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IlepeamoBa

[TponoHOBaHe BHIAHHS BTUIIOE y3araJbHEHHM OaraTopiuHui JOCBI aBTOPIB Y BHKJIA-
JaHHI TACIHIUTIHT ,,MaTeMaTHdHI METOIN * CTyIeHTaM 010JI0I0-€KOJIOTTYHOTO (haKyIbTETy
JIHITTPOTIETPOBCHKOTO HAIIOHAITHHOTO YHIBEPCUTETY. 3a TIei TpUBaIMii Yac 3MIHIOBAJIUCS
HaBYAJIbHI TIPOTPAMH, KUTHKICTh TOAWH, MEPEIIK 1 3MICT TEM Yy CKJIaJl JUCIUTUIIHU Ta 1H.
He 3mintoBajiocss nwiiie CTaBJCHHS aBTOPIB 10 BUKJIAMAHHSA JUCITUIUTIHM, TOYHIIIIC
710 TIATAHHA, SKUM YHHOM, Ha AKOMY TIATPYHTI ii BuKiIamaatu. [1o3a ycakux CyMHIBIB, MO-
XJIMBUMH (1, 0 pedl, OMparlbOBaHUMH) € TaKl BaplaHTH BUKIIAJAHHSA. PEIECTITYPHUH, 110
CKJIAJA€ThCA 3 THCTPYKINIH MO0 3aCTOCYBAHHS THX UH IHIIMX METO/IIB 0OPOOKHU JaHuX 0e3
YCSIKUX JTOBEJICHDb 1 HAaBITh OOTPYHTYBaHb, Ta MOMIOHUN TOMY, IO BHKJIAIA€THCA MaTeMa-
TAKAMH JJI1 MAaTEMATHKIB — aKCIOMAaTHYHHWH, X04da 1 CYTTEBO CKOpodeHWi. B ocHOBI
OCTAHHBOTO — TIOTICPEAHE BBEACHHS 0A30BUX MEPBUHHUX CIEMEHTIB (K1 HE BU3HAYAIOTh-
Ccsi, a TUTbKW HAa3WBAIOTHCS ), a BIIACTHBOCTI TICPBUHHUX €JICMEHTIB 1 iX CITIBBITHOIICHHS 3a-
JaroThCs akciomamu. CTOCOBHO aKCIOM 3aBKIM BUHHUKAIOTH MPOOJIEMU MMOBHOTH, HAJTHIII-
KOBOCTI Ta BIAMOBILAHOCTI (DI3UUHIN PEANBHOCTI, aJie 11l MATAHHA HE TaK 9acTO CTABJIATHCS
1 Ha HUX HE Y€ YacTO BIAMOBIAAOTH. J[aH! MATAaHHS TOPKAIOTHCS YMOBUAHb CTOCOBHO
BHOOPY TIET UM THITIOI CHCTEMH aKC1OM, IO 0€3M0CepeTHRO MPUBOIUTH 10 , HAYKH, SKa TIe-
peaye HayIll, IO PO3TIAAEThCA™, a Ile PYHHYE OYCBH/IHI IIEPeBaru aKCiOMaTHYHOTO Me-
TOAY — MOMJIHBICTh JOCTATHBO CTHCIIOTO 1JIOTIYHO MOCIIAOBHOTO BHUKIIAICHHS MaTepiay.
AKCIOMaTHUHHAN METOJT € KIIACHYHUM ACAYKTHBHHUM METOJIOM, TOOTO TaKUM TIIXOJOM,
y SIKOMY 9aCTKOBI Pe3yJIbTaTH € HACHIIIKOM 3arajlbHAX TMOJI0KEHb. 3BEPHEMO yBary Ha Te,
MO IeH METOJ € JOCTAaTHBO PO3TMOBCIO/KEHUM, € HaBITh CIPOOW 3aCTOCYBaHHS MOTO
no Oiogorii (Memuukos, 1987). CtocoBHO Teopii HMOBIPHOCTEH AOCTATHHO TOCIITOBHUM
KPUTHKOM akcioMatnuHoro miaxoxy Oy Mizec (1930). Ilormsam Miseca mociigoBHO
npoanaiizyBaB XiHuuH (1929, 1934), 1 neit anani3 me # 10C1 BUKIUKAE 3aIIKaBJICHICTb.
Mmu oOMEKUMOCS JIAIIE THM, IO MIAKPECIMMO TOJIOBHI morisiau Miseca, ssKuii BBaXkas,
1[0 WMOBIPHICTH, OCHOBHE TIOHSTTS TeOpli HMOBIPHOCTEH, HE MOKe OyTH HEBU3HAUCHUM,
BOHO TMOBHHHO OyTH BHU3HAUEHWM 1 BHUMIPIOBAJIbHAM Y J0CHiAl. Mi3ec TakoX BBaXkaB,
110 BIAHOCHA YaCcTOTA, 32 YMOBH ii AOCIIAHOI cTabumi3alii (Tak 3BaHa CTaTUCTUYHA WMOBI-
PHICTB), 1 € (PI3UIHUM BU3HAUEHHAM WMOBIPHOCTI. [lomaMo, 1o TUCKycCii Ha 110 TEMY TpH-
BalOTh 13a Hamux 4daciB. Hanpukman, mia gyac quckycii, mo BigOynacs Ha CTOPIHKAX Kyp-
Hany ,,Ycrnexu pusndecknx Hayk' (Kpasios, 1989; Animos, 1992; Tyry6amin, 1992), Bu-
CIIOBIIOBAJIACA 1 OOTPYyHTOBYBAjaca AyMKa, 110 HMOBIPHICTH — II€ BCE K Takh (hI3HUYHA Be-
amanHa. CamMe Ha iaesx Miseca moa0 (i3WYHOCTI MH 1 3aCHOBYEMO BHKJIQJICHHS MaTepla-
Ay TACHMILIIHA ,,MaTeMaTinyH1 METOAH B HAIMX JeKiax. Lle# miaxia € muikoM 1HIyKTH-
BHUM. [HIYKTHBHUI MIIX11 TPYHTYETHCS HA y3aralbHEHHI (DAKTIB y BHTIISAA1 TEOPii, TOOTO
Ha Pyci Bif ,,9aCTKOBOT'0"* 70 ,,3arajbHOrO .

JloriuHa i TeMaTH4YHA TOOYI0BA JICKITIH € Taka.

Ha mouarky moaaroThcsi HEOOXIAHI I MOAATBIIOTO BUKIAJACHHS BIJOMOCTI Ta TO-
HATTSA 3 Teopli MHOXHH 1 koMOiHaTopuku (Temu 1 12). Jlnsa Toro, 1mob BOHU AIMCHO CTalu
3pO3yMUIMMH, MU JIajIN iX OOTPYHTYBAHHS W JOBEICHHA 3a JIOMIOMOTOI0 BEJTUKOI KIJTBKOCTI
cxeM 1 miarpam. ToOTO Mu HamMaraaucs 3poOHTH Il MOHATTA ¥ BIIOMOCTI HAOUHUMH, a CH-
Tyarii, KOJIA CJI1/] iX BHKOPUCTOBYBATH, — MOJCITHHAMM.
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Jlasii BBOATHCS OCHOBHI MOHSTTS 1 pe3yJIbTaTH T€OPli HMOBIPHOCTENW CTOCOBHO BH-
MagKoBUX Mol (Tema 3). OmMHAM 13 KITFOYOBHX TOHSTH Y I TEM1 € MOHATTA JAOCIIAY,
MOJ/IaHHS Ta TOAAJIBINEC BUKOPUCTAHHS SIKOTO 3MIWCHIOETHCS T BIUTMBOM TOTJISA/IB, BH-
KIaJeHUX y TiApyJHuKY ., Teopus BeposaTHocTel ™ (Bentuens, 1970). ABTopu mporo mi-
pYUYHUKA € BIAOMUMH (haxXiBIIMHA 3aCTOCYBAHHS WMOBIPHICHAX Ta CTATUCTUYHUX METOIIB
y ACSIKAX TSXHIYHUX Tajay3sX, IO W BIAPI3HIE BUKIAJACHHS OKPEMHMX PO3JLIIB Y HIAPYU-
HUKY BI1Jl BUKJIAJICHHS JUIS ,,9HCTHX ~ MaTeMaTHKIB. 3BepTaEMO yBary Ha Te¢, IO B Mii Temi
MakKe 3aBKIM MPH JOBEICHHI 3aCTOCOBYETHCA CTATHCTHUHA WMOBIPHICTD, 1 1T HAOUHOC-
TI MW TIPOTIOHYEMO BUKOPHWCTOBYBATH ,,JTA0OPATOpHMMA >KypHAT . J[711 TMX CTyHEHTIB, Y
AKX 100pe po3BWHEHE OOpa3He MUCICHHS, JOBEICHHS JyONIOIOTHCA 13 3aCTOCYBAHHSAM
FeOMETPUYHOI MMOBIpHOCTI i giarpam BerHa (mapaneibHe BHKIALCHHS, SKE 3aCTOCOBY-
€Thcsl B OUThIIOCTI TeM). KpiMm ToTO, 0coOMMBa yBara mpHAUIAETHCA TAKOMY BAKIHUBOMY
MOHATTIO, SIK HE3aJICKHICTh BUTIAJAKOBUX MOIH. MU MPOMOHYEMO CBOE ,.BUSHAUCHHS ~ HE-
3aJICKHOCTI TOJTIN (B3aralii SBHIN), IKE, HA HAII TOTJISII, MOKHA 3aCTOCOBYBATH B JOCII/II.
Ha npoMy rpyHTYeThCS OyAyeThCd BHU3HAUCHHS HE3AIC)KHOCTI BHIMAJAKOBUX TIOJIH.
VY pe3yabTaTi oIepKyEMO MPABHIIO MHOKEHHS WMOBIPHOCTEH, AKE BUIUTMBAE 3 BU3HAUCH-
HS HE3JIC)KHOCTI MO/I1H, a HE € ICPBUHHAM BH3HAUCHHSIM.

VY Ttem1 4 mMoBa Hije MPO BUIIAJAKOBI BEIMUMHHM, JAFOTHCS MOSICHEHHS X BIAMIHHOCTI
BIJI BUIIAAKOBHX MOMiIH. BukiajeHHs 1€l TeMH IO€IHAHE 3 BUKIAACHHIM BHOIPKOBOTO
METO/y, TOOTO MU CIAPAEMOCS Ha (PI3UUHUN XapaKTep WMOBIPHOCTI, HAMAralOUnuCh PO3-
BuBatH inei Mizeca. OcoOMMBY yBary Ciiijl 3B€pHYTH Ha T€, 110 OCHOBHI MOHATTSA B OTHUCI
BUTIAIKOBUX BEIWYMH, a caMe (PyHKISI TYCTHHHM 1 (PYHKIIIS PO3MOLITY, HE BBOISATHCA,
a “KOHCTPYIOIOTHCS 32 OCMHCIICHHSIM PE3yJIbTaTiB 0OPOOKH TMEPBUHHUX BUOIPKOBHUX Ja-
HuX. OCHOBHHUM pOOOYMM TOHATTAM TYT € IHTEPBaJibHA BHUMAJAKOBA BEJIMUWHA, SKa,
Ha BIAMIHY BIJl 1I€aIbHOT MOJENI Yy BHTJISAAI HEMEPEPBHOI BUMAAKOBOI BETWUWMHH, CaMe
1 CITOCTEPITAEThCA B JOCHIAL. 3BHUAMHO, MAlOYH TUIBKH OOMEXXEHY KUIBKICTBH JOCIITHHAX
JAHUX, a B YSIBHOMY HEOOMEKEHO TPHUBAJIOMY AOCIIII TUIBKH iX 3JIIUYEHHY IOCI1TOBHICTh
(BIBEPTO KaXKydd, MM HE MPUXOBYBAJIH, IO PEATbHO 1X KUTBKICTh BCE K TaKW CKIHUCHHA,
yepe3 OOMEKEHICTh PEAIbHUX T€HEPATHbHUX CYKYMHOCTEH), MA HE MOXEMO aOCOIOTHO
CTPOTO 3IHCHIOBATH TPAHWUYHI MEPEXOMW Bl IHTEPBAIBHUX BEJIWYWH /IO HETIEPEPBHUX,
TOOTO 3aMOBHIOBATH ,,0€3 TPOMDKKIB® CKIHUEHH1 1HTEepBau. OTXKe, HE BCI TPaHUYHI TIEpe-
XOJIH BHUTJISAY M —> o0, MO BBAXKAIOTHCS 3M1IHCHEHHUMH NPH Tr(EpEHITIIOBaHHI W THTETPY-
BaHHI, MOYKHA BBakaTH cTporumMu. OmHaK y (i3uIll TaKu# Miaxig MPUBOAUTH 10 TPABUITb-
HUX pe3yibTaTiB. Hampukian, mMexaHika CyIUIBHOTO CEPEIOBHINA BAAIO MOEMHYE 1CHO
HETMEPEPBHOCTI W MaTeMAaTHUHWUNA amapar MU(EPCHINIOBAaHHA Ta THTETPYBAHHA CTOCOBHO
(h13UUHOTO CepemoBHINa, AKE, MO CYTi, € AUCKPETHUM 1 3JITYEHHUM. Y MPOTIOHOBAHOMY
KOHCIIEKTI JICKITIH 3aBASKHA TAKOMY ITIXOAY BIPOBAKEHHS 0ararbOxX MOHATH CTA€ 3HAYHO
MPOCTIINM. 30KpeMa, 1€ CTOCYETHCA TTAPHUX MOHATH, TAKUX K CTATUCTUKH 1 TApaMETPH.
[Tepmi BH3HAYAOTHCA B TOCHIIL, TOOTO 3a BHOIpKaMH, a JPyri — 3a BUOIpKaMH MaKCHMa-
JHOTO 00cATY (Taka BHOIpKA HACmpaBAl OJHA), TOOTO 3a TEHEPATHHOI CYKYIHICTIO.

! Ilikasi st GiosoriB MpHKIANHM MO0 Te€OMETPHUHOI iiMoBipHOCTI Haomuth FO.I Tinbaepman
(1991).
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VY mpoiieci BUKJIQJAEHHSA Il€i TEMW 3HA4YHA yBara MOPUAUIAETbCS TMOHATTIO KBAHTHWIIIB.
Po3B’s3yr0un 3a X TOMOMOTOI0 ,,IpAMy 1 ,,00epHEHY  3a/1a4l, MH HAroJOIIyeMO Ha HE0O-
X1THOCTI TIPUAHATTSA PIITICHh YePe3 HEOTHOZHAYHICTh PO3B’A3KY ,,00epHEeH0i 3amaui. e,
Ha Hally AYMKY, CTIPHATHME BHPOOJICHHIO B CTYJCHTIB YMIHHS MPUHAMATH PIMICHHS TPH
MEPEBIPIN CTATUCTHYHWX TIMOTE3, OCOOUBO B THX BHUMAAKaX, KOJIM Tpeba BUOMpPATH MK
OMHOOIYHMMH Ta JBOOIYHUMH KPUTEPIAMH TIEPEBIPKHA Ta 3aJaBaTH PIBEHb 3HAUYIIOCTI.
MoskuBo, came uepe3 TOMMUPEHICTh PENENTYPHOTO CTHITIO BUKIIAJEHHS METOIIB 00pOoOKH
JaHUX poOOTa 3 KBAaHTHJISAMH CYIPOBOUKYETHCS HEPO3YMIHHAM. Mu 3po0min cripody me
BUTIPABUTH.

VY temax 5 1 6 maHi CTaHAAPTHI PO3MOAUTH JUTSl JUCKPETHUX 1 HETIEPEPBHUX BEJIMUWH,
TYT Maif>ke BIICYTH1 BIIMIHHOCTI BiJl 3BUYAHUX CITOCOOIB BUKJIAJCHHS.

Mpu He cTaBHJIM 32 METY HaBITh CTOCOBHO BAXKJTUBHUX PE3YJIbTATIB BJAABATUCA 10 Kila-
CUYHHMX JOBEACHHBb, HATOMICTh OOMEKYBAJUCSA MOCTATHIM, HA HAIl TOTJISA, ,,3/TOPOBUM
rIy370M . Y THX HEUMCIICHHUX BHUMAJKAX, NI MOBEACHHS 3yCTPIYAIOTHCSA, MU TIO3HAYAIN
iX 3aBepIeHHs 3HaKOM M. 3HaK ® 3aCTOCOBYBABCA JJIs IO3HAYKH 3aBEPITICHHS MMPUKITAIIB,
a 3HaK A — 3aBEPIICHHS 3ayBakeHb. Ha 3ayBarkeHHs, MOAaH1 y KOHCIIEKTI JICKITIH, JOILITh-
HO 3BEPHYTH yBary 3 Takoro nmpuBoAy. BoHM He € mTyuyHumMu, TOOTO iX HE CJI17] BBa)KaTH
HABMHCHUMHM BHUJLICHHSIMH B TeKCTl. [lepeBakHa iX OLIBIIICTH € BIAMOBIAAMHM Ha 3allu-
TaHHS CTYJICHTIB II1J1 Yac JICKIIH a00 aHal30M iX IMOMMJIOK Ha IPAKTUYHHX 3aHATTAX a00 B
BIAMOBIAAX IT1T 9acC 1CIATIB.
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1. EnemMenTH TEOpii MHOKUH
1.1. IloHATTS MHOKHHH

Mmuo:xkmHa — Oy/1b-AKa 9ITKO BU3HAUCHA CYKYIHICTH (HabIp, Kiac, rpyna, 00'e THaHHS
TOI0) 00'€KTIB JOBUTBHOI MPUPOIHN, IO MAIOTh SKY-HEOYAb CIIUTbHY O3HAKY. Y BH3HAUCH-
Hl aKIIEHT POOHTHCS HA CHUIBHOCTI 00’ €KTIB MHOXKHHH 3a ACSKOIO O3HAKOI. 3P0O3YMLIIO,
110 BKJIIOUHTH 00'€KTH 3 TAKOKO 03HAKOKO B JIAaHY MHOKWHY MOYKHA TLIBKH IIUISIXOM BHOOPY
ix 13 "OUTBIN 3arajibHOI" MHOKHUHHM, KA MICTHTH OO'€KTH 1 3 IHIIMMHU O3HaKaMHu. L1 mMHO-
KMHA Mae 0coONMBY Ha3By — YHiBepcajbHa MHOkHHA. Hanam o6'exktu Oyb-sK0i MHO-
XUHU OyIeMO Ha3WBATH €JIeMEHTAMH MHOKIUHM.

OTtxe, moOy0By OyIb-IKOT MHOKAHA MOYHA 3IIACHUTH, SKIIO 3aaHI:

1) yHiBEpCaibHa MHOKHHA,

2) paBWIIO, 10 AO03BOJIAE BIHOCHO OYAb-SKOTO €JIEMEHTA YHIBEPCATbHOT MHOKHWHA
OJTHO3HAYHO BHUPIMIUTH MTUTAHHS TTPO HAJICKHICTH HOTO TaHI MHOKHUHI.

Ipuxnanx 1.1. YHiBepcasibHa MHOXHHA — CTYJAEHTH J[HIMPOMETPOBCHKOTO HAIlIOHA-
JHHOTO YHIBEPCUTETY. 3 YHIBEPCATbHOT MHOKMHHA MOYHA, HAMPUKIIAJ, BUAUTATA MHOXKH-
HY CTYJEHTIB 010JI0r0-eKOJIOTTYHOTO (PaKyIbTeTy. @

MHOXHWHY TO3HAYAIOTHCS BEITMKUMHU JIITEpaMu JIaTuHChKoro andasity (4, B, C, ...), a
CJICMEHTH MHOKHH — MaJIUMH| JliTepamu (a, b, ¢, ...). YHIBepcasbHa MHOKAHA TTO3HAYAETh-
cs mitepoto U, J{is mo3HadeHHs TOTO, O €JIEMEHT d YHIBEpCAIbHOI MHOKUHHU [ € enemMe-
HTOM MHOXHWHHU A (I1Ie TOBOPATH, MO 00'€KT ¢ HAJCKUTh MHOXKHUHI A) BUKOPHCTOBYETHCS
3armuc a€A. 3ammc a¢ A o3HAUaE, MO ENEMEHT d YHIBEPCATbHOI MHOKWHN {/ HE HAJICKUTh
MHOHHI 4.

Slkmo BimoMa jAesika BIACTUBICTH [, MO JO3BOJIAE 3 €IIEMEHTIB YHIBEPCAJIbHOI MHO-
XKUHU TIOOYAyBaTH MHOXHUHY A, TO MHOXHHA A MOke OyTH OoTmMcaHa B TaKHWH CIOC10:

A= {aeU: T(a) — icTHHHE TBEPKCHHA | .

Ile#i 3anmmc UATAETHCA TaK: MHOXHHA A CKIAAETHCS 3 TUX CJIEMEHTIB YHIBEPCATBHOT
MHOKUHM, JUIS IKMX BJIACTHBICTH 7 € ICTHHHA.

Ipuxnanx 1.2. Hexaii yHiBepcanbHa MHOKHHA [ — BC1 JIIOMA, SIK1 JKUBYTH Ha 3E€MIJTL;
MHOXWHA A CKJTaa€ThCA 3 JIIOACH, K1 MAfOTh MEBHE 3aXBOPIoBaHHA. OCKITBKH 3aXBOPIO-
BaHHA BHUSIBJSIETHCS 3a PE3yJbTaTaMU JIarHOCTHYHOTO OOCTEXEHHS a00 TIPOBEICHHS CIIe-
IaJTbHOTO TECTY (y MaHOMY MPHUKIIAI 1ie i Oyae BimacTuBIiCTh '), TO MHOXHHA MOXE OyTH
OTMCaHA TaK, K 3a3HAYEHO BUIIE. BayKWBO BI3HAYWTH, 110 TMMOBHUM CITMCOK €ICMEHTIB
MHOXWHHA A MOxe OyTH i He BIIOMU (Uepe3 HaATO BETUKY KUTHKICTh €JIEMEHTIB YHIBEP-
CaJTbHOI MHOXHWHH ), aJie BIIHOCHO OyIb-IKOTO €JIEMEHTa yHIBEPCATbHOI MHOXKUHU U/ (TOO-
TO OyIb-IKO1 JIIOJAWHK ) OAHO3HAYHO BUPINITYETHCS MATAHHS TPO BKITIOUCHHS B A MIITXOM
MIEPEBIPKHU TSI HHOTO BUKOHAHHA BJIacTHBOCTI ' (moawHa abo xBopa, abo 310poBa, TOU-
HIIIIE, TECT HA 3aXBOPIOBAHHS a00 MO3UTHUBHUMN, a00 HETaTUBHUI). ®

[HOMI BAAETHCS TIEPEITUNTH BC1 €IIEMEHTH MHOXHHU A, 1 11€ TAKOXK € OIUC MHOKHUHH

A={ay,ay,...4,...0,}.



Iopo:KHBO MHOKHHOK HA3WBAETHCSA MHOXKHHA, 110 HE MICTUTPH YKOJHOTO CIICMEH-
Ta, BOHA MO3HA4YaeThes 3HaKoM . [ToposkHS MHOKHMHA MOKe OyTH OIMCaHa Ha €JICMEHTax
yHIBepCcaJbHOI MHOKHMHHM {/ 3a JIOIOMOTOIO JIESKOi BJIACTHBOCTI /, IO HE BHKOHYETHCS
JUTS eneMenTiB U:

O = {uae U: F(a) — xubHe TBEPIKEHHA } .
Ipuxaan 1.3. Taki MHOXUHU JTFOACH € TTOPOKHIMH:
O = {ae U: 3pict(a) > 3 m};
@ = {ae U: Bara(a) > 500 xr};

npuaomy [J Moxe OyTr oOpaHa 30BCIM TOBLIBHO, CKaXIMO, IK y mpukiagax 1.111.2.

3a KITBKICTIO €JI€MEHTIB MHOKHHH TOAIIAIOTHCS HA CKiHYEHHI Ta HeCKiHYeHHi. Y
JCSTKAX BWIAIKAaX CKIHUCHHI MHOKWHH 3PYYHO BBAKATH MPAKTHYHO HECKIHYEHHHMH,
AKIIO 9acoBi, (pi3uyH1, hiHAHCOBI 200 AKI-HEOYb 1HII TPUUWHA HE TO3BOJISAIOTH mepedpa-
TH BC1 €JICMEHTH MHOKWHH.

Ipuxnanx 1.2 (mponosxeHHsA). YHIBepcanbHa MHOKHAHA [, 11032 BCIKUM CYMHIBOM, €
CKIHUEHHA (BIIOMa BEPXHS OIIHKA YMCEIBHOCTI HACCJCHHS 3eMII1), ajie 3 TIOTJISITY MOJKITH-
BOCT1 TIPOBE/ICHHA MACOBOT'O OOCTEKCHHS, OMMTYBAHHS, TICPETHACY 1 T.1H. BCIX €JICMEHTIB
U ii BapTO BU3HATH MPAKTUIHO HECKIHUCHHOIO. @

3ayBaxkenns 1.1. [Toaim MHOXWH Ha CKIHUCHHI Ta HECKIHUEHHI HE O3HAUAE, 1110 TIH-
TaHHA TIPO BU3HAUCHHS IEAKOI MHOXHUHHU 3BOJUTHCS A0 MIAPAXyHKY KUIBKOCTI ii eleMeH-
TiB. KiTbKICTE €71€eMEHTIB MHOKAHA MOXe OyTH HE BiJioMa, ajie MHOKMHA 3aBXK/IH Ma€ JiT-
ke Bu3HaueHHs. J[;11 MHOXWHYN A B mpukiiaal 1.2 He MOXHA BKa3aTH KUIBKICTh €JIEMEHTIB 3
pAAy MPUYWH: YHIBEpCaIbHA MHOXKHHA € MPAKTHYHO HECKIHYCHHA, CKJIaj] CaMOi MHOKWHHA
3MIHIOETHCSI BHACIIIOK TTPUPOTHOTO TIPUPOCTY W 3MEHITICHHS HaceaeHHs i T.1H. ToOTo un-
CEJTbHICTh MHOKHHH B3arajii He Ma€ HISKOT'O BIIHOIIEHHS IO BU3HAYCHHS MHOXHHU. A

1.2. IlopiBHSIHHSI MHOKUH

JBi MHOkMHU A i B € piBHi, a00 30iral0Tbcs, SKIO BOHU MICTATH Ti K CJIEMCHTH
a0, 10 Te caMe, CKIIATAOThCA 3 THX )K€ €JIEMEHTIB. Y Cl IMOPOKHI MHOKWHH 332 BU3HAUCH-
HSM BBa)KAIOTHCS PIBHUMH.

Ipuxnax 1.3 (nmpogosxends). OO6uaBI MOPOXKHI MHOXHHHU B Tipukiiaai 1.3 € piBHI,
X04a BOHW BU3HAUEHI 32 TOMOMOro0 pizHux (!) ymos F (muB. po3aur 1.1). @

36ir MHOXKHH ITO3HAYAETHCSA 3HAKOM PIBHOCTI:

A =B

MHoxuHa B Ha3WBAETHCSA MIAMHOKUHOK (YaCTHHOIO) MHOXKUHHU A, AKIIO BCl eJeMe-
HTH B HaJIe:KaTh TaKOXK 1 A, IO MTO3HAYAETHCS B TAKHH CIIOCIO:
B c A4, a604 o B.



OdeBuaHO, MO KOXHA MHOXKHHA A € TIAMHOKHHOIO YHIBepcaabHOT MHOXMHA U 1
camoi cebe: Ac U, Ac A. BBaxkaeTbcs, 10 MOPOKHSI MHOXKHHA € MIAMHOMXHHOIO OyIb-
K01 MHOKHAHU: () C A.

MHoxuHa B € ICTHHHOKW (BJIACTHUBOK) MiIMHOKHHOK MHOXHWHU A, SKio: BCA,
B#& B#A. Te, 1110 MHOKMHA B € BIIACTUBOIO IIJIMHOKHHOIO MHOKUHHU A, MO3HAYAETHCSA
TaK:

BcA, atoA o B.

3ayBaxkennsi 1.2. MoxxHa TOPIBHATH 3HAKHU C 1 C, 110 BUKOPHUCTOBYIOTHCSA JIJIS 3aTTH-
CYy BIAHOIICHb MDK MHOKHHAMHU, 13 3HaKaMH < 1 <, Kl 3aCTOCOBYIOTHCS ISl 3aIHCY BIJI-
HOIIICHb MK YUCIAMU. A

3ayBakenHst 1.3. BiHOIICHHS MK MHOXXHHAMH BCTaHOBJIIOIOTHCS Ha OCHOBI BJac-
THBOCTEH, SIKHM 3aJ0BOJILHSAIOTH IX €JIEMEHTH, a HE 3a KIJIBKICTIO €JIEMEHTIB. [HaKIe Ka-
JKYUH, 13 TOTO, 0 KUIBKICTh €JIEMEHTIB MHOXKHHH B MEHIIA KUTBKOCTI €JIEMEHTIB MHOYH-
HU A, He BUIUIABAE, 110 MHOXHWHA B € MIMHOXHUHOIO MHOKWHA 4. A

MuoXHHM 3pYydHO 300paKyBaTH 3a JAOMOMOTro0 (iryp Ha ImiomuHl (iX HA3WBAIOThH
aiarpamamu Eiinepa — Benna a6o miarpamamu BeHHa), TOuku sSkux 300paxyrOTh €Jie-
MEHTH MHOXKWH. YHIBepcajbHA MHOKHHA 300paxyeThesa Ha miarpami Berna Ounbimoro ¢i-
rypoto (Hampukjiaa, TPIMOKYTHHKOM ), YCEPEIUH] K01 PO3TAIIOBYIOTHCS MEHII (IrypH —
MHOXWHH. [ padiuna 1HTEpIpeTallisi BIAHOMICHh MK MHOKHHAMH (pHC. 1) 4acTo BUSABIIA-
€THCS 3PYYHOIO HABITH TOJII, KOJIM CaMi MHOXKHHHU (HAMPUKIIAJ, MHOKAHA KPOJIMKIB) HE
MalOTh HIYOT'O CHLIBHOIO 3 TCOMETPHYHHMH 00’ €KTaMH (TOUYkaMu (iryp, K1 300paKyIOTh
MHOKHHH ).

L O, ©

®
A \®)

Bz A BcA Bz A

Puc. 1.1. liarpamu Benna
1.3. [ii Haay MHOKHHAMH

Cymoro (00'eqHAHHSIM ) MHOKHH A 1 B Ha3UBae€ThCS MHOKHUHA

C=A4+B5,
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0 CKJIAJIa€Thes 3 yCiX eneMeHTiB U, mo Hanexats abo A, abo B, ToOTO Xoua O ojHIH 13
X MHOXWH (y TOMY YHCHI W TUX, K1 HaJIeKath i 4, i B). [HmmMu cioBamu, cyma ABOX
MHOYKHH — II€ CYKYITHICTh €JIEMCHTIB, IO HaJIe)KaTh Xoda O oaHii 13 HHX. CyMma € pe3yiib-
TATOM i, [0 HA3WBAETHCS JNOJABAHHSM, 1 MO3HAYAECTHCA 3HAKOM ““+°. JlomaBaHHSA IS
MHOXUH A 1 B, mokazanux Ha puc. 1.1, moscHioeTbes Ha puc. 1.2 (MHOXmHA (' ITO3HAYCHA
CIpUM KOJIbOPOM).

® ® ®
o
a

(A)

Puc. 1.2. JlomaBaHHS MHOXHH

Ipuxnax 1.4. Hexali y gesxiii monyssamii (yHiBepcaigbHa MHOXHHA (/) BU3HAUYEHI
MHOXHHH. A ={moan, monoami 10 pokis}, B ={monaun, crapun 10 pokis 1 monomiti 20 po-
kiB}, C={moau, crapun 20 pokiB}, D={moau, crapmi 15 1 monommi 25 pokis}. Toxi
A+B={mommn, monoaun 20 pokie}, B+C={momau, crapui 10 poxis}, A+C={nroam, mono-
i 10 abo crapri 20 pokis}. @

AHAJIOTIYHO CyM1 JABOX MHOXHWH BHU3HAYAETHCA cyMa (00'€THAHHS) CKiHUEHHOT Ki-
JILKOCTI MHOKUH

n
C=ZA,~ = A+ Ay ot A,
i=1

SIK MHOKHMHA BCIX €JIEMEHTIB, 1110 HaJIe;kKaTh Xo4a O OJHIM 13 MHOKHH A;,i=1,n.
JodyTKoM (mepeTuHOM ) MHOKHH A 1 B Ha3uBaeThCI MHOKHHA

D = A-B=A4B,

IO CKJIAJAETHhCA 3 €JIEMEHTIB U/, K1 HAJIEKATh 1| MHOXKHHI A, i MHOKHHI B, TOOTO CIUIBHUX
s A i B. JloOyTok € pe3ymbTar Ali, MO HA3WBAETHCS MHOKCHHSIM 1 MO3HAYAETHCA 3HA-
KOM 7, KW, POTE, BUKOPUCTOBYETHCA JTOCUTH PLAKO. MHOXEHHS 11 MHOXKHUH A 1 B,
nokazanux Ha puc.l.l, moscHoeThes Ha puc.l.3 (MHOXWHA D TMO3HAYEHA CIPUM KOJIBO-
pom).

Ipuxnan 1.4 (mponosxenns). AB = O, BC = ¢, BD={monu, crapmi 15 1 Mmojommti
20 pokiB}. @
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AB~B AB -0

Puc. 1.3. MHOXXeHHA MHOKHH

AmnajoriyHo q00yTKY ABOX MHOKHH BH3HAYAETHCA AO0YTOK (MEpPeTHH) AEKIJILKOX
MHOKUH

n
1_):HA,- = Ay Ay... A,
i=1

K MHOKMHA €JIEMEHTIB, CIIUIBHUX JUIsl MHOKUH 4;,1=1,n.

3ayBaxkenns 1.4. Jlerko 3amam'atatv, UM BIAPIZHAIOTHCS CyMa i T0OyTOK MHOKHH,
AKIIO 3BEPHYTH yBary Ha CIIOJIYYHUKH B iX BU3HAUCHHAX: a060 — /U CyMH, i — 1 100yT-
Ky. A

3ayBaxkenns 1.5. [lommpena npu BUBUCHHI CyMU i TOOYTKY MHOXKHH TTOMHJIKA TIO-
JsATaE B TOMY, IO B iX BH3HAYCHHSIX CJIOBO 'eleMEHT" "JeTKo" 3aMIHSETHCSA CIOBOM
"mMHOxkwuHA". Harmpukiaz (e moMUIKOBE BU3HAUEHHS! ), CYMOIO MHOXHWH A 1 B Ha3WBa€Th-
ca MHOkuHA C, IO CKJIAAA€ThCA 13 MHOKHUHHA A a00 MHOkuHM B. [IOMUIKOBICTh TAKOI'O
"BU3HAUCHHS'' TOJIATAE B HEBU3HAUCHOCTI pe3yabTaTry. J1MCHO, 13 BU3HAUCHHS MHOXHHHU
(mmB. po3a. 1.1) BummmBae, Mo MOXxHA (KOJM MHOXXHHA chpopMoOBaHa) 1 HEOOX1AHO (KOIH
MHOXHHA (POPMYETHCS) OJHO3HAYHO BHUPIIIUTH TUTAHHA MPO HAICKHICTh OYIb-SKOTO
CIIECMEHTA YHIBEPCAJIbHOI MHOXXHWHHW JIaHIHi MHOXKMHI. Bi3bMeMO, HampHKIIaa, JOBLIbHHI
CIIEMEHT a MHOXHHH A 1 3’sICYEMO, YA HAJICKUTH BIH MHOXHUHI C. Y TTIOMUIKOBOMY '"BH-
3HAUEHH1" HE CKA3aHO, 13 SKOi MHOXHWHH (3 A un B) cknamaeTebes MHOkuHA C, TOOTO € He-
BU3HAYCHICTHh. TOMY JOTH, MOKH HE OyJie BCTAHOBIICHO, 13 IKOi MHOKHHH CKITamaeThes C,
HE MO’KHA Oy/Ie BUPIIIATH MMATAHHA PO HAICKHICTH eJieMeHTa a MHOXuHI (. Skmmo Bubip
Oye 3po0JieHui Ha KOPHUCTh MHOXHUHU A, To a € C, AKIIo  Oyae oOpaHa MHOXKHHA B, TO
a ¢ C .Y upomy # moyrae MOMHJIKOBICTh TAHOTO "BH3HAUCHHS". A

JIB1 MHOXWHHU A 1 B Ha3UBAIOTHCA TAKHUMHU, 0 HE MEPETHHAKTHCH, SKIIIO BOHA HE
MICTATh HISKHX CIUTBHUX €JIEMEHTIB, TOOTO SKIIO iX MEPETHH € TOPOKHI MHOYKHHA!

AB=0.

BusHaueHHS MHOXXHH, 1110 HE TIEPETUHAIOTHCS, MOKe OyTH MOIIMPEHE HA OLIBI HIK
JIB1 MHOKWHH.
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MHuoxunn 4;, i =1,n Ha3UBAIOTbCA TaKUMH, [0 B3A€MHO He MEPEeTHHAKTHLCHA (200
HE MEePEeTHHAKTHCS MOMAPHO), SKITIO YKOJIHI JIBI 3 HUX HE MAIOTh CITUTBHUX €JICMEHTIB!

Aid; =D, i,j=1n, i#].
Ipuxnan 1.4 (mponosxkenns). A, B, C — B3a€MHO HENEPETUHHI MHOKWHH, TOMY IO
AB=0,AC =0, BC =(). ®
JIOTIOBHEHHSIM MHOKUHU A 10 MHOKHHH B (3BEpHITH yBary Ha TMOPSAI0K MHOXHH Y
3anuci Al |) Ha3UBAETHCA MHOXKHHA F, IO CKIIAAETHCA 3 YCIX €IEMEHTIB B, sSKi HE Halle-
xKaTb A:

E=B\A.

/lomoBHEHHSIM MHOKHHH A 10 yHiBepcaJbHOT MHOKMHHU U (abo mpocTo A0moB-
HEHHSIM MHOKUHHU A ) Ha3UBAETHCA MHOKHHA THX €JIEMEHTIB U, K1 HE HaJIe:)KaTh A:

A=U'A

JlomoBHEHHS — T1e Ha3Ba 1 M1i HAJ MHOKWHAMH, 1 ii pe3ynbrary. JlomoBHEHHS s
MHOXWH 4 1 B, mokazanux Ha puc. 1.1, mosicHioeThest HA puc. 1.4 (MOMOBHEHHS TTO3HAYEH]
CIpAM KOJTbOPOM).

O, O, O,
®

BA-B(U'A) B\A

®

Puc. 1.4. JlomoBHCHHS MHOKHH

INMpuknax 1.4 (npogosxenns). BIA=B, A ={momu, crapmi 10 pokis}. ®

3ayBaxkennst 1.6. [l pe3yiabTaTy MOTMOBHEHHS MHOXHWH 1HOJI BUKOPHUCTOBYETHCS
Ha3Ba Pi3HHISA MHOXKHH, a JUIA caMoi Jii — Take JK MO3HAUYCHHS, IO ¥ I BIAHIMAHHS YH-
cel:

E=B—-A.

Jlerko mepekoHATHCS, IO "BIMHIMAHHA' MHOXHWH HE € JI€I0, MPOTHJICKHOIO IO A0/a-
BaHHA MHOXWUH (auB. puc. 1.2, 1.4):
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A+ (B-A)+A

Tomy nmam Oyme BUKOPHCTOBYBATHCS TUIBKH BBE/ICHA paHIIIE Ha3Ba "JOTMOBHEHHS .
VYTiMm, HaBITh y Takoi IPOCTOI i, K JO/IaBaHHA MHOXXHH, HEMaE TMOBHOI aHAJIOT] 3 J0/1a-
BaHHAM ducen (po3aut 1.4).

JlimeHHs JUTsl MHOKWH HE BBOJTUTHCS. A

Po30uTTAM MHOKHMHU A HAa3UBAETHCS MOJAHHS i y BUITIAAL NIAMHOXKUH 4;, i=1,n,

AK1 B3a€MHO HE TIEPETHHAIOTHCSA 1 B 00'€ THAHHI TAIOTh A:

n
A=ZH;4+@+W+@,4@=Q i j=1n, i#)].
i=1

Po30utTd — 11e Ha3Ba Aii, a pe3yJIbTaT HE MA€ CHEIAIBHOI HA3BU, OCKUILKH PO3OUTTS
2 2
YTBOPIOIOTh OUIbIIE HIK ABAa 00 €kTH — MEHOkUHU. Hexait Uy, U,, ..., U,, — po30uTra yHi-

BepcaiabHoi MHOXHHU U (puc. 1.5) 1 A — nosinbHa miamHoxuHa U. Toal po3ourtsa U mo-
POJIKYE ¥ esike po3OHUTTs miaAMHOXWHU A (pHc. 1.6):

A=AU; + AU, +..+ AU,,.

Jlnsg toro mo0 TepeKkoHATHCS B I[bOMY, HEOOXIAHO TEPEBIPUTH, YW MHOKHHU
AUy, AU,, ..., AU,, B3a€MHO HE NEPETHHAIOTHCA U 4M € iX 00'€¢qHAHHA MHOXXHHOIO A.

OcKUIbKH 3aaHe PO30OUTTS YHIBEPCATIbHOI MHOKUHHU U/, TO JEAKUN €NEMEHT d €4 BXOJUTh
TUIbKU B OHY 3 miaMHOXuH Uy, U,y, ..., U,,. Toal eneMeHT a BXOAUTb TUIBKU B OAHY 13

MHOXUH AUy, AU,, ..., AU,,. OTxe, il MHOXHHHU NOMApHO HE MEPETHUHAIOTHCSA, a OCKI-

JIBKH BCI Il MHOKHMHH € MAMHOKHHAMHU A, 1X 00'egHaHHs gac A.

O
(,
) @t‘

Puc. 1.5. Po30ourTa maoxuan U/ Puc. 1.6. Po36uTTs 1oBUIBHOI MHOXKHAHA A
JNOBUIBHUMHUA MHOXHUHAMHA 3a paXyHOK PO30UTTSI MHOKHUHHU U/

Hpuknan 1.4 (mpoxosxxernns). Maoxunan 4, B, C 3agarote po3outtsa U. Tom Oyab-
AKa maMHOXuHA U Oy/ie MaTH OUeBHIHE PO3OUTTS, IMI0 3aa€ThCcst MHOKHHAMU 4, B, C. ®
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Hpuknanx 1.5. Hexaii U — TepuTopist 1eIKOro KOHTHHEHTY, TOJI TEPHTOPIi JAepKaB
Uy,Us, ..., U, po3TalloBaHUX HA LIbOMY KOHTHMHEHTI, 3aal0Th po30uTTa (/. BoHu x 3a-

JAFOTh PO3OUTTS TepUTOPIi A, 3aHHATOI TIPCHKAM MAaCHBOM. @

3ayBaxkennsi 1.7. Uacto 3ycTpiyaeThcs Takuid BapiaHT "BU3HAUEHHA' po3ouTTs: “‘Po-
30UTTSI MHOXKUHH — 1I€ PO3OUTTA ii HA CyMy YAaCTHH, 1[0 HE MEPETUHAIOTHCA . Byab-ske
HOBE TIOHATTS HE MOKHA BHUKOPWCTOBYBAaTH y BU3HAYCHHI HOTO camoro. 3BEpHITH yBary
Ha Te€, IO B HABEJCHOMY BWIIE MPABUJIbHOMY BH3HAUCHHI HE CKQ3aHO HIYOTO MPO TE, K
3miicHeHe po30uTTA MHOXKWUHHA A. 11s iHdopmarnis He moTpidHA 11 TOTO, MO0 3'ACYyBATH,
YW 3MIHACHIOE JIeAKa TPymna MHOKHWH PO30UTTSA JaHOI MHOKWHU A. Y BH3HAUCHHI CKa3aHO
JIUIIIE, TIIO € MHOXHWHM, 1110 HE IEPETHHAIOTHCA, CyMa SKUX YTBOPIOE MHOKHHY 4. A

IpsiMuM 100yTKOM ABOX MHOKUH A={ay, w,, ... a,} 1 B={by, b,, ... b,} HA3MBaAETHCA
MHOXHHA (G=A xB BC1X MOXUTHBUX YIIOPSIIKOBAHUX MMap (JABIHOK) €IEeMEHTIB MHOXHH A4 1 B:

G = {(Cl], bl), (Cl], bz), ceey (Cl], bm),
(Clz, bl), (Clz, bz), ceey (Clz, bm),

 (ay by, (an by . (@ bu)).

[Tpsamuit moOyTOK — 11e Ha3Ba 1 Ali HaJ MHOXKUHAMH, 1 i1 pe3yJIbTaTy.
IIpuxaan 1.6. Hexaii ren 4 mae tpu aneni (n=3): A={ay, a,, a3}, aren B — nsa (m=2):
B={by, b }. Toal MHO’)KMHA MOXJIMBUX '€HHUX HAOOPIB B O/HIN HecmapeHid XpoMocoMl,

1[0 MICTHTH 111 TEHU, MOXe OyTH MOJaHa y BATIISIAL IPsiMOro noOyTKy (Ha puc. 1.7 ymops-
JIKOBAHICTh €JIEMEHTIB y Tapax TMOKa3aHa CTPLIKOIO, CIPAMOBAHOIO BiJ eleMeHTa A 10
enemenTa B):

AxB= {Cllbl, Cllbz, Clz/)], 612[)2, 613[)1, Cl3b2}. L

VANV

OF O ©
]| O O OF

RO

B AxB

Puc. 1.7. Ilpsamuii 100yTOK MHOKHUH

3ayBaxkennst 1.8. BigmiTHa 0coOMMBICTS TIPsIMOTO AOOYTKY MHOXKHH TMOPIBHSHO 3
JOJTABaHHAM, MHOXXEHHSM 1 JIOMOBHEHHSAM MHOXHH TIOJISATAE€ B TOMY, IO CTPYKTypa MHO-
KUHU-PE3YIIbTATy BIAPIZHIETHCS BIA CTPYKTYP MHOXHH-OTIEPAH/IB (TaK HA3WBAIOTHCS
MHOXHHH, IO OEpPyTh y4acTh Yy JACSIKIH omeparili, ToOTo Ali, HAaNpHKIaa, MPH JT0JaBaHHI
MHOXWH 4 1 B BoHU X 1 € onepanaamu). [[{o6 mepekonaTrcs B IbOMY, JOCTaTHHO TOIABH-
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tucsa Ha puc. 1.7. XKonen 3 eneMeHTiB mpsiMoro mM0O0yTKY ABOX MHOXHH A xB (omaHA 3
YIOPSAKOBAHUX TIap OO) HE € €IEMEHTOM YHIBEPCAIbHIX MHOXHH, 13 SKAX MOOYI0BaHI
A(0) 1 B(o). Tobto, B omepaHiB NpIMOro JO0OYTKY MOXKYTh OyTH PI3HI YHIBEpCaJIbHI
MHOKWHHU. A

[Tpssmuii 10OYTOK JIETKO TONMIMPIOETHCS HA JOBUIBHY KIJTBKICTH MHOXKHH. 30KpeMa,
JUTA TPhOX MHOXHH-CITIIBMHOXHHUKIB 4, B 1 C MHOXXWHA-PE3yJIbTAT MICTUTh YIIOPSAKOBAHI
Tpiiiku enemenTiB A, B1 C.

3ayBaxkenns 1.9. BapTo 3BepHYTH yBary Ha pI3HHIIO M1X BIJHOIMMEHHIMH MHOKHH
Ta Ml Hal HUMH. Pe3ynbTaToM BITHOIIEHD HE € HOBA MHOXKHHA (TaK camo, SIK 1 B pasi 1mo-
PIBHAHHA JIBOX YHCEJT MOXKHA JIMIIIE CKA3aTH, IO OJHE 3 HUX OUTBINE 1HIIOTO), TOI AK Y
PE3yJIbTATI i yTBOPIOIOTHCA HOB1 MHOXHWHU (aHAJIOTTYHO TOMY, SK MPH J0JaBaHHI Ta 1H-
IMIAX OTIEPAIlIAX 13 YACIAMHU YTBOPIOIOTHCS HOB1 UHCIIA — PE3YJIbTATH /i), A

1.4. BaacruBocTi aiil HaJ MHOKHHAMHA

JlonaBaHHS Ta MHOXXCHHS MHOXKHH MalOTh BJIACTHBOCTI, QHAJIOTIUHI BJIACTHBOCTSM
J0JaBaHHA ¥ MHOXEHHA umcen (tabm. 1.1).

Tabm. 1.1
B : Hist
TACTHBICTR JlomaBaHHs MHOXeHHS
[lepemimnyBaipHa A+B=B+A4 AB=BA
CrnonyuHa (A+B)+C=A4+(B+C(C) (AB)C=A4(BC(C)
PosnmoaursHa A(B+C)=AB+AC

3ayBaskenns 1.10. BjactuBocTi 1oaaBaHHS i MHOXKCHHS MHOYKHH JTO3BOJISIFOTH OTIC-
pyBaTH BUpPa3aMH, y 3aIluCl AKUX OEPyTh ydacTh MHOXHHHU-OTIEPAHAMN Ta 3HAKH “+7 1 7,
Tak caMo, SIK 1 3BUYalHUMHU anreOpaidHuMU BUpa3aMu, TOOTO TPYITyBaTH WICHU, PO3KPH-
BaTy AYXKKH U T. iH. [IpoTe 3 MhOTO He BHUILIHUBAE, 0 € TTOBHA aHAIOTISA ¥ BIAHOCHO pe-

3yJIBTATIB Al — 1HOAI BOHA ICHYE 1 € mpo3opa (1 U BuCTynaroTh sk aHanoru 0 1 oo):
A+0=A4; A0 =0, A+U=U, AU=1,
a 1HO/I1 QaHAJIOT1S BIICYTHS:
A+ A=A AA=A

Tomy npu poboTI 3 AOBUILHUMH MHOXXHHAMH HE CIIJ JISITH 32 aHAJIOTIEIO 3 JTISIMH
HaJl YkcJIaMH. Pe3ynbraty HaBITh HAUMIPOCTINUX 1M HAJl MHOKHMHAMH 3 TOTJIATY M1 HaJ
YUCIaMHA MOXYTh BUIJISAATH HapajoKcaabHO. Hampukianm, mpu JoJaBaHHI Y MHOKHHY-
pe3yabTaT HE BKJIFOYAIOTHCA ABivl CIUIbHI €IEMEHTH MHOXKHH-OTIEPAH/IB (SKILO BOHHU €),
TOOTO YHCETBHOCTI MHOKHH HE JIOJAIOTHCA. A
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2. EfleMeHTH KOMOIHATOPUKH
2.1. OCHOBHI NOHATTS KOMOIHATOPUKH

VY Teopii MHOXWH OCHOBHA yBara NMpUAUTSIETHCS BU3HAUSCHHIO MHOXKHH, JisIM HaJl HU-
MU Ta CHIBBIAHOMIECHHSAM MK HUMH, TIPHYOMY KUTBKICTh €JIEMEHTIB Ti€i abo 1HIIOI MHO-
KWUHA HE Mae€ 3HaueHHA (AuB. 3ayBaxkeHHS 1.1). Y xomOiHaropwuill, HaBmaku, podoTa 13
MHOXHHAMH 0a3yeThCS HA TOMY, IO KUTBKICTh €JIE€MEHTIB MHOXKHH (TIAMHOXWH ACIKOi
YHIBEPCATPHOI MHOKHHHW) Ma€ 1CTOTHE 3HAUCHHS. Y KOMOIHATOPHIN BUAUISIOTH TPHA OCHO-
BHHX TOHATTA — HEPECTAHOBKH, CIIOJYyUYCHHS M PO3MIIICHHS, SIKI BIATOBIAAIOTH MEBHUM
MOJEITEHAM CHUTyaIlisiM — YTBOPSHHSAM TIIMHOXKHH JEAKoi yHIBepcaabHOT MHOXKUHU. [{i
MOHATTS PO3TIIANAIOTHCS B po3autax 2.3, 2.4 1 2.5, [lonepenupo B po3auiax 2.2 1 2.3 BBO-
IATHCS IPUHIHII MATeMATHYHOI iHAYKIi i MPABIIO MHOMKEHHS, SKi 3aCTOCOBYIOTBCS [T
OOTPYHTYBaHHS YHUCJIOBUX CITIBBITHOIICHD, MOB'A3aHUX 13 MEPECTAHOBKAMHM, CIIOTYUYCHHS-
MU ¥ pPO3MIIICHHSIMH.

2.2. ITpuHIMIT MaTeMATHYIHOT iIHAYKIIT

[IpHHIMI MaTeMAaTHYHOT IHAYKIi® (hOPMYITIOETHCS B TAKHIA CIIOCIO.

Hexait A(m) — Bupa3 (dhopmyna), MO 3aJEKUTHh Bl HATYPATHHOTO YHCTA m. SKIIO
BUpPA3 A(mo) ana mg=1 npaBauBuil (MOYATOK IHAYKLII) 1 3 NPaBAMBOCTI BUPA3y Ui Je-
AKOTO m, TOOTO A(m), BUTIJINBAE TPABAMBICTH BUpPa3y st m+ |, Todto A(m+1) (Kpok 1H-
JYKIIii), TO BUpa3 A(m) mpaBaIuBHiA I BCIX HATYPAIbHUX 1.

[Haykois Moke moumHaTtucs He 3 mg=l, a 3 OyIb-AKOro HaTypaJlbHOTO YHUCIIa

mg 21. Y npoMy BUNaAKy BUpa3 A(m) npaBauBuid JUIsl BCIX HAaTypajlbHUX Yucell m, Olb-
X My .

