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OBIIHE ITOJIOKEHUA KYPCA

OAHOBPEMEHHO CO CTPEMHUTEIBHBIM Pa3BUTHEM HAyKW, HWHTErpalen
OTJENBbHBIX €€ OTpacieil, aKTUBHO pPa3BHBACTCSI METOOJOTUS OOLIECTBEHHON
reorpaguu. HoBblil conpanibHbli 3anpoc GopMUpPYeT HEOOXOAMMOCTh KOMILIEKCHBIX
UCCIIEIOBAaHUM, NMPUBEI K BHEAPEHUIO B OOLIECTBEHHYIO reorpaui0 MaTeMaTHUKO-
CTaTUCTUYECKUX METOAOB HCCIEN0BaHUM. J{J1 MOATOTOBKU CIIELUAINCTOB B 00JIaCTH
COLIMAJIBHOM W JKoHOMHYecKod reorpadpuu B BVY3ax mnpenomaercs Kypc
«Cratuctuyeckue MeToAsl W 00paboTka TeoMH(pOpMAIUN», KOTOPBIA SIBISETCS
CHEIHATbHBIM B TIOJrOTOBKE OakanaBpoB reorpaduu ¥ MarucTpoB (CHEIHATUCTOB)
COLIMAJIBHO-PKOHOMHYECKOW reorpadpun. OH coderaer OOIIEHAy4YHbIE MOAXOAbI
(MaTeMaTUKO-CTAaTUCTUYECKUI, MATEMAaTUYECKHUI) C METOIOJIOTMYECKUMU OCHOBaMU
oO11ecTBEHHOM reorpaduu, JaeT BO3MOXKHOCTb CO3/1aTh y CTY/I€HTa KOMIIETEHTHOCTh
OTHOCHUTEJILHO 0Opa0OTKM CTATUCTHMYECKUX JaHHBIX, MOCTPOEHUS CTATUCTUYECKUX
MoOzeNnel M KOppeKTHOW 00paboTkM reonH(OpMalLMOHHBIX JaHHBIX. Kypce
«CTraTuctuyeckrue MeTo/ibl 1 00paboTKa reonH(OpMaIuN) HU3JIaraeTcsl NapajjiebHO
¢ kKypcom «Teopus u MeTOHOJIOTHS Treorpapuueckod HayKw», 4YTO IO3BOJIAET
CTYJ€HTaM IMOHATh POJb M MECTO CTaTUCTUYECKUX METOAOB B reorpaduueckoin
METOA0J0TuHU. B TO ke BpeMsl, Kypc MpeAIecTBYET MHOTUM JIPYTUM CIIELKypcaM JJis
CHELMAIBHOCTH «ODKOHOMMYECKass W coluajbHas reorpagus», 4YTO CO3/AaeT
OJIarOnpusITHBIE BO3MOXHOCTH JUIsl NPUMEHEHUsSI CTaTUCTUYECKUX METOJOB B
BBIIIOJIHEHUH CAMOCTOSITENBHBIX 3aJJaHUM U3 3TUX KYypCOB.

Ilenw Kypca — popMHUpOBaHUE y CTYAEHTOB KOMIIETEHTHOCTHU 1O IPUMEHEHHUIO
CTaTUCTUYECKUX METOJIOB, MAaTeMaTHYE€CKOr0 MOJEIMPOBAHUS U KOMIIBIOTEPHBIX
TEXHOJIOTHI B 00IIECTBEHHO-TeOTrpauueCKUX UCCIETOBAHUSIX.

Ilpeomemom Kypca SBISETCS H3YyYEHUE TEOPETUUYECKUX OCHOB TEOPHH
BEPOATHOCTEM M MAaTeMaTUYEeCKOW CTATUCTHUKM KaK HaykKM 00 UCClIeJOBaHUU
CJIy4allHbIX MPOIIECCOB U OOpabOTKYy CIIy4alHbIX BEJIMYUH, @ TAaKK€ O KOHKPETHBIX
METOJIaX  CTATUCTHUYECKOrO0  MOJEIMPOBAaHUS  OOIIECTBEHHO-T€OrpaduyecKkoro
npoiiecca.

3aoanusa Kypca:

o chopMHpOBaTh Y  CTYJEHTOB  COBPEMEHHYID  METOAOJIOTHUIO
WCIIOJIb30BAaHUSI MAaTEMAaTUYECKUX METOJIOB, MOJIENIEH U KOMIIBIOTEPHBIX TEXHOJOTUI
IIPU UCCIIEI0BAaHUH COLUAIBHO-TEOTpaduIeCcKiX CUCTEM;

. JaTh CTYJICHTaM 3HAHMS U MOHATHS IO OCHOBHBIM METOJAM M MOJAXO0J1aM
B MaTeMaTH4eCcKoi 00paboTKe 00IIEeCTBEHHO-Teorpaduueckoil HHpOpMaIny;

o chopMHpPOBATH y CTYJEHTOB MOHATHS O MAaTeMAaTHMYECKUX METoAaxX W
MOJIETTUPOBAHUS TPU PELIEHUH 00IIECTBEHHO-TeOrpapuuecKux 3aay;



6

o chopMUpOBaTh y CTYJACHTOB KOMIIETEHTHOCTh IO HCIIOJIb30BaHUIO
KOMIIBIOTEPHBIX TEXHOJIOTM W MaTEeMaTHYEeCKUX MOJeNel B OOIIEeCTBEHHO-
reorpaduIeCKrUX UCCIICTOBAHUSIX.

B pe3ynbrare uzydeHus TaHHOTO Kypca:

Cmyoenmbul 0015(cHbl 3HAMb TIOHATHS: HAOIIOJIEHUE, ONMCAHKUE, U3MEPEHHUE,
METOJI0JIOTHSI, THOCEOJIOTHS, TEOPETUYECKOE 3HaHHE, OHMIIMPHUYECKOE 3HAHME,
napajgurMbl HayKH, IIpaKTHKa, IIPOTHO3, IIO3HAHWE, MOJIeNb, MaTeMaTH4ecKas
MOJENIb, TEOCHUCTEMHAas, CHHEpPreTHYeckas  mnapagurma, HWHGOPMAIMOHHO-
CHHEpTeTUYEeCKasl TapaaWrMa, uaeanu3anus, QopMamusanus, abCTparupoBaHHE,
CUHTE3 MOHITUH, BEPOSITHOCTh COOBITHN, 3aKOH OOJBIIMX YHUCEIN, CTaTUCTHUYECKas
YCTOMYMBOCTh, CUCTEMHBIM aHAJIN3, BHIOOPOYHBIN METOJI, MMPUUUHHO-CIICACTBCHHBIC
CBSI3U, JIOKQJIbHBIE IPOIIECCHI, MHTETPATbHBIC IPOIECCHI, IJIOXO OPraHM30BAHHBIC
CHUCTEMBI, XOpOIIO OPraHU30BAHHBIC CHUCTEMBbI, JICTEPMUHUPOBAHHBIC ITPOIECCHI,
CIy4dailHbIe TIPOIECChl, JECTEPMUHHUPOBAHHBIC MOJEIN, BEPOATHOCTHBIC MOJEIH,
4acToTa, paclpeiesicHue CIy4allHOM BETUYUHBI, TUCTOTPAMMBbI, MOJUTOHBI YaCTOT,
LIEHTp pachpeiesieHus, MaTeMaTHUYeCKOE OXKUJAaHWE, JUCIIepCUs, CTaHJIapT,
ACHMMETPHUSI, SKCIECC, HOPMAJIbHOE paclpeiesieHHe, JorapuMUIEcKu HOpMaIbHOE
pacripesiefieHde, JUHUS perpeccud, Kod(PpOUIMEHTh perpeccur, KoBapHallus,
KO3(pOULIMEHT KOPPEJSIUKA, MHOXECTBEHHBIH W  YacTUYHBIH KO3 hUIIMEHT
Koppensaiuu, Tpadbl, JICHAPOTpaMMBbI, paclio3HaBaHHE o0O0pa3oB, COOCTBEHHAas
0051acTh, THUIIEPIIOBEPXHOCTh, OOOOIICHHOE pACCTOSIHUE, CHEHU(PUIHOCTh H
BCEOOIIIHOCTh MEPEMEHHBIX, CBEPTKAa HWHQPOpMAIUU, T0JI€ MNPOCTPAHCTBEHHOU
MEPEMEHHOM, 3aKOHOMEpHasi M CiydailHas W3MEHUYMBOCTh, TpPEHI-aHalu3, (OH,
aHoMmamnus, TreHepanu3anuss ¢oHa, anredOpandeckue ¢ TPUTOHOMETPUYECKUE
TTOJTMHOMBI.

Cmyoenmbl 00nICHBI ymempb: TUIAHUPOBATH OOIIECTBEHHO-Teorpaduueckue
HCCJIEIOBAHUS B 3aBUCUMOCTH OT CUCTEMBI 1I€JIEH, BO3MOXKHOCTEN UCIIOJHUTEIIBHON
CHUCTEMBI, KOHKPETHBIX YCJIOBHH, PacKIaJbIBaTh CJIOKHBIE IMPOIECChl HAa IMPOCTHIE,
OMMUCaTh MPUYMHHO-CIIEJCTBEHHBIC CBS3H, OMNPEICIUTh BEPOSITHOCTHBIM XapakTep
MPOIECCOB, pa3INyaTh JOKaJbHbIE M HWHTETPaJbHBIE TMPOIECChI, OICHUBATH
BEPOSATHOCTh COOBITHS, OINUCATh 3aKOH pacrpeieieHuss CilydyalHOW BEJIUYWHBI,
MPUMEHAITh METOJbl CTaTUCTUYECKOTO aHaiu3a H Trpaduyuecku OTOOpakaTh
pe3yabTaThl  CTATUCTUYECKOTO  MCCJEAOBaHUS C  MOMOILIBID  KOMIIBIOTEPA,
WCMOJIb30BaTh CTaHJAPTHBIC MAKEThl MPHUKIATHBIX IPOrpaMM CTATUCTHYECKOTO
aHajgu3a JUIs PeIIeHUs KOHKPETHBIX NMPHUKIIAIHBIX 3a7a9 OOIIeCTBEHHOHN reorpadum,
HCIIOJB30BaTh MPOCTPAHCTBEHHBIC TIEPEMEHHBIC JUIS OMNHMCAaHWUS MW aHalu3a
reorpauyecKux MoJeu.
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CTPYKTYPA U PABOYMI IIJIAH KYPCA

KonnuectBo yacos
HasBanus moayneit u JueBnas hopma 3aounas popma
TEM B TOM YUCIIE B Tom uncne
Bcero Bcero
a | m | a6 |ung| cp a1 | m | 06 | uHA| cp
1 2 |34 5 |6 |7 8 |9]10|11 12|13
Monayab 1. Oco0eHHOCTH HCTI0JIb30BAHUS MATEMATHYECKUX METO10B
(MonesmpoBaHue) B 001eCTBeHHOI reorpagumn
Tema 1. Mecto
MaTeMaTH4eCKOM
CTaTHCTUKH B 26 |4 ]2 20| 18 2 16
reorpaduyueckoit
METOJI0JIOTUH
Tema 2. OcobeHHOCTH
TIPUPOTHBIX
0OIIIECTBEHHBIX
MIPOIIECCOB, KaK 26 41 2 20| 18 2 16
00BEKTOB
CTaTUCTHYECKOTO
MOJICTTUPOBAHUS
Bmecme no mooynio 1 52 |1 8| 4 40| 40 | 4 36
Moayas 2. CTaTHCTHYECKOE MO/Ie THPOBAHHE
Tema 1. OnHOMEpHBIE
CTAaTHUCTHYECKUC 19 | 42 13 14 |2 19
MOJIETTU ¥ KX
0COOEHHOCTH
Tema 2. JIBymepHbIie
CTaTHUCTUYECKUE 22 | a2 16! 18 | 2 16
MOJIETT! 1 OCOOCHHOCTH
UX PUMEHEHUS
Tema 3.
Muoromeprere 2 |42 16| 16 | 2| 2 12
CTaTHUCTHYCCKHC
MOJICTTH
Tema 4.
Moennposarne 20 |63 20| 20 |22 16
MIPOCTPAHCTBCHHBIX
MIEPEMEHHBIX
Buecme no mooynio 2 92 |18 9 65| 68 | 8 | 4 56
Bcero yacon 144 |26 | 13 66| 108 |12 | 4 92
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MNPOTPAMMA YYEBHOM JUCIHUIIINHBI

MoayJb 1. Oco0eHHOCTH UCTT0IB30BAHUSA MAaTEeMATHYECKHUX
MeTO00B (MOAeTHPOBaHUs) B 001IeCTBEHHOH reorpagumn

Tema 1. MecTo MaTeMaTH4eCKOM CTATUCTUKH B reorpaguyeckoi
MeTO/10JIOT U

Jexyusa 1. OcnogHvle NOHAMUSA U UCMOPUSL UCNONb308AHUSL CIAMUCTNIUYECKUX
mMemooos 6 obujecmeennol eceocpaguu. OOBEKT U lLenb Kypca. OrnpejeneHue
MaTEeMaTUYECKUX METOJIOB U MojenupoBanus. [louarue «monensy. Kiaccudukanuu
MOJICJIEW: HATypHbIE, aHaJIOroBble, MaTemMaTudeckue. Kcropus pas3Butus u
MCIIOJIb30BaHUs MOJIEIEH B €CTECTBO3HAHUH U OOIIECTBEHHBIX HAyKaX.

Jexyusa 2. Mooenuposanue Kax memoO NO3HAHUA, 6 O00WeCmE8eHHOU
eeocpaguu. Tpu ypoBHS MaTemMaTu3alMyd OOIIECTBEHHON Treorpauu: ypOBEHb
napaMeTpu3aluu reorpapuueckux SBICHUM U OOBEKTOB, YPOBEHb 3MIHMPUYECKHUX
MOJEJIEH, YpPOBEHb TEOPETHYECKUX Mojened. MecTo MeToNoB uAcaIn3alui,
dbopManmzanuy, MaTeMAaTUYECKUX  METOAOB, METOJOB  MOJEIMPOBAaHUS B
METO/0JIOTUN  OOLIECTBEHHO-Teorpauueckoro  uccienoBanus. lIporuBopeuns
CUCTEMHOTO U  CHHEPreTMYecKoro  moaxonoB.  IlepcnexkTuBbl  pa3BUTHUSA
MOJICJIUPOBAHUS B OOILIECTBEHHOW reorpadpuu.

Tema 2. Oco0eHHOCTH NPHPOAHBLIX M OOIIECTBEHHBIX INPOIECCOB, KaK
00bEKTOB CTATHCTUYECKOI0 MOIeTUPOBAHMS

Jlexyus 3. Cneyuguxa pazeumus npupooHviX U COYUANbHBIX 00BEKMO8.
Cneunduka BO3HUKHOBEHUS, (PYHKIIMOHUPOBAHUS W PAa3BUTUA NPUPOJHBIX U
COLIMAIBHBIX ~ OOBEKTOB.  MHOro(akTOpHOCTh  OOIIECTBEHHO-T€OrpapruuecKux
npornieccoB. CI0XXHOCTh HHTEPNPETAMU MPUUYUHHO-CIICJCTBEHHBIX CBSA3EH B
COIIMOTEOCUCTEMAX.

Jexyusa 4. Cunyuatinwiii xapaxkmep opeanuzayuu 2eocpagpuieckoil cpeobwi.
Opranmzanusi reorpaduyeckoi cpeapl. JlokanbHble W HHTETpPaIbHBIC IMPOIIECCHI.
[Tonsitue o BepositHOocTH. [IpUHIMNIUANBHO Cy4YalWHBIH XapakTep OOIIECTBEHHO-
reorpaduueckux  mporeccoB.  OcoOeHHOCTH  00IIEeCTBEHHO-reorpaduyeckoin
uH(popmanuu.

Moayas 2. CtaTucTHYECKOE MOJIeJTUPOBAHHE
Tema 1. OnHOMeEpHBIE CTATUCTHYECKUE MOJEIH U UX 0COOEHHOCTH

Jlexyus 5. Cywyynocme oOHOMepHbIX cmamucmuieckux mooenei. OaHOMEpHBIE
cratuctuueckue wmozaenu. [loHsTHe O Cily4allHOM BEJIWYMHE, JUCKPETHBIE U
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HENPEPBIBHBIE CIIydallHble BEIWYUHBL. YHCIOBBIE XAPAKTEPUCTUKH CIIyYalHBIX
BEJIMYMH: dYacToTa, (yHKUusA pacnpeaencHus. OLEHKH LEHTpa paclpeaeieHus:
MaTeMaTU4YecKoe OXuJaHue, MeauaHa, Mozga. OueHku paszOpoca cCiydailHOM
BEJIMYMHBI: [[EHTPajJbHble MOMEHTBI BTOPOTO, TPETHETO W UYETBEPTOrO IMOPSIKOB.
OCHOBHBIE 3aKOHBI OTHOMEPHOT'O PaCIIPEIEICHMS.

Jlexyus 6. Oyenxa napamempos obujecmseHno-eeocpapuueckux 06veKmos.
Bei6opounsiii MeTon, TpeOoBaHMsI K BbIOOPOYHBIM COBOKYHNHOCTAM. lloHsTHE O
Ha/Ie’)KHOW BEpOSATHOCTh. TOUeyHasi U UHTEpBaJIbHAS OLIEHKA CTAaTUCTUK. TpeOoBaHuUs
K OILIEHKaM TapaMeTpoB 0O0IIecTBeHHO-Teorpaguueckux o00bekToB. IloHsTHE O
IpPOBEPKE  CTATUCTUYECKUX THUIIOTE3. YCIOBUS NPUMEHEHHUS  OJHOMEPHBIX
CTaTUCTUYECKUX MOJIEIICH.

Tema 2. JIBymMepHble CTATHCTHYECKHE MOAEJHM M OCOOCHHOCTH MX
NPUMEHEeHUs

Jexyus 7.  Jleymepnvie = cmamucmuyeckue  mooeiu.  JIByMepHBIE
CTaTUCTHYECKHE Mojaend. [loHATHE O IBYMEPHOW CIy4YalHOW BEJIMYHHE. Y CIOBHUSA
(hopMHUpPOBaHUS JBYMEPHBIX CIYYaHBIX BEJIIMYMH B OOIIECTBEHHO-T€OrpapruecKux
uccaenoBanusx. OcoOeHHOCTH (OpMUPOBaHUS BBIOOPOYHBIX COBOKYITHOCTEH.
OcoOEHHOCTH MHTEpPIpPETalMy CBSA3€M KOMIIOHEHTOB JIBYMEPHBIX CIIy4ailHbIX
BennuuH. [loHsATHE O opMe 3aBUCHMOCTH U CHUJIE CBSI3U JABYX CIy4yailHbIX BEJIMYMH.
QO YHKINOHAIBHBIE U CTATUCTUYECKHE 3aBUCUMOCTH.

Jexyusa 8. PeecpecCuoOHHO-KOPPENAYUOHHBIN aHAAU3 U €20 HpUMEHEeHUe.
JIByMepHBI pErpecCUOHHBIM aHalau3, MOHATHE OO0 YCJIOBHOM pacHpeicsicHUH,
JIMHEHHbIE, HEJIMHEHHBbIE YpPAaBHEHUS PETrPECCUH, BBIYUCIEHUS PETrPECCHOHHBIX
kodpdunrentoB. IlocTpoeHue [OBEPUTEHLHOTO HWHTEpBaa JJisl  ypaBHEHUM
perpeccun. KoppensiumoHHBIA aHaIW3, MOHATHE O KO3(PPUIMEHTE KOppENsIuH,
KOPPEJSILIMOHHOE OTHOIIECHHE. YCJIOBHUS KOPPEKTHOCTU KOPPEISLMOHHOIO AaHAIN3A.
Henunelinpie mnpeoOpa3oBaHusi  CIOy4dyaWHBIX BEIWYMH JUIsl NPUBEICHUA K
HOPMaJIbBHOMY 3aKOHY pacnpeneneHusl. OcobenHoctu UCIIOJI30BaHUS
PErpPECCHOHHO-KOPPEIAIIMOHHOTO  aHaiW3a B OOIIECTBEHHO-reorpauyecKux
HCCJIEI0BAHUSIX.

Tema 3. MHOroMepHbIe CTATHCTHYECKHE MO/IEIH

Jexyusa 9. Mnocomepuoii cmamucmuyeckuti avaausz. MHOTOMEPHBIE
craTucTuueckue Mozaenu. [Ionsatue o MHOroMepHOM citydaliHOM BennuuHe. [loHaTne
O MaTpULE HUCXOJHBIX JAaHHBIX. MHOTOMEPHBI KOPPEIALMOHHBIA aHAJIN3, NAPHBIN,
YaCTUYHBIA,  MHOXKECTBEHHBI  Kodhdumument  koppensiuu.  OcoOeHHOCTH
WCIIOJIb30BaHUs  MHOTOMEPHOTIO  KOPPEISILMOHHOrO  aHanu3a. MHOTOMEPHBIM
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PErpecCUOHHBIN aHaNINU3, OMNpe/eJeHUE 3HAUYMMOCTH YACTUYHBIX KO3()(PUIMEHTOB
perpeccun. OcoOEHHOCTH TPUMEHEHUSI MHOTOMEPHOTO PErPECCUOHHOTIO aHAJIM3A.

Jexyusa  10. Memoovl  MHO2OMEPHO20 — CMAMUCMUYECKO20  AHAIU3A,
ocobennocmu  ux npumenenusi. IloHATHE O MHOTOMEPHOM MPU3HAKOBOM
NPOCTPAHCTBE, OIpPEJCICHUE PACCTOSIHUST B MHOTOMEPHOM  IPOCTPAHCTBE.
Hcnonb3zoBanue Teopuu rpados st KiaccuUKauu oOIeCTBEHHO-TeorpapuuecKux
oObekToB. Knacrtep-aHanus, omnpejeneHue AUCTAHIIMOHHBIX  KOA()(UIIMEHTOB,
OPUHIMIB 00pa30BaHMs KJIAcTepOB. 3aJlayM paclio3HaBaHUsi 00pa3oB, MOHSITHS O
coOCTBeHHOM o00OJacTu O00BEKTa, pemaromeld (YHKIUHM, peNIaroIiee MPaBUIIO.
AJNTOpuTM pacno3HaBaHusA 00pa3oB. JIMCKpUMHMHAHTHBIA aHaIM3 B 3aJayax
knaccudukanuu. DakTOpPHBIA aHANW3, €ro Pa3HOBUAHOCTH, WHTEPIPETALIHS
pEe3yIbTaTOB.

Tema 4. MoaeanpoBaHne NPOCTPAHCTBEHHBIX MePeMEHHbIX

Jlexyus 11. [Ipocmpancmeennvle nepementble KaK 00beKm 2eouHpOPMamuKu.
IloHaTHE O  NPOCTPAHCTBEHHOM  IIEPEMEHHOW, TIPU3HAKM W CBOWCTBA
MIPOCTPAHCTBEHHBIX  IMEpPEMEHHbIX. Pa3nmuuuma  Mopeneld  MPOCTPAaHCTBEHHBIX
MEPEMEHHBIX OT CTATUCTUYECKUX Mojeneil. O01ecTBeHHO-reorpaduyeckue 0ObEeKThI
KaK TEHepaTopbl IMOJIEM MPOCTPAHCTBEHHBIX IE€PEMEHHBIX. VI3MEHUMBOCTH W
AHU30TPOITHOCTh TOJIEH IIPOCTPAHCTBEHHBIX IIEPEMEHHBIX. 3aKOHOMEpPHAas H
cllydaiiHasl COCTaBIISAIOLIME HAOII0JaeMON N3MEHYMBOCTH.

