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PYKOBOI[CTBO 0 MPOBCACHUTIO JIeKIII/lﬁ

IIpeauciosue

B nacrosimee Bpemsi B cBsizu ¢ mmdpoBuzanmeii Mmuorux cdep jes-
TeJILHOCTH TOTOK MHMOPMAaINK, JOCTYIHON HCCJe0BaTe sIM, cTajl To-
ucrude orpomMubiM. [Ipu sToM cnpaBeymBBIM OcTaeTcss Te3ncC: JIAHHBIX
MHOI0, a 3HaHuil Masio. B cBasu ¢ srum yuensiercs Gosiblioe BHIMaHUe
U3BJIeYCHUIO 3HAHMIT U3 HeCTPYKTYPUPOBAHHBIX, 3alllyMJICHHBIX TIePBHY-
HBIX JAHHBIX.

Mur cBuieTesin cTaHoOBIIeHHsI, 110 CYTH, HOBOTO HAIIPDABJICHUS B Hay-
Ke — aHasmsa JaHHbiX. CoorBercrBeHHO, OM3HEC U HAYKa CTABAT IHepej]
BBICIINM 0OpazoBaHueM 3aJ1ady IOJIOTOBKH CICIMAJIICTOR, CIIOCOOHBIX
9TOT aHAJIN3 JIAHHBIX NPOBOMTL. Hapsity ¢ HellpOHHBIME CeTsIMU BayK-
HBIM METOJIOM aHaJIN3a JAaHHBIX SBJISeTCs cTAaTHCTHKA.

Pyxkorozacreo no nposegennio jexkumii « Marematnyeckne ocHOBBI uc-
KYCCTBEHHOI'O MHTeJUIeKTa» HAIMCAHO aBTOPAMH Ha OCHOBe OIbITa YTe-
HUSI COOTBETCTBYIOIMX KYPCOB B Y pasibcKoM ejlepasibHOil YHUBEPCH-
tere. [leas Kypca — usyuenne merosioB cbopa u nepBUIHO 06paboTKH
undopMaIly, TPOBEePKH CTATHCTUIECKUX THIIOTe3, aHAJIN3a CTATHCTHYe-
CKHUX CBA3€H.

[Tocobue pazburo ma riapel. Kaxkias miaBa coorsercTByer 0O
paccMarpuBaeMoil Ha 3aHATHSX TeMe U COJIePXKHUT HeoOXOUMbIe Teope-
THYeCKHUe CBeJIeHNs, IPUMepPhI, BCeCTOPOHHe WLITIOCTPUPYIOIIUE TeOPHIO.
B konne mias paiores 3ajianns Ui caMOKOHTPOJISA.

ABTOpBI IOCOOHUS — MaTeMaTHKH 110 00pa30BaHUI0 — B TeYeHHe MHO-
IUX JIeT YYacTBOBAJM B KJIMHHYECKUX HCCJII0BAHUSAX, IPOBO/MJIN CTa-
THCTHYECKHI aHAJIN3 MeIMIIMHCKUX JIaHHBIX. DOJILIIMHCTBO MPHMEpOB,
Ipe/ICTABJIeHHBLIX B II0CODHH, SBJISAIOTCS PeallbHBIMA U B3SThl aBTOPaAMH

13 cobeTBeHHOM IMTpaKTHKH.



1. Beibopounblii MeTo/T,

1.1.IIpeamer u 3aga49u CTaTUCTUKU

[Ipukinajgnas craTucTnKa — pasjiesl MaTeMATHKH, B KOTOPOM pa3pa-
HaTbIBalOTCS METO/bI perHCTPAIli, OIMCAHNS U aHAJIN3a JaHHBIX HabJII0-
JIEHUII 1 3KCIIEepPUMEHTOB € 1eJIbIO IIOCTPOEHUSI BEPOATHOCTHBIX MOJIesIeit
MaCCOBBIX CJIyYailHbIX sIBJICHHUIL.

[Tpeverom npuKIaIHON CTATHCTHKH SBJISETCS W3yUeHHe 3aKOHO-
MepHOCTel, KOTOPBIM MOJYMHAIOTCS MAacCOBble cjy4daliHble fABJIeHUs M
IIPOoIeCChl, ¢ IPUMeHEeHHeM MeTO/I0OB TEOPUHU BepOsiTHOCTEN.

[Teppas 3a/1a4a npuKIaIHON CTATHCTHKE — yKa3aTh CIIOCOOLI cbopa
U TPYHIHUPOBKH CTATHCTHUYECKHUX CBeJIeHUIl, MOJYyYeHHBIX B pe3yibTaTe
HabJII0/IeHNiT JIM CHeIMAIBHO TOCTABJIeHHBIX 3KCIIepUMeHTOB. Bropas
3aj1ava IPUKJIaIHO CTAaTUCTHKN — pa3paboTaTh MeTO bl aHAJIN3a CTaTH-
CTHYeCKHUX JIAHHBIX B 3aBHCHMOCTH OT I1eJieii uceaegopanns. Ciona orHo-
cATCS OIeHKA HeM3BeCTHOI BepOSATHOCTH COOBITHS, OlleHKa HeH3BeC THOI
dbyukIME pacipejesieHnsi, OlleHKa NapaMeTPOB pacipe/esIeHns], OlleHKa
3aBHCHMOCTH CJIy4YaliHON BeJIMYHHBI OT OJHONH MM HECKOJIBKHX CJIy4aii-
HBIX BeJIMYIUH U T. 1.

Nrak, 3ajaga npuk/a/Hoil cTaTUCTUKN 3aKJI049aercs B paspaboTke
MeToIoB cbopa 1 06pabOTKH CTATHCTHYECKUX JAHHBIX JUIS TIOJIYYeHHs
HAYYHBIX U HIPAKTHIeCKHX BBIBOI0B. OCHOBHBIM METOIOM H3YyHUeHHs] Mac-
COBBIX CJIyYailHBIX SIBJICHHI B IPUKJIAJHOI CTATHCTHKE SBJISIETCS BBIOO-
POYHBII METOJ, CYTh KOTOPOTO COCTOUT B TOM, 4TO Cy¥KJeHHe 060 BeceM
MHOYKECTBe H3y9IaeMbIX OOLeKTOB BBIHOCHTCS Ha OCHOBe HaDOJIIO/IeHHS 3a
HEeKOTOPOil (BOBMO)KHO, OTHOCHUTEJILHO Manoﬁ) yacTeio. Hedopmanbnoe
ommcaHue BLIOOPOYHOTO MeTo/1a JIaHO B cJieAyioleM naparpade, a Heob-
xomMasi popMasinzaius OyJer IpoBejieHa 1032Ke, M0c/e BBeJIeHHs T10-
HATHA CJIyYailHON BeJIMYNHBL.

DynaMenToM IPUKJIA/HOH CTATHCTHKH SIBJISIeTCsl MaTeMaTHYecKast
cratucruka. [IpukiajHyio cTaTueTuKy Heslb3s 1eJIMKOM OTHOCUTH K Ma-

TeMaTHKe, IIOCKOJIBKY OHa BKJIIOYaeT B cebst JBe BHeMaTeMaTHYeCKHe 06-



JIaCTH: MeTO/I0JIOIHIO OpraHu3alli CTATHCTHYIeCKOI'O HCcCjIe/JOBaHUA 1 OpP-
raHusalmio KOMHI)}()TepHOﬁ 06})&60’1‘1(11 JdaHHBIX, B TOM YHUCJIe pa.3pa60TKy
U HCIIoJIb30BaHue 6a3 JAaHHBIX, 3JIeKTPOHHBIX Ta6JII/II_l, CTaTHCTHYICCKHNX

IIporpaMMHBIX IIPOJIYKTOB U CHCTeM aHaJIn3a JJaHHBbIX.

1.2. OcHOBHBIE MMOHATHUS BBIOOPOYHOI'0 MeTo/Ja:
reHepaJjibHasi COBOKYITHOCTbh U BbIOOpKa

[Tycrs Tpebyercst n3yunTh, Kak B COBOKYITHOCTH OJIHOPO/IHBIX OObLeK-
TOB paclipe/iesieH HeKOTOPbII KaueCTBeHHbIH WM KOJINYeC TBeHHBIH ITPH-
3HAK, XapaKTepusyommii aru oobekrsl. Hanpumep, nmeercss MHOXKeCcTBO
HaHKOBCKUX 3aeMIIMKOB, KadeCTBeHHBIM IPU3HAKOM KayKJ[0ro U3 HUX MO-
JKeT CJIYKHUTh I10JI, & KOJIMIeCTBeHHBIM — T'0/10Boi1 Jioxoi B pybuisix. MnHo-
I/la MPOBOJAT CILIONIHOe 0bcIe/loBanne, T. e. JIs KayKJI0ro n3 00bLeKToB
COBOKYITHOCTH WM3yd4aeTcsi MHTepecylomuii npusnak. Ha npaxkruke, o-
HAKO, CILIONIHOe 0bcJie/loBaHne MPUMeHSIOT CPaBHUTeJILHO peJiKo. Tak,
ecJI HaceJleHHe Topojia 0OYeHb OOJIbINoe, TO MPOBECTH CILIONIHOe 0bciie-
JIOBaHMe BeeX KuTesieill (pusndeckn Hepo3moxkHO. Mim, nanpumep, ecian
obcsteropanne pubopa CBA3aHO ¢ ero paspylleHueM, Tpebyer 6oIbInx
MaTepHaJibHBIX 3aTpaT, TO B 9TOM CJIy4ae IIPOBOJUTE CILIONIHOe ohciie-
JIOBaHMe MPAKTHYeCKH He UMeeT cMblcja. B Takux curyarusx ciry4daitHo
0oTOMPAIOT U3 BCell COBOKYITHOCTH ONPaHUYeHHOe YUCI0 00'beKTOB U I10/I-

BeprapT UX U3YYeHHIO.

Onpeneneaune 1. Bubopounoli co6okynHocmvio, uAu npocmo ewbop-
K0T, HA3BLBAIOM COBOKYNHOCIL CAYHATHO 0MOOPAHHBIT 003EKMO6.

[Tpu sroM BBEIGOPKY OCYIIECTRISIIOT W3 MeHePaJIbHON COBOKYITHOCTH.

Onpe,ueJIeHne 2. FCHCp(lJL’bHO'l'l COBOKYNHOCTIBIO HA3BI6ANOTN COBOKYN-
HOCMMb 6CET 06667677106, OMHOCUMEABHO KOTNOPLLT npedno.naeaemca de-
AaMb 6bl600bL npu u3yveHuu nouxpemuoil z3adavu.

FeHepaJIbHafI COBOKYIIHOCTB COCTOHT H3 BCeX OG’bQKTOB’ KOTOpPbIe

HMeT Ka'vdeCTBa, CBOI‘/'ICTBEI: HHTepecYIoInue HccjejgoBaTelId.



Bompoc ot6opa 06beKToB 13 reHepasibHOIl COBOKYITHOCTH OTHIO/b He
SABJIFETCS TPUBHAJILHBIM, U OT crocoba oprauusalyyn 3Toro orbopa 3a-
BUCUT KadecTBO BLIOOpPKH. [lj1s1 Toro 9robel 1o jlaHHBIM BBIOOPKH MOXK-
HO OBLIO JIOCTATOYHO YBEPEHHO CY/UThL 06 HHTepecyIoleM IIpU3HaKe re-
HepaJIbHOH COBOKYITHOCTH, HEOOXOUMO, 9T0ObI 00beKThl BHIGOPKH Ipa-
BWIBHO €ro mpeJjcTapisin. Ipyrumm ciopamu, BeIOOpKa JI0JZKHA TIpa-
BIWIBHO IIPeJICTABJISATE IIPOIOPIMH FeHepabHONH COBOKYIIHOCTH. DTO Tpe-
H6oBaHne KOPOTKO (hOPMYJIHPYIOT TaK: BEIOOPKA JIOJIZKHA OBITH pelipe3eH-
TaTHBHOII (IIpeJIcTaBUTeILHOI ).

B cmy 3akona 6onbmux uncen [1] MokuO yTBep:KaaTh, 9TO BBIGOP-
Ka OyJier pelpe3eHTATHBHOI, €CJI ee OCYIIeCTBUTh CIyYailHO: KayKblii
06beKT BIOOPKH 0TOOpaH U3 reHepasibHOI COBOKYITHOCTHU CJIy9aiiHO, T. e.
HHUKAKIM OObeKTaM IpH 0oTOope He OTjlaeTcs IMpe/IodTeHne.

O M 13 Hanboslee M3BECTHBIX MCTOPUYECKUX MPUMEPOB Hepelipe-
3eHTATUBHON BBIOOPKH CUMTAETCS CJIyUail, IIPOUCIIE I BO BpeMs I1pe-
suyienTcknx Beibopop B CIIA B 1936 r. 2Kypnan «/Iurepapu [laii-
JIZKeCT», YCHelIHO IPOrHO3MPOBABIINIT COOLITHS HEeCKOJIBKHX IpejIlle-
CTBYIOIIMX BLIOOPOB, OMMOCS B CBOUX NpeJcKazaHusx, paszocias 10 win
npobHBIX GI0JUIeTeHell CBOMM IMOJIITUCUYUKAM, a TaKyKe JIOJAM, BhIOpaH-
HBIM 110 TeJiepOHHBIM KHHUIaM BCeil CTPaHbI, U JIOAAM U3 PerucTPaIlioOH-
HBIX cruckoB apromobuseit. B 25 % Bepuysmuxcs 61o/utereneit (moarn
2,5 MuH) rosioca GLLIH paciipe/iesieHbl cJie Iy IOIIM 0bpa3oM:

1) 57 % ornasanu npesourente Kanuaary-pecinybiaukaniy A. JIsu-

JIOHY;
2) 40 % Bbibpasiu jleficTBYIOIIEro B TO BpeMsi IIpe3ujieHTa-leMOKpaTa

@. Pyzpesbra.
Ha Bribopax ke, kak mspecrHo, nobe;mi Pyspenst, nabpae Gousiee

60 % romocor. Ommbka «J/Iutepapu laiiizkecr» 3akmovanach B cie-
JIVIOIIeM: JKeJlasi YBeJIMIUTh PellPpe3eHTaTHBHOCTE BBIOOPKH, PabOTHHKH
JKYpPHaJIa, KOTOPBIM OBLIIO U3BECTHO, YTO OOJIBIIHHCTBO MX TIO/IHACINKOB
cunTalor ceds peciybiIMKaHIIaMH, PACIINPIUIN BEIOOPKY 3a CUeT JIOeil,
BBIOPAHHBIX U3 Tesie(DOHHBIX KHUT U PerUCTPAIMOHHBIX crmckoB. O Hako

OHHM He YWIN COBPeMeHHBIX peaJinii u Habpasin erle Gosibie pecirybJim-



KaHIeB: Bo BpeMsi Besnkoii jlenpeccun obuajiath TesiedponaMu u aBTo-
MOGHIIAME MOTIH cebe TTO3BOJIUTL B OCHOBHOM TPeJICTABUTE]IH CPe THero
1 BbICIIero Kjacca (T. e. GOJIBIIMHCTBO peciybiInKaHIeB, a He JIeMOKpa-
TOB).

Ojna u Ta e BLIGOpKa MOYKeT paccMaTPpUBATLCA KaK Pellpe3eHTaTHB-
Hasi M KaK Hepellpe3eHTATHBHASI B 3aBUCHMOCTH OT TOTO, Ha KaKylO Te-
HepaJIbHYIO COBOKYITHOCTD HCCJIe0BATEIb JKeJlaeT PaclpoCTPaHUTh CBOU
BBIBO/IBL.

IT p u m e p. Buibopka cocrapiena 1o pesyibraTaM HepHOITIeCKO-
ro MeJIMIIMHCKOrO 0cMOTpa paboTHUKOB Boroc/ioBeckoro ajgioMUHHEBOro
3aBojia (BbIsBIeHne Gponxoserounoit natosorun). Ho ecom crasutes 3a-
Jlada HccJle/IoBaHusl CTPYKTYPhl OPOHXOJIErOYHON HAaTOJIOTHH YKUTesieit
CeepyioBckoil obutacTu, To TaKyio BBIOOPKY CJlejlyeT CUHTaTh Heperpe-
senratusHoil. O/HAKO NPHU HCCIIEA0BAHUN CTPYKTYPbI GPOHXO0JIErOYHOI
naTosorun paboTHIKOB aJIOMIHHEBOTo pou3BojicTBa B Poccuiickoii Pe-

Jdepalliui Ta »Ke camMasd BbI60pKa MOZKeT CHHUTaTbCA pereBeHTaTI/IBHOﬁ.

1.3.IlousiTHe ciay4yaitHOI BeJMYUHbBI

Crporoe omnpejiesienne cJiydailHOI BeJIMIUHBI TpeOyeT NpHBJIedeHHs]
HOHATHITHOTO ariapaTa TeopuH (PYHKIMIT BellleCTBeHHON IepeMeHHOIT,
HO B paMKaX HAaCTOAIIEro y4eOHOro mocobusi 9Toro Jejarh He HYXKHO.
Lluist mznoxkenus jasbHeilllero MaTepuasia HaM JIOCTATOYHO JIMIIL 0OIIe-
ro HOHUMAHHS TOrO, YTO cODOM Npe/IcTaBR/IsgeT ciydaiiHas BeJMYHHA, a

IIOTOMY MBI OI'DaHUYIHMCH Hed)opl\‘IaJIbeH\‘I OIIpe/IeJIeHHueM.

Onpepenenue 3. Cayualinas 6eAUMUHA — IMO BEAUNUHA, KOMOPAL 6
PE3YALMAME UCTBUIMAHUA NPUHUMAET, 00HO U TOALKO 00HO 603MOHCHOE
3HAMEHUE, HanePed HEUIBECTIHOE U 3A6UCAUEE O CAYHATUHDT NPUHUH,
KOMOpblE 3aparee He mO2Ym Obimb Y4ImeHbL.

II puwmep l. YUncino manpunkos n3 100 HOBOPOXKIEHHBIX €CTh Be-
JIMYHMHA cJydaiiHasi, BO3MOXKHbIe 3HaveHust koropoit: 0, 1, 2, ..., 100.

ITp u mep 2. [lnernas Belpyuka MarasuHa, BelpazkeHHasl B PyOUIsx.



IT p uMmep 3. Cpeaecyrounast remneparypa B ssusape B Mockse.

Bysem nanee oboznadars ciydaiiHble BeJMYMHBI TPOIMCHBIMA OYK-
pamu X, Y, Z, a X BO3MOXKHBIe 3HAYCHHS — COOTBETCTBYIOIMUMH CTPOY-
HeiMu OykBamu 2, y, 2. Hanpumep, ecom ciyuaiinas sesmanna X umeer
TPH BO3MOMKHBIX 3HAYeHUsI, TO OHU Oy/iyT 0O03HaYeHbl TaK: T'1, T2, 3.

Paz6epem npumepsnr 1 — 3. B nepsom u3 Hux ciyuaiinas esmanna X
MOIVIa MPUHATH OJIHO M3 CJIe/YIONINX BO3MOXKHBIX 3Havennit: 0, 1, 2, .. .,
100. DTn 3HAYEeHHs] OTIEIEHBI OJHO OT JIPYTOro IMPOMEXKYTKAMH, B KO-
TOPBLIX HeT BO3MOKHBLIX 3Hadenuii X. Takum obpazoMm, B 3TOM nmpumepe
ciydaiiHasi BeJIMUNHA NPUHUMAET OT/leJIbHbIe, N30IMPOBAHHbIe BO3MOXK-
Hble 3HavYeHns. Bo BropoMm npumepe ciydaiiHasi BeJIMIHHA TaKyKe MOIJa
HPUHAMATH TOJILKO IeJIOYHCIeHHbIe HeOTPUIATeIbHbIe 3HAYeHHS, XOTS
ee rpaHNIbl TOYHO HeU3BeCTHBI. B TpeTheM npuMepe ciydaiiHas BeJIHtn-
Ha MOIvIa IPHUHSATH JII000e 13 3Havennii mpomexxyTka (a,b). 31ech Heb3s
OT/IeJINTH OJJHO BO3MOYKHOE 3HaYeHHe OT JIPYToro MPOMeXKYTKOM, He CO-
JlepzKallliM BO3MOYKHBIX 3HAYCHUIT CIIydailHON BeJIMIiHAbIL.

N3 ckazanHOro MOXKHO cjlesiaTh BBIBOJ O 11eJ1ecO00pa3HOCTH pa3Jii-
Yarhb cJydaiHble BeJIMYHHbI, [IPUHUMAIOIIHE JIMIIb OTAeIbHbIe, H30JIHPO-
BaHHbIe 3HAYeHHsI, U CJIy4ailHble BeJIMYNHBI, BO3MOXKHbIE 3HAYCHUS KO-

TOPBIX CIVIOHIIb 3allOJIHAKT HeKOTOprﬁ IIPOMEZKYTOK.

Omnpegenenue 4. Juckpemnoli Ha3ui6a10mM CAYHATUHYI0 6€AUNUHY, KO-
mopasa NPUHUMAET 0MOEALHBIE, U30AUPOSAHHDIE 603MONCHDLE FHAMEHUA

C onpede.nennbmu GEPOATHOCTNAMU.

Yuc1o0 BO3MOKHBIX 3HAMEHHUIH JAHUC er’I‘HOﬁ cI1y qJailtHOM BeJUYIUHBI MO-

JKeT ObITh KOHEeYHBIM HJIN OeCKOHEeYIHBIM.

Omnpenenenune 5. HenpepvieHotll Ha3vi6a10m CAYHATUHYIO 6EAUNUHY, KO-
MOPAs MOHCEM NPUHUMATND 6CE ZHAYEHUA U3 HEKOTMOP020 KOHEYHO20

uAU HeCKoOHewH020 NPOMENCYMEQ.

Od4eBnHO, 9TO YHCIIO BO3MOYKHBIX 3HAYCHUH HEIPePLIBHOI CJIydaii-

HOH BeJIMYMHBLI 6@ CKOHEeYHO.



st zajanus  (onpejesiennst) JUCKPeTHOH cJlydaifHONH BesMYMHBL
(ICB) meobxommumo ykazaThb Bce HpHHHUMaeMble €10 3HAUYEHHS U COOT-

BeTCTBYIOIIHEe BepOATHOCTH, T. €. ee 3aKOH paclIpe/le/JIeHHA.

Onpenenenue 6. 3axon pacnpedeaenusn duckpemnoli cay«aiinotl 6eau-
YUHDL — COOMBEMCIMEUE MEHCIY 603 MOHCHHIMU ZHAHEHUAMU U UL 6EPO-

AMHOCTNAMU.
O6brano 3akon pacnpejiesnenus [JCB npejcrasisior B Bujie Tabiauibl,

nepBasi CTPOKa KOTOPOH COJIeP’KUT BO3MOYKHBIe 3HAUYeHHUsI, a BTopas —
X BepPOATHOCTH. Y0OHBIM cIocoOOM IIpejicTaB/IeHusl 3aKOHA paclipe-
snenenns [ICB sapnsercss rpaduaecknii. [lpun stom ma ocn abenmee or-
KJIa IbIBAIOT BapUAHTBI Zj, a Ha OCH OPJMHAT — COOTBETCTBYIOIIUE MM
BEepPOSTHOCTH Pj.

Bajanne 3aKkoHa paciipejiesieHusi B Bujle Tabuuiibl TpebyeT nepednc-
JIeHHs BceX 3HaYeHHil ciy4vailHOil BeJTMIHHBbL. OueBnjHO, 9TO TaKOIl CII0-
cob 3aj/laHNsl HeIIPUMEHUM JIJIsi HellPePbIBHBIX CJIyYallHbIX BeJIMYUH, CO-
OTBeTCTBeHHO, HeoOXOMMO JlaTh 0Ol crocod 3ajanus JIIOOLIX THIIOB
cay4aitapix BesinanH. C 9T0i 11es1b10 BBOJAT (DYHKIMHU paciipe/esIeHust
BepPOATHOCTeH CJy4aiiHON BeJIMYUHBL.

[Tycrs @ — peiictBuresbaoe yncso. BeposgitHoCTh cobbiTHS, cocTOsI-
1Iero B TOM, 9TO ciydaiiHas BesmanHa X NpUMeT 3HavYeHHe, MeHbIlee T
(1. e. BeposiTHOCTB CcObBITHS X < ), 0bozHaunM uepes Fx(x). Pazyme-
eTcsl, ecJIi & U3MeHsieTcst, To, BoobIie ropopsi, n3Mensiercs u Fy (z), T. e.

Fx(z) ects dynkims or .

Onpepnenenune 7. Qyuxyuetll pacnpedeaenuil caywatlinol eeauqunve X
nasveaemcs pynkyus Fx(z), onpedeasiowan 6epoammuocms mozo, wmo
cayuatinas eeauvuna X 6 pe3yavmame UCIOIMAHUA NPUMEM 3HAYEHUE,
menvuee z, m. e. P(X < )= Fx(x).

leomerpuyeckn 3T0 paBeHCTBO MOXKHO UCTOJKOBaTh Tak: Fy (z) ectsb
BepOSITHOCTBL TOrO, YTO cJydaiiHasi BeJm4auHa X IIPUMeT 3HavYeHHe, KO-

TOpOe JIeZKHT Ha YHUCJIOBOI OCH JieBee TOYKH &.

10



B repmmuax dyukuum pacrnpejesiennsi MOXKHO JiaTh Oojiee TOUHOE
olpe/leJleHHe HellPpepbIBHOM cJIyvYaiiHOH BeJIMYHUHBI: COYyYalHyI0 BeJIHYH-
HY Ha3bIBAIOT HEIPEePBIBHON, ecii ee (DYHKIUS paclipee/ieHus ecThb
HelpepblBHasI, KycouHo-uddepennnpyemast (pyHKIMSA ¢ HelIPepbIBHON
IIPOMU3BO/IHOM.

pyrum criocoboM orpe/iesieHIs: HelTPePBIBHOM CJIyYailHON BeJIMYNHbI

ABJIAeTCA 3a/jaHue IIVIOTHOCTH paclipe/le/IeHHd:

Omnpenenenune 8. [liomuocmvio  pacnpedeaenus eepoamuocmeri
HENPepuieHoTl cAy“alinol eeauwunve X wazwviearom @ynkyuro f(x) —
nepeyo npousdeoduyro om @ynkyuu pacnpedeaenus F(x), m. e.
f(z) = F'(z).

3Haﬂ IINIOTHOCTL paclipe/ieJieHn A, MOZKHO BBIYHCJINTH BePOATHOCTb
TOrO, YTO HelpepbIBHAs CJIydaiiHasi BeJIMYHHA IPUMeT 3HavYeHue, Ipu-
Ha/lJiezKallee 3a,uaHHomy I’IHTepBaJIy. Hpam»mo BBI'THUCJICHHWA J1aeT CJIGIly-

o1miee yreepzKJieHHe.

YrBepxkaenue 1. Bepoamunocmbv mozo, 4mo HENPEPueHan CAY4alinas
seauvuna X npumem 3Havwenue, npuxadiescawee unmepeary (a,b),
Pa6Ha ONPEJENEHHOMY UHMEZPAAY OM MLAOTIVHOCTIAU PACTPEdeNeHUA, 634~
momy 6 npedeaaxr om a do b :

Pla< X <b)= /bf(:L)d:L

HanmomuuM, 9TO TeoMeTpHUeCKHiT CMBICT OIPEeIeJeHHOr0 HHTerpa-
Ja — Iioma/ib nojd kpueoii y = f(x) B npomexyrtke or a g0 b. Dto
yTBepyK IeHHe MO3BOJIsIeT PACKPBIThL BepOSTHOCTHBIH CMBICJ ILIOTHOCTH
pactpejiesiennsi. BeposTHOCTL TOro, 4TO cilyvdaiiHast BeJIMMMHA MTPUMET
3HavYeHHe, NpUHa/JIexKalee naTeppany (z,x + A), npubimkenHo paBHa
TPOM3BE/IeHHIO TUIOTHOCTH BePOATHOCTH B TOUKe T Ha JJTUHY MHTepBaJa.

3Hasi IWIOTHOCTL pacHpejieleHHs, MOYKHO HaiiTh (byHKIHIO pacipe-

JeJIeHH A
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Fx) = [ o

[Tospobuo o croiicTBax (hyHKINHN U IJIOTHOCTH Paciipe/IeIeHus MOXK-

Ho npounrtath B 1, . 10-11].

1.4. ®opmanuzalus NOHATU BHIOOPOYHOr0 MeTOoia

[Tycrs npoBojsiress Habmmogenus 3a ciaydaiiHoi BejamunHoit X, pac-
npe/jleJleHne KOTOPoii HaM YaCcTHYHO WIH IIOJTHOCTBIO HeH3BecTHO. B ma-

TeMaTH4IeCKOH CTaTHUCTHKEe IPpHUHATO CJIeYIOIIee ollipe/le/JIeHHe:

Omnpenenenue 9. IeneparvHoli cO60KYNHOCTBIO CAYHATIHOT GEAUMUHDL
X (uau npocmo zenepanvroli cosokynnocmvio X ) Ha3bl6aemes MHOHCE-
CMB0 603MOHCHVIT 3HAYEHUT cAy“atinotl eeauvunsl X. 3axonom pacnpe-
deaenus (pacnpedesenuem) 2eneparvroti cosorynnocmu X Ha3vl6aemcs
3aK0H pacnpedenenusn cAywalinot eeauunst X.

I/ICXOJ_[HI)IM MaTepHuaJioM JJIS U3YYeHHA CBOICTB I‘eHepaJIbHOf/'I COBO-
KynmHocTH (T. e. HeKOTOpOil cJydaifHOil BeJIMINHBI) ABJIAIOTCS KCIepH-
MeHTaJIbHbIe (CTaTI’ICTI/I‘IeCKI/Ie) JdaHHble, 110/ KOTOPBIMH ITOHHUMAaIOT 3Ha-
YeHNsI CJIyqailHON BeJIMYHHBI, HOJYYeHHbIe B pe3yJbTaTe MOBTOPEHHI
cay4aiiHoro skenepumenTa (HabuioeHHI 3a cIyqaiiHON BeJIMIUHONM ).

Hpe,unonarae’rcx, 9TO 3KCIIepHUMEeHT XOTHd ObI TeopeTHYeCKH MOZKeT
6bITb ITOBTOPeH CKOJIBKO YI'OJHO pa3 B OJHHX H TeX ZKe YCJIOBHAX. HOL(
CJIOBAMU «B OJIHHX H TeX JKe YCJIOBUAX» OyJieM IOHUMAaTh, 9TO paclpe/ie-
JleHHe ciydaitHoil Besmanabl X;, ¢ = 1,2,..., 3aJaHHON Ha MHOXKeCTBe
HCXOJIOB 1-I'0 9KCIIEPHMEHTa, He 3aBHCHT OT HOMepPa HCHBLITAHHUS U COBIIA-
JdaeT C paclipe/ie/JIeHHeM I‘EHepaJIbHOﬁ COBOKYITHOCTH X. B stom cjiyvdae
IIPpHUHATO I'OBOPHTH O He3aBHCHMBIX ITOBTOPHBIX 3KCII€epHMeHTax (I/ICHI:I-
TaHUAX) WJIM O He3aBUCUMBIX ITOBTOPHBIX HabJIOeHUsAX HaJl CIydaiiHoil

BeJIMIHUHOI.

_>
Omnpegenenne 10. Cayuwatinoi ewboprot X, = (Xq,..., X,) obsema

! ?

n us3 ZCHCI)aJleOl'Z CoBOKYnHoOCcMU X Haszvieaemcs H(l60p U3 N HE3ABUCU-
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MBT CAYHATUHOT 6eaudun X, ..., X, , Kadcodas U3 KOMOPwuLT UMeem mo

Jice pacnpedenenue, 4mo u cay4atinas eeauiuna X.

[Tpu sroMm umecsio n Ha3BIBAIOT OOBLEMOM CJIyHaiiHON BBIOOPKH, a CJIy-
JaiiHble BeJIMYUHBI X; — 3JIeMeHTaMU CJIy9ailHOil BBIOOPKH.

OueBnzHo, 9TO Ciy4aiiHasi BEIOOpKa — 0ObeKT abCTPaKTHBI, B 9KC-
nepumenTe He HabmomaeMsrit. 1 Boobime, ciay4aiinoii BEIGOpKHN B pactio-
PSI2KeHIH UCcle/loBaTelis ObITh He MOYKeT, TaK KaK 3HaHue 3aKOHa pac-
HpeJleJIeHHs] CJIy9ailHOM BBIOOPKM PaBHOCHIBHO 3HAHHIO 3aKOHA Pacipe-
JleJIeHUsI TeHePaJIbHOI COBOKYITHOCTH X .

Bemmie mMb1 ropopwiin o JIlaHHBIX, THOJIYYeHHBIX B pe3yJbTare IIOBTOD-
HBIX HabJmozeHmii 3a ciydvaiinoil pesmunnoii. OkaspiBaercsi, 49To JUIst
CTpOroro 0H6OCHOBaHUS CTATHCTHYCCKHX METOJOB yjl00Hee JIPpyToii Mmoj-
XOJ; BMECTO N-KPaTHOTO HabIoJleHns 3a ciiy4daitHoil BesmauHoin X Mbl
OJIMH pa3 HabJnogaeM 3a n ciydailHeIMu BesmdanHamu X;, 1 = 1,2,....n
KOTOpBIe YCTPOeHBI TaK yKe, KaK NeXo/Hast ciydaiinas pesmuannaa X . Cyrb
onpejiesiennst 10 B ToM, 9TOOBI JIATH COOTBETCTBYIONLYIO (hOPMAIH3aINIO
3TOH HJIee.

B nekotopom cMbIciie wiiest 3aMeHBI N-KPaTHOrO HaOJIIOIeHHS 3a OJ1-
HOI ciiyyaitHoil Besmanuoit X ojHuM Hab/IOJeHNeM 3a n CJIydailHbIX
pemmanH X, i = 1,2,...,n, 6im3Ka K sprojumaeckoii Teopum’.

Yo Ke peasibHO eCTh Y HCCIe/10BaTeIs JIs TIOJIy 9eHHsT KOHK PeTHBIX
KOHCTPYKTHBHBIX YHCJIOBBIX OIHOK! Y HCCJeoBaTelsi eCTh BBIOOPKa

(O6paTI’ITe BHUMaHHe, ITO CJIOBO <<cnyt1af»’maa» MBI 3/1eCh He HI/IIIIeM).

Onpenenenune 11. Buiboproii z, = (x1,...,2p) U3 2eHEPaAALHOT CO-

sokynnocmu X Ha3vieaemes A1000€ 603MONHCHOE 3HAMEHUE CAYHATIHOT
-
evibopru X,,.

Yucsio n xapakrepusyer oobeM BBIOOPDKH, a YHCIIA X1, ..., Ty [IPeJ-

o —
CTABJIAIOT COOOI 3JIeMeHThI BbI60pKH Tp.

lSpI‘O,ELH‘IECKB,H rUIoTe3a B CTATUCTHYECKON ¢H3HK€ YTBep2K/JaeT, 1TO B COCTOA-
HHUHM paBHOBECHA JJIA Cl)H3H‘IeCKMX BEJIMYIMH CpejHee 3Ha'1eHHue I10 aHCaMOJTIO paBHO
CpeaHEMY 3Ha'1€HHIO 110 BPEMEHH.
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Breibopky l_n) MOZKHO MHTepHIpeTHPOBaTh KaK COBOKYIHOCTL 7. HCeJ
T1,...,Tp, NOJIYIEHHBLIX B pe3yJibTare IIPOBeJIeHUs 1. HOBTOPHBLIX He3aBH-
CHMBIX HaOJIIOJICHU HaJl CJIyYailHONH BesmanHoi X.

OcHOBOI1 J1I00BIX BBEIBOJIOB O BePOSATHOCTHBIX CBOICTBAX reHepaJibHOIl
COBOKYNHOCTH X, T. €. CTATHCTUYECKHUX BBIBOJIOB, SIBJISIETCS] BBIOOPOY-
HBIII MeTO/], CyTh KOTOPOI'o 3aK/I0vdaeTcs B TOM, YTO CBOMCTBa ciiy4daili-
HOM BesTMINHBLI X yCTaHABIMBAIOTCS IIyTeM H3YUeHNs TeX JKe CBOICTB Ha

cJIy9ailHOl BBIOOpKE.

3amaHus J1J1s1 CAMOCTOSITEJIbHON paboThI

1. B MockBe nmpoBouTest olpoc HaceJIeH!s ¢ 1EJbI0 BBISICHUTE OOIIeCTBEH-
Hoe MHeHHe. Hanpumep, Tpebyercst y3HATD, Ijle JIOAW IUIAHUPYIOT MPOBECTH
JgeTHuil ornyck. [lpuBesure npumep HelpaBWILHOI OpPraHU3aIH OIPOCa, pe-
3YJIBTATOM KOTOPOro 6y/ieT Hepelpe3eHTATHBHASI BEIOOPKA.

2. B ueMm ommumne JUCKPETHON CIIYYAWHOW BEJIMYHUHBI OT HEIIPEPBLIBHOMN?
[IpuBeuTe IpUMEpPHI TOH U APYTIOH CJAYyYAHHON BEJUIHHEL.

3. Bpocator urpanbuenii kyouk. Ciayuaitnas BesmdauHa X — UHCIO OYKOB,
BhIaBIINX Ha Kybuke. CocTaBbTe 3aKOH PACIHPE/IE/IEHHs CIIYIAlHON BeJIHYIH-
Hel X.

4. OnpejiesieHO JIM TIOHSTHE IUIOTHOCTH PACIPEIEIeHUs IS JUCKPETHBIX

cayuaitaeix Besmunn? Eeian ga, To Kak, ecin HeT, TO novemy?
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2.Co6op 1 nmepBudHasi obpaboTKa JaHHBIX

B riape pazobpanbl oT/ebHBIe Keiichbl, CBA3aHHBIE € TUIIHIHBIMH
ommubKaMM, KOTOpble BO3HMKAIOT Ha 3Talle cbopa JaHHLIX U BHECEHHsI
HePBUYHBIX JAHHBIX B TaOJMIBL. DTH OMHUOKH 0COOEHHO YacTo BCTpeda-
I0TCsI, KOIJIa NPaKTHKYIOINHe CIHelHaJuCThbl (Bpadn, MCUXOJIOTH, SKOHO-
MUCTBI) HPOBOJAT UCCIeJ0BAHIe CaMOCTOATEIbHO, He KOHCYJILTHPYSCH

CO criema/IMCTaMM 110 CTATHCTHYECKOMY aHaJIN3Y.

