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IMTPEAVCJIOBHE

B 1973 r., koraa BHIIIO 1epBOe H3JAaHHE 3TOH KHHIH, HCIOJb-
30BaHne reosioraMu BBLIYIICJAHTEJIbHBIX CPeACTB HaXOAHJOCh Ha Ka-
YeCTBEHHO HHOM ypOBHeE, 4eM cefyac. DTO ObIJIO BPEMsi MACCHBHHX
OBM, cocpenoToueHnnXx B BHIUHCAMTeNBHEIX LEHTPAX, JHOCTYH K
KOTODBIM OCYLIECTBJIAJCS Yepe3 OKOLIKO B 3aKPHITHX jABepax. IIpH
S5TOM pesyJsbTaT HCCAEfOBATeNb NHOJAydYaJ B JyuudieM CAyuyae uyepes
HEeCKOJBbKO aHell.

Tenepp GoabIIMHCTBO reoJIOTOB HMEIOT HEMOCPeACTBCHHBIN 10C-
YT K 9BM uepes TepMHHAM HJIH K MHHH-KOMOBIOTEDY, HJIH HAMEIOT
AaXe rnepcoHanbHelil KoMmbioTep. Komnblotep c¢tad  ofuiaeHHOH
BCUIBIO B KH3HH reonora. K HemMy ofpalialoTed Kak HOBHYKH, Tak
11 IPOQECCHOHANE B HajeKae NOBLICHTb 3¢(eKTHBHOCTL CBOell pa-
OOTHL.

K coxanennio, serkuit moctyn x xoMmubioTepay He ofecreuiBa-
€T JIEFKOTO NOJyYeHls 3HaHuil o TOM, YTO ¢ HHM JeJarth. JJad
MHOI'HX TeOJIOTOB aHaJ/iM3 TTOBEepPXHOCTeH TpeHAa Tax ke MaJo To-
HATeH, kak " 10 ger naszan. To ke MOXKHO ckazaTh H O daxTop-
HOM aHaJu3e. bBosee toro, nosiBuaMch eue 6oJee 3k30THYECKIE H
TPYAHO AOCTynHble MeToAnl. HeobxoznmocTs B 06yyesuH reosoros
KOJHUECTBEHHOMY aHauau3y Onlja oueBHAHA yXe B 1973 r., T0 xe
BepHO 1 cefiyac. BoT noueMy HamMcaHa sTa KHHTa.

B orBer Ha wmHorme sameuaHust, KOTOpHe s MOJVYUHJ  [OCJE
u3fanusa KHUrd B 1973 1., a Takwke, yUHTHIBAS COOCTBEHHBIE OMBLIT
penojaBaHusl, s BHUMATEJIbHO NePECMOTPe] KHHIY A5 HOBOTD H3-
naHus, Pacronoxenne Mmarepiasa COXpaHeHO, OHO HAYMHAETCH C
OCHOBHBIX NOHATHA M 3aKaHUUBAETCS aHAJH30M NOCJEA0BATEILHO-
creff, KapT, MHOFOMEPHHX HaluiogeHn#i, Tak Kak GOJbWIHHCTBO
CTYAEHTOB cJylIaeT oauH HAH Goaee kypcos no ®OPTPAHYy, 1o
riasa 0 ®OPTPAHe B 370M u31aHHH OTCYTCTRYET.

Msnoxenne HaunHaeTcs ¢ OCHOB TEODHH BEPOSTHOCTEH, OYeHb
Ba’KHBIX B aHajH3e jaHHbX. [loBapmen HOBLI paszzer o Hemapa-
METPHYCCKHX MeTOJaX, KOTOpble TNPeICTaBAAOTCH 6oJee INPHIOA-
HBEIMH 1J11 TeoJIordu4eckux fAaHHBX. TeMma «Co6CTBeHHBble 3HAYCHUS
11 COGCTBEHHBIE BEKTOPHI» OCTAeTCsi TPYAHOH IJST TEOJOTOB, H IO-
STOMy OHa 3aTparHBAeTCs ABakIbl: B pasiele «Marpuunas aun-
rebpa» u B pasjesax, NOCBAULCHHBIX (BaKTOpPHOMY aHaam3y. Pac-
CMOTDEHA TakK¥e CBsI3b IIPOUeAYp HaXOXKJeHUA coBCTBEeHHBLIX 3Ha-
YeHHH ¥ COOCTBEHHKIX BEKTOPOB C METOJAOM TJaBHLIX KOMIIOHEHT,
R- m Q-merogamu (aKkTOpHOrO aHA/H3a, aHAAM3a COOTBETCTBUS.

HexoTtopbie TeMbl aHa/iusa MaHHBIX B nocCJedHHE HECKONbLKO
JI€T npuobperann Bce Oosbllee H3aYeHHE B HayKax o 3emJe. Teo-
piisl PErHOHANM30BaHHBIX NEPEMEHHLIX NpPHBJAeKaeTcd cefiuac  aJs
00bSICHEHUS TIPOCTPAHCTBEHHBIX CBOACTB Te0JIOTHYECKIX nepemeH-
HHIX MHOTHMH uccaenoBaTensiMi. llentpannuyio poab B stofi Teo-
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pHE HrpaloT NOJyBAPHOIPAMMBI H KPAHTHHr. DTH METOLH npeji-
CTaBJeHEl B HacroslueM H3jaHuH. ['eopHU3HKH nOHAIM BaXKHYIO
POJIb CIIEKTPAJIbHOTO aHAaJH3a; OUYEBHAHA MOJE3HOCTL 3THX MeTo-
AOB TIpH DELICHHH MHOTMX JADYTHX 3ajay, HauyMHasi OT IpeAcKasa-
HHSt 5eMJIETPACEHHH U KOHYAsl ONMHCaHHeM (OPMbl HCKOMAEMBIX OC-
TaTkoB. Pasges o psgax ®Pypne usmnaraercs c V4EeTOM 3THX H3Me-
HEeHuil,

Psan rabanu 1 pHCYHKOB B 5TOl KHure BOCIPON3BEAEHH C pas-
PelleHus aBTOPOB (BJajebleB aBTOPCKUX NpaB). HCTOUHHK st
Kax 1ol Tabuulbl H PHCYHKA YKa3aH B KBAJAPAaTHBIX CKOOKaXx,
d TO.IHAA CChLAKA NMPHBOAHTCS B CHIICKAX JHTEPATYPhl K KaKmoi
rnape. Tabauup 2.10, 2.22, 2.25 4 2.96 geasioTes CODCTBEHHOCTHIO
uzzareaberBa Jxkod Yaiian o CHIHOBbS Inc., rabauuw 2.11, 2.14
i 2.18 — coGerennoctsio [Tnnrsun-Byk Ltd, a tabauusr  4.30 u
4.3] — AMepHKaHCKOrO XHMH4eCKOro o6ulecTBa. Bee OmHII BOCIIpO-
!ISBEICHBI C COOTBETCTBYIOMIMX paspelueHuli. YacTs tabaui 5.6 —
c06CTBEHHOCTb AMEPHKAHCKON CTaTHCTHUECKON accoumaluu H apy-
ras uactb — AMEPHKAHCKOIO HHCTHTYTAa  GHOJOTHYECKHX HayK;
KOMOHHUpOBaHHEe TaGJHl, CAelaHo ¢ Hx pa3pewenus, TaBanunl
5.7 u 5.9 mpencTaBasioTr COBCTBEHHOCTS Axagemux Ilpecc Inc
(JTonnon) Ltd n Bocupousseaens ¢ ux paspeurenns. Puc. 5.24 —
COGCTBEHHOCT  AMEPHKAHCKOH  CTATHCTHYECKOR accouuaumy,
a puc. 5.25 — coGerennocts Xapkypr Bpeiic MloBanosuy, Inc, 062
PUCYHKA BOCHPOil3BEACHBl C COOTBETCTBYIOILHX DPaspelleHui,

B TexcTe, B 0TBeT Ha MHOrOuYMC/IeHHBIE NONKEAHMHS uxTaresaef,
CACTaHO MHOTO H3MEHE#HHH, HCIpaBJeHHH, n106aBJaCHHL. ITepeunc-
JATH TeX, KTO HallHCaJ/J MHe, HeT cMblcaa. S ux 6aaroxapo. B jo-
MOJHEHUC K TeM, KTO OBl HAa3BaH B NEPBOM H3JaHHH, IpUHOIIY
MO0 GaarofapHocTs ROKTOpPY Ilayaio bpokuHetony, noxropy
Hoxkumy KemuGeany u noktopy Keiity Teprepy 3a ux nomomrs.
Mou penensentsl, noktop [eils Becr, npoteccop ®Ppanx Arpuaxk
i npogeccop Jxku-38 O3HT, caenadn MHOTO IeHHDLIX HCIIP aBJICHII
B OKOHYATEeAbHOM TEKCTe,

Meuorouncienusie 106aBaeHNs] 6L CledaHb KOJJIeraMH 13
KaHsacckolt reosioruueckoit cayx6s;, BKaOuas noktopa Jls#Bija
Kosannsa u gokropa Kaauna Depriocona H MOEro NOMOUIHHKA [0
fEpBoMy HslaHmo Muctepa Pobeprta Csmmcoma. Tpoe us  momx
KOaAJer NpHHANM aKTHBHOE YYaCTHE B HANHCAHHH KHHLH: IOKTOp
Pukapno Osea — pasgen no PErHOHANN30BAHHEIM  NIEPEMeHHLINM,
ROKTOp 30y i — pasies o COGCTBEHHLIX 3HAUCHHAX I JOKTOp
Hxon JloBetoH, KOTOpHI 1106e3H0 NPEAJIOAH MHOTHE M3 VIpPark-
HEHUH ¥ NPUMEPOB BO BCeli KHHTe U KOTODHI# NOMOFaJ MHE Ha
Bcex crapMax padortol. Haxomen, s ocobenno IIpU3HATEIEH MoeMy
ACCHCTEHTY, HCCJACLOBATEID M KOMOAHBOHY MHccHe JI3Ko Sun
He-I'peddenpaiin, 6es HOTAePXKKH KOTOPOH BHIXOM 9TOH KHUTH OKa-
3a4¢s Obl HEBO3MOKHBIM.

Lowon C. 3suc

Taasa 1
BBEAEHUE

«..ecau Bol moscere uzMepurs TO, O HeM
20sopuTe, U pE3YApTAT BLIPA3UTL HUC-
A0M, 9TO oswauaer, uTiv  Bel ROY-UTO
snaere 0 npedmere pazecsopa; Ho ecau
Bel e MOMETe 0XxapaKTepusosars 3TOT
npedmer HucAOM, TO U3 3T020 caedyer,
4To Bawy 3HGHUR CKyOHbL U Heydos-
ACTBOPUTEAbHbL, U OHU MOZyTMGbLTb
TOAbKO OTRPABHON TOHKOWL npoyeccad no-
3HAHUAD.

Jiopa KenbBua

Euwe nHa 3ape CTAHOBJIEHUS TEOJOTHH HEeKOTOpHIC I'GOJI‘IIZII’eH HHLIO).EZ:
20BAJHCh MaTeMaTHYecKiMH Mertozamu. Hanpumep, rop Hxe-
: TeT Hasal MOACYMTLIBAJH 3aMacel 10 pe
HEpB! H reoJoru COTHH Jet 5 Dyie modes-
3y.IbTaTaM OPOGOBAHHA 1I OLEHHBAJH COJepXKaHue D) o
HLIX KOMIOHeHToB. ®uep [2] ormeuan, 4TO pacuJenenne Tp i
HOro nepHoja JlafieqeM Ha OCHOBE OTHOCHTEJNBHOH p(icnupoc;gaeﬂ )
HOCTH COBPEMEHHBIX OpraHH3MOB ObIJIO CTaTHCTHYECKOH I;;\)deu 32;
poit. JInTostoru elile B Hauase TOrO CTOJNETHS H3YYATi PA3MEp se
peH U HX OUYepTaHiig, KOTOpBIE NnpeacTaBJIsiyii coBoll BaKHbIE
TOYHHKH TeoJsiorHueckoii MHdopMaunnu. Takue Hayku o 3eMmie, Kax
reoXHMHs, TeoQH3UKA H THADOJOrUd, TpeOyIT HPOYHOro MaTeMaTH-
uecKoro (yHAAaMeHTa, XOTSA HCIOJb3yeMmbie HMH NPHEMb NepBOHA-
uanabHO O6BIIM paspaCoTaHbl HE Ha OCHOBe reosiorui. TOYHO TaK Xe
MIHHePaJOrH i KPHCTaJIOrpadhl HCTIONb3YIOT MaTeMaTHYeCKHH an-
napar (GH3MUYECKOH H aHAJHTHYECKOH XHMHH.

XOTs 3TH pasjenbl HMEIOT BaXXHOe 3HauyeHHe B CIELHAJNH3UPO-
B4HHBIX OﬁJI&CTﬂX, OHH He ABJSIOTCSI TNIpeAMETOM pacCMOTpEHHA
3TO/ KHHrH. Hauwnas ¢ xoHua 50-X rofoB Hallero BeKa BBHIUHCJIH-
TeIbHBl€ MAaUllHBl CTady IIHPOKO NPHMEHATbLCA B YHHBEpPCHTETaX H
FOPIOpALNAX, B PE3YJLTATE UYETO reo/IOTH 3HAUHTEJLHO dalle cTa-
71t npuberate K MaTeMaTHYECKHM MeTOJaM aHaJju3a JaHHbIX, KO-
TOpble OHM 33aHMCTBOBAJM M3 Pa3/IHUHLIX, OCOOEHHO TEXHHUYECKHX,
HAYK H NPHMEHAAH K o6oMy pasjeny Hayk o 3eMJe, 370 Oonee
00line METOAHKH, 4eM HCIOJib3yeMble OOGBLIUHO. ['e0sorusi cama 1o
cebe npHBesa K HEKOTOPHIM YCleXaM B BBIYHMCJHTEJNbHBIX HayKax,
0COGEHHO B 06/1aCTH NOCTPOEHHA TPapUKOB, BKOYas KapTel W
OKOHTypuBaHie. OnHako Halla Hayka BbrajgaJja GoJblue, 4em No-
XKepTeoBaJla B OOMEH Ha KOJHYECTBEHHBIE METOJHL.




Hedranpie komnanuu CIIIA, Bepyumue 6o0Jblive reosoropaspe-
ROuHBIe paGoThl (He CYHTas IPABHTEJNLCTBEHHBIX YUYpeXIeHHi),
INHPOKO HCIOJBL3YIOT BHIYHC/AHTENbHBE MalluHbl, [losTOMY OrpoM-
HEIfi HHTEpec, KOTOPHIH NPOABJSIOT 3TH OPraHM3alluy K reoMareMa-
THUECKHM MeTojaM, 3akoHoMmepeH. OH BHIpaXKaeTcsl Tak®e B VBe-
JIHUEHHH POJIM SI3BIKOB NPOTPaMMHPOBAHHA H MaTeMaTHUECKOH Moj-
TOTOBKH NpPH OOydeHHH reoqoroB. K coxkaJjeHlo, He cCyliecTByeT
IIHPOKO pacHpPOCTPAHEHHBIX TPaAMLHIA HCNOJALIOBAHHS MaTeMaTii-
YeCKOro aHaJjH3a B reoJjiorun; GoJiee Toro, GOpMEPOBaHHE COOTBET-
CTBVIOIHX NPOTrpaMM OOyuYeHHSI NPOHCXOAMJO TOJbKO B HEKOTOPHIX
HHCTHTYTAX OJarojapsl yCHJAHSIM OTIeJbHbIX VueHbiX. Bcero JHIbL
HECKOJIBKO IIKOJ NpEYCNeJo B 3TOM HapaBJeHHH HAaCTOJIbKO, YTO-
OBl HMETb NPABO CUHTATBHCS MHOHEPAMH B KOJHUYECTBEHHOII reoJo-
run. OByueHue y HHX OCHOBAHO Ha NPOYHOM (yHIaMeHTe reoJo-
THH, MaTEeMaTHKH Il CTATHCTHKH.

MHuorux reo/1oroB BBIYHCJHTENbHAS PEBOJIOUMS 3acTajga Bpaci-
JIOX: BOCIHHTAHHBIE B TPaJUIHAX, KOTOPLle TPeGYIOT TOJYYEHHS Ka-
YeCTBa 32 CUET KOJHYECTBAa, OHH OKa3aJHCh ILJIOXO HOArFOTOBJE:H-
HBIMH MaTeMAaTHYeCKH H HE3HAKOMBIMH cO cTaTtucTHkoi. Ho paxe
OHH OBICTPO OLEHHJH IOTEHIHAJbHbe BO3MOMKHOCTH aHaMHTHYeC-
KHX METOJOB, KOTODble BBIUMCJHTEJNbHAs] TeXHHKa cjejana Jerko
HOCTyNMHBIMH. MHOrHe Oprannzalui, Kak KOMMEpYecKHe, TaK M IO«
Cy1apCTBEHHBIC, CO3fand OCwWHpHBE OHOAHOTEKH INIporpamm Jas
IBM, npeaHasHayeHHBLIX [JJs peaJu3alldd reoMaTeMaTHUYeCKHX
npouenyp. MckylieHHe HCHONBb30BAaTh 3TH HPOrPaMMbl  CJAHLIKOM
CHJIbHO, JlaKe HECMOTPS Ha TO 4TO HX OCHOBA HE MOXeT OHTh
ACHO OCO3HaHa.

[lupokoe BHejApeHHe NEPCOHAJBHBIX KOMIbIOTEPOB TNPHBEIO K
YCHJCHHIO 3THX TeHAeHUHH. B Hacrosdllee BpeMs HeGOJbIIHE KOM-
TaHlH, IPYNIbLl KOHCYJbTAHTOB M JaXe OTAeJbHbIe HCCJeL0BaTesat-
Te0JIOTH MNOJIYYHJIH [AOCTYN K BblUHC/HTEJIbHON TEeXHHKE, NpPHMEHe-
HHE KOTOPOH BCEro JIMIIb HECKOJBKO JIeT Ha3aj OO NpHBUJErHell
GOJIbIINX KOPIIOpPALMil M YHHBEPCHTETOB. MHOrHX reoJsioroB ceidac
MOXKHO YBHJAETb 3a COOCTBEHHBIM KOMIIBIOTEDOM, Haxe TeX, O KO-
TOPHIX HeJb3sA OBLIO NOAYMAaTb, 4TO OHM OYAYT HYKLAThCS B HEM
NI [IPOCTO HMETb IOBOJ €ro HCNOJb30BaTb. MHOrHM H3  3THX
reoJIOroB, eC/IM OHH YMEIOT NPHMEHATh MX B cBoedl npodeccHoHalb-
Hofi paGore, xaxercss, 4To paboTa C KOMObIOTepaMu o0el[aeT HM
foJbule, 4eM ONEPHPOBaHHE CJOBAMH H (PHHAHCOBLIE MHOJCYETHL.

JTa KHHra YaCTHYHO IpeJHasHayeHa AJs TOro, 4To6bl NOMOYb
reoJloraM, KOTOpble CO3HalOT, YTO MaTeMaTHYeCKHe MeTOAbl MOTJH
6b ObLITb MM I10JI€3HBl B HCCJENOBaHHAX, HO HENOCTATOYHO IOATO-
TOBJIEHBl K 3TOMY. KoHeuHO, OHH MorJju Gbl npocaymaTth (HopMadb-
HBEIl KyPC TEODHH BEPOATHOCTEH, CTATHCTHKH, YHCJEHHOrO aHaJH3a
H [pOrpaMMHPOBaHis ¢ mocgeayioiieil paboTofi N0 PyKOBOACTBOM
oublTHOrOo reoMaremariika. OAHaKO Ha INpaxkTHKe OnlBaeT UHaue,
H OOJbIIMHCTBO MCCael0BaTe el BHIOHPAIOT CBOH NyTh HAHJAYYIIHM
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BO3MOIKHBIM JJsi HHX Cloco0OM: uuTas, chpalliBasd, yuach Ha CBO-
ux ommnbkax. I1yTb, KOTODBIM 3TH JIOAH CJEAYIOT, He ABJICTCH
MeTOHUEeCKH TPOrPECCHBHLIM H3-3a TOTO, 4TO IipH 3TOM B CTOpOHE
ocTalOTC MHOTHe BayKHbC Bompochl. OGBIYHO OHH - BO3BpaUlaOTCA
Haszan, oOpauias BHHMAaHAC Ha T€ MCTOBI, KOTODbIE, 10 HX ~?He-
Hplo, Hauboaee NPHMEHHMBI B HX HCCJAENOBARHX, paspaboTkax,
oriepaTHBHOK paboTte. 3aTeM OHH YyBCTBYIOT HpOée{IbI B IIOATOTOB-
KC Il NBITAlOTCs NPHCIOCOONTh AJISE 3THX XKe HeJeH  TeXHHHCCKHE
ripieMpl 06paGOTKH AaHHBIX. DTO HeyIOBJETBODHTEAbHLIL H 1akKe
onacHbifi MeTo OOyueHIsl, BO3MOKHO CPaBHHMBIH ¢ oquemxe‘{w
ppaua B npouecce paGorul. OaHaKo OH SBANETCA OLMNM I3 NYTEH,
M0 KOTOPOMY MPHXOAHTCS HATH MHOTHM TFeO0JOras. JTa KHHra Mo-
JKOT MOMOYL OPraHil20BaTh polecc CaMooOyucHHdA, a HMEHHO Ja-
6T BO3MOIKHOCTb C/(€JaThb NEpBble WIard K NMO3HAHHIO ONHCAHNLIX B
Hell aaropuTMoB. HITaTeMio NPHAETCS OCBOWThH BHEIIHE MEHee
3 PEeKTHBHBIC TeMBI, COCTaBJsOULie (PyHIaMEHT, fia KOTOpOM [i0-
CTPOEHBI, HalpIMep, CCHOBLI TCOPHHM NOBEPXHOCTEH iTpeHaa 1 dak-
TOPHOTO aHaJH3a.

DTa xHUra npehHasHadeHa TaxiKe Mg CTYAEHTOB, li3yYalOLIHX
CTATHCTHKY M Iporpammuposanie. Taxne Kypcel Bce ualile CTaHO-
gsiTCsl 00S3aTENBHBIMH B aMepPHKaHCKHX U eBpPONeHCKHX YHUBC]CH-
TeraX. K HecyacTblo, OHH OOLBIYHO YHTAIOTCH JHHAMM, MaJo 3Ha-
KOMBIMH C reosoruefi u npodJaemamu Hayk o 3eMJge. CBf3b 3THX
IpeiMeTOB C OCHOBHON TeMaTHKOH OO6yueHHS CTYAEHTOB OCTaeTCS
HesACHOH. DTO YYBCTBO OCJOXKHAETCH OTCYTCTBHEM MaTeMaTHuec-
KHX MNPHJIOKEHHI BO MHOCHX TeOJOTHYECKHX KypcaxXx. B 1o Bpems
KaK CTYAEHTBl HYXKJai0TCst B CIELMAJIHCTE, HX YUHTEJsl 3adacTyior
ABJIAIOTCA JIIOJbMH, MOJYyYUBIIHMH 00pasoBaHHe A0 GypHOTO pas-
BHTHSI KOJIHYECTBEHHLIX METOJOB M, CJEN0BaTeJNbHO, He IOAIOTOB-
JEHHBIMH B 3TOM HanpaBJeHHH. B HacTosilefi KHure YuTaTeqdh
HallleT He TOJIbKO OOILMII KypC BBIYHCJHTEJNbHBIX METOAOB, HO
TaKKe MHOIOUHCJIEHHBIC NPHMePBEl UX HOPHMEHEHHs B  TeOJIOTHH.
KoHeuno, MbI HajeeMcs, YTO M CTYAEHTH, M IPENOLABaTe]H Hafi-
AYT B 3TOH KHHIe 4YTO-THOO IHTEPECHOe, H OHa OyaeT CrOCOGCTBO-

BaTb pacrnpocTpaHEHHIO TeX OCHOB 3HaHHH, KOTOPBIE MBI Ha3blBaeM
FeoMaTeMaTHKOII.

Ob 3TOW KHHUTE

HUnratens BnpaBe 3HaTh ¢ caMOro Hayada, KyJla H IO KakoMmy
MYTH BELET ero aBTOpP, a TaKkKe YTO OT HEro TpebyeTcsl, TaK Kak
dBTOD JlesIaeT onpejleieHHble TIPEeI0I0KeHHsT O NOATOTOBKE, HHTe-
PECax 1 BO3MOKHOCTAX CBOeHl ayAHTOPHM. DTa KHHrA MOCBAINICHA
KOJMHYECTBEHHBIM ~ MeTOAM aHAJh3a TeOJOTHYECKHX JAHHbIX,
d HMEHHO pasfieny Hayk o 3eMJie, KOTOPHl B HacTosliee BpeMs
HasbiBaeTCs reoMareMaTHkoH. OpHEHTalHsi KHHTH — MeTOLOMOTH-
HY€CKad, T. e. «kaK Hajo menaTb». Teopuu yueaseTcs Majo BHHMa-
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HHA [0 HeCKOAbKHM nprunHaM. Jleno B TOM uTO MHOTHe re€O0JOTH
cTpeMarcst ObiTh NparMaTHKAMH H IIO3TOMY HHTEpECYTCH pesyJb-
TatraMu 6oJblle, YeM TeopHed, a OOJbLIMHCTBO IOJE3HBX IpO-
Leayp BCe elle He MMeEeT COOTBETCTBYIOLIErO TeOpeTHueckoro oboc-
HoBaHHs. TeopeTHUeCKH I0CTaTOYHO paspaboTaHHbe MeTOABl 4ac-
TO OCHOBAHBI HA CHJBHBIX CTATHCTHYECKHX OTPAHHUYEHHSIX, KOTODbIE
06bIUKO HE BLITOJHUMBL DU HCCACLOBAHUM TEOJOrIUECKHX AaHHBIX,
XoTa B KHITe M OBCYXAAlOTCA 3JeMEHTapHbBle ACIeKThl TEeOPHH Be-
POATHOCTEH 1 ONHCBIBaeTcA OOJBIINHCTBO CTATHCTHYECKHX KDHTe-
pHen, Bce e M0APOGHOe H3JOMKEeHHe TIeOCTATHCTHYECKOH TeopHH
npefocTaBaseTcsl APyruM aBTOPaM.

B ¢BAA3H ¢ TeM UTO caMble CJIOXKHBIE aHAJHTHUYECKHE MPOLEAYPH
MOXKHO MNpPeiCTABUTh KAK I[10CJIeA0BaTeNbHOCTb OTHOCHTEJBHO I1PO-
CTBIX MaTeMaTHUeCKHX aeiicTBul, yaennm ocoboe BHUMaHIE OIe-
pauusM. DTH ONepalMH 3ayacTyi0 BLHIDAXKaloTcss B TEPMHHAX Mar-
puuHoil anreGpel, 4TO B CBOIO OdYepeflb NPHBEAET K PaccCMOTPEHHIO
5TOrO TIpEAMeTa.

[lepBasi waTeropHs OXBaTblBaeT BCe KJAacCh 3ajay, AJs KOTO-
pHIX JaHHBIEe COBHPAIOTCS HENPEephLIBHO HO BPEMEHH HJH 110 JHHHH.
K Heli orHOCATCH 3a/aud aHAJH3a BPEMEHHEIX PAJAOB, CTPAaTHrpa-
(uUecKHX pa3pe3oB H HHTepnpeTauuH rpapuxoB. Bropas karero-
pusi o6beprHsieT 3ajayd, YYHMTBHIBaIOilHe reorpaduueckne KOOpAH-
HaThi HaGaioleHufi: KapTHPOBAaHHE, aHalu3 HOBEPXHOCTeHd TpeHAa,
Kkpalirwar i 1p. Hakouen, Tperbs KaTeropus uMeeT JeJo ¢ aHaJH-
30M Tpymnm (KJacTep-aHAJM3oM), KjaaccHpHKalueld u Hccaeno0BaHU-
eM BHYTPEHHUX CBsidell BHYTpH HaGOpOB AaHHBIX, B KOTOPHIX I10JO-
XKeHle NMpo6bl Ha KapTe HJIu npodHjie He paccmaTpuBaercs. 3aja-
Y4 H3YYEHHS IMAJICOHTOJOTMYECKHX, TEOXHMHUECKHX NaHHBIX 4YacTO
OTHOCATCA K 3TOH KaTeropHH.

Marepuas B KHHI'e M3JIOXKEH IO NPHHIKNY OT NPOCTOrO K CIOK-
HOMY, NpHUYeM KajKiaas IOCJeAyIollas TeMa CTPOMTCs Ha OCHOBe
npenpaymux. Tak, BOIPOCH MHOXKECTBEHHO! perpeccus, msJjarae-
Mble B [J1. 6, OCHOBaHBl Ha pe3yJbTaTax, NOJyYeHHHX B M. & (cM.
KH. 2) IPHMEHMTEJBHO K TPeHI-aHaJjH3y, KOTOPHM B CBOIO oudepelb
npeallecTByeT ONHCaHHe HeJHHeHHoH perpeccuu (cM. ra. 4). Oc-
HOBHAsl HCIIOJb3yeMas IpH 3TOM MaTeMaTHueckas Ipoleaypa Oond-
caHa B IJ. 3 OPH HM3JOXKEHHH METOAOB peUIeHHS CHCTEM ypaBHe-
HHIl, @ CTATHCTHYECKHE OCHOBBI DErpecCHOHHOTO aHaJH3a BhEpBhle
paccMaTtpuBaauch B ra. 2. Jlpyrue MeToisi 13J0XKeHB N0 aHaJo-
THYHOH CcXeMme.

[lepBast TeMa, paccMOTpeHHAas B 3TOH KHHTrE, — 3JIEMEHTaPHOe
BBeJeHHe B CTATHCTHKY, a IIOC/IeNHss — QakTOpHEI aHaIH3. Mexay
3THMH TeMaMH NpoNacTh, NPeOAoJeHHe KOTOPoH TpeGyeT HeCKOJb-
KHMX JIeT H3Y4YeHHA COOTBEeTCTBYIOUIMX KypcoB. $IcHo, gyto B onHOMH
KHUTE MBl He MOXeM OCYUIeCTBUTb NMEPEeXOJ OT NMepBOH TeMHl K IMO-
caenHedl, He onycKas IPH 5TOM 3HAYHTEJBHOrO MaTepHasia. B cBsiau
¢ 3THM Mbl TOKePTBOBAJH OCHOBAMH CTATHCTHYECKOM TEODHH, AeTa-
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JISIMH MaTeMaTHUeCKUX omepauui#, COXpaHas TOJbLKO COBEPLICHHO He-
o06X0onMMble, H BCEMH YCOBEPUIEHCTBOBAHHAMH H YTOUHCHHSAMH, KOTO-
DLIMH OOBIYHO CONPOBOXJAIOTCS OCHOBHbIE CTATHCTIMECKHE MNpO-
ie1ypH. CoxpaHeHH ¢dhyHaaMenTagbHEIE aJIl‘OpHTMbIL BXOhdIlHe B
KayKAblH BHJ aHaJH3a, PAacCMOTpEHHe COOTHOLIEHHHM MEXAy pas-
JHUHBIMH KOJHUECTBEHHBHIMM METOAAMH H I[pPOCThHe TMPHMEpHh HX
NpHMeHeHHs B pelleHHH 3ajad.

Texcrsl NPOrpaMM He NPHUBOASATCS B 3TOM H3IAHHH*, Tak Kak
HMH cHabXKeHb MHOrHe OHOJIHOTEKH NpOrpaMM, npejHa3HaUYeHHHIX
119 qo6bix OBM, HauMHas ¢ CyNepKOMILIOTEDOB H  KOHYasd Ha-
CTOJBHBIMH MHKPOKAJbKyJATOpaMH. DTH OHOJHOTEKH COIEpKaT
MpOrpaMMBbl, 3HAYHTEJBHO Gonee coBeplIeHHble H Gosee TuOkHe,
jeM Jo6as M3 IMPOrpaMM, KOTOPYIO MBI MOIJIH Obl IIPHBECTH B 3TOH
suure. OaHaxo, ytoBbl TOMOYL YUTATENIO B OBJAJeHHH NEPCOHAJb-
HLIM KOMIBIOTEPOM, K aHIJIMACKOMY H3J4aHHMIO KHHTH IDHJOXKeHa
ZHCKeTa, Ha KOTOpOIl 3amHCaHbl NPOrpaMMBI 3JeMEHTapHOH cTa-
THCTHKH 1 MaTpuuHOil ajre6pe. Jluckera mnpenHasHaueHa 151
nepcoHaibHoro komnbiotepa ¢upMul IBM-PC u coBmectuma ¢ ma-
ITHAMH, HCNMOJBb3YIOIIHMH INONYyJAPHYI0O ONEepanHOHHYIO CHCTEMY
JS — DOS. Tlonnast 6ubaunoTexa mporpaMM OOJbLIIHHCTBA IPO-
ieayp, OOCYXIEHHBIX B 5TOH KHHTe, TakXke JOCTymHa 1Ja GOJb-
UIIHCTBA TNEPCOHAJNbBHHIX KOMIBIOTEPOB; HHPOpPMAaUHUs [0 3TOMY
:0BOAY npuBeieHa B [lpunoxennn.

Mpbl cunTaeM, 4TO MeTOHBl KOJHYECTBEHHOIO aHaJjli3a B IeoJo-
7' MOTYT OHITb BecbMa IIOJIE3HBIMH B HCCJENOBAaTesbCKOH pabore:
CHH JalT He CTOJbKO HOKa3aTeJbCTBa MJIH MOJATBEPKAEHHS TeoJo-
THUECKHX THNOTE3, BHIPAOOTAHHBIX HHTYHUHeH, CKOJbKO KPHTHUEC-
0@ HCCJeL0BaHHe siBJEHHA M MNPOHHKHOBEHHE B €r0  CYIIHOCTb.
Z60p HaHHBIX COOTBETCTBYIOLIEIO KadyecTBa H B JAOCTaTOYHOM KO-
JHYeCTBe JJIsl IeseH YHCJCHHOro aHaJjH3a HPHBOAUT K 6oJee mnoJ-
VIOUEHHOMY H3YyYeHHIO O0BeKTa, 4eM HAPYrHe CIOCOGH HCCJAen0Ba--
ans. HecomHenHo, 4TO maJieHTOJIOT, TIIATENHLHO H3MEpPSIOHE COT-
#i1 00paslloB HEKOTOPOro OPraHH3Ma, MOKET JyYlle OUEHHTh Ipa-
VB @CTECTBEHHOTO H3MEHEHHA M3MepAeMbIX XapaKTeplCTHK, 4em
4CI0BeK, KOTOPHIH npocTo Hecaeayer ux. TOYHOCTL M OBBHEKTHB-
HOCTh, TpeGyeMas KOJHYECTBEHHOH METOHONOrHeH, MOKEeT OTYacTH
ROMIIEHCHDOBATL HHTYHIIO H OMNBIT, KOTOPBlE BhIPaGATLIBAIOTCS
“0daMi paGoTel. B TO Ke BpeMs NMCHHILIHHA, HEOOXOANMAS AV
BLINOTHCHUS KOJAIYCCTBCHHBIX IICCJIGZIOB&HHIU], ycxropdaer TBOp‘IGCI\']]fI
POCT H HACTYMNJ/IEHHe 3DEJIOCTH YUEHOTO,

Bnolfgéfxegg::?}]:maﬂanm JaHHHIX MOTYT NIPHBECTH K BHIBOAAM, He

J U/ OYeBHAHBIM IDH  HCHOJNb30BaHHH [PVIHX.

* o
B PYCCKOM mepeBoJe 3TOH KHHIM MBI COUJH I_[EJIBCOOﬁpaSHbIM TIpUBECTH HOJ-

Hble TEKCTH] nporpaMM H
M Ha sa3uke ®OPTPAH, awobesno mpeno -
Topowr (Hpes hmy. peaocTaBieHHEe HAM aB:
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METOJOB HcclefoBaHust. MHoroMepHble MeTOAb, HalpHMEp, M03BO-
JS1I0T 00beANHATH, OOBEKTH B IPYIINB, KOTOpbie HAXOAATCH B CO-
TJAACHH C MPHHSITBIMH KJacCCHQUKAUHAMH, OJHAaKO OHH MOTYT YKa-
3aTh Ha HEOXKHJaHHbIe COOTHOIIEHHS MeXKjay lepeMeHHbIMH. MHor-
na tpebyemoe o0bsAcHEHHe 3TOro ¢Gakrta He MoxKeT OBITh HaHAEHO,
a B JPYrHX cjaydasix, Hao60pPOT, MOryT BO3HHKAThL HOBBlE TEODHH,
KOTODPBIMH HHaye npeHeOperyu OH.

BosmozkHO, uTo HauboablIHA 3G(eKT OT KOJHYECTBEHHBIX Me-
TOJAOB 3aKJA04aeTcd He B HX CHOCOOHOCTH INOKas3aTh, 4YTO BEPHO,
a cKopee B TOM, 4TOOBl [10Ka3aTh, YTO HEBEPHO. DTH MeTOJBl MOTLYT
yKa3aTh Ha HeNOCTATOYHOCTh AAHHBIX, OOWJHE AOMYIIeHHH, MaJjoe
KOJHYeCTBO HHGOPMALHM, Ha KOTOPOH Oasupyercd OOJbLIMHCTBO
reoJIOTIIUeCKHX liccaenoBanni. [lpw BHHMaTesbHOM H OeCHpHCTPa-
CTHOM aHaJH3e MHOTHe TeOJIOTHYECKHE BBIBOJBI NPEBpallialoTci B
Ha6op A0ragokK u HpEﬂHOJIO)KGHHﬁ, OCHOBaHHBIX Ha OdYeHb He3Ha-
YHTEABHOM KOJHYeCTBe JAAaHHBIX, 6O0Jblasi 4acTh KOTODPBIX HMEET
IPOTHBOPEYHBYIO U He3axoHuYeHHyio ¢opMmy. Ecam 6w reosornd
Obia sKCIEpHMeHTa bHOH Haykod, nogo6HO XMMHH H (U3HKE, Ije
HaOMI0leHHA MOXHO [POBEPHTL Ha ONBITE, TO YIOMSIHYTHIE NPOTH-
BOpeursi MOKHO OBLIO Obl yeTpaHuTb, OAHAKO MB HMEEM [eJ0 C
ONHCATEJbHON HayKOH, H NpHMEeHeHHe TOYHBLIX KOJHYECTBEHHBIX Me-
TOJOB 4acTO HANOMHHAET HaM O HECOBepIIeHCTBe Habawogateef,
KaKOBBIMH MLl fIBJsieMcst. B caMoM J1efle, CKJIOHHOCTh K HayyHOMY
CKeIITHIH3MY — OJiHa H3 ONaCHOCTeH, KOTopasi yacTo MoJCTeperaer
reoMareMaTHkoB. MM YacTo cBoOlicTBeHHa HOJO3pHTEJbHAS H MPO-
THBOGODCTBYIOUIAs HO3HLHS IO OTHOWICHHIO K YCTAHOBHBIUMMCS B
reosioru TpasunusiM. OQHAKO HAJO NPU3HATH, YTO TAKOH IHHH3IM
3a4acTyio umeeT onpaBjaHue. I'eosoru ofyuaioTcs HabAIOIEHHIO
06pa3oB U CTPYKTYp B 1pHpome. leoMareMaTHUeCKHe METO/bI
ofecneyuBaOT OOBEKTHBHOCTh, HeOOXOAHMYIO, 4YTOOH H3bexaTh
CyulecTBOBaHus Tex 06pas3oB, cO3JaHHe KOTOPHIX OMPABAAHO TOJb-
KO coof0paKeHHAMH o0Llero nopsjika.

FEOCTATUCTHKA

Bce Meroabl KOJMYECTBEHHOrO T'eOJOTMYECKOr0 aHajlu3a, pac-
cMaTpuBaemble B 3TOfi KHHIE, MOXHO OTHECTH K paspsily cTaTHC-
THUYECKHX, HHOTJA «KBa3HCTATHCTHYECKHX» HJH <«IPOTOCTATHCTHYE-
CKHX» mpouenyp. DBosblias yacte HX HegoctatouHo paspaboTaHa
M He MOXeT OBIThb HCNOJbL30BaHA IPH CTPOrOfi NPOBEpKE CTAaTHCTH-
YyecKHMX rHnortes. Hu OfHH H3 3THX METONOB HeJb3s CUHTATb ALeK-
BaTHO OTBEYAIOIIHM OOL(eil TEOPHU TeOJIOTHYECKHX COBOKYNHOCTEH.
Opxnako, nogo0HO CTATHCTHUECKHM KPHTEPHSAM, METOAEl MaTeMaTH-
YeCKOH TeOJIOTHH OCHOBAHBl Ha MPEAINOCHIIKE, YTO HHGOPMaUHIO O
SIBJIEHHH MOXKHO IIOJNYYHTb B Pe3y/bTaTe HCCACNOBAHUS MAJOH Bhl-
6opkH, OTOOpaHHOH M3 3HAYHTENLHO GOJIBIIEr0 MHOMXKECTBA MOTEH-
IUaJbHO BO3MOXHBIX HaOJNIONeHHH H3yYyaeMoro sBJeHHS.
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PaceMoTpHM 3a71ady KapTHPOBaHMA TJyOHHHBIX CTPYKTYD HPH

NOHCKAX MECTODOXKIEHHI He(pTH. M3yuaeMble 1pH 3TOM JAaHHBIE

or6upatoTCs H3 CKBAXKHH, pa3GpocaHHEIX Ha HEKOTOPOH n.nomalfm
¥ TpOHH3BIBAIOLLNX [OC/IEXOBATENBHOCTD crpamrpac%ﬂt{ecxé&x 0-
pH30HTOB. EnnMHHYHOE HabJ0leHHe TpeACTaBAeT CO60H abCoMoT-
HyI0 OTMETKy KPOBJH TODH3OHTA, 3aMEpEHHyio B ONHOW H3 CKBa-
swuy. Ecau 6bl MBI MOTJIE IPOOYPHTH HEOpaHHUEHHOe IHCJIO CKBa-
3HH, TO 5TO TO3BOJHJO Obl MOJNyYATb GEeCKOHEYHO® MHOMKECTBO
3aMepoB abCOJIOTHOH OTMETKH KPOBJM JaHHOrO rOpH30HTA. Opnna-
<0 B JeiCTBHTE]bHOCTH Mbl OTPaHHYEHHB y2Ke NPOOYpeHHBIMH CKBa-
KUHAMH H, BO3MOZKHO, €cJH 3TO OyneT onpaBaaHHO, npoOypHM
He6GOoJplIoe YHCA0 AOMOMHHTENbHEX. Mo 3THM JNaHHRM MBI AOMXK-
Hbl HAUJAVUYIIHM 00Da30M ONHCAThb KOH(QHUIYPaAUHIO KPOBJH TOPH3OH-
Ta MeXIV CKBaXKHHaMH. JTa 3ajaya aHaJOrHYHa CTaTHCTHYECKO-
My aHaJH3Yy, HO, B OTJIIYHE OT CTATHCTHKH, MBI HE MOXKEM COCTa-
3HTb BBIGOPOUHBIH INJIAH HJIM KOHTPOJHPOBATH CHOCO0, KOTOPHIM
pMelolyecs JaHnble ObIM nojyyeHsl, OJHAKO MBI MOXeM HCIHOJb-
30BaTb METOIBl KOJIHUECTBEHHOTO KapTHPOBaHMA, KOTOPHIE TECHO
IIPUMBIKAIOT K CTATHCTHYECKHM IIpOHENypaM, Raxe B cjydae eclH
BLITOJIHEHE! He Bce (OopMaJibHble CTATHCTHUYECKHe TpeGOoBaHHA.

B IpOTHBOMNOJOXHOCTE 3TOMY MOXKHO DPaccMOTDeThb TaKikKe rop-
go-mpoxoiyeckne paboTe H NPOHECe IKCIIyaTaUHH MEeCTOPOXKIeHHs.
B rTeueHii¢ MHOTHX JeT TODHble HHXKEHEpPH M TreoJIord paspabarthl-
347K JeTajgbHble CXeMbl ONpPoOOBaHHSA M OypeHHS H I[POBOAHJHU
CTATHCTHUECKH{T aHaau3 HabmoneHui. B nocjenHee BpeMsa YHCIO
nyéanKauui no Teopun onpoBoBaHMA KaTacTpopUUecKH pacTerT.
Hx aBTopel, co3naBasd TecpeTHueckyio 6a3y nnas npumesHeHus ¢op-
MaJbHBIX CTATHCTHYECKHX KPUTEPHUEB, INpenJaraiorT [Jsl OINHCAHUSA
II3MEHYHBOCTH COAEPXKAHUA DPYAB DAL CJAOKHBIX CTAaTHCTHYECKHX
pacnpeieneHufi. TaM, rae rec/JorH KOHTPOJHPYIOT 0T60Op npol, OHH
Moryr ObICTPO BhHIOHMpaTh YL0OHYIO cHcTeMy orTpaboTku. Mx yenex
8 paspaboTKaX MeCTOPOXKAEGHHH CBUIETEJLCTBYET O CHJIE 3THX Me-
TO0B.

K cokaJeHnto, GOJBIIHHCTBO I'€0JOrOB BHIHYIKICHH 6PaTh CBOH
po6nl TOJBKO TaM, IAe 3TO BO3MOXKHO. JlaHHEle 10 HeQTAHHM
CKBaXKHHAM CJHIIKOM AOpOTH AJs TOro, 49tofel OTGPOCHTL HX
TOALKO NMOTOMY, YTO OHH He YKJaAblBalOTCd B CXeMy OnpoGoBaHus.
[Taneoutonory BBIHVKIEHH IOBOJBCTBOBATbCS HCKOMAEMBIMH OC-
TaTKaMH OPTaHU3MOB, B3STBIMH H3 OCHaXKeHHs, KOTOphe, GyayuH
iorpe0eHHBIMK, HHKOrAa OBl He OBbLIH JOCTYIIHH  HCCJAEAOBAHHIO.
{Ipo6bl MOryT GBITH TaKXKe OTOOPAHBH M3 ANHMKAJbHBIX YacTed HHT-
PV3UBOB, BCKPBITHIX B €CTECTBEHHHIX oOHaxKeHHAX. IIpoGul M3 Kop-
HEBBIX yacTeH TeX e TeJ 6e3HaeXHO IMyGOKO CKPHITH B 3¢MHOH
Kope. Peaku caydaH, KOrja B OfHOM MecTe cOGpaHO OYeHb MHOTO
naHHeiX. Yame mx GpiBaeT HegoctaTouHo. Hamm mabaogenud,
CBsi3aHHBIE C HCCJEJ0BaHHEM 3eMJH, CJIHUIKOM AODOrH, YTOOH HMH
'MOXHO OHIJIO npeHe6peub. MBI JOJKHB BHISICHHTb, KaKHE CBE/e-

13




H}’Iiul MBIl MOXKE€M H3 HHX H3BJ€4b, HM3YYUTh HEJOCTATKH 3THX CBeae-
HHHU H BLISIBHTL HMEWLIHeCd TEeHICHLHH.

MHorue ony6aukoBanHble paGoTsl NOCBAWEHL BOnpocaM nJa-

HHDOBAHNS CTATHCTHYECKOTO 3KCHEPHMEHTa, Cpean Hux Hauboaee:

HHTEpEeCHA TeoJIOTHYEeCKast 4YacTh KHHTH Ipudpdurca, B xoropoii
PaccMaTpHBACTCS BONPOC O BJAHSHHH BLIOODKH HA pe3yJabTaTsl MC-
TI0JIL30BAHUS CTATHCTHYCCKHX KPHTEPHOB. XOTSR npumMepsr I'pud-
¢durca BSATLl M3 OCA40YHOH NETPOJIOTiM, Te :Ke MEeTOAH NPHMEHH-
MBl B DaBHOH Mepe H X APYrUM npobieMam B Haykax o 3eMae.
Kuura HaeT CTPOrylo GOpManbHyIo HHTEPNPETALNI0 Fe0JOrHIeCKHX
ABJCHHII, OCHOBAHHYIO Ha HCNOJb30BaHMHM  CTATHCTHUECKHX MeTo-
N0B. Ee MOXKHO pekOMeHI0BaTh Te€M, KTCG IIPH NPOBCIEHHH IeOJOrH-
HECKOro 3KCNepHMEeHTa MOMKET OCYILEeCTBHTDL CTPOTHil KOHTPOJb Hap,
npoueccoM B3saTHs nmpob. Tak Kak sTH BGIPOCHL BMECTE ¢ BBLIUHCJH-
TEJLHOM NpOrpaMMoil NoApo6HO OCBEeLIeHH B KHT I'puddurca
[4], a raxxe B pykosogcTBe Ipudonrca u Ongpuka [5], MB ne:
OyneM Kacarbcst [IAHHDOBaHHsl  3KCNEPHMEHTOB B 3TOli  KHHTre.

Bmecro storo mur ocramoBmMmcs ua 0oJee  CROXKHBIX CHTyauHsx,
Koria cxema B3ATHst npo6 (160 cayuaiino, an6o no HEBEJEHHIO)
HaxXolHTCs BHe Haluero KoHTpoas. OIHako 3dMEeYeHC, YTO HEKOHT-
POJIHPYEMBIH SKCHEPUMEHT (T. e. Takoii 9KCIIEPHMEHT, NIPH KOTO-
POM HCCJIENOBATENb HEe MOMKET BAMATL HA MeCTd  B3ATIS npob),
OOBIYHO BEIBOANT HacC 3a PaMKH KJaCCHYeCKOH  CTAaTHCTHKH. DTo
06/12CTb «KBA3HCTATHCTHKHY, HJIH «IIpOTOCTATHCTHKH», Tge JHOMy-
IeHns (GopMaabHOH CTATHCTHKH He MOTYT OBITL  HCIIOJIb30BaHHL
6e30roBopouHo. B 370l 061acTH He CyllecTByeT BHNOJIHe paspabo-
TaHHBIX KDHTEDHEB IIPOBEPKH THNOTE3, 1 Jyullee, Ha 4TO MBI MO-
KEM HaZeATbCsl, — 3TO HCIOJb30BAHHE H3BECTHBIX npouexyp Bo

BCIIOMOT aTeJIbHBIX HeJsX, NPHYEM B KOHEUHOM cuere Bb160p peme-
HHA npenocraBJasiercs HCCaegoBare. 110,

CHCTEMBI UBMEPEHUR

KOfIH‘IeCTBEHHbIe METOLEL B Ieosorin TpebyIoT Godee Tay6oxix
SHAHHNIL, 4eM [10BeDXHOCTHEIE CBejgeHHs, HCNOMb3yeMEle NpH paGore
¢ KoMubloTepaMu. Tak Kak BBHIBOIbI, NOIYUEHHKIE ¢ NIOMOIIBIO KOJH-
JECTBEHHLIX METO0B, OCHOBAHEI XOTA 6bl Y4acTHYHO Ha BEJHYHHAX
[IOJYdCHHBIX B pe3yJbTaTe H3MepeHHil, reoJor AOMKEH  umeTs
NPEACTaBJIEHHE O NPHPOXE CHCTEM Ylces, B KOTOPBLIX TNPOBOAATCS
H3MEpeHHs. YueHhlH, HCCJCNYIOWNH 3eMJII0, JOMKeH He TOJBKC
[IOHHMATb TEOJIOTHYECKHH CMBIC 3aNMCHIBAEMBIX NEPEMEHHHX, HO
TaKXe YyBCTBOBATb MAaTEMAaTHYECKHH CMBICJT HCIOMB3YeMbIX 1IKan
H3MepeHnuil. JTa TeMa Gosee cioxHasm, uewm MOXET II0Ka3aThCs Ha
NEepBHIH B3MIAL. Ee nozpobGHoe nanomenue y 6ubanorpadust mpu-
BeleHbl B kHHre UepuMena u Partymia [1]; reonornueckas CTOpOHa
Bompoca oTpaxkeHa B cTaThe 'puépdurca [3].

HsMepenue — 5710 npunucupaemoe HabJ101eHH10
¥}Kawoumee BEJIHYHHY HJIH 3HadeHHe
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YHCJIO, OTpa- .
HEKOTOPOH  XapaKkTepHCTHKH.

CriocoB, KoTOpHM HAGMOACHHI0 NPHIHCHIBAIOTCA HHCCHHEIE !?:aeqe;
#Hs, ONnpefelAeT MIKAMy H3MepeHHH. TMocaenusas B CBOIO O4YEp llc
onp’GLIeJIﬂeT TI aHARH3a, KOTOPBIA MoxKeT OBITb OCYUIECTBJIEH
sriomp Aaupbi, CyHMCcTByeT YeTbipe IIKajbl H3MCDEHHH, np6uqu
kamaas focaelyomas Gojee TOYHa, YeM Ipeiblayumias, u oojee
wedopMaripHa. [lepBele 132 — 3T0 HOMHHAJBHAf 1  NOPsLKOBAA
rasbl, B KOTOPBIX 1I3MeDPEHHS MONPOCTY K.IacCuQHUUPYIOTCA KaK
gEe B3aUMHO HCKJIIOYawUIHe IPYT Apyra KaTEI‘Op}XH.DﬂBe nocJen-
Hie [IKajbl — IHTEPBAJbHAA U IIKa7a  OTHOLICHHH — ABJAIOTCA
KaK pas TeM, 4TO Mbl OOBIYHO CUHTAEM <H3MEPEHHAMH», TaK Kak
OHI 3aKJA0YaloT B cefe H3MEepeHHs BeJHUYHH IPH3HAKA.

HoMiueanpdas IIKajga H3MepeHH{l ocHOBaHa Ha K/aacCHOUKAIMH
gaGmioseHufl BO B3aKHMEO HCKJOYAlOUIHe APYr ApPyra KaTeropHH
OAMHAKOBOTO THMA. DTH KATErOpHM MOTYT OBITH 0603HaYeHH LiBe-
TaMH{, HamprMep, KpacHbd, 3eJeHbld, rofy6o# wWax CHMBOJIAMH
«A», «B>», «C», nan usucaamy, OIHAKO YHCJIA MOTYT HCIOJb30BATh-
off TPOCTO Kax HAGHTH(UKATOPH, T. €. MOXKeT He CYLIeCTBOBAaTb
conTHOmeuits «2 BaBoe Gogwille 1» uan «b Goabwe 4». Knaccudu-
Kalsl iCKOTAeMbIX OCTATKOB M0 THNAaM ~— IIPHMED HOMHHAJBbHHIX
szvepennit. OTHeCeHHe OAHYUX IICKONAEMBIX OCTATKOB K Gpaxuomno-
naM, a APVIHX — K KDPHHOMIESM HHUYero He TOBOPHUT 06 OTHOCH-
TeJLHOM 3HZYEHUH HJAH BeAHYHHE TeX H ADYTHX.

MozkHO coCcUHTaTb 4Hcs0 HAGMIOACHHH KaXk[AOTO THIA B HOMH-
HaspHON cHCTEMe M 3aTeM HCNOJb30BaTh 1J5 HX 06pabOTKH KaKHe-
mufo HemapamerpHueckue kpurepuu. Kraccuueckufi npHmep AaH-
HLIX 3TOTO THIA, KOTODBLIE Mp! OyldeM 4acTO paccMaTpHBaTh HHU-
JKe, — nofABJaenne rep6a wiH pemIKM INpH  OpOCaHHM  MOHETHL.
[IpuMepoM reoJoriuecKoro sxBHBAJIeHTa 3THX AAHHEIX MOXKeET CJy-
KUTH HOABJEHHC 3€pEeH NSICBOr0 mhnata HJAM KBapla BIOJb nepe-
cegegnsa wauda. Ksapu 1 moaeBofl wnat ofpa3ylT JBe B3aHMHO
HCKTIOYAKOIHe O1Ha ADYIYD KaTerOpHH, KOTOphle HEeJb3s HHKaKHM
00pa30M OCMBICJEHHO paHXKHUPOBATE.

Muoraa paHXKupoBKY H2GJI0JeHHI MOMXKHO IIPOBECTH HEPapXH-
yeckum cnocobom. Hlxara rtBeprocTn Mooca — ueTkuit  npumep
MOPAARCBef mkaan, XoTd TBSPAOCTh MUHEPAJOB B INKaJe, HMEH-
weft pecsite aeaennft (o1 9 1o 10), vBeaHuuBaercs ¢ NOBLINIEHHEM
paHra, pasHOCTH MeXIV COCeIHHMHU YPOBHSMH pasJHuHbl, Pasiau-
ane Memay abcomoTHOW TBepAOCTbIO asaMasa (paHr 9) 6Goablie,
9eM pas/andlie MeXITy BleMi ocTalbHBIMH padramu (ot 0 go 9).
Axasornuno MeTaMOpdHUECKHe NOPOALI MOXKHO PaHKHPOBATH IO
CTeNeHH MeTaMopdHaMa, <0topas OTPaKaeT HHTeHCHBHOCTL MeTa-
Mopduueckero naMeneuA. OJHAKO NMEPEXOAB MeXIy pa3HEIMH
YPOBHAMH He OTPaXKalOT €IUHOH 3aKOHOMEDHOCTH II3MEHEHHS TeM-
IepaTypsl 1 NaBJeHHS.

Kak u n1s nauHbIXx  HOMHHAABHON WIKaJb, KOJHYECTBEHHHL
AHAJH3 TOPAAKOBBIX H3MEPEHHH OrpadHHuYeH TIJaBHBIM 06pa3oM
TOICYETOM 4HC/Ia HaOMIOASHH{ B DA3JHYHBIX cocTOsHHAX. OJHAKO
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MBI MOXKEM TaKiKe PacCMOTPETh CHOCGO, KOTOPERIM  YIIOPSAOYeHbE
Pa3JiHuHble NOPSAKOBBIE KJACChl, cJeiyloliue OAMH 3a JPYrHM.
D10 nenaercs, HalpuMep, NPH ONPEREJEHBHU TOrG, HMEIOT JH CO-
CTOSIHUSA, [OSIBJsIOLLsecsT HEOOBIUHOR YHCJAO pas, TEHAEHUHIO CJe-
AoBaTh 3a HauGojee WM HaHMeHee 9aCTHIMH COCTOSIHHSIMH NOPSA-
KOBOW HIKAaJIHl.

HurtepBanbBas mkaja — wxkaga, rie LJHHA IOCJA€10BaTeJbHBIX
HHTepBaJoB [ocTosiHHAa, Hambonee pacnmpocTpaHeHHB mpumep —
TeMneparypHas wWxaja. YBeJHYeHHe TeMnePaTyphl B HHTepBaJje OT
10 1o 20°C Touno raxoe e, Kak vBeausesne Mexay 110 u 120°C.
Onnaxko MHTepBaJbHasi IIKaJa He HMEeT eCTeCTBEHHOrO Hyas, uan
TOYKH, Iie BENTHUHHA SIBJISIeTCst HeCyIUeCcTEYIOWeHd. TakuMm obpasoM,
OTPHUATEJLHBIE TEMIEPATYPE — 3TC I[IPOCTO TEMNEPATYPH  HHXKe
YCJAOBHOTO Hy/s. Hadagiphas TOuka OTCYeTa AJN%  CTOrpalycHOH
WKaJpl Oblyia BhiOpaHa NPOH3BOJIBHO, K4k TOUKa 3aMep3aHild BO-
abl. B abconrornoit mxasne Keabsuna touxa 0 K 06o3Hauaer Tewm-
neparypy, lLipi KOTODOH OCTAHABJHBAETCH MOJIEKYJspHOEe IBHIKe-
Hue. Huxakas Temneparypa He MoeT OHTb HHMKe 3TOH. Taknm
o6pa30M,u wrkajsa KeapBuHa ABIAeTCS He HHTEPBasbHON WIKAJOH,
a IIKaJoH OTHOIIEHHH,

[Ikana orHOWEHHA HMeeT He TOJAbKO OLHHAKOBHe nplHpalleHus
MEXIy OTACNbHBIMHU FpafallHsiMH, HCH HCTHHHYIO HYJEBYIO TOYKY.
Usmepennss AJHHBL OTHOCATCA K 3TOMy Tunmy. JlJAuWHa B IBe eaH-
HHIBl BABOE NPEBOCXOAHT AJHHY B oaHy eamunuy. He cymectsyer
06beKTOB HyJseBoii AuHE. OO6LEnpHHATO, YUTO OTPHLATENbHBIX
OJHH HEe MOXKeT OBITb.

Ilkana orHowmeHuit — HauBbiclias GopMa uamepeHuil. C ee mo-
MOIIBIO MOXKHO OCYWIECTBHTbL BCe THIH MaTeMaTHUYeCKHX M CTATH-
CTHYECKHX onepaunil. XOTsl HHTepBa/ibHasl WKaja TEOPETHUECKH
MeHee MH(QOPMATHBHA, YeM IIKaJa OTHOWIEHHH, MJs MHOTHX LeJef
o6e MOTYT ObITb HCIHOJb30BAHE C OLHHAKOBHIM YCIEXOM. BOMbIumH-
CTBO TeOQJIOTHYECKHX H3MEPEHHH OCYUIECTBASETCH Ha MIKaje OTHO-
UIeHHH, IOTOMY YTO OHH COCTOAT H3 H3MepeHHMil IJIHHB, 0GbeMa,
Maccel M T. 1. B caenylomux rnaBax Mbl npexze Bcero GygeM ka-
CaThCSl aHANH3A HHTEPBAJNBHBEIX H OTHOCHTEJNbHBIX JaHHBIX., Mexay
HUMH He OyHeT lHesaTbcsi HHUKAKOrO pasiuuusi; 6oJee 7TOro, HX
MO>XHO COBMECTHO HCIMOJIb3OBATH IIPH DPELICHHH OLHON I TOH xXKe 3a-
Aauu. Takoro poja npuMep BCTpeyaeTcss B aHajH3e NOBEPXHOCTEH
TPEHAa, TAe QYHKUHS MOXeT GhTb H3MepeHa MO luKaJe OTHOLIe-
HHH, TOrja Kak reorpaduueckHe KOOPAHBATH, SIBJASIOLIHECS apry-
MEHTAMH, — [0 HHTEPBAJLHON IUKaje, Tak KaK HayaJlo KOOpAHHAT-
HOH CETKH MOXHO BHI6DaTh NPOH3BOJBLHO.

JIO)KHASI YBEPEHHOCTD

D1y riaBy MOMKHO ObIO 6B 3aKOHUHTH  CJELYIOUIHM npeny-
npexnenueM. [IpHMeHSss MaTeMaTHYeCKHe METOLB, MOXKHO zany-
TaTbC B T€X H3 HHX, KOTODHIE HMEIOT HEeKYI0 NPETEeH3HI0 Ha TOu-
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HOCTb, B HEKOTOPOM TDHOJIMXKEHHH  BBIp2XKalOT  CYLIECTBYIOUIUE
cOOTHOIIIEHHS H OCHOBaHBl, KaK 3TO NPHHSTO CYHTaTb, Ha HEMOrpe-
IIMMBIX NpOLEAYpax. 3aMeTHM, 4YTO BLIUHCJHMTE/bHBIE —MAiIHHBL
VO}KHO HCIIOJB30BAaTh KaK OueHb 3(QeKTIBHOe CPEACTBO 3ailyrn-
pannd. Tak, MpelcTaBjeHHe UHCJEHHBIX MacCHBOB C TOYHOCTBIO AC
BOCLMH AECSTHYHBIX 3HAKOB OOBIYHO MOAABJISET yMBl MHCTHX JIO-
qefi W YTBEpPKIAeT MX LPHPOAHBII CKENTHIE3M. Ieosorideckuy
{oKaaj, HCIOJAB3YIOLIUI MaTeMaTHUeCKHe TEePMHHBl H IIEpEioJHEH-
4Bl UUCJEHHBIMM JaHHBIMH, OOBIYHO OTOYTBaeT BCEX, KpOMe He-
\MHOFHX KPHUTHKOB, H Ja)ke Te, KTO MOHHMaeT €ro M MOMer 1aThb
sOBACHEHIS, AeJaloT 3T0 Ha HempodeccHoHanbHOM yposHe. klrak,
i| JOKJAaJ, H KPHTHKA NPOXOAAT CKBO3b  yMbl [PCANOIATAEMOH
ayanropui. OgHako HauboJpliast ONMACHOCTL AdA  HCCJIS10BaTels
iaxoadica B HeM camoM. Ecau eMy [PHXOAHTC  HMETh 4€10 C
COGCTBEHHOH BBIYHCJAHMTENbHON MaIIHHOH, OH  MOXKET INepectarh
LDHTHUECKH 2HAJHM3MPOBATh CBOH AaHHBIE H METOABl HX HHICpIipe-
TaUMH. 3arunuHOTHZHPOBAHHLII UYHC/IAMH, He BHAS HHMYEro 3a ipe-
JeJaMH BHIUNCJHTENbHOH JabopaTophH, OH MOXET NpHHTH K ca-
MBIM HeJenbiM 3akmaoueHuaMm. Heobxoammo Bcerja nHMeTb B BHAY
i13peueriie, OGBIYHO HMeIOLleecas Ha CTeHaX KaxIOro BRIYHCIUTENb-
HOrO IEHTPa: «UTO TIOCEEUIb, TO H IOXHEIIb>. i

[naBa HauuHagach C OHO HMTATB, 3aKOHUYHM €e IDYIoi.
Caenyrouiie cjgoBa GbIIM OCTaBJEHB HAa MOEM CTCJ€ HEH3BECTHBIM

HPHTHKOM.

«Hro moscer OviTe O2paHUiCHHES, Hem
66800 Hegeprulx Cantbix ¢ IBM u naus-
Has Hadexoa noayuuTs YTOYHERHOIE HA-
noeOHOBCKOE petierue?s,

Mariop Aunexcanap Il me Cepepcky
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Iaasa 2
SJEMEHTAPHAYA CTATUCTHUKA

HecmoTps Ha TO, 4TO HEMOCPEACTBeHHBle HaGJIONEHUS TeO0JIOrOB
OrpaHH4YeHbl NOBEPXHOCTHIO 3€MHOH KOPBl, ¢ HX IOMOILLIO [bITa-
IOTC5 BBISICHHTDL NPHPOAY #AApa Il MAHTHH, a Takke INIyOHHHBIX
CJIOEB 3eMHOK KOpbl. Kpowme Toro, H3y4aloTcs NPOLECCH 3BOJIOLIH
3eMJH, TarkHe, Kax ropoo6pasoBaHue i Pa3BHTHE KOHTHHEHTOB, He-
AocaraeMele 1z OpAMOro JccseloBanud. Ecau He cuurarte acTpo-
HOMOB, TO HE CyiUleCTBYeT APYroil rpylnel yueHbIX, Gojiee yaasieH-
HBIX OT MpEAMeTa ICCJeI0OBAHHA H HMEIOUIHX MEHbIIHe BO3MOMKHO-
CTi SKCIEPIIMENTHPOBATL Hal HUM, YeM reoJoru. I'eosorus B 3Ha-
HHTEJNLHON CTCHEHH OCTaeTCsi HayKOH, OCHOBAHHON Ha HaO0JIOACHH-
AX, B 4aCTHOCTH HA TAaKHX, KOTODBIE COAEPXKAT GOJbIIYIO JIOJI0 He-
ONpPEeIeJeHHOCTH. B CBSI3H ¢ STHM CTATHCTHKe [IpeHa3HAYeHO HUI-
Path OTPOMHYIO POJIb B NOAOCHLIX HCCJIENOBAHHNX. HecMorpst Ha
TO, 4TO NEpBOHAYAJIBHO TEDMHH «CTATHCTHKA®» HMeJd OTHOLICHHE X
IIOACHETY YHCJOBBIX XaPaKTEPHCTHK, KAK, HANpuiep, npH Hrpe B
oelicboa, cefivac oHa NIDUMEHsETC W AJisi aHaJili3a JaHHBIX, OCO-
6EHHO B YCJOBHSX HeonpegesieHHOCTH, CraTHCTHYECKHe 3,aLLatm
CKPLITO HJII SIBHO BCTPCUAIOTCA TAM, [A€ COZEPAKHTCH  3J4eMEHT
cayqanHocTH, ['eodory JOJKHBI [IMETh npeacraBsaeHHe o006 3THX
giﬁjaqax H O TeX CTATHCTHYECKHX [PHEMAX, KOTODHE [O3BOJTIOT HX

aTh.,

BEPOSATHOCTD

Hecmotps Ha TO, yro cymecrtsyer wmHoro PYKOBOACTB 10 TeO-
DIl BepOATHOCTEll, NpeAcTaBIsiercs MOJE3HBIM OCTAHOBUTLCH Ha
TOM, KaK OMpELe/ISeTCA BCPOATHOE COOBITHE 4Yepe3 BO3MOMKHOE
B moGom sBienin cymecTByer HeKOTOPOE MHOMKECTEO (Hﬂomé
OecKOHeyHOE) BO3MOXKHBIX HCXOAO0B, KOTOPhle HAaXOAATCH B Bepo-
ATHOCTHOH 3aBHCHMOCTH, ONMHCBLIBAEMOH YacTOTOH BCTpedaeMocTH
AHaNH3HPYs BEPOATHOCTH 3TUX HCXOAOB, MOMKHO OLEHITH IIOBElIe:
HHE H3y4aeMOro o6beKTa WM COOLITHS B NPOLIJIOM HJH Oynyuiem

Kaxapiil H3 HAc nMeeT HHTYHTHBHOE NpencTaBjeHHe o Bepom-.
goctu. Hanpuwep, ecan Bac cnpocsit, 6vier au 3aBTpa NOX/b, Bbi
OTBETHTE C HEKOTOPOH CTEeneHbId YBEPCHHOCTH, YTO MOMIb 160
BO3MOEH, JIH0O HEBO3MOXKeH, HJIN B PENKOM CAYYae, 4TO HOKAnL
6yner 006s3aTe/IbHO, HJIH, HAOGOPOT, YTO AOKIH HaBep’Hm\'a I{e‘6ﬂ‘
ner. OQHUM H3 croco6OB BHIPAKEHHS Hamref YBEPEeHHOCTH FBJIHQ}T:
CA YHCNIOBas IWIKaJa, HanpuMep, NpoueHTHad. ECAH Mb mosarae
YTO BEPOATHOCTH TOTO, YTO modger moxab 30%, To BepOHTHOC’;b,
TOro, 4TO JOXAs He Gyner, paHa 70Y%. ’
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Vuenpe OOBIUHO BHIPAXKalOT BePOATHOCTb WICJIAMH OT 0 no f
JiJH SKBHBAJCHTHBIM YHCJIOM TIPOLEHTOB OT 0 no 109%. Ecan MbE
rORODPHM, UTO BEPOSTHOCTb MOXKAs 3daBTpa 0, mpt adCcoJlTHO YBE-
~cHL B TOM, uYTO JOXKAs 3aBTpa He Oyner. QOjHaKko ecJu MBI TO-
;;QI)HM, YTO BEPOATHOCTb HOXKAS 1, Mbl aGCOMIOTHO YBEPEHH B TOM,
470 10%1b OyAeT. BepoaTHOCTb, BEIpaKeHHasn TAKHM crnoco6oM,
1oi06Ha VIBEpPXKAECHUIO O npaBaono106un COOBITHA. A6coa0THON
BEPCHHOCTH COOTBETCTBYIOT KpailHne 3HaueHis iixajl, a pasauy-
Hoil CTeneHI YBePEHHOCTH — IIPOMENKYTOUHBIE. HanpuMep, €cJ/iH Mb!
~OBODHM, YTO BEPOSTHOCTb N0XKAd 3aBTpa paBHa 1/2 (a 3HauurT,
.. 10rO, 4TO 10KAs He Oyger, Toxe 1/2), MBI BblpaiKaeM CBOIO
TOUKY 3peHIs ¢ HanMeHblIeil CTeNeHblo yBEPCHHOCTH. Ecin  MH
rOBOPHM, YTO BEpPOSITHOCTH A0XK1s paBHa 3/4 (a TOroO, UTO QOIS
so 6vier, 1/4), Mbl BbpazaeM MCHbIIYIO CTCIEHD HeyBepeHHOCTII,
Tax Kak BepOATHOCTH AOKAsS B 3 pasa GoJblue BEPOATHOCTH TOTO,
470 10419 He Oviaer.

Hawy oneHKH BepPOSTHOCTH NOSBJEHHA JOXKIA MOLYT OBITH OC-
HOBAHLI Ha MHOrHX (akTopax, a Takze Ha CYyObexTHBHBIX ollylle-
augx. Mul, 01HAKO, OyaeM HCHoIb30BATbL APYroii MOAXOJ, MO3BOJA-
womifi Ha OCHOBAHHH IIPEAUNIECTBYIOLLErO TOBeleHHs sBJCHIA, Ta-
LOro, HanpnMep, Kak Morela, npeiBiIeTb €ro NOoBelcHHE B oyay-
mea. Tawofi nOAX04 K ONPededellio BeposiTHOCTH 4€pe3 «OTHOCH-
TesbHLIe UACTOTBI» MHTYHTHBHO NpHEMJIEM reosoraMi, Tak Kak 374
LOBLIENIUIS TecHO CBsi3aHa C NOHATHEM OAHOPOIHOCTH. B HEKOTO-
pHIX caydasx ObIBAlOT MOJIE3HB APyrHe MOAXOAbl K OMNPEAC/IEHHIO
BepOSITHOCTH, HO Mbl He OyileM Ha HHX OCTaHaBJAHBATHCH, TAK Kak
OHl 101pOBHO M3a0XKeHb B KHurax Quiepa [10] u ¢on Museca
[31}.

[IpuMep C J0KAeM SIBAAETCA AHCKPETHbIM, TaKk Kak 3aeck
107K1b MOMKET OHITb, a MOMKeT 1l He ObTh. Kiaccuuecxuil aickper-
nelfl mpHMep, NMPHBOAHMBIA BO BCeX PYKOBOACTBAX IO TEOPHH Be-
posiTHOCTCH, cBfizan ¢ Gpocaniicy mpapHibHoll MoieTol. Oano 670
caHupe [IMeeT 1Ba HCXofa: repl H pelika, KOTOpLIC DaBHOBEPOATHLIL
TloaToMy BepOSNTHOCTb BHIMaJCHHUS repb6a paBHa 1/2. IT0o, KOHEUHO,
53Havaer He 1O, YTO B KaXKJOM BTOpOM GpocaHli Bblnajer repo,
4 CKOpee TO, UTO HPH AOCTATOYHO OOJBIIOM umcJe OpocaHnil mpH-
H113UTEIbHO TIOJOBHHA HCXOA0B — repOu. bpocanne MOHETH —
OYeHb XOpOoINil NpHMep [Js WIIOCTPAallHH OfpejejleHHs BeposT-
socti. CoGbITHE HMEET aBa HCXOAd, M OAHMH H3 HHX 0053aTesIbHO
Dvi1eT HMeTh MeCTO; ¢CJi He YYHThIBATh OueHb Malyl BepOsTHOCTD
TOTO, 4TO MOHETa MOXKeT BCTaTh pebpoM, TO BCerja BHINAAET JH-
G0 rep6, JubO peuxa.

Ha ocnose cxembl OpocaHHs MOHETH MOXKHO IIOCTPOHTb HHTE-
PECHYIO NOCJAeAOBaTeNbHOCTh BeposiTHocTeH. Ecaun  BeposiTHOCTB
BuinageHust rep6a paBHa 1/2, TO BEepPOATHOCTL BHINALEHHA ABYX
rep6oB npu ABYX OpocaHusx paBHa 1/2-1/2=1/4. [lanee BeposaT-
HOCTh BmIMajdeHUdA Tpex TrepboB npu Tpex OpocaHuUsix paBHa
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1/2-1/2-1/2=1/8. O6ocHOBaHHE 3TOH nporpeccuu mpocToe. B mep-
‘BOM GpocaHuy BepOATHOCTbL BhTajeHHst repGa 1/2. Tax kak HCXOZR,
BTOpOro GpocaHis He 3aBHUCHT OT NEPBOrO, HAamH BO3MOKHOCTH
noJMy4HTh repé Bo BTOpOM Opocalum cHoBa 1/2. [Moxo6Ho 3ITOMY,
TpeTbe 6pOCaHiie He 3aBHCHT OT MPEABIAYLULHX, H BEPOSTHOCTH BHI-
‘TajeHust repba B TpeTbeM GpocaHui cHOBa paBHa 1/2. Hrax, Be-
POATHOCTD BBITIANEHHA TPeX repGOB COCTaBJSIET <«IOJNOBHHY [1010-
BHHBI [1OJIOBHHBI.

Ilpeanonoxum, uro Temepn Ham HyXKHO ONpeNe/iiTh  BepOosAT-
HOCTL BLINAACHHS TOMILKO OJAHOrO rep6a B Tpex Gpocanusx. Me-
I0TCA CJaelyroline BO3MOXKHble ucxoan (I'— rep6; P — pemka):

ITT  IPr PPP
[TP PIT [PID]
[[PP] [PDT]

B ckofxax B3sitel Te KoMGHHanum, KOTOpble  Y10BJAETBOPAIOT
HauiiM TpeGOBAHHAM, T. €. OHM COIEPIKAT TONLKO OIIH rep6. Tax
Kark HuMeercst 8 pasanuHbIX KOMOHHALI, BEPOSITHOCTL IOJYUEHHS
TOIBRO ORHOrO repba mpu Tpex GpocaHusix pasHa 3/8.

Honyuennoe mamir wucao npexcrasaser coGofi YHCJ0 BO3MOGHK-
HBIX KOMOWHAUMI 13 Tpex no oaromy. Q6ofumast sTor npivep,
MOZHO ONPENEJTHTb YHCJIO BO3MOMKHLIX COUETAHI H3 f 3/JCMEHTOB

n
o r. IT10 YHCJIO CHMBOJHYECKU 11306p8}1{a€TCH Tak ( )
L

MoxKHO fOKa3aTh, YTO YHCJIO cOyeTaHN H3 n 3JeMEHTOB 1o
7 paBHO
l

e (2.1)

ri(n -—r)!

Bockaunarensuniii anak o6o3nauaer takro

pian, u n! ects npo-
Y3BEeHHE I NOC/JACNOBATE/LHBIX LEJBIX YHCEJ:

nl=1.2.3...n (2.2)
3nauenne 3! paBuo 3-2-1=6. B naweii 3azaue
(3) 3! 3:2-1 6

V1 1=

SlG—nT Loy S5 =0

3
T. €. HMeEeTCAd TPH BO3MOXKHLIe KOM6I/IHaLLHI/I, comepxaluiue oOauH

rep6. Tak e BBIYHCAHM YHCJO BO3MOMKHDIX KoMOHHaLuf, coxep-
AKaluHx 1Ba repba:

3)_ 3! _3-24_1_3
\2/ T3 —2)t T 2.1() T 2

ITT  [TPI'] PPP

[ITTP} {PIT] PIP

PP PPT
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Tpebyemble KOoMOHHALU B3SITH B CKOOKH. Haxoaeg,mgon?;(g
BO3MOKHBIX KOMOHHaUui npu Tpex OpocaHusx COACP

repba?

3 3! 321
(3) 3(3—38)! — 3-2-1(1)
3aMeTHM, WTO IO onpejeseruio uucyao 0! paBHO He HyJO, a 1.

HaxoHel, OCTAeTc BO3MOXHOCTb, KOTKa IpH Tpex 6pocatmséx‘fé$
gmraZaeT HH OJHOro repba, W YHCJIO TaKHX KoMOuHaAuuia Oya

paBHO

3 3! 321

<o> T 0(3—0)! T 1(3-2:1)
TaxuMm 06pa3oM, NP Tpex GPOCaHHAX MOHETH MMEETCA o;mﬂ;iH Br(;;:
MOMKHOCTb He TOJYYlTh HH OAHOro rep6a, TpH BosMo>K6Hoc no-
JYYHTb ONMH repl, TPH BO3MOXNHOCTH IOJYYHTb ABa repba H ;130_
BO3MOXKHOCTb TNOJIY4HTH TPH repba. ITOT g)lfcsyglfaq* MOXHO

MUeCKH, KaK 3TO cjesaHO Ha . 2.1,

6pa§’{gbm:gjgmiqioa(;qmam ofliee UHCIO BO3MONKHBIX HCXOLOB,
KOTOpOE PaBHO BOCHMH, & 3aTeM mpeofpasoBarTb 4aCTOTHI HOSBQ?-
HuS OTAeJdbHBIX COBLITHI B BepoATHOCTH. KMuaue TroBOpS, BepO
HOCTb OTCYTCTBH# TepGOB npH Tpex OpocaHHAX, T. €. BEpPOATHOCTD
BLINAZEHHST ONHOI KOMOHHAIMU CpPEAH BOCbMH BO3MOXKHBIX, paB}fab
1/8. TlpeoGpasyem Temepb THCTOrpaMMy pHC. 92.1, OTKJ1a/]1bIBas (;T(:
BePTHKAJBHON OCH BMECTO 4MCJIa KOMOMHAUHH BEPOSTHOCTH CO
BeTCTBYVIOWIUX cOOBITHH. MBl NOJNY4YHM JHCKPETHOE pacnpe:xg%eﬂne
Bepomiﬂocreﬁ, rpadik KOTOPOro npefcTaBjieH Ha pHC. 2..‘2.6 mel:wﬂ
cymMMma Bcex BeposiTHocTell paBHa 8/8 man 1. Takum oGpasom,
coGbITHE, 3aKAlOuawolleecs B TOM, 4YTO Kaxas-Jubo K0M6HHaFuHﬂ
71pH Tpex OpOCaHHSAX OCYLIECTBHTCS, fBJISETCs AOCTOBEPHHIM. I'pa-
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Yucno repbos Yucno repbos

Puc. 2.1. 3awrpuxoBaHHas o6JacTb

Ha rpaduKe NOKa3HBAaeT UUCJIO Das-

JIHYHBIX ¢mocOBOB MONYyYeHUs 3ajaH-

Horo uucnaa rep6os npu tpex Gpoca-
HHSEX MOHETH

Puc. 2.2. JuckpetHoe pacnpeaeseHue,

II0Ka3biBaollee BEPOSITHOCTb MOJYYeHHS

3a8JaHHOTO ykcaa rep6os mpu Tpex 6po-
CaHHAX MOHETH
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QUK dyHKUHU pacnipeseseHus XdDAKTEPU3YeT BEPOSITHOCTH BHINa-
ACHHST KaKOH-1u60 3ajaHHOH KOMOHHALHK.

JKcnepuMeHT OpocaHHsT MOHeTH obsafaer Y9EeTHIPbMSA 0cobeH-
HOCTAMH:

1) B xaxmom HenbiTaHmu (1M GpocaHuH) HMeeTcs ToabKO 1Ba
BO3MOXKHBIX HCXoOma (Ha30BeM Hx «ycnex» MJN <«Heyzadas);

2) HCXOX KaXAOTO HCOHTAHHS He 3aBHCHT OT NpPEABIVIIHX HC-
X0J0B;

3) BEpOATHOCTL ycnexa He MeHsieTcs OT HCHNHITAHHS K HCOBITZ-
HUIO;

4) HCOBITaHMS NOBTOPSIOTCA 3anaHHOE YHCJIO pas.

Pacnpenenenne BEPOATHOCTEH, COOTBETCTBYIOWUce yKd3aHHOMY
HaMH THIY 3KCIICDHMEHTa, Ha3blBaeTcs GUHOMHAJLHBIM pacnpeie-
JICHHEM,

B xauectse npumepa TEOJIOTHYRCKHX NPHJOXKEHHH MOMKHO yro-
MSHYTb NpeJ1CKasaHHe BepOATHOCTH ycnexa npu Oypennu Hedrs-
HLIX M Ta30BBIX CKBaXHH. Uerkipe [ICPCYHCINEHHLIX BLIUIE XapaKre-
PHCTHKH JOJUKHBEI TIPEANONAraThCs CIpaBeqIHBEIMH:  IONyIIEHHs
N0106HOTO poia KaxkyTest HauGoJee [IPHEMJIRMBIMH TIDH HCHOJDB30-
BAaHHH METOAa <AMKOH KOWKH» mpu pa3Belke B CpPaBHUTEABHO Ma-
J10 H3y4YeHHOM OGaccefine, CnenoBarenbHo, O6HROMHANLHEOe pacnpe-
ACJCHHE YacTO HCHOJAB3YeTCsT nJst pEICKa3aHns pe3ynbTaToB 6y-
PeHHs Ha rpaHMIe o6aacTH uan 3a npenenamMu KOHIECCHII,

B npeanoaoxenur o CHPaBeAIHBOCTH GHHOMHAJIbLHOLG pacmpe-
ACJCHHS KaXKIBH De3yJbTaT MpuMeHeHHs MeTOda <«AMKOIl KOIiKH»
MOKET GbiTh KJIaCCHOHUHUPOBAH JHO0 Kak COTKDBITHE® («ycHex»)
THOO KaK nyeTas cKkBaxuHa («Heynaua»). Iocnenosatensupe we-
NBITAHHA Npeanogaralorca HE3ABHCUMBIMH, T. €. ycmex uau He-
viata B OIHOH CKBaxKHHe He BJHsSeT Ha pesyabraT onpofoRaHNa
B ApYyroii ckBaxuue. (1o AONylleHHe TPYAHO O6OCHOBATH Mo
MHOTHM OGCTOATE/ILCTBAM, Tax Kak OTKPBITHE OOBIYHO BaHAeT Ha
PE3YIbTATLL HCC/IEI0BAKHS CJeAYIOLIHX CkBaxuH. IlosiBaeHue 110-
CJI€10BATE/ILHOCTH NYCTHIX CKBAXKHH TaKiKe NPUBONHT K H3MEHeHHIo
POrpaMMbl pasBeax.). Haxkowern, GHHOMHANBHOE  pachpenesenue
OKa3bIBaeTCH IOAXOMSILNM, ecJH (HKCHPOBaHHOE WHCMO CKBAIKHE
6yAeT npoGypeHo B mpouecce P43BeIKH HJH B TeYEHHEe €IHHMYHOIG
IEpHO1a BpeMeHH (HanpuMep, GIOMKeTHOro WHKa), s Kotoporo
TIPOBe1eHO NPOrHO3HPOBaHHe,

3a BepoATHOCTL P OTKDHITHS HedTSAHOrO Ian Ta3oBOro MecTo-
POXIEHHST METOAOM <«AHKOH KOINKHS [IPHHAMAKOTCA  LIHPOKO me-
HOJB3yeMble B IIPOMBIIIECHHOCTH OTHOINEHHS, XapaKTepH3ylouine
yenex OypeHHs, KOTOphle 6blu HaGJIONeHbl B Tpouecch 6ypenus
B QHAJOIHYHBIX DETHOHAX, MJAH aHANOTHUHLe OTHOWICHHS, nOMyYeH-
Hble KOMIAHHSIMH, AeJalomHMu OUEHKH, HJH e Ipocro cyObex-

HOCTH p B GHHOMHAJIBHOH Monenn s PasBeNOUHOM 6Gypernu mpe-
AYCMOTpeHbl CJEAYIOLIHE 3TNk
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» auuM 4e-
1) BeposiTHOCTH «ycrnexa» OypeHHs CKBaxHHbI 0603H

pes p,

3 atedb

3; BEPOATHOCTDL TOTO, HTO B pesﬂyanaT’e HOCJIGI;?(];}K T mycTa-
HUS 1 CKBaXXHH METOAOM <«IAHKOH KOIIKH» BCE Yy

pe o

obo3HayuM uepe3 l1—p,
BEpOSITHOCTh «HEyJAauH» OypeHust woror y-

MH, €CTb
P=(1—p)"

OKaxer-
4) peposiTHOCTH TOrO, YTO f-st NpOOypeHHas CKBa}ﬁ{nHHHaoxamchﬂ
csl TPOIYKTHBHOM, npuyeM n—I1 Npeipayliux CKBa

NyCTHIMH, paBHA
P = (1—p)"'p;

£ i 5 B
5) BepOSATHOCTb MOSBJEHHSA OAHOI NPOJIYKTHBHOM CL:)BN?Xi;};IKOﬁ
1OCNeAOBATEJBHOCTI 7 CKBaXHUH, IPOOYPEHHBIX METON
KOIIKH», eCTh 1
P=n(l—p)"'p;

\ (BaXKHH;
TaK Kax IPOJYKTHBHOH MOXKeT OKa3zaTbes Jiobas u3nr?\chxIX I
6) BepOHTHJOCTb Toro, uto Gyner BpobypeHo ’elc_n: ye
MHH, 32 KOTOPBIMH IOCJEAYeT r MPOAYKTHBHBIX,

P=(1—p)"p7,
(BaXKHH
7) 0IHAKO M-——r NYCTBIX CKBaXHH H r MPOAYKTHBHBIX CKBaXH
" KBUBAJIeHTHO,
I, WIH, 4TO 3X
BIGpaHbL ( ) criocoBaMil, ,
MOryT ObITb BBIOD .

CTh TO
n! pasnnysniMu crnocobamn. Tak, BepOATHOCTb TOro, 4

1y .
B(,;]I_).O’;')b;‘MMe 6y’)€HHH METOAOM <«JIHKOH KOHIKH» CDelH n CKBaxXHH
‘ I

MOJYUYUM r NPOAYKTHBHBIX, pPaBHa
Y —_ r
P=— e (1—p)"p.

(n—r)r!

(2.3)

i Bepo-
916 — dopMyaa {uHOMHANBHOIO pacnpenenemm},{oscaliargu;gaBHgH_
; ! 'CNEXOB B INOCJEAOBATENbHOCT

ATHOCTL HOJYUYEHIS r yClex : o

i‘f’;b‘lx HCBITAHHE, BEpPOSITHOCTBL yClieXa B KaXXAOM H3 KOTODHIX P
Ha p.
/l)DaBeHCTBo (2.3) MOXHO NOHEMAaTh KaK YypaBHeHHe, KO;%I;(;E
MOXKeT OblTb DeLIeHo, T. e. Moxer OLITL ONPeAesIeHa BEpPOST e
i?ossnemm a060i1 3agaHHOR KOMOHHALMH YCNEXOB K Heynad Sgll
11060M 3aJaHHOM HICJE HCNLITAHMH H 3aJaHHOH Bepomﬂg;:;g.KOM

y Hbl U 3aTa0yaHpOBaHBl LT M
BCPOATHOCTH yiKe BblUHCIIE Jmorux Kow-
¥ TO ypaBHeHHe HJu 0nyb.
Snuannit n, r 1 p. Henoabsys 310 yi ’ "
Hure Xa/baa
< npumep, TabJauUbpl B K
gble TalJaullpl, TakHe, Kak, Ha @
[15], mMoxHO ,ILaTb OTBET Ha MHOTHE BOMNPOCHL. HaanMep];erTlgfél;lo
3 T )
AHTh BEPOSITHOCTH, COO

JIOXHM, YTO MBI XOTHM onpene’ [ )
tife nﬁorpaMMe pasBeaKH B MaJoOH3y4YeHHOM OGacceilHe, conepxka
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HeM NATb CKBaXKHH, TpHYeM OTHOUIEHHE, XapaKTepu3ymllee yCrex
B 3TOM perHoHe, paBHo npumepHo 10%. Kakoa BeposATHOCTH TOrO
4T0 BCA nporpamMma OyeT HOJHOCTHIO Ge3yCnentHo# H Mbl fe no:
JAYYHM HHI OJHOH NPOAYKTHBHOH CcKBaKuHbi? Takoff pe3£n%rm Ha-

3pIBaeTcd INOJHBIM KpPaxOoM 0O OUEBHAHBIM NpHYHHAM, H OHHOMH-
aJbHOE BHIpaKeHHe CONCPIKHT cJaefylouiue YJICHb]

n=>5 r=20;, p=010;

« 7 B Q0 !

Pi= 1 0)-0,100.( 1—0,109° = _5%)’— 1-0,90° = 1-1-0,8%= 0,54,
BepoaTrocTs TOro, UTO B Pe3Y.ILTATe PasBCAKH He Oyler mosvie-
HO HUKAKHX NPOAYKTHBHBIX CKBAKHH, PaBHA MOUTH GO%.A

Ecan TOALKO OAHA CKBAKHHA OKAXKETCH NPOAYKTHBHOI, TG elo
MOTYT OKyMaThcs BCE 3aTpaThl B Mpolecce Pa3BelKH. Karosa Be-
POSITHOCTH TOTO, YTO OJHAa CKBAXKIIHA OKAaXKeTCs NPOAYKTHBHON B
npouecce pasBeiKIl ¢ MATHIO CKBAXKIHAMH? ’ o

/5
P ESS . I, —_ 1 5! = r ~ -~
(\1> 0,10% (10,10 = —2-0,10-0,90" = 5.0,10-0,656=0,325.
¢ Ucnonpsyss aubo GHHOMHAlIbHOe ypaBHeHne Ju6o Tabiauiy
HHOMHAJBHOIO paclnpeleseHys, MOXKHO Ha#TH BEDOSTHOCTH BCeX

BO3MOXHEIX HCXOJOB B Iporpamme Oy
M1 ypEHHs ¢ NATBIO CKBaXKHHaM!
OHu mpeicTaBieHB Ha puc. 2.3. ‘ "
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HYucno ycnexos

Puc. 26,3. JIncKpeTHOR paclpefelenne, 32/ai0lIee BEPOATHOCTL yclexa B nporpam- -
Me GypeHHs NATH CKBaXKHH NPH YCJOBHH, YTO BEPOATHOCTE YCNeXa paBHa 109
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B papyrux npakTHIeCKUX 3afauax, B KOTOPHIX OCHOBHBIE [OIV-
gleRdst OTJMUHBL OT YyKasaHBBIX BpILle, MOIYT OBITH HCHOJNb30BaHB
qpyrie AHNCKPETHHE BEpOSATHOCTHLIE pacnpefenenns. TIpennoJo-
sKEM, HanpuMmep, UTO [e0JIOropasBeoyHas KOMIaHHA HauMepeBaeT-
cs GTKDBITH ABa HOBHIX TONT B MaJo n3ydeHHOM OacCeHHe, npen-
qOJaTAEMOM TeperneKTHBHBIM, U HaMepeBaeTCst npoGypHTb CTOJNBKO
~KBa/KHB, CKOJIBKO norpefyercs anas TOro, uTOBH [AOCTHYUbL  2TOH
negi. Ml MOXKeM HCC/IEL0BATH BepOSITHOCTh TOTO, HTO 1Jisi 3TOro
worpebyerca 2,3,4..., A0 N pasBe/lOUHbIX CKBAXKHH 10 TOro Kak Oy-
1eT OBHapyXeHO NBE NPOLYKTHBHBIX ckpakuHE, MoikHO jpomyc-
TiTn, 4TO Tpefyercs HAJOKATDL Te ke yCJOBHs, KOTOpHIE ObLau
nepedncaens A GrHOMUAABEOIO pacnpenesents, HCKJoyasg OT-
pocseecd K 4HCIY MCTIBITAHKI yCJIOBHE, KOTOpOE Tenephb He dBJA-
etcs GHKCHPOBAHHBIM.

BeposTHOCTHOE pacrpefeaenne, cooTBeTCTBYIOIEE  TAKOMY
3KCTTePUMEHTY, Ha3plBacTCi oTpuHAaTeNbHBIM fUHOMHAJMbHEEIM, U ero
onpejiejerue O4YeHb HallOMHHaeT Olpeie/IcHHe GHHOMHANBHOTO
pacnpeseenus. Kak ¥ B TpeiblylieM NpHMEDE, p ecTb BeposT-
HOCTh MOSABJEHHS MpOAYKTHBHON CKBAXKHHBL H r ecTh YHCJO «YyCIe-
XOB» MM HPOAYKTHBHBIX CKBaXUH. OnHako n, YUCIO UCIBITAHHH,
He 3a7aHO. BMeCcTO TOTO MOXKHO HalTil BEpOATHOCTb TOrO, 4TO 6y~
pet npefypeHo x MyCThIX cKBayKHH pamplue, ueM Oyner crejano r
orkpbiTiil. OTpHUATENBHOC GuHoMHaJbHOE DacrpeleseHne HMEET

BHA

r-x—1\ .

P—( J(1—pr s (2.4)

X
3aMeTHM CXOICTBO MEXAY 3THM ypaBHeHHeM I YDaBHeHHEM (2.3);
qacn r--x—1 nosBAseTCs TOTOMY, HTO mocJeflHsAs U3 TOCJIeNO-
patepHO TPOOYPHBAGMEIX CKBAXMH, AOMKHA OBITH r-M YCHEeXOoM.
dopuyay (2.4) MOXKHO NIPEACTABHTD B CJIE1yIOLEM BHIE:

p_ rHx=D 1 _pFp, 2.5)
(r—1!x!

Tlpearnonaras, 4o BEPOATHOCTH ycriexa, cOOTBETCTBYIOLLas NaH-
HoOMY pervoHy, paBHa 10%, Mbl MOXKeM BHIUNCJIHTH BEPOATHOCTD
TOFG, YTO TEOJOropaspelouHas NPOrpamma c ABYMsI CKBaXKHHaMH
6yieT saBepinena OTKPHITHEM JBYX NPOLYKTHBHEIX CKBAXKHH. Ata
BEpOATHOCTb paBHA o

po. 20D (1 0100.0,10° =
(2— o

- ——1_‘15‘.01900'0,102 = 1'1'0701 = 0)01'

"

&

BeposATHOCTH, CBA3aRHbE C APYrHMH nporpaMMaMu Gypesus, HMe-
T pasiuulble YHCNA CKBAXWH, H HX MOXHO HaliTH aHaJOTHYHHM
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o6pa3oM. BeposTHoCTL TOrO, YTO AJA NOCTHMKEHUA ycnexa B ABYX
HCIILITaHHAX TpeGyeTcsl NATh CKBaXKHH, paBHA

p=LH+3=1 1 _ 01050100 = 2£.0729.0,01 = 0,029,
(2—=nt3! ' 16
BriuncsiennLIe BEpPOSTHOCTH HH3KH NMOTOMY, UTO OHil CBS3aHLI C BO3-
MOKHOCTDIO NOABJICHHS [ABYX NDOAYKTHBHBIX I B TOYHOCTH X IyC-
THX CKkBaxuH. [losestnee paccMOTpeTs pacnpeiesetiie BEpOATHOCTH
TOro, 4to Go0Jiee X CKBaXKHH AOJKHO OHTb HpOOYpPCHO 10  TOTO
KaK LeJb, COCTOAIlas B NOSIBJECHHH r NPOAYKTHBHBIX CKBaiKilH, Gy-
AeT NOCTHTHYTA. DTy BEPOATHOCTL MOMKHO TMOJYYilTh, €CJaH cHauada
IIOCTPOHTL OTpHIaTeJbHOe OHHOMHHAJbHOE pacrpeieselue B Ky-
MYJATHBHOH (opMe, naiollee BepOSTHOCTb TOTO, UTO GYAeT A0-
CTHPHYTO JBa ycnexa npu OypeHHH (X7 HJH MeHee CKBaXKHH),
Kak 3T0 H300paxeHo Ha puc. 2.4. Buunras najnce KamAaylo H3 ITHX
BeposaTHOCTEH M3 1,0, moayuum xegsaeMoe pacnpejesedue BepoAT-
Hoctedd (puc. 2.5). OrpuuarenbHoe GHHOMHAJbHOE pacnpeaenerue
OyZer paccMOTPEHO CHOBA B IA. 5, I'le ¢ €ro NOMOUIBIO 6yner
OmHCaHa BAXKHAsg MOAeJb pacnpejeleHis ToYeK B NPOCTPaHCTBe.

HMumetotes u apyrue QMCKpeTHble pacnpeneseHHs, KOTOphle NpH-
MEHAIOTCA B NPaKTHYECKHX 3ajladax, aHaJOTHUHBIX TeM, 1JAS OIH-
CanHsl KOTOPBIX ICIOJb3yeTcsi OHHOMHANLHOE pacnpenedenne. Ta-
KOBO, HanpnMep, pacnpepenedne Ilyaccoma, rortopoe caeayer He-
I0JIb30BaTh BMECTO GHHOMHAJIBHOTO, €CJt p, BEPOSNTHOCTL ycnexa,
oueHn Maja. [lyaccoHoBcKOe pacnpefeseHue puaccyaTpHBaeTcss &
IJ. 4, Tie OHO IIpUMEHEHO K aHAJI3y PeAKHX cayuafliHbIX CcOOBLITHII
BO BDEMEHH (3eMJIETPACEHHH HJH BYJKaHHUYECKHX H3MEeHeHHi#), n
B IJ. 5, OHO HCIIOJIL30BAHO [J14 NOCTPOEHH:A Mojesiel O06'beKTOs,
CIAy4alHO DPA3MEIIEHHBIX B NPOCTPAHCTBE. FeoMerpuueckoe pac-
ipefeqediie, sBJSAMEECT YaCTHHIM CJYyYaeM OTPHLATEJbLHOrO 6ii-
HOMHAJLHOTO, HCMOJL3YETCA B TeX CaAyyadX, KOLja HHTepeC Ha-
IpaB/eH Ha 4IICJI0 HCOBITAHHH, NPEALICCTBYIOHX N€PBOMY YCMEXY.
TlonnxomuanbHoe pacnpeseienie — 570 0606mEeHHe G1HOMHAANBHO-
TO paclipeesIeHis Ha caydall, Korga uMeercst GoJiee JABYX B3aUMHO
HCKJIOUAIOIMAX MCXOLOB 3KCHEPHMEHTa. 3ITH BONPOCH  LIMPOKQ
NIpeACTaBJEHE B COJBIUHHCTBE KHHI 110 TEOPHH BEPOATHOCTEH, Ta-
KHX, KaK KHUTH [lapsena uau Awa [3].

Baxmmy CBOHCTBOM BCeX YNOMSIHYTHIX BHIIe AUCKPETHBIX pac-
NpEAeJIeHN SBJSETCS TO, YTO BEPOSITHOCTH ycnexa oCTaercd MHo-
CTOSIHHOM B Npolecce HCHbITaHHN. B CTaTHCTHKe paccMaTpHBamTCA
NPOCTHIE SKCMEPUMEHTH!, Ha3biBaeMble BHIGODKOIl ¢ BO3BpallleHHEM,
B KOTOPBLIX 370 YCJIOBHE CTPOro BBIOOJHEeHo. HauGojee TUNHYHBI
SKCHCPHMEHT TaKOr0 pola MOXKHO NDPOBECTH C yPHOH, 3aMOJHeHHOI
KpacHBIMI i GeJIBIMH WIapaMi; ecJH Hayraj BhIOHpaeTess oauH
luap, T0 BEPOATHOCTL TOrO, YTO OH GyHET KPacHBIM, paBHa OTHOIIe-
HHIO 4HCJd TaKHX IIapOB B ypHe K o6Wlemy uucay mapos. Ecau
3aTeéM STOT IIap BO3BPaUlaeTcsl B ypHY, TO NDOLEHTHOE OTHOLIe-
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Hucno CHBaWUMH

" /. OCThH
Puc. 2.4. [JduckperHoe pacmpelelende, 3alaiollee KYMYJATHBHVIO Bipec;g;ﬂﬂgﬂ-
foro 410 6yniyt HaGmoRaThCs ABA ycmexa BO BpeMd 6ypenust (lrligloi 10
N HON CKBAMHHEL, €CAH BEPOATHOCTb YCNEXa paBHA 6)
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Puc. 2.5, JlnckpeTHoe pacmpelesiedue, Aailiee BEPOATHOCTL TOrO, qrobﬁyézryré%e_
3vpeHo GoJblle 32T14HHOTO HHC/IAa CKBAXKHH, 115 TOro, 4TOGH n(i%%;{m I
o Xa, NPH yCJOBHH, 9TO BepOSTHOCTL yclexa paBHa b

Hile JBYX LBETOB B YpHe OCTaercsi HEH3MEHHBIM, H Bepomgogeri
nOABJAEHNS KPAaCHOTO apa [pu TNMOBTOPHOM BEIOOpe OCTaeTC e
JII3MEHHO#. DTa BEpPOATHOCTb TaK¥Ke OCTaeTcs npn6nn3me{1bﬂo nq_
CTOSHHON, ecJH HMeeTcsl OYeHb OOJbIIOE YHCJO IIapOB B YPHE, -
XKe B TOM cJayuae, ecju fejaercs BbGop 0e3 BO3BpallleHHs, T?xo
xaKk BBHIGOp lapa NPHBOAHT K OECKOHEYHO — MaJjoMy H3MeHe:1;ne
IPONOPIIT cpeln OCTaloUHXCs IIapoB. JT0 NocjelHee YCJIIIOHC-
OGLIYHO TpPeroJgaraeTcsl BLINOJHEHHBIM IIPH TEOJIOTHYECKHX one:
Kax, KOrjJa eCTEeCTBEHHO HCIIOJb30BaTh JHCKPETHBIE Eacrépeﬂefm
uns. B Hamem nmpuMepe <«ypHa» — 3TO TEOJOTHUECKHH acNf o
B KOTOPOM NPOBOAATCS PaGOTHEl, a KPacHBIM ¥ GesbiM maﬁg o
OTBETCTBYIOT HEOTKDHITHIE 3aJIeXKH M MyCThle IJollaiH. I
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[IOp, MOKAa 4YMCJIO He MOABEPTHYTHX OYPEHHI) YYaCTKOB BeJdHKO,
a YHCJIO0 onpaBAaBUIMX ceGst B peayabTate OYpeHHsT HNPOTHO30B
(mapoB, HM3BJEUEHHBIX M3 YPHHI) MaJo, NpeanoyoxeHue o IOCTO-
AHCTBE BEPOATHOCTH OTKPBITHA KaXKeTCst onpaBaaHHBIM. OQHAaKo
€CJIH BHIOOPOUHLI SKCNEPHMEHT OCYIIECTBJISETCS ¢ MaJbiM HCXOId-
HBIM UHCJOM pacKpalleHHBX 1IapOB B ypHe, H OHH BLIGHPAIOTCR H3.
ypHu! Ge3 BO3BpalleHHs, TO OYEBHAHO, YTO BePOSITHOCTb H3MEHSET-
¢ Iocqe KaxKjaoro BeiOopa. Takoii 3xclepHMeHT, Ha3LIBaeMBIH BbI-
GopoM 6e3 BO3BpallleHHsl, ONHCHIBAGTCS AHCKPETHLIM THIIEPTEOMET-
PHYECKHM pacnpenesieHHeM. [eoJioriyeckHe 3alaud, B KOTODBIX
Hen1ecoo6pa3HO €ro HCMNOJAL30BaHHE, BeCchMa crneuuduuHel, u Mak
Fpeit [25] npusogur npumep, cBAsanusblii ¢ reopH3HUYECKHMH MeTo-
NaMll pasBeKH He(PTAHBIX MECTOPOKACHHI.

B HexoTopbix cayuasix MOKHO OmpeienuTh pa3Mep COBOKYIHO-
CTH, B Npelenax KOTOPOH Bexercs noHcK. [IpeanoaorkHM, 4TO KOH-
Ileccusl B OTKPBITOM MoOpe OOHapy:KH/a JAecsiTb ABHLIX aHOMAaJnii,
NPHYHHON KOTOPBIX SBJAIOTCH, BO3MOXKHO, NEPEMEIUeHHS COMH Ha
ray6uue. 3 onbita npeablaymMX HccJeioBaHuil ClIeLyeT, UTO OKO-
Jd0 409% Taknx celcMHUUeCKHX aHOMAJUH YKa3blBalOT Ha HaJauuue
NPORYKTHBHBLIX CTPYKTYpP. Ilpn peasmsamun nporpaMMul pasBegou-
HBHIX paGoT B CHJY OrPAHHYEHHOCTH CPEACTB HeT BO3MOMKHOCTH ocy-
IeCTBUTL OypeHHe B MeCTax NPOsiBJeHHA aBHOMaJddil. Il OUeHKH
BEPOSATHOCTH TOro, 4TO OyAeT OOHAPYKEHO 3apaHee 3ajaHHOE Ylc-
JIO 3aJexel, e TOJIbKO HEKOTOPLIE M3 NpescKa3aHHBIX nepcnex-
THBHHIX 1Jomaneit GyayT pa3GypeHsl, MONKET OhITh HCNOAb30BAHG
FHIIEPTEeOMETPHYECKOe paclipefeseHHe,

BunoMnaapHoe pacnpenesenne mus pelwleHust s3TOH 3agadn He-
IPHTOAHO, TAK KaK BEPOSATHOCTb OGHADYXKEHHS H3MEHSeTCs npu
KaXaI0M CJaydaHHOM HCHEITaHHH. BeaH HMeeTcs YETHIPE  3aJIexKH,,
KaXfasd 13 KOTOPBIX BXOAHT B YHCJO JECSTH MJO(ajel, npencKa-
SAHHLIX CCHCMUHYECKHMH  METOJAaMM, TO OTKPLITHE OIHON H3  HIX
YMEHBUIACT IMAHCHI OTKPBITHS APYrOM, TaK KakK OCTaeTcd MeNbIle
O00GbEKTOB, KOTOpbIe NOJJKHBI OBITDH oGHapyxensl. Hao6opor, ofna-
PYXKEHHE IIyCTOH CKBAMKHHB Ha OCHOBE CEHCMHYECKHX NAaHHEIX VBe-
JHYHBACT BEPOATHOCTB TOTO, 4YTO OCTABIIHECS HEMPOBEPEHH LI MHU
CTPYKTYPH OYAYT NPOAYKTHBHBIMH, MOTOMY 4TO OjiHa HEIPOLYKTHB-
Hasf CTpYKTYpa yXKe HCKJOUCHA N3 COBOKYNHOCTH.

Briunenenne runepreoverprueckoil BEPOATHOCTH COCTOHT TPO-
CTO B HAaXOXKIEHHH BCeX BO3MOXKHLIX KOMGHHAMU(i IPOAYKTHBHBIX
H IYCTHIX CTPYKTYP BHYTPH COBOKYIIHOCTH H 3aTe€M B nepeyucse-
HUH TeX KOMOHHauuii, KoTopbie faior TpefyemMoe umcaI0 o0Hapy-
XKeHuid. BepoaTHocTs ocymectBienus x o0HapyXeHHil npu 6ype-
HHI 7 CKBAXUH, eClH jesaercs BHIGOpPKa u3 COBOKYNHOCTH N
3]eMEHTOB, S H3 KOTODHIX, BO3MOXKHO, COllepXKaT 3ajlexb, paBHa
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D10 ecTh NPOM3BEACHHE YHCIa KOMOMHALHH 13 HHC/IA 3ajexed ne.
upcly OOHApY:KeHHH Ha YHCJIO KOMOHHAUHMH H3 NYCTBIX aHOMaJjik
10 YHCJIY TYCTBIX CKBaKWH, [e/JeHHOe Ha ulic10 KOMOMHAUMH H3:
BCEX NPEACKa3aHHBIX OOBEKTOB 1O 00WEeMYy ulic/]1y CKBaXHH B [pO-
rpaMme OypeHus.

[HuepreoMerpuueckoe BePOATHOCTHOE paclpelesiesie  MOXKeT
GbiTb IPHMEHEHO K Halueill KOHIECCHH B OTKPHITOM MOpE, _ﬁoropas}
COlepPKHUT AeCsTh CefiCMMYECKHX aHOMaJHil, 4YeTbipe H3 KOTOpbBIX,
BO3MOIKHO, cofepxar sajexu. K coxasenulo, Mbl 3apaHee He 3Ha-
eM, OypeHHe KakKHMX H3 UYeTbipeX aHOMaJiMil 1acT IOJIOKHTEJbHBEH
pesyapraT. Ecan B Tekymiem ce3oHe GIOJKeTHble OrpaHHYEHHs [0-
3BOJISIIOT OCYLIECTBHTh OYPEHHE TOJILKO TPeX CKBaXKHH, MH MOXKEM
ONpEeE/HTh BEPOATHOCTH, CBfA3aHHbIE C KAamKAbiIM M3 BO3MOXHBIX
HCXOJOB.

KakxoBa BepOsATHOCTBH TOrQ, 4TO NPOTpPaMia 6yp§1m;1 MOTePIHT
MOJHBIA OPOBaJ, T. €. He OyZeT DOJydYeHO HII OAHOM NMPOAYKTHBHOR

CKBAXKHHEB! Cpejd Tpex NpobypeHHHX?

IR

10y = 1%
(%)

BepoATHOCTH MOJIHONO Kpaxa paBHa mpuMepHo 17%.
KakoBa BepOSTHOCTb TOrO, 4TO OyleT caelaHo OAHO oOHapy-

KeHHe?
P — (?) (g) 4-15 =0,50.

(10) =~ 120
3

BepositHocTh TOroO, 4To GyjeT HaiijeHa OAHa NPOAYKTHBHas CKBa-
JKUHa, paBHa 509. .

MOXKHO NOCTPOMTH THCTOrpaMMy, Ha KOTOpPoii OyayT mpeicTas-
JeHbl BCe BEPOSITHOCTH, CBSI3aHHbIE CO BCEMH BO3MOXKHBIMH HCXO-
SaMH B 3TOfl pasBenouHoil sajaue (puc. 2.6). 3aMeTHM, 4TO Be-
posTHoCcTh ycnexa pasHa (1,00—0,17), uan 83%.

[lpeabiaywin#i NpHMEp OTHOCHJCS K CJydal, KOrZa lMeeTcs
TOJbKO JABa BO3MOXKHBIX HCXO0fa: NycTas CKBaxXHMHa HJaH obHapy-
XKeHue HedTtu. Ecam HedTh nafijeHa, ckBaxXHHa He MoxeT OHIThb
nyctodt, u o6patHo. CoOBITHH, B KOTOPLIX 4aCiOTa NOSBJEHHS OA-
HOTO MCXOJa [03BOJISIET [peAcKa3aTb 4acTOTy NOABJEHHS JIPYyroro
1CX0/la, HA3HBAWTCA B3aUMHO HCKJAIOYAIOUWIMMH ApYr apyra. Bepo-
STHOCTh TOTO, YTO TPOH3OHIET OAHO HJAH APYyroe coObITHE, €CTk
CyMMa BepOATHOCTeH MOSIBJAEHHS KaXJAOro H3 HHX; T. €. p (oéﬂa:
PYKeHHs HJH IYCTOH CKBaXKHMHBL) =p (05Hapy}K6HPlfi)+p (mycro#
CKBAXHHBEI). DTO — NPABHJIO CJOXKEHHS BEPOATHOCTEH.
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0,60[- Puc. 2.6, duckpernoe pacmpeieiesue, 3anafo-
llee BEPOATHOCTb 7 YCHEXOB B TPeX CKBAMKH-
056}~ HaX M3 7ecATH, ecJH YeTHpe H3 JIeCATH mepe-
o CEKJIH HeDTAHYIO 3a]eXKb
O
2 040}~
[
3
2 030+
(3]
0
020k
010 ~ ,
/10,03
oot L7222

0 1 2 3
Yucno ycnexos

~ CobuiTiin He 00513aTeNbHO SIBJASIOTCH B3AMMHO LCKTIOYA IO HMH.
Hanpuvep, npu passesounom 6ypennn na HEeQTHL H ras [osiBAeHHe
3a.1exXHu ¢ NODHCTBEIM HOEeCYaHHKOM MOXKHO IHiTSpHpGT!IFOBHTb Kax
AHTHEIUHAJBHYIO CTPYKTYPY, HCXOAS U3 CEHCMHYECKHX JaliHbi:.
ODTH [Ba MCX01a, NOPHCTHIH NECYAHHK H OypeHre IO aHTHKJMHAJI,
HE ABJAIOTCA B3alMHO HCKJIOYAOUIMMH IDYr APYra, Taxk Kak Mbl
BCTpeYaeM HX ONHOBpeMeHHO. [TocKOMBKY Hannune mecuanmka vyi-
paBasercss (axTOpaMH, KOTOpLIE AeiiCTBOBAaJH BO Bpeys 06paso-
BalH MECTOPOXK.IEHHS, H INOCKOJbKY MOSBJCHHE AHTHUK.IHHAJIBHOIL
CKJASIKH DPEINoJaraercs CBSI3aHHBIM ¢ TEKTOHMUECKIMH VCIGBHS -
MU B GOJiee MO3IHHIT MEPHON, 3TH ZBA HCXO1A SABISIOTCS HECBL34p-
HbIMH HJIH He3aBHCHMBIMH. Ec/aH 1Ba COGHITHS He SIBASIOTCS 1HOK-
JUOHAIOLIHMH, HO fIBASAIOTCA HE3aBHCHMBIMH, TO COBMECTHAS Bepo-
JITHOCTL TOTO, YTO OHH TIOABATCH ONHOBPEMEHHO, €CThb IPON3BEe-
HHE BEPOATHOCTENl HX nossaenns. To ecTs p (nmecuanuxa nan  an-
THKJAHHAJH) =p (necyaHHxa) Xp (auTHKIHHAM N), 3TO0 — upasuan
VMHOXKeHHs1 BEPOATHOCTEH,

IBa co6biTusi MOrYT GBITH CB3aHMI HEKOTOPEIM 06pascyM. Ttax
9TO MCXOI OLHOrO OTYACTH 34aBHCHT OT HCXOHa ApPyroro. CoBiec--
HaA BEPOATHOCTb TaKHX COOBITHII HA3bIBAETCH VCJAOBHOH. Takic
COOBITHS OUEHb BaXKHBI B FEOJOTHH, TAK KaK O1HO 13 COOBITHIT Mo-
#eT OBITh NPSIMO JOCTYNHO HabJioneHnio, a ApYroe TpH  3TOY
MOXKeT GbiTh cxphiTo. Eciim oHi 06yesosienm IPYr  Apyrom 70
44CTOTa Hab.aI01aeMOr0 COGLITHSI TOBOPHT HAM KOE-4TO O Be;‘mm-
HOM COCTOAHHH CKPBITOTrO ob6bexta. Hanmpumep, maBep:keHie aars
H3 KaMEphl BY.IKaHa, aHaJOrHYHOTO ByNKaHy CBstofi EjfeHn B
Bawuurrone, no ofwemy MHenio, ODHBOLHT K  TapMOHHYECKHM
KO1eGaHHAM, HaNOMHHAIOIUM 3eMJeTpacenre. Myl He MOXeM mps-
MO HabJi01aTh AaKTHBHOCTb MarMaTHUYECKofl KaMephl, OJHAKO Mbl
MOXeM HalJI04aTh 3alHCH CeflcMHYeCKOl aKTHBHOCTH, CBA3aHHO
¢ ByAKaHOM. Ecsin MeXAy sTHMH SIBJieHHSMU CYLIeCTBYeT B3aUMHas
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00y CJIOBAEHHOCTb, TO MOABJEHHE TapMOHHUCCKIX 1OJNCGaHHH MO-
JKeT ToMoub TNpeiacka3aTh u3sepkenne, Ecau p  (xoaebaHuil) —
BEPOSITHOCTL TOTO, YTO WOSIBATCS rapMOHHYecKle KoJeOaHHf, u p
(M3BEpIKEHHA) — BEPOSATHOCTL  NIOCJeAYIOUIEro  ByJAKaHHYECKOTG:
j13BepIKeHna, To p (KoneGaHuil Han u3BepxeHHa)==p  (xoneba-
HHil) X p (M3BepeHHs), €CaM ABa COGLITHA HMEIOT B3aHMHYIO 00-
VCJIOBJICHHOCTD.

Ve0BHAS BEPOSITHOCTL TOTO, YTO NPOH30{i1eT H3BepiKeHHe, 3a-
JAaHIas TeM, uYTO TapMOHHYeckue KoJjebaHua Oblail  3anlcaHH,
oGosznavaerca p (u3BepikeHus/konedanus). B 3ToM npuMepe yc-
JOBHAS BEPOATHOCTL HU3BepiKeHnd GoJblle, ueMm 0e3yc/aOBHas Bepo-
ATHOCTH Wit p (H3BepIKEHHs), KOTOpasd ecTh NPOCTO BePOSTHOCTE
TOrO, UTO npou3oiijger n3BepikeHHe 663 KaKOM-AHGO JONOJAHHTENb-
dgoii nHopManun o APYyrux cobuTiax. IIpyrhe vc/aoBHbIE BePOAT-
HOOTH MOTYT OBITh MeHbllle, 4eM COOTBETCTBYyMOUIHe Oe3yCJOBHbIE:
BEPOSATHOCTH (BEPOSITHOCTb HAXOXKIEHHS HEKOTOPOTO HCKOINAeMOro
Ha NJ0IMaiH BYJKAHHYECKOTO [POHCXOMKACHHA 3HAYHTEJbHO HHXKeE,
ueM 6e3yCJ0BHAsl BepOSITHOCTh HaXOXKJeHHs Hckonaemoro). Oue-
BH1HO, I'€0JOTH HCHOJB3VIOT YCJOBHBIE BePOATHOCTH Ha BCeX CTa-
IHSIX TIpOBeAeHUsI CBOHX pafoT, Aesaas 3TO CO3HATEJABHO HJH HET.

CBf3b MEXKAY YCJIOBHBLIMK it GE3YCJOBHEIMH BeDPOSTHOCTAMN
MOMKHO BBIPA3UTh TEOPEMOH, HA3BAHHO{ B 4ecThb aHTANNCKOTQ CBA-
neHuuKa, Kupmero B XVIII B. u oTkprBUiero ee, teopeMoil Dafie-
ca. OH nccJegoBas H3MeHeHlle BEPOSTHOCTH MO Mepe yBeJHYeHUs
xo.tuectBa nHQopmanud, OcHoBHoe ypaBHCHHMe Dafleca umeeT
Bl

P(A,B) = P(B|A)P(A). (2.7)

OHo ycTaHaBJAIIBAET, YTO COBMecTHAs BeposTHocTh P (A, B) Toro,
aro o6a cobwitia A ¥ B npouszoiijiyT, paBHa BepostHocTH P (B/A)
nosBJAeHNs cobniTHs B IpH YCJOBNH, uTo colbITiie A yiKe npouso-
ULJI0, YMHOMKeHHOH Ha BeposiTHOCTb P (A) nods.ieHuss CcoOwITHA.
P(B/A) wnasbiBaeTcs YCJIOBHOI BepOSITHOCTBIO, TaK XaK BHpakaeT
BEPOSITHOCTb TOrO, UTO NPOH3OLII0 COGHITHe B, npH YCJAOBHH, 4TG
cobuitie A yxe npousomo. Ecan cobeitna A u B cBazanul (MIn
3aBHCHMH), TO TOT (aKT, 4T0 colbTHe A ViKe N[ON30LLI0, TOBO-
DHT HaM HeYTC O NpPaBAONOAOOHOCTH NOABJEHHS cobuitTus B.
HaoGopor, TakXe cnpaBeaJiBO PaBEHCTBO

P(A,B) = P(A|B)P(B).
HpiipaBuuBasg npaBble 4acTH, HoJayyaem
P(B|A)P(A) = P(A|B)P(B),

YTO MO‘/KHO_HEDGUHC&TID B BHIC
P(4| BYP(B)

P(B}A) — I

(2.8)
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370 oueHp noJe3Hoe COOTHOILIEHHE, Tak Kak HHOTAa MBl 3HAeM
YCJOBHYIO BEPOSTHOCTh B OJHOH (opMme, HO MHTepecyeMcs H ApY-
roii. Hanpumep, M3BEeCTHO, YTO pY/HBIE NOJS YacTO XapaKTepuay-
DTCA HaJHUHeM [eOMArHHTHBIX TOJIeH, OTJHUYHBIX OT HOPMaJbHHIX.
Oxnnaxo Mbl GoJiblue HHTEpecyeMcs of6paTHBIM, a HMEHHO, KaKoBa
3epPOATHOCTb TOTO, YTO HEKOTOPOe MOJie OKaXKeTcs MHUHepaJlH30BaH-
WM, TIpHYEM [ocsesiHee OOYCJIOBJEHO HaJMYHEM MarHWTHOH aHo-
wmadaig. Ham mpolie ONEHHTb YCJOBHYIO BeEpoOATHOCTL p (aHOoMa-
misi/MuHepaausarig} u 6e3ycJOBHYIO BEpPOATHOCTh p (MMHHepasH-
3aIKA), UCXOLSt I3 U3y4YeHHUSl M3BECTHBIX pYIHBIX paloHOB, OjlHA-
K0 TpYIHee NpAMO CHEHHThL p (MHHepaJH3auuu/aHoMannu), Tak
KaK 3TO MOXeT noTpeGoBaTh HCCHASROBAHUS TEOMATHUTHBLIX aHoMa-
Jifi KOTOpHIE, BO3MOXKHO, enie He OBIIN npencKasaHbl.

[MpeinosomxuM, 4To MBI HMEEM 1 HEeCOBMECTHMHIX cOOuITHII B,
B, ...,B,, KOTOpEe O6VCIOBJINBAIOT cOoGLiTHE A, TOrna BEPOSTHOCTH
OCyLecTBJAEHIA coBuITIA A ecTh MOUPOCTY CYyMMa YCJOBHBIX BEpO-
sithoctefl P (A/B;), YMHOXKEHHBIX Ha BEDOATHOCTH COOHTHH Bj,
TO €CTh

n
P(Ay= XP(A| By P(By). (2.9)

j=1
Ecan (2.9) nmoxcrasuts BMecto P(A) B ypaBrenue Baiieca, B dop-
ve (2.8), To Mbl mosyuuM GoJiee ofliee ypaBHeHIE
P(A| Bj)P(Bj)

P(B,| A) = (2.10)

n
> P(A| Bj)P(B))
j=1
{Ipocroit mpliMep ¢ JBYMSI BO3MOXHBLIMH HE3aBHCHUMBIMH HCXOaMH
HAMOCTPHpyET TeopeMmy Daiieca.

B pycae notoka B 3anazHom Kauzace 6bla HafifeH (parMmeHT
10 CHX MOp HEH3BECTHOTO BHa Me303aBPOB, H CIIENUAJHCT 1O Ma-
JIEOHTOJIOTHH ITO3BOHOYHBIX cyen Ieseco00pa3HBIM MOCJIATh CTV/ICH-
YeCKyIo TOJEBYI0 napTHIO 1/a noucka GoJiee monHoro HaGopa rc-
KOTIaeMbIX OCTaTkoB. K cOXaJsleHHIO, MeCTO OOHapyXKeHHS yKe
Ha#AEHHOro ¢parMedTa Hesb3sl OLIJIO HACHTHPHLUHPOBATbL C NMOJHOL
yBEPEHHOCTBIO, TAK KaK HCKONaeMoe OBbIIO HalilcHO HHKe CJHSHUS
JABYX cyxux pycea. [lnomans apenaxnoro GacceiiHa GoJjee Kpym-
HOTO TOTOKa OKOJO 18 yCNOBHBIX €IMHHL, B TO BpPEMs Kak ILIO-
‘a1b OacceiiHa, APEHUPYEMOro MEHbUIHM pycJaoM, okojo 10 ve-
JIOBHEIX eIuHHI. Ha ocHOBe TosbKO Tako#i HH)OPMALHMH, MBH MO-
KeM IMOCTYJ/IHPOBAThb, YTO BEPOSTHOCTL TOTO, YTO (PArMEHT mpH-
HeCeH H3 KaKoro-nuGo OJHOro ApeHa)KHOro GacCeftHa, NPOMOPLHO-
HaJbHa IJIOlaau 3Toro GacceftHa HJIH

P(Bj=—2 —0,64, P(B, =-2_036.
28 28
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OpnHako Hecsie[OBaHAE Te0JIOTHYECKOTO JAOKJAaja H KapThl perioHa
KaeT IONONHHTEILHYIO HHpOpMalHIO 0 TOM, 4TO OKoJo 35% obHa-
KeHHH MeJOBBIX NOPoJ B GoabuieM GaccediHe SBJAAIOTCA MOPCKHMH,
B TO BpeMdA KaKk B MeHbuwieM GaccefiHe Ha HX JOJI0 MPHXOAHTCA
nouth 80Y% o6HaXKeHU# MenOBBLIX mopoi. Mpl MOXKeM IOTOMY IIO-
CTYJHPOBAThb YCJAOBHYK BEPOSITHOCTb TOrO, YTO €CJH HCKONaeMbli
$hparmMeHT npuHecen U3 OaccefiHa B, ou sBasieTcsi MOPCKHM HCKO-
MAeMBIM, B COOTBETCTBHH C NPOLEHTHBIM COOTHOIIEHIIEM MEJNOBHIX
Mopcxiix oOHaxKeHuil B OacceifHe, T. e. uMeeT MODCKOe TNPOHCXOXK-

neuite, uan aast Gaccefina By P(4|B,)=0,35 u pas Gacceitia B,

P (A]B3)=0,80.
Plcmoap3ys 3TH BepOATHOCTH U TeopeMmy DBalleca, MBI MOXeM MOA-
CHUTATL VCJIOBHYIO BePOSITHOCTBL TOTO, 4YTO HCKOIaeMbIli (bpaI‘MeHT
npuHeceH H3 Baccefiua B, T. e. TOro, 4TO ero MPOUCKOKICHIIE
MODCKOe, 1o dopmyve

P(B, | A) — P(A] B)P(B))

P(A| B)P(B,) +P(A| B)P(B,)
i (0,35)(0,64) -
T (0,35)(0,64) - (0,80)(0,36)

*

AHaJIOPHYHO, BEPOSTHOCTb TOTO, YTO liCKOMaeMblii dparMeHT NpH-
HeceH H3 MeHbllero facceifHa, MOMKHO I0ICYHTATH 1O GOpMyJie

P(B,| 4= (0.80) (0.36) _
(0,35)(0,64) =+ (0,30)(0,36)

K cyacThio AAsl CTYAEHTOB, KOTODHE IOMKHBL HCCJENOBATH MJIO-
manb, TPEJACTaBJAETCS HECKOabKo §osee NpaBAONOAOOGHEIM,  4YTO
thparMedT MOPCKOTO HCKONAaeMOro Me303aBpa INpHHECeH H3 MeHb-
itero GaccefiHa, a He M3 GoJgbiuero. OIHAKO PAa3JaHUHA B BepOSAT-
HOCTAX OYeHb MaJbl, I, KOHEYHO, 34BHCAT OT OBGOCHOBAHHOCTH HAO-
MYUIeHHH, HCIOJb3VeMbIX NJf OUEHKH BEpPOSTHOCTEH.

Has Toro 4tobnl mepeiiTd K caefyouieli TeMe, Mbl IOJKHLI Bep-
HYyTbCs K OnHOMHannLHOMY pacnperetennio. Ha pue. 2.2 nmpencras-
JIEHO BEPOATHOCTHOE pacipeneseHie a5 BCeX BO3MOXHBEIX YHCEJ
BhITafieHHs reploOB I pellek NpH TpeX GPOCAHHSIX MOHETH. AHaJo-
THYHBIH 3KCHEPHMEHT MOKHO OCYUIECTBHTb NPH OOJbLIEM  YHCJe
ucnbiTauuii. Ha puc. 2.7, manpumep, npexcrasieHbl BepOSTHOCTH
NMOJIyyeKHs 33AaHHOTO 4YHCJa «ycnexoB» (repboB) B jpecATH Gpoca-
HHAX MOHETH, a Ha puC. 2.8 — BEpPOATHOCTHOE paclpejesieHHe, Ko-
TODOE ONHCHIBAET pe3yJbTaThl 3KCHepHMeHTa, cocrosuero u3 50
6pocanufi MoHeTH. Bce 3TH BepoATHOCTH OBIIM MOJAyuYeHH H3 Tab-
JIMIl GHHOMHAJBHOTO DAcClIpPEeNeNeHHS HJAH MOTYT GHITb BHIUUCJAEHH!
#3 OHHOMHAJBHOTO ypaBHEHHS.

B KaX10M H3 STHX 3KCIEPHMEHTOB BHLIYHCJANHCHL BCE BO3MOXK-
Hble YHeJia repboB, KOTOpBEIE MOXKHO NOJyuHTh, HaunHas ¢ 0 xo 3,
10, 50. Hukaxue apyrue komMOHHauuu repGOB H pelIEK He MOTYT
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Puc. 2.7. [luckpeTHoe pacrpele’ienie, NOKA3bIBAXLIeC BEPOATHOCTh NOAYUCHHS 38-
JaHHOTO uHCJaa repboB Npy JecaTH 6pOCaHHAX MOHeTH
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Puc. 2.8. JuckpersHoe pacnpefelenue, NOKasbiBawillee BCPOATHOCTh NOJYUEHHA 3a-
JaHHOTO uHcaa rep6oB IpH 50 Gpocanusx MoHeTH

BcTpeTHThCA. Taxk Kak Mbl 00s13aTeNbHO NoAyYaeM KakoH-amnbo pe-
3yJbTaT H3 NEPEUYHCJEHHBIX BHIIE, TO CyMMa BCeX BEpOSITHOCTEH B
KaXJOM 3KCNepHMeHTe 10JxHa paBHAThea 1,00. 310 yao6HO npea-
CTaBHTh, 10J1aras NJOIIaAH NOJA THCTOrpaMMaMy Ha puc. 2.7 u 2.8
paBueiMH 1,00, Kak 3TO cllelaHO Ha THCTCrpaMMe, 1306paXKeHHOH
Ha puc. 2.2. TIpy TakoM YCJOBHH yBeJHUHBaloOLleecsi 4iic;i0 6poca-
HUI MOHeTbl OyAeT CONPOBOKAATbCA TONBKO CYKEHHEM IIHPHHE
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mosioc. THCTOrpaMMa CTaHOBHTCS Bee GoJice HaMOMHHAWOUleH IJaf-
KYIO 1l HempepbBHYIO KpiBYyIO. MoXKHO npeicTaBdTb cebe SKCNepH-
MEeHT, COCTOSII{HI B GeCKOHEUHOM uyuc/e OpOCaHHHA MOHETH, B pe-
3yJpTaTe KOTOporo Oyner NOJAydYeHo OeCKOHEUHOe HHCJO  TO0JOC
feckoReuyHO MaJgoif wupuHsl, Torga rucrorpaMMa TpeBpaTHICA B
HelpEePHIBHYIO KPHUBYIO, It TODH30OHTaJbpHas OCb OyaeT 1peACTaBJATh
CKOpee HeNpephIBHYIO, 4eM JHCKPEeTHYI0 NeDeMeHHYIO.

B sxcmepumenTe 6pocaHHs MOHETHl Mbl MMEeM JeJo ¢ AHC-
KPETHBIMII HCXOJAMHM, T. €. CO chmeuuduyeckol KoMOuHalueH rep-
GoB u peuek. OnHako B GOJBIIHHCTBE 3KCIEPHMEHTOB, BCTpeyalo-
UIHXCSl HA TIpaKTHKe, BO3MOXKHBlE HCXOJbl He SIBJASIOTCH AHCKpPeT-
Hervy, OOBIUHO HMeeTcsi GecKOHeYHBIH KOHTHHYYM BO3MOXHBIX HC-
X010B, KOTOpBEE MOryT ObITh NOJydYeHBl. MHOXKECTBO BO3MOXHBIX
HCXONOB MOXKET OBITh KOHEUYHLIM M Ha caMOM JeJie OrpaHHYCHHBIM,
HO B Ipegeax 3TOr0 MHOMECTBA Pe3yJbTaT, KOTOPHI MOXKeT GBITh
[I0JiyUeH, HEJMB3S NpeAcKa3aTh TOYHO. B HaHHOM ciyyae Mbl HMeeM
[eJ0 ¢ HEeNpepuLBHEIMH ciayuaflHbiMu — nepeMeHHbIMH.  [IpeanoJio-
AHM, HampuMep, 4TO K3MepscTCA AJHHA 3aMOUYHOrO Kpas DAKOBH-
Hbl GPaxHOmoAbl H YCTAHOBJIEHO, yTo OHa paBHa 6 mM. OnHako
eCcaJH NPOBECTH H3MepeHile, HCIHOJb3ys OHHOKYJSPHBI MHKPOCKOI,
TO MOXKHO HOJAYYHTH JIJAHHY 6,2 MM, a IPH HCIOJb30BAHHH KOMIa-
patopa — 6,23 MM, M, HAKOHell, HCNOJb3Ys CKAHUPYIOUIHH 3JeKT-
pOHHBI MHKpOCcKon, noayuinM 6,231 mm. HenpepriBHasa nepemeH-
Has TEOPETHYECKH MOMKeT OeCKOHEYHO NOApa3feadThCst, DTO dBJd-
2Tcd cJaeacTBHEM TOro (hakrta, 4TO BCerja MOXKHO HaHTH PasHOCTD
MeKAY IBYMS H3MEpEeHHAMI, eCJH NPOBOAHTHL H3MepeHHs B AOCTa-
roHi0 Mesxofi wkagae. CrelcTBHE 3TOrO YTBEPXKAEHNS] TaKOBO, 4TO
KaKAbIH 1ICXOM B HENpepbiBHOM lIKaje U3MepeHHH YHHKaJEeH U YTO
BEPOATHOCTh MOJAYYEHHs KOHKDETHOrO TOUYHOrO pe3yJsibTaTa paBHa
HYJIIO.

Ecuir 570 Tak, TO KaweTcss HEBO3MOMKHBIM ONPEIe/IHTh BepOsT-
HO2Th HA OCHOBe OTHOCHTEJIBHEIX 4YacTOT BCcTpeuaeMoctH. OpHako
XOTs1 HEBO3MOXKHO HabJ:1aTh HCXOMAbl, KOTOPhIE B TOYHOCTH COOT-
seterywT 6,000..000 MM, BIOJHE JOCTYNIHO HOJYYHTH Psij H3Mepe-
Hiill, TTOMAJalOMNX BHYTDL HEKOTODOIO MHTEPBaJa, BKJIIOYAIOLIEN0
5TO 3HadeHHe. [lpu TOM., YTO HHAMBHIVAJILHBIE H3MEHEHHS B TOY-
HOCTH He MJIEHTHYHBI, OHH JOCTAaTOYHO OJIH3KH H MOXKHO CYHTATh
HX NPHHALJIEXKAWMMKE OIHOMY Kjaccy. B utore pasoGbem Hempe-
PLIBHYIO IIKaNy Ha AHCKDETHLIE CerMEHTH, H TOTAa MOMKHO HOLCYH-~
TaTh YMCJAO COOBITHH, TMOMaBIIMX BHYTPb KaXjoro HHTepBata. Cy-
Kad FpaHHIB KJacca, Mbl VMEHBUIMM UYHCJO COOHBITHH B HeM, H
CHH3HM OUEHKH BePOSITHOCTe!l MOSIBJAEHHS COOBLITHS.

Ecau mbl nmeeM 1e0 ¢ JHCKDETHHIMH COBHITHSIMH, TO OmNpeje-
JifeM 3Ha4eHus ¢ abcoqoTHON TOYHOCTbIO. HemnpeprisHele mepemeH-
Hble, OJHAKO, H3MEPSAIOTCH C IOMOHIBI0 HEKOTOPBIX (PH3HYECKUX
npoueayp, KOTOpHle OrPAaHHYMBAIOT TOYHOCTb HX H3MEpeHHS.
B 110BTOpHBIX H3MepeHHSX, C/eJaHHBIX Ha OJHOM M TOM e 0fb-
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€KTe, BO3HHKAIOT MaJible OTKJOHEHHS, BejluliHa KOTOPBHIX OTpaxKa-
eT KaK eCTeCTBEHHbIE H3MEHeHHA 00beKTa, Tak M H3MEHEHIS B yC-
JIOBHSIX TPOBEAEHHs H3MepeHIl H, KpoMe Toro, n3MeHeHns, obyc-
JIOBJIEHHbBIE [1€SITE€JILHOCTBIO HCCHeA0BAaTE s, NMPON3BOAAIIEr0 H3Me-
peHus. EpuHCTBeHHOE, TOYHOe, <«IICTHHHOE» 3HAYeHHe He MOMKeT
OBITH ONDENENEHO; MHBIMH CJOBAMH, Mbl Ha0Ji0jaeM HernpephBIBHOE
pacnpefeseHHe BO3MOXKHBIX 3HaueHuH., Taxne cBoHCTBa NPHCYUIH
HelpeprIBHON cJydailHOll nepevieHHOH.

Jas uaarocTpaliln  HENPEpHIBHLIX CIyYafHBIX  BETHYHH pac-
CMOTPHM 3ajauy OIpefereHHa NoKa3zaTens MPOHHLaeMocTH ofpas-
LOB U3 KepHa CKBaxXHHHL. IIpoHHIaeMOCTh crnipejensercs BpeMeHeM,
TpebyeMbM JJisl LIPOHHKHOBEHHA 34JaHHOrO KojauuecTBa dJiopla
IDH CTaHRApPTHHIX YCJOBHAX uepe3 obpasel mopoasl. lomycThM,
4YTO B pesyJsbTaTe OAHOIO ONpeleseHHs] MeaydeHa MpCHILAeMOCTh,
paBHas 0,108 mxm2. fBasercd Ju 3T0 YHCAC «HCTHHHONH» NPOHHIA-
eMocTbio NpoGbl? Jipyrie ompeiesieRHss Ha 3TOM ke 00pasue Mo-
[YyT gaTh NpoHHLaeMocThb, pasuyio 0,093 n 0,112 mxm®. Ha uponu-
1aeMoCTh, 3alHCLIBaeMyl0 NPHOOpaMu B xo0ic J060ro 3KCcIepHMeH-
Ta, BJUAET PsIf YCJIOBHH, KoTOpbie BHYTpH NpHOOpa HEH30EKHO H3Me-
HSIOTCS OT OHOrO  ONpedesekliss K JAPYyroMy B pesyJpTare KampH-
20B NOTOKA H ero TypOyJeHTHOCTH H He 3aBHCAT OT AelicTBHI oIle-
paropa. Hu oiHO M3 moJydeBHBIX 3HaueHH!i HEJb3si B3sTh B Kaue-
ctBe alcoqlOTHOR Mepnl HCTHHHOH OpOHHHaeMoctu. B urore
pas/HuHble HCTOUHHKHN QAYKTyallHH TIOPCXKA4I0T HENpPEepHBHYIO
caydaliHyl0 BeJHUYMHY, KOTOPVIO MHl NOABepraeM onpoGOBaHHIO, 1e-
Jiasl MOBTOPHBIE H3MepeHHs.

HsmenunBocTh, 00ycj0BAGHHAST HETOYHOCTBIO HHCTPYMEHTOB,
Gosiee oueBHAHA, KOTAa 1eJalOTCsd NOBTOPHbie HM3MepeHHs Ha enil-
HUYHOM 00 LeKTe, T. €. HCNIBEITaHUsl NOBTOpAoTCA (€3 H3MeHeHH .
Takyo H3MEHYHBOCTb Ha3bIBAIOT OUIHOGKaMi skcnepuMenta. Kpowe
3TOr0, M3MEHUYHMBOCTL MOKeT IPOSBJSITECA B TOCJEL0BATENbHOCTH
H3MEPeHilfl HJH De3yJbTaTOB 3KCIEPHMEHTOR, NPOBOAHMLIX Ha ps-
e HuayyaeMelXx 06bexkToB. OGLIUHO IMEHHO 5Ta H3MEHYUBOCTH 1
OpeacTaBJsieT HayuHbl HHTepec. [LOBOJMBHO wacTo 06a 3TH THhA
H3MEHYHBOCTH TaK IEPENyTaHbl HJIl COBMEWEHB!, YTO 3KCIEPHMCH-
TATOD HE MOXKET ONPeAeJlTE, Kakad 4acTh H3MEHUHBOCTH BO3HHKA-
€T B CHJY DasJIHYU#A MeXKI1y YCJAOBHAMH HCNHTAHHI, a KaKkas $ip-
JAf€TCs CJeACTBIEM OIINOOK 1i3MeDCHHS.

[Ipeanonoxum, uTo y Hac He obpasel nNcpoabl, a 3HAUHTENLHO
OJIMHBl KepH, B3ATHIH M3 CKBaiKHHBl, NpOXoasiuiefl uepes cJof mec-
yaHHKa. MBI XOTHM OlIpeae T NPOHHIAEMOCTh TNecYaHHKa, HO He
MOXKeM BBECTH KepH AJHHOI B 20 yeJ. e1. B anmapart ajs i3Mepe-
HUSl TPOHIIAEMOCTH. BMECTO 3TOro MHI BHIpEXKEM H3 KepHa He-
CKOJIbKO MaJbIX dacTedl (HHTEDBANOB) H  ONPEAMIIM [pOHIlde-
MOCTb KaxKJAOro M3 HHX. Habmogzaemass u3MeHYHBOCTL — SIBUTCA
CJENCTBHEM DAa3JHUHA KaK MEXKAYy HCIBITYeMBIMH 4YacTAMH KepHa,
TaK H MeXKJAy YCJOBHSMH 3icnepumenta. PaspaGorka MeToioB
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Puc, 2.9. I'padux nAOTHOCTH HOPMAJbHOIQ PACHPCICICHH

OlIEHKH BeJHYHHbl OTAEJbHBIX HCTOYHHKOB H3MEHUYMBOCTH — OJH&
H3 BaxHEHUIHX 3aKay CTaTHCTHKH.