2.3. IIpaBuj10 MHOKE€HHS JJIs1 MHOKHH

Hexaii MHOMHA 4] MICTUTb /] €IEMEHTIB, MHOKHHA Ay MICTUTb /) €JIEMEHTIB, ...,
MHOXWHA A,, MICTUTb #,, €leMeHTIB. Toal KUIbKICTh CIOCO01B BUOOPY MO OJHOMY €Jie-
MEHTY 3 KO’KHOI MHOKUHH JOPIBHIOE TOOYTKY

mny ... Ny, . (2.1)

Ipuxnan 1.6. (mpoxosxxeHHs). B omHii HECapeHiit XpOMOCOMI, IO MICTUTh TeHU A

1 B, Mmoxe Oytu n'm = 6 TeHHUX HAOOpIB. @
Ipuknan 2.1. (I'nsaepman, 1974). Hexait muoxxunu 4, B, C MICTATh BIATOBITHO 2,
3 1 5 enementiB. Tomi MuHOXHMHA AxBx(C = {(a,b,c).‘ aeAbeB,ce C} MICTHUTH

2x3x5=30 enemeHTiB — TpIHOK BUAY (a, b, ¢). ®

' Bix nar. principium (mo4atox, OCHOBa) — OCHOBHE 0a30B€ TOJIOKEHHS ASKOi TEOPii, YUeHHsI.
? Big mar. inductio (saBenenHs) — yMOBUBIA Bix GaKTiB 0 AEAKOI rimoTesn abo 3araibHOrO TBEp-
TKEHHSL.
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JloBeieMo TIpaBWIIO MHOKEHHS IS MHOKWH y 3araJibHOMY BHTJISAAL. J[Ji mboro 30-
Opa3uMo MHOXKUHU 4], As, ..., A, Y BUINIAI KOPOOOK 13 KyJIbKaMU PI3HUX BUJIB, MPHU-

YOMY KO>XHA KOPOOKa MICTHTH KYJIBKW TUIBKH OJTHOTO BHY, SIKI JJTA 3pYYHOCTI MMPOHYME-
posaHi. [lepia kopoOka MICTUTE 1] KYJbOK, APYyra — N, , OCTaHHS, /M-Ha 3@ YUCIIOM, — /1,

KYJIbOK, SIK TIOKa3aHO Ha puc. 2.1.

n1=4

Puc. 2.1. I'padiune nosicHeHHS TIpaBuiia MHOKEHHS (0 MOYATKY 1HIYKITI)

[lepeBipuMoO mpaBUIIO MHOXKEHHS JUTsl O/THIET KOPOOKH (MOYaToK 1HAYKIN). OdeBua-
HO, 10 3 KOPOOKH, KA MICTUTh 7] KyJbOK, MOXKHA BUOpaTH MO OJHIN KyJIblll KUIBKICTIO

crnoco0iB, O AOPIBHIOE #. ToOTO mpu m=1 mpaBUI0 MHOXKEHHA “IIPALIOE .

Hexaii m = 2 (1ie KpoK yBEACHHUM I HAOYHOCTI, ajie Mir OyTH IIPONYIICHHI ), TOOTO
MaeMo 1Bl KOpoOku. Bubepemo 3 mepimoi kopoOKW KyJbKy 3 HOoMmepoMm 1. V mapy i
13 Ipyroi KOpoOKW MOkHA BHOpaTH KyJbKy 3 HOMEpPOM 1, MOTIM — 13 HOMEpOM 2,
@)X 710 OCTaHHbOI, 3 HOMEPOM #, . BuiinyTh napu, nokasasi Ha puc. 2.2.

Ycboro map, y SKMX OJHa KyJibKa 3 HOMepoM 1 BuOpaHa 3 mepinoi KopoOKH, a aApyra
KyJibKa 3 HoMepoM 1, 2, ... , ny — 13 Ipyroi KopoOKHu, BUHJE 1, IITYK, 32 KUIBKICTIO KY-
JBOK Y IPYT1d KOpOOITl.

IToBepHEMO BC1 KYJIBKH Y “CBOi” KOPOOKH i BHOEpeMO 3 Iepiioi KOpOOKH KYJIBKY 3
HoMepoM 2. Jlo mapu iit MoxkHa miaidpaTu 1, KyJIbOK 13 Apyroi kopoOku (puc. 2.2).

3HOBY, SIK 1 B [IONIEPEIHPOMY BUIMAJKY, TAKUX nap Oyae 1, LITYK.

[TpoaoBxkyrOUM CKJIaAaTH MApU KYJIbOK, OJIHA 3 SKUX OyJe BuOpaHa 3 mepuioi kopoo-
KW, a 1HIIA — 13 APYTOi, MIHIEMO M0 OCTaHHBOI KYJIBKH 3 MEPIoi KOPOOKH, 110 Ma€e HO-
Mep ny. [ Tako)k MOKHA MimiOpaTH 10 MapH Hy KyJIbOK i3 Apyroi KopoOku. KinbkicTs Ta-
KUX Tap, 5K 1 paHillle, JOPIBHIOE KUIBKOCTI 1y KYJIBOK Y APYT1d KOpoOL.

[ligpaxyemMo KUTHKICTH CkiTameHnx map. OCKUTbKA JUTsl KOJKHOI KYJIBKH 3 TEPIIoi KO-
POOKM KUIBKICTh NAp € OJHAKOBA 1 JOPIBHIOE KUIBKOCTI KYJIbOK Y APYT1it KopoOul #, , a Ki-
JBKICTh KYJIbOK Y HEPIIii KOpoOLl JOPIBHIOE 7y, TO 3arajbHa KUIbKICTb Map JOPIBHIOE

no +1’22 +...1’22 =mny.

ny dacid

To0OTO NMpaBrI0 MHOKEHHS JIJ11 MHOHH MPaBAUBE W 11 m=2.
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[lepeiinemo m0 KpoKy IHIYKII 11 AOBUTHHOTO 3HadeHHS m. lle o3Hawae, mo Mwu
BBA)KAEMO TPABHWJIO MHOKCHHS TPABIWBHM I 1 KOpoOok. Jlogamo 10 kopobOok e o/-
HY, (m+1)-Hy 3a YMCIIOM, Y SIKIH 3HAXOAMTHCA M,,,, 1 KYJIBOK “‘CBOT0” BUAY (pHC. 2.3).

©WO O WO O OO0 O WE

-

Puc. 2.2. ['padiune nosicHeHHs MpaBUiIa MHOKEHHS (ITIC/s MOYaTKy HAYKUIi, m=2)

[Tokaxkemo, 110 13 TPABAMBOCTI MPABUJIA MHOXKEHHS IS M KOPOOOK BHILIMBAE HOTO
MPaBAMBICTG 1T (1M +1)-i KOpOOKH.

Bubepemo 3 nmepmmx m kopoOOK 1Mo OAHIN KyJIbIll, Y PE3yIbTaTl BUie MHOXHHA Pi-
3HHX KYJIhOK — miepma “‘emka”. J{o 1miei “emkn’” moaamo 1ie oJHy KyJbKy 3 (m+1)-i kopoo-
ku. Buitne MaoxuHa 3 (m+1) kynbok. OCKUTbKH B (m+ 1 )-H1# KOpOOI KUTBKICTh KYJTBOK

JOPIBHIOE H,, 1, TO TAKAX MHOKUH OyI€ n,, | .
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Bukonaemo Taki x 1ii 3 HACTYITHOIO, APYTOIO, “‘€MKOI0”, BAOPAHOIO 1O OHIN KYJIbIT
3 mepmmx m KopoOok. Jlo miei “eMkn’” 3HOBY MOKHA JOJATH OJMHY KYJIbKY 3 (m+1)-i ko-
poOxku. | 3HOBY BUiizE 7,,, | MHOXKHH, 1110 CKJIAJAIOTHCA 3 M+ 1 KyJIbOK.

Tak MoxHa AIATH 10 OCTaHHBOI “‘eMKH’’, BHOPAHOI 1O OJIHIM KYJIbIIl 3 TIEPIIUX 71 KO-
pobok. OCKITBKH Ha JAHOMY KPOIl THAYKINI MPaBUIO0 MHOXKCHHS Ui 7 KOPOOOK BBaXka-
€TbCS CIIPABEUIMBUM, TO OCTaHHA “‘€MKa~ Ma€ HOMEp, AKUH JOPIBHIOE Myh,...H,,. Jlonaro-
9M 710 1€l “eMKU” KyJIbKy 3 (m+1)-i KOpoOKH, 3HOBY OEPKUMO M, | MHOXHH, L0 MIC-
TATb M+ | KyJbOK.

Puc. 2.3. I'padiune nosicHeHHS TipaBuiia MHOKEHHS (TICIISA TIOYATKY THAYKI, m— m+1)

[TlimBenemo miacyMkH. I3 KOXKHOT “eMKH” KyJabOK, BUOPAHOI IO OAHIN KYJIBI 3 TIep-
X 1 KOPOOOK, MOXKHA OACPKaTH MHOKHHH, 1[0 CKIIAAIOThCA 3 M+ 1 KyJabOK, J01al0UH
70 “eMOK’’ MO OJHINA KyJbIl 3 J0AaTKOBOI (m+1)-i kopoOku. OCKUTPKA KUTBKICTh “eMOK”
JOPIBHIOE #1115 ... Ry, , TO KUIBKICTh MHOKHH, SIKI CKJIaJAI0TCS 3 M+ 1 KyJIbOK, TOPIBHIOE
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M1 + P+ M1 = (g oy ) .

v

N
My .0 odagid

Takum YUHOM, 13 HpaBI[I/IBOCTi InpaBujia MHOKCHHA AJIA /71 MHOJKHMH BHILJIMBA€ IIPAB-
I[I/IBiCTB [MpaBrJIa MHOKCHHA TJIA m+1 MHOXXHHHU. W

2.4. IlepectanoBKH

PosrnstHemMo aesiky MHOXHHY, O CKJIANAETHCA 3 7 €JIEMEHTIB, sIKI PO3PIZHAIOTHCS.
Hexait Takoro MHOKHHOIO OyJie KOpoOKa 3 MPOHYMEPOBAHUMHM KyJIbkaMHu (puc. 2.4).

-
|

ee§e

Puc. 2.4. I'padiune noscHeHHs] BU3HAUCHHHSI IEPECTAHOBOK ( Py =4/=2-3-4)

Bynemo BuTarati mo uepsi BC1 KyJbKH 3 JaHOT KOPOOKH, BUKJIAMAIOUH iX Y TIEBHOMY
nopsanky. Kosxauii Takuii TOPSAIOK CEPEN yCiX €IEMEHTIB IeIKOT MHOXHHHU OyJeMOo Ha3H-
BaTH NePEeCTaHOBKOK. OUEBHUIHO, MO JUTS JAHOI MHOXHHU TEPECTAaHOBKA MOXe OyTH Op-
raHi3oBaHa HE OJHAM CIOCOOOM, 1 KLJIBKICTh MEPECTAHOBOK MEBHUM YWHOM TIOB'A3aHA 3
KUTBKICTIO €JIEMEHTIB m MHOXUHH. [lepelinemMo 10 GopmymoBaHHS CTPOTHX BH3HAYEHB 1
PE3yNIbTATIB, MOB'I3aHUX 13 TIEPESCTAHOBKAMH.

IlepecTanoBKa 3 m eJIeMEHTIB € BIOPSAIKYBAHHS WX €JIEMEHTIB, TOOTO pO3TaIly-
BaHHA /1 €JIEMEHTIB Y TICBHOMY TTOPSIKY.

Yuc10 mepecTaHOBOK 3 M €JIEMEHTIB JIOPIBHIOE

P,=12...m=m! (2.2)

Crpasi, o0 po3TantyBaTH M €IIEMEHTIB Y TICBHOMY TOPSAKY, BHOSPEMO OJIMH €lie-
MEHT, 10 Oyae “mepmuM’”: 3poOHTH ek BUOIp MOxXkHA m crocobamu. I3 m-1 enemeHTis,
10 3aTUITHINCS, BUOepeMo ApyTHi eneMeHT. [ mporo € m-1 cnoci6. [TosToprotoun 1iei
nponec k pasiB (k=1, 2, ... , m), k-ii ememenT BubepeMo m-k+1 crocobamu. Tol BiATOBII-
HO JI0 TIPaBWJIa MHOXEHHS ICHY€E M (m - 1)- (m - 2)-...-2-1=m! mepecTaHOBOK 3 m eJle-
MCHTIB. M
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3ayBaxkenHsi 2.1. 3HaK OKJIHMKY TICHS KUIBKOCTI €IeMEHTIB m y dopmymni (2.2) s
KUTBKOCTI TEPECTaHOBOK MO3HAuYae 1Ty (PYHKIIO IUIOrO apryMEHTY, IO HAa3HBAETHCS
(akropiaiom. UnraeTscs 3anmc m/ Tak: “dakropiam em”. A

IHpuxnax 2.2. (I'asaepman, 1974). Jlna nikyBaHHS XBOPOOW 3aCTOCOBYIOTHCS TPH
3aco0u, 1 epeKT JIKyBaHHS 3aJICKUTh B1J ITOCIIAOBHOCTI 3aCTOCYyBaHHs 3ac001B. Toai mMo-
’KHa npu3HauuTh P; =6 BapianTiB JikyBaHHs: {1, 2, 3}, {1, 3, 2}, {2, 1, 3}, {2, 3, 1}, {3,

1,2}, {3,2,1}. ®

3ayBaskeHnHs 2.2. [HomI JOBOAUTHCSA PO3TIIAAATH “€K30THYHI” BUITAIKH MHOKHH, IO
CKIanaroTees 3 m=0 enemenTiB. Lle mopoxui MHOXMHUK (AuB. po3a. 1.1), enemeHTH IKuX
(BimcyTH1!) OTPIOHO BMOPSAAKOBYBATH. Takl MHOXWHHU TMPUHHATO BIOPSIKOBYBATH €JIH-
HUM criocobom, To6to P, = 0/=1. Lle o3Hauae, 1o B Takuii crnocid GyHKI1sA dakTopiany,

BU3HAYEHA CMIOYATKY JUIsl HATYPAIBHUX YMCEJI, BUBHAUAETHCA U 11 Hy 14, ToOTO 0/=1, a He 0.
2.5. Po3minieHHs

PosrnstHemMo Aesky MHOXHHY, IO CKJIANAE€THCA 3 M €JIEMEHTIB, SIKI PO3PIZHAIOTHCS,
HaMpUKIaa KOPoOKy 3 KyJbkamu (IuB. po3a. 2.4). bynemo Butsratn Tenep He BCI m elie-
MEHTIB, a TIJTbKH iX YaCTHHY 13 KUIBKICTIO KYJIBOK, IO JOPIBHIOE k, TOOTO MiIMHOXHUHY 3 k
CIICMCHTIB, ajie, K 1 paHIIle, Cepel BUTATHYTHX K CIIEMCHTIB YCTAHOBIIIOETHCS TECBHHM
nopsanok (puc. 2.5).

Koxuu#i Takuii mopsAaoK y TIAMHOKHHI BUOpPAHMX €JIEMEHTIB HA3WBAETHCS PO3MI-
meHasaM. [lepeiineMo 10 cTporux GopmMyITIOBaHb.

Po3mimensst 3 m ejeMeHTiB o kK — Oy/ap-sKa MIIMHOXHWHA, IO MICTHTH A €JIEMEH-
TIB (O <k < m), y3ATHX Y TIEBHOMY TIOPSIKY 3 MHOXHHH, IO MICTUTH /11 €JICMEHTIB.

KinbkicTs po3mileHs i3 m ejieMeHTIB Mo Kk TOPIBHIOE

m/!

LA
m (m—k)/

(2.3)

JliiicHO, 1IcHY€e m croco0iB BUOOPY MEPIIOTO eleMeHTa, m-1 cnocid Budopy apyroro
enmemMenTa, m-k+1 cnoco0iB BUOOPY A-TO eaeMeHTa. 3a MPaBHJIOM MHOKCHHS MAaEMO TaKe:

A,/,(q:m-(m—l)-(m—2)-...-(m—k+1):

m-(m—1)-(m—2)-...-(m—k+1)-(m—k)-...-2-1 ~ m!
(m—k)-...-2-1 _(m—k)/
IHpuxnaax 2.3. (I'imeaepman, 1974). Hexait xBopoOa miamaeThes JTIKyBAaHHIO Oyab-
SKUMH JBOMA 3aC00aMH 3 BIIOMHX TPHOX 1 €()eKT JIKYBaHHS 3aJICKHUTh Bl IMTOCIIIOBHOCTI

3acTocyBaHH#A 3ac001B. Toal MOKHA IPU3HAYUTH A32 = 6 BapiaHTiB JikyBaHH:: {1, 2}, {2,
13, 41,35, {3, 1}, {2, 3}, {3,2}. @



Puc. 2.5. Jlo BU3HaYECHHA PO3MILLEHb (Aj =24)

3ayBakenHst 2.3. 3BepHITh yBary Ha TPaHWYHI1 3HAYCHHS k Y BUSHAUCHHI PO3MIIICH-
H, o nopiBHIOIOTH O 1 m. Ile o3Havae, Mo BUTATATUCS W YHOPAIKOBYBATHCS MOXKYThH 1
BJIACTHB1 MIAMHOXHHHU JaHOT MHOXHHH, TOOTO MOPOXKHA M 301KHA 13 CAMOI0 MHOKHHOIO.
Moske ckiacTucs BpakeHHsl, 1o dopmya (2.3) “He mpalroe” B X TPAHUYHUX CHUTYaIll-
ax. Ane nie ve Tak. [Ipu k=m BC1 eneMeHTH MHOKWHH OEPYTh y4acTh B YTBOPEHHI MOPS/I-
Ky, TOOTO PO3MINICHHS 3 1 €JIEMEHTIB TI0 M eJeMeHTIB. Lle mepecTtaHoBKa 3 m €JIEMEHTIB
(muB. po3n. 2.4). Ockutbku m-k=0, TO CTBOPIOETHCA BPAXEHHS, MO0 B 3HAMEHHUKY (2.3)
BHXOJMTH HYIb, ajie B aiicHocTI 11e 0/, mo mopisHioe / (quB. 3ayBaskeHH: 2.2). Tomy do-
pmyna (2.3) mist KUTbKOCTI PO3MIIICHB 13 71 €JIEMEHTIB TIO 71 €JIEMEHTIB MEPEXOAUTh y (o-

pMyny (2.2) AIs KiJIbKOCTI MEPECTaHOBOK 3 M €leMEHTIB, T06T0 Ay = P, . Sxmo k-0, To

3 JJAHOi MHOYXHHW BHUOMPAETHCSA H YHOPSIKOBYETHCS IMTOPOKHSI MHOXHHA. 1[e MoxHa 3po-
OWTH OJHUM CITOCOOOM (MB. 3ayBakeHHs 2.2), Ha mo ¥ ykasye dopmyna (2.3), To6TO

AV =Py=1. A
2.6. CnostyueHHs1

[TpomoBKUMO PO3TIIS MHOKHHH, SIKA CKIIAIAE€THCA 3 71 PI3HUAX EJIEMEHTIB 1 SIKY MOX-
Ha TI0JIaTH Y BUTJISAI KOPOOKH, IO MICTUTH 71 IEPEHYMEPOBAHUX KYJbOK. byiemo BuTsra-
TH JIeAKy KUIBKICTh k& KYyJIbOK 13 JAHUX /M, IO MICTATHCS B KOPOOIIl, aje MOPSJA0K cepen
BUTATHYTHUX KYJIbOK TIOIIOHO JI0 TOTO, SIK 1€ POOUIIOCS TIPH PO3TJISIl EPECTAaHOBOK 1 PO3-
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MIITICHb, YCTAHOBJIIOBATH HE OyaeMo. BUTATHYTY 3 m KyJabOK MIAMHOXHHY k KyJIhOoK 0€3
YCTAHOBJIEHOTO MOPSAKY (TOOTO KYIKY, )KMEHbKY # T.1.) Oy/IeMO HAa3UBAaTH CIIOJIYYECHHIM
(puc. 2.6)
PosrnstHemo ctpori BU3HAYEHHS 1 PE3yJIbTATH, IO CTOCYIOTHCS CIOJTYUCHb.
CrosryueHHst 3 m eJieMeHTIB 10 k — Oy/b-AKa MiIMHOXHWHA, 10 MICTATH k €JIEMEH-
TIB, Y3STHX 13 MHOKWHH, IIIO MICTUTbH /71 €IICMEHTIB.

o
00

A,

. 3 i
Puc. 2.6. I'padiune nosicHenHs BU3HaueHHs crionydeHb (C; = 4)

KinbkicTh ciostydeHs i3 m ejeMeHTiB 1o k TOPIBHIOE

k m/

((," :m . (24)

OdeBuAHO, MO AJIA OJIEPKAHHS BCIX MOXJIMBUX PO3MIMICHD 3 M TO k (X KUTBKICTh

JOPIBHIOE A,/;, ), JOCTAaTHBO B3ATH BC1 MOKJIMBI CIIOJIyUCHHS 3 1 1O k (iX KUTBKICTD AOPIB-

HIOE C,l,; ), @ TIOTIM 13 KOXKHOTO CIIOJIYYEHHS YTBOPHUTH k! MOXJIMBUX TIEPECTAaHOBOK. Ta-

KM YHHOM, A,l;, =C ,1;1 k!, 3Bigkm ¥ BurmuBae gopmyna (2.4) mist KIIbKOCTI CIOJTYYCHD. W

Ipuxnan 2.4. (I'imeaepman, 1974). Hexait xBopoOa miamaeThCs JTIKyBAaHHIO Oyab-
AKUMH TBOMA 3ac00aMM 3 BIJOMHUX TPHOX, 1 €PEKT JIKyBaHHS HE 3aJICIKUTH B1J] MTOCITIIOB-

HOCTI 3aCTOCYBaHHS 3ac001B. ToMi MOKHA IPU3HAUNTH C32 =3 papiadTH JikyBaHHs: {1,2},

{1,3},{2,3}. @

3ayBaskenns 2.4. ®opmyna (2.4) mis KUIBKOCTI CIIOIYYCHb MPAaBAUBA H Y TPAaHUIHUX
Bumnajakax k=0 1 k=m (nuB. 3ayBaxkeHHs 2.3). A

3ayBaxkenns 2.5. [lommpeHa moMuiIka mojsArae B TOMY, M0 MEPECTAHOBKH, CTIOJY-

. ) . . m
YEeHHS U PO3MILICHHS OTOTOKHIOIOTBHCS 3 KUIBKICTIO MEPECTAHOBOK [, , cnomyueHs C,

. . m . o .
1 posmiieHb 4, . Cima nam'saTaTi, M0 NePECTaHOBKH, CIOMYyYEHHS W PO3MILIEHHS — CIIO-

cobM BifbOpy # YNOpSAIKYBaHHS eJeMeHTIB MHOKUHK, a P, C)' i A — KilbKicTh TakmX

crocoO1B. A

3ayBaxkenHst 2.6. [IpaBujio, 1o M03BOJIAE PO3PI3HATH TEPECTAHOBKH, CIIONYUYCHHS
1 PO3MIIIIEHHS, TIOJIATAE B TakoMy. [lepecTanoBka — 11€ MOPSIAOK, 0 BCTAHOBITIOETHCS Ce-
pea ycixX €JIeMEeHTIB MHOKHWHH. CHoJydeHHs — JOBLIbHA MIIMHOXKHHA ACAKOI MHOMKHHH,
MIPUYOMY TIOPSIOK, Y STKOMY €JIEMEHTH BHOMPAIOTH Y MIIMHOXHHY, HE Ma€ 3HaUeHHA. Po-
3MIMIEHHSA BIAPIZHAETHCS BIJ CIIOIYUCHHS THM, 1110 TTOPAIOK BUOOPY Ma€ 3HAUCHHS. A
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3. Bunaakosi moxait

3.1. I[IpyynHHICTH 1 BUNAAKOBICTH Y NPUPOA03HABCTBI

BigHomeHAS Mk MPHYMHHICTIO 1 BUIIAAKOBICTIO 3aB)KIH OYJIA OJTHAM 13 BaXKJIH-
BUX MUTaHb y BUBUEHHI TIPUPOAHN. Y Oyab-SKOMY SIBHIIl 3arajbHa KUTbKICTh CKJIAHH-
KiB, a00 €JIEMEHTIB, IO B3aEMOJIIIOTh MIXK CO0OI0, € HECKIHUCHHO BEIUKA, TOMY BCI
3B SI3KM MK HUIMH BPaxXyBaTH HEMOXJIHBO. OHAK TOJIOBHOIO XapaKTEPUCTHUKOIO O1J1b-
IOCTI SIBHLI € OOMEXEHa KiIbKICTh eIeMEHTIB', i iX B3aeMOJis MOKe GYTH PealbHO
mpocTeXkeHa. To/l cTae 3po3yMuI0, K1 B3aEMOJII SKHX €JIEMEHTIB BUCTYNAIOTh MPHYH-
HOIO SIBHINA, a K1 BUSIBJISIOTHCS HACHIAKOM TpuduHU. [1pu 11boMy TipUurHa 3aBXKIH Tie-
peaye HAcHIIKy, 1 BUHATKIB TyT OyTH He Moxe. Hacmigok 3aBxau 3'IBIASETHCA TICIA
MPHYMHU W HIKOJIA — 10 Hel. SIKIo Take HIOWTO TPaIUIAe€ThCs, TO 1Ie O3HAYAE, IO ICHYE
1HIIIa MPUYWHA, 2 MOKJIMBO, HESIBHUN JIAHITIOT TPWYWH, 0 W BUKJIMKAE TIEH HACHIIOK,
a Te¢, 1110 30BHI 3/1a€ThCA MPUYHHOIO, HACITPaB/Il HEIO HE €.

HasiBHICTh MeaK0i HEBU3HAUCHOCTI B JIAHIIO31 MPHYHHHO-HACIIIKOBUX BITHOIICHD
CBIJYHATH MPO HEMOBHOTY JOCIIPKCHHA PWUWH, aJKe TIPUYWHA HIKOJIM HE ICHY€E B YHC-
TOMY BHTJISI/TI, BOHA CYMTPOBOKYETHCS 1HITAMH MTPUXOBAHUMH MMPUIMHAMHE 200 yMOBa-
M. OCKUTbKH B OyJIb-IKOMY SIBHIII HEMOYIIMBO BPaXyBaTH BCl €JIEMEHTH, 110 B3a€MO-
JUIOTH MIX CO00I0, TO B HACIIKY MOKYTh OyTH BHUSBJICHI BIIXWICHHS Bl TUX PE3YJIb-
TaTIB, IO SIKAX MPUBOATH OCHOBHI puurHHI (pakTopu. [1po Taki BIAXWICHHS PUAHATO
TOBOPHUTH, III0 BOHM BUIAAKOB1. Hacmpapi BOHH € HacI1AKOM HEBpaxoBaHUX (PAKTOPIB,
0 BIUTMBAIOTH HA 3arajbHUM Pe3yJbTaT, 1 3aBJaHHSA JOCTIAHUKA TIOJIATAE Y BITOKPEM-
JICHH1 OJTHAX TIPWYWH B1/I 1HIIAX 1 BCTAHOBJICHHI 3aKOHOMIPHUX MPUYMHHO-HACIIITKOBHX
BIJTHOITICHB y SIBHINAX.

Ipuxnaax 3.1. (Bentens, 1970). MoneTa MAKAIAETHCS TIEBHAM YHHOM, MICTIS
yoro (hIKCYEThCSA Pe3ynbTaT — CTOPOHA, 3BepHEeHa aoropu ("open” abo "pemka"). 3a
HaHOUTBIN PETEHPHOTO TOTPUMAHHSA YMOB MIAKHAJAHHS MTPH HACTYITHOMY TI1IKHIaHHI Pe-
3yJIbTAT HE BUBHAUCHUN. ®

Ipuxnaana 3.2. (Beatuens, 1970). Oaun 1 TOH e npeaMeT KijbKa pa3iB 3BaXKy€Thb-
cs Ha AyKe TOYHWX (aHANITHYHUX) Barax, OJJHAK pPe3yJbTaTH MOBTOPHUX 3BAXXyBaHb He-
3HAYHO BIAPIZHSAIOTHCS OJIWH BiJT OHOTO. @

[{1;1kOM OUEBHIHO, IO B MPUPO/II HEMAE KOAHOTO SIBHUIIA, Y AKOMY O HEe Oyim mpu-
CYTHI TI€IO YH IHIIOK MIPOIO €JIEMEHTH BUMAAKOBOCTI. Sk OWM TOUHO HE (hIKCYBATHCS
YMOBH JOCHIy, HEMOXJIMBO JAOCATTH TOTO, MO0 y pasi HOro MOBTOPEHHS PE3yIbTaTH
MOBHICTIO i TOYHO 301iTaimucs. Ajie Tak BBAXXAJIOCS HE 3aBK/IH.

VY kapTuHi CBITY, MOOYIOBaHINH KIIACHYHOIO Haykoro B mepioa 3 X VII mo XVIII cr.,
Oyab-sIK€ SBUINE BWU3HAUYAJIOCS TOYATKOBMMHM YMOBAMH, IO 3aJaf0ThCs (TMpUHANMHI
B MPHHINAMI) aGCONIOTHO TOYHO . Y TAKOMY CBITi He GY/IO MICILIT BHITAAKOBOCTI, BCi Je-
Tajl #ioro Oyu PEeTETbHO MPUIIADKEH] W 3HAXOIWIHNCH "'y 3UeTieHHl", Toai0HO 70 mmIec-

* BunisieHHs TaKMX €JEMEHTIB 3arajioM € TOCHTh CKJIanHe 3aBnaHHs. PisHi MOCTiHUKM B THX ca-
MHX YMOBaX MOXYTb BHPIIIUTH L0 MPOOJIEMY MO-PI3HOMY.
? 3miHa MOZETbHIX MOrTIsIiB Ha Beecit Bukmanesa srinso 3 inesmu 1. IMpurosxuna (1987).
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TEPEHb AKOICh KOCMIYHOT MalMHU. [[OMIMPEHHS MEXaHICTUUHOIO CBITOIJISIAY 301rJ10CA
B 4acl 3 pO3KBITOM MAaITMHHOI UBLII3AMli. Y MammHAAE CTOMITTS BeecBiT 300pakyBaBcs
AK TITAaHTChKHM MeXaH13M. CaMe MeXaHICTHUHWN TIOTJISAT JISKATh B OCHOBI 3HAMEHUTOTO
BUCIOBY Jlammaca mpo Te, 1o 1CTOTa, 3AaTHa OXOMUTH BCIO CYKYITHICTh TaHUX PO CTaH
BcecpiTy B Oyab-kuii MOMEHT 4yacy, Moryia O He TUTbKH TOYHO MPOPOYUTH MaOyTHE,
ajie i 1o ApiOHWX AeTajield BIMHOBUTH MUHYJIE (MeMoH Jlanuaca). YsBieHHs TIpO MPocC-
TR 1 oMHOPIIHUKN BCecBIT HE TUTBKK 3pOOWII0 BUPIIAIGHANA BIUITUB HA X1 PO3BUTKY
HAyKH, aJie W 3aJTAIITAIO0 TTOMITHHHI BIJOUTOK Ha 1HIHX cdepax JIOICHKO1 MIsITEHOCTI.
barato cnmadkux cTOpiH MEXaHICTUIHOI MOJIEI OyJIO BHSIBJICHO TOCHTH AaBHO. Y si-
BJICHHS TIPO CBIT SIK MPO TOJUHHUKOBHI MEXaHI3M 13 TUTAHETAMH, 1110 CTIOKOHBIKY 00ep-
TAIOTHCS 1O HE3MIHHUX OpOITax, 13 ACTEPMIHOBAHOIO TIOBEMIHKOIO OY/Ib-IKHX PIBHOBA-
KHUX CHCTEM 1 JIFOYMMH Ha BCi 06€3 BUHATKY O0'€KTH YHIBEPCAJIbHUMHU 3aKOHAMH, SK1
MOXYTh OYTH BIJKPHTI 30BHIIITHIM CIOCTEpIradeM, — Taka MOJESIb 13 caMOro MoYaTKy
3a3HaBaJla HUIIBHOI KPUTUKH. lle MoB'sA3aHe 3 THIM, IO B TAKOMY CBITI HEMOXJIMBA
EBOITIOIIIS, 1/ICF0 K01 BUCYHYB JlapBiH, TOOTO 1/1es1 PO3BUTKY CTAa€ 30BCIM HEAOPECUHOIO.

Ha mouarky XIX cT. TepMoauHaMika TOCTaBHIIA TM1JI CYMHIB 1T03a4aCOBHN Xapak-
TP MEXaHICTHUHOI KapTUHH CBITY. SIkOM CBIT OyB TIraHTCHKOIO MAITMHOIO, TO Taka
MaIMHa HEMUHYYE TTOBUHHA OyJia O 3yMMHUTHCS, OCKIJIBKH 3aIac KOPUCHO1 eHeprii pa-
HO 200 mi3Ho OyB Ou Buuepnanwii. CBITOBI TOJAWHHAKH HE MOTJIH O 1TH BIYHO.

Hezabapom micis mporo mMOCiIOBHAKHE JapBiHa BUCYHYJIM MPOTHIICKHY 11e0. Ha
iX AyMKy, XO4a CBITOBa MallTMHA, BUTPAYAIOUH CHEPTIIO 1 Mepexo1sauu 3 OUThIN OpraHi-
30BaHOT'O B MCHII OPraHi30BaHMI CTaH, 1 MOTJIa CIIOBUILHIOBATH CBIM X1J1 1 HABITh 3YITH-
HATUCA, TIPOTEe O10JIOTTYHI CHCTEMH TOBWHHI OyJIM PO3BUBATHUCS TILIBKH IO BUCXIIHIHN
JIHII, TEPEXO/ISIUM 3 MEHIIT OPTaHI30BAHOTO B OUTHINT OPraHI30BaHMM CTaH.

Tpoxwu mizHINIEe QI3UKH, SKI TPAMIOBAIN B Tay31 KBAHTOBOI MEXaHIKH, 3HOBY IOC-
TaBWJIU T11]] CYMHIB TIPABAMBICTh JETEPMIHICTUIHOI MOJIEII1, TPUHANMHI Ha PIBHI MIKPO-
ciTy. OHAK 1 HA PIBHI MAaKPOCBITY MPHUKIIA/IB, IO BKa3yBaju Ha HA0arato BayKIWBIITY
POJTH BUTIAIKOBOCTI, 3HAXOAMIIOCH YCE OUTBITIE.

Ipuxaax 3.3. (Ilpuroxun, 1986). Mana kynpka mia JI€I0 ACSIKOTO TOIMITOBXY
MOJKE 3IIMITOBXYBATHCS 3 JACKUTHKOMA JOBUIBHAM YHHOM PO3TAIlIOBAHUMH HEPYXOMHMH
Kysimu (puc. 3.1). TpaekTopis Maioi KyJIbKH IUTKOM BA3HAYCHA (JIETEPMIHOBaAHA). AJle
JIOCUTH Yy TIOYATKOBl YMOBH PYXY MaJIOi KyJIbKF BHECTH HEBEJIMKY HEBU3HAUEHICTD, K Y
Pe3yJIbTaTI TMOCIIIOBHUX 31TKHEHB IMOYAaTKOBA HEBU3HAUYCHICTD MIACHIUTHCS H YHEMOXK-
JIMBUTH TTPOCTEIKEHHSA TTOJIOKEHHS KYJIbKH, @

VY mpomMy IpHKITaAl MIJTKOM JSTEPMIHOBaHA MEXaHICTHYHA CHCTEMA BHSIBHJIACS HE-
CTIHKOO0 (CTabKO METEPMIHOBAHOIO): TOCHUTh MaJll PO3XOKEHHS B MOYATKOBUX YMOBAX
13 YaCOM T1ACHITFOIOTHCA.

CyuacHuii HaykoBUH morisa Takuid. J{esxi yactuan BeecsiTy cripaBal MOXyTh -
ATH K MexaH13MH. [le 3aMKHYTI CUCTEMU, ajie BOHW CTAHOBJIATH JIUIIIE MaJTy 9acTKy (hi-
3ngHOTO BeecBiTy. BUThImICTS k€ CHCTEM € BIAKPHUTI, BOHU OOMIHIOIOTBCS €HEPTieto abo
PCUOBHHOIO 3 HABKOJIMIIHIM CEPSAOBHINEM. /[0 BIIKPHTHX CHCTEM HaJIeKaTh O10J10T14HI
I coIiajbHI CUCTEMH, a I1¢ O3HaYae, Mo Oy Ib-IK1 CIpoOH 3pO3yMITH iX Y paMKax MeXa-
HICTUIHOI MOJIEITI PUPEUCHI HA HEB/IAUY.
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Puc. 3.1. I'padiune mosscHeHHs ¢1a0Koi IETEPMIHOBAHOCT1

Kpim Toro, BiAKpuTHI XapakTep mepeBakHoi OUTHIIOCTI cucTeM y BcecsiTi HaBo-
JUTh HA AYMKY OpO TE, IO FOJIOBHY PO0Jib Y HABKOJIUIIIHLOMY CBITi BiIirparTh He-
CTIHKICTD i HepiBHOBaKHIiCTD. [lepen HeCTIMKMMY cHCTEMaMu, MOKJIHBO, 1 IeMOoH Jla-
r1aca BUSBUBCS O HE BCEMOTYTHIM.

3.2. llonsitTs Aocaiay i moaii

JloctizoM HAa3WBAETHCSA BIATBOPIOBAHA CYKYITHICTh YMOB, 32 SIKHX CIIOCTEPITAETHCS
TIEBHUU PE3YJIbTAT.

Jocaian, y SKuX pe3ynabTaT HE3MIHHO MOBTOPIOETHCS, HA3MBAIOTHCS JOCTIIAMH 3
JAeTepMiHOBAHUM (TOOTO BU3HAUEHUM 200 HEBUIAIKOBHUM ) Pe3yJdbTATOM.

Jocaian, y Skux pe3yJbTaT HE MOBTOPIOETHCA, HA3UBAIOThH JOCTIAAMU 3 HeAeTep-
MiHOBAHHUM 200 BUNAJAKOBHM (TOOTO HEBU3HAUEHUM ) P€3yJIbTATOM.

PesynpTaT mociiay Mae criemiaibHy Ha3BY — MOdisL.

Ioais, mo crmocTepiraeThes B AOCTIAl 3 BHIAJAKOBHM PE3yIbTaTOM, HA3HBAETHCA
BHIAIKOBOIO.

3ayBaxenns 3.1. Hamam ana mac He Oyae MaTW BETMKOTO 3HAYCHHS MPUUYWHA,
yepe3 AKy pe3yJbTaT JOCTIAY HE 3MIHIOEThCA. BUABIICHHA MPWYHMH BUIAIKOBOCTI ab0
HEBMIIAAKOBOCTI TOTO YH 1HIIIOrO SBHINA — CIPaBa KOHKPETHOI MPEIMETHOI Tany3l NpH-
POIO3HABCTBA, y SAKIHM MpaIioe AOCTITHUK. Mu MOXEMO BUXOJIUTH 3 TOTIIANY, KU Ha-
3BEMO MOJIEJUTIO ““UOPHOTO AMMKa™. Y I Momesl “dOpHUH AMUK~ Mae ACIKAN 3amac
BIATYKIB Ha 30BHINIHIA BIUIMB, a SAKUM Oyjae BIATYK, MOCHITHUK 3a37ajeTilb HE 3HAE,
TOOTO ACTEPMIHOBAHWH MPUIMHHO-HACIIKOBUN JIAHITIOKOK BIJICYTHIN. 32 TaKMX YMOB
MOTPIOHO BUABHTH 3aKOHOMIPHOCTI (DYHKIIIOHYBAHHSA ‘““UOPHOTO SATHKA™. 3ayBa)KUMO
TaKOK, IO TIPH 3BEPHEHHI 0 BHIIAJKOBOI ITOli MM MaeMO Ha yBa3l SKICHUH pe3yJIbTar.
Takwmii pe3ynpTaT (hikcyeThbes B TaOOPaTOPHOMY KyPHaJIl HE 32 JOMIOMOTOK) KLIBKICHHUX
IMOKA3HUKIB, a 3aIIMCaMH BIAHOCHO TOTO, IO IOCh BiaOynocs (Hampuknana, “+7”) abo He
BimOysocs (“—7). A

[Tomii mo3HAYArOTHCS BETMKUMH JIITEPAMH JAaTHHCHKOI abeTku. SIKIo cimija ykasa-
TH, y 9OMY CaMe TOJIsATae HACTaHHSA Ti€i YW THINOI TOJMIi, MIC/S JITEPH, IO BKa3ye Ha
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MOJII0, CTABJIATH 3HAK PIBHOCTI “=", 32 AKUM y (PIrYpHUX TyKKaX Y TOW UM THIIUH CHO-
c10 pO3KPUBAIOTH 3MICT TTO/II.

3.3. UMoBipHicTh BHNIAAKOBOT MOAiT

MmosipHicTh BHMaaKoBoi moaii 4 — 11e ii YMCIOBa XapaKTEPHCTHKA, IO TOKA3Ye
CTYMiHb MOKIMBOCTI TOABHM 1iiei moii. iMoBipHicTh BUMamKoBOi TOi A MO3HAYAETHCA
yepe3 P(4).

3ayBa:kenns 3.2. Baxnuea He cama 1mo co0l HIMOBIPHICTh OKPEMO B3SITOI BHIIA-
KOBOi TIO11i, @ MOKJIMBICTh MOPIBHAHHA UMOBIPHOCTEH MBOX 200 AEKUTHKOX TOJIN, OHA
3 KWX JOCUTH A00Ope BimoMa it Moxke OyTu etasmoHoM. Tak, SKIIO WMOBIPHICTH TOAIT 4
nopiBaIOe 0,3, TO IIe 1IIe HI IPO 1[0 HE TOBOPHTH. AJie SKIIO B THX XK€ YMOBaX WMOBIp-
HICTH 1HIIOT moaii B popiBHIOE 0.4, TO MOJKHA BBA)KATH, IO YMOBH IS MOSIBH JPYroi
noali OUTHIT CIpUATIHBI 200 ApPyra MOMisl CIIOCTEPIracThCA YacTINIe MePIIoi (IUB. PO3-
min 3.4). Tlpore mMajao BMITH MOPIBHIOBATH WMOBIPHOCTI ASKUTBKOX MOAIH, TMOTPIOHO
BMITH iX BH3HAUaTW (B OJHUX JOCHIaX BU3HAYCHHS WMOBIPHOCTI Haramye, CKOpIIIIE,
oOuucieHHs 3a (OPMYIIOI0, B IHIMAX — BUMIP (PI3UUHOT BETMUNHN). ®

[lepmr vk yBOmWUTH TOW 200 THINH CMTOCIO BU3HAYCHHS WMOBIPHOCTI, PO3TIITHEMO
AK TIpUKJIaA (PI3UUHY aHAJOTIIO, O TPYHTYETHCA HA BBEICHHI TIOHATTS TEMIICpaTypH i
croco0y BUMIPY Temmeparypu. [HTyiTHBHE BH3HAUCHHS TEMIIEPATypH SIK CTYICHS Ha-
TPIBY, IO BIAYYBAETHCA JIFOAWHOIO, JOCUTh CYO'€KTHBHE W HaBpSA 4YM MOXe OyTH
CIpUHATE 1HIUAM. TOMY TIpH BBEACHHI CIOCO0Y BUMIPY TEMIEPATYPH JTOMOBIISIFOTHCS
PO JBA TAKWX TIOHATTS

1) penepni, abo omopHi, TOUKKW Ha MK (iX 1B1), TOOTO Takl CTaHH, SKI MOXYTh
OyTH JIETKO BIATBOPEHI 3a 1X OMHMCAMH 1 SIKAM 30BCIM JOBLIBHO MPUIHUCYIOTHCS TIEBHI
3HAYEHHA TEMIICPaTypH,

2) (izuunHMit mporiec, 3a JOMOMOTOI0 SKOT0 Oy/Ie TPOBOIUTUCS BUMIP TEMIIEPATy-
pH; AK TPABHJIO, MOBA HJIe TPO 3MIHY 00'€My Tak 3BaHOTO “TEPMOMETPUYHOTO Tijia”,
HAMPUKIIAA, PTYTI, COIUPTY 1 T. 1H.

Ipuxnaan 3.4. Y mkami [{enbcis sk pernepH1 TOUkW 0OpaHl CTaHW 3aMEP3aHHs BOJIA
(TaHEeHHS JIbOTY) 1 KUTIIHHA BOAM (KOHACHCAIIIT TTapy) IPH CTaHAAPTHOMY arMochepHO-
My THCKY. [{\M periepHuM ToUKaM MPUMHCAHI 3HAUCHHS TEMIIEPATYPH, SIKI TOPIBHIOIOThH
BiamoBiHO 0°C 1 100°C. Ha noBLIbHICTS WX YHCIIOBHX 3HAUCHB yKa3ye TOH (pakt, 1m0
cnouatky llenbciit mpumnrcaB TaHeHHIO a0y Temnepatrypy 100°C, a KuniHHIO BOIU —
0°C. Bimomi HaM 3HAYCHHS TEMTEPATYPH Y3BUYATUCS TPOXH Ti3HIMmE, yxe micis [le-
ancisa. s Toro mo6 3BHuaiiHuil mpoitec 3MIHA 00'eMy ““TEPMOMETPUYHOTO Tijia~ TIPH
fioro HarpiBaHHi a00 OXOJIOJKEHHI MIT OyTH 3aCTOCOBAHWH I BUMIPY TeMIIEPaTypH,
NMOTPIOHO BBECTH KAy, IO, TIO CYTI, sABJsSE COOOIO JHINKY, HA SKIH MK JBOMA TOY-
kamHu 13 3HaueHHAMH 0 1 100 € 99 moainok. IleBHE MONMOKEHHS MEK1 TEPMOMETPHYHOTO
TiJ1a, HATPUKJIA] MEHicKa miagapOoBaHOTO CIMPTY ab0 PTYTI, BIAMOBIAAE TEBHIHN MO/II-
JIT1 Ha MIKAJTl, a OT)KE, 3HAUCHHIO TeMIIepaTypH. A

[ToBepHEMOCS 10 BU3HAUCHHS WMOBIPHOCTI, MTOYABIIHA 3 JOMOBJICHOCTI TIPO BHOIP
JBOX perepHUX (OmopHUX) Moaid. TakumMu pernepHUMU MOIISIMA BUOUPAIOTh HEMOKJTH-
BY Ta BIPOT1AHY TOII.
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HeMo0:k1MBO MOAI€H0 HA3UBAIOTH MOJI0, 0 B YMOBAX JAHOTO JOCHIIAY HIKOJIU
HE BIIOYBAETHCA.

BiporinHoro Ha3WBAEThCSA MOMAISA, SKa B YMOBAx JAHOTO JOCHIAY BIAOYBAETHCS
3aBXK/]IH.

[Tonis, mo He € HeMOXKHMBA a00 BIPOTiHA, HA3UBAETHCH (1 €) MOKJINBOIO.

3a BU3HAUEHHAM, HEMOMUTHBIH TTOA11 IPHITUCYIOTh HMOBIPHICTS, sika AopiBHIOE 0, a
BIPOT1/IHII — HMOBIPHICTB, KA JTOPIBHIOE 1. PIMOBipHiCTB MOYKJIMBUX TOIIA 3HAXOIUTE-
camix011:

0<P(4)<1.

ToGro pizHHIS MiXK WMOBIPHOCTAMH BIPOTITHOT W HEMOXUIIMBOI TOAIN BiAIrpae
poss MacmTady JJTa BUMIPY HMOBIpHOCTEH ycix 1HmmMX nomii. Himo He 3aBaxkae mpwu-
MUACATH OTOPHUM TOMIAM 1HIN 3HA4YeHHS HWMoOBIpHOCTI, Hampukian —100 1 +100, ane
CKJayiacst Tpaauilist Budopy came 3uauens 01 1.

Sximo mois, mo MIKaBUTh JOCITITHAKA, HANPUKITIAT A, y A7AaHOMY JTOCIIiJII HE HACcTa-
Ja, TO HacTaja fAKach 1HINA MOAIA. TakWxX THIMUX MOMINA y JaHOMY JOCHIAI MOXe OyTH
JOCHTH 6arato, IPHUOMY BCi BOHH JUTS JOCITIIHHKA, 110 BHBYAE caMe MOIio A”, MOXYTh
Oyt HemikaBuMH. [IJ1st TOTo 1100 BIA3HAYUTH B JTaOOPATOPHOMY KypHAII, O Tomis A
HE HAcTaia, He BAAIOYUCH J0 3alBUX MOAPOOHITH CTOCOBHO TOTO, IO JK YCe-Takh BiAOY-
JOCS B JAHOMY JOCHI1, YBOAATH CIICIIalbHE BU3HAYCHHS.

IMporniexHor 10 nonii A4 HA3WBaeThes MOAis A , O MOJArae B HEHACTAHHI MO-
i A.

SIkmo Axack mosia A € HEMOMITMBOIO, TO TIPOTHIIEKHA iif mois A Oyme Biporia-
HOTO 1 HABIAKH.

Jlesika ol B yMOBax AQHOTO JOCHTIAY HA3WBAETHCA MPAKTHYHO HEMOKJIHBOIO,
AKIIO ii KMOBIPHICTh MOKHA BBAXKATH Ty K€ MAaJIOKO:

P(4) = 0.

Jlesika momiss B yMOBaX AAHOTO JOC/IAY HA3WBAETHCS MPAKTHYHO BipOTiTHOIO,
AKIIO i1 KMOBIPHICTh MOKHA BBAXKATH OJIM3HKOIO 10 OTUHUIII:

PA) = 1.

SIkmo monist A MPaKTHYHO HEMOYITHBA, TO TIPOTHIIEKHA il TTomis 4 Gyzme mpakTH-
YHO BIPOT1THOIO 1 HABITAKH.

3ayBaxennsi 3.3. Y 6aratbox JIfOACH, SKI TOYNHAIOTH BUBUATH TEOPIIO HMOBIPHO-
CTeH, BUHWKAE TMHUTAHHSA, SKE cCaMe 3HAUEHHS WMOBIPHOCTI BAapTO BBAXXKATH MAJIUM, a
AKe — BeMKAM. BiAMoBiAb HA 1€ MUTAHHS JOCHUTH CyO'€KTHBHA, 1 HE MOXe OyTH JdaHa
TOYHO. Y Teopli HMOBIPHOCTEH 1 MaTeMaTHYHIH CTaTUCTHUIl JOCUTHh YaCTO 3YCTPIUArOTh-

> MOXITMBO, IO 3apajd BUBYEHHS 3aKOHOMIPHOCTI HACTaHHS TiIbKM momii 4 JaHWi HOCIi[
1 IPOBOUTHCSL.
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Csl CUTyallli, sIKI BUKJIMKAIOTh MOJAMB Yy ‘HOBAuka , TOMY III0 B HUX SBHO MPUCYTHIH
cy0’ekTHBI3M AociqHIKa. YacTKOBO PO3'SICHIOE CHTYAIIIO MOJAaHUH HIKYC TPUKIIA. A
Ipuxaax 3.5. (Beatnens, 1970). V mouarkiBiliB BUHWKAE TMHTAHHS, YA MOXHA
BBaYKaTH MaJIMM 3HAYCHHS WMOBIPHOCTI, SIKE JOPIBHIOE 107, [Ipunyctumo, mo otpuma-
Ha MO3UTHBHA BIAMOBIIb. 101 BUHUKAE 1HINE 3alUTAHHS, IO € YTOUHCHHSAM IIEPIIOro:
9y MOXKHA BBAXKATH MAJIOK WMOBipHicT 107 TOro, mo mig yac crpubka 3 maparmyTtoM
MapamyT He PO3KPHETHCA? 3BHUANHO, BiAPa3y K JA€ThCsS HETaTUBHA BIATIOBIAL. @

Ha 3aBepimienHs maHoro po3auty chOpMyJTIOEMO OJIWH TPUHITUT, SKHK pa3oM 13
MOHATTSMHU MPAKTHYHO HEMOXKITMBOI W MPAKTUYHO BIPOT1MHOI TOMAIl CTaHE OCTATOYHO
3pO3yMUTHM 1 TIOTPIOHMM TPU BUBYEHHI OCHOB CTaTHUCTHKW. Haramaemo, mo mpwuHITHAT
— 1Ie TaKe TBEP/UKEHHS, IO HE TOBOJUTHCS H, 3arajjoM KaKydd, HE MOXKe OyTH TOBEe-
He. OHAK 11 TBEPHKEHHS TIOCHUTh OOTPYHTOBAHE MPAKTHYHO, HE MPU3BOJIUTH 10 TPO-
TUPIY 1 3aCTOCOBYETHCA PA30M 3 IHIAMH MMOIOHUMH TBEPHKCHHAMH K METOA0JIOTIIHA
0a3a mMeBHOI HaAyKH (MOXKHA CKa3aTH, IO TakKl TBEPKEHHA, a00 JOMOBJICHOCTI, CKIaaa-
I0Th MAPAUTMYy HAYKH).

IpuHmmn nmpakTUYHOT BiporigHOCTL. KO B yMOBax MaHOTO AOCIITY Tomis A
MPAKTUYHO HEMOJXKIIUBA, TO MPH OJHOPA30BOMY MPOBEACHHI MOCTIAY MO0 A MOXHA
BBA)KATH B3arajil HEMOXKIIUBOIO.

OueBUHICT IHOTO MPUHITUITY HE BUMarae mosicHeHb. Hampukian, kymyroun Jio-
TEPEHHUI KBUTOK, JTIOJIMHA, KA PaIllOHAIFHO MUCIIATD, HE Oye OpaT BEIMKUH KPEIUT
1 T. 1H., CIIO/TIBAIOYKMCH HA BUTPAII.

3.4. CraTucTHyHA HMOBIPHICTH

Hexait nocnia mpoBoauThes 7 pasiB (OyaeMO BBXKATH, IO JTOBXKHHA CEPii TOCTIAIB
JopiBHIOE 77 200 IO MPOBEACHA Cepis AOCTIAIB JOBXHUHOIO 1). Hexait y maniii cepii moc-
miaiB HacraBana moxis A. KinbkicTe HacTaHb (MOAB, CIIOCTEPEXKEHb 1 T. 1H.) moAli A
B Cepli 7 TOCIIIIB HA3UBAETHCA YACTOTOK moaii A. YacTora mofii mo3HavaeTscs n (4).
Cama gacrota moaii # (A) 6€3BIMHOCHO O MOBXHWHK 1 CEP1i TOCIIIIB MajIO TIPO 10 TOo-
Boputh. JliticHo, Hexait momisa 4 Hacrae 10 pazis y cepii 31 100 mocmiais, a momis B —
CTUTbKH X paziB y cepii 3 1000 mocmimis. Yactotu moxiit A 1 B ogHakoBl, T00TO 1 (4) =
n (B), ane pi3HUIS B HacTaHHI ol 4 1 B odueBuana. J{is Toro mob “npus's3atu’ yac-
TOTY JIO TOBXHHHU CEPli JOCII/IIB, MPOCTIIIE POTISHYTH BITHOMICHHS ITUX JABOX BEJIH-
YWH, TOOTO BBECTH HOBY BEJTUUNHY.

BignocHa yacrora mogii 4 — 11¢ BIIHOIEHHS 9acTOTH moii A 10 TOBXKWHHU cepli
JOCIITIB:

n4)

n

OCKUThKHM 9acTOTa MO/l HE MOXKE OyTH MEHIIIOKO HYJIS ¥ OUTBIIOIO 77, TO 3HAUCHHS
BITHOCHOI YaCTOTH OyAb-IKO1 TOI1i 3HAXOAUTHCS B MEKaAX
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0<MA)
n

XKutTeBrid MOCBIM 1 3MOPOBHA TTy3/ MIAKA3YIOTh, MO MPH 30UTBINEHHI KIJTBKOCTI
JOCIIIIIB )T ACSKHUX IOJINM BIAHOCHA YaCTOTa MePecTace 3 MPUHHATHOO JUIS JOCIITHHKA
TOYHICTIO 3MIHIOBATHCS. Y TaKWX BUMAAKAX TOBOPATH, IO B YMOBAX JAHOTO JOCIITY
JUTSL BITHOCHOT 9aCTOTH BUKOHYETHCS BJIACTHBICTD CTA0LTi3aIIi].