2.1. IlIIkanbl 3MepeHUuil B CTAaTUCTUKE

I'pamorHOe uncnosnb3oBaHMe CTATHCTHYECKHX MeTOJ0B 00paboTKu
JIAHHBIX BO MHOTOM 3aBHCHT OT YeTKOI'O MOHHMaHHs HCCJe0BaTesieM
TOro, KaK MHTePIIPeTHPOBaTh YHc/Ia, BHECeHHBIE B 6a3y JIaHHbBIX.

[Iyers, nanpumep, NpoBoauTCsS KIMHAYECKOe UCCJe/0BaHue H B Oa-
3y JIAHHBIX BHECEHBI CBeJIeHHs o noJie nanueHTos. s yioberea paborsr
MOZKHO HCIIOJIb30BaTh KOJMPOBKY: 0 — My»Kcekoii out, 1 — xeneknii. Odge-
BIJIHO, 4TO obozHavenue mudpamu 0 1 1 cooTBEeTCTBEHHO JIUI] MYKCKOTO
U JKeHCKOTO 1oJia abCcoTIOTHO MPON3BOJILHO, IMUMPBI MOXKHO OBLIO TIOMe-
HATH MeCTaAMHU, a MOYKHO JIJIsi KOJMPOBaHUS HCIIOJIL30BaTh JIpyrue mud-
pbl, Hanpumep, 1 u 2. Mb1, pazymeercsi, He IMeeM B BUJLY, YTO YKEHIIMHBI
CTOSIT Ha CTYIEHbKY BBIIIe MYXKYHH WIH My>KUHHBI 3Ha4YaT O0JIbIIe, YeM
JKeHIMHBL. [akuM 06pa3oM, OT/Ie/IbHBIM YHCJIaM He COOTBETCTBYIOT HU-
KaKne sMIHpUYIecKre 3HadeHusi. B 3ToM ciiydae roBopsT o lepeMeHHBIX,
OTHOCSIINXCA K HOMUHAAbHOU mKasje. B namem npumepe pacemarpu-
BaeTcs MepeMeHHasi ¢ HOMHHAJILHOMN IIKAJIOH, NMeIOIas JBe KaTerOpHH.
Takas nepemennasi uMeeT ellle OJHO HazBaHUe — JUTOMOMUYECKAA.

Takasi ke curyarus u ¢ nepementoii «pacas. [lyers B 6aze ona nmeer
YeTbIpe 3HAYeHHS: eBPOIeon/IHast paca — 1, HerpouJIHasi — 2, BOCTOYHO-
acdpukanckas — 3, MmoHrosonHas — 4. 31ech TaK¥Ke COOTBETCTBHE MeK-
JIy 9MCJIaMH B KaTeropusMH pachl He MMeeT HHKAKOI'O 3MIIHPHYeCKOro
3HAYEHUs, HO, B OTIIMYMEe OT I0JIa, 9Ta IepeMeHHas He sBJIsSIeTcs JH-

XO’I’OI\‘H/I'-IGCKOI‘/JI, Y Hee HeThbIpe KaTeropuu BMeCcTO JIBYX. BosmozknoeTn
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06paboTKN HepeMeHHBIX, OTHOCAINXCA K HOMHHAJILHOW IIKase, O49eHb
orpannyenbl. MoKHO 1IpoBecTH TOJMLKO YaCcTOTHBINA aHAJIN3 TaKUX I1epe-
MeHHBIX. K mpumepy, pacuer cpejHero 3HadeHHs JIJIs PAChl COBePIIeH-
Ho Gecembiciien. [lepemennnie, oTHOCSIIIMeCsS K HOMUHAJILHOM IKaJIe, da-
CTO MCIOJIL3YIOTCS JIJIs TPYIIIMPOBKH, ¢ TIOMOIILIO KOTOPOi COBOKYITHAST
BBEIOOpKa pazbuBaercs 10 KaTeropusiM 3THX IepeMeHHbIX. B qacTuanbix
BBIOOPKAX MPOBOIATCH OJIMHAKOBBIe CTATHCTHYECKHe TeCThl, Pe3yJIbTaTh
KOTOPBIX 3aTeM CPaBHHBAIOTCH JIPYT € JAPYTOM.

B kauectBe ciejgyiomniero npumepa paccMOTPUM HePeMeHHYIO «CTa-
Jmst Xxpouudeckoii 6osesun novexk» (XDBII). Cospemennas kiacenduxka-
IUsl OCHOBaHA Ha JIBYX IOKazaTesisiX — CKOPOCTH KIyOO4YKOBOi (hHIIb-
rpammu (CK®) un npusnakax nmodeqHoro noppexkjeHus: (IIpoTenHypHs,
asbymunypus). B zaBucuMocTn oT HX codeTaHHs BBIJIEJISIOT NATH CTa-
JIMi XPOHUYIeCKOH 60JIe3HH 1T09eK, IIPU 3TOM TPeThIO CTaIHI0 Pas3/1esIsaiorT
na jgse: A u B (rabm. 1).

Ta6mma 1

Knaccudukaiyss XpoHUYIECKO 00JIe3HU MOYeK

Kon | Cragus | Ilpuznakn CK®,
XBII wat/ v/ 1.73 M2

1 1 [Ipuznakn wedponaTun = 90

2 2 [Ipuznakn wedponatun 60 — 89

3 3A Vumepennoe camxkenne CK®O 45 — 59

4 3b Bripaxkennoe camxxenne CK® | 30 — 44

5 4 Tsokenoe camkenne CKO 15 — 29

6 5 Tepyunanbuas noyeunas < 15

HEJI0CTATOYHOCTh

B,T_IQC b KOJ/IOBbIM I.I,I/I(bp aM IIpHcCBaHBaeTCdA SMIIMPpHYeCKOe 3HaYeHHue B

TOM TOPsiJIKe, B KOTOPOM OHH PaclioJiozkeHbl B crmcke. Koy mis nepemen-
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noit XBII orcopruposan B nopsiyike Bozpacranus crajun XDBII: namuent
¢ TeEPMHUHAJbLHON XPOHUYECKOI ITOYeYHOIl HeJ0CTAaTOYHOCTBIO HAXO/IUTCHA
B Oosiee Xy/UIleM COCTOSIHHM, HeYKeJIH HMAIMeHT ¢ TSKeJIbIM CHIKeHHeM
CK®, a namment ¢ msaxesnsim camkenneM CK® — B 6ostee xymem co-
CTOSTHUM, YeM NalueHT ¢ BelpaykeHHbIM cHIZKeHnem CK®, u 1. g1, Takue
nepeMeHHble, JJI KOTOPBIX HCIIOJIB3YIOTCS YHCIeHHbIe 3HAYeHUs, COOT-
BETCTBYIOIIHE IIOCTeIIeHHOMY M3MeHeHHIO IIPU3HaKa, OTHOCATCA K Nopad-
K060l MIKaJIe.

O mako cojepKaTebHbIi CMBICJ 9THX IepeMeHHBIX He 3aBHCHT OT
PA3HUILI MeXKJIy COCeIHHMH YHCIeHHBIMH 3HAYeHHsAMH. 1aK, HeCMOTpsi
HAa TO YTO pasHUIla MeXK/y 3HAYeHUsIMU KOJOBBIX YHCeJI JIJIA CTaJul D I
crajun 4, a Takxke Jyia cragun 4 u craygun 3B B obonx ciaygasx pasna
eJIMHHIe, HeJIb3s YTBepkKIaTh, YTO (haKTHIeCKoe pasyimdue MeXy CO-
CTOSHHUAMH HAIIMeHTOB CTa/IMH b U cTajuu 4, a TakyKe NAIMeHTOB CTa/UH
4 u craguu 3B ojmHakoso.

Kiacenueckum nmpumepom, rjie nepeMeHHasi OTHOCHTCS K TOPSIKOBOI
HIKajie, sIBJISIOTCH BCeBO3MOYKHBIe PeHTHHIHM, a TakKyKe MecTa, 3aHsTble
yYIaCTHUKAMU COPeBHOBAHMIA.

Kpome gacrornoro anamsa, nepemMeHnsble ¢ MOpsIKOBOIT MIKAJIOH J10-
IYCKAIOT TaKyKe BBIMHCJICHHEe OIIPeJIeJIeHHBIX CTaTHCTHYeCKHX XapakKTe-
PHUCTHK, TaKHX Kak MejaHbl. Kcin jlopkHa ObITh HCc/e/loBaHa CBSI3b
¢ JPYIHUMH IIepeMeHHBIMH TAKOTO POJia, TO JIsl 3TOH I[EeJIM MOMXKHO HC-
nosIb30BaTh Koadduiment panrosoii koppessnun Crmpmena nim Ken-
Jasuia. st cpapHeHnst pas3iimdHBIX BBIOOPOK MepeMeHHBIX, O THOCSIIIHXCS
K TIOPSIJIKOBOI IIKaJie, MOTYT IPUMeHATHCS HellapaMeTpPHYecKHe TeCThI,
hOpMYIIBI KOTOPBIX OIIEPUPYIOT PaHIaMH.

Pacemorpum tenteps kosddunment nnressiexra 1Q). Ero abecomornbie
3HaYeHHs 0TOOPaYKaOT TOPSIJIKOBOEe OTHOIICHIe MeYKJIy PeCIOH/IeHTaMH,
U pasHUIa MeKIy JABYMs 3HAUeHHsIMH TaKyKe HMeeT cojeprKaTe bHbIil
ceumbicit. Hanpumep, ecom y Baaguvupa 1Q pasen 90, y Uana — 120,
a y Buagucnapa — 150, moxHO ckazarh, 9yTo VBan HacrosibKo »Ke uH-

TeJlJIeKTyaJIbHee Bna)m MHPpa, HaCKOJIBKO Ba aJ/lucJiaB HHTeJUVIeKTyaJibHee
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Npana (a umenno na 30 exunun). Oanako tor dakrt, uro y Biajmcenasa
snadenne [Q B 1.25 paza 6oubiie, yem y Bana, e nospossier Ha ocHo-
Banun omnpejiesienus: 1Q cirenars BeBon, uro Bragucnas na 25 % ymuee
Neana.

Takue nepemenHble, y KOTOPBIX Pa3HOCTh (MHTepBaJ) MeXKJ1y JIBYMs
BeJIMUMHAMH HMeeT COJeprKaTesIbHBII CMBICJI, HO OTHOIIeHHe BeJMYiH
9TOrO CMBICJIA JIUIIEHO, OTHOCATCS K UHMEPEaabHol mKkase. OHu MoryT
obpabaTbIBaThLCs JIIOOBIMU CTATHCTHYECKUM MeToaMu 6e3 orpaHundeHHuii.
Tak, Kk npumMmepy, cpejiHee 3HAUYeHNE SBJISIETCS MTOJTHOIEHHBIM CTATHCTH-
YeCcKUM IoKazaTeJieM JJIsi XapaKTepUCTUKN TaKUX MepeMeHHbBIX.

Kiiacengeckum npumepom, rjie rnepeMeHHasi OTHOCHTCS K MHTePBaJIb-
HOIl mKaJie, sBIsioTes MmKasbl Temieparyp llesbenss m @apenreiira.
Houb, dopmanbuo npucyrersyomumii B 9THX MIKaJlaX, BRIOpaH BecbMa
[IPOU3BOJILHO.

Haxkoner, Mbl 1mojionum K craTucTHYecKol IMIKaJie OMHOUEHU, e
OTHOIIIeHHe JIBYX BeJIMYNH HpHobpeTaeT cojepyKaTelbHblil cMbica. [Ipn-
MepoM IepeMeHHOil, oTHocsIelcss K TaKoil IKaje, siBJIsSeTcs BO3PAaCT:
tak, ecom Buoajmcnasy 25 ser, a Usany 50, moxkno ckasath, uro Bua-
juciap papoe miasie Vpana. Illkasa, kK koropoii orHOCATCS JlaHHBIC,
Ha3bIBaeTCsd MKAJIOH OTHOIIeHH. DTa MmKajla BKIIYaeT Bce NHTePBaJlb-
HBIe [IlepeMeHHbIe, KOTOPbIe HMeIOT abcoIIOTHYIO HyJIeByIo Touky. [loaro-
My IlepeMeHHbIe, OTHOCSIIHeCs K MHTePBaJLHON IIKaje, KaK IPaBHJIo,
UMeIOT U mKaJly orHomnenuii. C oMOIIBI0 TAKHX [IKAJI MOTYT ObITH H3Me-
peHbl Macca, jyinHa, Konnenrpaius. lkana Keassuna (temmnepatypsi,
OTCYUTAHHBIE OT abCOIOTHOIO HYJIsA, ¢ BHIOPAHHON 110 COIVIAIICHUIO CIIe-
UAJIICTOB enHuIeil m3Mepenns: KebBuH) siBisiercst NpuUMepoM HIKaJIbI
OTHOIIIEHHIA.

B urore unrepnperamus jJaHubixX, BHEeCeHHBIX B 6a3y, JIOJDKHA IPOBO-
JINThCS B COOTBETCTBUM € TeM, K KaKoil IKaJe JIAHHbIe ObLIM OTHECeHbI.
Buigensitorest wersipe Buja mkad:

1. Homunanbnas mkana. Yucsa, xpannmble B 6a3e JaHHBIX, ABJISIOT-

s YCIIOBHBIM KOJIOM, HAIlpHMep, YHcToTa KpeauTHoii neropun (1 — ecthb
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cJlydan HeBo3BpaTa KpeauToB, ) — HeT TaKux ciydaes).

2. [Topsakosas mkasa. Yucna, xpanumble B 6aze JJAHABIX, BBIPAXKaioT
cTelleHb Pa3BUTHA IIPU3HAKA, HAIIPHMep, YPOBeHb KOMIIeTeHIIHIl coTpy/I-
uuka (1 — junior, 2 — middle, 3 — senior).

3. Nureppanbuas mkasa. Yucina, xpanuMmele B 6a3e JJaHHBIX, Xapak-
Tepu3yoT (PUZNIeCKYI0 U/MIM SKOHOMUYECKYIO BeJMYUHY B €IMHAIAX
ee M3MepeHus, IIPH 3TOM MOYKHO OIeHHBATh, Ha CKOJILKO OJIHO 3HaYeHHe
HoJblie JIPYroro, HO HeJlb3sl OIlEHHBATHL BO CKOJIBKO pa3 OJHO 3HaUYeHue
Housbie Jpyroro (Hanpumep, TemiepaTypa Tesa B rpajycax Llenbens,
ypoeens 1Q B 6aiax).

4. lkana ornomennii. Yuciia, xpanumele B 6a3e JJaHHBIX, XapaKTe-
pU3YIOT (GUBHIECKYIO U/ MM 3KOHOMUYECKYIO BeJIMUUHY B eJIMHHIAX ee
U3MepeHus], IIPU 9TOM MOYKHO OIleHHBATh, BO CKOJIKO Pa3 OJHO 3HaAYeHHe
Houibiie JApyroro (HalpuMep, CTOUMOCTD B py6JIsx, JUInHa B MeTpax, Bec
B KWJIOTPaMMaXx).

Panee Mbl BBIsICHWIN, 9TO TepeMeHHbIe, OTHOCAIIMEeCS K HOMUHAJIb-
HOI IIKaJle, JIONYCKAIOT BechbMa OrpaHUYeHHble BO3MOYKHOCTH JYIs I1PO-
BeJleHnsl aHasm3a. VICKiOueHne B HEKOTOPBIX CHUTYAIHAX COCTABJISIOT
JINXOTOMHYecKHe repeMeHHble. [t HuX MOXKHO, 110 KpaiiHeii Mepe, orpe-
JIeJIATh PAHrOBYIO Koppesisiigio. Ecim, nanpumep, o6HapyKuBaeTcst Kop-
peansis Koadurmenra HHTEIUIEKTa ¢ IOJIOM, TO MOJOKHUTELHBI KO-
addunmenT Koppessiun 03HavaeT, YTO JKeHIIHHL HHTe/UIeKTyallbHee,
yem myxk4auHbl. OJiHAKO ecii HepeMeHHbIe, OTHOCAIIHeCs K HOMUHAJIb-
HOI IIKaJjle, He SABJSIIOTCH JUXOTOMHYECKUMH, BbIYHCJIeHne Koadduim-
eHTOB PaHrOBOil KOPPeJISIIIUH He HMeeT cMblIcja. lak, Halpumep, eciu
O/IHA U3 IepeMeHHBIX BhipakaeT Kojl npodeccnn (1 — Mammnmuer KpaHa,
2 — ciecapb U T. JI.), a Jpyrasi — CTelleHb apTepuaJibHON MHIlepTeH3uH,
TO BhIYHCIIeHHe Ko puImenTa Koppesisiiiy JUIIeHO CMBICIIA.

[TpaBuiibHOE pUMeHeHHe CTATHCTHYeCKHX MeTO0B 06paboTKH JlaH-
HBIX BO MHOIOM 3aBHCHT OT YeTKOTO IOHMMAaHHs HCCIeJ0BaTesIeM To-
ro, B KaKkoil cTaTHCTHYeCKON IIKajle OHU IpejcTaBieHbl. Hernonnmanue

3TOro MOZKeT IIpHBeCTH K TOMY, 9YTO HcCC/IeJoBaTeJb ITOJIYIHUT pe3yJibTa-
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Thl, KOTOpPbIe He OTpazKalT ,'_IQI‘;ICTBI/ITGJIBHOG IIOJIOZKEeHH e Bemeﬁ, u cle-
JiaeT HellpaBHJIbHbI€ BBIBO/JIBI. Nmenno MIOoSTOMY IIOHHMaHHe TOro, B Ka-
KOil MmKaJie npeJacraBJ/jieHbl CTaTUCTHYCCKHe JJaHHbIe, ABJIAeTCHA OJHHUM U3

HeO6XOJI,I'II\'II:>IX yCJIOBI/II‘/’I YCIIenmHoro CraTuCTuIecKoro aHaJimusa.

2.2. Pabora c npomyIrieHHbIMA 3HAYeHUAMHU

Ha npakruke B peasbHBIX JaHHBIX OY€Hb YACTO BCTPEYAlOTCS MPO-
nycku (anru. missing data). Hanpumep, npu nposejieHHN KJIMHAIECKUX
HccIIe/I0BaHAI HeKOTOPBIM IallHeHTaM He HazHa4daoT aHaan3el. [Ipu mpo-
BeJICHNH COIMOJIONMIeCKUX OIIPOCOB PeCHOHIeHThbl MOI'YT OTKa3aThCs OT-
BedaTb Ha HeKOTopble Bonpockl. [Ipumamnamu mpormyckoe moryTt ObITH
OMMOKY BBO/IA JIAHHBIX, yTePs WM COKPbITHEe NHMOPMAIHH.

Haunem ¢ npumepa nenpasmibHOit 06paboTKN HPOIYIIIEHHBIX 3HAYe-
HUil, a jajiee pazbepeM M0/X0/bI K paboTe ¢ HPOIYIIeHHBIMHA 3HAYCHHsI-
MH.

Pacemorpum dakropsl, Binsgonpe Ha pucK pasBUTHS OCTPOTo MOCIe-
OIePAIIIOHHOrO JICJUPHS TI0CJIe SHIONPOTe3NPOBAHUS Ta300epeHHOro
cycrapa. ['emocrasz nocsie 31oit onepanmn HacTynaer oOBIYHO Ha BTOPBIe
CYTKH, a IIOTOMY BayKHBIM JIaDOPATOPHBIM IIOKa3aTeseM, TO3BOJISIIOIIHM
OIIEHUTh COCTOSIHME HallHeHTa B I10CJIeOolepallHOHHBIH 11epHo/T, ABJISeTCs
YPOBeHb reMorviobuna Ha BTopble cyTKH. Ecim o6bem Kposonorepn (Bu-
JINMOM HHTPaOIePaIlMOHHON 1 JIPeHaKHOIl B IIepBbIe JIBoe CYTOK) HU3KHIA
U [AIMeHT YyBCTBYeT cebsl XOpOINo, JaHHBI aHaJIn3 MHOT/A He ITPOBO-
jis1. CoOTBETCTBEHHO, HUYEro HEeM3BECTHO PO YPOBeHb IeMOoIVIobnHa Y
9THUX HAIMeHTOB.

Nccneposarens paccyxtaer: «Hugero — sro, kak MbI 3Ha€M €O KO-
JIBI, HOJIb» — W CTABUT HYJIM BO BceX s4eiikaX, Ijie He ObUIO JIAHHBIX O
remorsiobute Ha Bropble cyTku. [Ipu npoeeienun pacueroB ajaropuTmsl,
BCTPOEHHBIE B MAKeTHl [IPOTPAMM, BOCIPHHUMAIOT 3TH HYJIH KakK OObIY-
Hble JIaHHble, U BCe OIIEHKHN MOJIyYalOTCs CMEIeHHBIMH, a CTaTHCTHYe-
CKHe BBIBOJIbI — HeBepHBIMH. B "acTHOCTH, HA OCHOBe TAKMX HEBEPHBIX

JaHHBIX MOZKHO HpHﬁTH K BBIBO/L1Y, 9YTO PHCKH pasBHUTHA IIOCJIeOIIepalii-
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OHHBIX OCJIOKHEHUH He CBSA3aHBI C YpOBeHeM reMoriobnHa Ha BTOpPbIe
CYTKH.

Moxkno /m ucnpasurh Takyio tabumiy ¢ ganabiMu? Ja. Tax kak
OYeBHJIHO, YTO HYJIEBBIX 3HAYEHHH B CTOJIOIE «YPOBeHb reMONIOOHHA»
6BITH He JIOJZKHO, MOYKHO aBTOMATHIeCKH (IIaKeThl IIPOrpaMM yMeloT Jie-
JaTh Takue Impeobpa3oBaHusi) Bee si9efiKH ¢ HYJISIMH ¢JleIaTh IyCTBIMH.
lasee MOXKHO MCKIIIOYHTH TAKUX MAIHEHTOB U HCIIOJIL30BAThL YIS [IPO-
BeJIeHHs] aHAJIN3a TOJIBKO BepHbIe JaHHbIe (TpaIMOHHbI M0/1X0/1) WK
IPUMEHHTH CIIelHaJIbHbIe MeTO/bl aHAJIM3a MPOIYIIeHHbIX 3HadeHuii (co-
BpeMeHHBIiT TTO/IX0/1).

IT p ume p. llpoojuress MoHUTOPUPOBaHHE WHTPAOIePAIOHHO-
ro CHCTOJIMYeCKOTO JlaBjieHusi. Bo BpeMsi onepanum y IalueHTa MOKeT
BO3HHKHYTH ACUCTOJUS — HpPeKpallleHHe JesITeJIbHOCTH cep/ilia ¢ HCUYe3-
HOBeHneM 6uossiekTpudeckoii akrusHocTn. OJIHAKO B pesy/ibraTe peaHu-
MaIMOHHBIX JIeHCTBHI cepile MOXkKeT OBITh CHOBa 3allyIIeHo. Y HacTh
AIMEHTOB HET JAHHBIX O CHCTOJMHYECKOM JIABJICHHHZ, a IOTOMY IIPO
9TOT IOKa3aTeslb HIYero HenspecTHo. CHOBa HMCclel0BaTeNb paccy K ia-
er: «Huvgero — 310 HOIb» — M CTABUT HYIN BO BCeX sveilKax, rjie He
ObLIIO JJaHHBIX.

Henpaeurh ommbku B 3TOM IIpHEMepe ropas/io cJIoyKHee, YeM B BbIIe-
OIHMCAHHOM, TaK KaK 3/IeCh CMEIINBAIOTCS JIAHHBIE O PealIbHBIX CJIydasX
ACHCTOJIMH M HYJIH, BHECEHHBIe 110 OINOKe. 3/1ech 0COOEHHO BaXKHO pas-
JIMYATH NPOIYIIeHHbIe 3HAYeHHs 1 HYJIeBbIe.

Kak ke obpabareiBars npomnyienasie snadenns’ Metozpr obpabor-
KU 3aBHCAT OT THIA MPOIYCKOB: MOJHOCTBIO CJIy4ailHble, cJydailHble n
HecJslydaiiHble nporycku [2].

1. MCAR (Missing Completely at Random). IToinocrsio ciyuaiinbie
IPOITYCKH UMEIOT MeCTO B TeX cJIydasiX, KOrj@a Mo/ BbIO0pKa 3HaYeHHil 110
HepeMeHHOI (-bIM ), TToJyIesKallell N3y YeHHIO, TIO-TIPeyKHeMY SIBJISIeTCsl MO-

JIeJIBIO TeHepasibHOIl coBokynHocTH. [IpupeieM npumep janHbIx, coep-

2Hampumep, pellieHre 3aHOCHTh WHTPAONlepalluoHHOe CHCTOJMYECKOoe JaBjeHne B
[IPOTOKOJI OBLIIO MPUHATO B CEpeJIMHE UCCIIEJ0BAHUSA WM B MHOIOI[EHTPOBOM HCCJIE-
JOBaHUM JIMIIb B ABYX KJIMHHUKAX (DUKCHPOBAJM TOT MTOKA3ATEh.
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kamux nporyckn MCAR-tuna. [Iposoaures onpoc nacesenus ¢ 1mesbio
BBISICHEHHSI TIOJIMTUYeCKUX MPeUIOYTeHnil. Y HeKOTOPBIX PeclOHJIeHTOB
JIAHHBIE O TOJIUTHIECKHX MPeIIOYTeHNsAX POIYIIeHbl, OHAKO 9TH JlaH-
Hble He 3aBUCAT OT JPYTUX MepeMeHHbIX (Hanpumep, obpasoBaHue, BO3-
pacT, ypoBeHb JIOXOJI0B U T. J1.). Kpome Toro, BeposiTHOCTE 1IpOIycKa He
3aBUCHT OT 3HAYeHUs] CaMOil IepeMeHHOM, T. e. He BO3HUKaeT CHTYaIluii,
KOTJIa PeCIIOH/IeHTBI ¢ OIIPe/IeJIeHHOI! IO THYeCKOl T03uIiel Jaie JApy-
I'UX He JIAl0T OTBeTa Ha cooTBercTByomuii Bonpoc. [lpuunna npomyckon
ciydaiiHa: PeCIOHJEeHT He HOHSJI CYyTh BOIPOCA, HEBHUMATEIHHO YHTAJ
AHKeTY M He 3aMeTHJI BOIIPOC.

Bui6op Mo1es11 110JIHOCTBIO CITy9aifHBIX IPOIYCKOB — 9TO €/IHHCTBeH-
HOe JIONyIIleHne, KOTOpoe MOYKHO IIPOBEePUTH SMIIMPUYecKH. UTo Kacaer-
csl CIIy9afHBbIX M HeCJIy4ailHbIX MPOIYCKOB, TO COOTBETCTBYIOIIHE JOIy-
IIeHNs] HEBO3MOYKHO ITPOBEPUTH Ha OCHOBAHHMU MMEIOIIErocst MacCuBa.

2. MAR (Missing at Random). Ciryuaiinbie nmpoIlycKu HMelOT MecTo B
TexX cJIydasiX, KOrjia BepOSTHOCTD IPOIYCKa 3aBUCHT OT 3HAYeHHH JAPYyTUX
HepeMeHHBIX, HO He 3aBHCUT OT caMUX IPONyIeHHbIX 3HadeHnii. [Tpu-
BesieMm npumep npornyckoB MAR-tuna. [Toxunsie pecnionyientsr 6osiee
CKJIOHHBI CKPBIBATH CBOM IOJINTHYECKHE PeIIOYTeHNs], 9eM MOJIoJIble
JIIOJI, HO BHYTPH CTaplieil BO3PACTHON IPYIIIBI IIPOIYCKH Pacipe/ieie-
HBI ciay4aiino. VHbIME cl0BaMH, CKPBITHOCTH TOXKHJIBIX PECTIOH/IeHTOB
He 3aBHCAT OT UX MOJUTHIeCKOil opueHTaluu (KOHCepBaTOPLI, Jinbepa-
JBL U T. JI.), B TO Ke BpeMsl MOJIOJIble PeCIIOH/IeHThbI OTKPBITO 3asiBJISIOT
0 JOOBIX CBOUX IOJTUTHYECKHUX Pe/IIOYTeHHIX.

B sToMm citygae BO3MOXKHO cMellleHHe pe3yJsIbTaToOB OlleHHBaHUs I1a-
pamerpos. Hanpumep, eciim Mostozble pecrioHeHTh bostee JnbepasibHO
HACTPOEHBI, a MOXKUJIble — GoJlee KOHCepBaATUBHO (HO CKPBLIBAIOT 3T0),
TO OlleHKa CpeJIHero 3HaveHusi OyJleT cMelaTbesi B CTOPOHY JiHOepaJib-
HBIX HacTpoeHnii. Ecuin ke nosmruaeckue npejirnodreHus: oT Bo3pacTa He
3aBUCHAT, TO CMEIIeHNs Pe3yJIbTaTOB OlleHUBaHHUS He IIPOU30iiJeT.

3. MNAR (Missing Not at Random). Hecityuaiinbie npomnyckn nmeror

MeCcTO B TeX cjIy4dasdX, KoI/la BepOATHOCTb IIPOIYCKa 3aBHCHT OT CaMHX
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HpOIyIIeHHbIX 3HaveHnii. Hampumep, ymogan ¢ jieBbIMI TOJTUTHYIECKIME
B3MIsLaMu HoJlee CKIIOHHBI CKPBIBATL CBOM IOJMTHYECKHE IpeJIIiouTe-
Hust. Takue mpoiycku obsizaTelIbHO BHOCAT CHCTeMaTHYeCKHe OMNOKHN B
pe3yJIbTaThl aHAJIH3A.

Merospr 06paboTKi HPOIYIIEeHHBIX 3HAYeHHI JIeJISAT Ha Tpa/UInOH-
Hble U coBpeMeHHble. K mepBbIM OTHOCAT HOCTPOYHOE U MOTIAPHOe Y/laJie-
Hue Hab/IIOeHnil, 3aMellleHe cpeJHIM U 3aMellleHHe ¢ UCIIOIL30BaHneM
perpeccun. Ko BropeiM — 3aMelrieHne 1mocpe;icTBOM OIEeHKH MaKCHMAaJIb-
HOT'O MIPABJION0/1001 51, MHOYKeC TBeHHOE 3aMellleHIe, CeJIeKTUBHY IO MO/IeJIb
U MOJIeJIb CMelllaHHBIX [TaTTepPHOB.

[Tpn nocTpoynoM yiasieHHH W3 MaccHBa MCKJIOYAIOTCS JII0ObIe Ha-
6m0/1eHNs], B 3HAYEHHNSX [IePeMeHHBIX KOTOPBIX IPUCYTCTBYeT XOTs Obl
OJIMH TPOMYCK. Takoil MOJX0/ MOMXKeT HCIOJIL30BATHCA TOJBKO MPHU
MCAR. Pasymeercs, ero ucnosibzoBaHue BejleT K CHUKEHHIO CTATHCTH-
1eCKOiT MOIITHOCTH.

[Tontapuoe yjasienne 3akimodaercst B TOM, 9TO B KazKJIOM KOHKPETHOM
cilydae aHaAJIM3a W3 Hero yJIaJsiOTcs TOJIBKO Te HabiiojeHus, B KOTO-
PBIX IIPUCYTCTBYET XOTs ObI OJIMH MPOIYCK 0 PeJIeBaHTHBIM IS JIaHHO-
ro a"ajm3a nepeMeHHbIM. Kak U 1Ipu HOCTPOYHOM y/IaJIeHUH, OMAPHOe
yaasenne noaxoant uckiodnresnsio B caydae MCAR. Ilpu srom coza-
eTcs JIONOJHATeIbHas pobJieMa, COCTOAIAast B TOM, YTO JJIS IPOBEPKHT
Pa3JIMYHBIX TUIIOTE3 OHOTO MCCIIe/I0BATEIBLCKOTO MIPOeKTa HCIIOJIL3YI0T-
csl OTIIMYAIONINecs 110/IBLIOOPOKH.

Hcenosb3oBanne 3aMeriennsi MponyIneHHbIX 3HAYeHHI BBIOOPOYHBIM
CPeJIHIM He PeKOMeHJyeTcsl B JII0OOM ciiydae. DTO CBA3aHO C TeM, YTO
Takoii crocob 06paboTKN MPOIYCKOB BejleT K CMeIleHHBIM OlleHKaM (1o-
CKOJIbKY YMEHbIIIaeT JUCTIePCHIO TIePeMeHHbBIX i KOBAPHAIIHIO MeXK/1y HU-
MU ), He3aBHCHMO OT HCIIOJIb3yeMoro Jionyienus. Vckiouennem siBisier-
cs1 OIleHKa caMOr'o cpejiHero 3Ha4YeHHs.

BaMelieHne ¢ UCIOIL30BaHIEeM perpeccui (BMeCTo MPOITYIHIeHHBIX UC-
HOJIB3YIOTCS TIPeJICKa3aHHble 3HAYeHHsI) UMeeT CXOXKHe ¢ Mpe by IuM

crocobom HpO6JIeMbI. TaK: noJiydaeMble 3HaYeHH I I10ITIa/Ial0T B O/IUH IIaT-
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TepH, OTBeYalONMil perpecCHOHHON NpPSAMOH, YTO BHOCHT CMeIleHHe B
OIIeHKH JIUCIIepCU U Kopapuaimu. JacTHaHo 3Ta npobiieMa MoyKeT ObITh
pellieHa MOCpe/ICTBOM JI0OABIeHNs] CJIYIailHbIX OCTATOYHBIX 3HAYCHUNH K
npe/icKa3aHHBLIM BeJIMMHHAM. B 1esioM »Ke JaHHBI criocob 3aMelleHHus
nozaxoaut npu MAR [3,4].

BaMelieHne 1MOCPeJACTBOM OIEHKH MaKCHMAaJbHOrO ITpaBIolopodus
npejicTaBiisier coboil UTepalMOHHLII ITpolece, Kaykjlas HTepaliusi KOTo-
poro BKJIOYaeT JiBa srana: 1) cpejiHue 3Ha9eHUs TepeMeHHbIX U KOBapH-
AIMOHHAs MATPUIlA UCTIOIB3YIOTCS JIJIs pacdeTa PerpecCHOHHBIX ypaBHe-
HUiT, [Ipe/ICKa3bIBAIONUX MIPOIYIIeHHbIe 3HAYeHHs; 2) MOJIYyYeHHbIH Mac-
CHUB UCIIOJIb3YeTCsl JIUIsl paciera OOHOBJICHHBIX CPeIHUX 3HAUYeHHI U KOBa-
PHAIMOHHON MaTPHIILL. DTH 3TAIbI [IOBTOPAIOTCH JI0 TeX 1op, IoKa cpe/l-
HUe 3HaYeHus] U KoBapHaIlOHHAasl MaTPHUIA He IepecTaHyT N3MeHSIThCS.
MoxkHo cKazaTbh, 4TO B JaHHOM cJIydae HCIIOJIb3YeTcs 10CJe0BaTel b
HBII IO IXOJI.

B ciyuae MuHOXKecTBeHHOrO 3aMelieHns cosjaercs Habop ajbTepHa-
THBHBIX MACCHBOB JIaHHBIX (OT msitm u Gojiee), B KOTOPBIX IPOIYIIeH-
Hble 3HAYeHUs] 3aMelaloTcs Mpe/IcKa3aHHbIMHI [TOCPEe/JICTBOM pPerpeccuu
¢ jobapnenneM ciydaiinoro siementa. [locse sroro cpejaune sHavenus
HepeMeHHBIX M KOBapHAIMOHHBIE MaTPHUIlLI 0000IIAIOTCS ¢ 1eJIBIO 10Ty~
YeHUs UTOTOBOI OIEHKH. DTOT MOX0J MOKHO HA3BATh KOHKYPEHTHBIM.
Kak zamemenne nocpejicTBoM MaKCHMaJIbHOIO HPaBJONOA00HS, TaK U
MHOYKeCTBEHHOE 3aMellleHne TOXOIAT JUIS CUTYaIil, B KOTOPBIX HCCJIe-
gposaresb uexoaut n3 MCAR- win MAR-nonymennii. Lins cay4gaes, ko-
rja genaeres HII-jonymenne, npejnasnadensl cesleKTUBHAS MOJIETb U
MOJIeJIb CMeIIaHHBIX 1aTTepPHOR.

CeslekTHBHAST MOJIEJIb COEJUHSCT OCHOBHOE PerpecCHOHHOe ypaBHe-
HUe C JIONOJHUTEJIbHBIM PerpecCHOHHBIM YpaBHeHUeM, IpeCcKa3blBalo-
UM BepOSATHOCTHL OTBeTOB. /[Be WacTm MOJe/n CBA3BIBAIOTCH IOCPe]l-
CTBOM CKOppeJHpOoBaHHBIX octaTkop (auri. correlated residuals), n sra
CBA3b SBJIAETCA MEeXaHHM3MOM, € IIOMOIIBI0O KOTOPOTO KOPPeKTHPYIOTCS

CMeHIeHN A MOJIeJIN, CBA3aHHbIe C IIPOITyCKaMH.
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Motesis eMeranHBIX TATTEPHOB HpejrosaraeT hopMHPOBaHHe I10/1-
IpyII HabJIOIeHnii, B KOTOPBIX 0OHAPYKUBAIOTCS OJIMHAKOBBIE MaTTep-
HBI [IPOIYCKOB JIAHHBIX, C JlaJIbHeIIeil OIleHKON MHTepecylOmmX napa-
MeTpOB B KaxK,10ii noarpyiie. [locse yero naxoaures cpejiHeB3BelieHHast
OIIeHKA THUX [apaMeTpPOB.

B orimune ot coBpeMeHHBIX MeT010B 06pabOTKH IIPOITYIIIEHHBIX 3HAa-
geunit upu MCAR- mwim MAR-gonymennsax, merojasr o6paborku mpn

MNAR-onymennn He moJy4mwin JOCTATOUHO IHPOKOTo Npu3Hanus |5].

2.3. Bo3MO>XXHOCTh aBTOMATUYECKOI'O0 BbIYUCJICHUSA

3HaAYeHUU B Oaze

Cocrapisis Tabumibl ¢ JaHHBIME, HeOOXOIMMO 3apaHee CILIaHUPO-
BaTh, Kakue JIaHHbIe OyJIyT epBUYHBIMU, & KAKUe BbIYUCJISIeMbIMH.