[loBTOpHLIE H3MepEHHsi, IPOBOAHMEE Ha OOnbLINX BHOOPKaX,
B3ATBIX M3 €CTECTBEHHBIX COBOKYMHOCTEH, AAlOT BO3MOZXKHOCTh OXa-
paxKTepH3oBaTh pacrnpeiejenue uactorT. OOGpuHO OoJbllast 4acThb
3HauYeHUH TPYNIHpPYyeTcss OKOJIO HEKOTOPOro IleHTpaJjIbHOro 3Haue-
HHSl, IPU yAajJeHHH OT KOTOpOro yacTorsl yOwiBawT. I'paduk, mpen-
cTaBJeHHBIH Ha puc. 2.9, HMeer OAHH MAKCHMYyM H  Ha3bBaeTcs
HOpMaJibHBIM pacmpefeseHHeM. B NPHJOXKEHHSAX YacTO jesaercs
AONYIIeHHe, 4TO cjydaliHEle BeJHYHHBl pacnpefelienn HOpMadbHO,
¥ MHOTHE CTATHCTHYECKHEe KPUTEpHH OCHOBAHBl Ha 3TOM Jolylle-
HUH,

O6myio naomanb, 3aKJIIOUCHHYI0 MeXAy rpa@HKcM HOpMalJibHO-
ro pacrnpejeseHHs U TOPH30HTAJbHOH OCbIO, MOXKHO CUMTaTh Pab-
ot 1,00 (uam 100%). IlosTomy, Hcnoab3ys rpadHk, MOXKHO BHI-
YHCAMTh BEPOSITHOCTH COOTBETCTBYIOUIEro COOHITHA. UHTaTenb yxke
3aMETHJI, HaBepHOe, CXOICTBC OAHOBEDPIIHHHOA HENpepelBHOA KpH-
BOH, u3006paxkeHHOH Ha puc. 2.9, ¢ THCTOrPaMMOH, IpeACTaBJeHHOH
Ha puc. 2.8. OfHAaKO NOCKOJBKY B CJydae HENPepLBHOTO pacnpe-
JeJIeHHS] YUCJIO IOApAa3jAe/eHHl 1O TOPH3OHTAJNbHOH OCH MOXHO
CYHTaThb OECKOHCYHHIM, BEPOATHOCTH NOJYUYEHHS KaKOro-inbo KOH-
KDEeTHOTO 3HauyeHHsi paBHa HyJ 0. BMecTo 3TOro Mbi paccMOTPHM
BEPOATHOCTh MOSBJEHHS 3HAYECHHH B npejenax HeKOTOpOro 3afan-
HOrO MHTEepBaja. DTa BepOATHOCTb DaBHA IJIOWIAAN NOX KPHBOH
4ACTOT, 3aKJ/IOYEHHOH MexAy 3alaHHBIMH npefenaMu. Ecau yka-
S4HHBIA TIPOMEXKYTOK BEJHK, TO OCYILEeCTBJeHHe COOLHITHS B 3TOM
IIPOMEXYTKe INpeiacTaBasieTcss 6ojiee npapBronofobuuiM. EcliH HH-
TepBaJl OYeHb MaJ, TO NOsSBJIeHHe COOLTHA MaJioBEPOSATHO.

Brimie 6bl1M BBeACHBI 6€3 OonpellesieHHS [Ba BaKHLIX CTAaTHCTH-
YeCKHX IOHSATHS — «COBOKYHNHOCTB» H «BHIGOpKa», (COBOKYIHOCTDL
COCTOMT M3 BIOJIHE ONpelesieHHOro MHoXecTBa (H60 KOHEUHOTO,
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JAu60 GecKOHeYHOro) sjJeMeHTOB. Boobuie 5TH  3.1eMeHTHl  MOKHO
paccMaTpuBaTh KaK H3MepeHHs, BBIIOJIHEHHBIe HAa OOLEKTaX 3adaH-
HOro tHna. Bei6opKa — 3TO MOAMHOKECTBO 3/1€MEHTOB, BHLIODAHHBIX
U3 HEKOTOPOH COBOKYIHOCTI.

IlpuMepoM KoHeuHOfl COBOKYIHOCTH MOTYT CJYXKHTH BCE HedTs-
HBIE CKBaXXHHbI, NpoGypeHHble B Kansace B 1963 r., a Ha6op Bce-
BO3MOXHBIX WJ/HGOB neciaHnka TIHCIHD — NpUMEpPOM GecKOHed-
HO I€0JIOTHYECKOH COBOKYMHOCTH. 3aMeTHM, uTO B INOCJHELHEM NPH-
Mepe COBOKYMHOCTb BKJ/IOYaeT B cefd He TOJBKO OrpaHuyeHHOe
UHCJIO HCOBITAHHH, KOTOpHe OHJIM clesNaHH, HO TaKXke U BCE BO3-
MOKHpIE Pe3yJNbTaThl HCObITaRuf. Mcnbitanis, koropue 6ulan pefi-
CTBHTE/IBHO OCYIIECTBJIEHBI, MOXKHO PacCMaTpHBaThb KakK BHIGODKY
H3 COBOKYNHOCTH BCEX INOTEHIHAJBHO BO3MOXKHBIX HCIBITAHHI.

Ecau HabmofeHnst ¢ salaHHLIMH CBOJCTBAMH CHCTEMATHUECKHU
HCKJII0YAI0TCA H3 BBIGOPKH, TO TAKYI0 BHIGODKY HasHBAIOT cMeuleH-
noil. IIpeAnosioxum, HanpuMep, 4TO Hac HHTepecyeT NOPHCTOCTD
AaHHOrO cnod necuannxa. Ecanm u3 BHIGOPKH HCKJIOUHTH BCE DHIX-
JIbie H pasapoCGJieHHbe MOPO/B, TaK KaK HX [OPHCTOCTb TPYIHO
U3MEPHTh, TO pe3yJabTaT N3MEHHTCA. BeposiTHO, NOJyYeHHH HH-
TepBaJ 3HaueHHIl NOPHCTOCTH GYAET yceueH cnpaBa, 4TO A4CT CMe-
ietie BHOOPKH B CTOPOHy Gosiee HH3KHX 3HAYEHHH, M IIOTOMY Ml
JIOMYYHM OIMOOYHO 3aHHKEHHYIO OLEHKY H3MEHYHBOCTH IOpHC-
TOCTH B CJ0€,

O6514HO BEIGOPKH 13BJIEKAIOTCA H3 COBOKYIHOCTH Hayiauy. 3710
SHAYUT, YTO BCE 3JEMEHTH COBOKYNEOCTH [MEIOT paBHElE BO3MOK-
HOCTII OBITH BKJIOYEHHBIMH B BhIGOpKY. Cuyuaiinas BEIOODKa Gyaer
HECMELIeHHOI], JI N0 Mepe BO3pACTaHHs ce 06beMa OHa OVIeT Tod-
liee ONHCHIBATL pacCMaTPHBAEMylO0 COBOKYNHOCTb. K coxKajeHHIO,
TOJYYeHHe HCTHHHO CJayYa#HOH BHIGOPKH NPAaKTHYECKH HEBHIIIOJHHU-
MO, TaK KaK 1IpH ONpoOOBaHIN TeOJOTHUECKHX OGBEKTOB HE BCe HX
yacti goctyndbl. [IpoGe H3 riyGHHHBIX OOBEKTOB He MMEIOT TaKok
7€ BO3MOJKHOCTH TONAacTb B BLIGOPKY, KaK NPOGH M3 NOBEPXHOCT-
ubIX oOHa)kenH#. 3anaya onpoGOBaHHA B  HOLOGHBIX YCIOBHAX
BCCbMa CJIOKHA. B KOHIle 3TOH IyaBbl paccMaTpUBAKOTCS st dexth,
BO3HIIKAIOLIME N3 PA3JIMYHA BHIOOPOUHBIX CXeM, H NIPOBEIEHO CPAaB-
HeHue rnocsennnx. OAHAaKO npH PEINEHHH MHOTHX T€O0JOrHUYECKHX
32144 aHaNu3UpYIOTCA NaHHbe, coGpaHHble Ge3 npeaBapHTeNbHOrO
BbIOOPOYHOrO mJaHa. FpKHM TOMy IpUMEpOM sIBJAsETCH HHTepIpe-
Taung norpefeHHBIX CTPYKTYP 110 JaHHBIM CKBAaXKHH.

CTATHCTHKH

Pacnpenenenus HMEIOT DPsij XapakTePHCTHK, HanpHMep, Takue,
KaK CpelHAf TOuKa, Mephl pa3bpoca u Mepbl CHMMETPHH. JTH Xa-
PAKTEPHCTHKH HAa3hIBAIOTCH NapaMeTPaMH, €cJHd OHH ONHCLIBAOT
COBOKYMHOCTH, H CTaTHCTHKAMH, €C/IH OHH OTHOCATCH K BEHIGOPKaM.
CTaTHCTHRIL MOMKHO HCIOJAL30BATh IS OUCHKI napaMeTpoB  Hc-
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Prc. 2.10. COOTHOIIEHHEe MeXKAy MepaMH leHTPaNbHONl TeHJEHIHH B aCHMMETpHU-
HOM YaCTOTHOM paclpelelenHH

XOAHBIX COBOKYMHOCTEH B JUIA NPOBEPKH T'HIIOTES, chopMynIHPOBaH-
HBIX OTHOCHTENbHO 3THX COBOKYIHOCTEH.

Haubonee oueBHjHas XapaKTepHCTHKa COBOKYMHOCTH HJIH BBI-
Gopku — ee cpegHee 3HaueHue. Cyl{ecTBYIOT —pasJHyHbie — BHIB
CpeldHero 3HauYeHHs, HO TOJIbKO HEKOTOpble M3 HHX HCIOJb3YIOTCA
Ha npaxTuke. Mojxa — 3HaueHHe, KOTOPOE COOTBETCTBYET Hanbo1b-
weii gacrore. Hanpumep, B pacnpeie/nieHHH, NpHBEACHHOM Ha
puc. 2.10, Moxa cOOTBETCTBYeT HaMBHICIIEH TOUKe KPHBOH HacToT,
4 MejMaHa — CPeJHsisi TOYKa pacrnpeiesenns. Ha puc. 2.10 noxa-
34HO, UYTO IIOJIOBHHA ILIOUIAJH TOJ KPHBOH pacnpejiesNeHHs Haxo-
AHTCS CIIpaBa OT MeNMaHbl, a Apyras nojoBHHa — caesa. Cpeaee
3HaueHHe — 3TO, MHBIMH CJIOBAaMH, CpelHee apH(pMeTHYECKoe, Xo-
TOpOe ompejeliAeTcs KaK CyMMa BCeX pesyJabratoB HabMoleHud,
JeJieHHas HAa HX yHCJ0. B ycJoBHAX acHMMETPHYHBIX KPUBBIX pac-
apefleieHHs MefHaHa PachoJiOXKeHa MeXAy CPelHHM 3HayeHHEeM H
\OAOH, a B CJyyae CHMMETPHUHBIX KPUBBIX, MOKOGHBIX HOpMaJb-
Holi, Bceé TPH Mephl COBIAZAIOT.

Hexkoropsie CHMBOJBL TPaJHUKOHHO HCHOJAb3YIOTCS B KaUeCTBE
XapaKTepHCTHK KPUBLIX pacnpelesesus. 0651?}10 Juid 0603HaYeHHs
XapaKTepPHCTHK TEOPEeTHUECKHX pachpejeseriil nenofn3yloTcs rpe-
yeckHe GYKBBl, a JJIs1 BHIOOPOUHLIX — JlaTHHCKHe. Tak, Hanpuuep,
BLIGOpOUHOE cpejHee 00O3Hayaercst X, a TeOpeTHYECKOe cpelHee
3HaueHHe Bceli cOBOKynHOCTH (. OCcHOBHas 3ajfaya OOBIYHO 3aKJIO-
yaercd B TOM, 4TOOBI ONEHUTH HEKOTOpHle IapaMeTphl M3yuaeMoro
pacnpenenenus. CTaTHCTHKA, KOTOPYIO Mbl BBIYHCJAAEM IO Bb{éopxe
M3 B3SITOIl COBOKYNHOCTH, HCNOJBb3yeTcsl Kak oOlleHkKa TpeéyeMQm
napamerpa. IIpnMeHeHHe TPEUYECKHX H JATHHCKHX OyKB IOJHePKI-
BaeT pa3HULy MEKAy IlapaMeTpaMH H COOTBETCTBYIOLIIMMH HM CTa-
THCTHKaMH.
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I{Megfeﬂ:ee apnque"Tqucxoe, BLIYHCJICHHOE O NAaHHBIM BHLIGOPKH
lleJIafOTlIe?OBGEMCLHeH CTCIICHH XKeJaTeJbHEIX CBOKCTBA, KOTopmé
Jiee TIOJIE3HBIM QI OlLleHK
’ U CPeJHEro HJH LeH -
HOro sHauenus pacnpe yri 8t
JICJIEHUSA, ueM Jo6 i
Sopmines ! , as H3 JIBYX ADYTHX BHI-
XapakTepUCTHK: MeuaHa
: HIH Mona. Bo-ne
Hee apudMeTudeckoe sBJ e
S€TCA HCCMEILLEHHOH OUeHKOH
; P ‘ KOH MCTHHHOrO
:g:ﬁ?ngschmm COBOKymHOCTH.  Heo6XomuMo oTmeTuTn, uro
~ i - ’
et eé\j” 2TO RECMEllenHas OUeHKa COOTBETCTBVIOLLELO napa-
! . Ce cpeaHee 3HAYEHHE, B3ATO 3
r » B34T0€ no  GOJbILOM Gopy
BLIOOPOK, paBHO 3TOMy 1 Torasan.
apamerpy. Bo-Bropnx, mo: ’ .
amoop aB - Bo , JKHO II0KAa3aTh,
cpegagf aCHII;/Id’;IGTpHHHbIX PAaCIpPEIeseHHH, 110106HBIX HOPMAIbHOMY
inP’@?I;}!{egIm %{erglpqeec:oe XapaKTEPU3YETCst TeHeHIHeH nquef(;
16, AHEMY 3HAYEHHIO COBOKYIIIO 5
APyrasi HeCMCINEHHAR o g Ha). HOGpOCHE L.
7 UeHKa (Takasi, Kak MenHaH )
10 Toil e BBIGOpKe. Dt HO e
. 0 DPABHOCHJIBHO TOMY, Y4
e Y, 4ToO BLIGOpOUYHBIE
HpC”eﬂOBaTCK)T MEHBIIYIO NUCIIEPCHIO, YeM BHIGOPOUHDLIE MeNiaHbi
) B xon C/ALHO, SIBJSIOTCS Goslee 3G (heKTHBHBIMIL. )
- Onpgxmhe PCOXHMUTECKOrO aHa/lH3a NPHHATO HPOBOAUTH Ce-
maquH% Ié?)ﬁ:gi?a Ha ‘oxHOM obpasue. B Ta6a. 2.1 ykasano nsits
HHST XpOMa, HOJyYeHHBIX
, B pesyJpTaTe ¢ -
rpagHuecKoro aHasH3a 0Bpa: d enomn
pasua TJAHHHCTOTO cJaH
BAHCKOIO BO3pacTa H3 10T AHTC Chones
0-BOocTOYHOro Kawusaca i1
apHPMETHYECLOE 110 HTHM JAHHBIM, - Hafiaure cpeanee
Jeﬂ,}E[Hpb};r:aﬂ XapaKTepHCTHKa pacnpenesenns — mepa pasbpoca oT
et & SHAuCHHIl OTHOCHTENILHO CPEIHEro, WJu adcnepcus. s
pec 0}1{)10 PasIMYHBIE MEPbl 3TOTO CBONCTBA, HO TONBKO 1Be u3 HHX
CImp : nchmebsyxomﬂ. OnHa u3 Hux — yixe YIOMsAHyTas mlcnep‘
oTafma 1?}){); \aﬂ —— KBAIpATHBII KOPEHb H3 JAHCHEPCHH, Ha3biBaeMbli]
“rana ;é M OTKJIOHeHHeM. Jlncmepcuio  MomHo paccMatpusars
< .
’;Haqe};i)“ghee‘m?qetme KBaApATOB OTKJIOHEHHH BCEX BO3MOMHBIX
; CJAYHaHHOH BEJHUYMHB OT HCTHHHOTO CPCIHEr0 COBOKVN

c Tabanma 2.1
ONEPKaHHMe Xpoma B caanuax Kamsaca

Hoxe
D Coxeprcanye Cr, rj7

205
255
195
220
235

s W —

Cymma 1110
CpesaHee sHauerne 1110/5 = 222
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Ky[HOCTH ¢2. BpiGopoyHas JAHCIIEpCHs

s2, Fcan mabawonenns Xj, ..
KYTHOCTH C HODMaJbHBIM DaclpeieNennemM, To s?

THBHOIl OlEHKOH AAd o2,

HOCTH, KOTOpas Onpenessercs no popmyse

z____l__n )2 2.11)
o n;‘l(xl w2, (2.11)

DTUM PaBEHCTBOM onpejaensercs HCTUHHAA  AHCHEepPCHA COBO-
onpejpensercd CHMBOJIOM

., Xn — cayuaiinas BeiOOpKa M3 COBO-
spasietcst s dex-

IlpnunHa HCNOMb3OBAHHS CPEAHEro 3HAUCHHA KBaApaTOB OTKJO-
HeHul MOMKeT 0Ka3aThCsl He COBCEM odyeBuHOH. MoOKeT 110Ka3aTh-
csl, uro uejecoobpasHee OXapakTepH30BaTh H3MEHUHBOCTDH NIpOCTO
KAK cpellHee 3HaueHHe OTKJIOHEHHs OT CPEAHEro, HO nipocras npo-
BepKa I[10KasLiBaeT, YTO Takas BeJHUHHA Bcerga paBHa  HYJIO,

T. €.

LY (x,—X)=0. (2.12)

n
i=1
KoHeuHO, MOMKHO OUEHHTb abCOJIOTHOE OTKJ/IOHEHHe OT CpelHe-
ro, WJIH TaK Ha3blBaeMOe CpefHee OTKJOHEHHE (MD):

1 - ’ v \
= — X;— X |. 2.13)
MD=— Y Xi—X| (2.13)

i=l1

BepruKajibHble 4ePTOUKH 0603HAa4aloT abCOMIOTHOE 3HaueHHe (T.e.

sHayeHue, B3ATOe 0e3 3HaKa) 3aKJIOUEHHOH B HHX BeJIIUHHBL On-
HAKO MOXHO [0Ka3aTh, 4TO 3Ta CTATHCTHKa MeHee 3(deKTHBHA,
yeM BLIGOpouHas aucnepcns. XOTs 3TO MHTYATHBHO W HENOHATHO,
HeOOXOAUMO TIOQUEPKHYTb, UTO AHCIEPCHS HMEET CBOHCTBA, KOTOpHIE
fenaloT ee HaMHOro GoJee IOJIE3HOH, ueM JApyrue Mephl H3MEHYH-
BOCTH.

Tak Kak JWCIepCHs sBJSeTCS CPEJHHM 3HaueHHCM KBaApaToB
OTKJIOHEHHHI OT CpeiaHero, TO ee pasMEPHOCTb XapakTepH3yeTcs
KBaApaTaMH €NHHHIl, KOTOPLIMH H3MEpAJHCh HCXOAHble Habjione-
Hus. Ilopona, HanpHMep, MOXKET COAepXKaTb KPHCTAJABl I0JEBOro
[mnara, 60JbIIME OCH KOTOPBIX HMEIOT CPEAHION AJHHY 13,2 MM 1
pucnepcuio 2,0 Mm?. Muorue He CUMTAIOT IJIOLIafb Mepoil aicnep-
CHH UIHH. B GOJbUIMHCTBE NPUMEpOB, TAe MBI HMMeeM [eflo ¢ AHC-
nepcHell, OHa HCIOJAb3yeTcs B CTaHIaPTH3NPOBaHHOM Oe3pasmep-
HOM BHpE, T. €. B BHjE, He 3aBUCSINEM OT BHIOPAHHBIX €JHHHIU 13-
MepeHusi. DTOT Bonmpoc 6yAer elie NOAPOGHO pacCMOTPEH B JaBHOHR
raase.

Jlas Toro 4ToGBl MOJYuHTh CTATHCTHKY, KOTOpas XapaKTepH3y-
eT JUCNEepCHIO, HJH pasGpoc AaHHBIX OTHOCHTEJNbHO CPELHEro 3Ha-
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YeHHS W obJajfaerT TOH Ke Pa3MepHOCTBIO, YTO H HCXOJHBIE NaH-
Hble, MOXKHO BOCIIOJIb30BATLCA CTAHAAapTHHIM OTKJIoHeHHeM. OHo
onpejessieTcsi KaK KBajpaTHHH KOPeHb M3 AHCNepCHH H ofo3Haua-
€TCS CHMBOJIOM ¢, SIBJSIOUIUMCS ITapaMeTpoM COBOKYITHOCTH, COOT-
BeTCTByIOllasl BHIGOPOYHAsl CTAaTHCTHKA O00O3HAYaercss yepe3 S.

MaJioe 3HaueHde CTAaHAAPTHOTO OTKJOHEHHSI YyKasblBaer, uYTo
HabJI0LeHHs! XOpOUo TPYNNHPYIOTCS OKOJO IEHTPAaJbHOro 3Haye-
Hus. HaoGopor, Gosblioe cTaHaapTHOe OTKJIOHEHHe II0Ka3blBaerT,
4TO HabJ10[eHHs MHPOKO paccessHsl OTHOCHTENBHO cpelHero 3Haue-
HHST I UMEIOT CJabylo TEeHJeHUHIO K LeHTpaJH3aluH. ITO NpOHJI-
JIIOCTPHPOBaHO Ha puc. 2.11, rpe u3obpaxeHbl ABe CHMMETPHUYHbIE
KpHBBIe DpacnpejdelieHusi, HMeEIOIlHe pa3juyHbBe CcTaHJapTHBIE OT-
kioneHusa. KpuBas A xapakrepusyer HachelilleHHe HebhTbhio (B IIpo-
LueHTax) o0pa3loB KepHa H3 NPOJYKTHBHOH 30HBI CEBEPO-BOCTOY-
Hoft Oknaxombl. Kpusas B npeicrasasieT Te Ke BEJHUYHHB  AJd
HedTeHocHO! ob6JsactH 3anajgHoro Texaca, CpeaHee HacHILleHHe
He(dThIO B 3THX ABYX DerHoHax pas3ianuHo, HO HauboJbliee pasJu-
ype MeX/Iy KPHBLIMH 3aKJK0UaeTcs B TOM, 4TO AJs Texaca xapak-
TepHa 3HAYUTeJbHO Oo0Jiee BBICOKAsl H3MEHUMBOCTb HAaCHIIIEHHA.

BecbMa 10Jie3HOE CBOHCTBO HOPMAJIbHOTO paclpefesieHHs CO-
CTOHT B TOM, UTO MJIOULaJAb IOJ KDHUBOH B Npenesax HEKOTOPOro
3aJaHHOr0 HHTEpPBaJa MOXKeT ObITh TOYHO BblUHCJieHa, Hampuwmep,
Gosee 2/3 wabmogenuit (68,27%) nomamaloT B MHTEPBaJ C LEHT-
pPOM B cpefiHEeM 3Ha4YeHHH H JJIMHOH, paBHOH JBYM CTaHZAPTHHIM
orknonenusaM. [IpumepHo 95% Bcex HaGMOfeHHH 3aKJOYaeTcs B
HHTEepBaje OT —2 10 +2 CTaHJapTHLIX OTKJOHEeHHH u Gosee 99%
COJIEPIKUTCSL B HHTepBaJje OT —3 A0 +3 CTAHAAPTHHIX OTKJOHEHHII.
drto nokazaHo Ha puc. 2.12.

PacnpenesneHnne, ykasblBawolllee cTeleHp HACHIIIEHHS  HE{HTHIO
nopod ceBepo-BocTouHo#l Owmaxombl (cM. pue. 2.11, kpuaa A),
umeer cpentee 3Hauenne 20,1% u cTaHmapTHoe oTkJIOHeHHe 4,3%.
Ecau mpeanoJiodKuTh, YTO paclpeieedne HOPMaJbHO, TO CjAefyeT
0XKHIaTh, YTO OKOJO 2/3 HccieayeMblx 00pasunoB OyneT HMeTb Ha-
colleHne HedThio oT 16 1o 24%. M3ydeHue HCXOAHBIX JAHHBLIX IO-
KazaJjo, 4To 1145 npobd xapakTepH3ylOTCsl HacblUleHHeM, KOTOpoe
HaxXOAMTCSl B YKa3aHHBIX [pejesax, 4yTo COCTaBasieT oxkoao 688%)
BCcex JAaHHbX. Toapko 101 obpazen, 1. e. okojo 6%, uMeer HACHI-
leHue BHe HHTepBada 2a (12—29%).

Te, KTO He HMeJ feJa CcO CTAaTHCTHYECKHUM aHaJH30M, OOBIUHO
C TPYAOM Da3BHBAOT HHTYHTHBHOE BOCHDHSITHE YHCJEHHOro 3Haue-
HHsl JHCNEPCHH HJHX CTAHAapTHOrO OTKJOHeHHA. SIBAdeTcs Ju AMC-
nepcusi, paBHas 10, Gouabwof uaM Majo#? Uro 3HauuT cTaHZapT-
goe oTkJoHeHHe 237 Oxa3blBaeTcsl, IJis WHTEPNPETAUHH Kak JHC-
NepPCHH, TaK M CTAaHJapTHOTO OTKJIOHEHHS He TPe6yeTcs IMPHMHCH-
BaThb KaX/IOMy H3 HHX YHCJIEHHOrO 3HauyeHHsd, a Tpebyercs cpab-
HHBaTh OfIHY JHCHepCHIO ¢ APYyrod. BriGopka, uMetoltass HanGOMb-
Y0 AMCNEPCHI0 HJH CTAHAAPTHOE OTKJOHEeHHe, XapaKTepH3yercs
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Puc. 2.11. UacToTHOe pacipeje/eHyie NPOINEHTHOTO CONEPKAHHSA HACBHILCHHST Hed-
thio B HedTanoM node Oknaxomsl (A) r Texaca (B)

L
-2

Puc. 2.12. Tlnomany CTaHAapTHOrO HOPMaJbHOrO DPAacHpefieneHns, 3aKalouenHle B
npejenax MHTEPBAJIOB, KPATHBHIX CTAHAAPTHOMY OTKJIOHEHHIO

GoabIIMM pa3bpocoM HabaionaeMbiX 3HAaUYeHHH OPH  YCJOBHH, 4TO
BCe M3MepeHHsl CleJaHbl B OJHUX H TeX e eAHHHIaX.

Pasenctso (2.11), XOTs W onpejgejseT AHCIEPCHIO, OOLIYHO He
licroJb3yeTest AJs BBIUMCAEHHI, TaK Kak CONEPXHT n  OnepaukH
BLIUMTAHHSI, 7L — YMHOXKEHHs 1l 1 — CJOXeHHus. Bumecto 3TO# ¢op-
MYJB 78 BBIUHCJIEHHS OLEHKH AMCIEPCHH HCNO/b3yeTCs Apyras
dopMysa, KoTopas HMeeT CJIeAYIOUHH BHIL:

i X2 —nXxe
=1 (2.14)
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HJIH
n 5 /7 n \ 2
Y ! P
DLESES
f=1 \i=l =
s? = : ) (2.15)
n(n—1) '

C moMOllblo HACTOJLHOH BBIYHCJAHTEJNbHOH Mauwuee 2X; u X2
MOXKHO MOACYHTATb OJHOBPEMEHHO, UTO II03BOJSIET YMEHBILIHTH
uncja0 TpeGyeMblX omepauuil Ha uuc/ao n. Ha Beluncanrtesnbhoil ma-
wuHe Qopmyna (2.15) MoxerT ObITh HCIIONB30BAHA IJsS O HOBpe-
MEHHOIO0 HaXOX[IeHHd CpefHEero Hu JUCIEPCHH, 4TO IO3BOJSEeT H3-
0exaTb HEOOXOZHUMOCTH JABAXKABI HCIOJb30BATL OLHH H Te Ke JaH-
HEIE.

UHJIH BHIYHCJ/IEHHA OLEHOK AHCIEPCHH M CTaHAapTHBIX OTKJOHe-
HUH BBE/I€M HEKOTOpLIE NPOMEXYTOUHEIE BEJIHYUHBI, KOTOPhIE YacTO
OyNyT HCNOJIL30BAThCS BO MHOTHX NpPOLENYpax, H3JaraeMblX B IO-
CHeIVIOINX rJiaBaxX. HemeHTpHpoBaHHas cyMMa KBaapaToOB — 3TO
npocto X X;%; weHTpHpoBaHHAas cyMMma KBaapatoB (SS) ompeness-
eTcs no gopay.e

35S = VX, — X (2.16)
i=1

HJH, HYTO ameﬁpamecm 3KBHBAJIEHTHO,

SS — E xi—L ;1/\,) (2.17)

i=l1

/

OHGIHKy AUCHCPCHIT BBIUHC/SAIOT NIyTeM JeJIeHHd 3TOR BEJHYHHBI Ha
n—i, T. €.

;n L2

2 1 1 & 2 1 ‘
8% == SS: [T T g =
n—1 n—1 EXL n (2 Yl)

i=1 i=l1

s R )

- Lo ngx%—(zxi) . (2.18)

M=l

Beanunna n—1, xotopaa copepxurcs xak B dopMyiae (2.14),
TaK H B ¢popMmyne (2.15), TpeGyer HeKOTOpOro mosicHenus. Jucmep-
CHSt ONpeneJseTcs KaK CpejHee 3HaUeHHe KBaJApaTOB OTKJOHEHIH
ot cpeanero. OQHAaKo, HMes JeJO JHUIIb ¢ BEIGOPDKOH, MH He 3HaeM
HCTHHHOTO CPEAHETO 3Ha4YeHHS COBOKYIIHOCTH p, HO MOXKeM olie-
HHUTb €ro ¢ IOMOU1bIO BEIOOPOUYHOrO cpegHero X, KOTOPOe BHIYHCJA-
ercs Tak, 4Tobnl MHHHMH3IPOBATh KBaJApaThl OTKJOHEHHH OT Hero.

n

_ 1 .
Vuaue rosops, onepauus X = 72)(}, A2eT 3HaueHHe X, AJA
: i=1
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n

KOTOPOTO Y (X —X)P® jmeer MunnMasbHOe 3HaueHHE CPeAM BCeX
i=1
BO3MOMKHBIX. B ClJY 3TOro ¢BOHCTBA BHIOOPOYHOrO CPEIHEro OLEHKA
aHcnepctt GyAeT 3aHUMEHd, ecan HCNloJab30BaTh dopmyay (2.11).
n

2 1 "Q' 4 T;h ~ 1)
WHpiMH CTOBaMiL, §° = ——§ H(X;— X\* spasieTcs CMEULCHHOIN OLCH-
1

o
i—1

n

®olt an1a ¢* = L Z (X;—w)% Jdas Toro 4to0bl yCTPaHHTh CMELlEHIe,
" i=1}

Mbi HCIOIb3YeM B KauecTBe 3HaMeHateldsd B popmyne Lis BHIGOPOU-

poit ancnepcnn a-—|, yBesanunBas TakuM 006pasoM OLEHKY AHCHeEp-

CHU.

BoiuicgaeHue 3THX BeJHYHH MOMXKHO NOKa3aTb Ha npaMepe reo-
XIMIGECKHX AAHHBIX 11O COAEPZXKAHHIO XPOMa B TJIHHHCTHIX CJaH-
uax, npiseleHHslx B Ta0a. 2.1. Ilepemucas sty TabJauIy Takg, 4To-
S OHa colep:kana cToabel KBaapaToB, LOJYYHM Taba. 2.2.

Jlounyckasi, 4ro cofepzKaHHsl XpoMma pacrmpefescHsl npH6JI3H-
TEAbLHO 110 HOPMAJbHOMY 2aKOHY, MOYXKHO OHAATb, UTO OKOJIO IABYX
TpeTell 3HaueHNI pacmosioXeHO B Ipere1ax 198—246 r/r. AHaaus
TaGanny MOKA3LIBAET, YTO TPH 3HAueHHS H3 NATH, T. €. 60%, neh-
STBTEALHO NONafaloT B 3TOT HHTEPBAJ.

3aMeTHM, YTO [pH BBIYICJEHHH CYMM KBa1paTOB TIeOXUMHYEC-
XX 1AHEBIX TOMBJSIOTCS YHMCJa, COAEpKallde CeMb 3HAKOB. JTa

Ta6auma 2.2

Belunciiedue CYMM KBaAPATOB M JHCHEpCHiH
no panHpiM Tabéa. 2.1

X X2
|
905 42 025
955 65 025
195 38025
220 48 400
235 55 225
SX=1.110 TX2=248 700
(2X)2=1232 100;
1232100
$§=248 700 ———— = 2280;
2280
2 =" = 570;
4
5=570=23,88.
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Ta6aumxa 23
Copnepxanne XpoMa, HUKeNs M BaHanus
B caanitax Kanszaca, r/r

Cr Ni v

205 130 180

255 165 215

195 100 135

220 135 200

235 145 205

CyMMmu 1110 675 035

Cpezune 222 135 187
3HAYEHHS

TEHACHIHS K BO3HHKHOBEHHIO B IIPOLECCE BLIYHCAEHHS OUEeHb 60Jib-
LIMX YHCeN NPHBOXHT HHOrLA K BO3HMKHOBEHHIO 3aTPyAHEHHH B
DBM, npucnocobneHHBIX A5 paboTel ¢ uNCIAMH, COAEPIKAMIIMH
MaJjo 3Havamux UUp. IDTO TaKKe nPHBOAUT K BO3HHKHOBEHHIO
TPYAHOCTEH NpPH BLIBOAE AAHHBIX, eC.1H NOJSA (opMaTa HezoCTaTOu-
HO IMIHPOKH A/ TOro, YTOOb BMeUlaTb YlICJa, KOTOpble MOJIKHEE
OBITb HaleyaTaHH,

JAs GONbLIMHCTBA TIeOJOrHYECKUX HCCJaeL0BaHull XapaKTepHO,
UTO Ha KaXJAOM I3yuaeMoMm o0beKTe H3Mepsiercs 6oJiee OnHON Ne-
peMeHHOH. B KauecTBe npuMepoB MokHO NPHBECTH  Pe3yJbTaTHl
H3MEDEHHH KOJIIeKUHH KODPAJJOB, NOCJICIOBATeNBbHOCTH npo6 wus
pAAa CKBAXKHH HJH Ke ONpeleJeHHsi napaMeTPoB NOPOL B KOJJieK-
ung o6pasuoB necyaHHKa. Taxkue JaHHble O6BIYHO 3aNHCHIBAIOTCS
B BHJe TalJHUBl MOPSAKA AXM, Tie A — YHeHo HabJo e HuH,
a /m-—4HCJ0 H3VYaeMBIX IepeMeHHulX. Tak, HanpuMmep, noaHbie
aHaJ/lu3bl, H3 KOTOPLIX H3BJiedeHb MaHHblE Tabj. 2.1, cozepxart 17
nepemMeHHblX. B rtaGu. 2.3 npeacraBieHsl TONbKO TpH M3 HuX,
4 MMEHHO COAepXKaHMs HHKeJs, BaHaaua u xpoma. JLas Kakgoro
CTONBLA MOXKHO NOACYHTATD COOTBETCTBYIOIIHE CYMMLI H OLEHHTh
CpelHee 3HAYEHHE H CTaHAapTHOE OTKJOHEeHNe,

OnHaKo pasJiiuHbIC NepeMeHHble MOIYyT He OBITh HE3aBHCHMBI-
MH, MEMXAy HHMH MOXET CyLleCTBOBaTb HEKOTOpas ¢bopma yca0B-
HOW CBs3u. BaxKHO, UTO MBI B COCTOSIHHH OLEHHTH NPUPOAY H CHJY
9THX YCJOBHBIX CBf3€H, TAK Ke Kak OblJ0 BaXKHO OUpeneNHTh yC-
JIOBHbIE€ BEDOATHOCTH MOSIBJEHHS IUCKPETHHLIX COGHLITHIL.

CorsnacosaHHOe H3MEHECHHEe NBYX NMepeMeHHbIX

BruHC/IHTe bHbBle TPONEAYPE, HCHOMb3yeMble 118  noayuenus
OUEHKH JHCIEPCHH OJHOH NEPEeMEHHOM, MOXHO  paCWHpUTL A
BLIYHC/ICHHS MeDE B3aUMHON M3MEHUHBOCTH Naps  nepeMeHHbix.
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UTHOCHTENLHASR HacToTa

Puc. 2.13. ConMecTRO: BepOATHOCTHOE paclpejlenieHue NBYX He3aeuch1;IIx HOpMaJb-
. Hbx cavualiubix BemiquH. X, n X HOpMaNbHO paclpeaeseH

dra Mepa, HaszpBaeMas KOBapHalHeH, ABJAETCS xapamepncmxii
COBMECTHOrO W3MEeHeHHH JIBYX INEPEMEHHBIX 110 OTHOWIEHHIO K Hx
obueMy cpelHeMy 3HaueHHIO. IJTO COOTHOLIEHHE HOKasaH?xeﬂm
prc. 2.13, rae n3obpaxkexsl (OPMbI IOBEPXHOCTEH paclpene i
BepOATHOCTE!l, [OPOXIEHHBIX ABYMA KDHBHIMH HOpDMaJbHOrO P

Hpefll(i‘?cii[l}l u X, UMEIT KPHBLIE pacnpeieseHHs BepPOATHOCTEH,
aHaJOrHuHble 11306pakeHHBIM Ha pHC. 2.12.u TouHo Tax e, Kak
JUICHiepcEa XapakTepusyer pasépoc 3HaUeHHH OTHOCHTENBHO UEHT-
pasbHOll TOUKM, KaK 3TO NOKa3aHo Ha PHC. 2.12, xoBapHauus sB-
asiercs Mepoli pasfpoca 3HaueHufi pacrmpeleseHHSs  OTHOCHTEJIbHO

THErO.

O6mﬁ§xz (;ileél:(ilgﬂﬂﬂ OLleHKH KOBApHaLUI MLl CHOBa BBEeJEM BeJH-
quHy, aHAJOTHYHYIO CyMMe KBaipaioB. Jta Benmigﬂasf;)asmaaercsi
LeHTPHPOBAHHOM CYMMOll eMemalHbX npousBeenuii (SP) u ompe-

zeasercst 1o Gopmyse

n
SPy, = Z(Xi]' — X (X — Xy, (2.19)

F=1
rne X — i-e 3HaueHpe [-ii nepeveHHolf, a X;, — i-e 3HaueHHe k-i
nepemennofi. CumBoa SP.. — cyuMa npouspelieHni UEHTPHPOBAH-

HBX j-f W k-f mepeMeHHbIX. 3anmuueM 3To BbpaxeHue B Qopme,
y106HOH NJ15 BHYHCJ/EHHA:

Spjk’;nEXUXue—%nEX”ﬁX,k. (2.20)
=1

i=l1

i=1]
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Besnunna X (X;;X;x) HaspiBaeTCs HCUEHTPHPOBAHHOH CYMMOH cMe-
IIaHHBIX npousBefeHuil. CBA3b BeJH4HHB SP; ¢ cyMMOH KBaipa-
TOB MOXHO JIEFKO YCTaHOBHTB, €CJH BHIOpaTth j=R&.

Torpa nonyuaem

- n son 2
XZ-,-) = SS,.

i=1 izl /

(2.21)

Ecnu Mpl BhIUMCAHM CYyMMBl CMEIIAHHDLIX HPOPIB»BE,HEHI/Iﬁ H CyM-
MBI KB4JpaToB AJid BCeX BO3MOZKHBIX KOMOHHALITH HalldX Tpex
nepeMeHHBIX M3 TabJa. 2.3, To MOAYYHM CJeLYIOWyio Tabauuy 0o-

panka 3X3:
l Cr ) Ni l v
Cr SSer l SPcrx SPeyv
Ni SPxi-cr SSxi SPui—v
v SPy_c; SPy_ni SSv

Jlerko 3aMerHTh, UTO HEKOTOpHIE M3 BEJHYHH BCTpPeHaloTcs B
9TOH TabaHlle ABaXJApl: HalpHMep, CyMMa NPOM3BEIEHHN 1Js Ba-
Haaus ¥ BHKeJs Taxkasd e, KaK H CyMMa IpPOM3BeJeHHH IAJs HHKe-
as w BaHaxguda. O6o6mas 3TOT GakT, MOXKHO HamucaTh SPjp=
=SP,;. D10 paBeHCTBO §yAeT HaMM HCHOJbL3OBUAHO B CJAEAYIOIHX
raaBax.

IToao6HO TOMY Kak Mbl NPH BBIUHCJAEHHH JIUCIEDCHH  JeMd]H
BeqiHunHy SS Ha n—1, BEIUHCJAHM OLEHKY KOBapHALlMM, TaKixKe pas-
Jeaus Bejuguny SP Ha n—I1:

n ] n ) n
et B IRCAEd YR T YR AR B
i=]

i=1 =1

covy, = Pre _ _1
Ik n—1

n n n
1 e e
B [n Y — Y Xy ¥ X,k]. 002,
=} i=l i=1

Ternepp, BO3Bpallasch K TeOXMMHYECKHM JaHHBIM, iipHBejeH-
HBM B TabJa. 2.3, MOXHO BBIUHCINTh OUEHKHM KOBAPHAUMH [JA BCeX
Tpex sJjemeHToB. OGO3Hauas COAEPIKAHHS XpPOMa M HHUKEJSA COOT-
BeTcTBeHHO uepe3 X; H Xp, MOXKHO BBIYHCJIHTbL BEJHYHHBI, NpUBE-
JeHHbe B TabJa. 2.4. Mb 3HaeM Tenepp aucnepchio X; (xpoma) H
OLeHKY koBapuauun Mexny X, u X, (Xxpomom u Hukesem). ¥ Hac
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TaGnunua 2.4
McaeHHe OlEHKYW KOBApHAluil MEXAy XpoMom (X:) M HHKexeM (X2)

X2 X, XX, X2 X2
42 025 205 26 650 130 16 900
65 025 255 42075 165 27 225
38025 195 19 500 100 10 000
48 400 220 29 700 135 18 225
55225 235 34 075 145 21 025
TX,°=248700 3X,=1110 |ZX,X>.=152 000 2X,=675 TX?2=93 375
1110) (675
SP, ;=152 000— (———)g(‘-—) == 2150,
2150
covye = = 537, 5.

eCTh TaKkKe BCe HeOGXOAMMBIE JaHHble IJIsl BBHIUHCJCHHS NHCIEPCHE
X, (unxeas) no dopmyne 2.12. Unrartesnr MOXKeT NONBITATHCH BbI-
YHCJIHTh 3TO 3HauyeHHe, 3aNloJHHUB TabJuIly Hopsika 2X2, mpuse-
NEHHYIO HHXKe.

.

Xpom (X1) ’ 570 537,5
Hiuxeas (X,) 537,5 So2

YTo6H 34aKOHYHTbL aHa/JH3 TEOXMMHYECKHX [aHHBIX, NpHBEneH-
HEIX B Taba. 2.3, ocTaercsl BHIYHCJHTHL JONOJHUTENBHO TPH BEJH-
YlHb. JTO OUEHKHM KOBapHauufl s xpoMa M BaHauusi (covis),
HiKed H BaHalHs (COVy3) M JAHCIEDPCHIO BaHaaus (S3%). Caemys
NpolenypaM, HCNOJAb30BAHEBIM NIDH NOCTpoeHuH TalbJj. 2.4, BbiyHC-
JIITe BEJHYHHY (COVi3).

Ha puc. 2.14 npusenena amarpaMMa cOBMeCTHOTO pacipesele-
HHS ABYX NePeMEHHLIX, KOTOpHe TECHO CBS3aHBl H HMEIOT JOBOJb-
HO BBICOKOE 3HAYeHHe KOBapHauuH. PacnpeleneHus AByX IepemeH-
HLIX, H306paKkeHHmle Ha puc. 2.15, HMeT Te XKe AMCIEPCHH, Y4TO H
lipuBeAeHHble Ha puc. 2.14, HO He 3aBHCAT OLHO OT APYroOro, O 4eM
CBHAETE/bCTBYET OTHOCHTEJNBHO HH3KOe 3HaueHHe KOBapHaUHH.
WHTepnperanus sHaueHHii OneHox KOBdpHalHH AOJXKHA IPOBO-
AUTBCA TaKHM e 06pa3oM, Kak U JAHCHepCHil, HO NIPH 3TOM CJedy-
€T NOMHHTB, YTO paccMaTpHBaeMble 3HAUeHHS HE CJHIIKOM COAEp-
KATeNbHBI, TaK KaK OHM 3aBUCAT OT €IMHHI[ H3MepeHHS.
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Puc. 214, JuarpaMma paccesiiusi JABYX TEPEMEHHBIX C BBICOKHM x03ppUIHEHTOM
KOBapiaiiH
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Puc. 2.15. luarpaMMa paccesiHusi ABYX NePEMEHHBIX C HH3KHM K03 UIHEHTOM KO-

BapHalHuy

Jlns oLeHKM CTeNeHH B3aHMHOH CBA3H MEXKAy riepeMeHHbIMH,,
we 3aBHCsAIEH OT €AHHHL H3MepeHHs, HCNOJb3yeTCHd KO3 PuUHeHT
KOppesLHH 7, KOTOPHIH NpEACTaBIser co00ii OTHOILIEHHE KOBapHa-
Iy ABYX NEpPeMeHHBIX K INPOU3BEICHHIO HX CTaHJapTHHIX OTKJ/JOHEe-
HHUIi:

fip = COVj,/(SsSk)- (2.23)

Tak kax Ko3(hOHUUHEHT KOppeJsLHH fBJAAETCs OTHOUICHHEM, TC
5Ta BeJMuHHa GeapasMepHas. IIpu >TOM KOBapHaLHs MOKET paB-
HSITbCS BEJHUYHHe IPOM3BEAEHHs CTaHAApPTHBIX OTKJIOHeH#i pac-
cMATpHBAEMbIX I€DeMEHHBIX, HO HE MOXET NPEBLILIATH €e. [ToaTo-
My KO((HIHEHT KOppeJslHu NPHHHMAeT 3HAUCHUS B HHTEpBAJE
o —1 no -+1. Ecau kosadduuueHT Koppeasnuu pased -1, 370
vKa3biBaeT Ha TPAMYIO JIHHEHHYIO CBf3b MEXIy JABYMS NepeMeEH-
upiMu. Ecin Xe Ko9(D(HLIHEHT KOppeJsuud paBed — I, 3TO yKasbl-
BaeT Ha TO, UTO OfHA [epeMeHHas H3MeHAeTCd B MPOTHBOHOJOXK-
HOM HalpaBJEHHH N0 OTHOLIGHMIO K Apyrod. Mexnay asymst ymo-
MAHYTHIMH KpaBHHMH CJyYasiMH HaXOIMTCSl CHEKTD MCHee CHJbHBIX.
¢Bfzell, BKJIOUYAIOIIMA cJaydall paBeHcTBa KO3(Q@HIHEHTa KOppeds-
UHH HYJIO, YTO yKa3plBaeT Ha IOJHOe OTCYTCTBHE JIIOGOro THIA:
JHHEHHBIX 3aBHCHMOCTEH.

Ha puc. 2.16, @ usobpaxeHa CHUTyallHs, KOTJa CHJbHas Koppe-
JALHA MEXKAY IepeMeHHBIMH OueBHAHa H KO3(¢HLHEHT Koppens-

x, @ X, 6 x 8
o 2
° ° ° .
L J
o e L
o o o e [ L4 [
L] L ] [
. . . hd
® L ]
° [
X ® [ ] L ]
X
=098 ’ r=054 1 r=016
X, 2 X, d % ¢
LY [ ]
° ° °
s o ® .
¢eo ¢ o0 ¢ o 00
L4 . ] * *
[ ] ° L]
[}
[ ] [
L\‘ ®
r=-0,90 ! i
=-0, r He onpepenexHo r =0,00

Pn
¢. 2.16. Todeunsle gHarpaMmsl, HWIAIOCTPAPYIOLIHE pas3aniHbie K03(QHIHEHTH Kop-

PeJSILHE MeXAYy ABYM: IlepeMeHHBIMH
4
5L




unu noyru pased ~+1,00. MeHee sBHas koppeasnus uzo6paxeHa
Ha puc. 2.16,6. B s1om caydae KO9hDGUUHEHT KOppEJSILHH paBeH
Tosbko ~+0,54. Ilosoxkenne Touek Ha pic. 2.16, 8 onpeneneHo 10
Tabauie caydafHbIX YHCEJ, N NOTOMY 3HAUEHAS JBYX NePEMeHHHIX
COBCEM He HMMEIOT CBSI3H APYr ¢ JPYFOM, O 4eM CBHAETENbCTBYET
Kosdiinnent xoppeasuny, 6auskui k #ymo. OTpunarteapias Kop-
peJIAUIIOHHAs 3aBHCHMOCTE C KO3((QUUIEHTOM KOppeIsiliid, paBs-
HeiM —0,90, n3obpaxkena nHa puc. 2.16, 2, KOTOPHII WAMIOCTPUPYET
TOT cJaydail, Koria OJHa NepeMeHHas yMeHbIIaeTcs, B TO BpeMs
Kak apyrast yseanuupaercd. WHTepecHnlfi npenenbHulll cayuai
npenctaByied Ha puc. 2.16,J: onna nepeMeHHas MHBapHaHTa, T. .
ee 3HavyeHus He uaMeHstoTcs. IIomMBITKa BHYMCANTL KO3(D(UIHEHT
KODPeNALIill NPHBOAHT K HEeOOXOAUMOCTH JeIeHHs Ha HYJb, B 3TOM
cayyae KosQQUIHEHT KoppeJduny He onpereled. B npumepe,
n306pakeHHoM Ha puc. 2.16, e, oueBHAHA B3auMHas 3aBHCHMOCTD
Mexay AByMsa nepemeHHeimu. Habmoneuns X; u X, pacrnosoxeHs
Ha OKDYZCHOCTH, TO3TOMY COOTHOIICHHE MEXAY ABYMSI HePeMeHHH-
MH MOZHO NpeICcTaBHTh B BUJIE
X, =Vad—-X?

B TIPEINOJOKEHNH, UYTO HEHTPOM OKPYIKHOCTH SBJSETCS Hayaso
koopanHaT. Paanyc okpyxHocTi paBes a. OJHAKO e€CJAH BBHIYHCJAHTD
Koppessuiio Mexay X, m X,, oHa okamercst paBHOll Hyaw. 310
TIPONCXOAHUT NMOTOMY, YTO KO3()(HUUHEHT KOPPeJNsUUH eCTb Mepa JH-
HEHHOL 3aBHCHMOCTH MEXKIY ABYMS TNepeMEeHHBIMH, a yKa3aHHOe
COOTHOLUEeHHEe HeJuHefiHo. CyIIecTBYET MHOTO BO3MOXKHBEIX — HEJH-
HeAHBIX COOTHOLIEHHH, KOTOPBle MOIYT BO3HHKHYTH MEXKIy ABYMS
nepeMeHHBIMH. B nono6HOf cutyaunn KoshHUHEHT Koppessiuy
HEJIb37 CUHTAThb YIOBJETBODHTENBHO! Mepofl CTemeHH TaKnX 3aBH-
cHMocTeil.

Ha npakTuke BLIGOPOUHEIH KO3(D(HLUEHT KOPpeadlHd r BblUHC-
Jadercd no ¢opmyJe

r SPi/e
% 1/55,.55,

24

n n
1 [ o
Zth.xfk_T ( DXy S

ot ‘

=] =]
—. (2.24)

= /‘ n 1 n 2 n ) n
VS| S S+ Sx,
; =1

i=1 =1 =]

i=1

Tak xak r u3MepsieT JMHeHHOEe COOTHONIEHHE MEXKIy JByMsl ne-
pEMEHHBIMH, MOXHO ONpEIeNHTb NPSAMYIO JHHHIO, XapaKTepH3ylo-
IYyX0 32aBHCHMOCTh MeXJAy HHMH. DTO BaXHHIH BOIPOC CTATHCTHUE-
CKOTO KOPPeJISILHOHHOI'O M DErpeccHOHHOTO aHaJu3a, SBJASIOLIErocs
OCHOBOH COJIPIIHHCTBA METONOB anNpOKCHMAalluH  NOBepXHOCTEH.

52

Tab6auma 2.5

PasmMepbl pakOBHH Opaxuonon
pora Composita, MM

Jnuna Mlupuna
18,4 15,4
16,9 15,1
13,6 10.9
11,4 9.7
7,8 7,4
6,3 5.3

Hertanpuo sToT Bonpoc OyleT pacCMOTPEH B CJACAYIOIHX TrJaBax,
a 3zech MBI OCTAHOBHMCS Ha Npouelype BbLIYHCJIEHHS BeJIHYUHBL 7.

[lpH GuosornyeckHx HCCACA0BAHHAX — OOBIMHO Ha6m011aeTcs}
CHJIBHAS KOppeJsius CBOACTB B Ipejesax OQHOH OGHOJOTHYECKOH
TpYnOBl OPraHH3MOB, TaK KakK DE3YJNbTaThl H3MepeHHA OTIeJbHBIX
XapaxkTepHCTHK B 3HaYHTEJbHOH cTemeHH 3aBHCAT OT ofmux pas-
MepoB ocobu. Tax, HanpuMep, B Tabu. 2.5 npuBeleHH Pe3yJbTaTH
H3Mepenns AJMHB Il IIHPHHB pakoBHH Gpaxmonox poaa Compo-
sita. Kax Jerko vcTaHOBHTb, HMeeTcsl CHJbHaA CBSI3b MEXAy STUMH
IBYMS XapaKkTeplCTHKaMH, O 4eM CBILLeTeJbCTBYET BHIYHCJIECHHOE
3HaueHMe BHIOOPOUYHOro Ko3(phHUIIMEHTA KOPPENAlNH.

Jlns BriuHcJaeHHS OHEeHKH kKoa(gdHUIUeHTa KOppensliu MeXny
ABVMS cTOI0UAMH H3MepeHNH NoAcYuTaeM COOTBETCTBYIOUIMe KBaj-
paThi 1 CMelllaHHEIe TIPOH3BeAeHHS. DTo cxenano B Taba. 2.6, rue
Xi — nnuna, X, —mupusHa. KosbduniuedT xoppensiuuy, paBHHI
0,99, oxasmiBaeTcs O4YeHb BHICOKHM, YTO NOATBEPXKIaeT MOLO3PEeHHE
B TOM, 4TO HMeeTcsd NpaAMag CBA3b MeXAy AJHHON M IIUPHHOH pa-
KOB#HbE. CTOJb CHJIbLHBIE 3aBHCHMOCTH BCTpEUAIOTCH He BCeraa; B
AEACTBUTENLHOCTH BecbMa OGBIYHHL 3a1add, B KOTOPHX Tpefyercs
ONpEeNeNHUTh, CYUIECTBYEeT JH XOTb Kakaf-HuGyab KoOppeasuus.
K sTomy Bonmpocy Mbl ele BepHeMcs.

Hagepnennas xoppeasuus

Hexotopule koppeasinuu MEXIYy NepeMeHHBIMH He OTpaXaioT
COOTHOIIEHHH MeXJY HHMH, HO OHM HHAYLHPOBaHL ONepalmUAMU
WIH TIpeo6pa3soBaHHAMH, KOTOPHIM ObLIM NOABEPrHYTH nepeMeH-
Hele, JIBe He3aBUCHMBIE caydafiHEIE BeJMMYMHEL OOBIIHO HMEIOT HY-
JIeBYI0 Koppessunio. OgHako HEKOTOphle onepalHu Hajg HepeMeH-
HBIMH MOTYT NPHBECTH K KODPeJNSLHH, OTJIHYHOH OT HyJs, XOTH
MEXJYy HHMHM He CVYIIeCTBYeT HHKAaKOrO JHHEHHOrO COOTHOLIGHHS.
CylecTByIOLIME KOPP ALK MOTYT GHITh M3MEHEHH HJIH JaXe 06-
paulenbl TAKMMH ONepalfsMH.
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Ta6auua 2.6.

Buluncienne cymm KBapaToB, CMEIAHHBIX NpOH3BENnEHHI
K Ko3puunenta koppedsuuu no JlaHHbIM TabJa. 2.5

X,? X XX, Xa X2

338,56 18,4 283,36 15,4 237,16
285.61 16.9 255,19 15,1 29801
184,96 13.6 148,24 10,9 118,81
129,96 11,4 110,58 9,7 94,09
60, 84 7.8 57,72 7.4 54.76
39,69 6.3 33,39 5.3 28,09

IX12=103962

X =744 ’2X1X2:888,48 I 2X,=63,8 {2X2?=760,92

74,4)(63,8 97,37
SP:;=(888,48) — (.1)(63.8) )é ) =97,37. COVip— "= = 19,47
74,4)? 63,8)2
88:=(1039.62)— G0 =117,06. $S,=(760,92) — (63,8)% 5 2 _ 82,51.
117,06 . 82,51
W= Ty B s =VIB =48 52— S = 16,50,

55="V/16,50-=4,06.
19,47

= —— 0,991
(4,84)(4,06)

T2

HMpeanosomum, uro 06pasupl raibku cayuaiino BHIGHpAWOTCA ¢
TaJleuHoro naaxa U U3MepsioTCes Tpu ODTOrOHaJIbHEIE OCH Ha KaK-
AOM 13 HuX. HUKAKHX IONBITOK H3MepHTH CaMyl JJHHHYIO HJH
CaMylo KODOTKYIO OCb TaJibKH He MpPeANpHHAMAeTCs H IJIST OXHOTO
43 06pasuoB. MoxHO GEIIO Gb NPCANONIOKHUTE, YTO 3TH H3IMEPEeHHs
OYAyT KOpPpeAHPOBaHBI, Tak Kak HanboJlee BepOSITHO, 4TO 60Jbias
rajJbka OyneT MMeTh 60oJblLIHe pasMepbl 1o BCeM Tpem ocsiM, a Ma-
Jas raigbka Hao6opoT 6yieT HMeTh Mavibie pasMepsl 1o BceM Tpem:
OCSAM.

B rabn. 2.7 npusexenn SaMEpDbl, CHeNAaHHBIE HAa KOMICKILHH:
TalbKH, U KODDeNAUHH MeXKAy mepeMeHHbIMH, Jlaunbe Tawke
NIPEACTABJICHL B BHJE CKANAPHBIX AHArpaMM Ha puc. 2.17. Onnako
€CJH TENEepPb OCH BHIOPAaTh B COOTBETCTBHH ¢ corsalieHHeM — o
ONpENEICHHIO HaubOMbIAS OChb rajbkH — g, HauMeHplias — c:.
CpeAHsiA — b, TO TakKoe ynopsizouenne IPHBELET X H3MEPEHHIO KOp-
peqauuii (1aba. 2.8). 1o ocobenno XOpOIIO BHAHO Ha CKaJdSPHOL
Anarpamme (puc. 2.17), Tar kak Takoe OnpenesleHHe NPHBOAHT K.
CMELIEHHIO BCEX TOYEK B Mpejesax CEKTOpa JQHarpaMMbl c YrJoMm:
45°. B cuJay 3TOrO BCeraa MOJKHA CYWECTBOBATL MOJOXKHTENbHASE
KOoppeasuns Mexny Jo6o# napoit ocel, umy MEX/JY OTHOLIEHHSIMIE
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b2

Ta6auuna 2.7

Tlaunuel (B cM) oceil 00pasLOB rajbKH, coGpaHHouﬁHa nasiKe,
OcH nepeunclieHbl B NOpsAAKe H3MEPEHH

3
O6pasen Och 1 Ocp 2 Ochb
8

3 7
b 16 5 8
b 10 12 5
y 13 5 2
d 14 16
¢ 9 8 14
f 16 13 13
i 6 3 11
}'z 9 15 9
: 13 10 9
i
( 98
CyMME 1(1)8 o 9;4) ] 5 g
Cpennue , s

Koppensuuu r;,=0,279 ry3=—0,021 r;3:=—0,349

IBYX ocefl M TpeTheil ocklo (HampuMmep, Mexay b/a B OTHOLIEHHU K
o) HapeenHble KOppeJsilliH, NpHUYHHAIONIHe HauGoJbllee Gecilo-
KOHCTBO, — 3TO JIOXKHbIe OTPHIATE/bHEIE KODPEJISIHH, KOTOPHe I0-
SIBAAIOTCA B 3aMKHYTBIX MHOXECTBaX [1aHHBIX. 3aMKHYTOe MHOXKe-
CTBO JaHHBIX — 5TO TakKoe MHOXKECTBO, B KOTOPDOM CYMMa Bcex
MepeMEeHHBIX, H3MEeDEHHBX Ha HHAHBHAYAJLHBIX I[IPENCTABHTENSX
MHoxiecTBa, paBHa 1,00 uau 100%, yTo o3Hauaer, YTO 3TH mepe-
MEHHble NPEJACTaBISAIOT COBOH OnpejeseHHBIe NPONOPIUMH OT HeJOo-
ro. Tax kax cyMMa nepeMeHHBIX €CTb (UKCHPOBAHHOE UHCJO, TO

Ta6auma 2.8

Iisl (B cM) oceil 06pa3suos rajbk, co6pannoil Ha masxe
(@ — naubonvmwas ock, b — NPOMEKYTOUHASA OCh, ¢ — HAWMEHBILAS och)

O6pasen a b c
a 8 7 3
b 16 8 5
c 12 10 9
d 13 12 5
e 16 14 5
f 14 9 8
g 16 13 13
h 11 6 3
i 15 9 9
i 13 10 9
Cymmu 134 98 69
Cpenyne 13,4 9,8 6,9

Koppensiuny ru5=0,597 rqc=0,499 rpc=0,467
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Prc, 2.17. Muarpamma paccesnns numy oceft (B cM)
HBIX Ha rajeuydoM Iasixe:

& — HECXORHbI® NaRNBI& cobpannt Haypayy, 6—H3MEDCHHH pacco
YTO OPHBEJND K CMEUEHHI0 BCeX TOYEK HHXe JgHaro

ofpasrnos rajbKd, oTo6pan-

PTHPOBAaKEl No ocam 4. b, ¢,
BaJH AHarpaymal

CraHe,

oD

oH

Fanut AHPnppuT

Pac, 2.18. Tpeyroasnas AnarpaMma TaIHT—aHTHAPHT—CIaHel KaK KOMMO3ALHOH-

:aﬂ~ cucrema. Touxu xapakrepuayior CPEJHHE COREDNKAHHA MOPOZ Bennuurronos-

KO (opMauuH (mepMb), H3BIEUeHHLIX H3 CkBamuH B llenrpasbiom Kawmaace ¢
HHTepBaJoMm 1,5 M

yBeJaHyeHre JOJH oJHOH nepeMeHHOW MOKeT JHIUb NMPHBECTH K CO-
KpalleHHio 10 APYIHX NEPEMEHHLIX.

B oTXpHTOM MHOXECTBE, B KOTOpOM H3MEpeHHsA He NPENCTaBJIs-
jotcs B BIIAE MPOMOPILHI ABYX JHHEHHO HE3aBHCHMBIX NIEPEMEHHLIX,
GyieT CVILECTBOBATb KOPPEJISIHS, KOTOpPas HE3HAYHMO OTJIHYaerTCH
oT nyas. Ecan OTKpBITOe MHOXKCCTBO RaHHBIX 3aMKHYTh npeolpa-
30BaHNeM H3MepPEeHHI B DPONOPUMH, TO IOABATCA 1aBHO 3HAUHMbIE
oTpuLaTeIbHBlE KOPPEJIALHH, XOTS HCXOAHpIE NaHHLIE NPEICTaBJsi-
Jait coboil copepuIeHHO HE3aBHUCHMBlE NEpPEMEHHBIE. B cneunansaoM
cavuae 3aMKHYTON Ta0anipl DaHHHX 175 Tpex NepeMeHHBIX Koppe-
JASLEH MEXIY 3aMKHYTBIMH NEPEeMEHHBIMI ONpENeJsioTcsl TONbKO
yepes AICHeperil B COOTBETCTBHH CO CJACAVIOUIHM COOTHOLICHHEM

o= () (2.25)

Fi,e =
25,8,

’

Tarile p3ayMHLIC KOPPEJAgUMH  NPHCYLIH JAI00DIM  TE0JIOrHYeCKHM
LallLIM, KOTOPbIE HAHECEeHLI Ha TPeyroJbHble AHArpaMMbl, Hanpi-
MeD, LMAarpaMMbl NeCYaHHK -— JIHHA — H3BECTHAK WU TpexdasHble
AnarpaMmMbl. ITH o6paTHLlE COOTHOUIEHHS MNPOHCTEKAIOT H3 TOrO
arra, YTO MO Mepe yBeJHYEHHSI NPOMNOPUUA ORHOH COCTaBJAIO-
wefl 1ponopuMi ABYX ADYTHX COCTABASIOWIUX — AOJKHLI  YMEHb-
11aThesl.

Pic. 2.18 — 310 TpeyroapHasg anarpamMMa XJOPHA HaTpus —
AHCHADPLT — [JIHHA —— COCTABJAAIOWINX KOMIIOHEHT O0CA10YHLIX TOp-
#pIX nopoi. Hanecenusie Ha pHCYHKE TOYKH NpeJCTABJAIOT 0Ca104-
Hble JITOJIOrHYeCKIle NPONCPIHH B 5-(pyTOBOM HHTEPBANE COJEBOTO
Ynena Xauncona nepMckofi ¢dopmaunu BeaJuHITOHZ B CKBajKHHE,
npobypennoil ua Tteppuropnu Ilentpanvhoro Kanszaca. Kommosu-
UMy OBl BBIYACJIEHB 110 pe3ysnbTaTaM y-, HeHTPOHHOrO, NJIOTHOCT-
HOTO 1 aKYCTHYRCKOTO KapoTaxKa, WCIOJb3YeMOro [Jsi I3MepeHlis
neTpeMUsHYeCKNX CBOICTB HHTepBaga. Bhiaa npobypeHa KOHTDOJIb-
Hasa CKBLKHHA 444 OnpejesieHUs TNOTEHUHaJbHBIX BO3MOKHOCTER
Pa3MeleHls PaglOakTHBHEIX OTXOLOB.

B 1ada. 2.9 npusenens xommnosuuuu 10 HHTEPBAJIOB, HaHeCEH-
HBIX Ha puc. 2.18. B Hefi TakxKe NpeicTaBieHk JMCHePCHH  Tpex
MHHEPLAOTIIUCCKIX KOMIIOHEHT W KODPEJSANHH, BLIYICJACHHBIe Ha
OCHOBE 3THX Jlicmepcuf. 3aMeTHM, UTO KOBapHALMH He 00s3aTelb-
Hbl /151 BBIYHCJieHUST KOPPEeJAUHH, KakK 3TO GbIIO npeionpeeneHo
AUCIePCHAMH H 3 (HEeKTOM 3aMKHYTOCTH.

Tax xax naunnwie ¢ nocTosHHBIME cyMmaMu HauboJgee pacupo-
CIPaHeHbl B reoJorny, ObJIO NDPEANPHHATO MHOTO  NONBITOK NpH-
AdTE CMDBICT CTATHCTHYECKHM CBA3AM  MeXAy Humi. Kox ® JIHHK
[18, 7. II ru. 11] npuBozsT HekoTOpoe YHMC/IO CREIAJBHBIX CTATH-
CTHYRCKNX KplUTEples, NPUTOAHBIX AJid Takux JaHHbX, Yedec [5]
Hanncas xHury, NnocBsillieHHy0 npobeMe 3amkHyrocti. K coxaile-
HHIO, mpeanaraeMbie cTaTHCTHYECKHE NPONEAYPHl HE YHHBEPCAJbHH

57



e

Ta6auua 29
Jlutonornuecknii coctas (C TOUHOCTBIO A0 5%) 1,5-meTpoBbix HHTEpBalOB

B nepmMckod ¢opmanun BeaauHrtoHa B UentpanbHom Kanaace; ouenxn OCHOBaHK
Ha NeTPOrpaduueckHx H3MEpeHHAX no pPe3yabTaTam Kaporama CKBaXHH

Hyreppaa AHrHapHT Caanen XNODHT HATDHs
a 75 20 5
b 65 30 5
c 15 80 5
d 10 25 65
e 5 35 60
f 5 90 5
g 5 85 10
h 5 5 90
i 45 45 10
i 60 15 25
CyMMEI 290 430 280
Cpenuse 29 43 28
Hucnepcun 832,22 962,22 1001, 11
Crangaprasle or- 28,25 31,02 31,64
KJIOHEHHS ’
1001,11 — (832,22 1~ 962, 22) —793,47
ry 2= = = — 0,44'
2.28,85-31,02 1789,85 ’
962,22—(832,22+1001,11) —871,11
F13= g == = 0, 48;
2-28,25-31,64 1787,66
832,22 — (962,22 4~ 1001, 11 —1131,11
r2’3 = ( + ) == = =— 0,58»

2.31,02-31,64 1962,95

[19, 1] n B macrosimee Bpems Her BmoJHe VIOBJAETBOPHTENLHOIG

METOAa BBIYHCJIEHHS CHJIBI CBSI3eH MEXLy IN€DEMEHHBIMU B 3aMKHy-
TbIX MHOXKeCTBax I aHHBIX.

NMPOBEPKA THNOTE3bl O HOPMAJIbHOM PACIIPELXEJIEHHH

Hpe}xae Y€M IPONOJI)KHUTL H3JIOXKEHUe, BO3BpAaTHMCSl HEMHOTO !
Ha3aid K pachnpejesieHHAM 4acToT H, B H9aCTHOCTH, K HODMAaJIbHOMY ‘

pacipeaenenuio. Ecin BMeCTO Toro 4toGHl paccMaTpHBaTh BLIGOP-
kY TOJAbKO M3 WIECTH 3HAYCHHH, NpeACTaBIEHHBIX B TaGa. 2.5, us-
MEPHTb IJHHBEl DAaKOBHH OYeHb GOJbIIOH KoJaekunu Composita, 10
MBbl yBHAHM, 4YTO 4acTOTHasi guarpamma OyaeT BHINISIAETh aHAaJO-
THYHO rpaduky, HzobpaxKeHHOMY Ba pHc. 2.19. Cpennemy suaue-
HUIO JJIAHEL, B JaHHOM caydae paBHOMY 14,2 MM, 6yger cooTBeTCT-
EOBaTh HaHGOMbIIAs 4acTOTa, a NOCTENEHHO yMeHbIIAOWIUMCH H
YBEJTHUHBAIOLIMMCA 3HAUCHHAM OylyT OTBedYaThb yMeHbILAIOLIHECH
uactorsl. IIpHG/IM3HTENBHO ABe TPeTH PAKOBHMH ONAfaloT B npe-
Aesbl HHTepBaia (U—S, p+S) ¢ UEHTPOM B TOuke p=14,2, npuueM
OLeHKa CTAHAAPTHOTO OTKJOHEHHsS! NPUOMUIHTE/NLHO paBHa 4,7 MM.
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Puc. 2.19. TunoTeTHYecKoe paclpeieteHne 3HaueHui AAHHE ocobedl poxa Compo-
sita

Tenepb PacCMOTPHM H3MEpPEHHS IIHPHHBI, KOTOpble ObLIH CReJaHH
[pH Mcc/eZOBaHuN 3TOH owenp Goablrod xomrekunu Composita.
PaciapeneaeHde 3TOro nokasaTens 1o Gopme HANOMHHAeT pacnpe-
AeJienie 1JIMHbl, HO ero CpeiHee 31aveHHe M CTaBgapTHOE OTKJIO-
HeHiie B aToM ciayuae HHele. OHO MOXKeT BHITJsAETb, HAnpUMEp,
nogo6n0o rpadury, H3oGpakeHHoMy Ha puc. 2.20, co cpeaHuM 3Ha-
qeHueM 10,3 MM UM CTaHAapPTHBEIM OTKJIOHeHHeM 3,6 MM.

Mo)eM JH MBI CP2BHHBaTb ABa paclpefesieHus Apyr ¢ Apy-
rom? Vamepenus npoBejeHsl B OAHHX H TeX Xe eIMHHUAX, 4YTO
ofJsieryaer 1mpoGJeMy CcpaBHEHUS DacrpefesNeHHi AJHHBL 4 IIHDH-
e, 062 310 pacnpejeseHHs MOXKHO H3006pasuTs B OAHOM U TOM
xKe Macwtabe, B pe3ysbTare 4ero nmosayuum puc. 2.21.

Koneuno, cpaBHeHue 6wlio 6w npoule, ecan 6wl ofa pacrpene-
JIEHIs] HMEeJH OAHH H TOT XXe UEHTpP, T. €. PaBHHe CpeiHHe 3HaYe-
His. MBl MOXeM IEeHTPHPOBATh HX MO OTHOIIEHHIO K O0LIeMy cpei-
HeMV 3HAYCHHUIO, BBIYHTAS TMOAXOMslee UICIO H3 BCEeX 3HaUeHHH
COBOKYNHOCTH (MaM npubaBiss HEKOTOpPOe UYHCJIO K  3HAYCHHAM
OPYTO¥ COBOKYNHOCTH) TakKHM 06pa3oM, uTo6H cpelHie ofeHX cO-
BOxynHOCcTeH coBmasn., BMecTo 3TOro BHUTEM COOTBETCTBYIOLIEE
CpeiHec 3HayeHWe W3 KaxAOro HaGmogeHHst B KaxkIofi H3 JBYX
coponynrocrell. Ilonyuyum HOBble 3HaueHHA. 310 npeobpa3oBaHHe
CIBHTaeT KaXAoe M3 pacopefesNeHHil BAOJAbL TOPH3OHTAJLHOH OCH
40 Tex mop, mMoxa MX UEHTPH He COBNAAYT cO 3HaueHueM (), ABJA-
olMes cpenHuM aag o60Mx npeobpas’OBaHHBIX — pacrnpegeeHuit,
H300parkeHHEIX Ha pHec. 2.22.

B paccmorpenHoM npuMepe MBI CBS3aHBI pa3MEpHOCTBIO pe-
3y1bTaTOB H3MePeHWH, BbIPaKEHHOH B MHJAMMeTpax. I[Ipu 3TOM
HHKaxnx npoGsneM He BO3HHMKAET, eCJU MBI 6yaeM CpaBHHBATb pac-
UPC1eNIeHUst NJIMHLI M UIHPHHBL, HO €CJIH MBI 3aXOTHM CDaBHHBATh
STH pacnpeneseHys ¢ pacnpejesieHUsIMH, XapaKTePH3YIOUHMI Mac-
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Wrpura  mm °
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Pue, 2.20. Tunoreruyeckoe pacnpeiese-
HHE  3uaveHmi wupuump ocobeil poxa

: SHAYCHHH JJMHBI H IIHDUILL
Composita it

Aa Composita

[ i ) 7
15 -~ -3 S

C
(823
S

Puc. 222 Pacnpesenenns suawenni
AJHEBL W WHPHHEL oco6ell poga Com.
posita

Puc.

2.23.
AJMHHE H WHDHHHN ocobel poxa Compo-

OTKJIOHEHHE, paBHoe 1,0

CY PAaXOBHH, TO HaM 3To cearp He yhacrtes,
KOE-JIHGO ROnoMHRTENbHOE npeoGpasopanue,

CA€NaTh Hallu pacnpejesieHns xe 3aBHCAUIHM
penna? OmHO u3 Takux 4pe3BhlualiHO noJsiesn

KOTOpoe
H OT eIMHHL wuame-

o

H3MepAKTCa B CAUHHUax CTaH,IlapTHbIX OTKJIO-

cpenHero
H peneHus

Zi= (X, — X)/s. (2.6

60

25 mm

Sita nocne CTAHXADTH3AUHH HMewT Hy- !
JIEBOE cpelHee 3HauYeHue y CTau1apTHoe |

Cywectayer an ka-
N03BOJSIET

Puc. 221. Huarpamma pacnpelenennsg
ocobeit pg-

Pacnpenenenns 3HauYeHHli |

Tab6anuwa 2.10

3nauenns KyMYJHSTHBHOR (QYHKUMH pacnpeaefelnst CTaHAAPTHOroO
HOpMaJdbHOro pacupepenaenus [15]

Hble ) CrannapTHole S
< fogxno?\)et{};b;e KyMymaTHB- c;;&%ﬁ;iars HA ;{é};! ;g;‘gg:: g;xc.r;oe };EFHeP; ;0( }5\43; ’gg :g:h
g; }Igzegizgo " ﬂHg?TDSﬂT dgﬂzpqee%{}:f; ¢ HOCTb aHaveHus HOCTB
l

: i 0,8643

014 —0,9 0,1841 1,1 ,
=R BN RN

-9 026 —0,7 . —1, ),
BT IRT RS L B
—2.6 0,0047 —0.5 : —l3 0.9332
9.5 0.0062 —0.4 0.3446 —1,6 0,9452
. —0.3 0,3821 1.7 1955
:?3’?5, 88(1)(8)3 —0,2 0,4207 41,8 o,9§%}%
—2.2 0.0139 —0.1 0,4602 1,9 0,973
2] ¢.0179 —0.0 0,5000 +2,0 0,9841
—2.0 0.0298 0.0 0.5000 -2 0’88:1
—1.9 0.0287 1001 0.5398 2279 0. 861
1.8 0.0359 10,2 0,5793 1273 o,gq‘g
—17 0,0446 40,3 0,6179 24 0.9918
—1.6 0,0548 0.4 0.6554 +2,5 L,9;z3
—15 0,0668 405 0.6915 206 0,9953
—1.4 0.0808 0.6 0,757 | =27 0,9965
—1.3 0.0968 0.7 0.7580 28 0,974
—1.2 01151 0.8 0,7881 —2.9 0,9987
—11 0,1357 499 0,8159 3.0 0,9981

—1.0 0, 1587 h RIS 0,8413

Tenepp, Kak 9TO MOKa3aHO Ha pHC. 2.23, Hallll KpPHBHe qaCTOT
pasanuHbX COBOKyNHOCTeR poaa Composila ujaeHTHYHH. Xapakre-
PHCTHEH CTAaHA&DPTHOTO HOPMAaJbBHOTQ pacupeleneHis oqeubvxgpo-
WO H3BECTHH, 2 TabJaunbl IJIOLiajell, OrpaHUYeHHBIX yKa3aHHBIMH
CerMeHTaMM KPHBOH, MOXKHO HailTH IOYTH BO BCex yqeGHnKax: no
cratuctike. HanoMHuM, 4To HAOIIAZH BLIPAXKaloTCs OPSIMO uepes
BepoarHocTi.  Henoabsys coxpauieHHyio TabaHuy  (HanpuMep,
taba. 2.10), MoxHO HalTu MO0V BEPOSITHOCTb, CBA3aHHYIO CO
ciiyuaiiHol} BBIODODKOH H3 HOpMaJLHOH COBOKYHHOCTH, 3HAaUeHls KO-
TOPOH pPaclnosokKenp B HEKOTOPOM 3ajJaHHOM HHTepBaje. OgHakC
A 5TOrO HYXKHO 3HATh AHCNIEPCHIO COBOLYIIHOCTH,

Aapaiite cpenaem HepeaJsibHOE NPEINOJA0KEHHE, UTO MBI hecJae-
AOBaJi BCIO COBOKYNHOCTb poaa Composita. 310 3HAUNT, YTO MBI
SHACM cpejHee 3HayeHHe [JIUH €€ 3JeMeHTOB, paBHOe 14,2 MM, # ux
CTAHAADTHOR OTKJIOHEHHE, paBHoe 4,7 mM. KaxoBa BeposITHOCTE
IOABJCHHS 1pH CaydafHOM BHIGOpe o06pasila, MeHnlIero 3 MM?
Has UOJNydeHys oTBeTa Ha 3TOT BOMNPOC NMPUBEIEM 3 MM K €IHHH-
HaM CTaHAaPTHOTO OTK/OHEHHA M 3aTeM o0paTHMcs K Taba. 2.10:

Z = (3,0—142)/4,7 = —2,4.
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BeposTHocTh mOJTyYeHMS npeicTaBHTENs  COBOKYMHOCTH poa
Composita, aauHa KOTOpPOTO MeHbllle — 2,4 CTAHAADTHBIX OTKJQHE
HHH, eCTb KyMYJIATHBHAS BEPOSITHOCTL B 3TOH TOUKE: IO Halle
Tabs1. 2.10 Hajinem sHaueHne 0,0082, KoTOpoe B AEHCTBHTEJLHOCTH
OYeHb Majo. Temepp BHIUMCAMM BEpPOATHOCTL NOSBJAEHHS npeiacra
BHTE€.A5, 1JHHA KOTOPOro npesHiImaer 20 MM.

CHoBa Tpe6yeMylo BeauunHy npeoGpasyeM B
HOpMaJbHyI0 QopMy:

Z = (20,0 — 14,2)/4,7 = 1,2.

Tax kak cyMMapras nJolazb Mo KPHBON HOPMAJbHOrO pacmnpe-
Aesenns paBHa 1,00, To BepoATHOCTH MOJNYUEHHS BEJHHHHL! X, paB-
HOW uan Oosblrefi 1,2 cTaHAAPTHBIX OTKJOHEHHIl, T. e. GOJblueil,
4eM cpenHee, paBHa pasHocTH 1,00 M KyMVYJISTHEHOH BepOSTHOCTH
MoJyyeHns 3HauyeHuH, He npesocxoxasmux 1,2. Muaue roerops,

P(x>12) = 1,0— P(x < 1,2).

CTaHJapTHY

Tada. 2.10 maer HaM KYMYJATHBHBIE BEPOATHOCTH BMJOTH 10 1,2,
H BbiultaeMad BepoaTHocTb paBHa 0,8849. ITostomy BeposiTHoCTb
nosBaenna ocobeit Composita nnuunee 20 MM paBa  1,0000 —
0.8849=—0,1151, w11 HeMHOruM GoJbllie OIHOMN necaroft. Tenepb
BRIUNCAUM BEPOATHOCTL caydyaiizoro pubopa Composifa, niauHa
KOTOpO[i nonajgaer B uHtepBag ot 15 g0 20 MM:
aaa 15

Z = (15,0 — 14,2) /4,7 = 0,2,
oas 20 s
Z = (20,0 — 14,2)/4,7 ~ 1,2,
P(x < 1,2) = 0,8849,
P(x <0,2) = 0,5793,
P(0,2 <x<1,2) =0,3056,
T. €. NDUMEPHO OxHA TpeTh 00pPAa3lOB NONAaZaeT B 3afaHHBI HHTep-
BaJ.

LenrpanbHas npepenpHas Teopema

B stom npuvepe npeanosaranocs, uro BeI6OpKa Obl1a clenaHa
H3 HOPMaJIbHO pacnpeieseHHOH COBOKYNHOCTH. K coxaseHum, MH
OOBIYHO He 3HaeM, KaxoOif BHJA uMeeT pachpeiesieHHe, H HHOLA
IIOL03DEBAEM, HYTO OHO 3HAUNTEJNBLHO OTJIHYACTCH OT HOPMAJbBHOTO.
M3 storo se caeayer, uto HopmaabHOe pacrnpejeneHue GecrnoJes-
HO, TakK KaK HMCET MECTO 3aMedaTeNbHas IEHTpaJibHas mpenedb-
Hag TeopeMa. OHa YTBEDKIA€T, YTO eCJH BHIGODKH  H3BJEUEHH
cayuailHo M3 JI06OH COBOKYIHOCTH, TO CpelHBHe, BHIYHCJEHHLIE I
STHX JaHHBIX, a HMEHHO BbIGODOUHBIE CpelHMe, SBJSIOTCS cayuaif-
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HabJ0eHHiH, B3ATHEe Hayaady H3 conoxynﬂ‘ocq:
Cpeanne 3HaueHAs BHI6OPOK 0603HAUGHD

pes X

Puc. 2.24. Tpit BHOOPKH H3 NATH
¢ U-o6pa3bibiv pacnpeleleHHeM.

1 K HOD-
HBIMH BeJHUYHHaMH, pacnpeneneﬂue KOTOphBIX CTPEMHTC P

IpH vBeJaudyeHHH o6beMa BHIOODKH. 3 ]
Maﬂﬁggrgangﬂa}s; npejespHas TeOpeMa I}:g(}{;é«:;;ﬂ é{;e;l:g:m;b?g;goi
He BIIOJHE TIOHSITHOM; TPYAHO MOHATD, eqem{f{) ocan 06pas-
JOJJKHBI TOAYHHATLCS HOPMaJbHOMY pacnpeljllle.ﬂﬂo Ili)YI‘OFO opas-
b GHIMH BHIGpaHH 13 COBOKYIHOCTH gOBeg e
QOaHaKO MOJeJHpOBaHHE MO3BOJAET Y enn}:{)HM o, T sap0:
TeopeMa Ha caMOM jeJe BepHa. [Ipexnono O O eoe

UM BbLIOGOPKY H3 COBOKYIHOCTH, HMENOUIEH COBEP :
i)lT Hopmaﬁbgoro pacnpenenenns U-o6pa3noro BHRS;!b;{XaKHaagJCI)!OrZIIZ-
kazaHo Ha puc. 2.24. Bospmias dacThb HHAHBHAYa X nadmone
HHil B BHOOpKe OyieT NOJyueHa M3 ABYX Kpaes giqeﬁnﬁ cpeu:
KOTOpble cozepKaT MUk coBokymHoctd. Korpa atit 3 i y6onb-
HAIOTCA C leJpl0 HaXOMJAeHHsi CPeHero apHpMeTHuecKoro, e
[IHe 3Ha4YeHHs [OramialoTcs HH3KHMH 3HA4YCHHAMH, B perlgyano ¢
noJvyaercs cpenHee, 6JU3K0e K IEHTPY pacnpe{lenf.ﬂnﬂ. Héon:;%le
ouenb PEIKHX OGCTOATENLCTBAX, KOTAA BCe CAy4aHHO B at?e}mﬂm
HabJII0IeHHs] OKaXKyTcsi OMH3KHMH Ji060 K  BbICOKHM 3H qmv;
Au60 K CaMbIM HM3KHM, NpPH BBIYHCJEHHH CPEAHEro Mbl IOJY
3HaYeHHE, KOTOpOE CHJIBHO OTJIHYaercs OT LEeHTPaJ/bHOro. viores
3aMeTuM, uTo BHIGOpPOUHBle CpejHHE 3HaYeHHs KJacTepHsy e
(cobupalorcs B mMyukH) BOJHM3H LEHTPAJbHOrO 3HAYEHHSA rum:lrwem
YeckOro pacnpenedenus Ha puc. 2.24. Ecam 37OT axcgepO;HHe
TIOBTOPHTb THICSYY pa3 # 0oJiblie, TO OKaXeTcs, HTO Bhl ToHpOﬁ e
cpenHue OyAyT pacnoJiaraTbCs Hano“noﬁne XOpOLIO nsaece —
I0KoJI006pa3Hofi HopMaJbHOf KpuBOf. o cymecTBy, Te X
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!I;uc. 2.25. ?acnpexeu7enzxe cpedtiero X s GoabWOro umucna BbIGOPOK 0fbeMa 7
SATLIX HayRauy n3 COBOKYMNHOCTEN, ¢ pacupejie’exHeM, OTAHYAKMIUMCS OT H\)p:
MaJIbHOTO.

ﬂeﬂrpanbﬁan npenenbHan TeopeMa I[03BOJ X
AET YTBEPXKAATh, YTO pacnpefedesde X
YBEJAHYEHUS n CTPEMHTCE K HOpMaJIbHOMy. a—pacgpe;xe.neﬂnﬂ HCXOJHBIX COBOK»\‘rIIlgO(:‘\FFeE‘}{e.

H3 KO10PblX B3ATHl BBIOOPKH; 6~—2 — pacupeleseHHe X AJs BBIGOPOB o6TLena n=2 (6), n=4
(8) u n=25 (2) [22] !

pesysbTaTel OYAyT NOJYYeHBl, eC/H HadaTh MOYTH ¢ J060ro apy-

r'oro HCXOAHOro pacinpenesieHust, Kak, Hanpumep, H306pa}KeHO HAa |

puc. 2.25, B3aTtoM u3 kuuru JI. JI. Jlanuua [22].

Tak kak pacnpenenenue BLIGODOYHBIX CPEJHHX CTPeMHTCA K
HOpMaJILHOMY, TO ero MOXKHO ONHCAaThb TOJbKO ABYMS CTATHCTHKA-
MH — CpEXHHM K aucnepcueii. Kak TeopeTnueckoe, Tak u IMITHPH-
YECKOE HCCJICI0BAHHA IOKAa3bIBAIOT, YTO CpelHee 3HAYeHHe BHIGO-
POUHBIX CPENHIX PABHO CpPe/HEMY COBOKYIHOCTH, T. e. X% =u. Jduc-
mepcust BHIGOPOUHON cpejHell paBHa IHCIepCHH coaoxynnocfn ne-
JieHHoH Ha o6beM BLIGOPKH, Hin s?;( =0?/n. CrangapTHoe OTKJI’OHe-

HHe BHIOODOYHBIX CPEIHHX ecCTh KBA/PATHBIH KOpPeHb M3 3TOro 4YHC-
Ja M HasplBaeTCA CTAHAAPTHON  omMOKOil OLeHKH CpenHero, HJIH
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{pocTO CTanapTHOf OUHGKON. OHO OMHCHBAET HIMEHYHBOCTE, KO-
TOpyl0 MOXHO OXMIATb OT CPELHHX BEIGOPOK IPH TOBTOPFOM
cayuafinom BLGOpe 13 Toil xe copokymkoct. Crannapraas outne-

wa paBHa
Se = 02/”9
{1TH 4w BI1iBaJIEHTHO
Se=o) 1n. (2.27)
LlenTpanpHas npejesbHas TeopeMa TO3BOJISET chopMyaupo-

aaTH cTATHCTHUECKHe KPHTEPHH, OCHOBaHHBlE HA XapaKTepHCTHKaX
HOpMaJBHOI KPUBOH, M MPHMEHSTh MX Naxe B TeX CAydadX, Koria
COBOKYIIHOCTB, H3 KOTOPOfl B3sta BHIOOpKA, HE paclpeie/eHa HOp-
vasibHO. TIPEANONoKEM, UTO MaJEeOHTOJNOT,  KOTOPBIH 3aHHMAJCH
pecsienoBanueM kostekunn Composita, Haiien odueHb  GOJBIIVIO
MJHTY, TOKPHITYIO 6paxmonogamu. Mckonaemble BRITJIAASAT aHAJO-
ruyno Composita, 150 110 pazMepaM OYeHb BeJIHKH, CPeiHAs AJHBA
necATH 06pasuoB cocTasiaseT npuvepHo 30,0 mm. HanoMeHM, UTO
MBI «3HAEM®, 4TO cpejHee il CTaHAApPTHOE OTKJOHEHHs COBOKYII-
goctH Composita coOTBETCTBEHHO paBHBI npuMmepHo 14,2 u 4,7 MM.
MOKHO JIH CUHTATh, 4TO HOBasl BHIGOpKa OpaxHomoj OHJIa H3BJe-
qeHa M3 3TOA COBOKYITHOCTH?

Mpnl MoxeM onpelenuTh Pa3HOCTb MEXAy CPeIHHM 3HaueHMeM
Hawtefl HOBOH BHIGOPKH H CPEIHHM 3HAYCHHEM COBOKYNHOCTH. 3Ty
DA3HOCTD 3aT€M MOMKHO CPaBHHTb C H3MEHYHBOCTBIO, KOTOPYIO MBI
5Bl XOTeJH HMeTb HJsi CPENHHX 3HadYeHHII BEHIOODOK, ciaydaHHO H3-
BJCUEHHLIX C 3aJaHHOH COBOKYINHOCTH. DTa H3MEHUMBOCTb 3aJaeT-
cq craHaapTHOH ommnbKOH W siBasercda (yHKUHER KaK JHCIEPCHH
COBOKVITHOCTH, TaK U 06beMa BLIOOpKH.

CpaBHeHne MeX[Qy Da3HOCTBIO CPEIHHX H CTAHAZAPTHOH OIIHG-
KOH MOKHO OCYLIECTBHTH IO cjenymwoulel ¢opMmyse

—“ == X——u .
Sa 01/_]_
n

3ametdM, uTO nposepsieMasi CTATHCTHKA BBHUHC/ASETCH TaKHM
50pa3oM, 4TO OHa B TOYHOCTH 3KBHBAJEHTHA KDHTEPHIO, HCHOJb-
JVeMOMY IJIsi cTaHIapTH3alluM IepeMeHHOH (cM. ypaBHeHue 2.26).
[TpoBepsiemas cratuctuka Z HOPMAJbHO pachpelesieHa cO CPeHMM
‘HavyeHHeM, paBHHIM HYJIO, I CTAaHAAPTHHIM OTKJOHEHHEM, paBHBIM
CAHHILe, ecaH BBIGOPOYHOE CpejHee NEHCTBHTEJABHO OBIIO MOJYHe-
"0 J19 runoTeTHYecKo coBokymHocTH. Ecau Z xpafiHe BeJHKO, TO
ML BNpaBe 3aKJMIOMITh, YTO HAMIA BHIGOPKA He Gblna B3fTa W3 STOH
CoBOKynHocTH. PopmanabHoe pelieHue, ogHaKo, Tpebyer, 4TOOBI MBI
YCTAHOBIJIM COOTBETCTBYIOLLYI0 NPOLEAYPY AJs BBIYHCJECHHS IMPOBE-
DSieMOl cTaTHCTHKH.

7= (2.28)
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ITepBulit war B CTaTHCTHYECKOH NpOBEpKe THIOTE3 — (GOPMYJIH~
poBKa noaxoAsulell rHnoTessl 06 HccdepyeMoll nmepeMeHHoH., OObiu-
HO Takasl rumoresa HaselBaeTcs HyJesolf, ofosHauaercs Hy u, B
CYWHOCT!, #BJAACTCS THHOTE30H 06 oTcyrcTBuM pasanuusi. Hampi-

Mep, MOXKHO [IPEANOJOXKHTh, YTO AaHHas BHGOPKA B3SITA H3 COBO-,
KyNnHOCTI, HMetoulelt 3alaHHoe cpennee 3HaveHue, HyuaeBas runo-|

Te3a BbIpaxkaercs B popMme

Ho:py = po,

HEMY 3HauYeHHIO.

B Hamewm rnpuMepe MLl JOJAKHB Oynem
CpeaHee 3HaYeHHE COBOKYNHOCTH, H3 KOTOPON GBLUIH B3ATH GpaxHo-
OOABI, HaXOAALHECH Ha IJINTe, COBHAJaeT CO CPEAHHM 3HadeHHEM
coBOKynHocTH pona Composita.

CodopmysnpoBas HysieByIO THIIOTE3Y, MBI JOJKHB YKa3aTh H
aJbTepuaTuBy K Held. Tloxxoxmsmias asbTepHaTHBa B 5TOM CHTYVa-
UHH MOXKCT OBITh CJeLyIomed:

]‘]1 : ul?&uo, (230)

T. €. YTO CPe/Hee 3HaYeHHE COBOKYNHOCTH, M3 KOTOPOH Obl1a B3ATa
BLIGOpKaA, He PaBHO 3aaHHOMY 3HAYeHIIO 0. Temepn paceMoTpum
Npouesyprl NPOBEPWIH [HNCTe3 NIPH 3aAaHHOM YHOBHE 3HAUHMOCTH.
Ecau nBe nsyuaemble COBOKYNHOCTH OKaXKytvCsl PasJHUHBIMH, CJe-
AYyeT CAeNRaThb BEIBOJ, YTO HCKONAeMbie OCTATKH OBbIJH B3ATH He 13
copokynuoctn pofa Composile, a u3  COBOKYINHOCTH HEKOTOPOTG:
ApPYroro poja.

Kax vo/ibko runortesa cgopMyanpoBaHa, MOXHO Ha OCHOBAHHI!
HAWIEro CTATHCTHYECKOTO KPHTEDHS [PUHATL €e HJAH OTBEPrHYTh.
Fumotesa takxe MoxeT OBITb HCTHHHCH HJH JOKHON., D10 IPHBO-
AUT K TOMY, YTO BO3HHKAeT yeThipe XKOMOHHAIIMM BO3MOMKHBIX HC-
XON0B, /1B€ H3 KOTOPLIX [PHBOAAT K IpaBHJILHOMY BHIBOAY, a
ABE — K HCIDPABHJLHOMY. S7T0 MOKHO NPOUJWHOCTPHPOBATL CJELY-
IOIIHM 00pasoM:

T'unoresa BEDHA [nnoresa nepepHa

Tunoresa npungMaercs IpaBussHoe pemenue Own6xa Broporo poaa

Tunoreza orepraercs Omubka nepsoro poaa

IIpaenasHoe pemenie

Tonpko NpHHATHE NPaBHJLHON WM OTKJIOHEHHE HeNpaBHJbHOIE
THNIOTE3Ll MOXKHO CUHTaThb BepHuIM pemieHueM. Ecau Hysepasa ru-
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KOTOpasi 03Hayaer, UTO CpeJHee 3HAYEHHE M, M3YYaeMOH COBOKVII-{
HOCTH, 113 XOTOpOil Obisia B3siTa BLIOODKA, pAaBHO 3afaHHOMY cpej-

NpeNnoJa0XKUTh, UTO |

resa OTBEPTORTCT, @ HA CAMOM jeje OHa BepHa, TO BOIHmKACT
'm, - .. unspBooMad OWMONON HEpPBOro poaa. Hao6opo;, ecad
11! o, HaS . 6 _
S as ruHOTC32 TDIHUMAETCH, TO COBepliaeTest omnfra BTO
R R SEDY RN ¢ TR S I TLEE o ) o ]
:ﬁl(;“, pega. BO3BpAILAACh X HALIEMy DPUMCPY, IPOUJILCTPUPYEM
(e leHHbpe JOHATHA

e e T

! B il TouTeNbHOCTH

QOcofH ¢ OARTLL e npU-
HaiJcIKaT COBOKYNMHOSTH

T'unore3a Ocobu ¢ NANTL NpUEaiie-

JKatT COBOKVIIHOCTH

IIpasnisHOe pelieHne

3L IANTE =g
: Quubka repsoro pojia

i Oumn6xa BTOPOTO poAa
U IUIHTBIF g

[IpaBuabHoe pelienue

Loeeh «l TUIHTBI» OTHOCHTCSA, KOHEWHO, K CDEAHEMY 3HACHIO CO-
SOKYIHHOCTI, K KOTOPOH npiHaizexkaT ocolH, cobpanunie ¢ nalThl.
B pacnpocrpalleHHBIX CTOYHCTLUSCKIX NPOUERypax Be 0XTHOCTD

HOSIBJCHHS OWOKH 1ICPBOro poha cHosHavaeTesi yepes 7o ' Ha3bl-
Baetcsd ypoBHEM 3HAUWMOCTH; 2TV BEPOATHCCTb SOMHG . A48Tbh A0

ppuvoHenns kputepus. Jag Toro 4T00b MEHUMISHPORATS BEPOAT-
HOCTL TOABJEHIA OWKOKA BTOPOro POAY, 3allinieM HYnLeRylO THIO-
Tesy HPH YCJOBMI, 4TO OHa OV e Eenn 1 ii‘f)iijéiﬂaﬁ(()T-
KJOHSETCS, TO BEPOSTHOCTD GONRLNHIA CHIHOKE 37CPOL0 1043 pab-
44 11y.30, TODAA KK BEPOATHOCTb HOHBJACHHS OUNOKH N2PBOro poaa
WLBeCTHY, TaK KaK OHa 3ajnaercd sapadee. Ecamn, olHAKC, XDHTEDIHH
He NPHROANT K OTKJAOHGHHIO HYJICHOI THRoTe3bl (T. €. Hynehas Iiiio-
feza JIPUHMMAETcs), TO TOABAALTCH HEKCTOPAsS BEPOATHOCTL CAc-
J4Th OHMINOKY BTODOro poAd. DTa BEpOsATHOCTH B, BOOGIie rosops,
denspecTHa, Taxny obOpasoM, ecal THIOTE3a O PaBEHCIDT Cpeanux
STBEPLaeTCsl, Mbl LeJaeM BBIBCA O TOM, YTO [BE 53YydacMuie
KYINHOCTH HMEIOT pPasfHYHbie CpelHHC 3HA4YeHMsT H BEDOATICCTH
TOro, UTO LPHHATO OluMOouHOe peluedie, pasHa a. C xpyroil cro-
DOH, coau [y He oTBepraercsl, YTBEpKiEHHE O TOM, 4TO CPCiHHE
ADYVH COBOKyinOCiefl coBmazaioT, MOMET OKa3arbed JOXKIILIM C He-
H3RCCTHC BepOATHOCTBIO P.

Bee crarucruueckde KPHUTEPHH OCHOBAHL Ha  MPEIIOJOKCHHHE,
S0 HYJICBAA T1507Te3a M aibTepHaTHBA K Heil B3alMHO HCK/AOYAI0T
ADyr Apyra n BMecTe 006pasyicT HOJHOE MHOXKeCTBO coObituii. Tak
HAK HYJACBUI PHNOTe3a 3ANUCHIBECYCA B SIBHOM BHAE, TO &abTCPHA-
THBA 10/2KNA OLITh J0BOJBHO oOuiel. Ecan He oTBepraercs, 10 MBI
SUHTACM, UTO 3a42HHNOE COOTHOILICHHEE, ONUCHBAEMOE HYJCBOIH TH-
LOTe30k, L BupoJHneTcsd. DoJgee TOro, HCTHHHOE COOTHOIEGHHE B
“TOM CJYHae COAep:KHTCS B OOIIHPDHOM MHOXKECTBe aJ/bTepHaTHB,
SUKJIOYCHHBIX B obliell anprepHaTHBe. MBI He MOXEM ONpeLeuTb,
KIKOe I3 COOTHOLIEGHHH HCTHHHO; MLl MOXKEM TOJbKO YCTAHOBHTD,
Kakoe M3 COOTHOLIeHHii He BpMmosusiercst. kMuorma B MaTemaruue-
CKOIl CTATHCTHKE NPHMEHEHHe CTATHCTHYECKHX KPHTEPHEeB II03BOJIA-
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€T TOBOPHTb 00 <ONPOBEPKEHHH HYJIEBOH TMIOTE3bl» NPOTHB aJb-
TEPHATHBBI O HeyCllexe ONnpoBepxeHHs. Heycnex onposepikeHus,
KOTODOMY  COOTBETCTBYET HEH3BECTHAS BEPOSITHOCTb I[PHHATHA
OWHOOYHOIO pelleHHs, He CJAYXKHT 3KBHBAJCHTOM NPHHSATHS THIO-
Te3bl. CTAaTHCTHYECKHE KPHTEPIHH B HEKOTOPOM CMbICJAE HE MOIYT
CKasaTh HAM, YTO HMEHHO IHMEET MECTO, d TOJAbKO MOTYT CKa3aTh,
Uero Her.

BosBpamascy k uysesoii runotese i aapTepHaTliBe, ONpeieer-
HOW Qopmynamu (2.29) u (2.30), mpeino/oxKuM, UTO Wb COYJH
YPOBeHb 3HAYHMOCTH (T. C. BePOATHOCTbL OWIMOKH HepBOro pOJia)
o=0,05 NMOAXOAAUINM 151 HAWHX Heqeii. MHLMI CIOBAMH, MBI JO-

IyCcKaeMm BO3MOXKHOCTh NpuOJ3HTeNBHO D pas xa 100 ncnmTanuil §

OWHOOYHO OTBEPrHyTh NPOBEPSEMYIO THNOTE3Y B ¢Jyuae, KOMAa oHa

BepHa.

HPEHHOJIO}KHM, 9TC AHCIIEPCHA COBOKYVNHOCTH, II0 OTHOUIEHHIO K ‘
KOTOpOIuI BEAECTCHA IIPOBEPKA, HaM H3BeCTHA. Maneontoaor onpeje- k

JIJI, 4YTO JIHCIepCHs 3HaYeHHUN AJHHBI 15 COBOKYITHOCTH ocobed

pona Composita pabHa 22,1 (HaUOMHUM, YTO CTaHIapTHOE OTKJO- |

HeHue Oblio 4,7). Tenepp MOXHO QOpManbHO 3alHCaTbh cTaTHCTHYE-
CKHIl KPUTEpHH cJelyromuM obpasom:
1) nycTb npoBepseMast ruioTe3a M ajbTepHATHBA HMEIOT BUA

Hy: U1 == Wo,
Hy o pis=po;

2) mpHHHMaeM ypOBeHb 3HayHMocTH: o= 0,05;
3) BHIUHCJAAEM CTaTHCTHUYECKHII KpHTEpHil:

— X —pq
o)/ 1jn *

Ecan Buibopka B3siTa Haylauy H3 HOPMaJsbHOH COBOKYIHOCTH C
M3BECTHOH AMchepcHeli, TO CTaTHCTHYECKHI KpuTepHil Z OyneTr pac-
npefeseH HOPMaJbHO CO CPeAHHM 3HAUEHHEM, PaBHBIM HYJIO, H AHC-
nepcuel, paBHOH eaHHuOe. Mbl NpUHAJAM COrAAIeHIE O TOM, YTO
NpUOAH3UTENbHO OAMH pa3 Ha 20 uCcHbITaHHH [ONYCKAeTCH OUIU-
GOYHOE OTKJIOHEHHE THIIOTe3bl O PABEHCTBE CPEAHHX, B TO BPEMs Kax
oHa BepHa. MHbIMH choBamH, Mbl IpHHHMaeM 5% -Hb ypOBeHb
pHCKa 1/ BEPOSTHOCTb OWKOKK nepBoro poaa pasayio 0,05. Ompe-
AeJUM JUJIsi CTAHAAPTH30BAHHOIO HOPMAaJibHOTO pacnpeneseHHs 00-
JIaCTh, 3aK/I0YaUYI0 5Y% nJomani nojl KpHBOH HOPMaJbHOTO pac-
npegenedns. Jdra obaacTh HaspiBaetcs KpHTHYeckoil. Ecam Bulunc-
JIeHHO€ 3HaYeHHe CTATHCTHUYECKOI0 KDHTEpHsl TONalaeT B 3Ty 006-
JaCTh, Mbl BBIHYKAEHB OTKJOHHTH HYJEBYIO PHIOTE3Y.

Tak xakK aJbTeDHATHBA — MPOCTQ OAHO 113 HEPABEHCTB, TO THIO-
Te3a OyleT OTKJOHEHA, €CJAH 3HAUEHHe KDHTEPHS CJAHLIKOM BeJIHKO
HJH CAHUIKOM Mano. DTO 3HAYHT, YTO CYLLECTBYIOT TPH BO3MOIKHbIE
CHTYalMH: W= [o; Wi>>Mo HAH g <pg. B pawHOM cayyae nac He

68

(2.31)

amH.

a3Mude MEXIy JByMs MOCJEAHHMH Hepa"Be};Cg:uHCC
S ;I:omacm OXBaTbIBAeT KpaifHHe 3HaUCHHA obnr aHI/I‘-XEH:
1as moxo6aacTb 3aHHMAer 2,5% munowann, orp

nurepec
KpuTHuecka
npHueM Kax

: fpeesieHns. _
. {i HopMaabHOTO pac = M: MBI
uoil KpHBOY epMO}KHO pe3lOMHPOBATh CJELyIOUHM 00paso 43
(CKaszanpoe 1 LiH0fl KpHBOI, KOTOpEIE OJYYeHE

HOpMall i
) xapaKTepHCTHRU y ; HyecKoe HC
jHéngmqgcxnx coOGpaKeHHtii, W TIOITOMY HX SMIHUD

1@

ye BIOJHE ONpaBiaHHO. Ecan Jucnepcus HOp;’TI/K‘gJ;IbHo(z
noﬂb;(éiz?qeﬂﬂoii COBOKYIHOCTH H3BECTHA, TO Ml SH?;ﬁoiZ:b;Bpg&
D ; i pa3Mepsl KOTODBIX 3dK
1EHTHOE co,tlegﬁ;ax}lﬂ(e}laoncsgf/lib’pﬂge Er)pe’m ocobeit np}nxoamvcsi aHB%
e 1 CHTPOM B CPEIHEM 3HAUEHHH, HMCIOULUH JAJAUHY, P
nireppas € Tuaﬂngp%ﬁbm oTkionenasm). Ecau ocodu H3BJI€'4&V‘3HbI :;
H?clgi ﬂc?s%ximocm cayualiiipiM 00pasoM, BEpOATHOCTH noJsyuen
9' v R,

~ S TC yaBHa

{GopK B 5a7aHNOM WATEpBAIE KDHDOH PpACHpEACIHEE BT

£ T '1‘ i i ’ -

?xlj)lomazm, 3aKJIOUEHHOI oML coogBeTCTBYxouéLmlrieTIETCB;}Omeﬁ e
. 4 g 3 obJjaacrd, COOTBETCT!

poit. Ecau BubOpKa BIIE M 41o Hallla BLIOOPKA HE ABJS-

§ 3HAUHT, ]
‘ i BEepOATHOCTH, TO 3TO ) ’ a se T
iITacJ;OBblﬁngoﬁ U3 COBOKYMHOCTH, yKa3aHHOH npOBepOnT%»I)(Z)m more:
30§, KOTOPYIO Mbl OTBEpPraeM. O lHAKO HMeeTCsl HEKOTO]
~ b

7 HC i of-
(pejeJeHHas BepOATHOCTb H3BJICHD BEIOOPKY M3 Kpmlf)[;ie%%oqacm
?TQI():TH COBOKYIHOCTH, paBHas MJIOLLALH 3TOIl KpHTqucgw J
) Bosppaiiascb K TpHMEDPY poxa Composita, HanuWeM:
1) Ho:p DIAHTH = 14,2 MM;

H,:p napte == 14,2 mwM;

2) o= 0,05;
_30.0—142 _go
9 2= 4,7/ 176 ’

Mul yXe 3HaeM, uTO THIIOTe3a O paBeHCTBeBceglill;%ﬂxn%geg;i?;:
Hee U060 CJAHIIKOM ,

cd, ecau BHIGOPOYHOE Cpea 0, T reran.
CTOPOHHEMY KPHTEpHIO, Ip

KOM MaJjo. DT0 NPHUBOMHT K ABY actan-
ckas obJsacTb, KoTopas IO

JeHHOMy Ha puc. 2.26. Kpurnue j

menmoy,uomxﬂa cozepxaTb DY NJOLIaNK HOPMANBLHOTO pacnpene

Pue. 2.26, Kpusas HopManbHOro
pacrnpelesenus ¢ ABYMS 3alUTpH-

XOBAHHLIMM KpHTHUECKHMU obJja- 2.5%
CTAMH, oOxBaTHBaomuMH 5%
IO @A TIOL KpHBOii 196
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ie:;mé r])oa,cnaé[?ezcsz Ha 1BE 4aCTW, NPHYEM Kai1ad 1z HHX coiep-
Ua,lLé‘etF,OB/OJIe(I)?: rlfée” naomiand. kEcai BLIMHCJACHHOS 3Hatenune 7 1o-
Bnetfen'z x gomn'(_):qovsxiﬂ.j};, T'0 MBI 1€J14¢H BLIBOA, 410 BLIGCPKA 5l
pac vahrné 0B h:\HhO\,In, HMCIOLCH MCHDIIEE CPENee 3HagtHue,
Aallias COBOKYHHOCTb. 1aoGopoT, ecan OHO nonagaeT B npa-
cp\eléHee sajannoii cosokymuoctu. Ms ta6a. 210 mpl naxomim, uto
;Ié,gqgnsmz*eﬂmxo 2,5% nuowati nog KPHBOIT HAXOTHTCSH Z-dqexgza oT
¢ W Z, pasHoro— 19, u 97,5% (100%—2,5% =97,5%) —
BblpuallzBlgTorl 39HaquHH -+ 1,9. Briuncaennoe snaucnie Kpmepmxé,Q npe-
»9, H3 UEro Mo JeJIaeM BLIBOJA, YTO CPCIHHE 3HAUCHHSA

BY ; . - - o
YIio OJOBHHY, TO cpe1Hee BBEIOOPGUHGIH COBOKVIHOCIH HOJDBIIC, UCy

;;IZZI)\(&HCOBOKYH}{OCTGH HE paBHLI MeXx1y COGOITI, H KOJAJeKiHAd HTIKQ-
X OCTA4TKOB Ha IVIUTE ACJ/KHA OpHHagaeXkars K poay, oriauy- |

HOM}}{I ot poaa Composita.

rrcnone:fofao'gﬁxo }gg‘amerﬂmb T€ LONYIICHU, KOTODLIE NeJaI0TCA NpH

u aHuY 3aHHOro xpurepus. Kpurepuii :

Do i {putepuii 7 ocHoBaH nua
512; Cilggopxa OpaxHonon H3BJCUeHa CAYy4alHBIM 08pasom;

KYIMHOCTL JJIHH OCTAaTI [ ,

e, ko8 Composita pacnpejiesiena HOD-
3) ancmepcust Aaun

22,1 Mm.

Ecin B HacTHOM InprMepe Karoe-jJubo H3 YKa3aHHBIX NIPeAnoJio- |

KEHUH sIBJAAETCH HCO‘6OCHOBaHHblM, pe3yJabTaTh, neJaydYeHHble C npPHU-

MEHCHHEeM Z-Kpmepm{, MOTYT IIOKa3aTbhCHd COMHHTEJLHBIMH TOTIIa ‘

ca T 1
Hozﬁie. uO6p3THTbCH K LpYTOH NpPOLEAype MPHHATHSA pPEUIeHHN, oc-
HOII Ha NpEeAINoJIOXeHHsX, 6oJiee OTBEUAIOUINX CJAVIAL0 ’

3HayuMocTh

]Ionlgg?{e(;x\i;ez?\;bnggaomxa'Tb fepeuedb CTATHCTHYECKHX KPHTEPHEB,
! CKOJLKO KOMMEHTAPHEB OTHOCHTENLHO BHGOpa
YPOBHA 3HAUMMOCTH. BO MHOrMX CTAaTHCTHYECKMX PYKOBOACTBAX
B YACTHOCTH TEX, KOTOPLIe KACAIOTCH BONPOCOB CENLCKONO XO3afeT.
Ba HJE TIPOMBIUICHHOIG KOHTPOJAS KauecrTBa, b npmxe')"‘;/;; V-
PAXHEHIAX OOBIYHO MCNOJMB3YIOTCH YPOBHH sxiaqwo‘crziimo” e
ABAIATH {0=0,05) man omnu x ThICHUe (=0 Oél) K“;aHH o
4TO 10J406HasT NPpakTHKA MOIJa 6Ll NOMOYD oﬁocﬁosm}g ugﬂegooéf’
PA3HOCTL TAKONO BHIGOPA, 0AH2KO 3T0 He Tak. Onpeiedenue y oo-
H/1 3HAYHMOCTII HAXOAMTCH LEJHKOM B KOMIIETEHIHH Hccneﬂo%g Bf
a0, Olf LOZKCH PCIINTB, KAKON PHCK NPH OTKJIOHEHHH HCTHHHOI] Is-
TOTE3Hl ABJIACTCH HOMYCTHMEIM, e
B FEOJIOTHH MBI MacTO MMeeM 1eJ0 ¢ O0CTOATEJABCTBAMH 6O
LIOK HEONPEeJCHUOCTH, H Kakercs Majo peasbHbiM 1710 ibe "o
KEM TI03BOJIHThH cebe caeaaTh OHOKY TOJbKO B O,HHZ)M cayua s
TLICAYH 1M JlaKe B OAHOM cjyyac H3 ABaalaTH. Ecun 13};166”'1;3
O4CHb CTECHUTEJIbHbIE YPOBHH 3HAMMMOCTIH, Mbl YBHIHM, 4TO HI;/;I:
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ocratkoB Composita 13BecTHa u paBHa

H i nporitdd = NYCTrie CrBAaRIHLI
Hy NPOrHO3 - NPOLUKTHEHLIS CHRBEMUNGI

&

L

\
oy DD~

Tepusi ¢ KpHTHUeCKOfl 06JacTbio,
yTO pagBeika Oe3pesyJbraTHa:

a=0,05 6 — KpHTHHWECKIsd ob6aacts AJd
6ypenust; 2 B 2 — COOTBeTCTBEHHO
0 GoAbILAf M Masias BEPOAT-

Puc. 2.27. Pacrnpenenenye CTaTACTHYECKOro KpH
oupegensiioledl OTK/IOHeHHe THIOTE3R O TOM,

a — KpHTHYecxKas ofnacTth AJsl YPOBHSA 3HAYUMOCTH

=040, 1 ® !’ — COOTBETCTBCHHO DPelxas W Hacrag CCTH

peAKIC M YacTble onMGKH Oepscro poga; 3 ¥ 3’ - COOTBETCTEERH
HOCTH NDONYCKa 3aJeXH

BYiO TMHOTE3y Mbl HHKOPJa lie OTBEprHCM, H GyaeM HYyXKJAaTbCA BO
see BOUbLIEM M OOJbLIeM o0beMe AAHHLIX, KOTOpLle He HMCeEeM BO3-
MOKHOCTH TOAYunThL. BpiGupas GoJsee CKpOMHbBIC YPOBHH 3HAYMMO-
CTH, MOXKHO OblcTpee IPHATH K 3aKJIOYCHHIO, XOTH BEpOSTHOCTb TIO-
JYUHTb OMHOOUHbIE BHIECILI MOMKET OKA3aThesd OteHb BLICOKOH B
CPABHCHHIL CO CTAHXApTaMil, IPUHATHIMH B ADYIHX 00J1aCcTax.

Ha puc. 2.27 NpoH/IOCTPHPOBaH (peKT OT NPHHATHA pas/ind-
fiLi YPOBHCH 3UGUAMOCTH AJIS HEKOTOROrO [HHOTCTHYECKOTO craTH-
CTHUGCKOrO KPHTEpHST B IPOTHO3e HEe(PTEHOCHOCTH. [IpencraBuM
ceOe, UTO KOMIAHMH Haliljla HEKOTODbIC KOJNYECTBEHHBIE HEPEMEH-
Hbie, MO3BOJGIOUIEE ONPeAeUTh NPHOPUTETHl TIpH fypeHHH, LeJb
KOTOPOTO ~— YOCANTBCA B IPABUJABHOCTIL NPOTHO3a HPOLYKTHBHOCTH
CrBAKHIL KOMAZHIS TpPIMeHReT CTaTHCTHICKIH KPHTEPUH K STHM
HEPCMCHHBIM C IEJBIO pelliTb, IPORCJKATh OypeHHe CKBAKIHBL
AAH Jsiyulle coTaBHTL ee. Hyaesas THHIOTe3a COCTOUT B TOM, HTO
0Gpasiul B3ATLl U3 COBOKYNHOCTH OCCHEpCIEKTHBHBIX 06BEKTOB;
AMBTEPHATHRE COCTGHT B TOM, UTO OHHM B3AThHl 13 COBOKYNHOCTH
HE) . CUTIUIEK LPOAVKTHBHBIX O0BHEKTOB.

: COMACHTBCY NPHHATH YPOBCHb 3HAUMMOCTH, HANPHMED
= i HAHECTH €ro Ha PHCYUOK Tak, Kak 3TO CAeJIaHo Ha
puc. 2.27, ¢, 70 OUeHb HEMHOIHE NPOTHO3H OKAXKYTCA OTAHTAIOILH-
HICH OT HeMmepCIeKTHBHON HYJICBOMI COBOKYIHOCTH. Ecan xe oxa-
KCTCS, YTO OHM OTJAMYHB OT Hee, T0 3TO TOYTH HaBepHAKa HacT
OTKpDifHe npi Gypernd. KoMIaHHs TOJYUHT OUYeHb BbICOKOE OTHO-
{ICHHE JiJisl ykcJa YCIeXOB, HO IIPH 3TOM HIPOMyCTHT MHOTO 00beK-
rOB, KoTapsle MOrJu OBl OKAazarbesd NPOAYKTHBHBIMH. B urtore KOM-
it GyAeT pellko GYpHTb, PEIKO OLIMOarnecs H OCTABHT MHOTO
'C3€PBYapOB HEOTKPBLITLIMH.

Tenepnb npeactaBum Ha puc. 2.27,8 Taxoil ypoBeHD 3HAaUHMOCTH,
Kak o=0,40. Torga MHOTHe NPOrHO3HBIE y4aCTKH NPHACTCS OypHUTh,
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OAHAKO BEPOATHOCTL OTPHUATEJLHOTO HCXORa OYIeT 3HAYHTENBLHO
Boie. [lomarasch Ha 3TO UPABUMIO TPHHATHA peleHHs, KOMIaHHs
Oynrer wacto GypHTh, YACTO OMIHGATHCH, HO M HAMHOLO MEHLILE Hed
TH OCTAHETCs HEOTKPHITOMH.

B nedranoii npommimaesroctyH paccMaTpHBAIOTCH TOCJeNCTBHA
TMOJIYUEHHs OTPHUATENLHOTO pesyJpraTa NpH OypeHnu, eciu HedTb
cylecTsyer (oWHGKa BTOPOTO POAd), 3HAUHTENbHO Yamie, u4eMm Io-
CACACTBHA IOYYEHHS TNOJOKHTENBHOIO DPe3V.ibTaTa NpH GYPEHUH
YCTHIX cKBaxHH (owubGka mepBoro poja). Ilpudiiga 5Toro cocTo-
AT B TOM, 4TO (JUHAHCOBBIH yClieX 01HOr0 GOJbilOro OTKPHITHSA ua-
©TO MOXET NOKPEITL CTOHMOCTb AECSTKOB N [d/Ke COTEH MyCThIX
cKBaxuil. OleHKa BePOATHOCTH ycrexa B Ho(Tsnof NPOMBILIJIeH-
Hoct CIUA npn OypeHHH METONOM <«AHKOH KOUIKH» paBHA UpH-
MepHO 109%. Ecau 6Bl 3TH CKBQXKHHBI GLIIH NpoOyYpeHbl Ha OCHOBE
IPHMEHENHS] CTATHCTHYECKHX KDHTEDHEB, TO 9T2 OLEHKA COOTBETCT-
$OBA14 OBl YPOBHIO 3HAYMMOCTH NPHMEPHO o = 0,90.

710, BEPOSTHO, KpaiiHii cayyall, HO GH noxaswBaeT, 4TO vpo-
BEHb SHAUHMOCTH CJIEAYET BLIOHPATh B COOTBETCTBHH C KOHKDETHbI-
MH O0CTOSITENBCTBAMY, IIPH KOTOPBIX HCIIOAB3YETCS Kpurepu#i. 3Ha-
dEHHA YPOBHS o OCHOBLIBAIOTCH HA OUEHKe INIOCJEICTBHH, KOTOpbie
BOSHHUKHYT, €C/K cfedarh OMMHOKY NepBOro poaa. DTH NOCJACACTBHS
MOTYT OBITb OCSI3AEMBIMIL } NIPHBECTH K TOTEpe JACHET, BDeMEeHH U
Jaxke KH3HeH, Ul OHH MOryT ObITh HEOCH34€MbIMH H NPHBONHTH
K ymeply npodeccHOHANBHOR PenyTaliM WM JUYHOI TOP1OCTH.

5 TOFO YTOOBI COXPAHHTH WHTENIEKTYaJAbHYIO YECTHOCTb, HCCJle-
AOBaTe/Ib NOJUKEH NPHHHMATH PEIleHHs Ha TpaHuile obaacTH pHC-
Ka I COOTBETCTBYIOILHM 06pasoM BBEIOHPATb YPOBEHb 3HAYMMOCTH.
Bribop yposust sHaunMocTH nocse nposeseHus NPOBEPKU KpPHTIEPHs,
KOria pesyJsbTaThl yXKe H3BeCTHBl, — 3TO GeCCTHIAHOE HCKAKeHHe
¢akToB. IlosyueHHble TakuMm 00pa3oM 3HAUEHHs YPOBHEH MOryT
OTpaXaTp JIMIIL JKEJNAHHE HCCJAENO0BATENs NPHHATH HJH OTKJIOHUTD
FHIOTE3y, a He 14Tb OECNPHCTPACTHYIO OLEHKY HMEILIErocs pHCKA,

t-KPUTEPHUM

s Toro 4T06bl NPUMEHHTHL ONHCAHHBI BbLIe KPDHTEDHH, HyX-
HO BBINOJHHTBL PsA YCJAOBHIl, KOTOPBHIE PEIKO OCYLIeCTBHMBHI Ha
npakthke. Mpt OOBLIYHO HE 3HAEM MCTHHHBLIX 3HAYCHUII napaMmeTpoB
I3y4aeMOro pacnpejesenns, Tak KaK He MOKeM HM3y4HTb BCEH CO-
BOKYTIHOCTH poxa Composila, n sCHO, YTO 3TO HEJAb3s CAEJATb.

Tak KaK Y H 0 HEH3BECTHBI, TO JyYllee, YTO MOXKHO cjenartb, —
5TO OUEHHTb HX N0 BHGopxe. Oanako TakHe OLEHKH JONYCKAIOT
HEKOTOPYIO CTENEHb HEOUPEACIEHHOCTH, NI03TOMY DPElUCHHSA, NPUHH-
MaeMble Ha HX OCHOBE, HeJb3st CYHTATH TOUHBIMIIL.

HeonpeneneHHOCTb, BO3HUKAIOULYIO KaK CAEICTBHE NpPHMCHEHHS
OLCHOK, MOCTPOEHHHIX IO BBIOOPKE, MOXKHO Y4€CThb, €CJl HCIOJb30-
BaTb pacnpejesienue ¢ fojiee WHPOKOil 06JMacTbio 3HAYEHIH, yem y
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9.98. {-pacnpenenenne Crhi0- §
Puc. 2. cupes 3
5 @©
=S
35
o
Iz /
z
) ¢ nepwe
Menbwe ¢ Bo
] Uit Takoro
HOpMaJbHOrO pacnpeiescHus. OfHO U3 pacupejeeH

1TE [oxoKe Ha
TiIa Ha3biBAETCA t-pacnpenenegneM C?;ﬁﬁ:}{n;ibgﬁgl LTHHI/I‘IHaH
or of0bema B .

MaJbHOE, HO 3aBHCHT ' P
iggmﬂ 3TOr0 pAachpefescHIs n3ofpakeHa aHaHEGH;}.o*e}mﬁ Kog“na

160} OCTH OT 4YHCJI JH0 X .
: fi MeHsfeTrcs B 3aBHCHM oeil. BOrAa
}\H}clig HabaioeHuil B BEIGOpKE O€CKOHEYHO, TO {-paciipene
'l e |

coBniagaer ¢ HOpMaJ'[beIM.

Creneny cs8oOOMbI

st Toro 4roGbl NOACUHTATh 3HAUCHHA CTQTHCTqueeCK;)(Eo;riggzg
apamer -
YHBIM JAHHBIM OLEHHTH II
s, HYRIO 0 bHOoRD MOXKHBIM pEIUUTE
BHO KAaxKeTrcs HCBO3!
10li COBOKYIHOCTH. MHTYHTH ' ‘ o
zlg)a?syc JBE };aﬂaqnz OLEHHTh TapaMeTphl COB’OK}/HHOfCCI;IIB:Kolglp;l“léeo
fes K 1-
' ¢ 3ys OQHY B Ty K€ BbIOODKY
HUTb KpHTEPHH, HCTIIOJAb 3 D o X HMeIoIC.
: ¢ ABYKpaTHLHIM 0Opall )
KOMIICHCALHH, CBA3AHHOH e x Heome
: Gopy H: ‘ i, B cBsisH C THM BRBOIUTCA BEJI .
Mycsa Hagopy HalJlOAeHHH. D e 12,
Hggbmaemaﬂ UHCJIOM CTeleHeH cso6oggx, KOTOPYIO M?g;};o!{eor;{pii(e:r
{aK 7 gicaoM HaOJI0oACHHN B Bb
JHTh KaK PasHOCTb MEXIy , Jopke 1 Hc
TpebyeTcd OUEHHTH MO P
JOM TapamMerpoB, KOTOpble T Bl :
;‘LaHHb'Mp ViHpIMH CJIOBAMH, UNCJG CcTerneHefl ¢BOOOLE npeBu‘mOeE
fne uncAa HaOMOAEHH HAXL YHCIOM OUCHHBAEMBIX nfpamerpqe_
pacnpeaesenus. Yncma cremeneit CBOOOABI o603Ha4awTCA rpe
cKofi GYKBOH v, 9TO BCErfa UeJbie IMOJIOXKHTCIbHLIE fmcm. R
B KauecTe NpHMepa PAaccMOTpuM puc. 2.29, Ha I\OTO[)Oé epHee;
CT4BJEHO BBHIUHCJEHIE CPefHero H Aucmepchd BeOOpkH. (pen

Puc. 2.29. TIpexscraBierue B BuAe Aua-
rpaMmbl MeTOJa BBIUHCJEHAS CpefHero

H JHUCIepCHH [0 NATH HabMOoJeHHAM. o
CD‘BIIHEQ X’.BBNHCJIRETCﬂ o BCEM Hadmolle-
Husam; JUCNEPCHA — MO DA3HOCTH MEeXAY Ha-

ONonenusAMH K CPeRmHM. Korpa uernipe pas-
HOCTH wmafiieHB, OATas PI3HOCTb M3BECTHA
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OLCHHBACTCS IO MATH HE3ABHCHMLIM H
€TCA IAThb CTeneHel cBobOH, Hucne
KBajparam pasmocreif (X-—X)2,
OGUPCICIHIN YETHIPE H3 3THX pas
BLIYHCJIHTD IIH4TYIO, TAK KaK

abMmoNeHnsIM U HO3TOMY HMe

Onnaxo 3aMETHM, YTO @CJaH Mp)
HOCTCH, TO aBTOMAaTHYECKH MOMKHO

X—Xs=5X — (X, + X, + X, + X.4).

[TostoMy umeercs Tonbko HYCThIPE HE3ABHCHMBIX HCTOYHHKA uHpop-
Mal¥H, 110 KOTOPBIM BLIMKHCJSIETC s LHCIepeus,

K coxanenuo, nomarue cTeneHed cBo6oH penko obbsicHgercy
B Ha4aJbnLIX Kypcax crTatmeTuki, CKOpee OHO IIPEACTABJSETCE KAK
OUYEBHIHOE 1POH3BOMBLHOE YHCJIO, Hanpumep n—1. Orarudoe ofuiee
HI3JI0KEHHEe 3TOrO BONPOCA KAKX B (usnueckom, Tax 1 B craTHeTHYE-
CKOM KOHTEKCTE COLEPKHUTCS B KHHTe Youaxepa [32]. Mu BKpaT-
ue OyiaeM aajbie paccMaTpuBaTh npuu;
feHeil CBOOOAM, aCCOUHIPOBANIIbIX ¢ Pa3/IMYHBIME CTATHCTHYC! K} My
KPHTEPHAMI IO MEpe HX [OSBJEHIST B TEKCTE.

Tabnuuwr #-pacnpenesnennus (1 1pyrux BHIGOpOYHBIX pacnpeie- |

JICHHIT) HCIOJB3YIOTCST TOYHO Talknm e 06pasoM, Kak M Tab.min

RYMyJATHBHOTO CTAHXAPTHOI'O HOPMAJILHOrO pacnpengenenns; orn:-
4HE COCTOMT JIHIIL B TOM, YTO MJIS HAXO0MXKICHHS Tpebyemott Bepo-
ATHOCTH B Tabuuue f-pacnpefec/enns HaJao 3HaTb JABa YHCJa: g —
3aJaHHBIH  YpOBEHb 3HAUMMOCTII (BeposiTHOCTL OMIMGKY nepBoro
poia) 1 dicao crenenefi cBoGoxu v. Ta6a. 2.11 ABJISIETCH COKpO-
HICHHBIM BADUAHTOM TabJaHUB 3HaYCHUl [-pacnpescaenis; Godce
nojipoGunie TabauUbl MOMKHO HaliTH EO MHOTHX PYKOBOACTBAX ;.0
MATEeMaTHYeCKOH! CTaTiicTHKE.

Tax nasbiBaeMbic {-KPHUTEPHH, KOTOpPBIE OCHOBAHDL Ha pacmpee-

JdeHHH CTbIOfeHTa, NOMEe3HBl 15 IPOBEPKH THIOTE3B O TOM, uTO
AaHHas BRIOODKA B3ATA M3 COBOKVIHOCTH ¢ 3ANAHHBIMII XapaxTe-
PHCTIKAMH HJIH K€ /1S IPOBEPKH THIIOTE3bI 06 OJHOPOJAHOCTI JABYVX
BbIOOpOK. TIpoGaembl Taxoro Tuma PaCcCMaTpHUBAKTCS BO BBOLHIIX
Kypcax B MAaTeMaTHYECKYIO CTATHCTHKY H SBJASIOTCS OCHOBHEIME B
SKCNEPDHMEHTAJIBHHIX HayKax H B o6JaacTy KOHTDOJISE Ka4ecTBa npo-
HYKIHH,

[Tycts, nanpumep, nyxno NpoBepH
Csl B TOM, 4TO pAld 06pasLoB Iecyany
JIM30B KOTOPLIX NPHBEACHB B Taba. 2.12, B3gr us COBOKYIIHOCTH,
HMEIOWeH CPeIHIO NMOPHCTOCTL Gojiee 180 . HonycTus, uto 06pas-
UBl OBIIH B3fITH HAymauy Ha HOpMaJbHOH

Th THIOTE3Y, 3aKII0Ya0UIYi0-
Ka Tencnum, pesyabratoi ana-

COBOKYIIHOCTH, BBIUHC-
JUM [-KPHTepHii:
X — X —
t = lo _ D=t (2.32)
S, s,[/m

rae X — cpegHee apHdMeTHUeCKoe, BHLIYHCJEHHOE o JAHHLIM BbI-
OODKH; g — IHIIOTETHYECKOE CpeaHee, pasHoe 189Y: 1 — 49HCJI0
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PCHSI OHEHUBAETCS] MO HITH

iHbl pasnuyua qucea cre- o

Ta6auma 2.11

- ]
Kpuinieckue 3Hatedus f{-KPUTePHst NPH v CTENeHAX cBOOON
H 3aannoOM yposue 3HauuMmoctd [17]

- ¥porcny smauuMocTH, o, %

1o 5 2,5 | i | 0.5 | 0,1
; 3,078 12,706 | 31,821 63,657 aéggég
Lol oalss6 47303 | 6,965 9,925 22,827
1638 3,182 4,541 5 841 10,218
1555 2776 3,747 4,604 7,178
; 1,476 2,571 3365 4,032 5,893
N 1,440 | 1.943 | 92 447 3,143 5,789 5208
7 1,415 | 1,855 | 2,365 2,908 3,499 1,785
~ 1,307 | 1,860 | 2306 2,896 355 4,501
r 1,383 | 1,833 | 21962 2,821 3,25 3,207
i 1,372 | 1.812 | 2998 2,764 g}gg 41
1 17363 | 1,796 | 2)901 2,718 3,105 1,023
12 1,356 | 1.782 | 2.179 2681 3,068 3,930
13 1,350 | 1,771 g%go ;(6)0(: 3012 3,852
3oL vET | T | 2| ol 2,947 3,733
i6 1’337 | 1746 | 20120 21553 27921 5,680
17| 1333 | 1740 | 20110 | 2,567 2,298 3,040
18 1,330 j.734 2,101 9.559 2,§78 3,610
1 17398 1,726 2,003 2,539 2,861 3,579
o0 taos |ouon | ok 9’ F98 2,845 552
1353 | 1,721 20RO 2,518 2,831 g,%
22 1321 | 1707 | 2074 2,508 2819 3,505
23 17519 | 1.714 2,069 2,500 2,807 3,485
21 11318 | 1711 2,064 9,492 92797 3,467
95 1.316 | 1,708 2060 2,485 2,787 3,450
% 1315 | 1,706 | 20056 2,479 2,779 3,435
27 1814 | 1,708 2,052 2,473 2,771 3,421
23 1,313 | 1,701 2.048 9,467 9,763 3,408
2 1,311 | 1,699 9,045 2,462 2,756 396
o 10310 | 1,697 | 2042 2,457 2.750 3, 5
o 10303 | 1.6%4 | 2.021 2493 2,704 3,322
60 1,206 | 1,671 2,000 2,350 2,660 3,160
(20 17086 | 1.658 1,080 92,358 2,617 3,160

N 1os2 | 1,645 1060 9396 2576 .0

IRBRCRTaI T OLE€HKa CTAHJAADTHOTO OTKJIOHEHHR; S,— C1aH

ast cllifxa onpeeacHus CPENHETO 3HAUCHHI. 33316:111\1, 1;8

dpireptil copnataet ¢ kpirepuenm {2.31), nckimouas /TO,V ’

1RO CHeHKT CTAHJIAPTHYIO OIHOKY 1o gopMmyne s.=syl/xa, a ue
aydae o'/, Tak Kak MCTHHHAS AMCIIEDCHS COBOKYIHOCTH He-

BecTHa.

(*OPMANBHO MBI IPOBEPSEM THIIOTE3Y

Ho:pp < o

Hy:py > po.




Ta6nuuma 2.12
Pe3yabTaThl U3MEPEHHS MOPUCTOCTH AECATH
o6pasuoe necuanukop TeHcaun MeHCHILBAHCKOTO
pospacra, BnapuHa Burxopn, Bafomunr

Hoxmep obpasua TiopuctocTs, %
01 13
02 17
03 15
04 23
05 27
06 29
07 18
08 27
09 20
10 21

Cymma 213

Cpennee 21,3
52=230,46, §=5,52, se=0,57

ITposepseMas THIOTE3a 3aKJOUaACTCA B TOM, 4TO CpejHee 3HA-
YeHHe NOPHUCTOCTH COBOKYNHOCTH, H3 KoTopoli Oblja B3fATa BHIOOP-
K2, MeHblle HJH DaBHO 3alaHHOMY spauenuto 189%. MHOxKeCTBO
aJpTEpHATHB 3aKJji0yaerca B TOM, HUTO psyyaemasi COBOKYHNHOCTb
JMeeT CPENHIOK TOPUCTOCTD, APEBOCXOAULYIO 189%.

Tlaa ogpencdesus KPUTHYRCKOro 3HAUCHIS ¢t mo 1aba. 2.11 Tpe-
Gyercs zalaTbh AiBd ulicjaa: YPOBEHDL SHAYHMOCTH H UHCAO cTeneHefl
chOGOAb. B AAHHOM TpHMepe Tpeino/aaraercs, uro OAlH rnapa-
mMeTp (n) ussecieH, a apyroft Tpedyercs OUEHHTDb {oueHkol AJA O
SBAAETCS DeandliHa s, T. €. BuOOpoyHOe CTaHAApTHOE OTKJOHEHHE).
TlostoMy BbLIOODKE, coaepxaiieii Aecarb u3MepeHil TOpPUCTOCTH,
COOTBETCTBYIOT AeBATD cTencHell cBOBOALL.

Hyaewas runotesa OTBepraercs TOJLKO B TOM cJyuae, KoOrzaa
CPRMHSAS IOPHCTOCTD CYLLECTBEHHO npesbiwaer 18%, u N09TOMY 10~
HAZAIOMUIMY B KPHTHIECKYIO 00J14CTb MOKHO CHUTATH TOJIBKO OUEHb
GoJibIIHe 3HAUCHIIA KPHTEPHH, KK 3TO MOKA3aHO Ha DIIC. 2.30. Ta-
KOfi KpHTEePHil Ha3biBAETCA OJHOCTODOHHHM, TaKk Kak €ro Kpuiuye-
ckasl 06JacTb paciojioZkeHa TOJbKO € OlHOIl CTOPOHKE 00JacTH

Puc. 2.30. Pacnpesesenne CTbionenTa
¢ AeBATHIO CTEneHAMH CBOGOIB

acrnpeieaeHns. Ecan e HaM HYyXKHO TPOBEPHTH 3Ty

eHuil
Sgig'reav ﬂ%u ypoBHE 3HAYUMOCTH a=0,05, TO BLIUKCJICHHOE 3Hade-
r 3

¢ 17151 OAHOCTOPOHHErO KpPUTEPHS AOJIKHO NpeBHl-
sHayeHue 1,83. CraTHCTHUECKHI KpHTepHH HMeeT TOT we BHL,

yto H B HDEJbIﬂ}’UlEM cﬂyqae:
1) Ho:mi < 18%,
Hy:p > 18%:;

yue CT ATHCTHRH
piaTb

9) a = 0,05
01,3— 18,0
= ——‘,'—'-4——'_—_- == 1,89.
31 5,521/1/10

BplukcAeHHOE 3HAUCHNE 1,89 npeBHIIAET TaBJHUHOE, COOTBET-
cTpylolee 1eBATH crenmeHaM cBoOOAH U 5%, -HOMY YPOBHIO 3HAYNMO-
cri, T. €. momaiaer B KPUTHUECKYIO 061aCcTh. DTO 3HAUHT, 9TO MBI
R0JKHBL OTKJIOHUTh HYJEBYIO runoTesy ¥ [PHHATD aTbTepHATUBY,
L aKJIOYAIOULyOCs B TOM, HUTO MOPUCTOCTD COBOKYIHOCTH, H3 KOTOO-
poil OuIJH H3BJEHCHE o6pasipl NecuaHHKOB Tewucaurn, Goapie 18 % .
Conn 6ol BLIUHC/ICHHAS BEAHUHHZ { okaszajacb MeHblle deM 1,83, 10
e 6pi10 Obl HHKAKHX ocHOBaHUI MpeAnoaararb, uTo BHOOPOUHOE
cpenee Goabuie 180,. 3aMeTuM, 4TO MBI npH 3TOM He YTBEPKIA-
em, 4TO cpeiuee MEHBILE 189%, a TOJIBKO [OBOPHM, HTO HEeT OCHOBAa-
HII CuHTaTh, YTO OHO goapiue, Panee GBHII0 yCTAHOBJEHO, yTo 3Ta
lconpeaeaeHHoCTp ACKHT B OCHOBE CTATHCTHUECKHX KpHTEPHUEB.
Oun MOryT noxasarhb ¢ HEKOTOPOIl BEPOATHOCTHIO, HETO Het, HO HE
HOABOJSIOT YCTAHOBUTD, UTO XKE HMEET MECTO.

C apyrofi mJjomaiH B BafioMutre ObiaH NOJVUeHD! 1CCATH 10~
O TeABIEIX  13MepeHHil sHageHHil NOpHCTOCTH B necuanukax
Teweqin, KoTopble IpHBEAEHB B raGu. 2.13. Momno au Cpelune
Apyx BLIOOPOR CYHTATD papabiMu? B ortandue of npeabi1ymed 3a-
idil, Tle MBI CPaBHHBAJHA BoIbOpOUHOE CpeaHee € 3a1aHHBIM BBIOO-
DOUHLV CPEIHITM 3HAYCHAEM COBOKYIHOCTH, B AQHHOM CIydae npo-
geprerea FUNoTesa, nMetouLas cne:Lytoumfi BHI

Ho = Ha.
[TrosepsieMas THIOTE3A 3aKIOUAETCA B ToM, 4TO cpelHee 3Ha-
4elHe COBOKYTIHOCTH, H3 KOTOpOI B3ATA NEPBAL BbIOOPKA, PaBHO

CcpeaeNy 3HAYeHHID COBOKYIHOCTH, I3 koTOpOfl B3AT4 BTOpAs BRI
Gopka. MHOKECTBO anbTePHATHB A THIIOTE3bI

Hytw = e

yIBepAKIaeT, YTO CPeiHHe 3HAUeHHd ABYX cOBOKyNHoCTEH HE pas-
Hb Cllopa MLl IOJIKHBL 3a1aTh yPOBEHb 3HAUNMOCTH, H mycts OF
oyner paser 109 (2=0,10). Tenepb craticTyecKuil KPHTEPHA
UMeeT ¢JeAyIolHi BAL

t=(Xi ’—X)/Se’ (233)
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TaGauuna 2.13
Pe3yanTaThl H3MEPEHHSI NOPUCTOCTH JECATH
00pa3suoB necyaHukoB TeHCJIHN NMEeHCHAbBAHCKOrO
Bo3pacta, Oaccelin pekun Yuup, Baiiomuur

Hoxep oGpazna IMopucrocts, %
11 15
12 10
13 15
14 23
15 18
16 26
17 24
18 18
19 19
20 21

Cymma 189

Cpeznnee 18,9
§?=28,21, $==4,82

FAC Se-—OLEHKa CTAaHAapPTHOIO CTKJOHEHUS pPa3RoCcTy MCXKAY Tr

I Xo, NIOJIYU€HHAsT N0 JABYM 0O beIHHEHALIM BI)I()",)pKE‘lM. STY OHeH-

KY Se MCIKHO BBIUHCAHTL IIO d)opMyﬂe

3necs s — o0beANHEeHNAs OLCHKA CTAHAAPTHOIO OTKJIOHGHHA, Hail-
A . - N
JeHHasl KOMOWHAUNeH JBYX BEIOOPOUHLIX UCHEDPCHIL:

sz - (ny —1) s - (n,—1) 5'22’ (2.34)

)
ng+n,— 2

Fe HHICKCH COOTBETCTBYIOT BhIGOpKaM u3 Gaccciinos Burxopu u
Yuug Prsep. IMponece ofbeanHeHns 1BYX BLIGOPOK NPHBOLHT K 710-
TIOJTHATEJILHBIM CTEHEHSIM CBOOOAL], TaK KaK TpeGyeTcss OLeHHTh /iBa
napamerpa 61® o>, Uucso creneneil cBOSONN NMOSTOMY ISt L-Kpi-
Tepus SKBHBAJEHTHOCTH, 3aXaHHOrG (opmyacit (2.32), ecrp v
=ny-+ny—2. SlBAserca Ju pasanume MeXKAY ABYMS CPEAHHMH il
YAMBIM TpH AECATHUPOUEHTHOM YDOBHE 3HAUYUMOCTH?

