D / JioK. G [lanAc { CTATHCTHECKMH AHAJI3 JAHHDIX B YEQIOTVIWL,

HAx. C. JI3Buc

CTATUCTUYECKUMN
AHAJIN3 JTAHHBIX

‘B TEOJIOTUAH



STATISTICS AND
- DATA ANALYSIS

IN GEOLOGY

Second edition

John C. Davis

Kansas Geological Survey

John Wiley and Sons
New York ¢ Chichester ¢ Brisbane

Toronto ¢ Singapore

Jx.C. [IBuc

CTATUCTUYECKUN
AHAJIN3 JTAHHBIX

B '’EOJIOTUHU

[TepeBoa ¢ aHTJIMHCKOro JOKTOpA
dbH3UKO-MaTeMaTHIECKUX HAYK
B.A. I'onyb6esou :

[Ton pepgakiMen QOKTOpa
reonoro-MHHepaJlorHuYeCKMX HayK
J.A. Poouorosa

B IBYX KHUT'AX

KHUT'A 2

]
i
MOCKBA PHEIPA™ 1990




BBK 26.3
I 94

YK 550.8.053:519

peKOMeH,ELOBaHO K TEPEBOAY KaHAULATOM

P. H. Kozanon.

1804010000—289

ﬂo43(01)—90

ISBN 0-471-08079-9

ISBN 5-247-02123-1

reoJI0ro-MHHePaJOrHUCCKHX HayK

35—90

© 1973, 1986 by John Wiley
and Sons, lnc. All righté
reserved. Published  se-
multaneously in Canada

© Tepeson ua PYCCKHE A3KK
B, A. Fony6eso#t, 1990

[NPEAVICJIOBUE

B 1973 r., korga BHILIO HepBOe H3NAHHE 3TOH KHHTH, HCIOJb-
30BakHe reosOraMd BHLIUHCJHTEJILHBIX CPEJCTB HAXOAHNOCh Ha Ka-
YeCTBEHHO HHOM YpOBHe, ueM cefiyac. ITO GbLIO BpPeMsi MaCCHBHBIX
OBM, cocpefoToueHHBIX B BBIUMCAHTEJNbHBIX UEHTPAX, MJOCTYHN K
KOTOPBIM OCYUIECTBJIAJICS Yepe3 OKOIIKO B 3aKPHITHX ABepsx. Ilpn
5TOM HCCAENOBATENb INOJYYas pe3yJbTaT B JydlleM cjaydae yepes
HECKOJIBKO AHell.

Teneps GONBIIHHCTBO Ie0JIOTOB HMEIOT HEMOCPEACTBEHHBI Aoc-
Tyn K OBM uepes TepMHHAN WIM K MUHH-KOMIbBIOTEPY, HJH HMe-
I0T JaxKe NEPCoHANbHHIA KoMnbioTep. KomnbioTep cran oGhipeHHON
Belllbl0 B >KH3HM reoJqora. K Hemy o6pamllaloTcss Kak HOBHUKH, TaK
M NpodeccHONaN bl B HajekJe NOBHICHTL 3(QQEKTHBHOCTL  CBOel
paboTHl.

K coxanenuio, JerkHil [OCTYyH K KOMIbBIOTEPaM He obecreyHBa-
€T JIETKOIO IOJIydyeHHsi 3HAHHI O TOM, UYTO ¢ HHM jJejaTh. Jaqa
MHOTHX I€0JIOFOB aHa/JM3 NOBePXHOCTEeH TpeHAa TaK Ke MaJjo Io-
usiTeH, Kak U 10 Jyer Hasan. To e MOXKHO cKa3aTh W O pakrop-
HOM aHajause. Bojee toro, mosiBH/HChH eule GoJiee 3K30THYECKHE H
TPYAHOAOCTynHHE MeToapl. HeobxomumocTs  ofydeHHss TIe0JiOTOB
KOJIMYECTBCHHOMY aHajusy Oblia OueBHAHA yXKe B 1973 1., TOo XKe
BepHO M cefiuac. Bor nouemy Han#caHa 3Ta KHHTra.

B orser na mnorue 3aMeuaHusi, KOTOphle s MOJYUHJ NOCJTE H3-
fanusa kuurg B 1973 r., a TaxkxKe, YUHTHIBAs COOGCTBEHHBI OMNEIT
NpenojaBaHus, s BHHMATEJbHO NEPECMOTPeN KHHFY /[AJAd  HOBOIO
usnanus. Pacnosoxende MaTepHaJsa cOXpaHEHO, OHO HAUHHAETCHA
C OCHOBHBIX MOHSITHH H 3aKaHUYHBAETCS AHAJM30M MOCJIeJ0BATENb-
HOCTeHl, KapT, MHOroMepHuIX Habuawogenuit. Tak Kar GOJbIIHHCTBO
CTYAEHTOB cayliaeT OAHH HAH Gojee xkypcoB no ®OPTPAHy, To
raasa o0 POPTPAHe B 3T0M u3naHuu OTCyTCTBYET.

Hsnoxenne Haunmnaercss ¢ OCHOB TEODHH BEPOATHOCTEH, OUeHb
BaXKHBIX B aHasJH3e naHublXx. Jlo6aBneH HOBHIA pasfen o Hemapa-
METPHYECKHX METOJax, KOTOphle NpelCcTaBJsgoTCs 6ojiee NPUTOLHBI-
MH IUId PEOJIOTHYECKHMX LaHHBIX. Tema «CoGCTBEHHblE 3HAYEHHA U
coGCTBEHHBIE BEKTOPBI» OCTAETCS TPYAHOH AJS TEOJOrOB, H NOITO-
My OHa 3aTparuBaercs ABaxKIb: B pasfene «MaTpuunas anare6pa»
U B pasjenax, NMOCBSIIEeHHHX (DakTOpPHOMY aHanusy. Paccmorpena
TAKIKE CBASL NPOUEAYP HAXOKAEHHS COOCTBEHHBIX 3HAUCHMIT ¥ CO6-
CTBEHHBIX BEKTOPOB C METOAOM IMIaBHLIX KOMIOHEHT, R- u Q-thax-
TODHLIM aHAJH3aMH, aHAJIMU30M COOTBETCTBHS.

HexoTtoprie TeMbl aHasu3a JaHHBIX B NOCJAEAHHE HECKOJBKO JeT
nprobperann Bce Oosiplilee 3HaueHne B Haykax o 3emie. Teopus
PCrHOHAJIM30BAHHEIX NEPEMEeHHBIX IIPHBJEKAeTCs cefiuac anas o6b-
SICHEHHSI MPOCTPAHCTBEHHBIX CBOHCTB IEOJOTHYECKHX MepeMeHHBIX
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MHOTHMH HccaenoBatensiMH. lleHTpadbHyio poss B 3Tofi TeopuH
HrpaT IMOJYyBaPHOTPAMMBL M KpafirdHr. DTH METOABl NpeaCTaB.le-
Hbl B HacTOALUEM H3JaHHH. ['eOQH3HKH TOHAMH BaXKHYIO POJb
CHeKTpaJbHOro aHannsa. IlosieaHocTh 3THX METOAOB OUEBHAHA NPH
pelleHHH MHOIHX JDYIHX 3ajJau, HauhHas OT IIpeJCKa3aHus 3eMJe-
TPSICEHHA M KOHYasi ONMHCAaHHeM (OPMBI HMCKONAEMHIX OCTATKOB.
Pasnen o panax ®ypbe H3jaraercs ¢ yyeToM STHX H3MEHEHHI.

Psn TaGJun W PHCYHKOB B 3TOH KHHTe BOCIPOH3BeeHH ¢ paa-
pellleHHsT aBTOPOB (BJAaAe]bleB aBTOPCKHX npaB). McroyHuk s
KaX1oil TaO/JHUE H PHCYHKAa yKasaH B KBaJPaTHbIX CKOOKax, 4
NnoNHass CCHIKA NPHBOIAMTCA B CHHCKAX JHTEPATYPH K KaxAofl
raase. Tabauun 2.10, 2.22, 2.25 u 2.26 sBJSIOTCS COBCTBEHHOCTHIO
HzparenberBa Jlxon Ya#hau um CeipoBbs Inc., TaGadup 211, 2.14
H 2.18 — co6CTBEHHOCTBIO Ilunreun-Byk Ltd, a ta6aunm 4.30
4.31 — AMepHKaHCKOTO XHMMYECKOTo ofIiecTBa. Bce onu BOCHDO-
H3BEJCHB C COOTBETCTBYIOIIUX paspeweHuil. Yacts Tabaunm 5.6 —
COGCTBEHHOCTh AMEDHKAHCKOH CTATHCTHYECKOI acconuanui H Apy-
ras 4acthb — AMEDHKAHCKOTO HHCTHTYTA GHOJOTHYECKHX HayVK;
KOMOHHHDOBaHNe TabJHUL CHAEJaHO C HX pa3pemieHHs. Ta6JHIDL
5.7 u 5.9 npencTaBAAOT COGCTBEHHOCTH AKaJeMHK Ilpece Inc
(Jlonpon) Ltd u BocmpoMsBemeHnl ¢ uX paspelienus. Puc. 5.94 —
COGCTBCHHOCTs ~ AMEPHKAHCKON  CTATHCTHUECKOH — acCOLMALMH, a
puc. 5.25 — cobetennocts XapkypT Bpeiic Flosanoswuuy, Inc, o6a
PHCYHKA BOCNPOHM3BEJEHBI C COOTBETCTBYIOUIHX paspelleHHil.

B Tekcre, B oTBeT Ha MHOrOUHCJEHHEBIe MOMKeEJAHHS YHTAaTelell,
CAEeJaHO MHOTO M3MEHEeHHMH, ncipaBJeHul, no0aBJeHHH.

B ponoanenne x TeM, KT0O ObIT HA3BaH B IepBOM  H3/aHHH,
MpHHOIYy MOI0 GaarofapHocTs noktopy Ilayaio BpoxuucToRy, a0K-
Topy Ixumy KemnGesny u goktopy Keiity Tepnepy 3a ux no-
Mouib. MoH peuensents, goktop efis Becr, npogeccop Ppank
S1punK " npogeccop HskH-35H D3Hr caesand MHOTO LEHHBIX He-
NpaBJeHHHd B OKOHYaTeJbHOM TEKCTe.

MHorouncnennbie 106aBAEHHS GBHITM CReJaHbl KOMMEraMH — H3
Kausackolt reonornueckoft CayXObl, BKJIKOYAss AOKTOpa JlafiBuga
Konnunza u nokropa Kamuna DepriocoHa W MOEro NMOMOIIHHKA IO
lepBOMY H3AaHHIO MHCTepa Pobepra Camncona. Tpoe 3  MOHX
ROJ/Ier NpHHANM aKTHBHOE Y4acTHE B HANMCAHHH KHHTH: JOKTOp
Puxkapno Osea — pasmen MO  perdoHa/JH30BAHHBIM IepeMEeHHbIM,
noktop Ky IIu — pasgen o cOGCTBCHHBIX 3HAYEHHAX K JOKTOP
Hxon [loBeToH, KOTOpHI MI0GE3HO NpPeJIOKHI MHOTHE H3 yopax-
HEHHil U IPHMEpOB, NPUBEJEHHBIX B KHHTE, H KOTOPHIH  TOMOTan
MHE Ha Beex cTaausax nposepkd. Hakomen, s ocoGeHHo npusmarte-
JCH MOEMy aCCHCTEHTy, HCCJIEJOBATENI0 H KOMIAHBOHY MHCCHC
Hxo drn He-Tpedpdenpaiin, xotopas U31aBajia, KOPPeKTHPOBaJa,
pOBepsiJia W OPranu30BLHIBaJa M 6€3 NONACPKKH KOTOPOH BLIXOI
STOH KHHI'H 0Ka3ascs OB HEeBO3MOMKHBIM,

Mocon C. ssuc

I'maBa 5
AHAJIU3 KAPT

YCJHOBHBIE U JPYTHE T'EQJIOTHYECKHUE KAPTDI

['e0/IOTH NPOBOASAT CBOM HCCJEIOBAHHA B DeasbHOM TpeXMep-
HOM MHpe, OJHAaKO HX NpPEACTaBJeHHd O HeM B 3HAYHTEJNbHOH CTes
jleHH OCTAIOTCS IBYMEPHBIMH. DTO SIBJSETCH CACACTBHEM TOTO, YTO
TpeThe H3MepeHHe, pOJib KOTOPOTro B reOJIOTHH OOBIYHO HrPAET Iy«
GuHAa, HepedKO ObIBAeT JIHIIb YACTHYHO JOCTYNHO [  H3Y4YEHHH
N0 CPaBHEHHIO C JABYMSI ADYrHMH H3MepeHusiMH. Kpome TOroO, Ha-
(1M 1peACTaBJeHHsT BO MHOTOM OOYCJIOBJEHBEl CPEACTBAMH HX BBI-
padeHusi, KOTOPEIMH MOTYT OHTh KapThl, (oTorpaduu, paspessl,
amedaTaHHBe HA NJOCKAX Jucrax Oymaru. Ilpenmerom Hcceneno-
FaHHS MOCYT OBITh TE€OJNOTHUECKHE XapPaKTEPHCTHKH NOPOA, AOCTYM-
uBIX Ui M3YYEeHHs Ha rJIYOHHE B TOPHBIX BHPabOTKaxX Ha pas/iHy-
HBIX YPOBHSIX, B INTOJLHSIX H BOCCTAKOIIHX., DTH XapaKTepHCTHKH
50pasyioT CAOXKHYIO TPEXMEPHYIO ceTh, KOTOPYIO I HAIVIsAHOTO
pEACTABJECHHST HYXKHBIX 3aBHcHMocTel TpeOyercss H300pasuTh B
Bilie TUIOCKOH npoekuuH. ['eosioru yaeasior 6oablioe BHHMAHHE
4TEHHIO, HCIOJNB30BAHUIO M NOCTPOEHHIO KAapT M, BO3MOIKHO, sBJSI-
JOTCSI CaMBIMU CBEJIYIIHMH B HarJAsilHOM BBIDAXKEHHH H H3yYEHHH
POCTPAHCTBEHHBIX 3aBUCHMocTell. B maykax o 3emuae KapTel Hr-
pawT Ty K€ poJb, YTO H HOTH B MY3bIKe, GYAYUH KOMIAKTHBEIM H
3>(p(DEeKTHBHLIM CDEJCTBOM BHIPAXKEHHSI 3aBHCHMOCTEHl M Pa3JHUHBIX
Jetadieft.

KapTel — 3T0 cpencrBo obyyeHust u paboTh reojoros. OaHako
TCOpPeTHYECKHe acCIeKTHl aBTOMATH3ALHHM HX IOCTPOEHHS DAa3BHTHI
BechMa cJabo, DOJNBIIMHCTBO CMOCOBOB CPaBHEHHST KapT MEXAY
coboit BBeneHo reorpacdaMy, XOTS reoJioraM NOCTOAHHO INIPHXOAHT-
Csl CPaBHHBATb KapThbl, OTHICKHBAasi B HHX 3JEMEHTH CXOACTBA.
C BHe/ipeHHEM 3JICKTPOHHON BLIYHCJIHTENBHOH TEXHHKH DOJIb aBTO-
MATHYeCKOTO HOCTPOCHWst KapT B IeOJIOTHYECKOH IIpakTHKe cTaJjia
BO3pacTaTh. B HacToflllee BpeMsi caMble 2AKTHBHblE NOTpeOHUTERH
rpaconocTpoutesell — HedTsHble koMnaHud. Ho cux mop mnourtH
Hu9ero He Obl10 ONMYGJHKOBaHO 06 aJqropuTMax, HCHOJNB3YEMBIX B
pabore rpadonocTponTenelf, H O CPABHHTCJAbHHX NpEHMYLLECTBaXx
Pas3MYHBIX BO3MOXKHBIX NMOAXOLOB K HX pasdpaborke. Hemocratouno
M3YYeH TaKXe BONPOC HAJEXKHOCTH WJIH 3(DOPEKTUBHOCTH KapThHl.
AHaJH3 TOBepXHOCTEH TpeHja, Moxkajyi, eIMHCTBEHHBIH IUHPOKO
IIDUMEHseMbIfl crnoco6 aHasnu3a KapT, HO Te HCCJeloBaTelH, KOTO-
Dble HCIOJAB3YIOT CYLIECTBEHHBIE NPOTrpaMMEL 3TOrO MeToja  ajs
OBM, 06HuHO He OCBEIOMJIEHH O NPHCYIIHX €My OrpaHHYeHHsX.
CilencTBHE 3TOrO — HEOXHAAHHOE NOSIBIEHHE KaK OCMBICJAEHHBIX,
Tak H ¢ TPYAOM NOJAAIOMIHXCA HMHTEPNPETAUHH pe3yJbTaTOB HpH-
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MeHEeHHsi RAHHOTO MeTOJd, UTO B CBOIO OYepelb IIOPOXKAAET Kak
CTOPOHHHKOB MeTOJ4, TAK H CKEeNTHKOB.

Kapra — 370 AByMepHOe mpejaCTaBJeHHe HEKOTOPOH obaacti.
O6blyHO 3TO YETHIPEXYroJbHHK, OrpaHHUYHBAIOIHKI TOPHBEIA pafion
HJH CTPaHy, MOCTPOGHHHIH B pe3yjbTaTe MacmITaGHOro COKpaulc-
HH{ peaJIbHBIX NPOCTPAHCTBEHHBIX COOTHOLIEHHH ¢ Ue/lblo HX 060-
Jiee Jerkoro BocnpusaTusa. OgHako Takoe NpeACTaBJeHHe NPOCTPaH-
CTBEHHBLIX COOTHOIIEHHH MOXKeT B paBHOH CTeNeHH OTHOCHTbCH H K
TOMY, 4TO MBbl IPHBLIKJH Ha3BBATb CJOBOM <«KapTa», H K IeTpo-
rpadbuyeckoMy HUIHOY, U K CHHMKY, CAEJaHHOMY Ha 3/J€KTDPOHHOM
MHKDOCKOIIe, KOTZa B3aHMOOTHOILIEHHUSI MeXJY XapaKTepHCTHKaMH
H3yyaemoro 00beKTa NPEACTABJAIOTCS B YBEeJHUEHHOM BHAe (Mac-
mrabe). B camoM oflieM onpejesieHHH KapTaMH CUHTAOTCH OGBIU-
Hble TeoJqorHyeckue M reorpa(puqecmie KapThl, HSPO(I)OTOCHHMKH,
MapKWeHAepCKHe IIJIaHbl, KapTbl I[OBEPXHOCTEH OTAEJLIBIX CTpa-
TUrpadHUecKHX Hojpasfesenudi, Mukpodororpadun ©H  CHHMKHU
9J1IeKTpOHHOro MHKpockomna. Takum obpasom, joGoii U3 BHAOB JBY-
MEepHOro HIPOCTPAHCTBEHHOIO IOCTPOEHHT MOXKHO paccMaTpUBATb
KaK KapTy.

3aBHCHMOCTH, H3yuaeMble Ha KapTe, MOYTH Bceraa Hsofpaka-
IOTCS ¢ NOMOIIBLIO TOYeK. [IpH aTOM O6BIUHO paccMaTpHBaIOTCst pac-
CTOSIHHS MEXJY TOUKaMH, HX IJIOTHOCTb H 3HAaYeHHs, NpHOHCaHHBIE
Kaxiaoih Ttouke. IlomaBisiollee GONBIIMHCTBO KapT INpeACTaBJSAECT
co00H OIleHKH HEKOTOPBLIX HeNpepblBHLIX (YHKIHA IO pesyabTaTaM
HabMOLeHKHH B MAHMCKPETHBHIX KOHTDOJBHBIX TOYKaxX. THIHYHBIM
NPHMEPOM MOXKET CJAYXKHTb O00pluHAsg Tomorpaduueckasi Kapra, KO-
TOpast, HeCMOTPS Ha HCNPEPLIBHOCTb H300PAMKEHHBIX HA HEeH KOHTY-
poB, mocTpoelia Ha OCHOBE AMCKPETHOH TPHAHTIYJAUMOHHONE CETH
C y3jaMH B KOHTPOJBHBEIX TOouKax. Eule GoJee HarJsAHBIA TpH-
Mep — 3TO CTPYKTypHasg KapTa B H30JHHHUSAX. B cBA3H ¢ TeM uTO
Mbl HabJam0JaeM CTPYKTYPHYIO HOBEPXHOCTh TOJLKO B TOUYKax Iiepe-
CCYCHHS ee CKBAXXHHAMH, HESICHO, fIBJAETCS JH OHa HelmpephIBHOH
B NPOMEXYTKaX MEXAY 3TUMH TOYKAMHU, HELOCTYIIHBIMY JJ19 HABJIIO-
Aenus. Tem He MeHee B NOAOOGHOIN CUTYaUHH NIpeanojaraercs, 4To
[IOBEpXHOCTb HeNpephBHA, H ee (popMa ycTaHAaBIHMBAaeTcs MO pe-
3yanTaTaM HaO6JIoOAeHHH B KOHTDOJbHBIX TOUKAX, NDHYEM YYUTLI-
BAETCA, YTO ee PEKOHCTPYKLHS HETOYHa H He OTpa)kaer pajaa Jne-
TaJiedl BBUAY OTCYTCTBHS RAHHBIX MEXJY CKBa*KHHAMH,

[Ipu asposiornyeckoM KapTHPOBAHMH NYCTHIIHBIX PAafONOB MOX-
HO YCTAHOBHTb NIPDOCTHDAHHE, H3MEPHTb YIJIBL TNajleHHss MOPOA H
JIOBOJIbHO TOYHO HAHECTH Ha KapTy TpaHHIBEl MeXAy (GopMaLHMH,
TaK KaK HX yJgaeTrcsa MpOCJEeAHTb BO BCeM pernoHe. B pafionax xe
C NMOBLIIEHHBLIM Pa3BUTHEM PACTHTEJILHOCTH M MOLIHOH KOpOH BHI-
BETPHBAHHS MBI BBLIHYX/EHBI JOBOJbCTBOBATLCS  Pa300UleHHBIMH
BHIXOJaMH KOpPEHHBIX MODOJ H BECbMa IJIOXHMH OGHAN(EHUSIMH, YTO
CK4a3blBAETCSl HA KayecTBe KapThl, KOTOPOE 3aBUCHT OT HJIOTHOCTH
Toyek HabJiozeHus. Bompoc 0 BJMSHHMM pacnpefesieHHst To4Yek
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A0MOLCHIS A KayecTBO KapThl NPEACTAaB/IAET CYUECTBEHHBIH HH-
repec AJAs TeOJIOTOB, HO 110 A4HHOI TeMe CyluecTBYeT oueHb HEMHO-
o omyG/auKoBaHHHIX palot. Iloutn Bce HccilenoBanus, CBI3aHHBIE
- 5THM BOTpPOCOM, GbIM BLUIOJHEHH reorpagamu. B nanuod ria-
pe Mbl PACCMOTDHM HEKOTOpBlE P€3yJbTaThl 3THX HCCJAENOBAHHH H
303MOKHOCTH HX IDUMEHEHHs TNIPH HM3YUEHHH TCOJIOTHYECKMX KapT,
2 TakxKe N8 pelleHHs TaKHX 3ajau, KaK pachnpefesiedde 3epeH
i epaJsoB B NMerporpaduueckux muaHdpax.

IToctpoenne TeoJIOTHUECKOH KapTel — CBOEro poja HCKYCCTBO,
3 KOTOPOM IMpOSIBJSiETCS TaJaHT HccaeloBarens. B psifie ciyyaes
#ONOJHHTENbHAS TEeONOrHYecKas HHTepPHpeTalldsl MEpPBHUHBIX pe-
3y, 1bTATOB HaAOBJIONEHHA B 3HAUHTENBHOH CTelleHH NOBLIILIAET Kaue-
crpe, Kaptel. OgHAaKO HHOrZA Ha reoJIOTHUeCKHX BbIBOZAX CKa3blBa-
¢iCy BJHSHHE MepCcOHAJBHOTO (haKTopa, OTpa)Kalollero HHAHBHAY-
LALHBlE B3IVIIALL HCCAenOBAaTeNst, 4TO 3HAUUTEJNBHO CHUXKAET Ka-
CCTEO KapThl. MeTOB! MOCTPOEHHS KapT B H30JHHHAX Ha DBM
IpEIATCTBYIOT AeCTBHIO MEepPCcOHasibHOro (akropa NpH HHTepHpe-
vaupd, KoHeuHo, cyOBeKTHBHEIE CYXKICHHA HeoOXOAMMLl IPH BBHI-
Gope a/JropuTMa MOCTPOEHHs KapThl, HO caM BHIGOp MeXAy KOHKY-
GHPVIOIIMMH NPOLEAYPaMH OCYWIeCTBAsETCA ¢ MOMOLIBIO COOTBET-
STBYIOHIMX KPHTepHeB. ['MaBHas NpHYHMHA DA3BHTHS MALIMHHBIX Me-
Y040B TIOCTPOEHHs KapT — SKOHOMHYCCKAs, BBI3BAHHAs MONBITKOM
HCNOIb30BAHHA OTPOMHOA CTpaTHrpadHueckod HHQpopMauuu, Ha-
wonaeHHo B HedTaHOH npombiunienHocTH, OfHAKO OAHO M3 TaB-
ABIX AOCTHIKEHUH 5THX METONOB 3aKJIOUaeTCs B TOM, 4TO OHH 3a-
CTaBJsIoOT COCPeNOTCUHTL BHUMAaHHe Ha npofJjeMe HaJeXHOCTH
KapThl. MeToabl NGCTpoeHHst KapT B H3OJHHHAX H3JOXKEHH B cle-
UHM2JibHOM pasjene 3TOfi TJaBbl, rie NPHBEAEHHl TaKxke NPHMEpH
NOCTPOEHHST M INPUMEHeHHs HEKOTOPHIX INIPOCTBIX HporpaMMm — Ajd
IBM.

Avanus noBepxHocTed TpeHIa — OAMH K3 HauboJiee  LIHPOKO
[IpPHMEHsSIeMEIX B TeOJiOTHH MaTeMaTHU4eCKUX METOAOB, H MO3TOMY
Jibl pACCMOTPHM ero J€TaJjJbHO, OCTAHABJHBASChL Ha Pa3JHUYHBIX
sapHaHTax, B YacTHOCTH, Ha YeTHIpeXMEPHLIX MOBEPXHOCTAX TpEH-
1a H Ha TNOBEDXHOCTSAX, ONHCBIBa€MhIX rapMoHukaMu Pypbe. He-
CMOTpsI Ha TO 4TO 3TOT METOJ IIHPOKO IIPHMEHSEeTCsS B TeCJOTHH,
H¥ Hepegko H 3J0VIOoTpeGasioT. B CBSISH ¢ 2THM HaM NpHAeTcH
PacCMOTpPETh BONPOCHL pacilpefie/iCHHsl TOYEK HalJIOAeHHUs, Hemo«
CTATOYHOIO NPHOJHIKCHHSA, BLIUHCJAHTEJNbHBIX «CDBHIBOB» H Helpa-
BHJIBHBIX IPUMEHCHHH.

Lean moctpoelne MOBEPXHOCTH TPEHAA pacCMaTpPHBATbL KaK 3a«
Layy MHOXKECTBEHHO!l DETrpeccHH, TO NPH 3TOM HeoOXOJHMO HC-
MOAb30BATh COOTBETCTBYIOLUME CTATHCTHUECKHMe KpHTepHH, NMpHYeM
»Ta HeoOGXOAMMOCTb 3apaHee noctyaupyerca. CymllecTBYIOT PaszJaHy-
HbIC TOYKHM 3PDEHHS Ha MOJeJNH I[OBEPXHOCTH TpeHAa (a cJjenoBa=
TCIBHO, M Ha HX NpHUMeHeHHe). PasHorsjacMs B JJaHHOM cJyuae
BBI3BAaHBI TeM, YTO DAL AaBTOPOB OTCTAMBAIOT NPEHMyLIECTBAa IIOCT-
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pOeHHs TOBEPXHOCTEH TPeHIa N0 CPABHEHHIO C METONAMH CIJIaXKH-
BaHHS ¢ NMOMOILBIO CKOJIb3stlero cpegHero. OGe 3TH TOYKH 3peHHs
O6ynyT npoaHaJH3UPOBAHBl, H GyNeT clenaHa IONBITKA JaTh COOT-
BETCTBYIOLIEC 3aKJIIOUCHIIC.