IT p ume p. Uecsteyercss BBRKHBAEMOCTE MAIMEHTORB 11OCJIE AJLIIO-
TpaHciutanTammu nodkn. [locse Toro kak 6sw10 ipoonepupoeano 100 mna-
[UeHTOB, HCCJIe/I0BaTe b Hadall BHOCHTD CBeJIeHNs B 6a3y JaHHBIX U3 ap-
XHUBa, [IPA 9TOM 3apeJ1 cTosonpl «Bpems kuzuny» u «Craryce nampenTas.
Craryc nanmenra — 6uHapHasi BesimidnHa, paBHas 0, ecim HallHeHT YKHUB,
U paBHas 1, ec/in IaleHT He XKUB. Bpemsi KU3HI — KOJIMYECTBO Mecsi-
11eB, KOTOPbIe HallleHT MPOXKWI IocJie olepalun Jmbo JIo cBoeil cMepTn
(B aTOM ciryuae B cronbue «Crarye manmenra» crout 1), smubo g0 Te-
Kymiero jus (B aTom ciyudae B crosbne «Crarye nanmenrta» ctout 0).
[TammenTel nepuognIecKkn MPUXOJAAT Ha NPOPHIAKTHIYCCKUI OCMOTP, H
KasKJIblil pa3 Bpad BPYYHYIO IePecUnThIBaeT MPOJI0JIKHTEILHOCTD K3~
HU TallleHTa Iocje TpaHcIlanTanuu. Ecian namuent, Haxo/snmiics Ha
ydere, YMHUpPaeT, JaHHbIe O er0 CMePTH MOCTYIAIOT Bpady, H OH BHOCUT
a1TH cBejlenns B 6azy. Takoil 110/1xo0/ 09eHb 3aTpaTHBI B IUIaHe MOylep-
JKaHus 6a3bl B aKTYaJbHOM COCTOSIHUM M TpedyeT PpYYHBIX pacieroB, a
HOTOMY TI0/IBepKeH OIHOKAM.

Bepubiv nojxoiom B JlaHHOM citydae siBiisieTcs 3aHeceHHe B 6a3y JiaH-
HBIX JIaThI Ollepallii U JIAThl T0CJIe/IHero Bu3nuTa. Bpems KU3HH Halm-

€HTa IIoCJIe TpaHCIVIaHTallu BBITHCJ/IACTCHA IIPpH 3TOM aBTOMaTHYeCKH.
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2.4. CypporaTHble rpynInmupoOBKHI

Baskno zanocuts B 6a3y nepsutinbie, HaTypHbIe, JaHHble. [Ipu HeBep-
HOM I10/1X0/I€e JIaHHbIe TPYIIINPYIOTCS B HEKOTOPbIE KIIAcChl, a IOTOM B Ha-
3y 3aHOCUTCS JIHIIL (DAKT IPUHAYIEKHOCTH K COOTBETCTBYIOIIEMY Kilac-
cy. Mbr HazpiBaem Takne npeobpa3oBaHHs NCXOJAHBIX JAHHBIX CyppOraT-
HbIMH rpynnuposkamu. [Ipu cypporaTHbIX rpynnmmpoBKax Tepsiercs: HH-
dbopmarnms.

[Tpu me p. ¥V nanuentos nsmepsiercs: ypoBeHb reMOIIOONHA B TPaM-
max Ha sguTp. UecsepoBarens pazbupaer naipenToB Ha JiBe TPYHIIBL Te-
Moryobun Hosibie win pasen 90 r /i1 — HopMma, menee 90 r/ 1 — anemus, u
BHOCHT B 6a3y NpuHa IeKHOCTE nanueHTa K rpyme 0 u 1 coorsercreen-
Ho. [lasiee nceste joBaress craBuT 3a/atdy cpaBHEHHS STHX JIBYX IPYIIII 110
pacipocTpaHeHHOCTH TeX WIH HHBIX OCJIOKHeHHH (MIIeMuYecKuX, cerTh-
YecKuX U T. JI.).

[Tpu rpynmuposke Tepsiercs cyiiecrBeHHas dacTb nHbopMmaimn. leii-
CTBUTEJILHO, IonacTh B rpymiry 0 Moryr nammenT A. ¢ ypoBHEM reMorJio-
6una 90 r/n1 u B. ¢ ypouem remorsiobuna 120 r/n, a B rpymny 1 —
nanpentsl B. u I ¢ ypoaem remorsiobuna 87 r/m u 70 r/un cooreer-
CTBEHHO.

OuepnyiHo, 9To cocrognme nammenTos A. u b. Becbma ormimuaercs
(1o ypoBHIO reMomiobuHa), HO IporpaMMa, HPOBOJAINAs CTATUCTHYE-
CKHil aHAJIN3, UX BOCHPHHHMaeT Kak ojuHakoBbIX. C marumentamu B. u
I'. anasormano. Heemorps na to uro nanuentsr A. u B., no cyru, Becbma
IIOXOKH, B 6a3e OHM OTHOCATCS K Pa3/IMTIHBIM IPYIIIaM.

Pazauna narypubix nokazareseit y A. u B. pagna: 120 — 90 = 30 r/u,
a pasHHIla HATYPHBIX nokaszareseil y B. u B. papna: 90 — 87 = 3 r/u.
Takum o6pazoM, IPUHAJUIEZKHOCTH K 9THM CyPPOraTHBIM IPYIIIIAM He OT-
pazkaeT peaJibHOCTh, a IOTOMY CTATHCTHYECKHe CBS3H, KOTOPbIe HMeIT-
csl MeKJIy YPOBHEM IeMOIVIOOMHA M PUCKOM OCJIOYKHEHHIl, MOTYT pa3py-
muThes (Mim ociabeTs), U cTaTHCTUYeCKHe BBIBOJBLI OY/yT HeBepHBLIMH.

[Tpu cypporaTHbIX IpyHIIIIPOBKAaX MPOUCXOAUT HOTeps: HH(OpMAIIHNL.

Ci10KHBIM BOIIPpOCOM OCTaeTCdA H BbI60p TOYIKH pa36nemm. B JaHHOM
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npumepe Beibop rpauuip 90 v/, Boobie rosopsi, He 6611 YeM-1160 060C-

HOBaH.

2.5. Ommmbku B popMUpPOBAHUU T'PYIII

[IpoBosia ananmms JaHABIX, HEOOXOIUMO CJIEUTh 3a TeM, YTOOLI Bee Be-
JIMYMHBI UMeJIH COJIeprKaTe/IbHBII CMBICJI B KOHTEKCTe pellaeMoil 3a/1a4u,
rpymisl hOPMUPOBAINCH, Ha OCHOBE JICHCTBHTENILHO ODIero HMpH3HaKa.
[Tpusesem geTnipe cojleprKaTebHBIX IPUMepa.

ITpuwme p l. Usygaercs pacnpocTpaHeHHOCTh XPOHUYECKOTO MTPO-
cratuTa B rpyme nammenTos crapiie 40 ser. ccnenosarens 6eper 6azy
BCeX MAIMEeHTOB YPOJIOTHYeCKOTO OT/eJIeHUs, JIeJIUT KOJINIeCTBO HalieH-
TOB € YCTAHOBJIHHBIM JIMATHO30M <«XPOHUYECKHil MPOCTATUT» Ha KOJIH-
gecTBo Beex nanuenTor crapiie 40. [osydennas rakum o6pazom onenka
pacipocTpaHeHHOCTH OKa3blBaeTcs IOYTH B JIBa pa3a HHYKe, YeM OIlHca-
HO B JINTePATYPHBIX HCTOYHUKAX. JTOT PE3YJILTAT CBA3BIBAIOT C YCIIEITHO
MPOBOAMMOIT OIITUMM3aIIHell 3/[paBoOXpaHeHns] B OTIeJIbHO B3ITOM peru-
oHe u peasm3arueii nporpamMmmbl «Myzkekoe 30poBbe». [Ipu atom nccste-
JloBaTelb He YIHTBHIBAET, YTO IIOJIOBHHA NAIMEHTOB B H6a3e — JKeHIIHHBI.

I[Tpuwmep 2 Uzyuaerca dyuknus nepecazkennoii nouxku. Mecseo-
BaTesb olleHuBaeT (hyHKIMIO IOYKH 110 YPOBHIO KPeaTHHIHA U CKOPOCTH
Kiy6oukoroil pmibTpanum, HaxoquT cpegnue u 95 % jgoBepuTesbHbI
uHTepBaIbl Ui 3THX Besandud. OJHAKO OH He YUHTBIBaeT, 4TO YacThb
HAIMeHTOB 110CJIe TPaHCIUIAHTAIMHA BepHYJ/MCch Ha reMosanasms. Onenka
VPOBHsI KpeaTHHHHA Y TaKUX IAIHeHTOB — 3TO JIMIIbL OIeHKa KadecTBa
JIMaJI3a, HO HUKAaK He (DYHKIMHU MOrudIeil movKkm.

B s1tux npumepax nepepuo copmuposanst rpymmsl. Paciipocrpanen-
HOCTB IIPOCTATHTA HY’KHO HCKATH TOJILKO CPeJIl MY KYHH, a (DYHKIHIO
nouKN oneHnsarb (Haxomas cpeguue u 95 % joBepuresibHBIT uHTEpBa-
JIBI) TOJILKO B TPYIIe HAIeHTOB ¢ (DYHKIIMOHUPYIOIIeil mepecazke HHOM
MMOYKOI.

ITp uwme p 3. Usyuaerca piusinne Bpe IHOrO cTaka B ropsdeM HeXy

MeTaJUIy PrudeckKoro KoMbnHaTa Ha paclpoCcTPaHeHHOCTh apTepHaIbHOM
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runeprenzun (Al'). O6ciemopano 100 pabounx. ecseoparess dopmu-

pyeT crakeBble rpymibl (Tabu. 2).

Tabaumna 2

Bausinue craka paGOTbI B ropda4eM Iexy Ha

pPacrpocTpaHeHHOCTh apTepHAaJIbHOU TUIIepTEeH3UN

Ipynmna | Crax, ser | Pacupocrpanennocrs | Yucinennocets
AT, % el

A 0—9 15 60

b 10 — 19 40 30

B 20 u 6osee 50 10

asee ucciesiopanne pasjiesieHO Ha ITaIbL:

e Ha nepeom sramne paboune rpymisl A cpaBHHBAIOTCS ¢ OCTAJILHBIMA
40 pabouumu, T. e. paccmarpupaercs jge (He Tpu!) rpymHIbL co
craxkeM 10 9 ster (rpymma A) uor 10 et (ocranbusie). B rpynmne A
pacnipocrpanentocth Al okazbiBaeTes snaunmo Hmke (p = 0.003,
Xwu-kBajpar).

e Ha mropom srame rtakxke paboume rpymnsl B cpaBampaiores c
ocrasbabiMi 70 pabounvu. B rpynne B pacnpocrpanennocrs AT
OKa3bIBaeTcsl 3HAYMMO BBIIIe, YeM Yy OCTAJbHBIX pabounx (p =
= 0.037, Xu-kBajpar).

e Ha tperbem srame takike cpaBHHBaIOTCS JBe I'PYIILE Tpynna B
n ocrasibable 90 pabounx. B cuny masmouncsiennocT 10 rpynmnsl
(kTO-TO He JOKHMBaeT, KOTO-TO BBIBOJAAT U3 IMPOM3BOJCTBA) I1OKa-
saresm Al' 371ech ncsienHO BhIllle, YeM y OCTAIBHBIX pabovnx, HO
HEe3HAYNMO OTJIMYAIOTCs OT MoKa3saTresieil pacipocrpadednocrn Al

y octanbabix pabounx (p = 0.069, Xu-ksa par).

Ha OCHOBaHHH 3THX pacHeTOB JeJaeTcd BBIBOJA, YITO HaI/IGOJIee OIla-

CeH YIS 3JI0POBbs cTayk paboTwl JymresbHocThI0 or 10 0 20 Jer, a



[IOTOM OpraHU3M aJalTUPYeTCs U PUCKH YMeHbIIalTes. BuiBoj crpan-
HBIi1, OCKOJIBKY a/lallTaliOHHbIe CIIOCOOHOCTH OpraHU3Ma CHHYKAIOTCS ¢
BoszpactoMm. Pazbepem, mouemMy Tak moJIydHIOCH.

Ha nepsom sramne Bce 6nu10 Bepno. Kazasnocn 6b1, 3ajaua Broporo
sTana abCcoIIOTHO aHAJOTMYHA 3ajade 1epBoro srana (dopMympoBka
IOYTH JIOCJIOBHO cOBHajaer), Ho 310 He Tak. «OcTajbuble pabounes, ¢
KOTOPBIMH IIPOU3BOJUTCS CpaBHeHUe, He 00pa3yiom odHopodnyto 2pynny
cpasrenus! Cioma Bxoasar Te, y Koro craxk menee 10 jer, u Te, y Koro
craxk or 20 u Beime. Boigesenne 10/106H0i1 rpynbl JIMIIEHO CMBICIA,
pe3ysbTaThl (hOPMAJILHO MPOBEICHHOIO CPABHeHHUs He MOTYT ObITh Ipo-
MHTePIPeTHPOBAaHbI ¢ KJIMHUYECKONH TOYKH 3PeHHs.

JeiicTBuTe IbHO, pe3yJsbTar, MoJyYeHHBIl Ha BTOPOM 3Talle, 3BY4HT
tak: «Bpeanbiii crax pmmrensHocthio o 10 g0 20 Jser Gostee onacew,
qeM cTaxk (aHaJIomqno spejHocTH) J1o 10 ser win 6oaee 20». Orciona,
B YaCcTHOCTH, cjiejyer, 4To paborars B ropsdeM 1exy 30 jer He crosib
BpeJIHO, KakK 15.

To uro pacupocrpanennocts Al' B rpymme B Boume, uwem cpeman
OCTNAABHHIT, — ITO MaTeMaTH4YecKuil apredakrt, NpUYUHA KOTOPOro B
caepywoneM. B sty rpymny uz ocmaavhvie 70 gen. mo Housblieil 9acTu
Bxo/AT paboune uz rpynnsl A (60 ues.), rjge pacnpocrpanennocts AT
cocrapysier Beero 15 %, n Heboubilioe KolmaecTBo paboduX U3 TPYIIILI
B, rie pacnpocrpanennocts AI' cocraaser 50 %. Bapemennoe cpesnee
pagno 20: 0.15 + 10 0.5 = 0,2, 1. e. 20 %.

Ha Tpernem srame ne 66u10 HailJIeHO CcTATHCTHYECKN 3HAYUMOE OTJIH-
qpe — 3TO TOXKe MaTeMaTH4YecKuii apredakT, IpUYnHa KOTOPOTO B MaJIOi
YHCJICHHOCTH TPYIIILE pabounx co craxkeMm 6osee 20 ser 66110 Beero 10
YeJI0BeK.

Ecim craructudeckne BBIBOABI NPOTHBOpeYaT UHTYHMIIMA U OIBITY
KJIMHUIACTA, HeO0OXOMMO IPOBePUTH, BEPHLIMU JIM ObLIN JIU3aiiH Hcclle-
JloBaHUsI U BbIOpaHHBIe MeToJIbl aHasm3a. s perlenus jganHoil 3a1a9u
€J1eJI0BAIIO OBbI HCIIOJIB30BATh JIOTHCTHYECKYIO Perpeccuio, a He pazbueHune

Ha oT/JeJIbHbIe I'DVIIIbI.
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BamaHust AJIsI CaMOCTOSTEJIbHON paboThI

1. UsBecrHO, uTO y npejcTaBUTENEH HETPOMIHON pachl HOPMAIbHBIH YPO-
BeHb KPEeaTHHHHA CBLIBOPOTKH KPOBH BBIIIE, €M Yy JAPYIHX pac. JTO, B YacT-
HOCTH, YINUTBIBAETCS TPH ONPEIEIeHHN CKOPOCTH KJIYOOUKOBON (DHIILTPAIUN.
UcceneoBarens, »ejast BEISICHUTE CBSI3b PACKH, 3aKO/IHPOBAHHOM, KaK OINCAHO
B 1. 2.1, c ypoBHeM KpeaTHHHHa, Hamel Koadgpuiment koppessnun [Iupcona.
Koadpdpunuent okasasest crarucTHvecKn HE3HAMHMO OTIMYHBIM oT Hyisi. Ha
OCHOBAHHH 9TOTO HCCIIEI0BATEND CAENAN BBIBO, YITO YPOBEHb KPEATHHHHA HE
cBs3aH ¢ pacamu. Her jm B aToM anasmse ommnoku?! Ecau ga, To B yeM oHa
cocrout? Kakoil ajbTepHATHBHBIN 10/IX0/] MOYKHO TIPE/IJIOKUTE?

2. BepHsbl s cireayroniue yTBEPK/IEHAS O IIPOIIYIIEHHBIX JAHHBIX !

A. BameHna nponyleHHBIX JaHHBIX (aHII. imputation) Ha creHepUPOBaHHBIE
JaHHBIE — 9TO Ha CaMOM jleJle IIPOCTO BBIAYMBIBAHUE JJAHHBIX TSI HCKYC-
CTBEHHOTO IOBBIIIEHUSI 3HAYHMOCTH Pe3yJILTATOB. JlydIie He BKIIIOYATH
B aHAJIN3 CTPOKH C IPOIYIIEHHBIMH JAHHBIMH, YeM IPOBOAHTL HCKYC-

CTBE€HHBbIE BCTABKH.

B. Hepocraromue jgaHHBIE MOYKHO 3aMEHHUTH Ha Cpe/IHEE M MeIHaHHOe
3HaYeHHe. DTO HE CJIEIaeT OLEHKH CMEIEHHBIMH, HO 3aTO YMEHLIIHT
CTAHAAPTHYIO OMIMOKY CPEHEro M IMOBBICHT MOIHOCTEL MCIIOJIb3YeMBIX

KPHUTEpPHEB.

B. OrecyrerBue maHHBIX Ha caMOM jejie He mpobiieMa, ecin Tpebyercst Ipo-

BECTH IPOCTOI TECT, TAKOW KaK XH-KBajpaT U [-TecT.

I'. Xymamee, K ueMy HPHBOJIST MPOIYIIEHHBIE JaHHBIE, — 3TO YMEHBbIIEHHE

pasMepa BBIGOPKH H YMEHBIIIEHHe MOIIHOCTH.

3. ¥V wmcciepoBarensi ecTh JaHHBIE O POCTe M Bece MalueHToB. zKeas
U3YYUTH CBSI3b MEXK/Iy YPOBHEM IUIIOKO3bI HATOIIAK U OKHPEHHEM IAIUEHTOB,
HCCIIE/I0BATENb OIPE/IENIsieT TPYIIBL COIVIACHO 3HAYEHHSIM HWHJIEKCA MAacChl

teaa (UMT) (em. tabmmiy).
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I'pymma | UMT Omnmcanune

1 18.5 — 25 | HopmanbHeril Bec

2 25 — 30 W36prrounstii Bec

3 30 — 35 Ozkupenne | crenenn
4 35 — 40 Ozkupenne II crenenn
5

Bosee 40 | Ozxupenune II1 crenenn

He npounexomur /m norepn uHGoOpMaIMH IPH HEPeXoje OT 00bLeKTHBHOMN
sesmrunnel UMT? k rpynmam oxupenns? He sisasiercst im0 9T0 IPHMEPOM Cyp-

pOraTHON IpyHITHPOBKN?

SUnaexc Macchl Tejla — BeINYIHMHA, TO3BOJISAION[As OIEHUTh CTelleHb COOTBETCTBUS
MaccChl 4eJI0BeKa 1 ero pocTa U TeM caMbIM KOCBEHHO CY/IMTh O TOM, ABJIAETCA JIM Macca
HEJIOCTATOYHOM, HOpMaJIbHOM Nim n30bITouHON. BarkeH npu onpe/ielieHny NoKa3aHUii
J71s1 HeoOXoauMocTH JiedeHus. VHIeKe Macchl Tejla pacCUMTBIBaeTcss 1o opMysie:
I=m/ h?, rie m — Macca Tefla B KWIorpamMMaxX, h — poCT B MeTpax, U M3MepsieTcs

B Kr/M2.
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3.HpOBepKa CTaTUCTN4YEeCKHUX I'miiores3

3.1.IlousaTusi craTUCTUIECKO TUIIOTE3bI, OIINO0OK
IIepBOr0 M BTOPOIrO poja

_)
[Iyers w3yuaercsi renepasibHasi COBOKYyHHOCTH X, mycerb X, =
= (X1,..., X)) — cuyuaiinas BbIOOpKa M3 TeHepaJIbHOH COBOKYITHOCTH
X az, = (z1,...,2n) — BoIbOpKa. VMest BHIGOPKY, MOXKHO BBIJIBHHYTH
HECKOJILKO B3aMMOUCKIIOUAIONINX THIIOTe3 O paclpejle/leHuU reHepaJib-

HOIt COBOKYIIHOCTH, O/THY U3 KOTODPBIX cjie/JyeT IpealiovecTb OCTaJIbHbIM.

Onpepenenue 12. [Ipednoaooicerue o pacnpedeseruu 2eHeParvHotli co-
sokynnocmu X uAu napamempar 3moz20 pacnpedescHus HA3bleaemcs
cmamucmuieckotl 2unome3otl.

[Tpusesem npuMepsl craTHCTHYECKHX THUIOTe3: T'eHepasibHasl COBO-
KYIIHOCThL paclipejiejieHa 10 HOPMAaJbHOMY 3aKOHY; MaTeMaTH4ecKoe
OXKHJlaHHe TeHepasbHOl coBokynHocTH pasHo 100; jBe ciy4vaiinble Be-
JIMYUHBI He KOPPEeJHPOBAHBLL. DTH TUIIOTe3bl BBITEKAIOT M3 CJIe/IYIONHX
collepyKaTesbHBIX 3aJad: Mpapja Jii, 9TO cpejHeMecsdHbIil ToBapoobo-
pOT ¢ coceHIM rocyapersoM coctapisier 500 mura py6.; npasjia Jm, 9To
HOBBIIIeHAE JIeJIOBOH aKTUBHOCTH B EBpole NpuBoJUT K pPOCTy IeH Ha
poceniickyio Hedrh. [Ipeonoxkenne, cocrosimee B Tom, uro va Mapce
eCTh KU3Hb, He SBJIsIeTcs IPUMepOM CTaTHCTHYeCKOil TUIOTe3kl.

Hapsiy ¢ ocnoBmoii runoresoii paccmaTpuBaercss IpoTHBOpedalias
eit runoresza. Hysesoit (ocHOBHOI) HA3BLIBAIOT BLIIBUHYTYIO TUIIOTE3Y, ee
obbrano oboznavaior kak Hy. Koukypupyiomeii (ansrepuarusnoii) na-
3BIBAIOT THIIOTE3y, KOTOpasl POTHBOPEYUT HYJIeBOil, ee 0bbIMHO 0603HA-
qaioT Kak Hj.

Boyisunyras runoresa nyzKjiaercs: B IpoBepKe Ha OCHOBe HabJ1o/1ae-
MbIX 3Hadenuit (Beibopku). [los nporeaypoit nposepkn crarucTudecKux
IUI0Te3 MOHUMAIOT T0CIe10BaTeIbHOCTD JeiicTBHIl, T03BOIAIONHX ¢ TOil
WM WHOH CTeleHbIO JOCTOBePHOCTH IOJTBePAUTH HJIH OHPOBEPIHYTH
yTBepxKjeHne runorespl. OTMeTHM, YTO OTBepras OCHOBHYIO THIIOTE3Y,

MBI OT/aeM IIpe/[louTeHne ajbrepHaTuBHoiil (Tabir. 3).
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Tabmuma 3

IIpoBepka craTUCTUYECKUX T'MIIOTE3

['unoresa, BepHasi Ha camMoM Jiesie
Hy H,
Hy | Bepnoe pemenne | Oumbka II pona

[TpunsaTas runoresa
H, | Ommbka I pojja | Bepnoe pemenne

Kak Buano u3 rab. 3, B pesysbraTe NpoBepKH BO3MOYKHO IIPUHSATHE
JIBYX BepHBIX pellleHHil 1 JBYX ONMO0YHBIX:
1) runoresza Hy BepHa 1 ee NpUHSUIN B pe3yJikTaTe IIPOBEPKH;
2) runoresza Hy HeBepHa 1 ee OTBepIVIN B pe3yJikraTe MPOBEPKH, IIPU-
uas Hq;
3) runoresa Hy BepHa, HO B X0Jie IIPOBEPKH €e OIIMOOYHO OTBepIJIH,
npunsas Hy;
4) runoresa Hy nesepHa, HO B X0Jle TPOBEPKH ee OMUOOIHO TPHHSIIH.

Ounmbka 1mepBoro pojia COCTOMT B TOM, 9TO OyjleT OTBeprHyTa IIpa-
BwibHas runoresa Hy. Ommubka Broporo poja coctour B ToM, 9T0 Oy/1er
HpUHATA HellpaBWibHas runoresa Hy.

B ocnoBe nposepku craTHCTHYECKHX MHIOTe3 JIEYKUT MPHUHIAI ITPaK-
THUYeCKOH HeBO3MOXKHOCTH MAaJIOBePOATHBLIX COOLITHIl, KOTOPLIH IJIACHT:
«B eMHMYHOM HCHBITAHUM MAJIOBEPOSITHOE COOLITHe He JIOJIZKHO IO-
ABUThCs». [Ipomwnocrpupyem 310 mpuMepoM.

ITpuwmep. B smuke jexkar jiBa mapa, 1BeT KOTOPbIX HeH3BeCTeH.
Wccnenoparens BLIIABHHYI THIOTe3Y, YTO MIapbl Pa3sHBIX IBETOB U, He
IS/l B AINMK, J0CTal Map — oH okasajicst Gesibiv. [1lap Beprysiu obpar-
HO B {AIMUK. DKCIHEePUMEHT IOBTOPUJIA, IIap CHOBAa OKa3aJics OesibIM, — U
tak 100 paz. Beieoj nanpammeaercs cam — oba mapa Gesbie. Pazymeer-
csl, €CTh BePOSATHOCTD TOTO, YTO OJIMH 1ap O6bLT YepHbIil, HO BePOSTHOCTh
sta papna 27100, 1 nockosbKy oHa KpaiiHe Masia, HCCIIe/IOBATENb OTBEPT

ruroresy KakK HIPpOTHBOpPeYalllYIO 3KCIIepHMeHTaJIbHbIM JJaHHbBIM.
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3.2. OcHOBHBIE 3TaNbl IPOBEPKU CTATUCTUYIECKUX
rumoTes

Pacemorpum ocHOBHBIE STAIIBI TPOBEPKH THIIOTE3, WUTIOCTPUPYS UX
HPUMEPOM.

ITp ume p. B orkperrom Mope nepekiiaibiBalor rpys ¢ OJHOTO KO-
pabuist Ha apyroit. Kosecusrit pobor e3jaur no nanybe nepsoro kopabiist
1 MaHHUITYJIATOPOM («MexaHH4ecKoil pyKoii» ) 3aXxBaTbiBaeT KOHTeilHepbl
¢ nayybsl BTOporo KopabJisi, nepekJajpiasg ux K cebe. [lepponavasin-
HO po6oT 6BLI XOPOIITO OTKAJMOPOBaH, HO B IIPOIECCce SKCILIyaTallul MO
UCIIOPTUTHCSL.

Nz odunumasisHoil JIOKyMeHTaIlnl H3BeCTHO, 9TO CHJIA, ¢ KOTOPOI Ma-
HUIIYJIATOP XBaTaeT I'Py3, paclpejelieHa 110 3aKOHY, OJIM3KOMY K HOp-
MaJIbHOMY, u cocrapisier B cpejgaem 600 H. fcno, uro ecom nmpmiarae-
masi cua 6yzer muoro menbine 600 H, To xonreiinep BbicKO/Ib3HET 13
MaHHUIYJIATOpa U yToHeT B Mope. Ecin npuiaraemasi cuiia 6y1eT MHOTO
6ombire 600 H, To konreiinep noruercs.

Ha exeromaom TtexobcesyKuBaHum IpoBeJIeHO 25 3aMepoB CHJIIBI
MaHHUIYJIATOpa. PesyinbraThl IpejicTapieHbl B Tabiuie. AHaJINTHKA
JKeJIal0T IIPOBEPUTh, COMIACYIOTCS JIM JIaHHbIe (PAKTHYeCKHX 3aMepoB C
3asBJICHHBIMH B JIOKYMeHTaIlnn Xapakrepuctukamu. [Ipu srom oTkio-

HeHHA U B TY U B JIPYI'YIO CTOPOHY OIIaCHBI.

624 | 598 | 609 | 592 | 588
578 | 598 | 604 | 616 | 628
634 | 605 | 590 | 628 | 632
584 | 627 | 612 | 606 | 620
641 | 585 | 641 | 637 | 654

BasiBiienHoe 3HavYenue cuibl cocrapiser: my = 600. Cpeanee 3nave-
HHe CHJIBI 110 pe3yiibTraraM 25 n3MepeHnii cocrapiser: my = 613, cpegnee
KBaJ[parnieckoe oTkiIoHenne o = 20.97, munnmym cocrasiisier 578, Mak-

cumym — 654.
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OueBwino, 9ro pacderHoe cpeinee dosbiie 600, HO Bo3HHKaeT Bo-
[IPOC, HACKOJIBKO 3T0 3HaYNMO. Bo3morkno, sra pasuuna B 13 Haxoaures,

KaK I'oBop4dT, «B IIpejeJjiax CTATUCTUYIECKOM IIOrpenrtHOoCTH ».

Oran 1. Qopmysuposka ocHoBHOM runoressl Hy n ajnbrepHaTHBHON
runoressl Hi.

IN'mmoreza Hy cocrout B TOM, uTO Mo = mq. HezapucuMelii anaiantuk
CKJIOHEeH CUHTAThL, 9YTO HMeloIllee MecTO OTK/IOHeHHe B Pa3BHBaeMoil ciJe
(my BMecTO M) obbsicHsieTcs caydaiiHbiMu baKTOpaMH: Kadka B Mope,
MOpPBLIBLI BeTpa U T. 1. VHbIMEH cioBamm, oH uexoauT u3 Toro, uro Hy
BepHa.

B kadectBe asbpTepHaTHBHON TIHMIOTe3bl aHAJUTHK BLIOMpaeT
mo # my. C cojiep:KaTesIbHONH TOYKHU 3peHHs aJIbTepHATHBHAS THIIOTe3a
O3HaYaerT, 4To Cpe/Hss CWIa, pasBUBaeMasi MAHHUIIYJISATOPOM, OTJIMIaeT-

est ot 600 (BO3MOYKHO, B GOJTBIIYIO, 8 BO3MOYKHO, H B MEHBIITYIO CTOPOHY ).

Dramn 2. Buibop crarnerunieckoro Kpurepusi.
=
Panee mb1 BBetn B pacemorpenne X, eme pas obparnM BHIMaHue Ha
¥ .
1o, ur0 X, — 9TO MaTeMaTH4decKas abCTpaKIusl, BUPTYaJIbHbI 00LeKT,
KOTOPBIi yJI00HO HCIIOJIB30BATh JIJIs IOCTPOEHUsT Teopun 1 hopMasin3a-
—
UK TIPABIJI IPOBEPKU rumnores. X, — BeKTOpHas cJydaiiHasi BeJIMInHa,
— o
B peaJIbHOCTH HaM JIOCTYIIHA JIMIIL OJ(HA ee Peaslu3allus: Ty, — YUCJIOBOM
BEKTOP.
Pacemorpum  crienmasibHo  11o06paHHYI0  BellleCTBEHHO3HAYHYIO
T N "
dbyuakmo ¢(X,). Byayuu dyuknumeit or cayvaiinbix BequmumH, @
caMa SIBJISIeTCSl CJIYYailHOil BeJIMYHHON, a 3HA4YuT, uMeeT (MYHKIHIO
pactpeesieane. BeibupaTts B ¢ HaJ10 Tak, 9T0OBI €e TOYHOe WU MPH-
6inKeHHOE pacipejiesienne ObL10 n3BecTHO. JTa (PyHKIMS 10Tpedyercs

JIJIsT TIPOBEPKHU HYJIEBOH THIIOTE3bI.

Omnpeaenenne 13. Cmamucmuueckum kpumepuem (Ui npocmo Kpu-

4l—IOCJ'I(E}I,I'Ie(:.' 3aMeraHne OKasKeTcd BazKHO, KOTJla MBI 6)’}161\'1 CTPOUTL KPHTHYECKYIO
obmacTts. B JAaHHOM IIpHUMepe OHa 6y,r1e’r ABYCTOPOHHAA.

35



. -
mepuem) Hazviéarom caywatinyio eeauvuny o(X,), xKomopas cayorcum

05 NPOGEPKU HYAEEOTL 2UNOMESHL.

[Togbop Bupa dyukmum ¢ abeomorno Hed opMmasbHAs, HeCTaHIAPT-
Has 3aj1a4a. Hanpumep, eciim poBepsiioT rUIoTe3y O paBeHCTBe JIUCIIep-
CHil $] U $2 B JIByX HOPMAJIbHBIX FeHePaJIbHBIX COBOKYIIHOCTSX, TO B Kade-
CTBe ¢ BBIOMPAIOT OTHOIICHHE HCIPABJICHHBIX BBIOOPOYHBIX JIMCIIEPCHIl:
@ = s1/s2. llockosbKy B pasim4HBIX onbITaX BHIGOPOUHBIE JUCIIEPCUN
HPUHUMAIOT Pa3/IMYHble 3HAUYeHNs], Hallepe/] HeM3BeCTHO KaKue, TO U UX
oTHoIIeHue Oyzer BesimauHoi ciydaitnoit. Moxkno nokazars, 1to ¢ 6yaer

pacupejiesiera 1o 3akony Pummepa—Crenekopa. [Ipu npoeepke runoress

n—2

O paBeHCTBe HYJIIO KO3¢)C1)I/III,I/IQHT8. KOppeJadlui 1moJjaralT ¢ = r T—72 3

KOTOpasi IIPH CIIpaBe JINBOCTH HYJIeBOH I'MIIOTe3bl NMeeT paciipe/iesieHne
Creiosienra ¢ n —2 crenensiMu cBobobl (3/1echb n — obbeM BLIOOPKH, 1 —
3HaYeHne BLIGopouaHOro Koad duinenra Koppessiium ). DTH TpUMepsbI 110~
Ka3bIBalOT, 9TO 00IIero npasuiia 3Jech HeT; HO JUI OOJILIIMHCTBA 9acTO
pelllaeMbIX 3aj1a4 (CcpaBHeHHe cpe/HUX, IpoBepkKa Ha HOPMAJbLHOCTL H
T. JI.) npaBwia Bbibopa (bYHKIHNH ¢ U3BECTHDL.

Ananuruk Mor Obl paccMOTpeTb (by HKIINIO TaKOI'oO BHJ/1a:

X1+ Xo+ .+ Xy
n

— 600,

")

KOTOpasl paclpejiesieHa 110 HOPMaJIbHOMY 3aKOHY M IIPH YCJIOBHH CIIpa-
Be/UIMBOCTH HYJIEBOIH I'MIIOTe3bl HMeeT MaTeMaTH4YecKoe OXKHJIaHHue, PaB-
HOe HYJIO, 37ech n = 25 — unciio namepennii. CojieprkaTesibHBII CMBICIT
9TOH BeJIMYUHBI — Ha CKOJIbKO HbloToHOB cpejmss 1mo 25 msMepenusiM
cwiIa oKasaJjachk HGouibile (MM, BO3MOXKHO, MeHbIIe ) CTaH/IaPTHOIO YPOB-
s B 600 H. Besimanna sra coyuaiinasi, moroMmy 9ro npu MHBIX 06CTOSI-
TeJbeTBaxX (Berep JIyJl B JAPYIYIO CTOPOHY, IITOPM) WIH JUIs APYTUX 25
U3MEPEeHHil 9Ta BeJIMYHHA MOIVIa OKa3aTbCs JIPYTOI.

Nexona 3 maremaTndecknx coobparkeHni aHAJIMTHK, OJIHAKO, pac-
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Puc. 1. Ilnorrocts HOpMasibHOTO pacipe;iesieHnst

cCMaTpHuBaeT 9yThb HoJtee CJIOZKHYIO BeJIMYIHUHY!

¢ = :

no

['pacdbuk mwiorHocTn 310i# ciydaiiHoil BeJIMYNMHBI OKa3aH Ha puc. 1.
Kaxk Bujo u3 puc. 1, 3Havenns: B OKpeCTHOCTH HYJIS CJIydailHas BeJIHIH-
Ha ( NPUHIMAaeT 4allle, a O0JIbIIe OTKJIOHEHHS OT HYJISI MAJIOBePOSITHL.

Ecom 61 B pesysbrare 25 u3sMepeHHil cpejHss CHJla COCTABHJIA
720 H wnm 380 H, umbimm cioBamu, ecim O6bl OTKJIOHeHHe cpejiHeil
CWILl OT cTaHjaprHoro sHadenus coctasuio 120 H wom 120 H, 1o
aHaJINTUK cKazail Obl: «Ecam pobor jeiictBuresbno 6611 661 XOPOIIO
oTKaJInOpoBaH, TO TAKOTO CHJILHOIO OTKJIOHeHHs He Hab/I10/1aJ1och ObI,
cJle/IoBaTeJIbHO, THIIOTe3a O TOM, 4TO poboT XOpOIIo OTKaJaubpoBaH,
HepepHa». Vlim o Mor ckazarb Tak: «BeposiTHOCTH MOJIYyYHTBH CTOJIL
3HAYMTeJIbHbIe OTKJIOHeHHs KpaiiHe MaJia, a 3HAYWUT, Ha TO ObLIa MPHYH-

Ha; U [IpUYHUHa 3Ta — H3HOC ,‘leTaJIeﬁ p060Ta. Hopa €ro peMOHTHPOBaTb».

Oran 3. Buibop ypoeusa smaunmoctu. B npeabyiymem abzame mbl

yrorpebuin o6opor «BeposiTHOCTL KpaiiHe masia». Ho 4ro smaunr ma-
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ana? dsnsieress ma epositHocts 0.1 madnoit? U ecoin wer, To siasiercs jn
MmaJioit sepoaraocThb 0.0017 O roznaunoro orsera 3/1ech Her, HoJ1ee TOro,
OTBeT Ha 3TOT BOIPOC JIEJKUT BHe KOMIIETEHIIMH MaTeMaTHKOB. B Kaxk-
JIOH TIpeIMeTHON 06J1acTi MPaKTHKYIOIIHe CIeIUAJHCTBl CAMU PellaloT,
HaYnHas ¢ KAKOTO YPOBHSI BePOSTHOCThL CYATATH MAJIOM, a COOTBETCTBY-
IOIIHe OTKJIOHEHHUs] MaJIOBePOSTHBIMH.