: 9(30,46) 4-9(23,21) 483,03
- 10+10—2 18
s, =09,18;
_ 921,3—18,9 2,4
5,181/ 1/104-1/10 2,32

N

» = 26,84;
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Tak Kak TaGJunuHble 3HAYCHHA ABYCTOPOHHEro Kpurepus ¢ 18 cre-
neHsiMu cBobonpl, coorBercrByoomue 10Y%-HOMy YPOBHIO 3HAYHMO-
cte (59 Ha KaxKAOM KOHUE pachpeieseHus), paBHel —2,10 u
2,10, TO BbIUMCJEHHOE 3HAUEHHE He IOMajaeT B KPHTHUECKYK 00-
JACTb W HYJEBYIO THIIOTE3y Hesb3sl OTKJAOHHTh. (HamomuuM, 9Tto
KputHueckasa oGaacte oxBaTeiBaer 109 maowmanu 1oj KpUBOH
{-pacnpenenenus). Orcioga ciaeiyer, UYTo HET OCHOBaHMil IpeAIo-
Jiarath, 4TO JBE M3yuyaeMble BLICODKHM B3siThl H3 COBOKYIIHOCTEH,
HMEIOILIX PasHble cpeJHHe 3HaUCHHS.

Jist TOro uToGEl NPUMEHSITH 9TOT KPUTEPHUil, HEOGXOAUMO BHIIIOJI-
HHTH CJEAYIOLIHE YCaA0BHsL. Bo-11epBblX, 06e BLIOOPKH A0JXKHBI ObITh
IOJyUYEHBl HA OCHOBAHHH IIPOUEAYPH cayuaiiHOro Boibopa. Bo-BTo-
DLBIZ, 3HAUEHHs CJAYUAUHbIX BEJAHYHMH B COBOKYIIHOCTAX, H3 KOTOPHIX
Opiil H3BJEUCHH BHIOOPKH, J[0JAKHB ONHCHIBATLCS HOPMAJIbHBIM
pacnpeesedyeM. B-rpeTbux, AHCIEPCHH 3THX COBOKYIHOCTEH 0K~
Hpl OLITH pPaBHLI. BHITIONHCHHE TepBore yc/aoBHA B OOJLUIHHCTEE
re0JIOrHYECKUX 3a7a4 NPOBEPHTh TPYAHO. OLHAKO €ro HepbLlloJHe-
ude B caydae, ey BbIGOPKH HMEIOT CHJALHOE H CHCTEeMalTHYeCcKoe
cnMeleHue (Kak B TOM cJyudae, KOrja H3MEpeHHs HNOPHCTOCTH NPO-
BOLATCA TCJALKO B 00pasuax, B3sITEIX H3 NPOAYKTHBHLIE 20H HJH
HeDTAHBIX IoJiell), MOXET $BHTLCS CEPbe3HHIM HCTOUHHKOM OLUH-
Box. KoHeuHo, NpOBEepKY THIOTE3b O HOPMAJbHOCTH paoipenene-
€y SHAYeHMI TPU3HAKA H3yYyaeMOl COBOKYIIHOCTH MOXKHO IpOBe-
©TH, 0AHAKO OJHO TOJBKO OTKJOHEHHE OT HOPMAaJdbHOCTH PeiKO IIpH-
BOANT K H3MEHEHHIO pEe3yJabTaToB, B OCOOEHHOCTH €ciHM bBuibopou-
Hag COBOKYUHOCTb JOCTATOYHO BeJHKA. Tperbe yc/JIOBHE — pPaBEHCT-
BO /IUCHEPCHil ABYX COBOKYNHOCTefl — CUEHb BAXKHO, TaK KaK IIOYTH
BCe CTATHCTHYECKHE KPHTCPpHU OCHOBaHLI Ha INpPCANOJOXKEHHH O pa-
BeHCiBe JAHCIepcHil CpaBHHBAEMbLIX COBOKyNHOCTeH. K cuacthio, 3T0
ApeANooxKenue Jerko nposepsierca. Ilpubuaukennoie xpuiepHx
GPHMEHMMBL, €CJIM LIPH CPaBHEHHH IBYX BHIOOPOK OKaKeTCsi, YTO OHH
3HaunMe paszaudaiorcsi. OHHM NIpUBOAATCS. B COJIBIIHHCTBS BBOAHBIX
KYypCCB, BKJodash Te, KOTOpDble IepeuHcJeHbl B CIHCKe JiHTepa-
TYpbI.

KoppensiumoHHbI# KpHTEPUH

Brinie Mbl BBeJaH KO03(p(HIOHEHT KOppeJsilHH KaK CTaH1apTH30-
BaHHYI0 Mepy JIMHEHHOH CBA3H MeXAy ABYMs NEPEMEHHBLIMH, HO He
DACCMOTPEH BONPOC O CTATHCTHYECKOH 3HAUHMOCTH 3TOro Ko3ddu-
naenTa. KospduuuedT BbIOOPOUHON KOPPEALUMH r SIBJSETCS OIEH-
Kofi mapamerpa p, KOTOPHIl OTpa)Kaer CBA3b MeXKAY ABYMsS uHepe-
MeHHLIMH CcCBOKymHocTd. [lpenmnoJgarag, uto ofe nmepeMeHHBE HOP-
MaJIbHO paclpefeseHbl M HabJojeHus caydafiHo BpIOpanbl U3 He-
KOTOPOI COBOKYIHOCTH, Mbl MOYKEM OCYLIeCTBHTbL IPOBEDKY 3HAYH-
MOCTH .

79




HpOBepﬂeMaﬁ THNIOTE34d H aJabTE€PHATHBA TAKOBBI!
Ho p= 0,
Hl P ?& 0,

T. €. MBl MOXKEM ONPEAE/]HTb, 3HaUUMO JH OTJHYAeTCsl OT HY.Jas BHl-
Gopounull Ko3g@uuiuesT Koppeaauun. HyneBas riforesa ycraHas-
JHUBAET, UTO JBE NEPEMEHHbIe HE3aBHUCHMDBI H 4TO dTH000e HeHYJ/EBOE
3HAUEHHE r BO3HMKJO (IDOCTO H3-3a CJAyYaliHblx QJUIOKTYalHH IpPH
cayyalinoM BbhGope. [-KpHTepHIl 3HAYHMOCTH r 3anaercss no ¢op-
MyJie

r !v//ﬂ -— 2 ¢ =48
o -———/—————z— ).BL)}
IV'1 —+

d uMmeetr (n—2) creneneil cBoOO/HL.

B kauectBe npuMepa MOXKHO HPOBEDPNTb 3HAUIMOCTb BLIYICJ/EH-
HBIX BBIII€ HZ OCHOBe gaHHBIX TalJ. 2.8. K03(PPHULUHEHTOB KOppeJs-
HHH, KOTOPbIE MBI H3MEPUJAH MEKAY 3IE3ICMINIAPLMH TaJbKH C Iad-
JeuHoro misixkd. [lepBoll KO3POHUHEHT ROpPENSINT MEXK1y oCs-
MH @ B b (rep=0,597) BHIUHCJIGH TO 1eCATH IapaM H3MEePCHHH.
[posepsieMasl CTaTHCTHKA BblyHcadercs 1o GopMyae (2.35):

;o 0,507)/10—2 1,688 _ 5
VT1=0,5072 0,802

Kputnyeckoe 3navenne ¢ ¢ 8 creneHsiMu cso6oan u 10 % -Hbiy ypos-
HeMm snauanMoctn pasno 1,860. Hanomuuym, uto KpuTepuil AByCTO-
POHHHII 1 7 MOXeT GblTh 3HAUMTE/bHO OOJIbLIC IJIH MEHbLIE HYJd,
Tak uyTO Hama o0JacTb OTKJOHEHHs THNOTe3hl pacnanaercs Ha
BePXHIOW M HHXKHIOW 4acTH. Tak Kak mpoBepsieMast CTAaTHCTHKA IO
Nafact B BEPXHIOW KDUTHUECKYIO OOJaacTb, Mbl [JOJKHDBL 3aKJIO-
YHTb, YTO Ha CAMOM JeJe CYLIeCTBYeT KOPpeJsiliist MeXI1y IHa-
Mi Haunboapliell U cpesnedl ocell NIAXKHOMN raJbKi.

Jlns ABYX ApYTHX KODpeJslHil MHOXKeCTBa 1aHHBIX, NPHBE1EH-
HbIX B Tabua. 2.8, r4c=0,499 1 rp.=0,467. CoOTBETCTBEHHO

0,409V10—2 _ 1,411 _ 1,699,

{ = =
/' 1—0,4992 0,866

;0467 10—2 _ 1,321 _ 1,494,
I/1—0,4672 0,884

KputHueckoe 3HAaYCHHE OCTaeTcs TeM e CaMbM, H Mbl BHIHM, 4TC
HA OZHA H3 3TUX ABYX KOPpEAsUMil He OTJAHuaeTCd 3HAYUMO OT
Hyas. J(pyrHMH CJOBAMH, €CJd NepeMeHHbie ObLLIH NOJHOCTHIO HE-
3aBHCHMBI ApYT OT APYyra, To Habaiofaemble KO3(pQULUHEHTH KOppe-
JSIIHE BO3HUKJHM cAy4alHO Ipu ciaydyaliiHoOM BbiGope jecsaTH oGpas-

LOB raJbKH.
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F-KPUTEPUH

Kpurepnu 1Jsi IPOBEPKH THIIOTE3bl O PaBEHCTBE JAHMCHIEPCHET oc-
HOBaHKl Ha Tak HasplBaeMoM [-pacnpegenenun Pumepa. 10 Teo-
peTiyecKoe pacnpeiesedne oTHoweHus F=s,%/s;? 1ByX BIOOPOUHBIX
aucnepcuii aas BbuiOOPOK, B3ATHIX H3 HOPMAJbHBIX COBOKYTNHOCTC
TIPH YCJOBHH, UTO HCTHHHBIE IHCIICPCHH PaBHBL.

BrosiHe ecrtecTBeHHO, 4TO BLIGOpPOUHBIE JIHCIEPCHH B CJaydae,
Woria uMcJo HaO0MdI0JeHHH, HCIONb3yeMoe AJs HX BLIYHCJAEHHS,
Mad0, H3MEHAWTCS OT HCNLITAHMS K HCNBITAHHIO B 10BOJBHO LIHDPO-
xom pranasone. Ilostomy Bua F-pacnpefesieHusi 13MeHseTCA C H3-
vencHieM o0beMa BEIOODKH. 2TO CHOBA 34CTABJASIET YUHTBIBATE
cTerneHH CBOOOAB, HO B JAaHHOM cJaydae [-paclpelie/ieHHe 3aBicHT
OT 1BVY 3HadeHull v, KaXX40e H3 KOTOPbIX COOTBETCTBYET OXHOI U3
ABYX OUCHOK aucnepcuii F-orHowenus. Tak xak [-CTATHCTHKE siB-
JSCTCH OTHOLICHHEM ABYX IIOJOMKHTEALHBLIX 4ilCeJ, TO CHO, 470 Cay-
gafinad pejHduHa [ He MOXKET NPHHHMATbL OTPHUGTEMbHLIX 3Haye-
uuii. Ecau BHIGOpPKa BedMKa, TO IPH YCJOBHHM PABCHCTBA MCTHHHBIX

3HaucHn{i JucnepcHil cpejHee 3HaueHHe oTuoweHusa Oyier 0.H3-
ko x 1,0.

Tax xak F-pacupefesieHHe ONHCHBAET TOBEIEHHE OTHOLIeHHI
BBIOOpOUIIBIX THCTICPCHH, MTOMYUYCHHBIX 110 BLIOCPKAL B3 OIHOI i TOl

;e COBOKYIHOCTH, TO €T0 MOXKHO HCIOJB30BaTb 1% NIPOBEPKH I'H-
IOTC36l G PABCHCTBE JUCIEpPCHIL

MCIKHO NPEeANIONOXKHTD, UTO AB€ BBLIOOPKH B3ATHl H3 COBOKYIIHO-
cTe!l, XapakTepUsyICWHXCsl paBHeIMu aucnepensmi. [locse seruic-
JICHIIS [-OTHOINEHMS MOXKHO OIIPEAEJIHTH BEPOSNTHOCTh NCJAVUEHHS
sHAUCHHEA, OOJbUIErC HJAH PaBHOTG BLIUNCACHHOMY JJisi ABYX CJOYy-
JafiHplX BEbIJOPOK H3 OAHON HOPMAaJIbHON COBOKYNHOCTH. Ecan ato
3HayeHne OyieT HEmpaBiolol0OHBIM, TO MLl BhiHViKEHBLl CUITaTh,
UTO BLIOOPKH H3BJCUEHLl 113 PA3JHYHLIX COBOKYITHOCTE(l, HMEIOUHX.
HepaBHble AHCIIEPCHH.

J7A n1060f napsl OLEHOK JHCIEPCHH MOXKHO BBIYHCJHTEL JIBa OT-
HOWIEHHSA §1/Sy U So/S;, €CAU NPHHATh, 4TO (OJbIIAA OLEHKA BCEr1a
Ovier paciofaratbCs B UHCJHMTEJE, 3TO OTHOLUCHHE Bceraa Oyner
Gospme 1,0 M cTaTHCTHUECKHE KPHTEDHH TNpHHHMAIT Ooxee npo-
CTOH BHA. B 3TOM cJyuae JOCTATOYHO HCMOJAB30BATh TOJAbKO OIHO-
CTOPDOHHHE KDHTEPHH, M aJbTEPHATHBHBLIE THIIOTE3bl Ha CaMOM Jejie
ABJAAIOTCS YTBEDPXKIAEHHEM O TOM, 4TO aOCOJIIOTHOE pas3jHuve Mexay
18ByMs BbIOODOYHBIMH AHCHEpcHsAMH 0OJblle, HeM MOXKHO Obljio Obi
CKHAATE B CJydyae, ecJaH Obl MCTHHHBIE 3HAUGHHA JUCIEpCHH c¢pas-
HHB4€MbIX COBOKYyIHOCTeH OblIM paBHBL. THNHUHBIA TpaduK KpHBOH
F-pacnpenesicHHsa ¢ 3alITPHXOBAHHOH KPHUTHUECKOH 06JaCTBIO, HJH
00/1aCTbI0 OTKJIOHEHHSl IpPOBepAeMOH THIOTe3bl, H300paxeH Ha
puc. 2.31.

B kauecTBe 3JeMeHTapHOro NpuMepa mpumeHeHus F-pacnpene-
JEHUS] PACCMOTPHM JBe BHIGODKH De3yJbTaTOB H3MEPEHHH IOPHCTO-
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Puc. 2.31. Tunuunoe F-pacnpenencune

¢ u;=10 H vy=25 cTeneHsiMH cBOGO.1bI

H 33lITPHXOBAHHOI KpHTHUecKoil ob.aa-

CTblO, cocTaBasiomiefl 5% maowanu nox
KpHUBOH

|

{/ 5 O/D
/ £

0

F=224

¢ty necyannxkoB Tencaun. HyXHO BbISICHHTb, OJMHAKOBA JH JLIC-
LiePCHA Ha ABYX cpaBHHBaeMbIXx nJjomiagsx. C sTofi 1eqplo BblGe-
pem yposenb 3Hauumoctu 5%. Taxum o6pasom, npuuaTHE HeBep-
HOH THIOTe3B O TOM, YTO NOPHCTOCTH PAa3/IMYHBL, B TO BpeMs KiK
OHII OLHHAKOBH!, OyJeT NPOUCXOAHTh B CPe/iHeM O/MI pa3 Ha ABAJ-
1a7b HexoAoB. OueHKH JHCHepCHH ABYX BLIGOPOK MOXKHO BHIYliC-

JauTh no Qopmyae (2.15). Torza coorsercrByiomee nm F-OTHOLIC-
HlI¢ Bolgucasercsa no gopmyae

F = 512[s52, (2.36)
TAC §;° — GOJibIIAst BEIGOPOUHAs AHCIEPCHS, a So® — MeHbIasi BBOO-
poOYHAasT 1lCIepCls.
1lo 3THM JaHHBLIM TpeGyeTcsi NpPOBEPHUTL THIIOTE3Y
Hy: 0,2 = o?
NPOTHB MHOZKECTBA aJbTepHATHB
H1 . 0'12 =/—‘- 022.

Hynepast runoTesa yTBep:KIaeT, 4TO H3yUaeMble COBOKYIHOCTH
MMEIOT DAaBlibie XHCIEPCHH; MHOMKCCTBO aJbTePHATHE YCTAHABJH-
Baer, 4To 3T0 He Tak. CTerneHu c¢BOSOAB! v, U vy, OTBLUYAIOHIHE 3TO-
My KDPHTEDHIO, COOTBETCTBEHHO paBHH n;—1 u ne—1. KpurHueckoe
3HadeHue F ¢ vi=9 H vo=9 crenedsMu cBoGOAK H ypOBHEM 3HAu-
moct 5% (a=0,05) moxHO Halith 1o Tabhn. 2.14. D10 3HaueHHe
pasHo 3,18.

3nauenne F, BpluHcJeHHoe mo dopmyae (2.36), nomagaer B
oLHy M3 AByX obJjacTell. Ecay Bhiunc/ieHHoe sHauenne F npesbiuia-
er 3,18, To HyJeBas THIOTE3a OTBEPrdeTcs M MBI TIPUXOAUM K 3a-
KJIIOUEHHIO, YTO JUCIEPCHU NOPHCTOCTH MOXKHO CUHTATh HEOLHHAKO-
BBIMH B ABYX rpynnax. Ecan BelqucjicHHOe 3HaueHHe MeHbine 3,18,
T0 MBl HE MO:KeM YTBepxkK1aTh, YTO JANCIEPCHH pas3juyHol. B ka-
yecTBE IIPHMEpA BLIYHC/JAMM [HCIEPCHIO MOPHCTOCIH ABYX COBOKYII-
HocTell necyaHukoB TeHcauNl H IPOBEpPUM INPEANOJOXKEHLHE O pa-
BeHCTBe aucnepcuii npu 59%-HoM ypoBHE 3HAYMMOCTH.

B foasiiMHCTBE NpaKTHUECKHX 327a4 Mbl OOBIYHO He 3HaeM HC-
THHHBLIX 3HaueBull I1apaMeTpoB COBOKYIHOCTH H MOKeM JHUIbL II0
BuI6OpKe BHIUHCJAHTb HX oUeHKH. IIpH cpaBHeHun nByXx BHIGOPOK
cHayasda Uenecoofpa3ssO YCTAHOBHTH, SBJSIOTCS JB MX JHCIEPCHH
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CTaTACTHYECKH 3KBHBAJEHTHBIMIL. Lcau OHH OKa2BIBAlOTCH DaBHHI-
MH H €CJII BLIOOPKH ObIJIH H3BJEUCHB! (e3 CMelEHIIs H3 H2VUaeMBlX
COBOKYIHOCTEIT, TO Mbul MOXKEM <CnokoiiHO uepellTH K HCIOiL30BA-
HHIO CJIEJYIOWHX CTATHCTHYECKHX KPHTCPHEB,

B xavecTBe NpHMEpA paccMoTpiiM Takyio sazauy. O6pasun
cHer:d M Jibga, cofHpaeMble C YYacTKOB 3€MJM, TOKDHITLX MIOTO0-
JETHLMH JIbJAaMH, COACPKAT YaCT#UKI IIbUJH, HA3LIBAGMLIS MHKDO-
yacTiuaMu. PasMepsl OTAGABHLIX TaKHX UYaCTHU HMEIOT IipeielH
ot 0.5 go 3,0 MKM; OHH nmonmajiarT B aiMocdeDy pPasHEIMH
B pesyJdbTaTe BYJKA&HIYECKHX N3BEDIKeHUH, NLIJIEBLIX T
Jeinils MEKDOMETEOPHTOB. UacCTHIibl HACTOABKO MaJbi, 4YTO MOIYyT
ObITb BO B3BRIUEHHOM COCTOSHHH HEOTpaHUYCHHOE BpeMsd, HO JjierKO
IOTJIOULAKOTCA CHETOM, TaKk Kak CJAyXKar suipaMy a7 KPHCTadu3a-
unn apga. CyliecTByeT THIIOTe3d, GTO jiepeMCeUIBaHHe aTMOC(epH
U NYTH, KOTOPLIMI MHKPOUACTHIBI NONAJZAKT B CHEr U3 B0O31VXa,
[IPUBOAAT K DABHCMEPHOY KOHLEHTDalMH MHKPOYACTHIL B CHery Ha
seMuofl nosepxHoctd. Ecau ata runortesa coorseTcIByer jelcTBH-
TEABLUOCTH, TO BLIBOALI N3 Hee MMEIOT 3NAUCHHEe JJA OpelcKasaund
NOCJACACTBUIl HCHOHTAHHS AAEPHOTC CPyXKHS B atMocdepe. Hoaromy
6oiau cobpanbl ape BHOOPKY Npod CHera B CHETOBHRIX NIOKDOBAxX
Upennanpun n Antapxrury. IlpH THIATENBHOM KOUTpOJe cHEr pac-
NAABMIN 1 € HOMOLIBIO 3JCKTPHYECKOro KjaaccHPUKAaTopa onpeic-
JHJIT THCJIO CORepIKaluxes B HeM vacTHl., KOHHEHTpalUusS MuK[poO-
JactHil B TaJOM clery npnpeiexa B tabu. 2.15. Momug an cunrite
o0e BLIOODKH I3BJEYCHHEIMI 13 OLHOM M TOH K€ COBOKYINHOCTH H
HPUECANT JAH PE3VABTATH HCNBTAHIA K NMOITBEPIMKIedH0 W ONpo-
BCpIKeHHI0 wicH ¢0 aryochepuell oTHOPOABOCTI?

[Ipearnionaras, 9To BHOOPKH OB B3SITL §E3 CMCIUCHUS I 4TO
pacipejesJeHHe MHKPOYACTHIL NDJIUHINETCS HODPMAJALHOMY REKOHY
Ha BeeM NPOTAYXKCHHH CHETOBEIX LIOJICl, TPOBEPUM CHAYaNa TinoTe-
3y 0 paBeHCcTBe Jucrepchil no aBym BmOopxkaMm. Menoabsys Gopuy-
v {(2.36), samuieM HyJAeBYIO THIOTE3Y 1 aXbTePHATHBY:

. 2 2
]‘[O . 017 = 095,
Hy: 6% 5= 052
Toqy AucHepelil He CHABHC OTAMYADTCH, TO CJe1VIOMui mar npo-
HEAYpPbl — IPOBEPKa THHGTE3Bl O DARCHCTBE CPEINHX  3HOUCHMIL
Henoasays xputeprit (2.36), saniimeM COOTBCTCIBYIOU(YIO HV.C-
BUH0 HGOTE3Y 1 allbTePHATUBY:

Ho o u = g,

H1 U # Ha.
THK?lﬂ HyJesast ruioresa C()OTBETCTByeT Hp(EJIHOJIO}KEHHK)f HET
HHKAKUX OCHOBHHHfI CUHTaTh, 4TO OI1Ha O6H3CTI) nMmeer 6oJiblIce

tpejpee, yeM apyras. SICHO, uTO ypoBeHb 3HAUHMOCTH, COOTBETCT-
BVIOMI 5TOMY KPHTEPHIO, He MOXKeET ObiTh BbllE, UeM YPOBEeHb 3H2-
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KpuTHueckne 3HaueHHs F-pacnpeefieHust ¢ v, U V; CTeNEHAMHA

Vi
Vva |
1 2 3 i 4 5 6 7
1 161,45 | 199,50 | 215,71 | 224,58 | 230,16 | 233,99 | 236,77
2 18,51 19,00 19,16 19,25 19,30 19,33 19,35
3 10,13 9,55 9,28 9,12 9,01 8,94 8,89
4 7,71 6,94 6,59 6,39 6,26 6,16 6,09
5 6,61 5,79 5,41 5,19 5,05 4,95 4,88
6 5,99 5,14 4,76 4,53 4,39 4,28 4,21
7 5,59 4,74 4,35 4,12 3,97 3,87 3,79
8 5,32 4,46 4,07 3,84 3,69 3,58 3,50
9 5,12 4,26 3,86 3,63 3,48 3,37 3,29
10 4,96 4,10 3,71 3,48 3,33 3,22 3,14
11 4,84 3,98 3,59 3,36 3,20 3,09 3,01
12 4,75 3,89 3,49 3,26 3,11 3,00 2,91
13 4,67 3,81 3,41 3,18 3,03 2,92 2,83
i4 4,60 3,74 3,34 3,11 2,96 2,85 2,76
15 4,54 3,68 3,29 3,06 2,90 2,79 2,71
! 4,49 3,63 3,24 3,01 2,85 2,74 2,66
17 4,45 3,59 3,20 2,96 2,81 2,70 2,61
18 4,41 3,55 3,16 2,93 2,77 2,66 2,58
19 4,38 3,52 3,13 2,00 @ 2,74 2,63 2,54
20 4,35 3,49 3,10 2,87 | 2,71 2,60 2,51
21 4,32 3,47 3,07 1 2,8 ; 2,68 2,57 2,49
22 4,30 3,44 3,06 0 2,82 1 2,66 2,55 2,46
23 4,28 3,42 3,03 2,80 | 2,64 2,53 2,44
24 4,26 3,40 3,01 2,78 © 2,62 2,51 2,42
25 4,24 3,39 2,99 2,76 2,60 2,49 2,40
26 4,23 3,37 2,98 2,74 | 2,59 2,47 2,39
27 4,21 3,35 2,46 2,75 1 2,57 2,46 2,37
28 4,20 3,34 2,95 2,71 1 2,56 2,45 2,36
29 4,18 3,33 2,93 2,76 ' 2,55 2,43 2.35
30 4,17 3,32 2,02 1 2,69 7 253 2,42 2,33
40 4,08 3,23 2,81 1 2,61 1 2,45 2,34 2,25
60 4,00 3,15 2,76 | 2,83, 2,37 2,95 2,17
12 3,92 3,07 2,68 | 245 2,29 2,18 2,09
o0 3,84 3,00 2,60 | 2,37 2211 210 2,01
! ;

4YHMOCTH, HCHOJb30BaHHBLIH IPH INPOBEPKE THIIOTE3bl O PaBEHCTBE
gucnepcud. Ecam gHucnepcHy u cpeiHHE OKaXyTCs Hepa3JHUdMEL-
MM, T. €. HyJeBas THOOTe3a He MOXeET OEIThb OTKJOHEHZ Ha OCHOBA-
HHH BBLIGODOYHBIX NAHHLIX, TO HET M CTATHCTHYECKHX OCHOBAHHI
CUHTATh, YTO CPeJHHe KOHUEHTpauMH MHKPOYacTHL, Ha IBYX H3Y-
4aeMbIX IJIOIN@ASIX COOTBETCTBYIOT pPAa3JHYHBIM COBOKYIHOCTSAM.
C npyroif cTOPOHHI, €CJH XOTd OBl OJMH H3 ABYX KPHTEpHEB NPHBO-
JUT K OTKJIOHEHHIO HYJEBOH FHIIOTe3Ll, TO BONPOC 06 aTMocdepHOH
OJHOPOHOCTH MOXHO IOCTaBHTb II0J COMHeHHue. DoJee Toro, eca
gkputepuit (2.36) npHBedeT K OTKJOHEHHIO THIIOTE€3Hl O PaBEHCTBE
JMCIepCHll, TO H NpHMeHeHue KpHTepHsa (2.33) B maweil zanaue Te-
psier cMuich. [1pubJH3HTENbHEIE KDPHTEDHH, aHAJOTHYHbIE ONHCAH-
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TaGnuua 2.14a
cBoGoabt ¥ 5% -HbIM YpOBHEeM 3HauuMoctH (o=0,05) [17] §

Vi

8 9 o |z | s | 20 | a | e

238,88 | 240,54 | 241,88 | 243,91 | 245,95 | 248,01 | 249,05 | 250,10
19,37 19,38 19,40 19,41 19,43 19,45 19,45 19,46
8,85 8,81 8,79 8,74 8,70 8,66 8,64 8,62
6,04 6,00 5,96 5,91 5,86 5,80 5,77 5,75
4,82 4,77 4,74 4,68 4,62 4,56 4,53 4,50
4,15 4,10 4,06 4,00 3,94 3,87 3,84 3,81

3,73 3,68 3,64 3,57 3,51 3,44 3,41 3,38
3,44 3,39 3,35 3,28 3,22 3,15 3,12 3,08
3,23 3,18 3,14 3,07 3,01 2,94 2,90 2,86
3,07 3,02 2,98 2,91 2,84 2,77 2,74 2,70
2,95 2,90 2,85 2,79 2,72 2,65 2,61 2,57
2,85 2,80 2,75 2,69 2,62 2,54 2,51 2,47
2,77 2,71 2,67 2,60 2,53 2,46 2,42 2,48

92,70 2,65 2,60 2.53 2,46 2,39 2,35 2,31
2,64 2,59 2,54 2.48 2,40 2.33 2,29 2.95
9,59 2,54 249 2,42 2.35 2.98 294 2,19
255 2,49 2.45 2,38 2.31 2,23 2.19 2,15
251 92,46 2,41 2,34 2,27 2,19 2,15 2.11

2.48 2,42 2,38 2,31 2,23 2,16 2,11 2,07
2,45 2,39 2,35 2,28 2,20 2,12 2,08 2,04
2,492 2,37 2,32 2,25 2,18 2,10 2,05 2,01
2,40 2,34 2,30 2,23 2,15 2,07 2,03 1,98
.37 2,32 2,27 2,20 2,13 2,05 2,01 1,96
2,36 2,30 2,25 2,18 2,11 2,03 1,98 1,04
2.34 2,28 2,24 2,16 2,09 2,01 1,96 1,92
2,32 2,27 2,22 2,15 2,07 1,99 1,95 1,90
2,31 2,25 2,20 2,13 2,06 1,97 1,93 1,88
2.99 2,24 2,19 2,12 2,04 1,96 1,91 1,87
2.98 2,29 2,18 2,10 2,03 1,94 1,90 1,85
2,27 2,21 2,16 2,09 2,01 1,93 1,89 1,84
2,18 2,12 2,08 2,00 1,92 1,84 1,79 1,74
2,10 2,04 1,99 1,92 1,84 1,75 1,70 1,65
2,02 1,96 1,91 1,83 1,75 1,66 1,61 1,55
1,94 1,88 1,83 1,75 1,67 1,57 1,52 1,46

nomy B pabote I'ontepa [14), mpuMeHHMEI /s IPOBEPKH THIOTE3bI
O PaBEHCTBE CPEAHHMX B YCJOBHAX HepaBEHCTBA AHCIEPCHIH, HO OHK
MaJo IIOMOTaloT IIPH PELIeHHH JAaHHOH 3ajauH.

JUCHEPCHOHHDBIV AHAJIU3

o cuX 1op MH pacCMaTPHB2JH TOJbKO METOABl CpaBHEHHs
0BYX BBIOOPOK, TOTAa Kak CYLIeCTBYeT elle psiL 34144, KacaloUHx-
csi rpynn Habaiopenud. IlpeanonoxuMm, HanpuMep, 4TO MOJYYEHO
nATh 06pasUoB NECYaHHKA C KaJbIUTOBLIM leMeHTOM. Kaxkablfi u3
HUX o0JajaeT CBOHMH JIMTOJIOTHYECKHUMH OCOOEHHOCTAMHU: B OZHOM
OpocaeTcss B IJ1aza €ro KPyIHO3€PHHCTOCThb, APYrod XapaKTepuay-
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Kpuruueckune 3naueHust F-pacnpegeneHust € 4 U o CTENEHAMH

Yy
AY)) e
1 2 I 5 6 7
1 647,79 | 799,50 | 864,16 921,85 | 937,11 | 948,292
2 38,51 39,00 39,17 39,30 39,33 39,36
3 17,44 16,04 15,44 14,88 14,73 14,62
4 12,22 10,65 9,98 9,36 9,20 9,07
5 10,01 8,43 7,76 7,15 6,98 6,85
6 8,81 7,26 6,60 5,99 5,82 5,70
7 8,07 6,54 5,80 5,29 5,12 4,99
8 7,57 6,06 5,42 4,82 4,65 4,53
9 7,21 5,71 5,08 4,48 4,32 4,20
10 6,94 5,46 4,83 4,24 4,07 3,95
11 6,72 5,26 4,63 4,04 3,88 3,7
12 6,55 5,10 4,47 3,89 3,73 3,61
13 6,41 4,97 4,35 3,77 3,60 3,48
14 6,30 4,86 4,94 3,66 3,50 3,38
15 6,20 4,77 4,15 358 3,41 3,29
16 6,12 4,69 4,08 3,50 3,34 3,22
17 6,04 4,62 4,01 3,44 3,28 1 3,16
18 5,98 4,56 3,95 3,84 3,92 4 310
19 5,92 4,51 3,90 3,35 3,17 | 2,05
20 5,87 4,46 3,86 1 L0329 3,12 1 301
21 5,83 4,49 3,82 P3,25 3,09 2,47
29 5,79 4,38 3,78 3,22 3,05 2,93
23 5,75 4,33 3.75 518 3,02 2.99
24 5,72 4.32 3.70 3010 2,49 | 287
25 5,69 4,929 3,69 3,13 2,97 2.5
26 5,66 497 5,67 3,10 2,04 28
7 5,63 4.24 3,65 3,08 2,92 2.8
28 5,61 4,92 3.63 3,06 2,90 2,738
29 5,59 4,20 1 3,61 3,04 2,88 2.76
30 5,57 418 . 3,59 3,03 2,87 2,75
40 5,49 4,05 | 346 2,90 2.74 9,62
60 5,29 3,03 1 5.34 2,79 1+ 2,63 2,51
120 5,15 3,80 1 3,23 2,67 1 2.5 2.39
oo 5,02 3,69 ¢ 5.1 2 AT 241 229
x i

CTCH HaJIHUYNeM APHHCTRX JaCcTHH, T})'{'IXHUI caufo omeaeznen 1 b, e
Mbl XoTHM onpeleiTh, OIHIIAKOBbl JH B HUX COLEPKaHNTsA KE!DGO’
nara. st periedss 3TOH 3aiadl MOKHC HCHOJAb30OBATH OXHI i3
CTATHCTHUECKHX METOHOB, HA3BIBACMBIT AHCHEPCHOHHLIM QHAJIiZ0M,

B ofuleM Blae 31oT METO OCHOBAH HA pasiedicHiu o01iel ie-
nepcust HSYIIHCMOI'% COBOKYIHOCTH H4 KOMIOHEHTHI, COOTBQT("!'L;_‘)"}()-
Hile HCTOUHHKAM H3MEHUIBOCTH, 4 NpHMeHseMble KPHTePHH Nozno-
JAT G.ulOBPEMEHHO H3YUYHTb Da3JHUHA KAK B CPeANHX 3HLUCHIINX
TaK 1 B JAHCHEPCHSAX.

JrcnepHMEHTAbHBIH NMOAX01 K 3TOH 3ajaue 3akJuaeTcs »
apobJciun 00pas3loB Ha GoJiee MeJIKHE YaCTH W ONpeieseHiti co-
nepXKatiist kKapOboHATa B KaxKA0il 13 HHX NIyTes B3BEIHBRHHA 110CHe
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Tab6auua 2.146
cs0foam H 2,5%-HbIM ypOBHeM 3Hauumoctd (o= 0,025)

Ny
s | 9 | 10 12 | s | 20 | 2e %
956,66 | 963,28 | 968,63 | 976,71 | 984,87 | 933,10 | 997,24 | 1001,4
3937 | 3939 | 39,40 | 39,41 | 39,43 | 30,45 | 39,46 | 39,46
1454 { 1447 | 1442 | 1434 | 1425 | 14,17 | 14,12 14,08
898! 890 8.84 8.75 3,66 §.56 8,51 3,46
676 | 6,68 6.62 6,52 6.43 6,33 6,98 6,23
560 | 5,52 5.46 5.37 5,97 517 5.12 5.07
460 4,82 4.76 4.67 4.57 4,47 441 4.36
4431 4,36 4,30 4.90 4.10 4.00 3.95 3,89
4101 4,03 3,96 387 3.77 3,67 3.6l 5,56
3’85 | 3,78 3.72 3,62 3,52 3,49 3.37 3,31
3,66 3,59 3.53 3,43 3,33 3,93 3.17 3,12
351 3,44 3.37 3,98 3.18 3,07 3,02 2,96
3.39{ 3.31 3.95 3.15 3,05 2,95 9789 0,84
3,201  3.92] 3.15 3.05 2.95 2.84 2.79 2,73
3,20 3,12 3.06 2.96 2,86 2.76 2,70 2,64
32| 3,05 2,99 2,89 92,79 2.68 2,65 2,57
3.06 | 2,98 2,92 2,82 2,72 92,62 2.56 2.50
3.01 2,93 9,87 277 2.67 256 2,50 2,44
2,961 2.88 2.82 2,79 2,62 2.5 9,45 2.39
2.91 9,81 2.77 2,68 92,57 2.46 2.41 2,35
2.87 1 280 9.73 2,64 2,53 2,42 2,37 | 2,31
9:84 | 2.76 2.70 92,60 9,50 2,39 933 | 2,27
2,81 2.73 2.67 9.57 2,47 2.36 2,30 | 2,24
278 | 2.70 2,64 9,54 2,44 2.33 2,07 | 2,21
2751 2.68 2.61 2.51 2,41 92,30 994 2,18
2721 2.65 2.59 2.49 2.39 2,94 2.99 92.17
2.71 2,63 2,57 2,47 2,36 2,95 219 2.13
2:69 | 2.6l 92,55 2,45 2.34 9,93 217 2.11
9.67 | 2.59 2.53 9.43 9.32 2l91 2.15 2.09
265 2,57 251 241 2.31 2,20 914 9.07
2:551 2.45 2,39 2,99 2.18 2.07 2.01 1,94
9041 2,33 9,27 9217 9,06 1,94 1,88 1,82
2,30 2,92 2,16 2,05 1,94 1,82 1,75 1,69
2.19| 211 2.05 1,94 1,83 1,71 1,64 1,57

obpabotku Kucjoroli. Kaxpaaa Mesakas 4acThb Ha3LIBAaeTCs MOBTO-
penuem. Llenn, xoTopylo Mbl npecienyeM, pasfuBas mepBoHadYasib-
HEIIl KYCOK HA 4acTtH, — OlIpeJc/eHNe H3MEeHUYHBOCTH, BHI3BAHHOH NO-
TPCHOCTAMA B3BewHuBaHus. OUeBHAHO, YTO €CJH H3MEHUNBOCThL
MEXAy [OBTOPHBIMH ONpPEIeNEHHAMH AJad OAHOTO ofpasla BeJHKa
10 CPapHEHHIO C PA3NUYUAMH MeXAy obpasuaMd, To MNoc/JejHHE
TPYAHO OCHADYXHT.

IIpeanonoxum, 4To Mbl pa3bH/IH HCXOAHBIH O6pasel Ha INECTh
Jacte#d u cobupaeMcs NPOaHAJH3HMPOBATh KaXKAylo H3 HuX. Habao-
laeMple U3MEHEHHS] BO3HHKAIOT MG DALY NPHUYHH: M3-3a KoJebaHuil
COCTAB2 BHYTPH HCXOAHOTo o0pa3sua, H3-3a HeGPexXHOCTH B 11OJY-
1CHHH TIOBTOPHBIX HalJ/0feHHH (OCTaTKH OJHOrO TPABJEHHS MOLYT
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Kpmuqecxue 3HAYCHHUSA F-pacnpenenenuﬂ C V; HVy; CTeNEHAMH

Yneso W
cTenenelt
CBOVE;OAbI 1 9 3 4 5 5 7 8
1 4052,2 |4999,5 |5403,4 [5624,6 [5763,6 |5859,0 [5928,4 i5881,1
2 98,50} 99,00{ 99,17| 99,25 99,30| 99,33| 99,36] 99,37
3 34,12 30,82 29,46| 28,71| 28,24 27,91{ 27,671 27,49
4 21,20 18,00] 16,69) 15,98} 15,62 15,21 14,98 13,80
5 16,26 13,27 12,06} 11,39 10,97 10,67 10,46 10,29
6 13,75 10,92 9,78 9,15 8,75 8,47 8,26 &,10
7 12,25 9,55 8,45 7,85 7,46 7,19 6,99: 6,84
8 11,26 8,65 7,59 7,01 6,63 6,37 6,18, 6,03
9 10,56 8,02 6,99 6,42 6,06 5,80 5,610 5,47
10 10,04 7,56 6,55 5,99 5,64 5,39 5,201 5,06
11 9,65 7,21 6,22 5,67 5,32 5,07 4,691 4,74
i2 9,33 6,93 5,95 5,41 5,06 4,82 4,64 4,50
13 9,07 6,70 5,74 5,21 4,86 4,62 4,447 4,30
14 8,86 6,51 5,56 5,04 4,69 4,46 4,287 4,14
15 8,68 6,36 5,42 4,89 4,56 4,32 4,147 4,00
16 8,531 6,23 5,29| 4,77 4,44| 4,20 4,03i 3,89
17 8,40 6,11 5,18 4,67 4,34 4,10 3,93; 3,79
18 8,29 6,01 3,09 4,68 4,25 4,01 3,841 3,71
19 8,18 5,93 5,01 4,50 4,17 3,94 3,77y 3,63
20 8,10 5,85 4,9 4,43 4,10 3,87 3,70i 3,86
21 8,02 5,78 4 87 4,37 4,04 3,81 3,64] 3,51
22 7,95 5,72 4,82 4,31 3,99 3,76 3,09 3,4d
23 7,88 5,66 4,76 4,26 3,94 3,71 3,541 3,41
24 7,82 5,61 4.72 4,22 3,90 3,67 3,500 3,36
25 7.77 5,57 4,68 1,18 3,85 3,63 3,46, 3,32
26 7,72 5,53 4 64 4,14 3,82 3,59 3,421 3,29
a7 7,68 5,49 4,60 4,11 3,78 3,56 3,391 3,26
28 7,64 5,45 4,57 4,07 3,75 3,53 3,36, 3,23
29 7,60 5,42 4,54 4,04 2,73 3,50 3,33} 3,20
30 7,56 5,39 4,51 4,02 3,70 3,47 3,301 3,17
40 7,31 5,18 4,31 3,83 3,51 3,29 3,12‘ 2,99
60 7,08 4,98 4,13 3,85 3,34 3,12 2,95 2,82
120 6,85 4,79 3,95 3,48 3,17 2,96 2.79 2,66
o 6,063 4,61 3,78 3,32 3,02 2,80 2,64 2,51
|

OBbITH NPOMBITEL f0Jiee TILATebHO, YeM OCTATKH ApYyroro), u3-3a H3-
MeHEeHHsl YCJOBHI B3BELIMBaHHS (IIOBTOPHBIE 00paslbl MOTYT CO1ep-
XKaTh pasJHuHble KOJl4ecTBa BJard JHOO Ha pe3y/bTaThl B3BCILIH-
BaHHS MOXKET TIOBJIHSITD 34BUCHMOCTb TIQJOMKEHHS HYJEBOH TOUKK
Ha Becax OT H3MEHEHHI TeMIepaTyphbl B TeUeHHe AHA W T. A.) u Gaa-
rogapsl BAMSHUIO APYrHX OoJee ToHKHX ¢aktopoB. KomOnnauus
BCEX 3THX HCTOYHHMKOB HM3MEHUMBOCTH TIPHBOJUT K BO3HHUKHOBEHHIO
TAaK HA3LIBAEMOH 3KCIEPHMEHTaJbHOH OMMOKM HJIH H3MEHYHBOCTH,
He YYHTHIBAEMOll TOJIbKO PasIHYHSMH MeXIy obpa3suamu.

Ilaist Toro 4toGel H30€XaTb BO3MOXHOCTH NOSIBJCHUS CHCTeMa-
THYEeCKOH OMHOGKH B CTATHCTHUECKOM aHajH3e, MOBTOPHBIE HalJIo-
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Tabanuua 2.148
cgoGoabt 1 1%-HbiM ypOBHeM 3Hauumoctd (or=0,01)

Vi

9 10 12 15 20 24 o
6022,5 | 6055,8 | 6106,3 | 6157,3 6208,7 6234,6 6260, 6
99,30 1 99,40 | 99,42 | 99,43 99,45 99,46 99,47
27,351 27,23 | 27,05 26,87 26,69 26,60 26,50
11,66 14,55 14,37 14,20 14,02 13,93 13,84
10,16 10,05 9,89 9,72 9,55 9,47 9,38
7,08 7,87 7,72 7,56 7,40 7,31 7,23
g2l 6,62 6,47 6,31 6,16 6.07 5,09
587 0 5,81 5,67 5,52 5,36 5,28 5,20
5.36 5,26 5,11 4,96 4,81 4,7 4,65
4.94 4,85 4,71 4,56 4,41 4,33 4,95
4,63 4,54 4,40 4,95 4,10 4,02 3,04
1,89 4,30 4,16 4,01 3,86 3,78 3,70
£.19 4,10 3,96 3,82 3,66 3,59 3,51
1.03 3,94 3,80 3,66 3,51 3,43 3,35
3,89 3,80 3,67 3,592 3,37 3,29 3,21
3.7 3,69 3,55 3,41 3,26 3,18 3,10
2,68 3,59 3,46 3.31 3,16 3,08 3,00
3,60 3,51 3,37 3,23 3,08 3.00 2,99
3,52 3,43 3,30 3,15 3,00 2,92 2,84
3,46 3,37 3,23 3,09 2,94 2,86 2,78
3.40 3,31 3,17 3,03 2,88 2,80 2,79
3,35 3,26 3,12 2,98 2,83 2,75 2,67
3,30 3,21 3,07 2,93 2,78 2,70 2,62
3,26 3,17 3,03 2,89 2,74 2,66 2,58
3,22 3,18 2,99 2,85 2,70 2,62 2,54
3.18 3,09 2,96 2,81 2,66 2,58 2,50
3,15 3,06 2,93 2,78 2,63 2,55 2,47
3,12 3,03 2,90 2,75 2,60 2,59 2.44
3,09 3,00 2,87 2,73 2,57 2,49 2,41
3,07 2,98 9,84 2,70 2,55 2,47 2,39
2,89 2,80 2,66 2,52 2,37 2,29 2,20
2,70 2,63 2,50 2,35 2,20 2,12 2,03
2,56 2,47 2,34 2,19 2,03 1,95 1,86
2,41 2,32 2,18 2,04 1,88 1,79 1,70

AeHH TOJKHBl ObITb OTOGpaHLl Haymauy, 10 TaK HasbiBaeMasd
panioMisaLus Hab/monenuil. HeoBxoaumocts 310l npoueaypn cra-
HET OYEeBHIHOHM, €CJIH HMEeTCs HeKOTOPBH (akTop, KoTophiil Henpe-
PLIBHO H3MEHSIETCS BO BPEMs 3KCNEPHMEHTAa, HalpuMep IIPoAOJ-
Hajoueecs: BbICHIXaHHe Npo6, 0XKHUAAIUIIX CBOEH ouepeiH B3BeliH-
Bamis. Ecan B3BecHTb Bee 1ecTb Npod, MOJMYyUYeHHBIX M3 obpasmua l,
a saTteM Bce MpoObl, HoJAyvYeHHBIe H3 o0pasua 2 u T. A, TO NPH IO-
ChaelHe B3BEUIHBAHHH MOTYT ObiTh 3aDerHCTpHPOBaHbl GOJblIHE
BECOBLIE NIOTEPH JIMUIb 10 TOH NPHYHHE, Y4TO NPOOHI BHICHLIXAJH B TE-
deHle 6oJsiee MPOIOJIKHTRJBHOrO nepuona Bpemenu. OnnH H3 cro-
co0oB pemieHns 37O 3ajJayu — nocJaeaoBaTeIbHAA HyMepalus KaxX-
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Ta6anua 2.15
KoineATpalua MHKPOY4ACTHI B TaJO# Boje, Mr/T

AuTapxTika, n=16 Tpennaunus, n=18
3,7 0,6 3,7 1,6
2.0 1,4 7.8 2,4
1,3 4,4 1,9 1,3
3,9 3,2 2,0 2.6
0,2 1.7 11 3,7
1,4 2,1 1,3 2.2
4,2 4,2 1,9 1,8
4.9 3,5 3.7 1,2

3,4 0,8

/l0H TMOBTOPHOH NPOUEAYPE H BLIGOP 3THX HOMEPOB B IPOLCFEe 2HA-
Jausa mo rTabauue caAyyaHHHX unces. JeHCcTBHTENbHO, eCan npouecc
NPOTEKAET NMO3TANHO, TO LenecoobpasHo NpHNHCaTh HAYAAGY HOMe-
pa Kaxzomy ofpasumy Ha KaxiacMm wmare. Toria pas/iHUHbE HCTOY-
HUKH OWIHGOK NepeMelIHBAIOTCT HJIH COBMEULAIOTCS AJsT BCeX 110-
BTOPHBLX NP06, a HE KOHUCHTPHUPYIOTCS B HECKOABKHX M3 HIX.

IipoBepky rumoTespl sKBHBAJEHTHOCTH NATH 06GPA3loB MOMKHO
NPCBECTH ¢ NOMOWBIO IPOUENYDHl, HasLBaeMoil OJHODAKTOPHBIM
OHCUCPDCHOHHLIM &HAJH30M, NIDH KOTOPOM IIpCBEpsieMan Iingteza R
aJdbTEPHATHBA HIMEIOT CACIVIOIUH BHA:

Ho:pp = po = ps = pg = ps;

Hy: no kpafiseii mepe ogHO CpeoHee 3HAyeHue OTJAHYHO 0T OCTaNb-
HBIX.

Haist npoBepKH 3T0f THIIOTE3Bl TPEOyeTCHd BLIUTOMANCHIE HEKOTO-
PBIX YCJOBHH, a HM@HHO: a) KaxKa0e MHOXKECTBO IOBTOPHbIX IIPO6
paccMaTpHBaercs Kam ovydaiinas BuOOpKa H3 COOTBEICTBYOILEH
COBOKYMHOCTH; 0) Kaasias HCXOIHAS COBOKYIHGCTh XapaKTepu3y-

€TCs1 HOPDMAaJIbHbIM pPaCHperesICHUEM; B) BZC¢ HCXOJIDIE CCBCLVIIHO-
CTH HMEIOT paBHbLIE ILHCIIEPCHH.
,HaHHbIe JJ151 paCCManHBaeMOIUI HaMy 3axadd  TipHBeI&HLI

B Taba. 2.16. B oanodakTopHOM ANCHEPCHOHHOM aHajdu3e O0LiAs
JHCIEpPCHA PasOHBaETCsl HA JIBE COCTABJIONIHE: JHCIEPCHIO BHYTPH
KaXJl0TO0 MHOK€CTBA NOBTOPHBLIX Npod (BHYTPHBBIGOPOUHVIO AliC-
NepCHIo) U AHCHIEPCHIO MexXJy CPAaBHHBAEMBIMH 00pasuaMu {Mex-
BHIGOPOUHYIO AliCHEPCHIO). B MaTeMaTHUeCKoil CTAaTHCTHKC paspa-
6otaHna QopMajH30BauHaf NPOUEAYpPA IUCIEPCHOHHOTO aHAJH3a,
xortopasi npisefeHa B tabaune ANOVA (Analysis of Varianse).
Ilocnennsisi copepRuT IepeueHb HCTOUHHEOB M3MCHUHBOCTH, CTOJI-
Gell HCpaBJICHHBIX CYMM KBAaJApaToB, COOTBETCTBYIOUIHX PA3JHUHBIM
HCTOUHHKAM, YHCJO CTeneHeld cBoOOAb A8 KAXKAOH H3 HHX, CTOJ-
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Ta6auma 216

Copepxanue KapGOHATHOrG HEMCHTA B NATH oGpasnax
-
neckiannra, % (umucaa B cxofkax 0003HAMANOT
nops k0Bl HOMEp MpoGbl B MpOLecce aHAIH3R)

Hoyep ofpasua
Homep 60~
“Taaoe i 5 4 5
|
7 5(9 ( 19,5(21)
] 19,2(11 18,7(04 12,5(28) | 20,8(12) | 10.¢
: 18,7}08; 14,3(19; 14.3(16) 22,5(30) zﬁ,g(?g)
3 21.3(09) 20.2(14) 8,7(20) 17,6(24) }6,3(92)
4 16,5(17) 17,6(07) 11,4(29) 18,4(03) 2 ,_(.1_2)
5 17,3(26) 19,3(05) 0,5(27) | 15,9(13) 12’4(1 )
o 92.4(15) | 16,1(25) | 16,5(01) | 19,0(02) | 19,1(10)

CDEIHUX KBaJAPATOB, KOTOprf[ COJIEDKUT BbI60pO'-IHbIe OLLIeHKH

oell ) !
nuenepciril ¥ 3Hauenud F-xputepus. CooTBeTcTBylomas HalleH 34
Jdade 1OHHIA NPHIBEeASHA HUME:
Cymuva KBaj- | Hncno cTeme- Cpensui

HcTousHK H3MEHUHBOCTH ’v“p“aios Hell cBOGOALI KBAaZpar [-xpuTepHit
Mexay BHOOPKaMHK l 884 ! n[z-—l JAtCIIgA MS:/MSw
BryTpH BHGODPOK SSw Av—nlz w
Qo6masn U3MCHIHBOCTD SSr N—

O6iias H3MEHUHBOCTL 110 BeeM HaGmoaeHuaM (1o BceM [iCBTOp-
HLIM 1p0o0aM B mo BceM oOpasuam) SSr XapakTepusyercs $bop-

MY IOk

m n { . ”1, n“ |2
: % (2.57
I 1  DERNE WA 1L D ©.57)
= Z TV A EA vt
j=1i=1 =t =l
r1e X, —i-7 moBTOpHas npobda B j-M obpasie.

B 1mofimofl cyMMe mepBast yKashlBseT, YTO CyMMHPOBan'€ j1po-
BOAHT.Y 10 KaXK10MY CTOJOIY, COAEPXKALICMY 71 HOBTOPHLIX 1:po6,
@ 3aTeM CKJ4JBIBAIOTCA MOJYUYEHHBIE PE3YILTATH BCEX f1 CTOJADIOB.
O6mee uncqio nadumojenitii N pasue uucJy HOBTOPHLIX HPOL 3 BEH-
HOpKe, YMHOKEHHOMY HA UMCAO BHOOPOK, T. e N=nm. Home{nmn
yned B NpaBofi yacT# Bupaxenus (2.37) Ha3LIBaeTCA NONpeBOu-
ey, OTMETHM, YTO TaKHe YK€ 4Jelsl HMEKTICS M B JIPYTUX aHaJlo-
THYHBN CYMMAaXx, . o

CyMMYy, XapakTepH3YIOyIocs MeXKBLGOPOUHOMN H3MEHUHEOCTLIO,
YAXOLAT 10 cAenylowed popMyde:

m n 2 m

N n \2
ssa= N (P — (R ¥

S j=1i=1

i=1

(2.38)
;'=l
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TA€ CyMMHpOBaHHE NPOBOAHTCA 10 BCEM NOBTODHBIM npoGam B
n

KaxjgoM ofpasue Z;Xij, 4 3aTeM KaxJas H3 NOJAYYEHHHX CyMM
(==

BO3BOAUTCH B KBaipar H IOJIy4CHHBIH pesyJbTaT AeJIHTCS HA YHCJIO

g;ﬁ;onppe;gn n B KaxXuaof B6br6opxe; laJiee NOJyYeHHBIE Pe3yJbTaThl
TCs1 110 BCeM BBIOODKAM M, HAaKOHEL[, BBIY

[ , HTaeT -

BOYHBIH UJIeH. ’ o roripa

Benuuuna, XdpaKTePHIYOLlasi BTOPOH HCTOYHHK H3MEHYHBOCTH

uMeer BUA ’

m 2

SSy = 2 E X2 __,11_ E (ﬁ] X,.j) . (2.39)

j=1i=1 j=1 ‘i=]

??METHM, JATO TIePBBIl uieH B NIpaBOil YaCTH 31CCh TAKOH e,
Kak i NepsLil uaen opmyasl (2.37) aas SSyr, a nocjieisuil wiex
goanaﬂaeT C NePBEIM wieHoM dopmyant (2.38) aas SS.. [Tostomy

S MOMKHO BEIYHCJHTH 110 bopMye '

S8y = S8r— 88, {2.40)

LIHCJ’I)O CTelleHel cBOOOALI O BCeM AAHHBIM paBio N—1. Uncao
CTeIeHEH CBOGOAL! A BeJHUHHB SS; paBHO m—1, Tak Kak Mbl
OUCHHBAEM €€ [0 CPeJHIIM 3HAYeHHAM KaKIOro ’oﬁpasua P:as-
HOCTb MEXKNy STHMH YHCJaMH CTenenell CBOGOLL paBHa ‘{HCJ.Iy cre-
neHen cBOGOILl A BEJHYHHB SSyp.

C uesblo HAIIOCTPANUN 3TOrO MeToxa JUCIEPCHOHHOTO AHAJHU-
34 NPOBEAECM BBIYHCJEHHS [0 NAHHHIM Tabu. 2.16. Hcnoupsysa ¢op-
myny (2.37) ansa SSr, noayuum S§Sr=383,79.

1 ﬂa?nee MBI MOZKEM NOACYHTATh BeNHYHHY SS4 no cpeanum 3na-
ICHAAM N1 MATH 06pa3uos. Mcnoabsys ¢opmyay (2.38), npocym-
MHDYyeM CHauaJjJa BCe HATh CTOJGLOB, BO3BELEM B xBan;;aT noJy-
ICHHBIE CyMMbI, Dasie/IHM pe3yJbTaThl HA 6 M BbiuTeM nonpaBou-
ggf:ngé%}f@‘aw A4CT HaM MeXBLIGOPOUHYIO CyMMy KBajgpaToB

Haxkonen, Breiuntas SS, us SS ’

Ay A A S 12116,37. 7, IIOJyYaeM BHYTPHUBBIGODOUHYIC

OOCuiee uncs0 creneneil cBoGoaMI paBHO N—1, unu 29. Tak kax
Mbl OLEHHBAEM MeXBLIGOPOUHYIO H3MEHYHBOCTD 11O NSTH }'I3MepeHH>
AM (T. €. 110 CPeJHHM 3HAYEHUSAM OATH CTOJIGLOB), TO YHCJO CTele-
Hefi cBoGoael paast SS4 pasHO m—1, 1. e. 4. Pasﬂéch YUCces cTelle-
Heil cBOOOIBI AOMIKHA COOTBETCTBOBATH OCTATKY CYMM KBalXpaTOB
HJIH «Mepe» OUIHOKH. DTa pPasHOCTb YHCES CTemenel 013060;1:1 pas-
Ha N—m, uan 25. Tenepb BHIUHCJICHHbIE HCIPaBJIEHHbIE CyMMbl
kBaapatos SS;, SSa u SSy myxHo paszeanT, Ha COOTBeTCTByt}O-
e M 4HC/Ia cTemeHedl cBOGOAEL B pesyabrate Mmpl HoJy+aeM
OLEHKH AHCNEepPCHH (MaM cpennue KBAApaTH, YTO ABJAETCA NPOCTO
APYTHM Ha3BaHHEM TEX XKe BEJHYHH),
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Ouenka ofuie#l AUCIEPCHHU

SS 388,79
— = T 13,23
N—1 29
Ouenka MeXBbLIGOPOYHOH AMCNEPCHH
SS, 237,42 -
MSy = e 59,35.
(OuneHka BHYTPHUBLIGOPOUHOH AHCIEPCHH
. SSy- 146,37  _
MSy = N—m T = 0,85.

CyLIHOCTh IPOBEAGHHOIO AMCIEPCHOHHOIO aHaJusza Jyyille Io-
sICHHTB, PACCMOTPEB TOT NpejelbHBH caydali, Korka Bce HOBTOpDHBIE
npo0el HAEHTHUHH. Toria cpejHHe 3HaueHnsg croabuos OyayT Ta-
KHMH JKe, KaK CpeJHHe [0 BCeM CT0/0LaM, U OleHKa ITHCIEpCHH,
BHIYHCJIEHHAST 110 BCeM HaOJIoAeHHsaM, OyIeT COBNAalath C OLEHKOH,
BBLIUHCJEHHOH TOJBKO HAa OCHOBAHMM AAHHBIX OZHOTO crogabia. MHb-
MI cJ0BaMi, Mepa olWnoku obpaTares B HYdb, B 376M cayuae Her
JHCREpPCHI, BO3HUKAOUEH H3-32 pasJHUHIl MEA 1Y IOBTOPHEIMH TIPO-
6amu. Takoii HenpaBIONOAOOHBIT pe3yAbTarT J101MEH H4BeCcTi Ha
MBIC/Ib, UTO TEPBOHAYaJbHbIC O0paslbl Ha CaMOM A€/ PasjiiyHbl
0 UTO KaxK10e MHOXKECTBO HOBTOPHBIX Npo0 OLLIO H3BJCYEHO H3
PAa3JHYHBIX COBOKYTTHOCTEM, WMeEIOUIUX HyJeBble IMCINePCHH.

PaceMoTpeHHDI{l TpUMeD fBJSIETCS MeHee 3KcTpeMadbHbM. Bl
YHCJAs 3HaueHwe [-KEpUTepHs, Mbl NoJydaeM c.ieiylolilee KpHTHUE-
cKoe sHaueHue. BuifpaB KpUTHYECKYIO 006/1acTh, COOTBETCTBYIOLLYIO
33]1aHHOMY YPOBHIO 3HAYHMOCTH H 33JaHHOMY UlICJY cTeleHeil cBo-
60abl, MOXKHO TeNepb NPUHAThL HJIH OTBEPTHYTh IIPOBEDSEMVIO TH-
noresy:’

F = MS4/(MSy) = 10,14.

OxHohaxkTOPHBI 1HCNEPCHOHHBIN aHa/dH3 INpHMeHsercs B Tex
cayuyasix, koraa tpebyeTcs NPOBEPHTh THIOTE3Y O TOM, YTO HEKOTO-
poiil Ha80op COBOKYIHOCTEH, NPEeACTaBJ/CHHBIX BbIOOPKAMMH, COCTOHT
H3 HJEHTHYHBIX 00bekToB. OAHAKO JJs ero nposBeieHus tpedyercs,
yTo6B MbI MOTVIM CJydafiHO BLIOpATh IOBTOpPHble NIpOOLL BHYTPH
BHIOOPOK H IIPOBeCTH MX aHaJH3 B CJAYy4aHHOH 10C/ae10BaTeJLHOCTH.
B HekoTOpbiX CHTyallHsiX 3TO MOXKeT 0Ka3albCsl CHJAbLHLIM OTPAaHH-
YeHHEeM I MOXKEeT IPHUBECTH K HEHNOJHOLUEHHOMY aHAaJH3y, IpH KOTo-
poM TepsieTcsi CJAHIIKOM MHOro HHQOpMaluH 00 H3MeH4uBOCTH. Ha-
npiMep, IIPeANOoN0KHM, YTO HEKOTOpasd H3MepDHTeJbHAd npolelypa
NPHBOJUT K 3aBbllenuto aucnepcud. Hcenmoassys onHodakTopHyoo
MOJeJb, Mbl HE MOMKeM OIEHHTh BeJHUYHHY BO3HHKaloleHd no 3Tof
IpHYNHEe H3MEHYHBOCTH, TAK KA4K OHA BXOIHT B CyMMy KBaipHaTOB
BMecTe C H3MEHUYMBOCTHIO, BO3HHKamUell or Apyrix nprund. OaHa-
Ko GoJiee KPONOTJHMBLIH CTATHCTHUCCKHH aHaJ/Ju3 MOXKET AaThb BO3-
MOXKHOCTh BBILEJAUTb 3Ty H3MEHYHBOCTb H OUEHHTbL ee.
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Hsyxdaxropubidl ABCNCPCHOHHBIA aHAJIN3

[{ugeoren psin Bodee CIOKHBIX KpHTEpHeB, N0Lpo6HO ONHCEH-
¥R PYKOBOACTRAX O AHCUEPCHOIHCOMY 2HANN3Y 1 NJAalHpoBa-
HHIG ZRenepiMenTa. Ilpexpacuble omicannga HEKOTOPLIX CXEM, BECh-
Ma [TOJIeBLLIN TIPH TCOJOINHUYCCKEN HCCACIOBAINDIN, COACpHaTes B
kiurax Iprddgurea [13] u KpawmGeitna, n Ipeiibraaa [20]. 3ecr
Mbl OPPAHHYHMCH PACCMOTPEHHEM JIHIIEB ORHOTC AOMOJHUTEIbICTC
[pHMepa i COOTBETCTBYMOIE cTatTicTHuccKoll npouesypul. Oprio-
Bukckue necuanurd Ceur-Ilutep upejacTaB/ieHB OYeHb UHCTLIME
OPTOKBAPUHMTAMH, KOTOPLIE PAaCHpOCTpaHeHbl B BepxoBbax p. Mic-
cucunit, Tax Kak 3epHa 5THX NOPOJ XOPOLIO OKATaHLI i OTCOPTHPO-
BaHDbl, TO CHH HEOOLIKHOBEHHO OIHOPOAHB IO CBOEMY CTPOEHUIC.
B cBasn ¢ atnm HerTsaHBIE MECTOPOXKJEIHS, NPHYPOUEHHBE K Iec:
UaHHKAM, NPH A0OblYe HedTH NyTEM OTKAYKH BEAYT cebs TaK, Kak
MOXKHO B TGYHOCTH HpPEACKa3aThb € MOMONIBIO TEOPETHYECKHX O1C-
Jiefi HX IIOBCACHHA, XOTS II0CJ]eT1HIIe NMOCTPOeHL HA OCHORe WMAE .-
sauun veaosBufl. OTKJIOHCHHUS TIOBEACHHS! MOJENH OT ACHCTBHTCIb-
HOCTH MOIYT YKasaTb Ha OWINGOYHOCTbL JONVUIEHHH B CTPYKTV]C
MOIETH.

Hefoarmoil nHedrsiHol pafion B 0xuoM HManunofice nmpencras-
JIACTCSl MJEaJIbHO NPHCIOCOOJIEHHEIM AJS1 HCCJeNOBAHIS CORNAlC-
HHA B HCBEICHHH MOJEJN H PeajlbHoro HedTsiHOTO MEeCTOPOXKACHUS.
Tax xak 370T paiioH apeHLOBAJCH TOJLKO OAHON KOMMaHHel, Tiia-
TeJbHO XPaHHUBUIE ZOKYMEHTAUHIO, TO AaHHBle 0 nobuiue HedtH 1
5TOrO0 MECTOPOCKJIeHIIsE OKa3aJHCh AOCTYIHBIMH AJsS HCCJET0BaHiis,
OaHaxo, Ipexae 4eM BBIIOJHHUTL HCUEDIBIBAIOMIMH aHAJH3 OBC.e-
HUsl MCCTOPOXKAEGHHS, 1eJecoobpasHO NpOBEPHUTh Ha IPUMeEpe Bbi-
LIeYNCeM ALY TOro IecyaHuxa NpenoJoxeHlie 06 OJHOPOAHOCTH Cro
CBO{ICTB. .

M3 MHOKECTBA CKBaKiuH, IpofypeHHBIX B npoilecce paspador-
KH, 5CCsTh OblIH BblOpaHol cayuafinpiM ofpasoM AJs NPOBeAeH!ls
aHaJuza. B kaxnod npobe Hayzady Obla BeicedeH | Ky6 mopoinl
ofpemos 16 cM?® Taknm oOpasoM, yToOn BepPTHKaNblIdad OPHEHTA-
nus npeber coxpansiiach. C HOMOULBIO COOTBETCTBYIOILEro IpHOOpa
ObLAH CAGJMAHEI [Ba H3MEPCHHS CKOPOCTH IBHIKEHHS Qaonra
CKBO3b BBLICEUCHHBIC KYyOLI: B BEPTHKAJbHOM HANpaBJCNIiH IO OTHO-
UICHIS K CJOHCTOCTH H B IOPHAOHTAJBHOM, NapaJieNbHO CJIONCTO-
¢TH. 11c1odab3ysa 9TH H3MCPEHUS, BBIYHCANJM IPOHHLAaeMocTh ofpas-
14 B K3aAPATHBIX MHKpOMETpax.

JIBaguatp BLIYHCAEHHLIX 3HAUEHHII NPOHHILAEMOCTH IIPHBEJCHLI
B radsa. 2.17. Ilo srtuMm AR2HATH 3HAYEHHAM TpelyeTcs HOJYUHThb
OTBET HA BOINPOC: HMCICTCH JH 3HAUHMbIC Pas3jHuMdsl B IIPOHHIAEMO-
CTH, 3aBHCALLIHE OT NOJOXKeHHs obpasla B H3y4YacnMoM paifioHe
(1. e. 0T pACHOJIOKEHHS CKBAIKHH) HJAH OT BhIODAaHHBIX HalpavJe-
Huil U3MEpeHua?

Sty 3azady MOXKHO PEUIHTb ¢ IOMOINLIO JABYX(AKTOPHOrO AHC-
IePCHOHHOrO aHa/ayu3a. PaccmMorpum fBa riaBHBIX HCTOUHHKA M3-
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Ta6nuua 217

Mponunaemocts caydafino otofpasHsix oGpasuos necuanukop Ceur-Ilnrep
(mrat HaauHoMHC), M3MepeHHAsl B Pa3JiMiHBIX HAJIPABJCHUAX, MXM?

Haupapnenus
BepruxaabHoe Topuzonranbuoe BepTitkanbloe TopiisouTanbHoOe
1,037 1,124 0,928 0,943
0,963 0,940 1,108 1,165
0,842 0,021 0,821 0,803
1,121 1,202 0,797 0,752
1,043 1,028 0,949 1,004

MEHUYHBOCTH: OJHH, BO3HUKAIOIIHI KaK CJAEJCTBHE PA3JHUUH MEXIY
npo6aMy, H JApyrofl, BO3HUKAIOWKI H3-32 pasJHuHil HalpaBJeHHH
IPH H3MEDPEHHAX NPOoHHUaeMocTl. Tperuil HCTOUHHK H3MEHUYHBO-
CTH — OCTAaTOK, HJM AMCIEPCHs] olnOKH, COOTBETCTBYIOLAS JHCIED-
CHH BHYTDH IHOBTOPHBIX UP0OG B OXHO(DAKTODHOM aHasgnze. B 3ToMm
npiMepe NPoOBepPSIOTCS ABE THIOTE3HL:

Ho:pi = pe = ... = o,
Hy - Weepr = Mropus-

CooTBeTcTByIOIINe  AJbTEPHATHBHBIC THIOTE3LI 3aK/AI0uaoTCH
B TOM, 4TO MO MeHbHIefl mMcpe oJHa CKBAXKING HMEeT HepapHoe oc-
TaJbHLIM CpejHee H UTO RePTHKAJBHLIE M TOPH3CHTAJILHLIC NPOHH-
HACMOCTH HEOIMHAKOBH. JTa nmpodJeMa OuCHb HANOMHHAET YVIKe
paccMOTPEHHYIO 3ajauy H3y4eHHs coiepzKanuil xkapOOHATOB C IIO-
MOULEIG OJHO(AKTOPHOrO JHCHEPCHOHHOIO aHau3d, HO C OLHHM
HCKJIOUEHHEM: BMECTO TOro 4ToOBl IPOH3BECTil H3MepEeHHs B 06pas-
UaxX Ha OCHOBAHHH cJAy4alHOro BLIOOPAa, Mbl IIPOBEJNH H3MEPeHUdA
pasuero turna. IlocmenHue MoOXHO Ha3BaTh 3Q@QEKTAMH: 3TOT Tep-
MHH O3Hadaer, YT YMCJA4, MOPOXKIAEHHEE OTHUM 3(Q(EeKTOM, MOIYT
(DYHIaMEHTAJbHO OTJHUYATBLCS OT UHCEJ, [NODOXMUACHHEIX IPYTHM,
J2a¥Ke B cJyuae ecy HCHGJB3YIOTCA ONHH H Te ke nmpobul. Tak xak
H3MC[eHHS He BNOJIHG PAHACMH3MPOBAHBL, 4 BMECTO 3TOro paziede-
HLI B COOTBETCTBHH C BO3AEHCTBHEM HAa HUX PasJu4HbIX 3(Q(EKTOB,
TO JaHHBIE MOJKHO NPOAHAaJH3HPOBATL C LeJbl0 BBISABJAEHHS Da3JjiH-
il xaxk MexKay spdexrami, Tak ¥ MexAy obpasuamu. Takum ob6-
paszoM, H3MEeHUHBOCTh, BO3HHKINAA M3-34 pasJuuuil B sddexrax, He
JOJIXKHE COBHAAATL C M3MEHUMBOCTEHIO, BO3HHKIIEH 110 APYruUM MNpH-
YNHaM, M MOMET ObITh OTAEJeHA Ha OCHOBAHMI CTATHCTHUYECKOH
NpouenypHl

Jast 060CHOBAHHOTO NIPUMeHeHHsT IBYX(paKTOpHOro aHamansa He-
cOX0ANMO BBLITOJHEHHE CJEeAYIOLIHX YeTblipeX OCHOBHBIX IOJIOXKe-
witi: a) xaxaas xkomOuHanus sQdexra H o0BeKra ABJAETCS CAY-
us Hoil BEIGCPKOH, B3SITOH H3 Pa3NHUHBIX COBOKYIIHOCTEH; 6) Kax-
Hasi UCXOJAHAdA COBOKYNHOCTb HOPMaJbHa; B) BCE H3Y4AEMBIC COBO-
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KYNHOCTH HMeET OOHY u Ty Ke annepcmo;

BUCHMOCTH MEXKIY pasanunpimy abdexrramu
pasuawmy.

) HeT HHKaKol 3a-
H DasJHYHBEIMH 06-

qTo

TIPHBOAHUT K Goabliefi
AHCnepcuy, yeym shdexTn n obpasun B APYTHX KOMGHHAaLusX,

Ecan 6p mu BHINOJIHH I OXHOGaKTOPHLI| aHaJu3, HCNoMb3Ys mo-
BTOpHble HabJoneRNny (T. e. BumoMHHAN 61y Gostee onnoro H3Mepe-
HHA TIpOHUUAeMocTH gag KaxX10i KoMGuHanuy
J€HHe — o6pasen), To moray Obl 06HAPYKHTE
OAHAKO B 5TOI NPOCTOR cxeme MEl TIpeanoJiaraeny,
CTBIE OTcyTeTByeT. Ecan pee sxe B3auMoneficTeug
Haangne obeclienuBaer Pe3yabTaTel ucnbrrappg npo6. Ounboynoe
IPELnOI0KEeH e 0 HesaBHCHMOCTH TApaMeTpoB Mexny cofofi npu
HaIMuuyu Takofl saBucuMocry AOBEJIO He 0ZHOTO mecaenoBaTens 10
Sexu. Xopowee Brejenpe B TCOPHIO s¢dexTon B3aumojaeficTsusg co-
AEPAERTCA B 1. 6 kuurH Xnikea [16].

Huxe npusonnres CXeMa  nByxdaxTopHOro ZHCIEePCHOHHOrO
aHaniza 6e3 NOBTOpeHui g Auefikax. Beanunna SS, BBIUHCAsIeTCH
10 popruyne (2.37): SS4—rno dopmyne (2.38). Besnynna SS8s aB-
JFIETCST CYMMOIT KBaapaTos 1o stdexram:

B3anMonelicTeye,
4TO B3auMoies-
HMEIOTCHA, TO HX

2

SSy = Emi(/jg Xi"\}?*%(fji)("")’ (2.41)

i=1 / Yi=1i=]

TR 71— LeJ0e NOM0KHTebHOe YHCJIO.
Ownbra cymmpr KBanparos SS. maxomures mo

aX Kamporo sbderra, To u3 srux
ACTCSt Mepoll H3MeHuHBOCTY -
HBJIACTCH  OCTATKOM 0T ofuiero
BKJ1ajaa TIpH BRIYHTaHUK BKJIaN0B, 3aBUCAINMX OT 37Hx HCTOYHUKOB
H3MeHunBoCTH. OB03HaYeHNs B 570N CJydae TakHe xe, Kak u on-
HO(aKTOpHOM AHCIEPCHOMHOM aHaanse, Tospko TeNneps n aBasercy
HHCIOM 3¢(]erToB, a He yncsoM IOBTODHEIX 11pPOG.

dektoB. Cymma KBaaparos SS,

Herounnk ' Cyuma kpag- Ydeao cre- Cpeniuit 3Hagenny
¥3MEeHYHBOCTY nener cso-

" F-xn:
I baros GOILD( KBaapar ) KOUTCPUs

m—1 MSA

MS4/MS 2
Mexny sddexramu AN n—1 MS; MSgp/MS,6
Ounibra SS. (m—1) (n—1) MS,
Oémasg H3MEHYHBOCTD SSr N—1

a Kpurepuiy spanuscern Pasnuuus mexny EhIOOpKaMH,

Kpurepui 3HAYMMOCTH pasanyuyg MeXLY sdhdextami,
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Sige, T

T U6pasust
06pa3ub - 6
a . f 2 3 T
1 2 3 {_® L) L e Xl
<. . ol L] a . . . X2
x —
ae . * | g 3 J * X
8 » Y & ° -
a e A (% 42 ° * X4
o —
- . . - Y X X X4
Brifo- 7 X, X X 2 3
powm&ie 2
Lpentue

aHaJjlu3e:
Puc. 2.32. CxeMbl CYMMHpPOBaHUA B JHCMEPCHOHHOM

160pD0YHOTO
HAXOXACHHS BB .
S MMHDOBAHHE ANA CIepCHbI aHaJu3;
HOHHAU aHATH3; CYM) oy xbaKTOPHBI AU

a — onnodhaKTOPHBLA Mccl;ee%;y BHH3 1O cTONGLAM: 6 llsyo‘:ﬂdgﬂoﬂugca KaKk 10 CTpOKaM, TaK
cpeaiero NpOM3BOAHUTCA XKAeHHS BBHIGOPOUHBIX CDEAHHX NP

CyMMUDOBaHHe OJs HAXO o 1o croaduam

feux THOOTEe3,
i AYHMOCTH AJis O :
11 YpOBEHbL 3H D e
Bui6paB HEKOTODD o oReRy DY
THCTHYECKY o e
K b30BaTb 3Ty CTa Py e
MOIngaiiII;{OJ;:LaHme Tabn. 2.17 no nponmlloauelﬁgm;— HMEIB)IOTCH na
k010D TEepHi, caeny : ro
T OTBET 3TOT KPHTEPHH, MG
KOTOpLIE llaeasﬂnqﬂﬂ B IIPOHHIIAE€MOCTH B npe,aeJIBa npor(ipnuaeMocm
SH%qHMI;I%p HMEIOTCA JH 3HAuMMble Da3JaHYHSA
pationa? 6— 1 "
PR A aK, 4ToOBl O
mno %ﬁpxﬁfﬂ;amem%b 0AHO(aKTOPHYIO npouefxyj&yé: n, aTo0et ona
?mqa HAXOAHThH ,ELOHOHH}ITeJlebIe"UleH: MSp M OB en
npane dbn?I yjged MS., a szaTeM Iepexoii D e
npaBOqHaquHﬁ F. Obpauienue K puc. 2.32 oMo e e
ﬁgmfe}fm JOJIPKHBI OBITH BHECEHBLI. yqxlgwt;leBHa;aum VieHiLe pe
TeJH AaTbh PEKo) Ko
Kakue O6bl BBl XO A
3yn2z2glgl’)a3HOCTH HCIOJb30BAHUA 3THX METOLOB A p
1esaecoo!

” o 4} OCTpaHeH-
MOEELJIeH 3aCJIIdeOX{HHbe{ aHaJu3 — OAMH H3 HaldoJee paéc;gcmg test-
erat : B TAKHX O ,

0co6EeHHO :
g THYECKHX METO/0B, nacTAX, KaK
o Cg;gnlgaQECTBa H3/1eJHil B HpOMbIUIJIeHHOCTI\[/INI[IbIﬁ;:)]H eckne
gg?;gpm&emu. CregoBaTeNbHO, HYXKHbBI npj?}(r)%i,fi A A D e
¢ aKTHYECKH
I0HHOMY aHaJausy np
AHCNepcHod

HOCTH.
¥2-KpUTepHUii

aHHoe C HOD-
PaccMOTpUM elle ONHO pacupejesieHHe, TeCHOH(Sg;zanoﬁ COBO-
M. Ecan Bubopka ofbema n B3sATa H3 06 OTKNOHE-
MaJbHBIM. MeIoLlel cpenHee 3HayeHHEe | U CTaHAAp 60a3084Th
K}’”HSCTTHO’ gamaoe Habaogende B BHIOOPKE MOXHO npeodp
HHE G,

no popmyie (2.16): (2.43)

HO C MaTeMaTH-

Taxas BeJHYHHA TakKKe pacnpeﬂueHe}rla quh{[a%bcm sHaueHHs Z
uecknM oxuianueM 0 u aucuepcuedt, pasnoil 1.
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BO3BECTH B KBAafpPaT H CJOXKHTh, TO CyMMa OyaeT NPEACTABJATD HO-
BYIO CTATHCTHKY, KOTOPYIO MBl 0603HauuM XZ?% T. e.

578 = E (——Xf - ) (2.44)
i=1

Tak Kax 3Ta CTaTHCTHAKA CTPOHMTCA NO BHIGODOUHLIM JAAHHBIM, TO OHA
H3MeHseTcsl OT BoIGODKM K BhIOOpKe. EciM B3ATh BCEBO3MOKHBIE
BHISOpPKH 0O6beMa n H3 HOPMAaJbHOHN COBOKYIHOCTH H HaHECTH CO-
OTBETCTBYKILHE UM 3HadeHus 2Z2 Ha rpaduk, To OHH OyAyT TMOAUHU-
HeHsl y2-pacnpeneneruio. Pacnpeienenne y2 3aBUCHT OT uHCAA CTe-
nexHenl ¢Bo80ak!, KOTOPOE CBSI3aHO C O0BEMOM COOTBETCTBYIOMLIIX BhI«
6opox. Tunmumast xkpuBas y2-pacnpeneseHHs H300paxkKeHa Ha
puc. 2.33, a 3HaueHHus y’-pacnpefeneHns AJA Pa3IHUHBIX YHCeNCTe-
neHe#i cBoGOIB M YpOBHeH 3HAYHMOCTH INpHBeieHsl B Tabu. 2.18.
OrmeTuM, uTO KpHuBas y’-pacnpele/ieHud, Tak e KaK H KpHBas
F-pacnpeieseHHs, BEIXOAMT M3 HauasJa KOOPAMHAT H, NPOXOAsA ue-
pes TOJOKHTEJNbHBIE 3HAUEHHs, cTpeMuTcs K GeckoHeusoctd. [Toa-
pobHo y2-pacnpeiesenne paccMoTpeHo B kuure Jlm [23].

Pacnpejenenne %2 umeer GoJsplioe 3HaUeHHE B NPAKTHKE, TaK
Kax ero MOXKHC HC{I0Jb30BaTh AJNS IPOBEDKH THIOTE3, COAEpKa-
HIUX KaK HOMUHAJbHblE, TaK M NOPSJIKOBbE jAaHHbE. Jlo cux mop
MBI paccMaTpuBaJH TOJbKO METOALI HCCJACAOBAHHS JAHHBIX, Mpeil-
CTABJAAIOIINX cO60H pe3yabTaThl HM3MEPEHHS 3HAUYCHHH IepeMeH-
Huix. Temepb Ke MBl 006paTHMCA K HCKOTODHIM METOA2M H3y4YCHHUS
JAaHHBIX [IOJCYETa, HAIPHUMEP TAKuUM, KaK YHCJO MOPCKHX exell Ha
eIHHHNY TJIOMIaAH MOPCKOrO AHAa, MJH YHCJ0 KPHCTa/a/0B OJAaruo-
KJ1a3a, PACNOJOXKeHHBIX Ha IepecedeHHH Wanda, HJIH UYHIJAO 3epeH
3a4aHHOA TrpaHyJOMEeTpHYecKOi (paxklu{d B PasipolJeHHOM Iec-
YaHHKe.

O6uensBecTHad 3ajaua CTAaTHCTHYECKOro aHa/]H3a 3aKJIouaer-
¢ B CpaBHEHHH BLIGOPOYHOrO paclpejefieHls ¢ HeKOTOpLIM 3apa-
Hee 3aiaHHLIM CTaHIapTHHIM pacnpepeaesdeM, Tak, cTaTHCTHYe-
CKHE KPHTEDHH MOXHO INPHMEHHTb IJA INPOBEPKH THIOTE3hb!, 3a-
KJo4ammeiics B TOM, YTO HMEKIlHecs LaHHbie HU3BJeUeHH H3 CO-
BOKYIIHOCTH C 3apaHee H3BECTHHIM paclpeje/eHHeM, BO3MOKHO,
HODMAJIbHBIM HJIH JIOTHOPMaJbHLIM. g Toro uToOnt yOeauThCsi B
TOM, YTO 3TO NpPEJANOJOXKEeHHEe HE INPOTHBOPEUHT NeHCTBHTEbHOCTH,
Hajgo CpAaBHHTb BHIGODOYHOE H TEOPETHUECKOE paclpe/e/eHHs.
B 60JbUIHHCTBE CJIy4aeB IeoJIoT 3ajaeT COOTBETCTBYIOLIHE KJ/IAaCCH
pasMepoB YaCTHIL H 3aTeM IIPOBepseT, COrJIacyercs JH pacrpeiese-
HHe PasMepOB YaCTHIL B €CTECTBEHHBIX CKOIUIEHUSX IDaBHf HJIH Ha
BLIXOJE H3 KAMHEJDOOUJKH C HCKOTODHIM 33JaHHBIM TEOPeTHUYE-
CKuM pacnpefeneHneM. B o6enx paccMOTpeHHBIX 3ajauax Tpelyer-
sl YCTaHOBHTb COOTBETCTBHE Mexay (opMoii ABYX pacmpeje/eHHH,
071HO M3 KOTODBIX TOJYYeHOo IO BhGopke, a apyroe aubo sapaHee
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Ta6auua 2.18

KpuTiyeckye 3HaueHHd Y ’-pacmpejeneHus
C vy cTemeHsMHu CBOOOABI NPH 3aaHHOM yPOBHE 3HAYHMOCTH [17]

YpoBeHh 3HAYHMOCTH Q, %
l: bt - L ; - il - {.} v h T o)
v 60 V,)‘ ﬂ_ll.o,'('ﬁ l’?,L«_‘sc;l ‘ P'Q,é\%ﬁ i /,Lr. F(f
~=5 v Y FERVIIRN T - o

1 1—64 2—T71 3—84 5—02 6—63
2 3—22 4—61 5—99 7—38 9—21
3 4—64 6—25 . 781 9—35 11—34
4 5—99 7—78 9—49 11—14 13—28
5 7—29 9—24 11—-07 12—83 15—09
6 8—56 10—64 12—59 14—45 16—381
7 9—80 12-02 14—07 16—01 18—48
8 11--03 13—36 15—51 17—53 20—09
9 12—24 14—68 16—92 19—02 21—67
10 13—44 156—99 18—31 20—48 23—21
11 14—63 17—28 19—68 21—-92 24--72
12 15—81 18—55 21—03 23—34 26—22
13 16—98 19—81 2236 24—74 27—069
14 18—15 21—06 23—68 26—12 29—14
15 1931 22—31 25—00 27—49 23053
16 20—47 23—54 26—30 28—85 32—00
17 2161 24—77 27--59 30—19 33—41
18 2276 25—99 28—87 31—53 3481
19 23—90 27—20 30—14 32—85 36—19
20 25—04 28—41 3141 34—17 37—57
21 26—17 29—62 32—67 35—48 38—03
22 2730 30—381 33—92 36—78 40—29
23 28—43 32—01 35—17 38—08 41—64
24 29—55 33—20 36—42 39—36 4298
25 30—68 34—38 37—65 40—65 4431
26 31—-79 35—56 38—89 41—92 45—64
27 32—91 36—74 40—11 43—19 46—96
28 34—03 37—92 41—34 4446 48--28
29 35—14 39—09 42—56 4572 49--59
30 36—25 40—26 43—T77 46—098 50—89
40 4727 51—81 55—76 5934 63—69
50 58—16 63—17 .67—50 71-—42 76-—15
60 68-—97 74—40 79—08 83—30 88—38
70 7971 85—53 90—53 95—02 100—43
80 90—41 96—58 101—88 108—63 112—33
90 101--05 107—57 113—15 118—14 124—12
100 111—67 118—50 12434 126—86 135—81

H3BCCTHO, JHOO Mpeamosaraercs HMEOLIHM ONpeAeJeHHbIT THIIL
Tpedyercsi B BEePOATHOCTHLIX TEPMHHAX IIOJYYHTb OTBET HA BONPOC:
MOXKHO /i JBA YKAa3aHHLIX paclpejeseHusl OTHECTH K OJAHOMY THIY?
. Auajornumas 3ajaua BO3HHKJA IPH ONpoGOBAHHH B 3a/HBE
Vaiityorep (wrar ®mopuaa), rae GbI0 NposefeHo 48 uaMepeHHil
COJIEHOCTH NMOBEPXHOCTHHIX BoA (Taba. 2.19). TlpepapuTenpHbI
BH3)aJIbHBIH AQHAMM3 3THX AAHHBLIX IO3BOJSET NPEeANOJOXKHTD, UTO
3HAUYeHHs COAEpXKAHHH cosim B BBHGOPKE C HEKOTOPON NJolagH
pacnpeje/ieHbl HOpMasbHO. EciH 3Ta rumoTesa BepHa, TO H3 Hee

7 99




Ta6auma 2.1%
Hamepennst coneHocTH BOA B 3aiauBe Yaiityorep, wrar Paopuia

CoNeHOCTh, MKI/T

46 23 58 60 60 49 59 48 46 78
37 o8 46 46 47 48 42 50 63 48
62 49 47 36 40 39 61 43 53 42
59 60 52 34 40 36 67 44 40
40 56 51 51 35 47 53 49 50

cJelAyeT, UTo MPOHCXOAAT CBOGOTHOE NMepeMelliBaHHe 1 00 MeH MexK-
1Y OTKPBITBIMH MOPCKHMH BOJaMi H TpecHOH B010ll, BTexamoweil
B 3aauB. C Apyrofi CTOpOHbI, ecan Obl CyHIecTBOBaJ Kakol-iufo Mme-
XaHH3M, KOTOpBIl cTpeMuscs Obl pasjiesHTh COJCHYIO li IIPECHYIO
BOJAY B 3aJHBe, TO pacHpejeteHHe COIep:KaHuH COJIH IO2BOJMJIC
OLl ero 0O0HApPYXKHTb. DTO 1a70 OB BO3MOXKHOCTb HOJIYUHTHL Mpei-
CTaBJjieHue O HHPKYJSLHH BOABI M NPEACKa3aTh THII pachnpeesieHus
JOHHBIX 0cajkoB. C NMOMOILBIO COOTBETCTBYIOLIEr0 KPHTEpPHA COrJa-
CHSI MOKHO IPOBEPHTb, HACKOJBKO XOPOO BLIGGPOUYHOE pPICHpeie-
JIeHHe COTJacyeTcs ¢ HOPMaJbHLIM.

Hpe}lHOJIO}KI/IM, YTO COBOKYNHOCTDb onpeneﬂelmﬁ COJICHIOCTH, H3

KOTODOIl B3siTa Hama BbIOODKA, XapakKTepPH3yeTcss HOPMaJbHbIM
pacnpejeneHHeM C HEH3BECTHBIM CPeAHHM 3HAYEHHEM W H AMCHED-
cuefl o2, AJbTepHaTHBOH 3TOI THIOTE3€, KOHEYHO, sIBJseTCa npel-
NOJOKEeHHe, YTO 5TO paclpefeseHHe He COrJacyercs ¢ HOPMadbHLIM
3aKOHOM. 3HaueHHe CTATHCTHUYECKOrO KPHTEPHS MOMKHO BBIYHCINTH
OyTeM TNoJpasjieseHusi 00JacTH ONpeaeneHHss CTAHAapTHOrO HOp-
MaJbHOTO paclpeiesieHusl Ha HEKOTOpPOoe YHCJIO OTPe3KoB. Bepost-
HOCTb TOr'O, YTO OAHO cJayuafiHoe HaOJOLeHHE, H3BJCUEHHOE H3
CTaHJAapTHOTO HOPMAJbHOIO pacnpeieseHnHs, Nonajiaer B OAHH 13
OTPE3KOB, paBHa IJIOUAAM IOX KPHBOI B Iipeiaenax orpesxa. Hec-
NOJb3yst 3TH BEPOSATHOCTH, MOKHO BBIUHCJNTL OXKHAaeMoe 4IICIG
HabmogeHHll B KaxaoMm orpeske. OxujaaeMmMble YacCTOTHL B KAaXKI10M
OTpe3Ke 3aTeM CPaBHHBAIOTCA € COOTBETCTBYIOIIHMH BbIGOPOUYHBIMH
yacToTaMu. ECJH 3TH YHCJIa 3HAYHTEJNBHO OTKJOHSIOTCH OT OMXKH-
gaeMBIX, TO MaJIOBEpPOSATHO, uTOGH BEIOOpKA Oblla H3BJEYEHA M3
HOPMAaJbHOH COBOKYIHOCTH. Hcenonnays XQ-})EiCl'Ipe;ILeJIeHHe, MOZKHO
NPHAATb BEPOATHOCTHHIA CMBICJ CJIOBAM «3HAYUMBII» H «MaJOBepO-
SATHBIH».

VkaszaHHLIH CTATHCTHUECKHH KputTepuit Buluucasgerca no dop-
Myne

k

0: — E;)2
Xzzz_(_’_F’_)_’ (2.45)

=1 !

rie O; —uncao nadawegennit B j-v kaacce, F;— oxnjgaeMoe UHCIG
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Puc. 2.33. y’-pacmpereseHre npu gecarti

cTeneHdX cBOGOIB € 3alUTPHXOBAHHOM

KpHTHYEeCKOH 00.1aCThiO, OrpaHHuNBalo-
meit 5% naolain noj KpuUBOH

X %= 18,31

nabaio1eHuil B aTov kjaacce. Ilpeinoaaraercs, 410 HMeercs £ pas-
JIIYHBIX KJacCOB (HJH HHTEPBAJIOR).

B srofi 3a1aue 3HAUEHHe CTATHCTHUECKOrO KPHTEPHUsl BBIYHCJISA-
eTcsl ¢ NOMOIIbI0 ToApasieseHusi ofJacTH OIpeleseHuss HabJio-
1acMbIX 3HAYEeHHH HA HEKOTOpOe UHC/A0 OTPE3KOB, HAlpHMep 4YeThi-
pe, HO Tak, 4To6bl UM COOTBETCTBOBAJAM paBHBbIE NJOLLAJH 110 HOD-
MaJbHOI KPHBOU, KOTOpHIM, CJ€A0BaTe]bhHO, OTBEUAIOT paBHbLIE Be-
POSITHOCTH TIONAJaHUs B COOTBETCTBYIOUIUE HHTepBaJ. ['paHnmamn
3THX HHTEPBAJIOB, COOTBETCTBYIOIHUX PABHLIM BEPOATHOCTSM, OYAYT
—oo0; —0,67; 0,0; 40,67 u oo. Ecau Halld AAaHHBIE CTAHAAPTH30-
BAHBI, TO MOXKHO OMKHJaTh, UYTO NPHOJU3HTEJBHO O1HA HETBEPTh
3HaueHWH TNomajaeT B KaxKJAbli W3 HHTepBaJioB. Jlajgee IOICYHTHI-
Baercs 4HCJO Npod, NOMaAaloluX B KAKABIH H3 3THX HHTE)DBAJOB,
HaXOJHTCSl Pa3sHOCTb MEXKAY OXKHIAeMBIMH H DEaJbHEIMH 4HCJAaMH,
a pesyabTaT BO3BOJAHTCA B KBajpart. KBajzpar pasHoOCTH AeJuTCHd
Ha OXHJaeMoe 4YMCJO IomajaHuil B JaHHEIH uHTepBan. [loayuen-
Hble 3HAUEHHS CYMMHPYIOTCS 110 BCeM uyeThlpeM HHTepBanaM. Ecan
cyMMa IpeBbiLIaeT KPHTHUECKOE 3HAYyeHHe, TO HyJeBas rimnoresa
OTKJIOHAETCA H JejlaeTcst BBIBOJA, UTO paclipefe/icHHe 3HayeHui co-
JICHOCTH HE COIJIACYeTCsl ¢ HOPMaJbHBIM.

Ha puc. 2.33 npeacrasieH THIHYHBI IpUMep y2-paclpeicieHus.
Cnepyer OTMeTHTb, UTO €r0 KOHKPETHBIH BHJA 3aBHCHT OT YHCJA
crenedell ¢cBo6oabl. OnHAKO uHCJI0 cTeleHed ¢Bofoabl B Hauield 3a-
Jaqe He 3aBHCHT OT 4HCJa HaOJMOAeHHH, Kak 3T0 OBIIO B Npeibiay-
IHX KPHTEpHsAX. B 3ToM ciyuae «BBIGOPKH» — 3TO HETHIpe KaTero-
PHH, CpaBHMBaeMble ¢ COOTBETCTBYIOIHMMH KaTeropHsiMH CTaHIiapT-
HOTO HOPMaJpHOTO pacnpejeseHus. B namew npumepe 4ucIoO cTe-
neHelt cBOGOAbI PAaBHO UMCIY KaTeropuii 6es TpeX, WJH B HalleM
npaMepe — eauHule. Mel moTepaan iBe cTeneHu cBOGOAL IIOTOMY,
UYTO AJA HEH3BECTHBIX MAapaMeTPOB |, H ¢2 HCHOJb30BAJH IX OLEH-
KM X M S? COOTBETCTBEHHO, a emle OIHY cTeleHb CBOOOZLI 34 Ccyer
TOrO, 4TO CyMMa 4aCTOT IO HHTepBaJjaM paBHa ejinHuue. Kputuue-
CKOe 3HaueHHe y2-pacnpelesienuss, cooTsercTByiouee 109 -Homy
yposHw sHaunMocti (o=0,10) u oxHOH cremenn cBOGOIL, paB-
HO 2,71 (cmM. Taba. 2.18).

Kak #u B cayuae F-pacnpenenenns, snadenus y2-pacrnpeiesen-
HBIX CJly4yauHBIX BEJHYHH HE MMEIOT LeHTpa B HyJe H BCIOAV N0J0-
XKuteapHbl. Tak Kak OTKJIOHEHHST 0KHIaeMLIX 4acTOT OT HaG.am01ae-
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Ta6numa 2.20
CraHAapTH30BAHHBIE 3HaYeHUs COMEHOCTM B 3aJnBe Yadtyorep

Houxep o6- | Bubopounne | Crarnapru- Hoyep 06- | BmBopounse | CTauzapru:
pasua 3HAYCHUS soBaHibie pasua FHaUeHHS 30BaHlbIE
3HaueHHs 3HaueHNS
1 46,00 —0,38 25 35,00 —1,57
2 37,00 —1,35 26 49,00 —0,06
3 62,00 1,34 27 48,00 —0,17
4 59,00 1,02 28 39,00 —1,14
5 40,00 —1,03 29 36,00 —1,46
6 53,00 0,37 30 47,00 —0,27
7 58,00 0,91 31 59,00 1,02
8 49,00 —0,06 32 42,00 —0,81
9 60,00 1,13 33 61,00 1,24
10 56,00 0,70 34 67,00 1,88
11 58,00 0,91 35 53,00 0,37
12 46,00 —0,38 36 48,00 —0,17
13 47,00 —0,27 37 50,00 0,05
14 52,00 0,27 38 43,00 —0,71
15 51,00 0,16 39 44,00 —0,60
16 60,00 1,13 40 49,00 —0,06
7 46,00 —0,38 41 46,00 —0,38
18 36,00 —1,46 42 63,00 1,45
19 34,00 —1,68 43 53,00 0,37
20 51,00 0,16 44 40,00 —1,03
21 60,00 1,13 45 50,00 0,05
22 47,00 —0,27 46 78,00 3,07
23 40,00 —1,03 47 48,00 —0,17
24 40,00 —1,03 48 42,00 —0,81

MBIX B Ka)XZOH KaTeropuu BO3BOAHTCS B KBaiapaT, TO 3HaueHus
CTATHCTHYECKOTO KPUTEpHs He MOryT ObITh OTpHUATeJbHEIMH. Cie-
LOBaTebHO, ¥2-KPHTEpHH Bceraa sBJsSETCS OAHOCTOPOHHHM, H 00-
JacTb OTKJOHEHHS THIOTE3bl PacloJiokKeHa CIpaBa.

B mamem npumepe ofsaacTs Hab/aojaeMblX 3HAUGHHH A0JXKHA
ObITe pa3fHTa Ha YETHIPe YacTH ¢ PAaBHLIMH BeposATHOCTAMHU. Ecan
3HAUEHHs] COJMEHOCTH paclpejleseHbl HOPMaJbHO, TO NPHOJIH3NTENb-
HO 12 HOpMaNHM30BAHHBIX gHA4YeHUI] JOJIKHO TONACTb B KAXKAYI H3
yeThipex karteropufl. Ilo BhIOOpKe BHIUMCJASAEM JEHCTBHTE/JIbHOE YMC-
Jlo Had/a0,1eHUil (YacTOT NOMajaHus), CofepXRallixcs B KaX Ao H3
oTuX rpynn. Tak Kak Tpynm BCero 4eThlpe, To OXHjaeMble 3Haue-
Hus 4icia HabawojeHuit pasHol 12. IlepBelfl mar — crasHjapruza-
uusl naHHbX 1o Qopmynae (2.26), noeTopsieMof 31€Ch:

Zi= (Xi— X)/s. (2.46)

BroiGopKa JaHHBIX, NOJY4eHHBIX IpH ONpoOOBAHNH B 3a/uBe
YaiityoTep, uMeeT oUeHKy cpeanero X =49,54 u onenky cramaapt-
noro ortkJgoHennd s=9,27. IlosToMy Hopmaausauusi HabAOAEHUI
ocyuiecTsasercs no gopmyJe

Z; = (X;—49,54)/9,27.
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CrasjapTH30BaHHbIe 3HAYEHHs! COJEHOCTH, CTPYNNHPOBAHHbIE
A8 BPOBEDKH THIOTE3bi O HOPMAJbHOM pacnpejefiennd TakuM oGpasom,
uTO KaXpofl rpynne cOOTBETCTEYeT BeposTHOCTh 0,25

Kareropusi or —o po —0,67 Karteropus ot —0,67 no 0,0

—1,35 —1,14 —0,38 —0,17
—1,03 —1.46 —0.05 —0,27
1,46 —0,81 —0,3% —0,17
—1.68 —0,71 —0.,27 0,60
—1,03 —1,03 —0,53 0,06
—1,03 —0,81 —0,27 —0,38
1,47 —0.C8 —0,17

O6wee unc1o nabawoierail 14

O6ee uncqao Habaogexufl 13

Kareropusa ot 0,0 mo +0,67 Kareropis ot +0,67 po o

0,37 0,37 1,34 1,13

0,27 0,05 1,02 1,02

0,16 0,37 0,91 1,24

0,16 0,05 1,13 1,88
0.70 1,45
0,91 3,07
1,13

O6uiee yucao Habmofequit 13

O6umee yucao Habaogednii 8

CranapTH30BaHHble 3HAUeHHs npuBeaehbl B Tala. 2.20. B Taba.
2.21 npuBeaeHH pesyabTaThl pasbuenus Bcell BHOOPKH Ha 4eThIpe
xaTeropuu. Ec/au BBIOODKY MOXKHO CUHTATh M3BJEYEHHOIl H3 HOP-
MaJIbHO COBOKYIHOCTH, TO CJeAyeT OXHAATL NPHGAU3HTENbHO
12 HaBumiofenuil Ha KATCrOPHIO. DBbluucisist 3HaUeHUs KpUTepus x?,
MOJIYYHM CJAEAYIOIe TPOMCKYTOUHBIE PE3YAbTaThI!

e (13—12)7  (14—12)  (8-12)°
L= 12 + 12 g 12 -

4 (3—=12)% 22 83,

12 T

BuluncaeHnHoe 3HayeHne y2 MeHblle KpHTHUECKOro 2,71 109%-HorO
VDOBHS 3HAUMMOCTH U OAHOI creneHn cBoboaul. IlosToMy Her ocHO-
BaHif CuMTaTh, YTO paclpefe/]eHHe 3HAYEHHI COJEHOCTH B IIOBEPX-
HOCTHBIX BOJA4X CYHIECTBEHHO OTKJIOHAETCs OT HODPMAaJabHOIO
3aKoHa.

Koneuno, crarucrtuxa y 2 no3BoageT NPOBEPUTh THIOTE3Yy HE
TOJIbKO 0 HOPMAJbHOM pacnpenesgenn. Mo MOKEM NPHMEHHUTH 3TOT
KpuTepuil pna nposeprll THIotTe3pl o aofoM APYyroM 2axone pac-
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TipeleseHis, HalpUMeD, TAKOM, KaK JOTHOPMAaAbHBIH, 3KCHOHEHIH-
anpuuiil u 1. A. Ilpu 3TOM npoueiypa NpoBepKH He H3MeHsETCH,
XOT# YICJIO CTEleHeH CBOGOAL B KaXK/A0M CJydae 3aBHCHT OT UMCaa
ouenssaemplx napamerpos. Koxpau [7] moapoGno paccmaTpuBaer
3TH BONPOCHI.

JIOTHOPMAJIbHOE PACNIPEJEJIEHUE
H NPYTHE NPEOBPA30OBAHHUA

Muorue reoJiornyeckne nepeMeHnLie O9eBHIHO HE NOAYHHAIOTCS
HOPMaJIbHOMY pacnpejiesednto. Ecamn, Hanpumep, HaHecTH Ha Tpa-
(uk obbembl Hedranbx noseil (puc. 2.34), To MoJyueHHOE paclpe-
JeseHie OyaeT B BbICIIEH CTENEHH aCHMMETPHUHBIM. BOJILIUINHCTBO
110J1ei1 MaJibl [0 pa3Mepy, HO HMEETCsT YOLBAIOLLAs MOCJe10BATEND-
HOCThL oJice KPYNMHBIX TIOJIeH, HEMHOTO PELKHX THCAHTOB, KOTOpBIE
3HAYHTENBHO MPEBOCXOAAT Apyrde no obbeMy. I'eoxHMHuUecKue ne-
peMeHHble, MOABEPIHYThE ONPOOOBAHHIO B IIPOIECCE eOXHMHUECKO-
IO HCC.1€10BAHHs, HANPHMEP, TaKHe, KaK KOHIEHTPAUHS cejeHa B
pacrnTelbHOM MaTepHaJjie HJIH KOHUEHATpauHus Hoaa, OOGHApYKeH-
Has B ppobax TpyHTOBBIX BOJ, TakKKe IOJIUHHSIOTCH aCHMMETpHY-
HbIM pacrnpeieneHusM. B pacnpeneseHusix pa3MepoB 3epeH B ocai-
Kax spDKO BBIpaKeHA aCHMMETPHS, M LeJas cHcTeMa KJacCH(pHKa-
WHH GCHOBBIBaeTcst Ha atoM (akte [21]. Ha puc. 2.35 npencrasue-
lia THCTOrpaMMa, TOKAa3blBaollasi KOHUEHTPAIHI MEeAH B 0Canou-
HOM pycsie Ha OxoHe. Ha meil npexcraBaero acummerpuuHoe pac-
upeleseHne, THIHYHOE JUIT MHOTHX JAPYTHX TEOJOTHUECKHX Ilepe-
MEHHDIX.

Ecau waGmonenus, npeacrabiaeHunie Ha puc. 2.34 u 2.35, npe-
ofpasoBaTe B Jorapupmuueckyro ¢opMmy (T. €. BMECTO NepeMeH-
HBIX X HCNOJIB3yIOTCA nepeMeHHble V;=1og X;, To MBI y6eaumMcs, uTo
HX  paclpeieseHusd  CTaHYT  NpHOJMH3HTENIbHO  HOPMAJbHBIMH
(puc. 2.36 u 2.37). Takne nmepeMeHHBlE HA3LIBAIOTCH JOTHOPMAJb-
HbiMIL Tak kak OHM 4acTo BCTPEUalOTC B TEOJIOTHH, TO JOTHOD-
MaJibHOe pacnpefeleHHe B BBICLIEH cTeneHu BaxkHo. OgHako ecan
OTDAaHHYHTBCS PACCMOTPEHHEM MNpPeoOpa30BAHHLIX NE€PEMEHHBIX Y,
a He caMHX X;, TO CBOHCTBA JIOTHOPMAJILHOTO Pacnpese]eHHsT MOK-
HO NPOCTO OXapakTePH30BATb CCHJIKOH Ha HOPMAaJbHOE pacnpeje-
JeHHe.

Cpeanee u pucnepcus JorapudMuyeckd npeo6pasoBaHHOil nepe-
MeHHOCIl Y; HaxoaaTcss O6LIUHLIM CIIOCOBOM:

Y=3V:/n wu
= 20T 047,

O.maxo B TepmnHax HCXOAHOH HenpeoGpasoBaHHOH mepeMeHuoil X;
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Puc. 2.34. I'ncTorpaMMa pacnpejesiedus NpoAyKTIBHOCTH HeTeHOCHBIX TOje&il, OT-
kpuTHX B JensepckoM Gaccefiie B 1969 .
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Pue. 235, Tnererpavva co/jepKaHHs MeIH B OCA/JOUHBIX MOpOJaX Ha Miou{aif
Hancen 8 Oxkone [29]

cpeinec Y COOTBETCTBYET KODHIO n-H cremeHM H3 mpousBefenuil X;

7 —GM =y 11X, (2.48)

KOTOpHfi HaspiBaeTcsa reoMerpuueckuM cpexnnM, GM. Cnmsoa II
adajoruyen I, TOJLKO OH O3HAYaeT, UTO 3JIEMEHThl YKa3aHHOro
BeJe] 3a HMM Pffa NEPeMHOXKAlTCs, a He CKaafspaiorcs. IT Tak-
Ke HMeeT npejesbl, aHAJOTHYHbIE TeM, KOTOPHe HCIOJIB3YIOTCHA NPH
3Hake cymMMmupoBanus X. MHorma atm npejeJibl, €Cyii OHH QYEBHI-
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Pic. 2.37. Tuc
. 237, TOrpaMMa CORepXaHuil Me
AH B OCaIOYHBIX 1O 0,
Hanen B Oxkoxe., POREX Ha niouaza
Mpeacraraena B sorapudmuveckoy Macimitabe [29)

3
HBI, ONycxKawrTcd IaK HX rie Y = )( = X =
J . ) N ! A 2 2 3 4 I)
) 2 bl 3 ’ aBHO

) i=1
IIX;=2X3x4=24.
Hucnepeus norapupmirueckn npeod
I \ CKIl 1ineoSpa3oBaHHON £
, b nepeMex: -
SBIBACTCs reOMeTpluecKolt ancnepcueli n SKBIIBaHeHTHg Fon Ha

2 ny/ X
S2=82=1/ 2 £
P=si=1/ IIA( S ) (2.49)
Ha npaxkruxe, xKoneu
, Ho, mpoule npeobpaszosar
b Hamn Habj

:33}31;13 EX JIOTApHGMBI, H 3aTeM BBISHCAHTH ux cpeadee u ﬁﬁgﬁm’

0. Ecan tpebyercst Halith reoverpuueckoe cpefHee H 1u b
CHIO, TO HA10 B3ATL aHTHIOTapHDMLL OT ¥ H s2y. Jlo Tex nélp Cnncfp-
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CBS3AHHBIX C COJISTHBIMH Kynonamy 8 Jlyn-

Puc. 2.38. O6beMbl HeTAHBIX 3aJexell,
amus). [lo ceitc-

sHaHe Ha BHelHeM KOHTHHEHTAaJbHOM wWefbde (MekcukaHcKuil 3
MHYECKHM JAaHHBIM

Mbl pafoTaeM ¢ JaHHBIMH B Peo0pa3oBaHHOM BHAE, BCE CTATHCTH-
yecKHe NPOLEAYpbl, NPHMeHsfeMble K OOBIKHOBEHHBIM NEDPEMEHHBIM,
NPHTOXHB H AJs jAorapudmuueckn npeolpasoBaHHbIX NEPEMEHHDIX,
HoGasuMm elle, uTo Jorapudmuueckoe NpeodpasoBaHHE NEpeMeH-
HHIX TIOJI€3HO, ecqH Tpedyercsi cTaOM/IH3HPOBATL JAHCIEPCHIO H TEM
CaMBIM NPUBECTH I@PEeMEHHYI0 C aCHMMETPHYHBIM DaCIpele/CHHEM
K oJee cuMMeTpHdeckoMmy Buay. Ha puc. 2.38 nmpeicTaBJeHsl 06D
eMBl 3aJekell He(TH, ACCOUHHPOBAHHLIX C COJAHBIM KYNOJOM Ha
JIOWALH BHEWIHETO KOHTHHEHTadbHOTo meaba Jlyusuaus. ITH
0GbeMbl 3asieskell HaHEeCEeHs! Ha ocH OpjMHAT rpaduka; Ha ocd abe-
IHCC OTJO0KEHBl TMJOLLARM CTPYKTYP, B KOTODBIX PacloOJiOXeHBl 3a-
Jdexu. B ofilem ciayuae HMeEETCH IOJNOXKHTeAbHAs CBA3b MEXILY
1ByMs TnepeMeHHbIMH; T. €. Gosee KpynHbie CTPYKTYpH OGLIUHO
comepikat Gojee Kpynuble sagexu. OfHAaKo pasMep 3ajnexkH Tak-
K€ yBeJMYiBAaeTCsl MO Mepe yBeJUYeHHs PasMepoB CTPYKTYD, HJH,
JpPYrHMH CJ0BaMH, HabjiojlaeMasi [UCNEPCHsA IMPONOPIHOHAJBHA

cpenHeMmy.
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KaK oGbeM aames, O YBHACTH na pre. 2.39. 3gecs

Tax Hu Da3Me 7
THEM HX Jorapuguos, g : P CTPYKTyDhl npeoGpasyercs 3s-

bTare noavyyae N o
Jaora S ydaercs rpaux
pudpma. Hucnepcus JI0TapuPhMOB 06beMoB 33?16?!){61? oerachen
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JIOTHOPMAJBHOrO pach
. e;
HLL B MOHOTpadun Auncona g bpavua 2] 1 5 reomombceoTpe-

B Mo ‘ [2] u B TeOJIOTHYECKOM KOH-
perere- Bi}o};xl?gie[rx JMHKOM [18]. Hopmansnoe pacnpelene\}?:e
ropail deT, KOria npousBoasiTcs IOBTOPHbIE 3aMephl Hek
b HpoBZlHHOH BeJTHYNHDL . I(a)xaoexm,msmyanbﬂo -
BosﬂteCTBlzll;’eiepneBaeT baykrvaunwo p CHJIY MHOTHX g "qafe' it
nosaciicr OI, KOTOpHI® CKJAAibIBalOTCH o H3Mepenuem véeﬁcirHu'x
OébIEHO ST;':,H?JI\-/’I,‘ E'IUHHOI‘ILa B NIPOTHBONOMOKHBIX HapraBJleHHBH}\'H
g 3Tl ¢ gﬂqumme BO3NEHCTBHS B3aMMHO YHHYTOKAKTCH An‘

J 3MepeHne GAH3KO K e :

: THHHOMY 3H3a 0

Do aTeait ' CHCT] 3 ueHn. Oqu
HMI;Tl; oanﬂliqig‘\ 0O0JbIINHCTBO CAYHANHBIX  OTKJOHEH ]} \fo;(:(;
pets, olnl T e sHaK, n Toria BosHNKAOT 31\'crpewaA
- JTO ABJIECHHE OTPaKeHo B KOJIOKOJI006D a3 !
MaJlinHoro pacnpeaenenus. PASHOM Bz
OrHOpMaJlIbHOE paclpejesey
HE MOXKEeT BO3HHKHV

. e 1KHYTb TPy '
6CTOHT€JII:CTBEIX, e€CJIU  cayuyaligpre BO31efic (BUs ie agalHTTi);x{};e
i
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JbHblE
e Hop-

a4 MYJBTHIJIHKATHBHE. DOJbUIIHCTBO cJAydaiiHblX BO3MYyILLEHHi, ne-
DEeMHOXKEHHBIX BMECTe, JaloT MPOMEXYTOUHOe 3HauyeHHe NpOousBefe-
Husd, OJH3Koe K TFeoOMeTpHUecKOMYy cpeameMy. B pelxHX cayudasx
IIPH CAy4YyalHOM BLIOOpPEe BCe BO3MYLIEHIIS MOTYT OKa3aTbCfl OUY€Hb
MaJbMH, H HX NpOH3BeicHHe Oyaer Oau3ko Hyao. Tak e peako
BCe BO3MYUIEHHS MOTYT OKa3aThca OOJBUIMMH, H HX IIPOH3BeleHHe
OvaeT 3KCcTpeMasabHo OOJbIIHM 3HaueHHeM. Pe3yapTaToM MHOTHX
cIydaiiHblX peasuszauuit Oyaer paclipeieneHHe, KOTOPOe HauyuHa-
€TC B HyJI€ H BO3pacTdeT J0 CBOEro MaKCHMyMa, M 3aTeM CIyCcKa-
eTcsl BHM3, AOCTHrAd 3KCTPeMaJbHO 0OJbLIMX 3HAYEHHIL.

Buosorn yacro cChIEI0TCA HA «3aKOH [POHOPUUOHAJIBHOTC 3-
¢dexTa», COCTOALLIIT B TOM, UTO H3MEHEHHE NepEeMCHHOIl B TeyeHHe
npouecca ecTh cayyafimasg BeJuuyHHA, NPOHOPUHOHAJIbHAA HCXOLHO-
My 3HaueHHWIo 3TOH nepeMeHHoil. Hanpumep, BepOATHOCTbL H3MeHe-
HUA pasMepa KOJOHHH MHKPOOOB BO BPEMEHHOI NPOMEXKYTOK IIpo-
IIOPLHOHAJbHA pa3Mepy KOJOHHI B NpeAIIECTBYIOWHI OTpe30K Bpe-
MeHH. DoJabliHe KOMOHHH CTPeMAICs pacWHpHThCA (HJIH YMEHb-
WHTLCS1) B OGoJblIell CTENeHH, yeM MaJible KOJOHHH. BO03MOXKHO,
He(TAHbLIE MeCTOPOXKJAeHHsT (GOpMHPOBAJHCH TakHM Ke 00pas’oM,
Tak 4TO B TedeHHE MHTpAUHH VIJIeBOZOPOAOB 00JIbUIHE CKONJIEHHS
CTPEMHJINCh  VBEJHUHTLCA C IIPONOPHHOHAJAbHO OoJsbllell  CKO-
pPOCTBIO, UYEM 3TO MPOHCXOAMJO C MaJbIMH cKoleHHAMH. Taxne
npoueccsl NOIYHHAIOTCS JOFHODPMAJbHOMY paclpefeseHHIO.

[Feonorn, BO3MOXKHO, MeHee 3HAKOMBI C «TeopHeH ApobJeHHs»,
KoTopas IpejCKa3zasa 3apaHee H 00DbsCHHJA JIOTHOPMAJbHOE pac-
npejeseHne AJsl pa3MEpPOB UYACTHI, KOTOpble HAOJ/IOMAI0TCH B ec-
TECTBEHHBIX 0CaJKaX H B H3MEJbYEHHOM MaTepHaJje, TpOH3BOAHMOM
MeapHiuaMu x Apobuaxamu. IlpeinosoxxuM, 4to B3sT HaGop uac-
THIL O1HHAKOBOTO pasMepa H 3aTeM KaxJaas H3 HHX pasjieleHa
cayvafinbiM ob6pasoMm. B ofuiem ciayuae B pesyabrate OiHH H3 00-
JIOMKOB KaxKA0H HCXOAHOH yacTHUbl OyaeT GoJblle, APYTroH — MEHL-
we. Ecan sateMm xaxAblfl H3 5THX 0O0JOMKOB CHOBA pa3ApobiThb
caydaiinolM o0pasoM, TO H3 MaJblX KYCKOB NOJY4YaTcs elle MeHb-
wHe, B TO BpeMs KaK Kaxiabld 60/bu10H 06J0MOK AacT cHOBa 00i1b-
Wyl 1 MeHbWNH Kyckd. Ecau 3TOT Ipolecc NOBTOPATh CHOBA I
CHOBA, TO B pe3yJbTaTe NMOJYYHM OYeHb GOJbIIOE UHCJIO QUeHb Ma-
JBIX YacTHL M HEMHOIO «H36DaHHBIX» 3epeH, pa3Mepbl KOTOPbIX
OJMH3KH K HCXOJTHBIM pasMepaM uactau. JIpyrHMH CJI0BaMH JOTHOP-
MaJIpHO® pacnpeleneHHe yacTo Had/MojaeTcs TNpH  H3YUEHHH
OCaAKOB.

Jlpyrue npeobpa3oBanus

Hasi nosryuenus npuG/I3HTENbHO HOPMAJBHOTO paclipeile/eHHs
MOXKHO HaJ TlepeMcHHOH X NpoM3ReCTH Takke HEKOTOPLIE JApyrue
npeobpasoBaHns, KOTophle mpeofpasyioT AHcHepcHio K Gosee mpH-
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€MJIeMOMY By i
et p}ésylegaxign ?{alyT HEKOTOpLIe apyrie crathcTHUeckHe no-
S P A ﬁm HHYETO He GBIO cKa3zaHo 06 HCXORHOT
5 Cryeas epe ox’ame Bl RO/KHBL YyBCTBOBATH cefs CBOGOAHbIMI
or mhe, e HOMHHTbTC?{ OJIC3HBIM H3MeHHTL ee. OxHaxo cneziy-
Hentio mpanen » 170 Hall crartucTHYecknii amanns HMeeT
Y PAaSJIHUHBIX CTATHCTHYECKHX rHnOTES3, KOT(;pre'

o
ECJIH HaHJH HaHlibIe HpeﬂCIaB-‘““OI COﬁOH! HaHpHIIBP’ !

ro pacnpege
UPHI;wepro AI(J)IeH;{:' Ecan na6monaembie SHaYueHHs X; MeHbure, qey
VX T , . YRoGHee wHcnosbzosaTs npeoGpasoBanue Y, -
=VA; » OCODEHHO B Tex cavy . -
PaBHH myJTI0. yHasX, KOr1a HeKOTopLie Habmogenis
Po6uncon [28]
PeKOMeHnyeT Hcnmosaps
0B
Ip;::;orsaxme, Hanpumep ¥;=X2"Y,=X2 y rax ;’;I;Iesz;IHEHHoe npeog-
O L1} H Bb
Boa};ei):;::egxge;m“CTB’ N0 AaHHBIM KapoTaxa é) cxx;:if{ixﬁanﬁ
€Hb TPHBOAUT K 6o ’
LIHX 31 o JbIIEMY yBeJHueHyu -
HAT noac:i:m{pg’ oo rasx. Ecan sossenenne By CTeneHp Ion 61?31 .
(Ymax—Ymin) 6MeHQHHﬂ Macuraba Tax, 4To MHOXecTBo 3Ha£ex;fﬁ:
HBIX nepe;gHHLYHETXTaKHM K€, KaK U MHOXKeCTBO 3Hauenmy chol I
B TOM, uTO Ha }I;;pf)T:;(X;Xmin), T0 30dekT Gyxer 3ax<moqamélﬂ-
BIX JxHarpaMmax G0y
obaacTu " YAYT NOopyepkn
BLICOKHX 3HAYEHHII H MOXABASTHCS YUACTKH mep;Hr?L?eT;ﬁg
b [@ ]

pacnpenenenve KaHHBIX U
MOXeT OHITb Hemos
bac ! b30BaHo -
anI};IZCT(;TP}){HHaTeJIbHOH acuMmerpun. Ognako ono MéI;J:{ZTHCHp'aB
OTpHHaTgJE;::quHH}O AUCIEPCHH H cresats ee ﬁeo,zmo g;:g;ie
o npn6.nmxen%oacr?;g)1§;ggque pacnpegenenue HHOI‘,I[apMO}‘(e}fI“
O0BAaHO B HOPM \
om! 7 . pMaJsbHOe, ecd -
i “S;?K@P%%Ba!me Yi=arcsin X, Ipu stom HCYO;IHI:IG I;enpi{*Me
npeae?]ax :Hb;e ;;Tb ngHBapHTeJ}bHO npeoépa3OBaH’m B zmpc?fz;e”f;
nhex OnmaHHO% Bn;in (4,0(31;}11;100). Hpyroe npeobpasoranye aprcH-
.4, 0 HCIOAB30BATL o
His1 GHHOMHHAJBHOTO pacnpeaenenus g HOpMaJIbHﬁgﬂ peodpasora-

HEMAPAMETPUYECKHE METOb

Bce nmpexblayillié CTaTHCTHYECKHE METOAbI SIBJISIOTCS IlapaMer-
pHYECKHMH, T. €. OHH OCHOBaHbI Ha XapaKTepHCTHKax pacnpenpele-
uiH, mapaMeTphl KOTOPBIX H3BECTHH. Bce HCnOJB3yeMbie KDHTEPHH
(¢, F n ¥?) cTpositcst A5 BbiGOPOK U3 HOPMAaJbHBEIX COBOKYIHOCTEH.
Has oBocHoBaHHA BO3MOXKHOCTH HCIOJb30BAHHA 3THX KDHUTEPHEB
B TeX cJayyasx, KOorja HccaeaveMas COBOKYIHOCTh He SIBJSETCH
HOpMaJbHOI, NPH YCJIOBHH, YTO 00DbeM BLIOODKH BEJHK H COBOKYI-
HOCTb HE OYEHb CHJABHO OTJAHYAETCHA OT HOPMaJpHOIl, caeayer obpa-
THTbCA K UEHTpanpHOl npeneasHofi Teopeme. Muoraa, oiHako, Hc-
cieayeMasi COBOKYIHOCTb MOXKET CHJbHO OTJAHYATHCH OT HOPMaJb-
Hoil, 1M XkKe 00beM BHIGOPKH Heab3s yBeJHUHTh., B Takux caydasx
caeiayeT 00paTHTLCA K KATeropHy KpHTePHEB, Has3biBaeMbIX Hemapa-
MeTPHUECKHMH CTATHCTHUECKHMII KDHTePHAMH. FIX MOXKHO mpHMe-
#sTh Aas o6paboTku nHdopMandu 6ojee HH3KHX 1IKaJ, TaKHX, Kak
HOMHHaJIbHBEIE U TIOPSAKOBLIE AaHHBEE, B OTJHUHE OT METPHYECKHX
JNaHHBIX, HCIIOJb3yeMBIX B NapaMerpuyeckoil cratucTuke. He Tpe-
fvercss HHKAKHX JOMNyLIeHHII O BHIe HCXOJHOTO pacnpeleseHus,
oTCIOda H Ha3BaHHe — HenapaMeTpHueckue KpuTepuu, Boolie,
B Tex cJydYasix, Koria BbI6OpPOUHAA COBOKYNHOCTb HMeeT XapakTepH-
CTHKH, HeoOXOIHMLIe B IapaMeTpIUecKOM aHaJi3e, HemapaMmerpH-
gecKHEe XpHUTepHH OKA3BBAlOTCH MeCHEe MOMIHLIMH, YeM 3KBHBAJIEHT-
Hple napaMerpuueckue. OAHAKO ecaH BHIGOPOUHAA COBOKYNHOCTD
He HMeeT chelH(HUUECKHX XapakTepHCTHK, HemapaMeTpHYecKue Me-
TOjbl 0KasplBawTeAa GoJiee MOUIHBIMIL
HenapaMerpuueckne KPHTEPHH B IeOJOTMH IIHPOKO He HCIOJb-
30BaJiHCh H OOLIYHO HE IPHUBOAATCA B 3JAeMEHTapHBIX yueOHHKAX
ctatHcTHRHA. O1HAaKO €CTh MHOTO TIPEKPACHBIX KHHI, B KOTODBIX ONH-
caubl HermapaverpHuyeckHe 3KBHBaJeHTB MNapaMeTPHYeCKHX Mpo-
ue1yp, vike paccMorpenHnx HaMu. Cpeam HHX MOXHO HAa3BaTb

guury 3ureas [30], Bpenan [4] u Konosepa [8] u mp.

Kputepuit Manna — Yutuu

Kputepnit MaHna — YATHH MOXKHO HCNIOJIb30BaTh Kak Hemapa-
MeTpHYeCKHII SKBHBAJEHT /-KPHTEDHS JAJA IPOBEPKH THIOTE3H O
DaBeHCTBE CPeLHHX ABYX BbIOOpOK. [Ipeanoso:kHM, 4TO MBI HMeeM
aABe BLIOOpKH 0o0BeMa m H 1 M XOTHM NDOBEDHTH THIOTE3y O TOM,
YTO OHH HBJAOTCH BHIOOPKAMH H3 OJHOH M TOH K€ COBOKYIHOCTH.
O0beaunuM obe BHIOOPKH M PAchoJ0KUM 3HAUEHHA HAOJIOAEHHI
B NMOpAJNKE BO3paCTaHHs OT MeHbllero Kk OoJbuiemy. Kaxnomy
Ha0JI0eHHIO NPHIHLIEM €ro paHr, T. € HaHMeHbUIEMYy 3HAdEHHIO
NpUNHIIEM paHr I, cleaymouleMy 10 BeJHUYHHEe — paHr 2 H Tak Aa-
Jee, 10 Haubo.abiiero HaCa0xeH!ld, KOTOpoe OyieT HMeTh pPaHr
(m+n). Ecann obe BulGopkru Ol B3ATHL U3 OAHOH H TOH Ke COBO-
-KYIHOCTI HAayJAauy, TO MOXKHO OXkHIaTb, 4TO HAOJIOIEHUs OJHON
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Ta6auna 2.22

Kpuartnueckne 3nauenus pis kputepns Manna — Yntnu [8]; snauenus MPUBEACHD
AJS HUXKHETO KPUTHYECKOro Mpefela; cOOTBETCTRYIOWMH npejea Ads BepxHei
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Hpodoasenue taba. 2.22
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0 7 1412112813514214956]63|70 78185 92} 99 107)1141121]129{136

191.0t 2 5110116121127]33{39]45]51 57064 | 70| 76] 831 89 95(102|10&
051 5 111181924131138145152159(66 73181 | 88| 95 102{1101117{124(131
101 8 151922(29137(44 (5259|6774 82|90 98}105(113{121 129|136|144

201.01 2 6(11]17123129(35}41 (48 54161168 74| 81} 88| 94 101{108]115
.05 5 12]19]26]33|40|48|55 63170]78] 85} 93]101 108]1161124)131}139
10 8 1612313113947 1556]63|71 79187195 [103)111}120}128 136|144]152

3 BHIGOPOK OyayT GoJjee Wi MeHee PAaBHOMEPHO paccesiHut B M0~

cJie0BaTeJbHOCTH PAHroB.

Ilycre X;—i-e HabaoieHye nepBoil BbIOOPKIL, & Y; — i-e wabnaw-

r nabmoneHns X; 6yaer ofo3HadaTeCsn

1eHue BTOpoil BhOOpKH. PaH
yepes R(X:), a panr Y;—uepes R(Y:). Kpurepuii Manna — YuTH»
nMeeT BH]
T - N n(n—+1) . 2.50)
Y R == (

i=l
1eRUll M3 nepsoi

[MepBuii wied — NpocTo CyMMa paHros Haba
us Konosepa [8].

BuIGOpKH. KpHTHUecKHEe 3HAYCHHA T, B3aThle

npuseietsl B Tabiu. 2.22,
B kauecTBe NpuMepa HCIOJb30BaHIiA KPHTEPHs Manuna — YuT1-

HH pAacCMOTpHM JaHHbie TabiL. 2.923. B pafione Taap Koact
(CILIA) medTb u raz j00bIBAOTCA H3 CTPYKTypHBIX JOByHIEK, CBs-
3AHHLIX C COMAHLIMH KynojaMu. IlporHosbi HesaloTcs Ha OCHOBE
KAPTHPOBAHHS TOJACTHJAIOUINX TOPU30HTOB, KOTOpHIE PETHCTPHPY-
JoTCH CeliCMHUCCKHMH MeTojaMu. IloTeHunasbHbie YIrE€BOACPOAHLIE
10T HAKJOHHBIE OJOKH Ha (aaHrax COJSHBIX Ky-
NOJIOB M 33aMKHYTbie aHTHKJUHAJH Ha HX OCAX. B taba. 2.23 nepe-
qicJeHBl NPOTHO3HBIE IJIOLLAAH, IHOJTYUeHHBIE HA OCHOBE ceficmiue-

T ABYX PErHOHOB noGepexbsi JIynsuamsl. HyxHo ysHaTs,

CKHX Kaf
eCTh JH pPas/juuusg B pacnpoL:TpaHeHHn NnepcrneKTHBHEIX yuacThOB

Mey<ay ABYMs DErHOHaMH.
Ta6a. 2.23 Takxke COLEPKHUT DaHTH
HaGUIOeHH] [EPCIEKTHBHEIX NJOmaAel B ABYX

n
Boil rpynmb — % R (X:) =67. TTostoMy crarncTika Man:
i=1

JOBYIIKH BKJIIOY

06 beuHeHHOl BLHIOOPKIL
pernonax. CymMa

paHroB nep
na — YUTHH paBHA
T =67 —ﬂ%‘w = 3l.

8--201




TaGnuuma 223
NepcnexTusHbie MaOWAAH HA HedTb H ras
CONHOKYMONBHBIX CTPYKTYD ABYX PEernoHOB
noGepekbs Jlyusuannl (110 kapram Mopckoil
CEHCMUUECKOH CayxGbr)

HDOI‘HO3 n.’IOL’.LB:{b, yoJI. en. Paur
Bocrounsids peeuon
X, 802 16
X 174 8
Xs 158 5
X 140 4
Xs 166 7
Xs 328 13
X7 239 10
Xs 99 3
3anadneiii pezuon
Y, 312 12
Y, 55 2
Te 220 9
¥, 276 1
¥y 154 5
}ie 37 1
Yy 478 14
Yg 666 15

Kputnueckue snauenns T,, npuseieHubie B Taba. 2.22, npHHHMA-
I0TCsl 32 HHXKHIE Npeaesbl, T. €. OHi TPHUTOIHBI 151 NPOBEPKH HY-
JieBoil runotess: Ho: E(X)>E(Y) npu aabrepuatuse H,: E(X) <<
<<E(Y). (CumBoa E ofo3Hayaer «MaTeMaTHYeCKOe OKHIAHHE» If
XapakTepU3yeT UEHTP pachpeieseHHs, 3a KOTOPHIH MOMXKET ObiTh
NPHHATO KaK cpegHee 3HaueHie, Tak H MeiuaHa.) CoOTBETCTBYIO-
Uige npeaesn! AJs BEPXHEr0 KPHTHYECKOTO 3HAUYEHHsI MOMKHO HafTH
no gopmyne

Tieow=nm—T,. (2.51)

TocaeaHue MpUroIHBl AJs NPOBePKH HyaeBofi runotess Ho: E(X) <
<E(Y) npu anxvrepHatuBe H,: E(X)>E(Y).

B HameM mnpuMepe, OJHAKO, Mbl XOTHM IIPOBEPHThL JABYCTODOH-
HIOK aJbTEPHATHBY H OTKJOHHTHL T[HIIOTE3y O PaBEHCTBE INPOTHO3-
HBIX MJOIIafiefi B ABYX DErHoHax, ecJu OHH AJs [IePBOr0 perHoHa
JAn60 3HAUMTEJbHO 00Jibllue, JUOO 3HAYHTENLHO MEHblE, YeM Te Ke
‘BEJHLHHLI HJs BTOporo peruosHa. Ha ¢opmasnpHOM si3blke HalH
THIOOTE3H W aJTbTePHATHBA HMEIOT BHA

Ho:E(X)=E(Y), Hi:E(X)==E(Y).
3HaueHHA TPaHHLLI ABYX KDHTHYeCKHX ofJacreli HaxolsTcs IO
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taba. 2.22, kax ¥ To u nim—Tg . Ecaii 3a1aTh YPOBEHb 3HAYUMOCTH
n=10%, st npenenst 6yayr 16 i 56, Tax Kak n 1 M 00a paBHB 8.
IIpoBepsieMoe HaMHu 3HAYeHHE KPHTEPHS He NMONajaeT HH B OJHY 13
xKpuTiyeckux ofmaacTell, Tax 4YTo 3TOT KPHTEPHH He INO3BOJACT
yTBepKAaTh, YTG 00LeMbl TPOTHO30B B IBYX PErHOHAX pAsJiua-
H0TCH.

Kpurepufi ManHa — YuTHH nogBaseTcd B HEMHOro pas/u4arn-
wuxcess Gopmax B cTaTHCTHYECKOHA gurepatype. Cpeln HHY MOKHO
HasBaTh KpHTepu#i Bunakoxcoua, xputepuil 3urenas — Toioxd, KpH-
Tepuil Pectunaxepa. Bapuant 3urens — Teroxu Haubosee HHTEpe-
CeH, TaK KaK OH MOKeT OBITh HCIIOJb30BaH A/ IPOBEPKH DAaBeHCT-
Ba NMCIEPCHH B JABYX BBLIOODKax H sBJseTcsd, TaKMM 0Opaszom, ue-
napavMeTpHuecKiM aHaJOoroM npoctoro F-xpHTepHs.

Huoraa caywaercs, 4To ABa Hau 6ogee HaGJIONEHHH TIPL PaHIKIL-
DOBAHHM IOJAYYAIOT CJIUHAKOBBIE DaHTH. IDTO fABJEHHE HOCHT Ha-
3BaHHE CBA3aHHHX paHros. Torna cBA3aHHBIM HaOJdIOIEHHAM GDl-
[HCbIBAIOTCST OAMHAKOBBIE PAHTH, PaBHBIE CPEIHEMY 3HAYEHMUIO pPall-
roB, KOTOpble GBI/ Obl NIPUIMCAHB], ecad Obl HAOMIOJeHHS He Obliy:
B TOYHOCTH coBnagaiomumu. Hanpumep, B Tad/d. 2.23 Mbl MOeM
NOJOXHTL Habmioaenne Xo paBHmM 220, a He 174 yea. ea. Toraa
HabnwoneHus Xo u Y3 6ynyr cBasaHHbiMH. KamaoMmy Oyaetr MpHITH-
can panr (8+9)/2==8,5. Kputepuii, HCNOAb3VIOLHKHA 11POLEAYPHl CO
CBA3AHHBIMH paHraMu, UMEeT TOT Ke BII, 4TO H paHee.

Kputepuit Kpackaa — Yaanauca

HenapaMerpHueckuil KpUTepHH 3KBHBAaJeHTHOCTH HECKOJLKIX
BLIGOpPOK Obl/ pekomeHgoBaH Kpackaom u Ysaaucom. [eficTBu-
TeJNbHO, OH SABJAETCS HemapaMeTPHYECKHM aHaJioroM OAHOPAKTOp-
HOrO AMCII@PCHCHHOrO aHaJisa. Ilpolenypa ero BLIUHUC/EHHA OYeHb
HANlOMHUHAET COOTBETCTBYIOULYIO NpOLeAypy 15 Kputepus Manna —
Yuthi; HabMIOZeHHs H3 BHIGOPOK KOMOMHHPYIOTCS HJIH OO0BCAMHSA-
I0TCS1 ¥ 3aTeM DaHXHPYIOTCS OT HAHMEHBLIero K HanboJbIIeMY.
i kax1oil BHOOPKH HAXOIHM CYMMY PaHTOB:

nk

i=1

rie R(X:z) — padr i-ro nabaosenus B k-i BuiGopke. Obliee uucao
Hadaoaenudt ecrb N=2Xn,, rie n,— 4HCJI0 HAOJIIOXCHHII B A-if BLI-
Sopxe.

Hynesas ruiiotesa, kotopywo Tpefyercss HPOBEpHTb, TaKOBa:
BCE€ COBOKYNIHOCTH, M3 KOTODHIX B3STH BHLIGODKH, UMEIOT OAMHAKO-
Bble pacnpefesieHUs. AJbTEpPHATHBA COCTOHT B TOM, 4TO IO MEHD-
el Mepe OJHA H3 COBOKYIHOCTefl IiMeeT LEHTpaJbHOC 3HAUEHHe,
OTAuYHOe OT Apyrux. Ilpeanonaraercs, 4To Bce HaGJIOAEHHA OLLIH
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©COpanbl cayyafinpiy 06pa3oM 1 4TO BHGOPKH HE3ABHCHMLI APYT OT
apyra.

I cyMMBl paHrGB MOXKHO BBIYHCAHTE cratuctHky Kpackna —
Yananica

k
12 [Re — np(V- 1) /2]
»

TN (VI n
i=1

(2.53)

Donee nerkas aas Bbluncsenuii anrefpamucck  9KBHBAJEHTHAs
dopMa HMeeT BiI

k
_ 12 Ry?
N(N+1) 4 I
=

—3(N+1). (2.54)

Kpuriueckue snauenust /{ TabyanpoBanbl TOMbKO A5 Tpex BEIGO-
POK, KaxJAasa H3 KOTOPBIX COETOHT 0oJsee ueM M3 NMATH HaOII0JeHIl
(cMm., nampumep, [30, Taba. 0]). K cuactbio, cratHctika H  pac-
apejesieHa NpuGaAH3HTENbHO KaK y2 ¢ k—1 cremedsamu c¢BoGoAH,

TaK 4YTO 3TOT KPHTEPHH MOXKHO C yCNeXOM IIPHMEHSTb AJs pelie-
Hug 6oJiee CJIOKHBIX 3aaau.

Henapamerpuueckas koppeasuus

B npeamaymux naparpadax noapoSHo NpHBEICHO BbIUHCAEHHE
Ko3(pduurenTa Koppesdlkd, a napaMeTpHYecKHIl KpUTepHil 3HauH-
MOCTII BBEIGOPOYHOrO KO3(HIMEHTa KOPPEJsIHH OlMCAH B mnapa-
rpage, nocBauleHHoM f-Kkputepuio. OA44K0 BO MHOTHX CJy4asix,
KOrfa OOBIYHBIE KO3(Q@HUHEHT Koppesasuuu (Ha3bBaeMbifi HHOTAA
MHPCOHOBCKHM KO3(DHUHEHTOM KODPEJALHH) HeNpHIOJeH, KeJa-
TEJbHO HMETb H IPYTHE Mepbl CBSi3efl MeXAy MepeMeHHbIMH,

Cyntaercd, 4To CTPYKTYPHbIE CBOHCIBa UECYAHMKA OTPAKaIOT
YCJIOBNS OCaIKOHaKoMmJaeHHd. Hamnpumep, BHICOKO 3HEpreTayeckas
pamnasbHast 00CTAHOBKA B OKPECTHOCTAX IISKA NPUBOINT K BBHI-
BETPUBAHHIO H DPa3pyUIEHHIO, B pPe3y/bTaTe KOTOPHIX 00pasyorcs
XOpOIIO PAaCCOPTHPOBAHHBIE H XOPOIIO OKAaTaHibie rpyGO3epHHCTLIe
oroxenusi. TIpri HI3KO 9HEPreTHUECKHX YCJOBHSAX OTJOKEHHS G-
AYT upeiacTaB/ieHbl MeHee TIaTebHO OTCOPTHPOBAHHBIM MaTepHa-
JoM ¢ 0oJee MeJKHMH yraoBaThiMu 3epHamu. Poak [11] onpege-
JsieT CTPYWTYPHYH 3PeJIOCTb Kaxk CTeleHb OTCOPTHPOBAHHOCTH H
OKATaHHOCTH TecyanblX 3epeH. [lpeanmogaraercs, uro 3TH 4Ba CROIi-
CTBA TECHG CBsA3aHbl; INECYAHUK, OKA3bIBAWIIHII aHOMAJHH 3TOMH
CBsI3u (HANpPHMep, XOPOLIO OTCOPTHPCBAHHLI NECYaHHK C YIJOBa-
THIMI 3€pHAMH), Ha3LIBAIOT CTPYKTYDHO OOpallleHHbIM.