IBymepHBIe METOAB — 3TO, KaK NPaBHiO, 0606LICHHe METO/OB,
M3JIOKEHHBIX B TIJ. 4. TpeHA-aHaaus — pasje] pPerpecCHOHHOIO
aHanusa. B cBolo ouepenb, KpaHruHr CBsi3aH ¢ aHAaJIH30M BpeMeH-
HBLIX PSJOB, a IOCTPOEHHe H30JHHHHA — 0606lleHHe TEOPHH HHTep-
noJAlKHA. Mpl mpocTo pacliHpsieM OGIIHOCTL HAMIHX 3aj1ad IyTeM
BBEJECHHSI HOBBIX IIPOCTPAHCTBEHHEIX IepeMeHHBbIX. KoHeuHo, HeKo-
TOpEHIE 3a7a4¥, BO3HHKAIOIUME NIPH aHaJH3e KapT, YHHKAJbHB, HO B
HeJNOM 3Ta IJaBa I[OCBsAlleHa MHOIOMEPHBIM METOJaM MaTeMaTH-
YECKOH re0JIOTHH. BaxHOCTh OAHO- M ABYMEpHBIX 33aja4 B Haykax
0 3emJie 3acTaBHNA BBIAEIHTH 3TH pasfelbl B CaMOCTOATEJ]bHISC
IJ1aBHl.

CUCTEMATHYECKHE METOAbl MOHUCKA

BoJIbIIHHCTBO T€0J0roB NMOCBATHIH CBOKO NPOGECCHOHANLHYIO
Kapbepy HCCJAeOBAHHIO YEro-TO CKPHITOTO OT B30pa 4YejOBeKa.
O6b1uH0 OOBEKT TI'e0JOTHYECKOTO HCCJEAOBaHHS — 3TO HEOTKPHITOe
HedTsiHOE TIOJIe HJH PYZHOE TeJjo, HO HHOTHA 3TO MOXKET OHhTh
TpelIHHa Ha HEeKOTOPOH rJayOuHe, HCKONAaeMble OCTATKH NPHMAaTOB
IIPU pacCKOOKaX MJAH TEMIEPATYPHbLIl CKAYOK Ha OKEAHCKOM [He.
Ouenb 4acTo TakHe HaXOAKH 1eNalOTCsl CJAydYaliHO BO BpPeMsI OCMOT-
POB HCC/AEAYeMOH NMollajfH, NOAOOHO TOMY Kak 35TO Je]aJH CTa-
pble pasBelUHKH, CJAEAyIOImHEe K MeCTy cBoeft cayxk6ul. Bee ualie,
OJHAKO, I'e0JIOTH H JApYyrHe yYeHble, HCCJAeAyIlIHe 3eMJIO, MpHMe-
HAIOT GoJiee CHCTEMaTHYeCKHe INPOIEeNypH NOHCKOB, B YacTHOCTH,
HOJb3YIOTCS. PA3JIMYHBLIMH HHCTPYMEHTAMH [Ja OOHADYXKEHHsS HC-
KOMbIX OO'bEKTOB.

Hau6onee cucreMaTHueCKHe HCC/eL0BaHAS NPOBOASATCS BJOb
OJHOrO HJIM GOJiee MHOXKECTB NMapasJieJbHHX JHHHE. Pyausle Tesa,
HMeowue ocobble pafHOAaKTHBHblE HJIH MArHHTHBEE CBOHCTBA, HAXO-
AATCA [PH NOMOLIM BO3AYLIHOH DAasBelKH BAOJbL PAaBHOMEDHO pac-
NOJIOXKEHHLIX JHHHE — Tpacc noJeta. CeficMHYyeckHe AaHHBIE OCHO-
BBIBAIOTCST HA pery/JspHOM MHOXKeCTBe TpaBepcoB. Passegka co
COYTHIOB B CHJY ee CHeUH(MHYECKOH UPHPOALI IPOU3BOAHTCSH HO
napan’IelsbbiM opOuTaMm.

BepositioeTs obnapyieHnss LeJdH OPH  HCCJAEAOBANHH  BAOJb
MHOZKCCTRA JIHHHE MOXKeT OBITh OHpelesieHa H3  TICOMCTPHUECKHX
coofpazxenni. OOLIUHO BEPOSITHOCTH OTKPLITHR CBS3ala ¢ OTHOCH-
TQAbHLN [;A3MEPOM  LEJNH CPAaBHOTEIBHO €  IPOCTPaHCTBEHHOI
exemoir LnnofoBanng. Ha BepoATHOCTL Tawike OKa3LIBAIOT BJAHSHHC

BHL 27 i pacnonn’kKcHHe JUHHUA mouckoB. Fcan NPCANOIOKHATE,
TG (£27h HMCCT 3 /UTHITHYEeCKYIO (bopmy, a TIOHCK RCHETCst 10 {1a-
pafieisnyAM O THHHSM, TO MOXKHO BBIUHCIUTH BEPOATHOCTHL TOTO, YT
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puc. 5.1. TIOHCK SMAMOTHYECKOrO ofbek-
14 ¢ MOMOUIBIO MAPAMIENbHBIX JHHUK:

4 — Boapllag MOAYyOCh; b -— Majas To-

D — paccrosgne MeXay JH-

JVOCh]
’ HUAMHK

_UiHIs IepeceyeT CKPBHITYIO llelb 3a]aHHOTO pasMepa, HeB3Hpad Ha
10, TA€ OHA pACIIONOXKEHa BHYTPH Hccaeayemoii muomand. Takne
IDCANONOXKEHHS He KaXyTcsi HeoGOCHOBAHHEIMH [/a  GoJblied
qaCTH PA3BEAOYHBIX CJIyXKG. 3aMeTuM, UTO BePOATHOCTH CBSI3aHHI
*01bKO C TepeceyeHHEM LeJH JHHHe#l M He Kacawrtcs MPOGJeMbl
HOHCKA CKPBITOH IIeJIH.

Mak-KeMmon [53] mpHBOAHT MeTOj BLIUHC/IEHHS T[eOMeTpHYec-
XHY BEDOSITHOCTEH JJIf KPYIVILIX H JHUHEHHBIX LeJelt npd mnapas-
{eLIOR CXeMe nomcka. Ero paGota OCHOBaHa TIJ1aBHEIM 00pasoM
Ja MaTeMaTHucCKMX Merofax Kemmanaa u Mopana [43]. Panee B
xhyre yemenckoro [76] 6buia mosnyudena Gosee ofumwas  dopmysa
A0S 9JJBOTHYECKOTO clydasi, HCIonb3yeMas HaMH.

[TpeamnosiokuM, 4TO Ledb, KOTOPYIO Tpefyercsas HalTH, ABJAETCH
JIMIICOM, TNOJYOCH KOTOporo paBHel @ u b. (Ecau ueas xpyrosas,
10 a=b=r, rpe r — pamuyc kpyra). Cxema noucka COCTOHT B NpO-
3C/leHHH CepUH MapaJlIeJbHEIX NPAMBIX, DACHOJOMEHHBIX JDYr OT
ipyra Ha paccroauun D (cm. prc. 5.1). Beposrhocts TOro, uro
nedp (MeHbluas, UeM paccTosiiHe Mexay JHHHAMH) Oyaer nepece-
JeHa HEKOTOpOof JiMHHEeH, paBHa

P=p/(aD), (5.1)

rne p — mepHMerp sJaHuTHUecKoll neau. IlepaMerp suaHnca BH
upeasiercs no gpopmyJie

p=2m | £,

rie @ H b — ero noayocu. IloacraBasis 3Hadenne p B Gopmyay
(5.1), nosyunMm .

my/aEF b 2V LD
R Y e (5.2)
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Onperennm Q no popmyae
o "at + b
Q=2 )/ LLE (5.3)

Toraa BepoATHOCTL HepeceueHHs 3JLIHNTHYECKOI LeJd OJHOH 13
Napa/yiebHBIX NPAMBIX paBHa

P=Q/D. (5.4)

P=2r/D. (5.5)

B npyrom KpaﬁHeMuc.nyqae OlHa U3 OCed sauHICca MOXKeT GbiTh
HacToOJbKO KODOTKOH, YTO Lieb CTAaHOBUTCS CJIY4aliiHo OPHEHTHPO-
BaHHOM JIHHHeH. DTO IeOMEeTPHYECKOe COOTHOIIEHHE H3BECTHO Kak
sanaya Bogpdona. Ona cocTour B BHUHC/IEHHH BEDOSITHOCTH TOTO
UTO HIa1a ANHHOK [, GPOLIEHHAS HA MBOMKECTBO NapasLlebHBIX an:
MBIX, pacloJIOXKEHHBIX Ha paccTosHuu D ogHa oT Ipyro#, mepece-
4€T XOTA Obl OAHY U3 3THX NPAMBIX. JTa BEPOATHOCTh paB’Ha

P =2l/(aD) (5.6)
rae | — gauHa 1ea.

AHasOrHYHOR COOTHOLICHIE, W3BECTHOE Kak npobaema Jlanaa-
Ca, BCTPCUACTCSl B TEOPHH CHCTEMATHYECKOrO HOHCKA. 3anaya co-
CTOMT B HAXOMXJCHHH BEPOSITHOCTH TOrO, Y4TO HIVIAa AJHHON [ Gpo-
LHeHHass Ha I[0JIC, NOKPEITOE CEThIO NPSIMOYTOJBHHKOB no’naneT
LUeJIHKOM B OAMH u3 HHX. OQUH H3 BapHaHTOB 3TOM 3a[’l,allPI-—BbI-
UHCJIEHHE BEPOATHOCTH TOrO, YTO MOHeTa, OpoueHHas Ha ImaxMar-
HYI0O J0CKy, MajgdaeT LEeJHKOM B OJHH H3 KBajapaTtoB. B passeake
NpeACTaB/AIOT HHTEPEC TaKXe NOMOJHHTEJbHbLIE BEDOSATHOCTH, T.
BEPOATHOCTH TOrO, YTO CJAY4alHO PACHOJIOMKEHHAs wLeb 6yﬂeT’ 1.1e-'
peceueHa OaMH uJaH OoJbluee YHCJIO pas MHOXKECTBOM JHHUH, Kak

3

HanpuMep, cefiCMHYECKHe pa3pesnl, BJOXK
€HHBle B IIPSIM
cetb (puc. 5.2). ' PHMOYTORLHYIO

OObuwee ypaBHeHHe uMeeT BHz
p = 9D+ Dy —Q)

1 Ds

6.7)

31_1er” Dy — paccroanne MeXay napanieabHbIMH AuHHAME nepBo-
TO CEHCMHYECKOro paspesa u Ds — paccTosHHe MEXKAYy mnepneHgH-
KyJASPHBIM MHOKECTBOM paspes3oB. B yacTHOM caywae NOHCKOB mpH
KBAaIpATHOM CETH PaBeHCTBO YIIPOILAETCS g

P=g(2—2). (5.8)

Jlambu B neony6auxoBaHHOM nokaage 1981 r. [48] yxaswiBaer
. el ?
9TO STH YDaBHEHHA IJIsi T€OMETPHYECKOH BEPOHTHOCTH ~ SIBJIAIOTCH
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Puc. 5.2. ToHcK SJANUNTHUECKOTO oﬁbex:
1a C MOMOUIBIO CETH, XapaKTepH3yeMoH
HHTEpPBAJOM D; B oAHOM HampaBJeHHH
u uutepsaiom Dy B fpyrom:
g — Gombluasi moJyoch; b — mamasi mo-
JYOCh

anmpOKCHMALHAMKE HHTErpasibHbIX ypapheHnit. CpaBHHBasg TOUYHbIe
BEpOATHOCTH, HalileHHLIe UYHCJIEHHBIM MHTETDHPOBAHHEM, C BEPOAT-
HOCTSIMH, TOJyYeHHBIMH NPUOJMAKEHHEHIMH ypaBHCHHAMH, OH Ha-
[ies, 4TO 3HAUMMDbIE PA3JIMUHMsl CJAY4aAlOTCs TOJNBKO AJs OYEHb YA«
JHHEHHBIX lleJel, KOTOphle BEJIHKH HO CPABHEHUIO C PAacCTOAHHEM
MeXLy JHHHAMH TowuckoB. Kpome Toro, ypasuenus (5.4) u (5.7)
CHJBHO 3aBbIILIAIOT BEPOATHOCTH O0HAPYHKEHHUS.

BepoATHOCTH NEpeceyeHns Ie/H, BRIYHCJACHHEE N0 IPHOJIHXEH-
HEIM ypaBHEHHSIM, YAOOHO NpeACTaBWTh Ha rpaduke. Max-Kemmon
[63] mpeacraBua Takue rpaHKH AAs pasJUUHEIX HaGopOB BHIAA H
pPa3MepoB NI0 OTHOLIEHHIO K DACCTOSHHIO MEXAY JIHHHAMH IIOHCKA
B ouyeHb YHOOHO# GespasmepHoit ¢opme. Ha puc. 5.3 npencrasie-
Ha BEPOATHOCTh OOHApYXKEHHs SJUIHITHYECKOH ILeJH, BHJ KOTOPOH
H3MEeHsIeTcsl OT Kpyra Jo JHHHH, NPHYEM METOL IIOHCKa — CXeMa
flapaJjesibHbiX JHHAH., Pasmep ueqH BBIPAXKAETCH KaK OTHOIIeHHe
(MakcUMaJibHOe HaupaBJeHHe IeaH)/(paccTosiHie MEXAY JHHHSAMH
noucka). Ha puc. 5.4 npeacrapjeH aHAJOPHYHBIE TIpadHK CXeMbl
IIOHCKA C [IOMOIIbIO KBaApaTHOH CETKH JIHHHH.

Ecay Bua UejH 3ajaH, TO BEDOSITHOCTH IEPECeUeHHss MOXKHO
HaHecTH Ha rpadHK JJIs PasJHYHBIX MOHCKOBEIX cxeM. Ha puc. 5.5,
HalpuMep, NpeACTABJEHB BepOSTHOCTH MEPECcEYeHHsl HEKOTOPOH
KPYrOBOH LeJiH IOMCKOBBHIMHM CXeMaMH, H3MEHSIOUIMMHCA OT KBai-
paTHOIl ceTH uyepe3 NPSIMOYrOJIbHYIO CeTh JO NapaJjlie/bHBIX JIHHHH,
Ha puc. 5.6 npepcraBieH 9KBHBAaJNeHTHBIE IpaduK AJA JHHEHHON
uesd. MOKHO paccMOTpeTh BCEBO3MOXKHBIE IPOMEXKYTOYHbIE CJy-
YaH BCeX BO3MOXKHBIX 3JJHINTHYECKMX HeJed M BCeX BO3MOMHBIX
IIOHCKOBBIX CX€M BJOJb JABYX NEPHEeHIHKYJAADHBIX CEMEeHACTB JIHHIH,

13 npubauxeBHBX ypaBHEHHH MBI MOXEM BBIYHCAHTb rpaduku
YacTHOrO  BHAA, IIDUTOAHBIE B KOHKDETHHIX  NPHJIOXKEHHSX.
Ha pnc. 5.7, HanpuMep, npuBejeHa BepPOATHOCTb OOHADYKEHHA He-
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Puc. 5.3. BepoaTHocts oOHapymxe-
HHA O00BEKTA ¢ NMOMOMBI0 CXeMbt

08f HOHCKA NapasieNbHLIMH AHHHAMM,
E’ S @opMa 06BEKTa MONKET H3MEHSThCS
° 06} &0 I OT Kpyra A0 JIMHHH; 3JJIMITHYECKHE
= N OOBEKTEl C DA3JHYHBIMH  OCEBHIME
5 04 2 o OTHOWEHHAMH TIONAaZAIOT B 3alITPH-
S ne? XOBaHHYIO o6Jactb. T'opusonrans-
o Has OCb— 3TO OTHOUIEHHE Hau6OJR-
0,2H wero pasMepa o06beKTa K paccrosi-

i HHIO MEXAY JHHHAMH MOHCKA [53]

O,

60z 04 06 08 10

Pasmep obbexTa /PaccTosiHue MEKAY NVHKMAMN

10 Puc. 5.4. BeposiTHocTh o0GHApYiKe-
HUA oO6bekTa KBaApPaTHOH CeTbIO

é 08 - nouckKa.
° A DopMa 06bEKTA MOMET HIMEHATHCS
;O,G r ) g\ﬁ OT Kpyra Jo JIMHHH; 3JJIHITHYECKHE
o AN - ) OODBEKTH C DA3JIMYHEIMH OTHOIICHHSA-
304 L & : MH OCedl NONajaloT B 3alITPHXOBaH-
o I HYI0O  o6nacTe. T'opuzonransuas
OCb —- 3TO OTHOLIEHHEe HaHBOoJbLIerc
071 pasMepa  oOBEKTa K DACCTOSIHHIG

MEXIY JHHAAMH NOHCKa [53]
oL

60z 04 08 05 10

Pazmep obuexta/PaccionHne Mempy MHNsmA

©

Puc. 5.5. BepostHocTth o0HapyKe-
HHSE KPYTroBoro o0mekTa ¢ npsiMo-
Yroabno# cxeMoOil NOHCKA, H3MEHHH-
weiics 6T KBaApaTHON cXeMH a0
MHOXECTBA NAPAJAENAbHLIX JHHHI,
TIpsMoyroanable cxeMbl ¢ Pas/HYHH-
. MU otHowenusamu D;/D,, nonapaio-
e <O WHMHY B 3alITPHXOBAHHYIO 06J1aCTh.
0 FopuacHTanbuas ock — 3T0 OTHOLUe-
HHe HaHbOJBILErO pa3Mepa 06BEKTa
K MHHHMAaJIbHOMY DPAaCCTOSHUIO Mex-
ol - i . - Ay IUHUSAMH NOHCKa [53]
0 02 04 06 0,8 1.0
Pasmep ofbexrTa/PACCTORHUE MEMAY NHHHAMA

K=l
@
T

BepostHocTs
o o
~ o
T T
%
Q
()
3
<

<D
~No
T

Koropoit 1000-aKpoBO# 3/JHNTHYECKOH LeNH CeTbld  napaJjiieb-
HBIX JIHHHI C DacCTOSHHEM MEXIy HHMH B OJHY MHJK0. DTOT Ipa-
GHK OB HCHOJb30BaH CEHCMHYECKOH CJyXKO0H /i OLEHKHU BO3-
MOXKHOCTH OCHapy:XeHHs CEHCMHUYECKOH aHOMaJMH MHHUMAJBLHOT
pasMepa. -
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PACHNOJIO)KEHHUE TOYEK

OjHa H3 PacnpoCTPaHEHHBIX TEOJOTHYECKHX 3afad 3axmo:1a§;:
cs B H3yueHHH crmoco6a pacnpejlesieHHs TOYeK Ha nsymepﬂoeuCTaM
BepXHOCTH HJIH KapTe. STH TOYKH MOTYT COOTBETCTBOBATh M Tau
p3aTHS TIpOO6, NOJydeHHs HaOJIOJeHHH HJIH OLITH TOYKAMH IIp -
puH. 3aaaga MOXKET COCTOATh B M3y4eHHH OXHOPONHOCTH pacip
jeJeHHs] TOYEK HaOJIOJeHHs, IJIOTHOCTH  PacmpeiesieHHs HJH If
y3yueHHH CBs3H TOYEK IPYyr C JPYroM. Bce sTH BOMpOCH 6303“-
KalOT KakK y reorpados, Tak H y Teo0JIOTOB, a HOJieBble HabJrone
HHisl, CBA3aHHBIE C aHAJH30M IOJOMXKEHHS TOUYeK, BCerja NpHBOAAT
K 5THM HJH CXOZHBIM 3agauaM. XoTs reorpacdel yAeaAI0T 00Jbiloe
pHHMAaHHe pe3ysbTaTaM KyJbTypHOH JeATeJbHOCTH 4eJOBeKa, pas-
pa6oTaHHAs MMM METOJOJIOTHS NpPUMEHHMa HENOCPEeICTBEHRO IpH
M3y4eHHH NMPHUPOAHBIX SIBJEHHH.

1,0 -
Puc. 5.6. BeposTtHocts oGHapyxke- gt
HHMsl JHHEHAHOTO O00BEeKTa paBHOMED-
Hofl cxemol, H3MensOmedica oT 2 08r A b
T0MCKA MHOKECTEOM KBAApPaToB J0° @, ‘U;?v\xi
NOHCKA MHOMECTBOM MAPANJENbHBIX = (6 ‘b@y h&o_
JIUHHAH. = il oL
O 1
CxeMBl TIPAMOYTOJBHOIO TOHCKA Caggt QOUAN
paszauuubiMu  otHoweHHsAIMH  Dy/Den ™ | Q
ONAafalT B 3alITPHXOBAHHYIO 06- ool Al
Jgacte. ['opusonranpHast oce —3T0 Y /
OTHOlUEeHHe IJHHB 00BEKTa K MHHH- 0
MaJbHOMY pACCTOSIHHIO MEXAY JH- ; N I T ; :
uusmu noucka [53] 0 0,2 04 0,6 08 1,0
Pasmep obbexrta/PaccTosiHne MeXLY NUHAAMMA
1,0 -
201
| e 1251
08 \
-0 -
ol
o]
° ogl
° 06
-
S
o}
Qpgt-
o 04
o0
0,2 -
ch 7" L i p P
d 10 ‘5 20 25 oL
Paccioarmae MERLG Jvknad
Pie. 5.7, Bepontaorth nepeceucHus 1000-akposoro o0beKTa napanieibHbiME Ad-
;ii M GOHCKY © DACCTOARHSM ME¥AY JAHHUAMHE CAHA MUIA




CymecTBytonide cXeMbl PacloJOXeHHs TOYEK Ha KapTax ynob-
HO pa3jeJuThb Ha TPH KaTerOpHH: paBHOMEpHLIE, cJydakHble H
rpynnopble. IIpHMepsl 3THX Tpex THIOB PAaCHOJOXKEHHS NPHBEIEHB
ua puc. 5.8. KoHeuHo, nas GOJBUIMHCTBa KapT XapaKTePHLI CXeMBl
pacmpejesieHusi TOYEK, 3aHIMAIOUIBX HPOMEXyTOuHOEe nOoJOXKeHHe
MEX/IY TePEYUC/IeHHBIME KpaifHuMyA THnaMM, n oObiuHO 3ajaya 3a-
KJIOYAeTCsl B KaAACCHPHKALHOHHOM OTHeceHHH HalJI0f1aeMOH CXeMbl
K OQHOMY H3 5THX TuNOB. Haupumep, OOJBLIIMHCTBO  uuTaTeJel
oTHecqn Obl pacupeleseHHe TOYex Ha pHC. 5.9 K cayuafiHOMy TH-
my, 4T0 GblIO 6bl HEBEpHO, TaK KaK Ha KapTy NpeABapHTE]bHO Ha-
HeceHa peryJaspHas CeTb, B KaXXJOH U3 sideek KOTOPOH 3areM no-
Mellasack Haymady ogHa Todka. Takum o6pasoM, 3T0 pacupene-
AeHye obsafaer KaK CAyYalHBIMH, Tak H PeryJaapHBLIMH CBONCT-
BaMH.

Cxema pacnoJioikeHHs TO4YeK Ha KapTe HasblBaeTcsd paBHOMep-
HOH, ecsiH NJOTHOCTh TOYEK B JIOOO# noac6JacTH paBHA NJAOTHOC-
TH TOYeK BO BCeX Jpyrux nomobnacrtax. CxeMa HasHIBaeTcs pery-
JISSPHOM, eCJIM TOUKH 00pa3dyloT KakoH-ianGo Bui ceTH. DTO 3HAYHT,
4TO PACCTOSAHHS MEXAy TOYKAMH { I j, JeXallHMH Ha HEKOTODOM
HanpaBJeHUH CEeTH, OCTaloTCA MNOCTOAHHBIMHE JAJ9 Bcex map [ H
j Ba xapre. CnyyaliHas cxema BO3HHKaeT B TOM CJyuyae, €CJIH JIO-
6asg nmopobJsacTb OJLHOIO pas3Mepa XapakTepH3yeTCs ONHOH M TOH
JKe BEPOSITHOCTBIO IIOSIBJIEHHST B Hell TOUYKH, H TNOSIBJEHHE OAHHX TO-
yeK He BJHSET Ha NOSIBJIEHUE APYTHX.

PaBHOMepHOCTL pacloJIOXKEHHst TOYeX — BaXKHOe YCJIOBHe, He-
06X0UMOe AJS NPHMEHeHHst MHOTMX BHJOB aHAJH30B, B yacTHO-
CTH, aHa/iia TNOBEPXHOCTeH# TpeHAa, KOTOPbLIH Mbl pacCMOTPHM He-
CKOJIbKO mo3fHee. JlOCTOBEPHOCTh KapThl HAXOAMTCS B NPSIMOH 3a-
BHCHMOCTH OT IJIOTHOCTH H PaBHOMEDPHOCTH pAaCHOJIOKEHHH TOYeK
nHabaofnenusa. OgHako GOJBIIMHCTBO TEOJOTOB OLLEHHBAIOT pacmpe-
JesqeHHe TOYeK HaOJIOfEeHHs JHUIL C KayeCTBeHHbX mosuuuf. [a-
JKe HecMOTpS Ha TO 4TO YACTO HOAYEPKHBAETCS KeJaHHe MOJYUHTD
paBHOMEpHOE pacnpeie/ieHue Touexk HabJ/I0JCHUS, CTENeHbL paBHO-
MEpHOCTH KpafiHe pelko H3MepseTcd. KpHUTepHH, NIpHMeEHseMble
JJIs1 ONpeACJCHHS PaBHOMEPHOCTH, OUeHb NPOCTH, HO, K coxaJe-
HHI0, MHOTHe TeOJOTrH He NOAC3PeBaloT 00 HX CYLWECTBOBAKHH U
O TOM, YTO HMH MOXHO MOJIb30BaThCA. OAHAKO 3TH KDHUTEPHH MIH-
POKO HCnoJib3yloTest reorpadamy, nanpumep Kinrom [44], Koyaom
u Kunrom [17], Xerretom [34] u ap.

paBHOMeprle CXEMbI

Bcio KapTy MOMXKHO pa3ieluTh Ha MHOXKeCTBO  nogobaacrels
paBHOro pasmepa (MHOrAa 3To GLIBAIOT KBAafpaTtol) Tak, 9To KaXxK-
Jas nopoGnactb GyAeT COAEPIKaTb HEKOTOpPOe MHOKECTBO TOYeK.
Ecau Toykn nab.ioeHHs pPacnofoXeHH DaBHOMEDHO, TO cjefyeT
OXKHAATb, YTO KaxAas noao6.acTb GyleT COmepkaTh OLHO H TO Ke
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Puc. 5.9. Cayuaiinoe PpacHoJ0KEHHE,
10AYyueHHOE CHY4aiiHbIM BblﬁOPOM TOY- f |
KH B nOpejejax peryaspHou cXembl . R R

AYECK. H ‘ [}
2 e
i

Pacnpejenenne touek Gosee paBHOMED-
HOE, ueM IpPH TIOJHOCTBIO CJAYyJanHOM
pacnonomeﬂuu TOUCK -

4HCI0 TOueK. DTy rumoresy 06 OTCYTCTBHH CyLLECTBEHHBIX paifué

qyii B uHcJae TOUEK MJIsA kaxpoli nogo6aacTH MOXKHO nggﬂgﬁg S

OMOMIBIO KPUTEPHs %2, KOTOPBIH Teopeumgecxn oﬂrfpnfepnﬁ nen

( nacrefi. OftHaK

DOpPMBI HJIH OPHEHTHPOBKH TNOLOG : ’

Hagéonee 3 eKTHBHBIM, €CJIH UHCIO0 noxobaacrer cpenats I
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BO3MOXKHOCTH GOJLUIEM (Y4TO NPHBOAHT K YBEJHUYEHHIO YHCJA CTe-
Menell cBOGOAb), PH YCAOBHH, YTO BCE MOA0ONACTH COIepKaT He

MeHee nATH TodeK. OXHIaeMoe UYKCJIO TOYEK AJI8 KaXaoH nono6-
JnactH OyneT paBHO

F obuiee yucao Togek HabmomeHus
qHuCa0 mogobiacreit

(5.9)

Kputepuii y® nas npoBepkH rHIOTE3H o pPaBHOMEpPHOM pacrpe-
AeNEHHH TOYEK GyHeT oupefesed CelylouuM o6pasoM:

m
2 (0;—E;)?
= }: E;
i=1

rae O; — Habalo1aeMOe UHCAO TOYEK B NOIOGIACTI C HOMEpOM i;
E; — omunaemoe uncio, onpenengemoe BhipaxkeHueMm (5.9). Kpu-

9
TEPHIO " COOTBETCTBYeT v=m—2 CcTeneHeli CBOGOAD, IIe M — qHe-
J0 noxchHhaacred.

(5.10)
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Puc, 515, “uinoaomenne 123 ckpomin, HPOOYPUHHBIX B BEPXHNY rrocy ¢ -

cLsx otaoxenui 8 Hentpaasuom Kansace,
sehTa paznencHa e 12 s

CLHHAROBATT Tuioreny

Tab6anuma 5.1

Yucao cKBaXuH M0 12 KJeTKam Kaprbl
Lenrpaasuoro Kansaca

HaGaiogaemoe yHCaO (—O—Tﬂf
TOYeK E
10 0,00
5 2,60
5 2,60
11 0,06
12 0,32
6 1,73
12 0,32
16 3,30
15 2,26
9 0,14
14 1,42
8 0,48
Cymma 123 x?=15,23*