C 011011 cTOPOHBI, yMeHbIIIeHHe TIOPOroBOTro 3HaYeHust (HalpuMep, JI0
10~°%) yBesmrumpaer onacHoCTh SKCILTyaTauy pasboITaHHOTO PoboTa, HO
3aTO IPH 3TOM He TpebyIoTest 9acThle PeMOHTBI 1 63 TOro HOpMaJIbHO pa-
H6oraomux poboros. C Jpyroil cTOPOHBI, yBeJIUUeHHe TIOPOrOBOrO 3HAYe-
uns (manpumep, o 1071) camkaer puck skeruryatamn mioxo byHKIm-
OHUPYIOIIEro 06OPYAOBaHNs, HO BMeCTe ¢ TeM BO3HHKAeT HeoOX0IMMOCTh
B 9aCTBIX HEHYKHBIX HAJIaJKaX HOPMaJIbLHO paboTaionmx poboTos.

Hecenenoparens jroimken onpeiesinTh it cebsi BEPOSITHOCTH OTIIPAB-
K1 Ha (HeHYKHBI) PeMOHT HOPMAaJILHOIO poboTa, B3aMeH OH IIOJIYYHT
HEKOTOPYIO YBEPEeHHOCTh B TOM, YTO Ha KOpabJib He MOCTaBAT pa3zbosran-
Horo pobora. B xoj1e 9TuX paccyKIeHHil Mbl IPUIILIN K TOHATHIO YPOBHS

3HATMMOCTH.

Omnpepenenune 14. VposHem 3HAMUMOCTIU HA3BLIBAETNCA 6EPOATIVHOCTIL
owubru nepeozo poda, m. e. 6EPOATMHOCTIL OWUDOUHO OTMKAOHUMD 6ED-
HY10 HYAEBYIO 2UNOMESY.

VYpoeenb 3HaunMoOCTH O00BIMHO OOO3Ha4YalOT OyKBOH « U Gepyr

MaJibiM, Hanpumep, o = 0.05 nian o = 0.01.

Oran 4. [locrpoenne kpurndeckoii obsacTu.

[Tocsie BoIGOpa ompejiesIeHHOro KpuTepHsi 1 YPOBHS 3HAYMMOCTH BCe
MHOZKeCTBO BO3MOYKHBIX 3HaYeHHH KpuTepusi pasbuBaercs Ha JBa Helle-
peceKaloIiXesi OJIMHOYKEeCTBA: OJIHO U3 HUX COJIePKUT 3HAYeHUs] KPUTe-
pusi, IPU KOTOPBIX HyJIeBasi THIIOTe3a OTBepraercs, Jpyroe — 3HaveHus,

IIPpH KOTOPLIX OHa IIpHHHMaeTCH.

Onpegenenne 15. Kpumuueckotli 064acmvio HA3BIEAI0M MHOHCECTEO

3HAYEHUT Kpumepus, npu Komopwvlr HYAEBYI0 2UNOMME3Y OMEEP2aI0N.
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/IJIH HaXO0zK/IeHH A KpI/ITH‘IeCKOﬁ obJlactu JOCTAaTOTHO HailTu ee rpa-
HHIIBI, CjieJIoBaTe/IbHO, BO3ZHHKaeT BOIIPOC, KaK HX HailTH. HaXO)IHT ux

HCXOJIS1 U3 CJIe/IYIONero TpeboBaHus:

P(*P < Pxkp. .l'leB) = Q’/Qx P(*P > Pxp. npaB) = Q’/Q»

TJIe Pxp. nep — JI€Bas TPAHUIIA KPUTHYIECKOH 0OJIACTH, & Qxp, npap — Hpa-
Basi rpaHUIa KPUTHYECKOI 0b/1acTH.

B ciyuae econ pacipeiesienne ciy4aiiHoil BeJIMUHHBL 0 CHMMETPUTHO
OTHOCHTEJIBHO HYJIsl (KaK B paccMaTpHUBaeMOM IpUMepe HelOoJIaKH Po-
6ora), TO Qkp. npas = —Pkp. npas, T. €. JOCTATOYHO HANTH OJHY IDAHHILY,
KOTOPYIO OyjieM 0003HAYATb Py .

C y4erom sTOro0 ycsioBue JUisi HAXOXK/IeHUsT TPAHHI] KPUTHIECKOi 00-

JJaCTH MOZKHO 3allucaTh TaK:

P < —pxp) + P(¢ > ¢xp) = 2P(¢ > ¢xp) =

+o00

folz)de = bR

Pxp

rie fo(x) — mIoTHOCTH pacipe/e/ieHns CIIyaiiHON BeJMINHbL .
st pacemarpuBaeMoro mpumepa JlaHHOe HeJIMHeiHOe ypaBHeHHe
NpuOIIIZKeHHO pPelinM Ha KOMIIbIOTepe H MOJIYYHM YHCJIeHHOe 3HavYeHHe

A pxp = 2.06.

STaH 5. Pacqe’r Haﬁnm,uaemoro SHaYeHHUd W IIPpHHATHE DPellleHHnd.
o
B pe3yjbTaTe 3KCIIepHuMeHTa CJIy‘Iav]"‘IHaH BeJIMYIHMHa Xn IIpuMeT 3Ha'e-

HUe T, a 3HAYMT, dbyukus o(X,,) npumer 3navenne pya.en = @(n).

Onpenenenne 16. Habamodaemvim 3Haveruem KPUMEPUA Pya6, HA3bI-

6a10M 3HAYEHUE Kpumepua, 6bl4YUCAEHHOE O 6'bL60p7€6.

Ecim mabmogaemoe 3Hauenne KpUTepHs Quagn MONAJAT B KPUTH-
YecKy10 00J1acTh, HYJIEBYIO THIIOTE3Y OTBEPraioT Kak IPOTHBOpPEYAILyio

SKCIIepUMeHTaJIbHBIM JTaHHBIM. Ecm Ha6JIIO,II\E18MO€ 3HaYeHHne KpHuTepHsid
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nonajaer B obJiacTh IPUHATHS TUIIOTe3bl, HeT OCHOBAHHI OTBepraTh Hy-
JIeBYIO THIIOTE3Y.

Ecim B pesysbrare 25 nabmojiennii oTKJIOHeHHe cpejiHeil CHIIbI OKa-
JKeTCsl HACTOJIBKO OOJIBIINM, UTO |@uasa| > @xp, TO rumoresy Hy najo
oTBepruyTh. Ecim Ke OTK/IOHeHHe cpejiHeil CHIIbI OKayKeTcsl TAKUM, 9TO
|ua6n| < @xp, TO He Gyner ocHoBaHMIT oTBeprHYTH runoresy Hy.

[Tycrs B janHOM npHMepe aHAJMTHK HOMYIHI QPuagn = 3.87. DTO
O3HaYaeT, YTO OTKJIOHEHHS CTATHCTHYeCKH 3HAYMMBI. TakuMm obpazoM,
AHAJIMTHK OTBepraeT HyJeBYIO TUIOTe3y O TOM, 4To poboT oTKambpoBaH

XOpOIIIO, U JleJlaeT 3aKI0ueHne, 9To poboT paseusaer cuiy bosee 600 H.

3.3. MoniHocTh KpuTepus U HEKOTOpPbIe
JOTIOJTHUTEJIbHbIe 3aMeYaHus

HpI/I 3a/JaHHOM YPOBHE 3HATHMOCTH (v MOZKHO IIOCTPOUTHL pa3Hble KPpH-
Tuaeckne obsactu. Mel B p'c’1306paHHOM B ITpeJablJIyIeM ITYHKTe IIpuMepe
IIOCTPOWIH €ee C I’Il\‘ll\'le’FpI/I'-IHOI'/’I OTHOCHTEeJIbHO HYJIA, IIPDH 3TOM HHKaK He
000CHOBBIBAJI TaKOe pelnieHue. ]_[enecoo6pa.3Ho BBeCTH B pacCMOTpeHHe
BepoOATHOCTD IOIMaJIJaHuA KPpHTepHuA B KPHTHYECKYIO obJtacTh IpHu ycJo-
BHH, 9TO OCHOBHasf I'HIIOTe3a HeBepHa H CIIpaBe/JINBa KOHKYPHDPYIOIlasd

rurorTresa.

Onpeaenenne 17. Mownocmuvio kpumepus HA3bl6a10M 6EPOATIVHOCTIVD
NONadaHUus KPUMeEPUA 6 KPUMULECKYIO0 004a4CMb NPU YCA08UL, YN0 CNPa-

6edausa KOHEYPUpYyrouiaa 2unomesda.

Jpyrumu cjioBamu, MOIHOCTL KPUTEPUs €CTh BePOSTHOCTh TOTO, UTO
OCHOBHAasl THIIOTe3a OyJ1eT OTBepruyTa, ecJii BepHa KOHKYPHPYIOIIas -
noresa.

[Tycrs jyist npoBepKu rHIIOTe3bI HTPUHSAT OIpe/IeJIeHHbIH YPOBeHb 3Ha-
YHUMOCTH U BBIOOpKa MMeeT ollpe;lesleHHbli (pukenposanublii oobem. [o-
KaskeM, 9TO CTPOUThH KPUTHYIECKYIO 00J1acTh HAJIO TaK, YTOOBI MOIIHOCTh

KpHUTepHd ObLIa MaKCHMAJIBLHOI.
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[TpeaBapurensho y6eaumcest, 9To eci BepOsITHOCTH OIMIMOKH BTOPOTIO
pora (npunAThL HepepHyo runoresy Hg) paBua (3, TO MONIHOCTL KpH-
repust pagua 1 — 3. [leiicrBurensro, eciim 3 — BeposSTHOCTH ONIMOKH
BTOPOr'O PO/JIa, T. €. COOBITHS «IPHUHSATA HyJIeBasl THIIOTe3a, IPHYeM ClIpa-
Be/UIMBa KOHKYPHUPYIOIIAs», TO BEPOATHOCTH HPOTHBOIOJIOKHOIO COObI-
THSl «OTBEPrHyTa HyJleBasl THIIOTe3a, PUYeM CIIPaBe/JInBa KOHKYpPHUPY-
I0Iasi», T. €. MOIIHOCThL KpUTepusi, papHa 1 — 3.

[Tyers momuoers 1— 3 kpurepust Bozpacraer, cJieI0BaTe/IbHO, YMeHb-
IaeTcsl BePOSITHOCTD (3 COBEPIINTE OMMOKY BTOPOIo poia, YTo, KOHETHO,

ZKeJiaTeJIbHO.

3ameuanue 1. [lockoavky éepoamnocmo cobvimus <owubka 6mopozo
poda donyuwenas pasHa [3, Mo 6EPOATNHOCTIVG POTNUEONOLOHCHOZ0 COObI-
musa «owubka 6mopozo poda we donyuenar paena 1 — 3, m. e. mow-
Hocmu kpumepus. Omceroda caedyem, wmo mMowHOCMb KPUMEPUA ECTMb

6€EPOATMHOCD MO20, wmo He 6ydem donyuiena owubra 6mopozo poda.

Bameuanue 2. ScHO, MO “wem MEHBULE GEPOATNHOCTIL 0ULUOOK Nepeo-
20 U 6MoOpPo20 poda, mem Kpumuieckas obaacmsv «aywwes. Odnaxo npu
3adannom 0bzeme 6LIOOPKU YMEHDWUMD 00HOEPEMEHHO U v U 3 HEGO3-
MONHCHO: €CAU YMEHDWAMD o, mo 3 bydem eo3pacmamsv. Hanpumep, ec-
AU npuHamev o = 0, mo 6ydym npuHumamvca 6ce 2unomessvl, 6 Mmom
YUCAE U HENPAGUALHDLE, M. €. 603PACTNAETN 6EPOATNHOCTL 0WUDOKY 6MO-
pozo poda.

Oreer Ha Bompoc, Kak BLIOpaTh 3HAYeHHE (v HAMJIYYIINM 0OpazoM,
3aBHCHT OT «TSIYKeCTH IOCJIe/ICTBUIT» OMMOOK JIJI KaK 10l KOHKPeTHOM
zagaun. Hanpumep, ecsm ommubka mepporo pojia nosijiedeT H60JbIIRe M0~
TepH, a BTOPOro — MaJlble, TO CJIeJlyeT HPHUHATH, BO3MOXKHO, MEHBIIIee
snavenne «v. Ecsm o yxxe Beibpano, To, nosb3ysick Teopemoit Heitmana—
[Tupcona, MOXKHO OCTPONTHL KPUTHIECKYIO 00/IaCTh, JIIsI KOTOPO# (3 6y-
JIeT MEHIMAJILHBIM U, CJIeJIOBATEILHO, MOITHOCTE KPHTEPHS MaKCHMAaJIb-

HOI.

3ameuanue 3. Eduncmeennniii cnocob 00HOEPEMEHHO20 YMEHDULEHUA
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GEPOATMHOCTIU owuboxr nepeozo u 6MmMopozo pOd(l cocmoum 6 YBEeAUHEHUU

obzema 6vlO0PKU.

3.4. IIpoBepKa cTaTUCTUYECKUX THIOTE3 B IMaKeTax
NPUKJIAJHBbIX IIPpOrpaMMm

B y4ebuukax 70-x rr. onuceiBasiach IPUMEPHO TaKasi 10CJIe/10BaATe b
HOCTB JICHCTBHII IIPH HPOBEPKe CTAaTUCTHYCCKHUX THIIOTEe3:
1) paccuurarh HabIIO/IaeMOe 3HAYCHHe KPUTEPHS Qyats;
2) 3ajaTh ypoBeHb 3HAYMMOCTH «v, HanpuMmep, papubiii 0.05, u naiitn

KpUTHYeCKHe TOYKH Qxp B Hy)KHOﬁ Ta6nuue;

3) cpaBHEBAS Qyagn U Pxp, NPHHSTH PelleHHe OTHOCHTEJILHO THIIOTe-
3b1 Hy.

[Tpu sTroM HEobxOMMO 6BLIO 3HATHL BWJI KpUTHUYeCKOil obiacTu (Je-
BOCTOPOHHSISI, IPABOCTOPOHHSSI WIH JIBYCTOPOHHSIS ), OHUMATh, KOIJIa
JIeJINTCS TIOT0JIAM YPOBEeHb 3HAUYNMOCTH, ¥ MHOroe jipyroe. Orsardaso cu-
TYaIo U TO, YTO TabIUIBI 3TH 0DOPMWISUINCH B KaXKJIOM CIPaBOYHUKE
[O-Pa3HOMY. 3allyTaThbes ObLIO HECJIOZXKHO.

B coBpemennbix makerax HmpHKJIaJIHBIX MPOrpaMM IIPOBepKa CTaTH-
CTHYeCKHX THUIOTe3 aBTOMATH3MPOBaHAa, W IMOAPOOHOCTH 3TONO MHOIO-
TAIHOrO IPOIecca CKPBITHI OT HoJIb30BaTesisi. Beibupars ypoBeHb 3Ha-
YHUMOCTH JI0 HadaJia BeraucsieHunii He Tpebyercs. [lo BeeienubIM JlaHHbIM
(BBIBOPKe) BBIMUCISACTCS Pagn, KOTOPOEe T0JIb30BATe0 3a4acTyIO JarKe
HEeHHTEPeCHO, 1 TaK Ha3bIiBaeMoe p-value — BeposiTHOCTB MOy YU Th TaKoe
i GoJibIliee OTKJIOHeHHEe TPH YCJIOBHHU CIIPABE/VINBOCTH HYJIEBOI IHIIO-
Te3bl. IMenno na ocuose p-value npunnmaercs pemenne. [losmssosaress
yeranapiauBaeT (MCXOJIsl U3 BHECTATHCTHIECKHX COODpaykeHHil) HEKOTO-
phlil ypoBeHb 3HaunMocT v, Hanpumep, 0.05 wim 0.01. Ecom B pesyuis-
TaTe pacderoB p-value < «, TO HyJIeBYIO THIIOTe3y HaJI0 OTBePrHYTH Kak
HPOTHBOPEYAIILYI0 9KCIePUMEHTATBHBIM JIAHHBIM.

B pacemorpennom npumepe mpo pobora p-value = 0.004 < 0.01, cie-
JIOBaTeJIbHO, MOYKHO CUYUTATh, 4YTO Ha ypoBHe 3HaunMoctu o = 0.01 my-

JIEBYIO THIIOTe3Y Ha/JI0 OTBepPruyTh.
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3.5. BakirouynurejbHbIE 3aMeYaHUus

1. Hacro npuxoures ciablmarth: «Ecin ypoBenb 3HaYNMOCTH MeHb-
e 0.05, To HyJIeBYIO THIIOTE3Y OTBepraeM». DTO BhICKa3bIBaHHe JIHIICHO
CMBICJIA, TAK KaK YPOBEHb 3HAYHMOCTH — 3TO BeJIMYHHA, KOTOpas (HPUK-
CUpyeTcsi caMUM HCcJie/loBaTesieM, a He BBIMUCISIeTCsl Ha OCHOBE BBIOO-
POYHBIX JIaHHBIX.

2. Kputuueckne obsiacti 66IBalOT OJHO- U JBYCTOPOHHUMM.

3. CraTncrnyecke runoTess! 6bIBAIOT TPOCTBIMU U cy10xKHBIMU. Cra-
THCTHYECKas THITOTe3a, OHO3HAYMHO OIIpeJIe IAIoNias paclpe/ie/leHie re-
HepaJIbHOI COBOKYIHOCTH, Ha3blBaeTcs 1poctoil. Crarncruiaeckast rumo-
Te3a, yTBepyKJIalolas IPUHAUIeZKHOCTh paclpeeseHusI K HeKOTOPOMY

ceMelCTBY paclipe/leJleHHil, Ha3blBaeTcs CJI0ZKHOI.

3amaHus 1Jisi CAMOCTOSATEJIbHON paboThI

1. B kauecTBe npuMepa BO3bMEM BBIMBIIUIEHHOE TOCYAAPCTBO, B KOTOPOM
npoBoaar pecdopmy. M3BecTHO, ITO B NPOIIJIOM IOy PACXObl HACEJIEHHS Ha
pasBiiedeHns (KHHO, Kade, KaTaHHe Ha FOPHBIX JIBDKAX M T. JI.) paclpeieisi-
JIACH TI0 HOPMAJIBLHOMY 3aKOHY W cocTabBisiiin B cpeaaeM 700 pyb. B mecsiiy Ha
oaHOro uesoBeka. [lo 3asBiIeHNI0 MUHHUCTPaA TPY/Ia U COMAILHOTO Pa3BUTHSI B
9TOM TOJIY B CBSI3HM € 9KOHOMUYECKHM POCTOM I'paykKjlaHe cTaju borade U Ha pas-
BJI€YEHHSI CMOTJIA TPATUTh 6ojbie. MUHHCTD 3asB/IsIeT, YTO NPUYXHA 3TOTO B
peajin3yeMbIX Mepax 0 PasBUTHIO 9KOHOMHKHU. OfHAKO HEKOTOPBIE 9KCIIEPTHI
VTBEPXKIAIOT, YTO 9TO BCErO JIMIIL JOMBICJIBI, U IpaKjaHe He CTAIN JIydIle
KHUTh.

Tpebyercsi NOHATH, BLIPOCJHM JIM TpaTbl Ha pasBiIevYeHUs] B 3TOM TOLY.
25 pecnoHzeHTaM ObLT 3ajaH Bompoc: «CKOJIBKO JleHer Ha pasBilevueHHst
BBl IIOTPATHJIM B 39TOM Mecsle?» Pesyabrarbl npejcraBieHbl B Tabimie.

IIpoBeprre, cormacytorest iu (paKTHUECKHE JJAHHBIE C 3asIBIIEHHEM MUHHUCTpPA.
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678 | 698 | 704 | 716 | 728
724 | 698 | 709 | 692 | 688
734 | 705 | 690 | 728 | 732
741 | 685 | 741 | 737 | 754
684 | 727 | 712 | 706 | 720

Kakyto kpurnieckyo o61acTh Hy>KHO pacCMOTPETD, OJIHO- WIH JABYCTOPOH-
uio0? Hynesas runoresa 6yaer mpocroit niau cioxuoit? A ansrepHaTuBHas?

2. YUro Takoe MomHOCThL Kpurepusi! Kak MeHsIeTCsl MOIIHOCTH KPUTEPHS
[IPH U3MEHEHHH YPOBHSI 3HAMUMOCTH?

3. IIpu npoBepke cTarncTUIecKUX MHIIOTE3 HAZHAYAETCS YPOBEHD 3HAMHUMO-
cTH. Y POBHEM 3HAYHMOCTH HA3BIBAETCSI BEPOSITHOCTH ONIIMOKH IIEPBOIO POJIA,
T. €. BEPOSITHOCTh OIIHOOYHO OTKJIOHHTL BEPHYIO HyJeBYIO runoresy. CryiaeHT
Bacuimii He u3yvas cTATHCTUKY U PEKOMEH/IyeT B3SATH YPOBEHb 3HAUYHMOCTH
PAaBHBIM HYJIIO, ITOOBI OIIHOOK ITPH IIPOBEPKE THIIOTES He 6b110 BoBee. K KaknM
HEraTUBHBIM I10CJIE/ICTBUSIM IIPUBEET TAKOW BBIGOP?

4. B yue6HOM 10cobuH 110 cIOpTHBHOI MeTposorun B. B. Adanacnesa’ na-
XO/IMM CJIEIYIONIUIT BOIIPOC 1711 CAMOKOHTPOJIST: «Y KayKUTe, TIPH KAKOM YPOBHE
3HAYNMOCTH HNpHHHMaeTcs runoresa Hy». W manee npejyioykeHbl OTBETHI:

1) a>0.05, 2)a<0.05 3)a>05 4)a<0.5.

B orserax naxomum: «Ecim o > 0.05, To npunnmaercs runoresa Ho».

Ob6bsicHuTE, IIOYEMY 9TOT BOIPOC HEKOPPEKTHO COPMYJIHPOBAH H, 10 Cy-
TH, juiieH cMblesa. Kak ero menpasures? 5. IIpoBeseno Tpn skcnepumenta
npu yposHe 3HaunmocTn ¢ = .05 :

- B IIepBOM 3KcnepuMenre Haiijieno p-value = 0.02, nynesast runoresa Hy
OTBEPrHYTA,;

- BO BTOPOM 3KcniepuMenTe HalizieHo p-value = 0.049, nynesas runoresa Hy
OTBEPrHYTA,;

- B TpeTbeM 3aKcrepuMenTe HaiijgeHo p-value = 0.15, nyneBas runoresa Hy
HPUHATA.

B kakoM u3 9THX Tpex ciyvyaeB BEPOSITHOCTH BEPHOTO PeIIeHUsT HAHOOIb-

mas?

SCrnopruBHasi MeTposiorusi : y4eGHUK JUisi cpejHero mpod. obpasoBanust |
B. B. Adanacres, 1. A. Ocerpos, A. B. Mypagses, [I. B. Muxaitnos ; oTB. pei.
B. B. Adanacnbes. 2-e uzj,, ucnp. u jgor. M. : FOpaiir, 2017.
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4. KoppeasimnoHHbIil aHAJIN3

B sroit 1 nocsieayonmx maBax Mel OyJieM paccMaTpUBaTh Te HIH
MHbIe ACIeKThI 3aBHCHMOCTE MeXKIy JABYMSI WIN OOJIBIINM HHCIOM Be-
sgmaud. [Ipu srom Gyzem onuparbes Ha OBIYIO TEOPHIO MPOBEPKU CTa-
THCTHYECKHX THIIOTe3. [aK Kak HaM IPeJICTOUT HCCIIe0BaTh O9eHb 00-

HNIMPpHYIO TeMy, TO IIOJIeE3HO HavdaThb C O6I.U,€I"O 063opa.

4.1. BBegenue u OCHOBHbIE HaeH

ITpn uznokennn mMatepuasa JaHHOTO Hmaparpada Mbl OIHPAINCH Ha
pabory [6]. Boabmas gacrs pabor mo 3Toii Teme BO3HUKJIA B CBA3H C
3aj1adeil 0 COBMECTHOM pPACIpPe/IeJICHIN Tapbl CJYYailHBIX BeJIHYHH; ee
MOXKHO Ha3BaThb 3ajia4eil o craructudeckoil 3apucumoctn. CyiectByer
nHasi 00JIacTh MaTeMATHKH, KacalOMasicsl 3aBUCHMOCTeH CcTpPoro (byHK-
IIOHAJILHOTO BHJIA MeXKJly BeJMUMHaMH (Kak, HallpuMep, 3aBHCUMOCTH
B Kilaccndeckoil (buznke). YKasaHHBI BHJ 3aBHCHMOCTel TOXKe Hpejl-
CTaBJIsieT CTATUCTHYECKHil MHTepec, MOTOMY YTO (DYHKIIHOHAJBLHO CBSI-
3aHHbIe BEJIMYNHBI I0/{BePYKeHbI OInOKaM HabJIOIeHHIT HIN H3MepeHHil.
Hazosem a0 3aa%eit o pynryuonasvrotl sa6ucumocmu. B pamkax na-
CTOSIIEro 1mocobust Mbl OyJeM 3aHHMATBLCS TOJIBKO 3aJ@atdeil o Cmamu-
CMUYeCKkoTl 3a6UCUMOCTIU, B KOTOPOIi BeJIMIUHBI (KpoMe BBIPOXKICHHBIX
ciydaeB) He CBs3aHbI (DYHKIMOHAJILHO U, KPOMe TOTO, MOI'YT OBITH 110/1-
BeprKeHbl ommbkaM Habumoennit 1 msmepennii. Mer 6yzem pacemarpn-
BaTh UX IIPOCTO KaK COBOKYITHOCTH CJIYYaiHBIX BeJMYHH, [0UNHEHHBIX
HEKOTOPOMY COBMECTHOMY pacipe,jiesieHuio’.

B camoii obitactn crarucTHYecKoil 3aBHCHMOCTH HEOOXOIHUMO IPO-
BecTn pasrpanndenue. Hac moxker maTepecoBars Jmbo 630UMO3AEUCU-
MOCTIVD MeKJTy HeCKOJILKUMHU BeJIMYMHAMHU (He 06s13aTelIbHO MeKy Bee-
M), 1160 3A6UCUMOCTIVD OHOI NI GOJILIIEro YHC/Ia BeJIMIUH OT OCTAJIb-

HBIX. Hanpm\iep, MOZ?KHO pacCMOTpeTb BOIIPDOC, cylIlecTByeT JIH CBA3b

SPanee MBI paccMOTpeJIH TOHSATHE CJIydaiiHoil BeauunHbl. O TOM, KakK Olpe/iesis-
€TCsl COBOKYITHOCTD CJIyYaifHbIX BEeMYNH, MOXKHO IIpOUNTaTh B pabote [1, mi. 14
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MeXKJIy JIOXOJIOM CeMbH M pacXojaMi Ha POCKOIIb (Joporue MalluHbI,
I0BeJIMPHBIe YKPAIeH!sI U T. 11.); IPH TaKoil IOCTaHOBKE 9TO eCTh 3a/ia-
ya o B3anmmozaBucumoctn. Ho ecsim MBI XOoTHM, HCIIONB3ysl M3MepeHust
JIOXOJIa CeMbH, MOIyIUTh HHAMOPMAIUIO 006 0XKHaeMbIX TpaTaX Ha poc-
KOIIIb, TO MBI NPUXOJIUM K 3ajlade O 3aBUCUMOCTH PacXoJI0B OT JIOXOJIOB.
DTo mpUMep CAUTyalH, B KOTOPOH MOXKeT IpeJCTaBIATh HHTepec Kak
B3aNMO3aBUCHMOCTh, Tak U 3aBucuMocTb. C Jpyroil cTOpOHBI, HMEIOTCs
CUTYyalliH, B KOTOPLIX MHTEepPecHa TOJILKO 3aBUCHMOCTBL. CBs3b MexKy
BeJIMYHMHON ypoKasi U KOJIMYeCTBOM BBIIABIINX OCAJIKOB IMPeJCTaBIseT
coboii puMep CYIIeCTBeHHONH acMMMEeTPHH. 3J1eCh U3 BHECTATHIECKHX
coobpaskeHHI TMOHATHO, YTO JOXK/M BJIMSIOT Ha YpoxKaii, a ypoxKail He
BO3/IefiCTBYeT Ha JIOXK/IH. lakuM o6pa3oM, Mbl JIOJDKHBI H3y9aTh 3aBH-
CHMOCTB YPOXKas OT JIOKJIeI.

[Tpexkie uem nepeiiTn K W3JI0JKEHUIO TEOPHH KOPPEJISIIHI, KOTOPYIO
B Koune XIX — mauane XX B. pazsusasm [Tupcon u FOu, crenaem oxno

0611_[89 3aMevJaHHe.

Bameuanue 4. Cmamucmuveckas 3a6UCUMOCTb, Kakol O0bl cusbHOT
oHa HU OvLaa, HuKo2da He modcem JoKa3aMsb NPUHUHHYIO C6A3b: HAULL
udeu 0 NPUMUHE BO3HUKAIOM 6HE CMAMUCTIUKY, 6 KOHEYHOM CHEMme —

U3 Hexomopoti dpy2o0ti meopu.

[azke B mpocToM IpuMepe 0 BeJIMIHHE YPOyKast U KOJIMIeCTBe 0CaIKOB
MBI He HMeeM CTATHCTHYeCKHX HPUYHH YIS OTKa3a OT WieH, 9To JIOXKJIH
3aBHCAT OT ypoykasi: OTKa3 ¢JleJIaH Ha OCHOBe COBEPIIeHHO JPYTUX cO00-
paxkenunii. U jnaxe ecom 661 102K/ 1 ypoxKkaii ObLIN B OJTHOM (DYyHKIH-
OHAJILHOM COOTBETCTBHH, TO MBI BCE PABHO He HOJYyMaJH ObI IIPOBO3IIA-
CUTBH 3Ty <«O4eBHJIHYIO» HPUYUHHYIO cBsa3b. Her Heobxommoctn yriy6-
ssaTheA B hutocodekoe 0b6Cy K IeHIe JJAHHOTO BOIIPOCa; HYZKHO JIUIIb eI1e
pa3 obpaTuTh BHUMaHMe Ha TO, YTO JIIOast cTaTHCTHIeCKask 3aBUCHMOCTD
JIOPHYeCKH He BJledeT ITPUYUHHOIA.

Bepnapy [loy 6uecTsimme ckazan 06 310M B CBOEM IPeJMCIOBHN K

«ﬂOKTOpy Ha pacinyTbe»: <<I[a}Ke OIIbITHBIE CTATHCTHKH YacTO OKa3bI-
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BAIOTCS He B COCTOSHUHM OIEHHTh, JO KAaKOi CTelleHU CMBICJI CTATHCTH-
YeCcKUX JAHHBIX MCKaKaeTcs MOJTYAJMBBIMH HPeJIIOJIOKeHUIMIA UX HH-
TepuperaTopos... JIerko JiokaszaTh, 4TO HOIIEHHe ITWINHIAPOB U 30HTHKOB
pacImpsier TPYJIHYIO KJIeTKY, V/UIMHSAeT YKU3Hb U JIaeT OTHOCHTEJILHBIIH
UMMYHHTET OT 6oJie3Heil... Y HHBepCUTeTCKHIl JUIUIOM, eYKe [HeBHas BaH-
Ha, obuiajlanne TPHALIATHIO TapaMu OPIOK, 3HaHHe My3bIKH Baruepa, cka-
Mbsl B IIEPKBH, — KOpOdUe, BCe, YTO HoJ[pasyMeBaeT OoJbIlIne CpeJcTBa
U XOpolllee BOCIHUTAHHE... MOXKeT OBbIThb ¢ HOMOIIBLIO CTATHCTHKHU TPe/i-
CTaBJIEHO KaK MarmdecKue 4apbl, Japyollue IIPUBHJIernu JII000ro copra.
MaremaTuk, usu Koppessimn npusesn Obl B Bocxuienne HuioTona, mo-
JKer, cobupasi JlaHHBIe U Jlejlasi U3 HUX BBIBOJIbI, BIACTh B COBEPIIEHHO
rpybble omuOKH Ha OCHOBe TAKHUX JKe MOMYISPHBIX 3abi1yKJIeHnil, Kak
ONMCcaHHBIE BBIIIE».

Xora [loy B gannom ciydae orcranBaeT COMHUTEIBHYIO TOUKY 3pe-
Hus, ero Jjoruka obocuopana. Ilocnenosarenn Ilupcona u Kna B nep-
BOM IIPUCTYIIe 3HTY3Ha3Ma, MOPOXKIEHHOIO KOPPeISAIMOHHOI TeXHUKOII,
JIErKO JIeJIajil OIPOMeTUYHBbIe BBIBOJIbI. DTO IPOI0JIZKAJIOCH JIO TeX Top,
noka (cryerst asajanarth Jet nocse Hamicanuoro oy) FOu e mamyrasn
CTATHCTUKOB IIPHMePaMI BLICOKHX KOPPeJIAINil, KOTOpble, O9eBHIHO, He
BbIpaykaJil IPHYNHHBIX CBSA3eil: HAIpUMep, KOJIMYecTBO caMoybuiicTs 3a
roj 6bLI0 CIIILHO KOPPeJIHpPOBAHO ¢ TPHHAIe’KHOCTBIO K aHTVIMKAHCKOIT
nepKeu. BoabmmHeTBo 9THX «BeceMBICTIeHHBIX» KOPPeJIsIuii JeiicTByer
Yepe3 COIYTCTBYIONUe U3MeHeHUsI BO BPeMeHH. Y OMSHYTbIe pHMepbl
uMesin 6aroTBopHLlii 3 deKT, T0BOIA 10 CO3HAHUSA CTATHCTHKOB, UTO
HNpPUYHHHAS 3aBHCHMOCTD He MOyKeT ObITh BhbIBe/IeHa HU U3 KaKOTro HabIIio-
JlaeMOTO COBMeCTHOI'O M3MeHeHHs, Jayke caMoro TecHoro. BriociieicTeun
CTATHCTHKH BIIAJIH B JPYyryio Kpaitnocts: B 70-x rr. XX B. KOppeJisiiion-
HBIIl aHAJIM3 CTaJl COBepIIeHHO HeMoJHbIM. VMeercs, ojlHaKo, MHMPOKoe
noJsie NpuJIokKeHuil (HanpuMep, collHaJbHbIe HAYKU U IICHXOJIOTHUS), TJe
XapakTepbl IPUYHH ellle HeJI0OCTATOYHO XOPOIIIO MOHSA T JIJIS TOr0, YTOOLI
KOPPeJISIIMOHHbBII aHam3 6611 3aMeHeH GoJiee crieruduIecKIMI «CTPYK-

TYPHBIMH» CTaTHCTHYEeCKHMMH MeTOJ/IaMH. ECTI), KpoMe TOro, O6[III/IpHaH
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obutacTh MHOIOMEPHOTO aHAJIN3a, IJIe BBIYHCIIeHHe U HCCJIeIOBaHIe MaT-
puibl KO3 DUIUEHTOB KOPPeJISIIUN SBJIsieTcs HeoOX0IMMOI TpeTioeit
K JIeTaJIbHOMY CTATHCTHYecKOMYy aHasm3y. Bee 310 jlesiaer HeobxoMbIM
HU3yUYeHHe KOPPeJsIMOHHOIO aHaJlh3a, OCHOBBI KOTOPOro HPHUBEJEHbI B

3TOH TVIaBe.

4.2. JIunelinHasg U HeJIMHEeHas 3aBUCUMOCTb,
KOppeJsius

[Iyers panbr mabumojeHns 3a ABYMS cIIydailHBIMH BeJmdauHaMu X
n Y, koropele MBI OyjieM TpakKToOBaTh Kak IeHy Ha HedTh B Jo/Iapax
3a Oappenb u Jioxoj1 B Ompker B MwuinoHax pyouieit. Tpebyercs
IPOBEPUTH, CYIIECTBYET JIM CTATHCTUYeCKasl 3aBUCHMOCThL MeYKJ1y 9TUMU
BeJIMYMHAMM, U eCJIM Jla, TO KaKasd U HaCKOJIbKO TecHas. /Ly orBera nHa

9TOT BOIIPOC HCIIOJIB3YyeM KOprJIﬂLIMOHHbIﬁ aHaJIHu3.

X | 30 69 | 8 | 56 | 44 | 97 | 53
Y | 204 | 267 | 313 | 207 | 130 | 320 | 237

X | 66 39 | 29 | 34 | 31 92
Y | 260 | 172 | 117 | 196 | 169 | 262

Omnpenenenune 18. Koppeaauyuonuwnii anaaus — memod obpabomru
CTNAMUCTIUMECKUT JAHHBIT, € NOMOUDBIO KOMOPO20 UIMEPAEMCA TECHO-
ma céasu mencdy 06ymsa uau 6oaee nepemerHHbMmU.

Uccnenosanne cront Havath ¢ rpadpudeckoro n3obpaykeHus JaHHbIX
na wiockoctn X QY. Ha puc. 2 Bujmo, 9ro Toukn obpazoBain HEKOTOpoe
06J1aK0 M BBICTPOWINCH BJIOJIb BOOOparkaeMoil HAKJIOHHOMN MpSMOii, T. e.
MO TIMHEeHbI AUHETUHOTE cmamucmuveckotll céa3u. OHako j1aHHoe HabIII0-
JIeHHe JIOJZKHO OBITh IPOBepeHo, U B 3TOM HaM HOMOXKeT pazobpaHHas B
HnpeJbLIyIeil riase obias Teopust IMPOBePKU CTATHCTHYeCKUX THIIOTE3.

st Toro 9robbl MOSICHUTH 3HAYeHHe TepMHUHA «JIMHeHHBIN», BCIOM-

HUM oOIuil BuJI ypaBHeHus npsmoit: y = kx + b. 3iech y — 3aBucumas
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Puc. 2. BaBucumocrs jgoxozna 610/pKera, MiH py6., oT 11eH Ha HedTH

BeJIMYNHA; T — He3aBHCHMAas BeJIMIuHa; k — yrioBoil kosdduimenr;
b — cBobomubiil wien. CojieprKaTesbHbII CMBICJI 3THX BeJIMUUH CJIe Iy I0-
nmii: eciu x = 0, To y = b, T. e. b — 3T0 HavaLHOE CMeIleHHe; IPU
VBeJIMYeHHH & Ha JIMHUILY Y YBeJININBaeTcs Ha k e/IMHHII.