Kazamocp Onl, ONpeNeJHTb [OHATHE CTPYKTypHOIl 3penoctH,
co6paB ofpasupl MECYAHHKA H H3YUMB HX CTPYKTYpHLIE CBOIICTBA,
a Takie BbIYHCJIHB 3aT€M MEpHl CBA3H MEXAYy 3THMH CBONCTBa-
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MH, — npoctoe 1ej0. K coXaneHnuio, OKpyraocTb H CTENEeHL OTCOp-
THPOEAHHOCTH [3MEPAIOTCS OOBIYHO He B HHTEpBA/LLON IIKAIEC HIIK
mkaje OTHOLIeHHH, a B NOPAAKOBOH. CTeleHb OTCOPTHPOBAHHOCTH
06bIuNO BbIpaiaeTcsi TEPMHHAMH — Ijioxas, yMepeHuHas, xopolas,
a cTeleHb OKATAHHOCTH KJacCH(HUHPYeTCs TepMHHAMH — Yr/0Ba-
Tas, NOJYYrJaoBaTad, MOJMyOKaTaHHas, oKaTaHHad. 'Ecnu HCII0JIb30-
BATh 3TH TEpMUHbI, TO OOBIMHBIT KOI((HUHEHT KOppesuHH A/
XapPaKTEPHCTHKH CHJbI CBS3H Me}l;élie;TeHeHb}O OKATAHHOCTH I CTe-
THPOBAHHOCTH HENPUTOJCH.

neHI])B}OTC;T}f;f CJII}"{aHX HCIIO/Ib3YETCS PAHTOBHIH KO3(dUUUEHT KOp-
peasuny CnupMeHa, KOTOPbIfl, Kak 5TO BHIHO M3 CAMOr0 Ha3Ba-
HH$i, BblpaXKaeT CTeNeHb CXOACTBA MeXKAy ABYMsA HaGopaMM paHIroB.
ITycts Mbl HMeeM 1Ba HaGopa MOPAAKOBbHIX U3MEDEHHIl HA HEKOTO-
pOM MHOXKECTBE 0OBEKTOB, KOTOPEIe 0003HAUHM Yepes X; (nns nep-
Boro na6opa) W uepes Y; (ans BToporo). 3aTeM paHKHPyeM Kax-
nplit Habop H3MepeHHH, 0003HaYuB WX PAHTH COOTBETCTBEHHO Uepe3
R(X) n R(Y;). Kosdpdpuunent xoppesnauun CnrpMeHa H3MepseT
CX0,1CTBO M€y ABYMst HaBopaMi paHroB:

63 [R(Xy) —R(Y)I2
ro=1— = : (2.55)

n(n?—1)

B ckofkax NMoi 3HAKOM CYMMBI COAEPIKAaTCH PA3HOCTH PAHIOB 00b-
€KTOB ABYX HaboOpOB.

B tab6ua. 2.24 npuseieHbl CTPYKTYPHBIE XapaKTePHCTHKH JBeHaj-
UATH NecYaHHKOB, SBJASIOIIMXCS HeGMTAHBIMH KoJJeKTopamu. Kax-
ABI M3 HUX CpaBHUBAJCH € APYTHM AJd TOro, 4roObl DaHKHPOBATHb
HX OT HauboJee ILJI0OXO 10 Haubo/ee XOPOWIO OTCOPTHPOBAHHOIO
¥ 0T HauGoJee YIJIOBATOro 10 HauboJsee okaTaHHoOTO. Pe3yabTatel
paH:xupoBaHuA npHBeieHs B Tabuiiue. Kak u B kpuTepun Manna —
YutHiu, HabJMOIEHHAM CO CBSA3aHHBIMH paHraMii NPHNICLIBAIOTCA
yYCPCIHeHHblE 3HAU€HHs TeX paHros, KoTopble Oblan Obl NpHIHCAa-
Hbl 3YHM HaOJII0IeHHSIM B Caydasdx, ecJd Obl OHH He OblJI CBA3aH-
HBIMH.

Kosdduuwient xoppeasunn ChnnpMeHa MexAy ABYMsA MepeMeH-
HBIMH paBeH

P 1006 92 g4y
12(122 —1) 1716

O0nacTp u3Menenns kos(duUHEHTa paHroBoil Koppeaauun r’ Ta-
Kas ke, KaKk U y oOnuHoro kosdduuueHta xkoppensuns — or + 1,0
(II0JIHOE COOTBETCTBHE MEXK1y panramu) no —1,0 (monmas obpar-
Hast CBA3b MexIy padraMu). PaBeHcTBO ko3ddHiMeHTa paHTOBOI
KOppeaslHH HYJI0 O3HAYAeT, YTO 1B4 MHOXKECTBA PAHIOB HE3aBH-
cuMbl. PaBeHcTBo Kosddiunenta paproBoii KOppeNsLUM, HANpH-
mep, 0,43, osnauaer, 4to uMeerTcs cuabas TOJOXKHTENbHASs CBA3D
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yeHHe Oyxer cooTBercTBOBAaTb 1—0t/2=0,975 u Gyner pasuo 0,5804
aass n=12. Huxnee KDHTHYECKOE 3HAUEHHE, COOTBETCTBYIOIlee
a/2=0,025, paBHo —0,5804. BuiuncaeHHHH Ko3HIHEHT KOppe-
asuun r’=0,43 He BBHIXOAHT 3a 3TH IPAHHILI, H THIOTE3Y O TOM, UTG
CT€NeHb OKPYILJIOCTH H CTeNeHb COPDTHPOBKH He 3aBUCAT JAPYr OT
JApyra, OTKJOHHThL HeJib3sl. EcaH Bce Ke MeXAY 3THUMH CBOHCTBAMH
HIMeeTcs CBs3b, TO BEIOOpKA, cocTosmas u3 12 gabaioaeHui, e a8-
JseTcA JOCTaTOUHO IpPeACTaBHTENBHOH AJfA TOro, 4yrtoBhl ycTaHo-
BHTb 5T0 IpH 5% -HOM ypOBHE 3HAUHMOCTH.

Kputepun Koamoroposa — CmupHOBa

OzxHa oueHb INOJe3Hast Tpynna HemapaMeTpPUUeCKHX KPHTepHeB
BOuaeT Kpurepuil Kosmoropoa — CMuproBa. Hapsiny ¢ apyru-
MH NPHJIOKEHHSIMH HX MOXKHO HCHIOJB30BATh JJSI TIPOBEPKH COOT-
BETCTBUSI BbIGODOUYHOrO M THIOTETHYECKOTO paclpeiesieHuil, u Ta-
KM 00pa3oM, OHH MOIYT CJAYKHTb aJbTepHaTHBOH ONHCAHHOrO
Bhile %2-kKpHTepHs. XOTS KPHTEDHH COOTBETCTBHSI THNA %2 TaKkKe
SIBJISIIOTCS] HellapaMEeTPHUYeCKUMH B TOM CMBICJE, UTO HX MOXKHO IIPH-
MEeHSITb K HabJwofeHHsM c JIOOBM THIOM paclpeleseHusi, Kpure-
pun KoamoropoBa—CMHupHOBA SIBJASIOTCS HAUJAYULIUMH B HEKOTO-
peix obcroaTenbcTBax. Camoe 3HaYHTENbHOE HX IPEHMYILECTBO CO-
CTOUT B TOM, YTO AJSI MX HCIOJb30BAHHSI He 0053aTeJAbHO TPYIIH-
poBaTh HA6JMIOJEHUs B IIPOH3BOJIBHBIE KATETOPHH; IO 3TOIl NMPHYHHE
OHU SIBASAIOTCS GoJiee 4yBCTBHTEJABHBIMH IIPH NMPOBEPKE OTKJOHEHHI:
B XBOCTaX paclipejfiefeHuii ¢ HH3KUMH 4acTOTaMH, YeM KPHTepHIi 2

Ha puc. 2.40 npounnocTpupoBaHo IpHMeHeHde KpHTepusa Koa-
moropoBa—CwmupHoBa. M3 HEKOTOPOH HeH3BECTHOH COBOKYIHOCTH
B3siTa BLIOOpKa M HYXKHO HPOBEPHTb COOTBETCTBHE BbLIGOPOUYHOIG
pacmupefesneHHs THIOTeTH4ecKoH Mogmenu. Kak BbifopouHas, Taxk H
PHIIOTETHYECKAST MOJIEJH HAHECeHB Ha OJMH H TOT XKe rpadHKk B Ky-
MYJATHBHOH (opMe, IJOIAAH NIOA TpadukaMu npusejieHs K 1,0,
HaxoauMm HanGOJBINYIO PA3HOCTh MEXAY 3HAUYEHHAMH pacnpenese-
Husl; 370 W ecThb crarucruka KosamoropoBa—CwmuproBa (K—C).
B ra6a. 2.26 npuBeieHH KPHTHUECKHE 3HAYEHHs AJs CTATHCTHEHR
K—C; ouu MOTYyT OBITb HCIIOJb30BaHB AJS IIPOBEPKU KaK OJHO-
CTOpOHHe!, Tak I JABycTOopoHHeil rumortes. IBycTOpPOHHAA HyJeBas
rHIIOTE3a YTBEpPrKAaeT, 4TO KJAACCHl paclnpejfesenuil, H3 KOTOPLIX
noJiyueHa BbIOODKa, AJA BCeX 3HAYCHHII X COBIAJaOT € KJIACCAMH
pacnpefeseHuii runoterndecxoli Mojesad. OIHOCTOPOHHSIST HyJleBasl
THIIOTE3A YTBEPXKJAeT, YTO Bce KJacchl BbOOPOYHOro paclpesele-
HHs DaBHLI HJIH MEHbLIE, YeM KJIAcChl THINTETHYECKOH MOACIH, eClH
MBl HCIIOJb3yeM MAaKCHMAaJIbHYIO IMOJIOXKHTENbHYIO PA3HOCTL IIpoOBe-
pPAEMON CTATHCTHKH, MJH 4TO BCE KJACCH BbIGOPOYHOrO pacnpese-
JIeHHsI paBHbl WX GOJblIE, YeM KJacchl THIOTeTHYECKOH MOJIeNH,
eCcJH MBl HCIOJb3yeM MAaKCHMaJIbHYI0 OTDHUATEJbHYIO pPasHOCTh

120

Puc. 2.40. Tlpouenypa NpPOBEPKH THIOTE3Bl O COOTBETCTBHH BEIGOPO

0 X

YHOTO pacmpe-

Acaeiust (TOHKash JIHHHA) THIOTETHYECKOH MOETH (KupHAs JUHHA) C NOMOLIBIO
gputepus Koavoroposa—CMHpHOBA.

D6a rpaduka Aausi B KYMYJAsTHBROI dopme, oGaacTb aHawcHus or 0,0 go 1,0. Maxcuyals-
Has PasHOCTh — ITO MPOBepsAeMas CTaTHCTHKAa K—

o/

o
0
10 MarKtumansHas
Pas3nocTe
80 -
£0 -
40 |~
20
0 !

2 4 0 1 2 X

Puc. 2.41. Kymyssirusublil rpaduK pacmpelenenus 3HaueHHH coJieHocTH B Gaccei-
He YafiTyoTep, CTaHAAPTH30BAHHHEIX H HpuBeJeHHBX K macmraly or 0,0 go 1,0.

MakcuMasbhas DAa3sHOCTh MeXkIAy KYMYJsSTHBHBIM BBIGODOUHBIM paclpefeseHHeM H KyMyJasa-
THBHBIM HOpMaJdbHbIM pacnpefenenuem — K—C pasna 0,06

mpoBepaeMoil craTucTukH., B fojblinHcTBE HpHMepoB MHB OyldeM
11ICII0Nh30BaTh ABYCTOPOHHIOIO THIOTE3y H aJbTePHATHBY.

O6nuno xputepu#l Kosamoroposa—CMHPHOBA HCHOJAB3YeTCs B
TexX cJyuasix, KOorja THIOTeTHYeCKasd MOAeJb NMOJHOCTBIO onpejede-
Ha, T. e. mapaMeTpnl pacupeieJeHHs] H3BECTHH (HJH IIpejnoJara-
I0TCST H3BECTHBIMH) M3 KaKHX-JHOO JOMOJHHTENbHbIX COOOPaKeHUH,
OTJHYHHIX OT JaHHBIX, CoJepzKaluxcsad B caMoil Boibopke. Heroto-
pOe YCOBEpILIEHCTBOBaHHE KDPHTEPHs, NpHHaaAexaulee JInananedop-
¢y [24], oauako, IO3BOJSET HCIIOJIbL30BaTh MeTox KoJamoropoBa—
CMHpHOBaA N5 TIPOBEPKH OJH30CTH BbIGOPOUYHOIO paclpeneseHns
# HODMAaJBHOMY C 3apaHee He Olpeje/eHHbIMH CPEAHHUM H AHCIEp-
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Ta6aumwa 2.26

KputHuecxue szavenns kpurepua Koamoroposa — CMupnoBa
AJis OJHOCTOPOHHErO H ABYCTOPOHHEr0 KPHUTEPHSH

| | [

OnrocTopoHHHil KpuTepnii

g=| .10} .05 .0256 | .01 l .005 ) o= ! L1000 05 | ,025 ) L0t .00
| ]

JBycTopoHHu{l KpUTepuil
a=|.20 .10 .05 | .02 ‘ .01 l o= ' 20 | 0 .05 | oz | Lo
n=11.900] .950} .975 | .990 | ,995 | n==21| .226 |.259 | .287 | .321 | .344
2| .684] .776| .842 | .900 | .929 22| .221 {.2563 | .281 | .314 | .337
3| .565) .636 .708 { .785 | .829 23( .216 |.247 | .275 | .307 | .330
4] .493| .565] .624 | ,689 | 734 24] .212 ] .242 | ,269 | .301 } .323
51 .447) .509| .563 | .627 | .669 25| .208 ,238 | .264 | .295 | .317
6 | .410] .468] .519 | .577 | .617 26| .204 [,233 | .259 | .290 | .311
7| .3811 ,436] .483 | .B38 | .576 271 .200 ) ,229 | .254 | 284 | ,305
8 | .358] .410j .454 | 507 | .542 28] .197 1,225 | .250 | .279 ] .300
91 .339] .387[ .430 | .480 | .513 291 .193 1.221 | .246 | .275 | .295
10 1 .323] .369 .409 | .457 | .489 301 .190 | .218 | .242 | 270 | .290
11} .308) .352] .391 | .437 | .468 31| .187 {.214 | .238 | .266 | .285
12 ] .296| .338| .375 | .419 | .449 32) .184 [ .211 | .234 | .262 1 281
13 1 .285) .325] .361 | .404 | .432 33| .1821.208 | .231 | .258 { 277
14§ .275 .314( .349 | .390 | .418 34| L1791 .205 | .227 | .254 | .273
15 | .266] .304) .338 | .377 | .404 35 177 1.202 | .224 | .251 | .269
16 | .258] .295{ .327 | .366 | .392 36f .174 |.199 | .221 | .247 | .265
171 .250) .286| .328 | .355 | .381 37| 172 (.196 | .218 | .244 | .262
18 | .244) ,279] .309 | .346 | .371 38 .170 |.194 | .215 } 241 ] .258
19 1 .237] .271] .301 | .337 | .361 39 .168 |.191 | .213 | .238 | .255
20 | .232| .265| .294 | .329 | .352 40 .165 |.189 | .210 | .235 | .252
Annpoxcumanug 1,07 ] 1.22 | 1.36 ¢ 1.52] 1.63
Aas n>40 Vo lyvn jyn {ye L1

CHell. DTO YCOBEPLIGHCTBOBAHHE IIO3BOJACT MHCHOJAbL30BATH 1H3.0-
JKEHHBIH METOA aHaNOTHYHO TOMY, K&K MEl HCIIOJbL30BaJH NPOUEIy-
py %? AJsi IPOBEPKH THIOTE3 O AAHHLIX, IPHBEACHHEIX B Tadu. 2.1,
Caexys Jlnanuedpopey, cHauata npuseseM A2HHBIE K CTAHAAPT-
HOH (¢opme, Hcnonb3ys npeobpasoBanue Z;= (X;—X)/s.
CpeaHee U JHCIEPCHS HAXOAATCH OOBIYHBIM obpasoMm. J[a.ee
CTaHZapTHOe® HOPMAaJIbHOE pacnpejesneHHe H 3HAUEHHF 7 HAFOCATCSA
Ha rpaduK B KyMyJaaTHBHOI ¢opMe, KaK 3T0 cieaaHo Ha puc.2.41
AJs 3HadeHuil cosenocty B Gaccefine Yair-Yortep. Makcumanbnas
alCoJIOTHAS PA3HOCTL MEXAY ABYMs KPHBBIMH COOTBETCTBYST IpoO-
6e ¢ HoMepoM 35 n 3HaueHnl Z=0,37, rie COJEHOCTD paBHa
53 wacru/man. Kputuyeckne snauenust xpurepus Kosamoroposa—

CMmupHOoBa npHuBeneHbl B Taba. 2.26, xoTs Tabaula 4OBeIcHa MHILb.
10 3nauenns n=40. Ilpubanxennsie 3HaueHusT AJA GOJbLLINX
MOXHO Halitu no ¢(opMynaM, ykasapupM B rtabguue. das n=48
u yposHa snaunMmoctdH 0.=0,10 xkputnueckoe spmauenne K—C pas--

o 0,17. Brouncaennas cratuetika K—C pasna (0,70—0,64) ==
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'Henﬂ}')aMQTquecKI{M CTATHCTHIECKUM KDPHTEPNAM, KOTOphie

==0,06. 9710 3nauenHe He NONajder B KPUTHUYECKYI 06jaacTs. [lo-
3TOMY OTKJOHHTh HyJEBYIO THNOTe3y O TOM, 4To BHOOpKa HoJayue-
Ha H3 COBOKYIIHOCTH ¢ HOPMAaJbHHIM paclipejesieHineM, HeJb3d.

Ha 570M Mbl 3aKaHyBaeM H3JI0XKEHHE 3JE€MEHTaPHLIX CTATHCTH-
YeCKUX IPOUENYP, HO HE IIOTOMY 4TO PAcCMOTpEJH HX BO Bcell 1oJ-
H0Te, a WONPOCTY AJIA TOro, YTOOH mepefiTH K APYTHM BONPOCAM.
PaccmaTpuBaeMblli MaTepHas $BJSIETCS OYEHb KPATKHM H3JIOKE-
HHeM TIoAYroJ0BOr0 BBOAHOIO Kypca B MaTeMaTHUECKYIO CTATHCTHU-
KY, K KOoTOpoMy noGaBieHn u3bpanHbie rsiaBbl H3 fosee clielHaJb-
HbIX KypcoB. ABTOp He pacCydTHIBaJ Ha TO, YTO CYyMEET B CTOJb Ma-
ao0M obbeMe garth cTporoe OoBOCHOBaHHE OOCYIKTaeMbIX BOINPOCOB.
Oanako npencrasssercs, YTO 13JI0XKEHHOIo OyAeT A0CTaTOUHO A4
[IepBOTO 3HAKOMCTBA € OCHOBHBIMH TOHATHAMH TEOPHH IIPOBEPKH
CTOTHCTHYECKHX THIIOTES.

UpespplualiHO KpaTKCe H3J0XKEeHHe IIpolelyp TPOBEPKH CTaTH-
CTHYECKHX THIIOTe3 MOKeT CJAYXKHTbL BBeleHHeM B 0ojee CJOKHBI
KPYT BOIPOCOB, paccMaTpHBaeMBIX B NOCJCAVIOUIUX TjaBaX. ITOT
MaTepHaa He HcuYeplbiBaeT COAEPKaHHd MaTeMaTHYeCcKoH c¢TaTH-
CTHKM. Ysauuc u Pobeprc Bo BBemenuu x cBoeil xkuure [33] yka-
3LIBAIOT: CTATHCTHKA — XKHBOU H YBJICKATEJbHBIH IIPEAMET, HO €€
H3yYeHHE OUYeHb YaCTO NPOTEKaeT CJHIWKOM Bsa0». M3J0XKHB 3Ty
HayKy B KOHTEKCTE TeOJIOTHYECKHX 3ajJad, MOXKHO HagesdThCHd, YTO
3Ta KHHIa TNPeACTABUT HHTEpeC AJS Ie0JOTrOB, HMEIOWHX JeJO €O
CTaTHCTHYeCKO 0O6paboTKOH JaHHbIX.
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I'naBa 3
MATPHYHAY AJTESPA

OTa riasa NocBAlleHA MAaTpHYHOIN aare6pe. BOJbLIHHCTBO Me-
TOAOB, KOTOpHle GyAYT PacCMOTpPeHbl B CJAEAYIOLIMX TJ1aBaX, OCHO-
BAHB Ha ONEpALHAX ¢ MATPHUAMH, YACTO BBIIOJHIEMBIX BbIUHCJHU-
TeJbHbIMIL MawHHaMu. Ocofoe BHHMaHue GyleT yleNeHO MaTeMa-
THYECKHM ON€pauuaM, KOTOPHIE JiekaT B OCHOBE aHaJH3a IOBepX-
HOCTEeH TpeH1a, MeToAa TIJaBHBIX KOMIOHEHT, AMCKPHMHHAHTHOTO
ananusa u Ap. BuiumcauTenbuble npouesyprl, CBS3aHHbIE C STHMHU
METOAAMH, NOYTH HEBEINOJHHMBEL €3 BbIYHCJAMTENBHLIX MALIHH B
CBA3H CO CJI0XKHOCTbIO H MHOTOKPaTHOCTBIO TPOH3BOAHMBIX BBIYHC-
nednf. C NOMOILBIO MAaTPHUHON aJre6psl MX MOXKHO NPELCTABHTH
B JOCTYIHOM H CXaToMm BHZe. TakuM o0pa3oM, ec/JH YHTATeab BJa-
IeeT OCHOBAMH MAaTPHYHOI aarebpbl, OH CMOXKET NOHATh OCHOBHEIE
NpOUEAYDHl, KOTOpHE OYyAyT PacCMOTPEHH HHKE.

K coxanennto, 60bIIMHCTBY reosoroB npu ofydeHHH He Ipe-
MOAal0T KYpC MAaTPHYHOH ajreGpH, HECMOTPS HA TO YTO 3TOT He-
TPYAHBL NIPEAMET, NO-BUAMMOMY, GoJjiee NOJE3eH, YeM psi APYrHx
MaTeMaTi4eCKHX KypcoB. Kypc MaTpuuHoil ajnre6pnl B KOJAJEIXKAX
OOBIYHO HacChleH MHOIOYHCJEHHLIMH TeOpeMaMH H HX [10Ka3aTeJb-
cTBamMH. Takoe H3JOXEeHHE HENPHIOAHO A/ 3TOH KOPOTKOM TIJaBbi,
W MBl OTDaHHUNMCS TOJBKO TEOPEMaMH, KOTOpble NOTPeGyioTcs B
nocaenywueM najoxennd. Ilpu s1oM npexnourense GymeT oTgaHo
He J0KA43aTe/IbCTBAM, & IPHMepaM.

MATPHIA

Marpiua — 370 Halop YHCeJ, PacHOJIOKEHHHI B BHAe NpAMO-
YTOJIBHOH TabJHuBl, TOUHO TAaKOH Ke, Kak TabaHla AaHHHX. B mat-
puuHOil aarebpe TabauUa PacCMaTPUBAETCSl He KaK HabOp OTAe/b-
HBEIX 3JICMEHTOB, & KaK eIUHOe LEeJOoe, YTO NPHBOAHT K 3HAUHTEJb-
HBIM YNIPOLIEHHSM psilna MpOHeAYD u 3aBHcuMocTedl. Bo BTopo# raa-
Be 0TMEYaJoCh, YTO OTAGJBHLIH 3JIeMEHT MaTpPHIB OOHYHO 0603Ha-
yaercd GYKBOWl C NPUIHCAHHBIMH BHH3Y HHAEKCAMH. DJeMEHTaMH
MaTpULB MOTYT OBITh QHCIEPCHH H KOBApPHALMH, PE3yNbTAaTH Hal-
JioAeHHH, KO3QQUUHEHTE CHCTeMBl YPaBHEHHH H I[POCTO JI0OLIe
uncaa.

Tak, HanpuMep, B I'Ml. 2 Tpe§OBaJOCL BHIYHCJAHTDL OLEHKH AUC-
nepcHil ¥ KOBapHalMH /s CONepXaHHIl MHKDO3JEMEHTOB, INpHBe-
fenRbX B Ta6a. 2.3. Ilosyyennbie pesynbratel MOXKHO NPEACTABHTD
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B BHAE CJEAYIOLeH MaTpHLUBLL:

663,75
s, COVe_y COVerw 570 537,3 o
2.5 Es
COVyer % COVhgv | = 537,5  9862,0 ;
1007,

COVy_er COVy_y; 5% 663,75 718,5

o o -
HaGop uncen (AONyCTHM, 3HAYECHHH nepeMeHHog( x)xn[z%crnaqw
JeHHLI! B BHLE MaTpHilbl, 06bluHO ofo3Hauaeres [ 1, X, J
XI. 7 -
: IIB 5TOfl KHIre GyAyT NPHMEHSTbCS KBAaADaTHLIC cKOOKH f&bl(?)\/ITH
neJbHble JeMeHTH MarpHubl GYAYT 06o3HauaTbhCA 3317".;1:1;%.&
GvksaMH C HHIEKCAMH, HaupuMep xi;. Boobuie B JnTepaTyp gﬂ_
yaloTCsd U Takue YCJIOBHBIE O603HaquHH,é(aK [x::1, [*]4, H;IZTBI'{JIG
c I Kak yi. CHMBOJ X; O3Hauaer sje-
BaJieHTHEIE I'pedeckne GYKBHI, 2 |
\IeHT i-ii ¢TpOKH H j-ro cToabua. Hampumep, ecii [X] --maTpuna

nopsiaxa 343t

1 4 7
2 5 8 3
3 69

10 X33=9, x13=7, X21=2 # T. 4. Ecan uncao cT0N16L0B PABHO qnc?_rv
CTPOX, TO MATpHIlA HA3bIBaeTCsl KBAJPATHON, a €& 3JCMEHTH, 1H\m
JeKCbl KOTOPbIX paBHb (T. €. i=]), Ha3bBAKOTCA ILIIaI‘OHalebeL
sjeMeHTaMi. B BhllUenpHBeNEHHOH MaTpHlle XapaKTepUCTHK pac-
npejeseHnss MHKPO3JEMEHTOB [HaroHaJbHBIMH SIBJAIOTCA HP]Igcnepf;;
ciH cojxep:xanuil. Bee ocrasibHble 3JEeMEHTH — KOBApHAIUH. lTOS
AKe MaTpHlle AHaroHaJbHbE 3JIEMEHTHl PaBHbl COOTBETCTBEHHO I,
1 9. Uame Bcero BCTPeuaroTCs KBajpaTHble MaTpHIL, HO HEKBal-
paTHblE TOXKE HEPEeNKH, HECMOTPsl Ha TO UTO ONEpalliH C HIMH JO1-
4iiHeHb cTporuM orpaHuueHuaM. OcoGeHHO 4acTo ncnonbs}-mcg
aiBe (GOpMBI HeKBaApPATHBIX MATpPHIL BEKTOP-CTPOKa, T. €. }\mrpnul
nopsaxka 1Xm, ¥ BeKTOp-cToJ0el, T. e. Marpuua nopagxa mXlL.
"Ouenb 4acTo MPHXOAHTCS HMETh JeN0 C ABYMsl THIAMH K—Baji-
DATHBIX MATpHIL. DTO CHMMETpHYHAS MaTPHUA, B KOTOPOH Xij= Xji»
Kax, HanpumMep, MaTpHlia Buja

1 2 3
2 4 5
3 5 6
HpyruM npuMepoM MatpullH, CHMMETPHYHOH ~ OTHOCHTEJIbHO

II1aBHON QuaroHa/H, MOXKET CJAYXKHTb MaTpHlla AMCIEPCHH H KOBa-
puaunit, npuBe1eHHAs BHIIIE,

[
-0
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Ta6auma 3.1

Eannnunag Ma1puua — s1o ci ) i .
- . o pann e PRUREA MATDHIA, B KOTOPOIt JloGpiua GEHTOHMTOBBIX TJMH B LIkTaTe Baiiomunr, 1964 r. (8 1-10° 1)

BCE JuaroHaJibHble 3J€MEHTH PaBHLI 1, a Bce ocTanabHble paBHELI 0:

1 0 0 Ianna aas Jureiinan IIpoune
Peruos 53’133‘1;3;2 TJHEA rJHHbI
01 0 >
0 0 1 105 63 5
; CTOUHHHA
ggﬁoau, fOTpaHHIHEe CO LITAaTOM 218 80 2
O MonTtana 290 76 1
JJIEMEHTAPHDBIE ONNEPALLUH C MATPULIAMU 1lenTpanbHER

Caowente o BBIYHTAHHEe MATPUL HNOAYHHSIETCS 3aKOHAM o0LIY-

i WisMeneHHe H0OGLIYH MOXKHO NpPEACTaBHTH KakK pPasHOCTb MAaTpH-
#HOii anre0psl, HO TIPH OJAHOM BAaKHOM YCJOBHH: CKJaJBIBA€MBIE HJH

ust [A] # marpuusi [B], T. e.

BbIUliTaeMble MATPHILBL JIOJIKHbl 1IMETb PABHOE YHCJIO CTPOK H pab- _ (C]
HOE YHCJI0 CTOJ6IO0B. [B] — (4] =

Ilpu Bomonnennu onepaunn caomenns [C]=[A]+[B] k xax- 84 102 4 105 63 5 —21 39 —1
LOMY 3]eMeHTy MaTpuubl [A] npubaBasercss COOTBETCTBYIOUWHI 3.Te- 240 121 1|—1218 80 2= 22 41 —I1
MeHT MaTpuusl [B]. Ecau MaTpuubl pasublX NOPSIAKOB, TO ONepallHs 89 48 —1
CJI0KeHnsi HeBbinosiniMa. Boiuuranue [C]=[A]-—[B] sbimoansercs 302 28 0 220 76 1 —

TaKUM JKe CMoCo0OM: KaXKAblf 3JeMeHT MaTpuusl [B] BhuuTaercs
U3 COOTBETCTBYIOLIEro aJeMeHTa MaTpuust [A].

B xauecrse uumoctpauuu B Tab.1. 3.1 npuBejeHa xapaxTepHc-
THKA A00buil OCHTOHHTOBOH TVIHHBL B TPCX FOPHOJOOBIBAIOMIMX paii-
‘OHaX lWrtaTa Bailomur.

HoOuiBaercss TpH OCHOBHHIX COpPTA [JIHBI OHH TPHMCHSETCS
JUIsl IPUTOTOBJIeHHS OypOBOTG pacTBOpa, APYroil — B KayecTse JH-
TEHHON TJHHBI M TIOCACNHHI HCIOJNb3YETCS] KAK JEKAPCTBeHHOe H
KOCMeTHYeCKOe CPEeACTBO, AJs KepaMidyecKHX uejell u ap. Bce 3tn

OTMETHM, UTO HOJIOXKHTE/JbHbE 3JEMEHTH MaTPHIE [B]—[A]

COOTBETCTBYIOT POCTY AOGBIYH FVIHH.
Kak u B o6buHOil asreGpe, CIOXKEeHHe MATPHL MOPAAKA nXm

kommyratuseo, T. €. [A]+[B]=[B]+[A], n accounaTHsHO, T. €.
({A]+[B)) +[C1=[A]+ ([B]+[C]). Mopsinok MaTpHU MpH BHIYH-
TaHHMH, KOHEUHO, CYLIeCTBEH.

VMHOKeHHe MaTpHUBE Ha KOHCTaHTY CBOAHTCA X YMHOXKEHHIO
KaXKJOTo ee 3/JeMeHTa Ha 3Ty KoHcTanty. Hanpumep,

JlaHHBIE MOZKHO 3amucath B BHAe MaTpHubl [A] mopsaka 3X3: 1 4 3 12
105 63 5 3.12 5|=|6 15
[A}=1218 80 2 3 6 9 18

220 76 1 AHaNOTHYHO NPOBOJAHUTCA MeJIeHHE MaTpHUbl Ha IMOCTOSHHOE

yucyo. B kauyecTBe mpocTOro mpuMepa NPHMEHEHHs 3THX ONepalnu
paccMorpuM Tabia. 3.2, cofepKallylo De3yJbTaThl H3MEpeHHA IJIH-
HBL TpeX ocelf @, b U ¢ KpeMHHEBHIX TaJsieK, B3fATHIX H3 JEeXHHKOBBIX

Ilponykuuio, 106LITYIO B CJEAYIOIIEM TOAY, TAK:Ke MONKHO OXa-
‘paxTepusoBaTh MatpHuueii [B]:

T84 102 4 oTnoxenunii. Mamepennsi cienansl B AIOHMax H HX HYXKHO NepeBec-
[Bl=1]240 121 1 Ta6auma 3.2
302 28 0 Uamepenun oceft rajnex u3 JeJHHKOBHIX OTJOKEHHH
Obuias npoiykuus 3a apa roga B Tpex pafoHax Gyjaer mnped- O6pasen fanna oot Rolum
craBaaTe cymmy [C] aByx Martpuu {A] u [B]: a b c
[4r  + Bl = [C] 1 3,4 2,2 1,8
106 63 5 84 102 4 189 165 9 % g,g i,:; i,?/
218 80 2|4 [240 121 1| =]458 2C1 3 4 39 2.8 2,3
5 5,1 4,9 3,8

220 76 11 1302 928 o) {522 104 i .
12




TH B MHJVIUMETPEL. HTOGBI MOAYUHTL MATpHIY, COTepKALLYiO AaH-

Hble B MUJITHMETpAX, HAJIO YMHOXKHTh Marpuuy [A] Ha mocrosumyio

BeJHUMHY 254.

25,4. [4] = (€]
34 22 18] | 8636 5588 4572
46 43 42 116,84 109,92 106,68
25,40 5,4 4,7 47 | =] 137,16 119,38 119,38
3,9 28 23 99,06 71,12 58,42
51 49 38 129,54 124,46 96,52

YMHO)XEHHWE MATPUL]

Bemomunm sazauy ¢ GpocamiieM MOHETH, pacCMOTPEHHYIO B
1. 2, Tie BBIYHCASJIACh BEPOATHOCTH MOSIBJEHHS MOCJeL0BATEIbHO-
cTH repGoB 1ocje psga GpocaHiil, eclH BEPOATHOCTb BLITAJCHHS
repba npu oaHOM GpocaHHH paBHa !/, BepOSITHOCTB  BhiMajeHHS
Tpex repboB npn Tpex GpocaHHfX paBHa oX'YoX'fe, wam 1y3.
AHAJIOTHUHYIO 331a4y MOKHO C(HOPMYJHPOBATH IPH H3YUEHHH JH-
TOJIOTHYECKOH  XapAaKTePHCTHKH  CTpAaTHrpagHueckoro  paspesa.
IlpeanonoxknM, uTo npu H3yueHHH paspe3a B HeM BbIIe/ICHEI TpH
JIMTOJIOTHYECKHE DPA3HOBHAHOCTH NMOPOA: HECGK, CJAAHEl, H3BECTHAK.
Kaxapii y4acTok paspesa MOXHO OTHECTH K OLHOMY H3 nepevnc-
JICHHBIX THHOB. B HTOTe MOXHO NMOCTPOMTH MATpHIY Y4CTOT MOSAB-
JIEHHST KaXJ0r0 THIA NOPOJ B paspese BCJEJ 32 JAPYTHMH THIAMH:

B
ITecok CnaHeny HaBecTHAK
ITecok 59 18 2
Us Chnanen 14 86 4]
Hssectuax 4 34 51

OTa Matpulla Ha3bIBAeTCs MaTpHuel NepeXoiHbLIX YacToT M I0-
Ka3LIBAET, HANpPHMED, YTO C/laHel CjelyeT 3a NeCKOM 18 pas, a u3-
BCCTHAK 32 TIECKOM — TOJIbKO 2 Pasa; H3BECTHSK CJelyeT 3a C.aH-
uem 41 pas, nosropesHe H3BeCTHAKA BcTpevaerca 51 pas, a 3a
NeCKOM — TOJIbKO 2 pasa.

Hrobbl nmosnyunts H3 3THX wacTOT BEPOSATHOCTH, HYXHO pasje-
JIUTb KaMIbUT 3JE€MEHT MaTpPHIBl Ha CYMMY 3JE€MEHTOB COOTBETCT-
BYOLLEH CTPOKH. Takum obpasoM noayuum MaTpHLY IepeXOoAHBIX
BEPOATHOCTEH, MpPUBELEHHYIO HHIKE, KOTOPAS CONEPIKUT BEPOSITHO
CTH COOBITHH, 3aKJIOYAIOWHXCS B TOM, YTO nopoja OJHOrO THMA
cjenyer 3a NOPOAOH APYroro THIA.

10T BOmpoC GyleT PACCMOTPEH AETAJbHO B caeayooulel raase
Ipn aHanu3e BpeMEHHBIX Dsj10B. Tenepwb ke Hac MHTepecyer mat-
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1a BEpOATHOCTe!l, aHAJOTHUHBIX BEPOATHOCTAM B 3d1a4€ O 6po-
NHLc -
OO M HEeTDhL:

B
Tlecok Taura FI3BOCTHHK
oK 0,74 0,23 0.03
. T RO S
He If3Bec‘rHsl< 0,05 0,38 0,h

Taw e, Kax 1 B 3afaue o GPOCAaHHIL MOHETBI, rie 61)1:1’;1 onpe,;g:
e meroSTHOCTb BbIMAjeHHsT TOC/Te10BaTeJbHOCTH repoos ¢ ’
PO :;iﬂasenemm B cTeNeHb BEPOATHOCTI BLINAjeHHs repba mpi
gi;’l?(l)?i (;pacamm, MOZKHO OTpEeLeJHTD BepOﬂTH{;)C;‘gﬂg%ﬂ?;;[ﬁ}lelgza(;]ré.
]);‘,’LEJIQF(%-tLIX 110C1€10BATEIBHOCTEH HOpPOA B 34l Ko IniTephase
[l.i# 070 /I0CTaTOYHO BO3BECTH B CTENEHD MaTp H(Z\Hnﬁpn&a{pmw
}ze])(_x;'x'1~;1<Ja;Tefi 1 T0/IyuNTb NOCJE /1 TAKIX NEPEMHO P“] Jparpuity
geposrrociedt | P’], koropas Oyler paBHa Matplile | P B };'1Ice(»:
B CTeNew:; 7 — 3TO MPOCTO Pe3ylbTaT YMHOMKEHH MaTpill aT; n)a:
n pa3. OpHaKO AAS BUTOJHEHHS 3TOI OUepaiHi Hy KHO SH |

¢ c MHO2KEHUS MaTPHL. ,
BH‘I&HHI\ES;MHHQOCTHH (popM% MATPHUHOTO YMHOKEHIIS ——Oargo I}IrquHO;II;S!_
fHe JByX KBaJpaTHLIX MaTpPHIL [A] n [B] onnHaKUOBWIT mlepf{ [C]
TpON3BEEHHE KOTOPLIX CHOBA SBJAETCS KBAAPATHON M4 p6 peit [C]
Tipn 10M yA0OHO pacnojaraTe Marpiily ChAelylolliiM 00pasoM:

[B]
[A] [Pesyabrat}

Urofil NOAYUIITH 3HAUCHHE 3JeMeHTa C;j, HYXHO YMHOXHTb
Kaskabl s7eMeHT i-ii cTpoxkd matpuusl [A] (Haunmas caesa) Ha
COOTBETCTBYIOULNIl 3JeMeHT j-ro croabua Marpuubl [B] (naunnas
ceepxy). Jlis DOJTyd4eHHS HCKOMOTO 3JIeMEHTa i BCe 3TH 1:IpOH3-
Belenns cvMMupyviotes. Huxe Ha nplimepe ABYX MaTpHIL nokasaHa
flOCIEI0BATETBHOCTh ONEepaltil NpH MaTPHUHOM YMHOKeHHH:

1 4 7771 2 3
25 8||3 45
36 91 L5 6 7
Cravaia yMHOXKHM @y Ha by U B pesyJbTaTe MOAy4dHM 1:
1 4 7711 2 3
2 5 8 3 4 5
[3 6 91 15 6 7.
Lanee, ymuomas a;, Ha by, noayyaem 12: K
1 4 71 1 2 3}
2 5 8 3 4 5
|3 6 91 L6 6 7]
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Hakonen, yMroXas ;3 ua by, nonyuaem 35:

1 4 7 1 2 3

2 5 8 3 4 5

3 6 9 5 6 7
3HayeHne SJEMEHTa C;; TNpPeACTaBJAeT coGOH cyMMy Tpex BHI-
YHCJEHHBIX 3HaueHu# 1-+-124-35=48. IlocienosaTenbHOCTh 3THX
onepauuii H3o0paxkeHa Ha NPUBENEHHON HIXKe nuarpamme. OTMe-
THM, YTO KaX[blil 3JEMEHT C; IPOU3BEJEHHS MAaTpHI II0/yYaercs

B pe3yJsbTaTe CJOXKEHHS NPOHU3BEJECHHH 3JIEMEHTOB i-fi CTDOKH MaT-
puust [A] Ha sneMenTH j-rO cTOIGLA MaTpHUM [B].

Haxomienue snemenra oy Haxowpnenne anementa L4y

3] ’ 1 2|3
5 3741 5
7] 5761 7

2

B nTore pesysnbTarT ymMHOxKeHHS GyAeT HMETb C/EAYIOWHH BUA:

- !
W
[o2 %4

[{o v 2NN

1 2 3
3 4 5
5 6 7

2 56 8|57 72 87
3 6 91166 84 102

Ecau nopsasok nepeMHoxkaeMEIX MaTpHIL H3MeHHTb Ha 0GpAaTHHIA
[B]-[A]=[C], To nonyuum npyro# pesyabTar:

I 4 771148 60 72}

1 4 7
2 5 8
3 6 9

1 2 37114 32 50
3 4 5}|26 62 98
5 6 71138 92 146

Onepauuwo [A]-[B]=[C] nasuBawT yMmnoxenuem matpuum [B] na

matpuny [A] caesa. AHanorndno, o Marpuue [A] rosopsr, uto oHa

Ec.u NEPEMHOXKAIOTCH JBe KBaipaTHble MaTPHIBL TO H:ong;fa-
sejenye TaKXe OyzaeT xBaaparuoil Marpuuell TOro }KSI n><£ o5
OfHaKO €CilH NEPEMHOXKUTh MATDHILE NOPHAKOB mXn §3Be:716HI/Ie
pe3y/pTare moay4HM MaTpHUy nopsaaka mXr, T. €. TpOl aTpiLbl
MaTpHIL HMEET UACJO CTDOK, PABHOE UHCJy CTPOK NEpBoH M Ip i
1 4HcaO CTOIOLOB, PaBHOE YHCIY cTOAGUOB BTOPOH ManIﬂlb-ﬂ .
jpiMep, YMHOXNAS MarpHIy NOpsiiKa 5X3 ua MaTpuuy HOPHA
3% 2, 10Jy4HM MaTpHUy mopsaaka 5X2:

1 2 4 7 10
o 1 2|73 4 8 I
3 1 1|2 1|=|11 14
2 3 1| lo 1212

120 _7 6

Heo6xon¥MO OTMETHTDH, UTO MaTpHUY MOpsAKA 3x2 Hgﬂlﬁﬂ yM-
HOXKATb HA MaTpHIY MOpsiAKa 5X3, TaK KaK UHCJO CTOJOLOB NEp=
BOf MaTpHUB (ABa) He paBHO uHCJY CTPOK BTOPOH MaTpHUH
(naTh). —

B peaysbTaTe YMHOXEHHs MaTpHIbI NOPSAAKA mXn Ha MaTpuuLy
nopsAKa nXm NOoJy4aeTcs KBajpaTHas MaTpHua, NpuieM MOpaLoK
epeMHOXKAeMbIX MAaTpHIL ONpejenseT NOPAAOK — pe3yJbTHPYIOUIEH
MaTpHILBL

[123]96 4628]
14 5 6% ®[Tlus 73
7 5

OnHaxo, NIOMEHAB nepeMHoOXKaeMble MaTPHILLI MeCTaMH, [0JYUHM

9 6] ¢ o 3 [33 46 63
5 5 -[4 - 6]: 28 41 54
7 4 23 34 45

Obwas ¢opmyaa saementa Marpuun [C], sBasiomefics Mpon3-
BEJIlEHHEM JIBYX MaTpHIl, UMeeT CJAEAYIOMHUH BHA:

Cij = 2 at‘kbkj. (3.1)
k=1

OtmernM, uto npu mociesnoBaTesnbHOM —IepeMHOMeHHM Goiee
YeM IBYX MaTpHL HeHCTByeT acCOUHATHBHBLI 3aKOH, T. €. MOPSAOK
BHINIO/IHEHUs HecyulecTBeH. Tax,

yMHOXKeHa Ha MaTpuuy [B] cmpaBa. dro npocredimuii cnoco6 om-
peaeseHUd YMHOXCHHA MaTpHL. )
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[4]-[B]-[C] = (1A]-(B])-[C] = [A]- ([B]-[C]).
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M,S.Tplfll.ly MOXKHO BO3BeCTH B CTeneHb, TdK KaK BO3BeJCHHE B
CTeriénd COCTOHT TONPOCTY B BLINOJHEHHH psia yw{on{eﬂnﬁ. Tax,

[A]* = [4] - [4],
[A]" = [A]*[A] = [4]-[4] - [A].

MaTpiisl TaKXKe MOMKHO BO3BOIHTh B 1poOHYIO CTelleHb, ualle Bee-
ro = c-enenp !/ Dra omepanns IKBHBAIEHTHA H3BJEUEHHIO KBaj-
pateo o Kopusa u3 Matpuusl [A]* ects marpuna [X], xBagpar xo-
Topoil pasen [A]:

[A]v= = [A]; [X] = [4].

Hroxomxienne apobuoll crencnil Martplilbl  J10BOJBHO  CJI0ZKHO.
10, HAM HIJKE MOHaL00STCs JHUIb ApOOHbie CTENeHH AHa-
#£LIX MaTpHL. DTO MATPIHIla, BCE 3JE€MEHTHl KOTOPOMl, HCK/I0-
2MEHTDI, CTOALLNE Ha TJIaBHOM 11aroHa i, paBHel Hyato. 11x
creri i sHble CBOICTBA MO3BOJSIOT J1CTKO OCYIIECTBASTh BO3BeIe-
Hile 3 ZpOOGHYIO CTellcHb. ECJAH BO3BECTIL 1HAFOHAJIBHYIO MAaTpHILY
[A] 8 moayueayio creneHb, To B pe3yJbTaTe NOJYYHTCS JHACOHA/b-
Hasl MiTpDHLA C HEeHYJIeBBIMH 3JeMeHTaMH Ha IVIaBHOH AHMaroHa.l,
PaBHLIMH KOPHSIM KBaJpPATHHIM M3 COOTBETCTBYIOLIUX 3J€MEHTOB
ucxonuoft Marpuunl [A]. Hampumep, ecan [A] — marpuua nopsiaxa
3X3. 10

a; 0 07 [Van 0 0
0 a, O] = 0 Voa, 0
0 0 a, 0 0  Vay, |

ExvHuuHasg MaTpHIla — 3TO JHATOHAaJbHAs MaTpHLA CIeLHaJb-
HOrO BMIa C OYeHb MOJIE3HBIMH CBOHCTBaMH. LEcsau HekoTOpas Mar-
pHLLA YMHOXKAeTcsl HA eJHHHYHYIO MaTpHIY, TO B pe3yJbTaTe IOJy-
YaeTCA Ta XKe HCXOAHAs MaTpHIa:

I 4 7 1 00 I 4 7
2 5 8|0 1 Of=|2 &5 8
3 6 9 0 0 1 3 6 9
Takum o06pa3oM, efHHHYHAs MAaTpPHIA COOTBETCTBYeT €JIHHHIE B

06BLIYHOM YMHOXKEHHH. DT0 CBOMCTBO 0COOEHHO BAaXKHO B ONEpauudx,
paccMaTpHBAaeMBIX B CJAELYIOIeM pasjeJe.

CBEPTKA

CsepTKa — BEKTOpHAs Ollepallls, IUHPOKO HCNOJb3yeMas B aHa-
Ju3e BPeMEHHBIX PALOB, 0cOOeHHO NpH 0OpaboTKe CeHCMHYECKHX
JaHHbiX. B (u3HUECKOM CMbiCJe CBepTKa ONHChiBaeT crnocob B3a-
HMO1efiCTBHS KOMIJIGKCOB JABYX 3HepreTHUeCKHX BOJH. PaccMOTpHM
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= = by...). Ux cBepT-
q BeKTOpa — [A] == [(10 a; s .. ] H-‘ [B] [bo b1 2

;tzao6o3ﬂarl:aeTcsI OnepaTopoM *, [C]=[A]+#[B] u npHBOAMT K Bek-
topy [Cl=[co €1 Co ...]. KoMnoHneHTsl BeKTOpa [C] onpenensiorcs

no hopuye

;= 2ahi . (3.2)
=0

Hanpnmep, TpebyeTcst CBepHYTh 1Ba BEKTOPA [A] u [B], coxepxa-
X TObKO mo aBa uieda T. e. [A]=[ao a,] u |B]=[bo b:]. llep-
pasi KOMITIOHEHTA CBEPTKH -—

Co = aobo-o - (lobo,

BTOpds KOMIIOHEHTAa —
¢1 = aobi—o + aibiy = Goby + a1bo,

TPETbA KOMIIOHEHTA —
Co = agba—o + aiba—i + asboo = acby + ab, + asbe.

Ho nu ag, Ui bz He CyLIeCTBYIOT, MNO3TOMY TpeTbsl KOMIIOHEHTA
paBH4
Co = albl.

Takum o6pasoM, cBeprka [A] u [B] B aToM cayyae ecTp
[A]*[B] = [C] = [aobo a0b1 =+ a1bo albl].

3ameruM, uto xorst kak [A], Tak u [B] coaepxkaTr TOJbLKO IO
-1Be KOMIOHeHThbl, cBepTka [C] COaepKHT TPH KOMIOHEHTH. B 00-
uleM cJjyuae, ecJH INepBBIl BEKTOp, yUacCTBYIOLIHH B CBEPTKe, CO-
JepKHT 1 3JIEMEHTOB, 4 BTOPOH — /71 3/ME€MEHTOB TO CBEPTKa COLep-
KHT n+m—1 3eMeHTOB.

PoGunson u Tpeiitesb [7] palor uHTepecnoe rpaguueckoe 00b-
SICHEHHe OMepauHy CBepThiBaHHA. FCnosab3ysi HX MeTOJ, CBEpHEM
B2 BEKTOpA, KaxAblH M3 KOTOPHIX COAEPIKUT TpH 3/eMeHTa. CHa-
Yaga cTpouM TabJuIly HJAM MaTpHIy, B KOTOPOH OAMH BEKTOp OIl-
pelesiseT CTPOKH, a APYrOH BEKTOpP — CTOJIOUL. DJEMEHTHl B 3TOM
MaTpHle — NpOH3BeIeHHS CTPOK Ha CTOJOLHI

by by b,
a,| agby ayby a,b,
a;| a by a by a b,
a, a, bo az bl az bz
HOJIyquHy}o MaTpHIy Telepb nojapasje/seM Ha TOJOCKH, Ha-

1lHas OT HUMKHEro JIeBOTO yrjaa j0 BepxXHEero mpaBoro, Tax dTo
KaKALi sjeMeHT NMOJOCKH e€CTh CToaGel, ecqH HATH CnpaBa BHUS,
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H €CTb CTPOK3, €CJH HATH CjeBa BBepX, T. €. v
ag bg P /GEbAl s /agbz
-~ -~ ~

// 7 7
@by by - oyby,
p - ~
_ 7 P
azbo - azb1 //azbz

Saementsl Bekropa [C] coCTOAT M3 CyMM 3JIEMEHTOB IIOJOCKH, Ha-
yMHasl ¢ BEpXHEro JeBoro yraa. Hanpumep,

[C] = [acbo aibo + aob:  aszbo +
+ aiby + aobs  azby + aib, asbs].

OTO B TOYHOCTH TOT YJeH, KOTOPBIA HaXOAHTCS C NMOMOLIbIO NpHBe-
AEHHOTO BBIIE ypaBHeHHs. 3aMeTHM, YTO, KaK H OXKH[IaJoCh, YHC-
Jo ujeHoB B [C] ectb 3+3—1=5.

MBI CHOBA pPacCMOTPHM YHCJEHHBIH NpHMep, MPOAEMOHCTPHPO-
BaB OJ1HOBPEMEHHO, KaK OJAHH BEKTOp MOXKeT OBITb CBEpPHYT C ApY-
riM HHofl pasmepHocTH. ITycTb 3ajaHbl JBa BekTOpa:

[Al=1[1 3 5 7 2],
[Bl=1[6 2 4].

Cseptia [C] Oyzer umers cemb useHoB. Mcnoab3ys rpadiueckuit
MeTOJA, HX MOXKHO HalTH MO cXeMe

6 2
/6///2/ -4
BoTeTR
30 -710 — 20
~ - ~
by~ 28

-
2.4 _-8

\E £

N 3 w =

Takum o6pasom,
co= b,
c, =18+ 2 = 20,
c,=30+ 6+ 4=40,
¢, =42+ 10+ 12 = 64,
¢, =124 14+ 20 =46,
Cs= 41928 =32,
g = 8,

HJH
[C]=1[6 20 40 64 46 32 8.
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CpepTKa HE OUEHb LIMPOKO HMCIOJb3YyeTcsi B GOJIbIIMHCTBE CTATHCTH-
yeCKHX OINepauHf, HCKJIIOUEHHe COCTaBJseT JHIIb aHaJH3 BPEeMeH-
HEIX psAZ0B. MEL ellle BCTPeTHMCS ¢ 5TOl mpoueaypol, koraa Gyaem
paccMaTpuBaTh GUABTPALHUIO (CM. il 4).

OBPAIIEHUE MATPULL U CUCTEMbI YPABHEHUH

B naHHOM pasfese MBl ONpEJE]HM OmepauHio Haj MaTpHLaMH,
06paTHYIO ONepauuH YMHOXKeHHs, 3Hasfg IPH 3TOM, YTO IpsiMoe Je-
JleHHe OJZHOH MaTpHUBl HAa APYIYi0 HEBBIIOIHHMO. OIHAKO, HCNOJb-
3y NPaBHJa MaTPHUHOTO YMHOXKEHHS, MOXKHO BBECTH COOTBETCT-
BylOlLllee MOHATHE, JJS 4Yero Heo0XOJAMMO PEUINTb MaTpPHYHOE ypas-
nenne [A]-[X]=[B] orHocHTesbHO HeH3BecTHOH MarpHusl [X].
Heo6x0AUMO TOJYEPKHYTh, YTO 5TO OJHA H3 HanboJiee BaXKHHX
onepaiuii MaTpuuHoii aareGphl, KoTopas OyAeT HEOZHOKPAaTHO HC-
n0JIb30BATbCS B JajbHEHINeM, B YaCTHOCTH [JSl DElIeHHS CHCTeM
VPaBHeHHUll B AUCKPHMHHAHTHOM M TpeHI-aHaJlu34ax.

[IpuBeneHHoe BRIlle ypaBHCHHE pellaeTcss ¢ TOMOIILIO HaXOXK-
aenns matpuubl [A]7!, oOpatnoit marpuue [A], xotopas yrosJier-
Bopsier coorHowenuio [A]-[A]7'=[1]. Tak Kak yMHOXKeHHe MaTpu-
Ubl Ha €AMHHYHYyl0 MaTpHUy [l] ee He u3MeHSET, MBI MOXeM yMHO«
KUTb 00e uacTu ypaBHeHHs Ha {A]™!, B peayJbrare uwero maTpuua
[A] B neBoit yactu ypaBHeHHs HcuedHeT. B 1o ke BpeMst Mbl HaxO-
JHM BBIDAXEHHe HeH3BeCTHOH Martpuunl [X] uepes marpuuwm [B] u
{A]-‘. Martpuna [A] nomkna ObTe KBajpaTHodl. Hcxoass u3
A]-[X]=[B], ymuoxuM o6e uactn Ha MaTpuuy, 06paTHyIO K [AL
1. e [A]7: [A]-[A]-[X]=[A] -] B].

Tak kak [A]!-[A]=[1] u [1]-[X]=[X], nonyunm

[X] = [4]*-[B]. (3.3)

Taxum o6pasom, 3afaua, o6paTHas YMHOMKCHHIO MAaTpHI, CRO-
JAHTCS K HAXOXAEHHIO MaTpHUb! [X], Onpeae/IeHHON COOTHOMICHHEM
(3.3). B HeKOTOpHIX Caydasix 06paTHYIO MaTpHly HaHTH HeJb3d,
TaK Kak B npouecce oOpalleHHA HHOTAA NPHXOAMTCSH BHIIOJAHSITH
Aenenne Ha Hysb. HeoGpaTuMasi MaTpuna Ha3bIBAETCS BHIPOIKIEH-
HHOM, HO TakHe MATPHIUEl B 3TOH IJlaBe MBI PacCMaTpPUBATh He GyleM.

[Iponenypy ofpalleHHsi MaTpPHI MOKHO IPOUJIIIOCTPHPOBATH,
Pellass cucTeMy ypaBHeHHH B MaTpHuHOH (opMe. 3HAYEHHS HEH3-
BECTHLIX B 3TOM caydae ;=2 H x,=3. [lonvitaemcs mafitu ux, Hc-
10.1b3y yMHOXKeHHe H 00pallleHHe MaTpHi:

4x; + 10x, = 38,
10x; + 30x, = 110.
OTy cuCTeMY ypaBHEHHH MOXKHO 3alHCATb B MaTpHYHOH dopme:
[A]-[X] = [B],
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rze [A]— matpuna xosadduunentos, [X]— Bekrop-cTonbeu HeH3-
BEeCTHLIX, [B] — BexkTop-cTos6el, NMpaBbiX yacTell ypaBHEHHI.
B nawewm gyacTHOM cayvae

4 10 x| _[ 38
10 30 X, 110
Yrobbl peluTh 3T0 ypaBHeHHe, HEOOXOAMMO O6pAaTHTh MATpHUY
[A}, Torna mpomsBeienne Mmatpuu [A]™' u [B] nact Ham BeKTOp
pewenns [X].
B03M03KHO, 4HTaTe 10 He TOHATHO, MMOoUeMy CHCTEMY YpaBHEHHI
MOJKHO NpeJCTaBUTh B yKas3auHO# MaTpuuHod ¢opMe. Utobnl ybOe-
IMThCSI B 3TOM, MODEKOMEHJAyeM nepeMHOKUTb MaTpuuy [A] u Bex-

Top-ctonben [X]. B pe3yabrare noJKeH MOJAYUYHTBCS BEKTOP-CTO.-
6el neBbIX yacTell ypaBHeHH:

4 107 7 x, " 4xy - 10x,
10 30 l)« [ 10x; + 30x,
Boimosnuus 310 YMHOZKeHHEe, Bbl yéeﬂHTer, YTO CcHCTeMa 3ani-

CaHa IIpaBHJIbHO. EEﬁCTBHTeJleO, [I0 IpaBuJaM YMHOXKEHUA MaAT-
pHI [IOJYy4YaeM

410 = _l'tm,+1o:c2
10 30 x, -L

3arewm, YMHOKAast HHXKHIOIO CTPOKY, NOJydYaeM

[4 10 2
30 2] T | 10x+30x,

Tenepp peuniy cHcreMy ypaBHEHHH € NOMOILBIO oOpalleHHs
matpuuet [A}. TTomecTnm matpuuy [A] cnesa oT eauHH4HON MaTpu-
Hbl [/] H BBIIOJHIM BCe HEOOXOAHMbie OMepalid OJHOBPEMEHHO Ha
obeux marpunax. Llesp 5THX onmepaulii — CBECTH [IiHArOHAbHbIE
sJeMenTsl MaTpHubl [A] K egnHHLaM, a BCe OCTAJbHLIE — K HYJISAM.
IT0 BLIIOJHSACTCA C MOMOWIBIO AedeHHs CTPoK MaTpuusl [A] na KoH-
CTAHTH, 4 TaKMKe€ HX CJ0XKEHHA M BbluuTauus. [locaegoBarelb-
HOCTb OIepaiuil ciae1yooas:

1. [ 4 10 T 7 1 0 7 Marpuuy [A] nomelnaeM psiIOM C eji-
10 30 10 1 | Hnuvon matpuueir [/]

9. 1 2.5 ] [ 0,25 0 ] [epsyio cTpoKy meany Ha 4, nosaydyaey
10 30 ] 0 1 upu stom | Ha mecre a;

3. 1 2,5 0,25 0 BoulunraeM 3 BTOpoH CcTpoku yaecsate-
0 5 —2.,5 i peHHy0 TepBylo, modyuaem 0 Ha Me-

cTe Qg

4, 1 2,5 ] l 0,25 0 1 HdenuM BrOopylo CTPOKY Ha 5, ROJY-

0 1 | —0,5 0,2 J yaeM | Ha Mecre @y
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0,2 | Bounraem ee u3 nepeoil, nosaydaem 0
Ha MecTe ajo

?

3. 1 0 1,5 —0,5 7 ¥MmHoxkaem BTOpYIO CTPOKY Kz 2,5 o
[ 0 1 —0,5

Mbl nmoayuuan obpathyio Mmarpuuy. Jlist NpOBepKH NpasH/ibHO-
cTH 06pallientsi J0CTATOUHO YMHOMKHTb HCXOAHYIO MaTpnuy {A] Ha
noayuesnyio matpuuy [A]7!, W B pesy.abTare 0JIKHA NOJYIATHCH
eHHHUHAS MaTplla

1,5 —0,5 4 10 1 OJ
—05 02] {10 30]7 {0 1
Tax kaxk [A]"'-[A]=[{], TO BHNOJHAIOTCS CJAEAyIOLIHE paBEH-
cTBa:

[A]7"-[A]- [X] = [A]--[B],
[7]-[X] = [A]7"-[B],
[X] = [A]~"-[B].
Ymuoxns marpuny [A]™! ma Martpuuny [B], Halijzem HedH3secT-
Hylo matpuny [X]:
[Ar - Bl = [X]

1,5 —0,5 38 2
[—0,5 02]" 110]“[3}

Bexrop-cronben, X COnep:KHT HCKOMble HEH3BECTHHE X1=2,
xz=3. BclooMuHas, YTO MMEHHO 3TH 3HAYEHHS YAOBJETBOPAJH HC-
XOJHBIM YpaBHEHHSM, Mbl yOexkjaaeMcsi B TOM, YTO HalIIH X U Xp
[paBHJIbHO.

PaccMoTpuM ellie OAHH NpHMep pellleHUs] CHCTeMbl YpaBHEHHIl C
IOMOILbI0 OOpallleHHs MaTpHLbL. 3anHiieM TpHBEJAEHHbIE HHXKe
ypaBHeHHs] B MaTPHUHOH ¢dopMe W HallaeMm X, H xp, obpawas mar-
pliLy CHCTEMBI:

2% + xo = 4,
3x; + 4x. = 1.

KpaTko saniumiemM onepaiul, BHIIO/HseMble NIpH OOpalleHHH MaT-

PHILLbIL:
I, (2 1 x1] _[4
[3 4]'[x2}“'[1J
2. [2 112 [ 4/5 —1/5
[3 4] _[—3/5 2/5]

3. 45 —1/5] [47 _[ 3
[—3/5 2/5]'[1]_[—2J

[

139




CnenoBatenbHO, 3HAYEHHS HEH3BECTHBIX OyAyT X =3 H X,=
=—2.

3aMeTuM, 4TO ONHCAHHAS NpOUEeAypa OuYeHb HAMOMHHAET KJjac-
CHUeCKHH ajreGpaMyecKuil MeTO pelieHHs CHCTeMHl JIBYX ypaBHe-
HUuil. B caMOM jese, pelleHHe CHCTEMHl YypaBHeHHH — Haubo.ee
Ba)XHOE NpHMEHeHHe NpOUeAypbl oOpallleHHss MaTpuu. B manHom
Clyyae NpEHMMYyINECTBO MATPHUHBIX METOJOB IO CPABHEHHIO C Me-
TOAaMH OOBIYHOH anre6pbl 3aKA04aeTCs B TOM, YTO OHH GoJee
CHCTCMAaTH3HPOBAHHl W Jyylle TMOAAAIOTCA MPOrpaMMHPOBAHHIO.
BosbwHHCTBO Mpoueayp, ONMHCAHHBIX B CJAEAYIOMHX TJaBax, NpH-
BOJIHT K PCIUEHNIO CHCTEM YpaBHEHHH. DTH CHCTEeMBI OGBIYHO 3amu-
CHIBAIOTCS B MATPHYHOM BHAE H DEIIAIOTCA ONHCAHHBIM BLIUIE Me-
ToaoM. Onepaunuio o6pauleHHss MaTpPHIL MOMXKHO NPHMEHHTh K KBas-
PaTHBIM MaTpHuaMm J1000ro mopsjaka, a He TOJABKO K MaTpHUaM
nopsgka 2X2, paccMOTpeHHbHIM B HpHMepax. YOemHTeCh B 3TOM,
00paTHB NpHBEJCHHYIO HHXKe MaTpHUy NOpsaaxa 3X3:

I 2 3
2 6 5
3 5 6

Ecan Mbl 3aX0THM 06paTHTb AMATrOHAJBHYIO MaTpHUy, TO 3a1a-
uya OKaxercs 3HayuTeabHO mpoile. O6paTHas MaTpuua — 3TO TpO-
CTO AHAroHaJbHas MaTpHIA, HEHYJeBble 3JEeMEeHTH KOTOpo#i — 06-
paTHbie BeJHYMHBl COOTBETCTBYIOLIHX 3JEMeHTOB obpamiaemoit Mart-
puue. Pacemorpum marpuny [A] mopsaka 3X3:

L 0 0
a, 0 07 fu
0 a, O = 0 ﬂiz 0
0 0 ag
0 0 L
_ Cag _

HekoTopble KOMOHHAIHA [0BOJBHO CJOXKHBIX OMEpailHii CTaHO-
BATCA OYeHb MPOCTHIMH, €C/II BXOASIIHE B HHX MaTpPHIL AHArO-
HajbHble. Hanpumep, paccMmorpuM ymuoxkerue [A]-1-[A]R=[A]-".
Ecnu [A] — maTpuna mopaaka 3X3, To npoH3BefeHHe PaBHO

- -
— 0 0
O 6122 O = O VH—Z_Z
0 0 ay ,
0 0 —
- Vaas -
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B mexoropuix cayvadax He ofs3aTenpno ofpailaTh MaTpHIY, ec-
au TpefyeTcs TOJIBKO DEIIMTb CHCTeMy ypaBHeHHH. B paccmorpeH-
HOM TIpHMepe Mbl HCKaJ/i 3HAUeHHs 3JeMeHTOB Marpuusl [X], yios-
JieTBopsioulell ypaBRHeHHIO

4 10 ol [ 38

10 30 X, 110
C »70#t meablo Mpl o6parHaun Matpuny [A] m HamIH MaTpUUY
{X], ymuoxus [A]~! na [B]. BMecTo 3T0ro M0xHO ObIIG MPSAMO HC-
70.1b30BaTh MaTpuuy [B] mo Mepe Toro, kak Marpuua [A] mnpeo6-
pa3oBEIBA/IaCh B eaMHHuHyI0 MaTtpuuy. C 3TOH weabi0 YROGHO
HCII0JIb30BATh TaK HA3LIBAEMYIO PaCUIHPEHHYI0 MAaTpHUY, COCTOSi-
LVIO H3 1 CTPOK U n-+1 cToabuos. Bektop-cTonben [B] sanumaer
n-+1-t cronben paciipeHHOH MaTpHUbl, OCTalbHasf 4YacTb €€ —

mMartpuua mopsigka nXn — obpamaercs. Memoabsys 3TOT cmocod,
pelHM Ty XKe 3ajauy:

1. 4,0 10,0 38,0 ] H3 wmarpun, [A] u [B] cocrasasem
10,0 30,0 110,0 matpuily nopsaaxa nX (n+1)

2. 1,0 2,5 , 9,5 ] TlepByro crpoky menuM Ha 4, BTO-
1,0 3,0 11,0 pyio —Ha 10

3. 1,0 2,5 9,5 ITepBylo cTPOKY BBIUHT2eM H3 BTOPOR
0,0 0,5 | 1,5

4, 1,0 0,0 I 2,0 ] YMHOXEHHYIO Ha D BTOPYIO CTPOKY BH-
0,0 0,5 1,5 uytaeM H3 nepsoft

5, 1,0 0,0 2,0 Bropyto crpoky penum xa 0,5

0,0 1,0 3,0

Takum ofpaszoM, B pesyabraTe n-+1-i cTosnbel moOsydYeHHOH
MATPHULL COAEPKUT pEIeHHe CHCTeMbl YDaBHEHHH, a HCXOAHad
MaTpHulla 3aMeHeHa eIHHHYHOH.

Ons ofpalieHHs MaTpHIl H3BeCTeH psAx MaTeMaTHYeCKHX Ipo-
LeLyp, 3aCJyKHBAIIIHX BHHMAaHHSA., JIeCATKH MeTONOB CO3ZaHH
ISl pelleHHs] CHCTeM YDaBHeHMil H CyIleCTBYIOT COTHH NpOrpamm-
Huix Bepcuil. HekoTophie M3 HHX TpeiHa3HaueHHl CNEUHaNbHO AJIs
MaTpHIl YaCTHOTO BHAA, TAKHX, KaK paspexKeHHble MaTpHub (T. e.
MaTpHUILE], COAEpKAllHe MHOIO HYJEBLIX 3J€MEHTOB) HJH MaTpHIH,
ofaajaioniue HEKOTOPHIMH THIAMH CHMMETpDUH. DOJBUIMHCTBO BH-
YHCAUTEJBHLIX 1EHTPOB HMEET CTaHAAapTHHE NpPOTPpaMMBEl B CBOHX
6ubanoTekax, MpefHa3sHAYeHHEe [/ BHINOJHEHHS MAaTpPHUHHIX OHe-
pauufi. HeobxoxnMo sapanee ¢ HMUMH O3HAKOMHUTHLCH, JIpEXAe UeM
norpebyercs BHIIONHATL paboTy, onepupysa ¢ 6O.JpUIHMH MaccHBa-
‘MH JaHHBIX.
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TPAHCNTOHHUPOBAHHE

Ounepauns 3amennl CTOJI6LOB MaTpHibl CTPOKAMH HAa3biBaercs
TPAHCIIOHHPOBAHHEM.
1 2 3
4 5 6

Hanpumep, maTpuua
nocJe TPaHCIOHHPOBAHHSA HMeeT BUT
1 4
2 5

3 6

OTmeTuM, 4TO NOC/e TPAHCIOHIPOBAHUS MEpBAst CTPOKA CTATE
NepBLHIM CTOJOLOM, a BTOpas CTPOKAa — BTOPLIM CTOA6LOM. Ecai
0603HaunTh Matpuuy uepe3 [A], To MaTpHily, NONY4EHHYIO TpaHC-
nonyuposanueM MmaTpuunl [A], o6osnaunm [A]7. Tlpu TpancnoHnpo-
BAHHH 3/1EMEHT @; MepexoJHT B 3JeMeHT @&;. BO MHOrHX 3amauax,
paccMaTpHBaeMblX B IJ. 6, yacTo OyjaeM [01b30BaTbCA TEM, UTO
BEKTOP-CTpoKa Matpiubl [A] npH TpaHCIOHHPOBAHHH Npespallaer-
csi B BekTop-cTosi6en; Matpuubl [A]7. Bekrep-crpoka 1 BekTOp-
crojbel] IOJy4alOTCss OJHH M3 APYroro TpaHcnoHmpesamnem. Ha-
npuMep,

1 23 4 u

> W D =

[Tozke OGysem HMeTb MHOrO cjyuaeB, KOTAa MaTpHI[a YMHOMa-
€TCg Ha MaTpHIly, TPaHCIOHHPOBaHHYyIO K Heill. Ecan marpuma [X]
HMeeT 1 CTPOK H m CTOMOLOB, TO TPAHCNOHHpPOBAaHHasA K Hed [X]”
6yneT UMeTb 1 CTPOK H n CTOJOIOB. YMHOXKas MaTpuuy [X] caeBa
Ha TPAHCMOHHPOBAHHYIO K Hell MATPHIY, MBI [OJIy4aeM KBaApaTHYIO
CHMMETPHYECKYI0 MAaTpHUY NOpAAKa X7, Ha3bIBAEMyl0 MeHbuleil
maTpule#l — npoussejenneM MaTpHusl {X]. Ymuexas matpuuy [X]
CripaBa Ha TPAHCINOHHPOBAHHYIO K HeH MaTpHLy, NoJyYaem KBaj-
pPaTHYI0 CHMMETDHUECKYIO MaTpHUY NOpsiika #X1, Ha3bBAEMYIO
GoabLION MaTpHuel — nponsBexenHem MaTprns [X].

ONPENEJUTEJIHN

[Ipexpae ueM MNEPedTH K M3JIO0KEHHIO HAIlell IOCJEHEH TeMBbl,
Kacawlueiics COOCTBEHHBIX 3HAa4eHHH H COOCTBEHHBIX BEKTOPOB,
OCTAaHOBHMCS KOPOTKO Ha onpejennTese MaTpHusl. Onpenenuress —
3TO 4YHCJO, NPHNUCHIBAEMOE KBAjAPAaTHOH MaTpuue B pesy/brare
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HEKOTOpOIl Iocse10BaTeNbHOCTH onepaunil. OmnpejeauTess CHMBO-
Juueckn obosnavaercs det A, |A| uau

3y Gy

Qo1 Ay

On BHUHC/IAeTCS Kak cymMMa 7! 4/eHOB BHJA

k
(— 1) ay, @, agy (3.4)
TAE 71— UYHCJIO CTPOK (MJH CTONOLOB) MATPHULL i1, iz, «.., in—
HEKOTOpasi mepecTaHoBKa 4ucea I, 2, ..., n; R-—4ucao TpauHcmno-
3K Tap 3JeMEHTOB, HEOOXOIHMBbIX A/ TOTO, YTOOBI pPAacCHoJo-
XKHTh HHAEKCH B mopsake 1,2, ..., n

Kaxapiit ujeH 3TOH CyMMBbL COAEPIKHT MO OJHOMY 3JeMEHTY U3
Ka’K10i CTPOKH H KazKIOTo cTo.Ja0ua.

ITpouecc BbluHC/IeHHS ONpeje/HTeNs HauHHaeTcs ¢ Belfopa Mo
OJHOMY 3JIeMEeHTY H3 KaxKJOH CTPOKH IJ51 00pa3oBaHHSA PAa3JHUHLIX
KOMOHHAUMHA. DJeMeHThl KaXIO0ro 4ieHa CyMMBl BBIOHpAIOTCA H3
CTPOK B eCTeCTBeHHOM Iopsake 1, 2, ..., 7, o1HAKO Ka)Kaas KOM-
GHHAIHS MOXET COJep:KaTh TOJbKO MO OJHOMY 3JEMEHTY H3 KaikK-
noro crogbua. Hanpumep, B Marpule nopsixa 3X3 MOXKHO Bbl-
6partb KOMOMHALKIO &209:833. OOpaTHTe BHHMaHHE, UTO 3JEMEHTH
pacnogaralorTcs B MOpsfKe BO3PACTaHHs HX IIEPBbIX HHIEKCOB —
HOMepoB cTpox. Kaziasd KOMOHHAUHSA COLEPKHUT POBHO MO OJHOMY
3JeMeHTy H3 Kax10fl CTPOKH H Kaxjaoro cronbua. Tpebyerca Bbi-
0paTb BCe BO3MOKHBIe KOMOHHALMH, COCTaBJEHHBble TaKHM CIOCO-
6oM. Ecanm maTpuua umeer Nopsiiok nX17, TO TaKHX KOMOHHAUHH
Oyaer n!

Tax kak NopAlOK YMHOXKEHHS 4Hce] He BJHAT Ha pe3yJbTar,
T. €. Qy:1Qpsl33="_(r20 110053 =033022Q; H T. ], TO MOXKHO MPOH3BOJBHO
H3MEHHTb IODSII0K 3/eMEHTOB B OTOOpaHHBIX KOMOHHauusx. ITo-
NBITaeMCsl BEIOPATh 3J1eMeHTHl Tak, YTOOBl HX BTOpBlE HHIEKCHI, H.IH
HOMepa cToa010B, PacloJOXKHINCE B NOpsigke Bo3pactanus. [lepe-
CTAHOBKY MOIKHO BbLITOJHHTb, MeHAs J00bie JBa COCETHHX 3JeMeH-
Ta MecTaMH. BoiMOJHAR ONEepalHio, Hy:KHO COCUHTATh, CKOJBKO
CAEJAHO TEePecTaHOBOK, HEOOXOJHMBIX 1JF TOro, YyTOOBI HHIEKCH
PACIOJOKHIAXCh B HyKHOM nopAike. Ecam aaa atoro norpebora-
JIOCh UeTHOE UHMCJO nepecTaHoBox (1. e. 0, 2, 4, 6, 8, ...), T0 nmpo-
H3BeJeHHEe 3THX 31EeMEHTOB GepeTcs C MOJIOKHTEJIbHBIM 3HAKOM.
Ecau ObI0 MCNOJB30BaHO HEUETHOE UYHCJO IepecTaHoBok (T. e. |1,
3, 5,7, ...), To npousBejente 0epeTca ¢ OTPHIATEIBHLIM 3HAKOM.

B martpnue mopsajika 2X2

[au alz]
o1 dyy
MO2XKHO HaﬁTH TOJBKO AB€ KOMGHH&HHH 3JJ€MEHTOB, COﬂep}KamHX
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HO OJHOMY 3JIeMEHTY M3 KaxKI0H CTPOKH H3 KaxKAoro croa6ua, —
Ao H A19Q01. BTOpre HHAEKCBI B YJ€He a11Q22 pacnoJioXKeHel B
eCTeCTBEHHOM IIOpsIJKe H NepecTaHoBOK He Tpebyior. Uucao mepe-
CTAaHOBOK DaBHO HYJ0, HOSTOMY 3HaK IIPOH3BefeHHS IO0J0KHTEAb-
Hblii. OJlHaKO 2JeMeHTHl B YJEHaxX @iz H Q21 HYXHO NOMEHSTb Mec-
TaM4, YTOOBl MX BTOPble HHJAEKCHl pAacCHOJOXKHJIHCh B HYXKHOM MO-
panxe. Dto TpebyeT onHOM IIeDECTaHOBKH, MO03TOMY pe3y./bTaT
OyneT ¢ oTpHuaTesbHHIM 3HAKOM. HTak, onpenenntesb MaTpHLLI
nopsaika 2X2 paBeH

a1 Qe
= 4 031059~ Ay505;1.

Qg1 Qg

B kayecTse uHCI0BOro mpuMepa PACCMOTPHM MaTpHIY
2 1
4 3

= +(2:3)—(1-4) =2,

Ee onpenenutesns pasen

4 3

Teneps paccmorpuM 6ojee CNOXKEBH NpHMEP — ONpELeNHTENb
MaTpUuLl nopaaka 3. X3

ayy Gy Qg

Ay1 Oy Qdp
a3 4y Qg

3pece 6yzner 3!, uau 3-2.1=6, xoMGuHAIUH, KOTOPBle copepKar
IO OJHOMY 3JEMEeHTY H3 KaXXIOH CTPOKH M KaXaoro cro/nfua, HH-
JEKCH KOTOpHIX pacnogaratorest B nopsazke 1, 2, 3. Hauunas ¢
BepxHell, BbI6HpaeM IO OJHOMY 3JIeMEHTY H3 KaxaoH cTpoxH. CHa-
uajia M3 [epBOH, 3aTeM H3 BTOPOH, TpeTbeH, ..., A-ii, HCNOAb3YH
npH 3TOM He 6ojlee OJHOrO 3/1eMeHTa H3 KaxJI0oro cro.1bua. Yxa-
JKeM Bce BO3MOJKHBIe KOMOHMHAUMM, YJOBJETBOPAIOLIHE 3THM YyCJO-
BHAM:

a11Q92033, 11023039,
Q12023031, Q12021033, i
Q13Q21039, 13092031, ‘

Jlns ompefesieHHsl 3HAKA KaXI0r0 WieHa HaM HYXKHO BHISICHHUTD,
CKOJIbKO MEpPecTaHOBOK HEOGXOAMMO BHINOJHHTb, YTOGH BTOpHE
HHIEKCH pacHoJIOXKHJIHCh B mopsinke 1, 2, 3. Ias wieHa @11@2:833
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nepecTanoBok He Tpelbyercsa. [IlepecranoBku AJds ApYrix WICHOB
NpHBEJEHH HHXKeE!

Q11023032 =011032023 k=1, 3HaK —
(12093031 =0Q 19031 03=031212023 k=2, 3Hax +
Q12091Q33== 31012033 k=1, 3HaK —
01309, Q3p=021013032= 021032013 k=2, 3HaK +
Q13090031 =0130310 2= 310130 22= 031020013 k=3, 3HaK —

Hrak, B onpefenuTtese TPH NOJOKHTENbHBIX H TPH OTpHIIATE/]b-
HpIX usieHa, CkaaablBasi 4ieHbl (C COOTBETCTBYIOIHMH 3HAKAMH),
MOJY4YHM

~+ Q11022033 — Q11Q93Q32 + A12d23d31 —
— Q12021033 + Q1302132 — A13d2003).

Tenepb paccMOTPHM MaTpPHUY AEHCTBUTENbHLIX YHCET

4 3 2
2 4 1

1 0 3

U_IECTI: YJIEHOB BLRITJAAAAT TAK:

(4.4.3) = 48,
(4-1.0) =0,
(3-1.1) =3,
(3-2-3) = 18,
(2-2.0) =0,
(2-4-1) =8.

[lepBuiff, TpeTHH# M NMATHIH H3 3THX 4JIeHOB Tpe6GYIOT UYETHOIo
yHcJa onepauuii, Ajas TOro YToOH HX BTOpHE HHAEKCH PAaCHOJOXKH-
JMCh B MOpsAJKe Bo3pacraHud. Jas Toro utroGH HHJAGKCH OCTaJlb-
HBIX 3JIEMEHTOB pacloJIOXKUJINCh B MOpPAAKe BO3pacTaHud, Tpeby-
eTcs HEYeTHOE YHCJIO ONepauHuil, H NMO3TOMY OHH OTpHLATEJbHLI
CkyappiBasi, moJayyaeM:

[A] =48 —0+3—18+0—8 = 25.

DTOT MeToj BHUHCJEHHS ompejenurenss omucaH [lertodpenuo
[5]. Bonee oOmenpuHATHH NOAXOJA, H3JOXEHHBLIH B MOHOrpabuH
T'upu u Yusepa [2], ocHOBaH Ha Tak Ha3bLIBAEMOM MeToOje aareGpau-
YeCKHX JIONOJIHEHHH, HO IO CyUIeCTBY MaJO OTJIHYaeTcs OT H3J0-
3KEHHOTO.

Tenmepp MBI yXXe yMeeM BLIUHCJATH ONpeJeJHTeNb KBaAPaTHOH
MaTpHIH, HO ellle HeACHO, 4TO 3TO Taxoe. OmnpeaeaHTeNH BO3HHKA-
I0T B PASJHYHBIX 3ajauaX, HO 4Yalle BCEro OHH HEABHO YyYacTBYIOT
B pellleHHH CHCTEM ypaBHEHHH. UuTaTenb MOr HE 3aMETHTb HX MpH
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PAaCCMOTPEHHH 3TOTO BOMPOCA, HO CKPHITO ONpEJe/HTENH HCHOJb-
.30BaJiCh B mpouecce ofpallleHHst MaTpHUbL. PeluM CHCTeMy ABYX
ypaBHeHHH:
ana; + a2a2 = ai,
(3.5a)

Q19Q11 + Az002 = Q2.
IpencraBuM 3Ty CHCTEMY B MAaTPHYHO# (opme:
[au alzl _lxll: [bl]_ (3.56)
dy; Qg X | by '
Mpr yiKe BBICHHJH, UTO BEKTOpP-CTOJ0el HEH3BECTHBIX Xy H X
'MOKeT OHITb HajieH ¢ MOMOLIbIO oOpalieHust MaTpHubl. OJHAKO Mbl

MOYKEM HaHTH HEU3BECTHble C IOMOIIBIO OOBIYHLIX ajreGpanyecKHx
npeobpasosanuii. [Tomayunm

X, = _byayy — aysby ' (3.6)
Q11033 — Ay2la
Xy = Ay1by — b1y _ (3.7)

Ayydgg — Ayalyy

HeTpy1HO 3aMeTHTb, UTO 3HAMEHATEJH y STHX BbIpaxKeHHi OJH-
HAKOBLL. JTO OMpeje/nTenb MaTpuib [A], T. e.

Q31 Ay

= Q319y — A3ss;- (3.8)
Ayy Qg

[4]=

I[anee YUCJAITEJH TOXKEe MOXHO NpeJACTaBHTb KaK ONpeAeNHTE/H.
Uucaureb BhIpamweHuss AJas X; MOXKHO NPEeACTaBHTb KakK ONpeje-
JINTEJ1b MaTpHIbl

by app

b @ = D099 — Asb1a, (3.9
2 U

[B-A | =

4 YUCANTeJIb BLIpAMEHHS JJ1d X2 Kak omnpejeqiTesb MaTpHlibl

a b
" Y= anby— anby. (3.10)

I Ali'Bl =

Ay by

DTOT MeTox MOXKHO 0606MIMTL Ha JIOOble CHCTeMbl ypPaBHEHHH.
Takoii crmoco6 pellieHHst CHCTeMbl YpaBHEHHH HA3bIBAeTCd NpaBH-
JoM Kpamepa, KOTOpOe [JIACHT, YTO 3HAueHHe JIOGOH HEH3BECTHOI
X; B CHCTeME COBMECTHLIX YPaBHEHHH DaBHO OTHOILIEHHIO ABYX OI-
peneanTeneil. 3HaMeHaTeJb — ONpeJE/HTEIb MaTPHUbL KO3(PHUIH-
esrtoB (B HamieMm npumepe Matpuusl [A]). Uncanrtens — onpese:
JAHTeab Toil 3Ke MaTpHUbl K03Q(HUHEHTOB, Yy KOTOpofl i-ii cToabeu
3aMeHen CTOJGLOM TpaBhbX YacTell ypaBHeHHit (BexTop-cToa6ey b).
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TIposepum 3TO NPaBUJIO HA NPUBEJIEHHOM paHee NpuMepe:

3naMeHaTeqd B 06eHx JpoOsAX paBHLI ONpejeUTe K

4 10
— (4-30)—(10- 10) = 20.
i go| =N —UOIO)
LIHCJIHTeJ]b Bpra}KeHHﬂ AJA X, paBeH Oﬂpe}leﬂHTeJﬂo
88 101 _ (38.30)— (110 10) — 40.
110 30
YncauTenb BHIpaKeHUs 175 X; PABEH
4 3B 4.110)—-(10-38) — 60,
10 110

Hrak, x;=40/20=2, a x2=60/20=3d Panee ¢ noMoilbio 006~
palleHnusi MATpHI Mbl HALJIH TOYHO TaKHe 3HAUEHHS HEH3BECTHBIX.

COBCTBEHHbBIE 3HAYEHHSI U COBCTBEHHBIE BEKTOPDI

Tema, XK KOTOpO# Mbl NepexoiHM, — coOCTBeHHble 3HAYCHHS N
coOGCTBEHHBle BEKTOPB — HaunOoJee TpyJHa B MaTpHYHOH aJjrebpe.
TpyAHOCTD COCTOHT He B HX BBIUHCJEHHH, KOTOpPOe sBJAETCA He
GoJjiee TPOMO3AKHUM, YeM JApYyrHe maTeMmariiueckHe npoueaypul. Cko-
pee BCEro, TPYAHOCTb 3aK/AI04aeTcs B HHTYHTHBHOM = TOHMMAaHHH
3THX BeJH4YHH. K HecyacTbio, B GOJ/IBILIHHCTBE DYKOBOACTB 3Ta TeMa
H3J1araeTcsi B CTPOTHX MaTeMaTHUeCKHX TepMHHAaX, He Bcerja Ho-
HSATHBIX HEMaTeMaTHKY.

Ouenb Xopollee H3/0MeHHe NOHATHH O COOCTBEHHBIX BEKTOpax
1 cOOCTBEHHBIX 3HAUEHHUSX, COMPOBOXKAAIOILEeCs] TeOMeTPHUeCKOH
UHTeprpeTauHell, ObJIO NOAroTOBRJAeHO 'OyngoM st cTYAEHTOB reo-
rpaduueckoro ¢akyabrera [leHCHIBBaHCKOrO yHHBepcHTeTa. Ilpu-
BCJEHHOE 3JeChb H3JIO)KeHHe TeMbl OCHOBLIBAeTCH Ha 3TOH paboTe,
a Takxe Ha crarbe I'oynza [3]. Mb 6ynem paccmaTpHBaTh MaTpi-
Iy, COCTaBJEHHYIO M3 KOOpJAMHAT TOYEK B HEKOTOPOM IpPOCTPaHCT-
B€, U HHTepPNPETHPOBAaTh CBOMACTBA COOCTBEeHHBIX 3HAYeHH H acco-
UHUPOBAHHBIX C HHUMH COOCTBEHHHIX (YHKUHH K4K reoMeTpuueckie
cBoficTBa pPacCHOJOXKeHHs TodyeK. Tako# moaxon TpeOyeT paccMmor-
peHHs MaTpHI HHU3KHUX NopAAKoB. OIHAKO HHTYHTHBHBEIE NPEACTaB-
JIeHHsl, NOJYYeHHble [Jif 3TOro cJjyuas, MOXKHO 3KCTpanoJHpOBaTh
Ha MaTpulbl 6OJBIINX NOPAAKOB, Aaxke Ha TaKHe, BLITHCJIEHHS HJIST
KOTOPBIX NMPAKTHYECKH HEBBIMOJHHMB TMpH pyuHoM cuerte. Caeayer
3aMeTHTb, UTO MBI BCTymaeM B Takyio 06JacTb, B KOTOPOH OYeHb
yacrTo jake Hanbojee Mouubsie IBM 0Ka3bIBaIOTCA HE B COCTOSAHUH
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TIPEOA0JeTh BHIYHCIHTEbHEIE TPYIHOCTH. Tak Kak Mbl y&Ke MO3Ha-
KOMHJIHCb € ONpEJeNUTesAMH, TO MOXKeM HX MCIOAb30BaTh AJs
BBEJEHUS NMOHATHH COOCTBEHHBIX 3HAYEHHI H COGCTBEHHBIX BEKTO-
pos. Ilycte nana cucTemMa ypaBHEHHH, 3anHcaHHas B MaTPHUHON

GopMe:
[A]-[X] = A[X]. (3.11)
B 3ToM ypaBHenuH npou3BeleHHe MaTpHibl K03(h(HIHEHTOB
(a:;) na BexTop-cTON6el, HEM3BECTHBIX [X] paBHO NPOU3BELCHHIO

KOHCTAHTHL A HA BEKTOpP-CTOJOEH HEH3BECTHBIX. 3ajaua MOUTH Ta-
Kasl Xe, KaK H pellleHHe CHCTeMbl YpaBHEHHUH

[A]-[X] = [B], (3.12)
TOJbKO Tenepb [B]=A[X].

HyxHo HaliTH 3HaueHus A, yIOBJIETBOPSIOLUlHE 3TOMY COOTHO-
weHHio. Ypasuenue (3.11) MoxHO 3amucaTh B popme

([A] —A[1]) - [X] = [0], (3.13)

rae AM[/] —enunuunas Matpuua [/], ymMHOXKeHHas mHa uHcao A (mo-
pAnox MaTpuusl [/] Takoil xe, Kak M NOPAAOK MaTpuubl [A]).
Marpuna Al/] nopagxa 3 X3 umeer Bipg

200
Alll=0 2 0 (3.14)
0 0 2

Vlcnonbsyst npHHATYIO 3alHCh, MOJYUHM CREIYIOUIYIO CHCTEMY

¥paBHeHH:
(@11 — M) %1 + aigx9 + araxs = 0,
Q12X + (@22 — A) X2 =+ Qg3x3 =0, (3.15)
A3 %1 + Gagxe + (@33 —A)x3 = 0.

IlpeanosoxuM, uTo y 3TOfi CHCTEMBI €CTb HETPHBHAJbHbIE De-
WIEHHS, T. €. 4To cywecTBywT x;%0. ITo npasuay Kpamepa gas
pElLleHHs] CHCTeMbl yDaBHEHHH HEH3BeCTHHE HAXOLATCH KaK OTHO-
WeHHst IBYX ONpejesnTenedl. B CBA3H ¢ TeM YTO B MaTpHIAX, Of-
pele/IHTeNH KOTOPBIX SIBJSIOTCS YHCJHTENISIMH 3THX  OTHOLIEHHH,

€CTh HYJIeBOIl CTOJGeW, 3TH ONpeIeJHTEIH paBHB Hymaio. TakuM
o6pasom,

X = [0].
[X] Al

3amnucas 3T0 COOTHOLIEHHE HHAYe, MOIYUHM ,
|4]-[X] = [0]. (3.16)
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T i

Ecnn [X] — uenyJieBo#t BexkTOp, TO ompenesnnTenb MaTpuubl [A]
paBeH HyJIo, T. €.

Ay —2% ayy 43T
| A—2l | =| ay Aoy — A Qys | =0. (3.17)
Qg1 Agy Qg — A

O6b4H0 KO(PHUUHEHTH @;; HAM H3BECTHH, M IO3TOMY MOXKHO
BOCHOAB30OBATBCY 3TUM COOTHOIIeHHUEM HIJA HAXO0XJNEHUA 3HaquHI';I,
YIOBJETEOPAIOIMX 3aJaHHBIM YCJAOBHSM. JLsi 9TOr0 MpeACTaBHM
ONpefesiiTeNb KaK IOJHHOMHAJIbHOE ypaBHeHHe. PaccMOTpHM CHa-
ya/la OTpefe/uTe]b MAaTPHIEl nopsiaka 2X 2:

Ay — 24 ays 0
Aoy Agp — 2

IlpeacTaBUM ONPEAEJUTEND B BHAE
(a1 —A) (@22 — &) — asia12 = 0.
Tlocne nepeMHOXKeHUS MOJSYYHM
(a)y; — 1) (a22 —A) = (au@z2) — (aud) — (@22h) + A2,
A CJOXKHB 3TH B4 YPaBHEHUS, HMeeM
(a11822) — (@21a12) — (aur) — (@22A) + A2 = 0.

Tak xak Mpl 3HaeM 3HAUeHHS a;;, TO MOOCJHeAHEe YpaBHEHHE

MOXKHO TPeICTaBUTh B BHIE
A2 -+ alk + as = 0, (318)

rje @; — CyMMBbl COOTBETCTBVIOIUHX 3HaueHH#l 4;;. 3T0 obbluHOe
KBajJpaTHOe ypaBHeHHe BHjia ax’+bx+c=0, KOpPHH KOTODOro BHI-

qucasgoTed 0o gopmyJe

— b1V —dac
y = bil;f dac (3.19)

Ecan yurartegp He3HakoM c 5ToH ¢GOpMyJioH, a Takxke ¢ pasJjo-
JKeHHeM KBaApaTHOTO TpexuJeHa HA MHOXMHTENH, OH MOXKeT BOC-
HOJb30BATLCA 3/1eMEHTAPHBIM YUeGHHKOM aareOpHl.

Briuiicauy Temnepb cOOCTBeHHDIE 3HAYEHHA MAaTPHUbLL MOpPAAKA

2X2. Tlyers
A I’l? — 6
[Al=l5 _16)

CuauvaJsia npeacTaBuM MaTpHuy B dopme
P 17—2 —6 ]
[AI=2=1 45 162
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IlpupaBnupas onpenenntens Hyaw, MoayyaeM
17 —2 —6
L4
Ilepemuoxenue aaer: —272—174+ 160 +A2+270=0, unr A>—i—

;?T:O, Pz.])zH g)oaxe 1p)asnox&eﬂnﬂ JIEBOH 4aCTH ypaBHEHH® 1A MHO-
<uTEeAn  (A— +1) =0, yto omnpeneaser ¢

, ] JABa COOCTBEHHDLIX
UeHusd 7\12 +2, 7\.2=—1. o
Ten?TOT npuMep Obla BLIOPAH HAMH ST YIPOLICHHS BHITACACHHII.
! pp e paccMOTpuM OoJiee CIOXKHBIA IpHMEp, B KOTOPOM HC-
CSI";IﬁyeTCH CHCTeMa YpaBHEHHH, KOTOPYIO Mbl HEOAHOKpPZTHO pac-
MartpuBann Buiuie. ITyets nana matpuia nopsiaika 2x2:

a1={1y o]

[TosTopsem Bce mpo
JeJIaHHble B MPeJHl ) 5
CTBHS: pPeiBlAyllEM TIIpHMepe JIeH-

BISTPY Rl

4— 2 10
1 10 30-~1'=O~
Hanee
4— 2 10
IIO 30_1’=(4—1)(3O—1)—1oo=0

I
22— 343 + 20 = 0.

Hcnosbsyss dopmyny ansi ompeneseHuss KopHeii

KBaapaT
ypaBHEHHSI, NOJyUaeM ApaTHoOTO

A= —bEVFP—dac | —(—30)HV =BT —4 130 _ 34+ )/1076
2a 2.1 = 5 »
A = 33,4, Lo = 0,6.

Mkrl Mo2KeM NpPOBepHTb 3TH 3HAUEHHS, MOACTABHB HX B onpeje-
JIUTEJb. YUHTHIBASE OWHOKH OKPYIJICHHS, [I0JAyYaeM

4—334 10
10 30334 | = (299 (—=3,4)—(10)(10) = —0,04
n
4--06 10
10 30—06|= (3,4) (29,4) — (10) (10) = — 0,04,

Takum 06pa3oM, COGCTBEHHDbIE 3HAUEHHS HAlJEHB BEPHO C TOU-
HOCTBIO 0 ABYX AECATHYHBIX 3HAKOB.
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ITpexpe ueM TMOKOHUYATH C BBIUUC/ICHHEM cOGCTBEHHBIX 3HAUEHUIT
MaTpul nopsiaKa 22, pacCMOTpHM elle OfMH npuMep, yToObl mo-
Ka3aTh, KAKHE MOTYT BO3HHKHYTb JONOJIHHTEJbHDbIE OC/IOXKHEHH.
TonniTaeMcsi HAaATH COGCTBEHHblE 3HAYEHWS CJEAYIOULell MaTPHUL:

=] g s

[IpHpaBHAeM HYTIO COOTBETCTBYIOUIMH ONPENLTHTEND

292 4
6 327
BBIUUCASSA KOTOprfi, oJay4udM
- E —(2—(3—2)+24=0
—6 3—1 N
HJAH
3.2—51+30=0.

KopuH 3TOro ypaBHEHUs BHIUHCITIOTCA 11O dopmy.ie

54125 —120
Map=—"""9

Mbl BHAHM, YTO HAXOXKJEHHE KOpHE[ 3TOT0 ypaBHEHHA TpebyeT
U3BJeueHHsT KBAJPATHBIX KOpHEil M3 OTPHUATE/IBHLIX HHCET, TOTAA
5+ =9 .
h=—g = 2,5+ 4,9,
5—V =% .
=g = 2,5—4,9i,
rae Ai, Ag — KOMILIEKCHBIE YHCJA, COJepiKallie Kak nefCTBUTE/b-

HYIO, TaK H MHHMVIO 4acTH, BK/IOUIOULHE yucao i=}—1. K cua-
CThIO, CHMMETpHYHbIE MATPHIbI BCerAa HMEIOT JleficTBHTEAbHLIE
coBCcTBeHHble 3HAUCHHS, W B OGOABLIMHCTBE HAUIHX BBIYHC/IEHHH,
CBA3AHHDLIX ¢ COBCTBEHHBIMU BEKTOPAMH H COOCTBEHHBIMH 3HAUCHHS-
MH, HCIIOJB3YIOTCS KOBapHANMOHHbIE, KOPDeIAUHOHHbIE HJIH aHaI0-
THYHBIE MATPHLUbI, KOTOphlE BCerAa CHMMETPHUIHEL

Temepb paccMOTPHM NpPOUEAYPY BLIYHCACHHS cOBCTBEHHBIX 3HA-
yeHUil AJ9 MATpHULL mopsaaka 3X3:

20 —4 8
—40 8 —20
—60 12 —26
TIpHpaBHUBaeM HY.II0 COOTBETCTBYIOUIHH ONpPEIeHTE b
20— —4 8
—40 8—a —20 |=0,
| —69 12 —26—12

nocsie uero moayuum —Ais-4+-2x4%+ 81 =0.
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910 — KybHuecKoe ypaBHEHHe, HMeIOIee TPU KOpHA. Pa3nioxum
€ro Ha MHOXHTeJH, MoXeM 3anucath (A—4) (A—0)(A+2)=0 =
TOJIyYHM KODHH Ay =4, Ay=0, Ag=—2.

XOTsl M3JI0XKEHHBlE PUEMbl NPHMEHHME K MaTpHle JI060ro no-
pAiKa, HAXOXKJEHHe KOpHEeH NOJHHOMOB BBICOKHX CTEMeHe# sBJf-
eTcsl Heserkod samayvedl. OOLIYHO COOCTBEHHBIE 3HAUECHHS HAXOAATCS:
He C NMOMOLIBbIO DEIleHHs TMOJHHOMHANbHBIX YpDaBHEHHWH, a ¢ nio-
MOIIBIO METOJ0B MAaTPHUHBIX IPEOGPa30BaHHH, CYIIHOCTb KOTOPHIX
COCTOHT B MOCJEAOBATE/NbHEIX NPHOJMIKEHUSIX K COGCTBEHHLIM 3Ha-
YEeHHAM. DTH METOAHl OKa3aJHCh NPHMEHHMBIMH TOJBKO 6J1arofaps
UCTOJIb30BaHUI0 ObicTpOfeficTByIOMUX DBM, NO3BONAOIHX 32
BeCbMa KODOTKHH NPOMEKYTOK BpeMeHH HaHTH NpHOaHKeHHoe pe~
LIeHHe, 2 3aTeM YTOUHHTh €r0 B TeYeHHEe HECKOJIbKHX MUHYT.

Teneps, Korna M MOMYYHIH NPeACTaBJeHHE O NPOLEAYPE Bbi-

YHCJIEHHsT COOCTBEHHLIX 3HAYEHHH, MOXKHO MOMLITATbCA NMOHATb M HX Puc. 3.2, Daannc, onpeieteHHb
CYmHOCTb. MaTpuly MOXHO paccMaTpPHBATh KakK Habop 3HAUCHUE Puc. 3.1. Jlsa BEKTOPA, OHP:RSJ“;;?S‘E SaeMeHTaMH MaTpHIEL nopsaka 2X2.
3JIEMEHTaMU NOPAAKZ MaTpHIL CoOcTBeHHble BEKTOPH MATPHIK COOTBRT

KOODIMHAT TOYEK B #-MEPHOM INpOCTpaHCTBe. Marpuua nopsaka
2X2 cOOTBETCTBYeT NJOCKOH TMOBEDXHOCTH, TAKOH Ke, KAaK JIHCT
6yMaru. TakuM 06pasoM, MAaTPHUHBIE ONEPALHH MOMKHO TPAKTOBATE.
reomerpuueckH. Tak, MaTpuua

=5 4] o %

onpejensieT IBe TOUKH IJIOCKOCTH ¢ Koopauuaramu (4,8) u (8,4). ‘ ‘ g L
OTH TOYKH COOTBETCTBYIOT ABYM BEKTOPAM Ha KOODAHHATHOMH MIocC- L
KOCTH, BHIXOASIIIMM H3 Hayaja KOOpAHHAT, KaK 3TO IOKA3aHO Ha ¢ "
puc. 3.1. OTMeTHM, YTO B KayeCcTBe KOOPAMHAT TOYEK MOIKHO HC- /
NOJIb30BATh W CTOJONBEI MATPHIE, YTO HE BHECET CYLIECTBEHHBIX / , -
H3MEHeHMH B HallX paccyxjenuda. Ilas ompeneneHHOCTH Oyaem \ o —
JIeHCTBOBATb CO CTPOKAMH. 7

Ilpencrasum ceGe, 4TO 1Be TOUKH JIeKAT HA SJIJAUICE C UEHTPOM
B HayaJse KoopauHat. Torpa sanunc GyneT NpeicTaBlIsiTb KPUBYIO,

CTBYIOT IJIaBHBIM NOAYOCAM 3JJIHNCE

2

Puc. 3.4. Marpuua, coaep-

OPOXOAAIYI0 Yepe3 3TH TOUKH. B pesyabraTe coGCTBEHHBIE 3HAue- Pne. 33. yn.mneméugnaeﬁggz f{%%?)egf‘[ Kamas paBHBE CTPOKH,
HH MAaTPHIBl OKaXKyTCSH PaBHBLIMH JJHHAM GOJBUION M MaJoil mo- CTB};QI—;M?;%!{T(?{T%H%a'CCTOﬂHHﬂMH MeRLY TPHBOAT K BHpOHIENHO-
Jyocel 3TOTO »Juiknca. B Haumlem npHMepe coGcTBeHHble 3HaueHHS BMHM‘M,,, MeHbLUHMH, ueM Ha pHC. 3.2. My 3JIHNCY — NpAMO
paBHEL }"1=12’ hy=—4. Co6cTBerHble BEKTODB ﬂBlelgg;ﬁ [AaBHEIMA

Heo6x0onuMO OTMeTHTb, YTO OTHOIIGHHS MHOJyOCEHl MOMKHO HC- NONYOCAMH LI
1m0JIb30BaTh KaK MepY BHITAHYTOCTH 3JIHNCA, UTO rpaduueckd mno- 61, Hanpuvep, ecin BHI6pAHEl TOYKH C KOOpJHHATaMH, obpasylo-

KazaHo Ha puc. 3.2. [lepsoe co6cTBeHHOe 3HaUeHHE XapakTepH3yeT
GoJbIIYIO TIOJYOCh, AJIMHA KOTOPOH OT LEHTpa A0 caMoil yiajeHHoi fMMHA MaTpuny

OT HEro TOYKH KPHBOH paBHa 12 enmanuaM. Bropoe co6ersennoe _ 6 8 ,
3HaueHHe XapakTepH3yeT MaJjylo MO.y0Ch, HaXOAAULYIOCH BO BTO- [A] = 8 6

poli ueTBEpPTH KOOPAMHATHOH muockoctH. Ee pmuna pasna 4 enu- yueaa A =14, b=
HHILAM M Oepercs cO 3HAKOM MuHyc. Ecau 6bl nBe naHmbie TOUKH 0 cOGCTBEHHBIMH 3HAUEHHSMH MaTpHIbI GynyT ’
Gblin GaHXKE APYT K APYTY, TO OTHOLIEHHE MOJAyOCeH H3MEHMI0Ch ! = _9,

153

152




710 noxasaHo rpadHueckH Ha puc. 3.3. Boabwas noayocs nan-
HOTO sa.Hica payuoro Goapwe mavaoit. Ecau 1se BuGpadaue Tou-
Kii_COBIIA13I0T, T. €. IBE CTPOKH MAaTPHIBl OJHHAKOBH, TO BTODOE
COOGCTBEHHO® 3HAUEHHE CTaHOBHTCSH PaBHEIM HY.1I0, H ypBCCMaT};)H-

BAaeMbIHl 3JIJINIC BLIPOXKAACTCS B I
psimyro. TOMy cayuga
HanpuMep, MaTpHia Y Y e orpenaer,

(1)

XapaKTEPHCTHUECKOE ypaABHEHHE KOTOPOil A2—124+0=0 naer co6-
CTBEHHbBIE 3HAUCHHS A =12, ),=0,

Takas curyauuns n3obpazkena rpaduueckn ua puc. 3.4. [Ise
BbIOpAHHbBIE TOYKH COBMAAJOT, 4€PE3 HHX NPOXOIHT 6oablIas No-
AyOCh, & NEPNEHINKYAIpHAsA K Hell Masas oCb PABHA HY.110

IIporusononoxkubiii kpaiinni CJy4yall omnuchiBaercs Mél’i"p!lll@ﬁ,

COOTBETCTBYIOWICI 1BYM II€PHEHIHKYIAPHLIM  BeKTOpaMm paBHOM
HLauHel. Hanpumep, marpuua

LT
- 8 4
HMEET XapaxTeplCTHYeCKOe ypaBHeHue A2+ 0A—S80=0
‘0A—80=0, KopHu kKo-
TOporo A; = + 8,95, hy=—8,95. Pt KO
OTOT cayuaii rpadmHuecku npeicTaBieH Ha pic. 3.5. Haunnle
BEKTOPHL ABJSIOTCS PAAHYCAMH OKPYXKHOCTH, B KOTOPYIO npespa-
THJI§$1 3aumac. MX 1HHa paBHA COGCTBEHHBIM 3HAUCHHSM.
aMeTHM OJHO BaxKHOe CBOHCTBO COOCTBEHHBIX 3HAYEHHIT, KOTO-
goe IHTATE/Ib MOXET NIDOBEPHTH Ha NPHBEIEHHLIX paHee MpHMEpax.
YMMa COGCTBEHHBIX 3HAUeHHIT BCEr/la PaBHA CYMMe AHATOHAJBHLIX

BJICI:/IEHTOB MaTpHIbI, KOTOpast Ha3biBaeTCs CJIe10M MaTpUnHbI. oro:
CBOMCTBO MOJIE3HO HCIIOJb30BAThb AJI1 IPOBEpKH NpaBHJBbHOCTH BLI-

g, 95

Pic. 3.5. Matpuua, sieMenTs KOTOpOii 3aialor TEPTIEHANK Y. I PHBIE BEKTOPLI, ONIpe-
SeJ7eT JMHAC ¢ PABHBIMH NOTYOCSMH, T. e, OKPYKHOCTD ’
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T

qucaeHNs coBeTBeHHBIX 3HAauenHi Ha DBM, a takke Aas KOHTPO.A
BLIYMC/EEITH NpIl HCNO/Jb30BAHIH METOAA I1aBHbIX KOMIOHEHT.
Bemowa1M, UTO Mbl OTpeAedaiii COOCTBEHHbIe 3HAUCHHS KAK Be-
JIMYMHE, :XOAMLLHE B MaTpHILy cicreMbl ypaBHenuit (3.13). Teneps.
KOTAA 3T BEJAHYUHLI HafJeHbl, MOXKHO BEpPHYTbCA K CHCTEMaM
YPABHEH!T 1l BLIYICJANTH BEKTOP HEH3BECTHBIX X. [lasi MaTpHILI NO-
psawa 2.2 mepaoe cOOCTBEHHOE 3HAUEHHE IMOJYUUM 113 YpaBHeHId

[an—h et ] : ['“1 v (2.20)
L ax Ay — 2y x4 LO o

-

,H‘f{ﬂ ZT0poro coOCTBEHHOTO 3HAUYCHHSA MaTpHUHOE YpaBHEHHEe CO-

erasistet o a”agoriuno. Tlocsie BLIUHCAEHHA AHArOHAJBHBIX 3.18-

MENTOE I L/KHO HafiTil HeH3ReCTHbIl BEKTOP ¢ MOMOLLbI0 o0pallediis
MATpuL DTOT BEKTOp HA3bIBAETCH COUCTBEHHLIM BEKTCPOM (@ Tak-
K€ XAapa: TePHCTHYECKIM M [JaBHLIM BekTopom). Kamaomy cob-
CTBEHHOY.Y BEKTOPY COOTBETCTBYeT COOCTBEHHOE 3HAUCHIIE MAaTPHIILL
CKosibke v MATPHUL COGCTBEHHLIX 3HaueHll, 1M CTPOK (CTOG-
1L0B), CTObKO ¥ 3T0i1 MATpHLULL H COOCTBEHHLIX BEKTOPOB.

Taxew 06pa3oy, uroObl BBIYHC/AHTL COOCTBEHHBIE  BEKTOPLL i
coGCcTBen ble 3HadeHus MaTplubl NMopAaKka nXf, Hy/XKHO HaiTH A
KOpHSH €8 XapaxTepHCTHYCCKOrOo ypaBHEHHs H PelIHTb £ CHCTEM H3
n cosmecTHLIX vpasHennil! K cuacTplo, paccMmaTpluBaemble HaMH
apuMepis MaTpuil nopsiaka 2X2 He TpeOylOT TIPOMO3AKHX BLIYHC-
JeHU.

HauneM ¢ paccyMOTpeHHs MaTPHILD!

[ 2

BCHOMHHM, YTO MDbI YK€ BBIYHCAHJIN coOCTBeHHble 3HAUEHHST 3TOl

MarpHup: A= +2, ho=—1.
[TojcTaHoBKa [epBOro cOOCTBEHHOIO 3HAUCHHUS B MaTpHuy paer

17—2 —6 15 —6
45 —16—2| {45 —18
COOTBSTCTBy}OIﬂaS{ CHLTEeMAa ypaBHeHHP'I HMeEeeT BUL

15X1 — 6)(2 = 0, -
45x, — 18x2a =0

‘HJM B MaTpH4YHOU dopme

s ] <o)

HerpyAHO BHAETb, 4TO BTOpPOE ypPaBHEHHE MOXKHO TMOJY4YHTb H3
TepBOrO YMHOXKEHHEM Ha 3, I09TOMY J0CTATOYHO PEUIHTb OJIHO H3 HHX,
4qTo6Ll TOJYYEHHbIE pPELICHHS Y/0B/ETBOPAJH H APYyroMy ypasHe-
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Hulo. [IpocTofi mOAGOp maeT caeayoliue pelleHHs: x;=2, x;=5,
DT0 KOOPJAHHATH [EPBOrO COGCTBEHHOTO BEKTOpa, COOTBETCTBYIOLLE-
o IepBOMy COGCTBEHHOMY SHAYEHHIO. B efICTBHTEJBHOCTH HMeeTcs
0ECKOHEYHOE MHOMKECTBO pelIeHHHl, TAK KAK peLICHHEM SIBASETCS

J1060# BEKTOp BHAA
Xy 2
[xz ] =P [5 ]

rae p — mo6oe yHcao. MBI e OrpaHHUHINChL TOJBKO OIHHM 3Ha-
yeHneM Pf=1. Tlosxke yBUAMM, YTO HHTEpeC HPeACTABJSIOT TOABKO.
OTHOIICHHS KOODAMHAT BEKTOPA, 4 OHH IPH YMHOXKEHHH BEKTOpa
Ha J1060e YHC/IO He U3MEHSIOTCS.

Marpuua cucTeMbl ypaBHeHHI!, OTBeualomas BTODOMY CcOGCTBeH~-
HOMY BEKTOpY, HMEET BHJ,

17—(=1 —6 18 —6
[ 45 —w—@w]=h5_w]

OG6a ypaBHeHHA NPHBOAATCS K OZHOMY YPaBHEHHIO: 3x—X;==
=0, peleHneM KOTOPOro sAB/sETCS BEKTOP

= ]=0ls]

XoTsi BHYHC/IEHHS NPH YBENHYEHHH NOPSAKA 3HAUHTENBHO ye-
JIOKHAIOTCA, PaCCMOTPEHHEIE METOAbl MOMKHO NPHMEHSATb K MaTpH-
uaM nopsaaka nXn. Ilpexne ueM nepefiTH K BEIUUCAHTENBHBIM aC-
DEKTaM NpOGJAeMB HAXOMXIEHHS COOCTBEHHBLIX 3HAUYCHHI, paccMmoT-
PHM HEKOTOpBIE MAaTpHUB € IEJbI0 NPOBEAEHHS TeOMETPHUECKOro:
4HaJH3a 3THX BEJHYHH, BO3MOXKHO, UTO 3TO MOSBOJAHT MOHATHee
OOGBACHHTb I'€OMETPHYECKHH CMEIC] COOCTBEHHBIX SHAUECHHIL

Cuauana paccMoTpum MaTpuuy

1= 4 ]

C COOCTBEHHBLIMH 3HAYEHHAMH Ay =12, \o=—4,
IMonacraBasis nepsoe U3 HHX B HCXOJHYIO MaTpHLy, HOJYYHM

4—12 8 —8 8
8 4—12]7 |8 -8
IToil MaTpuLe COOTBETCTBYET COOCTBEHHEIl BEKTOP

X, 1
x| |1
Bosspamasicb cHOBa K pHc. 3.2, ybexnaemMcsi, 4To COGCTBEHH bilk

BEKTOD MOXXHO HHTEpPNPETHPOBAThH Kax XapaKkTepUCTHKY yrIJja Ha-
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KJIOHA GOJbIIOf MOJYOCH 3JuHnca. Ecau paccMaTpuBaTh a,ngM:me(;
COOCTBEHHOI'O BEKTOpPA KaK KOODIHHATHI TOYKM HA nnom}%r . T
nepBbifi COGCTBEHHBIH BEKTOD ONpejesseT MHOJyoch, HBP.;IHMaU’I{.yHuM
GUCCEKTPUCOR yriia MeXAy ABYMS 3aJaHHBIMH CTPOKAM . 3gaqe-
pekTOpaMH, JlMHA MOJYOCH paBHA TeEpPBOMY COGCTBEHHO yHe e
unio. IlofcTaBasis B MaTpHUy BTOpoe COGCTBEHHOE 3HAYEHHE,

JYYHM
4 (—4) 8 ]_V ﬂ
[ 8 4—(—4 |78 8

Pemennem Gyaer BTOPOHd COOCTBEHHbIH BEKTOP

Xy —1 ]
x| 1
o — o -
KOTOPHI HMeeT TaHTEHC yrja HaK/OHA, DABHBIH —1/1=135°, cae

JIOBATEJbHO, MEPNeHAMKYIsIpEeH K I‘JlaB?}’{(%I;I MOJYOCH 3JMHNCa H Onl-
uc. 3.2).
ejleNfeT MEHBIIYIO MOJIYyoCh (CM. P . i
d Tenepb NpOH3BEAEM PACUeTHl JJisi BTOPOIl MATPHILI, CTPOKH KO
TOpOHi ONpenessioT TOUKH, PAcHo/okeHHble Oaixe APYT K APYrY.
yeM B IpeiblAylleM NpuMepe:
6 8]

=g

Jlnsa nepBoro coGCTBEHHOTO BEKTOPA MOJMYUHM
(6—14) 8 ]_ —8 8 ]
8 (6—14) | 8 —8
Xy r ]
X, | [ 1
epBoro ¢
TaxuMm 006pa3oM, yroa HaxkJOHA I 3 !
cocrapsieT 45°; BEKTOD JEJHT NOmoJam yros, o6pa303a1{ﬂbmamii
M 3aJaHHBIMH BekropaMu. JlauHa O6oJibLIOH NOAYOCH paBH ok
T. €. IEPBOMY COGCTBEHHOMY 3Haqumo.oKaK H CJIe10BaJO omnumeM,;
3TOT BEKTOp NapaJuleJieH BEeKTOpY, HaHjeHHOMY B Ipeiblly

npuMepe, HO uMeeT GOJBUIYIO AJHHY. AHANOTHYHO MOXKHO é{oaGHCTTI/E'-
BTOpOii COGCTBEHHBIE BEKTOp, COOTBETCTBYIOUIHH BTOPOMY

BEHHOMY 3HaueHHIO:
xl . [ 1 ]
2 1

STOT MeToj MPHUMEHHM H K MaTpHIAM GOJBIIEro nopmx:c,c);ooTT;f
BHIKJAJAKH CTAHOBSTCA Gonee cAOKHEIMH. [lisi mpumepa p
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06CTBEHHOTO BEKTOPa:




PUM Maipiiny

\7

5 2 6
[Al =12 4 3
6 3 2 |
Ha p . 36 |
7w+ 9.0 HArIa1H0 H306pask
o P i paxeHul Tpir mex
poxam: atpupr, Hpexzae yey Hayarh ! ocraHo A tbe

HEKOTOp;
BEHHBIX *2:TOpoB. Tax

L B2 - Tax rax
CTBEHHbIE fiereim
HbIT BeirLy, COOTBETCTBY IOMIHf
UCHHIO, TIUOXOAHT B 11
341dHHL . 3exTOpA.
MaTpuuis. 7. e, 1],
STOH MET LI caepyiouge:

=113

II3BECTHLIX ¢BOficTBay coberie
3HaYeHns — AefieTBITe b bIe
POCTpaHCcTBeHHOM VIV,

C’ywa COOCTBEHHBIX 3
Cobersennuie 3y

4HAaJaH3, OCTAHOBUMCS Ha
HHLIX 3HAYeHHIT u cober-
CHMMeTpHuUHNA, Bee TPH C00-
bie uncia. Ilepsolii coGerper-
HAN00. IblIeMy COGCTBEHHOMY 3H&-

B KOTOpoa exar tpn
Hayenuii parHa ciaexy
AYCHHS 11 coBCTBeHHbIe BEKTOp LI

TpHIla

Ja=—09

}a=2.6

Boxkrop 1 Berrop 2 Bexrto )”

0,69 —0,56 045
- 0,43 —0.19 053
: 0,81 ~0.11

St BekTOpLI H306pazkeHel Ha

. He. K
YCa0BHH BMHOMHHKHCH.ij&BO e pac e Hentte pegy e

N p
MepHoe pdCHpOCTpaHEHHe pesvibra-

Cronbey .

Crone 2

Puc. 3.6. Bexropr B TPEXMEDPHOM npocTpancTBe, of

enessen
DHILh MopAaKa 3><3 p AeMble 3eMeHTaMi Mar-
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Cronbey 3

Puc. 3.7. CoBcrpenbie BEKTOPH MaTpHubl nopsaka 3X3 pacnosioxKeHbl B TOM ikKe
NPOCTPAHCTBE, UTO U BEKTOPH pHc. 3.6.

O71MeTHM, uTO nepeblil cOGCTBEHHBIE BEKTOP NPOXONHMT BHYTDH yrJaa, 06pasoBABHOTO TheMs
JAHHBIMH BEKTODAMH

TOB 3TOr0 aHa/jH3a HA MaTpHUB GOJBUINX HOPSAAKOB MaTeMarige-
CKH OYeBHJHO, HO HAIKH BO3MOMKHOCTH HATJISANHOTO MPENCTaBJEHHS
yxe Hcuepmanbi. OaHaKo uHTaTeNp MOKeT cebe NPeaCTABUThL COBO-
KYNMHOCTb TOYEK B NMPOCTpaHCTBe OGosiee BLICOKOH pasMepHOCTH,
a TaxKe CylUlecTBOBaHMe B HeM TpeOyeMOro uucsaa B3aUMHO HepilieH-
JHKYAAPHBIX HallpaBaeHHH.

34eCb MBl OTMETHM TOJIbBKO OJHO BAaXKHOE CBOHCTBO coBCTBEH-
HBIX BEKTOpPOB Marpui OOIIEro BH/JA, He SBJSIOWHUXCS CUMMETPHY-
HBIMH,

Ecau Bol TIATeJbHO HM3YUHJH 3Ty IJaBy H JIETaJAbHO Npopabo-
TaJu NpHMephl (a Takxe 06ayMajd BO3MOXKHOCTb KOMIJIEKCHOTO:
OpHMEHEHHs] H3JIOXKEHHLIX MeTON0B B 0oJlee CJOXKHBLIX 3ajadax),
TO y¥e [JOCTATOYHO MOATOTOBJEHBl K TOMY, 4TOOLI NEpelTH K H3y-
YEHHIO COBPEMEHHBIX BBIYHCANTE/BHLIX METOA0B, NPHMCHHEMBIX B
Te0JIOTHYECKHX HCCJeJ0BanusAX. Mbl TONBITANNCh H3A0KHTE B YIPO~
leHBOH dopMe OCHOBH MaTpHuHOl aarebpul. Kak oTMeuanoch B
TpeTbeH TJaBe, CTATUCTHKA CJAHLIKOM CJOXKHAasth Hayka, 4ToGbl ee
MOJKHO OBLJIO U3JIOXKHTHL B ONHOH r/aBe HJH jake B OLHOH KHHUTe,
Marpuyunasa anrebpa TOxKe JAOCTATOUHO CJIOXKHA, H €€ HeJb3s XO-
pOLIO H3J0XKHUTh HA HECKOJIbKHX cTpauuuax. OAHAKQ HAM Kaxkercs,
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4TO YHTATeNb N0J
pHUHOH anrebper,
BHIYHCAHTENbHBIX

YHJI HEKOTOpOe INpeiCTaBJIEHHE O MeTOZaX Mart-
4T0 TI03BOJHT eMy Ges Tpyaa YCBOHTb OCHOBL]
METOZ0B, KOTOpHIe OyAyT H3/IOKEHH faJiee.
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a3 COOEePXKHAT KPaTKoe, HO siCHoe H3JI0XeHne BOIIPOCOB, CB3a

HHEIX C onepanuefy
+ZBEPTKH.
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I'napa 4
AHAJIU3 NOCAENOBATEJNbHOCTEH JAHHDBIX

NOCJEAOBATEJNBHOCTU FEQJIOTHYECKHX JAHHDBIX

B 3TOfi rnaBe Mbl paccMOTPHM METOAbLl HCCJEA0BAHUS ggmﬁﬁ;
KOTOpblE XapaKTepU3YIOTCA CBOUM nono;xeﬂueclﬁoﬂiagg;l:eMbe L1
10 poJlb Hrpaer MecTo,
TaKHX JAHHBIX CYLIECTBEHHY ; mMaenoe ne-
3HaYeHHEM B JAaHHOH MOCJeE,
KOTOPHIM ONpeJeJeHHbIM ICA0BATRIBHO-
KOro THNA YacTO BCTpey
¢TH. MHOXecTBO AAaHHBIX Ta e B oo
T NpeAcTaBaATh coboH
run. Hanpumep, oHH Mory ocieAOBaTe 1L
2 CKHX NPH3HAKOB, FCOXHM
HOCTb 3HAUEHHH JHTOJOTHYE e
HepaJIOTHYECKHX XapakTepUCTHK Npol, B3ATHIX n};)appoa;p}izy netns
¥ H 3JeKTPHUeCKoro -
6ypoBOil CKBaiKHUHE, 3HAYEHHH 2 T
OBAaHHBIX INpHOOpaMH. 3
HBIX CKBaXHH, 3aperHCTPHp Toft - obet
aKKe JaHHble, H3MEHAIOH]
KaTeropiil MOKHO OTHECTH T &
HueM E?pemeun, HANpHMep H3MepeHus CT(])\};a BOJb ByqpeeH};e;; )1(1%%?1(;
(BaWK bl U3 -
32 M3 CKBaxKHHBL. MeToabl
TEPHCTHKH JOOLIUH ra ' mocre:
i O OTHECTH K y
OMEpHBIX AAHHBIX MOXH
JoBaresnbHOCTell ORH ety oy
1 Ha TO YTO NOC/EA0B
BpEMEHHDIX PSAJAOB, HECMOTp MoryT
xgpamepmoxaa"rb KaK BpeMeHHble, TaK H IPOCTPAHCTBEHHBIE
ocTH. |
Cmv[ﬂpexw,e YyeM MePeXOJHTb K H3/IOMEHHIO METOLOB Hcmsgo:eao}jlygﬂ
i 0B -
' W PACCMOTPEHHIO IpHMep -
TAKUX TIOCJae0BaTeJbHOCTeH poB 3TN0,
a3JIHUHBIX THIAX TOC/Ae]
rHH, OCTAaHOBUMCH Ha P Ledbroctel
’ 51 TeoJIoTy. DTO
IPUXOANTCS BCTPEYaThe :
TaHHBIX, C KOTOPHIMH Y. 910 Moxer
¢ 6COJIIOTHO TOYHBIX H3Mep
ObITh 10C/IEI0BATENbHOCTD a0c ) i Kok ne
7 i HOH, TaK W 3HAUEHHH IIKaJH,
YeHHil U3yuaeMoll NepeMeHHOH, e e O oo
3 e3yJbTaThl U3MEePEeHHH. 2
TOpOI pacfloJIOKeHsl D R
YeHHs KapOTaXHOH Kp
MOMKHO paccMOTpeTh 3Ha e
« . : OJYKTHBHOCTH CKBaXK :
CKBA)KHHBL H H3MEHEHUE MpPOJYK B0 BpeMelih
EHHOIl #ABJSETCS IPH3HAK, p
B nepsom mnpuMepe InepeMm C , HaMepiexb
(aJibl U3MEPEHUH SABJAIOTC PEL
B OMax, a eIHHHHAMH MK 1 Jwrpet. Bo
‘ asi — TOXKe TpH3HaK, H3Mep
OM TIIpHMepe TiepeMeHH )
*?lf;;pax He(gm, a eJIMHUIIAMH IIKaJbl H3MepeHHH sBJAAITCSA AHBHEZ
;\Iecgum nau roaul. [lpu mo6oft gopMe 3amHCH CYILECTBEHHB ﬂn-
MoMeHTa. Bo-mepBhIX, H3MepsieMas NepeMeHHast Bblpaumzi%%c();x; :éxop
: i Ui, -
KaJibl HJM LIKaJBl OTHOLIEHUH,;
HULIAX HHTepBAaJbHOH 1 L, 1000 7 Ke¢-
- yem 500 71, a comporuBJeH
TH B ABa pasa GoJblie, e roport i
CONPOTHBJICHHE B M. ,
ecaTh pa3 IpeBHIIaeT TOpEIX, Hi-
i}epBaJlblp BJOJIb KOTOPBIX pacloJaralorcs ﬂaﬂﬂbxe,gogomeB ILg[CS{Tb
E b
onpejeJeHHYI0 BeJHUUHY. [Jy0HHA CKBaXKHHBI ie Me;{?ny fis o
B 90 M, a gecsATHJET
pa3 mpesbllIaeT TAyOHHY , !
l1)92)150 rp HMeeT Ty XK€ MPOAOJIKHTEJbHOCTD, UTO H JAECATHIETHE MEX
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ny 1950 u 1960 r. Ha atux saMeuaHHsiX BBHAY HX TPHBHAJ/BLHOCTE
He CTOHJIO Obl OCTAHAB/IMBATBHCH, HO, KAK MBI YBHAHMM B HaJjbHefi-
IIeM, JaJeKO He BCe Ie0JOrHYeCKHe NMOCAeJ0BATENbHOCTH 00/1a1210T
TAKHMH CBOHCTBaAMM.

B kauecTse mpHMepa paccMOTPHM IIOCJEN0BATENBHOCTL CTPATH-
rpaduueckdX AAHHHX, 00pa30BaHHYIO JINTOJOTHUECKHMH pa3HOBHJI-
HOCTSIMH TOPHBIX IIOpOJ, CJarapliux ocafoueylo toamy. Takoil mo-
CJ1€0BaTe/bHOCTbIO MOJKHO CYHTAThb CEpHIO (CHH3Yy BBEpX) H3BeCT-
HAK — TVIHHHCTHIA CJIaHeIl — M3BECTHAK — [VIMHHCTHIH CcJlaHel — nec-
YaHHK ~— YyIoJb — IJIHHHCTHIH  CJA4HEl — H3BECTHAK. MBI XOTHM
KaK-TO OCMBICJIEHHO ONHCATh 3Ty NOCJEN0BATENBHOCTh, OINHAKO HE
MOXeM BHOpaTh s Hee mkaay. OueBHZHO, UYTO 3TO H3MeHEHHE
JIUTOJIOTHYECKHX HNPH3HAKOB NPOUCXOJHT B TEUEHHE OIpejle/IeHHOIC
BpEMEHH, HO Yy HaC HeT HHMKAaKoro cnocoba BEHIGOpA COOTBETCTBYIO-
mell BpeMenHOH MKaabl. Mbl MOTJH OB HCHOJb30BATh MOILHOCTD,
HO OHa MOXKeT OYeHb CHJBLHO H3MEHSITBCH OT MECTa K MECTy, AaXKe
eC/1H HOCJeL0BaTebHOCTh MOPOA ocraercsd HeuaMeHHofi. Takum 06-
pPa3oM, HCHOOJb30BAHHE MOIIHOCTH NOPOJA BpPSJ JiM NOMOXKET HAM B
HallHX HccaefoBaHHAX. TOT akT, 4TO M3BECTHSK B pa3pese CTOHT
Ha TPeTbeM MecTe, a yroJb —- Ha IIeCTOM, He MMeeT TOro 3HayeHHH,
KOTOpOe MOXKHO ObLl10 OBl BHIPA3HTh 4HCaOM (TO, 4TO HOMep 6 BABOE
GoJbllie HOMepa 3, IJs HAC He HMeeT cMbicsa). AHAJOTHYHO JHTO-
JIOTHUECKHH COCTaB CJI0eB He MOXKeT OblTb BLIpa:keH Ha YHCJOBOIF
mkKaJge. MOXHO TOJBKO 3aKOJHPOBaTh IPHUBEJEHHYIO INOCJael10Ba-
TeJbHOCTb, HanpuMmep, Takum obpasom: 1—2—1—2—3—4—2—1,
rjle H3BeCTHAK OO03HauaercA nuoppoi 1, TIHHHCTHIH caaden — 2,
necyaHuk — 3, yrojr — 4. Ho Takas yc/i0BHOCTE COBepIlUeHHO MpO-
H3BOJIbHA H He BHIPAXKAET HUKAKHUX COOTHOLUIEHHI MeXJy pasHOBHJA-
HOCTAMH mopox. OueBHAHO, UTO 3Ta MOCJAEAOBATENBHOCTh CTABUT
nepes HccsefoBaTe IIMH OoJiblilee YHCJIO Pa3JHYHBIX mpoGJeM, yewm:
5T0 GbIJIO B PaHee PACCMOTPEHHLIX HpHMepax.

HiMeloTcs;, ogHako, Apyrue BO3MOXKHOCTH. IlycTb, Hampumep,
Hac HHTepecyeT HEKOTOpas H3MepsAeMas XapaKTepHCTHKa, BXONH-
mas B NOC/IeN0BATeNbHOCTb. [IpeAmoso:KHM, UTO MBI YCTaHOBRJK
3HaUeHHA cOjlepXKanuii 60opa B KaxKAOH JIHTOJNOTHMYECKOH Pas3HOBHI-
HOCTH paccMaTpuBaeMoi cepuu. MLl MOXeM HCIIONB30BaTh IHKAJY
paccTosAHUl MexXay npobaMH B METPaX M CUHTAThb, UTO pellaem 3a-
Jauy, CBSI3aHHYIO C M3yueHHeM TIyyOMHBl WM paccrosiHus. Kpome
TOrO, Mbl MOXEM DAaccMaTpHBaTb 3aBHCHMOCTb COZepkauus Gopa
OT ME€CTa, 3aHMMaeMOro 3TUM 3HayeHHEM B IIOCJEN0BATE/IbHOCTH.

Bausko cBsi3aHa ¢ NpeABLIAYIIUMH 3ajaua aHaJH3a HoCJeloBa-
TeJIbHOCTH, KOTOPYIO MOMKHO OXapakTepH30BAThb NPHUCYTCTBHEM MW
OTCYTCTBHEM HEKOTODPOf IepeMEeHHOH HJH NePeMEHHBIX B HEKOTOPHIX
ee mecrax. Hac moxer unrepecosaTh, HaIpHUMep, MOBTOPHOE MOSB-
J1eHHe 3aBHCAIIEH OT pauuit MHKpopayHb B 06pasiax mopoj, OTo-
6panHHbIX NIpu OypeHHH CKBaxKHHHL. [pyrofi xksace 3agad— 3Tc
YCTaHOB/IeHIE [0C]1e10BATeIbHOCTH MHHepaJbHbIX 3epeH, Hab.mo-
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JlaeMBIX Ha HepecedeHuu ULHda. B stoM ciaydyae MBI MOXKeM HC-
TI0/1b30BaTh MHJ/JIMMETPOBYIO WIKaJAy, HO OHA HE MO3BOJSIET OLEHHUTD,
YTO yallle BCTpeyaeTcss — OJHBHH HJIH IJ1arHOKJa3.

Jlagubie, KOTOpble MOXKHO OXapakTepH30BaTh HENPEPBIBHBIM
pacnojioXXeHHeM B NPOCTPAHCTBE HJH BpeMeHH, HacCTO HasbiBAIOT
psilaMH, HJM NOCJAE[0BaTENbHOCTSAMH, HJH uenaMu. Ilpupona pac-
CMaTpPHBAEMBIX JIAHHBIX HpeJONpefensieT Te 3aLaud, KOTopble AJs
HHUX MOXKHO HOCTaBHTb. SICHO, UTO MBI He MOXKEM H3BJeYb HHOOP-
MauHI0 O BpeMEHHBIX HHTEpBaJjaX H3 [OCJe0BaTeJbHOCTH CTpa-
TUrpaUUecKHX DAHHBIX, TAK KaK BPeMEHHAs INKaJia, COOTBETCT-
ByIOUlas 3TOH IOC/JeZOBaTe/bHOCTH, HeH3BecTHAa. B crparurpadu-
YECKHX 3aJda4axX 4acToO HCIOJB3YIOT BMeCTC BPeMEeHHOH IIKagbl
TIPOCTPAHCTBEHHYIO, HO TIPH 9TOM HAlIHM 3aKJIOUEHHS He Jyulle, 4eM
B37ATOE B HX OCHOBY NPEANIOJNOXKEHHE O TOM, UTO BpeMsd, TpebyeMoe
JJaa o6pas3oBaHHA ocagKa ONpejeJeHHOH MOLIHOCTH, MOMKeT ObITb
H3MepeHO.

B ra6a. 4.1 mpuBeneHa kaaccHpHKanHs pas3qHYHBIX METONOB
-aHaJu3a JAaHHBIX, KOTOpble OyAyT paccMOTpeHbl B 3Tof raase. IlpH
3TOM MOXKHO BBIIEJHTH TPH THHA PSJ0B. B mepBOM U3 HHX paccTosl-
HHe MexX1y Hab6JIIoLeHHAMH H3MeHseTcs M HNOTOMY JOJKHO OBITh
‘0XapaKTepH30BAHO B KaxXJOH Touke. Bo BTOpOM mpeanoJaraercs,

Ta6auuwa 4.1

Knaccndukanus paccMarpuBaeMbix B 9TOi rJaBe MeTOAOB
MO THNY NepeMeHHBIX W HX PACHOJOXKEHHI0 HA JHHHM

PeHHEe B

Ten nmepeMeHHBIX

HaGmonenus, nepe-
TPYASPHO DPACNONO-
XKeHHBIe B NPOCTPaH-
cTBE

Ha6nwoaeunsa, pas-

HOMEDHO H DeryJsp-

HO PacHoJOXeHHbIe
B 'IPOCTPAHCTBE

ITpocTpaHcTBEHHOS
pasMelleHHe He pac-
aMaTpHBaercs

Tlepemennue, uame-
HHTEp-
BaJIbHON 1HKaJe HJAH
JlKaJe OTHOLIeHHH

ilepevennule, H3Me-
peHible B HOMH-
HaJbHOH ©aH  To-
DAAKOBOH IIKaJax

e

Wnrepnonsuus
TMToausHoMuaNbLHAsA
perpeccus
CraliHer

Pannl cofnTit
K—C xpurepun

Oproronasbnas 1o-
JUHOMHaJbHAs  pe-
rpeccust
Cxrosbssiline  cpen-
HHe

Puabtpanus H
CriIakKHBaHue
3oHAHpOBaHue
ABTOKOppPENANNA H
nepekpecTHasi Kop-
peJsnus
[Toaysapuorpammul
CnexTpanbHuii aHa-
a3
ABtoacconuauus u
NepexpecTHas acco-
Huanus
Ananus
BOK
llenn Mapkosa
Kpurepun cxaukos

NoACTaHO-

AsToxoppensuus H
nepekpectHas Kop-
pensnus

ApToaccounanus H
mepekpecTHast  ac-
counaius

Anaaus B3anmosa-
MEHSIeMOCTH

Llenn Mapxosa
Kpurepun cKaukon
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YTO TOYKH DACNOJOXKeHL B MPOCTPAHCTBE PETYJAADHO H PABHOMEPHO:
H, KpOMe €1HHCTBEHHOH MOCTOSIHHOH, HHKaKHe 4lCJOBble XapakTe-
PUCTHKH NMPOCTPAHCTBEHHOIO DACNOJIOKEHHS JIAHHBIX HE y4acCTBYIOT
B aHaause. HakoHel, B TpeTheM CyIIeCTBEHHA .HIUb HOCJIE10Ba-
TEeJbHOCTh HaB/1104eHMIl, a HX NPOCTPAHCTBEHHOE PACHOJIOKEH!Ee He:
HMeeT 3HayeHHS.

OTH MeTOIB MOXKHO KJacCH(HIHUPOBATH TaKkKe H MO THNAM He-
o6xoauMbiXx HabmawofeHui. B oguux caydasx TpeGyercsi 3HATh HH-
TepBa] MeXAy HabJI0JeHHAMH HJH HX OTHOLIEHHE: NepeMeHHas
I0oJKHA OBITh H3MepeHa IO HEeKOTOpO# liKaje H BLipaykeHa B Be-
LWIECTBEHHBIX UYHCIaX. B ApYyrux HCHOJAB3YIOTCS HOMHHAbHBIE HIH
HOPAJKOBbIE JaHHble, U HabaojenHs TpebyeTcd JHIIb HEKOTODHIM
obpasom pack.aaccuHUIIPpOBaTh. B MeTOxaXx, paccMaTpHBAEMEBEIX B
9TOH rjaBe, KJacCh He PaHXKHUPOBAHBI, T. €. COCTOSHHe A HeIb3s
CUHTATh B HEKOTOPOM cMBICJae Oosiee IIHPOKHM HJIH O6DBEMJIOLINM,
ueM coctosinne B uau C. HoMHHasbHble faHHble 0GBIYHO MpeACTaB-
JSIIOT LEeJAbIMH YHC/AaMU, OyKBaMU HJIH CHMBOJAMH.

B sT1oil riaBe MBI paccMOTPUM MaTeMaTHUYECKHE METOMbl, HC-
HoJib3yeMble TIPH aHaJjH3e [ocJaefoBarejbHOcTedl naHHBIX, OpHAKG:
paccmartpHBaeMble 32€Ch METOABI He HCUEPHBIBAIOT BCE CYLIECTBYIO~
mue Bo3MOXHOCTH. CKOpee HX MOXKHO OXapaKTepH3oBaTb KaK OCO-
GeHHO TNiepCleKTHBHLIE NPH KOJHYECTBEHHLIX HCCJEIOBAHUAX B Hay-
Kax o 3eMJe. JIpyrue MeTOAH MOryT O0Ka3aThes GoJee MOAXOMNSLIH-
MH UaH GoJiee MOLIHLIMH B crHeUU(HYeCKHX CUTYAUHSX HJIH JJI5
HEKOTOPBIX 0COOLIX MOCJeaoBaTeNbHOCTEH maudbiX. Ha Haw B3rad1,
3HAKOMCTBO C OMHCAHHLIMHM HHXKe MeTOAaMH — XOpollee BBeAeHHe
B 06WHpHYI0 00.1aCTb aHAJHTHYECKOTO HCCJAEJOBAHHS TeoJOoTHUe-
ckux panmpiX. OHaKo MHOTHe H3 3THX MeTOHOB ObliH paspaboTa-
HBEl CrenHaucTaMHd B 06JacTaIX HayKH, AaJeKUX OT TeQJOrHH, H H¥
onyucaumne, NpuCnocobIeHHOe K HCIOJb30BAHHIO B HHIKEHEPHOM je-
7€, B OHOJIOTHHM KJ/ETKH, K aHaJH3y PBIHOUHBIX OTHOINEHHH WK
peueBOH Tepamuy, TPYAHO MPUCHOCOGHTL AJS pDELUIEHHS reoJoriiue-
CKHX 3ajay. Hexoropnole M3 3THX METOJOB ONEPHPYIOT C Hemapa-
METPHYECKHUMH CTATHCTHKAMM, NIOYTH He pPaccCMaTpPHBAEMLIMH BG
BBOJHbIX CTATHCTHYECKHX Kypcax. Tak, Kak GOJbIIHHCTBO I'e0JIOTOB
He 3HaKOMO C OCHOBAaMH aHAJH32a NOCJEJ0BATEILHOCTell MaHHBIX,
TO MBI TIOJ1aTaeM, 4To WM OyleT IOJe3HO NPOUYECTb TIPUBEAECHHLIl:
snecb 0030p pasHOOOpPA3HBIX METOJNOB H MOAX00B. Kak BHIHO 13
Tabs. 4.1, 3T MeTOABl OXBATHIBAIOT IMOCJEL0BATEIBHOCTH Da3aHy-
HBIX THNOB H IIpefHasHaueHul I/ OTBeTa Ha Psf Bompocos. Hu
OJIHH H3 METOJOB HE H3Jaraercs 3jJech HCYEepUOHIBAKOLIE, OAHAKG
pacCMOTPEHHLBIE 3/1€Ch NPHMEpPLl W NPHJOMKEHHS MOTYT HOMOYB Teo-
J0ry BHIOpaTh HauGoJiee TMOAXOAALIMHA METON AJIS DELieHHs 3amauil..
Cnucox JuTepaTyphl NMOMOXKET HAfTH AETAJBHOE H3J0XKeHHe cre-
HHAJbHLEIX BONPOCOB.

