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Beenenue.

XapakTepHBIM ISl COBPEMEHHOTO dTara pa3BUTHS €CTECTBEHHBIX
U TEXHUYECKHX HAYyK SBIIIETCS BEChbMa IIUPOKOE U IIJIOJOTBOPHOE
MIPUMEHCHHE CTAaTUCTUYECKUX METOJOB BO BCEX 00JIACTSIX 3HAHUS.
3amadya 000 HAyKW COCTOMT B BBISIBIICHHMM M HCCIICIOBAHUH
3aKOHOMEPHOCTEH, KOTOPHIM TOJUMHSIOTCS peaabHbIE TPOIECCHI.
HalinenHble 3aKOHOMEPHOCTH HMEKT HE TOJIBKO TEOPETUUYECKYIO
IIEHHOCTh, OHHM IHUPOKO TPUMEHAIOTCSI Ha TIPaKTUKE — B
MJIAHUPOBAHWH, YIIPABICHUHN 1 IPOTHO3UPOBAHUH.

MaremaTudeckas CTaTHCTHKAa— pa3/ie]] MaTeMaTHKU, W3Yy4aroIIHii
MaTeMaTUYeCKUe MeETOJbl cOopa, cucTeMaTu3aluu, OOpabOTKU W
UHTEPIPETAIlMA PE3yIhbTAaTOB HAOIIOJECHUNM C 10 BBISBICHUS
CTATUCTUYECKUX 3aKOHOMEpPHOCTEH. MaTtemaTndeckasl CTaTUCTHKA T10
HAOJIOJICHHBIM  3HA4YC€HUSIM  (BBIOOPKE) OIICHUBAET BEPOSITHOCTU
COOBITUI JTMOO OCYIIECTBIAECT MPOBEPKY MPEANOJIOKEHUN (THUIOTE3)
OTHOCHTEIIBHO 3TUX BEPOSTHOCTEH.

N3yueHnne BEpOSATHOCTHBIX MOJCIECH JaeT BO3MOKHOCTH IOHSTH
pa3lIMuHbIE CBOMCTBA CIy4yallHBIX SBJICHUM Ha aOCTPaKTHOM U
0000IIIEHHOM  YpOBHE, He TpuOeras K DOKclepuMeHTty. B
MAaTEMaTHUYECKON CTaTHUCTUKE, HA00OPOT, HCCIEIOBAHUE CBSI3aHO C
KOHKPETHBIMM JaHHBIMU W WAET OT MPAKTUKU (HAONIOJAEHUS) K
TUIIOTE3€ U €€ MPOBEPKE.

[Ipu GonbIiOoM 4MCiIe HAOMIOJCHHWI CiydaliHbIe BO3JCHUCTBUS B
3HAUYUTENIbHOM Mepe moramarorcsi (HEeUTpaaIu3yroTcs) U MOJIy4aeMblid
pe3yiabTaT OKa3bIBACTCSA MPaKTUYECKU HECTy4YaiHbIM,
npeAcKa3yeMbIM. JTO yTBEpkKAeHUE (IPUHIINIT) U SIBIIsIETCS 0a301 11s
MPaKTUYECKOTO HCIOJIb30BAHUSI BEPOSTHOCTHBIX M MaTEMAaTHKO-
CTATUCTUYECKUX METOJOB HccienoBaHus. Lleiab yka3zaHHBIX METO/OB
COCTOUT B TOM, YTOOBI, MUHYS CIIOKHOE (2 3a4acTyI0 U HEBO3MOKHOE)
UCCIICOBAHUE  OTAEIBHOIO  CIy4yallHOTO  SIBJIGHUS,  U3YYUTh
3aKOHOMEPHOCTH MACCOBBIX CIIy4aWHBIX SIBJICHUH, MPOTHO3UPOBATH
UX XapaKTEPUCTUKH, BIUATHh HA XOJl ITUX SBJICHUHN, KOHTPOJIUPOBATH
WX, OTPAaHUYMBATH 00JIACTh ACUCTBUSA CITy4alHOCTH.

Pe3ynbTaThl SKCIEpUMEHTA JI1 WHXKEHEpa-ucciaeaoBaTess ObLIu
U OCTAIOTCA TJIABHBIM KPUTEPUEM TIPHU PEUICHUU MPAKTHYECKUX 3a]ad
U MIPU MPOBEPKETEOPETUUECKUX TUNoTe3. OHAKO TIPU ATOM BaXKHO HE
TOJIbKO yMEJNO CIUIAaHUPOBAaTh M TIOCTaBUTh JKCIIEPUMEHT, HO U
IpaMOTHO 00paboTaTh €ro pe3yabTaThl.

DTOMy BOIIPOCY YacTO HE YACNAETCS OJDKHOTO BHUMAHUS, U
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HEPEAKHU CIy4yau, KOrJa pe3yJbTaThl JOPOTOCTOSAIINX IKCIIEPUMEHTOB
HE TIOJBEPralT JAaxe NpocTeiiied o0padoTKe, MpH HSTOM, Kak
CJIEICTBUE, TEPSAETCA OIPOMHOE KOJIUYECTBO MOJIE3HON MHPOPMALIMH.

Cnenyer TaKXKe MOAYEPKHYTh, 4TO 00paboTKe
AKCHEPUMEHTAIBHBIX JaHHBIX C IEJNbI0 IOCTPOCHUS MOJENEH
«CIIOXKHBIX  CHUCTEM» (IMIIUPUUECKHUX 3aBUCUMOCTEM) JOJIKHA
OpEAlIeCTBOBATh  NpEeABapUTENbHAsA  00pabOTKa,  COAEpIKAHHE
KOTOPOW, B OCHOBHOM, COCTOUT B OTCEMBAHHMH I'PYOBIX MOTPEIIHOCTEM
U3MEPEHUI UB MPOBEPKE COOTBETCTBHS PACHPEICICHUS PE3yJIbTaTOB
HOPMaJIbHOMY 3aKOHY.

Cnenyer  NMOMHUTb, 4YTO  TOJBKO  TIOCJIE€  BBIIIOJIHEHUS

NPEABAPUTENBHON 00pabOTKUMOXKHO C HanOOoJbIIEH
3((PEKTUBHOCTBIO, a TJIABHOE KOPPEKTHO, HCIOJIb30BaTHOOIIEE
CJIOXKHbBIE AKCIIEPUMEHTAIbHO-CTATUCTUYECKHE METO/IbI,

MO3BOJISIIOIIME TOJlydaTh MaTeMaTUUYEeCKHE MOJICTU JaXe TaKuXx
IPOLIECCOB, CTPOroe JACTEPMUHUPOBAHHOE ONHCAHUE KOTOPBIX
BOOOIIIE OTCYTCTBYET.

1. XapakTepucTUMKH CJOy4ailHOH BeJINYUHbI

EcTecTBeHHBIN OTBET Ha 3TOT BONPOC — “NMOJyYEHUE UCTUHHOTO
3HA4YCHUST (PU3NYECKON BETUYMHBI — BBI3bIBAET CIEAYIONIUN BOMPOC,
a 4YTo Takoe “UCTMHHOE 3HaueHue ? Ecim  UCKIIOYUTH
dbyHaamMeHTanbHble (PU3UYECKHE TMOCTOSIHHBIC THIIA CKOPOCTH CBETa
c = (2.99792458 + 0.00000001)-10%° cm/c, mocrosumoi Ilnanka
i = (1.054589 + 0.000005)-10?3pr - ¢, 3apsma O>JEKTPOHA
e = (1.602189 +£0.000006)-10 °K u ap., KOTOpBIE, BEPOATHO, UMEOT
TOYHBIC 3HAUYCHMS (MPUBEICHHBIM Pa30OpOC CBSI3aH C OTrpaHUYEHHOU
TOYHOCTBHIO H3MEPEHMI), BCE OCTAJIbHbIC BEIWYWHBI, B MPUHIIUIIE,
MOTYT OBITH ONpPEACJICHbl TOJBKO KaK HEKOTOPOE MaTeMaTU4yeCKOe
oxugaare M(X).

JIeCTBUTENBHO, TaKas BEJIMYMHA, KAK CKOPOCTh PAJAMOAKTUBHOTO
pacmazga aTOMOB OIPEIEIEHHOTO COPTa, OMPENEHSETCS TOJBKO Kak
CpeHee 3HAYEHHE BCJEACTBUE CIYYaWHOCTH BpPEMEHHM pacraja
KaXJIOr0 OTAEIBHOIO0 aroMa, NPUBOAAIICH K (QIyKTyalusM dYucia
pacnazoB B €AUHUILY BpeMeHU. [IpoBoAst u3MepeHus Ynciia paciaioB
B TEUCHUE OrPAHUYEHHOIO BPEMEHU U3MEPEHUS, MbI MOXKEM
BBIYUCIIUTH TOJBKO HEKOTOPOE BHIOOPOUYHOE CpeHee, OTINYAIOIIEeCs
OT MAaTEMATUYECKOTO OKUIAHMUS.

Hpyrue u3MepsieMble BEIWYHUHBI, TaKW€ KaK COIPOTUBIICHUE
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IPOBOJIA, CKOPOCTh 3BYKa B rase, MOKa3aTeab MPEIOMJICHUS CTEKIa,
TaK)K€ HE MOTYyT UMEThb ~UCTUHHOIO 3HAYEHUS  BCIECICTBHE
(GayKkTyanuii BO BpPEMEHHU U MPOCTPAHCTBE IUIOTHOCTH, TEMIIEPATYPHI
U JIpYyTUX XapaKTEepUCTUK cperd. bonee Toro, gaxxe TakoW HpOCTON
BOIIPOC, KaK M3MEPEHUE JJIMHBl CTEPKHS, NPUBOAUT K LEJIOU
MOCJIEIOBATENILHOCTH BONPOCOB:

[TocTosiHHA 1K JUTMHA CTEPKHS B IPOLIECCE U3MEPEHHUS?

KakoBo kauecTBO 00paOOTKH TOPIIOB CTEPXKHSI, @ €CIU TOpell He
OPSAMOM, TO YTO CUMUTATH 3a KOHEI?

Ecim ¢ HEKOTOpOoW TOYHOCTBIO MBI MOXEM CUWUTATh TOPEIl
JIaJKUM, TO MapajuiesieH Ju eMy BTopou topen? U T.1.

Takum o00pa3oM, (akTOpbl, CBSI3aHHBIE CO CTATHCTHYECKUMH
GaykTyanusaMu, a TakXkKe C [PUPOJHBIM  pa3dpocoM WM
pacrpeesiCeHUeM U3MEPSIEMOM BEJIMUYMHBI IO U3MEPSAEMOMY OOBEKTY,
BEIyT K Pa30pOCy YHUCIEHHBIX 3HAYEHUN H3MEPSEMON BEIUYUHBI,
MOJIy4aeMbIX B pa3HbIX CEpUSIX U3MEPEHUH.

Ho naxe ecnm MakCMMallbHO 3a(pUKCHPOBATH MapameTpa CPebl
TaK, 4YTOOBI (PIIYKTYyaIluu U3MEPSEMOr0 MapaMeTpa CTAIM OYEHb Mabl,
UMEIOTCSl APYrMe UCTOYHHUKHU pa3dpoca, CBSI3aHHbIE C HETOYHOCTSAMMU
caMHUX TPUOOPOB, BHEUIHUMH MOMEXaMU (BHOpalusi, 3JEKTPUUECKUE
HABOJKH M T.M.), OIIMOKAMH 3KCIIEPUMEHTATOpa. ITU OIIMOKUA MOTYT
HOCUTh KaK CTAaTUCTHUYECKHM, TaK M CHUCTEMAaTUYECKHUU Xapakrep. B
pe3ysIbTaTe M3MEPSIEMBbIE B CEPUHM ONBITOB 3HAUYEHUS (PU3HUECKOU
BEJIMYMHBl JIEKaT B OIPEIEICHHOM HHTEepBase. B a3ToM ciydae
TOBOPAT O pACHPENEICHUN U3MEPAEMON BenuyuHbl. PaccMoTpuM Bce
ATHU BOIIPOCHI MOAPOOHEE.

B Tabn.1 npuBeneHbl pe3yabTaThl U3BMEPEHUSI POCTa CTYAEHTOB |-
ro kypca ¢usndeckoro (akymnprera, npoeiaeHHble B 2017 r. Ha
NEPBOM JIEKIIMH 110 METOJIaM (PU3UUECKOT0 SKCIIEPUMEHTA.



Tabuya 1

Pesynomamul usmepenuii pocma cmyoenmos 1-20 Kypca

{123 |4 5|6 |7 |8]9 10|11 12
Xi |177]1178/171/189|189|189|1/6|183|176|175]1/6|1/9
1 {1314 15|16 |17 |18 |19 |20 |21 |22 |23 | 24
Xi [181]171/154 164|164 |165|1/3|173/184|188|188|1/6
1 [ 25126 |27 |28 129 |30|31]32|33|34|35] 36
Xi | 1741174176 |177|1/7|1/8|1/6|173|182|177|159|1/8
| | 37 13839 |40 |41 | 42 | 43 | 44 | 45 | 46 | 47 | 48
Xi |186]173/180|171|166|1/7|1/3|177/192|175|181 183
1 [ 49 |50 | 51 |52 | 53|54 |55]56 |57 |58 59|60
Xi 11591166181 ]160/179]1/5/185]186|170|172|168 | 182
| |61 | 62 | 63|64 | 65|66 |67 |68 |69 707172
Xi 11841166 |175]1/711179]1/7/8|187|1/6|152|169 180 | 192
| | 73 |74 | 75|76 |77 | 78|79 |80 |81|82|83| 84
X 1180178184 187175183 179|171 |171|177 159|179
1 [ 85|86 |87 |88 89|90[91]92 |93 |94 95| 96
Xi 115991181 |185|1/7|175]1/8]|169|1/0|175]1/5|183|1/3
i | 97 | 98 | 99 [100/101|102|103|104|105|106 |107 108
Xi |178]183|177]186]190]185]|170]1/8|169 | 165|182 | 186
i {109]110]111|112/113|114|115|116|117|118|119|120
Xi 1184176169183 168|181 |179|180|183|174 175|177
| |121]122]123|124
Xi [176]169176|178

OTKJIOHEHHE U3MEPEHHOI0 3HAYCHUS X OMPECISIEMON BEIIMUUHBI
oT WcTHHHOTO e¢ 3HaueHus M(X) (3meck W jgaiee Moa “UCTHHHBIM
3HAYCHUEM  MOHUMAETCS MaTeMaTHYECKOE€ OXKUJIAHWUE BEIUYMHBI)
Ha3bIBACTCS “TIOTPEITHOCTHIO” WIIH “OIMOKO#™ (Error) i-ro u3MepeHus
Axi. Tepmun “ommbOka” B CTaTUCTUKE HE HeceT B cebe
AMOIIMOHATILHON HETaTUBHOM OKpackv, a HMMEET CMBICT pazdpoca
3HAYCHUH, TPUCYILIETr0 JaHHOMY SBJIICHUIO WA HU3MEPUTEILHOMY
YCTPOUCTBY (Ha 3TO YKa3bIBa€T M HEKOTOPOE CMBICIOBOE pa3Indyue
MEKIY CJIOBaMH error m mistake B aHrmiickoM si3pike). Ilo-
BUJIUMOMY, HaubOojee aJleKBaTHbIM (10 CMBICITY) I€PEeBOJOM Ha
PYCCKHUH S3BIK OBLIO OBl CIOBO “OTKIOHEHHE”. OmMOKA W3MEpECHHI
BO3HHMKAIOT BCJIEACTBUE TOTO, YTO MU3MEPUTEIbHBIC MPUOOPHI UMEIOT
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OTPAaHUYEHHYI0O TOYHOCTh, HE BCErJa MOXKHO YYECTh BIIUSHUE
HEKOHTPOJIMPYEMBIX 3KCIIEPUMEHTAIbHBIX ycioBui. MHorma cama
IpUpOa U3Y4aeMOro SIBJICHUS CIIYKUT OCHOBHOM MPUYMHOM pa3dpoca
u3MepeHuil. OmunoOKU U3MEPEHU MIPUHATO pa3AeisaTh Ha JBa TUIIA —
CUCTEMATHYECKHUE U CITyYalHbIE.

CucTeMaTU4eCKMMU  HA3bIBAIOT TaKWe ONIMOKH, KOTOpPHIC
BBI3BIBAIOTCA (haKTOpaMu, NEUCTBYIOIIMMHU OJMHAKOBBIM 00pa3oM Ipu
MHOTOKPAaTHOM IIOBTOPEHUMHM OJHHUX M TeX K€ wusMmepeHuil. [lpu
U3MEPEHUU POCTA CTYAEHTOB Ha JIEKI[UM CUCTEMATUYECKOM OIIMOKOMN
OBLIIO U3MEPEHUE POCTa B 00YBH.

CucreMaTu4eckue OMMOKY, B IPUHITUIIE, MOTYT OBITh YCTPAHECHBI
WM YYTEHbI, XOTS HAXOXKJICHHWE  HCTOYHHKOB HTHUX OIIMOOK B
KOHKPETHOM  OIBITE€  Ype3BbIYAMHO  cloxkHOoe jeno. JIroOoit
AKCIIEPUMEHT HE MOXKET TapaHTUPOBATh 3aAIUIIEHHOCTh OT HAJIUYUS
HEYUYTEHHOW CUCTEMATUYECKOU OIINOKH.

CrnydaiiHple OIIMOKM (OTKJIOHEHHUs) BcCerga MPUCYTCTBYIOT B
skcniepuMenTe. [Ipu OTCYTCTBMM CHUCTEMATHUYECKUX OIIMOOK OHU
CIy»aT NPUYMHON pazOpoca pe3yJabTaTOB IMOBTOPHBIX H3MEPEHMUIA,
KaK MeEXIy CcOo00i, TaKk W OTHOCHUTEJIbHO HWCTHUHHOTO 3HAYCHUS
u3MepsieMoil BenuuuHbl. [Ipupona ciydalHbIX OHIMOOK MOMKET OBITh
pasnuuHo. Hampumep, npu u3MEpEeHWH JIMHBI CTPEXKHS, KOTOpas
TOYHO OIlpeaeneHa (C y4eToM CKa3aHHOTO BBIIIE), K CIy4ailHbIM
omuOKaM TPUBOAUT BHOpauusi CTEpxkHSA, (GIYKTyallud HYJIEBOrO
MOJIOKEHUS HW3MEPUTENbHOrO mnpubopa W T.1. B  ombiTax 10
U3MEPEHUIO CKOPOCTM PAJMOAaKTUBHOTO pacmajga sAaep cama
u3MepsieMasi BEJIMYMHA OIpE/AeSiCHAa JIMIIb CTAaTUCTUYECKH (Kak
HEKOTOPOE CpelHee 3HAaueHHE), U (DIYKTyalldd U3MEPEHHOro 4Yucia
pacrajioB B paBHbIC ITPOMEKYTKH BPEMEHU OYyIyT HAOII0IaThCs JTaKe
IIPU UACATIBHO TOYHOM aIaparype. YBEIUYnUBas YUCIO U3MEPEHUN, U
UCTIONB3YS (DOPMYJIBI TEOPUM OIITMOOK, MOKHO TMOJIYYUTh JOCTATOYHO
TOYHYIO OLICHKY CJIy4allHOM OIIMOKHU.

CrnydaitHple OMIMOKK  TOCHEAOBATEIbHBIX HM3MEPEHMM, Kak
NPaBUIO, HE3aBUCUMBI M XapPAKTEPU3YIOTCS TEM WJIM MHBIM 3aKOHOM
pacnpeescHus (CM.HMXKE). Onu o0Ja1aroT CBOMCTBOM
KOHIICHTPAIIMK, T.€. Majble MO aOCOJIOTHOW BEIWYWHE CIIydailHbIC
OLIMOKH BCTPEUAIOTCS Yallle, YeM OOJIbIIIHE.

OTMeTHM eImie pa3, 4TO pa3AciiCHHE OIMMOOK Ha CIydalHbIC H
CUCTEMATHUYECKHE B JIOCTATOYHOW MEPE YCIOBHO. B 3aBHCUMOCTH OT
00CTOATENBCTB, OJAUH U TOT XK€ (HaKTOp MOXKET MPUBOIUTH JIUOO K
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CIIy4alHbIM, JTUOO K CUCTEMAaTUYECKUM OIIMOKaM.

Cnenyer oco0O BBIJEIUTh TaKOM BHUJ OIIMOKH, KaK TpyObIid
npocuer — npomax. Ilog mpomaxoM mNOHUMAaeTcd oOmUOKa
U3MEPEHUS, CACIIaHHasi BCIEACTBUE HEIOCMOTpPA 3KCIIEPUMEHTATOPA,
WM BbI3BaHHAsS HEUCIPABHOCTSAMM ammaparypbel. Tak, Hampumep,
HEMPABWIBHO 3alMCAHHBIN OTCYET, 3aMbIKAHUE JJIEKTPUYECKOHN LIETH
U T.I. SIBJISIOTCS MPOMaxaMu, KOTOPBIX CIEIYET MO BO3MOXKHOCTH
n30erath. Kak mpaBuio, rpyOble OMIMOKH JIETKO OOHApy>KUBAIOTCS.
Takue n3mepeHus cienyer oTopackiBaTh, XOTS MPHU ITOM KEIATEIbHO
OMPENIETUTh MPUUUHY JAHHOTO ITpoMaxa.

CucremaTuyeckre OIIMOKH, TPUCYIIUE CUCTEME HW3MEPEHUH,
JOJDKHBI OBITh OOHAPY)KEHBI W JIMKBUAUPOBAHBI (MM YYTEHBI MPU
o0paboTke JAHHBIX). OcraBiuecs HEOOHAPY KEHHBIMU
CUCTEMATHYECKHE OIIMOKM BHOCAT B PE3YyJbTaThl HW3MEPEHUI
HEU3BECTHBIN CABUT OTHOCUTEIHLHO UCTUHHOTO 3HaueHus. [TockobKy
MPAKTUYECKU HEBO3MOXKHO BBISIBUTh BCE CHUCTEMATHYECKHE OIIMOKH,
Ja)X€ OYEeHb TOYHBIE HW3MEPEHMS Ppa3HBIX aBTOPOB MOTYT HE
COBIaIaTh. B mpuMepe ¢ BOASHBIM KOHAEHCATOPOM pa3z0dpoc
3HAYEHU MOCTOSIHHOM Keppa y pa3HbIX aBTOPOB MOKHO CBSI3aTh, B
YAaCTHOCTH, C PAa3IMYMEM B METOJIAX OYMCTKM BOAbI U HAIUYUEM
HEKOHTPOJIMPYEMBIX MpuMeceil. MoxxHO Oe3 MpeyBelnyeHus cKas3aTh,
YTO  MAaCTEPCTBO  JKCHEPUMEHTATOpPA COCTOMUT B  HCKYCCTBE
OOHApyXEHUS CUCTEMaTUYECKUX OITHOOK.

