He moBepTalid) B IIbOMY OaHKy. MeToau MaTeMaTH4HOi CTaTHUCTHKU
JIO3BOJIAIOTH BPaxOBYBaTH Taky iHGoOpMaIliio 1 moOyayBaTU ONTHMAJIbHE MPABUIIO
Kyacudikaiii KIeHTIB.

Cmamucmuka - ye 30ip, ananiz ma inmepnpemauis (NOACHEHHA) OAHUX.

OcHoeHni 3a0aui mamemamuyHoi CIamucmuKku:
1) ouinka napamempis;

2) nepesipka zinomes;

3) npocnosysanns;

4) knacugbikauis.

16.2. 'enepanbHa Ta BUOIpKOBA CYKYIHOCTI

3 HaBeJCHUX MPUKIAAIB MU 0auyWMO, IO CTATUCTUK MA€ CIpPaBy 3 JACIKOIO
CYKYIHICTIO OLJIBIII-MEHIII OJTHOPIAHUX 00'€KTIB, CTATUCTUYHI BIACTUBOCTI SIKMX HOTO
I1KaBJIATh.

16.2.1. OcHOBHI NOHATTH

CykynHICTh BCiX 00'€KTIB, fIKI CKJaJai0Th MPEIMET AAHOTO CTATUCTUYHOIO
JOCTIIKEHHS1, HA3UBAIOTh 2€HEPAIbHOI0 CYKYRHICHIO.

Ha mpaktuii cratuctuyHa npobieMa BUHUKAE TOJ1, KOJHM JOCHIHUK HE Mae
MOXJIMBOCTI JOCIIJIUTA BC1 00'€KTH T'e€HEpaIbHOI CYKYMHOCTI a0 BHACIIIOK HAJTO
BHUCOKOI I[IHM TaKOTO JTOCHIIKEHHA (HampHKIa, SIKIIO KOHTPOJb SKOCTI IMPOIYKIIi
NOB'A3aHUI 3 1i pyHHYBaHHAM), a00 yepe3 Te, 10 NeHepalbHa CYKYIHICTh B3araii
HeoOMexeHa (AK HeoOMeXeHa KUIbKICTh IOTEHIIMHUX KJI€HTIB OaHKa B
MaiiOyTHROMY B MPHUKJIAJII PO OaHKIpa).

Bubipkoro Ha3uBalOTh CYKYNHICTH O0'€KTIB, TpPO SKy CTaTUCTHK Mae
iHpopmartito. Q6'em (06ca2) CyKyITHOCTI — 1€ YUCIIO 00'€KTIB ITI€T CYKYITHOCTI.

IcHye Oarato pi3HMX METOMAIB BiAOOPY A0 BHUOIPKHU: MPOCTHI BUOIPKOBUI
BiI0Ip, cTpaTudikoBaHuil BiAOIp (KOJNMM TeHEpalbHY CYKYMHICTh pPO30MBAIOTH Ha
MIJCYKYIMHOCTI - CTpaTH, a TMOTIM 3 KOXHOI CTpaTH BUOHMPAIOTH MEBHY KIIBKICTbH
00'ekTiB), OararocTyneHeBuil crpaTudikoBaHuil BiAOIp, CKIAIHINII TOpUAHI BiAOOpH
Tomlo. bl HoKIaAHO METOIU BiAOOPY Ta iX HACHIAKWA BUBYAE meopis 6UbIPKOBUX
obcmedicens.

MoxHa c@opMylioBaTH TakKy BUMOTY J0 BHUOIPKM: BOHa TOBHMHHA OyTH
penpezeHmamueHolo, TOOTO TOBMHHA MPAaBWIBHO  BIOOOpa)kaTH  MpOHOpIIi
reHepaNbHO1 CyKynmHocTi. Hampukinaz, Ko reHepaibHa CyKYMHICTH PO3JiIEHA Ha
CTpaTH, 1 y BaC € MiJICTABH BBAXKATH, 110 BOHU € JOCUTH BIIMIHHUMH OJHA BiJl OJHOT,
Tpeba OpaTH 3 KOKHOI CTpaTH KUTBKOCTI 00'€KTIB, MIPOMOPITiHHI 00'eMaM cTpar.

MareMaTtnyHe 03HAYCHHS BUOIPKU BUTJISIIAE TTO-THIIIOMY.

16.2.2. MaTemaTH4YHe 03HAYEHHS BUOIpKHU

Cmamucmuunum npocmopom HazupaoTh Tpiiiky (, F, (Py, 0 € 0)), ne (1 -
MPOCTIP €JIEMEHTApHUX MOJINA JIeSIKOT0 CTOXAaCTUYHOIO eKcrnepumeHty, F - cirma-
anredpa BUMAAKOBUX TOMIM — miaMHOXUH 3 (), (Pg, 0 € 0) — neska mapameTpuyHa
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ciM'st UMOBIpHICHUX po3noAuTiB Ha F; © — mapameTpuyHa MHOXXHHA JOBIIBHOT
IPUPOAH.

3a3Buyail BBaKaTuMeMo, o O € d - BUMIPHOIO, aje 1HKOJIU MOXe OyTH 1
HECKIHYEHHO BHMIPHOIO, HAMpPUKIAT, IMPOCTOPOM YCIX HEMepepBHUX (PyHKIIIN
PO3MOILITY.

PosriasaemMo BUNaaKOBHUI €JI€MEHT (.

{: (Q,F,(Py,0 €0)) — R%xR"

(ToOTo {- 1e BUIagKOBa MaTPUIls a00 BEKTOD).

MHOXWHY 3Ha4€Hb I[LOTO E€JIEMEHTY Ha3UBalOTh GUOIpKoeUM npocmopom, {
HA3UBAIOTh GUDIPKOIO.

Bubipka mae Burisig

(%11, X192, X13, -+, X14) - XapPAKTECPUCTHUKHU 1-TO 00'€KTY;
(%21, X292, X93,...,X24) - XapaKTEPUCTUKH 2-TO 00'€KTY;
(Xn1» Xn2) Xn3s+ o) Xng) - XaPaKTEPUCTUKH N-TO 00'€KTY.

Tyr n - obcsar Bubipku, d - KUIBKICTb XapaKTEPUCTUK OO0'€KTy, SIKI MH
BUMiproemMo, d < n. Braxaemo, 1Mo €IeMEHTH BHOIPKH € HE3aJeKHUMHU OJIHAKOBO
PO3MOIIIECHUMHA BEKTOPAMH.

VY npocrimomy, onHoBuMipHOMYy BUNaaky (d = 1) Bubipka { € BUNAAKOBUM
BekTopoM  { = (Xy,X5,X3,...,Xp), O€ Xq,X,X3,...,X, - HE3AJCKHI OTHAKOBO
pO3MOITIEH] BUMAAKOBI BeqnuuHU. HezanekHUMH MM iX BBaXXaEMO TOMY, IO II€
pEe3yNbTaTH BUMIPIOBaHh B N HE3aJCKHUX OJHE BiJ OJHOTO EKCIIEPUMEHTaX, a
OJIHAaKOBO PO3IMOAUICHUMH TOMY, 1110 MU BUBYAEMO OJIHY 1 TY CaMy BEJIMUMHY, OJHY 1
Ty caMy XapakTepUCTHKy. B 1bOoMy BHUMAIKy KaxXyTh, MO (Xq1,X,X3,...,X,) €
BUOIpKa 00CATY M 3 FeHEepaIbHOI CYKYITHOCTI 3 PO3MOALIOM Py.

Omoice, Mu Maemo noosiuny npupody eubipku. Ha meopemuunomy pigni mu
PO32NAOAEMO efleMeHmuU BUOIpKU AK eunaokosi genuuunu. Cnuparnouucs Ha anapam
meopii UMosipHOCcmell, cneyianicmu 6 o06aacmi MamemMamuyHoi CMAamucCmuKy
8UB00AMb HeOOXIOHI (opmyau i npasuia 04 OYIHOK NApamempis po3nooiuis,
NpOocHO3YB8anHs, Kiacugikayii i m.0. B npuknaonomy acnexmi enemenmu 6UOIpKU - ye
NPOCMO HUCIA, pe3yTbmamu GUMIPIO8AHb YU cnocmepedicens. lliocmasnsaiouu yi
yucaa y 8iON0BIOHI (hopmyau, OMPUMYEMO HEOOXIOHI YUCTI08] OYIHKU YU BUCHOBKU.

16.3. CraTucTu4HUIi po3noaii BUGipku

Hexaii Mu MaeMo BUOIpKY 3 T€HEPAIbHOI CYKYTHOCTI 00CATY 71, IPUUOMY B I[1H
BHOIpIII:

X1 cTocTepiraiocs n, pasis;

X, CIIOCTEpIrajaocs n, pasis;

X), cnoctepiranocs ng pasis. (Tyrny + n,+...+n, = n).
3HaueHHs X;, SKI MH CIIOCTEPIraeMo, Ha3WBAIOThCs eapianmamu. Yucna
n; . . .
n; HA3UBAKOTh Yacmomamu, a w; = ;‘ - GIOHOCHUMU YACMOMAMU BIIOBITHIX

BapiaHT.
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Cmamucmuynum  po3noodinom  eudipku  (emnipuyHumM  po3nooinom)
Ha3UBaIOTh TEpPEiK BapiaHT 1 BIAMOBIIHUX iM 4YacTOT ab0 BIJHOCHUX YacTOT
(Tabin.16.1).

Ta6muig 16.1. CratucTUYHUN PO3MOALT BUOIPKHU TUCKPETHOTO PO3IOILTY.

Xi X1 X2 Xk
n; ny n, ny
Wi Wy w» Wi

Ko x; — CHOCTepe’EHHS 3a TUCKPETHOI BEIMYMHOK &, TO CTAaTUCTUIHHMA
PO3MOII BUOIPKM MOXKHA BBaXKATH OIIIHKOIO 3akoHY po3mnoaity ¢. Lle BumnmBae 31
CTaTUCTUYHOTO O3HAYCHHS WMOBIPHOCTI: MPU 7 —> 0O BIAHOCHI YacTOTH W;
NpsAMYIOTh 10 WMOBipHOCTEeH p; = P{¢ = x;}.

[TocnimoBHICTh €lEMEHTIB BHUOIpKH, 3alHMCaHy B 3pOCTAIOUOMY TOPSIKY,
HA3UBAIOTh eapiayiiinum padom. YIoro MoxHa IPEICTABUTH y BHIJISII

X[1] < X[2] < X[3] <...< X[n]-

X[;]- I-il €IEMEHT y CIIUCKY BHOPSAJIKOBAHMX 32 3pOCTAHHAM €JIEMEHTIB BUOIpKH,
BiH Ha3UBAETHCS HOPAOKOBOI0 CHLAMUCMUKOIO.

Hpuxnanx 16.2. Maemo BuOIpKYy, 110 cKIagaeThes 3 yucend: -11, 5, -100, 5, 5, 2,
1, 5. Bapiamiitauit psig Bubipku mae suresia: -100, -11, 1, 2,5, 5, 5.

Po3risiHyTe O3Hau€HHS CTATUCTUYHOTO PO3MOJALTY BHOIPKU Kpalle MiIXOAUThH
JUISL BUBYEHHS JUCKPETHUX PO3MOJUIIB, HIX [JI HenepepBHUX. Yacrime
KOPHUCTYIOThCSl 1HIIMM O3HadeHHsM. Hexail BCl 3Hau€HHA BUOIPKM MOTPAIUISIIOTH B
inTepsai [a, b].

Axmo ¢ HemepepBHa BUMAJAKOBA BEIUYHHA, TO CHIAMUCHIUYHUIL PO3HOOIN
6UDIpKU 3a0aembvea Y 6uU2A0l ROCAIO08HOCHMI IHMEPEAlie ma GiON0GIOHUX M
emnipuuynux uacmom (ta6n.16.2). (IligpaxoByrOTh, CKITBKH 3HAYE€Hb 3 BHOIPKH
MOTPAIUJIO B IaHUW 1IHTEPBAJ 1 3alUCYIOTh BIAMOBIIHY YacTOTY).

Tabnuig 16.2. CtaTUCTUYHUN PO3MOALT BUOIPKH HEMIEPEPBHOTO PO3IMOILTY

Tarepsan | [a,x;] | (x1,x2] | (x2.%3] | - (Xk-1,b]

n; ny n, ng ny

[Tpu upomy [x;_1, X;] Ha3UBaIOTH uacmkosumu inmepeanamu. Yacrie 3a Bce
BOHU OJIHAKOBOI JIOBXXWHHU, aJI€ HE 3aBXK/IN.

16.4. I'padiunuii anamiz 1aHux

3 HaWOLIBII MOMMPEHUX 3aco01B, MPHU3HAYEHUX [IJIS BI3YaJbHOTO aHaJi3y
BuOipku, € ricrorpamu, P-P 1 Q-Q miarpamu, smuku 3 Bycamu. B cydacHux
CTaTUCTUYHHX NaKeTax nependadeHa nody1oBa Takux rpadikis.
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16.4.1. I'icrorpama

TI'icmozpamoro uwacmom Ha3uBaOTh cxigdacty ¢irypy, CKIajeHy 3
NPSIMOKYTHHUKIB, OCHOBAMH SIKHX € YaCTKOBI IHTEpBaJIM IOBXHUHOIO Hh, a BHCOTH
JOPIBHIOIOTH YaCTOTaM ITUX 1HTEPBAJIIB 1;.

T'icmozpamoro 6ionocHux wacmom Ha3UBAIOTH CXiguacTy Qirypy, CKIaJeHy 3
NPSIMOKYTHHUKIB, OCHOBaMH SIKHX € YaCTKOBI iHTEpBAJIW NOBXHHOIO h, a BHUCOTH
JIOPIBHIOIOTH %

Hpuxnax 16.3. HaBogumo BenuuuHM e, 3HaijaeHi P. MuwiikeHoM 1ipu
BM3HAYEHHI 3apsly eleKTpoHa, skuii gopisHioe e - 10710 on. CI'CE. O6car Bubipku
— 58 3HAYEHB.

4,7 474  AT47 4,749 4,758 4,761 4,764 4,764 4,764 4,765
4,767 4,768 4,769 4,769 4771 4771 A772 A772 4772 4774
4775 4775 4776 4777  A777 4778 4779 4779 4,779 4,781
4,781 4,782 4,783 4,783 4,785 4,785 4,785 4,788 4,788 4,789
4,789 4,79 4,79 4,791 4,791 4,791 4,792 4,792 4,795 4,797
4,799 4,799 4,801 4,805 4,806 4,808 4,809 4,81

[icrorpama wactoT uis e moOymoBana Hik4ue (puc. 16.1), 3a momoMororo
nakety R ( R - omHa 3 HaWOUIBII MOMIMPEHUX MOB MPOTPaMyBaHHS, MpU3HAYCHA
CHeIiallbHO JJIsi PO3B’SI3aHHA CTATUCTUYHMX 3a/ad). Bchoro B3sTO 6 4acTKOBHUX
1HTepBaiB, KOxkHUN aoBkuHOIO h = 0,02. Bucotu npsSMOKyTHHUKIB B110Opa’KatoOTh
4acTOTH 1HTEPBAJIIB.

Histogram of e

Lo I
[
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[ T ]
[
@
=0
o O _|
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L
oy —
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[ I I I I | I
470 472 474 476 478 480 482

e

Puc. 16.1. T'icrorpama gactot

T'icmozpama @ioHOCHUX wacmom Mmoxce CayZyeamu OUIHKOIW WINbHOCHI
PO3n00iny HenepepeHoi 6Unaokoeoi eenudunu &, AKy Mu UMIPHOEMO.

CropaBai, mo3HaunMo f(x) — muabHICTh posnonauty ¢, F(x) — dyHkuis
posnoainy ¢&. Toxi

f(x) = F'(x;) = limpg o
P{§ € [xpx; + h)} I P{§ € [xixiv1)} Wi

P{S<xi+h}-P{{<xi} _

= lim im )
h—0 h h—0 h h
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Orxe, f(x;) = —‘ , @ IIe € BUCOTH NMPSIMOKYTHHUKIB y TiCTOTpaMi BiTHOCHUX

4acToT.
Moske 3aaTHcs, M0 Taka OI[iHKa TUM TOYHIIIA, YAM MEHIINHA 1HTepBal h, aje
e He Tak. ko 3pobutn "apiOGHEHBKE" pO3OUTTS, TO HAa KOXXHUH IHTEPBAJI MPHUTIAIC
0-2 3HauyeHHs, 1 ricTorpama cTaHe HeiHPOpPMaTHUBHOI. PekoMeHayeThcsi Oparu
k > n/10, ne k - KUIBKICTh IHTEPBAIIB, N - 00CAT BUOIpKU. [HIITY XapaKTepUCTUKY —
nonizon wacmom - MOXXHA OTPUMATH 3 TICTOrpaMu, 3'€HABIIM CEpPEIHI TOUKH
BEPXHIX OCHOB MPSIMOKYTHHKIB. {7151 MOPIBHSAHHS PO3MOALTY BUOIPKH 1 TEOPETUIHOTO
PO3MOiTy MOXHA MOOYAyBaTH Ha OJHOMY PUCYHKY TiCTOTpamy BiTHOCHHX YacTOT i
IIIIBHICTh TEOPETUYHOTO PO3MOJIIY 1 TOPIBHATH iX, ajieé ricTtorpamMa CHJIIBHO
3aJIeKUTh Bl IHTEpBAIB TPYIYyBaHHs, 1 TOMY € HEOJHO3HayHOIO. OTXe, HapsALy 3
riCTOTPaMOI0 BUKOPUCTOBYIOTH 1 1HIIN rpadivyHi 3aCO0M CTATUCTUYHOTO aHAI3Y.

16.4.2. P-P i Q-Q-giarpamu

P-P - nmiarpama (Probability-Probability plot). ¥ nac € BubGipka {
(%1,%9,%X3,...,Xy) - PpE3yJbTaTH BUMIpPIOBaHb BHUMAAKOBOI BemuuuHU ¢. Mu
MOPIBHIOEMO CTAaTUCTUYHUN pO3MOALT BUOIPKM 3 (HIKCOBAaHUM TEOPETUUHUM
posnoginoMm F(x) = P{{ < x}. ToOTo y Hac € mpuIymeHHs, mo ¢ po3MojiicHa 3a
TaKUM 3aKOHOM 1 MU XOUY€MO NEepeBIpUTH Halle npunyiieHas. Ha P-P-giarpami s

KOXKHOT BapiaHTH X; BiAKIagaeMo Touky 3 abcumcoro  P{¢ < x;} 1 opamHATOIO
KiJIbKicTb BapiaHT B BUGIipLi,0<X;

S0 Hame TPUIYHIEHHS 0Opo posmoain & €
KiZIbKiCTBb BapiaHT B BUGIpIi,m0<X;

NpaBUIbHUM, TO ~ ~ P{{ <x;} npum Bemmkux N

(OckinbpKy BIJHOCHA YacTOTA MOJi1 HAOJMKEHO TOPiBHIOE HMOBIpHOCTI moAiT). OTxe,
SKIIO TEOPETUYHUHN PO3MOJIII BUOPAHO MPaBUIbHO, TOUKK Ha P-P-aiarpami moBHHHI
pO3TallyBaTHCh B3AOBXK OICEKTPUCH TMEPIIOTO KOOPAWHATHOTO KyTa. SKio
TEOPETUYHUN PO3MOJALT Ma€ HEBIAOMI NapamMeTpd, TO BOHHU OI[IHIOIOThCA 3a
BUOIPKOIO.

Hactynna P-P-nmiarpama (puc.16.2), mopiBHIOE Hallry BHOIpKY € — 3apsay
€JIEKTPOHA — 3 HOPMAJIBHUM PO3MOAUIOM. Ik MU 0auuMO, MEBHA CXOXKICTh MPUCYTHSI,
Xoua 1 He Ay»e CUJIbHA.

n

P-P-diagram

theoretical

0.0 0.2 0.4 06 0.8 1.0
empirical
Puc. 16.2. P-P-niarpama Ha NOpiBHSIHHS 3 HOPMAJIbHUM PO3MOALIOM
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Hexati a € (0,1) ; F(x) - neska QyHKIIiS pO3IOJILTY.

Po3Bsi3ok piBHsiHHA F(X) = o Ha3UBA€ThCS KGAHmMUNEM PIGHA (.

[Toznauatumemo i#oro Q(a) a6o x,: P{{ < Q(a)} = a. Axmo F(x) crporo
MOHOTOHHA 1 HemepepBHa, To Q () BU3HAYCHA OJTHO3HAYHO:

Q(a) = F~(a)

. 1
¢ - neska Bunankosa BennunHa. Hexaii Me take uuncino, mo P{é > Me} = 5 Ta

P{¢ < Me} = % Toxi Me na3uBaeTbcs medianoro po3nooiny &.

Meniana € kBantuiieM piBHS 0,5. ByBae 1 Tak, Koau B poO3MOAUI HE OJHA
MeJlllaHa, a JACeKUIbKa. Keapmunamu Ha3UBaIOThCS KBaHTWII piBHA 1/4 1 3/4
(6i0nosiono nusicniti ma eéepxmill K6apmuii).

1

Huoicniti keapmuib xq 4 P{E < x1/4} =2 P{f = x1/4} =

3

< -2

Bepxuiu keapmuiio X34 P{E X3 /4} 7

Ipuxnang 16.4. 3HaiiTh MeniaHy 1 HWXKHIM KBapTWIb EKCIOHEHIIaJbHOTO

PO3MOLTY 3 TapaMeTpoM A.

@yHKILI PO3NOALUTY €KCITIOHEHI1aIbHOTO PO3MOALTY MA€ BUTIISAL:

0, x <0;
Fx) = {1 _e M x>0

)

Omxe, F(x,) =a; 1-— e Ma = a; xo=0Q(a) = %lnﬁ'

. 1 1 1 1 1 1 4
TOI[I Me = 7 = /_—Lan, x1/4 = Q (Z) = /'_llnl—0.25 = /_—llng

1-0.5

Tpoxwu 3abiratoun Hanepe, ChOPMYITOEMO HACTYITHE TBEPKEHHS.
Teepoycenna.  Hexaii mm  maemo  BHOIpKY,  BaplauiiHMM  pAn
X[1] < X[2] < X[3] <...< X[n)»
pe3ynpTaT BUMIpIOBaHb ¢ 3 (yHKIi€0 posnoainy F(x). Sxmo F(x) HenepepBHa,
: i—0,5
CTPOTO 3pOCTaroya, TO OLIHKOI ISl KBaHTWISA @ (T) € TOPSIIKOBA CTATUCTHKA

X[i].
Q-Q -miarpama (Quantile-Quantile plot). Ha Q-Q-miarpami mo oci adcuuc
0,5
BIJKJIa1af0Th KBAHTUIII PiBHS lT a 1o OCi OpIMHAT MOPAIKOBI CTATUCTUKU  X[;].

MoskHa ckazatv, 00 €MIIPHYHI KBAaHTWJl TOPIBHIOIOTHCS 3 TEOPETUUHUMHU
BIJITTOBITHOTO PiBHSI.

Sxmo TeopeTHuHM po3moAlT 00paHO MpaBWIbHO, TOYkM Ha Q-Q-miarpami
TaKOX PO3MIIIYIOTHCS B3JI0BXK OICEKTPUCH MEPIIOTO-TPETHOTO KOOPAMHATHOTO KYTIB.

Ha mepmiit Q-Q-miarpami (puc. 16.3) Mu MOpIBHIOEMO Hairy BHUOIPKY €
(pe3yabTaT BUMIPIOBAHHS 3apsijly €JIeKTpOHa) 3 HOpMaJdbHUM po3noaiioM. Ha apyriit
Q-Q-miarpami (puc. 16.4)— 3 eKCOHEHIIATLHUM po3MoaiiioM. Cxoxe, 110 Trirnores3a
PO HOPMAJILHUI pO3MO/1T OUIBII BIpOTigHA, HI’K MTPO €KCITOHEHITabHUH.

Q-Q-giarpamu MarTh oJHY niepeBary Haja P-P-giarpamamu. Skio mu oOpanu
TEOPETUYHUN po3noAin &, a MpU I[bOMY CHPABXKHIN PO3NOAUT BEIUMYHMHH, SIKY MU
BUMIpsIH, € aé + b, e a, b — HeBUMNAAKOB1 YKCIIa, TO TIPH BEIUKHUX 1

Qaf_,_b (l 7(1)5) Qf (l 05)+b,
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T00TO ToukM Ha Q-Q-nmiarpami OyayTh pO3MIILyBaTUCh B3JOBXK MpsIMOi y = ax + b.
Hanpuknaa, Mu xouemMo NIepeBIpUTH, UM CIIBIAAAE PO3MOALT BUOIPKH 3 HOpMATbHUM
N(a,0?), npu uboMy aHi a, ani ¢ He 3Haemo. Ha posnb & obupacmo N (0,1). Toxi,
SKIIO PO3MOALT JAaHUX HOpMalbHUUA, Toukn Ha Q-Q-miarpami MPUTATYIOTHCS [0
npsiMoi y = agx + a (puc. 16.3).

Normal Q-Q Plot

L]
T m
'Er“-.
mq_
]
&
@© =T
o
E‘WJ’
m —
o
[
— - o
=T | | [ [ [

Theoretical Quantiles

Puc. 16.3. Q-Q-miarpama Ha MOPiBHAHHS 3 HOPMAJILHUM PO3MO/IIIIOM

Q-Q-diagram

15 20

10
l
R

S
|

§
e ™

I I I I I I
470 472 474 476 478 480

gexpippeoints(58), 1/meanie))
0
|
o

Puc. 16.4. Q-Q-niarpaMa Ha MOPIBHSHHS 3 €KCIIOHEHIIAIbBHUM PO3IOA1JIOM

16.4.3. BubipkoBa MeiaHa Ta SINUK 3 ByCaMH

Posrnsmemo pemry rpadiuyHUX XapakTEpPUCTHK BUOIpku. BubipkoBum
aHaJIOrOM MeJllaHu CIIyTye BUOIpKOBa Me/iaHa.
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Bubéiproeoto medianoro Me Ha3uBalOTh CEpeHE 3HAYEHHS y BapialiiHOMY

psai:
x[n_+1] SAKILO N HeNapHE;
2
[2] > [2+1], SKIO N TapHe.

[Ipu n - 0 Me — Me 3a MOBIpHICTIO, TOOTO BUOIpKOBa MeliaHa € OLIHKOIO
CIIPaBKHBOI MEJiaHW. AHAIOTIYHO TPU N —> 00 x[g] = X1/4; X[3_n] — X3/4. Tomy
4 4

x[g], X[S_n] Ha3UBaIOTh EMRIPUYHUMU 8EPXHIM I HUNCHIM KEAPMUIAMU.
4 4

Pizauito Mk HaOUTPIIUM 1 HAWMEHIIMM 3HAYCHHSMHU BapiallifHOTO PSTY
Ha3UBAIOTh POZMAXOM GUOIPKU. X[n] — X[1]-

HAwuk 3 eycamu (boxplot) BUKOpHCTOBY€EThCS [Isi 300paskeHHS BHOIPKH «B
ITIOMY.