Paccmorpensbie METOAB AalOT BO3MOMKHOCTb INOJYYHTb OTBETh:
Ha DS BOMPOCOB, & HMEHHO! MOXKHO JH CUHTATh HAGII0fEHHS CAY-
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wyafHHMH WJIH B HUX OGHapy:KuBaeTcss HEKOTOpHII TpeHA; ecqH
TPEHJ CyLlecTBYeT, TO KakoBa ero ¢opmMa, MOXHO a1 06HAPYAHTD
W M3MepHTb UHK/Ibl H TMOBTOPEHHA; NO3BOJSIOT JIN JaHHBIC C1€1aTh
OLEHKH W TpEeJCKa3aHusi; MOKHO 11 OLUEHHTb 3aBHCHMOCTH MEZKILY
nepeMeHHBIMH H YKa3aTb HX cHJAy? XoTd BONPOCH Takoro pona H
He SIBHO CTaBSITCH B MOCJEAYIOIEM II3J10XKeHWH, UHTATeJIO0 pEKOo-
MEHAyeTCcs IPOAYMaTh CYUIHOCTb KaXKJOT0 METOJa, a Takme ero
BO3MOYKHOCTH NpH PEUIEHHH 3a]ay Pas3.HyBOoro THAA. 3aMeTHM, uTo
BHI6paHHble HAMY 3a3/a4d MOTYT NOMOYb B pPELIEHHH MHOTHX ApyTrHX.

['eosoraM NpHXOAHTCS UMETb J€J0 HE TOJbKO € aHAJH3CM TIO-
cJaenoBaTeNbHOCTell NAHHBIX, RO H CPaBHHBaTb Mexxay coboii pas-
JHuHbe pAAL HaOmogenui. Harasaueidi npramep — cTpaTHrpadu-
yeckas KOPpPeJsuusi IPH H3YYEHIH Da3pe3oB HJIL NPH SJEKTpHue-
CKOM Kaporaxe ckBaxuH. IlpHuuna, mno KOTOpO# Tre€O0JOrH
HCMOJMB3YIOT KOPPEJSALHIO, — NPOCTOe KeJaHHe YCKOPHTh NoJayue-
HHe TeOJOrMYECKHX BBHIBOJOB H3 3aKOJMPOBaHHOI wuHOpMALUH,
xpansinieiica B 6aHkax JaHHBX. KpoMe TOro, reojlora CTajaKHBaT-
c ¢ 3ajayaMH KOppeJsilliH B TeX CaydasX, KOTAa He MOTyT CBOH-
MH CHJIAMH pewHTh Bompoc 00 3KBHBAJEHTHOCTH IBYX PAAOB Ha-
6aonennit. Ciraboe CXOACTBO, CIHIIKOM HE3HAaUHTeNbHOe, YTOOLL ero
MOXKHO OblJI0 06HApyKHTh BH3ya/bHO, MOXKeT ObITb BBISIBJIEHO 3TH-
MH MeTOJAaMH, Jaxe €CJH 5TO HEBO3MOXKHO HpPH HCIOJAb3033aHHH
Ipyrux mpHemos. KoanuyecTBEHHbiE METOAB MO3BOJAIOT Te0.10raM
paccMaTpHBaTb OJHOBDEMEHHO HECKOJIbKO MEepeMEHHbIX, 4TO ABJA-
eTcs MOLIHBIM CPEACTBOM pAacClO3HABaHHA H3yzaeMbiX OOEEKTOB.
Haxoren, B cuiy a6co/0THOH UHBAPHAHTHOCTH ONEpauHil B BH-
YHC/JHTEJbHOH IpOrpaMMe KOPpPeJALNHOHHHIH aHanu3 0pocaer BhI-
308 reosiory. Eciu xoppeasiuoHHble 3aBHCHMOCTH, OUEBHIHbBIC Ieo-
J0TY, HEe COTJIacyloTcsl C pesy/bTaTaMH, MOJYYEHHBIMH MalUIHOH,
reojor 0653aH OTpeesUTh NPUYHHY 3TOr0 pacxoxkienus. OGHYHO
OoJiee THIATENbHOE HCCJEJ0BaHHe NO3BOJSAET BLIABHTE OCJAOKHEHHSA
U cMellleHUsl, He 3aMeyeHHble NPH NEPBOHAUAJbHOM HCCJIEIO3aHHH.
STO He 03HAYAET, UTO [E€OJOT JOJKEH H3MEHHTb CBOIO HHTepIipera-
uu©e TakuM obpas3oM, uToOL OHA COIVIACOBHIBAJACh ¢ pe3y’bTara-
MH, TIOJIyYE€HHHIMU C NOMOLIbIO BHUHCJHTEbHOA Mamuubl. Coscem
HaobopoT, HMEWILHeCs B HACTOslLee BpeMs B HAlleM pacropsiKe-
HHH TIPOTPAMME aBTOMAaTHYeCKOl KOppeJslHMH LOBOJbHO IpyOH H
COCTaBJIEHBI TPOCTO B COOTBETCTBHH C XOAOM MBICHeH, HCHOJb3ye-
MbiX reosioramy. ORHAKO IO Mepe NPOJOJNKEHHSt HCCJAeNOBaHHII IO
KOPPEJsIUH MOXKHO OXHAATh, YTO OYyAyT CO3/1aHB BeCbMa MO.ie3-
HbI€ aJrOPUTME, KOTOpble MO3BOJAT 3HAUHTeJbHO o0aerunThb pabo-
Ty TeoJiora.

Bonbiylo yacTs MeTOZOB CpPaBHEHHS ABYX MM Oosee MOCJiENO-
BaTeJbHOCTEH MOXKHO pasbuTh Ha ase GoJblive KaTeropuu. B mep-
BOH M3 HUX Napbl AAHHBIX MOTYT 3aHUMaTb TOJBKO OJHO MO.02Ke-
Hue, ¥ Hala 3ajgada — OMpeleNiTh CTeNeHb CXOACTBA MEXKAY 3TH-
Mi JBYMS [OCAEOBATENbHOCTAMH. B xayecTBe npHMepa MOKHO
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paccMoTpeTh CpaBHeHHe AH(PAKTOrPAMMBI HEH3BECTHOTO MHHepasa
C 1eJbI0 ero HACHTHOUKAUMH C HEKOTOPHIM pSJAOM CTAaHIApTOB.
CpaBHeHHe CO CTaHJApTaMH MPOBOAUTCH HE TOJBKO MO HHTEHCHB-
HOCTH OTpPaKeHHs], HO H MO COOTBETCTBYIOIEMY efl yriy OTpaKeHHS.
Hanpumep, HuKakux BBIBOJOB HeJib3sl CHeJaTb, €CJAH CPaBHHUBATDH
HHTEHCHBHOCTh OTpaXKEHHS PEHTIeHOBCKUX Jydedl mnox yraoMm 20
20° ¢ HHTEHCHBHOCTBIO OTpaxeHus mox yraom 20 30°. Jdaxe ecau
BeJUYUHA HHTEHCHBHOCTH OJHHAKOBA, CPABHEHHE COBEpPIUEHHO JIH-
IIEHO CMBLICHA.

Tor ¢akr, yTo gaHHLIe, aHAJOTHUHBIE NPHBEJEHHBIM, 3aNHCAHbI
B BHJE MOCJE0BATEJBHOCTH, HE HMEEeT 3HAUeHHsl, TAK KaK KaxAblH
3JICMEHT psilla paccMaTpHBAaeTCsl Kak OTJesbHAsT W He3aBHCHMAs
nepeMennasi. HureucusHocTh oTpazkenus nox yraom 20 20° xapax-
TEpH3yeTCsl OAHOH NepeMeHHOH, a WHTEHCHBHOCTb NOA yrjioMm 20 B
30° — npyroii. Meronbl CpaBHEHHS TaKHX IOCJELOBATeJbHOCTEN
MBl paccMOTPUM mMOApoGHO B ri. 6 (cM. KHHTY 2), rie yKameM
MHOTOMEpHLIE KPHTEPHH CXOJACTBA M PAaCCMOTPHM 3aJayH KJACCH-
¢uKauuHd ¥ AMCKDHMHHAHTHOrO aHaxausa. B sToM Kkmaacce 3agay
10/10KeHHe HAOJMIOJeHHA B IMOCJEJ0BATENBHOCTH CJAYXKHUT LJSI €ro
HAeHTHOHKAUUH C JaHHOIl NepeMeHHOA H He Hrpaer GoJiblle HH-
KaKO{l poJIH.

HaobopoT, nexoTopnie H3 ONHCAHHBIX B JaHHOH TIJaBe METOJ0B
OCHOBAHBl Ha PACCMOTPEHHH IIOCJEJ0BATENbHOCTEH JAHHLIX Kak
BHIOOPOK H3 HENPEPLIBHOTO MHOXKecTBAa HaOJIoJAeHHHA. ANpPHODH HeT
HIKAKHX TIPUYMH CUYHTATh, UYTO OAHA H3 CPABHUBAEMBIX BEJHUHH
ayuiiie apyrod. TakHe mMeToabl, Kak B3aHMHas KOPPEJsIUSI H acco-
nuaunus, nanbosee GJM3KHU reo/]0raM, HO, K COXKaJEHHIO, HX NpHMe-
HeHMe OrPaHHYEHHO, TAK KaK OHM He JONYCKAalOT H3MeHeHHH Mac-
mraba ONHOrO paspe3a HPH €ro CpaBHEHHH C APYTHM. Jljas MHOTHX
THIOB NOCACA0BATEJNBHOCTEl, pacCMaTpHUBaeMbIX B 3TOH rjase, H3-
MeHeH!s MacwTaba He TpeOyeTcs, W HNOITOMY TPYAHOCTEH HE BO3-
HHKaeT. OAHAKO CKOPOCTH OCAIKOHAKONJEHHs, HATIpUMEp, He 5IB-
JIAIOTCSA TIOCTOSHHBIMH, IO3TOMY CTpaTHrpadHuecKHe AaHHBIE TPYI-
HO H3y4aTb C NOMOLIBIO CYLIECTBYIOLUIHX METOJOB KOPPeJSIIHOHHOTO
aHas3a.

Kak ™Mbl yxe oTmeuaqu B rj. 1, BEIYHC/JIHTEIbHAS MAaIUWHA $1B-
JaseTcss MOLIHBIM OpyAHeM pelleHHs CJOXKHBIX 3ajgau. Oguako oxa
r1yna U MOXKET TNMpHHHUMAaTbh OeCCMBIC/IeHHBIE AAHHbIE H BLIABATH
CTOIbL Ke OecCMBIC/IeHHbIe pe3yabTaThl Ge3 konebanuil. MHOXKeCTEO
nporpaMM aHaJH3a NOC/eJ0BATEbHOCTEl pe3yJabTaTOB HaOJI0je-
HIfI MOXKHO JIETKO IIOJYYHTb 13 pasfiHuHBIX HCTOYHHKOB., ECJaH ke
HCNMOab30BaTh 3TH MPOrpaMMbl KaK <«UepHBIl SHUK», HE MOHHMASR
MpOH3BOAHMEIX B HHX ONepaniil W HAJOXKEHHBIX OTPAHUYEHHH, TO
Jerko cOUThes ¢ NMyTH. Mbpl Haneemces, UTO OMHMCAHHE METOLOB H
npuMepsl 3TOi IaBbl OyAyT AOCTATOUHBIMH ISl TOTO, UTOGHI OI-
peieaiiT 06JacTh MPHMEHHMOCTH KaxKAOTO MeToja M NOMOYb I10-
HnManiio nporpamM. OJHAKO B OKOHYATEJbHOH CTAjMH aHaH3a
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1iceJe10BATE L A0JKER NojnaraTbcst Ha ¢Bol0 HHTyHLHIo. CTOMKHYB-
1iChb C 3ajayeil, B KOTOPOH JLaHHble NpPEICTaBJEHBl B BHJE focje-
70BATEJBHOCTH, BBl MOXKETe C IeTbi0 YNOPSIJAOUEHHs] BAlIero Iccie-
JoBaHudA 3a7aTb cefe cJeAylOlllie BONPOCHL: a) Ha KakoH BOMPOC
(Bompochi) i Xouy OTBETHTB? 6) KAKOB THN MOHMX Ha0al01€HHIT?
B) K4KOB THI I[OCJELOBATEJbHOCTH, OOPA30BAHHOH MOJYyYEHHBIMH
HabalonennamMu?

Bol MOxeTe N0BOJBHO OblcTpo OOHADYXKHTbH, YTO OTBET Ha Tep-
BLIl BOMPOC MOXKHO IOJYYHTh JIHIIb NOCJe YeTKHX OTBETOB Ha BTO-
poit U TpeTHii. EcsH yuecTb 3TO 10 Hayaja HCCAELOBAHHA, MOXKHO
136eKaTh UaCTH HEHYXKHOH paboThl. B npoTHBHOM c.iydae Crnocob
cfopa JAaHHLIX MOXKeT IpelONpeleJHTb MeTOJAbl, KOTOPbIe HY’KHO
IICIIONb30BATE JUIsl HHTepIperallliil, 4TO B CBOK 0uepelb CHJIbHO
OrpaHu4HT 06/1aCTb HCCJ/e0BaHHUS.

UHTEPNOJ MU HUOHHBIE NPOLLENYPBI

Muorue U3 omiCHIBAEMbIX HHXKe METONOB NPHIOAHBI AJaf NaHHDLIX
C paBHOMEpHLIM PACIOJIOKEHHEM B IPOCTPAHCTBE; HAOJIOIEHIs
JIOJIZKHBI TIPOBOJAUTHCSI C COXpPaHEHHEM OJHOTO M TOro e HHTepBa-
Ja Ha IpAMOIl WK Ha TMepeceyeHHH nuoro Tuna. KoHeuHo, Ha mpak-
THKe COOGJIIOJEHHE 3TOr0 YCJAOBHA YacTOo HEBO3MOXKHO, HanpuMep
IpH MHOTHX CTpaTUrpaduueckux HCCIC10BAHUSAX HJM IIPH aHAJH3e
JaHHBIX M3 OypOBHIX CKBAaXHH, a Takxe 175 BHOOPOX, COOpaHHbLIX
o Mapupyram B cj1aGo o6HaxkenHoM paiione. [losTomy HeoGxonu-
MO yMeTb OLIEHHBAaThb paccMaTpHBaeMble NEpEMEHHble B TOUKaX ¢
PETYJSIPHBIM paCHOJIOKEeHHeM, HCIOJb3ysl HX 3HAUeHHd, NOJyYeH-
Hble AJs1 PA3JIHYHBIX HHTEpPBAJOB. OTH BONPOCH H3]aramrcs B
rJ. b NpH paccMOTpPeHHH mocTpoenina usonauuuil. Ilporpammmul mo-
CTPOEHHS HM30JMHMI TpeAHAa3HAUeHnbl A5 DEryJspHOil CeTH KOHT-
POJIBHBIX TOYEK Ha OCHOBAHMM HaO.I10JeHHH, Hepery/sipHo pacro-
JIOXKEHHBIX B IDOCTpPaHCTBe. BHeIMHHH BHUJ M TOUHOCTH MOCTPOEHHH
KapTbl B GOJIbIIOH CTENEHH 3aBUCAT OT BEJIMUHMHBL Liara NpHMeHse-
MOl CeTH H OT aJITOPHTMAa, HCIOJB30BAHHOTO AJs TOJAYYEHUs Olle-
HOK B ee y3nax. Ceffuac MLl paccMOTPHM OLHOMEDHLI] aHAJOr 3TOH
3ajaud.

B tabn. 4.2 mpuBeieHH COjAepIKaHlsl MarHud B npoGax H3 BOX
peku CTpuM Yorep. B cBsisu ¢ TpyAHOCTbIO 0TGOpa npolul ObliH
B3ATH C PAa3JHYHBIMH HMHTepBasaMud. Mecra or6opa mnpob Oblan
TINATEJbHO HAHECEHB HAa a3pOo(OTOCHIIMKH, TOCJe Yero Mexay Hil-
MH H3MEpPAJHCH PACCTOSHHUS,

M3 6osbuioro 4yucja METOAOB, C MOMOUIbI0 KOTOPLIX MOXHO H3
HEpEeryJ/sipHO DACHOJOXKEHHBIX [AHHLIX IIOJYYHTh OUEHKH [ pe-
ryJASIPHOTO DACHOJIOXKEHHs!, Mbl T01pOOHO pasfepeM TO/IBKO [Bd.
TlepBolit — Haubosee MpoOCTOfi. ITO METOA NPOCTOH JHHEHHOM H-
TEpHOJIANHH MeX/1y 33/ laHHbBIMH TOUYKAMH, MO3BOJSIOUIHI NMOJYYHTD
OLEHKH B TNPOMEXKYTOUHLIX TouxkaX. Puc. 4.1 WimocTpupyer =ty

'
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Tabanuma 4.2
JlBapuaTh H3MepeHHH colepKaHHA MarHus B BOAAX
p. Ctpum Yotep (pacCTOAHHA HCUHCIANTCH
OT YCTbsl PEKH A0 MeCT B3ATHA Npob)

Paccrossue, u ConepxaHHe Maruud, r/t

0,1
1820
2542
2889
3460
4586
6020
6841
7232

10903
11098
11922
12530
14065
14937
16244
17632
19002
20860
22471
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npoueaypy. [lpexmosnoxum, uto Y, u Y, — nHabawagaeMole sHaueHUs
B Touxax X; U Xy, H MBI XOTHM OLEHHTL 3HaueHHe Y’ B Touke X'.
Cunrasi 3aBHCHMOCTb B NPOMEXKYTOUHBIX TOYKAaX JHHefHOH, 3Haye-
Hue ¥’ B Touke X’ MOXHO BBIUHCJHTB 10 cjeayiolieii hopmyJe:

(Yo =T (X —X,)
X;— X;

Y=

—*“ Yl' (4.1)

Hubmu cnoBaMHu, MBI IpeAnoJiaraeM, YTO pPasHOCTb MeXAy 3Haue-
HUSIME B JIBYX COCEJHHX TOUKaX sBJaseTcss JUHeAHOH GyHKIHeil
pasgensiolero HX PACCTOSHUA. 3HayeHHe B TOYKe, JeXalleHd Io-
cepelnHe MeXAy ABYMs HaOJIONeHHSIMH, HaXOMUTCA TOYHO Hocepe-
AUHe MEXKJY 3HAUeHHAMH B JABYX MpHJAeXKallHX Toukax. Dauxkail-
et Touko# K HalJ10AeHHI0 OyleT TOYKa, 3HaUYeHHe KOTOPOH GJiHKe
BCEro K 3HAYEHHIO HAbJIOAeHHUSs.

HecMoTpst Ha mpocToTy npoueaypsl JUHEHHOH HHTEPIOJSIHIL,
BO MHOTHX cayvasix oHa o6JjgajfaeT HEKOTODPHIMH HeJOCTAaTKaMH.
B cayuze, KOrja YHCJIO PaBHOMEDHO pPACIHOJIOMEHHLIX TOYEK MNpH-
6/1H3HTeJbHO PABHO YHCJY TOYeK HaOJMIOJeHHE M mocjefHde 6oJee
WM MeHee DaBHOMEPHO paclpeje/ieHbl, 5TOT MeTOJ AaeT YI0BJET-
BOpHTesbHble pe3y/bTaThl. OAHAKO ecJaH Toyexk HAO/1I01eHHUS Ha-
MHOTO GOJbUIe TOYEK, MOJAYYAKIINXCA IICCJHe HMHTEPIOJSUUH, TO
O6JbLias 4acTh MEPBHYBLIX JAHHBIX HE MCHOJb3YETCsi, TAK KaK IJIs
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Puc. 4.1. JlunefiHafs HHTEPHOJSIUS
MeXJy TOUKaMHu II0CJel0BaTeNbHOCTH
JAaHHBIX

oNpeAeJNeHHs OAHOL TOUKH B HHTEPIOJASHMOHHOH Npouesype Tpe-
GyeTcsl HCTOJL30BATb 10/bKO jBa OJanxaiinx 3Hauenus. Ecau
HCXOAHBIC JLAHHBIE MOIBEPIKEHEl 3HAUMTENbHOMY BJHAHHIO CJAVYalii-
HBIX H3MEHEHH. 10 NOJYyuYeHHble B pe3ysabTaTe HHTEPHOJALHH HO-
BLl€ 3HAYEHHsH 1axXkKe MOTYT HMeTb HEJONYCTHMYIO CJAYYaHHYIO H3-
mMeEYHBOCTb. O0a 3TH MOMEHTa YUMTHIBAIOTCS B MeTO4aX, HpeiHa-
3HaYeHHHIX JJf HCHOJb30BaHHA OGoJee JByX IepBOHAYaJbHbIX
3HAYEHHH W OCHOBAHHLIX HAa HPOLE;ypax ycpeAHEHHs, HCIOJb3YIO-
IHUX B3BelleHHble paccTosiHuA. OJHAKO MeTOALl yCpeiHEeHHs, KOTo-
pele 6yAyT pacCMOTpeHbI HHXKe, NpH H3J0XKeHHH INpOoLelyp craa-
JKHBAaHHs JaHHBIX Tak:Ke HMelOT HejocrTaTkH. Hanpumep, sHauexue
IIepeMeHHOH B NMepBOHAYAJIbHON TOUKEe NMPH HHTePNOAANHH He 061-
3aTe/IbHO COXPaHAETCHA, TaK KAaK MOJYyUCHHOE B DE3YJbTaTe ycpej-
HEHHS HOBOE 3HayeHHe MOXeT NpeBhlaTh (MJAH ObiTh MeHbIIE)
3HaUGHHS B OJM3JexallHX TOYKAX H3-3a BJHAHHA Oojlee yjajeH-
HBIX TOYEK.

Ecau nepsoHauasbHbie JaHHBIE DacllOJOXKEHB HEPETYJsSPHO H
IpOMeKyTOYHbIe 3HAYCHHUS JNOJXKEBL OLITH BBIUHCJEHBI A5 KaxJOH
napul HaOJaOAeHHl, TO NpUMeHeHHe JIHHEeHHO! WHTEpNOJSLHH, OT-
pakamoulell paBHOMCPHOCTL H3MEHeHHS MepeMeHHOH MeXJy KOHT-
pPOJBHLIMH TOYKAaMH, BIOJHe onpasaanHo. Oxnaxo B J0060# 3ajaue,
B KOTOpPOH MPHXOAHTCS HCNO/JIb30BATb HHTEPIOJALHIO HaOJ I0LAEeMbIX
JlaHHbBIX, BCETAa CJaefyeT HMeTb B BHAY, UTO A/ NOJYyUeHHS OLUEHOK
HeJb3d HCNOJB30BaTh JI000H MeroJ. TOUHOCTL MOJYYEHHOTO pe-
3yJbTaTa 3aBHCHT OT IJIOTHOCTH TePBOHAUAJBHBIX JaHHBIX, HCIIOJE-
30BABLIMXCS IPH IOCTPOEHHH CEeTH, H HHMKaKas HHTEPHOJISALHUS He
HO3BOJIUT HaM YJYYIIHTh pe3y/abTaThl aHAJHW34, €CaAH HCXOLHBIX
IaHHBIX HejocTaTouHo. Hampumep, Mpi Morsium Obl OLEHHTH COAED-
JKaHHe MarHHA B peke ¢ uHTepBajoM 500 M MJHM maxXe ¢ HHTepBa-
JOM D M, OJJHAKO COBEDLIECHHO SCHO, YTO 3T'M HOBHIE 3HAYEHHS He
JaayT HaM JONOJNHHTEJNbHOH HHQPOPMALMH G paclpeie/]eHHH H3y-
YaeMOro 3JI€EMEHTa B NOTOKE.

Tenepp MBI paccMOTpHUM MeTOJ NOJYYEHHS PaBHOMEPHO pacrmo-
JIOXKEHHBIX B IPOCTDAHCTBE JAHHBEIX, OCHOBAHHLIX Ha HCIOJb30Ba-
HUM BCeX HaOJIOJEHHH MeXKJy NOCJel0BaTeJbHBIMH TOUKAMH, B KO-
TOPHIX OHl/IM IOJYYeHBl OUEHKH. DTOT MeTOJ HAa3LIBAETCH METOLOM
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Puc. 4.2. TlocneaosateqpHOCTb JAHHBIX, pacCMAaTpHBaeMasi KaK CTyneHuyatas (yHK-
LU KJIH KPHBAs NPSIMOYTOJbHHKOB»

0 10 20 30 40 50

Piic. 4.3. Pasﬂo.\repﬂas{ NPOCTDAHCTBEHHAA 1IOCJEAOBATEABHOCTh, IOJAYYEeHHAA H3
HECDABHOMEDHO pAaCNOJIOXKEHHBIX JAaHHBIX NYTEM NPAMOYTOJBHOTD HHTErPpHPOBAHUA.
ITnowazb 3aWITPHXOBAHHON OGJMACTH TaKag XKe, KaK H Ha puc. 4.2

npsAMOYronbHHKOB. McxonHble naHHBlE MOXKHO NPEACTABHTbL B BHIE
CTyNmeH4aToif GyHKUHH, HMEIIIell B MHTEPBaJe MeXAy HocJjeloBa-
TeJbHEIMH HaOJ0JeHHSIMH TOCTOSIHHOe 3Hauenre. [IpHmep Tako#
$yHKIHE TipeactraBied Ha pHc. 4.2, Ecan tpebyerca 11306pasuth
pacripeneJfieHiie ¢ paBHOMEPHOH CEThbIO, HAJ0 IOCTPOUTH APYTYIO
CTYNEHYATYI0 (PYHKIHIO, HO TAKyI0, YTOOB MJOIaAH MHpPSIMOYIOJib-
HHKOB C PAaBHLIMH MeXK1y cOOOH OCHOBAHHSMH OBbIJIH paBHLl COOT-
BETCTBEHHO HJIOMIAJSM HCXOAHBIX IIPAMOYroJbHHKOB. Taxoe pac-
IpejleseHHe npeicTaBJeHo Ha pHc. 4.3, rre nosaydyeHa mocJjefoBa-
TeJbHOCTb DaBHOMEDHO pacHpeJeJeHHBIX 3HauyeHHH, KOTOphle
COOTBETCTBYIOT AAHHBIM, NPEACTABJEHHEIM Ha IPeABLIAYLIEM DHCYH-
ke. Obe 3aluTpHXOBAaHHbIE NJIOWIALH PAaBHBEI MEX1y co6oil. dra mpo-
neaypa HMeeT TO NpeHMyLIecTBO, YTO OHa YUYHTLIBAeT BCe AaHHbBIE
BHYTPH HHTepBaJsa, COJAep:Kalllero TOYKY, AJSA KOTOpPOil Tpebyercs
NOJAYYHTh OLEHKY 3HAUEHHs u3yuaeMOH BequuHHel. Kpome Toro,
MIOCKOJIbKY MJIOLla[b, OrPAHHYEHHAS NOCTPOEHHBIM Tpa(HKOM, paB-
Ha TJIOIIAAMN, OTPAHHYCHHOI NEepBOHAuaJbHLIM PpadHKOM, TO Ha-
OJII0TEHHAM, HCIOAB3YEMBIM J1/i51 TIOJYUEHHS OLUEHKH B TOYKE, JOJK-
Hbl OBITH NPHIHCAHBL BECa, NPONOPLHOHAJbHLEE JIJIHHE TOrO HHTEep-
BaNa, KOTOPLIT 1M OTBEUAeT.

HecMoTps s TO UTO TeopeTuyecKH MOJVYSHHE GHEHOK METOJ0M
PAMOYTOJAbHIIKGB OYeHb INPCCTO, OHO INPEACTABISET HEKOTOphie
TPYAHOCTH NpIl mporpaMmuposasni. Mcnoab3ys nepByio mnoayues-
HVIO OIEHKY, BbIUHC/IdeM NPOH3BEeISHUE pACCTOSHISA A0 CJAeIVION(e-
ro HabJIOfeHHsl HA €r0 BeJNHYHHY, YTO JlaeT HaM ILIOLLAIb NPSMO-
VroJIbHHKA, Hajiee NPOH3BOAHM Te XKe BBLIYUC/eHHSA, A Bcex Ha-
O00eHHHE, MOKa He MNOJYyYHM OLSHKY B MNOCHeAHeHd Touke. IT1a
OLIeHKa ornpejensieTcd B pe3ynbraTe CyMMHDOBAHHA YiKe HaligeH-
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HBIX MJIOIafell M JesleHHsl CyMMbl Ha BEJHUHHY HHTepBaJja, Bh-
6paHHOrO AJis HoJyueHHs oueHkd. HauanpHoe sHaueHHe B OUCHU-
BaeMOH TOYKE MOCJEJ0BATEbHOCTH BLIGHPAETCA TAKHM XK€, Kak M
B Gankafiliedl npequIecTByoOLleH NaHHON TOUKE.

Pasnuuue Mexay JAByMs NpOrpaMMaMH BBICTYNaeT OCOOeHHO
SBHO B TOM CJyyae, KOTJ4 HCXOJHbIE JaHHLIE PAa3PO3HEHB, H MeiK-
Jly ABYMSl HaGJIOfeHHMSIMH NPHXOJHUTCS TojydaTh Gosee OAHOM
oneHkd. Ilpn suHeHHOH HUHTEpPNOJALUHH BHIYHC/IAIOTCA 3HAUCHU,
paCcIOJIOXKEeHHble Ha MpAMON JIHHHH, COelunsioleil ABe Ganxka#une
3aJaHHBle TOukH, HaoGopoT, B METOJe NPsAMOYrOJbHHKOB CTPOATCH
OLLEHKH, DPaBHBle NepBOMY HaOJIOfEHHUIO.

Ipu wusyuenun 30Hb MeTaMOp$HU3Ma BOKDYr HHTpy3uBa Oblia
onpoboBaHa CKBaxnHa, Npo0ypenHas NepueHjUKyIapHO K KOHTAK-
Ty HHTPYSHH ¢ BMeILAOLIMMH nopoaaMu. KepH packonond, H Bce
KPHCTA/ABl TpaHaTa, PacHOJIOXKEHHBIE HA MOBEPXHOCTH, H3BJEKJ/H
H TPOAHAJH3UPOBAJI CHEKTPOXHMHYECKHM METOLO0M Ha COJAepIKa-
nHe xeje3a. Kak paccTOsiHNsA MexAy KpPHCTaJJaMH, Tak H COAep-
JKaHHe Keje3a B HHX Kose(ajnch B WHPOKNX npeienax. laHube,
NOJIyyeHHBlE B pe3y.bTaTe 3ITOrO 3KCIEPUMEHTa, TNpHBEJEeHb B
taba. 4.3. JKenaTenbHo 6bl10 6Ll MOJYUHTb C HX IOMOIIBIO OOULYIO
KapTHHYy H3MeHeHHI B COCTaBe IpaHaTa, OJAHAKO 3TU JAHHDBIE Ka-
XKyTCs [OBOJBHO HE3aKOHOMEDHBIMH H HE IOJJAIOTCA NpAMOH HH-
TepnperTauy¥H. B KayecTBe NepBOro 1Iara IIPOBEAEHNS aHa/lH3a
MOXKHO IIOCTPOHTb HX OLEHKH JJ15 paBHOMepHOl ceTd. YKeaaTejabHO
B KayecTBe UHTepBaja MeX/Iy TOUKaMHu BhOpaTh paccrosuue 0,5 M.
3zech MBI CTAJKHBaeMCSl C MOJOXKEHHEM, OTJIHYAOLIUMCS OT pac-

Taénuua 4.3

Conepxakue Xelesa B IpaHaTaX H3 KepHa CKBAXKHHBI,
npoGypeHHON aiMa3HoH KOpOHKOA

Tay6una, cmM e;gﬁg;ﬁﬁ%ﬁe Tay6una, cm fzﬁﬁgfg?ﬁge Tay6una, cM gzﬂjgﬁf”ﬁe
(] 14,21 121 19,84 419 22,56
3 19,35 130 16,94 425 19,00
10 17,22 163 16,72 429 20,53
14 15,87 168 19,20 443 19,08
23 13,62 205 20,41 447 22,83
30 16,31 239 16,88 465 21,06
36 14,13 251 18,74 474 24 96
48 13,95 283 16,67 493 19,12
59 15,00 297 18,56 502 22,24
66 14,23 322 18,87 522 26,88
68 16,81 335 20,81 550 21,15
81 15,93 351 24 .52 558 28,92
94 16,02 370 25,03 571 27,96
96 17,85 408 25,11 586 25,03
102 17,02 416 23,28 596 26,27

115 15,87
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CMOTDEHHOrO BbUNE C/Y4ast H3YYEHHS CONEPIKAHMH MATHHA B BOJE;
#a010NeHHIT 3HAYHTENBHO 60JiblIe, yem HEeOOXOMHUMBIX  OUEHOK,
4 Halld uelb — COXPAaHHTb, HACKOAbKO 3TO BO3MOIKHO, HCXOLHYIO
HEQOpMauuo. B sToM caysae merorn MPAMOYIOJIbHHKOB NpPEACTAB-
JeTca Gosee MOAXOAAWHM /A NOIyYeHHS OLEHOK, YeM MeToJ
JTHHETHOH HHTeprossiuud. OfHAKO YHTATeNIO pPexKoMeHayeTca MoJy-
UHTb OUCHKH MO AaHHbiM Tala. 4.3 H TeM, H ApPYTUM MeTOZAMH H
SaTeM CpaBHHTb MOJNYUCHHBIC Pe3y/IbTAThl A YACHEHHS pasauuns
MeXK 1y ITHMH METOLaMH.

B reosoruu mpoueaypn ¢ PABHOMEDHBIM  IIPOCTPAHCTBEHHLIM
pacnpejesieHieM vyalle BCEro HCMOJB30BAJHCE OpH TNOJATOTOBKE
CTpATHTPaUUECKHX NaHHBIX (HCCAeI0BAHMUI paspesos, 3amuceii B
6yposbix KypHaaax u Ap.) AJsL NPOBEJCHHS BPEMEHHOTO TPEH -
dHa1H3a. DTOT MeTON, B CYMIHOCTH, SIBJASeTCS He ueM HHLIM KAk
TpOUeAYPOil CrAaXKHBAHHA, U /S CBOEro NpHMEHeHHA Tpebyer
PABHOMEDHOrO pacnosioKeHus NaHHBIX B MpocTpaHcTse. Takme Me-
TOAbl aHA/U3a BPEMEHHBIX PAAOB, KaK dBTOKOPPEJSILHOHHBIH It
TapMOHHYECKIH, TaKxke TpeCyOT A CBOETO NpUMEHeHHs paBHo-
MEDHOTO paclpeie/enns JaHHbX. B Hacrosuiee Bpems MmeTonnt
aHA/H33a BPEMEHHBIX DSJN0B, MO-BHAHMOMY, GOJiee MOIIHEBIE, uey
ApYrli€ METOAbl H3YYEHHS [OC/e/0BaTe/IbHOCTe! HAG/IIoNe Ui, u,
BEPOSTHO, B OJHkaiillee BpeMst HaiinyT IIHPOKOE TpHUMEHEHHe.
OZHAKO 3T METOALI TPeGYIOT GOJBIIHX MACCHBOB HH(OPMAaLHH, YTO
OrpaHHuMBACT BO3MOXKHOCTH HX NPUMEHCHHS K CTPATHIPa(HuecKHM
TIOCIEN0BATENILHOCTAM H aHaMH3y XOPOIUO pa3BeaHHDIX PYAHBIX
MeCTopoXaeHHd. HekoTopbie pesyabTarsl 6oiau TOJIYyYeHbl NPH U3y~
UCHHH IIOCJIeN0BATE/NLHOCTEH MUHEpaJoBs, HAGII0AaEMBIX B maHdax.
Ho 310 Gyzer noapo6uo PaccMOTpPeHO HHXKe.

LEMH MAPKOBA

MHorHe reosorideckie HCC/leJOBAHHA CBA3AHBL C H3yUYeHHeM
MOCE10BATENLHOCTEH pe3y/IbTaTOB HaGJIOfeHUI, KOTOpble mpen-
CTaBJeHbl B3aHMOUCKIIOYAOLMHMH APYr APYra COCTOSIHHUAMH. B Ka-
HECTBE NpHMEpa MOXHO NPHBECTH TOYEUHBIH MOACYET COMepIKaHHH
MHHEpAJIOB MO NMEepeceyeHnio wiikda, KOraa HalHuHe TOTO MM HHO-
O MIHEepasa OlpelesieT COCTOAHHe B JaHHON Touke. IIpu H3yue-
HUH CTPATHrPaUUECKHX Pa3Pe30B HJH CKBAXKHHLI, CeKyllell 30HLI
PYLHOTO Tesa, HaGJI0KAIOTCA [MOC/Ie10BATENbHOCTH JMHTONOIHYECKHX
THIIOB MOPOA, KOTOPLIM MOXKHO aTh aHAJOTHYHYIO KJACCHPHKALHIO,
HaGmonenns no nepecevenitio Mosuo IPOBECTH C PABHBLIMH HHTE-
BaJlaMH HJH #e€ PACHOJOXKHTL HX NPOH3BOJBHO, KAK 3TO OGBIYHO
AeNaeTCS IPH H3YYEHUH CTPATHrpaHYeCcKHX paspe3os. B IepBOM
OpHUMEpe Mbl MOKEM OXHAATb MOABJICHHS OZHOTO H TOMO e CO-
CTOAHUSA, T. €. HEeCKOJbKO MOCJEN0BAaTeNbHLIX HabJI0LeH i MOTYT
TONacTs B OAHY U TY ke KATErOPHIO. ITOTO, OYEBHHO, HE MPOH3OH-
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ZieT, ecaH HaGuo1eRns AEJNAITCH TOJBKO
3 TOUKAX H3MEHEHHS COCTOSHHA.

[aunple, BXOASIIIE B 3TH MOCJeNOBa-
TeJbHOCTH, B CVILHOCTH, TaKue XKe, KaK Te,
KOTOpble HCHOJIb3YIOTCK NPH aBTOKOppens-

UMK W B3aUMHON KoppeasuuH. Temeps, o1t-
#HaKo, Mbl OyjieM H3yuaThb He pacnoJjoxe-

#iMe COCTOSIHUI B  110C/€L0BATEJIbHOCTH,

a NpUPOAY Iepexoia H3 OHOT0 COCTOAHHSA

B apyroe. Mpl paccMOTpUM MeTO]bl, KOTO-

pble COBCEM He ICIIOb3YIOT HH(OPMANHIO

‘0 MOJIoOKeHUH HalJl0AeHHR BHYTPH IIOCJ]e-
JOBATEJbHOCTH, HO 3aTO MNO3BOJASAIT NOJY- o
YUTb HHOPMAUHIO O TEHIEHUHH OJHOTO
COCTOSIHHS CJIEA0OBATh 34 JAPYTHM.

Hannpie Ta6a. 4.4 npeacrasasiior crpa-
THrpaduueckHil paspes, H300paxeHHBIH HA
puc. 4.4, B KOTOPOM OCaAOYHBIE TOPOABIIO
DIpefesINCh B [OCAEAOBATENbHBIX  TOU-
KaX, pacroJioXKeHHbIX Ha paccToaHHH 0,3 M.
Kaxpas JUTOI0rHYECKasE DPasHOBUAHOCTD 5
6blia OTHeceHa K OJHOMY H3 HeTHIPEX B3a-
HMHO HCKJIOYAIOWHX IPYr Apyra CocTos-
HHHA — NeCYaHHKY, H3BECTHAKY, CJaHUYy H 0
VIJII0, KOTOpHIe yCJ0BHO OblIH 0603HaYeHbl
cooreercTtBenHo A, B, C, u D. MoxHo mno-
CTPOMTb MaTpuuy mnopsajaxka 4X4, B KOTO-
poil yKasniBaeTcsl, CKOJIbKO pa3 AaHHOe CO-
CTOsIHHE CiedyeT 3a apyruM. Marpuua Ta-
KOTO THIIAa Ha3biBaeTcs MaTpHleH mepexol-
HBIX yacToT. [IpHMepsl TAKHX MATPHI NpH-
Befensl Huxe. lMlcciegyeMmbin  cTpartHrpa-
¢duueckuii paspe3 coxepxutr 63 Hab.aiofe-
Husl, no3ToMy Hmeercss (n—1)=62 mnepe-
xona. Matpuuy cieiyeT UHTaTh OT CTPOKH
K croabuy. Jto, Hamnpumep, o603Hauaer,
4TO NEepPeXoAy M3 COCTOSIHMA A B COCTOsIHHE
C COOTBETCTBYeT 3JEMEHT MaTpHIbl Qis3,
T. €. €CJIH Mbl XOTHM 3HaTh, CKOBKO Pa3  py. 44 Crpatarpadte-
OCYILECTBJISIJICH MEPEeXOf H3 CTPOKH C HO-  ckufi paspes, B KOTOPOM
Me};om A B cton6el ¢ HoMepoM C, Mbl yBH- gg;gﬁggm:ccggqcaocwzogﬁ
JUM, UTO Tlepexon H3 cocroduus A B cO- e oyra:
crosune C mpoisowea 5 pa3d mo Beedt mo- T,
CJe10BATeNbHOCTH. AHAJOTHYHO, HMeeTCA  uax; C — cuanew; D — yroas
TfTh mepexoaos H3 coctodxus C B COCTOSA-

Hie A B 3TOH NOC/IEI0BATEJNBHOCTH; 3TO YHCJ/IO — 3JEMEHT MaTpH-
Unl, CTOAWMA Ha nepeceuenuu cTpokn C u croabua A. Marpuua
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Tabnuna 44
Crpaturpatuueckas nocjaen0BaTeNbHOCTb, MPEACTABICHHAA. HA PHC. 4.4,
3aKOJHPOBAHA C MOMOUILI0 YETHLIPEX B3aMMHO HCKJOHAIOLMX COCTOSHMH:
necuannk (4), nssecruak (B), caanen (C), yroab (D)

-~
[e]
024

o
>

S

A
A
A
A
A
A
C

(Hus)

OO BREEEROOO
OODTOORROON
OWOOOw
OORLEEROOOO

DoOOOOB RN

NnepeXoJHbIX YacTOT ABJASETCA XOPOUIHM crnoco6oM BbIpaxKeHHus cJie-
JOBaHHusI OAHOr0 COCTOAHHUSA 32 ADYTHM!

B
A B c D CyMMBl IO CTPOKaM
A - 18 0 5 0 - 23
U B 0 5 2 0 7
5 ¢ 5 2 18 2 28
D . 0 0 3 2 _ 5
CyMMBl O CcToJbuam 23 7 28 5 63 Ofmas cymma

3aMeTHM, YTO CYMMBI CTPOK H CyMMBI CTOJIOLOB OJHHAKOBE IpH
VCJOBUH, YTO pa3pe3 HAYHHAETCT M KOHYAeTcss B OJHOM M TOM XKe
COCTOSIHMH: B MPOTHBHOM CJyudae fABe CTPOKH H ABa CTOJ0LA OTJH-
4alTCsd HA EJUHHIY. 3aMeTHM TaKike, YTO B IPOTHBONOJOXKHOCTD.
TeM MaTpHUaM, KOTOpble BLIUHCJSAJIH paHblle, MaTpHOa Iepexoi-
HEIX YacTOT, BOOOIIE roBOpS, €CJAH HOC/eN0BAaTebHOCTb HayHHaeT-
€ M KORYAeTCs B pAa3HBIX COCTOSHHAX, HECHMMETpHuHa, T. €.
aij7=0a;i.

TeHJEHUHIO CJIeOBaHUS OJHOrO COCTOSHHS 34 APYTHM MOMXKHG
BHIPA3HTb B BHJE MATPHUIL, IIPEBPATUB Y4CTOTH B AECATIYHbIE ADO-
6M MM 0poleHTH. Ecam KaxkAablil 3jieMeHT {-H CTPOKH pasJeHTE
Ha CyMMY 3JE€MEHTOB i-fi CTPOKH, TO HOJyyeHHas Apo0b BEIPA3HT
OTHOCHTEJBHYIO BEJHUYHHY, XapaKTepH3yIOLyio, CKOJbKO pas 3a i-M
cocrosguueM GyjeT caeioBaTb Kakoe-nubo apyroe cocTosnue. B se-
POSITHOCTHOM CMbIC/IE 3TH HHCJA ABJAIOTCA OUEHKAMH YCJAOBHOH
BeposiTHOCTH P (j|i), T. e. BEpPOATHOCTH TOTO, YTO COCTOSIHHE j MO-
SBUTCA BCJei 32 JAAHHEIM B HACTOAWHI MOMEHT COCTOSIHHEM I.
(Mbl BBENH HEOOLIYHOE, HO SKBUBAJEHTHOEe o0o3Hauenue (P (i—j),
KOTOPOE MOXKHO CUHTATh BEPOATHOCTbIO TOTO, HTO 32 COCTOSHHEM i
OyZeT caeloBaTh COCTOAHHE j.) ITo o0o3HauenHe OyaeT HCIO/B3O-

BaHO NIO3XKeE.
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B Ofuras

A B c D cymma

A [F0,78 0 0,22 0 - 1,00

u B 0 0,71 0,29 0 1,00
3 c 0,18 0,07 0,64 0,11 1,00
D -0 0 0,60 0,40 _ 1,00

Orciofa, HampiMep, BHAHO, UTO €CJAH B HEKOTOPOIH TOYKE MBI

HaxoguMmcsl B COCTOAHUH C, TO BEPOATHOCTb TOIO, UTO JIHTOJOTHUYE-

ckasg passosuuHocTh Ha 0,3 M Boire Takxke ects C, pasHa 0,64.
BepoATHOCTb TOTO, YTO 3TA JHTOJIOTMYECKAS PAa3HOBHAHOCTb Oyler
cocrosiuneM A, pasua 18%; ona paBHa 7% n1a cocTosinus B H
11% — nnsa coctosiuns D. Tax Kak 3TH YeThipe COCTOSHHA B3AUMHO
HCKJIOUAIOT ADYr Apyra M HCUEpHLIBAIOT BCe COCTOSAHHSA, TO JHTO-
JIoTHYeCKas Pa3HOBHAHOCTb J0JKHA OBITh oxHOl H3 gernipex. Ilo-
3TOMY CyMMa, 33JlaHHas mo cTpoxam, pasHa 100%.

Ecan MBI pasgensM CyMMBI IO CTPOKaM IEPeXOAHCH MaTpHULL
YacTOT HAa CyMMy OOGIUEro yucja Nepexoios, TO Mbl IOJYYUM OTHO-
CHTEJIbHYIO JOJI0 BCEX YETHIPEX JHTOJOTHUECKHX DPasHOBHAHOCTEH,
peNCTaBJEHHBIX B 3TOM paspese. DTOT (GaxTop BEpOATHOCTEH Ha-
3BIBAETCA MAapTHHAJIBHBIM, HJIH (HKCHDOBAHHLIM BEKTODOM BEPOST-
HocTel.

A 0,37
B| 0,11
cl 0,44
D1.0,08

HanoMuHM, uTO B 1. 2 COBMECTHAsl BepOSTHOCTb OCYILECTBJIE-
s AByx cobuitiiit A u B paBHda.1ach

P(A,B) = P(B|A)P(A)
e
P(B|A) = P(4,B)[P(A).

TaxiiM  00p&3CM, BEPOATHOITH TOTO YTO COCTOsiHHE B Gyaer
2JI€/10BaTh 3a COCTOAHHEM A, PaBHA BePOATHOCTH TOTO, UTO peaJiH-
sviorcs ofa coctoanusa A 1 B, JeqeHHOIl HA BEpOSTHOCTh OCYLIe-
< TBJIeHHSA cobnitiia A. Eciu BeposATHOCTII OCyllecTBJEHHS COOBITHI
A 1 B He3aBHCHMB, TO

P(A,B) = P(A)P(B) wu
P{Bi4) = [P(A)P(B)]/P(A) = P(B),
- €. BE€DOATHOCTL TOTO, YTO COCTOsAHNE B OvieT ciaerosaTs 33 CO-
croAnmer A, ecTb NPOCTO BEPOSTHOCTH TOrO, YTO COCTOAHHE B ocy-

UleCTBHTCA B 3TOM pa3pese, H 3Ta BEPOATHOCTH 33712eTCH COOTBET-
~TBYIOIHM 3JIeMEHTOM B (PHKCHDOBAHHOM BEpPOATHOCTHOM BEKTOpe,

B
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TOM, 4TO BCe JIMTONIOTHYECKHE COCTOS
CTBCHHO TIPEAINCCTBYIOIIUX COCTOSIHH
KDHTEPHS y?, MpHYEM CHAYyaJa OTHOUIEHHS
POATHOCTH TIOSIBJICHHUS
HaCTOThHI, IS Yero MPOBOXHTCS YMHOXK
OTBETCTByIOIEE OGIIEE YHCJIO COBBITHUH:

ITo BupYy xpuTepHfi ¥? Hanomuuaer x
Kaxamil sjgement MaTpUUBl YacTOT
PHIO, B KOTODYIO BXOAHT KakK Hal
JI0 TIEPEXO/I0B. ITH HHCIA CPABHH

rae O — Ha6J/0feHHOE YHCI0 me
Ipyroe, E
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.

Ecau Bce BEpOATHOCTH pe€anH3anHuu COCTOAHHE B

CHMBI, TO TAKOE K€ COOTHOILICHHe BEpHO H AJs B
Tlepexon0B, HampHmep,

P(B|A) = P(B|B) = P(B|C) = P(B|D) = P(B).

paspese He3zaBH-
CéX BO3MOXKHBLIX

9T0 nossoaser Haum UPEACKA3ATh, YTO MaTpHIAZ BePOATHOCTEH me-
PEXONa NONKHA BBINISAETH TAK, KAK €CJH Bbl 4aCTOTH JHTOJOIH-
HYECKHX COCTOSIHMH B OjHOH Touxe CTpaTHrpapuyeckoro nureprasia
ObIIH Gbl COBEPUIEHHO HE3ABHCHMLIMH OT JHTOJIOTHH B TOUKe, pac-
TOJIOKEHHON HHXKE B HENOCPeCTBEHHON GJH30CTH. Marpuua oxu-
AaEMLIX BEPOATHOCTEH NMepexona GYAeT cOCTONTH M3 CTPOK, KOTOpLIE

HICHTHUHEL 33laHHOMY BEKTODY BEpOSTHOCTEL. Hns mawero crpa-
THTpa(hHUECKOTO MPHMepa OHA HMeeT BHJL

B
A B (o D
4 10,37 0,11 0,44 0,08 -
s B 0,37 0,11 0,44 0,08
c 0,37 0,11 0,44 0,08
D 120,37 0,11 0,44 0,08 _

Mur MoxkeM cpaBuuTh STy MaTpllly OXHIAeMbIX BEPOATHOCTE
Iépexona ¢ wabuaiogaemosi Marpuie INEPEXOAHEIX BEPOATHOCTEH,
KOTODYIO MBI NEHCTBHTENbHO Habaiomaem IpA NpoBepke runores o

HUSl HE3aBHCHMBI OT HeNocpe /-
A. D10 penaercs c IIOMOIbIG

» Xa2pPaKTepHU3YIOIHEe Be-
JIUTOJIOTHYECKUX THIOB, NPEBPAINAIOTCH B

€HHe KaX10#l CTPOKH Ha co-

Oxngaemple BEPOSITHOCTH mepexona 0611168 HucJa0 OxupaeMpre TACTOThH!

- 0,37 0,11 0,44 0,08 - X 28 = [~ 85 25 10,1 18~
0,37 0,11 0,44 0.08 X 7 = 2,6 0,8 3.1 06
0,37 0,11 0,44 0.08 X 28 = | 10,4 3]1 123 9o

- 0,37 0,11 0,44 008 _ X 5 = 11,9 006 22 04

PUTePHHl, OMHCaHHBLIA B ryT. 2.
nepexona cocraBager katero-
MIONEHHOE, TaK H 0XHAaeMoe yic-
BalOTCA N0 opMyae

A (4.2)

pexonos us ONHOTO COCTOSTHUSI &
— YHCJ0 OXKHIaeMbixX nepexonoB 1us ONHOTO COCTOAHUS

1. Kpure--
B ApYroe, €CJH IOCJe10BaTe/bHbe COCTOAHNS Heaiixéixgmsoc}%%mﬁ
, % -_— 3
% 2 eHeli cBOOOIHI, Txe m
meer (m—1)? cren ] STOHNE
%;1;81 C’I‘erIe(Hb cBO6Obl TEPSIeTCS B Ka}KﬂoFOCOT)poIXE:’KTchKﬂpyrg‘\m.
i B KaxJI0U CcTpOKe pasHa 1,00). v
it KpHTepHA 17 OJIKHA HMeTh OXKH[I2
KIasl KaTeropus A :
MH KpHTepus ¥?, Kaz omua
fzi?ea qachTbI Mo MeHbIUed Mepe AJs MATH 26%):1%83534;%1?[ Kgﬂ_
\ HO MBbl MOXKEM IDHMEHUT -
\iepe 3TO He Tak, e
% CJUB IIpOBEpfiEeMY
HEe3aBHCHMOCTH, BbIYK Ky
ng:IHEX KaTeropuil, y KOTODBIX OXKHIaeMble YaCTOTEHI 6noonb je At
Iécmg’nﬂme KaTeropud MOXKHO KOMOHHUPOBAThH JO T€X IOp,
OMHIAeMbIe YACTOTHl MPEBLICAT NATD. AsA AoC. Cod 1 Cs C.
KaTeroput BKJIIOYAIOT NMEPEXObI ASC Ol e
KoMGHHEUpyeMble KaTeropHu MOryT ObTh O %as ot nene.
{CHTOB CTPOKM B, BCex 3/1eMeHTOB CTPOKH L) M K s
340;1013 A—~B, A-~D, C~B u C—D. Ilonyyaemas ¢ [
- )
¥MeeT BHJL
—12,3)?
(18—8,5)° (5104 (5—10,)7 | (18—12.3)* 4
a2 >

2
4 8,5 10,4 10.1 129

— —9.8?% 9999
77,00 (5—5,0%  (6—98" _ 9999,
- ( 7,0 + 5,0 - 9.8

i %-u0-
KpHTHueckoe 3HaueHHe 2 s JAEBATH cTeneHeil cBoGOLb ;; 53{?%”_
rop YpPOBHSI 3HAUUMOCTH €CTb 16,92; nposepsemoe 3};1%;{;1(11}0%%,
TeJbHO NpEeBHIIaeT 3TO YHCJO, MO3TOMY MbIHII:A:;{)(e | Aot
MMOCTH TmoOCJef0BaTe
YTO THUIIOTE32 O HE3aBHC o e 1
TaTHCTHUECKH 3HAYHM
BEpHA, T. €. CyLIeCTBYeT ¢ un e
HegOTOprX COCTOSIEMH HMMeTb NpeATNOUYTeHHE B CJIeJOBAHHHU
M
KOTOPHIM APYFHM COCTOSIHHEM. 5  rowe &
I—FOC.HGILI())gaTe.HbHOCTb, B KOTOpO# COCTOHI;PCIIG;TBofﬂnH;e};bfgymero
4yacTHYHO 3aB
BEepOSITHOCTHOM CMBIC/IE JIHIIb I yuiero
COETOHHI/IH, Ha3bIBAETCS Ma;K(oxx:K% uem;ro.o}gasy?Ba;;eaTiﬂ oy
ka A. A. Mapxkoea,
4eCTh PYCCKOTO MaTeMaTH el el
7 TIOJHOCTBIO ONpejeseHHbI)
MEKYTOUHBIM 3BEHOM MEXAY ) MU e
CAyYafHBIMH HOCAER
MIHHPOBAHHBIMH) H COBEPIIEHHO o
CTHMPII). Haw crpaTurpaduueckuii pa3pe3 ykasbiBaeT Ha uzrg;moc%h
KOBa TNepBOro TMOpAAKa, T. €. CTaTHCTHUeCcKds 3aB o
CYHIECTBYET MEXJIY JBYMSI COCEIHHMH TOqKaMII/I—i Cymeggm:gzﬂ:ﬂo_
¥ mux nopsigkos. Hampuwmep,
K€ CBOHCTBa MAapKOBOCTH BHIC eno.
BaTeJbHOCTb Mapkosa BTOPOrO MOPSiAKA YKashlBaeT H}iuf:;gnna)n-
VCJIOBHYI0O 3aBHCHMOCTb MeXJAy TOYKaMH, NpejlIecTBY
HOI! rax.
HOH Ha JByX NMpeAllecTBYIOUHX Iia 5 o
C Hi)lM}éHlbl% MaTpHULl NEPEXOLHBIX BepOHTHOCTEHa M;; }1;?6}?1}0-
OLEHNTH, T. €. NpeJcKasarth JuToJorHio Ha 0,6 M (gm;\a Jradaio-
JleHHs1) BBILIE HEKOTOPOH JNaHHOH TOUYKH. I'Ipezmog Hmi{é o
Hauanu ¢ u3BecTHsIKA (cocrogHHe B). YKasaHHH
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HOCTH O}LEHI/IBHFOT JIATOJIOrHYeCKOe
€oCeHeH BhIUIe PacnonoxXeHHoi TOUKe.

Cocrosinue %

A (necvanyx) 0
(n3Bectask) 71

C (rauna) 29
D (yroas) 0

Hpe,ZLHOJIO}KHM, YTO cJen
T B LJIHHY; MBI MOX<eM 3aTeMm Ollpene

3a:¢ i ‘ 1
AQHHOH JIHTOJOTHYECKOf P43HOBHAHOCTH B caexyiomefi TOUYKeE:

Cocrosinne %

A (necuanux) 18
(n3BecTHax) 7

C (rauga) 64
D (yross) I

I;;\HM 00pasoM, BeposiTHOCTD JIHTOJIOTHYECKOH noc
H3BECTHAK—TJIHHA~—H3BECTHSK OLEHHBACTCH Kak

PB~>C) X P(CXB) =29% x 79 ~ 29,

OnHako ecTe 11 APYrofi nyrs
‘H3BeCTHAKA. Bo3moxua TaKKe
H3BECTHAK~—H3BeCcTHAK. Be
HOCTb TaKoBa

P(B»B) X P(B—>B) =71% X 719, ~ 509,

Tax kak npyrue NICPEXOAB! H3BECTHSK—IeC
¥rosib HMEIT HyJdeBble BEPOATHOCTH
CTH ABIAIOTCH €XHHCTBEHHO BO3MOM
KOTOpLIe TIPHBOAAT OT H3BECTHAKA K
ATHOCTL TOTrO, 4TO NMOPOZa Ha nBa
TOXKE H3BECTHAKROM,
LocTosNMe, 6,

YaHHK F H3BECTHRK—
TO 3TH JABE NOC/IEA0BATENbHO-
HbIMH  I0C/1€10BaTeIbHOCT S M,
HEMYy 2Ke B jaBa mara, Bepo-
ara BLIIIE 13BEeCTHSKA 6y
yaer
- HEB3HpAi Ha mpoMemxyToyHoe JHTOI0THYeCKOR
ACT CYMMO¥ BeposTHOCTEH, T. e, )
P(B—A—B)= 0/,
P(B»zf?—»B):SOW0
P(B—»C-»B): 20/,

P(B-sD—By= 0/,
529/,

TO <3 j AN’
HOC’II‘}I\ie Ifoaﬂccymneﬂne MOXKHO NPUMEHUTH JJsi OnpeneeHus seposr-
%Ba 1 Jio BJIEHUS J1060i] JUTOJIOTHYECKO ] PA3HOBHOAHOCTH cnycrTa
I v €CTH HCXOTHTDL U3 a160oro 7 l

‘ ? . 70 JHTONOTIUECKOTO COCTOSH
i,uxa;\o HET HY/KIBl paccMaTpHsath BCEeBO3MOKHLIA rogvelogf{'
1EIBHOCTH MHAHBHIYAJIBHO, TAK Ko HCIIOAB3VeMbIil pu :—mlw npg-
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COCTOsIHHe, coomercrayromee

yomas Toyka ILGI?CTBHTEJ’I!)HO nonana-
JIHTh BEDOSATHOCTD NOSABJIEHHUS

Jd€10BATeNIbHOCTH

AOCTHYL B 1Ba urara COCTOSIHHSA
I0CIe J0BATETLHOC T H3BOCTHSIK—
POATHOCTHL ONYYUTH 3Ty nOC/e10BaTe N L-

jecc YMHOXKEHHS H CYMMHDOBAHAS B TOYHOCTH COOTBETCTByC1:
MaTpHUHOMY yMHOXKeHHIO. Ecin maTpuia BepoATHOCTEH MEPEXola
yMHOXKAeTcsd Ha cefst (T. . BO3BOAHTCA B KBajpar), TO Pe3yabTal
yser maTpHLell BEPOATHOCTE NePexoj0s BTOPOro mopsiixa B MO-

CJIel0BaTEIbHOCTH:
0,78 0 0,22 0 2 0,64 0,02 0,31 0,02

0 071 0290 ] o005 052 039 0,03
0,18 0,07 064011 | ~| 02 0,09 054 0,11
0 0 0,600,40 0,11 0,04 0,62 0,23

3aMeTHM, YTO CYMMBI 3JIeMEHTOB CTPOK KBajpaTa MaTpHIUbl TaKiKe:
cocrasasioT 100%.

Haunune 3Ha4HMOi MapKOBOCTH BTOPOTO NOPSIKA MOXKHO HpO-
BEpHTb TOYHO TaK XK€, KaK MBIl [POBEpPsIH HGBaBI/I‘CI/IMOCTbQMe}!{,’Iy
I0CJEL0BATENLHBIME COCTOSHUAMU C NOMOWLBIO Kpurtepus y*. Ecan
MOBTOPHTH BBLIKJAAKH, NIPOBEJEHHBIE paHee, TOJIbKO HCIOJAb3ys Mat-
pHILy NIePEXOHLIX BEpPOSTHOCTEH BTOPOro NOPSAKA, TO ML yOepuM-
¢l B TOM, YTO 3Ta MOCJEA0BATEJbHOCTh HE HMEET 3HAUYUMOCQ CBOH-
¢TBa OBLITh MAaPKOBCKOH LEMNBIO BTOPOTO MOPSAKA.

MBI MOXEM OIEHHTb BEpOSITHOCTb COCTOSIHHA Ha Jw0om wiare
Gyayuiero, npocTo BO3BOAS B CTeNeHb MATPHUY BEPOSTHOCTEH CO-
OTBETCTBYIOIee yHuCao pa3. Ecau MaTpuiua BO3BOMMTCA B CTEMCHE.
JOCTAaTOYHO OOJIbIIOE YHCJAO pa3, TO OHA JAOCTHraeT YCTOHUHBOIC
COCTOSIHHSI, B KOTOPOM BCE CTPOKH CTAHOBATCH PABHBIMH (HKCHPO-
BAHHOMY BEPOSITHOCTHOMY BEKTOpY, HJH, ADYTHMH CJOBAMH, IOJY-
yaeTcsi HE3aBHCHMas MaTpHIA [epeXOAHBLIX BEPOSTHOCTEH, KOTOpast
He H3MeHsercs NpH TOCJEAVIOUIMX BO3BEAEHHSX B CTEHCHb.

B npuBeseHHOM BLIUIe IpHMepe BE MoxeTe yOeaHTbCH B TOM,
UTO HAaMBbIClUHE IIePeXOJHble BEPOATHOCTH COOTBETCTBYIOT MEPEXO-
1aM H3 OJIHOIO KaKoro-Ju0o coCTOsHHA B cebsl, HanpHMep Iepexo-
JiaM TIeCYaHHK-—IeCUaHUK, H3BeCTHAK—H3BECTHAK U IMHHA—TJAKHA.
OueBHAHO, YTO 3TH HEPEXOAHLIE BEPOSITHOCTII CBA3aHB C MOIKHO-
CThIO BLIOMPaeMBIX CTpATHrpadHUecKHX €JHMHHIL H 3aBMCAT OT pac-
CTOSHHA MeXK1Y BbIOOPOYHBIMH ToukaMH. Hampumep, 4acToThl BAC.Ib
[VIaBHOMT AMATOHAN MaTpHILl 4ACTOT MepexoaoB OyjayT yJABaWBAThb-
¢, B TO BpeMs K2K BHe1HAaroHaJbHbIE YACTOTH OCTAIOTCS HeH3Me-
HEHHLIMU B CJayuae, ecau HaOMJI0feHHs IPOBOAUJIHCH Yepe3 Kaxjble
0,15 M. Dro B 3HAYHTEIBHON CTENEHH YCHJIHBAET MapKOBCKOE CBGii-
CTBO, OJIHAKG BeckMa cheuHduuecknM o0pasoM. Breibupas mozxo-
lsllee pacCcTOSIHHE MEXKAY TOUYKaMH ONpOOOBAaHMS, MBI CTaJKHBa-
eMca co caeaywoueli npodaemoii: ecan HabJIOJEHHS PaclOJOXKEHb!
CIMIIKOM OJHM3KO, MaTpHLAa MEepeXof0B OTparkaeT rVaBHEIM 00pa-
80M MoulHOCTB €0Jee MACCHBHBIX crpatirpadHuecKix eaHHUL;
€CJIM e DACCTOAHHA MeXAy TOYKaMH ONPOOOBAaHHUA CJHILIKOM Beé-
JIUKH, TOHKHE eAMHHHIEB! MOTYT ObITb HOJHOCTLIO IPOMYIIEHHI.
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Broxennbie nenu Mapkosa

Tpynnocre# BbIOOpa NOAXOASALIEr0 HHTEpBaja OMNPOGOBAHHS
MOKHO H30exkKaTb, €CaH HAOJIONEHHS NPOH3BOIATCH TOJBKO TOrAA,
KOTJa TPOHCXOAHT cMeHa cocTosiHHH. CrpaTurpacduyeckuil paspes,
HanpuMep, MoxeT OLITb NpPEACTaB/JeH KaK MOC/Je10BaTe1bHOCTh
TIOICTANAIOMWHX NOPOJ, Kaxlasd H3 KOTOPBIX JIHTOJOTHUECKH OTJHY-
Ha OT HENOCPEeACTBEHHO mpejllecTBylolledt. B taba. 4.5 mpeacras-
JIEHbl 34TMHCH TMOCJ/EJOBATENbHOCTH TOPHEIX TOPOI, IMEPeCceyeHHbIX
CKBaXKHHOH, mpoOypendHod B [oaune Muunenn B Ulotnangun.
CkBaxuna 6ema npoGypeHa Ha 480 M B KaMeHHOYTOJIBHBIX OTJIO-
HEHHAX MEeHCHAbBAHCKOrO BO3pacTa, COCTOSIMIMX M3 NepecsaHBalo-

ee MaTpHLEH, COCTOR

jag B TOM, YTO BCE €¢ AUArOHAJbHbE HJICHB
JKHEL OBITb HYJIAMH, TaK KaK COCTOSIHHE HE MOXeT CJIelIOBaI’gb
g;) camuM coGoil. MaTpuua MepexoJHbIX BEpOATHOCTEH, noJy4a

masicst AeJeHHeM KakKaoro 9/1eMeHTa MaTpHLBI MepPeXOJHBIX 4acToT

[0 CYMMY 9JIEMEHTOB CTPOKH, 0G/IallaeT TeM ke
caMmblM CBOiCTBOM. [10C/I€10BATE/IbHOCTH, B KOTOPBIX nege);?lix);{xelgs-
HEKOTOPOro COCTORHHA B cebf sanpelleHsl, HaabIBaxOTcT o
4LIMH MapKOBCKHMH uemsiMu. MX anaius HpeILCTaBJITﬂea cneuddu
geckylo 321ady, TPYAHOCTb KOTOpOH He BCeria TOHATH ,
#3yyaloImiM 3amicH cTpaTHrpadHuecKixX AaHHBIX.

Ha COOTBETCTBYIOILY

B CyMMB! IO
IHUXCA TOJLL TJHHBI, HJa, NMECYaHHKA H YTOJbHBIX 1J4CTOB HJH A B C D E cTpoKaM
KODHEBBIX 30H. DTH OCaJKH HHTEPIPETHPOBAJHCH KAK OTJIOMKEHHDLIE A 0 11 3 21 52 - 120
B AenbTe MNJOCKOI PaBHHHBI, MOJBEP:KEHHOH YacTHIM 3aTONJEHHAM, B 28 0 4 4 0 36
TaK YTO MOXKHO OXKHJAAaTh, YTO HEKOTODble JIHTQJOTHYECKHe DasHo- Ha C 3¢ 2 0 45 lg %
BHAHOCTH MOTYT HaXOJHTbCA B MPEANOUTUTEIBHBIX OTHOIMEHHSIX D 29 1 43 g 0 68
Apyr ¢ apyroM. JlaHHble B3ATbl H3 OOJBLIONO UHC/JIA CKBAXKHH, H3Y- E |- 2823 . - 396 O6uas
gapwuxcs J1ayToHOM. CyMMBl ‘TI0 119 37 94 78 68 cymua

Martpuila nmepexoJHBIX YaCTOT 175 UeThipeX COCTOSHHH, MOJy-
4yeHHasa AJd paspe3a IloTnanpckoifl CKBa)KHHBI, NPHBOAUTCS HHIKE.
CoBeplUIeHHO OYeBHIHA PA3HMIA MEXKAY ITOH M PacCMOTpPeHHoll pa-

Tabnuuna 4.5
MocaepoBaTenbible MUTOROrMuECKHE COCTOSIHHS, NOAYYEHHBlE B CKBAXKHHE,
mpobypenHoRt B yroabubix naactax Joauuu Mupsenn p otaawmaun; s3aumuo
HCKJI0YaolHe cOCTOAHKA: A — nycToil caadel, B — cjaHely ¢ HCKONaeMbIMK

troAb1am

JuTonOTHueCKie COCTOSHHS 3aKOLUPOBAHb GYKBAMH: A-—-—I(‘)JIH-
#iBl, He COJEpIKallie HCKOTaeMble OPraHu3Mbl H MEJIKYIO nopc,u&
B —— rauHbl, CONEp/KAUlHe DAKOBHHEI NPECHOBOJHOH (ayHEH, c
anesput, D — necuasuk ¥ E — yrojb # KOPEHHLIE HOPOJHI. 00T-
geTcTByIOIlas MATPHIA MEPEXOJHbIX BEPOATHOCTEH HMEET BHA

OCTATKAMH MNPECHOBOAHHMX pPaKkoBHH; C — aJjeBpOaUT, D — necuanuk B Cgr“{,“g;‘a?
H £ — yronp uaug KopewHasl 30Ha; YHTAfiTe BHH3 NO CTOAGLAM [15] A B c D E ?
A J-0 0,09 0,3 0,18 0,43 - 1,00
{Bepx) B 0,78 0 0,1t 0,11 0,(1)2 },88
BDCBESBDBACEACDAETEA AAAD Ms  C | 036 0020 0,48 800 1200
ECDEAAECECBDACAACTETDSZC Do} 03 8 05 012 o 1700
A ACACCADAAETCEU ADUDTEIAETD E |_0,41 0, , , - )
EEADDACTCDUBADTCBACTDTETCSC
ADBCCCADAC BT CDTC CIBUDATCTDA . .
D C A A D ACADEAACDEAZBUDTCD MaprunajbHblit BEpOSATHOCTHBEIY BEKTOD HMEET BH]I
A AEECBBBCCBCDAAETDA AAA _ _
¢ DDCDAEZEAMAEAETETCASBTBESB Al 030
DCCDCBCAEDACCADTCAEAA ’
¢ AACAEACABBEUDCETDEAESHSB B{ 0,09
DEEABADDTCEAACDACAGBATE
CCCBECCCDABCETCDATCETCA c| 0,24
A DA A A DAAADEUDAETCTDAADTD 0.20
BCDEBCCBECCCC CAAALETEASRB Dl 0,2
EBEAADUDAADADACTBTETCAEA El 017
A EADUBCCBEETCT CEUBEUADTCTCE [ W S
D ADEADETEUAADAAEADTCTDTDA
" / 3 o
peehEats st 00 L Kpiepi 50, macarmu (42), Moner Gums  enormaooan
C D ACACDACTCAAE A D C D D A And HpOBepKH MapKOBCKOFO CBOHCTBA BJOXKEHHOH nocJaea0BatTesib-

180 181




HOCTH. DTO feJaercsl cpaBHeHHeM HabJiojaeMol 4acTOTHOH MaTpH-

Ubl Nepexoja € OXHMAaeMOH MaTpHUeH, ecaH MNOCJAeLOBaTeJIbHEE:
cocTofAHNsl He3aBHCHMBl. OAHAKO (HKCHDOBAHHBIA BepOSTHOCTHBIMH:

BEKTOD HE MOXKeT OLITh HCIIOJB30BAH JJISI OUEHKH CTOJNOLOB OXKH-
LaeMOH MaTpHIBl IepeXOJHbIX BeposaTHocTed. ITockosabKy mepexoibt
H3 HEKOTOPOIO COCTOSIHHS B ce0sl 3anpelleHbl, Mbl JOJXKHE OBLIH
6B MCNOJb30BAaTh KAKOH-HHOYyAb OKOJNBHEIH OYyTh /51 OLEHKH 4Hac-
TOT MNepeXojJ0B MeXJYy HEe3aBHCHMBIMH COCTOSIHHSIMH IIDH YCJIOBHH,
YTO TAKHE COCTOSIHMA HE MOIYT CJA€A0BaTb 32 CAMHMHU COOOM.

Hasa vauaaa mpejcraBuM cefe, 4yTO Halla IIOCJEA0BATENBHOCTE
B JIGHCTBUTEJBHOCTH SBJAETCH HEKOTOPOH 1LeH3yPHPOBAHHOH BBI-
GopKoli, u3B/IeYEeHHON M3 OOLIYHOH IOC/IEL0BATENBHOCTH, B KOTOPOH
nepexoibl M3 HEKOTODPOTO COCTOAHMA B cebsi MOryT HMETb MECTO.
Marpuna mnepexoaHbIX BEpPOSTHOCTEHl 3TOH MOC/EL0BATENbHOCTH
JOJI)KHA HUMeTh BH[, aHAJOTHUHBI yXe HaGJIOfeHHON, HCKJII0Yas
JHaroHaab, KOTOpasd OyjheT COXepxKaTb OTJIHYHbE OT HYJsSI 3JEMeH-
Tol. Ecau Obl MBI BLIYHC/IH/IM MATPHLY BEpOSTHOCTEH Nepexoja H3
3TOl MAaTpHIBl YacTOT M 3aTeM BO3BeaH Obl ee B jOCTATOYHO BhHI-
COKYIO CTeleHb, TO Mbl OUEHHIH OBl MATpPHLY NEepeXOJHBIX BEpOST-
HOCTEH II0CJIeJ0BaTeNbHOCTH, B KOTOPOI II0OC/I€10BAaTeNbHbLIE COCTONA-
HHUS He3aBHCHMBL Ecau 3aTeM OTOpPOCHTb JuAaroHaJbHEE 3J€MEHTHI
U NEePeCUYHUTaTh BHeAHMArOHaJbHble BEPOSATHOCTH, TO B pe3yfbTa-
Te NMOJYYHUTCA OXHJaeMasd MaTpHlla IEePeXOAHLIX BepOsiTHOCTeMH
JJI BJOXKEHHOH nocJef0BaTeNbHOCTH, Y KOTOPOHl COCTOSHHS He3a-
BHCHMBI,

Kak BBIYHCJIHTL YacCTOTHl MEPeXO0JO0B H3 KaXKJOIO COCTOSIHHUA B
cefs, ecau 3Ta uBpopManusd HeAoCTyNHA? Mbl OyaeM INPHMEHATH
JJIst 3TOrO MeTon npob M oWHMOOK, BHIOHpas AJd HUX Takue 3Hauye-
HUSA, KOTOpble, OYAYYH BCTAB/JEHHBIMH HA [HaroHa/J X MATPHIBL ne-
PeXOIHLIX 4acTOT, He H3MEHAIOTCA INPH BO3BEICHHH MaTpHUB B
cTeneHb. BHeiMaroHa/bHble 3JEMEHTBHl, OAHAKO, OyAYT H3MEHUSITHCSH
710 TeX TMOp, IoKa He OyneT AOCTUTHYTA YCTOHYMBAS KOH(DHUIypauus,
COOTBETCTBYIOMasA MOJENH He3aBUCHUMBIX COOLITHH.

Ha npakThke cOBCEM HeT HYKJABl BBLIYHC/IATH BHEJIHATOHAJbHbIE
3JeMeHTH. MEl HauHHAaeM C TOrO, YTO IPHIIHCLIBAeM AHATOHAJBHBIM
3/71eMeHTaM HalJI0JeHHOH MaTpHIBI IEPeXOJHEIX YaCTOT HEKOTOPOe
Npou3BO/bHOE OoJbuioe yucao, cxkaxeMm 1000. Ilpocymmuposar
3J€MEHTBl KaxKA0l CTPOKH H pa3jiesyB pe3y/abTaThl Ha OOLLYI0 CyM-
My, HCHOJb3yeM MOJYYeHHLIE 3HAUCHHS B kauecTBe OLEHKH Mepe-
XOJHLIX BEPOATHOCTEH, CTOAIIUX Ha JHAroHafJH. DTH BepOsiTHOCTH
BO3BOJAATCS B KBaApPAT M yMHOXKAKOTCA Ha OOIMYIO CYMMY, B pe3yJib-
TaTe MOJYUYalOTCS HOBble OUCHKH JHATOHAJBHBIX UAaCTOT. DTH HOBHE
OLEHKH BCTaB/AIOTCA B HCXOAHYIO MAaTpHLY HepPeXOAHBIX UacTOT H
3aTeM 35TOT IPOLECC NOBTOPAETCA. ¥KaxKeM NepBHI HHKJ 3TOH
IpOLeAYpHI.

lar 1. 3amuchBaeM HCXOAHYH MaTpHIY MePEXCIHLIX YaCTOT
co 3nayenueM 1000 Ha KaxKJIOM MeCTe AMaroHaJH:
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B MMBl TIO

A B ¢ D E CgT‘I;)%X’:aLM
- 1000 11 36 21 52 = 1120
é 28 1000 4 4 0 1036
U Cc 34 2 1000 45 13 1094
’ D 29 1 45 1000 3 1078
E - 28 23 9 8 1000 _ 1068

5396 O6uan

cvMMa

ar 2. OueHnuBaeM COOTBETCTBYIOIIHE JUaroHaJbHBLIM 3JeMeH-

TaM MepexoiHble BepOATHOCTIL, HafifeHHBE JeJieHHeM CYMM IO
CTpOKaM Ha ODILYI0 CyMMY:
B CyMMBl IO
A B c D E CTPOKaM
A |~ 0,208 - 8,%83
B 0,192 192
Ha c 0,203 0,
‘ 00 0,200
2 ’ 0,198 .| 0,198

m

Ilar 3. [TonyuaeM BTOPYIO OUEHKY MATpHILI MEPEXOHBLX 'qa;i
TOT, MCIOJb3ys AHATOHA/bHbIE 5JI€MEHTE, nonyqeﬂmggggM%omei{{é_
eM [QHATOHAJbHALIX BEpOSTHOCTefl Ha OOy CyMMY . %eu
[OHANBHEE 3JEMEHTH — ICXOJHble HaG/IIOfeHHbie 4acTOTHL SaTeM
HaXONATCA HOBLIE CYMMBI [0 CTPOKaM H 00mias cyMma.

B CyMMEl MO
A B C D E CTPOKaM
/ - 933 11 36 21 52 - 353
g 28 199 4 4 0 235
U3 C 34 2 222 45 13 316
D 29 145 215 3 294
E 28 23 9 8 212 _ 280
1478  O6wmasn
cymMma

10T npouecc NpojosKaeM A0 TeX Nop, IOKa OlIeHKHU nepegogﬁmx
4acTOT Ha AHATOHAAM He MEPecTanyT H3IMEeHATbCA. ﬂocmx\em{f
s70fi nean TpedyeT or 10 mo 20 nrepauui, npuueM YHCIO HTEpALHH
34BHCHT OT TOTO, KAK O/M3KH Obi1H BhIOpaHHble HaMH Hayraj 3Ha-
yenns K cTabugpHbIM. OKOHuUaTeIbHbII BHA MATPHIB MEPEXOAHBIX
44CTOT ¢ OLEHEHHBIMH JHATOHAIbHBIMH 4acTOTaMH NpPUEEIEH HIKE.

B CvMsl O
A B c D E CTPOKAaM
A - 66 1} & 21 B2 - 186
3 %8 3 + 4 0 30
: o 34 2 20 45 13 123
D i 20 mo1T3 o5
E . 28 2 o 8 13 _ s
T Tonduas 83 42 193 95 81 524 Oduan
~vaug mo crcadiaw 185 Ofu
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3Ty MaTpHUY MOXKHO npeobpasoBaTh B OKHUIAEMYIO MaTpHuy me-
PEXOAHLIX BepOSITHOCTeH TIHNOTETHYECKOH MapKOBCKON nocJjaenoBa-
TEJAbHOCTH, P&3LEJHB KaXKIALIH ee 3jJeMEHT Ha COOTBETCTBYIOLLYIC
CyMMy mo crpoxe. OLHAKO TakKasi MaTpHUA MaJjo HHTepecHa, Tak
KaK OHa XapakTepusyer GO/iblie IHIOTETHYECKYIO, yeMm H&5JH’O)1€H-
HYIO BJIOKEHHYIO IOCJef0BaTenbHOCTh. [Ipyroe neso — MapriHaib-
Hble CyMMbl mo cTpokaM. Ilpu ux Bhiuncienun HCNOJIb3yeTCss Map-
THHAJIBHBIH BEPOSITHOCTHLIH BEKTOP

Al 0,355
B| 0,074
c| 0,235
D| 0,181
E| 0,155

Mbl MOXKeM Teneps BLIMHCIHTD OKUIaeMble BEPOATHOCTH H O¥XKI-
AdeMble 4YaCTOTHl THUNOTETHYECKOH ITOCJEN0BATENbHOCTH HE3aBHCH-
MBIX COCTOSIHMI Al MaprHHAJIbHOTO BEPOATHOCTHOTO BexTOpa. Ml
IIPOBEPSAEM THIOTE3y O HE3aBHCHMOCTH IIOCAEN0BATEAbHEIX COCTOS-
HAH, 3aMeuasi, 4TO, HANpUMED, ecaH COCTOsSHHe A He 3aBHCHT OT
cocrosund B, 1o P(A|B)=P(A)P(B). Tak xax P(A) u P(B)
S4JlaHBl COOTBETCTBYIOIMMH 3J1€MEHTAMH MaprHHA.IbHOIO BEposT-
HOCTHOT'O BEKTODA, TO OUEHKA YCJOBHOH BEPOATHOCTH TOTrO, YTO CO-
crosinve A GyneT cae0BaTh 3a COCTOSHHEM B, paBHa P’(A]B)=
= (0,355) (0,074) =0,026. OxunzaeMmeie BEPOATHOCTH 1151 BCeX Ie-
Pe€X0/0B NPHBEIEHHl HUXKeE:

B
A B [ D E
- 0,125 0,026 0,083 0 -

0,026 0,006 0.017 0:8% gg?g

0,083 0,017 0,055 0,043 0,036

0,064 0,013 0,043 0.033 0028
- 0,055 0,012 0,036 0,028 0,024

=~
@
O

OxupaeMele 4acTOTH HAXOATCA YMHOXKEHHEM 3TOH 3TOH MaTpHub:
Ha ofLLyIo cyMMy, paBHylo 524.

B
A B C D E
A |- 655 136 435 335 o038 -
B 13.6 31 ) 6.8 —6’2
s c 435 8,9 28,8 92205 18,9
D 33.5 6.8 225 17.3 14.7
E | 288 6.3 18,9 14,7 126 _

BaMeTI/IM, UYTO 3Ta Marpuua CHMMETDHYHA H JH2rOHaJbHLIC
9JI€MEHTHl OCTAalTCHd HEU3MEHHBIMII (C TOUTOCTBIO 10 OUIHOOK
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OKpyrIyieHHsa). BoenuaroHajbHble 3/eMeHTHl ecTh OXHJaeMble 4ac-
TOTHl TIEPEX0J0B [JS BJOMXKEHHON MOC/JeJ0BATENBLHOCTH, €CAH Npej-
T0JI0XKHUTh HEe3dBHUCHMOCTb MeXKAy IOC/Aef0BaTebHbIMH COCTOSHHS-
mu., Ecav oTBJeubCs OT JMArOHAJbHBIX 3JEMEHTOB MaTpHILBI, TO €€
MOXXHO CPaBHHTb ¢ HabJIONeHHOH MaTpHuel NepexOJHBIX YacroT,
TaK KaK CyMMBl CTPOK M CTOJ6IOB Yy HHX OJHHAKOBbIe (CHOBa C
TOUHOCTBIO IO OIUNGOK OKDYTJIEHHS).

IIpuMensisi /g cpaBHEHHS CTAaTHCTHKY %2, NMOJydaeM 3HAYEHHE
y?=172. Kpurtepuit nmeer v=(m—I1)2—m crenedeii cBoGOAHI, I'le
m — UUCNO COCTOSIHWE, HAM B 3ToM npumepe v=11. Kpurnueckoe
suauenne y2 ¢ 11 crenenamu cBOOOAB H yPOBHEM 3HAUHMOCTH o=
=0,05 pasHo 19,68, 1. e. BbIUKCIEHHOE 3HAUYeHHe 3HAYHTENbLHO Npe-
BHILIAET KPUTHYECKOE H NMOITOMY Mbl MOXEM 3dKJIOUHTh, YTO IO-
cJe0BaTeNbHBIE JIUTOJNOTHYECKHE COCTOSHHSA, 3aperdcTpHpOBaHHbie
B loTjauauu, He ABJAAIOTCS HE3ABHCHMEIMH, a CKOpee OTpaXaimT
CBOICTBO CHJIBHOH MapKOBOCTH IEPBOrO MOpHALKA.

Ecan xpuTepuil noxakeT Ha HaJHYHMe 4acCTHYHOH 3aBUCHMOCTH
MEX/Iy NOCAeN0BATENbHEIMH COCTOSHHSIMIL HEKOTOPOH MOCJAef0Ba-
TEJbHOCTH, TO MOXKHO TPOAOJKHTb HCCJIEJOBAHHS C LEJAbIO yTOUYHe-
HUs 3TOil 3aBucuMOCTH. IlpocThle rpacdbl Haubosee 3HAUMUMEBIX Be-
POSITHOCTEH HAMOMHHAIOT KaPTHHKH, XapakTepH3yiollHe MOBTOpe-
HHS B DOC/JEA0BATEJIbHOCTH, OHH TaxKe MOryT ObiThb OOHApyKeHH
€ TOMOINBIO anmmapara TeopHu apToaccouuauuil. Jas nposepkH
3HAUHMOCTH BEPOSITHOCTEH Nepexoq0B MexXAy HHAUBHIYAJbHBIMH
fapaMy COCTOSIHMII MpHMeHHMbl Monudukauuu kpHTtepust x2. He-
KOTOpBIE aBTODHL HaXOISAT, YTO COOGCTBEHHBIE 3HAUEHHS MAaTPHILL
MEePEXOHbIX BepOATHOCTEH SABJSIOTCS IOJNE3HBLIMHI  HHAHKATOpaMu
LUKANIHOCTH. (Heo6X0AHMO OTMETHTb, OJHAKO, UTO BbHIUHCAECHHE
co6CTBEHHBLIX BEKTOPOB ACHUMMETPHUYHOH MaTpHLBI, KaKOoH sBJIsSeTcs
MaTpMHa TepexOJHBbIX BepOATHOCTell, cOBceM He IpOCTasd 3ajauya.)
ITH BOIpPOCH B Hallel KHHre najee He OyAyT pa3BHBATbCA; HHTe-
pecyiolmuiics 4HTaTe b MOxKeT 0OpartuTbcsi K KHHre Kemenn H
Creana [30] uau kuure IlIBapuaxepa [49], nmocBAlEHHON KOJHYe-
CTBEHHBIM METOJaM H3yUeHHS OCaJIKOHaKoIIeHus. KpHTepHH THma
¥® AJS BJOKEHHBIX IOCJeNOBaTeJbHOCTeH INpeicTaB/eHBl B KHHTe
I'ynmena [22]. CoorsercTByiomue reosorHyeckie npobaeMBl pac-
cMoTpennl B cTathax [15] m [16]; MOXHO TakKe peKOMEHAOBATH
nabotry Tiopka [54].

NNOCJENOBATEJIbHOCTH COBbITUN

Mgl He paccMOTpesH elile OJUH HHTEPECHBIH TUI BpeMEHHBIX Ps-
0B, Ha3LIBaeMBIX IIOCJEI0BAaTEJIbHOCTAMH cobbiTHil. ITpumepamu
Te0JIOTHYECKHX AAHHBIX TAKOTO pPOJa MOTYT CJYXKHTb HCTODHYECKHE
CBeJleHUs O 3eMJeTpsceHHAX B KasndopHAH, 3aNHCH O ByJaKaHHYe-
CKHX u3BepKeHHAX B CpennseMHoM Mope. XapakTEePHCTHKH 3THX
PANOB ChelyloliHe: a) COGHITHS pasnHyaloTCs MOMEHTaMH BpeMe-
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:Idléle Moryr conepkarh Taxxke

o HHT

CYMNJIIay I;IIE)({)HCXOILHHJ,HMH COGbITHﬂMH HJIIH COCTOATH H3 SSSLBI(?HO?
D AJHH BDEMEHHRBIX HHTepBaJIOB, XapaKTepmyfome I.ill/(l)}-i

€TCH oyYen 4
CTOHHCTBeb’c;ggﬁggxmg H Gasupyercs ua IPENNONOXKe NN 0 p10-
TedoHotny, SoPOcT! 0bpasosanus mnpocrpascreennof nocsenosa-
pmstene, wo TS, gTézngAfo;KeHGHe, BEpOATHO, BHImOMuseTCs B nepeoMm.
yoroiepe saxmoqaxoufeec peoyercs ycramosurs AONOMHUTENbHOE
Y otvone, daKL | 1 B TOM, 4T0 CKopocTh OCaNKOHAKOMmIeHHs
Tona ! Penesax namuoi H0CIe10BaTeIbHOCTY, i
gnaier, pBeJIeCKHe 34NHCH  M3BepKeHH[ Byaxkasa Aco B Kuy
, HCb ¢ 1229 1. NpeACTaBaeHE B TaG,, 4.6, Aco :?T}(I)’

. Tac.,
Hdarn H3BePKeHult Byakana Aco g nepuon 1229—1962 ris e s

Toxnu
12
29 1376 1583 1780 1927

1239 1377 5
12 1584 180:
Igég ;§§7 1587 1806 }ggg
1265 1432 1598 1814 1931
1269 1434 1611 1815 1932
1270 1438 1612 1826 1933
1272 473 1613 1827 1934
1273 1485 1620 1828 1935
L2r: 1505 1631 1829 1958
1281 120 1637 1830 1945
1286 153§ 1649 1854 1950
130¢ 1583 1668 1872 195]
132 1362 1675 1874 1953
1551 1358 1683 1884 1954
1385 1562 1691 1894 1055
1340 1263 1708 1897 1956
1340 1564 1709 1906 1957
1369 576 1765 1916 195
1582 1772 1920 1g6§

‘CUYHTATh 3AMUCH KakK OTHOCAUIHEeCS K COOLITHAM,

CJIOXKHBIH CTpAaTOBYJIKaH, BCe ero H3BepXKeHUA OTHOCHJIHUCH K B3PLIB-
‘HOMY THINY, H TIpH 3TOM Bbl6paCbIBaJIOCb OTPOMHOE KOJHYECTBO BY.JI-

KaHnueckoro memnsa. XoTA CTapsle, PEryJsapHo MPOBOLUBIIHECH
3anyucu COAEPXKAT YKa3aHUs Ha OTHOCHTEJbHYIO MOIIHOCTb M IIpO-
JIOJIZKHTENIBHOCTD H3BEDIKEHHI, N/ MPaKTHUECKHX lleJiefl MBI MOXKEM
IPOH3O0IIe L LHIHM
MTHOBEHHO. AHA/NHM3 HCTODHH BYJKaHA MOZXKET NPOJHTh HEKOTOPbili
CBCT Ha TMPHPOLY MEXaHH3Ma M3BEPXKEHMIl M MOXKET NPUBECTH K
TIOCTPOCHHIO (du3UUecKOol Mojeau Byakauos [61]. Koneuno, met Mo-
HEM TaKXKe HaJesATbCs, UYTO Takoe H3yueHlle MOMKET NPHUBECTH K
TOABJIEHUIO TEXHOJIOTHH IPENCKA3aHHsI H3BepKeHH B OyAylleM.
HM3syuenne psAnos cOGBITHI HpecjeqyeT HeCKONbKO OO6BEeKTHBHEIX
uenelt. O6bIYHO HCCIeNOBATe/IsT HHTEPECYeT CpelHsis yacroTa Mo-
AB/eHHst COOBITHH, T. €. YHCIO COGBITHII 3a HEKOTODBIT MHTEPBAI
BpemenH. KpoMme T0ro, 6hiBaer HEOGXOAMMO HCCJEAOBATH PSAbl CO-
OpiTHil Goslee meTanbro. Llesb Takoro Hccaen0BaHHS — BHISBJACHHE
KaKoi-THGO 3aKOHOMEDHOCTH, KOTODOH MOTYT HOAUHHATHCS COGHI-
THA. JlonmonnuTe bHas HHQOPManHs MOXKeT ObiTb HCIOJb30BAHA
A YTOYHEHHS YaCTOTHI TIOABJEHHS COGLITHI, AJS ONpejeseHus
-0co0enHOCTel BEIGOPOUHOH CXeMbl, AJIst OOHAPYIKEHHs TPEHAA H AJS
YCTAHOB/IEHHS JPYIHX CHCTEMaTHYECKHX CBONICTB DPSIIOB.

Tax xax psaabl cOBHTHH HMEIOT OUEHb NPOCTOH BHA B TOM CMBIC-
Jie, UTO OHM COCTOSAT W3 XapakTEePHCTHK THMA «JAa — HET», TO g
HX H3YUeHHS MOXKHO HCINOJb30BATH IPOCTHE U B TO JKE& BPEMs OUEHB
MOULHbIE aHaJUTHYECKHe MeToab. Kokc u Jlptonc paccmarpuBator
MHOJKECTBO TIpaUyYeCcKUX MeTOJ0B, NOJE3HBIX /15 HCCJIeI0BAHHUS
pANOB COGHITHA. ITH METOAB HJTIOCTPHPYIOTCS B NPHMEHEHHH K
JAaHHLIM H3BepXKeHud BysakaHa Aco, NpejcTaBJeHHLIM B Tabu. 4.6.

Ha pnc. 4.5 uso6pakena KyMyJsTuBHAs KpUBAs OBIIEro yHcaa
H3BePIKEHHH f, MPOHSOIIEAUIHX BIJIOTh 0 MOMEHTA BpeMeHH f, oHa
COOTBETCTBYRT Ha rpadHke TOyke ¢ abcuuccoll f. ITOT pHCYHOK
XOpOUIO OTparkaerl H3MEHEHHS B cpefHedl CKOPOCTH IOSABJEHHS CO-
Goiminit. Haxson npsamoti, coexunsiomeil 1io6ble ABe TOUKM HA Ky-
MYJSTHBHOIl KDUBOH, paBeH CpeaHeMYy UHCJIy COGLITHIl 3a eJHHHLY
BpeMeHH, B Ka4ecTBe KOTOPOHK BLIOpaH MHTepBaJd MeKAY STHMH
ABYMSI TOUKAMH.

Ha puc. 4.6 npeacrasaena ructorpaMma uucaa H3BepIKeHHI,
NPOHCXOAAINHX B MOCJHCI0BATedbHbIE PABHLIE HHTEPBAJBI BPEMEHH.
I'ncrorpaMaa NpsiMO YKa3blBaeT JOKa/AbHLE NEPHOAB (BaIOKTyauHH
OTHOCHT@IbHO CpeAHell CKOPOCTH MOsABJEHHA u3Bepxednil. M3 pu-
CVHKa BIAHO, 4TO THCTOTPaMMa YYBCTBHTEJBHA K JJHHe BHIOpaH-
HOTO HHTEpBaja, MO3TOMY NPH aHajaH3e PSA0OB OLIBAeT MOJE3HO
iMeTh 6oablie yeM OAHY THCTOTpPaMMY.

OMINPHYECKAS (DYHKIMST JeSTEJbHOCTH BYJKaHA HOAYYAETCH,
€CTH NMPeACTABHTL B NPONEHTAX 3aBHCHMOCTh Y (OTHOIIEHHS 4HCja
BpeMEHHBIX IHTEPBaaoB AiHHee X K 0o6meMy UHCAY HHTEPBAIos)
or X (mauHLI BpeMeHHOTo HHTeppana). Ilonydennas (GYHKIMS xa-
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Prc. 45, Kymynatusnas xpupam
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Puc. 4.6. Tucrorpamma gncaa H3BepikeHnit Byakana Aco, mp
AOBATEJbHbIE CTOJETHHE HHTEPBAJE

TEpH3YeT BCPOSITHOCTH TOTO, YTO COGLI
MomenTa BpeMedn X. Ha puc. 4.7 np
HOIICHHE UHC/a HHTEDPBANIOB MeXLy W
BOCXOIAT HEKOTOPOE 3a/aHHOe uHC/Io
AAT CAYHAaHHO BO BPEMEHH, TO (ynKi
sKCI%OHeHuHaﬂbHy}o thopmy.
Yy XKe CaMyio GdYHKUUIO MOMKHO 1

CKOM MacwTabe, HCIOJB3ys log ¥ xax fpoy6ﬂp£131?:)bx\? ﬁgigpggtﬂme-
CKasl aMIHpHYecKas byBRUUA nedrenpHOCTH oco6eﬁHo yggéﬂzimjxe-“
H3YYCHUs OTKJOHEHHH OT Cayuailuof BEJIMYHHEL, KOTOpHIe npencé ;
JAKTCH Ha rpadHke KaK YKIOHEHUS OT IpAMOA JHHHM (pHc. 4 81)3'-
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THE HE NPOH30ILIO paHble
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TeJAbHOCTH ByJKaHa Aco. GYHRIHN JesiTesbHOCTH BYJKaHa Aco.
Mo BCDTHKaﬂbHOﬁ OCH YKas3aHh NPOIEHTH BepTHKa.’le:aﬂ ock pHc. 4.7 3necw ﬂDt‘gCTEE-
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Puc. 49. CepuanpHag Koppeasunus 014 ee® o
ﬂpO}lOJI)KHTeJIbHOCTSﬁ Mexay nocJte- PP . ° .. °
A0BATEbLHBIMHU I{SOspa)KCHHH‘MH ByJI- : e 4 .. .

kaHa Aco. A <% .
Ha BepTHKaJbHOH OCH NpEACTaBAEHA .O.A
NPoIOAXKHTEABHOCTD NOKEA nepex [-M e A oo [ ) | 30
H3BepKeHUeM, Ha TODU3OHTAJNBHOH OCH — 0 !
nocae j-To H3BEePKeHHs, TpPeyroJHHKaMH 0 10 20 30
npencTaBieHbl CKOIJIeHHs Gojee ueM OA- t ~t ner
HOM TOUKM B OJHOM H TOM K€ MecTe i+t Yis

JlnarpaMma paccesHHs CepHasJbHOH KODPeaAluH HJH aBTOKOp-
peJISiiH IepBOTrO NOPsAAKA ITOCJAEJOBATe/bHBIX HHTEPBA/JIOB Mez1y.
coOBLITHSIMH npefcTaBjena Ha pHC., 4.9. CTeneHs COOTBETCTBHA MEIK-
Iy AJIHHOI HEKOTOPOro MHTepBaJaa M AJHHOH HemocpeICTBEHHO Mpel-
HIECTBYIOLIEI0 HHTEPBAasa Hpe/JCTaBJeHa Ha rpadHke TouKamHu ¢
KOOpAHHATAMH X;=/{;n1—1;, Yi=1t;—1;—1, TAe [; — BpeMs NOABJIEHHA
cobuiTis ¢ HoMepoM i. Ha sTom rpaguke He ylaercst 0OHApYyKHTh
Kakoi-1100 3aKOHOMEDHOCTH B CJEJOBaHWH OJHOTO HMHTepBaJia 3a
ILPYrHM IIpH OAMHAKOBOH ajHHe. Taxas jHarpaMMa pacCedHua c
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Puc. 4.10. IMocaerosareabHocTs COGHITHI, KOTOpbleé NPOHCXONAT «MTHOBGHHO® B
IIPOCTPAHCTBEHHOM HJIH BPEMEHHOM KOHTHHYyMe.

Ulxana spexens wau paccrosnHs pasmexema na 10 OTPE3KOB, KAXKAOMY H3 KOTODBIX MOCTAB-
JICHO B COOTBETCTBHME YHUCJAO cOOBITHH. H3o6paxennas BBEDXY JHHHA eCTh NPsAMAaS PerpeccHs
4Hcsa cOOBITHI HAa OTPE3OK M0 OTHOWICHHIGC K CepeHHaM OTpe3KoB

‘BOMBINOH AHCTIepCHeli M OTHOCHTEJNBHO  BHICOKOIN KOHIIEHTpalHeH
TOYEK BOJH3H OCEH THIHYHA A/ PALOB CIy4afHBIX COGHITHE.

B GoapumincTBe HecaenosamMii nmocsenoBaTeNbHOCTEN COBBITHH
PACCUHTLIBAIOT Ha TO, UTO YAACTCS ONHCATH OCHOBHEIE YEPTHI pac-
CMaTpHBACMOTO SIBJIEHHA TaK, YTOOB GBI BCKPLIT (PH3HYECKHT Me-
XaHUSM HPOCTPAHCTBEHHOrO UJIH BPEMEHHOrO PacIOJIONKeHHS COBbI-
Thi. CHayana MBI JOJI)KHBI DACCMOTDETb BO3MOMKHOCTD IIPOSIBJIEHHS
TPEHAA B HCXOAHBIX JAHHBIX, YTO MOXKHO CHENaTh JBYMS CHO-
cobamu.

[MocsieioBaTeIbHOCTD MOKHO pasziefinTb Ha HEKOTOPOe YHCJIO
Y4aCTKOB pDaBHOW IJHHDBI, TaK YTO KaXKABIH H3 HHX COJIEDKHT He-
CKO.JbKO Habuiofenuit. Uucio coGHTHIN B Npepgesax Kaxa0ro yyacr-
Ka CTaBUTCA B COOTBETCTBHE CPEAHEH TOuKe paccMaTpHBAaeMOro
‘yuactka. Buibupast B KauecTBe 3aBHCHMOIL nepeMenuoil ¥; smaueHus
KOOPIHHAT UEHTPOB y4acTKOB, a YHcsa COGHITHA B Ipejesax cer-
MEHTa B KayeCTBe 3HAYeHHH apryMeHTa X;, MOKHO TOCTPOUTH JH-
HHIO perpeccHH. Ee yriioBo#i x03(pdHIHEHT MOXKeT GbiTh IpOBepeH
Ha ocHoBe KpuTepusi ANOVA, npusenennoro B taba. 4.19 o Lesbio
ONMPENEJCHIS, SHAUHMO JIH OH OTJIHYAETCA OT HYasl. DTOT npouecc
IIPOUJLTIOCTPUPOBaH Ha puc. 4.10. K coxasienuio, stor KDHTepH
HE OueHb 3deKTHBEH, TaK KaK NpH pasieseHuu HOCJIe10BaTeLHO-
CTH Ha OTPE3KH TepsieTcs HEKOTOPOE YHCJIO CTelieHeH CBOGONLL.

Hmelorcs kpurepun, cmeunmnasnbho npeinasHaueHuble AJ8 OOGHa-
PYMeHHA TPEHAA B CKOPOCTH OCYLUECTBJIGHHS COGHITHII, B KOTOPHIX
HCIIOJIb3YeTCsT METOX CPABHEHMSI cpeiHell TOUKH MOCJEN0BATENbHO-
CTH ¢ ee uentpounaoM. Ecanm mocienosaresbHocts OTHOCHTENbHO
OIHOPOAHA, 5TH pAABl OYAYT OUEHb MOXOXKH, HO eCIH HMeercs
TPEHA, TO LEHTPOMA OyJeT CMELIaThCs B HANPAB/ICHHU YBeJHUCHUS
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CKODOCTH MOsiBJEHHS coObiThi. Ecau ¢ -— BpeMs HJH pPacCTofHue
OT Hauana psAxa Ao i-ro coburusi © N — obuee uxcI0 COOBITHH, TO:
MBI MOKEM BBLIYHC/IHTB HeHTpoun S no dopmyse

N

‘ (4.3)
(=1
DTy CTaTHCTHKY B CBOIO OYepeib MOXKHO HCHOJb30BaTh B KpH-
Tepuu (4.4):
SACINEE +7) (4.4)

rae T — ofuwas AJHHA NOCJAELOBATEeNbHOCTH; Z — CTAHAAPTH3HPO-
BanHasl HOpMaJbHas ciayuafiHag BeJHYMHA. 3HAUHMOCTb KPHTEPHS
MoxeT ObTb yCcTaHOBJeHa MO Tal/HUe HOPMAJbHOTO pacnpepee-
HH, aHaJjgoruyuol Taba. 2.10.

STOT KpUTEpUH OUeHb YYBCTBHTEJEH K H3MEHEHHIO CKODOCTH 110-
aBjaenus cobuitvil. Hanpnmep, ecan mnosBjeHue COOHITHH MOXKHO
onucatTbh dopMyaoi

opmy e 5
Vi=e™", (4.5}

TO HYJEBYIO THIOTE3Y MOKHO 3amHcaTb Kak paseHcTso f=0. Ecan
B pe3yJbTare NPOBEPKH MBI YCTaHABJIHBAEM, UTO MOJEJ]b 9KCHOH66H-
LHaJbHasl U 4TO B OTIMYHO OT HYJA, TO: CKOPOCTH NOSABJEHHSA COOLI-
Tuit V: u3Menserca c uaMeHeHHeM {. IMeHHO peaausanuio 3Tok
BO3MOXKHOCTH MBI H IIPOBEpsEM. .

Ecayu B CKOPOCTH mosiBJieHHS COOLITHI TpeHI HE oﬁaapymeﬁ‘, TO.
MOXKHO CA€JIaTh BBIBOJ, YTO MNOCJAEAOBATENBHOCTH COOLITHH MOKHC:
paccMaTpuBaTh Kak crandosapuee. Caenyioulee, 4To clefyeT [1po-
BEPUTb, — 3TO IpeANoNOXKeHHe O HE3aBHCHMOCTH IIOCJel0BaTe.Nb-
HBEIX COOBITIIH. DTO MOXKHO cleJsaTh C IOMOULIbIO BhIUHCAEHHA aBT0-
KOPPE/ISIUUOHHOA (YHKUMH JUIA AJHMH HHTEPBAJIOB MeXAy COﬁbl‘TI.IH-
MH. MIHBIMH CJIOBaMH, HAaJ0 pAaCCMaTpPHBATh HHTEPBABl MEKAY
COGBITHSIMH KaK IepeMeHHyl0 X;, NPHHHMAIOILYIO 3HayeHHE B TOU-
KaX ¢ paBHOMEpPHBIM pAacCIOJOXKEHHEM B HpocTpaHcrse. Ecam 1iH-
TepBasibl He fBJSIOTCS He3aBHCHMBIMH, TO JOJIXKHA OOHapyXHTbCs
TEeHJeHUHsI K TOMY, 4TOGbl OoJiblitne 3HaveHHs X (AJMHHbIE HHTEp-
BaJbl MeXAy COOLITHAMM) CJefOBaJH 3a OGJbLIMMH 3HAUYEHHMH.
AHaJOrHYHO AO/XKHA ObLITh M TEHACHUHS K TOMY, YTOOH Ma.ble
sHauyedus1 X (KOpOTKHE MHTEPBA/bLl) CJAeJOBAJH 3a APYTHMH MaJbi-
MH 3HaueHHsMH. MBI MOXeM BBHIYHCJAHTb aBTOKOPPENAUUIO AJsA 1O~
CJle/lOBATEJbHBIX 3HAYCHHIl Jlara M NPOBEPHTh HX 3HAUHUMOCTD.
O6LIYHO TOJBKO HEPBbIE HECKOJbKO 3HAYEHMI Jara npeiacTaBJfior
uHTepec. Ecad U3J0XKeHHbIe BLHILE MeTOAbl NO3BOJISIOT YCTaHOBHTD,
uTO 3HAYCHUS ABTOKODPEALHOHHON (YHKIMH HECYLLECTBEHHO OT-
JIMYaIOTCsl OT HYyJf, TO Mbl MOXKEM 3aKJIOYHTb, 4TO COOBITHS IpolCc-
XOJMJH HE3aBUCHMO BO BPEMEHH HJIM NPOCTPAHCTBE.

19t




Econ mpr ycranoBman, uTO mMOCJEI0BATENBHOCTH He HMEIOT HU
TpeHja, HH aBTOKOPPE/IALNH, MOXHO IONLITATHCS NPOBEPHTH HIO-
‘Tesy O TOM, UTO COOBITHS NONYHHEHH pacnpenesexuio Ilyaccona.

Hanomuum, uto B 1. 2 pacnpenesnenne [Tyaccora onpegensiocs
KaK JMCKPETHOE BEDOATHOCTHOE pacmpefesneHne, KOTOPOe MOKHO
‘CHUTATL NPENETbHBIM clydyaeM GHHOMHANBHOTO NPH YCJIOBHH, UTO /1
(4HCIO HCHBITAHHA) CTAHOBHTCS OYEHb GonbuinM, a p (BepoAT-
HOCTb yCrexa B OJHOM HCILITaHHH) CTAaHOBHTCA OUYeHb MaJjofl. Met
MOXeM NpPEeACTaBuTb cebe, UTO HAIl BPeMEHHHH DA MOApa3AeJs-
‘€TCS Ha 71 HHTEPBAJIOB PAaBHOH AuHBL. Ecan cOBBITHS NMpPOHCXOAST
‘CYYaHHO, TO YHCJAO HHTEPBAJIOB, KOTOpHIE COZepXKaT B TOYHOCTH
HyJb, ONHO, 1BA, ..., X COOLITHH, GyneT MOXUHHATHCS GHHOMHAJbe
HOMY pacIpejesNeHHIo,

Ecnv Mbl HAYHEM yMeHBIIATH AJIHHDBI HHTEPBAJIOB, 1 OyHeT yBe-
JIMUMBATbCA, a BEPOATHOCTH COOHITHII GyayT yMeHbUIaThCs. BUHO-
MHaJIbHO® pacIpelesieHHe B 5TOM CJydae yke He TOAHTCS IJIsI MOJ-
CUETOB, I ynoOHee NOMb30BATBbCS paclpeie/eHHeM ITyaccona, tax
Kak B HeM He TpeCyeTcsl TOUHBIX CBEICHHI O BeJMYHHAX N MU p.
Bwmecto sToro tpebyercs sHaTh mpoussenennue np=1_~, KOTOPOE 3/1eCh
XdpAKTEPH3yeT CKOPOCTb TNOsIB/IeHMA coOubiTHH. [lyaccoHoBckast
BEPOATHOCTHASL MOJIeJb OCHOBAHA Ha CJENYIOUWHX JAONMYIEHHSX:
@) CcOOBITIS NMPOHUCXOAAT HE3ABHCHMO: 6) BepOSATHOCTL MOSBJIEHHS
TOOBITHSI He H3MEHSeTCSl C TedeHHeM BPEMEHH; B) BepOATHOCTD
TIOABJEHNS COGBITHS B HEKOTOPOM HHTepBaJIe NPONOPIHOHAIbHA
AJIHHE 3TOTO HHTEpPBaJa; T') BEPOATHOCTb TOTO UTO GoJee ueM jBa
COOHITHS TIPOH3OUAYT B OLHOM H TOM JKe BpEMEHHOM HHTepBaJe,
HCUesaloule MaJja.

YpaBHeHHEe /7 ONpeleseHHs IyacCOHOBCKOTO pacnpenenenus
B 3TOM NipHMepe HMeeT BHUJI

P(X)=e"2%/x1. (4.6)

3aMeTHM, YTO CKOPOCTb TOSABJEHHS COGHITHE A 31eChb SBASETCS
TOJIbKO TapaMeTpoM pacnpenesenusi. THIHYHBIE IYaCCOHOBCKHE
4acTOTHLIE paclpeneJieRns mpeacrasiensl Ha puc. 4.11. Pacnpese-
senne IlyaccoHa MpUMEHSIETCST NPH peIleHHH TAaKHX 327aY, KaK Of-
Pejie/ieHHe YacTOTHl TeNe(OHHBIX BHISOBOB HAa KOMMYTaTOpe MU
Onpeje/eHHEe NPOMEXKYTKA BPEMEHH MeXAY COOSIMH B BBIYHCJIH«
TEJIbHOH cHCTeMe. KaxKeTcst BIOMHE BO3MOXKHEIM €I'0 HCIOJb30BaKHe
[IpH H3YUCHHU DANOB I'eOJOTHYECKHX COOLITHH, ONHCAHHBIX B HAua-
Jie 3TOro pasjesa. Ecsim MBI CMOrJIM yCTaHOBUTB, 4TO HaIla [OCTIe-
A0BATEILHOCTD NOAYMHSETCS [yacCOHOBCKOMY pAacHpefieeHHIO, TO
MEl MOXKEM HCHOJIb30BATh XapakTePHCTHKH STOTO  paclpejedeHHs
A5 BEPOATHOCTHOTO NPOTHO3HPOBAHUSA JaHHOTO psja.

Kpurepuii Kosmoroposa—CwmupHOBa o6ecmeunBaeT nam npo-
CTOI CIIOCOO NPOBEPKH COOTBETCTBHSI paclpeleseHus psina colbITHI
yacCOHOBCKOMY pacnpejesieduio. CHauaja psfbl MepeBOASATCS B
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02 Puc. 4.11. Ilyacconosckoe pacnpe-
0.1 JeJeHHe ¢ Pa3MUHBIMH 3HAUEHHAMH

1 1 1 1 L
09— 4 & & 10 12
Yucno HoﬂBI\EHM% cobbiTHM HA HHTEPEAN

A, TOCTPOEHHOE IO uYHC/iaM TOsBJe-
HHUST COOBITHI

KYMYJIATHBHYI0 GOPMY € IOMOILbIO Npeobpa3oBanus
Y = t/T,

rae f; — BpeMs OT HayaJja NOCJeJ0BaTeNbHOCTH A0 i-TO coBBITHS;
T — obumas AJMHA pAaa. 3aTeM BHIYUUC/AIOTCA TPH OLEHKH!

L KC+ =)/ max [ —Vy,

9. KCt=Vn max{Vi—— ‘: ‘}. (4.7)

3. KC+ = max|KC+, KC—|.

TMepBbifi KpHTEPHH — 3TO MPOCTO MAKCHMYM TOJOKHTENBHBIX pa;;
Hocreli Mexjy HalJIONeHHBIM PAAOM H OXHIAeMbIM, HCXOASA i
IyacCOHOBCKOIO pAacCHpee/eHHUsi; BTOPOH — 5TO MaKCHMYM OTpI/I:a_
TeJbHOH pPasHOCTH H TPeTHH — 3T0 Ooubllee U3 a@COJIIOTgbIX sTeM
yenuii AByX mnpeabiaywux. ITposepsemas cratdctuka KC  3a o
CPaBHHBAETCS C ABYXCTOPOHHMMH KPHTHUECKHMH 3HAUCHHIMH, M -
BeleHHLIMHY B Tab,1. 2.26. Ecau craTHCTHKA NIPEBHIII4eT KPUTHUECKO

3HayeHHe, TO MAaKCHMaJbHOE OTKJOHeHHe 0oJblle, YeM OXHJaeMoe
8 BHIOOpKE, MOJYYeHHOH cayuafiHbiM 06pasoM H3 NyacCOHOBCKOIO

HHS. .

pacﬁglggeﬂleﬁn—sm yepHBie, cojepXKallide KPeMHHH, TJIHHB
paHHEro MeJOBOrO BO3pacTra, BCTpeyaioulyecs Ha TePPHTOPHH IMTa-
toB Konopago, Baftomunr n Mourana. Murepsan xapakrepusyercs
MHOTOUMCJEHHLIME OGEHTOHHTOBLIMH CJIOSIMH, KOTOpbIie 3aJeratrT B
HeCKOJIbKHX MecTax B Baliomuure u Monrane u 06Hapy}KI/IBaIOT;H3
npn GypenHd Ha W/ H JHTEHHYIO IVIMHY. DeHTOHHTEHI COCTS{?{TB 13
MOHTMODPHJIJIOHHTA, BO3HHKAIOIIErO KaK NPOAYKT paspymeHB a}én
KaHHYEeCKOro Melsia pHOJAHTOBOrO M apje3uToOBOro cocrama. b tadJt.
4.7 npuBOASATCS 3HAYEHMS MOILHOCTH HHTEPBAaJOB Mexmyénocneno-
BaTeJbHbBIMH OEHTOHHTOBBIMH CJIOSIMH, H3MEPEHHLIMH B OOHAaXKeHHH
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Ta6auua 47
Mownocts (B yrax) unreppasnos MeXay
noc/eA0BATE/NbHBIMH GEHTOHHTOBBLIMH CJAOSIMH
B MEJOBRIX OTJAOXKeHHax Maypu e
B0 ®pemonr Kanrpu (uirar Baiomunr)

(Bepx) 47 6

29 7 3

11 8 17

6 23 4

5 10 5

10 15 4

5 2 26

17 35 4
14 4 (Huz)

Maypu ek Bo Ppemont Kanrpu (wrar Baiiomunr). 3tu caou
MPEACTABJAIOT CKONJEHUS IICMJIA B pe3y/bTaTe OYpHLIX H3Bepike-
HHHM By/kaHOB B Mpaxo. Ilpeanmonaraercs, uto cogepixamancs Tam
UepHas IJHHA OTKJIAJbIBAJIACH C NOCTOSTHHON CKODOCTHIO, H 3TV IO-
C/J0BATEIBHOCTD 3HAYCHHH MOLIHOCTH MOMKHO aHAJH3HPOBATH KAK
PAL COGLITHI, aHAJNOTHUHBIY HCTOPHUECKOMY psify, oBpasoBakiomy
H3BePIKeHUsIMH Aco. )

IIposeppTe 3TH nanHble HA Tpeux B 3HAUEHIAX CKODOCTH 1OSIB-
JAennst. Ecan Tpenp we Gyner oGHapyikem, npopepsre Ha aBTOKOD-
peJSLUII0 IOCJAe0BATE/IbHBIE HHTEPBAJAL MEXAY COOLITHAMH. OGh-
ACHHTE: a) BO3MOXHBIE 3)MEKTH OT HeOAHMHAKOBLIX cKOpocTeit
OCaKOHAKOIICHHS] YEPHOH IVIMHBI H 0) BO3MOMKEOCTH NIDOSIBACHHS
aKTHBHOCTH 00Jiee OJHOTO ByJKaHA. )

KPUTEPUM CKAYKOE

[pocrefimast mnocaegoBaTeNBIOCTD — 3T0 [TOCCA0BATENLHOCTE
Ha0mozennil, PACHOJOKEHHBIX B NOPSIAKE HX HOALJACHHSA, TpideM
Takasd, UTO KAXKIBIH ee 3JIEMERT NPHHALACKHT OIHOMY K3 1BVyX
B3ANMOHCKAIOUAIOIHY APYT APYTa COCTCAHNIL PUCeMOTPUM Tpeilt-
HOBATyI0 [IOPOAY € KOHKPEUMAMH C LEJbI0 HOHCKA B HUX HCKGIAe-
MBIX oCcTATKOB. [lpoGneHne xomxpeauii apia HCOBTAHUAMH
pIIEM KAKAO0E H3 HUX HMCET 1B B3AUMCHCKIIGHEIOHIIX mzxona;
KOHKDelHs 100 COAePNT HCKOIAeMEEe 00TaTI o ger. Hcone-
AOBATE/ILHOCTD TAKAX HCKONGCB DI H3YUEHNH 1a4HHON JIOPOAH B Te-
dCHLC THA COCTABJSET BPEMEHHOMH Pl Clenuansioro thuna, Mul Mo-
HEM HOCTPOHTL  AHAJNOIHUHYIO NOCJACA0BATEILHOCTL IKCICPHMEH-
TaJibHO, §pocas MOHETY H OTMcuay BEIIALCHMHE repba HJH DEUIKH
HOJIXI{GHHE‘.FI MOCJIEAOBATE/IBHOCTL OVIeT HANOMHHATH cneﬂviomnﬁ
psit 20 coGbITHE:

1

o
(TN

FPITPIPPPIPIrPITPEITT.
Koneuno, HHTYHLHS NOACKA3HIBACT HAM, 4TO B 5701 HGCJe0BaATeIb-
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HOCTH [OJIXKHO HOABHTBHCS OKOJIO AeCATH repboB, H MBl MOMXKEM OIll-
De/leJiliTh BEPOATHOCTb BHINANEHMs 3TOro (ujam Ji06GOro JApYyroro)
aucya repbos. B HameM nmpumepe Mbl nosyuumau 11 rep6os; cyu-
Tasl, YTO MOHeTa NpAaBHJbHAS, MBI II0JyuaeM BEpPOSTHOCTH Bhinaje-
HHS 3TOTO uHc/aa repboB B InocaejfoBaTenbHocTH 20 HCOBITaHiH,
pasuyio 0,16, nan npubausutensio /6. B skemepuMente, aHajo-
THUHCM DPAacCMOTPEHHOMY, MH MoxeM oxugate 9, 10 u 11 Bmnane-
HUil repOOB, T. €. HEMHOTHM 00Jbllle OJHOH TPETH OT uHiC/Jd HCHLITa-
duii. Pe3ysapTaThl 3TOr0 3KCHEPHUMEHTa NOAUYHHAIOTCH OHHOMHAJb-
HOMY pacIpeeseHHI0, PacCMOTPEHHOMY B I 2.

OnHako OpH 3TOM MBI HE YUJIH NOPSJKa, B KOTOPOM NOSBJAIOT-
¢s repbu. BepodarHo, ecsu Obl NOCJAeROBATeNbHOCTh BLITJIAAEE Ta-
KHM ofpasom:

ITITITITITITPPPPPPPPP,

TO 3TO IIOKa3aJ0Cchb OB HAM OUYeHb CTPAHHLIM, XOTSl BEpOSTHOCTh
f0JIyyeHHusl TAaKOro e KOJHYecTBa rep0oB B ABaJUATH HCIOBITAHU-
AX Takasl JKe, Kak H B npeauayuwieM npumepe. Ipyroft kpafinufi
¢ayuail — ronepeMeHHOe HMOosBJACHHE TepOOB H pelIeK:

IPIPTPIPIPIPIPIPIPIT,

TOXKE BLITJIANT OUYeHb HEOOLIUHO, XOTS BEPOATHOCTL BLINIALeHHS
gaHHoro uucJaa repboB ocTajach HeHaMeHHOA. B aTux npumepax
Halle 10J93peHNe BLISHIBAET HC IIPOTOPLHA, B KOTOPOH BBIIALAIOT
repOn, a NMOPAAOK KX NosiBAeHust, Mbl npeanoJsaraeM, 4To Bblaje-
ane repba Wiy pemikd cjydafiHo, a B ABYX TNOCJEAHHX TNpHMepax
3TO NPEINO0JOKEEHE KaKeTCs BecbMa HENPaBioNofLo0HBIM,

Mpr MoXeM MpOBEPHTH THIIOTE3y 0 caydalfiHocTH 370f1 rocseno-
BATEJALHOCTH NYTEM HCCJEI0BAHHA uMcaa cxadkoB. CKauky ompeje-
JAIOTCH KaK HelpephLiBaIOLiilecss NOCJAeL0BaTebHOCTH COJHHX H TeX
®Ke cocrtoAnuil. IlepBas mocse 10BATEILHOCTD CONEDKHT 13 CKauKOB,
8TOpas — TOJAbKO 2, U TpeThd — 19. Ckaukn B nepsofl nocliezosa-
TeJLHOCTH TOMYEPKHYTHL:

r p T P T PPP T P I' P

I 2 3 4 5 6 7 & 9 10 11 12 13’

't PP ITD

Mur MokeM BLIUMCJAMTL BEPOATHOCTb TOrG, YTC JaHUVI0 HOCAeR0Ba-
TeJLHOCTh CKAYKOB B SKCHEDHMEHTE ¢ JBYMS HCXOaaMM (repb uau
pelIka B 3TOM IIPHMepe) MOXKHO CYHTaTh cayuafiHofl. C 3Toll nesibio
BLIYHCJSIETCH UYHCJIO BO3MOXKHBIX Da3MCIEHHA 72; COCTOSIHHN 1 H 7
cocToauui 2. Ofwiee YHCAO CKAUYKOB B NOCJAEI0BATEJBLHOCTH GOO-
3HayaeTca uepes U, nMerotcs TabJuLbl, KOTOpbLIC COAEPKAT KPUTI-
gyecKHe 3HavdeHus uncaa ckauxoB U gasi (GUKCHDOBAHHBIX 1y, Hg H
3a[GHHOTO YPOBHA 3HAYUMOCTH «. (OJHaKO ecJau KaxJoe H3 3Ha-
4eHHli 1y W Hp IPEBLIIIAET AeCATh, TO pacnpeaencHyue BeJHYHHDI U
IOBOJILHO XOpOIIO ANNPOKCHMHDPYETCA HOPMAaJbHBIM Dacipenese-
HHEM, 1 Mbl IIPH HCIOJb30BAHHH 3TOTO CTATHCTHYECKOTO KPHTEpHA
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MOXEeM HCIOJb30BATh TalaHLLI CTAHA4pPTHOrO HOPMAaJbBHOIO pac-
IIpeaeJ/ieHus. CPEHHCG UHCJIO CKaYKOB B CJIy‘{aIulHOﬁ ocjaenoBaresb-
HOCTH C 1y yCneXaMH H g HeylayaMH paBHO

T 2ny 1
U=_21" (4.8)
ny+n,
Ilucnepcus cpefHero umcsa CKauykoB BBUHCASETCS 1o GopMmyJe
2 2n,nq(20,ng — Ny — Ng) . (4.9)
u (ny +ny)? (ny +-ny—1)

YxazaHHble (HOPMyJbl 1103BOJAAIOT ONPEAENHTL CPCAHEE 9lICJI0
CKAYKOB M CTaHJapTHYIO OWHOKY CpeAHero 4Hc/aa CKaukoB 1IPH
BCEBO3MOXKHBIX PA3MEUICHHSX Ay U Ny B3AHMOHCKJAIOYAKOLIHX 1PYT
APYTa HCX0Z0B. BLIYHCAHB yKa3aHHblE XaAPaKTEPHCTHKH, MLl MOKEM
no ¢opmyae (4.10) nonyunre kputepuit Z:

Z={U—Usg, (4.10)
rie I/ —nadaogaeMoe YKcJI0 CKayKOB.
Jlerxo yBenntbes, 4to 3710 npocto dopmyaa (2.28), nepenucau-

HaA AJst BeJHYUHB U, OTHOCHTENBHO KOTOPOIH MOMXKHO cPOPMY.JIHDO-
BaTh K {IPOBEPHTHL p#j CTAaTHCTHUECKHX rumoTes. Hamnpnmep, npu
CaAy4yaliHoM DasMeIeHHH HaM MOXeT f1oTpefoBaThCa NpPOBEPKA TH-
NOTE3b! O TOM, UTO TIOCJACI0BATEJNBHOCTb COAEPXKHT Gosee 4eM cpen-
1ee GHCJA0 CKA44YKOB; B 3TOM CJlydae HyJeBas THIOTe3a I ajJbTepHa-
THBA MOTYT ObITh 3allHCAHBl TaK:

HoZU\<l7,
H1:U>U,

T. €. C/IIIIKOM O0JbIlIoe UYMCJO0 CKAUKOB IPHBOAUT K OTKJIOHEHHI®
runoTesnl. ITOT KPHTEpHH sABJAAeTcs oAHocTopoHHUM. HaoGopor,
MBI MOXKEM IIOXKeJaTb ONPEeNEaHTh, HE COLCPXKHT JH IOCAEN0BA-
TENbHOCTb HEBEPOATHO MaJioe 4HCJIO CKayKoB. B aToM caydae ¢oort-
BETCTByiOUIasl THIOTE3a M aJbTepPHAaTHBA 3aNHCLIBAIOTCS B BHJE

Ho : U = U,

Hl U < U
W CJHHUIKOM HH3KO€ 4HCJA0 CKAauyKOB HNpUBEAET K OTKJOHECHHIO HY-
JeBOH THIOTEe3bl. DTOT KpHTepHIUI TakK¥e ABJAAETCsE OJHOCTODOHHHM.
Ecau Mbl XOTHM OTKJOHHTB THIIOTE3Y O Jio6oM HapyweHHH cay-

YaHHOCTH B I10CJAEAOBATEJBHOCTH, TO MJs 3TOH UeJH NOAXOAUT
JABYCTODOHHHHA KPHTEPHH 1Jis1 IPOBEDKH THIIOTE3bL:

Ho . U = Tj
NpH ajdbTepHaTHBE

Hy:U=U.
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Mui MOXKeM NPHAMEHHTL 3TOT KPHTepHil JJIsi IPOBEPKH THIOTE3H O
CJIYyYaHHOM DaCHOJIOKEHHH 3JIEMEHTOB NEpPBOH NOCHAELOBATENBHOCTH,
coaepxKauled pesysnbTaThl HCnBITaHHH npr 20 GPOCAHHSAX MOHETHL.
HyneBas rumoTesa yTBepaKAaeT, YTO HET CYIECTBEHHOTO pa3JHIHSA
MeXAy HabmiofaeMblM YHCJOM CKaYKOB H CPEAHHM YHCJIOM CKad-
KOB JUIsl ClydyaHHOH IIOCJAeI0BATENLHOCTH TOTO Xe o6beMa, Mul ne-
NOJNb3yeM MJI1 ee TIIPOBEPKH [BYCTOpOHHHI Kpurepuil. Hynaeas
TUTOTE3a OTBEpraercsl, €CJH B 3TOH NOCJAEeJOBATEJLHOCTH HMeeTcs
JHGO CAMIIKOM MaJo, Ju0O CJAHIIKOM MHOTO CKaYKOB H IIpHHHMAa-
eTcsl aJbTepHaTHBA

H :Us=U.

Bui6paB 5%-nbiii ypoBens 3nauuMoctd (a=0,05), Mbl mosayunu
rpaHulbl KpHTHYeCKOH obsactn —1,96 u +1,96. CHavana Buunc-
JHM CpelHee 3HaueHHe U CTAaHAapPTHOE OTKJOHEHNHe AJS uHcaa cKay-
KOB B CJAYy4aliHOH NoCJIeN0BaTeNbHOCTH, HMeWLIel n, repbor (n;=
=11) u ny pemer (n,=9):

= 2-11.9

U=-"="T"111=109
19 + R
o2 = 2U9EII—1—9) _ ¢
U (O+FI1D2@OF11—1)

CraTnctuka Z paBHa

- 7 13—10,9
= Y=v = 1,0.
L_j ’

Takum o6pasoM, YHCJO CKAYKOB B IOCJAENOBATEILHOCTH MeHb-
e CTaHJAapTHOrO OTKJOHEHUS OT CpPeJHEero 3HadeHHusl BCeX BO3IMOIK-
HLIX CKAYKOB B TaKOH NOCJACA0BATEJNBHOCTH M He Nomnajaer B KpH-
THUecKyio obJacte. Cuoie0BaTesbHO, YKAa3aHHOE UYHCJIO CKAUKOB HeE
14aeT OCHOBAaHMH AJd OTKJOHEHHUS HYJACBOIl THIOTE3bi H HPHHATHSA
1PETIOJOXKEHHs], YTO ITOCJeL0BAaTeIbHOCTL He sBJdeTcd CcaydahHoll.
Jpyrue mocnenoBaTenbHOCTH, HA000POT, AAIOT COBEPIIEHHO OTJHY-
Hble 3HA4YeHUa KPHTepuda. Tak Kak n; U ny OIHHAKOBH JJA BCeX
Tpex nocJjejgoBartesbHocTed, TO0 U H Og TaKkKe OJHHAKOBHI Hasa

BTOPOH I10CJI€A0BATEIbHOCTH 3HAYEHHS KPHTEPHS

727109 4o

115 TpeTbeH

z=2200 =39,

O6a 3TH 3HAYEHHSA PACIOJOXKEHB 3a KPHTHYECKHMH IIpeldesaMi,
H MBI JOJXKHB OTKJOHHTb THIIOTE3y O cJydalHOM pacllCJIOKeHHH
3JIEMEHTOB IIOCJEJ0BaTEeNbHOCTEH.
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TeoJiornuecKHe NPHMEHEHHS 3TOr0 KDHTEpPHA He BIOJHE oue-
BHAHH, TaK KaK OGBHYHO IPUXOAHTCH PaCCMaTpHBaTh IIOCJELOBA-
TeAbHOCTH C YMCJOM COCTOsHHH, GojbunM aByx. Crparurpadguuie-
CKHE Pa3pesbl HJIM, HalpHMep, nepeceuenus WAHGa O0GHKHOBEHHO
cofepkKaT He MeHee TpPexX COCTOsHHIl, KOTOPbie He/b3%n pPaHmKHPO-
BaTh HMKAKHM OCMLICACHHBIM 006paszoM. Mbl pacCMOTpHM CHoOcoObi,
C MOMOIIBIO KOTOPBIX YACTh I10CJIEA0BATENBHOCTEH HMOMHO NPHBECTH
K TOCJIeN0BATENbHOCTH HUXOTOMHYECKHX COCTOSHHI, HO TPeXIe Mbl
OCTAHOBHMCSI Ha TEOJIOPHYECKOM HpHMepe IPUMEHEeHIs KpiTephi
CKAuKOB IIPH M3yUYEHHH CHCTEMbl C JByMsi COCTOAHHSAMU.

O6niyHble HerMaTUTH 06DPasyloTcs NPH KPHUCTaaH3allud  0CTa-
TOYHOTO paciJiaBa, oGOrallleHHOro JeTyunuMy BelecTBaMu Mpa 0T-
BepJleHHH IpaHuTHON MarMel. Mx crpyxrypa obycjoBjcha O1HOBpE-
MeHHOJI KpucTajJu3alkel KBaplia M NOJEBOro minara B BTEKTHYE-
cxofi Touke. Eca KpHCTAJJM3aUMs IerMaTuTa HpOHCXOAHT Ges
IoMeX, TO MOXHO JONYCTHTb, YTO 3€pHa KBaplia K NOJCBOro 1nara
BO3HHKAIOT B CJAYYafiHEIX TOUKaxX BHYTPH OXJIaxKAarmollero pacijia-
Ba. drta curtyauus (cayuafinoe ofpasoBanue 3epeH) ocTaercs He-
H3MeHHOll 10 Tex mop, noka pacmias satsepieer. OQHAKO IPHCYT-
CTBHE OJHOTO KPHCTaJija, HAIPHMED TNOJEBOro LInaTa, MOXKET CTH-
MyJHpOBATb JONOJHHTENbHOE 00pa30BaHKC 3€PeH MOJEBOro IMmara
W npuBeCTH K BO3HHKHOBEHHIO necTpoil cTpykrype. Haobopor,
pOCT OJHOIO KDHCTaJJa MOMKET JIOKaJbHO HCUepnaTh 13 MarMbl
HYXHble COCTABJAIINNE I IPHOCTAHOBHTL KPHCTAJNNH3ALNIO, B pe-
3yJbTaTe Yero BOHHKAGT IecTpasi MO3aHKA M3 KBapild M IOJCBOrG
LinaTa. DOJBLIYIO IJKTY TOJHPOBAHHOIO IerMaTuTa MOXKHO pac-
CMaTpHBaTh KAK OKHO B €OJIOTHYECKYIO KYXHIO, B KOTOPCii CTyZen-
TaM AAHA BO3MOXHOCTH HM3yUYeHHsl 3THX aJbTeDHATHBHBLIX HpoOIeC-
coB. [ToaupoBanHas NMOBEPXHOCTb HOPOABI NO3BOJACT JEIKO ycra-
HOBHTh KOHTAKTH MEXKAY CJAralliuMH{ ee 3epHaMH, IO3TOMY JiH-
HHs, TIPOLEAEHHAsT HA Hefi, NPUBOAHT K HOCTPOEGHHIO liOC/ACI0OBA-
TeJbHOCTH 3E€PeH KBaplia M [0JCBOro wmnara. JIiuus a nolgposan-
HOi NATe MOMET PACcCMATPUBATLCA KK ChiyyaiiHas BelOODKa n3
BO3MOKHGIX 10CJeA0BATENBHOCTEH B Tele NerMarnTa, u3 KOTOPOro
Goisia u3Baeuerna sta nauta. [locaezsBarenbHOCTb 3€pCH KBaplla B
OJIeBOTO HINaTa BACAbL JHWHHM ykazana B Tada. 4.8. Hama 3aza-
ya — H3YYUTb CKAukM OT KBapua K IOJEBOMY IINATY, DPOBEPUTDL
CJAYUaFHOCTL TOCNEAOBATCABHOCTH H OUPCACINTH, HET Jil TEHICi-

TaGauuna 48

Hocaenosatenbuocth 160 zepen noaesoro wnata (M) m ksapua (K),
rioJyuesHas NPH Nepeceuenu MerduTuTa

(Haua.1o0)

. HKKHKKIIHKHKHDHHHHHKKHKHHHKHHHHKHHHK
KHKHKKKHHHHHKHHHHHKKI(KHHKKKHHHHHHK
HKHHHHI]I{HKHKHHKHHHHHKHHHKKHKHHK

(Konen)
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Puc. 4.12. Tocaenosatenshocts Habumofenuft, KoTopas aHANMH3HPYETCS] METO]O0M
CKAYKOB BBEDX H BHH3 '

LHH K CHCTEMATHYECKCMY CJIe/I0BAHHIO OJHOTO COCTOSIHHS 32 CaMHM
co00# HJIH, HAOOOPOT, TeHAEHIHH OLHOTO COCTOSIHHS CJIEN0BATD He-
[OOCPENCTBEHHO 34 [APYrHM. DBHIIIONHUTE HCCJIefOBaHME ITHX JaH-
HBIX C MOMOIUBIO KPHTEPHST CKAYKOB H OLIGHHTE TPH aabTePHATHBEI

Teuepr paccmoTpriM cTaTHCTHYECKYIO NpONEypy HCCAeA0BANHS
CKA4KOB BbepX H Buu3. OHa HCIOJB3yeTCsi B Tex cJaydasiX, KOrja
MLl HMeeM @O He C IByMs PA3HUNLIMH COCTOSTHHAMI, 4 Koria
nocaeciyioniee HaOJUcAeHHe OOJbllle WAH MeHbIle, UYeM ’noe;{bmy-
wee. Ha nuc. 4.12 naobpaxkeHa THOHUYHAS 110CAEN0BATEABHOCTD, KO-
TOPYIO MOXKHO IIPOAHQJM3HPOBaTh METOAOM CKAauYKOB BBerHB,HPB

Orpesox ABC usobpaxaer cKkadok BBepX, Tak Kax Kak 106
HUOJIOLCHNE [DEBOCKOIAHT NMpEAbIAYLLEE; aHAJOTHUHO OTPE30K GAHI
H3obpaxaer ckauox BHH3. Otpesox CDEF wszobpaxaeT ckaiok
BHH3, HECMGTPA Ha TO, 4TO pasHocts MexAy D u E paBua HyIO
AeficTBuTenbHO, HHTepBan DE pacnosoxen Mexiy 1ByMs OTpe?;
kavi CD u EF, xaXIbl M3 KOTOPBIX H3006paxaeT CKAuOK BHH3
03TOMy M Bech yuacTok CDEF wMoxHo paceMartpuBaTh Kak e;m-’
Holl cka4dox BHH3. Murepsas I/ MokHO paceMaTpuBaTh aHGO Kak
HacTs oTpeska UHIJ, uzo0pamaicniero CKadok BHH3, JHOO KAaK
wactb orTpeska [JK, u3o0paKalomiero cKkauok BBepx, np,quM obilee
HICA0 CKAYKOB 0CTAeTest B JIOOOM c/yuae HEH3MeHHLIM. Ecin Kax-
108 HAOMIOJCHHS BbiP2KEHO HEKOTOPOH BeJHUYHHOH, TO 06LIUHG oHa
‘ué\zee'r ApoGHYIO 4acTh, H OXHHAKOBbIE 3HAYEHHs (IBE 1I0CIe 0B
eJibHEIE€ TOYKH C OJHHA ] ( 1 » THUeC K
CHIBHEE 1O AUHAKOBLIMY XapaKTEPHCTHKAMH) IIpaxTHuyecKu

IIpn paccMOTPeHHM TOJIBKO Pa3HOCTEH MEKIY 3HAUEHHsIMH B
COCeIHHX TOUKAX MBI IIpeobpasyeM JaHHYIO NOC/CL0BATENbHOCTD
B 110C/I€J0BATe/bHOCTD, HMCIOILYIO TOJBKO JBA COCTOSIHUA (HJHM TPH
eCJM HUMEITCS paBHHe 3HayeHus). IlocaenoBaTenbiocTb }1306pa-’
JKEHHYIO Ha pHC. 4.12, MBI MOXKEM nepenucats B BHIe ’

+4++—0— 4 ——0+.

Cunitas nepBbid HYJAb MHHYCOM, MLI noJiydaeM IsiTh CKaYKOB! TDH
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Tab6auma 49
Yucao papuoaspuft Ha 1 cM? maunda KpeMHHCTOro caanua

10
12
14
22

(OcHoBaHnue paspesa)

ot
WNWHE IO —OO~NTTWRNIWN —

——
OO OOVWRWWONWND —DNDN

p——
[\

(Bepx paspesa)

OT IJI0ca K MHHYCY M ABa OT MHHyca K NJiocy (YHCJIO CKayKOB HE
32BHCHT OT TOTO, HA30BE€M JIH MBI BTODOH HyJb IJIIOCOM HJIM MHHY-
com). Tenepp MBI MOXeM IPHMEHHTb IDPOLEAYPbHI, PACCMOTPEHHbIE
BHLILIE JJIs1 cJIydyasi IOCJef0BaTebHOCTEH € JABYyMsl B3aHMOHCKJIO-
YaIOUMMH APYT APYra COCTOSHUAMH — cM. popmyJsl (4.8)—(4.10).
Jisi Toro 4robbl aNIPOKCHMAlHsl HOPMAaJbHHIM pacnpeliejeHHeM
6uljia ompaBaaHa, HeOGXOAMMO HMETh GOJIBLIYIO BBIGOPKY, OQHAKO
B GOJILIIMHCTBE TEOJOTHUECKMX 3ajay Takue o00beMbl BhOOPOK
BIIOJIHE AOCTYIIHBI.

[Tpn u3ydyeHun KPeMHHCTHIX cjaHUeB B CKaJHCTBHIX ropax Oblio
OTMEUYEHO, UTO 3Ta NOPOJa COAEPIKHT HEOOBIUHO MHOrO XOpPOLIO CO-
XPAaHUBUIMXCS OCTATKOB paanoJsapHil. Mx npucyrcTBue B C/aHLax
CKOpEe BCEro He fABJASIETCs] CJAydaliHBIM, TaK KakK I0CJAeJ0BaTeJ]b-
HOCTE 00pa3uoB Obla cofpaHa Ha NPUOJH3UTENbHO DPABHBIX pac-
CTOSIHMAX 10 paspedy. M3 o6pasios OblIH clenaHbl Wandui, B KO-
Topbix Ha miomagke 10X 10 MM? 6B1JIO MOACYHTAHO YHCIO PaLHOJA-
puit. JJauuple gJs1 50 06pasuoB NpUBEIEHBl B UTaGJI. 4.9. MoxHO 71
CYHTATh, YTO PACIPOCTPAHEHHOCTb PAJHOJSDHI H3MEHAETCSA B LUJIM-
de cayuafino? Brosawe peaJbHO COCTaBHTh MPOrpaMmy, KoTOpas
BLINOJHMAA2 Obl Bce HeOOXOAHMMble BBLIUMCJCHHS, OAHAKO YCHJM,
KoTopbie Tpebyercs IpH 3TOM 3aTPaTHTb HA MPOTPAMMHpPOBAHHE,
MO-BUAMMOMY, NPEBBICAT TPYILHOCTH, KOTOpblE HIpHAEICH MpeojoJe-
BATh NPHU pacueTax BPY4YHyIO.

