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HOACHUTEJIBHASA 3AIIMCKA

ONeKTpoHHbIH yueOHO-MeToguyeckuii komiuiekc (OYMK) mno yueOGHOU
aucuIuinHe « CTaTUCTHYECKUE METOJIbI B T€OJIOTMMY MPEJCTaBIsIET COO0N KOMILIEKC
CUCTEMATU3UPOBAHHBIX YUEOHBIX, METOAMYECKUX M BCIIOMOTATEIbHBIX MaTepUaJIOB,
MpeIHa3HAYEHHBIX ISl UCIIOJIb30BaHUS B 00pa30BaTEIbLHOM MPOIIECCE CIIEHUATBHOCTH
1-25 02 71 Pa3paboTka W 3KCIUTyaTalus HEPTSIHBIX M Ta30BbIX MECTOPOXKIACHHM.
OVYMK pa3paboTaH B COOTBETCTBUHU CO CJIEIYIOUIUMU HOPMATUBHBIMU JJOKYMEHTaMHU.

1. TlonoxxenueM 00 y4yeOHO-METOJUYECKOM KOMILJIEKCE HAa YPOBHE BBICILETO
oOpa3oBaHus, YTBEPXKJACHHOM IIOCTaHOBJIEHMEM MuHHCTEpCTBA 00pa3oBaHUs
Pecny6nuku benapych ot 08.11.2022 Ne 427,

2. TpeboBanusimMu OO6pa3oBaTeIbHOTO CTaHAapTa Bbicuiero oopazoanuss OCBO
OCPb 1-51 02 71-2016. IlepenoaroTroBka pyKOBOASIIUX pPAOOTHUKOB U
CIEIUAJIUCTOB, MMEIOIIUX BbIcHIee oOpa3oBanue. CrenuanbHOoCcTh: 1-5102 71
Pa3paboTka u sKkcrutyatanys HeQTSIHBIX U Ta30BbIX MecTopoxaeHui. Kanudukamms:
I'opHbIii UHXKEHED

3. YueOHO-TeMaTUYECKUM TJIAHOM MEPENOATOTOBKY B COOTBETCTBHH C THTIOBBIM
y4eOHBIM TUTAHOM TepenoAroToBku, yreepxkiaeHHbM 01.06.2021, peructpanroHHbIM
HoMmep Ne 110. CneumanbHocTh (koj v HauMeHoBaHue) 1-51 02 71 «Paspabotka u
AKCIUTyaTanusi HEPTIHBIX W Ta30BbIX MecTOpoxiaeHui». Kpamuduxanus ropHbiii
UHKEHEP

JlaHHBIE ~ JIOKYMEHTBl  MPEAyCMAaTPUBAIOT  MOJYy4YEHUE  CIIyLIATEIsIMU
TEOPETHYECKUX W MPAKTUYECKHX HABBIKOB CTATHCTUYECKOI'O aHajin3a HaHHBIX B
r€0JIOTMHU; OCMBICICHHE IOKa3aTesled, XapaKTepU3ylOLIUX MHOTOMEpHBIE [aHHBIC;,
ycBoeHHe (OpM U METO/IOB aHAJIU3a JAaHHBIX, MPUHATHAE TPAMOTHBIX CTATUCTHYECKUX
pemieHuii. B 1mokymeHTax 3ajokeHa 3afada (OpPMHUpOBAHUS Y  CIyLIaTesnei
npodeccuoHaIbHBIX U JIMYHOCTHBIX KOMIIETEHIIMHA B 00JIaCTM aHaAIM3a JaHHBIX B
r€OJIOTUH.

B PecnyOonuke bemapych ¢ pasButheM IUEGPOBON IKOHOMHUKH BO3pacTacT
KOJIMYECTBEHHAs] M KaYeCTBEHHAsl MOTPEOHOCTh B MOATOTOBKE KBATU(UIIMPOBAHHBIX
CHEIUANKNCTOB, YMEIONUX padboTaTh ¢ NaHHBIMH. CiIyIaTesisiM He0OX0 UMbl 3HAHUS U
NPAKTUYECKME HABBIKK B O00OJACTH aHaiIM3a JaHHBIX, HX KJIaCCU(PUKAIINH,
YCTaHOBJICHHSI B3aMOCBA3EH MEXAY Pa3IMYHbIMU M€OJOTMYECKUMHU OKA3aTESIMU.

[lenbto 2JIEKTPOHHOTO Y4€OHO-METOJIMYECKOro Komiuiekca «CTaTUCTUYECKUE
METOJbl B T€OJOTHH» SBISETCS OOECleYeHHEe TEOPEeTUUYECKOW U MPaKTUYECKOU
MOJIFOTOBKU CJIyIIaTeNeH, aKTUBU3ALMU UX Y4eOHO-TI03HABATEIBHON AESITEIbHOCTU
[0 BONpPOCAM CTAaTUCTUYECKOIO aHajiW3a JAaHHBIX B TEOJIOTMHM, pa3BUTHE
npo¢hecCHOHaTBbHO-TUYHOCTHBIX KOMIIETEHIIMN B TaHHO c(epe, COBEpLICHCTBOBAHUE
YMEHHM 1 HABBIKOB CAaMOCTOSITEIbHON yueOHOU padOThI.

OVMK cnocoOCTBYeT yCHEIIHOMY OCYIIECTBICHUIO y4eOHON JeATeIbHOCTH,
JaeT BO3MOXKHOCTh IUIAHMPOBaTh M  OCYLIECTBIIATH paboTy oOydaromiuxcs,
o0ecrneurBaeT pallMoOHAIbHOE paclpeeseHne y4eOHOTO BpEMEHU TI0 TeMaM yueOHOH
JUCLUIUIMHBI ¥ COBEPIIEHCTBOBAHNE METOAUKH ITPOBEACHMS 3aHIATHIA.

3aayaMu y4eOHO-METOAUYECKOr0 KOMIUIEKCA SIBIISIFOTCS:
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—  packpbiTue TpeOOBaHUW K COACPKAHUIO Y4YCOHOM  JAUCIUTLIMHBI
«CraTtucTuYecKue METObI B T€OJIOTUN Y,

— o0ecrnieyeHHe YCHEIIHOIO YCBOEHHE TEOPETHYECKOro Marepuaia IIo
JUCLHUIUINHE,

— aKTyaJIU3UPOBAHHBIE HCIOJIB30BAHUS TPAJAULMOHHBIX (OpM U METOJI0B
KOHTPOJISI 3HAHUI U CTUMYJIMPOBATh MHHOBAIMOHHBIE MOJXO0/IbI K IPOBEPKE U OLIEHKE
3HAHWUM, YMEHUU U HABBIKOB CIIyLLIATEIICH;

— IOBBILIEHNE YPOBHSI TBOPYECKOW aKTUBHOCTH CITyIIATENIEN YEPE3 BHINOJHEHHE
Pa3TUYHBIX BUIOB TBOPUYECKUX 3aJIaHUN U TPOOIEMHO-TIOMCKOBBIX 3a]1a4.

B cTpyKTYypHOM OTHOILIEHUHU 3JIEKTPOHHBIN y4eOHO-METOIMYECKHI KOMILUIEKC
«CTaTUCTUYECKUE METOJIbl B TEOJOTMW» BKIIOYAeT B ce0sd 4YeThlpe paszzena:
TEOPETUYECKNN, MPAKTUUECKUN, pa3/iesl KOHTPOJIS 3HAHUM, BCIIOMOTaTEIbHBIH.

Teopemuueckuti pa3fgen CONEPKUT OCHOBHBIE IOJIOKEHHsS, BBIHOCUMBIE Ha
JIEKLIUU, U BKIIIOYAIOMIMK B ce0s 4 TeMbl, IpeIHa3HAYeHHbIX JIJISl ayIUTOPHOU PabOThI
c caymarensiMu (Jiekiuu npenogaBatens — 10 vaca). 3nech ciaymaTeny MmoxyyaroT
IOpEACTaBIECHUE METOAaX MHOIOMEPHOIO CTAaTHCTUYECKOI'O aHajln3a [aHHBIX, a
MMEHHO: TPEIBapUTEIbHOM aHAJIN3E€ JAaHHBIX, MPOBEPKE CTATUCTUYECKUX THUIIOTE3,
KJIACTEPHOM  aHalIu3€, MJUCIEPCUOHHOM aHalIu3€, KOPPEJSIMMOHHOM aHAJIMU3E,
PErpecCMOHHOM aHain3e. MaTtepuan K JEKUHSIM MO3BOJISIET TAKKE COPUEHTHUPOBATH
CIyLIaTeNssM B MOHATUHHOM anmnapare CTaTUCTHYECKUX METOJ0B, OCMBICIUTh HX
OPUMEHEHHE B TMPAKTUYECKOM JAEATEIbHOCTU.  Takke NPUBOAUTCS MaTepua,
[IPEAHAa3HAYCHHBIN JJIs1 CAMOCTOSITEIBHOIO U3YUECHUS CIIYLIATEISIMU.

B kaxmoil Teme mpencrtaBieHbl HanOOJEe BaXKHBIE MOJIOXKEHUS TUCIMILIAHEI,
no3BoJigtonIue Oosiee rayOOKO IMO3HATH METOJbI HCIOJIb30BAaHUS CTATUCTUYECKUX
MeTo10B. [Ipu MoAroToBKE TEOPETUUECKOM YaCTH UCIIONIb30BAJIACh yueOHasl U Hay4yHas
JIuTepaTypa u3 00JaCTH CTATUCTUYECKOTO aHANN3a JIAHHBIX.

HestenbHOCTh B chepe MHPOPMAITMOHHBIX TEXHOJIOTHI U MPOTrpaMMHUPOBAHUS
paccMaTpuBacTCd B KOHTEKCTE TpYyIIIOBOM, a WHOTAAa W WHIWBUAYAJIbHOU
nesTenbHOCTH  cyObekta. IloarotoBka crenuanmucta B 00JacTH  T'EOJOTUU
ONpeAesaeTCsl C OJHOW CTOPOHBI MNPAKTUYECKOW 3HAYMMOCTBIO CTATUCTUYECKOTO
MaTeMaTUYECKOro ammnapara JJjisl HW3y4YeHUs BCEX AUCLMIUIMH CIIENUaIA3aluu, a C
JIPYTOU CTOPOHBI — TOU POJIBIO, KOTOPYIO UTPAET MaTeMaTUKa B COBEPIICHCTBOBAHUU
o0mieit KYJIBTYPBI MBIIUICHUS U (dopmMupoBaHus MHPOBO33PEHUS.
Oo6menpodeccnoHabHBIN Oarak OyIyIIMid CIENHUATUCT B OOJACTH TMPUKIATHON
MaTeMaTHKH MOKET MPHOOPECTH TakKe depe3 TOT MaTepuai, KOTOPbIHA Oompesenser
MECTO CHEIHaIUCTa B €ro Npo(ecCUOHAIbHON AEATeIbHOCTH U (POPMUPOBAHUU IS
HEro JMYHOCTHBIX CBOMCTB M KAayeCTB Kak cremnuanucra aaHHou cdepe. Takas
NEeSATENBHOCTh TPEOYET HE TOJIBKO TEOPETHYECKHX OCHOB CTAaTUCTHUYECKOIO aHajau3a
NAHHBIX, HO M IIPAKTMYECKUX HABBIKOB HX HCIIOIB30BAHUSA B  Pa3JIMYHBIX
HaIIPaBJICHUSX, ITOCKOJIBKY JTAHHBIE METObI SIBJISAIOTCS OCHOBOW MHTEIJIEKTYaJIBHOTO
aHaln3a JaHHBIX U MAaITMHHOTO O0yUYeHUsI.

Ilpaxmuueckuil pa3zoen BKIIOYAET B c€0s B COOTBETCTBUU C YYEOHBIM IJIAHOM
JUCLHUIUIMHBI 8§ 4acOB NMPAaKTUYECKUX 3aHATHHA. Kaxkmasg Tema 3aHATHS COCTOMT W3
NepeYHs 3alaHui JJI1 TUCbMEHHOIO KOHTPOJIS 3HAHUM (YPOBEHb BOCIPOU3BEICHMUS ),
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3aIaHUN TBOPYECKOIro XapakTepa (YpOBEHb NPUMEHEHMs] 3HAHUN Ha MPAKTHUKE).
JlaeTcsi CIMCOK OCHOBHOM M JOMOJHUTEIBHOW JIUTEPATYPHI JJIsI CAMOCTOATEIBHOTO
u3yueHuss U Oonee rayOOKOM TMOATOTOBKM K TMPAKTHUYECKUM 3aHsATUsSM. JlJis
dbopMupoBaHusT yMEHUW W HABBIKOB CTAaTHCTUYECKOIO aHalv3a MpeArnojaracTcs
BBITIOJTHEHUE WHAMBUAYAIBHBIX JOMAITHUX 3a7aHUui (YpOBEHb MPUMEHEHUS YMEHUI
Ha mnpaktuke). [Ipeanonararorcs paziaudHbie (QopMbl pabOThl HAa MPAKTUUYECKUX
3aHATHUSAX: YCTHBIA OMNPOC, PEUICHUE WHIMBUAYAJIbHBIX 3aJaHUil, TpyIIoBas
KOHCYJIbTallUsl U JApyrue. YkazaHHbie (OpMbI pabOThl CHOCOOCTBYIOT HE TOJBKO
YCBOCHUIO 3HAHUW M UX PENpPEeIyKTUBHOMY BOCIPOM3BEACHHUIO, HO M JaTh
CTATUCTUUYECKHUE BBIBOJIBI MO UCCIIEAYEMBIM Mpolieccam, TIIy0Ke MOHATh B3aUMOCBSI3H
MEXK]ly pacCMaTpUBAEMbIMU SIBIICHUSIMHU.

Paznen xommpons 3nanmuu TPENCTABIEH KPUTEPUSIMU OILICHOK PE3yJbTaTOB
y4eOHOU NEeSITeNPHOCTH Ciymiareined mo aucuuruiniHe «CTaTUCTUYECKUE METOJbI B
TeoJIOTUW» JUIsl CIeNMAIIbHOCTU TmepenoAroroBku 1-25 02 71 Paspabotka u
AKCIUTyaTanusi HePTIHBIX U Fa30BBIX MECTOPOKACHUMN. 3/1€Ch IPUBOISATCS BOIIPOCHI K
3adery. B 1maHHOM pasjene pasMmenieH Takke o0pasell TeCTOBBIX 3aJIaHHi,
NpeHa3HAuYCHHBIX JIJIs1 MPOBEPKH YPOBHS aKaJ€MHUYECKUX KOMIIETEHIIUM CITyIlIaTesnei
nmo jucrunianHe. OHHM  COCTaBJICHBI B JIOTMYSCKOM IIOCIEI0BAaTEIBHOCTH, MU
OXBaTBIBAIOT BCE TEeMbl yUeOHOU NUCIUIUIMHEL. [IpescTaBieHHbIe 3aaHusl SBIISTFOTCS
aBTOPCKMMH, M COCTaBJICHbl HAa OCHOBE COJIEpIKAIIErocss B Y4eOHO-METOIUYECKOM
KOMIUIEKCE MaTepuaysia K JIEKUUSIM, a TaKXe JOIMOJIHUTEIbHBIX MCTOYHUKOB,
PEKOMEHIyeMbIX aHTaM JJisi CaMOCTOSITEJIbHOTO HW3YU€HMS. 3aJlaHus BKIIOYAIOT B
ce0st:

a) KOHCTaTUPYIOIIYIO YacCTh, KOTOpAsi ONMUCHIBAET CUTYAIIHIO,

0) MpoIeAypHYIO YaCTh, COACPIKAIIYIO MPEITIOKECHHUS aHTaM BBITIOJTHUTH KaKue-
MO0 KOHKPETHBIC NeHCTBUS (MMPABIIILHO OMPEACTUTh MMOHATHE, BHIOPATh MPaBUITBHBIH
OTBET MPU XAPAKTEPUCTUKE TEPMUHOJIOTUUECKOTO TOHSATHUS U .,

B) DJIEMEHT BBIOOPHI — BapUAHTHI IS BRIOOpA MPaBUIIBHBIX OTBETOB, KOTOPHIC
dbopmynupyroTes B GopMe HCTUHHBIX WM JIOKHBIX BBICKa3bIBAHUM.

Bcnomozcamenvuuviti  pazden conepKUT HEOOXOJMMBIE JJIEMEHTHI y4eOHO-
IpOorpaMMHOM  JOKYMEHTAIlMU:  y4eOHYH  mIporpaMmMy 10  JTUCITUILIMHE
«CTaTHCTHYECKHE METO/IbI B T€0JIOTUNY YUPESKICHUS 00pa30BaHMs C MOSCHUTEIIBHOM
3aIUCKONM M COJACp)KaHWeM ydeOHoro Marepuaiia. Kpome Toro, B JaHHOM pasieie
MMEETCS JOTOJIHUTEIbHBIA MaTepuaj, KOTOPBIA MOXKET OBITh HCIIOJIB30BaH IIPH
YTEHUU JIEKUHUM, TMPOBEAECHUU MPAKTHUYECKUX 3aHIATHUI. OTOT JOMOJHHUTEIIbHBIN
MaTtepurall BKIIIOYAeT B ¢e0s: CIIMCOK UCIIOIb30BaHHBIX JINTEPATYPHBIX HCTOYHHUKOB.



1. TEOPETUYECKHWH PA3JIEJ

1.1. TemaTnuyecKkue MJIaHbI JEeKIUHI

Tema 1 MaremaTH4eckoe MOJAeTHPOBAHNE Ie0JT0THYeCKHX 00bEKTOB

['eonorunueckre 0ObEKTHI U UX CBOMCTBA. CBOMCTBA I€0JIOTUUECKUX OOBEKTOB.
OCHOBHBIE BUAbl MATEMaTUYECKUX MOJICNICH, TPUMEHSEMBIX B reosiorud. OCHOBHBIE
ATaIbl ¥ MOJENIH CTATUCTUYECKOIO AHAJIN3A.

Tema 2 IIpeaBapuTe/ibHbIN AHAJTN3 JAHHBIX

PanxxupoBannsii psa. Bapuannonssii psaa. Yactora 1 OTHOCUTENIBHAS YaCcTOTA.
[Tonuron yacrot. Kymynsura. UHTepBasibHbIN psia. ['ucrorpamma. Smuk ¢ ycamu.

Tema 3 ToyeuHnble U MHTEPBAJbHbIE OLIEHKH

Mepsl nonoxenus. Meaumana. Moga. Cpennee 3HaueHue. Mepbl pazOpoca.
Hucnepcus. CpeaHekBagpaTHueckoe OTKIOHeHHe. Mepbl ¢Gopmbl. MoMmeHTHI
CIIy4allHOW BEJIMYHUHBI. ACUMMETpPHS. DKCLECC.

Tema 4 IIpoBepka CTATHCTHYECKUX THIIOTE3

O6m1as cxema MpoBEepKH rurnote3. Bo3aMoxkHbIe OMMOKY MPU TPOBEPKE TUITOTE3.
CpaBHeHHE MaTEMaTUUECKUX OXUJAHUN B ABYX BbIOOpKax. CpaBHEHUE NUCTIEPCH B
NIBYyX BblIOOpKax. [IpoBepka rumoTe3bl O BUJIC 3aKOHOB PaCHpeIeSICHUs] BEPOSITHOCTH
reHepalibHOW COBOKYMHOCTU. KpuTepuu coriacusi.

Tema 5 /IlucnnepCHOHHBIN aHAJIN3

Yporuu dakropa. PesynpraTuBHbIM (hakTop. OHOGAKTOPHBIN TUCTIEPCHOHHBIN
anamu3. Kpurepuit @wumepa. BpiOopounslii  K03hPUIIMEHT JAeTepMHUHAIUU.
JIByX(pakTOpHBIN AHCIEPCUOHHBIN aHanW3 0e3 MOBTOPEHUN U C TMOBTOPEHHUSMH.
O6mas Bapuanus. Kputepuit ®umepa. Hemapamerpuueckuii IHCTIEPCHOHHBIN
aHaJIn3.

Tema 6 KoppeasimmoHHbIH aHAJIU3

OCHOBBI KOPPEISIITUOHHOTO aHa/n3a. BBIOOPOYHBIN TapHBIA KOAGPUITUEHT
koppersanuu. Illkana Yennoka. KoppemnsuuonHas maTpuna. 3HAYUMOCTH ITAPHOTO
Kod(puimeHTa Koppeasauuu. BeIOOpOUYHBIM YacTHBIA KOI(PGUIIMEHT KOPPEISIIUN |
€ro 3HAYMMOCTh. BBIOOPOUHBIM MHOKECTBEHHBIH KOA()(PUIIMEHT KOPPEISIUA U ero
3HAYUMOCTb.

Tema 7 PerpecCHOHHBIN aHAIN3

DOHJIOTEHHBbIE W 3K30T€HHbIE NepeMeHHble. OCHOBHbBIE MPEANOCHUIKA MOJIENIN
MHO>KECTBEHHON JMHEWHON perpeccuu. Meton Haumenblnux kBaapaToB (MHK).
AHanuM3 aJIeKBaTHOCTH JIMHEHHOMN MOJIe]IM MHOKECTBEHHOM perpeccuu. KoaddumumeHt
JETepMHUHAIIMA MOJENU. 3HAUYUMOCTh KodddummeHntoB perpeccuu. I[IpoBepka
rUnoTe3bl 00 aIeKBATHOCTU MOJIeNH B 1esioM. F-kpurepuii @uiiepa

Tema 8 KinacrepHblii anau3

N3mepenue OnM30CcTH OOBEKTOB. XapaKTEPUCTUKH OJU30CTH: JIMHEUHOE
paccTosiHhe, €BKJIHMJIOBO paccTosiHue, pacctosHue YeOrnimieBa, MaHX3TTEHCKOE
paccrostHue. PaccrosgHue Mexay kinacrepamu. Jlenaporpamma.



1.2. Kparkuii KOHCIIEKT JIeKIIM i
1 MaremaTu4ieckoe MO/Ie TMPOBAHME Te0JIOTHYECKHX 00bEKTOB

HeobxoaumocTh npuMeHeHHs MojeNel Mpu ONMUCaHUM MPUPOAHBIX OOBEKTOB
CBsI3aHa C T€M, YTO I'€0JIOTMYECKUE CUCTEMbI YIPABJISAIOTCS OJHOBPEMEHHO MHOTUMU
(dakropamMu paznU4YHOM (HU3MYECKOM TMPUPOABI U HE MOAAAIOTCS CTPOTOMY
KOJMYECTBEHHOMY ONHCaHUI0. B oTinume OT 3akoHa, HMMEIOUIEro XapakTep
a0COJIIOTHOM MCTUHBI, MOJIENb IAET JUIIb NPUOIMKEHHOE MTPEeICTaBIeHHE 00 00BEKTE,
TOYHEE, O TEeX €ero CBOWCTBAX, JUISI M3YyYEHUS KOTOPBIX OCYLIECTBISIOCH
monenupoBanue. Co3qaHue reojloro-MaTeMaTUYecKoil MOJENN OCYIECTBISETCS B
CIEAYIONIEN NOCIIEN0BATEIBHOCTH

1) TTonyuenue UCXOMHBIX JaHHBIX 00 0OBEKTE WU SIBICHUM IyTEM U3MEpPEHUs
U OTIPEJICIICHHSI €TO CBOMCTB.

2) Coznanue reoJiornueckoi MoJien 00bekTa 1 GopMyIHPOBKA T€OIOTHYECKOM
3a/1a4u.

3) Bripaxxenune mocTaBiIeHHOHW 3ajaun B Marematudeckoil dopme. Co3naHue
MaTemMaTudyeckot mozenu. Ilpu 3TOM MOXKET BO3HUKHYTH HEOOXOJIMMOCTH B
NOJlyYeHUU JOTIOJHUTENBbHBIX JIAaHHBIX WJIM B YTOYHEHHH T'EOJIOTMYECKHX
npescTaBIeHuit 00 00bEKTe.

4) MareMaTu4yecKre pacueTbl B COOTBETCTBUU C MPUHATON MOJIETBIO.

5) IlpoBepka COOTBETCTBHS MOJYUYEHHBIX PE3YIbTATOB (DAKTUYECKUM JTaHHBIM.
Ecnu reomornueckux monenei ObLJIO HECKOJIBKO (3TO OOBIUHBIN Cily4ail), MOXKHO
OLICHUTh, KaKas U3 HUX JIy4lI€ COOTBETCTBYET JEHCTBUTEIBHOCTH.

[TockonbKy TmONy4YeHHass MOJENb YYUTBHIBAET JIMILb OTHAEJIbHBIE CBOMCTBA
00BEKTa, €e MOXKHO TMOCJIEIOBATENBHO YCIOXKHATh U JACTAIU3UPOBATh. UeM cliokHee
MOJIEIb, TeM 00JIee TOCTOBEPHO OHA OTPAXKAET U3ydaeMbIii 00BEKT 1 TTO3BOJISIECT OoJiee
HAJ€AKHO IIPOTHO3UPOBATH €ro cBOMCTBAa. OJHAKO B pEAIbHBIX YCIOBUAX CYLIECTBYET
ONTUMAaJbHas CTENECHb CI0KHOCTH MaTEMAaTUYECKUX MOJENEH, KOTOpas ONpeaeseTcs
C yuyeToM TpeOOBaHMI K TOYHOCTH pEIIeHUs MOoCTaBlIeHHON 3amaun. CTeneHb
CJI0’KHOCTH MOJIEJIM MOXKET TaKKE€ OrPAHUYHMBATHCS BO3MOXKHOCTSIMU aHATUTHYECKUX
PEILIEHUN U 3JIEKTPOHHO-BBIYUCIIUTEIILHON TEXHUKH.

Taxum 006pa3zom, B re0JI0TrMH MOJIETUPYIOTCS HE caMHU O0OBEKTHI, @ U3MEHYUBOCTh
WX CBOWCTB, HaOJIOgaeMasi Ha JaHHOM YPOBHE M3y4eHHS 00BEeKTa. XapakTep 3TOu
Ha0JI0JaeMO M3MEHUYMBOCTH 3aBUCUT HE TOJBKO OT MPHUPOJbI SBICHHS, HO U OT
JETAIBHOCTH T'€0JIOTMYECKUX UCCIEN0BAHUM U METOIHUKHU UX MpoBeJeHus. B cBs3m ¢
TUM HEOOXOJIUMO PACCMOTPETh MOHSATHE I€0JIOTNYECKON COBOKYITHOCTH.