Pucka B uenTtpi - BHOIpKOBa MeJiaHa, MPSMOKYTHUK BiJMIiYae BEpXHIN 1
HUOKHIA KBapTWiIl, a Byca BIIMIYAIOTh pPO3Max BHOIPKM (BUKJIIOYAIOYM BUKHUIIN).
Hwxue moOynoBaHuii 3a JOMOMOI010 MakeTy R smmKk 3 Bycamu Jijisi BUOIPKH 3MIHHOT
e ( puc. 16.5). J/IBa 3Ha4eHHs AKET 1IEHTU(DIKYE SK BUKHUJIH.

Boxplot of e

4.78
|

< I
= — e
~

o

Ll o
=

Puc. 16.5. fmuk 3 Bycamu

16.5. CraTucTH4Hi OWIHKH mNapaMeTpiB po3noainy. XapaKkTepUCTHKH
SIKOCTi OLIHOK

Hexaii Tpeba 3HalTH PO3MOALT JIESIKOT OJTHOBUMIPHOI BUIAIKOBOI BEIUYUHHU.
Hanpuknaza, MmaemMo JIeKy KUIbKICTh SI0JIYK, BAXKUMO KOXKHE OKpeMo; ¢ - Bara s1011yKa,
BUIAJIKOBa BenuuuHa. [IpumycTumo, 1o 3 SIKUXOCh TEOPETHUYHUX MIpKYBaHb HaM
BJIaJIOCh BCTAHOBHUTH - SIKUM CaMe PO3MOJIITI Ma€ O3HaKa (CKakKiMo, HOpMaJIbHUI a0o
noka3HuKoBui). Onpa3y BUHUKAE MUTaHHS 1010 OLIHKK MapaMeTpiB po3moaiTy. Sk
OIIHUTH mapameTp 0? B po3mopskeHH] CTaTUCTUKA € TUTBKU BUOIpKa

(:(Q,F,Pg) > R, { = (x1,X, ..., Xp).

Tyt x4, %5, ..., X, — HE3aJEXKHI OJIHAKOBO PO3MOAUICHI BUMAJAKOBI BEIUYWHHU,
PO3IOIIIeHI TaK camo, 5K 1 €.
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Cmamucmuyunor OuyiHKoOW HegiooMo20 napamempy O  TEOPETUYHOIO
PO3IOIITY Ha3UBaIOTh (QYHKIIIIO Bl BUOIPKH
0~0= @(xl,xz, ey X))
®yHkiito § HasuparoTh me cmamucmukoio. Onpa3y BUHHUKAE ITUTAHHS: SKi
ok 0 € XOPOIIINMH, SIK B3araji MOKHA OI[IHUTH iX SIKICTh?
Jlo ouinkn 0 BHCYBAIOTh TaKy BHMOTY — yMOBY BiJICYTHOCTi CHCTEMATHUHOI
noxuOku, To6TO BUMOry M (@) = 6. B 3B"13Ky 3 IMM MaEMO TaKe O3HAYCHHS.

He3miwenoro Ha3UBaIOTh TAKY OLIHKY 0, 1m0
M(8) = 6.
Hexaif 0 - sxach He3MileHa OIiHKa.
Egexmuenoro Ha3uBarOTh TaKy OLIHKY 67, sKa € HE3MIIIEHOIO 1
D6 = infg.D9,

ne @ - kac ycix He3MilIeHUX OLIIHOK napameTpy 6.

ToOro edekTuBHA OIIHKa — 1€ Taka, [0 HE3MIIIeHa 1 Ma€ MIHIMaJIbHY
JUCIIEPCIIO 3 YCIX MOKIUBUX.

HaliBa)XJIMBIILIOIO ~ XapaKTEPUCTHKOI OLIHKA € 1i  KOH3UCMEeHMHICHb.
3po3ymino, 110 3i 3pocTaHHAM o6csary Bubipku N 0, moBuHHA mpaMyBaTH 10 60, 60
1HAKIIIE 1I€ HE € OLIIHKOIO.

Konzucmenmmuor (ciyuinoro, cnpomodr;cHor) Ha3UBAKOTh TAKYy CTATUCTUYHY

~

OILIHKY 6,, fKa mpsAMye 3a WMOBIPHICTIO JO MapaMeTpy 6, sSKUili MH OIIHIOEMO:
— D . . o . . —

0, = 0; n — oo (30DKHICTh 3a WMOBIPHICTIO O3Hauae, 1o Ve > 0: P{|9n — 9| >
8} — 0,n — ). IcHye aHa/lOriYHe O3HAYCHHS I0JI0 KOH3UCTCHTHOCTI B

CEpEIHbOKBAAPATUYHOMY.

Ipukaag 16.5. OuinroBanus iiMmoBipHocTi B cxemi bepnyJsuri. BinOyBaeTncs
N HE3aJIeKHUX BUIIPOOYBaHb, UIMOBIPHICTh YCIIXy B KOXKHOMY BUIIPOOYBaHHI cTasa 1
JIOPIBHIOE P, BIAMOBIAHO MMOBIPHICTh HeBAadl AopiBHIOE g = 1 — p. [lapamerp p
HaM HEBIJIOMHH, HaIla METAa — HOTO OL[IHUTH.

[To3Haunmo v, — KUIBKICTh ycmixiB B n BumpoOyBauHsX; [;{¥Y} - iHmukarop
TOTO, 1110 B 1-My BUIIpOOyBaHH1 OyB ycmix. Po3risgaeMo Taky OMIHKY JJIS P -

p="t= T [V} = wa (16.1)

e BimHOCHA "wactoTa noii "Ycmix". Yu Oyie XopoIioro 11st OIfiHKa?

1)He3mMireHicTs.

1 n
M@) == MULP =~ =p,

Ominka (15.1) € He3MilIeHOO.

2) Komnsucrentnicte. [;{¥Y},i =1,...,n — He3anexHi OJHAKOBO PO3MOJIiIEH]
sunankosi Bexmunan, M(I;{¥}) = p; DU {Y}) = ML,*{Y} — (MI,{Y})? =p —p? =
pq — oOMexeHa. 3a 3aKOHOM BEJIMKHX YKCE, 33 TeopeMoro Uebuinona:

%Z{Ll I;{¥} — M(I,{Y}) = p 3aiimoBipHicTIO, N — 00,

Otxe, oninka (15.1) koH3UCTEHTHA.
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3) EdextuBHICTh. Sk MU 6aunmo,
A . 1 1
M(p ~p)? = D) =D (T [V}) = 5 T DUY) = 5 =2l — 0 —

(0.0]

Sxmo D(6*) — infgeq,Dé, n-— oo, TO OIHKYy 6%  Ha3MUBalOTh
ACUMIITOTHYHO €()EeKTHBHOIO.

OTxe, OlLIHKA P € aCUMOTOTYHO €(PEKTUBHOIO. ICHye aHanoOriuHe O3HAUYECHHS
[I0JI0 AaCUMIOTOTUYHOI 3MIII[EHOCTI.

Sgkmo M(8*) — 6, n— oo, To OmHKY 6 Ha3UBalOTh AaCHUMIITOTHYHO
HE3MIIIEHOIO.

16.6. EMnipuyna ¢pyHKuis po3noginy

Hexaii y Hac, sk 3aBKau, € BUOipKa 00CsITy 1 - pe3yJabTaT BUMIPIOBaHb JAEAKOI
BUNaAKoBOl BenmuunHn & { = (Xq, Xy, ..., Xpy)

Emnipuunoto pynkuyicto po3nooiny Ha3uBaeThCcst QyHKIISA

F*(x) _ KIIBKICTB X; ,AKi MeH1i 3a X _ v(-ox) 1 27{;1 I{xi < X} . (162)

n n n

Ha BigMiHy Bifg emmipuyHOi (YHKIIT pO3NOAUTY CHPABXKHIO (DYHKIIIO
pO3MO/ATY BHUIAIKOBOI BEJIWYMHU HA3UBAIOTh meopemuyroro. Pi3HULS MK
EeMIIIPUYHOIO 1 TEOPETUYHOI0 (YHKIISIMU PO3MOAUTY MOJsSIrae B Tomy, o F(x)
BU3HauUae WMoBipHicTh momali {& < x}, a emmipuuna ¢yHKIiA posnoginy F*(x) -
BIJIHOCHY YacTOTy Iii€i X mnojii. EmmipuynHa QyHKIIS po3moally € OIlHKOIO
TeopeTnuHoi QyHKIIT po3nonauty. [Ipuiimemo 0e3 JOBEIECHHS HACTYIHI TBEPIKECHHS
(4acTKOBO MU JIOBEJH iX BUILE, PO3MIISLIAIOYHN MIPUKJIIAL 31 cxemu bepHyui).

Teeposwcennsa. F*(x) — He3MillleHa, KOHCHCTEHTHA 1 aCHMIITOTHYHO e(eKTHBHA
ominka ¢yHkii posnoainy F(x).

Teopema I'nusenxo. sup, |F*(x) — F(x)] — 0, n — oo 3 iimoBipHicTiO 1.

Kpim toro, 3 o3nauennst BurnimBae, mo F*(x) necnmagnai 0 < F*(x) < 1.

Ipukaag 16.6 IloOymyBatu emmipuyHy (YHKIIO PpO3NOAUTY 3a JaHUM
CTATUCTUYHUM PO3IOI1JIOM BUOIPKU:

X 2 5 9
n. 12 18 30

Po36’a3anns. Buznauaemo o0csr Bubipku: n = 12 + 18 + 30 = 60.

1. Ockisibku X; = 2 — HaMIMEHIIa 3 BapiaHT, TO pU X < 2 MaemMo V(—o0,x) =
0; F*(x)=0.

2. Hexaii 2 < x < 5. 3nauenns BunaakoBoi Benmuunan X < 5, 10010 X, = 2
croctepiranock 12 pasis, Tomy v(—o0,x) = 121 F*(x) = g =02mpu2 <x <5,

3. Skmo x HaOyBae 3HAa4YeHHs B 1HTEpBaIl S5 < X <9, To HepiBHICTh X < X
BUKOHYEThC i BapianT X = 2, X = 5 1 v(—o0,x) = 12 + 18 = 30, 3Biaku

. 30

F (X) = 5 = 0,5

4, Ockinbku X = 9 — HaiibOinbmia Bapianta, 10 F*(x) =1 mpux > 9.
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0 npu x < 2;
0,2 mpu 2<x<5;

Orxe, Maemo emmipuuHy ¢yHkmito F*(x) = 05 mpu 5<x <9; ii rpadik

1 npu x> 0.
MOKa3aHo Ha puc. 16.6.:
Fix)
05| —
02_| —
| | | -
1 | | =
0 2 5 9 X

Puc. 16.6. EMmipuuna QyHKIIIS po3nOIiTy

SIkmo Bei X; pi3Hi, TO CTPUOOK NOpiBHIOE 1/1 HA KOXKHIN CXOAUHIIL.

3anumanHna 011 CAaMOKOHMPOJII0

1. Axi 3a0aui po3eé'sazye mamemamuuna cmamucmura?

2. Yum 8i0pisHsaomvcs 2eHepanbha i 6UOIPKO8A CYKYNHOCI?

3. Il]o o3nauaromo crosa «8UbOIpKa Mae noositiny npupooy»?

4. Oyinkoro axoi xapakmepucmuku BB ciyeye eicmoepama 8ionocHux wacmom?

5. Yum 6idpiznaromucs i Ak nos’szaui mediana po3nooiny BB i eubipxosa mediana
po3nooiny BB?

6. Ax 6yoyemvca awux 3 gycamu?

1. Hasedimo hopmyny, 3a sKor0 3HAX00UMbCSL eMNIPUYHA PYHKYISL PO3NOOINY.
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Po3B’si3yBaHHA TUNIOBUX 33124

3aoaua 16.1. 3apmani pe3ynbTaT OOCTEXEHHS 3apoOiTHOi Tuiatu 30

MpaIiBHUKIB MaJIOTO MiANprueMcTBa (y.0.):

324, 320, 320, 340, 320, 340, 320, 312, 312, 320, 320, 340, 340, 330, 320, 325,
325, 324, 340, 325.,320, 330, 320, 324, 324, 312, 340, 330, 340, 312.

[ToTpi6HO:

1) moOyayBaTH CTATUCTUYHHIA PO3IOILT YAaCTOT Ta BITHOCHUX YaCTOT;

2) MOJIIrOH BITHOCHUX YacTOT;,

3) emnipu4Hy (QPYHKIIIFO PO3IOILTY.

Posé’sizanns. 1) OCKiNBKW 3HAUEHHS B BUOIPIN TMOBTOPIOIOTHCS, CXOXKE, IO
BUIIAJIKOBA BEJIMYMHA, KA OMHCYE 3apIUIaTHIO — AUCKpeTHa. OTxKe, CTaTUCTUUHHIMA
po3Mo/Iia BUOIpKK Oyjae MICTUTH BapiaHTH 1 BIAMOBIIHI YacToTU. BropsakoByeMo
BUOIPKY MO 3pOCTaHHIO.

Jlns uporo B Excel Tpeba BigMiTHTH MacuB, IO COPTYETHCH, 1 3aTH B MEHIO
TaKUM YHHOM:

¥ AutoSum ~ A
_unum Zsz

¥ Fil -
Sort & Find &
Clear ~ Filter = Select -

x Py
Calibri vl v A A — ®- 2 Wrap Text General i | )8 ’ ? | € X [
E » P
o | Conditional Formatas Cel Insert
: Formatting = Table = Styles -
Clipboard ] Fant & Alignment [F] Number & Styles Cells
v

Delete Format

] Sort Smallest to Largest
4.54 4.55 %l Sort Largest to Smallest
456 4.56) M| «

Y Eiter

312, 312, 312, 312, 320, 320, 320, 320, 320, 320, 320, 320, 320, 324, 324, 324,
324, 325, 325, 325, 330, 330, 330, 340, 340, 340, 340, 340, 340, 340. 3naxonumo

. . . n; n;
YAaCTOTH 1; 1 00YMCIIIOEMO eMITIpUYHI YacToTu 3a hopmynoro W; = P

X 312 320 324 325 330 340

n 4 9 4 3 3 7

w; 2/15 3/10 2/15 1/10 1/10 7130

2) Ilonicon 6ionocHux uwacmom SIBJss€ COOOKO JIaMaHy, IO 3 €IHYE TOYKH
(x;, w;). TloniroH BiTHOCHHMX YAacTOT € OI[HKOIO MOJIIrOHYy po3noaity BB, sky mu
BUMIPIOBAJIM, OTpUMAaBIIM BUOIpKY. JlaHWil MOMITOH BIAHOCHUX YacTOT OyB
noOymoBanuii 3a moromororo Excel (JIns mporo tpeba croyaTky 3amyicaTd B TaOJIHII
Excel ctatucTruHuil pO3MOALT BIAHOCHUX YaCTOT, BIAMITHUTH HOTO MHILICIO, IEPEHTH
B MCHIO 3a JaHIokkoM Insert->Charts->Bubble, i moniron rotosuii) (puc.16.7).

312 0.133333
320 0.3
324 0.133333
325 0.1
330 0.1
340 0.233333
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MoniroH

0.35
0.3
0.25
0.2
0.15
0.1

0.05

310 315 320 325 330 335 340 345

Puc. 16.7. ITomiron BiZHOCHUX 4acTOT
EmmipuyHa GyHKIIiSE pO3MOAUTY 3HAXOAUTHCS 3a popmysioro (16.2):

, KIJIBKICTD X; , AKI MeHIi 3a X
F*(x) =

n
X; IpuiiMaroTh 3HaueHHs juiie 312, 320, 324, 325, 330, 340.

OueBunHo, mo koo x < 312, Takux Xx;, IO MeHIII 3a X, He icHye. Tomy ix
KIJIBKICTh TOpiBHIOE Hymo 1 F*(x) = 0.

Hami, "Hexait 312 < x < 320. Toxmi KIIBKICTh X;, 110 MEHIII 3a X, JOPIBHIOE

: : o : 4 2
KiJIBKOCTI MOBTOPEHB 3HaueHHst 312 B BUOIpii, T00T0 4 1 F*(X) = oo

Tenep nexait 320 < x < 324. B oMy BUNIAQJIKy KIJIBKICTb X;, III0O MEHIIII 3a X,

JIOPIBHIOE KUIBKOCTI MoBTOpeHb 3HaueHHs 312 1 320 B BuOipii, To0T0 4+9=13 1

F*(x) = g. Amnanoriuno s 324 < x < 325 maemo F*(x) = 4+390+4 = %‘ 1.1

Bpemti-pemt MaeMo Taky eMmipuuHy (GyHKIIIO pO3MOALTY:
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akuo x < 312,

2

15’ akmo 312 < x < 320,
13

30 akmo 320 < x < 324,
. 17

Fi(x) =135, ~ fxmo 324 <x <325,
2

3 akmo 325 < x < 330,
23

30 akmo 330 < x < 340,

\ 1, akmo x > 340
3aoaua 16.2. IlpoBeneHo BUMIpIOBaHHSI >XKUpHOCTI MoJjioka y 30 KopiB.

Pe3ynpTaTi BUMIpIOBaHHS KUPHOCTI MOJIOKA Y BIJICOTKAX:

4.55, 4.68, 4.54, 4.58, 4.56, 4.65, 4.69, 4.57, 4.64, 4.59,

4.67,4.71,4.63,4.79,4.61,4.78,4.82, 4.74, 4.88, 4.89,

4.68,4.65,4.54,4.79,4.59,4.71,4.74,4.72, 4.78, 4.81.

[ToTpibHO MOOYAYyBaTH:

1) iHTepBaTBHUIA PO3IOALT YACTOT 1 BITHOCHUX 4acToT 3 KpokoM h=0,1%;

2) ricTorpamy BiTHOCHUX YaCTOT.

Po3zs’szanns. 1. CopryeMo macuB 3a 3poctanusMm:. 4.54, 4.54, 4.55, 4,56, 4.57,
4.58, 4.59, 4.59, 4.61, 4.63, 4.64, 4.65, 4.65, 4.67, 4.68, 4.68, 4.69, 4.71, 4.71, 4.72,
4.74,4.74,4.78,4.78,4.79,4.79, 4.81, 4.82, 4.88, 4.89.

Haiimenmie 3nauenns B BuOipi — 4.54, Haitbunpme — 4.89. OKpyriao0du 10
JecATHX, TOoMIYaeMo, IO BCs BUOIpKa BKJIAMa€Thes y Biapizok Bix 4.5 no 4.9.
JloB)KrHA 9aCTKOBOTO Bijpi3ka 3a ymoBoro jnopiBHioe 0.1. Ile, oueBuaHo, nae Ham 4
YaCTKOBUX I1HTEPBAIM. 3HAXOASYM CKUIBKM 3HAYEHb MMOMAJI0 B KOXHUW 1HTEpBAaI,
Ma€eMO TaKUM CTATUCTUYHHUMA PO3IMOALT BUOIPKH IHTEPBAJIILHOTO TUITY.

[HTepBan

[4.5;4.6)

[4.6;4.7)

[4.7;4.8)

[4.8;4.9)

n;

8

9

9

4

2. Jlns moOyioBU TiCTOTpamMH BITHOCHUX YacTOT Paxy€eMO BiJHOCHI YacTOTH

. . n; n;
YaCTKOBUX 1HTEPBaIB 32 (POPMYJIO0 W; = ey
Intepsan | [4.5;4.6) [4.6;4.7) [4.7:4.8) [4.8;4.9)
n; 4/15 3/10 3/10 2/15
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Bbynyemo ricrorpamy BimHOCHUX 4YacToT (puc.16.8). I'ictorpama BigHOCHHX
YacTOT CKJIQJA€ThCS 3 MPSMOKYTHUKIB, OCHOBHU SIKMX — YaCTKOBI 1HTE€PBAJIU, BUCOTH
JIOPIBHIOIOTH BITHOCHHUM YaCTOTaM.

Z

—_—

o\

45 46 4F A48 49

Puc. 16.8

Sxmo Bu xo4ere moOyayBaTH rictorpamy B Excel, To po3outrts Ha iHTepBaN
Oyne cTaHmapTHHM, 3a 3aMOBUYYBaHHsSM. Tomi Bam TpebOa BiAMITHTH MacwB 3
BUOIPKOIO 1 Tmepeiith B MeHI0 3a JjaHiroxkkom Insert->Insert Statistic Chart-
>Histogram.

byne takuii pezynbrar (puc.16.9), 3 iHIIuM rpynyBaHHSIM

lcTorpama
14
1z
10
8
6
4
2
c, ]
[4.54, 4.65] (4.65, 4.75] {4.76, 4.87] (4.87,4.58]
Puc. 16.9

Sxmio x Tam ke B MeHI0 oOpatu Box and Whisker, o 6yne moOymoBaHwmii
AIIKUK 3 Bycamu Haioi BuOipku (puc.16.10).
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AWKK 3 BycCamu

49

44

43
1

Puc. 16.10

3aBI[aHHﬂ JJIA CAMOCTIIIHOT0 BUKOHAHHS

16.1. Hamenena indopmariss npo po3mip mpemiii (B y.o.) 40 Halikpammx
MpaliBHUKIB MIIPUEMCTBA.

210, 230, 220, 240, 230, 241, 220, 230, 241, 224, 224, 241, 225, 240, 201, 230,
210, 201, 241, 210, 210, 220, 201, 220, 241, 241, 240, 230, 225, 224, 241, 201, 220,
224, 225, 220, 230, 210, 225, 240.

[To6ynyBaTu:

1) craTUCTUYHUI PO3MOALT YaCTOT Ta BIITHOCHUX YaCTOT;
2) MOJIIrOH BITHOCHUX YacCTOT;

3) eMmipuyHy (PYHKIIIFO PO3NOALTY.

16.2. TIlpoBemeno BuwmiptoBaHHs miametpiB 50 BTynok. Pesyneratn
BUMIPIOBaHHA (MM):

3,27; 3,18; 3,42; 3,71, 3,92; 3,61, 3,12; 3,63; 3,22; 3,53; 3,84, 3,11; 3,27; 3,59;
3,43; 3,29; 3,82; 3,99; 3,13; 3,33; 3,49; 3,52; 3,61, 3,74, 3,14; 3,28; 3,36; 3,44, 3,22;
3,47; 3,92; 3,63; 3,13; 3,26; 3,52; 3,39; 3,48; 3,81, 3,75; 3,51; 3,81; 3,33; 3,54, 3,42;
3,93; 3,85; 3,82; 3,65; 3,68; 3,85.

[ToOynyBaTu:
1) iHTepBaJIBHUIA PO3MOILT YACTOT 1 BIAHOCHUX YacToT 3 Kpokom h=0,1;
2) ricrorpaMmy BiJJHOCHUX 9aCTOT.

16.3. O6cTexeni rooBHi Gouau S0 MATPUEMCTB, (THC. Y. 0.):

1,8;4,3;9,2;1,2;2,3;36;52;4,1,6,3;9,1; 82;6,5; 4,6, 5,9; 1,1; 2,3; 3,9; 2,7,
95; 81; 96; 7,3; 6,5;,1,7;, 24, 4,7,56;5,8;1,3;2,8; 1,7; 3,3; 4,8; 5,5; 9,3; 3,5;
4,7, 59; 68;7,3; 89; 9,6; 3,7, 2,2; 3,7; 89;75;6,6; 7,1, 49.
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[ToOGynyBatu:

1) iHTepBaIbHUI PO3MO/LI YaCTOT i BIIHOCHHUX YacTOT 3 KpokoMm h=1;
2) ricrorpamy 4acTor;

3) SIIMK 3 ByCAMH.

16.4. Yepe3 KOXHY TOJIMHY BHUMIPIOBAJIM HAIPyry B EJIEKTPUYHIN MeEpexi.
Pesynbratu BuMipioBanHs Hanpyru (y B):

227, 223, 227, 229, 228, 226, 223, 227, 223, 224, 226, 221, 222, 227, 224, 223,
221, 230, 225, 224, 224, 227, 230, 226, 230, 223, 224, 226, 222, 223, 220, 226.

[ToOynyBaTu:

1) craTUCTUYHUI PO3IOALT YaCTOT Ta BIIHOCHUX YaCTOT;

2) MOJIIrOH BITHOCHUX YacTOT;,

3) emnipu4Hy (QPYHKIIIFO PO3IOILTY.

16.5. Hwx4ye HaBesieHa KUIBKICTh OaiB, HabpaHa KOKHUM 3 50 abiTypieHTIB Ha
BCTYITHUX 1CIUTAX:

21,19, 18, 17, 21, 18, 18, 23, 22, 23, 17, 24, 21, 18, 22, 17, 18, 21, 19, 17, 19,
21, 20, 22, 22, 24, 20, 25, 21, 20, 19, 20, 25, 21, 19, 18, 23, 24, 19, 21, 24, 25, 21, 20,
25, 20, 17, 18, 18, 23.

[ToOynyBaTu:

1) craTucTUYHUN PO3MOALT YACTOT Ta BIIHOCHUX YaCTOT;

2) TOJITOH BITHOCHUX YaCTOT;

3) eMiipuyHy (PYHKIIIIO PO3NOALTY.

16.6. 3agano Bubipky: 3, -2, -4,-3,-5,-4,2,1,5,-1,6,-4,1,5,2, 3,5, 2, -4, 5,
-3,-4,1, 2, 3.

[ToOynyBaTu:

1) craTUCTUYHUI PO3MOLT YaCTOT Ta BIITHOCHUX YacCTOT;

2) MOJIIrOH BITHOCHUX YacTOT;

3) eMmipu4Hy (QYHKIIIIO PO3NOALTY.

16.7. Hmwx4e HaBeneHi pe3yiabTaT 3BaKyBaHHS 40 OTHOTHITHUX MiIIMITHAKIB
(y mr):

5,64, 6,23; 4,54; 8,63; 5,23; 7,91; 6,44; 5,23; 6,55; 7,41; 5,25; 4,72; 8,13; 9,56;
7,38; 6,81; 9,95; 4,19; 5,49; 7,83; 8,72; 6,51,5,32; 4,95; 5,39; 4,11; 8,95; 5,41, 6,39;
7,73; 8,71, 9,71, 5,68; 6,77; 4,73; 5,88; 9,11; 8,22; 5,99; 7,12.

[To6ynyBaTu:

1) iHTepBaIbLHUI PO3MOAII YACTOT 1 BITHOCHUX YacTOT 3 Kpokom h=1;

2) ricrorpamy 4acToT.

16.8. 3agana BuOipKka y BUIJIAII CTATUCTUYHOIO PO3MOLTY YaCTOT

Xi 3 ) 7 9 11

n 10 15 25 30 20

[ToGynyBatu:
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1) craTucTUYHUN PO3MOALT BITHOCHUX YaCTOT;
2) MOJIIrOH BITHOCHUX YacCTOT;
3) emnipuyHy QYHKIIIO PO3TOILTY.

16.9. JIns KOHTpOTFO pOOOTH HAMTOBHIOBAJILHOTO arapaTy HaBMaHHSI BiiOpaHO
25 TAmoK 3 MiHEepaJbHOI BOAOK. Pe3ymbraté TepeBipkH BMICTY HaBENICHI B
TaOIuUII.

X, 247 | 249 | 251 | 253 | 255
3 6 8 3 3)

[ToGynyBatu:

1) ctaTucTUYHUI PO3MOLT BIIHOCHUX YaCTOT;
2) MOJIIrOH BITHOCHUX YacTOT;,

3) emnipu4Hy (QPYHKIIIFO PO3IOILTY.

