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OT HAYYHOI O
PEODAKTOPA NEPEBOAA
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Kuura Kpucrodepa [Joyreptu «BBesenue B 3KOHOMETPHKY» CTajla ceiyac ONHUM U3
Hau0osiee MONYIAPHBIX (€CIM HE CaMBIM MOMYJISIPHBIM) BBOJHBIM YYeOHUKOM 3KOHOMET-
PHKH IS ILUPOKOIO KPyTa CTYAEHTOB-3KOHOMMCTOB. I1onyIapHOCTb 3TOM KHUIH CBsA3aHa
TAKXe C IOJYYUBUIMM U3BECTHOCTD, TUIATENbHO MPOPaGoTaHHBIM, O4€Hb TOHKO U COBpe-
MEHHO NIOCTPOEHHBIM KYPCOM, KOTOPBIit aBTOp ynTaeT B JIOHIOHCKOM LIKOE SKOHOMHKH
(LSE). O1oT Kypc ciylaloT B TeYeHHe rofa Bee CTyAEHTHI-9KOHOMMCTH LSE, oH BKIIIO-
YeH TaKXKe M B MPOrpaMmy 3HaMEHUTO# TpexHeaenbHo# JleTrei mikonsl. Kype K. oyrep-
TH — OOMH U3 TeX B ITOW WIKONE, Ifie, HECMOTPS Ha NOBOJIBHO BHICOKYIO CTOMMOCTH 00Y-
YeHHs, BeJIMK KOHKYPC CO CTOPOHBI CTY/ICHTOB, MpenoaBaTe/ieii, MOJOABIX UCCIEN0BA~
Tene, 6aHKOBCKUX pabOTHHUKOB U3 CTPaH BCEr0 Mupa.

B coBpeMeHHBIX TporpaMmax IOATOTOBKH IKOHOMHUCTOB KYPC 9KOHOMETPUKH YBepeH-
HO 3aHsU1 OTHO U3 K/IIOYEBBIX MeCT. He 3Hast JOCTATOYHO XOPOILO 3TOrO NpeaMeTa, He Brages
€0 HHCTPYMEHTApUEM, HEBO3MOXHO HU NMPOBEPUTH MpPEACTABIAEMbIe B YUeOHHKAX, KHU-
rax v CTaThAX SMIMPUYECKHE 3aBUCUMOCTH, HY MOJYYNTh HOBBIE TAKHE 3aBUCUMOCTH, a
3HaYMT — Y BbIABUHYTb HOBBIE TeOPUHU. be3 9KOHOMETPHYECKMX METOMIOB HEJb3sl IIOCTPO-
UTb CKOJIb-HUOYAb HAJEXHOTO IMPOrHo3a, a 3HAYHUT — I0J BOIPOCOM U YcIeX B OaHKOBC-
KoM Jene, puHancax, 6ustece. [103TOMy Kypc 5KOHOMETPUKHM BXOIHUT B «AIp0» Y4eOHBIX
IIPOrpaMM COBPEMEHHOTIO 3JKOHOMHUYECKOTO By3a Hapsily ¢ TAKMMH IpeAMETaMH, KaK MUK-
PO3KOHOMHMKA, MaKPOIKOHOMMKA, PUHAHCOBBIN aHanu3. OH, KpOMe TOro, NOMXeH ObITh
TECHO CBA3aH C NEPEYUCACHHBIMUY KypCaMH, aBasd He abCTpakTHO-¢opManbHbIe, a IpU-
KJ1a[Hble 3HAHUSI.

K coxanenuto, B Poccuy coppeMeHHBI NMPUKIAIHON KYPC 9KOHOMETPHKH TIOKA elle
He cTasl 0053aTeNbHBIM 3JIEMEHTOM IPOTPaMMBbl B KaXKIOM 3KOHOMHYECKOM BY3e. DTOT Ipef-
MET M3Y4aeTcqd B OCHOBHOM CTYOCHTAaMH, CHCUUANHU3UDYIOIIMMUCS B IPHMEHEHUN MaTe-
MaTH4eCKUX ¥ CTaTUCTUYECCKUX METOMOB B 3KOHOMHMKE, M3YYACTCA JOCTATOYHO IyOOKO,
HO (POpMAJIBHO, HEPENKO B OTPBIBE OT COBPEMEHHBIX 9KOHOMUYECKUX TEOPHM H MX MpPHU-
noXeHu#. JIns npenoaaBaHys NPUKIAIHOIO Kypca 3KOHOMETPUKHM CTYIEHTAM MAacCOBBIX
9KOHOMHYECKHX. CHELIMATBHOCTEH 0OBIYHO He XBaTaeT HU KBaJIM(HIIMPOBAHHBIX MEAaro-
roB, HM YYeOHHUKOB, HM MeCTa B y4eOHBIX NmporpaMmax. B To Xe BpeMsi OTeUECTBEHHbIE
yYeHblE BHECIM BECbMa 3HAYUTEJIHBIA BKJIaJ B Pa3BUTHE 3KOHOMETPHYECKUX METOIOB,
0cOGEHHO Ha HaYa/IbHOM 3Tane. Takue MMeHa, Kak A. A. Mapkos, A. M. Jlanyuos, IT. JI. Ye-
6b11eB, E. E. Ciyuikuii, 0643aTeIbHO MHOTO pa3 YIIOMHHAIOTCS B JTIOOOM Kypce NMpUKIaj-
HOW CTaTHCTHUKY U 3KOHOMeTpuKu. [IpaBna, B TeueHMe psala JeCATUIETHI pa3BUTUE ITHX
HanpasJieHUii He MOOLIPSUIOCh, MOCKONBKY IKOHOMETPUYECKHUE METOBI CIIOCOOHBI OBLIN



BBIABHUTD T WJIM HHBIE HEXENATeNbHbIE VIS BIAaCTeH TeHASHIIMHY 3KOHOMHYECKOTO pa3BU-
THA. B HacTos1ee BpeMsl, KOra Mmepea BLICIIMM 5KOHOMHMYECKMM o6pa3oBaHHeM B Poc-
CHM CTOMT (M PElLaeTCs) 3aha4a BbIXO4a HAa MUPOBOH YPOBEHb, ONHUM M3 KJIIOYEBHIX MO-
MEHTOB ABJSIETCA Pa3BUTHE TIPeNONaBaHUSA IKOHOMETPUKH.

Henb3s ckasaTh, YTO y Hac He U3AABAJIMCh paHee KHUTHU 110 SKOHOMETPHKE, KaK OTe-
YECTBEHHbIE, TaK  nepeBoaHbie. B 1960—1970-x u B Havane 1980-x ronos 6bLIH U3IAHM
Ha pycckoM A3bIKe u3BecTHble KHUIH . TunTtHepa, 3. Manenso, T. Aunepcona, JIx. Ixou-
croHa, M. JIx. Kennanna u A. Crbroapra, D. Keitna u ap. B 1980-¢ roan! myGiauxaLus re-
PEBOJHBIX U3JaHUH O 9KOHOMETPHKE MPAaKTHYECKH IIpEeKPaTHIach, HO MpobneMy ¢ Tu-
TepaTypoit YaCTUUHO peluanu oteyecTBeHHbie KHUTH (E. M. Yerbipkuna u Y. JI. Kamux-
MaHa, C. A. Aiteasana, Y. C. Extoxosa u JI. JI. Mewaikuna v ap.). C xodua 1980-x ronos
KHMTH 1O 3KOHOMETPHKE HAa PYCCKOM SI3BIKE MOYTH He MyGIMKOBATKCh, U B HACTOSILUIH
MOMEHT OCTPO CTOMT npobsema C JIUTepaTypoit 1000ro ypoBHs ClI0XHOCTH. IIpexHue
M3JaHHUA, BO-NIEPBBIX, CTAIU OUbAMOrpadmueckoit peakocThio, a BO-BTOPEIX, B HUX HE
OTpaXeHBl MIEH M Pe3yJIbTaThl MOCNEIHUX AECATHIETUI, KOTIa SKOHOMETPHKA U ee
NpWIoXeHUs 6ypHO pa3BUBAIMCh, 3 Ha 3amane MOSBHIOCH HOBOE MOKOJIEHHE JMTepa-
TYPH B JAHHOH O0JIACTH.

Knura K. JloyrepTu moMoxeT 3aKpbiTh HanGonee 3HaYNTe/IbHbIN, 6a308bIH Mpobelr:
OTCYTCTBHE TIOHATHOTO, JOCTYITHOTO COBPeMEHHOTO yueOHMKA. Takoro yyeGHHMKaA He ObLIO
paHee M B aHIJIOSA3BIYHOM JIMTEPATYPE, O YeM aBTOP YNOMHMHAET B NPEAUCIOBUH K aHI-
JIMACKOMY U3IaHMIO. XOTS KHHFA OYeHb MPOCTa B U3NOXEHUH, B Helt C TOCTATOYHOM CTPO-
FOCThIO 3aTPAaruBaIOTCS MPAKTUYECKH BCE OCHOBHBIE COBPEMEHHbIE 6a30BbIe UAEH U ME-
TOIb! 3KOHOMETPUKY, HA KOTOPHIX CTPOATCS M HaydHBIE MCCIIE0BAHMs, M ropasno 60-
Jiee IPOABHHYTHIE yueOHble Kypchl. [103TOMy KHHTa MOXET IIHPOKO MCIOJB30BaThCA KaK
B NPEMONABAHUM Kypca IKOHOMETPHKH I CTYAEHTOB SKOHOMHUYECKHX CIIEHUANLHOC-
TEH, TaK ¥ JUist CAMOCTOSATEIbHOTO 03HAKOMJIEHHS C 3TOM JUCUUIUIMHOA. KHura MoXeT |
0Ka3aTbCd OUYEHD M0JIE3HOH M MPU BHIOOPOYHOM O3HAKOMJIEHHMM C MPUKIAIHBIMH MPO-
61eMaMM, ¢ KOTOPHIMM YUTATEb MOXET CTOJKHYThCS B MPaKTHUECKOMN pabore.

Kuura K. Joyreptu usnaerca B Poccun B pamxax npoexra TEMITYC, ocyiecTsise-
MOTO COBMECTHO SKOHOMMYECKUM hakynbTeToM MIY U TpeMs eBpOMEeHCKUMH YHUBEP-
curetamu: JIOHIOHCKOH 11KOJI0# 3KOHOMUKH (AHIIMSA), yHUBepcuTeToM Cop6oHHa (PpaH-
M), yausepcureroM Tundypr (Humepnanast). Uenblo TaHHOTO NMpoeKTa SBJISETCS MO-
JEPHHU3AUMA YHUBEPCUTETCKOTO SKOHOMUYECKOro 00pa3oBaHus U COMEKEHNUE €ro ¢ MH-
poBbIMU cTaHAapTaMH. [TOMUMO JaHHOM KHUIM NPOEKTOM NMpPEAYCMOTPEHO U3AaHHUe ellie
LIEJIOTO psifia YYeOHMKOB, TaKUX, KaK: «[IpHHIHMIIBI KOpropaTUBHBIX ¢uHaHCOB» P. Bpeii-
au u C. Maitepca, «MexnyHaponuas sxoHoMuka. Teopus u moautuxa» I1. Kpyrmana u M.
O6ctdennaa, «DxkoHoMuyeckoe pazsutue» M. Tonapo, «CTpyKTypa OTpacieBbiX pHIHKOB»
®. Hlepepa u 1. Pocca, «DkoHoMUKa opraHu3zanuii» K. Menapa.

Xotenoch Obl BEPUTDb, YTO 3Ta KHUra — JIMILb NepBas JaCTOYKa B HOBOM BOJIHE Iepe-
BOIHBIX W OTEYECTBEHHBIX MyONMKALMUA MO 3KOHOMETPHKE, C MIOMOILUBLI0 KOTOPHIX 3Ta
JUCLHUIUIMHA 3aiiMeT noxodalollee eif MeCTo B 9KOHOMHMYECKOM 06Pa30BaHMM, HAyYHbIX
UCC/ICIOBaHUsX U NpaKTUYECKOH pabote B Poccuu.

0. O. 3amkos



NPEANCIIOBUE

OTa KHMIa NpeAHA3HAYEHA TS CTYIEHTOB, H3Y4aloIKX TOA0BOM KypC SKOHOMeTpUKY. OHa
OTpPaXaeT ONpee/IEHHYIO TOTPEGHOCTb, BLI3BAHHYIO NOCAECIHUMM U3MEHEHHAMH B MPO-
rpaMmax 3KOHOMETPUYECKOW MOATOTOBKH CTYAEHTOB M HE YUTECHHYIO B paHee HalMCaH-
HbIX yyeOHMKax. 3a nocneqHee IeCATHIETHE NPENOJABAHNE S3KOHOMETPHKH Ha YHHBEPCH-
TETCKOM YPOBHE JOCTUIJIO CBOEIO «COBEPIUEHHOAETHS». Kypchl 3KOHOMETPHKH, ripeia-
raBluIgecs OOBIYHO KaK Kypchl Ha BHIGOp B MarucTepCKMX IporpamMMax I0 3KOHOMMKE,
ceifuac Bce B 6osblLeit Mepe CTAHOBATCH 0053aTeIbHBIMU. BTO 06YCNOBIEHO HECKONbKH-
MM (pakTOpamMu. Bo3MOXKHO, BAXHEHIINM U3 HUMX ABSETCS pacTyllee MPU3HaHKe TOro, YTO
ONpPENEIEHHOE IOHUMAHUE METOZOB SIMITUPHYECKHX MCCIIeJOBAHUN SABJISETCH HE MPOCTO
XKEeJIaTeNIbHOM, HO BechbMa CyILIECTBEHHOH YacThio 6a30BO IMTOATOTOBKY 3KOHOMHCTA U YTO
OTPaHNYHMBAIOLUECS MPUKIAAHON CTaTHCTHKOM KypChl HeaeKBaTHH 31oi 3agade. be3
COMHEHMsI, 3TO IIPUBENO K TOMY, YTO KYpChl 3KOHOMETPHKH J/i aCTIMPAaHTOB CTaJM Ha-
MHOro 605ee NPONABUHYTHIMH, BCIECACTBUE YETO HEAOCTATOYHOE 3HAKOMCTBO C 3KOHOMET-
PHKOH CTaJIO NPENATCTBUEM [UIS MOCTYIUIEHUS B aCHIMPAHTYPY BEAYLIMX YHUBEPCHTETOB.
CeIrpal CBOIO poJib U «(hakTop TpeIoKeHHst». BojiHa, MTOAHABLLAS SKOHOMETPHKY Ha CTOJb
BBICOKMI YPOBEHDb B IKOHOMUUYECKOM 0OpA30BaHUM, AT BCJIEH 3a IPYroil BOHOM, Noj-
HABLUEN 3HAYEHUE MAaTEMATUKH M CTAaTUCTUKH. be3 npequiecTBYIOMIEro YaydlleHHs NoI-
TOTOBKM B 0O0JIaCTH KOJTMYECTBEHHBIX METOJOB AHAJIU3A BHIIBHXEHNE S3KOHOMETPHKY B
«IPO» NPOTPAMM 3KOHOMUUECKMX BY30B OBIJIO Obl HEBO3MOXHBIM. JJaHHBINA CIBUI ObLI
TaKKe CBA3aH C YBEJIMYEHHUEM YKCia KBanUDHIIMPOBAHHBIX NpENoAaBaTesieii 9KOHOMET-
PHKH.

BenencTaye NPOUCHICALIMX U3MEHEHMIE CITyLHATeIN KYPCOB 9KOHOMETPHKH B OOJiblIei
CTETIEHHU Pa3nuyaloTCs N0 CBOMM BO3MOXHOCTSM, YeM paHee. BTO yXKe HE TOJIBKO MEHb-
LIXHCTBO, M30paBiliee CIOXHBIA yTh MATEMATHYECKOH crielianu3auny. TUNYHbIR CTY-
JOEHT cefyac — 3T0 OOBIYHBIMA CTYAEHT-MAarucTp IKOHOMHYECKOTO Npouns, U3yYMBLLIUIA
6a30BbI¢, HO He TIPOJBMHYTHIC KYPCH MATEMATHYECKOrO aHAIM3a U CTATUCTUKMU. «JIeMOK-
paTH3alMs» SKOHOMETPUKH CO3ana HeoBX0AUMOCTb MOATOTOBKHU B0JIEE LIMPOKOTO CIIEeK-
Tpa Y4eOHHKOB, UeM fIpexnae, B 0COBEHHOCTH 15 HOBUYKOB. CTYNEHTHI, U3YYUBILME IIPO-
JBMHYTbIE KYPChl MATEMATHKH, YX€ HECKOJIBKO JIET MOJIB3YIOTCA PSAIOM 3aBEPLUEHHBIX yyeh-
HUKOB, OTHEAbHbIE U3 KOTOPBIX BBIACPKAIM YKE ABA WAH TPU U3TaHUS. MeHblie noBe3o
HOBHYKAM, U 3TOT TEKCT aApeCOBaH INaBHbIM 00Pa3oM UM.