* 3navende KPHTEPHA HECYULECTBEHHO 1pH
ypoeHe anaunvocta @=0,05

B kauectBe mpuMepa HpHMEHEHHS 3TOr0 KPHiepHs paccMoTpuM
1aitible, NpHBENEHHBle Ha puc. 5.10, KOTOpHIE 1OKA3LIBAKOT Paclo-
cowenne 123 nedranbix ckpaxkus B Uenrtpaabsom Kansace. Itu-
21 12HHBIMHE MBI BOCHOJB3YEMCsi HECKOJBKO NO3AHEe LPH NOCTPOe-
1} [OBEPXHOCTH TPeHAa [JIsi KPOBJAM OPAOBUKCKHX  OTJOKEHHH
svoro pernona. Ha puc. 5.10 Bcs naomiais Kapibl pasjeseHa Ha
{2 DaBHBIX YYaCTKOB H YHCJO TOYEK AJS1 Ka)KAOr0 yyacTKa PaBHO
apubnusurensio 10, B taba. 5.1 npuBefeHsl HabaiolaeMbie 3Haye-
q1is1 4MCaa TOUEK B KaXKIOM YYacTKe, a TakiKe IIOKasaHa npoueny-
noo BRHYHCJeHHS KpuTepus 2. Tak Kax B JaHHOM cCJyudae YHCJIO
crenenefl cBoGoabl v=10, To KpHTHYECKOe 3HAYeHHUE Y2, COOTBETCT-
sviomee 5%-HOMY YDPOBHIO 3HauUMOCTH, paBHO 18,3. BrruncnenHoe
JHaueHHe KpuTepus, pasHoe 15,23, ue npeBsimaer 18,3, uto naer
OCHOBAHHE CACA4Tb BLIBO, O HECYIECTBCHHOM OTKJOHEHHHU pacnpe-
JeJeHus] TOUeK OT PaBHOMEPHOro. 3aMeTUM, YTO 5TOT BLIBOA Kaca-
€TCST TOJILKO OJHOPOAHOCTH pacipeleseHHs TOUEK NO  ydacTKaM
onpeneseHHOrO pasMepa. BroJjHe BO3MOXKHO, 4TO CYLIECTBYET Ta-
Kofl BapuaHT pas3Mepa KBajapata (OCOGEHHO eC/H OH MeHblle, YeM
BHIOpaHHBIR), NPH KOTOPOM THIOTE3a O PaBHOMEDHOCTH GyAer OT-
KJOHeHa,

Cayuaiitble cxeMbl

YcranosneHue (akTa paBHOMEPHOCTH PaCIOJIOXEHHS TOYEK Ha
KapTe HH B KOedl Mepe He ompejesseT IPHPOAY PaBHOMEPHOCTH, H
B JaHHOM CJydYae MOXKHO OXHIATh KaK peryJspHHH, Tak H cay-
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YafiHBIA THIB OXHOpOAHOCTH. OHAKO IJist GONBUIMHCTBA 3aJa4 Ta-
KO€ BbIfBJECHHE DABHOMEDHOCTH paclpefiesIeHHs AOCTaTOuHO. Ecay
Xe HaM NOTPeGyIOTCsl AOMOJHHTENbHbE CBEIEHHS 06 H3yuaeMoi
CXeMe pacloJ/IOKeHHs TOYEK, TO /IS X MOJIyYeHHs! HPHIETCs 06pa-
THTLCA K APYroMy Kpurepuio. Ecium TOYKM paBHOMepHO pachpege-
JICHbl TIO KapTe, He CJEAYeT OXKHAATh, YTO HX YHUCJIO, HPHXOAsLLee-
Cf Ha KaXAblff y4acTok, Gy/ieT OAMHAKOBBLIM JJIsl BCEX YYacTKOB,
Ckopee BCero ML yBHAMM, YTO HMEETCS YHCJO, HabJIOLAEMOEe Ua-
e Npyrux, Toraa Kak OTKJIOHEHHsS OT Hero B Ty HJH HHYIO CTO-
poHy HabJOfaloTCs peke. DTO OTUETJHBO BHAHO H3 TONBKO 4TO
paccMoTpeHHoro npumepa. HecMmoTps Ha TO uTo OxXHmaeMoe 3Ha-
HYCHHE HHCJla TOYEK B OJXHOM yuacTke paBHO 10, B gelicTBUTeJbHOC-
TH Mbl HaGioJaeM OTKJOHEHHS OT STOIO 9YHCJA B Ty HJIH HHYIO
CTOPOHY.

Hanomunm, uro pacnpenenenue ITyaccona siBasercs npeaesib-
HBIM CJy4aeM OMHOMHAJILHOTO pacnpejeseHust, Koraa p (Beposit-
HOCTb ycliexa) odeHb Mada M 1—p npubamxkaercs k 1,0. Ilyacco-
HOBCKOE pacnpefesieHHe MOXKEeT HCIIOJNb30BATBCS KAaK  MO/IEb
BCTPEUACMOCTH DPEAKHX, CJAYYadHO NPOHCXOASAIHX BO BpeMeHH CO-
ObITHH, Kax 3TO NMOKa3bIBalOCh B T'l. 4, HJH K€ OHO MOMKET HC-
NI0/Ib30BATbCS AJIl MOACJIHPOBAHHA CJHYYaHHOrO pasMELIEHHS TOUEK
B NIpOCTpaHCTBe. XOT B ONPENEJNEHHH NyacCOHOBCKOIO pacrpeze-
Jenlis, Kak i B ONpe/ieJieHHH GHHOMHAJBHOTO paclpeleNeHns, npu
BLIYHCJICHHH BEPOATHOCTEHl HCHOJIb3YETCSH OXMHAKOBas TePpMHHOJIO-
THA (YHCJIO yCNIeXoB, HEyNau M HCOLITAHUH), €ro MOMKHO npencra-
BHTb B TAKOM BHJE, YTO HH UHCJIO Heyay, HM ofLlee YHUCJO HCHbI-
TaHHH He TpebyioTca. B HeM Hcmosbsyercs 4meso Touex B KBajpa-
T€ H ILIOTHOCTb TOUEK Ha BCell WIOWAAH JJf IPEACKAa3aHHA TOro,
KaK MHOro KBaJpaToOB AOJIKHO COAEPXKATh 3afaHHOE YHCJO TOYEK.
OTO NpeACKA3aHHOE WJH OXKHEAEMOR YHCJIO KBaJIpaToOB  MOMKeT
OBITb MCIONB30BAHO B KPHTEPAH %2 AJs ONpELeseHHs TOTO, sIBJs-
€TCA Jii pacupefesieHHe TOYeK BHYTPH 3aaHHOf MJOWIATH CJY-
YaHHbBIM,

B xayecTse npunoxenns paccMotpum 3ajavy, COCTOAILYIO B
IIPOBEpKE TOrO, C.IyYalHO JIM OTKPBITHE NPOAYKTHBHBIX He(bTSHbIX
CKBAXXHH B HeKOTOpOM GacceiiHe W/ OHH pacnpejesieHH HHavue.
HHTYyHTHBHO He OYEBHAHO, YTO NyacCOHOBCKOE pacupeneneHne TpH-
TOAHO NIl pellesHs STOH 3aiauH, NMOTOMY MBI DAcCMOTPHUM  ee
noxpo6Hee,

IIpeanonoxuM, uro HekoTopnlii Gaccelin Hmeer mwiomwane a, H
B HEM CJy4YaHHBIM 00pasoM pacloJIONKEHO A1 DPa3BefOUHBIX CKBA-
KHH. O603HAuuM uepe3 A MJIOTHOCTL PACIONOKEHHS CKBAKHH B
Gaccefine, T. e. A=rm/a. MaydaeMulii Gaccefin MOMXKHO pas3aesuTh
Ha HeGoJblune ydacTku naowany A (TEPMHH «yYacTOK» 5KBIBA-
JEHTeH TepMIHY <«KBaApaT»). B CBO ouepesp Kamablil YHACTOK
MOZKHO pA3ACJHTh HA 1 KpaHHe MaJgblX PaBHBIX MIOMWALOK, KOTO-
pble MOZAKHO paccMaTpHBaTh KaK NOTEHUHAdbHBlE MecTa GypeHis.
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BepOATHOCTb TOrO, UTO Kakas-nmu6o U3 3THX KpaliHe MaJjblx mJ0-
[a10K CONEPIKHT CKBAaXKHMHY, CTPEMHMTCA K HYJIO, TaK KakK 7 CTa
poBUTCS OECKOHEYHO OOJIbIINM:

A
le'n—.

a BepOATHOCTb TOTO, YTO OHA He COJAEPXKUT CKBAXHHBH, DaBHA

A

Hano HaliTH BEpPOSITHOCTH TOTO, UTO I M3 A «BO3MOXKHBIX MECT gy;
penHsi» BHYTPH ydacTKa COAEPKHT CKBAXKHHBL, a A—7 TAKHX M c_
CKBa)KHH He cOojiepKaT. BepoATHOCTb HOABJIECHHS KOHKPETHOHU KOM
GHHAIlMM TOYEK CO CKBAXKMHAMM M 0€3 HHX BHYTPU Yy4acTKa paBHA

=2 (112)

OnHaKo UMeEeTCst < " ) KOMGUHALMH n «OypPOBHIX TOUEK», H3 KOTO-
r

pLiIX r COJEepXKaT OPOAYKTUBHBIC CKBaXKHHBI B npepenax ydacrka,
1 BCe BApHAHTH PaBHOBEPOATHEI. BepOS{THOCTb TOro, 4TO HEKOTO-
pblfl Y4acTOK COAEPKUT B TOYHOCTH r HNPOAYKTHBHBIX CKBEI}KIV/IHT

paBHa .

P(r)= ( f ) () (125

3aMeTHM, YTO 5TO NpOCcTO OMHOMHAJbLHass BEPOATHOCTb NOSIBJIEHHS
r CKBaXKHH HA 1 <BO3MOXHLIX MecTax Oypenus». IlpuBeneHHYIO
BhilIe (POPMYJY MOXKHO BLIPA3UTh uepes (PaxTOpHaJbl

L —D)(r—2)...(n—r+1) QA /. MAN"
p(r):n(n Mn i nt (l n) (1

[epecTaBsis U COKpamlas WICHBI, MOJy4aeM oy
. ) . A\n—r [, “AANR
P(r):@_,il)(l—%)...(l—'n1)( ~ ) [(1—7‘) A )]

[Ipu HeorpaHHWUYeHHOM BO3pacTaHHH N Bce ApO6u B CKOOKax, KOTO;!
pele cogepXaT n B 3HaMeHareje, 0CCKOHEYHO Mallbl M CTPEMATC
K HyMI0, TAK Kak BCE UWIEHb B CKOOKax CTaHOBATCH MHPOCTO PaB-
HuiMy 1. Ugennl BHYTPH CKOGOK YNPOIIAKTCS W NPHHHEMAIOT BHA

(5.11)

AAN\n—T
__n_> .

a4y (A4)
P(r):: el A4) —';:l—

3aMeTHM, 4TO YHCJIO <«IOTEHUHAJbHHX MecT OypeHHd» n  paBHO
HyJIO AJA ypaBHEHHs, MMEIOLIero TOJIbKO IJIOTHOCTh CKBaXHH A,
UHCJIO CKBAXKHH r M IJOWaab yyacTka A. DTO XaK pa3 BHpaKeHHe
pacnpegenenus IlyaccoHa, KaK u THOJIOXKEHO AJi3 BEPOATHOCTH ped-
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KHX cJydafiBblX COOBITHH (mOsiBAeHHe CKBAaXKHH), IPOHCXOAALIHX
Ha reorpaHyecKux ImJaoWansx. 3aMeTHM Takxe, 4ro LA — 3Tg
IPOCTO CpejlHee YHCJO CKBAXKHH Ha Y4YacTOK, TaK KaK OHO €eCTh
npoH3BeleHHe IIOTHOCTH CKBAaXKHH Ha IJIOIaAb yuyacTka. Ha
NpakTHKe Mbl OlleHHBaeM AA 1o o6lEeMY UMCJy CKBaXKHH /1 11 06-
meMy Yucay ydacTkos T

\A = m|T. (5.12)

Mer moxeMm Tenepb MPUMEHHTH KPHTEDHIT y2 AJS NPOBEPKH TO-
0, COrJIacyercsi Jil OKHA4eMOe YHuCJIO CKBAa’KHH Ha YYacTOK ¢ YHC-
JIOM CKBaXHH, BEIYUCJIEHHBIM B [PENNOJIOXKEHHH, 4TO OHIl pacmpe-
AeJIeHBl CJTyuafiHO B COOTBETCTBHN C pacnpegesncHuem [lyaccoHa.
Huclo y4acTKOB, KOTOPOE COAEpPHHT B TOUHOCTH 7 CKBAKHH, MO-
KeT OHITh HalileHo 1o (opMyse
) (AA)7

rt

ny,=mpP, =me— (5.13)

Ecnn A onenusaercs uepes m/T, to ypaBHeHHe NpHHHMAST BHUJA

AT -
n, = met—miT) (%) —rll— (5.14)
Puc. 5.11 ykaswiBaer pacroJox<edne CKBaXKHH B 9acTH BOCTOY-
Horo weanda nepmckoro Gacceiina B Texace. [Tomaab Foiiaa pas-
AeneHa ua 160 yuacTkoB (xBaapaToB), IJOUAAb KaK10:) U3 KO-
TOPHIX paBHa ipubiusurensuo 0,16 kM2 Tax xax Ha i 10Wanu
nMeercs 168 cKBaXKHH, TO HX cpejHee HHCJO Ha y4acTox

m/T =168:160 = 1,05.

Mbl MOXeM IOACUMTATb UHC/IO YYaCTKOB Ha Kapre, KOTOpHE He ¢O-
ACPZKaT HH ONHOIN CKBaXKHMHBI, COAEPKAT B TOUHOCTH OJHY, NBE H
Tax jajee. Mbl Takke MOXKEM BBIUHC/JHTL MATEMATHUCCKOE OXKH-
AaHHE yYacCTKOB, KOTOPbIE COAEPKAT TE XKe CAMble WHCI& CKBAMNHH,
uenoabsys ypaeHenue (5.14). Jas muowanu IMepmckoro Gaccefna
OXunpaemple ¥ HaGJMOJEHHbIE YMCJAA yYacTKOB NPHBELEHH B TabJl.
5.2.

Tabauua 5.2 comepxur Bce uyucaa, HEOGXOANMBIE A7 BbluHC-
JIEHHST KPUTEPHUST COOTBETCTBHS %2, KOTOPLIH €CTh He 4TO HHOe Kak
CpaBHEHHE ABYX THCTOrpaMM, MpeACTaBJEHHHIX Ha puc. 5.12. [lo-
CJeHHe TPH KaTeropuu NOJIKHH ObITh CKOMOGHHUPOBAHB TAK, 4TO-
6H Hab/1I01aeMoe YHCJAO0 YIACTKOB GBLLIO paBHO 5;

y2 . (70—=756,0)2 | (42—38,8)* | (26—30,9)*
- 56,0 58,8 i 30,9 +
U B89 1308,

ITpoBepsiemas craTucTHKA HMEET c—2 cTeneHeil CBOGOAH, rie ¢ —
HHCJIO KaTeropuii (mepBast cTenedb CBOGOALI TepSETCA NOTOMY, 4TO
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MOHUCKOBBIX CKBaXHH B BOCTOYHOH YACTH

HbIX
Puc. 5.11. Pacnonomenne Hedra rpadicrsa @nmep n Honanz, Texac

weba nepmckoro Gaccenna,

' b

OTH TMOJYHHEHB! YCJOBHIO paBeHCTEIz; ;x;p;zz%a
150 un BTOpas creneHb cB0O6OAHI Tpe6yeTgs{ J;:IHK%I?{?:IQQCKoe erha
3 5 eHu CBOOOJBL.
/ =D iiMeercs Tpu CTell e
.».z."ll_émﬂ;ﬂ v=3 1 o=0,05 pasto 7,81. Tlposepsemasn ((?)Tnigﬁglmm-
u»x)»&TeﬂbHo npeBhILIAeT 3TO 3HAYEHHE, HOgTOM}éHI\}/I{EMﬂI; Kk or
<7OHHTDL CHIIOTE3Yy O PaBeHCTBe MEXKAY HA m;)cli:onosa B omMAe
MiIM PacipeeMeHHAMH H 3aK/IIOUHTD, uytQ Iy COROBa MO .
rnapomepHa. CKBaXKHHEL HE pasbpocaHbl CJAYHY
% anM mepMcKoro facceitHa. ’ -

r1[3 npoiecce NMOAGOPa M0IeTH [lyaccoHa X ;E?ﬁaﬂggﬁﬁfgomm

’ 1H( alMn, KoTopas '

LIVANA HEKOTOPYo HHQOPMAalHo, i
ﬁ')'."ig)qi;d;‘i}“ HBL [?flaeT pz nDUDPOIY NPOCTPAHCTBEHHOTO Pachpel
A T0dE 2b T H 7 \

CKBARE ‘4a0T0K OIEHHBAeTcsd ypaBue-
Cre-ilee WHCAO CK3AZHE Ha YUacTOK OLL

A iipaeMble HacT

oot

W

s
SOHHE,




Tabnuua 5.9
Boluncaenme 0XuAAEMBIX YHce Y4acTKOB, COMepPKAIMKX r OTKPHITHII, B BOCTOUHON
HacTu nepmckoro Gacceiina, Texac. Mpeanonaraercs,
YTQ pacnpencieHHe myaccoHoBO

BeposTHOCT Uneno yaacrios
Yuceso or- TOrO, 4TO ]
KDBITH Ha YpaBnernue Ilyaccona y4acToK co- i
yuacrok (r) JepXKHUT I OT- oXKHjaecMoe ’ LadmoaeHHOe
KpbITHH !
1,050
0 Pioy=etteo—o 0,3499 56,0 70
1,05t
1 Pm:m—nowl—! 0,3674 58,8 42
1,052
2 Pioy—e(=1.08) o 0,1929 30,9 26
1,058 _
3 Paymemtt) == 0,0675 10,8 17
1,054
4 Pyy=e(=15 m 0,0177 2,8 3
1,058
5 p(s):u—uow—T— 0,0038 0,6 1
1,056
6 Pry=et=15 o 0,0007 0,1 !
Cymumer: 0,9998 160,0 160

nueM (5.12). Jlucnepeust yucsa CKBasKHH Ha V4acTOK ecThb

=1

g -
§* = T , (5.15)
TA€ 7:-— YHCJIO CKBaXHH B {-M y4acTKe. CymmupoBanne pacnpocr-

pataercss Ha Bece T yuactkoB. [lpu cpasHeHun CPeIHEro H gucnep-
CHH aJIbTePHATHBHl TAKOBHL:

m/T>s? — cxema Gauxe K PABHOMEDHOH, YeM K cayuyafiuoil;
m/T =52 — cayuaiiyas cxeMma;
m/T <s? — cxeMa Gamxe k KJIACTEPH3OBAHHOM, YeM K CJyyaiHo,

IIYGHHA CTPYKTYPH = by-5, (BpeMa BO3Bpamenns ceficMuyecKo BOJIHBL),
TIyGHHA  CTPYKTYpHi= 13866~ 1692,5 (BpeMs  BO3Bpamenus CeHCMHYECKON

BOJHEI),
Koneuno, nexoropuie pasaunums Mexay m/T u s? moryr BO3HHKHYTh
B Cuay cayuafiHoro nsMeHeHHs BHGOpa KOHKDETHOTO MHOMecTBa
y4acCTKoB. CTaTHCTHYECKAST 3HAYHMOCT Ha0J/IONeHHON  pa3HOCTH
MOXKeT GbITh NpOBepeHa ¢ MOMOMIBIO /-KpHTEPHS, OCHOBAHHOrO Ha
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Uucno CHKBaXWUH HaA Yy4acTon

ya-
Puc. 5.12. Tucrorpammsl, noxasbmalomuf ;—laﬁ.mou,aemblix:n:;l:ﬂ:xzsﬁnzo?; gac-
¢ Ha m eiina (a) M oxuuaem ,
CTOK HA nAcilajgu nepmckoro 6acc 4
o npejeseHbl CAy4yaifiHO B COOTBETCTBHH € NYaCCOHOBCKOH MOZEJIBIO (6)

HOM
¢TaHZapTHOM OTKJOHEHHH cpem{6ero,6 pPaBHOM K%;I){};}OB KBTaO,D[,{Ii{aeT m/Ty
i c rja Gbl OBLITH 10JYY ,
H3 JUCIICPCHH, KOTOpas MO -
ccan Obl I6acc’eﬁﬂ 6Ll MOBTOPHO ONPOOOBAH JApPYrUM MHO)Ke;T}?e(;O
vyacTKOB TOro e pasMmepa. CraHgapTHOEe OTKJOHEHHE CDPER
dicda CKBaYKMH, TPHXOASILIHXCA Ha yYacTOK, ecTb

s, =V 2[T—1). (5.1'6)

2 xo-
C noMouwblo -KpHTEpUs cpaBHHBaercs oTHowenue m/T K § ,C};S_
Topoe NOMKHO ObiTb paBHEIM 1,0 mpn yc/AOBHH, 4TO JBE CTaTH
Y11 OAlIHaKOBHBI:

t =|(m/T)/s* — 1,0]/s,. (5.17)

e ' 7 — cHell ¢BOOO/ILL.

Jtor xpurepuit umeer T—1 cren ) _
ﬂﬂff DJAOUAAM BOCTOUHOH 4YacTd MEPMCKOro éfgsiﬂﬁesmézgﬁ-

CMS UHCJIQ CKBAaXKIIH Ha y4acTOK eCTh $2=231,6: =1, .MO}KGT

A4pTHOE OTKJOHEHHEe CDEJHEero 4hc/ia CKBAaXKHH Ha yqacCTOK

OBIT OLEHEHO Tak: Se=7)2:159=0,112; {-craTuCTHKa AJA NPOBEp-
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KH 3KBHBaAJECHTHOCTH CpeaHero u AHCHOEPCHH €CThb
¢ =[(1,05/1,46) — 1,0}/0,112 — —8,86.

Hast ypoBHs sHaunMoct ¢=0,05 u 159 cTeneneii cBoGoAb KpH-
THUECKOE 3HAYEHHe f [/ ABYCTODOHHEro KPHTepus paBHo = 1,96;
BBIYHCJCHHCE 3HAayeHHe 3HAUUTEJLHO IIpEBBHINIAET 3TO 3HauUE€HHE, H
IIOTOMY MHB MOXEM 3aKJMIOUHTb, KaK MBI 3TO JeJaJiH B pasaedse
O KPHTEPHH %% UuTO NPOCTPAHCTBEHHOE paclpeaeseHHe Hecaydai-
Ho. Tak kaw DHCIIepCHST 3HAYHTENbHO OOJbIie CpeiHero, TO MH
JOVIZKHBI 3aKJIOUYUTh, YTO CKBaXKIHHBI 06p83yIOT rpyianbl Ha uayuyae-
MO I1J011a 1.

Cxembl rpynnupoBaHus

Muorue BeTpeuamliiecs B IIPUPOjE paclpesederns obHapy KH-
BalOT APKO BBIDAXKEHHYIO TEHACHLHKIO K IPYNIHPOBAHHIO. DTO 0CO-
OeHHO BEpHO AJS HEKOTOPHIX GHOJIOTHUECKHX nepeMeHHBIX, Takilx,
KdK Haauune CcreunpuYeCKHX OPraHH3MOB HJIH NPHCYTCTBHE WH-
(ekunn. TloToMxs ppeBHHX, HemepeaBHraOLIUXCS poauTtenel, kak,
HAalpHMED, KOpa/Ibl HJM AepeBbsl, HMEIOT TEHAEHIHIO K pOCTY B
O/mkaiinedi OKPeCTHOCTH, YTO NPUBOAUT K Pa3BUTHIO TIJIOTHO 3a-
CeJICHNEIX M/IOLiaJel, OKPYMKEHHHIX OTHOCHTEJBHO IyCTHIHHBIMH
pernoHaMH. CxeMbl IPYNIHPOBAHHS TOUYEK MOI'YT OBIThb NpEeJCTaB-
<ICHbl DA3JIMYHBIMH MOJEJISIMH paclpenesiennll, OOJMbIIHNHCTBO U3
KOTOPHIX MOXHO DacCMaTpHBATh KaK KOMOMHAIHH ABYX HaH 6oJjee
MPOCTBIX pacnpefenenuid. OQHO U3 3THX pacnpefeseHHH ONUChIBACT
[TOJIOKEHNA IEHTPOB TIPYNN, B TO BpeMs KaK APyrHe ONHCHIBAIOT
PacnoJoXeHHe TOYEK BOKDPYT 3THX LEHTPOB.

Orpunaresnbioe GuHOMHAABLHOE pacnpenenenHe MOZKHO  HC-
TOJIbSOBATh IS MONEJNHPOBAHHS DPACNOJOXKEHHS TPy B MPOCT-
paHCTBe TakHM 3Ke 00pasOM, KakuM IIyacCOHOBCKOe pacnpenedne-
Hie HCIOMb30BAIOCH JIMIT MOAENHPOBAHASA CJIYYAfHOTO PaciososKe-
Hust touek. [ToppoGHoe o6cyzkaeHue 3TOro pacnpenenenust ¢ npu-
MEDAMH €ro NpHJIOKEHHH BO MHOTHX OTPACJSIX INPHBOAHTCA B
[65]. Tpuddurc [31, 32] npusosHT AMHHHOE 0BOCHOBAHHe npu-
TOXHOCTH OTPHLUATENLHOr0 GHHOMHAJNBHOTO paclpejeseHns B Kaue-
CTBE MOAEJH YaCTOTHl NOSBJEHHS He(DTAHBIX MOJell u PYAHBEIK TeJ.

Onun u3 cnoco6os moayuenus OTPHLATEJNBHOr0 GHHOMHAJLHOTQ
PaClpeACIEHNs ~— 9TO KOMIO3HLHS I1yaCCOHOBCKOTO M Jgorapudmu-
JECKOro pacmpenesiennit, Korna rpynmsl TO4eK cayHuaiiHo pacrnoJio-
ZKEHBL B IIDEesaX HEKOTOPOrO PEerHoHa H HHAMBHAYAJbNbLIE TOUKH
BHYTPH TDYII NOAYMHSIOTCA JIOTAPHOMHUECKOMY pachpe/eseHHo.
B dopmynuposke, npurogHoll nas omucanus NPOCTPAHCTBEHHBIX
CXeM, OTpHLATE]bHOe OHHOMHAJBHOE pacnpefeleHHe ecTh

S )

b
Pl = ( (5.18)
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B TepMnHax npobjeM pasBeAKH HedTH, KaK MBI yKe BHIARII, 7
eCTb UMCJO CKBaXHH Ha y4acTOK, p — BEPOSTHOCTh TOTO, 4TO He-
KOoTOpafd 3alaHHas pasBerouHas maomanka COAEPIKHT CKBaXKUHY,
y k €CTh Mepa CTeNeHH TrpynnHpoBaHHA CKBaXuH. Ecam R Besxo,
r0 IPYNNHPOBAHHE MEHEe SIPKO BLIAXKEHO H NPOCTPAHCTBEHHOE
pacnpenesicHHe UpHOJHIKaeTcsl K NYaCCOHOBCKOMY HJIH CJy4arHO-
sy, Ecan k cTpeMuTcss K HyJ10, TO CXeMbI IDYNIHPOBaHHs CTaHO-
aatest Gosaee fBHHIMH. I10THOCTL paBHa

A=kp. (5.19)

Ecan k& we ecrp nesoe (M BOOOUle OHO He AOMAXKHO OHITh Ta-
KUM), TG 3TO KOMOHHATOPHOE ypaBHEHHe He MOxKeT OBIThL petiic-
Ho. Torpa cjeayver HCIOJb30BaTb CJAEAYIOUIYIO annpOKCHMALHIO

1 o
0) == ————, (5.20)
PO (1+ p)*

(+r—1 (15

7

P(r—1). (5.21)

Pr)=

Kakx ¥ R nMyacCOHOBCKOM pacnpejeseHuH, A OUeHHBaeTcs KakK cpel-
1A AOTHOCTh CKBaXuH Ha yuactok m/T. ITapaMeTp rpynnuposa-
HiIst & oueHuBaeTcd no Qopmyae

= (5.22)

rne SQ—HHCIIBI)CHH ypcJia CKBaXXHH Ha y4acToK. Torga BepOAT-
HOCTh OlicHHBACTCA TIO (bopMlee

p=hlk=(m/T) k. (5.23)

MoxHO NPHMEHHTh OTPHUATENbHYI0 CGHHOMHAJLHYIO MOJEJDL K
JaHELIM 10 CKBa)KMHaM B BOCTOYHOH uacTH nepMckoro Gacceiina
(em. puc. 5.11) aas Toro, utoGL yCTaHOBHMTh, MOXKET JIM 3TO pac-
npexeserHe ajeKBATHO ONHMCHBAaThp HX I[POCTPAHCTBEHHOe pachupe-
aenenne, CpefHee 3HAueHHE M JUCIepCUs YHCJIa c;uaamm{ Ha yua-
CTOK yXe ObaM Hahgesw 1 paBHel m/T=1,05 n s?=146. Dddexr
TPYIINMPOBAHHS MOXHO ONEHHTb, HCNOJb3ys YypaBnenne (5.22),
Kak

k=1,05%/ (1,46 — 1,05) =2,69.