Jexyusa 12. Memoowvl pazdenenusi ¢ona u anomanutl, mMemoovl pacuema
noxanvueix noxkazamernet. [lonarue o pone n anomanuu. [lonsitue o Tpenae. Tpenn-
aHalIM3 Kak MeToj pasleneHuss (oHa W aHOMaNMM. 3ajauyd TpPEHI-aHaIu3a B
oOmecTBeHHOM reorpadguu. OOmAas XapakTEPUCTHKA METOJOB  Cria)KMBaHUs
CIIy4YalHBIX IToJer. MeTos CKOJB3SIIEro CTATUCTUYECKOrO OKHA. [IpuHIMne! pacuera
JIOKaJIBHOTO CpefHero. PasMep CKONB3AIIEr0 CTaTUCTUYECKOTO OKHA KakK IMapaMerp
reHepau3aly KapThl aNNpOKCHMAlMU CIIy4ailHOro moJid. AHaJIW3 OCTaTKOB U
BBIJICJICHHE aHOManuil. IHTepripeTanus pe3yJibTaToB TPEH/ - aHAIU3A.

Jexyus 13. Annpoxcumayus nogepxnocmu mpenoa eOUHCMEeHHOU QyHKyuUell
Koopounam npocmpancmea. O0630p METOJOB aNPOKCUMAIMU MOBEPXHOCTU TPEHIA
€AMHCTBEHHON  (yHKIMEH KOOpAWMHAT MpocTpaHCTBA. [IpUHLMIBI  OIEHKU
anmpoKCUMaIuy MOBEPXHOCTH TpeH1a. Mojenu anredpandyeckux mojJIuHOMOB, BBIOOP
MopsiIKa TMOJMHOMA. MoJenu TPUTOHOMETPUYECKUX IOJMHOMOB. Vcnosnp3oBaHue
audepeHInaIbHbIX YPaBHEHHUM ISl alllIPOKCUMAIIMK MTOBEPXHOCTU TPEH/A.
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TEMbI CEMUHAPCKO-IPAKTUYECKHUX 3AHATUI

Ne Ha3Banue tembl KonunuecTBo
/11 JacoB
1 | Oco3Hanue 00111eCTBEHHO-TeorpaduyecKoil 1 2

MaTEMaTHYECKOM CYIIHOCTH MOCTaBJICHHOM 3aJgadu,
IIoATrO0TOBKA HCXOHHOﬁ MaTpuIlbl JaHHBIX.

2 | IlocTpoeHne OJHOMEPHBIX CTATUCTUYECKUX MOJIETICH 3
BEKTOPOB IEPEMEHHBIX

3 | [loctpoeHue AByMEPHBIX CTATUCTUUYECKUX MOJIETICH Ha 4
MaTpPULE UCXOAHBIX JAHHBIX

4 | Knacrep - aHanu3 U (aKTOPHBIN aHaIN3 UCXOJHBIX JaHHbBIX. 4
MHTepnperanys NOJyYEHHBIX PE3yIbTaTOB
Hroro 13

CeMHHApCKO-TIPAKTUYECKHUE 3aHATHS MO KypCy MOCTPOEHBI TaKUM 00pa3om,
YTOOBI CIIOCOOCTBOBATH MOCIIEOBATEIILBHOMY YCBOCHHUIO TEOPETUUYECKOIO MaTrepuaia
Mo Kypcy, NPUMEHEHUI0 Ha TMPAKTUKE MAaTeMaTHKO-CTAaTUCTUYECKUX METOJIOB.
JlocTmKeHHe TIOCTAaBIEHHOW IeNH IUIAaHUPYETCS IMyTeM MOCIeA0BaTEeIHLHOTO
BBITIOJTHEHUSI CIIEAYIOIIUX 3a/1a4:

- Ompenenenue o0BEKTa W TpeaMeTa HccleAoBaHuA, (HopMupoBaHHE O0a3bl
TaHHBIX;

- CtaTucTuyeckas mpoBepka BbIOpaHHBIX MTOKa3aTesel (0JTHOMEPHBIN aHau3);

- OnpeneneHue B3aUMOCBS3EH U B3aUMO3aBHCHUMOCTH MEX]Y IMOKa3aTeJIsIMU
(IByMepHBIi aHAIN3);

- OmpenencHue TEPPUTOPUATBHBIX W CTPYKTYPHBIX  OCOOEHHOCTEH
o01iecTBeHHO-Teorpaduueckoro mnpoiecca (kiactep U (pakTop aHaIu3bl);

- HHTepriperamus  pe3yNbTaToOB, TOJYYCHHBIX IyTEeM  MaTeMaTHKO-
CTaTUCTUYECKOTO MCCIICIOBAHUS.

IHTPAKTHYECKO-CEMHHAPCKOE 3AHATHE 1. Oco3nanue
0OwecmeeHHo-2eo0cpahuueckol. U MamemMamuyeckol CyWHOCmMU HOCMABIeHHOU
3a0auu, N0020MOBKA UCXOOHOU MAMPUYbl OAHHDBIX.

1. Onpenenenrie 00bEKTa U IPEAMETA UCCIEIOBAHUS

2. TlonsiTue «MaTpUIbl JTAHHBIX)

3. TpeboBaHUsI K COCTABJICHUIO MAaTPHUIIbI JaHHBIX

4. OTOOp CTAaTUCTHYECKUX ITOKa3aTese I aHaIu3a

5. ®opMHUPOBAHUE UCXOTHOW MATPUIIBI JAHHBIX

[lepBoii 3amadeid TpakTHYECKOW pabOThI  SBJISETCS  CTATHCTHYECKOE
Ha0JII0ICHNE — MAacCOBOE WJIM BEIOOPOUYHOE, IJIAHOMEPHOE, HAYYHO-OPTaHN30BAHHOE
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HaOJIIOJICHUE 32 MAaCCOBBIMU SIBJICHUSIMH, 3aKJIIOYAETCSI B PETUCTPALIUU OTOOpPaHHBIX
MPU3HAKOB Y KXKIOW €AMHHIIBI BBIOOPOYHON COBOKYITHOCTH.

[TepBbiii 3Tanm — 3TO O3HAKOMJIEHHE C TEOPETUUYECKHMM MaTepuaioM Kypca,
CIIEIYIOIIUA — TPOBEJEHUE BHIOOPOYHOrO cOOpa COLUAIBHO-IPKOHOMUYECKUX
HoKa3aTeseld IO CTaTUCTUYECKUM eXerogHukaM (Ykpausbl, XapbKOBCKOH WIH
ao0oi  pyroid 005acTH, HMCXOAs W3 BbIOPAHHOIO MpEAMETa MCCIEAO0BaHUsA).
Cratuctuyeckuil mokaszaTeiab — 3TO 00001aroNas KOJUYECTBEHHAs! XapaKTePUCTHUKA
CBOMCTB COBOKYIHOCTH B LEJIOM HWJIM €€ YacTedl B YAaCTHOCTH NPUMEHHUTEIBHO K
KOHKPETHBIM YCIIOBUSIM MecTa U BpeMeHU. CTaTUCTUYECKUE MTOKA3aTeNn AEJATCS Ha
abCONIOTHBIE, OTHOCHUTEJbHBIC W CpeIHHE BEIWYUHBL. KauecTBEHHOE colepiKaHHe
MOKa3aTessl ONPEAENACTCS CYIIHOCTBIO SIBICHUS M HAXOIUT CBOE OTPAKEHUE B
Ha3BaHUU. KOJIMYECTBEHHYIO CTOPOHY MPEACTABISAIOT YHUCIO M Pa3MEPHOCTh
(usmepurens). JlanHoe HaOJIOAEHHE SABISETCS HE CIUIOIIHBIM, IOCKOJBKY
OXBAaTBIBAET JIUIIb YaCTh OOLIECTBEHHO-IPKOHOMUYECKUX €IMHULI, XapaKTePU3YIOLINX
BBIOpAHHbBIE PAIOHBI.

CrneayoomyM MaroM sBISIETCS NOCTPOEHUE MH(POPMALMOHHON 0a3bl JTaHHBIX
[0 CTAaTHCTHYECKOW COBOKYIMHOCTH — 3TO  YIOPSJOYEHHOE  MHOXECTBO
CYLECTBYIOIIUX  3JEMEHTOB (OJAHOPOJIHBIX B  ONPEACICHHOM OTHOIICHHH),
COEIMHEHHBIX OOLIMMHU, IMPUCYIIUMHU KaXXIOMY 3JIEMEHTY MHOXECTBA, CBOMCTBaMH,
YCIOBUSAMM W TNPUYMHAMH CYLIECTBOBaHMS W  pas3BuTusa. DopmupoBaHue
KaueCTBEHHOW MH(POPMAIMOHHOM 0a3bl — 3TO (PYHIAMEHT CTaTUCTHYECKOIrO
MCCJIEIOBAHMSI, TOCKOJIBKY HCIIOJb30BAaHUE TOJBKO OOBEKTUBHOW M JOCTATOYHO
MOJIHOM MH(POPMALIMK HA MOCIEAYIOIIMUX 3TANax UCCIECAOBAaHUS MO3BOJISIET MOJIYYHUTh
MpaBUJIbHbIE, 00OCHOBAHHBIE BBIBOJbI O XapaKTepe M 3aKOHOMEPHOCTSAX M3y4aeMOro
rporecca.

ITPAKTHYECKO-CEMHHAPCKOE 3AHATHE 2. Tlocmpoenue
OOHOMEPHBIX CINAMUCTNIUYECKUX MOOelell 6eKMOPO8 NePEeMEHHBIX.

Btopoii 3amaueili mpakTudeckoid paOOThI SBISETCS BBISIBICHUE 3aBUCUMOCTH
TUHAMUKHA  OTPEACIICHHBIX TIOKazaTeled OT BPEMEHHW, BKIIOYA€T METObI
CTIQXHMBAHWS W aHaTUTHUecKoro wm3MmepeHus. CrinaxuBaHue OasupyeTcss Ha
Opoleaype OIpeneieHus] YCPEIHEHHOW TPAeKTOPUM PAa3BUTHUS TIOKa3aTelneld B
MpOIIJIOM H €€ TMPOJODKCHHH Ha Oyaymiee. AHAIUTUYECKOE HW3MEPEHUE
MpeanojaraeT moadop MaTreMaThyecKod (YHKIMU, KOTOpas HAWIydIInM 00pa3oM
OTpa)kaeT TEHCHITMIO TWHAMUKHU TOKA3aTelsisi BO BPEMEHH, M pacueT Ha €ro OCHOBE
MPOTHO3HBIX 3HAYEHWH JIaHHOTO TIOKaszaress. BBIMONHAETCS C  MOMOIIBIO
OJTHOMEPHOT0 aHanu3a, ocyuecTtisercs B nporpamme MINITAB 14. OgnomepHslii
aHaJIM3 OTHOCUTCS K 0a30BBIM, BBIMOJHSETCS ITyTeM «Staty — «Basic Statisticsy.
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OAHOMEpHBII aHAIU3 — COAEPKUT OJIHY CIYyYalHYIO BEJIMYHUHY (aHAJIU3 OJHOU
CJIy4ailHOW BeJM4YMHbI). B OCHOBE TaHHOTO aHaIM3a SBJISIETCS UCCIIEI0BAHNUE CBOMCTB
Y XapaKTEPUCTHUK PSOB CIyYalHBIX BEJIUYHMH, YCTAHOBJICHUE MPUHALIICKHOCTH ITUX
PAIOB K OIPENEIEHHOMY TEOPETUYECKOMY PaACIPEACIICHUIO, OIPEACIIEHUE CXOACTBA
WJIM Pa3JInvuus JaHHOTO PsAJla IO CPABHEHMIO C IPYTUMH pPSAIaMHU.

OCHOBHBIMM HMCXOJHBIMH COCTABJISIOIIMMU OJHOMEPHOI'O aHAIW3a SIBIIAECTCS
NOHSTHE: TPOCTOW CTATHUCTUYECKUH psAl  (COBOKYIIHOCTH), YHOPSIOUYEHHBIN
CTATUCTUYECKUN pAn  (paHXUpPOBAaHHBIN), BapUALMOHHBIA pAl, TEHEpajbHas
COBOKYITHOCTb U BBIOOpKa, 00BEM BBIOOPKH, YacTOTa M BEPOATHOCTb, 3aKOH

pacrpeneneHus, KpUTEpUu OJTHOPOJIHOCTH U JIPyTHE.
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Puc. 1. HopmanbHoe pacnpeeneHne CTaTUCTUHIECKOTO MoKa3aTes

COBOKYIHOCTh CIyYailHbIX BEJIMYUH, MOJYYEHHBIX NMPU OJUHAKOBBIX YCIOBUAX
MpPOBENCHHUST  HAOMIOJEHUS, OIBITOB, OKCIEPUMEHTOB HA3BIBACTCS  MPOCTOU
CTATUCTUYECKON COBOKYIMHOCTBIO MJIM CTATUCTUUECKUM pAIoM. CTaTUCTUUECKUN PSIZT
— 3TO TepBUYHAs (popMa 3aMucCH CTATHCTHYECKOTO0 MaTepuasa B Buje Tabmuiibl. Jlis
HArJIHOTO TMPEACTABICHUS MCXOJHOTO MaTepualia MO JAHHBIM CTAaTHCTUYECKOTO
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psaa cTpouTcs TpaduK U3MEHEHUH 3HAYCHH JaHHOW BEJIMYWMHBI BO BPEMEHH WJIH B
MPOCTPAHCTBE MWJIM B XPOHOJOTUYECKON MOCIEA0BATEIHHOCTH.

['eHepasibHasE COBOKYITHOCTh — JTO OCCKOHEYHOE WM KOHEYHOE YHCIIO
AJIEMEHTOB WM KOMIIOHEHTOB, COCTOSIIIMX W3 KAYECTBEHHO OJHOPOJIHBIX
nokazateneid. JlroOyro dYacTb TeHepajdbHOH COBOKYITHOCTH, OTOOpaHHYIO IO
OTIpe/IeTICHHBIM TIpaBUJIaM, KOTOpas XapaKTepU3yeT T'eHEPaTbHYIO COBOKYITHOCTB,
Ha3bIBAIOT CTATUCTUYECKOM BBIOOPKOW. BBIOOPOUHYIO COBOKYIHOCTH (BBIOOPKY)

CO3/Iat0T OOBIYHO JIJIs1 00JIeTueHust 00paboTKH MH(pOpMAITIH.
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Puc. 2. [Ipumep 0AHOMEPHOTO aHAIM3a CTATUCTUYECKUX MMOKa3aTeleu

OmHuM W3 cambIX CJHOXHBIX M BaXXHBIX BOIIPOCOB  OJHOMEPHOIO
CTATUCTUYECKOTO aHalM3a SBJISETCS ONpE/IeJICHUE KOJIMYECTBa HAONIONCHUM B
HCCIICOBAHNUAX JUIsl TOJYYEHUSI HAIEKHOTO TNPEACTABIEHHUS O XapakTepe
W3MEHYMBOCTH NIPU3HAKA, KOTOPBIA M3Yy4aeTCs, B TEHEPAJIbHOM COBOKYIHOCTH.
OOBIYHO ONTUMAJIBHBIM 00bEM BBIOOPKH MPOMOPIUOHAIEH CTENEHW M3MEHYMBOCTH
npu3Haka. Eciy nmpu3HaK CWIBHO MEHSETCs, TO KOJHWYECTBO M3MEPEHHUM CIIENyeT
yBEJIUYUTh.  BenuuumHy  BBIOOPOYHOM  COBOKYMHOCTH  MpPU  BBIIOJHEHHUH
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reorpaUueCKuxX UCCIEOBAaHUM MOYKHO ONpPEAENIUTh JBYMs cliocoOaMu: Mo TaliuLe
JOCTaTO4YHO OOJIBIIMX YHMCEIl; PACYETHBIM criocoboM. B 06oux ciydasx KOJIMYECTBO
HaOMIOACHUN (YUCIEHHOCTh WM OOBEM BBIOOPKH) ONPENEISETCs, HUCXOAd U3
JNOBEPUTEIILHON BEPOSTHOCTH.

Cucremarnsanus " YIOPSIOYEHHE JAHHBIX, IIPEICTABIIOIINX
CTaTUCTHUYECKYI0 COBOKYIHOCTb. lIpuBeneHHEe HX B OIPEACICHHYIO CUCTEMY H
XapaKTEpUCTHKAa O3TOM  cucTeMbl. Bcesdkasg — craTucThyeckass  COBOKYIHOCTB
XapakTepu3yercs 00beMOM psifia U aDCONIOTHON YaCTOTOM MOBTOPEHUS OJMHAKOBOTO
npu3Haka. Jacrorta — 3TO 4YMCIIO, KOTOPOE MOKa3bIBa€T CKOJIBKO pa3 BCTPEYAETCS
JAHHBIM NPU3HAK B U3y4aeMOM COBOKYIHOCTH. 3aKOH U3MEHEHMs 4acCTOTBI — 3TO U
€CTb 3aKOH pactpeneneHus. CyllecTByeT TpH CHocoda IpeNCTaBICHHsS 3aKOHA
pacnpezeneHus: TaONW4HbIA, TpaduyecKuil U aHaIUTUYECKUl. Pe3ynpTaThl
00pabOTKM MCXOJIHBIX JaHHBIX, KaK MPaBUJIO, CHa4yaja Bcerga oopMIISIOTCS B BUJIE
cTaTucTUYeckux Tabmui. Takas gopma MO3BOJISIET MpHUIATh MaTepuady yaoOCTBO,
KOMITAKTHOCTb M PallMOHAIBHOCTb.

Croco0, KOTOPBIN MO3BOJIAET B HAMVISIAHON (POpME MOITYUUTh MPEACTABICHHUE O
3aKOHOMEPHOCTSIX  paclpelie]ieHusl, Ha3bIBaeTCsl TIpaUUYecKUM H300paKeHUEM
BapualMOHHOro  psga. CymiecTByeT  HECKOJIBKO  CHOCO00B  IrpauuecKoro
n300paxeHust psaaoB pachpenenaeHus. [Ipy 3TOM OOBIMHO HUCHOJB3YIOT JaHHBIE
TabJIMLBl SMOUpUYecKoro pacnpezaeneHus. [Ipu rpadguueckom H300pakeHUN psAOB
pacnpenesneHuss Ha TOPU30HTaIbHOM OCH OTKJIa/IbIBAKOTCS 3HAYECHMSI MHTEPBAJIOB WU
HaOJIIOACHUI 3HAYEHHUS CIIy4ailHOW BEJIMYMHBI, & Ha BEPTUKAIbHOW OCH — YaCTOTBHI.
JUIss HarisiAHOTO TPEACTaBIICHUS BAPUALIMOHHOTO psAda dYalle MCHOJIb3YIOT
rpaguueckue u300pakeHusi B BUJE TMCTOTPAMMBI, MOJUTOHA, KyMYJSThI, KPUBOU
koHueHTpauuu Jlopenca wu gpyrwe. I'mctorpamMmma HarisiIHO  MOKAa3bIBAET
pacnpezielieHne HU3y4aeMblX BEJIMYMH, H3-3a YEero MOAO0OHBINA CIOCO0 yXKe 4YacTo
HCIOJIb3YETCS ISl WILTIOCTpAIMM OCOOEHHOCTEH CTAaTUCTUYECKOTO PacIpeieseHHUs.
BapuanuonHsslil psin npu 3ToM M300pakaeTcsi B BUJE CTOJIOMKOB, TPAHULIBI MEKITY
KOTOPBIMU MPOXOJAT MO KOOPAMHATaX, COOTBETCTBYIOIIMX TIPAaHULAM MEXAY
kjaccamu. [Ipu 3TOM OCHOBaHKE CTONOUKOB MO IIMPHUHE PABHO BEJIMYMHE MHTEpBaJIa
IIPU3HAKa, @ BBICOTA — MPONOPLMOHATIBHA YAaCTOTE OTIAEIBHBIX Ki1accoB. PaccMoTpum
OCHOBHbBIE CTATUCTUYECKHUE XapaKTePUCTUKA BapUALMOHHBIX pPsAAoB. OmHUM U3
OCHOBHBIX I1ApaMETPOB CTATUCTUYECKOIO psiia SBISETCA CPENHEE 3HAYEHHE
IpU3HAKa WM LEHTP, OTHOCHUTEIBHO KOTOPOIO  PAaCHPEACISIIOTCA  YJICHBI
COBOKYNHOCTH.  3HAQ4YE€HUs CPEIHMX NP  HU3YYEHUM  PA3IMYHOIO  poja
3aKOHOMEPHOCTEHN reorpauyeckux siBICHUH, MPOIIECCOB U OOBEKTOB OUYEHb BEJIUKO.
OHU MO3BOJIAIOT: ONPENETUTh OOIIYI0 TEHACHIIMIO Pa3BUTHUS SIBJICHUI; OIEHUBATH
3HAUYEHHUE OTMAEJbHON BEIMYMHBI IyTEM CPAaBHEHUS €€ CO CpedHell, OmpenesnsirThb
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HAJIMYMUE CBSI3UW MEXIY SBJICHUSMU C IOMOIIBIO aHajdu3a CpPeAHUX [BYX WU
HECKOJIbKUX MPU3HAKOB 110 TEPPUTOPUSIM UIU BPEMEHHBIM MPOMEKYTKAM.

[Tpu 00OpaboTke AaHHBIX TeorpadUYecKUX HCCIECTOBAHUM KaK Ba)KHEHUIINX
XapaKTEPUCTHK BapUALMOHHOTO psAJla MPUMEHSIOTCS PA3IMYHbIE CPEIHUE 3HAUYCHHUS.
Cpennue BeIMYUHBI MPUHATO Pa3AesiaTh Ha MPOCThIE U B3BelIeHHbIE. Ecnu cpennue
3HAYEHUS BBIYUCISIIOTCS TI0 HEMOCPEJICTBEHHOMY IEpPEYHI0 3HAYEHUW NpHU3HAKA B
KaKJIOM €IMHUIIE COBOKYIHOCTH, TO TaKHE€ CpEIHHUE Ha3bIBAIOTCA MPOCTHIMU
(ueB3BenieHHbIMU). Eciiu cpeiHre BBIYUCISAIOTCS MO BApUAIMOHHOMY PAY C YYETOM
CTaTUCTHUYECKOr0 Beca KaKJ0ro BapyaHTa, TO X HAa3bIBAIOT B3BELICHHBIMH.

Cpennue BeMYMHBI OBIBAIOT pa3HOTO pona. Eciau BUI cpeaHelt HE ykaszaH, TO
MO/Ipa3yMeBAETCs CPeIHAsl apu(MeTHIECKas: BEIMYHHA.

Cpeanue BeIMYMHBI Yalle HCIOJIb3YIOT CTENEHHBIE W CTPYKTYPHBIE
(mopsinkoBble) cpenHue. CTENEHHbIE CPEIHNE, B CBOIO OUYEPE/ib, MOAPA3IEIAIOTCS Ha
cpenHue apudMeTudyecKkue, CpeAHHE TapMOHUYECKHE, CpEIHUE KBaJpaTHUHBIE,
cpenHue kKyoumdeckue u npyrue. CTpyKTypHbIE CpeaHME — 3TO MOJa, MeAuaHa,
KBapTWIH, ACLWIN U Ap.

Menuanoii  Ha3pIBaeTcsi cpenHee  (CPEeIMHHOE) 3HAayeHue  IpU3HaKa
PAaHXUPOBAHHOIO BAPUALIMOHHOIO psAa, TO €CTh 3HAYEHHE, PaBHOYJAJIEHHOE OT
Hayajia ¥ KOHLA, IEpEeCTPOEHHOT0 B BO3PACTAIOIIEM WUJIM YOBIBAOIIEM HOPSIKE.

Monoii Ha3pIBaeTCsi BeposiTHAas (YTO 4dalle BCTpPEYaeTcs) B JaHHOM
CTATUCTUYECKOM DSy BeluunHa. Mojia sBisieTcss HauOobIIe OpJMHATON KpUBOU
pacnpeziesieHuss IpU OJHOBEPIIMHHOM pachpeneneHud. B olmem ciydae kpubas
pacnpeneneHuss MOKET MMETh HECKOJbKO BEPIUMH M, COOTBETCTBEHHO, OHA OyjeT
UMETh HECKOJIBKO MOJ.