Henb 3108 KHUTH — OOecneunTs 6asy MUl U3YyYEHUs] TOJOBOIO Kypca, MO3BOSAIOLIEro
3aTeM CTyAeHTaM NpOJO/KMTh U3YYeHMe TIpeIMeTa B aclIMpaHType. BaxHeleit 3anayeit
OBLJIO COKPATUTh 10 MHHUMYMA MateMaTHyecKue Tpebosanus K yurtatenio. Iloyru y kax-
JOTO €CThb CBOIi Tipe/iesl MaTeMaTUYECKOH CIIOXHOCTH M3JI0XKEHHS, KOTOPYIO OH TOTOB INpH-
HATb. ECIIM 3TOT npeen MpeBbIleH, YUTATE/L TPATUT OONBLIYIO YACTh YCUAKIA HA TEXHH~
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YECKYI0 CTOPOHY BONIPOCE BMECTO ero cyiiHocTH. [TosiBnisieTcs ycTanocTh, CTpanaeT noHH-
MaHue, ¥ NyTh UCCIENOBAHUA CTAHOBUTCH MOJEHHOM! paboTOM MM daxe XyXe TOro.

K cuacTbio, MateMaTHyeckoe 6peMsi HaMHoro objeryaercs, e€CiaM Ko3Q@UIUEHTEI
PErpecCcHy BEIPA3HTD Yepe3 BEIOOPOUYHBIE KOBApHALIUM M quctiepcku. [Lnst npenogapareneit
1 HauboJsiee ONAPEHHBIX CTYIEHTOB CTeNEHb MATEMATU3UPOBAHHOCTH MOXET ObITh HE CTO/b
BaXHOM, HO 3TO HE Tak /U1 TOM aynUTOpUH, KOTOPOII aJpecoBaHa 3Ta KHUTra. MHorue us
STUX JIIOJIEH, IO-BUIUMOMY, YYBCTBOBAIU Ce0sl HE COBCEM YBEPEHHO B IIPEILIECTBYIOIIMX
MaTeMaTH4YeCKUX Kypcax. [IpuHATHIN 30ech MOAX0N AeNaeT BO3MOXHBIM pacCTABAHME C YC-
TpPaLaloHIMMH 0003HAYEHUAMH TUIIA £, CTAHOBALIMMMCS HENPEONOIHMBIM NPENATCTBH-
€M /1Sl MHOTUX CTYAEHTOB. JTO 03HAYAET, YTO IS 3HAKOMCTBA C COOTBETCTBYIOILMMHU O~
HATUAMH NTOHAZOBATCA OIpeJe/IeHHbIE 3aTpaThl BpeMeHH (r1aBa 1), HoO 5TH NMOHATHS JIeT-
KO YCBaWBalOTCA W TIOTPAYEHHBIC YCHIIUS 3aTeM MHOTOKPATHO OKYIMAIOTCS. DTO He MyCThie
paccyxneHusi. Korma HecKONbKO JIeT Ha3al 1 BHEC 3TH M3MEHEHMs B CBOM Kype, Ihe 10
3TOTO MOJIb30BAJCH O0O3HAYEHUAMHU THNA X, TO OGHAPYXHI YV CTYACHTOB 3HAYUTEILHOE
yRy4lI€HHE BOCIIPUATHUS, OCOOEHHO MPH PACCMOTPEHUM CBOMCTB PErpecCHOHHBIX OLIEHOK.

Bropoit 3a60T0# ObUIO YaasIeHHEe HESKOHOMETPHYECKHMX «KAMHE MPETKHOBEHHU», CAEP-
JKMBaBHIMX PA3BUTHE NIOHUMAHUS TIpeaMeTa. MHOrHe CI0XHOCTH, BOSHUKAIOLIME BO BBO/-
HOM Kypce, He ABJIIOTCA TeXHUYECKUMM 10 CBOEH Npupome (M MHOTHE TeXHHYECKHe MO-
MEHTBI, HalPUMeEP UCII0Ib30BaHHE (DUKTUBHEIX MepeMEHHEIX, BOBCE HE NpeACTBITIOT PO~
Gnembr). Hanpumep, MHOTME CTYAEHTRI 3aTPYAHAIOTCSA OTMCATh PETPECCHOHHBIE PE3YIbTaThl
CJIOBECHO, B TePMUHaX, NMOHATHBIX HECMIEUNATUCTY. ECIM paccMaTpuBaeTcsi perpeccus B
norapmbmax, HEPEIKO CTpaHHAs 3AMUHKA BOSHUKAET JIAXe B TOM C/Iy4ae, eCAH 3apaHee ObUI0
MIOK43aHO MaTeMaTHYeCKH, YTO KO3GD(DULMEHT HAKIIOHA XapakTepu3yeT MacTHYHoCTh. [1po-
6neMa, 63 COMHEHHs, 3aKIIIOYAETCsl B TOM, YTO, M3y4as 3JacCTMYHOCTh B 6a30BOM Kypce
MaTeMaTHKH, CTYACHTHI ObUIM CTO/Ib MOTJIOIIEHB! MaTEMaTHYECKUMH BOIIPOCAMM, YTO Y HUX
He OCTaBaJIoCh BPEMEHH KaK CIIeAyeT pa300paThes ¢ MX NMPAKTHUECKUMH MpHIOKeHUIMU. Tt
HUX 3JIACTUMHOCTb OCTaBalach He IO KOHLA TIOHATHIM MaTeMaTHYeCKUM 00beKTOM. DTa KHUra
COJIEPKUT PSIN OTCTYIUICHUH B BUJE BCTaBOK, IE PaCCMaTPUBAIOTCH MOJOGHBIE MPOOJIEMBI.

Pan orcTynneHui, KpoMe TOro, MOCBSILEH PUMEPAM SKOHOMUYECKUX TIPHIOXKEHHUI.
Henb3st octaBuTh paccMoTpeHHe runote3s] PpraMeHa 0 MOCTOSHHOM AOXOAE B Ka4ECTBE
OTAEIbHBIX H HECBA3AHHLIX BOIIPOCOB KYPCOB MAKPOIKOHOMUYECKOM TEOPHH Y 3KOHOMET-
puky. [TockobKy HepeaTMCTHYHO OXMAATh BKIIIOYEHHST SKOHOMETPUUECKHX aCIIEKTOB B CTY-
JeHYeCKue KypChl 3KOHOMUYECKOW TEOPHH, 3aa4ya HaXOXKIEHUS 3TOH CBA3M HEU30EXHO
JIOKHMTCSL HA 3KOHOMETPUCTOB.

JkcnepumeHTbl N0 metony MoHTe-Kapno

XapakTepHOU YepTOil 3TON KHUTHU SABASETCH LIMPOKOE UCMONBL30BAHUE IKCIIEPH-
MeHTOB 1o Merony MoHTe-Kapno, Haubonee noaxoasuieMy s IpoBeXCHUS KO-
HOMETPUCTAMHU IKCTIEpUMEHTOB 1ab0paTOpHOro THIIA B KOHTPOJIKPYEMBIX YCIOBUSIX.
MHorue cTyaeHTH, CIYMALUIUe BBOXHBIN KYPC, NPEAIIOYUTAIOT CMOTPETh HA TaKOM
aHaJIU3 C ABYX TOYEK 3PEHUS: MAaTeMAaTUYECKUX PACCYXKHEHUIM U YMCIIOBOM WIULIOCT-
paunu. MoXHO npocnefuTs 3a MaTeMaTUYECKUM HCCIIeJOBAaHUEM CBOMCTB CTATHCTHU-
YeCKOM OLEHKM M COIJIACUTHCS € €€ JIOTUYHOCTBIO, HO BMECTE C TEM M IOJYYUTh
N0JIb3Y, BUAS MOATBEPXIEHUE BCETO 3TOr0 YUCIOBBIM NMPUMEPOM B (hOpPME IKCIIEpU-
MeHTa no Metony MonTte-Kapno. Takoro posa ananu3 noMoraer, Tak CKa3aThb, 3are-
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YaTJIeTh BCE 3TO B MAMSATH U MOYYBCTBOBATH OMpeAeeHHYI0 yBepeHHOCTb. M Kak U B
JpYTUX KUCUMIUIMHAX, JUIS MHOTHX JIOAEil pa3BUTHUE NO3HAHUM B 3KOHOMETPHUKE
HallOMMHAEeT He apUMETHYECKYIO ITporpeccuio (Kak OBl 3T0 HU Ka3aloch B peTpocC-
MEKTUBE), a MPOLIECC pa3BUTUS U 000OILUEHMSI, B KOTOPOM TeXHUYECKHE HABBIKM U
MHTYUTUBHOE TIOHUMAaHHUE Pa3BUBAIOTCS BO B3aMMOIEHCTBUMU.

YnpaxHeHus ¢ ¢yHKumugMU cnpoca

Eute oaHo#t 0c0GeHHOCTHIO KHUTH SABJSIETCA MOCAEA0BaTeAbHOCTD YIIpaXHEHUHI
¢ GYHKILHUSIMU CIPOca, CO3AAI0LINX CTEPXEHb IUIs1 [IPAaKTUYECKO# paboThl U SBJISIO-
LIUXCS CYLIECTBEHHBIM KOMIIOHEHTOM BBOJHOTO Kypca. YIPaXHEeHUs ¢ GYHKUUAIMHU
CIIpoca 00eCTIeYnBAIOT HENMPEPHIBHOCTD U IAIOT BO3MOXHOCTL HA0MI0AaTh BO3AEHCTBHE
TEOPETUYECKHUX MTPOABMKEHHUH HA CrIeIU(PUKALIMIO MOACIU U TEXHUKY OLICHUBAHUS.
Kak u axcniepumeHTHI 10 MeTOayY MoHTe-Kapio, OHM [TO3BOJIMIOT JIydllie 3alIOMHUTh
TO, YTO YK€ ObUIO NMO3HAHO AHAJUTUYECKU, U 00eCIeYuBaIOT Ty AEMCTBEHHYIO BOB-
JIEYEHHOCTDh, KOTOpast Y4aCTO OTCYTCTBYET IPH MPOCTOM IPEACTABIIEHUH Pe3y/bTaTOB
OLIEHMBAHMSA perpeccunt it KOMMEHTapHeB.

Hannple 1uia yapaxHeHHH ¢ GYHKLUUIMH cripoca npuseneHsl B Tabn. b.1 u b.2 npuno-
xeHust b. Ilpeanonaraercs, yTo cTyneHTH GyayT pa3byThl HA TPYIILL VISl IPaKTUYECKOH
paboTHI 1O Kypcy M KaX/Ibli CTYIeHT B TPYIIIe NOAYYHT 3aaH1e, CBA3aHHOE CO CIIPOCOM
Ha omnpelesieHHoe 6.1aro.

CTpyKTypa KHUrun

BONBUIMHCTBO CTYAEHTOB, MPUCTYMAIOLIMX K H3Y4E€HHIO BBOJHOTO KypCa 9KOHOMETPHKH,
YK€ MPOCIYILIAM OJMH MM HECKOIBKO KYPCOB 110 CTATUCTUKE M, 3HAYUT, JOLKHBI ObITh
XOPOUIO 3HAKOMBI C (PYHIAMEHTANbHBIMU MMOHATUSIMHU. PaKT, OMHAKO, COCTOUT B TOM, UTO
MHOTHE JIIOOW HYXIAalOTCA B MOBTOPHOM 3HAKOMCTBE C 3THM MAaTEpHAIOM, IpexXIe YeM
OHH JIefCTBUTEJILHO OCBOAT ero. IT0CKOJIbKY HET CMBIC/IA MIBITATLCS M3y4aTh BBOJHBIA KypC
9KOHOMETPHUKH 6€3 JODKHOTO TIOHMMAHMUS TaKUX KaTeropHif, Kak HECMEIEHHOCTb, 3¢)-
(DEKTHBHOCTb M COCTOSITEIbHOCTh, CTOMT MpPU HEOOXOAUMOCTH HAayaThb C PACCMOTPEHUS
TAKOTO MaTepraja. DToMy MOCBAlLIeH 0630p B Hayase kHury. B riase 1 onucana marema-
THUYECKasi OCHOBA, a OCTABIIMECS IJIaBHl [MOKPHIBAIOT OGBIUHLIE 11 BBOXHOTO KypCa TEMBbI
Y pa3duThbl Ha Tpy yacTy. IlepBast yacTh KHUTH (IJIaBbl 2—5) COAEPXUT OCHOBBI pETPECCH -
OHHOTO aHanu3a. B ee BTOpPOIt YacTH (raBhl 6—8) paccMaTpHBalOTCS HEKOTOpble Haubo-
Jee obuie MpobaeMbl, BO3HUKAIOHINE MPU MCIIONB30BaHMH PETPECCHOHHOIO aHaIU3a, a
B TPEThei YacTH MpeACTaB/IEHbl HEKOTOPHIE JalbHENILINE IPOABUKEHHS: B 3aKkmounTenn-
HOI 4acTH JaeTcs KpaTKasl MOC/HEAYIoUas OpUeHTaLUs.

Jondon, dexabps 1990 20da Kpucmodgbep [loyeepmu
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OBb30P:
CNYYANHbBIE NEPEMEHHbIE

B 3T0it KHHre NIpY PACCMOTPEHUU METONOB OLEHUBAHUS GOJIBIIOEC BHUMAaHUE OyIeT
VIOSIEHO CAeAYIOLIMM CBOMCTBAM OLIEHOK: HECMEIIEHHOCTH, COCTOSITEIbHOCTH U
addexruBHOCTH. 151 YUTATEIs BaXHO IIOHMMAHME 3TUX CBOMCTB, M B KHUTE IIpel-
[10JIaraeTCs, YTO OH 3HAKOM C HUMH B IIpe/eiaX BBOAHOTO Kypca CTaTUCTHKY. B naH-
HOM [JIaBe MpeaaraeTcs KpaTkuil 0630p Mo 3TUM BOIIPOCAM.

AuckpeTHaa cny4yaHas nepeMeHHas

Balle MUHTYUTHUBHOE MOHUMAHUE BEPOSATHOCTU IOYTU HABEPHSAKA COOTBETCTBYET
3a1ayaM 3TOM KHUTH, U TIO3TOMY MBI OITYCTUM TPaTMIIMOHHBINA pa3len YUCTOH TeO-
PMH BepOSITHOCTE, XOTS OH MOr Obl OBITh BeCbMa yBJIeKaTeNbHBIM. MHorHe Jiroau
HETOCPeICTBEHHO CTaJIKUBAJIUCh C BEPOSITHOCTSIMU, YYACTBYsS B JIOTEPEAX U a3apT-
HBIX Urpax, ¥ UX 3aUMHTEPECOBAHHOCTb B TOM, YEM OHM 3aHUMAIUCH, YACTO MPUBO-
JMIA K YIUBUTEIBHO BBICOKOM MPaKTUYECKON KOMITETEHTHOCTH, OOBIYHO IIPU I10JI-
HOM OTCYTCTBUM (POpMajibHOH ITOIrOTOBKHU.

Mb1 HayHeM HeIOCPeACTBEHHO € OUCKPEemHbiX cayHaliHbix nepemennbix. Cayyatinasn
nepemerHas — 3TO mobas repeMeHHas!, 3HaueHUe KOTOPOil HE MOXET OBITb TOYHO
npeackasaHo. JuckpemHot Ha3bIBaeTCs CIydaiHas BeJIMYMHA, UMEIOLIas Onpele/ieH-
HbIN HaGOp BO3MOXHBIX 3HaYeHUiA. TIpUMep — cyMMa BBIIIABLIMX OYKOB IIPpU O6poca-
HUU OBYX UrpaibHBIX KocTeil. TIpuMep cliyyailHON BeIWUYUHBI, HE ABJAIOLIENCH
JUCKPETHOM, — TeMIleparypa B KoMHare. OHa MOXeT IPUHATH M1000€ U3 Helpe-
PBIBHOTO AMalna3oHa 3HAaYe€HWH M SIBAAETCS IPUMEPOM HelmpephiBHON Cly4alHOIA
BeMUYMHBI. K paccMOTpeHMIO TaKUX BETMYUH B 3TOM 0030pe MBI IEpEMRAEM TT03XKE.

TTpononxas pasroBop o rpuMepe C IByMsI UTPajlbHBIMM KOCTAMH, MPEATIONIOXHUM,
YTO OJHA U3 HUX 3eJieHas, a apyrasg — KpacHasa. Eciau ux 6pocUTh, TO BO3MOXHBI
36 a;MIeMeHTapHBIX UCXOJ0B 3KCIIEepUMEHTA, TTOCKOJIBKY Ha 3€JIEHOH KOCTH MOXET
BBITNIACTh JI060e yucno ot 1 10 6 1 To Xe caMoe — Ha KpacHoil. Cny4aiiHas mepe-
MEHHasl, OnpeaesieHHas KaK X CyMMa, KOTOpYI Mbl 0003Ha4uM 4epe3 X, MOXET
MPUHUMATEH TOJBKO OAHO M3 11 uMcioBBIX 3HayeHUil — ot 2 no 12. B3auMocsA3b
MEXIY MCXOJaMH 3KCIEPUMEHTA U 3HAYEHMUSIMU CIYYAWHOW BEIUYHMHBI B JaHHOM
ciyvae nmokasaHa Ha puc. O.1.