Ecnu Bam ynanmock CHM3HWTH JO JIOCTATOYHO HU3KOIO YPOBHS
CUCTEMATUYECKUE OIIMOKH, TO TOYHOCTh U3MEPEHUN OMNpeleisieTcs
TENEPh CIYYaUHBIMU MOTPEMIHOCTAMU. ECiN )K€ TOUHOCTh U3MEpPEHUN
OMpeNeNsieTCs CIydaHbIMU OIIMOKaMH, TO OHA MOXET OBITh
NOJBEPTHYTa CTAaTHUCTHUYECKOMY aHanu3zy. OOcyaum jganee, Kak
CIEAyeT OLEHWBAaTh TOYHOCTb 3HAYEHUS HEKOTOPOM CpEIHEU
BEJIMYHUHBI X, OJYYEHHON IKCIIEPUMEHTAIIBHO.

['eHepaibHOM COBOKYMHOCTBHIO HA3bIBAIOT TMOJHBIA HAOOp Bcex
BO3MOXXHBIX 3HAQYEHUW, KOTOPHIE MOXET NPUHHUMATh Cily4dailHas
BEIMUMHA TIpM OCCKOHEYHOM YHCJIE WCIBITaHuN. [ eHepaapbHyIO
COBOKYITHOCTh MOXHO ONHMCaTh C [OMOLIBIO pacHpenesCHUs
BEPOATHOCTU TMOSIBIICHUS B OTJEIbHOM HCOBITAHUU HEKOTOPOU
KOHKPETHOM BeMMYMHBI Xi. HabGop N 3HaYeHW BeIWYUH X,
NOJIYYEHHBIN U3 T€HEPaIbHON COBOKYITHOCTH B PE3YJIbTAaTE€ KOHEUYHOIO
yuciaa wucneiTanuii N, Ha3pBatoT BbIOOpKOM oO0bema N. Ilens
CTATUCTUYECKOW 00pabOTKM HaOopa BEIWYMH Xj 3aKJII0YaeTCs B
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MOMNBITKE OMUCATh XaPAKTEPUCTUKU T€HEPaIbHOW COBOKYIHOCTH Kak
MO>HO TOYHEE MO OTAEIbHON BBIOOPKE.

ITposenem ceputo u3 N u3MepeHuil U NOJIy4YuM HEKOTOPBIN HaOOp
(cm.tabu. 1) 3HayeHu Xi,..., Xi,..., XN. OTO — TaK Ha3bIBaeMas
BbIOOpKA. [lo ocu abcuuce (puc.l) Oyaem OTKIaAbIBATh MOJYYEHHBIC
B OTJICJIbHBIX MU3MEPEHUSX 3HAUEHUS Xj BEIUYUHBI X. Pa3o0beMm oChb X
Ha paBHbIC MHTEPBaJIbl AX U MOJCYUTAEM YHUCIO U3MEpEeHUil ANk, B
pe3ybTaTe KOTOPBIX MOTYUYEHbI 3HAUCHHUS X, JIEJKAIlME B UHTEPBAJE Xk
+ [/2AX (3mech Xk — KOOpAWHATa IIEHTpa MHTEpBajia Ha ocu X). Ha
KaXJIOM MHTEpPBAJIE MOCTPOUM TNPSIMOYTOJbHUK BBICOTOM ANk
MUpUHON AX (TOUKH, JIeKAIlMe TOUHO HA TpaHUIIe UHTEpBaja, OyjaeM
BCETJa OTHOCUTh, HaIlpuMep, B JEBbId CTONOWK). Jluarpammy,
NOJIYYEHHYK0O ~ TakuM  o0pa3oM,  Ha3bIBAlOT  T'HMCTOrPaMMOM.
['mcrorpaMMbl MOTYT OBITh TOCTPOEHBI KakK JUIsi HEMPEePbIBHBIX
BEJIMUUH (HampUMep, CKOPOCTh YaCTHIl), TaK W JJI1 JUCKPETHBIX
(Hampumep, YUCIO PAaJMOAKTUBHBIX pacnagoB B cekyHay). Cymma
BBICOT TIPSIMOYTOJBHUKOB THUCTOTpAaMMbl paBHAa IOJHOMY YHCIY
AKCIIEPUMEHTOB B IAHHOM CEPUHU.

I
R

)
<

Hucso crynenros 11

204

104 AX

0 XF I —S-
150 170 190

Poct crynenros X, cMm

Puc. 1. l'ucmoepamma pacnpedenenus pocma cmyoenmos 1-20
Kypca ¢uszuueckozo gaxkyivmema
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Ecnu Mbl uMeeM JBE BBIOOPDKHM C pa3HbIM IMOJHBIM YHUCJIOM
COOBITHH, TO aMIUIUTYAHBIE 3HAUYCHUS TUCTOIPaMM, €CTECTBEHHO,
OyIyT pa3iu4Hbl, U UX TPYAHO OyaeT cpaBHUBaTh. I[loaTomy Oonee
yIO0OHO MPEJCTABISATh TUCTOTPAMMY B HECKOJIBKO MHOM Buje. Eciu
OTKJIJIbIBATh 110 OCU OpJIMHAT HE ANk, a BEJIMUUHY
1 An,

N Axk’

rie N = an. B stom ciydyae nmpousBeneHUE BBICOTHI Ha AX, T.e.

Iomaab KaXxJaoro CTOJ0MKa, HMEET Pa3MEPHOCTb BEPOSITHOCTU
nomnajlanusl pe3yibTara OTJACILHOIO U3MEPEHUS B JAHHBIM MHTEpBal
AX, a cymMMapHasi IUJIONIA/b 1MOJT BCeH TMCTOrpaMMOM, KaK U JOJKHO,
OBITH B 3TOM ClTydae, paBHA €IMHUIIE:

1 An

Termeps HETpYAHO CpaBHHBATh THUCTOTPAMMBI C  CHJIBHO
OTJIMYAIOIIAMCS YHCIIOM U3MEPEHUH.

Ecim gucio w3aMepermii N 10CTaTOYHO BEIHMKO, TO IHPUHY
MHTEpBajla MOXKHO CJelaTh OYEeHb MaJlo (MpU STOM B KaXKIOM
UHTEepBajie OyJeT emie JO0CTaTOYHO MHOro OTcueroB). Torma B
npefeie BMECTO THUCTOTPaMMBI MBI IMOJIYYMM TpauK THIA
MOKa3aHHOTO Ha pHC. 2, HA KOTOPOM IO OCH OpJUHAT OTJIOXKCHA
sennunna f(X), uMmeromas pasmMepHocTh [X 1] M HDpOHOpLMOHAILHAS
J0JI€ YKCIIa OTCYETOB Ni/N, TIOMAIAIONICH B KaXIblii MHTEpBal. Takok
rpadMKk Ha3BpIBAlOT KPUBOM pacnpeneneHus, a Qyakouo f(X)
Ha3bIBAIOT TUIOTHOCTHIO BEPOSTHOCTH.

CMBICIT IIJIOTHOCTH BEPOSTHOCTH 3aKJIFOYAaeTCs B TOM, YTO
npomsBeAcHue f(X)dx (cm. puc. 2) maer OOMIO IOJIHOrO 4YHCIHA
OTCYETOB N, MPUXOASAIIYIOCS Ha HHTEPBAJ OT X 10 X+0X WM, HHBIMU
CJIOBaMH, BEPOSATHOCTH TOTO, YTO PE3YJbTaT JIFOOOr0 OYEPEIHOTO
U3MEpPeHHsT X; OyJeT WMeTh 3HAYCHHE, JIekallee B YyKa3aHHOM
uHTepBaje. OUYEBUIHO, YTO BEPOSATHOCTH IMOJYYUTh NPH HW3MEPECHUU
XOTh KaKoe-HUOY/Ib 3HaUCHUE paBHA CAWHHMIIC.
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Torna ¢pynkius f(X) momkHa yI0BICTBOPATH COOTHOIICHHIO
400
_[ f(x)dx =1 (1.2)
—00

Otcrona BHAHO, YTO Pa3MEpPHOCTh (YHKIMU IUIOTHOCTHU
seposTHOocTH f(X) ectb [X] ™. IloHATHO, YTO GECKOHEUHBIE MPENEIIBI
MHTCTPUPOBAHUS 371€Ch HMCIOT (OPMaNbHBIA CMBICT, a pPEabHO
U3MEpsSEeMbIC BEIMYUHBI JOJKHBI OBITh OrPAaHHYCHBI HEKOTOPHIM
pa3yMHBIM JIHAIIa30HOM.

B cinydae muckperHoi BenmmumHBI BMecTo f(X)dX umcmonmb3yror
BEPOSTHOCTH i, MIOJTYICHHYIO B Pe3yJbTaTe U3MEPCHHs 3HAUCHUE X;.
EcrecTBenno, uto

N
Z pi=1 (1.3)
=)

rac N — YHUCJIIO MHTCPBAJIOB JUCKPCTHOI'O PACIHPCACICHUS. Huxe B

9TOM Pas3acjiC MbI 6y,Z[GM IFOBOPHUTH O HCIIPCPBIBHBIX PACIPCACICHUAX.

Puc. 2.Ilpumep kpusoti pacnpedenenus

BepositTHoCcTh monagaHus U3MEPSIEMOM BEIWYUHBI (B JTAaHHOM
U3MEPEHUH) B HUHTEPBAI OT —o© J0 X Ha3bBalOT (QyHKIUEH
pacripeiesIeHUs WM MHTErpaibHOM (PyHKIIMEH pacipeaesieHus:

F(x)= .T f(z)dz (1.4)

[ToHATHO, YTO TIUIOTHOCTH BeposTHOocTH f(X) paBHa nPOCTO
pOU3BOHON (HYHKIMU pactipenenenus F(X) B ToukeX.

Ecii nmpouHTErpupoBaTh INIOTHOCTh BEPOSTHOCTH B Mpeaeaax OT
X1 0 X2(puc. 2), TO TOJyYCHHAs BEIUYHMHA OYJCT IPEICTaBIAThH
BEPOSATHOCTh PTOro, 4To pe3yiabTaT OTICIBHOIO H3MEPEHHS OYICT
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JIC)KATh B HUHTCPBAJIC X1, X2.
X2
P(x, < X< xz)zj f (x)dx = F(x,) - F(x) (1.5)

DTta BepoSATHOCTh P, paBHasi pa3HOCTHM MHTETPaNIbHBIX (PYHKUUI
pacrpeesieHHs] B COOTBETCTBYIOLIMX TOUKAX, paBHA 3alITPUXOBAHHON
iowaau noja Kpusoil. [lpu pacumpennn npeaenoB oHa CTPEMUTCA K
enrHuLe. CMBICI BBEJECHUS TaKOM BEJIMYMHBI 3aKIIFOYAETCS B TOM, YTO
Opy  33JaHHOM  (YHKIMU pacupelereHus pe3yJbTaT J1ro0oro
OTIIETLHOTO HW3MEPEHUS C JIOCTOBEPHOCThIO P gacT BenuuuHy,
JIEKAILLYI0 BHYTPH YKAa3aHHOTO MHTEpBaJa. DTO ONpEAENIeHHE Oyner
HaM TI0JIE3HO TP OMPEACIICHUH MOHATUS JOBEPUTEIHHOTO HHTEpBaia
U JOBEPUTEIHHON BEPOSITHOCTH.

Eciun (yHkuusa pacnpeneneHuss M3BECTHA, TO MaTEeMaTHYECKOE
OKHMJIAHUE U3MEPAEMON BEJIMUYMHBI, KOTOPOE OBLIO Obl MOJIYYEHO MPH
OECKOHEYHOM YHCJIE H3MEPEHUW, BBIYUCISETCS C IOMOUIBIO
BBIPAYKEHUS

M (X) =Txf (x)dx (1.6)

a MareMathyeckoe oxkumanue GyHKkoua Y(X) OT HempepbhIBHOU
CIIy4allHOW BEJIMYUHBI X €CTh

+00

M (y(x)) = y(x) = | y(x) f (x)dx (1.7)

—00

3nech cieayeT OTMETUTh, UTO B (PU3NUYECKOUN JUTEpaType OYEHb
yacTo (YHKIMEH pachpenesieHus] Ha3blBalOT INIOTHOCTh BEPOSITHOCTH
f(X), mompa3ymeBasi, 4TO YUTATEIh IIOHUMAET O YEM HJICT PEYb.

Ecnu B Bolpaxkenuu (1.6) mog uHTErpasomM CTOUT N-s1 CTEHEHD X,
TO Takas BeJIWYMHA Ha3blBaeTca N-M MOMEHTOM  (YHKIIMHU
pactipeaenenus. OyHKIMS pacipeieNIeHUs] OTHO3HAYHO OIpEACIISIeTCS
BCEM COBOKYIHOCTBIO (BOOOIIE TOBOpPS, OECKOHEYHOM) CBOUX
MomeHTOB. Hambosee 4acto ucmosib3yemMble B TEOPUU OIMMOOK U B
bu3uKe pachpenesicHus, KaKk MPaBUIO, OMPEACISAIOTCS HEOOIBITUM
YUCJIOM CBOMX MOMEHTOB.

[ToMUMO MaTEMaTHYECKOTO OKUJIaHMS, BAXHEHUIITUM U3 TaKHX
MOMEHTOB SIBJISIETCS BTOPOM MOMEHT WJIM JUCIEPCUS, KOTOpas
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onpecaACiICTCA BBIPAKCHHUCM
o2 =D(X) =M ((x - X)?) = I(X—Y)Zf(x)dx (1.8)

[TockonbKy nucnepcusi UMEET Pa3MEPHOCTh KBaJpara CIyd4anHON
BEJIMYMHBI, a 3TO HE BCerjaa YIA0OHO, TO BBOJMTCS CpPEIHEE
KBaJPAaTUUYECKOE OTKIOHEHUE 0, KOTOpPOE MPEACTABISET COOOi
MOJIOKUTEIIbHBINA KBaJPATHBIA KOPEHb U3 TUCIIEPCUU

o=o? (1.9)

2. UncjioBbIe XapaKTePUCTHKH TUCKPETHBIX CIy4YailHBIX
BEJIUYMH

Mpbl  yxke 3HaeM, 4YTO 3aKOH PACHPEIENCHHUS] IOJHOCTBIO
XapakTepu3yeT ciydailHyr0o BenuunHy. OpHaKo 4YacTo 3aKOH
pacnpeleleHls] HEM3BECTEH W NPUXOJUTCS  OrPAaHUYUBATHCA
MEHBLIMMHU CBeACHUsMU. HWHOrna naxe BBIFOJHEE IOJIb30BATHCS
YUCJIAMH, KOTOPBIE OH OMHMCBIBAIOT CIyYallHYIO0 BEJIMYUHY CYMMAapHO;
TAaKH€ YMCIAa HA3bIBAIOT YUCJIOBBIMU XapaKTEPUCTHKAMU CIy4YailiHON
BeIMUMHBL K 4uCIly Ba)KHBIX YHMCIIOBBIX XapaKTEPUCTUK OTHOCHUTCA
MaTEMaTHYECKOE OKUJIaHUE.

MaremaTudeckoe OXHMJIAaHME, Kak OyJeT IOoKa3aHo Jajee,
OpPUOIM>KEHHO PAaBHO CPEJHEMY 3HAUYCHHUIO CIYyYalHOW BEJIMYUHBI.
JIns pemieHuss MHOTMX 3ajad JOCTaTOYHO 3HATh MAaTEMaTHYECKOE
oxunanue. Hampumep, eciu HU3BECTHO, YTO MaTEMaTUYECKOE
OKMJIAaHME YHCJIa BHIOMBAEMBIX OYKOB Yy MEPBOrO CTpesika OOoJbIIe,
YeM y BTOPOTO, TO MEPBBIA CTPEJIOK B CpelHEM BbIOMBaeT OOJbIIe
OYKOB, Ye€M BTOPOW U, CIEIOBATEIbHO, CTPEJSET JIydllle BTOPOTO.
XOTST MaTeMaTH4YECKOE OXHUIAHUE JACT O CIy4ahHOM BEJIWYMHE
3HAYUTEIILHO MEHBIIIE CBEJICHUM, UeM 3aKOH €€ pacipeaeieHus,— IJs
penieHus 3a1a4, NoJA00HBIX NPUBEACHHON W MHOTUX JPYTUX, 3HAHUE
MaTEMaTHYE€CKOTO 0XKUIaHUSI OKa3bIBAETCS IOCTATOYHBIM.
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2.1. MaTtemaTu4eckoe OKMJAaHUE TUCKPETHOM CIydaiiHoM

BECJINYHUHBI

MaremaTudyecKUM  OXUJAHUEM  JUCKPETHOM  CIy4anlHOWU
BEJIMYMHBI HA3bIBAIOT CyMMY IIPOU3BEICHUM BCEX €€ BO3MOYKHBIX
3HAYEHUU HA UX BEPOSTHOCTH.

[lyctp ciydailHas BeaMYMHA X MOXET NPUHUMATH TOJIBKO
3HAYEHUS X1, X2, ..., Xn, BEDOSITHOCTH KOTOPBIX COOTBETCTBEHHO PABHBI
P1, P2, ..., Pn. Torma matematuueckoe oxkuaanue M(X) ciydaiiHoU
BEJIMYUHBI X ONPEIEISIETCS PABEHCTBOM

M(X) =X P+ X P, +... + X, P, (2.1)

Ecmu AUCKPCTHAA cnyqaﬁHaﬁ BemnunHa X IMPUHHUMACT CYCTHOC
MHOXECTBO BO3MOKHbBIX 3Ha‘IeHI/II‘/JI, TO

M(X) =D %P @2

ITpryeM MaTeMaTH4YECKOE OKUAAHUE CYIIECTBYET, €CIIU Pl B IPaBOM
YaCTU PABEHCTBA CXOJUTCS aOCOIIOTHO.

MaremMaTH4ecKoe OKHIaHNUEe YUCa ITOSIBIECHUN COOBITHSA B OJTHOM
UCIIBITAHUU PABHO BEPOATHOCTH JTOro coObiTus. Ilpu OGosbiiom
KOJIMYECTBE HCMBITAHUNW MaTEMaTHYECKOE OXKHJaHHE TMPHUOIHKEHHO
paBHO cpenHeMy apudMEeTHUUEeCKOMY HaOJI0/IaeMbIX 3HAYEHUU
CIIy4allHOU BEJIMYUHBI.

PaccMoTpruM CBOKCTBA MATEMAaTUYECKOTO OKHUTAHUS

Ceoticmeo 1. MaremaTnueckoe  OXKHJIAHHE  ITOCTOSHHOM
BEJIMYMHBI PABHO CAMOM ITOCTOSIHHOM:

M(C)=C (2.3)

Hoxazamenvcmeo. bynem paccMmaTpuBarh NOCTOSIHHYHO C Kak
TUCKPETHYIO CIIYyYallHYIO BEJIMYUHY, KOTOpasi UMEET OJJHO BO3MOXKHOE
3HayeHrue C 1 MPUHUMAET €ro C BEpOATHOCTHIO p=1. CiaegoBaTenbHO,

M(C)=C-1=C.

Ceoticmeo 2. I1oCTOSHHBIN MHOXHUTEIbL MOKHO BHIHOCHTH 34 3HAK
MAaTEMATAYECKOTO OKUIAHMS:

M(CX)=C-M(X) (2.4)
Jlokazamenvbcmeo. IlycTh caydaliHas BenuuuHa X 3ajaHa
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3aKOHOM PACHPENENECHUs BEPOSITHOCTEM

X X1 X " Xy
p P1 D2 e Pn

Y4uThIBas, 4TO BEPOSTHOCTH BO3MOKHBIX 3Ha4eHHH CX paBHBI
BEPOSATHOCTSIM COOTBETCTBYIOIIMX BO3MOKHBIX 3HaUCHUN X HaAMUIIEM
3aKOH paclpeesieHus ciaydanHon BeanuuHbl CX:

CX | Cxq Cx, Cx,
p p1 D2 Pn

MareMaTrnuecKoe 0KUIaHUE CIIydanHor BeandnHbl CX:
M (CX)=Cx.p, +Cx,p, +...+Cx_p, =
=C(X,p, +X,p, +...+X.p,) =C-M(X)

Ceoticmeo 3. MartemMaTH4eCKOe OXXUIAAHUE MPOU3BEACHUS IBYX
HE3aBUCUMBIX CIIy4alHBIX BEJIWYMH PABHO TPOM3BEIACHUIO MX
MaTEMATUYECKUX OKUIAHUMN:

M (XY) =M (X)M(Y) (2.5)

Hoxazamenvcmeo. 1lycTh HE3aBUCHMBIE CIy4YalHbIC BEIUUYUHBI X
u Y 3alaHbl CBOMMHU 3aKOHAMU paclpeeneHus: BeposiTHocTel (Mbl
OTPAaHUYMJIUCh MaJIbIM YHUCJIOM BO3MOXKHBIX 3HAUYEHUH, YTOOBI
yOPOCTUTh  BBIKJIQAKKM. B oOmeM ciaydae  10Ka3aTelibCTBO
AHAJIOTUYHOE):

X1 X2 Y V1 V2
p P1 P2 Y 91 )

CocTaBrM BCE 3HAYEHUSI, KOTOPHIE MOXKET MPUHUMATh CITydaiiHas
BelnunHa XYW HaNMWIIEM €€ «3aKOH paclpeieieHus», sl Yero
NEPEMHOKHM BCE BO3MOKHbIE 3HAaueHHUsI X Ha KaXJ0€ BO3MOYKHOE
3Ha4YeHUE Y; B UTOTE MOTYUHUM: X1Y1, X2Y1, X1Y2, X2Y2:
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XY

X1V1

X2Y1

X1Y2

X2Y2

p

P191

P291

P19>

P29>

MaremaTuyecKkoe 0XXUJIaHUE PABHO CYMME IPOU3BEICHUM BCEX
BO3MOYKHBIX 3HAYEHUU HA UX BEPOSTHOCTHU:

M(XY) =X Y1P,0; + XY, P19, + X, Y1 P20 + X, Y, P, 95,
NN
M (XY ) = ¥,0, (X Py + X, P,) + V,0,(X%, Py + X, P,) =
= (X, Py + X, P,) (Y19, + ¥,9,) = M(X)M(Y)

Cnedcmeue.  MartemaTHyeckoe  OXUJAHHE  IMPOU3BEICHUS
HECKOJIbKMX B3aMMHO HE3aBUCUMBIX CIIYYalHBIX BEJIWYMH PAaBHO
MPOU3BEJCHUIO UX MATEMATUYECKUX OKUIAHUMN.