Cesizn Mexk/1y ciydailHBIMH BeJIMUMHAMH MOYKHO Pa3/lelIuTh Ha JIn-
Heilinble 1 HesmHelinble (puc. 3). Jluneitnble craTucTHYECKE CBSA3H — 3TO
TaKue CTaTHCTHIeCKHe CBA3H, KOTOPbIe XOPOIIIO OIMCBLIBAIOTCS Y PaBHeHH-
eM npsiMoii. B pacemaTpuBaeMoM npumepe MOYKHO cKa3aTh, 9TO TOYKH Ha
IJIOCKOCTH pactioyiaralorest BJ1oJib npsamoil. Hesmnuelinbie craTucruaecke
CBSI3HM — 3TO TaKHe CTaTUCTUYeCKHe CBA3U, KOTOPbIe IJIOX0 OMIChIBAIOTCS
ypaBHeHHeM IPsAMON WIN He omuchbiBaloTest Bosee. IIpumepom Hestnneii-
HOW CBS3M MOXKeT CJIYKHUTh 3aBHCHMOCTBH CKOPOCTH POCTa MUKpPOOpTa-
HU3MOB B CpeJie OT KOHIIHTPAIlMH caxapa: cHadaJla POCT KOHIIeHTPaIH

caxXapa CHOCO6CTByeT YBeJIMIeHHUIO KOJIHYecTBa MHUKPOOPTraHH3MOB, HO C
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OIIpe/IeJIeHHOI'O YPOBH#A CcaXap Ha'THHaeT ﬂeﬁCTBOBaTb KaK KOHCepBaHT U

OCTaHaBJ/JINBaeT POCT MHKPOOPraHu3MOB.
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Puc. 3. /luneiinas u nennneiinas 3aBUCUMOCTD: (1 — JIMHeiiHAs CBA3L; O —
HeJIMHelHAsl CBA3b

,Z[JIS{ aHa/IM3a HeJIMHeHHBIX CBA3eil MoyKeT IIPpUMEHATHCA KOPppeJIAalni-
OHHOe OTHOIIIeHHe, olIpe/iesisAaeMoe Jepe3 OTHOIIeHHe MezKI'py MTIOBOI JHC-

nepcun K obIeii:
D(Y|X)

rje D(Y) — mucnepeus Y; D(Y|X) — yenosnas jqucnepens Y npu jan-
HOM X, XapakTepH3yolias paccesiiue Y OKOJIO YCJIOBHOTO MaTeMaTHde-
ckoro oxuanusg M (Y |X) npu nannom snadennn X. Mol B jasbreiimem

6}’}181\‘1 aHaJIU3HUpoOBaTb TOJIBKO JIH HellHbIe CBSI3H.

Onpenenenue 19. Koppeaayus — 3mo AuHelHaA C6:3b mencdy napot
CAYHATUHDIT BEAUHUH.

pe ciyuaiiable BeJIMMMHBI MOTYT OBITH CBSI3aHbI OoJiee TECHON JiH-
HEITHOI1 CBSA3BI0, TOIJ[a COOTBETCTRYIOIee KOPPESIIOHHOe 00J1aKo Oy/1er
y3Koe, WIH MeHee TeCHOH JIMHEeITHOH CBA3bIO, TOrJa COOTBETCTBYIOIIee

KoppeJisiiinonHoe obsiako Gyjer mupokoe (puc. 4).
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Puc. 4. Tecnora jmueiinoii 3aBHCHMOCTH: @ — HeTeCHasl JIMHeHHAs CBA3b;
6 — TecHasl JIMHelHAsI CBS3b

J_IJI}I OIIEHKHN TeCHOTHI JIMHEHNHOH CBA3U MexK1y napoi/i CJIy‘IaI‘:IHbIX Be-

JIMYIHUH BBeJ/JIeM IIOHATHe KOSd)d)I(IIJ;I/IeHT‘d Koppensmml?.

Omnpepenenune 20. Kosguyuenm xoppeasyuu, — 3mo “ucio6asn 6el-
WUHA, TAPAKMEPUSYIOULAA TECHOMY AUHETHOT C6A3U MmeAHCIY Napoli cAy-
YAUHDIT BEAUNUH.

Kosdbdunment koppestsinnn coiaygaiinbix sesmana X u Y obozHavgaor

rxy. Haitru xoaddbunment koppesisiignn MoXKHO 110 cJieyioneii hopmy-

ae:
M(XY)—-M(X)M(Y)
rXy = ;
OX0y
e M(X) — maremaTmieckoe oKujlaHue ciaydaiiHoil BesuaumHBl X ;
OX — CpejiHee KBaJpaTHYeCKoe OTKJIOHeHHe CJIyYalHOil BeJnYnHbI
X; M(XY) — maremaTuueckoe OKHJaHHe MPOU3BEJCHHUS CJIyYailHBIX

peanauH X u Y.

[Tepeuncaum cpoiicTBa KoaddumenTa Koppessium:

"31eck paccmaTpuBaeTcst KoadduruenT Koppensaiun [Iupcona, KOTophlit HAXOAAT
JIJ1s1 TTaphbl CIyYalHBIX BeJIMYHH B MHTepBasbHON miKase. Koadxburmenter koppens-
nun CrmpMmena u Kenjiasuta 6yyT paccMOTpeEHEI Jlanee.
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1. Kosddumment koppesisiinn He MPeBOCXOAUT eIMHUIIBI TI0 MOJIYJIIO,
-1 <rxy <L

2. Ecom Besmumnbl cBsizaHbl ¢Tporoii pyHKIIMOHAJLHON CBSA3BIO H €
yBesmmdenneM X BesmduHa Y TakyKe Bo3pacraer, To rxy = L.
B srom cirydae Touk# KOppessiiioHHOTO obilaka njiealibHO JIOXKAaT-
csl Ha MPsIMYIO, HAIIPABJICHHYIO BBEPX.

3. Ecom Benmumnbl cBsizaHbl ¢Tporoii pyHKIIMOHAJLHON CBS3BIO H €
yBesmdenneM X pesmunHa Y yowiBaer, To rxy = —1. B arom ciry-
Yae TOYKN KOPPeJSIHOHHOrO obilaka HIealbHO JIOXKATCs Ha Hpsi-

MYIO, HallpaBJ/JIEHHYIO BHH3.

4. Ecom rxy = 0, To BesmumHBI HeKoppejupoBaHbl. B sTom ciry-
Yae TOYKH KOPPeJIAIMOHHOTO objlaKa BJIOJIb MPAMON He JIoXKaTcs

1 0OBIYHO XaOTHYHO pa3zbpocaHbl.

[Tosicnum cBsI3b MEXKJIy HOHATHAMH <«3aBHCHMOCTbL» U «KOPPeJPO-
BaHHOCTb». [0CKOJIBKY KOPpPeJIMpOBaHHOCTH — 9TO YaCTHBIN ciydaii 3a-
BUCHMOCTH (JTMHeiTHAs 3aBUCHMOCTB ), TO U3 KOPPeJINPOBAHHOCTH CJIe/lyeT
zaBucuMocTb. ObpaTHOEe HEBepHO: U3 3aBHCHMOCTH He CJIe/IyeT KOppeJH-

poBaHHOCTL (puc. 3, 6, u puc. 5, HUXKHsSI CTPOKa).

3ameuanue 5. Yacmo, siceaan cdeaamuv c60t0 pewv boaee nayroobpas-
HOTL U MOKA3aMb €6010 «00Pa306aHHOCTL >, A0dU donycraom owubry,
2080PA <IMO HEKOPPEAUPOSAHHBIE GEAUMUHDLY, UMEA 6 6UDY MO, “IMo
GeAu UHbL HecBasdanbl. Obpawjaem HUMAHUE wumameneli, ¥INo 3a6UCU-
MOCTD U KOPPEAUPOEAHHOCTIL — MO HE CUHOHUMDL.

Ecom Besimaunbl cBszanbl JiMHEiTHOI cBA3BIO, TO Koadduiment kop-
PeJISINK T0Ka3bIBaeT TOJLKO TeCHOTY KOPPeIAIMOHHOro objiaka, OTCyT-
CTBHe <«3alllyMJIeHHOCTH», HO He TOKa3blBaeT HaKJOH NpaMmoil (puc. 5,
BTOpasi crpoka). To ecth KoadpumenT Koppessiyn He IOKa3bIBaeT, Ha
CKOJIbKO U3MeHsieTcsl OJ[Ha BeJIMIUHA [IPU M3MEeHeHUH JPYToi Ha e/IMHH-
ny. Eciin takasi onenka Tpebyercst, To HeOOGX0 MO POBECTH perpeccu-

OHHBII aHaAJIH3.
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1.0 0.8 0.4 0.0 -0.4 -0.8 -1.0

Puc. 5. Buasr koppensiimonnbix obirakos

Bepuemesi kK nocrassenHol 3aj1a4e o ¢Bs3M 1leH Ha HedTh U JI0X0Ja
610/pKera. 3jech MBI paboTaeM ¢ BLIGOPKOIii, KoTopasi oTpazkaeT (Kak Mbl
HaJleeMcsl, TPaBHJILHO) IPOTIOPINN TeHepasibHOoll coBoKynHocTH. B j1an-
HOM CJIy4ae reHepasibHasi COBOKYITHOCTD SIBJISIeTCS JIBYMEPHOIl cirydaii-
HOH BeJIMYMHOMN, HepBasi KOMIIOHeHTa KOTOPOH — 3TO IeHa Ha HedTh,
BTOpas — Jioxoj Owkera. g onenkn koadpdunmenrta Koppeasimn
HaXOJIAT BRIOOPOUHBIH Koo duiuenT Koppesasamnun ryy . Mbr 6ymem mnpo-
BOJMTL PacdeTbl TOJLKO Ha KOMIIBIOTepe ¢ UCIOJIL30BaHUeM CTATHCTH-
YeCKHX INaKeTOB, rjie (POPMYJIBI JIsl HAXOXKJCHHS 7%y 3apaHee 3allpo-
rpaMMHPOBaHBI.

[Tycrs, nanpumep, mbl nonyunsm 3nadenne ryy =~ 0.21. Oznaugaer
JIM 9TO, YTO BeJIMYMHBI KoppesauposaHbl! Boobie rosops, ner. Bozmoxk-
HO, YTO 9TO MOJIOKHUTEJILHOE 3HAYeHHe — Pe3yJIbTaT CJIy4ailHOCTH, H I10
JIPYTOil BEIOOPKe MBI MOJIYYUM COBCEM HHOE, BO3MOYKHO, OTPUIATEHHOe
3HavYeHHe WIN OvYeHb Oim3koe K Hymo. /st yBepenHoro orBera Ha BO-
[POC O HAJIMYHA JIMHEeHHON CBA3M MeK/Iy BeJMYMHAMHU HaJ0 CJIe0BATh
HUZKEOIIICAHHOI 11PoTie /[y pe.

Oran 1. PopmynpoBka OCHOBHOI U aJIbTepHATHBHBIX rumnores. ['n-
noresa Hy cocront B ToMm, uro ryxy = 0, a nosyueHHoe oTin4ne pacier-
HOT'O 3HAYMEHUS T'yy OT HyJIsl — pe3yJbTar ciydaiiHocTh, rumoresa Hy

COCTOHUT B TOM, YTO BeJHYIHUHBI KOppeJHUPOBaHbI, T. €. I'XY # 0.
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Oran 2. Haznavyenne ypoBus 3nadnmoctn «v. B nammux 3ajagax Mbl,
cJieiysl OBIIEPUHATHIM B COIMOJIONHH, TICHXOJIOTHI ¥ MHBIX I'yMaHATaP-
HBIX HayKaxX peKoMeHamusyM, nojoxum « = 0.05.

Dran 3. Haxoxenne pesmanner p-value. Ecmu p-value < a, To ny-
JIEBYIO THIIOTe3Y OTBEPraloT Kak HPOTHBOPeYAIIly ) SKCIIePHMeH TAIbHBIM
JIAHHBIM, MHa'e HeT OCHOBAHUN OTBEPrHYTh HYJIEBYIO IHIIOTE3Y.

B paccMaTrpuBaemMoM mpuMepe nosydaeMm p-value = 9.35 - 1075, Ta-
KUM oOpazom, HyJeByIO rumnore3y orpepraem. CozeprKareibHBIH CMBICIT
BesimanHbl p-value caexyommii: p-value — 310 BeposATHOCTL TOIYYHTH
Takyio (mim Gosiee TecHO CBA3AHHYIO, ¢ Hoslee Y3KHM KOPPeIAIUOHHBIM
obs1akoM) BBIGOPKY, ecsii Obl BeJIMYMHBI JefiCTBUTeILHO ObLIN 6b1 HeKOp-
PeJIMPOBAHBL.

Oran 4. Haxoxenne kosdpuimenrta xoppessium, ecim HyJsepast
runoresa 6buta orBepruyTa. LoJbKO ecyin Ha Tare 3 ObUIO MOKa3aHo,
910 KO3 pUIMeHT KOppeJIslny cTaTHCTHYeCKH 3HAYIMO OTJIMYaeTCs OT
HYJISI, HAXOJAT ero YMcJIoBoe 3HadeHue. B JaHHOM NnpuMepe MosIy<deHo
rxy = 0.874. Moxno ckazath, 9ro j10X0/1bI OI0/2KeTa TeCHO CBA3aHbI C

IeHaM# Ha HedTh.

4.3. PaanroBasi KoppeJsius

Meros Burunciiennss koadypuimenta Koppessiuu 3aBUCHT OT BHJIA
HIKaJIbl, K KOTOPOil OTHOCATCS HepeMeHHble. Jlisi mepeMeHHBIX, Hpeji-
CTABJICHHBIX B MHTEPBAJILHON IIKaJle, HeOOXO/IMMO HCIIOJIb30BaTh KO-
dumment koppessiiun [Tupcona. Ecim no mensineit Mmepe onna us jByx
HepeMeHHBIX HMeeT HOPSJIKOBYIO MIKaIy JO0 He SIBJISeTCsl HOPMAaJbHO
pacIipeiesIeHHOM, TO HeOOX0MMO UCTIOJIb30BATh PAHIOBYIO KOPPEJISAIIIO
Crnupmena win Kenjama.

Tak, nanpumep, i1 BBISIBJICHHS CBSI3H MeXKJIy CTelleHbIO apTepHaJib-
HOI THIIepTeH3UN U (PYHKIIHOHAJLHBIM KJIACCOM XPOHHYIECKOIT cepie IHoi
HEJIOCTATOYHOCTH CJIe/lyeT BBIMHUCIISITh PAHTOBbIe KO3 pHuIneHTs Koppe-

gsmnun Crmpmena mom Kenjasua.

BB HEKOTOPLIX CTATHCTUYIECKHUX ITaKeTaX 3Ta BeJIM'MHa Ha3bIBaeTCHd Slg
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4.4. Jlo>kHasi KoppeJisaius

Cy1iecTBYIOT IpUMepbl BeCbMa 3HAYMMBIX M BBICOKHX KOPpPeJIsIii
MeXKJIy COBepIIeHHO He CBA3aHHBLIMH JPYT ¢ JIpyroMm BejamdunHamu. Ha-
HpHMep, eCTh CBA3b MeXKy oObemamu BhIpabaTbIBaeMOi 3JIeKTpOIHep-
run B CITA u jymnoit npekkoB Ha Yemnuonatax mupa. OHaKo sicHO,
YTO 9TH BeJMYUHBLI He MOTYT ObITh cBszaHHbIMU. [Ipuauna koppessimn
COCTOHUT B TOM, YTO B 3TOH CHCTeMe HesIBHO IPUCYTCTBYeT TPeTbs Be-
guanHa — ppeMmsi. B redenne XX B. 06beMbl BRIPAOOTKH 3J1eKTPO3HEP-
UM TOJILKO YBeJIMYHBAJINCL. 1 OYHO TaK YKe COBepIIeHCTBOBAINCH 00YBb
CHOPTCMEHOB, HOKPBITHE CTaJUOHOB, KaueCTBO TPeHHPOBOK, B Pe3yJib-
TaTe CHOPTCMEHBI CTAJIM MPBLIFaTh Jadiblie. Kein NCKIIOYNTL BIMSHIE

BpeMeHH, TO CBA3H MeXK/1y IIepeMeHHbIMH He 6_‘,’,219’1‘.

Omnpenenenue 21. Jloochas Kopperayus — KOPPEAAUUA, KOMOPAA
603HUKAG HE 6 PE3YALINAME NPAMO20 COOMHOULEHUA MENHCIY OUEHUBA-
EMBIMU NEPEMEHHBIMU, G 6 PE3YALIMAME UL C6a3€l ¢ mpemveil nepe-
MEHHOT (uau wemeepmot, uau 6oaee); npu mom Hem HUKAKOU €6:a3U,

0bBedunAOWETl MU NEPEMEHHDLE.
J_IJIH HCKJIIOYIeHHU A BJIHAHWA Tpe’rbefi Hepel\‘IeHHOﬁ BBI'TUCJIAKOT YTacT-

HBIH KOhDUIMEHT KOPPessalii IPH UCKJIIOYeHHOM BIHSHUH TPeTheil.

4.5. cnosib30BaHNe MAaKETOB IIPOrpaMM J1Jis

npoBeJeHud KOpPppeJ/JIdIITMOHHOI'O aHaJIu3a

s pacuera koaddpunmenta koppensinu B nakere SPSS eibnpaior
rnocJjie/lopaTel/ibHO IYHKThI MeHIO Analyze - Correlate - Bivariate,
3aHOCHAT J[Be aHAJIM3UPYeMble IlepeMeHHble B obsiacth Variables. B zaBu-
CHMOCTH OT TOI'0, 9TO HaJI0 HailTh, ncnosib3yioT Koad dunuent [Iupcona,
Kenpamna win Cunpmena. Haxknmaror knonky OK.

st pacuera gactHOro Koad dbuireHTa KOsy JBYX BeJnanH X
u Y 1pu HCKIIIOYeHHOM BJIMSTHUU BeJIMYUHBI Z B nakere SPSS Bribupa-
10T I10CJIeJIoBaTe/IbHO IIYHKThI MeHIO Analyze - Correlate - Partial.

BanocsT JiBe aHAJM3UpYyeMble repeMennble X u Y B obusiacth Variables,
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a nepemeHHyio Z — B obiacth Controlling for. Haxkmmalor knonky
OK.

II puwme p. Iyers B Monoropose” mpoBesieno mornepedHoe Hc-
ciesoBanne pabOTHUKOB TI'Pajioobpasyionero MpepusaTis ¢ eIk
BBISIBJICHUS] CBSI3M MeXK/ly HaJImdneM (a ecyil ecTh, TO MeXKJy cTa yeii)
aprepuajibHON THUIEePTeH3UH M BPeJAHBIM craxkeMm pabounx. Mecseno-
BaTe/l — CaHUTApHbIe Bpaddl — IPEIIOJIOXKHUIN, YTO BPEeJHBI CTaxK
Ha JIAHHOM [POM3BOJICTBE SIBJISIeTCsl NPUYMHON DPa3BUTHS CepJIevdHO-
COCYJINCTOIl [ATOJIOTUH, B YACTHOCTH AapTepPHaJbHOW TI'HIIePTeH3HH.

annaple 66um 3anecens! B Tabmiy (puc. 6).

BB stat.sav [DataSet1] - SPSS Data Editor - (=} >

Fle ESt Yiew Dus Irsnsform Ansyze Grapre Uibes Addgns Vrdow Hep
= H e O LBl A G& EEH $C
43 Bospact Vd-h:’.iola\l.i*hul

Bospsct | Craw | CocronAll | v | ||
50

152 =

[~
EY

83 16 159
58 24 150
a9 15 147
45 13 140
61 2 159
50 14 144
53 r4 160 —
a2 15 150
43 15 136
a4 14 144
| a B 144
13 59 £ 159
14 | a5 14 147
15 B1 31 162
16 68 43 166
7| 57 » 162
18 a8 17 148
19 62 * 162
2 a 7 143
21 =

LY —— Tol |

| Duta View | Varaoks View
SPSS Processor is resdy

Puc. 6. Janasie megocmorpa pabouux: BO3pact, JieT; cTax, JieT; CHCTO-
JUYecKoe apTepHajibHOe JIaBJIeHHe, MM. PT. CT.

0 o~o o ew e

o
=|a

-
N

Ecim npocro naittn kosdpdunment koppensauun [Iupcona jyis cra-

YMonoropo,1 — HaceleHHBI MyHKT, OCHOBAHHBI NPU I'Pa000pasyionieM Mpej-
NPUATHH C b0 obecriedeHnsi MPOU3BOICTBA TPY/IOBBIMH PECYDPCAMM.
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xka n CAJl, To okaxkercsi, 9T0 MeXK/1y BeJIMYMHAME CYIIECTBYeT TeCHasI
CBSA3B: Terax, CAJL = 0.805, p <0.001, koTopast MOXKeT OBITH HellpaBUJIb-
HO MHTePIIPeTHPOBaHaA KaK IPOU3BO/ICTBeHHAs! 0OYCIIOBICHHOCTh apTepH-
aJIbHOI runeprensun y Januabix pabounx (puc. 7). [Togemy mbr roBopum

«HeIPaBWILHO UHTEePIPeTHPOBaHay 7

Correlations

Boapacr [Crax CuctonAd
Boapact Pearson Correlstion 1 924 861
Sig. (2-talled) 000 ,000)
N 20 20 20)
Crax Pearson Correlation 924 1 805}
Siq. (2-tailed) 000 .000)
N 20 20 20)
CuctonAl Pearson Correlation 861 ,805 1

Sig. (2-tailed) ,000 ,000
N 20 20 20)

a
Correlations

Control Variables Crax CuctonAl
Bospact Crax Correlation 1,000 ,047]
Significance (2-tailed) . 849
df 0 17]
CuctonAl Correlation 047 1,000

Significance (2-tailed) 849
df 17 0

6

Puc. 7. Anaims cesseii MexKy BO3pacToM, craKeM H YPOBHEM CHCTO-
JIMIECKOTO apTepHAJIbHOIO JIaBjieHnst y pabounx Ha MeJI0CMOTpPe ¢ IIOMO-
b0 KoadduiuenTa Koppessdinun: ¢ — koadduiment Koppessiun [Iup-
coHa; 6 — JacTHbI K03 (hdUIIHEeHT KOPPeJsiIUN CTayKa 1 CUCTOINYeCKOrO
aApTepUaAILHOIO JIABJIeHHs IIPH HCKJIIOYeHHOM BJIMSIHUU BO3pacTa

Heso B ToMm, uTo Jiom, npopaboTasinne Ha 1nponspojcTse Hosee 40
Jier, yyKe HeMoJIofbl, uM 6osiee 60 Jier, u aprepuajibHasi THIIEPTOHUS Y
HUX MOIVIa pa3BUTbCA B CHJIy HMX Bo3pacTa, KaK M y HpejicTaBATe el
HOIYJISAINH B IIEJIOM, T. €. He SIBJISIeTCS IPOU3BO/ICTBEHHO 0OYCIIOBICHHOM.

B MOHOI'OpoO/lax CBA3b BO3pacTa H CTarXKa 0cOOEHHO CHJIbHAS:
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Ppospact, crax — 0-924, p <0.001, a moromy MOXKHO NpPe/UIOJIOKHUTD, ITO
y Jojieit, npopaboTaBmux Ha HpousBojcTBe 6osee 30 Jier, aprepuaJib-
Hasl THIEPTeH3Hs] BOZHUKJIA He B CBA3M € BPEJIHBIM IIPOM3BOJICTBOM, a B
cuiny ux Bospacra. Haiiyiem gacTablil KoadduimenT Koppessnun craxa
u CAJl npu HMCKITIOMEHHOM BIMSHHH BO3PACTA: Tcrax, CAJl / Bospact

0.047, p = 0.849, oH HeJIOCTOBEPHO OTJIINYAETCS OT HYJIS. DTO HOKA3bIBa-

eT, 9TO UMeeT MecTo JIoyKHast Koppessiusa craxka u CAJL

3amaHus JAJIs CAMOCTOATEJIbHON paboThI

1. sBecTHO, Y9TO /iBe BEJIMYHHBI CBS3aHBI KOPPEISIMOHHON CBSI3BIO, Cile-
JIYET JIH OTCIO/IA, YTO OHU CBA3AHBI M IPUYHHHO-CIIEACTBEHHON CBI3BIOT

2. PaccmaTpuBasi moyKapbl B KOHKPETHOM T'OPO/I€, MOYKHO BBISIBUTH BECh-
Ma BBICOKYIO KOPPEJSIHIO MeXK/1y yIepboM, KOTOPBI HaHeC MOXKap, U KO-
JIMYECTBOM TOYKAPHBIX, YYACTBOBABIIMX B JIMKBH/IAINH [IOXKAPA, IPHIEM 3Ta
KoppeJisiiust 6yaeT nosoxurenbHoi. Clieayer M 0TCI0/a BBIBO, ITO YBEIHIe-
HHEe KOJIMYEeCTBA MOYKAPHBIX MPUBOJAUT K YBEJIMYEHHIO IPUYHHEHHOro yiepba?
MozkHO /11 /17151 MUHEMHA3AINH yiepba oT MoyKapoB JINKBHIHPOBATE OXKAPHBIE
6puraap?

3. B 1965 r. anrmmiickuit snumemuosnor cap Ocrun Bpsadopa Xwuma
cOpMyIHPOBaJl KPUTEPHH NPHYHHHO-cJIeAcTBeHHOH cBasn. Kpurepmu Xwui-
Jla TIPeJICTABISIIOT cOOON CIHMCOK U3 JIEBATH IPUHIHUIIOB, KOTOPBIE MOIYT OBITH
[I0JIE3HBI TIPH JIOKAZATEILCTBE IIPHIHHHO-C/IE/ICTBEHHOM CBSI3H MEYK/LY SIBJIEHH-
SIMH.

Osnakombrecs co crarbeii: Hill A. B. The Environment and Disease:
Association or Causation? // Proceedings of the Royal Society of Medicine.
1965. Vol. 58, Ne 5. P. 295-300.

4. VsBecTHO, 4TO JBe BEJMYHUHBI CBSI3aHBI (DYHKIIHOHAIILHON CBSI3BIO, Cile-
JIYET JIH OTCIO/Ia, YTO OHU CBSI3aHBI M KOPPEJSIHMOHHON cBsA3bio! I[lpuBeaure
HpuMep.

5. Ilpodpeccop P. A. IllamoiisioBa y4UT CTY/1€HTOB NPOBOAUTE KOPPEJIsIH-
oHHBII aHaim3. Ha mexknum ona jgamna cienyiomiee onpejenenne: «Koppens-

U — ITO CTaATHCTHYECKas 3aBHCHMOCTL MEXKI1Y Cle‘Ia‘f«‘{HbIMH BeJIMYIHMHAaMH,
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He MMEOIAsi CTPororo pyHKIMOHAJIBHOIO XapakKTepa, P KOTOPOil U3MeHe-
HHE O/{HOI U3 CIYYalHBIX BEJIMYHH IIPUBOJUT K H3MEHEHUIO MATEMATHYIECKOTO
oxuganus apyroii». CorstacHsl Ju B ¢ nipodeccopom?

Taksxe P. A. IllamoiiioBa yTBepKaer, uTo Ajs pacuera Koaddpuimen-
Ta Koppessiiuu [lupcona Heobxommo, 9TOOBI COBOKYIMHOCTH 3HAYMEHHI BCEX
PaKTOPHBIX U PE3Y/ILTATUBHBIX IIPU3HAKOB IO IMHHSAIACH MHOTOMEPHOMY HOP-
MaJIbHOMY pactpejesennio. He ommbaercest siu ona?

Hamee npodeccop yTBep:Kiaaer, 4To MPH MPOBEIAEHUN KOPPEISIIHOHHOIO
aHAJIN3a EPBBIM JIEJIOM BBIOOPKY HYKHO IPOBEPUTH Ha HOPMAJILHOCTH, H B
ciaydae eciii 06’beéM BBIOOPKH HEI0CTATOYEH JIsl ITPOBEIEHUsT (POPMAaJILHOIO
TECTHPOBAHUS, TO 3aKOH PACIPE/IE/IEHNST OIPE/IEIISIeTCs] BU3YAIBHO HA OCHOBE
KOPPEeJISIITHOHHOTO 1107151, e/ B pacnosioyKeHnn ToueK Ha 9TOM 11ojie Habiiioga-
eTcsl JIMHEHAS TeHIeHIHSI, TO HCXO/IHbIE JIaHHbIe IO TMUHSIIOTCSI HOPMAJIBLHOMY
3aKoHY pacnpeieienus. [Ipasa i npodeccop Ha sror pas?

6. B yuebrnom mocobun mno crnoprusHoit Metposioruu B. B. Adanacsesa'’
HAXO/UM cJiejyioniee onpejenenne: «Koaddumpenr koppensiuu — 310 cra-
THCTHYECKHUI IOKa3aTe b 3aBUCHMOCTH JIBYX CJIydalHBIX BesuuuH. Koadhdu-
IHEHT KOPPEJISIIUH MOYKeT IPHHUMATE 3HadeHns oT —1 jo0 +1. IIpu stom 3HaA-
genne —1 6yjer roBOpUThL 00 OTCYTCTBHH KOPPEISIIUHA MEYK/Iy BeJIHYHHAMH,
0 — o nynesoii Koppesnsiignu, a +1 — o nosaxol Koppessnun BennyunH. To ecth
qeM OJmzKe 3HaUeHHe Kod(pUIeHTa KOPPEeIalun K +1, TeM cujibHee CBSI3b
MeXKY JIBYMSI CJIYYAHBIMHA BeJTHIHHAMU.

ObbsicHUTE, TIOUEMY 9TO OIpejlejieHne HeBepHoe. Kakue ere 371ech ommnt-
Ku?

7. B Tabimne npuseeHbl HaADMIOAEHHS 3a IIeHAMH Ha KOPMOBOE 3€pHO
U POSHUYHBIMH IleHAMH Ha MoJioKo. KoppeimpoBaHBI M 9TH BeIHYHHBI
Ha ypoBHe s3HaunmocTH (0.057 Paccemorpers ABYCTOPOHHIOI KPHUTHYECKYIO

obsacre. Ecn sa, To ueMy paBeH K03 PUIHEHT KOPPEISAIU?!

SepHo 21 [ 24| 26 | 22 | 21 | 26 | 23
Momoko | 16 | 26 | 25 | 26 | 25 | 28 | 19

19Cnoprusnas Merposiorus : y4eGHUK [y1si cpejHero npod. obpasoBaHus.
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3epHo 24 | 20 | 21 | 21 | 20 | 26 | 27
Momoko | 22 | 29 | 18 | 19 | 24 | 30 | 34

OTBeThbI 1 YKa3aHUs

6. «KoaddurueHT KOppeIsdiii — 3TO CTATUCTHIECKHI TTOKa3aTelb 3a6UCUMOCTIL
JBYX CIydaiiHBIX BelmdnH». Kak m3BecTHO, KOIMDMUIMEHT KOPPEIAINH — 3TO Mepa
AUHETHOT 643U, OH He SIBIISIETCS MePOii 3aBUCHUMOCTH B obmieM ciaydae. To ecThb Bemn-
YMHBI MOTYT OBITH 3aBUCHMBIMH, HO HEKOPPEJIMPOBAHHBIMH, TaK KaK UX 3aBUCHMOCTD
HOCHUT HeJIMHEeHHbI! XapakTep. /aHHasi HETOYHOCTE (a Ha caMOM Jiejie TPUHIIAIHAb-
Hasl ommMOKa) OUeHb paclpoCcTpaHeHa Jlake CPeJIN JIoeil, KOTOphIe MO3BOJISIOT cebe
HUCaTh KHUTH 110 CTATHCTHKE.

BnaveHne —1, paBHO KaK U +1, TOBOPUT O JIMHEHHON CBA3H MEXK/1y BeJIMIHHAMMU.
Takum obpas3oM, yTBep)KJEeHHe O TOM, YTO <«3HadeHHe —1 OygeT roBopurb 06 OT-
CYTCTBUM KOPPEISAINHA MEXIY BEeIUINHAMH» SIBIseTcsl ommMbovHBIM. [lallee aBTOPEI
yueOHUKA Pa3/IeIsiioT IOHATHS «HY/IeBasi KOPPEJSAIUs» U «OTCYTCTBHE KOPPEeTSIIUI»,
XOTS Ha CaMOM Jlejle 9TO CHHOHUMEI. ABTODBI HCIOJBL3YIOT TaKyI0 XapaKTePHUCTHKY
KOPPEJIAINH, KaK «IIOJIHasi». TaKoi XapaKTepUCTUKH HeT.

Hesephoit siRnsieTcs U 3aKmoUATENbHasA dpa3a 0 TOM, YTO «deM GIIHKe 3Have-
Hie KoaddbuenTa KOppeasaun K +1, TeM CiiIbHee CBA3bL MeXK/Iy JIBYMs CJIydailHbI-
MH BeJmunHaM#u». Hy>KHO rOBOpHTE, UeM 3HaveHHe KoddbHIIneHTa KOPPEISIU no
modyamo Grmke K 1, TeM cuibHee (a Jiydile cKa3aTh, TeCHEE) CBA3bL MEXK/Iy JABYMS

C.]'Iy‘la.ﬁHbIMH Be&IIMYTHHaMH.
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5. Perpeccuonnnlii aHaJjms

ITocsie Toro kak MeTO/JIaMH KOPPeJaAIlHOHHOI'0 aHaJIi3a YCTaHOBJIEHO,
q9TO cyniecreyeT JIMHEeHHasl CBA3b MezK/1y ITpu3HaKaMHi, eCTeCTBeHHO BO3-
HHUKaeT BOIIPOC, KaK OIINCaThb 3Ty CBA3b B BH/Ie Cl)OpI\‘IyJIbI. BO3BpaTI’IMC5I
K IIpuMepy H3 IIpeJblay meﬁ IaBbIl IIYCTh YCTaHOBJIEHO, YTO II€HbI Ha

HedTH BIMSIOT Ha JIOXOJAHYIO YacTh O10/pKera. Tpebyercst y3HaTh:

].) Ha CKOJIBKO YBeJIMYHBaeTCHA JJOXO/] 6}(),EL)K€TEI IIpH yBeJIMYEeHHH ITeHbI

Ha Hed>Th Ha OJMH JIOJUIAp 3a bappeiib;

2) Kakoil oXKHJaercs JoXo/1 O1/KeTa, ecil IeHa Ha HedTh YCTaHO-
at JOXOJL OO ) Y

purcs Ha yposae 80 josu1. 3a 6appedn.

Marepuas uzmaraercs B cieaymomieil nocseosaresbaoctu. B . 5.1
B paMKaX TeOpeTHKO-BepPOATHOCTHOIO IOJIX0/Ia Mbl paccMaTpuBaeM CH-
cTeMy JIMHEeHHO 3aBHCHMBIX CJIy4aiHbIX Besimaud Y u X | pacipe/iesieHust
KOTOPBIX HaM M3BECTHBI, U OINCHIBAeM CBI3b MeXKJy HUMH B BHJIe YDaB-
HEeHUs JINHeITHON perpeccuu — I10 CyTH, HAXOUM YCJIOBHOe MaTeMaTHYe-
ckoe oxkujganue Y 1o X.

B 1. 5.2 MBI npojiosizkaeM paceMarpuBaTh CHCTEMY JIMHEHHO 3aBUCH-
MBIX CJIyHaiHBIX BestmanH Y U X, HO Ha TOT pa3 pacupejesenns ¥ u X
HeU3BeCTHBI, ecThb JIMIIL Habop u3 n Habmogennii (z;,y;), 1 = 1,2,...,n,
za X u Y. Ilo stomy nabopy crponm BeIGOpOYHOE ypaBHeHHe JIMHEHHO
perpeccuu.

B 1. 5.4 MBI paccMaTpuBaeM MHOYKeCTBEHHYIO JIMHEITHYIO Perpeccuio u
obcyxK 1aeM, Kakue HOBbIe ITpo6JieMbl BOSHUKAIOT IIPH YBeJINYeHUH THcia
peINKTOPOB.

B . 5.5 curyamms ycioxusiercs — MBI paccMaTpHBaeM BeJIMIUHBI,
CBSA3b KOTOPBLIX OJIM3Ka K JIMHeiHOH, HO TAKOBOW He SBJISIeTCs, HaIlpH-
Mep, Y = X124+ ¢, Curyanus oc/ioyKHSETCS TeM, ITO TOUHBIH BHJI CBA3M
HaMm anpuopu HemssecTeH. [lo mabopy uz n mabmogenunii (z;,y;), 1 =
= 1,2,...,n, crponM BeIOOPOYHOE ypaBHeHHe JIMHeIHOil perpeccu, Ko-

TOopasd JIUMIIb YVIIPOIIEHHO OITMChIBaeT HeJII/IHeI‘;IHyIO CBA3b.
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5.1. YpaBHeHUe JINHENHOIN perpeccuu.
TeopeTuko-BepOATHOCTHBIN ITOAXO/T,

B srom maparpade mbl ciiejfyeM TeopeTHKO-BePOSTHOCTHOMY T10/1XO-
ay. Mer ve paGoraem ¢ Beibopkamu U He JleslaeM OlleHOK. Pacemarpn-
BaeTcs cucTeMa CJIy4ailHbIX BeJIMYNH, OIMMCAHHBIX (DYHKIIHeH UM IUI0T-
HOCTBIO COBMECTHOTO pPaclpe/ielIeHHsi. 3aTeM Ha OCHOBe 3THUX JAHHBIX
crponrcs (DYHKIWS JIMHeHHoi perpeccnn Y o X.

IIycrs fx vy (z,y) — IUIOTHOCTH COBMECTHOTO pacipe/iesieHust CIIydaii-
ueix Besmanna X u Y. Tormma MmaprunassHasi IWIOTHOCTE paciipe/ie1eHust

cirydaiiHBIX BesnanH X U Y ollpejiesisieTcsl ciie Iy IonuM obpa3oM:

400 +00
fx(z) = fxy(zy)dy, fr(y)= fxy(z,y)de.
— 00 — 00
st kayk10ro hUKCHPOBAHHOIO 3HAMEHHS & CJIy4aiiHON BeJImanHbl X
U 3HAYEHHS Y CJIyYailHOI BeJIMYHHBI Y YCJIOBHBIE pacipejiesienus Y 1o

X u X o Y cooTBercTBeHHO OIPeIesISIIOTCS 10 MVJIaM:
pe pMY

Fr@lX =a)= @Y gy oy - Sxr@y)

_f fxy(z,y)dy _f fxy(z,y)dx

J_IEUI ee OIIpeJesidI0TCA YCJIOBHbIe MaTeMaTHYeCKHe OXKHJIaHHA Y mpHu

dukcupopannom x u X 1pu puUKCHpPOBAaHHOM Y:

+o00 +o00
[ v fxy(z,y)dy | zfxy(zy)de
M[Y|X =2] = “;’; , MX|Y =y = ‘:_"oo :
| fxy(z,y)dy | fxy(z,y)da

[TpuBejiennble COOTHOIEHUSI COOTBETCTBEHHO OIPEIeJISIOT perpec-
cn'' Y mo X u X mo Y (kpuesie perpeccun). Ileppoe n3 Hux BeIpa-

ZKaeT 3aBHCHMOCTBb Cpe/IlHeIr'O 3Ha'1eHHU A BeJIMYIMHBI Y or a. ﬂaHHaﬂ 3a-

' Tanee paccMorpuM TosbKo perpeccuto Y no X, Tak Kak s perpeccun X mo Y
BCE aHAJIOTHUYHO.