B srom c/ayuae IUXOTOMH3alust HalJIOJeHHH JOCTHraeTcs C Mo-
MOLIBIO CPABHEHHs HX BEJHYHH C HPEALIAYHIHMH HAGJIOACHHAMI.
B neiicTBUTENbHOCTH KPUTEPHIl CKAaYKOB MOXKET OBLIThb IIPHMEHEH K
JAHHBLIM, THXOTOMH3aliHsi KOTOPHIX OCYLIeCTBJSAETCS 110 NPOH3BOJb-
HOH cxeMe IIpM YCJIOBHH, 4YTO IIpOBEpsieMas THIOTe3a MOXKeT OblTh
npeAcTaBJeHa AHXOTOMHYeCKH. Hampumep, u3BectHas Ipouenypa
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Ta6aunna 4.10

3uaueHHs ynenbHOro Beca 00pasuoB, cOGPAHHBIX NPU NepPECEUCHHH
MarHeTHTOBOro Teaa (xpeber Jlapamm, mrat Bafomunr)

(3anagHasa yacrtb) 4.58
5,02
4 .68
4,37
4,88
4 52
4.80
4,55
4,61
4,93
4 .60
4,51
3,98

i i 0 00 00 RO CO DO DO GO GO
U O~ 0o w0 o Oy
CrERBEXRAGTSRESY
03 0o o 00 e 0 60 0 00 0O 0O T
O =0 SO B~ U0 WO U1
TE5EISRITR2T

(BocTouHas 4acTb)

LUXOTOMH3ALUHH prAja HaOJIOAEHUH COCTOHT B BblUHTAHHH KaxKJOTO
HaOM0AeHus] U3 MeJHaHbl, BBLIYHCJACHHOH IO BCceM HaOJIOJLeHHAM,
IocJIC Yero NpOBOJAMTCS MPOBEpPKa I'HIIOTE3B O CJAYy4aHHOCTH IOCJe-
10BATEJALHOCTH CKAYKOB OTHOCUTEJBHO MEAHAHBI C IOMOULbIO KpH-
TepHS 3HAKOB. |

Ha Gouspluofl mioulafin pacupocTpaHeHns JOKeMOpHICKUX aHOD-
To3uTOB B JlapaMmuiickoM xpeOTe B wmrare BafioMuHr nabmaopaercs
HECKOJIbKO MArHeTHTOBBIX TeJ. OAHO H3 HHUX OBbIJIO BCKDPHITO, H TO-
peia apobuiaachk AJs1 HCLOJNL3OBAHHA B KauecTBe 106aBkH K Gypo-
BoMy pacTBopy. B kapbepe O6niainm oToOpaHbl 06pasnbl B TOYKAX,
DABHOMEDHO  PACIIOJIOKEHHBIX Ha [epeceYeHUH MAaTHEeTHTOBOTC
tena. Cobpannble o0paslibl pasHyajuCh MeXAy coBofl; OAHH Co-
JepKaJi lpeUMyllecTBeHHO IJIarHOKJ/Aa3, ApPYrHe — OJMBHH, HEKO-
TOPBIE NOYTH IEJHKOM COCTOSIJIH H3 MarHeTHTa, a Jpyrue IpeicTaB-
aann coboii cMeck HX Tpex MuHepaJsos. HecooTBeTcTBHe psjga uje-
HOB 3aCTaBJasieT IPEANONOXKUTb, YTO B MATHETHTOBOM TeJe HMET
MECTO CHcTeMaTH49ecKMe H3MeHeHHs. UToObl IpPOBEPHTb 3TO Mpen-
1010 eHHe, OBIJIM IpPOBeIEHbI H3MepeHHsl yAe/JbHOTO Beca ofpas-
0B, pe3yJbTaTbl KOTOPBLIX IipuBeJdeHsl B Taba. 4.10. MoxuHo au
CYHTaTbh, YTO H3MEHECHHe YJEeJbHOTO Beca B/O0Jb IlepecevyeHHs cooT-
BETCTBYET TOMY H3MEHCHHIO, KOTOPOrO0 MOMKHO OBIJO Obl OXHLATh
B IPEANIOJOKEHHH, YTO COCTaB 00pasLOB H3MEHSJICS CAYYAHHO OT-
HOCHUTEJLHO LCHTPAJAbHOIO 3HAUEHHUSI?

Mbl MOXKEM TakxkKe IIPOBECTH IIPOBEPKY THIOTE3BI O CJy4aHHO-
CTH CKaYKOB 110 OTHOLIGHHIO K CPEAHEMYy 3HaueHHI0. Pe3yasTaThl
3T0fl npoBepKu OYyAYT HCNOJbL3OBAHLI B 3TOH IJyiaBe B pasjede, Io-
CBSIEHHOM TpPEHJ-aHaJu3y. KpHuTepuu CKAauyKOB IMpHHAAJAEXRAT K
HIHDOKOMY KJaccy HenapaMeTpHYecKHX Ipouelyp, PacCMOTPEHHBIX
B . 2. , SR

meroTcs MHOTOYHCJICHHblEe PA3HOBHJHOETH KDHTEDHEB CKAauYKOB,
paccMOTpeHHBIX Boilie. MHpopManuio 0 HHX YHTATENb MOXKET I0-
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UEpNHYTh B PYKOBOACTBAX NO HENapaMeTPHYECKHM CTATHCTHYECKHM
Metonam Dpsnun [8], Konosepa [10], 3ureas [50]. Ipumepu ue-
[IOJIb30BAHHST KPHTEPHS CKAUKOB B I'€OJIOTHH HMETCs B KHHre Mui-
7epa u Kana [36]. Hekotopbie U3 3THX aBTOPOB cumTamoT LJTHHY
caMoro GOJILLIOTO CKauKa II0Ka3aTeJeM HeCJy4adHOCTH, Apyrue uc-
TOJL3YIOT YHCJIO TOYEK HHBEPCHIH, T. €. TOYEK, B KOTOPHIX 3HAKH
OCAICL0BATENbHBIX HAGMOACHH MEHs0Tcs. B HEKOTOpPHIX cayyasx
STH KDHTeDHM MOTYT oOKasaThcs 0oJee NOAXOASIIHMH, YeM npo-
LELyphl, OMHcaHHbIe Bhie. BooBuie roBops, npoueaypa uccaenosa-
HBHA CKA4YKOB BBCPX M BHH3 CUHTAETCH HAHOOJEe MOMIHBIM npHeMoM
H3 KDHTEPHEB CKAYKOB, TaK KaK OHA HCNOJB3yeT H3MeHeHie BeJlH-
UHHBI B KaXJ0H TOYKE NO OTHOIIEHHIO K IPHJEralOLIHM TOUKAM.
Lpyrue nuxoroMmuueckme cxemmul 0TPazKalT TOJbKO H3MEHEHHS IO
OTHOLIEHHIO K ONHOMY 3HAYEHHIO, HANIPUMEP K MeaHaHe HJH cpen-
HEMY 3HAUYEHHIO.

Kpurtepuu ckaukos uesecoobpasno NPUMEHSATh B TeX CJyyYasnx,
KOorxa tpebyercs BLISICHHTbL LPHUHHY HapylieHusa caydaiinocru. Ha-
JHTHE CJAHWIKOM GOJIbIIONO0 MAM CJAHIIKOM MAaJjoro uUmeJaa CKAYKOB
TIO3BOJISIET BLIBHTbL MECTAa HAPYHICHHS CJAYYafHOCTH H He OTOX-
ACCTBJAATH HX C TPeHA0M. Heo6X0ZHMO OTMETHTB, 4To caM 1o cebe
$axT CayyaiiHOCTH He MOXKeT GHTb LOKasaH, TakK KaK YyCJoBHe
CJAYUaHHOCTH CONEPKHTCS B HYJIEBOH THIOTe3e. MbI MOKEM TONBKO
YTBEPAKAATL 1PU HEKOTOPOM 3a1AHHOM YPOBHE 3HAYHMOCTH, YTO
HYJI€BAsI THIIOTE32 HEBEPHA H YTO IO 3TOH NPHYHHE MOCJAENOBATEb-
HOCTL HE sABJAETCA CclyyaliHoll. MHLIMH cJOBaMH, ecaM HAlH no-
IIBITKH [IPOBEPHTDL HEC/yYaliHOCTL OKOHYHJMCH NPOBAJNOM, TO HaM
HHYEro He oCcTaercs GoJblie, KPOMe NPHHATHS HYJEBOH THIOTE3bl.
B nasabHefiimem Mo paccmoTpitv mpoueypel 0GHAapYKEHHs TPeHAA
HJIH CHCTEMATHUYCCKHX H3MEHCHH{l cpenyero 3Havenus. Mpl dynem
HMETb BO3MOMKHOCTL YOEAHTBCS B TOM, YTO KPHTEPHH CKAUKOB B CO-
HETAaHWH C 5THMH METOAaMM OKa3BIBAIOTCH BeCbMA ITOJIC3HbIMH.

METOL HAUMEHbBIUUX KBAJIPATOB U PEIPECCHOHHDBIN AHAJIU3

Bo MHOrux 3azauax Hac MOTYT HHTEPECOBATBH He TONDKO HMEIO-
LHeCsT B N0C/IEN0BATENLHOCTH H3MEHeHHA, HO TAaKXKe Te TOYKH, B KO-
TOPLIX 9TH H3MEHCHHST npoucxoxar. Huas pelennss sTux 3agay
HYKHO IMETb HabOp H3MEepeHUH H3yyaeMoil IepeMeHHOH, a TaKKe
SHaTb DACTONOKEHNE TOYCK 3THX u3Mepenuil. Kak uamepsemas me-
pemMeHnas, Tak H IKana, B KOTOPOH B COOTBETCTBYIOLIMX €IHHHLAX
BEIPAXKCHL! 3JICMEHTEl I0C/IELOBATEILHOCTH, 1OJIKHBL HMETh Olpeje-
JeHublH pasmax. OKa3niBaeTcsi, HaM HeAOCTaTOYHO npoctoit KHOp-
MAUEN 0 NOpsAKe CJENOBaHHA ToueK. B GouabuiHucTBe npuMepos,
KOTOpEIe Mbl cefidac PacCMOTPHM, Hac GYyeT WHTEepecoBaTb OGIIMil
Xapaktep u3MeHeHHs AaHHbIX. MHpopmanus o6 stom 6Gymer muc-
II0/Ib30BaHA NPH HHTCPHONSUHH MEXIY NAaHHBIMH TOYKAMH LIS
SKCTPANOJAUMY 3HAYCHHH, PACTONIOKEHHBIX 3a NpefeJaMH IaHHOH
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Tab6anua 4.11

BiaHOCTh COBPEMEHHBIX HAOB B Npo0ax KepHa, B3AThHIX
Ha noGepexbe MekcukaHckoro 3aamea, JlyWsuana

k BnaxBoCTh (rpaMMH
BaaKuEOCTb (rpamuis e (Cpan!
Fay6una, §yTnl Bom)l/!.lcosmx;(ﬁyxom TayGuua, QyTHl Boumﬁ)canka)
0 124 20 ?0
5 78 25 21
10 54 30 22
15 35 35 18

10C/iCA0BATEIBHOCTH, AJS IIOJYy4YeHHs BbLIBOJOB O BJHSHUM TpPeHAZ
nap 145 H0JydYeHHs OUEHOK XapakKTEePHCTHK, KOTOpble MOLYT 6b1T13
WiHiCcpecHsl reoJoram. EcJAM OTHOCHTENLHO pacHpee/eHHs COB(I)e
KylHOCTH, U3 KOTOPOIl B3siTHl BHIOOPKH, MOXKHO CAeJaThb HEKOTODb °
ofeciioBaHHe MPEeNoJOXKEeHHd, TO K HHM MOXKHO NIPHUMEHHTB CTa
IHCTHYECKH{T MeTGA, Ha3LBaeMblil perpecCHOHHHIM aHAaJH30M.
Jannpe 1ada. 4.11 npeaCcTaBaAAIOT 3HAUEHUS BJI&H(HOI(\‘,/{PI B npo-
0ax KepHa COBPEMEHHELIX MOPCKHX MHJOB noGepexbs excuxaﬂ:
¢Kore 3aauBa B Bocrtounoll Jlynsnane. MaMepeHus noJjiydeHn! Bpe
SVALTGTe CpasHerHs Maccsi 1po0 HeMelJIEHHO NocJje B3ATHA HX H3
LOOCOTOONEEKA M NOCJe TIaTedbHOro BoicylnuBaHus. Ecam Mbl
ABEM CHERoUiLIE H3IMEDEHHd M COOTBETCTBYIOUUIE MM Tiy-
Crulel, Kag 270 A€3aH0 Ha DHC, 4.13, To yBHAHM, 4TO COAEpKaHME
Bhia i GBICTPO Gajleer ¢ [JAYOHHOH B BEepPXHHX 4acTax caos H.namn
ueuielino yOupaeT, N0YIH CTa0HAM3NPYACh, B 0CajKe BOJH3M :,
HURTMS cntost, PaceMOTPHM Tenepb pasiuuible CLHOCOOEl Hecaeno-

26 T -
s M 2O7THCH HESBMBIX COOTHOQUIEHHIT MEIKIAY 3STHMH HaoJJdloie

7i

Epo0
COl

.’.iﬂa'mcune 47,75, yka3aHHOe Ha pUC. 4.153,—cpe;mee cogﬂep}Ka~
Hie BAard B npofax — OpeicTaBaseT cofoh TOUKY, omocmenb};o
KOTOPOJi JHCLEPCHsl MHHAMAJBHA, T. €. MUHMMaJbH2 cyMMa KBai-
HATOB OTKJOHCHHI COAep:KAHUA BJATH OTHOCATENBHO 9TOH TOYKH.
YTaTesb 0J4ZKSH NOMHUTHL (CM. IJ. 2), 4TO ecjii HeKOTOpbie npo-
A0 BLI3BIBAIOT COMHEHHE, TO HX MOMHO 3aMCHHTH Hecme‘mcm{ou 11
sdhderTHBEol onenxol BLIGOPOUHOTO cpe,:mer?, ﬂnnsimmirOCH H;ﬁ-
JYYWINM HpejicEasadueM A8 LONCJHHTEbHBIX NPOD, KOTOphie

rvr OBiTh WindeueHn u3 TOH e COBOKYnHOCTH. OZHAKO HCHOV, 4TO
CnoqHee SHLUSHIE He MOMKKCT (1eKBATHO TPEACTZBAHTH A2HHDIE
sre. 413, TTpoGul 0TSHPasUch NOCACA0BATEBHC, (I TOTOMY OHH HE

R, v

§ .
[T

unafloTCH HezaBHCHMLIMH., Eule 60aee, seM TOUGUHAS OUEHKAa, HAM
nozouia Obl MPAMad JHHUA, KOTOPA® Bbipasnja o) CBHS§ Memﬁz
cogepiKaHHeM BJArH M FAyOHHON Ha BCeM MHOIKECTBE HsMeHe;{Bé_
snavem;lfl nepeMedepx. Huryntusueie coobpaxeHus noncxagbam
10T HaM, 9T0 B KadecTee Taxuoy“l JIHHHH MOXKHO 6131;110 oébx Bb(IZBI;CTH
NpsAMYIO, OTK/AOHEHHs] KOTOPeH OT AaHHBX 3HAYCHHH MOXKHO »
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Puc. 4.13. 3asucumocts Baaxuoctw  Puc. 4.14. Pasiuunele BapHaHTH KpH-

ocaZKa OT rIyGHHB (B rpaMMax BOAb
1a 100 r cyxoro ocazgka).

Jaudbie coGpaHbl B CKBaxHHe, NpobypeHHoit
B COBPEMEHHbIX HJ3X Ha nobepexne MeKkcH-
KaHCKOro san#Ba. OTMETHM, UTO OPHEHTALHs

TE€pHEeB MHHHMHU3alHH OTKNOHEeHHH OT
JUHWH alNpOKCHMalHuu:

A — MHHUMH3AaUHS OTKJOHEHHS BJIAXKHOCTH;
B — MMHEHMH3auua OOGOOILIEHHBIX OTKJOHEeHHH,
C ~— MHHHMH32UHSI OTKJOHEHHH INIyGHHBI

rpaddka He COOTBETCTBYET OpPHEHTALMH, 06bIY-
HO HCHOMB3YyeMOH B MaTeMaTlke

Jo MuHuMyMa. Ecqu paccyxkinaTe no aHaJOTHH CO CpPEIHHM, TO
OJKH U3 CNOCOOOB COCTOMT B MHHHMH3aIlHM CYMMBl KBaJpaTOB OT-
kaoHenufi or upsimod. (Cpeinee —3To 3Ha4YEHHE, OTHOCHTEJIBLHO
KOTODOr0 NHCIEPCHA M, CJeL0BAaTe/bHO, CyMMa KBaApaToB OTKJO-
HEHHH, sABJseTCS HauMeHbled). MB MOXeM INOCTPOHTH E€IHHCT-
BEHHYIO MPAMYIO, OTHOCHT@JBHO KOTOPOH JHCIepCcUsi MHHUMAaJbHA.
Ecan snauenns stofi nunefiHOH QYHKUHH B JAHHBIX TOYKAX BHI-
YeCTh M3 COOTBETCTBYIOIMHX HaAOJIIOJ4eMblX 3HAUYeHHH, TO NOJYYeH-
HOe B DPe3y/bTATE MHOXKECTBO 4dHces OyleT WMeTh cpejnee 3Haue-
HHe, paBHOE HYJIO, H MEHLINYK THCIEDCHIO, YeM HaBop OTKJOHEHHH
oT moboii Apyrofl npAMOMH, MOCTPOEHHOH MO AAHHBIM TOYKAM.
Hwmeercs, oHaKO, HECKOIBKO clOCOGOB onpefeseHHss U H3Mepe-
HHS OTKJ/IOHEHHH OT nmoxbupaemol JuHHH. Hanpumep, M MoxeM
paccMOTPeTh OTKJIOHEHHS: 3HAYEHMH BJIAXKHOCTH, OTKJIOHEHHs TIJy-
OHH MM HEKOTOpYyl0 HX KoMmOuHanmmwo. Ha puc. 4.14 otpesox A
H300paxKaer OTKJIOHEHHE COREPIKAHHH BJIAXKHOCTH OT MOLOGpPAHHOM
npsiMoit, a oTpe3oK C — OTKJIOHeHHe 3HaYeHHs IJyOMHH OT TOH e
npsamoit. OrkJoHeHHe B HM3MEDEHO 10 NepNeHAHKYAsApPYy K Heil.
MoxHO 6blJ0 6Bl IOCTPOHTh NPSAMBIE, HCIOJNb3YS JIOGOH H3 3THX
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£nocoBOB H3MepeHHs OTKJOHEHHH, HO Mbl OIDAaHHYMMCS JIHIUb 3a-
MEUAHHAMH TI0 NMOBOAY KaXKAOro H3 3THX cmocofos. Ecau Hauma 3a-
dava Oyjger 3ak/O4aThCs B MHHHMH3ALHMH OTKJOHEHHH COAepiKa-
HH{l BJark, TO MH HOJYYHM MPAMYIO, IPeACTaB/SIOILYI0 HaHJyd-
YO OHEHKY BJaXXKHOCTH NIpH 3ajaHHbX raybuHax. Hao6oport, ecin
3ajaya GymeT coCTOSITb B MHHHMH3AIlHH OTKJOHEHHH rayOHH, TO MBI
[IOJYUHM HAHNJYYLUIYIO OUEHKY 3aBHCHMOCTH TJIyOHHBI OT COAEpkKa-
HHUI Bjaard. Tperbs afbTepHAaTHBA NO3BOJAET BHIPA3HTL CBA3b MEXK-
Jy AByMsl nmepeMeHHsIMH. B cneunajbHoM nabope sanay, paccMar-
pHBaeMblX B 3TOff IJ1aBe, BPEMEHHBIE HJH TPOCTPAHCTBEHHBIE HH-
TepBaJbl CUMTAIOTCS H3BECTHBIMH, a BTOpas NepeMeHHas HMeeT He-
npepbiBHOe pacnpejesenne. [losTomy mneppas ajbTepHaTHBA Ka-
Kercsd HanGoJjiee TOmXOAsIIell A Hamux wnesael. MHBIMH c/I0BaMHy,
colepKaHHe BJarn Y paccMaTpuBaeTca KakK caydyadHas rnepemeH-
Has, a raybuna X ¢ukcupyercs. [TosToMy 3azada COCTOHT B Ipel-
ckazauun sHaueHufi Y mo suauenusm X. Ipyrue ciaydau OyAyT pac-
CMOTpEHbl B CAEAYIOUINX IJIaBaX 3TOH KHHTH.

Tlocse Toro Kak MBI YCJOBHJHMCHL O XapakTepHCTHKAx MNPAMOH
TPEHI4, KOTOPYI0 Mbl XOTHM TIOCTPOMTBb, ONpeAeJHM HEKOTOPble
TepMHHBI. M3yuaemass nepeMeHHasi sBJasercd 3aBUCHMOH (T. e.
GyHKUMEH) HIH PerpeccHoHHOll W o6osHauaercss Y. OTkaoHeHus Y;
OT TIPSAMOM JIMHHH JOJKHB OLITb MUHMMAaJbHLIMH. [Ipyras mepemen-
Hasl sIBJseTcs] He3aBHCUMOH (HJAH apryMeHToM) M ofosHauaercs X:.
[lycTh anmpOKCHMHpYIOLLAsi TIpsiMasi Mepecekaer ocb Y B TOuke by
M uMmeer yrjoBoil koadpduuuent by Toraa ee ypaBHeHHe HMeET BH]I

Vi = by + 62X, (4.11)

rne Y;—ouenka aJas Y; npu 1aHHoM 3HadeHuu X, Paccmarpusae-
Moe OTKJOHEHHe paBHO Y,—Y;, ¥ Halwa 3ajaya CBOAHTCH K HAX0K-
JEHHK Takoll MpsAMOH, [AJAs KOTOpPOH cyMMa KBaJAparoB OTK.JIO-
HeHH I

n
~

3 (Y, V) = muHEMyM. (4.12)

i=1

[Toayuenue OKOHUATEJBLHOTO pe3yjbrata TpebyeT NPHMeEHEHHS
1uddepeHinanbHOro HCYHCACHUS, TTO9TOMY MBI He GyaeM paccMart-
PHBATb AOKA3aTEJhCTBO, a OrPAHHMUHMCS TeM, 4TO HpPHBEIEM TakK
HasplBaeMble HOpMaJibHble ypaBHEHHd, NO3BOJAINIME HANTH 3HaYe-
HHS by W by DA annpoKcHMUpyoWel npamMoi. OHH WMeT BHI

DVi=bgn + by DXy (4.13)
i=1 i=1
DX Vi =by DX+ by DX (4.14)
f==1 i=l1 =l
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Pewas cucreMy ypaBHEHHH, NOJAYUHM

> EY‘/ SPy

21] X; lq-(

b1: i=1 i=1 i=1 / . 4 (4.15))

, on SSx
5= Exij /n
i=1 =1 J

H
n n
Y, IR B
by = —=% by = — =V —hX. (4.16)
n n

MBI Morau 6Ll HCIIOJB30BaTh 3TH (GOPMYJL A5 [OJyHeHHs K03(-

(DHIMEHTOB NpsiMOi, OXHAKO JAerKo 3aMeTHTb, 4T0 ypaBHCHHA

(4.13) u (4.14) upeacrapasor coboil cHcreMy VpaeHeHHH, KOTO-

PYI0 MOYKHO DELIHTb, HCHOJIB3Yd MEIOAH, OLHMCAHHbE B IV 3.
O6a 91 ypaBHeHHs MOXKHO 3alucaTh B MATpHUHOi dopme:

/ n zwao\ i

| v, 7y
\sx =xe/\p, ) (zw W17
XoTa B 310M GPOCTOM CAYYAE {ilil0JbOBANLE MATPUMHCLO MeTola
eAna Ji gaer kakne-aubo npemdiylnecrsa, 5 Geaee CJAOMHLIE CH-
TYARMAX ero npuMeHedne onpapiando. Ilostody Msr np c_le;vi‘
DeIeHHE 3234UH O 3aBHCHMOCTH CORCPM(AHNS BJIATH OT SHHEBL
MeTodaMi MatTpHanoil aarefpuf 11 0yA20M HCHOARZOBATL 3TOT meToj]
Hogavee 6 HaC”ow'LL"’I rmBe DieMeHTHl MuTy raKOBR: N1=§,
SX=140, 57Y =382, XXV =3870 u ZX®=350U. CucicMa B MaTpUY-
HGIT opMe nMeer BHJJ,

B AT
140 aso0 a0 T e

Pewns ee, nodyiazem 8p=94,67 u by =—2,68. 5ipl MOMmeM Ho b
20BaTh OJyHeNidbe 3HAYCHIS /8 BLIYICAHHT CUCHOK €O
gufl BIerd B OCAAKE ua pazawuHuiy raydunax. Heayionuble clUsHKE
onpofoBakiy B TOUKAX NOC3BOJIOT HIMEPHTh, Hi {CKOJIBKO nr”wm
SOCTPOCHINSE 10 METCAY HEUMEILILHX KBAIDHLUB, COOTBE
UCXOTITBIM  CLIGODOMHEIM  2HHLM, EcAH Ob ACCTPOCHHER
APOYOLIid B TCUHCCH dePes Kamayls sulopounyio TOUKy, To Yy
q Y: cospaland Bn 4 CyMMa KBaAPATOn OTKACGHCHMA OT f13siMoH
Gotaa Opl p2ana Hymo. KoHeuHo, B npHBeaeHHOM [pHMEPe 570 He
rak. Sunuedus Y; v Y, usobpaxens aa puc, 4.10.

Mo MOXKEM ONpeJEIHTh TPH XGPaKIePHCTHKH, KOTOPHIE GdIHCH-
BAIOT H3MeiHeHUe 3aBHCHMOH lepeMmenHod. Ilepsas M3 HUX — 3716
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Puc. 4.15. Ha6mosnaeMble 3HauYeHHU: BNAMNOCTL, T

BJAKHOCTH M HX ONEHKH, TIOJYUeHHBIe  ,cn 400 50 0
U3 AHHEHHOro VpaBHEHHS PErpeccHH, Mo- o : o
CTPOEHHOTO 1O METOAY HAHMEHBUINX '
KBaJpaToB
A
105,
a8
©
I
=
O
205,
[
-
— 30
40

obmasa cymMma kpagparos (SSr) nepeMeHHoﬁ Y:

ssPZyﬁ ‘/ > Ew TR (4.18)

1'.‘_41 i=]
Pasgenns ato ypaBHeHHe Ha {n—1), HOJYYIHM HUCIEPCHIO Ie-
DeMeHHOR Y:

[ ] S e 2 {l/ ,’\\2 (
§ = —— 557 n(”_l E} \E}‘)]' (4.19)

i=] (=1}

Bropass xapakTepHUCTHKa H3MEHYHBOCTH 3aBHCHMON IlepeMeH-

HOMi — 3TO CyMMa KBaApaTOB OTKJOHEHH{ OleHeHHLIX 3HaueHnHii Y;
OT CPeAHero 3HaueHHs Y

n

. n \2 n
SSp=$p._ L / ?\ R PR e

Kak caeayer us npaBofi YaCTH 3TOTO PAaBEHCTBA, OHEHKH HMe-
0T TO Ke cpejHee 3HayeHHe, YTO M HCXONHBle napHble. Cymma
KBAAPATOB 3THX OLIEHOK Y; XapakTepH3yeT Mepy H3MeHUHBOCTH JiH-

HHH perpeccHd OTHOCHTE/NbHO cpeiHero 3HaueHnHa. Ecam Y; u Y;
COBmanalT AJs BCeX HaGJIOLeHHH, TO CyMMbl KBaipaToB, BLIYHC-
Jdesnpe o dopmynam (4.18) w (4.20), GyAyT oxuHakoBnimH. Ha-
o6opor, ecau cyMMa kBagpaTos (4.20) 6ymer MeHblIe, TO Pa3HOCTh

SSp = SS; — SSg, (4.21y
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HasblBaeMasg OCTATOYHOH cCyMMOH kBaaparos, 6yAeT OTJHYaThCAd OT
Hyas. Kax Jjerxko y0eautbes, Bequunny SSp MOAHO TakkKe BBIYHC-
JUTb N0 Gopmyae
13
' O . ,
SSp= Y, —1,)2, (4.22)

=1

rae SSp ABJsieTcs MEPOU OTKJOHEHHS NPAMON, IIOCTPOSHHOM 0 Me-
TOAY HaUMEHBUIMX KBaApaToB, OT pe3yJbpratoB HabawaeHui. Ka-
YeCcTBO NPHOJIMZKEHHST NPIMOI XapaKTepHu3yeTcsi OTHOIUCHHEM

R = —— (4.23)

Ecan 1J5 uMeUUXcs JaHHBIX NpsAMasl Xopollo nogodpaHa, To
3TO OTHOLICHHE 6yﬂeT 6ﬂH3KO K €AHHHLE, HHXKE€ Mbl paCCMOTpHM
KpMTepHH, ITO3BOJIAOIIIME Cyﬂ,I/ITb 0 TOM, HAacCKOJbKO XOpOLuO 3TO
OTHOMIEHIC XapaKkTepH3yeT KayecTBO OLEHKH. BenwunHy R? Hepen-
KO Bblpa}Ka}OT B HpOLLEHTaX. Ta ke TepMHHOJIOI‘I/IH Hpm{ma B
TpeHA-aHaJH3e, KOTOPHIl, KaK Mbl YBHIHM, fIBJAsdETCA NPAMBIM 0000-
IeHueM 3TOro Meronada. H€06XOL[}1MO OTMETHTDb, YTO KBa,IIpaTHbIﬁ
KOpeHb 13 R? paBeH MHOXKECTBEHHOMY KO3(p(HIHEHTY KOppeds-
mu R:

R= 1} R =) 5Si/SSt. (4.24)

Anre6panueckHii SKBHBAJEHT 5TOr0 COOTHOLUEHHMA OINpeJe/eH B
rJ. 2 Kaxk KoadpuLHeHT KOoppeJasuHy

SSyy

o ————— .25
V 88 SS, (4.29)

r

TaxuM o6pa3oM, NpH HAXOXKAEGHHU YPaBHEHHs IIPAMOH, Xapak-
TepH3yIolllell 3aBHCHMOCTbL BJIAXKHOCTH 0CaJKa OT TJIYOHHBI, 1O Me-
TOAY HaHMEHBLIHX KBaApPATOB Mbl BBLIUHCJH/JIH PA3JIHYHbIE BEJHUH-
Hbl, HeOOXOAUMBIE NPH ONpeleJeHHH CYMM KBajpaToB, KauecTBa
upubamKennss 1 KoshpunHenTa Koppeasuud. Bpluucaurte Besuu-
bl SS7, SSk, SSp, R?2 u R aaa pauHbix Tabda. 4.11.

CoBepilelHo 04€BUAHO, YTO NpsMas JUHHA He BCErAa XOpOlIo
AlINIPOKCHMHPYET JaBHbE 1axe B CJAYd4asgxXx BbICOKOH KOPDEaAIHH.
[Tnoxoe nupubAHKeHHE BO3HHKAET KakK CJEICTBHE psijla IPHYHH,
cpeal KOTOPLIX CJIeAyeT OTMeTHTb BHICOKYI JHCIEPCHIO 3aBHCHMOH
nepeMeHHOH (4pe3mMepHBIil pasbpoc AaHHbIX), a TakxKe BboOOp He-
noaxoAsaulell Moaedu. B 3ToM npuMepe Mhbl CKJIOHHBL I10J03P€BaTh
mocJeqHee, TaK KaK PAacIoJIOlKeHHe HCXOAHBLIX [JaHHBIX HABOAHT HA
MbIC/b, UTO AJS AanlpoKCHMal(HH OoJiee IpHroaHa KpHBas, a He
npsiMas JnHHs, HHXe MBI pacCMOTPHM HEJHHEHHYI annpoKCHMa-
puo. OaHako Tpexie HaM TNPHIETCS H3YUHTh CTATHCTHYECKHE KPH-
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TepuH, TpHMEHseMble s NPOBEPKH npgﬂnonome}mﬂ, uyTO JaHHLIE
O UHHAKTCS HEKOTOPBIM 3alaHHbIM TPEOOBAHUIM. e
Ecnu Y:— cayuaiiHasi nepeMeHHas, KOTODOI COOTBETCTBYET HCM
KOTOpBIH MHTEPBaJ] H3MCHEHHS NECPEMEHHOH X;,, TO Mbl L;l}(())}:lelﬁ
NpelNoNOKHTb, UTO HMelouiecd AaHHble MOLUHHAITCA CHAELY

TEOPETHUECKOH MOJeJH:
Y: = Bo + BiXi + &i (4.26)

pix HabJofennil. Beanunha & siB-
JaseTcsl caAyu4aiHoll HOpMaJbHO pacnpenegeﬂéioﬁ BeJTHYHHOH C Hyne:
BHIM C)EIHHM 1 HEH3BECTHOU AUCIEpCHEH 0% He 3aBHCALIEH ’OT Be
apunn Y. WHBIMM CJ0BaMH, HpeAnoJjaraercs, HTo Habnonaembie
spavenns Y: ABJAIOTCA CyMMaMH NOCTOSHHOH BEJHUHHBI, CBSI3aHHOH
co cpelHHM 3sHaueHueMm (ecan X; u Y; oTcunThIBapTCA OT CBOI/‘;(X.
cpeanux sHauenudl, To fo paBHO HYJI0), JHHEHHOI (QYHKUHH OT A:
W cAyuadHOH KOMIIOHEHTH €. D10 COOTHOWIEHNE n3obpaxeHo Ha
puc. 4.16. [Ipeanonaraercs, 4To Aja KaKAOH TQUKHW JIMHHM perpec-
CHY CYIIeCTByeT HOPMaJsbHOE DAaclperesCHite 1aCcTOT BO3MOMKHBIX
sHauennii nepemensofi Y;. IlpnMensisi METOA HAHMEHBLUIHX KBaApa-
TOB M HCIOJIb3ysi BHIOOpOUHbBIE K09 (PUIUHEHTH PErpeccuH, BbITIC-
fdennbie pexons u3 moxean (4.17), MBI MOXKEM OUEHHTDH lapaMmeTphl
perpeccuu [T. €. mapameTphl B B dopMmyae (4.26)] mo Bb16op2111};bIM
KO5P QUIHEHTaM perpeccut [mapaMetpsl b B MOIeJH (4.17)].
Ec/Hn CjlefaHHbie HAMH OrpaHHYEHHs BLIIOMHEHH!, TO METOIL Hau-
veHbillX KBAZPATOB AACT HAM OUEHKH MAKCHMA/bHOro MpaBiolo-
10615 IapaMeTpoB perpeccyt by Hubo, H NOCTPOEHHAR HAMH JHHHUS
perpeccuy OyAer GJnxKe K HCTHHHOH IPAMON perpeccus, uem Jwdas
apyras npsmag. Ecin [OCTPOCHHOE JHHEHHOC ypaBHeHHe SIBJACT-
sl y1auHOfl perpeccHOHHO MOJeJbIo, TO IHCIEPCHT cayudaiinoi
KOMNOHEHTH paBHa AMCIIEPCHH OTHOCHTEJBHO IMHWH PerpecCHH.

rie i-— HoMepa IocJeloBaTe/bH

Pic. 4.16. KoMnoHesTH perpecCHOHHON MOAe/d Yi=Po+pi X+
Hpe}moaarael‘ca, HTO c.uyqamiax KOMMNOHCHTA 8[ HOpMAaJbHO pacnpenencHa OTHOCHTEJILHO JIK-

HHH perpeccHH
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Ta6auuwa 4.12
Jucnepconnblit anaams aas CJyuas npocTodl JHHeHHOH perpeccuu

Herouns wvermocra | O oo | rere crone | cpoame | gvannre
Jluweiinas perpeccus SSk ), 1 MS, MSR/MS,
OTka0oHeHME SSp ’ n—2 MSp

Obuas aucnepcns SSr ( n—I1

Haodopor, ecan Mozenr Bbi6
CHTEJILHO

JIHUHHBDL &,

Moxuo HCITOJib30BAaTh NOJIYUCHHDIE CyMMBbl KBaApPaTOB [OJA Bbi-
YHUCJCH! S

OLCLOK NHCIePCHH, KOTOpPHie B CBOIO OYEPeab HEOBX01d-
MBL IIpH npoOBEpKe ABYX anibTephatus. B wacThocty, SS, HCNOMb-
SYETCs KaK OLCHKA AHCHEPCHH OTHOCHTEJBHO JHHHH perpeccuu. Mu
MOXKEM IIOJYYHTh aeKBaTHYIO OHUEHKY I 62 TOJAbKO B TOM cay-
dae, ccan nposeneM HaMepenus Y; B KamIOH TOuKe X TAK KAk 510
CABHCTBEHILIH NyTh, KOTOPHIH I103BOJSET ONEGHHTL 3HAUEHIC AHC-
nepcny ¥V HE3aBHCHMO OT aucnepcuy X. Opnako 3Hauemne SSg
A4CT OLECHKY LUCNEPCHH 6 B TOM CJyvae, ecJiH HAlla MOLeJb npa-
BUJbHA; €CJM 2Ke Halla MOJelb HENpaBHJLHA, 5TO 3HAYCHHE npe-
BOCXOIHT 02 Ha HEKOTOPOE MOJOKHTENbHOE YHCJI0, Ha3blBaeMmoe
cMewenneM. Hcnonbsys SSi, Moxuo mposectn AUCTIEPCHOHULL
aHaJli3, NPHBOLALIHH K OTKJIOHEHHIO HYJEBOH THIGTE3b! B JIGGOM
H3 ABYX CJydaes, JinGO KOIla HSMEHUHBOCTb HAGMIOICHHN CaiLi-
KOM BeJMKa /151 TOro, 4TOOBl CHeJaTb HaleXHble BLIBOIB, GO
€C/IH NOCTYNHPOBAHHAS HaMH MOJeNdb HeBepHa. B rtadua. 4.12 npiu-
BeleHa cxeMa AHCIepPCHOHHOIO aHaaHu34.

Kak ykasanmo B ra. 2, cpeanne KBaApaToOB Jai0T JHCIePCHH,
OUCHKH KOTODPBIX NOJYHAIOTCH B pe3yabTate JeAeHHS COOTBOTCT-
BYIOUIHX CyMM KBa/1patoB H4 OTBEYAIOLIHE MM YHCJAA CTENEHEl CBO-
Goavl. Beanunne MSy ortsesaer oima crenent, CBOGOMHI,
3HAYCHIIC TIOJYYEHO Ha OCHOBE ABYX «HAG.I0
atbduunenTos by i b;. Obuan ancre
Gozbr. [TosToMy Benmunna MSp 10/DKHA BMeTh wieo CTencHel cBo-
Goabl, paBHOE PA3HOCTH MENIY AByMs YKA43anHLIMA, T. €. (n—1)—
—1=n—2. Mu wmoxem npumernts ANOVA g paccMoTpennoi
BEIE 3ajade, KaK 310 caetano B taba. 4.13. [Ipu stom nposepsieT-
CA CACAYIOLLAS THIIOTE3a:

paHa HeylayHo, TO AHCHEPCHA OTHO-
IPsIMOll perpeccun OyneT GoJblie, uyem JHCTIePCUS Be-

TaK KK ee
NeHUR» 3HauenHT Ko-
pcua umeeT n—1 creneHef cno-

Hol@] =0
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Ta6aunua 413

a onpeaeneHus
HaJlK3a, NPOBEAECHHOr0 1J

T HCIEPCHOHHOTO & ) | e o
Peay e b;,e?peccu", xapaxTepusyiouiei 3aBHCHMOCTb COACD

SHAUHMOCTH B OcajKke OT rAyOHHbl

3HaucHHE
- T TEmne- Cpentue
TH CYMMaa oxBBaJJ. }j:i(imcongsonbx Cpeane Buanesne
tIcTOUHHK H3MEHUHBOC paT
»
8 23,071
Muneiinas perpeccus 7546,88 1 7546, 8 ,
JInneine
27,10
0 icHie 1962,62 6 327,
TROAOHCH
7
CyMmapnag Ancnepcus 9509,50

Ny u ((l=’
%-10M YpOBHE 3HAYHMOCT
e mpa 5%-noM Y
. HCTIepCHl OTKJIOHAC
* T'ypnoTre3a O paBeHCTBE I

=0,08;.

npH ajJbTepHATHBE
1"11 : ﬁl 7= 0.

. OHA IIDOXOLHT uepes cpesi-
J[iHig perpeccily NOJ4HHMHEHd YCAOBHID: \;H}is@p.f",?ﬁug ;g:‘}w 1.21.\,.'10
| pagenps X u Y. Ecan yraoscit xozdduiunent 3 es -
. o ' ) PR R Te 3 VTREDIK-
or ‘;‘:el”c't OT HyJsl, TO 510 9KBHBHICHTHD CJAELYIOHIeMY yTIBL] “
OT.1#1. P ’ 7 R T T, v 11 I
iexw‘o' paccesile snadenuit ¥ gmowrs,.tv?h%;m;;
\epniie, ueM HX Daccesipe farz{cic,xzxeu[lg’axu A.Ix_m g
AL I > H AT o n Dﬁil‘&&‘:
Y[ CBeHb 3HATHMOCTH (asp,\)u). L'Ile “(\” w»_’
éq‘a.;m»yzixa 1O/ (UHHARTCS F-pac_«'.»peneJ;mTJ J‘\T,m,” e
» G 3TOMY KPHTIUECKasd 00 T1C1L IT K3 3
HAMi ¢BOO0AN, [ MOITOMY KPITHACERAT | HO8 wI2YSHUE KPHTEPHA
yetndi, sperpratomiux F=05,99. Berucsiunnoe il pene Kpiiepui
qonegder B KPHTHYECKYI0 O00/IACTh, HOYTOMY Mbl ILCIK o
II;“{ ir'Lm'IO're:sy 0 TOM, 4TO AHCHEPTHS OTHOUHILATHG AUHII D] :
S e o, : Oy e Hdch e Ha0MOLeHIis.
i3 ")"e OTJAHYACTCSI OT AHCHEPCHH, nOAydIgHici o Hao I.VJ}“(; .
Onaste (¢ HECMOTPS 1O, 4TO CYLIRCTRYST 3HU4HTEADHBIN JH
OiHaK0 Aozfe HecMOTpdA Ha 10, CyLIecTByer el
nefini{t TpeHd, rpadrueckoe '&PE,E‘C!‘aBJIHn“Hi o “{:;; e
HpPeAnOJCKUT, Y4TO MBIl B COCTOAHMH TPORSCIH L.»i{;i‘;.‘m ,”w e
"B 15 M or nepBofl CKBaXKHHBI B HJHCTEIX OTOKEHE UB\PTL;' 7
. : wina. CopenmkaHusd BCIAL B
sexy Guaa npoGypena Bropast crpamuma. Copepiandd A
S s ic Opasyic eI0BATENLHACTS H3MEDe-
rpofax M3 »10# CKBaXXHHB O0PAsyioT NOCHEI0BA T o e
anil ¥ NO3BOJNSAICUIHX OLEHHTL o2, B pesyJpTaie MLl :4 q/l;ﬁ;{“;“ﬂl
mrb A3ASETCH JH CA20ad  KOppeJaLdil MENMAiy Codepxa A':dei
,\»_-gm B ocajke M rAYVGHHOI CJAEACTBHEM CHJABICTO pc..,/opoi: o;o .
Hb} MU Pe3yJbTATOM HeNpUTOAHOCTH ypABHEUHI, ,fb“)f“;ﬁemw
Kauectne Mogead, JlauHble 1O BTOPOR  CKBARMANE -:ppoq,v.qm{_
B Tabn. 4.14. HaHecute 514 TOUKH Ha rpadHk i cp?fsn?g;m\d. ym.m_
HOe pacnpejesieHHe € pacnpejeseHHeM, COOTBETCTBY! A
BN Taba, 4.11.
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Tabnuma 4.14
3HaueHHs BJAXKHOCTH OCAXKOR M3 BTOPOH CKBAXKHHBL

Bnaxunocth {rpaMmbl BaaxuocTh (rpasMel
TayGuua, dytol BoABl/100 r cyxoro Cny6una, ¢yrol BOAEI/100 T cyxoro
ocajka) ocafxa)
0 137 20 28
5 84 25 24
10 50 30 23
15 32 35 20

Hanubie Tada. 4.11 MoXHO 0ObBEAHHHTL BMecTe C JaHHbBIMH
taba. 4.14, nocje 4Yero NOCTPOUTL ypaBHEHHE DErpPECcCHH IO BCEM
HabJuaosenusiM. Boludcaenns seandnH SSr, SSkr u SSp npoBoasTea
TaK e, KaK ¥ paHblie, TOJAbKO Telepb YHCJIO HabJaoaeHHil yiBOH-
jgock. Tak xkKak cefiuac y Hac B pacloOpsAKEHHH HMelOTCd HOBLIE
HaOJ/IoAeHus, Mbl MOXKeM IOJICYHTAThb CYMMY KBaJApaToB, BO3HH-
KAIOIYI0 H3-3d HEeA0CTATOYHON TOYHOCTH annpokcuMauuu (SSir),
H CyMMy KBaJpaToB, COOTBETCTBYIOULYIO «YHCTOH» CJy4aiHOH KOM-
nouente (SSpg), KOTOpHE pa3bHUBaAOT CyMMYy KBaApaTOB OTKJOHE-
HHi Ha [IBe yacTH. B ciyuae map moBTOPHBEIX HaAGJIOZEHHI Mbl MO-
JKeM HalTH BeJHUMHY 1o GopMyse

SSpr =1/2 Q¥ —Y,,)% (4.27)

i=1

OTa BeJMYHHA MMEET OXHY CTeleHb CBOOOAB AJs Kaxaoi Tou-
KH, a OCcTaTo4yHasi cyMMa KBaapaToB SSpr HAXOAHTCHA INYTEM BbIUH-
TaHHUs, TaK XKe KaK H ee UHCJIO0 cTeneHell cBOOOAb

SSir = SSp— SSpr. (4.28)

CoBceM He 0653aTeabHO, YTOOBI Mbl NPOBOIZHJH AYOJHpPYIOLLHE
H3MepeHHsl B KamKJAOH TOouke, HO €CJAH 3TO cjefarh, TO aHaJH3
yaacresi OCyLlecTBHTb Gojee TouHO. MOXKHO TakiKe HCIOJIb30BaTh
Gosee 1BYX MOBTOpeHHil Y; 4718 KaX10ro 3HayeHus X;, [IpH 3TOM
BBIUHCJIEHHE BeJHUHHBI SSpr CTAHOBHTCS HECKOJABKO 00Jee C/0XK-
HBIM. TH ¥ ADYTHE YCOBEpIIEHCTBOBAHMS OIMCAaHBl B KHHrax [0
perpeccionroMy anaausy Jiu [35], Hpeiinepa u Cmuta [17], 1 Mbl
He GyJeM OCTAaHABJAHBATHCA Ha HHX §oJjee noaposHO.

Cxema MOAHGHUMPOBAHHOTO [HCIEPCHOHHOrO aHaJjH3a NpHBe-
nena B Taba. 4.15. Hcnoabsys oObeainHeHnnble AaHHBIE MO JIBYM
CKBAXKHHAM, BBIIOJAHUTE [AHCIEPCHOHHBI aHaan3 H BhluHcanTe SSpe
u SS.r. CpeaHee 3HaueHHE CYMMBbl KBaipatoB SSpp sBJsIETCH
OLLeHKOH HJ5I 02y.x, T. €. JHCIEPCHH OTHOCHTENbLHO JIHHHH DErPecCHH.
Ono Haxoautcs no popmyJie

MSpe = SSrelk, (4.29)
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TaGaunua 4.15

ﬂncnepCuOHHblﬁ aHaJu3 B cJayuae IPOCTOH JHHEHHOH perpeccud ¢ NOBTOPEHHEM.
Yucno HabmopeHuid Y; paBHO 71; YHCJAO TOUEK,

B KOTOPHIX CJeNaHbl OBTODHbIE H3MEepeHHsd, PaBHO &

Cymma KBag- | Uncao creme- CpenHHe
YcTOuHRK H3MEHUHBOCTH /paToOB Helt cBOGOABI KBaJpaThl F-kputepuit
JNunefinas perpeccus SSr 1 MSr MSr/MSpt
OTKJIOHEHHE SSp n—2 MSp \
HefoCTATOK TOYHOCTH SSir (n—2)—k MS;r MS.Lr/MSpe
UYycTass cayuaiiHas SSee k MSpe
KOMIIOHEHTa
O6uas AuCHEPCHS SSr n—1

3 Kputepus KauecTBa NPHONHIKEHHS.
6 KpiTepu# COOTBeTCTBHSA MOJEJH.

rie k-—vHCAO TOYEK, B KOTOPHIX NPOBEJAEHHI NOBTOPHBIE H3Mepe-
HUA. B Hawem cayuyae MBI CJe€JdajiH 3TO JJS BCEX TOYEK, U II03TO-
My k DasHO n/2, Tak kak NOJOBHHA HabJoeHHH Y; Ay6aupoBaHa.
Mepr ormeuanu, 4To Besnuuuua SSp ABAseTCA MepOH AHCIEpPCUH BO-
KPYI DerpeccHH IJIOC HEKOTOPOE CMelleHHe, KOTOpOe MOXKEeT BO3-
HHKHYTb M3-32 BBIOOpa HENMOLXOAAIIEH MOJCJH, H I[OITOMY Cpel-
Hee 3HAYeHHe KBaapaToB SS.r ABJAsETCH OLEHKOH TOJBKO 3TOro

cMenleHHsi. Mbl MOXKEM UPOBECTH HPOBEPKY NPUrOAHOCTH MOJEJIH,
BBIUHUCJISAA 3HAUCHUE

F = MS_r/ (MSpE). (4.30)

Ecau BbluHCIEHHOe 3HAueHHEe KPHTEpHs IONajfaeT B KpPHUTHHE-
CKy!0 00J1aCTh, TO MBI LOJIKHBI CIeJaTh BHIBOJ, YTO TOCTPOEHHasi
MOjJlesib He OTBeYaeT AeACTBHTEJBbHOCTH. Eciu npoBepka He HpHBO-
IHMT K OTKJIOHEHHIO MOZeJH, TO 00e OUEHKH IHCHepcHil MOXKHO cJio-
KATb (MSpr+MSpr=MSp) 1 OUEHHTL KAayecTBO ANNPOKCHMALHH,
KaK MH JeJand 370 paHpulie. Buluncaute F-oTHOIIEHHE H AONOJHH-
Te ”'I'a(’m. 4.15, a 3aTeMm onpejesute, siBASETCS JU 9Ta npocras JiH-
HEHHAsr MOAe/b AOCTAaTOYHO xopouwledl. Ha puc. 4.17 usoGpaxeHsl
4E€TLIPE BO3SMOXKHBIE CHTYAUMH IJS ABYX XapaKTEPHCTHK, OQHA H3

KOTOPBIX — COOTBETCTBHE MOJeJH, a BTOpasd — KaueCTBO anmnpoKCH-
Mauui.

Henuxeiinaa perpeccus

ITocse BHYHCHEHHS F-xputepus IJisi UPOBEPKH COOTBETCTBHS
MOAeJH BBIOOPOYHLIM JAHHLIM BBl MOMKeETe NPHATH K BBIBOAY, 4TO
UpAMAs JIMHHS HEAaJeKBAaTHO INpeACTaBJisieT BbIGOPKY. YTo nenaThb
TOCJIE STOrO, 3@aBHCHT OT NMpejMeTa HCCAENOBAHEA H OT BalliuX 3Ha-
HAH HJIM N0TalOK O COOTHOUIEHHH MEX1y IepeMeHHbIMH X u Y.
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Puc, 1.17. BosmoxHsle canyuail JuHeitHOA perpeccun [17]:

a — CYLUSCTBeHHAan AunciiHag perpeccis H TOMHOCTbL ANMPOKCAMAUHY YAOBACTEOPHTUALHAA, 6 —
OTCYTCTBHE JIMHEHOW DPEerpeccHH npn  YIAORBJCTBODUTENbHOH TOUHOCTH ANNPOKCHAAUHH; 8 ==
CYHIeCTBeHHAS guHellHAa PerpeccHs Il 3LAUAMbBIE HEeJOCTATOX TOUHOCTH ANNPOKCHMUHY, & —
CTCYTCTRHE JjunefiHON] DPErpecCHH M 3HAURMLIA HEJOCTATOK TOUIBOUTH aNNpPOXCHMa b

HMuoraa MOxHO HMETb BIIOJHE CHpPEACJeHIOe MHEHIE O Ciizi IIe-
pesennnix, Hanpumep, ecan camoqer cOpacueaer CoMOy, . npe-
HeGperas CONpOTHRICHUEM BETpa, Mbl MOARM UpeAcKasatn o 7ec-
PETHYSCKYIO TPAGKTOPUIO, KOTOPAA OHPCILEIETCs CKCPOLTbi i
Jeia M HalpabJelHoiM BHH3 YCKOpPeHHeM CBOJOAHCILG R iCHHA
(puc. 4.18}; aelcBuTesnio, napalboda oueHb XOPOIIO i niBaer
TpaexTopHio nageHuss 6oMGel, C apyrofi CTOPOHD!, Mbl MOMEM HH-
4ero He 3HaTh O 32BUCHMOCTH MEXKAY ABYMs repeMeHHuiMx X o Y
(e MOIKET d e CylecTsoBaib) H MPOCTO XOTHM HONYYHTe BhIpa-
Kentie OALOH 113 HUX depe3 Apyryr. OCbuHO HaWH 3aAadri HAXO-
AATCL MEXKAY 9THMH ARYMA KPARHHMH CJaydasMH: Mul Npetnosiara-
eM HaJnuue UPHHUHEHON CBsi3H, HO He 3HaeM ce QOpMbl. B nocraex-
HHX ZBYX <JdyddsX MBp MOXeM N0i00paTp  aiIpOKCHMHpYlOULce
ypeBlenHe K HMCIOULEMCS TaHHBIM B HAJeXK/e, 170 OHO I10MOXKET
Huil OPOSICHHTH CYLECTBYIOUIHE COOTHOIIEHHS WJIH XKe TOYHO OIll-
catb (Qopmy sepucumoctH nepeMeunpix X u Y. Taxkue ypasHeHus
BLiGHHAI0TCH ROTCMY, 9TO € HX OOMOHIbI VIA@TCH allNPORIHMHUPG-
DiTh MHOIHE Kaacebl YHELHE, i HCISJALIYIOTCA B TeX CaV1asX,
KOIR& MCTREULI B QYHKIUMH Hen3BecieH.

Bo3MOXKHBI pa3JltHble TANL ANIPOKCHMLDYIOIMHX QyRKIHH, HO
yaule BCEro HCICJAB3YETCsl IOJMHHOMHAABHAS alnpoOKCHMalus, 3a-
KAIOUAKCIIagcs B TOM, 470 B KayceTBe npub/iKawomed §yHKIud
BLIGHpaeTCst CyMMa IeJbiX cTeneHed He3aBiicHMON NepeMeHuoHu:

Yi=bo 4+ 0:X; + boXi? 4+ 63X + ... b X (431)
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Puc. 4.18. TeoperHueckas TpaeKTOPHS LHOpocTh ) —
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YpaBHeHnHe, B KOTODOM BCe MEpPEMEHHbIe CYMMHPYIOTCH, HA3bIBA-
eTcyl JHHEHHBIM, TaK KaK COOTHOLIEHHS MeXAy BCEeMH IapaMu uMme-
107 ¢BoHMH rpadukaMu T[psiMBle JHHHHM. Pacumupedde NepBOHA-
yaJLHOrO YPaBHEHHS C IOMOLIbIO 1004BJEHHA CJACAYIOLLHX CTele-
Heil IPHBOLAHT K TOMY, 4TO TpadHK HauHHaeT HCKPHBAATLCHA. OnuH
JAOIONHHTEbHLIE 4JieH 3aCTaBAAeT NPAMYI0O M3MEHHTb HAaKJOH, BTO-
poil IOMOJHUTEJNBHLI uYJed NPUBOAUT K BOSHHKHOBEHHIO IBYX TO-
gex nepernba H T. A. YBeJHYHBAIOWAsiCsl HCKPHBJEHHOCTb IO3BO-
AgeT JAHHUH GoJee TOYHO MOAXOAHTb K HCXOAHBIM NaHHBIM. [leii-
CTBUTEJMLNIO, €CJAH UYHCJO JONOJHHTEJBHBEIX YJEHOB MOCTHI'HET
(n—1), 1o NMuHHS OpOHAET TOUHO uYepe3 KaXKAylo NAaHHYI TOYKY.
O/iiaxo B MOCTPOEHHH TaxkOH JUHUM MaJo CMbicJa, TakK KaK oHa He
ABaseTcs GoJiee apheKTHBHON, YeM CaMHi HCXOIHBe HaHHBE. KpoMme
TOro, HauboJee BaXKHYIO HRPODMALHIO O ZAHHOM MAacCHBE MOXKHO
COXpPaHUTh C HCNOJb30BaHHeM JHIIb HECKOJBbKHX UYJIEHOB B IOJIH-
HOMHaJbHOM YypaBHeHuu. Ha puc. 4.19 usobpaxeHb pasJdyHBIE
THIB TIOJHHOMHAJBHEIX 3aBHCHMOCTEH, COOTBETCTBYIOUIHX pasiny-
HWM CTENEeHsIM apryMmeHTta. MakcHMaJsbHas CTENEHb, HCIOJb30BaH-
Has B NOJI{HOMHAJLHOM YpaBHEHUH, HA3bIBAaeTCs CTEleHblO ypaBHe-
HHA, T. €,

Yi = bo +- lei + b2Xi2 + b3Xi3

—- [IOJIHHOMMANBHOE ypaBHeHHe TpeTbell cTeneHH. TakoBa Ke cre-
neHb ypasHeHHs Y;=bX?®, Tak KakK OHO sIBJISIETCA YaCTHHIM cJhyda-
eM upenniayumero npu bo, by u be, paBubnx Hymo. IlosnHOMHanbLHOE
YP4BHCHIE CTPOMTCA 1o HabBaIOJeHHsAM ¢ TNOMOLIBI MeToja HaH-
MEHLLINX KBaJApaToOB, a NPOLECC 3ITON0 TOCTPOEHHS HA3BIBAETCS
noL00pOM KPHUBOH.

Hpn BuIllOJHeHNH HEKOTOPHIX CTATHCTHYECKHX YCJOBHI KauecT-
BO allNpOKCHMalHK H ee 3HAYHUMOCTb MOTYT ObITh TIPOBEpEHHl C IO-
MOLIBIO DErpecCHOHHBIX METO/IOB, aHAJOTHYHHX YXKe PacCMOTpeH-
HBIM. DTH CTATHCTHUECKHe NpoUeAypHl ABJSIOTCA COCTABHOH YaCThIO
TaK HA3BIBAEMOI'0 HEJHHeHHOrO pEerpeccHOHHOTO aHaJH3a.

Hro6nl anmpoKCHMHPOBATh NaHHbIE KDHBOH BTODOIrO MNOPslKa
(uu KBaapaTHUHOM KDHBO#), HYXHO COCTaBHTb HOPMAaJIbHHE ypaB-
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Pic. 4.19. Kpusble noansoMuanbaofi PerpeccHu st BO3DPACTAOUHX CTeneHeil me-
peMeHHof X:

a—

a- rlzfljals}i{mxa_ﬂ JHHUA, COOTBETCTBYIOMIas MHOTOWIEHY MepBOl cTemenn; 6 — KBaApaTHIECKn KDPH-

E KpHBAA BTOPOH cTeneHy; 8 — KyGHUeCcKas KPHBAS MJAH KpPHBAasA TpeTbeft CTeHCHH; & —
KpuBass 4eTBepTOH cTemeHH

HCHHA C BKJ/IIOUEHHEM NONOJHHTEJbHBIX YJIEHOB. HBa HODMAJIbHBIX

yPaBHCHHS (4.13) u (4.14) npespamiaiorcss B COBOKYITHOCTB TpPEX
ypaBHenuii:

Y = bon + 63X + b22X2,
ZXY = boZX + 513X2 + b,3X3, (4.32)
IXEY = boZX? + bZX® + by3X4

[Tonpasymesaetcs, uro CYMMHDOBaHHEe BLINOJIHSETCH 1O BCeM
Habmoaeruam ot 1 10 n. [Tepenucas ux B MarTpH4YHOH ¢opme, mo-

Jydaem - ,
nEXZX*| [ b, sy h
sxsxext || o | =] zxy | (4.33)
sxxsxs ] Ls, =Xy
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D70 MaTpuUyHOE YPaBHEHHE MOXKHO pEIIHTh, HCIOAB3YSA IPO-
Heavpy MaTpuuHOfl aqare0psl, NpHBeAEHHYIO B IMI. 3. 3ametny, 410
B 3TV CHCTEMY BXOMST BbICOKHE CTENEHH HEe3aBHCHMOH IMepeMEHHOH.
Cawvas BhICOKasi CTelleHb, HCIOJb3YeMasi B MATpPHULe, PaBHA yI1BOCH-
Holl cTeneH!l TOJANHOMA, KOTOPHH MBI XOTHM 10100paTh K H3ydae-
MBIM AaHHLIM. OTO OOCTOATENBCTBO ABJAETCS IJIABHLIM HCTOUHHKOM
omn6GOK B BBHIUHCJAHTEJBHBIX NpPOTPaMMax HOJHHOMHAJIbHOH annpo-
KCHMailHH, TaK KaK 3JeMeHTHl NPABOTO HHXKHEro yrja MaTpHILbl KO-
S@IIICHTOB MOTYT Ha MHOTO TIOPAIKOB IIPEBHILATL  BCIHTHHY
L16MEHTOB JEBOI0 BEDXHEro yrja MaTpHLbl. JTO MOXKeET NpHBECTH
K 50JbiitM OILHOKAM OKDYIVIEHHS W NOTepe 3HAUWMOCTH B CYlLeCT-
BCHHLIX HdPax, pe3yabTaToM uyero OyayT HeycTOHuUMBbIE JJIH He-
qaie/ILC pelneHus cHceTeMbl ypapHenuil. [Togob6uoe paccMorpeliie
STHX si101 COAEPIKHTCA B KHHre YacTaeiika [59].

CipyKTVpa MaTpullel K03(QGhHIHEHTOB CTaHeT OuYeBIAHOIl, ecau
Mpl nenoab3yem nepeMmennylo XO, xortopas paBma 1 aga Bcex Hab-
moaennit Y. MbBl MOXKeM 3aHYMepOBaTh BCE CTPOKH H CTOJONB MAT-
pUuHCIC VPABHEHHA CJAeAYIoUMM 00pasom:

XoO XU X2 XX b Y
X0 a1 -
X!

A’2
= : (4. 34)
XB

pal 1L 1 L .

JuicMeHTLl MaTpHUL K03QQHUHEHTOB, a TakXe CTOJAOUOB K03(-
dbuunedToB b M npaBblX uyacrell Y ABJASIOTCS CYMMaMH CMEUIAHHbIX
Npou3BeNeHNIT 3/JeMEHTOB CTPOK M CTOJMOUOB ¢ 3alaHHBIMH HOMe-
paMn. rimest B Buay 3Hauenue XO, Mbl olipejessieM 3JeMCHT Ay

1
Ka4Kk X 1-1=n, Apyrue snemMeHThl BepXHell CTPOKH HOJYYAIOTCS VM-

i=1
HoxeiteM | Ha cooTBercTBywowuil cTonbeu. Hanpumep, 3Je-
ment A Marpupbl paBed A% X?2=3X% HanoMHHM, YTO OpPH YMHO-
JKEHHH 11oKasaTeJH CTeneHH cxdagpBalorces, T. e, X9. Xb=Xatb,

JJas aI0CTpauuy BhIYHCJEHUH, HCNOAbL3yeMblX NIpPH NOCTPOe-

HUH vD:BHEHUs HeJHHeHHOi1 perpeccull, IpoaHaJH3UpyeM COBMeECT-
Ho 1uhnne tabauy 4.11 uw 4.14. TlocTponm KBajpaTHYHYIO anIpo-
KCHMauuio, 4TO HO3BOJHT HaM yOeAHTbCS B TOM, UTO IIOBbIlIEHHE
CTeNeHH NPHBOJAUT K 3HAUUTENLHOMY YJYYILCHHIO Ka4eCcTBa allpok-
cumaunn. [lonuHoMHanpHAs KpHBasi BTopoll crenenu, nogobpaHHas
K 3THM JaHHHIM, u3obpaxkena Ha puc. 4.20. B paunom cayuae
YDaBHENHE perpeccHH HMeeT CJAeAYIOIMH BHA:

Yi = [_3)0 —{— ﬁlXi + BQX;'Q == 122,9 - 7)9Xi + O’IXiQ'
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0 Puc. 4.20. Kpusast noauHoMHanbHOI pe-

0 IPECCHH BTOPOH CTENEHH, NOAYUEHHAR MO
3aMepaM BJIaXKHOCTH, B3ATHIM U3 Ta6JIHY
411 n 4.14
~110
-120
-130
40

B stom npumepe HeoOX0ZuMEbLle AJIs1 BBIIOVIHEHU ST AHCIEPCHOHHO-
ro a"ajgnsa CTATHCTHKH OPpUHHHMAT CJACAYIOIIHE 3HAYEHUS:

S8 = 21363,0; SSr = 20673,2;
S8, = 689,8; SSpr = 126,0;
R* = (,97, R = 0,98.

Jlerxo yGeantsest, uto anauenust SS; u SSpz Taxie XKe, 4K u B
C/ydae JHHEIHOI aUNPOKCUMALKH, TaK Kax OHH He COZEP/KAT olle-
HOK BeauuuH Y. Kax MOXKHO GBUIO OXKHAATh, GoJee rHOKAs KBaipa-
THUHAsT KpUBasA OJie NOAXOAHT K HAOJIOAACMBIM JAAHHLIM, YeM
npamas JuHas. CyMMa KBaJpaToOB OTKJAOHEHIl OTHOCHTE.bHO i~
Hilll perpeccun ysenpwnjiacb ¢ 5177,8 no 689,8. Do Goabiuoe
yMeHbLIeHHe, HO 37a pPAa3HHLA He BCerga OLiBaet CTodh  3HAUH-
TeapHa, TaGuauily THCUEPCHOHHOTO aHA/N3d MOXKHO CHOB: paciiu-
PHTD JJIst TIPOBEPKH ITOI XapaKTepHCTHKH (Tali. 4.16).

Kak moxuo ysugers us 370if Tadaulini, CyMMa KB&IPATOB 1O~
AYddercst B Pe3yJ/bTaTe BLIUHTAHUA CYMMBl KBaADA4TOB 4% JdHei-
Hoit (pyHKuHH SSp; M3 AHAJNOTHUHON CYMMBI KBAADATOB 7is KBa-
patnuHoll Qyukiun SSpe. DTa HOBAY CyMMa KBAApDATOB ABATETCSH
MEDOH yJyuLIelil KAYeCcTBa alNpOKCHMAIE B Pe3yJbTite Bhele-
HUs LOMOHHTC/BHONO U/eHA B YDABHEHHE DErpeccHd. B spHTepiH
«6» (cm. taba. 4.16) s1a BesnunHa, Kotopas oGo3HAUCH: uepes
SSo-y, HCIOAB3YETCS AJiSI OUEHKH [OTOJHHTENLHON JHCNEPCHH B
perpeccun. Ee sHauuMOCTb NIpOBEpseTcs TOUHO TaKUM IKe obpa-
30M, Kak H [Jd CAMOrO ypaBHEHMA perpeccuH. Fciu oKoHuaTeNb-
HOe 3HaueHue [-KPHTEPHs NONAJaeT B KPHTHUCCKYIO 0674cTH. TO
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Ta6auua 416

i n
JHCTiePCHOHHBI aHRJKE IS OTnpeaeseHus 3Halm11x;>;'r
nonénameaxsnmx YJIeHOB B HEJIWHEHHOH perpec

T - l Wucao cre- Cpennne .
: A sieft o : - SKpHTEPHR
. 4MCHUHBOITH Cymna BBt netelt CBO- KBaAPaThl F-gpuTe)
FeTonsniy FUIMCHU : DaTOB o i "
[P ! ;
MSr
JinHclinag perpeccust l SSr 1
Fon | y 2 MSr, MS R/ MSpr™®
Wmanpatoanag perpec- | SSr2
i
cug i
i
o | 1 M3:— MSy-1/MSpa'®
PRAADTTeI0e  ON0- S8,
HOHUC l
1
{
| 5 MS
‘ > — n2
FRaipatiinoe  0TKA0- | SSoe n—3
HeHIE
| ‘ !
Difmayg me-eepeHs SSr n—1 l
SN padl 3HANHAOCTIL AT KBGEPATHAIION0 HpHOaHACHAS .

AYECTRE # annpoKCH-
C‘fu.nwpm‘i JHAUUMOCTH [Ast NPOBEPUH YBCANHCINIS KAYecTRd KBAAPATHHHO p
¢POBHEHHIO ¢ JHHEANOH.

WAL 6

100aEGUHLIL UMeH JaeT CYUIeCTBCHHBIH BKJAal B perpecctiir‘nmir}g
caeiver coxpanutb. Ecam iKe MOAYUYCHHOE SH'diICH‘/Ie He??;;rpéc—
HO, G ROHOJHHTCABHbBI UJMEH He JdeT 3;12!41'1‘1\101‘0 BKJAAME GI}ITVI)VC\’-
oo HeofiXxoHMO OTMCTHTh, UTO KPHTEPHU «a» MoxKeT OHl w
HICCTBOHIBIM, B TO BDEMs KakK KpHTEepHD «0O» TOKHM H’e HIB;H{A ﬂq;;
370 ApeHCXOMWIT NOTOMY, UYTO KpUTEpPHU <<a>i npegﬂasuya 1e] ”-t i
SBGEEp Y THIIOTCSH O paBeHcTBe HYHio KOMOMHALHM JIPxI;Ify??Hb H
Ria TUIBIX GJICHOB. [lpu =TOM JHHE{HAS YaACThb MOXKET o.«w.o
bes BLICOKO 3HAUIMO{, B TO BpeMs Kak BKJIajJ KBanpaTngﬁyozT
Laela GVSeT OueHb HII3KMM. TOria 3HaueHie KpUTEpH: <<2}>> 33;_
CVOICCTREHHBIM  OJ1arolaps 3HaunTeJAbLHOMY BJIHAHHIO ogh{o’ro .Hq_
“hyncro uiens, HMuoria MOXKeT OKa3aThes, 470 SHQIIHI\']I)IMIi'H'BJI‘,’

(0 OXLH M3 ABYX, JauGo o6a yjaena, ni00 HE ORMH 1i3 ABYX
HSICLION HE SIBJSETCS 3HAYUMEIM. N ]

Ll",zsr;rom) yAKC MOI' 3aMEeTHTh, 4TO 1<oppemunom1auﬂ 7;;};11;2_
MOCTL BCCPAa YBEJAHYHBAETCH NPH A00aBACHHI HOBLIX h]ﬂe,)o b:o<
JHLOVE ECJAH UMCO UJEHOB NOJHHOMa J0CTHTaeT (11— ),PTMO _OT
3QGLLUEHT KOPPCJAALHE CTAHOBHTCS pPaBHBIM 1,00 Ixizasglille Yo
eTeileHu pasbpoca gamHbIx Toyek. OQHAKO NPHBEACHHD, e
TepPHH 110KAa3LIBAIOT, YTO YBeJHUeHHe KO3(hHHIHCHTA KOP,V J R
HMeeT CTaTHCTHUecKHX ocHobauu#., [Ipu 3TOM ecau CpeiHHe ! te-
HHSl KBalpaToB OTKJOHEHHH YBEJHUHMBAIOTCH, TO F-ortHomenue, xa
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PakTepusyoulee 3HaYNMOCTh aNNpOKCHMANHH, yMeHbilaercs. Oueq-
Ka JHCNEPCHM YaCTHYHO 3aBUCHT OT uHCJA4 HabJIOAeHHI, HCOOJb-
SOBAHHDLIX [JIS €€ BBIYMCJEHHS, HJIM OT YHuCJIa cTeleHell ¢80601b.
ITocnennee mnocrosinHo yMeHbluaeTess mo Mepe yBeJHYeHHs 4YHcaa
KO3 (HHUHEHTOB B ypaBHeHHH perpeccun. Hamomuim (em. o 2),
HTO MBI T€psieM B TOYHOCTH Ha KaXJAOM OLEHHBACMOM napamerpe
OAHY CTeneHb CBOGOAL H 4YTO KOS(MOHUUHEHTH b MOJHHOMHAALHOIO
YpaBHEHHA ABJIAIOTCA OUCHKAMH KO3(D(QHIHEHTOB perpeccHu p.

Ilpn BLIMOMHEHHH oOnpele/eHHBIX CTATHCTHYECKHX TpeboBauui
[poHenypy NpOBEPKH THIIOTE3bl O HE3HAYMMOCTH 06aBJISEMbIX die-
HOB MOXKHO DacCHPOCTPAHHTL Ha UJAEHH 60Jiee BHICOKHX CTENeHel B
YPaBHCHHUIl TOJHHOMHAJLHOH perpeccuu. Ecam moayuenne jomon-
HHTEJBHLIX HAO/IOACHUNl PEAJIBHO, TO 3TH KPHTEDHH MuAHO HC-
II0/Ib30BATb B KOMOWHAUMH C KPHTEPHEM IPOBEPKII OTCYTCTBUS NIDHU-
GJIRMEHHA WM KDPHTEpHeM  YHCTO CAYYafHOH  KOMIOIEHTHI.
B rtaba. 4.17 npuBenena IonoJHHTENbHAS CXeMa JHCIIEDCHOHHOI'O
aHaJgu3a A1 KBaJPAaTHUHOH DEerpeccHH H o6beaHHeHHOI BLIOOPKH
3HaYeHHIl BJAXKHOCTH OCaJAKa.

B HeKkOTOpBIX cayuasx Hac MOMKET HHTEPECOBATb He TOMBLKO [I0-
JydeHHe OUEHOK B 3aJaHHBIX TOYKAX HJIH OTKJOHEHHS OT JIHHHH
Perpeccuy, Ho ¥ €€ HAaKJ/OH H 3HAYeHHe, NIPH KOTOPOM 3TOT HAKJOH
H3MeHsiercd. B xauecTBe mpuMepa 3anauM TAKOrO THINA Mbi pac-

Ta6auumwa 4.17
Pe3yubTaThi AUCNEPTHONHOrO AHANM3A NS ONpefedeHHs 3HAYHMOCTH
KBaAPATHUHOH perpeccuy coLepKaHUA BOAB B OCajke M rayGHsb

. 8] -
VICTOUHHMK H3MEHYHBOCTH CYMI',\;Z]TO’;MR n::gxi? CCQS- lgggiﬁgﬁi, F-gpatepui
Gonnt

Jlunefinaa perpeccus ' 16 185,19 1 16 185,19

MS
Keazparuynas perpec- | 20673,24 2 10 336,62 R 977,838
cus MSpy

MSy_
Ksagpatuunoe gonos- 4 488,05 1 4488,05 |—=L_ 98,96
HeHEe MSp2
Ksazparuunoe otkJo- 689,76 13 45,37
HeHHe
Obmas gucnepcHsa 21 363,00 15

8 Ksagpataunas PETPECCHS BBICOKO 3HAaumMa.

GKBaﬂpaTHuHaﬂ PerpeccHs NPHBOAHT K 3HAYH
CHMAalHH N0 CPaBHCHHIO ¢ JHHeHHOH perpeccuefy.
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TENbHOMY YJAYYUIEHMIO KauecTRa annpoK-

e

CMOTPHM CTpaTHrpadHUeCcKyo MOoC/Ie10BaTeIbHOCTb noq;é{;a?:;;%
npo6ypeHHoll B NOPOJ1ax HHXKHEro Najeo3os B BOCTO i act
OxnaxoMmpl. lle/bi0 Te0JIOTHUECKOro HCCJAEJOBAHHS SIBJSLI poc-
cTAHOBJICHHE YCJHOBHII, CyUIECTBOBABIIHX BO BPEMA (poprijB e
ornoxenuil. Vl3yueHHas Tojula COCTOMT H3 CJIOCB aneBl:o;{n\T@}OT
recyaHnKa, OTHOCHTEJbHO KOTOPBIX JONYyCKaJloCh, 4TO OHH d‘ome-
MOpCKOe NMPOHCXOkAenHe. T'eosoramu Guiio caenano npemxonMe .
Hie, YTO OCAXOUHBIA GaccefiH MOCTENeHHO HaNOJHAJCH, H, 1O MeIZ:-
Toro KaK OeperoBas JHMHHA NPOABHTaJach 10 HanpaBneHg}oa;;BaB_
TOHOJIOZKEHIIO CKBaX@HHBI, MOUHOCTb II0CJE10BATENBHO 00D oBan-
WwHxcd CJ0€B NECUaHHKA YBeNIYHBAIACh. Toama Hacqmusan}x o
cstiy cJioeB # Obino 6Bl KpaliHe oOpeMeHHTEbHO H3MEpATL Ka CEJIOH
13 gux. Bmecto 3toro Ghiia H3MepeHa MOLIlHOCTbSKazKIIOI‘O caor
ecuanuka depes uatepBasa B 10 ¢yroB (3 M)., TH nsteCpTB o
npupeiess B Taba. 4.18. I'eosiory HHTEpecHO 3HaTh, Cyuie ; yeﬁ
JH 34BICHMOCTL MEXAY MOIILHOCTBIO OTIEJNLbHOTO CJod H O ma;x
MOLLIIOCTHIO HaKomJeHHoro ocaaxka. OTMeTHM, 4TO cyxvuwap}({?Tb
MoumHocTh X H3Mepsiercss B (DUKCHPOBAHHLIX TOYK2AX, 4 Momﬁgdn-
HHANBUAYaJbHBIX CJIO€B paccMaTpUBaeTCs Kak c/aydanHas Be

Ta6auma 4.18

MOLIHOCTL CJ0EB MECYAHHKA B KJIACTHYECKHUX OTJI0XKEeHHAX
HUXKHero najeoson B Orkaaxome

Untepsaa X, QyThl MomHocTh Y. nioiffvbi Hntepnan X, dyThl Mougocts Y. amoiivbl
9,2 260 8,5
20 7.1 270 8,9
30 5.9 280 10,7
40 3.7 290 14.4
50 6,2 300 15,2
60 41 310 12,1
70 3.9 320 15.3
80 5.0 330 9.0
90 4.4 340 11,2
100 6.8 350 8.9
110 5,9 360 9,0
120 6,1 370 6,5
130 7.7 380 11,0
140 7,0 390 13,9
150 5,b 400 9,1
160 9,8 410 11,2
170 6,9 420 ]Z,S
180 5,2 430 15,8
190 6.8 440 ll’é
200 8,5 450 11,9
210 7,1 460 1816
220 10,4 470 17,9
230 6,7 480 198
240 8.6 490 12,8
250 6,4 500 5,

o
3}
—




Ha, YyTO TO3BOJISiIeT HCIOJAb30BATH PErpecCHOHHYI0 MOJCJDb. NupiMH
CJIOBAMH, TEOJIOT JOJDKEH TPOBEPHTH THUIIOTE3Y, 3aK0YAIoNyiocsa B
ToM, 4TO KO3(PQHUHCHT DErpeccHu f; 3HAUHMO OTJHYAETCA OT HYJIA.
Iocne TOrc KAx OMICAHHBIM BHINE METOJOM TOJYYEHO ypaBHE-
nue perpeccuy Y;=Dbo-+biX;, MOKHO OLUCHHTH AHCHNEPCHIO OTHOCH-
TeJpHO JHHIH DErpecchH, ucnoabsys Beandnny MSp. Tlocaeanion
B CBOIO OYepeRb MOXKHO HCIOJNb30BATh JUJIA  BOIHHCICHHS t-ctaTi-
CTHKH:
S | (4.35)
1 MS,/SSy

Cpeanee sHayeHHC KBAIPATOB, CBA3SAHHOE C OTKJOCHEHHEM (MS»p),
paBHo SSp. nenennoMmy Ha n—2 cteiiegefi cBo0OABI, KaK 3TO YKa-
aano B Taba. 4.12. Mcnpabienuast cyMMa KBaApaToB SSy HaXOMHT-

cs o gopMyne

SSy = E NjE— %(zxiﬁ. (4.36)

=1
Dra pesHuEHa HCMOJb3yeTCs A IPOBEPKH OIHOM H3 THIOTEs:
1) Ho:p1 =0,
2) Hy: [31 < 0,
3) Ho:B8i >0
APOTHB COOTBATCTBYIOUINX alpTCPHATHE:
H1 . :)I == 0,
H; . @1 > 0,
H1 . f)} < 0.
Ilporepka mepBoO LYJCBON THOOTESM tpefyeT JBYCTOROHHETO KPH-
TEPHi. Tak Kayk H MONOMHTENABHBIH, 1 GTPHUATEJNLHBIl HaKJIOHDI
NPHROAAT K ee OTKIOHEeHM:0. Hn2 APYTHX KpHTEpHA ABJTIOTCH ol-
HOCTOPOHHEMIL 100 0r 3aUHTCPECOBAR B HOJMYYEHHI OTBCTA 1A Cle-
ayloutil BONPOC: YBCJNUHBLETCS H MOUIHGCTH CJIO4, T. €. NoJo-
SKHTEACH JIH HAKGOH JUHIY Derpeocyi MeXiy MOIUHOCTBIO OTAC/b-
HOro CJOSL H cvMMapioi MowmupocThio? [losTomy Ajs mallix yesefl
DOAXOAHT nepRas rhuoteza. Kprtepufi OyzeT OJHOCTOPOHHEM €
KPHTIIMECKOH 00a2CTLIO, paciofoKenHOH cnpasa.

Mul MOKeM OLICTPO BHIYHC/AHTL HEOOXOAMMDbIE AJd  KpHTCjHid
CemiviHbl. HekoTopLie 3HauyeHH:A, MCHOJAb3yeMple B 3TOM KPHTCPHIL,
nprBeJCHb HIXE.

Vpagueitie Perpeccin: Y==4,25-40,020 X

S§S-=27306 94 S§S%==425,18
8§8,=:315,76 SSx==1041 250,00
R2=078 R=0,76
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Vicxonuble pasHbie coxepxart 50 HaOJAOAEHHH, TIOSTOMY BeJH-
yuna SSp coorsercTByeT 48 cremenaM csofoanl. [Ipu 5%-noM
ypoBBe 3HaunMocTH (=0,05) oxHOCTOpOHHEE KPHTHUECKOC 3Haue-
Hie (-CTATHCTHKH mpH v=46 crenmeHsax cBoGoawm pasHo 1,68. 3Ha-
yeHue ! =CTATHCTHKH paBHO T

0,02
f — — = §,09.
1/6,37/1041250, 00

[TosyueHHOE YHCJIO JIEXKHT B KPDHTHYECKOH 06JacTH, H IIO3TOMY MBI
JOJKHBl OTKJOHHTH THIIOTE3Y O TOM, YTO HakJOH NPAMOH perpec-
CHH OTpHlLATEJ]EH uJaH paBed HyJio. [locnenoBaresbHOCTH NpHCyILa
HefoJblIASl, HO BIIOJIHE OIpelesieHHass TeHAEHUHS YyBeJAHYeHH:
MOLIHCCTH OTJEJbHBIX CJOEB.

ITpnBeneHHbIH TONLKO YTO KPHTEPHH ABJAETCS HACTHEIM CJyda-
eM KpHUTepH:

fmbizB (4.37)
1/ MS,/8S, '

A1 MPOBEPKH THIIOTE3bl, 3AKJIOYAIOWEACT B TOM, 4TO HAKJOH JH-
H}’Hopel‘peCCHH HMeeT HEKOTOpOe 3apauee 3alaijdse 3Hauesiie 3.
B paccmorpennoM caydae (xpurepuit 4.35) suavenine $ paB}IO
H) IT0T KpuTepull, TOUHEE, HEKCTOPAN £I0 PA3HOBILIHOCTD, HME-
CT BUMHCS NPHMEHEHME B amajise BpeMEHHELX PAI0B. MeToibl
aHasll2a BPEeMCHHEIY pPs10B OCHOB Ha OpeIioJoXKeHnuy od oT-
CYTCTBIIL TPEHAA B U3YUAEMINY S, T. 0. WTO HAKJIOH JIHHIH
perneccun Mo CTHOWICHIO K BPeMCeHHOI ocn {1l oCH pacciogHnil)
pasenr Hyaw. Ecay Tpelil cymiectByer, TO ero Hy/XKHO VCTDaHHTh
HHd4€e 4Ha/H3 BPeMCHHEIX DIIOB TEQACT CBOW Jcmy. P He
HMEIOLIHE 3HAYNTEIBHOTO JIHHEAHOIO TPeHAa, Ha3nBaloICcH cm’uno~
HAPHLIMH, Eean B pambuin Ayegrcs veroffuussil #u Hanpasaei-
HEL TPEHZ, TO Psijl HA3bIBASTCSH »BOTOMHGHHL M, (L1H HecTalio-
HADHDIM. o
) OHHHM U3 UPeNOAGKEHUT B TCOp:t ik Hei perpeccul: sB-
JAAETCH GPEANOVIOZKEHHE O TOM, 4TO sHCHe| OTHOCHTEABHO JH-
1 pOrpeccull MOCTOAHHA. DTO MOMHO Ip Ts ¢ IOMOLULIO HC-
270BaHUA OCTATKOB MEXKAYV JUHHLIMU M i eHRKAME. Dol e
MeHee panrHo-
HMOETCH aGoTe-
[0 enepeus He

1

{m:‘r,-m.mzfo ycrpaulaiolke HazpaH FOMOCEIICTHYHOCTH Add 110~

CIOMIHON AHCHEPCHH M TETCPOICLACTIIHOCTI sl HsMeHsToLlelcs

Ai’ifLIL&E;JCIdlI. BrIcTpolil B He BIOJHE TOUHLIH CHGCOD ONPEeResiCHUdT

kaJ;Lj f}ii;eflennﬂ AMCIEpCIIL OTHOCHTRIBHO JIHHIL PErPECCHH COCTO-
' B LOCTPGERNH JIHHEIHOM perpeccHit st ahCOJIOTHLIX 3HaUCHI]

I(;I‘\Zg(;}r]f“-l”-i. HSM?HQHHQ AHMCICPCHH B MOC/@N0BATENbHOCTH Ovier
JOSIBJISITHLCS KAK 3HAYNTENbHBI HAKAOH.
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Hpyroe nomyuieHue perpecCHOHHOr0 aHaJ/JH3a COCTOHT B TOM,
YTO OTKJIOHEHHS OT JHHHH DPErpecCHH He KOPPEeJHDYIOTCS MeXIy
coboii. Tlon aBToKOppe/siuHefi B NaHHOM cjayuae NOAPasyMmeBaercs
CTpeMJIeHHe OCTAaTKOB K OOpas0BaHMIO TPYNN OJH3KIX OTKJIOHEHHIT
B OJHY M Ty e CTOPOHY MO OTHOIEHHIO K JAMHHH perpeccud. [Ipu-
CYTCTBHE psiia MOCJej10BaTe bHOCTEH aBTOKOPPeJHPOBAHHLIX OC-
TATKOB MOXeT YKAa3blBaThb Ha TO, YTO pErpeccHOHHas MOAeNb He
COOTBETCTBYET MCXOJHBIM JaHHBIM. MoXeT TakiKe CJYUYMTHCH, 4TO
ABTOKOPPEJIHPOBAHHLIE OTKJAOHEHUS CBHAETEJLCTBYIOT O CYLIeCTBO-
BaHWHW sABJIEHHN, IIPEACTABJSAIOMIUX TEOJOTHIECKHIT HHTepec. ITH
BONpOCk OYyAYT pacCMOTPeHHl MojpofHee B r1aBe O TPeHA-aHAaJH3e,
rle aBTOKOPPEJHPOBAHHBIE NOJOXKHUTEJbHBIEC OCTATKH BLIGHpAIOTCA
B KauecTBe mnoxasartesnell 3»KOHOMHYECKOTO MOTeHLMAasga 3alacoB
HedTH ¥ APYruX DOJE3HBIX MCKONaeMeX. [1poBepka Hanuuus aBTO-
KOppeJisilHH TPOBOAHTCS C MOMOUIBIO KPHTEPHS CKA4KOB, IpHMe-
HAEMOro K NOCJeL0BATENbHOCTH 3HAKOB OTKJOHEHUI OT JHHHM pe-
rPECCHH, HWJH OLHOTO M3 MeTOAOB, DaCCMOTPEeHHHIX B pasjiese 00
ABTOKODPEJAALHNH,

WnrepecHa 34BHCHMOCTb AHMCHEDPCHH H 4ABTOKOPPEJNANUH OCTAT-
KOB, BbISBJECHHAs NP H3YUEHHH TOPHBIX Pa3paboTOK B CEBEPHOM
KeeGeke. Ha wmecTopoxaesun 3og0ra O6yaniosepoM Oblia npope-
JaHa J1JHMHHas TpaHmes. Booas Hee ¢ HEKOTOPBIM HHTEPBAJIOM ObIJIH

TaGauna 4.19
Coaepxanua 3oaora B TpoGax u3 Ilpocnekt Tpenc, Cesepuwiii Kpebek

Paccrostnue, $yTol 3::‘3361{%?1‘%%%63/):)3_ Paccrosnue, dyTnl Sﬁi‘i{[e}(l‘:‘eli%%zsle?/);()a-
(CeBepirblit KoHCI TpaHUIEH) |
3,0 0,9 | 66,0 9,0
9.9 12 67.0 12,0
13,0 0.5 68,1 10,4
18,9 1.7 71,1 5.2
9293 14 73.0 14
23,1 1,3 74,1 1,2
225 1,0 76.0 1.1
28.6 11 76,1 1,0
30,1 12,0 804 6.5
30,9 9.1 892,92 11.9
23,0 4,9 84.0 15.6
36,4 1,9 86,6 6,9
39,8 11 87.6 11
42,9 1,9 90,5 1,1
46,0 1,4 92,5 15,9
50,1 1,7 93,9 9,9
53,9 2,2 91 .4 3.8
55,8 0,9 96,3 1,6
60,0 1,3 98,7 2,7
64,9 1,3 100, 1 0.8
(IOxuptit KOHe TpaHiueH)
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oTO0paHbl NPOOH, B KOTOPLIX OlPEENsNOCh COAepKaHHe 30J0Ta.
TpeHI DOJYYEHHBIX 3HAYEHHH OblJ1 OUEBHAHBLIM, 2 HAa OAHOM KOHIe
TpaHiued OblJH OTMEYEHBl 3HAYHTEJBHEIE OTKJIOHEHHS OT JHHHH
perpeccu. OGHIYHO 3TO NpenBellaeT GoraToe MeCTOPOMKICHME 30-
Jota. IMEHHO Takue MeCTOPOXIAeHHS 4acTO 06JANAOT Kpaline HH3-
KHMH SHAUEHHSMH COLePXKaHHH 30JI0Ta B GOJbLIedl 9aCTH MHHEpa-
JIM30BAHHOH 30HBl, HO Hapsaly C 3THM IONAmgalwTes M GoratLe
Kuas. Kpome TOro, B HHX rpynnmaMy WJH CKauKaMM BCTPeuaiorcs:
GoJ/iblIHE NOJOXKHTENbHBIE OTKJIOHEHHS, KOTOPHIE TaKXKe yKaabiBa-
I0T Ha TO, YTO TPaHLIes IIepeCeKaeT 30HY MUHEPAJH30BAHHBIX I,
ITo pauubiM Tabua. 4.19 nposepbre Hajnuhe TPeHAa B 3HAUEHUSIX
CO/CPMAHNA 30JI0TA M HCCJENyfiTe [OBEIEHHE NHCIePCHH BIOJD
apodua,

Mcrnonp3ysa KpHTEDHI 3HAKOB, OTBETLTE Ha BONIPOCEH!, MOYKHO JIH
CuilTaTh, 4YTO OTKJOHEHHS DACHPEeleJCHB CAYIaliio GTHOCHTOABHO
JUHUE perpeccuu? BeiTekaeT Jx u3 pesynbTAaTOB amamssa, uTo
TPAHIUES Tepecexsa yYacTKH MuHepaausauuu? MOkKHO i nody-
HeHHBlE CBCICHHSI 00 OTKJOHEHHSIX OT JHHHM PErpecciy HCiodhi0-
3a1b IJS PA3yMHOH 3KCTPANOJAUHMH COAEpKaHiil 3040Ta BEE Iipe-
Ae/1CB TpaHIIeH?

OpTOPGHaJ’leaﬂ noJIMHOMUAABHAS PErpeccHA

[loaronka noMuHOMHANBLHOH KPHBOH BBICOKOH CTENEHN ¥ NAH-
HLIM  MeTOAOM  HAWMEHBIHX  KBaJApaToB Tpebyer  DouIeHMI
OOJILIIOTO KOJHYECTBA COBMECTHBLIX ypPaBHEHHH, UTO JO HOABIEIHS
9BM npencrapisgno coboii o6peMenHTesisHoe 3aHATHE., Kax cjed-
CTBHE 3TOro, Ha 0oJice PAHHHUX 3STallax uLCCAEAOBATENH H30Crann
T0JIb30BATHCS OCLIHMH METOAAMH DErpecCHOIHOTO aHadi s ki, KOr-
Aa 3TO TOJILKO OLIIO BO3MOMKHO, NOMHZ0BAJINCH G0Jee LPOCTiiM B
BLIUHCJIMTE/IBHOM IJIAHE METOJOM, Ha3LIBAEMLIM OPTOTOHAJNLHO! Tio-
JVHOMHAJIbHOH perpeccueil, sl IPUMEHEHUS TOTO METONRA JAHHBIC
HOJKHBL OBITb COOpaHbl C pPaBHBIMH HHTEPBAJaMH DIPilpAalcHIi
no X. HeoOXOAHMO OTMETHTb, YTO K YUDOUIEHHIO BLIUNCJACHMU npH-
BOLMT TO, 4TO KO3((HIUMEHTH OPTOrOHAJLHBIX MHOTCUJEHOB £BJA-
I0TCsl HE3aBHCHMBIMH. DTO 03HAYaeT, 4TO A06aBJeHHEe HOBOTO ujie-
dd K CTPOAIIEMYCS YpDABHEHHIO HE H3MEHAET VIKe BBIYHCICHHBIX
YJieHOB.

OproronasipHLIe ITOJHHOMBEl BIEPBHIE TOSBHIMCE B padoTax
I1. J1. YeGbimesa B meBATHAANATOM CTOJNCTHH, XOTS COBPCMEHHDIE
lipoueaypel Mx BBIHCICHHA npHHaajaexkat P. Oumepy (1925 r.).
HonpoGuoe uanoxenne Teopun OPTOrOHAJNBHLIX TOJHHOMOB AAHO
B knurax P. ®umepa [18], [pefinepa u Cmura [17] u Moppuco-
qa [37], a Takxke B APYrux u3jAaHusx. XoTs nossieHue DBM cre-
J1aJ10 HCNONb30BAHHE OPTOTOHAJBHBIX MHOTOYJEHOB HE CTOJb 065-
34TeJIbHBIM, OHM MOTYT OKa3aTb CYIECTBEHHYIO NMOMOLIb B aHaJH-
S€ NaHHBIX, cOGHpaeMbiX C peryJsApHbHIM HHTepBaJOM. Mul pac-
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Ta6banua 426

OpToroHaJbHbie NOJMHOMHAJbHBIE YJEHB crenexedt or 1 no 4
n pasa 4ucaa HaGaofenui or 3 go 12

UneHH OepBoft cTeledH (AWHeHHBIE)

Ipodo.xcenue Taba. 4.20

UsneHBl 4eTBEPTOH cTemeHH (KBapTHKH)

3 4 5 6 7 8 9 10 11 12
-1 —3 —2 —5 —3 —7 —4 —9 —5 —11
0 —1 —1 —3 —2 —5 -3 —7 —4 -9
1 1 0 —1 —1 -3 —2 —5 —3 —7
3 1 1 0 —1 —1 —3 —2 —5
2 3 1 1 0 —1 —1 -3
5 2 3 1 1 0 -1
3 5 2 3 1 1
7 3 5 2 3
4 7 3 5
9 4 7
5 9
11
Ygenpl BTOPOH CTener* (KBajJiDaTHUHbIE)
3 4 5 6 7 8 9 10 11 12
i 2 5 5 7 28 6 15 55
—é —1 —1 —1 0 1 7 2 6 25
1 —1 —2 —4 —3 —3 —8 —1 —1 1
1 —1 —4 —4 —5 —17 —3 —6 ~—17
2 —1 —3 —b5 —20 —4 —9 —29
5 0 —3 —17 —4 —10 —35
5 1 -8 -3 —9 —35
7 7 —1 —6 —29
28 2 —1 —17
6 6 1
15 25
5
UsneHsl TpeThell cTenesn (KyGHuHBIE)
3 4 5 6 7 8 9 10 11 12
—1 —1 —5 —1 —7 —14 —42 —30 —33
3 2 7 1 5 7 14 6 3
—3 0 4 1 7 13 35 22 21
1 -2 —4 0 3 9 31 23 25
1 —7 —1 —3 0 12 14 19
5 —1 —7 9 —12 0 7
1 —5 —13 —31 —14 —7
7 —7 —35 —23 —19
14 —14 —22 —25
42 —6 —21
30 —3
33
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3 4 5 6 7 8 9 10 11 12
1 1 3 7 14 18 6 33
—4 —3 —7 —13 —31 —22 —6 —27
6 2 1 —3 —I1 —17 —6 —33
~4 2 6 9 9 3 —1 —13
1 —3 1 9 18 18 4 12
1 —7 -3 9 18 6 28

3 13 —11 3 4 23
7 —21 —17 —1 12

14 —22 —6 —13

18 —6 —-33

6 —27

33

IMOTPHM HEKOTODbIE M3 3THX NPHJOXKEHHH B pasjene, NOCBAUIEH-
oM (UIABTPALNI BPEMEHHBIX PALOB.
O0blYyHOE ypaBHEHHE NOJHHOMHANBHON perpeccuy

Yi=Bo+ p1Xi + poXi® + ...+ PuXi" + & (4.38)
MOKCT OLITh NPCACTABJICHO B BHIE
Yi=ao+ il + asloi + ... + 0tEmi + &, (4.39)

TA€ Em -— YJIEHBl OPTOrOHAJBHBIX MHOTOUJEHOB, a o — Koa(pQHuu-
STHL METOLZ HAUMEHBLIUHX KBAJApATOB. UdcJenHbe 3HAUSHHUA Ie-
HeMeHHLIX &, MOrYT ObTh OIpC/AENeHB H3 NOCJIENOBATENLHOCTH
apadmogennfi X 1 N3 CTENEHH HCKOMOTO YDABHEHHSI perpecclid.
O0piuno, 04HAKO, 4JeHB OPTOrCHAJBHLIX MHOTOUJIEHOB HAXOLSITCS
aonpocty M3 Tabuausl, apajgorruHbx Taba. 4.20. IlosnHoMuadbine
JICHLL BCErZa LeJble H ANA KAKAOTO HAOMIONEHHS B NOATOHICMOIN
0CCIOBATENBHOCTH TpebyeTca OfMH uJjeH. 2T0 HABOAMT Ha MLICJDL
2 1MeoOX0AUMOCTH PELIeHHST BiXKHOI 3aJ44H: ecid INMOCJACLOBATE/ib-
HOCUTH COCTOHT 13 MHOTHX HabsioZennd, 10/KHa OHTB 11OCTPOEHA
Jienn Ooapluas Tabanna noJMHOMHAJRHLIX uneHoB. (Tabauna guas
5 naGmonenuit npusoantes Pumepom u Edrcom [19]).
KosdduunenTsl oo HaXOAATCH M3 CJAELYIOIHX ypaBHEHHI::

ay=---37; =¥, (4.40)
= LEm (4.41)
b33

3MepeHnsl BIaXHOCTH B HEKOTOPHIX Npo6ax, NMpHBeAeHHLE B
‘ads. 4.11, oueHb NMOAXOAAT HJS HCCIAEJOBAHHS C NPHMEHEHHEM
OPTOTrCHAJbHBIX MHOTOUJIEHOB, TAK Kak HaOJIIONeHHS PAaClOJIOXKEHH
C paBHBIM HHTEpPBAJIOM B IIPOCTPAHCTBE HUKe KepHa. Mamepennsg,

BMecTe ¢ ujieHaMH E; OPTOTOHAJNBHBIX MHOTOYJEHOB MJis JIHHEHHO-
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ro NpHOJHXKEHHS IO BOCBMH pabaoneHnsaM, B3ATHIM H3 TabJj. 4.20,
NPUBEAEHH HHXKe. YKasaHbl Takke IPOH3BEACHHS Y u &

Y; = 124 78 54 3 3 21 922 18
t = —7 —5 -3 —1 1 3 5 7
YE, = -—88 —3%0 —162 —35 30 63 110 126

Kos(hpuuHEHT ap annpOKCHMHPYIOUEH NPSMOH ecTb MOMPOCTy Cpel-
Hee 3HaueHHe Y;: qo=382/8=47,75.

KosbdHuneHT o HAXOLHTCS YMHOXEHHEM KaXAoro Habmoje-
HHSL Y; HAa COOTBETCTBYIOLIMH IOJHHOMHAJBHLIA YJjIeH, CyMMHpOBa-
HHEM 3aTeM JeJeHHeM Ha CYMMY KBaApaToB YJIEHOB:

a; = 23YE1/2,2 = — 1126/168 = — 6,70.

VpaBHenue JnHeHHOl DerpeccHH CONEPXKAHHH BJarn Ha TayOHHE
1I03TOMY ecTb

Y, = 47,756 — 6,70%,,.
Ucnoabsys oObluHyl0 DErpeccHio, MBl IIOJYYHM COOTHOLIEHHE
P, = 94,67 —2,68X,.

3TH ABa ypaBHEHHs OTJIHYANOTCS TIOTOMY, YTO OPTOrOHAJbHbIE MHO-
rOuNIeHH BbIpaXkeHbl 4yepes Ey;, a He uepes Xi. Onnako ecian Mol
BOCIOJIb3yeMcsl 3THMH [BYyMsi ypaBHEHHSIMH, TO OHH o006a JaaxyT
OIHY H Ty € OLEHKy AJs Y; HampuMep, MpeANOJOXKHM, 4TO MBI
BLIYMCJIIJIM THIOTETHIECKOe COAEp’KaHue BJarH B KepHE Ha IJy0u-
He 9 M, COOTBETCTBYIOIIEll CEMHAANATOMYy H3MEPEHHI0 B I1OC/IeN0-
patedpHOCTH. UJeH OpTOrOHaALHOTG MHOrOYJ/IEHa, COOTBETCTBYIO-
ULIE CeMHAAUATOMY H3MEpEHHIO, ecTh -+, Tak YTO ABa ajpTepHa-
THBHBIX ypaBHEHHsS OYI1YyT UMETb BH]

¥ = 94,67 —2,68(30) = 14,27

Y = 47,756 —6,70(5) = 14,25,

C TOWHOCTBLIO HO OMHOOK OKpyIrJeHHsa 3TH YPaBHEHHA 9KBHBa-
JEHTHBD.

Jlpyroe NpeHMYILeCTBO OPTOrOHAJbHBIX MHOTOYJIEHOB CTaHET
QUEeBHAHBIM, €CJH Mbl 3aXOTHM IOCTPOHTL &AlJIPOKCHMALHUIO C II0-
MOLUBIO YpaBHEHHs GoJee BLicoxoi crenienn. s sToro Tpelyercs
MOBTOPHTb BCE BHIUHC/HTEJbHbIE NPOLENYpHl, TOMLKO MOACTABJAS
COOTBETCTBYIOLIHE MOJHHOMHAJbBHbBIE UJIEHD! 6GoJiee BLICOKOH cTemne-
UK. Yxe HajizenHble KooQQUUHMEHTH OCTAlOTC Heu3MeHHuMH. Ha-
npuMep, AJA MOJNYUEHHs yPaBHCHHA DErpeccH s comepxKaHnui

BJarn Ha I‘JIY6HHe ¢ TOYHOCTBIO A0 YJEHOB BTODOTrO MNOpPAAKA, MBL .
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puepeM YJieHH BTOpDOH CTeNeHH IJs BOCbMH HaOJIONeHHA H3
ta6a. 4.20:

Y = 124 78 54 35 30 21 22 18
19 = 7 1 —3 —5 —5 —3 1 7
Ve, = 88 78 —162 —I75 —150 —B3 22 126

CyMma mnpousBefeHufi paBHa XYE;=0544, Tak uro K03 HHUHEHT
Npd KBAJPATHYHOM 4JIEHe paBeH op=0544:168=3,24. Perpeccus
BTOPOrO MOPANKA BJAXKHOCTH Ha rayfuHe HO3TOMY €CThb

Y, = 47,75—6,70¢,; -+ 3,24¢,,.

AHaJlOrHYHO MOXKHO ANIPOKCHMHPOBAThH JAAaHHblE TI0C/JAeL0BATEJNbHO
NoJIHHOMaMH §0JIee BLICOKHX CTeNeHeH, BIJIOTh KO KPHBOH ceMHaf-
1aToll CTeNeHH, KOTOpas JNOJXKHA MpOHTH B TOYHOCTH uepes KaxkK-
poe zHaueHne. KospduunenTsl opTOroHaNbHON perpeccHH o MOTYT
ObITh Ioipeoépa3o‘13am>1 B Koa(pduUHEHTH OOLIUHOH perpeccHu B
IpOCTOH MNOACTAaHOBKOH B ypaBHEHHE, KOTOPOE HCIOJb3yeTcs AJd
ONIpeAeJIEHHA YJIEHOB OPTOrOHaNbHON perpeccuu. [Heranu cMm. B
kuurax Hpefinepa u Cmura [17] u Ocraa u Mencunra [39], xo-
TOpBEIE TaKXe IPHBOAST YpaBHEHHs [Js HPSIMOro OIlpefeseHHs
Pa3JIHYHBIX CyMM KBaapaToB, HEOOXOJMMBIX NpH JHCIEPCHOHHOM
AHAJIM3€ W TPU NDPOBEPKe 3HAUYHMOCTH NONHHOMHABHON Derpeccut
BBLICIIHX CTeNEeHeH.

IIpuBeneHnad riapHas ochb

PaccMoTpenHble BblIle PErpecCHOHHBbIE MeTOAbl MO3BOJSIIOT HO-
TPOATL JIHHEHYIO alIpPOKCIMALHIO 1 COBOKYIHOCTI ABYMEPHBIX
1abmoJeHnl, Tak 4TO KBajApaT OTKJIOHEHHH OZHOR M3 NEepeMeHHbIX
OT TNpsIMOR MuHMMAJeH. Ecsd OTKJICHeHHSI B HampaBjeHuu Y Mu-
RHMH3HPOBAHDI, TO IOJYYaercs OLHO MHOMKECTBO KOIQ(UUHEHTOB
JAMHEHHOH PEerpeccHH, HO eCJH OTKJOHEHHS MHHHMH3UPYIOTCH B Ha-
apaBresuu X, TO TOJY4aeTcs APYroe MHOMKECTBO KO3((hHIHEHTOB.
LCN 3TH J(Be NpsiMbie M306pa3uTh Ha rpaduke (puc. 4.21), To oun
nepecexyres B touke X, Y. KocHHyc yraa Mexay 3THMH IPSIMBIMH
Apsso cBAzaH ¢ KoapduuueHToM Koppeasuun mexay X u Y.

bBriBaer Tak, 4To (U3HYECKME YCJIOBHSI AHKTYIOT HaM HEOGXONH-
MOCTb CYHTATh OJHY NepeMeHHYo QyHKUHEHR APyrol, uau xe Lejb
ULIIOJIHSEMOr0 HCC/IE0BAHUS YKA3LIBAET, KaKad M3 JIBYX NEPEMeH-
dBIX poJKHA OBITh 3aBHCHMOT B ypaBHeBMH perpeccuHr. OnHako
IHOFXa OKa3blBAaeTCsl HEBO3IMOXKHO U3 Da3yMHHIX coobpaKeHuil pe-
UIHTh, KaKasi NepeMeHHas 1oJ/KHa ObTh X, a Kakas Y. D10 ciayya-
€Teq, HanpuMep, B 6HOMeTpHH, Tle OBBaeT IN0JE3HO 3HATb COOTHO-
uregye Mexnay JAByMsS MHOXKeCTBaMH H3MepeHHH, TakHX, KakK JJIHHA
W UWIMDHHA PaKOBHH, OJHAKO COBEPIIEHHO HESICHO, Kaxoe MHOXKeCTBO
H3MepeHuit posKHO OHITh GYHKUHEHR OT Apyrux. AHaJOTHYHBlE 06-
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Puc. 4.21. TuarpaMya paccesaBdd JBYMEPHHIX ZaHHBIX, BSATLIX H3 tabaun 6—19.

|
Hzo6parkennt TAKMKe JilHIH peTpecCHy Y ua X w X ma Y, npusescndas jaBHad  OCb
! (ITFO) u raasuas ocs (O)

¢TOSTEAbCTBA BO3HHKAIOT B Terpodusuke, riae obuwasg npobiema
COCTOHT B TOM, 4TOObl CB3aTh ABA (CAEJNHHEIX DASJNYHBIMH METO-
1aMM) paia usnMepCHuli, Takue, KaK BpEMeHa 3BYKCBLIX Hoepexon‘oB
I W3MepeHHs NIoTHOCTH HeiiTpoHoB. O0a THLA H3MEPCHHH TOLBED-
AL CHDL OLH‘rIGKaM, H HEKaKoe M3 HHX He MOXKET pacCI\'Ia'Ip”BaTbC,{
LaK (.pyHI\'LLHﬂ APYTOTO, B 5THX Cayuvasi KAK pas QUCHDL IIO.HG?%N\O
peACTaBHTH Tpauuecki o6a pAfa NEPeMEHHbIX, BLIPA3HUB HEKOTU-
pHIM 06pa3OM HX B32HMHYIO CBA3b. ;

[lepBoe peliernHe, KOTOPOE MNPHXOIHT B T0JOBY, —3T0 TOLLOD
npAMOIi, KOTOpash MHHHMH3HDPYET OTKJOHEHHA HaOJOLeHHA OT ST();
npsMoil Kak B HampapjeHuH ocd X, Tax M B HaNpaBJCHHI OCH
onxoBpeMenHo. Taxas JHHUs AOJIKHA pPACHENATh PaSHOCTL Mez-
AV AuHAAMH perpeccun X mo Y u Y mo X, 4TO COOTBETCTBYCT Bl-
3yaJibHOMY BIIeUaT/IEHHIO OT TpeHja B HabmopaeHuax. I[losTomy
6LuI0 Obl 1e1ecoo6pa3Ho IPHINCATh 3TO paclleNJeHHe pacceaHuio
AaHHBIX TOYEK TO O0EHM TepeMeHHLIM, a He OTKJIOHEHHAM eiMHCL-
BeHHOH nepeMenHoll oT moxGHpaeMoi NpAMOH. .

ViMeercsi OBa MeToAd ONpeleJieHHs TaKOW IPSMOH. Oann wme-
TOL COCTOMT B MIIHHMH3AaUMH KBA/pATOB OTKJIOHEHHH OT IPAMOU
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Puc. 4.22. Kputepun annpoxcumaunu [1I'O u TO:

a — NpUBedeHHId rJaaBHas OCb MHHHMU3KHPYET TPOH3IBefeRiHe OTKICGHeHHH X—X! yu Y—=Y! or

noaGupaeMoii NpaMoli; 3Ta npoueiypa SKBHBAJNEHTHA MHUHHMH32UHN NJA0MAAEH 3alUTPIXOBAI-

bIX TPEYIOJbI:KKOB; 6 — IVIaBHast OCb MHHHUMH3HDVET CYMMY KBaiPATOB OTKJAOHeHHH (X—X!)?
u (Y—YY)? p pesysabTare MMHUMMA3HDPYIOTCS KBAjpAaTbl OTKAOHERU! IO HepNCHAMKYAspy d?

K2K B HanpamJjeHHH X, TaX H B HanpaBJeHuH Y OJZHOBPEMEHHO.
B cnay reopembt ITudaropa 370 3KBHBAJEHTHO MHEHMH3alHH KBaj-
paToOB NEpIeHAHKYJ/IPOB OTKJAOHEHHI oOr noibupaeMoil npsaMo#
(puc. 4.22). Taxkad npsMmag Ha3bBAeTCH T[JVIABHOH OCBIO H MOXKET
OHTh HaftleEa KaK FJaBHBIH COOCTBEHHBLIH BEKTOp MAaTpHLBI AHC-
nepcuft u xoBapuanuii X u Y. Ilpoumeaypy BulUUMCIeHUS IJaBHOH
ocH MBL 00CyIUM B I'J. 6 B pasgese, IOCBALUICHHOM METOAY IJ1aBHHIX
KOMITOHEHT.

Jlpyro#i MeTom COCTOHT B MHHHMH3alHH HPOH3BEJEHHS OTKJIO-
HeHuil B HanpasaeHusix X B Y. B J1elicTBUTeNBHOCTH 3TOT METOX
NPHBOAMT K MMHHMH3ALHH CyMMBl IIJOILaAedl TpeyroJbHHKOB, 06-
pa3oBaHHBIX HaGaoaeruaMH U noxabupaeMoll  mpsaAMoil  (cM.
puc. 4.22), uro mpUBOAMT K NpAMOH, HasblBaeMoli OOBIYHO HpHBe-
aeunoft raaBHoil ockio (npamoil I1T0O). bBosabwmuncTBO CcTaTed Ha
3Ty TeMy ObuIo ony0/aMKOBaHO B XXypHajax «Biometrics» n «Bio-
metrilkka», 4To oTpaKaeT NONyJsipHOCTH 3TOrO MeToda Cpeiu yue-
HEI{, 3aHHMAOIKXCH BOHNPOCAMH pocTa opraHuaMoB. XoTsa CBOHCT-
34 NIDUBENEHHOH IJIaBHOU OCH MaJO HHTEDPECOBaJH CTATHCTHKOB, BCE
Ke OHH Oblin uceaenoBaHel Kepmakom u Xampenom [31] m Kpac-
kiaom [33].

PesioMe 3Tux uccaegoBanuil aas reosaoro paercs Tuwagom [52],
a Gosee moapobHOe H3JOKeHHe uMeercss y Mujnepa u Kana [36].

[IpuBenenHass riaBHasi OCb ONpejessieTcsi C IIOMOULbI0 OOLIYHO-
YO JIMHeAHOro ypaBHeHHs, HMelollero JABa KoshQHIHEHTA: OLHH,
peCcTABJAIONINA HAYAABHYIO TOUKY, JPYrOH — HAKJIOH:

Y =05+ biX.
231




TaG6auma 4.21
CyMMp KBagpaToB H APYrHe CTATHCTHKH JJisi AaHHBIX TaGA. 6.19 (cM. kH. 2)

nx=25 ny=25
IX=272 BY =267
X=10,88 ¥=10,68
§x2=20,3 Sy2=24,1
sx=4,51 Sy=491
SSx=487,2 SSy=578,4
covyxy=15,6
SPxy=2374,4
r=0,71

Haxkaon onpeneasgeTcss Kag OTHOLICHI¢ CTAHAAPTHLIX OTKJIOHEE 1
IBYX mepeMeHHBIX X ¥ Y, uaH

b, = Sy/Sy. (4.42)

Tak Kak 7 OQHO H TO e [Ja 000HX CTAHAAPTHBIX OTKJOHEHI',
b, MoxeT OBTb HalileHO ¢ MOMOUILIO 9KBHBAJECHTHOIO YDaBHEHHS

by =V SSy/SSx. (4.43)
Kosbduuuent by mpuBeleHHOH riaBHol ocH RaeTca (opMyJIoi
bp=Y—b.X. (4.44)

Briyncjende nNpHBEAEHHOH TyaBHONI OCH NIPOAEMOHCTPHPYEM Ha
AaHHBIX Taba. 6.9 (cM. kHury 2), npeicraBirennbx Ha puc. 4.21.
C noMmousio gadHbeXx TaGjd. 6.9 6yAyT TakKe NPOHJIIOCTPHPOBAHLI
BLIYHCJIEHHS] METOAa TJIABHBIX KOMIUOHEHT (HJIH, HCHGJAB3YS TepMit-
HOJIOTHIO HacTOALIEro maparpaga, MeToAa HAXOXKIEHMS IJIaBHLIX
oceit). CyMMbl, CyMMbl KBAaApaTOB M [iCHAPHDLIC INPOHU3BCIEH!H,
cpefHEe, NHCIEPCHH M KOBapHalWmi npusenens B Tada. 4.21. e-
NOJIb3ysi MX, MBI MOMEM CHAyajia BLiUHCJUTb OOLIYHYK perpec-
cuto Y Ha X u X ua Y. Oaa perpeccuu ¥ Ha X

by, = SPxy/SSx = 374,4/487,2 = 0,77,
bo =Y — b, X = 10,68 — 0,77 (10,88) = 2,43.

Takum o6pasoM, ypaBHeHHe perpeccuu ecTp Y=2,46+0,77 X. a5
perpeccuu X Ha

SPyy  374,4

=Xy 34065,
=S, =

bp =X — b, Y = 10,88 — 0,65(10,68) = 3,97,
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4TO JA2€eT ypaBHeHHe perpeccun X=397+0,65Y. Ilasa npusenen-
nolf TaBHOH oCcH

f 88y 578,4
by = —— = 20T
! SSx ‘ 487,2 LOS,
bo =Y —b,X = 10,68 — 1,09(10,88) = — 1,18

Vpasueuiie npsimodl TII'O umeer Bug Y=—1,184+1,09 X. CpasHe-
(e JaeT CJASAylouiee: NEpBblil coOCTBEHHBII BEKTOD KOBADHALHOH-
soff matpuusl X u Y oecthb

JTO 03HAUALT, 4TO COOCTBEHHLIfI BEKTOpP HMeEeT HAKJOH, XapaKTe-
susyeMed gauHoilt 0,75 epunnun ro ocn Y u 0,66 enunuu mo ocu X,
4T0 DKDBMBAJIGHTHO paBeHCTBY |,14 koadduuuenra b,. Koabduuu-
ext by pameH Y—b,X=10,68—1,14(10,88) =—1,72. ¥YpaBHenue
1J1aBHOIT OCH MoxKeT OBlThb 3anwcane B Buge Y=-—172-+114 X.
Ha puc. 4.2 usobpaxkeHr aBe JHHHYU DPerpecCHH, TJaBHasi OCh H NpH-
BeAEHN O IJIABHAS OChb. JaMeTHM, 4T0 MNpUBEAEHHas TrJaaBHasg ochb
I rJasHas OCb OUeHb MOXOXKH ApYr Ha apyra. [lpuBenexnas raas-
Has OCh NEJMT IIONCJAaM YroJ Mexkay JinHuell perpeccun Y Ha X M
sgunpedl perpeccuu X Ha Y, raaBHast 0Ck COOTBETCTBYET HECKOJLKO
Sonplieil aucrnepcuu Y, 4To cOOTBETCTBYeT MOBOPOTY Ha 4yTb GoJee
KPYTOH yroJ.

Crangaprabie OWHOKH KO3QGUUHEHTOB O00eHX [pPHBEIEHHBIX
"JIABHHIX OCe#l MOryT ObiTh Jerko BLIYHCJEHH, 3aTeM MOXKHO c¢hop-
MyJIHDOBATh NpUOJUIKEHHBIe KDHTepuu 3HauumocTH, Oanako He
CYUIeCTBYET 3KBHBAJIEHTOB XOPOLIO O5OCHOBAHHOTO JIHCIEPCHOHHOTC
AHaJd3a TOMY aHaju3y, KOTOPBIH CJeLyeT BHINOJHUTL B YCJCBHOI
perpeccun. CragaaprHas omnbka nakijora 11O papna

seh=bll/(‘—n"), (4.45)

2 KBHBAJIEHTHOCTb YIVIOBHIX Ko3p(puuueHtoB b; u by ABYX NpuBe-
ACHHDIX [JIABHHX OCeHl MOXKHO 1IDOBRPIUTH C NOMOILBIO KPUTEPHS

= e (4,46

~OTOPOM JIETKO Y3HaTh BAPHAHT ONHOTO H3 SJEMEHT2pHHX K-
snes, o0cyXREeHHBIX B i 2. [Iposepsiemast CTATHCTHKA £ put-

:neda dpeEOAL3ETENBEC HOPMaJbHO 1 €€ 3HAYHMOCTD MOM~"
ULiin plipedesieHa H3 Ta0JHUb CTAHIADTHOIO HOPMAJBHOTO -
UpeneseHH s,




Cranpapraas ownbka onpexpeneHus koadduuuerra b, pabHa
1—r% [ X2 ,
se, = SY]/ = (1 . 2_>' (4.47)

PaseHcTBO (4.47) MOXKHO HCHOJIb30RATH AJSL NOCTPOEHHSA TpPHOMH-
JXEHHBIX JOBEDHUTEJbHEIX HHTEPBAJIOB JJs BBIUHCJAEHHOIO 3HAaue-
i1ag by AHaJOTHYHO CTaHAapTHAS OMHOKA B ONPENEJeHHH YTJ0BO-
ro KospguuuerTa MoxerT ObITh HCIONB30BAHA AJAS ONpeleseid
IPHOJAM3HTENBHOTO AOBEPHTEJBHOTO HHTEpRada BOkpyr by B cymt-
HOCTH, BOOGUIe OBIIO HENPABOMCPHO HCHGIiBL3ORATH KPHTECPHIT Tipo-
BEePKH 3HAYUMOCTH Ko3(Q()HUNEHTOB TIDHBEAEHHOI TJaBHON OCH.
i{3-3a orcyTCTBUS TEOpETHUECKOTO OGOCHOBSHHA 3THX TIPOUCAYVP
NpUBEIEHIAsT IJaBHasl OCh MoyKer OLiTh NICHOJbL30OBAHA ANad lLesel
OTIHCAHNS, & He AJsl HPCOB2DKH CTATHCTHUYECKOH 3HAYHMOCTH.

CitJiA ¥ HDI

Hexoropnie naHuble yA00HO NpeacTanadTsh ce6e Kak CTPYHH B
NpOCTPAHCTBE l1ap KOOPAHHAT, T. €. HabJIOAeHHs COCTOAT M3 H3Me-
peHH#l ABYX CBOHCTB, COBOKYNHOCTh KOTOPHIX MOXKET paccMaTpH-
BaThCH KaK JIOCAENOBATEJAbHOCTh TOUEK B JABYMCPHOM NpPGCTpaHCT-
Be. Jlsisi uesefi HarJsLHOrO IPENCTABJEHHS KeJaTelNbHO CB3aTh
3TH TOUYKH TJIAJKON HenpepulBHOH ganuueld. Mpl cgesaeMm 370 ¢ Io-
MOLLBIO CIJAaRH-QYHKIIH.

CnnafiHel eCTh OAMH M3 WIMPOKHX KJA4CCOB KYCOUHO-OIpPENeJICH-
HBIX (DYHKIUEH, KOTOPLIE MOTYT ObIThb HCIONb3OBAHLI AJs IpeacTaB-
JIEHHS] KPHUBHIX B JBYMEPHLIX HJH B TPEXMEDHBIX [POCTPAHCTBAX.
MarteMartiueckuil cruafiH NOJYYHJI cBoe HMs1 OJarojgapsi ¢gusuHue-
CKOMY ABOHHHKY, THOKOMY UEPTEKHOMY HHCTPYMEHTY, CAEJaHHOMY
13 Y3KOH IOJIOCKH JEpeBa HJIM NJACTHKA, KOTOPBIH MOXKeT aepopMH-
poBaThCs, NPUHHMAs JI00yi0 (HOPMY B COOTBETCTBHH € KaKHM-JHOO
00BEKTOM HenpaBuJabHOH (opMbl. UepTe:KHBII HHCTPYMEHT 3aKpell-
JIeH CBHHIOBLIMH THPSIMH, HA3bIBAEMBIMH «yTKaAMH», KOTOphle (GHK-
CHDYIOT MOJIOKeHHe MHHCTPYMeHTa B TOYKax npuBA3KH. Mexay
«yTKaMH» HHCTpYMEHT H3rnbaercs Tak, uToOBI NOJYUYHJIACh TJaf-
wasg HempephBHAs KpuBasd. AHAJOTHUHO MaTeMaTHUeCKHH cnnafin
OrpaHyueH ONMpefeJICHHBIMH TOYKaMH, HO MeXJAy HHMH OH H3THOa-
eTcs Tag, YTo0B B pe3yJbTaTe NOJYYHAACh TVIAAKO H3MEHAoLlascs
JIMHHS.

Cnnafignl He SBJASIOTCS HHU AHAJHTHYECKHMH (YHKUHSMH, HH
CTATHCTHURCKMMH MOJAEJSIMH, TakiMH, HanpHMep, KakK TNOJHHOMH-
aJabHas perpeccus, omnucanpas panee. Cxopee CHE SBASIOTCA CO-
GEPUIEHHO TTPOH3BOJBHBIMH O00BEKTaMH, JHIICHHBIMH KaKOT0-J100
TEOPETHUYECKOr0 OGOCHOBAHHS, HCKAIOHAA TO, 9TO GHH OLpEIeNsIoT
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XapaKTePUCTHKU caMoil JuHHM. OfHako OHH OYeHb IOJE3HH And
HHTEPNOJIALUN W BaXHL B obecrneueHHH MSTKOH CTPYKTYDHI IHC-
nsees OBM. VMHTepaKTUBHBIE BBLIUHCJIUTEJBbHO-rpadHyeckue CHCTe-
MUl IOAyuuan OoJiee HIMPOKOE paclpocTpaHeHHe HPH ITOCTPOEHHH
FCOMOTHUECKHX M reouzHucckux mofenei. [lop6op KpHBHIX ¢ HO-
MOIHBIO CIJIZHHOB HUIpaet BaxkHYI0 POJb B 9THX CHCTEMax.
Cijaliipl KyCO4YHO fBJAIOTCS MHOTOYJIEHAMH, IOAYMHEHHLIMH
VCJIOBHIO HENpEepblBHOCTH INPOH3BOJLHOI B OOULHX TOUKAaxX COCEIHHX
KYyCKCB HJH cerMeHnToB. Haunbosee obmuil crniaiin cocTOMT U3 KyOH-
YeCKHX MHOIOU/IEHOB, KOTODble SBJAAIOTCA (QYHKUMAMH BHIA

Y = B1 + BoX + psX? -+ BaX®.

Kpusas, onpelejieHHas KyOHYEeCKHM MHOTOUYJEHOM, XOJXKHA IPO-
XOAMTL POBHO 4epe3 deThipe TOUKH, HO AJA allpOKCHMalHH Hoaee
TTHHHOH MOCJeA0BAaTeJbHOCTH HEOoOXOAHMO HCIOJb30BAaTh NIOC/AELO0-
BATENBLHOCTh NMOJHHOMHAJBHBIX CerMeHTOB. UTo0bl yOeldThed B TOM,
70 HET Pa3pLIBOB IIPH H3MEHEHHH HAKJAOHA HJIHM KDHBH3HEI MCKAY
COCEJHHMH CerMeHTaMH, IToNHHOMUAaNbHast GYHKIMS OATCHASTCA HE
o 4YeTHpeM TOUKaM, a TOJbKO HO JABYyM. DTO I03BOJsE€T HaM HC-
N0JAL30BaTh AOIOJHHTEJBHBIE OIpaHHUEHHs, KOTOopblec ofecneuar
HENmpepLiBHOCTh IIePBEIX IPOM3BOJAHBIX DPE3YNbTHPYIOWIETO CiAA&HHA
B TOYKAX COuJeHeHHs (HAKJOH JIHHHH OJHHAKOB N0 ofe CTCPOH
counterenns). Cnaafin crenenu m OyAeT MMeTb HeNpPEepLIBHBIE IIPO-
M3BOJHBIE B TOUKAX COUJCHEHHS BILJIOTH A0 Topagka m—I1.
WManoxenne TeopHW NOCTPOSHHS ypaBHEHHu{l cniaafigon notpedo-
3ajo 6bl HCHOJB30BATh AHGGepeHIHaJbHOE HCUHCACHHE, BAAAEHHC
KOTOPBIM HE CUMTAeTCH OOS3aTeJAbHBIM JAJAS UHTATENT HTOM KHIT
HoaTOMy MEL IPOCTO YKdMKeM HeoOXONHMEBIe }pasnemm B
v100HON ANs BBIYHCJCHHH, H OCTAaHOBHMCS Ha& IIX punﬂmoumx
HTEPECYIOLIHXCA TeopHel CNAANHOB MH OTCRIIACM K OTAHVHG
uo;mc‘My kypcy Pomxepca v Anamca [45], ncepameniioMy no-
jneMaM rpauueckoro n3oGpaxenus ¢ novoiinio IBM, K K MO
u.(ppm Tunnepa [53], kacaloomelics reodorizuecKix TipHAONe i
“1eTOICB MOCTPOEHHS aRNPOKCHMHUPYIOMIUX TOBEPXHOCTEN.
MaTematnueckie 0603HAYEHUA, HCHOAB3YEMUIE uopm ciiiad:
{33, HECKOJbKO HEOMHIIAHHB, OHH NOACHIIOTCH O
¢, 4.23, HA KOTOPOM IIDLJACTARICHO MHOIKECTBS qcrbmex galaio-
':um, CBI32HHBIX KYyCOUHO-OIDeIeeHHOf vq‘"'m\LAiL Hfl(%
SUICHHA npenwameﬂu TOUK 0003HAYSHELME P;, IphuCH
crayMenaered, uto i fed JSHOCTH ¢BIACTCT DCKTOPOM B ,1(-
[apTOBOH cHcTeMe hoonmnai T.oe Pe=[Y Yol M HICPB&Ll MEeXK-
1 TOCJACACBATEIBHBIME TOUIKAMIT MOXKHO H3MEDHTh XOpHOoH (MiH
APHMOJTHHRIHBIM OTPE3KOM, COCLHHACIINM  ABe TOYKH), KOTOPOIi
MOSKIIO OPUIKCATh YHCH0 [y, rae [ — HoMep BTopoH Toukn. KyGuue-
<ost enaaii-QYHKUKS CTPOHTCH 1O rTape TOueK; lla PHCYHKe yKasa-
B TP NOCHEAOBATENBHBIX CNAA{IHA, OAUU H3 TOUKkH Py B TOuKy Fo,
invrolt na Py 8 Py o TpeTHil u2 P3 B P,;.
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4r- KJ04as AHaroHaJibHblE 3J€MEHTH H 3JeMeHTH, CTOALHEe Herocpen-
CTBEHHO BLIIIE H HHXKE AHATOHAJNU. [Js obpaluieHus TAKHX MATPHI
#3BeCTEH CHeNHaJbHeld MeTod. [IpH pesakCalMOHHBIX T'pPaHHYHBIX
yenoBusx MaTpuna [M] nMeer pasmep nXn u BHIVISUIAT Tak

| | ] 1 ]
5 6

0 |
1 2 3 4

Puc. 4.23. Uersipe TOUKH, CBsizaHHBle GyHKIHeH Ky6uyecKoro cnaafisa.
Hcxonubie HAGMONCHHST 0603HAauenbl yepes P; PaccToAHHS MO XOpAaM MeXAY TOYKAMH pas-
Hp! £, KacarenbHas K cilafiny o BHyTpeHHell Touke P, o6o3HaueHa uepes P’

B ofieM BHIe ypaBHeHue cHJadHa MoOXKeT OLITb 3allHCaHO B
¢opme MHOrOuJIeHa TPeTbeH CTeNeHH OT Iapamerpa f:

Py= By + Bt -+ Bt* + B, (4.48)

-—3TO ITIpeACTaBJeHHE B BHAE KyOHYECKOrO MHOrOYJIEHA KOOP.H-
HaT cIJaliHa Ha HEeKOTOPOM pacCTOSIHHH [ BAOJNb MHTEpPBaJa MexK-
Ay OByMs TouraMu. IJsi ompejeieHHst KO3(QGHIHEHTOB 3TOrO ypas-
HeHust TpebyeTcs 3HATb KOOPAHHATHl TOUEK, ONPEIEJISIOIIUX KOHIBI
cnJaliHa, B HAKJAOHE KacaTeJbHBIX NPsSMBIX B 3THX To4kKax. B no-
GaBJeHHE K 3TOMY ME MOXeM YKas3aTh IDAHHYHBIE YCJOBHS, OlIpe-
JeJsolllue IOBeJeHHe aNNMpOKCHMHpYyOLleH JHHHH Ha TIEPBOM H
nocaenHeM ydactkax. KoHeuHo, 3ajaHBl KOOPAHHATHI TOYEK.
Tlo sTuM JgaHHEIM TpefyeTcsl ONpene/HTb HAKJOHBl KacaTeJbHbIX
BeKTOpoB. I'paHNuYHBIE YCJIOBHS MOTYT GBITh BHIODAHHBIMH NO-pas-
HOMY B 3aBHCHMOCTH OT BHAAa JIMHHH B €€ Y3JIOBBIX TOYKax.
MBI pacCMOTPHM TOJBKO TDaHHUHBIE YCJIOBHS, Ha3blBaeMble Desak-
CallHOHHBIMH, WJH HaTypalAbHEIMH; OHM He TPeOyIOT 3aJaHusd Kaca-
TeJIbHBIX BEKTOPOB B KOHIIEBHIX TOUKaX.

Jasi HaXOXKIEHHsT KacaTeJbHLIX BEKTOPOB BO BHYTPEHHHX TOU-
kax (Py 1 P3; Ha puc. 4.23) MBl HOJIKHB PEHIHTb PfAJ COBMECTHLIX
ypaBHeHul BHIa

[M][P]=[B], (4.49)
rIe HeW3BeCTHHI BeKTop Ko3buuneHToB P’ onpenensieT HCKOMBIE
KacaTeJbHHE. MaTpHla B JieBOH YaCTH yDABHCHHS ABJAETCS TPH-
ﬂHaFOHaJIbHOﬁ, T. € B Hell Bce 3JIEeMEHTHhl SBJSIOTCS Hy.IIeBbIMI/I, He~
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1,0 0,5 0 0 0 .. 07
t, 2(t,-t,) t, 0 0 .. 0
0 L2t 0 ... 0
‘ 0 0 i 2ty e 0
=1 0 0 Q) /, 2t 4ty .. 0
; 0
0 0 0 0 0 2 4
(4.50)
Bekrop npaBoil uactd [B] umeer BUA
- g -
¢ ——(P,—P
H 2[2 ( 2 1)

St (P, —P,) 412 (Py—Py)
tolg

3

: t32(P4'—P3)+t42(P3—_P2)
sla

"S—t: (Ps_p4) + {;32 (P4—PR)
lgts ’

12 (P, — Py -+, (P, — P,)

5
t56

(4.51)

6 (pn__Pn—l)

_ I

Marprysoe ypaBHeHHe pelnaercst o0palieHneM MatpHubsl [M] wu
;;aTeM YMHOXKEHHEM 3Toil o6paTHOfi MaTpuuu Ha wMatpuuny [B].
3aMETHM, YTO TaK KaK KOODAMHATH TOueK P; Onpeiesiorcs 3Ha-
ienuaMu X n Y, 1o Matpuna [B] umeer mopspoxk nX2, rae f-—
NMCHO  TOYEK, MO KOTOPBIM CTPOHTCA  CIJafiH-anmpOKCHMAIHSL.
5 {4.51) ykasan Bua 4seHoB Matpuusl |B]. IlepBeifi cronbew mar-
ouubl [B] HaxoZMTCS MONCTAHOBKOH BMECTO IJHH XOpA 3Hade-
Hui {, ¥ 3HaveHHBt koopauHat X HabuiogeHHH. Bropoil cTosbern
CTPOUTCS aHaJOTHYHO, TOJbKO HOACTABJSIIOTCS KOOPAHHATH Y.

Matpuua pewennfi P’ rtaxkxe umeer pasMepn nX2. Kaxnas
©Tpoxa P’ xapakTepusyer HakKJOH KacaTeJdbHOH K CIVIafHY B TOuKe
1abimoneHns, 3agannoll koopaunatamu X u Y.
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4~ ) Puc. 4.24. Yerblpe TOUKH, NG KOTO-
PHIM CTPOHTCS KyOHUecKufl crJaiis,
YKasaHbl OJMUHB XOPZ MEXAY TOUKAME
3 ; o
[,
I 0 30 7
2k i 2,0 2.236
£
11 ®F &7
A I ! H e
; 2 3 = 5

Hdna HaxoxIeHHs: deThipex KO3(QPUUKEHTOB 3, ONpPeILC/IsICUIny
“-pift cilafiH (T. e. JIHHHIO, CBASBIBAIOULYIO TOUKH Pp # Piy:), Mb
1MeeM

B1 = Pp;
Bo = P’y
6 3Ph—Py 2P
2 t..
ert Frt
3 HF,— ; P,
‘)' T e DU S .‘1- ORI
;2 /2
g L |

Haxouneu, ecau uernipe Ko3((pHUIEHT
H4, MOMHO ONPEIRJHTL THUKID DINL 2BEI
3TOrC itHTepBasa, JaHHA XOp eV Teuxawu &
na Ob7h pasjeseHa Ha cooTBner e HHCAC Y
CHEACDATe EHBIE DACCTOSLEA | Ouiie
¢io | B ypasuHenue (4.48). 3o
JLPHO PaCnOJOXCHIBY 3 NPOCTRoil
SAIEEVY Lo N10ayHactes ipag cnaailg-aniipox

CC TOBTOPACTCA RAIA Har<IoU0 £orMenta RycoHl
i cndioHa, HpUYeM HCHORL3YIOTCS XoX YIICELe Kosd
TAK M OGJCHBL XODA, CBR3LIBZICUINX BHYTPCHHIE TOYKL, 2 TaKAe KO
OpAHHATL TOUEK C UEJbi0 HAXOXUAELHst HOBOIO MHOKeCTBa KO3G@-
QUIUEHTOB M KaXAOro yyacika cnaafiga. ‘

[TpcnnniocTpupyes 3TOT METO/A Ha NpHMepe KyOHWECKOIo citiaail-
H4, lipH 370M OyjeM HCOGJALI0BATL HCTBIPE TOUKH, YKA3QHRLIE HU
puc. 4.24, KOOPAMHATL KOTOPLIX HMEIOT B

[

o

T
I

]
P

DHET 13N

e R
TOMNCK, CBAHOA!

Yo

JRETSY

&
=
—

TRLHCeHTBY

v

i S
5o 1 2 §
P40
N 1 “'
1_:) IO

JaHHEL XODPA paBHH fy=2,0; #3=3,0 u f,=2,236. DTo Bce, UTO Tpe-

OyeTcs NI NMOCTPOeHHst MaTpuup [M] onpenenenHoii mo ¢opmy-
ne (4.50).

1,0 0,56 0 0

3,0 10,0 2,0 0

0 2,236 10,472 3,0

0 0 20 40

Marpuna, obpatHas K Hell, paBHa

AM::

0,0139 —0,0104 ~
—0,0279 0,0209
0,1184 —0,038%
—0,0592 0,2944

0,5934 —
—0,0467

MEL JIOKHBL TAKIKE OlDeesIHTh MATpPHIy HpaBofl qacTu [B]. He-
obxoanMas nnpopMauus A HaxoMIeHUs asaeMentoB [B] cocto-
HT H3 JUNIH XOPA U KOOPAHHAT ToueK. Tak Kak Kamk/Aas TOUKAa HMe-
€r JBC KOOpIMHATLl, TO BexTop [B] nmeer msa cronbua, nepBEIA
ang X, BTopoli — s Y

ifl__ ) 3 3 B
2-2 1 2.2 (3) 1)

3 ; . 2, 3 .
LR T NI B VRS TR I P

—2 (353~ 4)42,936% (4—1)) — 2 [3%1—-3)42,236%3—3)]

3-2,236 3-2,236
IS
— (3 __4 6 ;
(3 —4) —_(1—3;
| 9,035 A -
i 0 1,5
_E 6 9
- 2,683 —-8,050
g,_-fé,asa — 5,367

vunoman [B] na [F1]-Y noayuacy

! a

[ —0,3097 19026 ]
0,6187  0,6750
0,3723 —0,6160

L —0,3052 —1,0398 |

Py =

’Fenepb MDI HMCEM BCe, 4TO HeOGXOQMMO JS BHIYHCJEHH S K03} du-
1HCHTOB CllJIaWHA IJIST KaXKIOr0 3BSHA B HALleM npuaMepe. [ixs no-
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JyYeHHs ypaBHEHHs [ePBOTO H3 HHUX HALO INOACTAaBHTb COOTBETCT-
ByioliHe 3HaueHus {, P u P’ B ypaBuenue (4.52). Ionyunm
JUIst KoopAuHaTH X

pr=1;
P = — 0,3097.
g, 30— 20-=0,3007) _ 0,6187 — 0,0004:
22 2 2
B, — 2(1 — 1) + (-—0,3097) _I__ 0,6187 = 0,0773;
2 22 22
JUIs1 KOODAMHATH Y
Bi=1;
fe = 1,2026;
B, — 3B—1) __ 2(1,202) 06750 _ g 401
23 2 -
_2(1—3) | 1,2026 , 0,6750 _
b == =+ =5 = —0,0306,
HJH
rol 1
Bl={ 0,097 1,2G26
U 0,0004  —0,0401
0,0773  —0,0306 _

AH2JIOTHUHEIM O6PA30M  Mbl MOKEM ONPENedHTh KO3(QHILIeHT s
CliJlaHHa JUIsl BTOPOrO U TpeTbero 3peHa. OHHU paBHH

!‘ 1 3 4 3
0,6187 0,6750 0,3723  —0,6160

‘ 04634 —0,2447 || —05506 —0,1872

01121 0,0066 0,0823  0,0280

Haxkouen, kos(pQuuHeHTs 3BeHbEB cliafiHa MOMKHO HCIIONb30-
BaTh /19 ONPEACHCHHA KCOPANHAT NPOMEXYTOUHBIX TOYEK Ha ClJali-
He MeXJYy KaXfo¥ napoi HabuiozeHHil. ECIH Mbl BBIYHCJIHM KCOp-
AHHATH GOJIBLICTO YHCJA TAKHX TOYEK H CBSKEM HX 3aTeM IIPAMBI-
MH JEHHAMH, BH3YAJbHO MBI NIOJYUAM HENPEPHIBHYIO MIAAKYIO KpH-
By. DT0 KaK pa3 TOT METON, Ha OCHOBE KOTOPOrO rpaguueckas
cucteMa DBM BLIUHC/IACT M BHUEPUHBAST raafKue HCKDHBJGHHBIE
Auepd. 8 HIWNOCTPAUMH Mbl OIpavHdKiicy DaTCMOTpEHHEM TPOX
IPOMENVIOUHEIX TOYeK KaMAOTO CHaafiaa,

s 2axomaeHnd NPOMEKVICUHAX TCHEK Ml cHAYa.: pasie-
JEM Karz<iyi0 XOpAY Ha YETRIPE “acTH; DACCTOAHHA B [o/4, 2{4/4 n
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Puc. 4.25. Tnankas cnnain-QyHK- 4 -
yust, cocToamas u3 30 cerMeHTOB
Mexy Kaxaoll Toukodi puc. 4.24.
Tpy I'POMEMKYTQUHBIX TOUKH KaXaoro
cnasiind, BBIYHCAEHHBIE KaK yKasdho 3
3 TCKCTEC, H306Da)Keth MaJleHbKUMH
TOUYKaMH
2 L
vl
!
| ) |
0 ! 2 3 4 5

3t,/4 oupenensioT 3HAYeHHsl f, KOTOpHIE AOJIKHLI OBITH IOACTaBJAE-
Kbl B ypaBHeHHe chuaiina. Jlaa nepsoro cnJjaiiHa 3TH pPaccrosHus
nasuu 0,5; 1,0 u 1,5.

Bcrasasg ux B ypaBueHne (4.48), cHauasa nas X, a noroM nas
Y, neqaydaem

Payx = 1—0,3097 (0,5) + 0,0004 (0,5%)'4- 0,073 (0,5%) = 0,8549; :
Pg = 1+ 1,202 (0,5) — 0,0401(0,5%) — 0,0306 (0,5 = 1,5874.

AHUHOTHYHO MBI MO2KE€M BBLIUHCJHTD KOOpAHHATEL IIepBoro cnJaaiina
Ha paccrosiuuu {=1,0 u f=1,5. OHH paBHLI

s ¢ [0,7679 2,1319],
st t,s [0,7969  2,6104].