B cBow ouepexb BEpOSTHOCTb BCTPETHTh CKBaXKHHY Ha HEKOTOPOM
vyacTke paBHa
p=1,05/2,69=0,390.
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Hcrnonbsyss npuGamieHHble ypaBHeHHsI, NoJiyyaeM  BepOATHOCTh
TOTO, 4TO JNAHHBI YYacTOK He GydeT COMepKaTh CKBAaXKHH:

1
P (0) T 050 0,412

Bepoarnocrs Toro, uro HEKOTOPHIA y4acTok GymeT comepxaTb B
TOYHOCTH OJHY CKBaxKHHY, €CThb

P(l) = (2,69 +1— 1)l (0,390/1,390)0’4124 =0,3112.

BeposrnocTn Toro, uto yuacrok Gyner coaep:KaTh B TOYHOCTH IBE,
TPH MM GOJbLIE CKBaXHH, MOTYT GBITb BEIYHC/IEHH aHAJIOTHYHO.
Toraa oxumaemoe 4HCIO YyuacTKOB, COAepXKaluX r CKBaXHH, MO~
KT GBITh ONPENeNEHO NPOCTO YMHOMKEHHEM STHX BEpOATHOCTE! Ha
160 — obee uyncao yuacrkos. B TaGu. 5.3 IpeACTaB/eHb BEPOsT-
HOCTH, COOTBETCTBYIOLIHE YUC/IAM CKBAXXHH BILIOTH HO IUECTH OT-
KPEITHH Ha y4acTOK.

Hucna yuyacTKOB, cOnEpKAlINX B TOYHOCTH r CKBaXHH, BBIYHC-
JICHHBIE C MOMOINBIO OTPUIATEJNBHOrO GHHOMHAJBHOTO 3aKOHA pac-
UpEeNC/IeHHs, CPABHHBAIOTCS € COOTBETCTBYIOUIMMI HaG6J1i0 1eHHbIMH
HHCJIAMH yYaCTKOB, NPHBENEHHHIMH Ha puc. 5.13. CooTBerTcTBHe
OTPHLUATEJNLHOr0 GHHOMHAJIBLHOTO PacNpeneNeHHs] MOXKET GbiTh npo-
BEPEHO C NOMOUILIO KPHTEPHA %2 B TOYHOCTH aHAJJOTCHYHO TOMY, Kak
IPOBEPSJIOCH COOTBETCTBHE NyacCOHOBCKOH MopenH. Ecan Heo6xo-
AHMa KOMOHHALHS OKOHYATENbHBIX TPex KaTeropu#, To noayyaercs
0aTh 4actor. IIpoBepsiemast cratucTuka ecTs x*=4,82 ¢ 5—2 cre-
NEHAMH CBOGOAEL. JTO MEHbLIE, YeM KPUTHYECKOE 3HAUEHUe ¥? nas
@=0,05 n v=3, 103TOMy MB He MOXeM OTKJIOHNT runoresy o6
OTPHUATEJLHOM OHHOMHAJNBLHOM DPACHPEAEJNCHHH KAK MOIeH npo-

TaGauma 53
Oxugaemoe umcgo YYacTKOB, coAepXaliux r OTKPBITHIl, B BOCTOYHO[ 4acTH
nepMcKoro Gacceitna, Ilpeamosaraercs OTPHILATENbHOE
GHMHOMEAIbHOE paclpejeenne

Uncao orxpiTaf BepossTHOCTS TOro, Hecao yaacTkop
Ha y4acTok (r) UTO YYACTOK colep-
XKHT r OTKDEITHIT OXHIaeMoe HaGaoneREOE
0 0,4124 66,0 70
1 0,3112 49,8 42
2 0,1611 25,8 26
3 0,0706 11,3 17
4 0,0281 4,5 3
5 0,0106 1,7 i
6 0,0038 0,6 1
Cymma 0,9988 159,7 160
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YMCcno CHBAWMMM HAR yuacrox

Puc. 5.13. TucrorpamMmbl, nokasbiBalLiye gaﬁ.monaemme llfac.noa p(a;)neﬁozr;;)f
CKBAXKHH Ha Y4acTOK Ha OJHOH H3 mJomajed mepMcKoro 6akteﬂﬂ%
JlaeMble UHCHA B OTPHLATENbHON GuHOMuabHO# Mofenu (0)

CTPaHCTBEHHOI'O pacHpEleJsieHus! CKBaxKHH B , BOC’TOLIHOH q;{chbTIg
nepMckoro facceiia. Heo6xoaumMo uMeTrb B BHAY, HTO nom;m o
BLIBOJ He 5KBHUBAJEHTEH JO0KA3aTe/NbCTBY TOTO, 4TO CKBBa}KH BO’3~
YIHAIOTCS OTPHILATEJbHOR OHHOMHAJILHOK MOJCJH, nom;e L2
MOZKHO, UTO HEKOTOpble APYrHe MOJAEJNH TPYNIHPOBAHMI M r(y) I6L;1-
BaTh Gojiee TOUHyW annpokcumaumo. OnHaxo OTpHIIATENbH eHCT_
itOMHaJIbHOE paclpeleseHie TeHepupyer HEKOTOpoe HpOCTp(Z)I T
BEHHOE paclpejleJeHHe, KOTOpoe CTAaTHCTHYECKH He OTJAHYHM
HabJI0€@HBOr0 pacupeiesieHus,

Merton, 6auxaiiero cocena

CyiecTByeT ellle OAMH METOJ HCCJELOBaHHS Poz{M}IgmgggB,cogxi
ikoTopsie pasbura HekoTopas 006/acTb — METO] omuxaum}o Loee.
la. AHanusupyemble NaHHBE B 3TOM CJydae IPEACTABJASIOT i
le MHOMKECTBO TOYEK, PacloJioXeHHEIX BHYTpH HEKOTOPOK 3aja
HOH o6sacTH, a pPacCTOSHHA MexXJy HauboJee 6ﬂ(p13xm\m napamu
tToyek. Tak Kax He 00si3aTeNbHO BBHIOUPATb  pa3Mepel KBajapara,

nporeaypsl noHcKa GJMMKAfIIHX coceleldl HCKMOYAIT BO3MOKHOCTD
25




NOJIyYeHHUs] CXeMBl, KOTOpasl ABJACTCS CJAyYaHHOH B OJHOM MaclITa-
Ge u He siBasieTcs caywaliHofi B apyroM. ITocKoJsbKy OBLIUHO HMe-
€Tcsl HaMHOro QoJsplie map OauXaHIIHX cocelel, yeMm KBa/JpaToB
3TOT aHaju3 Gosiee uyBCTBHTeNeH. Xopollee BBeJeHHe B MeTOILb;
6muxkaiimero cocena naoor Jxeruc n Byre [29]; Punnaii [65], a
rakxe Kaudd u Opa [15] npuBoisit 0630p TEOpHH ¢ NpHMEHeHH-
SIMH B pa3HBIX 06JacTsix.

Meroa 6amxafiliero cocefia OCHOBAH Ha cpaBHEHHH HaGJaiOfae-
MOro MHOKECTBa PACCTOSHHA MeXKAy napaMH OAHKaAIIMX TOUYEeK
C XapaKTepPHCTHKAMH, KOTOpble OXKHAAJNHCh OBl B TOM CJydae, ec/au
611 TOUKH GBlNH CayqaifHO pacnpefeseHsl. XapaKkTepHCTHKH Teope-
THYECKOH CJIyYalHOfl CXEMbl MOXHO BBIYHCJHTL H3 IydCCOHOBCKOTO
pacnpenesenns. Ecan Mer urHopupyeM spdexr kpaep Hameil kap-

TBI, TO OXKHJaeMOe pacCTOsiHHe MeXKAy OJ/HKAaHWIUMH — CcOCensIMH
eCThb
- 1 A
=5V (5.24)
rge A — njomanb KapThl; 1 — YHCJAO TOUEK. Hamomunm, uto A
n

€CThb NJIOTHOCTb TOYEK A. BriGopouHas AHMCHIIEPCHS BEJHYHHB & 3a-
naercs no ¢opmyJae

_ o = (4 — ) Aj(4rn?). (5.25)
HpOBQ;Ij{ JCHCTBHSI C KOHCTAHTaAMH, MOJIYYUM
oz = 0,068314/n2. (5.26)

CranpapTHOe OTKJIOHEHHE CpeaHero paccTOsdHHA MexAay OJuxail-
IIHMH COCEASIMH eCTb KBaJpPaTHbIH KOPeHb M3 o3’:

s, =0,26136/) AJn?. (5.27)

Pacnpenenenue § HOpMasJbHO NIPH YCJIOBHM, uTO 1 GoJbplle 6
TaK YTO Mbl MOXKEM HCHOJIb30BATb MPOCTOH Z-KPUTEpHH, HpHBeILeH:
Hblff B II. 2, A/ NPOBEPKH THIOTE3Hl O TOM, YTO HAaGJIOLeHHOe
CpeiHee paccTofHne MeX1y GAUXKAHIIHMH cOcefsIMU d PaBHO 3Ha-

YEeHHIO & AJ1s caydafiHOH CXCMBI TOYEK TOH »Ke IJIOTHOCTH. 3Haue-
HHE KPHTEPHS eCTh

Z =(d —3¥)/s,. (5.28)

D710 — O6MENnpHHATHI BUA KPUTEPHS GJIHIKaHILEro cocefa, OjHa-
KO, K COXKaJIeHHIO, OH HMeeT 3HAUHTEJNBHBIH AeheKT B GOJbIIHHCTEE
IpakTHYecKux caydaeB. IlpH NOCTpOEHHH OKHMIaeMOro 3HAYCHHS
6 mpeanmonaraercs, uTo KpaeBoit s((eKT NOJHOCTBIO OTCYTCTBYET,
a 3TO O3HayaeT, YTO HabJIOLEHHBIE CXeMbl TOYeK MOryT OHITHL pac-
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NpOCTpaHeHbl HEOrpaHHuyeHHO BO BCeX HANPaBJCHUSAX, €C/IH dud
060CHOBaHHO cpaBHHBaWTCA. Tak Kak Kapra He pacipoCTpaHAeTCs
HEOTPAHHUEHHO, TO GJuMKafIlIHe OKPECTHOCTH TOYeK BOJH3HM Kpaes
NOJIKHBI JIe)KaTh BHYTPH NOJIS KapThl M NOTOMy d CMELIeHO B Ha-
npaBieHHH GOJIbIIMX 3HaueHHH. KMeeTcd HECKOJLKO NONPAaBOK B
peleHun 5Toii 3azaud. Ecian paHHble 3a NMpeJeaMH HCCIeAyeMoi
IJIOILAAH JOCTYIHBE, TO KapTy MOXKHO OKDYXKHUTb OXpPaHHOH 0O.a-
ctbio. Torjga paccrosiHusl, BHIUMCJICHHBIE IO METOAy OJjmxaiiuiero
cocefa MexKAy TOYKAMH BHYTPM KapThl M TOYKAMH B OXpaHHOII
06JaCTH, MOMKHO BKJIOYHTh B Bbluucjaenne d. Jpyrofi crnoco6 co-
CTONT B TOM, UTO Mbl MOXKEM CYHTATh Hallly KapTy BLIYEDUEHHOH He
Ha IJOCKOCTH, a Ha Tope. DTO 3HAYHT, YTO IpaBBHIH Kpal KapThl
cudTaeTcs CKJGEHHBIM C JIEBHIM KpaeM, a HHXKHHMH Kpai — cKieeH-
HpiM ¢ BepxHuM. Torpa GamxKakiiasi COCeJ(Hsisi TOYKa K TOYKe, Jje-
;falell y IpaBOro Kpasi, MOMKeT ObITh PacmosioxkeHa BOJH3M Je-
Boro kpas (Takoe HCIOJb30BAHHE TOYEK XOPOLIO H3BECTHO BCSKO-
My, KTO HMEJ [€J0 C NOCTPOeHHeM H3O0JHHHII MJIOTHOCTedl IO CTe-
peocersiM). Ele oAHH cHOCOG IIOCTPOEHHSI MONPAaBOK COCTOWT B
IOCTPOEHUH IIOBTOPEHHH BO BCeX HanpaBJIeHHAX, NMOAOOHO MO3al-
xe. Jag mo060f TOUKH, NPUMBIKAIOIIed K Kpaio KapThl, HMeeTcd
T04Ka, KOTOPYI0 MOXKHO C GOJBIIMM OCHOBaHHeM CUHTaTh GJHzKall-
UMM COCENOM, 4eM OJHKaHIuyi0 TOUKY BHYTDH 3aJaHHOIl KapThl.

Tperuil cnoco6 NOCTPOeHHsI NONPABOK COCTOMT B H3MEHEHHH
Tak, 4To0Bl rpaHuyHB 3 @eKkT ObJI BKJIOYEH B OXHjaeMoe 3Ha-
yeHpe. VICHmOJB3ys UMCJeHHOe MojenupoBanue, [ommeman [24]
HallleJ 5TH aJbTepHATHBHEIE BLIpAXKCHHA [Js1 TEOPETHUECKOro 3Ha-
YCHHS CPENHHX PACCTOSHHII IO MeToay OJHIKaHILero coceia I ero
BLIGOPOYHOrO CPELHEro:

N 0,412\ p .
3 ==V -+ (0,514—1— —ﬁ) "y (5.29)
H
o
s2~0,0704 +0,085p -‘;3:,“3 , (5.30)

B 57T0if annpoxkCHMAalLMM p €CTb [epHMeTP MNPsIMOYroJbHON KapThl.
3aMerTHM, 4TO €cJH Kapra He MMeeT KpaeB, KaK 3TO HMEJIO MecCTO
Ha TOpe, TO p PABHO HYJIO, H 3TH yPaBHEHHs TOXKIECTBEHHB! ypaB-
HeuuaMm (5.24) u (5.26).

OxujlaeMble H HabJI0JeHHbBle CPeAHHe 3HAaUeHHs PacCTOSHHIT 110
MeTony GJuzailiero cocefa MOryr OBITh HCNOJIB30BaHBI AJs IO-
CTpPOeHHsl HHJEKCA NPOCTPaHCTBEHHOH cxeMH. OTHOlueHHe

R=dJ§ (5.31)

ecTb CTATHCTHKa Gamskafimero cocega H mamenserca ot 0,0  pas
pacnmpejesieHus, B KOTODOM BCe TOYKH COBHAAAalOT H pasjieseH:bl
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da Gawxaiimero cocena R
Js1
CXEM PacioNOMEHAS TOYEK HA KapTax (o P. A. Oma, 1918l4)' Pt

@ — TOUKH Cr :
PR B_ﬁp'gfonlﬁgf)ogqmu B IATh rpyni, R=0,34; 6 — Toukn PACCeSHBI CayYaiino
91; K PA3MEILEHB! 110 LIECTHYIORHON cett, R=2,15. Ilnotnocrs 1o-
YeK L ONHMHAKOBa A1 BCex cxem o e o

PACCTOSTHUSAMH, DABHBLIMH HYJIIO, 10 3HAYCHEHS 1,0
pacupenenenus Toyex, T. e. jo MaKCHMaIbHOro
Hocsnennee snavenie XapakTepHayer

LI clydadiHoro
3HaueHHst 2,15,
baciipenesiense, B KoTopom
KPECTHOCTH MaKCHMM3HpOBa-

Ho. Pacn
PEeICieHHe nMeer popmy PETYJIADHOH 1IeCTHYrONBHOY cxe-

MBI, B KOTOPOH Karknast Todxa PaBHOY,
uek. Ha puc. 5.14 NpeACTaBJIeHL MHO

OMHY U Ty e TOYEUHYIO ILIOTHOCTS,

lpounmoctpupyem npumenense MeTo
HCNOMb3Ys «kapTy», 1306pakenHylo Ha
ACHCTBHTRNIBHOCTH NpeACTaBAsieT coboli
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Aa Oauxakinero cocena,
puc. 5.15. Bra «kapras B
IOJIMPOBAHHYI0O  mOBepx-
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Pne. 5.15. Cxemartnueckoe NPeACTaBJCHWE NUOJHPOBAHHOW NJAMTHI aHODTO3HTA, HA
KOTOPOil NOKA34HO PACNOoNKeHHe KPUCTAMIOB MATHETHTA

HOCTb KaMeHHOH o6aHUOBKH (acajga 3RaHus OaHKa B YHHBEpPCH-
TCTCKOM TODOAKE I CJYXHT HHTEPECHBIM INpPHMEPOM MHeTpoJoriye-
CKOI'O H3YYeHIs [13BEPXKEHHLIX MOPOA. DTO HepHHIt aHOPTO3HT, KO-
TOPBIA COAEPIKUT MeJKHe paccesHHple KPHCTaJNJIbl MAarderura.
IlpenogaBatesu HEPEAKO HCHNONB3YIOT 3TH IJHTBl KaK HarJsaHOe
nocobue AJs Pa3/HYHON TeMaTHKH, BKJIOYas M IPHMEHEHHe Ma-
TevaTHYeCKHX MeTooB B nerporpadun. lpu stom obluso nocry-
JUIDYeTCd, 4TO IIOJIOXKeHME INIMTBL COBHAJaer ¢ ee NpPHPOAHOH OpH-
entaunesr, Takum ob6pasoMm paccMarpHBaeTrcd BepTHKaJdbHasg  I10-
BEPXHOCTh, HHIKHeH 4YacTH KOTOPOH COOTBETCTBYeT HMKHHH 00pe3
uantol. Tak HasplBaeMasl «kRapra» XapaKTepuadyeT INOJIOKeHIe Beex
Rad.10naeMblXx Ha 5TOl TIOBEPXHOCTH 3epeH MarHetnta. B rtab.a. 5.4
IpHBELEHBEl 3HAYCHUsS] KOOPAMHAT 3THX TOYEK B CAHTHMETPax, OT-
CUHTHIBAEMBIX OT JIEBOrO HUIKHEro yrjia nAuThH. B nannoMm ciaydae
327]a9a 3aKJ0OYaeTCs B NOJYUEHHH OTBeTa Ha BOIIPOC: PaBHOMEPHO
JII pacupefesieHbl 3epHa HA NOBEPXHOCTH IUIMTH  HWJH  Ke OHH
06.1aal0T TeHJICHUMEH K IpynmipoBke? Kpome TOro, eciin pacupe-
JdeodeRie 3eped HepaBHOMEDHO, CNpalluBacTCsl, MOXHO JIH CUHTATh

3—115 »




Ta6anua 54

Koopaunarel MarHeTHIOBbIX 3€pCH KA TOJHPOBANHOM AHODTGIUTOBOM CJo0€

PHCCTDSLHIO OT HICKHECTO paCCTOHIIIi) OT HUMILTO P‘d\'C'i‘(\.HI‘H(‘ CT WD
JICBOTO ¥IVIA ClOR, CM JCBOTO Yivld Ca0d., CM JICBOTO YIia ca0s, ©M
Topusou- Bepruxgaas- Topuaai- Beprukaas- Tl'opuzou- Bepruna 1i-
TAALHOC HOEe THIDHOD HOE Taabnuo2 uae
: ‘ : !
1 & o | i3
2 41 i 28 ‘ 0 \g 51 25
4 3 37 ! 14 I 56 12
4 15 37 ‘ 61 ¢ 58 40
8 95 27 !' &5 59 28
9 13 i 11 25 60 61
7 3B 15 15 €2 70
8 44 | 35 93 66 0
10 58 | 38 25 66 15
12 88 33 7 35 75
14 | 2 1 41 ; 51 69 33
22 o 46 9 : 69 I
21 56 f{ 47 i2 71 27
22 | 33 i 45 ] &2 76 i
24 ) 31 | 50 &3 77 4
27 ' 12 : 19 i 96
i i
' |

ILIOTHOCTL 3€peH y HUWKHErO Kpas IJHTB  ApCBHILAIOWE] [i0T-
HOCTb y BepxHero xpasi? Tlousyuenie oteera Ha 1n0106HLEe BOIPOCH
HIPACT CVIHECTBCHHYIO DOJIb DPI DPCINEHHN PA3MIUHbIX 347134 [ET-
poresiesiica H3BEPKEUHBIX 0POL. PavomarprBaeMbie B 9Toll riage
METOIB QHAMI3A A4RHBIX MOTYT OGKAZAThCS BECLMA  NOAE3HBINIL
JTpoBepiy rumnoresn o PABHOMEpPHOM  cayuafiHoM  pacnpegeneHun
SEPCH MarHeTliTa MOXHO HPOBECTH € MOMOIIBIO OIHONO H3 pac-
CMATPIBaCMbBIX paHee Crocob0B — pazicgacHUs] Ha Gonee ApobHble
YHaCTRIL B/ JKe ¢ NOMOWIBIO Meroja GJunkahuiero cocena. Bul-
HHCICHI A MOMITO TPOLESaTh BPYUHYIO, H3MEpIIB paceTeanns npsiMo
Ha pnc. 5.15, Wi BHIYECANB HX C NOMOLIBIO KOOp1iHaT B TabJ. 5.4,
Punaaii [65] (crp. 175—181) naer ncuepnuiBarounit anasns stux
AAHHBIY, HCTONB3Ysl PA3JIYHLIE MEeTONbl.

PACHPEREJEHME NPAMBIX

Hexotopsre ectectsenno BCTpeUAIoUliecd B IPHPOLE CXEMBI cOC-
TaBJCHBl H3 JIMHEH, TaKuX, KaK JHHCAMEHTBI, BMAHMbIE cO CIYTHN-
ROB, CJ@LbLI TPEINH Ha BRIBETPCHHON NOBepXHOCTH IDEHNUTOB, TJH
MURDOCRONUYECKIe CTPYKTYPH, HadjiogaeMble B wandax aedop-
MHPOBAHHOH nopojbl. Tak Ke, KaK MHOKECTBO TOUEK MOZKeT ofpa-
30BEIBATL CXEMy, KOTOpasd H3MEHSeTcs o PaBHOMepHOi A0 KJaacTe-
PH3OBAHHOI ¢ MPOUHBIMH CBA3AMH, TAK H MHOKECTRO IPAMBIX MO-
KeT 00Ja4aTb PasAHUHBIMH CBOJCTBAMIL. Koneuno, anunn 6oaee
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~JI0ZKHbI, UeM TOUKH, TaK Kak oHH 00/azaior ammog, ;ep:eHTT;;;ee}it
;[ MECTOIOMOMCHIIEM, Coorsemm;;:;eH;ﬂ:ﬂigsieﬁgﬁ L v
j CTATHCTHUECKHE MEeTOXbI, NPHIO] et
SR, MeHee Pa3BUTLI, YeM METOHH, Ilpe}lHaSE;':;H Hue e
qoBaHHSA cxeM Touek. Msydeniio pacnpe,ueﬂe}OT ziléonvno e
¢cBALeHO Maso palor. Hcmnoueque coCTaBJs p ] Ho-
S Quenp HeDOJbIIOE YHCIO Y
HOpMaJbHOMY pacipele/iCHuIo [2}. ey
' OBaJM pacupejesieHHe MPOCTPAHCTBA ¥ '
:b{;&cﬂcgsg cxeMe,pT. el.) pelwlanu sajavy, aHaﬂorng};?HH%\wasg
GoKalimero cocega, B aHajn3e TOYEYHBIX pacng:}fmuw mmni‘i:
19]. 3HaunTeJbHO TOJHEe OCBeileH Bompoc 00 Opaq"e
KOTGPHIH GyaeT paccMOTpeH B CJeAyIOWEeM naparp Kjal.( -
Cayuaiidyio cXeMy JMHHI MOXHO ONPEICJHTDH TaKyio Sx
MY, BVI{OTOpOI”{ KakK10C MOJOKEHHe PABHOBEPOATHO il air
népeceqeﬂo HeKOoTOpOil JHHUel n aobas OPI/IQHTEIILYHSI 1 Mb;imo -
Wy Takze paBHoBepositTHa. Taxde cuaydaiiHble CXCMB! oo
HePPOBATH Pa3JHUHLIMH crlocobaMu; ojHa 11’36 TaKkHx cnl')qaﬁm;x:\'
COCTOAT B BbIGOpE IBYX ap KOOPAHHAT M3 TaOJHILbI g b
yreed 1 NOCHeAyIiouleM TPOBENeHH!T Yepes COOTBGTCTBY[OL}L{(OI?O o,
npsiyoit. Jpyroil cnocod cocTont B BHiGoOpe Hp?]13BOJTI> ! 9)17~oro
Ha NJCCKOCTH, NMPOBEAEHNH NPON3BOJBHOTO panlyca BHYTE)/II{I:I oro
Va2, DPOBEIEHHII Ha NMPOH3BOJLHOM PACCTOSHHH OT’B?pLHHOBTgp;IS{
hpﬂuoﬁ; HePUEHANKYAAPHOA K BBIOpaHHOMY pvagn_w:}. JosTop”
3TV npOUeaypy AOCTAaTOUYHOE 'mcnlg psikﬂﬁnom yaeM B pesv!
CxXEMY 19eCKH HeDAa3MHUIMBIX JHHI. . .
kkv;;f/%bzcﬁg;?ﬁy Ic?r?pégengm MEpY NJOTHOCTH JUTHWIT, aHAJOTHYHYIO
paree OOpeICACHHOA TOUCHHO! NJIOTHOCTI

A=ZI/A. (5.32)

Beauuna ¥! — ofulas miidHa JUHHA Ha Kapre, HUMEOIIed 0Jo0-

maip A; A — napameTp, KOTOpuIfl ompexpeaser q>opmyvnyac;g);co;c$;
KOFO PacHpelelleris; KK H CJeI0BAIO OXHAAThH, nyacccz OL6_
MO7EJL OMIICLIBAST pACADeeIeHIe MHOTIIX NapaMeTpoB CXCMH,

a: ft YAHHLIMH JIHHHAMH, i
I)ujgiiigzze;zﬁue pacCTOSIHUA MeXAy mapaMu JUHUH MOKHO 1C-
¢Jjes0BaTh ¢ NOMOLLBI0 MeTofa OJurKaillero cocena. CHaqanya npo-
113BOJIBHO BEIGEpeM 10 OJIHOM TOUKe Ha JTHHHAX KapTLL. s i\am,zo:
TOURH TIO NEPHCHAMKYJApY K Oammafiefi  JHHHI BI::I‘{EI\,JIS{'eiC-
pacctosHre 50 Hee. Cpeasee 3THX paccTosuuit 10 6auKaux co
ceiell d ecTh cpelHec 3THX U3MepeHHIl, DTa npolesypa IpOHJIIOCT
pupoBaHa Ha pHc. 5.16. _ iy

Hacu [19] ompegenna cpegnee paccrosinne 8 no Mertony 6JIH-

Kaiimero cocena AJs CXeMbl caydaiHplX JHHHH cjaenyrimiuM obpa-

30M.
(5.33)
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Puc. 5.16. Buuncaenne paccrosHuii
MCKIY JHHUAMH NO METOAY Oankai-
ulero cocesia.