CuuTaercs, 4TO HOPMAJIBbHOE PACIpPEACIICHUE MPEACTABISIET COOOM OJHY W3
AMITMPUYECKH TPOBEPEHHBIX UCTHH M €r0 MOJIOKEHHS pACCMATPUBAIOTCS KAK OJIUH U3
byHIaMEHTAIBHBIX 3aKOHOB NIPUPOABL. TouHast (hopMa HOPMAILHOTO pacIpeneeHus
— «KOJIOKOJIOOOpa3Hasi KpuBas» — OIpEAeNseTcsl TOJBKO JBYMsI NapamMeTpaMHu:
CpeAHMM M CTAaHJAPTHBIM OTKJIOHEHUEM. J[Ji1 HOpPMalbHOTO pacnpe/iesICHUs
XapakTepHo, 4yTo 68% Bcex 3HAYEHUM HaxXoAATCs B mpenenax + 1 crangapTHOe
OTKJIOHEHHUE OT CPEHEr0, a AUANa30H + 2 CTaHJIAPTHBIX OTKIOHEHUS BKiIO4YaeT 95%
3HaueHU. OO0 OTKJIOHEHMH OT HOPMAJIbHOTO PACIPEICICHHUSI CBUIETEIbCTBYIOT
K03 PuIMeHTsl acuMMeTpun U skcuiecca. KoapduuueHT acuMMeTpun MoKa3biBaeT
OTKJIOHEHHUE PACTPENECTICHUSI OT CHUMMETPUYHOTO (HOPMAJIbHOE pACIpEACIICHUE —
aOCOIIOTHO CHUMMETPUYHOE, COOTBETCTBEHHO KOA(P(UIMEHT aCUMMETPUH paBEH
Hymo). [lonoxxurenbHoe 3HaueHHe KO3(PPHUIEHTa aCHMMETPUH CBHUJIETEIbCTBYET O
HaJIMYUU PaACIpPENEICHUS C <JIJIMHHBIM MPABBIM XBOCTOMY», OTPHULIATEIIBHOE — C
«JIJTMHHBIM JIEBBIM XBOCTOM». K03 duiimeHT skcuecca moka3blBaeT «OCTPOTY MUK
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pacrpeneneHus (IUiss HOpMaJIBHOTO pacipeaeieHuss Kod(hOUIMEHT JKCIecca TaKKe
paBeH Hym0). Ecnu koaddummeHT 3Kciecca SBISETCS TOJOKHUTEIBHBIM, TTHK
SIBJISICTCS 3a0CTPEHHBIM, €CJIH SABJISICTCS OTPHIIATSIIEHBIM — MK 3aKPYTJICH.

IIPAKTHYECKO-CEMHHAPCKOE  3AHATHE 3. llocmpoenue
08YMEPHBIX CMAMUCMUYECKUX MoOelell HA Mampuye UCXOOHbIX OaHHbiX. TpeTheit
3a/layedl MpakTHUYecKo padoThl ObUIO OIpejelieHHe Map Moka3aresiel, CBS3aHHBIX
MEXAYy COO0OM, oOmpeAeieHne KOJIMYECTBEHHOW OLEHKH CHJIbl CBSI3M  MEXKIY
npu3Hakamu. [[ByMepHbIi aHAIU3 — COAEPKUT ABE CIy4ailHble BEJIMYUHBI, 00pa3yeT
JBYMEPHYIO MOJIENIb U AHAIM3UPYET JBE BEIMYMHBI. B X0/1€ mpakTH4ecKoil paboThI
M3Yy4aloTCad TaKue JABYMEPHBIE MOJEIM KaK: KOPPEJSIMOHHBIA M KOBAPHUALMOHHBIN
aHanu3bl, BbIONHsIeMoM B mporpamme MINITAB 14. nmyrem «Staty — «Basic
Statistics» — «Correlationy.

Koppensiumonneiii aHanu3 — MeToa 0O0paOOTKM CTaTUCTUYECKUX JIaHHBIX,
3aKJIIOYAIONIUMNCS B HM3YYEHUU TECHOTHI CBSI3M MEXAY NEPEMEHHBIMH, MPU ATOM
CPaBHUBAIOTCS KOA(P(GULIHUEHTHI KOPPEIAUUU MEXAY OJHOM Mapoi MM MHOKECTBOM
nap MPU3HAKOB ISl YCTAHOBJICHUS MEXIYy HUMU CTATUCTUUYECKOM B3aUMOJEHCTBUS,
MO3BOJISIET BBISIBUTH HAaMOOJIEE CBSA3aHHBIE NEPEMEHHBIE U MOCTPOUTH NMOBEPXHOCTU
MX 3aBUCHMOCTH.

[leap KOppENSLMOHHOTO aHanu3a — OOECIEeUnuTh MOJIyYeHHUE HEKOTOpOi
uHpopMaluu o0 OJHOM MepeMEeHHON ¢ MOMOIIbIO APYroil nepeMeHHou. B ciaydasx,
KOI/Ia BO3MOYXHO JOCTHKEHHUE LIeJIM, TOBOPAT, UYTO MEPEMEHHBbIE KOppenupyroT. B
caMOM OOIIeM BHJI€ BOCHPHUATHUS TUIOTE3bl O HAIMYMUKA KOPPENSLUUA O3HAYAET, YTO
W3MEHEHHUE  3HAYCHUSI TEPEMEHHOM. A  TPOU3OMAET  OJHOBPEMEHHO €
MIPONOPLMOHAIIBHOW M3MEHEHWEM 3HaueHuss B. Mepoll 3aBHCUMOCTH MEXKIY
AKCIIEPUMEHTAIbHBIMA HA0OpaMU JJAHHBIX SBIISIOTCS YUCa — KO3 (UIIMEHTHI CBA3H.

['11aBHBIE 3a]1a4M KOPPEISUMOHHOTIO AaHAIN3A!

1) orieHKa 1Mo BEIOOPOYHBIM JIaHHBIM KOA((DUITMEHTOB KOPPEIISIIHH;

2) mpoBepKa 3HAYUMOCTH BBIOOPOYHBIX KOI(P(GUUMEHTOB KOPPENSLUUU WIH
KOPPEJISLIMOHHOE OTHOIICHHE;

3) oneHka 6JIM30CTH OOHAPYKEHHOU CBSI3U K JTUHEHWHOM;

4) moCTpOEHUE IOBEPUTEILHOTO HHTEpBaja st KOG (PUITMEHTOB KOPPETSAILIUN.

OnpeneneHue CUJIBI W HAMNPABJICHUS B3aUMOCBSI3UM MEXKIY IE€PEMEHHBIMU
SBJISICTCSI OHOM M3 BaXKHBIX MPOOJIEM aHaliM3a JaHHBIX. B o01em ciydae aJist 3Toro
MPUMEHSIIOT TOHATHE Koppensauuu. Koppensiusi sBISIETCS 3aBUCUMOCTBIO JBYX
ClIy4alHbIX BeJW4yuH. [Ipy 3TOM, U3BMEHEHNE OJHON WM HECKOJIbKUX 3THX BEJIUYUH
MPUBOJUT K CHUCTEMATHUUYECKOMY WM3MEHEHHUIO JPYyrol WU JPYTUX BEJTUYHUH.



20

MaremaTu4eckol MEpOM  KOPPEJSIUMM  JIBYX CIYYaWHBIX BEJIUYHAH  CIIYXKHUT
KO3 UIIUEHT KOPPETSIUU.

:-E MINITAB - Untitled - [Worksheet 1
@Eile Edit Data Calc | Stat Graph Editer Toels Window Help

BH & % Basic Statistics ] RS Display Descriptive Statistics... ﬂ "El @
h c1 c2 { Regression L %5 Store Descriptive Statistics... 11 12
ANOVA ¥ | 2% Graphical Summary...

1 471 | 48529 DOE 3 12 1-5 e 7 24 11638

- £ 1-5ample
2 115 196.9 Control Charts " [ 2655
3 0| 3422 it Tool , 1t 1-Samplet.. 4 2832
4 41| 7017 Quality Tools 2t 2-Samplet. 53| 4854

Reliability/Survival r i
5 73| 2164 hiability 4 Pairedt. 2 2081
6 63 614.3 Multivariate 3 27 3424
7 33 B78.9 T Tres | 1P 1 Proportion... 3 3504
8 0 e4rd Tables | 2P 2 Proportions... 28 6860
9 0 AT4.0 - ] & 2272
10 186 6087 Nonparametrics b is 2 Variances.. 60 13531
11 0D 2085 EDA L) [p—— . 7 1458
12 212 | 8108 Power and Sample Size ¥ T : o2 3441
13 164 4226 Y55 T ATET g; b0 Couariance.. 8 2428
14 0 3147 47 15.0 136.0 0. }':‘51' Mormality Test... 71 744
15 194 T00.9 124 17.7 473.0 0 3 22453
16 0 2744 3.0 11.0 12.0 0.0 12.0 0.0 0.2 12 0 745
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Puc. 3. Anroput™m BeIOOpa KOppesiimoHHOro aHanusa B mporpamme MINITAB 1.

Kosdduiment koppensiuuu npuHMMaeT 3HaueHHsl B mpegenax oT -1 mo +1.
3HaK «-» O3HA4YaeT OOPATHYIO 3aBUCHMOCTh, «+» — MpsMmyro. Eciau kodddummeHt
paBeH HYJI0, TO JHHEHHAas CBSA3b MEXKIY JAUHAMUYECKUMU DSJAaMH  SBISICTCS
OTCYTCTBYIOLIEH, a €CJIM EIUHHUIIE — HUMeeTCid (PYyHKIHMOHAJIbHAS 3aBUCUMOCTD.
JIOBOJIbHO 4YacTO OMMOOYHO CUMTAETCS, UYTO 3HauYeHHE KOdh UIIMEHTa KOppesiuu
Menbiie (.2 CBUIETENBCTBYET 00 OTCYTCTBMU CBsi3u. Ha camom nene oH
CBUJIETEIBCTBYET O HAJUYMKM OYCHHb CIA00W CBS3HM, HO CBSI3b MEXKIY MOKa3aTeIsIMU

HMEeTCS.
Koaddurment
KOppEISIInU TecHora cBs3u
>+0.91 Ouenp cuiabHaAsS
+ 0.71-0.90 CunbHas
+ 0.51-0.70 OTHOCHUTEIbHAS
+ 0.21-0.50 Cnabas

<+0.20 Ouenn cnabas
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Welcome to Minitab, press F1 for help.
Correlations: C1; C2; C3; C4; C5; C6; CT7; C8; ...
c1 cz €3 c4 cs cé c7 ca cs
cz  0.207
0.300

c3 0.802 0.201
0.000 0.315

c4 0.468 -0.185 0.783
0.014 0.355 0.000

cs 0.675 0.037 0.895 0.835
0.000 0.856 0.000 0.000

ce 0.291 0.329 0.141 0.039 0.19
0.141 0.045 0.484 0.846 0.338

c7 0.834 -0.022 0.890 0.842 0.97% -0.001
0.000 0.913 0.000 0.000 0.000 0.996

ce -0.023 -0.196 -0.061 0.019 0.049 0.092 -0.042
0.910 0.327 0.762 0.923 0.810 0.650 0.837

0.956 0.150
9 0.000 0.455

]
9
=)

.718 -0.021 0.896 0.77% 0.955
0.916 0.000 0.000 0.000

=1
=]
=1
=

cio 0.729 0.224 0.657 0.427 0.678 0.245 0.641 0.050 0.880
0.000 0.262 0.000 0.026 0.000 0.218 0.000 0.806 0.000
Cl1 0.781 0.092 0.750 0.498 0.761 0.182 0.738 0.042 0.791
0.000 0.64€ 0.000 0.008 0.000 0.364 0.000 0.836 0.000
ciz2 0.678 0.148 0.782 0.648 0.871 0.310 0.826 0.033 0.817
0.000 0.460 0.000 0.000 0.000 0.115 0.000 0.870 0.000
c13 0.022 0.164 0.122 0.185 0.1a5 0.335 0.107 0.243 0.120
0.915 0.415 0.543 0.356 0.357 0.087 0.597 0.222 0.551
c14 0.458 0.210 0.340 0.057 0.276 0.011 0.277 0.02 0.351
0.016 0.293 -083 0.776 0.163 0.958 0.161 0.807 0.073
c1s 0.037 0.056 -0.067 -0.035 -0.057 0.218 -0.076 -0.312 -0.161
0.856 0.782 0.741 0.862 0.779 0.274 0.706 0.113 0.423
Clé 0.256 -0.120 0.051 -0.137 0.016 0.023 0.004 0.113 0.056
0.187 0.551 0.801 0.494 0.835 0.910 0.984 0.575 0.780
c17 0.70% 0.141 0.672 0.322 0.6le -0.012 0.637 -0.101 0.831
0.000 0.4a82 0.000 0.101 0.001 0.953 0.000 0.615 0.000

« v
Welceme to Minitab, press F1 for help. Editable 23:21
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Puc. 4. Koppemnsimonnas Marpuna

Koadduiment koppensiuuu, a B 001IeM cliydae KOppeasiuuOHHas (PyHKIuS,
ITO3BOJISIET YCTAHOBUTH CTEIIEHb B3aWMOCBS3M MEXKIY INepeMeHHbIMU. Koppemsauus
MOKET OBITh JIMHCHMHOW WM HEIMHCHMHONW B 3aBHCHMOCTH OT THIIA 3aBHCHUMOCTH,
KoTopasi (paKTUYECKH CYIIECTBYET MEXAY IepeMeHHbIMH. JIOBOJBHO YacTO Ha
MPAKTHUKE pacCMaTPUBAIOT TOJIBKO JIMHEHHYIO KOPPEJSIUIO (B3aUMOCBSI3b), HO OoJee
ryOoKkui aHanmu3 TpeOyeT HCIONb30BaHMSI JUIsl  HCCIENOBAaHUS  IPOIIECCOB
HEJIMHEWHBIX 3aBUCUMOCTE. CIIOXKHYI0O HEIMHEWHYI0 3aBUCUMOCTH MOXKHO
YIOPOCTUTh, HO 3HaTh O €€ CYIIECTBOBAHMU HEOOXOIUMO JIsl TOTO, YTOOBI MOCTPOUTD
aZIEKBaTHYIO0 MOJIEIb ITPOIIECCA.

B ciaydae MakCMMalIbHOW TECHOTHI CBSI3M MEXIy ITOKA3aTEIMU HA IHarpaMme
paccessHMS HX 3aBUCUMOCTb OyJAeT TMpeicTaBieHa npsiMoi JnuHuend. Huorna
BCTPEUYACTCs] TAaKOE SBJIIEHUE, KAaK IICEBAOKOPpEIsALHs, TO €CTb KOPpEeIALus,
OoOyCIIOBJICHHAsl BIUSHUEM JIpYTMX I[OKa3aTelei, OCTABIIMXCS BHE TMOJS 3PEHUs
uccienoBaTenss. 3HAYUMOCTh KO3(DPUIMEHTa KOppeIsUUud 3aBUCUT OT JJIUHBI
JUHAMUYECKUX PSAOB. B O0NbIINX AMHAMUYECKUX psjiax daxke ciiadble 3aBUCUMOCTU
OyAyT 3HAUYMMBIMH, B TO BPEMsl, KaK B HE3HAYUTENbHBIX — Ja)K€ OUYEHb CHUJIbHBIC
3aBUCHUMOCTH HE€ SIBJISIFOTCSI CTATUCTUYECKH HAJIEKHBIMH. [loaTOMYy TOBOpST O
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HAJEXKHOCTU KOPPEJALMOHHON 3aBUCHUMOCTH, CBSI3aHHOM C PENpe3eHTaTUBHOCTHIO
UCXOIHBIX TUHAMHYECKHX PSJIOB M CBHUJETEIBCTBYET O TOM, HACKOJIBKO BEPOSITHO,
YTO BBIABIIEHHAS 3aBUCUMOCTD, OISITh Oy/eT OOHapyKeHa MpU YBEIMUYEHUHU MEepUOaa
PETPOCHEKIIMN WU OSKCTpamoyisiiuu Ha Oynaymee. HaneXHOCTh BBISBICHHBIX
3aBHCHMOCTEH OIICHMBAETCS C MOMOIIBI0 CTAHJAPTHOM CTATHCTUYECKON Mephl — -
YPOBHSI — CTaTUCTHYECKOTO YPOBHS 3HAYMMOCTH. J{aHHBIN MOKa3aTeab HAXOAUTCS B
0o0paTHOM 3aBUCHUMOCTHU K HaJIEKHOCTH pe3yJIbTaTa: YeM BBIIIE P-YPOBEHb, TEM HIKE
CTaTUCTUYECKasl HAJIeKHOCTh OOHAPYKEHHON 3aBUCUMOCTH, U HA000POT.

KoBapuanus — B TeopuM BEpOSITHOCTEM W MaTEeMaTUYECKOM CTaTHCTHKE,
YHUCIIOBas XapaKTEPUCTUKA 3aBUCUMOCTH  CIOy4yailHbIX BenuuyuH. CyIHOCTD
KOBapHalllK 3aKII0YaeTCs B TOM, UTO OHA BO3HUKAET BCIIEACTBUE HEOTPEACICHHOCTH
pe3yJibTaTa IEPEMHOKEHUS ABYX COBOKYITHOCTEH YnCe.

[TocTpoeHre KOBapHAIIMOHHON MaTpHUIbl JOCTATOUYHO MOXO0KE HA MOCTPOEHUE
MaTpUILbl KOppenuy, BoinoaHsaercs B nporpamme MINITAB 14 nyrem «Staty —
«Basic Statisticsy — «Covariance». [lo cpaBHEHHIO C KOPPEISIIMOHHON CBSI3KOU
KOBapHaIMOHHAsl MaTpHUIla HE YKa3bIBa€T Ha TECHOTY CBSI3U MEXIY ONpeAeICHHBIMU
rpynnamMu (akTopoB, OHA JIMIIb YKa3bIBa€T HA PE3yJabTaT MEPEMHOKCHHS IBYX
COBOKYITHOCTEW YHCEIL.

IHHPAKTHYECKO-CEMHHAPCKOE 3AHATHE 4. Knacmep-ananus u
Gpaxmopublli  aHaIU3  UCXOOHbIX  OauHblx.  Mumepnpemayus  NOay4eHHbIX
pe3yIbmamos.

YeTBepThIM  3alaHUEM  MPAKTUYECKOW  paboThl  OyJeT  ompejacsieHue
TeppUTOpHANTBHON AU depeHITnanud aIMUHUCTPATHBHO-TEPPUTOPHUATLHBIX €IUHHUI
Y BBISIBJICHUE 3HAYMMBIX (DAKTOPOB 00I1IECTBEHHO-Teorpaduueckoro mnpoiecca.

MHOTOMEpHBIM aHaJIU30M Ha3bIBAIOT COBOKYIMHOCTh PA3IMYHBIX METOJIOB,
MpEeIHA3HAYCHHBIX JUIsl HW3Y4YEHUS] MHOTOMEpHBIX sBiIeHU. B mHoromepHom
MPOCTPAHCTBE  HUCCIEAyeMble OOBEKThI  PACIOaraloTcs, Kak TMPaBHIO, HE
pPaBHOMEpPHO, a O0Opa3ylT OIpeeieHHbIe CKOIUICHUSA. OTH CKOIUICHHUS MOKHO
paccMaTpuBaTh KakK Kiacchl 00BekToB. IlpmyeM B pa3HBIX MPOCTPAHCTBAX
BBIJICISIFOTCSL pa3InYHbIC KJIACChl. B MHOTOMEPHOM MPOCTPAHCTBE KIIacCH(PUKAIIUS
Oosiee obocHoBaHa. Ho 3T0 o3Hauaer, 4To Mpu OE3rpaHUYHOM BO3PACTAHUU UYMCIIA
MIPU3HAKOB B TOU K€ MIPOTMOPIIMH PACTET TOUHOCTH KiIacCU(pUKAIIIH.

CymiecTByeT MHOTO MAaT€MaTHYEeCKMX METOJOB M TPHUEMOB, KOTOpHIE Ha
OCHOBEe HH(OpMAIMK 3aJ0KCHHOW B MaTpPHIIE JAHHBIX, TMO3BOJISIIOT OOBEKTUBHO
KJIacCu(pUIMpoOBaTh  DKOHOMHUKO-Teorpauueckue OOBEKTHI (B TOM  YHUCIHE
PETHOHAIM3UPOBATh WX). Takue METOIbl M MPHEMbl OOBEIMHEHBI B MHOTOMEPHBIM

aHaju3, pacCMaTpUBAETCS B Y3KOM M IIMPOKOM CMbIC/Iax. B y3KOM cMbIciie — 3TO
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aHaJIM3 MaTPHUIIbl TaHHBIX, UIMEET JBa U Ooyiee CTONOLOB, B IIMPOKOM CMBICIE — 3TO
aHaJl3 MaTpPUIbl JAaHHBIX, KOTJa KOJWYECTBO CTOJIOIIOB HE OTPaHUYEHO CHHU3Y. B
ATOM CJIydya€ MHOTOMEpPHBIM aHajlu3 BKIOYAaeT B ce0st u omgHoMmepHbid. Urak,
OJTHOMEPHBIN aHAJIM3 MOXKHO PacCMAaTpUBATh KAK YaCTHBIA CIydaill MHOTOMEPHOIO, a
MHOTOMEpHBI — Kak 0000meHue ogHoMepHoro. Yacto B mpoiiecce 00pabOTKu
MaTpULbl JAHHBIX MPUXOJUTCS WX CBOpPAYMBATh, TO €CTh CBOJWTH MHOTOMEPHOE
IPOCTPAHCTBO K N-K-MepHOMY, M JNaxe K OJHOMEpHOMY. B 3TOM ciydae MHOTO
MIPU3HAKOB 3aMEHSIOTCSI HECKOJIBKHUMH, HO TAKMMHU, KaXasi U3 KOTOPbIX CUHTE3UPYET
MH(POPMAIIMIO COOTBETCTBYIOLEH TPYNIbl MPU3HAKOB WM SBJSETCS Hambosee
penpe3eHTaTUBHOM.

Knacmepnoui ananuz mpennonaraeT TpyHIHUPOBKY OOBEKTOB IO CXOJCTBY
OTpeJIeICHHBIX XapakTepucTUK. TepMuH BrepBbie BBeneH Tpaiienom / Tryon /, 1939
r. OT0 OAMH M3 METOJOB KJacCU(pUKALUHU, MPeayCMaTpUBAIOIINM pa3lieieHue
HCXOJHOM COBOKYMHOCTH OOBEKTOB Ha KiacTephl (Kiacchl, rpymmbl). Kiactep — 310
rpyIna TePPUTOPUAIBHBIX €AUHULL (DETHOHOB), UMEIOIIUX CXOAHBIC TCHICHIIUU WU
0COOCHHOCTH pa3BuThA. C MaTEeMaTUKO-CTATUCTUYECKOM TOYKHU 3pPEHUS, KaxKIbIil
KJIaCTep JIOJUKEH MMETh CIEAYIOLIME CBOMCTBA: IUIOTHOCTh OOBEKTOB B Mpeneiax
KJlacTepa JOJDKEH OBITh BBIIIE IUIOTHOCTH BHE €ro, BO3MOXHOCTb OTIEIEHHUS OT
IpYrux KiactepoB W T.1. CIOXKHOCTh 3aJa4 KJIACTEPHOrO aHAIM3a 3aKJIK0YaeTCs B
TOM, 4YTO pealbHble  OOLIECTBEHHO-TeOrpauuecKue OOBEKTHl  SIBISIOTCS
MHOTOMEPHBIMH, T.€. ONMCBIBAKOTCS HE OJHHMM, a ONPEIEICHHON COBOKYIHOCTBIO
apamMeTpoB, MOATOMY OOBEIUHEHUE B TPYIIIbl OCYLIECTBIISIETCS B IMPOCTPAHCTBE
MHOTHX M3MepeHuil. COracHO KpUTepU0 0ObEUHEHUSI PETHOHOB B KJIACTEPHI €CTh
MUHUMYM pAacCTOSIHUSI B NPOCTPAHCTBE IOKA3aTeleil, KOTOpPblE HMX OIHUCHIBAIOT.
OTtcrona — NOHATHE PACCTOSHUS MEXIY PETUOHAMH B IPOCTPAHCTBE JAHHBIX.