Hanpumep, 115 Tpex ciiydyalHbIX BEJIMYUH UMEEM:

M(XYZ) =M (XY - Z)M(XY)M(Z) =M (X)M(Y)M(Z) (2.6)

Ceoticmeo 4. MareMaTH4ecKoe OXHUJIAHUE CYMMBI JIBYX
CIy4yallHbIX BEJIWYMH pABHO CyMME€ MaTE€MaTHYECKUX OXHIAaHUU
cllaraeMbIX:

M(X +Y)=M(X)+M(Y) 2.7)

Hoxazamenvbcmeo. Ilycth ciydaitHpie BenuuuHbl X U Y 3aJaHbI
CIIEAYIOIIMMU 3aKOHAMHU PACIIPEICIICHUSA

X X1 X2 Y V1
p P1 P2 9 91

V2
9>

CocTaBuUM Bce BO3MOXKHBIE 3HAUCHHUS BEeIUYUHBI X+Y, UIST 4ero K
KaXJIOMY BO3MOKHOMY 3HAaueHHIO X MPHOaBUM KaXJI0€ BO3MOXKHOE
3HaueHUEe Y; moiyduuM Xi+yi, Xo+yi, Xi+Yyz, Xo+yr. O0o3HaAUMM
BEPOSITHOCTH ITHUX 3HAYCHUH COOTBETCTBEHHO 4epe3 P11, P21, P12, P22.

Marematuueckoe oxuaaHue BelIHuMHbl X+Y paBHO CcymMme
MIPOU3BEICHUN BO3MOXKHBIX 3HAYEHUN HA UX BEPOSATHOCTH:

M (X +Y) - (X1 + yl) Py +(X2 + yl) P2 +(X1 + yz)plz +

+(X, +Y,) Pops
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HNJIN

M (X +Y) - Xl(pll + p12)+ Xz(pzl + pzz)"‘ y1(p11 + p21) +
+Y2(Pz + Pz)

Jlokaxxem, uTo P11+pP12=pP1. CoObITHE, COCTOsAIIEE B TOM YTO X
OPUMET 3HAYEHUE X1 (BEPOATHOCTH 3TOTO COOBITHUS paBHA P1), BJICYET
3a €000l CcOOBITHE, KOTOPOE COCTOUT B TOM, 4yTOo X+Y mnpumer
3Ha4YEHHUE X1+y1 WK X1+Y2 (BEpPOATHOCTH ATOTO COOBITHS HO TEOpPEME
CIIOKCHUS paBHA P11+P12) U 0O0paTHO. AHAJIOTUYHO JOKA3BIBAFOTCS
paBEHCTBA

(2.8)

Por + Py = Poy Poy+ Py =0y BPy, + Py =05

[TomcTaBmsist mpaBble YacTH ATUX PaBEHCTB B cooTHomeHue (2.8),
MOJTYYHM:

M(X +Y) :(lel+x2p2)+(ylgl+ yzgz): M(X)"‘ M(Y)

Cneocmeue. MarteMaTH4eCcKOe OXKHIAHUEC CYMMbI HCCKOJIBKHX
CﬂyqaﬁHBIX BCJIMYHMH PABHO CYMMC MATCMATHUYCCKHUX O)KI/II[EIHI/Iﬁ
cJIaraCMabIX.

HaanMep, IJI TPpEX CJIaraCMbIX BECJIIMYUH UMCCM!

M(X+Y +Z)=M[(X+Y)+Z]=

=M(X+Y)+M(@2Z)=M(X)+MY)+M(2) (29)

Ceouicmeo 5. Marematuueckoe oxuganue M(X) uyucna
NOSIBJIGHUM COObITUSE A B N HE3aBUCUMBIX HCHBITAHUSX PABHO
MPOU3BEICHUIO 4YHCJIa MCHOBITAHUN Ha BEPOSITHOCTH IOSIBJICHUS
COOBITHS B KaXK/IOM UCIIBITAHUU:

M(X)=np (2.10)

Jlokazamenvcmeo. byaeM paccMaTpuBaTh B KQ4€CTBE CIyYalHOM
BEJIMYMHBI X — YHCIIO HACTYIUICHHH COOBITHS A B N HE3aBHUCHMBIX
ucnbliTanugXx. O4eBUIHO, 001Iee Ynucio X IOSBJICHUH coObITHS A B
9THX HWCIBITAHUSIX CKJIAABIBACTCS W3 YHCEN ITOSIBJICHUM COOBITHS B
OTACIbHBIX HCIHbITAaHUAX. [loaTOMy, ecium Xi— 4YHCIO MOSIBICHUH
COOBITHS B TIEPBOM HMCIBITAHUH, X2 — BO BTOPOM, ..., Xn — B N-M, TO
o0111ee YMCIIO MosBACHUIN coOBITHS X=X1+X2+... + X},
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ITo TpeTbeMy CBOMCTBY MATEMATUYECKOIO OXKUIAHUS,
N
M(X)=> M(X;) (2.11)
i=1

Kaxnoe wu3 cnaraemMblx NOpaBOd YacTH pPaBEHCTBA €CTh
MAaTEMAaTHYECKOE OKHMJIAHUE YHCJIA TOABICHUH COOBITUS B OJHOM
ucnbeiTannn: M(X1) — B epBom, M(X2) — BO BTOpoM | T. 1. Tak Kak
MAaTEMAaTHYECKOE OKHMJIAHUE YHCJIA TOABICHUH COOBITUS B OJHOM
UCTIBITAHUU PaBHO BEPOSTHOCTH COOBITHS, TO
M((X1)=M(X2)=M(Xn)=p. IloacraBnsiss B MpaBylO 4YacTh PABEHCTBA
(2.11) BMECTO Ka)»J0ro ciaraeémoro p, NoJryqum

M(X)=np

Ceoticmeéo 6. MaTeMaTH4eCKOE€ OXKUJIAHUE OTKJIOHEHHS PaBHO
HYJIIO:

M[X —M(X)]=0 (2.12)

llokazamenvcmeo. Ilonb3ysiCh CBOMCTBAMHU MATEMATHYECKOIO
oXuaaHus (MaTeMaTUYeCKOe OKUJIAaHME Pa3HOCTH PABHO Pa3HOCTU
MaTeMaTHYECKUX OKUJIaHUM, MaTEeMaTHYECKOE OKUIaHUe
MOCTOSIHHOM paBHO CaMOM IMOCTOSIHHOM) W MPUHSB BO BHUMAHHUE, YTO
M(X) ecTb MOCTOSTHHAS BEJTMYUHA, UMEEM

M[X =M (X)]=M(X)=M[M(X)]=M(X)-M(X)=0 (2.13)

2.2. lucnepcusi AMCKPETHOM CJIyYAHHON BeJTMIUHbBI

Ha mpaktuke yacTto TpeOyeTcs OLEHUTh PacCEesTHUE BO3MOMXKHBIX
3HAYCHUN CIIyYallHOM BEJIWYMHBI BOKPYI €€ CPEOHEr0 3HA4YCHUA.
Hanpumep, B apTuiuiepuu BaXKHO 3HAaTh, HACKOJBKO KYYHO JISTYT
CHapsibl BOJIU3H 1IEIH, KOTOpasi 10/bKHa ObITh nmopaxkeHa. Ha nepsbrit
B3I MOXKET MOKA3aThCsl, YTO JIJI OLIEHKH PacCesHUs MPOUIE BCErO
BBIYMCIIUTh BCE€ BO3MOXKHBIE 3HAYECHUS OTKJIOHEHUS CIIyYalHOU
BEJIMYMHBI U 3aTEM HAWTH UX cpeAHee 3HaueHue. OJTHAKO TaKkoW IMyTh
HUYEro HEe JACT, TaK Kak CpeJHee 3HaueHHEe OTKIOHEeHHs, T. ¢. M[X-
M(X)], nns 000 CIydallHOW BEIMYMHBI PaBHO MYJ0. ITO
OOBSCHSIETCSA TEM, YTO OJTHU BO3MOKHBIE OTKJIOHCHUS TIOJIOKHUTEIBHBI,
a Jpyrue OTpHUIIATEIbHBI; B PE3yJbTAT€ MX B3aUMHOIO MOTAIICHUS
CpelHee 3HAYCHHUE OTKIOHEHUS PaBHO HYIIO. OTH COOOpaKeHHS
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TOBOPAT O 1EJIECO00PA3HOCTH 3aMEHUTh BO3MOKHBIE OTKJIIOHEHUS UX
a0COJIFOTHBIMU 3HAUEHMSIMU WJIM MX KBaJpaTaMH. TaKk M MOCTYMAarOT
Ha nene. [IpaBaa, B cirydae, KOr/1a BO3MOYKHBIE OTKJIOHEHHUS 3aMEHSIOT
UX aOCOJNIIOTHBIMU 3HAYEHUSAMH, NPUXOJUTCA OIEPUPOBATH C
a0COJIFOTHBIMU BEJIMYMHAMHU, YTO TMPHUBOJUT HHOTAA K CEPHE3HBIM
3aTpyaHeHusM. 1loaTomy wamie Bcero uayr mo APYromy IyTH, T. €.
BBIUMCIIIOT CpPEHEE 3HAUYCHUE KBaJpaTa OTKJIOHEHHUS, KOTOpOE M
HA3bIBAIOT JIUCIIEPCUEH.

Hucnepcueid (paccessHueM) AUCKPETHON CIly4allHON BEIUYHUHBI
Ha3bIBAIOT MATEMAaTUYECKOE OXWJAHUE KBaJapaTa OTKJIOHEHUS
CJIy4aiiHOM BEJIMYUHBI OT €€ MATEMATHYECKOTO OKUIAHUS:

D(X)=M[X — M (X)T (2.14)

[lycth cnyuaiiHas BenuuuHa X 3aJlaHa 3aKOHOM paclpeiesiCHUs
BEPOSITHOCTEM:

X1 Xy " Xp

p P1 P2 “e Pn

Toma KBaJgpar OTKJIOHCHUA  HUMCCT CJ'IGI[YIOH_[I/If/'I 3dKOH
paclpCaciICHUA:

MX =M (X)J M[x, =M (X)I'| M[x, - M(X)I M[x, =M (X)I

p P1 P2 “e Pn

[1o omnpeneneHuro qucnepcrs paBHa
D(X)=M[X =M (X)I =[x -M(X)"p, +
+[X2 -M (X)]2 P, +-... +[Xn -M (X)]2 P,

Takum o00pa3zoMm, TIsI TOro, 4YTOOBI HAWTH AUCIEPCHIO,
JTOCTATOYHO BBIUMCIUTL CYMMY MPOU3BEICHUN BO3MOXKHBIX 3HAUCHUM
KBaJipaTa OTKJIOHCHHS Ha NX BEPOSITHOCTH.

JIns  BBIUMCICHUS ~ AWCIIEPCHM  YacTO  ObIBaeT  ya00HO
ITOJIb30BATHCS CICTYIOIIEH TEOPEMOU.

Teopema. Jlucniepcusi paBHA Pa3HOCTH MEXIY MaTEMaTHYE€CKUM
OXXMAAHWEM KBaJpaTa CIy4alHOM BEMMYMHBI X M KBaJpaToM e€¢
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MaTEeMaTUYECKOTO OXKHTAHHUS:
D(X)=M(X?)—-[M(X)F (2.15)

Jlokazamenbcmeo. Marematuueckoe oxkumanue M(X) ecTb
IOCTOSIHHASA BEJIWYMHA, clenoBarensHo, 2M(X) u M?(X) ects Takke
NOCTOSIHHBIE BEIWYUHBL. [IpUHSAB 3TO BO BHUMAaHUE U TMOJIb3YACH
CBOMCTBAaMU MAaTE€MATHUYECKOTO OXUAAHUA (ITOCTOSTHHBIA MHOXHUTENb
MOXXHO  BBIHECTM 3@ 3HAaK  MAaTeMaTHYECKOro  OKUJIaHWS,
MAaTEMAaTHYECKOE OXHUJAHWE CYMMbl PABHO CyMME€ MaTE€MaTUYECKUX
OKMJIAHUN  CJaraembix), YHOPOCTUM  (POPMYIYy, BBIPAKAIOUIYIO
onpeJieNICHUE JUCTIEPCUH:

D(X)=M[X =M (X)) =M[X2-2X -M(X)+M?(X)]=
=M (X2)=2M(X)M(X)+M2(X) =M (X2)=M?(X)

PaccMoTpuM cBOKCTBA JUCTIEPCUN:
Csouicmeo 1. Jlucnepcust NOCTOSIHHOM BeM4uHbl C paBHA HYJIIO:

D(C)=0 (2.16)
ﬂOKa3ameﬂbCM60. Ilo ONpCACIICHUIO NUCIICPCHUHU NMCCM

D(C) = M[C — M (C)F.

[lonp3ysicb TEPBBIM CBOWCTBOM MAaTEMAaTUYECKOTO OXUIAHUSA
(MaTeMaTUYECKOE OKMJIAHUE MOCTOSTHHON PaBHO CaMOM MOCTOSIHHOM),
OJy4YUM

D(C) = M[C -CF =M (0)=0

CBOWMCTBO CTaHOBUTCS SICHBIM, €CIIM Y4Y€CTh, YTO ITOCTOSHHAS
BEJIMYMHA COXPAHSIET OJTHO M TO K€ 3HAUCHUE U PacCesHHUs, KOHEUHO,
HE UMeET.

Cesoticmeo 2. 110CTOSIHHBIN MHOKUTEIIL MOKHO BEIHOCHUTH 3a 3HAK
JTUCTIEPCUH, BO3BOS €r0 B KBAJIparT:

D(CX):CZD(X) (2.17)
Jlokazamenvcmeo. 110 onpeneneHnIo TUCIIEPCUN UMEEM
D(CX)=M[CX —M(CX )]2

HOHI)SY}ICI) BTOPBIM CBOMCTBOM MAaTEMaTHYECKOTI'O OXMJaHUA
(HOCTOHHHBIﬁ MHOXHTCIIb MOKHO BBIHOCHUTDH 3a 3HaK
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MATECMATHUUYCCKOI'O O)KI/II[aHI/I}I) HOJ'IleI/IM
D(CX) = M[CX — M(CX)J = M{C*[X — M (X)[}=
=C’M[X = M(X)F =C2D(X)

CBOWCTBO CTaHOBUTCS SCHBIM, €CJIM MPUHATH BO BHUMAHHE, YTO
npu |C| >I BemuunHa CX HMeET BO3MOXHbBIE 3HA4YEeHUS (I10
a0COMIOTHOM BenMuuHEe) Oojbimue, 4yeM BenuunHa X. Otcrona
CIEeIyeT, 4YTO 3TH 3HAYEHUS PaACCEIHbl BOKPYI MAaTeMaTH4YECKOIro
oxkunanuu M(CX) Ooibliie, 4eM BO3MOXKHBIE€ 3HAU€HUS X BOKPYT
M(X), 1. e. D(CX)>D(X). Hammpotus, eciau 0<|C|<I, To D(CX)<D(X).

Ceoucmeo 3. Jlucnepcusi CyMMbI IByX HE3aBUCUMBIX CIyYalHBIX
BEJIMYMH paBHA CYMME JIUCTIEPCUI 3TUX BEJINYUH:

D(X +Y)=D(X)+D(Y) (2.18)

Hoxazamenvcmeo. 1lo GopMyne sl BBIYUCICHUS OUCIEPCHUU
UMEEM

D(X +Y)=M[(X +Y)*]-[M(X +Y)J

PaCKpBIB CKOOKH H IMOJIb3YsCh CBOMCTBAMM MAaTE€MaTHUYECKOTIO
OXKHUIAaHUA CYMMBI HCCKOJIbBKUX BCIWMYUH MW IIPOU3BCACHUA [IBYX
HE3aBHUCHUMBIX CJIytlaI\/JIHBIX BCJIMYHH, ITOJYYHUM

D(X +Y)=M[X2 +2XY +Y?]=[M(X)+M(Y)F =
=M (X?)+2M(X)M(Y)+M(Y2) = M?(X) -
2M(X)M(Y) =M*(Y) =[M(X?*) = M*(X)]+

H[M(Y?) = M?(Y)]=D(X) + D(Y)

Cnedocmeue 1. Jluctiepcus CyMMbl HECKOJBKHUX B3aUMHO
HE3aBUCHUMBIX CJIy4YalHbBIX BEJIMYMH paBHA CyMME JAUCHEPCUN ATUX
BEJINYHH.

Hanpumep, 115 Tpex ciaaraeMbiX UMEEM

D(X+Y +Z)=D([X+Y]+2Z2)=D(X +Y)+D(2Z) =

=D(X)+D(Y)+D(2Z) (2.19)
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Cnedocmeue 2. Jlucnepcusi CyMMbl TNOCTOSHHOW BEJIIMYMHBI U
CIIy4YaliHOW paBHA JIUCIIEPCUU CIYYAUHON BEIIMYUHBI:

D(C + X) = D(X) (2.20)

Jloxazamenvcmeo. Bennunnbl C u X HE3aBUCHUMBI, [IOATOMY IO
TPETHEMY CBOMCTBY

D(C + X) = D(C) + D(X)

A B cmty iepBoro cBoiictea D(C)=0.

CBOICTBO CTAHOBUTCS MOHATHBIM, €CJIM YUY€CTh, YTO BEJIMYMHBI X
u X+CoTnnyaroTcs JUllb HAa4ajloM OTCYETa W, 3HAYHUT, PACCESHBI
BOKPYI' CBOMX MaTEMaTUYECKUX OXKUJAHUN OAMHAKOBO.

Ceoticmeo 4. Jlucnepcusi pa3HOCTH JIByX  HE3aBUCHMBIX
CIIy4alHbIX BEJIMYMH paBHA CYMME UX JAUCIEPCHIL:

D(X —Y)=D(X)+ D(Y) (2.21)

Jlokazamenbcmeo. B cuily TpEThETO CBOMCTBA
D(X =Y)=D(X)+D(-Y)
ITo BTOpOMY CBOMCTBY
D(X =Y)=D(X)+(=1)?D(Y) = D(X) + D(Y)

Ceouicmeo 5. Jlucnepcust uucia mOsIBICHUM coObiTHs A B
NHE3aBUCUMBIX HCIBITAHUAX, B KaXXKIOM M3 KOTOPBIX BEPOSTHOCTH
MOSIBJICHUSI COOBITUSL TIOCTOSIHHA, paBHA IMPOU3BEACHUIO YHCIIa
UCIIBITAHUN Ha BEPOSATHOCTU MOSBJICHUS W HEMOSBICHUSI COOBITHS B
OJIHOM HUCTIBITAHUU:

D(X) =npq (2.22)
Hoxazamenbcmeo. PaccMOoTpuM CilydyalHYH0 BeIWYUHY X —
YUCJIO TOSBJIEHUU COOBITHUA A B N HE3aBUCHUMBIX HCIBITAHUSIX.

OueBuiHO, OOIIlEE YHCIIO IOSIBICHHUM COOBITHS B DTHX HCHBITAHHUAX
PaBHO CyMMe TTOSIBJICHUN COOBITHS B OT/ICIbHBIX UCIIBITAHUSIX:

X=X+ X, +..+ X,

rae Xi— YHCIIO HACTYIUICHHUH COOBITHS B IEPBOM HCIBITAHUH, X2 —
BO BTOPOM, ..., Xn — B N-OM.
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Bemuuunsr X1, Xo, ..., XnB3aMMHO HE3aBHCHMBI, TaK KaK HCXOJI
KaXJO0T0 MCHBITAaHUSI HE 3aBUCHUT OT HMCXOJIOB OCTaJbHBIX, IMMOITOMY
MBI BITPABE BOCMOJIL30BATHCS CIEICTBUEM | CBOMCTBA 3:

D(X)=D(X,)+D(X,)+...+D(X,) (2.23)
Brruncnum qucnepeuto Xi no ¢popmyiie

D(X,) = I\/I(Xlz)_[lvl(xl)]2 (2.24)

Bemnunna Xi €CTh 4MCIO MOABJIEHUN COOBITUS A B IMEPBOM

ucTbITaHuM, mo3Tomy M(X1)=p.

Haiinem MareMaTHdeckoe OXHAAHUE BEIUUYUHBI Xi2, KOTOpas
MOXET IPUHMMATh TOJNLKO JBa 3HAYEHWs, a UMEHHO 12 ¢
BEpPOSATHOCTBIO p ¥ 02 ¢ BEPOSATHOCTEIO (:

M (X)) =1°p +0°q.

[ToxcraBisiss HaWMIEHHBIC pe3yJbTaThl B COOTHOIICHHE (2.24),
UMeeEM

D(X,)=p-p*=pl-p)=pq

OueBUAHO, JUCIEPCHUS KaXJIOH U3 OCTaJIbHBIX CIIy4alHBIX
BEJIMYMH TAaK)Ke paBHA p(. 3aMEHUB Ka)KJ0€ cllaraéMoe MPaBoO 4acTH
(2.23) uepe3 pQ, OKOHYATEIBHO MTOTYUYUM

D(X)=npq

Jnsg  OLEHKM paccesHus BO3MOXHBIX 3HAUYEHUW CIIy4anlHOU
BEJIMYMHBI BOKPYT €€ CPEIHETO 3HAYCHUS KPOME NUCIIEPCUU CIIYKaT
HEKOTOPBIE APYTME XapaAKTEPUCTUKU. K X YHCIly OTHOCUTCS CpEIHEE
KBaJIpATUYECKOE OTKJIOHEHUE.