Ilon ceonocuueckou co8oKynHocmvl0 NOHHUMAKOT MHOXECTBO T'€OJOTMYECKUX
OOBEKTOB, OOBENMHEHHBIX KAKUM-IHOO TpHU3HAKOM. Takyi TeOoJOrHYecKyro
COBOKYITHOCTh MbI OyJeM Ha3blBaTh H3ydaeMoi. lIoHATHO, 4TO Haneko He Bcs
u3y4yaemasi COBOKYIHOCTb JOCTyIIHA HaM JUIsi HaOmrojeHus. ['eonory yaiie BCero
MPUXOAUTCS JIOBOJIbCTBOBATHCS JUIIH OT/IeJIbHBIMU OOHaKEHUSIMU,
XapaKkTepU3yIOIMMHU YacTh H3yyaeMoro o0bekrta. OTcrona sCHO, 4TO HEOOXOAMMO
pasnuyaTh U3y4aeMyro U opoOyeMyI0 COBOKYITHOCTb M BCErJa OTAaBaTh ce0e OT4eT
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B TOM, HAaCKOJIbKO BTOpasi MpeICTaBUTEIbHA IO OTHOIICHUIO K TIEpBOi. B ToM ciyuae,
Korja oOHaXKEHHOCTh 00BEKTa MO3BOJIET MPOU3BOIBLHO (GOPMUPOBATH ONPOOYEMYIO
COBOKYITHOCTb, 00BbEM €€ U CTENEHb MPEJCTABUTEIBHOCTU OMPEACISIETCS, UCXOAS U3
MMEIOIIUXCS JaHHBIX U JIMYHOTO OMbITa reojora. OIHAKO MCTOYHUK BO3MOXKHBIX
omuOOK HE OrpaHMYMBACTCS HECOBMAJECHUEM U3y4aeMOW U  ONpoOyemoit
coBokynHocTH. [locnenusas Takxke HE MOXKET ObITh MCCIIEIOBaHA B MOJHOM OOBEME.
['eonor OOBIYHO OrpaHUYMBAETCS OIMPEAEIEHHBIM KOJIWYECTBOM 00pa3LoB, MHpoo,
3aMepoB U T.J. MHOXXECTBO BCEX MPOU3BEJECHHBIX HAJl ONMPOOYEeMON COBOKYITHOCTHIO
HaOJMIOJIGHU  00pa3zyeT 6ulO0OPOUHYI0O COBOKYNHOCMb, WIW TPOCTO  BbIOOPKY.
OuyeBuUIHO, YTO BHIOOPOYHAs COBOKYITHOCTh BO MHOT'O pa3 MEHbIIE onpodyemoii. B To
K€ BpeMsi UMEHHO I10 pe3yJibTaTaM BBIOOPOYHBIX HAOJIOACHUN JIENIAl0TCS BBIBOIBI HE
TOJBKO MO ONpoO0yemMoil, HO W TO BCEHd H3yuyaeMOM COBOKYIHOCTH. OITO
00CTOATENbCTBO BCET/Ia HAJI0O UMETh B BU]TY, Jejas Kakue-JI1u00 BbIBOIbI, MHAYE CaAMBbIC
TOYHBIC BBIUYMCIIEHUS HE CIIACYT OT OIIUOKH.

K BBIOOpPOUYHBIM JTAaHHBIM MPEBIBIISIIOTCS CJIEAYIONINE TPEOOBaHMUS:

1) BEIOOpKA JOJKHA COCTOSITh M3 HAOJIOJCHUHN, TOJYYCHHBIX B OJWHAKOBBIX
YCIIOBHSIX;

2) HaOJIIOICHUS TOJDKHBI OBITh HE3aBUCHUMBI JIPYT OT ApyTa.

Bo3M0kHOCTh pacnpocTpaHeHUs BBIBOJIOB, IOJYYEHHBIX 110 BBIOOPOYHBIM
JTAHHBIM, Ha BCIO U3y4aeMyI0 COBOKYITHOCTh 00€CIICUMBACTCS MPUMEHEHUEM METOJIOB
MaTeMaTHYEeCKON CTATUCTUKH.

Cmamucmuka — 3TO HayKa, H3ydYarollas 3aKOHOMEPHOCTH, KOTOPBIM
NOJYMHEHBl MAcCCOBBIE CITy4dailHble siBIIEHHUS. M3 3TOro omnpeneneHust CleayeT, YTo
UCIIOJIb30BAHME MATEMaTHYECKOM CTAaTUCTUKU [Ji1 MOJEIUMPOBAaHUA CBOWMCTB
reoJIOTUYECKUX OOBEKTOB BO3MOXKHO JIMIIbL B TOM CIydae, €ClId T€O0JOTHYECKUe
HAO0JII0ICHUS] YIOBIETBOPSIOT YCIOBUIO MACCOBOCTH (TO €CTh, UX MOKHO MHOTOKPATHO
MOBTOPSITH TP OJHHUX U TEX )K€ YCIOBHIX), MOTYT OBITh MPEACTABICHBI B BUIE CXEMBbI
CIy4yalHBIX COOBITUM M BBIPOKCHBI CclydaiiHOW BenuwuuHOW. IIpoBeneHue
reOJIOTUYECKUX HCCIEOBAaHUN OOBIYHO 3aKIIOYaeTcss B 3aMepax 3HauYeHUU
U3y4aeMOr'o CBOMCTBA B MPOMU3BOJIBHBIX TOYKAX MPOCTPAHCTBA. JTU 3aMEPhbl MOKHO
MI09TOMY paccMaTpUBaTh KaK CEPUIO CITyUYalHbIX COOBITHI, a MOTy4aeMbIe pe3yIbTaThl
- UYHCIIOBBIE 3HAYEHUS - KaK CIIy4alHbIE BEJIIMYMHBI, MOCKOJBKY HX HEBO3MOKHO
MpeACcKa3aTh 3apaHee. 3aMepbl 3TU MOKHO OBTOPSITh MHOTOKpaTHO. Cie0BaTeNbHO,
ABJICHUSI, M3y4aeMble B TMPOLECCE TE€OJOTHMUYECKUX HCCIECIOBAHUM, MOTYT
paccMaTpUBaThCA KaK CIIydailHble U MAaCCOBBIE U JJISI HUX PABOMEPHO MCIIOJIb30BaHHE
CTATUCTUYECKUX METOJIOB.

2 IlpenBapure/bHbIN AHAJIU3 JAHHBIX

OcHOBHas 3a/laya BU3YaJbHOTO MPEJICTABJICHUS JTAHHBIX — 3TO pa3JieJieHue
MEPBUYHBIX JaHHBIX, MMOJTYYEHHBIX Ha BHIOOPKE, HA KJIACCHI WM KATETOPUU C LIEIbIO
MOJYyYUTh  OOOOLIEHHYIO  YHOPSJOYEHHYI0  KAapTUHY, MO3BOJSIOUIYI0  UX
AHAJIU3UPOBATH.



Tabauya ucxoOnvbix OaHHbIX — 3TO TAaOIMUIA, CTPOKHM KOTOPOH COOTBETCTBYIOT
o0beKTaM, CTOJIOLBI W3MEPEHHBIM Npu3HaKaMm. B suelikax TaOnuia HaxomsTCs
JaHHBIE, COOTBETCTBYIOIINE 3HAUEHHUSIM U3MEPEHHBIX TPU3HAKOB.

IIycte nana BbiOOpka X o0beMa N U3 TEHEpPAIbHOW COBOKYIHOCTH,
XapaKkTepu3yoIleld HEKOTOphIi mpu3Hak. Eciu BeIOOpka oObema N comepkuT K
Pa3TUYHBIX 3JIEMEHTOB X1, X2, X3, ..., Xk, IPUUEM X; BCTpedaeTcs Ni pa3, TO 3HAYCHUE X;
Ha3bIBAETCS BAPUAHTOM, YUCHO Ni — yacmomoti BapuaHThl X;. CymMMa BceX 4acTOT paBHa

k
n: Qi = n.
Otromenne fi =Nnj/ N Ha3BIBaeTCA OmMHOCUMENLHOU YACMOMOU BAPHAHTHI X;

L fi=1

(1 <1< k). Cymma Bcex OTHOCUTEIBHBIX YaCTOT PaBHA CAMHUIIC: 2ic

Tabnuia — Psiabl (TaOaulibl) NpeicTaBIeHUs TaHHBIX
Heczpynnuposannwtii pao — ynopsiJoudBaHue 3HaYE€HUN BRIOOPKH 1O BEIUYUHE OT
MUHUMAJIBHOTO J0 MaKCUMaJIbHOTO (M1 JAaHHBIX, U3MEPEHHBIX B TOPSIKOBOM,
MHTEPBAIbHOM, a0COIOTHOM MIKAJIaX).
Pansicuposannstii pao — ipucBavBaHue paHra R sneMeHTaM HecTpynImupOBaHHOTO
psna.
Ipasuna pansicuposanus:
| HauMeHbIIIEeMY YHMCIOBOMY 3HAUCHHIO MTPUTTMCHIBACTCS paHT 1;
2 HauOOoJIbIIEMYy YUCIIOBOMY 3HAUYCHHIO MPUIMCHIBAETCS PAHT, PABHBINA KOJIMUYECTBY
PaHXUPYEMBIX BEJIMUUH;
3 eciaM HECKOJIPKO HCXOIHBIX YHCIOBBIX 3HAYCHUH HECTPYNIIMPOBAHHOTO psijia
OKa3aJIiCh PaBHBIMH, TO UM MIPUTTNCHIBACTCS paHr, paBHBIN
cpeaHeapupMETHUECKOMY T€X PAHT'OB, KOTOPHIC 3TH BEIMUMHBI TTOTYUYHIN Obl, €CIn
OBbI OHU CTOSITH TI0 TIOPSJIKY APYT 3a IPYTroM U ObLIN ObI HE PaBHBI,
4 o0miasi cymMma paHroB JIOJDKHA OBITh paBHA

n(n+1
SLIGESY
2
Bapuayuonnustit pao — xapakTepu3yeT 4aCTOTy BCTPEYAEMOCTH KaKJAOTO 3HAUYCHUS

B BBIOOpKE
IIpasuno nocmpoenus:

1 ompenensitorcsi BapuaHThl (pa3IMYHbIE 3HAYEHUA) X1, X2, ..., Xk BBIOOPKH U
pacmoJyiararoTcsi B MOpsIKe BO3PACTAHMUS;

2 OMpeNeNnstoTcs YacToThl Ni, Nz, ..., Nk, T.€. TMOJCYUTHIBACTCS, CKOJBKO pa3
BCTpEYACTCs KaXxaasi BApUaHTa,

3 ompenensioTcs OTHOCHUTENBbHBIE dacToThl f1=ni/n, f, =nJ/n, ..., fk=ni/n,

YKa3bIBAIOIINE OO0 HAOMIOEHUN, MPUXOIAIMXCS HA TO WIM WHOE 3HAYCHHE
MpU3HAKA.




Hnmepeanvhutii psao — XapakTepu3yeT 4YaCTOTY BCTPEYAEMOCTH 3HAUEHHU I BHIOOPKHU
10 MHTEpBajaM (pa3psiaM) 3HAUCHHUI MPU3HAKa.

IIpasuno nocmpoenusi:

1 onpenensiercs pazmax BEIOOPKH R = Xmax — Xmin;

2 onpeaeIIsIeTCsl YUCIIO UHTEPBAJIIOB M, M — 11eJ10€ (Ha MPaKTUKE OOBIYHO MPUHUMAIOT

mZ*/ﬁ);

3 ompenensieTcs JTMHA KaXa0ro uHTepBaia h = R / M u rpaHuIlbl HHTEPBAJIOB;

4 TOJACYMTHIBACTCS 9aCTOTHI N1, N2, ..., Nm, T. €. KOJMYECTBO 3HAYCHUU BBIOOPKH,
MOMAJIAIONINX B KKl HHTEPBAJ,
5 ompeaensiorcs oTHOocHTeNbHBIE dacToThl fir=ni/n, fo =nin, ..., fn=ni/n,

yKa3bIBaIOLINE OJII0 HAOJIIOIEHUH, TONaIAl0IUX B YKa3aHHbIE UHTEPBAJIbI.
*MO0>XKHO MHTEpBaJIaM NPUCBOUTDH Pa3psiIbl

Bapuayuonnwiit (unmepeanvhnulit) pad HAKONIEHHLIX YACMOM — KaKIOU
Bapuante Xi, 1<i<K, (WHTepBally) COOTBETCTBYET OTHOCHTEJIbHAs YaCTOTa,

2 i

fi<x

HAKOINNICHHAA K IdHHOMY 3HA4YCHUIO (I/IHTepBa.Hy):

Tabmuna I'paduku npeacraBieHus JTaHHBIX

Ionuzon omnocumenvuvix uacmom — J0MaHasl JUHHAS, COCTOSINAS U3 OTPE3KOB,
coequnstonmx Touku (Xi, fi ), 1=1, 2, ..., k. 3mech Xj — BapuaHThl BApHAI[HOHHOTO
psja.

T'ucmozpamma omnocumenvhvix yacmom — cryrneHdatas Gurypa, CoCTosIas u3
pSIMOYTOJILHUKOB, MOCTPOCHHBIX HAa HMHTEPBAJaX I'PYMIHUPOBKH HHTEPBAILHOTO
psna.

Ocobennocmu.

1 ocHOBaHHE Ka)JOro NPSIMOYrojJbHUKA JEKUT Ha ocd OX M paBHO JIMHE
uHTepBaa h;

2 BBICOTA Ka)K[I0T0 IMpsIMOyroybHuKa paBua fi/h,i=1,2, ..., m;

3 cymMma miomaziei Bcex npsMOyroJbHUKOB PaBHA €IUHMIIE.

Kymynanma — rpadbvk HaKOIUIEHHBIX OTHOCUTENIBHBIX YaCTOT.

Paner m  rpadukm pacmnpefeneHHss 4YacTOT JIAIOT  MPEABAPUTEIIBHYIO
uHbopMaIio o0 ghopme pacnpedenenus npuHaKka: o ToM, Kakue 3Ha4YeHUS] BCTpeya-
IOTCSI PEKE, a KAKUE Yallle, HACKOJIbKO BbIPaXKE€HA U3MEHYMBOCTD MPU3HAKA.

3 Toueunble OLICHKHA H HHTEPBAJIbHbIC OLICHKH

[TycTh nmeeTcs BbIOOpKa 00beMa N U3 TeHEPAIbHOM COBOKYMMHOCTH U3Y4aeMOI0
npu3Haka X. [lomydeHHbIe 10 BEIOOPOUYHBIM JaHHBIM MPUOIMKCHHBIC XapaKTEPUCTHKA
KaKUX-THOO CBOWCTB M3y4aeMOW COBOKYITHOCTH HAa3bIBAIOTCS HUX OYEeHKAMU.
Hanpumep, B kauecTBE OLIEHKM HEHW3BECTHOI'O CPEJHErO 3HAYCHMUS 4Yalle BCETO
UCIIOJB3YyETCsl CpeliHee apuMeTHyecKoe IO BBIOOPKE, XOTS BO3MOXHBI U Japyrue
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BApUAHTBl OLEHOK JTOr0 IapaMerpa: CpeIHEe TIE€OMETPUYECKOE, CpEIHEe
TrapMOHMYECKOE U JIp. B CBA3M C 3TUM Bcerja BO3ZHUKAET BOIPOC O BEIOOpE U3 Habopa
BO3MOXXHBIX BapUaHTOB OLICHOK IIAPAMETPOB TE€X U3 HUX, KOTOPBIE YIOBIETBOPSIOT
HEKOTOPBIM TpeOOBaHUSM KauecTBa.
CraTucTHUYECKUE OLIEHKU MOTYT ObITh M OYeYHbIMU U UHMEPEALbHBIMU .
IIpy TOYEeYHON OLIEHKE HEU3BECTHAs XapaKTEPUCTUKA OLICHUBACTCS HEKOTOPBIM
YUCJIOM, a IIPU MUHTEPBAJIBLHON OLIEHKE YKa3bIBA€TCS HEKOTOPBIM MHTEpPBaJl 3HAYCHUH,
B IIpelesiax KOTOPOro € 3aJaHHOM BEPOSATHOCTBIO IOJDKHO HAaXOIAUTHCS UCTHUHHOE
3HAYEHUE OLICHUBACMOW BEJIUYUHBI.
HaunbGonee BaXXHBIMM XapakTEPUCTUKAMU CIyYalHOM BEIUYMHBI SIBISIOTCS
MaTeMaTUYECKOE 0XKUJAHUE U JUCIIEPCUSL.
IIpu nopmanvuom 3axome pacnpeodenenus COCTOATENbHOM, HECMEIIEHHOW H
3¢ (PeKTUBHOM OLIEHKONH MAaTEMAaTUYECKOTO OKUAHUS CIIyYailHOW BETUUMHBI SBJISETCS

cpeonee apupmemuuecxoe (X ), MONyUdEHHOE 110 BBIOOPOYHBIM JTAHHBIM.

Tabnuua — YucnoBble XapaKTepUCTUKHU BHIOOPKHU

Ha3BaHnmue ’ XapakTepucruka \ Dopmyaa
Mepvi menoenyuu
Menuana, me 3HaueHUe MNpu3HaKa, Kotopoe aenut | [Ipu HEYETHOM

paHKUPOBAHHBIA psij HAa JaBe 4vactH, |N=2Kk+ 1 Meauana
paBHBIE TI0 YUCITY JIEMEHTOB BHIOOPKH | paBHA Me = Xk + 1;

(cepeaMHHOE 3HAYEHUE) npu detHom N = 2K
MeuaHa
BBIUYUCIISIETCS 1o
bopmyie:
X, + X
me — K K+1
2
Ksaptuns, Q 3HaueHus TMPU3HAKA, KOTOpBIE MIEIST

BApUALIMOHHBIA P  HA  uemvipe
paBHble Tpymmnbl (10 25% B Kaxmou
TPYIIIIE):

Q1 — mepBoIe 25 %,

Q2 — 50 % (menuana),

Q3 — 75 %.

Moga, My 3HaueHue MpHU3HAKa, C HauOOJbILIEH
YaCTOTOM.

Bo3moxHbI cityuan:

1) 3HaueHus TpU3HAKA, CTOSLIUE
pAIOM, BCTPEYAIOTCA  OJMHAKOBOMU
yacToToM. B 3TOM ciyyae mozaa paBHa
cpeaHeMy apu(METHYECKOMY ATHUX
3HAUeHWW mpu3Haka. Hanpumep, B
CIEAYIONIEM DSy TaHHBIX:
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12, 13, 14, 14, 14, 16, 16, 16, 18, 19
Mo = (14+16)/2= 15.

2) J&Ba 3HA4Y€HHUsS, BCTPEUAIOTCA C
OJIMHAKOBOM YaCTOTOH, HO HE CTOSAT
psaaoM. B 3TOM ciydae roBOpsT, 4TO
pPAI TaHHBIX UMEET JIBE MOJBI, T.€. OH
OUMOJATBHBIMN.

3) Ecnu Bce 3HAYCHHS JTaHHBIX UMEIOT
OJIMHAKOBOIO YaCTOTY, TO TOBOPST,
YTO psifi HE UMEET MO/IBL.

Bri6opounoe

cpennee, X

3HAUYCHUC OJIA HauOoJiee TUITHYHOTO
HpeﬂCTaBHTeHHIHJ60pKH

Mepwi pazopoca

Pazmax Pa3HOCTh MaKCUMaJIbHOT'O U | R = Xmax — Xmin
BbIOOpKH, R MUHHUMAaJILHOTO 3HAYCHUS MTPU3HAKA
['enepanpHas Mepa H3MEHYMBOCTH OECKOHEUHOIO | G2 =
qucrepcus, 6° | 4Mcna u3MepeHuil (B reHepanbHoi | 1 S 0 (X —X)?
COBOKYITHOCTH), MW €CTh cpemHee | n <= '
apupMeTHIECKOE KBaJIpaToB
OTKJIOHEHHI HAOII0JaeMBbIX 3HAUYEHUN
npu3Haka OT HMX  BBIOOPOYHOTO
CpEIHEro X
Bri6opounoe Xapakrepusyer U3MEHIMBOCTD | _ _ Jo?
CpEeIHEeKBaJpaT | MpU3HAKa OTHOCHUTEIHHO
UYECKOe BBIOOPOYHOTO CPETHETO
OTKJIOHEHUE, O
Bri6opounas Mepa W3MEHYUBOCTH peanbHo | S
(ucripaBiieHHas) | U3BMEPEHHBIX  3HAYCHUN MpU3HAKa, | =
nucnepeus, S? KOTOpasi HCIOJIB3YCeTCS IS OICHKH i T n (% — %)’
JIUCTIEPCUU B TEHEPAIBHOM | p —1 <= "M
COBOKYIIHOCTH WIn
n
2=n-1 62
«HcnipaBnenHoe =
» 1 m o
CpeIHEKBaaPAT n—12i:1n‘(xi X)?
NYECKOE
OTKJIOHEHHE, S
Koadhdumument | OTHOCHTENBEHOE 3HAUCHUE V= g 100%
X

Bapuanuu, V

CPeIHEKBAIPATHICCKOTO OTKIOHCHUS,
KOTOPOE CIIY>KHT ISl CPAaBHCHHSI
KOJIEOJIEMOCTH HECOU3MEPHUMBIX
MIOKA3aTeJei.
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Mepa ¢popmwi
Accumetpusi, As | CteneHb OTKJIOHEHHUS Tpaduka As =
pacrpeneneHus 4acToT OT Tam . (X% — x)®
CHMMETPHYHOTO BH/I2 OTHOCHTENLHO S
CPEIHEr0 3HAYCHUSI X

f As> U As=10 As<

’

X
Okcuecc, EX Mepa nI0CKOBEpIIMHHOCTH WIN Ex =
OCTPOKOHEYHOCTH Ipaduka 1 ’
pacnpeziesieHus: U3MEPEHHOTO HZi:l i
npU3HaKa

Fo Ex=0 E>0 Ex<0

Crannmaptusany | [lepeBon M3MepeHuil B CTaHAAPTHYIO X —X
i, Zi Z-mkany co cpemauM z=0 wu o
CPEIHEKBAIPATUIECKUM OTKIIOHEHUEM
c;=1

Awux ¢ ycamu (namu-uuciosvie c600Ku) — MPSIMOYTOIBHUK, HIKHSS U BEPXHSIS
IpaHUIIaMHU KOTOPOTO BBIYUCIISIFOTCS 110 (hOpMYyIIaM

K1 =0Q(0,75) - 1,5 (Q(0,75) - Q(0,25))

K, =Q(0,75) + 1,5 (Q(0,75) — Q(0,25))

rae Q(0,25), Q(0,75) — oneHKHU KBapTHIIEH paclpeeaCHUsT YPOBHS P,

TiepevHast IMHUS COOTBETCTBYET BRIOOPOYHON MEIUAHE Xmed.

3HadyeHUs

Xmax-=Max{ X1, X2, ..., Xn }, Xmin =Min{ X1, X2, ..., Xn } COCAMHSIOTCS C TPAaHUIIAMHU
AIIMKA TPSAMOYTOJIBHBIMU JTUHUAMU («yCaMM)».

Keapmunovuwtit  pazmax oxpatbiBaeT 50% 3HadyeHWidl BBIOOpKW. Jlis
KOMITAaKTHOT'O W HATJISITHOTO U300paKeHHsI TAHHBIX MCTIOIB3YETCS UK C yCaMHu.

SmuK ¢ camMu UMEET BUJL, IPEICTABICHHBIN Ha pUCYHKE 2.1.

AJNTOPUTM MOCTPOEHUS SAIINKA C YCAMU:

1) pacnionararorcs JaHHbIE B OPSAJIKE BO3PACTAHMUS;

2) ompeaenseTcs MearuaHa BEIOOPKH;

3) ompenensitoTcst crulbl, T €CTh CEPEANHBI paclpeesieHuil B UHTEpBaiax OT
MeJIHaHbl JO0 MUHUMAJIBHOTO U MaKCHUMaJbHOTO 3HaYeHus (1/4 OT KoJM4ecTBa).
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WuTepBan Mexy crudbaMu n300pakaeTcs B BUJI€ PSMOYTOJIbHUKA («SLIUKa» ),
a MHTEpBaJbl OT CTMOOB 10 MAaKCUMAJIbHOIO M MUHUMAJbHOTO 3HAYEHHS — B BUJE
MPSIMBIX JTUHUH (CYyCOBY).

@DakTUYeCKH Ha SIIUKE C YcaMH M300pa)XeHbl TMSTh XapaKTEPUCTHUK
BapUALMOHHOTO PSIIA: Xmax, Xmin, OLIEHKA MEJAHAHbI, HIKHSIS U BEPXHSs BHIOOPOUYHBIE
KBapTUJIN.

[ MakcumansHoe
I 3HaveHune

| BepxHana
| KBapTUNL

Mepwana

| HuKHARA
- | KBapTUAb

- MuHnmansHoe
_ananeHve

I'paduk cCiyuT 11 BBISIBICHHS AHOMAJIbHBIX HAOMIOJEHUNA U OIICHKHU
CUMMETPUYHOCTHA  paclpejiesicHus:  BbIOOpkH.  BbpiOopouHbie  HaOJIOJICHMS,
pacrnojiaraeMbie 3a TPaHUIIAMH «AIIHKa» UHTEPHPETUPYIOTCS KakK BHIOpOCHL. B aTOM
cilydae SIUK UMeET YChl. B MpOTUBHOM cily4ae ycbl OTCYTCTBYIOT. CUMMETPUYHOCTD
yacTell AIUMKAa OTHOCUTEIBHO TMONEPEYHON JMHUU (MEIHUaHbl) TOBOPUT O
CUMMETPUYHOCTH PACTIPEIEIICHHS BHIOOPKH.

2 Humepeanshusie oyeHKu

J11st TOTO 9TOOBI OLIEHUTH BO3MOKHYIO IIPH 3TOM OIITMOKY, BO3HUKAIOIIYIO TIPU
3aM€HE TOYHOIO 3HAYEHMs ¢ HA TOYEYHYIO OLEHKY o , Ha3HAYMM JOCTATOYHO
OOJIBIITYI0 BEPOSITHOCTH P W HalieM Takoe 3HaueHUe f(o ,P)=ep, IS KOTOpPOIo
P(a" —al<ep )=P mm P(a* —¢p <a<a” +ep)=P, T ¢p — JTOIMyCTHMAs OMINOKA MPHU
BEPOSTHOCTHU P.