B xome mnpakTthueckoil pabOTHI BBHIMOMHSAETCS TMPOBEAEHHBIM KIACTEPHBIN
ananu3, B mporpamme MINITAB «Staty — «Multivariate» — «Cluster Obrevations.

Cy11ecTBYIOT CIIEIYIOIIME TPYIIIBI METOJOB KJIACTEPHOIO aHAJIN3A:

1) nepapxuyeckrue METOAbL;

2) UTEpaTUBHBIE METO/IbI,;

3) hakTopHBIE METOBL;

4) MeTo/bl CTYIICHUH;

5) MeTO/Ibl, UCTIOB3YIOIINE TEOPHIO rpadoB.

K pacnpocTpaHeHHBIM B 3KOHOMUKE OTHOCAT HEPAPXUUYECKHUE U UTEPATUBHBIEC.
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Puc. 5. Anroput™m BeiOOpa KiacTepHOro aHanuza B nporpamme MINITAB 14

st mpoBeneHust KiaccuUKAMu HEOOXOJIMMO BBECTU TMOHSTHE CXOJCTBA
00BEKTOB TIO0 HAOJIIOaeMbIM TEPEeMEHHBIM. B Kaxkaplii kimactep (KJacc, TaKCOH)
JOJDKHBI TTONACTh 00BEKTHI, UMEIOITUE TTOA00HBIEC XapaKTePUCTUKHU.

BriOop paccTosiHus Mexay OOBEeKTaMU SBISETCS  y3JOBBIM  MOMEHTOM
HCCIICIOBaHUS, OT HETO BO MHOTOM 3aBHCUT OKOHYATEJIbHBIM BapUaHT pa3OUEHUs
00BEKTOB Ha KJIACCHI MPU JJAHHOM aJITOPUTME pa30UEHUS.

ANTOPUTM HEpPapXUUYECKOTO arjOMEPaTHBHOIO KJIACTEPHOIO aHalM3a MOXKHO
MPEJCTABUTh B BUJIE MOCIE0BATEIbHOCTH MPOLEYP:

1) HOpMHPYIOTCS UCXO/IHBIE TAHHBIC;

2) paccuuThIBACTCSl MAaTPHUIIA PACCTOSHUM WM MaTpHUIla MEp CXOJICTBA;

3) HaxoauTcs mapa OJMXKAWIIMX KJIACTEPOB, MO BBIOPAHHOMY aJITOPUTMY
00BEIMHSIOTCS ITH JBa KiacTepa. HoBomy kiacTepy MpHCBaWBaeTCsS MEHBITUN U3
HOMEPOB 00bEAUHAEMBIX KJIACTEPOB;

4) mpouenyps! 2, 3 1 4 TOBTOPSIFOTCS IO TEX TOP, MOKA BCE OOBEKTHI HE OyayT
00BEIMHEHBI B OJIUH KJIACTEP WJITU JI0 JOCTWKEHUS 33JaHHOTO “Tiopora’ cXO0JICTBa.

Ha pacuer paccTosHMii MeXTy OOBEKTAaMU CYIIIECTBEHHOE BIUSHUE HMEET
BBIOOp €IWHUII U3MEPEHHs TMoKaszaTenel. Tak, HampuMmep, eciu OpaTh MOKa3aTelb
00bEMOB TTPOU3BOJICTBA MPOJAYKIIMK B MUJUTMOHAX TPUBEH, pa3sHHUIIA MEXIY JIBYMS
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TEPPUTOPUATBHBIMUA E€AUMHUIIAMHU 110 3TOM KOOPAMHATOW OYJET OIHOM, €CiM Ke B
ThICSTYaX TPUBEH — B ThICAUY pa3 OoJibllie, YTO BIUSET HA KOHEYHOE TPYNITUPOBKHU.
[ToaToMy KJacTEepHBIM aHAIW3 MPEAyCMATPUBACT OCYIICCTBICHHUE TMPOIEAYPHI
HOPMAaJTM3AINH TaHHBIX.

B kmacrepHoM aHanmm3e i1 KOJIMYECTBEHHOW OIICHKM CXOJCTBA BBOJMTCS
noHsiTue MeTpuku. CXOJICTBO WM pa3inuyue MeEXIy KiIacCuPUIIMPOBAHHBIMU
00BbEKTaMH yCTaHABIMBAETCA B 3aBUCHUMOCTHU OT METPUUYECKOTO PACCTOSHHS MEXKITY
HUMH. Eciu Kaxaplii 0OBEKT ommchiBaeTcs K TMpU3HAKaMU, TO OH MOXET OBITh
NPEJCTaBICH KaK TOYKa B K-MEpPHOM WIPOCTPAaHCTBE, M CXOACTBO C IPYTHMH
oOBeKTaMu OyAeT ONmpenemsaThCs KaKk COOTBETCTBYIOIIEE paccTosiHue. B kimacteprHoM
aHAJIN3€ UCTIOJIB3YIOTCS PA3IMIHBIC MEPHI PACCTOSIHHSI MEXTY OOBEKTaMH.

HauGoiee pacnpocTpaHeHHBIMU SBJISIFOTCS CIEAYIOIINE BUJIbI PACCTOSHUM:

- eBkinaoBoe paccrostaue (Euclidean distances), paccuutbiBaeTcst o TeopeMe
[Tudaropa: paccTosHus O KaXKI0M U3 KOOPJIMHAT BBOJASTCS B KBaJpaT, a 3aT€M C UX
CYMMBI OIIPENIETISIETCS KOPEHb KBaAPATHBIM

- MaHXJTTEHCKOE pacCCTOSHHE (PacCTOSHUE TOPOJCKHX KBapTalloB, City-
block/Manhattan/distances), paccuuThIBaeTCs Kak CymMMa pa3HUL MO KaXAOW W3
KOOPIMHAT;

- paccrosinue YeoOnimena (Chebychev distance metric), peruoHbl ONpeAEISIOT
Kak "pa3inyHbie", €CIM OHU Pa3IMYAIOTCs M0 KaKON-1100 OJTHON KOOpIUHATE;

- IPOIIEHT Hecortacus (percent disagreement), UCMIONIB3YETCsI, KOTJIa UCXOTHBIC
JTAaHHBIE HE UMEIOT KOJIMYECTBEHHOTO BHIPAKCHHUSI.

MeTtonp! KilacTepu3aluy JeIsSTCs Ha JBe OOJIbIIIME TPYIIIbI — arJiOMepaTUBHbBIE
(or anrn. Agglomerate — ckoruieHHWE) W JWMBU3UBHBIE (OT aHrI. Division —
pasjielieHue).

ArJioMepaTUBHBIE METOJbI TPEIOIaraloT MOCIeN0BATEIHbHOE OOBEAMHEHUE
MOJOOHEHIIINX PETHMOHOB HA OCHOBE PACCUMTAHHBIX PACCTOSHUN MEXIy HHUMH.
[Ipouenypa knactepuzanuu Takas. Ha mepBoMm miare, Kakablii perroH oOpasyer
OTIICTILHBIN KJacTep, JAajiee B HOBBIM KJIacTep OOBEAMHSIOTCS JIBa PErHMOHA, CTEIEHb
CXOJICTBA KOTOPBIX SBISICTCS HaumOosbmield. Ha mocimemHeM mare BcCEe pPETHOHBI
00BEIUHSIOTCS B OJIMH KJIacTep.

Mepa cXoACTBa KIJIACTEpPOB W PETHOHOB ONPEHCISACTCS  CIICTYIONTUMHU
crocobamu:

- eAMHUYHOM cBs3H (single linkage, «meTos Onmkaiiiero cocena»): MUHUMYM
HAaWMEHBIIIUX PACCTOSHUN JIO KAKOTO-TMO0 OJTHOTO PETHOHA B KJIACTEPE;

- monHOM cBsa3u (complete linkage, «MeTON caMbIX YIAJICHHBIX COCEIIOBY):
MHUHHAMYM HauOOJIBIIUX PACCTOSHUHN O KAaKOTO-THOO0 OJTHOTO PETHOHA B KIIACTEPE;

- «CpPEIHEW» CBSI3U: MUHUMYM CpeIHEapu(PMETHIECKOTO 3HAYCHUS PACCTOSTHHMA
KO BCEM PErMOHaM B KJ1acTepe;
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- IICHTPOUIHBI MUHUMYM PACCTOSTHHM K IIEHTPaM TsDKEeCTH KiactepoB. LleHTp
TSOKECTH KJIaCTEpa OMPEENIAETCS KaK CPEHEE M0 KaKIOMY MapaMeTpy.

Pesynprar kjacTepusalMd  BU3YAIM3HpPYETCS B BUAEC JICHAPOTPaMMBI
kinactepusanuu (tree diagram, aepeBO OOBCAMHEHWs), HA OJHOM OCH KOTOPOHU
OTKJIQJIbIBAIOTCSI PETHOHBI, HA BTOPOU — paccTosiHus oobenunenus (linkage distance).

JIMBU3MOHHBIE METOMBI MPEAYCMATPUBAIOT TOATamHOE (WTEPAIMOHHOE)
pas3JelieHne pPerrmoHOB Ha 3aJaHHOE KOJMYECTBO KJIacTepoB. PacmpocTpaHEeHHBIM
Cpeau IMBHM3HOHHBIX sBIsieTcss MeTon K-cpemnmx (kmeans clustering), KOTOpbIi
pelaeT 3agavy BBIICTCHHUS 3apaHee 3aJlaHHOTO KOJIMYECTBAa KJIACTEPOB, KOTOPHIC
MaKCHUMaJbHO OTJIMYAIOTCS, T.€. HaXOJATCS Ha KPYMHEHIINX PACCTOSHUAX APYT OT

apyra.
5 TR - s st T T R =+ |
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Puc. 6. BeiOop paccTosiHUS MpU BBITOJIHEHUH KJIACTEPHOTO aHAIM3a
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Puc. 7. BeiOop MeToAa npu BBITOJIHEHUH KJIACTEPHOTO aHAIM3a

[Iponenypa kmactepusanuu Takas. Ha mepBoM Iare 3amaeTcsi HEKOTOPOE
ClydaliHOE pa3JieJicHHe JaHHBIX Ha 3aJaHHoe KoymdecTBo KkiactepoB  (K),
pacCUMTBIBAIOTCA  LEHTPHl  TSKECTH  KiactepoB. Jlamee — ocyluecTBisieTcs
MIEPEMEILICHUE PETUOHOB: KaXIblii PETMOH OTHOCUTCSI K TOMY KJIacTepy, PaCCTOSHHE
0 IIEHTpa TSKECTH KOTOPOr0 MUHHUMAIIBHOE, PACCUMTHIBAIOTCS LEHTPBI TAKECTU
HOBBIX KJIACTEPOB. JTa MpOIIeypa MOBTOPSETCS, MOKa He OyIeT HaleHa CTaOMIbHAS
KOH(UTypalus, T.€. COCTaB KJIACTEPOB MEPECTAHET U3MEHSIThHCS.
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kjacTepoB. OOBIYHO COIJIACHO HMCXOJHOW TUIIOTE3bl OMNPEAENIAECTCS HadyalbHOE
KOJIMYECTBO KJIACTEPOB, a 3aTEM H3MEHSS €ro, SMIMPUYECKUM IyTeM BBIOMPAIOT
OKOHYATEJIbHBII BapHaHT KiacTepu3aluu. /s Toro, 4yTtoObl OLIEHUTH, HACKOJIBKO
BbIJICTICHHBIE KJIACTEPhl OTJIMYAIOTCS, PACCUMTHIBAIOT CPEIHUE 3HAYEHUS Oa3MCHBIX
nokasaresnen Juist KaKJoro Kiacrepa.
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12 212 610.8 226 370 1796.9 885.1 7594 152.4 214 143 82 9441 120 2701 100.0 340 29 23 22
13 164 4226 9.6 228 474.7 0.0 474.7 0.0 9.2 61 8 2428 76 3454 99.3 354 29 15 1.2
14 0 3147 47 150 136.0 00 1171 189 30 171 m 8744 15 4153 973 260 68 6 07
15 194 7009 124 177 4730 00 3290 1440 16.3 65 3 2243 98 2673 100.0 342 28 21 26
16 0 2744 30 11.0 120 00 120 00 02 12 0 746 86 1391 98.2 415 11 1 19

Puc. 9. IIpumep pe3ynbpTaTa KIACTEPHOTO aHAIU3A
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J File Edit Data Calc 5tat Graph Editor Tools Window Help
2E & @l Bti1AL Qe CBE
Cluster Analysis of Observations: C1; C2; C3; C4, C5; C6; C7; C8; ...

Pearson Distance, Ward Linkage
Amalgamation Steps

HNumber

Humber of obs.

of Similarity Distance Clusters Hew in new

Step clusters level lewvel Jjoined cluster cluster
1 32 86.8850 4.0438 3 [ 3 2
2 31 86.3279 4.2158 20 28 20 2
3 30 85.7493 4.3940 22 23 22 2
4 29 85.5509 4.4552 11 13 11 2
3 28 85.29497 4.5328 24 31 24 2
& 27 84.7474 4.7029 g 12 g 2
7 26 83.5610 5.0688 20 24 20 4
g 25 83.0538 5.2251 22 33 22 3
9 24 82.9132 5.2685 10 30 10 2
10 23 82.6914 5.3369 11 21 11 3
11 22 8l.2521 5.7807 4 15 4 2
12 21 80.3225 6.0673 3 10 3 4
13 20 79.7031 6.2583 14 19 16 2
14 19 T8.1381 6.7408 7 11 7 4
15 18 T7.2983 6.9998 18 22 18 4
la 17 75.9560 T.4137 3 26 3 5
17 16 T2.7273 B.4092 4 ] 4 4
18 15 71.8360 8.6840 3 5 3 [
13 14 T1.2348 B.8694 18 25 18 5
20 13 T0.44046 9.1143 17 1a 17 [
21 12 T0.1468 9.2049 14 32 16 3
22 11 £9.8319 9.3019 14 20 16 7
23 10 66.6487 10.2834 1a 27 1& g
24 g £5.5848 10.6115 2 9 2 2
25 g 63.3305 11.3066 3 7 3 10
26 7 £2.2315 11.6454 2 14 2 3
27 [ 61.1223 11.89874 17 29 17 7
28 5 54.5982 13.9%990 3 4 3 14
29 4 52.6137 14.6109 14 17 16 15
30 3 20.5340 24.5023 2 3 2 17
31 2 -31.9103 40.6728 2 la 2 32
32 1 -56.3918 45.2214 1 2 1 33

Final Partiticn
Humber of clusters: &

Average Maximum
Within distance distance

Humber of cluster sum from from

ocbservations of squares centroid centroid

Clusterl 1 0.00000E+00 0.0 0
Cluster2 3 1.78209E+10 T1803.4 106223
Cluster3 10 2.92209E+10 47526.3 98113
Clusterd 4 4.56880E+09 29884.9 54805

Puc. 10. IIpumep npoTokosia KJIaCTEpHOTO aHAIN3a
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5 MINTAR - Unstied - [Dencroarami N T T P I - -5
ob File Edit Data Calc Stat Graph Editor Tools Window Help —l=lx|
EH & L B®3 O?2@ | CBRBOIE RS EOBE B

Dendrogram with Ward Linkage and Pearson Distance
-56.39
> -4.26-
£
E
wn
47.87
1 0000 T T T T I I T F I T I T I T I T
N O D 0,00 ’\ \@‘b@\h'@'&?’ q,"‘rb'\']:\\’\'ib%q"]?’b'b‘]?'@
Observations

Welcome to Minitab, press FL for help. 324
Fd Microsoft Excel (Cbo...

Puc. 11. IIpumep nenaporpaMmMel KJIACTEPHOTO AHAJIN3A

Knacrep-anaivs npuMeHseTcsl NMpU HAIMYUKU MHOTOMEPHBIX COBOKYITHOCTEH
CTATUCTUYECKUX TIIOKa3aTeseil, CYINIHOCTh €ro 3aKIo4yaeTcss B OOBEIUHEHUU HX B
rpynnsl  (KJ1acTephl) MO TPHUHIMIY MHHUMAIBHOTO pa3Mepa B MHOTOMEPHOM
MpoCTpaHCTBE. B 3aBUCHUMOCTH OT KOJIMYECTBA OOBEKTOB KJIACTEPU3ALUS H
TPYIIIUPOBKY BBITIOTHSIOTCS MOCIEA0BATEIEHO B HECKOJIBKO ITArOoB TAaKMM 00pa3oM,
9TOOBI Ha TIOCTIEAHEM IIIare B OJHY OOIIYIO TPYIITY Monanu Bce 00beKThl. Ha mepBoix
marax kjaaccuukanuu GopMUPYIOTCS HauboJiee OJJHOPOIHBIE TPYIINBI 10 00BEKTAM,
UMCIOIIMM  HauOoJbIliee  CcXoACTBO.  [locTemeHHO,  «ocCnmadmsis»y  KPUTEPHM
OTHOCUTEJILHO CXOJICTBA OOBEKTOB, OOBEIUHSIETCS BCE OOJbIIEe KOJIMYECTBO
00bekTOB. C KaXIbIM IIAroM K KJIacT€paM BBICIIETO TMOPS/IKA BKIIOYAIOTCS IEJIbIC
TPYNIBl aIMAHUCTPATUBHBIX PAallOHOB, KOTOPHIE BCE CHJIBHEE Pa3IUYAIOTCS MEXKIY
coboii. Ha mocnenneM miare Bce 00bEKThl OOBEIUHSIOTCS B OJUH KiacTep. B koHIie
MIPOIIETYPHI TIOYYarOT TPYIITEI HEOTHOPOAHBIC. B pe3ynbTaTe KiIacTepHOro aHaau3a
MOJIy9at0T MHOTOYPOBHEBYIO MEPAPXHUECKYIO KIacCU(HUKAIUIO, KOTOpas OTpakaeT
HanboJiee CYIIECTBEHHbIE OCOOCHHOCTH B3aMMOOTHOILICHUS MEXKIYy OOBbEKTaMHu.
Takum 00pazoM, MOTyYEHHBIE KIACTEPhl — 3TO TPYIAa TEPPUTOPHUATBHBIX €IMHMII,
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UMEIOLUX CXOAHbIE OCOOEHHOCTH pa3BUTUSA. Takod aHamu3 NPOBOAMTCA JIs
TEPPUTOPHAIBHBIX 0OBEKTOB M0 PSAY NMOKa3aTeNel, IS TajJbHEHIIEro rpyninupoOBKH
PaliOHOB U BBIABJICHUS YCTOMYUBBIX TPYIIL.

Daxmopubll  aHaiu3 — OITO MHOTOMEPHBIM CTaTUCTUYECKUH  METO,
WCIIOJIB3YEMBIN IS U3YyYEHHUs B3aMMOCBS3E€H MEXIY 3HAYCHHUSMM NepeMeHHbIX. OH
MO3BOJIAET ONPENEIUTh TPyNIbl (aKTOPOB BIUSHUS U HUCCIENOBaThb 3HAUECHHE
Ka)KJ0W IEPEMEHHOM B IEHCTBUU (paKkTOpa B pa3HOE BPEMsL.

B xone nmpakthyeckoil pabOThl BBINOJHSAETCS (PAKTOPHBIM aHAIM3 METOAOM
rnaBHbIX komnoHeHT, B MINITAB 14 nyrem «Staty — «Multivariate» — «Prinsipal
Conponentsy. @akTOpHBIN aHATU3 MTO3BOJSIET OLEHUTH (PAKTOPHI PA3BUTHSL.

= WINITAS - Urtited - Workzheet 2= e
@ File Edit Data Calc | Stat Graph Editor Teools Window Help
=5 E % j{. @ Basic Statistics b @ r@ *@ E @ 1| i| *El [
C1 cz  [Degression *lcs Cé c7 Cs C9
AMOYVA »
1 471 4gs2  DOE 17329 4761 2145 423 8.7
2 115 196.  Lontrol Charts M 4530 1220 2258 105.2 11.8
3 0 342, Quality Tools M1 139 0.0 13.9 0.0 0.1
4 41 701, Reliability/Survival * G654 66.3 438.3 160.8 12.1
5 73 216 [NEEETECNIIN | principal Components.. 8.7
6 63 614 Time Series ¥ | & Factor Analysis... 18.3
! 33 g;f, fedle = ES
& ' Honparametrics | e Cluster Yariables... .
9 0 474 EDA b P 14.4
.{-;:‘:" USTEr h-IVIEANS...
10 166 608. Power and Sample Size »| ¢ 46.5
1 0 20975 F 200 % Discriminant Analysis... 11
12 212 610.8 22.6 370 15& Simple Correspondence Analysis... 214
13 164 422 6 9.6 228 M _ _ 92
7 Multiple Correspondence Analysis...
14 0 4.7 4.7 15.0 ——— — —— — 3.0
15 1584 700.9 124 177 473.0 0.0 329.0 144.0 16.3
16 0 274 .4 3.0 11.0 12.0 0.0 12.0 0.0 0.2
17 389 16517 .9 26.2 17.3 744 6 436.8 219.8 86.0 11.8

Puc. 12. Aaroputm BeiOopa gaktopHoro ananuza B nporpamme MINITAB 14

B ocHoBe moctpoeHust Mozenel (paKTOPHOTO aHaIM3a JISKHUT YTBEPKIACHUE O
TOM, YTO MHOXECTBO B3aMMOCBSI3aHHBIX IIOKa3aTeJIed, XapaKTEPU3YIOIINX
OTPENICNICHHBIA  TPOILIECC, MOXXHO  TPEACTaBUTh  MEHBIIUM  KOJUYECTBOM

THIIOTCTHYCCKHUX IICPCMCHHBIX — (baKTOpOB 1 MHOXCCTBOM HC3aBUCHMBIX OCTATKOB.
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NudopmanmonHoil 6a30i pacyeToB CIyKaT MPOCTPAHCTBEHHBIE PSAJbI MOKa3aTeseH
neMorpauyeckoro pasBUTHS B pa3pe3e aJIMHHHCTPATHBHO-TEPPUTOPHATBHBIX
eIVHUI] peruoHa 3a 0a3oBbie TOnbl. Habop mokaszaTeneil SABISIETCS CYOBEKTHBHBIM;
OCHOBHBIM  TMPUHLMIIOM  BBIOOpa  mMoOKa3arejaed  ObUIM  JIOCTOBEPHOCTh U
conoctaBuMocTh. [locme u30paHuMs ONTUMAIBHOTO  KOJIHWYECTBA  (haKTOPOB,
BBITIOJTHSACTCSI MHTEpHOpETAIusi PEe3yIbTAaTOB, VYYMUThIBAs I[OKA3aTelid, KOTOPHIC

c(hopMHUPOBAIU BBISIBICHHBIE (PAKTOPHI.

0.0 65.9 6.4 1.1 27 7 1455 20 30.5 97 .5 335 176 4 0675
851 |[ Principal Components Analysis | ) 2.281
0.0 1.224
.o Variables: 0.758
0.0 oo " 2622
0.0 1.873
388 i 4 368
0.0 1.4581
00 Mumber of components to compute: |5 0737
0.0 0.718
081 Type of Matrix 25 235
313 &+ Caorrelation 0679
0.0 " Covariance 0.527
0.0 0.545
1.0 2812
0.0 1.678
0.0 6.528

Graphs... | Storage... |
Help 0K | Cancel |

Principal Compenents Analysis - Graphs

v Scree plot
Iv¥ Score plot for first 2 components
I+ Loading plot for first 2 components

Help oK | Cancel |

Puc. 13. Be160p UCXOIHBIX JaHHBIX U 3JIEMEHTOB BHITIOJIHEHUS (PAKTOPHOTO aHAIU3a

OOBIYHO (haKTOPBI, BIMSIONINE HA Pa3BUTHE OOIIECTBEHHO-IPOCTPAHCTBEHHBIX
MPOIIECCOB, XapaKTEPU3YIOTCS HE OJAHUM, a MHOXECTBOM IIOKa3aTeNe, MMEIOINX
MEXIy coOol ompeAcieHHYI0 CBs3b (koppenupytoT). I[loatomy BO3HUKaeT
MOTPEOHOCTh B UX OOBEIUHEHUU B ONpPEIEIEHHOES KOJUYECTBO TPYIII MO CXOACTBY
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BIIUSIHUS, B PE3YJbTAaTE€ 4YEro OIPENeNIlOTCS Ha TMEpBBIM B3I ‘CKpbITHIE"

(maTeHTHBIE) (PAKTOPBI, KOJIMYECTBO KOTOPBIX, Pa3yMeEeTCs, MEHbIIE KOJIHMYECTBa

MCXOJTHBIX MOKa3aTenei. To ecTh hakTopsl UACHTUDUITUPYIOTCS.