16.10. ITlinnmpueMcTBO BUIyCKae XapdoBi J00aBKU Ta (pacye iX y MIACTHUKOBI
kopoOku. st koHTposto BiniOpanu S0 kopoOok. Pe3ynbTaT 3BaXKyBaHHS iX BMICTY
HaBeJ/ICH1 B TaOJIUIII.

iHTepBanu | 46-48 | 48-50 | 50-52 | 52-54 | 54-56
n 4 12 18 4 2

[ToOynyBaTu:

1) craTucTUYHUI pO3MOALT BIIHOCHUX YaCTOT;

2) ricrorpamy 4acTor.

[Ipuitmarouun 3a BapiaHTH PO3MOALLY CEPEIMHU IHTEPBAJIB, OTPUMYEMO TAKUI

«GTIIAJIKEHUI PO3MOJILT HAIOT BUOIPKH:
Xi 47 49 51 53 55
n; 4 12 18 4 2

[ToOynyBaTu ass 1i€i BUOIPKH eMITipUYHy (PYHKITIFO PO3MOJLITY.
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17. METOJ, MOMEHTIB. METOJ] MAKCUMAJIbHOI
BIPOI'TIHOCTI

17.1. MeTox MOMEHTIB

Meton momentiB OyB 3ampomnoHoBanuii K.Ilipconom B 1894 pomi. Hexait
(x4, X5, ..., X,) — BUOIpKa, PE3yJIbTAT CIIOCTEPEKEHDb 338 BHITAIKOBOIO BEIUYHHOKO ¢,
sika Mae QYHKI0 po3noauty Fg(x). OyHKIlisS po3NOAUTY 3alI€KHUTh BiJl HEBIJIOMOTO
napametpy 6. Ham tpeba oriHuTH 11e# mapameTp 3a BUOIPKOIO.

[Tigxim mMeTogy MOMEHTIB MoJiArae B HacTymHOMY. Mu obupaemo (yHKIIIIO
g(x), BOHa Ha3uBaeTbcs npobHoro. OOupaemMo ii Tak, MO0 JaHe MaTeMaTHYHE
CIOJIIBaHHS, BOHO I HA3UBAETHCS M eOpPemUYHUM MOMEHMOM, OYII0 CKIHUCHHUM:

> gtmn?

m(9)=M(g(€))=J m=1 <
L j 900 fy (X)dx

i 6axxano, o6 m(0) Oyiaa MOHOTOHHOIO 1 HEIIEPEPBHOIO.

Emnipuunum momenmom, Ha BIIMIHY BIJl TEOPETUYHOTO, HA3UBAETHCS
CepeHE BUTIISIY:

S|

g= g(x;)

n
i=1

[ToTiM MM IPUPIBHIOEMO BIJMOBIHI TEOPETHYHI 1 EMITIPUYHI MOMEHTH. 3T1THO
3aKOHY BEJIMKUX YHMCEJl BOHU MOBUHHI OyTH MPUOJIM3HO OJAHAKOBUMHM MPU BEJIUKHX
oOcsarax Bubipku. Cripasmi, 3a 3BU

1 n
9=72,9G) —Me@),  n—e

Ouinkoio memody momenmie (OMM) 0 HazuBaeTHCS KOPiHb PiBHAHHS
n
1
m®) = M(g®) =+ > g(x)
i=1

SIkio m(6) MOHOTOHHA 1 HENIEPEPBHA, TO TAKHI KOPiHb € €IMHUM.

Teopema. Hexali m € HemnepepBHOI 1 MOHOTOHHOI (YHKI€. SKIIO0
M(g(§)) < oo, TO OLIIHKA METOIy MOMEHTIB € KOH3UCTEHTHOIO.
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[ToquBuMOCh, $KI OILIHKA Ja€ METOJ, MOMEHTIB JJIsI TaKuX IapaMeTpiB
PO3MOIITY, SIK MaTeMaTUYHE CIIOIBaHHS 1 JUCTIEPCIS.
1. Ouinka mamemamuunozo cnooisannsn (Bubipkoee cepeone).

1
M(§) = xp = ;Z?:l Xi- (17.1)
BinMituMo, 1m0 y BuUMaaky BHOIPKH, € BapiaHTH MOXKYTh MOBTOPIOBATHUCH, 1
TaKMM YWHOM, KOXKHIW BapiaHTi X; BiAmoBimae wacrota n; i =1,...,k, dbopmyrna
(17.1) nabyBae BUTIIALY
N 1 ok
M(§) = xp = ;Zi:l xXin;. (17.2)

2. Ouinka oucnepcii (Bubipkoea oucnepcis).

Ockineku D(&) = M(&?) — (M (¢ ))2, TO OLIIHKA MA€ BUTJISAL

D() ~ Dy = =¥, (x; — ¥5)? = =31, %, — (%p)? (17.3)

Tak camo, y Bumagky BHOIpKM 3 TOBTOPEHHSIM BaplaHT MAaeMO CXOXKY
hopmyry:

D(§) ~ Dp = =2, (x; — %p)Pny = ~ 2l % — (Xp)? (17.4)

Ili oIiHKM € KOH3UCTEHTHHUMH, OO OIIIHKM METOJy MOMEHTIB KOH3MCTCHTHI.

[lepeBipumo ix Ha HeamimeHicTh (Haramyemo, mo enemMeHTH BHOIpKH € He3alexXHi

0JTHaKOBO po3noiieHi BB, po3moniieHi Tak camo, sk §).

n

o 1 1w
M) = M (;Z xi> = EZ M(x;) = M(Z).

i=1
OT1xe, OlliHKa MaTEMAaTUYHOTO CIIOJIIBAHHS X5 € HE3MIIIEHOIO.

1 n n 2
2)M(Dp) = ;Z Mx;* — M( xl-) =
i=1 =1

S|r

n

1 2 1 2 S
=£nM(f)—ﬁ M in +2M Z xXixj || =
Lj=1;i%]

i=1

1 2 n—1
= M%) —— (M) + 26 (M(©)") = —=D&) # D).
OTtxe, omiHka aucnepcii D € 3MIIEH010, ajle aCUMITOTUYHO HE3MIIIEeHO0, 60
M(Dg) — D(§) mpu n — co.
[HO1 KOPUCTYIOTHCS 1HILIOKO OLIHKOIO JUCTEPCIi.
3. Ille oona ouinka oucnepcii. (Bunpaenena oucnepcis).

n

D(§) = s% = 1 D =L ;. — Xg )~

) =s m—_1"BT 5 _1 (x; —Xp)
i=1
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OueBuHO, 1Ie HE3MIIIEHa OIIHKA Jucrepcii. 3 HaBEeIeHUX OIIIHOK Jucmepcii
MIPUPOIHHO BUILIMBAIOTH TaKi OLIIHKKM CEpeIHhOKBaIpaTUYHOTO BiaxmieHHs BB €.
4, Ouinku cepeOHbOK8AOpAMUYHO20 8I0XUIEHHA

JDs.
/ﬁﬂ@ (17.5)

3ayesasxcenns. JIoci Mu posrisaany napameTp 6 sk 0OMHOBUMIpHUN. SIKIIO X €
JeKIIbKa HEBIIOMUX mapamerpiB 04,0, ...,0,;, TO 00uparTh JIEKIIbKa MPOOHHUX
byHkit g4, 9z, .-, gq 1 OIUHIOIOTH OJHOYACHO TapaMeTpPH OIlIHKaMH, SKI €
PO3B’SI3KAMH CUCTEMHU:

Op
8

( o 1 n
| a@drs, 0,00 =3 91000
I i=1

n
° 1
| 9atdFs, 0,0 =1 ga
T i=1
3a3HauKMMo, 1[0 YacTille 3a Bce 00upaoTh gy (x) = xX.

Mpuxnax 17.1. Hexaét (xq, x5, ..., X,) - BHOIpKa 3 HOPMAJIBHOTO PO3IMOILTY,
posmnoineHa 3a 3akoHom N (a, 02). OIIHKUTH @ Ta 0% METOIO0M MOMEHTIB.

Po3zs’sizanns.  TlpupiBHIEMO MaTeMaTHUYHE CIOJIBAaHHA JO BHOIPKOBOIO
CEpEIHbOr0, a TAKOXK 3aIMIIEMO TaKy K PIBHICTh JJIA Aucrepcii. Ik Mu nam'staemMo,
MaTeMaTU4HE CIOiBAHHSA HOPMAJILHOTO PO3MOIiy JOPIBHIOE A, a AUCHEpCid - 02

M@) =a=Xxp
D(§) = 62 = Dp.
Otxe, Maemo Taky OMM:
a=Xp
02 = Dj.

Mpuxaax 17.2. Hexait (x4, X5, ..., X;;) — BUOipKa 3 GIHOMIaJIbHOTO PO3MOILITY
P{&=k}=Ckp*(1—p)™ %, k=0,1,..,m. Ouinutu mnapameTrpu m Ta P
METOJIOM MOMEHTIB.

Po3zé’azanns. HeBimomux mapamerpiB aBa. Tomy Ham Tpeba 2 piBHSHHA,
MPUPIBHAEMO €MITIIPUYHI 1 TEOPETUYHI MaTeMaTU4YHE CHOMAIBaHHS 1 JUcIepcito. Sk
BiZOMO, /151 OiHOMIianmsHOTO posnoainy M (&) = mp; D(&) = mp(1 — p). Orke,

. _ %5 —Dp
((mew TS
mp(1 —p) = Dy o @
\" % —Dg

OI11iHKM METOTy MOMEHTIB 3HAWUJIEHO.
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17.2. PoGacTHi oiHKH

Tpeba 3ayBakuTH, 1110 ICHYE I1I€ OJTHA XapaKTEPUCTHKA OIIHKHU - pOOACMHICDb.

Pobacmuoro Ha3WBAIOTh OIIHKY, sIKa € CTIHKOIO 110 BiTHONIEHHIO [0
3a0pyAHEHHS BUOIPKH.

Hpukaaxg 17.3. 3po3ymisio, HamnpuKiang, U0 X € HEPOOACTHOIO OLIHKOIO
M (&). 3miHroroun nuie oHe 3HAYEHHS Xj B BUOIpII, MU MOXEMO OTpUMATH Oy/ib-
sIKe 3HAUCHHSI, HABITh JIy’KE BEIUKE.

n
xB - - xl' -
n . . . n
I=1;i#j
Jlns xapakTepu3alilii piBHS POOACTHOCTI OIIIHKH KOPUCTYIOTHCS TOHSTTIM
mouku pyunysanns oyinku (breakdown point).
Toukorw pyiinyeanns ouiHKu S HA3UBAEThCA HaWMEHINA BiJJHOCHA YacTHHA
CIIOCTEPEXKEHD, Ky TpeOda 3MIHUTH, 00 OI[iIHKa S — 00
OckiJIbKH JUIsi BUOIPKOBOTO CEPEHHOTO JOCTAaTHHO 3MIHUTH OJIHE SIKECh
3HAYEHHS X; B BUOIpIl, MO0 Xz = 00, 1 BIJHOCHA YaCTUHA TaKUX 3MIHEHHUX

1 o .
CIIOCTCPCKEHD — — 0, n — 00, TO TOYKA pyYHMHYBaHHA JJIA BH61pKOBOI‘O CCPCaAHBOIO
n

JIOPIBHIOE HYJTIO.

Hpuxnax 17.4. A ot BubipkoBa MeaiaHa
x[n_+1], SKIIO N HeNapHE;
2
d=<x + x
me z "z
2 )

SAKII0 N TapHe.

€ po0acTHOIO OIIHKOK CHPaBXHBOI MEIIaHU PO3MOALTY. 3a0pYyJHIOEMO BHUOIPKY
OJTHUM BUKHJOM - 3HAUYEHHS MEIlaHU MEepecyBaeTbCid HE OUIbIIe, HDK Ha OJHY
MOPSIIKOBY CTaTUCTUKY. BuOipkoBa meniana mae Touky pyinyBanHus = 0,5. Crpasai -
Tpeba cHpsMyBaTh 1O HECKIHYEHHOCTI TOJOBUHY €JIEMEHTIB BHUOIpKH, 11100
BHOIpKOBa MeJllaHa med — .

MoskHa HaBeCTH MPUKIIAIN OLIHOK 3 IHIIMMHU BEJIMUYMHAMU TOYOK PYHHYBaHHS.
Orinka inmepksapmuibHo2o pozmaxy (1€ Pi3HALS MK KBaHTWIAMU piBHSA 1/4 i 3/
4), sanpomonoBana y Buraami  IQR = 0,74|xig75n) — X[0250n]| » Ma€ ToOuKky
pyiinyBanas= 0,25.

17.3. MeToa MakcMMAaJIbHOI BiporiaHocTi (mpaBaonoaioHOCTi)

Ile MeTox OIIHKK HEBIAOMOTO MapameTpa po3mnoaury. B3aramni meit meton mae
OUTBbII THPOKY cdepy 3aCTOCYBaHHS, aje MH PO3MVISIIATUMEMO HOTO caMe B Takii
sxocti. Criepiry po3riisHEMO 1€l METOJ| Ha MPUKIaAl MPO OIIHKY WMOBIPHOCTI B
cxemi bepHymni.

Hpukaaxg 17.5. Owninka iimMoBipHocTi B cxemi bepnysai. Hexai
IPOBOJUTHCA N HE3aJeKHUX BUIPOOYBaHb, B PE3YNBTATI KOXKHOTO BIOYBAETHCS
"yemix"(mu ioro QikcyBatumemo sk "1") 3 iiMoBipHicTIO p abo "ueBmawa'("0") 3
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nMoBipHicTIO q = 1 — p. [lapameTrp p HeBimOMHMI, Halla MeTa - HOTO OLIHHUTH.
Pesynbrar BUnpoOyBaHb MAaTUM€ BHUTJISII:

X, Xy o) X e X; = { 1 v3 HM?BIPHICTIO_ p
0 3 uMopipHicTO g =1 — p.

[lpumycTumMo, 1m0 MH BXE NPOBEIH III N HE3aJEKHUX EKCIIEPUMEHTIB,
3adikcyBamu  AKych BHOIpKY (Xq,Xy,...,X,), SKa HacIpaBAi SBIsSE€ COOOM0
MOCIIZAOBHICTh 3 HymiB 1 oguHuib (1,0,...1) : PosrasHeMo MMOBipHICTH Ti€l MOAii,
110 BimOymacs, mo3HauuBImy ii L(Xq, X5, ..., Xy, D).

L(xl,xz,...,xn,p) = P{Xl = xl;XZ = x2;---;Xn — xn} —
= P{Xl = x1}P{X2 = XZ} P{Xn = xn} = pzi=1xi(1 — p)n_2i=1xi_

3po0uMMO Take MPUPOJHE MPUMNYIICHHS: SAKWO hoois 8iddynacs, mo
uMmosipHicms ii makcumanvra. HaliuacTiine MU CIIOCTEpIraeMo T€ 3HAUYE€HHSI BEKTOpa
X1,X5,..., Xy, ipu sskoMy 3HadeHHS L(X1, X5, ..., Xy, p) ONH3bKE 1O MAKCUMAIBHOTO.
OTxe, po3IIIA1a€EMO TaKy OLIHKY

p = argmax, InL(xq,%,,...,%Xn,p) = argmax, L(x,,x,..., Xy, D).

Maxkcumym byukmii InL(xq, x5, ..., X, p) 1 L(X1,X5,...,X,, P) IOCATAETHCS
B OJHIM 1 TI camiii Touli, ajie [nL nerme anamizyBatu. OTke,

lnL(xll XZI ey xn; p) = ln(p2?=1xt(1 — p)n_z‘?:l Xi) —
n

n

=inlnp + n—in In(1—p).

i=1 i=1
3a HEOOX1THOI YMOBOIO EKCTPEMYMY

9] lnL

—=0 =

Tl

= 129@ l_lxl=0.
b —-Pp
3BIJICM MA€EMO TaKy OI[IHKY:

1 n
P50

VY3araJbHUMO Ied Tiaxif. HexaH (%1, %5, ., X,) — BHOIpKa, peE3yJbTAT
CIIOCTEPEXKEHb 3a BHUMAJAKOBOIO BEIWYMHOIO ¢, PO3MOILT SKOi 3aJIeKUTh BiJ
napametpy 6. Ham Tpeba oiHuTH 1Iel napameTp 3a BUOIPKOIO.
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17.3.1. Ouidka MeTOAy MAKCHMAJbHOI BiporizHocTi y BHIAAKY
TUCKPETHOI BUNAIKOBOI BEJIMYNHHU

Hexaii ¢ — nuckpeTHa BUIAJKOBa BEJIMYUHA 3 3aKOHOM po3mnoziny p(m,6) =
P{& = m}, saxwuii 3a7¢KUTH Bi HEBiOMOro apamerpa 6.

OyHKITIS
L(xq1, %0, 0, X0, 0) = p(xq,0)p(x,,0) X ... X p(x;,,0) (17.6)
HA3UBAETHCS PYHKUIEIO 8ipo2iOHOCMI (NPagdonodioHocmi).

Ouinka MeToay MmakcuMasbHOI BiporinHocti (OMMB):

~

0 = arg maxg L(xq, x5, ..., Xy, 0), (17.7)

TOOTO Te 3HauYeHHs 6, npu sikoMy GyHKIIsI L HabyBae MakCUMaIbHOTO 3HAYCHHS.

17.3.2. OuniHka MeTOoAy MAKCHUMAJbHOI BipOriTHOCTI y BHIAAKY
HellepepBHOI BUIIAIKOBOI BeJIMYNHHU

Hexait ¢ — abcomioTHO HemepepBHAa BUMNAJAKOBA BEIMYMHA 31 NIUIBHICTIO
f(x, 8), 10 3ay1eXKKUTH BiJl HEBITOMOTO Mapamerpa 6.

OyHKIIISA
L(x1, %0, ey X0, 0) = f(x1,0)f(x2,0) X ... X f(x,,60) (17.8)
HA3UBAETHCS PYHKUIEI 6ipo2iOHOCmI (nPpasoonodionocmi).
Ouinka metony MakcuMasbHoI Biporignocti (OMMB):
0 = arg maxg L(xq, X3, ..., Xp, 0).

JloBeneHo, 1[I0 MpU BHUKOHAHHI JedkuX yMoB peryispHocti, OMMB e
KOHCHUCTEHTHOIO 1 aCUMIITOTUYHO HANWO1IbII €EKTUBHOIO.

3aysarncenna. Ockinbku MakcuMmyM (QyHKIINA L Ta In L mocsraeTsest B O/HIHM 1
Ti caMiii Touli, a aHamizyBaTH InL nerme, To myxe dactro OMMB mykamoTs y
Burisial 0 = arg maxg In L(xq, x5, ..., X, 0).

3ayeasccenns. SIKO poO3NOAINA MICTUTh JEKUIbKAa HEBIJIOMUX MapameTpiB
0:,0,,...,0;, To OMMB Oynyerbcsi aHajioriuHo. B 11boMy BUIAJIKy BHUPIIIYIOThH
3aJauy MOLIYKY MakCUMyMy (DyHKIIIT 6ararb0X 3MiHHHX.

Mpuxaanx 17.6. Hexaii (x4, x5, ..., X,;) — BHOIpKa 3 po3Moainy
1\ 1\"
p(k,0) = P(X, = k} = CT"L, (-) (1 _ —> k=01,..,

0 0
r — Biomuit napametp. 3uaiitu O.M.M.B. mapamerpa 6.
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Po3zs’sa3annsa. Ham po3noain AuckpeTHuil, ToMy (YHKIlS MpaBAONo10HOCTI
Mae€ BUTJIISI

L(xq, %5, 0, Xp,0) = p(xq,0)p(x5,0) ...0(x,,,0) =

1 r 1 X1 1 r 1 X2 1 r 1 Xn
— (r—1 - 1—— r—1 - 1—— r—1 _ 1—— —
ToltE (9) ( 9) roltx (9) ( 9) Tl (0) ( 9)
_ _ 1\ 1\ Zi=1 %
= 1r 11+x1 1r—11+x2 7T—11+xn (5) (1 - 5) ;
InL =In(C/={1, Clotis, - ClZiy, ) —nrIn® + X x; (In(6 — 1) — Ind).
[ToBMHHA BUKOHYBAaTHCh HEOOXiTHA YMOBA €KCTPEMYMY:

dlnlL 1
20 ___+Zl 1xl(9 1_5)_0

Po3B’s13y104n, Ma€MO TaKy OIIHKY:

g =Sy g = 41

nr
Mpuknan 17.7. Hexaii (x4, X5, ..., X, ) — BUOIpKa 3 TOKa3HUKOBOTO PO3IOILITY.

0, x < 0;
foed) = {)Le_’lx, x> 0.

OmninuTe mapameTp A METOJAOM MaKCUMAaIbHOI BIPOT1AHOCTI.

Po3zs’siz3anns. Mu mMaeMo crpaBy 3 aOCOJIOTHO HENEPEPBHUM PO3IOJIIOM,
OTXe,

L(x1, %5, oy X, 0) = f(x1,0)f (x5, 0) ... f(x, 0) =
de 1)~ | Je~Mn = )L”e"lzlnﬂxi;

InL=nlnA-21Y%, x;.

Heo0xigHa ymoBa eKCTpeMyMy:

dlnL _n

n —
oo~ a1 2i=% =0
A n 1 :
A ——=—. lle1e OMMB.

3anumanHnsa 01 CamMOKOHMPOJI0
1. B womy nonseae ocho8Hutli nioxio memooy MOMEeHMI8 8 3a0aii OYiHKU He8i00MO20
napamempa po3nooiny?
2.3a sakumu gopmyramu oyiHOMbL Mamemamuine cnodieanHs i oucnepcio BB

3210HO Memooy MOMeHmig?
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3. Il]o maxe emnipuuni momenmu?

4. B womy nonseac 0CHOBHUU NiOXi0 Memoody MAaKCUMANbHOI 8Ipo2iOHOCMI 8 3a0aui
OYIHKU He8I00MO20 Napamempa OUCKPEmHO20 po3nooiny?

5. B yomy nonseac oCHOBHUL NIOXI0 Memoody MAKCUMANbHOL 8ipo2iOHOCMI 6 3a0ayl

OYIHKU HE8IOOMO20 Napamempa HenepepeHo20 po3nooiny?

Po3B’si3yBaHHSI THIIOBMX 3a/1a4

3aoaua 17.1. JluckpeTHa BUIIaJKOBa BeldWuMHA ¢ PO3MOJAUIEHA HACTYHMHHUM
YUHOM:

& 1 2
Di 0 1-6
[i posmomin s3anmexuTh Bix HeBimomoro mnapamerpy 6. B pesymbrarti
BuMiproBaHHgd ¢ oTpuMmaHa BuOipka (Xq,X5,..,X,). 3a JI0MOMOrow METOIy
MOMEHTIB 3HANTH OILIIHKY MapaMeTpy 6.
Po3zé’azanns. llpupiBHAEMO MaTeMaTHYHE CIOJIBaHHS J1I0 BHUOIPKOBOTO
CEepEIHBOTO.

M($) =xp
3HaﬁHeMO M(g) = Zixl-pl- =1-0+ 2(1 — 9) =2—-0.
Otxe,
2-0=x3 = 0=2-7%5
3aoaua 17.2. 3a [0MOMOTOI0O METOJy MOMEHTIB TOOYAyBaTh OILIHKY
napametpa 6 > 0, sikio po3noain Bubipku (X, X5, ..., X;;) Ma€ NiIbHICTH

2x
fe) ={gzr * €100
0, x &[0,0].

Po3z6’a3anns. HeBimomuii mapameTp JUIIE OJUH, OT)KE, SIK B MONEPEIHHOMY
BUIIAJIKYy CKOPUCTAEMOCH PIBHICTIO

M() =xp
3uaiinemo M(§) =ffoooxf(x)dx: ogxz_de=% ngzdx=%x?3 0 :?.
Otxe,
20 .~ 3xg
?sz = 9=T

3aoaua 17.3. Hexaii (X4, X5, ..., X;,) - BUOIpKa 3 TPhOXTOYKOBOTO PO3MOILIY,
KM 3aJ71eKUTh Bix mapamerpa 8 € (0,1/3):
P{X, =1} =0; P{X, =2} =26; P{X, =3}=1-36.
3HaNTH OLIHKY METOAY MaKCUMaIbHOI BIPOT1AHOCTI mapamerpa b.
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Po3zs’sazannsa. Tyt Mu maemo cipaBy 3 auckpeTHoro BB. Jlns momryky ouiHKd
ckopucraemMoch Gpopmynamu (16.6), (16.7). BynyeMo dhyHKIIIIO BIpOT1AHOCTI:

L(xq1,%5, o, Xp, 0) = p(x1,0)p(x5,0) X ... X p(x,,, 0).

Bubipka (X;, X5, ..., X,) y Hac MicTuTh Jmine 3HadeHHs 1 a6o 2 abo 3. Skio
X; =1, T0o y 100yTOK CTaBUMO MHOKHHUK 8, K110 X; = 2, TO CTABUMO MHOXHUK 20,
AaKkmo X; = 3, To y 100yTOK cTaBUMO MHOKHUK 1 — 36. [To3Hauumo

n, — KiJbKicTb "1" y BUbipLi; n, — KiabKicTb "2" y BUGIpIii.
Topni kinbkicTh "3" y BUbip1i 6yae n — ny — n,.
O1xe, MaeMO (PYHKITIFO BIpOT1THOCTI:
L(x1, %5, o, Xy, 0) = 0™ (20)"2(1 — 30)" ™12 = M1¥M22M2 (] — 39)" ™12
Jlorapupmyemo ii.
InL = In2™ + (n; + n,)In6 + (n — n; — n,)In(1 — 36)

Ham tpeba 3maiitn 6 = arg maxg L(xq, X3, ..., Xy, ), TOOTO Te 3HA4YCHHS O,
npu skomy (yHkuis L HaOyBae mMakcMMallbHOrO 3HayeHHA. ToMmy OepeMo MOXiTHY
B/l [nL mo O 1 mpupiBHIOEMO 11 10 HYJIS.

dinL. ny+n, n—-n;—n,
0 -8 T 1-3g (I=0

(ny+n,)1-308)—36(n—n; —n,)=0 = 6= o

B miit Toumi ¢ynkmis (nl HabyBae cBOro MakcCUMyMy, oTxke, 11e i € OMMB nis 6.

3aoaua 17.4. 3HaliTH OLIHKY METOJYy MAaKCUMaJbHOI BIPOTITHOCTI Mapamerpa
0 > 0, sxmio posmoaia Bubipku (X;, X5, ..., X,,) Ma€ MiIbHICT
02
fe 2x
x,0) =
1600 =9 ames
0 mpu x <O0.

Pozs’sizanna.  Cxnagemo  ¢yskiito BiporigHocti. Ockineku BB, 110
PO3MIISAAETHCS, 3a/laHa HIIIBHICTIO, (PYHKIIIIO BIPOT1IHOCTI CKJIaIaEMO 3a (hOPMYIIOH0
(16.8).

L(xq,%9, 0, Xp,0) = f(x1,0)f(x5,0) X ... X f(x,,,0) =
62 62 62
fe 2%1 Qe 2%z fe 2%n Oen 11\ 3
xS Y (T

=\/27rx13\/2nx23 \ 2mx,3 V2m i1

Jlorapudmyemo.