Ipuxnan 3.6. (Beatuens, 1970). Hexait gocnia nonsArae B miAKUAaHHI MOHETH, a
MoJis, 10 IIKaBUTh HAC, BU3HAUeHa Tak. A={mosBa opja}. Y Tabm. 3.1 HaBeaeHi pe-
3ynbTaty cepii mocniai 3 n=600 miakugaHs MOHETH (U1 TPOCTOTH AOCH1 OYB TOIiIe-
HuH Ha 60 “miacepiii”, y KOXHIN 13 AKUX Kuaamics ogHodacHo 10 Morer).

Ta6m. 3.1
N P*(4) N P (A4) N P (A)
10 0,600 210 0,462 410 0,502
20 0,650 220 0,472 420 0,512
30 0,600 230 0,470 430 0,512
40 0,575 240 0,479 440 0,514
50 0,540 250 0,484 450 0,519
60 0,550 260 0,477 460 0,515
70 0,528 270 0,489 470 0,515
80 0,512 280 0,482 480 0,510
90 0,588 290 0,493 490 0,508
100 0,490 300 0,497 500 0,510
110 0,550 310 0,500 510 0,506
120 0,492 320 0,503 520 0,516
130 0,523 330 0,497 530 0,513
140 0,500 340 0,506 540 0,515
150 0,493 350 0,497 550 0,513
160 0,475 360 0,497 560 0,511
170 0,471 370 0,495 570 0,512
180 0,472 380 0,492 580 0,509
190 0,463 390 0,500 590 0,507
200 0,465 400 0,498 600 0,505

Jlia GurbIioi HA0UHOCTI HA puc. 3.2 300pakeHa 3aJIeKHICTh BITHOCHOI YaCTOTH TI0-

SIBHM OPJIa B1JT KUTBKOCTI TOCITIJIIB /1. ®

3ayBaskenHst 3.4. 3po3yMiJIo, IO 30BCIM HE 00OB'I3KOBO B KOXKHIM cepii TOCTIAIB
Oyae crocTepiratucs cTaduTi3aIisd BIIHOCHOT 4acTOTH. MOXITMBO, I PO3TSHYTHX
MPOIIECIB XapaKTEPHA HAIBHICTh ACIKOTO “30yprorouoro” ¢akropa, Mo HEMOMITHO IS
JOCTIAHAKA 3MIHIOE YMOBH JOCIITY. JlOCUTH ySBHTH MIIKWIAHHSI MOHETH, SIKY TICISA
KOXXHOTO TIAKUIAHHSA THYTH. Takl MPOIEeCcH 4acTo 3yCTPIYArOThHCS B MPUPOI03HABCTBI,
aJic HAaMH PO3TJIAIAaTHCA HE OYIyTh, TOMY 110 YMOBH JOCHITY TYT 3MIHIOIOTHCS. A
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Puc. 3.2. I'padik crabimizamii BiTHOCHUX YaCTOT

Sximo B q0CIiAl CIIOCTEPITaeThes cTaduIizalis BIIHOCHOT YacTOTH, OyIeMoO Has3H-

BaT CTaOLTI30BaHy BINHOCHY YacTOTy CTATHCTHYHOK IMOBIPHICTHO i TO3HAYaTH
. . . 4
BEPXHIM 1HJICKCOM y BUTJISIAL “31pOUKH”

P*(4)= ”(HA). 3.1)

IHomi, mo6 MIAKPECTUTH BAKIMBICTh BUKOHAHHS YMOBHM cTadimizaiiii BiIHOCHOI
YaCTOTH BH3HAYCHHS CTATUCTHYHOI HMOBIPHOCTI 3aITUCYIOTh Y TaKHil coCiO:

P (4)= lim n(4) (3.2)

n—owo N

OueBUHO, IO CTATUCTUYHA WMOBIPHICTH 33I0BOJIGHAE 3arajbHe OOMEKCHHS IS
3HAYEHb HMOBIPHOCTI Oy ab-IKOT MO/

0<P (4)<1. (3.3)

3ayBaxenns 3.5. Takuii eKCTIEpUMEHTAJIbHAN BUMIP WMOBIPHOCTI MOKE BUKIIH-
Karu neskuit moaus. OMHAK BI3HAYAMO, 10 6arato (Gi3MYHUX BUMIPIB caMme Tak 1 371H-
cHIOeThCA. Hanmpukian, mpu BUMIpI TeMmiepaTypu BUMOTa CTabUTI3aIli y BUTJISA/I1 BUPIB-
HIOBAHHS TeMIiepaTyp (pi3ndHOro TIa i TepMoMeTpa (HOTO TETJIOEMHICTH TIOBUHHA OY-
TH HA0araTo MEHIOKI TEIJIOEMHOCTI TijIa, TEMIIEPATypa AKOTO BUMIPIOETHCS) € HE TLTb-

* 3ipoukoro TyT i masti OyaneMo Mo3Ha4YaTH BEINYHNHU, BUSHAYEH] B TOCIII.
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KW 3BHYaiiHa, BOHA JI0 TOTO X (GOPMYJTIOETHCS y BUTJISAL Tak 3BAHOTO HYJIHOBOTO TIOUA-
TKY TepMOIWHaMIKH. be3 MOXIMBOCTI TakOro BHPIBHIOBAHHS (cTaburizallii) eKcrepu-
MEHTaJIbHa OCHOBA TEPMOIMHAMIKH MPOCTO He Moria O OyTu 3abe3neucHa. A

3.5. Knacuyna iiMoOBIpHICTH

JInsa BBEACHHS IHIIOTO CMOCOOY BW3HAUCHHS TOHATTS WMOBIPHOCTI BHUMAIKOBHX
OAi# moTPiOHI KIJIbKa JOMIOMIXKHMX BH3HAUYECHB, 30KpEMa TaKI.

Kinmbka momiii B yMoBax JaHOTO JOCHIAY HA3WBAIOTHCS MOBHOK IPymoro (Tomiii),
AKILO TOCI1 3aBX A1 (MOXKHA CKa3aTH, 000B'I3KOBO) 3aKIHIYETHCS OJHIEIO 3 UX MOJIH.

Hpuxaax 3.7. Skmo gocnia moisarae B MAKHAAHHI TPATPHOTO KyOHKa, TO TOBHY
TPyIy MOKHA CKJIACTH, TIEPEJYUBIITHM BC1 pe3yibTatd maHoro mocmiay: {1}, {2}, {3},
45, {5}, {6}. @

[loBHa rpymna moiit Mae Taky BJIACTHUBICTb, IO HA3UBAETHCS BJIACTUBICTIO TIOBHO-
TH: SKIIO IO TIOBHOI TPYMH TOMIH AOJATH JOBUTbHY KIJIBKICTh MOXKITUBHX Y JAHOMY JIO-
CITI/T1 TIO/TIH, TO BJIACTUBICTH TOBHOTH TPYIIH MO1i HE 3MIHUTHCS.

Ipuxaan 3.7 (HpOI[OB)KeHHH) Tak, sKimo momatu A0 CHUCKY 3 MIECTH MOl 1I1e
IB1, SIK1 MOJIATAIOTH Y BUMAJAHHI MAPHOTO HenapHoro yucna: B= {2 4,6} 1C= {1 3,54,
TO MOYXHA TIEPEKOHATHCS, IO BJIACTHBICTH MOBHOTH “‘PO3IMUPEHOI” TPYMH TOMIHA, AK 1
paHilie, BUKOHYETHCS. @

Kinmbka momiit B ymMoBax JaHOTO JAOCTIAY HA3WBAIOTHCSA HECYMiCHUMH, SIKIO TIOSIBA
OJTHI€T 3 HAX BUKJIIOYAE HACTAHHS 1HIMUX (Y AOCIA MOXE 3'IBUTHACA TUIBKH OJIHA 3 HE-
CYMICHHX TIOIH).

Hpuxnaa 3.7 (mponosxkenns). licte momii {1}, {2}, {3}, {4}, {5}, {6} yTBO-
PIOIOTH TPyMy HecyMmicHUX momii. J[ia Toro mod He CKIIagocs MOMWIKOBE YSBJICHHSA,
10 TTIOBHA TPyTa ¥ rpyma HeCYMICHHUX TIOJIIH — 1€ OJTHE U T€ caMme, BIApa3y BKAXEMO, 10
nonapaHHsa noaii B abo C pobuth 10 rpymy mojid cymicHow. JlificHO, mopa3sy, Koau
Hactae o {1}, Hactae ¥ moaisa C. @

VY rpynm HECYMICHHX MOJIIH, TaK caMo, SK 1 B IIOBHOI TPYIH IO/, € OJTHA OUCBH/I-
Ha BIACTUBICTh. BOHA HEe Mae HISAKOI cHeIiaJbHOT HA3BH ¥ (hOPMYITIOETHCA Tak. [3 rpymu
HECYMICHHMX MO/l MOKHA BHKJIIOUATH JOBLIBHY KIJIBKICTh TOMAIH JTOTH, MOKH KUTBKICTh
MOJIN, IO 3aJTUITIIIACS, Oy/JIe He MEHIIIA ABOX, MPH I[bOMY BJIACTHBICTh HECYMICHOCTI B
TPy MO, IO 3AJTHIITUAINCS, 30€PIracThCA.

Kinmbka momiii B yMOBaxX MaHOTO JOCIITY HA3WBAIOTHCS PIBHOMOKJIUBHMM, SKIIIO
JOCIIIJT OPTaHI30BaHUI TaKUM YHWHOM, IO 3a3JajIeriab BIJIOMO, IO YKOJIHA 3 MOl He-
Mae OUTBIIOI MOKJIMBOCTI HOSIBH, HIK 1HIIII.

Ipuxaax 3.7. (mpomoBxkeHH:A). SIKIIO TpabHANA KyOWK CHMETPUYHUHN, TO MOl
{1}, {2}, {3}, {4}, {5}, {6} yTBOPIOIOTH TPYyNy PIBHOMOJIMBHUX MOJINA. ®

Ha ocHOB1 BH3Ha4YeHb MOHATH MOBHOI TPYIH, TPYIH HECYMICHUX TIOJIIH 1 TPYIH Pi-
BHOMOJKJTMBHX T/ JaM0 HOBE BU3HAUCHHs. BoHO Oyze 3acTocoBaHe /sl BUSHAUCHHS
KJTacuaHOi WMOBIpHOCTI. OTKe, MOBHA TPyNa HECYMICHUX 1 PIBHOMOXIIMBUX MO B
yMOBaX JTAHOTO JOCIITy HA3WBAETHCSI BUNMAAKAMH (MIaHcamMu). YCi BUTIAJKH, MO0 MO-
KyTh CTIOCTEPITATUCSA B JAHOMY JOCII/I, PO3MLITAMO Ha JAB1 KaTeropii (Ha 1aBa COPTH,
JIBa PI3HOBUAM # T.JI.) CTOCOBHO iX BITHONICHB J0 TOMIi A, O MIKaBUTh HAC.
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Bunanok Ha3uBaeThCA COPUATIMBUM JUIS MOAIT A, AKIIO HACTAHHS JAHOTO BHIIA-
JIKy BUKJTHKAE (MOYKHA CKA3aTH, 03HAYA€E, MPUIOMY aBTOMATHUYHO) HACTaHHS MOIi 4.

Hpuknag 3.7 (mpoaosxenns). [nsa moaii B copuaTiuBUMHU OyayTh Takl MOIIi:
{2}, {4}, {6}, a nana moxii C — Tpu mofli, 0 3aJTUIMIMIUCS 3 TPYIH HECYMICHUX TOJIM:
{13, {3}, {5}. @

Hexait B ymMOBax AaHOTO MOCHITY MOXYTh CHOCTEPITATHCS 7 BUMAJKIB, 13 SKHX
muie m(A) cnpusioTh Noali A, TOAl KJIACHYHOK HMOBIPHICTIO TIO1i 4 HAa3MBAETHCS
BIIHOLICHHS ;

P4) = %A) . (3.4)

OCKIIbKM KUTBKICTh COPUATIUBUX AAHINH MOl BUMAAKIB 71(A) He MOXe OyTH MEH-
ITI0I0 HYJIS i OUTBIIIOI0 KUTHKOCTI BCIX BUMAAKIB 777 JAHOTO JOCHIAY, TO 3HAUCHHS KJIaCH-
YHO1 HMOBIPHOCT1 OY/Ib-SIKOi TTO/T11 3HAXOUTHCA B MEKaX

0<P(A)<1, (3.5)

IO y3TOJIKY€ETHCA 13 3arajlbHUM BU3HAUCHHSIM IMOBIPHOCTI, JAHUM Yy po3. 3.3.

Ipuxaanx 3.8 (Bentiens, 1970). ¥V xopob1ii € 5 kynb, 13 axux 2 011 1 3 yopHi. [3
KOPOOKHA HAaBMaHHS BUMMAIOTh OJIHY KYJI0. 3HAWTH HMOBIPHICTH TOTO, 11O IS KyJs Oy-
ae OuToro.

Jna momi A={mosia Ou101 KyJi} 3arajibHa KUTBKICTh BHUNAAKIB M=35; 13 HHX
m(A) =2, To0To 2 BUNAAKK € COpUATINBI Mol A, omxke P(4)=2/5=0,4. ®

Ipuxaan 3.9 (Beatnens, 1970). ¥V xopobti € 7 kyas: 4 6111 1 3 yopHi. 3 Hel BUi-
MaroTh (OHOYACHO 200 TMOCHIIOBHO) MBI Kyi. 3HAWTH HMOBIPHICTH TOTO, IO OOMABI
Ky OyayTh OUTUMH.

Jlna moaii B={o6uasi Ky OuTl} 3arajgbHa KUTHKICTh BUMAAKIB TOPIBHIOE KUTHKOCTI
croco01B, SKUMH MOKHA BUOpaTh 2 Kymi 3 7:

m=c3-—1__%7 5
(7-2)] 1.2

’

a KUTBKICTh CIPHUSATIMBHX IO1i B BUIMAAKIB — IIe KIJIBKICTh CIOCO0IB, SIKUMH MOYKHA BH-
Opatu 2 Outl Ky 3 4:

n(B)zCL%:i' =6.

I

[\

> MU HABMHUCHO BifICTYIIA€MO Bif TPamuiii, BIAMOBIAHO [0 SIKOi MPUHHATO FOBOPUTH MPO “KIia-
cruHy (GopmMysry HMOBIPHOCTI”, IPUIOMY TUIBKH JIMLIE ISl OJHAKOBOCTI 3 BU3HAUEHHSIM HMOBIPHOCTI,
naHuM y posaini 3.4. Lle, Ha Hamy AyMKY, CIPUSITEME OUTBIIT JIETKOMY 3araM'siTOByBaHHIO. BTiMm, Mo-
*kHa Oysio O 30BCIM “CHMETPUYHO” TOBOPUTH MPO “CTATHCTUYHY (HOopMyTy HMOBIPHOCTI”.
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3siacu P(B)=6/21=2/7. ®
IHpuxnaaa 3.10 (Bentuens, 1970). ¥V xopobui 3 611 # 2 yopH1 kymi. Busnaunmo
momi:

A = { mosiBa OUTOI Kyl MpH TIEPIIOMY BUHMAaHHI},
B = { nmossa 61101 KyJ1l IPA APYTOMY BUHMAaHHI} .

Sxmo mepina BHHHSTA KyJiA MOBEPTAETHCA B KOPOOKY, TOJI, OYEBHIHO, IMOBIp-
HICTh HAaCTaHHS No/1i B He 3aJIe;KUTh BIJI TOTO, Y4 HAacTaja momist A:

P(4)=3/5=0,6, P(B)=3/5=0.6.

Sximo k mepia BHHATA KyJs HE TOBEPTAETHCSI B KOPOOKY, TO CHTYyaIlls 3MIHIO-
eTbes. SIkmio momis A HacTana, To0To Oyia BUMHATA OUT1a KyJid, TO HMOBIPHICTH TIOdil B
nopisatoe P(B) = 1/2. Sxmo x nomis A He HacTajna, To0TO Oyjia BUWHATA YOpHA Ky,
to P(B) = 3/4. Takum urHOM, HMOBIPHICTH TIOAIl B HaOyBae PI3HUX 3HAUCHD 3AJICIKHO
BIJl TOTO, HAacTaja YM HEe HacTaja momia A. Y Takux BHIAJKaX TOBOPATH, IO moais B
3aJIeKUTH Big moaii A (To0To HacTaHHS MOl B 3a/leKUTh B1J HAacTaHHA Tomii A),

a IMOBIPHICTP TO/I1i HA3WBAIOTH YMOBHOIO (IUB. po3aut 3.13). @
3.6. IlopiBHIHHS CTATUCTUYHOI TA KJIACUYHOI iiIMOBipHOCTell

[Tpu Bcii moai6HOCTI hopmyn mis cratucTranoi (3.1) 1 kmacuunoi (3.4) WMOBIp-
HOCTEH (3p03yMIJIO, M0 OYKBH 7 1 ¥ MOKHA TIOMIHATH MICIIAMHE Y (popMyax, BiT IbOTO
HIYOTO HE 3MIHUTHCS, TOJIOBHE — JOMOBUTHCS MPO TE, sika OyKBa M0 MO3HAYaE) Il Mo-
HATTS TMPUHIIATIOBO PO3PI3HAIOTHCA. 3BEPHEMO yBary Ha Te, IO CTaTUCTHYHA HMOBIp-
HICTh MOX€ 00urCIIOBaTUCS A1 Oyab-akoi moii. [loTpi6H1 TIbKH:

1) mMoxuBICTE 0araropa3zoBOTO BIATBOPEHHS BIAMOBIIHOTO AOCTiAy (IS ymMoBa
“3aKymaieHa’” y BU3HAUCHH1 JOCTIAY ),

2) BUKOHAHHS YMOBH cTa01113a111i BIIHOCHOI YaCTOTH.

Cdepa 3acTocyBaHHS KJIACHYHOI HMOBIPHOCTI Ha0araTto ByX4Ya, OCKLJIBKH YMOBH
JOCTIAY TIOBUHHI OyTH TakWMH, 00 HOTO Pe3ysbTaTh 3aA0BOJIBHSIN BU3HAUCHHS BH-
naakiB (manciB). g mporo motpibHa neska “cumerpis’ (He 000B’S3KOBO B OYKBaJTh-
HOMY, TEOMETPUIHOMY, CEHC1) YMOB J0CHiy. Taki yMOBH HE Qy’Ke 4acTO 3yCTPIUalOTh-
cs B IpUPO03HABCTBI. Hanmpukian, iX MoXHA CHOCTEpIraTH B I'CHETHIl M KBAHTOBIH
Mexanimi. Baxxnso 1HIme. Y TUxX gocaigax, il SKUX 3aCTOCYBaHHS KJIaCHIHOI HMOBIp-
HOCTI BHITQIKOBUX TIOMIIH € MOKJIMBE, BUABIIAECTHCA, 10 KJIACHYHA W CTAaTUCTHYHA WMO-
BIPHOCTI MPUBOJATH IO OAHMX 1 TUX K€ 3HAUCHb. L[e CBiMUMTh TIpo Te, M0 BBEICHI HAMH
crnocoOH BU3HAUCHHS HMOBIPHOCTI Y3TOKEHI MK cO00I0, IO J03BOJISE CIIOAIBATHCS
Ha 1X 00'€KTUBHICTb.
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3.7. 'eomeTpuyHa IMOBIPHICTH

VY Garatbox OOCagax KUIBKICTh MOMIA Taka BeJIMKA, IO MOKHA BBaXKaTw ii
MPAKTUIHO HECKIHUCHHOIO. Y TOMIOHWX BUMAAKAX BUKOPWUCTAHHS KJIACHYHOTO BH3HA-
YEHHS WMOBIPHOCTI € HEMPUHHATHE, 1 s ii 00UHUCIEHHS 3aCTOCOBYIOTh TCOMETPUUHY
iaTeprperaitio (['paepman, 1991).

VY1 MOXITHBI PE3yIbTaTH TAKUX TOCIIIIB 300PaKyIOTHCS TOUKAMH JCSKOTO Bif-
pizka U Ha mpsamiii, Toukamu neskoi ¢irypu U Ha mmommHi (puc. 3.3) abo Toukamu nie-
AKOTO TUTa B MMPOCTOP1, a COPHUATINBI AesKii moaii A pe3yabTaTd — TOUYKaMH BiITOBI/I-
HOi Girypu A — maAMHOKHHA MHOKHHM (/. 3a BU3HAUCHHSAM HMOBIPHICTh TTOAIT A, AKIH
CIPHUSIIOTH 3a3HAYCHI TMO/I1i, JOPIBHIOE

_l4]
P(A) Tk (3.6)

nie 3Hak | | nosnauae ne MOJYJIb, @ JOBXKHUHY, IUIOMY 94X 00’ €M (3arajibHa Ha3Ba — MIpa)
BIMOBIAHOT (hIrypH.

@ @

® ®)

Puc. 3.3. 3o0paxkenns sunaakosoi momii  Puc. 3.4. [ImocTtpartis reoMeTpuaHOi HMO-
Ha miarpami Benna BIPHOCTI BHUIAKOBOI ITO/I1i

['eoMeTpuuHe BU3HAUCHHA WMOBIPHOCTI TIOB'si3aHe 3 KiacnuHuM. CripaBa B TOMY,
mo ¢irypy U Ha MJIOMMAHI MOXHA pO30UTH Ha APIOHI KBaapaTuku (puc. 3.4), 1 KOXHIA
BWTIAIKOBIH MOA11 MOYKHA Oy/ie TOCTAaBUTH y BIAMOBIAHICTh HE TOUKY, a TaKWi KBajpa-
TUK. TOMl KUTBKICTh yCIX PIBHOMOXIIMBHX TMOMIH — 1€ KUTBKICTh YCIX KBAJPATHKIB, IO
cki1anaTh ¢Girypy U, ToOTO BelIHUHHA, MPOIOPIHHA mion [/, a KUIBKICTh MOJIH, SIK1
CIPHUSIIOTh MO1i A, — 1€ KUTBKICTh KBaJApaTHKIB, Y Girypl A, ToOTO BEIMUMHA, TTPOTIOP-
miiHa o ¢irypu A. 3Bigcu # Buxoauts opmyna (3.6) s reoMeTpUdHOI HMOBIp-
HOCTI.

3po3yM1JIO, IO KLIBKICTh KBAJAPATHKIB JIa€ JIMIINC HAOIMKECHE 3HAUCHHS IO (i-
rypu A 1, 1y1st TOTO, MOO OJep)aTH TOUHE 3HAYCHHS, MOTPIOHO TMEPEHTH 0 TPaHUIl Bi-
JTHOIIIEHHS KUTBKOCTI KBaIPATHKIB, IO CKIAMal0Th Pirypy 4, 10 KUTbKOCTI KBaJAPaTHKIB,
K1 yTBOPIOIOTH ¢irypy U, 3a HeoOMEXKeHOTO 3MEHIIICHHS PO3MIPIB KBaIpPaTHKIB (TOOTO
32 HEOOMEXKEHOTO 30UTBITICHHS 1X KUTBKOCTI). 3MICT T€OMETPUYHOTO BU3HAUCHHS i TTO-
JSTaE B TOMY, IO HE Tpebda mopasy po3duBaT (IrypH Ha KBaJAPATHKH, OOUHCITIOBATH X
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PO3MIp, BU3HAYATH iX KUIBKICTH 1 MEPEXOAUTH A0 TpaHuill. JIoCTaTHhO 3HAWTH TLIOIII
diryp 4 1 U 1 00UHCITUTH BITHOMICHHS 1X THTOTII.

3.8. IIpocTip eremMeHTApPHUX MOTii

VY po3a. 3.1 — 3.6 My BBelIM BaXKJIMB1 TMOHATTS, MOB'3aH1 3 IMOBIPHICTIO BHIIAIKO-
BHX IIOJ1HA. 3BEPHEMO yBary Ha Te, IO MU PO3IVISAAIN TIIBKH MOOAMHOKI momii. Tum
4acoM Yy MPHUPOJIO3HABCTBI BEJIMKE 3HAUYCHHS Ma€ BMIHHS BHSBIISTH B3aEMO3B'SI30K MK
PI3HMMH, HAWJACTIIIe BUIIAJKOBUMH, SIBUIIAMH. PO3rIsTHEMO BHIAAKOBI MOJLi, Ali HaxA
HUMH Ta 3B’ 13kH MK HUMH. [lomepe1Hb0 HaBeAEMO BU3HAUCHHS ICIKAX TOHSTh.

Jlesika moist B yMOBax JAQHOTO JIOCIITY HA3WBAETHCS €JIEMEHTAPHOIO, SKIIO BOHA
HE MOKe OyTH 3BeIeHA J0 THIIHMX, OUTHIIT MPOCTHX B YMOBAX JAHOTO TOCIITY, TIOIH.

Ipuxaax 3.11. ¥V mocmim miakugaeThes rpanbanii kyouk. [lomis B={punamxiHas
MApHOTO YUC/Ia} HE € eJIEMEHTapHa, TOMY 10 MOXe OyTH 3BEJeHA O TaKUX MOiH: {2},
{4}, {6}. OctanHi, y CBOIO Uepry, He MOXKYTh OYTH 3BEICHI O SKUX-HEOYIb 1HITUX TO-
T, a TOMY € €JICMCHTapHI. ®

MHokrHA BCIX €IeMEHTAPHUX MO/ B yMOBaX JaHOTO JOCTIAY Ha3UBAETHCA MPO-
CTOpPOM eJieMeHTapHHX mofiii. IIpocTip emeMeHTapHUX MO1H ITO3HAYAETHCS BEIUKOIO
JiTeporo {2 rpernbKoi aOeTKH, a I MO3HAYCHHS €JICMEHTAPHOI O/11i BUKOPHCTOBY€ETh-
cs MaJia JiTepa o, IMPUYOMYy 32 HEOOX1THOCTI 3 1HIEKCOM.

VY cTaHOBHUMO BIAMOBIIHICTh OCHOBHUX MOHATH TEOPii MHOXHH 1 T€OPii HMOBIPHOC-
Teit (Tabm. 3.2), mo Oyae naal BAKOPUCTOBYBATHUCS AJI1 HAOUHOCTI JIOBE/ICHb.

Tab6n. 3.2.
Teopist MHOXHH Teopis iimoBipHOCTEH
VYHiBepcaibHa MHOKHHA U/ [Ipoctip enemenTapaux moaii 2, BIpOTiAHA OIS
Mmuosxuna A [Toms 4
EnxemenT MHOXXHUHU g EnemenrapHa momis o
ITopoxHsa MHOXHHA () Hemoxnusa momis

I3 mormsamy Teopii MHOKHH JOBIIbHA OIS B yMOBAX JaHOTO JOCHIAY € BIJAIOBII-
HOIO TIAMHOKHAHOIO TTPOCTOPY EJIEMEHTAPHUX TTO1H.

JIiis 3pydHOCT1 PO3TIIALY BITHOIIEHh MK TIOMISIMH Ta M1 HAJ HUMHU MOKHA BHKO-
pucTtoByBaTH miarpamMu Benna. Y pasi BUKoOpucTaHHS qiarpaMm Benna mis 300pakeHHS
MOJIIH, BIAHOMIEHb MIXK HUMH Ta i HAJl HAIMA 3PYYHOIO BUSABJISETHCS T€OMETPHYHA 1H-
TepnpeTawis imosipHocTi (1mB. po3a. 3.7). MmosipricTs P(A) nomii A oGUHCIIOETHCS
AK BITHOIMEHHS 11011 (Biryp, mo 300paxkytors momaii A 1 Q2 (puc. 3.3):

S(A)
S(Q)

P(A)= (3.7)
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3.9. [ii Hag mogissMu

Jlamo Bu3Ha4YeHHS MiH Ham MOAISIMU ABoMa criocodamu. [lepmmii ciocid rpyHTy-
€THCS HA BIAOMIN TEPMIHOJIOTI TeOpli MHOXWH, a IPYTUid — OUTbINE BIAMOBINAE TEOPIi
riMoBIpHOCTEH. MoOJKHA CKa3aTH 1HAKIIE: NP crocid MmAKpecIroe “ckian’ moli,
TOOTO BKa3ye Ha €JEMEHTapHI MO/Ili, Mo ii yTBOPIOIOTh, a IPYTHil — HAa CIIOCTEPEKyBa-
HUH y gocmiml pe3yisTar. HaBenemo oOujBa BHU3HAUEHHA: TEpIe, ‘MOBOIO~ TeOpii
MHOXHH, — JIIBOPYY, a APyTe, HMOBIPHICHE, — TTPaBOPYHY.

CymMoro aBox mopiii 4 1 B Ha3UBaeThC OIS

A+ B=C,

dKa CKJIQMAEThCA 3 CIIEMCHTApHUX TMOiH, | ika moysirae B HacTaHHl abo momdii 4, abo
o HajiexkaTh abo 1o moAii A, abo mo moaii | momii B (xoda O OHIET 3 X TIOJIH).
B (xou 6u 10 OAHI€ET 3 IUX TMOA1H).

CymMma € pe3ynbTaroM Ali Haj MOJISIMHM, IO HA3WBAETHCS JOJABAaHHSAM 1 IMO3HAYA-
€THCA 3HAKOM ““+7

Ipuxaax 3.11 (mpoxosxenns). [ns momit A = {1, 2, 3} 1 B = {2, 4, 6} cymor0
oynemomisi A + B=C={1,2,3,4,6}. @

Jo0yTKoM ABOX moiii 4 1 B Ha3UBAETHC OIS

AB=AB=D,

dKa CKIIAJac€Thesl 3 €JICMCHTApHMX IOJIH, | Ka IMoJsIrae B HaCTaHH1 1 momii 4, 1 moxii B
110 HaJIeXaTth 1 10 moli A, 1 1o moaii B (o | (B oAHOUYACHIH TOABI LIMX MO ).
000X TIOIH).

JloOyTOK € pe3yapTaToM 1i Haa MOIISIMH, 10 HA3HBAETHCA MHOXKCHHSM 1 TIO3HAYA-
€ThCS 3HAKOM - a00 B3arajl He IO3HAYa€ThCS.

IHpuxnan 3.11 (mponosxenns). A B =D = {2}. ®

JlomoBHeHHSIM MOAiT A 10 moaii B Ha3UBAETHCS OIS

E=B\A,

sdKa CKIIAJac€ThCsl 3 €JICMCHTApHMX IOJIH, | AKa IMOJsArae B HACTAaHHI MOAll B, ajie He B
IO HaJleKaTh 0 NoAli B, ajie He Hajie)kaTh | HACTaHHI moali A.
JI0 moii A.

JIOTIOBHEHHS € OJTHOYACHO HA3BOIO 1 PE3YyJIbTaTy Mii Ha/ MOISAMH, 1 CaMOi J1i, BOHO
MO3HAYAETHCA TaK : “\”.
Ipuxnan 3.11 (mponosxenns). B\ A =E={4,6}. ®
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[HKONMM TPaAMJIAIOTHCS CHUTYAIlli, KONMH AedKa Mol A NOMOBHIOETHCS 0 MPOCTOPY
CIIEMEHTAPHUX TOAIH, ToOTO Ko B = Q. g pe3ylbTary Takoro JOIMOBHEHHS BBO-
IIATHCH CIEaIbHA HA3Ba.

Ioaiero, MpoTHJISKHOKO AaHIiil moaii A, Ha3MBaETHC MO

A=0\4,

sKa CKJIAJAEThCS 3 eleMeHTIB (2, 10 He | SKa mojsrac B HeHacTaHH1 moii A.
HaJle;KaTh 10 moii A.

3BuyaitHO Tpo noii A i A TOBOPATH AK MPO MPSIMi Ta MPOTHJIEKHI TTOi.

VYBeneMo BITHOIICHHS ABOX MOAIN Ha OCHOBI A00yTKy. /[Bi mosmii Ha3WBalOTh He-
CYMiCHHMM, SIKIIIO iX CITUJThHE HACTAHHA € TIOMIEI0 HEMOXKIINBOIO, TOOTO A B = (J.

Sxmo momis A Moxke OyTH IMOJIaHa Y BUTIIAAL CYMH /1 HECYMICHUX TOAiH Ay, A, ...

’
A4
“im

A=A+ A4y, +.. 4, AA=0, i,j=1,m, i#],
to momii A, A, ..., A, Ha3UBAIOTHCA BapiaHTaMM TIOI11 4.

3.10. IIpaBusio nogaBaHHs HMOBipHOCTEN
JJIS IBOX HECYMICHHUX MOii

Posrnsnemo aB1 HecyMmicH1 noAii A 1 B, iiMmoBipHOCTI sikux P(A) 1 P(B) Bimomi. Ilo-
CTaBUMO 3379y BU3HAUCHHS UMOBIpHOCTI P(A+B) cymu A+ B 1iux moAii.

Po3p’spkeMo 1m0 3amauy aBoma cnocobamu. [lepmmii crocid TpyHTYEThCA HA BU-
KOPHCTaHHI glarpaM BeHHa Ta reoMeTpudHIN iHTEpIpeTaIi WMOBIPHOCTI, a IPYTUi —
Ha CTAaTUCTHYHIA WMOBIpHOCTI. Bukmamatoun apyrwii crmoci0, OyzaemMo BBaXkaTH, 110 Bi-
JIOM1 PE3YJAbTAaTH Cepli 3 n AOCIIIIB, MOJAAHI y BHIJIAAI “‘1a0OpaTOpPHOro KypHAITY
y SIKOMY HaBeJICHI JaHl po HacTaHHA (“momroc”) Ta HeHacTtanHs (“Minyc”) momiid A 1 B
(ymoBa ctabumi3arii BiIHOCHUX YaCTOT BBAXKAETHCA BUKOHAHOIO). OOuaBA PO3B’ I3aHHS
MOIaMO OJTHOYACHO: TEpIIe, “TeOMETpUUHEe , — JIIBOPYY, a APYre, CTAaTUCTUYHE, — Tpa-

BOPYUY.

@ Ne A B

I
®) I R
3

“JlaboparopHuii >KypHaJ~® TpPH CIO-
CTEPEKEHHI JBOX HECYMICHUX TOJINA MOXKE
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Ockinbku A 1 B — HECyMICHI TIOAlI, TO
nmofii A+ B Biamosigae ¢irypa, mo ckiaaa-
€THCS 3 IBOX YaCTHH A 1 B, K1 HE TIEPETH-
HatoTbest. Omxe mmoma S(A+B) dirypm
A+B nopiBaioe cymi moin S(A) 1 S(B) ¢i-
ryp 41 B. Tomy

S(A+B) _S(A)+ S(B)

P(A+B)= =
S(Q) S(Q)
_S(4) S(B)
S(Q) S(Q)’

P(A+B)=P(A)+P(B).

MICTUTH TUIbKKA PSAJKHA 3 JIBOMa “‘MIHycCa-
Mu” a0 OAHUM “MIHYCOM ™ 1 OJTHUM ‘‘TUTIO-
com”.

Yacrora moxii A+B AOpIBHIOE CyMi
yacToT oM A 1 B. MoxHa cKa3aTH 1HaK-
me: I TIApaxyHKy 4YacToTh nomaii A+B
MOYKHA 3POOUTH MAPAXyHOK YACTOT OKpe-
MO 3a CTOBIYHKAMH A 1 B, a MOTIM CKJIAaCTH
m 4actoTh. OCKUIBKH B OJHOMY PSIAKY
IBOX “TUTIOCIB” OyTH HE MOXE, TO 4acTOTa
n(A+B) 6yae obuncnena npaswibHO. Tomy
B pa3l BUKOHAHHS yMOBH cTadimi3alii Biji-
HOCHOI 4acTOTH IS CTAaTHCTHYHOI MMOBI-
PHOCTI MaEMO

n(A+B):n(A)+n(B)

n n

P*(A+B)=

P*(A+B)=P*(4)+P"(B).

ChopmyaroeMo oepKaHHMM Pe3yJIbTaT y BUTIIAAI TaKOTO IMPaBHIIA. HMOBIPHICTH
CYMH IBOX HECYMICHHUX MOJiii 70PiBHIOE CyMi iiIMOBipHOCTel IMX MO/i:

P(A + B) = P(A) + P(B).

(3.8)

Axmo ax moxiro B BubOpaTu moAir0 A, MPOTWICKHY JaHIH moali A, TO IPaBUIIO
JOJTaBaHHS JJI1 HECYMICHUX IO MOKHA Oy/ie 3amMcaTH TAaKUM YHHOM

P(A+4)=P(4)+P(4)

(3.9)

OcCKinbKY 3 BU3HAueHHs mofii A summBae, mo 4 + A = Q, 10

P(A+4) =P(Q) = 1.

(3.10)

3B1JICH MaEMO HEPINHA BUCHOBOK 13 IPaBuia J0daBaHHI HMOBIPHOCTEH JIIS IBOX

HECYMICHUX TIOIIH:

P(A)+P(A)=1,

(3.11)

AKUH MOXKHA C(hOPMYJTIOBATH TaK: CyMa iiMOBipHOCTEell MPAMOT Ta MPOTHIIEKHOT 1M0-

A TOPiBHIOE OUHMIILL.

Ha mpakrtwii 1HTepec BUKIIMKAE CUTYaIlis, KOJU MPOTHIIEKHA TTOIS PO3KIIATAETHC
Ha MEHIITY, TIOPIBHAHO 3 MPAMOIO MOIEI0, KUTHKICTh BapiaHTiB. Y Takii cUTyallli WMOBI-
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PHICTb TPOTUJICIKHOI TOA1T OOUUCIIIOETHCS, K MPABWIIO, IPOCTIIIe WMOBIPHOCTI IPSAMOIi
nomii. Ha oMy Ga3yeThcs aApyruii BUCHOBOK 13 TIpaBWJIa JOJaBaHHS WMOBIPHOCTEH
JUTA IBOX HECYMICHHMIX TIOJIIN, 110 HA3WBAETHCS TAKOK MPABHJIOM TEPeXoay 10 MpPoOTH-
JIESKHOT moil 1 JOPMYITIOETHCS K aJITOPUTM OOUUCIICHHS HMOBIPHOCTI MPSAMOi TIOTIi:

1) Bu3HAYacTHCA HMOBIPHICTH TIpoTHIEKHOT TTOAIT P( A );

2) 06uUMCITIOEThCS HMOBipHiCTL mpsaMoi nofii P(4) = 1 — P(A).

Ha Te, mo npoTuiexHa mofia 4 po3KIafaeTbca Ha MEHIIY, TTOPIBHAHO 3 MPAMOIO
MOJIEI0, KUTHKICTh BapiaHTIB, YKa3ylOTh YTOUHEHHS “TipuHaiimMH1”, “xoua 07y ¢dopmy-
JFOBAHHI1 3a7aul.

3.11. IIpaBuyio nogaBaHHs HMOBipHOCTEH
JJIS 1eKiJIbKOX HECYMICHUX MOTii

[Tommmpumo mpaBuiio J0MaBaHHS WMOBIPHOCTEH 1 HECYyMICHHX moii (3.8) Ha m
HECYMICHMX MOIIN A1, Ay, ... , A .
[Tomamo cymy m mopiil y BUTIISA1 CyMH IBOX MO A 1 B:
A=A +Ay+ .. T Aua, B = A,
TOOTO
A=A +Ay+ .. + A4y + 4, =4+ B.
Tom mist nBOX HECYMiCHHX TIOMIH A 1 B Mo)kHA 3acTocyBaru npasuiio (3.8):

PA, + Ay + ... + Apa + 4y) = P(A) + P(B) = P(A1 + Ay + ... + A) +P(A,) .

BukoHy0UH MOCIIOBHO TakKl 5k caMl MIEPETBOPEHHS 3 THIMAMHM MOMIAMHA A, Ay, ...
Ay , ONEPKUMO TAaKE TIPABUIIO:

’

P(Al + Ay + .. + A = P(A) + P(Ay) + P(Ay) = ZP(Am), (3.12)
i=1

aKe (POPMYITIOETHCS B TaKHil CIOC10: HMOBIPHICTDh CyMH JE€KiJIbKOX HECYMICHHX TOTiii
JOPIBHIOE CYMi iIMOBIPHOCTE# IIUX MOi.

3.12. IIpaBuio nogaBaHHs HMOBIpHOCTEH
JJIS ABOX JOBLIBLHHUX IOIIi

Po3p’spkeMo mocTtasieHy B po3d. 3.10 3agady Ha 0O0UMCIECHHA WMOBIPHOCTI CyMH
JBOX TIOJIH JUIsl TBOX JOBUTBHUX MOMAIH A 1 B (BOHH MOXYTh OyTH 1 CYMICHUMH, 1 HECY-
MicHUMH). Po3rnsHeMo MOXIWBI cUTyarlli BUAHOIIEHHS momaid A 1 B, a po3B’s3aHHA
MPOBEIEMO JBOMA criocobaMu (JTIBOPYY — TEOMETPUYHE PO3B’A3aHHSA, MPABOPYY — CTa-
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TUCTUYHE). YMOBA cTa0LI13a1lli BIIHOCHUX YaCTOT JiA JAaHUX Y “71a00paTopHOMY Kyp-
Hajll” BBAXAETHCSA BUKOHAHOIO.

DWAB+0

“JlabopaTtopHUil XypHaja MOXE MICTHTH
PAOKH 3 YOTHpPMa KOMOIHAINAMH “INTOCIB” 1

©@ “MIHYCIB”:

(B) No A B

2/ 1 i —

2 — +

(A) 3 " n

4 _ _

n
P(A+B)=S(A+B)= |

S(Q) Jlist  toro mo0 migpaxyBaTH dYacTOTY
S(A)+S(B)-S(AB) _ n(A+B) momii A+B, MOXxHa BUKOHATH TIiapaxy-
N S(Q) N HKH OKPEMO 3a CTOBIYHMKAMH, TOOTO Tiapaxy-
S(A)  S(B) S(AB) BaTH YacTOTU 1 (A) 1 n (B) moi A1 B Onnak
= + — = | mpu 1boMY OYIyTh JBidl TIAPaxOBaHI PAJIKA 3

S(Q)  S(Q) S(Q) IBOMA “TUIFOCAMM, TOOTO Ti, Y SKHX CHOCTEPI-

ranacs nomist AB. KiabKICTh TakuX pAAKIB JOPI-
=P(4) + P(B) ~ P(AB) BHIOE 4acToT1 n(AB) monii AB. Tomy st gacto-
TH o1i A+ B olepKyeMo BUpa3

n(A+B)=n(A) + n(B) - n(4B).

JIiis cTaTuCTHIHOT HMOBIPHOCTI MAaEMO

P*(A+B):n(A+B):n(A)+n(B)—n(AB),
n

n

P*(4 + B) — P*(4) ~ P*(B) - P*(BA).
2)B c A

[Ilopasy, koiau B “nmadoparopHOMY >KypHa-
a1’ y croBmuuKky B 3'sBiseThea “mmoc”, y cTO-
BMUUKY A Takox 3'aBiaseTbes “mtoc”. 13 Ha-
CcTaHHA nmoali A He BUIUIMBAE HACTaHHSA noaii B,
TOMY “ITIOCY” B CTOBIYMKY A MOXE BIJIIMOBI-




Ockutekn omii A +AB BIAMOBI-
nae ¢irypa A, To

S(A+B)=S(4),

3Biacu
P+ B) - S(A+B) B b(A)’
S(Q) S(Q)
TOOTO

P(A+B) — P(4).

Ockutekn omii A +AB BIAMOBI-
nae dirypa B, To

S(A+B)=S(B),

3BLAKHA
PUA - B) = S(A+B) _ S(B)’
S(Q2) S(€2)
To0t0  P(A+B) = P(B).
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nata “minyc’ y croBmumky B. OOuasi momii
MOXYTh OJHOYACHO HE BiOyBaTHCA, TOAl Y Bi-
JMOBLAHOMY PSIIKY 3'SIBJISTIOTHCS JBA “MIHYCH .

No A B
1 + —
2 + +
3 - —
n

3po3yM1I0, IO B TMPOIECT MIAPAXYHKY Ki-
JBKOCTI “TUTIOCIB” y CTOBITUUKY A MW HE TIPO-
MyCTHMO >KOJAHOTO BHUMAAKY HACTaHHS TMOMIil
A+B, Tomy

n(4A + B) = n(A4).

Omxe, 9 CTATUCTUYHOI HMOBIPHOCTI
OJIEPIKYyEMO BUPA3
A+B) n(A)  «
Pra+B)="" = pra4).
(A+B) » » (A)
3)Ac B

“JlabopaTtopHuil >KypHaJ® BUIJIAAE TaK
caMo, K y IOIEPEIHIM CUTYyaIlli, SKIIO MOMIHS-
™ momii 4 1 B MICIIAMH:

Ne | 4 B
1 — +
2 + +
3 _ _
n

Ortke, nig yactotd noali A+B MaeMo BU-
pa3

n(4A + B) = n(B),

a U1 CTaTUCTUIHOI HMOBIPHOCTI
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P*(A+B)=

n(A+B) n(B) _«
- - =P (B).

HaiiGurem 3aransauii BUTIIAN Mae ¢hopMyiia, ofep:kaHa ajia cutyaiii 1) cymicHHUX
momii. [lepeBipuMoO, UM A1HCHO BOHA OXOIUTIOE BCl PO3TIIAHYTI CHTYAIlli, BKIIIOYAIOUX
PO3TIAHYTY B po3Ad. 3.10 cutyartiro ;uist HECYMICHHX TTOJTIH

a) ockinbkn Bc A , 10 P(AB)=P(B) i
P(A + B) = P(4) + P(B) - P(AB)=P(A)+ P(B)-P(B)=P(4);
6) ockinbku A B, 10 P(AB)=P(4) i
P(A + B) = P(4) + P(B) - P(AB)=P(A)+ P(B)-P(4)=P(B);
B) U1 HeCyMicHuX rogtiit P(AB) =0, Tomy
P(A+B)=P(4)+ P(B)-P(AB)=P(4)+ P(B).

Otxe, dopmyna, oAep)kaHa I CHUTyallli CyMICHHUX MOJIH, MIMCHO OXOILTIOE BCI
PO3TJIAHYTI CUTYyarii i MOXKe BBaXKaTUCsA HAWOLTHI 3aranbHOO0. Ha 1i ocHOB1 chopmy-
JFOEMO TIPABUJIO JOJABaHHA WMOBIPHOCTEH JUIsl TBOX AOBUTHHUX TO1H: MOBIPHICTH
CYMH JOBIJIbHUX MOAiil JOpPiBHIOE cyMi HMOBIpHOCTell MX MOAIH MiHyC HMOBIip-
HICTh 0/ITHOYACHOI0 HACTAHHSA 000X MOIi:

P(A + B) = P(A) + P(B) — P(AB). (3.13)
3.13. YmoBHA HMOBIpPHICTH

PosrnsHyTi paniie cnocoOn BU3HAUCHHS WMOBIPHOCT! BHIAIKOBOI MOAIl TPYHTY-
BaJINCS TUIBKYW Ha “BJIACTUBOCTAX ~ TOAlI, MO PO3TISAAcThes. Taka WMOBIPHICTH 1HOII
HA3UBAETHC Oe3ymMoBHOIO. Ha mpakTHuill 4acto JOBOMUTHCA PO3MIISIAATH HACTAHHS Je-
akoi Tmoaii y 3B'A3Ky 3 HacTaHHIM 1HIIOI momii (nuB. mpukax 3.10 y posa. 3.5). Uepes
11€ BBOJIUTHCA II¢ OJTHE BU3HAUEHHS WMOBIPHOCTI, IKy HAa3WBAIOTh YMOBHOIO. CIodaTKky
PO3TJITHEMO 3MICTOBE BH3HAUCHHSA. BOHO HE TOB'si3aHe MPAMO 3 ACSIKOIO (HOPMYJIOL0,
a TUTbKW BKa3ye, IO caMe 3MIHIOETHCS y BU3HAUEHHI YMOBHOI WMOBIPHOCTI TIOPIBHSIHO
3 0€3yMOBHOIO.

VYmoBHOW iiMOBipHicTIO Moaii A mpu HacTaHHi moaii B Ha3uBaeThCsa WMOBIp-
HICTB MO A, oOurcaeHa Oy ab-aKUM CrocoO0M 3 ypaxyBaHHAM HacTaHHs oAl B. [lo-
3HAYA€ThCA YMOBHA HMOBIPHICTD Tak: P(4 | B).

PosrnstHemo cutyarii muist momaid 4 1 B 1 cipo0yeMo 3aCTOCYyBaTH MOJAHE BH3HA-
YeHHS I OOUMCIICHHS YMOBHOI MMOBIpHOCTIL. SIK 1 B, y po3a. 3.10 1 3.12, obuucnenns
BUKOHAEMO JBOMA crmocobamu (ymoBa craburizaiiii BIAHOCHUX 9acToT il moaid A 1 B
y “mabopaTropHOMY KypHaITI” BBAXKAETHCSA BUKOHAHOIO).



43
1)AB = O

OCKUIBKHA TIICIIT HacTaHHd nomi B
mofii A Oyae BIAMOBIAATH MOPOXKHS MHO-
xuHa A|B = (J, To mnoima BiAmoBiaHOT (i-
TYPH IOPIBHIOBATUME HYJTIO, OT)KE

P(A|B)=0.

Y “mabopaTopHoMy KypHAm’ I
JBOX HECYMICHHX ITOIIHA B OJHOMY DPSAKY
HE MOXYTb 3'ABUTHCS JBa ~TUTIOCK : (JUB.
posa. 4.3):

No A B
1 + —
2 — +
3 — —
n

Omxe, mMApaxyHOK YacTOTH MOl A
3a pAOKAMH, Y CTOBIMUMKY B sAkux 3HAXO-
TUThCA “TUTIOC”, ACTh HYJIbOBE 3HAUYCHHS
yMoBHOi uactotu n(A|B)=0. Tomy

P*(A|B)=0.

NAB+O

[Ticna wacramug momi B HACTaHHA
nomii A Moxke BiAOyTHCS TUIBKH 3a paxy-
HOK THX €JIEMEHTApPHUX MOIH B, sKi € cri-
JbHUMH U1 A 1 B, ToOTO 3a paxyHOK elre-
MEHTapHUX MOAIH, 1110 Hajexarh AB. Tomy
JUTS BU3HAUCHHS YMOBHOI HMOBIPHOCTI TTO-
nii A mpu HacTaHHI B 0AePKYEMO

“JlabopaTtopHuil KypHAT® MOXE MiC-
TATH PSIAKA 3 YOTHPMA KOMOIHAIISMU
“mIrociB” 1 “MIHYCIB™:

Ne A B |
1 + —

2 - +

3 + +

4 ~ _

n

[linpaxyHok wactotu momii A micis
HAcTaHHA MOAli B MOXHA 3MIWCHATH TaK:
MAPAaXOBYEMO CITOYATKY KUTBKICTh PSAJIKIB,
y CTOBIMUUKY B AKMX 3HAXOAUTHCA “TLUTIOC”.
KinpkicTh Takux pSAAKIB JOPIBHIOE YaCTOTI
n(B) momii B. IloTiM cepen X pAIKIB TIi-
JPaxXOBYEMO KUTBKICTh PAKIB, Y CTOBITYH-
Ky A SKUX 3HaX0uThcs “moc”. Ile uncno
JOPIBHIOE 4acToTl n(AB) noxii AB. 3a Bu-
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P(A|B)= S(AB) S(AB)/S(Q)  |3HaueHHAM CTAaTUCTHYHOI HMOBIPHOCTI
T S(B)  S(B)/S(Q) |
_P(4B) pray MCAB) n(AB) n P'(4B)
P(8) n(B)  n(B)'n  p*(B)
3)Bc A4

[Ticng sacTanus nomli B aBTOMATHYHO
HACTae mojist A , Tomy

P(AIB)-1.

[Ilopa3y, koiu B “naboparopHOMY
KypHaial”® y CcToBmUMKY B 3'sBiseThcs
“IUTI0C”, Y CTOBMUMKY A TaKOX 3'SBJISETh-
¢ “rutroc’”.

No A B
1 + —
2 + +
3 _ _
n

3po3yMuI0, MO MiApPaxyBaBIIH Kijb-
KICTh “IUTIOCIB” y CTOBITUMKY B, MH ojmep-
KUMO 3HAUCHHS YMOBHOI YaCTOTH MOAIT 4:

n(A|B) = n(B).

Tomy BHpa3 11 yMOBHOI CTaTHCTHY-
HOT UMOBIPHOCTI MAaTUMEMO TaKHWA BUTJISI;

HAc B

P4 B):n(A\B):n(B):]
nB) n(B)
No A B
1 - +
2 + +
3 _ _
n
“JlaboparopHuil >KypHan ~ BUIJISAAE




45

[Ticns HacTaHHA MOl B MOXKIIMBI pe-
3yJIBTAaTH JOCHTIAY 3BYKYIOTHCS: 3pO3yMi-
JI0, IO YMOBHY WMOBIPHICTh MOl 4 mMOT-
piOHO BU3HAYATH, MTOPIBHIOIOYH TUTOITY (i-
T'YPH, IO 300paxye moaio A, 1 miomy ¢i-
T'ypH, 1o 300paxkye oAl B, a He irypw,
1110 300paky€e BIPOT1IHY MO0 €2:

_S(4) _P(4)
S(B) P(B)’

P(AB)

TaK caMo, SIK y MONEPEAHINA CUTYyaIlli, AKI0
MMOMIHATH TIOA11 A 1 B MICIISIMH.

3po3yMiJIo, IO B Pe3yJbTaTi IIijapa-
XYHKY KUTBKOCTI “IIIFOCIB” Y CTOBITUYUKY A
MH OJCPKHMMO 3HAUYCHHS YMOBHOI YacTOTH
omii A:

n(A\B) = n(4).

ToMy i1 yMOBHOI CTaTUCTHYHOL
HMOBIPHOCTI OTPUMAEMO TaKHi BUPA3:

P*(A\B):H(A‘B):H(A):n(A)/n
n(B) n(B) n(B)/n’
P*(AB):%.

Haii6uism 3aranpamii BUTIISIT Mae opMysia, onepkana i curyaiti 2). [lepesi-

PUMO, UM OXOILTIOE BOHA 1HII CHUTYaIli:

a) ockubku A B = J, 10 P(AB) = 01

P(AB) 0

P(A|B)=

P(B) P(B)

0) ockinbknt BcA =, 10 AB = B, P(AB) = P(B) 1

P(A|B)=

P(AB) _P(B)_|.