3eneHas

KpacHas
1 2 3| 4 5 6

5 6 | 7 8 9 |10 11

6 7 8 9 |10 ] 11 ] 12

Puc. O.1. Vcxoawl B npumepe ¢ 4ByMS UrpanbHbIMU KOCTIMU

[Ipennonoxus, YTo KOCTH <«IIPaBMIBHBIE», MBI MOXEM BOCIOJb30BATbCS PUC.
O.1 nns onpeneneHus: BEPOSITHOCTH KAXIOrO 3HaueHUsl Xx. [TOCKONBKY Ha KOCTAX
umeeTcst 36 pasMYHbIX KOMOMHAIMIA, KAXKAbIA HCXOA UMEET BEPOATHOCTH 1/36. JTnub
OfHa M3 BO3MOXHBIX KOMOUHaUUi {3ejieHast = 1, kpacHasa = 1} maeT CyMMy, pas-
HYIO 2, TaK YTO BEPOSATHOCTH X = 2 paBHa 1/36. YToGbl MONy4YuTh CyMMy X =7, HaM
norpebyroTcst coueTaHusd {3eneHas = 1, xkpacHas = 6}, nubo {3eneHas = 2, Kpac-
Hag = 5}, 1u0o {3eneHas = 3, KpacHas = 4}, 1u6o {3eneHas = 4, kpacHag = 3}, 1ubo
{3eneHad = 5, kpacHas = 2}, mubo {3eneHas = 6, kpacHas = 1}. B 1aHHOM ciy4ae Hac
YCTPOAT 6- BOBMOXHBIX MICXOHOB, U [OITOMY BEPOSATHOCTh IOJNY4eHHUs1 7 paBHa 6/36.
Bce 31n BeposiTHOCTH npuBeacHs! B Ta6. O.1. Eciid Bce UX CIOXKUTD, TO MOTYYUTCS
poBHO 1. BTo GyneT Tak, MOCKOJIBbKY C BepOATHOCTHIO 100% paccMaTpuBaeMas CyM-
Ma NpPUMET OOHO U3 3HAYeHHUH OT 2 no 12.

CoOBOKYITHOCTB BCEX BO3MOXHBIX 3HaYEHM I CIIYYaiiHOM NEPEMEHHOM ONMCHIBAET-
CS1 26HepaNbHOI COBOKYNHOCMbI, U3 KOTOPOIi U3BJIEKAIOTCA 3TH 3HadeHusl. B Hauem
clly4ae reHepaibHasg COBOKYITHOCTb — 3TO Habop uucen or 2 go 12.

Ta6nuya 0.1
3HaueHus x 2 3 4 5 6 7 8 9 10 11 12
BepoarHocTe 1/36 2/36 3/36 4/36 5/36 6/36 5/36 4/36 3/36 2/36 1/36




YripaxHexne

O.1. CrnyyaitHasg nepeMeHHas X OIpelessdeTcs KaK pasHOCTh MEXAY OOJbIIUM U
MEHBILMM YUCJIAMU, BBITIABIHIMMU NPy OpOCaHUM ABYX KOCcTel. ECiiu OHM paBHEBI MEXIY
co0oii, To mepeMeHHas x cYUTaeTca paBHo Hymo. Haiinute pactipeneneHue BeposiT-
HOCTEH IS X.

MaremaTtuyeckoe oxuaaHue AUCKPETHOMN
CNy4aiHOW BeANYUHbDI

Mamemamuueckoe oxcudanue Ouckpemmoli cayualiHoli geau4uib — 3TO B3BELIEHHOE
cpeflHee BCeX € BO3MOXXHBIX 3HAYEHU M, IPUYEM B KA4eCTBE BECOBOro KoadhuiIMeH-
Ta OepeTcs BEpOSTHOCTH COOTBETCTBYIOLIEro Mcxona. Bbl MoXeTe paccuMuTath €ro,
[IEPEMHOXHKB BCE BO3MOXHBIC 3HAUEHUS CIy4alHHOH BEIMYMHBI HA UX BEPOSITHOCTH U
NMPOCYMMMPOBAaB IOJAYYEHHbIE MPOU3BEIeHNS. MaTeMaTUUEeCKU €CNU ClyJaHas Be-
JIMIMHA 0603HAaYeHA KaK X, TO €€ MaTEMAaTHYECKOE OXMAaHue 0003HayaeTcs Kak E (x).

Ipeanonoxum, 4YTo X MOXET MPUHUMATh # KOHKPETHBIX 3HAYEHHH (X, X,,..., X,)
U YTO BEPOSATHOCTb IOJYYEHUs X, paBHa p, Torma

* n
E(x) = x1p1 + D2 +.. 4%, Py = 2 X;pj. (0.1
i=1

(YuTaTenu, XeNaolMe OCBEXUTh B TAMSITH HCII0/1b30BaHKE 0003HAYEHHI T, MOTYT
c/eyiath 3TO ¢ NMoMolubio npunoxenus 0.1.)

B cnyyae ¢ aByM#s KOCTAMHU BeTMYMHAMU OT X, 10 X, ObUIH YKCIa OT 2 10 12:x, = 2,
X=3,..,x,=12 u p,=1/36, p,=2/36, ..., p;, = 1/36. MatemaTHyeCcKOE OXHUIaHHE
PaCCYUTHIBAETCA TAK:

1 2 3 2 1
(2x§g)+(3x§6—)+(4x%)+...+(11x?6»)+ (12x%).
ECiM BBIMUCIUTH 3TY BEIMYHUHY, TO TONYYHUTCH 7.

Ilpexne yeM MoiTH Aajbliie, pacCCMOTPUM elle 0oslee IMIPOCTOi MpUMep Cllydyaii-
HOM ITepEMEHHOI — YMCIIO OYKOB, BBINAAA0IICe NPU OPOCaHUH JIUIIb OTHON UIPab-
HOM KOCTH.

B maHHOM chyyae BO3MOXHBI IIECTh UCXOMOB: X, = 1, X, =2, x;= 3, x,= 4, x,= 5,
Xg= 6. KaXaplit MCXOX UMEET BEPOSTHOCTh 1/6, MOITOMY 31€Ch

& 1, 1., 1 ., 1 .1 .1
E(x)=2x~ =X —+2x - +3x—+4X - +5x-+6x-==135.

T S S AT B AR T (0.2)
B m1aHHOM cilyyae MaTeMaTHYeCKHM OXMIAHUEM CAYYaHOM MepeMeHHOM SBseTcs
YUCJIO0, KOTOPOE CaMO IO ¢€6e HE MOXET ObITh NOJYYeHO MpH OpOCaHUM KOCTH.

MareMaTHyeckoe OXHUIAHHUE CIYy4aifHON BEJMYMHBI YACTO HA3bIBAIOT €€ CPeOHUM

no 2enepanvuoll cogoxynrnocmy. st CiaydaifHOM BeTMUMHBI X 3T0 3HaYeHHUE YacTo 000-
3HavyaeTCs Kak L.



YnpaxHerne

O.2. Haiiure MaTeMaTUYeCKOe OXUAAHUE CIIyYyaiHOM BEJIMYMHBI X B YIIPAXKHE-
uuu O.1.

MaTtematuyeckue oxuaaHua GyHKUMA AMCKPETHBIX
CNyYalHbIX NepeMeHHbIX

IycTb g (x) — HekoTopas GyHKuuA ot x. Toraa £ {g (x)} — MaTeMaTHyecKoe OXu-
JaHue g (x) 3aUCBIBaeTCs Kak

Efg(x)) = Zg(xi)pis (0.3)

rie CYMMUPOBaHUE IIPOU3BOJUTCS MO BCeM BO3MOXHbBIM 3HaYeHMsIM x. B tabn. 0.2
ITOKa3aHa IMOCHAEeN0BATENbHOCTD MIPAKTUYECKOTO PACUETa MAMEMAMUHEcKo20 0xcuoa-
HUa QYHKYUU om X.

IIpeanonoxuM, 4YTO X MOXET MPUHUMAThL 7 PA3NUYHBIX 3HAYEHHUI OT X, 1O X, C
COOTBETCTBYIOLIUMMH BEPOATHOCTAMM OT p, 10 p,. B epBO#l KONOHKE 3aNACHIBAIOTCS
BCE BO3MOXHBIE 3Ha4eHUs X. Bo BTropoit — 3anmuchIBAIOTCS COOTBETCTBYIOLIUE BEPO-
ATHOCTHU. B TpeTheit KONOHKE pacCUUTHIBAIOTCA 3HAYEHMS (PYHKUMM IISL COOTBETCTBY-
folMX BeTuyuH X. B yeTBepToii KonoHKe NepeMHOXAIOTCS 41cia U3 KONOHOK 2 U 3.
OTBeT NPUBOAUTCS B CYMMUPYIOIIEH CTPOKE KOJOHKH 4.

lMpnmep

KakoBo MareMaTH4ecKOe OXHAAHUE BETUYMHBL X2? PasyMHO JIM MPEATIONOXHUTD,
4YTO OHa paBHsercd u??

PaccmOTpuM NpuMep C YMCIaMU, BBIMAJAIOLIMMU [IPU GpOCaHUHM ONHONK KOCTH.
Hcronb3osas cxemy, npuseneHHyro B taba. 0.2, zamonHum T1a6n. O.3.

Tabnuua 0.2
dyHKuMa Pyuxuys,
X BeposaTHOCTL oT x B3BELIEeHHaN N0
BEPOATHOCTN
% o, g (x) g (x)p,
% P, g(x,) gi{x)p,
X, P, gix) gix)p,
Bcero 29 (x)p=E{g (N}




Tabnuuya 0.3

X, P, Xt xp,
1 1/6 1 0,167
2 1/6 4 0,667
3 1/6 9 1,500
4 1/6 16 2,667
5 1/6 25 4,167
6 1/6 36 6,000
Bcero 15,167

B 4eTBepTOit €€ KONOHKE AaHBl LIECTh 3HAYEHMH X2, B3BELUEHHBIX MO COOTBET-
CTBYIOLIUM BepOSITHOCTAM, KOTOpbIE B JaHHOM [Ipumepe Bce paBHsOTCH /6. (C Be-
POSITHOCTBIO !/6 BenmMuuHa Xx? OyoeT paBHaA €IUHHIIE, MOCKOJbKY 3TO IpPOM30iaeT
NPy X = |, 4YTO MMeeT MECTO B OJHOM CJIy4yae U3 iECTH, C BEPOSTHOCTHIO /6 3Ha-
yeHHe X2 paBHsAeTCA 4, TaK KaK 3TO IPOU30meT npu x =2, U T. 1.). [1lo onpenene-
Hu10, BenuuuHa E (x?) paBHa Xx?p, OHa NMpUBEJeHa KaKk CyMMa B YETBEPTOH KO-
JIOHKE ¥ paBHa 15,167.

MaTtemaTudyecKoe OXUIAHKE X, KaK YXKe ObIIO [T0Ka3aHo, paBHoO 3,5, 1 3,5 B KBad-
pate paBHO 12,25. Takum obpa3oM, BequduHa E (x2) He papHa p?, U, clenOBaTelb-
HO, HYXHO aKKypaTHO MPOBOAUTb pasznuuusa mexny E (x?) u {E (x)}?> (mocnennee
paBHO npousBefeHuio E{(x) Ha E(x), TO ecTb u?).

Ynpaxrexns

0.3. TlycTh x — cayyaiiHas [mepeMeHHas ¢ MAaTEMATHYECKUM OXKUTAHUEM [, U A —
KOHCTaHTa. JIoKaxXuTe, YTO MATEMAaTUYECKOE OXHMIAHUE AX PABHO ALl
0O.4. Paccuuraiite F(x2) nns BeIMUMHBI X, ONIpee/ieHHOM, KaK B ynpaxHeHuu O.1.

Mpasuna pacyeta MaTeMaTU4ECKOro 0XuaaHus

CylleCcTBYIOT TpH IpaBHJIa, KOTOphIe fajiee OYAYT UCIONb30BATHCA MHOIO pas.
DTH npaBUNa MPaKTHYECKU CAMOOYEBUIHBI, ¥ OHU OJMHAKOBO NMPUMEHUMBI AJIS
JUCKPETHBIX U HEMPEPBIBHBIX CAYYAWHBIX IIEPSMEHHBIX.

IIpaguso 1. MaTeMaTHyeCcKoe OXUIAHUE CYMMBI HECKOJIBKUX ITEpEeMEHHBIX PaB-
HO CYyMMeE MX MaTeMaTHYeCKMX oxuaaHuil. Hanmpumep, eciny MMEIOTCA TPU Cilyvamn-
Hble IIepeMeHHble (X, ¥y U 7), TO



Ex+y+2=E@+ EQW) + E(2). (0.4)

IIpasuao 2. Ecau ciyyaiiHas mepeMeHHas YMHOXAeTCsl Ha KOHCTAHTY, TO €€ Ma-
TEMATHYECKOE OXHMIAHME YMHOXAETCS HA Ty Xe KOHCTaHTy. Ecam x — ciyyaitHag
TIEPEMEHHAs U @ — KOHCTAHTA, TO

E(ax) = aF (x). (0.5)

Ilpasuso 3. MaTeMaTUyecKoe OXMIAHUE KOHCTaHThI €CTh OHa caMa. Hampumep,

€CJIM @ — KOHCTaHTa, TO
E@) = a. (0.6)

ITpaBuno 2 yxe nokasaHo B yrnpaxHenud O.3. IIpaswio 3 TpUBHAIBHO, IOCKOIBKY
OHO CJIeAyeT U3 ONpPeNeIEHU KOHCTAHThI. XOTs A0Ka3aTeIbCTBO NpaBuiaa I 10BOJb-
HO TIPOCTOE, MBI €T0 OIYCTUM.

OO6benuHssa Tpu NpaBula BMECTE, MOXHO YIIPOCTUTE U 60Jiee CIIOXHbBIE BhIpaXe-
Huda. Hanpumep, npeanonoXuM, 4To Bl XOoTuTe paccuuTatsh E (y), rme

y=a+bx, (0.7)
rae a u b — xoHcTaHThl. CliefoBaTeIbHO, .
E(y)=E(a+bx) =
= E{a) + E(bx), cornacHo npasuny 1,
= a + bE (x), cornacHo npasiiam 2 u 3. (0.8)

TaxuM 06pa3oM, BMECTO HEMOCPEACTBEHHOro BhIYMCIeHHUS E (y) MOXHO pac-
cyutath E (x) u nonyuuts F (y) u3 ypasHenus O.8.

Ynpax+eHne

0O.5. Iyctp x — 4MCI0 OYKOB, BbINABILEE NPU OQHOKPATHOM OPOCAHWU UIPajib-
Ho#t KocTu. Paccuuraiite BO3MOXHbBIC 3HAYEHHS Y, I ¥ MOAYYAETCa M0 GopMmyie
y=x2+3x—2, u, nanee, paccuuraiite E (y). [lokaxure, 4To OHa paBHSIETCS
E(®) +3E(x)—2.
HesasucumocTtb cnyqaﬁuux nepeMeHHbIX

JBe ciydaiiHble epeMeHHbIE X ¥ Y Ha3bIBAIOTCSA He3aBUCUMbBIMH, ecnu E {f(xX) g (1)}

pasusiercs  E{f(0)}E {g (y)} mna mobeix dynxumit f(x) u g (y). Y3 HezaBucumocTy
CIenyeT KaK BaXHBIM YacTHbINA ciyvait, yto E (xy) pasHo E (x)E (y).

TeopetTuyeckas aucnepcus [UCKPETHOW
cny4aitHoi nepemMeHHOW

B ar0it KHUTE Hac GyneT HHTepecoBaTh ONHA U3 QYHKIIMI IEPEMEHHOI X, ee me-
opemuueckas ducnepcus, SIBASIOIASICS TI0IE3HON Mepoii pasbpoca M1 BEPOSITHOCT-
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HOTO pacmpeneneHusa. OHa ONpeAeIsIeTCa KaK MamemamuyecKoe 0#cudanye KBaapara
PasSHOCTH MEXIY BETUYMHOM X U €€ CPEHMUM, T. €. BETUYMHBI (x — L)%, rae L — Mare-
MaTHUYeCcKoe OXuaaHue x. Jucnepcust oObIYHO 0603HaYaeTCsl KaK G2, M €CIIM ACHO,
0 KaKOil MepEeMEHHOM HAET pPe4b, TO HMXKHMH MHIEKC MOXET OBITh OmyuieH. Ml
uHorza Oynem o003HayaTh JUCIIEPCHIO KaK pop. var (X):

o2 = pop.var(x) = E{(x—p)?} =

Y =28 = (= py et (X — ) e (0.9)
i=1

U3 62 MOXHO MOJIyYHTh G, — meopemu4ecKoe cmandapmHoe OmKAoHerue — CTOJb
Xe pacripocTpaHeHHYI0 Mepy pa30poca Ui pacTipelieieHusl BEPOSITHOCTEN; CTaHAapT-
HOe OTKJIOHEHME CIyYailHOi# MepeMEHHON eCTh KBalpaTHBIM KOPEHDb U3 €€ JUCTIEP-
CUH.