[Tpu 3TOM nHMama3zoH BO3MOXKHBIX 3HAYCHHH o OYACT [0 -¢pia +¢p], @ OOJIBIIHE TIO
a0COJIOTHOW BEJIMYMHE OIIMOKHU, YeM ¢p, OYIyT TOSBIATHCA TOJIBKO C MAaJloOH,
MPAKTUYECKH JIOMMYyCTUMON BeposTHOCTRIO ( = 1 — P, Ha3bpiBaeMoWl yposuem
3HauuMocmu, KOTOPBIH, Kak TpaBmIIo, OllcHUBaeTcs B mporeHTax (%). BepostHOCTh
P Ha3bIBAIOT do8epumenvHoll 6eposimHoCmobio, WA KOG (PUITMEHTOM JTIOBEpHS, WIIH
JOBEPUTEIHHBIM yPOBHEM, WU CTAaTUCTUYECKOM HAACKHOCTHIO, T.K. OHA
XapaKTepu3yeT HaJACKHOCTh MONydeHHOW omneHku. [Ipu ornenke mHGOPMAITMOHHBIX
MPOIIECCOB YaCTO MPUHUMAETCS JOBepUTENbHAsI BeposTHOCTH, paBHas 0,8 — 0,9. B
TEXHHYECKUX CHUCTeMaxX OOBIYHO TPUHHUMAIOT 00JIe€ BBICOKYIO BEPOSTHOCTD,
HaAIMpUMeEp, B MAIIMHOCTPOSHUH 3Ta BEPOSITHOCTH TpuHUMaetcs pasuoit 0,95 —0,99.
WuTepBan lp=[0 -epia* -ep] HA3BIBAIOT 008EPUMENbHBIM UHIMEPBATIOM, @ TPAHULIBI 3TOTO
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WHTEPBANA a=d"-¢p U @ =0 +ep — 008epumenvrHvimu epanuyamu. Ha mpaktuke oObIYHO
st P npunumatot 31avenus 0,9; 0,95 unu 0,99 u ucxoas u3 3Toro onpeaeistor I

W ¢, . J[JIst 9TOr0 MCIOJB3YIOT pa3iM4HbIE CIIOCOOBI, MOTO0HO TOMY, KaK PasHbIMU
CHoco0aMHU OLICHUBAIOT HEU3BECTHBIE MIAPAMETPhI PaCIPEIEIIEHUS 110 BEIOOPKE.

JloBEpUTENIbHBIA HMHTEPBAI JUISI MATEMATUYECKOTO OXUIAHUA HOPMAIBHO
pacupenesIeHHON CIIy4alHOW BEJIMYMHBI UMEET BUT

rac 3Ha4YCHUA KBaHTHUJICH (t q/2 =_tl—q/2) AJIs1 pa3JIMIHbIX CTeNeHen CBO6OI[I>I VA

ypOBHEH 3HAYUMOCTH (] HaxonATcs Mo Tabnumam pacnpeneiacHus CterogenTta. Ha
PaKTUKE U, B MEPBYIO ouepeb, Ipu »> S0 BeipakeHue (3.19) MoxkHO 3amucaTh Tak:

_ S _ S
X——tp SmXSX-i‘—tp.

Vn Jn
[Ipu onHOCTOPOHHEM HMHTEpBaje JUisl JOBEpUTENbHOM BeposaTHocTH P = 1 —(Q,

T.C. IIpHU (tq =—t 1-q ), IIOJIY4YHUM:

_ S
My <X+—tp — IPaBOCTOPOHH:A (cBEepXy) OLIEHKa;

F

_ S
m, > X —Ttp — JIEBOCTOPOHHSIS (CHU3Y) OIICHKA.
n
Memoouka onpeoenenus 008epumeIbHO20 uHmepeana onsa

MAmMemMamuyecko2o 0HCUOAHUA CBOOUMCA K CT1e0YIOULEMY:

1. Tlo 3amaHHO# BRIOOPKE OMPEACISIIOTCS OIEHKH MaTEMaTHUECKOTO OKUAaHUs
X U UCTIEPCHU 2.

2. Jlist ypoBHS 3HQYMMOCTH (] M YWcla CcTenmeHe cBoboasl v =n — 1
Haxonutces t 1o Tabnunam pacupenenenus CThIOASHTA.

3. Tlo oneHkam X u s paccuuThiBaeTcs 10 GopMynaM JBYCTOPOHHHI MM 110
dbopmysiaM OJHOCTOPOHHMH JOBEPUTEIbHBIH MHTEpBAI Ha MaTeMaTHYECKOE
OXKHJIaHHE.

JloBepUTENbHBIN UHTEPBAJ TEHEPAIBHON AUCTIEPCUH 2 UMEET BUJ]

v-52 2 v-52
Z—S < 5
Xq/2 X1-q/2
a OI[HOCTOpOHHI/Ie —
2 2
ag_v S " 02 V.S ’

x2 2
1-q £q

e X, M x: KPUTHYECKHE TOUKH pactpesieieHus Xy KBajpar.
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4 TlpoBepka CTATUCTHYECKUX IUIIOTE3

IMycte X ={X1, Xo,

.., Xn} BbIOOpKA U3 TEHEpPaJbHOM COBOKYIHOCTH,

XapaKTepU3yIoLEed HEKOTOPBIN IIPU3HAK.

Ta6HI/IHa — CraTtucTrdeckas TUnoTe3a

MpU3HaKa

CratucThyecKas TUIIOTE3a

— OTO YTBCPKIACHHUC, B KOTOPOM BLICKA3BIBACTCA IMPCAINOJIOKCHUC OTHOCUTCIBHO
mapamMeTpoOB WJIIKM BHOA PACIIPCACICHUSA FeHepaHBHOﬁ COBOKYIIHOCTH HM3Yy4YaCMOTO

BI/II[BI CTATUCTUYCCKUX T'MITIOTC3

IIpocras runoresa
CrnoxHas runoresa

COACPIKUT TOJIBKO OAHO IIPCAITOJIOKCHUC

COCTOMT M3 KOHEUYHOI'0 MM OCCKOHECYHOTO YHCIIa
IMPOCTHIX THUIIOTEC3

Hynesas runoresa, Ho

OCHOBHA4, BLIABUHYTAA 'MIIOTC3d

AnbTepHaTUBHAS
runoresa, Hi

Tu1noTe3a, IMpoTuBOpCHaniad HYHCBOﬁ THIIOTE3€C Ho

Tabnuna — CTaTUCTHYECKUN KPUTEPUid

CraTuctuueckas IMPOBCPKaA I'MII0TE3

— 3TO TpoLEeaypa 000CHOBAHHOT'O COTIOCTABICHUSI BBIIBUHYTON TUIIOTE3BI C
UMeEIoLIeNCsT BRBIOOPKOM, OCYIIeCTBIsieMas MPY MOMOIIM TOTO HJIK HHOTO

CTATHUCTUYICCKOT'O KPHUTCPIA

CratucTuyeckuu

IMpaBUJIO, ITO KOTOPOMY IMMPUHUMACTCA PCIICHUC OTKIIOHUTDH HUJINU

kpurepusi, K

KPUTEPHIA He OTKJIOHHTH HyJIEBYIO rumore3y Ho
CTaTHCTUYECKUI KPUTEPUI BKIIOYAET B CeOs
Crarucruka ciy4daiinas Beauunna K(X1, X2, ..., Xn) C MHOKECTBOM 3HAYCHUM

W, ¢ moMouipr0 KOTOpOi IPUHUMAIOT PELIEHUE O TPUHATUN WU
OTKJIOHEHUU HYJIEBOM runore3bl Ho.

YpoBeHb
3HAYUMOCTH, O

BEPOSTHOCTH OMIMOOYHO OMPOBEPTHYTH HYJIEBYIO rurote3y Ho,
KOIJla OHA BEpHa

Yucno creneHeun
cBoOobI, df

KOJMYECTBO  BO3MOXKHBIX  HAIMpaBIC€HUN  WM3MEHYUBOCTHU
NpU3HaKa (CTATUCTUYECKUN KPUTEPUN COAEPKUT MPABUIO
(bopmyity) onpeiesieHrs Yucia CTeeHe cBo0O0IbI)

obnactb, Wi

CrarucTuyeckasi | BEpOSITHOCTh IOJYYWUTh 3HAYEHHUE CTATUCTUKH KPUTEpUs
3HAYUMOCTb, paBHOE HabII01aeMOMY HIIA 00Jiee HETUMTUYHOE TT0 CPABHEHHIO
p-value ¢ HaOJI0JaeMbIM TP YCJIOBHH, YTO HyJIeBasi runiotre3a HoBepHa
(ueM MeHbIIE p-ypOBEHb, TeM OOJbIIE OCHOBAHWMI NJi TOTO,
9TOOBI OTKJIOHUTH Ho B TI0B3y Hy):
p = P(K € Wy, | Ho BepHa).
Kpurnueckyio COBOKYITHOCTb 3HAYEHUU CTaTUCTUKU K, IPpU KOTOPBIX HysEeBas

TUINOTe3a OTKIIOHsAEeTCS Ho Ha 3aJaHHOM YpPOBHE 3HAYUMOCTH (.
Bo3MoxkHBI TpY BUAA paCcONOKEHUS KPUTUYECKON 00IacTH:
— MpaBOCTOPOHHSS KpuTnieckas 00mactb (Wi, + ),
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— JIEBOCTOPOHHSISL KpuTH4eckas 00macthb (— oo, Wyp);
— IBYCTOPOHHSISI KpUTHYECKast 00J1acTh
(=90, Wip) U (Wi, + 0).

Kputnueckue TOUKH, OTAENSIoNIMe KpuThuueckyto obsacte Wy, oT obmactu
ToukH, Kip npuHsaTHs TunoTe3sl W\ Wi

[Ipu npoBepke runoTe3bl BO3HUKAIOT OLIMOKH MEPBOTO U BTOPOTO POJA.

Tabnuna — OmubKu NepBoro U BTOPOro poaa

Omubka nepBoro poja OyJleT OTKJIOHEHA TIpaBWIbHAS HyJeBas runote3a Ho.
BeposiTHOCTh OIIMOKH MEPBOTO PojAa paBHA YPOBHIO
3HAYUMOCTH 0L

o = P(otksonuts Hy | Ho BepHa).

Omunbka BTOporo pojga | OyAer NpuHITAa HeMpaBWIIbHAS HyJeBas runore3a Ho
C BEpPOSITHOCTBIO f3:
B = P(npunsth Ho | Ho HEBepHA).

Pe3ynomameui npoeepKu cunome3svl

Ho 6epra H1 nesepna
T'unomesa Ho Ommbka neporo poaa | IlpaBuIbHBINA BEIBOJ
OMKIOHSEeMCs
T'unomesa Ho [TpaBuIBHBINM BBIBOT Ombka BTOpOTo poja
He OMK/IOHAeMCSl
MotHOCTh KpUTEpHs BEpOSATHOCTh  TomafaHus  cratuctukn K B

KpuTHdeckyto obnacte Wy MpuU yCIOBUH, YTO
CIIpaBeIJIMBA AJIbTEpHATUBHAA rumnoresa Hi:
vy =1 - B = P(otknouuts Ho | H1 BepHa),

TO €CTh 3TO BEPOSTHOCTh IIPUHATH HYJIEBYIO TUIIOTE3Y
Ho, xorma ona BepHa. Yem Ooibllie MOITHOCTH
KpUTEpHUsI, TEM MEHbIIE BEPOSATHOCTb MPUHATUS
HEBEPHOM  TUNOTE3bl.  MOIIMHOCTH  KpPUTEpHS
MO3BOJISIET BHIOPATH ONTUMAJIbHYIO CTAaTUCTUKY K 15t
MPOBEPKU THUIIOTE3bl CPEAN BO3MOMKHBIX CTAaTUCTUK
KpUTEPHUSL.
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Tabmuna — [IpaBuiio NpUHITHS CTATUCTUYECKOTO BbIBOJIA

1 | Ha ocHOoBaHuU BBIOOPOYHBIX JAHHBIX BBIJBUTAIOTCS HyJEBasl rumnore3a Ho u
aJpTepHATUBHAsA €l runoresa Hy

2 | Beibupaetcs ypoBenb 3HauuMocTu o (Ha mpaktuke o = 0,1; 0,05; 0,025; 0,01;
0,005; 0,001).

3 | Beibupaetcs cratuctuka K, uMeroniasi U3BECTHBIN 3aKOH paclpeIelICHHUS.

4 | I1o BEIOOPOYHBIM JAHHBIM BBIUMCIIAETCS HAOMI01aeMOe 3HAUCHUE CTAaTUCTUKHU
KHa6n-

5 | OnpenensieTcst BUJI KPUTHYECKON 00JIaCTH U3 YCIOBUS

P(K € W, | Ho Bepra) = a

1 00J1aCTh MPUHSITUS TUTIOTE3bI B 3aBUCUMOCTH OT (hOPMYJIUPOBKHU
aJIbTEPHATUBHON TUIIOTE3HI.

6 | [Ipunumaetcs cTaTucTuyeckoe pemeHue: eciiu Kyasy, TonagaeT B KpUTUUECKY IO
obsactb Wy, TO HyJIeBast runioTe3a Ho oTkiionsercs.

7 | Ha ocHoBe p- value BO3MOXEH OIMH U3 CTATUCTHYECKHUX BBIBOJIOB:

— ecmu p-value < o, To runore3a Ho OTKIIOHSIETCS HA YPOBHE 3HAYMMOCTH 0., Ha
UMEIONIUXCS JTAaHHBIX,

— ecnu P-value > o = rumnote3a Hp He OTKIIOHSAETCS Ha YPOBHE 3HAYUMOCTH 0,
Ha UMEIONTUXCS JTAaHHBIX.

Baoicro: B BBIBOJIE OTHOCHTEIIBHO OTKJIOHCHUS/HCOTKIOHCHUS HYJICBOU
TUIOTE3bl HEOOXOIMMO YKa3bIBaTh YPOBEHb 3HAYUMOCTH O, TaK KaK OT 3TOTO
3aBHCHT PE3yJIbTaT.

Hanpumep, ecnu p-value = 0,02, To ecTh OCHOBaHHS OTBEPrHYTh HYJICBYIO
runoTe3y Ha ypoBHe 3HaunmocTH 5 % (0,02 < 0,05), u HET OCHOBaHHIA
OTBEPrHyTh ee Ha ypoBHe 3HaunmocTr 1 % (0,02 > 0,01).

Ta6nuna — Kpurepuii Cteionenta (Student) mist He3aBUCHMBIX BEIOOPOK

1 | Obnacms npumenenus Kpumepus: TO3BOJIAET YCTAHOBUTH CXOACTBO-pa3InyuUe
CPEIHHMX 3HAUCHWH B JIBYyX HE3aBUCHUMBIX BBIOOpDKAaX W3 T'CHEPAJIbHBIX
COBOKYITHOCTEH HOPMAaJbHO PACIpeIeICHHBIX CIy4alHbIX BenuduH Ex ~ N(my,
ox2), &y ~ N(my, 6,2)

2 | Cmamucmuyeckas mooens. NaHbl He3aBUCHMBIE BEIOOPKH X = { X, X2, ..., X, tu
Y={vy1, Y2.., Ya, } oOvemamm Ny, ¥ Ny COOTBETCTBEHHO W3 T'€HEPAIHHBIX
COBOKYITHOCTEH, IMEIOIINX HOPMaJIbHBIC pacrpe/ielIeHUs ¢ HEM3BECTHBIMH U, HO
paBubMu gucriepersamu: D,2 = D)2 = 62 1 MaTeMaTHIECKUMH OKMIAHUAMH My,
u m,.

3 | Hynesas u anbmepnamusHvie 2unomesul.
3a | Ho: my, = my (CpeaHuie 3HaYCHUS IPU3HAKA PABHBI).

Hi: my, # my (CpenHre 3HaYCHHS MPU3HAKA HE PABHBI).
30 | Ho: my, <m,.
Hi:my, > m,.
4 | 3amaeTcs ypOBeHb 3HAYUMOCTH (.
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JIist IpOBEPKHU THIIOTE3bI HCIIOIB3YETCS CTATUCTHKA
X— nn, (n +n, -2)
\/(nx ~1)87 +(n, -1)s? n,+n,
KOTOpasi MpH YCIOBMM HCTHHHOCTH THIIOTE3BI FHy HMeEeT pacipeaeieHue

CrproneHra ¢ yucioM creneid ceodoxasr df = ny +ny — 2.
3mech

o1 '
X=—Y"X,y= iz_jl Y, — BBIOOPOUHbIE CPEIHHUE,
n,— n, ="

2 = . 2 _ n
s = L s oxy, S°= 1 S (y,—x)* — BEIOOPOUHBIE TUCTIEPCHH.

n, -1 n,—1

Pacdyet o BEIOOPOYHBIM JTaHHBIM HaO1t00aemo20 3uayerusi CTATUCTHKHU T (Twasn)

Onpedenenue Kkpumuieckol ooracmu

73 Ha YPOBHC 3HAUUMOCTH 0L KPUTHUICCKOC 3HAYCHUC TKp = tl—a / z(df) HaxXOoOAUTCs
KaK KBAaHTHIJIb PACIIPCACIICHHUA CTBIOI[GHTa, KpUuTHn4dcCKasa O6JIaCTB (- 0,
TKP) U (TKDl + OO)

76 Ha ypOBHe 3HAYUMOCTHU O KpI/ITI/I‘ICCKOG 3HAYCHHUC TKp = t1- a(df) HaXOOAUTCs
110 Ta6JII/IIIaM paCHpCJICJ'IeHI/ISI CTBIO}ICHTa, KpI/ITI/IHGCKaSI O6J'[aCTL
(TKD’ + OO)

HpuH}Zmue cmamucmu4decKkoco petlerusl

8a | Eciut | Thaen | < Tip, TO HET OCHOBaHMIA JUIsl OTKIOHEHUs Tunore3sl Hy 00
OTCYTCTBUU Pa3Inyuil.
Ecnut | Tiaen | > Tip, TO TUIOTE3a Ho OTKIOHSETCS B MOJIB3Y THIOTE3BI H].

80 | Ecnut Thaen < Tip, TO HET OCHOBAHMH IJIs1 OTKJIOHEHMs TuroTessl Ho 00
OTCYTCTBHUH Pa3INUUI.
Ecnu Tyaen > Tip, TO TUIIOTE3A Ho OTKIIOHSETCS B TIOJIB3Y TUIIOTE3bI H].

Ta6anua — Kpurepuii ®umepa (Fisher)

Obnacme npumenenus Kpumepus: TIPpeTHA3HAYCH IS OIICHKHM PaBEHCTBA
JMCIICPCHIA IBYX HE3aBHCHUMBIX BBIOOPOK MX T€HEPAbHBIX COBOKYITHOCTEH
HOPMAJIbHO PaCIpPEIETIECHHBIX CIydaiHbIX BemuunH Ex ~ N(My, 6x2) 1 & ~ N(my,

Gyz)

Cmamucmuuyeckas mMooens. TaHbl He3aBUCUMBIE BEIOOpKH X = { X1, X2, ..., X, } &
Y={v, Ya.., Ya, } oOvemamm Ny, ¥ Ny COOTBETCTBEHHO W3 T€HEPAIBHBIX

COBOKYHHOCTeﬁ, HMCIOIIUX HOPMAJIbHBIC PACIpPCACICHUA C HCHU3BCCTHBIMHU

AUCIICPCHUAMU ze n Gy2 U MAaTEMATHYCCKUMU OKUJAHUIMU My U my.

HyﬂBBCl}Z U albmepHamueHble 2UNnomesbal.

3a | Ho: 6% = 6,° (nucnepcuy Npu3HaKa PaBHEI).

Hi: 64° # 6,% (nucniepcuu 3HaUYeHUs IPU3HAKA HE PABHbI).

30 HO GXZ < Gyz.

Hi: 6% > 6,%

D

3amaeTcsi ypOBEHb 3HAYUMOCTH (.

J11s1 MpOBEPKYU TUIIOTE3bI UCNOJIB3YETCS CTATUCTUKA
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KOTOpasi MPH YCIOBHM HCTHHHOCTH THIIOTE3BI FHy aCHMITOTHYECKH HMECT
pacnpezaenenne @umepa ¢ dfi u df; crenensmu cBoOOBI

2 1 - 2 — o
3necyp 0,° = n_zi”ﬂ(xi_x)z, c,” = _Z”vl(yi_x)2 — BBIOOPOYHBIE
X
JTUCTIEPCHUH,

df; — uncno creneneit 6onpmeit qucniepcun (dfy = ny — 1 wm dfy = ny — 1),
df; — uncno crenenei Mmenbmeit nucnepcun (df; = ny — 1 wm df; = ny — 1),

B maX{af;ai} B (7_12
min{c?;0r} o)’

1
yI:

6 | PacueT mo BEIOOPOYHBIM JIAHHBIM HAOIH00AEMO20 3HAUEHUS] CTATUCTUKHU Fyqe,.
7 | Onpeodenenue kpumuueckou ooracmu

7a | Ha ypoBHe 3HAQUMMOCTH 0 KpuTH4eckue 3HaueHue Fp1 = Fiq /2 (df1, dfz) u
Fip2 = Faro (dfy, df;) mHaxonmsarcs kak kBanTwiIb pactnpezencHus Duriepa,
KpuTHYecKast 007acTh (- ©, Fyp1) U (Fip2, T ).

76 | Ha ypoBHE 3HaYMMOCTH Ol KDUTUYECKOE 3HAYCHUE T, = 11- o(df) HaxomuTCest
no TabmmmaMm pacrnpeneneHus CTbIOJEHTa, KpUTHYEcKas 00JacTh
(FKD’ + OO)

8 | Ilpunsamue cmamucmuyecko2o peueHus

8a | Ecmu Fp1 < Fuasn < Fip, TO HET OCHOBaHMM 111 OTKJIOHEHUS TMIIOTE3bl Ho
00 orcyTcTBUM paznnunii. MHave runore3a Hy OTKIOHSIETCS B MOJB3Yy Hi.

80 | Ecmu Fuasn < Fip, TO HET OCHOBaHUM I OTKJIOHEHUS THNoTe3bl Ho 00
OTCYTCTBUU paznuuuid. MuHaue rumore3a Hy OTKIOHAETCS B TIOJB3Y
TUIOTEe3bl H;.

Kputepuii IInpcona (1)
1 | Obracme npumenenuss xpumepus. TO3BOJSET CPAaBHUTh OSMIMPUYECKOE U

TEOPETUUYECKOE PACTIPEICITICHHE

2 | Cmamucmuueckas modenb: BEIOOPKA, COCTOSAIIAS U3 HE3aBUCUMBIX BBIOOPOUYHBIX
sHaueHu X ={ X1, Xz, ..,Xn } IOJydeHa M3 TE€HEPAIbHOM COBOKYIIHOCTH,
umMmerornel pacapenenenne Fo(X), 3aBucsmeii oT K mapameTpoB, U3 KOTOpbIX Ki
napaMeTpOB HEU3BECTHO.

3 | ChopmynupoBaTh THIIOTE3HI:

Ho | [lomyyenHoe osmmupuueckoe  paclpeielieHhe He  OTIUYarcs  OT
TEOPETUUYECKOTO pacpeieICHUsI.

Hy | [TomyueHHOE SMIIUPUYECKOE paclpeiesieHue OTINIATCS OT TEOPETUUECKOTO
pacnpeneneHusl.

4 | BeiOOpouHbI€ JaHHbBIE TPEJCTABUTH B BUJIE:

a | BapmanmmonHoro psma  pacnpeneneHuss 4acToT (A7 HOPMaJbHOTO

acripeieeHus):
BapuanTsl, x; X1 X2 - Xm
Yacrora, K, n, n, n nno=n

20




0 | UutepBanbHOrO psiga pacrmpeeieHus 4actoT (sl  paBHOMEPHOTO
acupeneneHus, JUisi HOPMaJIbHOIO pacipeieNeHus):

Wurepsaisl, . _ _
[-xl X|I;)- 1) [XO, Xl) [Xl, X2) suns [Xm - 1’ Xm]
Yacrora, K" n, n, n. S =n

31€ech Xg = — 00, Xm = + o0
YacToTa Ui KXol TYeHKU TaOIUIbI JOJHKHA OBITh OOJbIIE 4.

5 | Ang xaxmoi BapuaHThl (MHTEpBaJia) BBIYHACIUTH TEOPETUYECKUE YACTOTHI Kj
(4acToThl, KOTOpBIE CJIEAyeT OXuAaTh, Korja rumore3a Ho cmpaBemyinBa) 1o
dopmyie: ki = n-pi, re pi
5.1 JInsi HOpMJIBHOTO pacipeieieHus

Pi=PXi<X<Xi+1)= CD(—XM_XJ - CD(Xi _X), i=0,1,....m.
o o
3nauenusi ®(z) nHTErpasia BEPOSITHOCTEH.
5.2 | Inst pacripeieNieHusI CIIy9aiiHOW BEJIMYUHBI TI0 PABHOMEPHOMY 3aKOHY, €CIIH
MCXOJIHBIC BBIOOPOYHBIC JaHHBIC CTPYIITUPOBATh U MPEJICTABUTH B BUJIC:
a | BapHAIMOHHOIO psja pacmpeneiaeHus yactot Pi = P(X=x)=1/m;
0 | MHTEPBAJBHOTO pPsJia PacTpeaeIICHUS 9acTOT
Pi=PXi<X<Xi+1) = Kia 7X
Xivax ~ Xiin
6 | BEIYMCIUTD 3HAYEHUE Y na6n TIO POPMYJIE:
* 2
X2Ha6ﬂ - Z:il(n'nln')
7 | OnpenennTh KOJIMYECTBO CTeNeHel cBOOOABI 10 (hopMyJIe:
a | aus HopMasbHOTO pacnpenesienus df =n — 3;
0 | AuA pacmpeaesieHus ClydaifHOM BEMYMHBI 10 paBHOMEPHOMY 3akoHy df = n
— 1. Ecu df = 1, TO BHECTH MONPaBKy Ha «HEMPEPHIBHOCTH.