P(B) P(B)

2

B) ockiibkn AcB = (J, 10 AB = A, P(AB) = P(4) 1

P(AB) P(A)

P(A|B)=

P(B) P(B)

Orxe, hopmyna, oaepkana ajis cuTyarii 2), AHCHO, OXOILTIOE BC1 PO3MIISTHYTI CH-
Tyali i MO)K€ BBaXKaTUCS HAMOUIBII 3araibHOIO.

Jlamo Temep 1HITIE BU3HAYCHHS YMOBHOI WMOBIPHOCTI. YMOBHOI HMOBIPHICTIO
noaii A npu HacTaHHI moaili B Ha3WBaeThCSA BEIIMUMHA, KA JOPIBHIOE B1IHOIICHHIO
HMOBIPHOCTI CITUJIPHOTO HACTAHHS MOAIHM A 1 B 1 KMOBIPHOCTI IOl B
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P(AB)

P(A|B)= 5]

(3.14)

3a3HaumMo, MO y BU3HAYEHHI YMOBHOI HMOBIPHOCTI TIOAIl A TIpW HAacCTaHH1 oAll B
OCTaHHS MOXe OyTH TIIbKU MOKINBOIO, TO0TO P(B) #0.

3.14. IIpaBus10 MHOXKEHHS iiMOBipHOCTEIi
JJIS ABOX JOBLIbLHHUX IOIii

BusnauenHs ymMoBHOI WMOBIPHOCTI (3.14) 3acTOCOBYEThCS TaKOXK 1 CAMOCTIHHO Y
BUTJISA/II TIPaBUJIa MHOKEHHSI IJTST IBOX TTOJTIH:

P(AB)=P(B)P(A|B)=P(A)P(B A), (3.15)

ke (POpMYITIOETECSI B CHMETPUIHOMY OO MOMIH A 1 B BUTIISIA; HMOBIPHICTH CHiJIb-
HOI0 HACTAHHS JBOX MOJiil 1OpPIBHIOE A00yTKY 0e3yMOBHOI iiMOBIpPHOCTI OJHi€l 3
HHX | YMOBHOI IiIMOBipHOCTI APYroi B pa3i HACTAHHS MepUIoi.

3.15. IIpaBu/10 MHOXKEHHS iiMOBipHOCTeIi
IJIS JeKLJIBKOX JOBIJILHHUX MOIIH

[TommpuMo mMpaBUIO0 MHOKEHHSA MMOBIPHOCTEH AJiA ABOX MOBUIbHMX moAii (3.15)
Ha M JTOBUILHUX MOIIH

Ay Ay, Ay, Ay

Jlitst oburciieHHs] HMOBIPHOCTI CITUTPHOTO HACTAHHS KX IOJIN MOaMO JTOOYTOK
CIIBMHOXHUKIB A Ay A3...4,, 1A, Y BUNIAA JOOYTKY ABOX MHOXKHUKIB 4 1 B:

A=A Ay As... Ay, B =4,
TOOTO
(A Ay Ay... Ay XA, )= AB.

Tomi no nBox moiit A 1 B moxHa 3actocyBaTy mpaswiio (3.15):
P(A4Ay... Ay 14, )=P( A4, )P( A, | 444r .. A1)

BukoHyroun MOCIIIOBHO TaKl NEPETBOPEHHS 3 IHIIUMU NOAIAMU Ay, Ay, ..., Ay
OIEPKUMO IPABUIIO

P41 Ay As... Ay )= P( A )P( Ay | A JP(Ay | 41 4y)... P(4,, | A4 ArAs... A1), (3.16)
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aKe (POpMYITIOETHCS B TaKUM CHOCIO: MMOBIPHICTD CHIJIBHOTO HACTAHHS JAEKIJIbKOX
nojiii AopiBHIOE A00YTKY YMOBHHUX iiMOBipHOCTell X MOAiil, MPU4YOMy YMOBHA
AMOBIPHICTh KOKHOT HACTYMHOT MOAIT 00UHMCIETHCH 3 YPAXYBAHHSIM HACTAHHS
nonepeaHix moi.

Ipuxaax 3.12. (Bearnens, 1970). 13 kopoOkwu, mo micTtuth 4 6111 1 3 9OpHI Ky,
BAWMAIOTH (0THOYACHO 200 MOCIAOBHO) /IB1 KyJIi. 3HAWTH WMOBIPHICTH TOTO, IO OOHU/I-
Bl Kys1 OyayTh OLTUMHU.

[Topamo noairo C = { oGuagi Ky 6111 § sk 400yTOK ABoxX moain C = C1C5, ae

Cy = { nepiua Kkyns Ou1a },
C, = { npyra kyns 6ina }.

Tom P(C) :P(ClCz):P(Cl)-P(CzyCl). Ouesuano, mo P(Cy)=4/7. 3naiinemo
P(C,|Cy). Ana uporo mpunyctumo, mo nomiss (' Bxke BiaOynacs, ToOTO mepiua KyJss
Oynma Oura. Ilicas mporo B kopoOmi 3amumuiaocs 6 Kyiab, 13 Akux 3 Ourl, OTKe
P(C,|C)=3/6=1/2. 3Biacu P(C)= (4/7)(1/2)=2/7. Tol xe pe3ynbTaT OTPUMaHUHA y
npukiaal 3.9 nusixom 0e3mocepeIHBOTO MAPaXyHKY KUTBKOCTI BHMAAKIB. € CEHC MOpi-
BHATH JIBa CIOCOOHM PO3B’sI3aHHS. @

Ipuxaanx 3.13. (Bentuens, 1970). ¥V kopobiu 4 6ium kym # 3 gopHi. [3 Hel Buid-
MalOTh 1O OJIHIHM ABI1 KyJll. 3HAWTH WMOBIPHICTh TOTO, III0 BOHH OYIyTh PI3HHUX KOJIHO-

PiB.
[Toxis D = { xymi pi3HAX KOJBOPIB } PO3MATAETHCS HA CYMY JBOX HECYMICHHUX Ba-
pianTiB Dy 1 Dy

D)= { nepia kyns Ou1a, Apyra KyJjis 4OpHa };
D»={ nepiua Kyns yopHa, Apyra KyJjs Ou1a }.
MMOBIPHICTS KOXHOTO 3 BapiaHTIB 3HAWIEMO 3a MPABWJIOM MHOKCHHA. MIMOBIp-

HICTb NOJ1i [); nopiBHIOE 10OYTKY HMOBIPHOCTI TOr0, L0 Neplia KyJid 011, Ta yMOBHO{
HMOBIPHOCTI TOTO, 1110 APYyTa KyJIs YOpHA, 32 YMOBH, IO Tiepina — Oi1a:

P(Dy)=(4/7)-(3/6)=2/7.
Tak camo 0OUHCIIOETHCS ¥ IMOBIPHICTH APYTOro BaplaHTa:

P(Dy)—(3/7)-(4/6)=2/7.

3a npaBuJIOM ojAaBaHH:A WMoBIpHOCTEN P(D)=P(Dy)+ P(Dy) =4/7. ®
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Ipuknaan 3.14. (Bentuens, 1970). ¥V xkopoOiii 5 nepeHyMepoOBaHUX KyJib 13 HOME-
pamu 1,2, 3, 4, 5. I3 kopoOKu o7Ha 32 OJHIEIO BUMMAIOTHC BCl 5 KyJib. 3HANTH HMOBIp-
HICTH TOTO, IO 1X HOMEPH OyAYTh ITH B TOPSAIKY 3POCTAaHHS.

Hexaii nozaist A; monsArae B ToMy, 10 /-Ta BUHHATA KyJia Mae Homep /. Toal Hac 1i-

kaBuTh nomiad A = Ay Ar A3 A4 A5 . 3a npaBunom n1o00yTKYy MMOBIPHOCTEH A AEKUIBKOX
o1

P(4)=(1/5)-(/4)-(/3)-(1/2)- (1/1) = 1/120. ®

Ipuxaax 3.15. JIna omiHKM WMOBIPHOCTI ICHYBaHHSA Y BcecBITI pO3yMHHX 1CTOT
. 6
3acTocoBy€eThes (popmymna Jlpeiika

m_®:p(A)-P(B]A)-P(C]AB)-P(D]ABC)-%,
m

1€ Mg — KUIBKICTb 31POK, K1, AMOBIPHO, MAIOTh IJIAHETH 3 OJHOYACHO ICHYIOUUMU BH-

COKOPO3BMHCHHMMH ITUBLII3AIISIMH,

m — 3arajibHa KUTbKICTh 31poK y Bcecsiri;

A — mofiA, AKa MOJIATaE B TOMY, IO 31pKa Ma€ TJIAaHETHY CUCTEMY,

B|A — nonis, sika TOJIArace B TIM, IO B INTAHETHIN CHCTEM1 BUHHUKAE YKUTTS,

C|AB — mopis, MO MONATaE B TOMY, IO B IIPOIIEC] €BOJIIOII B IJTAHCTHIN CHUCTEMI
BUHUKAE I{UBLII3aLIIS;

DIABC — nopid, sika mojsrae B TIM, 1110 B TIPOIECI PO3BUTKY PO3YMHI ICTOTH CTBO-
PIOIOTHh BUCOKOPO3BHHEHY ITHUBLTIZAITIIO;

[ — 4ac JKUTTS LUBLII3A1IIH;

1’ — Bik BcecBiry.

CydacHi OIIHKH JUTsl HMOBIPHOCTEH MO1H, 10 BXOAATH Y hopmyny Jlpeiika, Taki:
P(A4)=0,01 — 0,1; P(B|A)=0,1; P(C|AB) = 1; P(D|ABC) = 1, t/T=0,5. mosipnicTs momii
A omiHIOBajACA 32 aCTPOHOMIYHMM AAHWUMH W ICHYIOUUMH KOCMOTOHIYHUMH TEOPISMH
(3BEPHITH yBary, 1o WMOBIPHICTh MOl A BU3HAUYEHA B CTMOCIO, KW HE BIAPI3ZHAECTHCS
BiJl CTATHCTHYHOTO, KIIACHYHOTO i reoMeTpuunoro). Mmosipricts nofii B|4 Bu3HaueHa
K CepeHS BEIMUYMHA OIIHOK, TAHWX BEJIMKOIO KUTHKICTIO OMUTAaHWX (haxXiBIB (B3araji
KaKyuw, 11e He HMoBIpHICTS). Ominka momid C|AB 1 D|ABC sk BIpOT1AHUX MOSCHIOETHCS
TUM, IO 1 MOABA PO3YMY, 1 PO3BUTOK HAYKH, TEXHIKH, TEXHOJIOT1i, KYJIbTYpH W IHIIIHAX
aTprOyTIB BUCOKOPO3BHHECHOI ITUBLII3AIi Y3TOUKYIOTHCS 3 TI€F0 OCHOBHHX MEXaHI3MIB
€BOJTIONI1, 3aBXKIM CIPSAMOBAHUX Ha 30epexeHHs Bumy. [Ipw omiami BigHOMEHHAS ¢/7
(11e, OYEBUTHO, TEOMETPUYHA WMOBIPHICTH) OMITUMICTHYHA JyMKa TOJIATana B TOMY, IO
Yac KUTTS ABUTIZAINN y palioH] TIEBHOI 31pKH OOMEKYETHCS JIUIIE i “‘CTPOKOM XKHUTTSA
1, SIK TIPABWJIO, CTAHOBUTH KUTbKA MITBAPAIB POKIB. Buxoasan 3 1150T0, BBAXKAIOTH, MO
MOJIOBMHA Yacy W€ Ha CTBOPEHHS IUBLTI3AINI.

% @pencic Jlpeiik — aMEPHKAHCHKIIT ACTPOHOM, SIKHii 3IiHCHUB MEpIIy IPOrpaMmy MOLIYKY Pajio-
curHamB Big mno3azemHux mwmimizaniin  SETI— Searching for ExtraTerranean Intelligence
B 1965 — 1969 pp.
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3 ypaxyBaHHSM YyCIX OIIIHOK BIJJHOCHA 4acTOTa 31POK, AKI MalOTh IIJIAHETH 3 OJIHO-
YaCHO ICHYFOUMMHM BHCOKOPO3BUHCHUMH IMBLII3AIISIMH, CTAHOBUTD

T _(0,01-0,1):0,1-1-1:0,5=5-10 2 = 5.10 > .
m

3a cyyacHuMH JaHumu, B Hamii [Mamaxtuumi m ~10°" 3ipok, Tomt mg=5-10°—

510 ; y Beecsiri Bigmosigmo — m =10 ; mg~5-10"%-5.10" @
3.16. Hezanexui moaii

[lepmr HIX yBECTH HOBE MOHATTS HE3AJCKHUX TOJIN, 3’ CYyEMO CYTHICTh CaMOTO
MOHATTS “He3aNIeKHICTE . Po3rissHeMo nBa AOBUTHHHX miporiecu A 1 B (sBuia, heHome-
HU ¥ T. 1H.).

bynemo BBaxkaTu, mo mpouec 4 He 3aJIeKHTh B MPoIeCy B, AKIO B MPOXO-
JUKeHHI Tiporiecy A npu “yBIMKHEHOMY ¥ “BUMKHYyTOMY  TpoTtieci B HeMae Po301KHOC-
Tei. BapTo maru Ha yBasi, mo “yBIMKHEHHs a00 “BHUMHWKaHHSA TPOIECY B HE CIJ Po-
3yMITH OYKBaJIbHO. Y MOCIIIHHUKA JJIA IIbOTO MOXKE HE OyTH (P13udHOT MOKITUBOCTI. Ma-
€THCS HA YBa3l T€, 1O CIIOCTEPEIKCHHA 3a Tepedirom mporecy A moTpioHO MPOBOAUTH
B Tl MIEPIOIU, KOJIA TIPOIIeC B depe3 MPUPOIHI TPUUWHK B1AOyBaeThCsa abo He BinOyBa-
ETHCSL.

€IMHOIO KUIPKICHOIO XapaKTEPHUCTUKOK BHUIIAJKOBOI MOJII K MPOIECy € HMOBIp-
HICTh, TOMY Jj1s1 (JOPMYJTIOBaHHS BIJCYTHOCTI BIUTMBY BHIIAIKOBOI ToAil B Ha momio 4
BI3bMEMO TaKy PIBHICTb:

P(A|B) = P(A| B). (3.17)

[{to piBHICTH MO’KHA BBA)KATH HMEPINHM BH3HAYEHHSIM HE3aJI€;KHOCTI BHIIATKO-
BHUX MOAi: BHMAAKOBA NOMisA A HE 3aJCKUTh BlJ BHITAJKOBOI MOl B, KO0 yMOBHA
HMOBIPHICTh TIOMIi A Tipu HAacTaHHI MOAli B MOPIBHIOE YMOBHIH HMOBIpHOCTI ToAiil 4
MIPY HEHACTaHHI MOl B.

Onepxumo 1HIIE (GopMyNTIOBaHHSA HE3aJEKHOCTI BHUNAAKOBHX MOJIH. /[ mporo
PO3TIISTHEMO PO3OUTTS JOCTOBIPHOI MOIIi 33 TOMOMOTOIO MPAMOI Ta 0OCPHEHOI ITOTIH:

Q=B+8B.

xuHU (quB. po3Ad. 1.3), Tak 1 po30UTTS BIPOTIAHOI MO MOPOIKYE POOUTTS Oy Ib-IKOT
MOXIHBOI1 B yMOBaxX JAHOT'O AOCII Y mojii. 3aCTOCYEMO JIaHy BIACTHBICTH JIJI PO3OHT-
TS O A:

A=AQ=A(B+B)=AB+ AB.
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Ockinbku AB i AB — HecyMicHI Nozii, TOOTO BapiaHTH MOl A, TO MOKHA 3aCTO-
CYBaTH MPaBUJIO TOJAABAaHHSA HMOBIPHOCTEH T TBOX HECYMICHUX TIOIN:

P(A)=P(AB)+P(AB).
3Biacu
P(AB)=P(A)-P(AB).
OcranHs pIBHICTh MOTPIOHA I OOYMCIICHHA YMOBHUX HMOBIPHOCTCH Yy BH3Ha-
yeHH1 He3anexkaocti (3.17). JliiicHo, mis iBoi ¥ mpaBoi wacTud (3.17) 3 ypaxyBaHHIM

(3.15) BiAMOBIAHO OJIEPIKYEMO

P(AB) P(AB)
P(B) P(B)’

P(AB) P(A)-P(AB)
P(B)  1-P(B)

B ocTtanHbOMy BHpa3l B 3HAMEHHUKY TIPaBOi YaCTHHH 3aCTOCOBAHMMA TEPITHI BH-

CHOBOK 13 TIpaBWJIa TOAABaHHSA WMOBIPHOCTEH My HecyMmicHUX momii. [licns 3BeneHHs
OCTaHHBOTO BHPA3Y J0 CHIJIEHOTO 3HAMECHHUKA OTPUMAEMO

P(AB)-P(AB)P(B)=P(A)P(B)-P(AB)P(B),

3BIAKH MIC/ISA CKOPOYCHHS BUBSACMO CITIBBIHOIICHHS, SKE 3aCTOCYEMO JIJII HOBOT'O BH-
3HAYEHHS HE3AIEKHOCTI BUMTAAKOBUAX TTOIIH:

P(AB)=P(A) P(B).
AHaJI0TIYHO MOXKE OyTH OTPUMAHE 11 OJHE CITIBBITHOIICHHS
P(AB)=P(A) P(B).

3a mOMOMOTOI0 WX CIIBBITHONICHD Ta 3 ypaxyBaHHsM (3.15) mokHa matu apyre
BH3HAYECHHSA HE3AJICKHOCTI BHIIAAKOBHX IMOIIN:

P(A|B)=P(A|B)=P(A4), (3.18)
ke (POPMYITIOETHCS TaK: BHMIAAKOBA MO A HE 3aJeKUTh Bl BHIIAAKOBOI moii B, K-

110 YMOBHA HMOBIPHICTH MO/1i A Mpy HacTaHHI ab0 HEHACTaHHI MOl B 1opiBHIOE O€3-
YMOBHI# WMOBIPHOCTI TTOAIT 4.



51

3.17. IlpaBuJ10 MHOXKEHHS iiMOBipHOCTEii
JJIS1 ABOX HE3aJIC;KHHUX IOTil

Opnepxxana npu (GOpMYITIOBaHHI JPYroro BH3HAYCHHS HE3aJICKHOCT! BHITAJIKOBHX
MOAIA JOTIOMIKHA PIBHICTH 1HOA1 BUKOPHCTOBYETHCS SIK CAMOCTIHHA BJIACTUBICTH HE3a-
JICKHUX TIOIH 3a HA3BOKIO TPaBW/IA MHOYKCHHS. HMOBIPHICTH CHiJIbHOTO HACTAHHS
JABOX He3aJIeXKHUX MOo/Iiil JoPiBHIOE 100YTKY iX HIMOBIPHOCTEI:

P(AB)=P(A)P(B). (3.19)

Ipuxnaag 3.16. (Bentuens, 1970). docniag monsrae B MIAKWAAHHI ABOX MOHET.
[TepeBipuTH HE3aICKHICTD TO1H

A = { mosBa "opna" Ha mepIiii MOHETI },
B = { nossa "opna" Ha Ipyriii MOHETI }.
[IpocTtopom enemenTapHux Mol mis manoro aociaiay € Q = {OO, OP, PO, PP},

noii, mo po3rmanatoTecsa: A = {O0, OP}, B = {00, PO}, a ix mobyrox AB = {OO}.
3a “knmacuunoro” dpopmynorw P(A) =1/2, P(B) =1/2, P (AB) = 1/4,1

P(A|B)=%:l/2=P(A),
P(B|A)=%:l/2=P(A)

Orxe, momii A 1 B He3aaexKHI. @

Ipuxaax 3.17. (I'usaepman, 1991). ¥V rpymi o6crexxennx 1 000 wonosik. [3 Hux
600 manate 1 400 He mamsaTe. Cepen THX, XTO MannTh, 240 90I0BIK MalOTh T1 a00 1HIII
3aXBOPIOBAaHHA JieTeHIB. Cepen THX, XTO HE TMajuTh, 3aXBOPIOBAHHS JIETEHIB MAIOTh
120 gonoBik. Yu € nmamiHAA i 3aXBOPIOBAHHS JICTCHIB HE3AJIC)KHUMH TIOTISIMHA?

Posrnsaemo moii

A = {o0cTe)kKeHNH NalluTh |,

B = {o6cTexxeHnit Mae 3aXBOPIOBAHHA JIETCHIB .

Tom P(AB)=240/1000=0,24; P(4)=600/1000=0,6; P(B)=(240+120)/1000=0,36.
Ockuibku P(AB)=0,24 +# P(A) P(B)=0,6-0,36, To moxii 4 1 B 3anexHi. Bapto 3BepHyTH
yBary Ha Take. SIKimo oOMEeXUTH BIAMOBIAL HA TUTAHHS TUTBKH TPYTIOI0 00CTEKEHUX, TO
PO3IIISIHYTI HMOBIPHOCTI, 3pO3yMUIO, € KIaCHYH1. SKIIO >k BIAMOBIIb MOMIMPIOETHCS HA
JFOJICH 1 MaIHAS B3arajil, TO PO3TIIAHYTI HMOBIPHOCTI € BIIHOCHAMH YaCTOTaMH, TPH-

YOMY TIPO CTaOLTI3aIl0 HIYOTO HE BITIOMO. @
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3.18. IIpaBuJ10 MHOXKEeHHS iiMOBipHOCTEIi
IJIM AEKIIBKOX He3aJIC;KHHUX IOTii

[3 mpaBmIa MHOKEHHSA JUIS ABOX HE3aJICKHUX MO METOMOM 1HAYKIIIi JIETKO BH-
BOJUTHCS y3araJlbHEHHS JUI ACKUIbKOX HE3aJIeXKHUX momid Ay, Ay, Az, ... , A4, : iimo-

BIPHICTh 100yTKY JAEKiJIbKOX He3aJIe:KHHUX MOoJiil JopiBHIOE 100YTKY iX HMOBIPHOC-
TeH:

P(AAy.. A, ) =P( 4 )P( Ay )..P(4,,). (3.20)
3.19. /IBoxeTamHi J0CJTiau

Posrianemo pocmin, mo NpoXoauTh y ABa €TalH.
Ha nepmomy erani HacTtae oaHa 3 nomi Hy,H,,...,H,,, Akl Ha3UBaAIOTbCA riNo-

Te3aMH 1 JIS IKMX BUKOHYIOTHCS TaKl YMOBH:
a) TirnoTe3u YTBOPIOKOTh MOBHY Ipyny Hy+ Hyr + ...+ H,, =Q;
0) rinoTe3n HeCyMICHI, T00T0 H; H j =0, i,j =1, m, i+
B) Biiomi iiMosipHocTi rinotes P(H, ), P(Hy),..., P(H,,).
Ha apyromy erami, micis HacTaHHS OJHIET 3 TIMOTE3, MOXE HACTATH (a MOXe U HE

HACTaTH) JesKa MoAis A, mpudoMy € BiIOM1 YMOBHI WMOBIPHOCTI HACTaHHA Ii€l MOl
TICITSI HACTAHHS TIMOTE3!

P(A|Hy) P(4|Hy), ..., P(A| Hpp ).

Cxema JBOXETAITHOTO JOCHI Ay MOoKa3aHa Ha puc. 3.513.6.

Puc. 3.5. Cxema nBoxeTanmHoro pociiay (HacTaHHs rinote3 H; mepeaye
HACTaHHIO ToAli A abo momi A).



Puc. 3.6. Po36utTsa mosii A Ha BapiaHTH 3a JIOIMIOMOTOIO T1IOTe3

VY mBoxeTamHUX AOCTIAAX 3BUYAWHO PO3TJISAAIOTH JBA THIW 3a7a4, 3aJIEKHO BIJT
oOpaHoro HanpsMKy. [Ipu mpsaMoMy X011, YMOBHO TIO3HAYEHOMY Ha pHUC. 3.5 CTPUIKOIO
3 “TUTIOCOM”, BUXOJSIYM 3 BIIOMOCTEH TPO JABOXETAITHUIN JOCII, MOTPIOHO BHU3HAYUTH
0e3yMOBHY HMOBIPHICTh HacTaHHS MO A (anpiopHy a00 MEePEIOCIIIHY ), TOl K TPH
3BOPOTHBOMY XOJI1, IO3HAYCHOMY Ha prC. 3.5 CTPUIKOIO 3 “MIHyCOM , TTIOTPIOHO HA OC-
HOB1 (hakTy HaAcTaHHS TOMIi A BU3HAYUTH YMOBHI WMOBIPHOCTI T1MOTe3 (amoCTepIOpHi,
a6o miciamocniaai). Li 3amadl po3B’A3yI0ThCs 3a TOMOMOTOI0 (hOPMYJTH TIOBHOI WMOBI-
pHocTi 1 hopmynm baiteca. [lomamo BuBiA 1MX hopMysn ogHOYACHO: (HOPMYJIH TIOBHOI
HMOBIpHOCTI — JTiBOpYY, (hopmynm baiteca — mpaBopyH.

OCKUThKH TIMOTE3W PO3OUBAIOTH BipO-
riaHICTh ToAli (), TO aBTOMaTHYHO Oyje
3MIMCHEHE 1 po30UTTS Todii A:

A=AQ=AH;+Hy + ...+ H,, )=
=AH| + AH, + ..+ AH,,

3acToCcyBaBIIM TIPABWIIO JOJaBaHHS
AMOBIPHOCTEH I JEKUTBKOX HECYMICHUX
oAt (3.12) oGurciumMo HMOBIPHICTH O
A:

P(4)=P(4H )+ P(AH )+ ...+ P(4H,,).

Jlns oGuucienast HMOBIPHOCTEH Bapi-
anTiB AH; momii A 3acTOCyeEMO NPaBHIIO
MHOKEHHS HMOBIDHOCTEH I JBOX JIOBI-
JbHEX ToAiH (3.15):

BuxigHAM TyHKTOM, SIK 1 TIpU BUBE-
neHH1 (hOopMyJTH TTOBHOT HMOBIPHOCTI, € PO-
30HMTTSI IPOCTOPY €IACMEHTAPHHUX MOIIH (2
3a JOTIOMOTOO TIMOTE3:

Q=H{+Hy)+..+H,,.

Posrnanemo oauH 13 BaplanTiB AH,
momi A 1 o0UMCIUMO HOTO WMOBIPHICTH
P(AH ;). Ockinbku mogii A i H; B3arani e
cymicHi (puc. 3.6), TO BapTO 3aCTOCYBaTH
MPaBHJIO MHOMXEHHS MWMOBIPHOCTSH IS
JBOX JOBUTBHUX mojii (3.15):

P(4H;)=P(4)P(H; | 4)= P(H;)P(4| H;).

[licns minenHs 000X YaCTHH OCTaH-
HBOT PIBHOCTI HA P(A4) 0epKyeMO TIyKaHy
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P4t )= P(4]Hy ) P(H)),
P(AH2)=P(A|H2)P(H2)v

P(4H,,) P(Z] Hp ) P(Hyp).

[lincTaBuBIIA OCTaHHI PIBHOCTI y BH-
pa3 JuIs TMOBIPHOCTI momii A, OAePKyEMO
(hopMyITy TOBHOT HMOBIPHOCTI:
P(4)=P(4|H,) P(H)+ P(4|Hy) P(H, ) +

ot P(A|H,p ) P(H )

abo

P(A):ZP(H,JP(AHZ-) (3.21).

i=l1

Ipuxnaax 3.18. (I'asaepman, 1991). ¥V
nieprii — 2 OuTl # 3 4opHI KyJIi, y aApyrii — 4

YMOBHY HMOBIPHICTb rinote3u /{; npu Ha-
cTaHH1 moii A:

PH;)P(AIH;)

P(H;|A)= 7

. (3.21)

Ocranniit Bupas 1 € popmysoro batie-
ca, OJTHaK i MOKHA 3aCTOCOBYBATH TILJIbKH
32 YMOBH, 10 3HAMECHHHK OOYHCITIOETHCS
3a ¢opmMynoro moBHOT HMOBIpHOCTI (3.20).
Kpim Toro, motpibno mam'statu, mo ¢op-
MyJjia baiteca 3aCTOCOBYETBCS I KOXKHO1
rinoTe3n, TOOTO 1HACKC | HaOyBae 3HAUYCHB
Bix 1 mo m.

TPHOX OJTHAKOBUX KOPOOKAX MICTATHCS: y
oum ¥ 1 gopHa, y TpeTiii — 3 6url. 3 omHIel

KOpOOKH HaBMaHHS BHUIMAEThCs OAHA KyJisi. 3HAHTH WMOBIPHICTb TOTO, IO 115 KyJIsI Oy-

ne 6171010, TOOTO WMOBIPHICTD TOIT

A = { BuiiHaTa Kyjs Oura }.

MO>KITHBI TPH TIMOTE3H:

H, = { obpana nepina Kopooka };

H»={ oOpaHna apyra kopoOka };

H5 = { oOpaHna TpeTs KopoOka }.

3a yMOBOIO 3ajaH1 WMoBIpHOCTI rinore3 P(H{)=P(H,)=P(H3;)=1/3 1 ymOBHI
imoipaocti P(A Hy) = 2/5, P(AH,) = 4/5, P(AH;) = 1. 3a dopmymoto moBHO

rmosipraOCTI (3.20):

P(4)=P(H)P(A|Hy )+ P(H)P(4| Hy )+ P(H3)P(4| H3 )=

=(1/3)-(2/5) + (1/3)-

(4/5)+(1/3)-1=11/15. ®
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Ipuxaax 3.19. (I'asaepman, 1991). ¥V Tppox 0gHAKOBAX KOPOOKAX MICTATHCA. Y
neprmii — 3 Outl # 1 wopHa Kyns, y Apyrii — 2 61t # 3 4opHi, y TpeTii — 3 Ounl. 3 oxHiel
KOpoOKkH HaBMaHHA BUMaeThes 1 kymst. s kyns sussumnacs 6utor0. 3HalTH anocTepio-
PH1 KIMOBIPHOCTI TOTO, 110 KyJIsl BUIHATA 3 TEPIToi, Ipyroi adbo TpeThoi KOPOOKH.

Ockimbkn KOpoOKa BUOWPAETHCSA HABMAHHS, TO arplopHI HMOBIPHOCTI TIIMOTE3 PiB-
HI:

P(Hl)ZP(Hz)ZP(H3):1/3,
a YMOBHI HIMOBIPHOCTI ITO/I1i

A={BuiinsATa 6112 Ky}

npu rinoresax Hy, H,, H3 Taki:
P(4|Hy)=3/4; P(4|Hy) =2/5,  PralHs)=1.

3a opmynoro baiteca (3.21) anoctepiopHi iimMoBipHOCTI rinote3 Hy,H,,H3 aopis-
HIOIOTb!

Por,| 4) - (1/3)-(3/4) ME
U3 3+ 1325 + (13)1 437

8
1)(H2‘A):E’

20

A)=—.
) 43

P(H;

OCKUThKH TIMOTE3W HECYMICHI ¥ yTBOPIOIOTH TOBHY TPyny momid(aus. posa. 3.4),
TO YMOBHY HMOBIpHICTb P( H3 | 4 ) MOXHA OOYUCITUTH MPOCTIIIIE:

P(H3|4)=1- P(H,|4)~ P(H|4) = 1 - 15/43 — 8/43 = 20/43.

3 ypaxyBaHHAM Pe3yJbTATy A0OCHI Y (HaCTaHHA MOli A) HMOBIPHOCTI TIIOTE3 3Mi-
HUJMCA: HAHOLIbII HMOBIPHOIO CTajia rimore3a f1s, HaliMeHI HMOBIPHOIO — TINOTE-

3a Hy,. ®
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4. Bunaakosi BeJJTHUHHHA
4.1. lloHITTS BUIAAKOBO1 BeJIHUHHH

VYBenerne B po3a. 3 MOHATTS BHITAAKOBOI MOl HE BUUEPITYE BCIX MOXIIMBUX CHUTYaIlli
y AOCIIIax 13 BUNAJKOBHUM pe3yiabTaTtoM. Haragaemo, mo B mogiOHUX J0CHIAaX CIIOCTepe-
KCHHS 3a 1X Pe3yJIbTaTOM PIBHO3HAYHE PO3IMI3ZHABAHHIO JBOX SKICHO PI3HUX CHUTYaIlli: 1MO-
mii A Ta mpoTmaeKHOI i momii A , TOGTO HASBHOCTI Pe3yIbTATY, KUl CTAHOBUTH TICBHHIL
1HTEpEC, a0o HOro BIICYTHOCTI. AJie I MOCTIAIB, Y SIKAX PE3YJbTAT € HACTIAKOM BUMIPY
JeSKOi BETMYMHHU 200 TTOKa3HUKA AOCIIKYBAHOTO MTPOIIECY, BUTIATKOBICTh BUSBIIAECTHCS K
HernependaayBaHICTh, HEBU3HAUYCHICTh PE3Y/ITATy BUMIPY B CEPii JOCIIIB 13 HE3MIHHUMHA
yMOBaMH iX MPOBEJCHHS. 3BEpHEMO yBary Ha Te, IO MOMIOH1 JOCTIAN 3aB:KAM 3aKiHUY-
IOTHCS ICSIKAM KUIBKICHUM Pe3yJIbTaTOM — Pe3yiabTaroM BuMiptoBaHHsA. Lle ¥ BimpizHse
iX BII TOCHIIB, Y AKUX CIIOCTEPITAETHCS AKICHUIT pe3yJIbTaT, TOOTO BHITAAKOBI MO,

CTOCOBHO JOCIIIIB 13 KUTBKICHAM PE3Y/IbTaTOM BIJ3HAYMMO TAKE.

Ilo-nmepie, Ak 1 B TOCT1aX 13 BUMAAKOBUMHY TIOISIMHA, TIOBUHEH OyTH NEIKUH MTPUXO-
BaHWUN MEXaHI3M, 10 MTOPOKYE BIATYK, AKHH PEECTPYETHCS (PE3y/IbTaT BUMIPY ), HA TIEBHE
30ypeHHs] YMOB JTOCIII]TY.

Ilo-apyre, BiAryK, TOOTO KUTBKICHHN PE3YNIBTAT AOCIIAY, HE MOXKE OyTH JOBUTHHHM,
TOMY IO I Oyab-SKOTO JOCIIIKYBAHOT'O MPOIECY HOro KUIbKICHI TMOKAa3HUKH 3aBXKIU
MaroTh MIHIMajbHE ¥ MakcuMajibHe 3HadeHHS. OTKe, MOKHA TOBOPUTH PO TIEBHY MHO-
YKUHY JOIYCTUMHX 3HAUCHB PE3Y/IbTaTiB JOCTIY.

3Bi/ICH BUIJIMBAE TaKe BU3HAUCHHS BUTIAAKOBOI BEJTUUMHM.

[T BUMAAKOBOK BEJIMYMHOK) B YMOBAaX JAAHOTO AOCIIAY OyAeMO PO3YMITH HESIKY
MHOKHHY 3HAUCHb 1 MPUXOBAHWA MEXaHI3M, 10 B CYKyITHOCTI MPUBOASATH IO TMOSBH (CTIO-
CTEPEKEHHS) OAHOTO 3 MOXJIMBUX 3HAYEHB, AK BIATYK Ha 30ypeHHS, B OKPEMOMY JOCIITI
(puc. 4.1). 3a ux yMOB IIUTKOM 30epIraeThcs BU3HAUCHHS AOCIITY, HaBeeHE B po3. 3.1.

[TpuxoBaHui )
P . — —— Buaryk
MEXaHI3M

30ypeHHs

MHoOXH1HA
3HAYCHb

Puc. 4.1. Cxema 0o BU3HAUYEHHS BUIAIKOBOI BEJTUUUHUA

[Ton16H1I BU3HAYEHHS BBOMATHCA, K MPABHIIO, TOJI, KOJHM CTPYKTypa MOCIIIKYBAaHOT
cucTeMH abo HeBigoMa (MpUXOBaHA), a0 CKiIagHA (AKIIO B3arajl MOXKIIMBA) JUIS JAeTep-
MIHOBAHOT0 aHaJi3y (TOOTO TAKOTO, Yy AKOMY BWBUAIOTHCS MEXaHI3MHU THITY ‘TICBHUN
BILJTUB — TICBHUHN BIATYK ). Y TaKWX CHUTYyaIlisiX TOBOPSTH, IO cUCTeMa (TIPoIec) 3aMiHIO-
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€THCS MOJCIUIIO “UOPHOrO AIIKUKA™, 4 €IMHAM CIIOCOOOM BUBUYEHHSA CUCTEMH CTAa€ CTOXAC-
THYHUHA aHATI3 (CIIOCTEPEKECHHS 32 11 BIATYKaMHW Ha 3a7aH1 BIUTUBH i cipoOa TOITyKy 3a-
KOHOMIPHOCTEH y BIATYKAX).

4.2. Ilo3HauenHs, NoB's13aHI 3 BUNAJKOBHMH BeJIMUNHAMH

ITix yac poOOTH 3 BHIAAKOBUMH BEIMUYMHAMHE OyAeMO BUKOPHUCTOBYBATH JBa CIIOCOOH
no3HaueHb (1abn. 4.1). 3amexHo Bl KOHKPETHOI CHUTYyaIlli TIEBHI TiepeBaru mae ado mep-

i, abo Apyrui crnocio.

Tabmung 4.1

Coocio 1

Cooci6 2

1. Benuki mitepu X, Y, ... BUKOPHCTO-
BYIOTBCS JIJISl BUTIAIKOBUX BEJIMUMH (3arma-
CY 3HaYCHB 1 MPUXOBAHOTO MEXAHIZMY ).

2. Maum itepu BUKOPUCTOBYIOTHCS TS
PEECTPOBAHUX Y JOCHTIAl 3HAYCHb IHX BE-

1. Mam mirepu X, X,,... — A1 3Ha-
YeHb, IO CIIOCTEPITAIOTHCS B AOCHIA1 (TOO-
TO I€ Takl caMml MO3HAYEHHS, SK 1 B II. 2
crioco0y 1).

2. Mam mitepu (HalgacTimie 3 1HACK-

JIIHH. CaMH) 3 TUIBAOK (~) 3BEPXY: X, Xp,... —

Ko X250 05 X005 JUTS BUITAIKOBUX BEJIMYHH.
yl’ yzj..., leO’...;
ne 1,2, ... — HoMep CIOCTEPEKEHHS.

4.3. Knacudikaniss BUNAAKOBUX BeJTHYHH

Bunaaxosi BenuauHA MOAUTSIOTECS HA TUCKPETHI i HenepepsHi (puc. 4.2).

JluCKpeTHA BHIIAAKOBA BeJIMUMHA HaOyBac MHOXKWHHW 3HAUCHb, KOJKHE 3 SIKUX BIJI-
JIJICHE B1JI HINIUX 1HTEPBAJIAMH 3HAYCHB, 110 € HEMOJKJIUBI.

Ipuxnan 4.1. Hexaii y cepii mociiaiB miapaxoBy€eThCsl KUTBKICTh TIETFOCTOK HA KBIT-
KaX POCJWH IEBHOTO BU]IY, IIIO POCTYTh Ha ACAKOMY apeajl. BU3sHauMMO BHIIAKOBY BEIIH-
yuHy X, 3HAYCHHS SKOi B OJHOMY JOCHIAl JOPIBHIOE KIJIBKOCTI MEFOCTOK JIJI KOHKPETHOI
POCIIMHH. 3pO3yM1JI0, IO KUIBKICTh IEIFOCTOK HE MEHINA OJWHUII 1 He OUIBIIA JICSIKOTO
MaKCHUMAaJIbHOTO 3HAUCHHS, ajié BOHA HE MOXKE JIOPIBHIOBATH, Hampukian, 3,5 abo 4,87.
Tomy iHTEpBaM 3HAYEHb, PO3TANIOBAHUX MDK MUIAMH 4YHCliaMu, ToOTO BUTIAAY (2.3),
(5,6) 1 T.1., € MPUHANIANOBO HEMOXKITUBI JIJISl BUTIAIKOBOI BETMUWHU X. @

3ayBa:kenHsi 4.1. 13 BU3HAUCHHS AMCKPETHOI BUIMAAKOBOI BEJIWYHMHM HE BHIUIMBAE,
1[0 MHOKHMHA ii 3HaYeHb YTBOPEHA TUTHKY IUIMMH YUCJIAMH, XO4a TaKl AUCKPETHI BUTIA-
KOB1 BeTWUWHU, MadyTh, HaliuacTime ¥ 3ycTpiyatorbes. [Ipukian 4.1 He MOBHHEH CIIPHii-
MaTuCs K THIOBUH. BumaakoBa BenmunHa MOKe HAOyBaTH HE TLIBKH IUIMX 3HAUYCHb, OJ1-
HaK BOHU BIJUTUICH] OJHE Bl OJHOTO IHTEPBAJIaMH HEMOXKITUBAX 3HAUCHD. A
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BVIH&L[IKOBi BCIIMYNHU

JAuckpeTHi HenepepsHi

Puc. 4.2. Buau BumaagkoBuxX BETWYUH

HenepepBHa BunmaakoBa BeJnunHA HaOyBae Oynb-sSKWX 3HAUCHb 13 JEAKOTO CKIH-
yeHHOro a00 HECKIHUEHHOTO 1HTepBay. MaeThcs Ha yBasi, MO IS Oyab-IKHUX JBOX 3Ha-
YEeHb HENEPEPBHOI BUMAAKOBOI BEIMUYUHU X; 1 X,, PO3TAIIOBAHUX K 3aBFOAHO OJIU3BKO,
MOJKHA BKAa3aTU TPETE€ 3HAUEHHA BUMANKOBOI BEJIUUUHHM X;, PO3TALIOBAHE MK HUMHU
(puc. 4.3). Jlnsg mporo mpoMiMKHOTO 3HAYCHHS Ta OJHOTO 3 JABOX KpalHIX — JBopyd ado
npaBopy4 B HbOTrO (Ha puc. 4.3 oOpaHa mapa 3Ha4eHb X, 1 X;) — 3HOBY MO)KHA BKa3aTH

3HAYCHHS BUIAJKOBO1 BEJIMUMHU X4, PO3TALIOBAHC MIK HHMU, 1 T. 1.

: —_— >

X4 X3 X4 X5 X

Puc. 4.3. Cxema 10 BU3HAUEHHS HENEPEPBHOI BUIAIKOBOI BEJIMUUHH

3ayBa:xenHs 4.2. HenepepBHa BUITaKOBa BENIMYMHA € aOCTPAKINIEIO, 1/ICaTI3alIIcTO,
MOJICIUTIO, HEXai HaBITh JOCHUTH MPABAOMOAIOHOI0 i KOHCTPYKTHBHOIO (TOOTO TaKOIO, KA
JO3BOJIsi€ POOUTH MPAKTHYHO BAXKJIMB1 BUCHOBKH ). Y HAyIll YaCTO 3aCTOCOBYIOTHCS MOJEITI
peanpHOTO 00'€KTa, 10 30€pIiratloTh MOTO0 OCHOBHI BJIACTUBOCTI W HEXTYIOTH JIPYTOPSIHU-
MH, HAMPHUKJIAA. 17CaTbHAM ra3, aOCOIOTHO TBEPAE T1I10, aOCOTIOTHO MPYKHE TLI0, HEPO3-
TSHKHA HUATKA, pyX 0e3 TepTd 1 T.A. Y MOJel HEMEePEePBHOI BUMAAKOBOI BEIMUWHU TAKOXK
30epekeHl OCHOBHI BJIACTUBOCTI peaibHOTO 00'ekta. lle B meprny uepry MOKIUBICTH
JTBHO (0€3 MPOMDKKIB) 3aIMIOBHIOBATH CBOIMH 3HAYCHHSAMU JNESIKUN 1HTEpBa. TouHIIIe,
MOBA ¥je MpPO BIACYTHICTh (POPMAIBHOTO OOMEKEHHS Ha HAOyTTsA Oyab-sSKHX 3HAUCHb 13
JeSKOTO 1HTepBany. Hacmpasai B peanbHOTO 00'€KTa TaKa BIIACTHBICTh Y “‘UHCTOMY BH-
IS/ MOXE ¥ HE CITOCTEPIraTUCs, HAMPHUKIIAJ, Yepe3 HEMOXKIIUBICTh MPOBOIUTH HEOOMeE-
XKEHY KUTBKICTh JOCIIIIB MPOTATOM HEOOMEXeHoro uacy. Kpim Toro, cam mporec BUMIPY
3MACHIOETECA 3 OOMEKEHOIO TOYHICTIO, TOOTO 31 CKIHUCHHOIO KUTBKICTIO 3HAKIB. Tomy
B IHTEPBaJIl MOXKJIMBHUX 3HAUYCHD 3JIAIIAIOTHCS HEBEUKI “pocBiTH . OMHAK AKIIO BIAMO-
BUTHUCSA B1J MOJIEI HEMIEPEPBHOI BUTIAKOBOI BEJIMUWHA, TO BUABUTHCS, M0 YAMAJIO PEalh-
HUX TPOIECIB € JOCUTHh CKJIQJHAMHM JIJIT BUBYCHHS, OCKIJTBKH YHEMOXKITUBITIOETHCA 3aCTO-
CYBaHHS PO3BHHEHOTO MaTeMaTHYHOTO amapara ((hyHKIli, TpaHuIIll, TTOXITHI i T.1H). A

VY nocnial HemEpepBHA BUIIAJKOBA BEIMUMHA CIIOCTEPITAETHCA K IHTEpBaJbHA BH-
najgKoBa BeJnunHa. [[Ji1 iHTepBaIbHOT BUTIAIKOBOI BETUIMHY BIACTHBE TaKe:
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1) y MHOXHMHI MOXJIMBUX 3HAYE€Hb, PO3AUICHUX HA IHTEPBaJU (Takl 1HTEPBAJIU MO-
XKyTb OyTH YTBOPEHI MTKAJIOI0 BUMIPIOBAILHOTO TIPUIIATY, aJie HE 00OB'I3KOBO HETO), MOXK-
Ha BKa3aTH THTEPBAJL, y IKOMY 3HAXOUTHCA PE3YJIBTAT JAHOTO AOCTIAY,

2) y MeKax JaHOTO IHTEPBAITy PE3yJIbTaT BUMIPY HE JIOKATI3YEThCS (YC1 3HAUSHHS, TT10
MOTPAIUISIOTh y TAHWW 1HTEPBAJ, HE PO3PI3HIIOTHCS).

Hpuknan 4.2. Hexaii y qociial BUMIPIOETHCS 3PICT JrOACH. 3anac 3Ha4eHb BIATOBI-
HOT BUTAAKOBOI BEIMUMHHM X BU3HAYAETHCA TPYIIOO JIFONCH, y MEXKax SKOi MPOBOTUTHCS
nocma. BuMmipsHui 3picT OAHIET HOMWHW — 3HAYCHHSA X, HAOyTe BHIAIKOBOIO BEIIMYH-
HOIO X B OKpeMOMYy HOCTiAl. SIKIMO BUKOPHUCTOBYETHCS HAWMPOCTIIMHN BHUMIPIOBAILHUN
mpwiIaa — JIHIAKA 13 CAHTUMETPOBUMH TOJUTKAMH, TO I1HTEPBAIM, MPO AKI #ae MOBa
y BU3HAUYCHHI 1HTEPBAJIbHOI BUTIAIKOBOI BemmuuHH, Taki: [159,5 cm, 160,5 cm), [160,5 cm,
161,5 cm), [161,5 cm, 162,5 cm). JliticHO, HeXall pe3yabTaT BUMIPY 3pOCTY ACSIKOI JIFOMWHA
3HAXOIUTHCS MK JBOMA MOAUTKAMH JIHIAKK — 159 cm 1 160 cm. Ha oxo MoXHA DOCHTH TO-
YHO BU3HAYUTH, J0 SKOi 3 IUX JBOX MOJAUTOK ONFOKYWI pe3ynbTar (3HaYeHHS 3pocTy). Bia-
MOBIAHO /IO BIJJOMOTO MPaBWjIa OKPYTIIIOBAHHSA PE3YJIBTAaT BUMIPY, ONFKUHMM 0 JTIBOI MEXKI
(x < 159.,5 cm), OKpyTIIIOETRCA 3 HEAOCTAUek0, TOOTO M0 159 cM, a Omvxuwmii 10 paBoi Me-
K1 (x 2 159,5 cm) — 3 Hagmmkom, T00T0 10 160 cM. Tak camo OKPYTITIOIOTHCS PE3YIbTATH
BUAMIpY, 1110 3HaX0mAThesa Mk 160 cm 1 161 cm. Tomy mipu poOOTI 3 TaHWM BHMI1PIOBATEHAM
npuiaoM 3picT 160 cM IpUMHUCYETHCSA BCIM JTFOIAM, MIWCHAN 3PICT SKWX BUSBUBCS B 1HTE-
pami [160,5 cm, 161,5 cm). Ockiibku A€CATI, COTI Ta 1HII YaCTHHHU OAHIET TIOJUTKH, KA
JOpIBHIOE | M, HE BU3HAYAIOTHCS, TO BC1 PE3Y/ITAaTH BUMIPIB y MEXKaX JAHOTO THTEPBAJTY
CTalOTh 30BCIM piBHOmpaBHMMH. [llompaBma, MokHA cKa3aTH, OUIBII BOHW YW MCHIII
160 cm, ToOTO UM 3HAXOAATHCSA MPABOPYY a0 JBOPYY Bif ITi€i MOAUIKH, ajie 1e 3 MOy
BU3HAUEHHS IHTEPBAIHHOI BUTIAAKOBOI BEJTUUMHHN HE MAa€ 3HAUCHHS. ®

4.4. Onuc BUNAAKOBOI BeJIHYHHA

OCKiTbKH BBEICHHS TTOHATTS BHITAKOBOI BEIMUWHU (MOACI “dOPHOT AMUKA™) CTIPS-
MOBAHE HA BUBUCHHS JESIKOi CHCTEMHU (TIPOIECY), BApTO BiApasy BKa3aTH KIHIIEBY METY
LIbOro BUBUEHHS. Hero € onuc BUNaakoBoi BEIWUMHU. B onuci BUNIAaaKOBOI BEJIUYHMHU € Jie-
sgKa MOMIOHICTh 3 ONMUCOM BHUIAAKOBOI moaii. CaMe HeoOXITHICTh OIMMCY BHIIAJKOBOI ITO-
nii A Beme m0 BBeAeHHs MOHATTA ii imoBipHOCTI P(A) (muB. po3a. 3.3). [Ipu craructuny-

HOMY TpakTyBaHHI HMOBIpHICTh P(A) BCTAHOBIIOE 3aKOHOMIPHICTh CIOCTEPEKEHD IO-

mii A B ;esikiit cepil DOCTIAIB. 3pO3yMiio, IO YHUCIEHHICTh PE3YNIBTATIB CIIOCTEPEIKCHHS
BHUTIAIKOBOI BETUUMHM (TOOTO CIIOCTEPEKEHHS HE TBOX MPOTHIICKHUX CTAHIB, SIK Y BUTIA-
Ky CITOCTEPE KCHHS BHIAIKOBOT moii, T0OTO A 1 A, a HasABHICTh CaMe€ MHOKWHW 3HAYCHD )
— CBITYCHHS TOTO, IO ii OMMC HE MOXE 3BOJUTHUCS IO OJHOTO YKCJIA, a ICBHAM YHHOM 3a-
JISKATH B1J] MHOKMHHM (3amacy) 3Ha4€Hb. A OCKUTBKH MHOXXWHH 3HAYCHb JWCKPETHOI BH-
MaJIKOBOi BETMYMHA ¥ HETIEPEPBHOT BUTIAKOBOI BEJIMUMHM BJIAIITOBAHI TO-PI3HOMY (OIHA
MHOKMHA JTUCKPETHA, TOOTO 3 PO3pHMBaAMHM, a JApyra — HETMepepBHA, TOOTO CYIUJIbHA), TO
MalOTh PO3PIZHATUCS OTUCH JUCKPETHUX 1 HETIEPEPBHUX BUIIAJKOBUX BEJTUUMH.

IloBHMIi OnHC BUMAAKOBOI BEJIMUMHHA — 1I€ JICIKE TIPABUIIO, 1110 A03BOJISE OOUMCIIIO-
BaTH MMOBIPHOCTI HAOYTTS AUCKPETHOIO BHITAIKOBOIO BEJTUYMHOIO TEBHUX 3HAYEHB 1 HE-
MEPEPBHOIO0 BUTAIKOBOIO BEJIMUMHOIO — 3HAYEHB 13 TICBHOTO 1HTEpBaiy. [loBHuUl onmc BH-
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MaJKOBOi BEJIMYMHU KOHKPETHU3YETHCS 3arajbHUM TMOHATTAM (QyHKIIT po3momity (s
JMICKPETHOI 1 HETICPEPBHOI BUIIAIKOBUX BEMYWH, AuB. po3ad. 4.11) 1 mBoMa 4acTKOBUMH
MOHATTAMHY | PAAY PO3MOMIIY — JJIsl JUCKPETHOI BUTIAIKOBOT BEIMUUHHA 1 (PYHKIIEIO TyC-
THHH — JIJI1 HETICPEPBHOI BUMAAKOBOI BEIMUMHU. 3a3HAYMUMO, 10 Y pa3l MOBHOTO OIHUCY
BUTIAIKOBO1 BEIMUNHN BUKOPUCTOBYIOTH III€ TEPMIH 3aKOH PO3MOILTY.

Ha nporuBary moBHOMY ONHCY TOCUTH YacTO PO3MISAAAIOTH HETMIOBHHI OMHC BHUIA-
KOBO1 BeJINYMHH. B1H BBOJUTHCS 32 TOMOMOTOIO YMCJIOBHX XapaKTEePUCTHK BUIIAAKOBOT
BeJIMYHHH.

4.5. IlousaTTs reHepajbLHOI Ta BUOIpKOBOT CyKynmHOCTeil

VY nmocnmigax MHOKWHA 3HAUEHb BUTAJKOBOI BEMUWHU (HE OOOB'SI3KOBO TOBHICTIO)
CTIIOCTEPITAETHCS, K MPABHWJIO, Y BHIVIAMI YHUCIOBHX 3HAYEHBb JEAKOT KITBKICHOI O3HAKH,
HOCISIMU SIKO1 € 00'€KTH, 110, Y CBOIO UEPTry, Hajekarb A0 AeSkoi MHOKHHHA. |1 MHOKHHA
HA3WBAETHCS FreHEPAJTBLHOI CYKYIHICTIO. YHCETBbHICTh TeHEPaNbHOI CYKYITHOCTI TTO3HAYa-
€THCS BEITUKOIO JIITEPOIO N 1 HA3MBAETHCSA O0OCATOM TeHepaJIbHOI cyKynmHocTi. [[jia BH-
BUCHHS BHITAIKOBOI BEJTUUMHM (ACAKOi O3HAKW) 13 TEHEPATbHOT CYKyIMTHOCTI BHOUPAETHCS
JiesIKa MiAMHOMKHWHA, [0 HA3MBAETHCA BHOIPKOBOK CYKYIHICTIO a00 BHOipKor. Uncess-
HICTh BUOIPKOBOI CYKYTMTHOCTI MO3HAYAIOTH MAJIOO JIITEPOIO /1 1 HA3UBAIOTh 00CATOM BHOIp-
KOBOI cyKymnHocTi. BubipkoBi 3HaueHHs OyaeMo MO3HAYaTH B TaKHil COC10:

X =X, XU =Xy, .. X, ... X,_,=x, abo x;,, i=Ln.