CpeHUM KBaJpaTUYECKUM OTKJIOHEHUEM CIy4allHOW BEIIMYHUHBI
X Ha3bIBAIOT KBAIPATHBIA KOPEHb U3 TUCIIEPCHMU:

o(X) = /D(X) (2.25)

Jlerko mokaszaTh, YTO IUCIEPCHUS HMEET Pa3MEPHOCTh PaBHYIO
KBaJIpaTy pPa3sMEPHOCTH CIIy4YaWHOM BEIMYMHBI. TakK Kak CpeIHee
KBaJPAaTHUYECKOE OTKJIOHEHHE paBHO KBaJpaTHOMY KOPHIO U3
OUCIEPCHH, TO pa3MepHOCTh o(X) coBmager ¢ pa3sMEpHOCTHIO X,
[loaToMy B Tex chydasx, KOTJa >KeJaTelbHO, YTOOBI OIlEHKA
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paccestHusl UMella pa3MEpPHOCTh CIYYaWHOW BEIIMYWHbBI, BBIYHUCISIOT
CpeHEe KBAJIpATUUECKOE OTKJIOHEHUE, a HE JUCIIEPCHUIO.

[Iycth  W3BECTHBI CpEIHUE  KBAAPATUUECKHAE  OTKIIOHCHUSA
HECKOJIbKAX B3aMMHO HE€3aBUCHUMBIX CIIy4aillHbIX BeJM4WH. Kak HalTh
CpelIHEE KBAAPATUUECKOE OTKIIOHEHHWE CyMMBbI 3TUX BeJIHYUH? OTBET
1a 3TOT BOIIPOC JIAET CIEAYIOIIAsk TEOpeEMa.

Teopema. CpenHee KBaApPATUYECKOE OTKJIOHEHUE  CYMMBI
KOHEYHOI'0 YHCJia B3AaMMHO HE3aBUCUMBIX CIYYalHBIX BEJIWYHUH PABHO
KBaJIpATHOMY KOPHIO U3 CYMMBbI KBaJIpaTOB CPEIHUX KBAAPATUUECKUX
OTKJIOHEHUM 3THUX BEJIUYMH:

(X, + X, +..+X )= \/O'Z(Xl) +0?(X,)+..+0%(X,) (2.26)

Loxazamenvcmeo. O603HaYUM yepes X CyMMY
paccMaTprUBaeMbIX B3aUMHO HE3aBUCUMbBIX BEJIMYMH:

X=X+ X, +..+ X,

Tak kak AUCIICPCUsT CYMMbI HECKOJIbBKUX B3dMMHO HC3aBUCHUMBIX
CﬂyqaﬁHBIX BCJIMYHH paBHA CYMMC ,Z[I/ICI'IepCI/Iﬁ cjJlara€MmabIX, TO

D(X)=D(X,)+D(X,)+...+ D(X.)

Ortcrona

JD(X) =/D(X;) + D(X,) +...+ D(X,)

NI OKOHYAaTCIIBHO

(X, + Xy ot X)) =407 (X)) + 02(X,) 4 T2(X,)

2.3. OnnHaKoBO pacnpe/ejieHHbIe B3AaMMHO He3aBUCHUMbIe

cnyqaﬁnble BEJINYHUHDbI

[Io 3akoHy pacnpenelieHdss MOXHO  HAWTH  YHMCIIOBBIE
XapaKkTEPUCTUKHU CIy4dailHOM BennuuHbl. OTCIOJIa CIEQYET, YTO €CIIU
HECKOJIBKO CIIyYalHbIX BEJIWYMH UMEIOT OJUHAKOBBIE PACIPENCIICHHUS,
TO UX YHCJIOBBIE XapaAKTEPUCTUKU OJUHAKOBBI.

PaccmoTpuM N B3aMMHO HE3aBUCUMBIX CIIYYaWHBIX BEJIWYHUH X1,
X2, ... Xn, KOTOpBIE HMEKT OJWHAKOBBIC pACHPENCICHUS, a
CJEIOBATEIIbHO, W OJIMHAKOBBIC XaPAKTEPUCTUKHU (MATEMATHUYECKOE
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OKMJIaHHWE, TUCIIEPCUIO U Ap.). Hambonpinii nHTEpeC MpencTaBisieT
M3YYCHUE YHCIIOBBIX XapaKTEPUCTHUK CPEAHET0 apu(pMETHIECKOro
ATUX BEJIMYUH, YEM MBI M 3aiMEMCs B HACTOsIIEM Taparpade.

O06o3HaunMM  cpelHee apu(PMETHUEeCKOe  paccMaTpUBAEMBbIX
CIIy4alHBIX BeTUYUH vepe3 X:

X =(X,+X,+..+X,)/n (2.27)

Crenyromme HUKE TPU MOJ0KEHUS YCTAHABIUBAKOT CBA3b MEKIY
YUCJIOBBIMM XapaKTEPUCTUKAMHU CpeIHEro apudmernyeckoro X u
COOTBETCTBYIOIIMMHU  XapaKTEPUCTUKAMH  KaXJIOW  OTHECIbHOU
BEJINYHHBI.

1. MaremMarnueckoe OXHUAAHUE CPEIHEr0 apu(PMETHUECKOro
OJIMHAKOBO PACIPEAECIEHHBIX B3aUMHO HE3aBUCUMBIX CIIyYalHBIX
BEJINYMH PABHO MAaTEMATUYECKOMY OKUIAAHUIO & KaXIJOW U3 BETYUH:

M(X)=a (2.28)

lokazamenbcmeo. Ilonb3ysiCh CBOMCTBAMHU MATEMATHYECKOIO
oXkuaaHus (MOCTOSHHBIM MHOXKUTENIb MOKHO BBIHECTH 3a 3HaK
MaTEMAaTUYECKOr0 OXXKHAAHUS; MaTEMAaTUYE€CKOE OKHUIAAHUE CYMMBI
PaBHO CyMME MaTeMaTUUYECKUX OXKUJIAHUH CJIaraeMbIX ), UMEEM:

M()?)=M(x1+x2n+"'+xn)=
_M(X)+M(Xy)+...+ M(X,)
n

[IpyHSIB BO BHUMAaHHE, YTO MATEMATHUYECKOE OXKHUJIAHUE KAXKIOU
Y3 BEJIMYHH I10 YCJIOBUIO PABHO A, MTOJYYUM

 a na
M(X)=—=a
n
2. Jlucnepcusi CpemHero apu@MeTHyeckoro N  OJUHAKOBO
pacrpeeICHHbIX B3aMMHO HE3aBUCUMBIX CIy4alHBIX BEJTMYUH B N pa3
MeHblIIe aucrepcruu D kaxnoi u3 BeTuyuH:

- D
D(X)=— (2.29)

n
Jlokazamenvcmeo. [Tonb3ysch CBOMCTBaMHU TACTIEPCUH
(MOCTOSIHHBIA MHOXHUTEIb MOXXHO BBIHECTHM 3a 3HAK JIMUCIEPCUHU,

BO3BCAA CIro B KBaApaT, AUCIHCPCHUA CYMMbI HC3dBHCHUMLIX BCTYHH
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paBHA CyMME€ JIUCTIEPCUM CJIaraeMbIX ), UMEEM

D(X) = D(X1+X2:...+ an:
_ D(X) +D(X,) +...+ D(X,)
n '

[IpuHsB BO BHUMaHHE, YTO JUCHEPCUS KaXKJOW U3 BEIUYHUH I10
yCJIOBUIO paBHa D, monyunm:

- hD D
D(X)=—=—
n n
3. Cpennee  KBaJpaTUYECKOE  OTKJIOHECHUE  CPEIHEro

apI/I(l)MeTI/I‘IeCKOFO n OAMHAKOBO pacipCacICHHbBIX B3aUMHO

HE3aBUCHUMBbIX CﬂyqaﬁHBIX BCIIMYHUH B+ N pa3 MCHBOIC CpPCIAHCTO
KBaApaTHYCCKOI'O OTKIIOHCHHUA O Ka)K,Z[Of/'I N3 BCJIIMYUH:

. O
o(X)=—= 2.30

(X) 7n (2.30)

Iokaszamenscmeo.  Tak  xakD(X)=D/n, To cpennee

KBaApaTH4YCCKOC OTKIIOHCHUC X pPaBHO
7(X)=,D(X)=VD/n=c/+n

O6mwmit BeBOA u3 dopmyn (2.29) u (2.30): BcmoMmuHasi, 4TO
JUCIIEpCUS U CpeHEee KBaJAPaTUUECKOE OTKJIOHEHHUE CIIyKaT Mepamu
paccesHus CIyYallHOM BEJIWYMHBI, 3aKIO4YacM, 4YTO CpEIHEe
apu(meTryeckoe  JOCTAaTOYHO  OONBIIIOTO  YHCJIAa  B3aUMHO
HE3aBUCHUMBIX CIyYalHbIX BEJIWYMH HMEET 3HAYUTEIbHO MEHbIIIEE
paccesHue, 4eM Kaxkaasi OT/ieJIbHas BEJIUYMHA.

3. @yHKIUYU pacnpeaeeHUs U UX CBOMCTBA
3.1. bunoMuaabHOE pacnpeaesieHue.

JuckperHas ciydaiiHas BenuyuHa X HMeEeT OMHOMHAIbHBIM
3aKOH PaCIpeAcsCHUs] ¢ mapaMeTpaMd N U P, €CIM OHA NPUHHUMAET
3HaueHus 0, 1, 2, ..., M, ..., N C BEpOSITHOCTSIMU

P(X=m)=C"p"q"™", (3.1)
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rae 0<p<1, g=1-p.

buHOMMaNbHBIT 3aKOH pacIpeelieHus MOpeACTaBiIsieT CcoOoi
3aKOH pachpeaesieHuss uncia X =M HacTyIJIeHUH coObiThii A B N
HE3aBUCUMBIX HCHOBITAHUSAX, B KaXKIOM M3 KOTOPBIX OHO MOXKET
IIPOM30MTH C OTHOM U TOM K€ BEPOATHOCTHIO .

Psig pacnpenenenus OMHOMUATLHOTO 3aKOHA UMEET BU/I:

Xi 0 1 2 m n

pi q [Cipg™t | CZp*q"?| .. |Clp"g""| .. p

O‘IGBI/II[HO, 4TO OIPCACIICHUC OMHOMHAJILHOT'O 3aKOHA KOPPCKTHO, TaK

n
KaK OCHOBHOE CBOMCTBO psada pacinpCaciiCHUA Zp' =1BBIHOJ'IHGHO,
i=1

n

I/I6OZ P, €CTb HE YTO MHOE, KaK CyMMa BCEX WIEHOB DPAa3JI0KEHHS
i=1

ounoma HerotoHa:

A+C,pg™ +Cop°a" +.. +CIp"g " .+ p=(p+0)" =1
(oTcr0/1a ¥ Ha3BaHUE 3aKOHA — OMHOMMAJILHBIN).

MaremaTtuueckoe oxxumanue:M(X)=np.

Hucnepcus:D(X)=npq.

BrHOMUATBHBIN 3aKOH pacIpeaesieHus MTUPOKO HCIOIb3YeTCs B
TEOPUH U MIPAKTUKE CTATUCTUYECKOTO KOHTPOJISI KaueCTBa MPOIYKIINH,
npu  onucaHuu  (YHKIUOHUPOBAHMSI ~ CHUCTEM  MacCOBOTO
OOCTY)XKWBaHHS, TNPU MOJCITUPOBAHUM IIEH AaKTUBOB, B TEOPUU
cTpesbObl U T.4. (puc.3).
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>
m

Puc. 3Mnozoyzonvuuk (nonueorn) pacnpedenenusi CiyuauHou
genuuunvl X, umeroujel OUHOMUAILHBIL 3AKOH PACHpeOeneHUsl C
napamvempamu n=J3, p=0,2,0,3,0,5,0,7,0,8

3.2. Pacnpenenenne Ilyaccona.

JuckperHas ciy4aliHasi BelMurHa X UMEET 3aKOH pacipeaesICHUs]
[lyaccona c¢ mapamerpoM A >0, ecid OHAa TNPUHUMAET 3HAYCHUS

0,1,2,...,m, ... (6GeCKOHEYHOE, HO CUETHOE MHOXKECTBO 3HAUCHHIN) C
BEPOSTHOCTSIMH
Ale™*
P(X=m)= —= P.(1), (3.2)
m!

Pan pacnipenenenus [lyaccona nmeer Bun:

Xi 0 1 2 m
pi e_ﬂ /le-l iZe—ﬂ ﬂ«me_ﬂ
21 m!

OueBHAHO, YTO ompenesieHne 3akoHa I[lyaccoHa KOppEKTHO, Tak

n
KaK OCHOBHOE CBOMCTBO psifia pacupeaeiaeHus Z p, =1 BBIIOJIHEHO,
i=1
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100 cyMMa psna
m

> p=et+2e” Fop 2t
=) m!

-A

+...=

m

=e‘ﬂ(1+/1+...+/1—|+...) —e et =1
m

Marematuueckoe oxumanue:M(X)=A.

Hucnepcus:D(X)=\.

[Tpu gocraTouno 6ompiuX N (N — o0) U MaJIbIX 3Ha4YCHUSX p (P—
0) mpu ycnoBuH, YTO MPOU3BEIECHUWE NP — TMOCTOSHHAS BEJIUYMHA
(np— A=const), 3akoH pacnpeaeneHus IlyaccoHa sBisercs
OpeAesibHbIM ClydyaeM OMHOMHUAJIIBHOTO 3aKOHA (3aKOH MAacCOBBIX U
peakux cobwiTuil). Kpome atoro, no 3akony Ilyaccona pacnpenenensl
YuCJI0 cCOOEB HAa aBTOMATHYECKOM JIMHMM, YUCJIO OTKA30B CIIOKHOM
CUCTEMbl B «HOPMAJIbHOM PEXKHUME», YHCIO «TpeOOBaHUN Ha
00CITy’)KMBaHUE», TOCTYNMUBIIMX B €IUHUIY BPEMEHHM B CHCTEMax
MacCOBOTO 0OCTY>KMBaHUS U Jip. (puc.4).

P.0)4

0,3 A

3,5

0,1

1 >

| i
2 3 4 5 6 7

L N SR W

0

Puc. 4 Mnozoyzonvnuk (noaueon) pacnpedenerusi Ciy4auHoll
senuuunbl, pacnpeoenennol no sakouy IlyacconaP(X=m)=Pmn ()
napamempamu A1=0,5, A=1, 1=2, 1=3,5
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3.3. PaBHOMepHBII 32aK0H pacnpe/iejeHusl.

HenpepsiBHasg ciydaitHas BequunHa X HMEET PaBHOMEPHBIN
3aKOH pacmpenenenuss Ha otpeske [a,b], ecam ee mmorHOCTH
BEPOSITHOCTHU TTOCTOSIHHA HA 3TOM OTPE3KE U PaBHA HYJIIO BHE €rO, T.€.

1
,qpua<x<b

#(x)={b-a (3.3)

0 ,mpux<a,Xx>Db

OyHKIMA  pacupeleiiCHUs CJIly4YaiHOM BEJIMYUHBI X,
pacupeneneHHON 10 PABHOMEPHOMY 3aKOHY, €CTh

-

0 ,mpux<a,

F)=42=2 mpua<x<b, (3.4)
b—a
1 ,opux>b

Kpusas pacnpenenenus ¢(x) u rpadux GyHKIIUHA paclpeIesIeHUs
F(X) cmydaiiHoi BeanurHbI X IPHUBEICHBI Ha PHC. 5.

@(x) 1

v

[
>

0 a b X

Puc. 5 I'pachuxu nnomunocmu eepossmmocmu ¢(X) u pyrxyuu
pacnpedenenus F(X) cayuatinoii éenuyunsl, pacnpeoenentoil
nO PABHOMEPHOM) 3AKOHY
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a+b
Marematuueckoe oxuganue: M (X)=——.

2
(b-a)
12
PaBHOMEpHBIN 3aKOH paclpeIeNICHUs] UCIIOIb3YETCS IPU AHAIIA3E
OIMOOK OKPYIJIEHUS! MPU MPOBEACHUU YUCIOBBIX PACUETOB, B PS/C
3aJlady  MaccoBOro  OOCIyXMBaHUs, IIpM  CTATHCTHYECKOM

MOJICTTUPOBAHU U HaOJIFOICHUH, MMOJUMHEHHBIX 3aJJaHHOMY
pacupeneeHuIo.

Hucnepcus: D(X) =

3.4, IHoka3aTeJbHBIA (AIKCIIOHECHIUAJIbHBIN) 3aKOH

pacnpeaeeHus.

HemnpepwiBHas ciydaiiHas BeaudyuHAa X HMEET TMOKa3aTeIIbHBIN
(9KCTIOHEHITMANIbHBIN) 3aKOH pachpenesieHus: ¢ mnapamerpoMm A >0,
€CJIM €€ IUIOTHOCTh BEPOSTHOCTH UMEET BU/I:

Ae™™, npu X >0,

Px) = 0 , Iipu X < 0

(3.5)

Kpusas pacnpenenenust ¢(x) u rpaduk GyHKIIUM paclpeesICHUs
F(x) cny4aitnoit BenuuuHbl X NpUBEAEHBI Ha puc. 6.

Matemarnueckoe oxumanne: M(X)=1/1.

Hucnepcus: D(X)=1/12.

[TokazaTenbHbIN 3aKOH pacIpeAcsieHUs] UrpacT OOJIbIIYIO0 POJb B
TEOPUH MAaCCOBOT0 OOCITYKUBAHUS U TEOPUU HAICKHOCTH.

o(x)] Fx)]

B B
> >

0 X 0 X

Puc. 6 Kpusas pacnpeodenenus ¢(x) u epagpux ¢pynxyuu
pacnpeodenenus F(x) cayuaiinou eenuuunvt X
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3.5. HopMajibHbIM 3aKOH pacnpeaejieHms.

HenpepsbiBHas ciiyyaiiHasi BeIM4rMHa X UMEET HOPMAJIbHBIN 3aKOH
pacnpenelneHuss ¢ IapaMeTpaMM a M 0%, €CId €€ IUIOTHOCTh
BEPOSATHOCTU UMEECT BUJI:

1 _(X—a)z

— 20° 3.6
(%) - ﬂe (3.6)

O6o3nauenue: X ~ N(a;0°).

Marematnueckoe oxuganue: M(X) =a.

Jucnepcus: D(X) = o°.

KpuByro HOpManbHOrO 3aKOHA paCOpPENENICHUS Ha3bIBAIOT
HOpMaJIbHOW WM rayccoBoil kpuBoil (puc.7). Ilpm yBenuuenuun o
OpIMHaTa MAaKCMMyMa KPUBOW YMEHBIIAETCS, HO TaK Kak IUIONIAJb
noa Jr000M KpPUBOM pacmlpeliesieHUs] JIOJDKHA OCTaBaThCsl PaBHOM
eINHUIIE, TO KpUBasi CTAHOBUTCS 00Jiee MIIOCKOM, pacTsIruBasicCh BJIOJb
ocu alclMcC; MPU YMEHBIIEHWU G, HAMPOTUB, HOpMaJlbHasi KpUBas
BBITATUBAETCS BBEPX, OJHOBPEMEHHO CXKHMasCh C Oo0KkoB. Takum
oOpazoMm, mapamerp a (OH K€ MaTeMaTHYeCKOe OXHUIaHUE)
XapakTepU3yeT MOJ0KEHUE LIEHTPA, a mapaMeTp G (OH K€ AUCTIEpPCusi)
— (hopMy HOpMaAJILHOM KPHUBOM.

OyHKIKSA  pacupelesieHUuss  HOPMAJIbHO  pACIpeleIICHHON
CIIy4YaliHOW BEJIMYMHBI UMEET BU/I:

x  (t-a)’

Ru(0=—1—[e * dt (3.7)

o2 ?,

BepostHOCTB IOMAJaHUS CIIy4alHOU BEJIUYHUHBI X,
pacnpeelicHHOW 10 HOpPMaJlbHOMY 3aKOHY, B HWHTEpBajlie [X1, X2],
paBHa

P(aSXS,B):% @ ? ) “T_a (3.8)

t2

rae O(x) = %J‘e_zdt— dbynkuusa Jlannaca.
0

HopmanpHblii 3aKOH pacnpelesicHusT 3aHAMAaeT LEHTPaIbHOE
MECTO B TEOPHUU U ITPAKTUKE BEPOATHOCTHO-CTATUCTUUECKUX METOOB.
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On sBnsieTcss TpENEIbHBIM 3aKOHOM, K KOTOPOMY HpHOIUXKAIOTCS
MHOTHE JApPyTHUe 3aKOHbI pacnpeneneHus. LleHTpanbHas mpenenbHas
TEOpeMa TEOPUU BEPOSITHOCTEH YTBEPXKIAET, UYTO CyMMa OYEHb
OOJIBIIIOTO YKCIIAa CIIYYaHBIX BEJIMYWH, BIUSHUE KAXKIOM U3 KOTOPHIX
osm3ko k 0, uMeeT pacnpeaeseHne, OJu3K0e K HOpMaJbHOMY .

4 0(x)

>

0 a X 0 a X

Puc. 7 Hopmanvnas kpueas ¢y (X) ¢ napamempamu a uc?, m.e.

N(a;c?), u epagux pynxyuu pacnpedenenus ciyuatinou eeauyunvl X,
umeroujeti HOpMaalbHblll 3aKOH

3.6. Pacnpenenenne xu-kaapar (y°).

Pacnpenenennem xu-kBagpar (¥°) ¢ Kk crenensmMu cBoGOIBI
Ha3bIBACTCS PACIPENCICHHE CYMMBI KBaJpaToB K HE3aBUCHUMBIX
CIyYalilHbIX  BEJIMYWH,  PACHPEICIICHHBIX TI0  CTaHJAapTHOMY
HOpMaJIbHOMY 33aKOHY, T.C.