8 | OnpenenuTh KPUTHYECKHME 3HAYEHUS Y1y M )22xp, KOTOPBHIE OTBEYAIOT YPOBHAM
3HaYUMOCTH B 5 % 1 1 % mo tadiumam

9 | PacnonoKuTh SMIMPUYECKOE 3HAUCHUE KPUTEPHS Y yagy ¥ KDUTHUECKHE 3HAYCHHUS
Y21xp ¥ ¥%2xp HA OCH 3HAYMMOCTH.

10 | Ecii %ua6n HAXOAUTCA B 30HE HE3HAUMMOCTH, TO IIPUHMMAETCs rumotesa Hy 06

OTCYTCTBUY pasnuunil. Ecin y%s: HAXOANUTCS B 30HE 3HAUMMOCTH, TO THIIOTE3a 00
OTCYTCTBUM pa3anuuil Hy OTKIOHAETCA U MPUHUMAETCS TUIOTE3a H1 0 HaIM4uu
pasmuunii. Eciu %y, HAXOAUTCA B 30HE HEONPEAENIEHHOCTH, TO CYIIECTBYET
BEPOSITHOCTD MPUHSITUSA JIO)KHOTO PEIICHUS.

Kpurepuit [Iupcona
MIO3BOJISIET CPABHUTH OJIHO SMIIMPUUYECKOE PACTIPECIIEHUE C IPYTUM
SMIIMPUYECKUM PACIIPEICIICHUE

Kpumepuii [lupcona exnrouaem crnedyrowjue smansi.:
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Omnpenenuth TpU3HAK, coaepkammii K pa3psaoB, ydYacTBYWOIIUH B
COIMOCTAaBJIEHUHU (3HAUYECHMsI MPU3HAKA JOJKHBI OBITh MPEICTABICHBI HE HMKE
MOPSIAKOBOM TITKAJIbI).

N

[IpousBecTu BEIOOPKY ABYX I'PYII PECIOHIEHTOB.

[IpoBecTn 1Be cepuM HAOMIOACHUM Ha JBYX HE3aBUCHUMBIX BBIOOpKaX
PECIIOHJIEHTOB 00beMa N1, U Ny:
X1, X2, ... Xj,... X

) yn 1

Y1, ¥Yo2,.... Y, - ,

r7ie cllydaiiHas epeMeHHast X XapaKkTepu3yeT COCTOSTHUE N3y4aeMOro CBOMCTBa
B OJIHOM M3 pacCMaTpUBAaEMbIX COBOKYITHOCTEH, a cllydaiiHasi mepeMeHHas ) —
COCTOSIHUE TOT'O K€ CBOMCTBA BO BTOPOM COBOKYITHOCTH (YHCIIO WICHOB B 00EUX
BBIOOPKAX JOJDKHO ObITh B cymMme Oonbiiie 40, T. €. N1 + Ny > 40)

n, ?

CdopmynupoBaTh TUIIOTE3HI:

Ho 3aKOHBI pacnpcaciicHuA CﬂyqaﬁHBIX BeauuuH X U Y OAHNHAKOBBI B obeunx
pacCMaTpuBACMBbIX COBOKYITHOCTX.

H; | 3akonsl pacnpeneneHusi ciayyailHbIX BedMYMH X U Y pa3ivyHbl B 00€UX

paccMaTprUBaeMbIX COBOKYITHOCTSIX.

PacnipeieniuTh 351eMEHThI KaKI01 BHIOOPKH 00beMOB N1 1 Ny Ha K KaTeropwi,
COOTBETCTBYIOIIME pa3psiiaM UCCIEAYEMOIr0 MPU3HaKA.

Ha ocHose IMOJYUYCHHBIX PC3YJIbTATOB COCTABUTH Ta6J'II/IIIy BUaAa.
paspAaabl HCCICAYCMOI'O IMTPU3HAKaA

BBIOOPKH

1

2

K

2

1

mi1

mi2

mik

1

2

ma1

ma2

mak

ny

2

mi1 + mo1

mip+ mo

mikt+ mok

N1+ Ny

He pexoMeHayeTcst HCTIOBb30BATh KPUTEPUH 1Sl TPOBEPKHU THUIIOTE3, €CJIU XOTS
OBl OJTHO M3 3HAUCHUH Mmij MEHBIIIE 5.

(nl ‘M, —n,m )2 i

k
BBIYHCIIHTD 3HAYCHUE Ynagn IO BOPMYIIE: Yonatn = — >
mli + m2i

n-n, iz

OnpenenuTs KPUTHYECKHUE 3HAYEHUS )2 1xp U Y2xp, KOTOPBIE OTBEYAIOT YPOBHIM
3HAUUMOCTH B 5 % u 1 % mo tabnure npunoxkenus. KonmnuecTBo creneHein
cB0OOMBI TIpH 3TOM onpenensercs mo Gopmyne: df = k — 1. Ecmm df = 1, To
BHECTH MOMPABKY HA KHENPEPHIBHOCTHY.

PacronoXuth SMIUPHYECKOE 3HAYECHHE KPUTEPHUS Y’wan U KPUTHUECKHE
3HAYEHMS ¥’ 1xp M ¥ 2xp, HA OCH 3HAUMMOCTH.

10

Ecnu y26: HAXOAUTCA B 30HE HE3HAUMMOCTH, TO NpMHUMAaeTcs runore3a Ho 06
OTCYTCTBHH pa3nuuuii. ECIH Y26, HAXOAUTCS B 30HE 3HAYUMOCTH, TO TMIOTE3a
00 otcyrcTBumM pasznuunii Hyo oTkioHsieTcs m mpuHuUMaercs rumote3a Hi o
Hanmuuuy paznuuuil. Eciu yue; HaXOAUTCA B 30HE HEONPEIETIEHHOCTH, TO
CYUIECTBYET BEPOATHOCTh ITPUHSITHUSA JIOKHOTO PELICHUS.

Ta6nuna — Kpurtepuit KonMoroposa o 3akoHe pacnpeiefieHus CIy4YailHOW BEIUYUHBI

S
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Obaacmv npumeHnenus Kpumepus. KPUTEPUH INpeNHa3HAUEH I IPOBEPKH
corlacus OMIMPUYECKOIO pacHpeieeHuss C 3aJaHHbIM HEIPEPbIBHBIM
TEOPETUYECKUM pacnpenesicHneM. Kpurepuid MO3BOJIAET HAWUTH TOYKY, B
KOTOpPOM CyMMa HaKOIUIEHHBIX PACX0XKICHUN MEXY ABYMs paclpeiesICHUsIMU
ABJIIETCSI HAUOOJIbLIEH, U OLIEHUTDh JTOCTOBEPHOCTh 3TOTr0 pacxoxaeHus. Eciu
pasnuuusa MEXIy IBYMs PACIpENeICHUSIMH CYLIECTBEHHBI, TO B KaKOH-TO
MOMEHT Pa3HOCTb HAKOIUIEHHBIX YaCTOT JOCTUTHET KPUTUYECKOI'O 3HAUYCHUS, U
MBI CMOKEM IIPU3HATH PA3IUYHUs] CTATUCTUYECKU JOCTOBEPHBIMHU.

2 | Cmamucmuueckasi Mooenv. BbIOOPKa, COCTOSIAs U3  HE3aBUCHMBIX
BBIOOPOYHBIX 3HaueHUuH { X1, X2, ...,Xn }, TOJNYYEHHBIX U3 TIeHEPAIbLHOU
COBOKYITHOCTH, pacipe/iejeHre KOTOPOH MPEANoIaraeTcsi HenpepbIBHbIM

3 | Hynesas u anbmepnamusHble 2unomesoi.

Ho: F'(X) =Fo(X) (okcmepuMeHTanbHBIE —JaHHBIE{ X }coracyloTes ¢
M3BECTHBIM pacnpeenenuem Fo(X)).
Ho: F'(X) # Fo(X)
4 | 3ajmaeTcsi ypOBEHb 3HAYUMOCTH (.
5 | Jlnst mpOBEPKHU TUITOTE3bI UCIIOIB3YETCS CTATHCTHKA
A= nD,
KOTOpast NPU YCJIOBUHM HCTHHHOCTH THUIOTE3bl Hy aCHUMITOTHYECKH HMECT
pacnpenenenue Kommoroposa
P(VnD <x) — K(X), n — .
3neces K(X) — pynkmus Koamoroposa,
D= LQ‘?EJF*(X) — Fo(X)| — cnyuaiinas BennuuHa, MMEIOMIAs PaCIpeaeicHUE
KonMoropoBa  u  xapakTepu3yrmmas  MaKCHMajdbHOC  OTKJIOHCHHE
smnupudeckoil GyHkimu pacrpeaenenus F (X) or reoperuueckoit Fo(X);

6 | Pacuer mo BBIOOPOYHBIM JAHHBIM HAOAIOO0AEMO20 3HAYEeHUsT CTATUCTUKH A
(7\« Ha6n)

7 | Onpedenenue kpumuueckotl ooracmu
Ha ypoBHE 3HaUMMOCTH O KPUTHYECKOE 3HAYEHHUE Awp = A(0L) HAXOAMUTCA MO
tabuuiie pacupeaenenns Koamoroposa , kputuueckast 001acTh (Agp, + ).

8 | llpunsimue cmamucmuyecko2o peuteHus

Ecmu  Miaon < A, TO HET OCHOBAaHUM [UIsl OTKJIOHEHHs THUNOTE3bl Ho U
AKCIIEPUMEHTAIbHBIE JaHHbIE{ X } COIIACYIOTCS C U3BECTHBIM
pacnpezaenenuem Fo(X).

Eciau Myagn > Axp, TO TUNIOTE3a Ho OTKIOHSIETCS B MOJIb3Y TUIIOTE3BI H].
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5 JlucnepcHOHHBIA aHAJIN3

OpHodakTOpHbI ~ AUCHEPCHOHHBI  aHaIW3 TMO3BOJIAET  CTATUCTUYECKH
000CHOBATh CTENEHb BIMSIHUS Ha pe3yJbTaTUBHBIN MpU3HAK Y ofHOrO (hakTopa A mis
pa3nuuHbIX ypoBHeH (rpymm) A, Ay, ..., Ax. B Tabnutie 1 npencraBieHbl BHIOOPOUYHBIE
3HauYEHUs pe3ynbTUpytolero gakropa Y 1 pa3nuuHbIX el pakTopa A.

Tabauya Jlanabie HaOMOACHUHN 1J1s1 OTHO(DAKTOPHOTO AUCTIEPCUOHHOTO aHAIN3a

Howmepa I'pymnmet (ypoBHU) hakTopa A
HAOJIIOICHUN AL A, B A
1 Y11 Y12 Yk
2 Yo1 Yoo Yok
n; Yni1 Yn,2 ... Y,k
['pymmoBast Y1 Y . Yi
cpemHsis
3neck N1, Ny, ..., Nk — KOJMYECTBO HaOmrojeHuid B rpymmax Ai, Az, ..., Ax

COOTBETCTBEHHO, IpU ITOM N =N1 + N2 + ... + Nk
TpeOyeTcsi OlEHUTh 3HAYUMOCTH BIUSHUA (GakTopa A Ha Pe3yIbTaTHUBHBIM
npu3HaK Y.

ITycTp

k Nj
—\2 )
Q= ZZ(yij — y) — 0o6mmas cymMMa KBaJpaToB OTKJIOHEHHH (00Ias Baprarys)
i1
OT/IENIbHBIX HAOJIIOICHUIA Yij OT 00IIel cpeHeH v, BeI3BaHHAs BiusHueM Ha Y (akTopa
A 1 cIydaliHBIX HEYYTCHHBIX (OCTATOYHBIX ) (DAKTOPOB;
K
Qg :Z(y i~ 7)2 n, — CyMma KBaJpaToB OTKIIOHCHUW MEXIy TIpylIaMu
j=1
(MeXTpymmoBasi Bapualusi), BbI3BaHHas BiusHHEM (aktopa A Ha Y u
XapaKkTepu3yIollasi paccesHre TPyNIOBbIX CPEIHUX OKOJIO O0IIeH cpeaHe;
LS —\ o
Qo=221y; -V, — CyMMa KBaJpaToB OTKJIOHEHHH BHYTPHU TIPYIII
=1 i=1
(ocTtaTouHOW BapuWaluu), BBI3BaHHAS BIWSAHHEM Ha Y OCTATOYHBIX (HAKTOPOB H

XapaKTEePU3YIOIIas pacCesHHUE OTACIbHBIX HAOMIOACHUN TPYIIITBI OKOJIO €€ CPETHEH.
31ech

1 J -
Yy, =—>.Y; — rpymmossie cpeanne (j = 1, ..., K),
N iz
j
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S L. S k
:H yn; :%Z y; — oO1ee cpennee.

B ocHOBE IMCIIEPCHOHHOrO aHAIN3a JICKUT NMPABUWJIO CJI0KEHUS TUCHEPCHii:
obwas oucnepcusi pagHa CymMme MedicePYNnoeol U CpeoHel U3 6HYMmpuecpynnoevix
oucnepcui:

Q=Qy+ Q..

[Io BBIOOPOYHBIM JTaHHBIM PE3YJILTATUBHOTO MpU3HAKa Y HAXOISATCS YETbIpE
HECMEIIECHHBIE OLICHKU

2 1 2 th 2 Qo
S=——Q, S, =—-,S/ =——
n-1 k-1 n—k
[Tpuuem oneHka S,? Beeryia ABISETCS HECMEIEHHOM OLEHKOM, a S2, Sp? TONBKO
TP BBIONHEHUH THIOTE3bl Ho: 81 = 8 = ... = 8, T. €. TOJILKO B TOM cJIydae, Korjaa

¢dakTop A He BIUSET HA Pe3yJIbTATUBHBIN MPU3HAK Y.

M3MeHYMBOCTh 3HAYEHUH Yij OT OJHOTO YPOBHS K APYroMy OOBSCHSETCS
BussHUEeM ¢akTtopa A Ha pe3yabTaTHBHBIA ¢akTtop Y, a M3MEHUHMBOCTH TEX JKE
3HAYCHW B TpeAesiaX OJHOTO YPOBHS XapaKTepU3YETCS BIUSHUEM HEYYTEHHBIX
CIIy4ailHbIX (OCTATOYHBIX) (PAKTOPOB.

OnHo(akTopHAass MOJIENh AUCIIEPCHOHHOTO aHalM3a aJAUTHBHOTO THIIA HMEET
CIEIYIOLIAN BUJT

Yii =y + Fj + &

rIe Vij — 3HauCHHs Pe3yJIbTaTUBHOIO Mpu3Haka Y (OTKIMKH) )i I-T0 00BeKTa
HaOJIFOICHUS TIPH |-M YPOBHE (PaKTOPa;

yj — TPYIIOBast CPeIHss s J-ro ypoBHS (akTopa A;

Fij — a3 dekT, 00ycioBIeHHBII BIUSIHUEM |-TO YPOBHS (aKTOpa;

&jj — cmydyaiiHasg KOMIIOHEHTa, 00yCIIOBJICHHAs! BIMSHUEM HEKOHTPOIUPYEMBIX
¢dbakTOpOB.

1 PaBeHCTBO HYJII0 MaTeéMaTHYE€CKOrO OKMAAHUA CIy4ailHOH KOMITOHEHTHI:
M(&;j) = 0.

2 Jlucriepeust CIlyd4aifiHO# KOMIIOHEHTHI TocTosiHAa | D(&j) = 62,

3 CnyvaiiHas KOMIIOHEHTa &jj , a CJIEIOBATENbHO, U Yij UMEIOT HOPMAJIBHBIN
3aKOH pacHpeiesICHHUs.

4 Yucrno ypoBHe# ¢akropa A TOKHO OBITH HE MeHee TpeX, K > 3.

5 CiyyaitHpie OIMOKH B3aMMHO HE3aBUCHUMBI U HOPMAJILHO pacipe/ieNieHbI:

& ~ N(0,062).

[Ipy HEBBINMOTHEHUH TOCIEIHETO YCIOBUSA (T. €. MPU HAIMYUU B3aUMOCBSI3EiN)
OTHOIIEHHUE TUCIEPCHUI MOKET OKA3aThCsl CHIIBHO MCKAXKEHHBIM.

Aneopumm nposedenust 00HOpaAKMopHO20 OUCNEPCUOHHO20 AHANU3A

[Ilar 1 IpoBepsirorcs npeanockuiku OJIA
— HOpPMAQJIBHBI 3aKOH pacIpeesieHus] pe3yJabTaTUBHOIO TIpu3Haka Y ¢
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IIOMOILBIO KPUTEPHS Y7
— IIpOBEpKa Jucnepcuil ypoBHel ¢akropa A Ha OAHOPOIHOCTH (TOMOTE€HHOCTH )
¢ IoMouIbI0 Kputepus baptierra.
Briasuraercs runoresa
HoZ (512 = (522 = ... =Gk2
IIpY AJIbTEPHATUBHOMN
H12 sz ;ﬁ ($|2 (_| ;ﬁ |)
JJist mpoBEpKM TMIOTE3bl UCIIOJIb3YETCs cTaTUCTUKA bapTieTra:
K C 2
\Y; =£- Z(nj —1)InS—2 ,
Cl= S;
uMerolIeil  pacnpeneneHue Onmskoe K y’-pacnpenenenmioo ¢ df =k -1
CTEIEHSIMUA CBOOO/IBI.

31ech Nj — KOIM4eCTBO HAOMIOAeHUH Ha |-M ypoBHe (J = 1, ..., k),

sz:n-i—g(yij — yj)z — BBIOOpOUHAs aucnepeus J-oit rpynmsl (J =1, ..., k),
j =

k
Z(nj _1)51'2

c2 _ |
S'= k

S,

j=1

1 ko1 1

C=1+ >

3k-1)(Sn, -1 n+n,+..+n -k

[Ipy 3amaHHOM ypOBHE 3HAYMMOCTH O HAXOJUTCA KPUTHYECKasl TOYKa
Vip = xa’(K — 1), onpenensromas mpaBocTOPOHHIO KPUTHIECKYIO 001acTh (Vip; + o).
[To BEIOOPOYHBIM JAHHBIM BBIYMCISETCS HAOIIOaeMOE 3HAYCHUE CTATHUCTUKHU Vyagy.
Ecmu Viagn < Vip, TO THIOTE3a Ho cormacyercst ¢ 3KCnepUMEHTAIBHBIMU JaHHBIMM.
Torma MOXHO TPHUCTYNATh HEMOCPEACTBEHHO K TMPOIEAYpe OAHO(PAKTOPHOTO
JTUCTIEPCHOHHOTO aHAIH3a.

Ilar 2 IIpoenenue 0qHO(PAKTOPHOTO JUCIICPCUOHHOTO aHAIIN3a

BrinBuraercsa runoresa

Hoair=ax=... = a

IIpY AJITEPHATUBHOM

Hiaj# ai ( #1),

rae aj, az, ..., dx — MaTeMaTUYECKUE OKUJIAHUS PE3yJIbTATUBHOIO MpU3HaKa Y
COOTBETCTBEHHO TNPH YPOBHAX A1, Ay, ..., A«. Eciiu st paznuunsix rpynn ¢aktopa A

MAaTEMAaTHYECKUE OKHUIAHUSA HE H3MEHSIOTCS, TO CUHUTAECTCS, YTO PE3yJIbTATUBHBIN
npu3Hak Y He 3aBUCHT OT (hakTopa A, B NMPOTUBHOM CIIy4yae Takash 3aBHCHUMOCTH
AMEETCH.

IIpoBepka HyJeBoi rumnoTessl Hyg OCHOBBIBAETCS HA CPABHEHHH OLIEHOK Sy2, So.
JInst 3TOro UCIONIB3y€eTCsl CTATUCTHUKA
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F_32 1JZ:(J y) n;
ST

j=li=1

1
k-

umeromas pacnpeneneaue dumepa ¢ dfi =k—-1 u df; =n—k crenensmu
CBOOO/IBI.

[lo cratTucTHYeCKMM JaHHBIM  BBIYHCISAETCS HAOMIOJaeMoe 3HA4YCHHE
CTaTUCTUKU Fyapy. 11 3aJaHHOTO YPOBHS 3HAUUMOCTH 0 TTO TaOIUIIAaM KPUTHIECKUX
Touek F-pacmpenencHus Haxomutcs KputHyeckas Touka Fo = Fo(k—1; n—Kk) u
CTPOUTCSl MPABOCTOPOHHSSL KpuTHueckass o0nactb (Fip;+ ). Eciu Fuasn < Fyp, TO
HyJIeBasi TUTIOTE3a COTJIACYETCSI C SKCIIEPUMEHTAIFHBIMH JAHHBIMH, U B 9TOM CITydae
rOBOPAT, YTO BIUsSHHUE (akTopa A Ha MpU3HAK Y HE MOATBEPIUIOCH BEIOOPOUYHBIMH
HAOJIIOICHUSIMH.

Ilar 3 Ecnu B mpoliecce aHanu3a BbISBICHO BiusHue (akropa A Ha
pe3yIbTaTUBHBINA NPU3HAK Y, TO CTETICHb JAHHOTO BIIUSHUS U3MEPSETCS C TTIOMOIIBIO
8b100P0OUH020 KOIPPuyuenma oemepmunayuu

MOKa3bIBAIOIIETO Kakas 1oy Bapuanuu Q pesynbTaTUBHOrO mpu3Haka Y
oOBsicHaeTCs BiusiHUEM (akTopa A.
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3ameuanue. [To pe3ynabpTaram TUCIIEPCHOHHOTO aHAIM3a CTPOUTHCS AUCTIEpCUOHHAs Tabnuia (Tadbnuma 2).

Hcemounux

SS

df MS F p-3HaY F-kpur
gapuayuu
Mexay rpynmnamu &N ) k—1 1 F ot P(FHaGH >F, ) Fip = Fa(k — 1;
QQJ_Z(yJ_y) n; k_thb 1 ’ n—Kk)
j=1 ——Q, FPACII
_ k-1 FPACIIOBP
1
ok
BryTpu rpymnn kO v n-k 1
Qozz (ylj_yj) n—k Qo
=1 i1
Hroro
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OnHobaKkTOPHBIA HEITApAMETPUUYECKUN JTUCIEPCUOHHBIA aHAIN3

B cnywasx, korga HapymarmTCs — MOPEANOCBUIKA  OJHO(AKTOPHOTO
JUCTIEPCUOHHOTO aHaiu3a, TO MCIOJB3YIOTCS HemapaMeTPUUYECKUEe KPUTEPUU
MPOBEPKHU BIMsIHUSA (pakTOpa A HA Pe3yIbTATUBHBIN MpPU3HAK Y.

Anzopumm  00HOAKMOPHO20 Henapamempuueckoz0 OuUcCnepcuoOHHO20
ananuza c nomouwyvio Kpumepus Kpacxkana-Yonnuca.

IMar 1 Pamxupyrorcs Bce 3HAYEHUS pe3yJbTATUBHOIO Mpu3HaKa Y 1O
Kk

BO3pacTaHuto oT 1 1o N, rae N = Zn = 00BbeM Beel BBIOOPKH, K — KOJTHUYECTBO
j=1

ypoBHel uccieayemoro daxropa A.

Ilar 2 CocraBnsgercss Tabauna JaHHBIX, 7€ BMECTO 3HaueHuil Qakropa Y

3aIMCaHbl UX PaHIH.

Ilar 3 PaccuuthiBatotcsi cymmbl Ri, Ry, ..., Rk paHroB uisi KaXkJ10ro ypoBHS

aHanusupyemoro (axropa A.

Il ar 4. Beraucisiercst HabrogaeMoe 3HaueHue kpurepust Kpackana-Yosuca mo

bopmyie

2 RZ
H = 2 (R’ +..+—% [=3(n+1).
n(n+1)\ n n,

Hlar S. CpaBHuBaeTcs MoixydeHHOE 3HaUYe€HUE Hyasn C KPUTHUYECKUM 3HAYCHUEM
Hyp ZU1s1 3a1aHHOTO YPOBHS 3HAYUMOCTH 0.
[Tpu nocratouHo 60JbIIIOM 00bEME BEIOOPKH, KOT1a KOJIMYECTBO HAOIIOAeHU N
0 KaXXJOMY YPOBHIO NIpeBbIIAeT 5, 3HaueHue H,, ompezensercs mo tabiuuam
pacnpenenenus x> mis umcna crenenei ceo6oasl df = k — 1, rae k — xonmumuectso
ypOBHEH ucciaemxyeMoro axkropa.
Jlns manbIx BBIOOPOK KpUTHYECKHE 3HaueHusi kputepus Kpackana-Yomauca
OTIPENICIIAIOTCS 10 CIIeIMAIBHBIM Tabauiam (puiioxeHue 1).
Ecmu Huasn > Hyep, TO TUMOTE3a 00 OTCYTCTBUU BIUSHUS aHAIU3UPYEMOTO
¢dakTopa Ha U3MEHYUBOCTH U3y4aeMOI'0 CBOWMCTBA OTBEPIaeTCs.