3ayBaxxenns 4.3. HwxHiit 1HAeKC / IpyU Masliid TO3HAYIll BUMAIKOBOI BEIMYMHM (3ra-
JalTe MPUIHATY CUCTEMY TIO3HAYCHb BUTAIKOBUX BEIWUYWH, HaBeAeHY B po3a. 4.2) Oyme
3aCTOCOBYBATHUCS TIJILKH /1JIsl MO3HAYEHHSI BUOIPKOBUX 3HAYEHDb. A

[lonsTra BUOIPKOBOi Ta TeHEPaNIbHOT CYKynmHOCTeH Hepo3puBHI. HasuBarouu renepa-
JbHY CYKYIHICTB (00'€KT BUBUEHHS), CITIJI YKa3aTH BUOIPKOBY CYKYIMHICTH (3aCi0 BUBUCHHS
TeHEPaIbHOI CYKYIMHOCTI), HA3WBalOUH BUOIPKOBY CYKYITHICTH, MOTPIOHO BKa3aTH, 13 SKOi
reHepasIbHOT CYKYITHOCTI BOHA OyJia BUTATHYTA, OCKUIBKH BUCHOBKH, 110 POOIATHCS 32 pe-
3yJbTaTaM¥ BUBUEHHS BUOIPKH, MOIMIMPIOIOTHCS HAa BCIO T€HEPATIbHY CYKYTIHICTb.

4.6. Knacudikauis Budipok (MeToau BUTATHEHHs] BUOIPOK)

[Tpuitasaro po3pizuaru Bubipku (IBanosa, 1987) (mus. puc. 4.4) 3a:

1) obcsarowm;

2) ctocobom BiIOOpY;

3) cxemMo10 BUTIPOOYBaHb.

Mani BHOIpKM BHKOPHUCTOBYIOTHCA MJIi CTAaTUCTUYHOTO KOHTPOIIO BXKE BIJOMHX
BJIACTUBOCTEH r€HEPAITbHOI CYKYITHOCTI.

Besnki BUOIpKH BUKOPUCTOBYIOTHCSA I BUSBJICHHA HEBIJOMHUX BIACTHBOCTEH Te-
HEPATbHOI CYKYTTHOCTI.
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Bubipka
— OO6car — Cnoco6 Bizbdopy — Cxema BunpoOyBaHb
—  Maumi — Bunaaxosuit — IloBTOpHAa
1 Benukuii —  HeBunaakoBuii — be3noBTopHa
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Puc. 4.4. Cxema ximacudikairii BHOIpok

Bunaakosuii criocié Bindopy mossrae B TOMY, 10 CTBOPIOIOTHCA YMOBH, 32 IKUX YCI
00'€KTH TEHEPATbHOI CYKYITHOCTI MalOTh OJTHAKOBY WMOBIPHICTH (OJHAKOBI ITAHCH) OyTH
BIJIFOUCHUMH y BHOIPKY (I1€ 1/1eajbHa, a TOMY HEIOCSKHA MOJEIIh BUOOPY, OCKUIBKH T'e-
HEpaJlbHA CYKYIHICTh MMOBUHHA OYTH CXOXa Ha KOPOOKY 3 100Ope MepeMilliaHiMu KyJIbKa-
MU, a BUOIPKOBA CYKYIHICTh — HA JIEAKE CITONYUeHHS 3 N €JIEMEHTIB-KYJIbOK T€HEPATBHOT
CYKYITHOCTI TIO 71 €JIEMEHTIB-KYJTbOK).

HeBunaakoBuii cnocid Biadopy o3Hauae Oy/b-sfKe HAOIMKEHHSA 10 BUMAJKOBOTO
cnocody n060py, 1Mo Moxe OyTH 31 HCHESHHM.

Mexaniunuii cnocidé Bigdoopy (puc. 4.5) nosdrae B ToMy, 10 F'eHEpajbHA CYKyM-
HICTh TMOUIAETHCSA HA AEAKY KUTBKICTh TPUOIM3HO PIBHOBEIIMKHAX YACTHH, 13 IKUX y BHOI-
PKY BHTATAETHCA “BHIIAJIKOBO~ OJHAKOBA KUIBKICTH 00'ekTiB. IIpH oIl reHepaabHOi Cy-
KyITHOCTI HAa HEPIBHOBEJIMKI YACTHHHW Yy BHOIPKOBY CYKYMHHICTh BHUTATAETHCA KUIBKICTH
00'€KTIB, IPONOPIIIHHA YUCEITBHOCT1 JaHOT YaCTHHHU.

Tunoswuii cnoci6é BixGopy (puc. 4.5) nmojsArae B TiM, M0 T€HEPAIbHA CYKYTTHICTh TI0-
JTUISIETBCS HA JISIKY KUIBKICTh OJHOPITHHX (TOMOT€HHHUX ) 32 JSAKOK 03HAKOIO (110 HE BH-
BUYAETHCS Y JAHOMY JOCIHI1) YaCTHH, YACETHHOCTI AKUX 3arajloM HEOTHAKOBI, MICIIS YOTO
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3 KOKHOi TOMOTE€HHOI YaCTUHU “BUMAJKOBO~ BUTATAETHCS Y BUOIPKY KUIbKICTh O0'€KTIB,
MIPONOPITIHA YMCEIBHOCTI Ii€1 YaCTHHH.

Cepiiianii cnocio Biadopy (puc. 4.5) mojdrae B ToMy, IO I'¢HEpPaIbHA CYKyIHICTh
MOMUIAETHCA HA TIEBHY KUTBKICTh TPYI, HA3WBAHWUX CEPISIMH, 1 JEAKI 3 HHAX TOBHICTIO
BKJTFOUAIOTHCS y BUOIPKY.

Kom6inoBanmuii crocid Bigdopy sBisic co0010 MOXKITUBE W JOIUIBHE B TAHOMY JIOC-
JII1 CTIONYYEHHS TPhOX BUINE3a3HAUCHUX CITOCO0IB T000PY.

X | ® ®® K
® | B® ® B®
® ® | ® *® *® | F
®|® | ® ®(® | ®
*® *® *® *® *® *®
®(M® | ® ®(® | ®
®|B®|® ®|®B®| ®
*® *® *® ®
a o 6

Puc. 4.5. HeBumankosi ciocodu BUOOPY: a — MEXaHIYHUH, O — TUTIOBUH, 6 — CEPIMHAM

CxeMa Ha3WBAETHCS MOBTOPHOKO, SKIMO O0'€KT T€HEPATBHOI CyKYyTTHOCTI TICIISI BUTS-
THEHHS Y BUOIPKY TIOBEPTAETHCS B TEHEPAIBHY CYKYIHICTH 1 MOXE OyTH 3HOBY BHUTATHY-
TUH TIPW HACTYITHUX JOCTIAAX.

Cxema BUNPoOYBaHb HA3WBAETHCSA HEMOBTOPHOIO, SKIIO 00'€KT T€HEPATIBHOT CYKY-
MTHOCTI MICIISA BKJIFOUEHHS Yy BUOIPKY HE TTOBEPTAETHCS B TCHEPAIbHY CYKYITHICTb.

[Tpu BemmkoMy 006cCsI31 TeéHEpabHOI CYKYITHOCTI N, TOUHIIIE, TPH MaJjiiii BETWYNHI Bi-
auomenHst 7/ N, po3XOKEHHS MK MTOBTOPHOIO 1 GE3IMIOBTOPHOIO CXEMaMH BHIIPOOYBaHb
MPAKTUIHO BIJICYTHE.

Bubipka Ha3WBa€THCS penpe3eHTATHBHOI0 (MOKA30BOKY), SKIO BOHA B KUTbKICHOMY
1 AKICHOMY BIJTHOIICHHSAX IMPABHJILHO BIIOOpaXkae TeHEPAIbHY CYKYITHICTh. Y MPOTHBHOMY
pasi BiAOyBa€eThCS MPOIEC 3CYBY. Y pe3yibTari BUOIPKA MPEACTABIIAE HE BCIO TEHEPAIIbHY
CYKYIHICTb, a JINIIE SIKAKUCH 1i 1map, ToOTOo nwuiie ii yacTuHy. 3CYyB — OAHE 3 OCHOBHHUX JIKE-
pEeIT TOMUJIOK TP 3aCTOCYBaHH] BUOIPKOBOTO METO/TY.

Ipuknan 4.3 (I'macc, 1976). ¥V 1936 p. kauanaaraMu Ha NPE3UAEHTCHKUX BUOOpax
y CIIA 6ynmu @.]1. Py3senst 1 A.M. Jlangon. Hanepenomni BUOOpIB aMepUKAaHCHKHMA XKy P-
Han “Jlireparypuuii orisa” MPOBIB OMMMTYBAHHS MIOAO PE3YAbTaTy X BUOOPiB. Bukopuc-
TaBImu TeneOHHI KHUTH, peaakilisa BimiOpana sunaakoBo 4 miasiioHu (!) ampec, Ha sKi
BOHA poO3iciiajia 10 BCIM KpaiHi JIMCTIBKKA 3 MHUTAaHHAMH IIPO CTaBIICHHS 10 KaHAWIATiB
y MIPE3UICHTH. 3aTPATUBIIN BEJIUKY CyMy T'POITIEH Ha PO3CHIKY i 00OpOOKY JIMCTIBOK, XKYyp-
HaJI OTOJIOCHB, IO Ha MaiOyTHIX BHOOpax mpesuacHToM CIIIA 3 Benukoro nepesaror Oyae
obpanuit A.M. Jlangon. Pe3ynbrar BUOOPIB BUSBUBCS MPOTHIICKHUM ITEOMY TPOTHO30BI.

VY nanomy BUIajaky Oyiu AOIYIIEHI Biapa3y ABlI MOMHIKH. [lo-mepmre, tenedonH1
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KHWTH HE JaBajI PEMPE3CHTATUBHY BUOIPKY 3 HACENICHHA KpaiHu, X0u O TOMY 1110 aboHe-
HTaMHu OyJId B OCHOBHOMY 3aMOH1 poauHu. [lo-npyre, Haaicanm BIAMOBIAL HE BCI, a JTO-
T, TOCHTH YIIEBHEHI y CBOIl JyMIli, 3BHKJIl BIAMOBIAATA HA JIUCTH, TOOTO 3AeOUTHIIOTO
MPEJICTaBHUKH JUTOBOTO CBITY, skl i miarpumyBanu A.M. Jlangona.

Bomnouac comionorm JIk. ['emnan 1 E. Poynep mpaBHIBHO IpOpoOKyBajau IEPEMOTY
®.JI. Py3Benbra, IpyHTYIOUHCH TUIBKHM Ha 4 THCSYaX aHKET. 3aOPYKOIO IBOTO YCIIIXY, IO
3poOWB cllaBy WOro aBTOopaMm, Oyj0 HE TUTbKHM MPaBWJIbHE CKianaHHsa BuOipku. Bonn Bpa-
XyBaJIi, M0 CYCIUJIBCTBO PO3MAMAETHCA HA COIIANbHI TPYIH, OLUTBII-MEHIIT OJHOPITHI CTO-
COBHO TOJIITHYHUX ymoAoOaHb. ToMy HaBITh HEUMCIICHHA BHOIpKA 3 MIapy MOXe OyTH TO-
Ka30BOIO TIOPIBHIHO 3 YHCJIICHHOIO BUOIPKOIO 0€3 ypaxXyBaHHS po3IIapyBaHHSA T€HEPaTbHOT
CYKymHOCTI. Maroum pe3ynbrari 00CTeKESHHS TIO Mapax, MOXKHA XapaKTePU3yBaTH CYCITI-
JHCTBO B MUTOMY. 3apa3 Taka METOWKA € 3arajbHONPUHHATA. @

Ilpuxknan 4.4 (I'mortos, 1985). Ilpm BHBUEHH! BIAJAJIEHWX HACTIAKIB YEPEITHO-
MO3KOBHUX TPaBM y 0a3l JaHWX TPaBMATOJIOTIYHOTO IHCTHTYTY Oyau BiA1OpaHi 1ICTOPIi XBO-
po0b oci0, skl morpanuian B aBToMoOUThHY Karactpody 10 — 15 pokis Tomy. KontponsHa
rpyma OyJjia mpeacTaBieHa JIOAbMHE, K1 OfEPKaIu AKyCh TPaBMY, HAMPUKIIA]T TIEPEIOM Ki-
HIIIBKH, TIPH I[OMY 3alTUCH B 1CTOP1i XBOPOOH MOBHICTIO 3alepevuyBaJid MOXIIHBICTh Yepe-
MTHO-MO3KOBOi TpaBMu. ““JlociaHa’ Tpyma, HaBMaKW, BKIIOYAIA JTIOACH, K1 TIEPEHECTH de-
PEMTHO-MO3KOBI TPaBMH TIEBHOI KaTeropii. BusBuiocs, 1mo B Tpymi JOACH, K1 IEPSHECITH
10 — 15 pokiB TOMy UepenmHO-MO3KOBI TpaBMH, Habararo 4acTiIle, HI’K Y KOHTPOJIBHIN, 3y-
CTPIYAOThCA MU30¢PEHIsA, emUIencisa i 1HII BakKl XBopoOu. Lle sSBHO cymepeuuno Beiit
CYKYITHOCT! HAasSBHHX JAHWX TPO BIAJAJCHI HACTIIKA YEPEIMHO-MO3KOBUX TpaBM. Jloci-
JOKEHHSI OyJ10 TIOBTOPEHE MUISIXOM BUTATAHHS HOBOI BHOIpkH 3 0asm manmx. [[poro pasy Ta
cama BaKKa IaTojIoris 3ycTplyaiacs 4acTilie B KOHTPOJbHIM rpymi. [licis meranbHOTO BH-
BUCHHS BCIX JaHWX OyJI0 BUSBIICHO, IO OCOOM, K1 HAJCKaJIH 10 KOHTPOJBHOI Ta JOCITI/I-
HOT TPyT, PO3PIZHAIOTHCS HE TUTHKHM 32 XapaKTepOM TPaBMHU, ajie ¥ 3a PSIOM O3HAK, IO
HE MalOTh, Ha TIEPITAH TOTJIA, MPSAMOTO 3B'A3KY 3 MTOCTKYBAHUM TTUTAHHSAM: CITIBBITHO-
IIICHHS 32 CTATTIO, PO3MOJUT 32 BIKOM, TIpodeciero 1 T. iH. Takum unHOM, €(PeKTH, 0 CTOo-
cTepirajaucs, Oyiv HACITKOM SKHXOCh HEKOHTPOIBOBAHUX Y TOCIAl IPUYHH 1 YMOB.

Tomy my1s1 BUBUECHHS CTald BIAOWPATH HE BCI ICTOP1i XBOPOO MIAPSIA, a BUXOATIN Ha-
camriepen i3 MeBHOi “MO/IeIbHOI” CUTYyaIllli: aBTOMAITiHA Bpi3aiacs B TPYIY JIOACH, XTOCh
BHTIAJIKOBO OJIEPYKAB UEPETTHO-MO3KOBY TPaBMY, a XTOCh — IHIMWAW BUJ YIITKO/HKCHD. TaKknui
croci® BUTATHCHHSA ~‘BHUTMAJKOBOI BHOIPKH /1aB My’K€ YITKI PE3YAbTaTH: Y TPyl 0cCi0, siKi
MIEPEHECITH YEPETTHO-MO3KOBI TPABMH, 3 OLTBIIIOI0 YaCTOTOIO 3yCTPIUAIUCS BITHOCHO Cj1a0-

KO BHPaXCH1 ICHXOHECBPOJIOT1UHI BIAXHIICHHS. @
4.7. IloBHUMI1 0NMMC JUCKPETHOT BUMNATKOBOI BEJTHUHUHH

Hexait nana nedxa subipka x;, i = /,n. I3 BUOIpKOBUX 3HAUEHb BUAUTUMO TPYIH IO-
BTOPIOBAHUX 3HAYEHb, AJIS SIKUX YBEIEMO MO3Ha4eHHs x;, k= 1,K , ne k — Homep rpymnu, a

K — xipKICTh TakuX Tpym, npudaomy K < n. PiBHICTE K=n MOXe MaTH MICIIe TUTHKH TOI,
KOJTH TIOBTOPIOBAHUX 3HAYCHb HeMae, TOOTO BC1 BUOIPKOBI 3HAUEHHS PI3HI.

3ayBaxkenns 4.4. Benuky mitepy K 3aBxau OyaeMO BHUKOPHCTOBYBATH IS IO3HA-
YEHHS KUIBKOCTI rpyn NMOBTOPIOBAHUX 3HAYCHD JUCKPETHOI BHUIAIKOBOI BETUUMHU, MAITy
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JITEPY k — JUIs TTIO3HAYCHHS HOMEPa IPYyNH, MaJTy MTO3HAYKY BUMAAKOBOI BEIMUUHU 3 HUXK-
HIM THJAEKCOM k — JAJIsl 3HAYEHHSI TPynH (IUB. 3ayBaxxeHHS 4.3). A

Hpuknan 4.5. Y nocmial ogepskani Taki pe3ynbrara sBumipis: 0, 1,2, 3,2, 1,0, 0, 1,
3, 2, 1. O6¢car ganoi Bubipku n = 12. Jlerko moMITHTH, 110 BOHA YTBOPEHA YOTHPMA IIO-
BTOPIOBAHVMH 3HAUCHHSIMMU:

Xp=1=05 X =15 X3 =25 X4-4=3,

TOOTO KUTBKICTH Tpym K = 4.
JInst KO>KHOI TPynu 3 HOMEPOM & TMApaxyeMo ii 9UCENbHICTh, SIKy OyAeMO Ha3WBaTH
YaCTOTOI 3HAUEHHA X; 1 MO3HA4aT /. Jjid map 3HaueHb (x;, 1y ) ckianemMo BHOIpKo-

BHii psii po3noaity yacror (tabdm. 4.2).

Tabmms 4.2
Xk X =1 X=> Xk XK
ny np—1 Np—»> ny Ny ®

3ayBaskeHHs 4.5. 3BepHITh yBary Ha Te, IO CyMa 4acTOT /1y y APYTOMY PsIKy BUOI-
PKOBOTO Psiy po3moauTy 9acToT (Tabim. 4.2) mopiBHIOE 00CATY BUOIPKH 71

n

S,

k=1

TOOTO 00CAT BUOIPKM “po3MazaHuii”’, ab0 PO3MOAUIEHUH 3a 3HAYEHHAMU X}, . 3BIJICH U Ha-
3Ba TaOnwII. A

Ipuxnan 4.5 (npomowxenns). s po3misiayBanoi BHOIpKH HaBEAEMO BUOIPKOBHIMA
psia posnoaLty yactot (Tabi. 4.3).

Tabmurs 4.3
Xp 0 1 2 3
ny 3 4 3 2 PY

Skio Bix 4acToT #j MEpedTH 10 BIAHOCHUX 4acTOT Ay /M, TO BUiiAe BUOIPKOBHIA
PSiA PO3MOAIJTY BITHOCHHX YacToT (Tabm. 4.4).

Tabmuusa 4.4
Xk XE=1 Xfp=2 Xk XK
Meo | Tk=L | M= e K
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3ayBaxkeHHs 4.6. 3BepHITh yBary Ha Te, IO CyMa BIAHOCHUX 4YacToOT #j /Ny IpYyro-
MY PAIKY BUOIPKOBOTO PSIAY PO3MOAUTY BITHOCHUX YacTOT AOPiBHIOE 1:

=1.

K

n n n n m+ny+...+n n

A B B S L ST
n n n n

k=1

n n

L{s onuHuLs “po3maszana’, abo po3MOAUIEHA 32 3HAYCHHAMU Xy . A

Ipuxnan 4.5 (npoxowxenns). BubipkoBuid psa po3moaALTy BIAHOCHHUX YaCTOT IS
po3ryIsiIyBaHOi BHOIpKH HaBeaeHMM y Tabm. 4.5.

Tabmung 4.5
xk 1 3
U3 3 4 3 2
N 12 12 12 12 L

ko npu 30UThIIeHHA] 00CATY BUOIPKH CTIOCTEPITAEThCs ¢Tadii3amis BiIHOCHAX Ya-
CTOT 1y /n (IUB. po3f. 3.3), TO B Psiiy PO3MOAUTY BIIHOCHMX YacTOT IX MO)KHA 3aMIHUTH

CTATHCTHYHMMH HMOBIPHOCTAMH py, (Tabm. 4.6).

Tabmus 4.6
Xk Xk=1 Xk=2 Xk XK
% % sk sk sk
Pk Pk=1 Pk=2 Pr PK

[Ipu n = N BuOGIpKOBHIA P PO3MOALTY BIJHOCHUX YACTOT MEPEXOANTH Y TeHePaIb-
HUIi P PO3MOALITY TUCKPETHOI BUTIAAKOBOT BEJTMUHMHM, 10 BIIPI3HIETHCS B1J BHOIPKOBO-

r0 PsAAy PO3MOMLIY BIHOCHUX YacTOT THUM, IO B OCTAHHBOMY PSIIKY PO3TallOBYIOTHCS
HAMOBIpHOCTL py (Tabn. 4.7).

Tabmung 4.7
Xk Xk=1 Xj=2 Xj Xg
Pk Pk=1 p/\‘zz Pk PK
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3ayBaxkenHsi 4.7. CymMa CTaTUCTUYHUX HMOBIPHOCTEH y JApyromy psaaky Ttaodn. 4.6
JIOPIBHIOE OJTHHMIII:

b
il

0 BUILIMBAE 3 MOAIOHOI BIACTUBOCTI JUIS Py PO3IMOAUTY BIAHOCHHUX YacTOT Ta BH3HA-
YEeHHS CTAaTUCTUYHUX WMOBIpHOCTEH (nuB. po3a. 3.4). Taka cama BIacTUBICTh BUKOHYETHCS
1 U1t IMOBIPHOCTEH Y APYroMy psaky Tad. 4.7:

ip/\- =1
k=1

Ileit pesymprar MOKHA OOIpyHTYyBaTH B Takuii cmoci0. Bumankosi momii
{X =X, }, k =1, K B ymMoOBax maHoro mOCIiAy YTBOPIOIOTH HOBHY TPy HECYMICHHX IIO-
Ji#i, TOMy HMOBIPHICTH CYMH BCIX IWX TMOMAINA (MIEPECBIAUITHCS, IO BOHHA € €JICMEHTAPHI,
XOua Ha Pe3yJIbTari e He TO3HAYAETHCA) JOPIBHIOE CyMi iX WMOBIpHOCTEH. JlificHO, 3 yMO-
BH IIOBHOTH BHILIMBAE, III0

(X =x}+{X=x}+...+{ X =x}=Q,
PU{X =x}+{X=x}+...+{X =x})=P(QQ) =1,

a yMOBa HECYMICHOCTI TIOMIN JA03BOJISE 11 OOUUCIICHHS WMOBIPHOCTI CYMH IHX TIOMINA 3a-
CTOCYBaTH MPABUJIO T0AaBaHHSA (uB. po3a. 4.3), To6TO

PUX =x ) +{X =x,}+...+ (X =x.)) =
=P({X =x )+ P({X =x, 1) +...+ P({X = x.}).

OcCTaTro4HO OAEPIKYEMO TOBEACHHS BIACTHBOCTI:

PioytPra ...t pr =1 A

Psn po3noauny nuckpeTHoi BUNaAKOBOI BenwunaM (Tabmn. 4.7), M0 XapaKTepU3ye BCIO
TeHEepaIbHy CYKYITHICTH, SIK TMPABWJIO, Y€PE3 BEJMKHM 00CAT T€HEPAITbHOI CYKYIMTHOCTI HE
Bimomuii. OjiHE 3 3aBAaHb BHOIPKOBOTO JOCIIIKCHHS B TOMY ¥ TTOJISITae, o0 BIAMOBITHUM
YUHOM BUTATTH 3 TEHEPAJIbHOI CyKYIMHOCTI TaKy BHOIPKY (ITOKa30BY), BUOIPKOBH Psi pO-
3MOJUTY BIAHOCHHUX YacTOT SIKOi IKOMOTA TOUYHIIIE ONMUCYBaB OW HEBIIOMUHN (T€HEPaTbHUN)
PSI PO3MOILIY.

Po3xomkeHHa MK BUOIPKOBUM PAIOM PO3MOALTY BIAHOCHUX YaCTOT 1 PSIOM PO3IIO-
JITY TACKPETHOT BUTIAJAKOBOI BEIMUMHNA MOKHA C(HOPMYITIOBATH B TaKWi CIOCiO: BHOIPKO-
BUW PNl PO3MOALUTY BIIHOCHHUX YacCTOT MOOyIOBaHWN 3a BHOIPKOIO (32 YAaCTHHOIO 3amacy
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3HAYCHb JUCKPETHOI BUTIAJKOBOI BETMUMHU ), a PsII PO3MOIUTY — 32 TEHEPATBHOIO CYKYITHI-
CTIO (32 MOBHUM 3amacoMm). ToMy BHUOIPKOBHI psA PO3MOAUTY BIIHOCHHUX YAacCTOT JIa€ Ha-
OMMKCHW, HETTOBHHUI OMUC MTUCKPETHOT BUMIAAKOBOI BEJIMUWHU, a P PO3NOALTY — ii TOU-
HUWUH, TIOBHUH OITHC.

Psn posmoniny AUCKPETHOI BHMAAKOBOI BEIMUMHW J03BOJISE€ OOUMUCITIOBATA HMOBIp-
HOCT1 OyIlb-SIKMX TOA1H, TTOB'I3aHMX 13 TAHOIO JUCKPETHOIO BEMYHUHOIO. SIK “OymiBeTsHUN
Marepiana’ BUCTYMAIOTh €JIEMEHTApHI MOl {X =X, }, k=1K, a “cmonyunum Mmarepia-
JoM” € Jii Haj HmoaisAMH (JIoAaBaHHS, MHOXKEHHS, TOMOBHEHHS, PO3OHTTA) 1 BIAMOBIAHI iM
npasuja (auB. po3a. 3.1-3.5, 4.1-4.6).

BubipkoBuii psia po3moaiTy 4acToT, BUOIPKOBUN Psl PO3MOAUTY BIJHOCHUX YacTOT 1
(reHepaTbHAM ) P PO3MOAUTY TACKPETHOI BUTIAAKOBOI BEIMUUHH 300PaKyIOTHCA B TaKAN
crioci6. Ha oci abcuuc BIAKIAOAIOThCS 3HAYEHHS T'PYH Xj , BIA SKMX BEPTUKAIBHO Bropy
BIJIKJIAJIAIOTHCA BIAPIZKA TOBKHWHM, SIKA JOPIBHIOE YaCTOTI, BIAHOCHIH 9acTOTI a00 WMOBIp-
HOCTI IaHOTO 3HAYCHHS.

Ipuxnan 4.5 (nponosxenns). BubipkoBuii psig po3MoaALTy 9acTOT IS PO3TIIATyBa-
HOT BUOIpKHU HaBeAeHWH Ha puc. 4.6, a. ®

Ny Nk Nk
4 A Y 4 - 4 - A
31 ¢ 1 3 - / \ g \\"\
2 - 2 - 2
1- I 1- I 1- I
0 0 0
0 1 2 3 X 0 1 2 3 X 0 1 2 X

Puc. 4.6. 3o00pakeHHs] TUCKPETHOT BUTIAAKOBOI BETMINHU: ¢ — BUOTPKOBHHA PAJT POTOALTY
9aCTOT, O — CYHIIJIbHUAN TOJIITOH YaCTOT, 6 — MIEPEPUBYACTHH TIOJIITOH YaCTOT

3ayBaxxenns 4.8. [Hoi nmpu 300pakeHH] BUOIPKOBOTO Py PO3MOALTY 4acToT, BUOI-
PKOBOT'O PSAAY PO3IMOILTY BIIHOCHUX YacTOT 1 (T€HEPAIBHOTO) PSIAY PO3MOALTY JHUCKPETHOI
BHITQIKOBOI BEJIMYMHM KIHII BEPTHKAJIBLHHUX BIJIPI3KIB 3'€IHYIOTH JIaMaHOK. OnepikaHuid
“rpadik”’ Ha3UBAETHCS MOJIrOHOM YacToT. [10JIIr0OH Y4acTOT CTBOPIOE TUIBKK MOA00Y rpa-
¢ika HenepepBHOI PYHKIL, OCKUTBKU IHTEPBAIM ( X, X ;) € JUIsl AUCKPETHOI BUMAAKOBOT
BEJIMYMHA HEMOJKJIMBHMH, TOMY IIOJITOH YacTOT Kpallle He BHKOPHUCTOBYBATH. SIKIIO K
noTpiOHA HAOUHICTH Y 300pakeHH1 BUOIPKOBOTO Py PO3MOALTY YaCTOT, BUOIPKOBOTO Psi-
Ny PO3MOALTY BITHOCHHMX YacTOT 1 (I€HEPAIBHOTO) PAAY PO3MOALTY JUCKPETHOI BHUIIAIKO-
BOi BEMYWMHM, TO CYIUTBHY JlaMaHy B TIOJITOHI 9acTOT BapTO 3aMIHWTH TIEPEPHUBUAC-
TOIO. A
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Ipuknan 4.5 (npoaosxeHHs). BuOipkoB1 psay po3noily 4acToT Y BUMNIAAL MONITO-
HIB YacTOT IOKa3aH1 Ha puc. 4.6, 6, . @

4.8. IloBHuii onuc HenepepBHOT BUMAAKOBOT BeJIMUNHHA

Jlns HeTmepepBHOI BUMAAKOBOI BETUUYMHH P PO3MOAUTY HE MOXKE OyTH CKIIaIeHUN
X04 OW TOMY, 110 HEMOKJIMBO BUITMCATH HABITh MEPIUi psaok 1iel Tadmui. s omucy
HETMEPEPBHOI BUITAIKOBOI BETUYMHU MOTPIOSH 1HIMAN miaxia. PosrinsHemo nesaky BubipKy

obesry n: x;, i =1,n. Cepen BUOIpKOBUX 3HAUCHb 3HANAEMO MiHIMANbHE il MaKCHMallb-
HE!

Xmin = mm(xl’XZ’---’xn)’ Xmax = max(xl’XZ;---,xn)-

BubepeMo 4ucio daj < X, 1 YUCIO dg 4 > Xy - [IpUUOMY PI3HHLA MDK X, — 4,
1dg ]~ Xpq HE NOBUHHA NEPEBHUIYBATH TOYHICTh BHUMIPIB BUOIDKOBUX 3HAUEHb.
Tyt K — KINBKICTH IHTEPBANIB, HA AKY OyAe pO3AUICHU BIAPI3OK [a,, a | KinbkicTs 1H-
TepBaiiB K HE € JOBUTBHO OOMPAaHUM 3HAUCHHSIM, a 3aJICKHUTh BiJl 00CATY BUOIPKH 1, TOOTO
K = K(n). 3po3ymiyio, 1o HeEMAE CEHCY 0OMpaTH HOTo OUTBITUM, HIXK 00CsT BUOIPKH 11, ajie
i1 ONM3BKUM JI0 7 MOro BHOMpATH HE CHIJ, 1HAKIIEC 1HTEPBaIH OyAyTh ClIa0KO 3allOBHEHI
BHOIPKOBUMH 3HAUCHHSAMH 1 OyIe HEMOJKIIMBO 3HANUTH 3aKOHOMIPHICTH Y iX PO3MOILII.

KinmpkicTe iHTEpBamiB K, 3amexHo Big oOcary BuUOIpku n (puc. 4.7), BU3HAYAETHCA
3a OJHIEIO 3 TaKUX (PopMyI:

Ky =1+332Ign,’ 4.1
Ky =5Ign,? (4.2)
Ky=An.’ (4.3)

[Ticns BuOOpy KITHKOCTI IHTEPBAJIIB BU3HAYAETHCS 1X MTUPHHA:
a —a
Ag = —K+1 %

SIKII0 MO3HAYMTH MEXI IHTEPBANIB YePe3 dj , TO 32 BIAOMMX 3Ha4eHb d; 1 Ad HEBI-
JIOMI1 ME1 MOKHA OOUHMCIIMTH 3a PEKYPECHTHUMH (hOPMYJIAMH:

ay=ay+Aa, ay=ay +Aa, ..., ap 1 =a; +Aa, ..., ag =ag +Aa.

! ®opmyna Crepmkeca, abo IlITopreca (1926).
2 ®dopmyna Bpykca — Kpaysepca (1963).
> @opmymna Jloepdemnst (1969).
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Puc. 4.7. KutbkicTs 1HTepBaiiB K ;, K5, K 3 3a1€3KHO B 00CAry BUOIPKH 1,
BH3HAucHa 3a ¢opmynamu (4.1), (4.2), (4.3)

Takuit anropuT™ yBEACHHS IHTEPBAIIB y 3arajbHOMY BHWIIAJKy HE Y3TOMKYETHCS
3 TOYHICTIO BUMIPY BHOIPKOBUX 3HA4YeHb. CTIpaBa B TOMY, IO TOYHICTb, 13 KOO OACPIKaHI
BHOIPKOBI 3HAYCHHS, (PaKTHUHO BH3HAYAE MOXKIIMBOCTI HAIIOTO BHMIPIOBAJIBHOTO TIPHITAAY.
3a A0MOMOTOI0 ITHOTO BUMIPIOBAJILHOTO MPHIJIAAY BapTO MPOBOIWTH i 00poOKy maHux. He-
Xai, sk 1 B nipukyianl 4.2, juisi oaep KaHHsS BUXITHUX JTAHWX BUKOPHCTOBYETHCS 3BHYAHA
JIHIAKA 3 CAaHTUMETPOBUMH ToauikamMu. OTke, 3 ii JOIMOMOTOK HE BAACTHCS BIIKIIAIATH
BIZIPI3KK TOBXHWHHA Ad, 331aHOI B YaCTKaX CAaHTUMETPA (AECATUX, COTHX, TUCAYHHX 1 T.1.).
Tomy pe3ymbrar o6uncieHnst Aa OKPYTIIOETHCS 1 OOUMCIICHHS MEX 1HTEPBAJIIB MPOBOTIATH-
Csl 3 OKPYTJICHUM 3Ha4eHHSIM Aa. [1ocnimoBHO BIAKIAAAI0UN BIAPI3KHA AOBXKUHU Ad, TIOTPI-
OHO CTEKWTH 3a B3AEMHHUM TOJIOXKCHHIM TIPaBOi MEX1 OCTAaHHHOTO TTOOYTOBAHOTO 1HTEPBA-
7y 1 MAaKCHUMajbHOIO BHOIPKOBOIO 3HAYEHHS X, . SIK TUIbKUA YEProBE 3HAYECHHS U’ |

BUASBUTHCS OLTBIIAM, HIXK X noOy0Ba THTEPBATIB MPUITUHATHECA. MOMXITHBO, 110 KUTh-

max >
KicTh (hakKTHIHO MOOYMOBAHWX IHTEPBAIIB, SKI BKIIOYAOTH yC1 BUOIPKOBI 3HAUCHHS, Oyme
BIJIPIBHATHCS Bij MOIEPEIHBO 3HAMACHOro 3HaYeHHsS K. Y TakoMy BHIAJKy HOro BapTo
MIEPEBU3HAYMTH, Y3SABIIH

K+1=k"+1, 10610 K =K',

ne k' — HOMep OCTaHHBOTO MOOYAOBAHOTO IHTEPBAITY, IO MICTHTh MAKCHMAJIbHE BH-
OIpKOBE 3HAUEHHS X, . Janal AoBUIbHUHN 1HTepBan Oyde mo3Hadaruca ado CBOIM HOMeE-

poM k, aGo BKasaHHAM Ha fforo Mexi [ay a7 ).

3ayBaskenns 4.9. JliBa Mexa BKITIOUAEThCA B IHTEPBAJI, a TIpaBa He BKIIOYaeThes. Ha
11 BKA3yIOTh BIMOBITHO KBaJIpaTHa Ta KPyTJia Ay>KKH B MIO3HAYEHH1 IHTEPBAJTY [ak g t).

IIpuunna 1i€i “HEPIBHONPABHOCTI” MONATa€ B TOMY, 110 AOBUIbHE BUOIPKOBE 3HAYEHHS X,
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MOBMHHE OJJHO3HAYHO OyTH BIJIHECEHE 10 OJHOTO 3 THTEPBAJIIB, a 1I€ MOXKHA 3pO0OUTH, TUIb-
KM HE BKJIFOUHBIIHN B HBOT'O OJHY 3 MexX. [IificHO, SIKITO BUOIPKOBE 3HAUCHHS ‘‘TIOTpaInise’”
Ha MEXY @y, , TO BAHUKAE MUTAHHA: O AKOTO 3 ABOX IHTEPBAIB — PO3TALLIOBAHOIO J1BOPYY
YU MPaBOPYY B1A dj— HOTO CIIIA BIAHECTH. 3a3HAYMMO, 110 30BCIM HE BAXKIIMBO, Ky CaMe
MEXY — JIIBY UM TIPaBy — BKITIOUATH B 1HTEpBa. Y Harmiid poboTi Oyae HTh MoBa PO BKITIO-
YEHHS JIIBOI MEX1. A

3ayBa:xenns 4.10. 3BepHITH yBary Ha Te, IO MaJjia JiTepa K BUKOPHCTOBYETHCS IS
MO3HAYCHHS HOMEpPA IHTEpBajy, a Beauka K — /i MO3HAYCHHS KUTBKOCTI IHTEPBAJIIB.
VY po3a. 4.7 mi NTepH BUKOPUCTOBYBAIUCS TAaKOXK 1 JUISI JUCKPETHOI BHUITAIKOBOI BETMUHUHU
(muB. 3ayBaxeHHs 4.4). A

Sxmo miapaxyBaTty KUTbKICTh BUOIPKOBUX 3HAYEHB IS KOKHOTO 1HTEPBAJTY, TO OIEP-
KMMO iIHTepPBAJILHI YACTOTH /1 . X MO3HAYEHHS CXOKi Ha Ti, IKI BUKOPHCTOBYFOTHCSA TTPH

po0OTI 3 TUCKPETHIUMHU BUIAJKOBHMH BETMUMHAMH, ajie 3pO3YMLI0, IO I PI3HI YaCTOTH.
Muoxuna K nap {inTepsany, inTepsaibHi yacTot}, 10610 {[ay,a;.), g}, abo {Home-

pH IHTEPBAJIIB, IHTEPBAJIbHI YaCTOTH }, TOOTO {k, nk}, YTBOPIOE BUOIPKOBHII iHTEpPBaJIb-
HUii psia po3nogiay yactot (Tabm. 4.8).

Tabmuis 4.8
[aTepBan [611 , az) [611 ) 613) [ak: ak+1) [aK > aK+l)
Yacrora n,_ n,_, Ny M=K

Lle#i pan mokazye, s’k pO3MOAUTSIFOTHECA BUOIPKOBI 3HAYCHHS 10 iHTepBayiax. Cyma 1H-
TepBaJIbHUX YACTOT /1 (TOOTO CyMa yHcen y APYroMy psAAKy BUOIPKOBOTO IHTEPBAIIBHOTO

PAAY PO3MOILITY YAaCTOT) TOPIBHIOE 00CATY BUOIPKH 71

n

anZH.

k=1

I'padiuamm 300paskeHHAM BHOIPKOBOTO THTEPBAIBHOTO PAY PO3MOALTY YacCTOT € Tic-
Torpama 4actoT. [le cremianeumii rpadik, mo OymyeThcs Ha TUIONTHHI B Takuii croci6. Ha
ocl abcuuc BIAKIAJAIOTbCA MEXI IHTEpBaNB aj . [lam Ha KOXKHIM I1HTepBasll OyAyeTbes

NPAMOKYTHHK 13 BUCOTOIO, 11O JOPIBHIOE 4acToTl #j, (puc. 4.8).

[TpunycTuMo, 110 00CAT BUOIPKHU MEPEBUIIY€E 3HAYCHHS, 32 IKOr0 BUKOHYETHCSA YMOBA
crabumizami BIZHOCHUX YaCTOT TS MOII

{a, <X <ap, ).
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41 38y ag g Ay Ak gy X

Puc. 4.8. I'icrorpama gacToT

VY pazi 30uTbmeHHs 00cATy BUOIPKH 77, HAMPUKIIAA, Y ABa pasu (n'=2 n), “HOBI” Yac-
TOTH 7}, BUABIIATHCA MPUOTU3HO B ABA Pa3u OIIBIIMMH “CTapux’ 4acToT hy . Lle BumimBae

3 BJIACTHUBOCTI ¢cTa0uTI3a1li BIIHOCHUX YaCTOT:

ng Ny '
, ~

n n

, N
ng ~—ny =2ny.
n

[HIIMMMA crToBaMu, TOPIBHIOBATH PE3YJIBTATH IBOX OAHOTHITHUX CEPIH AOCIIAIB PI3HOT
JIOBKUHA HEMOXKITUBO.

BubipkoBuii inTepBaJbUHIA Psi PO3MOAILY BITHOCHUX YacToT (Tadi. 4.9) MoxHa
Oiep)KaTh 3 BUOIPKOBOTO psify po3mojuty yacToT (Tadm. 4.8) AiIeHHAM 4acToT /1y Ha 00-

CAT BUOIPKH 7.

Tabmuns. 4.9
TuTepsan [al’az) [al’“3) o e ay) | lay.a; )
: Ng=1 Ng=2 ny Ng=K
Bignocna yactora » p “uu . e —n

CyMa BITHOCHHX YaCTOT y JAPYTOMY PSIAKY BHOIPKOBOTO IHTEPBAJIBLHOTO PAY PO3IIO-
JUTY BITHOCHHX YacTOT JOPIBHIOE 1:

AR n n n mtny+...+n n
Z—k—=—]—+—2-+...+ K_"1772 K-"=1
n

n n n n n
k=1

[cTorpamMa BITHOCHMX YacTOT OyAy€ThbCA aHANOTIYHO TicTorpami uactor. [umkom
OYEBHJTHO, IO BIJHOCHI YaCTOTH IHTEPBAIIB HE MOBUHHI “BIATYKYyBaTHUCA  Ha 3MIHY 00Cs-
ry BUOIPKH, MPOTE 3a PI3HUX OOCATIB BUOIPOK KUTBKICTH IHTEPBAJIIB 1 iX MHUPHUHA PO3PI3-
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HAIOThCA. BUHUKae MUTaHHA, IKUM Y TAKOMY BUMAAKY Oyle BUOIPKOBUM IHTEPBATIbHUN Pl
PO3MOILTY BITHOCHHX YaCTOT.

PosrnsHeMo Binryk BHOIPKOBOTO THTEPBAIBHOTO PAMY PO3MOAUTY BIAHOCHWX YacTOT
TUIbKWA HA 3MIHY IIMPUHU IHTEPBAIYy Y pa3l MITYdHOro oOMexeHHs oOcary BuOIpku. 30i-
JIbIICHHS ITUPUHA THTEPBAy Yy JBa pa3d MOKHA 3MOJAETIOBATH 00'¢ JTHAHHAM JBOX CyMIXK-
HUX 1HTepBaniB (puc. 4.9). [lpu o0'enHaHH] 1HTEpBaIIB HIMPUHOW Aa 3 yacToTaMu ny 1
Nj 1 YTBOPIOETHCS IHTEPBAN MIHUPHUHOKO 2/a 3 4acTOTOO ( 1y + My 1) 1 BIAHOCHOIO 4acTo-

TOIO, IO JTOPIBHIOE CyMI1 BITHOCHUX YaCTOT 00 € THyBAaHUX IHTEPBAJIIB:

Mg Pt _ Mk Pt

n n n
Nk
Mt
Nkt
i
n
k n
ay g1 ka2 Ak Al
a o

Puc. 4.9. Biaryk ricrorpamu 4acTot: a — Ha 00’ €THaHHA CYMDKHUX THTEPBaJIIB, O — HA PO-
3MIUICHHS 1HTEPBaIy (BUCOTA ““HOBOTO’ CTOBIMUHMKA (O11Mil KOJip) Tpu 00’ € THAHHI IHTEPBA-
JIB JOPIBHIOE CyM1 BUCOT “cTapux’’ (CIpuil KOMIip), BUCOTH ‘HOBHX CTOBITUHKIB (OLTHH
KOJIIP) TIPH PO3IJICHH] THTEPBATY B CyMi IOPIBHIOIOTH BUCOTI “‘cTaporo’” (Cipuid Kojip))

Jlns moniy 1HTepBay MUPUHU Aa Ha aBa 1HTEpBAM MUPHHA Ad’2 BI3BMEMO, 10
YaCTOTH ““HOBWX ~ IHTEPBAJIIB

TOJI iX BIIHOCHI YaCTOTH 3MEHINATHCS MPUOIN3HO y IBA Pa3u:

r " l
e M LM

— N s

n n 2n
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OTxe, MOPIBHIOBATH ABI cepii AOCIIAIB, OOPOOICHHX 32 JOTIOMOTOIO BUOIPKOBOTO 1H-
TEPBATBHOTO PSAAY PO3MOAUTY BITHOCHWUX YACTOT, IO MAIOTh PI3HY IIMPUHY 1HTEPBAIB,
TaKOK HEMOXKITUBO.

YBenemo Ha inTepsanax |ay,ay +1) 3aMICTh BIAHOCHMX YacTOT HOBY BEJIMUYUHY, HA3HU-

BaHy BHOIPKOBOI0 (DYHKII€I0 TYCTHHH, 3HAUCHHA SKOi HA THTEPBAII K TOPIBHIOE

*
x Pk

=12 44

Tk Aa (44)

Muoxwnna K nap {k, f/:f } yTBOpIOE BHOIPKOBHIA iHTepBAJIBLHUIT P po3noaity ¢y-
HKIii ryctuau (tadn. 4.10).

Tabmwmis 4.10

IaTepBan la,a,) | [ay,a3) o | ag,arq) [ag.ag 1)
Bubipkosa i « " S
(byHKIIIS TYCTHHH Tk=1 Ji=2 Tk Tk=K

Cyma 3HaueHb BUOIPKOBOI (PYHKIIT T'yCTHHH B Apyromy psanky tadmn. 4.10 mopisHIO€E
oOepHEHIH BEIMUWHI ITUPUHA 1HTEPBAITY:

n

zf L”_k 1 nk Ll "1” I n_ 1
klk L‘Aan Aa n Aan;{—'k Aan Aa'

INicTorpama BuGIPKOBOiI (PyHKIIIT TYCTHHH OyAy€ThCS aHAJIOTTIHO TICTOrpaMaM 4acToT
1 BITHOCHUX YacCTOT.

Jlerko TOMITHTH, IO 3a CTAJIOI MMAPUHYU 1HTEPBAIIB BUOIPKOBUN 1THTEPBAIBHUNA DPSIA
posnoauty (pyHKITIi TYCTHHHU “HE pearye” Ha 3MIHY 00cATY BUOIPKH, TOMY IO B YHCEITHHU-

Ky BUpPa3y [UId fj 3HAXOAUTbCA BIAHOCHA 4YAacTOTA, JUISl AKOi BUKOHYEThCS yMOBa cTalLIi-

3amii. [Ticns o6'emHanHa ABOX CyMDKHHMX THTEPBAIB 3HAUCHHSA BUOIPKOBOi (DYHKIIIi TyCTH-
HU “00'eAHAHOTO”” IHTEPBAJIY JTOPIBHIOE

Mg + 1Mk 41 N 2 \
1 n _l’p_k+pk+l

n — =
2Aa 2 Aa 2 L Aa Aa

Thkel = 2(fk + fk+1)

TOOTO CepenHbOMY aprU(METHIHOMY 3HAUCHHIO BUOIPKOBHUX (DYHKITIH T'yCTHHH 00’ € THyBa-

HUX 1HTEPBAJIIB, OTKE, BOHO € OOMEKeHe 3HaUeHHAMH [ 1 fr (puc. 4.10).
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Puc. 4.10. Biaryk ricrorpamu BuOipkoBoi (pyHKITIT TYCTHHU: @ — Ha 00’ € THAHHS CYMDKHUX
THTEPBATIB, O — HAa PO3AUICHHS THTEPBATY (CTOBIMUMKH A0 00’ €THAHHA 1 10 PO3ALIICHHS TTO-
Ka3aHl CIpUM KOJIbOPOM, MEX1 CTOBITYMKIB MICIA 00’ €qHAHHS ¥ TICIA PO3AUICHHS MPOBE-
JICH1 ITYHKTHPOM )

Jlns momuty 1HTepBaly MAPUHOIO Aa Ha ABa IHTEPBAJIN MUAPHUHOIO Ad/ 2 BI3bMEMO,
110 YaCTOTH ¥ BITHOCHI YaCTOTH HOBHX IHTEPBAJIIB 3B's13aH1 CITIBBITHOIIICHHIMH

’ "

n *n"*ln ny, ~n,’:

VL {7 — >
2 n n 2n

1 n,

~
~

3B1IKM BHIUIMBAIOTH TaKl OIMIHKH /I 3HAYCHb BUOIPKOBOiI (PYHKIII1 TYCTHHH ““HOBUX 1HTE-
pPBaTIB:

o m/n 2n/n n/n .
Jfk = = ~ :-/l’
Aa/?2 Aa Aa

m/n 2n/n_ml/n_

T =X a2 aa C aa T

TOOTO 3HAUCHHS BUOIPKOBOiI (DyHKITI T'yCTHHHN Ha ““HOBMX IHTEpBajaxX MPUOIM3HO TOPIB-
HIOIOTh 3HAUCHHAM BUOIPKOBO1 (DYHKITIi TYCTHHH “‘CTapOTO’ THTEPBAITY.

Ha BuGipkoBOMYy 1HTEpBANBHOMY Pl PO3NOAUTY (DYHKINI TYCTHHH HE TTO3HAYAETHCA
H1 3M1Ha 00cATy BHOIPKH, HI 3MIHA MIAPUHU 1IHTEPBATy. T00TO y BUTIAA1 BHOIPKOBOI (hyH-
KINii TYCTHHH BJAJIOCA OJEPIKaTH iHBaAPIaHTHY BEIIMUHMHY I 0OpOOKH pe3yJIbTaTiB pi3-
HUX Cepiii OTHOTUITHUX JTOCIIIIB.

I'padix BubIpkoBoi pyHKIII TycTHHE [ (X ) MOKHA OJIEpPKaTH, SKIIO HA TICTOrpaMi

BUOIPKOBOi (PyHKLII I'yCTUHU f) 3a0paTy CTOBINUMKH, a 3IMLIMTU TIJIbKM BEPXHI iX CTO-
ponu (puc. 4.11).
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['parnune monoxxeHHs BUOIpKoBOi (yHKINI TYCTHUHU f (X ), BU3HAUEHOI Ha THTEPBa-

nax k=1 K, 3a HeoOMexeHOro 30UIbIIEHHS 00CATY BHUOIPKH 77 1 3MEHIIEHHS 0 HYJIS
MAPUHA THTEPBANIB (32 HEOOMEKEHOTO 30UTHIIICHHAS KUTBKOCTI 1HTEPBATIB) HA3WBAETHCS
reHepaJbHO (YHKII€I0 I'YCTHHH HelepepBHOI BUNAAKOBOT BetmauHu. /st GyHKIi
TYCTUHU HETIEPEPBHOI BUIAIKOBOI BETMUMHHN X BUKOPHUCTOBYETHCS MO3HAUeHHS f(x). ['pa-
¢k pynkii ryctunu f(x) HaBenennii Ha puc. 4.11.

f

T T
a1 dp ag Ak per Ak gy X
LAY e—
f(x)
—L e f(x)

C——=*

c—i
o Ss

a; az 33 A Akep Ak Ay X

Puc. 4.11. T'icrorpama BubipkoBoi (PyHKITI TYCTHHH /‘/: (Bropi), rpadik BUOIpKOBOi (PpyH-

KIGii TycTHHE f (x) (BEPXHI CTOPOHHM CTOBITYHKIB TiCTOrpaMu, yHm3y), rpadik (byHKIii
TyCTUHH [ (X) (CyIUTbHA JIHIA, YHU3Y)

3ayBaxkennsi 4.11. O6nacts BU3HaUeHHS (DYHKINI TYCTHHH f(X) 3aBXKau OOMEKEHA.
Ile BumyimBae 3 0OMEKEHOCTI PE3YNIHTATIB BUMIPIB TIPH BUBUEHHI1 OyIb-IKOTO PEATBHOTO
mporecy (He 000B’SI3KOBO BUIIAKOBOT0). AJie 3 TOCITy MH 3HA€EMO TUIBKH MiHIMAaJbHE U
MaKCHMajibHe BHOIPKOB1 3HAYEHHS, a MIHIMAJIbHE 1 MaKCHMaJIbHE T'C¢HEpaIbHI 3HAUCHHS,
TOOTO MEX1 00aCTl BU3SHAUCHHS f(X), K MPABWIIO, HEBIAOMI. 3pO3yMUIO, IO MPAIIOBATH
3 (pyHKII€I0, 001aCTh BU3HAUCHHS AKO1 HE BIJOMA, HE 3aBXAHM 3PYYHO, a THOAI — HEMOXK-
auBo. ToMy momaTkoBO BH3HAYAIOTH (PYHKITIO f(X) Yy HECKIHUEHHIA 00JacTl JIBOPYY Bij
MIHIMAJIFHOTO 3HAYCHHS (TOOTO BIJ —X JO MIHIMQJIBHOTO 3HAYEHHS) 1 B HECKIHUCHHIH 00-
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JIACT1 MPABOPYY BiJ MAKCUMAJIbHOTO 3HAYE€HHS (TOOTO B1J MAKCUMAJIbHOIO 3HAUCHHS
70 +0C) HYJbOBUMH 3HAUCHHSMH. Y pe3yiabTaTi (hyHKIIS TYCTHHH f(X) BUSBISETHCA BH-
3HAUEHOIO Ha BC1H 4MCIIOBI# ocCl (-00, +oc). Te, mo B 00acTh BU3HAUECHHS BKITIOUCHI (h13H-
YHO HEMOJKJIMBI 3HAUCHHS, HA OJICPKYBAHUX PE3yJIbTaTax HIAK HE MO3HAYAETHCSA, aJKe Pi-
BHICTh HYJIEBl (PYHKIlli TYCTHHU B OyAb-sIKOMY 1HTEpBaJIl O3HAYa€E, M0 3HAUEHD 13 IHOTO
IHTEpBATy BUTIAAKOBA BemuuHa X HIKOJIM HEe HAaOyBae (IHIMUMH CIIOBAMH, IS TIOI1sI HEMO-
KIIMBA). A

Baacmueocmi hynkuyii cycmunu

l. f(x)=0, mobmo ynryis cycmunu Hegio 'emua.