62 1 1\" 17 .3
lnL=nln9——z—+ln (—) Hx-_f
2 i X ( Var/ 117

=1

npu x = 0;

bepemo noxigny Bif InL mo 6 i mpupiBHIOEMO ii 10 HYJIS.
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Otmxe, mu 3Halimn 6 = arg maxg L(xq4, X5, ..., Xy, 0) =

3aoaua 17.5. Hexait (X1, X5, X,,) - BuGipKa 3 N0Ka3HHKOBOTO PO3MOLTY 3i
UIJIBHICTIO
e~ mpux > B;

feaB) :{ 0 mpu x < p.

3HaTH OIIHKY METOIy MaKCUMAaJIbHOT BIpOT1IHOCTI apameTpa 3cyBy [ € R.

Pozé’azannsa.  Cxnanemo QyHkiito BiporigHocti. Ockinekun BB, 110
pO3MIISIIA€ThCA, 3a/jaHa MIITBHICTIO, (DYHKIIIIO BIPOTIAHOCTI CKIagaeMo 3a (opMyJIoro
(16.8).

L(xq, %9, oy Xp, 0) = f(x1,0)f(x2,0) X ... X f(xp,,0) == ef*1eB=X2 % x ef%n

= e"Be~ =1 X

SIxk mu 6aunMmo, gaHa QYHKIIS 3pOCTaE Mo [, UM 1€ 03HAYaE, 10 1i MAKCUMYM
OyJZie Ha HECKIHUYEHHOCTI? AJle HacmpaBial MpH MOOYJI0BlI L MU HE BpaxyBaju OJHY
YMOBY B HIUIBHOCTI: 1110 BoHa JopiBHIOE 0 mpu x < . OTxKe, SKIIO BUIIUCATH BCE
aKypaTHO, TO IIIJIBHICTh TaKa:

fx,B) =ef~* - I{x =B},
ne I{ A} — ingukarop moxii A. Tozi GyHKIIisS BIpOTiTHOCTI MATHME BHTJIS/
L(xy, %, o, %y, 0) = P71 [{ x; > BYeP%2{x, > B} X ... X eP~n[{x,, > B}

— enﬁe_zg;lxil{ minlSiSn(xi) = ﬁ}

3Bigcu 6aunmo, 110 S MOBMHHO OYTH MaKCHUMAILHUM 3 THX 3HAYEHb, JJIS SIKUX
B <min,c;<,(x;). OTKe, B maHOMYy BHIIAAKy OIlHKA METOAY MaKCHMaIbHOI
BIPOT1IHOCTI:

P

p =minicicy (xi)
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3aBaaHHA AJI8 CAMOCTIHHOT0 BUKOHAHHS

17.1. 3a 7OTOMOTO0 METOTy MOMEHTIB TIOOYIyBaTH OIIHKY mapameTpa 8 > 0,
AKIO po3moaia Bubipku (Xq, X5, ..., X;,) Ma€ miiIbHICTh

0x?-1, x €[0,1];

fe) = { 0, x & [0,1].

17.2. Hexaii (X4, X5, ..., X;,) - BuOipKa 3 po3Mmoaiay 3i HIIbHICTIO

f(x,a,b): ﬁ,Xe[a,b];

0, xgla,b]

3HaANTH OIIIHKHU ITapaMeTpiB a 1 b 3a JOTIOMOT0I0 METO Ty MOMEHTIB.

17.3. Hexaii (X, X,,...,X,) - BuOipKa HE3alC)KHMX BHIIAIKOBUX BCIINYHH,
posnoxinenux HopMansHo N(6,0%); 6 > 0. IloOGyayBaTu OLIHKY METOXLY
MaKCHUMAJIbHOI BIPOT1THOCTI MapaMmeTpy 6.

17.4. Hexait (X4, X5, ..., X;,) - BubOipKa 3 po3moaiay 3i IMIIbHICTIO

X X

—expl —— |, Xx>0;
f(x,0)=10 ( zej

0, x<0.

(6 >0) — posmoxmin Pernes. 3HaiiTh OWIHKY 6 METOAOM MaKCHMAJIbHOT
BIPOT1IHOCTI.

17.5. Hexaii (X;, X5, ..., X;,) - BuOipKa 3 po3moaiay 3i HIIbHICTO

v

a
f(x,a,v): m
0, x<0.
(a >0, v>0) - rama-posmozis. 3HAWTH OLIHKY METOAY MaKCHMalbHOI
BIPOT1IHOCTI TapaMeTpa ¢, BBAKAIOUU MMapaMeTpP V BIAOMHUM.
17.6. Hexair (Xq,X,,..,X,) - BuOipka 3 TIECOMETPUYHOIO PO3MOILTY 3
apaMeTpOM P

x" " exp(- ax), x> 0;

p(k,p) =P{X; =k}=p(1-p)" k=01,..
3HANTH OIIHKY METOY MOMEHTIB IapamMeTpa p.

17.7. Hexait (Xq, X5, ...,X,) - Bubipka 3 «moasiiinoro» posmoxiiay Ilyaccona,
110 3a/1a€ThCS UMOBIPHOCTSIMU

1 -6 Qlk —6, ezk . i1 n
P(,{Xi:k}za e H+e Tl k=012.; 6=(6.6,), 0<6,<6,i=1Ln

Cknactd cucTeMy Uil 3HAXOJ/DKEHHS OIIHOK METOJy MOMEHTIB HEBIIOMHUX
napameTpiB 04, 0.
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17.8. Hexaii (X;,X5,...,X,) - BuOipka. 3HaAiTH OLIHKY METOIy MOMEHTIB
napaMeTpy 6 piBHOMIPHOTO pO3MOALTY Ha BIAPI3KY
a)[—0,0], 8 >0, 06)[0,06+2], 6 €R; B)-6,0] 6>0.

17.9. Hexaii (X4, X5, ..., X;,) - BubipKa 3 po3moainay 3i HIIbHICTIO

1
——, 9Kwmo x € |0 —V3h,0 +V3h|;
f(x,0,h) =<2v3h [ ]

0, gkmo x €& [9—@,9+@].

3HaWTH OIIHKHU TTapaMeTpiB 6, h METOIOM MOMEHTIB.

17.10. Hexait (X4, X5, ..., X;,) - Bubipka 3 posnoxiny Epianra 3 mapamerpamMu m
Ta A. OmiHATH 1Ii TIApaMeTpH a)METOJOM MOMEHTIB; 0)METOAOM MaKCHMAaJIbHOT
BiporigHocTi. impHIcTh po3noauty Epnanra Mae BUrisij

Amxm—le —Ax

> .
f(x,/l,m)z (m—l)! , x=0;
0, x <0.
Bionoeioi
~ X ~ _ ~ _
17.1.9=E. 17.2.d=x—./3Dg; b=x+./3Dp
~ 1 _ — 1
173.0 = 2 (=% + X% + 4m2); m, =~ n L (x)?
no2
1740 =225 175 g =Y 176.p = —
n x 1+
91 + 92 ES Zf 1 n 2
17.7. {912 £ 0,240, 40, =2my’ 2T ndi=10)

T/ﬁ —_ f_ j' Z?:llnxl
D = n
17.10. a) B §) € .
/:{ _ X B Yi—qInx;
Dp m = xe n

229



18. IOBIPYI THTEPBAJIM JIJISI IAPAMETPIB HOPMAJILHOT'O
PO3MOJLTY

18.1. InTepBasbHi OUIHKH

Jloci My po3risgand TUIBKM TOYKOBI oiiHkM. HaouHe mpencraBieHHs PO
TOYHICTb OIIHOK JIAfOTh JOBIpYi IHTEpBAIU (IHTEPBAIM HAIIMHOCTI)

Jlosipuum inmepeanom Ha3WBAIOTh BUIAIKOBHUN IHTEPBaJ, BCEPEIUHI SIKOTO 3
HMOBIPHICTIO Y, OJIM3bKOIO 10 1, MICTHTBCS CIIPAaBXHE 3HAUCHHS MapaMeTpa, IKHH MU
OIiHI0EMO. BennunHa y Ha3UBa€ThCS HAOIHICHIO.

P{6 € (a,f)}=y — (a,f) TOuHHUM iHTepBaJ;
P{6 e (a,B)} =y — (a,B) HecTporuuiintepsas;
limg_y}P{0 € (@,f)} =y — (a,f) acuMOTOTHYHUH iHTEpBA.

1 —y Ha3uBaeThCs pieHem 3Hayyuyocmi TOBIPYOTO 1HTEpBay. 3HAYEHHS Y
oOUpaeThCcsl JOCHIAHUKOM BHUXOJSIMM 3 TOTOBHOCTI MHUPHUTHUCS 3 MOKIIUBICTIO
nommiku. Yacrime 3a Bce 6epyts ¥ = 0,95 aboy = 0,99.

18.2. JloBipui iHTepBau 1Jisi HEBiIOMOI0 CepeIHLOI0 Y BUNAAKY BigoMoi
AUcCHepcii

Hexaii ¢ posnozinena 3a 3akoHoM N(a,0?), IpuuoMy a HEBiloMe, a ©
Bizjome. Tpeba 3a pesynbTaTaMHu CIHOCTEPEKEHb 3a HEKO Xqp,Xs,...,X, OIIHUTU A 1
noOyayBaTH MOBIpYUM 1HTEpBAJd 3 HAMIMHICTIO Y JUIS €l OI[IHKUA. 3a OIHKY a
O0epemMo BUOIPKOBE CEPEIIHE X .

Teeposcennsn. SIxmo xq,x,,...,Xx, He3alexkxkHi BB, posmnonineHi 3a 3akoHOM

2 N . 0'2
N(a,0%), TO0 X5 TeX HOpMaJbHa, pO3MO/iIeHa 3a 3akoHoM N (a,— ).
n

/Jloeedennsa. 3anuemMo XapakTepuCTUUHY (QYHKIIIIO 1 Xg.

O x5(2) = Me' X5 =

. n , n
Z en ) iz, VA
= Men2U=0% = | | Men¥ = (‘le (ﬁ)) '
j=1

. 0'222
. . lza—
Ockinbku nyist HopManbhoi BB ¢, (z) = e 2 ,TO

iza o?z* n . g2z?
(pﬁ(z) =|len 2nZ2 = elza 2n
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2
A e e xapakrepuctuuna QyHkiis BB 3 posmoximom N (a, %) TBepmxeHHs
JIOBEJICHO.
Tenep nmodyayemo noBipunii iHTEpBaji. byaeMo Bumaratu, moo
P{{xg —al <6} =y,
ne y 3agane. Kopuctytouuchk TBEpIKEHHIM, MOYKEMO 3aIliCaTh

P{lxg —a|<6}=P{la—6< Xz <a+d}=

a+dé—a a—38—a @(@)_q)(_%)

o o

- o o |~

Vn Vn

(Tyr Mm Bukopuctamu (opMyny HWMOBIPHOCTI TOmajaHHA B 1HTEpBaJ

HOpMaJIbHOi BumaakoBoi BenmuuuHu ¢~N(a,02) 2> Pla<&<pB} =@ (ﬂ) _

o
d (%) , ©(x) —dynxkuis Jlamraca). Ockinbku P (—x) = —P(x), T0
P{a—6<@<a+6}=2<b(¥) =y abo

svn\ vy

Po3B'ss3yemo 1110 piBHICTH 3a J0omomMoror Tadmiuilb. Illykaemo Take 3Ha4YeHHS
. . y .
apryMeHry, GyHkIis Jlammaca sskoro 10piBHIOE -

1Y
tys = @7 (E) ’
_ o ty/z
Nl
OTxe, MOKEMO CTBEPIKYBATHU:
= _ Oty,2 —  Olyj2) _
P{xB o <a<Xxp+ \/ﬁ}—y. (18.1)

Mpukaaxg 18.1. BupoOHUK TpOCiB X0u€ 3aMOBUTH METAJEBUN JPIT, SIKUAN
MOBUHHUN BUTpUMYBaTH Bary a0 10 xr (To6To He po3puBatuch mpH Basi g0 10 kr.).
Bin Oepe 3pa3ku B mocTadaJibHUKa 1 TpoBOauTh 20 BUMPOOYBaHbH BHUMAIKOBO
BiliOpaHux 3paszkiB. OTKe, NOTEHINMHUI 3aMOBHUK OTPUMY€E Taki JaHl TMpo
MaKCUMaJlbHE HABAaHTAXXCHHS 10 PO3PUBY:

10,1 10,2 10,3 99 111

98 105 10 115 10,3

109 11,6 10,7 10,1 10,5

10,3 11,9 104 10,1 10,6.

BupoOHUK ApoTy CTBEpKYE, MO cTaHmapTHe BiaxwieHHs o = 0,5 kxr. Sxkuii
Oyne nosipuuii iHTepBan ¥y = 0,99 mna cepennboi Barm a, siky BUTPUMYE JIPIT 10
po3puBy? Ilpumyckaemo, mo BB ¢ - makcumanbHe HaBaHTa)XCHHS 10 PO3PHBY -
posnozinena 3a 3akonoM N (a,02), e o = 0,5.
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Po3zé’azanns.
1
1. O6umcmoemo X = 372 x; = 10,54.

2. 3Haxoaumo 3a Tadauisamu ([lomatok 2)

_, (0,99 o
ty/Z =0 (T) =o (0,495) = 2,57

Tyt Mu BUKOpHUCTaTM TAaONMIIO B 3BOPOTHIA OIK: 3HAWILIM Take 3HAYCHHS
apryMeHry, o6 ¢yskiuis gopisHioBana 0,495. [ani,
O-ty/z 2,57 " 0,5

= 0,29
Vn V20

3. 3a ¢popmysioro (18.1) MokHA CTBEpIKYBATH

P{xg—6 <a<xg+d§}="P{10,25 < a < 10,83} = 0,99.
JpiT MOXHa 3aMOBJISITH.

18.3. JloBipui iHTepBaju /Jsi HEBIIOMOro0 CcepeIHbOr0 Yy BHNAJAKY
HeBiZOMOI qucnepcii

3amaya CTaBUTHCS TaK CaMo, sIK 1 B IMOMEPEAHBOMY BUITAJIKY, aje aucnepcis BB
Hesigoma. Hexaii ¢ ~N(a,0?), npuuomy a HeBimome i o Tex. Tpeba 3a
pe3yibTaTaMu CIOCTEPEKEHb Xq1,X3,...,X, OLIHUTA a 1 MOOYQyBaTH IOBIPYMIA
IHTEepBaJI 3 HAJIIMHICTIO Y VIS IT1€1 OIIHKH. 3a OIlIHKY a 0epeMo Tak camMO BHOIpKOBE
cepelnHe Xgz. byaemo cnupaTuch Ha HACTylHE TBEPIKEHHA, SKE MpUiiMaeMo 0e3
JTOBEICHHS.

Teepoorcennn. SIKMO X4, X5, ..., X, - HE3AJECXKHI B.B, PO3MOJIUICHI 32 3aKOHOM
N(a, 0%), 10 BB

n n n . .
e s = ’EDB - "BumnpaBneHe" cepeHe KBaApaTHUHE BIIXWICHHS, MAa€ PO3MOILI

Creronenra 3 k = n — 1 creneHsamMu cBOOOIH.
Posnonin CthiofieHTa Ma€e Taky rapHy BJIACTHBICTh, IO BIH HE 3aJICKUTh aHl
Bill a, aHi BiJ 0. Buxoasuu 3 TBEpKEHHS, 3HAXOAUMO JOBIpYUMN 1HTEpBaI JJIs 4 3
HanginicTio y ¢ P{|T| <¢t,} =vy.
P{|T| < ty} = P{—ty <T< ty} = Fr(t,) — Fr(—t)). (18.2)

Tyt Fr(x) - ¢yukuis posnoginy CreiogeHTa 3 n— 1 cTeneHs Mu CBOOOIH.
Ockinbku po3noii CThIOJICHTA 3aJ0BOJIBHSIE TOTOKHICTh
FT(—X) =1- FT(X), TO

P{IT| <t,} =Fr(t)) — 1+ Fp(t) =2F(t,))—1=y.
OTtxe,

y+1
Fr(t,) =15
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£, = QT-D (V"'l)
14 2 )
Tyr Q mno3HadeHa kBaHTWIbHA GyHKIIA posnoauty CreroaeHTa. s

3HAaXOKEHHsS ¢, MOXXHA CKOpUcTaTUCh Tabmuusmu [lomartka 3. 3Haro4u o0csAr
BHMOIPKH 1, 3 TaOIHILI 0Apa3y 3HAXOIUMO t,.
Iligcrasnsaroun 3HaueHns t, B popmyiy (18.2), orpumyemo 10Bipunii inTEpBan

y BUTJIS1
< ty} =

P{|T| <ty}=P{
:P{%—%<a<@+%}=y. (18.3)

Vn(¥p — a)
s

Ipukaan 18.2.

Ha cranenuBapHOMYy 3aBOJI 3 METOIO KOHTPOJIIO BMICTy MapraHil0 B CTall
3poOun 10 BiIMBKIB, B SIKMX BUMIPsUIA BMICT MapraHiio(y BiacoTkax). OTpumanu
TaKy BUOIPKY

1,39; 1,29; 1,28; 1,34, 1,32; 1,30; 1,28; 1,35; 1,35; 1,30.

3HaliTH NOBIpUMH 1HTEpBaJ IJi1 BMICTY Maprasifo 3 HaxaiiHicTio Yy = 0,9,
BBAKAIOYM PO3MOALT BUOIPKU HOPMAIBHHUM.

Poss'azanna. 1. O0unciIoeMoO cepeHe 1 BUIPABICHE CEPEIHbE KBAaAPATUUHE
BIIXHWJICHHS

10

10
1 1
X5 = 1—02 x; =132 s= 52@- — 4,7793)2 = 0,0365.
i=1 i=1

2. 3a Ttabmuigamu (domatok 3) 3 k=9 crenensamu cBobomu i Yy = 0,9
3HAXOJIMMO BIIMOBITHUN KBAaHTUJIb:

t, = t(9,y = 0,9) = t(9;0,95) = 1,833.
(TyT mu 3pobunu nepepaxynok: (y + 1)/2 = 0,95).
3. 3rigno (18.3) cTBepmKyeMo:

P{1,2988 < a < 1,3412} = 0,9.

18.4. JloBipui inTepBaau A5 qucnepcii npu HeBiZOMOMY cepeIHbLOMY

Hexaif, stk 3aBxkam, MaeMo BHOIpKY 31 CIOCTepekeHb 3a HOpMmaibHOIO BB &,
posnoxineHor 3a 3akoHoM N(a,c?). Ilapamerpu posnoniny HaMm Hesimomi. Hawm
Tpeba 3HANTH IHTEPBAILHY OLIHKY IS 02. 3aCTOCYEMO HACTYIHE TBEPKEHHS, SKE
npuiiMaemMo 0e3 10BEICHHS.

Teepoocennn. Hexalt xq, X,,...,X, - HE3aJCKHI B.B, PO3IMOAiICHI 3a 3aKOHOM
N(a,c?). Toni
, (—-1s* 1 $ .y
X=——g = ;Z(xi — X3)
i=1

Mae po3nofin 2 3 n — 1 creneHsAMH CBOOOIH.
[To6Gymyemo noBipunii inTepBan mis y 2.
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Yy=P{h <y’ <h"}=P{?<h"}—P{y?<h'}=
=1-—P{y2> h'"}-P{y%* < h'}.

OTxe, P{x*=> h'}+P{y?<h}=1-y
[ToxmaneMo MMOBIPHOCTI 3 JIIBOT YaCTUHHU PIBHUMHU M1k COOOIO:
P*= W} =Px*<h}=2L; =
1+ 1-
= P{¥’< h'"} :Ty; P{x? < h'} =Ty'

3Bigcu MU Mokemo 3Hautn h'i h'.

=0 (1) w=er (),

OTKe, MaeEMO TaKuii T0Bipumii iHTepBa:
(n — 1)s?
P {h’ <=2 cprl=
o

(n—1)s? 2 _ (n-1)s%) _
PIEE <2 <0 =y, (18.4)

3ayeasricennn. Tabmuus B Jlomatky 4 cknajeHa sl 3HaYCHb )(2, I SIKUX

P{xy? = h} = a. Tomy 114 3HaxoKeHHs h' 3 TaOnuIli 3HAUEHHA @ OepeMo PiBHUM

+1 . 1-
YT, 11st 3HaxoKkeHHss h'' GepeMo a piBHUM Ty

Mpukaag 18.3. [JocmiKyeThesl HepKaBiloua CTallb, SIKa MICTUTh TMPUOIU3HO
18% xpomy, 10% nikemto 1 2% monidoaeny. byno mocnimxeno 12 3pa3kiB; BMICT
XpOMY Y BIJICOTKAX BIJl MACH CTaHOBUB:

17,4 179 18,1 17,6 189 169 17,5 178 17,4 24,6 21 17,6

BBaxkaemo, mo BmicT xpomy — BB, mo po3noainena 3a 3akoHom N (a,az).
3uaiiTy 1oBipuMii iHTepBan aucnepcii 0% BMicTy xpoma 3 HaxiknicTio 0,95.

Po3zé’sazamnns.

1. O6uucnroemo

¥p = =12 x; = 18,5583; 52 = %12 (x; — 18,5583)2 = 4,7445.

2. 3a Tabmuusmu posnoauty xi-kBaapaT 3 k=12—1=11 crenensamu
cBOOOIM 3HAXOIMMO BiamoBiaHi kBaHTWII ([JomaTok 4):

1+y
hl — a = —2 = 0,975, — 3 82
11 cT.CcBOO.
1-vy
hll — a = —2 = 0,025, — 21’92
11 cT.CcBOO.
3. 3rigno (18.4) cTBepmxyeMo:
{11 -+ 4,7445 co?< 11 - 4,7445} B .
2102 7 382 )

P{2,3809 < 02 < 13,6622} = 0,95.
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3anumanns 0na camoKoOHmpoJio
1. Il]o maxe oosipuuii inmepsan 0isi He8i0OM0O20 Hapamempy?
2. Haseodimv ¢hopmyny 3Haxooducenuss 008ipuo2co iHmepsany Oas CepeoHbo2o
HopmanvHoi BB npu eidomiti oucnepcii.
3. Hageoimv  ¢hopmyny 3HaxoOdxicenus 008ipuo2o inmepsany O CcepeoHbo2o
Hopmanvroi BB npu Hegioomitl oucnepcii.
4. Hagedimbv  popmyny 3HAX00dCeHHs  008ipyo2o  IHmepsany Ol Oucnepcii

Hopmanvroi BB npu Hegioomomy cepeonbomy.

Po3B’si3yBaHHS THIIOBUX 32,124

3aoaua 18.1. Tlpotsrom N=50 AHIB Ha MIANPUEMCTBI BHUBYAIOCI T000BE
CIO’KMBaHHS eleKkTpoeHeprii (Tuc. KBT). Pe3ynpTaTtu HaBeaeHo y TaOuIIi:

& 0,8 0,96 1,12 1,28 1,44
n; 4 12 16 13 5
BBaxca}qu, 1o BHUITAIKOBa BCIIMYMHA f — I[O6OB€ CIIOKHMBAHHI

CIICKTPOCHEPT11, PO3MO/IiIcHa 32 HOpMaIbHUM 3akoHOM (E~N(a, 0)), moTpiOHO:
1) oOuMcauTH HE3MIlIEHI CTATHUCTHYHI OLIHKH JJisi CEPEeIHbOr0 3HAYECHHS

I000BOI0 CIOKMBaHHS elekTpoeHeprii a = M (&) Ta cepemHbOro KBaapaTHIHOTO
BigxuieHus o = o(§);
2) 3 HamiiHicTIO Y=0,95 moOyayBaTH 10BipYi IHTEPBAIH JJIsl A Ta O

Posé’sizanns. 1) SIk My 3HaeMo, OIIIHKOK MaTeMaTH4YHOro croniBaHHs BB
ciyrye BUOIpkoBe cepenHe. baunmo, 1o y BUOIpI 3HaYEHHS y HAC MOBTOPIOIOTHCA,
MalTh TI€BHI dYacToTh. Tomy o0O4YHMCIIOEMO BHOIPKOBE cepelHe BHUOIPKH 3a
dopmysoro (17.2):

a=x; = %zilexini = 5—10(0.8 4 +4+096-12+1.12-16 + 1.28-13 +
1.44-5) = 1,1296.

JIns OIIHKM CepPeAHBOr0 KBAJAPATUYHOTO BIJXUJICHHS 3aTy4yaeMO OLIHKU
(17.4)1(17.5).

Dy ==Yk x;%n; — (%5)% = 5—10(0.82 44096212+ 1.122-16 +

n
1.28% - 13 + 1.442 - 5) — (1,1296)% = 22 — (1,1296)? ~ 0,0311.

6=3§= /LDB = /M ~ 0,1783.
n—-1 49

He3swmimieni omiHky nmapamMeTpiB HOPMaJIbHOTO PO3MOUTY 3HANICHI.
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2.1) [ToOynyemo noBipuwmii iHTepBan 3 HaaikHicTIO Y=0,95 11t a. OCKiIbKH
0 HaM HE BiJJOMe, JUIsI [OTO CKOpUcTaeMoch popmyiioro (18.3):

t,s t,s
P{xB——<a<xB+—}=y

Vn Vn

Tyt t, 3HAXOIATHCS 3 tabmunp Jomatky 3: t, = t(49,0.95) = 2.0196.

Otxe,
p {1 1296 2.0196-0,1783 << 11296+ 2.0196 - 0,1783} 0.95
) - a ) = V.
V50 V50

P{1,0787 < a < 1,1805} = 0.95
Josipunii inTepBan s a HagiiHocti 0.95 € (1,0787;1,1805).

2.2) Tenep moOyxyeMo IoBipUMid iHTepBa 3 HadiiHicTIO Y=0,95 1151 .
Ckopucraemoch Gpopmyioro (18.4):

(n — 1)5 (n — 1)5

/(n—l ’(n—l

Tyr h',h" 3maxomsars 3 Tabmuupe Jogatky 4.

1+y 14095
W= =3 = 0975 = 315549,
50 — 1 =49 cT. cBOO.
1-y 1-0.95
h' = a = 5 = > = 0,025, = 70,2224.
49 cT. cBOO.

3) 3rigHo (18.4) cTBepmKyEMO:

pl |- 1783<o< |—22 017830 = 095
70,2224 9% [315549 " Bl

P{0,1489 < 0 < 0,2222} = 0,95.

Otxe, (0,1489; 0,2222) - noBipumii iHTepBa A 0 HagidHocTi 0,95.
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3aBaaHHA AJI8 CAMOCTIHHOT0 BUKOHAHHS

18.1. Hexait BuGOipka (5; 5.5; 8; -1), mo cKIagaeTbcs 3 YOTHPHOX
eneMenTiB(n = 4), posmnoxinena HopmansHo N(a,o?). IloOGyaysath noBipumii
IHTepBaJ Uil 3HaUCHHS a HaaiiHOCTi 0,9, SKII0 3HAYCHHS TapaMeTpy O HEBiJOMe.