Touka p BH6pana ciIyvafino na Jau-
nan X, TIyHKTUPHBIE JHHWE @, b 1 ¢ —
STO TEPINEHAUKYJIAPE], TPOBELCHHBIE U3
TOUYKH p K OMHKAPIIUM JHHHAM. Kpar-

Puc. 5.17. Cayuaiinoe Pacnooxenne
JUHBIR  onpoGoBaHus (NYHKTHD), ceky-
KX CXeMy JMHUIE Ha Kapre. [Tepeceue-
HHsSI BOCHENHHUMHM JIMHHIA OTMpoGOBaHuS
00pasyIoT nocaesoBaTeAbHOCTD HHTep-
BANIOB, AN KOTOPBIX MOXHO NPOBEPHTH
THIOTE3Y 0 CRYUAHHOCTH

ualllan U3 HNX ¢ — paccTonnue 10 6au-

Kaiiwero cocefa Juuun X. Ipouece no-

BTODSAETCA € LE/IBI0 HAXOXKAEHHS pac-

CTOTHHI MO MeToAy 6amKaiiero coce-
Aa I BCeX JHHU

a TakxKe AHCIIEPCHIO 3TOTO cpelHero:

o =0,10132/2, (5.34)

Hcnoabsysa STy IMCNEPCHIO U 4YHCJO JNHHHH B CXeMe, MOJKHO
HalTH CTaHZapTHOEe OTKJOHEHHE Hallell OLEeHKH CpeaHero paccros-
Hus no Merony Gaumxaiimero cocepa. CranjgapTHOe OTKJIOHeHHUe OIi-
pereneto gopmyiioi

s,=V o</ n. (5.35)

Ona 1O3BOJISIET HAM BBIUHCJIIT npocTyIo Z-CTaTIICTH]\'y A1 npo-
BEPKH 3HAYUMOCTH pas3nocru MEXIY OXKHIAeMBIM U Ha6ﬂ}O;I€HHbIM

cpeaHnMm paccToaHHeM, BBIYHCJAEHHEIM [0 MeTOoay 6K atiiero
cocena:

d—3
Se

Z:

(5.36)

Kpurepuit ssasercs ABYCTOPOHHIM. Ecun Beanunna Z ue 3Haun-
Ma, TO MOJKHO 3aKJIOYHTb, YTO HAGMIOAEHHast cXeMa JMHHI He Of-
JITUHMA OT CXeMbI, NOPOKAEHHON  CcJydaiiHbIM (myaccoHoBCKHM)
pacnpenenenneM. Mpl MOXeM TakiKe BBECTH HHAEKC 6.aHKANIIErO
COCEMLa, HIACHTHYHBIH TOMY, KOTOPBIH HCICABL30OBAMCH 151 TOUCUHLIX
CXEM, B35IB OTHOUICHNIE HaOMIOAEHHOTO H OMHAACMOTO CpenHero

paccTosHuil no Meropy 6Jamxafimero cocena, uau d/6. Uupgeke uu-
36

TePNPETUPYETCsi COBEPUICHHO AHAJOTHYHO HHAEKCY AdA TOUEUHBIX
eM. ' .

. DTOT KpPHTEPUH NPHIOAEH [Jsi MHOXKECTB KakK npm\;zl?T,oT;:Hﬂ(
' j CJIOBHH, YTO 5TH JHHHH HE ]

JICKPHBJEHHBIX JIHHHH IIpHU Y ‘ . e et ene

1T, JHHIH JOJKHB OLITH p
JOT HaripaBJjenue. 3Ha4HT, e it
yeM CpejfHee DPaccros

B MOJATOpA pasa JJHHHEe, U -

Ecan qn[éno JHHHAA Ha OJHOM KapTe MaJjo, TO ?HQHEHHyelO gn_mq;)mo

pEKOMEHJYeTCs CHaOAMTL MHOXKHTeJNEM (rul— }/n, UlTaKOBa‘

auHuil B cxeme. OlleHKa NJIOTHOCTH JHHHU TO3TOMY :

A (=D X1 (5.37)
o nd -

[IpocToii METOA HCCJENOBAHHS MHOMKECTBA JIMHHI Ha kaprTISCJCIg:
CTOUT B mpeobpa3oBaHNK ABYMEDHOH CXeMBI B onﬂomeg}?a/;()ﬁﬂo e
noparenpnocth. MBI MoOXeM cJenaTb 3TO, NPOBEAd c;I yHe o
HIIO Ha KapTe H OTMeYas TOYKH, B KOTOPBHIX 3Ta JIHHH Og oy
JIHHH 3aJaHHOrO MHOXeCTBa. Pacnpeﬂeﬂgnue HHTEpPBaJ md;)o o
TOUKAMH TepeceueHuss BAOJb NPOBELEHHOH JMHHH ,uieHTTb}K ncpcne-
1110 O NPOCTPAHCTBEHHOI cxeme. Mb MOXeM IIpHMeE HTL K HCCHe
1OBAHHUIO 3TOH OZHOMEPHOH HOCJAeA0BATENBHOCTH METOL };oro 10-
wcnnsle B . 4. Ecam onHa ceKylllas He AacT LOCTaTou 1oro Ko
JiluecTBa nepeceueHHfi Ass TOro, 4To6LH MOXKHO 6bIJIOO 'I:(I))ﬁ e
0/{HOMEpHbIC KPHTEPHH, TO MOXHO TPOBECTH H%grﬁp)y I/I3xfnym10-
cAy4aiiHO OPHEHTHPOBAHHYIO JIMHUIO H T. A. (P?C- '6.71 }K sBuanc
THIH TyTb CeKylled JIHHAH HAamOMHHAET caydanHoe OJy nﬂ I’<ax
MOC/IeI0BATENLHOCTD IIePeCcedeHtit MOXKEeT paccMaTpHBaThC Kl
N0CJeA0BaATENbIIOCTh, PACIONOKEHHAsA BAOJb OJHOH NMPAMOHU ﬂnmmfi
3ToT M ApyrHe METOAB HCCJAEAOBAHHA IJIOTHOCTH CXEMBl
paccMOTpeHH B pagote [29].

AHAJIU3 HANPABJEHHBIX JAHHBIX

HanpaBieHHble nLanHBIC — BaXkKHas KATEropHs reonorﬂqizféc;yf
nudopmauun. Bee 00BEKTH, Taklie, Kak IJIOCKOCTH Hanlgfcﬂ e
HHI, cKJaAdaTble MOBEPXHOCTH M TPELIHHBI, XapaKTepusy 'c H(SM
JeTaHHEM, BLIPAXKEHHLIM NMPOCTHPAHNEM IIACTOB 1I HX HAKJIO Qxé
Jle JHHKOBBle TpPEU{HHEI, MapKHpYIOLIHe ~TOpPH3OHTHI, I/ICK%HaeM :
pakOBHHBL H OTHIIH(OBaHHAA BOLOH rajbka HMelOT npeolbJianain
Ulie HampaBJjeHus oplieHTauuy. Pororpadiii, NonyvyeHHbEe cHi?j;
ﬂyxa 143 CHyTHHKOB, TaKKe N[NIOKAa3bIBAT HaJH4iHe ()pI/IeHTHpOBa )
JUHERHbIX cXeM. YKa3aHHple OObeKTH MOTYT ObiThb . HCeJeI0BaHb
KOJHUECTBEHHLIMH MeTojiaMu, HanogoOwe H3MepeHHH Jpyrux reo-
JIOTMUECKHX CBOHCTB, 0OjHakKo HEOOXOAWMO NCNOAb30BaThb  Clelu-
aJbHble CTATHCTHKH, OTparkalolmlHe UHKJAHYECKYlO (umi cdepryec-
2% NPUPOJLY HATIPABJIEHHBIX LAHHBIX.

M}Osgqngblgaﬂ“ npa;?mxy reorpa)oB, Mbl AOJNMKHLL Da3JHUYATH H%l-
NpaBJieHHbie 1 OPHEHTHPOBaHHLIe OOGBCKTH. IIpeanosoxum, uToO
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aBTOMOOHND ABHZAKETCSH HA CCBEp BJOJib IIOCCE; ABIKEHHE ABTOMO-
Guas nMeeT HanpaBJ/JeHHE, B TO BpeMsi KakK LIOCCE caMo lMeeT
TO/IbKO OpHeHTalio ceBep — for. [lpoctHpanust cjoesB nopog o
OpOCieKNBaHIe CKJIaJ0K — NPHMEPH OPHEHTHPOBAHHLIX Ie0JOri-
yeckiy HaOJIOJeHUH, B TO BpeMs Kak APYMJHHEI H HeKOTOpEHIe HC-
KomaeMble, TaKkHe, KaK CIJIBHO CKPYYEHHble TacTpONOAL, HMEloT
SIPKO BRIPAXKCHHBIE HanpaBJeHible XapaKTepHCTHKH.

Mbl MOXKeM TaKiKe BBIAEJNUTL HalJI0LCHHS, KOTOpble  yA00HO
H300paXKaTh TOYKAMH Ha OKDPYMKHOCTH, WJN HabJIONEHNS, ecTect-
BEHHO TIpeACTaBJCHHBIC Ha cdepe, HampHMep, MeTaMophHUeCKhe
cTpyrryph. IlepBble 113 yHOMAHYTHIX AaHnLIX yI0GHO H306paxarn
Ha InarpaMme, uMeoueidl (GopMy WHK/IMYECKOH FHCTOrPAMMEL, BTO-
pple — H306paXatoTCes TOUYKAMH B NPOEKIMH Ha noaycoepy. Xotd
I'€0J10TT MHOTHE TONIbl NPEACTABJIAIOT HANpaBJieHHble AHHLIE B Ta-
KOM BHJ€, OBH He paspaboTais GpopMasbHbIX CTATHCTHYECKHX NPO-
U€IYp A/l NPOBEDKH HCTHHHOCTH 3aKkJIOUEHHIl, KOTOpble H3BJeKa-
JIHCh 113 3THX AnarpamMM. Takoe noJoxKeHdde HOCTOHHO COXKaJCHUS
HC TOJIBKO MOTOMY, YTO 3TH KDHTEPHH MOJE3HBl caMH 110 cefe, HO
Il IOTOMY, 4TO PASBHTHE MHOTHX H3 3THX METOI0B OBLIO MHCIHPI-
POBaHO nepBOHaUYANbLHO NpobaeMaMil HAVK 0 3emJie.

Ha puc. 5.18 npencrasicna xapra TpemuHOBaTOCTH 710 1HIKOB,
H3MEePEeHHOll Ha wnagoil nnomaxn B IOxkuOl ®duHAMHINY (tab.a.
5.5}, Hanpamneuns, ykasaumuple WTpixaMmi, MOMKHO H300pa3uTh
CARUIUHBIMU BEKTODAMH 1111l K€ HA OKDPY/KHOCTH eANHHYHOIO pa-
auyea (puc. 5.19, a). Ecn 0xpy:KHOCTL Pa3bHTh Ha CerMeHTHl i
NOICUNTATL YHCJIO BEKTOPOB B KAYKAOM CETMEHTE, TO pe3vabrar
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Puc. 5.18. Kapra, npeacrapasicwas HANPABACHEHS LUTPHXOBKH JENHUKA B I0KHOMN
vacti Punnanpun (51 u3Mepenne) Ha rrowany 35 km2
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TaGaunma 5.5
Bexrop Hanpasieuuii WTPUXOBKKU
JERHEKR, W3MEPEeHHBI HA naomaxu
3 HO0xuofi Puuanuzun {(3Havenud AaHb
B IDARYCAX, OTCHET BeJCH NPOTHB
uacerof cTpesiu, HAMIHAR C CoBepa)

23 123 145
27 125 145
03 126 146
58 126 153
64 126 155
83 127 155
85 127 155
88 128 157
93 128 163
99 129 165
100 132 171
105 132 172
113 132 179
113 134 181
i14 135 186
117 137 190
121 144 212

MOKHO TIPEJACTABHTb B BHAE DO3BI HJAH LIKJIHYECKOH THCTOTPaMMbI
(cM. puc. 5.19,6). Oaraxko 14st TOro, 4TOGLI BHIUHCAUTE CTATHCTH-
KII, KOTOpBlE JAKT XapaKkTepHCTHKH BCETO MHOMKECTBA BEKTOPOB,
MBI JOJZKHBL pab0TaTh HENOCPeACTBEHHO ¢ CaMHMH U3MEpeHH7AMH,
(Heo0X0AHMO OTMETHTB 4TO CJENYS COrIALIEHHIO MEMAy reosora-
MII, Mbl H3ME€pSEM VIR LiPOTHB €acOBOGH CTPEJKH OT MOJIOKHTEb-
HOTrO HampaBJieHHst OCH Y, T. e. 0T HanpaB/eHHs Ha cesep). B 60.1b-
IIHHCTBE PabOT [0 CTATHCTHKE HAIDARJCHHLIX JAHHBIX YIVIB li3Me-
pAIOTCSl NPOTHB YaCOBOIT CTPEIKI OT IOJCKITEILHOTO Hampap.Je-
Hisg OCH X, T. €. HalpaB/JeHus Ha DOCTOK.
F'naBnoe HanpaBreHic B HEKOTOPOM MHOIKECTBE BeKTOPOB MOXK-
HO HallTH, BBIYHCASS  PE3YJBTHPYIOUI  BEKTOp — Pe3yJAbTAHT.
Hyerb X n Y — koopanunatsl KOHIA eaHHIYHOTO BEKTOpa, Halpas-
si€HHE KOTGPOTO 3ajaercst yriaom O:
X;=cos 0,
Y;=sin 0;.
Taxne Tpm BexTOpa npejcTaBlenn Ha puc. 5.20. Taxkme NOKazaH
PC3YAbTHPYIOMLUA BEKTOD, LOJYYEHHBI CYMMHPOBaHHEM CHHYCOB H

KOCHHYCOB HHAHBHAYaJbHEIX BEKTOpPOB.
n

X, = Z cos 9,

i=

n
Y, = ?sin 0.
1

(5.38)

(7.39)

? et
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270°

Q

90

°

180

Puc. 5.19. Hanpasaenus WTPUXOBKH JeNHNK], H300p
(0 — HANPABJCHHS, NPEICTABJCHHBIE KaK
IIi)eﬂ,CTﬁBJIEHHMe KakK p03il*,111£11'p2131_\1£l

4XXEHHDIE Ha puc, 5.18:;
CAHUMYHBIE BEKTOPH; 6 —— HaOnaBJICHS
Hi KOTOPOH yKu3aHW YHCAA BOKTOl :
: 30 ! \ 0B BHYT-
prnocrenosaredrublx 10-rpanycHuIX nuTepBaaon P ’

Pre. 5.20. Onpegenenue CPEAHETO HANPABJACHHS MHOMKECTBA €1HHMYHBIX
4 — TDH BCKTOD&, B3sATHE ¢ pHC. 5.18; 6 — BEKTOp R, moay
€M Tpex eanunynnix Bextopos. [opsagox KoM Buun]

BEKTOPOB:
UYeHHBIH KOMGHHAPORAHIL-
DOBAHHA HECYUIeCTBeH

M3 pe3yabTHPYIOLEr0O BEKTOPAa  MOXKHO TNOJYYHTHL CpelHee
HanpasJeHne B, KoTopoe ABAsETCA YIJIOBHM CPEAHHM BCEX BEKTO-
poB BbiGOpKH. OHO COBEPINEHHO AHAJOTHYHO CpPeAHEMY 3HAUCHIIO
MHOYKECTBA CKaJISpPHBIX H3MEpeHHH:

n n
f == tan—! (Y,/X,):telnﬁ(E‘ sin Oi/ Zcos 6i>, (5.40)
iT1 =
OueBniHO, BeJHYHHA HJH JJHHA DPe3yJbTHPYIOLIEro BeKTOpd

5aBHCHT OTYACTH OT BKJaja AMcrepciu BLIOOPKH BEKTOPOB, HO
TaK:Ke W OT YHcaa BekTopoB. [nda cpaBHeHHs  pe3yJbTHPYIOUIHX
ECKTOPOB BLIGOPOK Pa3aHuHOTO 00bEMa HX HEOOXOANMO NPHBECTH
K CTaHJapTHOMY BHAY TIyTeM [eJeHUA KOOPIAHHAT Pe3yJdbTHPYIO-
L[CrO BEKTOpA Ha 4HCJA0 HalJIOAeHHH:

C = X, [n—= _’11_ V cos 0;,
Pt (5.41)

3aMeTnM, 4TO 3TH KOOPJAMHATBI Takzxe OnpPeledioT LEHTPOHA KO-
HEUYHBIX TOUEK 331aHHBIX eJHHUUHBLIX BEKTOPOB.

PesyabTupyoulnil BeKTOp JaeT HHPPMALHIO He TOJbKO O Cpei-
HEeM HanpaBJeHHH HEKOTOPOro MHOMKeCTBa BEKTODOB, HO I O pdc-
NOJOXKEHHH BEKTOPOB OTHOCHTEJbHO cpeaHero. Ha puc. 5.21,a
NPEJACTABJIEHE TPH BEKTOPA, KOTOPHEE TOJbKO HEMHOTO OTKJOHS-
I0TCSl OT CPEAHEro HampaBjeHusA. Pe3yabTupylouinil BeKTOp 10 AJH-
He TIOUTH pPaBeH CyMMe IJHH Tpex 3THxX BekTopos. HaoGopor, Tpu
BEKTOpa, IpejcTaBJeBHble Ha puc. 5.21,6, cuapbHo pa3bpocaHbl,
X pe3yabTHPYIOUUIH BeKTOp oueHb KopoTkufl. JlanHa pesyabtupy-
jouiero Bexropa, o6o3Hadaemas R, onpenesena no teopeme Ilnda-
ropa:

)

s ,‘ "
R—1 X 1o ]/ (Zcosei>:+<z sinf,)" . (5.42)
/ ) i=1

i=1

HLoamnny peavaprnpyioniero  BeKkTOpa  MOMKHO  CTAHNAapTH3HPOBATb
JdejeHueM Ha uucso Habaogeduil, CTaHLapTH30BAHHBIA DPe3yJbTH-
PYIOULHH BeKTOp 1Mo MJHHE paBeH Takxke KBaJAPAaTHOMY KODHIO H3
CYMMBl KBaJpaToOB CTaHAAPTIi30OBAHHBIX KOOpJIHAT KOHUEBHIX TO-
UeK:

R=Rmn=VC+3. (5.43)

Bennuynua R Ha3bliBaeTcs cpenHell AJIHOM PE3yJbTHPYIOLIErO BeK-
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Prc. 5.21. Hcroabsoramue ANHEBL BeXTOpa R
) poro mabopa exunmunsix BEKTOPOB:
Bn: rrpn BEXTODA, PACHOIOKEHHHX B Y3KOAM
CKTGD R OTHOCHTENBHO RJAUHHB, 6an3Kuil x quey 7

HBIX BEKTOD?; R uMeer 1w, MEHbHIIVI) CHITHYIIE!

Py~ mo

SHO 5,22, Muowec TG

%mol 2 m.ciwsa CAREIHNHBIX BCKTOPOR, HATOCTDHPYSULE 3HaYenne ;
© MPH Pasi¥MEOM pacingosxenun BEKTODOB BO neex mpumepax, o _eq hee ma
— rpaiaenyue — 52°; ) ) chennee wa-

=0,997; 6 — P=0,90; e —R=0,75; e— R=055; 4 —R=0,40: e—R=0,10

2y

a —

TODA H ~ T v
p H3MeHseTesa or BEYJASd 10 eanyiiuw. 3ra Mepa aHaJoruuHa

Ty
-

Jucilepcuy, HO B HCKOTOPOM cMplcse rpoTiBon b1 ¥

o ' B HeH ) LpoTy iOJICXKHaA eil, -

HH};C@;;I;f@I(fH;xH@B “y‘(dSVbIB{‘:iOT 04 TO, uT0 $ab.1103CHUbIe Befi?)g;

(‘,ssm:s’xue} ”3 KoL,f nyake ¢ wanoft aucmepenefi, o 3Hauyenuss R
+ HYJIO, YKaselBalOT Ha 60anHIo) pasbpoc eexropos Ha
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AJA BhIpaKeHHY RHCOEPCHY, HEKOTO-

fyuse BOKPYr ofWero Hanmpasaenis;
O ~— TpH MIEPOKO paccesiy-

puc. 5.22 mpeacTaBieHpl MHOXKECTBA BEKTOPOB, IIMEIOILHX pasfud-
HBic 3daueuust R. Jast toro, 4TGOLI HMETh Mepy JHCTIEPCHM, KOTO-
pasi YBEANUNBACTCS C YBeJHUEHHEM paccednus, R uHOrja saMeus-
JOT Ha ero AOTOJHCHHE, HasblBaeMoe IHKJIHUECKOH jpucnepcreii:

so?=1—R=(n— R)/n. (5.44)

MozK10 BLIUHCANTh M APYIHe HanpaBjeHHbIE CTATHCTHEH, BHJIIO-
yasl LHKJHUCCKHE aHAJOTIl CTAHIapTHOIO OTKJ/JIOHEHHS, MOAbI, Me-
anauu. VX onpeaenenus npuBeieHs! B yA100HOM tabauie Teftaom
1 Beptou [28].

OpueHTalllst JaHnblX MOXeT ObliTh H3MeHeHa 10  BLIUICIEHHS
CPOAHNX HaNpaBJeHHI HJIH Mep paccesHis. Tax xak OpUHeHTaU.Hﬂ
MOMKET HMEThb OJHO M3 ABYX NPOTHBOIOJOKHLIX 3Ha4E€HHH, TO BO
uabeanne oWnbOK B ONPeAe]CHHI AMCIEePCHH Heo0XOAHMMO IpH-
HATh leKoTophie corjatuedns. Ha npuMepe opiieHTaunu  peuHo#
vaabuil KpamGeiin [47] npeasiaraer HoBoe pemicine 3Tod 3a7auM.
EcJi BCe U3MEPEHHBIC VIJBl VABOUTH, OYACT 3allcad TOT xKe YIoJ,
105ABHCHMO OT TOro, Kakas opHeHTaluMs Obljla  HCHOJb30BaHA.
13 xKauecTBe NPHMEpa paccMOTPUM INAPHHP CKJAAAKH, KOTODas Ipo-
CTHPAETCs C CCBEPO-BOCTOKA HA 10T0-3amai. Ero opueHrauuda Ovier
OTHAKOBON He3aBICHMO OT TOrO, 3a4aTh Ji yI0oA paBHBIM 45° nad
225° Ecanm yaBONTH YIrJbl, Mpl nojaydum 45°X2=90° u 225°X2=
= 450°, yto coctasdasieT 450°—360°=90°.

CpejHee HanpapieHde, AJWHA CPEAHErO PE3VALTHPYIOILEIO BeEK-
TOpa M UMKANYeckas Auciepchs MOTyT OblTh HaliAeHB OBLIUHBIM
0Gpa3oM 1oc/e TOTO, KaK OPHEHTHPOBAHHLIE Y/l OBLIH yIBOCHLI
A1 HaxoxaeHusi HCTHHHON cpeaHeil OpPHEHTAUHH PAa3JeJiHM Bbi-
4IIC/J€HHBIH YTOJd CPEIHEr0 HalpaBJeHHS Ha jBa. IJTO [POILIJIOCT-
pupoBaHo Ha puc. 5.23.

HDOBepK{I FTHNOTE3 0 HMKJAHYECKH pacnpeacaeHHbIX JdHRBIX

Jas npoBepril CTATHCTHYCCKIX THIOTE3 O TUKJIHYECKH pacnpe-
AeJIeHHDIX AAHHBIX MLl JOJDKHBL HMETh HEKOTOPYIO BEPOATHOCTHYIO
MOeb, COOTBETCTBYIOUIYIO L3ydaeMoMy mnapamerpy. CyuliecTBYIOT
HHKJAHYEeCKHC aHaJaoru OAHOMEDPHBIX pacnpe;LeJerm‘i, KOTOpbBIe MBI
oOcyanan B T 2, OAHane HanboJee HOJE3HO W3 HUX paciipeiene-
Hue ¢on Museca. 10 — HHKJAMYECKNH 3KBHBA.IEHT HOPMaJbHOTO
pacnpegeseHns, Taxyke ©oO0JalaolHil ABYMS llapaMeTpaMi: cpel-
HIIM HanpapjenueM € 11 rapamMeTrpoMm KOHUEHTpamuu k. Pacrpene-
JCHHC (l)OH Museca YHHMO/JaJbHO 1 CHMMETPHYHO OTHOCHTEIBHO
cpeiHero Hanpasaenus. [To vepe yBequyeHHS NapaMeTpa KOHIUEHT-
panuH BEPOATHOCTH HOAYHCHIIS HampaBJEHHOTO H3MEpeHIs, OueHb
OJIMSKOr0 K CPEIHEMY HanpaBicHio, yBeauunsaercst. Eciain & pap-
HO HYJIO, BCe HAUPABJEHHS DPABHOBEPOSTHH H pacrnpeeneHie cTa-
HOBUTCSl LHKJIHYCCKHM paBHoMepHLIM., Ha puc. 5.24, @ npcicrasie-
Ha ¢opma pacnpenssienns ¢ou Muscca AMS HEKOTOPHIX 3hiadeHMit
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Puc. 5.23. YABOeHHE Yria C UeNbi0 BLIYUCACHHS CPEAHEH OpHEHTALIMH:

@ — opHEeHTAlUsl H3MepeHuil, IPeACTaBJEHHEIX Kak BEKTODHbE HAINpPaBJCHHA; pe-
ayapTanT R cpeiHero HampasseHus pasen 285° m O/IM30K K HYJEBOMY 7O AJHHE
(R=0,08); 6 — opueHrauus H3MEDEHHH, NPEACTABJEHHBIX KAK BEKTODH HaNpaBJe-
HUfl Tocde yaBoeHHs YrioB. Pacupenenenne Gosee He SIB/SETCA GHMOAAJBHBIM;
BEKTOp R OTpa)kaeT MPaBUMLHLIA TPEH] Y/ABOEHHBIX YI/IOB M GIH30K K eJHHHIE IO

aAaune (cpeanee mampasienne — 120° R=0,97); 8 — opueHTAUHH BHOBb HAHECCHE
KAK MCXOIHBIe VIVIbI B MCTHHHOE HampasieHne Bektopa R (81°) maxoaurcst nee-
HUEM IICToJaM HanpasieHns R B «6»

x. DT0 pacrnpejiejeHne MOXKeT OBITb TakKe NPEACTaBJeHO B yC-
J10BHOI dopme (puc. 5.24, 0).

[IpsiMoe ompejeseHHe mapamMerpa KOHUEHTpAUHH 3aTPyAHHTE/D-
HO, HO €ro MOXKHO OLEHHThL uepe3 R, ecqH JONYCTHTb, 4TO AaHHbIe
SIBJAAIOTCS BLIOOPKOH M3 COBOKYIHOCTH, HMEIOIIEH pacrnpejieseHie
(o Museca. B rabsa. 5.6 npuBCAEHB OUEHKH  MaKCHMAaJbHOrO
paBAONONOGHS JAJsl NapaMeTpa kK, COOTBETCTBYIOLLHE HEKOTOPOMY
BbIUMCJAeHHOMY K. B HEKOTOpBIX NPHBOAMMBIX HHXKe CTaTHCTHYeC-
KIIX KpPHTEpHSIX Mbl OyieM HCIOJb30BATb ITH OLEHKH Iapamerpa
K.

Kpurepnit nmposepku ciayuaiinoctu. Ilpocrefimas ramoresa, KO-
TOPYIO MOMKHO IIPOBEPUTL CTATHCTHYECKMMH METOJAAMH, 3TO THIOTe-
3a O cay4yaHHOCTH HAIpaBJCHBLIX HaOJ/OJeHHI. DTO 3KBHBaJEHT-
HO YTBEPKAEHHIO O TOM, YTO HeT NPCJNOUYTHTEJbHBIX HampaBJeHHi
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Puc. 5.24. Pacnpenenedus don Museca, umeolide pasininble napameT;pbl KOHUEHT-
pauun [33]:

a — pacnpesesenue, TNPEICTABJICHHOE B noaspHOi Gopme; 6 — pacnpejelesue,

NpejcTaBieHnoe Kak yeiaoBHoe. Murepsan H3Mepenus COOTBCTCTBYET noJHOMN
OKPYKHOCTH




Ta6nuua 56

Ouenxa maxcuMyma npaBaonoaoGus napaMeTpa KOHUEHTPAaUHH
K M9 BbIMMCAEHHBIX 3HaucuHit 7[5, 33]

R K 3 K R K
) 1; _ It

0,00 0,00000 | 0,34 0,79556 J 0,68

0,01 0,02000 | 0,35 0.74783 0,69

0,02 0,04001 0,36 0,77241 0,70

0,03 0,06003 0,37 0.79730 0,71

0,04 0,08006 0,38 0,82253 | 0,72

0,05 0.10013 0,39 0,84812 | 0,73

0,06 0, 12029 0,40 0,87408 074

0,07 0,14034 0,41 0,90043 | 0.75

0,08 0, 16051 0,42 0,92720 0,76

0,09 0,18073 0,43 0,95440 0,77

0,10 0,20101 0,44 0,98207 0,78

0,11 0,22134 0,45 1,01022 0,79

0,12 0.24175 0,46 1.03889 | 080

0,13 0,26223 0,47 1,06810 | 0,81

0,14 0,28279 0,48 },00788 | 0,82 3,14962
0,15 0,30344 0,49 1,12828 | 0.83 3.30114
0,16 0,32419 0,50 1,15932 & 0,84

0,17 0,34503 0,51 1,19105 | 0,85 ‘

0,18 0,36599 0,52 1,22350 | 0,86 3,61072
0,19 0,38707 | 0,53 1,25672 | 0,87 4,17703
0,20 0,40828 || 0,5 1,29077 | 0,88 1,18876
0,21 0,42692 | 0,55 1,32570 | 0,89 4,85871
0,22 0,45110 0,56 1,36156 ¢ 0.90 5,3047
0,23 0,47273 0,57 1,39842 0,91 5,8592
0,24 0,49453 0,58 1,43635 0,92 6,5394
0,25 0,51649 0,59 1,47543 0,93 7.4257
0,26 0,53863 0,60 1,51574 0,94 &,6104
0,27 0, 56097 0,61 1,55738 0,95 10,2716
0,28 0,58350 0,62 1,60044 0,96 12,7661
0,29 0,60625 0,63 1,64506 0,97 16,9266
0,30 0,62922 0,64 1,69134 0,98 25,2599
0,31 0,65242 0,65 1,75945 0,99 50,2421
0,32 0,67587 0,66 1,78953 1,00
0,33 0,69958 0,67 1,84177

HJid XK€ UYTO BEPOATHOCTh JHOOOr0 Hanmpap/eHHS OAHHAKCBa, Lean
IPEeANOJIOKUTD, YTO HaG/IOAEHIs NPEICTABASIOT BHOOPKY 13 CO-
BOKYIHOCTH ¢ pacnpeicietteM (o Miuseca, To cooTBeTcTBY:0MWas
THIOTE3a 3KBNBAJICHTHA VTBEPIKACHIIO, UTO napaMerp KOHIEHTpa-
UHH K paBeH Hyuo, Tak Kak npu k=0 pacupeieaenie Wi iyecky
paBHOMepHO. IHbiMU c/10BaMu, HYJeBas rinoTesa H ajbTepHaTHBA
TakoBbl: My : k=0, H,: x>0.