PosrnstHemo BuOipKOBHil THTEPBANBHUN PAA po3noALTYy (YHKINI T'yCTHHH. 3a BA3HA-
yeHHAM (4.4) Ha KOXKHOMY IHTEpBaJIl k 3HaueHHS BUOIPKOBOi (hYHKIN T'YCTHHHU JTOPIBHIO-
I0Th

OckipKH IMIMPUHA IHTEPBAJTY BIAMIHHA B1A HYJS, ToOTO Ag > () (3HAMEHHHK), a HMO-
BIPHICTh HAOYTTS BHMAJAKOBOIO BEIMIMHOIO 3HAUCHB y JOBUTBHOMY IHTEPBAJIl HEBIJ €MHA,

TOOTO py =0 (4ucenbHUK), TO f; = (0 He3anekHo BiA 3HaueHb 1 14a. OTxe, Ipu rpaHu-

YHOMY Nepexol BI f; 10 f(x) BIaCTUBICTb HEBIJ €MHOCTI 30€pIracThes.

2. I[Inowa, obmedcena giccto abeyuc i epagpivom Gyuxyii eycmunu f(x) (011 npocmo-
mu Oyoemo 2080pumu npo niowy nio kpusoio f(x) oopisuioe 1.

[Tnoma, siky 3afimae ricrorpama BUOIPKOBOT (DYHKITi TYCTHHU, JOPIBHIOE CyMI1 TUTOII
CKJIAZIOBUX ii 4acTUH (NPpAMOKYTHUKIB) (auB. puc. 4.11). Ilnoma Sy npsMokyTHHKa, 110

HAJICKUATH JIO IHTEPBAITY K, TOPIBHIOE
*
Sk - Aa . fk 5

* )
ne Aa — mvprHa NPAMOKYTHHKA, a f, — HOro BUCOTA.
Omxe, TUIOIIA TICTOTPAMH AOPIBHIOE

S=81+8+...+8¢ =

=Aa-fi +Aa-fr +. . +Aa-fr=Aa(f{ + f> +..+ [ ).

Cywma 3HaueHb BHOIPKOBOI (hyHKINII TYCTHHH UTS BCIX 1HTEPBAJIIB, 10 BXOANUThH y BH-
pa3z wis S, popisuroe 1/ Aa . Tomy

* * * Aa
Aa
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Sk Gaunmo, pe3ynbTaT HE 3aJICKUTH BiJ 3HAUCHB 77 1 Aa. Tomy BiH MOXe OyTH MOITH-
penHwuit 1 Ha PyHKIIIO TycTHHA. [HOMI HOTO 3aMMCyIOTh Y Takii Gopmi:

Tf(ﬂdx:l,

M0 TPYHTYETHCA HA TEOMETPUYHOMY TIYMAUCHHI BU3HAUEHOTO IHTETpaJia ¥ pPO3MUPEHHI
oOmnacTi BU3HAUeHHA f(x) (mvB. 3ayBaskeHHs 4.11). B

3. Hmosipnicme nabymmsi 6unaoko6oio éenuyunoro X suavenv y 0esxomy inmeped-
ai [a, b) oopisnioe nnowi S nio kpueoo Gyukyii cycmunu f(X), o iomunacmocs eepmu-
KabHUMU npsimumu x = a i x = b (puc. 4.12).

f(x)

(s)

a b X
Puc. 4.12. Cxema 1o ¢opMynrOoBaHHS BIACTUBOCTI 3 (hyHKIIIT TYCTHHH f(X)

Jlnst oOTpyHTYBaHHS BIIACTHBOCTI PO3TIITHEMO KUTbKA OKPEMUX 32/1a4.
Sk BimOMO, HUMOBIPHICTS HAOYTTS BUIIAIKOBOIO BEJIMUMHOIO 3HAYCHBb Y ACTKOMY 1H-

TepBail k 3a yMOBH cTabii13aLli BIIHOCHUX 4acTOT AOPIBHIOE py . L{10 camy HMOBIPHICTB
MO)KHA BUPA3WTH Yepe3 3HAUCHHS BUOIPKOBOI (PYHKIIIT TyCTHHH HA JAHOMY IHTEpPBajl abo

yepes3 IUIOIY BIANOBIAHOTO MPAMOKYTHHUKA TricTorpamu py =Aa- f; =S, (amB. BIacTu-

BicTh 2). IMOBipHiCTh HAGYTTS BANAIKOBOIO BEIMYHHOIO 3HAYEHD y JCKIIHKOX OG0B~
HO PO3TAIIOBAHUX IHTEPBAJIax OyjAe JOPIBHIOBATH CyMI IIIONI MPSIMOKYTHHKIB, 11O BI1JITO-
BIJIAIOTH JaHUM IHTEPBaJIaM.

ko 3a moOyaoBaHOO A1 BUOIPKH, sTka Ma€ 00cAT n' 1 KUThbKICTh 1HTEpBaJIiB K, Tic-
TOTpamMor0 BHUOIPKOBOI (hyHKIN T'YCTHHHM TiAIOpaTH TOJIOXKEHHS MEX 1HTepBamiB a' 1 b,
HaHOUThIT ONMW3BKUX IO 33/IaHWX 3HAUEHB a 1 b, TO TIyKaHy WMOBIpHICTh P({a< X <b})

MO)KHA BU3HAUATH HAOIVMKEHO K CyMapHy IOty S’ MPAMOKYTHHKIB TICTOTPaMH, PO3Ta-
IMOBAaHUX MDK MmiaiOpaHUMu Mexamu iHTepBaiiB ¢’ 1 b’ [lomimmmTr  OMWIHKY Ui
P{a<X <b}) moxHa NUIAXOM 30LIbIIEHHS 00CATY BHOIPKH A0 »" >n' 1, BIANOBIAHO,

KijpKOCTI iHTEpBaiB K" > K'. 3a 10moMororw HOBOI ricrorpamu, mo0yaoBaHoi 3a BUOIp-
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KOO OUTBIIIOTO 00CATY, MOXHA Mi10paTH MexXI1 1HTEepBajiB ¢'' 1 "', po3raioBaHux OJuKUe
70 3a7aHuX 3HaueHb ¢ 15 (puc. 4.13). Y npoMy BUMAAKY pO3OIKHICTh MIXK BETHUMHAMHA
miom S 18" 6yae MEHIIO, HK MK BeTMIHHAMH TTomT S 1.5

fi fi

/
|
T~
b
vd

~ N\ ~ N
/ (s) - (s)
/ <

/ ”w ”
a b X a b X

Puc. 4.13. Cxema 1o oOrpyHTYBaHHS BIaCTUBOCTI 3 (DyHKITIT T'yCTHHH f(X)

[TpomoBkyroun miadip 10 BUUYEPIIAaHHS BHOIPKOIO T€HEPATBHOI CYKYITHOCTI, MIHAIEMO
BHCHOBKY, IT10 IITyKaHa WMOBIPHICTH Oy/le TOPIBHIOBATH CYMapHIH IJIOMII TPYTH MPAMOKY-
THHKIB TICTOrpaMH, BIAIOpaHUX 3a MPUHIANOM OJIM3BKOCTI JIIBOI MEX1 KPAHHBOTO JIIBOTO
MPAMOKYTHHKA J0 3HAUCHHS ¢ 1 ONM3BKOCTI MPaBOi MEX1 KPaWHBOTO TPABOTO MPSIMOKYT-
HUKa 70 3HaueHHA b (puc. 4.13). ¥ maHomy BUMAAKy CyMapHa IUIONIA AX JYXKE BY3bKHX
NPAMOKYTHHKIB (iX mupuHa Aa HAOMWXKaeThCsAs A0 HyNs) Oyne JOPIBHIOBATH TUTOIII
i KpuBOKO (PYHKITT TYCTHHHM f{X) (BEpXHI YAaCTUHW MPAMOKYTHHKIB, IO yTBOPIOIOTH

rpadik f " (x), rpanndHO mepexomats y rpadik f{x), T06To [ (x)—> f(x)), a ue o3Ha-
Yae, 10 BJIACTHUBICTh JOBeIcHA. MaTeMaTHYHO BOHA 3aMUCY€EThCS TaK:

b
S=P({asX<b})=If(x)dx. -

4. Umosipricmes moeo, wo sunaoxkosa seiuduna X Habysae 3ua4eHv, MeHWUXx 3a0d-
HO20 3HAYEHHS X, OOPI6HIOE naowi S| nio Kpueolo QyHkyil eycmunu J1i6opyy 6i0 3HAYEHH:.
x (puc. 4.14).

L{s BITacTUBICTh BUBOJUTHCS 3 BIIACTHBOCTI 3 32 YMOBU a=—x, b—X.
5. Umogipnicms moeco, wo eunaokosa eeauduna X Habysae 3HAYEeHb, OLNbULUX HIJNC
3a0aune 3Ha4eHHsl X, 00pisHIoe niowi S, nio Kpueoio yHxyil eycmunu npagopyy 6io 3Ha-

yenns x (puc. 4.14).



(s)

a o

Puc. 4.14. Cxema no obrpyHTyBaHHA BiactuBocted 4 (a) 15 (6) pyHkii ryctunu f(Xx)

I{s BIacCTUBICTH BUBOJUTHCS 3 BIACTHBOCTI 3 3a YMOBH a = X, b = +oc. MoxHa TakoX
3aCTOCYBaTH BUCHOBOK 13 TPaBHJIA JOIaBAHHS IS BOX HECYMICHUX TOIIH.

HaBeneni BmacTuBOCT! (hyHKIT TYCTHHU HE € BUUCPITHI, ajie¢ (pOPMYITIOBAHHS THIITHX
nmogamo y po3a. 4.11.

4.9. llopiBHsiHHSI NOHATH PyHKIIT rycTHHH Ta (I3UYHOT I'YCTHHH

3’acyeMo, 10 MalOTh Ha YBa3l, KOJIM TOBOPATH MPO (PYHKITIIO TYCTHHH: YH TI€ Ta caMa
BEJIMUMHA, TKA BBOAUTHCS B Kypcl (hi3uKu?

VY ¢i3umi rycTiHa BBOAWTHCS B Takwid crioci0. Hexaii € aeske mpocTopose TUTO, Ha-
MIPUKJIIA] IICTIMHA, 3 BIIOMHMH Macoro M 100’ emom V (puc. 4.15).

3a BU3HAUEHHSAM CePeIHBOI TYCTHHOK MaTrepiany (PEUOBHHHM) JAHOTO TiJIa HA3WBa-
€THCS BIAHOIICHHS
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HUcC. 4. . LUXEMa 10 BUBHAQUCHHA O €MHOiF CTUHHU MAaCHU
Puc. 4.15.C 6’ y

Slkimmo marepiaj Tijia He € OJHOPIAHMH, TO I XapaKTEPHUCTHKA MaJIO TIPO 1o Oyje ro-
BOpHUTH. baskaHo 3HATH, HACKUIPKA HEOJMHOPIAHUM € Matepiai. JIJis mboro BBOAUTHCS TIO-
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HATTS JOKaJIbHOI T'yCTUHHM. Hexal aKuiich OKUT Aesikoi Touku A Tina (el OKUT — MajieHb-
KW IIMaTOYOK TUTa JTOCHUTH JOBUIHHOI (hOPMH, IJIs MMPOCTOTH — MAJICHBKWN Tapasienemni-
IeJT, IO MICTUTh yCePEaHHI JaHy TOUKYy) Mae Macy AM # o6 em AV (puc. 4.15). 3po3y-
MLJI0, IIIO 33 aHAJIOTIEIO 3 CEPEAHBOIO T'YCTHHOIO MaTepially BChOTO Tija MOXKHA BBECTH M
CEPEJHIO T'YCTHHY MaTepiaidy B OKOJII BUOpaHOi TOUKH A. SKIImo 3MEHIITYBaTH PO3MIP IhO-
ro okoxy (IMaTouka TUTa), TO MOYKHA TMIEPEUTH IO TIOHATTSA TYCTHHH MaTepiajay B JaHId
tourii. OTxe, 00’€MHA ryCTHHA MAaCH B JaHIi TOYI(l JOPIBHIOE

pyg= lim AM
AT AV S0 AV

VY 11p0oMy BHU3HAUCHHI MOBA HE ¥ TIPO TPAHMINO B TOMY PO3YMIHHI, SIK€ MPUHHATE
B KypcCl BHIIOT MareMaTuKH. Tam po3TiAIaeThCa TPAHUIlA IUTKOM BH3HAYCHOI MOCIIOB-
HOCTI 200 IIJTKOM BU3HAYeHOT (hyHKINIT Aesikoi 3MiHHOI. TyT ke BiICYTHI BU3HAYEHI B 1HO-
MY CEHC1 AK MOCIIIOBHICTD, TaK 1 (hyHKINISA. MaeThcs HA yBa3l Take: AKIIO TOBLILHO 3MEH-
IIyBaTH TOTMEPEUHI PO3MIPH OKOJIY TOUKH A (MaJIeHBKOTO IMMAaTOYKa Mareplaiy), To, To-
YUHAIOYH 3 JICAKOTO XapaKTEPHOTO PO3MIPY, 3HaUeHHA BimHomeHAss AM no AV 3 npwmii-
HATOIO TOYHICTIO TepecTaHe 3MiHoBaTHCA. OMHAK 3ayBaXXUMO, 10 34 JOBUTHHOTO 3MEH-

IIICHHS [IJIKOM BH3HAYCHA YK CIIOBA TOCIIIOBHICTh a BIJICYTHA.

I3 Bu3HaueHHs 00’ €MHOI TYCTHHW MaCH BUILIUBAE, MO AKIIO B AaHIH Touii 4 B1I0-
Ma BeIMYMHA p 4, TO Macy JAOBUIBHOIO 3a (OPMOIO MaJeHBKOro IIMaTOYKa TuIA

3 00°eMoM AV | aKuit MICTUTBH YCEPEIHUHI TOUKY A, HAOTUKEHO MOYKHA BU3HAUNTH B TAKAH
crocio:

AM ~p 4 AV,

npuUuoMy HaOMKeHA PIBHICTh BHKOHYETHCA THM TOYHINIEC, YAM MEHIHH 00 €M
mmarouka Al .

AS

Puc. 4.16. Cxema 10 BU3BHAUCHHS MMOBEPXHEBOI I'YCTUHUA MAacH

PosrnstHemMo Ti10, OTHUM 13 PO3MIPIB SIKOTO MOXHA 3HEXTYBATH TOPIBHIHO 3 JIBOMA
THITUMY (HAPUKIIAJ, apKyI manepy, JUCT aHepH, 1axoBOro 3ami3a 1 T.i8. (puc. 4.16)).



81

Skio Maca JaucTa Takoro Marepiany AOPIBHIOE M, a Horo miomma — S, TO cepeaHbOI0
MOBEPXHEBOIO TYCTHHOIO MaTepiajly BApTO BBAKATH BITHOMICHHS

Jliia HEOTHOPIAHOTO MaTepialy MOKHA BBECTH JIOKAJIBHY XapaKTCPHCTHKY PO3IMOIALTY
Marepialy B KOXHIH TOYIT, SKIIO PO3TJIAHYTH OKUT TOUKH 3 Macoo AM 1 mmomeo AS.
dopma 1IbOTO OKOJTY HE Ma€ 3HAYSHHS, ajie MOYKHA HOT0 300pa3nuTH y BUTIISIII MAJICHBKOTO
MPSAMOKYTHHKA, IO MICTHTh ycepeauHi nany Touky A. Toxal ryctuHa Marepiainy B JaHIA
TOMITI

pyg= lim A—M
A7 A0 AS

VYBeneHy B Takwii cnoci0 T'yCTHHY HA3HBAIOTh IMOBEPXHEBOK TI'YCTHHOK) MACH.
I{e MOHATTS MOYKHA 3aCTOCOBYBATH MPUOIU3HO TaK CaMo, AK 1 MMOHATTS 00’ €MHOI T'yCTHHHU
macu. Skiio B aaHiit Toull 4 BiloMa BEIUYMHA P 4, TO Macy JOBUIBHOTO 32 (popMoro Ma-

JICHBKOTO IIIMATOYKa JIMCTOBOTO MaTepiay 3 IIomeo AS, M0 MICTUTh yCepeauHl TOU-
Ky A, HaOIMKEHO MOXKHA BU3HAYUTH B TAKHi CIIOCIO:

AMNPAAS,

MPUYOMY HaOJIMKEHA PIBHICTh BUKOHYETHCS THM TOYHIIIE, YAM MEHINA TIOMA MTMaTou-
ka AS.

Hexait € Ti10, 7BOMa po3MipamMu SKOTO MOYHA 3HEXTYBAaTH MOPIBHSIHO 3 TPETIM, Ha-
MIPHKIIA]] IMATOK TPYOH, MPoBOAY 1 T.1H. (puc. 4.17). SIkmo maca mmarka Takoro Marepi-
ary AOPIBHIOE M, a HOTO TOBXKWHA — [, TO CEPEAHBOIO JIIHIHOIO TYCTHHOIO MaTepialy Ba-
PTO BBaXKaTH BIIHOIICHHS

>

AL

Puc. 4.17. Cxema 10 BU3HAUCHHS JIIHIMHOI TYCTHHHA MACH
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JIJ1st HeOTHOPITHOT'O MaTeplaay MOKHA BBECTH JIOKAJIbHY XapaKTEPUCTHUKY PO3MOJLTY
Marepialy B KOXKHINA TOYIT, SKITIO PO3TJISHYTH OKLI JaHOi TOUKH A 3 Macoto AM 1 n0BxkH-
Hoto AL . et okin sBasge co00K0 MaJICHBKHM BIIPI30K PO3TIIHYTOTO IIMAaTKa TPYOH, IO
MICTUTh ycepeauHi qany Touky 4. Tomi rycTiHa MaTepiaay B JaHii TOYIT

- AM
py= lim —.
AL—0 AL

VYBeneny B Takuii crocid TYCTHHY Ha3WBAIOTh JIHIHHOK rycTHHOKW MacH. lle mo-
HATTS MOXHA 3aCTOCOBYBATH MPUONM3HO TaK CaMo, 5K 1 TOHATTS MPOCTOPOBOI Ta MOBEPX-
HeBOi rycTuHU Macu. ToOTo Ko B AaHIN Toull A BiJOMa BEJIMYMHA P 4, TO Macy AOBI-

JHHOTO MaJICHBKOTO IMIMAaTOYKa Marteplany MOBXHUHOIO AL, 1O MICTUTh YCEPEAWHI TOU-
Ky A, HAOTMKEHO MOXKHA BU3HAYUTH B TAKHiA CIIOCIO:

3’acyeMo, O CIUTHBHOTO B WX TPHOX BU3HAUCHHSX TYCTHHHU. 3BEPHITH yBary Ha Te,
M0 11¢ BU3HAYCHHS rycTHHH Macu. Came BIJHOIICHHS MAacH MaJICHBKOTO IMIMAaTOYKa Ma-
Teplay 0 MIpH IIhOTO MMaTovKa (“‘Mipa” — 1€ CTemIaIbHAN MaTeMaTHUYHANA TEPMIH, TYT
BIH 3aCTOCOBYETHCS JJIA y3araJbHECHOTO MO3HAYCHHA 00’ €My, IOl ad0 JTOBKHHH ITMa-
TOYKA) 1 JA€ OJTMH 13 BU/IIB TYCTHHHU MacH.

[Tpoananizyemo, ik caMe CTOCY€EThCS TIOHATTA TYCTHHH SIK Takoi 10 QyHKITT T'yCTHHH.
3BepHEMO yBary Ha Te€, IO TPHA BBEJACHHI BHOIPKOBOI1 (DYHKIIT TYCTHHH IJIs TOBIIBHOTO
1HTEpBaATYy (CTAaTUCTHYHA) UMOBIPHICTH TOTO, 10 3HAYSHHS TOCIIKYBAaHOI BEJTMUMHM 3HA-
XOJATHCS B MEXKax IIbOr0 1HTEPBAIy, HOAUIIETHCSA HA HOro Mipy, TOOTO JOBXKHHY. Y aa-
HOMY BHUTIAJKy MOBA ¢ MPO ryCTHHY HMOBIPHOCTI, a TOUHIINIC MPO JIHIHHY r'yCTHHY

iimoipaocTi. [Ipu mepexoi Big BubipkoBoi GyHKLI rycTrHE f (X) [0 3BHUaiHOi ByH-

Kifi TYCTHHH f(Xx) pOOMTHCSA TPAHWYHUHN TEpeXi, MOMIOHUN A0 TEpeXoAy BIJ CEPEIHBOT
JHIAHOI TYCTHHHA MacH A0 JIIHIWHOI TYCTHHH B TOYIll. AJle MU BIIIYYHIIH CJIOBO “HMOBIp-
HiCTB” i3 BU3HAUYCHHS BUOIPKOBOT QYHKIIi rycTrHA [ (x) 1 pyHKIii TycTHHY f(X).

B nHaykoBiit jiTepaTypi HEUACTO 3YCTPIUYAETHCA BHUPA3 ‘TyCTHHA Macu — 3PO3YMLJIO,
[0 MOBa HJie PO Macy, TOMY II€ CIIOBO omyckaroTh. OaHaK 1 B MareMaTuill, 1 B (hi3HIll
3pYYHO BBOJMTH TOHATTS TYCTHHH IS PI3HUX BEIUYHH, OTKE, B KOXKHOMY KOHKPETHOMY
BWTIAJIKy BapTO BKA3yBaTH, SKa caMe BEJTMUMHA MAEThCSA HA yBa3l. Mu Oy/ieMo BECTH MOBY
BUKITIOYHO TTPO T'YCTHHY WMOBIPHOCTI, TOMY CJIOBO “HMOBIPHICTB , IK TIPaBWIIO, Oy/1e OITy-
ckatrca. OmHaK He 3aBXKIM T'yCTHHA HMOBIPHOCTI Oy/1e JTHIHHOTO.

[Tonstrs ¢yHKIii rycTuHu (AMOBIPHOCTI) f(X) 3aCTOCOBYEThCS B Takmii criocid. He-
Xail y ACSKIH Toulll X = ¢ BiAoMe 3HaueHHA f(¢). Toai IMOBIPHICTH TOTO, IO BUIAIKOBA
BeaurHa X HaOyBae 3HAUCHBb y JMEAKOMY OKOJIl IMI€] TOUKH, TOOTO B MaJIoMy IHTEPBal
(a, b) noBxWHOIO AX=h—a, MO MICTUTh TOYKY ¢, a00, THIIMMH CIIOBaMH, TOTO, IO
B €KCTICPUMEHTI Oy Ay Th 3apEeE€CTPOBaH] 3HAUEHHS B IIbOMY THTEPBAIL, MPUOIU3HO JOPIBHIOE

P({a<X<bl=f(c)(b—a)=f(c)Ax, ce(ab).
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Jlana WMOBIPHICTh JOPIBHIOE oMl S ¢girypu mig rpadikoM f(x), 0 BIATUHAETHCA
JIBOMA BEPTHKAJTBHUMU MPSAMUAMHE X=a 1 x=b (puc. 4.18). Toune 3HAUCHHS ITI€i TTOMII, B1-
ITOBITHO 70 BJIACTHBOCTI 3, TOPIBHIOE

SZif(X)dx,

132 TEOPEMOIO PO CEPEIHE 3HAUCHHS MOYKe OYTH TOJaHE SIK
S=f(&)-(b-a), Se(ab).

Sxmo B3ath & =~ ¢, Buliae HAOMMKEHA PIBHICTH, 3allCaHa BHIIE.

fr fi
N f(g) f——F
7~ N
\S

Puc. 4.18. Cxema no TrymadeHHs GyHKIIIi ryCTHHH f{x)

4.10. ®dyHKisg po3moAily BUNIAAKOBOI BeJITMUUMHHI

OyHKIIS PO3MOALTY 3aCTOCOBYETHCS JUTSl IOBHOTO OMHUCY BUTAAKOBOI BenanHM. [lo-
HATTS PSAAY PO3MOAUTY JUCKPETHOT BHITAAKOBOI BETWYMHW W (PYHKINI TYCTHHH HETepe-
PBHOT BUTIAJKOBOI BEJIMYMHM € CTCIIaTbHUMHA CIIOCOOaMH TTOBHOTO OIHUCY, 3aCTOCOBHUMH
TUTBKA JUISL OTHOTO THUIY BUTIAAKOBOI BeMUMHA. OYHKITIS PO3MOALTY BBOAUTH OUTHII 3ara-
JHHUH CMMOCIO MOBHOTO OMNKWCY, 3aCTOCOBHHUH AK JJI TUCKPETHOI, TakK 1 JUIS HETEPEPBHOI
BHUTIAIKOBO1 BEJTMUWHH.

@OyHkmia po3noaiy /(x) BUMTaaKkoBOi BEMMUUHA X JOPIBHIOE HMOBIPHOCTI MOJI, sIKa
MOJIATAE B TOMY, IO BUTIAAKOBA BeuurHa X HaOyBae 3HAUEHHS, MEHITIOTO, HIXK 33/1aHE X!

F(x)=P{X <x}).

[Tomist, mpo sAKy ¥ae MOBa Y BU3HAUYCHHI, HaBeaeHa Ha puc. 4.19.
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3BEPHIThH yBary Ha T€, Ik BAKOPUCTOBYEThCS JiiTepa (X, X) y BU3HaUeHH1 (QyHKIIIT po3-
MOMLTY: Majla — I 3HAUCHb BUITAIKOBOI BEJIMUMHU, Y TOMY YHCIII SK apryMEHT (3aJIe’KHA
3MiHHA) (PyHKIIT PO3MOMLTY, a BEJTUKA — /TS CaMOi BUATIAIKOBOI BEIMUWHU (IUB. po3a. 4.2).

2

X

Puc. 4.19. Cxema no Bu3HaueHHS (YHKITT po3noaury F(x)

Baacmueocmi hynkuii poznooiny
1. 3uauenns F(x) snaxoosmucs ¢ meocax 0 i 1:

0<F(x)<l1.

Ockutbky 3HauCHHS (DYHKINI PO3MOALTY AOPIBHIOE MWMOBIPHOCTI BIATOBIIHOI MO,
TO, BPaXOBYIOUH BU3HAYCHHS HMOBIPHOCTI, MOXKHA BBa)KATH, 10 BIIACTHBICTH JIOBE/ICHA. W

2. Qyukyia F(x) € nesio 'emHoro gyukyicto ceoeo apeymenmy. lle o3nauae, mo s
OyIb-SKHX JBOX 3HAUCHb d, b BHMAAKOBOI BEJIMUMHU, TAKUX, IO b > d, BUKOHYETHCS HEPI-
BHICTH

F(b)>F(a).

Jlnst oOTpyHTYBaHHS BJIACTHBOCTI BBEIEMO TPH JomoMixkHI omii (puc. 4.20):

A={X<a};
B={u<X<b};
C={b<X)},

npuuomy AB =0, AC=A, BC=B, C=A+B

X<a as<X<b b<X

a b X

Puc. 4.20. Cxema o oOrpyHTYBaHHS BIACTHBOCTI 2 (hyHKITT po3noauty /(x)

3a mpaBWJIOM JIOAABAaHHS TSI HECYMICHUX TTOAIH (1uB. po3a. 4.4)

P(C) =P (A + B) =P(A4) + P(B),
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abo
Plx <bY)=P{x <al)+P{a<X <b}).

ko 3acTocyBat BU3HAUCHHS (DYHKIT PO3MOUTY, TO MPABWIO JHOJAaBAHHA MOXKHA
3aIMCcaTH TaK:

F(b)=F(a)+P({a<X <b})
abo Tak:
F(b)-F(a)=P({a<X <b}).
OCKUTbKH BIATOBITHO A0 BIacTHBOCTI 1 ¢yHKIII po3noaity P ({a <X<b }) >0, 10
Fb)-F(a)>0=F(b)> F(a). =

3. F(b)-F(a)=P({a< X <b}). 1la BnacTuBICTh € MPOMIKHAM PE3YJIbTATOM TIPH
JIOBE/ICHHI BJIACTUBOCTI 2.

4, F(-x0)=0.

Ockipku 3 BU3HAUCHHS (DYHKITIT PO3TOLITY BHTUTABAE, TIO:

F(x )=0,

min

TO, 3 ypaxXyBaHHAM 3ayBaxkeHHS 4.11, BITacTHBICTH TOBE/ICHA. W

5. F(+x)=1.

OcKUIbKH MPaBoOPYY BIA, X, HEMAE 3HAUEHb BUIMAJAKOBOI BETMUMHH, TO BUKOHYETh-
ca HepiBHICTD P({ X > x,,,. })=0. =

36'a30k yHKuii po3nooiny ma (yHkuii 2ycmunu
HenepepeHoi UNA0K06oi ey U

I3 BnacTuBocTeit 3 dynkmii po3moauty Ta GyHKII rycTHHE (B, po3a. 4.8) BUMIIMBAE
KITIOUOBE PIBHSAHHA, MO 3B'A3y€ (PYHKIIO PO3MOAUTY ¥ (DYHKIIO TYCTHHH ISl HETEpe-
PBHOI BUITAAKOBOI BEJTUYUHH:

b
If(x)dsz(b)—F(a).

Lle dopmyna HetoTona — JletiOHima 3 Kypcy BHIOi MateMaTuku. Skimo GyHKIiis pos-
noauty //(x) madepenmiiiopana, To 3 ¢dopmynu Heiorona — JleiOHima BUTUIMBAE TPOCTUH
BUpPa3 3B'A3Ky (PYHKITT PO3NOALUTY Ta (PYHKITIi TYCTHHH:
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J(x)=F(x).

Ili nBa BEpa3n MOXKHA BBAXKaTH JOJATKOBHMHM BJIACTHBOCTAMH (DYHKIIII pO3MOALTY i
(byHKITIT TYCTHHH.

Buobipkoeuii cnocibé yeeoenna (pynkuii poznooity
0711 HenepepeHoi 6UNAOKOBOT eeIUYUUHU

VYBenemo TOHATTS (yHKIII PO3MOAUTY SIS HETIEPEPBHOI BHITAAKOBOI BEITUUHHH
B CITOCIO, BIAMIHHHM BiJI BUKJIAJICHOTO B MOMNEPEIHHOMY PO3AUI 1 MOAIOHHUH A0 crocoly
BBEJICHHA MOHATTS (PYHKIIIT TYCTHHH.

Posrasaemo BuOIpkoBi AaHi X;, [ =1,n, posnoaineni 3a K iHTepBajIaMH y BHTIIAMI

BAOIPKOBOTO THTEPBAIBHOTO PSAIY PO3MOAUTY YaCTOT, BUOIPKOBOTO IHTEPBAJIBLHOTO Py
PO3MOILTY BIJHOCHUX YaCTOT 1 BUOIPKOBOTO THTEPBAIBLHOTO PAAY PO3MOALTY (BYHKIT TyC-

TuHU (muB. po3a. 4.8). Yeenemo BubipkoBy (yHKLiIO [ (X)), croOYaTKy BU3HAUMBINM ii
Ha MeXaX IHTEPBAJIIB TAKUM YAHOM:

F'(ay)=P*({X <a}), k=1K.
Posnmimemo 11¢ BU3HAYCHHS I MK IHTEPBAIB!

F*(a)=P*((X <a1}) = 0;
F'(ay)=P*({ X <ay ) =P (X <ay )+ P*({ay <X <ay }) = pry;
Fi(a3)=P ({ X <az =P ({ X <ap Y+ P*({ay < X <a3 }) =

= Pk=1 + Pk=2
F*(ag )=P*({X <ag )=P*({X <ag )+ P"({ag <X <ag })=

= Dk=1 + Pk=2 + -+ Pk=K -1
F*(ag)=P (X <aga Y)=P (X <ag )+ P*(fag <X <ag,1}) =

= Pk=1 + Pk=2 + -+ Pk=K -1 + Pk=k =1.

JlomatkoBo BH3HAYMMO (PYHKINIO B cepedauHl 1HTepBaidiB. Po3B’s30k 1i€i 3amadi

HE €IMHAM, OCKIJIBKY TPYIyBaHHS BHOIPKOBUX 3HAUCHB 3a IHTEPBAJIaMHu M030aBise 1HIM-
BIyaJIbHOCT1 BCl 3HAYEHHS, IO MOTPAIUIAIOTh Y MEBHUH 1HTepBan (nuB. po3a. 4.3, 4.8).

Tomy Gymemo BBakaTH (YHKIiIO F* (X) CTAlOK B CEpeauHi iHTEpBATiB [ ag,dg.1)
(muB. puc.4.19), mpuaomy

F =F'a,,,). k=LK.
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Onepxany (GyHKIIO GyIeMO HA3HBATH BHOIPKOBOI (YHKIICI0 po3momiay L (x)
HenepepBHOi BUMaakoBoi BenuunHu X. [i rpadik (puc.4.19), cknagaeTbes 3 FOPU3OHTANIb-
HUX BIJPI3KIB, M0 HAJIECKATH IO BIAMOBIIHUX 1HTEPBAJIIB, MPAYOMY JIIBHI KIHEIh BIAPI3KA
HE HAJICKUTH JI0 JTAHOTO IHTEPBAITY (MOKa3aHUN OLTMM KPY)KEUKOM), a TIPaBUH — HAJIC)KUATh
(MOKa3aHW YOPHUM KPYKEUKOM ).

*
Fy
{1 Py CemocO—————————
O
o—=_
o—-=e
Oo—=_
Ol
c—=S
0 —
ay dp, as ag Ay ak  Akqt X

Puc. 4.21. I'padik BubipkoBoi (pyHKIIIT po3moauTy

Jlerko moMiTHTH, 111O:

F*(x)EO, x<a,

F'(x)=1, x>ag..

I'panunst BubipkoBoi (yHKII po3moautry 3a BukOoHaHHS yMOB Ad —>0 (K —> )
11— N(w) HazuBaeThCa (YHKIIE PO3MOAIY HETIEPEPBHOI BHMAAKOBOI BETUUMHHA X
(puc. 4.21).

4.11. BuGipkoBi UHCJI0BI XapaKTepPUCTUKH

Kpim moBHOTO (HabmkeHOTo ab0 TOYHOTO) ONMUCY BUIAIKOBOI BEIMUMHU y BUIIISII
BHOIPKOBOTO PSIAY PO3MOMALIY BIAHOCHHX YACTOT 1 (F€HEPAJIbHOTO) PAAY PO3HOALIY JHC-
KPETHOI BUTIAJIKOBOI BEJIMYMHU Ta BHOIPKOBOTO 1HTEPBAIILHOTO PSIAY PO3MOALTY BITHOCHHUX
gacToT abo (reHepayibHOi) (PYyHKII TYCTHHH HEMEPEPBHOI BUMAAKOBOI BEIMYWHH, ICHYE
11 # crmoci® HemoBHOro omucy. Moro cyTHICTH MOMATac B TOMY, IO PO3MOMALN BHIMAAKOBOI
BeTMUMHA (HMOBIPHICTH HAOYTTS JUCKPETHOIO BHIAIKOBOIO BEIMUYHHOIO TMIEBHUX 3HAUCHD
ab0 HEMmepepBHOIO BUMAJAKOBOIO BEJIMYWHOIO 3HAYCHDb Y TIEBHUX IHTEPBAaX) 3aMIHAIOTH
nekutbkoMa uuciamu. lle momibHe M0 cepemHboi TYCTHHH IIMarka wareplaay(IvBs.
posa. 4.10), mianazoHy 3MIHU TeMIIEpaTypu aTMOC(EpHOTO TOBITPS 3a PIK 1 T.1.
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VYBeneMo KulbKa TaKMX MOKA3HUKIB, 10 3aJal0Th HEMOBHUM OMUC, MPUITYCKAKOUH, 110
iIcHye BUOIpKa x;, i=1,n.

BubipkoBuM cepeaHiM 3HAYEHHAM BUIAJAKOBOI BEJIMUMHU X HA3UBAEThCA TaKa Be-
JIUYUHA;

Xj+X>r+...+X
n n

X . (45)

[+

1

Il
~

Lle € apudmeTnyHe cepeaHe uncen x;, i =1,n.
3ayBaskennst 4.12. Skmio B J0CHII1 BUBYAETHCSA TUIBKH OJHA BHUIAIKOBA BEIIMYHMHA
(03HaKa), TO MOXHA PIBHONPABHO BUKOPUCTOBYBATH MO3HAYEHHS /M 1 m y . Y Jociiaax 13

JCKIJTBKOMa BHITAJIKOBUMHM BeIMUMHAMU X, ¥ 1 T. . IJId pO3pi3HEHHS BUOIPKOBHX CEpe/i-
HIX 3HAYE€Hb BUKOPUCTOBYIOTh MTO3HAUEHHSI 3 HWXKHIM IHAEKCOM: /My, My 1T. 1H. A

3ayBaxkenns 4.13. 3BepHITH yBary Ha Te, IO PO3MIPHICTh BUOIPKOBOTO CEPEIHBOTO
3HAQUCHHS BUIMAJAKOBOI BEJIMUMHM TaKa cama, 110 W caMoi BUMAAKOBOI BEJIMUMHHU, TOOTO
[my [ =X /. Hanpuknan, AKio 3Ha4€HHS BUIMAKOBOI BETMUMHU BUMIPSIOTHCA B KIJIO-

rpaMmax, MeTpax, BIJCOTKaxX 1 T.J., TO 0 OOYUCICHOTO 3a Pe3yJIbTaTaMu cepii 7 JOCII B
BHOIPKOBOTO CEPeaHBOTO 3HAUCHHS (4.5) BapTO MpHMIHMCATH MPaBOPYY TaKy K PO3MIP-
HICTH. A

3a3HaunMo, IO BHOIPKOBE CEPEIHE 3HAUCHHSI MOJKE JTaTH 3aHAATO OOMekeHy 1H(pOop-
MaIIio Mpo PO3MOALUT BUOIPKOBHX 3HAUCHb.

Ipuknan 4.6. /IBi quckpeTHI BUMAAKOBI BeNMUuHM X 1 Y 3a1aHi ¢CBOiMU BUOIPKOBH-
MU psiIaMH PO3TOAUTY YacTOT, HaBeAeHUMH B Tadm. 4.1114.12.

Tabmuua 4.11 Tabnwuia 4.12
Xp -2 1 5 9 12 vy 0 4 8
ny 1 10 25 10 1 ny 20 10 20

Jlerko mepekoHATHCS, IO TACKPETHI BUIAIKOBI BeMWUnHU X 1 ¥ MarOTh P13HI MHO-
’KMHU 3HAU€Hb, MPOTE iX BUOIPKOBI C€pe/IH1 3HAUEHHS 301ratoThes: my =my =5. @

3ayBaskenns 4.3. (MpomoBxKeHH:). SKIO B JOCIIII BUBYAETHCS JCKLIbKA BHIIAIKO-
BUX BEJIMYMH, TO mapu jitep (7, n) Oyme HeAOCTaTHRO AJIA TTO3HAYEHHA HOMEpa BHOIPKOBO-
rO 3HAUEHHSA ¥ 00cATy BUOIPKH, a oAHIeT iTepn (k, K) — HEMOCTATHRO IS MO3HAYEHD TPH
3anmuci BUOIPKOBOTO Py PO3MOALTY YacTOT, BUOIPKOBOTO PSATY PO3MOALTY BITHOCHUX Yac-
TOT 200 (T€HEPATBHOTO) PSIAY PO3MOIIITY TUCKPETHOI BHITAAKOBOT BETUUMHY 1 BUOIPKOBOTO
THTEPBAIBHOTO PSITY PO3MOAUTY YaCcTOT, BHOIPKOBOTO 1HTEPBAJIBLHOTO PALY PO3MOALITY BiJ-
HOCHHX 4acToT abo (reHepanbHOl) (PyHKINT TYCTHHN HEMEPEPBHOI BUMAAKOBOI BETUIMHH,
VY takux gocmigax OyaeMo BHKOPHCTOBYBATH JOJATKOBI JITEPH. s mapyu BUNAIKOBUX Be-
Av4uH X 1 Y Takoro 10AaTKOBOIO Mmapoto jditep Oyae ( /, Ny ), JOAATKOBOIO OAHIEIO JITEPOIO

— ([, L), sx y npuxmani 4.6, a 1yi1 BEMWMUWHA X, IO BXOAUTH y MapH, o0csaT BUOIpku Oyme
MO3HAYATHUCA 71y . A
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3ayBaxenHsi 4.14. OOuuciuTi BUOIPKOBI CEPEHI 3HAYEHHA NUCKPETHUX BHUIIAJKO-
BUX BeamunH X 1 1 13 npukiany 4.6 3a dopmymoro (4.5) HEMOXKIHBO, TOMY III0 BUOIPKH HE

3aaH1 0e310cepeHbO BUOIPKOBUMY 3HAUEHHAMU X;, [ =, ny Ta y j» J=1,ny . Ane take

3a7aHHs BUOIPKU He € 000B'a13koBe. [liicHO, cyma BUOIPKOBUX 3HAUYEHb X; MOXKE OyTH 3a-
MIHEHA CYMOIO 3HaU€Hb TPYI Xj 13 BUOIPKOBOTO PsALY PO3NOALTY YacTOT 3 ypaxyBaHHAM iX
MOBTOPEHHS:

25= D

=1 =1

a Bupas (4.5) — TakuM, SKHWIA TAKOX € BHU3HAYCHHSIM BHOIPKOBOTO CEPEAHBOTO 3HAYCHHS
BUTIAIKOBO1 BETMUWHHA X

K
I
m=my :;anxk. (4.6)

k=1

AHaJIOTIYHWN BHpaA3 MOXHA OJEPKATH 1 JAJI1 BUOIPKOBOTO CEPEIHBOTO 3HAYCHHS BH-
MAJIKOBOi BEJIMYMHU }. A

Bu6ipkoBuM po3mMaxoM JHUCKPETHOI BHITAJAKOBOI BEIMUUHU X HA3WBAECTHCS PI3HUILSA
M1 MAaKCHMaJIbHAM 1 MiHIMQJIbHUM BHOIPKOBUMY 3HAUCHHSAMH

dx = Xmax = Xmin-

['oBopsum mpo BUOIPKOBUI pO3Max NUCKPETHOI BHIMAAKOBOI BEIMUMHHA X, BAPTO MATH
Ha yBa3l, M0 BBAXAIOTHCS BIIOMAMH HE TUTHKW PI3HUIA MK MAaKCUMAJIbHAM 1 MIHIMAJTb-
HUM BHUOIPDKOBMMH 3HAQUEHHAMH, ajle i caMl W1 3HAYEHHS X, Xpqc- 1OMY MOXKHA BU-
3HAYWUTH MaKCHUMaJbHE BIIXWJICHHS BlJ BHOIPKOBOTO CEPEIHHOTO 3HAYCHHS B OLIBITY
(X — m. ) 1 MeHILy ( X;,;;, — My ) CTOPOHH (3 YpaxXyBaHHSAM 3HAKa BIAXUJICHH:).

Ilpuxnan 4.6 (mponosxenHs). d y =14, =+7, X, —myxy=-7, dy =8, Vi —My =
=4, Yyin —my =-4. @

OdeBuaHO, 1O BUOIPKOBE CEpeIHE 3HAUCHHS 1 BUOIPKOBHI PO3Max TaKOXK HEJOCTAT-
HBO JOKJIQJHO OIMUCYIOTh JUCKPETHI BUIIAIKOB1 BETUUHHH.

Hpuknanx 4.7. /Ing nuckpeTHUX BUMAAKOBHX BeauuuH U 1V, 3amaHuX BUOIPKOBUMH

psAaaMu PO3MOIUTY YacTOT, HaBeAeHUMH B Tabi. 4.13 1 4.14, € piBHI UACETBHOCTI TPYTI TO-
BTOPIOBAHUX 3HAa4YeHb K=/, 3HaYEHHA IPYI 3 OJHAKOBUMU HOMepaMH (uy = Vv; 1pHu k = /),

BUOIPKOBL cepenHl my; = my =6, BUOIPKOB1 BIAXUIEHHA df; = d)r =10 1 BiagxuneHHs B 01-
JIBITY 1 MEHIITy CTOPOHH, OJHAK Il BAIMAIKOB1 BEJIMUYMHU MAIOTh SIKICHO PI3HI PSAIU PO3IIO-
Ty
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Tabnuua 4.13 Tabnmuua 4.14
Uy, 1 6 11 vy 1 6 11
ny 10 20 10 ny 20 10 20 °

SIk MIpy BiAMIHHOCTI BHOIPKOBUX 3HA4Y€Hb BiJ BHOIPKOBOTO CEPEAHBOrO 3HAYCHHS
BBOJIATH BiAXHJIEHHSI Bii BUGIPKOBOI0 cepeJHbOro 3HAYEHHSI. [X MOKHA BBECTH SK JUIA
BUOIPKOBUX 3HAYEHb X;, TAK 1 A TPy BUOIPKOBUX 3HAUEHb Xj (OJHAKOBO JUIA JUCKPET-
HUX 1 HETIEPEPBHUX BUMIAIKOBUX BEJIMYHH):

di=x;—m, i=1In. | dp =xp—m, k=1K.

Ipuxnaan 4.6 (npogosxerHs). BiaxuneHHs Bi BUOIPKOBUX CEPEAHIX 3HAUCHD IS

JMICKPETHUX BUTIAIKOBUX BeaWUwH X 1 Y, 3amvcaHi y BHTJISAL PAAIB (TI0 Tpynax 3HAYCHD),
HaBezeHl B Tabn. 4.1514.16.

Tabnuusa 4.15 Tabnuia 4.16

d, | 3 ] 2] 0 [ +2 [ +3 d | -1 ] 0o
ng | 1 | 10 | 25 | 10 | 1 n; | 20 | 10 | 20 | e

Ipuxnan 4.7 (mponosxenHs). Biaxunenusa Bl BUOIPKOBHX CEPEIHIX 3HAUCHD IS

JMICKPETHUX BUTIAIKOBHUX BemunH U 1 V) 3anmcani y BATIISIAL psiAiB (1O TpyIax 3HAYCHD),
HaBezeHl B Tabn. 4.17 14.18.

Tabnuua 4.17 Tabnuia 4.18

dk -5 0 +5 (1’/ -5 0
7 | 10 | 20 | 10

+5
ny 20 10 20 °

3ayBaskenns 4.16. P BiaxuiaeHb Bil BUOIPKOBHAX CEPEAHIX 3HAUYEHD Pa3oM 13 BUOIp-
KOBUM CEPETHIM 3HAYEHHSM € €KBIBAJICHTHI BUOIPKOBOMY Py PO3IMOILTY YAaCTOT. A

[lepeiimemo 10 neskoi y3araibHEHOI BEJIMUWHU, IO XapaKTEPU3YE BIIXHWICHHS BIJ
BHOIPKOBOTO CEPEAHBOTO 3HAYCHHS, HAPUKJIIA] ITUIIXOM OCEPETHECHHS BIAXUJICHD IS BH-
OIPKOBHX 3HAauU€Hb X; a0 IPyI 3HAUEHb X; 3 YPaxyBaHHAM YacCTOT TPyM Ay

K n
l /‘7](61’/( =l d’_=(‘xl_m)+(x2_m)+...+(xn—m)=

n

X1+X2 +...+xn—n-m_x1+x2+...+xn

—m=m-m=0.
n n
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Orxe, cepeqiHE 3HAUCHHS BIAXWICHb B1Jl BUOIPKOBOT'O CEPEIHBOTO 3HAUEHHS JOPIB-
HIOE HYJICBl W HE MOKe OyTH y3araJbHEHOIO XapaKTEPHUCTUKOIO BIIXUJICHHS BHOIPKOBHX
3HAYEHb BiJl BUOIPKOBOTO CEPEAHBOTO 3HAUCHHS.

3aMicTh OCEPETHEHHS BIAXUJICHB 3aCTOCOBYIOTHh CEPEIHE 3HAUCHHS aOCOMIOTHUX B1J-
XWJICHD B1JI BUOIPKOBOTO CEPEIHBOTO 3HAUCHHS:

H

n
lzya’,’:lZ’x, —m|
n n

i=1 1

i=
1 cepeTHe 3HAUEHHS KBAAPATIB BIAXUAJICHD BiJl BUOIPKOBOTO CEPEAHBOTO 3HAUCHHS:

Hn

n

2 _ | 2 | 2

s :;A ld,- = El(.\‘,-—m) , 4.7)
1= 1=

Ha3MBaHE BHOIPKOBOIO JUCTIEPCIE€r0 BUIAIKOBOT BETMUUHHU.
Ha#i611sm 9acTo 3acTOCOBY€ETHCS BUOIPKOBA AUCTICPCIs, OCKUTHKY y BU3HAUYCHHI IMi€l
BEIIMYMHHA HE BUKOPHUCTOBYIOTHCS aOCOJIFOTHI 3HAYCHHS BIIXUJICHD ’a’, , TOOTO BHOIPKOBA

aucnepcels K QyHKUIA 3MIHHUX X, X5, ..., X, € AudepeHiiiioBana.

[Topsim 13 BUOIPKOBOIO AMCTIEPCIEI0 BUMAAKOBOI BEIMUMHUA 3PYYHO 3aCTOCOBYBATH
JOJIaTHWH KBaJpaTHUN KOPIHB 13 BUOIPKOBOI aucnepcii. [l Bemuunaa Ha3WBaeThCs BUOIP-
KOBHM CepPeIHbOKBAAPATHYHUM BiIXHJIEHHSIM

n
s:\/?: lZ(xi —m)2 : (4.8)
n

i=1

3ayBaxkenns 4.17. Po3aMipHicTh BUOIPKOBOI IHCTIePCii BUTIAIKOBOI BETUUHHM JTOPIB-
HIO€ KBAQJIPaTOB1 PO3MIPHOCTI BHITAIKOBOI BETMYMHHU, TOOTO [ sz /=/X] 2, Hanpuxknan,

AKIIO 3HAYEHHS BHIMAJAKOBOI BEIMUWHHA BUMIPSIOTHCS B KUJTOTpaMax, METPax, BIACOTKAX
1 T.1., 10 00UYKCIIeHOT 3a pe3ysbTaTaMu cepii # AOCIaIB BUOIpKOBOi aucnepcii (4.7) BapTo
MPUIHCATH MPABOPYY PO3MIPHICTb KI°, M°, %’ i T.1. PO3MIpHICTD ke BHGIPKOBHX Cepe-
HBOKBAIPATUYHUX BIAXWICHD (4.8) MOPIBHIOE PO3MIPHOCTI BUTIAIKOBOI BEJTUUWHHM, 1 TOMY
3aCTOCOBYBATH IO BEJIMUHMHY YK€ 3pYYHO. A

BubipkoBe cepenHe 3HaueHHS 1 BHOIPKOBA AUCTIEPCiS HA3WBAIOTHCS BHOIPKOBUMH
YHCJIOBUMH XAPAKTEPUCTHKAMI BUMAAKOBOT BeJIMIUHU. TakoX BIA3HAUYWMO, IO BH-
OipKOBe cepeaHe 3HAUCHHS 1 BUOIPKOBA JAMCIIEPCIA HE €AMHI BUOIPKOBI YMCIIOBI XapaKTe-
PUCTHKH, AKI MH OyeMO PO3TIIAIATH.

BubipkoBi 4HMCIIOBI XapaKTEPUCTUKHA 3aJ1al0Th HETIOBHUI OMUC BHUMAJAKOBOI BEJTUUH-
HU, 1110 HE 3aMiHsA€ TTOBHOI'O OMHUCY 3a BHOIPKOKO y BHUTIIAAI BUOIPKOBOIO PSAIY PO3MOILTY
(s AMCKPETHOI BUMAAKOBOT BEIMUWHK) a00 1HTEPBALHOTO Py PO3MOAUTY (Ui Here-
PEPBHOI BUMAAKOBOI BEJIMUWHH ).
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Bub1pkoB1 4MCIIOB1 XapaKTEPUCTUKH, K1 OOUUCTIOIOTHCS 3a BIAMOBIAHUMH (Popmy-
JIaMU U KOHKPETHOI BUOIPKH, JAFOTh IMIJIKOM BH3HAUEHI YMCJIOB1 3HAUEHHA. {151 MHOXH-
HU BCIX MOXJIMBUX BHOIPOK 0OCATY # 3 TaHOT T€HEPaATbHOI CYKYTTHOCTI MOYHA OJepKaTh
PI3HI 3HAYCHHS YUCIIOBHX XapaKTEPUCTHK, TOOTO HA MHOXKHHI BUOIPKOBUX CYKyITHOCTEH
33JIaHOTO O0CATY # BW3HAYEHI BHMAJAKOBl BEJIMUWHHW, SKI TPYHTYIOTBCS Ha BHpas3ax
JUTSL BIJIITOBITHAX YHCIIOBHX XapaKTepHCTHK. 1[e oHauae, mo s BUOIPKOBOTO CEPEIHBOTO
3HAUEHHA ¥ BHOIPKOBOI AUCTIEPCIi AT PI3HUX BHOIPOK OJEPKYIOTHCS PI3HI 3HAUCHHSI, 110

BKA3y€ThCS B iX MO3HAUECHHAX y TaKui crocid: 71, 32,

4.12. BracTuBocCTi BUOIPKOBUX CepPeIHLOT0 3HAUEHHS Ta AUCHepCii

BnactuBocTi BUOIPKOBHX YHCIIOBHX XapaKTEPHUCTHK, a TAKOXK iX JOBEICHHS OyaemMo
MOJIaBaT OJHOYACHO: JIIBOPYY — JUTA BUOIPKOBOTO CEPEAHBOTO 3HAUCHHS, MTPABOPYY — JIS
BHOIPKOBOI qUCTIEPCii.