[Tpumenenue GpakTOPHOTO aHANK3a MPEeIyCMaTPUBAET:

SI3BIKE MAaTEMATUYECKOM CTaTUCTUKU HA3bIBACTCS pGIIYKHPleﬁ JaHHBIX

- BO-IICPBLIX, COKPAIICHUC KOJIMYCCTBA roKazarejen (HGpGMGHHBIX), YTO Ha

- BO-BTOPBIX, OIIPCACICHHUC CTPYKTYPHLI B3aMOCBSI3eH MCKAY IIOKa3aTC/IIMU

(mepeMeHHbIMHU), T.€. KJIacCCU(PUKALIUIO TIOKa3aTeel, MHTepIpeTanuo GakTopos.
S s - i L A 5

Eile Edit Data Calc Stat Graph Editor Tools Window Help

- = o
== Ot CEROYE T EOE | B
ol Seree Plot of C1; ..; €22 [==@]r=] ok Loading Plet of CL; .; == . = =
Scree Plot of C1; ...; C22 Loading Plot of C1; ...; C22
94
84
74
5 E
g | H
3 -8
= 54 5
= o
= 5]
= 4 -
ih =
34 8
@
w
24
1
04
T T T : y <B4 |
T T T T L4
8 10 12 14 22 0.0 0.1 0.2 0.3 -
Component Number First Component 3
| B Worksheet 1=~ (===
< C4 cs g Score Plot of C1; ..; C22 [= @ ][==] | ct& c19 20 c21 c22 c24 | -
Il
1 58 71329 Score Plot of C1: ... C22 8 ems 1382 118 00039
2 347 4530 T 15| 0534 1229 260 0.0010
3 154 139 54 1| o0s o038 72 00012
4 209 6654 4 . 15| 1838 1743 182 0.0028
5 165 1748 9| 0785 0642 498 00018
6 202 6220 3 18| 1538 1555 294 0.0022
7 224 4465 = 17| 1737 1146 320 0.0043
8 258 5747 g 29 11 1442 1281 277 00015
9 108 3068 2 1 ° 15| 1278 0.827 469 0.0016
10 1552 35238 E o . 36 2178 12616 132 0.0020
" 200 723 S 4| o675 0233 152 0005
12 370 17%69 H 23| 2261 6653 118 00018
13 228 4747 g 1 ¢ 15| 1224 1374 194 0.0019
14 150 1360 @ 2. . 6| 0758 0327 221 00081
15 177 4730 . 21| 2622 1770 345 0.0028
16 1.0 120 34 1] 1973 0086 167 00014
17 173 7446 15| 4368 2143 158 0.0038
12 505 3569 44 . . . 11 1481 1309 258 0.0027
19 255 8801 5.0 0.0 25 50 125 34| 0737 2262 255 0.0101 il
q First Component R
Ber. & [ =] =
Copy selection to Clipboard 23:29

Puc. 14. IIpumep pe3ynbTaTa GakTOPHOTO aHAIM3a
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(EL File Edit Data Calc Stat Graph Editor Tools Window Help ==
EH| & Bti1AL028 CBRODE D SOE | B 2

Summary for €21 i
Summary for G22

Principal Compenent Analysis: C1; C2; C3; C4; C5; C8; C7; C8; C9; C10; C11; C12

Eigenanalysis of the Correlation Matrix

Eigenvalue 8.0384 2.8630 2.3785 1.8502 1.5238 1.2382 0.8968 0.6171
Proportion 0.411 0.130 0.108 0.084 0.069 0.056 0.041 0.028
Cumulative 0.411 0.541 0.648 0.733 0.802 0.858 0.899 0.928

thenvalue 0.4680 0.360%9 0.2607 0.1941 0.1283 0.0808 0.0570 0.0222
Proportion 0.021 0.016 0.012 0.009 0.006 0.004 0.003 0.001
Cumulative 0.349 0.965 0.977 0.386 0.3992 0.995 0.9%s 0.999

Eigenvalue 0.0124 0.0071 0.0013 0.0008 0.0005 -0.0000
Proportion 0.001 0.000 0.000 0.000 0.000 -0.000
Cumulative 1.000 1.000 1.000 1.000 1.000 1.000

Variable BC1 BC2 BC3 BC4 BCS
c1 0.261 46 -0.089 -0.054 0.222
cz 0.041 4 0.334 0.081 0.147
c3 0.301 0.041 -0.193 0.194
cq 0.254 -0.

cs 0.319 -0.08

4
&

25 0.063 -0.229 -0.131
9 0.051 -0.137 -0.031
7

0

0

0

0

0
cé 0.071  0.247 0.296 -0.031 -0.248
c? 0.310 -0.119 -0.006 -0.155 0.013
c8 0.013 -0.243 0.032 0.293 0.031
co 0.312 -0.132 -0.030 -0.062 0.128
cio 0.280 0.145 -0.098 0.285 -0.033
ci1 0.295 0.091 -0.186 0.159 0.045
ciz 0.314  0.035 0.047 0.125 -0.078
c13 0.053 -0.150 0.505 0.223 -0.008
cl4 0.154 0.240 -0.251 0.316 0.103
c1s -0.010  0.292 -0.227 -0.211 -0.462
Clé 0.005 0.122 -0.380 -0.218 -0.010
c17 0.240 0.109 -0.152 0.032 0.333
cle 0.185 -0.234 0.079 0.182 -0.337
cly 0.016 0.414 0.361 0.024 0.112
c20 0.274 -0.15% 0.187 -0.188 -0.211
ca1 -0.108 -0.310 -0.017  0.171  0.411
caz 0.067 0.005 -0.184 0.552 -0.333
Scree Plot of C1; ...; C22
Score Plot of C1; ...; C22
Loading Plot of C1; ...; C22
<[ r

Welcome to Minitab, press FL for help. Editable 23:29
Microsoft Word (C6... | [ E - Untitle L mg

Puc. 15. [Ipumep npoTokosia (hakTOPHOTO aHAIU3a

Takum oOpazoM, paKkTOPHBIN aHAIIU3 UCTIONB3YETCS U KaK METO/ YMEHBIIICHUS
KOJIMYECTBA JAHHBIX, M KaK METOJ Kiaccuukanuu OJHOBpeMeHHO. B ocHOBe
MOCTPOEHUsT MoJielel (aKTOPHOTO aHajdu3a JICKUT YTBEPKICHHE O TOM, YTO
MHOKECTBO B3aMMOCBSI3aHHBIX [IOKa3aTelield, XapaKTEepU3YIOUIUX OIpeIeICHHbIN
MpOIECC, MOXKHO MPEACTaBUTh  MEHBIIUM  KOJUYECTBOM  TUIOTETHYECKUX
MEepEMEHHBIX — (PAKTOPOB M MHOKECTBOM HE3aBHUCHUMBIX OCTaTKoB. CojepikaHue
(akTOpHOrO aHajiM3a 3aKJIYaeTcs B JMHEHHOM mpeoOpa3oBaHUU N-MEPHOTO
npocTpaHcTBa B K-mepHbId. [IpyruMu clioBaMH, ¢ MOMOIIBIO (PAKTOPHOTO aHaM3a
cucTeMy N Moka3aTesiell MOXKHO 3aMEHUTH 3HAYMUTEIIbHO MEHBIINM KojudecTBoM (K)
(haKTOpOB.

@akTOpHbIE HArpy3KW HaxoAsTcsA B mnpenenax oT -1 go +1. 3nwak "+" nmm "-"
YKa3bIBa€T Ha HAJIMYUE MPSIMON WJIM OOPATHOM 3aBUCUMOCTH MEXKIY MOKazaTeleM U
daxkTtopom. Copaepxkanue (HaKTOPOB OMNPEACNSIIOT TMOKa3zarelu (IMepeMEHHBIE),
MMerole HauOobIue (PaKkTOpHBIC HArpy3KH (OJIM3KKUE MO MOJTYJIIO K SIUHUIIE).

[Ipouenypa paxkTopHOTrO aHATM3a BKIFOYAET CISAYIOIINE COCTABIISIONINE:
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- Omnpenenenue konuuectBa ¢aktopoB. Ha mepBoM 1iare pacyeToB KoOJIH-
4ecTBO (DaKTOpPOB M30paHO paBHBIM KOJMYECTBY IIOKa3aTeleil M paccuuTaHbl
abCONIOTHBIE, OTHOCUTENIbHBIE M KYMYJIATUBHBIC 3HAUCHUS TUCTIEPCUU KaXkIOTO M3
dakTopoB. Omnpenenstor, Kakoe KOJIMYECTBO (HAKTOPOB SBISETCS ONTUMATIbHBIM.
OOBIYHO MOJB3YIOTCS OJJHUM U3 TPEX KPUTEPHUEB:

- Ilo xpureputo Kaiizepa (Kaiser, 1960): BbIOMparOTCs TONBKO (DAKTOPHI C
mucnepcueit Oompmie 1. YuuTeiBaeTcss TO, 4TO, €ciu (aKTOp HE BbIACISET
JTUCIIEPCHUIO, SKBUBAJICHTHYIO XOTsI OBl JMCIIEPCHUM OJHOTO IOKa3aTess, TO OH
otrOpaceiBaeTcs. B mpuBeeHHOM ipuMepe clieAyeT BBIICIATH Ba (DakTopa;

- [lo KyMyJIITUBHOMY MPOIIEHTY: B KQUECTBE OMPEICIIAIONINX BHIOMPAIOTCS TE
(bakToOpbl, KOTOpbIE CyMMAapHO OXBATHIBAIOT MPUMEPHO TPU UYETBEPTH HCXOTHOU
uH(popManuu (KyMyJISITUBHBIN MPOIEHT JAOJDKEH IpeBblath 75%). B mpuBeneHHOM
npuMepe ABa mnepBbix ¢akTopa o0bICHAIOT 90,5% o001ieit nucnepcuu — BhIACTISIEM
nBa (akTopa;

- Ilo kpureputo "kamenuctoir oceinu" Kerrtema (Cattell, 1966): na rpaduke
nuctiepcuit (plot of eigenvalue, scree plot) HaxoaUTCS TakO€ MECTO, TI€ YMEHBIIICHHUE
JMCTIEPCUH CJIEBa HAIIPaBO MaKCHUMalIbHO 3ameansiercs. [Ipeamnonaraercs, 4To crpasa
OT 3TOM TOYKH HAXOJUTCA TONbKO "(hakTOopmanbHas OChIIbL" (TEPMHUH "OCHINb"
3aMMCTBOBAaH W3 TEOJIOTMM, TA€ O3HauaeT OOJOMKH TOPHBIX IIOPOJ, KOTOpBIE
HaKaruIMBalOTCs B HUKHEHN 4acTH CKaJUCTOro ckiioHa). CorjgacHO 3TOMY KPUTEPHIO B
MPUBEAEHHOM NpUMepe BhlesieM 2 uinu 3 ¢akrtopa: oOpalleHue oceil KoopaAuHAT
(factor rotation), wmnentudukanus W wuHTEprpeTanus QakrtopoB. B pesynbrare
oOpartieHus Ioay4YaeTcsl OKOHYAaTeIbHas MaTpuIiia (aKTOPHBIX HATPY30K:

- Pacuer ¢akTopubix BecoB. ®DaktopHbie Beca (factor scores) — 31O
MOKa3aTeH, KOTOPhIE WUTPAIOT POJb OLEHOK BKJIAJ0B TEPPUTOPHAIBHBIX EAMHHII B
KaXJbIi U3 dakTopoB. MaTpuiia (haKTOPHBIX BECOB BBHIYHUCIISICTCS TyTEM YMHOKECHUS
MaTPHIbl UCXOJIHBIX JAHHBIX Ha MaTpuily (PaKTOPHBIX HArpy3ok. OHH TPAKTYIOTCA
KaK OTHOCHUTENIbHBIE OIIEHKH TMPOSIBJICHUS OMpPEAeNIEHHOTO (akTopa U CiyXaT
OCHOBOM ISl UX TPYIITUPOBKH;

- AHanmM3 TeHICHINH.

[TocneguuM 3amaHWieM TPAKTHUECKOH pabOThl SIBISETCS WHTEPIPETAIUs
MOJTyYEHHBIX (B X0/1€ BHITIOJTHEHHSI BCEX BUOB aHAJIN3a) PE3yJIbTAaTOB.
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BOITPOCHI K U'TOI'OBOMY MOJAYJbHOMY KOHTPOJIIO

OOBEKT U 11eNTb Kypca.

OnpeneneHre MaTeMaTHYECKUX METOI0B U MOAEIIMPOBAHUS.

[Tonsitue «wmonenwy. Kiaccudukanuu wmojeneil: HaTypHbIE, aHAJOTOBEHIE,
MaTeMaTH4YECKHE.

Hctopus pa3BUTUSL M HCHOOJb30BAaHUA MOJEJIEH B €CTECTBO3HAHUU W
OOIIIECTBEHHBIX HAYKaX.

Tpu ypoBHS  MareMaru3ali  OOIIECTBEHHOW  Teorpauu:  ypOBCHb
napaMeTpu3anuu  reorpaduUueckux  SBICHUM U OOBEKTOB,  YpPOBEHb
OMIIMPUYECKUX MOJIEIIEW, YPOBEHb TEOPETUYECKUX MOJIEIIEH.

Mecto MeTON0B uacanu3auu, ¢Gopmain3aini, MaTeMaTHUYEeCKUX METOJOB,
METOJIOB MOJEIMPOBaHUs B METOJOJIOTUH OOILIECTBEHHO-Teorpapuueckoro
UCCIIEJOBAHUS.

IIpoTuBOpEYMs CUCTEMHOIO U CUHEPIETUYECKOIO IMOIXOI0B.

[lepcniekTHBBI pa3BUTHS MOJEIUPOBAHUS B OOIIECTBEHHOM reorpaduu.
Cnenudrika BOSHUKHOBEHUS, (DYHKIIMOHUPOBAHUS M PA3BUTUSI MPUPOAHBIX U
COIIMAJIbHBIX OOBEKTOB.

MHoro¢pakTopHOCTb OOIIECTBEHHO-T€OTpaPUIECKUX MPOIECCOB.

C1oXKHOCTB UHTEpIIpETalnH MPUYUHHO-CIEACTBEHHBIX CBA3EH B
COLIMOT€OCUCTEMAX.

Opranuzanus reorpaguieckoit cpenl. JlokanbHble U MHTETPATBHBIE MPOIECCHI.
[ToHATHE O BEPOATHOCTH.

[IpuHuunuanbHO  CIy4yalHBIM ~ xapakTep  OOIECTBEHHO-TeOrpapuyecKux
ITPOLIECCOB.

OcoOeHHOCTH M METOAbl  MOJY4YeHHUs  OOIIECTBEHHO-TeOrpapuuecKoi
uH(bOopMaIuu.

OnHOMEpHBIE CTATUCTUYECKUE MOJIEIH.

[TonsTHe O CiydyallHOM BEJIWYMHE, NUCKPETHBIE M HENPEPBIBHBIC CIIyYalHbIE
BEJINYMHBI.

YucioBble  XapaKTEPUCTUKU  CIAy4YalHbBIX BEJIMYMH: 4YacToTa, (DYHKIMS
pacrpeneneHus.

OueHkM HeHTpa paclpeaeeHns: MaTEMAaTUUECKOE OKHUIaHUE, MEANAHA, MOJA.
Onenkn pazdpoca ciaydyalHOW BETWYHHBI IIEHTPAJIbHBIE MOMEHTHI BTOPOTO,
TPETHETO U YETBEPTOI'O MOPSIIKOB.

OCHOBHBIE 3aKOHBI OJJHOMEPHOT'O PacHpeIEICHUS.

Br16opounblit MeTo 1, TpeOOBaHUS K BLIOOPOYHBIM COBOKYITHOCTSIM.

[ToHsATHE O HANEKHOU BEPOSITHOCTH.

ToueyHasi U UHTEPBAJIbHAS OLIEHKA CTATUCTHK.
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TpeboBaHuUs K OlLICHKaM MapamMeTpoB 00IIeCTBEHHO-TeorpadhuuecKux 00bEKTOB.
[ToHsiTHE O IPOBEPKE CTATUCTUIECKUX THUITOTES.

Y cnoBusS IPUMEHEHHS OJTHOMEPHBIX CTATHCTHUECKUX MOJICIICH.

JIByMEpHBIC CTATUCTUICCKHEC MOJICIIH.

[ToHsiTHE O IBYMEPHOM CITyYaWHOM BEJIUYUHE.

VYcnoBust popMUpOBaHUSL JABYMEPHBIX CIy4YalWHBIX BEJIUYMH B OOIIECTBEHHO-
reorpauYecKux UCCIEIOBAHUSIX.

Ocobennoctu (opMHPOBaHUS BBIOOPOYHBIX COBOKYITHOCTEH.

OcoOeHHOCTH HWHTEpIIPETAIlUU CBSI3eH KOMITIOHEHTOB JBYMEPHBIX CITyYalHBIX
BEITUYMH.

[TonsiTue o popmMe 3aBUCUMOCTH M CHUJIE CBS3H JIBYX CITYYaiHBIX BETUYHH.

@DYHKITMOHATBHBIE U CTATUCTHYECCKUE 3aBHCHMOCTH.

JIByMEepHBIA pPErpecCCUOHHBIA aHaJINU3, MOHSATHE 00 YCIOBHOM paclpeleliCHuH,
JTUHENHbIC, HEIMHEWHbIE YPABHEHUSI PErPEeCCHU, BBIYMCICHHS PErPECCHOHHBIX
K03 PUITEHTOB.

[TocTpoeHue JOBEPUTENHLHOTO HHTEPBAIA ISl YPAaBHEHHUI PETPECCHH.
Koppensunonusiii  aHanm3, TOHATHE O KOXGOUIMEHTE  KOPPEIAINH,
KOPPEJSIIMOHHOE OTHOIIICHHE.

YcioBus KOPPEKTHOCTH KOPPETSIIUOHHOTO aHATN3A.

Henunelinpie npeoOpa3oBaHus CIy4alHBIX BEJIWYUH JUIsI TPUBEACHUS K
HOPMAaJILHOMY 3aKOHY pacIpe/iesIeHUs.

Oco0OEHHOCTH HCIIONIB30BAaHUSA PETPECCHOHHO-KOPPEISAIMOHHOTO aHajinu3a B
00111eCTBEHHO-Teorpad)MueCKUX UCCIEAOBAHUSX.

MHOTOMEpHBIEC CTATUCTUICCKUE MOJICITH.

[IoHATHE MHOTOMEPHOM CIy4YallHOW BEJTUYMHBI.

[TonsiTHE O MAaTPHUIIE UCXOTHBIX JaHHBIX.

MHoromMepHslii KOPPEIALUOHHBIN aHanus, IIapHBIN, YaCTUYHBIMN,
MHOXXECTBEHHBIM Kod(huimeHT koppensiuuu. OCOOEHHOCTH HCIOIb30BaAHUS
MHOTOMEPHOTO KOPPEISAIIMOHHOTO aHAJN3A.

MHOTOMEpHBIN PErPECCUOHHBIN aHaIW3, ONPEAECITCHUE 3HAYUMMOCTH YaCTUYHBIX
ko3 uimenToB  perpeccuu. (OCOOEHHOCTH TNPUMEHEHHS MHOTOMEPHOIO
PErpecCUOHHOTO aHAJIN3a.

[ToHsITHE MHOTOMEPHOTO MPU3HAKOBOTO MPOCTPAHCTBA, H3MEPCHUS PACCTOSTHUS
B MHOTOMEPHOM TIPOCTPAHCTRBE.

Hcnonp3oBanne Teopun rpadoB I KiIaccu(UKAnMu - OOIIECTBEHHO-
reorpauiyeckux 0ObEKTOB.

Knacrep-ananus, omnpeseneHre AUCTAHIIMOHHBIX KOA(MOUIIMEHTOB, MPUHIIUAIIBI
00pa3oBaHUsI KIaCTEPOB.
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3agaun pacmo3HaBaHUsS OOpa3oB, MOHATHE O COOCTBEHHON 00JIACTH OOBEKTA,
pemaonyro  (yHKIUIO, pelaioiee MNpaBuiao. AJNTOPUTM pPAclO3HABAHUS
00pa3os.

JIMCKpMHHAHTHBIN aHaIN3 B 337a4ax Kiaccu(pUKaIum.

@aKTOPHBIN aHAJU3, €T0 PA3HOBUIHOCTH, MHTEPIIPETALINS PE3YJIBTATOB.
[loHssTME O MNPOCTPAHCTBEHHOW TIEPEMEHHOM, TMPU3HAKK H  CBOMCTBA
IPOCTPAHCTBEHHBIX IEPEMEHHBIX.

Paznuuuss Mopeneldl NpOCTPAHCTBEHHBIX IIEPEMEHHBIX OT CTAaTUCTHYECKUX
MOJENEN.

OOmecTBeHHO-Teorpaduueckue  OOBEKTHI ~ KaK  TeHepaTtopbl  MoJiei
IIPOCTPAHCTBEHHBIX IEPEMEHHBIX.

M3MeHYMBOCTh U aHU30TPOMHOCTD IOJIEN MPOCTPAHCTBEHHBIX IEPEMEHHBIX.
3aKOHOMEpHas U CllydaiHas COCTABIIAIOIINE HAOII0JaeMO N3MEHYUBOCTH.
[Tonsitue dhoHa 1 aHOMaUU.

[TonsiTue 0 TpeHAE.

Tpenna-aHanu3 Kak MeTo pasjeneHus (GoHa U aHOMAJIUU.

3ajauu TpeHI-aHajau3a B 00IECTBEHHOU reorpaduu.

OO6m1as xapakTepUCTUKa METOJOB CIUIAKUBAHUSI CITy4alHbBIX MOJICH.

Merton CKOIB3S1IErO CTATUCTUYECKOTO OKHA.

[TpuHIMIIBI pacyeTa JIOKAJIBHOTO CPEIHETO.

Pa3mep CKONB3AIIEro CTaTUCTUYECKOIO OKHA KaK IapaMeTp IeHepaln3aluu
KapThI alllIPOKCUMAIMU CITyYaitHOTO TOJIS.

AHanu3 0CTaTKOB U BbIACIICHUE aHOMAJIHM.

WNuTepnperanus pe3yiabTaTOB TPEH-aHAIHU3a.

O030p METOAOB alMpPOKCUMALIMM TOBEPXHOCTU TPEHJA €JIMHCTBEHHOM
(yHKUMENH KOOPIUHAT MPOCTPAHCTBA.

[TpyHIMIIBI OLIEHKU TOYHOCTH aIlIIPOKCUMALIUN [TOBEPXHOCTU TPEH/A.

Monenu anredpanyeckux MOJIMHOMOB, BHIOOD MOPsIIKa MOJIUHOMA.

Mopnenu TpUroHOMETPUYECKHUX TTOJIMHOMOB.