18.2. Maca nakyHKa 3 IIpaJbHAM HOpPOLIKOM — B.B. ¢, posnoxinena N(a, o?),
ne 02 = 0,01 kr?. 3pa)KyBaHHS 5-TM NAKyHKiB JajJo Taki pe3yabTatd (B Kr.): 50,1;
50,07; 49,93; 49,81; 49,7. 3naiiT 1oBIpUYMH iHTEpBAJ IS a 3 HajiiHIcTIO ¥ = 0,8,

18.3. HaBeneni maHi XapakTepu3ylOTh TBEPAICTb S5-TH 3pa3KiB CIIaBy B
yMOBHMX oauHuisx: 12,1; 13,7; 11; 11,6; 11,9. Ilpunyckarodu, 1110 TBEPAICTh CILJIaBY
B.B. ¢ pO3MOJIJICHAa HOPMaJbHO, 3HAWTH JOBIPYMM IHTEpBAN JUIS CEPEIHBOTO
3Ha4YeHHs a 3 HamiiHicTIO ¥ = 0,95.

18.4. lna mepeBipKu cTajl Ha 3[aTHICTh IIHOOKOTO BiITYCKYy BUTOTOBWIM 7
3pa3KiB 1 B KOKHUN 3pa30K BJIABIIIOBAIM KOHYC 3 KYJIbKOBHM HaKOHEYHUKOM. B.B. & -
rMOuHa TIPOHUKHEHHS KyJlIbKM — Oyla BuUMipsiHa B MumiMmerpax: 10,9; 10,2; 10,5;
10,4; 11,1; 9,5; 11,2. Bpaxaroun, mo ¢ posnoginena N(a,o?), ne =01, snaiitu
JOBIpYUi 1HTEpBaJ I A 3 HamdiHIcTIO ¥ = 0,8.

18.5. [lIBuakicTh momimMepu3arlii mepeBipuiu Ha KIIBKOX 3pa3Kkax moiiMepy. Y
6-Ti excrepuMeHTaxX oJiep)kaHo Taki pesynbTat (y %): 23,6; 22,8; 25,7; 24,8; 25;
22. Beaskarou, 10 MIBUAKICT posnofinena N(a,o?), ne o = 0,1, 3HaiiTi 10Bipumii
1HTepBaJ 15 a 3 HajikHicTIoO Y = 0,95,

18.6. Ha xomm’roTepi MOJETIOETHCS HOPMAJIbHO PO3MOiJICHA BHUIIAJKOBA
BenuuuHa. Peamizaris BuGipku 1iei Bemwuman: 10,1; 11,6; 1,3; 2; 4; 9,6. Cepenne a
HaM HeBioMme. 3HAWTU JAOBipuMil 1HTepBan 3 HamiHicTIoO Y = 0,98 nns
CepPEAHBOKBAAPATHYHOTO BIIXUJICHHS 0 HAIIO1 BUMAJKOBOI BEJIMUMHH.

18.7. 3 MeTor0 KOHTPOJIIO BMICTY MapraHilo B cTaji 3po0min 4 BiIJIUBKH.
Hapenenuii Bmict Mapranuw (y %) B koxHomy BimnuBky: 1,1; 1; 1,5; 1,2.
BBakaroun, mo ¢ - BMICT MapraHill0 y BIIJIMBKY — BHWIIAJKOBAa BEJIWYWHA,
pO3MOo/IJIeHa HOPMaJIbHO, 3HAWTH JOBIPYMM 1HTEpBAN JJII 4 - CEPEAHBOTO BMICTY
Maprasifto 3 koedimienrom HaaitHocTl ¥ = 0,9, sikmio Bigome o = 0,2.

18.8. Jlns mepeBipku cTail Ha 34aTHICTh TNIMOOKOTO BIAMYCKY BUTOTOBWIH 7
3pa3KiB 1 B KOXKHUHN 3pa30K BAABIIOBAIN KOHYC 3 KyJbKOBUM HakoHeuHUKOM. BB ¢ -
rMOrHa TIPOHUKHEHHSI KyJIbKM — Oysia BUMipsiHa B MmutiMmetpax: 10,9; 10,2; 10,5;
10,4; 11,1; 9,5; 11,2. Beaxkatoun, mo ¢ posnoxinena N(a,o?), ne a HeBigoMe,
3HAWTHU JOBIpUMI 1HTEpBaAJ i 0 3 HajlkHICTIO Y = (,8.

18.9. Ha xomm’roTepi MOJEIIOETHCS HOPMAIBHO PO3MOJLUIEHA BHUMAJKOBA
BenmnunHa. Peamizamiss BuOipku 1miei Bemwuwmaum: 1,1; 2,6; 1,3; 1,6; 0,5. 3naiitu
JOBIpYHUI IHTEpPBAI JIs CepeaHbOro A 3 HafAikHicTIO ¥ = 0,98.

18.10. Hexaii BuOipka (5; 5.5; 8; -1), MmO CcKIaga€TbCI 3 YOTHPHOX
enemeHTiB(n = 4), posnoginena HopManbHo N(a,c?). TloOyayBaTu noOBipumii
1HTEepBaN 71 3HaYeHHs a HaaiiaocTi 0,95, ko 3nadeHds napamerpy o = 0,5.

18.11. JIns aHamizy KOHTPOJIO 3a0pyJHEHHS TPYHTOBHX BOJ Pai0aKTHBHOIO
PEYOBMHOIO 3 TOIIKOJKEHOI aTOMHOI €JEeKTpOCTaHIlli, Oyl0o B34TO 3pa3kd BOAU B
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BOCBMH PI3HUX MICISIX 3 I1HTEpBAJOM B OJMH TWXJACHb. B Tabmuii HaBeaeHO

koHneHntparito Ilesiro-137 B bk.

PaZl0aKTUBHOMY PO3MAaly B CEKYH/Y.

Omun Oekkepenb (bk) nopiBHIOE OgHOMY

JloKauia 1 2 3 4 5 6 7 8
1 TKaeHb 16.0 12.0 14.0 18.0 12.0 12.5 10.5 15.5
2 TUXKAOEHDb 16.0 9.0 11.0 16.0 14.0 8.5 6.5 14.5

[Tpunyckatoun, mo koumeHtparii Ile3it0-137 y mHI B3STTS 3pa3kiB - BUITAIKOBI
BEITWYMHH, PO3MOIIJICHI HOPMAJIBHO 3 HEBIIOMUM IMApaMeTPoOM O , ToOyyBaTu 95%-
W JoBipuMil 1HTEpBaJ A OLIHKH CEPEeIHBOTO a Juii 000X BHOIPOK OKpPEMO.
[TopiBHATH OTpHMMaHI IHTEPBAIW: YW CXOXE, IO CEPEAHE KOHIICHTpAIlli Ie3is
3MEHIIUIOCS?
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19. HEPEBIPKA CTATHCTUYHUX TIIOTE3.
KPUTEPIN y?

19.1. IlepeBipka cratucTH4YHUX rinore3. CTaTHCTHYHUH KpUTepiil
nepeBipKM HYJbOBOI IinoTe3n

Yacto Tpeba Bu3HAUNTH 3aKOH po3noainy BB &, sky mu cnoctepiraemo. 11[06
HOro 3HaTH, 1HOJ1 POOJISATH TaK: BUCYBAIOTh T1IIOTE3Y MPO LEH PO3IMOILT 1 ITyKAIOTh
MIJICTaBH JJIsI MATBEPHKEHHS a00 BIIXUJICHHS Ti.

19.1.1. CratucTryni rinore3u. [loMujKku nepumoro i Apyroro poay

[lin cmamucmuunow zinome3ow pPo3yMilOTh NOBUIbHE MPUITYIICHHS MO0
BUTJISIAY HEBIZIOMOTO PO3MOIUTY CIOCTEPEXKEHh a00 IMIOJ0 TapameTpiB BiIOMHUX
po3noaLTiB. SKIIo TinoTe3a MoB'si3aHa 3 SKUMOCh THUIIOM PO3MOJILUTY, HAIPHUKIIA,
{Bubipka po3noziseHa eKClOHEHIiaIbHO}, TO BOHA Ha3UBAE€THCS
Henapamempuynoto. SIKIIO TiNoTe3a JMIIEe MpOo NapaMmeTpu pPO3MOJIIy, TO BOHA
HA3UBAETHCS NAPAMEMPUUHOTO.

CratucTuyHa TiMOTE3a HA3UBAETHCS HPOCHMOIO, SIKIIO BOHA OJHO3HAYHO
BU3HAYae po3noaut BB, B mpoTuie:kHOMY BUIAIKy BOHA HA3UBAETHCS  CKIAOHOIO.

Hpuxnanx 19.1.

I'imoresza { BB ¢ posnoginena 3a3akonom N(0,1)} - mpocra.

['imote3a{ BB & po3nogisieHa 3a 3akoHoM N(m,1);12 < m < 14}

CKJIaJHA.

['imoTe3y, Ky MU BUCYBAa€EMO, Ha3UBAIOTh H)J1b06010, OCHOGHOIO, TIO3HAUYAEMO
ii Hy. Konkypytouoro (anrvmepnamugnoro) Ha3uBaroTh rinote3y H;, sika cynepeyuThb
HYJIbOBIH.

Kpurepiit nepeBipku TinoTe3n OyIyeThCsl TAKUM YHHOM, IO B YCIX CYMHIBHHX
BUIAJIKaX MU MpuiiMaemMo rinote3y H,, Binxumisiemo x H, 1 npuiiMaemo H; TUIbKH B
TOMY BHUIMAJIKy, KOJIU JaHl CYTTEBO CynepedaTs rinoresi Hy.

Ipukaanx 19.2.

H, = { BB ¢ po3snoginena HopmasibHo 3 a = 10}

H; = { BB ¢ po3noaineHa HopMasibHO 3 a # 10}

Bucynyra rimore3a Moxke OyTH BIPHOIO YW HEBIPHOIO, Tpeba BUPOOUTH
KpuTepiit ams ii npuiHATTS a00 HENpUUHATTS. TUTbKU B JIBOX BHUIIaJKaX MOXKe OyTH
MPUITHATE HEMPABWIBHE PIIIICHHS.

Ilomunka nepuiozo pody BUHUKAaE, KOJIW MM BiIXujisseMo H, SIKIIO BOHA €
IPaBUIILHOIO:

a = P{ Bigxunsiemo H,,npuiimaemo H; / H, BipHa }

VIMOBIpHIiCTh MOMUJIKH HEPIIOro poay Mo3Hauaemo . Yacriiie 3a Bce GepyTh
a = 0,05 ynu a = 0,01. Mu 1ie#t piBeHb 3a1a€MO cami.

IHomunka opyzozo pody nonsrae B ToMy, 1110 Oyje MpUHHATA TiOTE3a, SKIIO0
BOHA € HETIPABUIILHOIO:

fp = P{ llpuitmaemo H, / H, HeBipHa }.

[Tinkpecaumo, MO HACIIJIKK MOMWJIOK MOXYTh OyTu pisHMMU. Hanpukinan, y

HAcC € JIKK BIJl XBOpPOOM, SIKIIO XBOPHM BYACHO iX HE MpHUilME — BiH MOMpE; IS
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3JI0POBOT JIFOJIMHU 111 JIIKK TPAaKTUYHO HewKimB1. [ToMuska nepiioro poay (mamieHT
XBOPHUI, a MM J1arHOCTYBaJM IO BiH 3J0pOBUI) IOB'si3aHa 31 CMEPTIO TAIlI€HTA;
MOMMJIKA IPYTOTr0 POy HE HECe CePHO3HMX HACIHIIKIB (MMAIi€HT 3JOPOBUI, a MU AN
HOMY JIIKH, BUPIIIMIIN, IIIO BIH XBOPIE).

19.1.2. CraTucTuyHNil KpUTEPiii MepeBipKU HYJIbOBOI rinoTe3n

Jlnig mepeBipkM HYJIBOBOI TIMOTE3W BUKOPHUCTOBYIOTH CIEIIalbHO MiAiOpaHy
BUIAJKOBY BEJTMUYHUHY, TOYHUN UM HAOIMKEHUHN PO3MOILI SIKOT BiAOMUM.

Cmamucmuunum Kpumepiem HazuaioTh BB K({) — dyHkuito Big BUOIpKu
¢ = (xq,x3, ..., Xp), K& CIYKUTb JJIs IEPEBIPKU HYIHOBOI T1IIOTE3H.

[Tpu Buxkonanui H, posmoxin K({) Bimomuii abo HaOGmkeHO Bimomuid. Ilicis
BUOOpY NIEBHOTO KPUTEPII0 MHOKMHA MOTO MOXJIMBUX 3HAYEHb PO30MBAETHCS HA B
IiAMHOXHUHH: OJJHA MICTUTh 3HAUEHHS KPUTEPII0, MPH SIKUX Hy BIAXUISETHCS, 1HIIA -
pH SIKUX TpuiiMaetbest (puc.19.1).

Kpuruuna rouka

OGacTh JIONYCTHMHX 3HAUCHD Kpuwriana obzact

il T ™
g T 2 8 & A& ®& T ® © 16

Puc. 19.1. O6nacti npuiHATTS 1 BIAXUICHHS] OCHOBHOT T1I10TE3H

Ilpunyun nepegipku cmamucmuiHux 2inome3s

AKuo 3nauenna Kpumepir, sKe Mu CROCMEPIZAEMO, HAleHcums 00aacmi
oonycmumux 3Ha4eHv, moomo oonacmi npuiinammas 2inomesu - Hy npuiimacmo;
KpumuuHiil 06aacmi - 6i0XUIAEMO.

Ilomyscnicmio Kpumepito Ha3UBaOTh BEJIMYUHY UMOBIPHOCTI
1 — f = P{ Bigxunsiemo H, /CnpaBensvBo H; }

Od4eBUHO, M0 YUM TOTYXKHICTH KpUTEpitO0 Oublne (BIAMOBIAHO MOMMIIKA
JIpYroro pojly MEHILIAa), TUM KpuTepiil kpame. ONTHUMaJbHUM BBaXXKAE€THCS TOU
KpUTEpil, B SKOT0O NOMWIKA JPYroro poay € MiHIMaJdbHOIO abo0 mpsMye [0
MIHIMAJIBHOI 3 YCIX MOXJIMBHUX MPU N — 00. 3ayBaXKUMO, 1[0 TOMUJIKY TIEPIIOTO POy
MU 3aj1aeMo cami. YuM Oinibiie Mu OepemMo 3HAUYCHHS a, TUM O1IBIIO0 Oyae 001acTh
MPUIHATTS TIMOTE3H.

19.2. Kpurepiii x? (xi-kBaapar). 3arajibHi 3acaam

Bucysaroun rinoresy H, mono posnoainy BB &, Mu moxemo oOuuciutu
TEOPETUYHI YaCTOTHU JIJISl IOTO PO3MOaLTy (TOOTO siki O OyJIM YaCTOTH MOTPAIUISTHHS
B IHTEpBaJ BUMAJKOBOI BEIWYWHU, SKIIO O BOHAa Oyia pO3MOJiJIEHA BiJAMOBITHO
rimote3i H,). Takok y Hac € eMIipu4Hi 9YacTOTH IS YaCTKOBHMX iHTepBajiB. Tpeda
MOPIBHATH TEOPETUYHI 1 EMITIPUYHI YACTOTH 1 3pOOUTH BUCHOBOK: MPUUHATH H, 4u
BIIXUIIUTH?
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Cnepiry po3rjisiHEMO SIK  OOYHMCIIOIOTH TEOPETHYHI 4acToTu. Po3i6'emo
MHO>KHMHY 3Hau€Hb X BHUIIQJIKOBOI BeIWYMHU ¢ Ha CKIHUYEHY KUIbKICTh [ MHOXUH
Aj, Ay, ..., A;, K1 HE IEPETHHAIOTHCSA: X = U§<=1 Ay

Axmo ¢ nemepepHa BB, To me [ imTepBamiB. fkmo ¢ aguckperHa, TO
NIPUPOJIHBO 3a A; B3ATH Pi3Hi 3HAUCHHS, K1 BOHA IPUKMAE.

BucyBaemo rinoresy:
Hy, = { BB ¢ posnopainena 3 pyHkuiero posnofiny Fy (x)} .
Toni, B npunymenHi Hy, MU MOXEMO TTOpaxyBaTH HMOBIPHOCTI IMOTPAILISTHHS B
meBHi Ay : pr,=P{E€EA}; k=11
Jlnst muckpetnoi BB mokna moknactu  py, = P{{ = 4;}, a nnsg HenepepBHOi
MO’KHA CKOPHUCTATUCH (POPMYJIIOIO

pr = P{¢ € [ak, ax41)} = Fy, (1) — Fy, (ai)-

Bci p, nosumHI 6yTn Gimbme Hyns, Y._; px = 1. Teopemuuna wacmoma
MHOXHUHU A, TIOPIBHIOE ' = Npy.

Jam mpairoeMo 3 BHOIPKOIO, TPYIyeMO 1i, BATUCYEMO €MIIPUYHI YacCTOTU Y
HacTynHy Tadmnuiro (Tada.19.1).

Tabmuug 19.1. EmnipuuHi 1 TEOpETHUYHI YaCTOTH

I3 A, A, A,
N ny n, n
' np; np, np,

3BUYAHO, eMITIpUYHI 1 TEOPETHUYHI YacTOTH BIAPIZHAIOTHCS. MOXIMBO, iX
pPO30DKHICTh BWITQJIKOBA, HE3HAUyIlla, 1 TMOACHIOEThCS ab00 MaJUM YHCIOM
CIOCTEpEXEHb, a00 crmocoOOM TrpylyBaHHd, a00 IIe SKUMHCh NpUYMHAMH. A
MO>KJIMBO, PO301KHICTh YaCTOT HEBUIIAJIKOBA, 3HAUYIIA, 1 IPUYMHA 11 B TOMY, 0 H
HEBIpHA.

Kpurepiii y? Biamosizac Ha nocTaBieHe NuTaHHA. IIpaBna, sk Oyab-AKuii
KpUTEpil, BIH HE JIOBOJAWTH CIPABEIJIMBICTH TIMOTE3U, a JIMIIE BCTAHOBIIOE Ha
NPUAHATOMY PIBHI 3HAYYMIOCTI il BIAMOBIAHICT, YH HEBIAMOBIIHICTh JaHUM.
Chopmynroemo 6e3 1oBeJICHHS TEOpEMY, Ha K1 0a3yeThCsl KpUTEPIiil.

Teopema Ilipcona.

[Ipu n — oo po3noxain BB
l

z (ny — npk)

30iraeThes 10 po3nominy 2 3 m CTCHCHHMI/I 013060111/1, ne m=I1l—-1—-r;, r —
KUIBKICTh TIapaMETPIB PO3MOALTY, sIKI MU OIliHIOBaM 3a nanumu BuOipku. (ToOTto,
skiio H, mpocta, To = 0).
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[Ipo po3nodin xi-keadpam: 11e aOCOMIOTHO HETIEPEPBHUMN PO3MOALIT 31

ribHicTIO (prc.19.2)

0, x <0;
1 m x
f(X) ={————=x2 'e72; x>0.
m o
r(7)2z

fix) 0,7
n=1
08 —n=2
06 n=4
—n=8
0.4
0.3
0.2
0,1
0 =
18 20

LLlinbHicTE po3noginy X2

Puc. 19.2. linpHICTS pO3NOALTY Xi-KBaAp
[Tomunka nepmoro poxny:

a = P{Bigxunsemo H,/H, BipHa} = P{)(z >

aT

X}%pI/IT}'

Ockinbku (YyHKIIIS PO3MOLTY Xi-KBaApaT Bigoma, TO 3 MOMEPEIHbOI PIBHOCTI
MOYHA 3HAUTU KPUTHUYHE 3HAYECHHS )(}%pm. Tabnuist KpUTUYHUX TOUOK PO3MOALTY Xi-

KBaJpatT 3HaxoAsaTecs B Jlomatky 4.

AJroputm

1) Pozousacmo muodxcuny 3navenv & Ha muoxycunu Ay,
emMnipuyuni yacmomu ny, .

2) 3naxooumo py, euxoosuu 3 poznodiny Hy.
(n=npy)*

np, '

4) 3a mabnuyero KpumuuHuUX HMOUYOK PO3NOOLTY
XﬁpI/IT(a' m)

5) Po6umo eucnosox

Axwo x2 o < X,%pm(a, m) - npuiimaemo Hy;

3) O6uucnioemo x2,,. = Z;c=1
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Xnoc > ){Epm(a, m) - gioxunsemo H.

19.3. x* ax kpurepiii 3roau

Po3zrassaeMo I[eTaJIBHiHIC IMPpUKIaa 3aCTOCYBAaHHA KpI/ITepiIO.

19.3.1.Bunanok npocroi rinore3u H,

Crepiry po3riisHEMO MPUKIAA, B SKOMY BHCYHYTa TiNOTE3a € MPOCTOI0, a
BUIIAJIKOBA BEJIMUMHA ¢ — TUCKPETHA.

Hpuxknax 19.3. Marasud 3aliMaeTbcs mpojaxeM cMapT@oHiB, 310paHUX Ha
onHoMy 3aBoji. Cepen mpojaHux cMapT(OHIB KiJIbKICTh BUTOTOBJICHUX B MEBHI JIHI
THKHS TpUOIM3HO ojHakoBa. Cepel MOBEPHEHHMX IMPOTATOM POKY AJSL 3aMiHU IO
rapanTii 20-Tu cMapT@oHIB 7 BUTOTOBIEHI B MOHEAUIOK, | - y BIBTOPOK, Mo 2 B
cepeny 1 ueTBep, 8 — B M'ATHULIO.

[Ipunyckaemo, mo cMapT(OHU, BUTOTOBJICHI B MOHEAUIOK 1 M'ATHUIIO, MEHII
AKICHI 1 Bl iX mpuaOaHHs CiJ BIIMOBUTHUCH. Tpeba mepeBipUuTH OOTPYHTOBAHICTh
ILOTO MPUMYLIECHHS 31 CTAaHAAPTHUM piBHeM 3Hauymocti ¢ = 0,05 .

Po3z6’azanns. Ockinbku peanizailisi TPOIO3UIi TOB'SI3aHa 3 J10JaTKOBUMH
BUTpaTaMu, i MOXXHA TNPUUHATH TUIBKM Y BHIAJAKy, KOJU BOHa Oyae mo0pe
HIAKpIIJIEHa JaHUMH. TOMY BUCYBAa€EMO TINOTE3Y

H, = { 3B's130K Mik AHEM THXKHA i sAKicTIO cMapTdoHa BiACyTHil } .

Sxmo ne Tak, To OpakoBaHUM cMapTHOH MOXKE 3 OJHAKOBOIO HMOBIPHICTIO
NomnacT Ha Oynb-SIKUM JIeHb THXHS. H,, oueBUIHO, TpocTa rinoTe3a. Hexaii ¢ -neHpb
TUXHS, HA IKUW Npunagae OpakoBaHU cMapT(HOH.

Nnpg

4

4

4

3a TabauIIMU KpUTUYHUX TOYOK ([lomarok 4) 3Haxonumo

XI%pI/IT.(a =0,05m=5-1-0=4)=09,5.

Xgnoc =105>95= X}%pI/IT.

OTxe, TIIOTE3y BIAXUISIEMO, 3B 30K €.
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& —  nenp | Ionenimok BiBTOpok Cepena Yersep I sTHULS
THKHS, Ha SIKUH 1 2 3 4 S
npunajgae OpakoBaHHM
cMapTdoH

p 1 1 1 1
5 5 5 5
Tenep 3anotryemo Bubipky (n = 20).
X; [Toneninok BiBTOpok Cepena Yersep [IsTHULS
1 2 3 4 5
n; 7 1 2 2 8
OO0uncmroeMo
_ v (u-np)?  (7-92 | Q-9 (2-4)% | (8-4)?% _
Xénoe = Dk=1 = + +2 + = 10,5.




19.3.2. Bunanaok ckiaaHoi rimore3u H,

Hpuxnax 19.4. KiiHIYHOIO XapaKTEPUCTUKOI cepleBoi (yHKIT Cayrye
cepueBuii ingekc & (J1./XBM.2), sKuMil BM3HAYacThCsS AK MPOAYKTUBHICTH CEpIL,
MoJIiJIeHa Ha TUIOULY MOBEpXHI Tina. Maemo n = 112 KpUTHYHO XBOPHUX MAIlIEHTIB.
JlaH1 3HAXOASITHCS B TaOJIHIII.

(g !

1 Imrepran [[0,1) [[1,2) [[23) |[3.4) |[45) |[56) |[67) |[7.8)

. 10 | 40 |25 20 |10 |5 0 2

Wy 0,09 |0,357 |0,223 {0,179 | 0,089 | 0,045 |0 0,018

Tyr Mu BXe MaeMO CHpaBy 3 HENEPEPBHOK BHUIAJKOBOK BEIUYUHOIO.
BucyBaemo rinoresy:
Hy, = { BB ¢ — cepueBuil iHZjleKC — po3mn0/ijieHa HOPMaJIbHO}.
Ile cximanna rinore3a. IlepeBipuMo 1i 3a KpuTepieM Xi-KBaJapar.

Posé’saizanns. IlapameTpu HOPMaJbHOTO PO3IMOAUTY OLIHIOEMO 3a BHUOIPKOIO.
Ockiuibku BUOIpKa 3aJaHa B IHTEPBAJBHOMY BHUIJISIAL, TO I OOYMCIIEHHS
BUOIPKOBOTO CEPEHBOIO 1 TUCTEPCiT CII1 CKOPUCTATUCS HACTYITHUMU (popMyriaMu:

l l
. 1 Xi—q1 + X 1 Xi—1+x; 2
Xp==) ———"n;; Dp=— —XB)| T
n 2 n 2

1€ X;_q,X; - MEXI 1-r0 iHTepBasy; - KUTbKiCTh 1HTEpBasiB. ToOTO MH Bci
YACTOTH «IPUIUCYEMO» JI0 CEPEIUH YaCTKOBUX IHTEpPBAJiB. 3TiTHO METOIY
MOMEHTIB

a=%=2,45; 6=UB=w/DB=1»32-
Crnepury 3HaXOAMMO WMOBIPHOCTI MOTPAIUISIHHS B 1HTEpBad Il HOPMaJIbHOI
BB 3 Takumu napamerpamu @ i 6 3a GopMyIioro
_(Xi—Xp Xi-1— X\ _
P{x; 1 <¢<x}= —P|——) = P(z) — P(z;-1),
OB OB
JUIS ITHOTO Tpeba CKopucTaTuch Tabimmsamu JJogaTky 2.

[HTepBan | z;_4 zi | P(zim) | P(z) |ni| DPr (g — npg)?
npg
(—o0,1) —oo | —1,098 0 10,1379|100,1379 1,919

[1,2) —1,098 | -0,341| 0,1379 |0,3669 |40 | 0,229 8,031

2,3) —0,341| 0,417 | 0,3669 |0,6628 |25 |0,2959 1,999

3,4) 0,417 | 1,174 | 0,6628 | 0,879 | 20|0,2162 0,733

[
[
[4,5) 1,174 | 1,932 0,879 10,9732 |10 0,0942 0,029
[5,6) 1,932 | 2,689 | 09732 10,9964 | 5 |0,0232 2,22

[6,0) 2,689 o0 0,9964 1 2 10,0036 6,324

IToTiM paxyeMo TeOpeTHYHi 4acTOTH, i, HApEIuTi, 3HaYeHHs Y2, = 21,25 (ue
CyMa eJIEMEHTIB OCTAaHHbOIO CTOBMYHMKA Ta0/MIN). 3HAXOAMMO 3a TAOIUISIMU
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Honatky 4: )(}%pm(a =005m=7—-2—-1=4)=94877. Tyr 7 - KIIbKICTh
iHTEepBaNiB TPyIyBaHHs; 2 - 00 came 2 mapaMeTpu MU OIHWIM 3a BHOipKor (a i o).
OCKINBKH Y200 > )(}%pm, TO BigXmwisseMo H,.