1. BubipkoBe cepemHe 3HAUCHHS JI0-
OyTKYy CTajoi BEJIMYHMHU ¢ 1 BHIAIKOBOI
BeMurHU X JOPIBHIOE MOOYTKOB1 CTajol
BCJIMUMHU ¢ 1 BHUOIPKOBOTO CEPEAHBOTO
3HAQYEHHS BUMAAKOBOI BETMUUHU X'

ch =CI’I’ZX,

cxXp+Cxy +...+cx,

Mex = =
n

(Xt Xyt Xy,)

=cmy.
n

2. BubipkoBe cepeHe 3HAYSHHS CyMH
cranoi BCJIMUMUHU C 1 BUIIaAKOBO1
BeMUMHU X JTOPIBHIOE CYMI CTajiol BEJIH-
YUHU ¢ 1 BUOIPKOBOTO CEPEAHBOTO BHIIA/I-
KOBOI BEJTMUMHHA X

mq.,y =C+I’}’ZX,

1. BubipkoBa mwmcmepcis  q00yTKy
CTajoi BEJIWYHHU ¢ 1 BUIIAJKOBOI BEIIMYH-
HU X TOPIBHIOE TOOYTKOBI KBajipaTa CTasIol
BEJTUUHMHM ¢ 1 BUOIPKOBOI IUCTIEPCli BUTIA-
JKOBO1 BEJTMUYUHU X

2 22
ch—(, AX,

1
scz.X :—{(cxl —cmX)2 +...
n

)
et (cx, —cmX)Ziz

:l{cz(xl —mX)2 +...
n

---+c2(xn —mX)z}:
1
:c'2—{(x1 —mX)2 +...
n
s (X —mX)z}:cstz.
2. BubipkoBa mucriepcis cymu cTaioi
BEJIMUMHU ¢ 1 BUMAAKOBOI BeTMUYMHA X A0-

piBHIOE BHOIPKOBINM MUCTIEPCli BUTIAIKOBOI
BEJIMYMHM X

2 _ .2
Se+X =8X >



Mey x =

(c+xp)+..+(c+x,)
n
_ne+(xp+.+x,)

n

(x;+..+Xx,)
—Cc+ 1 n

=Cc+my
n

3. Jl;mst DOBLIBHHUX CTaJIMX BEJIWYHH U
1b:
myy.p=a-my+b.

4. BubipkoBe cepeHe 3HAUCHHS CTa-
JI0i BEJTWUMHU ¢ JTIOPIBHIOE 3HAYEHHIO CTa-
JIOl BEJIMYUHU:

93

2 1 2
Rox = e ermy s
2
...+((c+xn)—(c+mX))‘}:
] 2
:—{(xl—mX) +...
n
2 2
ety Plesd
3. JUts JOBLIBHUX CTAJIMX BEJIWYHH U
1b:

2 _ 2.2
Sax+b =9 SX

4. BubipkoBa amcniepcis cTajaoi Belu-
YUHU ¢ TOPIBHIOE HYJIEBI:

53:0.

5. BunagkoBa BenuumHa X 3 BHOIpKO-
BOIO JIMCIIEPCIEIO, SIKA JOPIBHIOE HYJICBI,
€ CTaJIOK BEJINYUHOIO.

2 _ 1 2
SX:;{(XI_’”X) +...
2\
et (X, —my ) }:O:>
2 2
(x)—my )" +..+(x,—my )" =0
dlle—mX :O,.

dy =Xy —my =0,
_, Jd2=xy—my .

d, =x,—my =0,

'xlsz ‘
Xy =m

— 2 X-DXEmX:const.
_xn:mX_‘

4.13. I'eHepaJibHi YNCJIOBI XapaKTePUCTUKH

SIKIO TOHATTS YUCIIOBUX XapaKTEPUCTHUK BUOIPKH TIOIMUPUTH HA BCIO TCHEPATbHY

CYKYTIHICTh, TOOTO y Bupazax mist m (4.2), (4.6) i 52 (4.7) dpopmaabHO TIEPEHTH 1O TPAHHU-
m n—> N(w), To omepxaHl 3HAYCHHS OyIyTh HA3WBATHCA (FeHepaJIbHUM) CepeaHiM

. : . 2
3HAaYeHHsIM (a00 MaTeMATHYHUM CHOMIBAHHAM) 4 1 (TeHePaJbHOK) AUCTEPCIE O
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BWIAJIKOBOI BeTMUMHU. | eHepanibHe cepeiHe 3HAUCHHS W reHepayibHA JWUCIIEPCis Ha3HWBa-
I0THhCS (TeHePAJTLHUMH) YHCJIOBIMH XapaKTePUCTHKAME BHIIAAKOBOI BeJIMUHHH H 3a-
JAFOTh HEMOBHUH OMWUC TEHEPaJbHOI CYKYIMHOCT!I 3a O3HAKOK (BHITAJKOBOIO BEITHYH-
HOI0) X, a TIOBHHI OMHC 3aJAETHCSA PAAOM PO3MOAUTY JUIS JAUCKPETHOI BUIIAIKOBOI BEITH-
YuHU Ta QYHKIIEIO TYCTHHH TS HETIEPEPBHOT BUMAAKOBOI BETMIMHU 200 (PYHKITIEIO PO3-
MOUTY JUIS AMCKPETHOI Ta HEMEPEPBHOI BUTIAAKOBUX BEJIMUHWH.

3ayBaxkenns 4.18. [Hom renepanbHi ¥ BUOIPKOBI YHCIIOB1 XapaKTEPUCTUKH BUTIAM-
KOBOi BEJTMUYMHU 331af0Th TIOBHHUI OIHMC BUIIAIKOBOI BEJIMUWHA — SIK TUCKPETHOI, TaK 1 He-
nepepBHOi. [le BIAOyBaeThCsl TOMI, KON 3aKOH PO3MOAUTY BHUIAIKOBOI BEIMYHHH M€
AKUH-HEOYAb CTICTIIAIBHUN BU. A

4.14. 3B's930K BUOIpKOBUX i reHEePAJILHUX YHCJIOBUX XapaAKTEPUCTUK

BuGipkoB1 UncI0B1 XapaKTEPUCTUKH, IO € BUMAIKOBUMHU BEIMUMHAMH, HA3UBAIOTHCA
CTATHCTHKAMM, a (TCHEPaIbH1) YMCIIOBI XapaKTEPUCTHKH, K1 € BU3HAUCHUMH UYHCIIOBUMHA
3HAUEHHAMH (y3arajil KaXXyud, HEBIJJOMHMH), HA3MBAIOTHCA MapaMeTpaMu BWIIAIKOBOI
BennuuHU (03HakW) X. CratucTuky, 00UKCIIeH] 32 KOHKPETHOKO BUOIPKOIO, Aat0Th HAOIHU-

KEH1 3HAUEHHS BIAMOBIIHUX iM TIapaMeTpiB (m ~ U, s’ ~o? ). 3aMiHa HEBIOMOTO 3HA-

YeHHS TapaMeTpa (reHepabHOI YHCIIOBOI XapaKTEPUCTHKH ) BIJOMHM 3HAUCHHSIM CTATHC-
TUKH (BUOIPKOBOI YMCIOBOI XapaKTEPUCTHKH ) HA3UBAECTHCS TOUKOBOK) OIIIHKOK MapaMe-
Tpa. [loxomkeHHs TepMiHa TIOB’ 13aHE 3 THM, 110 OOYKCIICHA 3a TAHOK BUOIPKOIO CTATHC-
THKA Ha BIAMOBITHINA YUCIOBIH OCl MOXe OyTH MO3HAUYCHA TOYKOIO, PO3TAIIOBAHOIO HA HE-
BIJIOMIH B1JICTaH1 BIJ TOUYKH, IO BIJAIOBIIAa€ 3HAUCHHIO mMapaMmeTpa. [Ipuyuomy, He BiIOMO,
30UTBIITY€E YW 3MEHINYE CTATUCTHKA 3HAUCHHS TMapameTpa, TOOTO 4u po3TalioBaHa TOUKa,
sKa BIATOBIZAE CTATHCTHIN, JIBOPYY a00 MPaBOPYydY TOUKH, IO BIJAMOBIAAE MAapaMETPOBI.
Hemomik TOUKOBOi OIIHKKA KOMIMEHCYETHCA iHTEPBAJHLHOK OLMIHKOK MapaMeTrpa, TOOTO
BU3HAUCHHAM IHTEPBALY, Y SKOMY 3 HaAiiHO0 fiMOBipHicTIO (00 HAAIHHICTIO, TKa TO3-
HavyaeThes B, B~ 1) 3HaXOaUTHCSA HEBIIOME 3HAUEHHS IMapaMeTpa.

HapaMeTpH 3BHYAMHO ITO3HAYAKOTh I'pCObKUMHA HiTepaMI/I, da CTaTUCTHUKHU — JIaTUHCb-

. . .2
kumu. [lapamerpamu €, HaNpuUKIIaa, MaTeMaruuHe CHOAIBAHHS [ 1 TACTIEPCis T~ .
4.15. BracTuBOCTI reHepajbHUX CepeIHbOr0 3HAYEHHsI Ta qucnepcii

BractuBocTi reHepabHOTO CEPEMHBOTO 3HAYCHHS W T€HEPANbHOI JUCTIEPCIi MOXKYTh
OyTH BHBE/ICHI 3 BJIACTUBOCTEH BHOIPKOBOI'O CEPEAHHOTO 3HAUCHHS Ta BIIACTHBOCTEH BHOI-
pKoBOi aucnepceii (muB. po3a. 4.13).

JIiticHO, BITAaCTHBOCTI BUOIPKOBOTO CEPEIHHOTO 3HAYCHHS ¥ BHOIPKOBOI AMcIiepcli HE
3aJIexarh BiA 00CATY BHOIPKH 77 1 TOMY MOKYTh OyTH MOITUPEHI Ha BUOIPKY, 10 301ra€Thes
3 TEHEPAITBHOIO CYKYTHICTIO, TOOTO ISl BUTIAAKY, Ko N = n.

BracTuBOCTI YMCITOBHX XapaKTEPUCTHK TIOIaMO OJHOYACHO: JIIBOPYY— TS TCHEPAJTh-
HOTO CEPEAHBOT0, IPaBOPYY — /IS TeHEPAIBHOI THCIEePCii:



1. I'eHepanbHe cepenHe 3HAYCHHA J0-
OyTKy CTajoi BEJMYHMHH ¢ 1 BHIAIKOBOI
BeMurHU X JOPIBHIOE MOOYTKOB1 CTajol
BEJIMYMHY ¢ 1 TEHEPAITHHOTO CEPEAHBOTO
3HAQUYEHHS BUMAAKOBOI BETMYUHU X'

Lex =€l x.

2. I'eHepanbHe cepeHE 3HAYCHHS CY-
MH CTajJI01 BEIUUYHHH ¢ 1 BUMAJAKOBOI BEJIH-
guHU X TOPIBHIOE CyM1 CTAJIOi BETMUMHH 1
TE€HEPAITBHOTO CEPEAHBOTO X:

Meyx =C+ Hy .

3. JI;mst DOBLIBHHMX CTaJIMX BEJIWYHH d

1b:

Hax+bh=apy +b.

4. I'enepanbHe cepeaHe  3HAYCHHS
cTajol BEIIMUMHHM ¢ JOPIBHIOE 3HAYCHHIO
i€l CTaI01 BETHYHHU:

U, =C.
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1. 'enepanpbHa aucoepcis JA00YTKY
CTaJIO1 BEJIMUUHMU C 1 BUIIaAKOBO1
BeJIMUMHK X JOPIBHIOE JOOYTKOBI KBajapa-
Ta CTajJ0l BEIMYMHU ¢ 1 TCHEPAIBHOI JIHC-
nepcli BUNaAKOBOI BEIMYMHH X

GCZX =¢? 0)2( :

2. 'eHepanbHa gucmepcis CyMH CTa-
JIOI BEJIMYUHM ¢ 1 BUIIAAKOBOI BEIMUMHU X
JOPIBHIOE TEHEPAJIBHOI AUCIIEepCli BUIIAJI-
KOBOI1 BETMYUHHA X'

2 _ 2
Oc+X =0 X -

3. JUts JOBLIBHUX CTAJIMX BEJIWYHH d

1b:

2 2 2
Tax4p =9 OX-

4. 'enepasibHa TUCTIEPCIS CTAJIOi Be-
JMYWHY ¢ TOPIBHIOE HYJICBI:

cg 0.

5. Bunagkosa BenuuuHa X 3 reHepa-
JBHOIO JMCIEPCIETO, IO JTOPIBHIOE HYIIIO, €
CTaJIOK BETMYHHOIO.

4.16. Onuc BUNAAKOBOT BeJIMUYHHHA

PosrstHyT1 panimie pi3HI BHAM IMOBHOTO M HEMOBHOTO OIKCY BHUIIAJKOBHX BEIUUMH
3peAeH1 B Ta0. 4.21. [TokaxkeMo, 1110 3 TIOBHOT'O OIKMCY BHUIAAKOBO1 BEJIMUMHHA MOYKHA OJIC-

pKaTh HAOJIMKEHE, aJle HE HABMaKH.

Busnauenna uucioeux xapaxmepucmuk OUCKpemHoi 6Una0Ko8oi éeiuuuHU
3a it nOGHUM OnUCOM

VY po3a. 4.11 6yno nmokasaHo, 1m0 BHOIPKOBE CEPEIHE 3HAYCHHS MOMAETHCS SK depe3
BUOIPKOBI 3HAU€HHA X;, [ =[,n, Tak 1 yepe3 3Ha4eHHA Ipyn Xz, k=1,K . Y Bupasi (4.6)

MO’KHA SBHO BHILIUTH BIAHOCHI YaCTOTH,

4Kl 32 BAKOHAHHS YMOBH CTaOuTi3aIi (IuB.

po3a. 3.2) MOKHA 3aMIHUTH CTATUCTUIHUMHA HMOBIPHOCTSIMHU:



8 BHOHADE
-oH E1odsHouY edoxdigud (9

2 Brodonour endiredoHa (9
1 (BHHEAIY

(x) i AUTron
-cod ¥IMHAD egoxdigud (9
‘(x), ) wHAL

-0A1 BIMHAGD egoxdigug (e

(%1 Auon
-cod BIMHAQD (eHdrredoHa) (9

{(x)f mHnL

-0A1 BIIHAQ (eHdarredoHal) (e

eHadodooy

=

‘Wl BHHSh | -OIID OHhHUIBWOIEW) EHHOh =

-eHe JHIRdYd 2gomdigud (e | -eHe oHIDdOD oHAarredoHal (e | AurtroHeod wed uuaondigud | AurtroHeod red (yuHaredsHor) | &
3

T

ja¥)

(MMHOXHIIQRH ) (MUMHROL) (MMHOXCHIQBH) (MMHhOL)
ILOOHIANAD uraondiond £ | ILOOHHAMAD UIHAIRdOHSI £ | ILOOHUAMAD urdondigud £ ILOOHHAMAD HIHAIRdOHIT £

W

& =

WHUHIOHOH WUHLO] | 2 g

: 3

= 8

= 8

UHUhHULR9 09O IeHUY OQHUH()

61 v ‘BIMIQR],




97

m=my = Z”—k Xp = Z p/( X (4.9)

k=1

Sxmo B BUOIPKY momagae BCa reHepanbHa CYKymHICTh (1 — N), TO CTaTUCTAYHI WMO-
BIPHOCTI 3aMIHSIOTHCA HAa WMOBIPHOCTI, a BUOIPKOBE CEPEIHE 3HAUYCHHS — HA TEHEPAITbHE
CepeaHE 3HAYCHHS:

u=uX=M/X/:Zpkxk. (4.10)

k=1

Bigznaunmo, 110 y pasi oO0uuclieHHs] BUOIPKOBOTO CEPEIHBOTO 3HAYCHHS 3a (hopMy-
7010 (4.9) 1 reHepanbHOTO CEPEAHBOTO 3HAUCHHS 3a hopmyroro (4.10) BpaxoBytoTh BHOIp-
KOBHH Psii PO3MOALTY BIAHOCHHWX YacTOT 1 (TeHepanabHuil) pan posnoauty. st renepaisb-
HOTO CEPEIHHOTO 3HAUCHHSA I1¢ BHUSIBISIETHCS Y BUKOPUCTAHHI TTO3HAYCHHS M/ X/, y skoMy
MAKPECTIOETHCSA, 10 NI OOYUCICHHS TeHEPAbHOTO CEPEIHBOTO 3HAYCHHS Yy KBaApPATHI
NYXKH | | 3aHOCUTHCA HE SKe-HEOYb OJHE 3HAYCHHS JUCKPETHOI BHUTAIKOBOI BEIMUMHH,
a BCA MHOXWHA i1 3HAYEHb Pa30M 3 HMOBIPHOCTAMH iX MOSBH, TOOTO (Te€HEpAIbHUAN) PAJT
PO3IOILITY.

[H1I010 BMOIPKOBOIO YHCIOBOIO XapaKTEPUCTUKOIO € BHOIpKoBa aucnepcis. OdueBua-
HO, TTI0 Y BU3HAUEHH1 BUOIPKOBOi aucnepcii (4.7) cyma KBaapariB BiAXWICHb Bl BHOIPKO-

BOTO CEPEAHBOTO 3HAYCHHS 3aMIHSAETHCA CYMOIO KBaJpaTiB BIAXWJICHb 3HAUCHb TPym d ]f

B BUOIPKOBOI'O CEPEHBOTO 3HAUEHHSI, AKI TIOMHOYKEHI Ha YaCTOTH #j 3HAU€Hb IPYM Xy

Za’“ an a’f

=1 k=1
3a BUKOHAHHS yMOBH cTadimi3aliii BITHOCHUX YacTOT

K

2 = Z . (4.11)

k= k

I'panrnts (4.11) mpu n — N nae takuii Bupa3 it (TeHEPATBHOI) AUCTIEPCIi:

czch\z:l)/X/:Zpk(xk—uX)Z. (4.12)
k=1
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[Toznauenns D/X/ yka3ye Ha Te, 110 TpU OOUKCIICHH] (T€HEPAIbHOT) AUCTIEPCli BUKO-
PHUCTOBYETHCSI PSAJT PO3MOALTY JUCKPETHOI BUTIAKOBOI BETUIMHH.

Busnauenna uucioeux xapaxmepucmuk HenepepeHoi eUnaoKoeoi éeiuyuHu
3a If ROGHUM ORUCOM

Jlnst Toro mo6 oaepikaTH BHPaA3 TeHEPATTbHOTO CEPEIHBOTO 3HAYCHHS uepes3 (PyHKITIIO
rycTuHu (TOOTO Yepe3 3aKOH PO3MOAUTY HETIEPEPBHOI BHUIAIKOBOT BETMUMHH), TaK CaMo,
AK 1 y BUTIQJKy TUCKPETHOI BHTAIKOBOI BEJIMUMHH, 3aCTOCYEMO BU3HAYEHHS BUOIPKOBOTO
cepeanboro 3HadeHHs (4.5), (4.6). Po3noaineni no iHTepBanax BUOIPKOBI 3HAYEHHS BTpa-
YalOTh CBOIO 1HIWBIMYaJIbHICTh, TOMY 3aMICTh HHX OyAeMO BUKOPHUCTOBYBATH SKi-HEOYb
XapaKTepHl 1HTEePBaJbHI 3HAUCHHSA. Hanpukmanm, mis 1HTEpBATY [ak,ak n 1) 3 HOMEPOM k

XapaKTePHUM BI3bMEMO CEPEIMHY IHTEpPBaY:
1 1
Xy ZE(ak +dag 1) =ayg +§Aa.

[Torim BHpa3 s cymMu BUOIPKOBHUX 3HAYEHD 3aMIHAMO CYMOIO XapaKTepHUX 1HTEpBa-

* . .
JIbHUX 3HAYCHb X , IOMHOXXCHUX Ha IHTCPBAJIbH1 YACTOTH 1 .

n K
inzanxk. (4.13)
k=1

1

3BEpHITH yBary Ha Te, 0 111 3aMiHa HaOIMKeHa, TOMY BHpa3 sl BHOIPKOBOTO cepe-
JTHBOTO € HAOIUIKEHUHN:

szZ”—’fx}’;. (4.14)

3BIJICH BXKE JICTKO OZCP)KaTH OCTATOUYHHMM BHpa3 JJIA TSHEPAJIBHOTO CEPEAHBOrO 3Ha-
- . 1 .
yeHHA. /[ 1poro JoctarHeo meperTr a0 rpanuil npu da — 0 (K — o) 1 n — N. Ilo-
TIepIre, 3a yMOBH ¢TadLTI3amii BIIHOCHUX YacTOT 3aMIHAMO iX CTaTHCTHYHHMH HMOBIPHO-
CTSIMU:

1 - .
o peui, came ymoBa da — ( [O3BOJISIE SIK XapaKTepHE HTEPBAJbHE 3HAYCHHS B3STH OyIab-sKe
3HA4YEHHS 3 BIAMOBIIHOTO iHTEpBay (He OOOB'SI3KOBO HOTO CEpPenuHYy, a/Pke MEXi 1HTepBaTy 30JMKYIOTh-

Cs1), X04 OYEBHMJIHO, 1O NPH KiHLEB1H IIUPHHI IHTEpBaly BUOOPY CEPENUMHH IHTEepBaNy K Xj CJif Biaja-
BaTU IEPEBary.



K " K
my = Z%\; =Zp; Xp . (4.15)

[To-npyre, Bupazumo y dopmymi (4.15) p;; gyepe3 A00yToK BUOIPKOBOiI (yHKITIT Tyc-

THHH /‘/: 1 mmpuHYU 1HTEpBaMy Aa (muB. po3ad. 4.10):

K
my = Z/kx Aax}': :
k=1

[lepen Tum sk 3pobutu hopmaneunii iepexin Aa — 01n — N:
1) 3amiHMMO MO3HAYEHHS MTUPUHA 1HTEpBAITY Aa Ha Ax;
2) 3MIHUMO MOPAIOK CIIBMHOXHHKIB:

K
my zz_;‘; xp Ax. (4.16)
k=1

Bupaz (4.16) — ne iaTerpanbHa cyma mias GyHKMIl x f(x). OTxe, mcis TPaHAYHOTO
nepexoay (3a 3MICTOM TPAHHUI ICHYE) OIEPKUMO MIyKaHWH BUpPa3 Ul TEHEPAJILHOTO Ce-
PEAHBOTO 3HAYCHHS (MAaTeMaTHYHOTO CIIOMIBAaHHS ) HETIEPEPBHOT BUTIAIKOBOI BETMUHHU:

+00
U=y =M/[X]= J‘x./"(x)aﬁc. 4.17)

—Qo0

Hwxusa Ta BepxHs Mexi iHTeTpyBaHHS y Bupasi (4.17) 3rigHo 3 3ayBaxkeHHs M 4.12
3aMrCaHl BIAMOBIAHO K —o0 1 +00 . be3nocepennb0 OOUUCITIOBATH HEBJIACHWUN THTETPA
(4.17) ve moTpibHO. 3a HOTO AOTTOMOTOIO TTOKAXEMO, [K 13 TIOBHOTO OIMKCY OJIEPYKATH OIHY
3 TeHEPAJIbHUX YMCIIOBUX XaPaKTEPUCTHK, a CaMe FeHepasibHe CepeaHe 3HaueHHA. [ To-
ro mo0 1Ie MIKPECTUTH, BHKOPUCTOBYIOTh MTO3HAUeHHs M/ X/. Sk 1 s muckpeTHOoi BHTA-
JIKOBOi BEJTMUMHH, Y IIOMY 3alHAC1 MA€THCS HA YBa3l, M0 Y KBAAPATHI AYKKH “3aHOCHUTHCS
13aKk0H po3noauty (y BUTIAAl (TeHepanbHOl) QyHKINI TYCTHHH f(X)), 1 MHOXHHA 3HAYCHD
HETNePEePBHOI BUMAAKOBOI BEIMUMHU (K 00NacTh BU3HAUEHHA f(X)), TOOTO HETepepBHA BU-
MajKoBa BeNMUWHA “TIUTKOM. ToMy ¥ BHUKOPHUCTOBYETHCS BENIMKA JiiTepa X y KBaJpaTHUX
nyxkax. BoHa Bimirpae 30BCIM 1HIITY POJIb, HIXK MaJjia JiiTepa X y MO3HAYCHH] Oyb-sKoi (hy-
HKIi y(x). Y ¢yHknii oqHOMY 9nCTy (apryMEHTY X) CTaBUTHCA Y BIAMOBIIHICTD 1HIIIEC YHC-
70 — 3HadeHHsA pyHkmii y(x). Y Bupasi (4.17) “yciit” HenepepBHiii BUIMAAKOBIA BEIMUWHI
CTaBHUTHCS Y BIANOBIIHICTH OJTHE YHCJIO — FEHEPAIbHE CePEIHE 3HAUCHHS.
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AHaJIOr1YHO BBOAMTHCSA BUPA3 (TeHEpAJIbHOT) AucHepcli yepes (reHepanbHy) QyHKIIO
TYCTHHHU. 3 ONISIy HA TMOBHY MOAIOHICTH 13 BUBEICHHAM TCHEPAJIHLHOTO CEPEAHHOTO 3HA-
YEHHS ATl HABOAUMO TILIBKH JIAHITIOKOK TIEPETBOPEHB 063 KOMEHTAPIB!

2 2 * 2
i=1 k=1

P P (4.18)
= pilxp—my )P =" fi Aa(xi —my P

K +00
o> =ck =D[X]= lim Y (xf—my ) f} Ax= Jf(x—uX)zf(x)dx. (4.19)
V=1 S

3ayBaskenns 4.19. Ysenena panimie BubipkoBa aucrepcia “aodpe” “mpargoe’ TITbKH
3a BEJIMKUX 00CSTIB BUOIPKH, a Y BUIMAIKY MajuX OOCATIB — CHCTEMATHYHO 3HIKYE (3Cy-

Ba€) OIMIHKY (TeHepanbHoi) mucnepcii. Tomy 52 (s TUCKPETHOI Ta HEMIEPEPBHOI BHUIMAJ-
KOBMX BEJIMYMH) YaCTO HA3MBAIOTh 3CYHEHOI BHOIpPKOBOI aucnepcicro. [Ipu BukoHaHH1
NMEePBUHHOT 00pPOOKHM BHOIPKOBHX AaHUX B OOUHMCIICHHAX TIEPEBAXKHO 3aCTOCOBYETHCS HE3-
CyHeHa BHOIPKOBA TUCIIEPCis (3BEPHITH yBary Ha 3MiHY MTO3HAYCHHS )

5,2

_ <2 _
=8y =
n

]_IZ(x,. —my ) (4.20)
i=1

Jloknmaainte mpo e Oyme WTh MOBa JaJi 1M 4ac PO3MISIAY 3a/ad OIIHKY TTapaMeTpiB.
4.17. KpanTUJ1i HenmepepBHOT BUNAAKOBOI BEJITMUUHHI

KBantuiem Xq HENEPEPBHOI BUMAAKOBO1 BEJIMUMHU X HA3UBAETHCA 11 3HAUCHHS, 1110

33/I0BOJIbHSE TaKy YMOBY:

PHX<x;})=q, 0<q<I,

Ji€ ¢ — 1HICKC KBAaHTHIISL.

[ToHATTS KBAaHTHIIA MICTUTH IBA KOMIIOHCHTH

1) meBHE 3HAUCHHS X HETIEPEPBHOT BUTIAIKOBOI BETMUNHM X

2) 1THIEKC ¢, O BIAMOBIMA€ 3HAYSCHHIO X, HENEPEPBHOI BUIAIKOBOI BEIMUMHH # JI0-

PIBHIOE 3HAUCHHIO (PyHKIIIT po3moauty, To0T0 g = F/( Xg ) (puc. 4.22). Slkuio 3ragaTh BU-

3HaueHHA (yHKIi posmoautry (auB. po3a. 4.15), To mMpo 1HAESKC ¢ KBAHTUJIS MOKHA TOBO-
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pUTH AK TPO WMOBIPHICTh HAOYTTS HEMEPEPBHOKO BUIMAJAKOBOK BEIMYMHOI X 3HAUECHb,
MEHIINX 3HAYCHHA KBaHTUJIA X, . A 3 ornsamy Ha BIacTHBICTh 4 (YHKINI TYCTHHH 1HASKC
BUSABIIAE€THCS] TAKAM, IO JOPIBHIOE TUTOITI IMiJT KPHBOKO f(X) IIBOPYY BIJ Xy (puc. 4.23). Te

CaMC MOJKHA IIOJaTH B TAKOMY BI/IFHHI[i:

g=F(xg)= [ 1(x)ds

Puc. 4.22. Cxema BH3HAUEHHS KBAHTHIIS 33 TOOMOTOIO (DYHKITIT PO3IOALTY

f(x)

()

Puc. 4.23. Cxema BU3HAUCHHSA KBAaHTWIIS 32 JOTIOMOTOIO (DYHKITIi TYCTHHHA

Ocxkinpku (pyHKINST PO3NOALTY /7(X) MOHOTOHHA (TWB. BIACTHBICTH 3 y posn. 4.14),
TO TOBUILHOMY 3HAUCHHIO X HEMEPEPBHOI BUIIAIKOBOI BETWYMHU X BIAMOBIAAE OJHE 3HA-
YeHHS THACKCY ¢ = IF(x) 1, HaBNmakw, MOBUTbHOMY unciay () < ¢ </ BiAMOBIA€E OJHE 3HA-

YCHHA .Xq HenepepBHoi BHUIIAAKOBOI BEJIMUYUHU X, 1o 3aJ0BOJIBHAC BU3HAUYCHHA KBAHTHJIA.

Ile# BuCHOBOK BUTIUTHBAE, 30kpeMa, 3 rpadika I(x). e moxkHa TpakTyBaTH Tak, mo Oyab-
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AK€ 3HAUCHHS HETIEPEPBHOI BUMAAKOBOI BEJIMUMHU € KBAHTHJIEM 13 BIMOBITHUM THIAEKCOM.
Baacmueocmi keanmuiie

1. J{ns 0osinenux keanmuiie X, I X, (puc. 4.24,4.25)

q;
{Xq1 <X42} = {q1<q92)}.

2. Umosipricme HAOymmsi HenepepsHo BUNAOKOBOI0 GEJIUYUHOIO 3HAYEHb MIJNC 080-

Ma KEAHMUTAMU Xy I Xy, OOpIGHIOE pisHUYI IX IHOEKCIE (puc. 4.24, 4.25)

P({xq] SAXV<)Cc[_7 }):qZ —4qy-
3. Anomepnamuene gusnadenns xeanmuis (nuB. puc. 4.22,4.23)

PHX>x,})=1-q.

F(x)
1 e /——
o
q01 =T
Xa4 Xao X

Puc. 4.24. O6rpyHTyBaHHS BIACTHBOCTSH KBAHTHIIIB 32 JOIIOMOTOKO (ByHKIIIT POMTOALTY

f(x)

_/

Xq1 Xq2 X

Puc. 4.25. O0rpyHTyBaHHS BIaCTUBOCTEH KBAHTHITIB 32 TOTIOMOT0I0 (DYHKITIi T'yCTHHH
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JIsig cTaHIapTHUX 1 MOXIAHUX Bl HUX PO3MOJAUIIB HEMEPEPBHOT BUMAKOBOT BEJIMUM-
HU CKJIaJieH1 TaOIuIl KBAHTHJIIB, TOOTO TIapy 3HAYEHB ( q.%g). Haituacrime Tabnuii ckia-

JAFOTh, BUXO/IIYH 3 PIBHOMIPHOTO po30mTTs BiApizka [0,1] 3a ¢, a He 3 pO3OUTTA MHOKWHA
3HAUEHb HEMEPEPBHOI BUMAAKOBOI BelmunHA X. J[JIA MEAKUX BUIIB PO3OUTTS BUKOPHUCTO-
BYIOTHCA CIiemiajibHl Ha3Bu. Hampukman “kBaptwimi” i po3OMTTA HA YOTHPHU YACTHHU
(puc. 4.26), “penmni’” Ta “meHTIIN” — JUIS PO3OUTTS HA ASCATH 1 CTO YACTHUH BIATIOBIIHO.

f(x)

/T

X0,25 X0,50 X0,75 X

Puc. 4.26. Cxema BU3HAUEHHS KBAPTHIIIB

Ockitbku AOBUTHHA (DYHKITIS MOKe OyTH 3a7aHa aHATITHIHO ((hOpMyJI010), TpadhiaHO
a00 y BUIJIAAlI TAOJHWI, TO 3a BEIMKOI KUIBKOCTI KBAaHTHJIIB (Ap1OHOTO po3OHTTS 3a ),
TaONHIS KBAHTHIIIB TIOCUTH TOKIAAHO onucye (pyHKIio po3dnoauty £(x) (tabdmn. 4.19).

KBanTmm HaWOLIBIT YaCTO BHUKOPHUCTOBYIOTHCS TPH TEPEBIPI CTATHCTAYHUX TIIO-
TE€3, MPUUOMY JOCTATHHO 3HATH KBaHTWI 1pu ¢ =~ 0 1 g~ 1.

Tabnuia 4.20
k q Xg
q1 Xq,
2 q> Xg,
k ‘] /( x(/k

[Tpu BUKOpHUCTAaHHI KBAaHTHIIIB, SIK MPABUJIO, TOBOJUTHCS PO3B’SI3yBaTH AB1 3aAadi —
npsimy il od0epHeHy. Y npsamiii 3aa4i 3a 3HaUCHHSAM X HEMEPEPBHOI BUIAIKOBOT BEJIMUH-
HU X HeoOX1THO BU3HAUMTH HOTO 1HACKC ¢ IK KBAHTHIIA, B 00€pPHEHii — HaBITaKH, 3a 1H]IC-
KCOM ¢ HEOOX1THO 3HAWTH 3HAYCHHS X HETEPEPBHOI BUMAAKOBOI BETUYUHH X, IO BIIO-
Bijae paHoMy 1HAeKCOBl. [Ipu oOpoOliil JaHWX 1 MepeBIpIll CTATHCTHYHUX TIMOTE3 3a Tao-
JUIIMA KBAaHTHITIB OOMJIB1 33741 PO3B’A3YIOTHCA HAOMMKEHO. SIKIO B KOJIOHII 3HAYCHD §

M Xg BIJICYTHI OTP10H1 3HAYEHHS, TO 3aCTOCOBYETHCS JIHIHHA THTEPIOJIAIIIA.
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4.18. IToGynoBa MoaeJ1i BUMAAKOBOT BEJITMYHUHH 34 Ti OITHCOM

VY nmonepeanix po3auiax OyJiM BBEJACHI MOHATTS IMPUXOBAHOTO MEXaHI3MY 1 MHOKHHH
3HAYEHb BUITAIKOBOI BETUIMHHU.

[To-meprmie, 3 anamizy maHWX cepii AOCTIAIB 13 TUCKPETHUMH ab0 HETICPEPBHUMH BH-
MaJKOBUMH BEJIMUYMHAMH MOXHA HAONMKEHO BCTAHOBUTH MHOXHWHY iX 3HaueHb. [lo-
JpyTe, IPH BUBUCHHI 3aKOHOMIPHOCTEH MOSBH THX YH 1HIITHUX 3HAUCHH BHUIIAJKOBOI BEIIH-
yuHU OyJIM BBEJICHI TaKl MOHATTS, SK BUOIPKOBHH 1 TCHEPATbHUN PSIAM PO3MOILTY, BUOIp-
KOBa 1 reHepajabHa (DYHKIi T'YCTHHH 1 PO3MOLTY. 3a iX JOMOMOTOK MOXXHA BIATBOPHTH
MEXaHIYHI MOJIEI1 IPUXOBAHUX MEXaHI3MIB BUIIAIKOBHUX BEIHUYMH.

[Tounemo, sik 3BHYARHO, 13 JUCKPETHOI BHUITAJKOBOI BEMYHMHM, a TOTIM TEPEHIEMO
JI0 HETIEPEPBHOI BUIMTAIKOBOI BEJIMUUHH.

Mexaniuna mooenb OUCKpemHoi 6UNAOKOBOT 6eIUYUHU

Haiinpocrtimoro € modyaosa jis BUOIPKOBOTO PSIAY PO3MOILTY 4acToT. BizbMeMo Ko-
poOKy ¥ 3amoOBHWMO ii KyJIbKaMW OJHAKOBOTO PO3MIPY, Ha SKWUX HAMKWCaHl 3HAYCHHA
rpyn x; (KOo)KHE Take 3Hau4eHHsA OyJe BU3HA4yaTu BUJ, abo “‘copT” KyNbOK), TOOTO Kijb-

KICTb KYJIbOK 31 3HAUEHHAM Xj_| AOPIBHIOE Mj_j 1 T.A. SIKIIO MOMICTUTH KyJIbKU B KOPOO-

Ky, 100pe mepeMilIaTi i 3aKpUTH, a TOTIM “‘BHIIAAKOBO”, 6e3 crnpod TeHACHINHHOTO JI0-
60py (HACKIJTBKH TI€ MOKJTUBO), BUTATATH 1X 13 TOBEPHEHHAM, TO Oyje o/epkaHa MeXaHI4-
Ha MOJCNh JUCKPETHOI BHITAJKOBOI BEJIMUHMHHM JIJII BHOIPKOBOTO DSy — YaCTHHH I'eHepa-
JBHOI CYKYIHOCTI, Ha SKiii BH3HAUYCHA JMCKPETHA BHIAAKOBA BelMuMHA. [Ipm KOKHOMY
BUTATHEHHI 3aMMUCYETHCA “‘BUOIPKOBE™ 3HAUCHHS AMCKPETHOI BUMAAKOBOI BEMWUHMHH (I1€
MOZICIIIOE TIPOIEC OJEPKaHHS BUOIPKOBOI'O 3HAUYCHHS BUITQJAKOBOI BEIMYHMHU B JTOCHIII
IIUIIXOM BUMIPIOBAHHS), OAHAK KUTBKICTH TOCIHIIIB MOXE OyTH JOBUIHHOKO (HAramaemo,
0 11 10Oy A0BH BHOIPKOBOTO PsTy PO3IMOAUTY YacTOT y po3auai 4.11 Oylio BUKOPHCTAHO
n pociaiB). OCKUTPKY KUTBKICTh KYJThOK KOXKHOTO BHY BIIOMA, TO B JTaHWUX JOCIIIIaX BH-
KOHYIOTBCS BC1 YMOBH JUI 0OUMCIIEHHs Kiacu4yHoi mMoBipHOcT1 noaiid { X =x; }. [pore,

MIPOJIOBKYIOUH BUTATHEHHS, IOCHTh JOBIO MOKHA CIIOCTEPIraTd CTabLII3aIlio BITHOCHUX
4acTOT 1 BU3HAYUTH CTAaTUCTUYHI HMOBIPHOCTI AJI 3HAYE€Hb TPYI X4 . 3pO3yMLIO0, LIO MO-

BHHHA BUKOHYBATHCS HAOJMDKCHA PIBHICTh MK HHMH Ta BIAMOBIAHAMH CTaTHCTHUHHUMU
HMoBIpHOCTAMHY (B, Tabm. 4.6). Y gocmigax i3 MEXaHIYHOIO MOJCIUTIO OCTaHHI YK€ BH-
CTYTAIOTh SIK KJTACHYH1 HMOBIPHOCTI.

Skmio 3amaHuil TOYHUM TMOBHWUM OMMC JWCKPETHOI BUIAAKOBOI BEIWYMHM, TOOTO ii
psAA po3MOALTY, MOOYIOBA MEXAHIYHOI MOJEN TMPOBOAUTHCA B Takwii crmocid. Crodarky
3aJIa€ThCS KUTBKICTh KYJBOK #, TII0 OyayTh ToMinieHi B kKopoOky. [ToTiM 11 KOKHOTO 3HA-
YEeHHA TPYN X (3HAYEHHS JMCKPETHOI BUIAAKOBOI BEIMYMHHU) BU3HAYAETHCA BIAMOBIIHA

KUTBKICTh KYJIBOK:
N =N P

Jlam Bce BiAOyBaeThCA TaK camo, SK 1y BUMAAKY MOOYMIOBH MEXAHIYHOI MOJEI
3a BUOIPKOIO. 3pO3yMLJIO, IO YTOUHEHHS MOJICII BIIOYBAETHCS 32 YMOBH 1 —> N,
[ToTpiOGHO TakoX BpaxOBYBATH, IO HAII YABJICHHS MPO BUTIAKOBICT MOSBH THX a0
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IHIIWX 3HAYEHb X} Y JOCIIAI MOXKYTh HE 30BCIM TOUHO BITBOPIOBATH BUTATHEHHS KYJIbOK
BUAY X; 3 KOPOOKH.

Mexaniuna mooeib HenepepeHoi 6UNAOK060T eUYUHI

ko BimoMuid BUOIPKOBUH THTEPBABHUM Psi PO3MOALUTY YaCTOT, TO MOTPIOHO JTUTIIE

BU3HAUMTH XapaKTepH1 3HAUECHHS IHTEPBAJIB X; (Hampukiaj, sk y posa. 4.16), a nani Bu-

KOHYBATH [I1i, aHAJIOTTYHI THM, 1110 MAFOTh MICIIE TPH MOOYA0BI MOJACII AUCKPETHOI BUTMA-
JIKOBO1 BEJIMUMHU 32 BUOIPKOBUM PSIZIOM PO3MOILITY YacCTOT.

[TobyayemMo Moaenb HETEPEPBHOT BUIIAIKOBOI BEIMYWHHU 32 BIIOMHUM OIKACOM HETie-
PEPBHOI BUMAAKOBOI BEJTMUWHM Y BUTIIAA1 (TeHEepanbHOi) PyHKIT rycTrHA. YBenemo K iH-
TEPBAIIB MMPUHOIO Aa, o po30uBatOTh 00iacTh BU3HAUCHHS (yHKI f(Xx) (s HEnmepe-
PBHOT BHITQJIKOBOI BEJTMYHMHM TI€ 1 € MHOXMHA ii 3HaueHb!). SIKkmio f{x) Bu3HaueHa Ha CKIH-
YEHHOMY HPOMUKKY [ X0, Xpma /> 3@ MEXKAMU SKOTO BOHA JOPIBHIOE HYJIEBI (PO TaKi
(byHKITIi TOBOPSITH, IO BOHA MAIOTh KOMIAKTHUAN HOCIH), TO KUTBKICTh IHTEPBAJIIB K € CKi-
HueHHa. HacrpaBai TUTbKH Taki CUTYyaIlii, y sSIKHX HETIEPEPBHA BUTIAIKOBA BEIMUMHA X Ma€e
oOMe)KeHY 3HHM3Y 1 3B€PXY MHOXXHHY 3HAUCHb, 1 MAFOTh MICIIC B PeaJlbHUX 3ajadax. Ajie B
PSIl JOCIHIIIB HAMIMHUE OIMC HETIEPEPBHOI BUMAAKOBOI BETHUMHHU TA€THCS 32 JOIIOMOTOIO
akoi-HeOy b cTaHmapTHOI (PYHKITT TYCTHHH, BU3HAUCHOI HA BCIM YUCIIOBIH OCi (—o0, +00).
Tomy kiTbKICTh 1HTEPBATIB K HE 0OMexkeHa, ToOTO K =co. Po3B’a3aHHs 1i€i 3a7a9l IPYHTY-
€THCS HA TOMY, 1110 HMOBIPHICTH HAOYTTS HEMEPEPBHOIO BUTIAAKOBOIO BETMUHNHOIO 3 TAKOIO
(byHKITIEI0 TYCTHHH 3HAYCHB, SK1 3HAXOIATHCS HAJEKO BiJA MOYaTKy koopauHat x = 0 1
HayTh y OIK —00 1 +00, My)Ke MBUAKO 3MEHITYeThCA (TUTKH rpadika (yHKIlI TYCTHHHA, IO
HayTh y O1K —00 1 + 00, MBUAKO HAOIMKAIOTHCA A0 OCl X). TomMy my’ke BENUKi 3a MOIYyJIEM
3HAUEHHS HETIEPEPBHOI BUMAAKOBOT BETMIMHN BUABIISAIOTHCA MajioMoBipHuMH. [IpakTiu-
HO 1I€ 03HAayae Take. AKio o0urcanTu wiomy Sy mia rpadikoM QyHKIIT TYCTHHE B MEKax
KO>KHOTO IHTEpBaiy k, TO OyAyTh BU3HAUEHI HMOBIPDHOCTI py =S} HaOYTTs HENEPEPBHOIO
BUTIAIKOBOIO BEJTMUMHOIO X 3HAYCHbB 13 WX IHTEPBAJIIB (UB. BIACTUBICTH 3 (DYHKITII TyC-
taHU B po3a. 4.11). Tenep 3amamo 3arajibHy KIJTBKICTh KYJIBOK 71, SIKI OyIyTh BUKOPHCTO-
BYBATUCh y MOOYJ0BI MEXaHIUHOI MOJENI, a KUIbKICTh KYJIbOK 7, 10 XapaKTepU3ylOTh

THTEPBAJT k, BU3HAYMMO 3 HAOJIMKEHOT PIBHOCTI
N =N pPg .

SAkio WMOBIPHOCTI pj s JEAKUX IHTEPBAJIB Ay)KE€ Malll, TO BBAXATUMEMO, IO
ng ~0, ToOTO KyJNbKH, 110 NPEACTABIAIOTh JaHUH 1HTepBai, OyayTh BiAcyTHI. Ha upomy
moOy0Ba MEXaHIUHOI MOJEINI HETIEPEPBHOI BHITAJAKOBOI BEIVMUHMHHM 34 ii TOYHUM TTOBHUAM
OTKCOM 3aBEPIIYETHCA.

3BEpHITH yBary Ha Te, MO TOYHICTH MOJEI MOXHA TOJIMIIATA JBOMA CIOCOOAMHU:
mo-Tiepiie, 30UTHIIYIOUH 71, TIO-APYTE, 3MEHINYIOUH IMUPUHY 1HTEpBANY Ad, TOOTO 30UTh-
IYIOYX KUTBKICTh THTEpBaTIB K.
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5. CranaaprtHi po3noaijin
JUCKPETHUX BUNAJAKOBHUX BeJIHYHH

5.1. binomHawMi po3noaina

JlnckpeTHa BUTIAAKOBA BeauurHA X Mae OIHOMHHM PO3MOALT (TOBOPATH TaKOX, IO
JMICKPETHA BUTIAJKOBA BETWYMHA X PO3MOALUICHA 32 OITHOMHHAM 3aKOHOM ), SIKITIO i1 MOKJTHBI
sHaueHHA X € X={0, 1, 2, ..., m, ..., n}!, a BLANOBIAH1 iM HMOBIPHOCTI1 JOPIBHIOIOTH

b(mn,p)=PX=k})=Cyp"q"™", .

nel<p<l,g=1-pm=01,2, .., ¢

biHoMHWMIA pO3MOALT € ABOXMAPAMETPUUHHM, TOMY IO 3aJICKHUTh B ABOX MapaMeT-
piB m i p. ®opmyna mis b (m; n, p) Gyna ogepxana 1. Bepryiuti' i HasBaHa HOro iM'sm.

Ha mpaktumi GiHOMHWE PO3MOMIT BUHHKAE 32 TaKUX YMOB, IO CKJIAAIOTh CXEMY
bepnyJii:

1) mpoBOAMTHCA 1 JOCTIAIB,;

2) y KO)KHOMY 3 JTOCITIJIIB 3 HMOBIPHICTIO p HACTa€e Mol A, IpuuoMy HMOBIPHICTH p
HE 3MIHIOETHCS BIJI TOCIIAY IO AOCIITY.

[Tokaxkemo, 1o cxema bepHymil nmpuBoauTh 10 OiHOMHOTO poznoaury (5.1). Jus
IIHOTO PO3TIITHEMO BUTIAIKOBY BETMUMHY X = {KUTBKICTb MOsB moli 4 B cxemi beprysmi}.
[Tomist B = {X = m} po3namaeTbcsa HA Takl BapiaHTH:

B=B;+ By +..+ B,

y KOKHOMY 3 SKWX M pa3iB HacTae momdist 4 1 (n — m) pa3iB — pa3 oAl A, aje mopsaaoK
nosiBy omiid A 1 A pi3amii. Hampukian, onvH 13 BapiaHTIB € TaKHii:

bynp-axuii 1HIIKH Bapiant By, A3,...,A¢ MOXKHaA ofep:KaTh 3 BaplaHTa B 3MIHOIO I0-

pPAAKY HacTaHHS Mo A1 A.
3a mpaBHJIOM MHOKEHHS MMOBIPHOCTEH UISI TOBUIBHOTO UHCIIA HE3ANCKHHX ITOJIIH
(mmB. po3a. 4.3)

P(By)=p"(1-p)"",

! Bepuymni ko6 (1654—1705) — mpodecop matemarnku bazenscekoro yaiBepcutery (IIseiinapis).
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a0, ipy no3Hauenni ¢ = 1 — p, P(By) = p"q" ™ . OueBnano, mo Taxky s WMOBIpHIiCTH
Oyme MaTu Oyb-sKHH THIITHI BaplaHT moli 5. KinbKiCTh TakuX BapiaHTIB TOPIBHIOE KiJTb-
KOCT1 CTIOCO01B, SIKUMHA MOHA 3 71 TOCTIIIB “‘BUOpaTH” m TaKWX TOCIIJIB, y SKUX HACTA€E

noxist A (mas. po3a. 2.3.), 10610 s =C,' . 3BiACH 3a MPABUIOM JIOABAHHA HMOBIPHOCTEH
JUTA TOBLIBHOI KUTHKOCTI HECYMICHUX TOA1H (IUB. po3a. 4.2.) 0AepKY€EMO:

P(B)=C;'p"q" ",

TOOTO BUTIAKOBA BeTWYMHA X Mae€ OIHOMHUHN PO3TOILI.
Psin po3noaiiny Takoi BUIaAKOBO1 BEIMUWHHM MMOKa3aHUH y BUTIIAM Ta0m. 5.1.

Tabmmmg 5.1
k 1 2 m+1 n+1
.0 0 n-0 non n-n
Cup g "= _ _ Cap g =
Dk " " C,lqplq” 1 Ll enp™g"m | " "
:q =
MoskHa TakoXK MOKa3aTu, 1110
n n
D bfminp)= Y Crp"q" " =(p+q) =1, (5.2)
m=1 m=1

TOOTO PO3MOALT HMOBIPHOCTEH BiAMOBIAAE KoediieHTaM po3kiaay 6inoma HeloToHa.
Buznaunmo 4rcIoB1 XapakTepUCTUKH (TTapaMeTpu) O1HOMHOTO PO3TOALTY:

n n
W=M[X[= Y meb(mn,p)=Y m-Cplp"q" " =
m=0 m=0

n
n! m._n—m Z (n=1)! m-1_n-m
= m-——— p"y = Yn = (53
Z m/(n—m)/p ! Hp(m—l)/(n—m)/p 1 5:3)
m m=90
=
=np ) Colap"q" " =p,
m=0

GZ:D[X]:Zmz-b(m;n,p)—(np)zz

m=0
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n n
= Zm(m —)Cy p"g" " + Zm CHp"g"™m —(np)? =
m=0

m=0
n

= Zn(n —prem Ep™m ()M g~ (np ) =

m=0

—n(n—-1)p*+np—(np)* =np(1- p)=npy.

(5.4)

Posrassaemo G1HOMHMIT po3moin aid 3HadeHb mapamerpis p = 0,1; 0,3; 0,5; 0,7; 0,9
1n = 8. UncaoB1 XapaKTePUCTHUKHA TAaKOTO PO3MOALUTY HaBeIeH B Ta0. 5.2.

Tabmung 5.2
p u o
0,1 0,8 0,85
0,3 2.4 1,30
0,5 4.0 1,41
0,7 5,6 1,30
0,9 7.2 0,85

BianoBigH1 psaayd po3moaiuIiB HaBeaAeHI B Tabm. 5.3, a rpadiude 300pakeHHS PsJIiB

nojaxe Ha puc. 5.1.

Tabnwuua 5.3

k 1 2 3 4 5 6 7 8 9

o 0 T 2 3 4 5 6 7 8
(p flz) 1) 0,4305 0,3826 0,1489 0,0331 0,0046 0,0004 0,0000 0,0000 0,0000
(p flz) 3) 0,0576 0,1977 0,2965 0,2541 0,1361 0,0467 0,0100 0,0012 0,0001
(p flz) 5) 0,0039 0,0312 0,1094 0,2188 0,2734 0,2188 0,1094 0,0312 0,0039
(p flz) 7) 0,0001 0,0012 0,0100 0,0467 0,1361 0,2541 0,2965 0,1977 0,0516
(p flz) 9) 0,0000 0,0000 0,0000 0,0004 0,0046 0,0331 0,1489 0,3826 0,4305
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0,5 - 0,5 -
Pk 4 p=0,1 Pk p=0,3
0,4 1 0,4 1
0.3 - \“‘ 0,3 - A
\ S n
024 |} 021 f | |\
0’1 1 \\\‘ 0’1 _l/,’ ‘\\‘
\ [ ] )
0,0 . T\“ s 0,0 . . T\?": =
0123456 7 8 x=m 0123456 7 8 x=m
0,4
Pk _
p=0,5

0,31 "

0,2

0,1

0,041 1 | | T

0123456 7 8 x=m
0,5 1 0,5 1
Pk =0,7 Pk =0,9 '
0,4' . 0’4_ P o
0,3 1 A 0,3 -
0,2 - ‘ 0,2 -
0,1 - 0,1 -
00 ;"_"’,T T T T 00 . = - = ’$/’T 1
0123456 7 8 x=m 0123456 7 8 x=m

Puc. 5.1. bBiHoMHHMIA po3mOaLT 3aJIKHO BiJI MapaMeTpa p

Ipuxnan 5.1. (Gimep, 1958). ¥V 53 079 poaunax, mo MarTh M0 8 mIiTEH, CriocTepi-
raBCs PO3MOIUT 3a KUTbKICTIO xyomuwkis m (m =08, k = m+1), HaBeaennii y Tabm. 5.4.

Tabnuia 5.4
k 1 2 3 4 5 6 7 8 9
m 0 1 2 3 4 5 6 7 8
ng | 215 | 1485 [ 5331 | 10649 [ 14959 | 11929 | 6078 | 2091 | 342
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SIKIll0 MpUIMYCTUTH, 1110 PO3MOJLT AITEH 3a CTATTIO € OIHOMHHU 13 MapaMeTpoM p =
=0,5 (g =1-p=0,5), To MOXHA TTOPIBHATHA BHOIPKOBI JIaHI y BUTJISII BITHOCHUX YaCTOT
Ny [n 13 TEOPETHUHUMH MMOBIPHOCTAME Py, , HABEACHUMH B Tab. 5.5.

Tabnuusa 5.5
k 1 2 3 4 5 6 7 8 9
m 0 1 2 3 4 5 6 7 8
n
Zk 1 0,004051 | 0,02798 | 0,1004 | 0,2006 | 02818 | 0.2247 | 0.1145 | 0,03939 | 0,006443
n
Pr | 0,003906 | 0,03125 | 0,1094 | 0,2188 | 0,2734 | 0,2188 | 0,1094 | 0,03125 | 0,003906

I'padiune 300paskeHHS JOCIITHOTO 1 TCOPETUIHOrO (O1HOMHOTr0) PO3MOALTIIB MOTaHE

Hapuc.52. @
0,3 1
2

pk ,'/ \‘\\

o/ &
0,2 - |

I” ‘\\
o
0,1 p
0,0 ¥ . | | T L]
0o 1 2 3 4 5 6 7 8 X=m

Puc. 5.2. binomun# po3noaut (06111 KPyKEUKH — TEOPETUYHUH, YOPHI — EMITIPUIHHH )

Ipuxnan 5.2. (Jlakin, 1982). Pesynsraten 20 160 migkumanb 9OTUPHOX OTHAKOBHX
MOHET HaBe/IeH1 B Ta0. 5.6.