JToT Hpouecc MOBTOpsieTCa ILJaA BTOPOIo U TPETHLETO CIIJIAHHOB, a B
pesyantarte noayuyaeMm CAaeAylolIce MHOXKCCTBO KCOPAUHAT

[1,6774 3,37141
Aag cnnafina 2 12,5924 3,4841]
[3,1612 3,3548)
{4,650 2,6020]
A1 cnaaiHa 3 [3,8431 2,1163]
[3,3442 1,5722]

ST{‘I pesyanTaTH npeacraslieHb Ha puc. 4.2b. Taxxe nokasan raan-
KM COMalH, HOPOXeHHbIH BHuHcaeHHeM 30 NPOMEXYTOUYHBLX TO-
HEK MOKIY Kawnoil napoll yaaor., XoTs TNPOLEAYDPa BLIHCICHHS
“G2(DQHIHEHTOB cnasfiga 3auyTaHHAs, OBJAQAEHHAE €0 NO3BOJIHSY
GTHOCHTEILHO TPOCTO NOAYHATH CTOABKC TOUEK HA KPHBOH, CKOL-
K0 rotpefyercs.
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CEFMEHTHPOBAHHDBIE HOCJIEAOBATEJILHOCTH
3oHupOBaHue

30HHPOBAHHE — 5TO pasjeseHHe NOCACLOBATEAbHOCTH B OTHOCH-
f€JbHO ONHODOAHBIC CErMEHTH|, KaxKAblfl H3 KOTOPBIX OTJIHYEH OT
JpHJEraOmuX cermenToB. Ilaseontosorn, wanpumep, mpuGera:ct
K 30HHPOBAHHIO CTPATHTPA(PHUUECKOH IOCJENOBATEALHOCTH Ha OcC-
HOBE COOTBETCTBYIOLLEH H3GBITOYHOCTH HCKOTAEMBIX MIKDPO3JIEMEH-
T03. JlaHHDE ONPOGOBAHHS MOLYT GHITh PA3NENEHLI B OTHOCHTEJb-
HO OJHOPOANLIC MHTEPBAJLI H OYIAYT [pEACTaBJSTh 30HBI IGCTOSH-
HOIl JINTONOTHH, COOTBETCTBYIOLICH CTpaTHrpadHueckiM eanHHIIAM.
Lannbie 1paBepcoB, NOAYYEHHLie BOZAYLIHON paIHOMETPHYCCKGL
pasBeaKoli, MOAPA3ACAAIOTCSH HA 30HBI, KOTOpLIE MOI'yT ObITh HHTE[-
IIPCTHPOBAHBl KAK 1105iCA OZHOPOLHHLIX CKaJBIBIX CTPYKTYp KT
MifHepaauzauil,

Vimeercs: 1Ba OCHOBHHIX IOAXO0AA K 30HUpOBanmio. ITpocTeifimiii
M3 HHX Ha3LIBAETCSl «JIOKAJbHLIM NOHCKOM rpaHuly. OH OCHOB: I
Ha IOHCKC BHE3ANHOrO H3MEHCHHS CPEeJHHX 3HAUEHH[], HJH, UTO
SKBHBAJICHTHO, Ha INOHCKe HanboJiee CHABPHOIO H3MEHEHHS Tpafuer-
Ta NOCACLOBATEALHOCTH. [l ONpeaeeHHs rpaHRIl MCKIY IOYBCH-
HLIMH 30HaMH BIOJAb TpaBepca ¥Yabctep [56] pasBua Meron CKGJb-
3fllero cpepHero. Psax sHauveHwidl m3yvaeTcsl MOCHCIOBATEJbHLIM
ABHMMKEHIIEM KOPOTKOTO HHTEDBajJa BIOJAb [0CJeI0BATEeJbHOCTH,
Ckonbssmuil nHTEpBa] HasbiBaeTcs okHOM. OH pacnagaeTcs Ha jne
HacTH! CEerMEHT OT TOYKH [+ /A TOCJAeH0BATENLHOCTH A0 TOYKH [ H
ApPYroi CErMEeHT OT TOYKH [ IO TOUKH [—.

Mepa, nasnbiBaeMass OGOGLICHHBIM DAaCCTOSTHHEM, BbIUHCJSETCS
A7 Da3HOCTEH MEeXJy CEerMEHTaMH BHYTPH ABYX INOJIOBHHOK OKHA.
OG6o6uienHoe paccTosiHHE €CTb OTHOLIEHHE, 06Pa30BaHHOE JeJiell-
€M KBaapaTa Pa3HOCTH MeXAYy CPeIHHMH 3HAYEHHSIMH OBYX COT-
MEHTOB Ha O00beIHHEHHYIO AHCIIEPCHIO NOCACH0BATeNbHOCTEH B cor-
MenTax. O0O3HAUMM 3TO CPEHE® CEIMEHTA OT X; 10 Xi4n Hepes X
H €ero AHCHEPCHIO depe3 §;%; cpenHee CErMeHTa OT X; A0 X,—n ue-
pes Xp 1 aHcrepcHio yepes sy Toria ofoflieHHas pasHOCTL coTh

2 (7{1.._.7\’2)2
D= LY

3aMeTun, 4TO 06beIMHEHHAs NUCUEPCHS eCTb TPOCTO CyMMa -
nepcuil ABYX CErMEHTOB, TaK KakK 06a cerMeHTa conepxaT OFHO i
TG XKe UHCHo HabuoneHuil. Takxe zaMeriM, 4TO LipBLIC H 10000 I-
Hife /1 TOUEK MOCJENOBATENLHOCTH HE MOIYT NONAcTh B Da3JHy-
HLIe 30HLL

[Ipeacrasnenue Ha rpaduke /i kox GyHxunu D? npHUBOIHT K IIpe-
00pazopanul HCXOZHOTO TPaBepca B HOBYK JIOCJACAOBATEJIBHOCTD,
B KOTCPOI TDAHMIBL 30H MMEWT BHA OCTpPHX niikoB. Ha puc. 4.25,a
NpCACTABJCHO NIEPBOHAYANBHOE LIECTHKIJIOMETPOBOE CEYCHHE BIOMb

(4.53)
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- CASE, YTO BRTOMHCHEE STOH FpOuUeIypLs Sulidthd
O AMEHUHBOCTH MCOXOMHON n0CHei0BaTeHabh HoOAJHITLE CEOML-
SIUICTO oxHa, JLHHHACC OKHO LOJKHO YCPCA i a0
i MOXKET SpOUYCTHTE KOPOTKES HHTEPBAJDL. O;uz;nf.‘o 01—_(‘)%'(;‘_{;:‘;“
IYBCTBUTCALHO K OMHOKaM H3MEHIHBOCTH, 3031{}41(&107411“v:;:;x<’,‘}.;.}“(‘
JHC LIYMOBLIX TOMEX B 3alMCH MCXOIHBIX AanHbX. KopoTkoe L)) f,.:,.‘f
§0Jice YYBCTBHTEALHO H Oy €T OTOMKAECCTB/IATL MAJALIE 3:)}1}{, il(\}uiixm
AKET NDPUBECTH K HPDEryJsDHOMY HECHHTEPNPETHDYEMOMY DAL\?[T.!‘,. Ky
D2 Vsterep ony6JaMKOBAJ IPOTpaMMy Ha A3bLIKE CPOA ng I ko
TOpadl peass3yer TOT METON HAXOMXKACHHAS PDAHHIL SOH [571

I BIOAL MOABIX 30H
BLO '

i6* 243




OfHO H3 BO3paKeHHH NPOTHB METOZOB JOKAJBHOTO [OHCKA
TPaHHI, COCTOHT B TOM, YTO OHH MOTYT IPHBECTH K IOJYUYEHHIO He-
OOBLIYHOrO YHC/IZ TPaHHL, B YacTHOCTH, B Haubojee H3MEHUHBON
4aCTH MOCJEN0BATebHOCTH. [J106asibHOE 30HHPOBAaHHE OCHOBAHO
Ha Apyroii ujee, a HMEHHO Ha pa3bHEHHH IOCJEL0BATebHOCTH B
3apaHee 321aHHOE UYHCJO CErMEHTOB, KOTODLIE BHYTPEeHHE HaCTOJb-
KO OXHOPOLHBI, HACKOJBKO 3TO BO3MOKHO, H OTJIHYHBI OT NpHJEralo-
WHX CEerMEHTOB HACTOJbKO, HACKOJBKO 3TO BO3MOIKHO.

OaHa u3 nepBLIX M Haubojee NpPAKTHUHBIX IPOLEAYpP TAaKOTo
poia Oblia pekoMennosana Jixuiom [21], KOTOpsIf HCIOMBL3OBAI
HTCPALMOHHYIO BEPCHIO JUCNEPCHOHHOTO aHa/JH3a. CHayaja nocJe-
AOBATENBHOCTb AEJITCS HA JiBA CETMEHTd, OYeHb KOPOTKYIO Ha-
J4JLHYIO Y4CTh M OCTATOK NOC/AeN0BaTeNbHOCTH. CyMMa KBaapaToB
BUYTPH CErMEHTOB SSw BBHIUHCISIETCS 11O hOpMyJIe

m _ / m
58y = Z 2(1'1‘]‘—/\,-]')2 Zj'flj—ln, (454)
i=l i=1 / i=1
rie X;—i-1 TOYKa BHYTPHU j-TO CEIMEHTa, X;—cpensee j-ro cer-

MEHTa, 71;— YHCJO TOYEK B j-M CEIMEHTe, /1 — UHCJAO CEerMEHTOB.
CyMMa KBagpaToB MeXIy cerMeHTaMu SS, ABJASICTCST MEPOH H3-

MEHYHBOCTH CPEIHHX CErMEHTOB OTHOCHTEJBLHO X ., obwero cpen-
Hero oObeIHHEHHOH IIOCJACA0OBATEJbHOCTH HJH

SS, = Z (X, — X~ (4.59)

j=1

Pasfuenne Ha IBa CerMEHTa ABHIKETCS BAOJb IOCIELI0OBATEAb-
HOCTH, U B KaXKI0M IIOJIOXKCHHH BBIUHCHASIOTCS ABe BeJIHUHHE SSy
H SSe. a9 KamkA0ro BO3MOKHOIO HOJIOMKEHHA CPAHHLLI BBIYUCJSA-
©TCs OTHOLIEHHe
SS, — S8

w
—TS[)‘ - (4‘-56)

[Tosioxenne, cooTBETCTByIOLIEE MAKCHMANLHOMY 3HAYCHHIO R, Bil-
Onpaercsl B KaQueCTBe NEPBOI 30HANBHON FPaHIIbI.

Iasiee, NOBTCpPEHHEM Ipoliecca BCTABKH JIONOMHITENBHON rpa-
HHUDLL, KOTOPaA CHOBA HOJKHA AaBaTb MAKCHMYM R, 3TH AB€ 30HH
CHOBA TOLPASAGMOTCS. 30HNPOBAHHE NOBTOPSETCS HO TeX Nop,
IOKa BCS HOCJACNOBATENBHOCTL He pa3esNuics B 3apiHCce 3a1aHHOe
4HCIIG 30H MJAH TIOKA BeJHYHHA R He nepecTaHeT yBeJAHYHBATBCA
npyu f0GaBJACHUH HOBEIX [PaHMUIL.

[iponenypa [kuana GuJa HCTIONb30BAaHA AJA OCYLIECTBJEHHS
4BTOMaTHYECKOTG UH(POBOr0 3CHHPOBAHHA RAHHBIX CKBAXKHHE. He-
H4THO OYeHb I1OX0XKad npouenypa Owiia onyGankoBaHa XOYKHHIOM
n Meppusmonm [27], [28]. Onit ucriosb3oBadu ro6ansHyi0 ONTHMH-
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3aUHI0, OCHOBAaHHYI0O Ha MeToJax IMHAMHYECKOI0 NPOrpaMMHpO-
sanug. Kax u anroput™ JXHJua, 5TOT aJrOPHTM SABJSETCS HTEpa-
THBHBIM, HO B CHJy €ro PEKYPCHBHOCTH OH HMEET IPeHMYLIeCTBO
neped NPHHIUNOM ONTHMAJbHOCTH Dennmana B TOM, 4TO B KOHui
fpoleAypsl BHI6OpA TPAHHIL 30H JaeT caMmoe Jyullee pasbueHne H
pcex BO3MOXKHBIX. IIpH HCHOJIb30BAHHH He DEKYDPCHBHBIX IPOLEAYD
Bceria BO3MOXKHO TakKoe siBJEHHE: NO3HUHs, BEHOpaHHad KaK HaH-
Jyuliasi TpaHHNA MEXAy IHByMs 30HAMH, He 6yner Han(nqueu,
ecqi B OXHY M3 30H OyNeT BCTaBjeHa AOMOJNHHTENbHAs TpaHHIA.

XoyknHr 1 MeppHSM BHIUHCIISIOT BEJHYHHY, KOTOpaHS§CTb CyM-
M4 BHYTPH3OHHBIX AHCIEPCHI, 3KBABAJEHTHAS BEJHYHHE OOw B an\-{
roputMe Jlxxuana. Ecau 3ra BeNHYHHA BBHIYHCJACTCA UL Bee
BO3MOMKHBIX pasbueHHH II0CJeL0BATEJbHOCTH B JABa CerMeHTa., Tn
peaysmbTaT GyAeT HEKOTOPHM TabauuHpiM SSy 1Js n—1 BO3MOXK-
HBIX TIOJOXKEHHH nepBoil rpaHnupl. JJs KakaA0ro BO3MOKHOrO Iep-
BOTO pPa3GHEHHs 3aTeM BHIYUC/IETCS HOBOE 3HaueHHe SSw s BeeX
BO3MOXKHBIX O3HIHUH BTOPOHl TpaHHILLl, KOTOpasi HEJHUT JocjJej0Ba-
TeJbHOCTh HA TPH 30HBL. BHOHpas HauMeHbllee 3HaUeHHE SSw A
BTOPOro pa3GHEHHs, HOJy4aeM ONTHMaJsbHOE COOTBETCTBYIOLIEE MO-
JIOXKEeHHe NepBoil rpaHHUbl H OHO OCTAETCHs HaWJYYIIHNM, CKOJBKO
OB NONOJHUATENbHEIX TPAHHUIL MBl HH BCTABJISJIH. )

Ipouecc uTepHpyeTcss MO TpPeThbeMy LHKJY, H JUIS KaXA0H KOM-
‘OUHALMH OINTHMAaJbHOH HepBOH TpaHHIbl CO BCEBO3MOXKHBEIMH BTO-
DLIMH TPAHHIIAMH HAXONSATCS BCEBO3MOXKHBIE TPETbH IDAHHMLEI H BBI-
YHCAFIOTCS COOTBETCTBYIOIIME HM 3HaueHust SSy. Bb6Op HanMeHb-
imero sHaueHHs SSy 3aTeM onpejesserT ONTHMAaJbHOE IOJOXKEHHE
BTOpOH rpaunud. Ilpouecc noBropsercs CHOBA H CHOBA KO TeX IOP,
noka He OyZeT HalieHO 3aJaHHOE YHCJIO TPaHHIL,

B cuny pekypcHBHON MPUPOAR! aArOPHTMA OKOHY2TEJbHOE MHO-
JKecTBO 30H obJjajgaeT HaMMeHblUeH BO3MOXKHOH AMCIEpCHel cpedn
JI060r0 BO3MOXKHOTO MHOXKECTBA C TeM Xe WYHCJIOM 30H, MOKpHI-
BAIOWIHX Bechb HHTepBasl. K coxaiieHuio, 5TOT MeTON HEnpakTHUeH
MpH OYeHb NJHHHBIX TIOCJAEAO0BATEJbHOCTSAX H3-32 BHICOKOH LEHDI
BBIYHCJUTENBHBIX paboT, BLINOJHSIEMBIX [AJfA  JOCTHXKEHHA Ofi-
THMYyMa.

Kaaccugurauna no cxo1cTBy

B 3toM pasnene Mbl OCTAHOBHMCA HA METOJAaX YIIOPsIJOHYEHHA
4a00101e il Ha OCHOBE HX OTHOCHTEJbHOrO CXOZCTBA NO HEKOTO-
HOMY WMpu3HaKy. Ecan nabuiogeHHs1 XapaKTePH3YIOTCA HCKOTODBIM
MHOXECTBOM NepEMEHHBIX, TO TO B CyUIHOCTH TpebyeT HX Ipoex-
THPOBAHNST HEKOTOPEIM 06pasoM HA €AHHCTBEHHYIO NPSAMYIO, HA KO-
TODOI HX TIOJIOKEHHE JIOTHYEeCKH COOTBETCTBYET HX DACHOJOXKEHHIO
3 HCXOSHOM MHOMECTBE JaHHBIX. DT0 MOXKeT OniThb OCYUIeCTBJEHO
OAHEM 13 MHOTHX METOAOB, TaKUX, HalpHMep, KaK METOH TVIaBHBIY
KOMIOHCHT HAH GaKTOpPHBIH aHaJ M3, KOTOpbie PaccMAaTPHBAIOTCS B
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nocyenHelt raase. Takofl knaccudukalyued MoKeT GHITH XPOHOJOTH~ Paspes Paspes
U,

4€CKoe ynopsifioveHHe, LIHPOKO HCIIOJB3yeMOE B apXxeoJoruu. K co- v v 4 %4
JKaJIeHHI0, HeT TapaHTHH TOro, YTO MOCJAELOBATEJbHOCTb Ha6.110- (Crapri2) 2 4 616
JIeHHH, YNOpsAAOuYeHHAS MO CXOICTBY, OyZeT XPOHOJIOTHYECKH YIO- . “ u 2124 GTG
pANOYEHa HEKOTOPHIM OCMbIC/JeHHbIM obpasom. [lonartus ynopsamo- 4 W “ b 11244
YEHHA 110 CXOACTBY H NPOCTOr0 YIOPSIAOYEHHS PaHee WIHPOKO HE % ///ZA/Z.J ¢ up 313 1313
HCIOJNB30BAJIMCE B TEOJIOTHH, HCKJKYAS TDPHMEHEHHS 4YHCJEeHHO v %j “ “4_4_},f_’_3L7'__

414 1 21 2(Punnuw)

TAKCOHOMHM B najeoHrosorun [51]. Oxpnako mmeercst 06sacthb,
B KOTODOJi IOHATHE YNOPSAOYEHHA O CXOACTBY OKA3BIBAGTCH MO- E D SO B L -%‘ffygﬁ;
JIE3HLIM, & UMEHHO, HCC/IEXOBaHHE TeOJNOTHUYECKOil KOpPEJAUHH IBYX A Pesne
CTpaTHrpadHyYeCKHX MOCJeL0BaTeqpHOCTe. e

HBa nerporpadguueckux pAga ZAaHHLIX MOXKHO HCCJIEIOBATH e © Tpn mETepsana, @ pazpes U — eThine, XopaKTCPUCTHRA, BavCpEHHan HA
COBMECTHO Ha OCHOBe CXONCTBA WX 3alHCeH B 6)’pOBbIX CKBayXHMHAX. “{:j&;ﬁ, GTepT u3MeHs#eTCa o7 1 a0 B, MarpHila COJERIKHT NPOCTHI2 IL\I;N;){H‘."M\'\unﬂe‘

rob—

(@]

97, Wemycerneauble CTPATHIPAQHYCCKHE Paspesdl, H300pameHHbic BMECTe.

IIpy 3ToM MX MepeTacoBLIBAIOT, MOA0GHO KONOAE KapT, ¢ NOMOUIBLIO
Ipoueayp AMHAMHYECKOro mporpammupoBanust [23]. Kaxaas Tou-
K& OJHOH NOC/EeN0BaTeNbHOCTH CPABHHUBAECTCS ¢ HanBoJee GJHN3KOMN
TOUKOIN ADYro#l noCAeI0BaTeNHHOCTH, NPHYEM COGJIOIZETCS JRIUE
ycuoBire, 4TO CTpaTHrpabuueckuil Nopsauox J0/KeH GeiTh COXpaHeH
3 00eHX NOCJIeN0BATENBHOCTSIX. TakUM TyTeM AOCTHIAeTcs HCTHH-
HO€ YNOPANOYEHHEe NIC CXOACTRY, TAaK KAK OKOHYATEJBHOE pasMelle-
UHe Veer CMBICA KaK JIHTOJAOTHYECKHT, Td4K H XPOHOJOTHUECKHIT.
MOXHO BBCCTH DOMONHHTENLHHE OTPAHHYUEHEHS, KOi0pbIE NPHBERYT
K O0BeNnennio cneiiiHIeckux TOeK ABYX TOCIe10BATeNSHOCTEN,
G0 05yCAGBIT O0TLOIMHEHNE KaKOTG-TU0G 38421HIOTO CPIMeHTA
CAHGY NOUJENOBATENBIOCTH € HEKOTOPO!t TOUKG: Apyroft. Tawoy
O0P22OM, eI OCHOBANHA M2DKEPOs © NPeienax 1ByX CDABHHBLC-
MBIX IOCHCIOBATENEHOCTEE OTOKACCTBAAIOICH, TO %TH OCHOBALM
AOMKHLE COOTBRTCTBOBAThL ADYN ApYry. OCTalBHNE waenm Kopre-
THROBALEY N2 OCHeBE HAHCGOJLINErD CHOACTRA, HOMUHSSCB JLih

1
2AVHCIDHEM OF IUCHEM: JHHuH KODPEASINH HE MOUYT rnepece-

HATLCST [ CCHOBAMIN MApPKEPGB JIOJUKHBL GbITh KO:DEJNDOBAHEL
NITODHTH, Oy xonoEi Topaoxoum 1 Peliv (23], ua-
N TOAATODH M 30nEpoBanny XoykiaHara o : 281,

KAz A2l TOMK: HOCHeR0BATCNBLICTH, :
CKBAXIILE, CPABHNBACTCH ¢ Ka I TouRGl needaenos
CIBYIO A

5011 CKBAKUHLL If MM — £3 BTOPO

T
i

cnag:

I0Ab30Ba

75
CHII
|2
I3
-

H ~—1afaiita pasMepa axdm. [lpn 2:10M MOKHO b
MHEOMECTBO PASANYHLIX CPaBHUTENLHLX Mep, Ho [opacu # Pefivent

NMCIOTILAYIGT HDOCTYIO MEDY HECXOACTBa:

T _.
Dj»t - Zo)l Ty —0,0, 14.57)

I

TA€ 1 -— OTKJHK KapOTaxKHOHl NepeMenHOll [ Ha ray0uue | 5 nep-
BOH CKBAMWHE, a Ui — OTKJAHK TOi Ke nepeMeNHOR Ha rayOuhe k
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1 /K’L(}' LCEMY BO3MOMKHMEIMH ITupaMil LETepBanon B paspesax

| . ~
(,Tap*fzii?_ TareTe _{Cra pj._r‘;zAi 2 4 _f{{_g
2t 2 > 2 | 2 4 616
011 0 (y;' 1002 4 : 4
119 i1t 313
21 2 212 0 22
—+— — — =
212 2 1 2@unnw) 2 720 > 252 (Pursi)
B =37 =126 z=16

Puc. 4.28. PesyaprTaTH, ToayueHusle ofbeniiHenney nocnenosaredstocresi U u V.
NCKAa3LBACeT NCIETCICBATRIBHHEOCTE IT}'TZ?ﬂ ©OT OCHOBAHHS JAC REPUIHHBL.
O6wee pacxownedne o6o3nayedo gepes 3

:TpP-ﬂKH B MaTpHIAan
80 BTOpoil ckBaxuHe. Ecan yroiHo, pAasJHYHBIM TEPEMEHILIM
MOXKHO IDHNHCATb BECa O i
AaropuTy nAHAMHYECKOTO TPOrPaMMUPOBANHS 103BOJSET Ha-
I CHHHCTBCHHBIE NyTh B 3TOH Talaune #3 JIEROrO BEpXHErc yraa
o npaplil HIGKHHE yroa TakuM o6pasoM, 4TOOLE CyMMa Mep He-
cxoicTsa Ouia MuHuMadbhoil. CrpaTturpaduuecknii Nopsiiok co-
KPAHsETCH OJarofaps TOMY, YTO HCCJIENOBaTe b MOXKET ABHTATLCH
TOMBLKO pitid i panpora, Ha puc 4.27 n3o6pasked nCCNOXHLE NpH-
Mep, B EOTOPOM TPOBOJMTCSA CpABHeHHe TpeX HITEPBAJOB KApOTa-
Wi O0Ii0f CKBAKHHLI ¢ YeTHIPBMsI MHTEpBaiamu APYIcH. 3aMein,
470 GhaLan 4acTh CTPOK N CTOJOGIOB MAaTPHULI NOBTOPACTCH; 3TO
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TOSBOJISET aJrOPHTMY CHYCTHTb BHH3 Ty HJHM HHYIO KapOTaXHYK>
AdarpaMmy K Hadaly H 3aKOHYHTb mpouecc. Hexoropbie IpHMepbE
[yT€H B MATPHUE BMECTE C COOTBETCTBYIOLLMMH HM pesyabTaTaMu
cTpaTHrpadHueckoll KoppeJsuuu NpHBEJNEHH Ha puc. 4.28,
Has naxoX/JIeHHA ONTHMaabHOTO UYTH HCIIOJIL3YETCS PEKypPCHB-
Hasg npoueaypa. Hawwnas ¢ nesoro Bepxmero yraa (Hayano) Bhl-
GHpaeM nNepBH HHTEpPBAaJ PaBHHIM U WM U;; Mepa HeCXOACTBa
BAOJIb moﬁuoro IyTH ONMHAKOBa M paBHa 24+ 2. Ecau BLIOpaThL
CJACAYIOUIHH HHTEPBAN MOXKET GBIThb JHGO U, ¢ obuteii Mepo#i HeI:
CXOICTBA 2+2j—0=4, HJH U ¢ o0liel Mepoli HecxoacTBa 2+ 2
+2=6. [Ipyroii BapuaHT MoXeT 6biThb TaKIIM: ec/H Uy BHIGpaJu
Ha NepBOM ware, Ha BTOPOM Iuare MOMKHO BHIGDaTh JHGO ) AUG0
uy. Ilyets v, naer Bkuan B ofIy10 Mepy HecxXonacTBa, paBH);}o 2+
+2+2=6. Bubupast u3 srtux ABYX cJydaeB TOT, B KOTOPOM NYTh
(Hawano)—>u;—>u, umeer MHUHHMAJIbHYI0O MEpY HeCXOACTBA, HOMIV-
4aeM, 4TO COOCTBEHHO NEPBHIH WAl OCYILECTBAsSeTCS B 1. »
Brifpas B kayecTBe HauaJbHON TOUKH 1) ¢ ABYMs# BO3IV};)}KHLYMH
BADHAHTAMH BTOPOrO wiara JuGO B 4y, JHGO B v), uccgaeayem BO3-
MOXHBIE BADHAHTHl TpPeTbero Inara. CHOBa uMeercs YeThIpE BO-
MOXKHOCTH: M3 iy B Uz C o0llell Mepoli HecxoixcTBa 2»'—2+0+‘1=L5~
H3 Uy B Uy (2+240+0=4); u3 v, B v, (2+2—,‘—2+4‘=10)' Hou3 U,
B Uy (2+2+24+0=6). Haumenpwas cyMMa COOTBeTCTBy,ET H‘VTI;
(Hauan0)—>u—uy—>v), TAK 4TO ONTHMAJbHEL BTOpOIi wiar — nepe-
X0l B TOUKY Up. Jlasee mpoBoauTes caenymouas HTepalus, B KOTo-
POH HCCJACNYETCS PE3YMbTAT OCYIECTBJCHHS YeTbipex BO3MOKH b &
nepexonoB M3 up. IlyTh ¢ MMHHMAJBHBIM 3HAYeHHEM MepL Hec;oij
CTBA ONpEACJSET ONTHMANbHBI inar mocae ;. [lpomece HOBTOpA-
€TCA 10 TeX 1I0p, NOKa HHXKHss (JeBas) ToYKa (KoHel) 6y11eT;6r
CTHTHYTA. B mpuBeneHHOM NpuMepe ONTHMANBbHBI IyTh eCThb

(HAANO) =ty —> o — Vi — gy —> Uy — 11— v3-> (KoHen)

¢ obwelr Mepo#l mecxozctea 10. Marprna # noavuenume CTpeTY:
rpaguueckHe [0CJAeN0BATebHOCTH 1n306paxen ua puc. 4.29

s G770 .

1 a 3
“ Crapr 212 4 616

L B e N P

u
3 . w, 0+0 2 414
N » e !?+1 3ls
1 ,,/;,{///////i f i v |
4, 1 w22 9 2%
T 212 0w 4 2P
u, "

=10

4,25, OnruMansics o8LeARHCHHe 16

] N Baredabtocte U n V
Crpeni., i ‘

Ofulie  2aCXOKAETIe 6 N e ACHBR  UCCHE05M A nLNOCT Y
Cbuice pacxexaenue pasuo 16, 7, & HAMMOULUIET BOSMCHAOMY SHEROLUO mam vr}cﬁﬂ'-.
ROCNEOBATEShEOCTH Tohok

X YH2HBNOT  UOPALOK NYTEHR B cna

i
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B cuay cBoefl rHOKOCTH 3TOT METOJ CJI€XKEHUS KaXeTCsA NOTCH-
;HaJbHO O4YeHb 3(D(EKTHBHBIM CPEACTBOM HCCJIEL0BAHHA KOPDPEJas-
uuu. K coxaJleHHIo, fae NpH HCIOJb30BAHHMH MOILHOTO annapara
AHHAMHYECKOTO NPOrpaMMHpPoBaHus oH TpebyeT 60/iblIOro MallHH-
HOrG BPEMEHH, H COBMECTHOE OTCJEXKHBAHHE NJHMHHBIX MOCJenoBa-
TeJdpHOCTeH MOMKHO pEeKOMEHAO0BaTbh JHWDL NPH BLINIOJHEHHH HCCJE-
HOBARUIl HCKJIIOUATENIbHOA BaXKHOCTH.

ABTOKOPPEAAUHKA

Ha puc. 4.30 mpejicTaBJeHbl pe3yJbTaTbl raMMa-KapoTaxa da-
°TH CKBaXHHH B paspese IIeHCHABBAHCKIX OTJIOMKEHHH B sanai-
oM Kanszace. Pazpe3 COCTOMT M3 H3MEHEHHBIX H3BECTHAKOB U
cnauien. M3-3a pagnanun Kaaua-40 B TJMHHCTHIX MHuHepasax cjaaH-
ULl XapaKTepH3ylTCa OTHOCHTEJIBHO Bhi- c
coOKMM (OHOM, B TO BpPEMs KAaK H3BECT 100 200
HSIKAM CBOHCTBCHHA HH3Kasd palH0ak- 3950 1 !
TIiBHOCTH. B 3TOM UacTHOM paspese
6LIJI0 3aMeUeHO HaJHuHe UHKJO0TEM, T.C.
fosee HJIH MeHee DeryJspHLIX NOBTOpE-
HUufl JINTOJOTHYECKHX pA3HOBHAHOCTEH. 4000 |
Bersioro B3rasiza Ha pe3yJbTaThl Kapo-
Tama AOCTATOYHO, UYTOOH yOeJHThCS B
TOM, YTO H3BECTHSK INlepecJaHBaercs co
CJAAHLAMH, KOTOpHIE HMEIT NpPUOIM3H-  sgspi
TeJbHO Ty K€ MOLIHOCTD.

[loBTOopenus, Tak e Kak M JApyrHe

2

3
cBOfiCTBa TOCAEAOBATeNbHOCTH, yCTaHaB- &
JUIBAIOTCH + C  TOMOIUbIO  BEIYHCJCHHS 7
MepH CXOZCTBa MexAy uleHamn stoi [ 4100
LOCJEI0BATENbHOCTH, T. €. INOCJefoBa-
TeIbHOCTh CPABHHBAETCS C CaMO COBOH S

'

B JI0CJIEN0BATEJIbHEX TIOJOXKEHHAX H Bbi-
YHCASARTCA CTENEHb CXOACTBA MEXKAY CO- 4150
OYBETCTBYIOINHMH  HHTEPBAJaMH. KRCJH
K{2KNdsl TOUKa CPaBHUBAETCST HOCHENO-
BATEJbHO CO BCAKOH APYroH TOUKOH, TO
00HaPYKHUBAIOTCA BCE IO3MIMH XOpOlile- 49064
PO COOTBETCTBHS U TakxKe OIperesser-
Cs1 CTeneHb HeCX0JCTBa B APYrHX IO3H-
unax. Jas ocyiiecTBieHHs 3TOfl onepa-
UHH BPEMEHHOU psAl NOJKEH HMETh He-
KOTOpbiCc xapaktepucTuxil. Ou RoJKeH
COCTOSATHL M3 TNOCJegoBaTeJbHOCTH Haf- Puc. 4.30. Pesyabrarsl raM-
JIOJCHHT nepeMeHnoft Y, HaMepeHHoll B MA'KapoTama uacTh mocaeno-
HOCJIGIIOB&TQIJH)HE)IC MOMEHTDI poeMe}m o B hetamion o

OTJOXKeHHIT B He(TAHOH CcKBa-
HJIM 8 TOUKAX 1npocTpaHcTBa. Kaxznoe xune B 3ananHoM Kansace
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HaGJI0feHHE AOMKHO OBITb OTAGNEHO OT MpPEIIecTBYIOLEro HAal-
JIONCHHST HEKOTOPHIM HHTEPBAJOM IO BPEMEHH HJH HEKOTOPHIM:
paccTosiHueM, KOTOpHIE SIBJSIOTCSt NOCTOSHHBIMH ISt AaHHOTO psiaa.
Ionoxenne HabuofeHust B psise Mu GyneM 0603HAYATb HHUIKHHM
HHACKCOM, Hanpumep Y: TloaToMy Heofs13aTesbHO SIBHO YKA3HBATH
BPCMST WJIH DACCTOSIHHE AJIA NepeMeHHOl X, Tak Kax OHO BHOJHE
XapaKTEPH3yeTCst HHAEKCOM H MOMXKET OBITb B CJjydyae HeOOXOHXHMO-
CTH ompeneseno Gaarofaps ToMmy, uto X=Af, rae A — paccTosiue
MEXIY COCEAHHMH TOYKaMH. Becb BpeMEHHOH psili COAEPAHT A TO-
ueK H uMeeT obmyio aauny T=A (n—1),

Paccrosnue mexay aByMs mobbiMu touxamu Y; u Y. Ha3bl-
BaeTcsl JIarOM JJIHHBEL T, TA€ T - YHCJIO HHTEPBAJIOB MeX/1y ABYMS
TOYKaMH. ITO — CMeUleHHEe BPeMEHHOro pAAa OTHOCHTEJBHO cebst
CaMOTO B NPEALIECTBYIONIHH MOMEHT BPEMEHH WJH B NPEJLIECTBYIO-
ILeM TIONIOKEeHHH. Mexay BPEMEHHHIMH PSAfaMH H LEMNAMH MOMKHO
JIPOBECTH aHaJsorHio. Kaxnoll cBASH B LeNH coOTBETCTBYeT HabJio-
nenne B psape. Ecau MBI NPHJIOKHM 1Ba OAHHAKOBHIX CEIMEHTA
UeIH APYT K APYTY H CPaBHUM HX MeX1y co6oil, TO NOJAyUYHM nonap-
Hoe cpaBHeHHe c¢ JjaroM 0. Ecau Mbl ciBHHEM OQHY LeNb Ha OIHO.
3BEHO TaK, YTOGLI NEPBOE 3BEHO NePBOil IOCAEOBATENLHOCTH CPAaB-
HHBAJIOCb CO BTOPBHIM 3BEHOM BTOpOH, TO BCE APYTHE 3BEHbA TAKIKE
CABHHYTCS, M TaKOE IIOJIOKEHHE CPABHHBAEMLIX IOC/E10BATEILHO-
crell HaswbiBaeTest uMeownM aar 1. Llemn MoryT Owith CABIHYTH
boJsee ueM Ha OHO 3BEHO, H IONapHOE CPaBHEHHE Toria Gyier

. BMeTpb Jiar 2 n Tak paJee.

ABTOKOBApHAUMSA C JArOM T-—3TO KOBapDHANMSI MEKAY BCEME
HabmoaeuusMu Y: u HabmogeHusMu Yir., T. €. KOBapHAUHS BH-
YHCJISIeTCS MEXKAY YJICHAMH CaMOro Psiia H TOrO K€ Psifa, CMelleH-
HOro Ha Jar AauHHbl 1. Onpejpensouiee ypaBHeHHe aBTOKORAPHALHE
ecTh

n
g , == e
COV,: E i 7;__’; Yf } fog T }:’f Y}_T. k‘l’.')S)

i=]4+%

AToKOBapuauusi ¢ jgaroMm 0-—3T0 NPOCTO AHCIEPCHS BpeMeH~
Horo psina. Ecan psin odeHb QJIHHHLIA, a Jar v KOPOTKHIL, TO cpei-
HCC Q4HHOTO psfa U CABUHYTOrO PSIIOB B CYUIHOCTH TOXKJECTBEH-
Hbl 1 ypaBHenue (4.58) mower OuTb yupoileHo. OIHAKO ecau T
ABJACTCA 3HAYNMOH APOOHOA 4acTblo IJIMHBEI BPEMEHHOro psina, To
pasinyie MexNy CPEeAHHUMH CTAHOBHTCHA CYLIeCTBEHHBIM. BblUucJ/u-
TeJIbilbll 3KBHBaJIEHT ypaBHeHHs (4.58) ects

n

n
n—-= 2 Ythwt— Y, E Yt—:
cov., = S (=l =l (459
(n—7)(n—s—1)

M=

-
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Puc. 4.31. ABTOKOppeJsAHOHHAR Q)y;n;xmiSgnmm-xaporama, H306parkeHHOTo Ha
puc. 4.30.

Jlar 48 COOTBETCTBYST CHBUTY mo Tayluie Ha 48 dyroB

HMeercs corJiallledHe O TOM, YTO aBTOKOBapunalusa BBHIYHCIAETCH
ana aaros ot 0 mo npumepHo n/4. INoayuenubie sHaueHHs MOXKHO
NpeICTABHTL KaK aBTOKOBApHOrpaMMy MJH aBTOKOBApPHALHOHHYIO
QYHKIHIO, KOTOPAsl NPEACTABJseT 3aBUCHMOCTD aBTOKOBADHAIIH
ot aara. Puc. 4.31 mpeacraBisieT aBTOKOBAapHAaIHOHHYIO (YHKHIHIO
s 1aHHLIX KapoTaxa CKBaxuH, H300pasKeHHnX Ha puc. 4.30.
KpiBas HaudBaeTcss ¢ MaKCHMaJAbHOTO 3HaueHus 672 s nara
t==(, s3areM yOBIBaeT M IOAHHMAETCA CHOBa [0 J1ara 48, KoTOpHUl
COOTBETCTBYET PACCTOSHHIO B NPOCTPAHCTBE, NPHOAHSHTENBRO FaB-
oMy 48 dyrtaM, TaK Kak NaHHbIe FaMMa-KapoTaxa OLLIH onHGpO-
3aHD ¢ UHTepBajoM B | ¢yT. DTO ecTb NpuOJIBHTEIbHO BGJHI‘:Iif{a
BCPTHKIBHOTO PACCTOSTHHS MEXKAY MOCJel0BaTeIbHbIMHA ITOJIOZKE-
HHSMII H3BECTHHKOB B I10CJEAO0BATEJBHOCTH, TPEICTAaBJECHHON Ha
phc. 4.30. N
" Eauuulp, B KOTOPLIX H3MEPSIETCsi aBTOKOBApHALMSI — 9TO KBal-
paThi eiWHUI H3MEDeHuil BPEMEHHOro psla; B HAWEM JpHMepe —
3TO KBu4paTH €AHHAL 3JEKTPONBUXKYUIeH cuaul £. JTo 03Hauaer,
4TO aBTOKOBApHAllls YyBCTBHTEJbHA K H3MEHeHHsM MacuiTaba Bpe-
MEHHOro psfa, 4TO NOCTAB/ISeT 3aTPYyAHEHHs IPH CPABHEHUH ABYX
aBTokoBapuorpaMM. OJHAKO €c/H BpeMEHHOH psl CTaH1apTH30BaH
BLIYHTAHHEM M3 KAKA0T0 HAOJII0IeHHA CPEJHEro i e IeHHeM Ha CTaH-
AapTHOe OTKJOHEHHe, psjx OyJeT NpeicTaBjeH B CIHHHIAX CTaH:
AapTHOrO OTKJOHEHHsI M aBTOKOBapHals OyAeT HMETb CTaHAapTH
30BanHLI{i BuA. Kak oTMeualioch B IV 2, KOBapHaumus CTaHAapTH-
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30BAHHOH NEPEMEHHOH €CTb KOppeJslHs, TO Ke BEePHO H JJAd aB-

TOKOBapHanui.

Ilpexxne uem cTaHAapTH3HPOBAThL HAIN BPEMEHHOM pPsil, MBt MO-
KEM BLIYHCJHTb Cpa3dy aBTOKODPEJAUHIO, Pa3/esHB aBTOKOBapia-

LIHI0O Ha QHCIEeDPCHIO DPAJa, T. e.

n
Yt Y —_ Yf Y
E f— i—
cov o Pl M T

rt — B . (4 . 60}

varY n

(=Y
=1
ABTOKODpeJIANHST BPEMEHHONO Dsila KOHEUHONl IJMHB # ¢ Jia-
TOM T, KOTOPHIH $SIBJASETCS 3HAYUMOH Ipo6GHO# YacTbIO #, MOXKeT
OLITb BLIYHC/IEHA KAaK OTHOLIEHHE ABYX BEJHYNH: YHCJIHTENb — Bbl-
paxenne (4.59), sHaMeHaTes b — ouenka Yvar ¥y var Yere. [10CKOIB-
Ky NpenesIbl CYMMHDOBAHHS B UHCJUTEJE H 3HAMEHATEJNE OiHHAKO-
Bbl, TO BHEIIHHIl BHI Pe3yJabTaTa MOXKHO YIIPOCTHTh, COKPATHB UHC-
a0 Habmoxenn#t n—t. Kak u B ¢popmyse (4.59) npenes CYMMH-
poBanus 6yayT oT f=1+1 10 A
A ¢ — Y, ZY
t—t : —

T 1

Volyi— (mvye] oy (Y, 2]

Ha puc. 4.32 npexcrasnena ABTOKOppeJorpaMva JaHHBIX raM-
Ma-KapoTaxa, NpeACTaBJeHHbLX Ha puc. 4.30. 3aMeTHM, uTO OHa
HIEHTHYHA IO (opMe aBTOKOBAPHALHOHHOH (YHKLMH, HCKIIOUASH
JIHIB TO, YTO OHA IPHHUMAET 3HAueHHs MexAy -+ 1,0 u —1,0.

Heo6xonumMo oTMeTHTB, 4TO B TepMHHOJIOrHH TEODHU BpeMeH-
IWLIX PANOB HMEIOTCS HEKOTOpPBIE PAa3HOrJACHM. HexoTtoprie aproper
CUHTAIOT ABTOKOPPENALHIO NapaMEeTPOM COBOKYIIHOCTH H HCIIOJB3Y-
DT TEPMHH cepHaJibHas KOppeJauuss Kak 3KBUBAJEHT CTaATHCTHKH,
BEIYACIAEMOH 10 BHOOpKe. [Ipyrue HCIOMBb3YIOT TEPMUHH CEPHAlIb-
Hast KOPpeJislus B 3HAYECHHH KODPEJALMH MeXAy JABYyMs BpeMeH-
HEIMH psifaMu. Hekotopble aBTOPEHI NOCJETHION KOPDENALHIO HAa-
3EIBAIOT KpoCC-Koppesaudeil, Mbl GyneM HCNO/b20BATH KAaK TePMHH
aBTOKOme'I%—K__HTep-MHH B3auMHas KOppeJasuus u He Gviem
1eNaTh PA3NHUHH MeXKAY CTATHCTHKAMH i apaMeTpaMu.

3aMeTHM, 4TO KOPpesorpamma B JAeHCTBHTENbHOCTH SIBAA€ICH
ABYCTODOHHEH, ¢ OTPHLATEJBHOH YACTBIO — 3EPKAMLHLIM OTpasKe-
HHEM MOJOXKHMTENBHOH YacTH. Mbl NOACHHM 3TO ABJCHHE, BepHYB-
HIHCh K Hamlell aHaJOTHH ¢ AByMs uensvu. Ecam oxHy 3 Lereil
0003HauuTL uepe3 A, a Apyryio — uepes B u NocJef0BATENbHO Iie-
peasuraTh uenb A Bnepex no uens B, To noayuamomuecs Koshdu-
IHEHTHl aBTOKOPPEJIALHH COCTABAT IOJOMKITENbHYI UaCTh KOppe-
Jgorpammel. Ho ecau aBurats nenn B Buepex no uenu A # Bhuuc-
JATb aBTOKOPPEJIAIHIO, TO JIaTH OYAYT OTPHUATEJNbHBLIMH, TAK KakK
OTHOCHTEJIbHOE JABHXEHHE JBYX TOCJeJ0BATENbHOCTEN INOMEHSJIC
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Puc. 4.32. ABTOKOppeJOrpaMMa raMMa-Kaporaxa, 1300paxesHoro na puc. 4.30

HanpabJenue Ha o6patHoe. llenn A u B ujeHTHYHDI NIOSTOMY
Ge3pa3/yHO, B KAKOM HANPABJEHHU OAHA M3 HHX CIBHIAETCH OT-
HOCHTEJBHO APYrofi, TaK Kax r—.=r.. Ha npaxruke Mb He paccMmar-
pHBaeM OTPHIATEJBHYI0 4aCThb ABTOKOPPEJOrDAaMMbl, HO OHa HIpa-
CT HeKOTOPYIO DPOJIb IIPH DasloXkeHHH B psaxn Pypse. ’

KoppesorpaMMbl HanOMHHAIOT XapAKTEPHCTHKH BPEMCHHBIX pil-
nos. CpaBHHBas KOPPEJIOrpaMMbl BDEMEHHOIO PSiAd C KOPPEJOrpi-
MaMH HAeaNH3HPOBAHHBIX MOJE/EH, Jerko yGeiuTbCs B TOM, 4TO
onn xopomwo coriacyiorcsa. Ilpocreftiras Mojeab BPEMEHHOLO
pfja—3TO MOCJAELOBATEJbHOCTh HE3aBUCHMLIX I HOPMAJLHO pac-
npeieJeHHEX HAGMIOLeHUH, DTO 3HAYUT, UYTO MEKAY Ha6JI}OILEEH‘I351-=
MH B HEKOTOpBiii MOMEHT BPEMEHH [ HabJI0EHUAMH B APYTrof niO'
MeHT BpeMeHH f{--T HeT Hukakoil cBasu. Takoe yCJOBHE eCTECTBCH-
10 B TOM CJjy4ae, KOTAa BPEMEHHOIl pAX MHOPOMKIEH CJYIaiHbIM
npoueccoM. OxnupaeMas aBTOKOPPENALHA /I STOH MOJEMH eclh
n.=0 mas Bcex Jaros T, Goipluux Hyas. Teopernyeckas KOppeso-
‘payMa B 3TOM cJyyae — IpsMas JIHHHS, IPOXOAAII2s uepes Tou-
illp(;/'rne MOJeH NpPeANoJaraioT HaJjHule HEeKOTOpO#H 3aBuch’o:
“TH MEXIy Noc/efoBaTe]bHBIMH Habmozenusvy. Hanpumep, npea
M0JI0KHM, YTO HEKOTOPHl MPONECC MOPOKAAETCS CHydIaliHLIMH HOp-
MaJibHO paclpeleJeHHHMH HalJI0IeHHsAMH, KOTOPbE yCPEIHAOTCS
ToTYac 3Ke, Kak OblJIH TMODOXKIEHH, T. €.
¢ Z,

w ’

yl‘:

t—w
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IT0 MOILeJb CKOJB3SIIET0 CPEAHEr0 M OHA HMEET KOPpeJsoTpaM-
My BHIa

p.=1—1/w. (4.62)

MMeeTcs WHpOKMH crmekTp Mogeseil BO3pAacTaioLIeH CJOMKHO-
CTH, KOTODBbl€ MOXHO OBLJIO OBl NIpPeNJOXKHTh. XOpollee BBe/eHHE B
31y TeMy npuBodsAT IOa u Kennen [63], B IpHMEHEHHH XK THApPOJO-
run — HesveBna [64]. Puc. 4.33 uisOCTPHPYET HOCTPOEHHE CJIOK-
HOTrO BDEMEHHOTO psja, ABJAIOILErocst JuHeliHOH KoMmOuHanuei 60o-
Jee mpocteix pspoB. Ha puc. 4.33,a npexncraBiena peryasphHas
NpaBHJIbHAST CHHYCOHZAJNbHAST BOJHA H ee xoppesaorpaMma, [To mepe
TOTO Kak paj CABHraercs Ho (pase OTHOCUTENbHO caMoro cebs uJjl
B cJyu4ae, €CJH NHKH CIAPHBAIOTCSA C BHAaJHHAMH, KOPPEJOrpPaMMa
lismeHsiercst oT +1 no 0 u 3atem no —1. 3areM KO3(HUUMEHT KO-
PeJISILHE CHOBA pacTeT, NOKA He LOCTHIHeT sHaueHns +1 B 10T Mo-
MEHT, KOIAa CHTHaJ CIBHHETCS DOBHO Ha OJAHY MAJHHY BOJIHEL
Ha puc. 4.33,6 n3obpaxkeH CHrHaJ, MOJYYeHHBIH ¢ MOMOLIBIO Iiep-
BOIl M3 DaCCMOTPEHHBIX BHIIe Mojesell, — NocAeN0BaTeNbHOCTD
caydyadupix yucesa. Koppesorpamma GelcTpo y6biBaeT or 1 ¢ Hy-
JIEBBIM JIArOM, TOTOM ¢J1abo Kojebaercst okoJio Hyas, O6a s1H psiaa
SIBJASIOTCA CTAUMOHADHBIMH, T. €. B HaGNIOACHUSAX HET 3HAYUTEDL-
HOro tpenaa. HecrauHoHapHBI curHa d H306paxken Ha puc. 4.33, s,
rie HaOJoleHds, o0pasylollHe MOCJeA0BaTeJIbHOCTh, HEYKJAOHHO
pacryt no BeauunHe. COOTBETCTBYIOWIAS KOPPEAOrpPaMMa NOKa3bI-
B4eT, YTO KOPpeJdAlHus HeyKJOHHo yOmBaer. Ha puc. 4.33,2 iu30-
GpakeHa kKomOWHauus ciaydaeB 4.33,a u 4.33,6, T. e. cHEyco-
H14JbHOHA BOJIHBL M HaJIOXKEHHOro Ha Hee wyMma. [losHas aBTcKop-
pesduHMs BO3MOMXKHA TOJBKO HPH HYJEBOM Jare, OAHAKO O MEPHOAH-
yecKoH KOMIIOHGHTE BPEeMEHHOro psiza HaloMHHAeT NHK Koppe.o-
rpaMMLl, HMeWIle# [Ba IeEpPecedCHHs C HyJNeBbIM ypoBHeM. ['pa-
Pux 4.33,0 npeacrasasier coboit xomOuHamuo rpacdukos 4.33,q,
4.33,6 n 4.33,8, T. €. CHHYCOHLAJbHAS BOJHA CKJIAaABIBAETCs ¢ rpa-
21IKOM JIMHEHHOTO TPeHJa H C HAJOXEHHLIM HAa HHX IIyMoMm. 3a-
MeTIM, UTO TPeHJ 3HAUHTEeJbHO CHHIKACT HAliM BO3MOKHOCTH BLI-
[AEeJITh NEepHORHYECKYIC KOMIIOHEHTY B CHTHaJe.

Kak oTMeuanoch BhIlIE, MaTeMAaTHUYECKOE OXKHIAHHE HJH Cpel-
Hee 3HAUGHHE aBTOKODPEJNALHH IJA NOCJELOBATEJBLHOCTH cJjyyaii-
HbIX yHceJa paBHO Hymo. QOxujgaeMmas TecpeTHIecKas THCIEpCHS
aBTOKODpEJ/SLMH CJHy4YalHOH DOCJAeNOBATEJLHOCTH IIPH  JIIOGOM
Jlare T paBHa

1

02 = ———
n—i—3

2 (4.53)
DTH ABa napaMeTpa ONPEAesAOT COBOKYIHOCTb 3JIEMEHTOB CJiy-
Ya{HOr0 BPEMEHHOro psina maHHod aauuel n [63]. Kak yxe orme-
4aJoch B TJI. 2, MOXKHO OIPENEJNHTh BEPOSATHOCTb MOSIBJIEHHS HEKO-
TOpOTO CaydaliHOro COOBITHA IJIS HOPMAJLHOIO PaclpelelieHHs ¢
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Puc. 4.33. Tlpimephl UJeaNH3HPOBAHHBIX B

a4 — cUHycOHJanbHasd BOAHA C aauHO# 20 enuﬂuuz-;ﬂé
HIy myMm; 8 — nOCJ'[‘eILOBaTeJLbHOCTb, aospac‘ra}ou}.Ma
CyMMa CHHYCOMAAJAbHBIX BORH H cny4yafigoro wy
TeldbrOCTp 6); O =— CyMMa CHHYCOHL

oM (10CJaeOBaTEe]bHOCTh @ IJIOC I

A7bHOH BOJHB €O CAydaiHBIM ”mymgg
0CJIe10BATCALHOCTD 6 MIIOC MOCHE

DEMEHHHX PAAOB H HX aBTOKOPpeJIsilin-
OHHBle (YHKIHH:

— HOCMEROBATENHBOCTh CAYHARHBIX t.mec(z::
10 JHHEHHOMY 3aKOHY, HJIH «TPERI»:

enoBa-
TeNHLHOCTD @ MJHOC TIOCH
O ¥ JAnHefiHbIM TDEeH-

JLOBATEJNBHOCTD 8)




U3BECTHBIM CPEAHHM 3HAYE€HHUEM H 3aJaHHOH ,ZIHCHEPCHeIQ;I, €CJIH BBe-
CTH CTaHAaPTH30BAHHYIO BEJHYHHY

7=k
—

(4.64)

Hspiexast kBagpaTHHH KopeHb M3 Bmpaxenus (4.63), My noJy-
4AM CTaHIAPTHOE OTKJOHEHHE aBToKoppessunu. [loxcrasun cpen-
HEC 3HAYCHHE H CTaHIapTHOE OTKJOHeHHe B dopmyay (4.64), ro-
JAYYUM

— r.—0
= W n—<+3

DTy BeJHYHHY MOXKHO HCIONB30BATh B KAuecTBe CTATHCTHKH ISl
NPOBEPKH THIOTE3L, 3aKJI0YAIOIEHCss B TOM, UTO aBTOKOPDEJSiIUIs
7+ PaBHA HYJIO NIPH YCJIOBHH, KOrAa HJWHA NOCJ]EeL0BATEJBHOCTI 7
BeTHKA, a Jar T Majd. «MHOrc» M «MaJjo» — TepMHHBI, KOTODHIE
TPYAHO onpefesutTs TouHo. OOruno 7 BrIGupalor He Goaee 50, a v —
He npeBocxoasuuM 7/4. (HexoTopsle aBTOPH  YCTaHABJAHBAIOT Clile
foJiee HH3KHE TIpefeasl 174 T, nanpumep 7/10 uan eme MeHbIne),
OTH OTPAHHYEHHs OCHOBLIBAIOTCS Ha TOM, UTO €CJIH JIAr YBEJHUN Ba-
eTCsl, TO 3HAYEHHE /. NPHXOJIMTCH BHIUHCJAATH II0 BCE MEHBIIEMY H
MeHbIIeMY 4HCIy HabJiopenuil. To IPUBOLHT HE TOJBKO K YBe.iH-
MEHHIO NHCIEPCHH f., HO TaKXe K BCe 0ojlee 3HAUHTENBHOMY Hapy-
IUCHHIO NPEANOJONKEHHST O TOM, UTO ABTOKOPPEJSIHS BBIUKCASETCH
10 BbIGOpPKE H3 BPEMEHHOTO psjia GeckoHeunod anumb. Mo ykaszan-
HBIM IPHYHHAM BBICOKHE 3HAUEHHA aBTOKOPDE/SIIHOHHON (QYHKLII
npit GOJIBLIOM Jiare He HrpaloT CYIECTBEHHOH POJH, OKA caM Bpe-
MEHHOH pAJ BO MHOTO pas AJIHHHEE.

B Tabn. 4.22 npexncrasieHsl HeoGbUHBIE 1JS Te0JOra AaHILe,
a 1IMEHHO HabJlonaeMble 3HAYEHNA HCTHHHONO BDEMEHHOTO pAfa 3
TeO0JIOrH4YecKoro npoiioro. Toabko HPH  OYeHp PEAKOM CTEUeHHI
O0CTOATENbCTE YAA€TCA AATHPOBATh NMPOLICAIIHE COGHITHS TO pe-
3yJbTaTaM M3YyYeHHS NOPOJ, UTO B CBOIO OYepeib IO3BOJISIET OIpe-
J2JUTh BDEMEHHYIO WIKaJgy AJA NOCTEN0BATENBHOCTH TCOJOTHUECKIX
HaHHBIX. DOLEHOBbE O3epHbIe OTj0MeHHs B CKaJHCTHX ropax co-
CTOAT H3 TOHKOCJNOHCTBIX [OJOMHTH3HPOBAHHBIX HE(PTAHLIX CJIAHIEB
MOIIHOCTBI0O B COTHH (byTOB. DblIO yCTaHOBJEHO, UYTO CJAOUCTOCTD
NpeTEpPNeBAET M3MEHEHHS, T. €. ABJAAETCS PE3YJbTATOM Ce30HIILIX
KJIHMaTHYeCKHX H3MeHeHH# B Oaccefine osepa. Mamepenus mommuo-
CTH 3THX CJIOEB ITO3BOJIMJH ONPEILAHTh IOJHUHLIC H3MEHEHHS CKO-
DOCTH OCaAKOHAKOIUIEHHS 33 BpeMsl CyIUecTBOBaHHs osepa. Ta6u.
4.22 cozepKHT 3HAUEHHS MOLIHOCTEl C/I0€B, 3aMepeHHLIX B paspese
3THX OTJOXKeHHH BOJM3H 3amafHOro nobepexbs OXHOIO U3 CAMBIX
Goapurux osep. Ml MONEITaeMCSt OTEETHTL HA HECKOJBKO BONPOCOB,
CBA3AHHLIX C STHMH AaHHBIMH. Hanpumep, cymectsosan i Tpens B
CKOpPOCTH OTJIOXKEHHH JHOJOMHTOB C TEYEHHEM BpEMEHH, NPHYHHON
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Ta6anuua 4.22

MOIHOCTL NOC/EA0BATENLHOCTH CJ0OEB B pa3pese
HedTenocHbx caannes I'pun Pusep, MM
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KOTOPOTO MOIJIO SIBHThCS MOCTENEHHOe H3MEHEHHe knumata? Mmeer-
¢Sl A OYEBHAHAS LHKJHYHOCTH MOIIHOCTH CJIO€B, KOTOpas, BO3MOXK-
O, UMEET CBA3b C ACTPOHOMHUECKHMH SBJCHHAMH? TIpu Hanuchnﬂyf
HUKJHUYHOCTH Mbl MOXKEM OIIpPE/e/HTh MHOTOJETHHE nepnonlbrl ( )
3aHHble, HalpHMeED, cl: conéﬂeqnbmu naTHaMu 3a mnocaeanue 11 jer).
nposegeno 101 nabaogenue.
BbU}IBObmganlTle aHaJu3 AAHHHX H ONpejesuTe, HMEIOTCH JIH 3Haqg-
MBI TPeHA MJH MepHOIHYHOCTb B JaHHBIX, npencmglenﬂmx 3 T'?T(;
JNile, XapakTepusylooue M3MeHeHHsl MOIIHOCTH. HaIlOMHH f, 10
NaHHble KOJKHbI OBITb CTAlHOHAPHBIMH, TaK 4TO N0 BEIIOJ n
aBTOKODPESIUOHHOTO aHAjH3a JIOOOH 3HAUHMBLIH TPEHL HY
3cr%a1:£;.0”m puMeeTcst ofHa GoJpluas o6JacTh, B KOTOPOM HCCJIE-
[OBAaHHS NPOBOASTCS MOCTOSHHO, —3TO MpejcKasaHue seMJerpsce-
Huil. DTH HccJeLOBaHHS XOpOIIOo CyOGCHAHPYIOTCH NPABHTEJIbCTBOM,
nepBble ZOKJAAbl YKAa3bIBAIOT HA HEKOTOPHIH ycnex B ognaécm KS;;:
KOCPOYHOTO NpPOTHO3HPOBaHHKs OOJBUINX 3eMJETPACCHHH. ITO ﬁ e
eTcsl ¢ MOMOLIBI0 H3YUEHHS 6HeKOTOprX ceficMHYECKUX BOJIH, IIp
IIECTBYIOUIHX OCHOBHOMY COOBITHIO. 5
Ilo)JIxrcI)Iépqubxﬁ IPOTHO3 3EeMJETPSACEHHE — 3TO coscegchlégy;;g
upo6iema. Ee pemienue Tpefyer oGHapyxeHHs NEPHOAHTH
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Ta6auua 423

MokazaTenb AKTHBHOCTH HM3BECTHBIX 3eMJETPACEHHH 3a MepHOA
1770—1869 rr. [42]

1770 66 1795 78 1820 90 1845 86
1771 62 1796 110 1821 86 1846 127
1772 66 1797 79 1822 119 1847 201
1773 197 1798 85 1823 82 1848 76
1774 63 1799 113 1824 79 1849 64
1775 0 1800 59 1825 11 1850 31
1776 121 1801 86 1826 60 1851 138
1777 0 1802 199 1827 118 1852 163
1778 113 1803 53 1828 206 1853 98
1779 27 1804 81 1829 122 1854 70
1780 107 1805 81 1830 134 1855 155
1781 50 1806 156 1831 131 1856 97
1782 122 1807 27 1832 84 1857 82
1783 127 1808 81 1833 100 1858 90
1784 152 1809 107 1834 99 1859 122
1785 216 1810 152 1835 99 1860 70
1786 171 1811 99 1836 69 1861 96
1787 70 1812 177 1837 67 1862 111
1788 141 1813 48 1838 26 1863 42
1789 69 1814 70 1839 106 1864 97
1790 160 1815 158 1840 108 1865 91
1791 92 1816 22 1841 155 1866 64
1792 70 1817 43 1842 40 1867 81
1793 16 1818 102 1843 75 .1868. 162
1794 96 1819 111 1844 99 1869 137

TpeHja B HCTODHYECKHX DPErHCTPAlHAX 3eMJeTPsiCeHH#, KOTOphie
MOryT GBITH 3KCTpamoJiipoBanel Ha Oyayinee. Lleqb Takux uccaeno-
BaHHH — He NpeJcKa3aHie KOHKPETHOTO 3eMJeTpsICeHHs, a TmpeacKa-
3aHHe TeX MepHOJOB, KOTJAa celicMHYecKas aKTHBHOCTb OyjeT He-
06LIKHOBEHHO BBICOKOH.

B Ta6a. 4.23 npuBeleHL MOKAa3aTelH CEHCMHUYECKOH aKTHBHOCTH
BO BCceM Mupe 3a 100 sieT, OCHOBAHHLIE HA €XKETOAHBIX JaHHbIX PETH-
CTpauMH CHABHBIX 3emaerpsicennil [42]. MccaenoBats st 3amucn —
3TO 3HAYNT ONpPEJENHTh, HMeeTcsl I B HUX 3HAUNMBIH TpeHJ, NepHo-
QHUHOCTH #JH Apyrue crnenuduyeckue oco6eHHOCTH. Ecai oTBeT no-
JIOXKUTEJIEH, TO KaK 3Ta uH(pOpMalus MOXKeT OHTb HCIO/b30BaHA
JLJIsl TIOCTPOEHHS TIPOTHO3HOH Mojenu?

B3AUMHASl KOPPEJILUA

Ecau MOXKHO IIpOBECTH CpaBHEHNe BPEMEHHOro psja C CaMHM
coB0fl AJs1 MOCJeL0BATEJbHBIX JAroB ¢ llesblo 06GHApYXKeHUs 3aBH-
CHMOCTH BO BDEMEHH, TO, BEPOSITHO, MOXKHO TaKXe CPaBHHTh ABa
BPEMEHHEIX pSAa ApPYT C APYTOM AJsl TOTO, YTOOGH ONpeLelHThb MOJO0-
AeHHs: HanGOoJbIIero cooTBeTCTBHA. JBa THMA HHOOPMALHH BBIXO-
AAT Ha mepBril MJIaH NIPH TaKOM CpPaBHEHHH: CH.Ia CBA3H MEKAY
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JAByMs DALAMU H Jjar HJIH CABHI' BO BPEMEHH HJIH paccTosHue MEK-

Jly HUMH B MX IIOJOXEHHH MaKCHMaJbHOH 3KBHBAJEHTHOCTH. Ipo-

yecc CpaBHEHHS! JIBYX BPeMEHHbIX pSiOB IPH NOCJEL0BaTENbHDIX
naraX Ha3biBAETCS B3aHMHON Koppessuueil (Kpocc-koppensiuued).
Bo MHOTHX NIpHMepax HeBO3MOXKHO OGO3HAUHTH MOJOKEHHE HY/IeBO-
ro J1ara, Tak Kak Jai060# H3 ABYX PAAOB MoOxKeT OBITh BEAyUIHM AJd
zpyroro. ITockoJbky JiBa psifa HE HMAEHTHUHEL, TO KPOCC-B3aHMHAi
KOppeJorpaMma He CHMMeTPHYHA OTHOCHTEJBHO —Cepejlibl; Jark,
¢ koToppiMu psia A Bexer paa B, oranyaioTcs OT Jaros, ¢ KOTOPhI-
mu 5 Beger A (puc. 4.34). OcioXHenusl BO3HHKAIOT B TeX CJydasX,
xorjia psp A He 06f3aTeJbHO HMEET Ty Ke AJHHY, 4TO H DAA B.
JleficTBUTENbHO, OJHH M3 MOJXONOB K «aBTOMATHYECKOH KOppeJs-
uHKH> (MO STHM IOHHMaeTCsl YCTaHOBJEHHE DaBEeHCTBA JABYX CTpa-
THrpaHUecKHX IOC/Ie/I0BaTeNbHOCTEH B Ie0JOrHIecKoM CMEBICJIe)
COCTOUT B CKOJIbJKEHHH KOPOTKOH JIH3BIOHKTHBHOH 4YacCTH OJIHOTO
cTpaturpadHueckoro MHTEpBasa Mocjie ApYroro Hesoro CTpaTHrpa-
¢HYECKOrO pa3pesa C ULEJIbIO ONpejle/IeHHs MOJIOXKEeHHs Hau6oJbllle-
r0 COTJIaCOBAaHHS.

Onpesenenne xoshduiuenTa B3aHMHON KOpPEJANHH TAKOE XK€,
KaK M ompefefeHHe OOLUHOro Ko3QHUNEHTa KOPPENALUHH, 1 JHIIb
HeMHOTO OTJMuYaercs OT KoahduuueHra aBrokoppessnuu. Ecan Mbl
pBefeM o6osHauenust Yu M Y2 M ABYX PANOB M onpeneinm n*
KaK UHCJIO MePEeKPHIBAIOIIHXCA NMO3HIHH B JBYX LENsX, TO B3aHMHas
KOppeJsAlHOHHAS (YHKUHS AJNA M CXOAHBIX MO3HIKH BLIYHCIACTCH
no gopmyJe

roo—= n*ZYl- Y2 —_— ZHYI ZY2 (4‘.66)
" Y[RV R = (ST R [nFEYE — (BY,)2]
HJIH
rn= _C%V_g_ﬁ. (4.67)
1%2

rje COvVjg— KOBapHalHA NepeKpLiBAIOUIHXCSA YyYacTKOB JABYX mocJie-
nosaTesnbHocTelt 1 W 2, 81 n Sy — cooTBeTCTBYWIHE CTaHAAPTHHE
OTKJOHEHHd. 3aMeTHM, YTO CYMMHDOBAHHS NPOHCXOAAT TOJBKO IO
TAaKHM OTpe3KaM JBYX HOCJEeAO0BaTe/IbHOCTEH, KOTOpble MepeKphBa-
10Tcs B crnapeHHoi mo3uuuH. CliapeHHble INO3HUHH HYMEpYTCs MHo-
cJe0BaTe 1bHO, KaK yKa3aHo Ha pHc. 4.34, H Kpocc-KoppeJsorpamma
ecTb rpaduk cHapeHHOH NMO3HUHH B 3aBHCHMOCTH OT KPOCC-KOppe-
JIALLIIH,

Tak KaK CYMMHMDOBAHHS PACIPOCTPAHSIOTCs TOJBKO HA MEpeKphl-
Tl OTPe30K, TO BblUHCJAEHHE KO3 dHIUHEHTa B3AHMHOH KOppesLHH
OCHOBBIBAETCS HA JHCNEPCHH, BBUMCACHHOH no obmum ToukaM. Ha-
060poT, KO3(h(UUHEHT aBTOKOPPESUHH BBLIYHCAAETCss C NOMOUIBIO
NHCIepCHH, BBIUHCJAEHHOH no Beefl uend. Jlucnepcus HCHOJB3yeTCs
3 3HAMeHaTeJse ONpeAeNAIoEerc aBTOKOPPENALHOHHOTO YPABHEHUSA K
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Puc. 4.34. KoppeJorpaMmsi:

& — NOJYueHHAR NPH BHIYHCJCHHH aBTOKODPEJANMOHHON DYHKUMH JJIS MONOKHTEALHEX H OTDH-

RaTenbEbIX 3HAaueHHA nara (KOppesyorpamMMa CHMMETPHYHA OTHOCHTEJbRO HYJICBOrO 3HAUCHHS

Aara); 6 — MOMydeHHAs AJA ABYX DAIMHUNLIX IOCJIER0BATeNbHOCTENl (KOppesorpaMa aciy-
MeTDHYHA, €clH 06e MOCNeNOBATeNbHOCTH He COBRAAAIOT)
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CUATaEeTCS TOCTOSHHON JJIsl Bcex 3HauyeHui Jara. Jlucnepcus, BH-
yuCJeHHAs IS UeJOi MOC/e10BaTebHOCTH, GoJlee yCTOHUHBA, YeM
oleHKa, TMojyueHHas JJs 6ojee KODOTKOro OTpe3ka 3TOro psaa,
1 noatoMy Gosiee npeanoutuTeabHa. OaHaKO NpH BHIYHCJAEHHH KO-
3¢ GULHEHTOB B3aHMHOH KOppPEJsliK He ClIelyeT 0XKIiJaTh, 4TO AHC-
nepcud GYAyT NOCTOSHHBIMH Ha NpOTAXeHHH o6enx ienei, 8 0Co-
GeHHOCTH B TOM CJyyae, KOTjJa OJHAa H3 lenefl xopoue APYroH.

3naunMocts Ko3bdHIMeHTa B3aHMHOH KODpeNsllNH  MOXHO
YCTAHOBHTb C IIOMOIIBIO NPHOJHKEHHOTO KPUTEPHS

f=r, 1/ = (4.68)
. —'m

nmerouero n* — 2 cremeHeft cBo60oabl. DTOT KPHUTEPHH BBIBOLMTCA
113 KPHTepHsl 3HAUUMOCTH K03(h(dHLIHEeHTa KOPPeAALHE MeXy ABYMSH
BbI60pPKAMH, B3STBIMH H3 HOpPMaabHOIl coBOKymHOCTH. IIpu stom Hy-
JeBasi THIIOTE3a 3aKJAI0YaeTcst B TOM, UTO HCTHHHBI KO3(duUHEHT
KOPPEJISIIAH MeXAy ABYMS IIOCJIEJ0BATEJNbHOCTAMH B 3aJaHHOH
CapeHHOM NO3MUHU paBeH HYJ0, T. €. Mbl HMeeM CJaydadHbid psj,
YTO MOXKHO 0XKHJAATh B Cjydyae, €CJi AB€ MOCJAEI0BATEJbHOCTH HE3a-
BIICHMBHI.

BsauMHast Koppeasnus —HanboJee MNOAXOISIUMH INIDHEM JJs
CPABHEHHS JBYX PANOB, KOTOpble HMEIOT BPEMEHHYIO 32BHUCHMOCTH
mexay cofofi. B kauecTse npuMepa MOKHO NPOAHAIH3UPOBATH AaH-
nule, npusenennbie B Tabua. 4.24. «Apcenan» B CKaJHCTHIX [C6paX —
5TC 3aBOJ IO IIPOH3BOJICTBY pPas3jMUHBIX SAOBHTHIX BEIECTB BOEH-
HOTO HaszHaueHus; OH pacnojoxeH B Jenpepe (wratr Kosopano),
B6an3u or mepsofi rpaan CkamiictelXx rop. OrpoMHBIE KOJHuecTBa
3arpsi3HeHHOH BOJBl BO3HHKAMOT Kak NOOOYHBIH NPOAYKT BOCHIOH
npoMblllieHHOCTH. [lpiTasice 1u36aBHTBCA OT 3TOH FPSA3HOH BOXH,
B 1961 r. npobypunau AJs ee 3aKauKH CKBAXKHHY B OCHOBaHHi TOp.
K coxajsieHuio, CKBaxKuHAa NPOHNKJA B BEDPTHKAJbHHIH cpe3 06oJb-
ol ckaajakn BAOAb ¢dpoHTa CKaJHCTHX Trop, H OYEBHAHO, UTO 3a-
Kxauka nmojg OGOJIBIIMM JaBJEHHEM TPS3HOH XKHUAKOCTH MOCAYyZKHJA
VBEJHUEHHIO NMOLBHIKHOCTH CKJa1Kll B pe3yJbTaTe ee cMaski. Oaun
PN JAHHBLIX, IDUBEeJeHHEIX B Tab.. 4.24, — 3T0 noMecsiuHbIe 3allCcH
00bEeMOB KHKOCTH, BBEJIEHHbIX B CKBaXKHHY «Apcenanay» B Ckajnc-
THIX TOpax 3a 4 roja HCHOJb30BaHHSl CKBaXWHLL. Jpyrofi panx mpex-
CTaBJAET COOOW YHCJIO 3eMJeTPsICeHHH, 3aperucTplpOBalHLIX B JleH-
sepe B KaxaoM Mecsine. TIpn H3yueHHH CTATHCTUYECKON CBSI3H MeK-
1y 5THMH JBYMs BpeMeHHbIMH psinamn DBanysan [4] npeacrasua
X B KyMyJATHBHOH ¢doOpMe H c7e.]an BHIBOA O TOM, YTO HMeercs
Pe3KO BBIpaXKeHHLIH 3-MECAUHLIH Jar MeXKAy 3aKauKkoH H HHIHAEHT-
HBIM 3eMJjeTpsiceHdeM. K coXXaneHMIO, 3TOT METOJl BH3YaJbHOIO
CPaBHEHHsI JBYX KDHBBIX CKOpee BCero OoWHMOOUHBIH, Tak Kak MpH
€ro HCHOOJB30BAHHH YCTAHABJHBAETCS COOTBETCTBHE MEXKIY IBYMSA
pAiami sanuced, HMeIOWHX pa3yblli Macwrab,
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Ta6nuuwa 4.24

O0bem xuAKOCTH, 3aKaYaWnoli B CKBAXKuHy, npobypennyio B Craanctoix Topax,
H 4uCci0 3aperucTpHpoBaHubix semaerpscecuuit B Jensepe (mrat Koaopamo) [4]

O6bem 3akayauHON

BpeMms roxa HHIKOCTH o Yucsno seMaeTpa-

P A }?ﬂoraﬂﬁgn:!’,;g;’ﬂo cennfl

1962 r. Mapt 4.2 .
Main 7,2 9
Anpeab 8,4 12

Hionb 8,0 35

tHionb 5,2 23
Arryer 6,0 29
CeHTAGPB 5,0 2
OkTa6pb 5,6 )
Hosa6ps 4,0 6
Jekabps 3,6 20

1963 r. SuBaps 6,0 25
DespaJb 7,6 29

Mapt 7,8 21
Anpens 6,4 42

Man 3,6 21

Hioup 4.0 8

Hioab 3,4 6
Arpyer 2,4 10
CeHTa6pb 3,9 11
Ox1a6pb 0 12
HonaGpb 0 4
exabpp 0 2

1964 r. SluBapn B R 0 5
despanb 0 2

Mapr 0 9
Arnpesnn 0 9

Mai 0 2

_ Hioun 0 4
Hwoms 0 4
Asrycr 0 5
Centabpp 0,6 2
OxTa6pb 1,8 14
Hos6ps 2,4 2
Terabpo 2.0 7

1965 r. Susapsb 2,0 1
Derpaan 1,7 30

Mapr 1,7 9
Anpens 3,6 19

Mai 4,0 11

Hions 6,4 38

FHwo.as 8,9 62
Asrycr 5,4 48
CeHnTa6pb 6,4 87
OxTa6pb 3,8 5
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Puc. 4.35. KoanuecTso OTpaBAeHHON XHAKOCTH, 3aKayaHHOA B CKBAXHHY B Ckranne

CTbIX ropax

80
X
=

x 60
(]
w
®
Q
-
©

2 490
. =
' 0
”
o

220
[3]
<
By

0

L ! L ——
AHsaps Ausaps AHgaps
1963 196 1865

Puc. 4.36. Unclo 3aperucTpHPOBAHRHX B TeueHHe MecAna 3eMJIeTPSCeHHH, 3TH-
LeHTp KOTOPHX 6.1 pacnonoxen B6an3k Jlenpepa (wrat Kosiopano)

St ABa pAja 3anucell mpejcTaBJeHbl B rpauueckoit gopme Ha
pucyHkax 4.35 u 4.36. Bsaumnas koppejorpamma 3THX ABYX Bpe-
MEHHHIX PANOB mokasaHa Ha puc. 4.37. Tak Kak B 3TOM IpuMmepe
o6a pspa uMeior ofllee HAYaJ0 W BPEMEHHYIO WIKaJy, TO MO3HIHH
CIIAPHBAHHSA MOXKHO OXapaxkTepusoBaTb KAK <IOJIONKHTEIbHBEIE> H
«OTpHIATe IBHEIEY JIATH, HauuHAsH C [OJOXKeHHs HavajibHOro CoBHa-
nenust. [onoxenue nauGoapluero COOTBETCTBUS MEXKAy ABYMf pf-
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Puc. 4.37. B3auMHasa KOppeJOrpaMMma, XapakTepH3yiollas CBA3b UHCJAA 3EMJETps-
cenHil B TeueHHe Mecsdna H 0OBEMOB OTPAaBJEHHOH XKHIKOCTH, BBEJEHHOH B TeyeHHe
MecAlla B CKBaXKHHY.

MaxkcumanbHast KOppeJAUHs wMeeT MecTOo npH Jsrare 1 (BHO BHICOKHE KOPPEASUHH MPH OUEHb
€CabMIMX farax CTATHCTHYECKH HEIHAUMMBL H3-3d HH3KOrO YHCJAA HAGHIOAEHHH)

LaMH cJydaeTcs NpH Jjare -1, xorga 4uc/o 3eMmiaeTpsiceHHfl B JaH-
HOM Mecslle CPaBHHMO ¢ 00beMOM Tps3HOifl BOAbI, 3aKaYaHHOH Me-
caueM panbille. KoppensuHs B 3TOH NO3HUHH CHADHBAHHA €CTh 7=
=0,60. Bropas HauBwicHmiag xpocc-koppeuasanus r=0,57 nonyuaercs
apu aare 0. Dro ykasblBaeT Ha TO, YTO TEKTOHHUECKHHA OTKJIHK Ha
OTepaunIo 3aKayki BO3HHKAET OUeHb OLICTPO H paclpoCTpaHseTcs
Ha NepHOJ OKOJO Mecsla.

Hucraa 6niBaer Heo6X0AHMO CDABHHTb JIBa NEPHOAHYECKHX Bpe-
MEeHHLIX PAfa ¢ OJHHAKOBLIMH mepHofaMH. Mcnosb3oBas npenmyie-
CTBO IEDPHOAMYHOCTH, BBIYMUCJAHM B3aHMHYIO KOPDEJOrpaMMy B
«KpyTOBOH» (opMme. [LeACTBUTENbHO, KaXAbIA BpeMeHHOH psii BKJja-
AbIBACTCSI B OKPYXKHOCTb H HA4aJ/0 PsAfa TAKHM 06pa3oM CBS3LIBAET-
csl ¢ ero KOHUOM. BMecTo Toro 4yrofsl mpeacraBiasite cebe fgBa psga
uensMi, ABUKYUIMMHACA APYT OTHOCHT@JBHO JPYra, HX MOXKHO Hpel-
cragiTh cebe B popme Kosec. Kaxpoe kojeco HMeeT OJHO H TO XKe
YHC.I0 j€J1eHUA BOKPYT ero 0604a, KaX40e H3 KOTOPHIX COOTBETCTBY-
eT OAHOMY H3 TMOCJe0BaTeNbHBIX HabJofeHHi, Ecau ogHO KoJeco
BpalizaeTcst MO OTHOIUEHHIO K APYroMy, TO MOXKHO IIPOBECTH KpOCC-
CpaBHeHKe MeXKAy HHMH B # DA3JHYHBIX NOJOXKEHHAX O HayaJja
NOBTOPEeHHH.

B Ilnsanuxk Beff, KaAK H BO MHOTHX YCTBfIX €K, B TEUeHHE JHEB-
HOMO NPUJIHBHO-OTJIHBHOIO IIHKJA HA6JI0aeTCd KOMIJIEKCHOE H3Me-
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Ta6auua 4.25

Cosenocts Boabnl B Llusanng Bei. Mecto orGopa npo6 — AHHanoauc
(wrar Mapuaenn) Baaan oT noGepexbs, 1927 r. [58]

CONeROCTb, MKI/T

Bpeust Tlpusnus nau OTIHB MOBEPXHOCT- ,
Has npuIonsad
Jas 14.30 /4 oTanBa 6,97 11,10
3 monn 1400 Uy » 6,20 11,54
17.30 Otaus 5,93 12,12
19.00 » 6,32 13,52
20.30 1/, mpuauBa 6,36 13,35
22.00 s » 6,72 12,83
23.30 8 » 6,80 13,31
4 moaa  1.00 Ilpusus 6,90 13,02
2.30 /4 oTauBa 7,14 12,14
5.30 Yo @ » 6,91 12,44
4.00 Oraus 6,76 2 ‘EQ
7.00 Havaano npuausa 6,74 12,79
8.30 %a » 6,20 13,46
10.00 1y » 7,45 12,33
11.30 34 » 7.47 12,40
13.00 [punus 7,47 12,14

HEHHE COJIEHOCTH H3-3a MepeMellUBaHus NPecHOH BOABI C MODCKOIL.
Yucrast soga Hluzanuk PuBep TeyeT CKBO3b MJIOTHYKO MOPCKVIO BO-
ny B Gacce#iH; BO BpeMs OTJIHBA 3Ta BOJAA JBHXKETCH JaJbllle BHI3
10 ycreio. ORHAKO HMeeTCs] BCTPEUHBIH MOTOK BAOJb IHA, KOTOPLIH BO
BpeMsl MaJiod BOLBI NIEPEHOCHT IJIOTHYIO MODCKYIO BOAY BBEpX 10
6accefiny. B Tab/a. 4.25 npuBefeHbl pe3y/abTaThl H3MEPEHHS COJIEHO-
¢ty npol6 BOABL, B3SITHIX C HHTEPBaJOM B 1,5 4 B TeueHHe CYTOK
(cpenusist ry6una 11 m). B rpaduueckoit hopme naHHBE IpeicTaB-
JIeHH Ha pHc. 4.38.

Koppeasinuonnas ¢yHKUMs npejcTaBaeHa Ha puc. 4.39 u, oue-
BHJAHO, YKa3bIBAeT Ha Jar 2, NpeACTaBJAsIOIKA pPa3HULY B 3 4 Mex-
1y TMHKOM TOSIBJEHHS COJIEHOH BOALI BOJIH3H JHA H MaKCHMYyMOM CO-
IepXaHHA COMH B NOBEPXHOCTHHIX BoOjax. Tak Kak 3alHCH Mpei-
CTaBJAIOT 24-4acoBofl JHEBHON NOBTOPSOIIUIACSA LHKJ, TO B3aHMHAA
KOppeJAlHs MOXKer OblThb NpeAcTaBsjeHa B Kpyroeoi ¢opme. [To-
3TOMY KO3(Q@ULHEHTE B3aHMHOH KOppeJsSilMH MOXHO HaHTH A.Js
J100BIX JIATOB BIJIOTHh N0 24 u.

B3zanMHaa KoppeJsiuusi ¥ T€0JOTHUECKast KOPpeasius

l'eostorn mocTosHHO fenaloT NMONBLITKE NPUMEHATh METOAbl B3aHM-
HOH KOppensiuiM JJIS CpaBHEHHsl cTpaTHrpadUueckux MOC/eA0Ba-
Te/JbHOCTEH, OIHAKO, CTAJKHBAasCh ¢ TPYAHOCTAMH, 06pallaloTcs K
aBTOMATHYECKOl TeoJorHueckoif Koppeasuud. HecMoTpst Ha TO uTo
Jaurepatypa 10 5THM BONpPOCAM OueHb OOWIMpHA, HX YCHJAHA JTOCTH-
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Puc. 4.38. CojepKaHus COJMH B NPHIAOHHBIX BOJAX H MOBEPXHOCTHHX BOAax H [llu-
3anuk Deil B6au3n Anuanoauca (mrat Mapusens)

0,€ Nar 2
0.4
0,2
0,0

0.2
0,4
0,6
0.8
R N T Y T SO

] 1 1 l
Narn 0 2 4 6 8 10 12 14 16
Yacer 0 3 6 9 12 15 18 21 24

CopepwarHue conm, Mir/t

{ {

Puc. 4.39. Bsanvyas KoppesorpamMMma MeX1y COJEpPKAHHAMH COJH B NPUAOHHBIX
il moBepXHOCTHHX Bojaax B lllusanuk Beit.
MaKCHMyM CcOOTBETCTBHA KAOMAOAAeTCA NP Nare 2, OpefcTaBaAdnoleM J-yaconoe pacxoxgeHne

raloT ycrexa Jlillb IPH HCKJIIOUHTENbHLIX of6cTositenncTBax. Ipu-
YHHEl 3TOrO JIETKO NMOHATb., MeTo B3aHMHON KOPpPeJsIHH OCHOBAH Ha
NPEeANOJIOKEeHH I, YTO JBE CPABHHBAEMble TNOCJAEA0BATENbHOCTH Ha-
6/1042J1Ch B JUICKPETHOM MHOXKeCTBE TOUYeK, PABHOMEPHO paclpe-
JeJeHHBX B MPOCTPAHCTBE, H YTO HHTepBaanl cbopa naHHBIX B O6e-
HX MOCJAENLOBATEIbHOCTAX OBLIN OJHHAKOBHL. K coXKaJjeHHIo, TPYAHO
cobparb crpaturpaduueckHe NaHHLIe Tak, 4TOOLl  yAOBJETBODPHTD
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MouHOCTL CA0€B B paspese HedTenOCHbIX caanlleB cBHTh I'pun Pusep.
{Pa3pe3 pacnosoxen B 10 Muaax cesepHee paspesa, Npueeacnnoro B Taba. 4.22)

Paspes B MouwHOCT, MM

{Bepx paspesa) 10,8 15,6 9,0
1.7 15,0 9.9
11,0 13,4 16,7
8,0 14,8 10,3
23 13,0 .9
9.9 10,3 9.4
10,0 9.4 10.6
10,0 9,0 12,6
10,2 10,1 14,2
10.8 10,3 123
11,3 a2 11,1
12,0 9,1 11,0 (Ocuosanne
13,5 paspesa)

5THM TpeboBaHHAM. BooGile HEBO3MOMKHO pPa3MecTHTh TOUKH OIpo-
6oBannsA Tag, 4ToObl OHH pacloJarajich paBHOMEPHO B reQJorHue-
CKOM BDEMEHH, H €CJIH TOYKH PaclOJIOXKeHbl Ha PaBHBIX PacCTOSHH-
AX, TO MBl MOXKEeM JOIYyCTHTb, 4TO CKOPOCTb OCAAKOHAKOMJEHHS Ghl-
Jla MOCTOSIHHON B TeueHHe BCero BpeMeHH o6pas3oBaHHA ABYX IOCJe-
AoBateabHocTedl. Ecam Boo6pasutb cebe, 4TO cTpaTUrpadHueckue
paspesnl aHaJOTHMYHBL 3aMHCAM, NPOH3BOAHMBIM DErHCTPHPYIOLIHMH
ycrpoficTBaMy, TO OHH OyAyT BHITJSAETH TakK, KAK €CaH G 3TH
ycTpoficTBa paboTanyu C PAa3JHYHBIMH H HEHM3BECTHHIMH CKOPOCTSIMHE
B pas/iHYHbie BpeMeHa M Jake OOJbllyl0 YyacTb BpeMeHH paboTai
BCIIATE.

Tenmepe ofpartuMmcst x npoGJeMe TeOJIOTHYECKOH KOppeJsi-
UHH, TAe ClenuaJbHble YCJAOBHA HE TOJbKO O/aronpHATCTBYIOT
IICMONB30BAHMIO B3aHMHOM KOPPeJIALHH, HO W BCENSIOT HaeX-
oy Ha ycnex. B 1abu. 4.26 mnpexcraBaeHbl H3MepEHHsS MOLIHOCTH
CJ/I0€B, NOJYYEHHBIE H3 HEKOTOPOH MOCJeA0BATENbHOCTH 5OLEHOBHIX
O3epHBIX OTJA0KeHHll B CKaguCTHIX ropax. JTH OTJOXKEeHHS, SBJASI-
miHecsa 4acTeio cBHTL ['pnu-PuBep, COCTCAT H3 TOHKHX CJOHCTHIX
AOJIOMHTOBBLIX HeQTSIHLIX CJAHILEB MOUIHOCTBIO B AECATKH METDOB.
AHAJIOTHYHBIA pa3pes mpencTassed Ha puc. 4.22. JTOT paspes yaa-
7JeH OT NepBOro JiHulb Ha 16 KM, H, NO-BUAUMOMY, KOPOTKas mocJe-
M0BaTe/JIbHOCTh 3KBHBAJCHTHA HEKOTOPOH udacTtu GoJsee JJHHHOH.
Kaxne-160 Mapkupylowue caod WM OTJHYHTENbHbIE CBOHCTBA B
STOH MOHOTOHHOH YaCTH OTCYTCTBYIOT, U MO3TOMY Mbl AOJKHHI NPO-
BOMUTE BLIMIC/ICHHS KOPpeJSUHA INpH MONapHOM CPaBHEHHH MOLI-
HOCTH HHAHMBUAYAJbHBIX TJIACTOB B JABYX paspesax. Briuncaure s3a-
HMHYIO KOPPEJIOrpaMmy u OnpeneJsHTe NOJOXKEHHe Hauayduledf Kop-
peasiul MEXNY NByMs paspesamu. Kax Bol 06bsicHHTE ApDYrHe MO-
3HILHY ¢ MEHBUIHM, HO 3HAYMMBIM NONADHLIM CPaBHEHHEM?
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. n=5
aBHeHHe ABYX HeWHCIO- . te
Bsaumman accounauus 5::;' 4ﬁ£énggona7enbn§c¥eﬁ c I:[no- gﬁi
PaccMoTpenHole Bbllle METOAHl MPEJHA3HAUEHB! AJf CPABHEHHA % nse“:('ﬂ’gof::;ﬁoff:nggz:;iﬂ;l B gz; ‘
JABYX HOCJIBILOBaTe.}IbHOCTeI';I, 06pa3OBaHHbIX 3HAUYEHHAMH HEKOTOprX ) MONO¥EHHH MAKCHMyMa CXOACTBZ ,’:’:.'1 .
H3MepsAeMbIX NnepeMeHHbX. K coxasenuio, mHOrue crpaTurpagHue- ‘t g;:i -
CKIte HCCJeJ0BAHIIA MPUBOAAT K [OCAEA0BATEIBHOCTAM, KOTOPbIE CO- g 254
AepKaT TOJBKO HOMHUHAJIBHLIE JaHHLIE, H He NMO3BOJSIOT NPHMEHHTb 2 g22 |
METO1bl B3aHMHOH KOppeJasuuH. 3aJauya COCTOUT B TOM, YTOOHl Hafl- S cr!
TH Mepy CXOACTBA, KOTOpas, B OTJHYHE OT Ko3ddHIHeHTa Koppe- i o ;
JIAUMH, HE OCHOBBLIBA/1aCh Obl HA pPe3yJibTaTaXx H3MEpEeHHs H3ydaeMbiX y . e . ‘
nepemeHHbIX. OnNHuM U3 Haubo/lee 4acTO HCHOJAb3YEMBIX €0/10raMH ' 53
ME€TO10B ABJISACTCS METOX B3aUMHOH cBA3H. McxonHble naHHbBlE mpej- ’3 it
CTABJAT COOOH pAM COCTOAHME (HANpHMEp, TAaKHX, KaK JHTOJO- ; 83 ) §
PHUECKHE THI MOPOABI, T. €. M3BECTHSAK, IIECYAHIK, CJAHEL H T. A.), : SR m 2 30 40

HabaonaeMblX B CTPAaTHTpagiUecKoM pa3pede. STH COCTOSHHSA
B3aUMHO HCKJIIOYAIOT APYr ApYra H HE MOTYT GHITb PaHXKHUPOBAHBI
HHKaKHM OCMBICJEHHLIM o6pa3oM. B Merone B3aumocBsisell aBe Ta-
KHE NOCJeJ0BaTe/bHOCTH NMEPEABHIaloTCs OAHA OTHOCHTEJNBHO ApY-
TOH, U /sl MepeKpbIBAIOLIHXCA OTPE3KOB OUEHHBAETCS CTelleHb COOT-
BeTcTBUA. [{/1s1 Ka)KA0ro MoJIoXKeHUsl MOJCUMTHIBaeTCs obllee YHea0
CpaBHEHHH W YUCJIO COBMAAAIOLINX COCTOSHHE, 8 3aTEM BLIUHC/SAETCH
OTHOLICHHE YHCJA COBMAaJeHHN K OOLEeMy YHCJIy cpaBHeHHH. DTO OT-
HOIUeHHEe MOXHO HCIIOJb30BaTh B KauecTBe KO3((HUNEHTa CXOACTBa
IBYX uenei B MOJOKEHHH MePeKPLITHS.

[Ipennonoxum, 4To Mbl MPH H3YYeHHH paspe3a 3aKOAHPOBAJH
JIMTOJIOTHYECKHE THIIBl MOPOJ MO cXeMe: mecuaHdHK — 1, caanen — 2,
H3BECTHSK ~— 3, yroJb — 4, aneBpout— 5. SIcHO, 4TO Ccmoco6 Ko-
AUPOBAHHA COBePLIEHHO MpOuU3BOoseH. TakHM oGpasoM, ABa cTpa-
TUrpapHIECKHX pPa3pe3a MOKHO MPEACTABHTb CJEAYIOUHM 06pa3oM:

() 512125232425
6) 321525121232
CuaBunem BTOpO# pa3pes OTHOCHTEJIBLHO IEPBOTO H B KaXKI0M

cayvae HOACHHTAEM HICJO COBIaeHHH:
[lepBoe mosoxenire:

512125232425
321525121232
Yucno cpaBHeHuit pasro 1, uucno cosnageHuit — 0, OTHOIIe-

Hue — 0.
Bropoe noJoxKenue:

512125232425
321525121232

Yucao cpaBHeHHHt paBHO 2, uncso cosmajenuii — 0, oOTHOLIe-
e — 0.
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Upcno chapenkbix no3uywid (n)

TpeTbe NONOXKEHHE:
512125232425
321525121232

UucJo cpaBHeHUit paBHO 3, UMCJIO COBmajeHHi — 1, orTHoLIe-
uie —0,33.

Ecau Ha rpaduke KaxkAoMy IOJIOXKEHHIO CpPaBHEeHHs MOCTaBHTb
COOTBETCTBYIOMIEE OTHOIIEHHE, TO Mbl NONYYHM JIHHHIO, aHAJIOTHY-
HYI0 Koppesaorpamme. Taxolt rpaduk Aas AByX ceyeHui H306paxed
na puc. 4.40.

3HAaYHMOCTb OTHOWEHHS CXOACTBA MOXKHO YCTaHOBHTb C IOMO-
mpelo y2-kputepust. Hro0bl BEIIOMHUTH 3Ty MPOBEDKY, Mbl LOJIKHEL
oIpeeJHTh UHCJO COBNAJEHHH M UHCJO HECOBMAJCHHH B NMEPEKph-
Bawomuxcst yyactkax. JlJas 3TOro AOCTATOYHO BBHIYHCJHTH BEPOAT-
HOCTH NOABJEHHS 3aJaHHOI0 UHCJA COBMAAEHHH B IBYX COBEPUICHHO
cIyUafiHBIX TOCJAEA0BATENBHOCTAX. DTH CJAyualHble MOCJeN0BaTe/b-
HOCTH JOJIKHbl COAEPYKATh TaKoe :Ke HHCJIO HaGJI0fleHHll Kakaoro
THIIA, KaK H JIBe JaHHBbIE BbIﬁOpKH.

OTH JBE MOCJELOBATEJPHOCTH OyieM Ha3HBATh COOTBETCTBEHHO
tensio 1 u nenvio 2. [IpennosoxuM, 4To 1MeeTcs # KaTeropHi, Ha
KOTOpHe Kaaccuduuupylores HabiogeHus. Ecan mul 0603HauuM
4iCaA0 HabaIoAeHHH, NOMajaiollnx B Kiace ¢ HOMepoM (a), ,u,Jx”st! ne-

nu 1 uepes X, To obmas anuHa uenu 1 Gyler paBHa m=k2 lXm.

B uenu 2 nmeercs raxike m kateropuit, Kaxpas ¢ Xep Habuaiofe-
m

HUAMH, N mo3TOMY o0ulag AJHHA lemH 2 paBHA n2=k21Xgh. Yrobut

ONpeJenHTb BepPOSTHOCTb COBNAJAEHHs AAHHOrO uucja HabuawojeHui
B JBYX TOCJEAOBATEbHOCTSAX, MBI HOJXKHB pasjiejuTb CyMMy MNpo-
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m

nssenennit T Xy Xop mo Bcem kateropuaM Ha NpOH3BeAeHHEe AJUE

uerei, 1. €.

m
! ~
P = Ny, 2 X1 X g (4.69)
k=1

B mamem mpumepe uucsio KaTeropuit pasro 5. ITeppas uems coxep-
KNT ]1BA NCUAHNKA, NATH CJIAHUEB H T. A. UHcaa HaGaofcHuHl Ans
KaXKNOH KAaTerOpHU B JBYX LENAX NPHBEAEHH B Tali1. 4.97. [Tocae -
HUE cTON0eL TAabJHIbI COAEPIKHT IIpoH3BeNeHHe YHCcaa HaGaOgeHH
B KaXJ0W KaTeropHH, a nocJaefuss CTPOKA — COOTBETCTBY IOLIIIE
CYMMBL 110 CTOJI6UAM. BepoATHOCT mosiBAeHH XOTS 6B OLHOrO CO-
BIANEHUS B JIIOGOM NOJOKEHHH ABYX CJyYallHLIX MOCJ€L0BATENbHO-
CTeil DU HX CDAaBHEHHH NMPHMEHHTENBbHO K HAIIHM paspesam pasHa
39/(12-12) =0,27. BeposATHOCTE OTCYTCTBHS coBHagenus 1,00—
0,27=0,73.

MBI BLIYHCIIHII BEPOATHOCTS noJay4enus XoTs 6bl OZHOTO COBMa-
ACHHS B JBYX HeENSX CO CAyYalHO pPacHosOKEeHHBIMHU 3JIeMEHTaMH,
COOTBETCTBYIOIUHMH OJIHOMY H TOMY XK€ pAaCHpefeNeHHMI0 Hab.ioe-
HHH, KaK H B PaCCMOTPEHHBIX HaMH ABYX II0CJEL0BATENBHOCTSX.
Cpennee sHaueHue 4HCaa COBNANEHHH Jast HHTEpBaja MePeRpLITHS
ONpPENEJSIETCA KaK NMPOH3BEACHHE BeJHYHMHB P Ha YHCJIO cpaBHeHIH.
AHaNOrHYHO cpeaHee YHCIO HECOBMATeHMH PaBHO MPOH3BEACHHUIO Be-
aHuuHbl (I—P) Ha 4ucs0 cpaBHeHHH. [Ipeanmosoxum, uro gee no-
CJI€J0BATE/IPHOCTH B HalleM NpPUMepe HOJHOCTHIO TIepeKpHLIBAIOTCA,
B pesyqbTaTe 4ero moyvaercs 12 mosuuuii Aas cpaBHEHHA. Cpexn-
Hee 4HCJ0 COBMAJEHHH B IOC/E0BATENbHOCTH paBHO 12X0,27=3,2,
4 CpelHee YHCJIO HecoBmajgenufi paBHO 12X0,73=8.8, Hcnonbsys

Ta6auua 427
Hxcao HaGMIONEHHUIT KAKA0r0 H3 JHUTOJMOrHYECKUX COCTOSTHHI
B ABYX CTPATHrpa)HIECKHX FIOCAENOBATEALHOCTHX

Karteropus Hem 1 Lens 2 XlkXZk

1. IMecuanux

2 3 6
2. Caanen 5 5 23
3. Mapectuax 1 2 9
4, Vroap 1 0 0
5. AneBpoust 3 2 6
m
CymMu n=12 Hy=12 kZIXIkX“:Sg
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2 .
STH BEJHUYHHbBI, TOCTPOHM ¥ *-CTATHCTHKY:
2 (0O —E)? + (0! —E')2?
7= -
O — nabamo1aeMoe YHCJI0 COBIANEHHUH; O’—Hagnm%aemoee lmecé
meaecoxananeﬁnﬁ' E — cpexnee uucjo coBmajeHuii; £/ — cpein
JI0 ;

HecOBIaAeHHUI. . i} )
qmgzm rHMoTe3a O CJAYUAHHOCTH COBIAJeHH#i BepHa, TO 3Ta CTa

THCTHKA uMeeT yl-pacipelelsenie ¢ onHofl cremeHbio ¢BoGoAH. Ec-
JI cpejHee UHMCJO COBMNAACHHN

(4.70)

?

MaJio, Kax B cJgyuae COBHNaAeHHH

g6MU3H KOHIOB lemel, TO KpHTepHil MOMKHO yJy4IIUTb, ch/nc;gbz%ff
nonpasky Veiirca cv. [18]. Ona cBOJHMTCS K BEIMHTAHHIO 7/ 3 at-
COJIIOTHOTO 3HaueHHs PasHOCTH HaGJI0LaeMOro H CPeiHETo

HHUH:

0—E—1/20 (O'—E" —1/2 (4.71)
A £ + E’

i eTcsl HeH3MEHHBIM, v=1.
J10 cTeneHe#l cBoGOABl IPH 3TOM OCTa L
LIHCB namewm npumepe 0=2, 0'=10, E=3,2, E’=8,8, nosToMy KpH
Tepuii %2 paBeH ‘
o0 (2—‘3)2)2 _{_‘(10‘—8,8)2 =0
L= 3,2 8,8

[

1

i
4

b4

¥ siBageTcst nesnaunMelM. MOXKHO c1€JaTh BEIBOZ, YTO H&GJIIO}IBEMO?{
YHCa0 COBMAeHHil MEXKRY ABYMsS IIOC/EJ0BATEbHOCTAMH B naugg‘
MO3HIUKA CPABHEHUS He GoJibille, ueM CpejHee 3HauCHHe m(x);é[ ﬂrf(;.
CJAyYaliHbIX TOC/RL0BATE/BHOCTEH ¢ aHAJOTHUHOH CTPYKTYD BO. :
npaska Flefitca 1715 Maabix BLIGOPOK HE H3MEHSET 3TOrO BLIBOAA. )

Tak Kak Mbl HMeJH A€J0 C AHCKPETHBIM PAAOM COOBITHI (COBEIa
JeHHe HJIH HecoBhajeHHe), TO paclnpelesieHde 4acToT COBNAJEHHH B
YCJOBIAX HYJIEBOI [INOTe3b MOAYIHALTCA GHHOMHAJBLHOMY Sa}fOHy:
CpejiHee YHCJO BO3MOXKHBIX COBNAJeHHH IAd uBy); CAyUaHHBIX IO
chefloBaTe bHOCTEIl, KOTOpLIe CPaBHHBAIOTCA NPH n* CMapEeHHBbIX IO-
3HUIIAX, paBHO

E = P(n*). (4.72)

Paccrosune naGai01aeMoro 4iucaa COBMAJeHHH OT 3TOTO CPEAHErO B
eJMHHLAX CTAH/aDTHOTO OTKJOHEHNS BLIpaXKaercss mo Gdopmyne

N Gt S (4.72)
E(1—P)’

K COXaJIeHU0, Mbl He MOXeM BLIUIICJAHTD BEPOSATHOCTD MOJYyUE-
Hiid HHCJIIOLLeHIIH, Haleouwero C1o/1b Go/bllIoe OTKJIOHEHUE OT cpea-
HETO 3Ha4yeHHs OHHOMHAJBHOLO pacnpeﬂeneﬂnﬂ, ecJaH He 6ynen
HMETh L pacnopsxeiil  ero noapobHBIX ta6ani, Jlocaeanle He

BIIOJIHE TPUTOHBI Ipu GOJbIINX 3HAUYEHMSX 7, KOTOPbIe KaK pa3 H
HYXKHL B 3afaUax n3yyenus p3aumMocpsself. OfHaKO MBI MOXEM HC-
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10Jb30BaTh HOpMaJpHoe NMpHOJHKeHHe K OGHHOMHAJBHOMY pacmpe-
mesenuio [40], Boipaxmaemoe dopmysoii (4.74), u HaUTH BepoAT-
HOCTb TNOSIBJIEHHS 33JaHHOTO 3HAUYEHHSI OTKJ/OHEHHS OT CpelHero.
C 3To#i IleJbI0 MOXKHO HCNOJBb30BaTh TAOJMHLL CTAHAADTHOIO HOP-
MaJbHOTO pacnpeie/ieHus.

Z ==/ n* (2arcsin }/ O/n* — 2arcsin |/ P). (4.74)

[Noxcrapasa TpeGyeMmble 3HaYeHHS AJs ABYX INOCJAEAO0BATEAbHOCTER:
B ¢opmyay (4.74), noayuum

Z =112 (arcsin}/2/12 — 2aresin V0,27 ),

HJH
Z = 3,46 (2 arcsin 0,41 — 2 arcsin 0,53) = — 0,97.

CpaBHuBasl jBe CJaydyafiHble IMOCJAeAO0BATENbHOCTH, Mbl MOXKEM OXKH-
LAaTh TPH COBMNajeHHd, a HabJI0jaeM ABa, 4TO Ha OJHO CTAaHAAPTHOE
OTKJIOHEHHE OTJIHUAETCs OT OXKHAAEMOro yucaa copnajenuit. Habdato-
JaeMoe YHCJIO COBHNANCHUD B 3TON NMO3HUUK BNOJHE MOXKET ObTh CJAYy-
YyaHHBIM,

B kauecTBe mpuMepa IPHMEHEHHS 3TOr0 KOPPEJSHHOHHOTO METO-
La pacCMOTPHM 3ajauy COIOCTaBJeHHd MHOXeCTB HaOmiofeduil B
paspesax yrospHOro GacceifHa mentpasabpnolt Anrsiuu. Xopoure 06-
HaXKeHHs MOPOJ 3/iech PelKH, a 3JeKTPOKapoTaX He JaeT KaKo#-
anbo uHdbopMauuy, nosToMy Gosbpllasg uacTb AAHHBIX O CTpaTirpa-
(hHYECKOil MOCJIe0BATENbHOCTH NOJYyYeHa H3 rAy6OKHX BuipaboTok,
TaKHX, KaK Kapbepbl M LIAXThl. 3aKOAHDYeM JHTOJOTHUYECKHEe pas-
HOBMJIHOCTH TODPOJ TakuMm oOpasoM: 1 — IecuaHHK; 2 — aJIeBPOJINUT;
3 -—caanen, He cojepXaluil ¢ayHb; 4 — moacTHJAOIlas TJHHA;
5 —yroab; 6 — caaHel, cofep¥Xalluil ¢ayny; 7— u3BecTHsK, [lep-
BEI pa3pe3 M3ydaJicsl B 3aTONJEHHOH yroJbHOH maxte. Bropof, me-
Hee MOLIHEIN pa3pe3 o6HaXeH B CTeHE OTKPHITOrO YroJbHOTO Kapbe-
pa B 10 kM or mepBoro. HalauTe moJsoXKeHHs HAHJAYUYLIEro copnaje-
HHSl KOPOTKOH W JJIMHHON mHocJefoBaTesbHocTed. Jlannuie mpusene-
HHl B Ta6J1. 4.28.

V3 mpeapigyllero mpuMepa fCHO, YTO METOJ H3YUEHHsI B3aHMO-
cBssell He 00s13aTeNbHO IKBHBAJICHTEH METOAYy B3aUMHOH Koppess-

Ta6auua 428
JlBa 3aKORMPOBAHHHIX CTPaTHurpaduuecKHx paspesa B UEHTPAIbHOA AHTIUH

{OcuoBauue)
Paspes maxTtH 2 4 5 6 3 4 5 3 1 4 5 3 4 5
3 4 5 4 5 3 2 4 5 3 4 5 3 1
4 5 4 5 6 3 4 5 6 3 4 5 2 1
3 4 5 3 5 3 2 4 5 3 5 2
(OcuoBanue) (Bepx)
Paspes xapbepa 4 5 3 4 5 4 5 3 2 1 2 4 5 3
O6oanauenHl s |— NecuawHK, 2-— aJeBPOJHT, 3 -— craHel, He COLeDXau(Hii dayHbl.

4 — nojCTHAAKOWAA TAMMA, b — yroab, 6 — cllamen, cofepXawiyfi ayHy, 7— H3BECTHAK.
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nuu., Mmesa geno ¢ BPEMEHHBIMH DSAfaMH, Mbl JOJKHEI Mpeanosa-
raTh, UTO HAOJIOACHUs DACHONAralTCs B TOYKAX BJOJb HEKOTOPOE:
NIpsIMOfi: 9TO OTpaHHYEHHE OTCYTCTBYET B aHA/H3e B3aHMOCBAICH.
Hawy naHHble MOTYT NPOCTO COCTOSTH I3 ITOCJEN0BATENBLHOCTH CO-
CTOSIHMII, TIEPEUHCJIEHHEIX B TOM IOPsi/iKe, B KOTOPOM OHH BCTpeda-
jorcsi. Kak H B TOJIBKO UTO TNPHBEAEHHBIX CTpaTHrpadUyecKHX pas-
pesax, pacCTOSHHA MeX1y MOC/Iel0BATEJNbHLIMH —TOUKAMH B STOM
cayuae HecyLIeCTBEHHEL

AHaJOrHYHEIM 00pa30M HEUHCJ/IOBbIE MOC/EJ0BATENbHOCTI MOXK-~
HO CpaBHHBATb C CaMiMi COOOH; 3TOT MpONECC Ha3LIBAGTCH aBTOAC-
connauneli. Aproaccounanisl NOJe3Ha INpPH HCCIENOBaHHHM NepHO-
JAMYHOCTEH B MOPAJKE CJAeJ0BaHHA COCTOSIHMA M OYEHb LIHPOKO HC-
NoJIb30BaNach MpPH Hccae 10BaHuH LHKaoTeM [47].

B sToM cayuae CpaBHHBAIOTCS He JBE I0CJe]0BaTe/IbHOCTH,
a OfHA MOCIeLOBATENbHOCTh caMa ¢ Ccofofl. YKaxkeMm BEepOATHOCTE
xoTsl 6Ll OJHOrO COBIAAEHHS B 3TOM cJjyuyae. bunoMuajbpHas Bepo-
ATHOCTb NOJYYEHHsI NAHHOrO UKCJA COBNajenuft B caydaiinofl mocse-
ZOBaTeJLHOCTH NPH CpaBHEHUH ee caMOi ¢ cOOOH COCTaBHT

m
P=| YX.2—n (i*—n). (4.75)

k=1
Mu npenmosiaraeM, 4YTO IOCJEAOBATEJIbHOCTD HpEACTaBJSET CO-
60# cayuaiiHoe pasMellleHHE /1 COCTOSIHHE MJIH KJAacCOB, IPHYEM
Kaxjoe cocTosiniue Bcrpevaercs Xp pas. OOllee 4nca0 HabMOfeHUR

m
paBHo X Xp=n. DTy BepoATHOCTb HaAO0 MPAMO MOJCTABJIATL B
k=1

(4.72) u HcHONB30BATH NPH BBIYHCJAEHHU Y ’-pacCHpejesieHus U CTaH-
MapTHOTO OTK/IOHEHHS. Kpurepu#l npennasHaden JJs NpPOBEPKH HY-
JIeBOH THIIOTE3bl, 3aKJIOUAIOLIEHCH B TOM, YTO YHCJO COBMAfEHHH He
OT/HYdeTCd CYUeCTBEHHO OT OXKHUJIAEMOro YHCJa COBIANCHHH JOJ%
Cay4yafHON MmocJ/e]0BaTeJbHOCTH NPU CPABHEHHH €€ ¢ caMol coGoi,
Hna uamocTpanin npuMeHeHHss METO4a aBTOACCOUHAUHH MOXK-
HO HMCNOJIB30BATH JaHHble H3 pas3pesa maxThl (cM. Taba. 4.27).
Ecan B paspese maxrtsl 6yaer cofepKaTbesi MHOTO IOBTODSIIOLINXCS
3JIEMEHTOB, TO 3TO MPHBEJET K HEOOBIKHOBEHHO BBICOKHM 3HAUEHHAM
OTHONIEHMH, XaPAKTePHU3YIOIHX COBNAJCHUS, H K 3HAUUTEJbHBIM OT-
KJOHEHHAM OT OXKHJAeMOro CpefHero uucja cosnagenufi. HWnrep-
NpeTauns rpagukoB, XxapaKTepHU3YIOUHX B3aHMOCBSA3H, NPOBOIHTCS
aHAJNOTHIHO HHTepIpeTallid KoppenorpaMM. OAHAKO KO3(hPHUHEHT
B3aHMOCBS3H BLIYHC/IAETCA HA OCHOBAHHH HOMHHAJBHBIX AAHHBIX, H B
CHJIy 3TOrO MHbOpManus, Colepxaliasicas B IIOCJAeI0BATENbLHOCTH,
3HAYUTE/IbHO OellHee, YeM B 5KBHBAJIEHTHOM BpeMeHHOM psiny. Tak
:gx MEL HCMOJNB3YeM KauyecTBEHHBIE JaHHBIE, TO HE MOXEM OXHAATh
ers(e)z i{:gs;ynmam, KOTOpBIH MOXHO GBL10 GBI MOJYYHTb NPH aHa-
LLAX BPEMEHHEIX PANOB. DToT GaKTOP HEOGXOLHMO yuu-

TBIBATh NPH HHTEPTpeTAnHY
e3yJabTaTo B3aMMOCBSI3M H aBTO-
AcCoNHALHSM, pesy B IO OCB M 0

18—20
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NOJYBAPHOIPAMMDI

TepMHH reocTaTHCTHKA ceHuac IIMPOKO IPHMEeHACTCSH K CHELH-
AJIbHLIM BETBSM NPHKJIAJHOH CTAaTHCTHKH, HAYaJ0o pa3BHTHA KOTO-
poil 6pio mosoxkeno I'. MarepoHom B llenTpe wMaTeMaTliueckol
mopgonorun B Poutentao, ®panuus. Llesb reocTaTHCTHKI COCTOA-
Jla B HCCJeJ0BaHHH npobJjeM, KOTOpble BO3HHKAWOT TOrAa, KOrja
00blYHAA CTATIICTHYECKAS TEOPHS HCIOJNB3YyeTCH B OLEHKe H3MeHe-
HIIEl COAepXKAHHA DYAB B pyAHOM Teje. OJHAKO TaK KaK IeoCTaTH-
CTHK@ ecTh aOCTpaKTHas TEOpHSA CTATHCTHYECKOIO MOBEAEHH, OHA
IpHMeHlIMa KO MHOIHM OOCTOATENLCTBAM B DAas/HYHBIX 00/1acCTAX
reoJOrdll U JPYTHX ecTecTBeHHBIX HayK.

KnmcueBoe moHsATHE reOCTATHCTHKH — MOHSATHE DErHOHAJII30BaH-
HOIl nepeMeHHOIl, KoTopas HMeeT CBOHCTBA, IPOMEXKYTOUHbIE MEeKIY
CBOIICTBAMH NOJHOCTBIO CJyYallHbIX BeJHYliH H HOJHOCTBIO AeTepMIH-
HHPOBAEHLIX NepPeMeHHbIX. THUMNYHBIE pervoHaJaN30BaHHLIE Hepe-
MeHHEle SBJAITCA (QYHKUUSMH, OIICHIBAIOLIUMH eCcTeCTBeHHLIe sIB-
JIeHIs] ¥ MMEIOIHMH reorpaduuecskoe pachnpejeseHne, Takile, Kak
BbICOTa Haj YPOBHEM MOBEPXHOCTH, H3MEHEHHS COJAepKaHHH B pyn-
HOM Te/le MJIH CIOHTAaHHBIH 3JeKTPHYECKHH NOTEHUHaJ, H3MepeHHbIH
B CKBAaXKUHe METOIOM KapoTaxa. B orauune or cayyalHbIX, perso-
HaJII30BAHHBIE TlepeMeHHble HENPEPLIBHEI OT TOUYKH K TOYKe, HO H3-
MEHEHHUA HX HACTOJBKO CJOXKHEL, YTO OHII He MOTyT OBbIThb ONIICAHEL
KaKo0ij-Mud0 peryIsipHO# JeTepMHHHPOBAHHON (hyHKIHEH.

Jaxke HecMOTPs Ha TO UTO perilOHAJH3HPOBaHHAS MNepeMeHHasd
HelnpephBHA B NPOCTPAHCTBE, OOLIYHO HEBO3MOXKHG 3HATh ee 3Haue-
Hue B Jn060H Touke. BmecTo 3TOro ee 3HauyeHHs: I13BECTHE! TOJIBKO
6garopaps mpobaM, Kotopble OGepyTcsi B OmpeleseHHBIX MecTax.
Pasmep, Buj, OpHeHTalHs U [POCTPAHCTBEHHOE pasMeUleHHe 3THX
npof cocTaBAAlOT 0a3y perHoHaJH30BaHHON IepeMeHHOH. Jra ne-
peMeHHas IpH N3MEeHEHHH XOTS Obl OZHOTO H3 3THX IapaMeTpoB Oy-
IeT HMeTh pasiHulible XapaxTepHCTHKH. Hanpumep, npeanosnoxii,
YTO MBI XOTHM OTPEAEJHTh H3MEHUHBOCTb COPTa BKPAIIEHHBIX PV
B MOAuGIEHOBOM MeCTOpOXKIeHHI. BeposTHO, pe3yabTaT aHaJlil3a
5-CaHTHMETPOBOIO KEepHA, IOJYUCHHOTO NpH anMasHoM OypeHun, Oy-
JIeT OTJHYATBCS OT pe3yJ braTta HaMedbUeHHsl Npod H3 PYAHLIX 0TBa-
J10B. B oGoux cayuyasix MBI MOIJH Obl B3ATh B TOYHOCTH TO Ke caMoe
4Hcg10 1pod, 11 oHN MOrJau Obl GBITH HOJYYeHBl 113 HASHTHUHBEIX Mec-
TOmoAOMeHHH B pyaHHke. OfHAaxo TOT (haxT, 4To 0ObeMLl mpob B
0AHOM MHOXKeCTBe H3MepdAlTcs B KyOHUYecKHX CaHTHMeTpax, 4 B
IpYrost — B KyOHUecKHX Merpax, HeH30eXHO [0JIKeH BJHSTL Ha
CXeMY }I3MEHUMBOCTH COPTHOCTH DYABL, KOTODYIO MBI KapTHpyeM B
pyaunxe, [naBHas 3ajaya recCTaTHCTHKYU — CBA3aTh pe3yJ/bTaThl,
fosiyueHHble no ofHoll 6ase (HampuMep, ofpasiusl KepHa), ¢ pe-
3yabTaTaMi, MOJTYYEeHHBIMH JJSl ApYyroil 6aswl (Hampumep, sKCmaya-
TalHOHELIE BJO0KH).

IeocrarucTuka nos3BoJfeT AaTh OLEHKH (OPMBI DPErHOHAJH3HPO-
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BAaHHHIX NepeMeHHLIX B OJHOM, ABYX H TpeX u3MepeHusx. B caenyi-
el raaBe Mbl 6ojee MOAPOGHO paccMOTPHM NPOLEAYPY OLEHEKH..
nassiBaeMylo xpaiiruaroM. Cefiyac Mel KOCHeMCH JHLIb OfIHOH 13
BAYKHEALINX CTATUCTHUECKHX XaPAKTEPHCTHK reoCTaTHCTHKI, & HMEH-
HO TOHATHS IOJYAHCIEPCHH, KOTODOE HCIOJb3yeTcss JJf BhipakKe-
HHsST CKOPOCTH M3MEHEHHsl PerHOHa/JH30BaHHbIX NEPEMEHHLIX BLOJb
3a[aHHOrO HampapJeHus. OueHKa NOJYAHCHCPCHH COAEPKHT TpoO-
eJyphl, aHaJOCHYHbBIE IPOLENYpAM aHaju3a BpPEMCHHLIX pILOB,
CAeJI0BATE/bHO, IPUBOANT K HEOOXOAUMOCTH HCIOMb30BAHIA Fe0CTd-
THCTHKH. .
[Nonyaucnepcust ecTb Mepa CTelleHH MPOCTPaHCTBEHHOH 3aBlicil-
MOCTH MeXAy mpo6amu B30Jb 3afaHHOH 0asbl Jlas TpoCcTOTB! Mbl
NpPEAMNOJIOKHM, YTO MpoObl SIBJSIOTCA TOYSUHBIMH H3MEPEHHAMM ie-
KOTODOro CBOHCTBA, TAKOro, KaK ray6nHa MOJANOBEPXHOCTHOTO roph-
3onTa. JI1g obJerueHusi BLIUHCJAEHHH Mbl OylaeM jpajee mpeanc.a-
ratb, uTo 6as3a peryJasipHas, T. €. NpOGL PaBHOMEDHO PacClOJOXKEHb
B NIPOCTPAHCTBE BAOJDb NMPAMBIX JHHHH. Eciu paccTosHHe MEHLY
npo6aMu Mo NMpsSMO¥ JHHHH DAaBHO HEKOTODOH BeJHYHHE A, TO MOJY-
JUCTIEPCUSA MOXKeT OLITh Bbancgexga JUIsT pacCcTOSIHHH, KpaTHBIX A:

o= 21,1 Z (X — Xisn) (4.76}
i=1
B sTux 0603nauenusx X; — 3HayenHe DernoHaJH30BaHHON mepeMeH-
HoO#, B3sATOf B Touxe i; Xiyn— Apyroe 3HaueHHe, B3ATOE yepes A
HHTepBasoB. Mbl MO3TOMYy HAWIIK CYMMy KBajpaToB pasHOCTel:
MEX]y 3HAUYEHHSMH PErHOHA/JM30BAHHOH NEpeMEHHOR B mape TOoYek,
pasjesneHHbIX paccrosHueM Ah. Uucno Touex paBHO n, TaK YTO YiC-
JIO CpaBHeHHH MeXAy napaMi Touek ectb n—Hh.
Ecau Mbl BLIYHCAHM HOJYAHCHEDCHH AJS Pas3/JH4YHBIX 3HAYeHHH f,
TO Mbl MOXKEM HaHECTH pe3yJbTaThl Ha rpadHK B BHAE HOJYBapHO-
rpaMMBbl, fABJsIOLIeNics aHasjoroM KoppejorpamMel. Ha pue. 4.41
NpeACTaBJeHa MOJYyBapHOTpaMMa, COOTBETCTBYylouas raybiine cefic-
MHYECKH OTPa’KaloUiero FOPH30HTA M NMOCTDOEHHAS N0 M3MEpPeHHAM
BIOJb ceflcMuueckoro npodias, npuseaenuoro Ha puc. 4.42. 3ame-
THM, 4TO KOr[a pacCTosHHE MEKAYy TOUKaMH ONpoGOBaHHA PaBHO
HYJIO, TO 3HAY€HHe B KaXKJOH TOUKe CPAaBHHBAETCS C caMHM coOofi.
CaiefoBaTesIbHO, BCe PA3HOCTH DABHEL HYJI, H MOJYAHCIEPCHS 15
Yo €CTb nyab. Ecan Ah — masoe paccrosinne, TOUKH TPH CPABHEHIH
OKa3LIBAIOTCSl OYeHb MOXOXKHMH, H Hosyaucnepcus 6yjper maaa. [lo
MEpe YBEJIHUCHHS paccTOoAHHA Ah cpaBHHBaeMble TOUKH CTaHOBSTCH
cnabee CBSISAHHBIMH ADYT ¢ APYTOM H paccTOAHHSA MeXJAy HHMHU yBe-
JITYHBAIOTCH, UTO NMPUBOAHT K GOJBUIEM 3HAUCHHAM Yn. IIpeamnosio-
KAM, UTO HA HEKOTOPOM DACCTOAHMH CpaBHMBAEGMHE TOUKH HAXO-
AATCS TAK NaJICKO, YTO OHW He CBAI3AHBI APYT C APYTOM, H HX KBa1-
PAaTbl pa3HOCTe# GynyT paBHBLI MO BEJHYHHE JUCIEPCHH OTHOCHTEJb-
gggiocrlz)?;ﬁgo shHauenus. [lonynucnepcust 6osiee He pacTeT H NMOJy-
N€PeXoauT B MJOCKYI0 06/1acTh, HAa3BIBAEMYIO NOpPO-
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Puc. 4.41. TlonysapuorpamMma a6couoT-
45 HEX OTMETOK KPOBJM MeJoBoli dopma-
MM, H3MepeHHOIl BAOJb MOPCKOro cefic-
12 MHYECKOTO pa3pesa B Maremn1aHoBoM
npoause, Ynmm [38].
Jlunusa, u300paKeHHasm TOUKAMH, upeacras-
AAE€T NOpor, HJH JAHCTNEePCHIOo, BO3BBILIEHUH H
R paBHa 8380 m% Panr, ykasauuniit crpeda-
. Koﬁ,—paccrosmue, HHXKE KOTOpOoro pasHolThb
MEXIAY JAHCHNEPCHAMH H TOPOroM cydHtaercs
M npenebpekumMo manoh (3,5 km)
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1400 r
Puc. 4.42. TloanouseHHBE CTPYK-
TypHBle  aBCO/IOTHBIE OTMETKH
1600 - KpOBJH MeJ0Bol dopmaly, oue-
L HEHHbBle II0 OTPAaKeHHIO celcMi-
YeCKHX BOJH BAOJb 21-KujJoMer-
1800 pPOBOI'0 MOPCKOTO TpaBepca B Ma-
L reananoBom npoause. Celicmuue-
cKkHe u3Mependsi B3ATl B 300-
2000+ » I - ] MeTpoBOM HHTepBajde [38]
0 5 10 15 20 um

Faybuna Huxe ypodna
MOpS , M

toM. Paccrosinne, Ha KOTOPOM NMOJYAHCIepCcHA MpuOanKaerca K aic-
fiepCHH, Ha3LHIBAETCH PAHIOM, HJIH Pa3MaXoM PerHoHasJH30BaHHOH me-
pEMeHHOH, OHO olpeje/]sieT OKPeCTHOCTb, B Ipelesnax KOTOpPO# Bce
[OJIOKEHUS CBA3AHDLI APYT C APYroM.

Jlsist HeKOTOpO# NpOU3BOJIBHOH TOYKH B IPOCTPAHCTBE MBI MO-
JKEeM TNpPEACTaBHTh cefe OKPecTHOCTh KAK CHMMETDHUHBIH HHTepBaJ
(nau maomanb, win o6beM, B 3aBHCHMOCTH OT Da3MEpHOCTH) BO-
Kpyr touku. Ecau pernonajusoBaHHas NepeMeHHAasl CTalHOHapHA
HJH BCIOAY HMeeT O1HO H TO XKe cpejiHee 3HaueHue, TO JOGOe I0-
JIOXKEHHE BHE 3TOr0 IHTEpBaJ/a COBEPIUICHHO HEe3aBUCHMO OT IIEHT-
paJbHOH TOUKH M HE MOXKET AaBaThb HH(OPMAUHIO BOKPYr 3HAUEHIHHA
perHoHa H3HPOBaHHO nmepeMenHOil B 3Tol Touke. B npenenax 3Toil
OKPECTHOCTH, OJHAKO, PErHOHANH3HDOBAHHAS MEepeMeHHas BO BCEX
gabalogaeMBX TOUKAX CBs3aHa C DErHOHAJH30BAHHON HepeMeHHOH
B UEHTpaJbHOH TOYKe M, C/eJ0BaTe/bHO, MOXET OBIThb HCHNOAL30Ba-
Ha A OLIeHKH ee 3HaueHHs. Ecau MBI HCHOJb3yeM MHOMKECTBO Ii3-
MepeHHH, CAe/aHHBIX B TOUKAX BHYTPH ITOH OKPECTHOCTH JJIS OLeH-
KH 3HAYeHHs PerHOHAJHM30BaHHON mepeMeHHOH B LEHTPAAbHOHR TOY-
Ke, TO TMoJjyBaprorpamma ofecneyur coOCTBeHHLIE Becd, KOTOpbIE
LOJKHEL OHITh MPHUIHCAHB KaXKA0My H3MEPEHHIO.

OcraHOBHMCS KOPOTKO Ha (axTe, KOTopulli OyAeT HaM MoJe3eH
noaxe, [lonyaucnepcusa paBHa He TOJAbKO CPeJHEMY 3HAUCHHIO KBaJ-
paToB pas3HocTell AJA Map TOUeK, PACMOJIONKEHHBIX Ha DPacCTOSHHH
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Ak Apyr OT ApYra, HO M AHCIEDCHH STHX pasHOCTeH, T. €. NoJyaHucC-
TepcHs MOXKET ObiTh ONPENENEHA N0 qx;pmy.ne .

1= e Y= Xe) = - 2= Xe) |
3aMeTHM, YTO cpelHee 3HaueHHe peryoHaJH30BaHHON mepeMeHHOH
X, ecTb TaKwe cpeiHee perHoHaJ/IM30BaHHOH nepeMeHHOMH Xi+n, TaK
KaK 3TO— T€ ke caMble Ha0/01eHHd, TOJNBKO B3fTHE B APYroM mo-

psike, T. €.

(4.77)

$X;  SXia

n n
TlosToMy HX Pa3HOCTb AOJIXKHA ObITb paBHA HYJIO
Xy XXivw _
n n

KoMOHHHPYSA CYyMMBI, MOJyYaeM

(ZX: —3Xiwn) [n = [Z(Xi — Xitn) }/n = 0.
Tloacrasasisg B (4.77), MBI BHAHM, YTO YHCJIHTEJb BTOPOTO YJIeHA pa-
BeH HyJIO, TAK 4TO 3TO ypaBHeHHe COBMajaer ¢ ypasHeHneM (4.76).
3aMeTHM, YTO 3TO COOTHOLIEHHE CTPOrO CIpaBelJJHBO TOJBKO TOTAQ,
KOT/Ja DerHoHai30BaHHAs MepeMeHHas cTaluHoHapHa. Eciu paHHbe
He CTAalMOHApHBI, TO CPeJHee 3HaUEHHE MOC/eNOBATEAbHOCTU H3Me-
Hsercst BMecte ¢ f, 0 (4.77) ROMXKHO OBITh MOJH(HIHPOBAHO.

Kak u cieioBajso OXKHAATb, HMEIOTCA MaTeMaTHUECKHE COOTHO-
weHys MeXAy MoJyaucnepcHell H JPYTHMM CTATHCTHKAMH, TAKHMH,
KA4K aBTOKOBapHailili U aBTOKOppeasuus. Ecau pernoHasn3oBaHHas
nepeMeHHas CTaliOHapHA, TO MOJYLHCHEPCHSl AJS paccToaHus Ah
paBHa pAa3HOCTH MeXJIy AHCIepCHed H NPOCTPAHCTBEHHOH aBTOKO-
BapHanuell s Toro xe pacctosHus (puc. 4.43). Ecau permonasu-
30BaHHAaN IepeMeHHasl He TOJBKO CTalHOHApHA, HO H CTaHAapTH30-
BaHa Tak, YToObl CpejHee PAaBHAJIOCH HYJIO, & AUCIEPCHA €AHHHIE,
TO noJysapHorpaMaa OyAeT 3epKaJbHLIM OTpaxKeHHeM aBTOKOppe-
JALHOHHOHA dyHKUHE (puC. 4.44).

K coxanentio, yacTo perHoHaJH30BaHHble [EPEMEHHLIE HE CTa-
LHOHAPHBI, CKOPee OHH OTDAaKalOT H3IMEHeHHUS HX CPeJHHX 3HAUCHHUH
OT TOYKH K ToUke. Ecan Mbl mombiTaeMcsi NOCTPOHTh IIOJYBapHO-
TpaMMy [JISl TaxOil NmepeMeHHOH, TO O6GHapyXKHM, UTO OHA MOXeT He
HMETh OTHCaHHEIX Bbille cBOHcTB. OAHAKO €CJH NMepecMOTpeTh olpe-
leneHHe NOJaYIHCIEPCHH, NpHBeleHHoe B ¢opmyae (4.77), TO MBI
3aMETHM, 4TO OHO COCTOHMT H3 JBYX 4YacTell, mepBas COOTBETCTBYET
Da3HOCTIM NepeMeHHOH B Mape TOYEK, a BTOpad — CPejHeMy STHX
pasnocredf. Ecnu pernonamuzobanHas —TepeMeHHas CTaLMOHApHA,
TO, Kax Ml Blijie.11, BTOpast 4acTh pPaBHA HYJIO, a €CJH OHA HeCTa-
UHOHapHE, TO 3TO cpenHee GyAeT HMETh HEKOTOPOE HE PABHOE HYJIIO
3uauenue. [eficTsure s bHO, pernoNanH30BAHHAS NEPEMEHHAS MOXKET
GLiTb paccMoOTpera kak cocrosuias H3 JIBYX 4acTefl, Ha3HIBaeMBIX
OCTaTKOM M ApudTOM. HpudT — 3TO MaTeMaTHYECKOE OKHLAHHE pe-
THOHAJIM30BAHHOH MepeMeHHON B TOYKe i, UJIH C TOUKH 3PEHHS BHI-
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Puc. 4.43." Coortrouwense Mexny moJy--

) AHCHEDCHEH Vi M aBTOKOBapHaUkeil 14

o i CTAUHOHADHON PeruoHa i30BaHHOM Te--
PeMeHHOIT,

2 .
0y AWCNEPCH BabmoaeHul wAH 2BTOKOBa-
?) pHalua Ias nara 0. Oas 3Hayesnit spe 3T0-
) TO MHOKECTBA Yy =0,

L&

h

4
7500

5000

2500
Puc. 4.44. Coor-
HOLIEHHE MeM Ay
noayaucuepcaei
Y» 1 aBTOROpPDE-

N——— JsuHell pn s

CTalHOHAPHOI

OL_LJ T R N VG N N N N T N A R R O PerioHaAu30-
5 10 15 BLHHOI nzpe-
Jlar MEHHON

YHC/IEHNI], B3BELIEHHOE CpejHee BCEX TOueK BHYTPH OKPECTHOCTH
BOKDYT TOUKH 1. Hpu¢r Oyzer umers BUA KPUBOH, anmmpoKCHMHpY-
IOIEH pernoHaIM30BAHHYIO NepeMeHHylo. Ecmi apudr BhivecTs 13
peruoHa/Ii30BAHHOM NepeMeHHOH, To ocTaTku R;=X,—X; camu ga-
AYT DErHOHA/IM30BAHHYIO MEPEMEHHYIO, HMEIOLIYIO CPejHHe 3Haue-
HHSA, paBHble HyJ0. JpyruMir c1oBaMH, OCTaTKH OyAyT CTauHOHap-
HBIMH H MOXHO NOCTPOHTb HX MOJyBapHOrpaMMmy.

31ech Mbl HEOXHAAHHO NPHXOAHM K npobJeMme LHKJIHYHOCTH.
HpudT MoKeT OHTH OLEHEH, eCJH MBI 3HaeM Pa3Mep OKPEeCTHOCTH H
Beca, NIPUNHCAHHLIE TOUYKAM BHYTPH 3TOH oKpectHocTH. OfHAKO Beca
MOTYT OBITb BHIYHCJEHBI TOJbKO B TOM CJyyae, ecJH MEl 3HaeM [o-
JyNHCHEPCHH, COOTBETCTBYIOLE DACCTOAHHAM MEXKAY TOYKOM i,
LEeHTPOM OKPECTHOCTH M Pa3JIHUHBIMH APYTHMMH TOUKaMH BhIuHc/IeH-
HBIH OZiHaX /bl APH(T BLUATAEM H3 3HAYCHHUH, NOJYUeHHHIX NpH Ha-
6moennu. IlonyyeHnyio cTallOHAPHYIO TIEPEMEHHYIO B CBOIO OYe-
pelb MOXKHO HCNOJIb30BATL JJIST OLECHKH pa3Mepa OKPeCTHOCTH B BH-
Je TIOJyBapHOrpaMMBL.

Tenmeps ocnaGuM cTPOrocTh HAlUKX ONpejeseHHil H nepefieM K
MeTofy mpob u ownGox. CHauana HYXHO NpPU3HATB, YTO HEAb3s
ONpEAEeJHTb OKPECTHOCTh B TOM CMBICJIE, B KOTODOM MBI HCIIOJIb30BA-
JH 3TOT TepMuH. BMecTo sToro oxpecTHocTh ompegeasieTca  Kak
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yAOOHBIH, HO BCE XKE NpPOH3BOJbHBIE HHTEpBAJ, B Npejenax KOTopo-
'O Mbl yBEpEHHO MOKEM YTBEpXKIaTb, uTO BCe TO3HIHH CBA3AHDI
APYL € APYroM. [TpeanoJIOXKHM, YTO B Npefejax 5TOH NPOH3BONBHOH
OKpecTHOCTH APHGT MOKHO alNPOKCHMHPOBATH NpPOCTHIM BhbIpazKe-
HieM, HallpHMep _
Xo = Zb1X¢'
(omnelinbli ApudT) HAH Ke

Xg = Z(b1XL + b2Xi2)
(xpanparnunuiit 1pu¢r). B 31U (hopMy.Ibl BXOAAT KOOPAHHATLL BCeX
3ajanHbIX TOYEK BHYTPH TPOHU3BOJIbHON OKPECTHOCTH, TaK UTO Cylle-
CTBYIOT B3alMOCBA3H MEXKIY Pa3MepoM  OKPECTHOCTH, IpHOTOM H
T0JTyBapHOTPaVMMOil OCTATKOB. Ecaui 0KpeCTHOCTh BeJHKA, BblYliCjie-
wis apidTa 6yIVT OCHOBAHBL HA GOJIBIIOM UHC/E TOUEK, H apudT
Mozkno GyleT OpeicTaBHTh OYEHb raajkoil xpusoil. B oToM cayuae
oCTATKH OyIVT XapakTepH3oBaTbCsi GOJBLIOH H3MEHYHBOCTBIO, & TO-
NyBapHOrpajMia OKaKeTcs CJA0XKHOR To Qopme. CuiegoBaTenbHO,
crnewnuKa pasvepa Majoil OKPeCTHOCTH OyNeT BAUSATH Ha GOJIBIIY 0
H3MEHUHBOCTh OLEHKH ApH(PTa, HA yMEHpIIEHHE OCTATKOB H Ha IpO-
CTOTY BapHOTPaMMBL

Onpegeaenie koddduuientos b apudra Tpeyer pelleHns He-
KOTOPOrO HilcJ1a COBMECTHBIX YDaBHEHHH NOBLIUEHHOH CJIOMKHOCTH,
omicaHIle KOTOPHIX OTKJalblBaeTcss [0 pasjena, MHOCBALIEHHOIO
kpafirnary. EQnHCTBeHHbBlE TiepeMeHHble B 3THX YPaBHEHHAX — 3TO
noayaHcHepciii, COOTBETCTBYIOILHE DA3JHYHBIM PACCTOAHHAM MEXAY
‘TOYKOH ¢ HOMEPOM { H APYTHMH TOYKaMH B PACCMAaTpPHBAEMOH OKpe-
etHocTi. Ojiako CHH elile He JAlOT NOJyBapHOrpaMMbl, H3 KOTOPOIQl
cjeayeT MOJAVUHTe HeoOXOMuMble moayaucmepcur. MoxHo pomyc-
THTb, YTO HO.JVBAPHOIpAMMa HMeeT KaKOH-JHO0 eCTeCTBEHHBIH /s
Hee BMj, Il 1CM0JAb30BATH €0 B KauecTBE MEPBOrO MPHOMUDKEeHHS.
K cuacreio, ;1€rko mpeaBHieTb BHA NDPOCTOH IOJYBapHOrpaMMBbl,
I 9TO 103BO.I7A€T LCM0JNb30BATh OKPECTHOCTh HACTONBKO MaJOro pas-
Mepa, HaCKO1bKO 3TO BO3MOKHO.

DKCneplMeHTa bHbe OLEHKH APHU(Ta BLIYHTAIOTCA H3 COOTBETCT-
Byooulnx nabai0leHuil, B pe3yapTaTe 4Yero moJay4aeTcs MHOXKECTBO
SKCIEPHMEHTAAbHBIX OCTATKOB. 110 3THM OCTaTKaM MOXHO BBbIYHC-
JUITB TIOJAYBAaPHOTpaMMy I 34T€M CPABHHUTb ee C TOH MOoJyBapHO-
rpaMMoli, KoTopast Gblna BhGpaHa B KauecTBe IepBOro MpHOJHIKe-
nist. Ecan cieaaunsie npeanoaozkenns GbU NPAaBHIBHLIMYE, TO 00e
OHH COBHMAjyT, I MOXKHO CUMTaTh, YTO Qopma Apudra H noJyBa-
PHOTDaMMBI onpeenensl ycmemno. Opxako OoJiee BepOSITHO, 4TO
OHIl_OTJHYAKOTCA, 1 CleAyeT NMpO/JeaaTh BHUHCJICHUS elle pas.

rIgouecc COBMECTHOIO NOCTPOEHHS YAOBJETBODUTEJBHBIX BBIPa-
HEHHN A9 noTyBapuorpaMMpl H ApH(TA sIBJSETCS BaXKHOH COCTaB-
HOW HaCTbIO «CTPYKTYypHOro» aHanusa. B HEKOTOPOM CMEIC/]E 9TO —
HCKYCCTBO, Tpelyolmee onwTa, TepleHAss M HHOrZa yAaud. ITOT
fpoLecC He BCerna mPMBOAMT K NPHEMJEMBIM peIIeHHAM, TaK Kak

279




OHH HEOJHO3HAYHEI; MHOrO KOMOHHALMH ApH(Ta, OKPECTHOCTEH H MO-
JeJsieii HOJyBAPHOTPAMM MOTYT AATh NPHUMEPHO OLHHAKOBEHIE pesyab-
TaTel. OH IpHrOJeH OCOGEHHO B TOM CJydae, KOTJIa pErHOHAJH30-
BaHHbIC N€PEMEHHbIE HEYCTOHYHBLI HJH K€ MBI DACIOJaraeM JHlib
KODOTKOH [OC/Ie0BATENbHOCTBIO. B TaKUX 06CTOSTeAbCTBAX TPYAHO
CKasartb, KOrAa Mbl JOCTHIHeM 3((peKTa OT KOMOGHHANHH OLEHOK.

HoayBapuorpaMma oTpakaer mpocTpaHCTBEHHOE NOBeXEHHE pe-
THOHAIH3OBAHHLIX NEDEMEHHBIX WJIH MX OCTAaTKOB. HekoTopule mie-
QJIM3UPOBaHHbBIE (DOPMBI NIOJYBAPHOTPAMM JaHbl Ha pHC. 4.45.

Ha puc. 4.45, a npusenena nonysapuorpamMma napaboJuyecKoro
THNa, Kacalolwascs ocn X B Havasie KoopauHat. Ona HJJIIOCTPHPY-
€T O4CHb IVIafiIKOe M3MEHEeHHEe DerHOHaJM30BaHHOH mepeMennofl, Ha
puc. 4.45,6 npeacraBjeHa NOJYBapHOTPAMMa, MMEIOLIAS BT opsi-
MOl JINHHH; OHA YK4a3bIBAaeT Ha yMEDEHHOe W HelpepHBHOE H3MeHe-
HHe pErHoHaJH30BAHHON nepeMeHHOH. Hcrnnnas cayuaiinas mepe-
MeHHas He OyJeT HeNpepLBHOH, H €e I0oJyBapHOrpaMMa Oyzer ro-
DH30HTA/ILHOH JIHHHEH, ODAMHATA KOTOPOH DaBHA JHCIEPCHH (puc.
4.45, 8). B HexOTOpHIX Cayuyasx MOJYBapHOTPaMMa He NPOXOAHUT ye-
pes Haua/J0 KOOpAMHAT, @ UMEeT IpH abcuucce, paBHON HYJIO, HEHy-
JI€BOe 3HaueHHe. JTOT Caydyal COOTBETCTBYET «3(hdeKTy camMopoa-
KoB», OH nzobpazen Ha puc. 4.45, 2. B Teopun Besuunub Yo AOJIXKHA
ObITh paBHa Hymo. dhdexT caMOpOAKOB BO3HHKAET TOr/a, KOraa pe-
rHOHA/NH30BAHHAsA TNepeMeHHass HACTOJNbKO OLIKHGOUHO ompereseHa
Ha KODOTKOM DACCTOAHHH, YTO HOJYBapHOTPaMMa BLIXOAHT M3 HY-

Js1 Ha YpOBeHb 3¢ PeKTa caMOPOAKOB Ha DACCTOSHHN, MEHbLIEM,
4e€M HHTepBaJ OoHpoboBaHusl.