=2 +..+2Z (3.9)

raeZiuMerotr HopMaiabHoe pacnpeaeneaueN(0,1).
[1I0THOCTL BEPOATHOCTH y-PaCIpPENEICHUS UMEET BHI:

[k, X
2 2
%, pu X 2 0,
#(x) = zzr(zj (3.10)
0 , Ipu X < 0

rne [(y)= j e 't dt — ramMMma-QyHKIUS  Oiaepa (IS LeIbIX
0
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MOJIOKUTENBHBIX 3HaueHni '(Y) = (Y —1)!. KpuBble y? st pasiugHbIX
3HaYEHUH qrcia CTereHen cBOOO/IBI K NpUBEIEHBI
Ha puc. 8.

B MaremMaTnyeckod CTAaTUCTUKE pPaCHpPENCIICHUE XU-KBaaApaT
UCTIONb3yeTCd sl  TNOCTPOCHHS  HMHTEPBAIbHBIX  OLEHOK |
CTaTUCTUYECKUX KPUTEPUEB.

+ 9(x)
0,5 1
0,4
0,3
0,2 -
0,1 -

0' 2 4 6 8 10 12 14 «x

v

Puc. 8 Kpuevie Xz-pacnpedeﬂeﬂuﬂ OJ151 PA3IUYHBIX 3HAYEHUL YUCIA
cmenenell ceo000bl

3.7. Pacnpenenenne CtbrofenTa (t-pacnpenesienne).

Pacnipenenenmem  CthrojieHTa (WM t-pacnipeneneHuem)
HAa3bIBAECTCS PACIIPEICIICHUE CITYYaliHON BEIUYHUHBI

_Z
1, (3.11)

k

riae Z — cilydaiiHas BEJIMYMHA, pacipeaciicHHas 10 CTaHIapTHOMY
HopManbHOMy 3akoHy, T.e. N(0,1);y> — He3aBucuMas ot Z ciydaiiHas
BEJIMUMHA, UMEIOIIAs y>-pacipeienicHue ¢ K crenensMu cBoOOIbI.
Marematuueckoe oxxkunanue: M(t) =0,k > 1.

Hucnepcus: D(t) = %,k > 2.
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[moTHOCTE BepossTHOCTH pacupenciacHuss CThIOJIEHTa UMEET BU/I:

F(k+1j et
dx) =2, X7 (3.12)

HE.

Ha puc. 9 nokazana kpuBas pacrnpenenenusa CrproneHrta. Kak u
CTaHJApTHAs HOpPMalibHash KpuBasg, KpuBas {-pacnpeneneHus
CUMMETPUYHA OTHOCUTEIBHO OCH OPAMHAT, HO IO CPAaBHEHUIO C
HOpMaJIbHOM OoJiee moJoras.

Pacnpenenenne CrbroieHTa NPUMEHSETCS B CTATUCTUKE IS
NOCTPOEHUS JOBEPUTEIIBHBIX MHTEPBAJIOB U TECTHUPOBAHUS THIIOTE3,
KACalOUIMXCsl HEU3BECTHOTO CPEIHEr0 CTATHCTUYECKOM BBIOOPKH W3
HOPMAaJIbHOT'O paCIpeNEICHUS.

o(x) 1
104

Hopmanvnas
KpUueas

3 2 1 0 1 2 3 x

Puc. 9 Pacnpeodenenue Cmvrodenma u HopmanvHoe
pacnpeoenenue N(0;1)

3.8. Pacnpenesenne @uuepa.

Pacnpenenenuem ®umepa (unu F-pacnpenenenueM) Ha3biBaeTcs
pacIpeieiCHUE CIy4allHOW BEJIMYHHBI
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1 ,
— k
kl)((l)
1 , ’
— k
kzl ( 2)

F= (3.13)

rae y>(k1) m y?(k2) — He3aBUCHMMEBIE CTydaliHbIe BEJIMYMHBI, MMEIOIINE
pacnpeneleHie XH-KBaJpaT CcoO CTeneHAMu cBoOoabsl K1 u ko
COOTBETCTBEHHO.

Ha puc. 10 nmoka3anbl kpuBble F-pacnpeneneHus npu HEKOTOPBIX
3HAYCHHUSX YHUCIa cTeneHer cBo0o bl K1 Ko, Pactipenencaue ®uriepa
UCIIOJIb3YIOT TPHU IPOBEPKE THIOTE3 00 aJCKBATHOCTH MOJECIU B
pPETPEeCCHOHHOM aHaJN3e, O PaBEHCTBE JUCTICPCUE U JIp.

o(x)

'

1,01
k=1, k=4
0,8 1

k=10, k£, =50
0,6 1

0.4 |
k=4, k=100
0.2 4

0 1 2 3 X

v

Puc. 10. Kpusvie F-pacnpeoenenus npu Hekomopwvix 3HA4eHusx
yucaa cmenetet c60000bl
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4. OueHka MOrpelIHOCTH MPSIMbIX M KOCBEHHBIX U3MepeHuil
4.1. Cay4yaiiHas olIMOKA U ee ONUCaHHue

Kak Obulo OoTMEuYeHO paHee, OMMOKHM JENATCS Ha CIydailHble U
cuctemMatuueckue. ECTh elie npoMaxu, HO O HUX MBI YK€ TOBOPHIIH.
Kpome Toro, m3mepeHusi ObIBaIOT OJIHOKpATHbIE M MHOTOKpPATHBIE,
npsiMble U KOCBEHHBbIE M T.1. Kak yke oOTMedanoch BBIIIE, BCE
pe3yJbTaThl M3MEPEHUS COJAEpkKaT CIIy4yalHyl0 MOTPEIIHOCTh, a
3HAQUUT, 0pU  00pabOTKE TakUX  pe3yJIbTaTOB  HEOOXOAUMO
UCIIOJIb30BaTh amnmapar U METOJbl T€OpUU BEpOSTHOCTU. [TOCKOIBKY
TEOpPHUsI BEPOSITHOCTU OMHUCHIBACT XAPAKTEPUCTUKU TI'E€HEpPaTbHOU
COBOKYITHOCTH, TO €€ Pe3yJbTaThl HEMOCPEICTBEHHO MTPUMEHUMBI MPU
00paboTKe pe3ysbTaTOB IKCIEPUMEHTA, TOJIBKO €CJIM Mbl UMEEM JI€JIO
C reHepaJibHOM COBOKYMHOCThIO. HO MBI B peanbHON IpaKTUKE BCEr/ia
UMEEM JIEJI0 C BHIOOPKOM, T.€. C KOHEUHBIM YHMCJIOM H3MepeHuil. JIiis
OMHMCaHMUSI TAKUX MPOIIECCOB CYIIECTBYET HayKa, KOTOpas Ha3bIBAETCS
MaTteMaTuueckoi ctatTucTuko. CyTh €€ B TOM, YTO OHA OIMCHIBAET
MOBEJICHUE CIIYYalHOW BEIMYMHBI M MO3BOJISET MO BHIOOPKE CYIUTh O
reHepaJbHOM COBOKYITHOCTM M O €€ mnapamerpax. Ho mnpoGiema
COCTOHUT B TOM, YTO MBI alipuopy He 3HaeM (YHKITUIO pacrpeiesIeHUs
OIMMOOK M3MEPEHUs Jaxe B TMPOCTECHUIIEM clydae MpsIMOTo
u3MepeHua. Mbl  JOJDKHBI ~ OJHOBPEMEHHO  pemiaTh  JIBE
B3aMMOCBSI3aHHBIE  3aJlaud — OMPEIETATh “UCTHHHOE 3HAYEHHUE
U3MEPSIEMOM BEJIMYMHBI U BBIYUCIISATH NOTPEIIHOCTh. ClieayeT XOpolIo
YCBOUTh, YTO W HU3MEPEHHOE HAMW 3HAYCHUE W HAIlIM OICHKHU
SABJIAIOTCS.  BEIMYMHAMHU  CIyYaHBIMHA, TMPUYEM OTHOCHUTEIBHO
XapakTepa paclpeAciCHUs] 3TUX BEIWYMH Mbl MOXKEM BBIJIBUTATh
Oojlee WM MeHee OOOCHOBAHHBIC THIIOTE3bl, KOTOPBIE, BOOOIIE
rOBOPs, MOJJICKAT MPOBEPKE B TOM K€ WM JAPYrOM SKCHEPUMEHTE.
NmeroTcss Kak MUHMMYM JIBE€ THIIOTE3bl, Ha KOTOPBIX Yallle BCETO
OazupyeTcs TEOpHs OMMOOK:

a. IlorpemHOCTh  HEMOCPEACTBEHHO  HM3MEPSIEMOM  BEIMYHHBI
aJIuTHBHA, T.€. M3MEPEHHOE 3HadeHue Xi=X+ox, rae X —
“UCTMHHOE” 3HAYCHHE, a OX — TOTPEIIHOCTh JAaHHOTO
U3MEpeHus (Cily4yailHas BEJIMYMHA). ITO JOIMYIICHUE HACTOJIbKO
OYEBHUIHO, YTO 3a4acTyI0 €ro IMEepPEeHOCAT W Ha Te 00JacTH, B
KOTOPBIX OHO HecnpaBeMIMBO. KIloueBBIM  CIIOBOM B
JONYIIEHUU SBJISETCS HEMOCPEICTBEHHO M3MeEpsieMas — €CIIH
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KE peub HUIET O Pe3ylbTaTeé KOCBEHHOIO W3MEPEHHS, TO
OYEBUJHO, UYTO OTHOCHUTEIIBHO HETO MBI HE MOXKEM CJIeJaTh
TaKOr'0 BBIBOJA.

b. [Ipenmonoxkenne o xapakrepe GYHKIUH  pacHpeelieHuUs
CIIy4YallHOM BEJIWYMHBI — TOTPEIIHOCTH HW3MEPEHHs. OITO
IpEXJie BCEro TUIOTE3a O HYJIEBOM MAaTEeMaTUYECKOM OXKUJAHUU
NOTPEIIHOCTH M THUIOTE3a O KOHEYHOCTH JIUCIIEPCHH 3TOTO
pactipeaenenus. Kak mpaBuiio, XOTS M HE BCErja, Crja Xe
n00aBIAeTCSl PEANOIOKEHUE O HOPMAJILHOM (FayCCOBOM) BHJIC
(GyHKIMU pacnpeneneHus.

Ecnu nepBas rumnore3a MpecTaBISIETCS MOYTH OYEBUIHOU, TO
UCIIO0JIb30BAHUE BTOPOH yale BCero 000CHOBBIBAECTCS LIEHTPAIbHOU
MPEACIbHON TEOPEMOW, CYTh KOTOPOM COCTOUT B TOM, 4YTO
pacupeneieHue CyMMbl CIy4YalHBIX HE3aBUCUMBIX BEJIIMYMH,
UMEIOIIUX OJIM3KUE pacrpeieiieHus, CTPEMUTCS MPU YBEIMUYCHUU
ux uMmciaa K pacnpeneneHnto l[aycca. B peanbHOCTH, TIpHM
MPOBEJICHUU SKCIIEPUMEHTOB TAaKUX CIYYaWHBIX COCTABIAIOIIUX Y
NOTPEIIHOCTH JIOCTATOYHO MHOIO, TaK 4YTO NIPU PacCMOTPEHUU
CJIy4alHBIX MOTPENIHOCTEN, KaK MPAaBWIO, €CTh OCHOBAHUS CUUTATH
pacrpeieIEHHE rayCCOBBIM.

IIpu 00paboTke pe3yslbTaTOB H3MEPEHHUS BEJIMYMUHBI, KOTOpas
UMEET OINPEACICHHOE 3HAa4Y€HWe, HO B PE3yJIbTAaTe€ BIMSAHUSA
Pa3JIMYHBIX CIy4YalHBIX (PAKTOPOB H3MEPSETCA HAMHU C HEKOTOpPOH
ClIy4yallHOM OIIMOKOW, BO3HUKAET 3ajlaua — HCIMOJb3ysd KOHEUYHBIN
HA0Op SMMOUPUYECKUX JAHHBIXXj, IMOJYYEHHBIX B BBIOOpPKE U3 N

U3MEPEHUI, HAWUTHU ‘‘Hamiydiliee’ 3HAYEHUE OLEHKH X “TOYHOro”
3HAYEHUS] U3MEPSAEMON BEIMYMHBI X U OMPEIAEIUTh TOYHOCTh HAIIUX
u3MepeHn. B Kypce maremMaTuyecKOW CTaTUCTUKH JOKa3bIBAETCH,
YTO HAWIy4lled OUEHKOM BEIUYMHBI X, HEMNOCPEICTBEHHO
U3MEPSIEMON W YJIOBIIETBOPSIONIEH MyHKTaMm 1-2, gBisieTcsl cpeaHee
3HA4YCHHUE BHIOOPKH

n

*=7=%in (4.1)

i=1

[TockONbKYy MBI TPEAMOJOXKHIM, YTO pPacHpeaesieHHe OIHUOOK
(OTKJIOHEHU U3MEPEHHBIX 3HAYEHUIN OT UCTUHHOrO X —Xj) rayccoBo,
TO JUIsl OLEHKH BEJIMYMHBI 3TOW TOTPEITHOCTH XOPOIIO Obl 3HATH
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JUCIIEPCUIO O° DJTOr0 paclpeneieHus. BeposTHOCTh TOro, 4YTO
Cy4aiiHas BeJIMYMHA Xi OTKJIOHUTCSI OT CPEJHEro 3HaUeHUs He OoJiee,
YeM Ha BEJIMUMHY CPEIHEr0 KBAJpaTUYECKOTO OTKJIOHEHUS g, PaBHA
0.683, na 20 — 0.955, mva 30— 0.997. Haunydimen oreHKoON
CpEIHEro KBaJapaTUuYECKOro OTKJIIOHECHHUS SBJISIETCS BEJITMYMHA

5=8 = ig(xi ~X)? 4.2)

XOTs OLIEHKA BEJIWYHUHBI NOTPELIHOCTA OJHOIO U3MEPEHUs X; U
IIPELICTABIIIET UHTEPEC, TEM HE MEHEE ropa3fo BaKHEE 3HATH C KaKOMU
TOYHOCTBIO 3HAUEHUE X, HAWJICHHOE HAMU U3 HEKOTOPOW BBIOOPKH,
COOTBETCTBYET HCTUHHOMY 3HAYE€HUIO HCKOMOW BEIWYUHBI X.
[TockonbKky X HaAWIEHO W3 OrPAHMYEHHOTO YHCIA U3MEPEHUH, TO
MOBTOPSIOLINUECS CEPUM U3MEPEHUM TaBaik Obl HAM HOBBIE 3HAYCHUS
x. To ecTb, SMIUPUYECKHUE CPEAHUE TOXKE SBISAIOTCS CIyYalHOU
BEJIMYMHON M MX IMOBEJCHUE MOXKHO OMHMCATh HEKOTOpOH (yHKIMEH
pacupeneneHuss  OTHOCUTENBHO  BEJIIMYMHBI  MaTeMaTU4eCKOIO
OKHMJIaHUS CO CBOEU aucriepcuen S,. Teopus Moka3pIBaeT, 4To €Clu X
OIPEACIIEHO U3 N U3MEPEHUH, TO

o

DTO BBIpAKEHHUE, OJTHAKO, HEBO3MOXKHO HMCIIOJb30BaTh, T.K. G HaM
Heu3BecTHAa. Bmecto 6 B BhIpakeHuu(4.3) HCHOIB3yeTCS OIEHKA
CpeHero KBaJapaTUueCKOro OTKJIOHEHHS, a TIOTYUYCHHYIO BETUIUHY Sy
MBI fajee OyaeM Ha3biBaTh CTaHJAAPTHOM OMIMOKOW. BreIpaxkeHue mis
HEe

5= In (4.4)

COIEPKHUT TOJIBKO U3MEPSEMBIE SIKCIIEPUMEHTAIIbHO BEIMYUHBIL. JIETKO
BUJIETb, YTO CTaHJapTHas omubka S,, B OTJIMYUE OT CTAaHIAPTHOTO
OTKJIOHEHUSI S,, YMEHbIIAETCA C pPOCTOM YHCIA U3MEPECHUU

1 —
HpI/I6J'H/I3HTCJ'H)HO KaK —n, T.C. TOYHOCTb PpE3yjibTaTa BO3pPACTACT C

POCTOM YHCJIa UCTbITaHUN. ECTECTBEHHO, OJHAKO, YTO HET CMbIC]IA
YBEJIMUMBATh KOJIMYECTBO U3MEPEHUN IOCIE TOTO, KaK BEJIUYHMHA S,
CTaHET CpaBHHMMa C BEIWMYMHOM CHCTEMATHYECKOM  OIMMOKHU
(HampuMep, BEJIMYUHOW OIIMOKKM  H3MEPUTENBHOTO  Mpubdopa).
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[TocKONIbKY MBI OLEHWIIM JUCHEPCHI0 OTKJIOHEHHS SMIIMPUYECKOTrO
CPEAHEr0 X OT WCTHUHHOTO 3HAYEHUS BEIWYUHBI X, TO, HCHOJIb3Ys
pacupenenenue ['aycca ais 3TOM BEJIMYHUHBIL, MOXHO OIPEICIUTH
BEPOSITHOCTh TOTO, YTO 3TO OTKJIIOHEHUE JISKUT B  JUara3oHe u.
Opgnako wamie TMpencTaBIsIET HMHTEpeC OOpaTHas 3ajaya: 1pH
BBIODAHHOM  YPOBHE  BEpPOSTHOCTM P HalWTU  BEIUYUHY
JOBEPUTENBHOTO MHTEPBaja. B macaln3upoBaHHOM Cily4yae, KOrjaa o
TOYHO W3BECTHA, MOXKHO 33/1aTb HEOOXOJIMMYIO JIOBEPUTEIIbHYIO
BEPOSITHOCTb. MBI MOXEM YyTBEPXKJaTh, YTO C BEPOSATHOCTHIO P
OTKJIOHEHUE H3MEPEHHOI0 3HAaYeHHUsI X OT X HE MPEBbIIIACT
CJICIYIOIIEH BEJIMYUHBI:

(o2
N (4.5)

B peanbHOM ciydyae aumcnepcHsi T€HEPaJbHOW COBOKYIHOCTU
HEU3BECTHA, M TO3TOMY KpOME BBIOOPOYHOTO CpEAHEro X
MCIIOJIB3YeTcsl BBLIOOpOUHAs OLEHKa aucnepcud S2. B Teopunm
IIOKA3bIBAETCs, YTO CIIydaiiHasl BEJINUYMHA

X - X|<t(P)

noauuHsiercss pacrnpeaenennto CterofeHTa. JloBepuTenbHas OLIEHKA
Ipu BBIOPAHHOM YpPOBHE CTAaTUCTUYECKOW TOCTOBEPHOCTH PB 3TOM
Clly4yae MPUHUMAET BU]T

X = X|<t(P,)S, (4.6)

ronev=n—1.

Gynknms  t(P, v), HaseiBaemas jgaiee  kodddummeHTOM
CThroIcHTa, 3aBUCHT HE TOJBKO OT P, HO W OT umMcna uU3MepeHuu
(v=n—1). Tabawuipl 3HAYCHHIA 3TOr0 KO3(DPHIMEHTA I HECKOJIBKUX
YPOBHEHN JTOBEPUTETHLHON BEPOSITHOCTH (HA3bIBAEMBIX €III€ YPOBHSIMU
HaJIeKHOCTH) P 1 pa3nuuHbIX N npuBeieHbI B Ta0. 2.
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Tabnuya 2

Benuuunwt t 015 paznuunblx 3Ha4eHUl 008epumenbHo20 yposHs P

n-1 P=68.3% | P=95% | P=99% | P=99.73%
2 1.32 4.7 9.9 19.2
3 1.2 3.18 5.8 9.2
4 1.15 2.78 4.6 6.6
5 1.11 2.57 4 55
6 1.09 2.45 3.7 4.9
7 1.08 2.37 3.5 4.5
8 1.07 2.31 3.4 4.3
9 1.06 2.26 3.2 4.1
10 1.05 2.23 3.2 4
15 1.03 2.13 3 3.6
20 1.03 2.09 2.8 3.4
30 1.02 2.04 2.8 3.3
50 1.01 2.01 2.7 3.2
100 1 1.98 2.6 3.1
200 1 1.97 2.6 3
0 1 1.96 2.58 3
4.2. IIpaBuia 00padOTKM NPAMBIX U KOCBEHHBIX
U3MEpPEHUM.

[Tpy npoBeneHUM MNPSIMOIO HM3MEPEHHS HEKOTOPOH BEIMYUHBI
HE00XOAMMO:
a. IIpoBecTH MHOTOKpATHBIC U3MEPEHUS IIPH OJJHUX M TEX JKE
YCIOBUSX U 3aIlMCATh UX B TAOJUILY.
b. Paccunrath cpennee 3HaueHwue mo ¢opmye (4.1):
C. BbIumciuTh OLICHKY IHCIIEPCUN

1 n
62 =82=—""Y"(x —X)
=LY%

d. BeumciauTh cpeIHEKBaIPATHYHYIO OIIUOKY CpPEIHEro

5, =

©n
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€. 3aJaBIIUCh TPEOYEMbIM YPOBHEM JIOBEPUTEIHLHON BEPOSATHOCTH
P, onpenenuts 1o Tadi. 2 kosddunuent Creioaenra t(P, n—1)
Y MOJyJIb JIOBEPUTEIBLHOIO UHTEpBAja

AX =t(P,V)S, (4.7)

f. OxpyrmmB COOTBETCTBYIOIIME PE3yAbTAThI, 3allMCaTh OTBET B
Buse X = X = AX1ipu 10BEpUTEIbHON BeposiTHOCTH P.