6 KoppeasiumoHHbIi aHAIH3

Koppenaumonuslii  aHamu3 HWMEET CBOEHW 3aJadyedl  KOJIMYECTBEHHOE
ONPEAETIECHUE TECHOTHI CBSI3M MEXKJY M3Yy4aeMbIMHU SIBIICHUSAMU. KoppensunoHHas
CBSI3b — 3TA CBS3b, [P KOTOPOU OMpe/IeIECHHOMY 3HAYEHUIO (PaKTOPHOTO MPU3HAKA
COOTBETCTBYET CpEAHEE 3HAYEHWE PE3YJbTUPYIOUIEro mpu3Haka. HM3ydeHue
TECHOTBl W HANpPABJICHHS CBS3U SBISECTCS BAXXHOM 3a/Ja4ell MaTeMaTU4YECKOU
ctaTucTuku. OIlleHKa TECHOThl CBSI3M MEXKJy MpU3HAKAMHU IMPEIoiaraeT
ONpPEAECICHUE MEpPbl COOTBETCTBUS BapUallMU PE3yJIbTUPYIOUIETO IPU3HAKA OT
onHoro (mMpU  W3YYEHMH  MapHBIX  3aBUCHMOCTEW) WM  HECKOJIbKUX
(MHO>XECTBEHHBIX ) (PaKTOPHBIX TPU3HAKOB.
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Buibopounvii  koagpuyuenm roppenayuu MeXAy JBYMs CIydailHBIMU
BennunHaMu X 1 Y ObLI BiepBbIe BBeJIeH [ [IMpCOHOM, TO3TOMY €r0 4acTo Ha3bi8arom
koaghuyuenmom xoppenayuu Ilupcona. B Teopun pa3zpaboTaHbl U Ha MPAKTHKE
NPUMEHSIOTCS ~ pa3nuuyHble  Monudukanuu  GopmMynsl  pacdera  JTaHHOTO
kod(punuenta. IlpuBeaeM HEKOTOPHIE U3 HUX:

-9 _xy-XY

OxOy oxOy

Hcnone3ys npeoOpazoBaHue, MOTYIatOT

Sa-R0i-7) 2 -6 -)
_i=l i=1

r

7xy V06 - 022w - 9)

NI 9CpeC3 JUCIICPCUUN
2 2

2
oy +toy—0
2050y .
[Tpu GosbioM oO0BbeMe BBIOOPKH BBIOOPOUHBIA KOADDUIIMEHT KOPPENSIIUU
OyneT npubNMKaThCsl K KOPPEIAIIMOHHOMY MOMEHTY T'€HepajbHON COBOKYITHOCTH
P | KOTOPBIH OIpeaenseTcs Kak
) MI(x —my)(y —my )]

Uxay

Ecamu r =0, o Benmuuunbl X 1 Y HE3aBUCHMBI, a TIpU [ = 1 3aBUCUMOCTH
Mexay X u Y sBiagercs (yHkiumoHanbHON. KoddduumeHnT koppensiuu TeCHO
CBSI3aH ¢ KO3 (HUIIMEHTOM PETPECCHH:

r=bZx,
7y
riae b — xoadduimeHt perpeccun B ypaBHeHud Buga Yi = a + bxi;
OX — CpEeIHEKBaIPaTUYHOE OTKJIOHEHHUE X;

o
Y — cpeIHEKBAaIpaTUYHOE OTKIOHEHUE Y.
3HaUYUMOCTH KOA(DPUITMEHTa KOPPEIAIMH MPOBEPSIETCS HA OCHOBE KPUTEPHUS
Creronenta. [Ipu mpoBepke 3TOM TUIIOTE3bI BBIYUCIAETCA -CcTaTUCTHKA:

tpac = rz(n—22) M g
1-r2 12

PacueTHOe 3HaUYeHME CpaBHUBAETCA C TAOJIMYHBIM 3HAaUYeHHeM tQ,v=n — 2.
Ecmu pacdyetHoe 3HaueHue Ooibliie TaOIWYHOTO, 3TO CBUACTEIBCTBYET O
3HAYUMOCTH K03 dUIIMEeHTa KOPPEISAIUH, a, CIeTOBATEIIBHO, U O CTATUCTUYECKON
CYILIECTBEHHOCTH 3aBUCUMOCTH MeXIy X u Y .

[Tpu Gombmiom yucne HaOmooaerwit (N > 100) ucmonb3yeTcs ciemyromast
dbopmyna t-cTaTUCTUKH:

MHnooicecmeennviii.  Kodghpuyuenm xoppenayuu  PacCUUTHIBACTCS  TIPH
HaJIMYUM JIMHEHHOM CBSA3U MEXKIY PE3YyIbTUPYIOMIMM MPU3HAKOM Y U HECKOJIbKUMHU
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(akTOpHBIMU MpHU3HAKAMH, a TaKXKe MEXKIy Napod (QaKTOPHBIX MPU3HAKOB.
MHoecTBeHHBIA KOA()PUIIMEHT KOPPEISILUU BhIUUCTAETCA 110 (hopMyJie

2 2
Ry v = /5__ ’1_00ﬂ
X1,X9 T - ’
Yi¥1: %o 52 o2

e 62— QUCIEPCHs TEOPETHYECKHX 3HAUYEHUIM IpHu3HaKa Y, pacCUMTaHHAs 110
YPaBHEHUIO MHOKECTBEHHOMN PErPECCHUH;
o2 — 00mIas gucnepcus npusHaka Y;
02., — OCTATOYHAS JUCTICPCHSI.
B ciyuae OLEHKH CBA3M MEXIY PE3YJILTUPYIOLIMM IPU3HAKOM Y M IBYMs
(baKTOPHBIMU TPU3HAKAMH x u x, MHOKECTBEHHBIH KOd(UIMEHT KOppeNsIHy

MO>KHO OTPEJENUTD 10 (hopmyJie

2 +r2

=2r. r._r
yXq ¥Xo VX1 YXy  X1Xo

1-r2
X1Xo

rae I — napHble KodhPUIMEHTH KOPPEISUUd MEXIy MPU3HAKaMu.

R

yixg Xy =

MHOXeCTBEHHBIM Koa(l)(I)I/IuI/IeHT KOppemsiuu u3MeHsiercst B npenenax ot 0
mo 1. HpI/I6JII/I)KeHI/Ie R k equnuIe CBUJIECTEJILCTBYET O CHIIbHOM 3aBUCUMOCTH MEXKIY
npusHakamu. [Ipu HEOOJBIIOM 4YHCJIE HAOIIOACHUNH BEIWYHMHA MHOXKECTBEHHOTO
ko3 PuIMeHTa KOppemsaluh, KaK IpaBWIO, 3aBbIMIaeTcs. B 3ToM ciydae
MHOECTBEHHBIH KOYPOUITMEHT KOPPEIISIIUA KOPPEKTUPYETCS

n-1

D _ 2
RY/X1~X2---Xk = \/1_(1_ R )m,

r7ie R — CKOPPEKTHPOBAHHOE 3HAYCHUE;
N — YUCJIO HAOJIIOIEHHI;
K — uncii0 (akTOpHBIX IPU3HAKOB.

(n—k)
KoppexTupoBka R He mpon3BOAUTCS TIPHU YCIOBHH, €CITU 4 > 20.

[IpoBepka 3HAYUMOCTH MHOXECTBEHHOTO KO3(PUIIMEHTAa KOPPEIAIHUH
OCYHIECTBIISIETCS IO Kputeputo durepa:

o 12R)2//x1,x2
pac 1 ) :
-3 Ry )
MHOX€eCTBEHHBIN KOB(b(bHHI/IeHT KOoppC/siOurU CUUTACTCA 3HAYMUMbIM, €CJIIH
Fpac > Fq,v1=2,v2=n—3 .

Buiuucnenue nenapamempuueckux KoaqbqbuuueHmoe Koppeniayuu

Ecnu mpu3Haku TOMUMHSIOTCS Pa3IMYHBIM (OTIMYHBIM OT HOPMAJIbHOIO)
3aKOHAM  pacTUpeNeNiCHus, TO  MOXHO  pacCcuuTaTh  HeEIapaMeTPHUCCKHe
KO3 (D GUIIMEHTHI KOpPEeIAnn. DTH KO3 PUITUESHTH MOTYT OBITh MCIIOIB30BaHBI JIIS
OMpENICIICHUs] TECHOTHI CBS3M KaK MEXOY KOJWYCCTBCHHBIMH, TaK W MEXIY
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KaueCTBEHHBIMU MPU3HAKAMU MIPU YCIOBUM, €CJIM UX 3HAYEHUS YIOPSIOUYUTH WU
MIPOPAHKUPOBATH MO CTETICHU YObIBAaHUS UM BO3pACTaHUs MPU3HAKA.
Cpenu HemapaMeTpUYeCKUX METOJIOB OLICHKH TECHOTHI CBSA3M HauOOJbIIEe
pacupoCTpaHEHHUE MOTYUUIIH CIIETYIOIIHE:
1. Koaghgpuyuenm paneosoii koppensayuu Cnupmarna
GZdiZ

pxty =1=
y n(n2 -1)

1

rae d?— KBaJapaT pa3sHOCTH PaHTOB;

N — 4KCII0 HAOMIOIEHUM (YUCIIO0 Tap PAHTOB).

Koadppumment Cnupmana npuHumaeT 3HadueHus oT —1 go 1. 3nHauumMocTb
kodpduurenta nposepserca Ha ocHoBe t-kpurepusi CrhrogeHTta. PacuetHoe
3HaueHue t-kpurtepus onpezaensercs no Gopmyie

I B

pac PX/y L 5
P xly

3HaueHne KO3 UIMEHTa  KOPpPEIsUMU  CUMTAETCA  CTAaTUCTUYECKU

CYIIECTBEHHBIM, €CIIH 1 pq0 > tgy=n—2

2. Koagpgpuyuenm paneosoti koppenrayuu Kenoenna
e 2P-Q) 2§
“n(h-1) n(n-1)’

r7ie N — YUCJ0 HAOIIOACHUI;
S — pa3HOCTb MEX/1y YHUCIIOM IOCJIEI0BATEILHOCTEH U YNCIOM HHBEPCUIA
10 BTOPOMY IPU3HAKY.
Pacuer koah purenTa Kennenna IPOU3BOJIUTCSA B TaKou
MOCIIEIOBATEIbHOCTH:
1. 3nayenus X paHKUPYIOTCS B MOPSJIKE BO3PACTAHUS WU YOBIBAaHUS,
2. 3HadeHusa Y pacroiaramTcs B MOPSAIKE, COOTBETCTBYIOIIEM 3HAYCHUSIM
X
3. IS Kaxaoro paHra Y onpeemnsieTcs: YMCIo CISAYIOINX 32 HUM 3HaYeHU N
pPaHTOB, TMpPEBHINAIOIMKX €ro mo BenuuuHe. CyMMHUpys STH 4YHCIa,
ompenenseM BenuunHy P (Y4MCIO MOCHIeA0BaTeNbHOCTEH) — Mepy
COOTBETCTBHUS MOCJE0BATEILHOCTEW paHTroB X 1 Y,
4. nna kaxaoro panra Y OINpenesnsieTcs] YMCio CIEIyIONIMX 32 HUM PaHroB,
MEHBITUX €ro BenuuuHbl. CyMMUpPYs BEJIMUYWHBI, TIOTy4aeM BeauuuHy Q
(4rcno MHBEpCU);
5. ompenenseTcs pa3HOCTh MO BceM wieHaM psana S = P — Q u BeramciseTcs
T.
CBsi3b MEX 1y IPU3HAKAMH MOXHO MMPU3HATh CTATUCTUYECKU 3HAYUMOM, €CITU
3HaueHne kodhdumnuenTa koppemsuu 7> 0,5.

4. Kosgpguyuenm rouxopoayuu. JInsa oONpeneiacHus TECHOTHI CBSI3H MEXKIY
HECKOJIbBKUMH PaHKUPOBAHHBIMH TPHU3HAKAMHU TIPUMCHSIOT MHONCECTNEEHHbLLL
Koo guyuenm paneosoul Kopperayuu — Kodghpuyuenm KoHKopoayuu, KOTOPBIN
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BBIYHCIISIETCS 110 (hopMyIie
- 1235 |
m<(n~ —n)
rje M — KOJIUYECTBO (PaKTOPOB;
N — YKCJIO HAOJIIOICHMIA,
S — OTKITOHEHHME CYMMBI KBaJIpaTOB PAHTOB OT CPEHETO KBAApaTa CyMMBI

PaHIOB.

B ciyuae, ecnu KoppensiiMoOHHas CBA3b MMEET HEJIMHEHHBIA XapakTep, oHa
MOXeT cymiectBoBaTh U npu r=0. B 310l curyanuum HEoOXOIMMO BBIYMCIICHHE
Koppenayuonnozo omunouwenus (). KoppensmoHHOEe OTHOIICHUE
MOKa3bIBAET, KaKyI0 JIOJIIO OT OOIIEeH JUCIepCUn COCTABIISIET JUCTIEPCHS, yUTEHHAs
YpaBHEHHEM perpeccuu (3aKOHOMEpHasi COCTAaBIISIONIAs AUCTIEPCHUHN):

1,/ 55, n ¥ %,
TS .
y X
HGB&KOHOMepHaH, cnyqaﬁHaﬂ COCTaBAOIIAA OUCIICPCHU XaApPAKTCPU3YCT
pazOpoc 3HAUYCHHI BOKPYT JUHUM perpeccuu. TakuM oOopa3om:

82y =S Vi + Szcnyq.
Otcrona sICHO, YTO, YeM MEHbIIIE CITydaiiHas COCTaBIAIOIIAs, T. €., YeM MEHbIIE
pa30poc 3HAUEHUN OT JIMHUM PErPECCHH, TEM BBIIIE 3HAYCHUE KOPPEISAIIMOHHOTO
OTHONICHHUS. 3aKOHOMEpPHAasi COCTABISIONIAs AUCIEPCUU PACCUUTHIBACTCS I10
dbopmynam:

=2 INES WA S
SVi =477 Yi—=Y) -n SY = _Z i I
N3 N3
Br1OopouHbIE JaHHBIC TIPH 3TOM pPa30MBAIOTCS HA TPYIIIbI, JUIS KaXKJIOH W3

KOTOPBIX moacuuThiBatoTcs X; (wmm ); ). B dopmyae N - obmee uywmcio
HAOJIIOICHUH, m - YUCIIO TPYII, Nj - YUCII0 HAOIIOACHUH B | TpyIIIIe.
Y

-~ ' =
®le
o ¥ e
L (/.
L
S e
o« ®y
I ° .' ;.) | / ° .0 o
2 aviv o ®
° o el ®
a o ®
~ LJ s
X
1 SIS, m
PucyHnok — CooTHOIIEHHE 3aKOHOMEPHOUW COCTABJISIONICH JUCTIEPCUU U TTOJHON
JTUCIICPCUU
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3nauenust 7 wusMensoTcs or 0 (cBa3p orcyrcTByeT) A0 1 (cBs3h
¢yHKIMOHaNbHAS). B ciiyyae nuHeHHOro Xxapakrepa B3auMOCBSI3H:

% =M-

Takum o6pa3zom, KOAGQUIMEHT KOPPENSUUU MOKHO paccCMaTpuBaTh Kak
YaCTHBIM CiIy4yail KOPPENSIIIMOHHOIO OTHOIIEHHS. 3aKOHOMEpPHAasi COCTaBJISIOLIAs
JUCIIEPCUM B 3TOM ClIy4ae CBsi3aHa ¢ KOA(P(UUHUEHTOM KOPPESIUU COOTHOIIIE-
HUEM:

S2 JTI = g2 P r2
3HAYUMOCTh OTIUYMS # OT HyJIsl IPOBEPSETCA M0 KPUTEPHUIO:

'y (N-m=2) [(m=2)(N-m-4)
o, 1=12)m=2) | 2(N-4)

Eciun =0, To 6, pacupeneneHa no HOpMaIbHOMY 3aKOHY C IapamMeTpaMu
(0,1). CnenoBarenbHO, €CIM BBIUUCICHHOE 3HaueHHe Oy mnpeBbicUT 3 (TpH
noseputesibHOi BepositHOocTH 0,99) mnum 2 (mpu JAOBEPUTENBHON BEPOSTHOCTH
0,95), cuntaem, 4YTO KOPPEISIIMOHHAS CBSA3b CYIIECTBYET.

[lockonbKy ypaBHEHHsS JIMHEHHOM perpeccuu SBISIOTCS Hamboliee Mpoc-
TBIMH, Ha TPAKTHKE BCErJa HEOOXOAUMO BBIACHATH NPUYUHBI HEJIMHEHHOCTHU
B3aMMOCBSI3M BEJIIMYMH U, N0 BO3MOXKHOCTH, ycTpaHiaTh ux. K mpumepy, He-
JUHEMHOCTh CBSI3M MOXKET ObIThb 00YCJIOBJIEHA HEOJHOPOIHOCTHbIO BBIOOPOUYHBIX
JTaHHBIX, CIEUU(PUUECKUMHU YCIOBUSMHU 3KCIEpUMEHTa (OKOHTYpUBaHUE PYJHBIX
TEJI MO 3alaHHOM MUHUMAaJbHON MOIIHOCTH) U T.A. B moboM ciyuae, BHauase
HEOOXOAMMO BBIICHUTb, JMHEHHBIH WM HEIMHEHHBIH XapakTep HMeEeT ycTa-
HOBJIEHHAs1 B3aUMOCBs3b. Kputepuil s 3toi uenu npeioxkeH @umepom. OH
OCHOBAaH Ha CPaBHECHUHU 3HAYECHUU 7 U I , KOTOPBIE B CIydae JUHEHHOr0 Xapakrepa
CBSI3U JJOJIKHBI OBITh PABHBI.

772%—7’2 N-m
"S- m-2

O6o03Hauyenus te xe. Ecnu Beruuciennoe 3HaueHue npeBbICUT Fq, -2, N - m B3ATOE U3
Tabnui pacnpenencHuss Ouiiepa, To CBSI3b MPU3HACTCS HEAUHEHHOU.

7 PerpecCHOHHbIN aHAJIU3

YpaBHEHHE MHOXECTBEHHON PErPECCUU MOKHO 3alMCaTh B CIAEAYIOIIEM BUJE

Y =ao taixy t ax + ... tanxn = ao +Zaixi
i=1

Haiinennoe ypaBHeHHUE MO3BOJISET HAMTYYIIINM 00pa30M OIICHUTh COBMECTHOE
BIIMSIHE MHOTHUX NapaMeTpoB Ha nepemMeHHyIo y. [1o 3HaueHusiM ko3¢dPuueHTon
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@i MOKHO TaKXX€ CyJUTh, KAKOBO BIUSHUE HA J KAXJIOI0 OTAEIBLHOr0 NapaMeTpa.
3aaya perpecCMOHHOIO aHAIM3a CBOJUTCSA K HaXOXJIEHUIO KOA()PUIUMEHTOB
YpaBHEHUS] MHOKECTBEHHOU perpeccur. OHU ONPeesIOTCS U3 COOTHOILICHHUS

S )
i = %Zry(w) :

rae Sy,- CTaHJapTHOE OTKJIOHEHUE 3aBUCUMOM NEPEMEHHOM;
Si - cTaHIapTHOE OTKJIOHEHHE | -i He3aBUCHUMOMW TIepEMEHHON (3HAYCHHUS
Si HAXOAATCS N0 JUAroHajIu KOBapUAIIMOHHOW MaTPHIbI);
Fij - mapHask KOPPEISAIUs MEXIy V U I-.11 He3aBUCHUMOM niepeMeHHOH; (Iij )
L. obparHas BenMuMHA MAPHOW KOPPEIALMH MEKIY HE3ABUCHMBIMU
nepeMeHHbIMH ( [jj OepeTcst U3 KOPPESIIIMOHHON MaTPHIIBI).
CBOOOIHBIN YJIeH ypaBHEHUS BBIUUCISAETCS MO PopMyIie:

ap = y_zaixi :

[TockonbKy ypaBHEHHE PErpecCHH €CThb CMBICI OTBICKMBATh JIUIIb B TOM
cily4ae, €clid KOppemsius MexXIy y U HabOpoM IMEepPEeMEHHBIX X CYIIECTBYET, TO
PEABAPUTEBHO CIEYET BBIYUCIUTD KOA(DPUIIUSHT MHOXKECTBEHHOW KOPPEIIAIINH:

rie |L| - onpenenuTenb KOBapUAIMOHHOW MATPHIIBI;
|L’| - onpenenuTens KOBapHAMOHHON MATPHUIlHI 0€3 EPBOr0  CTOJIO0NA U
IIEPBOM CTPOKH.

8 KiacTepublii anaau3

Knacrep-ananu3 ocHoBaH Ha 0OBEIUHEHUWH OOBEKTOB B TPYIIBI TaKUM
00pa3zoMm, 4TOOBI «PAaCCTOSHHUE» MEXIAY O0BEKTaAMH B IPyIIe ObUIO MUHUMAJILHBIM,
a MEeX[y TpyIIaMy — MaKCUMaJIbHBIM. B KauecTBe 00beIMHIEMBIX 00BEKTOB MOTYT
BBICTYTIATh KaK nepeMenHvle, TaK U HabaooeHusi. COOTBETCTBEHHO, MPHU STOM
BBIJICJISIOTCS JTUOO acCOIMAIUN 2j1eMeHmo8 (MUHEPAJIOB), TU00 acCOIUaIllud HPoo
¢ OJIM3KUMU XapaKTePUCTUKAMHU.

[Tpu 06paboTKe TEOXUMUYECKUX TaHHBIX, B TOM U IPYTOM CITydae, UCXOTHBIC
MHOTOMEPHBIE JAHHBIEC TOJKHBI OBITh HOPMUPOEAHbL. ITO 00YCIOBICHO TEM, YTO B
KJIACTEPHl OOBEAMHSIOTCS HE TOJIBKO KOPPETUPYIOIMIUECS MEXITY COOO0M AIEMEHTHI,
HO U T€, KOTOPbIE UMEIOT OJIM3KUN YPOBEHB COJIEPKAHUI, TO €CTh, OJIM3KHE KIAPKH.

HopmupoBaHre HCXOMHBIX JAHHBIX MOXHO BBITIOJTHUTH 110 OJHOU M3 POPMYIT:

X=X -X
t= m— t=1—2 2" Xmin = 22X
Xmax o Xmin ’ Xmax ~ Xmin ’ S

Uncmo  KIacTepoB  3aJaeTCs  HMCXOAS W3 KOHKPETHBIX  YCIIOBHMA

moxaenupoBaHus. [IpoObl, oTHOCSIIHMECS K pa3HBIM KilaccaMm, OKOHTYPHUBAIOT B
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MPOCTPAHCTBE 00JACTH CO CIENU(PHUISCKIMU TEOXUMUYECKUMH Mmapamerpamu. [1o
KKJIOMY W3 BBIJICICHHBIX KJIACCOB PACCUUTHIBACTCS T€OXUMHUYECKHUI CIEKTp, YTO
MO3BOJISIET 1aTh UX COJIEPKATEIbHYIO HHTEPITPETAIIHIO.

B kmactepHoM aHanm3e A KOJIMYECTBEHHOW OIIEHKH CXOJICTBA OOBEKTOB
BBOAUTCSA  TOHATHE  Mmempuky.  CXOACTBO  WIW  pa3Iddue  MEXKIY
KIacCU(DHUIIMPYEMBIMH ~ OOBEKTAMU  yCTAaHABIMBACTCS B  3aBUCUMOCTH  OT
METPUYCCKOTO PACCTOSHUSA MEXKIy HUMH. ECIU KakIblii 00ObeKT omuchiBaeTcs K
IpHU3HAKaMH, TO OH MOYKET OBITh MPECTABIICH KaK TOUKa B K-MEepHOM MpoCcTpaHCTBE
U CXOJICTBO C JAPYTMMH OOBEKTaMH OYAET OMpPEACNAThCS KaK COOTBETCTBYIOIIICE
paccrosiHue. B KiiacTepHOM aHaNIHM3€e MCIOJB3YIOTCS pa3IndHbIe MEPBl PACCTOSHUS
MEXIy 00BEeKTaMU (Mempuxu):

m
1) eBKIMI0BO paccTosHUE: djj = ,Z(Xik ~Xjk )2
k=1

2) B3BELICHHOE E€BKJIM0BO PACCTOSHHE: d;j = \/Zwk(xik ~Xj )’
k=1

3) paccrostaue City-block: d;; =i|xik ~ X
k=1

m
4) paccrosiHue Munko6ckozo: d; = {Z|xik - xjk|P}
k=1

riae di — paccrostHre MEXAY I-M | |-M 00bEKTaMH;
Xix, Xj« — 3HaYCHUs K-1 IepeMeHHON COOTBETCTBEHHO Y I-I'0 U J-T'0 00BEKTOB;
W, — BeC, IPUITUChIBAcMBbIil K-i TIepeMEeHHOM.

N3 Bcex METOOB KIACTEPHOrO aHalu3a CaMbIMU PacIpOCTPaHEHHBIMU
ABJISIIOTCST MEPAPXUYECKHUE arjioMepaTuBHbIE METONbl. CyHIHOCTh 3THUX METOJOB
3aKII0YaeTcsl B TOM, 4YTO Ha TIEPBOM Iare Kakabld OOBEKT BBIOOPKHU
paccmaTpuBaeTcsl Kak OTIenbHBIN kiactep. [Ipomecc oObenuHeHHs KIacTEpOB
IPOUCXOAUT MOCIE0BATEIBHO: HA OCHOBAaHUN MaTPUIbl PACCTOSHUM UITM MATPULbI
CXOJICTBa 00BEAMHSIOTCS HanboJee Om3kue o0beKkThl. Ecam Marpuiia cxojicTBa
NEepBOHAYAIIBHO HMMEET pPa3MEPHOCTh M XM T, TO TMOJHOCTBIO MPOIECC
KJIacTepu3alMyd 3aBeplIaeTcs 3a M— 1 maroB, B WUTOre BCE OOBEKTHI OyAyT
oObeuHEHbl B OauH Kimactep. llocrmemoBaTenbHOCTh OOBEAMHEHUS JIETKO
MO/I/IA€TCS TEOMETPUIECKON MHTEPIPETALMHA U MOXKET OBITh MPEICTABICHA B BUJIC
rpada-nepeBa (menaporpammbi). Ha neHaporpamMme ykasbIBarOTCS HOMEpa OOb-
EANHSIEMBIX OOBEKTOB M PACCTOSHHE (WM WHAs Mepa CXOJCTBA), MPH KO-TOPOM
MIPOM30IILIO 00 TMHEHHE.

JlenaporpaMMa Ha PUCYHKE MOKa3bIBa€T, YTO B JIAHHOM CJIydyae Ha MEpPBOM
mare ObuUTM OOBEIMHEHBI B OJIMH KiIacTep oOBeKThI N2 W n3. PaccrosHue mMexmay
Humu 0,15. Ha BTOpOM m1are Kk HUM mpucoeauHuiica o0bekT nl. Paccrosnue ot
MepBOro 00BEKTA JI0 KJIacTepa, coAepkailero oo0bekTol n2 u n3, 6suio 0,3 u T. 1.
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0.6
n.5

n= ’J_‘
n.1 >
1 ? e 4 5 R Ao rm

PucyHok — pumep IeHAPOrpaMMbl HMEpPAPXUUYECKOIO arjioMepaTUBHOIO
KJIaCTEpHOTO aHaJIM3a

MHOECTBO METOJIOB MEPAPXHUECKOT0 KIACTEPHOTO aHaIN3a Pa3IMdaroTCs
HE TOJBKO HCIIOJB3YEMBIMH MEpPaMH CXOJICTBA (pa3inyusi), HO M aJrOpuTMaMu
knaccudukanuu. M3 Hux Hambosee pacmpoCTpaHEHbI: METOJ OAMHOYHOHM CBS3H,
METOJI TIOJIHBIX CBSI3EU, METOJI CPEAHEN CBS3U, METOH Y Op/a.