MoneanpoBanue nonyBapuorpamm

B OpHHIHUIIE 3KCOCpHMEHTaJdbHas INoJyBapHOTpaMMa MO2KeT
OHITh NpsiMO HCHOJb3OBaHa HAJA NOJy4YeHHA  OLEHOK, KOTODBI€ MbI
paccMOTpHM B CJIe,U,y}OIHeﬁ TJjaBe. OﬂHaKO NoJyBapHorpamMa H3Be-
CTHa TOJIBKO B JHCKPETHOM HaGOpe TOUYCK, DACHOJOXKEHHBIX Ha pac-
CTOAHHAX A/l; Ha NIpakTHKe, OAHAKO, IIoJyBapHOTpaMMbl MOryT Imo-

a 6

Puc. 4.45. Upeaansuposanusie no-
2 2, JIYBapHOTPAMMHI:

o — napa6onndeckas (GopmMa, MOKA3BIBAIO-

U145l OTJIHYHYIO HeNpPepblBHOCTb PErHoHa-

JIH30BAHHOH NepeMeHHoll; 6 — JuHeltnas

A h bopma, mNOKaswIBAOL(AS] YMEPEHHYH He-

NPePRIBHOCTb; 6 — FOpH3OHTanbnasa Gop-

8 2 Ma  YPOBHA G, COOTBETCTBYIOLLAA CJIY-

ualnofl mepcMesHofl, He HMeOWed npo-

CTPUIICTBCHHOR aBTOKODpesiuun; & — 3oh-

62 (B2KT CaMOPOLKOB, HAH ABHOE OTXKJIOHCHHE

S I NOIYBapHOrpaMMbl OT Havasda KOOPAHHAT,

3) f IIOKa3blBaloilice, YTO PErHOHAJNH30BAHHAS

h h MEPEeMEHHAs CHJbHO H3MEHYHBa TpPH pac-

CTOSIHHSIX, MEHBLIHX ueM HHTepBaJd OIpo-
GoBaHus
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fis1 JI06BIX PACCTOSHHA HE3aBHCHMO OT TOTO, fIBJIAET-

e60BaTbCA > :
Zg ¥ OHO KpaTHHIM A MJIH HeT. [To 5To# mpHYHHE AHCKPETHas 3KC

nepHMeHTA/bHAs MOJyBapHOrpaMMa  J0JKHA OBITb ngeﬂ?aiﬁ{en}{czi
11eKOTOPOI HelpepLIBHOM ¢dyHkuHel, KoTopass MOXKeT OBITh B
JieHa .14 JA1060ro KenaeMoro pacCTosHHS. R
[Ton60p MOAEJBHOTO yDaBHEHHS K 3KcnepHMeHTaan0H6 o};uu-
puorpamMme MpOBOAHTCA O6GLIYHO Ha TJa30K, METOJOM IpO uﬂeHHﬁ
60x. Kaapk [9] onucbiBaeT ¥ 1a€T NPUMEpPBl PYYHBIX Bbmn:lz Jm:
B To BpeMs kak Ougea [38] NPHBOAMT NPOrpaMMy BEIMHC/IEHHA -
HeHHOH MOJyBapHOTPAMMBl, HMEIOWEH TOT 2Ke yrJ0BOH k03P
LIeHT B HayaJe KOODJHMHAT, KaK H 3KCIepHMeHTa/lbHasd MOJyBa-
pylolgpil\;g[aaﬁe MojeJb, BHIOpaHHasl JAJs NPEICTaBJeHHs I0JyBapHO-
rpaMMbl, HAUHHAETCA B Hawyaje KOOPAWHAT, IValKO BO3pacTaer [0
1leKOTOPOTO BepXHero Ipejesa, 3aTeM OCTaeTcd Ha OJHOM MO-
crosiunoM yposae. CdepHueckasi MOJeJb, IpE]CTaB/JIeHHAas Ha DHC.
4.46, o6aanaer sruMu cpoiicteamu. Ona ogpeﬂeneua no dopmyne
h = 0 (ﬂ_ i ) | (4.78)
2a 243
71151 BCeX PacCTOSIHHEA BIJIOTh 10 06JacTu BJ;HHHHH TOJIyBapHOrpaM-
Mel @. 3a npeieJaMH 3TOH TpaHHIBl Yn=0o’. Cdepuueckas Mojenb
OOLIMHO XapaKkTepH3yeTcst Kak ujeajbHast ¢opMa MoJyBapHOrpam-

Mul. MHOra HCnoJb3yeTcs Apyras MOJLeJb — KCHOHEHIIHAJNbHASA
—h

a—) (4.79)

Tn= 002 (1 —¢€
Ha puc. 4.47 cpapuuBalorcs cdepuueckass U 3KCIOHEHIHA/NbHAA
MOJEaH. DKCIOHEHIIMaJbHAsl KPHUBAs HHUKOIAA He JOCTHraeT CBOEro
TIpeAeJbHOTO 3HAUeHHsl, a NpHOAUKATCH K HeMY aCHMITOTHYECKH.
3HAuKT, MOJYAHCIEPCHST SKCTIOHEHIIHAMBHON MO/EJHN HHXKe, ueM cde-
pltdeckasl, AJs BCeX 3HaueHud /i, MeHbUIMX, uyeM pasmep 00.acTH
BausiHns. JluHeliHast Mojeb npoie, yeM cepuueckas HJIH 3KCIO-
HCHOMAaJbHasl, TaK KaK OHAa MMeeT TOJIbKO OJHH MapaMeTp, HaKJOH.
Mopens iiMeer BUA
Yo = ah (4.80)

il npeacTaBsaseT co6ofl MpAMYyIo, NPOXOAAILYI0 Yepe3 HayaJo KOoop-
annar. OyeBHAHO, 3Ta MOJAE/Jb He MOXeT HMEeTb IIHK4, TaK KaK OHa
pacrer Heorpanniyenno, Muorpa aunefinast Moaeab MPOH3BOJBHO MO-
JUUDHIHIPYETCST ¢ TOMOUIBI0 BCTABKH BHE3aNHOTO M3J0Ma B TOUKE IH-
Ka, Kak, HampiiMep,
Yvw=ah ana h<a,
(4.81)
Y = 6> nag h>a.

Apmetponr 1 Ike6un [3] moaseprarwT KpHTHKE TakHe MOJEJH,
TaK Kak HCI0Ib30BaHHe Kpaliruura jAJsl MOJyYeHHs OLEHOK Mpearno-
JlaraeT HENPePBIBHOCTL W TIJaAKoe H3MeHeHHe NOJTYBaPHOrPAMMBbI.
Danako pas paccToAHui, 3HAUNTENbHO MEHBIUHX PPaHHUBI, JHHEH-
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h a h
Puc. 4.46. Cohepunueckas Mojenb mo-  Pic. 4.47. DKcnorenunaibras u cde-
JIYBapHOTPaAMMBL. puueckas MOASAH HONYBAPHOIPAMMSL.

BykBoft a o6osnaugeHa aGcuHcca TOUKH, O6e MOLeNH HMET OAHH H TOT Ke
B KOTOPOH HOJYBAapHOTpamma CTAHOBHUTCA HauaJbHBIH HaK.JOH [g]

aBHOH AMCHEPCHH Op?
p A P e 1 —- 3KCIIOHeHIHaldbHAH MOAedb; 2 — che-
pRyecKasg MOAedb

Has MOJedb fABJfAETCA HAeaNbHO XOpOLIeH annpokcnuManuei. I1c
XOpomo BHIAHO Ha pHc. 4.47, rie obe Momenu, cihepuueckas U 3KC-
HOHEHIMAJbHAS, TTOYTH COBHAJAAIOT C NPAMOH JuHHelH BOAH3H Haua-
Ja xoopjauHar. Ecau pernoHannsoBaHHas nepeMeHHas Gbl1a ONpo-
60BaHAa € JOCTATOYHOH NJOTHOCTBIO, OTHOCHTEJNBHO OOJACTH BJIHS-
HHS, TO 3HAYMMBIX DA3JHUYHH MeEXJy OLEeHKaMH, MOJYUEHHBIMH B
yCII0BUSX JHHeHHOH, chepryecKoll HIH APYroll MOJAEJH HET.

CINEKTPAJIbHbIM AHAJIU3

CrexTpaJ/ibHBEI aHAJH3 — 3TO METOX passoKeHHS H3MEHUHBOCTH
BPEMEHHOTO psila Ha OTJeJbHble KOMIIOHEHTH, COOTBETCTBYIOLIHE:
NpPOAOJIKHTEJbHOCTH HJIH JJIHHEe HHTEpPBAaJOB, B IpEJe]ax KOTOPHX
3Ta H3MEHUYHBOCTb Hposiasercsd. /s ero ocyLIecTBJeHHS BpeMeH-
HCOH pAx paccMaTpuBaeTcda Kaxk cymMma OoJslioro uucsaa 6ojee npo-
CTHIX BPEMEHHEIX DSJA0B, UMEIOIIHX BHJ, PEryJspPHBIX CHHYCOHI €
Pa3/MYHBIMH aMIJIMTYJaMH, JJIHHAMH BOJH H Ha4aJbHBIMH TOUKaMH.
B BHIUHCJEHHSIX MOXKHO NpeAnoJararh, 4YTO CHHYCOHJEl He3aBHCIMBbI
Apyr oT apyra. Tak Kak cyMMa BCeX STHX CHHYCOHJ AAeT HCXOAHLIE
BpeMeHHOH psJ, TO CyMMa H3MeHeHHH BO BCeX CHHYCOHJaX MO.1K-
Ha OBITh paBHA 00ILUEH H3MEHUHBOCTH pAAa.

B passnHuYHBIX PYKOBOJACTBAX CHEKTpaJbHBLII aHAJH3 MMEeT pas-
JUUHble Ha3BaHMs, HampHUMep TapMOHHUECKH aHAH3, aHaJus.
@Dypbe HJIH 4ACTOTHLI aHa/au3. Ha3BaHHe 3TOro MeToaa BOCXOMIT K
TEOPHHM MY3BIKH, M3ydalolllell 3aKOHOMEPHOCTH, CBSI3aHHBIE C KOJe-
6annamu. B XVII Beke Kenusep, npumeHsis COOTHOLIEHHS] TapMOHH-
YECKOTO aHA/IH3a, HalleHHble HM B apH(pMeTHKe, TeOMEeTDHH H MY3bl-
Ke, OTKpBLJ 3aKOHBI IJIaHeTapHoro aABHXKeHusA. Oanaxo JKau ba-
tiucr Oypre (1768—1830 rr.) mokasas obuyw TeopeMy O TOM, YTG:
mobasi ofHO3HAUHAas HeNpepLiBHAA (GYHKIHUS MOKeT OHTb NpeacTaB-
JeHa B BHJE pfjJa H3 CHHYcOMA. ITa TeopeMa Temepb HOCHT erc
ums. Ilpexpe yem moapo6HO H3JjiaraTb TeOpHIO pAfOB Dypbe, MbL

JOJTZKHED ONIpeACJHUTh pPAd TePMHHOB. BoasmmHeTso 3THX TEPMHHOE: -
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33ATO 13 3JEKTPOTEXHHKH H HCIIOJIb3yeTcst MPH aHa/H3e 3/eKTpHde-
cxix ciirHauoB. XOTS 3JICKTPUUECKHE CHMTHan mpeicTaBiser coboit
\i3)eHenHe IHEPrHH BOJIHBEL C TEUEHHeM BDEMEHH, HHZKeHepbl JIOOAT
npeAcTEnaaTh cefe ero «3aMOPOXKEHHBIM» B ocuu/iorpage. Iipn us-
J10:KeHNi TeOpHH psaAnos Pypbe HHXKEHEPH BCerja Npeanojaralor,
yTO CHTHAJ I3MEHAeTcsl CO BpeMeHeM, OAHAKO TOT ()aKT, 4TO OHH
HeCseAVIOT CHTHAJ Kak NPOCTPAHCTBEHHOE SIBJEHHE Ha 3KpaHe OcC-
qiraiorpada, yKaseBaloT, YTO BPeMsl M NPOCTPAHCTBO  CUHTAIOTCA
papHONpaBHbIMH. HecoMHeHHo, MaTeMaTHYeCKH 3TO KOPPEKTHO, U Ta
HeOCO2HAHHAS JIerKOCTh, € KOTOPOH HH2KeHeDbl NOJIb3YHTCH TaKdAM
nonylieHleM, MoxeT yOeAnTb HaC B TOM, UTO 3TH 1Ba NOHATHSA, KaK
1ipaBH70, B3auMo3aMeHseMbl. [ToaToMy Halle H3JOXKeHHE TepMHHO-
7OrHYeCKH HECKOJbKO OTJIHYAETCS OT TAKOBOIO B OOJIBIIHHCTBE pa-
60T MO aHaJU3y CHTHAJOB.

Ha puc. 4.48 nzobpaxkeH NOBTOPAWOWUNACA CHTHAJ, KOTOPLIl
MOACHO ONHCATh UHCTON CHHYCOHZAJbHOH BoJHOH. PaccrosiHHe OT
O7HOH TOYKH BOJIHBL O 3KBHBAJEHTHOH TOYKH Ha CJeAyIoUledl BOJI-
e HaswBaercs AJHHON BoJHE! A. Uacrora f— xapakrepucTuka, ob-

1
patHas JAJIHHE BOJIHHL, T. €. f=T—— YHCJO BOJH, YKJIA&AbIBAUINXCA

B eANUNLY AJHHBL HJAM BpeMeHH. B 0oJiblIHHCTBE MHXKEHEPHLIX pac-
4eTOB CiHTHAJ XapakTepH3yeTcs uacToTod. B reosoraueckux safauax
HHTepecHee HMeTh JeJo ¢ AJHHOIH BosHBL Bpewms, tpeGyemoe aJs
TOro yTo0bl NPABUJIBHEIA CHTHAJ HOBTODUJCH, Ha3blBaeTcd €ro me-
pucaoM. TepMHH IEepHOJ SIBAAETCS SKBHBaJEHTOM JJIHHBI BOJHBI, HO
IIepHOJ 113MepsIeTcs B €HHHLAX BPEMEHH, HANpUMep B MHJJIHCEKYH-

Jax, @ e B ¢AHHHLAX DaCcCTOAHHUS, T. €. B CaHTHMETpax. HpH onuca-

HIN TAKHX #ABJEHHH, KaK MOPCKHE BOJHBI, YA0OHO MOJAB30BaThCAd KaK
ICIINOY BOJIHBL, TaK H mepHogoM. [JMHa BOJHBL B 3TOM CJyuae H3-
MepAeTCsl Kak paccTosiHMe MeXIy rpe0HAMH COCeIHHX BOJH, Nepi-
01-—1xax BpeMms, Tpebyemoe AJd TOro yroOnl JABe IOCJeA0BaTe/]b-
HOIe BOIHBI MPOUIIH (DUKCHPOBAHHYIO TOUKY OTCYeTa, HAIpHMep KO-
Hel BOAHOpe3a. DTO BPeMEHHOH NPOMEXYTOK MeXAy MOMEHTOM Io-
ABJACHKS OAHON BOJHBI H MOMEHTOM HOsBJeHus Apyrof. (BosHHKHO-
BeHYE TepMHHA Nepuognuecku#l 0065g3aHO CJAOBY NepHOJ, KOTOpoe
O3HAavdeT CITHAJ, TMOBTOPSIOMWHKICA ¢ NPAaBUIbHLIMH HHTEPBAJIAMH.)
Ilonosnsa paccTosinus OT BHAAHHBL BOJHB 110 TPeOHSI Ha3LIBAETCS
ananTyaoi (A).

Ha puc. 4.49 H3o0pazKeHsl ABe OAHMHAKOBHIE CHHYCOHAAJbHLIE
RPIBLIe, CMelNeHHble OTHOCHTENbHO JApYr Apyra. CooTBeTCTBYIOILHE
BMUAMTINTYALL HOAJIHEBL BOJH OJHHAKOBHL. PasHocTh MeXay 3Ha-
s Yoo ow Y, npu HaHHOM 3HAYEHHW X; ONpejeJsieTcsl pasJudi-
€3 B (ase Mexay AByMs BOJHAMH. DTO pasiuune MOXKHO ONHCATB C
foxiomivio dasosoro yraa @, a ero onpeneseHne yscHuTb cebe ¢ Mo-
MOWLEIO pric. 4.50. TTpocToe MexaHHUECKOe IPHCIOCODIeHHE IS TO-
;:l‘rgﬁ;: CliHyCOHa/IbHOl BOJHBI COCTOHT M3 AMCKa pajnyca r, Bpa-
THUOHICTOCs ¢ nocroanHofl ckopocTeio.  Kapanjall, sakpenJieHHBIH
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Puc. 4.48. Peryasproe mosropesue cu-  Puc. 4.49. I{ge CHHYCOHJaJsIbHble BOJHH,

HYCOHJANbHOH BOJIHBL:

KOTOphble HAEHTHYHH IO dopume.
A — RauHa BOMHE; A — aMnaurypa

Paznuuusg Mmexpy Yy u Y, IS coeuuduye-
CXOro sHaueHHA Y XapakKTepH3yioT pasHOCTE
$as aBYX BeJanoBBIX dopm

a 6

[ C

2 i O

Puc. 4.50. TlpocToe Mexaunueckoe npucnocobienne
AN BBIMEPUUBAHHA CHHYCOMI4JbHOH BOMHBI mMyTeM:
npeobpasoBauiis BPAINATENLHOrO ABHIKEHHA B JHHef-
Hoe (a). Pasauune mexny yraom u PaZHyCOM AHCKa:
M AMIUMTYZ0H # (asOBBIM YIIOM CHHYCOHZAABHOMN
BOJHE (0). M3o6paxeHa wacth BOJHBL, COOTBETCT-
Bylollas usMeHenuio yria @ ot Hyas mo snauenns,
HEeMHOrHM §0abllero 27t paguad, T. e. HOUTH ORHOMY
NIOJIHOMY TOBOPOTY JHCKA

Ha CTepxkHe, NPHCOEAHHEHHOM K Kpalo AHCKA, BHUEPUHBAET JIHHIIG
Ha Oymare, ABHTalOEHCS ¢ MOCTOSHHOMN CKOPOCTBIO MOJ KOHLOM:
CTEPKHA. DTa JIMHHA SABJAAETCA CHHYCOHIANBHON KpUBOH, HMe-
ollell aMIuTYAy A=r # AJMHY BOJIHLI, APeACTaBAAUYI0 cobofl
YHKLHIO CKOPOCTH BpallleHHS [HCKA W CKOPOCTH JABHXKeHHA OyMa-
TH. 3Hauenne Y B J1I06oM noJoxennn pasro ¥ =A sin P.

Ecau mbl XoTuM BHUYEpTHTDH NOJIHYIO BOJIHY, TO TOUKA 3aKpemnse-
HHA CTEPXKHA Ha JHCKe AOJKHA CAejaTh NOJHbIH 06opoT BOKpyr
HEHTpa AHCKA, T. €. NOBEPHYTbes Ha 360° Wiau Ha 2 paauas. Ilpeg-
TONIOKHM, HTO Mbl HAYHHAEM BbIYEDUMBAHUE NMPU IIPOHUIBOJBHOM Ha-
1a/1bHOM TIOJIOXKEHWH KapaHjalia Ha Gymare, KOTOPOE Mbl Ha30BeM
HYJeBBEIM. ¥YTOJT o MeXIy KapaHjaulom, LeHTPOM JHCKA ¥ TOPH30H-
TaJbHOH JNHHHeR Ha GyMare HMeer HEKOTOpoe 3HaueHHe @ (pHC.
4.51). Ecan mMu B mponecce paborel ¢ npuGOPOM CABHHEMCH BHH3:
Ha pacCTOSHHE X; M OCTAHOBHMCSH, TO KAapaHAAIl OKAJKETCS B TOUKE,

284

xoopauHara Y KoTopodl pasHa A sin(2nx;/X4-¢). Yroa a: 6y11Ce;T~
(2nxi/X+¢). B aTux BLIPaXKEHHAX X ectp obwas AJHHA 3ANHCH,
BakHO OTMETHTb, UTO HAYAJIBHBIH Yros q=@ B HCXOAHOM MOJOXKe-
HUH ABJseTCA MOCTOAHHBIM [/ BCeX MOCAEAYVIOUIMX 3HAYeHHH aM-
NAHTYAbl KOOPAHHATH Y H yraa a. KOHCTaHTa“cp HasniBaeTcs (a-
3081, (ha30BHIM YIJIOM, HJH (Ha30Bo KOHCTaHTOH. Tpu napameTpa-—_
aMILIUTYA, JJIHHA BOJIHE! H (a30BHI YroJ1 — NOJIHOCTBIO OIIMCHIBA
0T (opMy BOJHBEL. Da3oBHIH yroa CHHYCOMJAJIbHON BOJIHEI M3Mepsi-
eTcs OT TOPH30HTAJbBHOH JIMHHH, NPOXOASINEH uepes UEHTP.

Ecaii Mbl XOTHM NOCTPOHTb PSJ BOJH PasJHYHOA QOPMBI, TO 1415
5TOr0 HY2KHO H3MEHHTb aMIVIUTYAY, AJHHY BOJHBH HJIH (as3oBblit
yros. MOXHO TaK¥e ONHCATh KOCHHYCOHZA/bHYIO KPUBYIO, 11O (hop-
Me HAEHTHUHYI0 CHHYCOHMJAJIbHOH, HO XapaKTepU3yIolylocs thaso-
BHIM YLJOM B, H3MEpSeMbIM OT BePTHKAJbHOH NpsAMOH, Npoxoasuiel
yepe3 LEHTP ycTpoicrBa. MHbIMH c0BaMH, KOCHHYCOH/la/IbHas BOJ-
Ha OTJIHYaeTCsl OT CHHYCOHJAJIbHOH mo ¢ase Ha 90°, HIH Ha n/2 pa-
anad. Ecan x HauleMy yCTpORCTBY NpHCOeIHHHTh APYTOf KapaHjau,
KaK 3TO YKa3aHo Ha puc. 4.52, To Mbl CMOXKeM BEIUEPTHTb OJHOBpe-
MEHHO KaK CHHYCOMJA/IbHYIO, TaK H KOCHHYCOMAAJIbHYIO BOJHEL Oue-
BIIJIHO, YTO OHH OTJHYAIOTCA OJHA OT Apyrofl Toasko $HasoBLiM yT-
J0M. MBl MOXeM CyMMHpOBAaTb OCHOBHEIE TPHIOHOMETDHYECKHE CO-
OTHOLIEHHS C MOMOLIbIO pHC. 4.53, NPeACTABASIOIETO CHHYCOH/LA b+
HYIO KpUBYIO. DTO pa3JioKeHHe AaHO B TEPMHHAX (YHKUUH Koctu:
ca, HO KBHBAJIGHTHOE DAa3JIOXKeHHe, BeJylllee K TOMY e COOTHOIle
HHIO, OCHOBAHO Ha cHHyce. [lomycTuM, 4To BoJHA HA paccTosiHuu X
114 3a BpeMs X yKJaaabiBaercs uenankoM. Jlwo6as toyka X B mpeae-
Jax 3TOro HHTepBaja MOXKeT ObIThb BhHpaXKeHa B pajHaHax C Mo-
MOULbIO (hOpMyNLl 0OpalleHus

0 = 2xx/X. (4.82)
Tenepyr koopaunartsl X moxpsiaror uHTepBasg or 0 10 2n pajnan.
Aas yno6ersa Mpl NMPE/NOJIOKUM, UTO aMIIHTYAa KPHBOH pasHa
elunune. Torga ypaBHeHHe KPHBOH HMeEET BHJ

Y = cos®. (4.83)

STta amnauTyaa MoskeT GHITh 3aMeHeHa J060H Jpyrofi aMminTy10i
OPOCTO ymHoKeHHeM Ha Ko3dduinent A:

Y = Acos0. (4.84)
YHieso unxaos, KOTOpPO€ BCTpPEYAEeTCs BHYTPH OCHOBHOTO HHTEpBaJda
(4actora), MoXeT 6biTh YBEJHUEHO HJH YMEHBLIEHO yMHOXKeHHeM 0
Ha Ko3pdunuent k:

Y = cosk®. (4.85)

Kax HapucoBano, MakCHMyM BOJHBI HAXOJMTCS B Hayaje KOOpAH-
HAT, HO OH MOXKeT GbLiTh CABHHYT B J1000€ HOJIOKEHHE BLIYHTAHUEM
$azosoro yraa o:

Y = cos (6 — @). (4.86)
K0M6HHprH BCe 3TH MOAMGbHKAWIH, Mh Ha#ijem, uTo Jawo0fas KpH-
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Piic. 4.5, IMocrenenuoe H3MeHeHHe
ﬂ.ﬂﬂ UOC-’TEIIOBaTeHbeIX 3Ha4Yen

3aa peryafapHoff cunycoupa

Blije

v
v
/

Ve = Aycos (k0 — @,).

Hucno k HaswiBaercs uiciaom rap
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$a3080r0 yraa ot mauasbHoro amavenus O,

Hil X, Y=A sin(2rx /X + @) u o =205,/ X+ D

(4.87)
MOHHK, HJH YHCJIOM UHKJI0B Ha Oa-
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Puc. 453. CunycontaabHas soana. O6-

Puc. 4.52. CunyconpalpHas ¥ KOCHHY-
mast AJHHA KPHBOIT paBHa 2m paiiad

coujaanbHass BOJHBI, COOTBETCTBYIOIIHE
BpalllecHHIO AHCKa,

o u P — cooTercTBeHHO (azoBble yram AndA
CHHYCOHAAABHOR M KOCHHYCOHRAJbHOH BOJH.
MsobpaxeHHe COQTBETCTBYET H3MEHEHHI ¥I-
ma @ OT HYJASA 10 3HAUEHHH, HEMHOTHM G6OJb-

wero 27 pajHaH, T. e. OLHOMY [10BOPOTY

JAHCKa

3ucHBIf nHTEepBat. Tak Kak B CHEKTPAJbHOM aHAJH3E MOXKHO CKOM-
GHHHPOBATH MHOTO DA3JIMYHBLIX FAPMOHHK [JI MOJMYUEHHS HCXOLHOIQ
BPEMEHHOr0 psAjAa, TO HHAEKC £ HeoGXOAUM Al 0603HAUEHHS BO.1HO-
B0ii (bOpMBI HACTHOTO BHJA.
Jlanee Mbl MOXKEM MCIIOJb30BATh TPHTOHOMETPHUECKOE PaBEHCT-
BO 1/51 pa3HOCTH ABYX YIJVIOB:
cos(R—S) = cosScosR 4+ sinSsinR.

ITepenicas pasencro (4.87), moayuum
Yr = Agcos @4 cos k0 + Apsin @, sin 48, (4.88):

OTO BHIpaXKeHNe MOXKeT GBITh YIPOLIEHO, €CJH ONMpPeieauTh Ko3dpi-
urents op=Ay cos gr u Br=Ax sin @u. [pu 3T0M moayyYaem

Yr = arcos kB + B sin 0. (4.89)

JlioGofi BpeMeHHOH DA, KAKOH Gl CJOKHOCTH OH HH GbLI (uck.10-
4ast TOT ¢Jyuya#, Koraa OR HeUpepHiBeH WM 0e3 H3JOMOB H 1J5 Ka K-
LOro 311ayeHHsi X MOXKeT ObITb ONpEIe/IeHO TOJbKO OZHO 3HAade-
Hie V), moxkeT GbiTb IpEACTABJEH B BHAE CYMMBI PSAIOB KOCiHYy-
COlLNAJBbHBIX BOJIH, ONpENeJeHHBIX TakHM 06pa3oM, Kak H3cOparke-
0 na pic. 4.54. D10 — BBIpazkeHIle COOTHOIEHNS ®ypbe:
00
Y = Y o, cos kl 4 B, sin 46,
k=0
3averny, uro (4.90) — 310 ypaBHeHue JiHMHEHHOE, T. €. BCE UJEHBI
CkiIanbBaiores smecre. OHO HATOMUHAET Mo (GOPME HOIHHOMHAIb-
HYIO perpeccuio, KoTopyio MBI paccMoTpesd paHee B 3TOH rJase,
Ypasuennn ®yppe TPUrOHOMETpHUECKHE UJEHBl cOS 20 u sin k6
?{IgBHBaJIeHTHu CTeNeHHbIM uyJeHaM TaKHX MHOTOWIeHOB, Kak X? u
A% Rosddwmnnenrin oy u Br 3THX uyjeHOB MOTYT OHITH HallieHH Me-

(4.90)
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Puc. 4.54. Pe3yaprar CMOKEHHS NOC/ELOBATENBHBIX TapMOHUK KOCHHYCOUZAJbe
HOH BOJIHBL.

4 — QyHnaMeHTaAbHAR HAM NepBas TapMoHMKa A=0,5, k=1, ®=0° 6 —sBTopas rapMonHka

A=0,3, k=2, ®=0° 8- Tperbs rapmoHnka A=0,3, k=3, ®=45° 2— cegbMas rapMoHHKa

A=0,25, k=7, ®=180", O — pepBam mioc BTOpas TapMOHHKA, (@)+(6); e — meppas nJamwc

TpeTbst IapMOHHKA, (4)+4(8); o€ -— nepsas mWioc CcelbMas rapMOHHKa, (ad)+(2): 3 — nepsasn

WA0C BTOpas H TPeTbs rapMOHHKH, (@)-+(6)4(8): i — nepBasy MJIIOC BTODANA, TPETbA H CeXbe
Masi rapMOHHKH (a)+(6)+(8)+(e)

TO/0M HaUMEHbIHX KBaAparoB. OQHAKO ecaH MBl HONKITAaEMCS OLe-
HHTb 3TH KO3(QGbUIHEHTH MaTPHUHBIMH METONAMU H €CJH Tpebyercs
ONpEIeNNTh MHOrO rapMOHHMK, TO Mbl OYeHb CKOPO CTOJKHEMCH ¢
HETMPEOAOIHMBIMI BHIYHCAUTENBHBIME TPYAHOCTSIMH.

lapmoHuueckuii anaaus

Ecan Bpevenuoit psix npeacrasnsieT peHCTBUTENBHO nepHoAHYe-
CKOE SIBJIEHHE, Mbl MOXK€M HCMOJbL30BATh TEXHUKY TAaK HA3LIBAEMOTO
TapMOHHYECKOTO aHaMu3a JJsi PA3JOKEHHS psifla Ha ero COCTAaBHBIE
yactH. Bpemenuble panbl, 061a1a10lHe CBOHCTBOM HNEePHOIHYHOCTH,
BCTPEUaKTCst B npupoie. 310, HanpuMep, GAyKTyaUNH NPHJIHBOB H
OT/IHBOB, CE30HHbBIC H3MEHEHHSI TEMIepaTypbl, I0CJeL0BATEbHOCTH
cioes. OHHM TakKe BKJIIOYAIOT 3aNUCH, NOPOKAEHHBIE TAKHMII npii-
fopamu, Kak audpaxromerp X-ayueii (npeoGpasosanne Dypbe Ta-
KUX JIAHHDBIX SIBJISIETCS CNEUHANBHOMN Temol). BpemenHoli psig Moxer
OLITh COBOKYNHOCTBIO HAOMOJEHHH B MUCKPETHOM MHOMXKECTBE TO-
"eK, paCnoJIOMKEHHLIX ¢ PABHBIM HHTEPBaoOM A B npocTpanctse. Ec-
JIT HMEETCA 71 ITUNX TOUEK, OJHA N3 KOTOPLIX €CTh j, TO K03 (hdHIH-
€HTBL ox U By pAina Pypbe MOTYT GLITb BHIYMCJCHE! IO CJELYIOLIHM
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(}\OPM}'JIZM.
n—1

2 ;o
b= 2§ 1
j=0

n—1

2 N v oo [ 2008
2= 2 Y ¥y cos | ) (4.92)

n

2rit ), (4.91)
n g

j=0
D11t VpABHEHHS He CTOJMb CJOXKHLI, KaK MOZKeT MOKa3aTbCs Ha Mep-
BuLIfl B3MASLL; BHIpaKeHHs B CKOGKAX ecTh MPOCTO NMPEACTABJEHHOE B
paliiaHaX Mo./10JKeHue j-# TOUKH, ec/ai oOUyo AJMHY BPEMEHHOrO
pslis ONpefeTuTh Kax 27 pajHaH. B cijay TpHTOHOMETPIYECKHX CO-
oTHomeHHH Ko3QQuLreHT By Bceria paBeH HYJIO, a oo ylpoulaercd
n—1
w=—¥%r, (4.93)
n
i=0
UTG ecTb K4K pas cpejiHee BpeMeHHOro paaa. Mugexch n3MeHsoTCs
or { B Havase BpeMeHHOro psina 1o A—I1 B ero KoHue, a He oT 1 10
n aast Toro, uroGul NPaBHABHO NEpPeBeCTH IOJIOXKEeHHEe MepBoro Ha-
¢ HHAST B paaiHaHbl.
61%1?;)%&%1% ﬁoa(pqmunemm o U Bx k-oft rapMOHHKH, Mbl MOXeM
0lipe1eANTh aMIJIUTYAY BOJHOBOH (OPMBI B BUIE

Ay = Vo Th (4.94)
®azoBHIfl VIO k-0if TADMOHUKH DaBeH
D, = tg“‘(ﬁk/ak). (4.95)

Buipazkenie tg~! o3HauaeT: «HAHTH yroJ, TAHTEHC KOTOPOTO 3a}1an>y>.
Ecau 8 guckperHom HaOope Todek coGpaHbl JaHHLIE IS pery-
JASIPHOI CITHYCOWADI, TO AHCIEpPCHS 5TOH BLHIGOPKY CBA3aHa C aMILIH-
Tya0ii 3To#l BoHOBOHA GopMbl. B npejese nHcoepcHs eCTb NPOCTO
[10.10BITHA KBaApaTa aMIJIMTY/bI, HJIH
sp? = A2 = (a? + Br?)/2. (4.96)
Tax rax Teopema @ypbe yTBep:KIaeT, YTO BPEMEHHOH DS MOXKHO
paccMaTpHBaTh KAK CYMMY MHOTHX CHHYCONAAJbHBIX (YHKUHA HIH
Td[PMOHHE, TO AHCHEpCcHs BPEMEHHOrO psja SABJAETCS MPOCTO CYyM-
MOTT JHCHepcHi 3THX caMBIX TapMOHHK. MBI MOXeM MO3TOMY BBIpa-
3UTh JaHCnepcHIo k-0 rapMOHHKH KakK NpONOPUMOHAJBHYIO UaCTh OT
ofumeii ancmepcuu BPeMEHHOrO psifa, W3 KOTOPOro oHa Oblia mosy-
vena. Ecmii Mpl BhiuHMeauM AJAHHHBIA pAJ FapMOHHK, TO AMCNEPCHH
10C.1e 10BaTeTBHLIX [APMOHIK MOXKHO HAHECTH Ha INepHOAOrpaMmy,
I, Kak wHOrga TOBOPAT, H300Da3uTh AMCKPETHBIH MJIH JHHEHHBIH
SHepreTiyecknfi crmekTp. JTO €CTb MONPOCTY IMpeACTaBJIeHHe 3aBH-
CHMOCTH 4YacTOTH WJH AHCMEPCHH OT 4HcJa TAPMOHHK R, W Tpaju-
HIONHO mpexcrapasercss B Bje, ykasansom Ha pnc. 4.55. (Tepmu-
ULl SHeprus u aucnepcus ABJSIOTCSA CHHOHHMAMH; MepPBBI M3 HHX
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Puc. 4.55. IlepnonorpaMmma Mecsiygoro nortoxa Kefis-Kpuk, KenTykka.

Cnenuanbubie 3HAYEHHS] YKa3blBAIOT, 9TO MOTOK HMECT eXHHCTBCHHBIH MEPUORMUECKHI 10aHY~
MU LHKJ. DHEPrily TpHBe.etsl B KBaipartaX €XHHHLl USMEPEHHS, KOTOpLie PaBIbl COTHLIM ya-
cTaM AofiMa

mmm/bm'bi' ,

1 L
1953 1955 1957 1959 1961 1963 1965 1967 1969 Topel
1954 1956 1958 1860 1962 1964 1966 1668 1970
Puc. 4.56. Mecsaunnit norok Kefis-Kpuk, Kentykku 3a nepuoa ¢ oktabpa 1952 r.
1o ceHtsbps 1970 r.

rf1lt|llliial\1

107’

32
T

BoiBpocsr 8,00 Mb1

6Ll BBEJEH B 2JIEKTPOTEXHHKE U Telepb LIHPOKO HCHOJAB3yeTcs BO
Bcex 00nacTAX TeXHHKH, aHaJ/Ku3e CHUTHAJOB M pacilo3HABaHHW H30-
Gpaxkenuil.) Mcxonnwifi crenennoit psig nmpeiacTaBieH Ha puc. 4.56.
BpemeHHoO!l psx npepcTaBiasier MecstuHbl# ¢TOK Boakl B Keiis Kpuk
B KeHTYKKH; naHHble MpHBedeHbl B Taba. 4.29, B3sroit n3 [24]. Ile-
pHOJOrpaMMa TOKAa3biBaeT, YTO H3MEHeHHS MeCSUHBIX CTOKOB HMe-
10T roanynbll (12-mMecquHbiil) mepHoa, nJaloc  caydaliHas  KOMIO-
HeHTa.

CrekTp, BbIUHCJEHHBII yKa3aHHBIM Bbinie 06pas3oM, HHOr'Za Ha-
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Ta6auua 429
Mecsiunbtit cTox Bonbt B Keitp Kpnk, KesTyKKH (B COTHSIX 1I0MMOR)

Ok- Ho- Ne- u- des- An- . Ap- Cen-
I[eA  1a6ps a6pb kabp, Bapb paab MapT pen, Mait Hions Wiodb ryer  1a6ps

1953 2 5 19 240 86 416 147 354 31 18 7 1
1954 0 2 4 54 22 40 139 35 8 7 6 14
1955 2 4 30 73 463 579 59 197 55 24 28 3
1056 4 6 13 59 637 469 192 28 32 64 38 8
1957 7 10 172 308 325 103 392 68 24 6 ) 2
1958 3 106 432 200 221 117 235 236 19 369 170 12
1959 6 9 17 270 195 112 102 24 24 5 4 2
1660 3 36 269 219 313 29l 68 19 364 138 14 30
1951 12 52 79 204 295 532 476 414 159 48 18 4
1662 2 6 76 346 401 508 330 79 96 38 8 7
1963 39 141 124 150 146 548 52 25 14 29 11 3
1964 1 4 3 87 173 788 45 21 11 8 2 16
1965 15 7 347 276 230 449 146 3l 8 5 1 2
1966 4 2 2 48 281 79 202 332 25 14 41 11
1967 7 119 357 97 161 466 50 476 33 14 15 7
1o68 9 38 271 135 98 425 238 199 9l 29 75 16
1969 14 22 112 278 216 73 237 74 40 27 66 17
1970 7 25 91 130 389 291 568 206 38 14 6 27
Il pHMedYaHHEe, ﬂaﬂﬂhle COGpaHbI B TeueHHe OGOraroro ocalkaMu rona, HaylHag C

IKT#OpS NpedblAyero roia # KOHuas CeHTsadpeM, AJn TOTo 4TOOb MsGeXaTh H3JIOMZ MOCHE-
NOBLTENbFOCTH B cepeanHe 3uMbl [24].

spisaeTcsl HeoOpabOTaHHBIM CIEKTPOM H SBJSETCS OHEeHKOH HCTHH-
HOrO CIeKTpa, uJll CIeKTpa COBOKYNHOCTH. ST OUEHKH CBSI3aHHI C
ouelb OOJbIUHMH CTAHAAPTHBIMH IIOTDELIHOCTSIMH, KOTOpbLIe HE MO-
rVT OLiTh YMEHbIUEHB! IIPH YBEJHYEHHH 7 MO NPHUYHHAM, KOTOpbIE Oy-
AVT 0OBsCHEeHBl B cjefyiolleM pasaene. Hekotopeie 3 3THX ouniéok
MOFYT 0Ka3aThCsl JOXKHBIMII B CHJIy CMELIMBAHHS HEJONyCTIIMO Bbl-
COKIX Y4CTOT C HH3KHMH YaCTOTaMH. DTH BBICOKHE HacCTOTH, AJHHBI
BO.ITH KOTOpHIX MeHbllle, 4eM ABOHHOE pACCTOsSHME MEXAYy TOYKaMH
onpoGcBanus, He MOryT ObITh 0OHapyxKeHbl. Hauppicilas uacToTa,
KOoTOopasi MoxKet OblTh OOHapy»eHa, €CTb 4acToTa HaiikBucra, ee
Aailia BOJAHBI paBHa 2A, rae A — paccrosiHHe MeXAy HoC/aea0Ba-
TeinLLilMH HaGJawaenusMu. I1pHuuHy, N0 KOTOpPOH JAHCIEpCHH Yac-
TOT BHe npejgena HafikBHcTa coBOajaroT ¢ MUCTEpPCHSMH 6oJee HH3-
KilX 4aCTOT, MOKHO JIErKO YBIIETh Ha piic. 4.57.

TeMm He MeHee MOXKHO CTATHCTHYECKHMH MeTOJaMH MPOBEPHUTH,
CYIUEeCTBYeT JIi AOMHHAHTHAA KOMIIOHEHTa B EPHOAOTpaMMe. Kpure-
DI, pexomeHnjoBaHHbl DHINEPOM, OCHOBAH Ha BHIYUCJIEHHH CIEKT-

Puc. 4.57. BreicokosHepreruueckasi CHHY-
coulanbtas BOJud (OPepBIBUCTAs JH-
Hist), HabaloAeHHass B AUCKDETHOM MHO-
JKECTBE TOYEK, jaeT OTUETIHBO BHIAHYIO
BOJIHY HM3KOIN 4yacToThl (CIIOUIHAS JIH-

A ~s
BbIBopoyHerit FnTbpsan A Hus)

~s
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PaJIbHOTO 3HAYEHHS Sk*, KOTOPOE NMPEBBIILAET 3HAUGHHE 042 BPEMeH-
HOrO psifa, COCTABJEHHOTO H3 HE3ABHCHMBIX CIyYafiHbiX TOUEK, Kpu-
TepHii OCHOBAH HA BBIYHCJEHHH OTHOIIEHHS

2

g=s2../2s%, (4.97)
A€ $%max — HaHGOJBIIHA THK NepHOAOrPaMMbL H §? — nucnepcus
BCEro BpeMEHHOTO psiia. KpHTiueckoe snauenne g s CTIeKTPaJIb-
HOH BEPOATHOCTI p HaeTcst hopMyJIoi
np—1In "
m—1

, (4.98)
rie m=n/2, ecau BpeMeHHOl psi CONEPXKUT YETHOE YHCJIO Hab.110-
JIeHH, 1t m=(n—1)/2, ecan n neuerso. Ecuu nposepsieMasl CTaTH-
CTHKA g NMpPEeBLIIACT KPUTHYECKOE 3HAUCHHE g, TO MOXKHO MPEeANO.10-
ARATH, UTO NEPHOANYECKAs: KOMIIOHEHTa cyliecTByeT. Ecan mpose-
pAeMas CTATICTHKA He NPEeBOCXOAHT KPHTHUECKOE 3HAUEeHHe, TO Ha-

O1101aeMBlil COEKTPAABHBIT MNK S2max MOMKET BO3HHKHYTb cJayuafi-
HBIM 00pasoM.

gx~1l—e

HenpepbigHbii cnextp

Fapmonnuecknii anaans n noerpoente NepHOJOrpaAMMbBl HJII M-
HeflHOTO CHNeKTpa 1esecoo6pas3Hpl B Tex caydasix, KOTa ncecaeye-
MBI BpEMEHHOH P AefCTBUTEIBHO MepoinueH. B IIpHPOJIe BCTpe-
HaeTcsl HEMHOrO €CTeCTBEHHLIX ABJIRHHH, 004a7a10lHX HCTHHHON
NEpPUOAIYHOCTIO, He CUNTast BJEHNdA, CBSI3aHHbIe ¢ aCTPOHOMIIue-
CKHMH NHUKJIAMH, TAKHMH, KaK MECAYHble NPHJIHBBEl H OTJHBLL  HJIH
cesonnbie n3Menenns. BoapmuHcTBO reosornueckux BpeMeHHEIX pa-
-0B HE MepuojHuecKue, a cayualinse. Ilocjaen0BaTeIbHOCTh HA3LIBA-
€TCA CIy4aliHOH, ec/i ona MOKeT OhITh 0XapaKTepPH30BAHA TOJBKO C
TIOMOIUBIO CTATHCTHYECKHX XaDAKTEDHCTHK, B IPOTHBONOJOKHOCTH
AETEPMHHHPOBAHHON MOCIENOBATENBHOCTH, B KOTOPOH COCTOSIHIE MO-
AeT ObiTh TOYHO NpeICKa3aHo No ee Kosdduuuentam. [laxe B Tex
Caydasix, KOTAa BPEMEHHOH DSl He CONEPMHUT IeHCTBHTENBHO Teplio-
AHYECKHX KOMIIOHEHT, METOJb! CHEKTPaJbHOIO aHAa/a1H3a MO3BOJSIOT
MOJYYNTH LEHHYI0 HHPOPMALHIO O TOM MpOLECCe, KOTOPHIH TOPOLH
AAHHYIO TTOCJHEL0BATENbHOCT.  BOJBINHCTBO BPEMEHHEIX  psiIOB
MOHO CHHTaThL HENpepPLIBHBIMH NOC/e10BATENbHOCTIMH, naMe He-
CMOTps Ha TO, YTO MAHHLIC IO HHM COOHPAIOTCS B NHCKPETHOM MHO-
HeCcTse ToveK. [l TakHX Noc/ae10BaTe bHOCTEH MOYKHO BBLIUICIHTD
HENPePLIBHLI CHEKTP, AN GYHKUIIO CIEKTPAJIbHON MJIOTHOCTI, npu-
UEM JUTCIEpClst BPEMEHHOrO psiaa pasje]eHa MPONOPLUHOHAJBHO B
MHOJCCTBE MACTOTHLIX monoc. HenpepuisHbl chekTp umeer Buj
HenpepLIBHOR KPHBOH, BbipaKalolleli 3aBHCHMOCTh HCHEPCHI OT
HacToOTLl, ¥ aHaJOrHYeH HCNPEPLIBHOH (QYHKUHH pacnpejeseHHs Be-
POATHOCTEH ¢ juicnepcHAMH, TPONOPUHOHANBHBIMI  II0IMANSM MO
CHeKTPaJIbHOM KPHBOI MeX1y rpaHHuYHBIMH uacToTaMi. O61as m1o-
aak MOA CHEKTPOM paBha OOLIeH MHCTepcld  BpeMeHHOro pfia,

AJs KOTOPOTO OHA BbiuHcasaack. Haobopor, auHelHBIl cnekTp me-
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HOIHUECKOIO0 BPEMEHHOTO pAja MOKa3biBaeT ANCMNEPCHH, NMpHCyLlie
OnpeAeeHHBIM HHIHBHAYaJIbHbIM HaCTOTAM. .
Kasknass KOHKPETHas MOCJeA0BaTeNbHOCTh HA6J10J€HH, KOTO
pY10 Mbl XOTHM @HAJH31POBATb, MOMET paccMaTPHBATLCA KAK CaV-
yaitnast BEGoOpKA U3 0OJABLIOrO, BO3MOXKHO, 6ECKOHEYHOTO MHOXKeCTBa
TaKIX BPEMEHHBIX DSJOB, KOTODLIE MOTYT reHepHpOBaThCS H3ydae-
muiMi nponeccamu. IToHOe MHOMKECTBO BPeMEHHEIX psiJIOB Has3bipa-
eTcyt acamfaeM, U 3TO €CTb KaK pa3 Ta COBOKYIHOCTb, H3 KOTODOH
yawa KOHKpPEeTHast BHIGOPKA H3BIEKAETCs. .

BpeMeHHOH psii HAa3bIBAETCH CTALHOHAPHBIM, €CJIH €ro cBoficTBa
He HL3MEHSIOTCsT co BpemeHeM. IlpocTpaHCTBEeHHBIH pAf € TeMH Ke
caMDIMH XapaKTepHCTHKaMU Has3bIBaeTCss OAHOPOIHBIM. Ecan Bppe-
MEHHOM S MOAPAa3LenTh Ha Madbie CerMeHTHh W CpefHlie [0 BceM
3THM CErMeHTaM OJMHAKOBLI (M COBIAJAIOT CO CPEJHHM BCEro Bpe-
MEHIIOro psijfa), TO B 9TOM CJjydae TOBOPAT O CTAIHOHADHOCTH mep-
BOrO MOPSIAKA HJIM O CTalfOHapHOCTH B cpeaHem. Eciu B A0MOTHE-
Hiie K 9TOMY aBTOKOBAPHALMS H3MEHSIETCS TOJNBKO C H3MEHEHHRM i~
ra, a lle B 32BHCHMOCTH OT FNOJOXKEHHA BHYTPH BPEMEHHOIC psifia, TO
rOBOPAT, 4TO PAL 00JajaeT CBOfiCTBOM CTAUHOHAPHOCTH BTOPOTO M0-
nsaka. DTO CBOICTBO MHOrIA Ha3bLIBAOT €1ab0ii CTalMOHAPHOCTHIO,
11l CTALUIOHAPHOCTBIO B GoJee IUMHPOKOM cubicae. Ecii Bce Mo-
MEHTLI BBICIIEro TOpSAiKa 3aBHCAT TOJIbKO OT Jara H He 3dBHCAT OT
MOJI0MKEHHs], TO Psij HA3BIBAETCA CHJBHO CTAUHOHADHBIM HJau 00.1a-
40T CTAUHOHAPIOCTBIO B CTPOTOM CMBICJTIe. ‘

Ecail BpeMeHHOH DS He TOJbKO CHJIBHO CTalilOHApeH, HO H Bee
ero CTaTHCTHKH MHBApHAHTHB OT psiia K DALY BHYTpH aHcaMmOud,
To ancauvbJb Ha3bIBaeTcs IPTOAHYCCKUM. Mtuorne craTucTHYeCKIE
KPUTEPHH TEOPIH BPEMEHHBIX pf10B 00/1a4a10T CBOHCTBOM 3proany-
HOCTH TaK ¥Ke, KaK OJHOMEpPHbIE CTaTHCTHUECKHe KpuTepnu obnaia-
10T CBOBCTBOM OJHO3HAYHOCTH AMCHEPCHH. ECIH MBI HM€EM HECKO.1b-
KO I’»])eMeHH};IX pALOB, ABJAIOIHXCA peaJII/ISaU,I/IHMH OJIHOI'o U TOTO
e cayyadHOro mpouecca, TO Mbl MOXKeM NpOBECTH HPOBePKY HX Ha
3ProitynocTh. Booble Ke MBI HMEEM TOJABKO OAMH BDPEMEHHOH paL,
I B 3TOM cJyyae HUKaKas MpPOBEPKA TAKOro poja HeBo3MOXHa. Mu
MOXKeM TpPOBEPHTh CTAlHOHADHOCTH IO CPEJAHHM 3HAUEHHSM H JIC-
lepenit nJst eAIIHCTBEHHOTO BPeMEeHHOTO psAaa, MpHMeHss perpecciio
1L moapasaeasiss pAAbLl HA CEerMeHTEl H [IpoBepssi, OJHHAKOBHL Ji
3T CTATUCTHKH AJS Pa3JHUHBIX cerMeHToB. Ecam ga, TO paf sBJsd-
eTcsl cOOCTBEHHO CTAIHOHAPHBIM M MOXKHO TIPEANOJOXKHUTh, YTO OH
of.anaer cpoficTBoM 3proauyHocTH. Ecanr pan ne spasercs cobeT-
BOHHO CTaIIIOHAPHBIM, TO aHcAMOJb, 113 KOTODOTO OH H3BJEUEH, He
MOXKeT GLITh IPTOJHICCKUM.

Mnorna spemeHHOH psig MOXKeT ObiTh clleslaH  CTaUHOHADHBIM
NPlvMeHeHneM npocToil NpOIEAYPH YPaBHHBAHHS, HJIH BbIUHTAHHEM
UIHeHHOTO TpeHAa u3 HabmaoAeHUH, T. €. CTIOMOWbIO METOAa HAaH-
MEHbUINX KBajApaTOB BLIUMCJSETCs JHHefiHas perpeccus Y; Ha J:
Oria HoBHI BpeMeHHON psif onpefessercs Kaxk pPsijl OTKJIOHEHHH:
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V=Y, =1, (4.99)

rie V;— npeickaszannuie 3HAYCHUSA, oOnpejesieMble ¢ NOMOIIBIO
YpanHeHus perpeccui. Ecun nexopustii psig xapaxkrepnsopancs ma-
SIDIM H3MEHEHHEM ero CpejHero 3HaueHUs, TO HOBLIH psan Oyner
HMETb CTALNOHADHOE CpeliHee, PaBHOE HYJIIO.

Hast craunonaproro cayuaiinoro BPEMEHHOTO pPsifia, SBJASAIOLIErO-
C51 HCHPEPLIBHBIM H IPEACTABICHHOIO QUCKPETHLIM Ha6opoM paBHO-
MEPHO pACHpEeIeseHHbIX B MDOCTPAHCTBE TOUEK, HENPEPLIBHAS jHC-
nepenst (11 3HEPreTHUECKHH CIIeKTD) MOeT OBITh BLIYHCJIEHA Of-
HIIM I3 1BYX MeT0/10B. Bouee HoBblil i Gosee umpoxo HCIOAb3YeMBIH
METO1 OCHOBAH Ha BBHIYHCACHHH MHOTHX 3HAUYCHHI! JNHHEHHOrO CIEKT-
pa ¢ TIOMOIbIO aJArOpHTMd ObICTPOro npeofpaszopanus ®dypbe. 3a-
TCM STH CNeKTpA/IbHbIe 3HAYEHHS YCDPELHSIOTCS BAOJD YACTOT st
IOTyueltst ¢r1axeHHOl OLEHKH HenpepbiBHOIO cnekrpa. Kax cae-
AYET 113 Haspanis, ObICTpoe npeobpasoBanme Qyppe oueHb sdhdex-
TIHBHbI METOA, a MMEHHO, OH NpPUBOLHT K HKENaeMOMy pe3yJ/bTaTy
sa nlogen apudmernieckux onepaunfi, s To BPEMS Kak JApyrHe Me-
TO1bl TPeOYIOT BLIMOJHEHHS n? Omepawuuii. [peacrasuy  coornome-
iue Dypoe B Bl 1e n

P
st Y e (4. 100)
S = ’
. n
Ty

rae i=Y—I—wuuumasa emununua. Bunoanenie npecOpasoBanni,
AURTYEMBIX a.1TOPHTMOM OBICTPOro IpeoGpasoBanus Dypoe, Tpeby-
€T MATeMaTHUeCKHX H BBIYHCJIHTE/IBHLIX HABLIKOB, KOTOpbBIE Haxo-
AATLA BHE DAMOK M3J1araeMoro B 3TOH KHHre. [ostomy mbl He pas-
BIIBACM 3Ty TeMy, XOTs B HACTOSIIEE BPeMs 3TH METOAbl HAHGO/ee
IIPOKO HCTOIBb3YIOTCS B CNEKTPaJbHOM aHaduze. OTIHUHOe BBeje-
HIIC B T€OPHIO ObICTpOro npecGpasopais Dypbe BMECTE ¢ arOpPHT-
Moy mano Pefinepom [43], koropriii Takme naer OpHMEpLl NMpHMe-
Heund OLICTPOro npecOpasoBanust Gapee B reorpaduu. IlepBas oc-
HOBOMOJIaralomas cTaThsl, NOCBSILIEHHAN aJropuT™My ObICTPOTO mpe-
oGpasosanust Qypee, Obuiia ony6ankosaia J:kentabmernom u Cen-
a0y [20], ona ocHOBama Ha MaTeMaTiuecKiy MeTOHaX, KOTOpble
Boepsuie Obian BeegeHsl Kysn u Teioku [11]. CoBpevennble pyKo-
BOIACTBA N[O aHAJH3Y BPEMEHHHIX pSAOB (Baromdennn [7], Benpar
1 Hupeoa [6]) tpakrylor stor apeaMer Becbma mmpoxo. Heckosn-
Ko 0o.1ee cTapblii METOA BBIYHC/IEHHS HEMpPepLIBHOIO CHEKTpa co-
CTOIIT B HaXOXKAEHHH npeolpasoBaHils Dypbe aBTOKOppeAIHOHHOH
QyHKLIH BpermeHHOrO psina. Paspurhii nepBOHayaabHO Bapraer-
ToM [5], 3T0T MeTox naer Te ke PE3yabTaTnl, 4YTto H 6oJee HOBLIH
MeTo1 GeIcTporo npeodpazoBanus ®ypre, on Jerue s NOHHMAaHHUS,
XOTS 0 HE y106eH Ana BuluHCAeHHH. OH elle IWHPOKO HCHOJIb3yeTe,
0cobeHHo Torjaa, Koraa 4BTOKOPPEJIALHOHHASL GYHKIUS TakkKe Hpej-
CTaBIACT HHTEPEC M KOrAa BPEMEHHOH PAI He OYeHb ANHHHBI. Fi-
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wuae n Yorre [29], nanpuvep, o6cy®aanoT 3TOT MeTS?{Ui{ I/B.I:ize;-‘
. [64] mpuMeHsieT ero K pelleHiHio IHAPOreoorH ﬁnn o
[TpeoGpasosanue Pypbe aBTOKOPPeIAUHOHHON q)yI;g e
yHepreTHYecKuil CleKTp; s BPeMeHHOro paja, 3311%1{1{(;“ ;; yohc
SN 3HOMKECTBOM BLIOOPOUHBIX Xa})aKTepI/ICTII.K. HKII T
[29] jgatoT npeobpasoBaHie B CJALAYIOUIEM BHAE!

I—1
o' (4.101)

B

8:2:—;"’1; = 2 ’l

I=—(L—1)
31ech ST’Q —IlHCHepCI/IH HJIH 3HePTIlus B YyacTOTHOH [toJsioce ¢ HueHTapOI\g
:;'TO‘U\’G' f Yy — aBTOKODpE.IAHMHA ¢ J4aroM l, MakCHMaJdbHbBIH JaT
I s

' besorpavMme ecth L, i=7—1. N

dBTgI;(;ApelTHM, It)m) 3TO PaBEHCTBO OUYEHD Hal‘IOMI/IHaeT4 lza%Mnnoehgggg
npeobpasobanne Pypre, 3azanhoe ypasuennem ( 'HO).‘(OTHH <0
papenctso (4.101) moxer OLITh 3HAYHTEJNBHO ynpoile KQK‘ orn an-
Toxoppe sunonnas (QyHKOHA MoXeT OblTh BbmucneHacmmeT 1 or
PILATEAbHBIX, TAK H J1JS1 MOJOXKHTE/bHEBIX JaroB, OHd et pHe06-
OTHOCHTE/IBHO Jara HyJb; T. €. ri=r—. pOSTOMy BbI‘lHEJEl 1 Heol-
X0JUMO TIPOAENATh TOHbK?lﬂHH 3Ha;er}?aHKZHC;Tm};yi;;H%{ObIe L 11 sare
pesysbpTar yapanBaercd. [lanee, T i
' ro MHOYKeCTBa BeIlleCTBEHHBIX YHCeJ, KOTOpBE P >
isggﬁgig;{)enm B MPOCTPAHCTBE, MBI MOXKEM chomsoBaTb\an%léu;}e{e
HOe IPeJCTABJCHHE Yepe3 KOCHHYCH, a He obulyio (bgg;]g}.mﬁ aee
npocrofi Bua ypasBHeHus (4.101), npurogHb# AJs BBIY ,

KOB! .

\
s = A22 = 2( 12] r, cos 271[1) . (4.102)
W= /
Heobxoanmo paborats ¢ yacToramy, a He ¢ rapMOHHKaMér,HTi};G[\)a;
crennHyecKue Jari aBTOKOPPeJsSUHOHHOA (QyHKIHH é{neKTpe %Zo-
S3VIOTCSi B MPOCTbIE KpATHHE APYT APYTY B YaCTOTHOM C pe.
OTHOUIEHNE MEXAy JaroM yacToToll paetcst popmyJIoi |
Ji=—— (4.103)
7 oAL”
r1e A — pacCTOsIHHE MeX[y TMOC/e/10BaTe bHEIMA Haﬁmﬂe-f{}gﬂgﬂfﬁ
3DEMEHHOM psifie, H j IpeicTaBjsieT Kak j-il Jar, Tak SII/Ie’II‘CS{ cnent
paJjibHylo moJgocy. Yacrora j-if m0oJI0CH eCcTb f; 1 H3me£ el B k-
J1axX Ha eJMHHIly (€JMHWIB T€ XKe, 4TO H eAuHHUB A, p ceTom iy
MeXxay manueiMH Toukamu). Ecan AeTISSMepHETCH B MUJLI pax,
TO [; 3agaercs B LHKJAAX HAa MHAJHMET]. i}
fILICH’gJIb3yH ypasHenue (4.102), mel mosyuaem gaK HaSab}IiaSgII?III;
neobpaboranusfl crexrp. M3-3a crapaapTHoi OWHOKH B IfiTeJilewa
CHEKTpasbHEIX HOJOC €r0 Hesb3fl CYHTaTh YAOBJETBOD M.
b OGLIYHBIM 00pa3oM, YIJIHHAL
OTo npenarcTBHE HEJb3S NPEORONET D). s
BpeMmenHol psin (yBeauunBas n— ofllee YUCIO HAOJ e?re ! B'q)op-
BECTHO, YTO NpH yBEeJHUEHHH A NpPH (PHKCHPOBAHHOM JI
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Myaax mnponssedendil  (x;—X) (x;11—X) yYBeJIHUHBAETCS KOJIH-
4ecTBO MHPOPMAUNH H ABTOKOPPEJNAUHOHHAA (QYHKUHS £, NIPH 3TOM
Oyaer nMerb MEHbIIYIO cTanAapTHylo owuOKy. OpHako 3TO HeBep-
HO aas s/ Exuinc n Yorre [29] nokasaan, yto mudopmanus, co-
Aepraulasicss B KaKAOH OUEHKe CNexTpa §;7, pacnpocTpaHsieTcs Ha
I0J0Cy YAacTOT, IIMPHHA KOTOPO# BOKpYr [ paBHa —I/n. ITo mepe
VBeueHHs 71 o0was nHdopmMauus, conepKaliasics B IHCIEPCHI
CIEKTpa, pacnpefessieTcd Ha YBeJHUHUBAIOLIEECH YHCJIO MOJOCOK
VMenpllialonieicst wupuLLl. B pesysibrate yBesnuenne 1 penaer
BO3MOZKHO# OlleHKy AHCIepcHH B 6oJee y3KHX MOJOCKAaX 4acToT, 1a-
Baf CMEWEeHHYI0 OUeHKY HCTHHHOrO crnextpa, OaHako oleHKAa CTaH-
AapTHOH OWIMOKH 3THX 60Jee Y3KHX TOJ0C HE yAyullaeTcs.
Bapraerr [5] Bmepsrie paspaGotan MeTon yMeHbUIEHHS CTaH-
AapTHOH OMNOGKH B CHEKTPaJibHLIX OLEHKAX Ha OCHOBE aJrOpHTMA,
Ha3bIBAEMOro /100 MeTON0M CKOJB3ALLero oxHa, Jibo (GuabTpaiu-
eft, Jnbo craaxupanuneM, JH6G0 NPOCTPAHCTBEHHBIM  yCpPeIHEHHEM.
ABTOKODPENSIUHOHHYID QYHKUHIO MOKHO ONPefe/HTh B3BELIeHHBIM
MeTOIOM J1aTOBOTO OKHA WJH (QUJIbTPaA, H B3BelleHHAs aBTOKOPPeJo-
TpaMMa MOXKeT ObITb Npeofpa3oBaHa B CHEKTPAILHYIO 06JaCTh.
Beca npunaiot ocoboe 3Hauenue Gosee KOPOTKHM J1araM, KOTO-
poie OcHOBaHBI Ha GoanuleM uucae HaGiiogenufi, uem 6oJgee AJUH-
Hote aark. C apyrolt cTopoubl He0OGpaGOTaHHBIA CHEKTP MOKET OBITh
BLIYHCJIeH Il 3aTeM CIJlaXkeH B3BeIUHBAHHEM M YCPEAHEHHEM BMecTe
¢ fAPIJeralIiIMy CIeKTPAJbHBIMH  3HAUGHHIMH. MHOKECTBO BeCOB
HA3bIBAETCA CMEKTPAJbHBIM OKHOM 1K (DHJIBTPOM M SIBJSIETCS mpe-
obpasopaHneM Pypbe jaroporo oxkna. 06a MeTOLA NAKT SKBHBA-
JIEHTHBIE PE3Y.JbTATH, KOTOPLIE MOXKHO XapaKkTepH3opaTh KaK cMa-
3bIBAHIE IJIH CIJIaXKHBaHHe AHCHEPCHE TPHMBIKAOUIHX YACTOT.
MHoKecTBO OKOH MM (UABTPOB paccMaTPHBAJIOCH Pa3JHUHbIMHU
anTopaMH; CxeMa OKOH, HMelollasi HauJAyyllHe CBOHCTBA, MpEACTaB-
J15eT coOO0H HaHBBICUIeE NOCTIDKEHHe B aHaJu3€ BPeMEHHBIX PSIOB.
O1HO 13 Haubosjee UIPOKO HCHOAB3YEMLIX OKOH — 3TO  (BHJABLTP
Tookn — XaHHINTA, KOTOPHIH B CHEKTPaJbHONl 06JaCTH 1IMEeT BHIL
f P— LS?-—] —i’ __1_5‘72 I L CQ

. st st (4.104)

Ipeobpasosanne Pypee duaprpa Toloxn — Xanunura B 06.acTH
Jara ectTh

a
2

%]

Wfl = _1_. (1 - cos _T,L) .
2

(4.105)

Ota Gopmyaa ompesessierT Beca aBTOKOPpPeIsUIHOHHON (QYHKIHH, KO-
TOpas raaiko yOeisaer or sHauenust Wo=1,0 npu my.Jesom Jare 1o
W.=0,0 npr maxkcumansuom gare L. Kamaniii K03 ¢HILIIEHT aBTO-
KOp e yMHOKAETCS HA COOTBETCTBYIOUIMH €My BeC [0 BBIMOJI-
Henns npeobpaszopanus dypoe. I}’plaBHeHne (4.102) mpunumaer BHZ

s2=2{14s Y W, rcos2rfl ). (4.106)
\ [ =1 K -

el
€L
w»

1
i

MOXKHO NPEIJNOKHTb H IPyTHe OKHa, OOBIYHO au6o B 06J1aCTH J1ATOB,
71160 B 061AaCTH 4acTOT, TaK KaK MX NpHMeHeHHe ObiBaer Jerye 1o
5 ofHOH dopme, To B aApyroi. lInpoxo ucnosb3yemoe [Tap3eHoBcKoe
OKHO HMeeT BUJ

. 62y L 4.107}
Wi=1—7 (1 L ) ( '

a bt \ L 2,
144 JaroB MexXny HYyJIEM I/ll / 2}(11 [/ )3 (4108)

4. aaros ot L/2 no L.

[lpaxkTHyeckass CTpPATerus HCCIEN0BAHIS CHEKTPAIbHBIX xapa:;é
TEpUCTHK CAYUaHHBIX BPEMEHHBIX —PALOB  BKJIIOUAET  CJCAYIOLL
wari.

1. Ecau Heob6xonumo, n30aBHTh OT TpPeHJ1a HJH ypaBHATH NaH-
Hpie, BLIICHIB KOIPQUUUEHTH  Perpecciii Y; ua | u 3atem HAHTH

cratii; Y =Y;—Y,
OLTQ. BbI’{I/IéJIHTb ]aBTo{(oppeJmumo CXOMHOr0 psina (ecad OH cTa-
110HAPEH) WM psa ocTaTKoB Y’ BILIOTH 10 MaKCiMyMma Jjara B;’;
KoTOpLIfl He mpeBocxoanT n/3. HekoTophie aBTOPB! PEKOMEHAYIOT BEI-
ypcasTe Gonee y3kHe mpejednl  AJs MakcuMyma J1ara, HampliMep
n/5, n/6 uwau gaxe n/10. \

3. Belupc/uTh HeoGpaGoTaHHYIO CIIEKTPA/bHYIO  ILJIOTHOCTE S;°,
HCTOJIB3YS AHCKpeTHoe npeobpasoBanne Pypoe, ONPENENeHHO YpaB-
nenuem (4.102). ’

4. CraaanTb HeoGpaGoOTaHHbI CNEKTP, 1CN0Jb3YsT OKHO ThioKH—
Xanuunra (ypasHenie 4.104) B kauecTBe CKOJB3SALIErc CpPeAHEro
sl [OJYUEeHHs! CrJaX<eHHOf OUEHKI JHCIePCHH CIeKTpa.

OueBHHO, B CMEKTPaJbHOM aHA/JIH3€ HMEeTCs MHOro cnoc96os
NpPHHATH pellleHie, KOTOPOe OKAKeT BJIHAHNE HAa OKOHYATEJNbHBIH pe-
3yabraT. Onif BKJIOUAIT BHGOP 7, AJMIHBL AHAJU3HPYEMOH 1OC.Ie-
JOBATELHOCTH (€C/H 5TO HAXOJMTCS BO BJACTH HCCJIEAOBATENA);
MAKCHMAAbHOro Jara L; ¥ OKHA, HCMOIb3YEMOro 171 eryaXHBaHus.
CpA3i MexKay STHMH IepeMeHHBIMH H HX BJIMSIHHE Kax Ha paspe-
WeHile, TAaK Il HA 3HAYHMOCTb OTJa’KEHHOr0 eNeKTpa OOCYXKAeHB! Mo-
npo6ito B kunre Enxkunca u Yorrca [29].

Bumoauas anaans ®ypbe, Mul npeodpasoBasy Hallk AaHHbIE H3
0AHON obaacTit B ApPYrylo. Mul naugeM ¢ nabJioieHnd 3a (popMoH
3aBHCHMOCTH 3HAuUCHH{ Y; OT KOOPAMHAT TOUEK HPOCTPAHCTBA HJIH
BpemerH x; [locsie0BaTeNbIIOCTh TOUEK 06pasyer CHIHAJ WJIH BOJ-
HOBYI0 (OpMY, ONpeje’eHHYI B [JOCKOCTH KOOpJAHHAT )}vu Y.
B s1oM cayuae roBopsT, 4TO JAaHHBIE HAXOATCS BO BPEMEHHOM HJH
H)OCTpPAHCTBEHHON 06JacTH i 3aBHCAT OT NepeMEeHHOH X, o6osHa-
ualomel KOODJAHHATH TOUEK BO BPEMEHH HJH pacCCTOSHHE. Omnpene-
B KOMIOHEHTHl UacTOT B CHTHaJje, MLl IpeobpasoBaju JAaHHBE B
uacTorHyp ob6aacts. @u3nueckas aHaJorus Moxer ObITh nsobpaxe-
1d Ha pHCyHKe, TAe MpeACTaBJeH 3(P(eKT OoTpaxeHHs CONHEeUHBIX
Ayuefi oT sepkanpHbix npusm (puc. 4.58). CHon Gesoro CBeTa MOXK-
HO pacemaTpHBaTh KK KOMILIEKCHYIO BOJHOBYIO (OPMY, H3MEHAI-
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WVIOCs ¢ TeuelHHeM BPeMEHH H COCTGAUIYI0 N3 CBETa pas/HYHBIX
npeton (il Aaud poan). Ilpusma qefictsyer xak uacToTHBIE ana-
JHIZUTOp I A3/ sIeT NyYOK Ha €ro coCTasJsiOIHe YACTH, B Pe3yilb-
Tére 4ero Ha Jauciiiee roJydaercs paayra. Kaxkpas oxpaluennas
HGauca OT/Is1eTCst OT COCefHell  npOMeXYTOUHOH 301OH, IHPHHA
KOTOpOIl NPONOPIHOHAIBHA PASHOCTII X JJIHMH BOJH HJH YacToT,
& IIHT@HCHBUOCTD KaXIOH MOMCCH MPONOPIHOHANbLHA BKJIALy jaH-
HOI IJIHHBL BOJHDL 1t OOILYI0 HHTEHCHBHOCTh HCXOZHOTO myyka. Mc-
CJCTOBAHUE CIIEKTPA HCTOYHHKA CBETA MOMeT CKa3aTb HaM MHOIOe
O CTPOEHHII HCTOYHHKA CBETA, €r0 TeMIepaType, NpHpOjie BellecTBa,
CKBO3b KOTOPOE HPOXOAHT CBET H Tak jaldee. AHAJOTHYHO HCC.Ie10-
Bdltiie 4aCTOTHOrO CHEKTPa NaHHOW NMOC/IeA0BATE/IBHOCTH MOXKET pac-
CKa3aTh HaM O €ro NPHPOJE H HCTOYHHKE, 1aTb HH(OPMAINIO, KOTO-
PYIO HEsb3S TIONYYHTh HUKAKHM JPYIHM CIOCOBOM.

PUNBTPDI

Duasrpou 11a3bIBACTCS MATEMATIHUECKHH ONepaTop, KOTOPLi n3-
MEHAT 341aHHLIH BPEMEHHON P B APYroHl BpeMEHHOH psij, HMe-
wnii Tpebyemyio -popmy. Taxie ouepaTopul HasbBalOTCs «PHIBTPa-
MIl», TAK KaK NepPBOHAYAJBHO OHH NPeACTAB/SIHCH 3J1E€KTPOHHBLIMH
(QUABTPYIOLLHMH LeAsiM, COCTOALUHMII H3 CeTH CONpPOTHBJAEHHH K
€MKOCTeH, HCIO/Ib3yeMbIX /NIl BHIGOPOUHOrO MOAABJAEHUS HJIH YCH-
Jels CneuHdIyecKix 4acToT B 3JeKTPOHHLIX cHIHanax. Temepp Te
XKe (QYHKUHI 10 [peo6pa3oBaHHI0 LH(GPOBBIX CHIHAJNOB BHITOJHSOT-
C51 Ha KOMHObIOTEpPAX MareMaTHYeCKHMMH (uabTpaMi. OCHOBLI Teo-
puu gunbrpanuy Gblin sanoxenst HopGeprom Bunepom B paborax
IO CTAaTHCTHYECKOI TEOPIH CBSI3H, 1 3Ta TEOPHS HAXOAUT CBOE NMpak-
THUeCKOe MpHMeHeHHe LpH 00paloTKe CeRCMIYECKHX CHIHAJOB H

Puc. 4.58. Ilpusua ciyXHT 4acTOTHHIM aHAMH3ATOPOM, NPeoSpasyioliuM Geaniii
cBet (B npCCTPAHCTBENHON wan BpeMeHnOl obracTu) B ero cocrasnuie 4acTH pag-
HMX uperoB (06aactb 4acTor)
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aaHnbIX a3podoTocbeMok. B cuay storo  60/bLIMHCTBO TEPMIHOB
TeopHll (QHIBTPALMH NPOH3OLINO HE M3 KJIACCHYECKOH CTaTHCTHKI,
4 113 IHXKEeHepHOH 3JMeKTPOHIKH H QH3HKH.

Metoabl Teopun GUABTpALHH HOJYYHJIN HauboJee UINPOKOe NpH-
MeHeHHe TpH HCCJIeL0BAHHH OTPAXKEHHBLIX CEHCMHUECKHX MaHHDIX.
HceaeaoBanye CeCMHYECKNX CBOHCTB OTpAXKEHHBIX CHTHaJ0B OCHO-
a0 HAa CO3JaHHWM BXOJIHOTO curuana {ceficMuuyeckasl 3Heprus fmpo-
[13BOJAMTCA B3PbIBOM AMHAMHMTA HJAH BHOGDATOPOM), KOTOpBIA 3aTeM
uabTpyeTest B pe3yJ/bTaTe NOTVIOLIEHHS 3HEPTHH CHIHAJA 1O Mepe
ero TMYyTEUIECTBHSI CKBO3b 3EMHYIO TOJILY. Bplcoxue 4acToTHl MOT.10-
aiotesl 6ogee ClAbHO, TAK uTO Npupojia ceficMiueckix xosaebannil
13MeHseTcsl no mepe HX nepeaBl:KeHns. JLo6aBHM, YTO BOJHbBI HH3-
KX YacToT IepeMellaloTcst uepes3 Topubie Nopoanl Goaee GHICTPO,
Tak KakK HauaJbHbIH OCTPHII BCIJECK CTAHOBHTCA CMAa3aHHBIM H
seaabaennsiM. BuixoqHofl crurmas, xotopblii ofHapyxnpaercs Habo-
DOM TIGBEPXHOCTHBIX YyJaB./iBaTesell, COCTONT H3 OTPaXKeHHH cHr-
1147108, BO3BpaTUBIINXCsl U3 Gosee rayGokux ropusontos. K coma-
JeHHIO, TI0CJe HX NyTellecTBHs OTpaskKeHHble BOJHBI CHJBHO Ae(op-
MHPOBaHBI H HX TPYAHO HHTEPIPETHPOBATD.

3ajaua reou3uKa — YyCTPaHHTb HACTOJIbKO, HACKOJBKO ITO BO3-
MOKHO, Bpepuble 3dderTol  (usHueckoil  UABTPALI,  KOTOPBIM
celicMuUecKHi cHriaa Obla HoABepKeH. DTo Aesaercd myTeM ofpa-
HOTKH ceficMHYyeckuX 3anHceldl UUPpoBLIMH (PHIBTPAMI, KOTOpHIE
VCTPAHSIOT HeJKesaTe bHble YacTOThl, 060CTPSIOT OTpaKeHus M No-
1aBJSIOT WIYM B 3a0uCH 10 TeX Nnop, 1moxa Tpedyemslil, HO oc.1a0-
JeHHLIf curHaa e OyaeT BhlAeJieH.

B cuay TOro 4TO MHOTHE BO3MYIIEHHSI CEeHCMHUYECKHX CHIHAI0B
U4CTOTHO COTACOBANBI, Te0(MH3UKOB 0CcO6enHO HHTepecyloT (u.br-
pbi, KOTOpble MPeINOUTHTeAbHO TeHEePHPYIOT HJH YCTPaHIIOT Crneuli-
¢puvecxne yacrorul. CeficMHueckasa (HABTpAUHA YacCTO MPOBOAHTCH
B 3TO} 06/aCTH 4aCTOT ¢ MOMOIIBIO peobGpasosanus Pypwe ceficmu-
teckHX CHINAJ0B H yCTpateHHs HexejaTe/bHBIX UAaCTeH CHEKTpa H
nocaeayiouiero npeo6pazosaHus OTQIJALTPOBAHHONO CEKTpa 00-
paTHO B AeHCTRUTEABHYIO 00JaacTh, OJHAKO B TOYHOCTH TOT XK€ Mpo-
lece vozkeT GLIThH peadusoBad npeofpa3oBaHueM QHIbTpa 006JacTH
dypbe B peasbHbie AaHHBE H MOCeAYIOLIel cBepTKOi ero mpeobpa-
30RaHns ¢ ceficMHIYECKIIMI 3anicsaMil curuagoB. Taxk xaxk 3TH QHIbT-
PLI IpejHas3iiauensl 175 NPOXOXIeHUs ONpejie/eHHbIX 4acToT M MOo-
1aBAeHHsT APYTHX YacTOT, TO OHH HA3BIBAKOTCS BBLICOKOYACTOTHBIMHY,
HII3KOYACTOTHRIMH HJH NOJOCHBIMH (QHIBTPaMH.

Teopernueckd MOYKHO TOCTPOHTH COBeplUeHHble (HIBTPHI, KOTO-
puie GyayT NpONycKaTh CHTHAJ bl CHell(PHYeCcKHX YacToT II He Mpo-
lycKath ApyrHe YacToTbl, HO TakHe (QHIBTPBI OOBLIYHO TPYAHO pea-
J130BaTh. Kak MpaBHJO, 3TH TEOPeTHUECKH COBEpIleHHBIE (DUJBTPLI
Tpeby1oT GeCcKOHeUHOro Ylicja ujenoB. Ecau OHH yceKaloTesi A0 MpH-
CMJIeMBIX pa3MepoB, TO (HJBTPH CaMH HAUNHAIOT OKa3pBaTb BJIHS-
Hie Ha BHIxOAHOH curHad, [Togo6path GUALTPH TakHM 00pasoM Mo-
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KET TOJBKO BLICOKOKBaNHGHLHPOBAHH LI PaboOTHUEK, TaK Kak ueTp
A0JIZKEH ObLITh A0CTaTOYHO KODOTKHM I 3KOHOMUHYECK]] BBEITOAHLIM U
ROLAKEH 14aBaTh XOPOIIYIO alnpokcumauno TpebyeMoro ya BHIXOne
CHTHAMA ¢ MHHMMAJBHLIM  UHCJQM HEAKTATENBHBIX NO6OYHLIX 3¢-
dexros. Toxpobuoe H3JIOMKEHHe Teopin  (QuabTPOB CHeuHpHIeCKHX
HAaCTOT CONEPIKHTCSH BO MHOFITX CHeIVIAMbHLIX KHUTax. Mpl ke o6pa-
THMCST K KOHHENTYaabHO 6oee IIPOCTHIM THIAM GHUABTPOB 1 K BoO-
IpOCaM WHPOKOrO HCMOMB30OBAMHS 4HA/3a BpEeMEHHBIX PANOB  Bo
MHOTHX 06Js1acTax.

Bpemennoit psn, KOTOpBIT 10/15KeH 6piTh TOABEPTHYT (uIbTpa-
HH, Ha3bn§aercsz BXoxsuM, a npeobpasopaunni BPEMEHHOH psj,
BBIXOASIHIT U3 GUMbTPaA, HAa3bIBaeTCS BBIXOSIIIH M. OnepaTop (PHJIBT-

PAUKEH cBOpaunBaeT BXOAAWMHA psg c $uaprpom, B pesyasrare mo-
AYHaeTCH BHIXOAAWMUG psig; ’

[CT=[BI=[f]. (4.109)
Ecan na seixoze bt xoriwm MOJYUATE OMpenenenuyo dopmy, cka-
xeM [D], 1o ¢puasTp moxer 6orrs BbIGpAaH TakuM o6pasoM, wro
ACHCTBHTEJBHBIH BBIXONAWHA  psij [C] 6bi1 macToabko 6aH30K K
Tpebyemomy BLIXOAALIe MY PSiay, HAacKOIBbKO 3To BO3IMOXNO. YTo6k
STO CleslaTh, BEIYHCJAHM 3JeMeHTL GuABTPa,  KOTOPBIH MuHHMHIY-
PYET CyMMy KBaapartos pasHocTeii mMexnay [C] u [D]. Coorsercray-
TOLUNK MATEMATHUECKN]T MeTOA OUeHb HANOMHHACT aJrOPUTM BLIYHC-
JCHUA KO3 QHUHeHTOB JuHefiHok perpeccun. Po6urcon u Tpeiirens
[44] nawoT ouenp NMOAPOOHOE M HCKIIOUHTEIBHO scHoe H3JI0XKeH e
9TOI0 MeTOxa, Ha3LIBAEMOTrO cXeMoil HaliMEHbIIEr0 KBAaAPaTHYHOrQ
buaptpa.

Pacemotpum mpocrof npumep. [lpennonoxnm, uro BXOASII UL
BeKTOp B MMeeT 1Ba sjgeMenTa [bo. b1]. Toraa GrabTp Takxe co-
ACPAKNT nBa snementa [fo, fi]. Tak kax BBIXOZ H3 ¢uabTpa spaser-
¢ CBEPTKOL BXOAA 1 PIVILTPA, TO OH COCTONT 13 TPeX 3.,1eMeHTOB.

[C]=[B]x[f],
[l h ]
- by foho 11t
[CI“[bIHfobl flbj'
[CT=[Febo fobi + Fiby  fiby].

Ecan Mbl x0TUM, uTOGH BBIXO H3 QuabTpa paBHscs HeKOTopoMy

3azannomy [D], 1o MoXHO namucaTs CICNYIOULYIO CHCTEMY COBMe-
CTHBIX ypaBHEHH

(4.110)

fobo + 0 = d,,
fobi + fib; = 4, (4.111)
0+ fiby = d,

HMI B MaTpuunofl popme
300

i bo O 7 d()
by bOJ[}“] =1|d 4.112)
0 bt d,

byaem o6o3Hauats MaTpuily B JeBoil yacTH uepe3 [B].

Marpuuroe ypasuenne fiepeonpeneneHo, T. €. HMeeTcs TPH ypas-
HEHus € ABYMsA HenspecTHLIMH. OJHAKo ecau 00€ YacTH ypaBHeHHS
YMHOXKUTh Ha OAHY H Ty K€ BeJHYLHY, TO ypaBHEHHe 0CTaercs He-
usMeHHbIM. Tax, yMHOXUB o06e uwacTi Ha TPAHCIIOHHPOBAHHYIO K
[8] matpuuy, monyuum

[81"[B1171 = [81'[D]

A
sl
0 by by Olb: il L0 by by 1

YTO MOXKHO 3aMHCaTh B BHJE

b02 + b12 bob1 J [ f() ] [ bOdO + bldIJ
[ bobl 02 _;_' b12 7( bodl + ble ( )

leopusuxn HasbiBaloT Matpuuy B seBoit uacT aBTOKOp peJIsiiH~
OHHOH MaTpuuell Bxoga. IlpaBas wacrts Torna ecro KpOCCKoppeJsi-
LHH MEXIYy BXOAOM H BRIXOZOM. JlefCTBHTENBHO, 3JEMEHTH HTHX
MAaTpHL He FABJISIOTCA KOS(Q(OHUHEHTOM KOPPeJSUHH, a SBATIOTCS
HEUCIIDABJICHHBIMA CyMMaMH KBafpaTOB H KPOCCHPOHM3BeAeHHII. Ox-
HAKO 3HAMEHATeJH JIIOGOT0  KOPPEe/ISLHOHOTO 4JICHA OJIHHAKOBB H
TIOTOMY OTCYTCTBYIOT; pCIUEHHe 3TOTO YpaBHeHHS GYAeT OJHHM H
TEM K€ He3ABHCHMO OT TOTO, HCMOMAL3YIOTCH Jid K03 UIHeHTH KOp-
PEJALMN UM KBAADATEL H KPOCCIPOH3BeAeHUs. PellleHue HaxonuTes
o6palleHHeM MaTpHIbl, CTOSIE! B JEBOl 4acTH, H HOC/eNYIOWMM
YMHOMKEHHEM Ha BeKTOp NpaBod yacTH. Ecin maTpuuy B seBok ua-
cTi 0603naunTb vepe3 [R], a sexrop mpasoii wacrn yepes [X], To
nonyuum [f] =[RI-[X].

OnHO U3 OOIKMX NpUMeHeHH TCOPUH (PUALTPALHU COCTOMT B MC-
C/IELO0BAHHH BCTPEUACMOCTH CIIELHAbHON BOJNHOBOH (GOPMBl HJIH ee
NH(POBOTO NpeAcTaBjeHusT B HEKOTOpOM BpeMeHHOM psife. Anajn-
TVK MOXET NONbITaThCA NPEBPATHTb 3Ty BONHOBYIO (GopMy B HeuTo
GoJlee ABHOE — OCTPLIH MK HIH H3J0M B BBIXOZHOM CHTHaJe.
 Ilycre Bxoasimas sosina B ecTs [21] u Tpe6yemulit BHXOZHOM
curgan nmeer Bug [D]=[300]. Onu npencrabnenn wHa puc. 4.59,
[oacrasass sti snavenns s (4.113), nonyuaem

2 0 3
fo]

1 2 =10

U ol [fl 0
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Pic. 4.59 [pouspoasnmjj |
. . JIbHLIH BXO0O; ay 5
ka3 00 oy o i{acno sHavennsmu [2 1] (a); TpebyeMast hopma o1-

MEHBIIHX KBajapaTo — ; <
HUibTPa HAUMCHBIIHY 1<Bz1;1pamsp[Q,QBO‘gI—’iI(;S,G](z‘aS)” (40 omamg

YMHOXas caepa o6e Yacrtu Ha [p]’

, Tosyyaem
) 2 0 _
[H ) 1 2 _ [ 21yl
| I NN
0 1 & -

-1 -

2 501h]T OJ
HOI{CTaHOBKa ManHubI JeBOoH YacCTH Jaer

[5 2]—1_[ 0,2381 _0,0952J

2 5 —(,0952 0,2381
Hckomere K03 dunuenTh ¢uabTpa ectn

[fo]z[ 0,2381 — 0,9852 [6 1,4286
iy —0,0952 0,2381JL0]:L05712J‘

[C)=1]2 1][1,4286 —0,5712].
Cseprka umeer puy
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. 1,4286  —0,5712
,rc,':[“bg 2,5672 —1,1424

N 1,4286  —0,5712 _
= [2,8572 {1,4286 —1,14241 —0,5712]
= 2,857 0,2862 —0,5712]

Buixoa puabTpa ykasan Ha puc. 4.59; oueBHAHO, MBI He NpeyCle/u
8 cosfaHnu wicroro octpus [3 0 0], HO BLIXOX sABAfIETCS  OueHb
xopouel annpoxcumanueil. JleficTBuTe1bHO, 3TO €CTh HaMJy4IUast
BO3MOXHasl alNPOKCHMalUs Ui 3TOTO 4acTHOrO BXOJa H (U/IbTPA,
COCTOSILLErO TOJBKO M3 ABYX ujenos. Temepe Mul MOXKeM U3MEPHTS,
HACKOJBKO XOPOW (puJAbTP, CPABHHB €r0 BLIXOJ C TeM BBLIXOAOM, KO-
TOPLI Mbl XOTeJaH MOJYUliTh. DTO JenaeTcd BbIUHCJIEHHEM OWMOKH,
oIpeleNIeHHOll KaKk cyMMma KBajapartos pasHocreil mexay C u D:

g = (3—2,8572) 2+ (0—0,2862) 2+ (0+0,5712)2=0,1428.

Ecnu 3amarTe Ha BbiXoJe Apyrue CHIHAJAB, He sABAAKOLIHECS IH-
KOM, TO B HEKOTOpPBIX CjydyasX OHH JailyT OoJjee 3(Q(peKTHBHBLH
¢uaprp. OO6wiIle THOE (QHIBTPOB HOCAT HA3BAaHMA AUIMK (KBajpart-
Has BOJIHA), puasTp I'aycca, nuaa.

CraaxuBaHue U BPEMEHHON TPeHJ-aHAJH3

BosmoxHo, Hanbosnee H3BeCTHble reosoraMm (QHABTPH — 3TO Te,
KOTOPBI€ NpeJHa3HaueHbl [JsA yMeHbUIeHMA AHCIEeDCHH BPEMEHHOTO
psiia. 1o — npousBosabible GHAILTPH, oflllee HA3HAYEHHE KOTO-
PLIX — CIJI&JHTh JaHHYIO NOCJeJ0B4TEbHOCTh; BHIXOL H3 (DHJBT-
pa—»aTO anmpoxKcuMalHs, TeCHO CBsidaHHas ¢ BXoAoM. O6ocHOBa-
Hite Heo6X0AHMOCTH TAKOTO npouecca (QUJABTPALHH COCTOHT B TOM,
4TO BPEMEHHOH psijJ COCTOHT H3 JBYX KOMIIOHEHT — «JJIHHHOAeHCT-
BYIOLIErO» CHrHAJNA HJH HeCylLlero HH@opMalHIio H HAJOXKEHHOTO Ha
Hero cJaydaifHoro Iryma. B cuay ero nmpupoinsl Takoi WIyM JOJUKEH
OBITh «KOpPOTKOAeHCTBYOwLel» KomnoHeHTof. Ilockoabky cHrHa#A
MaJi0 U3MeHsIeTCSl OT TOUKM K TOYKe, a IIyM HMeeT [IPOTHBOINOJOXK-
HYIO TEHAGHUHIO, TO CPe/Hee 110 HECKOJNbKHM HPHMbIKAIOMHEM TOYKAM
OyleT CTPEMHTLCS K 3HAYEHHIO CaAMOTO CHTHAJA.

OanH U3 MeTOAOB CLJIAXKHUBAHHS COCTOHT B AlPOKCHMALHH KO-
POTKHX CErMEHTOB MCXOJHOH NOC/JeL0BATEJIbHOCTH I'NMaJKHMH JHHHSA-
MH MU KDUBBIMH. DTH KpHBbie MOTYT OLITh NOJAOTHAHBI METOAOM
HaHUMCHBLUMX KBaApPaTOB C NMOMOIULID H3JIOXKEHHOH paHee TEeXHHKH
perpeccHonHoro aHaausa. oas stofi pesn Hanbosee NOAXOASALIHMH
OKa3bLIBAIOTCS OPTOTOHAJbHBIE MHOTOYJEHBI, TAaK KaK OHH TpelywoT
TOJAbBKO TepeMHOKEHHS PAfa YJIEHOB M HaOJIOAeHHH B anIpPOKCHMHU-
DYEMOM CerMeHTe, 3aTeM CYMMHPOBAHHS H JleJIeHHd, YTOOBI I10Jy-
UliTh HEKOTOPBIH KO3GOUIHEHT anmpoxcuMupylomel Kpuso#. Ecau
K03 (HULHEHTH! BbIYHCJAEHD!, MOXHO IOCTPOHTh YDABHEHHE H HCXOJ-
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HblE Ha6;’IIO,ELeHHbIe 3Ha4YeHHs NOJI2KHbI ObITH 3aMEHCHBI Ha IIpeacKa-

3aHnble sHauenust Yi. J{o Tex mop, moxa mopaiox anmpoKCHMHUPYIO-
ulell KpHBOH MeHbIIE 4icJa TOYEK B CerMEHTe, KpuBaa Oyjmer an-
NPOKCHMALLHEH, TOABEPKEHHON MEHBLINM H3MEHEHISM, YeM HCXOI-
Hble HallI0aeHus H, CJIeI0BaTeNbHO, 00Jee IJa1KoH.

OGBIYHO TOC/IE10BATEABHOCTD HE CIIAMKHBAETCS pAsoOM Henepe-
KPLIBAIOILUXCsl CETMEHTOB, TaK KaK OHIl 1IMEIOT pe3KHe H3.10Mbl B
CBOHX 3BeHbsAX. BMecTo 3Toro omepauns criakusanus COCTONT B 1O-
CTPOCHHIL  aNMPOKCHMALNK K MAJOMy CEIMEHTY W OIpeieieHHH
NPCACKa3alHBIX 3HAYERHIT ¥, COOTBCTCTBYIOMINX cpeaneMy uabJIo-
ACHHIO B cermente. CaeAyOUIHII cervMeHT BHIGNpaeTcst Tak, uTo OH
IEPEKPLIBAET BCE, KPOMe OAHOTO, HAOJIOZEHISI B HEPBOM CErMEHTe,
W 3aTeM npouecc nosropsiercst. Haxkonel, 1cxo1ioe MHOKECTBO 1aH-
HBIX 3AMEHAETCS Ha CrUIAXKEHHBIH PSij, MOJAYYEHHBIH N3 KPUBBIX, [10-
JAOTHAHHLIX K 3THM [EDPEKPBLIBAIOIIHMCH CerMeHTaMHu.

Tax xax MHOXeCTBO KO3(G(UIHEHTOB 10/:KHO GBITH onpeje1eHo
H BBIYHCJIEHO I KaXKAOIO NEPeKpLiBAIOLIErocs cerMenTa, i iyeer-
Cs1 IIOUTH TAK 7K€ MHOTO CErMeHTOB BO BDEMEHHOM psje, KaK HMeeT-
€ HCXOIHbIX HabJI0JeH i, TO 3T0 3aTHKHOI NpoLece naxe HnpH IC-
lI0/1b3OBAHUH OPTOTOHAJbHEIX MHOTOWeHOB. OJHAKO caMH KO-
QHUKEHTBl He ABJSIOTCS HEOOXOAUMBIMH, BCE, UTO HaM Hajo, — 370

OLEHKHN Y; B IEHTPAJbHBIX TOUKAX cerMeHToB. C 3THM OTpaHHYeHH-
€M MOZKHO NEpENnHucaTh YPABHEHUS OPTOTOHAJIBHLIX MHOIOUICHOB TaK,
YTOOBI NOJIYUHTD aJIbTEPHATHBHOE MHOMKECTBO OpPTOrOHAJBHBIX UJie-
HOB, KOTOpLIE NPAMO oGecrevaT nodyuyeHle CLEHOK B HeHTPAIbHBIX
Toukax. [lerasn sroro Meroxa mpusoasrcss CasuukuMm H Io.eeM
[48].

[Tockoabky MBI HHTEpecyeMcs TOMBLKO OHEHKON B LUeHTpa/BHOH
TOYKE KODOTKOH I0C/1€10BaTeAbHOCTH, f N0JXKHO GbITh BCEIia He-
YETHBIM YHMCJIOM. 3HAUHT, KaK KBaApaTHUHAs, TaK U KyGHUHAS KpH-
BLie OyAyT MMETb OJHO M TO K€ 3HaueHHe B UEHTPAJbHOH TOUKe,
IIpH 3TOM B JI060M M3 3THX cJyuaeB GyaeT HCNOJIBb30BAHO OAHO U TO
K€ MHOKeCTBO BECOB. DT0 BEPHO H JI51 KPHBBIX YETBEPTOrO ii MATO-
ro nopsinka. KoweuHo, ecii K JaHHEIM [IOJOTHATH JHHENHYIO (hyHK-
IHIO, TO 3HAYCHHE B UEHTPAJbHOHR TOuKe OyIeT MPOCTO CPeAHIM TO-
YeK B cerMeHTe. OTO 3KBHUBAJEHTHO BBICKA3LIBAHHIO, UTO BCE U.IEHBI
JHHEHHOTO OPTOTOHAJNBHOTO MHOTOUJEHA pPaBHH 1.

Tabanua 4.30 orpa)iaeT H3J0XKeHHOE BBIle; OHA JdeT OpTOTO-
HaJIbHbIe NIOJHHOMHAJIbHEIE BECOBHIE (DYHKLUUH ) AJ51 HEUETHOrO UHC-
J1a TOYEK B TIOCJENOBATRJIPHOCTH AJS TMOPHAKOB KPHBLIX 2 u 3,
a Tak¥Xe /g HOPSIAKOB 4 K 5.

715 BLITOJHEHHS CrJIaXKUBAaHUS C HCIIOJb30BAHHEM ODPTOrOHAab-
HbIX MHOTOYJIEHOB MBI MPOCTO CBEPHEM AAHHYIO IIOCJIe10BATe 1bHOCTD
C MHOXKECTBOM MOJIHHOMHAJBHBIX WIEHOB H 33aTEM PasfesnM pesyhb-
TaT Ha CyMMY YJIEHOB, T. €.

— By 1o
C=Bx o
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Tax KaK MHOXKeCTBO 4JIEHOB CHMMETPHYHO OTHOCHTEJbHO HeHT})a.{Ib-
HOTO YJieHa, pe3yJabTaT OJMHAKOB, €C.TH MLl IPHMEHHM METOM CKOJib-
3S1IETO CPEAIEro, KOTOpoe eCTh MPOCTO CKOJb3sliee KPOCCIpousse-
jleHie MeZ1Y MHOKECTBOM UJIEHOB Il BPeMEHHEIM PSALOM, A€NeHHbIM
pa 2. DTOT MPOIEece, BO3MOXKHO, 60.1bllIe 3HAKOM reo,/ioraM noj Ha-
3BaHHEM BDEMEHHOro TpeHA-anadanza. Cpelil ypaBHeHHH, NCMONB3Y-
eMBIX JIJIs VKa3aHHbLIX Bbille medsed, natuugaenusii uaprp Hlenmap-
aa— Topna, 06LIUHO 3aNICbIBaeMbll  Kak CKO.Jb3sllee cpejiHee B
BUJE

1

i/\.:

1

7Y, = 12(Y, 1 X — 3, -+ Yl
35 ,

Ecau cpasHHTh Beca ypaBHeHusi cKoJjb3sulero cpeaunero Hler-
napiia ¢ OpTOrOHAJbHBIMH NOJHHOMHAJBHBIMA Yj€HAMH, NDHBEIEH-
upiMu B Tab6.1. 4.30, To MBl YBHIMM, UTO 3TO IIPOCTO KBaipaTHOE
ypaBHeHlie, HaTAHYTOE METOAOM HAHMEHbUIHX KBajApaTOB HA MATbH
touek. IIpyrue criaxKupamollie YpaBHEHHS, HCIOJb3yeMble BO Bpe-
MEHHOM TpeH/-aHajuse, TakxKe Ju00 HAEHTHUHB, JHOO OuUeHb HAMO-
MHHAIOT OPTOTOHaJbHble MHOTOUIEHE. DTH CIVIaKUBalOIIHe QYHKIHH
OlIMCAaHBl B KJaccHdeckoil paGore YHTTekepoM i POGHHCOHOM [69].
Ha puc. 4.60 mpeacraBiieHBl pe3yabTaThl CrJaKIiBaHUs BpeMeuxmgro
psajla KapoTax)a CKBaXKiH C NOMOIIbIO Pa3JHYHBIX ypaBHeHuH. (oO-
BCEM, HE OUEBHJHO, UTO 3TH (PYHKILHH CKOJb3SILEro Cpe/Hero sBJjs-
10TCSl (PHABTPAMII, HJIH YTO IPOUECC CKOJb3SIIEro CpejHero mare-

Ta6auua 430

Oproronalibible NOJMHOMHAJbHbIE BECOBble QYHKUHH [J aNNPOKCHMAUMK
(craaxkupanusi). PyHKUHS NPAMO NAET OLUEHKY CPEIHEro 3HAUCHHA . (48
B NOCJEROBATENLHOCTH M3 [l TOueK, riae H— HeueTHoe uucio oT 5 po 17 [48)

Kpaaparuusble § KyOHUHBIC UJIeHbBI UsieHbl YCTBEDTOIO H NATOTO NHOPHAIKOB

n 5 7 9 11 13 15 17 n 7 9 11 13 15 17
—3 —2 —21 36 —11 —78 —21 5 15 18 110 2145 195

lg 523 ﬂ 38 10 —13 —6 —30 —55 —45 —198 —2860 —195

17 6 39 44 9 42 7 75 30—10—160 —29§Z —260

12 7 54 69 16 87 18 131 135 60 110 133 117

—3 6 59 8 21 122 27 75 179 120 390 3Zoo 135

3 54 89 24 147 4 —30 135 143 600 7500 415

—2 39 8 25 162 39 5 30 120 677 10125 660

14 69 24 167 42 —55 60 600 11053 825

—21 44 21 162 43 15—10 390 10125 883

16 147 42 —45 110 7500 825
—-32 9 122 39 18 —160 3765 660

34 —198 —166 415

—1(1) 2; 27 1102937 135
—13 18| —2860 —117

—78 7 2145 —260
—6 —195

—21 195

So 35 21 231 420 143 1105 323|l So 231 429 429 2431 46189 4199

20—201 305




MAaTHYECKH IKBHBAJIEHTEH CBEPTKE ABYX BeKTOPOB. OAHAKO OHH IOJI-
HOCTBIO 2KBUBAJIEHTHBI, YTO JIETKO J0Ka3aTh, HCIOAB3YS UHCJAEHHBI
npHMep, paccMoTpeHHLIl Beiule. Heo6xo11mo npegocrepeus yuTate-
JIAD AJI TOTO YTOOBI HCMOJB30BATh (PHJLTP, HAHZEHHBIH MCTOA0M
HaUMEHBIWNX KBaJApAaTOB, KaK B3BelLUEHHOE CKOJb3sillee cpejnee,
4 lie LaK HeKOTOPbLIl BEKTOp B CBepTKe, HeOOXOAMMO obpaTiTh o-
PSIIOK 3ICMEHTOB  (uUJAbTpa. ITO 3HAYHT, YTO MEPBLIH 3JEMEHT
GHALTPA CTAHOBHTCS NOCJACIHHM U/JCHOM  CKOJB3SIIET0 CPCAHEro,
BTOPOit — Npeanocie/lHHM YIEHOM M TaK A0 TeX [Op, IMOKa MOC/e -
HHH 9/1EMEHT HEe CTAHET NEepBBIM U/IEHOM B BLIPAKEHHH CKOJIb3slie-
[0 CpefHero.

Tax Kaxk QUABTPLI ClIMMETPHUIIL, TO COBEPIIEHHO HE OYEBHJHO,
UTO MOPAAOK 3JE€MEHTOB B OGOJIBIIMHCTBE CKOJB3SAIUX CPEAHHX ObLI
M3MEHEH Ha NPOTHBONOJCKHBIH, T. e. fiy;=fi_;, B reodusnueckux
IPHMEHEHHSX GOJIBLINHCTBO (HJIBTPOB SBJIAIOTCH ACHMMETPHUHBIME
H olbpauieHte CoOCTBEHHOrO MOPSAKA 3/J€MEHTOB /s HCIONb3OBA-
HHSl B CKOJIb3fLeM CpeHEM OKa3blBAeTCs KPUTHUYECKHM.

Mbl  ceftuac npHMEHHM  JBYX3.€MEHTHBII aCHMMeTpHYeCKH
OUILTP, BLIUICAEHHDIH NePBOHAYAILHO 118 BPEMEHHOro psiga

...0002100...,

B KOTOPOM UYUTATE/b JIEFKO MOXKeT Y3HaTb BOJIHOBYIO (OpPMY  pHC.
4.59, BJIOKEHHYIO B 1I0C/1€10BaTeBHOCTh HyJell. Ecin HOPANOK KO-
3¢ dunnenTos QUAbTPA OOPATHTh H MCNOJB30BATH B KAYECTBE BECOB
B CKOJIB3AILGEM CPeJHeM, TO pe3yJabraT GymeT TAaKoM:

. 0 0 0 2 1 0 C....
-0,5712 14236
“CEMD 14286
|
COSTI2 | 4ede

1
§

LA

6282 -0,5M2 0....

3TO B TOUHOCTH TOT Ke PO3VaLTar, KOTOprf{ MBI IOJVUUIH NMpHME-
HEeHHEM QHepauld CBepPTKH.

fIpocussonnbie

OpToroHasnbrble MHOMOY/IEHD TAKKE MOTYT OLiTh MPeoGna3oBaH bl
TaK, 4Tobul Aatb APYrofi noiesuuil THI BLIXOAa GuabTpa. Xopouo
II3BECTEH CII0CO0 BBLIUMCJACHHS NMEPBOH NDPOH3BOAHOH HOMHHOMHAb-
uoit kpusoil. Ileppas mpousBoaHAA MOMKET pACCMATPHUBATBCA KAK
Mepa H3MEeHeHHS HAK/IOHA MOArOHAEMOH JIHHMH MM CKOPOCTH H3Me-

HeHusl 3HaueHuil Y. Ecan ¥V ysenuunBaerTcs MM yMeHbluaercs BHYT-

pH HHTEpBaAJid C IDHUMEDPHO IOCTOSAHHOH CKOPOCTBIO, TO NPOH3BOAHAA -
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Puc. 460 PesyanaTbI Crja*KUBaHug Toc/eroBaTeJbHOCTH 31123"16}{!“1 KZJ].)OT‘L;‘/KHOH
JHarPaMMbl B CKBA’KHHe ¢ MOMOILBI) Pa3/HBIX Ypasuenuit [26, pHc. 4.2]:
4 — HCXOOlbe daHHBie; 6—0 — yHcao uieHos: 5 (0); 9 (8), 13 (2), 17 (@}

5TOH QYHKUIN HA 3TOM HHTepBaJe Oyaer OJH3Ka K Hyawo. Boabias
NOJIOXKHTENbHAS MJH OTpHIIATEJIbHAsd NPOH3BOJAHAS yKa3blBaeT Ha
CKAUOK M3MeHeHHd HaKJOHA, BO3MOXKHO, 00f3aHHBIIl CKAUKY Cpe/lHEe-
r0 3HAUEHHS HJH HAJHUHIO OCTPOro MIKA.

Ecau moxarousiemMasi KpuBas ONpejejeHa OPTOTOHAJBHBIM MilOTO-
uJEHOM, TO IPOH3BOAHAA MOMKeT OBITb BbIpaXKeHa Hepes OpPTOroHab-
Hble 4jeHbl, Tak Kax Hac HHTepecyeT TOJAbKO BLIUHCJEHHE MPOU3BOJ-
HOfl MOJTOHsteMOIl JHHIK B LEHTPaJ/JbHOH TOUKE HHTEpBaJa, TO MOJi-
HOMHaJIbHOEe ypaBHEeHHe MOKeT OBbITh IepeNHcaHo Tak, uTOOb Ips-
MO aTh 3HaueHie NPOM3BOIHOH. DTOT Nponecc onucan CaBHUKIM H
Toseem [48], Kotopble naloT Takxe TadJHIbl 119 HAXOKACHHA Mep-
BOM H BBICIUHX NMPOU3BOAHBLIX OPTOTOHAJBHBIX M}—Iorome}IOB.uTa@I.
4.31 comepXKHT ujieHBl AJs HAXOXKJIEHHS IepBOH NPOM3BOJAHON, B3sI-
TLle M3 paGotel [48].

Oneparop npoli3BOAHOR HCMOABL3YyeTCH B TOUHOCTH KaK CIJlaXKH-
Baouil GUABTP B ABYX cJaydadx: JaH0O0 NpH CBePTbHIBAHWH MNPOH3-
BOJZHBIX YJEHOB C HCXOJNHOIl OC/eI0BaTe/bHOCTBIO AAHHBIX, JHOO
Kak Ha0oOp BecOB B CKoJab3silleM cpeaneM. JI1060# u3 2THX mpouec-
COB AaeT OTKJHK, KOTODHIH 3KBHBAJICHTEH NOATOHKE HOJAHHOMHAJb-
HDBIX KPHBBIX K [OC/JELOBATEJbHBIM CErMEHTAaM M BLIYHCJEHHIO IpPO-
I3BOJIHBIX MOJATOHSIEMBIX KPHBBIX.

Mpbl MoxeM yBHIETH Pe3y/bTaT NpUMEHEHHA ONepaTopa MpPOH3-
BOAHOH K MPOH3BOJIbHOH CTylneH4yaTOH (QYHKIHH, NPeAcTaBJIEHHOH Ha
pHc., 4.61. KpyTo#i yroa mexiy ABYyMs CEIMEHTAMH BPEMEHHOTO p-
Ja BbIparkaeTcsl Kak HNUK B NMPOH3BOAHOH, B TO BPeMs KakK OCTaTOK
BpPEeMeHHOro psifla KMeeT JOKaJbHble IPOH3BOJHLE, paBHLIE HYJO.

[TosnnoMuanbHBE CriaxkuBamollne GUABTPEL MOryT OBITH HC-
[OJAb30BAHBl B COYETAHHH ¢ PHABTpAMH AH(GEepeHuuPOBAHUA, eC/i
IICXOJHBIA BpeMEHHOI pAj COAEPXHT Tak MHOro omHOOK, 4TO Ipo-
3BOJHbIE CTAHOBSATCS HEHHTEpHpeTHpyeMuMH. B Taba. 4.32 u na
puc. 4.62 mpuBefeHBl 3HAUCHHUS NMOPHCTOCTH, U3MepeHHOH B HedTs-
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DysKuuA npAMO AaeT OLEHK

NOJHHOMHUAIBHOH KPUBOIi,

Tab6nuwa 431
OpToronanbibie NONHHOMHANBHEIE (HYHKUMH XA NepBOH NPOU3BOIHOI.

KBaJApaToB, Ii€ /1 — HeueTHOE 4YHC/O OT 5 g0 17

y NepBO# NPOM3BOAHON B LEHTPAAbHOR TOuKe
NOATOHAEMOH B /1 TOYKAX METOAOM HAHMEHBIIHX

ITpoU3BOAKAN KBaNPaTHIHOTO MHOTOUNEHA
n 5 7 9 11 13 15 17
-2 —3 —4 —5 —6 —7 —8
—1 —2 -3 —4 —5 —b6 -7
0 —1 —2 —3 —4 —5 —6
1 0 —1 —2 —3 —4 —b5
2 l 0 —1 —2 —3 —4
2 1 0 —1 —2 —3
3 2 1 0 —1 —2
3 2 1 0 —1
4 3 2 1 0
4 3 2 l
5 4 3 2
5 4 3
6 5 4
6 5
7 6
7
8
o2 10 28 60 110 182 280 408
TIpousBonHaa KYGHYHOIO MHOTOUMEHA H MHOro4/Mena geTsepTol cTeReHH [48]
n 5 7 9 11 13 15 17
1 22 86 300 1133 12922 748
—8 —67 —142 294 —660 —4121 —98
0 —58 —193 532 —1578 —14150 —643
8 0 —I26 503 —1796 —18332 —930
—1 58 0 —296 —1489 —17842 —1002
67 126 0 —832 13843 —902
—22 193 296 0 —7506 —673
142 503 832 0 —358
—86 532 1489 7506 0
294 1796 13843 358
—300 1578 17842 673
660 18332 902
—1133 14150 1002
4121 930
—12922 643
98
—748
Hopwma- 12 252 1188 5148 24024 334152 23256
JIH3YI0-
WHA el

10
a 08

3 08
[ 04
z i 02 ._‘_-_/_\.—_~ -
ok -- -

Puc. 4.61. Crynentaras ¢yHkius, cocTosillast 113 NOC/e0BaTeAbHOCTEl eAHHAL

u Tpoex (a). I'paduueckoe usoGparxcenne nepsoii NpoUsBOAHOI cTymenyaToi Pyux-

1HY, BHIYHCJAGHHON Ha OCHOBC IATHYJIEHHON KBaIpAaTiHUHOI MONHHOMHAJBHON an-
npokcuMannu (6)

a
25
&
2 20+
S
o
2 15}
|y
10
&
2)0’—
g 1,0,—
=
2 \ A A
T O ¥ \[ \/
{=]
Q.
T
-10
1 1 l | L L
h 5 10 15 20 25 30 3

HoMep CKBEMWUHBI

Puc. 4.62. MavepeHns NMOPHCTOCTH, cledalnble ¢ uHtepBajtoM 10 dyros é3 r;(b:
cKBa)Kuie, HpoOypeHHON CKBO3b He(TAHON pelepByap Ha apKTHUECKOM nobep
Auxsickn:
a — HeoOpafoTaHHble JaHibie; 6 — nepBas Npou3BoiHax HeoOpaGoTaHHBIX AaHHHX

Holl ckBaxune. Ha puc. 4.62 tak:Ke mpeacTaB/els HX IepBLie ApO-
M3BOJHbIE HJIH, CKOpee, TepBble NMPOH3BOAHbIE KBaADaTHUHBIX dpym;:
LK, TOJOTHAHHBIX K MOCJELOBATE/TbHbIM MHOXKECTBAM H3 n:gzinT}O
yeg. MamepeHuss mOpHCTOCTH o6sagarT O0JblIOH U3MEHUH CTEIO,
YaCTHYHO U3-332 U3MEHUUBOCTH 3KCNEepHMeHTaJbHBIX llaHHbIX,og'beMOB
e B CHJIy TOTO, YTO HCMOJB30BaHHE OUeHb Maﬂeﬂzxgng N
mpo6 NPHBOAUT K HEMpeACTABUTEbHOM BbIGOpKE U3 pe3epByapa.
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TaGanuna 432

3HauCHUn ROPHCTOCTH (8 %), n3mepennvie g NPOAYKTUBHOM cJ0e HeQTHAHOM
CKBAXKHHDBI, NPOGYPEHHON HA apKTHuecKOM nodepexne Ansicku.
MpoGet 83sTH ¢ HHTEPBAJIOM B 3 M

(Bepx) 113,2 9 6,7 [ 17 18,9 25 212
2126 10 12,8 18 225 26 21.7
3 14,3 11 14,2 19 21.6 27 23,0
4 16,2 12 16,3 20 23,2 28 221
5 15,2 13 15,4 21 22,8 29 22 4
6 141 14 14,0 22 247 30 21,8
7112 15 15,0 23 20,0 31 19,8
8 15,3 16 23,2 24 23,4 32 24,7 (OcHoBanue)

TS rpadik nepsoll npou3BOAHON  SICHO [IOKA3bIBACT MAKCHMAJbHOE
H3MEHEHIIE NOPHCTOCTH B 06pasle ¢ HOMepoM 16, o6y p (1CX01-
HBIX NAaHHBIX TAKJKe OKA3bIBAIOT BJAHSHIIE HA GCTATKIL.

Ha puc. 4.63 npexcrasaen H3MEpPEeHIIs TIOPHCTOCTH NOCA2 erva-
/KHBAHUS NATHUJIGHHLIM KBa1DaTHYHBIM $uabrpom. Xots pazauuus
B IIODHCTOCTH M€Ky BepXHEH N HUMKHell 4acTsiMu pesepayapa co-
XpaHsoTCd, 6oablne QAYKTYalln 0T TOYKN K TOUKe noramamnTcs.
Ecan neobpa6orannbie nanmbre ACHCTBUTEABHO COCTABJCHLI Kak
CMECL «HCTHHHBIX» NOPLCTOCTEll €O CayuaiHbIMH omubKaM, TO
TJIaJlkasn anmpoKCHMalHs MOXKeT 1aBaTh 6o.ee GJH3KYI0 K aeficT-
BUTEJLHOCTH KapTHHY H3MEHEHHS NOPHCTOCTH, ueM UCXOJHBIE HaH-
HEIE.

Ilepsast nmponsponnas craaskenusix JaHHBIX TakKke IpeiciasJe-
Ha Ha puc. 4.63. dBHoe HaMenenue TOPHCTOCTH MeXKAy NpoGaMH ¢
HoMepamu 1 1t 16 acHo nokasano. Kak u caeiosaso O0XKHJaTk, BCe
MPOH3BOIHEE OCTATKOB CIJIa’KeHHOH KPUBOW G.IH3KH K HYJII0.

Feopusnkn ycranasausator xauectso $puabtpa, Heeaeava uac-
TOTHBI CIEKTP 10 M nocae ¢uabTpauni. Uamenenns s CHEKTpe yKa-
SBIBAKOT HA TO, KaK (QHABTP JeHCTBYET, H HA TO, HACKOALKO BLiCO-
KHIL 3O dexT on naeT. Mpl MOMEM BBIIOAHNTE npocTo# aHa/iu3 Ha
KauecTso (uabTpa, cpaBHnBas AHCTIEPCHIO BPEMEHHOTO psina 10

250 " 20 2
20 10
15 0
0 10
— ; L

I
15 10 15 20 25 30 23

Puc. 4.63. Craaxenusle suasenus MOPHCTOCTH H3 apKTHYECKON CKBAMKilib:

@ — NaHHEIE, CrilaxKeHHble ¢ NOMOINBIO NATHUYJIEHHOTI'O KBaApaTHYHOTO MHOTOuNeHa; 6——]76]38215!
TIPOH3BOAHAS CIJTAXKEHHBIX AGHRBIX

310

¢uapTpanun ¢ aucnepceneil nocde ¢duastpauun. Heobxoaumoe cym-
MU KBAPATOB AAS BBIYHC/ICHUSA AUCIHEPCHH TAKOBBL:
JJISE HCXOAHOTO BpeMeHHOro psija

SS9, =3~ Ly

$8,* = Sy — L xyy,

n*
L pAja, npoutediuers yepes uiabT}

SS, =S¥ (V)
-

JUISL OTKAOHCHIT

SSy=——X(¥y —YP
n

[Ipiiban:Keniioe OPOLEHTHOE OTHOIUEHHE CyMMvI\'BajlpaTOiI;lIIv;eE;T:
Bra (8S;/58:*) 100%. B s1ux paBeHCTBAX BCe CYyMMHPOBaH HpTIH
BOAATCH IO A JAAHHLIM TOUKAM HMCXOAHON 1MOCae10BATENbHOCTH HJ
MO TOUKAM Cr/aKeHHOH Nochea0BATeIbHOCTH. B 4aCTHOCTH, orme:
THM, UTO BLIMHCJSIOTCS AB2 3HAUeHHs J.19 CyMMbBl KBaApaToOB n»eg-
BOHAUAJAbHLIX AaHHLIX. [lepBas M3 HUX YUHTBIBAET BCE TOUKH Aa
HOH nocJjenoBatesbHocTH oT (=1 10 #, BTOpasg BRJAWOYAET To.nbhg Te
Hab.roaeHns], AJsl KOTOPbIX BBIUHC/ISIOTCS OHEI{KI{uY[. Takum obOpa-
30M, H3-3a [10TePH AAHHBIX Ha KOHIIAX CrJIaXKeHHOH M0CJen0BaTe/b-
HOCTH wmbl umeeM A*¥=pn—(m—1). XoTa B 3TOM cJjyyae, KaK H B per-
PECCUGHHOM aHaJsu3e, MOXKHO OblI10 Obl OXMJAATh BBINOJHEHHA pa-
BeHcTBa SSp*=S88;4+SS.,, Tem ne melee erc HeT B MeTOjJe CKOJIb-
351IleTo CpejHero. ATO NMPOHCXOJUT 1O TOM NMpHYHHe, YTO BbLIUUCHE-
HHEe OWeHOK Y; BOJIM3H KOHIOB HOC/ICI0BATEIBHOCTH AAKHBIX OTUAC-
TH OCHOBAHO HAa HCHOJb30OBAHMM 3HAUEHHH, lle BXOIAWHX B BhlHC-
geune SSp*. TlosroMy 3HadyeHHe TPOUEHTHOTO OTHOUIEIHS  CyM
KBAAPATOB SIBJASETCS NPHOJHIKEHHLIM, 110 €[0 MOMXHO HCH0Jb30BATh
Kax ncerasartess sQhexTHBHOCTI Tpoliecca MUIbTPULHI.

AHAJIU3 B3AUMO3AMEHSIEMOCTH

Ha puc. 4.64 npeacrap/ed THIOTETHUECKHH CTpaTHFpa(le{eCI\”;(I)lf
paspes ¢ 3aKO11iPOBAHHCIH MOC.1e10BATENBHOCTHIO Pa3JHUHBIX IJ{I(I: o
JOrHYeCKUX pasnoBHaHOCTefl mopoa. Ecau Bu nccneayere ﬁsaqaéxm
POBAHHYIO IIOCJEA0BATEIBHOCTh, TO 3aMETHTE, AqT(l))ige . Jacto
BCTpeualorcs rnocgaejioparepHocTt A—>B—~C n A— - 910 1ma-
BOJMT HA MLICJb O TOM, 4TO cocTosiHus B u D KaK-TO CB N
OZHO MOXKeT ObiTb 3aMEeHeHO JPYFHM B IpelnaraeMoi UoCJe]0B
TEJNBHOCTH. DTO CBOHACTBO JBYX HJH 60Jee COCTOSHHH BCTpe‘{aTbCHIOB
OJHOM I TOM »Ke OKDY2KeHHMH Ha3biBaeTcsl B3aHMO33aMEHAEMOCTHIO,
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H HCCJeJIOBaHHe 3TOro siBJeHHS GJH3KO
K BbIfIBJEHHIO TPYNN COCTOSIHUM, 3apaHee
He oueBliAHBIX. Taxkue HcenezoBaHus
HPHMEHSIICh B Da3IHYHLIX 00.1acTHX,
Kak, [anpiMep, npi aHaanse yacred pe-
il It aBTOMATH3alHu Npolecca ¢GoTorpa-
duposanus [46]. Dru MeToaH MpeacTaB-
JASI0TCS NePCHeKTHBHBIMHE M JJ5 IIcce-
JAOBAHHS reQJoTHYeCcKiiX faHHBIX,
AHanu3 MaTpHIL HEPexOAHBIX BEpO-
ATHOCTell 103BOJISET VCTAHOBHTH ABE Be-
JHUHHBL B3a1IMO3aMeHACMOCTh MEPBOroO
nopsaxa cJaeBa M B3aHMO3aMeHIeMOCTb
MEepBOro MopsAika cnpaba. DTH TepPMIHbLI
BO3HUKJH NpPH HCCJICAOBAHUM HAMNUCAH-
HBIX TEKCTOB, B KOTOPHIX COCTOSIHIIA
pEACTaB/IEHBl CJAOBAMH, a YTEHHE OCy-
‘ IeCTBISIETCS  caeBa Hanpaso. Ecau 3a
, KaRUMHU-J1100 JBYMS OTAEJBHO B3SITHIMH
CJI0BAMH [IOCTOSIHHO CJedyeT OfHO H TO
He CJIO0BO, TO OHH MOryT OHTh 3aMeHe-
HBl JIpYr' ApYroM. DTO siBjieHHe Ha3blBa-
......... : eTcs JIeBOIl B3aHMO3aMeHsIeMOCTBIO, TaK
””l” ””H”{ KaK CJI0BO, KOTOPOE MOXeT OhiTb 3aMe-
ooy HeHO  pYTHM B IOCJ/I€0BaTe]bHOCTH,
D oo pacnosiaraercs CJleBa. [Tockoabky crpa-
THrpaQuyecKne NOCJIEA0BATEBHOCTH YH-
TAIOTCSl CHU3Y BBepX, TO Gojee yuao6-
HBIM B 3TOM CJyyae sABJISETCH TEPMUH
«B3alIMO3aMeHSIEMOCTh cHu3ys. Matpuua
JIeBOHl B3aHMO3aMeHSEMOCTH I0Jy4aeTCs
M3 MATPHIH TEPeXOIHBIX BEPOATHOCTE]
B De3y/ibTaTe BbLIYNCJAEHHSA OTHOLIEHHH
= > IpOH3BeIeHHH CTPOK MaTpHLHL.
I ‘( [IpennosoxuM, uTo Mbl HMeem MaT-
Puc. 4.64. Uacts wermpex- PVY NMEPEXOAHBIX BepoATHOCTeli mopsi-
wienHoil ctpaturpaguueckoi  Ka MXM, riae Pij— BepoATHOCTL moJy-
10CJIe10BATEALHOCTH BHia  UYEHHS COCTOSIHHA A; MocJe COCTOSHHS
A>B—>C n A>D—C A;. OTHolenHe NMpoM3BeneHul, ompese-

Jsl0llee  JIeBYI0 B3aHMO3aMeHSeMOCTb
ABYX COCTOfIHHH, ckaxeM A, u A, paBHO

oy

o Iy

=]

L= = : (4.114)
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JLasi HAXOXKJeHUs 3HaMeHaTessl BO3BOJAMM B KBaJpar KaxXkAbl# aje-
MeHT CTPOK r U §, CYMMIpPYyeM KBajpaThl 110 CTpOKaM, NepeMHO¥XKa-
eM CYMMDI H HaXOJMM KBaJAPaTHBIA KOpeHb M3 9TOr0 IPOH3BENe-
s, JIf HAXOXKJIEHHS UHCJHTeNs HYKHO YMHOMHTD KaXIblil
3jeMeHT r-H CTPOKH Ha COOTBETCTBYMOUIMI 3JeMEHT S-H CTPOKH H
naiiTh cymmy STHX mpousseieHuii. OtHolleHHe ABYX NOJYYEHHBIX
BeHYIIH M €CTh OTHOUIeHHe HNDOH3BeACHHH HJM mepa JieBoil B3aUMO-
3aMeHseMOCTH L, 3aMeTHM, UTO ecaH CTPOKH ¢ HOMEepaMH r H §
HAeUTIIYHbl (r==$§), TO YUCJAHTENb H 3HaMeHaTeJb COBNALalOT, H OT-
poureriie pasHo 1,0. TTosTomy mepa B3amMo3aMeHAeMOCTH H3MEHS-
etcst B npegenax or 0 go 1,0, 1. e. 0=<CL,s<C1. Taxk xKak 3HaYeHHUSA
BeposiTHOCTEH Pij HAX0AATCA C NOMONILIO AeJEHHs KaxuAOTO 3JeMeH-
Ta CTPOKH MaTpHUBl NEPEXOAHBIX 4aCTOT HAa CYyMMY CTPOKH, TO TOT
)Ke pe3y/bTaT MOXKHO IOJYYHTh TPAMBIM BLIYHCJIEHHEM OTHOIIEHHSA
NPOUSBEAEHIH CTPOK MATPHILI NePEXOJHBIX YaCTOT.

Koneunbift pesyabrar BLIUHC/EHHH, NPOBOAHMBIX CO CTPOKAMH
MaTpHIBl HEPEXOJHBIX BepOATHOCTEH, — MOJyueHHe CHMMETPHYHOMH
MaTpHIUBI OTHOLIEHHIT nmpoli3Benennil. JlnaronasbHbie 3J€MEHTH, KO-
neuno, 6yayr pasusl 1,0. [lpyriie s 1@ MEHTEl XapaKkTePU3YIOT CTEMNeHp
CXOACTBA MEXAY NMapaMH pa3/HYHBIX COCTOSHHH, OCHOBAHHYIO Ha
NPOUEHTHOM OTHOIIEHHH YHCeJ], XapAKTePH3YIOUIHX HOPSIOK CJieno-
BaHHs HEKOTOPOTO TPEThero COCTOSIHHSA 33 NaHHON Mapof cOCTOTHUE.

MaTpuubl IepexOAHBIX YaCTOT H BEPOATHOCTEH JJIA NOMHOM MO-
cJe10BaTENbHOCTH, U3 KOTOPOH B3ST n3obpakeHHbl Ha pHc. 4.64
VUACTOK, HMEIOT CJAeAYIWUHA BHA

Marpuua nepexoiHblX BEPONTHOCTeH

MarpHia nepeXoiHBIX HaCTOT (nJs TepexoloB CHU3Y BBEDX)

A B C D CC'VT‘\; g; a 30 A B c D Cchl\[‘J lgﬁn )rxio
- 011 210- 23 A -0,00 0,48 0,09 0,43~ 1,00
/g l 4 013 3 20 ;3 0,20 0,00 0,65 0,15 1,00
C 14 6 0 9 29 C 0,48 0,21 0,00 0,31 1,00
D |_ 4 3156 O_ 22 D _0,18 0,14 0,68 0,00 _ 1,00

Mepa J1eBOi B3aMMO3aMEHSIeMOCTH Mexay cocrosnuamu A n B
BLIUMCISIETCSA KAK OTHOLIEHUE NMPOH3BEJeHHH ciaeAYyIOUIHX CTPOK:

A [0,00 0,48 0,09 0,43}
B 10,20 0,00 0,65 0,15}

Buiyieass 510 3Hauenue no dopmyJae (4.114), nonyqaeMuLABz
={,27, uro naeT HaM 3ieMeHTHl Lo 1 Loy MAaTpUILI Mep JIEBOH B3aH-
MO3aMeHseMOCTH, AHAMOrHYHBIM 00pa30M HAXOAATCS ee OCTajbHHE
3aemenTnl. [loJHasg MaTpHila HMeeT CleAyOmKH BUA:

- 1,00 0,97 0,60 0,25 -
0,97 1,00 0,34 0,96
0,60 0,34 1,00 0,27
0,25 0,96 0.27 1,00 _
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Bhicokast B3aMMO3aMeHsIeMOCTb CBepPXY NMOKA3blBaeT, uTo cyllecTBy-
€T CHJ/bHAf TEH/JEHIMs K IOSBJEHHIO OZHOrO H TOTrO ¥Ke COCTOSHISE
BCJEN 3a ABYMA APYTMMH COCTOSIHHSMH, T. €. OHH TOSBJASIOTCH B
OAHHAKOBOM OKpyxenull. Huskas psaumosamensiemocts cuusy, na-
060pOT, MOKa3LIBaeT, UTO BCJAEA 3a ABYMS COCTOSTHIAMH NOSIBJISIOT-
¢ Pas3JMyHble COCTOSIHHSI.

Marpiua vmep npaBoji B3anMo3aMEHSEMOCTH (11 B3AHMO2" \e-
HAEMOCTH CBEPXY) HAXOAHTCH € NMOMOLIBIO BEIYHCJEHIST OTHOWEHIIS
NPOH3Be/IeHHiT CTONGIOB MATPULE IEPEXOAHBIX BEPOATHOCTEH (CBep-
Xy BHH3), KOTOpble B CBOIO OU€peIb HAXOAATCS C MOMOLILIO AeNeHHs
KAKJOTO 31CMEHTA MATPIIbl MEPEXOAHBIX YACTOT HA CYMMY 3Je1{eH-
TOB COOTBETCTBYIOLLEIO 70161, DTa MATPILA BEPOSTHOCTEH cojep-
ANT OTHOCHTENbHEIE UACTOTH, C KOTOPBIMII  BLIOPAHHOE COCTORHHE
ABAACTCS PEALICCTBYIONIHM MM TOCJACIYIOMHM 15 APYIOro  Co-
crosinns. MaTpiina B TOUHOCTH Taxas K€, KaK Mbl MOT.IH 6ol HOTY-
UNTb, ecqi OBl NIPHHATII KOHEL NaHHOH II0C/JeN0BATEeIbHOCTH 34 HA-
42710, BHIMHCJIHJIH BEepPOSTHOCTH TNEPEeXOoA0B CBEpXy BHH3 M 3aTeM
MATpHIy MepPeXOIHBIX BepoATHOCTeH. MarTpuua nepexoanbX BeposT-
HOCTElN CBepPXY BHHU3 YKa3aHa HHKe.

MaTpHUa TePeXOAHBIX BEPOSTHOCTENR

MaTpyna mepexomunIx wacToT (ans 1epexonoB CBEPXY EHW3)

A B cC D A B C D
A - 0 11 2 10- A =~ 0,00 0,55 0,07 0,45 _
B 4 0 13 3 B 0,18 0,00 0,43 0,14 |
C 4 6 0 9 C 0,64 ©€,30 0,00 0,4!
D 4 3 15 0. D - 0,18 0,15 0,50 0,00 _
CymMMH mo 22 20 30 22 CyMMHL IO 1,00 1,00 1,00 1,00
croabuam cTobmam

B n06oM cayuae, nmeem an Mo JI€J0 CO CTPOKAMH HWJH CT0n6-
LaMii, BCe 3JeMEHTBl CTPOKH HJH cToa6uAa 1eJasTcsi Ha CyMMYy 3.1e-
MEHTOB 3TOH CTPOKH HJH ¢TOJ011a, IIPHYEM 3TH CyMMBbl COKpalua-
IOTCS NpH BLIYHCJIEHHH OTHOLIEHHS IPOM3BeAeHHH MeX1y CTPOKaMHu
nan cronbuamu. ITostomy ToT ke pe3yJ/bTaT NmoJyyaeTcs, ecJau mpo-
H3BECTH 5TH ONEPAINH NPIMO ¢ MaTpHueil nepexoaHsiX yacror. Me-
pa NpaBOH B3alIMO3aMEHSIEMOCTH COCTOSHHE A 1 B BHIYHCIACTCS
KaK OTHOLICHNE€ NPOH3BEJEeHHI IBYX CTON6LOB!

A B
0,00 ] —— [ 0,55
0,18 |——] 0,00
0,64 || 0,30
0,18 | ——~1 0,15

Mepa npasoit Bsanmosamensiemoct papna R45=0,49. Ipyrue
3JI€MEHTbl HAaXOJATCA aHaJIOTHYHO. IMoanas MaTtpuna npaBoﬁ B3aii-

314

i, e

MO3aMelfieMOCTH HMEeT BUJ

1,00 049 037 0,63
0,49 1,00 027 0,94
0,37 027 100 021
0,63 0,94 0,21 1,00

HMutepnperaunist 370l MaTpHLibl TaKasd XKe, KaK 1 HHTepNpeTalus
MATPILBL Mep JeBol B3alMO3aMEHsSIeMOCTH; OTJHYHE COCTOHT JIHLUb
B TOM, YTO CXOJCTBO B HEH yCTaHABJ/IIBAETCH Ha OCHOBAHHH TEHMAEH-
[HH OAHHX H TeX zKe COCTOSHHII GblThb MpeIUeCTBYIOUIHMH HJH NO-
¢Je Ay IOLHMH. .

HaxoHell, Mbl MOKeM ONpENEeNHTL MAaTpPHIY Mep B3aHMHOH 3a-
MEHS€MOCTH KaK MaTpHIy NPOH3BEeIEHHI BCeX Iap 3HaYeHHH Mmep
JeBOll 1 MpaBoOH B3aUMO3aMeHAEMOCTH, T. €.

Cij = LijRi;. (4.119)

dra Mepa xapaxTeplsyeT GJH30CTb OJLHOTO COCTOSHHS C APYTHM
yepes OTHOCHTEJIbHBIE YAaCTOTBl, ¢ KOTODBLIMH 3TH COCTOSIHHSI IOSiB-
JAIOTCA B MOCAEA0BATENBHOCTH, T. €. BXOAAT MeXAYy CXOAHBIMH CO-
crosguuamit. [Ipol3BeseHHe MHOXKECTBEHHBIX 3J/E€MEHTOB JBYX MaT-
pIil B3aHMO32MEHSIeMOCTH HMeeT BHA

1,00 0,13 022 0,16
0,13 1,00 0,09 090
022 009 1,00 0,06
0,16 0,90 006 1,00

My MoXeM TOCTPOUTh «I€peBo» HepapXliueckoro pasMelieHHS,
B KOTGPOM YKa3aHbl CB3H OJHOrO COCTOSHHS ¢ JPYTHM Ha OCHOBE
HN B3aHMHOH 3aMeHsieMOCTH 1 B KOTODOM H3yuaeMHbie COCTOSHHSA
PacHoJoMeHbl B MOPSAKe HX HaunGoJpllefl  B3alMO3aMeHHAEMOCTH.
MeToaul mOCTpoeHHs Takux «jaepeBbeB» ¢ nomolupio IBM Oyayr
pacemorpennt B 1. O, Tenepp ke MLl OrpaHHYHMCS H3YUEHHEM pe-
3YABTATOB IPYNIHPOBANHS «JepeBa» MaTpHIL B3aHMO3aMEHseMOCTH,
MOCTPOEHHOro Uit cTpaTHrpaduueckoro paspesa, NpeiACTaBJICHHOIO
na puc. 4.64. Takue TpH «aepesa» nzobpaxenno Ha puc. 4.65. fcHo,
uro B 1t D TecHo cBA3aHBI KaK ¢ TOUKH 3peHus 00liero npejpuecTsy-
IOIEro, TAK U C TOUKH 3pPEHHS MOCAEAYIOUIEr0 COCTOAHMUS.

[MesBuBlIiecss He1aBHO NyOJMKalNM, TOCBsIEHHBIE — aHAJH3Y
B3aHMO3aMEHAEMOCTII B Ie0JOTHUECKHX 3ajlauax, He MOTLYT CJAyXKHTb
€llie SIPKUM J0Ka3aTeJbCTBOM IMOJE3HOCTH, NMPUMEHEHHS ITHX MeTO-
J0B B re0/0rHl. DKCHePHMEHThl, HCI0Jb3YIOIHe JaHHbIC [0 CTPAaTH-
Tpaduueckomy paspesy B Kausace, okazanuch mOJE3HBIMH B mirep-
nperaud nukjioreM. Bee oTJ02KeHus, Bollejallne B 3TOT GOJsbLUOKH
paspes, Obln packaaccuuUupOBaHbl Ha 18 JIHTOJOTHYECKHX CO-
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Cnesa Cnpagsa Baaumuo

Puc. 4.65. Tpynnsi crparurpaduueckiix COCTOAHHUH, NOCTPOEHHbIE MO TpeM THIAM
MeD B3aHMO3aMEHAEeMOCTH.
CocTosiina B u D aHaNOTHYHLI 10 HX MOAOMKEHHAM B CTPATUIPAPHUCCKON 1100 10BATEALHGETH

CTOSAHHA. AHanM3 B3aHMO3aMEHSAEMOCTI ObLT HCIONb3OBAN C Leqablo
HAXOXKAEHHA MHHHMAJbHOIO YHCJA JMTOJOTHUECKHX Pa3HOBHJ(HOC-
Teil, HeOOXOMMMEIX 1A ONpeeIelist Moc,1e10BaTeNbHOCTI. Baaro-
Aaps STOMy yaasoch H30€KaTh K1acCH(QUKALIH M3BECTHAKOB M0 HX
pacrtojiOKenHIo B paspese H OOBEKTHBHO CO314aTh ONIPeLENCHHY IO
UHK/IHYECKYI0 MOje.b [14]. BeposiTHO, 3TOT MeTOn MOIKHO ycneluHo
HCNOIL30OBATE NpH pEIIeHHH  ADPYFHX CTpaTurpadHuecKnx 3azay,
4 TaKxe NpH HCCJAENOBAHNSAX MHHEPAJIbHBIX IMapareHe3nCoB.

Ha srov mMb 3akanuupaewm PaccMOTpEHHE METOMOB HCCJACLOBAHIIS
liocepoparesbuocTell nanubiX. Hamu omicansl nan6osee yacro ic-
IOIbSyeMLIC B HACTOALIE® BPEMsl B [EOJIOTHH NMPOUEAYPH i METO,1bl,
KOTOpbie TO3BOIHJI MONYIHTb HHTEPECHEIE PE3yJbTaThl H B IDYTHX
obaactsx. ORHAKO Halle H3JOMKEHHe HHKAKIM 06pasoM Hejb3s cyi-
TaTb MCUCPNBIBAIONINM, H MOXKET CJAYYHTBCSH, YTO B KOHEYHOM HTOre
TOJIC3HBIMI 111 HAYK O 3eMJie OKakyTcsl COBCeM ADYTue METO1L.
O1Hako paccMOTpeHHble BOHPOCHI OXBATHIBAIOT 3HAYHTEJIBHBIH KpyT
Sdlafl M COCTABJASIOT OCHOBY AJIsl MOCJEIYIOLIEro H3YUeHHsl i npo-
JOJIPKEHHS HCCAeLOBaHHUI,

Ortmerny, uto reosoru ne u3yuasH npoGuaeMy aHaansa mocseso-
BAaTeJbHOCTEH NaHHBIX B TOfi JKe Mepe, KAK 3aiaul HCCJI€/10BAHH
paclipeseJenublX NaHHBIX B NPOCTPAHCTBe. Brosue BEDOATHO, YTO
aHaJns Kapr HOJyYNJ CBOe pasButie 6Jaronaps TOMy, u4TO OH IlH-
POKO HCIOAB30BAJCSA A5 NpeicKasaHuss BhHHAHCOBBIX zaTpat mpH
Pa3BEIKE MECTOPOKAEHNH KaK He(TSHBIX, TaK H TBEDAbIX MOJIEe3HLIX
HcKonaeMuix. HecomHenno, mertonnl apanuza JABYMEPHBIX JaHHULIX
O4CHb BAZCHBL, H MBI PACCMOTPUM HX B V. 5. QnHako npejacKazatie
GHHAHCOBLIX NpUOBLIEl HE MOKeT CHAYXKUTD J0Ka3aTeJhCTBOM B
T0Ip3y NPIIMEHEHUA PACCMOTPEHHLIX METOLOB AJIs U3yUeHHs nocJe-
AoBateabuocTell nannbix. Cropee caeayer o0paTHTb BHUMaHlle Ha
TIOTEALHAbHBIE BO3MOJKHOCTH METOAA ABTOMATHYECKOH KOppeasiniu
KapOTaxHLIX AHArpaMM CKBAXKHH WJH HAa MeTo. H3yYeHRa Npoao.-
ZKHTCJABHOCTH BPEMEHH MEXAY BYJKAHHUECKHMH H3BEDIKEeHUAMH HIH
SEMJCTPSCEHNAMH. DTH 3a[aul elle He pelleHbl, H HH OJIHH H3 H3-
JIOMEHHBIX 31€Ch METOJOB He MOXET NpeTeHi0BaTh Ha TO, 4TO OH
AaCT yIOBJETBOpHTEAbHOE peuledne. OaHAKO Ho Mepe TOro Kak Mbl
OyaeMm GoJblile y3HABATb O TeOJOrHUECKHX NoC/IeN0BATeNBHOCTSX,
OyAyT nosBaATECA BCe Gouee MOLLHblE i YCOBEPIIEHCTBOBAHHbIE Me-
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oapl. KOHEUHBIM Pe3y/IbTaTOM HaIINX HCC/Ie0BAHAN ACJKHO 65}%
lT{e pémeHHe cnenugiyeckux 3anad, a pacumigpeHxe Hallyx 3HaHHH O
npoieccax, KOTOpble POHCXOAAT BHYTPH 3eMJIH.
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