B OOJILILIMHCTBE AKCIIEPUMEHTOB u3MepseTCs HE
HEMOCPEACTBEHHO BEJIMYMHA, MOJJICKAIAs ONpPENeNCHUI0, a Apyras
BEJIMUMHA WU PAJ BEIWYUH, 3aBUCAIIUX OT MHTEPECYIOIIEH Hac
BEJIMUUHBI TEM WJIM UHBIM 00pa3zoMm. [Ipu Takux usmepeHusix, KoTopbie
HA3bIBAIOTCA KOCBEHHBIMH, HEOOXOJAMMO YMETh BBIYUCISATH OIIMOKY
pesynbrata. Korga uHTEpecytomas BeIUYrMHaA Y sSBISIETCS (PyHKIMEH
U3MEPSAEMBIX BEJIMYMH X1, X2,..., Xk

y=f(X, %X X,) (4.8)

a JUId CIlydalHBIX OIMMOOK, W3MEPSIEMBIX HETOCPEICTBEHHO,
CIpaBeIUIMBBl  ONMHCAaHHBIC  BBHINIC  JIONMYIICHHS, HEOOXOIUMO
JCHCTBOBATH CICIYIOIIUM 00pa3oM:
a. OmeHKka MaTeMaTHYeCKOro OXUJaHUA Y  (QYHKIUH  OT
HECKOJIBKUX HW3MEPEHHBIX TIEPEMEHHBIX BBIYHMCISICTCA I10
dbopmyne

y:V: f(711Y2""’Yk) (4-9)

b. Onenka cpeqHero KBapaTndecKoro OTKIOHEHHS BBIYHUCIISCTCS
crocoO0OM, OCHOBaHHBIM Ha JU(PepeHIInaIbHOM UCUHUCIECHUU.
Ecnu  cpenHekBanpaTidHble  OMIMOKUS, ,S, ,...S, BENTHYMHX,

X2,...; Xk, OIPEHAECICHHBIC IO JAHHBIM HW3MEPEHHH MaJbl IO
CPAaBHEHHUIO C U3MEPSEMBIMU BETUUYUHAMU, TO

2 2 2
S, = ﬂSX + ﬂSX + .t iSX (4.10)
oX, oX, X,
Inedf /Ox,— wuactHas npowmsBomHas QyHkuuuf, BHUMCIEHHAs IIPH

SHAYCHUU IICPCMCHHBIX, COOTBCTCTBYIOIIHNX CPCAHHUM 3HAUYCHUAMX],
X2,.00y Xk.
J_-[J'ISI onpcaACICHUA NOBCPUTCIBLbHOTO MHTCPBAJIa HMCIIOJIB3YCTCA Ta
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K€ IpoLeaypa, YTo U IPU ONPEAEICHUN JOBEPUTEILHOIO UHTEPBAJIA
IU11 HEIIOCPEICTBEHHO U3MEPSIEMON BEIUYHUHBI.

CpaBHuBasi ciaraemple B IOJKOPEHHOM BBIPAXKECHUU, JIETKO
ONpENETUTh OIIMOKH Kakod W3 U3MEpPAEMbIX BEJIWYWH BHOCST
OCHOBHOH BKJIaJ] B CYMMapHyl0 omnOKy. IIpenBaputenbHblil aHamus3
BBIPOKEHHUS ISl Sy MOJE3€H IS TOro, 4TOOBI MpHU TUJIAHUPOBAHUU
NOCTAHOBKM SKCIEPUMEHTA TMOMNBITAThCS JTOOUTHCS MOBBIIIEHHON
TOYHOCTU U3MEPEHUSl BEIWYUHBI, BHOCAILIEH OCHOBHOM BKJIaJI B
OIMOKY, a TaK)Ke MOHSATh, KAKUE H3MEPEHUS CJIEIYyEeT MPOU3BOJIUTH
THIATENBHO, a HA KAKUE HE CJIEIYET TPATUTH OOJBIINX YCUITUN.

5. IlapHas perpeccusi 1 KOppeJsiuusi

[TapHas perpeccusi NPEACTABIAECT COOOM PpPErpeccuro MeExAy
JBYMsI IEPEMEHHBIMU — Y U X, T. €. MOJICJIb BUJIA:

y=1f(x) (5.1)

r7e Y — 3aBUcUMas nepeMeHHas (pe3yJbTUPYIOIIHUMA MOKa3aTeNb); X —
HE3aBHCHUMAasl, WIK OOBSICHSIONIAs, nepeMeHHas ((hakTop-apryMeHT).
3HaK «™» O3HAYaeT, YTO MEXIY NMEPEMEHHBIMH X W Y HET CTpPOroi
(YHKIIMOHATIBHOM 3aBUCHUMOCTH, IO3TOMY B KaXIOM OTACIHLHOM
CJlydae BEJIMYMHA Y CKIIQJBIBACTCS U3 JIBYX CJIaraeMbIX:

y=Yy,+& (5.2)

rae Y — (GakTHYeCKoe 3HauCHHE Pe3yJIbTUPYIOIIEro MmoKa3aTens; Y, —

TEOPETUYECKOE 3HAUEHUE PE3YJIbTUPYIOLIErO NMOKA3aTels, HAWJICHHOE
UCXOAS W3 YPAaBHEHHSI PErpeccuu; & — CliydalHas BeEJIMYMHA,
XapakTepu3yromas OTKJIOHEHHS pEeambHOro 3HAYEHUS
PE3YIBTUPYIOIIETO MOKA3ATENs] OT TEOPETHYECKOr0, HANJAEHHOIO IO
YPaBHEHUIO PETPECCUM.

CnyyaliHas BeJIMYMHA & HA3bIBAETCS TAaKXKE€ BO3MYIIEHHEM. Ee
IMPUCYTCTBUE B  MOJEIA NOPOXKAECHO TPEMS  HMCTOYHUKAMMU:
crenuduKanei MoJAeNrd, BBHIOOPOYHBIM XapaKTEPOM HCXOJHBIX
JTAHHBIX, 0COOCHHOCTSIMU U3MEPEHUS TEPEMEHHBIX.

OT mnpaBWIbHO BBIOpAaHHOW cHENU(DUKAIMK MOJACIU 3aBUCHUT
BEJIMYMHA CIIy4aWHBIX OIMMOOK: OHM TEM MEHbIIE, YeM B OOJbIICH
Mepe TEOPETUYCCKHE 3HAYEHHS Pe3yJbTHPYIOIIEro IMpHu3HaKay,,

noaxoaar K (paktmueckum gaHHbBIM Y. K ommOkam crenmbukamum
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OTHOCSITCSI HETIPABUJIbHBIA BHIOOp TOW WM MHOM MaTEeMaTHUYE€CKOU
GyHKIMH 11 Y, ¥ HEAOy4YeT B YPaBHEHHHM PErPeCCHH KaKOro-In0o

CYIIECTBEHHOTO (pakTopa, T. €. HCIOJIb30BAHUE MApPHOM pPErpeccuu
BMECTO MHOKECTBECHHOM.

JUIs moJTydeHus XOpOLIEro pe3ysbTara OOBIYHO HCKIIIOYAIOT U3
COBOKYITHOCTH €MHUIIBI C AaHOMAaJIbHBIMU 3HAYEHUSIMH HCCIIEYEMBIX
IPU3HAKOB.

Hcnonb3oBanue BpeMEHHON HH(OpMAIMU TaKX)e IMPEACTaBIISIET
co0oil BBIOOPKY M3 BCEr0 MHOXKECTBA XPOHOJIOTHYECKHUX JarT.
N3MeHnB BpEMEHHOM HHTEPBAJ, MOXHO TIOJyYUTh JPyrue
PE3YyJIbTAThl PETPECCHH.

HanOonburyto omacHOCT, B MPAKTUYECKOM  MCIOJIb30BaHHUU
METOJIOB PErpeccuu MpeACTaBISAIOT OIIMOKKM u3MepeHus. Eciu
OIMOKY crienn(pUKAIIMU MOKHO YMEHBIIUTh, U3MEHSS (OPMY MOJEIH
(BuI MaTeMaTH9IeCKOW (hOPMYIIbI), @ OIIMOKHA BHIOOPKH — YBEIHUMBAS
00bEM HCXOAHBIX JAHHBIX, TO OIIMOKH H3MEPEHUs NPaKTUYECKU
CBOJSAT Ha HET BCE YCWJIMS 10 KOJIMYECTBEHHON OLIEHKE CBSI3U MEXIY
IPU3HAKAMM.

IIpenmnonaras, 4To OIIMOKM HW3MEPEHHSI CBEJICHHI K MUHUMYMY,
OCHOBHOE€ BHHUMaHHME B MCCJICAOBAHMUAX YJIEIAETCS  OIIMOKaM
crienuUKaIy MOJIEIH.

B mapHoil perpeccun BbIOOp BHJa MaTeMAaTHYECKON (PYHKIIUU
Y =  (X) MOXET ObITh OCYILIECTBJIEH TPEMSI METOAAMMU:

a. rpaduyecKum;

b. amanuTHyeckuM, T.e. HCXOOd W3  TEOPUH  H3ydaeMOM
B3aUMOCBSI3Y;

C. DKCIEPUMEHTAIbHBIM.

[Ipyu wu3ydeHHM 3aBUCUMOCTH MEXKIy JBYMs MpHU3HAKaMu
rpaguyeckuii  Meroa moadopa BHAA YpaBHEHUSI pErpeccuu
noctaTouyHo HarisiieH. OH OCHOBaH Ha aHAINM3€ KOPPEIAIIMOHHOTO
noJisi. OCHOBHBIE THUIIbI KPUBBIX, UCIIOJIb3YEMBIE TIPU KOJIUYECTBEHHOMN
OLICHKE CBSI3€, MPEACTaBIICHBI HAa pUC. 11:
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0 0

yx=a+b-x yX=a+b-x+C-x2
0 0

y. =a+h/x y,=a+b-x+c-x*+d-x°
0 0

yxza'xb yxza'bX

Puc. 11. OcnosHnbie munvl Kpugwvix, UCnoIb3)YeMmble
npU KOAUYEeCMBEeHHOU OYeHKe CBs3ell MedHco) 08YMs
nepemeHHbIMU.

OcoOblli MHTEPEC MPEACTABISAET AHATUTUYECKHI METOJa BbIOOpa
TUTIa ypaBHEeHUS perpeccuri. OH OCHOBAH Ha U3yUYCHUH MaTepHaIbHON
TIPUPO/IBI CBSI3U UCCIIEAYEMbIX MPU3HAKOB.
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IIpu o00pabGoTke wuHpOpMAMKM HAa KOMIIBIOTEPE BBHIOOp BHUIA
YPaBHEHUS PErPECCUM OOBIYHO OCYIIIECTBIISIETCS SKCIIEPUMEHTATIbHBIM
METOZIOM, T. €. IIyTEM CPaBHEHHUSI BEIIMUMHBI OCTATOYHON IHCTIEPCUU
Cron

Ecnu ypaBHeHUE perpeccud MOpPOXOAUT 4Yepe3 BCE TOYKH
KOPPEISIIMOHHOTO ~ TOJIs,,  4YTO  BO3MOXHO  TOJIbBKO  TIpHU
(GYHKIIMOHAJIBHOM CBSI3M, KOrJa BCE€ TOYKM JIEKAT HaA JIMHUU

perpeccun Y, = f(X), TO dakTuyeckne 3HAYEHUS PE3YJILTATHBHOTO

PACCUUTAHHOM IIPU PA3HBIX MOJEIAX.

MoKa3aTeNs COBMANAlOT C TEOPETHYECKHMH Y, =Y, T.e. OHH

TIOJIHOCTBIO 00YCIIOBJIEHBI BIMsAHUEM (akTopa X. B oroMm ciydae
2

ocrato4Has gucnepcuao,, = 0.

B npakThyecKkHX HUCCIEHOBAaHUAX, KaK IMPABUIIO, UMEET MECTO
HEKOTOPOE PACCESHHE TOYEK OTHOCHUTEIIBHO JUHUM perpeccuu. OHO
OOYCJIOBJICHO BJIMSIHUEM IPOYUX, HE YUYUTHIBAEMBIX B YpaBHEHUU
perpeccun, gaktopoB. T.e. UMEIOT MECTO OTKJIOHEHUS! (PaKTUUECKUX
JTaHHBIX OT TeopeTHyeckux Yy —Y,. BenuunHa 3THUX OTKJIOHEHHH U

JICKUT B OCHOBC pvaeTa OCTaTOI’IHOﬁ I[I/ICHGPCI/II/I:
1 2
2 _
O-OCT _HZ(y_yx) (5.3)

Yem MeHbIIIE BEIMYMHA OCTATOYHOW IMCHEPCUHM, TEM MEHBIIIE
BJIMSIHUE HE YYUTHIBAEMBIX B YPaBHEHUU perpeccuu (pakTopoB U TEM
Jy4llle YpaBHEHUE PErPECCUU TOAXOAUT K UCXOJAHBIM JIAaHHBIM.

CUuTaT, 4YTO YKCIIO HAOIIOICHUM TOKHO B 7-8 pa3 MpeBhILIATH
YUCJIO PACCUUTHIBAEMBIX IMAPAMETPOB NPU TMEPEMEHHOH X. ITO
O3HAYaeT, 4YTO HCKaTh JMHEHHYIO perpeccuto, uMes wMeHee 7
HaOIOICHUM, BOOOIE HEe HuMeeT cMbicia. Ecau Bua ¢QyHKIUU
YCJIOKHSETCS, TO TpeOyeTcsl yBelinueHne o0beMa HaOmoeHui, nbo
KOKJIbIA TapaMeTp Opu X JIODKEH pPacCUMTHIBATHCS XOTA Obl Mo 7
HaOmroaeHusAM. Takum oOpa3om, €ciiu B Ka4eCTBE MOJICIIA BHIOMPAIOT

napaboiy BTOpO# creneHny, =a+b-X+c-Xx*, To Tpedyercst 06beM

uHopMaiuu yxe He MeHee 14 HaOmoaeHH.

PaccmoTpuM  mpoCTEHIIyrO MOJENb IMApPHOM perpeccud —
JVMHEMHYK perpeccuro. JInHenHass perpeccuss HAaXOIHUT IIUPOKOE
PUMEHEHUE B HOKOHOMETPHKE BBHJAY YETKOM HSKOHOMHYECKOU
WHTEPIPETALINY €€ TaPAMETPOB.
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JluHeriHas perpeccus CBOAUTCS K HAXO0XKJICHUIO YPABHEHUS BUIA

y,=a+b-xwmy=a+b-x+¢ (5.4)

VYpaBHeHue BHIa Y =a+b-X ID03BOIAET IO 3aJaHHBIM

3HAYCHUSIM  (akTopa X HAXOOUTh TEOPETHUECKHUE 3HAUYCHUS
PE3YABTUPYIOUIETO TOKAa3aTeNsl, IMOJCTABIISIsl B HEro (pakTudeckue
3Ha4YeHUs (hakTopa X.

ITocTtpoeHue JIMHEHHOW PErpeECCUU CBOIUTCA K OLIEHKE €€
napameTpoB — a u b. Kiaccudeckmii momxon K OIICHUBAHHIO
napaMeTpoB JIMHEWHOW PErpeccud OCHOBaH Ha METOAE HaMMEHBIINX
kBagpatoB (MHK). MHK mno3Bosisier mNOJy4yuTh TaKHUE OLICHKU
napaMeTpoB & W D, mpu KOTOpHIX cymMMa KBaJpaTOB OTKJIOHEHUH
(aKTUYECKUX 3HAYEHUH PE3yNbTUPYIOUIEro IMoKazatrens Y OT
TEOPETUYECKHUX Y, MUHUMAJIbHA!

n

Z(yi—yxi)zzigf —  min (5.5)

i=1

T.e. u3 Bcero MHOXECTBa JIMHHUI JIMHUSA PETPECCUU Ha rpaduke
BBIOMpAeTCs TaK, YTOOBI CyMMa KBaJpPaTOB PACCTOSIHUM 1O BEPTUKAIN
MEKTy TOYKaMH M 3TOH JIMHUEH OblTa ObI MUHMMAIIbHOH (puc. 12):

y A

v

0 X

Puc. 12 Jlunus pespeccuu ¢ munumanvHotu oucnepcuei
0CMamKos.
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Ez—ZZ(y—a—b-x):O;

oa

<8S (5.6)
%z—ZZx(y—a—b-x):O.

ITocne HECHOXHBIX MPeoOpa3oBaHUM, MOIYYUM CIEAYIONIYIO
CUCTEMY JTUHEHHBIX YpaBHCHHUH IS OIICHKH ITapaMeTpoB a u b:

a-n +b-Y x =>y;
a- ) x+b-> x*=>x-y.

Pemasi cucremy ypaBHeHuiu (9.7), HalJIeM HCKOMbBIC OIIEHKHU
napaMeTpoB a u b:

(5.7)

a=y—bx, b:COV(ﬁ’ Y)_TYK-9%, (5.8)
Ox X2 —x?
re COV(X, y) = yX —yX — KOBapHamHUs MPU3HAKOB X U VY,

o’ = X* —X° — qucrepcus IpHU3HAKA X U

_ 1 _ 1 — 1 — 1
X:HZX, y:HZy, yX :HZyx, X :HZXZ' (5.9)

[Tapamerp b Ha3piBaeTcs Ko3PdUIHEHTOM perpeccur. Ero
BEJIMYMHA [TOKA3bIBAET CPETHEE U3MEHEHHE PE3YIIbTATA C U3MEHEHUEM
(dakTOpa HAa OAHY €IUHMUILY.

dopmaneHo a — 3Hadenue Y pu X =0. Eciu hakTop X HE MOKeT
UMETh HYJICBOTO 3HAYEHHS, TO TOTJIa TPAKTOBKA CBOOOJHOTO 4jieHa a
HE UMEET CMbICJa, T.C. mapameTp a MOXKET HE UMETh (PU3NYECKOro
COIEPKAHUSL.

YpaBHEHUE perpeccurd BCerga JOIOJHAETCS  IOKa3aTeneM
TECHOThI CBA3U. lIpM WCHONB30BaHUM JIMHEWHOM PETPECCUU B
KaueCcTBE TaKOTO TIOKa3aTesisi BBICTYNAET JIMHEHHBIN KO3(PQUIIMEHT
KOppessuu  f,,, KOTOPBI MOXXHO PacCYuTaTh IO CICIYIOIIHM

dbopmynam:

COV( X,
rxy:M:b.%_ (510)
y

0,0,
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l R
rie 05 = HZ( y — 7)2 = y2 - 72 — QUcHIepcus Mpru3HaKa y.

JIuHelHbI KOA(DPUUMEHT KOPPENSIIUA HAXOAUTCA B Mpeesax:

-1< My <1. Yem Onmxe aOCOIIOTHOE 3HAUECHUE r, K COUHHIE, TeM

CUIIbHEC JIMHEWHas CBsI3b MEKIy (akropamu (mpu I, =*1 nmeem
CTpOoryt0  (YHKIHOHAIBHYIO 3aBUCUMOCTh). (OjHako OJM30CTH
a0COJIFOTHOM BEJIMYMHBI JIMHEHHOTO KO3(Q(UIIMEHTa KOPPEISALHNN K
HYJIIO €lI€ HE O3HA4YaeT OTCYTCTBHUS CBSI3U MEXIy NpusHakamu. [Ipu
npyroit (HenuHEWHOW) cneuupuKaluu MOJEIU CBS3b  MEXKIY
NPU3HAKAMH MOKET 0Ka3aThCs IOCTATOYHO TECHOM.

Jns  OueHKM  KavecTBa  Mmoadopa  JMHEHHOH  (QyHKIMH

2 2
paccYUTBIBACTCS KBAPAT JMHEHHOr0 KOO (QHUIMCHTa KOPPEILSILIUK I

Ha3biBaeMbll  Kod(pduumentom  aerepmuHanuu.  KosdduumeHt
JETEPMUHALIMKN XAPAKTEPU3YET AOJI0 JHMCIEPCUU PE3YJIbTHPYIOLIErO
nokasarensi Y, OOBICHSIEMYK perpeccueid, B oOILIeH aucriepcun
PE3YJIBTUPYIOLIETO TOKA3aTEeIs:

hy =1——2%" (5.11)

2 _ 1 2
TAC Oy = Z(y - yx) — OCTATOYHAs JUCIIEPCHS.

COOTBETCTBEHHO  BeMWYMHA 1-— rxzy XapakTepPU3yeT  JOJIIO

OUCTIEPCUM Y, BBI3BAHHYIO BJIMSIHUEM OCTAJIBHBIX, HE YUTEHHBIX B
MozenH, (aKkTOPOB.

[lociie TOro Kak HaWJIEHO YPAaBHEHUE JIMHEMHOW PETPECCUH,
IIPOBOJIUTCSA OLEHKA 3HAYMMOCTH KAaK YPaBHECHHMS B LIE€JIOM, TaK M
OTAEIBHBIX €T0 ITAPaMETPOB.

[IpoBepuTh 3HAYMMOCTH YpPABHEHUS PErPECCHA — O3HAYAET
YCTAHOBUTh,  COOTBETCTBYET JIM  MaTeMaTU4yecKas  MOJEIIb,
BbIpaXkaromias 3aBUCUMOCTh MEXK]TY MIEpPEMEHHBIMH,

HKCIEPUMEHTAIBHBIM JaHHBIM M JOCTaTOYHO JIM BKJIOYEHHBIX B
ypaBHEHUE OOBACHSIOUIUX IEPEMEHHBIX (OHOM MM HECKOJIBKUX) JIJIS
ONMCAaHUs 3aBUCUMOW NIEPEMEHHOM.

YtoObl uMeETh O00IIee CYKICHHE O KadeCTBE MOJEIN U3
OTHOCHUTEJIbHBIX OTKJIOHEHUH 110 KaKI0MY HAOJIIOACHUIO,
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ONPEACIISIIOT CPEAHION OITMOKY anmnmpOKCUMAIUH;

/X:%ZM 100% (5.12)
y

Cpennsisi omrOKa anmpoKCUMallid HE JOJDKHA MPEBBINIATh 8—
10%.

OneHka 3HAYMMOCTHM  ypaBHEHUS PETPECCHMM B IEJIOM
NpPOU3BOAUTCA Ha OCHOBEe F-kpurepusi ®uiepa, KOTOPOMY
MPEAIIECTBYET  JUCHEPCUOHHBIM  aHanu3. B MareMaThdecKou
CTAaTUCTUKE  JUCIIEPCUOHHBIA  aHAJW3  PacCMATPUBAETCA  Kak
CaMOCTOSITEJIbHBI UHCTPYMEHT CTATUCTUYECKOI0 aHAIM3A.