62



BHCHUMOCTb, BOODIIE ITOBOPs, HeJINHeHasl, ABJisieTcs (DYHKIMOHAIIBLHOM, a
He CTaTHCTHYeCKOIl.

Ocobplit nHTepec HPeJICTABIIAIOT Perpeccui, KOTOPble BBIPAaKAIOTCS
guHelHo# dyHKImein. B kadecTBe nmpuMepa MOXKHO paccMOTpPeTb MHO-
roMepHOoe HOPMaJIbHOE paclipejielieHle BeKTopa X ¢ MaTeMaTHYeCKHM
oxknannem m € R™ u KkopapualmoHHOI MaTpUIei X pa3MepHOCTH 1. X 1

C INTOTHOCTBIO pacIlIpe/ieJIeHn A

1 l(x—m) 7! (x—m)
X)= ——5=—7€ 25 ™ xeR",
fx(x) (27r)n/2|2|1/26 ) e,
rie || — onpesesmurens marpumpl L5 L1 — MaTpuia, obpaTHas K .
[Tpu n = 2 wioTHOCTH JABYMEPHOro HeBBLIPOXK1eHHOrO (Koad dunuent
KOPPeJISIIT 7 10 MOJYJII0 He paBeH eJIMHUIle) HOPMaJILHOTO paclpejie-

JIEeHHA MOZKHO 3allicaTbh B BHJIe:

fr,w2) = S
T e aa VT = 12
1 (371 — m1)2 2(.’171 — ml)(mg — mz) (.’132 — m2)2
xe"p{‘z(l—r2> [ N 7103 T -

OKaBbIBae’I'CSI, 9TO YCJIOBHOE MaTeMaTHYeCKoe OKH/IaHHue X2 nmMeerT

BIT
2

M[Xo| Xy =2 =ma + rZ—l(a:l —my),

T. e. BeIpaykaercs JinHeitHoil dyukimeii. Ha npaktuke s1o nmeer orpom-
HOe 3HavYeHHe, TaK KaK MHOIOMepHOe HOpMaJIbHOe paclpejlesieHue 9acTo
BCTpeYaercsi B CWIY IEeHTPAJILHOI IpPeJIesIbHOI TeopeMbl, a JINHeiTHbIe
dbyukImu perpeccun ovdeHs yI00HBI B IPUMEHEHHH H JIETKO HHTePIIPeTH-
PYIOTCS.

st maper coaygaiiabix Besmuand X n Y dyHKIus perpeccun mmeer
JIMHEITHBII BUJT He TOJIBKO B CJIyYae, eCJIH OHH IOMHHSIOTCS JIBYMEPHOMY
HOPMAaJILHOMY pacipe/e/leHnio. leopema 0 HeoOXOAMMOM U JI0CTATOIHOM
YCJIOBHH JIMHEITHOCTH perpeccuyl ecTh, HampuMep, B [6, c. 467].

,Z[Jlﬂ YHpouieHHua MaTeMaTH e CKOI CTOPOHBI H3JIOZKeHHA MblI HaJIO-

63



KM orpaHquHan

Ha ciy4aiiable Besimauabl X u Y. Ilyers yeaosnoe
pactpe/jiesieHne Y OTHOCHTEIBLHO CBOETO CpejiHero (KOTopoe, KakK U paHb-
1le, siBJIsieTcs: (PYHKIMeH OT ) 0JIHO U TO ¥Ke JJIst JIOOOro &, T. €. TOJIBKO
cpejHee 3HadeHne Y W3MeHsieTcsl 1P U3MeHeHuH x. lopop#aTt, 4to Y
uMeeT «oJHOpoAHble ommbku» [6, c. 468|. Takum obpazom, cymectByer

CJIy"IaI‘/‘IHaﬂ BeJIMYHUHAa £ TaKagd, ITO
Y = M[Y|X = 2] +<.
B YJaCTHOCTH, KOI'/la perpeccud JIHHQI‘;IH&‘I_I: nMeeM
Y=8X+08+e.

[Tosicanm ckazannoe ua npumepe. Ilyers ects jiBe ciyuaiinbie Besm-
qynabl X u Y, KOTOpble MOXKHO TPaKTOBaTh, HAIIpUMep, Kak obbeM OeH-
3uHa B Oake aBTOMOOWIS B MOMEHT Havajia IOe3/IKH U MaKCUMAJIbLHOe
paccTosiHue, KOTOpoe MOYKHO IMpoexaTh 0e3 Jlo3alpaBKi 10 PaBHUHHOI
MectHOCTH'® . VI3 BHECTATHCTHYMECKHNX COOOPaYKeHHIT H3BECTHO, UTO KarK-
JIBIIT JIOTIOJIHUTEJILHBII JuTp GeHsnHa B 6ake yBeJMYnBaeT JaJlbHOCTD 10~
e3j1ku Ha 8 — 10 kKM B 3aBucuMocTH oT MamuHbl. CooTBeTCTBeHHO, MOYKHO
C BBICOKOH TOYHOCTBIO CIUTATh, 9TO CBA3b Mexkiy X u Y JinHeiiHasi.

OueBwaHO, 0JIHAKO, YTO MBI He MOYKeM HallMcaThb paBeHCTBO Y =
= 51X + 8o, re Bp u 31 — 4ncaa, Tak Kak IIpH OJIHOI U TOM Ke 3aI10J1-
HeHHOCTH OaKa JaIbHOCTD TOe3JKN MOKeT ObITh pasiandnoil. [Ipuunna
3aKJI0vYaeTcs B BO3JIeHCTBUN Npounx (haKTOPOB: BeTep, JIOXKIb, CTHJIb
BOXKJIeHUs U T. JI. Bee atnm npoune daxrope:: 1) B MeHbIeii creneHu
BJMSIOT Ha JAJIbHOCTh 10e3/KH; 2) He MOTYT ObITh yuTeHbI 3apaHee, a
HOTOMY MBI HX B COBOKYITHOCTH Oy/IeM CUATATh ITOMeXaMH U JIJISI UX y9eTa

BBejleM cilydaiinyio Besmunny € Takyio, aro M[e] = 0.

1291 orpaHnYeHNsT HECHIILHO OOpeMeHHTENLHEI U B IPUKIAIHBIX 3a/aUaX OOBITHO
BBITIOJIHAIOTCA XOTs OBl TPUOIIKEHHO.

13B Gymymiem, roBopsi 0 JATLHOCTH TOE3/KH, CJIOBO «MaKCHMalbHas» Oy/IeM I0jI-
pa3yMeBarh.
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3ameuanmue 6. /s ynpouwenus usaogncenus O6ydem npednoaazamo,
“wmo € pacnpedeneno Hopmaavro. Hecaootcno nposepums, wmo om 3mo-
20 MpPebo6aHUA MOHCHO OMKA3AMBLCA, NPU IMOM HOPMYADL OAA OUCHKU
koappuyuenmoe By u B Aunetinoli pezpeccul OCMaHymes Cnpasedaiueol.

Tenepb MOZKHO 3allicaTb TaKoe PpaBeHCTBO:
Y =8X+p5)+e.

[TockosbKy B HpHKIIAIHBIX 3a/@dax allpHOPH M3BeCTeH TOJILKO BHJL
ypaBHeHHsI, a KOHKpeTHbIe 3HadeHns Koaddbunuentos Sy n 31 Hemspect-
HBI, €CTeCTBeHHO BBLIOpaTh MX Tak, 4ToObl, 3Has 3HAYeHHe, KOTOpoe B
3KCIIepUMeHTe TIPHUHsIA BeJImanHa X, HanboJjiee TOYHO CIPOrHO3UPOBATH
3HaYeHHe, KOTOpoe MpUMeT BeJimunHa Y.

Takum obpazom, MBI HPUXOIMM K HOCTAHOBKE 3aJa4l I[OCTPOSHUS

JMHEHHOI perpeccuu:

M[Y — 81X — 3p)]? —— min.
0,y M1
Teopema. Jlunetlinas cpednexsadpamuyeckasn pezpeccus Y na X

uMeem 6uo:

f(@) =my +r2X (@ — mx),
5

2de my, mx, oy, 0X — MAMEMATNMUYECKUE 0AHCUIAGHUA U CPEIHUE K-
pamuveckue OmrAOHEHUs caywalinor eeauwun Y u X coomeememeen-
HO; T — Koapuyuenm xKoppeasyuu caywalinnr éeauvun Y u X.
Hdoxaszsareansctso. Pacemorpum dbynkmmio F(5y, 51) =
=M[Y — 5, X — B)%
[Homszysics dbopmynamun M[X?] = M?[X] + D[z] w M[XY] =
= M[XIM[Y]+cov(X,Y) = M[X|M[Y] + roxoy, noayunm

F(8o,81) = a%/ + ,3%0%( —2roxoyB1 + (my — Bimx — ,80)2.
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I/ICCJIG,I(YBM beHKL[I/I}O F na MHHHMYM, IIpHUPpaBHAB YacTHbIe IIPpOHU3-

BO/IHbIEe K HYJIIO:

oF
— = —2(my — Bymx — Bo) =0,
980 ( )
oF .
—— =28,0% — 2ro = 0.
98, P10x X0y
Orkya noaydaem
o o
By = my — r—YmX, B = r—X.
ox ox

3/1ech, NOJIL3YACH TeM, 9TO HaM W3BeCTHBI pactpejesienns X u Y,
MbI BBIBOJIMM OINTHMAaJIbHBIe 3HadYeHnss Ko duimmentor 3y, 5. d1o He
OIeHKH, a TOYHbIe 3HAYeHUs, MOJy9YeHHbIe B pe3yJbraTe MUHIMU3AIIN
OCTATOYHOIl JUCIIePCHH.

Cremnaem mebosbioe 3amedanue 1o TepMuHoiaorunn. DyHKIMIO
f: R — R naswiBaor dynkipeil perpeccun. ApryMeHToOM U 3HaUYeHUEM
dbyuKIME perpeccnn ABISIOTCA YnCiIa, a He ciydailHble BeJInduHbl. Ee-
an byukimmsa f umeer Buj 51 + By, To perpeccuio HazbBalOT (APHOIL)
JHUHEIHOI; cily4dail MHOXKeCTBEHHOIH JIMHEeHHOIl perpeccHy aHaJIOIHYeH.
Hezasucumble nepeMennbie HHaue HA3LIBAIOT MPeMKTOPAMH, perpecco-
pamu win paxkTopamMu. TepMHUHOIOIHS 3aBUCUMBIX U He3aBUCHUMBIX I1epe-
MEHHBIX OTpazKaeT JIMIIb MaTeMaTHIecKyI0 3aBHCHUMOCTh [TepeMeHHbIX, a

He IIPpUYIUHHO-CJIe/ICTBeHHbIe OTHOIIIeHH .

5.2. BeibopouyHOoe ypaBHeHHe JIMHENHOW perpeccuu.
Coay4ail JTUHENHOW CBA3U

AnasiuTuyeckast TeOpHs perpeccuu, npejcrapieHtas B 1. 5.1, Tpeby-

eT TOYHOI'O 3HaHHuA (byHKILI’II/I pacipe/ieJieHHA paCCl\‘lanl/IBael\-!Of/'I CHCTe-

MBI CJIy‘IaI‘;IHbIX BeJIMYHNH, a IIOTOMY HHTepeCHa JIJId TeOPpHH BepOATHO-

CTeﬁ, HO He JIJIAd HpPIKJIa}IHOﬁ CTaTHCTHKH.
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Mer npojiosizkaemM paccMaTpUBAThL CHCTEMY JIMHEIHO 3aBUCHMBIX CJLY-
yaitneix BesmunH Y u X, HO Ha 3TOT pa3 pacnpejesenus Y u X Hens-
BeCTHBI, eCThb JHIIb Habop u3 n Habmogennii (z;,y;), 1 = 1,2,...,n, 3a
X u Y. llpeanonaraercs, 9to He Bce x; paBHBI MeXK1y cODOI.

Jluneitnasi Mojiesib, B paMKax KOTOPOi MbI paboTaeM, UMeeT BHI:
yi=b1:l)i+b0+€i, 1=1,2,...,n.

B knacenuaeckoii smmneitHoil perpeccun npejinosiaraercsi, 9TO BbIITOJ-
HEeHBI CJIe/IyIOIHe YCIJIOBHS:
1) dakropsl u ciayvaitabie olMOKH — He3aBUCHMbIe cJIydaiiHble BeJu-
YUHB;
2) cuygaiiable omMUOKH MOJETN TOMOCKeIACTHIHBIe, T. €. JICIepCus
onmbOK MOCTOSTHHAS, He 3aBUCUT OT 3HAYCHHIT PeUKTOPOB;
3) orcyrerByer Koppesisiius (aBTOKOppeJisiiius) cJIydailHbIX OMIHOOK
pasHbIX HabJIOeHNMit Mexk 1y coboii: cov(g;, £;) =0, 1 <i < j < n.
Urak, no nabopy w3 n mabmogennii (z;,v;), i = 1,2,...,n, crpo-
UM BBIOOpOYHOe ypaBHeHHe JinHelHoii perpeccun y(z) = byx + by, rue
napamerpsl by u by 6y/yT cOOTBETCTBEeHHO BBIGOPOYHBIMH OIEHKAMH I1a-
pamMeTpoB perpeccun 3o u 3.
[Tox6epem napamerpsi by, by Tak, arobel npsamas y(x) = byx+bg npo-
XO/IJIa KaK MOXKHO Ouimoke K ToukaMm (x4, y;), i = 1,2,. .., n. Qopmasm-

30BaTh 3TY WJIEK MOXKHO cieylonmM obpazoMm. Pacemorpum dyrkipio
n n
2 2
F(bo,b1) =Y &f = (yi — biwi — bo)”.
i=1 i=1

I/ICCJIQJIyQM (byHKILI/I}O F na MHHHMYM, IIpHpaBHAB YacCTHBIe ITPOHU3-

BOJ/IHbI€ K HYJIIO!
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n . n 2

i=1

N3 stux dpopmys, B gacTHOCTH, CJlejlyeT, 9To IS JIHHeHHBIX MoJietei
MHK-onenkn sipistiorest JTuHeiiHHIMH.

MHK-onenkn a5 Kiaaccmdeckoil JIMHEHONH perpeccun siBJISIOTCS
HeCMeIlleHHBIMH, COCTOATeIbHBIMUA 1 Hanbostee ahbdeKTHBHBIMU OlleHKa-
MH B KJIACCE BCeX JIMHEHHBIX HeCMeIeHHBIX OleHOK .

Tenepb nosicHuM, 9TO 03HAYAIOT BIIEllepedYHCcIeHHbIe TpeboBaHMs.
Paz6epem mpobiemsl, BozHHKaONMe B peallbHBIX 3aj@adax, Korjia 3TH
TpeboBaHUs He BBIIOJHSIIOTCS, U 0OCYIUM CIOCOOBI PeIleHHs] 9THX HPO-
Hatem.

Heszasucumocts hakTopoB n ciry9aiiHbIX OMIMOOK HA3BIBAETCS YCJIIO-
BHeM 3K30IeHHOCTH. Eciin 9T0 yesioBHe He BBIMOJIHAETCS, TO MOYKHO CUH-
TaTh, YTO NPAKTHIECKH JI0ObIe OIeHKH OyIyT KpaiiHe HeyI0BJIeTBOPH-
TeJILHBIMU: OHU He OY/IyT Jlazke cOCTOATeILHBIMUA (T. . TOYHOCTh OIeHOK
He YJIydIllaeTcs [PU yBeJndeHnn obbeMa BEIOOPKH ).

[Tpu nposejiennn perpeccHOHHOTO aHAJIN3a HCCJIEIOBATEh MOYKET
CTOJIKHYTBLCS € FeTepocKe/[acTHIHOCTBIO CJIyYaiiHbIX ocTaTKoB. |erepoc-
KeJJacTHaHOCTh (aHri. heteroscedasticity) — 3To cBOHCTBO cirydaiiHBIX

OCTATKOB, O3HAYAIOIIee HeOHOPOIHOCThL HAOIIOMeHUIT, BhIPasKAIOILYIOCS

14TpeGoBanusi K Mojle;lM M CBOMCTBa OIEHOK yCTaHABIMBaeT Teopema laycca—
MapkoBa. B anrmosaservnoil mutepaTtype nHOrAa yrorpetinsaor abbpesunarypy BLUE
(Best Linear Unbiased Estimator) — nanmmy4mias jmMHeliHas HeCMeIllleHHAsi OIEHKA.
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B HEeOIMHAKOBOI ( HEIoCTOSHHOI ) JIucTIepcH cJIydaiiHoil olmbKH perpec-
cuoHHOM Mozenn. [erepocke1acTHIHOCTE POTHBOIOJIOXKHA IOMOCKE,1a-
CTHYHOCTH, O3HAYAIONIEl 0JIHOPOHOCTL HAOJIOeHHIT, T. e. MOCTOSHCTBO
JINCTIEPCHH CJIYYalHBIX OMHUOO0K MOIEJIH.

MHK-onenkn mnapamerpos Mojiesieil sIBISIOTCH HeCMeIeHHBIMH U
COCTOATE/ILHLIMU JIayke IIPH IeTepOocKeIaCTUYHOCTH, 3HAYUT, IPH JI0-
CTATOYHOM KOJIMYecTBe HabOJIIOJeHHiT BO3MOYKHO IpUMeHeHHe OOBLIMHO-
ro MHK. Ojanako najmane rerepocke1ac THIHOCTH CJIyYalHBIX OMIHOOK
HPUBOJANT K Hed(D)eKTHBHOCTH OIEHOK, MOJYYeHHBIX € HOMOIILIO Me-
TOJla HAaMMEeHBIINX KBaJparoB. Kpome Toro, B 3T0M cily4ae OKasbIBaeT-
csl CMEIIeHHOIT 1 HecoCTOATe ILHOI oIy YeHHAsT [I0 MeTO/Iy HAMMeHBIIINX
KBaJ[paToB KJlaccuiecKasl OlleHKa KOBAPHAIIMOHHOI MaTPHUIILI OIIeHOK Ta-
pamerpos. CiejoaresibHO, cTaTHCTHYECKHE BBIBOJLI O KauecTBe TaKHX
OIIEHOK MOT'YT ObITH HeaJIeKBaTHBIMU. B CBs3U ¢ 3THM TecTHpOBaHUe Ha
reTepocKe/JACTUIHOCTD SABJISAeTCs OJIHOH N3 HeoOXOAMMBIX IPOIe/Iyp IIpU
HOCTPOEHHH perpecCHOHHBLIX MojleJIeli.

Hanuuaue retepockeiacTHYHOCTH MOYKHO 3aMeTHTh Ha rpadpukax
OCTATKOB Perpeccuy 10 HeKOTOPBLIM IlepeMeHHBIM, 110 OIleHeHHOIH 3aBH-
cuMoil nepeMeHHOIT win 1o HoMepy Habmogenus. Ha stux rpadukax
pa3bpoc ToueK MOKeT MeHSAThLCS B 3aBHCHMOCTH OT 3HAYeHHs IepeMeH-
HBIX.

s 6omee cTporoii NpoBepKH NPHUMEHSIOT, HAIpUMep, CTaTHCTH-
geckne Tecthl Yaiira, lomiadenna—Kyanara, Bpoitma-Ilarana, [Tapka,
[neiizepa, Cnimpmena.

Pacemorpum jBa Merona cHMzKeHHsl reTepockejacTudHocTH. llep-
BRIl — B3BellleHHBI MeTo)1 HauMeHbINX KBajpaTtoB. CyTh MeTojia co-
CTOMT B TOM, YTO KayK/ioe HabJII0eHne B3BelllnBaeTcss obpaTHO MPOIop-
IIIOHAJILHO TIPEeJIIOIaraeMOMy CTaHIAPTHOMY OTKJIOHeHUIO CJIyYaiiHOM
omubku B 3ToM Habmogennn. Takoii Mojxoj| MO3BoOJIsIeT cleaTh CJIy-
qaiiHble oMMOKH MOJIe/I TOMOCKeJaCTUYHBIME. B yacTHOCTH, eciin 1pe/i-
noJjiaraeTcsi, 9To CTaHJapPTHOe OTKJIOHeHHe OMIMOOK IPOTOPIHOHAILHO

HEKOTOPOIl IepeMeHHOl Z, TO OMMOKH JIeJISITCS Ha 9TY IepeMeHHYIO.
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Bropoit meron — onpegenenne «obiacreil KOMIIeTeHIIMH» MoJIeJIeil,
BHYTPH KOTOPBIX JIICIIePCUsi OMIMOKH CpPaBHUTEJILHO cTabWwibHa, W HC-
nosib30BaHne KoMOuHanuu mojiesieii. Takum obpazom, KaxKjiasi MoJeJib
paboraer TOJIBLKO B 00/IaCcTH CBOell KOMIIeTeHIINH, U JUCIIepPCus OIHOKN
He MpeBbIaeT 3a/laHHOe TPaHWYHOe 3HadYeHue. JTOT IOJAXOJ Pacipo-
crpaHeH B objiacTu pacriosHaBaHusl oOpaszoB, Ije 49acTo UCHOJB3YIOTCS

CJIOZKHBIE HeJIMHeWHbIe MOJIeJIn 1 SBPHUCTHKH.

5.3. IIpumep mocTpoeHus MmapHOU JIUHENHON
perpeccuu

[Iyers pmanbl Habimojgenuss 3a JIByMsI cJIydailHBIMH BeJmauHamu X
n Y, Kotopble Mbl Oy/ieM TpakKToOBaThb KakK IleHy Ha HedTb B Jl0/LIa-
pax 3a Gappeib u joxor OwpKera B MuiumoHax pybueit. Tpebyercs
HPOBEPHUTH, CYIIECTBYET JI CTATHCTHYECKas 3aBHCHMOCTH MeXKJIy 3TH-

MH BeJIMYMHaAMH, U eCJIN JIa, TO YCTaHOBHTH BH/JT (ypaBHeHHe) 3TOI CBA3U.

30 | 69 | 8 | 56 | 44 | 97
204 | 267 | 313 | 207 | 130 | 320

53 | 66 | 39 | 29 | 34 | 31 | 92
237 | 260 | 172 | 117 | 196 | 169 | 262

] N B

lannsie srecem B Tabuuiy (puc. 8). I[lepemennnie X u Y otnecem k
IMOPsA/IKOBOH IIKAaJIe.

Nccnenopanne cronr HaunHath ¢ rpadutdeckoro n300pakeHust J1aH-
ueix Ha wiockoern XOY (em. pue. 2). Buano, uro toukn obpazosa-
JIH HEKOTOpoe 00JIaKO M BBICTPOWJINCH BJOJIL BOOOparkaeMoil HaKJIOHHOM
MPAMOI, T. €. HOJYNHEeHb! JJUHEHHONH CTaTUCTUIECKON CBSA3H.

Haiiyilem ypaBueHmne 9T0if HpsiMOii, HCHOIB3YS IS 9TOTO CPeJICTBA
nakera SPSS.

st nocrpoennsi ypapHeHusi JIMHeHON perpeccun B nakere SPSS
BBIOMpaeM I0CJIe/[0BaTe/IbHO IYHKTHI MeHIO Analyze - Regression -

Linear (puc. 9). B sueiiky BBona Dependent 3anocum nepemennyio Y, a
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E “Untitled [DataSet0] - SPSS Data Editor

Fil  Cdil  Wiew [als Iransfcrml Anslyre kwd’ws UHiles  Add-ons  Ydndow
CcHE E 00 LBF A B S6E B
T |

| % | Yy [ var var | =Ty ‘

1 30 204 |
2 [:E) 267
3 86 313
4 58 207
5 44 130
6 97 320
7 53 297
8 bE 26]
9 39 172
10 2! 17
11 34 193
12 3 163
13 92 262
14

<!

ata view | varisbievirw |

Puec. 8. Tannbie juisi nocTpoeHns: ypaBHeHHs TAPHOIT JIMHEITHOI perpec-
cHH

B sueiiky BBoja Independent (s) — nepemennyio X . B kaugectse meroza
BBOJIa 3aBHCUMOIl IlepeMeHHOil B MoJiesb Bhibupaem Forward (puc. 10);
o/[pobHee 0 MeToJIaX BBOJA 3aBHCHMOI IepeMeHHOH B Mojelb Oyjer
paccKasaHo Jajiee.

O6cy M mosTydeHHbIe pe3yJIbTaThl, KOTOPbIe MPeJICTaBIeHbl B Tab-

gunax Ha puc. 11.
[Tpu npoeesiennn perpeccnoHHOTO aHaM3a, BO-IIePBBIX, TeCTHPYeTCs

HyJleBasi THIIOTe3a 00 OTCYTCTBHU CBS3M MeXKJIy CIydailHBIMU BeJndH-
navu X u Y. B tabnune ANOVA (puc. 11) npejcraBiensl pesysbTaThl
IPOMEZKYTOYHBIX PAcYeTOB: Pa3/IndHbIe CyMMbI KBaJPaToB, KOTOpbIe UC-
HOJIB3YIOTCS JYIs BbIUHCJIeHus obiieii, ocTaTouHOH 1 06bsICHeHHOI JiuC-
nepcuii, 9uciIo crereneii cBobo bl U T. 1. Bee 3TH poMerkyTouHbIe pac-
4YeThbl He MPe/ICTAB/IAIOT GOJIBIIOro HHTepeca ¢ MPaKTHYecKOoil TOYKH 3pe-
nusa. Eauncersennoe Baxknoe unciio B tabsmie ANOVA — sro Benmunna

p-value B crosibue Sig., BeposiTHOCTH OmMOKH MepBoro poja. B panHom
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[ “Untitled1 [DataSet0] - SPSS Data Ecitor
B &% Yow oo Doesom [Ms| Gt Whes Ao i the
cUE E 60 b mw CEes
1 Cuscritiva Staiisfics »
[« T ¥ o= o T .

1 il Compars Msars » —

2 ) Corvaral Linsar Mokl »

3 i3 Genraiged Lrear Motz b

4 &% Miged Modsls »

5 4 Comeite »

B a7 o

g 5 Loshnoar » 7] Curve Eatrsticn

8 I Rl e » R ptiol Lowz Squwes

¢ ® : * | 2, onory Logsix..

10 ) Quto Recucton » e

4 = . *| R orgral.

12 Ell rongasmeElc Tasts PR, e

13 9 Tine Serms > =

1 Suraval » nix Moiresr..

15 [75 Meang vare snansis B it Extmetion

16 MUt pie Besperae » R, 251000 Loast Squrs

i Complex Sarles P ontimd Scolma.

18 Gy Cordrol »

I Rec e

| Dote View | Vrebie Vit i
Lnewr...

Puc. 9. Buibop nynkra MeHIO Jyisi TOCTpOeHUs TAPHOIT JIMHEIHOI perpec-
cun

Linear Regression ”
= [+ B
Block 1 of 1
=]
Ireeareani(a) Qpliore...
s
Sgkction etk
3 m—
Case Labels
[w] pte———
[»] 2 |

Lo J0 et || st [ comar [ new |

Puc. 10. Meroy BBoj1a 3aBHCHMOIT TIepeMeHHOl B MOj1eb

npumepe Sig. < 0.001, ciaegosarensno, Ha yposae 3nadnmoctn 0.001 ny-
JIEBYIO THIIOTe3Y 00 OTCYTCTBHHU CBS3H MEXKJLY CJIyYIailHBIMH BeJIHINHAMI

XnY oTBepraeM B IIOJB3Y &JIbTepHaTPBHOﬁ, T. €. CIITaeM CBA3b MeK/1Yy
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Model Summary

Adivsted R Std_ Eror of
| Model R R Couare Square the Estmate

1 3702 758 736 32902
a. Predictors (Consian), K

ANOVA*
Surn of
Sguares dr Maan Square F =13,
1 Regression 725432 1 37215432 34,378 JLor
Rasidual 11907,796 " 1082527
Total 49123 231 12
a. Predictors. {(Consian, X
h. DependentVariakle: ¥
Cpefficlents®
Siandardized
Unsiandardized Coefiicients Coeflicients
| Model B £1d. Error Beta t Sig.
1 (Constart) 91,696 23636 3879 .003
b 2,289 390 870 5863 000

a. DependentVariable

Puc. 11. Pesyubrar nocrpoenus JinHeitHOI TapHOiT perpeccun

X n Y crarucrnyueckn 3naunmMoii Ha ypopse 3Hadumoctn 0.001.

Ecim pacuernas sesmmumna Sig. okazasach 6oJibIlle YPOBHSI 3HAMH-
MoctH, Hanpumep, Sig. = 0.785, Her ocHOBaHMIT OTBEPrHYTH HYJIEBYIO
PHIIOTe3Y, CTAaTHCTHYeCKasl CBA3b MeXK /Iy llepeMeHHBIMH He oOHapyrKeHa,
U aHaJIN3 3aKaHIMBaIOT.

astee eciin cBsI3b MeK 1y HlepeMeHHBIME CTATHCTHYeCKH JIOKa3aHa, TO
HAXOJAT SBHBII B/ ypaBHeHUsI perpeccun, bepst koadduimenrs: n3 tab-
snel Coefficients. B s1oit Tabiinite camble BaKHble 3HAMEHHsST HAXOIATCH
B cronbuax B u Sig. B cronbue Sig. npusesiens! pesysbrarsl TecTHpOBa-
HUS JIBYX HYJIeBBIX IHIIOTEe3: O TOM, YTO KOHCTaHTa U KO3 duimenr mpu
X B ypaBHeHHH He3HAYNMO OTJIHYAIOTC OT HyJIs. [list KoHcTranTe Sig.—
= 0.003, s koapdummenra npun X Sig. < 0.001. Ecom, nanpumep, ypo-
BeHb 3HaunMocTH @ = (.05, To 0be Hy/IeBble THIIOTE3BI OTBepraeM Kak
HPOTHBOPEeYAIllie 3KCIePUMEHTAIBHBIM HaOJO/IeHIsIM. 3HaYeHUsT KOH-
cranThl 1 Koaddurnuenra npu X cmorpum B crosbre B. Takum obpazom,
ypaBHeHHe perpeccun umeeT B y(x) = 2.289x + 91.696.

HOCKOJIbe TOYHBIEe 3Ha'1eHHA KOHCTaHThbl H KOBd)d)I’ILI,I’IeHTa npmn
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Hen3BeCcTHBI (OHM ObLIN OlleHeHbl CTATHCTHIeCKUMH MeTO/IaMH 10 BBIGO-
POYHBIM JIAHHBIM ), BO3HUKAET BOIIPOC O TOYHOCTH 9THX OIleHOK. B cToJi6-
e Std. Error npuse iens! crangaptasie omubku, Koropble paBHbl 23.636
u 0.390 coorercrBenHo. Yem menee Toukn Ha rpaduke paszbpocaHbl OT-
HOCUTEJILHO MPAMOil 1 ueMm GoJibilie HaOIIOeHiT, TeM OIMMOKN MeHbIIIe,
COOTBETCTBEHHO OIICHKH TOYHee.

[Tocite Toro kak Mozmesb mocTpoeHa, HeOOXOJAMMO OTBETHTHL Ha BO-
poc, HACKOJILKO 3Ta perpeccuoHHas Mojesib TouHa. B jannom npumepe
cpeanee 3Hadenne Y papno 219.54, crammapthHoe orkioHeHne — 63.98,
VIPOIIEHHO TOBOPsi, MOYKHO CKa3aTh, 4YTO OXKHJaeMoe 3HadeHne Y pab-
1o 219.54 + 63.98. To ecTh He nMest HUKAKOI arrpuoOpHOil nHMOpMAaINH,
MOYKHO cJleJIaTh Ipe/IIoJIoyKeHne O 3HadYeHun Y, IPH 3TOM <«KOPHUJIOP»
ommubok cocrapisier 63.98. Eciin e 3naTh 3navenne npejgukropa X, 10O
MOKHO CY3UTh 9TOT «KopHjop» Ha 75.8 %.

Bostee crporo semmamna R? = 0.758, naswiBaemast kosdbdumnuentom
JleTepMUHAIY, XapaKTepu3yeT JoI0 obbsacHeHHoil aucnepcnn (cm. Tab-
sy Model Summary). Kosddunumenr gerepmunanum mensierest ot 0 10

]., TeM OH 6OJII)IIIG: TeM TOYTHee MOJ/IeJIb.

5.4. MlHO>KecTBeHHasl JINHEeHAsA perpeccust

OueBniHO, IOKa3aTeIb, KOTOPBIIT HEOOXOIMMO CIIPOIHO3UPOBATH, MO-
JKeT 3aBHCeTb He OT OJIHOrO, a OT MHOTHX (haKTOPOB.

ITp u M e p. Uzygaercs 3aBucnMocTh ypoBHSI apTepUAILHOTO JlaBJie-
uus (A/l), a B kKagecTBe BO3MOXKHBIX (DAKTOPOB, OKA3bIBAIOIINX BJIUSHUE,
BBLIOpAHBIL:

1) Bospacr;

2) MHJEKC Macchl TeJa;

3) uHIeKc KypeHHs;

4) KOJMYeCcTBO MUHYT, 3aTpadMBaeMbIX Ha 3aHATHS CIIOPTOM B JIeHb;
5) ypoBeHb XoJlecTepHHA.

Nzeectno, uro ¢ poszpacraom AJl, Kak mpasuiio, Bozpacraer, OJHAKO

HAIMeHT, BeIyIIHil 3/0pOBblil aKTUBHBII 00pa3 KU3HM U CJIe ANl 3a
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cBouM BecoM, MoxkeT u B 70 JieT umers HopMasibHoe A/l B 1o ke Bpe-
MsI KYPSIIHIT TaIeHT ¢ N30bITOYHBIM BecOM, Be YNl MaJIOIOBUKHBII
obpaz xu3nuu, HGolee MMO/BEPKEH PUCKY Pa3sBUTHS Y HEro apTepHasibHOM
runeprensun yxe B 40 Jer.

Kaxprit hakrop cam 1o cebe Juiib B He3HAYUTEIBLHOI CTelleHH MO-
JKer crporHosuposath yposenb AJl. Brinodenne B Mojies1b HECKOJIBKHX
dakropos nosposisier Hoslee MOJIHO OXapaKTepH30BaTh HAlMeHTa U, CJie-
JloBaTeJIbHO, JIaTh HoJlee TOYHBIN MPOrHo3 KacaTelbHo ero Al

Bosunkaer pezonnsrii goripoc. CTout Jin BBOAUTEH BCe UMEIOIIHEC Y
nccsiesoBaTesisi pakTophl (HezaBUCHMbBIE IepeMeHHbIe) B MOJesb, YTO-
661 0OLACHUTL HabJIIOIaeMble 3HAYeHUs 3aBucuMoil Besmunnbl! Hanpu-
Mep, JOJIZKeH JIH YPOBeHb XOJIeCTepruHa BXOJUTh B MOJeNb KaK (hakTop,
piusommii Ha ypoeenb AJl? B obmem ciygae oreer orpuniaTesibHbii —
HeoOOCHOBAHHBII BBOJI TIEPEMEHHBIX B MOJIeJIb MOYKeT YXY/UIHTD ee CBOI-
CTBA.

CymecTBy0T clienuajbHble MeTOAbl 0TO6opa (haKTOpoB, KOTOpbIe Ha-
J10 BBOJIUTH B MojIes1b. CyTh NX OCHOBaHa Ha OIleHKe N3MeHeHHsI CKOPPeK-
tuposanHoro (anri. adjusted) kosdpdunmenra jgeTepMuHAIIIN OT BBOJIA
JIOIOJIHUTEJIBHOTO (haKTOpa B MOJEJb. DTH MeTOJbl BCTPOEHbI B CTaH-
JlapTHBIe CTaTHCTUYeCKHUe IakeThl, Harpumep, SPSS.

[nasuas npo6iema npumenenus (HeckoppekTuposanuoro!) koadgdu-
nueHTa JerepMuHaIin B2 COCTOMT B TOM, 9TO €ro 3HAYCHHE YBeIMIHBa-
ercst (TouHee, He YMeHbBINAeTCs ) OT BBeJIeHHs B MOJIe/Ib JIONOJTHUTeIbHBIX
HepeMeHHBIX, JayKe ecJI 3THU IepeMeHHble HUKAKOIO OTHOIIeHHS K 00b-
SICHSIeMON IlepeMeHHON He MMeloT. B cBs3m ¢ 3TuM cpaBHeHHe Mojiesieit
¢ HeOJIMHAKOBBIM YHCJIOM (PAKTOPOB ¢ MOMOIIBLI Koadhduinenra jgerep-
MUHAIH, BOODIe TOBOPs, HeKOPpeKTHO. /i1 aTux 1meseii ucrnoinb3yor
aJIbTepHATHBHBIC TOKA3ATEH: CKOPPEKTHPOBAHHBI K2 MM pasiimaHble
nndgopMaonnsle Kpurepun (Hampumep, nHGOPMAIMOHHBIH KpUTepHii
Axanke).