Kpntepuil xpaiide npoct u Tpebyer Jililh BLIUHCACHIS 3HAYE-
nug R no dopmyae (5.43). 3atem sTa craTHCTHKA CpaBH:iBaeTCs
C KPHTHYECKHM 3HAaYeHHeM R /g 3aJaHHOTO YDOBHSI 3HAUHMOCTH.
Ecan naGaonenust n3B/ieYeHBl N3 IUKJHYECKOTro paBHOMEpPHOro
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KpuruuccxKoe 3naycHue R Kputepus Pm::ﬂ
0 HaJMRGGH RREANOUTHTENBHOTO TPEHAA [51]

cib sHaumvoeT o, %

e ' l t

|
o | ] _
7 | 0 847 0,905 0,960
) 0,768 | 0,847 0,905 G
l ! 0,677 0,754 0,813 8,%?}
G | 0618 {690 0,733 0,825
= 1 0572 0642 0.7G2 0.771
! (. 535 0,602 0,@(50 U’é§7
9 | 0504 8 ’ g. 4 0,687
{ (),478 BA( ), s
i? 0456 = 0.516 G g,ggg
4oy . A Q.4 ) 54 ,
13 0 150 0 L0521 0,580
4 405 0505 i
0 3’%8? 0 | 0,453 0,542
6 A 0379 0474 ¢,525
5 L olser 0,460 0,510
s (357 00405 0,447 0,496
1 0343 015391 0,436 0,484
20 0,330 0.385 0,425 0,4g%
21 0,331 0,275 0,415 8'351
5 0,323 8’%95 8’@8? 0441
0,316 ,35 s 4,
%2 0,309 0,351 0,389 8'33%
95 0,303 0,344 0,381 0.428
30 0,977 0.315 0,348 0,387
35 0,256 0,292 0,323 0,359
40 0,240 0.273 0,302 0,33
45 0,226 0,267 0,285 0.31¢
50 0.124 0944 0,270 ,
KHO OFKUAAT R er wmano (cMm.
haclipereeHns, TO MOYWHO OKHAaTh, 4T0 R Oy1 : c
paCllpehﬁJ AHaAKO CCJH ELIMIICJCHHaS CTAaTHCTIHKA Hpt‘BbIIHaET

i 22, ¢e). 3
jmcmilgioe)a 3HaueHHe, TO UyJ/ieBas rhiorcsa ﬂomxﬁé vO’c o
:‘:cua, Il MOJKHO DPCAGOJI0EINTD, UTO HaUJIlO;LCH\Hﬂ 71)1(?:,;.\11@1%1 “1/13}‘{-
ACVIHOCTH, AMEIOWCH nIpeiouTHTe ibliyI0 OPHEeHTALHIO. ?:'03 l\pre-
vepii OB TOJy4eH JIOpAOM PegieeM B Hauadgie CTO.H'QTM}’I, TCOBp

' H2JI0KCHHE CCOTESTCTBYIONIMX  BOIPOCOB  IIDHRANAEKUT

o :':I/za [51]. B 1adn. 5.7 npuBe cubl upuniuecsue 3HAUCHUA R
'a3/MHEIX 60BeMOB BHMOOPKH M yPOBHEI iHd4HMOCTH. o

I{anoMauM, uro xpurepuil Pesied ocHoBaH Hu npeﬂnonomemlf}:
{4 GaIOACHERIe BCKTOPLI H3BJCYEHBI H3 COBOKYIMHOCTH C pac;i
oH Mu3scca, T. €. COBOKYNHOCTH BERTOPOB /DO HME-
H k=0, nubo HMeeT CAHHCT-
e B

iTb OTKJIO-

1

poieaeHies O
€T paBHOMCpPHCe pacnpeieicHue, ecl s
BEHUYIO MOAY IJIH NPEANOUTHTENbHOE Haimpasaenue. — Lo A
ACTCTBHTENLIGCTH BEKTOPH! 1:3BJACUCHBI N3 0xMOAAMBHOTO pachpe-
Aeqeiils, TAKOro, HampmMep, Kaxk H3ofpaxeHo Ha puc. 5.23, 10
wroT Knorenull naet orinlbeuHble pe3yJsbTaThl.




[TpoBepumM, He umeor Jgu NPEANOYTHTENLHOTO  HalpaBJeHHS
IUTPHXOBKH JEAHHKA B QUHJAAHINM NPH YPOBHE 3HAUHMOCTH 5%.
Tak kak nmeercs 50 HabJoneHu#, To taba1. 5.7 paer KpHUTHYECKOe
3HaueHne Rso,005=0,244, [IpoBepsiemasi craTtHCTHKA — 3T0 NpoCTO
LOpMai3oBanHoe sHavenne R. CyMMa KOCHHYCOB BEKTODOB paBsHa
A2=—25,793 u cymMa cuHHYCOB paBHa Y,=31,637. Hauna ects

R =)/ (—25793) & (31,637)% — 40,819,

UTO, eaeHHOe Ha 00beM BHIGOPKH, naeT CPENHIOI 1JUHY
R =140,819/51=0,800.

Tak kax BBIUHCJEHHOE 3HaueHue R 3HAYHTEJIbHO npeBHIIIaeT KpH-
THYECKO€, TO MBI OTKJIOHSIEM HYyJIeBYIO FHIIOTE€3Yy O TOM, UTO mapa-

METp KOHLEHTpalnH paBeH Hymio. IlTpUXOBKH [OMKHBI HMeETh
NPeJNOUTHTENbHEIH TPEHS,
Kputepnii nposepku cnenuduyeckoro tpenma. B HEKOTOPBIX

Caydasx Mbl MOXKEM CTOJKHYTLCA ¢ HEOBXOAHMOCTBIO NpOBEPHTH
THIIOTE3y O TOM, 4TO HalJIIOJIEHHS HMEIOT HEKOTOpHI crnennduue-
ckuif TpeHa. Hanpumep, TeppHTOpHST DUHAAHAHH, TAe NPOBOIHJIHCH
HSMEDCHHA HalpaBJeHHil WITPHXOBKH JEAHHKOB, paclOJOKeHa B
npenesax OGWIMPHOH Tomorpaduyeckoi JAEIIPECCHH, BLITAHYTOH ¢
CeBepo-3amnana Ha Iro-BOCTOK HpHUMepHO Ha 105°, CoBmaiaer Ju
CpeiHee HampaBJCHHe MABMIKEHHS JbJa, ITOKA3BIBaEeMOe LITPHXOB-
KOIi, ¢ OCeBLIM HalpaBJeHHeM 3Toj JIeTIPeCcCHH?

Tounast mpoBepka rumoTe3nl o TOM, 4TO BbIOOPKA BEKTOPOB Gbl-
1d MU3BJCUCHA H3 COBOKYNHOCTH, HMEIOLLEll HEKOTOpoe 3aaHHoe
HanpasJ/ieHne, TpeGyeT HCHONb30BAHHA OBMIMPHBIX TaBJHL 1715 OM-
PelleJIeHHsT KPHTHUECKHX 3HaucHuil. Bosaee npocTofi mMeTox cocTOT
B Ompele/IeHHH NOBEPHTEILHOTO yria BOKPYT CPeIHEro Halpa,Je-
HHUs BLIGODKH M B IIPOBEPKE TOIO, JOCTATOUOH JIH 9TOT yroJ mno Be-
JIHUHHE [JI51 TOTO, 4TOGHI THMOTETHYECKOE CPeAHee BOILIO B HEro.
Onpenesnenne 3T0ro yraa OCHOBaHO Ha CTaHAAPTHOM OTKJOHCHHH
OLCHKH CPEIHEro HanpaBjeHus O, I HOTOMY IJISl €ro BLIYHCCHHS
HCHOJIb3YIOT MOJHHIA 06BeM BEIGODKH H ce JHCIIEPCHIO,

[Mpexae uwem BLUMCAATEL AOBEPUTENBHEI yTOJI, IPHMEHHM KPH-
Tepuit Pesiess ana moaTBepxkaeHHs Toro, uro CTaTUCTHYECKH 3HAUH-
MOe cpelHee HalpaB/ieHHe CYLIeCTBYeT. 3aTew, UCTIONDb3YST JaHHEIe
Ta6a. 5.6, BHIUMCAHM CpepHION0 AJMHY BeKTOpa R M oueHuM napa-
MeTp xonuentpauuu k. IlpubamnskeHnoe 3HaueHue CTaHI1apTHOrO
OTKJIOHEHHS CPelIHero HampaB/JeHHs B pafHaHaX ecTh Se=1/}nRx.

Tak xak 3Ta BeqMYHHa SIBAETCH Mepoji 0XKHaaeMoro c.yuaii-
HOTrO OTK/IOHEHHS OUEHKH CPEJHero HamnpaBJeHHS OF BBHIGOPKH K
BbIGOPKE, MBI MOMKET HCHOJb30BATL €e st OINPEACJCHHS BePOST-
HOCTHBIX TpPEeNe/IOB NOJOKEHHS HCTHHHOTO CpejHero HallpaBJieHHs
coBoxynHoctn. Ilpennosaras, 4to omuGKH omeHOK HOpMaJbHO
pacupeneseHbl, 3aK/II09aeM, 4TO MHTEPBaJ 0+ Z,S, BKIIOYaeT B ce-
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‘Hanpume
: I;a up3 COBOKYITHOCTH BEKTOPOB II BEIUHCJIHJIH CpeiHHe H

s 1o MOXKHO OXHAATh, UYTO [Io4YTH BCE HHTEpPBaJHI,
\{yT coaep}kaTrh HCTHHHOE cpeanee

CCJIN Mb (()(; [ 00 B OPO (6]
p .

MOJKCM He 3HaTb, KakKie H3 MATH nHTeszeJII;JCI)aH?:OSgg}}]I}B (;);Bpa;}zz?;i
cpeaHee 3HaYeHHe, HO MBI MOXKEM ﬂanw D O oy mari.
CTHKY 3TOTO coObITHA A4 Kama?ro . e o
raThb, YTO HHTEPBAJ BOKPYI CpeAHEro 3 i
rgg%}lg(r)gagnga, COILep}KHTpHCTHHHO? cpenHee HaHpaBJI%HO;IC. Beposar
HOCTb MOJYYHTH MPOTHBOIOJIOKHBIN pe3yabTaT paBHa : Or.nnoTesv .
Ml y2Ke NPUMEHHJIH KPHTEPHH Penes u OTKJIOHHgX . mesy o
TOM, UTO He HMeeTcd HHKaKOro TpeHAa B HabI101eHH OTKJ%OHCHII?I
genHnka. [lpubsauzKeHHoe 3HaUCHHE CTaHﬂapTHOFOHaﬁTH o
cpeHero HampaBJeHHs B pajHaHax Tenepb MOKHO

myJe

1 i

; 5170,8004-2,87129 10,8

H

T 0,0924 (nm 3,14°).

Se =

0 . o] -
1109TOMYy BepOATHOCTb TOrO, YTO HHTepBana 129,2 ilé%%/ 3,1{{1 71?3_
J1epIKHT cpelHee HanpaBJeHHEe COBOKYIHOCTH, DaBHa b- Hpy

M CJOBaMH, 126,1°<<06=<<132,3°. Tak Kak 3T0T HHT'epBaJI }feruBme}g:
yaeT HalpaBJCHHE BLITATHBAHHS B JHHHIO Tonorpaqznqecng:{ef:mM
peccli, Mbl AO/OKHBI 3aKJIOUHTh, 4TO OH He COBiladaeT CO Cpej

¢ M IITPHXOBKH. 7
Han}%‘fﬁi?ﬁg COOT%CTCTBI/IH. [Tpocras HelapaMeTpuieckas Taﬂb‘"repl;
HaTHBa K kputepuio Pejess npoBepkd PaBHOMEPHOCTH cocimﬂmﬂo
noApa3LeJeHHIl eJHHUYHON ORDYMKHOCTH Ha roaxozsiLiee ";1:1e
YIJIOBBIX CErMeHTOB. EcaH 3TH CerMeHThl OANHAKOBHI MO ITL",. py
U HaG.JI01eHHBIe BEKTOPBLI pacnpeieseHbl cJydafiHo, To caelyer
O’KM1aTh, YTO B KAKOM CETMEHTE UNCIO0 BEKTOPOB IPHMEPHO oau-
HaroBO. YUHCJA0 IeHCTBHTENBLHO Ha6m011e1ﬂrn>1xO BEKTOPOB cdem{Ba-
eTCs ¢ OKHIIAEeMBIM ¢ TOMOIbIO KpuTepHs ¥’ Oxujgaemas HacTO-
T4 B KaXKAOM CErMeHTe J10JKHa OBITh, CaMoe Membliee, pipmia 5,
Il OHil JOJKHB OBITh PACIOJOMKEHBl MEXKIY ,n/15 u n/5 cerveHra-
v, Kpurepuit 42 BBIUHCAsICTCSA 06bI‘JHbIMUOOpa3OM c nqyomb}f)
vpaBHeHnsi (2.45) u umeer x—1 cTeneHell cBoOOABI, Tae K —4YHC-
JI0 CeTMEHTOB. '

Ta Xe npoueiypa MoxeT OBITb HCIOJb30BaHa [J5 MPOBCPKH
COOTBETCTBIA HaGJIIOACHHBIX BEKTOPOB JAPYTHM TEOPETHUECKHM MO-
AeJsAM, TakuM, xak pacnpeaesnenne ¢oH Mmseca ¢ 3ajaHHLIM fa-
PAMETPOM KOHIEHTpAUUH X, GOMBLIMM HYJAd H 3aJaHHBIM CPEeIIHM

fanpaBJeHueM 8. Boiuncaenue OXKHUJJaeMblX 4YacTOT OJHAKO MOXKeET

0Ka3aTeest HenpocThIM. [Tpumepnl nmpuBoxsitcs B paborax [33] m
[5].
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fipoBepka paBeHCTBA ABYX MHOM(ECTB HANPAaBJEHHLIX BEKTOLCS.
Muorjga 6pBactT HeOOXOLHMO IPOBEPiTL THICTE3B 00 SKBHBAJEHT-
HOCTi: JBYX BBIOODOK MJHM Ha0OPCB HailPABJCHHBIX  H3liepediil.
IMpenino/ioxuM, yTo MBlL HMeeM HabOOPLl HaNPABJEHHBIX N&ACOH3ME-
PeHIiil B JABYX cTpaTturpaduueckux €lHHHUaxX. 3ajaua CoCTolT B
TOM, 4To0Bl CPABHHTH HX CpPEAHHC HalpaBJeHHs /AJs Oipeaedeiiils
TCrQ, HC SBAAIOTCS JiM OHI OMHHAKCBbBIMH, Mbl XOTHIM 3H4ATh, HC
COBIIG2I0T JIlL OPHEHTallMH JUHEaAMEHTOB, H300parKeHHH, BHAHMDIX
CO CHYTHHKOB, ¢ OpHEHTALMHAMII CiJaJ0K, CYHIECTBOBAHHE KOTOPBIX
YCTGHOBJIEHO 10 (ortorpaduaM  COOTBETCTBYIOLLIX  IIIOLLAACiL
B recKoJ/ibKO MeHbLIEM Maclitabe Mbl MOXKEM CPaBHHTb HampaBJe-
HHE yAJHHCHHLIX 3€peH B TOHKHX CEYCHHAX JABYX O0OpaslOB KepHa
iieciaHHKa H3 He(PTAHOTO MECTOPOXKACHHA.

CoBnajeHHe ABYX CpPeIHUX HalpaBJeHHH MOXeT ObTbL yCTaHOB-
JIEHO C IIOMOIUBIO CPABHEHUA JABYX BEKTODOB, IIOJYUYEHHBIX 110 AByM
rpyititaM, ¢ BEKTGPGHM, [OJYUEeHHHIM Hpu O0be[iHEeHHH [ABYX MHO-
AECTB lizMepcHUH. Lcau [Be BbIGODKH JEHCTBHTEbHO H3BJIEUYEHBI
H3 OJHOH H 7Oi e COBOKYIHOCTH, BeKTOp 00'beiHHEHHBIX BbIOOPOK
J0/:KeH OLIThb NpHOJH3HTENbHO paBHLIM CyMMe€ [AByX BEeKTOPOB.
Ecan cpeadue HaupapJeHUd ABYX BLIOOPOK 3HAYMMO pasaHyalorcd,
10 o0belHHEHHBI BeKTOp OyeT Kopouye, 4eM cyMMa.

Ecaun x — Hexotopoe 6o0gbuioe (>>10) 3BaueHHe, MOXKHO BHI-
HHCJAUTh 3HaUCHHe F-KpHTepHA:

(n—2) (R, + R:—Rp)
n—R,—R, ’

rie n— ofuiee KOJHYECTBO HabJioneHu#; R, U R, — BexTophl 10
ABYM BBIOOpKaM; R, — BEKTOp 00belMHEHHOI BEIOOPKH.

Hcnoap3ys nanHpele Tadd. 5.6, MBI MOXKEM OLEHHTb 3HAYCHHE
x 13 Fp, pesyJbTHPYIOILErO0 AJHHBI BEKTOPa JBYX OObeAMHEHHBIX
BBIOOPOK. Lesyt &£ McHbplie 10, no Goablie 2, To 60Jlee TOUHOE 3Ha-
g_dAne F-xputeplss HaX0ZAT CleAYIOIIM 00pasoM:
5y (2 (Ri+ Ra—— Rp)
vt n—R, —R,

Lcan K MeHblue 2, TO HeoOGXOIHMBl cHenuaJsbHble TaGJHIB, aHAJO0-
ryuHple TabamiiaM, npuBouMbsM Mapana [51].

MO¥EO TaxKe [POBEpHTb DABEHCTBO NapaMeTPOB KOHILEHTPa-
HIIT JBYX MHOJKECTB BEKTOPOB, OAHAKO BLIUHCJEHHS  JOBOJLHO
CHOXKHDL 3a Acraaamp orensiaeM x [5l), a  ramkke x [B6] u
28], rae npiiBesed npuMep H3 reoMopdoaorui.

CrJaapdatblii mosic, Tomorpaduyecki BbIpaxkeHHblii kak Hara
Xuwjic ¥ UX OTPOrd, 3aHUMaeT NMPOMEKYTCYHOE 1I0JIOKEHHE MEMKAY
Hupuiickum cyOkoHTHHEHTOM #  MIHIOKHTAHCKIM — [HOJYyOCTPOBOM,.
OueBHAHO, CBSISAHHBIA CO CXKHUMAaUIUMU ABHKEHHAMH, KOTOPbIE CO3-
raan I'mMagan, cksaagyaThli mosic BKJ/louaer paAf cyOnapadedb-
ULIX aHTHKJMPaJell BAOMb BOCTOYHOH rpaHuub bDanrnagewt. B atom

Flpn—e= (5.45)

(5.46)

Faoa— {1+

5)

Bavnrnagew

\‘ ER 0 150K M
\ ) i \</ L o

| - |
- . o
Puc. 5.25. Kapra Bocrounoro Banraapeu, Ha KOTOPOil YKa3aHbl OCeBbIE nno::::;:
GoMbMx AHTHKAMHAJEH (KHPHbIC JUHMM) H oGwupHble JHHEAMEHTHI, NOJY
CO CHYTHHKOB (MYHKTHP).
(TpanHmel TOCYAAPCTB NIPHBEISHBI 1O opuraraty. — [Tpum. nepes.j
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03TOMY oOmp
YeCKitly, T

4T0 CRJIAAKY MeHbLIEH B
ra Xumaac, go

Ta6nnuna 5.8
- OpurenTauHa OcCeBblx MJIOCKOCTEH AHTHKAMHANeli u JnHeamenTos JlaHjacarta
pezmo.nox{mb, g Bocrounom Banrnamewr (3nauenus Aanbl B rpapgycax, orcyer BeJcs NpOTHB

OCHOBaHug n
€JIHUHHEL bacnosioxkenp K 3

r OHH CKPBITLI COBpeMeHHBIMK o anany or Ha TICOROT Crpen, awINAR ¢ cencpa)
M Tanrom | i | OC4NIKAMH, IPHHOCHMp]-
1 ero HPHTO}\HMH. K COKaJaeHurp Z, iy - ! (Ocb aHTHKAMHAMH Jinneaventsl Jlaug- Ocb aHTHKAMHAN JluneaMentsl Jlaug-
INIC, KOTODBIE MOrmM 661 wam gay HHpoOpMal o o HeCKHe Aak- n=32 cata n=40 n=it cara n=40
tprI\;;rTyé)a& OYEHb CKYIHE, PO 0 norpeGerisix -
PlipeTanus cunmkop c 5 5
O CIOYTHHKORB 103,5 248.9 300,1 256, 4
Baer Ha 3TOTO perunon B Lo, : : v
no oHOTOUHCACHHbe WTPHXI ~ HenspecTHor rI; s 288,2 283.8 273,4 232.0
JIHE BO3MOKHO 4TO WITPUXK OTpg POHCXOXK nenns, ‘ 282,2 247 .8 294 ,4 275,8
H €CaM TaK, TO oHM gator ey PaxaloT norpedennpre CKIAAKH.  { 265,7 258,7 291,6 2448
THH H BOSMOKHbIx Mo Hble cpesenns o CTPYKTYPHO! reoso- 256,8 275,6 113,8 254,4
Ha puc. 5.95 CTOPOXKAeHHAX Hepry. 253,6 233.9 290,9 230,5
- 0.25 mpenc 8 91 9287 52,0
KOTOPOIt moKzsamey Cﬁefli?”g’; apra Bocrounoro Banraagem, ng 330.0 2595 2792 R
339 7° X IJIocKocTeH HaubobmuX anry. | 107,9 277,2 265,6 265,3
o 2397 287.9 2455 2597 2354
0 6 291,7 277.9 257,9 281,0
0 2871 2363 104.8 9394
283,5 235,9 2619
301,0 233,7 257,1
: 281,3 293.8 100,8
270 1 291,2 2468 247,0
90 270 294 .6 2664 110,2
90 287,2 279,4 109.0
y 299,4 257,4 251,4
249}70 290,9 266,1 230,9
180 '
1597° 180 .
’ KMMHalel 1 OOJBIUKX LITPHXOB, 3aMEUEHHBLIX CO CHyTHHKOB. Opi-
CHTAMH 3THX ABYX MHOXKECTB NOKa3aHbl Ha pHc. 5.26. Tak kak
5TH JIMHUH He HamnpasJieHHble, TO rpadUKH SABIAIOTCH GHMOIAJAbHEI-
6 MH, # 145 TNOJYYEHHS NPABHJBHOTO PaclpejeNi€HHs BEKTOPOB Mbl
g 221 JOJKHEl yIBOMTL HalJlojeHHple yrael. B raba. 5.8 mnpusefeHw
¢ 0 OpHeHTalHl O6eHX OCEBHIX IIOCKOCTEH M JHHeaMeHTOB. OUEBHIHO
. Pasynune MeXIy STHMH JByMSI MHOKECTBAMH, HO SIBJSIETCS JH 5TO
2921 Pa3/IHYde CTATHCTHYECKU 3HAUMMBIM HJ/H BO3HHKAeT W3-33 OIIHBOK
{ onpoBoBaHus?
270 90 ‘ Husi mpoBepKkM TUMOTE3Ll O TOM, 4TO CPeNHHe HAMpaBJCHHS
270 90 Oceil aHTHKJAHHAAM H INTPUXOBKH OJMHAKOBE, MBI MOXKEM cHAayaja
HOCTPOUTL BEKTOPBI AJIs KaXXAOH M3 ABYX TPYNI H 3aTeM IpeicTa-
BHTb pesysbTaHT nX ob6benunenus. Tax, aas 32 yaBoeHHBIX
H3Mepenuil oceBBIX Iulockocteft R1=32,09, a s 40 yaBoeHHBIX
20 160 H3Mepennit suHeaMeHTOB Jlanacata R,=27,81. O6beannss obe
Puc. 5.26 prmso’e 180 Ipynnsl B MHOXKecTBO u3 72 naGmogenuii, noayuaem R,=54,00.
"pe“”";’,ﬂeﬂﬂe OPHEHTALIN 10 Ranusiy Bocrg CpenHee sHayeHue a5 O6BEAMNHERHON BHIGOPKH eCTh R,=54/72~
@ — OpHenTamuy oceBbI)}:elI;;o Ka3aHa cpeanas opuenrauug, 4HOro Banraa- 0,7, u ¢ noMomso Taba. 5.6 MpI MOKEM OLCHHTD $haxTop KOHIEHT-
TLockocTedt yagangaprey: Bixg;;iZnglbmnx AHTHRIMHAagel: 6 — yrau ocenpix panus.
’ ‘ 1H JHHeaMenT ' . ; . - ,
POCTUPa i Yrgoem O €O CIYTHHKOB; o — yp oy Tak kak & Gosibiic 2 u menbure 10, To MOAXOASIIAS CTATHCTHKA
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Raerca dopmyaoit (5.46). IMogcraBisii BHUNCAEHHBE 3HAYEHUA,
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NOJy4HM
o 3 (722) (32,09 + 27,81 — 71,00)\
F={14 8(2,5693) ( (72 = 52,00 —27,81) )"‘39'59

ITOT KpUTePHl HMeeT vi=1 H v,—72—2 cTenerefi ceobogpl, M3
1a6.1. 2.14 (cM. B, 1) merogom HATCPIIOJALHI HAXOMIM KPHTiue-
CKOe siavenue [ npm 5%-11oM ypoBlie 3HAYNMOCTH (2=0,05) u ¢
1 1 70 crenensvu cBoGOAL; 3TO 3HaueHHE paBHo 3,96, Taxk kax
'IPOBEpAEMOe 3HAUEHNE 3HAUMTENBLHO NpPEBHIIAeT KPHTHYECKOE, MDbl
MOKEM yBEPEHHO 3aK/IOYHTb, YTO JMHEAMEHTH Jladgcata n ocH
CKJAJI0K HeJNb3s CUHTATh M3BJEYEHHBIMH H3 OOIief COBOKYIIHOCTH.
Xorst suHeaMenTsl Jlauicata u nosesmy NP1l Te0JIOrHYecKux Muc-
CACNOBAHUAX, B 3TOM DETHOHE OHIl He OTPaXKaior TPeHla CTPYKTyp-
HBIX CKJa/0K.