Ucnonb3oBanne auddepeHnnanbHbIX  ypaBHEHUW Uil alnpOKCHMAaIluu
MOBEPXHOCTHU TPEHIA.
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IHPUMEP UTOI'OBOI'O MOAYJIBHOI'O KOHTPOJIA

I Yposensb — PenpoaykruBHo-QakTakublii (maxcumym 6 6annog)
Buvioepume ooun npasunvHblii omeem, 3a Kaxcowlii NPpAsUIbHbLIL omeem — 1
oann)

1. TBepaKEHHS, OTHOCUTENHHO MOHATHS «MAaTEMATUICCKAE METOIBD.

a) UcCnonv3oeaHue annapama Mamemamuieckou Uuiu QOPMAIbHOU JIO2UKU Ol
peuienus KOHKpemHubvlx 3a0a4, Hanpumep, 0 KOIU4eCmeeHH020 AHAIU3A OaHHBIX,

0) HeKOmOpbIlL Mamepuan Ulu MbICIeHHO NpeoCmasiaemvlii. 00beKm Ul sAeleHue,
KOMOpblll AGNAEMCsl YNPOUJeHHOU Gepcueli MoOeIupyemo2o o0vbekma uiu s61eHus
(npomomuna) u 6 0OCMAMOYHOU CMENneHU NO8Mopsenm CEOUCMBA, CYUWEeCMBEeHHbIE
0715 yeletl KOHKPEeMmHO20 MOOEeIUPOBAHUSL,

8) Memoobl UCCIeO008AHU SGNeHUNl U NPOYecco8, OCHOBAHHblE HA 3AMeHe
KOHKDPEMHO020 00beKma uUcciledo8anull (Opueuraia) opyeum, HoOOOOHbIM emy,

2) HayuyHvle MemoObl ONUCAHUSL U U3YYEHUs MACCOBLIX SGAeHUL, OONYCKAIOWUX
KOJIUYEeCTNBEHHOE BbIPANCEHUE.

2. Kakoe 3HaueHue U3 CICAYIONIMX MOKET MPUHUMATh BEPOSATHOCTH (P)?
a)p =-05 8)p=15
0)p =206 2)p =32

3. Meton, OCHOBaHHBIM Ha mnoTepe HUH(OpMALUHU, MPOUCXOAUT B pe3yJbTaTe
pa3fesieHuss OObEKTOB Ha KJIACTEPbl M HU3MeEpseMas C IMOMOUIbI0 OO0IIEeH CyMMBI
KBa/IpaTOB OTKJIOHEHUH KaXKJ10r0 0OOBEKTa OT IIEHTpa CBOErO KJlacTepa — 3TO:

a) «oausKoeHcawUull coceoy 8) C653b MeHCOY epyNnnamu

6) Bapoa 2) MeOUaHHas Kiacmepusayus.

4. K mi1oxo opraHu30BaHHON CUCTEME MOKHO OTHECTH:
a) obwecmeo 8) usuueckue npoyeccol
6) npubopwi 2) Xumuyeckue npoyeccol

5. Tlo kakoMy TIOIXOIy BEPOSATHOCTh HE SBIACTCA PE3YJIBTATOM HAIICTO
HECOBEPIIICHCTBA, a SIBJIICTCS O0BECKTUBHBIM aTPUOYTOM MaTepHH?

@) eHOCeoN02uLecKuM 8) SGNUCNEMONOSULECKUM

0) eeoepauueckum 2) OHMONO2UHECKUM.

6. Knaccudukamms nporeccoB, ux aHaJIu3 M OIEHKA WH()OpPMAITUU OCYIIECTBISETCS
Ha dTare MaTEMaTHICCKOTO MOJICITUPOBAHMS, KOTOPBIA Ha3bIBACTCH ...

a) cooepacamebHblil AHAIU3 8) HabIOOeHUe-OnUCAHUe-UMepPeHUe

0) KoIuuecmeeHHblll AHANU3 2) NPO2CHO3-NPAKMUKA.
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II YpoBens — HousiTuitnbliii (Makcumym 10 6aJ1710B)

Jlaiime onpedenenue nonamuio, 3a Kaxcowvlilt npasuibHblii omeem —2 danna
CratucTuyeckre MEeTObl — 3TO

YacroTa — dTO

Mopna — 3t0

Jucniepens — 310

PerpeccrnonHbiil aHIM3 — 3TO

II1 YpoBens — Teopernuecknii (Makcumym 24 0aJuia)

/Jlaiime pa3eéepuymulii omeem HA 60NPOC:

1. Ilpupoanble U colMalbHble OOBEKTHL: crHeuuduka BO3HUKHOBEHUS,
(YyHKIMOHUPOBAHUS U pa3BUTHs (8 OanioB).

2. JIuHeWHbI TUCKPUMHUHAHTHBINA aHAJIM3 U €r0 NPUMEHEHHE B 00IIECTBEHHOM
reorpaduu (8 6amIoB).

3. Knacrep-ananus u ero moaudukaiuu (8 0aaios).
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OLEHKA PE3YJIBTATOB
YUYEBHbBIX JOCTUKEHUHN CTYJIEHTOB
Monynsb 1 Monayns 2
CymmMma
Texymmi | Ilpakriyeckas | Texymmi | [Ipaktudeckas | Jusanven | 6amion
MOy TbHBIH pabora MO/TYJTbHBIH pabora
KOHTPOJTb KOHTPOJTb
Pactipenenenue 20 10 20
0aioB
40 100
Cymma 30 30
0aJIoB 1Mo
MOTYJTIO
IHIKAJIA OHIEHUBAHUA
Cymma baios 3a OLeHKA 110 HAIMOHAJIBHOM IIKaJe
BCE BH/IbI
y4eoHou Ouenka ECTS IS DK3aMeHa, KypCOBOM 4 sateTa
ACATENPHOCTH B paboThl (IIPOEKTa), IPAKTHKH| "
TEUCHHE CEMeCTpa
90 — 100 A OTIIUIHO

80-89 B
70-79 C XOpOIIo 3aUUCIIEHO
60-69 D OBJIETBOPUTEIIHHO
50-59 E YAOBICTEOPHTEN
1-49 FX HEYZOBJIETBOPUTEIILHO HE 3a4UCIICHO




AOCOJIIOTHBIE
CTATHCTHYECKHUE
BeJINYNHBI

AHAJIMTHYECKOE
BbIPABHUBaHME
(criiaxkuBaHme)

AHU30TPOIIMS MOJIS

AnnpoxcuManus
eMIIMPUYECKHUX
3aBHCHUMOCTEM, MmoJjei
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KPATKUU I'TIOCCAPUI

[lepBoHayanbHbIi  BUJ  CTATUCTUYECKUX IOKA3ATENEH,
XapaKTEPHU3YIONINX YHCICHHOCTh COBOKYITHOCTH, pa3Mep
(oOBeM, ypOBEHB) M3y4aeMOTO SIBIICHHS M e€ro (pakTopoB B
KOHKPETHBIX TpaHUIaX BpPEMEHHM M MecTa. AOCOIIOTHBIC
BEJIMYMHBI BCETJ]a HA3bIBAIOTCS U MOTYT OBITh BBIPAXKEHBI B
OTIPEICTICHHBIX CIUHUIIAX U3MEPCHUSI — HATYPATbHBIX (KM,
KT, IIT..), YCIOBHBIX (YCI. TOIUIMBO), JAEHEKHBIX (IpH., $),
KOMITIEKCHBIX (KBT/4ac., T/kM), BpeMeHHBIX (TOf, C.) U JIp.

O¢pPexTUBHBIA METOJ BBISBICHUS U KOJIMYECTBEHHOU
OLICHKM TEHJEHUUU HU3MEHEHUs CIy4yailHOW BEJIMYMHBI B
psany HaOmoaenui. Ilpu »s3ToM  (QaxkTHUeckue ypOBHH
JUHAMHYECKOTO  psiia  3aMEHSIIOT ~ TEOPETHYECKUMH,
paccuMTaHHBIMA Ha OCHOBE YpaBHEHHs perpeccun. Ha
OCHOBE (PaKTHUECKUX JaHHBIX psiia TMHAMUKU MOAOUpaeTCs
MaTemaTuueckas (QYHKIOUST —  «TPEHJOBas  KpHUBas»
(IuHeitHas, napaboymyeckas, noka3aTesbHas,
HKCIIOHEHLIMAJbHAs M Jp.), C TIOMOILIBIO  KOTOPOii
OIHCHIBACTCS OCHOBHas TEH/ICHLIUS. Bpewms
paccMaTpuBaeTCsl KaKk He3aBHCHMasl IepEeMEHHasi, a YPOBHU
psiZia BBICTYNAIOT KaK (PYHKIUS ATOW nepeMeHHO f (t).

[IposiBrisieTcst B 3aBUCUMOCTH 3HAUCHHS TTapameTpa MoJisl OT
HarpaBjeHusi, B KoTopom ompenensercs. Koaddurment
AHU3O0TPOIIUU  SBJISETCS OTHOIICHHEM HAWOONBIIETO W
HAaUMEHBIIETO0 3HAYEHHS MapaMeTpa B OJHOM TOYKE, HO
OMPEICICHHOTO B Pa3HbIX HAIIPaBJICHUSX.

[TpubnuxenHoe IIPECTABIICHUE SMITUPUYECKON
3aBUCUMOCTH, KaK (DyHKIMH BPEMEHHM WM TPOCTPAHCTBA,
OIIPEAEICHHOU MaTeMaTU4EeCKOU byHKUMEH WJIA
YpPaBHEHUEM perpeccun (cm. AHAJIMTUYECKOE
BBIPABHUBAHUE). [Tons IIPU3HAKOB 00BEKTOB

ANIIPOKCUMHUPYIOTCS NOBEPXHOCTAMM KAK €IWHCTBEHHBIMU
GYHKUMSIMU KOOPAMHAT MPOCTPAHCTBA WJIM MOCTPOEHHBIMU
10 IPUHUMITY JIOKAJIbHBIX CPEIHUX.



AcCUMMeTpPHYHOE
pacnpeeieHne

ATpuOYTHBHBIN PN

MHuoromepHast
CTATHCTHYECKAS
Mo/JeJIb

MHoroMepHbIi

aHaJIN3

MHuoromepHoe
NMPU3HAKOBOE
NMPOCTPAHCTBO

BapuaunoHHblii psaj
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Pacnpenenenne npusHAKOB, B KOTOPOM YacTOThI MO 00€
CTOPOHBI OT IIEHTpa W3MEHSIIOTCS HEOJMHAKOBO, T.€.
BEpIIIMHA pacripeeneHus CMeEIICHA. CymectByer
NPaBOCTOPOHHAA  (Xo,>M>My) M IEBOCTOPOHHSASA  (Xgp
<M<M,) acummerpuu. AcCHUMMETpPUS BO3HHUKAET Kak
pe3yJbTaT OTPAaHMYCHHOM BapHallMU TMPU3HAKOB B OHOM
HalpaBJICHUW WIM BJIUSHUS JOMHHUPYIOIIEH TPUUYUHBI,
KOTOpasi MIPUBOJUT K CMEIICHHUIO IICHTPa pacpe/1e/ICHHS.

[IocnenoBaTenbHOCTD CTaTUCTUYECKUX IIOKa3aTeseu,
KOTOpYI0  00pa3yloT II0 KAayeCTBEHHOMY IPHU3HAKY.
BapuanTsl pacnoJiararor B 150, JIOTUYECKOMN
IIOCJIEA0BATEIbHOCTH.

MOI[GJIB, CoacprKalad Oouee ABYX CHyLIaI‘/IIHBIX BCJIMYHH.
I/ICHOJ'IB?:}’CTC}I AJIs1 YCTAHOBKH XapPaKTCPUCTHUK B3aMMOCBA3H
MCKAY HCCKOJIbKNUMU IIPU3HAKAMHU 00BEeKTa HCCICAOBAaHUA.

COBOKYIHOCTb Pa3JIMYHBIX METOJOB, IPEHAZHAYEHHBIX IS
U3Yy4YeHUSs SIBICHUH (MPOIIECCOB, 0OBEKTOB) B MHOTOMEPHOM
MIPU3HAKOBOM MPOCTPAHCTBE.

BupryanbHO€ NpOCTPaHCTBO, B KOTOPOM 0a3UCOM SIBJISIFOTCS
HE OOBIYHBIE JIMHEWHbIE XAPAKTEPUCTUKH  OOBEKTOB
(MpuHa, AJIMHA, BBICOTA), a KOJMYECTBEHHBIE MOKAa3aTeIu
(mapameTpbl)  OpU3HAKOB  O0BEKTOB.  M3MmepsieMocTh
IIPOCTPAHCTBAa HE oOrpaHuyuBaercs. llonoxkeHue Kakaoro
o0BeKTa B MHOTOMEPHOM TIPOCTPAHCTBE (PUKCUPYETCS
TOYKOM C KOOpAMHATAMH, KOTOPBIE COOTBETCTBYIOT
napameTpam 00beKTa.

[TocenoBaTenbHOCTD JIFOOBIX YHUCEN, DPACIONOKEHHBIX B
NOpsiIKE  BO3pacTaHus  (YMEHBILIEHHSA) MX  BEJIHMYHUH.
BapurannonHneie psabI CTpOATCA Ha OCHOBE
KOJIMYECTBEHHOI0 TPYNIHPYEMOT0 NPHU3HAKA, COCTOSAT H3
BApUAHTOB  (OTHENBHBIX  3HAYEHUH  BAPHUALMOHHOTO
IpU3HAaKa, KOTOpbIE NPUHUMAET JTOT IPU3HAK B psle
pacnpeneneHus) M 4YacToT (YMCIEHHOCTEH OTIEIbHBIX
BApUAHT WIM KaXXI0W U3 IPYIII BApUALMOHHOTO PAJIa).



Bapuanus

Bbi0opounast
COBOKYIHOCTH
(BbI0OOpKA)

Br100opouHbIil MeTOA

Cayuaiinas
BeJIMYUHA
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WN3mMeHeHne 3HAYEHUH  KOHKPETHOTO MpPHU3HAKA MpH
IepexoJie OT OAHOM €IUHHIBI COBOKYITHOCTH K APYTOM, 3TO
OTACIBHOE 3HAYEHHWE TMPU3HAKA KAXKIOTO  BJIEMEHTA
(eAHUIIBI) COBOKYITHOCTH.

COBOKYITHOCTh ~ €IMHUIl HAOMIOACHUS, OTOOpPAaHHBIX U3
reHepalibHOM COBOKYITHOCTH MO OMNPEEICHHBIM IpaBUiiaM,
KOTOpblE 00eCHeunBalOT PENPEe3eHTaTUBHOCTh BBIOOPKHU.
Breibopka mgomxHa OBITh CTaTUCTUYECKH YCTOWYMBOU H
pernpe3eHTaTuBHON. Metoabpl  00pabOTKM  BBIOOPOUYHBIX
JIAHHBIX 3aBUCAT OT €€ oObema. CylIecTBYeT CTaTHCTHKA
Manbix (1o 10 snementoB), cpeanux (10 — 60 a;emMeHTOB) U
KpynHbeix  (6osmee 60) BBIOOPOYHBIX  COBOKYITHOCTEH.
HanexxHocTh pe3yibTaToOB HCCIENOBAaHUS  BBHIOOPOUYHBIX
JTAaHHBIX BO3PACTAET C YBEJIUYEHUEM 00bEMA BEIOOPKHU.

OCHOBHOWM METOJ MAaTEMATHYECKOM CTATUCTUKH, KOTOPBIU
3aKItoYaeTcs B (GOPMUPOBAHUH BHIOOPOYHON COBOKYITHOCTH
nyTeM OTOOpa 4YacTH »BJIEMEHTOB LEJoro (reHepajbHON
COBOKYIIHOCTH), KOTOpPBIM IPUCYIIM CBOMCTBAa BCETO
coobmecTBa. Haxons craTucTHuUeckue XapakTEepUCTUKU
BHIOOPDOYHOM  COBOKYNMHOCTH, HMX  00OOIIAlOT 10
ONpeAeNeHHbIM  TpaBWJaM Ha  BCIO  T'€HEpPaIbHYIO
COBOKYITHOCTb. Bri6opka penpe3eHTaTUBHA
(mpeAcTaBUTENBHA) TOT/A, KOT/IA CTPYKTYpa HCCIETyEeMbIX
MPU3HAKOB OOBEKTAa B JAHHON BBIOOPKE HE3HAYUTEIHHO
OTJIMYAETC OT CTPYKTYphl NPU3HAKOB B TI'€HEPAIbHOU
COBOKYITHOCTH.

BennuuHa, KOTOpas NPUHUMAET B PE3YJITATE ONBITA OJIHO
U3 MHOXXECTBA 3HAUYEHHM, MPHU ITOM IMOSIBICHUE TOTO WIIU
MHOTO 3HAYE€HUs STON BEJIUYMHBI K €ro OIpEIEeTICHHI0
(u3MepeHusi)  MPUHLUNHAIBHO  HEBO3MOXXHO  TOYHO
npenckasarb. CilydailHble BEJIMYHMHBI, KOTOPBIE SIBIISIOTCS
pe3yJabTaTOM HU3MEPEHUsI U MOTYT MPUHUMATh OECKOHEUHOE
YUCJIO 3HAYEHUW IMPU TOCIEJOBATEIBHOM ONpPEIEICHUN
Ha3bIBAKOTCS HEINPEPBIBHBIMU. JIMCKpPETHBIE CIlydaiiHbIE
BEJIMYMHBl MMEIOT OTPaHUYEHHOE (UKCHUPOBAHHOE YHCIIO
BO3MOYKHBIX 3HaUY€HUM (1T0A0packiBAHUE MOHETHI U T.11.).



OTHOCHUTEIBLHBIE
CTATHCTHYECKHE
BeJINYHMHBI

I'enepanbHas
COBOKYIIHOCTH

I'eoungopmanuoHHbIN
MeTOo/

I'eoundpopmannoHHbIe
(reompocTpaHCcTBeH-
HblIe) IaHHbIEe

I'eoundpopmannoHHbIe
cucrembl (I'HC)
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[IpousBoaHbIE MoKa3aTellu, XapaKTepU3yIoIIHe
KOJINYECTBEHHOE COOTHOIIIEHUE CTATUCTUYECKUX JaHHBIX.
WX BBIUMCIISIIOT KaK YaCTHOE OT JIEJICHUS ABYX aOCOIIOTHBIX
BEJIMUMH. YwuciuteneM ecTh CpaBHUMas  (TEKyIas)
u3ydyaemasi BEJIMUMHA, a 3HaMmeHaTeiaeM — 0a3a (OCHOBA)
CpaBHEHUS, BEJIMYMHA C KOTOPOW CPABHUBAIOT U KOTOpas
ABJISIETCSI ~ CBOCOOPAa3HbIM  M3MEpPUTENEM,  JTaJOHOM,
ONTUMAJIbHBIM YPOBHEM. ConocTaBisTh MOKHO
OJIHOMEpPHbIC  TOKa3aTeIu, OTHOCAIIMECS K  Pa3HbIM
nepuoaaM, pa3auvyHbIM OOBEKTaM, TEPPUTOPHUSIM, a TAKXKE
Pa3HOU3MEPSAECMBIMHU.

beckoHeuHOE MM KOHEYHOE (IOCTaTOYHO OOJIBIIOE) YHCIIO
AJIEMEHTOB WJIM KOMIIOHEHTOB, COCTOSAIIMX M3 Kaue€CTBEHHO
OJTHOPOJIHBIX TOKa3aTeliel, 3T0 aOCOIOTHO BCE BO3MOKHBIE
pe3yiabTaThl OIPEIEIIEHHOTO COOBITHS, TIOJTHAS
COBOKYITHOCTh TOYEK, 3aMEpOB M T.Hd., KOTOPBIE MOXKHO
MOJIYYUTh Ha TaHHOM OOBEKTE.

Merton uccnenoBaHusi, KOTOPBIM MpruodpeTaeT Bce Ooibiiee
3HAQYEHUE W PACHPOCTPAHEHUE. 3AKIIOYAETCS B CO3JaHUU
reounopmannonusix cucreM (I'MC), koTopbie SABISIOTCS
COBPEMEHHBIM CPEACTBOM cOOpa, XpaHEHUs U aHalu3a
pa3HOOOpa3HbIX CBEIEHUW O Teppuropuu. Mcnosb3oBaHue
I'MC-TexHOMOTHI CYHIECTBEHHO PACIIUPSET BO3MOKHOCTH
aHau3a.

COBOKYITHOCTh ~ CTaTHUCTHUYECKHMX IOKa3aTejed, HMEIOT
YETKYI0 MPOCTPAHCTBEHHYIO MPUBA3KY — HA0Op KOOpJMHAT,
OJTHO3HAYHO OIPEIEIAI0T MECTOINOIOKEHUE HCCIIELyEMOrO
00BEKTa B pealbHOM (DPU3UYECKOM WJIH BHUPTYaJIbHOM
IIPOCTPAHCTBE.

Nudopmarmonnass  cucrema, oOecrieuuBaromias  coop,
XpaHEeHHe, OTOOpaKeHUe, pPACIPOCTPAHCHHE, aHAIW3 U
peoOpa3oBaHUE T'EOMPOCTPOCTPAHCTBEHHBIX JaHHBIX. [ IC
COJICP)KUT JIaHHBbIE O Teorpa@uueckux OOBEKTax B
nM(POBOM MpEACTaBICHUHN (PacTpOBbIE, BEKTOPHBIE U T.I.)
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u HaObop GyYHKIUH, pealu3yrIuX TeonH(pOopMaIlMOHHBIC
TEXHOJIOTHH (BU3yanmuzamnus, KapTorpaduueckoe
MOJIeJTUPOBaHHE, MPOCTPAHCTBEHHBIH aHalm3,
IPOEKTUPOBAHUE U T.1.).

COBOKYITHOCTh ~ OTHOIIIEHHM MEXIy reorpaduyecKuMu
00BEKTaMH, KOTOpPBIE PACIOJOKEHbBl Ha OINpeaesIeHHON
TEPPUTOPHUH (TEOTOPUH) U PA3BUBAIOIIUXCS CO BPEMEHEM.

MarepranbHas cucTteMa, B KOTOPOW OTHOIIEHHUS MEXKIY
DIIEMEHTAMHU OTOCPEJOBAaHBI TEPPUTOpHEH (TeoTOpHEN).
XapakTepuszyercst  LEJOCTHOCTBIO,  B3aUMOCBS3AMH U
B3aUMOJICHCTBUEM JJIEMEHTOB, CTPYKTYpHOU
YCTOMYUBOCTBIO U AIMEPIKEHTHOCTBIO.

O0o00uIeHne TOHATUS OOBIYHOW MOBEPXHOCTH 3-MEpPHOTO
OpOCTpaHCTBa Ha cCllyyail N-MEpPHOro MpPOCTPAHCTBA.
OOBIYHO TUNEPIIOBEPXHOCTh 3a7a€TCS OJHUM YPaBHEHHEM
CBSI3M MeXAy KoopauHaTtamu. Ecim B eBKIMAOBOM N-
MEPHOM  TPOCTPAHCTBE  THIEPIIOBEPXHOCTh  3aJaCTCs
JMHEUHBIM YpaBHEHUEM, TO OHa Ha3bIBACTCS
TUIIEPIUIOCKOCTBIO.

JlecTHnuHBIA TpaduK UIsI UHTEPBATHLHOTO BapHAIIMOHHOTO
psna. O6pazyromuecs MPSMOYTOJILHUKHU
MPOTIOPITMOHANIBHEIE TI0 BBICOTE YAacTOTaM BapHaHTOB JIJIS
KOKJIOTO WHTEpBasia. B cimydae HepaBHBIX MHTEPBAJIOB
BBICOTA MPSMOYTOJIbHUKOB MPOTMOPIMOHATIBHA TIJIOTHOCTH
pacnpeneneHuss TpU3HaKa B KOHKPETHOM HMHTEpBaJIC.
['ucTorpaMmy MOXKHO TPEBPaTUTh B TOJUTOH, COCAMHUB
CEpEIMHBI BEPIINH CTOJIOUKOB JIMHUCH.