19.4. Kpurepiii ¥ a1 rinoresu npo He3ajleKHICTh BUNAIKOBHX BeJTHYHH

Hexaii B pe3ynbTaTi €EKCIEPUMEHTY CIIOCTEPIratoThCS JIB1 JUCKPETHI BUIIAIKOBI
BeluuuHU X 1 Y 3 MOXJIMBUMH 3HAYCHHAMH X:Xq,...,Xg; Y:Vq, ., Ym. BUHHKAE
MUTaHHS: YW 3alexHl BOHU? Skmo O OyB BiOMUN 3aKOH PO3MOALTY BEKTOPY
(X,Y) p;j = P{X = x;;Y = y;}, T0 1e MoxHa Gyiio 6 nepesiputu(tadn.19.2).

Ta6mui 19.2. Po3nois 7BOBUMIPHOT BUIIAIKOBOT BETUYUHU

Y\ X Xq X, X
V1 P11 P21 Pk1
Y2 P12 P22 Pk2
Ym P1im Pom Prm

[lincymoByrour WMOBIPHOCTI MO CTOBINYMKAX 1 IO psAAOYKaxX BIAIOBIIHO,
3HaXO0JIUMO OKpeMi 3aKoHU po3noaity X Tta Y (1a6:1.19.3).

Tabnuusg 19.3. MaprinanbHi 3aKOHH PO3MOALTY OKPEMUX KOMIIOHEHT

1,m.

X X1 X X
pi %1 P2 Pk
Y Y1 V2 Ym
pi q1 qz dm

X Ta Y He3aNekKHI TOII 1 TUIBKK TOMI, KOJM p;; = p;q; AnA BCix i = 1,k; j

A HaMm HeBizoMi aHi p;;, aHi p;, aHi qj. Y Hac € TUIbKM BHOIpKa. Mu
crocrepiraemo n map (x;,y;), pe3yabTaTn 3aHocuMo B Tabn. 19.4: n;; - yacrora
nosiBu mapu (x;,y;). O4eBUAHO, O Y, iN;j =N .

Tabnuug 19.4. EMnipuuHi 4acTOTH TBOBUMIPHOI BUOIPKU

Y\ X Xq X, X
Y1 Niq U3 Ngk1
Y2 USY) UTY) Ngko
Ym Mim Nom Ngm

Ille mMo’xHaA 3HAWUTH
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m k
_ . Y _
— eMITIpUYHI YacToTu Iofii X =x; Tta Y = Vi BIIIIOBIIHO.

Bynyemo kputepiii y? nepeBipku rinoresu
Hy = { Bum.Ben. X,Y Hesanexi } = {p;; =piq; i=1Lk; j=1m}
Muoxunn posourrs A; ; = (x;,Y;). Takux muoxkuu Oyne k m. OcCKinbku
TIMOTETMYHMA PO3MOALT P;q; MICTUTH HEBIJIOMI NapaMeTpu  p;, ¢j, MOTPiOHO
noOylyBaTH TOYKOB1 OIIIHKU JJIA IIUX IMapaMmeTpiB. TakWMH OIlIHKaMU € BIJHOCHI
JaCTOTH
o
pl n’ q; = 7
OckiJibku {-‘=1 pi=1, X" ji=19; = TO YHCIO TapameTpiB, SKi
OIIHIOIOTHCS 32 JAaHUMU BUOIpKH, € k +m — 2. O6T{I/ICJI}0€MO 3HAYCHHS

2
< nX nY)
XZ _ E :(ni _npi) _ 2 :(nij nplq]) _ 2 : n
crioc — - A~ A~ - X Y
L l;] l']

n

3a Teopemoro IlipcoHa po3nmoin y2,,. IpH N — 00 IpAMYE J0 PO3NOAiIy x?2 3
mk—(k+m—-2)—1=(k—1)(m—1)crenenssmu  cBoboau. OTKe, SKIIO
X0 < )(I%pm(a, (k—1)(m - 1)) — H, npuiimMaemo, iHaKIIIE - BIIXHIISEMO.

Hpuxaag 19.5. B tabnumi HaBeaeHo naHi mpo n = 1426 yB'sS3HEHUX, SKUX
Oyn0 knacugiKoBaHO MO0 ATKOTOJIBHOT 3aJIEKHOCTI 1 XapaKTepy 3JI0UYMHIB, 32 SIK1 1X
3acynuiu (naHi, uroBaHi [lipconoM). Psagku B Tabimill BIOPSIKOBAHO BiATIOBITHO
710 "THTEJEKTyaIbHOCTI" BUY 3JI0YMHY, X0Ua I1eH 3B'I30K IOCUTh YMOBHHIA.

Bup 3/104Mny Anxoroniku| Heankorosiku |  Pa3om (n}()

1. [Migman 50 43 93
2.3raJTyBaHHS 88 62 150
3. HacuabHUILBKI il 155 110 265
4. Kpagixkka 379 300 679
5.1lizpo6ka rpoien 18 14 32
6. [llaxparcTBO 63 144 207

Pasom (1)) 753 673 1426

Uu MokHA Ha MIJICTaBl IUX JAHUX 3pOOMTH BUCHOBOK IPO ICHYBaHHS 3B'A3KY
MIDXK aJIKOTOJII3MOM 1 XapaKTepoM 3JI0UYNHY?

Po3zes’s3anns. BucyBaemo rinoresy

H, = { 3B's13Ky Mi> a/IKOTr0J1i3MOM i XapaKTepOM 3JIOUMHY HEMAE } .
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X(?HOC = o nf(ny =
i=1,2;j=1 J
2 n 2
(50_93-753) (144_207-673)
_ 1426 T 1426 — 4973
93.753 207 - 673 7
1426 1426

3HaxX0AUMO MO TAOJIHUIIIX )(}%pm npu a = 0,05 1 KiTBKOCTI CTETNeHIB CBOOOAM
(k—1)(m—1) =5 (Jlomatok 3). OCKiJbKH
Xénoc = 49,73 > XI%pI/IT = 11,07,
T0 Hy BIAXWISIEMO, 3B'I30K MK BHJIOM 3JIOYMHY 1 aJIKOTOJIBHOIO 3aJICKHICTIO
IPUCYTHIM.
3aysarncenna. ko X, Y He € JUCKPETHUMHU, TO JJI 3aCTOCYBAHHS KPUTEPIIO
X% crin BiANOBiIHMM YMHOM 3TPYIyBaTH BHOIpPKy, OOpABILM 33 MHOKHMHH PO3OHUTTS

Ay ={(0y):x € [xi—,x[; y € [Vji—1, yi1}-

19.5. locsirnyTuii piBeHb 3HAYYIIOCTI

AHTTICBKOI0 MOBOIO JIOCSITHYTHH pIBEHb 3HAUYYIIOCTI TMEPEKIATAETHCT SIK
attained significance a6o npocto p-level. O3HaiioMuMOCh OIFDKYE 3 UM TTOHATTSIM.

M Bike MepeCcBITUMIUCS, 10 YaCTO CTATUCTHUHUI KPUTEPIi Ma€e BUTIISA

SAxmo S(¢) > C (abo < C) — H, BIAXUIAEMO ;
skmo  S({) < C (a6o > C) — H, mnpuiiMaemo,

Tyt { - BuOipka; S({)- nOesKuil CTATUCTUYHHA KPUTEpid, IO BiJg HEi
3anmexuth, C - (ikcoBaHe MOPOTOBE 3HAYEHHS (BIAMOBIIHMIM KBaHTHIJIb 3 TaOIUII
PO3MOAITY Speop)-

3p03yMiJio, IO SIKIIO g CTPOTO 3pocTaroua HenepepBHa (QYHKIIisS, TO

{5(0) >3 ={g(5() > g(O)}.

Buxonutes, mo moxkHa Tak obpatu g, mo6 g(C) = a, ne a - piBeHb
3HAYYIIOCTI (MOMUJIKA MEPIIOro POAY) JaHOTO KPUTEPITO.

Hocsenymum pisnem 3nayywocmi Kpumepilo Ha3UBalOTh TaKy CTaTUCTHKY
1boT0 Kputepito P (), mpu BUKOPUCTaHHI K0T KpUTEpiil HabyBa€ BUTIISAY:

akmo P({) <a — Hy BiaAXWIsIEMO;

skmo P({) >a — H, npuiimaemo.

Tyt a - piBeHb 3HAUYHIOCTI KpUTEPit0. TakuM YMHOM, KOPUCTYBAY CaM MOXKE
oOpaTu NOTpIOHUH piBEHb 3HAYYIIOCTI 1 IEPEBIPUTH T1MOTE3Y:

P < a — Bigxuautu H,
P > a — npuiHaTtu H,,.

p-level 6yB BBeaeHuUil MOPIBHAHO HeaaBHO - pokiB 30 Ha3aa LOTO MOHATTS HE
ICHyBaJl0o — 1 NpuAyManu Horo mis yHigikaiii, uisi 3py4HOCTI B KOPUCTYBaHHI
TaONMISIMU  TpU  KOMI'IOTEpHIA 00poOli  jgaHux. B kokHOMY cydacHOMY
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CTaTHCTUYHOMY IakeTi — TakoMy, sk SPSS, Statistica un R - mpu 3acrocyBanHi
PI3HOMaHITHUX KPUTEPIiB ITUPOKO BUKOPUCTOBYETHCS 1151 BEIMUMHA.

Hanpukmnan, B makeri Statistica po3s’sisyemo 3amady, MomiOHy Tid, SIKy MH
pO3IIIAaNM BUIIE — IEPEBIPUTH 3a JONOMOTOI0 KPHUTEpilo x2 4m € BuOipka
pO3IOoIiJieHa HOpMAJIbHO (00cAT BHOIPKU Micis BUIydYeHHS BUKUIY N = 99). Ilicns
TOTO, SIK MU BKa3aJId MakKeTy JaHi, METOJ 1 PO3MOLI, SIKUH nepeadauyeHuil B HaIin
HYJBOBIH TiMOTE31, BiH BUJA€ TaKy TaOnuio. Hac mikaBuTh jnuie ogHe 4ucio — p-
level. Ockinekun p — level = 0,82992 > 0,05, rinote3y MNpo  HOPMAIbHY
PO3MOIIIIEHICTh BUOIPKHU MPUMMAEMO.

STATISTICA - [Workbook3* - Variable: Var1, Distribution: Normal (Spreadsheet1)]
Eile Edit View |Insert Format Statistics Data Mining Graphs Tools Data Workbook Window Help

RE=a" @ =3 a % B <t #h Addto Workbook ~ Add to Report = Add to MS Word ~ A: @ k2 .
Arial o~ BT U SE== A-d-[E]- =t 2] w2 12 Vars v Cases ~ [
| =l |0 ~| A-2 :

= Work‘bo?kai Variable: Var1, Distribution: Normal (Spipas
&4} Distribution Chi-Square = 1.48146, df = 4 (adjusted)
E=-/3! Distribu Exclude condition: Vari<-150
Variz | Upper Observed Cumulative ‘ Percent |Cumul. % | Expected |Cumulative | Percent |Cumul. % |Observed-

Boundary Frequency | Observed | Observed |Observed |Frequency | Expected |Expected |Expected | Expected
<= -25.00000 0 0 0.00000 0.0000 0.30255 0.30255  0.30561 0.3056  -0.30255
-20.00000 1 1 1.01010 1.0101 0.94429 1.24684 095383 1.2594  0.05571
-15.00000 3 4 3.03030 4.0404 2.84627 4.09311  2.87502 41345 0.15373
-10.00000 6 10 6.06061 10.1010 6.69376 10.78688 676138 108958 -0.69376
-5.00000 15 25 1515152 252525 12.28378 2307066 1240786 233037 271622
0.00000 17 42 ATATI72] 424242 1759124 40.66190 17.76893 41.0726 -0.59124
5.00000 19 61 1919192 61.6162 19.66004 60.32194 19.85863 60.9313 -0.66004
10.00000 16 77 1616162 T77.7778 17.14755 7746949 1732076 782520 -1.14755
15.00000 10 87 1010101 878788 1167190 89.14139 1178980 900418 -167190
20.00000 6 93 606061 93.9394 6.19984 9534123 626247 963043 -0.19984
25.00000 6 99 6.06061 100.0000 2 56971 97.91094 259567 988999  3.43029
< Infinity 0 99 0.00000 100.0000 1.08906 99.00000 1.10006 100.0000/ -1.08906

3anumanHna 011 CAaMOKOHMPOJIIO

1. Hagedimb npuxnao Hyav080i i arbmepHamusHoi cmamucmu4toi 2inomesu.

2.lllo make nomunxa nepuioco pooy? I[lomunka Opyeoeo pooy? I[lomyxcuicmo

Kpumepiro?

3. Cohopmymotime meopemy Ilipcona.

4. fAxum uunom nepesipsemvcs 2inomesa nNpo y32004CeHicmb SUOIDKU 3 NEBHUM
a. . 2?

PO3NOOINOM 3a Kpumepiem X *“"

5. Axkum yunom nepegipsaemubcs 2inomesa Npo HE3ANEHCHICMb 080X BUNAOKOBUX

éenuuun 3a Kpumepiem x2?
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Po3B’s13yBaHHA THIIOBUX 3a/1a4

3aoaua 19.1. [Ins 3apanoi Bubipku oocsry n = 100

16.33375 20.57598 16.46703
16.70552 17.49004 15.44635
14.40348 14.17653 19.53983
16.9073 14.577 19.06284
15.48434 15.72674 15.60955
17.02262 14.14741 17.69645
15.4736 18.83624 16.9663
13.4961 14.44392 17.05513
16.1525 13.14466 16.19597
17.8248 17.11359 21.83202
15.58885 21.04152 15.39565
17.74936 15.91717 17.44184
18.32037 19.48758 15.64868
16.01635 13.97318 18.22956
16.74362 18.96911 15.44433
14.73759 18.2305 14.6354
16.36727 12.69364 17.78172
16.18805 16.24283 16.30124
12.12503 17.67581 18.7678
16.56356 18.25885 20.24175
14.75929 19.16643 14.59024
16.91844 19.07138 18.19474
800.178 17.57147 19.20931
19.14964 19.95407 12.18991
16.25256 16.18222 13.02201
18.26738 20.22086 16.75214
18.26183 14.06667 14.73877
15.16374 21.57987 15.20131
18.80146 15.24915 17.73091
16.57163 17.18435 16.90228
16.67362 16.35792 16.68132
15.21779 17.28458 19.61475
20.58561 14.15434 17.20534

15.97872

1)noOyayBaTi iHTEpBaJIbHUN BapialliiHUIA psl, BUIYYHUBIIN IOMEPEIHBO
BUKW]I,

2)3a monomoror KpuTepiro y2 3 piBHeMm 3Hauymocti @ = 0,05 mepepiputn

Bubipka po3nojiseHa sa}

rinoresy Hy =
HOpPMaJIbHUM 3aKOHOM

3) [ToOymyBaTH SIIMK 3 BycaMu i ricTorpamy BUOIpKH.
Poss’szannsn.  JIns po3B’s3Ky 3amadi  CKOpUCTaeMocs cuctemoro Excel.
1)BigcopTyeMo MacuB, Ik MH 1i¢ pOOWIIH paHilire.
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12.12503
12.18991
12.69364
13.02201
13.14466

13.4961
13.97318
14.06667
14.14741
14.15434
14.17653
14.40348
14.44392
19.61475
19.95407
20.12459
20.22086
20.24175
20.57598
20.58561
21.04152
21.57987
21.83202

800.178

SIk My 06auuMo, BCi 3HAYEHHS 3HAXOMATHCA Ha Bimpisky [15,20], i murme
OCTaHHE 3HayeHHs HeHopMmanbHO Benuke: 800.178. Lle 1 € Bukua. Butupaemo ue
3HAYEHHA 1 BBAXXAEMO, 1110 BUOipKa MicTUTh 99 3Hauenb. Hamr intepBan Big 15 no 20
3pyYHO PO30MTH HAa YACTKOBI JOBXHHOIO 1, BUXOJHWTH 5 YacCTKOBUX IHTEPBAIIB.
[TirpaxoByeMO Bpy4YHY CKUIBKH 3HA4Y€Hb MOMAJI0 B KOKHUW YaCTKOBUHM 1HTEpBaJl, 1
TaKMM YUHOM MA€EMO 1HTEPBAIbHUI BapialliiiHUM psiI.

lutepsan | [12,14) | [14,16) | [16,18) | [18,20) | [20,22)

n, 7 26 |38 20 |8

B cymi Bci i, 1at0Th HaMm 3HaYeHHS 99 — 00csT BUOIpKU.

Bubipka po3noijsieHa 3a
HOPMaJIbHUM 3aKOHOM
nepeBipuTH ii 3a kpurepiem y? 3 piBHem 3HauymocTi @ = 0,05. J{is oGuucieHHs
TEOPETUYHUX YaCTOT HaM Tpeda 3HATHU YOMY JOPIBHIOIOTH NapamMeTpU HOPMAJIbHOIO

pO3NOLTY: @, 0. MU MOXEMO OILIIHUTH iX 32 JOMTOMOTOI0 METO1y MOMEHTIB:
a = Xp;
0= \/D_B abo 6 = Vs2.
3HaiiTi 11 3HayeHHs B Excel mm Moxemo 3a gonomoror  (QyHKITiH
AVERAGE(X) - cepemne, SQRT(X) — kopiab i VAR.P(X), VAR.S(X) — BubipkoBa
mucnepcis. Orxe, maemo @ =16.82873; 6 =2.094034. Tenep nHam Tpeba 3HANTH
TEOPETUYHI UMOBIPHOCTI MOMAJaHHs B IHTEPBAIU

2)BucyBaemo rinoresy  Hy = { }, X04YEMO
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Maemo Taky TabIuuKy:

Pk = Fneao) (Xk+1) — Fnao) (xx),

[ (ymmpy)’
Xgnoc = Zk:l—k-

np,.

TEOPETUYHI YaCTOTH NPy 1, HAPEIITI, 3HAYEHHS )y 2-criocTepeskeHHs 3a GOpPMYIIoI0

Xi Xi+1 Ni F(xi) F(xi+1) pi=F(xi+1)-F(xi) npi ((ni-npi)A2)/npi
12 14 7 0 0.088371 | 0.088371425 |8.748771 0.349558
14 16 26 | 0.088371 |0.346142 | 0.257770482 |25.51928 0.009056
16 18 38 |0.346142 |0.712034 | 0.365892106 |36.22332 0.087143
18 20 20 0.712034 |0.935042 0.223007706 |22.07776 0.195541
20 22 8 0.935042 1 0.064958281 | 6.43087 0.382867
99 1 99 1.024164

B 0CTaHHBOMY PAAKY OOYMCIIOETBCS CyMa €JIEeMEHTIB CTOBIUHKA.
BauynuMo, 110 cyMa BCiX iIMOBIpHOCTEl JOPIBHIOE OJMHMIII, CyMa TEOPETHYHHX
4acToT=99 — Tak i MOBMHHO OyTH, a OT B OCTAHHBOMY CTOBIYHKY 0adMMO
Xéoc = 1.024164. 3naxomumo 3a tabmumsamu  Jlomatky 41 xgur(a =

0,05m=1l—-r—-1=5-2-1=2)=159914.

BHCHOBOK: OCKITBKH  YZioc < Xipur> TPHAMAEMO TiOTE3y MPO T, IO
BHUOIpKa PO3MO/IiIeHa HOPMAJIBHO.

3) Tpeba noOyyBaTH SIIKK 3 ByCaMH 1 TiCTOrpaMy BUOIPKH.

Bigmigaemo Hamr mMacuB 3 JaHMMH, 3aXoauMo B MeHIO Insert->Insert
Statistic Chart->Box and Whisker.(puc.19.3).

Jns  noOymoBu  ricrorpamu  Insert->Insert
>Histogram.(puc.19.4).

Statistic  Chart-

AWKMK 3 BYyCamm
25

20

Puc. 19.3. Auwk 3 Bycamu BUOIpKU
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[icTorpama

Puc. 19.4. T'icrorpama Bubipku
CripaBni, cx0e Ha HOpMaJbHUI pO3MOILI.

3aoaua 19.2. (ona camocmiiinozo po3zeé’aszyeanus). COHSYHUNA BITEpP — TIC
MOTIK 10HI30BaHMX YACTUHOK, SKUW BHUAUIAETbCS 3 COHAYHOI KOPOHHM Y BCIX
HarnpsiMkax. COHSYHMM BIT€p MOXE BIUIMBATH Ha €JIEKTPOMEPEKi 3emili, MiBHIYHE Ta
MiBJICHHE CSBO, 1 HABITh HA XBOCTH KOMET. Y HACTYITHIM TaOJMIll HaBe[eHA T'YCTHHA
CoHslyHOTO BITPY B MPOTOHAX HAa KyOIYHHI CAaHTUMETpP, BUMIpSHA B B JIMCTOMAII
2012 poxky.

2,8 15,7; 0,7; 05; 06; 2,7, 2,2; 2,7; 3,1; 05; 50; 55; 1,3; 10,9; 3,2;
3,4, 2,7: 1,2; 1,7; 0,8

a) 3HaliTh BUOIPKOBY JIUCIIEPCIIO Ta CEPEIHbOKBAIPATHYHE BIAXUIICHHS.
6) s manHoi BHOIpKH 3a KpuTepieM y2 3 piBHeM 3HauymocTi a = 0.05 mepesipTe
TinoTe3y Mpo Y3rOHKEHICTh 3 HOPMAJILHUM PO3MOJILIIOM.

InuBinyannHa qfoMamus podora «Kpurepiii y*»

1)/lani 3HaxomsaThcs B Ookpemomy EXcel-daiinmi mig HOMepoM BapiaHTa 3a
MOCUJIAHHSM

https://drive.google.com/drive/folders/1GC4gOswGFXdL2BXoF6wIngksG_ao
zZuNV?usp=sharing

Jlnia 3agaHoi BuOipky moOyayBaTH 1HTEPBAIBHUN BapialliiHUiA psizl, po30UBIIN
IHTEpBaJl, B SIKOMY po3TaimioBaHa BHOIpKa, Ha 5-10 yacTKOBMX 1 BUIIMCABUIM IX
emMmipu4Hi JacTtoTu (Tpeba, mo0 KOoXKHA eMIipuyHa YactoTa Oyia HE MeHIe S).
Koxna BuOipka MicTUTh | BUKU, HOTO Tpeba BHITyUUTH.
Bubipka po3nozjisieHa 3a

HOpPMaJIbHUM 3aKOHOM

KpuTEpiro x2 3 piBHeM 3Hauymocti a = 0,05.

3) IloOyayBaTu SIKK 3 BycaMH 1 TicTorpaMy BUOIpKH.

2) Ilepesiputu rinotesy: H, ={ } 3a JOTIOMOTOIO

252


https://drive.google.com/drive/folders/1GC4gOswGFXdL2BXoF6wlnqksG_aozuNV?usp=sharing
https://drive.google.com/drive/folders/1GC4gOswGFXdL2BXoF6wlnqksG_aozuNV?usp=sharing

20. MIPOCTA JITHIHHA PEI'PECIA

20.1. IlocTanoBKa 3a1a4i B MoJ1eJIi MPOCTOi JiHiliHOT perpecii

[Tpunyctumo, mo HaM Tpebda JOCHiIUTH 3aJICKHICTh O/HI€l Benanan Y € R
Bia iHmoi, X € R. B HamomMy po3mnopsypkeHHi € Tinbku Bubipka ¢ = {(X;; Y;); i =
1,n}.

Mpukaag 20.1. [{inoBa momiTHKa MO0 KabIy4dok 3 Aiamantamu B CiHramypi
MO’KE CIIYTYBaTH I[IKaBUM MPHUKIIAIOM 31 CTATUCTUYHOTO MojaetoBaHHs. [[iHa KinbIis
CKJIQIa€ThCS 3 BAPTOCTi 30JI0Ta, II0 BXOAWTH B KaOMy4dKy — BUXOJISYH 3 MOTOYHOI
PUHKOBOI IIIHM Ha 30JI0TO, 3 BapTOCTI pOOOTH IOBENipa Ta IIHU CaMOI0 JllaMaHTa.
[lina x aiamMaHTy 3aJ€XHUTh Bl YOTHPHOX CKJIQJIOBUX — KUIBKOCTI KapaTiB; SKOCTI
00poOKM JiaMaHTy; KOJIbOpY Ta mpo3opocTi. FOBenip, HallalToBaHUN Ha POOOTY Ha
PUHKY FOBENIPHUX TPUKPAC, MPUPOJHBO TMPHUIYCKAE, MO TOJOBHHUHA (aKTOp, SKHUM
dbopmye 11iHY KIHOYOT KaOJIy4YKH — KIJIbKICTh KapartiB, TOOTO PO3MIp JiaMaHTYy.

Hagpeneno nmani mo 48 xabiaydkax pi3HOTO Au3aiiHy, 3 JlaMaHTaMHU, 1[0 BaXKaTh
Big 0,12 mo 0,35 kaparis (1 kapar=0,2 rp.) i ominenumu Bix $223 no $1086. Txepemo
naHuX - razera «Singapore Straits Times» Big 29 mrotoro 1992 poky. Benmke
peKJIaMHe OTOJIONIEHHS] MICTHIIO JUIS KOXKHOI KaOJaydku 3 aiamaHToM: dororpadiro,
BIJINOBIJIHY LIHY KUIbLIS, KIJIBKICTh KapaTiB Ta MpoOy 30J10Ta.
Carats | Cost($) |Carats |Cost($)
0.17 355 0.17 353
0.16 328 0.18 438
0.17 350 0.17 318
0.18 325 0.18 419
0.25 642 0.17 346
0.16 342 0.15 315
0.15 322 0.17 350
0.19 485 0.32 918
0.21 483 0.32 919
0.15 323 0.15 298
0.18 462 0.16 339
0.28 823 0.16 338

0.16 336 0.23 595
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0.2 498 0.23 553
0.23 595 0.17 345
0.29 860 0.33 945
0.12 223 0.25 655
0.26 663 0.35 1086
0.25 750 0.18 443
0.27 720 0.25 678
0.18 468 0.25 675
0.16 345 0.15 287
0.17 352 0.26 693
0.16 332 0.15 316

Tpeba mocmiautu 3anexkHICTh IiHM KaOmyukn COSt Bix Barm miamanta Carats.

Bigxnagaroun mo oci OX 3mauennsa Carats, a mo oci OY

- Cost, maeMo Taky

oiazpamy posciroeanns oanux (scatterplot), (puc. 20.1). OueBuaHO, 31 3pOCTAaHHIM

OJTHi€1 3MIHHOT 3pOCTAE IHIIA.

Scanerplot of Cost against Carats
Spreadsheet1 10v*53c
Cost = -259 6259+3721.0249°X

1200 , . . , .