MBI IPOMJUTIOCTPUPYEM pacdeT MUCIIEPCHUM HA IpUMEpPe C OJHOH UIPajJbHOM KO-
croio. ITockoneky p= E(x) = 3,5, 1O (x — W)’ B aTOM Ciyyae paBHo (x — 3,5)%. MuI
paccyMTaeM MaTeMaTHdecKoe OXHMIAHWe BeIMYMHBI (x — 3,5)?, ucmonb3ys cxemy,
npeacraBleHHyo B Taba. O.2. JIONOIHHUTEAbHBIA cTomber (x — ) NpexcTaBIgeT Oll-
peneneHHbIN 3Tan pacuera (x — p)2. CyMMupys mociaequuit cron6er B Taba. 0.4, mo-
JIYYUM 3HAYEHME TUCIIEPCHU 62, paBHOe 2,92. CnenoBarenbHO, CTAHIAPTHOE OTKIIO-

HeHHe (0), paBHO 2,92, TO ecTh 1,71. )

Ta6nwua 0.4
X, s (- n) (X~ n)? (x,— u)p,
1 1/6 -2,5 6,25 1,042
2 1/6 -1,5 2,25 0,375
3 1/6 -0,5 0,25 0,042
4 1/6 0,5 0,25 0,042
5 1/6 1,5 2,25 0,375
6 1/6 2,5 6,25 1,042
Beero 2,92

OIHMM W3 BaXHBIX IPHUIOXEHHUI MPaBU pacyeTa MATEMAaTUYECKOTO OXHMIAHUSA
apisgeTcss ¢GopMyia pacueTa TEOPETHYECKON AUCIIEPCUU CAyvyallHOM IMEPEeMEHHOM,
KOTOpasi MOXeT ObITh 3aIMMcaHa KakK

ol=E(x?) — i (0.10)

Bro BbIPpAaXECHHUEC HMHOIJAa OKa3biBacTCA 6onee y}106HbIM, YyeM IICPBOHAYaJbHOC
OTIpEOCTICHUE. IIOKaSaTCIIbCTBO aact XOpOIHP[ﬁ MpUMEP HUCIIOJIB30BAHUA YIIOMAHY-
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TBIX MPABUJ, HO TIPH II€PBOM YTEHUU BbI MOXETE, €CJIM XOTUTE, €r0 MPOMYCTUTS.
ITo sToMy omnpeneneHuio,

o?=E{(x— W} =E{(x—2ux+p?)=
= E(x?) + F(—2ux) + E(u?), cornacuo npasuny I,

=E(x¥) — 2uE (x) + 2, COFNAacHO npaBuiaamM 2 u 3
# ToMy ¢dakry, yTo —2
M 112 — KOHCTaHTBI,

=FE(x) —2u2+p2 MOCKOJIbKY BeJIMUMHBI E (X)
Y |l MACHTHYHBEI,

= E() — 0. (0.11)

Taxum 06pa3oM, €ciiv Bbl XOTHTE BBIYUCTUTH TEOPETUUECKYIO NUCIIEPCUIO UL X,
TO MOXETe PacCYUTaTh MATEMATUYECKOE OXKUAAHUE BETMYUHBI X2 U BBIYECTb U3 HETrO 2,

Yrpaxrenne

0.6. PaccuuTaiiTe TEOPETHYECKYIO AUCTIEPCUIO M CTAHAAPTHOE OTKIOHEHHUE BE-
JIMYUHBI X, ONPENENIEHHOM, Kak B ynpaxHeHuH O.1, UCIONb30BaB ONpeaeeHue,
3agaHHoe ypaBHeHHeM (0.9).

O.7. HUcnone3osas ypaBHeHue (0.10), HaiiiuTe OUCIEPCUIO CIyyaiiHOM nepe-
MEHHOH X, ONpenesieHHo# B ynpaxHeHuu O.1, U IOKaXuUTe, YTO pe3yabTaT IOJy-
4aeTcs TEM Xe, 4TO U B ynpaxHeHuun O.6. (B1o 3aiiMeT cOBceM HEMHOTO BpPEMEHH,
[IOTOMY YTO BBI YK€ pacCyuTanu | B ynpaxHeHud O.2 u F (x2) B ynpaxHenuu 0.4.)

BepoaTHOCTL B HenpepbIBHOM Criyyae

C IMCKpETHBIMU CllyJalHBIMU MEpEMEHHBIMU OYEHDb JErKo 06pauiaThCcsa, Ho-
CKOJIbKY OHU IO OMNpeleNIEHUI0 TIPUHUMAIOT 3HAYEHUS U3 HEKOTOPOro KOHEYHOIO
Habopa. Kaxnoe U3 3TUX 3HAYeHMI CBA3aHO C OMpedeeHHON BEpOSTHOCTBIO, Xa-
paKTepU3yIolleil ero «Bec». ECNU 3TH «Beca» U3BECTHBI, TO HE COCTABUT Tpyda pac-
CUMTATb meopemudecKoe cpedHee (MaTeMAaTHYECKOE OXHIAHMUE) U AUCIIEPCHUIO.

Bl MOXETe MpeACTaBUTh YKa3aHHbIE «Beca» KaK ONpeAcieHHbIE KOJMMYECTBA «IUla-
CTUYHOI MacChl», paBHbIE BEPOSITHOCTSIM COOTBETCTBYIOLUMX 3HaYyeHUit. CyMMa Bepo-
SITHOCTEN M, CIEAOBATENBLHO, CYMMAapPHBIH «BEC» 3TOM «MAacChl» paBeH eIUHHMIE. DTO
nokasaHo Ha puc. O.2 ajia npuMmepa, Tae BeAUYUHA X €CTh CYMMa OYKOB, BBIIABIINX
Npy 6pOCaHUM ABYX UIPAILHBLIX KOCTeld. BenuyrMHa x MpUHHUMAET 3HAYEHUS OT 2 L0
12, 1 1 Bcex 3TUX 3HAYEHHUI TIOKAa3aHO KOJMYECTBO COOTBETCTBYIOLLEN «MacChl».

K coxaneHuo, aHanu3 B Hauieii KHUre MPOBOXUTCA OOBIMHO A/A HENpepblBHbIX
CAYYalHBIX BEJIMYUH, KOTOphIe MOTYT MPUHUMATh GECKOHEYHOE YUCIO 3HAYEHMH.
ITockonbKy HEBO3MOXHO NPeACTaBUTh cebe «IUIACTUYHYIO MACcCy», pa3deleHHYIo Ha
6eCKOHEYHOE YHMCIIO YacTel, UCTIOIb3yeM fJajee APYroil noaxod.

IponnnrocTprupyeM Halm paccyXmeHus Ha IIpMMepe TeMIlepaTyphbl B KOMHate. s
ONpPeNeJIEHHOCTH MPEATIONOXHUM, YTO OHa MeHdeTCsl B Tpeaenax oT 55 mo 75° o
QapeHreiiTy, U BHayaje AOMYCTHUM, YTO BCe 3HAYEHMA B 3TOM AUAINA30HE paBHOBE-
POSITHBHIL.
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Bennuntsl
BEPOATHOCTU

g 10 11 12 X
* = 1/36

Puc. 0.2. IuckpeTHble BEPOATHOCTH (MPUMEDP C ABYMS UMPanbHbIMU KOCTAMM)

ITOoCKONBKY YMCIIO pPa3IWYHbIX 3HAYCHUI, MPUHUMAEMBIX [10KA3aTeNleM TEMIe-
paTypbl, 6€CKOHEYHO, 31eCh O€CCMBICIEHHO MBITATHCS PA3ACIUTD «[UIACTUYHYIO Mac-
Cy» Ha MaJble 4acTU. BMecTo 3Toro MOXHO «pa3Masarhb» €€ 110 BCeMy Auanasony. Ilo-
CKOJIbKY BCE TeMIepaTyphl ot 55 1o 75° F paBHOBepOSITHBI, OHa JOJKHA OBITH «pa3-
Ma3aHa» PaBHOMEPHO, KakK 3TO mokazaHo Ha puc. O.3.

BuicoTa
{(MNOTHOCTL BEPOATHOCTK)

0,05 ¢

55 60 65 70 75 Temnepatypa, F
Puc. 0.3

B stoMm MpUMEPE, KAK U BO BCECX OCTAJIbHbIX, MbI GYJICM rnoJjaratrb, 4To «IIfac-
TUYHas Macca pa3MadaHa» Ha eIMHUYHOM TUIOLIaAu. BTO CBSI3aHO C TEM, YTO COBO-
KYITHasg BEPOATHOCTDL BCEraa paBHACTCA CAUHUIIC. B maHHOM Clyyae Haiga «mMacca»
[TOKpblJla MIPAMOYTOJIbHUK, U, [TIOCKOJIbLKY OCHOBAaHME 3TOro NpAMOYrojbHUKa PAaBHO
20, €ro BbICOTa OIIPECACIISICTCA U3 COOTHOLUCHMS:

20 x Beicota = 1, (0.12)

TaK Kak [POU3BeJeHNEe OCHOBAaHMS U BLICOTH! paBHO roilaiu. CneroBaTebHO, BhI-
cota pasHa 0,05, Kak 310 1Moka3aHo Ha puc. O.3.

Haiins BrICOTY IpSIMOYTOMbHUKA, Mbl MOXEM OTBETUTL Ha BOIIPOCH! TUIIA: C Ka-
KOii BEpOSITHOCTBIO TeMIIEpaTypa OyIeT HaXOAMTLCA B AuamasoHe or 65 mo 70°F?
OTBeT omnpenenseTcs: BENMYMHON «3aMa3aHHON» Iuioinany (Wi, roops 6onee gop-
MaJibHO, COBOKYNHOU @eposmHocmbio), JiexXalleit B auamasoHe oT 65 no 70°F, npen-
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CTaBJI€HHOM 3aIITPUXOBaHHOI ¢urypoit Ha puc. 0.4. OcHoBaHHE 3aITPUXOBAHHO-
ro NpsMOYrojlbHUKA paBHO 5, ero BeicoTa papHa 0,05 M, COOTBETCTBEHHO, IUIO-
mianp — 0,25. ickoMas BeposSTHOCTD paBHa !/4, 4TO B JIIOGOM CIIy4ae OYEBUAHO, IO~
CKOJIbKY MPOMEXYTOK OT 65 1o 70°F coctaBnsier !/« Bcero auamnasoHa.

BricoTa saITpuxoBaHHO#M TUIOLIAN NPEACTABIAET TO, YTO (GOPMANBHO Ha3bIBa-
€TCHA NAOMHOCMbIO 8ePOAMHOCMU B 3TOM TOYKE, U €CJTH 3TA BBICOTA MOXET OBITh 3aITH-
caHa Kak QyHKLHUA 3HAYECHHi CITy4allHOM MepeMeHHOM, To 3Ta QYHKLMS Ha3bIBaeT-
cs1 yrKyuel niomuocmu eeposmuocmu. B HalleM npuMepe OHa 3anmuchIBaeTCs Kak f (x),
[le X — TeMIeparypa, 1

f(x) =0,05; 555x<75 (0.13)

[f(x)=0mnma x<55um x> 75].

B xayecTBe nepBoro npuGAKeHUst GYHKIMA IJIOTHOCTH BEPOSATHOCTH ITOKA3bI-
Ba€T BEPOSITHOCTh HAXOXICHMS CIy4aitHOM NTepeMEHHOMN BHYTpH €IMHWUYHOTO HHTEpBa-
J1a BOKpYT NaHHOM Touku. B HaureM npuMepe a1a GyHKIus Bciony pasHa 0,05, oTkyna
BBITEKAET, YTO TEMIEpPATypa HaXonUTCs, HanpuMep, Mexay 60 u 61°F ¢ BeposarHo-
cteio 0,05. .

B Hamiem ciyyae rpaduk GYHKUMH IIOTHOCTH BEPOATHOCTH TOPU3OHTAJIEH, U €€
YKa3aHHAas MHTEepIpeTalus TOYHA, OTHAKO B 001LEeM ciydae 3Ta GYHKIMS HEIPEPhIBHO
MCHAETCA, M €€ UHTEPNPEeTaLMs JaeT Juiib npubmxenue. JJanee MBI pacCMOTPUM
MpUMep, KOoraa 3Ta GyHKLHMS HENOCTOAHHA, TIOCKONBKY HE BCE TeMIEpaTyphl paB-
HOBEPOATHBI. IIpennonoxumM, 4To LeHTpabHOe OTOIUIEHHE pabOTaeT TAKKM 00pa3oM,
YTO TEMIIepaTypa HUKOTIA He manaeT Hmke 65°F, a B Xapkue AHM TeMIepaTypa Ipe-
BOCXONHT 3TOT YPOBEHb, HE MIPEBbILLAs, KaK U paHee, 75°F. Mb1 OyneM cuuTath, 4TO
IUIOTHOCTh BEPOATHOCTY MakCUMallbHa Npu TeMiepaTtype 65°F u nanee oHa paBHO-
MEpPHO yObIBaeT fo Hynas npu 75°F.

O61as «3aMa3aHHas» IUIOIA/b, KaK BCErna, paBHA €AMHHIIE, [TOCKOJIBbKY COBO-
KYITHasi BEPOSITHOCTDb paBHa enMHUUE. Ilnoumans TpeyrolsHHUKA paBHa NIOJTOBHHE IIPO-
U3BEACHUS OCHOBAaHUS HA BBICOTY, ITO3TOMY IOJIyYaeM:

$Xx 10 x Beicora=1, (0.149)

M BeIcoTa nipu 65°F pasua 0,20.

ITpeanonoXuM BHOBb, YTO Mbl XOTHM 3HATh BEPOSTHOCTL HAXOXIEHHUS TeMIIEpa-
TYpHl B MpoMexyTKe Mexay 65 u 70°F. Ona npeacrasjieHa 3alITPHXOBAHHOI IUIO-
mwaneio Ha puc. 0.6, U eciM BBl HEMHOTO IIOMHMTE F€OMETPHIO, TO CMOXETE IIPO-
BEpHUTb, YTO OHa paBHa 0,75. Ecnu BeI npeqnoyuTaeTe NPOLECHTHOE U3MEPEHHE, TO

BuicoTa
(NNOTHOCTL BEPOSATHOCTH)

0,05 +

55 60 65 70 75 Temneparypa, F
Puc. 0.4

12



NnoTHOCTL
BEPOATHOCTH

020 1
0.15 +
0,10 ¢
0.05 +

N

65 70 75 Temneparypa, F
Puc. 0.5

3TO O3HAYaeT, YTO C BEPOATHOCTLIO 75% TeMmeparypa MOMageT B JUana3oH 65—
70°F 41 TONMBKO ¢ BEPOSTHOCTBIO 25% — B auanason 70—75°F.
B manHoM ciyyae pyHKIMS JIOTHOCTH BEPOSTHOCTH 3allMChIBaeTCs Kak f(x), rae

S()=1,5-10,02x; 65<x<75. (0.15)

(BBl MOXeTe IpOBEPUTD, YTO 3Ta ¢yHKLUMs pasHa 0,20 npu 65°F u Hymo npu 75°F.)

IIpexne 4eM NPOAOLKUTH U3JOXEHHE, YIIOMSIHEM O XOpOIUEH U IIOXOH HOBO-
crsix. «Iloxast HOBOCTb» — 3TO TO, YTO €C/IM BBl XOTHUTE PacCYUTATh BEPOATHOCTH I
GoJiee CIOXHBIX (DYHKLHUI ¢ KPMBOMMHEMHBIMU rpadUKaMu, TO 3jleMEHTapHast Teo-
MeTpHsI CTAHOBUTCS HENMPUMEHUMOM. BooO1iie roBOpsI, BBl JOJKHEI BOCITO/IB30BAThCS
HHTETPAJILHBIM UCYUCIEHUEM WY CIIELMATIBHEIMU TabmuamMu (ecny MmocaeaHue cy-
wecTByoT). UHTErpasibHOE HCYUCHEHUE MCIIOAB3YETCS TAKKE M NMpHU ONpeAcIeHUH
MaTeMaTHUYeCKOIr0 OXUAAHUS ¥ JUCIIEPCHH HEPEPBIBHOM CIy4yalHOH BEJIUYHHBI.

«Xopoias HOBOCTb» — B TOM, YTO CIIEI{HANbHEBIE TaOJIULIbI CYLLECTBYIOT JUIA BCEX
dbyHKUHIA, KOTOpBIe GyAyT HHTEPECOBATh HAC Ha mpakTuke. KpoMe toro, MareMaru-
YeCcKOoe OXHIAHUE U JUCIIEPCUS HMEIOT MPAKTUYECKU TOT XK€ CMBICI JJI1 HENPEPhIB-
HBIX CJIYYai{HBIX BEJIUYUH, YTO U IJIs AUCKPeTHHIX (hOopMalibHbIE ONPEAEICHUS MOX-
HO HalTH B npuioxeHuu 0.2), U i HUX BEPHBI TE€ X€¢ CaMbIe MpaBUIa.

MNnoTHOCTL
BEPOATHOCTN

0.20 |.
0,15
0,10 }
005 ¢

65 70 75 Temneparypa, F

Puc. 0.6

13



NocrosxHas v cnyvaiias cocTasnsioume
CNny4aiHoi# NnepeMeHHOoI

Yacto BMECTO pacCMOTPEHHUS CyYallHOM BEJIMYMHBI KaK €AMHOIO LIEJOT0 MOX-
HO M YAO6HO pa30UTh €€ Ha NOCTOSHHYIO ¥ YHCTO CAy4ailHYI0 COCTABASIOLIUE, TAE
MOCTOSTHHAs! COCTAaB/AIOLIAs BCErAa €CTh e MaTeMaTHyecKoe oxunanue. Ecau x —
cyyaiHas NMepeMEeHHast U i — ee MaTeMaTHYECKOe OXHAaHUE, TO JEKOMITO3HUIHS
C/y'1aifHOM BEJMYMHBI 3alIMCBLIBAETCA CJEAYIOLUMM 0Opa3oM:

x=p+u, (0.16)

TAe u — wucmo cayuaiinaa cocmaeasrowas (B perpeccuouﬂom aHaIM3e OHA OOLIYHO
MpEICTABIEHA CAVHAUHBIM HACHOM).