MeTo/1 OAMHOYHOW CBSI3U. AJTOPUTM OOpa30BaHUS KJIACTEPOB CIICTYFOIIHIA:
HAa OCHOBaHUU MATPHUIBI CXOJICTBAa (pas3inyusi) ONpENEeNsIoTCs JiBa HaumOoJee
CXO0XHUX WJIN OM3KUX 00bEKTa, OHM M 00Pa3yroT NMepBhIi Kiactep. Ha cinegyromem
miare BBIOMpACTCS OOBEKT, KOTOPBIH OyJeT BKIIOYECH B 3TOT KiacTep. Takum
00BEKTOM OyAET TOT, KOTOPBI MMEET HAaOOJIbIIIEe CXOJCTBO XOTS ObI C OJHUM U3
00BEKTOB, YK€ BKIIOUEHHBIX B Ki1actep. Hanmpumep, nMeeTcst MaTpuila €BKJIMIOBBIX
PaCCTOSTHUH MEXTy OOBEKTaMH.

[Ip coBnajeHWM JaHHBIX Ha OCHOBAaHWUW OJIMHAKOBBIX MeEp CXOJICTBA
(pa3nuumst) OyaeT uaTu 00pa3oBaHUE Cpa3y HECKOIBKUX KJIACTEPOB.

K nocromncTBaM 3TOro Merona cieayeT OTHECTH HEYYBCTBUTEIBHOCTH
aNnroputMa K TMpeoOpa3oBaHUAM UCXOJHBIX TIEPEMEHHBIX M €ro MpocCTOTY.
Henocratkamu sIBASIOTCS HEOOXOAMMOCTh TOCTOSSHHOTO XPAHEHUS MAaTPHUILBI
CXOJICTBA M HEBO3MOXHOCTb OMpENEIeHUs MO pe3yJbTaTaM KiIacTepHu3alluy,
CKOJIbKO K€ KJIAaCTEepOB MOXKHO 00pa3oBaThb B UCCIEAyeMON COBOKYITHOCTH
00BEKTOB.

Memoo nonnvix ceéazeu. BxmoueHHWE «HOBOTO» OO0BEKTa B KIacTep
IIPOUCXOJIUT TOJIBKO B TOM CJIy4ae, €CIIU PACCTOSTHHE MEXKIy BCEeMU OOBEKTaMH HE
00JBIIIe HEKOTOPOTO 3aaHHoro ypoBHs C.

Memoo cpeodneii céasu. Jlns pemieHus BOmpoca O BKIOYCHHUH HOBOTO
00BEKTa B y)K€ CYIIECTBYIOIIUN KJIACTEP BBIYUCISICTCS CPEIHEE 3HAYCHUE MEPDI
CXOJICTBA, KOTOPOE 3aTE€M CPaBHUBAETCS C 3aJaHHBIM MOPOTOBHIM ypoBHeM. Ecnu
pedb uaeT 00 00BETMHEHUH IBYX KJIACTEPOB, TO BHIYUCIISIOT PACCTOSIHUE MEXKTYy HX
[IEHTPaMH U CPABHUBAIOT €r0 C 3aJIaHHBIM TIOPOTOBBIM 3Ha4YeHHEM. PaccmoTpum
r€OMETPUYECKUIN TPUMED C IBYMS KJIaCTEpaMHU.

Memoo Yopoa. JlanHbIi METOJ TIPEIIOIaraeT, YTo Ha IEPBOM IIare KakabIi
KJIACTEP BKIFOUAET OJMH 00BeKT. [lepBoHadansHO O0BEAMHSIIOTCS B OIMKANTIIIX
kimactepa. Jms HHUX ONpenensioTcsl CpeIHHE 3HAYEHUS KaKJIOro MpU3HAKA U
PaCCUHMTHIBACTCA CyMMa KBaIPATOB OTKJIOHCHHM V!

Ng p — 2
Vi =2 X (Xij —Xjk )

i=1j=1
rae K — HoMep Kiactepa;
I— HOMEp 00BEKTa,;
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] — HOMEp NpU3HAKa,;

7 — KOJIMYECTBO 00BEKTOB B K-u KitacTepe;

P — KOJIMYECTBO MPU3HAKOB, XaPAKTEPU3YIOIIHNX KaKIbIi OOBEKT.

B nanpHeiimeM Ha KaxXaoMm Iiare paOoThl ajlropuTMa OOBEAUHSIOTCS Te
O0OBEKTHI WJIH KJIACTEPhl, KOTOPHIE JAI0T HAMMEHbIIIEE NMpUpPAILEHUE BETUIUHBI V..
Meton Yopna npuBoAMT K OOpa30BaHUIO KJIACTEPOB MPUOIM3UTENIBHO PaBHBIX
pa3MepoB C MUHMMAaJIbHOW BHYTPHUKIIACTEPHOM Bapuaiueil. B urore Bce 0OBEKTHI
OKa3bIBAIOTCSI OOBEAMHEHHBIMH B OJIUH KJIACTE.

ANTOpUTM HEPApXUUECKOTO KJIACTEPHOI'O aHAJW3a MOXKHO IPEJICTABUTH B
BH/JIE MOCIIE0BATEILHOCTH IIPOLIEAYDP.

[llae 1. 3HaueHUs UCXOIHBIX TIEPEMEHHBIX HOPMHUPYIOTCS OJHHUM H3
Croco00B, YKa3aHHBIX B pa3l. 8.2.2.

[llaz 2. PaccunThIBaeTCs MaTpULA PACCTOSIHUNA WIIM MAaTPULIA MEP CXOACTBA.

lllaz 3. Haxogutcs mapa cambix Onu3kux kiactepoB. [lo BeiOpaHHOMY
aNropuTMy OOBEAMHSIOTCA 3TH JiBa Kiactepa. HoBoMy kiactepy npucBauBaeTCs
MEHBIINI 13 HOMEPOB 00bEINHAEMbIX KIACTEPOB.

lllaz 4. lllaru 2, 3 1 4 NOBTOPSAIOTCS 10 T€X MOP, NOKa BCE OOBEKTHI HE OYIyT
00BEIMHEHBI B OJIUH KJIacTep, U 10 JOCTUKEHUS 3aJIaHHOTO «IIOPOTa» CXOJCTBA.

Mepa cxoxactBa 151 00bEAMHEHHS IBYX KJIacTepOB B LIare 3 ONpeaeiseTcs
YETBIPbMSI METOAAMU.

Memoo «bauxcavuezo coceda» — CTENEHb CXOJICTBA OIEHUBAETCI IO
CTENEHU CXOJACTBA MEXAYy Haubosee CXOXUMH (OnmkalmumMu) oObEeKTaMU ATHX
KJIACTEPOB.

A

Pucynox Ompenenenue paccTOsSHUS MEXKIYy KiIacTepaMud  METOJIOM
«Ommkaifiero cocea

ITyctpb di u d; — eBKINIOBBI paccTosiHus, Toraa ecu di > dp, To S Boiiaer B kiactep U 1o
do.

Memoo «danvheeo coceda» — CTENCHb CXOJACTBA OILEHMBACTCS MO CTEINCHU CXOJCTBA
MEXIy HanboJiee OTAAICHHBIMU (HECXOKMMHU) 00BEKTaMHU KJIACTEPOB, TOTa S BOMICT B KIacTep
U no d..

Memoo cpeoneii cés13u — CTETIEHb CXOCTBA OLIEHUBACTCS KaK CPEIHSS BEIMYMHA CTEIICHEH
CXOJICTBA MEX Iy 00beKTaMH Ki1acTepoB. B aTom ciyuae S Boiiger B kimactep U mo d=1/2(d; +dy).

Memoo meduannoti césa3u — pacCTOSTHUE MEXTy JIFOOBIM KJIACTEPOM S M HOBBIM KIIaCTEPOM,
KOTOPBI MOJYUYHIICS B pe3yiibTaTe 00beINHEHHUS KJIaCTEPOB p | (, OMPEICIACTCS KaK PaCCTOSIHUE
OT IIEHTpa KJ1acTepa S 10 cepeIMHbI OTPE3Ka, COSAMHSIOIIETO IEHTPHI KIIACTEPOB p | (.
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Pucynox — OmnpeneneHue pacCTOSSHUA  MEXIY KIacTepaMu METOAO0M
MEJMaHHOM CBSI3U

Hcnonp3oBanue paziuyHbIX aJrOPUTMOB OOBEIMHEHUS B HEPAPXUUYECKUX
arJOMEpaTUBHBIX METOJAaX PUBOJUT K PA3JIMYHBIM KIIACTEPHBIM CTPYKTypaM H
CWJIBHO BJIMAET HA KAadyeCTBO MPOBEACHUA Kiactepuszauuu. [loaTomy anroputm
JIOJKEH BBIOMPATHCS C yUETOM UMEIOIIMXCS CBEICHUH O CYIIECTBYIOINICH CTPYKTYpE
COBOKYITHOCTH HAOJII0JJaeMbIX O0OBEKTOB WUJIM C YYETOM TPEOOBAHUM ONMTUMH3ALIUU
MaTEMATUYECKUX KPUTEPHUEB.

Memoo K-cpeonux

Hapsany ¢ wuepapxuueckumMu MeToAaMu  KiacCH(pHUKAIIUU  CYIIECTBYET
MHOTOYMCIIEHHAsl TPYIINa TaK Ha3bIBAEMBIX UMEPAMUBHBIX MeN 0008 KIIaCTEPHOTO
aHanmu3a. CymIHOCTh WX 3aKIIOYaeTcss B TOM, UYTO MpoIecc Kiaccuduxanuu
HAYMHAETCS C 3a/IaHUsI HEKOTOPBIX HAYaJbHBIX YCIOBHM (KOJIMYECTBO 00Pa3yeMbIX
KJIACTEPOB, MOPOT 3aBEepIIEHUs Ipoilecca Kiaccupukanuu u T. 1.). repaTuBHbIE
METOJIbI B OOJbIlEH CTENEeHU, YeM HepapXHuecKue, TpeOYIT OT MOJIb30BATEINs
UHTYULIMM TIpM  BBIOOpE THUMA KIACCU(UKAIMOHHBIX TMPOUEAYpP M 3aJaHHs
HAYaJIbHBIX YCIIOBUM pa3OMeHHs, TaK Kak OOJBIIMHCTBO 3TUX METOAOB OYECHD
YyBCTBUTEJIbHBI K U3MEHEHHIO 3aJaBaeMbIX MmapaMmerpoB. Hampumep, BoIOpaHHOE
CIy4aitHbIM 00pa30M YHCIIO KJIACTEPOB MOYKET HE TOJBKO YBEIHUUTH TPYIOEMKOCTh
nporiecca Kiaccudukaium, Ho ¥ MPUBECTU K 00Pa30BAHUIO «Pa3MBITHIX)» HIIM MaJIO
HaANoJIHsAEMBbIX  KiactepoB. [losTomMy 1enecoo0pa3HO CcHauajga IMPOBECTH
KJIacCU(UKAIMIO TI0 OJHOMY W3 HEPAPXUUYECKUX METOJOB WM HAa OCHOBaHUU
DKCIIEPTHBIX OIICHOK, a 3aTeM YXe Tmoa0upaTh HadalbHOE pa3OueHue u
CTAaTHUCTHYECKU KpHUTEpUU g paboThl MTEpallMOHHOTO anroputMa. Kak u B
HMepapXHUEeCKOM KJIACTEPHOM aHalu3e, B WUTEPALUOHHBIX METOJIaX CYIIECTBYET
mpo0iema ornpeaesieHnsl Yucia KiractepoB. B o0miem cirydae ux 9uciio MOKeT ObITh
HensBecTHO. He Bce uTepaTuBHBIE METOABI TPEOYIOT MEPBOHAYAIBHOIO 3aJaHus
yucia knactepoB. Ho ayisi OKOHYATeNbHOrO pEUIEHUs BOIpPOca O CTPYKType
M3y4aeMOW COBOKYITHOCTH MOYKHO HCIPOOOBAaTH HECKOJIBKO AJITOPUTMOB, MEHSS
00 YnciIo 00pa3yeMbIX KJIACTEPOB, JTMOO YCTAHOBICHHBIA MOPOT ONM3OCTH IS
oOBbeIMHEHUsT 0OBEKTOB B KJIaCTEPhI. TOrma MOSBISIETCS BO3MOXHOCTHh BBIOpPATh
HauJTy4liliee pa30MeHue Mo 3a/1aBa€MOMY KpUTEPUIO KauecTBa.

[Tycts mMeeTcs N HAONIOACHHH, KaKJ0€ W3 KOTOPBIX XapaKTePU3YETCS p
npu3HakamMu X Xo,..., Xp. DT HaOMIOACHUS HE0OX0IUMO pa3OuTh Ha K KiracTepos.
JIns Havalla U3 n TOYEK MCCIEAYEeMOW COBOKYMHOCTH OTOMPAIOTCS CIIy4alHbIM
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o0pa3oM WM 3aJal0TCS HCCIENOBATENIEM HCXOAS M3 KaKUX-THMOO amnpUOpPHBIX
cooOpakeHwuii K Touek (00BEKTOB). DTH TOYKU MPUHUMAIOTCS 32 ATaOHBL. Kaxkaomy
ATAJIOHY IPUCBAMBAETCS MOPSIKOBBII HOMEP, KOTOPHIN OJTHOBPEMEHHO SBISIETCS U
HOMepoM kiactepa. Ha mepBom mare u3 octaBmmxcs (7 — K) 00BbeKTOB H3BIEKaETCS
TO4Ka Xi C KOOpAMHATAMH (Xit, Xi2, ..., Xip) M TPOBEPSAETCS, K KAKOMY M3 ITAJIOHOB
(eHTpOB) OHA HaxoAUTCA OJMKe Beero. J{Jist 3TOro UCoab3yeTcsl OIHA U3 METPUK,
HaIpUMep €BKJIMI0OBO PacCTOSHUE!

P 2
dij = | 2 (Xjj —X)j)
j=1

[IpoBepsieMblii 00BEKT MPUCOCTUHSIETCS K TOMY LIEHTPY (3TAJIOHY), KOTOPOMY
cootBetctByeT min dy (I = 1,..., k). Dranon 3ameHsieTcss HOBBIM, TIEPECYMTAHHBIM C
y4€TOM TNPHUCOCAMHEHHON TOYKU, U BEC €ro (KOJIMYECTBO OOBEKTOB, BXOJISIINX B
JTAHHBIN KJacTep) yBEIUUYUBACTCS Ha eMUHMITY. Eciu BcTpeuaroTcst aBa win Ooliee
MHUHUMAJIbHBIX PACCTOSIHUSA, TO |- 00BEKT MPUCOCAUHSIOT K IICHTPY ¢ HAUMEHBIIINM
nopsiAIKOBEIM HoMepoM. Ha cnemyromiem miare BeiOupaercs Touka Xi: U JJi1 Hee
MOBTOPSIOTCS. BCEe TpoIeAyphl. TakuM oOpa3oM, uepe3 (n — K) 1maroB Bce TOYKH
(00BEKTHI) COBOKYITHOCTH OKa)KyTCSI OTHECEHHBIMH K OJJHOMY M3 K KJTacTEepOB, HO Ha
9TOM TIpoIlecC pa3OueHuss He 3akaHuyuBaeTcsa. Jlisg Toro dYToObl JOOWTHCS
YCTOMYUBOCTH Pa30UEHHUs MO TOMY K€ IMpaBuily, BCe TOUYKU Xi, X>, ..., X, OmIATH
MOJICOCIUHSIOTCS K TOJYyYeHHBIM KiacTepaMm, MpH OSTOM Beca IPOJOJDKAOT
HakaruMBaThes. HoBoe pazOueHue cpaBHMBAeTCS C MNpeabaynuM. Eciu oHM
COBMAJAIOT, TO paboTa anropuTMa 3aBepuiacTcsi. B NPOTMBHOM cilydae LMK
noBtopsiercsi. OKOHUATEIbHOE Pa30UEHUE MMEET IEHTPHI TKECTH, KOTOphIe He
COBMAJAIOT C ATAJIOHAMHU, UX MOXHO 0003HauuTh 4epe3 Ci, (..., Ci. [Ipu stom
kaxxaas Touka Xi (i =1, 2, ..., n) OyJAeT OTHOCHUTBLCS K TakoMy Kiactepy (kiaccy) |,

AJIA KOTOPOro

d(xig)= min d(x£;)
1<j<K

Bosmoxubl aBe mMoauduranuu metona K-cpemuux. IlepBas mpemamosaraet
NepecyYeT LEHTpa TAKECTU KIIAcTepa MOC]E Ka)KJO0TO W3MEHEHUs €ro cocTaBa, a
BTOpasi — JIMIIb MOCJIe TOTO, Kak OyeT 3aBepIlieH MPOCMOTp BCEX aHHBIX. B 06onx
CIIy4asX UTEPATUBHBIN AITOPUTM 3TOTO METO1a MUHUMHU3UPYET AUCIIEPCUIO BHYTPHU
Ka)XJIOr0 KJIacTepa, XOTs B SIBHOM BHJI€ TaKOW KPUTEPHUIl ONTHUMHU3ALMHU HE
ucnoib3yetcs. [Ipumep pabOTBI WUTEPATHBHOTO ajropuTMa MeToja K-cpeaHux
paccMoTpeH B 171, 9.

BoruucnurensHbie  mpoueaypbl  OOJBIIMHCTBA HWTEPATHUBHBIX  METOJOB
KJIacCU(DHUKAIIUU CBOASITCS K BBITIOJIHEHUIO CIICTYIONINX [IAroB:

lllaz 1. BeiOupaeTcsi 4uCIIO KJIacTepoOB, HA KOTOpPbHIE JOJKHA OBITH pa3ouTa
COBOKYITHOCTD, 33/1a€TCsl NIEPBOHAYAIBHOE pa3OrMeHrne OOBEKTOB U OMPEACIISIOTCS
LEHTPHI TSHKECTHU KIIACTEPOB.

[llaz 2. B cOOTBETCTBUM C BHIOPAHHBIMM MEPAMHU CXOJICTBA OINPEAEIACTCS
HOBBII COCTaB KaXJ0ro KjacTepa.

llae 3. Tlocne MOTHOTO MPOCMOTPa BCEX OOBEKTOB M PACIPEACIICHUS UX TI0
KJIaCTEpaM OCYILIECTBISIETCS IEPECUET LIECHTPOB TSKECTH KJIACTEPOB.

llaz 4. Tlpouenypsl 2 U 3 TOBTOPAIOTCS OO TE€X MOp, MOKA CIEAYHOIIAst
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HUTCpanug HC 1acCT TaKOM K€ COCTaB KIIaCTCPOB, 4YTO U NPCAbIAYIAs.

Kpumepuu kxauecmea maccuqbukauuu

[Ipy mcnosb30BaHUHU PA3IMYHBIX METOJIOB KIACTEPHOIO aHAIU3a JJIsi OAHOMN
Y TOM € COBOKYITHOCTH MOT'YT OBITh IMOJYy4YE€HBI pa3IMUHbIC BApUAHTHI pa30UCHUSI.
CyllleCTBEHHOE BIUSHHUE HA XAPAKTEPUCTUKU KIACTEPHOM CTPYKTYPHI OKa3bIBAIOT:
BO-TIEPBBIX, HA0OP MPHU3HAKOB, 110 KOTOPHIM OCYIIECTBIISCTCS KiacCU(UKaIMs, BO-
BTOPBIX, TUI BEIOpaHHOTO anroputma. Hanpumep, uepapxuueckue u uTepaTUBHbBIC
METO/Ibl MMPUBOAAT K 00pa30BaHUIO Pa3IMYHOr0 yucia kiactepos. [lpu sTom camu
KJIACTEPhI Pa3InyaloTCs U MO COCTaBy, U MO CTENEHU OJM30CTH 00bEeKTOB. BrIOOD
MEphl CXOJICTBA TaKKe BJIUSET Ha pe3yibTaT pazoueHus. Ecnu ucmnonb3yrorcs
METO/IbI C STAIOHHBIMH aJTOPUTMAaMHU, HAPUMEDP METO] K-CpeTHUX, TO 3a]aBacMbIe
HaYaJIbHBIC YCIOBUS pa30MEHUs B 3HAUUTEIBLHON CTENIEHU ONMPEIEISIOT KOHCUHbBIN
pesynbrat pazouenus. [locne 3aBepiieHus npoueayp KiaccupuKanu HeoOX0aAMMO
OIICHUTH MOJYYEHHBbIC PE3YybTaThl. JIJIsl 3TON LEIN UCIOIB3YETCSl HEKOTOpas Mepa
KauecTBa KiacCU(PUKAIMU, KOTOPYH) NPHUHATO HA3bIBATh (DYHKYUOHAIOM WIIA
Kpumepuem ravecmea. Hamnydmum no BbIOpaHHOMY (YHKIIMOHANTYy CieayeT
CUMTaTh TaKoe pa30ueHue, TMPU KOTOPOM JOCTHUTACTCS IKCTPEeMaTbHOE
(MUHUMAJIBHOE WM MaKCUMAaJbHOE) 3HAYeHUE 11eJIeBOM (QYHKIIMU — (PyHKIIMOHATA
KauecTBa.

B GonpmmHCTBE CitydaeB aaropuTMBbl KilacCU(UKAIIMN U KPUTEPUU KauecTBa
CBsI3aHBI MEXAYy COOOH, T.€. ONpPENENECHHBIM aIrOpUTM 00ECTIeUMBAET MOTYUYEHUE
HKCTPEMAIBHOTO  3HAYEHUS  COOTBETCTBYIOIIETO  (yHKIMOHAla  KauecTsa.
Hanpumep, ucnonb3zoBanre Meroga Yopaa NPUBOAUT K MOJYUYEHUIO KIACTEPOB C
MHHUMAaJIbHON BHYTPUKJIACCOBOU JTUCIIEPCUEH.

PaccmoTpuM Hauboree pacipocTpaHeHHbIe GYHKIIMOHABI KAUeCTBa.

1. Cymma kBaJpaToB PaCCTOSIHUMI /10 LIEHTPOB KJIACCOB

k
=Y > d%X.X)

I=1 €S,
rae | — momep kmactepa (1 =1,2,..., k),
Xj — BEKTOp 3HAYCHHMI MEPEMEHHBIX I I-r0 00bekTa, Bxonsmero B I-i

KJ1acTep;
X, — LeHTp I-20 knmactepa;

d( x;, X, } — paccrostare Mex ity i-M 00BEKTOM 1 IICHTpOM |-To KiacTepa.

[Tpu uCcTOIB30BaHUM ATOTO KPUTEPUS CTPEMSITCS MTOTYYUThH TaKOe pa3OueHue
COBOKYITHOCTH OOBEKTOB Ha K KJIacTepoB, MPH KOTOPOM 3HaueHue F; Obu1o OBI
MUHUAMAJTEHBIM.

2. CyMMa BHYTPHUKJIACCOBBIX PACCTOSIHUN MEXKIY O0BEKTaMU

k
Fo=2, 2dj

1=1, i jesS,
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B sTOM Ccilyyae HauIy4dlIuM CII€yeT CUUTATh TAKOE pa30ueHue, Ipu KOTOPOM
JOCTUTAeTCs MHUHHMMAJIbHOE 3HaueHue F, T.e. MoilydeHbl KiacTepbl OOJIBIION
«mIOTHOCTW». OOBEKTHI, MOMABIIKE B OAMH KjacTep, OJM3KKM MEXIy coOoil mo
3HAYEHUSM TE€X NIEPEMEHHBIX, KOTOPBIE UCIIOIb30BAIUCH AJI KIaCCU(PUKALIUU.

3. CymMmapHas BHyTPUKIIACCOBAst TUCIICPCH S
k P

Fs=> Y oi
1=1j=1

rJie 0% — IUCTIEPCHs |-i TIepEeMEHHOM B KiacTepe S,

B nmanHom cnydae pasOWeHHE, NMPH KOTOPOM CYMMa BHYTPHKIIACCOBBIX
(BHYTPHUIPYIIIIOBBIX)  JAWCIEPCHI OyaeT MHHMMAIbHOW, CIEAyeT CUYMUTATh
ONTHUMAJTbHBIM.

[lepeunciieHHbIE BBIIIE CIIOCOOBI OIICHKH KaueCTBa pa30MEHHUs MPEANOIaraiT
9iucTO  (OpPMANbHBIA TOAXOA H  SIBISIOTCS JIJII  WCCIIEAOBATeIs  TOJBKO
BCIIOMOT'aTeIbHBIMHU CpeJCTBAMH. OcHoBHas pOJIb MPUHAICIKUT
COJZICPKATEIIBHOMY ~aHAJIU3y pe3yJIbTaTOB Kiaccuukanuu. Bpibop mydiiero
BapMaHTa pa30MeHHs O00JierdyaeTcss B 3HAYUTCIIBHOM  MEpe  Cephe3HOM
HOJArOTOBUTEIBHOW  pabOTOH, B YaCTHOCTH  BBIOOPOM  NPHU3HAKOB,
XapaKkTePU3YIOIINUX KIacCUPHUIIUpyeMble 00BEKThI. B 3aBUCMMOCTH OT KOJIHMYECTBA
NPU3HAKOB, WX B3aWMOCBS3H, BBIOPAHHOrO MacmiTada HM3MEpPEHHUS MOA0MpacTCs
HanOoJiee MOAXOMAIINN alrOpUTM KiaccH(UKAIIMK, 3aJaf0TCS HadyallbHbIC
napameTpbl pasOueHus. Bce 3To oOsierdaeT WHTEPIPETALHIO PE3YJIbTATOB
pa30ueHus] U TO3BOJISIET CYIUTh O €ro KaueCTBE C TOYKH 3PCHHS MOCTaBJICHHOM
3aj1auHu.
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3 IPAKTUYECKHUH PA3JEJ
3.1 IlepeyeHb NPAKTHYECKHUX 3AHATHI

[IpenBapuTenbHbIM aHATIA3 JaHHBIX.
ToueuHble U UHTEPBAJIBHBIE OLIEHKU
[IpoBepka CTATUCTUYECKUX TUIIOTES.
JluciepCuOHHBIN aHAIINS.
KoppensunonHelii aHanus.
PerpeccuonHbIl aHaN3.
KunacrepHslii ananus.