[Ipu BBeiennn jgonosHUTEILHOTO haKTOPa B MOJIEJb J0JIs OObACHeH-

HOIA JAUCIIepCHH YBeJIUIHBaeTcd, OJJHaKO IlITpaCl)HbIe MHOZKHTeJIH (<<I'IJIa.—
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Ta» 3a KOJU9ecTBO (haKTOPOB) TOXKe yBeJMYMBalOTCs. B pesyiabrare
CKOPPeKTHpOBaHHBIT R? yBemumTes JHMIIL B TOM CJIydae, ecJiM BHOBb
BBOJMMBII (haKTOpP HPUBOIUT K 3HAYUTEIBHOMY POCTY JIOJIH OObsICHEH-
HOM JCIepCu, T. . MOXKeT «00bICHATBY TO, YTO He MOIVIM OObICHUTh
Japyrue hakTopbl.
CyTb Meroa momaroBoro orbopa B cJie/yomeM:
1. PaccunteiBaercss maTpuiia Koppessinuii n Beibnpaercst daxrop,
IMeIOIil HanboJILIIYI0 KOPPEJSII0 ¢ 3aBUCHMON I1epeMeHHOI.
2. K Beibpannomy perpeccopy nocjieIoBaTebHO JI00ABJISIOTCH KayK-
JIBII U3 OCTABIIUXCS PErpecCcopoB M BBIMHCISIIOTCS CKOPPEKTHPO-
BaHHbIe KO3(DUIMeHTHI JleTepMIHAIN JIJIs KazKJI0i U3 MoJiesieil.
K mosiesmm npucoemnasiercst ToT perpeccop, KOTopblii obecriednsaer
HanboJIbIIee 3HAYEHIE CKOPPeKTHpoBanHoro R,
3. Ilponece npucoemHenns: perpeccopoB MpeKpalaercs, Korja 3Ha-
"eHHe CKOPPEeKTHPOBAHHOTO K2 cTaHOBHTCS MEHbIIe JOCTHIHYTOTO

Ha IIpeJbl/yIIeM Iare.

IT p u m e p. Bozpacr, unzeke maccsl Tesa, HHJIEKC KypeHHS U KO-
JIMYeCTBO MUHYT, 3aTpadyuBaeMblX Ha (PU3MIECKYI0 aKTHBHOCTHL B Hejle-
JI10, 3HAYUMO BInsAOT Ha yposenb A/l westoeexka. [lomarosoe jo6apienne
5TUM (baKTOPOB B MOJIeJIb [IO3BOJIAT IIpejicKa3arh ypoBenb A/l nammenra.
C apyroit cropounsl, cesa3b yposas xosecrepuna win AJIT ¢ AJl moxer
OBITH CTOJIL HE3HAYUTEIILHOMN, YTO MPHUCYTCTBHE STUX IIePeMeHHBIX B MO-
JleJIU JIAIIB YXY/IIHAT ee CBOICTBA.

Beesem nomnsitme  myssrukosutmHeapHocTH.  MyubTHKOMUIMHEAp-
HOCTh — HaJMYHe JIMHeHHOIl 3aBUCHMOCTH MeXKJY OObACHAIONIME
nepeMeHHBIMU perpeccroHHoil Mojiesm. [Ipu sTom pazimuaior nmonmyio
KOJUITMHeApHOCTh, KOTopasi O3HavaeT HaJmdne (byHKIMOHAJILHON JIHHeii-
HOI 3aBUCHMOCTH, M YACTHYHYIO HJIH HPOCTO MYJIBTHKO/UIMHEAPHOCTh —
HAJIMYHe CHJIBHON KOPPeJIsINa MeXK1y (akTopamu.

[Tosmas KoJuTMHEAPHOCTH TPHUBOJUT K HEOIPEeeJIeHHOCTH HapaMeT-

POB B JIMHEeNHOM perpeccnonnoﬁ MO/IeJIN He3aBUCHMO OT MeTO/JI0B OITeHKH.
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PaCCl\‘IOTpI/Il\'I 3TO Ha IIpHMepe cne,zly}omeﬁ JIMHEeTHOI MO/IeJIH:
y = byxy + bowy + bz + <.

[Iyers dakropsl 9700 MO TOXKIECTBEHHO CBS3aHBI CJIJLYIOIMINM
obpazom: 1 = xo+x3. Torja paceMOTPIM HCXOAHYIO JIMHEHHYIO MOJIeIIb,
B KOTOPO# K 1epBoMy K03hdHIHEeHTY J00aBUM IPOU3BOJIBHOE YUCIIO @,
a 13 JIBYX JpyTrux KoadPUIMeHToB 3To Ke Ynciio BerareM. Torja nveem
(6e3 cuyuaiinoii ommbku): y = (by + a)zy + (ba — a)za + (b — a)xz =
= byxy + bywy + bzwz + a(xy — @y — x3) = bywy + bywy + byws.

Takum obpazom, HecMOTPsL Ha TPOU3BOJIbHOE W3MeHeHue Koddduim-
€HTOB MOJIeJIN, Mbl IOJYYWIH Ty Ke MOJesb. lakas MOJesb NPUHIH-
nuajbHo HeweHTuduupyema. Heonpesesennocts cyiecrByer yxke B
camoii mojiesin. Ecim paceMorpers TpexmepHoe pocTpanceTBo Koadhdu-
[UeHTOB, TO B TOM HPOCTPAHCTBe BEKTOP MCTHHHBIX KO3 puimenron
B JIaHHOM cJIy4ae He eJIMHCTBEHHBIil, a Ipejcrapiser coboil II0CKOCTD.
JIbast Touka 9TOM MJIOCKOCTH — MUCTHUHHBIN BeKTOP KO3 MUIMEHTOB.

[Tpobutema nosmoit Ko/utnHeapHOCTH (DAKTOPOB BCTPEYAeTCH PeJIKO.
Ha npakrtuke gare BosHuKaer Jpyrasi CATyaIys — CHIIbHAST KOPPeJISIIHs
MexK/ 1y hbaKTOpaMu.

Pacemorpum npumep TuTpoBaHus 0361 Ipenapata y Jeteil jo 7 jer
B 3aBHUCHMOCTH OT Bo3pacTa U Beca pebenka. dem pebeHOK crapiie u
geM OH OouibIlle BecuT, TeM OOJIBIIYIO JI03y eMy HeOOXOMMO Ha3HAYNTh.
ZKenasi yuecrn oba dbakTopa, ucciieioBatesib BKIIOYWI (He HCIOJb3ys
MeTo/Ibl TIOIAaroBoro orbopa nepeMeHHbIX!) HX B MOJIEJb U € TOMOIIBIO

PerpeccHOHHOIO aHAJIM3a IOCTPOW CJIeAYIONLYI0 MOJIeJIhb:
Jgo3a = 2 X Bec + 1 X Bozpacrt.

[Iyers Bee Besmumubl, BXOJIME B MOZeNb, obe3pa3sMepennl. Koad-
dbunuenTH NpH He3aBHCHMBIX BeJMYHHAX HMEIOT cojleprKaTe IbHbII
CMBICJI: TIPH YBeJIMYeHNH Beca Ha 1 KI' HaJl0 YBeJIMYuBaTh JI03y Ha 2 Y. e.,

U ¢ KaxKJIbIM CJIeJIYIOIIM I'0J/IOM HaJ0 YBeJH4nBaTh Jo3y Ha 1 y. e. W3-
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BECTHO, YTO Bec pebeHKa CHIIBLHO KOPPeJINpPYeT ¢ ero BO3pacToM, a MOTO-
MY BKJIIOYeHHe B MOJIeJIb UM BOo3pacTa, U Beca KaK IPeJIHKTOPOB MOXKeT
(xorst 910 He 06sI3aTENILHO) NIPUBECTH K HeBePHOil nieHTH(UKAIIN [Tapa-
Merpos. [lelicTBuTenbHo, eciinm Bec & BO3PACT, TO NPH HE3HAYHTEIbHBIX
N3MEeHeHHUsIX B MCXO/HBIX JaHHBIX IIpOorpaMMa MOIVIa IOCTPOUTH MOJEJh
BHJIA:

go3a = 4 X Bec — 1 X Bo3pacr.

[Tosryuennas mMozesns npoTuBopednT 3paBomy cmbicay. menno co-
JleprKaTelIbHBII CMBICJI OTPUIATE/ILHOIO Koahduimenra mpu mnepemeH-
HOIl «BO3pacT» COCTOUT B TOM, YTO Jl03a Ipelapara TeM MeHbIIe, deM
crapiie pebeHOK. DTO U eCTh MPOsBIIeHIe MYJIBTUKOJUTHHeAPHOCTH, CJIe/1-
CTBHEM KOTOPOI BJIsieTcs II0Xasl WJIeHTH(MUIMPYeMOCTb ITapaMeTpOB.

IT p u M e p. Uarpaonepamuonnast KpoBoloTepsi SABJISETCS PUCKOM
Pa3BUTHs OCTPOrO JeJMpHus B OJmzKaiiieM MmocseonepanuoHHOM 1epHo-
ste. 2Kestast cipornozupopaTh pUCKH U MOBLICHTH TOYHOCTH OIEHOK, UC-
cJie/I0BaTe b CTPOUT MOJIENIb U BBOJIUT B Hee YPOBEHb I'eMOIVIOOHHA, YPO-
BeHb I'eMaTOKpUTa U 4ncyo spurporuros. [Ipobiiema Takoit mojgenn —
MYJIBTHKOJUITMHEAPHOCTh, TaK KaK Bce 3TH TpH (aKTopa OYeHb CHIILHO
KOppeJInpoBaHbl MexK/1y coboii. B pesyibrare onenkn napamerpos oka-
ZKYTCs HeTOUHBIMHI (mm BOBCe abCyp/IHBIMH), & Ka9eCTBO IPOrHO3a CHIIb-
HO YXY/IIIHTCH.

B Mostens joimKHBL 1I01a1aTH TOIBKO 3HAYUMbIE He3aBHCHUMbIe I1pe-
juktopel. st sroro, mampumep, B mporpamme SPSS myxkHO B Cco-
OTBETCTBYIOIIEM JHAJIONOBOM OKHe BbiOparb metoji Forward LR wim

Stepwise.

5.5. HesiuHeliHadag cB93b BEJUYUH

st Tounoro onmcanusi ypapHeHusi perpeccun (HeobszaTesIbHO JH-
HeliHOiT) TpebyeTcst 3HATL YCJIOBHBINH 3aKOH paclipejleieHus cJ1y4daiiHoit

BeJIMYHUHBI Y, 4TOOBI HAiTH ee YCJOBHOe MaTeMaTH4YecKoe OKUJIaHue

M[Y|X = z|. B crarucruueckoii npakruke Takyio nadopMaImo, Kak
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IPaBHJIO, He YJaeTcsl IOy INTh, a II0OTOMY Ha OCHOBe HabJIi0/[aeMbIX JlaH-
HBIX BBIOHPAIOT 10/x01s1LyI0 annpokeumarmio dyuxkuun M[Y|X = z].
[TosicanM, Kakasi CBSA3b MEXKJLY CJIe/IYIOMMMI TPeMsi CYIIHOCTSIMH:

1) nernnnasi (Boobiie roBopsi, HeiuHeiiHasi) perpeccus f(z) =
= M[Y|X = z]. Ona 6bu1a 661 nocTpoena, ecim 6b1 6bLTa U3BeCTHA
IJIOTHOCTH COBMECTHOTO PACIIPeIeJIeHHS;

2) nuneiinas annpoxenmanus bynkium perpecenn f(z) ~ f(z). dra
dbyukmsa Toxke Momia 6bITH MOCTpPOeHa, ecsm Obl OblIA H3BECTHA
IJIOTHOCTH COBMECTHOTO PAaCIIpPe/IeJIeHHs;

3) omenka jnHeiiHoii anmpoxenmarym bynkm perpecenn f(z).

IIycrs cayvaitnas Besmanna Y ceszana ¢ X papeHcrsoMm Y = X124+
+ ¢, tne X paBHOMepHO pacupeenena Ha |1, 3]; € — nopmauibHO paciipe-
JleJIeHHast cydaiiHasi BeJIMYHHA ¢ HyJIeBbIM MaTeMaTHIeCKHM OKH/[aHH-
eM u HesaBucsei or X Jycnepeneii.

Ucrnunast perpeccns umeer put: y = f(xz) = M[Y|X = z] = 212

I'paduk byuxmn y = f(z) = x2,
HOMY. YUHTBHIBas, YTO JIMHEIHbIe MOJEJH [Pe/UIOYTHTE/BHBl B CMBIC/Ie

x € [1,3], 6iumu30k K JMHeil-

cBoeit IIPpOCTOTHI, PasyMHBIM IIpeJICTaBJ/JIAeTCA INOCTPOHUTHL allllpOKCHMa-

o dbyukiun f(z) B Kiacce JTHHEHHBIX:

f(z) = Brx + Bo.

[Tapamerpsl BoIGHMpaOTCs NCXOA U3 TPUOINZKeHUS B TOH WM UHOM

HOpMe, HallpUMep,

max |:L'1'2 — Bz — ,6’0| — min,
x€[1,3] Bo, B

3
/ ('? — Bra — By)?> de —— min.
1

I305l31

Onmbka (cucremaruyeckasi), BOZHHKAIONAs 1IPH 3TOM, Oy/jeT HeGOoJIb-
mioii, a paborars ¢ dynkmmeii f(x) Moxker 6bITH pote, YeMm ¢ f(z).
B peasbHBIX 3a1a9aX TOUHBIH BHJT B3aUMOCBA3H CJIYUARHBIX BeJIMUIIH

HaM BOO6I.U;€‘ Hens3peCcTeH, uMeeTCdA JINIIb KOHeYHBI Ha6op Ha6JIIO,‘IeHPIi”I
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3za mapoit X,Y. Pacnojoxkenne Todek jlaer ocHOBaHHe IPeJIIIOJIOKATH
JIMHEeHYI0 B3anMocBsa3b X U Y U HOCTPOUTH BBIOOPOYHOE ypaBHEHHe
f(x) = bz + by, KoTOpOE 10 BepostTHOCTH GyJIeT cXOAUThes K f(2) =
Brx + Sy npu HeorpaHUYEHHOM YBeJINYeHHH 00beMa BBIOOPKH 7.
Baxkno nonmmarth, 9TO MOCKOIBKY MBI OHIMOINCH B BBIOOpe Kilacca
dbynxumii, korja crponsm BbIGOpOUHOEe ypaBHeHHe (YTO Ha INpaKTHKe,
VBBI, HepeJIKO IPOUCXO/IUT ), HOJydaeMble OeHKH He OY/yT cOCTOATe b=
HbIMHU. 10 ecThb Kak Obl MbI HI YBeJIMIHUBAJIN 00'beM BBIOOPKH, BLIOOPOU-

Hasl OlleHKa ¥ He Oy/1eT cXoThest K neTuHHOi dyakinun perpeccun f(z).

3asanust aJisi CAMOCTOSITEeJIbHON paboThbI

1. TIpodeccop P. A. IllamoiisioBa yuuT CTY/1€HTOB MPOBOIUTEL PErPECCHOH-
HBI aHanmu3. Ha jgekuun oHa ckaszasa: «OCHOBHOI NPEAIIOCHUIKON perpeccu-
OHHOT'O AaHAJIU3a SIBJISIETCSI TO, YTO TOJBKO Pe3yJILTATHBHBIA IPU3HAK I1O/4H-
HsIeTCsl HOPMAJIBHOMY PacIipe/IejieHuIO, a (pakTOPHbIE IPU3HAKH MOTYT HMETh
MIPOU3BOJILHBIN 3aKOH pacupejeseHusi». CorjlacHbI JIM BBl ¢ 9THUM yTBEPIKle-
HHeM?

2. Kpome MeTo1a HAMMEHBIINX KBA/PATOB CYIIECTBYIOT U JAPYIHE METO/IbI
onenuBanus. [lycrs X, Y noguuHsioTcesi JABYMEPHOMY HOPMAaJIBHOMY pacipe-
genennio. IlpoBegure OLEHKY NapaMeTpoB ypaBHEeHHs JIMHEHHOI perpeccuu
y = Six + Bo no Meroay MakKCHMaJbLHOrO mpasiaonogodbusi. Ommuaiores: Jiu
PEe3yJILTATEI OT T€X, UYTO OBLIM MOJIYUYEeHBI METOJA0M HAMMEHBIINX KBaJpaToB?

3. Ilpu nocrpoennn JiMHENHON perpeccun B 11 5.2 110 Habopy U3 N HabII0/16-
auit (i, yi), 1 =1,2,...,n,3a X n Y MBI npeosarain, 9To He Bce &; PABHBI
MeK 1y coboil. 3auem o TpeboBanmne HyxkHOo? Kak reomerpuiecku nHrepnpe-
THPOBATH NPOGJIEMBI, KOTOPBIE BOSHUKHYT B CJIydae ero HapyIIeHus !

4. Yo Takoe MyJILTHKOJLUIHHEAPHOCTE! K KAKUM HEraTHBHBIM I10CJIE ICTBH-
sim oHa nipuBoauT? Kakue cynecTByioT MeToapl 60pbObI ¢ MyJIBLTHKOJLIHHEAP-

HOCTBIO?

5. B uem cyTh nndopmanuonnbex Kpurepues Axkanke u Baiteca? /Ins uero

OHHM HpUMeHsAI0Tes? B uem ux orimune?
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6. /Ioructuyeckasi perpeccust

JIuneiinasi perpeccusi He Bcerjia crnocobHa KavdeCTBEHHO ONUCATHL W
npeJicKa3aTh 3HaYeHns 3aBUCcUMOil nlepemenHoii. Beibupas s nocrpoe-
HUST MOJIEJIN JINHEHHOe ypaBHeHHe, Mbl €CTeCTBeHHBIM 00pa3oM He HaKJIa-
JblBaeM HHUKAKHX OTrpaHHYeHHil Ha 3HAYeHUs 3aBHCHMON IepeMeHHOIl,
OJIHAKO 3T OFPaHHYeHHsI MOI'YT ObITh cylecTBeHHbIME. Kak ciiejicrBue,
JIMHEeiHAsT perpecCHOHHAasi MOJeNIb MOXKeT JaTh 6eCcCMBICTIeHHbIe Pe3yJlb-
TATHI.

IT p u M e p. llpoBonures: Tpanciianranus mouku, Tpebyercs ore-
HUTH BePOSATHOCTDL TUOeIN OYKH B TeYeHHe OJIHOTO I'ojla MocIe olepain
(manpumep, B pesyJbrarTe OTTOPZKeHHUSI, HIIeMHH WM Tubesn rmalpenTa).
Jlannas oneparus umeer JIMIIL JiBa BO3MOXKHBIX MCXOja: MOYKa (DyHK-
MUOHUPYeT WJIN Horuoia.

B kauecTBe npe KTOPOB NCX0/1a TPAHCIVIAHTAIIUH HCIIOJIB3YeTCsl P/l
dakTopoB: BO3pacT JIOHOpa W PEIUINeHTa, BpeMs TeIUIOBOl M XOJIo-
JIOBOIT MIIeMHH TOYKH, JIINTeLHOCTHL HpeObIBaHus JIOHOpa B peaHu-
Marmu u T. J. Ecim erpours Momesnb B Kiacce JIMHeHHBIX, T. €. BHJIA
P =a1x1+axxs+...+amTm+tag, rJge p — 3TO BepOATHOCTDb rubesin 1mod-
KH B TedeHHe roja mocje onepaiun; r;,t = 1,2,...,m, — 3T0 IpeJIuKTO-
pol ucxoza, ai,i = 0,1,2,...,m, — coorBercrByonme Ko3(duimenTsl,
TO IMPH OINPeJIeSIeHHBIX 3HAYeHUAX MPEeJUKTOPOB BePOATHOCTb, BBIYHC-
JisieMast 1oJI06HbIM 0bpaszoM, Oyzer nbo orpularebLHOi, Jmbo GobIe
€JIMHUTIBI, ITO HEeBO3MOYKHO IO OIPe/IeJIeHHIO.

C nesnbio pemeHnsi JaHHBIX MPoOJIeM paccMaTpUBaIOT WHOM Kiiace
ypapHeHusi perpeccun. [Iyers p — 910 BeposiTHOCTE IPOrHO3UPYEMOTo CO-
oprrus; xq, 1 = 1,2,...,m, — OpeauKTOpLI Hcxoa; a;, it = 0,2,...,m, —
cooTBeTCTBYONNe KOXDDUINEeHTHL.

BBeﬂeM B pacCMOTpeHHe HeHa6JI}O,ILaeI\‘Iy}() BeJII/I‘{I/IHy
Y= a1xy] + ax2 + ... + amTm + ao,

KOTOpPYIO 6}’}.{91\‘[ TpaKTOBaTh KaK <«HallpaBJIEHHOCTb» K COOBITHIO: YeM
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Hoabie Y, TEM HoJb111e BepOATHOCTDb cOOBITHS. le’l 3TOM MBI HE HaKJIa-
JbIBaeM OI"paHPI‘IeHPIﬁ Ha vy, KO’I‘Oprﬁ MOZKeT IIpHHHMaTb 3Ha'1eHHdA BHe

unrepsada [0; 1]. BepositnoeTs p Gysiem oreHuBaTh c1e iy 1onmm o6pazom:

eY

p=1+ey.

Cupagpe /yiiBbI cJleyionme cooTHOImenns:: p — 1 npu y — +00 u
p — 0 mpu y — —o0.

Boobimie, siornernyeckast perpeccnonHasi MoJielb Ipe/Ha3HavYeHa JJIst
pellleHns 3aJiad IpeJICKa3aHus 3HauYeHUs HellPePLIBHOI 3aBHCUMOIl Tie-
PEeMeHHOI1, IIPH YCJIOBUH, YTO 9Ta 3aBHCHMAas IlepeMeHHast MOXKeT ITPUHH-
MaTh 3HadeHns Ha uHTeppasie or 0 j1o 1. B cmuy rakoit cenndukn ee
YacTO MCHOJB3YIOT JUIS NpeIcKa3aHis BePOSATHOCTH HACTYILIEHHST HEKO-
TOPOro COOBLITHS B 3aBUCUMOCTH OT 3HAYeHUH HeKOTOPOIro YHCJIa TPe/INK-
TOPOB.

MokHO HCHIOIB30BATH JIOPUCTUYECKYIO Perpeccuio M JJIs pelleHus
3aja4 ¢ 6uHapHBIM OTKJMKOM. [loj0bHble 3a/a9n noOABISAIOTCS, KOrja
3aBUCHMasi MepeMeHHasi MOKeT NPHHUMAaTh TOJILKO JiBa 3HadeHus (ma-
[UeHT BBIKHUJI HJIM He BLIKWI, 3aeMIIUK OT/aJ1 J0Ir win He oriaadu). [lo
cyTH, pedb WieT o 3ajade KiaccuduKalmu oObLeKTOB Ha JBe TPYIIIIb.

YeranapimBaercs: IOPOroBoe 3HadeHne, HAYUHAS ¢ KOTOPOTO, CIUTa-
erest, 9TO cobbITHE cKOopee HacTynuT. /lasiee BuIMHCIIsSIETCs] BePOSITHOCTh
HACTYIUICHUSI HCKOMOT'O COOBITHS 110 Habopy npenkropos. Ecim pacaer-
Hasi BePOSTHOCTH IPEBLICHIIA T1OPOr, OOBEeKT OTHOCAT K IepBoil rpyliie,

HHavde — KO BTOPOIi.

3agaHue OJisi CAaMOCTOSITE/IbHON paboThI

B kuaure A.H. Toncroro «3oqoToit kmounk, nim [Ipukmaouenus Bypa-
THHO» €CTh SMH30/L;

«CoBa npmioxkunia yxo K rpyau Byparuso.
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— ITanmenT ckopee MepTB, YeM YKHB, — IPOIIENTAJA OHA W OTBEPHYJIA T'O-
JIOBY Ha3ajl HA CTO BOCEMBJIECAT T'PaLyCOB.

7Kaba momnro Msiita BiaaskHoii sanoit Byparuno. Pasgymeisas, riisiiena Bel-
MYYEeHHBIMH IVIA3aMH B pa3Hble cTOPOHEL Iponuienasna 60abmmmM pTroM:

= HauHEHT CKOpee KHUB, IeM MepPTB...»

IIpoanasmsupyiite pemenne CoBbl n 2Kabbl ¢ TOYKH 3peHHUsT JIOTHCTHYE-

CKOH perpeccuu.
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7. AHanu3 BBRKNBAEMOCTH

7.1. BBegenue B npobiieMaTUKy U OCHOBHBbIE TMOHSATUSA

Beesienne B npobiieMaTnky Teopun BBIKHBAEMOCTH HadHEM C Pac-
CMOTPEHUs IIpuMepa.

IT p uwm e p. [IpoBogures TpanciutanTaIys MOYKH, UCCIIEIYETCS BbI-
KHBaeMOCThb ITaIlMeHTOB I0cjIe Ollepallii, B YacTHOCTH, BayKHO Y3HaTh,
KaK MPOBOJIMMas MMMYHOCYIIPECCHBHAs W HPOTHBOBHPYCHAasl Tepamus
BJIMSIIOT Ha BBIZKHBAEMOCTb.

OueBwino, HanbosIee BaXKHOM ITepeMeHHOIT STBIISeTCS POJI0JIKUTe b
HOCTB JKU3HH HAIMeHTOB ¢ MOMeHTa TpaHCIUIaHTalmu. B npunmmne s
OIHICAHUS CPEeJIHer0 BpeMeHH YKHU3HU U CPaBHEHUsI HOBOI'O MeTO/1a MMMY-
HOCYIIPECCHU CO CTapPBIMH MOYKHO OBLIO OBI HCIOJIB30BATHL CTaH/IAPTHBIE
napameTrpuyeckue U HellapaMeTpudeckne merois! (t-tect, Tecr Manna—
Yurun). OjHako aHagiusupyeMble JaHHbIe UMEIOT CYIIECTBeHHYIO OCO-
OeHHOCTh, CBA3aHHYIO C TeM, KaK CTPOUTCH BBIOOPKA.

Bo-nepBbix, nampmenToB BKIIOUAIOT B IPYIILy HaO/IIOeHUS Ha BCeM
MPOTSYKEHUN NCCJIeI0OBAHUS, a JKUBYT MHOIHe IAIlMeHThI I0cje TpaHC-
IUTAHTAINH JIeCATHIIE THSIMU, TTO9TOMY KOIJIa HCCiIeJoBaHNe 3aKaH4YHBa-
eTcsi, MHOIHe NalueHTbl elle XKUBbl. COOTBeTCTBEHHO, MCTHHHAS IIPO-
JIOJIZKATEILHOCTD YKU3HH 3THX HAIMeHTOB ocTaercs HemspecTHOI. Ecre-
CTBEHHO, He XOTeJIOCh OBl TepsATh Ty MHQOPMAIMIO, KOTOPYIO V/1aJ0Ch
o HuX cobparb. Ecim nmanmenr nocsie TpanciuianTaimn HabJmoiaercs B
Tedenne 10 Jer (M >KMB HA MOMEHT OKOHYAHUS HCCJIEIOBAHUSA), TO 3TO
cama 110 cebe neHHas MHAMOPMAIUS, CBHICTEILCTBYIONIAN B HOJB3Y JaH-
HOI'O MeTO/1a JIeUeHU .

Bo-eropeix, neciegoBaresis MOXKeT HOTEpATH MAlHeHTa U3 BHILY, €C-
JIM TOT Tlepeexall B JPyTroi ropos nim cMeHw! KinHuky. [lampent rakxe
MOYKeT yMepeThb ¢ (DYHKIMOHHPYIONINM TPAHCIUIAHTATOM B pe3yiibTare
HecdyacTHOTO ciy4asi. Bo Becex sTux npumepax Bpemsi, B TedeHHe KOTOPO-
IO MalMeHT CIocobeH KUTh 10cJie TPaHCIIAHTAIMH, OCTAeTC HeU3BeCT-

HbBIM. Takux 1 allTHeHTOB Ha3bIBalOT BBLIOBLIBITTHMH.
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Habuiosiennst, koropsele cozepkar HENOIHYO HHMOPMAIIIO O BpeMe-
HU JKH3HH, HA3BIBAIOTCS IeH3ypupoBaHHbIMEH Habsnogennsyu. Obcymm
MeXaHU3MbI [1eH3yPHPOBaHUS.

[Ipn dpukcnpoBannom neHsypupoBanun BEIOOPKa U3 . 00BLEKTOB Ha-
6imosaercs B Tedenne (PUKCHPOBAHHOIO BpeMeHH. Unciio ooLeKToB, J1J1s
KOTOPBIX HACTYIAeT TepMHHAJILHOe COOBITHE, WIN YHCJIO CMepTeil, cJIy-
YaifHo, HO OOIasi NPOIOJIKITEILHOCTh HCCJIe/I0BaHNs (DUKCUPOBaHA.
Tax, B Hamem npumepe ucciieoBaHie MPOBOAUIIOCH B Tedenne 20 jer —
9TO M eCTh (DUKCHPOBAHHBIN MPOMEXKYTOK BpeMeHH. Kayk iplii 0ObeKT
nMeeT MaKCHMAaJILHO BO3MOKHBIN Mepuoji Habmoaenns 7,1 = 1,...,n,
KOTOPBII MOXKeT BapbHPOBATLCA Y Pa3HBIX 0OBLEeKTOB (IIOCKOJIBKY HEKO-
TOpbBIe MAIMEeHThl BKJIOYAIOTCA B HCC/eJI0BaHne TI032Ke JPYIUX ), OJHAKO
dbukcupopan 3apanee (He paHbllle, YeM ¢ MOMeHTa Hadajia HaOJIIOCHHS,
1 JI0 KOHIIa Hccdte ioBanus ). BepoaTHocTs Toro, 9ro obbeKT i 6y1er Kus
B KOHIIe CBOero nepuojia Habsmosenus, pagua S(i), a obiiee aucio cmep-
Teil ABadeTcs cJyvailHbIM.

[Tpu coygaiinom nensypupopanny BIOOpKa U3 n 00beKToB HabIII01a-
eTcsl CTOJb JI0JITO, CKOJLKO 3T0 Heobxommo, 9robbl d, d < n, o6beKToB
ucnbitasm coberrue. B a10ii cxeme unciio emepreii d, KoTopoe orpe;iesisier
TOYHOCThL HCCJIe0BaHus, (PUKCHPOBAHO 3apaHee, W ero MOYKHO HCIIOJIb-
30BaTh B KadecTBe mapamerpa. HejocraTKoMm JaHHOTO MOAX01A ABJISETCS
TO, 9TO B 9TOM cJIydae obIasi MpoJIoJIKUTeIbHOCTb UCCJICOBAHUS CITY-
JaiiHa ¥ He MOXKeT OBITH TOYHO u3BecTHa 3apanee. [Ipumepom Takoro
MOJIX0Aa MOr Obl OBITH MPOCHEKTUBHBLINA 3KCIIEPUMEHT ¢ J1abopaTopHbI-
MH JKHBOTHBIMH, KOTOPBIX €INHOBPEMEHHO I10/[BepraioT BO3/IeHCTBHIO U
Jlajiee HaOJIIOIAIOT 3a UX BBIKHBAEMOCTBIO JIO TeX IOp, IOKa MOJIOBHHA
JKHBOTHBIX He norubuer. Takum obpazom mceiieoBaTesib MOXKeT OIeHUTh
CPeJINHHOe BpeMsl YKU3HH.

[Tpu nposeiennn reH3ypupoBaHus MOXKHO TaKyKe YKa3aTh HallpaBJie-
HUe, B KOTOPOM HPOU3BouTes eHsypuposanue. [lensypuposanne crpa-
Ba MMeeT MeCTO, eC/IH U3BeCTHO, B KAKOH MOMEHT SKCIepHMeHT ObLI Ha-

gaT U 9TO OH 3aKOHYHUTCA B MOMEHT BPeMeHH, paCHO.,TIO}KeHHbIﬁ CIIpaBa
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Puc. 12. I'paduk BoKHMBaeMocTH HAIlMEeHTOR

OT TOYKHM Hadajla sKcrepuMenTa. Hanpumep, npopesena TpaHciianTa-
s MOYKH (JlaTa TpaHCIUIAHTAIIMN W3BeCTHA), NallieHTa Hab/Ioain B
MOCTTPAHCIVIAHTAIIMOHHOM TIePHOJIe NIATh JIeT, U HCCJIe/IOBaHHe 3aKOH-
qwiock. MoKHO cKazaTh, 4TO NAIeHT HPOXKUJI He MeHee ISATH JieT C
MoMeHTa TpaHciUtaHTammu. VMeer Mecto nensypupoBanmne cripasa.

Pacemorpum Bapuant, korjga #er madopManymu 0 BpeMeHH HadaJa
skcnepuMenTa. Hanpumep, y ncciesoparesisi ectb JJanHbIe O TOM, KOJa
HalMeHT MOCTYIWI B KJIMHUKY H YTO OH BBI3/IOPOBEJI Yepe3 TPU HeJesIn
nocsie rociurainnzanun. OHaKO MIPpH 3TOM MOYKeT OTCYTCTBOBAThL HH-
dopmamus, Korga BliepBble HPOSBUJINCH CHMIITOMBI €ro 3aboJieBaHus.
Takum obpazom, MOXKHO JIHIIL YTBEePXK/IaTh, 9TO 3abojieBaHNe JUINIIOCH
He MeHee TpeX HeJlellb. 3J1eCh HMeeT MecTo JieBoe IeHn3ypupoBanue. Llen-
3ypUpOBaHHe TaKyKe MOYKeT ObITh JIBYCTOPOHHUM.

[Hensypupopanne M0oxKHO KitaccupumpoBaTh Kak OJ[HOKPATHOE HJIH
Muorokpartoe. OfHOKpaTHOe [eH3yPHPOBaHNe ITPOUCXOJUT B OJIMH MO-
MeHT BpeMeHH (3KCIIepHMeHT 3aKaHIMBaeTCs CIYCTs HeKOTopoe (buKCH-
poBaHHOe BpeMsi, CM. BbIlle IpHUMep ¢ JabopaTOPHLIMH YKHBOTHBIMH ).
C apyroii croponbl, B 6HOMeIMIIMHCKAX UCCIIEJOBAHAAX €CTeCTBeHHBIM
06pa30M BO3HHKaeT MHOIOKpaTHOe IeH3ypHUpOBaHHe, HAIpUMep, Korja
HaIMeHTHI BBITUCHIBAIOTCH U3 CTAaIlMOHApPAa, POl KypC JedeHns B pa3-
JIMYHBIX 0bbeMax (WIN pa3HOl MPOJIOJIZKUTETLHOCTH), H UCCIIe[0BATeIO
JIMIIb U3BECTHO, YTO HAIMeHT JIOXKHI JIO COOTBETCTBYIOIIEIO MOMEHTA

HNeH3YPHPOBaHHUA.
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Ha puc. 12 nokazan xo uccieiosanus. Habmoenne 3a namuentom
[pe/ICTaBIeH0 TOPH30HTAJILHBLIM OTpe3KoM. JIeBblil KoHell oTpe3ka — 3To
Hagasio Habo1enns. Ha npaBom KoHIle oTpeska HaXOUTCs YepHbIH WIH
Heblii KpyzKoK. UepHbIil KpyZKOK 03HAYaeT, 4To MaleHT yMep (Ipouso-
11eJ1 UCXO0J1), ¥, TAKHM 00pa3oM, MPOAO/ZKHTEILHOCTD €0 KU3HH H3BecT-
Ha. Deuiblil Kpy?KOK 03HaYaer, 4To Mccie/0BaHie 3aKOHIHIIOCh 10 CMep-
TH HaleHTa JJn60 oH BBIObLT 13 Hab/mo1ennst. O THOCHTeIbHO BLIOLIBIINX
U3BECTHO TOJILKO, YTO OHH MPOXKIIN He MeHbIIe Ollpee/IeHHOTO CPOKa.

Mertobl anan3a BLIKHBA@MOCTH B OCHOBHOM IIPHUMEHSIIOTCH K TeM
JKe CTATHCTHYeCKUM 3aJ1adaM, 9TO U JIPyTHe MeTO/Ibl, OJ(HAKO HX 0COoDeH-
HOCTb COCTOUT B TOM, YTO OHH MCIOJIL3YIOTCS TP HAJIMYAU [eH3YPHPO-
BAHHBLIX WJIM, KaK MHOIJIa TOBOPAT, HENOJIHBIX JaHHbX. OTMernM Takke,
YTO BMECTO TPaJMIMOHHON (DYHKIMH pacipejeleHust B 9THX MeToJax,
KaK [PaBWJIO, HUCHOJIb3YeTcs TaK Ha3biBaeMmasi (DYHKIUS BLIKHBAHUS,
pe/JIcTaBIsIonas coboii BeposiTHOCTL TOTO, YTO 00LEKT MPOKUBET BPeMs
6ouibie t. [TocTpoenne Tabimil BpeMen »KU3HHI, HOJANOHKA pacipe/1eIeHust
BBLIXKHBAeMOCTH, OlleHHBaHue (DYHKIMHN BbIXKHBAHHUS € TIOMOIIBIO TPOIe-
aypel Kamnana—Meiiepa sipistiores: onmcatesibHBIME MeTOIAME HCCJIE 10~
BaHUs IIeH3YPHPOBAHHBLIX JaHHBIX. Hekoropble U3 Ha3BaHHBIX METOOB
HO3BOJISIOT TaKyKe CPaBHUBATHL BBIKHBAEMOCTb B JIByX H Oojiee rpyl-
nax. Kpome Toro, ucnosb3ys anmapar aHain3a BbIKHBAEMOCTH, MOYKHO
CTPOHUTH PerpeccUOHHBIe MOJIEN IS OIEeHNBAHUS 3aBUCHMOCTeH MeyKILy

MHOI'OMEepHBIMH HeIIpepbIBHBIMH ITepeMeHHbBIMH U BpeMeHeM KH3HH.

7.2. Anamu3 Tabuui BpeMeH >KU3HU

Haubosee ecrecrBenHbIM cr1ocoboM onucanusi BBRKUBAEMOCTH B BbI-
H6opke fABJIsIeTCs MOCTPOeHne TabimMIl BpeMeH JKU3HH. DTO OJIMH U3 CTa-
pelillnX MeToJ0B aHaJIN3a JIAaHHBLIX O BLIKHBAeMOCTH (BpeMeH OTKa3oB)
(cm., mampumep, [7-9]). Takywo rTabiumiy MoxkHO paccMaTpuBaTh Kak
«pacmmpennyi0» Tabiuiy dactor. O6s1acTh BO3MOXKHBIX BpeMeH HACTYII-
JIeHHUsl KpUTHIecKuX cobbiTuii (cMepTeil, oTKa30B u jip.) pasbupaercs Ha

K wuwreppanos: [to, t1], [t1,t2], ..., [tx—1,tK]. las kaxjoro uatepsasa
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BBLIMHC/IAETCS YHCIIO U JI0JIS 00beKTOB, KOTOphle B HadaJle paccMaTpuBae-
MOTO MHTepBaJjia ObLIN YKUBBI, YHCJIO U JI0JIs1 OOBEeKTOB, KOTOPBIe YMepJIn
B JIAaHHOM HMHTepBaJie, a TaKyKe YUCJIO U JI0Js 00beKTOB, KOTopble ObLIN
U3bATHl WIN [IeH3YPUPOBaHbl B KayKJI0M nHTeppase. Ha ocnoBannu aTux
BEeJIMYUH BBIYHCISAIOTCS HEKOTOPbIe JIONOJIHHTe/IbHbLIe CTATHCTUKH.