CPEPHUYECKHE PACTIPELENEHUS

Crarneriivecke FPHTEPIH 1J1si NPOBCPKI  THIIOTE3 © Hafipap-
JCHHBIX 1aHHBIX B TpeX H3MePeHMSIX GBI CO3NAHBl JIlip B 110-
CJACANIE TOALI YACTHYHO MOTOMY, UTO MaTeMaTHYeCKHe OpOGIC MBI,
OTHOCALLNECS K 5TOfl TEOPHM, OYeHp Ca0KHB., O1Hako reoJIornue-
CKie npolJembl, CoaepKaliiie THIOTe3b o TPEXMEPHBIX BEKTOPaX,
ABAAIOTCA OOUIHMH, H MBI He VKIOHSieMcs OT HCTIOIb30BaHES 1107~
XOASAIICH CTATHCTHYECKOH TEXHHKH Jsi HX uHTepnperanni. Hexko-
TOPBIE H3 3THX METONOB TPeGYIOT HCNMOMBL3OBAHMNS annapara Mar-
PHYHOI  aare6pbl A MaTpui, HEBBHICOKOrO NnopsnKa, a Tak»e Ha-
XOXKNEHHS COOCTBEHHBIX BEKTOPOB M COGCTBeHHEIX 3HaueHnd. [eo-
METDHUECKasA HHTepHpeTanus coOCTBeHHBIX BEKTPOB, JaHHAA B
ra. 3 (eMm. kH. 1), nMeer szech HEMOCPeICTBEHHOE NPHI0KCHHE,
CootBercTByIOMIHE MaTeMaTiuec x1e METOIBl TCCHO CBA3AHDI C MHO-
TOMEPHEIMH NIPOLEAYPaMIl, ONUCAHHBIMI B riage 6, 3aech b nye-
EM JIE10 ¢ TPeMA (H3HYECKHMH H3MEPEHUSIMI: [103Ke MBIl HpHMe-
HHM 7e K€ omepaluH AJsl aHaJu3a MHOTOMEPHBIX JaHHBIX, B KO-
TOPOM Kaxioe <«H3MEPEHHE» -— 3TO CaMOCTONTEIbHAS reoJioriuec-
Kasd nepeMeHHas.

Ipnmeper Tpexmepubix HallpABJIEHHBIX I1aHHBIX B  HayKkax o
3emae: naveperis UIPOCTHPAHHA H TaleHHs IJiacTa, HCIIOb3Yye-
MBI€ 171 CTPYKTYPHOrO aHaaH3a; BCKTODHBIE H3MEPEHHS recmar-
HIITHOTO I10Jisl; HanpaBjieHHas TPOHHIIAEMOCTDL, H3MEDPEHHS B Npo-
6ax, B3ATHIX M3 MoOpox HeTSAHBIX MeCTOPOIK AeHHi; H3MEpeHlis opu-
CHTAIMH OCElf B NETPOTEKTOHHUECKHX HCCICI0BAHHAX,

Kak un B aByvepnou caydae,  BBeieM cHayada 0603iageHus.
Mel MoxeM cuuTaTh TPEXMEPHBIC HanpaBJieHHbIC HABMAIOACHIIS BeK-
Topamu. Ilockobky nac 6yayr HHTEDECOBATHL [JIaBHEIM 00pa3oM
YTJIBL MEXK Y HUMH, MBI MOMKEM PEINONAraTh, YTO OHN HMEIOT ejlu-
HUYHYIO nauby. Ecanm Bce HanpaBieHHpe H3MEPEHHST ¢ HeKoTopo
IO HMeIOT O6UIYI0 HCXOMHYIO TOYKY, TO KOHILI COOTBETCTBY-
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LT ard a4
\‘pf\ﬂ[i[ <<C(i)ep:1quKOe ngLpe;lSﬂeHHe».

DHMEROB

wocTsiM. B go6aBiaeHne K 3TOMY, HNHOTI4
LanpaBJaCHus

CHOJB30BATL TPOIIKY AEKapTOBHIX KOOpIHHAT

HD

i g hepe; OTCK A
RN WHHYHOH — cde
BEKTOPOB DACHCJalaloTesl Ha eMdHiY depe;

e : TpaKro-
: ITIT 1306paKetusg HeJab3s
Hexoropbie OPHEHTHPOBAHHBIE H300p:

4 { H p JTeHUud HX T H ~ \ : e .
b aix aAIdev U y 1X > A 06 e CUHTaThb OCAMH, B KauyecrBe
fai

IOWKHO HA3BATL JHHHHM LEPEceYeHHs MHOKECTB u“o;h;?
ViU i i H g N .
el i . 1/1aCTOB, OCH BPALIleHH H HCPIeHIHKYIApEl L I
ceff MaeHHs 1JacToB, e ipomts
y 1 1TaTh HX OCAMH.
ipeAnouUTHTCAbHEe CUHT |
s et b UpPGCTPAHCTBE NPHHSATO
(puc. 5.27,a). Ha-
13yeTesl KOCHHyCaMu YLJiOoB Mex-
< capi H3yeTcs KOCHHYC2
apaedre pextopa OP xapakTep ! 0 -
estopo o S 112 KOODANHaTHEIX ocefl. KOOpAHHATH TO

,HJXH OfiHCaHusd BCKTCPAa B TpeXMepHOM

j3Re

Cy BEHTOPOM 1t
w4i P opaBHbl
‘ Z=cosc.

X=cosa, Y=cosb,

CuHVIO T T0
aK paccMaTpHBAEMBlil BEXTOD HMeeT eMMHIUHYI0 AJHHY,
ayx Hak paceM 1BaeMbl!
X2 LYl ZP=1.

Hamnpas-
tlcnoap3yst cdepuyeckue YIJB, MBI MOXKEM onpeléeeiyll;beﬁ 3agan-
“ene pextopa OP yrzom @ mMexay ocbio X u mp el sanan-
.oro BexTopa Ha miockocTs XY u yraoMm 0 Mexay %a b BecTO-
DOM 11 OCBIO Z (em. puc. 5.27,6). Eeucmmeﬂb}{oéro ,no.nrpmy o
YO N . £ B .

o N pexs xax @ orpenenser
HHpOTY BEKTOPA, B TO Bped : Ty, Co-
'Lf:}{{%mg—]ﬂx/fe‘ Me};KiLy 3THMH ChEpHYECKHMH TOJAPHBIMH KOOPI
i ﬁe;«:apTosszH KOOpAHHATAMHI HMEer BILT
X=sin0cos®, Y=sin0sin®, Z=cosb.
i acr a0t
PesysbTaThl M3Mepelisl Ie0JIOTHYeCKIX CBOHCTB 4dCTO 1;;1 icn
ppyel Vit C
B TE l\jI%/I'IaX NpOCTHpaHHsl M Najenns, a He B TEPMUHAX go I/IH}aTbI
A ‘ i T i ed .
"mog MKV HANpaBJAeHUAMH HJx dYepes [ACKapTOBBI KO prﬂeonom-
i oMe TOrO, KOOpjHHaTHble 0003HAUCHHS, HCMOJB3YCMBIE 1o
;\}? *QTqua}zOTCH OT OBBLIYHO HCHOJIB3YeMBbIX m}areMaun\aL\m.mm;w
o X  COOTBETCTBY M
Tb TG T HanpaBJeHHe OCH :
'ATh  J1GJI0YKHTEIbHOE ' A o
]-»)aBTleHH}O Ha ccBep, NOJOXKHUTeIbHOe HanpaBieHne ecchliioé co-
et I A BOCTOK il TOJIOMHTEJD a
STCTBYICLIUM HAmpaBJagHHIO Ha BOC ) BHOE 11Z
B\KTS}QGU:)PCIH VA ClOO'-'“"""‘"‘TByIQHII/IM HATPABJEHHIO BEPTHEAIBHO
BJEEL SBOTC a ' ’ 0
f“eTo MBI TIOJYYHM 1€KapTOBY CHCTEMY “OOP‘BLHITT’ B KOTOPO
3, L : S 7 e a0 MU io .
Kae GEHTEJbHBIMHE YTV 7

e BhInazkae au : ) : .
g'rn 0603HAYCH M IPORIMIOCTPHPOBAHBL Ha pHC. 5.28 Mﬁoigé
opa OP, orpeieleHHOro ipCCTHPauHeM H HajeHHeM 3aKJ
, O

=) H () 3 vT T H o 1§ ()P
¥ A Ar/ €CTh adg HMy!, J YO L {11d
‘{ ero IJOCKOCTH. JIH u e H OCK

—

¢ nockocth XY; oma ne J
i COPH3OHTAJNBHYIO IIJIOCKO 3 : -
,1,1”1 nfpocmpaﬁnﬂ Yron A ecTb yrosa [pOCTHpaHs, I/ISMeLI))eHHII;ijﬂe
fiigk . - - i
11 paBJEHHN NPOTHB YacOBOH CTPEJKH OT 0° K (c)e;egzids Konone
liie, H3MEPEHHOE KaK NOJOKHTEJAbHbIH yroa oT HHS.

+ ’

uwater X, Y u Z Touxu P . .

X=—sinAsinD, Y=cosAsinD, Z=sinD. (5.
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Och Z

X{Cenep s
Puc. 5.27. Cucrema 06o3nauenuii BEKTOPOB

B TPEXMEPHOM MPOCTpaHCTBE:
a—O{’-Bemop B [IPOCTDAHCTRR,  Olpee-
JCHHBI TENAPTOBHIMH KOODANHaTAMYU X. ¥
Zx;r Z. Yrael vexay OP m ocasu paBHbl @,
H €, U —BEKTOD B mpocTpancrae, onpe-
Ae1ennbin cepuuecknmn yraamg O p f

Y (BocTok)

Puc. 5.28. OBosuavenns aag TPeXMEPHOro
BEKTOpa, XapakTepusyiomero NPOCTHPaHHe
M najeHre,

Yroa A,  usmepenubiii OPOTHB  YacoBOH
CTPEKH OT HANpABJEHHS Ha cesep, ectp
YIO.1 IPOCTHPAHHS NOBEPXHOCTH, COAEPKA-
lnen sexrop OP. Tlaockocts ONP nennon-
AHKY.TIDHA K HOBEDXHOCTH HajeHs, 5”1{0.;1 D
z XApaKkTepu3yer magenue

ggp;wynbr CTAHOBATCS GOJIEe CJOKHBIMH, cCuli NPOCTHPaHHE H3-
» gBeTCH B Kéaﬂpame, Toraa tpeGyercs Gosiee TOUHO 3a1aTh Ha-
paBJeniie nagenns. CM. MOSICHEHHS B cTaTpe Barcona [78]
Ecau cdepuueckie U3MEDEHHS MDPEACTABICHEl B BUAE KOODIH-
Hat X, Y u Z konna BEKTOPA, TO OYEHL NPOCTO BLIYHCMITEL clg -
HEe HampaB/eHue u chepuueckyio Aucnepcuoo. Ato neﬁaeTCH pHﬂ
JIOTHUHO BEIYHCJICHHIO UHKJIHYECKOTO CPEIHEro i menepcmAr C;e;:

Hee H CHHUe aeTcd B Hae CAHHHUYHO @] e 0]

R:V(in)2+(zyi)2+(2’zi)2' (5.48)

B HopManusosannof popme R=R/n.
56

Hanpasnemxe R 1o OTHOWEHHIO K TpeM KOOPAIIHATHBIM ocaM
JacTed KOCHHycaMU yrJjios MCAKAY R u stumn  ocamu:

cos X =3X;/R, cosY=3Y/R, cosZ=3Z/R.

Ecau naGaogenda NJOTHO DPacHOJOXKEHL BOKPYr ofilero Hampas-
Jerns, T0 R Oyaer O0JbIIHM YHCJAOM, CTpeMsauluMcsa K n. Ecuan
HaGJaloneHlst paccesiHel, R Oyaer magso. Kak H B ciaydae HHKJIHYE-
CKOTrO pacmpencaeHns, R MOZKHO IHCHOJb30BaTh Kax Mepy KOHIEH-
Tpalui, H OHa MOEeT ObITh NpejACTaBJgeHa Kak c(epHuyecKas IHC-
nepeus

(5.49)

se?=(n—R)/n=(1 —R). (5.50)

DTH MeTO/bl ONPEAeJCHHsI CPEJHEro HampasJeHus 11 cdepuye-
CKOIl [plCTIEPCHU TNPHUIOAHB TOTAA, KOrJa BEKTOPH HE OUCHb CHJb-
Ho pasOpocaubl. [Ipd HEKOTODBIX YCJOBHSX, OJHAKO, cpejHee Ha-
paBJeNie MOYKET 0Ka3aThCs JIOXKHBIM. [IpeanosokuM, 4ro  OblH
n3MepeHbpl NajeBusl MOJOr0 NalaloUiuX CJOEB; OZHU M3 HHIX II0JOro
nafalT Ha 3anaj, Apyrie — Ha HeCKOJbKO IpaiyCoB Ha BOCTOK.
Tax Kaw majeHHe cUuHMTaeTcss BEKTOPOM, KOHelU KOTOpOro JexXUT Ha
HukBell noaycdepe, To BexkTop K BOCTOYHOrO M 3amafHOro nane-
HHil Oyjaer HanpasjeH BepTHKaJabHo BHH3! Koneuno, pnuna R Oy-
ger Gan3kKa K HYJ0, Tak 4To chepuyeckas aucnepcis Oyaer 60Jb-
WOH, yKa3blBasl Ha KpailHe BBICOKYIO AHCIEPCHIO CpedH BEKTOPOB.

Ecair 9T nmajeHHs pacCMaTpHBaTh He KakK BEKTOpH, a Kak He-
HalipaBJAeHHBEIE OCH, TO JBa KoHULa OYAyT MOPOEKTHPOBATLCS B
BEeDXHIOIO U HHXKHIOI nojycdepbl; OYeBHIHO, UTO JIMHHH, NIPEACTaB-
JAie BOCTOYHOE H 3alajHoe NajeHus, TecHo cBsizanel. Cpei-
Hsisl OCh, BLIYHCJIEHHAS C [OMOILBLI0 METOIOB TEOPHHU COOCTBEHHBIX

BCHTOPOB, N3JIOXKEHHOR HHKe, OyleT TIOpH3OHTaAbHOH u Oyler
NPOXCAITD Yepe3 NIy4ox ocell mageHus.
MarpuyHoe mpeacTaBieHHe BEKTOPTH
B ra. 3 (cM. kH. 1) yKc oTMeuatoch, 4TO CTPOKH — MAaTpHIBbL

rpadudecks MoryT OHITb IpeAcTasiesb BekTopaMu. OGpaTHO yr-
JIOBBIE XapPAKTEPHCTHKH BEKTOPOB MOKHO NpeACTaBHTb B MaTpuu-
Ho!i topme. CoOCTBEHHBIE 3HAYCHHS M COOCTBEHBLIE BEKTOPH Ta-
K0{l MaTpHUL! Aal0T HH(pOPMALHIO O pa3MelleHHH BEeKTOPOB B NPO-
¢rpaderBe. OAHAKO NpeKae YeM 0XaPaKTepH30BaThL npeacTapJ/eHiie
MHOX>KECTBA BEKTOPOB B MaTpuuHof ¢opme, npuenem o630p no-
JOKeHUH reoMeTpHH, HAYHHAS ¢ ABYMEpPHOro caydad.
[eomeTpirdeckoe COOTHOLUEHHE, jalolllee BeJHUYMHY  OPOEKIHH
OLHOro BexTOpa Ha HanpaBJaeHHEe APYroro, — 3T0 CKaJdspHoe M[po-
H3BeleHHe ABYX BeKTOpoB (puc. 5.29). Ecan npeanosnoxuts, uto
00a BexkTOpa CIMHHUHBIE, TO AEKAPTOBLI KOOPAMHATHL X KOHUEBBIX
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¢ B Of
Pre. 5.29. Hpoekuus rexTopa @, b ua pex-
T0D U, V. i
RESTITY . 4
;r;-mua NPOeKUMK ¢, & 12 u, v papua g
CHCCTOAHMC BEKTODA KOHNCBON Touw: g, b
OT BEKTGPa U, U ;aBHO d

|

TOueK 03y 1yT TaKie ¥ie, KaKk Ix ]
y k HE, KUK HX HAGDAaBALIOIIHE KOCHHVCH i
' y ¢ ; ‘ 10 01-
Howenmie x ocam X n Y. Tipoexuus pasua ’ o
I=au+bv,
rie [ — »namua mpoexuumn E2KTOpa @, b ma Bektop w4, v. 310
K€ eCTb /IIHHA npoexinii u, v Ha a, b.
\'ro??z puic. 5.29 Buano, uro BEKTOpP @, b eCTb THIOTEHY3a npsMO-
2 TOABIIOTO. TPEYTrOLibEHKY, CTOPOHL KOTOPOrO ecTh npoesmus | Ha

BCKTOD 4, U M NEPHEeHARKYJIS
i v d. o teopem
€M COOTHCIUEHHe P peve Hugaropa noryua-

(5.51)

Tan-

d*=1—P=1— (au-+bv)e2

3| et w30
;0}3606 11:¢/10 BeXTOPOB_MOZKHO CHPOEKTHPOBATL Ha
IOMOIIBIO ypaBHeHus (5.51), u kBagparwy

(5.52)
JHHBIO U, v ¢

UX DacCIOAHMA oTf Jii-

HUIL 2, U ONpejessorcs yp i ' :
, ) ypaBHeHHeM (5.52 TMM £ ma

paccTomIi Gynor M J. Cymma nBaxpatoB ;
\&”j n {
M= “d L 7 P 2 - C
Lt (a;u - b;v)?, (5.53) ¢
i=1 i=1 L
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€€ MOMKHO paccMar aTh KaK M i
BeFTOpr O'p;(‘jkl .I’ansmb KaK MOMEHT HHEDUHH KOHEYHLIX TOoyck il
{ THOCHTEABHO THIHK 7, v. TO ypaBH N ‘
. ) LU, 31 €HIIC MOMSHO 0600-
IIHTb Ha TpexMepHwll cayyali ¢ b0 Baen
Xme Jdydal ¢ NOMOLILIO BBeIel
CTPAHCTBLCHHOR KOOpANHATH a 7 bl s
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Mo 2
M ‘“Za" =n— y (@iu -+ biv+ ¢, w). (5.5+4)
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i=i i=1
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2. Bl JIHHIH 331aI0TCH BEKTOP-CTOJAGLOM u:
i«
)= @
w.

Mpl TakKe ONMpERENHM MaTpHuy B:

[B]=n{/]—[T],
r1e T — marpina pasmepa 3X3 CYMM KBajipaToB i
MpOHABEAEHIH HAIIDABJASIOU(HX KOCHHYCOR BCKTONOB

NofapHbIX

Ya; Xab Xa Ciwi
[Tlig Ybia; b X bc
E Mea; Xeb, A ci -
[Testouy martpuua B uMect BHL
n— a7 NMab, aicikg
[Bl = Nba, n— b Xbic
L 2icia; el n--a

ALOMEHT HHepUin BekTOPOB GTHOCHTENbHO HanpabnaeHus [u] ecTsb
vroeto M=[U) [B][UJ.
[Mpexe ueMm OfPEIEaATH MOMEHT OTHOCHTENbHO HEKOTOPOIi
1POU3BOSILHON JIHHUM [U], mMbl MokeMm HailTH €IUHCTBEHHYIO JIH-
41750, OTHOCHTENLHO KOTOPOH MOMECHT HHEpIin OyaeT MaKcHMalb-
ppiv. KoopiauHaThl 9TOH JIHHMHM 3aJalOTCH TNEpPBLIM  COOCTBEHHBIM
pextopoM Matpuisl [B]. Ecanm A — nepsoe coGcrBeHHOE 3HAUCHIE
{B] u [bi] — coorBererBylOWMit eMy COGCTBEHHBIH BCKTOP-CTOM-
Sell, To, Kak oTMedanoch B ra. 3, A=[bJ[BI[b:], 1. e. A ecTb
MOMEHT HHEpIlIH BEKTOPOB OTHOCHTEJIbHO [EPBOro  COGCTBEHHOIO
pexTopa. DTO 3HAUMT, YTO CyMMa KBaApaTOB PACCTOSIHHIT OT KOH-
1LOB FAHHBIX BCKTOPOB A0 TIEPBOTO COOGCTBEHHOIO BEKTOpd MAaxci-
MAGBHO BO2MOXKHAS, HJAM UYTO COBCTBEHHBI BeKTOp OJHOBPEMEHHO
NniBAI3UTEALHO NePHeHANEYISPCH KO BCEeM H3 JRAHHLIX BEKTOPOB,
“0JBKO 3TO BO3MOXKHO.
MoMeHT HHeDUHH BTOPOra COOGCTBEHHOrO  BEKTOPa — HaHOOJb-
wied 13 BOIMOMKHBIX AJst JiI00Ol JNHI, OpTOTOHGALHON [EpBOMY
cOGCTBCHHOMY BeKTOpY. Tpernfl cOOCTBEHHLIA BEKTOP ZOJIKeH OblTh
OPIOFGHAJABHLIM ABYM JAPYIHM H JOJKEH Takke YUHTHBATLCA AA#A
B UX OCTAZLHBIX KBAJAPATOB pacCcrosfiuilfl A0  BepLiH  BeKTOPOB.
Tow 1akK 27 Tpd COOCTBEHHLIX BEKTOpA ONPELCHAT OPTOroHaNb-
i Gasnc, NOJHOCTHIO 3KBHBAJJCHTHLIL  HCXOIHOMY  MHOXKECTBY
SUXAPTOBBIX OCell, TO TpeTHil cO6CTBEHHBIl BEKTOP JOJMKEH Cilpeje-
JS1Th JMHIIO, BAOJbL KOTOPOIl MOMEHT nuepunu MuHiuMaleH. To
©CTh, JH 6YyI0T OPUIEHTHPOBad Tak, Kak OyITO OH OJHCBDEMEHEO
0. 1130K HACTOAbKO, HACKCABLKO 9TO BO3MOMKHO, KO BCEM 3THM BeK-
TONAM,
Ec/iH fBa BEKTOPA AHAMETPa/ibHO IPOTUBONONOXKHLL (pHC. 5.30),
orn ofa OyAyT HMETh OAHHAKOBLle JJIHBl NEPIEHINKYJSPOB BHE
coberBennoro Bextopa [b] 1 oaunaxoBoe BJANSIHHE Ha pacnofioxe-




Puc. 5.30. Tlpoekuus ABYX nuaMeTpatb-
HO MNPOTHBONOJOMKHBIX BEKTOPOB Ha
cOGCTBEHHBIA BEKTOP by,
Paccrosinust dy 1 dy MACHTHYHL H HMe-
10T OAHHAKOBLI BpaliaTenbsblii MOMEHT

HHe cOGCTBEHHOrO BeKTOpa. ITO 3HAYHT, UTO HanpaB/eHHe BEKTO-
POB TepsieT CMbICJ; OHH HeOTJHUHMBl OT ocefl. [lo sToil mpudiHe
METOAbl TEOPHH COOCTBEHHLIX BCKTOPOB NpPENNOUYTHTEJbHEe IIpH
LCCAeA0OBAHHE NaHHBIX, pacipelesneHHblXx Ha cdepe, B Tex caydasx,
rje HEeOJHO3HAYHOCTh COOTBETCTBYET Pa3JIMUHIO MEXIy BeKTOpaMu
C KOHHAMH B BepxHe# o HIpKHel noaycdepax.

CobcTBeHHble BEeKTOPH O0ecHeuyBalOT HPAMYI0 HHpoOpMALIO O
pacmpenescHHH 3THX BekTopoB. Mapana [51] pasanuaer uersipe
caydas.

1. A; BETHKO, B TO BpeM$sl KakK Ay H As MaJbl. D70 3HAUHT, YTO
CyMMa KBaApaTOB IEpPNEHAHKYJAAPOB MEKAY KOHLEBBIMH TOUKAMH
BEKTOPOB H OCbIO, COOTBETCTBYIOIUIEH MEPBOMY COOGCTBEHHOMY BeK-
TOpPY, OYeHb BeJjHKa. boablIMHCTBO HabaIOAEHHIT JOJKHO JeXaThb
B JIJIOCKOCTH, cojepxkaulefl cOOCTBeHHBE BEKTOpPH ¢ HOMepaMu 2
u 3, nu o0pa30BBIBATH ONOACLIBaWILee pacnpencjenue (puc. 5.31,
a).
2. A 11 Ay 06a BeAMKH, B TO Bpems Kaxk Asz MaJqo. Paccrosinne
[0 TepHNeHAMKYASIPY OT KOHLEBBIX TOYEK 10 INEePBOr0 H  BTOPOIO
coOCTBEHHLIX BEKTOPOB JAOJIXKHO OLITh OUEHb OOJBIIMM, & paccros-
Hue [0 TPEThEro COOCTBEHHOTO BeKTOpa JAOMKHO OHiTL  MasibiM.
Ha6aonenns cobuparwTess B NYUOK BOKPYT KOHLA TPETbEro cobert-
BeHHOro BexkTopa (cM. pHc. 8.31,6,8). Kak 6uMojpanbHOoe, Tak H
VHHMOJAJbHOe pacnpenesesus 1al0T OAHHAKOBBI pe3yabTar; OHH
MOTYT pa3/JH4aTbCsl 3HaueHHeM R, KOTOpPOe JJs YHHMOJaJbHOrO
cayuast OyaeT 60AbIIHM.

3. JIBa cOOGCTBCHHBIX 3HAUEHHS COBMNALAIOT. DTO Ha caMoOM Je-
Je HexoTOpHll uacTHbil caydall cayuasd 1. HaGaoaeHna o6pasyior
CHMMeTPHYECKHH MNOAC BOKPYr OCH, COOTBETCTBYIOIUEH ejiliHCTBEH-
HoMy coOCTBEHHOMY 3HadeHHIO (cM. puc. 5.31, 2).

4. Bce Tpu cOOCTBEHHBIX 3HaueHilsl OIMHaKoBH. Pacnpenede-
HHE DaBHOMEpHOe, TaK KaK NePICHANKY/ApHbie HanpaBjieHus Aas
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Puc. 5.31. CxeMpl BCKTOPOB Ha e AHHHUHOH c(bel::e:

CKOCTH, COAEpKaLLeH cobeT
jie BEKTOPOB OTHOCHTE/bLH
1eHWE BEKTOPOB OTHOCHTEIBLHO €o6-
B ILIOCKOCTH, COAEPIKAIIeH
bie 3BaueHHMs HAEHTHIHBL WIH OANIKIT
Bece cobcrBenHble 3uauenusd npub.iu-

ple Bei-
¢ — cxeMa UaCTIUHOTO ONOsCBIBAHHA B 1LIC BOeHC}({)6(3TBCH-
Topbl 2 M 3, 6 — yHHMOAJbHOE pacrnpele.ten
Horo BeKTOpa 3; 6 — DHMO1aIbHOE pacupene o
CTBCHHOTO BeKTOpa 3; & — CXeMa T0JHOTO OTOSACHBA
cofeTBeRHBE BEKTOpHl 2 ¥ 3; HX ceoig‘lTerIs;}éH
<3 ' 0 — pi [oe pacnpeje. .
K 3TOMYy; 0 — DABHOMECDH P ;]lTe,ﬂbHO o




ggx Touex g)guﬂaI;OBbl JJIsT Bcex Tpex OpTOoroHanbHnlx oceil. Ha
AHHESHOH cepe HET NPeANOUTHTENbHOIO .
1 asMelleHHs Touex
T P UleHHsa ToYek (CM.
RN "
I}33\_4[\01\ [81] of06mua 31y KaaccudUKAUIO, NPEACTABUB rpa-
J N [ {1 A - )
?)u Iecwit JorapuMpl OTHOLIEHINT cOOCTBeNHBIX 3HaueHul (Ink()/is
3 3ABICH) , 0 I Kibie
c)x;w]f: mfocm oT (Inhse)/hs. Ha ero amarpamme Bce BO3MOMHbBIE
qj& bl iro ek Ha cdepe noNajawT B creuupuIeckic objacrti. Jta
é)Md rpaduueckoro aHaJnsa MoxeT ObITh OCOGEHHO NoJie3Ha npi
paboTe ¢ neTpoTexTOHHYECKUMH AadubiMi. Ha pue. 5.32 npeacras-
JicHa 0jJHa n3 aiarpamm Bynaxoka,

=Y

Pyc. 3. e
c. o.32. Kn‘;z)ambuxauuﬂ CXZM BEKTOPOB 1 e1UHnYHOHA cdepe, COOTESTCTBYIOMAN
J0rapupmaM OTHOWEHHA HX coOCTBEHHbIX 3HaueHUI [81] \

S DASTHUHBIX i :
JIRE (ibiX OTHOWEHHH YKA3AHBL THINTHEIE LCTPOTEKTOGHANECKHE AHATPaMMBbl
K~ ornoutense In{h/holn(Ag/ks) AHTPATE,
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e

Se3H0 A4 Heﬂelui HaJecTpalliy,

Mpencrasaenue chepHUSCKUX AAHHRIX

AXEeHHe B ICPCHEKTHBE HA enuHiuHOfl cdepe TO-
OHO He MOXKeT Tnepeiarp 1eTalbs
B. [To mpuEATOMY CO-
B IPOCKUMH UxX KOH-

Xors 1300p

4vio JTHQOPMAaIHI0 O pacrpene/eHHH BEKTOPO
~7aUIEHHIO TpeXMepHble BCKTODPHI MOKAa3aHbl
0B Ha TJOCKOCTb. Tar Kaw 3TH TOUKH 1elicTBUTENbHO JeXxar Ha

TBYX H3MCPEHHSX Tpe-

noBEPXHOCTH COepbl, NDEACTABICHHE 11X B/
GyeT HCHOJAb30BAHNS YPaBICHIA npoexinii. I'eoors TpaiHiHOHHO

Purc. 5.33. Bektopnl BHYTPH el HHAYHOM cdepbl H MX MPOCKUMH HA PABHOMAOWALHYIG

NOAAPHYIO AHATPAMMY

Puc. 5.34. TIpoeKTHPOBAHHE NOJIOCOB HA MJOCKOCTH:
juHO# cdepe; 6 — NMOJIOCH ILIOCKOCTH, CIpoO-
omannyio anarpammy. Touka @-—TPOEKUHS HA BepX-
TOUKA b — NIPOEKIMA HA HHXKHIOW Nonycdepy

@ — IIOCKOCTh H €€ TOJIOCH Ha €IHHI
C€KTHDPOBAHHBIC HA DAaBHOII
HIOW noaycdepy,
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HCIOJIB3YIOT PABHOIIOIANIYIO [IOISPHYIO NPOEKLHIO JlamGepa, ko-

Topad orHocures K cern Ilmuara. Kpueraasorpads npeanounta- |

10T NOJAPHYIO CTepeorpaduyeckyio NpoeKIHIo, COXpPaHSIIOULY) yT-
Jbl, Ha ceTb Bymbga.