CoryiacHo OCHOBHOW HJiee JUCIEPCUOHHOIO aHaiu3a, oOuias
CyMMa KBaJIpaTOB OTKJIOHEHUM MEPEMEHHOU Y OT CPEAHETO 3HAYEHUS

7 pacCKIaabIBACTCA Ha JOB€ 4YaCTu — «O6’BHCH€HHy}O» n
«HeO6'B$ICHeHHYIO»:

S(y-9) =X (v.o-7) +2(v-v.) (5.13)
e Y. (y- y)) — obmas cymMa KBaipaToB OTKJIOHCHMIA;
Z( yx - 7)2 — CyYMMa KBaapaToB OTKJ‘IOHGHI/If/'I, 00bsICHEHHAs

perpeccueii (WM (akTopHas CyMMa KBaJpaTOB OTKJIOHEHUN);
2
Z( Y—Y, ) — OCTaTO4YHAas CyMMa KBaJpaTOB OTKJIIOHECHUH,

XapaKTepU3yIollas BIUSHUE HEYYTEHHBIX B MOJEIH (PaKTOPOB.

CxeMa JUCIIEpCHOHHOTO aHaju3a UMEET BUJI, MPEJACTABICHHbBIN B
Tabmune 3 (N — 9uciio HAOMIOJEHUIM, M — YHCIO TapaMeTpoB TPHU
TICPEMEHHOM X).

OmnpezeneHre NUCIEPCUU HA OJIHY CTENEHb CBOOOJbI MPUBOJUT
aucriepcud K - cpaBHuMoMmy Buay. ComnocTaBisis  (pakTOpHYHO U
OCTaTOYHYIO JHCIEPCMM B pacueTe Ha OJIHY CTENEeHb CBOOOJBI,
MOJIy4uM BelnuuHy F-xkpurtepus Ourepa:

F =l (5.14)
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Tabnuya 3

Cxema oucnepcuoHHo2o ananusa
Hucno Hucniepcus
KommnonerTe! Cymma CTEIIEHEHW | Ha OJHY CTEIIEHb
JMCTIEPCHU | KBAZIPATOB | Gob1 CBOGOTEL
2
O6mas | > (y-Y) n-1 S§6m:Z(y—1y)
n —
2
2 —
dakTopHas Z(yx —7) m g2 Z(yx y)
¢baxr m
2
2 — — —
OcraTouHas Z(y—yx) Al 182 _ Z(y yx)
OoCT n _ m _ 1
daktnueckoe  3HaueHue  F-kpurepus — Dumepa  (5.14)

CPaBHHUBACTCA C TaOJIMYHBIM 3HAUCHUEM

F

Taba

(a; k; k,) npu yposue

3HAYUMOCTH @ U CTeneHsx cBobomsl K, =M u Kk, =n-m-1. Tlpu

3TOM, eciu (akTHYecKoe 3HaueHue F-kpurtepus Oosble TaOJIMYHOTO,
TO TIPU3HAETCS CTATUCTUYECKAsl 3HAUMMOCTh YPaBHEHUS B 1IE€JIOM.
Jly1st mapHO# TMHEWHOM perpeccuu M =1, mosTomy

2
82 Z yx T V
= = ( )2 (n-2) (5.15)
S
ocT Z( y — yX )
Bennuuna F-kputepus  cBs3aHa ¢ Kod(huimeHToM
2 o
JICTCPMHUHALMK [, M €C MOXHO pacCUdTarh IO CICAYIOLICH
dbopmye:

r2
1_X);,.2 | (n - 2)

Xy

F (5.16)

B napHOM NMHEMHOW PErpeccur OLEHUBAECTCA 3HAYUMOCTb HE
TOJIKO YPABHEHUSI B LIETIOM, HO U OTAEJIbHBIX €ro nmapamerpoB. C 3Toi
LEIBI0 MO KAXIOMY W3 IApaMETPOB OINPENEISAECTCS €ro CTaHAapTHas
omuOka: M, u m,.

CrannmaptHas onnoka ko3duiieHTa perpeccun onpeaeseTcs
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o hopmyie:

mb — OCT — — OCT (5.17)

2
2 Z( y - yx)
roe S. = - — OCTaTOYHAs JUCIIEPCUS Ha OJHY CTEIEHb

CBOOO/IBI.

Benuuuna ctangapTHOM OIMOKH COBMECTHO ¢ t-pacrnpeneneHuem
CrprofeHTa TIpU N —2 CTENEHSX CBOOOJBI IPUMEHSCTCS IS
IPOBEPKHU CYIIECTBEHHOCTH KO3 (ULIMEHTA PErPECCUU U IJIsS pacyeTa
€ro JOBEPUTEIHLHOTO MHTEPBAJIA.

JI1s OLIGHKM CYIIECTBEHHOCTH KOA(PGUIIMEHTa PErpeccuu €ro
BEJIMUMHA CPaBHMBAETCS C €ro CTaHJApTHOM OIIMOKOM, T.€.
onpexaensierca (paktuyeckoe 3HaueHue t-xputepusi CThIOJEHTA:

t, = — KOTOpO€ 3aTeéM CPAaBHUBAETCS C TAONMYHBIM 3HAYCHHUEM IIPH
mb

OMpENIEICHHOM YPOBHE 3HAYMMOCTH ¢/ W YHUCJE CTENEHEW CBOOOIIbI

(n—2). JloBepuTenbHBIM MHTEpBAN sl KO3 UIMEHTa perpeccuu

onpenensercs kak Dxt . m,. Tlockombky 3HaK koddduimeHTa

TabI

perpeccur yKas3bIBaeT Ha POCT PE3yIbTATUBHOTO IOKa3aTeNs Y TpH
yBemmueHnn Qaktopa X (b>0), yMeHbIIeHHE peE3yJIbTaTHBHOIO
noKaszaTensl Mpu yBeIudeHuu mnpusHaka-paktopa (b<0) wmm ero
HE3aBUCHMOCTh OT He3aBHCHUMOW miepeMeHHoi (b=0), To TpaHmIBI
JOBEPUTEILHOTO  MHTEpBaJia id Kod(duiMeHTta perpeccud He
JIOJDKHBI  COJIEpPKaTh IMPOTHBOPEYMBBIX PE3YJIbTaTOB, HAIPHUMED,
-1,2<b<0,8. Takoro poma 3amuch YyKa3bIBaC€T, YTO HMCTUHHOE
3HaueHHe Kod(uImeHTa perpeccur OJHOBPEMEHHO COICPIKUT
TIOJIO)KUTEITLHBIC ¥ OTPHUIATEIbHBIC BEJTMYMHBI U Ja)KE€ HOJb, YEro He
MOJKET OBITb.

CranmapTtHas omnOKa mapaMmerpa a onpenensercs no Gopmyie:

mo e 22X g y2X (5.18)

a OCTn-Z(X—Y)Z ocT Gx'n

Hpouez{ypa OOCHUBAHUA CYHICCTBCHHOCTH HAHHOTO IIapaMeTpa
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HE OTJIMYaeTcsi OT PAaCCMOTPEHHOM BbIie sl Kod(pduimeHTa

perpeccun. Brpraucasercs  t-xpurepmid:  t, :i, €ro BEJIMYMHA
ma
CpaBHHMBAaeTCA C TAaOMMYHBIM 3HAYCHHWEM TIpU N—2 CTEMeHsIX
CBOOO/IBI.
3HaYMMOCTb JIMHEWHOTO Koa(ppunmenta KOppEISLHAU
OPOBEPSIETCS HA OCHOBE BEIMYMHBI OIIMOKM Ko3(duumeHTa

Koppesinuu M. :

(5.19)

dakTuyeckoe 3HaueHue t-kputepusi CThIOACHTA OIpEACIsSeTCs

r
Kak { = —.
m

]
CymiectByeT cBsizb Mexay t-kputepuem CrbiojieHTa U F-
Kkpurepuem duiiepa:

t,=t, =vF (5.20)

B mporHo3HbIX ~ pacyeTtax IO  YpPaBHEHUIO  perpeccuu

onpeacisieTresas  IpeaACKa3bIBAaCMOC yp 3HAUEHHE KaK TOYCYHBIU
IIporuo3 'y, IIpu X=Xp, T.C. IIYTEM IIOACTAHOBKH B YPABHCHUC

perpeccun Yy, =a+Db-X MNPOrHO3HOro 3HayeHus X. ToueyHBIH
IPOTHO3  JIOTIOJIHAETCS  Pacuye€ToOM JIOBEPUTEIBHOIO HWHTEpBaja

y p y b yp y p y b !

TabI °

rae Ay :myp -t

a my — CpCaHss OIIMOKa TOYCYHOT'O IIpOTrHO3a:
p p

(% -%)
m =S, T (5.21)

n n-o
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6. 3agaum
6.1. Cayuaiinble BeJIHYNHBI

6.1.1. BeposTHOCTh TOpa’keHUS BUPYCHBIM 3a00JIEBaHUEM KyCTa
3emisiHUKM paBHa (,2. CocTaBUTH 3aKOH pacOpeAcsICHUS YHUCIIA
KYCTOB 3€MJISTHUKH, 3apaKCHHBIX BUPYCOM, U3 YEThIPEX MOCAKEHHBIX
KYCTOB.

6.1.2. Crpenok BemeT CTpenbOy MO WEMH C BEPOATHOCTHIO
norajaHusi mpyu KaxjaoMm BeicTpesie 0,2. 3a Kaxaoe MomajaHue OH
NOJIy4aeT 5 OYKOB, a B Clly4ae MpoMaxa OYKOB €My HE HAUYMCIIAIOT.
CocTaBUTh 3aKOH paclpeliesieHUs Yucjia  OYKOB, IOJYYEHHBIX
CTPEIKOM 3a 3 BBICTpEJia, U BBIYUCIUTh MAaTEMAaTHUYECKOE OXXKHUIAHUE
ATOU CIIyYalHOW BEJIMYUHBI.

6.1.3. B pekmambix uensx TtoproBas ¢upMa BKIAIBIBAECT B
KOKIYIO AECATYIO €IMHUILY TOBapa JICHEKHbBIA PU3 pazMepom 1 ThIC.
py0. CocTaBUTh 3aKOH paclpeeSieHUs] CIy4alHOW BEIMYUMHBI —
pa3Mepa BBIMIpHIIIA MPU MATH CHOENaHHBIX MOKynkax. Haiitu
MaTEMaTUUYECKOE OXHUAAHUE U JUCHEPCHIO 3TOM  CIlydailHOM
BEJIMYHHBIL.

6.1.4. KnueHntsl OaHka, HE CBSI3aHHBIE JPyr C JAPYroMm, HE
BO3BpAIllalOT KPEAUTHI B CPOK ¢ BepOosATHOCTHIO 0,1. CocTaBUTh 3aKOH
pacupeaeiaeHusl 4Yuciia BO3BPAIIEHHBIX B CPOK KPEAUTOB M3 S
BbIJIAaHHBIX. HaWTh MaremMaTH4yeckoe  OXHUJAHWUE, HTUCIEPCUI0 U
CpEHEE KBAJIPATUUECKOE OTKJIOHEHUE 3TOM CIIYYaHHOW BEJIUUUHBI.

6.1.5. KoutposnbHasi paboTa COCTOMT W3 Tpex BorpocoB. Ha
KaXbIid BOITPOC MPUBEAECHO 4 OTBETA, OAUH U3 KOTOPBIX MPABUJIbHBIM.
CocTaBUTh 3aKOH pacOpe/ICsICHUs] YUCIa MPAaBHIBHBIX OTBETOB MPH
MpPOCTOM  yrajplBaHuud. HalTu MaremMaTu4ecKoe OXHUAAHUE U
JTUCTIEPCUIO 3TOU CIIYYaHOW BEJINYHHBI.

6.1.6. B cpeagnem mo 10% moroBopoB cTpaxoBas KOMIaHUS
BBIIUIAYMBAET CTPAXOBBIE CYMMBl B CBA3M C HACTYIUICHUEM
cTpaxoBoro ciyyas. CoCcTaBUTh 3aKOH PACHPEECTCHUS] YHCIIa TaKUX
JIOTOBOPOB CpeIM HayJady BBIOPAHHBIX YETHIPEX. BBIYUCIUTH
MAaTEMaTUYECKOE OXHUJAAHUE MW JUCHEPCHUI0 ATOM  CIy4alhHOH
BEJINYUHBIL.

6.1.7. B 6unere Tpu 3agaun. BeposTHOCTh MPABUILHOTO PEIICHUS
nepBoi 3agaun paBHa 0,9, Bropoit — 0,8, Tpetbeit — 0,7. CocTaBUTH

55



3aKOH pacCIpeAesICHHs YMCiia MPABUIBHO PELICHHBIX 3a/1a4 B OMieTe u
BBIUMCJIUTh MATEMATHYECKOE OXUJIAHUE W  JIUCIEPCUI0  OTOHU
CIIy4YaliHOW BEJINYUHBI.

6.1.8. BeposTHOCTh TomagaHuss B IeJib MPU OJHOM BBICTpEJIC
paBHa 0,8 U yMeHbIIaeTcs ¢ KaxabiM BbeicTpenoMm Ha 0,1. CocTtaBuTh
3aKOH PACIPEIICIICHUS YKCiia MOMAJaHuld B 1EJb, €CJIM CAEIAHO TPpHU
BbICTpena. Haiitu MAaTEMaTUYECKOE OXKUJAHUE, HUCIEPCUID U
CpeHee KBAIPATUUECKOE OTKIIOHEHUE 3TOM CIIYYalHOU BEJIUYUHBI.

6.1.9. ITlpousBeneHo 1Ba BHICTpeNa B MHUILEHb. BeposTHOCTH
MoMaiaHusl B MUIIEHb TIEPBBIM cTpeikoMm pasHa 0,8, BropeiMm — 0,7,
CocTaBUTh 3aKOH pacCHpPENCIICHUS YHCJIA NONAJaHWUNM B MUIICHD.
Haiitu MaTtematudeckoe OXXUJAHWE, JUCIEPCU0 U (YHKIUIO
pacrpeAesieHsl TOW Cily4allHON BEJIMYMHBI U MOCTPOUTH €€ rpaduk.
(Kaxxaplil cTpenok aenaeT no OJJHOMY BBICTpPEILY.)

6.1.10. HaiiTu 3ak0oH pacnpeneseHus: Yucia MakeToB TPeX aKIui,
0 KOTOPBIM BJaJEIblIeM OYyJEeT MOJY4YeH JI0XOJ, €CJId BEPOSITHOCTH
MOJYYEHUS 10X0Jia M0 KKJAOMY U3 HHUX paBHa COOTBETCTBEHHO 0,5,
0,6, 0,7. HaiiTu mMaTeMaTHYECKOE OXHUIAHUE W JUCIECPCHUIO JTAHHOU
CIy4ailHOM BEJIMUUHBI, TOCTPOUTH (PYHKITUIO pacCTIPEACIICHUS.

6.1.11. Jlan psig pacupeaesieHus: cyqaiiHOW BETUINHBI
Xi 2 4
Pi P1 P2

Haiitu ¢dyHKkIuio pacnpeneneHus 3TOW ClIydyalHOW BEJIMYUHBI,

€CJIM €€ MaTeMaTU4YeCKOe OXKHJaHuEe paBHO 3,4, a aucrepcus paBHa
0,84.

6.1.12. W3 mnaru rBO3auMK JjBe Oenble. CoOCTaBUTh 3aKOH
pacripeficyieHusi M HaWTu (YHKIMIO paclpeiesieHusl CiydalHon
BEJIMYUHBI, BbIpaXalolled 4YUCIO OENbIX TBO3IUK CpPeau JIBYX
OJHOBPEMEHHO B3STHIX.

6.1.13. 13 10 teneBn30poB Ha BHICTABKE 4 OKa3aauCh (PUPMBI
«Conmy». Haymauy mns ocmorpa BbiOpaHo 3. CoCTaBUTH 3aKOH
pacripefic/ieHusi 4uciaa TeneBu3opoB ¢gupmbl  «CoHu» cpenu 3
OTOOpaHHBIX.

6.1.14. Cpeau 15 coOpaHHBIX arperatoB 6 HYXIAIOTCI B
JIOTOMHUTENLHON cMa3ke. COCTaBUTh 3aKOH pacHpenesieHUs] ducia
arperaTtoB, HYXKIAIOIIUXCS B JIOMOJHUTEILHOW CMasKe, CpeIu MATH
HayJla4yy OTOOpaHHBIX U3 OOIIETo Yucia.
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6.1.15. B wmarasuHe TmpomarOTCA S5 OTEYECTBEHHBIX H 3
UMIIOPTHBIX ~ TeneBu3opa. CoCTaBUTh  3aKOH  paclpeaesiCHUs
CIIy4yallHOM BEJIMYMHBI — YHMCJIa UMIOPTHBIX U3 YETHIPEX HayJaudy
BBIOpAaHHBIX TeJIeBU30poB. Hailtu QyHKIMIO pacnpeneneHust 3Tou
CIIy4yallHOM BEJIMYMHBI U IOCTPOUTH €€ rpaduK.

6.1.16. BepositHOCTH TOrO, 4TO B OHOIMOTEKE HEOOXOaUMAs
CTylleHTy KHura cBoOoana, pasHa 0,3. CocraBuTh 3aKOH
pacrpeAesieHus ynciia OM0JIMOTEK, KOTOPbIE TOCETUT CTYAECHT, €CIIU B
ropoge 4 OuOmuoreku. HailiTh MaTeMaTH4ecKoe OXHUJAHUE U
JOVCTIEPCUIO DTOU CIIyYaliHOW BEJIMYMHBI.

6.1.17. DOx3ameHaTop 3aJaeT CTYJIEHTY BOIPOCHI, TOKa TOT
npaBWiIbHO oTBe4aeT. Kak TOJBKO YHCIO MPaBUIbHBIX OTBETOB
JOCTUTHET 4YeThIpeX JUOO0 CTYACHT OTBETUT HENPaBUJIBHO,
HK3aMEHATOp  MpeKpamaer 3ajaBaTh  BOMNPOCHL.  BeposTHOCTH
NpPaBWIBHOTO OTBETAa Ha OJWH Bompoc paBHa 2/3. CocTaBUTh 3aKOH
pacrpeesieHHs Yiciia 3aJJaHHbIX CTYJIEHTY BOIIPOCOB.

6.1.18. ToproBeiii areHT wuMeer 5 Tene@OHHBIX HOMEPOB
MOTCHIIMAJILHBIX TOKYIATele W 3BOHUT MM JIO TeX IOp, MOKa He
MOJIyYUT 3aKa3 Ha TOKYNKYy ToBapa. BeposSTHOCTb TOro, 4TO
NOTEHIMAJBHBINA MOKynaTeNnb caenaer 3akas, paBHa 0,4. CocTaBUTH
3aKOH paclpeiesieHus Yucia TeNeQOHHBIX pPa3roBOPOB, KOTOPHIC
NPEACTOUT TMPOBECTU areHTy. HaliTu mareMarnueckoe OXuJaHUE U
JOUCTIEPCUIO ATOU CIIyYalHOW BEJIMYMHBI.

6.1.19. Kaxnprii mocTymaromiuii B MHCTUTYT JOJDKEH CIaTh 3
’K3aMeHa. BeposTHOCTh ycremHou caadun nepBoro sk3ameHa 0,9,
Broporo —- 0,8, tpersero — 0,7. Cuenyrommid 3K3aMeH
MOCTYIAOWIMKA  CHAET TOJBKO B CJIydae YCIEIIHOW CHayu
npeapiaymero. CocTaBUTh 3aKOH PAaCHpEeleiCHUs] YUCIa 3K3aMEHOB,
CIABaBIIMUXCS TMOCTYNAIOIIMM B HMHCTUTYT. HallTm MaTeMaThdeckoe
0>KUJIaHUE ATOU CIIyYalHOW BEJIUYNHBI.

6.1.20. OxoTHUK, nMerOmMUK 4 TaTpoHA, CTPEIAET 10 JWYH J0
NEpBOr0 TMNOMAJaHHUsl WM OO H3PACXOAOBAHHUS BCEX MATPOHOB.
BepositHocTh monagaHus npu nepBoM BbeicTpene paBHa 0,6, mpu
KaXJIOM IocienyiomeM — ymeHbinaercs Ha 0,1. HeoOxommmo: a)
COCTaBUTh 3aKOH PACIPEICICHUS YHUCIIa TATPOHOB, U3PACXO0I0BAHHBIX
OXOTHUKOM; 0) HaTHU MaTEeMaTHUYECKOE OKUJIAHUE U TUCTIEPCUIO dTOM
CITy4aliHOW BEJINYMHBI.
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6.1.21. U3 nmoctynuBmux B peMOHT 10 "acoB 7 HYXXITalTCs B
oOmield 4yucTtke MexaHusma. Yacel HE paccOpTUPOBAHBI IO BUIY
pemoHTa. Macrep, Kenas HAWTU 4Yachl, HYXIAIOLIUECS B YHUCTKE,
paccMaTpuBaeT UX IOOYEPEIHO M, HAWId TAaKWE Yachl, IpPEKpaaer
JanpHEUIIMKU TPOCMOTP. COCTaBUTh 3aKOH paCHpeleTCHUs] 4Yucia
IPOCMOTPEHHBIX 4YacoB. HaWTu wmareMaTudeckoe OXKUJIaHuE U
JVCTIEPCUIO DTOU CIIyYaliHOW BEJIMYMHBI.

6.1.22. merotcs 4 kimo4da, U3 KOTOPBIX TOJIBKO OJIMH MOJXOJHT K
3aMKy. CoOCTaBUTH 3aKOH PACOPEACICHHUS  YHCIa  TOMNBITOK
OTKpBIBAHUS 3aMKa, €CJIM HMCIPOOOBAHHBIM KJIIOY B IMOCJEIYIOMINX
IIONBITKaX He YydyactByer. Haltu wMaremaruueckoe OXuIaHUE,
JTUCIIEPCUIO U CPEIHEE KBAAPATUUECKOE OTKJIOHEHUE 3TOM CIIy4allHOU
BEJIMYUHBI.

6.1.23. AOGoHeHT 3a0bul TOCHEAHIOK HHUGPY HYKXHOTO €My
HOMepa TenedoHa, OJTHAKO IOMHHT, 4TO OHa HedeTHas. CoCTaBUThH
3aKOH pAacTpeleNieHus] 4Yucia CJCIaHHBIX WM HaOOpOB HoOMeEpa
TeneoHa 70 TOMaJaHWs Ha HYKHBIH HOMEp, €CIU TOCIEIHION
nudpy oH HabWpaeT Hay/ady, a HaOpaHHyIo U(pyY B JadbHEUIIIEM HE
HaOupaer. Halitu Maremarndeckoe OXUJAHUE U (PYHKIHUIO
pPACIIPEICIIEHUS ATON CIIYYaHOU BEJIMYUHBI.