Tabmung 5.6
Komb6inarmis Yacrota BignocHa | WMMOBipHICTH
“opmB”’ “periok’” KOMO1HAI{ yacToTa KOMO1HAIT
4 0 1181 0,0586 0,0625
3 | 4909 0,2435 0,2500
2 2 7583 0,3761 0,3700
| 3 5085 0,2522 0,2500
0 4 1402 0,0695 0,0625
VYcroro 20160 1,0000 1,0000 ®




111

Jlims 3actocyBaHHS OIHOMHOI'O PO3MOJAUTY BaXKIIMBO 3a0€3NEUUTH BHUKOHAHHS YMOB
cxeMu bepHymil — cTamicTh WMOBIPHOCTI p 1 HE3aJEKHICTh BUMPOOYBaHb, TOOTO THX
YMOB, SIKHX BaXKO JOTPUMATHUCS Ha TIPAKTHITL.

[TopymmieHHs HE3aMEKHOCTI TOCITIIIB MOKE BIIOYBAaTUCH y TAKMX BUMAIKAX:

1) axmo B gocmial ogeprkaHa BIMOBIAb “Tak (HAMPHUKIAA, Y JIaTHOCTUYHOMY JOCITI-
JUKCHHI BWSIBJICHE HEBHUKOHAHHS JIarHOCTYBAJIBHOTO TECTY), TO TPUUMAETHCS PIMICHHS
“Tak” 1 MOCNIIOBHICTh EKCTICPUMEHTIB OOPUBAETHCS, SKIO OTPUMaHa BIAMOBLAL “HI”, J0-
CJIi/I TPUBAE TOTH, TTIOKH He Oye BUUEPIIaHa MOCIIIOBHICTD B #1 JOCIIIIIB,;

2) Ipu ONATYBAHHI TPYIH JIFOJEH, KOJIH, 30KpeMa, JO3BOJIAETHCA CIyXaTH BIIIOBIII
THIITHX.

5.2. Po3nmoain Ilyaccona

. 2

JlnckpetHa BumaakoBa BemmunHa X Mae po3noaij IlyaccoHa” (Takox roBopsTh, 110
JMCKPETHA BUTIAJKOBA BeMunHa X po3mnoiieHa 3a 3akoHoM [lyaccona), akmio ii MOKTHBI
sHaueHHA X € X={0, 1, 2, ..., m, ...}, a BIAMOB1AH1 iM HMOBIPHOCTI1 JOPIBHIOIOTh

m
Pa(m)=PEX =mp="—e?, (5.5)
m!
e A>0,m=0,1,2, ...
VYnepme posnoain Ilyaccona Oy onmcanuii y #oro crarti ““JlocmipKeHHS PO MMO-
BIPHICTh BUPOKIB Y KapHUX 1 IMBUTHHUX CIIpaBax , omyoOmkoBaHui y 1837 p.
PosrnsHemo ymMOBH, 3a SIKMX BUHWKAE MyacCOHIB po3noaii. Hacammepen mokaxemo,
10 B1H € TPAHUYHHMA J1s1 O1IHOMHOTO PO3MOAUTY b (M, n, p), KOIW KUTBKICTh TOCITIJIIB 7 HE-
00OMEKEHO 30LTBITY€EThCS (7 — oC) 1 OJHOYACHO WMOBIPHICTH p HacTaHHA Tomaii A B OJHO-
My JOCIiIl HeoOMekeHO 3MeHIyeThea (p — (), ane Tak, mo iX A0OYTOK 3aJIAINAETHCS
CTaJIUM: np = A = const.
Teopema Ilyaccona. Hexail p, — iMoBIpHICTb noAli 4 y KOKHOMY AOCIHIAL cepii 3 7

nocaiaie cxemu bepnymni. Toai sakmo A, =np,, > A (0 <4 <o) npu n — oc, TO GIHOM-
HUi po3noaw b (m; n, p) npu n — oc 301raeTbes 1o posnoauty Ilyaccona Py (m ).
HMosenenns. [lomamo WMOBIpHICTE y cxeMi beprysum y BT

. em nm=1..m=m+D{nx, N A,
bim;n,p)=Cy pplgn " = (n=1)..{ )[ M /_J] _

m/ n ;)\ n )
—m n

Z?»Zq.ﬁ.n—]. .n—m+](]_7un\ (_K_n
m n n n \ n \ n

? Iyaccon (Poisson) Cimeon [eni (1781 — 1840) — dpanmysskuii (isuk, Matematuk, wieH ITapusbkoi
akaneMii Hayk (1812), inozemunii unen IlerepOyp3bkoi akanemii Hayk (1826).
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1 PO3TJITHEMO TPAHUYHUM BUTIANOK [im b(m;n,p):

n—>»00
m 7 \N—m s \H
g ko mon—1 o n—m+l Ay, l_h] _
n—som n n n \ n, \ n
7 \H
. A A
- T
' N—0\ / m! -
— . — == Y — 4 :PK(M)
m! YR n nml
lim (1— N oY o
H—>00 n lmi(l— n| A,
n—>0 n,

[Tpu noBeneHH1 BUKOPUCTaHA “/pyra dyAoBa rpaHuId GyHKIIii
1 x
lim (1+—W =¢. N
X—>0 X

O0unCTMMO YHCITOB] XapaKTePUCTHKH (TmapaMmeTpH) po3noaury [lyaccona:

~m—1

A A _ A A
:M X = 2 = —_—
H [ / Zdin m/c € }LZ(m—l)/

AN
— e EZ;J‘Ke M=, (5.6)
m=1
Q0 ~m © m-1
2 2T 42 N A 52
=D[X]= —e "=AN"=A ) m e =
© [ Zm m! Z (m—1)!

2= (5.7)

Posnomin Ilyaccona 3aaeuTh Bij OAHOrO napamerpa A, IKUi € 0JHOYacHO MaTeMa-
TAUYHUM CITOJIBAHHAM 1 TUCTIEPCIEI0 BUTAAKOBOI BEIMUWHU X, PO3MOILICHOI 32 3aKOHOM
ITyaccona:

u=02 =A. (5.8)
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Ha puc. 5.3 HaBeaenuii po3moain Ilyaccona npu pi3HUX 3HAUCHHSX A.
1,09 0.4 -
\‘ A=0,01 - =1
Pr |} Pk \
051 % 0.2 - 4
0,0 b 0.0 [ Y0t
0o 1 2 3 4 5 X=m 012 3 45 6 7 8 x=m
0,2 1
Py A=10
0,1 AT T,
0,0 4

0

20 x=m

Puc. 5.3. I'padixu posnoaury [lyaccona 3anexHo Bi mapameTpa A

Ha mpaktumi KiTbKICTh JOCIIIB 77 3aBXKIM 00MEXKEHA, 1 BAXKKO MEPEBIPUTH BUKOHAH-
HS YMOBH A, =np,, — A 1npu n—oc. OJHaK 13 i€l yMOBU BHIUIUBAE, IO p,, =L, /n—>0.
Tomy axmo B cxemi bepHyTi KUTBKICTh TOCTIIB # OOMEXEHa, ajie TyKe BeJhKa, a HMOo-
BIPHICTh p YK€ Majia, TOOTO B KOXKHOMY OKPEMOMY JOCIIJII TMOAIS A HAacTae AyKe PiAKo,
TO SIK TapaMeTp OepyTh A=np 1 3aMIHSIIOTH OIHOMHUN po3noalt b(m;n,p) posnomaiaom Ilya-
ccoHa P (m). Tomy 3akoH IlyaccoHa 1e Ha3UBAIOTh 3AKOHOM PiAKICHHX MO

Tak, Hanpukiaaa, 6araro XxBopoO, Ha MACTS, TOCHUTh PIAKICHI a00 CTAlOTh TAKWMH ITi-
CIIsl 3A1ACHEHHS MPOdUIAKTHYHUX 1 JIKyBaJbHHUX 3axoAiB. OJHAK HaBITh 3a HANOLIBII
CIPHSTIIMBAX YMOB Y BEJUKHX TOMYJIAIIAX YCE-TaKHA 3yCTPIUAETHCA JAesKa KUTBKICTh XBO-
pUX PIAKICHUMHA XBopoOamu. SKio B momyJsalii, Mo 00CTEeKY€EThCS, HAMPUKIIA, Y KOHK-
PETHOMY MICTI, XBOP1 3yCTPIYAIOTHCS YACTIIIE, HIXK 1€ IPOTHO3Y€EThCs 3aKk0oHOM [lyaccona

JUTA BCIET KpaiHu, TO 1€ CBIAYHATH MPO MOPYIIICHHS HOPMAJTbHAX YMOB Y TAHOMY MICTI, TIPO
HEOOX1AHICTH 3'ACYBaHHS MPUYWH IIHOTO Ta BXXWBAHHSA TEPMIHOBUX 3aXOIB 1 T. 1.

Ipuxnaax 5.3. (l'nsaepman, 1991). Ilpu BBeAeHHI BAKIWHWA TPOTH TOJIOMIENITY
HOBAHUX JITEH:
1) He 3aHeMyXa€ )KOJIHA TUTHHA,

IMYHITET CTBOPIOE€ThCA B 99,99 % Bumankis. fka fimoBipHICTh Toro, mo 3 10 000 Bakmu-

2) 3aHeay’Ka€ OJHA, JBl, TPH, YOTHPH, IT'ATh JITCH ?

WmosipnicTs 3aneayxkatu p = 0,0001, kimpkicts Bunpodysans # = 10 000. Tomy A =
=np = 1, 3a popmymnoro Ilyaccona
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0 3
0 P
Piyfm=0)=—-¢ 1'20,368; Pieiln=3)=—-¢ 120,061;

1 14
. .
Payfm=1)=—e 150,368, P,lzl(m=4)=;—le 120,015,

2 5
P P
Pieifin=2)==¢ I'~0,184 Paeam=3)=—c I'~0,001

Sxmo BBaxkarw, mo HapokeHHd 10 000 HeMOBIAT — IIe piyHA HOPMa BEIIMKOIO pa-
HOHHOT'O TIOJIOTOBOTO OYJIWHKY, TO IPUOIU3HO B 73% TakWX MOJOTOBUX OYAMHKIB TOJIO-
MI€IITOM 3aHEAyKa€e He Oulblue OfHIel IUTUHY HA PIK (P _1(m=0) + P _;(m=1)~2 x
0368 = 0,736); y 18% - nBi muruam, y 92% - He Outeine ABOX JITeH
(Poi(m=0)+P_(m=1)+P,_1(m=2)~0,368 + 0,368 + 0,184 = 0,92); y 6% — Tpu i
B 1,5% — JoTHpu IUTHHH 3a PiK. SIKIIO X Y JEIKOMY ITOJIOTOBOMY OYIAMHKY 3aHEIy Kae

I ATh JITeH, ue Oyne Hagzsuuaiina nopia (P —y(m=5) = 0,001). @

5.3. Po3noaisit bendgopaa

Posmoain nuckpeTHO1 BUMAAKOBOI BETMUUHH, BIIOMHUH TaKOXK K “3aKOH aHOMAJTbHIX
gucen” abo “3aKOH PO3CiIoBaHHS , OyB BIAKpUTHN amepukaHCbkuM (dizukom @. bendop-
oM y 1938 p. [MouaTkoBurii MOMTOBX WOTO MOITyKaM Jaiau 01010TeuH1 Tabnui iorapud-
MiB. bendopa momiTuB, 1m0 mepii Kijibka CTOPIHOK OlIbIne 3a0pymHEHI, HIXK HACTYIIHI,
TOJI K OCTaHHI Maike 30BCIM dnCcTi. bendops 3arikaBuBCs, YoMy THXEHEPH U CTYICHTH
YaCTIIIe KOPUCTYIOTHCS TIEPIIAMHA CTOPIHKAMH TaOJHIlh JIorapuMmiB, HXK OCTaHHIMA. Bix
BUPIIIHB, 10 TI¢ BIAOYBAETHCS TOMY, IO YACTINIC JOBOAWTHCSA MATH CIPABY 3 YHMCIIAMH,
K1 TTIOYMHAIOTHCS 3 Iudpu 1, HIXK 13 TUMH, IO TOYMHAOTECA 3 mudp 2, 3, 4 1 T.4. Llumu
YUCIaMHA MOXYTh OYTH M Ti, SIK1 pO3MIIIEHI B CcreIliaIbHUX AoBIAHUKaX. bendopa mocmi-
auB O6mu3bko 20 Tabmuie, y Skux OyJIM JaHi Mpo IUIONY MOBEepxH1 335 pik, MATOMY TeTI-
JIOEMHICTH 1 MOJIAPHY MacCy THCSY XIMIYHHX CIIOJIYK 1 HaBITh HOMEPH OYIUHKIB TIEPITHX
342 oci0, 3a3HaueHUX y OiorpadiYHOMY JOBIAHUKY aMEPUKAHCHKUX YUCHUX. Y Pe3ybTaTi
anamzy moHaa 20 THCSY YUCEN, O MICTHIUCS B TaOIUIIX, OyJjla BCTAHOBJICHA JUBHA 3a-
KOHOMIpPHICTh. Ha mepmmii mormsan, 31aeTbesi mpaBaonoaiOHAM TPUITYIIICHHS TTPO PIBHO-
MOJKITUBICTD ISl KOKHOI 3 A€B'AITH 1u(p OyTH HA TIEPIIOMY MICIT B 3aMKC1 ACSIKOTO YHCIIA.
OTrxe, IMOBIPHICTH TOTO, IO YHCJIO MIOYHHAETHCS 3 AeaKoi mudpu, mopisaioe 1/9 = 0,11 1’
Hacmpasai #MOBIPHICTH TOTO, IO YKCIO TOYMHAECTHCS 3 mudpu 1, BUSBMIACS Maike B
TpU pasu OuThmoro. HaBmaku, IMOBIPHICTH TOTO, IO YHCJIO TOYMHAETHCA 3 udpu 9, —
Maiike B 2,5 pa3u MeHIo. MoskHa cka3aTy, 0 B TaOUIAX JIorapudMiB, Ha K1 3BEPHYB
yBary beHndopa, mepii cTOpIHKA BAABWIMCS OpPYIHIII OCTaHHIX Maixke B CiM pasiB (3 x
2,5=7.5).

3 . . . i ) ..
BukoHYIOTECS BC1 YMOBH ISl KJIACHYHOI HMOBIPHOCTI — € TMOBHA IPYIa HECYMICHHUX 1 PIBHOMOKJIUBUX
MO,
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bendopa BupasuB 3HaANHACHY HUM 3aKOHOMIPHICTh MAaT€MaTHYHO Y BHUIJISAI 3aKOHY
AHOMAJILHUX YHCeJI. IMOBIPHICTh TOTO, IO BUMAJAKOBUH MECATKOBHM AP0 MOYMHAETHCS

sundpu k (k=1,K , K =9), nopisaioe

I =zg(k+1)—zgk=zg%. (5.9)

Jlns mopiBHsSHHS B Tabm. 5.7 1 Ha puc. 5.4 HaBeaeH1 nocniani (BuOIpkoBi) maH1 beH-

dopna p;; i TEOpeTHUH1 py, .

Tabnuusa 5.7

K | 2 3 4 5 6 7 8 9

*

pr | 0306 | 0,185 | 0,124 | 0,094 | 0,080 | 0,064 | 0,051 | 0,049 | 0,047

i | 0,301 0,176 | 0,125 [ 0,097 | 0,079 | 0,067 | 0,058 | 0,051 | 0,046

Cn0BO “aHOMAJIBHICTH Y HA3B1 3aKOHY 3’ ABHJIOCS TOMY, IO OJHI TPYNH JAaHUX Kpa-
me y3romkeri 3 dopmyitoro (5.9), aik 1Hm. [Imomi pik 1 BUDAagkoBl HOMEpH OyIHHKIB
JAI0Th Kpamui 301r 13 dopmyitoro (5.9), a Tabauill KkBaApaTHUX KOPEHIB a00 MUTOMMX Te-
mioeMHocTer — ripmuid. Tomy bendopa Bupimms, Mo BIAKPUTHI HAM 3aKOH 3aCTOCOBY-
€THCS TUTHKH J0 TaKUX (AHOMAJIBHHUX ) YUCEJ, MUK SKUMHU HE BOAYAETHCS HISKUAX CIITHBHAX
JUTSI HUX 3aKOHOMIPHOCTEH.

[losicnenns 3akony bendopna Take. Y neBHIM MHOKHAHI YUCEIT, IO XapaKTEPU3YIOTh
ake-HeOy /b SBUINE HABKOJMIMHBOTO CBITY, € HalWOutbime uwciao. Hampuiman, KUTBKICTH
Oy/IMHKIB HA OJHIN BYJIWIN HE TMEPEBUINYE 3arajibHOT KUTHKOCTI OyAWHKIB y JTAaHOMY Hace-
JICHOMY TTYHKTI, a TJIOIIA TOBEPXH1 OyAb-sIKOi PIKM — TUTOIT MTOBEPXHI OCTpoBa 200 MaTe-
pHUKa, 1O SIKOMY BOHA MPOTIKAE. SKIO B JaHOMY HACEJICHOMY MYHKTI € KUIbKa BYJIHIIb,
TO HOMepH OyJAMHKIB HAa HAHOUTBIT KOPOTKIH 13 HUX OyayTh 3yCTPIYATUCSA B HHOMY YacCTi-
IT¢ 1HITAX HOMEPIB. Y CBOIO YEPTy, BEIMKUX PIK MEHINE, HDK MajauX. ToMy CyTh 3aKOHY
bendopaa nondrae B Tomy, 1Mo BHACTIIOK 0OMEKEHOCT! Oyab-IKHX MHOKHH YHCIIA, IO iX
XapaKTePU3YIOTh, 3yCTPIYAIOTHCS THM YaCTIIIE, YAM BOHW MEHIIIL.

0,3 - Q\
Pk

0,2 1 \

0,1 1 .

~—
~~o
~
-
~~.
~

~——
~

T

1 2 3 4 5 6 7 8 9 x=m

Puc. 5.4. Posnoain beadopaa (6111 KpyKeUKH — TEOPETUUHUH, YOPHI — EMITIPUIHHH )



116

6. CranaaprHi po3noaijin
HenepepBHUX BUNAJAKOBUX BEJTUYUH

6.1. PiBHoMipHMii po3moaiji
Henepeppna BunaakoBa BeauurHa X Ma€ PIBHOMIPHHM PO3MOAUT HA BIAPI3KY [u, b],

AKIIO Ha TOMY BIAPI3KY ii (DyHKIIS TYCTHHH € cTajla, a 1Mo3a HUM JIOPIBHIOE HYJIIO
(puc. 6.1):

0, x<a,
f(x)=qc=const,a<x<b, (6.1)
0, x> b.
f(x)
T o—
0 * o
a b X

Puc. 6.1. I'padix ¢yHKITT TYCTHHA PIBHOMIPHOTO PO3TOILTY

Ockimpku  TUTOIMA, OOMEXKEHAa KPHWBOIO TYCTHHH, JOPIBHIOE OJWHHUIN  (JUB.
BJIACTHUBICTH 2 B po3a. 4.8), To

+00 a b +00 b b
[ ressas= [ rexsacs [ s [ sene=[ fexe= [eds=1,
—0 —© a b a a

3BiAKU ¢ = 1/(b-a). OTKe, OCTATOYHO 3aKOH PIBHOMIPHOTO PO3IMOAUTY MO>KHA 3aIlrcaTv
y BUTJISL

0, x<a,
f(x)=11/(b—a), a<x<b, (6.2)
0, x> b.

3acrocoByroun opmyity (6.2) 1 3B’ 430K MK (PYHKITIEIO TYCTHHH f{X) 1 (PYHKITIE€IO PO-
3moAuTy F(x), 3HalimeMo Bupa3 GpyHkIii po3noauty F(x) mis piIBHOMIPHOTO PO3MOALTY:
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0, x<a,

Fx)= J‘f(t)dt:«"‘_/‘(/)dr, a<x<bh,

a

1, x>b.
¢ d
OcKUTbKH J.f(l)a'f: ! :’\_a,To OCTaTOYHO
b—a b-a
[2)
0, x<a,
F(x)=12"% a4<x<b, (6.3)
b—a
’»1, x>b.

I'padix dpynkmii /7(x) nokazanwmii Ha puc. 6.2.

a b X

Puc. 6.2. I'padix ¢yHKITIT pIBHOMIPHOTO PO3MOILTY

Bu3HaunMo MaTeMarWdHE CIOJIBaHHS W JUCTIEPCIIO BHITAIKOBOI BEIIMUWUHHU X, MO
Ma€ PIBHOMIPHHAM PO3IMOJILT:

2—a2 a+b

“2(b-a) 2

W=M[X]= jxf(x)dx j — (6.4)

2

Jlucnepcis Ta cepeHbOKBAAPATHUHE BIAXUIEHHS X BIIMOBIAHO JOPIBHIOIOTH:
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o=(b-a)/23. (6.6)

HMMOBIpHICTH HANEKHOCTI 3HAYEHb BWITAIKOBOI BETUUYMHHU X, IO Ma€ PIBHOMIPHHMA
po3noaL, MpoMiIkKY [«, f] € [u, b]

B
z%@<x<ﬁ»:j;?a=§:j. 6.7)

o
6.2. IToxka3HuKOBHIT PO3MOIiJ

HenepepBra BunagkoBa BelmumHA X PO3MOMAUICHA 32 MOKA3HHKOBHM (€KCIIOHEHT-
HHM ) 3aKOHOM 13 ITApaMETPOM (O, SIKIIO i1 (DYHKI[ISA TyCTHHU PO3IMOALTY € TaKa:

rex)=1 <0 (6.8)
X /)= .
lo-e”™, x>0

Oyukiio po3noauty I1(x) onepxxyemo 6e3nmocepeiHiM IHTErpyBaHHIM (yHKITT fX):

’ X
X - g._ _—o_[¥_1 _—ox
Fx)= Jff(x)dx:_“ow dx =—e xo—l e , x>0,
0
- ’O’ x<0.
I'padixu ¢yHKITT TyCTHHY 1 pO3MOAUTY TTOKa3aH1 Ha puc. 6.316.4.
5
f(x) =5
| |
3 \
2
o=2
"
o=1
0 —
-2 1 0 1 2 3 X 4

Puc. 6.3. I'padix dyHKINT TYCTHHH TOKa3HHUKOBOTO PO3IOALTY 3aJCKHO B1J 3HAUCHHS O
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F(x) / ////’”////””ﬂpﬂﬁ

o=5 oa=2 o=1
/ pd

0,75 /
//
0,50 //

/

-2 -1 0 1 2 3 X 4

Puc. 6.4. I'padix dyHKINT TYCTHHH TOKa3HHUKOBOTO PO3IOALTY 3aJCKHO Bl 3HAUCHHS O

MareMaTHUHE CIIOAIBAHHS TOKa3HUKOBOTO PO3MOALTY JOPIBHIOE

+o0 +00 | + o |
n=M/|X]= Ix-ae_axdxz je‘o‘xdx:——e‘w ==, (6.9)
0 0 o o ¢
a TACTIePCIs —
't L2 11
2 oo 2 —ox
c-=D/X]= Ix e A= (6.10)
! ) o2 o2 a2 o2

6.3. HopmaabHuii po3noaii

Henepepsna Bunaakosa BemuuuHa X PO3MOALIICHA 32 HOPMAJIBHAM 3aKOHOM 13 TIapa-
MeTpaMH d, b, Ko ii QyHKIIISI TYCTHHY € TaKa:

_l(x—ajz
f(x)=ﬁe 26 ) (6.11)

—m<x<4+0, —w<a<+w0, h>0.

[TonmBumocs, sk Oyne 3MiHoBaTHCS rpadik (yHKINI TYCTHHH PO3MOAUTY 3aJI€KHO
BIJl 3MIHU 3HAYCHb apaMeTpiB a 1 b. [Ipu 3miH1 a kKprBa f(X), HE 3MIHIOIOUH CBOEi (hOopMH,
Oyze 3MIITyBaTHCh Y3/I0BXK Oocl abcruc (puc. 6.5).
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0,4
f(x) \ /
a=-2 a=0 a=+2
0,3

0,2

// //) \\ \\

Puc. 6.5 I'padik pyHKINIT ryCTHHA HOPMAJIBLHOTO PO3IOALTY 3aJCKHO Bl 3HAUCHHS d

3miHa b piBHOCHIIbHA 3M1HI MaciTady KpuBoi 3a oOoma ocsmu. Hampukian, npu mo-
JBOEHHI b MacmTad mo oci adCIUC MOABOITHCS, a IO OC1 OPJAMHAT — 3MEHIIUTHCS y JIBa pa-
31 (puc. 6.6). KpuBa IyCTHHH NPH IBOMY ¢Ta€ OLIBII IIOCKOIO, PO3TATYIOUHCH Y3I0BXK OC1
abcrmc. [Ipu 3MeHIeHH] H KpUBa BUTATAETHCA Bropy, OJHOYACHO CTHCKYIOYHMCH 13 OOKIB.
B 060x Bumaakax kpuBa 00OMexXye 3BEpXy OC1 Y OMMHWYHY TUTOMTY (BJIACTUBICTH 2 (DYHKITI
po3noaury, 1uB. po3a. 4.8):

+00

1 } l/,\'—a\zii B

J'bmexp]—al\ ) ’>dx—1.

—oo . ,
0,8
f(x) b=0,5
0,6
0,4

b=1
0,2
b=2
. _— N
-6 -4 -2 0 2 4 x 6

Puc. 6.6 I'padik pyHKINT r'yCTHHN MOKA3HUKOBOTO PO3IOILIY 3aJICKHO Bl 3HAUCHHS 6

O0unCcIMMO OCHOBHI XapaKTEPUCTHKHN BHUIAIKOBOI BEJIMUWHA Y, PO3MOILIICHOT 32 HO-
PMaTbHUM 3aKOHOM. [louHEMO 3 MaTeMaTHYHOTO CIOIIBAaHHS:
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—+00 Ve 2\
uw= |xf(x)dx= X exp v_cq dx .
’ I ' b\/ 2\ b )
—00 \ /
3acTOCOBYIOUH 3aMIHy 3MIHHOI ) = );:/Ea , OZICPKUMO
+00 +00 +00
| 32 ) 2 )
w=—r [(N2+a)e™ dy=£jye Ydy+ = j Ydy.
N7 n Jr
o e S

[lepmmii 3 iHTETpaTiB JOPIBHIOE HYJIIO AK THTETPaJ y CAMETPUYHAX MEKaxX BiJ Hema-
pHOi pyHKIIT; qpyTHit sBse codoro Bimomuii interpan Eiinepa — Ilyaccona:

+00
j V= 2Ieydy Jr. 6.12)
—o0 O

Orxe MaTeMaTHYHE CIIOMIBAaHHS BEJIMUYMHHN 1 TOPIBHIOE d:

u = Mlx] = a, (6.13)

T0OTO MapaMeTp a y Bupasi (6.11) € MaTeMaTHIHUM CITO/TiBAHHSIM.
O06urCIMMO THCTIEPCIIO BUNAAKOBOI BETUIHHH X

4 N2
\’—(l
G X—d ex —— dx .

\

3acTOCyeEMO 3aMIHY 3MIHHOI X — Y
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[lepnmmit mogaHok y (ITYpHUX MYXKKax JOPIBHIOE HYIIO, TOMY IO exp(— y2 ) mpu
y — 00 yOyBae MIBUIIIE, HIXK 3pocTae OyAb-IKWUH CTEIMIHb ), IPYTHH JTOJAHOK JOPIBHIOE

\/E, 3BIJIKH
6% =D|x|=b>. (6.14)

Orxe, mapamerp b y Bupasi (6.12) € He 1m0 1HIIE, K CEPEAHE KBAAPATHUHE BI1AXH-
JICHHS ¢ BUTIAAKOBOI BeuurHU X. OcTaTrouHOo (PYHKITIA TYCTHHA HOPMAJIBLHOTO PO3TOILTY
3aMHACYETHCS B TAKOMY BUTJIIAL

_”x—uy

O

= (6.15)

Slkmio HemepepBHAa BUMAAKOBA BEIMUWMHA PO3MOJAUICHA 33 HOPMAJIBHUM 3aKOHOM
(6.12), (6.13) 13 BimOMUMH mapamMeTpamMu d = |, b = G, MOYKHa BUKOPUCTOBYBAaTH CKOPO-
uennit samuc X € N(u,6). SIkmo BHAC/TiTOK HOpMAmi3amii 0/lepikaHa BUIAIKOBA BETHUH-
Ha Z =(x - u)/c, To nerko BreBHUTHCS, WO UTA Hei 1, =1, 6, =0, IO CKOPOUEHO 3arTH-
cyeThes B Takwmii crioci6: Z € N(0,1).

OG6uucnuMO 1T HOPMAJIBPHO PO3IMOAUICHOT BHUIIAJIKOBOI BEJIMYMHH HMOBIPHICTh Ha-
OyTTs 3HAU€Hb Y IPOMDKKY [X;, X5 /:

X

(5]
N

/ WA
l{ x—p
ZL c

\

3aMiHWMBINM B iHTETpasi 3MiHHY z = (X — 1 )/c (Taka 3aMiHA HA3WBAETHCS HOPMAITi3a-

Pl < ¥ <x))= [ ) de=—= [ exp

X 1

dx .

/

IIE€T0) 1 BIAMOBIAHO 3MIHUBIIK MEX1 THTETPYBAHHS, OJEPKAMO
X,

g
Pl < X <xp})= ! J‘e_zz/zdz'

27

X~

o)

2
oo —-z%/2 .
Hesusnauenuii 1HTerpan I ¢ 124z we BHAPAXAETHCS Uepe3 eIEMEHTapH1 (PYHKITI,

ajie oro MOYKHA BUPA3UTH Uepe3 CIieiaabHy (yHKIIIO
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Ofz)=—] ja””%k, (6.16)
0

2n

HazBaHy (ynkmierw Jlammaca (abo 1HTErpasmom WMoBipHOCTEH). 3HaueHHS Miei QyHKIT
HaBEJICH] B IOAATKY. 3a TOTIOMOTOIO0 T1i€l (DyHKITIT IITykaHa HMOBIPHICTh BUPAXKAETHCS TTPO-
cTor0 (hopmyIIOIO!

7

lﬂn<X<@D=®P%;Q—®F%;q.

Baacmueocmi hynkuii Jlannaca

1. ©(0)=0.
2. D (—z) = — D (z) (HenapHa pynkyis).
Jlnst moBeAeHHS AOCTATHRO 3POOUTH 3aMiHY 3MIHHOI ¢ = —Z:

\2n V2

O(—z)= 1 a“z%hz——é=je4z%ﬁ=4mz/- (6.17)
0

3. D (xx)=+0,5.
BnactuBicTh TiepeBipsieThCs  O€3MOCEPEHBO 3aCTOCYBAaHHSAM iHTerpana Eiie-
pa — Ilyaccona (6.12):

+00

+0
> Jf e_ZZ/ZdZ:% Jr e_(z \/E) d(Z/\/z_):L/— je—yzd)’:ﬁ§=%.l (6.18)
0 0 0

+00

VT

Haii6ursm mpocTo vepes ¢ynkitito Jlammaca (6.18) BupaxaeThcs HMOBIPHICTh TTOTpPa-
IJITHHS HOPMAJIBHO PO3IOAUICHOT BHITAIKOBOI BEIMUMHHA Y Ha BIJPIZOK JOBXKHHOIO 24,
CUMETPAYHUHN T0/T0 MATEMATHIHOTO CITOTIBAHHS |

‘U—p+h)

P(fu—h<Y <p+h})=P{lY —u|<hf)=o :

_Q(u—u—h
\

N G J G Y,

a00 3 ypaxyBaHHSM BJIACTUBOCTI 2:

//7\

gy -w<np=20L

(6.19)
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Uepes dynkiito Jlannaca BupaxkaeThess i yHKIIA po3noauty F(y) BUNaaKOBOi BEIU-
yuHU Y. BBaxkaroum, oo x; — —o, X» =X 13 orfaay Ha te, o O(—o) =— 0,5, ogepkumo
TaKe:

F(x)=%+q>("’;“]=%+q>(z).

Orxe, 3a momomoroto ¢yHKIi posmoauty F(x) (6.19) abo ¢ynxmi Jlammaca ®(z)
(6.16) MoxHA BW3HAYUTH WMOBIPHICTh HAOYTTA BUMAAKOBOIO BEIMYHHOIO X, PO3MOLJIe-
HOIO 32 HOpMaJbHUM 3aKkoHOM (6.11), (6.15) 13 BimoMuMu apameTpamMu ¢ = [, b = ¢ 3Ha-
YEeHbB 13 TIEBHOTO MPOMDKKY. SIKITIO 3BEPHYTHUCA IO MEXaHIIYHOI MOJIEII HETIEPEPBHOI BUMA-
JIKOBO1 BEIMUMHU, TO IO WMOBIPHICTh MOKHA PO3TJISAIATH SK YaCTKY 00 €KTIB T€HEPAITb-
HOT CYKYITHOCTI, y SIKMX 3HAQUCHHS YHCIIOBOI O3HAKHW X HAJICKWTH bOMY TTPOMDKKY. s
MPOMDKKIB L * 16, i+ 20, 1+ 36 i 4aCTKH TOPIBHIOIOTH BIATIOBIAHO:

Plu-lo<z<p+1lc) =2 d(1)=0,6827;
Plu—26<z<pu+2c) =2 d2)=0,9545;
Pu—3c<z<p+3c) =2 ®3)=0,9973,

1[0 CTAHOBUTH 3MICT TipaBmiia 3¢ (mpaBuia “Tphox curm’). ['padiuna umocTpaiisi mpaBu-
7a 3¢ naHa Ha puc. 6.7.

0.4 -
f(z)
0,3

0,2 -

0,1

Puc. 6.7. I'padiune nosicHeHHs pasuia 36

Hopmanbanii po3moalt € OJHUM 3 OCHOBHUX y T€OPli BUMAAKOBUX BEJIMUWH 1 CTATHC-
THI, OCKUIBKM BIH € TapHUM HAOMKCHHSAM a0 0ararbox (i3ioNoriyHMX MNOKa3HHKIB
(3pict, Maca Tia, 00XBaT TPYyICH, CTETOH, MYJIbC, apTepiaIbHAN 1 BEHO3HUH THCK).

3a pomomoror mpaswia 36 s 00'€KTIB, MO € HOCIAMHA HOPMAJIbHO PO3MOAUICHOI
03HAKH, 3BUYaliHO BBOAMTHLCA Kiacudikaliis, HaBeaeHa B Ta0m.6.1 (Mexi kiracudikaiii aa-
Hi 1A HopMaTi3oBanoi o3Haku Z = (X —p)/o).



Tabmums. 6.1
z 3HaueHHSA O3HAKH
z<-2 Hyxe mane
2< z<-1 Marne
-1 <z<+1 Hopmanbene
+1<z<+2 Benuke
2<z Jlyxe Benuke

Ipuxnanx 6.1. (Ilmoxuacekumii, 1962). Jlna xjmomunka 14 pokiB HE0OX1HO 3p0OHTH
OMIAKY CTAaTypH 3a JAHUMH JJIA 1T1€i BIKOBOI rpymu (Tabm. 6.2).

Tabmurs 6.2
[TokazHuk X u c Z
3picT, cM 159 142 8.5 +2.0
OO0xBar rpyjaei, cm 64 66 4.0 -0,5
OOxBaT roJa0BH, CM 52 50 2.0 +1,0
Maca Ti1a, Kr 40 40 6,0 0,0
€MHICTH JIET€HIB, CM 3 2070 2300 410 -0,5

OdeBUAHO, MO 1€ BUCOKHWA BY3bKOTPYAHMH BEIMKOTOJIOBHUH XJIOMYHUK AaCTCHIYHOTO
TUTLY. o

6.4. ®yukuia Jlamniaca

Posrnstnemo 3actocyBanHs mpuiioMiB pobotu 3 (yHkmiero Jlammaca Ha mpuiIam

PO3B’s3aHHS NPAMOi W 0OepHEHOI 3aa4 ISl KBaHTHIIIB HEMEPEPBHOI BHIAIKOBOI BEIIH-
guan X ~ N(1,0).

Anzopumm po3e’a3aHHa npamoi 3aoaui

VY npsamiii 3aaa4i ;U1 IBOX 3HAYCHB X; 1 X, HEMEPEPBHOI BUIIAAKOBOI BEJIMUMHHA X T10-
TPIOHO OOYHCIUTH WMOBIPHICTH TOTO, IO BOHA HaOyBa€ 3HAUEHb MK X; 1 X, TOOTO
P({xl <X <x }) [llykana BenuuuHa MOe OyTH IHTEpPIIPETOBaHA K YacTKa 00'€KTIB Te-

HEpaNbHOI CYKYITHOCTI, Y SIKHX 3HAUEHHS O3HAKH X 3HAXOAMTHCA MIXK X; 1.X,. [Ipn Bimomo-
My 00cs31 TeHepaNbHOI CYKynHOCTI N Moke OyTH oOUMClIeHa W KUTBKICTh TaKMX 00'€KTiB
K 100yTOK N 1 mryKaHoi TMOBIPHOCTI.

Ocxkinpku ¢ynkiisa Jlamraca BBeZ€HA HAa OCHOBI CTAHIAPTH30BAHOTO HOPMAJBHOTO
PO3MOILTY, TO CTAHAAPTHIYIOTHCS ¥ 3HAUCHHS X 1 X!

X1 —H Xy — L
2l = 1~k s Z9 :Z—L. (620)

(o} (o}
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PosrnsneMo MOXIMB1 cuTyallli B IpAMINA 3aadl, 00yMOBIIEHI BHUOOPOM HOpPMaIi30-
BaHUX 3HAYEHD Z; 1 27
a) 0<zy <z, (puc. 6.8).

\

f(z)

)

O

0

Zp

z

Puc. 6.8. IIpsima 3agada 1 JOJaTHUX 3HAUCHD Z1 1 7,

I'padiunmii po3s’sa3ok, HaBedeHmit Ha pmc.6.8, mokasye, mo P({x; <X <x, })z
=S =95, — §;. lllykana HMOBIPHICTb JOPIBHIOE IUIOLII S MiJ KPUBOIO f(Z), AKa oOMeKeHa
BEPTUKATLHUMHU TIPAMUMHU Z = 21 1 Z = zp, 1 MOXe OyTH OOYMCIICHA K PI3HUIA TLIONII
Sy = ®(z5 ) mig kpuBoKO f{z) Mix mpaMuME z =0 iz = z; i mromi S; = ®(z;) mix KpUBOKO
Jf(z) mix ipsimumu z =01z = z3.

Tounwnii po3s’ 130K 337241 B IbOMY BHUIAJIKY 3aMTUCYETHCS TaK:

P({x; <X <xp})=P({z) <Z <20 )= D(z5) - D(2). (6.21)

VY nomatky moTpiOHO 3HAWTH HAMOMMXKY1 10 2] 12, (6.20) 3HaueHHS, HeXal e OyayTh
z, 1 zp . Tonl 3amicTh TOUHOTO PO3B’A3KY (6.21) MOKHA 3anKcaTy HAOIMKEHUH:

P({.xl <X <xy }): P({Zl <Z<zy }) ~ q)(zb)— q)(za); (6.22)
6) 2 <0 SZZ (pI/IC 69)
f(z) f(z) f(z)
LN\ BN\O/ |6
z, 0 2z, z 0 z, z |z4| 0 z

Puc. 6.9. Ilpsima 3agada j1s Bil’ €eMHOTO 3HAYSHHS Z; 1 IOAATHOTO 3HAUYCHHS Z;
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I'paciune po3B’A3aHHSA 3BOAMTHCA 10 3HAXODKEHHS IUIONI KPHUBOJIHIAHOI Tpameri
S=51+95,. Onnak po3’sa30k (6.21) Tyr He Moke OyTH 3aCTOCOBAHMH, TOMY IO
B JIOJIATKYy HaBEACHI 3HAUCHHA P(Zz) TIIBKH TSl JOJATHUX 3HAYEHD Z, OTKE, CD(ZI) o0umic-
JUTH HE MOJKHA. Y TaKOMY BHIIQJIKy BapTO 3aCTOCYBATH BJIACTHBICTH 2 ¢yHKINI Jlammaca,
13 AKOi BMIUIMBAE, WO S :q)(’ZID' Ockinbku z5 >0, T0 Sy = D(z,). Tomy TouHmii

PO3B’ 30K Oy/ie 3amuCcaHui Tak:
P(f <X <x0})= P(z) <7 <25 }) = O(|z]) - (=), (6.23)

Sk 1 B momepeIHbOMY BHIIQAKY, MOTPIOHO 3HAWTH B AOJATKy HAMOJMKUI J0 ’le 12

3HaueHHA. Hexait me OynyTs z, 1 z, BiamoBiaHo. Toa HaOmmKkeHUH PO3B’A30K MPSAMOi 3a-
J1a4dl 3alALIETHCSA TaK:

P <X <xpP)=P({z; <Z < 2o P Dz, ) - D(zp ); (6.24)

™
7

e o NVl >

z, z, O z 0 lz4| z 0 |z, z

Puc. 6.10. [Ipsama 3amaua juis Bi €MHHAX 3HAYCHb Z; 1 Z)

I'padiune po3B’A3aHHA 3BOAUTHCA IO 3HAXOUKEHHA oy S = S] —S,. Sk 1 B none-

PEIHHOMY BWIMAJAKY, TOTPIOHO BPaxOBYBATH, IO 3HAYCHHS Z; 1 Z, BIICYTHI B JOJATKY
(xkpiM BUTIAAKY z; = 0). ToMy 3HOBY BapTO 3aCTOCYBATH BJIACTHUBICTH 2, 13 SKOi OJCPIKYEMO,
oo Sy = CD(’Zl ), SH = CD(]:ZD. TouHui po3B’A30K y 1IbOMY BUMAAKY 3aMUCY€ETHCSA B TAKOMY

BUTJISAIL

P(f < X <xp})= P(z) <7 < 25 }) = 0(|z]) - (=), (6.25)

Jlns 3anmcy HaOMMKEHOTO PO3B 3Ky, MmO Bianosigae (6.25), moTpiOHO 3HAWTH
B JI0IaTKYy 3HAYEHHS Z,, 1 Zp, HAHOMMXKYL 10 !zl! 1 !:zl:

); (6.26)

Pl <X <x})=P({z) <2 <2 ) QQZa’)— QQZb
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r) 0<z; <0 (puc. 6.11).

f(z) f(z) f(z)

N\ N\

o ED. O

0 z4 z 0 z 0 z z

Puc. 6.11. [Ipsima 3amaua i HECKIHYCHHOTO JOAATHOTO 3HAUCHHS 7,

Lle po3rasHyTa BUllle CUTYyaLls (a) IpU zo —> ©. OCKUIbKH d)(zz)z O+ oo): 0,5, To-
YHUI PO3B’A30K OTpUMYeMO 3 hopmyiu (6.22):

Pl < X <xp))= Pz <7 <2, )= % _o(z), 627)
a HaGMIKEHMH — i3 Bupasy (6.22):
Pl s X sx})= Pt 57 )= 20z, ) (628)
) — < 25 <0 (puc. 6.12).
f(z) f(z) f(z)

/ N\

=) OANG S

z, 0 z 0 z 0 |z, z

Puc. 6.12. [Ipsima 3a1aua jyisi HECKIHUCHHOTO BIJT €MHOT'O 3HAUCHHS Z

Ile posrnanyTa BUILE cuTyauls (B) mpu z; — —o . OCKUIbKH q)qu’): q)(+ oo):O,S,
TOYHHM PO3B’A30K OTPUMAEMO 3 BUpa3y (6.25):

Pl <X <xp))=P(n <7 <2 )= -~ (2,

: ), (6.29)

a HabmmxeHuit — 13 popmynu (6.26):



); (6.30)

¢) —o<z<+w (puc. 6.13).

f(z) f(z) f(z)

(SIN() OANO )

0 z 0 z 0 z

Puc. 6.13. [Ipsama 3amaua juis HECKIHUCHHUX 3HAYCHD 7 1 Z;

Lle#t Bunagok BUMMBae 3 BUMAAKY (6) mpu zy —> —0, zp —> +00. [IpakTU4HO BiH He

MPE/ICTABIIAE THTEPECY, TOMY IO NTyKaHa WMOBIPHICTH, KA JMOPIBHIOE OJHWHHIN, BijOMa
3 BIACTUBOCTI 2 (hyHKII TYCTWHH, 1 HaBEACHHWHA TYT TUIBKH 3 METOJUYHMX MIPKYBaHb.
JliticHo, 13 popmynu (6.23) BUIITUBAE, TITO

P({—ooSXS+oo}):P({—ooSE S+oo}):

= lim @)+ lim ®(z])=05+05=1. (6.31)

|2, >+ |2, >+

VYci oTpumani po3B’si3KH 3BeAeMO B TaO. 6.3, MpUYOMy MOMICTHMO TYT 1 1HACKCH
IIAX PO3B°A3KIB K KBAHTHIIIB.

Tabnuus. 6.3.
P(lz1 ST <25§)=
e o * =F(z)-Flz))=92 -

a) OSZI SZZ O,5+q)(Zl) 05+CD(22) q)(Zz)—q)(Zl)

0) z1<0=<2, 0,5- Cl)(’:l’) 0,5+ CD(’Z ’) CD(]Zﬂ)+ CD(Zz)

B) 2] <zp <0 0,5- Cl)(’:l’) 0,5 - CD(’Z ’) Cl)q:ll)— CDQZZD
r)0<z;<w 0,5+ ®(z) 1 0,5-®(z)

n) —0<zy <0 0 05— dz,|) 0,5- @)

€) —0<z<+m™ 0 | |
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Anzopumm po3eé’a3annsa obepuenoi 3aoaui

B obepHeHiit 3amadl aj1s 3a7aH0i HMOBIPHOCTI P({xl <X <x })> 0 Toro, mo Here-

pepBHaA BUNIaAKOBa BemuunHa X ~ N(|,6) HabyBae 3HaUEHb MIXK X; 1 X,, TOTPIOHO 3HAWUTH 111
sHaueHHA. OCKITbKH HETIEPepBHA BUITAIKOBA BeTWYMHA X, PO3MOAUICHA 32 HOPMaJIbHUM
3aKOHOM, TEOPETUYHO MOXKe HalyBaTw OyAb-sIKWX 3HAYEHb HA BCIH UYWCIIOBIH TIpsAMIA
— 0 < X] <Xy <400, TO 3BY3UMO MOCTAHOBKY 33/1a4l, BUXOJIUM 3 MPAKTUUHO CIIOCTEPEIKY-

BaHMX 3HAU€Hb O€3NEPEPBHOI BUMAKOBOI BEITMUUHN X. By1eMO BBaskaTH, 11O
P({x; <X <xy < P{u-36<X <p+3c)). (6.32)

I3 popmymu (6.32) BumIMBae, MO PO3B’A30K 0O0EPHEHOT 3a/1adl MOTPIOHO ITyKATH
B Jlama3oH1 3HaYeHb | + 36, Akuit Girypye B npasuii 3¢ (muB. po3a. 6.3).

OnwH PO3B’SA30K, MO HA3WBAETHCS MIHIMAJIBHUM, MOXHA MOOYIyBaTH BIPABO BIJ
3HAUCHHS Oe3MepPePBHOI BUIIAIKOBOT BEIMUMHH X, sKa JTOPIBHIOE L — 36. JIJIg 1bOTO BI3h-
MeMO x; = L —3c. KBaHTUIb ¢; LIbOTO 3HAYEHHS OOUYMCIIIOEMO B TaKli MOCI1A0BHOCTI:

1) BUKOHY€EMO CTaHIAPTH3ALIIO:

_ M-k _p-36-u o
¢ (0) ’

<1

2) 3a nomarkom ®(|z;[)= d(3)~0,49865;
3) 3a Tabn. 6.3. pO3B’A3KIB MPAMOI 3aJaul BU3HAYAEMO IHAEKC (| 3HAUEHHA X| K
KBAHTHJIA, TOOTO

g1 =05 ®(z1])=0,5 - d(3)~0,00135.
OueBuAHO, 10 IHAEKC (o HEBIAOMOIO 3HAYEHHA X, AK KBAHTWJIA JOPIBHIOE

gy =q + P(Pr; <X <xp}).

Otke, 3HaUEHHA X, 3HaiieMo 3a HOro BIAOMUM KBaHTHUIIEM ¢, . s 1iboro 3acrocy-

€MO TaKy TIOCITITOBHICTH JIIH:
1) axmo g, <05, Tom z, <0 (puc.6.14) 1 1HAECKC ¢, 3riAHO 3 Tabn. 6.3 3B'A3aHUN
13 HEBIJIOMUM CTaHIAPTU30BAaHUM 3HAYEHHAM Z, CHIBBIAHOIIEHHIM

)

3BIJIKM BUILUTUBAE, 1110 MOTPIOHO 3HANTH 33 JOJATKOM TaKe 3HaYEeHHs !Z 2

qn = 0,5 — CD(’Zz

, JUISL SIKOT'O

qu Zz’): 05-¢,,
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TiCIIA YOTo BU3HAYAEMO Z5 =—| 25| 1 Xy = L+ 256
f(z)
Z4, min="3 Z2, min 0 z=+3

Puc. 6.14. MinimanbsHuii po3B’ 130k 00epHEHOI 3aaa41 171 g5 < 0,5, zp <0

2) akmo g, 20,5, Tont z5 20 (puc. 6.15) 1 1HACKC ¢, 3riAHO 3 Tabn. 6.3 3B'A3aHui
13 HEBIJJOMUM CTaHJIAPTH30BAHUM 3HAYEHHSM Z, CITIBBITHOIIICHHSIM

qr =05+ D(z,),
3B1AKH BHILUIMBAE, 110 MOTPIOHO 3HAWTH B JOJATKY TaKe 3HAUCHHS Z,, IS SKOTO
D(zp)=g, - 05,
MICJISL YOT'0 3HAXOIUMO
Xy =+ 290

f(2)

Z4, min='3 0 22, min z=+3

Puc. 6.15. MinimanbsHu# po3B’ 30K 00epHEHOI 3a1aul At ¢, =05, z, 20

OtpumMani MIHIMAJIBHI PO3B’A3KM IS TTOYATKOBOI BUMAAKOBOT BETUUYMHU X Ta CTaH-
JApTU30BaHOI 3MIHHOI Z MO3HAYMMO BIJTOBIIHO SK (xl min» X2 m,-,l) Ta (-'l min» 22 m,-,l).

[ po3B’SA30K, MO0 HA3WMBAETHCA MAKCHUMAJbHUM, MOXHA TOOYAYyBaTH BIIIBO BiJ
3HAUEHHS HEMEPEPBHOI BUMAAKOBOI BEMMUWHU X, ke AOPiBHIOE U + 36. JIJ1g bOTO Bi3b-
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MEMO Xy = L+ 3c. IHI[GKC {d> UbOI0 3HAYCHH:A, IO PO3INIAAAETBCA SIK KBAHTHWIIDb, o0umc-

JIFOETHCS B TaK1i HOCIIIIOBHOCTI:
1) BUKOHYETBHCA CTaHIAPTH3AITIA:

_Xp—W_ u+3c-pu

Zy = +3:

>

¢ 9)

2) 3a nonatkom ®(z, )= ®(3)~ 0,49865;
3) 3a Ta0.6.3 BU3HAYAETHCSA IHAEKC (o 3HAUEHHS X, K KBAaHTWIA, TOOTO

¢y =0,5+®(z5)=0,5+ D(3)~0,99865.
OueBuaHO, 0 IHAEKC ¢ HEBIIOMOTO 3HAUEHHS X| K KBAHTHJIA AOPIBHIOE

41 =42 — P(Pr; <X <x,}).

Otike, 3HaYEHHA X| CIIIA 3HAWTH 3a Horo 1HAEeKcoM ¢;. s 1boro 3acTocyeMo Taky
MTOCJIIIOBHICTD JIIH:

1) axmo ¢y <05, tom z; <0 (puc.6.16) 1 1HAekc 3rigHO 3 Tab0n.6.3 3B'A3aHUi
13 HEBIJIOMUM CTaHIAPTU30BAHUM 3HAYEHHAM X; CITIBBIIHOLICHHAM

g1 =05- (=),
a oTIKe, NOTPIGHO 3HANTH B JOAATKY Take 3HAYCHHS 2|, s AKOro
CD(JZl’): 05-¢y,
micys doro Oyae sHaiineHo z) = —|z1| i x =p+zj0;
f(z)
'z=-3 zmlmax 0 Z5 max=13

Puc. 6.16. MakcumanbHui po3B’ 130k 00epHEHOi 3aaaul 41 ¢p < 0,5, z; <0
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2) axmo ¢ 20,5, Tom z; 20 (puc 6.17) 1 1HAEKC ¢ 3riAHO 3 Ta0a1.6.3 3B'A3aHUE 13
HEBIJIOMMM CTaHJAPTU30BAaHUM 3HAYEHHAM Zz] CIMIBBIIHOLUIEHHAM

q1 = 0,5 + q)(Zl),

3BiI[KI/I BHUILJIUBAC, IO HOTpi6HO 3HAUTH 32 HAOAATKOM TaKe 3HAYCHHA Z7, AJIA AKOI'0

q)(Zl)Z ql = 0,5 ,
MICJIS YOTO BU3HAYAETHCS
X1 =Uu + Z10.
f(z)
z=-3 0 Z4 max Zy max=+3

Puc. 6.17. MakcumanbHuii po3B’ 130k 00epHeHoi 3aaaul a1 ¢; 20,5, z; 20

OTtpumMaH1 MaKCUMalbH1 PO3B°A3KU U1 NOYaTKOBOI BUMAKOBOI BEJIMUMHM X Ta CTaH-
JApTU30BaHOI Z MO3HAYMMO BIAMOBIAHO HK()C'I max > X2 max) Ta (Zl max s 22 max).

JIBa moOy1OBaHUX PO3B’A3KH, MIHIMAJIbHUN 1 MAKCUMAJIbHHM, TTOBHICTIO BU3HAYAIOTh
MHOHHY BCIX MOXKJTUBHX PO3B’S3KIB Y TaKOMy po3yMmiHH1. Hexai 13 skux-HeOy b MIpKy-
BaHb BUOMPAETHCS 3HAUEHHS Z; JUIA LIYKAHOTO PO3B’S3KY, MPU LbOMY Ma€ MICLE HEpIB-

HICTh

SZIS'

1 min =1 max -

Tomi z, Mo’kHA BU3HAYUTH TaK, SIK 1 TPH MOOYA0BI MIHIMAJIBHOTO PO3B’SI3KY:

IA

S:z

=2 min 22 max -

Hexaii neBHUM 4YMHOM BUOMPAETHCS 3HAUCHHSA Z 5 AJIA IIYKAHOTO PO3B’A3KY, IPHUOMY
OUYEBU/IHO, 1110

S_'z

IN

=2 min =2 max -

Tomi z; MOXHA BU3HAUNTH TaK, K 1 IPU NOOYI0BI MAKCUMAJIBHOT'O PO3B’A3KY:

1 min S:l = =1 max -

N
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