NoakowhE

3.2 3agaHus Ui BHINOJHEHHUS MPAKTHYECKUX padoT

1 llpenBapuTenbHbIA AHAJN3 JAHHBIX.

3amanue. FIMEIOTCS CTATHCTHYECKHUE TaHHBIC O T0ObIYe HE()TH 110 ABYM CKBAKHHAM
(k — HOMe crymaresnst B )KypHase TPyIIIbl)

Tabmuua 1 — McxonHeie JaHHbIE

Howmep JloObrua HeTH cpegHecyT, JloObrya HeTH cpeaHecyT,
HaAOJTIOIEHUS CKBaknHa 1 CKBa)kuHa 2
1 34 + k/10 41

2 38 37 + k/10
3 35 36

4 45 43

5 52 + /10 52

6 49 51

7 45 48

8 49 51

9 51 51

10 49 51

11 38 43

12 45 48

13 49 38 + k/10
14 38 43

15 41 41

16 37 + k/10 37

17 41 51

18 45 43

19 40 48

20 40 41
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TpebyeTcst TOCTPOUTH:

— HECTPYIIUPOBAHHBIN PAJI,
— PaH)XUPOBAHHBIN PN,

— BapUALMOHHBIN P,

— TACTOTPAMMY,

— AIIUK C YCAMHU.

2 ToyeuHble U HHTEPBAJIbHBbIE OLIEHKH

3aganue. OnpenenuTh TOUEYHbIE U UHTEPBAJIbHBIE OLIEHKU O A00bIYe HEPTH
MO JIBYM CKBa)XKHHAM.

3. [IpoBepka cTaTHCTHYECKHX THIIOTE3.

?ballaHI/le. CpaBHI/ITB HCU3BCCTHHIC CPCAHUC U JUCIICPCHUHA O I[O6BI‘IC He(i)TI/I 10
ABYM CKBa)XHMHaM I10 KPUTCPUAM CTLIOJIGHTa.

4. IucnepCHOHHBIN aHAINU3.

3ananue. TpeOyercs BBISICHITH, KaK BIUSET THIICOMETPUYECKOE MOJI0KCHUE
yAHBIX Ted (A) Ha cpeliHee CoJiep)KaHue B HUX 30JI0TA.
HaGmronenue dakTop A
I'opuson (+800 m) | 'opuson (+500 M) | I'opusonT (+200 m)
3
10
8

H

0

o~ lwN|-

Nolhlw|lo|Mol|—

glo|lh oo
©

(e lNer NN

5. KoppeasiunoHHbIi aHAIN3.
3aganue 1. Heo0XxoauMo BBISICHUTH, CYIIECTBYET JIM 3aBUCUMOCTH MEXIY
COJIEp’)KaHMSIMU 30JI0Ta UM CBUHIA HA OJHOM M3 MECTOPOXKACHUM, MO JaHHBIM

OMpOoOOBaHUS:

Ta6muma — CogepikaHus 30J10Ta ¥ CBUHIIA B PYIHOM TeJIe

Au, T/T 2,5 1,2 3,6 11 4,8 12,1 8,2 4,9
Pb, n-10°% 8 8 8 10 5 15 5 3
Au, T/T 6,8 13,2 15,1 7,8 8,8 91 2,6 5,5
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Pb, n:10°% 4 8 10 5 8 6 6 3

6. PerpeccMOHHBIH aHAJIN3.

3aganue. [1o 1anHBIM TAOIHUIBI OLIEHUTH MOJIEIH MHOKECTBEHHOM JIMHEHOM
perpeccuu 100bIYU HEDTH OT BOJJOHACKHIIIICHHOCTH U COMYTCTBYIOIIETO Ta3a.

Y--nobbiya HedpTn | X-BOAOHACHILEHHOCTb Z--conyTCTBYOLWNI ras
1 32 32 74
2 38 20 73
3 36 24 91
4 47 18 115
5 52 19 136
6 54 15 137
7 50 20 129
8 51 25 133
9 51 20 129
10 50 22 129
11 44 24 110
12 45 26 113
13 44 29 106
14 44 26 93
15 41 25 106
16 37 29 92
17 41 25 107
18 42 23 99
19 40 25 95
20 41 25 96

7. KnacrepHblii anaius.

3ananue. [IpoBectn KnaccuuKamuoo CKBaKHH.

Homep ckBaxxunbl | Y- moObrua HeTtu | X - BOJOHACKHIIICHHOCTh
1 32 23
2 38 20
3 36 24
4 47 18
5 52 19
6 54 15
7 50 20
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4 PA3JIEJI KOHTPOJISI 3SBHAHU

4.1 Bompochl K 3adery y4deOHo#l aucuuminHe «CrarucTHyeckKue
METOAbI B I'e0JIOT D)

1 [IpenBapuTenbHbIN aHaln3 JAQHHBIX: psan JIaHHBIX,
HECTPYIIIIMPOBAHHBIA  PsAN, PAHXUPOBAHHBIM  psAN, BapUaTUBHBIM  psf,
VHTEPBAJIBHBIN Psifi, IIOJUIOH YaCTOT, TUCTOIPaMMa.

2 ToyeyHple OLIEHKM IIapaMETPOB I'E€HEPAIBHOW  COBOKYIIHOCTH.
JloBEpUTENBHBIE UHTEPBAJIBI.

3 [IpoBepka CTATUCTUYECKUX TUIIOTES.

4 I'mnoTe3pl 0 mapamMeTpax MHOTOMEPHON HOPMaJIbHO paclpeeIeHHON
re€HEPaIbHON COBOKYITHOCTH.

5 CpaBHEHME [BYX T€HEPAJbHBIX COBOKYITHOCTEW: IMapaMeTpUUYECKUe
KPUTEPUHU.

6 CpaBHEeHUME IBYX I'€HEpaJIbHBIX COBOKYNHOCTEN: HEMapaMeETPUUECKUE
KPUTEPUHU.

7 OpHodakTopHbI AUCHEPCUOHHBIN aHanu3, kpurepudt @uiepa.
Koaddumment nerepmunanuu.

8 Henapamerpuueckuit onnodaxtopusiil ananu3. Kpurepuit Kpackaina-
Yomuca.

9 B3aumocBsa3e  ¢aktopoB. I[lapubie KOA(DPHUIUEHTHI KOPPEISIUU.

Yactable k03¢ dunuenTs! koppensiuu. [IpoBepka 3Ha4UMOCTH MaApaMETPOB CBSI3H.

10  MmuoxecTBeHHBINH KOADPUIIMEHT AETEPMUHAIINH U €TO CBOMCTBA.

11  Kputepuil HE3aBUCUMOCTH Ha OCHOBE pPaHroBOTO KoddduimeHTa
koppessauu CnupMeHa.

12 Mogens MHOXKECTBEHHOW JIMHEHHOW  perpeccuu. 3HauYuMOCTh
k03¢ HUIMEeHTOB. 3HAYUMOCTb KO PUIMEHTa JeTePMUHAIINH.

13 Hepapxuyeckue KiacTep-mpoueayphl.
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4.2 Kpurepuu OLEHOK Ppe3yJbTATOB Y4eOHOH /[AeATeJbHOCTH
CTYACHTOB MO Yy4yeOHO aucuuminHe «CTarucTHYeCKHe MeTOAbl B
reojorun» (Ha OCHOBaHMM mnHUcbMa MuHHcTepcTBa 00pa3oBaHus
Pecny6simku Beaapych ot 28.05.2013 r. Ne 09- 10/53-110)

JlecatubaniapHas MIKajla B 3aBUCUMOCTH OT BEJIUYUHBI Oajijla U OTMETKHU
BKJTIOYAET CJIEAYIONIUE KPUTECPUU:

10 (mecsith) 0aJ/LI0OB, 32aYTEHO BBICTABIISIETCS 34 CHUCTEMATU3UPOBAHHEIE,
rIyOOKHE U TOJTHBIC 3HAHUS M0 BCEM paszjienaM y4eOHOU MporpaMMbl YUpeKaeHUs
BBICIIEr0 00pa30BaHus MO YYEOHOM TUCIUIUIMHE, a TAK)KE 10 OCHOBHBIM BOITPOCaM,
BBIXOJIAIINUM 32 €€ MpeJesbl; 32 TOYHOE UCTO0JIb30BAHUE HAYYHON TEPMUHOJIOTUH (B
TOM YHCJIE HAa WHOCTPAHHOM SI3bIKE), TPaMOTHOE, JIOTUYECKH MPABUIBLHOE
U3JI0KEHUE OTBETa Ha BOMPOCHI; 3a Oe3ylpedyHoe BiIaJCHUE WHCTPyMEHTapHueM
y4eOHOW TUCHUIUIUHBI, YMEHUE ero 3(PEeKTUBHO HCIOJIH30BaTh B IMOCTAHOBKE U
pelIeHN Hay4YHBIX U MPO(ECCHOHAIBHBIX 3a7a4; 32 BBIPAXKEHHYIO CIIOCOOHOCTH
CaMOCTOSITEJIbHO M TBOPYECKU PEIIATh CJOXKHBIC MPOOJEMBbI B HECTaHIAPTHOM
CUTyalluu; 3a TIOJIHO€ W TJIyOOKOE€ YCBOGHHE OCHOBHOM, JIOTIOJTHUTEIbHOU
JUTEpaTyphl, MO H3ydyaeMOoW y4eOHOW IUCHUIUIMHE; 3a YyMEHHE CBOOOJHO
OPUEHTHPOBATHLCS B TCOPHUSIX, KOHIICTIIUSAX M HAMIPABICHUSIX TI0 U3y4aeMon yueOHO
JUCLHUIUIMHE W JaBaTh MM aHAJIUTUYECKYIO OLIEHKY, HCIOJIb30BaTh HAYYHBIE
JOCTKEHUST IPYTUX AUCIUIUIMH, 32 TBOPYECKYIO CAMOCTOSITEIbHYIO paboTy Ha
NPAKTUYECKUX, JIA0OPATOPHBIX 3aHATHSAX, AKTUBHOE TBOPYECKOE YYacTHE B
IPYNIOBBIX 00CYXICHUSIX, BHICOKUN YPOBEHb KYJIbTYpPbl UCITOJIHEHUS 3aaHH.

9 (meBsiTh) 0AJIOB, 32aYTEHO BBLICTABJISETCS 3a CHUCTEMAaTU3UPOBAaHHBIE,
rJIyOOKHE U MOJHBbIE 3HAHUS 110 BCEM pasjienaM yueOHOM mporpaMMbl YUpEKIEeHUs
BBICIIIETO OOpa30BaHUs MO Y4YeOHOW IUCIUIUIMHE; 32 TOYHOE HCIOJIb30BaHHE
HAy4YHOW TEPMHUHOJOTHHM (B TOM 4YHCJIE HAa HHOCTPAHHOM S3BIKE), TPaMOTHOE,
JOTUYECKU TPaBUJIBHOE W3JIOKEHHE OTBETa Ha BONPOCHI;, 3a BIAJCHUE
MHCTpYMEHTapUeM YUeOHOM AUCIUIUINHBI, yMEHHUE ero 3P (EeKTUBHO HCIIOIb30BaTh
B MOCTAHOBKE U PEIICHUH HAYYHBIX U IPO(EeCCHOHATBHBIX 3a/a4; 32 CIOCOOHOCTh
CaMOCTOSITEJIbHO W TBOPYECKH pEIIaTh CJIOXKHBIE MPOOJIEeMbl B HECTaHIAPTHOM
CUTYyallud B paMKaxX y4eOHOU MporpaMMbl YUPEKIACHHUS BBICIIETO 00pa30BaHUs 110
y4eOHON IUCUMIUIMHE; 3a TIOJHOE€ YCBOCHHE OCHOBHOW W JOTOJTHHUTEIBHON
JTUTEPATyPhl, PEKOMEHJOBAHHOW YYE€OHON NPOrpaMMON YUPEKACHHUS BBHICIIETO
oOpa3oBaHus MO Yy4eOHOW MUCHHUILUIMHE; 32 YMEHUE OPUEHTUPOBATHCS B TCOPUSX,
KOHIIETIIMSAX W HAMPaBICHUAX MO M3y4aeMoW yuyeOHOW MMCIUIUIMHE W JAaBaTh UM
AHAJIUTUYECKYIO OLIEHKY; 3a CHCTEMAaTUYECKYI0, AKTUBHYI CaMOCTOSITEIbHYIO
paboTy Ha MPAKTUYECKHUX, JA0OPATOPHBIX 3aHITHSX, TBOPUECKOE YydacTHE B
IPYIIOBBIX 00CYKIEHUSIX, BBICOKHI YPOBEHb KYJIbTYpPbl UCIIOTHEHUS 3aJaHUN.

8 (Bocemb) 0a/I0B, 3a4YTEHO BBICTABIISCTCS 3a CHCTEMATHU3UPOBAHHBIC,
ryOOKHE U MOJIHBIE 3HAHUS MO BCEM pazjenaM yuyeOHOU MporpaMMbl YUpeKaAeHUs
BBICIIETO 00Opa30BaHus MO y4eOHON AUCIUIUIHHE B 00BbeMe y4eOHOH MpOorpamMMbl
YUPEKJICHHS BBICIIETO 00pa30BaHus MO YUYeOHON AUCIUIUIMHE; 32 UCIOJIb30BaHUE
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HAay4YHOM TEPMHMHOJIOTMU (B TOM YMHCIIE HAa HMHOCTPAHHOM $3bIKE), T'PaMOTHOE,
JIOTUYECKU TIPAaBWIBHOE H3JI0KEHUE OTBETa Ha BOMPOCH], yMEHHUE JieNaTh
000CHOBaHHbBIE BBIBOJIBI U 00OOLIEHUS; 32 BJIaJICHUE UHCTPYMEHTapUeM yueOHOM
JUCHUIUIMHBL (METOJaMU KOMIUIEKCHOTO aHalih3a, TEXHUKOW HH(OpPMAIMOHHBIX
TEXHOJIOTUH), YMEHUE €r0 HUCIOJh30BaTh B MOCTAHOBKE W PEIICHUW HAYYHBIX U
npo(ecCHOHaNbHBIX 3aJlay; 3a CIOCOOHOCTh CaMOCTOSITEIBHO PEIIaTh CIOKHBIE
po0JIeMBbl B paMKax y4eOHOU MpOrpaMMBbl yUpEKI€HHUS BBICILIETO0 00pa30oBaHUs 10
y4eOHOU TUCIMIUIMHE; 32 YCBOCHHE OCHOBHOM M JIOMOJHUTEIBHOW JIUTEPATYPHI,
PEKOMEHI0BaHHOM YyueOHON mporpaMMoi YUpeKIeHUsI BBICIIETO 00Opa30BaHUs 10
y4eOHOU NHCIUIUIMHE; 32 YMEHHE OPUEHTHUPOBATHCS B TEOPHUSX, KOHIECMIMIX U
HaIpaBJIECHUAX 0 U3y4yaeMOW yueOHON MUCIUIUIMHE U JaBaTh UM aHAJIUTHYECKYIO
OIICHKY; 32 aKTUBHYIO CAMOCTOSITEIbHYIO0 Pa00Ty Ha MPAKTHYECKUX, JTAOOPATOPHBIX
3aHATUAX, CHCTEMATHYECKOE Y4YacThe B TPYMMOBBIX OOCYXICHUSX, BBICOKHI
YPOBEHbB KYJIbTYpPhl UCTIOJTHEHUS 3a/laHUM.

7 (cemb) 0a/JI0B, 3a4YTEHO BBICTABIISETCS 32 CUCTEMATU3UPOBAHHBIC,
rTyOOKHE U TOJTHBIC 3HAHUS 110 BCEM pasjienaM yueOHOM MporpaMMbl yUpEKICHUS
BBICIIIETO OOpa3oBaHUs MO Y4eOHOM IUCHHUIUIMHE, 3a HCIOJIb30BaHHE HAYyYHOM
TEPMUHOJIOTUH (B TOM YHCJIE HA WHOCTPAHHOM S3BIKE), TPAMOTHOE, JIOTUUYECKHU
MpaBUJIbHOE M3JI0)KCHHE OTBETAa Ha BOMPOCHl, YMEHHE JeiaTh OOOCHOBAHHBIC
BBIBOJBI M 00OOIIECHMSI; 3a BJIAJICHUE WHCTPYMEHTapUEeM Y4YeOHOW IUCIUIUIUHBI,
yMEHHE €ero HCIOJIb30BaTh B IIOCTAHOBKE M  pEIICHWH HAy4YHBIX U
npodeccuoHaIbHBIX 3a7a4; 3a CBOOOJHOE BIIAJICHWE TUIIOBBIMU PEIICHUSIMU B
pamMKax y4eOHOW MpOrpaMMbl YYpPEKIEHUs BBICIIEro oOpa3oBaHUsA MO y4eOHOU
JUCIUIUIMHE, 3a YCBOCHME OCHOBHOW ¥  JIOTOJHHUTEIBHON JIUTEPATypHl,
PEKOMEHIOBaHHOM y4eOHON MpOorpaMMOM yUpekJIeHUs BBICIIETO 00pa30oBaHUs IO
y4eOHOM JUCIUIUIMHE, 32 YMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPUSX,
KOHIENIUSAX U HAIpaBICHUSX MO MU3y4aeMoW y4eOHOW NUCUHUILUIMHE W J1aBaTh UM
AHATMTUYECKYIO OILIGHKY; 3a CaMOCTOSITENIbHYI0O paboTy Ha MPaKTUYECKUX,
1a00paTOPHBIX 3aHATHUAX, YYaCTHE B TPYIIOBBIX O0CYKIEHUAX, BHICOKUN YPOBEHB
KyJbTYPbI UCIIOTHEHUS 3aJJaHUH.

6 (mecTp) 0a/JIOB, 3a4YTEHO BBICTABIISICTCS 3a JOCTATOYHO IIOJIHBIE H
CUCTEMaTHU3UPOBAaHHBIE 3HAHUS B 00beMe Y4YeOHOW MpOrpaMMbl YUPEKICHUS
BBICIIETO 00pa30BaHUs M0 y4eOHOM TUCIUILTNHE; 32 UCIIOJIb30BAaHUE HEOOXOIUMOM
Hay4YHOW TEPMUHOJIOTUH, TPAMOTHOE, JIOTUYECKH MTPABUIIBHOE U3JI0)KEHUE OTBETA Ha
BONIPOCHI, YMEHHUE JieNlaTh 0000IIeHnss U 00OCHOBaHHBIC BBIBOJABI, 33 BIAJCHHE
WHCTPYMEHTapueM y4eOHOUM NUCIUIUIMHBI, YMEHHE €T0 MCIOIh30BaTh B PEIICHUH
y4eOHbIX W TPOodEeCCHOHANBHBIX 3a/Jad; 3a CIOCOOHOCTh CaMOCTOSATEIHHO
MPUMEHSTh THUIIOBBIE PEIICHHS B paMKax, y4eOHOM NIporpaMMbl YUPEKICHHS
BbICIIETO0 00pa3oBaHUA MO Y4YeOHOW MJUCHUUIUIMHE, 3a YCBOEHHE OCHOBHOM
JIUTEpaTypbl, PEKOMEHJIOBAHHON Yy4eOHON MPOrpaMMoOil YUpexIEHUS BBICIIETO
oOpa3oBaHus MO y4eOHOW AMCITUIUIMHE; 32 YMEHUE OPHEHTUPOBATHCS B 0A30BBIX
TEOPUSIX, KOHUEMUIMAX U HAMPABICHUSIX MO U3y4aeMON JUCUUIUIMHE U AaBaTh UM
CPaBHUTEIBHYIO OILIEHKY; 3a AaKTUBHYIO CaMOCTOSITEJIbHYIO palboTy Ha
MPAKTUYECKUX, JIAOOPATOPHBIX 3aHATHUSX, MEPUOJUUYECKOE yYacCTHUE B TIPYIIIOBBIX
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00CYX/I€HHSIX, BBICOKUH YPOBEHb KYJIbTYpPbl UCIIOJHEHUS 3a1aHU.

5 (msaTH) 0a/JI0B, 3aYTEHO BEICTABIISICTCS 34 IOCTATOYHEIC 3HAHUS B 00BEME
y4eOHOM TporpaMMbl YUpPEXIEHUS BbICHIET0 0Opa3oBaHUA 1O Yy4eOHOU
JUCLHUIUIMHE; 32 WUCIIOJIb30BaHUE HAYYHOU TEPMHUHOJIOTUU, TPAMOTHOE, JOTHYECKHU
IIPAaBUJIBHOE M3JI0’KEHHUE OTBETA HA BOIPOCHI, YMEHHUE JI€JIATh BHIBOJIBI; 3a BIIAICHUE
MHCTPYMEHTapUeM yueOHOM NUCUUIUIMHBI, YMEHHUE €ro UCIOJIb30BaTh B PEILICHUU
y4eOHbIX W MNpOoPEeCcCUOHANBHBIX 3a/ayd; 3a CHOCOOHOCTb CaMOCTOSITEILHO
NPUMEHATh THUIIOBBIE PEUIEHUS B paMKaxX yueOHOW MporpamMmbl yUpeKICHUS
BBICIIEr0 00pa3oBaHMs 1O Y4YyeOHOW MAUCIMIUIMHE; 332 YCBOEHHE OCHOBHOM
JUTEPaTypbl, PEKOMEHJOBAHHONW Y4eOHON NPOrpaMMoON YUpExACHHUsS BBICIIETO
oOpa3oBaHus MO y4yeOHOW AUCIUIUIMHE; 32 YMEHUE OPUEHTHPOBATHCA B 0a30BBIX
TEOpUSX, KOHUEMUHUAX W HAMpaBICHUSAX MO M3y4aeMoW y4eOHOW NUCUUILUIMHE U
JaBaTh WM CpPAaBHHUTEIBHYIO OLEHKY; 3a CaMOCTOATENbHYI0 paboTy Ha
NPAKTUYECKUX, Ja0OpPaTOPHBIX 3aHATUAX, (PParMEHTApHOE yYacTUE B IPYIMIOBBIX
00CYXIEHUSIX, TOCTATOYHBI YPOBEHb KYJIbTYpPbl UCTIOJTHEHUS 3aJaHH.

4 (ueThipe) 6ajLIa, 32a4TEHO BHICTABISETCS 3a JIOCTATOUYHBIM 00bEM 3HAHUU
B paMKax o00pa30BaTEJbHOIO CTaHJapTa BBICHIETO OOpa30BaHHUA;, 3a YCBOCHHUE
OCHOBHOM JIUTEPATYyphbl, PEKOMEHJIOBAHHON y4eOHON MporpamMMoi yupeKIaeHUs
BBICIIETO OOpa3oBaHUs MO Yy4eOHOW IUCHUIUIMHE; 32 HMCIOJIb30BAHHE HAYYHOM
TEPMUHOJIOTUH, JIOTUYECKOE H3JIOKEHHUE OTBETAa HA BOIPOCHI, YMEHHE JENaTh
BBIBOJIbI 0€3 CYIIECTBEHHBIX OMIMOOK; 3a BJIaJICHUE MHCTPYMEHTapHeM yueOHOM
JUCLUUIUIMHBI, YMEHHUE €ro HUCIOJb30BaTh B PEIICHHH CTaHAAPTHBIX (TUIOBBIX)
3a7a4; 3a yYMEHHE II0J PYKOBOACTBOM IIPEIOAABATENs pelaTh CTaHAApPTHbIC
(TUIIOBBIE) 3a/1a4M; 32 YMEHUE OPUEHTUPOBATHCS B OCHOBHBIX TEOPUSIX, KOHIICTIIIHSIX
U HamNpaBJICHUAX O HU3ydyaeMON yuyeOHOW NUCUMIUIMHE W J1aBaThb UM OIICHKY; 3a
paboTy MOJ PYKOBOJCTBOM IIperojiaBaresii Ha MPAKTUYECKHX, JTabOopaTOpHBIX
3aHATHSAX, JOIIYCTUMBIA YPOBEHD KYJIbTYPbl HCIIOJIHEHUS 3 1aHUN.

3 (Tpu) 0ajs1a, He 32aYTEHO BHICTABJISCTCS 32 HEJJOCTATOYHO IMOJHBIN 00beM
3HaHHWI B paMKax 00pa30BaTeNbHOTO CTaHJapTa BRICIIETO0 0OPa30BaHUs; 32 3HAHHUE
YaCTH OCHOBHOHM JIUTEpaTyphl, PEKOMEHJOBAaHHON YyueOHOW mporpamMmon
YUPEXKICHUS BBICIIETO 00pa30BaHus MO y4eOHON NUCHIUILIUHE; 32 UCIIOJIb30BAHHE
HAay4YHOM TEPMHMHOJIOTUH, W3JI0KEHHE OTBETAa Ha BONPOCHI C CYLIECTBEHHBIMH,
JOTMYECKUMH OIIMOKamMH; 3a cjaboe BlaJeHUEe HHCTPYMEHTapueM Y4yeOHOMH
JUCLUIUIMHBI, HEKOMIIETEHTHOCTh B PEIICHWH CTAHJIAPTHBIX (THUIIOBBIX) 3a/ad4; 3a
HEYMEHHE OPUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHUECIIMAX U HAIPABICHUAX
u3ydyaeMoil y4yeOHON MAMCUMIUIMHBI; 3a TACCHUBHOCTh Ha TMPAKTHUYECKUX WU
71a00paTOPHBIX 3aHATUAX, HU3KUN YPOBEHb KYJIbTYPhl HCIIOJTHEHUS 3aJaHUl.

2 (nBa) GaJju1a, He 3a4YTEHO BBICTABISETCSA 3a (PparMeHTapHBIC 3HAHUSA B
pamMkax oOpa30BaTEJIBHOIO CTAaHAApPTa BbICIIErOo OOpa30BaHUSA; 3a 3HAHUS
OTJEJIbHBIX JINTEPATYPHBIX HCTOYHUKOB, PEKOMEHOBAHHBIX YUYEOHOW MPOrpaMMoit
YUpEXACHUS BBICIIEr0 OOpa30BaHMs MO Y4YEOHOW [IHUCLMILIMHE; 32 HEYMEHHE
MCIIOJIb30BaTh HAYYHYIO TEPMUHOJIOTHIO YU€OHOM TUCIUIUIMHBI, HAJMYNE B OTBETE
rpyOBbIX, JOTHUECKUX OIIHMOOK; 32 TACCUBHOCTh Ha MPAKTUYECKUX U JTAOOPATOPHBIX
3aHATUAX, HU3KAW YPOBEHB KYJIbTYPbl UCIIOJIHEHUS 3aJaHUN.
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1 (oamH) 0Oajy1, He 3aYTEHO BBICTABISICTCA 3a OTCYTCTBUE 3HAHUN U
(komneTeHIMI) B paMKax 00pa3oBaTENbHOIO, CTaHAApTa BBICIIET0 OOpa30BaHMS,
OTKa3 OT OTBETA, HESIBKA HAa aTTECTALUIO 0€3 YBAXKUTEIbHOU MPUYHHBI.