KoHeuHo, MOXHO 65110 6bI NOCMOTPETH Ha 3TO MO-APYTOMY M CKa3aTh, YTO CIY-
YyailHasl COCTaBJIAIOLIAs ¥ ONPeNeNsAeTCA KaK Pa3HOCTb MEXAY X M L :

U=x—pu. (0.17)

M3 ompeneneHus cienyer, YTO MaTEMATHYECKOE OXMAAHME BENMYMHBI ¥ PAaBHO
Hymo. U3 ypasHeHus (0.17) umeem:

EW=Ex—p=Ex—-EW=
=EX)—u=p—pn=0. (0.18)

Tockonbky Bech pa3bpoc 3HaUeHHUH x 06YC/IOBJIEH U, HEYAUBHTENBHO, YTO TEOPE-
THYECKasA QUCTIEPCHS X paBHA TeOpeTHUYecKoil aucnepcuu u. IlocneqHee HETPYAHO
Zokasars. ITo onpeneneHUIO,

o= E{(x— ¥} =E(u} (0.19)

*®

o2= E{(u—m.0.(u))?} = E{(u—0)}} = E{u’}. (0.20)

Takum ob6pasoM, ¢? MOXET GbITh 3KBUBANEHTHO omnpeneneHa Kak QUCIIEPCUA X
WM u. A

O606111as1, MOXHO YTBEPXHATh, YTO €CU X — CAy4aifHag nepeMeHHasi, onpeae-
neHHasa no ¢dopmyne (0.16), rae u — 3agaHHOE YUCIAO U ¥ — CAYYailHBIi YiEH C
E(4) =0 u pop. var (¥) = 62, TO MATEMaTUYECKOE OXMUIAHHE BEAUYHMHBI X PABHO I,
a aucnepcust — o2,

Cnocobn! ouennBanusa N OUEHKN

Jlo cux nop Mbl Mpeanoaaraiy, YTo UMeEETCs TOYHas MHQOpMaLMs O paccMmaT-
pHBaeMOH cnyvaifHoOH nepeMEeHHOMN, B 4aCTHOCTH — 00 ee pacripeaefieHUU BepOSAT-
HocTeit (B cnyyae AMCKPETHOI NEpeMEHHO#) WU O PYHKUMHM MJIOTHOCTH pacmpe-
AeneHus (B Clyyae HenpepbiBHOH nepeMeHHoM). C NOMOLIbI0 3TOH MHGOPMAUMHU
MOXHO PacCYHTAaTh TEOPETUYECKOE MaTeMaTHYECKOE OXXHIAHUE, AUCIIEPCHIO U JII0Obie
Apyrue XapakKTEPUCTUKH, B KOTOPBIX Mbl MOXEM ObITh 3aHHTEPECOBAHDI.

OnHako Ha MpaKTHKe, 33 UCKNIOYEHHEM UCKYCCTBEHHO MPOCTBIX CIy4aifHbIX Be-
NM4MH (TaKUX, KaK YHUCIO BBIMABIUKX OYKOB NMpH GPOCAHMM MIPAILHON KOCTH),
Mbl He 3HaeM TOYHOTO BEPOATHOCTHOrO pacrpelencHUs] MM TIOTHOCTH pacrpene-
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JIEHUSI BEPOSITHOCTeil. DTO O3HAYaeT, YTO HEU3BECTHBI TAKXKE M TEOPETHYECKOE Ma-
' TeMaTHYECKOe OXHIaHUE, H NUCMepCHsa. Mbl, TeM He MeHee, MOXEM HYXIAaTbCs B
OLEHKAaX 3THUX WU APYTMX TEOPETHYECKUX XapaKTEPUCTHK reHepanbHOU COBOKYI-
HOCTH.

IMpouenypa oueHuBaHHs Bceraa oauHaxosa. bepercs Bbibopka U3 n Habmone-
HMIt, M C MOMOIBIO Moaxonsiueit GopMy/bl PaCCUHTHIBAETCH OLEHKA HYXHOM! Xxa-
pakTepucTHKH. HyXHO CneauTh 3a TEpMUHAMH, REas BaXHOE Pasnnuuue MeXay
crocoboM unM HopMynoil OLlEeHHBAHUS U PACCUMUTAHHHIM MO Hed M NaHHOU
BbIOOPKH YHCIIOM, SBAAIOIIMMCS 3HaYeHHeM OUEHKH. Cnocob oueHuéanus — 3TO
obuiee npaBuno, UIK GopMyna, B TO BpeMs KaK 3HaveHue OUeHKU — ITO KOHKDET-
HOE YMCJIO0, KOTOpOe MEHsSeTCA OT BHIGOpKH K BhiGOpke!.

B 1a611. O.5 npuBeners HGOpMyNnbl OLleHHBAHUS 1St ABYX BRXKHEHLIUX XapaKTepHC-

THK TreHepaibHOM COBOKYMHOCTH. Buibopoynoe cpednee X O6GBIMHO JaeT OLIEHKY WIS

MaTeMaTH4YeCKOro oXuaanus, a ¢popMyna s2 B Tabn. 0.5 — OLEHKY AUCIIEPCHH re-
HepanbHOU COBOKYMHOCTH.

Tabauua 0.5
XapakTepuctuku .
reHepanbHo DopMynbl OLEeHUBaHNS
COBOKYNHOCTY
- 1
Cpentee, n x= —Zx,.
n
2 1 z =2
Nwvcrepcus, o s = “—I (x; — x)
N n-

OTMETHM, YTO 3TO OObiMHbie (OPMYNbI OLLEHKH MAaTEeMaTU4eCKOro OXHAAHUA H
AUCNEPCHHN F€HEPaNbHON COBOKYITHOCTH, OAHAKO HE eIUMHCTBEeHHble. Bo3MoXHO,
Bbl HACTOJIBKO TMPUBBIKIN UCIIONb30BATh X B KAUECTBE OLEHKHM JUIAl |, YTO JaXe He
3aayMbiBanuch o6 anbrepHaruBax. KoHeuyHo, He Bce GopMyJibl OLIEHKH, KOTOPbIE
MOXHO MpeACTaBUTb, OAMHAKOBO Xopouid. [IpHuKMHa, O KOTOPOK B NEHCTBUTENb-
HOCTH MCMO/Ib3YeTEs %, B TOM, YTO ITa OLEHKA B Haunyulleil CTENIEHH COOTBET-
CTBYET JIBYM O¥€Hb BaXHbIM KPUTEPUSIM — HECMEILEHHOCTH H 3G DEKTUBHOCTH. DTH
KPUTEPUH OYIYT PaCCMOTPEHBI HUXeE.

OLeHKI KaK cayyaiiHbie BENNUNHDI

IMonyyaemass oyenka NMpencTaBAAET YAaCTHHIM cay4ait cny4ailHoi nepeMeHHOMH.
TIpuuKnHa 31€Ch B TOM, YTO COYETAHME IHAYEHH I X B BbIBOpKE CAYYaHHO, TOCKOABKY

! B pycckon3myHON AMTepaType M CNoco6 OLL@HVBAHWA, VN 3HAYEHNE OLEHKW YACTO COKDALUEHHO
Ha3bIBAIOT NPOCTO oueHkoi. UHoraa B pahbHenweM Mbl Toxe GyaeM Tak NOCTYNAaTh, ECNK U3 KOKTEeKCTa
fAICHO, O 4eM naeT peus. (/TpnM. peq.)
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X — ClIydaifHas NepeMeHHas U, CJICHOBATENbHO, CIYYAHON BEIHYNHONR SABNIETCA W
dbyHkuusa Habopa ee 3HauyeHWid. Bo3bMeM, HanpuMep, x — OLIEHKY MareMaThyec-
KOTrO OXHIaHHUS:

X =

X |-

X1+ Xy +...+X,). (0.21)

MBI TOJIBKO YTO MOKA3aJIM, YTO BEJIMYMHA X B i-M HAGMIOAEHUH MOXET OBITh pas-
JIOXEHA Ha IBE COCTABISIIOLIHE: IOCTOSHHYIO YacTh L ¥ YUCTO CAYYaXHYIO COCTABIIA-

IOLIYIO U
x=u+u, (0.22)
CrnegoBaTeIbHO,

F=pti (0.23)

rle u — BBHIOGOPOYHOE CpefHee BEJIUYUH U,

OTciofa MOXHO BUIETh, UTO X, TIOJOGHO X, UMeEET KaK (PUKCHUPOBAHHYIO, TaK M
YUCTO Cy4ailHylo cocTaBasomue. Ee duxkcupoBanHas cocTasisiomas — |, TO €CTh
MaTEMaTHYECKOE OXUIAHME X, a €€ CllyJalfHas COCTABISIOMAs — u, TO €CTh CPEAHEe
3HaYeHUE YUCTO CIYyYAHOH COCTaBJAIOLICHl B BEIOODKE.

DYHKIMY TUIOTHOCTU BEPOSTHOCTH JUIS X ¥ X TTOKA3aHbl Ha OAMHAKOBBIX Ipadu-
Kax (puc. 0.7). Kak nmoka3aHo Ha puCyHKe, BEJIMYMHA X CYMTAETCS HOPMaJbHO pac-
npeaeaeHHOR. MOXHO BUAETD, YTO pacripefeseHHs, KaK X, TaK U x, CHMMETPUYHEI
OTHOCUTENBHO {t — TEOPETUYECKOIo cpeaHero. PasHUIIa MeXNy HUMH B TOM, YTO
pacripeeieHHe x YXKe ¥ Bbile. BenuunHa x, BEPOSITHO, JIOJDKHA OBITL OJIMXKE K U,
YyeM 3Ha4YeHHE €IMHUYHOIO HAOMIONEHMS X, MOCKOJIbKY €€ Ciy4ailHas COCTaBJsIo-
1Hasi 4 eCTh CPEJHEE OT YMCTO CIYYAXHBIX COCTABMNSIOLINX u,, Uy, ..., 4, B BBIOOPKE,
KOTOpBIE, ITO-BUAMMOMY, «racsit» OPYT Apyra IpH pacyeTe cpenHero. Jlaiee, TeopeTH-
Yeckasi AUCTIEPCHS BEMMYMHbI U COCTABJSET JIUIIb YACTh TEOPETUYECKOM UCTIEPCHH U.
B pasfene 1.7 6yneT moka3aHo, YTo ecIM pop. var (&) = o2, To pop. var (# ) = 6/n.

DYHKUMA NNOTHOCTH PyHKUUA MNOTHOCTH
BEPOATHOCTU X BEPOSATHOCTU X

‘;; X : u X

Puc. 0.7. CpasHeHne pyHKUMIA NNOTHOCTU BEPORTHOCTU OANHOYHOTO HABNIOOAEHNS
1 BbIBOPOYHOro cpeaHero
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BenuyuHa 52 — OLIEHKA TEOPETUYECKOW HUCTIEPCUHU X — TAKXKE SIBISIETCS Cyyai-
Hoil nepeMmeHHoM. Boruuras (0.23) u3 (0.22), umeeM:

X; -x= u,.—ﬁ. (0.24)
CrnexoBaTelbHO,

®
21 - 1 -2
s = ——= D {(x; - 07} =—= 2{(; —w)*}. (0.25)
n-1 n-1
Taxum o6pasoM, §2 3aBUCUT OT (M TOJBKO OT) YKHCTO CIy4YaiHOU COCTaBIAIOLEH
HaOmoxe Ui x B BRIGOpKE. [TOCKONBKY 3TH COCTABIAIONINE MEHSIOTCS OT BHIOOPKH K
BbIOOPKE, TaKXe OT BHIGOPKU K BHIGOpKE MEHSETCA U BEJIMYMHA OLEHKHU 52,

HecmMmeleHHOCTL

TIoCKONBKY OLIEHKU SABISIOTCS CIyJalHBIMU MepEMEHHBIMM, UX 3HAYEHUS JIUIID
O CJIy4aifHOMY COBIIAICHHIO MOTYT B TOYHOCTH PAaBHATHCA XapaKTEPUCTHKaAM reHe-
panbHO COBOKYITHOCTH. OGBIYHO GYAET IPUCYTCTBOBATH OMpeAeieHHas olmnbKa, Ko-
TOpast MOXeT OBbITh OOMBLIOH WIM MAaJIOM, ITOJOXUTECIBHONX WAHM OTPULIATEILHOM, B
3aBHCHMOCTH OT YHCTO CIYYAHHBIX COCTABIILIOIIMNX BEIMYMH X B BEIOODKE.

XOTs 3T0 ¥ HeU30eXHO, Ha MHTYUTABHOM YpOBHE XeNaTe/IbHO, TEM He MEHee, YTOObI
OLIEHKA B CPEIHEM 3a JOCTATOYHO IUTMTENbHBIN Mepuon Obla akKypaTHOM. Beipaxasich
GOpMaNbHO, MBI XOTeNIH Obl, YTOOBI MATEMATHUYECKOE OXMIAHME OLIEHKH PABHSUIOCH Obl
COOTBETCTBYIOIIEH XapaKTepUCTHKE FeHEPaTbHON COBOKYITHOCTH. ECIH 3TO TaK, TO OLIEHKA
Ha3bIBAETCH Hecmeujennou. ECIU 5TO He Tak, TO OLIEHKA HA3bIBACTCSl CMeldeHHOoU, U pa3-
HULIA MEXAY €€ MaTeMaTUYECKUM OXMAAHHMEM M COOTBETCTBYIOLUEH TEOPETUYESCKOM Xa-
PAKTEPUCTUKOI TeHepaTbHON COBOKYITHOCTH HA3bIBACTCS CMEUEHUEM.

HauyHeM ¢ BBIGOpOYHOro cpeaHero. SIBiasercs Ju OHO HECMEHIEHHOR OLEHKOM
TeopeTHyeckoro cpeaHero? Papuel au E (x) u u? Ja, 3T0 TaK, YTO HENOCPEACTBEH-
HO BbiTeKaeT u3 (0.23).

BenuynHa x BKITIOYAET JIBE COCTABISIOLIME — |1 U & . 3HAYEHHUE ¥ PABHO CPEIHEN

YUCTO cnyqaimblx COCT&BHHDMHX BCAWYHUH X B BbI60pKe, ", IIOCKOJIBKY MarcMaTu-
4eCcKO€ OXHIAHMe TaKOil COCTaBJISAIOIIEH B KAXXAOM HAOMIOAEHUU PaBHO HYJIO, Ma-

TEMATUYECKOEC OXHUIaHUC L—l PaBHO HYIIO. CIICIIOBaTeIIBHO,
Ex)=E(p+u)=E@+E@=n+0=p. (0.26)

TeM He MeHee Mony4YeHHas! OLlEHKAa — He €AWHCTBEHHO BO3MOXHAasi HECMEIIeH-
Has oueHka p. TIpeAnmonoXuM [T MPOCTOTHI, YTO Yy HAC €CTh BbIOOpKA BCETO U3
ABYX HabJIONeHUH — x| U X,. JIf0o6Goe B3BeLIEHHOE cpenHee HAbMOAEH M X, U X, GbLIO
Obl HECMEILEHHON OLIEHKOW, €CIM CYMMa BECOB paBHa equHuIe. UTOOBI 1MoKas3aTh
3TO, MPEANOJIOXKMM, YTO MBI OCTPOMIU 000OILIEHHYIO (POPMYJIY OLICHKHU!

Z= ?»lxl + 7\.2.)(.'2. (027)
MaremaTnyeckoe OXMAaHUue VA PaBHO:

E(Z) = E(lyx + 2y %)) = EQux) + EQyx) =

= )\.IE(XI)+}\,2E(X2)= }\.ll.l“f‘}\.zl.l'—‘(}\.l +)\2).Ll. (028) i
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Ecnu cymma A, u A, paBHa enuHuue, To Mbl umeeM E (Z) =, u Z asnsercs
HECMEUIEHHOM! OUEHKOM L.

Takum 06pa3oM, B NPUHLMIIE YUCIO HECMELIEHHBIX OLIEHOK OeckoHeyHo. Kak
BbIOpaTh oxHy U3 HUX? [ToyeMy B e fACTBUTENLHOCTHA MBI BCEIa MCIONb3yeM BbIOO-
pouHOe cpeaHee ¢ A, = A, = 0,57 Bo3aMoxHO, Bbl mojaraete, yto GbUIO Obl HecIHpa-
BeJUTMBLIM JIaBATh Pa3HBIM HaOIIOACHUSM Pa3THYHEIE Beca HIIM YTO IMOMOOHOM acCUM-
METpUM ClelyeT U30eraTh B MpUHIIMITe. MBI, OXHAKO, He 3a00TUMCS 31eCh O Crpa-
BeUTMBOCTU UJIX O CUMMETPUM KaK TakoBoii. B cienyloliem pasnene Mbl YBUIHM, YTO
nMeeTcs u 6osee ocsa3aeMast IpUYKMHA.

Ho cux nop Mbl pacCMaTPUBAIU TOJILKO OLEHKU TEOPETHUUYECKOTO CpeaHero. Briuie
YTBEDXKAANOCh, YTO BEIUYUHA §2, onpeneisgeMas B COOTBETCTBHU ¢ Tabn. O.5, aBis-
€TCs OLIEHKOM TeOpeTUYECKOM AUCNEpcHH ¢2. MOXHO oKa3aTh, YTO MaTeMaTHyec-
KO€ OXHIaHME $? paBHO G2, U 3Ta BeJIUYMHA SBJISETCS HECMELIEHHOM OLIEHKOH Te-
OPETUYECKON AUCMEPCUH, €CJIU HAOMIONEHHS B BLIOOpKE HE3aBUCHMbI APYT OT ApYra.
J10Ka3aTeIbCTBO 3TOr0 MaTeMAaTUYECKH HECJIOXHO, HO TPYAOEMKO, U MTOITOMY OHO
BbIHECEHO B npuioxeHue O.3 B KOHIle NaHHOTO 0630pa.