1100 } o]

1000 | -

<
900 } -
[e} _,----/
o _

800 } e
~ T00} 3
8 -
© 600} e

.
500 | 9%
3
400 } e
-
300 | e
o
200 } P v
100 - L ) H L ) ) . H ) L H H
010 012 014 016 018 020 022 024 026 028 030 032 034 036
Carats

Puc. 20.1. Jliarpama po3citoBaHHS JaHUX
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Sk mMu GauuMo Ha JiarpaMi pO3CiIOBaHHS JaHUX, MOOYJAOBaHUX 3a
noromororo nakery Statistica, cxoxe, 1110 3aJI€KHICTh MK HAIIMMHA 3MIHHUMU
niniHa. [Ipocriie 3a Bce B3SITH MOJICIb 3a7I€KHOCTI MK HUMH BUTJISITY

Cost;=a+b-Carats;+¢;; i=1n
ne Cost — 1iHa KabJIydKH; 3ajie’KHa 3MIHHA;
Carats - Bara JiamMaHTa;
£ - nmoxuOKa HaIoi Moael.

20.2. OcHoBHi rinore3u JiHiiiHOI perpeciiinoi Mogeni. OuiHky napamerpiB

[ToctaBumo 3amady B OuTkIn 3aranbHId QopMmi. Y Hac € BuOipka, o0
ckianaetbess 3 map {(X;; Y;); i =1,n }. BucyBaemo HACTymHI MpUITYIICHHS,
HA3MBAEMO X TIMOTE3aMHU.

I'inome3u modeni npocmoi ninitinoi pezpecii
1) Y;=a+ bX;+¢; i=1n (cunenudikauis mozeJi).
Tym a,b - napamempu, aki nam HegidoMmi, iXx Ham Ci0 ouyiHumu; &; —
6UNAOK06A 8eUYUUHA.

2a) Mg; =0; Me? =0¢? (ymoBa roMOCKeJaCTU4HOCTI).
20) Mg;g; = 0; i+ j (HEKOpe/bOBaHICTb MOXUOOK).
26) Ioxubka &; posnodinena 3a 3akonom N(0,d?).

Jlns  OLIHKM TlapaMeTpiB MOJIeJl BHUKOPHUCTAEMO METOJ MaKCHUMalIbHOT
MPaBIONOMIOHOCTI, BBa)KalO4M, IO BCl TIMOTE3W BHUKOHYIOTHCS. 3TIJHO HAIIUM
PUITYIICHHSM,

& =Y, —a—bXy;
& =Y, —a—bX,;

&, =Y, —a—bX,. (20.1)

& — HesanexHi BB, posmogineni HopmansHO 3a 3akoHoM N(0,02). Otxe,
BOHM MarOTh IIUIBHICTh

1 X
f(x) _\/ﬁo‘e 202 '

CxmamaeMo (yHKINIO TPaBIOMOAIOHOCTI, MiJICTABIISAIOYM 3aMICTh €JIEMEHTIB
BuOipku npaBi yactuau 3 (18.1). TakuMm unHOM, MaEMO (PYHKIIIFO TPaBIOIOIIOHOCTI

2
1 (Y;—a—bX;) - ,
— | I T 5,2 — 1 — =Y (Y;i—a—-bX;
L(b) ‘:":1\/277:0'8 202 = —ne 20-221_—1( i l) )

OueBHaHO, 10 MAakCUMyM Mo a,b QyHkuii L pocsAraerbcs Ha MIHIMyMI
(dyHKII0HaIa
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¢mﬁy:§kn—a—b&y S min.
{i=1}

Jlanuii (yHKIIIOHAT HOCUTh Ha3BY @QYHKUioHana memoody HAlUMEeHUUX
keaopamie (MHK).

3ayearncenna. Mu 3Benu Hamly 3amady g0 nomyky winimymy P(a,b),
BUXO/SIYA 3 METOAY MaKCHMAaJIbHOI BIPOTiIHOCTI, ajié 1 3 TOYKH 30pYy 3I0POBOTO
TIy3Ay TaKdi MiIXia TeX BUIIILAAE AopeuHuM. Sk mu O6auumo 3 puc. 20.2 , ®(a, b)
JIOPIBHIOE CyMi KBaJIpaTiB BIJICTAaHEH 1O BEPTUKAl BiJl €KCIIEPUMEHTAIBLHOT TOYKHU JI0
BIIMOBIHOT TOYKM, IO JICKHUTh Ha MNpsaMii y = a + bx. UuM MeHIlle 3HAYCHHS
®(a, b), TuM Kpariie IpsMa «IiJraHse» Halll JaHi.

v Y = a+ bX

X >
Puc. 20.2. ImocTpartist 710 MeTOAy HAWMEHIIINX KBaIpaTiB
Bunumemo orinku a Ta b IS HAIIOTO BHITAJIKY.
n
®(a,b) = ) (Y;—a—bX;)? > min.
i=1

3rajgaeMo HEOOX1/IHY YMOBY eKcTpeMyMa (DyHKIIIT IBOX 3MIHHHX.

(9D -

£= —ZZ(Yl —Cl—in) = 0;
< i=1
oD .
\ i=1
an+b¥ . X; =Y, Y;
{ } 21_111 i ) 21_171 i (20.2)
aXio Xi + b Xim X7 = Xim, Vi X;.
3a dpopmynamu Kpamepa
1 ——
~ =X XYi—XY . o~
p=rntmttiit _ComsXN). 5§ bR (20.3)
22z X{—(X)? bpX

(20.3) — me 1 € mykaHi OIiHKK. BiaMiTUMoO, 10 perpeciiiHa mpsiMa 3aBXIu
npoxoauTh uepe3 Touky (X, Y). OTxe, MU 9aCTKOBO JJOBETM HACTYITHY TEOPEMY.
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Teopema. Hexaii BUKOHYIOThCS Tinore3u 1)-26). Tomai oOIliHKK mapameTpiB
(20.3) € xOH3UCTECHTHUMH, e(DEKTUBHUMH 1 HE3MILIICHUMH.

20.3. BubipkoBuii koedimieHT Kopessiuii

Bubipkosum koeghiyienmom xopenayii Ha3UBAIOTh

1 __
_ Covg(X,Y) n =1 XY, — XY

~ /DeXDpY /1 — (1 .
VDX DY (s w2 - 02) (Ex, vz - (72)
BubipkoBuii koedillieHT KOpeJsIii € KOH3UCTEHTHOIO OLIHKOI0 KOe]illieHTa

kopemsimii Mk X 1 Y. BiH Mae BmIacTMBOCTI, CXOXI Ha BJIACTHBOCTI KoedirieHTa
KOpeJIsIIii.

B
Txy

Baacmueocmi eudipkosozo koeghiyicnma kopenauii

2. Axwo 15, 6nuzekuii 0o 1 abo 0o —1, mo ye ceiduums npo naaeuicmo
CUIbHO20 NIHIIHO020 38'a3Ky minc X ma Y; akwo o6auzvkuii 0o 0, mo 36’130k
C/la0Kuil.

oy

3. Ouesuono, wo sukonyemoca momoycnicmo b = r8, L .
ox

—

20.4. 3anumku perpecii. Po3kiian nucnepcii 3aj1e:kHo0i 3MiHHOT

3anuwmku peepecii (Residuals) Bu3HauaroThcs 3 piBHOCTI
e; =Y, — (a+bX)).

3anuiiku Mojiel CXoXi Ha moxubku moxem & =Y; — (a + bX;). PizHuns
MOJIATA€E B TOMY, IO 3JIMIIKH MH MOKEMO TTOpaxyBaTH, a TOXUOKH - Hi. O4eBHIIHO,
[0 YAM MEHNI 3aJIMIIKA, THM Mozenb kpama. Cucremy (18.2) MoxkHa 3ammcatw
gepe3 3aUIIKH.

=16 =0;
{ ?=1 el-Xi = 0. (204)

Tenep po3rIsTHEMO PO3KHI HABKPYTM CEPEIHBOTO 3HAYCHHS IOSCHIOBAHOI

3MIHHO].

n
> (=1 =ndf.
i=1

Po3ib'emo #ioro Ha 2 4YacCTUHU: TOSCHEHY PErpeciiHUM pIBHSIHHSIM 1
HEMOsICHEHY, TOOTO TOB'sA3aHy 3 MOXUOKOIO &;. [To3HaunMMO

~ ~

Y, =a+ bX; i=1n
nepeadadeHe 3HAYCHHS Y;, TOI:

257



n

Z(Y Y)Z—Z((Y )+ (F-7)) Z(n_ﬁ)ZJr
- 2 =TT

Posrnsnemo Tpetiii momaHok B cymi. Ockimbku Y; —Y; =e;, TO uepe3
TOTO)KHOCTI (18.4) 3aKJnoqaeM0

E(Y (P — Y)—ze(a+bX—Y) &il+ i Zn:

i=1 i=1 i=1
MI/I BUBEIU PIBHICTD:
n

-Y :n - _7)? \ A.__Z_
;m 7)? ;(n 7) +;(n 7)

TSS = RSS + ESS,  ne (20.5)

abo

TSS = z(Yi —Y)? — total sum of squares(3araibHa AMcIepcis);
i=1
n

ESS = Z(?l — )7)2 — explained sum of squares

i=1
(nucrnepcisi, mosicHeHa perpeciero);
n

RSS = Z(Y‘ — 171)2 — residuals sum of squares (Aucnepcis MTOXU60K).
i=1

Baacmueocmi koegiuiecnma oemepminayii
1. 0 < R? < 1- 11e 0O4EBUIHO.
2. SIxmo R? 6nmsekuii 1o 0, TO 1e 03HAyae, O perpecisa HiYoro He gac - X

He TMOKpallye sKicThb IepenbauyeHHs Y y MOpiBHAHHI 3 TpuBianeHuM Y; =Y.
BianoBigHa giarpama po3ciroBaHHS JaHUX Ha pUCYHKY 20.3.
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Yahoo

100%
90% -

80% 2 P . y = -U‘,UUX + 0,61
70% - ¢ ¢ S ¢ R°=000
B0 : = XY 'zoz’o '3: = ii‘_,_o——’
50% A
40% A
30% A *
20% A
10% A
0% T T T T
1E+05 1E+06 1E+07 1E+08 1E+09 1E+10

Web

En'Web
L 4

+

<
<

+

*

‘0
*

Puc. 20.3 Jliniitna perpecis. KoediuieHTt aerepminariii 6au3pkuii 10 0

3. dxmo R? = 1, To 1e imeanapHa MiATOHKA - BCI TOUKH CIIOCTEPEKEHD
JeXaTh Ha perpeciitHiil npsamiit (puc.20.4).
Regression Plot
Weight = -156.324 + 4.61429 Height
S=0323669 R-Sq=1000% R-Sqg{adj)=100.0%

180 —

170 —

160 —

Weight

150 —

140 —

130 —

[ I I [ I I I I I | [
62 B3 64 65 66 67 68 69 70 71 72

Height

Puc. 20.4. Jliniitaa perpecis. Koedirtient nerepminarmii =1.

Yum Gimkunii R? 1o 1, THM MOJeb Kpamia.

4. 3B's130K MIXK KOe(DIIIEHTOM JIeTepMIHAITIT 1 KOPEIISIIii:

2
B _ p2
(T{XY} ) =R~ .
Otxe, kKoeilleHT AeTEepMiHAILIITl € XapaKTEePUCTUKOIO SIKOCTI IMiATOHKH
IAHUX 3a JOIIOMOTOI0 HAIIIOT MOJIEMII.
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3anumannsa 01 camoKOHMPOJIo

1. ki ocnosni cinomesu niHiliHOI peepeciinoi modeni? 3a saxumu gopmyramu
00UUCTIOIOMbCS OYIHKU NApamempie mooeni?

2. Il]o maxe ¢pynxyionan memooy HatMeHWUX K8aopamia?

3. Haseoimv ¢hopmyny, 3a saxorw obuucnoemvpcs subipkosull koegiyicnm xopensyii.
Oyinkoro sKoi xapakmepucmuxu 8ix ciyeye?

4, ki enacmusocmi mae subipxosuil koeghiyienm Kopensayii?
5. Il]o maxe koegiyicnm demepminayii i Ha wjo 8iH 8Kazye?

6. Haseoimo én1acmusocmi xoegiyicnma oemepminayii.

Po3B ,H3yBaHHH THIIOBHUX 3aaa4

3aoaua 20.1. MenemxepoM KOMIAaHIi OJEpkKAHO 3aJIEKHICTh MDK YacoM X
peamizariii maptii npoaykmii (qHi) 1 BenuumHOW mapTii Y (Tc.om.). Pesymbratu
JOCJIIKEHHS HaBEJIEHO B TaOJIHUIIL:

X | 15| 17| 19| 22 | 24 | 27 | 29 | 32 | 35| 36

Y | 1,7 19| 26| 28| 32| 37| 39| 44| 49| 53

[ToTpibHoO:

1) BcTaHOBUTH (hOpMY 3aekHOCTI MK X Ta Y;

2) 3HAWTH piBHSHHS JIiHIAHOT perpecii Y Ha X Ta X Ha Y,

3) o0uncauTH KOePIieHT Kopesiii BUOIpKH I Ta OIIHUTU CWITy JIHIHHOTO
3B’s13Ky MK X Ta Y

Po3zé’azanns  1)[lobyayemo miarpamy po3CifOBaHHA JaHUX JUIsl  HAIIO1
BUOIpKH. 3aHeceMo JaHi B Tabauuky EXcel B mepiini 18a CTOBMYMKH, BIAMITHMO IICH
MacuB 1 mepeieMo B MeHIO 3a JaHioxkom Insert Scatter(X,Y) or Bubble Chart-
>Scatter. Buxoauts Takuii rpadik, sk modyaoBaHui Hbkue. B MeHIO (KHOMKA «+»
crIpasa BiJ Alarpamu) Tpeda po3iOpaTuch SIK NIANKCYIOTHCS OCi 1 cama Jilarpama.

Ax mMu OGauumo 3 miarpamu (puc.20.5), HUIKOM JTOPEYHO MPHUITYCTUTH, IO

3ajeKHiCTh miniiina: ¥ = a + bX,
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[iarpama po3citoBaHHA

[ ]
5 ®
[ ]
4
P [ J
> 3 ° L
[ ]
2
PS [ J
1
0
0 5 10 15 20 25 30 35 40
X

Puc. 20.5. Jliarpama po3citoBaHHSI TaHUX
2)JIns 3HAXOMKEHHS OIIHOK KOedIIEHTIB B MOJEl JiHIMHOI perpecii
ckopuctaeMocs popmynamu (20.3) (puc.20.6)
1 __
~ 7 =1 XY = XY Covg(X,Y) _
b = ; a
DX

1 _
n ?:1Xi2_(X)2

[um] oS - = Miapyurvk KNI - Excel
Home Insert Draw Page Layout Formulas Data Review View Help Q Tell me what you want t
115 M Jr =(D14-F15*F16)/VAR.P(B4:B13)
A B C D E F G H | J K L M
1
2
3 X Y XY
4 15 1.7 25.5
5 17 1.9 323
6 19 2.6 49.4
7 22 2.8 61.6
8 24 3.2 76.8
9 27 37 99.9
10 29 3.9 113.1
11 32 4.4 140.8
12 35 4.9 171.5
13 36 53 190.8
14 96.17
15 cep. X= 25.6 b= 0.163296]
16 cep. Y= 3.44
17
18
19
20
Puc. 20.6.

SAx BUAHO 3 IBOTO CKPIHIIOTY, OOYHCIICHHS OIIIHOK MOJKHA 3JIMCHUTH Tak: JJIs
3HaXO/KCHHS BHUOIpKOBUX cepeaHix it X 1 Y ckopucraTtuch (yHKIIERO
AVERAGE(), mns o6umcnenns BuOipkoBoi mucnepcii VAR.P(), Tpeba nuiie
MPaBUWIBHO BIIMIYaTH MACHUBH, ISl SIKUX 1€ OOUMCIIOETHCA. A OT JJii OOUYHCIIEHHS

1 .
BUpA3y ;Z’;lXiYi 3aBOJIMMO III€ OJWH CTOBITYUK, B SIKOMY ITOMIIIAEMO JTOOYTKH
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BIAMOBIAHUX X, Y;, IOTIM MIJICYMOBYEMO €JIEMEHTH CTOBITYMKA 1 AiuMo Ha 10, 60 y
Hac Takui 0ocsar BuOipku. OTKe, OTPUMYEMO TaKi OLIHKHU:
a=-0,74037; b =0,163296
B enexrtponnux Ttabmmusgx EXcel € 3pyunHa MOXIMBICTH NEpPEBIPUTH CBOI
OGUMCIICHHS 33 HOMOMOToI0 TakuxX (yukiuii: SLOPE( , ) o6uncmoe b, INTERCEPT(
, ) 3HaxomuTh d. [lepekOHyeEMOCH, MO IHIIMM METOJOM MH 3HAXOJUMO Ti cami
3HadyeHHs (puc.20.7).

o a - = Miapyunvk KMl - Excel

Home Insert Draw Page Layout Formulas Data Review View Help Q Tell me what you want to do

118 - fo | =SLOPE(C4:C13,B4:B13)

A B C D E F G H J K L M N

15 1.7 25.5
17 1.9 32.3
19 2.6 49.4
22 2.8 61.6
24 3.2 76.8
27 3.7 99.9
29 3.9 113.1
32 4.4 140.8
35 4.9 171.5
36 5.3 190.8
96.17
cep. X= 25.6 b= 0.163296 a= -0.74037
cep. Y= 3.44

Lo I R R e O B N

P N S e e e S P S P
W N oA W s O

0.163296] -0.74037

=
w

)

no
o

Puc. 20.7.
Hamna popmyia juist perpecii y may: y — —0,74037 4+ 0,163296 X.

JIyist 3HaXOMKEHHsI perpecii Y Ha X CKOPUCTAEMOCHh TUMHU X Gdopmyramu
(20.3), momiHsBIIM MICISIMA MaCHBH X Ta Y.

Koedimient MarwTh 30BCIM 1HIIMK BUrIsA. BuxomuTe Taka (opmyna st

NporHosy: X = 4734511 4+ 6,065549 Y-
3) 3uaiigemo koedimieHT Kopensmii BuOipku I. JIJIS 1IbOTO CKOPHUCTAEMOCH
dbopmyIioro

1 __
_ Covp(X,Y) n o1 XYy — XY

DY e e o) (bx, v - 07)

B
Txy

Cxoxy ¢GopMyity MU BKE MpOrpaMyBaJi, TOMY MPOCTO HABOJUMO CKPIHIIOT
oOuncienns. g mepeBipku cebe BUKOPUCTAEMO BOYJIOBaHY (YHKIIO Jis

oOumciienHs koedimienta kopessiii mixk aBoma MmacuBamu CORREL( , ) (puc.20.8,
20.9):
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= S - = Miapyuruk KMl - Excel

Home Insert Draw Page Layout Formulas Data Review View Help Q Tell me what you want to do

H6 - fr | =(D14-F15*F16)/SQRT(VAR.P(B4:B13)*VAR.P(C4:C13))

A B ¢ | b | E | F | 6 _H 1 3 X o, L |/ M | N | O
1_
2_
3 | X \ XY
4 | 15 1.7 25.5
5 17 1.9 32.3
6 19 2.6 49.4 r= 0.995228_
7] 22 2.8 61.6
8 | 24 3.2 76.8
9| 27 3.7 99.9 r= 0.995228
10 | 29 3.9 113.1
11 | 32 4.4 140.8
12| 35 4.9 171.5
13 | 36 5.3 190.8
14 | 96.17
15 | cep. X= 25.6 b= 0.163296 a= -0.74037
16 | cep. Y= 3.44
17 |
18 0.163296 -0.74037
19
20|

Puc. 20.8.

(] o 3 - Miapy+Hik KM - Excel
Home Insert Draw Page Layout Formulas Data Review View Help Q Tell me what you want to do
H9 - Jfr | =CORREL(B4:B13,C4:C13)
A | B | C | D | E | F | G H | J | K | L | M | N | o
1 —
2 |
3 | X Y XY
4 | 15 1.7 25.5
5 | 17 1.9 323
6 | 19 2.6 49.4 r= 0.995228
7| 22 2.8 61.6
8 24 3.2 76.8
9 27 3.7 99.9 r= 0.995228]
10| 29 3.9 113.1
11 | 32 4.4 140.8
12| 35 4.9 171.5
13 | 36 5.3 190.8
14| 96.17
15 | cep. X= 25.6 b= 0.163296 a= -0.74037
16 | cep. Y= 3.44
17 |
18 | 0.163296 -0.74037
19|
20 |
21 |
22 |
aa

Puc. 20.9

Sx mu Gaummo, koedimieHT Kopeusiuii mpuitmae 3HadueHHs 0,99523, myxe
onu3bke 10 1. Lle cBiquuTh Mpo BUCOKUIN PIBEHB JIHIMHOTO 3B 43Ky Mk X 17Y.

3aBaaHHA IJ CAMOCTIHHOT0 BUKOHAHHSA

20.1. HdocaimxyeTbes 3aJ€KHICTh MK O3HaAKaMu: X — 11€ TepMIHU BKJIAAIB (y
MicsIsix) 1 Y — piBHI BIICOTKOBUX CTaBOK IO JIETIO3UTaM. Pe3ynbraTu TOCHIIKEHHS

HaBeJeH1 B TAOJIUIII:
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X 16 17 18 19 20 21 22 23 24 25

Y 101 | 109 | 115 | 12,1 | 13 | 138 | 14 | 145 | 149 | 1572

[Torpi6bHO: 1) moOyAyBaBIIK Aiarpamy pO3CiIOBaHHS IaHMX, BCTAHOBHUTH. YU
CXO0Ke, 1o MDK X Ta Y € JIHIMHA 3a71€KHICTD,

2) 3HAWTH PiBHSHHS JiHIWHOI perpecii Y Ha X Ta X Ha Y

3) obuncnuTh KOePIieHT KOpensiii BHOIPKH I Ta OIIHUTHA CHIIY JIIHIHHOTO
3B 3Ky Mk X Ta Y.

20.2. JocmimKyeTbes 3aleXHICTh MK O3HaKaMu: X — IIe 4ac Ha peaizalliio
napTii ToBapy (y micansax) 1 Y — iHAEKC piBHSI €KOHOMIYHOTO PO3BUTKY PETIOHY, €
BiOyBaach peajizaiisa mapTii ToBapy. PesynapTatu JOCHIKCHHS HaBEICHI B
TaONHIIL:

X 3 6 7 9 10 13 15 16 18 20

Y 1 1,55 2 23 | 25 | 26 | 35 | 38 | 43 | 45

[TorpiOHO: 1) moOymyBaBIIM AiarpaMy pO3CiFOBaHHs JaHWX, BCTAHOBUTH. YH
CcXO0Ke, 1o MDK X Ta Y € JIiHIMHA 3a71€KHICTD,

2) 3HAWTH PiBHSHHS JiHIWHOT perpecii Y Ha X Ta X Ha Y

3) obuncnuTh KOePIieHT Kopensiii BHOIPKH I Ta OIIHUTHA CWIIY JIiHIHHOTO
3B 13Ky MK X Ta Y.

20.3. JlocmimKyeThCsl 3aI€KHICTh MK O3HaKaMmu: X — 1 00CSITH 1HBECTHUIIIN
0aHKy y pi3HI mianpuemMcTBa (y TUC.IpH.) 1 Y — mpulyTok 3a Micsib (THUC.TPH.).
Pe3ynbpraTi gociiyKeHHS HaBEICH] B TaOIMII:

X 50 80 90 | 110 | 120 | 150 | 170 | 180 | 200 | 210

Y 1,2 | 15 2 23 | 25 | 33 | 35 | 38 | 41 | 4.2

[TorpiOHO: 1) moOymyBaBIIM AiarpaMy pO3CIFOBaHHS JaHWX, BCTAHOBUTH. YH
cXO0ke, o MK X Ta Y € JIHIMHA 3a71eKHICTbD,

2) 3HAWTH PiBHSHHS JiHIWHOT perpecii Y Ha X Ta X Ha Y

3) obuncauTH KOCPIIiEHT KOpensiii BUOIPKH I Ta OIIHUTHA CHIIY JIIHIHHOTO
3B 513Ky MK X Ta Y.

20.4. JlocnmimKy€eThCs 3aJICKHICTh MK O3HaKaMu: X — 1€ JIOBXKUHA MapIIpyTy
NEPEBE3CHHS JIEAKOTr0 TPAHCIOPTHOIO MiAnpueMcTBa (y THC. KM) 1 Y — BapTicTh
nepeBe3eHHs (y.o. 3a 1 kM.). Pe3ynbTaTi mociimkeHHs HaBeAeH] B TaOJIHIII:

X 1,1 | 18 | 21 | 25 | 255 | 32 | 36 | 39 | 42 | 45

Y 6 9 10 12 13 16 18 19 21 22

[TorpiOHo: 1) moOymyBaBIIK AiarpaMy pO3CiFOBaHHs JaHMX, BCTAHOBUTH. UM
cXO0e, 1o MK X Ta Y € JIiHIMHA 3a1€KHICTD,

2) 3HAWTH PIBHSIHHSA JiHIAHOT perpecii Y Ha X ta X Ha Y
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3) o0uuciIuTH KOCOIIIEHT KOPEALil BUOIPKH I Ta OLIHUTH CHJIY JIHIHHOTO
3B’ 513Ky Mk X Ta Y.

20.5. JlocmipKyeThes 3aJeXKHICTh MK O3HakKamu: X — II€ I[iHa Ha M'ScO Ha
(dbepMepcbKkOMy PUHKY B pi3HHX perioHax (B yM. onuHUIX 3a 1 kr.) 1 Y — 1iHa Ha
KapToIuTio (B YM. OMMHUIIX 3a 1 Kr.). PesynbraTu qOCiKeHHS HaBeIeH] B TAOJHIIL:

X 6 9 10 12 13 16 18 19 21 22

Y 09 |165| 19 | 24 | 25 | 33 | 36 | 41 | 44 | 46

[Torpi6bHO: 1) mMoOyAyBaBIIK Aiarpamy pO3CiIOBaHHS JaHMX, BCTAHOBHUTH. YU
CXO0Ke, o MDK X Ta Y € JIiHIMHA 3a1€KHICTD,

2) 3HAWTH PiBHSHHS JiHIWHOI perpecii Y Ha X Ta X Ha Y

3) obuncnuTh KOeImieHT Kopensiii BHOIPKH I Ta OIIHUTHA CWIIY JIiHIHHOTO
3B 13Ky MK X Ta Y.

20.6. JlocmimKy€eThCsl 3aJIEKHICTh MK O3HaKamu: X — Iie IllHa Ha KoBOacy Ha
(bepMepCbKOMY PHHKY B Pi3HHX perioHax (B yM. OMMHUIIX 3a 1 Kr.) 1 Y — 11iHa Ha cUp
(B yM. onmuHUILIX 32 | Kr.). Pe3ynbTaTu JOCIIHKEHHS HaBEIeH] B TaOJIUII:

X 8 10 11 13 14 17 19 20 22 23

Y 1 15|16 | 18 | 21 | 27 | 28 | 30 | 3,3 | 3,5

[TotpiOHo: 1) moOymyBaBIIM AiarpaMy pO3CIFOBAaHHS JaHWX, BCTAHOBUTH: UM
CcXO0e, o MK X Ta Y € JIHIMHA 3a71eKHICTD,

2) 3HAWTH PiBHSHHS JIiHIWHOT perpecii Y Ha X Ta X Ha Y

3) obuncnauTH KOeRIIiEHT KOpensiii BUOIPKHM I Ta OIIHUTHA CHIIY JIIHIHHOTO
3B 513Ky MK X Ta Y.