DK3aMeHyeMbl€ UMEIOT MPaBO MOJIb30BATHCSI BO BpPEMsl MPOBEACHUS 3adeTa
y4eOHOI TporpaMmoii kypca. Pe3ynbratsl 3auera OOBSABISIOTCS, KaK MPaBUIIO, B
JIEHb €ro TMPOBEJCHUS U 3aHOCITCS B 3aYETHYIO KHIDKKY JK3aMEHYEeMOIro u
AK3aMEHAIIMOHHYIO BEIOMOCTb.

CryneHThl, HE BBHITIOJIHUBIINE B MOJTHOM 00beMe TpeOOBaHMS MO HU3YYCHUIO
JTAHHOM JUCHUIUIMHBI, HE JOMYCKalTCs Kadeapoi K c/laue IK3aMeHa.
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4.3 CamocrositesibHasE padora mo aucuuiiimHe «CtaTucTu4ecKkue
METOAbI B I'e0JIOT UMD

B xonme ocBoeHHMs CTyJeHTaM pPEKOMEHIYeTCsS HCIOJIb30BaTh B KaueCTBE
MH()OPMAIIMOHHO-METOIUUECKON TMOAJACPKKH SJIEKTPOHHBIE TEKCTHI JICKITMOHHBIX
3aHSATUM, 3aJaHusl JJI1 CaMOCTOSITEbHOW paboThl, KOHTPOJBHBIE BOIPOCHL.
Haubonee sadppextruBHBIMU pOpMaMu U METOJIaMH OpraHU3AIUU CAMOCTOSITEILHOM
pabOTHI CTYACHTOB SIBJISIIOTCS: BBITIOJIHEHUE MPAKTUYECKUX 3aJaHUN.
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5 BCIOMOTI'ATEJILHBIN PA3JIEJ

5.1 VYyeOHas mnporpamma mno y4eOHOM UCUMILIMHE
«CTraTucTHYeCKHE MeTOAbI B Ie0JI0rMM»

MunuctepcTBo 00pazoBanusi Pecniyonuku benapych

VYupexnenue oOpa3oBaHus
«I"'oMenbCcKuil TOCyJapCTBEHHBIM YHUBEPCUTET UMeHH PpaHnrcka CKOPUHBD)

I/IHCTI/ITyT JOITIOJIHUTCIIBHOT'O O6p330BaHI/I$I

YTBEPX/IAIO
Pextop I'TY umenu @.CxopuHbl
C.A.XaxoMmoB

YUYEBHAS IPOT'PAMMA 110 YYEBHOM JJUCHUIIJIMHE

«CraTucTuueckue MCTOJbI B I'COJIOTHN»

1-51 02 71 Pa3pabotka u sKcruTyaTaiusi He()TSHBIX U Ta30BBIX MECTOPOXKICHHU I
(kBasUUKAIHS: TOPHBINA HHKCHEP)

B COOTBETCTBHHU C THIIOBBIM YUYEOHBIM IIIAHOM II€PETIOTIOTOBKH, YTBEPIKICHHBIM
01.06.2021, peructpanmonusiii Noe Ne 110

2022
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Pa3paboTurk mporpaMmsi:

JI. H. Mapuenko, 3aBeaytonuil kadenpoit pyHaaMeHTanbHONW U TPUKIaAHON
MaTeMaTUKH

PekoMeH10BaHa K YTBEPKICHUIO:
kadeapoit mepernoAroTOBKY 1 MOBBIIICHUS KBATHU(PUKAIIIH
ITpoToxoun 3acenanus ot 01.09.2022 Ne 1;

HAyYHO-METOJUYECKUM COBETOM YUpekJIeHUus o0pazoBanus «I oMenbcKkuit
rocyJ1apCTBEHHbI YyHUBEpPCUTET MMeHU Dpannricka CKOPUHBI»

ITpoTokou 3acenanus ot 13.09.2022 Ne 1
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IHosicHUTEALHAA 3aAIIMCKA

VY4eOnast mporpamma 1o y4eOHoi nucturinHe « CTaTHCTUYECKHE METOJIBI B
reojiorun»  crneuuaibHocT  mepenoAroroBku  1-51 02 71 Pa3pabotka u
OKCIUTyaTanusi He(PTSHBIX M Ta30BBIX MECTOPOXKIACHUH (KBadu(UKAIUA: TOPHBINA
WHXKEHEp) pa3paboTaHa C MENbI0 peanu3alid 00pa30BaTEIBHOW MPOTrPaMMBbl
MIEPETIOITOTOBKH PYKOBOJASIINX PA0OTHUKOB U CICIIHAIMCTOB, UMEIONTUX BBICIICE
oOpasoBaHue.

YyeOnas  gucnumimHa — «CTaTHCTHYECKHE  METOABI B TEOJIOTHN
CTHEIMaTBFHOCTH NEPEMOATOTOBKH (Jjajiee — TUCIUTUINHA) OTHOCUTCS K KOMIIOHEHTY
«ObmieHayunple ¥ oOmHIENpodecCUOHANIbHBIC JTUCHUIUIUHBDY Y4eOHOTo IjlaHa
HepernorOTOBKH.

[Ipu reosorHYecKuX UCCIICOBAHUAX HAKATUIMBACTCS OOJBIIOE KOJIMYECTBO
reOJIOTHUECKON WHGPOpMAIUU: PE3yNbTAaThl TE€OJOTHMYECKOW JTOKYMEHTAIHH
OYpOBBIX CKB@)XHH, CIHCKTPAJIbHBIX M XHMHUYECKHX aHAJU30B pyJ, IMOPOJ U
MUHEPAJIOB, JIAHHbIC TCOPU3NICCKUX U TEOXUMHUCCKUX H3MEpPeHHUH U 1p. OaHO U3
BRXHEHIIMX HANpPABJICHWH B TCOJOTMH COCTOMT B IIUPOKOM BHEIPCHHH
aBTOMAaTU3WPOBAHHBIX METOJOB HAKOIUICHHS, XpaHCHUS, 00pabOTKH W TMepeaadu
reojIoTMYecko  MH(oOpManMuM ¢ [edbl0  MOBBIIIEHUS  A()PEKTUBHOCTU
TCOJIOTHUECKUX HCCIIeZIoBaHMA. [IpakTHYecKoe WCIONb30BaHUE CTATUCTHYCCKHUX
MeToJ10B ¥ Mojelel Ha [TK HeoOXoauMo NpH PEIICHHH PEaTbHBIX T€0J0THYCCKUX
3a/lay ¥ OCHOBAHO HAa 3HAHUSAX CTAHJAPTHBIX IMAKETOB MPHUKJIAAHBIX MPOTPaAMM.
[Toatomy nmucummiuHa «CTaTUCTUYECKUE METOABl B T'€OJOTUMY» aKTyaldbHa s
cinymarenei crienuanbHocTH 1-25 02 71 «Pa3paborka u skcruryaramus HeTSHBIX
Y Ta30BBIX MECTOPOXKICHUN

Ilenvto nucuurmHbl «CTaTUCTUYECKHE METOABI B TEOJIOTHMY SBISETCS
OBJIaJICHUE CITYIIATEISIMU OCHOBAMH CTaTUCTUYECKOT0 aHanu3a naHHbix Ha [1K.

3aoauamu ABISAIOTCS:

— YCBOCHHME OCHOBHBIX TEXHOJOTHUW HCIOJIH30BAHUSA MAKETOB MPUKIAIHBIX
IPOrpaMM B CTATHCTHYECKOM aHAIU3E;

— OBJIQJICHWE TMPAKTUYECKUMHM HaBBIKAMHU  HCIOJIb30BaHUS  TAKETOB
NPUKJIAHBIX IPOTPAMM B SKOHOMUYECKOM aHAJIHN3E;

— aHalM3 pealbHBIX TEOJIOTHYECKUX OOBEKTOB C TMOMOIIBI0 TAKETOB
MPUKIIATHBIX TIPOTPAMM.

B pesynbTaTte n3ydeHusi TUCIUILTUHBI HEOOXOIUMO:

3Hamy:

— OCHOBHBIE CTATUCTHYECKHE METOIBI JIJIsl aHAIM3a T€OJIOTUYECKUX JaHHBIX;

— OCHOBBI TIOCTPOCHHMS CTaTHCTHUECKHX Mozenei B MS Excel;

ymemu:

— ucrosib3zoBath MS Excel mpu mpoBeneHn# KOppeasSIMOHHO-PETPECCHOHHOTO
aHanm3a,

— IPOBOAMTH AHCIIepCcHOHHbBIN aHamu3 MS Excel;

— aHaTM3UPOBaTh BpeMeHHbIe psiibl B MS EXxcel.

énadems:

— OCHOBaMHM CTaTUCTHYCCKOTro MozenupoBanus B MS Excel;
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— HaBbIkamMu ucnoib3oBanus [IK mpu aHanmm3e peaabHBIX TE€OJIOTHYSCKUX
0OBEKTOB.

N3yuenune yuyeOHON AUCIUIUITMHBI KOMIOHEHTa «CTAaTUCTHYECKUE METO/IBI B
TCOJIOTUM» HANpPaBJIICHO Ha TOBBINICHHWE KadyecTBAa BOCIHUTATEIBHOTO IpoIiecca
MOCPEJICTBOM  (DOPMUPOBAHUS  CHCTEMHOTO ¥ JIOTHYECKOTO  MBIIUICHUS,
OTBETCTBEHHOCTH 3a PE3YJIbTAaThl Y4eObl, TPYAOTIOOUS, 00CCIICUYUBACT Pa3BUTHE
MaTEeMaTHYECKUX CIIOCOOHOCTEH M CKJIOHHOCTEH O0Oy4aromuxcs, a TakkKe HX
JUYHOCTHBIN POCT M TPaKIaHCKOE CTAHOBJICHUE.

N3yuyenue aucuumivHbl paccuntano Ha 30 yacos.

Pacnpenesienue y4eOHbIX YaCOB 10 BUIAM 3aHATHIA :

B 3a04yHOM QopMe monydeHuss oOpazoBanus: Jyekuuun — 10 wyacos,
NpaKTUYECKUE 3aHIATHsI — 8 YacoB, caMocTosiTeNbHas padora — 10 yacos;

B OYHOM (BeuepHeii) (opme noiayyeHus odOpa3oBaHus: Jiekuu — 14 gacos,
NpakTUYeCKue 3aHATus — 14 yacoB, caMocTosITeNIbHAs paboTa — 2 4acoB,;

@DopMbI TEKyLIEeH ATTECTALMHU CIIYLIATEJIEH 110 JUCLUIIIIMHE — 3a4eT.
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COAEP/KAHUE YYEBHOI'O MATEPHUAJIA

Tema 1 Marematnyeckoe MOAEIMPOBAHUE T€OJIOTHUECKUX OOBEKTOB

['eonoruueckue o0O0BEKTHI M X cBoicTBa. CBOWCTBA T'€OJIOTMYECKUX
00bekTOB. OCHOBHBIE BUJIbI MATEMATUUECKUX MOJIENICH, TPUMEHSIEMBIX B F€OJIOTHH.
OCHOBHBIE 3TaIlbl U MOJEIN CTATUCTUYECKOTO aHAIU3A.

Tema 2 IIpeaBaputenbHbIN aHAIN3 JaHHBIX

PamxupoBanneiii psan. BapuanuoHHsli psaxn. Yacrora M OTHOCUTENIBbHAs
yactota. [lonuron wactor. Kymynsura. UatepBanbubiil paa. ['uctorpamma. Smux
C yCaMH.

Tema ToueuHble U UHTEPBAJIBbHBIE OLIEHKU

Meps1 nonoxenus. Meaunana. Moga. Cpennee 3HaueHue. Mepsl paszopoca.
Hucnepcust. CpenHekBagpaTuyeckoe OTKIOHeHHe. Mepbl (hopmbl. MOMEHTHI
CIIy4allHOW BEJIMYMHBI. ACUMMETpHs. JDKCLECC.

Tema 4 ITpoBepka CTaATUCTUYECKUX THUIIOTE3

OO6mast cxema MPOBEPKH TuIoTe3. Bo3MmokHble OMMOKKA TMPU MNPOBEPKE
runote3. CpaBHEHHE MaTEeMaTHUYECKUX OXKHUJIaHWHM B JIBYX BbIOOpKax. CpaBHEHUE
aucnepcHil B 1ByX BeiOOpKax. [IpoBepka runoressl 0 BUJI€ 3aKOHOB pacipeieIeHUs
BEPOSATHOCTHU F€HEPAJIbHOM COBOKYNMHOCTHU. Kputepuu cornacusi.

Tema 5 JlucniepCrOHHBIN aHAIU3

YpoBuu  ¢akropa.  PesynbratuBHbii  Qakrtop.  OgHOPAKTOPHBIN
aucnepcuoHHblil  aHanus. Kputepuit ®umepa. BwiOopounsiii  koshuiueHT
netepMuHaivu. JIByX(akTOpHBIN JUCIEPCUOHHBIN aHalu3 0e3 MOBTOPEHHH U C
noBTopeHusiMu. OOmiass Bapuarus. Kpurepuit dumepa. Hemapamerpuueckuit
JIUCIIEPCUOHHBIN aHAIIN3.

Tema 6 KoppensiuMOHHBIN aHaN3

OCHOBBI KOPPETSIUOHHOTO aHaln3a. BeiOopouHbIi mapHbI KO3 GULIUEHT
koppensanuu. [llkana Yegnoka. KoppensiumonHnas marpuua. 3HaUUMOCTb APHOTO
koa(puieHTa Koppesaunui. BeIOOpOUHbIi YacTHBIN KOA(DPHUIIUEHT KOPPEALUHA 1
€ro 3HaYUMOCTbh. BHIOOPOUHBINT MHOKECTBEHHBIN KO3(PHUIIMEHT KOPPEISIITUN B €TO
3HAYUMOCTb.

Tema 7 PerpeccuoHHBIN aHAIN3

DOHJIOTEHHBIE U 3K30T€HHbIE NepeMeHHbIe. OCHOBHBIE MPEANOCHUIKA MOJIEIN
MHOKECTBEHHOM JIMHEWHOUN perpeccuu. MeTton HamMmeHbIux kBaapatoB (MHK).
AHanu3  aJeKBAaTHOCTH JIMHEWHOW MOJIEJIM  MHOYKECTBEHHOM  pPETPECCHH.
KoapdunmenT nerepmuHanmy MoAeau. 3HAYUMOCTb KO3 (PHUITMEHTOB PErPECCHUH.
[IpoBepka runote3bl 00 aeKBaTHOCTA MOJENHU B 11esIoM. F-kputepuit @umiepa

Tema 8 KiactepHblii aHanus

N3mepenue Onu3ocT 0OBEKTOB. XapaKTEPUCTUKH OIM30CTU: JIMHEHHOE
paccTosiHhe, €BKJIWJO0BO paccTosiHue, pacctosHue YeObimeBa, MaHX3TTeHCKOE
paccrosiHue. PaccrosHue Mexay kinacrepamu. Jlenaporpamma.
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TpeOoBaHus K IPOBEpPKe Pe3yJibTATOB CAMOCTOSITE/IbHOI PadoThI

CamocTtosTenbHas paboTta ciymiarene no auciuruimHe «CTaTUCTUYECKue
METOJIbl B T'€0JIOTUW» TpPEACTaBisieT coOOOM Ba)KHBI KOMIIOHEHT MO3HABATEJIbHO-
MPAKTUYECKOHN NEATEIbHOCTU CIYIIATENCH.

VY4eOHbIl MaTepHall, MPEeACTaBICHHBIN B pa3jesie caMOCTOSTENbHON PaboThl,
HalpaBJIeH Ha 3aKpeIuieHHWe W YIJIyOJIeHHe 3HAaHUW 1O OCHOBHBIM pa3jesiaM
JUCIUIUIMHBI,  TJIyOOKOE€  CaMOCTOSITEJIbHOE  OBJAJEHUE  TEOPETUYECKUM
MaTepuaioM, AaKTHUBU3ALMIO IIO3HABATEIBLHONW JAEATEIIBHOCTUA CHyIIaTeaed |
pa3BuTHe NMpoheCcCUOHAIBHO 3HAYMMBIX YMEHUN U HaBBIKOB.

Kontpons  camocrositenbHOM ~ paOOTBI  ciymiateneid  OCYLIECTBIISETCS
NpernojaBaTeieM BO BpeMs IMPOBEACHUS MPAKTUUECKUX 3aHATHH, a TaKXKE TEKYIIEH
aTTeCTally CITyIIaTENEH.

[IpuMepHbIld TepedYeHb BOMPOCOB JJd CAMOCTOSTEIBHOIO HW3YyUYEHUS
BKJIFOUAETCA B MAaTEpPHUAJIbl ISl TEKYLIEW aTTECTALMU CIIYLIATEIEH.

Ne
JINTEPaTypPHOTO
HCTOYHHMKA
B COOTBETCTBHH CO dopma
Tema 3ausaTus Bun 3apanus CIIHCKOM
PeKoMeHayeMoi KOHTPOJIA
JINTepaTypbl
(mpu HEOOX0AMMOCTH
- 00beM)

[peaBapuTEIBHBIN aHAIN3 [IpoaHanu3npoBaTh Ocmu. [1 -11] Koncnekr
JAHHBIX JUTEepaTypHbIE HCTOUHUKU

Y COCTaBUTb KOHCIIEKT.

BrinonHute

WHIMBUAYaIbHOE 3aJJaHue.
YucioBeie XapaKTCPUCTUKH HpoaHaanpOBaTb OcH. [l -ll] Koncnekr
CIly4aifHO} BEITMUNHEL JUTEepaTypHbIe HCTOUHUKU

Y COCTaBUTb KOHCIIEKT.

BrimonHuTth

WHIMBUAYyaIbHOE 3aJJaHue.
ITpoBepka crarucTHyeckux | Ilpoanamsuposats Ocw. [1-11] Koncnekr
FHIIOTES JIUTEepaTypHbIe HCTOUHUKU

Y COCTaBUTb KOHCIIEKT.

BeimonHuTth

WHJIMBUTyaJTbHOE 33JIaHNE.
JlucniepCMOHHBIN aHAN3 M3yuuts MeTOIBI Ocw. [1-11] Koncmexr

HCIIOIH30BAHUS

0THO(AKTOPHOTO

JUCTIEPCHOHHOTO aHAIN3a B

paspabotke

MECTOPOXICHHA He(YTH U

rasza. BemomHuTh

WHMBHIyaJTbHOE 3a/IaHHe.
KOppeHHHI/IOHHHﬁ aHalus3 HccnemoBaTh B3aMOCBSI3H OcH. [1-11] Koncmexr,

ToKa3aTeneil B pa3paboTke

He(PTAHBIX MECTOPOXKIICHUH.

BeimonuuTh

WHMBHIyaJTbHOE 3a/IaHHe.
PereCCI/IOHHLIﬁ aHalu3 [Moctpouts perpeccuonnbie | OcH. [1-11] Koncmexr,

MOJICTIH B pa3paboTKe TIpEe3CHTAITHS

He(TSHBIX MECTOPOXKIICHHH.
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BrmonHuts

MHAWNBUAYAJIBHOC 3aJaHUC.

Knacrepnsiit ananus

IIpoanamusupoBaTh
JUTEPATyPHBIE HCTOYHUKH
W COCTABHUTbH KOHCIIEKT.
Brinonuuts

WHIANBUAYAJIbHOC 3aJaHUC.

Ochw. [1-11]

Koncmnexr,
MIpe3eHTaIUS
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BpeMﬂ, OTBCACHHOC HA U3YUYCHUE OTACJIbHBIX TEM

3aounas Qopma nosyueHus: oOpa3oBaHus

Haumenoanue pasnenos u tem | KoinyectBo yacos Dopmbr
KOHTPOJIS
E o g = o 3HAHUU
8 g s | g 5
= 2 g o | & ‘S
° = |8 |§E |E|8 | T
s |E|E |2 |2|F |2
2] = = @) = ~ @)
30 10 |8 12
MartemaTu4eckoe 2 2 - YcTHEIH ompoc
MOJeJTUpPOBaHUE
re0JIOTHYeCKNX 00beKTOB
IIpenBapurenbHblil aHAINA3 4 2 - Pemenue
JTAHHBIX MPaKTHYECKUX
3ama4y
HucnoBble XapaKTEPUCTUKA 4 2 - Pewenue
CIIy4YaiiHOM BEITUYUHBI MPAKTHYECKUX
3ama4
[IpoBepka cTraTuCTHYECKUX 4 2 - 2 Pemenne
TUIIOTE3 MPaKTHYECKUX
3ama4
JlucniepcOHHBIN aHAIN3 4 2 2 2 Pemenne
MPAKTHYECKUX
3agad
KoppensiironHbIi aHamu3 4 - 2 2 Pemienue
MPAKTHYECKUX
3aga4d
PerpeccronHbIi aHaNN3 4 - 2 2 Pemienue
MPAKTHYECKUX
3a/1a4d
KiactepHsliii aHanmm3 4 - 2 Pemenue
MPAKTHIECKUX
3a/1a4a
Hroro 30 10 |8 12
DopMBI TEKYIIEH aTTecTaluu 3ader
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Ounas (BeuepHsisi) popmMa moJydeHusi 00pa3oBaHuUsl

HanmenoBanue pasnenos u tem | KonndecTBo yacos ®opmsbl
0 ® l KOHTpE)JISI
5 = = < | 3HAHUH
8 |8 | ¢ 3
= 2 & o | 'S
o ~ = o) = {
= = = = - - .
3 5 | & |3 | & | &
M = = O N g O
30 10 8 12
MartemaTuieckoe 2 2 - YcTHBIH ompoc
MO/IeJTUPOBAHUE T€0TOTHYeCKHX
00bEeKTOB
[IpenBaputenbHBIN aHATN3 4 2 2 Pemmenne
JTaHHBIX NPaKTHIECKUX
3ama4y
UrcnoBbie XapaKTepUCTHKH 4 2 2 Pemmenne
CIIy4aiiHOM BEITUYUHBI MIPAKTHYECKUX
3a1a4
[IpoBepka cTraTuCTHUECKUX 4 2 2 Pemenne
THITOTE3 NPaKTHIECKUX
3ama4
JlucniepcOHHBIN aHAN3 4 2 2 Pemenne
NPaKTHYECKUX
3a1a4
KoppensiironHbli aHamu3 4 2 2 Perienue
MPAKTUIECKIX
3a1a4
PerpeccroHHbIi aHaANN3 4 2 2 Perienue
MPAKTUIECKIX
3a1a4
KinactepHsliii aHamm3 4 - 2 2 Permienue
MPAKTUIECKIX
3a1a4
Hroro 30 14 14 2
DopMbl TEKYIEH aTTeCTAI[UU 3auer
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MATEPHAJIBI JUISI TEKYIIEA 1 UTOTOBOM ATTECTAIIUU
CJOYUIATEJEN

BOIIpOCbI AJIA TIPOBEACHHUA 3a4€Ta

14 TlpenBapurenbHBbIHA aHanu3 JaHHBIX: psa JTAHHBIX,
HECTPYIIIIMPOBAaHHBIA  PsA, PAHXUPOBAHHBIM  psAN, BapUaTUBHBIM  psf,
MHTEPBAIbHBINA PsiJ, OJUTOH YacTOT, THCTOIPaMMa.

15 ToueuyHble OLIEHKM MAapaMETPOB TI'E€HEPAIbHOM  COBOKYIIHOCTH.
JloBepuTenbHbIE UHTEPBAJIBI.

16  IIpoBepka cTaTUCTUYECKHUX THIIOTES.

17  T'umote3bl 0 MapameTpax MHOIOMEpPHOW HOpPMalbHO pacmlpeeeHHON
reHepajibHOM COBOKYITHOCTH.

18 CpaBHeHue JBYX TIEHEpaJbHBIX COBOKYIHOCTEH: MapaMeTpUyecKue
KPUTEPUH.

19  CpaBHeHue JIByX T€HEpaJbHBIX COBOKYITHOCTEH: HEmapameTpuyecKue
KPUTEPUH.

20  OpHodakTOpHBIA JUCHEPCHOHHBIN aHanmu3, Kputepuil @wumiepa.
Koadumment nerepmunanuu.

21  Hemapamerpuueckuii ogHodaxTopusiii ananu3. Kpurepuit Kpackaina-
Yomnuca.

22  BzaumocBs3b (aktopoB. Ilapabie KO3(pGUIMEHTH KOPPESAIIUH.
Yactable k03¢ dunuenTs! koppensiuu. [IpoBepka 3Ha4UMOCTH MapaMeTPOB CBSI3H.
23  MHoxecTBEeHHBIN KOA(PIUIIMEHT AeTEPMUHAIINHN U €T0 CBOMCTRA.

24  Kpurepuil HE3aBUCUMOCTH Ha OCHOBE pPaHTOBOTO KodhduimeHTa
koppessiiuu CrimpMeHa.

25 Mopnenb MHOXECTBEHHOW JIMHEWHOM  perpeccuu. 3HAYUMOCTh
k03¢ HUIMEeHTOB. 3HAYUMOCTb KO PUIMEeHTa JeTEPMUHALINH.

26  Hepapxuueckue KiacTep-mporeayphl.
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NupopmannoHHO-MeTOAHYECKAA YACTH

Ilepeuenv npakmuueckux 3aHAmMUN

[IpenBapuTenbHbli aHAINU3 JAHHBIX.

HucioBble XapaKTEpUCTUKH CIIyYalHON BEJIUYHMHBI.
IIpoBepka CTaTUCTUYECKUX TUIIOTES.
JluciepCuOHHBIN aHaIu3.

KoppensunonHuelil ananus.

PerpeccuonHsbii ananus.

KitactepHslii ananus.

NoakowdE

Dopmbl KOHMPOIA 3HAHUU

1. 3amuTa mpakTUYECKUX padoT.
2. YCTHBIH ompoc.
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