Mogenb, coaepaiiasi ABE CIy4alHbIE BEJIMYMHBI U B
3aBUCHMOCTH OT HX THIIA MOXET OBITh HEIPEPHIBHOM,
JUCKPETHOW  wiau  cmewaHHou.  HMcmosb3yercs s
YCTaHOBKM XApPAKTEPUCTUK B3aUMOCBS3U MEXIY JBYMS
MpU3HaAKaMH 00BEKTa UCCICTOBAHUS.
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AHanu3 JABYMEPHOW CiIydyallHOH BEJIMYHUHBI, KOTOPBIU
MO3BOJISIET YCTAHOBUTh HAIMYME 3aBUCUMOCTH MEXKIY
IBYMSI CIIy9alHBIMA BEIUYHHAMH, €€ (QopMy, TECHOTY,
HallTH ypaBHEHHE Il ee omnucaHusi. OCHOBHBIE BHUJIBI

aHajaM3a — KOPPEJSLUOHHBIN U PETPECCUOHHBIN.

['padpuueckoe wuzo0pakeHHME B JABYMEPHOW MPOEKIUU
pe3yibTaToOB KilacTep-aHalK3a, T.€. IPYIIHUPOBKA OOBEKTOB
0 UX CXOJICTBY.

Mopenb, (yHKIHOHHPOBAaHHE KOTOPOW OMPENENIeHO uepes3

W3BECTHBIE  OJHO3HAYHBIC COCTOSIHUM |
COOBITH, U B KOTOPOM OJWH U TOT K€ 3aJIaHHBIA BXOJ] OyIeT
BCErJla BbIAaBaTh CTPOTO OJIMH PeE3ynbTaT (HampHUMeED,

MO/IEJIb U3BECTHON XUMHUYECKON pEaKIiu).

OTHOIICHMUA

CI/ICTCMBI, MMpoOeCChbl B KOTOPBLIX B3aMMOCBA3dHBI TAK, YTO

MOXHO  OTCIEIUTh  LEeNb  NPUYUHHO-CJIEIACTBEHHBIX
3aBUCUMOCTe B  (yHKIMOHAJIBLHOM BHAE (cTporoe
COOTBETCTBHE (PYHKIIMU aprymeHTa). JleTepMHHU3M TECHO

CBA3aH CO CTCIICHBIO OpraHu3aliii CUCTCMBI.

COBOKYIHOCTh 3HAQUYEHUW CTATUCTUYECKUX MOKA3aTeNeH,
KOTOpPBIE PACTOJIOKEHBI B XPOHOJOTHMYECKOM TMOPSJIKE.

[Tonaercs B Buae Tabnuibl win rpaduka (Ha ocu adbCIuce

OTKJAAbIBAIOT IIKAJTy BpPEMEHU, HAa OpAUHATE — MIKaIy
YPOBHEM psiaa).
Pa3HOBUIHOCTD MHOTOMEPHOTO aHanu3a,

npeaHa3HAaYeHHOTO ISl Kjlaccu(ukanmuu OOBEKTOB IO
COBOKYITHOCTHU JIAHHBIX.

OueHka CTeNeHW OTKIOHEHHs 3HAYECHUH  CIydalHOU

BEJIUYMHBI OT ILIEHTpa pachnpeacicHus. bonbpiire 3HaYCHUS
OospmoM  paszbpoce

AUCIICPCHUN  CBUJCTCILCTBYIOT O

3HAYEHHU CIyYalHOM BEJIMYMHBI OT UEHTPA pACIPENAECIICHUS.
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BeposiTHOCT,  HakpbITUS  JOBEPUTENIBHBIM  HMHTEPBAJIOM
VMCTUHHOTO 3HAa4Y€HUs Mapamerpa. /[[amHa J0BEpUTETBHOrO
WHTEpBaja MPOMOPIUOHATIBHA BEJIUYMHE JOBEPUTEIBbHON
BeposiTHOcTH. HambOosnee ynoTpeOWTenbHbIE CTaHAAPTHHIE

3HAYEHUs JIOBEPUTEIBbHOW BEPOSITHOCTH clenyomue: P =
0.9; 0.95; 0.99; 0.999.

HaxoxnaeHue HEW3BECTHBIX ypOBHEM (3HaueHWil) 3a
npeaenamu MMEIOIINXCS dakTHIECKIX JTAHHBIX
JTAHAMHAYECKOTO psiia MO OMNPEICIICHHBIM aHATUTUHYECKUM
ypaBHEHUSM TpeHJa (MaTEeMaTUYECKUMU MOJICIISIMU ).

OCHOBHOE TIOHSITUE TEOPUU BEPOATHOCTEHM, KOTOPOE IS
CIIy4YallHOW BEJIWYMHBI OMPENENIIET MHOKECTBO BO3MOMKHBIX
COOBITHIl C BEpPOSATHOCTSIMU UX Mpuodperenus. HWHaue,
COOTHOILICHHE, yCTaHaBJIMBAIOIIEE CBSI3b MEXTY
BO3MOXXHBIMH ~ 3HAQUEHUSAMH  CIy4ailHOM BEJIMYUHBI U
COOTBETCTBYIOIIIMMHU  BEPOSITHOCTSAMH.  XapaKTEPU3YyETCs
byHKIIMEH  IMUIOTHOCTH  paclpeeseHuUs (oTpaxaer
BEPOSATHOCTh  MOMNAJAHUSI  SMIMPHUYECKON  CIydailHOM
BEIMYMHBI B 3aJlaHHBI MHTEpPBAJ) MU HHTErPAIbHOMN
dbyHkuue  pacrmpeneneHds — (OTpakaeT  BEPOSITHOCTD
MOJYYEHUsST  SMIMPUYECKOM  CIy4alHOW  BEIMYMHOU
3HAauY€HHUA OOJIbILIE WM MEHBIIIE 3aJaHHOTO).

UucnoBass XapakTepUCTHKAa BO3MOXKHOCTH  TOTO, 4TO
Clly4ailHoe COOBITHE TPOUZOUIET B YCIOBUAX, KOTOPHIC
MOTYT OBITh BOCIIPOM3BEICHBI HEOTPAHUUEHHOE KOJIUYECTBO
pas.

OtobOpaxkaeTcsi Ha  4YHCJIOBOM OCH  JIOBEPUTEIbHBIM
MHTEPBAJIOM, B KOTOPOM C 33JaHHOW BEPOSITHOCTHIO
HaXOJWTCS OLICHMBAeMbl Mapamerp. BepXHsasd U HWKHAA
TPaHUIBl  JIOBEPUTEIIBHOIO  HWHTEpBaja  OIPEACISIOTCS
BEJIMYMHONW BO3MOXKHOT'O OTKJIOHCHHSI BBIOOPOUYHOM OIICHKH
rnmapaMeTpa OT €ro HWCTHUHHOIO 3HAYEHWUSI W HAa3bIBAKOTCS
COOTBETCTBEHHO  MAaKCHMMAaJbHbIM W  MHUHHUMAaJIbHBIM
rapaHTUPOBAaHHBIM MUHUMAJIbHBIM 3HAYCHUSIM NapaMmeTpa ¢
3aJJaHHOM BEPOSATHOCTHIO.
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Haxoxnenue nokaszarens (IpUMEpHBIN pacuer) B cepeauHe
psga Ha OCHOBE 3aKOHOMEPHOCTH pa3BUTHUS SIBJIICHHS 3a
NEepPHOJI, KOTOPBI HccienyeTcsi. TOYHOCTh TAKOTro pacuera
3aBUCUT OT CTAaOWJIBHOCTM TIOKa3aTeledl JAUHAMUKA —
a0COJIIOTHBIX MTPUPOCTOB, TEMIIOB pocTa U T.A. Beruucienue
MPOBOJISAT HA OCHOBE CPEHEro aOCOIIOTHOTO MPUPOCTa UITU
CpEIIHEero TeMIia pocTa.

[IpoctpancTBO aHTpomochepsl, TAe CYMIECTBYIOT COILUYM,
XO34MCTBO U TMPHUPOJHBIC CHUCTEMBI, TEPPUTOPHUATIbLHAS
OpraHu3alys, CBONCTBA U CBSI3b (MEXAy COOON M BHEUIHEH
cpernoi), KOTOpbIE 00yCIJIOBIICHBI CJI0KHBIM
B3aMMOJICHCTBUEM TIOJEH  pPAa3NUYHBIX [PU3HAKOB, a
€OIUHCTBO W  ONTUMHU3ALUSA  OCYIIECTBISETCA  4epes
uHTEephEPEHIINIO U B3aUMOJICHCTBUE X WH(DOPMAIMOHHBIX
TOJIEN.

Cy1iecTByeT HECKOIBKO IPYIIN ONpeeIeHud nHPpOopMaIluu:
- J100ble CBEACHMUS, MepeaaBacMble JaHHbIC M0 Pa3IMYHBIM
KaHajawm;

- 1100bI€ CBECHUS, JaHHbIE, KOTOPhIE YMEHBIIAIOT CTETIECHb
HEOIIPEIEIEHHOCTU 00 OKpYKalolllen cpeie;

- Mepa HEOAHOPOJHOCTH, PA3HOOOpa3usl, yIOPAI0UEHHOCTH,
CTPYKTYPUPOBAHHOCTH, OpraHU30BAHHOCTHU CUCTEM
(aTpubyTHBHAs KOHUENUXS UHPOpPMALIUN);

- COXpaHEHHBIA BBIOOp B TOYKEe OUDypKaLUH OTHOTO
BApUMaHTAa  pa3BUTUS W3  HECKOJBKMX  BO3MOXKHBIX
(paBHOIIPaBHBIX).

Bua MHOromepHoro anaimsa, 3agadeil KOTOPOTO SIBIISIETCS
pazOueHue 3aJaHHON BBIOOPKM OOBEKTOB (CUTyalMil) Ha
MOJAMHOKECTBA, Ha3bIBAEMbI€ KJIACTEpaMH, TaK, YTOOBI
KX KJIACTEP COCTOSIT U3 CXOXKHUX OOBEKTOB, @ OOBEKTHI
Pa3HBIX KJIACTEPOB CYLIECTBEHHO OTINYAJIUCH.

YucnoBasi XapakTEepUCTUKA B3aUMOCBSI3U (B3aUMOBIIUSHMUS)
ciy4yaiHbIX BeMUuH. CyIIHOCTh KOBapHaIliy 3aKJIF0YaeTCs
B TOM, 4YTO OHAa OTpaXaeT pe3yibTaT CTOXAaCTUYECKOTO
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B3aUMOJCUCTBHS  TeorpadUuecKux  OOBEKTOB  TOJ
BO3/ICIICTBHEM OOJIBIIIOTO KOJHMUECTBa (haKTOPOB.

KonnuectBennas OIICHKA ACUMMETPUYIHOCTH
(CKOIIIEHHOCTH) rpaduka byHKIIIH IJIOTHOCTH
pacmpeeeHus CITyYaifHON BETMYUHBI.

Mepa ocTpoBeplIMHHOCTH Tpaduka (YyHKIMU TJIOTHOCTH
pacnpeeneHus CIy4aiiHON BEJIMYUHBI.

Omnpenensiercs Mo pe3ylbTaTaM KOPPEIALNOHHOTO aHAIN3a.
[Mapubiit  KO3(QPUIMEHT  KOppesIMU  XapaKTepU3yeT
TECHOTY JIMHEHHOM CBSI3UM MEXAY JBYMsl CIydallHbIMU
BEJIMYMHAMHU, MHO>XECTBEHHBIM KOA((UIUEHT KOppesuuu
XapaKTepU3yeT TECHOTY 3aBUCUMOCTHU OJHOW CIydalHOM
BEJIMYMHBI OT MHOXXECTBA JPYTHMX CIyYalHBIX BEIHYHWH.
YactruHbl KO3(QPUIMEHT KOPPEISIUUU OTPaKaeT TECHOTY
CBSI3M MEXIy ABYMS CIyYallHBIMU BEIUYMHAMU C yYETOM
BIUSHUSL MHOXECTBA JIPYTUX  CIyYaWHBIX  BEJIHYHWH.
Koaddunuent xoppensiunu u3MeHseTcs B mpeneiax ot -1
70 1, pocT ero 3HaueHus MO MOJIYJIO CBUAETEILCTBYET 00
YCUJIEHUU CBS3M, MPU MPSIMON CBA3U MEXIY CIIydalHBIMU
BenuuMHamMu Kod(pduuuenta xoppensuuu Ooasme 0, mpu
obpatHOoM — MmeHbIe 0. Koadduiment koppensiun MOXHO
paccMaTpuBaTh Kak MOKa3aTelb TECHOTHI CBSI3U TOJBKO IMPH
BBITIOJTHEHUH CJIEIYIONINX YCJIOBHIA: a) 3aBUCUMOCTb MEXTY
CIIy4allHBIMM BEJIMYMHAMH JIMHEWHass 0) pacmpeserncHue
CJIy4allHbIX BEJIMYHUH COOTBETCTBYET HOPMAIBHOMY 3aKOHY.

Meton 00pabOTKM CTaTUCTUYECKUX JaHHBIX, C MOMOIIbIO
KOTOPOTO M3MEPSIETCS TECHOTA CBSI3M MEXIY CIydalHBIMHU
BEJIMYNHAMMU.

KpuBble HakomiIeHHBIX (KYMYJATHBHBIX) YacTOT WIH
YaCTHI], UX UCTIOJB3YIOT JJI N300paKEHUSI KaK JUCKPETHBIX
TaK U MHTEPBAIBHBIX psAnoB. CTposi KyMyJsTy, Ha abciucce
OTKJIA[IBIBAIOT BAapUAHTBI, OpJMHATE — HAKOIUICHHBIC
4acTOThl. B cilydyae moCTpoe€HUsI OTHBBI, KOTOpas SIBISACTCS
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3epKaJbHBIM OTPAKEHUEM KyMYyJIsAThI, Hao0opoT. [lo sTum
KPUBBIM ONPEIEISAIOT, CKOJIbKO €IHHHI] COBOKYITHOCTH, WU
KAKOBa WX JOJS HE IMPEBBIIIAET ONPEIEICHHOIO 3HAYEHUS
NpU3HAaKa TPyNOUpOBaHUS (11 AMCKPETHOTO psiia) WU
BEPXHEH TpPAaHULIBI COOTBETCTBYIOILEIO MHTEpBaia (I
MHTEPBAJILHOTO pALa).

B o0mem cnyyae cucrema ypaBHEHUM, OIHMCHIBAIOIINUX
M3YyYaeMblil POIIECC WIIN SBIICHHUE.

OnHa W3 OCHOBHBIX YMCJIOBBIX XapPaKTEPUCTUK KaXKIOM
CIy4aiiHOW BenMuuuHBL. ECTh 00O0OIIEHHBIM TIOHATHEM
CPEIHETO 3HAYEHUSI COBOKYITHOCTH YHCEII, KOTJla 3JIEMEHTBI
MHOKECTBA 3HAYEHUN STOM COBOKYIMHOCTH MMEIOT Pa3HBIM
«BECY», IIEHY, BAXKHOCTb, MPUOPUTET, UYTO XAPAKTEPHO IS
CIIyYalHBIX BEJIMYHH.

OO0oOuIeHNEe UCIONb30BAaHUS anmnapara MaTeMaTH4YeCKOM
wi HOpMaIbHON JIOTUKH JJI PEIICHHUs] KOHKPETHBIX 3aj1ad,
HanpuMep, sl KOJIMYECTBEHHOTO aHAJIN3a JaHHbIX.

Bennuunna, Haxoas1mascs pOBHO B CEPEAUHE psAJla 3HAYCHUI
CIIy4YallHOW BEJIMYMHBI, PACIOJIOKEHHBIX B BO3PACTAIOLIEM
WK yObIBarolleM nopsiake. Menuana AenuT psall 3HaYEHUN
NpU3HAaKa Ha JBE pPaBHbIE YacTH, MO O0€ 4YacTh OT Hee
pacrionaraercs OJIMHAaKOBOE KOJIMYECTBO €AMHMUII
coBokynHocTt: 50% eauHull M3y4yaeMoW COBOKYITHOCTHU
OyAyT UMETh 3HAUCHUE MPHU3HAKAa MEHBIIIE, YeM MeJMaHa, a
50% — Gomnpie.

Meton wucciienoBaHusi, MPU KOTOPOM IOCIEIOBATEIBLHO
HaxXoAAT CpeAHue apu(dMETHUYECKHE MO OMNPEeAeTCHHBIM M
YPOBHSIM Psifia, TOCTEIIEHHO CMEIIAsICh HA OJJUH YPOBEHb IO
pAly Ha Kaxzaom Imary. HaliaeHHoe 3HaueHHe JIOKaJIbHOU
CpEIHEHM KacaeTcsi TOTO IMEPUOoJa, KOTOPHIM HAXOJIUTCA B
cepeunHe WHTEpBaja  OCPEIHCHUA. Meton  pgaer
BO3MOXKHOCTh  CIJIQXHBaTh  OMIIUPUYECKHUE  JaHHBIE,
YCTaHaBJIUBATh TEHJACHIIMU JUHAMUYECKOTO psiaa.
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Onucanue TEHAEHUMN NPOCTPAHCTBEHHONW W3MEHYMBOCTHU
roKazaresien HCCIIETyEMBIX 00BEKTOB B BHJIC
CTaTUCTUYECKOM MOBEPXHOCTHU. [[JI1 3TOro HCHOIB3YHOTCS
JIB€ TPYNIIbI METOJOB: JIOKAJIBHOM CpelHel (CKOIb3AIee
CTaTUCTUYECKOE OKHO) U TPEICTaBICHUS MOBEPXHOCTU Kak
eANHON (PYHKIIMKM KOOPAMHAT MPOCTPAHCTBA.

3akroyaeTcs B IIPUMCHEHUH CKOJIB3SIIETO
CTaTUCTUYECKOTO OKHA, B KOTOPOM ITOCIIEIOBATEIBHO
HaXOJSTCS JJOKaJbHbIE CpeAHue (Jalle ¢ y4eTOM PacCTOSHUS
OT OMNOPHBIX TOYEK JI0 IIEHTpAa OKHA) C TMOCTENEHHBIM
CMEIIIEHUEM OKHA IO MPOCTPAHCTBEHHBIM KOOpJauHaTam. B
pE3ynbTaThl MOJIYyYarOT MHOMKECTBO TOYEK C JIOKAJIbHBIMU
CPeIHUMH  3HAYCHUSMH  TII0JI1, KOTOphIE  0Opa3yloT
peryisapHy0 cerky. Jlajmee uCHoNb3yrTCs pa3IMdHbIC
METO/Ibl BU3YAJIN3AIMU CTIAKUBAHUI TOBEPXHOCTEM.

3Ha4YeHUE CIIy4allHOM BEJIMYMHBI, Yalle BCETO BCTPEYAECTCS B
COBOKYNHOCTH HAOJIOJIEHUN, T.€. HMMEET HauOOJBUIYIO
BEPOATHOCTH (BEC, YacCTOTYy, AOJI0). MojanbHOE 3HAaYEHUE
COOTBETCTBYET ITUKY (HanOospLIEMY 3HAYEHHUIO
BEPOATHOCTH) rpaduka (PyHKIMHU IUIOTHOCTH BEPOSITHOCTH
pacnpeneneHus CIIy4ailHON BEJIMYUHBI.

Meton uccinenoBaHus SIBJICHUWA U MPOLIECCOB, OCHOBAHHBIN
Ha  3aMEHE  KOHKPETHOTO  O0O0BEKTa  WCCIICIOBAaHUMN
(opuruHana) nApyruM, TOJOOHBIM eMy (MOJENbIO) B
COOTBETCTBHHM C ONPEACICHHBIMU IIpaBUJIaMH, KOTOPHIC
YCTAHOBIICHBI B TEOPUM  TOJOOMS HW  aHAJIOTHH.
HccnenoBanne MoJenyd JaeT HOBYIO HH(popMaiuo 00
OpUTHHAJIE.

Hexoropsiit MaTepHuaIbHbINA WA MBICJIEHHO
Npe/ICTaBIsIeMbld OOBEKT WM SIBIIEHUE, KOTOPBIA SIBISETCS
YIPOIIEHHON Bepcuell MOAEeNUpPYeMOro OObEeKTa WM
ABJICHUs1 (OpUTMHANa) U B JOCTATOUYHOW CTENEHU OTPaKaeT
CBOWCTBA, CYIIECTBEHHBIE JUISI LEJIEH KOHKPETHOIO
MOJENIUPOBaHUsl (OMycKasi HECYLIECTBEHHbIE CBOWCTBa, B
KOTOPBIX OH MOET OTJIMYaThCid OT OpUTHHANa). ITO
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MaTepuaIbHO pean30BaHHas 17001 MBICIIEHHO
NpEJCTaBICHUS] CHCTEMa, KOTopasi, OToOpaxkas OOBEKT
uccienoBanusi  (OpUTHMHAI),  OOBEKTHMBHO  CIIOCOOHA
3aMenaTh €ro TakK, YTO €€ MW3y4YeHHEe JaeT HOBYIO
nH(popMaro 06 opuruHale.

3aKIIF04aeTCs B TOM, YTO 3HAUEHHUE NTapaMeTpa Mol 3aBUCHT
OT KOOPJIMHAT TOYKH U MIOFTOMY MEHSETCS B TIPOCTPAHCTBE.
Pacnipenenenne CIIy4anHOU BEJINYMHBI, KOTOpOE
O0TOOpaxaeTcs KOJIOKOJIO0Opa3HOM KPUBOW (CUMMETpUYHAs
OTHOCHUTEJILHO MaxX OpJMHATHI) IUIOTHOCTU PaCIpEICTICHUS.
Takoe pacnpezeneHUe SIBISETCS PE3yJIbTaTOM BO3JICUCTBUSA
HAa 3HAUYCHME TpU3HAKa WJIM  CBOMCTBA  OOBEKTa
HEOIPAHUYEHHOTO KOJIMYECTBA HE3aBUCHUMBIX JIPYT OT Jpyra
(dhakTOpoB ¢ HEOOJBIIONW CHJIOM BO3JAEHCTBHUSA, KaK 3TO
ObiBaeT B  mnpupojae. HopmanbHoe — pacnpeneneHue
MOJHOCTBIO  ONPEAENEHO  JIByMs  IapaMeTpamMu  —
MaTE€MaTUYECKUM OKUJAHUEM (CPEIHHM apHU(PMETUUECKUM)
U CTaHJApTHBIM (CPEIHUM KBaJPATHUYHBIM) OTKJIOHEHHUEM.
3HayeHUEe TMpU3HAKa MpPH HOPMAJIBHOM paclpelleICHUH
MPEUMYIIECTBEHHO  COCPEAOTAUMBAIOTCS Yy  LIEHTpa
pacrpenencHusl.

CraTtucTryeckass MoOJETb, KOTOpas COJCPKHT  OJHY
CIy4YailHyl0 BenMYMHY. B OCHOBE €€ aHanu3a SBIACTCS
BBEIYHMCIICHUE  XapaKTePUCTHUK  BApHAIIMOHHOTO  psja:
MaTEeMaTUYeCKOTO OKHUJIAHUS, AUCIEPCUU, CTaHIAAPTHOTO
OTKJIOHEHHUS, KOd(PPUIIMEHTOB Bapualud, aCUMMETPHH,
JKCIIeCcCa U JPYTUX CTaTUCTHUK.

OtoOpakeHHE  CTPYNIUPOBAHHOTO  WJIW  JUCKPETHOTO
BApUAIlMOHHOTO psla B BHUAC JIOMAHOW JIMHWA B
MPSAMOYTOJIBHON CHCTEME KOOpAWHAT. 3HAYCHHE IPU3HAKA
(IEHTPBI UHTEPBAJIOB TPYMITUPOBKH) OTKJIAIBIBACTCS HA OCH
aobciuce (X), a 4acToThl (J0JM, TUIOTHOCTh) — HA OCH
opauHar (Y).
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[Iponiecc mpeacka3zanus OYIYIIETO COCTOSHUSI TMpeaMeTa
WA SIBJIEHWST HAa OCHOBE AHAIN3Aa HWCTOPUM €Tr0 Pa3BUTHS,
cUcTeMaTH4eckas WHPOpMaHUs O KAYECTBEHHBIX W
KOJIMYECTBEHHBIX XAPAKTEPUCTUKAX PA3BUTHA SIBJICHHUS B
MepCcrieKTuBe  (HampuMep, TMPOrHO3 TMOroAsl W T.J.).
Pe3ynpTatom mporHo3upoBaHus SBJISIETCS TPOTHO3 — 3HAHUE
o OyaymieM MU O BEpPOSITHOM PAa3BUTHH CETOIHAIIHUX
TEeHACHINH.