\

AdpPekTuBHOCTL

HecMmeleHHoCTh — XenaTesibHOe CBOMCTBO OLIEHOK, HO 3TO HE €NMHCTBEHHOE
TaKo€e CBOMCTBO. Ellle 0/IHa BaXKHast UX CTOPOHA — 3TO HafAeXHOCTh. KOHeYHo, HeMa-
JIOBaXHO, 4TOOKI OLIEHKa ObliIa TOYHOU B CpPEeAHEM 3a [UTUTENbHBIHM IePUO, HO, KaK
oxHaxabl 3aMeTun JIxx. M. KeifHc, «B TOJrOCPOYHOM IEPUOAE MBI BCE YMPeM». MbI
XOTENU Obl, UYTOOBI HALllA OLIEHKA C MAKCUMATLHO BO3MOXHOM BEPOATHOCTBIO aBaIa
Ob1 6/1M3KO€ 3HAYEHHUE K TEOPETUYECKOU XapaKTepUCTUKE, YTO O3HAYAET XeJaHue Io-
JYYMUTh QYHKLHMIO [JIOTHOCTU BEPOSITHOCTU, KAK MOXHO BOJIee «CKATyl0» BOKPYT UC-
TMHHOTO 3HaYeHus:. ONMH U3 CIIOCOOOB BBIPA3UTh 3TO TpeOOBaHUE — CKa3aTh, YTO
Mbl XOTeJIM OBl MOMYYUTh CKOJNb BO3MOXHO MANYIO HUCIIEPCHIO.

IIpearnonoxuM, YTO MBI MMEEM J[Be OLIEHKHM TEOPETUYECKOTO CPEIHETO, PacCyM-
TaHHbIE HAa OCHOBE ONHOW U TOW XXe MH(POPMALIMK, YTO 00 OHU SBJISIOTCS] HECMe-

dyHKUMA NOTHOCTN
BEPOSITHOCTH

OueHka B
o

QOueHka A
/

I

"

Puc. 0.8. 3¢dektusHblie 1 HeahHEKTUBHbIE OLEHKN
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IEHHBIMM U YTO UX (GYHKLUU [UIOTHOCTH BEPOATHOCTH IMoKasaHbl Ha puc. O.8. Ilo-
CKONBKY (PYHKLIMSA TUIOTHOCTH BEPOSATHOCTH U OLIEHKH B Gojee «cxkara», YeM Ui
OUEHKH A, C ee IIOMOLIBIO MBI CKOpee IoNyduM Goee ToYyHOE 3HadeHre. PopManbHO
roBOps, 3Ta OlicHKa Oosnee agdexmusHa.

BaxkHO 3aMeTHUTb, YTO MBI UCIIOJIb30BAIM 3I€Ch CJIOBO «CKopee». Jlaxe XOTS OLieH-
Ka B 6onee addekTuBHa, 3TO HE 03HAYAET, YTO OHA BCerma gaet 60yiee TOUHOE 3HA-
yeHue. [Ipu onpeneseHHOM CTE4EHUH 0OCTOATENBCTB 3HaYEHNE OLIEHKU A MOXeT OBITh
Onmxe K ucThHe. OMHAKO BEPOSTHOCTE TOTO, UTO OLIEHKa A OKaXeTcsl 6oJiee TOYHOM,
yeM B, cocrtaBnget MeHee 50%.

DTO HAIIOMMHAET BOIPOC O TOM, ITOJB30BATHCA JIM PEMHIMU 0e30MACHOCTU IpU
VIIPaBACHUH aBTOMOOUIIEM. MHOXECTBO 0030pOB B pa3HBIX CTpaHax I0Ka3alo, 4To
3HAYUTEJIbHO MEHEE BEPOATHO IOTMOHYTH MJIM IMOJYYUTh YBEYbS B JOPOXHOM IIPO-
HCLUECTBUM, €CJIM BOCIIOJIb30BATHCA PEMHAMM 0€30MacHOCTU. B TO Xe Bpems He pa3
OTMEYanHuCh CTPaHHbIE CIy4yaH, KOTIa He CIeNaBLIMIl 3TOr0 MHAMBUI YyIECHBIM 06-
pa3oM yIenen, Ho rmorud 661, Oyay4yd NMPUCTErHYT PEMHSMHU. YITOMSHYTBIE 0030DbI
HE OTPHULIAKT 3TOro. B HUX JUIL MejlaeTca BBIBOJ, YTO NMPEUMYLIECTBO Ha CTOPOHE
TeX, KTO IOJIb3yeTCd peMHAMHU OGe3onacHocTy. ITomo0HbIM Xe IpenMyIIeCTBOM 00a-
naeT u aghgpekmusrnas oyenra. (HermpuaTHEBINN KOMMEHTAPUI: B TeX CTpaHax, Ie M0Jb30-
BaHUE PEMHSAMU O€30IIaCHOCTH ClIeJIaHO 00A3aTeIbHBIM, COKPATUIIOCH NPEIUIOXKEHNE
JUIS TPAHCIUTAHTAIMU TTOYEK JIIOAei, CTaBIIMX XepTBaMHU aBapuil.)

MEI TOBOPHUIIN O XEJTAHUHU ITOJAYYUTH OLIEHKY KaK MOXHO C MEHbLIEH AUCIIEPCH-
eif, 1 2 deKTUBHAS OLIEHKA — 3TO Ta, Y KOTOPOil JUCIepcus MUHUManbHA. Celyac
MBI PaCCMOTPHUM JUCIIEPCHIO 0606IIEHHOM OLIEHKHN TEOPETUYECKOTrO CPEAHErO U I10-
KaXeM, YTO OHa MMHMMAaJbHA B TOM CJy4ae, Korga 06a HabMIOAeHUSA UMEIOT PaBHBIE
Beca.

Ecnu HabmoneHus x; ¥ x, He3aBUCUMBI, TeopeTHyecKas Jucrepcus 06061eHHO
OLICHKHU paBHa:

pop.var(Z) = pop.var(h,x; + A,%) = (A3 +23)o?. (0.29)

(DTO MOXHO MOKa3aTh, UCIIOJb3ySA NMpaBUIIa pacyeTa AUCIIEPCUM, paccMaTpUBae-
MbI€ B I71aBe 1.)

MEI yXXe BBISSCHUIIM, YTO MIS HECMELUEHHOCTH OLEHKU HEOOXOAUMO paBEHCTBO
eIUHULE CYMMBI A, U A,. CleI0BaTeNbHO, Ul HECMEILEHHBIX OLEHOK A, = (1 —A ) 1

MB42d =2 +(1-2)? =203 -2 +1. (0.30)

ITockonbKy MBI XOTUM BBIOpPATh A, TaK, 4TOOBI MUHMMHM3UPOBATH AUCIIEPCUIO, HAM
HYXHO MUHMMM3UPOBATh NpU 3ToM (24,2 — 2}, + 1). DTy 3a1a4y MOXHO PEIUUTD Ipa-
dHYEeCKM WK ¢ TOMOILUBIO AU DEpeHIINANIBHOTO UICHUCICHUS. B 11060M ciyyae MU-
HUMYM Hocturaetcs npu A, = 0,5. CienosartensHo, A, Takke paBHO 0,5.

Htak, MBI ITOKa3aJI4, YTO BEIOOPOYHOE CpelHEe UMEET HAMMEHBLUIYIO TUCIIEPCHIO
CpeaM OUEHOK pacCMaTpMBaeMOro TUIIA. DTO O3HA4yaeT, YTO OHO MMeeT Haubonee
«CKAaTOE» BEPOATHOCTHOE paclipeic/iIeHUe BOKPYI UICTUHHOIO CPEJHETO U, Cliel0Ba-
TENBHO (B BEPOSITHOCTHOM CMBIC/IE), Haubonee TouHO. CTPOro ropops, BEIGOPOYHOE
cpenHee — 3To Haubosee 3(HEeKTUBHASL OLIEHKA CPeU BCEX HECMEIEHHRIX OLICHOK.
KoHeyHOo, MBI ITOKa3aJId 3TO TOJBKO IS CNydas ¢ OBYMs HAOMIOACHUSIMHU, HO CIe-
JIAHHbIE BBIBOABI BEPHBI JUTSI BIOOPOK JI000OTO pa3Mepa, ecld HaOMoaeHUd HE 3a-
BUCAT Ipyr OT Apyra.

2 BBenmeHME B 3KOHOMETPUKY 19



JBa 3aKIIOYUTEIBHBIX 3aMEYaHUSA: BO-TIePBhIX, 3Q(HEKTUBHOCTL OLEHOK MOXHO
CPaBHMBATh JIMLIL TOINA, KOTXA OHU UCIONB3YIOT OAHY M TY Xe HH(pOpMAlUio, Ha-
IpUMep OAMH U TOT Xe Habop HaGMoNeHUH HECKOJbKUX CNYYaWHBIX MEePEMEHHEIX.
Ecnu omHa u3 oleHOK ucnonb3yeT B 10 pa3 Gonbire uHpOpMalMy, 4eM Apyras, TO
OHA BIOJIHE MOXET MMeTh MEHBUIYIO TUCHEPCHUIO, HO OBbLIO GBI HENPaBUJILHO CYM-
TaTh ee Gonee 3 PekTUBHON. BO-BTOPHIX, MBI OTpaHMYMBACM MOHATHE 3(PDHEKTUB-
HOCTHA CPaBHEHHUEM paclipeleNeHni HeCMelleHHBIX oLieHOK. CyllecTBYIOT oIpeleie-
HUst 3¢ HeKTUBHOCTU, 00001IalOIIME 3TO TOHSITHE Ha CJyYail BO3MOXHOIO CpaBHeE-
HMA CMEIUEHHBIX OLICHOK, HO B 2TOM KHHre Mbl OyJeM IpHUIAEPXHUBATHCS TaHHOTO
MPOCTOTO OIPEACTICHUS.

Ynpaxreuns

0.8. Paccuuraiite nucnepcuio oGo0IIEHHOM OLIEHKM TEOPETHUYECKOTO CPETHETO
IUIA YacTHOIO ciyyasi 62= 1 1 BeIOOPKU M3 ABYX HAOMIONEHUM, BOCIIONb30BABIINCE
ypaBHeHueM (0.30) ¢ Benrnyunamu A, ot 0 go 1 mpu ware 0,1. Hanecure nonyyeH-
Hble TOYKM Ha rpaduk. BaxHo yu 1o, 4TOOBI BecOBble KOIDOUUMEHTH A; U A, B
TOYHOCTH PaBHSUIMCH Ipyr apyry?

0.9. Iokaxurte, YTO MPH HATUYUHU » HAOIIONEHU I YCIIOBUEM TOr0, YTOOBI 0606~
weHHas gopmyaa (Ax; +...+ A x,) JaBala HECMEIIEHHYIO OLUEHKY [, SIBISETCS
Mt oA, =1

0.10. Boo0iie roBops1, IpH yBEJTHUEHUM pa3Mepa BBIOOPKY OUCIIEPCUS pacripese-
NeHUs OUeHKH yOniBaeT. IIpaBUiibHO JIM YTBEPXIATh NMPU 3TOM, YTO OLIEHKA CTaHO-
BUTCS Gojiee 9 eKTUBHON?

MpoTuBOpeUna Mexay HECMELEHHOCTbIO
M MUHUManNbHOW Aucnepcuei

B nanHOM 0630pe MBI YK€ BBIACHWIHN, YTO I OLICHKH XEjaTeJIbHAa HECMCLICH-

PyHKUMA NNOTHOCTH
BEPOATHOCTH

_ Ouenka B

Ouexka A

~

r

McTuHHoe 3HadeHune

Puc. 0.9. Kakylo oueHKy Npennoyectb: OUeHKa A HECMEULEHHasR,
HO Yy B MeHblie gucnepcus
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Motepwn

OTpuuaTtensHasa ownbka MonoxutensHas ownbka

Puc. 0.10. ®yHkuunsa notepb

HOCTb U HAUMEHbBILAS BO3MOXHAsI AUCIEPCHUSA. DTU KPUTEPUHU COBEPLIEHHO pasiny-
Hbl, ¥ MHOTJa OHM MOTYT MPOTUBOPEYUTH OPYT APYry. MOXET CIY4UTBhCA TaK, YTO
UMEIOTCA [IBe OLIEHKM TEOPETUYECKON XapakTepUCTUKU, OAHA U3 KOTOPBIX SBJIAET-
ca HecMelueHHOH (A Ha puc. 0.9), opyras e cMmellleHa, HO UMeeT MEHbIUYIO AUC-
nepcumo (B).

OueHka A4 xopolila CBOeil HECMELIEHHOCTBIO, HO TIPEUMYIIECTBOM OLEHKU B
SIBJISIETCSL TO, YTO €€ 3HAYEHMS TPaKTUYECKU Bceraa ONMM3KU K UCTUHHOMY 3Haye-
H11o. Kakyio u3 Hux Bel Obl BEIOpanu?

JaHHBI1 BEIOOP 3aBUCHUT OT 06CTOATENBCTB. EC/IM BO3MOXHbBIE OLIMOKH BaC He O4eHb
TPEBOXAT IIpU YCJIOBUM, YTO 32 ANUTENbHBIH MEPHOI OHU «IloracaT» ApYyr Apyra, To,
[10-BUAMMOMY, BbI BeiOepeTe A. C Apyroii CTOPOHBI, €CJIU IJIs1 BAC IPUEMIIEMBI MaJIbIe
OWIMOKHU, HO HEMpUeMJIEMbI OONBIIIHE, TO BaM CleayeT BhIOpaTh B.

@opManbHO TOBOpPS, BBIGOP OMpenensieTcs @yHKyueld nomepsb, CTOUMOCTBIO cle-
JJAHHOM OlIMOKU Kak yHKIMEH ee pasmepa. OOBIMHO BHIOMPAIOT OLEHKY, AAIOIUYIO
HauMMEHbllee OXUIAHUE TTOTEPb, U IeJIAeTCA TO MyTeM B3BeIUBaHUS GYHKLMH 110TEPD
0 GYHKIUY TUIOTHOCTHU: BeposaTHocTH. (Ecau BBl He M100MTe pUCK, TO MOXETE TAKOKE
[10XeNIaTh YYeCTh JUCITEPCUIO OTEPh.)

TUnMYHBIM npuMepoM (DYHKIIUHU MOTEPh, TOKA3aHHOM KBaJpaTUYHO mapabosoit
Ha puc. 0.10, MOXeT CyXUTb kgadpam owiubru. Ee MaTeMaTHYeCKOe OXXUIAHUE, U3-
BECTHOE KaK cpedHexgadpamuunas owubxa (MSE), MOXeT ObITh pa3noxXeHO Ha CO-
CTaBJsIIOLINE;

MSE = Jlucnepcns oueHku + Ksagpar cMeleHus. (0.31)

YToOBl TTOKA3aTh 3TO, MPEAIIONOXUM, YTO OLEHKA Z UCIONb3YeTCH ISl OLEHHU-
BaHUSI HEM3BECTHOrO 3HAYEHMs TapaMeTpa IeHepaldbHON coBoKymHocTu 6. IIpen-
MOJIOXHUM, YTO MAaTEMaTUYECKOe OXMAaHUe Z paBHO W, OHO OyAeT paBHATHCA O
TOZIBKO B TOM CJlyyae, eciin Z — HecMelleHHas oLeHKa. B o61eM ciaydae GyneT MeTh
MECTO cMellleHue, paBHoe (u,— 0). ducnepcus Z pasHa E {(Z— u,)}?. Bennunna MSE
OLIEHKM Z MOXET OBITh pa3/ioXeHa Ha COCTaBISIOUIME CIEAYIOLIMM 006pa3oM:

MSE(Z) = E{(Z - 8)*} = E{(Z -]+ [n, - 6D*)} =
= EZ - ")+ 2B{(Z -1 )i, — O} + E{(n, - 0)? =
= pop.var(Z) + 2(u, -~ 0)E{(Z — )} + Ksagpat cMeleHUs =
= pop.var(Z) + Ksaapat cMelueHus, (0.32)
NOCKOJBKY E{(Z —u )} = E(Z)-p, =0.
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Ha puc. 0.9 onenka 4 He UMeeT COCTaBIAIOIIEN CMEILEHUS, HO UMEET ropasao
GOJNpIIYI0 COCTABIAIOLIYIO AMCIEPCUU, Y€M B, M IO3TOMY OHA XyXe IO HaHHOMY
KPUTEPUIO.

Hiawatha Designs an Experiment !

M. G. Kendall

1. Hiawatha, mighty fighter,
He could shoot ten arrows upwards
Shoot them with such strength and swiftness
That the last had left the bowstring
Ere the first to earth descended
This was commonly regarded
As a feat of skill and cunning.

2. One or two sarcastic spirits
Pointed out to him, however
That it might be much more useful
If he sometimes hit the target.
Why not shoot a little straighter
And employ a smaller sample?

3. Hiawatha, who at college
Majored in applied statistics
Consequently felt entitled
To instruct his fellow men on
Any subject whatsoever,

Waxed exceedingly indignant
Talked about the law of error
Talked about truncated normals
Talked of loss of information
Talked about his lack of bias
Pointed out that in the long run
Independent observations

Even though they missed the target
Had an average poirt of impact
Very near the spot he aimed at
(With the possible exception
Of a set of measure zero).