Hucsio 06beKTOB, H3ydaeMbIX B TedeHHe i-T'0 MHTepBaja, — rj. JTO
9HCJI0 OOBEKTOR, KOTOPbIe ObLIN YKUBLI B HavaJle paccMaTPHBAeMOTO Bpe-
MEHHOI'O MHTepBaJia, MUHYC IIOJIOBUHA YHCIA U3bATHIX WM eH3yPHPO-
BAHHBLIX 00'LEKTOB.

Honst ymepinux B TedeHue i-ro MHTepBaJa — ¢j. TO OTHOIIEHHe YUC-
Jla 0OBeKTOB, YMepIIHX B COOTBETCTBYIONEM HHTepBajie, K IUCIy 00b-
eKTOB, H3yYaeMbIX Ha 3TOM MHTepBaJie.

[ouist BBDKHBIIMX B Te4eHHe i-Io UHTeppaja — p; = 1 — q;. Dr1a Jjjoms
paBHa eJIMHHUIe MUHYC JIOJISI YMepIIHuX.

Kymynsgrupnasi 71011 BBDKMBIIMX K KOHILy i-T'O WHTepBasia — P;
(bynkims BpokuBanust). DTO KyMyJATHBHAS JI0Js BBIKUBIINX K KOH-
Iy COOTBeTCTBYIOIIEro BpeMeHHoro nnrepsaia. [lockosbKy BepositHOCTH
BLIKMBAHUS CUUTAIOTCS He3aBHCHUMBLIMH Ha Pa3HBLIX MHTepBajiax, 3Ta Jio-
Jisi paBHa IPOU3BEJICHHIO JIOJIell BLIKUBIINX OOLEKTOB Ha TeKyIleM H
Beex npeabuiynmx uareppasiax: P; = P;_y p; = pipi_1 ... p1; cunTaer-
csa, auro Py = 1. louyuennas jonst kak yHKIMS OT BpeMeHH Ha3bIBa-
eTcsl TakKyKe BBIKHBaeMOCTbIO WM (hyHKIWMell BbKUBaHUs (TOYHee, 3To
oteHKa (hYHKIMH BHRKHBAHUSA).

[LioTHOCTHL BeposiTHOCTH THGE/IN — 3TO OllEHKA BePOSTHOCTH THbesn
B COOTBETCTBYIOIIEM HHTepBaJie, olpejeligeMas CIeAYIONIM 0Opa3oM:
fi = (Pi—1 — Pi)/hi, e fi — onenka BepositHocTH rubesin B i-M HHTEP-
pasie; h; = t; — t;_1 — mmMpHHA i-TO UHTepBaJa.

DyHKIMSA NTHTeHCHBHOCTH OIIPe/IeJIIeTesl KaK BePOATHOCTL TOTO, UTO
06beKT, BBKHUBIIHI K HaYa/ly COOTBETCTBYIOIIEro MHTepBaJa, YMpeT B
Tedenne 3roro uaTeppasa. Onenka OYHKIIMI HHTEHCHBHOCTH BBIYHCIIS-
ercst KakK 9HCJI0 OTKA30B, IIPUXOSIINXC Ha €/IHHAIY BPeMeHH COOTBeT-

CTBYIOIIEr0 MHTepBaJia, JeJIeHHOe Ha CpejlHee YHCI0 OObeKTOB, JI0KHB-
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MIUX JI0 MOMEeHTa BpeMeHH, HaXOJ/IAIIerocss B cepe/iiHe NHTepBaJia.

Memmana oxkujiaeMoro BpeMeHH YKU3HH — 3TO TOYKa Ha BpeMeHHOM
OCH, B KOTOPO#i KyMyJsiTuBHas byHKIMs Beikupanus pasaa 0.5. [Ipyrue
nporeHTmwn (Hanpumep, 25-i u 75-if NPONEHTNIIL, M KBAPTUJIH ) KyMY-
JIATUBHON (DYHKIINH BBIXKUBAHUS BBIMHCJISIIOTCS 110 TAKOMY Ke TTPHHIH-
y. Ormerum, aro 50-it nporenTin (Mepana) KyMyJsissTHBHOM (hyHKIN
BBLIKHBAEMOCTH ODBLIMHO He COBIaJaeT ¢ Toukoil Belzkupanus 50 % Buibo-
pounbix Habmoennii. CoplajieHne MPOMCXOAUT TOTJA U TOJBLKO TOIIA,
KOIJIa 3a IMpolle/iee K 3TOMY MOMEHTY BpeMsi He ObLIO 1eH3ypUpOBaH-
HBIX HaOIIOIEeHHI.

151 mostyvennst HaJlesKHBIX OIIEHOK TpeX OCHOBHBLIX hbyHKIuii (dhyHK-
I[N BBIKUBAHUS, TIJIOTHOCTH BePOSATHOCTH U (DYHKIIMU HHTEHCHBHOCTH)
U UX CTaH/IAPTHBLIX OMMOOK Ha KarkJIOM BpeMeHHOM HHTepBaJe HeobXo-

JIIMO, 9TOOBI 00beM BBIOOPKH OBLIT JI0CTATOYHBII.

3amaHus JJIs CAMOCTOATEJIbHON paboThI

1. IIpoBoanTest aHAIN3 BHIXKHUBAEMOCTH HAIIHEHTOB 1I0CJI€ PE3eKINH IIe1eHN
B npejeqax cermMenTa. Buibopka coctont us 20 nmammenros. Y 10 namuenTos
HACTYIIWI JIeTaJbHBII nexog, emle 10 cayvaes 6buin niensypuposassl. [losimsier
JIM Ha OIEHKY /IOJI BBDKHMBIINX HAIIHEHTOB NOPSJIOK, B KOTOPOM HACTYIIAIIH
[leH3yPUPOBaHHbBIE U JieTajbHbIe Hcxoabl! Eeim ga, To Kakum obpazom?

2. Bacunnii Bo3riiaBiisieT OT/el aHAJIM3a JJaHHBIX B KpynHoM banke. [lepes
OT/IEJIOM CTOMUT 3a/iava U3yUeHHUs] OTTOKA KJIMEHTOB. B Tabiuie JaHHBIX UMe-
IOTCSI 3AIICH KaK O KJIHMEeHTaxX, KOTOPble OTKA3AJINCH OT YCJIyr H6aHKa, Tak U O
KJIMeHTaX, KOTOPbIE Ha JaHHBIII MOMEHT IPOOJIKAT 0bC/Iy>KUBaHUe B OaHKe.

Bacniumii He u3yvas NpUKIIaHYIO CTATUCTHKY U IIPeyIaraeT, IIPOBO/ISI aHAa-
JIN3 BpeMeHHU OOCIIYyKHUBAHMS, VAJUTH BCE 3allUCH O KJMEHTaX, KOTOpPble He
OTKa3aJIMCh OT yeJyr 6anka. Bacuinii aprymMeHTHpyeT cBoe pellleHHe TeM, UTO
JUIs1 JIAHHBIX KJIMEHTOB HM3yYaeMoe COOBITHE He HACTYIHJIO, a IOTOMY HHKa-
KYIO TOJIE3HYI0 HH(OPMAIMIO U3 COOTBETCTBYIOIIUX 3allicell U3BJIe4Yb HeJb3sl.
Corstacubl i Bbl ¢ Bacuimem? ByayT Ju OLleHKH. TIOJyYE€HHBIE 110 METOLY

Bacnims, HecmernienHbIMET 7
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8. /Iluzaiinbl ucciieJoBaHUS

Bee craructnyeckne uce eJJ0BaHNA MOXKHO pa3/IeJIMTh Ha JIBe I'PYII-
IIbl B 3aBHCHMOCTH OT pelllaeMbIX 3a/ia': OollhucaTe/IbHble U aHaJIU3HupPY-
IOHe IMpuvIuHHO-CJIe/ICTBeHHbIe CBA3H. [Tocn e/IlHHe B Me/IUIITHHe Ha3bIBa-

I0TCA KIIMHHYIeCKHUMH.

8.1. OnucarenbHbIEe UCCJIeJOBAHUS

B ommcarenbHbIX mecie10BaHUAX MOXKHO BBIJICJINTH TaKHe UCCJIEJ10-
BaHUs, KaK OIICaHue cJIyvasi i OlNcaHue cepuH ciiydaes. EjnHe tBeHHBIM
OTJIMYINeM JIAHHBIX UCCJIe/I0BAHMN SBIISAETCS KOJIMYIeCTBO MaleHTos. Ke-
JH B HCCJIeJIOBAaHHEe BXOJAMT OJMH IIAIlMeHT, T. €. OJIMH cJy4ail KaKoro-
60 3ab0JIeBaHUS WIH COCTOSIHUSI, B TAKOH CHTYAIlMH IIPOBOJINTCS OIH-
canme ciydas. Ecian B uccesejoBanne BXOJUT HECKOJIBKO MAIIHEHTOB, T. €.
HECKOJILKO cJIydaeB 3aboJieBaHus WIH COCTOSTHUS, B TAKOI CHTYAIIHH [IPO-
BOJIMTCS OIUCAHNe CepHU ciy4aeB. /[Ba JlaHHBIX ju3aiiHa pas/ielieHbl B
CBSI3U C TeM, YTO UX Peasm3allisl OCYIIeCTBIISIeTCS Pa3IMIHBIMH CIIOCOba-
MU ¢ MaTeMaTu4ecKoil Touku 3penns. [Ipn ommcannn ciygas B nybinka-
UM NPUBOJIATCA KOHKPeTHBbIEe 3HAaYeHUs Pa3/IMYHBIX IapaMeTpPoB Halli-
enra. [Ipu onucannn cepun ciiyuaer, Kak nNpaBuJio, IMPUMEHSIOTCS CTa-
THCTHYECKHe MapaMeTphl, arperupyolye JaHHble 060 BeeX BXOJISIINX
B HcclIejloBaHue NaluenTax (cpejiHue 3HaYeHHs], Me/IHAHbI, ITPOIEeHThI 1
JIp.) ¥ XapakTepHu3sylolue pa3bpoc mokasaTeseil HaleHToB (cTaHjapr-
Hble OTKJIOHeHHsI, KBaPTUJIH, OIMUOKH MPOIeHTOB U JIp. ).

Heobxo1mnmo orMeTnTs, 9T0 Onmmcanue ciiydasi U OMUCAHHe CePUH CIIy-
YaeB, KakK [IPaBUJIO, UMEIOT HU3KHI YPOBeHb JIOKazaTelbHOCTH. lakue
MCCIIe/IOBAHIS TTPOBOJETCS OOBIMHO HPU OOHAPYYKEHHH PEJIKOrO CJIyHdast
WJIH HEeCKOJIBKUX PeJIKHUX CJIydaeB Kakoro-jnbo 3abosieBaHUsl WIN COCTO-

AHHWLA.
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8.2. KimnHu4yeckunue mccjeJoBaHUA

Kimnanyeckne ucciieiopanmust, OCHOBHOI 11eJ1bI0 KOTOPBIX SIBJISI€TCS HE
IIPOCTO OIMCAHHe OJHOIO WJIM HEeCKOJIBKUX cJy4daeB 3aboJieBaHUs WU
COCTOSIHUS, & BBISICHEHHe Pa3J/IMYHBIX NPUYHMHHO-CJIEICTBEHHBIX CBS3eld
(mexkry dbakTOpaMH pHcKa U BO3HUKHOBeHHeM 3aboJieBaHust, PUMeHs-
eMBIMH IIperapaTaMy U U3JieYeHHeM, MeTo/laMHU JIMAarHOCTHUKH U JIHarHO-
CTUYeCKUMH OMIMOKAMH M T. JI.), B CBOIO OUepe/lb, TaKyKe Pa3/esIsiioTcst
Ha JiBe MOJrPYIILI — 3KCIepUMeHTalbHble  Habimogareabise (obcep-
BallMOHHBIE) UCCJIeI0BaHus.

OCHOBHBIM OTJIMYNEM SKCIIEePUMEHTAJIbHBIX HCCJIeI0BAaHUi 0T HAbIII0-
JlaTe/IbHBIX SABJISETCS TO, YTO NP UX peasin3allii Ha UCcie/[yeMble Cyob-
eKThbl (ITallMeHTOoR, SKCIepUMeHTATLHBIX JKHBOTHBIX ) OKa3bIBAeTCsl KaKoe-
amnbo BozJelicTBIe, a MPH peajlu3aliii HabJIIoIaTe/IbHBIX UCCIIeI0BaHI
JIMIIL (PUKCHPYeTCsl pa3BUTHE CUTYAIlMH, KOTOpas HUKAK He 3aBHCHT OT
nccjieIoBaTeN st 1 ero BMelaTeJ I bCTBO BO3MOYKHO JIMIIL B KPUTHIECKHX

CHUTYyalluAX, KorJla ITalflieHTaM I'PO3HUT OIIaCHOCTD.
DKC InepuMeHTa/IbHbI€ KIIMHUYECKHE M CCJIEJOBaHUA

DKCIEePUMEHTAIBHBIE UCCIIEOBAHNS OOBIMHO ITPOBOJISITCS IIPH U3Y-
YeHHH Pa3JIMYHbIX MeTOJOB JledeHus (IIperaparhbl, cXeMbl JIeUeHHs], XH-
pyprudeckue MeTojbl U T. J.). JlanHble ucciie/lopanus, KaKk MpaBuio, He
SABJIAIOTCA JUCCePTAIIMOHHBIMU, TaK KaK HX IPOBeJeHne, KaK ITPaBuIo,
TpebyeT JIOBOJILHO CYIIECTBeHHBIX BPEeMEHHBIX M (DHHAHCOBBIX 3aTpar.
[Tpu sToM sKcIepuMeHTAIBHBIE KIIMHHYEeCKHe HCCIe/I0BAHISA MOT'YT ObITh
PaHJIOMHU3UPOBAHHBIMU WJIH HePaH/IOMH3UPOBaHHBIMH.

1. HepanjomusupoBanabie sKcIiepuMeHTa/IbHbIe KJIMHHYeCKHe UCce-
JloBaHus. B 1esioMm JaHHbBI THIT HCceI0BaHUs JOBOJIBHO CYIIECTBEeHHO
yeTylaeT 110 YPOBHIO JOKa3aTeJIbHOCTH PaH/IOMU3HMPOBAHHBIM 3KCIEPH-
MEHTAJTbHBIM KJIMHUYeCKUM HCCIIeIOBAHUSIM, OH MOYKeT UMeTh MeCTO B
TexX ciIydasx, KoIjia, HalpuMep, paH/I0MU3allus HeBO3MOKHA.

Juzaiin HepaH 0 MU3HPOBAHHOIO 3KCIIePUMEHTATBLHOIO KJINHHYeCKO-

ro ucajieJJoBaHuAd JJOBOJIBHO IIPOCT. Ha6npae’rcsi JABe MaKCHMaJIbHO OJ/IH-
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HAKOBbIe (110 MOJIOBO3ZPACTHOIl CTPYKType, 10 cTelleHH 3aboJieBaHUsI
U T. J.) TPyIIBI HaiuedToB. [lepBas rpymma moJydaer oJMH Iperapar,
OJIHY CXeMY WIH XHUPYPIHYecKUil MeTo/I JIeYeHHs, a BTopas I'pyIa — BTO-
poii mperapar, BTOPYIO CXeMy WJIH XHPYprudecKuii meros jedenns. [lo-
JIy9eHHBIe pe3yJIbTaThl JIedeHusl (9HCI0 U3JIeYeHHBIX MallleHTOB, HeKe-
JIaTeJIbHBIX PeaKIil, CMepTe/IbHBIX HCXOJIOB, H3MeHeHne JIabopaTOPHBIX
JIAHHBIX | T. JI.) CPABHUBAIOTCS. BbIsIBJIeHHBIE pa3Myis MOIYT ObITH MH-
TepIpeTupoBaHbl Kak 6oJbinast 3¢ deKTHBHOCT TO WIH MHOH CXeMbl
JIe1EeHUS.

Huskwuit ypoBenns JlokazaTe/bHOCTH JAHHBIX MUCCJIEJIOBAHAN CBA3aH C
TeM, 4TO KaK caMM HaIlMeHThl, TaK U HCCJIeJ0BaTeJ Il MOTYT, JlayKe Heco-
3HATEJIbHO, CMEeNIATh Pe3YJIbTaThl HCCIIeI0BAHNS, IIPUBO/IA K CHCTeMaTH-
YeCKUM WIHN CJIyYailHbIM OMMOKaM. DTO MOYKeT MPOHCXOIUTH Ha dTalle
dbopmupoBanms nccseyeMbIX UPYII, HAIIPDEMEp, KOTJIa B OJHY TPVIIILY
BKJIIOYAIOTCH TIAIMeHThI ¢ 60Jiee JIETKON CTeleHbI0 TIXKeCTH W3HAvaAJIb-
HOI'O COCTOSIHHS. [aKyKe CMeIeHHe Pe3YJIbTATOB MCCJIeOBAHUS MOYKET
IIPOUCXOJIUTHL Ha 3Talle OIEHKH Pe3yJIbTaTOB JIeUeHHs, HallpuMep, Kor/ja
Bpad, 3Hasl, KakKas I'pyIIa HaIeHTOB IIoJIyvYaeT HOBBII HcCCie1yeMblii
npernapaTt, MO)KeT MHTepIpeTHPOBaTh He3HAUNTe/IbHble N3MEeHeHUs Kak
VIIYHIIIeHHe COCTOSHUS HaleHTOB.

Heobxomumo ormernts, 9to 10/106HBIE HCCIe0BaHIST TPeOYIOT HC-
MOJIB30BAaHUS yIKe He TOJBLKO OITNCATeJIbHBIX CTATHCTHYECKHX ITapaMeT-
POB, HO U METOJIOB CPABHHUTEJILHOI CTATHCTHUKH, YTO HO3BOJISIET CBHJIE-
TeJIbCTBOBATH O CTATHCTUYECKH 3HAUNMBIX Pas3/IndUsaX MeK/Iy I'PyIIIaMu
B IIpoliecce WIN B KOHIE uccienopanus. [I[pumenenne 1nomobubix mero-
JIOB TI03BOJISIET MCCJIeIOBATENIAM c¢/leslaTh 3aK/II0YeHne O NPUYNHHOCTH
WIH CJIYYIAHOCTH U3yYaeMbIX MeIUIMHCKUX 3aKOHOMEPHOCTeil.

2. PanjioMusupoBannble sKCIlepuUMeHTAIbHBIe KINHHYeCKHe UCCIe 10~
panus. PanjoMusnpoBaHible sKCIepuUMeHTAIbHbIe KIHHUIeCKHe HCCie-
JIOBaHUS NPU3BaHbl YCTPAHUTh OJIHY U3 BO3MOXKHBIX INPHYHH CMEIeHHs
Pe3yJILTATOR JIeYeHUs — HEeCOIIOCTaBUMOCThb MCCJIe IyeMbIX IPYIII HallieH-

TOB. HOTQHIH/IEUII:HOQ CMellleHHe pe3yIbTaTOB HCCJIe/IOBaHWA, CBA3aHHOe
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¢ JIaHHOI1 IPUYHMHOI, yCTpaHseTcs: ¢ OMOIIBIO TPoIlecca PaHIOMU3AIIIH.
Panjomuszaims siBiisiercst MeTOI0M pacipe/iesieHus allieHToB Ha TPyIi-
bl U 3aKJI0YaeTcss B TOM, YTO MAIlHeHThl PaclpeesisioTces Ha TPYIIIlbl
MaKCHMaJIbHO cJjlydaitno. Hallle Bcero MCnoJib3yloTesi TPH OCHOBHBIX Me-
TO/la paHIOMU3AINK: TabJMIBl CIIydaiiHBIX YucesI, MaTeMaTHIecKue aji-
rOPUTMBI TeHepaTOPOB ICeBI0CIyYallHbIX Yucesl U (pu3nydecKue crocobbl
paHIOMHU3aIMH, TaKHe KaK MOHeTKH, yKepebbeBKa U JIp.

3. Panpomuzuposannble 11anebo-KOHTPOJIUpYeMble 3KCIIepIMeH-
TaJibHble KJIMHHYeCKHe HCCIe/l0BaHus. PanjoMusnpoBaHHble IL1anebo-
KOHTPOJIMpYeMble 3KCIlepUMeHTaJIbHbIe KJINHIYeCKue UCCJIe/I0BAHH SB-
JISIOTCS. 30JI0TBIM CTAHJIAPTOM KJIMHHYECKHX HCCIeJ0BAHHIT M HMeIoT
HAUBBICIIINI yPOBeHb JloKazaresbHocTH. [lo10bHbIe neceseoBanns moMu-
MO paH/IOMH3allMH BKIIOYAIOT ellle J(Ba BayKHbIX acleKTa — ydacTue KOH-
TPOJILHOI TPYIIILI U MeTOJI OCJIeIJIeHUS.

[Tomunmo o1HOI MM HECKOJIBKHX HCC/Ie/yeMbIX TPYIIIl, KOTOPbIe MOJIy-
4al0T pa3IudHble SKCIepUMeHTAIbHELIe CXeMbl JIeYeHHs], B HCCJle /I0BaHue
BKJIIOUaeTCsl KOHTPOJIbHAS IPyIIla HallieHToB, KoTopas HoJIydaeTr Jinbo
mwiane6o, Jmbo yrKe M3BECTHYIO M IMUPOKO NPHMEHSIeMYIO CXeMy Jiede-
nus. Ecom B npoliecce necsieoBaHust N3y9aloTcest MallieHThbl, COCTOSTHIe
KOTOPBIX MOYKET YI'POZKaTh UX JKU3HU U 3/I0POBBIO, TO, €CTeCTBeHHO, T1J1a-
11e60 B TaKoM cJjiydae He MpUMeHsIeTCsl, a KOHTpOJIbHasl IpyIila JI0JZKHA
HOJIy9aTh MU3BECTHYIO IIMPOKO UCIIONIBL3YeMYIO cXeMy JedeHus. Ecin xe
U3Yy4aloTCs MallMeHThl, COCTOSHIe KOTOPBIX He SABJISeTcs KU3HeyTrpoXKa-
IOIIUM, TO HPeIIOYTUTEILHO TpUMeHeHne 11aiebo.

[Lnanebo — myussk npenapara nim Habopa Ipernaparos, 110 OpraHo-
JIEIITHYECKUM CBOICTBAM CXOXKHUX € IpelapaTaMi, KOTOPbe MOJIyYaloT
ncesiejlyeMble TPYIIIbLI TAIIHeHTOR, [IPU 9TOM JIAHHbIe BelllecTBa He OKa-
3BIBAIOT HUKAKOrO (papMaKoJIOrH4ecKOTo U TepaleBTudecKoro addekra.

Meros ocrienienusi 3ak/o9aeTcss B UCKJIIOUeHUH TIPeJB3ATOr0 OTHO-
HIeHHs K COCTOSHUIO caMUX TMallHeHToB U ucciaegoparesei. Ocieruienue
MOKeT ObITh IPOCTBLIM, JIBOITHBIM M TpoiiHbiM. [Ipu npocrom ocierne-

HUHW IIallHeHTYy He COO6III\EIQTCH, KaKoi 13 HcaiaelyeMbIxX IperapaToB H/IH
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wianebo on nosy4daer. [Ipu jgpoitHoMm ocutersiennn 06 3ToM He 3HAIOT HH
HAIUeHT, HU CIeIHAJIICT, KOTOPBIl HeIIOCPEe/ICTBeHHO OIIEHUBAET Pe3yJlb-
TaT JIedeHHs, IPU TPOIHOM OCJIeIJIeHHH 00 3TOM He 3HAIOT HU ITallHeHT,
HH UCCIIeI0BATE]b, HU CIEIIHAJIUCT, KOTOPBIH HEIOCpe ICTBeHHO OIleHUBa-
eT Pe3yJIbTAThI JIeIeHHSI.

4. PamjommnsnpoBanHble HEKOHTPOIMPYeMble 3KCIIepIMeHTAJIbHbIe
KJIMHHYecKHe uccyejopanns. Jlanaplii THIT Heese IoBaHuil OT/IHYaeTcss oT
HpeJbLIYIIero JIMIIbL TeM, YTO B HeM He yYacTBYeT KOHTPOJIbHas I'pyIIia
U COOTBeTCTBEHHO He MPHUMeHsIeTcsl MeToJ ocjieiuienus. B cBaszm ¢ stum
YPOBEHb JIOKa3aTeJIbHOCTH JIAHHBIX HCCJIEIOBAHUI CYIIECTBEHHO HUXKe,
YeM Yy PaHJI0MH3UPOBaHHBIX KOHTPOJIHPYEMbBIX 9KCHEePHUMEH TAIbHBIX KJTH-
Hu4Yeckux ucesegopannii. [Tostomy K jganHoMy Ty mccseoBanmii 1o

BO3MOZKHOCTH JIy4Ille He le’l6€FaTI>.

Hab6monarenbHble (0G6cepBallMOHHbIE) KJIMHUYECKHE HCCIIe-
JOBaHUS

B szaBucumocrn or Toro, uro Hepercsi 3a ocHoBy (OpPMHUPOBAHMS
ncesie/lyeMbIX TPYIIl, HeKOMOMHHpOBaHHBIe HabuoaTesibube (obcepBa-
IIOHHBIE) UCCJIeI0BAHUS [0/[Pa3/IeJIAI0TCs Ha MCCIIeIOBAHUS «CoIydaii—
KOHTPOJIb», KOTOPTHBIE U KPOCC-CeKIIMOHHbIE.

1. Uccnenopanne «ciry4aii-KOHTPOJIb» — HCCJIeI0BaAHUE, IIPU KOTO-
POM H3ydYaeMble PPYIIILI HAIEeHTOB HabNpaloTes 10 cJie/1yI0IeMy IIPHH-
nuity. B rpymny I BxonsT nanuents:, nMeromne uzydaemoe 3abojieBanne
WM cocTosinme (rpynmna ciydaes), B rpymiy 11 — namuenTst, He nMeromnue
n3yvaeMoro 3abosieBanus WK coctosguus (rpymnma Kourpos ). [locse na-
H6opa rpyIi y HaleHTOB BBISCHSIOTCS HaJMYne U3ydaeMblX (haKTopoB
PUCKaA U IPOU3BOJMTCS OIeHKA HAJIMYUsA JIAHHBIX (DAKTOPOB B TPyIIIe
cilydaeB W rpyliie KOHTpoJiss. JlaHHoe mccsie/ioBaHue SIBJISIOTCST PeTPo-
CIIeKTHBHBIM, TaK KakK (hakT HACTYILUIeHUs 3a00/IeBaAHNS N3BECTeH, BIIHSs-
Hue GHakTOpPOB pHCcKa 3a(pUKCHPOBAHO yXKe Ha dTalle Hadajla HCCie10Ba-
HUSI, a UCCJIe/IoBaTellb TOILKO cobupaer 3Ty HH(MOPMAIHIIO.

Hecen e/lIoBaHHe «cj1yva 1—KO HTPOJIbL» HMeeT CJIe/IYIOIIHe JJOCTOMHCTBa:
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1) YHCJIO BKUIIOYeHHBIX B HCCJIe/JOBaHHe JIUI] HaMHOI'O MeHbIIle, JeM B

KOI'OpTHOM HCCJIeJOBaHHH;

2) HHU3Kasd CTOMMOCTL B CBA3HM C TeM, YTO HeT HQO6XO,'II/IMOCTI/I J0JITO

Ha6JI}0,.‘IaTI: BOJIBIIIOe YHCIIO uccaie/1yeMbIx;

3) pesyuasraThl MOTYT OBITH W3BECTHBI HPAKTHIECKH Cpa3y 110CJIe T10-
JIy9eHHSs JIAHHBIX, HeOOXOMMO TOJILKO BpeMsl Ha MX CTATHCTHYe-
CKYI0 06paboTKy;

4) MOXKHO OLEHHTH CBs3b MeXKJy 3abojeBaHHeM U HPaAKTHIECKH

HeorpaHuYIeHHBbIM YHCJIOM d)a KTOpPOB pHCKa.
HGILO CTaTKH HCCJIeJOBaHHA I10 THITY <«CJy4a n— KOHTPOJIb» !

1) MOZKHO HOJIYIHUTH JIMIIb HpI/I6JII/DK€‘HHy 10 OIIeHKY ITOKa3aTeJid OTHO-

CHUTeJIbHOT'O pPHCKa B BH/Ie ITOKa3aTeJId OTHOIIIeHHA INIaHCOB;

2) MOXKHO OIIeHUTH Bo3/leiicTBre (haKTOPOB PHCKa TOJIBLKO Ha OJHO 3a-

HosleBaHNe WIN COCTOSTHHE.

2. Koroprusle ucesiesiopannst — HCCie0BaHUsA, [IPH KOTOPBIX H3Y-
JaeMmple TPYHILI MAIlHeHTOB HaOUPAITCs 110 CJIe/IYIONeMy HPUHIHILY.
B rpymny 1 Bxogar nanuments, He nMmeomme u3ydaeMoro 3abosieBaHus
WM COCTOSIHHUS, HO MMeIOIIue u3ydaeMblii dpakTop pHcKa (3KCIOHHPO-
BaHHas rpymmna), B rpynmy Il — mampenTsl, Takzke He MMelONe H3yda-
eMorTo 3aboJieBaHNs MM COCTOSTHUS, HO He UMEIOIIHe ellle U U3y4daeMblil
daxTop pucka (HesKcHoHMpOBaHHAS TPYIIIA).

Kak npaswio, Koroprasle ncciie/1oBaHust aCCOMUUPYIOTCSA € IIPOCIIEK-
THUBHBIM THIIOM HCCJIeJIOBaHUN, KOTjla Iocje Habopa TIpyIIl HallHeHThbI
HabJII0/1aI0TCS KAKOe-TO BpeMsl (3aBUCHT OT U3ydaeMoro 3aboJieBaHus 1
MOKeT COCTABUTH JIeCATKH JieT) U B KOHIIe HCCJIe[0BAHUS IPOU3BOJIUTCS
OIeHKa YaCTOTHI Pa3BUTHs H3ydaeMoro 3abosieBaHUsl WIH COCTOSIHUA B
SKCIOHUPOBAHHOII U HESKCIIOHUPOBAHHON Tpymax mnaiueHToB. OHako
KOTOPTHBIE MCCJIEIOBAHUS MOIYT IPOBOJUTLCS PETPOCIEKTHBHO, KOT/IA
MCXO/IbI TIAIIMEHTOB yrKe U3BeCTHBI, HO (DOPMUPOBaHHEe IPYIII TeM He Me-

Hee OCYHIeCTBJ/IAeTCH 110 IIPUHITUITY HaJIu1dIuA WIH OTCYTCTBHA Cl)aKTOpOB.
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ECTQCTBQHHO, KOrropTHOe uccjie/jopaHue TakKzKe HMeeT CBOM JIOCTOHH-

CTBa U HeJJIOCTaTKH. OcnopHbIe JAOCTOHHCTBa KOI'OPTHBIX HUccJ1eI0BaH Uil

1)

2)

KOTOPTHOE UCC/Ie/IoBaHne — eJINHCTBeHHbI c11ocob MCTUHHOIT OIeH-
KH OTHOCUTEJILHOTO pucka. OTHOCUTEILHBINH PUCK — YHCJIOBas Xa-
pPaKTepHUCTHKA, TO3BOJIAIONIAA OIEHUTh CHIY CBA3M MEKJIy BbIpa-
JKeHHOCTBIO (paKTOpa pHCKa ¢ 9acTOTO pasBuTHs 3abosieBaHus —
MOYKeT ObITh paccuuTaH TOJILKO IHPH IPOBEJIEHNH KOTOPTHOIO HC-
cuepopanus. [Ipu nposeiennn ucceseloBanus «cJiry4gail-KOHTPOJIb»
JIaHHBII ITOKa3aTe b PacCYUTATh HeJb3s, PACCUNTHIBAETCS TOJIBKO
oTHoIleHne MmaHcoB. B ciyuae peaxkux zaboseBaHuii oTHOIIEHHe
IAHCOB JlaeT MPUOIN3UTebHYIO OIeHKY (XOTs, KaK HpaBuio, Jo-

BOJIBHO TO‘IHyIO) OTHOCHTEJIBbHOI'O PHCKa;

HMeeTCs] BO3MOYKHOCTD OIEHKH BIIUSIHUS H3y4daeMoro hakTopa puc-
Ka Ha pasym4Hble 3aboseBanns win cocrogaus. B npomnecce nabirio-
JIGHHsI MOTYT Pa3BUTHLCS He TOJILKO H3ydaeMble 3ab0/ieBaHUS WIH
COCTOsIHUS, HO U JIpYTHe, BO3BHUKHOBEHHEe KOTOPBIX He IpejroJiara-

JIOCh B HavaJie Uccjie/JJOBaHnA.

HQ,ILOCTEITKI/I KOI'OpTHBIX I’ICCJIQ,U,OBEIHI/II‘/’II

1)

2)

YUCJIO0 BKIIIOYeHHBIX B HCCJIeI0BaHIe JIUIL JOJZKHO OBITh 3HAYHTeIh-
HO 6oJIbIIIe, YeM YUCJIO MAIHeHTOB ¢ n3ydaeMbIM 3abosieBanneM (xa-
pakTepHO JUIsl NPOCHeKTHBHBIX KOrOpTHBIX uccieosanuii). Heco-
MHEHHO, He y BeeX, KTo Oy/leT y4acTBOBaTh B UCCJIeI0OBAHUH, Pa30-
BBETCsl H3y4daeMoe 3aboJieBaHme, I03TOMY HeoOX0/ MO BKIIIOYATH B
uccjeoBanne 6oJbIilee KOJIMYeCTBO YeJI0BeK, JIJI TOrO 9TOObI KO-
JIMYeCTBO THAIMeHTOB ¢ PasBUBIIMMCH 3abojieBaHneM TakyKe OBLIO
IIPHEeMJIeMBbIM;

BBICOKAsl CTOMMOCTD MCCJIeJOBAHUS U3-3a TOTO, YTO IPUXOJIUTCS HC-
cJie/1oBaTh OOJIBINIOe YHCIIO JIOEH B TedYeHHe MPOJIOJIKHTEeIHLHOIO
BpeMeHH (XapaKTepHO JIJIsl IIPOCIIeKTUBHBIX KOTOPTHBIX HCC/Ie/10Ba-
HUi1): u3ydaemble 3a60JeBaHUs MOTYT pa3BUBATLCA T'OJAMH U Jle-

CATHJIeTHAMM;
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3) pesysabTaThl JOJT0e BpeMsl OCTAIOTCS HeM3BeCTHBIMH (XapaKTepHO
JUISL TIPOCIIEKTUBHBIX KOTOPTHBIX MCCJIE0BAHUI); OHU CTaHyT H3-
BECTHBI TOJILKO B KOHILE UCCJIe/IOBaHUS;

4) MO3BOJIAIOT OLEHHThL CBA3b MeXKJly 3abojieBaHHeM U BO3JeicTBHU-
eM OTHOCHTeJIbHO HebouibIoro yucia ¢gpakTtopos (olpejesieHHbIX B
HavaJe UCCyie/[0BaHus).

3. Kpocc-ceknmonnnie (monepeunnie) uccjieoBaHus — HMPOBOIATCS
OJIHOMOMEHTHO JJIsl BBISICHEHUS PAcIpPOCTPAHEHHOCTH (PAKTOPOB PHCKA
n ucxon0B. Heobxomumo orMeTurs, 9T0 JJanHOe Uccie/loBaHle, Kak I1pa-
BIWIO, He IIPOBOJUTCS JUIsI BBIICHEHHsI NPHUYUHHO-CJIEJICTBEHHOH CBA3U
MeXKIy (pakTOpaMH pHCKa, JiedeHueM, UCXojaMu U T. JI.

4. UccnenoBanne BpeMeHHBIX CepHil — 3aKJI0YAeTCs B U3Y9eHHH OJ1-
HOIl TPYIIIBI NAIMEHTOB, ¢(pOPMHPOBAHHON 110 KAKOMY-JIMOO HPHUHIMILY,
B ;mHaMuke. Kak npasuiio, nocse dpopMupoBanus JIaHHONH IPYIIIBI 060-
3HAYAIOTCS KOHTPOJIbHBIE BpeMeHHbIe TOYKH (pa3 B HeJes0, Mecsll WK
roj1), Korjia naleHThbl BHOBb 06CJIe IyIOTCs, U Hecje0BaTelb MOJIydaer
0 HHUX HOBBII Habop JaHHBIX. B jlajbHeiimem uccseoBaTesieM mpuMe-
HSAIOTCS CHeIUATN3UPOBaHHBIE CTATHCTUYECKHEe MeTOJIbI, TTO3BOJISIONINe
YCTAHOBHTHL Pa3jiniusl B JMHAMHUKe H3ydaeMbIX [oKazaTeJeil (mapHble

MeTO/Jabl HJIM MeTO/Ibl ITOBTOPHBIX HBI\‘IepeHHﬁ).

3amaHus 1Jisi CAMOCTOSATEJIbHON paboThI

1. ITpuBeguTe IpuMep, KOTOPBII TOKA3BIBAET, UTO 15 AU3alHA «CiIydai—
KOHTPOJIb» HEBO3MOYKHO KOPPEKTHO PACCUHTATH OTHOCHTEJILHEIT puck. MoxkHo
JIM JIJIs1 9TOTO JU3aiiHa KOPPEKTHO paccuuTarh oTHomleHue mancos? [louemy?

2. IlpoBogurest KIMHUYECKOE HCCIIEOBAHUE PE3VIBTATOB 9HJIOBACKYIISIP-
HOIl KOppPeKIMHN cTeHosa mnodednoil aprepun. CcopMmMupoBaHo jiBe IpyHIBL B
rpylie HecjleJOBaHUsI MallHeHTaM ITPOBOANTCS AHMHOILIACTHKA, B TPYIIIEe KOH-
TPOJIsl TAIHEHTHI TOJIYYal0T TOJLKO MEIHKAMEHTO3HYIO Teparuo. B rpymnmy
HccieIOBaHUs TONAJM MalieHTsl co creHosoM 6ogee 70 %, a rpymnmy kow-
TpoJisi — ocTaBIHecs naimyeHTbl. MoXKHO JiI1 Ha3BaTh JJaHHOE HCCJIeOBAHHE

PaHIOMU3UPOBAHHBIM !
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