CTaTUCTUYECKUI METO UCCIEOBAHUS 3aBUCUMOCTU MEXKTY
3aBUCUMOW TEPEMEHHOM Y OJHOW WIH HECKOJIbKUMU
HE3aBHCUMBIMM NepeMeHHbIMU Xi, X, .., X,. B mepsom
OpUOJIMKEHUU TMPUMEHSAIOT JIMHEHHBIM perpecCHOHHBIN
aHanu3 (ypaBHEHUE JTUHUU, TUIOCKOCTH, TUIEPIIOCKOCTH). B
0onee CIOXKHBIX CIydasX MCHOJB3YIOTCS HEITUHEHHBIC
ypaBHEeHUsT (mapaloibl, TUNEpOOJIbl, TMOJUHOMBI Pa3HBIX
CTeTIeHEeH U T.1I.).

Pacnipeneneane, B KOTOPOM YacTOTHl JIFOOBIX  JIBYX
BapHaHTOB, PABHOOTCTOSIIMX B 00€ CTOPOHBI OT IICHTpA,
pPaBHBI MEX]Ty COOO.

Bo3Hukna Ha  OCHOBE CHHEPreTMKM — HAayKd O
B3aumonencTBun u camopaszputun cucrem (I'. XakeH) B
koHie XX B. [IpemycmarpuBaeT BCECTOPOHHMM aHaU3
00BbEKTa WCCJIEIOBAHMUS (MEXIMCUUTIIMHAPHBINA
KOMIUIEKCHBIH TOJXOA), YYEeT KaK MOXHO OOJIbIIEero
KOJIMYECTBA JCUCTBYIOUIMX (PAKTOPOB, OpPUEHTUPYET Ha
HEJIMHENHOE IpeAcTaBieHue npoueccoB. CHHepreTudeckas
napajgurmMa  SIBJI€TCA MPOJIOJKEHUEM CUCTEMHOM
napajaurMel.

COBOKYMHOCTh B3aWMOCBSI3aHHBIX M B3aUMOCHCTBYIOIINX
AJEMEHTOB (MOJCHCTEM), KOTOpas HMEET CJIECAYIOIINE
MpPU3HAKHU:  UEJOCTHOCTh, YCTOMYMBOCTH  CTPYKTYPBHI,
AMEP/IKEHTHOCTb.
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Bosnbiiasi rpymnmna MeToI0B JJ1sl UCCIEAOBAHUSI CUCTEM U UX
B3aUMOICHCTBHUS. OcHOBHBIC HANpPaBJICHHUS:
(YHKIIMOHATBHO-CUCTEMHBI U CTPYKTYPHO-CHUCTEMHBIM
aHa3. @OYHKIIMOHAIBHO-CUCTEMHBIM AaHaln3 TJIABHBIM
o0pa3oM HampaBjIeH Ha UCCJIEAOBAaHNE BHEIIHEH ajanTaiiuu
CHUCTEMBI, TO €CTh, €€ pPEaKIMd Ha W3MEHEHUS BHEIIHEH
Cpeabl W B3aUMOJICUCTBUS C HUM, APYTUMHU CHUCTEMaMH
pPaBHOTO TOpsSAKA, PEKE — MEKIy COOCTBEHHBIMU
nojacucteMamu. [7aBHas 3amada CTPYKTYPHO-CUCTEMHOTO
aHaJln3a — UCCJICI0OBAHNE BHYTPEHHEH aJalTallud CUCTEMBI,
MPEXKJE BCEro — CTPYKTYPHBIX CBSI3€H MEXKIy €€
AJIEMEHTaMH,  YCJIOBHSIMM  TOMEOCTa3a, CTPYKTYPHOM
YCTOWYUBOCTBIO U T.]I.

['eTeporenHas cucrema, cojepikaniasi pa3Hble MO YPOBHIO
0000IIEHNS ¥ UEepapXWM COIUAJIbHbIE JJEMEHThl WU
MOJCUCTEMBI, a TaKX€ TEXHOIeHHbIe aOMOTHYSCKHE MU
OMOTCHHBIC DJIEMEHTHI (IMOJACHUCTEMBI), HAXOAAIIUXCSI BO
B3aUMOJCHCTBUU 4Yepe3 MOTOKU BEIIECTBA, JHEPrUUd U
uHpopmaruu B reorpadMuecKoM  MPOCTPAHCTBEHHO-
BPEMEHHOM KOHTHUHYYME.

[TocnenoBarenbHasi 3aKOHOMEpHasi CMEHa CHUTyalluid B
Pa3BUTHUU PA3JIUYHBIX COLIMYMOB B HCTOPUYECKOM H
reorpapueckoM KOHTEKCTE, KaK HM3MEHEHHE COIMaTbHBIX
COCTABJISIIOIIMX  COIMOI€OCHUCTEM B  IMPOCTPAHCTBEHHO-
BPEMEHHOM KOHTHUHYYME.

IIoHsiTME MHOrO3HayHOE, B HAYYHOM M NPAKTUYECKOU
00J1aCTSIX MOJ] HUM MTOHUMAIOT:

- BUJ MH(OpManuu, TO €CTh COOpaHHBIE CTATUCTUUYECKUE
JlaHHbIe (MTOTOBBIE HU(POBBIC MOKA3ATENIM) O PA3TUYHBIX
MaCCOBBIX SBJICHUSIX OOIIIECTBEHHOMN KU3HU;

- (opMy MPaKTHUYECKOU AESITEIHPHOCTH, HANPaBICHHYIO Ha
coop, ynopsimoueHue, 00paboTKy U MHTEPIPETAIIUIO TaHHBIX
(cucteMbl CTaTUCTUYECKUX YUPEKICHH,
HCCIIeIOBATENbCKUE LIEHTPHI U T.1.);

- OOIIECTBEHHYI0 HAyKy — CHEIUaJIbHYI0 HAy4YHYIO
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JVCLHIUINHY, KOTOpas 3aHUMAETCS pa3paboTKoii
TEOPETUYECKUX TOJIO)KEHUM W METOJOB, HCIOJIb3yEMBIX
CTaTUCTUYECKON  MpaKTUKOW, a  Takke  y4eOHYIO
JUCLIUIUINHY, KOTOPYIO MPENnoAaloT B BBICIIUX YYEOHBIX
3aBEJICHUSX BCEX YPOBHEW IJI MOATOTOBKU CIIEIIUATMCTOB
BBICIICH KBamu(pUKaIIY;

- «MEpy», «OLEHKY» WIH «XapaKTEepUCTHKY», TO €CTh
ONpENICIICHHbIE CTAaTUCTUYECKUE IIOKAa3aTelld, HampuMmep,
00O0OIIIEHHBIE TIOKA3aTed BBHIOOPOYHONW COBOKYITHOCTH
(cpenssisi, AOJISA) U T.1.

KosmuectBenHoe IIPEACTABIICHHE 3aKOHOMEpPHOCTEN
M3MEHEHUN B IIPOCTPAHCTBE U BPEMEHU MAaCCOBBIX SIBIICHUU
U TPOLECCOB OOIIECTBEHHOM JKHU3HHM, COCTOSALIUX W3
MHOKECTBA JJIEMEHTOB (€AMHHI] COBOKYIHOCTH). ITO
dbopma TpOSIBICHUS TNPUUMHHOW CBSI3M, BBIPAKCHHAs B
MOCIICIOBATENbHOCTH,  PETYJSIPHOCTHA,  MOBTOPSEMOCTH
COOBITU, €CIM MNPUYMUHBI, BBI3BABIIUE ATU COOBITUS HE
M3MEHSIOTCA WJIM UMEIOT HE3HAUYUTEIbHBIC U3MECHEHHS.

MHoOecTBO 3HAUEHUH MapaMeTpa HCCIEAYyeMOro OObeKTa
(OHOPOJHBIX B ONPENEICHHOM OTHOILUEHUH), COCIUHEHHbIX
OoOlIMMU  CBOMCTBaMH,  YCIOBUSMH U  NPUYUHAMHU
CYILLIECTBOBAHMS U PA3BUTHSL.

KonnuectBeHHas WU MOJTYKOJTMYEeCTBEHHAS
XapaKTepUCTHKA CBONCTBA (mpu3HaKa) 00BbeKTa
HCCJICIOBAHUM, KOTOPAasi OMPEACICHHBIM 00pa3oM OTpa)xaeT
MEXaHU3Mbl  TPOIECCOB  WMJU  COCTOSIHUE  OOBEKTa.
KonuyecTBeHHO OIpeieNieHHbIE TIOKa3aTeld Ha3bIBAIOTCS
napamerpamu. CTaTHCTUYECKME TIOKA3aTeNH JeJsaTcsl Ha
aOCOJIIOTHBIE, OTHOCHTEIIbHBIE W CpEAHUEC BEIHYHUHBI H
00pa3ylT CTATUCTHUECKHUE COBOKYITHOCTH.

VYHopsiioueHHOe  pachpeielieHue  €AUHUIl  HU3ydaeMoi
COBOKYITHOCTHU Ha TPyHnbl 1O  TPYNINHAPOBAHHOMY
(BapuaTtuBHOMY) Tmpu3HaKy. OHU XapakTepU3yIOT COCTaB
(CTpYKTYpy) H3y4aeMOro SIBJICHUS, IMO3BOJISAIOT CYAUTh 00
OJIHOPOJHOCTH COBOKYIHOCTH, TMpEeNa €€ HW3MEHEHUS,
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3aKOHOMEPHOCTSIX pa3BUTUA H3ydaeMoro oObekTa. B
3aBUCHUMOCTH  OT  TpPU3HAKA  CTATUCTUYECKUE  PSIbI
pacmpeneneHus IesITCs Ha: aTpuOyTUBHBIC (KAa4eCTBEHHBIC)
U BapUallMOHHBIEC (KOJUYECTBEHHBIE), MOCJIECAHUE JEISATCS
Ha JTUCKPETHBIC U UHTEPBAJIbHBIE.

HaGop MerTomoB aHanmu3a CTaTUCTUYECKUX  JAHHBIX,
HalpuMep, B COLMAIBbHO-DPKOHOMHYECKOW Teorpaguu o
XO3SIMCTBE U HACEJICHUU PETMOHOB M CTPaH ISl BbISICHCHUS
0COOEHHOCTEH IIPOCTPAHCTBEHHOTO B3aUMOJICUCTBUSA
Pa3IMYHBIX TEPPUTOPUATIBHO-3KOHOMHYECKUX CHUCTEM. B
3TOM aCHEKTE BAXKHYID POJIb MUIPAET CTATHCTUKA Kak
3G (HEKTUBHBIN UHCTPYMEHT UCCIIEIOBAHUS YKOHOMUYECKOTO
Y COLMAJIBHOIO MOJIOKEHUSI KOHKPETHON TEPPUTOPUHU.

Bug cBsa3u  Mexay CiydyalHbIMU TEPEMEHHBIMHU, IS
KOTOPOT'O XapaKTEPHO, YTO KaKJAOMY 3HAYEHHUIO ()aKTOPHOTO
(HEe3aBUCHUMOr0) TpPU3HAKA COOTBETCTBYET OMPECICHHOE
MHOKECTBO (ciektp) 3HAYEHUN  Pe3yJIbTATUBHOIO
(3aBHCcUMOro0) Tpu3Haka. To ecTh MpUUMHHAS 3aBUCUMOCTD
MPOSIBJISIETCS. HE B KaXJOM OTACIBHOM cllydae, a B oOIIeM,
npu OONBIIOM KOJMYEeCTBe HabmoneHuil. B oTnauume ot
(YHKITMOHATBHBIX, CTOXAaCTUYECKHUE CBSI3M HEOJIHO3HAYHBI U
XapaKTEpU3yIOTCSl BEPOSTHOCTHIO. Halle BCero Takue CBSI3U
OKa3bIBAIOTCSl KaK COTJIaCOBAHHOCTh BapHalluu ABYX WIIHU
0oJiee MPU3HAKOB.

[locnenoBarenbHasi U 3aKOHOMEpPHAsi CMEHa OOIIECTBEHHO-
reorpauyecKux SBICHUN. SIBJSIETCS OJHUM M3 OCHOBHBIX
MOHATUH  COIMAJIbHO-DKOHOMUYECKOW  reorpadbuu U
0000mIaeT BCE MPOIECChI, MPOTEKAlIIMe B OOIIECTBE U
texHocdepe (antpomnocdepe).

CooTBEeTCTBYeT TOYKE Ha YHCIOBOM OCH U SIBISETCA
CIy4YallHOM  BenMuyuHOW.  JlOJDKHAa ~ COOTBETCTBOBATH
CJIEIYIOLUM TpeOOBaHUM: yOeIUTENbHOCTb,
HECMEIIEHHOCTh, MaKCUMaJIbHAs 3P(HEeKTUBHOCTH. ToueuHas
OLICHKa HE COIEpPXKUT HHPOpPMAIMIO O TOYHOCTHU
MOJTy4YE€HHOTO pe3yJbTara.
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B naunbonee obuiem Buje TpEeHI-aHATIU3 ABISIETCS METOJIOM
UCCIICTOBAHMUS OTIpeIeTICHHBIX MIPOCTPAHCTBEHHO-
BPEMEHHBIX 3aKOHOMEPHOCTEH B Pa3BUTHU OOIIECTBEHHO-
reorpau4eckoro Mpolecca, OTPaXKEHHBIX B Habope
CTaTUCTUYECKUX COBOKYIMHOCTEW MapaMeTpoB O0OBEKTa
uccienoBanus. BxioyaeT HECKOJIBKO TPyHH METOJOB
aHalIM3a HMIUPHUUYECKUX (CTATUCTUUYECKUX) JAHHBIX JIsl
BBIJICJICHHUS 3aKOHOMEpHOW ((oHOBOM) W  CiaydaiHOM
(aHOMAaTBHOM) COCTaBJISIFOIIUX OJIst rnapamerpa
ONpEAENEHHOr0  MpHU3HaKa  OOBEKTa  HMCCIICOBAHMS.
CoryacHO 3TOMYy OOBIYHO JIF0O0E T0JIe TTapameTpa (KOTopoe
paccMaTpUBaeTCs KaK COBOKYITHOCTH CIIYYaHBIX BEITHMYHH)
pasnaraeTcs Ha 3aKOHOMEPHYIO (TPEHJIO0BYIO), aHOMAaJIbHYIO
(cityyaliHyr0) COCTaBIISIONIME U TaK HAa3bIBAEMbI OCTATOK —
pa3HUIly MKy HUMHU. B TakoM ciydae roBOpSIT O CHSITUU
TpeHJAAa W COBOKYITHOCTh OCTaTKa pPacCMaTPUBAIOT Kak
OTAEJILHBIN OOBEKT UCCIIEIOBAHUS.

bonpmias rpymma  CTaTUCTHYECKUMX METOJOB — aHAIM3a
MHOTOMEPHBIX  CTaTUCTUYECKUX  COBOKYITHOCTEH, ISt
KOTOPBIX OOIIel 3amauel SBISETCS BBISBICHUE JATCHTHBIX
(CKpBITBIX) THUNOTETUYECKUX (HAKTOPOB BIMSHHUS  Ha
uccienyeMblii mpouecc unm o0wvekT. Kak mpaBuio, 3TH
dakTopel  UMEIOT  OMPEACNICHHYI  COJEpKaTeIbHYIO
UMHTEpIIpeTalnio, 00Jiee MOJHO PACKPHIBAIOT OCOOCHHOCTH
B3aUMOJICUCTBUS OTHEIBHBIX (HAaKTOPOB, OTPAKCHHBIX B
CTAaTUCTUYECKUX MOKA3aTEIAX.

C TOuYKM 3peHHMs] MAaTeMaTHYeCKOW CTaTUCTUKU (HOH
SABJISIETCS ~ ONPEACJIICHHBIM  CPEIHUM  (HOPMATUBHBIM)
YpOBHEM 3HAYCHU I OJIst J000r0 rapameTpa,
OTPENICNICHHBIM C YYETOM JOBEPUTEIBLHOTO HWHTEpBaJIA.
3HayeHUe MOJIs, BBIXOMSIINE 32 TPAHULIBl JOBEPUTEIBLHOTO
WHTEpBaJIa, PaCCMaTPUBAIOTCS KaK CIy4dailHble OTKIOHEHUS
U COCTaBISAIOT aHomanuu. OuYeHb YacTO BbIJIEICHUSA
AHOMAQJIMM  SBJIIETCA  OOHOM M3  OCHOBHBIX  3a1a4
UCCIICIOBAaHUSI M JIOCTUTaeTCsl NPUMEHEHHEM TpeH]-
aHan3a.
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ITpencraBienne oObEKTa UCCIENOBAHUS B BUJE, IPUTOTHOM
JUISL aHalM3a cpeAcTBaMu (OpMalbHOM (MaTeMaTHYeCKON)
JIOTUKH. 3aKIIYaeTcs B NPeoO0pa3oBaHUM KaueCTBEHHBIX
(KOHIIENTYyaJIbHBIX ) IIPEACTABICHUN 0 CTPYKTYpE,
CBOMCTBAaX,  OCOOEHHOCTSIX  JUHAMHKM  OOBEKTa B
¢dopManbHOE oOmnucaHue OO0BEKTA B BHJAE OJHO3HAYHO
OTIpPE/IETICHHBIX MATEMAaTUYECKUX 3aBUCUMOCTEH.

Xapakrtepuzyercs  HOJHBIM  COOTBETCTBHEM  MEXKIY
W3MEHEHUEM HE3aBUCHMOIO TNpH3HaKa (aprymeHra) u
ucxogHoi BenuuuHbl (pynHkuun). Ilpu dyHKUMOHATBHOM
CBSI3M K&XJIOMY BO3MOXXHOMY 3HA4€HHUIO (DaKTOpPHOTO
npuU3HaKa (X) COOTBETCTBYET OJHO M TOJIBKO OJIHO YETKO
OIPEICTICHHOE 3HAYCHHE Pe3yJIbTaTHBHOTO MpU3HAKa ().
bnarogapss 3ToMy (QyHKUMOHAJIbHYIO 3aBUCUMOCTH MOKHO
onucarb MareMatuyeckumu (opmynamu. Takas CBsSI3b €CTb
B (U3NYECKUX, XMMHYECKHUX IpoLeccaX — 3aBUCUMOCTb
JUIMHBl PTYTHOTO CTOJ0a OT TEeMIepaTypbl OKpYXKarolleu
Cpe.bl. OYHKIMOHAIbHBIE CBSI3U IPUCYIIU
NPEUMYIIECTBEHHO TEXHUYECKUM CHCTEMaM M YaCTUYHO —
IPUPOTHO-TEXHOTEHHBIM ~CHUCTEMaM. B oOIIecTBEeHHbIX
Ipoleccax — 3TO CBSI3b MEXIY 3JIEMEHTaMH pPacCYETHBIX
dbopmMyll TOKazarele — aaauTUBHBIM (atb+tc) wim
MYJIBTUILTMKATUBHBINA (a=bc, c=a/b), a Takke 3aBUCUMOCTH
CPEIHUX  BEJIMYUH OT  CTPYKTYpbl  COBOKYITHOCTH.
@OYHKIIMOHAJIbHBIE 3aBUCHMOCTH H3Y4YalOT TOYHbIE HAYKU —
maTemaTuka, (usmuka, xumus. g uccnenoBaHUs
OOIIECTBEHHBIX SIBJICHUH HUX HCHOJb3YIOT, TJIaBHBIM
oOpa3oMm, Kak Mojenu O0o0jiee CIONKHBIX CTOXACTUYECKHUX
CBA3EH.

XapakTepuzyeT BEpOSTHOCTh TOMajaHus BBIOOPOUYHOTO
3HAYEHHUS CIIyYalHOW BEJIMYMHBI B 38/IaHHBIN MHTEPBAIL.

XapakTepuszyeT  BEpPOSATHOCTh  3HAYEHHS  CIy4alHOU
BEJIMYMHBI MEHBIIE 3aJaHHOTO.
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SIBASAIOTCS HAKOIUIEHHOW CYMMOW OTKJIIOHEHHWM YaCTHBIX
3HAQYEHUM CIy4YalHOW BEJIMYMHBI OT LIEHTPA PaCIpeIeICHUs
(cpenHero  3HaueHUs) B OINPENEICHHOW  CTEIEHHU,
OTHECEHHOM K CTaHJAPTHOMY OTKIOHEHUIO B TOW XK€
crereHd. M Cmonp3yroTcs Uisl ONpENEieHUs AUCIIEPCUr
(BTOpast CTYINEHb), aACUMMETPUHU (TPEThsl CTYIEHB), IKCIECC
(ueTBepTasi CTEIICHB).

Yucno nNOBTOPEHUM OTAEIBHOIO 3HAYEHHS JUCKPETHOU
CIIy4YalHOW  BEIWYMHBI, WJIA [ONAJAHUSA  3HAYCHUS
CIIy4YalHOW  BEJIWYMHBI B  OIPEACICHHBIM  MHTEPBAJ

TPYIITHPOBKH.
B reorpaduu HCIIOJIB3YIOTCS YEeThIpEe [IKAJIbI
KOJIMYECTBEHHON OILICHKH IMapaMeTpOB reorpapuyecKux
00BEKTOB:

1.  Homunanvmas  wxanra  —  UCHOAB3YyeTCS IS

Kjaccu(ukanum OOBEKTOB MO MPUHLMUITY PABEHCTBA HUX
CBOMCTB, MPU 3TOM YHUCIIO SBISETCA KOJIOM Kau€CTBEHHOI'O
MoKasaTelist 00bEeKTa.

2. llopsiokosas wxana — TPUMEHSETCS, KOTAa OOBEKTHI
MOXHO PpACHOJIOXKUTh B  OINPEICICHHOM TMOpPSAKE B
3aBUCUMOCTH OT M3MEHEHHUs J0O0ro CBOWCTBA, HO 3THU
U3MEHEHUS  HeNb3S  OLEHHUTh  KOJUYECTBEHHO.  IJTO
KJ1accuukanuu, MOCTPOEHHBIE o cxeme
BBICOKO—CPEIHE—HHM3K0, WU CUJIbHO—CpelHe—cliabo 0e3
KOJINYECTBEHHBIX KPUTEPHUEB BBIJICICHUS KIACCOB.

3. UumepeanvHas wikana — IPUMEHSIETCS, KOT/Ia HHTEPBAIIBI
nepexoga OOBEKTOB M3 KJlacca B KJIACC PABHBIE U HMEIOT
KOJIMYECTBEHHO OIPE/CNIEHHbIE MpPENebl, HO OTCYTCTBYET
Touka  aOcomoTHoro  Hynsa.  Ilpumepom  ciyxkar
temneparypHble mkainbsl KensBuna, Lenscust, @apenreiira,
4. Illkana omHOweHUl (OMHOCUMENbHASL WKALA) —
IIOBTOPSIET BCE CBOWMCTBA MHTEPBAJIIBHOM IIKAJIBI, HO UMEET
TOYKY aOCOJIFOTHOTO HyJS (HAYaJdbHYI0 TOYKY OTCUETa
KOOpAMHAT). JTa IIKaja SBJISETCS caMOM BBICIICH IIKAJION
U3MEPEHUN U MPUMEHSETCS, KOTJa TMapaMeTpbl OO0OBEKTOB
UMEIOT KOJIMYECTBEHHYIO OIIEHKY.



HaBuanbhe BUOaHHA

Hemens KoctsiHTuH ApkaniiioBuy
Cerina Karepuna IOpiiBHa

HABUIAJH)HO—METOI[I/I‘IHI/Iﬁ ITOCIBHUK
3 TUCILUIUIIHA
«CTATUCTHUYHI METO/IA I OBPABOTKA TEOIH®OPMAIIII»