4. This, they said, was rather doubtful.
Anyway, it did not matter
What resulted in the long run;

' Mo cornacoBaHuio C aBTOPOM, Mbl PELIMAN COXPAHUTE B 3TOM U3aHUN Ha A3bIKE OPUFMHANA NpU-
BOAUMOE UM WYTOuHOE CTuxoTBOopeHue M. Ix. KeHganna Ha MoTtuBbl «[ecHn o lMaasare». Yutatens
BMONHE MOXET NPoNycTuTEL ero 6e3 yulepba Ang noHuManus matepuana kuuru. (/7pum. pes.)
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Either he must hit the target
Much more often than at present
Or himself would have to pay for
All the arrows that he wasted.

. Hiawatha, in a temper,

Quoted parts of R. A. Fisher
Quoted Yates and quoted Finney
Quoted yards of Oscar Kempthorne
Quoted reams of Cox and Cochran
Practically in extenso

Trying to impress upon them

That what actually mattered

Was to estimate the error.

. One or two of them admitted
Such a thing might have it uses
Still, they said, he might do better
If he shot a little straighter.

. Hiawatha, to convince them, -
Organized a shooting contest
Laid out in the proper manner
Of designs experimental
Recommended in the textbooks
(mainly used for tasting tea, but
Sometimes used in other cases)
Randomized his shooting order
In factorial arrangements

Used in the theory of Galois
Fields of ideal polynomials

Got a nicely balanced layout
And successfully confounded
Second-order interactions.

. All the other tribal marksmen
Ignorant, benighted creatures
Of experimental set-ups

Spent their time of preparation
Putting in a lot of practice
Merely shooting at a target.

. Thus it happened in the contest

That their scores were most impressive
With one solitary exception

This (I hate to have to say it)

Was the score of Hiawatha

Who, as usual, shot his arrows

Shot them with great strength and swiftness
Managing to be unbiased

23
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10.

11.

Not, however, with his salvo,
Managing to hit the target.

There, they said to Hiawatha
This is what we all expected.

Hiawatha, nothing daunted

Called for pen and called for paper
Did analyses of variance

Finally produced the figures

Showing beyond peradventure
Everybody else was biased

And the variance components

Did not differ from each other

Or from Hiawatha’s

(this last point, one should acknowledge
Might have been much more convincing
If he hadn’t been compelled to
Estimate his own component

From experimental plots in

Which the values all were missing

Still, they didn’t understand it

So they couldn’t raise objections

This is what so often happens

With analyses of variance).

12. All the same, his fellow tribesmen

13.

Ignorant, benighted heathens
Took away his bow and arrows,
Said that though my Hiawatha
Was a brilliant statistician

He was useless as a bowman.
As for variance components
Several of the more outspoken
Made primeval observations
Hurtful of the finer feelings
Even of a statistician.

In a corner of the forest

Dwells alone my Hiawatha
Permanently cogitating

On the normal law of error
Wondering in idle moments
Whethering an increased precision
Might perhaps be rather better
Even at the risk of bias

If thereby one, now and then, could
Register upon the target.

From Kendall, 1959



Ynpaxuerus

O.11. TlpuBeaute nMpUMepHl MPUIOKEHUH, B KOTOPBIX BbI MO Obl: 1) mpen-
noyectb oueHKy tuna A (puc. 0.9); 2) npeanodyects oueHky tuna B (puc. 0.9).

0.12. U306pa3urte GyHKIUIO TIOTEPD WISt IPUOBITHS B a9POIIOPT MO3Xe (1IN paHb-
1e) BpEMEHM OKOHYAHHUS perrucTpallvi.

0.13. IMeroTcs nBe OLIEHKU HEM3BECTHOTO IapaMeTpa reHepanbHOl COBOKYITHOC-
TH. O0s3aTenbHO I ABgeTCs 6onee 3pbeKTUBHOMN Ta U3 HUX, KOTOPAs UMEET MEHD-
WYIO AUcrepcuio?

BnusiHue yBenuyeHnsa pasmepa BbiGOpKU
Ha TOYHOCTb OLEHOK

ByneM no-mnpexHeMy 1pearnojiaraTb, 4YTO MBI MCCIEAYEM CIy4alHYIO NEepEMEH-
HYI0 X ¢ HEM3BECTHBIM MAaTeMAaTHMYECKUM OXHUIAHHEM |L M TEOPETHUECKON TUCIIEp-

CHeil ¢2 U 4TO AJIS OLEHMBAHMS | Ucmoib3yeTcss x. Kakum o6pa3oM TOYHOCTH
OLICHKM X 3aBHCUT OT YMcJIa HabmoneHuit n? «

OtBeT HCYAMBHUTCJICH: IIPU YBCJIIMUYCHUHU A OLICHKA X, BOOOLIC roBopsA, CTaHOBUT-

cs1 6osiee ToyHOI. B emMHUYHOM 3KCIepuMeHTe 6OJIbILIas 110 pa3Mepy BblOOpKa He-
00s13aTeIbHO AacT Gosiee TOYHYIO OLIEHKY, YEM MEHblIas BbIOOpKAa, — BCEraAa MO-
XEeT MMPUCYTCTBOBATh 3JIEMEHT Be3eHMS, — HO obLIas TEHAEHUUS OOJIKHA ObITh

MMEHHO Takoii. TToCKONBbKY NMCIepcHst X BhlpaxaeTca GhopMysoit 62/n, OHa TeM
MeHbIle, YeM OoJibllie pa3Mep BHIGOPDKM M, 3HAYUT, TEM CHJIbHee «cXaTa» (QYHK-
LM TUIOTHOCTH BEPOSITHOCTH [UIS X.

D710 nokazaHo Ha puc. O.11. MpI ipennonaraeM, 4To X HOpMaJabHO pacipeaeicHa
CO CpeqHUM 25 U cTaHAapTHHIM OTKIOHeHMeM 50. Ecnu pasmep BhIGOPKHU paBeH 25,

TO CTAHIAPTHOE OTK/IOHEHMWE BEJIUMYMHBI X, PaBHOE G / Jn , COCTaBUT. 50/ V25 =10.

Eciu pasmep BoiGopku pased 100, To 3T0 cTaHAapTHoe OTKIOHeHHMe paBHO 5. Ha
puc. O.11 mokazaHbl COOTBETCTBYIOIME GYHKIIMU TJIOTHOCTH BEPOSTHOCTH. BTO-
past (n= 100) Brille nepBoii B OKPECTHOCTH {1, UTO 'OBOPHUT O Oosice BbICOKOH Be-
POSITHOCTH TIOJIy4EHMSI C €€ ITOMOIIbI0O aKKYpPaTHO# OLlEHKHU. 3a IpeaeslaMu 3TOM
OKPECTHOCTU BTOpasg MYHKIUS BCIOAY HIXE TNEPBOM.

Yem Gonbllie pasMep BHIOOPKM, TEM YXe M Bhille OyaeT rpaduk GyHKIMHU MIIOT-

HOCTHM BEPOSITHOCTM Uit x. ECJIM # CTAaHOBUTCA A€HCTBUTENBHO GOJIBLIUM, TO Ipa-
buk GYHKLMM IUIOTHOCTH BEPOATHOCTH OyAeT HEOTIIMYUM OT BEPTUKATLHOMN MPAMOH,
COOTBETCTBYIOINEH x = . JINIA TaKOM BBHIGOPKH CyyaiHasd COCTABJIAIOLIAS X CTAHO-

BUTCS JIC/CTBUTEIEHO OYEHB MANIOl, U TIO3TOMY X 0BSI3aTeNIbHO Gy/eT O4eHb BIIU3KOM

K 1. DTO BBITKAeT U3 TOro (haKTa, YTO CTAHZAPTHOE OTKJIOHEHHE x , PaBHOE o / Jn |
CTAHOBMTCS OYEHD MAJIBIM TIPHU OOJIBIINX A.
B npezene, npyu CTpeMJICHHU 7 K GECKOHEYHOCTH, o /+/n CTPEMHUTCS K HYMIO U

X CTPCMUTCA B TOYHOCTHU K U. DTO MOXHO 3alMCaTh MAaTEMAaTHYECKU:
25



GYHKUMA NNOTHOCTKU

BEPOATHOCTHU
0.08
n =100
0.06
0.04¢
0,02} n=25
_n=1
0 i ) i =
0 50 100 150 X

Puc. 0.11. BnusHue ysenuyeHus pasmepa Bbibopky Ha pacrnpeaeneHuve X.

Jdimx = . (0.33)

n— o

OKBUBAJICHTHBIN U 6oJiee pacMpOCTPaHEHHBIH Cr1oco6 onucaHusa 3Toro akra
MpeJUIaracT UCIOAb30BaHue TepMUHA plim, rae plim o3Ha4aer «Ipesen 110 BEPOAT-
HOCTH» U IMONYEPKHUBAET, YTO NpeLie] AOCTUTAETCHI B BEPOATHOCTHOM CMBICIE:

plim x =p, (0.34)

KOTIa i JIIOOBIX CKOJIb YTONHO MAJIbIX € U § BEPOSITHOCTH TOrO, YTO x OTIMYAETCS

or u Goapwie, yeM ‘Ha €, GyAeT MEHbIUEH 8§ PU NOCTATOYHO GOJBLIOM pa3’MEPE BbI-
6opKH.

CoCTOSTENbHOCTD

Boob6iiie roBopsi, ecy npenen OUEHKH M0 BEPOATHOCTH PaBeH UCTHHHOMY 3HA-
YEHUIO XapaKTEPUCTUKHU F€HEPAJIbHOU COBOKYNMHOCTH, TO 3Ta OLEHKA Ha3bIBAETCS
cocmosmenvtoid. IHa4e roBopsi, COCTOATENBHOM Ha3bIBAETCA TaKas OLIEHKA, KOTOpas
JaeT TOYHOE 3HaYeHUe U 60NpIIoil BHIOGOPKH HE3aBMCHMO OT BXOJSILMX B HEE KOH-
KPETHBIX HaOIoAeHWA.

B 601bMHCTBE KOHKPETHBIX CIIy4aeB B 3TOM KHUIE HECMELLEHHAS OLEHKA ABJISI-
€TCA M COCTOATENbHOM. /i1 3TOro MOXHO ITOCTPOUTh KOHTPIIPUMEDHI, HO OHU, KaK
NPaBWIO, OYIYT HOCUTH MCKYCCTBEHHBIN Xapaxrep.

HMuoraa 6biBaeT, 4YTO OLIEHKA, CMEILEHHAs Ha MAJbIX BHIOOpKaX, ABIAETCH CO-
CTOSATENBHON (MHOTIIA COCTOSTENPHON MOXET ObITh JaXe OLIEHKA, HEe MMeloluas Ha
MaJibIX BHIGOpKaX KOHEYHOIo MareMaTHyeckoro oxuaauus). Ha puc. O.12 rrokasa-
HO, KaK IPH Pa3IM4YHBIX pa3Mepax BHIGOPKU MOXET BHIMASNETh paclpesesieHue Be-
poaryocTeit. ToT ¢akT, 4To NpU yBeAMYEHUH pa3Mepa BHIGODKM PACIpeNeeHME
CTAHOBUTCS CMMMETPUYHBIM BOKPYI MCTUHHOTO 3HAYEHMS, YKA3bIBAET HA aCHMII-
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DYHKUMA NIOTHOCTN
BEPOATHOCTU

n = 1000

n =100

L\ <

WcTuHHOE 3HaveHune
Puc. 0.12. CocrosaTensHas OueHka, CMeLeHHaa Ha Manbix BblBopkax

TOTHUYECKYIO HECMEIIEHHOCTh. T0, 4YTO B KOHEYHOM CUYETE OHO MPEBPAIACTCSA B €AMH-
CTBEHHYIO TOYKY MCTHHHOI'O 3HAYEHMSI, TOBOPUT O COCTOSITEJIBHOCTU OLEHKH.

Kak Mbl yBUIMM nanee B 3TOM KHMIe, OLIEHKM THIIa MTOKa3aHHbIX Ha puc. 0.12
BeCbMa BaXHHI B PErpeCCHOHHOM aHaiu3e. HOTAa HEBO3MOXHO HalTH OIIEHKY,
HECMELIEHHYIO Ha MaJibIx BEIGOpKax. Eciii mpy 3TOM BBl MOXETE HalTH XOTs OBl CO-
CTOSITEJIBHYIO OLIEHKY, 3TO MOXET ObITh JIydyllle, YeM He UMETb HUKAKOM OLICHKH,
OCOOEHHO €CJIM BBl MOXETE MPEINON0XUTh HANIpaBJIeHUE CMELUEHUA Ha MaJIbIX BbI-
6opkax.

HyxHo, 01HAaKO, UMETh B BUAY, YTO COCTOATEJIbHAS OLIEHKA B IIPUHLIAIIE MOXET
Ha MaJIbIX BEIOOPKaX paboTaTh XyXe, YeEM HECOCTOATENbHAs (HallpuMep, UMeTh 60JIb-
HIYIO CpeJHEKBalpaTUYHYIO OIKOKY), ¥ o3TOMY TpebyeTcs ocTopoxHocTh. [Tomo6-
HO TOMY, KaK Bbl MOXETe IIpeIII0YeCTh CMEIIEHHYIO OLICHKY HECMELIEHHOM, eCiU ee
JUCTIEPCHS] MEHbILE, BBl MOXETE IPEATIOYECTh COCTOSTENBHYIO, HO CMEILIEHHYIO OLIEH-
KY HECMEIIEHHOH MU HECOCTOSATENLHYIO OIIEHKY UM 00erM (TaKXe B CJiyyae MEHb-
nie QUCIIEPCHH).

MonesHoe npaBuno

HHora OlleHKAa pacCYMTHIBAETCA KAaK OTHOLIEHUE ABYX BEMUYUH, UMEIOLLMX CIIy-
yaiiHble COCTABJSIOLLME, HAIIpUMED:

Z=X)Y, (0.35)

rae X ¥ Y — BeMUYUHBI, pACCYUTAHHBIE 110 JAHHBIM BbIGOPKU. OOBIYHO TPYAHO CKa-
3aTh 4YTO-MM6O OMpeaeIeHHOE O MATEMATUYECKOM OXWIAHUU BeIUYuHbl Z. Booblue
rOBOP#A, OHA He paBHA 4YacTHOMY oT jefenus E(X) na E(Y). Ecnu Y ¢ Hekoropoit
BEPOSITHOCTBIO MOXET PABHATHCS HYINIO, TO MaTEMAaTUYECKOE OXUIaHHE Z HE MOXET
6bITh maxe onpexneneHo. Eciau, oqHako, X ¥ Y cTpeMsATcd K KOHEYHBIM BEIUYUHAM
plim X u plim Y Ha 6onpwux BeIOOpKax ¥ plim Y He paBeH HyNO, BEIMYUHA Z
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OyAeT CTpEMUTHCS K oTHouieHHIo plim X/plim Y. CiienoBaTebHO, JaXe €CIU HEb3S
CKa3aTh YTO-TUOO OmnpeneseHHOE O CBOMCTBax Z Ha MajbiX BbIGOpKaxX, Mbl MHOTAA
MOXEM CYIHUTh O €€ COCTOATEABHOCTH.

[peanonoxum, HanpuMep, YTO TEOPETHYECKUE CPENHUE IBYX CIYYaMHBIX Iepe-
MEHHBIX X M ¥ paBHBI 4, ¥ {1, COOTBETCTBEHHO U YTO 06 OHM MOABEPXEHBI CIIyqait-
HBIM BO3JEHCTBUAM, TaK 4TO

X=uy+uy, (0.36)
Y =py +uy, ' (0.37)

TOE Uy U Uy — CJIy4YaifiHbIC COCTABJISIOIINE C HYJICBBIM CPCIHUM. Ecnu Mul 110 BBIOO-

POYHBIM JNAHHBIM XOTUM OLEHHMTh OTHOIUEHHE L, /l,, TO OLUeHKAa Z =X /Y Oyner
COCTOSITE/ILHOM, MOCKONbKY

plimZ = plimX / plim¥ =py /ny, (0.38)

¥ MOXHO CKa3aTb, YTO Z SBJSAETCS XOPOLICH OLEHKOM i GOJbIIMX BHIGOPOK,
XOTsI, BO3MOXHO, IUI1 MaJblX BBIGOPOK 0 E (Z) Henb3sd CKa3aTb HUYErO.

VnpaxHerunsa

O.14. fBnsgercs MU HECMELIEHHOCTh HEOGXOMUMBIM WX AOCTATOYHBIM YCIOBHEM
COCTOSITENILHOCTH?

O.15. CayyaitHas BenMYMHa X IpUHUMAET 3HAYeHUS 3 U 4 C PaBHBIMU BEPOSTHO-
cramu. CiyyaiiHas BenuuuHa ¥ npuHuMaeT 3HaueHus ] U 2 Takxe ¢ paBHBIMM Bepo-
arHocTamMu. Benvuunsl X u Y pacnipenesnensl He3aBUCUMO Ipyr OT apyra. ITepemeH-
Hasi Z onpeAenseTcs Kak Z = X/ Y ¥ vMeeT YeThIpe BOIMOXHBIX 3HAYEHUS, KAKIOE C
BEpPOATHOCTHIO 0,25: ’

Tab6nuita 3HaueHnit Z Npu [ aHHbIX 3HAYEHUAX X n Y

X 3 4
Y

1 3,0 4,0
2 1,5 2,0

[Tokaxure, yto E (Z) ne pasno E(X)/E(Y).