6.1.24. Jlana dbyHKIUs pacupeaeieHus ciIydaiiHOM BETUIUHbBI X

(0 npux<l,
0,3 mpu 1< x<2,
0,7 mpu 2 < X< 3,
1 npu3d>Xx

F(x) =+

Hatitu: a) psag pacupenenenus; 6) M(X) u D(X); B) mocTpouTh
MHOTOYTOJIBHHK pactipeneicHus u rpaduk F(X).

6.1.25. Jlanbl 3akoHBI pacHpeneseHUs] JBYX HE3aBUCHUMBIX
CIIy4alHbBIX BETUYUH

Xi 0 1 3 Vi 2 3
Pi 02 | 05 ? Pi 0,4 ?

Hantn BEpOSATHOCTH, C KOTOPBIMH CIIyYaWHBIE BEJIWYHHBI
OPUHAMAIOT 3HAYEHHE 3, a 3aT€M COCTABUTH 3aKOH PACIPENCICHUS

cinyyaiiHor BenuuuHbl 3X-2Y W TPOBEPUTH BBHITIOJTHEHUE CBOMCTB
MAaTEMATUYECKUX OKUAAHUN U JUCTIEPCUN.
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6.1.26. Ha paByx aBTOMAaTHYECKUX CTaHKaX MPOU3BOISTCS
OJIMHAKOBbIe u3aenusi. JlaHbl 3aKOHBI paclpeiesieHUs 4Yucia
OpaKkOBaHHBIX U3JIEINI, TPOU3BOJIUMBIX B TEUCHHUE CMEHBI Ha KaXKI0M
U3 HUX:

a) JJIsl IEPBOTO 0) J1J11 BTOPOTO
Xi 0 1 2 Yi 0 2
pi 011 016 013 pi 0,5 0,5

HeoOxoauMo: a) COCTaBUTb 3aKOH pacOpeicsieHus 4Yucia
POM3BOJMMBIX B TEUCHHE CMEHBI OpaKOBaHHBIX M3JEIHH 00OMMU
cTaHkamu; 0) MPOBEPUTH CBOMCTBO MAaTEMAaTHYCCKOTO OXKUJIAHHS
CYMMBI CITy9aliHbIX BEJIMYHH.

6.1.27. OpHa w3 cly4allHBIX BEJIMYMH 3aJaHa 3aKOHOM
pacrnpeiesieHus

Xi -1 0 1
Pi 011 08 | 0,1
a Ipyras MMeeT OMHOMHMAJILHOE PacIpeeeHue ¢ mapamerpamMu N = 2,

p = 0,6. CocraBuTh 3aKOH pacHpeAesiCHUs] X CYMMbl U HaWTH
MaTEMaTHYECKOE OKUJIaHUE ITON CITy4YailHOW BEJIMYUHBI.

6.1.28. Ciyqaiinple BemMYuHbI X U Y HE3aBUCUMBI U UMEIOT OJIUH
M TOT K€ 3aKOH pacIpeIe/ICHUS:

3nauenue 1 2 4

Bepoamunocms | 0,2 | 0,3 | 0,5

CocTaBUTh 3aKOH paCHpPENCIICHUSI CIIy4alHbIX BeIUYWH 2X m X+Y.
Yoemuthes B ToM, uto 2X # X+Y, HO M(2X)= M(X+Y).

6.1.29. ITo gaunbM mpumepa 6.1.28 yOeauThest B ToM, uTo X2 #
XY . Iposeputs pasencteo M(XY) = [M(X)]2.

6.1.30. JIBa cTpenka caenaid MO JBa BBICTpENa MO MHILICHH.
BepositHOCTh MOMMagaHus B MUIIIEHb JIJIA MEPBOTO cTpeiika paBHa 0,6,
st Broporo — 0,7. Heobxomumo: a) COCTaBUTh 3aKOH
pacmpenenieHnss  OOIero  Yucjaa  MomajgaHui, O)  HaWTH
MAaTEMATHUYECKOE OXKHUJAHWUE MW JUCHEPCHI0O OATOM  CIy4alhHOH
BEJINYUHBI.

6.1.31. [lycts X, Y, Z — cny4aiiHble BEIUYUHBI: X — BBIpYYKa
bupmb, Y— ee 3arparel, Z= X-Y — npubOsuib. Haiitu
pacripeziesieHre NpUuObLIN Z, €CII 3aTPaThl U BHIPYYKa HE3aBUCUMBI U
3aJIaHbl pacpeaeICHUsIMU:
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Xi 3 4 5 Yj 1 2
Pi 1/3 | 1/3 | 1/3 Pj 05 | 05

6.1.32. Ilyctb X — BbeIpyuka ¢upMbl B noiuiapax. Haiitu
pacrnpeniefiecHie BBIpYYKH B pyosnsix Z=X-Y B mepecuere Mo Kypcy

nomnapa Y, eciaud Bblpydka X HE 3aBUCUT OT Kypca Y, a
pactpeneneHuss X 1 Y UMEIOT BUJL

Xi | 1000 | 2000 Yj 25 27

pi 017 013 pj 0,4 0,6
6.1.33. Cnenano nBa BBICOKOPHMCKOBBIX BKJana: 10 Teic. py0. B
koMmanuto A u 15 Teic. py0. — B kommanuto B. Kommanuss A

obemaer 50% romoBbIX, HO MOXKET «JIOMHYTHY» C BEPOSITHOCTHIO (,2.
Komnanuss B obGemaer 40% TroaoBBIX, HO MOXET <JIOMHYTHY» C
BeposiTHOCTBIO 0,15. CocTaBUTh 3aKOH pachpeiesieHUus] CiydaiHon
BEJIMUUHBI — OOIIEeH CyMMbl NMpUOBLIN (YOBITKA), MOJYYEHHOU OT
JIBYX KOMIaHUM Yyepe3 Tojl, U HAalTH €€ MaTEMaTUIYECKOE OXKHIaHHE.

6.1.34.J]luckperHass ciydaiiHas BeJIMYMHA X 3aJlaHa PIIOM
pacrpeiesieHus

Xi 1 2 3 4 5
pi | 02103 |03] 0101

Haiit yc0BHYIO0 BEpOATHOCTD COOBITHS X<5 MpHU yCIOBUH, UTO X>2.

6.1.35. CaydaitHble BeNWYMHBI X1, X2 HE3aBUCUMBI M HMEIOT
OJIMHAKOBOE pacIipe/ieiicHrE

Xi 0 1 2 3
pi | 0.25]0,25|0,25| 0,25
Haiiti BeposTHOCTh COOBITHST X1+X2>2

6.1.36. Pacnpenenenune AMCKPETHOM CIIy4ailHOM BeIWYMHBI X
3agaHo Qopmynoi p(X= k) = Ck? rue k = 1, 2, 3, 4, 5. Haiitu: a)
KoHCTaHTy C; 0) BEepOATHOCTh COOBITHS | X— 2|<1.

6.1.37. Pacnpenenenure AUCKPETHOM CIy4ailHOM BEIWYMHBI X
onpenensercs gopmynoil P(X=k)=C/2X, k=0, 1, 2,... . Haiitu: a)
koHcTaHTy C; 0) BeposTHOCTh P(X < 3).

6.1.38. CnyuaitHas BenuurHa X, COCpPEIOTOUCHHAS HA UHTEPBAJIC

1 1
[—1; 3], 3amana ¢yukuueii pacupenencuus F(X)= " X + 7 Hatitu
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BEPOSATHOCTh ITONAJaHUs CIy4aiiHON BelnuuHbl X B uHTepBan [0; 2].
IToctpouts rpaduk ¢pynkiuu F(x).

6.1.39. CnyuaitHas BenuurHa X, COCPEIOTOUCHHAS HA WHTEPBAJIC
(1, 4), 3amaHa kBajgpaTUYHOW  (PYyHKIMEH  pacOpeaciCHUs
F(x)=ax?+bx-+c, uMerommei MmakcumyMm 1pu x=4. Halitu mapamerps! a,
D, C ¥ BBIYKMCIUTH BEPOSTHOCTH MOMAJAHUS CIIyYalHONW BEITMYUHBI X
uHTEpBAI [2; 3].

6.1.40. CnyuaiiHas BenmuumHa X 3a7aHa  (QyHKUOUEH
pacrpeaeneHus

0, mpux<0,
F(x) =4 X%, mpu 0<x <1,
1 ,opux>1.

Haiitu: a) njaoTHOCT, BEpPOSTHOCTH ¢(X); O) MaTeMaTHYECKOe
oxuganue M(X); B) aucrnepcuro D(X); 1) BepostHocTH P(X=0,5),
P(X<0,5), P(0,5<X<1); n) moctpouts rpadpuxu ¢(x) u F(x) u mokazarsb
Ha HUX MateMarudeckoe oxkuaanue M(X) u BeposiTHOCTH, HalJIEHHbIE
B ITYHKTE T).

6.2. OcHOBHBIE 3aKOHBI pacnpe/aeJaIeHus

6.2.1. BepossTHOCTH BBIMTpBIIA IO OOJUTAlMK 3aiiMa 3a BCE
Bpemsi ero gaerctBusa paBHa 0,1. CocTaBUTh 3aKOH pacnpeaciieHUs
Yyucjaa BBIMTPABIIMX oOnMrauuii cpenu npuodpereHHsix 19. Haittu
MaTeMaTUYECKOE OXKHUJAHUE, TUCIIEPCUI0, CPEAHEE KBAAPATHYECKOE
OTKJIOHEHUE U MOJIy 3TOM CIIy4YallHOW BEJIUYHHBI.

6.2.2. Ilo panueiM mnpumepa 6.2.1 HaWTH MaTeMaTUYECKOE
OKHMJIaHUE, TUCTIEPCHUIO U CPe/IHEE KBaAPATHUYECKOE OTKIOHEHUE 01
(9aCTOTBI) BBIMTPABIIHMX OOJMTAIUi CPEIH MPHUOOPETEHHBIX.

6.2.3. CoctaBuTb (PYHKIHIO pacnpeneieHuss CiaydyalHOu
BEJIMYUHBI, HMEIONIeH OWHOMUAIIBHBIM 3aKOH pacClpeiesieHusT ¢
napameTpamu N u p.

6.2.4. YcrpoiictBo coctout u3 1000 smemeHTOB, paboTarOIIMX
HE3aBUCUMO OJMH OT Jpyroro. BeposaTHocTh oOTKa3za 11000T0
aneMeHTa B TeueHme BpemeHun t paBHa 0,002. HeobOxommmo: a)
COCTABUTH 3aKOH PACHPEAECICHUS OTKA3aBIIUX 3a BpeMs t 3JIEMEHTOB;
0) HalTH MaTEeMaTUYECKOE OXKHUJAHUE U JTUCIIEPCUIO ATOU CilydalHOMN
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BEJIMYUHBI; B) ONPEACIUTh BEPOATHOCTh TOTO, UTO 3a BpeMs t OTKaxeT
XOTSI ObI OJTUH DJIEMEHT.

6.2.5. Beposataocth nopakenus 1enu pasaa 0,05. [IpousBoautcs
cTpennba Mo 1enu A0 ImepBoro nomnaganusa. Heobxomumo: a)
COCTaBUTh 3aKOH pPacCIpeeiCHUs] YKClIa CHEJIAaHHBIX BBICTPENIOB; 0)
HAUTU MATEMAaTUYECKOE OXKUIAHUE U JUCIIEPCUI0 ITOM CIy4alHOHU
BEJIMUUHBI; B) OMNPEICIUTh BEPOSITHOCTH TOTO, UTO JUIsl MOPAKEHUS
1IEJIU TTIOTPEOYETCSI HE MEHEE 5 BHICTPEIIOB.

6.2.6. B marasune umerorcs 20 TenEeBU30pOB, M3 HUX 7 HMEIOT
nedextol. HeobXoaumo: a) COCTaBUTh 3aKOH PaCIpEeSICHUs] 4ucia
TEIEBU30POB C JAedeKTaMu Cpeau BbIOpaHHBIX Hayjgauyy msATd; O)
HAUTU MATEMAaTUYECKOE OXKUIAHWUE U JUCIIEPCUI0 ITOM CIy4ahHOHU
BEJIMYMHBI; B) OMPEACTUTh BEPOATHOCTh TOTO, YTO CPEIU BHIOPAHHBIX
HET TEJIEBU30POB € Ae(eKTaMHu.

6.2.7. Ilena pneneHus MIKajdbl W3MEPUTEIBLHOrO TMpHOOpa paBHA
0,2. ITokazanus npubopa OKPYIIISIOT 10 OJIMKaWIIEro 1eJIoro Yyucha.
[lonarasi, 4To mpu OTCYETE OUIMOKA OKPYIJICHHS paclpenesieHa I0
PaBHOMEPHOMY 3aKOHy, HalTu: 1) Maremarudeckoe OKUJIaHUE,
IVCTIEPCUIO U CPEAHEE KBAIPATUUECKOE OTKIOHEHUE ATOM CIyYalHOU
BEJIMYUHBI; 2) BEPOATHOCTh TOTO, YTO OIIMOKAa OKPYTJIEHUA: a)
Mmenblie 0,04; 0) 6oabie 0,05.

6.2.8. Cpengnee BpeMs 0e30TKa3HOM paOoThl mpubdopa paBHo 80 u.
Ilonaras, d4to BpeMs O0e30TKa3HOM pabOTHl mpUOOpa HMEET
MOKAa3aTeIbHBIN 3aKOH paclpelefieHUsl, HAWTU: a) BbIPAXKEHUE €ro
MJIOTHOCTU BEPOSITHOCTU U (DYHKIIMHU paCIpeeieHUs; 0) BEpOSTHOCTh
TOTr0, 4TO B TeueHue 100 4. mpubop HEe BBHIWJIET U3 CTPOSI.

6.2.9. Tekymas 1eHa aKIUKU MOXET OBbITh CMOJEIUPOBAHA C
MOMOIIFI0 HOPMAJBLHOTO 3aKOHA pacIpe/elieHus ¢ MaTeMaTHYECKUM
oXuaaHuem 15 meH. ed. u CpeaHUM KBaJAPaTHYCCKUM OTKJIOHCHUEM
0,2 neH. ex. HaiiT BepOSATHOCTh TOTO, UTO II€HA aKIMU: a) HE BBIIIIC
15,3 nen. en.; 6) ve Hmwke 15,4 nen. ex.; B) ot 14,9 no 15,3 aen. ex.

6.2.10. [lena Heko# 11IeHHON OymMaru HOpMaJIbHO pactpeseneHa. B
TeueHue nocneaHero roga 20% pabouux gHed oHa Oblna HUKE 88
neH. en., a 75% — Boime 90 nedH. en. Haiitu: a) maTemaThueckoe
OXKHMJIaHUE M CpeHee KBAaJAPATUUECKOE OTKJIOHEHHE IIeHBI IIEHHOMN
Oymaru; 0) BEpPOSTHOCTH TOTO, YTO B JIHb IOKYIKH II€Ha OyjaeT
3aKJIFOUEHa B mpezaenax ot 83 10 96 neH. ef.; B) ¢ HaaeKHOCThIO 0,95
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OMpENeTUTh MaKCUMaJbHOE OTKJIOHEHHE IICHBI IIEHHOW Oymaru OT
cpesiHero (MpOrHo3HOI0) 3Ha4eHus (110 a0COIIOTHON BEIUYUHE).

6.2.11. KopoOku ¢ koHpETaMH YIaKOBBIBAIOTCS aBTOMATHYECKHU.
Nx cpennsas macca paBHa 540 r. M3BecTHO, 4TO Macca KOpPOOOK ¢
KOH(pEeTaMu HMEeT HOpMajbHOE pacnpeaeneHue, a 5% KopoOok
uMeroT Maccy, MeHbiyro 500 r. KakoB mpomeHT KopoOok, macca
kotopeix: a) meHee 470 r; 6) or 500 mo 550 r; B) Gosiee 550 r; 1)
oTiIMyaercs oT cpeaHerd He Oonee, yeM Ha 30 T (MO aOCONOTHOM
BEJIMYMHE)?

6.2.12. Cnyuaitnas BenuunmHa X  HMMEET  HOPMaJIbHOE
pacnpenereHle ¢ MaTEMaTUIECKUM OKUJIaHuEM a = 25. BeposITHOCTh
nonajganuss XB wuHTepBan (10; 15) pasna 0,09. UYemy paBHa
BEPOSATHOCTH Tomnaianust X B uHTEepBalL: a) (35;40); 6) (30;35)?

6.2.13. HopmasibHO pacnipeneneHHas ciydyaiiHas BEIMYUHA UMEET
cienyromyr QyHKnuo pacnpeaenenus. F(X)=0,5+0,5d(x-1). U3
kakoro uHrepnaia (1; 2) wim (2; 6) oHa IpUMET 3HAaYEHUE C OOJbIIeH
BEPOSITHOCTHIO?

6.2.14. 20%-Has Touka HOPMAJILHO pacHpeAeTICHHON CIIy4alHOM
BenmnunHbl paBHa 50, a 40%-nHas Touka paBHa 35. HailTu BEpOSATHOCTB
TOTO, 4YTO CJly4yailHasi BeIWYMHA NPUMET 3HAUYCHUE B HWHTEpBaJe
(25;45).

6.2.15. M3BecTHO, YTO HOPMAJIBHO paclpelesieHHasl clydaiiHas
BEJMYMHA MPUHUMAET 3HAYCHUE: a) MeHbllee 248 C BEPOSTHOCTHIO
0,975; 6) o6onbmiee 279 c BepositHocThiO 0,005. Haiitu ¢yHKIMIO
pacIpeiesiCHUs CIIy4anHOU BEJTUYUHBI X.

6.2.16. Cnyuyaitnas BenuurHa X pacrnpeseseHa Mo HOpMaJIbHOMY
3aKOHY C HYJEBBIM MAaTEMAaTHYECKUM OKHJAaHUEM. BeposTHOCTB
MOMNAJIaHUs ATOW CIIYYalHOW BEJIMYMHBI HA OTPE30K OT -1 10 +1 paBHa
0,5. Haititu BbIpa)keHUsI TUIOTHOCTU BEPOSTHOCTH U (YHKIIUHU
pacIpeesiCHUs CIIy4alnHOW BETUYNHBI X

6.2.17. Nmeercs cnydaiiHas BenuunHa X, pacnpesereHHas Io
HOpMaJIbHOMY 3aKOHY C MaTeMaTHYECKHUM OXHUJaHUEM a |
nucnepeueii 62, Tpebyercss NPUONMKEHHO 3aMEHUTH HOPMAJbHBINA
3aKOH paclpe/ielicHrss paBHOMEPHBIM 3aKOHOM B mHTepBaie (o; P);
rpaHunbl o, [ momoOpaTh Tak, YTOOBI COXpPaHHTh HEW3MEHHBIMHU
MAaTEMATUYECKOE 0KUJIAHUE U JUCIIEPCUIO CITyYalHOW BEJIMYUHBI X.
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6.2.18. Cnyuyaitnas BenuunHa X pacrpeseneHa 1Mo HOpMaJIbHOMY
3aKOHY C MarteMmaTuueckum oxkupanuem a=0. IIpu kakom 3HaYECHUU
CpEHEr0 KBaJPAaTHYECKOrO0 OTKJIOHEHUS a BEPOATHOCTH IMOMagaHUs
CIy4aitHO# BenuuuHbl X B HHTEpBai (1;2) nocturaer Mmakcumyma?

6.2.19. Bpems pemoHTa TeneBHM30pa  paclpeicieHo 10
MOKa3aTeIbHOMY 3aKOHY C MaTEMAaTUYECKUM OXKUJIaHUEM, paBHbIM 0,5
4. HekTo ciaer B peMOHT JiBa TEJIEBU30pa, KOTOPBHIE OJHOBPEMEHHO
HAYMHAIOT PEMOHTHUPOBAThH, M KJAET, KOraa OyAeT OTPEMOHTHUPOBAH
onuH u3 Hux. Ilociae 3TOro ¢ TrOTOBBIM TEJIEBU30POM OH YXOIUT.
HaiiTu 3akoH pacrpeneneHusi BpeMEHU: a) MOTPAYCHHOTO KJIUEHTOM;
0) KOTOpOE IOIKEH MOTPATUTh KIMEHT, €CJIM OH XO4YeT 3a0paTh cpa3y
7IBa TEJIEBU30pA.

6.3. ITapuasi perpeccusi U KOppeJsinus

6.3.1. M3ydaercs 3aBUCUMOCTh PE3YyJbTaTUBHOTO MpPHU3HAKA Y OT
dakTopa X.

1. TlocTpouTh NUHEHHYIO MOJENbh MAPHOW perpeccuu (paccuuTaTh
napaMeTphbl JUHEMHOTO ypaBHEHUS IMAPHON pErpeccu ).

2. OueHuTh MOJENb, ONPEICIIHNB:

--- KOMIIOHEHTBI JUCTIEPCHH,
— KO3 DUITUEHT KOPPETISAIIHH,

— KO3 PUIMEHT JeTepMUHALINH,

— CPEIIHIOI0 OIIMOKY anpoKCUMAIIUH,

— F-xputepuit Ouiepa.

3. JlaTh MHTEPIIPETALMIO PACCUUTAHHBIX XapPAKTEPUCTHUK.

4.Cnenath OLEHKY CTaTUCTUYECKOM 3HAUUMOCTH KO3(). pErpeccuu u
KOppeNAuu (paccuuTaTh CliydailHble OIIMOKHU MapaMeTpoB JIMHEHHON
perpeccun u ko3hdUIIMEHTa KOPPEISINKN, paccuuTarh t- Kpurepuid
CTBIOJICHTA U JIOBEPUTEIIbHBIC HHTEPBAJIBI KaXKJIOT0 U3 MOKa3aTeei )

5. Ha rpaduke oTo0pa3uth UCXOHBIE TaHHBIC U TUHUIO PETPECCHUHU.
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