20.7. JJocmimKyeThes 3aleKHICT, MK 03HakamMu. X — II¢ I[iHA Ha SJIOBUYUHY
Ha (epMEepPChKOMY PHHKY B Pi3HHX perioHax (B yM. OuHHMIIAX 3a 1 Kr.) 1 Y — 1iHa Ha
MIIEHUINIO (B yM. OMUHMIX 3a 1 Kr.). Pe3ynbraTu 1ociiKeHHs HaBeICHI B TaOJIHIIL:

X 9 11 12 14 15 18 20 21 23 24

Y |09 | 135 ]| 16 2 22 | 24 | 27 | 31 | 35 | 3,6

[TorpiOHO: 1) moOymyBaBIIM AiarpaMy pO3CIFOBaHHS JaHWX, BCTAHOBUTH: YH
cXO0Ke, o MDK X Ta Y € JIHIMHA 3a71eKHICTD,

2) 3HAWTH PiBHSIHHSA JiHIAHOT perpecii Y Ha X ta X Ha Y

3) obuncauTh KOedIlieHT KOpensiii BUOIPKHM I Ta OIIHUTHA CHIIY JIIHIHHOTO
3B 3Ky Mk X Ta Y.

20.8. [locmimKyeThcsi 3aleXHICTh MDK O3HakamMu: X — 1€ CIIOKUBaHHS
CJIEKTPOCHEPTil MANMPUEMCTBOM (B YMOB. OJI. 3a MicCsI(b) 1 Y — 00cAromMm BUpOOHHIITBA
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BOTO MIAMPHEMCTBA (B THC. OJMH. TOBapa). Pe3ynbratu AOCHIIKEHHS HAaBEIEHI B
TaONIHUIIL:

X 11 12 13 15 16 17 19 21 22 24

Y 09 |15 | 16 | 19| 23 | 25 | 2,75 |305| 35 | 39

[Torpi6bHO: 1) mMoOyAyBaBIIN AiarpamMy pO3CIIOBaHHS IaHMX, BCTAHOBHUTH. YU
CXO0Ke, 1o MK X Ta Y € JIiHIMHA 3a71€KHICTD,

2) 3HAWTH PiBHSHHS JiHIWHOI perpecii Y Ha X Ta X Ha Y

3) obuncnuTh KOedimieHT Kopensiii BHOIPKH I Ta OIIHUTH CWIIY JIIHIHHOTO
3B 3Ky Mk X Ta Y.

20.9. JlochmimKyeThCcsl 3alleKHICTh MDK oO3Hakamu: X — 1€  1HJACKC
IIPOMUCJIOBOTO PO3BUTKY perioHy i Y — MOKa3HMK IIUIBHOCTI 3aCEIEHOCTI JaHOTO
periony. Pe3ynbratu 10CHiI)KEHH HaBEeIECH] B TaOIUIIL:

X 110 | 111 | 123 | 122 | 126 | 128 | 127 | 130 | 119 | 120

Y 74 85 91 94 | 101 | 95 | 106 | 105 | 110 | 103

[TotpiOHo: 1) moOymyBaBIIM AiarpaMmy pO3CIFOBAaHHS JaHWX, BCTAHOBUTH: UM
CcXO0e, o MK X Ta Y € JIHIMHA 3a71eKHICTD,

2) 3HAWTH PiBHSHHS JiHIWHOT perpecii Y Ha X Ta X Ha Y

3) obunciauTH KOCPIIiEHT KOpensiii BUOIPKHM I Ta OIIHUTHA CHIIY JIIHIHHOTO
3B 513Ky MK X Ta Y.

20.10. JTochimKy€eThCs 3aISKHICTh MK 0O3HaKamMu: X — 1€ TEPMIiHH peai3artii
napTii npoaykuii (y aHax) 1 Y — oOcaru maptiid npoaykuii (y tuc.on.). Pesynbratu
TOCJIHKEHHS HaBEAECH] B TaOJIHIIL:

X 3) 7 9 11 13 15 17 19 21 23

Y | 10,6 | 10 95 | 89 8 75 | 7,1 | 65 | 6,2 | 55

[TorpiOHO: 1) moOymyBaBIIK AiarpaMy pO3CiFOBaHHs JaHWX, BCTAHOBUTH. YH
cXO0ke, 1o MK X Ta Y € JIHINHA 3a71eKHICTD,

2) 3HAWTH PIBHSHHSA JiHIAHOT perpecii Y Ha X ta X Ha Y

3) obuncnuTh KOePIieHT KOpesiii BUOIPKH I Ta OIIHUTHA CWIY JIIHIHHOTO
3B 513Ky MK X Ta Y.

20.11. Consaunuii BiTep, a00 MOTIK 3apPAHKECHUX YACTHHOK, DKEPEIIOM SKUX €
CoHsiuHa KOpOHA, BIUIMBAa€E Ha 3B'A30K Ha 3eMJi, Ha HaBIraiil, a TaKoX Ha
CTaTUYHMM TUCK 3emili (cuia, 3 sSKOw Jie€ artMocdepa Ha ToBepxHIO 3emii). bya
3pobsieHa BUOIpKa 3 BHUIAIKOBHX [HIB, 1 B I JHI Oyla BUMIpSHA IIIIBHICTH
Consiunoro Bitpy (3mimHa X, BHMipgHa B IpOTOHax/cM>) 3a  JOHOMOIOIO
cnerianbHoro cymytHuka NASA. Takoxx Ha KOXXHHM JI€Hb PEECTPYBAIHM CTATHUYHUN
TUCK (3MiHHA Y, BUMipsiHa y Meranackaisax (MI1a)). Jlani HaBeneHi B Ta0uII.
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X

5,6

7,4

8,0

8,7

10,1

9,9

9,4

11,0

6,7

6,9

Y

0,099

0,080

0,115

0,110

0,110

0,117

0,110

0,138

0,104

0,094

a) [ToOynyiiTe Moaenb MpocToi perpecii 3anekHocTi Y Big X 1 MOpaxyuTe 3aJulIku
perpecii. OOuuchiTh Koe(imieHT aeTepMiHamii Mojem 1 3po0iTh BHCHOBOK: YH
XOpOIITy MiATOHKY J1a€ Hallla MOJIETh?

0) O6uucHiTh BUOIpKOBUI KOedilieHT Kopensmii Mixk X 1.
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JTOJIATKH

2
X
Honarok 1. Taduus 3Havens pynkuii 'ayca ¢(x) = Le 2,
N 27
0 1 2 3 4 5 6 7 8 9
0,0 | 03989 | 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973
01 | 3970 3965 | 3961 | 3956 | 3951 | 3945 | 3939 | 3932 | 3925 | 3918
02 | 3910 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 | 3836 | 3825
03 | 3814 3802 | 3790 | 3778 | 3765 | 3752 | 3739 | 3726 | 3712 | 3697
04 | 3683 3668 | 3652 | 3637 | 3621 | 3605 | 3589 | 3572 | 3555 | 3538
05 | 3521 3503 | 3485 | 3467 | 3448 | 3429 | 3410 | 3391 | 3372 | 3352
06 | 3332 3312 | 32092 | 3271 | 3251 | 3230 | 3209 | 3187 | 3166 | 3144
07 | 3123 3101 | 3079 | 3056 | 3034 | 3011 | 2989 | 2966 | 2943 | 2920
08 | 2897 2874 | 2850 | 2827 | 2803 | 2780 | 2756 | 2732 | 2709 | 2685
09 | 2661 2637 | 2613 | 2589 | 2565 | 2541 | 2516 | 2492 | 2468 | 2444
1,0 | 02420 | 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 2203
11 | 2179 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 | 1965
1,2 | 1942 1919 | 1895 | 1872 | 1849 | 1826 | 1804 | 1781 | 1758 | 1736
1,3 | 1714 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518
1,4 | 1497 1476 | 1456 | 1435 | 1415 | 1394 | 1374 | 1354 | 1334 | 1315
15 | 1295 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 | 1127
1,6 | 1109 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | 0989 | 0973 | 0957
1,7 | 0940 0925 | 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 | 0804
1,8 | 0790 0775 | 0761 | 0748 | 0734 | 0721 | 0707 | 0694 | 0681 | 0669
1,9 | 0656 0644 | 0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0562 | 0551
2,0 | 00540 | 0529 | 0519 | 0508 | 0498 | 0488 | 0478 | 0468 | 0459 | 0449
2,1 | 0440 0431 | 0422 | 0413 | 0404 | 0396 | 0387 | 0379 | 0371 | 0363
22 | 0355 0347 | 0339 | 0332 | 0325 | 0317 | 0310 | 0303 | 0297 | 0290
2,3 | 0283 0277 | 0270 | 0264 | 0258 | 0252 | 0246 | 0241 | 0235 | 0229
24 | 0224 0219 | 0213 | 0208 | 0203 | 0198 | 0194 | 0189 | 0184 | 0180
25 | 0175 0171 | 0167 | 0163 | 0158 | 0154 | 0151 | 0147 | 0143 | 0139
2,6 | 0136 0132 | 0129 | 0126 | 0122 | 0119 | 0116 | 0113 | 0110 | 0107
2,7 | 0104 0101 | 0099 | 0096 | 0093 | 0091 | 0088 | 0086 | 0084 | 0081
28 | 0079 0077 | 0075 | 0073 | 0071 | 0069 | 0067 | 0065 | 0063 | 0061
2,9 | 0060 0058 | 0056 | 0055 | 0053 | 0051 | 0050 | 0048 | 0047 | 0046
3,0 | o044 0043 | 0042 | 0040 | 0039 | 0038 | 0037 | 0036 | 0035 | 0034
31 | o033 0032 | 0031 | 0030 | 0029 | 0028 | 0027 | 0026 | 0025 | 0025
32 | o024 0023 | 0022 | 0022 | 0021 | 0020 | 0020 | 0019 | 0018 | 0018
33 | o017 0017 | 0016 | 0016 | 0015 | 0015 | 0014 | 0014 | 0013 | 0013
34 | o012 0012 | 0012 | 0011 | 0011 | 0010 | 0010 | 0010 | 0009 | 0009
3,5 | 0009 0008 | 0008 | 0008 | 0008 | 0007 | 0007 | 0007 | 0007 | 0006
3,6 | 0006 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 | 0004
3,7 | o004 0004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003 | 0003
3,8 | 0003 0003 | 0003 | 0003 | 0003 | 0002 | 0002 | 0002 | 0002 | 0002
3,9 | 0002 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0001 | 0001
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t2
Honatok 2. Ta6auus 3navenb pyukuii Jlammaca O (x) = \/% f;c e zdt

X d(x) X d(x) X d(x) X d(x) X d(x)
000 | 00000 J[ 052 [ 0,1985 1,04 | 03508 || 1,56 | 04406 || 2,16 | 0,4846
001 | o0040 J| 053 | 0,2019 1,05 | 03531 || 1,57 | 04418 || 2,18 | 0,4854
002 | o0080 || 054 | 02054 || 1,06 | 03554 J| 158 | 04429 || 220 | 0,861
003 | 00120 J| 055 | 0,2088 1,07 | 03577 || 159 | 04441 || 222 | 0,4868
004 | 00160 J| 056 | 02123 1,08 | 03599 || 160 | 04452 || 2,24 | 04875
005 | 00199 J| 057 | 02157 1,00 | 03621 || 161 | 04463 || 2,26 | o0,4881
006 | 00239 J| 058 | 02190 1,10 | 03643 || 162 | 04474 || 2,28 | o0,4887
007 | 00279 || 059 | 02224 || 111 | 03665 || 1.63 | 04484 || 2,30 | 04893
008 | 00319 J| 060 | 02257 112 | 03686 || 164 | 04495 || 232 | o0,4898
009 | 00359 J| 061 | 02201 113 | 03708 || 165 | 04505 || 234 | 0,4904
010 | 00398 || 062 | 02324 || 114 | 03729 || 166 | 04515 || 236 | 04909
011 | 00438 J| 063 | 02357 1,15 | 03749 || 1.67 | 04525 || 2,38 | 0,4913
012 | 00478 || 064 | 02389 1,16 | 03770 || 1.68 | 04535 || 2,40 | 0,4918
013 | 00517 || 065 | 02422 117 | 03790 || 1.69 | 04545 || 2,42 | 0,4922
014 | 00557 || o066 | 042454 || 118 | 03810 || 1,70 | 04554 || 244 | 04927
015 | 0059 J| 067 | 02486 119 | 03830 || 171 | o4s64 || 246 | 04931
016 | 00636 J| 068 | 02517 120 | 03849 || 172 | 04573 || 248 | 0,4934
017 | 00675 J| 069 | 02549 121 | 03869 || 173 | 04582 || 250 | 0,4938
018 | 00714 J| o070 | 02580 122 | 03863 || 174 | 04501 || 252 | o0,4941
019 | 00753 || o071 | o2611 123 | 03907 || 175 | 04599 || 254 | o0,4945
020 | 00793 J| 072 | 02642 124 | 03925 || 176 | 04608 || 256 | 04948
021 | 00832 || 073 | 02673 125 | 03944 || 1,77 | o4616 || 258 | 0,4951
022 | o0871 || 074 | 02703 126 | 03962 || 1,78 | 04625 || 2,60 | 0,4953
023 | 00910 || 075 | 02734 || 127 | 03980 || 179 | 04633 || 262 | 04956
024 | 00948 || 076 | 02764 || 128 | 03997 || 1.80 | 04641 || 264 | 04959
025 | 00987 || 077 | 02794 || 129 | o04015 || 1,81 | 04649 || 266 | 04961
026 | 01026 J| 078 | 0,2823 1,30 | 04032 || 1.82 | 04656 || 2.68 | 0,4963
027 | 01064 J| 079 | 02852 131 | 04049 || 183 | 04664 || 2,70 | 0,4965
028 | 01103 J| o080 | o0,2881 132 | 04066 || 184 | 04671 || 2,72 | 04967
029 | 01141 J| 081 | 02910 133 | 04082 || 185 | 04678 || 2,74 | o0,4669
030 | 01179 J| 082 | 02939 134 | 0409 || 186 | 04686 || 2,76 | 04971
031 | 01217 J| 083 | 02967 135 | 04115 || 187 | 04693 || 2,78 | 04973
032 | 01255 J| 084 | 0,2965 136 | 04131 || 188 | 04699 || 280 | 0,4974
033 | 01203 || 085 | 0,3023 137 | 04147 || 189 | 04706 || 2.82 | 0,4976
034 | 01331 || 086 | 03051 138 | o4162 || 1,90 | 04713 || 2.84 | 0,4977
035 | 021368 J| 087 | 03078 139 | 04177 || 191 | 04719 || 2.86 | 0,4979
036 | 01406 J| 088 | 0,3106 1,40 | 04192 || 1,92 | 04726 || 2.88 | 0,4980
037 | 071443 || 089 | 03133 141 | 04207 || 1,93 | 04732 || 2,90 | 0,4981
038 | 0148 J| 09 | 03159 1,42 | 04222 || 194 | 04738 || 2,92 | o0,4982
039 | 01517 J| 091 | 03186 1,43 | 04236 || 195 | 04744 || 294 | o0,4984
040 | 01554 J| 092 | 03212 1,44 | 04251 || 196 | 04750 J| 2,96 | 0,4985
041 | 01591 J| 093 | 03238 1,45 | 04265 || 197 | 04756 || 2,98 | 0,4986
042 | 01628 || 094 | 03264 || 146 | 04279 || 198 | 04761 || 300 | 04986
043 | 01664 J| 095 | 0,3289 1,47 | 04202 || 1,99 | 04767 || 320 | 0,4993
044 | o021700 J| 096 | 0,3315 1,48 | 04306 || 200 | 04772 || 340 | 0,4996
045 | 01736 J| 097 | 0,3340 1,49 | 04319 || 202 | 04783 || 360 | 0,4998
046 | 01772 || 098 | 03365 150 | 04332 || 204 | 04793 || 380 | 04999
047 | 01808 J| 099 | 03389 151 | 04345 || 206 | 04803 J| 400 | 04999
048 | 01844 J| 100 | 03413 152 | 04357 || 208 | 04812 || 450 | 04999
049 | 0,1879 1,01 | 0,3438 153 | 04370 || 210 | 04821 || 500 | 04999
050 | 0,915 1,02 | 03461 154 | 04382 || 212 | 0,830
051 | 0,1950 1,03 | 03185 155 | 04994 || 2,14 | 0,838
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JMoaarox 3. Tabauus KBaHTWIIB po3noginy CTbiofenTa t, = QT(n-D (

k=n-1 0.8 0.9 0.95 0.98 0.99 0.999
1 3,077684 6,313752 12,7062 31,82052 63,65674 636,6192
2 1,885618 2,919986 4,302653 6,964557 9,924843 31,59905
3 1,637744 2,353363 3,182446 4,540703 5,840909 12,92398
4 1,533206 2,131847 2,776445 8,610302 4,604095 8,610302
5 1,475884 2,015048 2,570582 3,36493 4,032143 6,868827
6 1,439756 1,94318 2,446912 3,142668 3,707428 5,958816
7 1,414924 1,894579 2,364624 2,997952 3,499483 5,407883
8 1,396815 1,859548 2,306004 2,896459 3,355387 5,041305
9 1,383029 1,833113 2,262157 2,821438 3,249836 4,780913
10 1,372184 1,812461 2,228139 2,763769 3,169273 4,586894
11 1,36343 1,795885 2,200985 2,718079 3,105807 4,436979
12 1,356217 1,782288 2,178813 2,680998 3,05454 4,317791
13 1,350171 1,770933 2,160369 2,650309 3,012276 4,220832
14 1,34503  1,76131 2,144787 2,624494 2,976843 4,140454
15 1,340606 1,75305 2,13145 2,60248 2,946713 4,072765
16 1,336757 1,745884 2,119905 2,583487 2,920782 4,014996
17 1,333379 1,739607 2,109816 2,566934 2,898231 3,965126
18 1,330391 1,734064 2,100922 2,55238 2,87844 3,921646
19 1,327728 1,729133 2,093024 2,539483 2,860935 3,883406
20 1,325341 1,724718 2,085963 2,527977 2,84534 3,849516
21 1,323188 1,720743 2,079614 2517648 2,83136 3,819277
22 1,321237 1,717144 2,073873 2,508325 2,818756 3,792131
23 1,31946 1,713872 2,068658 2,499867 2,807336 3,767627
24 1,317836 1,710882 2,063899 2,492159 2,79694 3,745399
25 1,316345 1,708141 2,059539 2,485107 2,787436 3,725144
26 1,314972 1,705618 2,055529 2,47863 2,778715 3,706612
27 1,313703 1,703288 2,051831 2,47266 2,770683 3,689592
28 1,312527 1,701131 2,048407 2,46714 2,763262 3,673906
29 1,311434 1,699127 2,04523 2,462021 2,756386 3,659405
30 1,310415 1,697261 2,042272 2,457262 2,749996 3,645959
31 1,309464 1,695519 2,039513 2,452824 2,744042 3,633456
32 1,308573 1,693889 2,036933 2,448678 2,738481 3,621802
33 1,307737 1,69236 2,034515 2,444794 2,733277 3,610913
34 1,306952 1,690924 2,032245 2,44115 2,728394 3,600716
35 1,306212 1,689572 2,030108 2,437723 2,723806 3,591147
36 1,305514 1,688298 2,028094 2,434494 2,719485 3,58215
37 1,304854 1,687094 2,026192 2,431447 2,715409 3,573675
38 1,30423 1,685954 2,024394 2,428568 2,711558 3,565678
39 1,303639 1,684875 2,022691 2,425841 2,707913 3,55812
40 1,303077 1,683851 2,021075 2,423257 2,704459 3,550966
41 1,302543 1,682878 2,019541 2,420803 2,701181 3,544184
42 1,302035 1,681952 2,018082 2,41847 2,698066 3,537745
43 1,301552 1,681071 2,016692 2,41625 2,695102 3,531626
44 1,30109 1,68023 2,015368 2,414134 2,692278 3,525801
45 1,300649 1,679427 2,014103 2,412116 2,689585 3,520251
46 1,300228 1,67866 2,012896 2,410188 2,687013 3,514957
47 1,299825 1,677927 2,011741 2,408345 2,684556 3,509901
48 1,299439 1,677224 2,010635 2,406581 2,682204 3,505068
49 1,299069 1,676551 2,009575 2,404892 2,679952 3,500443
50 1,298714 1,675905 2,008559 2,403272 2,677793 3,496013
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Jlonarok 4. Tabanus kBanTHais posnoaiay y2(1 — a,n).

3HayeHHs a

N 0,99 0,975 0,95 0,9 0,1 0,05 0,025 0,01
1 0,0002 0,0010 0,0039 0,0158 2,7055 3,8415 5,0239 6,6349
2 0,0201 0,0506 0,1026 0,2107 4,6052 5,9915 7,3778 9,2103
3 0,1148 0,2158 0,3518 0,5844 6,2514 7,8147 9,3484 11,3449
4 0,2971 0,4844 0,7107 1,0636 7,7794 9,4877 11,1433 | 13,2767
5 0,5543 0,8312 1,1455 1,6103 9,2364 11,0705 | 12,8325 | 15,0863
6 0,8721 1,2373 1,6354 2,2041 10,6446 | 12,5916 | 14,4494 | 16,8119
7 1,2390 1,6899 2,1673 2,8331 12,0170 | 14,0671 | 16,0128 | 18,4753
8 1,6465 2,1797 2,7326 3,4895 13,3616 | 15,5073 | 17,5345 | 20,0902
9 2,0879 2,7004 3,3251 4,1682 14,6837 | 16,9190 | 19,0228 | 21,6660
10 2,5582 3,2470 3,9403 4,8652 15,9872 | 18,3070 | 20,4832 | 23,2093
11 3,0535 3,8157 45748 5,5778 17,2750 | 19,6751 | 21,9200 | 24,7250
12 3,5706 4,4038 5,2260 6,3038 18,5493 | 21,0261 | 23,3367 | 26,2170
13 4,1069 5,0088 5,8919 7,0415 19,8119 | 22,3620 | 24,7356 | 27,6882
14 4,6604 5,6287 6,5706 7,7895 21,0641 | 23,6848 | 26,1189 | 29,1412
15 5,2293 6,2621 7,2609 8,5468 22,3071 | 24,9958 | 27,4884 | 30,5779
16 5,8122 6,9077 7,9616 9,3122 23,5418 | 26,2962 | 28,8454 | 31,9999
17 6,4078 7,5642 8,6718 10,0852 | 24,7690 | 27,5871 | 30,1910 | 33,4087
18 7,0149 8,2307 9,3905 10,8649 | 25,9894 | 28,8693 | 31,5264 | 34,8053
19 7,6327 8,9065 10,1170 | 11,6509 | 27,2036 | 30,1435 | 32,8523 | 36,1909
20 8,2604 9,5908 10,8508 | 12,4426 | 28,4120 | 31,4104 | 34,1696 | 37,5662
21 8,8972 10,2829 | 11,5913 | 13,2396 | 29,6151 | 32,6706 | 35,4789 | 38,9322
22 9,5425 10,9823 | 12,3380 | 14,0415 | 30,8133 | 33,9244 | 36,7807 | 40,2894
23 10,1957 | 11,6886 | 13,0905 | 14,8480 | 32,0069 | 35,1725 | 38,0756 | 41,6384
24 10,8564 | 12,4012 | 13,8484 | 15,6587 | 33,1962 | 36,4150 | 39,3641 | 42,9798
25 11,5240 | 13,1197 | 14,6114 | 16,4734 | 34,3816 | 37,6525 | 40,6465 | 44,3141
26 12,1981 | 13,8439 | 15,3792 | 17,2919 | 35,5632 | 38,8851 | 41,9232 | 45,6417
27 12,8785 | 14,5734 | 16,1514 | 18,1139 | 36,7412 | 40,1133 | 43,1945 | 46,9629
28 13,5647 | 15,3079 | 16,9279 | 18,9392 | 37,9159 | 41,3371 | 44,4608 | 48,2782
29 14,2565 | 16,0471 | 17,7084 | 19,7677 | 39,0875 | 42,5570 | 45,7223 | 49,5879
30 14,9535 | 16,7908 | 18,4927 | 20,5992 | 40,2560 | 43,7730 | 46,9792 | 50,8922
31 15,6555 | 17,5387 | 19,2806 | 21,4336 | 41,4217 | 44,9853 | 48,2319 | 52,1914
32 16,3622 | 18,2908 | 20,0719 | 22,2706 | 42,5847 | 46,1943 | 49,4804 | 53,4858
33 17,0735 | 19,0467 | 20,8665 | 23,1102 | 43,7452 | 47,3999 | 50,7251 | 54,7755
34 17,7891 | 19,8063 | 21,6643 | 23,9523 | 44,9032 | 48,6024 | 51,9660 | 56,0609
35 18,5089 | 20,5694 | 22,4650 | 24,7967 | 46,0588 | 49,8018 | 53,2033 | 57,3421
36 19,2327 | 21,3359 | 23,2686 | 25,6433 | 47,2122 | 50,9985 | 54,4373 | 58,6192
37 19,9602 | 22,1056 | 24,0749 | 26,4921 | 48,3634 | 52,1923 | 55,6680 | 59,8925
38 20,6914 | 22,8785 | 24,8839 | 27,3430 | 49,5126 | 53,3835 | 56,8955 | 61,1621
39 21,4262 | 23,6543 | 25,6954 | 28,1958 | 50,6598 | 54,5722 | 58,1201 | 62,4281
40 22,1643 | 24,4330 | 26,5093 | 29,0505 | 51,8051 | 55,7585 | 59,3417 | 63,6907
41 22,9056 | 25,2145 | 27,3256 | 29,9071 | 52,9485 | 56,9424 | 60,5606 | 64,9501
42 23,6501 | 25,9987 | 28,1440 | 30,7654 | 54,0902 | 58,1240 | 61,7768 | 66,2062
43 24,3976 | 26,7854 | 28,9647 | 31,6255 | 55,2302 | 59,3035 | 62,9904 | 67,4593
44 25,1480 | 27,5746 | 29,7875 | 32,4871 | 56,3685 | 60,4809 | 64,2015 | 68,7095
45 25,9013 | 28,3662 | 30,6123 | 33,3504 | 57,5053 | 61,6562 | 65,4102 | 69,9568
46 26,6572 | 29,1601 | 31,4390 | 34,2152 | 58,6405 | 62,8296 | 66,6165 | 71,2014
a7 27,4158 | 29,9562 | 32,2676 | 35,0814 | 59,7743 | 64,0011 | 67,8206 | 72,4433
48 28,1770 | 30,7545 | 33,0981 | 35,9491 | 60,9066 | 65,1708 | 69,0226 | 73,6826
49 28,9406 | 31,5549 | 33,9303 | 36,8182 | 62,0375 | 66,3386 | 70,2224 | 74,9195
50 29,7067 | 32,3574 | 34,7643 | 37,6886 | 63,1671 | 67,5048 | 71,4202 | 76,1539
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