0.16. BenvuuHbl X U ¥ SBASIOTCS BHIGOPOYHBIMH cpeanMu Xu Y, onpenenen-
HBIX KaK B NPEABIAYLUIEM YIIPAXHEHUM. BesnyuHa Z — OlleHKa OTHOLLIEHUS TEOPETH-
YECKHUX CPeAHMX U onpenenseTcs Kak X /¥ . K KakoMy 3HaueHMIo GyneT CTPEeMUTHCS

Z Ha 6osbmoit BeIGOpKe?
O.17. BeinonnuTe NpeabIAyline ABa YIPaXHEHUs, TIPEAIOIOXMUB, YTO ¥ MOXET
NpUHUMATb 3Ha4eHUs 0 ¥ | ¢ paBHBIMU BEPOSATHOCTAMM.
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lpunoxerne O. 1

0603Ha4eHns ¢ ucnonb3oBaHUeM 3HaKa X: 0630p

OG6o3HayeHHs C UCTIONbL30BAHMEM 3HaKa T Jal0T BO3MOXHOCTb OBICTPOIA U ym00-
HOM 3amMCHU psiga U3 NOJOOHKIX WieHOB. g 4TeHUst JaHHOH KHHUTY HEeoOXOAMMO
3HAKOMCTBO C TaKOH 3alMChIO, U 3[eCh JAeTCA KpaTKUi 0030p Uil TeX, KOMY HYXHO
OCBEXMUTb 3TO B IaMSTH.

Haunem ¢ npumepa. I1peanonoxum, yTo 06beM BBIITYCKa JIECOMWIKH, U3MEPEHHBI
B TOHHAX, 3a MECALL | COCTAaB/ISIET g, MPM4EM ¢, — OOLUMI BHITYCK B AHBape, g, — 00-
LIV BRITYCK B (peBpasie U T. 1. O603HaYMM roOBOM BBITYCK Kak Z. Torna

Z=q+qy+q3+q4+q5+qg+q7+qg3+qg+q10+q1; 12

MOXHO «IpOCYMMMPOBATh» 3TO BEIPAXEHHE HA CJIOBaX, CKa3aB, UTO Z €CTh CyM-
Ma BEJIMYMH g; (OT g, IO g,,). O4EeBUIHO, IIPU OTPEAENIEHNH Z HET HEOOXONMMOCTH
3anmMCceIBaTh Bee 12 cnaraemeix. MHorna Mel OyiaeM ynpoulath 3alich, IMPEACTaBIAA
CYMMY B TaKOM BHIE:

Z=q1+ ..t 412,

MMes B BHUIY, YTO BCE IPONYLIEHHbIE WIEHH BKIIOYAIOTCS B CYMMHDOBaHHUE.
3amuch ¢ UCNOJb30BaHUEM 3HAKa I MO3BOJISAET BHIPA3UTh 3Ty CYMMY B yI0OHOM,
aKKypaTHO#l ¢opme: ‘

12
Z = z q;.
i=1

BripaxeHue cIipaBa OT 3HaKa T FOBOPUT O TOM, KaKOro BMOAa WIEHBI CYMMHPYIOT-
Cs, B IaHHOM CJIy4ae 3TO WieHbI Bula ¢, IToa 3HaKOM X 3aIUCHIBAETCA MHIEKC, KO-
TOPBIA MEHSIETCS NPY CYMMUPOBAHMM (B JaHHOM Cjly4yae i), M €ro HayajJbHOE 3Ha-
yeHue (B JaHHOM ciy4ae 1). Takum oO6pa3oM, MBI 3HAaeM, YTO IEPBBLIM CJIaraéMbBIM
ABJIAETCA ¢;. 3HaK PaBEHCTBA YKA3bIBAET, YTO MHAEKC i I IEPBOTO CJIAraeMoro I0J1-
XEH paBHATHCA €OUHHIE.

Han 3HakoM X 3amuceIBaeTcs IocienHee 3HadeHue | (B JaHHOM ciydyae 12), ,
TaKMM 00pa3oM, MBI 3HaeM, 4TO MOC/IEAHUM CJIaraéMbIM SIBJIFETCA g,,. ABTOMATHYEC-
KU SICHO, YTO BCE NPOMEXYTOYHBIE YWIEHBI MEXIY ¢, U g;, TAKXE JO/DKHbI OBITh BKIIIO-
YeHbl B CYMMUPOBaHHE, U MBI ITOJIyHaeM YIOOHO MepelrcCaHHOe BTOPOE Olpeseie-
HUE Z.

IIpennosoXuM, 4TO CpeAHss LieHa 3a TOHHY IPOIYKIIMM JIECOIMMIKHK 32 MeCALl i
paBHa p,. O611as1 CTOMMOCTb BBIIYCKa 3a MECALL / paBHa p, g,, 8 CTOMUMOCTD BBIIYCKa 3a
rox cocrasnseT V, rne V paccuuteiBaeTcs o opmye:

V=pma +---+ b

Tenepp MBI cyMMupyeM WleHbl BUAA p,q,, TA€ HUXHUIA MHAEKC [ MeHsAeTCa OT 1 1o
12, ¥ Ip¥ UCTIOAB30BAHUM 3HAKA X 3TO BHIpAXEHHE MOXET ObITh 3aIIMCAHO TaKUM
odpa3oM:

V= E pig;-
i=1
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Ecnu ¢, — obue usaepxku paGoThl JIECOMMIKY 33 MECAIL i, TO MPUOBUIb 32 MECSIILL
i Oymet paBHa (p,q;— ¢,) M, CIeAOBaTeNbHO, obluas NpuObLE 3a rod (IT) sanuchl-
BaeTcd Kak

O=(pq —c)+...+(pgy2 — c2)s

YTO MOXHO O0OOIIUTEH B BUIE:

12
1= 2 (pig; —¢;).

i=1
3aMCTI/IM, yToO Bpra)KCHI/IC pin)i° HpI/I6bUII/I MOXHO TaKXe HCpeHPIC&TB KakK pa3HOCTb
o61iero noxoma ¥ oGIUKMX U3AEPXKeEK:
O=(pq +...+ p1ogi2) = (¢ +...+12),

U C HUCIOJIb30BAHUEM 3HaKa X 3TO BbIpaXecHUE obobu1aercst B BUlE:
12

12
1= Z Piq; —z ¢
i=1

i=1
Eciau uena NpOAYKIMHU B TEYCHHUE roda IIOCTOsIHHA M paBHa p, TO BbIpaX¢HHE I
CTOMMOCTH I'OOOBOTO BBIITYCKAa MOXHO VIPOCTUTD:

12
V=pa+..+pgy=plg+..+a2)=pY q.

i=1

CrnenosaTellbHO,

12 12
217‘1,' = P2 g;-
i=l i=1
Ecnu BhIMyCK B KaXZOM Mecslie ITOCTOSHEH U paBeH ¢, TO BhIPaXEHME Ui TOLO-
BOT'O BBIIYCKA TAKXKE€ MOXHO YIIPOCTUTh:
Z=q+..+qp=g+...+g=12q.

CnenmoBaTe/IbHO, B 3TOM CJIy4ae

12
Y.g;=12q.
i=1

Mbl IPOWINMIOCTPUPOBAIY TPU NPABWIA, KOTOPble MOTYT GBITh 3amucaHbl (op-
MAaJIbHO. :

IIpasuao cymmuposanua 1 (NpOWLTIOCTPUPOBAHO pa3IOXeHUEM IIPUGHLUIM Ha 00-
MUK J0XO4 MHUHYC OOLUME M3AEPXKKH):

n n n
z(xi +yi) = in +2yi'
i=] i=1 i=1

IIpaguno cymmupoeanusa 2 (MIpOWUTIOCTPUPOBAHO BHIpaXXKeHUEM V B ciydae Io-
CTOSIHHOM LICHBI):

n n
Y ax; =ay x;,
i=1 =1

1

€CJIY @ ITOCTOSTHHO.
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IIpaguso cymmuposanus 3 (IPpOWILIIOCTPUPOBAHO BhIpaXeHUeM Z B clydae I10-
CTOSTHHOIO 0OBeMa BBIITYCKa):

n
Za = na,
i=1

€CJIN g IOCTOSTHHO.
YacTo U3 KOHTEKCTA SICHO, KAKOBBl HAYaJIbHbIM U KOHEUHBI CYMMUpYEMBIE YJIe-
Hbl. B 3TOM Cilyyae BhIpaxeHHe

X

M=

1
4acTo ynpoujaercs a0 Xx,. Jlasee, 4acTo CTOJb X€ OYEBMAHO, KAKOW MHIACKC MEHS-
eTCq NPU CYMMHpPOBAHUM, M BCe BHIPAXEHHE YNpOLUAeTCAd A0 XX.

HMHorna npuxoguTcst BHITOJIHITSE CYMMHMPOBaHUE BHYTPH IPYroro CyMMUPOBAaHHUS,
YTO TpeOyeT ManbHeHIINX NTOSCHEHWH. B puHIIMIIe 3TO HETPYAHO, HO MOCKOJIBKY TaKue
OIepallMi He BBIIOJHSIIOTCS B JAaHHOM KHUIe, MBI He OyIeM HMX pacCMaTpUBATh.

lpnnoxerne 0.2

-

MaremaTtunyeckoe oXuaaHue u aucnepcus HenpepbiIBHON
cny4yauHOW nepemMeHHOM

OrnpeneneHne MaTeMaTHYECKOTO OXUIaHUS HEITPEPHIBHOM CIy4alHOIA IIepeMeH-
HOI OYEHB ITOXOXE Ha COOTBETCTBYIOLlee OIpeacIeHUe TUCKPETHOM CIy4YaifHOM Be-
JIUYUHBI;

E(x) =[5 (0)dx,

rIe WHTErpUpOBaHKUE NMPOU3BOAMTCS HA BCEM MHTEpBalle, TAE OnpeaciieHa QyHK-
s f(x).

B oboux ciyyasx pasHble BOSMOXHBIE 3HAYEHUS X B3BEIIIUBAIOTCA 110 COOTBETCTBY-
IOLIUM UM BEpPOATHOCTAM. 11 IMCKpeTHOM Ciay4allHO! BEeJIUYMHBI CYMMHPOBaHHE
OCYLIECTBIIIETCSI HA OCHOBE ITIOCJIEIOBATEIBHOTO ITepebopa BO3MOXHLIX 3HAaYEHHUH X.
B HempepsIBHOM cllyyae 3TO, KOHEYHO, IIPOU3BOAUTCS Ha HEMPEPLIBHON OCHOBE,
CYMMHPOBAHME 3aMEHSIETCSI MHTETPUPOBAHUEM, U 3HAYEHUs BEPOATHOCTEH p, 3a-
MEHSIOTCSL 3HAYCHUAMU GYHKIMH IIOTHOCTH BeposatHocTd f(x). [IpunHmumn, oaHa-
KO, COXpaHSIE€TCS TOT XKe.

AunckpeTtHas HenpepbiBHas

E (x) = Zxp, E(x) = fxf (x) dx

CymmupoBanue no BceM  WHTerpuposaHue B obnactn
BO3MOXHbLIM 3HAYEHUAM onpepenexus f (x)
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B pasnene, mocBsSIeHHOM OUCKDPETHBIM CIIYYaiiHBIM BEJIMYMHAM, [TOKA3aHO, KaK
paccYUTaTh MAaTEMATHYECKOE OXUIaHUe PYHKIUM g (X) — PYHKIUU CIIyYaiiHOH Be-
JMYUHBL x. bepercsa cnuvcok Bcex pa3sHBIX 3HAYEHMII, KOTOPbIE MOXET MPUHUMATh
g(x), Kax/moe B3BEILUUBAETCA IO COOTBETCTBYIOIIEH €MY BEPOATHOCTH, M IPOM3BE-
JIeHUSI CYMMUPYIOTCSL.

IIpouenypa 11 HenpepbIBHOM CIy4aiiHON BEIMYMHBI TOYHO TaKasd Xe, ¢ TOi
JIMIUb Pa3sHHULEN, YTO TEITeph OHA OCYIUECTBAACTCS HA HEIIPEPHIBHOH OCHOBE, YTO
03HA4YaeT CYMMMPOBAaHUE INYTEM MHTETPUPOBAHMS BMECTO L-CyMMMpOBaHMA. s
AMCKPETHO! ciy4yaiHOU BeuuuHbl E {g(x)} =Z g(x,)p,, Tae CyMMMpOBaHHME MpO-
M3BOAMUTCA 10 BCEM BO3MOXHBLIM 3HAYEHMUSIM X. B HempepbIBHOM ciydae OHO Ompe-
IeJISIeTCST KaK

E{g(x)} =[50 (x)dx.

I/le UHTErPUPOBAHUE IIPOU3BOAUTCS ITO BCeil obGsracTu omnpeneneHus f(x).

Yro xacaercsi AMCKPETHEIX CAYYaMHBIX [ePeMEHHbIX, TO 3IECh €CTh OnHa (PYHK-
LM, KOTOpasi 0COOEHHO Hac UHTEPECYeT, — TeopeTnueckas aucrepcusi. B o63ope oHa
6blia OnmpenesieHa KaK MareMaTH4eckoe oxunatue (x — w)2, rae i — TeopeTHYecKoe
cpearee (To xe camoe, YTo E (x)). YTo6B! paccyuTaTh AUCTIEPCHIO, HYXKHO MPOCYM-
MUpPOBATh 3HAUYEHUS (X — |1)?, B3BELUEHHbIE IO COOTBETCTBYIOLIMM BEPOATHOCTSIM, IO
BCEM BO3MOXHEIM 3HaueHUsIM X. [IpuMeHUTEIbHO K HEMPEephIBHOM CIyYaiiHOM Nepe-
MEHHOH 3TO 03HAYZET, YTO HYXKHO BHIYMCIUTH C2 -— TEOPETMYECKYIO AUCIEPCHIO X!

o? = E{(x-w)?} =[x - W f(x)d.

B nosHaBaTenbpHBIX Lengx 6bUI0 OBl [TONE3HBIM CPABHUTH 3TO PABEHCTBO C ypaBHe-
HueM (0.9), roe naHO aHANIOTUYHOE BHIPAXEHHUE AJI JUCKPETHOM Cny4aitHoi me-
peMeHHOM (TepeBepHUTE HECKOJBKO CTPAHHI[ Ha3aX U IPOBEphTE).

Kaxk u paHee, npu pacyere TeOpeTHYeCKOM OUCHEPCUU BBl MOXETE BHIYUC/IMTH
TEOPETUYECKOE CTAaHAAPTHOE OTKJIOHEHHUE (C) IyTeM NPOCTOTO M3BJICYCHHUS M3 Hee
KBagpaTHOTO KOpHS.

lNpunoxerne 0.3

[loka3aTenbCTBO TOro, YTO S2 — HeCMellleHHas OueHKa
TeopeTuHecKoi aucnepcun

B ta6n. 0.5 yka3aHo, 4yTO HeCMeleHHAsI OLIEHKA 02 paACCYMTLIBAETCS MO (hOpMyJIe
2, roe

1 -
S2 = ‘n—_‘IZ(xi —x)z.

HpHCTyrIHM K I0Ka3aTeJIbCTBY, ICPCIIUCAB (xl. - ;)2 B Oosice CJIOXKHOM, HO ITIOJI€3HOM
BHIEC!
(xi =% = {0 =) - - Y = O = )% = 205 - WG - W)+ (x - p)?
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(ripu packpeITHM CKOOOK | cokpatsrcs). CnenosareisHo,

=302 = 2 (x; - p)? = 20x — X (x; — )+ n(x — )2

HepBoe cJjlaraeMoe 34eChb €CTh CyMMa I1E€PBBIX CJIaraeMbIX MPEObIAYIUEro ypaBHEHHA,
3anUcaHHasg ¢ MCMOJAb30BAHUEM 3HAKa ¥. AHAIOTMYHO BTOPOE CIAraeMoe 31eCh €CTh
CyMMa BTODBIX CJIaraeMbIX IpeabIayLiero ypaBHeHdst, BHOBb ¢ HCITOJIb30BAaHUEM 3Ha-

Ka £ ¥ Toro (aKra, 4to (x - p)° — obuwuit MHOXMTEND. [Tepeitist K CYMMUPOBaHHIO

TPETbUX YJIEHOB IpPEABIAYLIEr0 ypaBHEHUsI, OTMETUM, UTO BCE OHHU DaBHBI (x - p)?
H TTIO3TOMY HET HCO6XO}1PIMOCTI/I UCIOAB30BaTh 3HAK 3.
BTopas cocTaBafmolasi MOXeT ORITh IepenucaHa Kak ~2n(x - p)?, MOCKOMBKY
X (x; —p)=Xx; —np=nx—np=n(x-p,
H MBI [IOJIYYaeM.
206 - %% = Z(x =) =2n(x =) +n(x ) = X - - n(x-p)’.
Bepﬂ B 3TOM YypaBHCHHNH MATEMATHUYCCKHE OXHUIAHHA, HUMEECM:
E(Z(x; - %)} = E(L(x; -0} - nE{(x -} =

= B~ )+ oo+ ECty = ) = nE{GE - ) =
= npop.var(x)—n pop.var(;) =
= no? - n(c® / n) = (n-1)o?,

MCIIONIb3YS TOT (aKT, YTO TeOpeTHIecKas AUCTepCHsi x paBHA o%/n. DTO TOKa3bIBa-
ercsa B pasgene 1.7. CnenoBarenabHO,

E(?) = Bl (- )% = 0?

U IIO3TOMY §2 — HeCMEeUIeHHAs OlleHKa o2,


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