Ha puc. 5.33 npegcrasacam Ha6op BEKTOPOB Ha eAHHHYHOI
chepe m ux mpoexkuus Ha paBHOMIOLIAAHYIO AHarpammy. HeoGxo-
AUMO OTJIHYATL BEKTOPHI, KOTOPble HMEIOT KOHILI Ha HIKHEl I1o-
aycdepe, o BEKTOPOB ¢ KOHLAMH Ha BepxHell noaycdepe. Tax kak
ICOTONH 4aCTO OMICHIBAIOT BEKTOPH B TePMHHAX HX «IOTPYKEHHST»,
TO 3TO COOTBETCTBYET HX H30GPaMKEHHIO Ha HIDKHCH nogaycgpepe
CAUHHYHOH coephl,

B noGaBaenne k BekTOpam HHOrNA HEOGXOAHMO HaHeCTH Tpex-
MCDHLIC OpHEHTALIN, TaKHe, KAK CKJALKH H NOBEPXHOCTH pasJo-
MoB. Ecan miocrkocts npoxotur depe3 UeHTp  eauHH4HOll cdephl,
TO e€ nepeceuerire co chepoit obpaayer GoAbIIOI Kpyr (puc. 5.34,
a). OaHako Jerue npeacTaBuTh MAOCKOCTD OCbI0, Ha3bIBAEMOH MHO-
JISIPHOIT, KoTopas NEPIEHANRYNfpHA K IJIOCKOCTH B Hauade KoOp-
annart. eonorn nzoBpaxaior fiepeccyentie noJAPHOLN oclt ¢ RIKHell
noaycepoli, Xota Kaxercs Gosee JOrTHBIM nzo0paxaTts ee Ie-
pecedctine ¢ BepxHeir moaycgepoii. Torna NpOeKIUT TOAAPHON OCH
Ha TIOUKOCTh, NMelollell HaKJOH K 3amlany, Hampuwmep, Oyaer u3o-
Opazieha Ha JeBOIl CTOpPOHe 3anaiHofi uactu AHarpaMmnl  (CM.
puc. 5.34, 6).

Hrnoraa ma anarpavue 6wiBaior OPCACTABACHBI OYeHL GoJpliie
MHOIRCCTBA TPEXMCPHBIX JAHILIN, Tak 4TO OOILYIO CXEMY pacmo-
JOACHIA TOYEK HEJAb3s OXBATUTh CINHLIM B3MIALOM. B Takux
CaAYHasX JIOKa/JbHbIe CKOIIJIEHIST TOUEK MOMKHO OKOHTYPHTB, Tepe-
CUIITaB UHCJIO TOYEK, JIKAWNX BHYTPH HEKOTOPOH MaJof IJI0Lia-
T QHaTpaMMLl. ITO MOXKeT ObIThb CACAAHO ML NPH HCIIOJL30BA-
HI pasHonouta ol npoexuni. Ilpoexuua noxpeieaetes pery-
JAPHOI CXeMOIl Y3/I0B CeTH I MOACYLTLIBAETCS WIIc.io TOYEK BHYT-
PH OKDPYJRHOCTH (KCHPOBAHHOrO painvea. OObuHO paanyc BLIGH-
paerca Tax, 4ytoOnl [MJ0UIA1b ONHCLIBACMOLO Kpyra saxJjrouyaJga
10% ofwel maocwagu. Tax kax PAaCCTOAHUA MEXKAY Y3JaMH CeTi
MEHbIIE paanyca, mocJeloBaTeNbHLIE IJIOULA LN nepeKphuBaloTCs,
Il IIOTHOCTII TOUEl MOCTEMEHHO H3MEHSIOTCS OT OJHOH uacTi miar-
PAMMEI K apyroil.  Maable amarpammb,  npeacraBieHHbie  Ha
puc. 5.32, — 3T0 THNHYHBIE KOHTYPHLIE CXeMBI, BCTpeyamllliecs B
I'€TPOTEKTOHHYECKHX HCCJAEL0BAHIISX.

IIposepxa runores o cepPUYECKH HANPABACHHBIX TAHHBIX

[Ipocteiime kputepun, orHocamuecs i OpIIEHTALlHH B Tpex-
MCPHOM 1pOCTPAHCTBE, — 5TC 0GOGIICHHST KpHTepHes, HCMosIb3ye-
MBIX B TEOPDHH HHKJIHYECKHX TaHHLIX. Kak u B 3ToM caydae, Mbl
RYyXnaeMcs B BEPOATHOCTHOH MOZEH H3BCCTHOLN XaPaKTepluCTHKH,
PHIIOTESLT O 3HAYEHHAX KOTOPOH MBI MpOBEpsieM. [lIupoko rcmoms-
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eab — pacnpenenerie Puurepa — 310 0fobIIeHIE pHaocf;

“erenennss GoH Museca u cdepHICCKHH 3KBHBAJCHT Hopmau;xzl i
1[1;;1301”1 Pacnpenenenne ®uiepa xapaxrepusyercs IBYyM:d pr
5 . i
ICTpaMIII BEKTOPOM CpeJHero HanpaBjieHus: 0 u ILHCHEIT)cC)Hecpeﬂ-
;\[HK KaK Mbl HMEEM J®JO C TpeMs H3MEpEeHHAMH, TO BZ HOp cpen-
}l((iI‘O HAaNpaBJIeHUs HMeeT TPH HanpaBJAAIOIIHX KOCHHYC
’ < HBIM OCSM.

HIHIO K TPEM KOOpAHHAT e
ne BeKTOp CpellHero OLEeHHBaeTcsl Yepe3 Hanpasislomue Kg:}é}é};ﬂa
(vpasHenne 5.49). Jlucnepcus MOXer OBITL  ANNPOKCHMHY

pLIpAKERHEM

syeMadt MOI

.55
k= (n—2)/(n—R), (5.55)
10.
X0TOPOE 10CTATOYHO TOUHO, €CJIH K BEJHKO, HAUPIMED 60:{1&1{111;0(:TH
Vapana [51] maer Tabuauiy GoJee TOUHBLIX OLEHOK, B 3aB
o Be BaHHOrO R.
T BeJIHYMHB HOPMaJIH30 r , o
) Kpurepuii ciayvaiiHocTH. Kak ¥ B HUKIHICCKOM Cﬁzrq%ZBrgn}fep-
M, 4TO JaHHLIe pacupejneye
POBEPHTL THIOTE3Y O TOM, p
10 Bochex HATIPaBJEHHsAX. DTO 5KBHBAJEHTHO YTBEPXKAECHHIO O TOM,
(TO mapaMeTrp KOHIEHTPAUMH paBeH HYJIO. He R0, Hit x>
HyJjepas runoresa W ajibTepHaTHBA TaKOBBL: [To: 0, (R
~0. [lpoBepsieMast CTATHCTHKA BBIYHCJACTCS TaAK me,}_;agm Aan
K aHHOMY R.
' : OHa paBHA HOPMAaJIH30B
HHKAHYECKHX JaHHBIX; oy R
a 3a Csl ¢ KPHTHYECKHM 3HA
THCTHKa 3aTeM CPaBHHBAET v o | G-
CJIH BBIUMCJIEHHOE
) Hs 3HauumocTH (Taba. 5.9).
Lewie R uipen TOM, 4TO HabJawmIe-
R Hoe, TO rHIOTE3a O ,
yenne R npesblaeT TabJHYHOE, ) moze
Hysl M3BJCUCHH H3 PABHOMEDHO pacnpeiejeHHOH COBOKYII ,
OTKJIOHSAETCS] IPH 3aJaHHOM ypOB}:I%fé?qHOM%zT;éHHOﬁ S—
Taxxe MOXHO IPOBEPHTHL T'H ok
epiis OTHOCHTENbHO 3
< U IIOCTPOHTH KOHYC OB
R ekropa. St 6 OGUIMPHBIX TaO0JIHIL,
: U, OJHaKo, TpebyioT p
ro BeKTOpa. DTH KDUTEPHH, ORI Y
Credencom [73] u Mapa .
AHAJIOTHYHBIX ONMyO6JUKOBaHHEIM .
TaM Ke npHBOAATCS ABYXBHIOGOPOUYHBIE KPHTEpPHII SKPHBaJIe)H’gI;gC i
CpejHHX HalNpaBJeHHH JBYX MHOXKeCTB HaOaioleHlH H HEOOXOA

Mble TA6JJHIHL.
S4OPMA

®opMa — OueHb HeJerkoe /s M3MepeHHs CBOHCTBO, KOTOPOMY
HO
Fayke Hesb3sf A4Th Kakoe-qu0o TOUHOe ONpeIeNieHHE. BO3M00H;/11>1
o 370i! NPHUHHE MMEETCS] TaK MHOLO NPENJIOXKEHHBIX Mep ¢ Eﬂoﬁ’
HII OlHY H3 KOTOPBIX HEJb3st CUHTATb BIOJHE ynoanegigg?gﬁgﬂmm
HEKOTOPBIMH O
Mepa ¢opmbl JosxkHa 06Jalarh )
: OJIACHBI
% I pas3duyHoH  QopMbl A
cpoiicramu. OdeBHAHO, OODBEKTH v
Hble QOPMH JIOJIZKHBL 1aB
IMeTh pa3JHuHbie MepH, a 1000 1o
llo6Hblep 3HAaUeHHs, HE3aBHCHMO OT paﬁsMepa gnngii;aﬁygo?fgm-
MBI, oGsaajaio
ToB. K coXaJjeHuio, Meph (GOPMH, )
MH, OKa3hBalOTCH HepeaJbHBIMH. MaTeMaTHYeCKHMH MeTOJaMH IO
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Ta6auua 59 Ta6auma 5.10
Kpuritueckhe 3nauenns R A1a IPOBEPKI passomepiocTh | Mepoi  (opM, HCNOAL3YEMble B reoJorHYecKoii u reorpaM4YecKOoi JHTEPATYPE;
chepuueckoro pacnpejeneus [51] ! MepeuncaeHbl TOJLKO GespasMepHble Mephl [26], [60]
Yaeno Ha- YpoBeHb 3HAUHMOCTH G, % S T
6moaenuit n o
19 l 5 | 2 l ! 1. Mepbl, OCHOBAHHEIE Ha OTHOIMIGHHH OCEH:
5 0,637 0,700 0,765 0,805 o P
6 0,583 0,642 0,707 0,747 ropa w
7 0,541 0,597 0,659 0,698 o
8 0,506 0,560 0,619 0,658 . Ee —
9 0,478 0,529 0,586 0,624 s AIHENHOCTD !
10 0,454 0,503 0,558 0,594 —
11 0,433 0,408 0,533 0,568 C, = w
12 0,415 0,460 0,512 0,546 OKPYIMIOCTD 1= s
13 0,398 0,442 0,492 0,526 g
14 0,384 0,427 0,475 0,507 .
15 0,371 0,413 0,460 0,491 ). Mepoi, OCHOBAHHBIC HA NMEpHMETP2X
16 0,359 0,400 0,446 0,476
17 0,349 0,388 0,443 0,463, e GsI = -2~
18 0,339 0.377 0.421 0,450 ene GopMsl 3epHa I
19 0,330 0,367 0,410 0,438 P p
20 0,322 0,358 0,399 0,428 L Fo e oop, =P 100
21 0,314 0,350 0,390 0,418 baxTop popun Shi="p" SFe De
22 0,307 0,342 0,382 0,408
23 0,300 0,334 0,374 0,400 3. Mepyr, BRJIOUAKONIHE KAk MEPHMETpH, Tak H IO
24 0,294 0,328 0,366 0,392 A
25 0,288 0,321 0,359 0,384
30 0,26 0,29 0,33 0,36 4A
35 0,24 0,27 0,31 0,33 f HEPYIJI0CTD Co=—;
40 0,23 0,26 0,29 0,31 p
45 0,22 0,24 0,27 0,29 4A
50 0,20 0,23 0,26 0,28 Co="~
100 0,14 0,16 0,18 0,19 p
2V nA
KOMHOAKTHOCTDb Ky = ZVT
Ka3aHO, YTO HHKAKas KOHKPETHO BhIGpaHHAsi Mepa He MOXKeT OHThb pz
eMHCTBEHHOH TONbKO AJf onHol ¢opmur [49]. Ky = P
Vuensie, nayuawliye 3eMJI0, NBITAJIHCh OXapaKTepH30BaTh LIH- 4nA
POKHH crexTp ¢opM, HauuHasg ¢ OTHOCHTEJBHO TPOCTHIX, HalpUMEp
IIPOEKIIHM KOHTYPOB IeCHUaHbIX 3epeH, A0 (oJiee CAOKHBIX  HOPM, TOHKOCTD TR=4x ( e )
COOTBETCTBYIOIINX HMCKONAeMBIM OCTaTKaM OpraHusMmoB. ['eoMop¢o-
JIOTH 0COGEHHO mnpeycread B o6pasoBaHHM Mep (OpMBI, NIPUMEHHB 1. Mephl, OCHOBAHHbE HA TJIOMAAAX:
HX K M3YUEHHIO ApeHaXKHHX OaccefiHOB, NPYMJHHOB, KOpPaJJOBBIX R
aTONJIOB M HEKOTOPHIX APYTHX ¢dopm nanamadrta. Bolau ucciaeno- c A
o o LHKJIHYIHOCTD 4 —
BaHBl (POPMbl He(pTEHOCHHIX NHOJeH [0 OTHOLIEHHSAM HX OCeH, A,
a Takxe N0 (GopMe HEKOTOPHIX THIOB CTPYKTYpHBIX JoBymek. OG- A;
WIHPHYIO JHTEPATypy 1O 3THM BONPOCAM NPUBOAAT MejsepuHr H haktop opMu SF3=—A
Peiinep [61] u Kuapk [14]; B obeux paboTax obcyxaawTcs TaK-
e TEOPEeTHUYECKHEe ACTEKTHl U3MepeHHs (HOpMBbL. ‘ SF, = Ac— A
B ta6a. 5.10 npuBenensl Mephl (OpM, XapaKTepH3yeMblX OJHHM A
3HAYeHHEM, B3ATHIM H3 FeQJIOTHYeCKOl H reorpadHueckof JHTepa- A
TypH. DTOT TepeueHh HUKOMM 06pa3’oM He SABJAETCS HCUEPIBIBAIO~ SFe=7% X100
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I podosrscenue taba. 5.10

5. Meps, oOcCHOBaHHHE Ha TUIOWAJfXx H JIHHAX apeallob:

A
oTHOIeHHe HOPME! FR — 7{
m(1/20)!
HHIAEKC 3JJIHNTHYHOCTH El = 2
6. Ipyrue Mepbi:
D;
IHKJIHYHOCTD Cs =
D,
=_ X
cpenHK# papuyc R = .-Afj
S(R: — R)2
panuajbHas JHCHEPCHS sip = 2(R; - R)
epelnee CeueHHE S = 2’;91
NS —-S)2
LHUCTepCHsl CeYCHHS 2 = A—i(SJn S)

A — naomwanb o6bexTa; A — NIoWalb HauMeHblIEro OObLEMJIOWEro Kpyra;
A; — naowags HauGOJBIIEr0 BNHCAHHOrO Xpyra; Dc— Anamerp HauMeHbUIETO
06beMmomero Kpyra; Di— nMaMerp HauGoJbIiero BIMCAHHOTO Kpyra; [— [LJnHA
IJAHHHON OCH; p — NEepHMeTp 06DbeKTa; P — NEPHMETDP OKPYXKHOCTH Kpyra, HMEI0-
mlero Ty JKe IJoWaib, yTo u o0bekT; Rj—j-i pammyc 06DbexTa, H3MEePEHHBIR
OT ueHTpouMAa Ao Kpad; S; — mamHa j-B CTOPOHH 00BeKTa, paccMOTPEHHOHR Kak
MHOTOYTO/IbHUK; /I — YHCAG CTOPOH OODBEKTa, paccMarTpHBaeMOro Kak MHOroyroJib-

HHUK; @ — WHPUHA o6BeKTa 1O TepIeHHKYIApy K ATUHHOA OCH.

muM. BOJBIIMHCTBO W3 HHX BBIYHCJIEHBE! MO TAKHM OCHOBHBIM H3Me-
DeHHSM, KaK AJHHB ocefi, mepuMeTpm M  maomand. Hekoropnie
Mepbl (GOpM COAEPIKAT CPABHEHHS CO CTaHAAPTHLIMH tbopmawmy,
HanpuMep OKPYKHOCTBHIO,

Jlro6as u3 3THX Mep (HOpPMHBl MOXKeT OBIThb HCHOJb30BaHAa TaKHM
ke 06pasoM, KaK M KaKoi-1ufo Apyroif neckpuntop. XOT# H HeT
rapautHii TOro, 4TOo H3MepeHHs NOMYMHAITCA HOpMaJbHOMY pac-
npejesennio, no MepaMm (GOpMBEl WA COOPAHHBIX OODBEKTOB MOIYT
OBITL BBIUHCJEHH 0600IIAIONIHe CTATHCTHKH, TAKHE, KaK CpeAHHE H
JHCIEePCHH.

HUsmepenus dopmsl ¢ HoMoubio npeoGpaszosanuil Pypoe

OrHocHTeNbHAS HOJb3a METOJOB MCCJAEI0BAHHA COBOKYIHOCTEMR
M3MepeHHi, XapakTepuaylomux (OpMy, HHOrza OTCTauBaeTcst ¢
HEKOTOPOIl TOPSYHOCTHIO H, BO3MOXKHO, 3TO ILIOJOTBOpHAs 06JacCTh.
s ONHOM HJH JBYX KaHIHAaTCKHX aucceprauuli. OnHaxKo M
ceiiuac of6paTuM Halle BHHMaBHe Ha 0oJjiee NEPCIEKTHBHBIE CIOCO-
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Puc. 5.35. Tipoexkuusi KoHTypa 3epHa
HeCKa,  BHIPANKEHHAA B NOAAPHBIX
KOOpDAMHATAX.
Koopannathele napm  06pa3oBambi
AMHHOK ry M yraom O; paguyca, npo-
BEJACHHOIO M3 UEHTPOHIA K KPalo

Puc. 5.36. Onpexenenne uent-
poHla TPameUHEBHAHOH anmpox-
CHMALMH,
Ouncponannas dopma noapas-
LeNAETCS Ha Tpanelyd, coCTOS-
e N3 NpPSAMOYTOJbHHKA M TPs-
MOYTO/bHOTO TpeyroJisHuka. Tou-
KaMH TPejCTaBJeHBl MX LEHT-
PON 1Bl

OBl OnmHCaHHs OPMHI, He ABJIAIOULHECS OAHO3HAYHBIMH, Cpean HHX
llaxoadarcs passnuHble MougHpukanuu npeobpasoBanuii Dypee, yxe
HCNOJIB30BABIUKXCS B Il 4 (CM. KH. 1) Ans aHaansa BpeMEHHBIX
PSIIOB.

KoopaHHaTsl 3aMKHYTOH JIMHUM, HalpHMEp NPOEKUHS KOHTYpa
3epHa necKka HJH HCKOaeMoll PakOBMHBI, MOXHO BBIPA3uTb B HO-
JAPHBIX KOOPAHHATaX, KaK 3T0 u3oOpaxkeHo Ha puc. 5.35. Opua u3
ABYX KOOPIHHAT — 9TO yroJ pajuyca-BeKTOPa TOUKH KOHTYpa;
Apyrasi — pacCTOsiHHe BAOJb 3TOTO pajuyca [0 TOYKH OT LEHTpa.

B cBssu ¢ BhIGOpOM LeHTPa cpa3y BO3HHKAaeT BONPOC, KAaK €ro
BLIOPATh BHYTPH KOHTypa 00beKkTa. Ecau LeHTp cHABHTaeTcs, TO
PAcCTOSIHUST BJOJIL BCEX DAAMYCOB H3MEHSIOTCH M, KOHEUHO, COOT-
BeTCTBYIOLlHEe IpeoGpasoBanus Dyppe OyAyT pasauuuuiMu, Ecau
MBI [10JKENa€M CPaBHHUTb HECKOJbKO Pa3JHYHBIX (OPM, MBI JOJXKHEI
OylIeM OTOXKIeCTBHTb 5KBHBAJEHTHHE TOUKM BHYTPH KaXKIAO0H 3
HHX, CUMTAsl MX LEHTPAMM COOTBETCTBYIOLIHX KOODJHHATHHX CHC-
TeM. Ecin 3TOr0 He chesaTb, TO MBI HE CMOXKEM CKa3aTb, siBJS-
I0TCA JM BHAHMbIE Pa3jMyHs MexXAy cnekrpamMn Dypbe ciaeACTBH-
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eM pasauumii GOPMBI HJHM e OHH MpPOMCTEKAOT U3-3a HAMUIEro
BhIOOpa LEHTpa.

B HEKOTOPHIX NPHJCKEHHSIX MMeeTcs eJHHCTBEHHasl TOYKA BHY-
TPH KaXKA0H GOpMBI, KOTOpas MOKeT CJAYXHTb HalaJoM MNOJApHOIT
cucteMbl KoopauHaT. Taxkue npumepnl npusoisat Kecsep u Yorepe
[42]. Oum usmepsioT pasuycer or pyOua oTmedaTka MycKyjia pa-
KYIIKOBHX DaykKoB A0 KOHTypPa HX paxoBuHH. K coxaseniio,
GOJBIWIMHCTBO OpPM (3epHa INecka, rajbka, KOHTYPLI COJNSTHBIX KO-
ef) He HMEIOT SPKO BBIPAXKEHHBIX TOYEK, KOTOPble MO:KHO GBIIO
Obl CUMTATH IIEHTPAMH OTCYeTa. Mbl MOXKEM, OJHAKO, BHYTPH KakK-
7ot 3aMKHYTOH (OPMBI NPOM3BOJILHO BHIGPAaTh TOUYKY, KOTOpas GY-
JleT CJYXKHTh HayaJlOM CHCTEMBl KOODAHHAT.

LleHTpOH — 3TO LEHTP TSMKCCTH (JOPMbI, OH GAHHCTBEHEH s
KaXJ0ro o6bekra. Ecau KOHTYp HeKOTOPOro o6bekTa npeicTaBiid-
ercsd HaboOpOM J1eKapTOBBIX KOODIHHAT, aHAJOTHYHBIM MOPOKiCH-
OMYy KOMIIBIOTEPOM, TO LEHTPOHJ MOKeT GBIThb HafileH HHTErplipo-
panneM woopauuar X u Y. Ilpoctas mpoueaypa uHTerpuHpoBaHHA
IIOCTpOEHa Ha HCIIOJb30BAHHH METOjA Tpamelui.

Psizpl Towex pasmemaloTcs Ha rpanmie ofbekta (pHe. 5.36).
Jast onpenenenus Tpanelnfi NCMoAb3yOTCS mapbl  STHX  TOUYEK B
KoMGuHANNH ¢ OCcAMH. BBHIGPaB NPOH3BOJBHYIO HAYAJLHYIO TOUKY,
MIOCTPOHM CepHIO TPANeUHH, pacloJOXEHHEX Ha DUCYHKe NPOTHB
YacoBOH crTpeskn. MOXHO Ha¥iTH LEHTP TSKECTH KaXKaofi Tpaie-
MM, H KOMOHHALHS 3THX IIEHTPOB TSMKECTH NACT UEHTP TSKECTH
paccmaTpuBaemolt (urypsl. KoopannaTel UeHTponga burypel ecTh

_)'g=23w1 i/ (2A+), (5.56)
Y=3Y:A,/ (ZA), (5.57)

rae X;— koopauHatsl X neHrtpomaa i-ii Tpameuuu, Y; — ee Koop-
AUHATE Y, A; — miomaib Tpanemny.

Lentponasl naomaaeil Tpaneuuii B CBOIO oYepenb HaxoasaTCs
¢ TOMOWILIO NPOCTHIX reOMeTpHYecKHX npouenyp. Kaxmas Tpane-
UHA pasfuBaercs Ha DPAMOYTOALHMK If  NPAMOYLOJIBHBIT  Tpe-
yrospHEK. lleHTpou) DpAMOYroMbHIKA pacrnonokKes nocepeauHe,
B TOUYKE IMepecedyeHHs napaJjienell CTOpOHAM, NPOXOASIIHX uepes
ux cepeiuHsl. lleHTpouz TpeyroabHOli YacTH pacmosiokKeH Ha pac-
cTosiHun 1/3 myTn MeXay npsiMBIM YIJIOM o ABYMS OCTPHIMH yrJia-
mu. Llentponabl aByx yacreil KOMOHHHDVIOTCS € BecaMH, COOTBCT-
CTBYIOIINMH HMX OTHOCHTEJBLHBIM TJIOWAAAM. DTH ONEPALHH MOry1

GEITb CKOMOMHHPOBAHBI M YNPOLLEHBl 710 BHIPaXKEHHI CJIeyoLero
BHA:

1
At:—g‘ Yirr + V) (X — Xi),

l

>

(Ar = Xt X Xi + XD (Ve — V),

!
Vi Ay = (Vi + Y Vi + VD (X — Xin).
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dTta npoueaypa Moxker OHTb Jerko mpogenaHa 3BM, koropas
JaCT TOJIOXKEeHHe HEHTPOWAa CJ0XKHOH ¢urypel. TOUHOCTH MOJOXKe-
HHSI 3aBHCHT OT YHCJA TOYEK, PA3MELIeHHHBX NO NepHMETPY.

Tenepb MBI yCTaHOBHJIH NOJOXKEHHe LUEHTPOHAa (QUIypH H MO-
XKeM TPOBECTH PajHYCH M3 LEHTPOHJA K TOUKaM nepumerpa ¢u-
rypul. JJauHBL 3THX paguycos BMecTe C HX YIVIOBOH OpHeHTAUHEH
JaloT Napbl NOJYPHBIX KOOPAHHAT, KOTOPhIE MOXHO AHAJIH3UPOBATh
meroxamu Dypbe, paCCMOTPeHHBIMH B NpefblAyulell riape. AHaaus
JaCT CNeKTD 3aMKHYTOH (UILYpB, W M3 3TOTO CNEKTPa MBI MOXKEM
BLIBECTH MHOTO HHTepECHHIX CBOHCTB (opmbl urypsl. Llukmaudec-
kil criekTp Pypbe HMeeT Bce XKejaeMmbie CBONCTBA, KaK H OOHY-
nbl cnekrp ®ypre: OH cOAEPKHT BClo HH(OPMaUMIO, cOAepKamlly-
I0CA B HCXOAHOH (purype, nocjejoBaTesibHble TapPMOHHKH HE 3aBH-
CAT APYr OT Apyra M Kaxjoe CHeKTpaJbHOe 3HaueHHe ecTh Mepa
BKJIafla COOTBETCTBYIOILLell rapMOHWYecKOH (opMbl B 00yl AHc-
{IepCHI0.

Jasi Toro, 4yTobw caesnath HUKIHUECKHH aHaans Pypbe NpHEM-
JIeMBIM, paAHycChl AOJIKHBLI BEIGMpPATbCS ¢ PABHBIMH YIVIOBBIMH TIPH-
pameHuamu. Kax B o6biunom aHaduze Pypbe, npobsl paBHOMEDPHO
pasmellaloTcst Bo BpeMeHH HJM npocTpaHcTBe. K coxaJjenuio, He-
BEPOATHO, YTOOBI KOOPAHMHATH HCXOAHBIX TOYEK Ha TepuMeTpe (H-
I'ypH, HCHOJB3YeMble 1Jif ONpeles]eHHd LeHTPOHLA, pa3MelllaJHCh
TaK, 9TO6Bl COOTBETCTBYIOUIHE UM paAuychH oOpa3oBLIBajH paBHHE
yrael. Mbl QO0MKHB HAaHTH BAOJb MepHMeTpa HOBOe MHOKeCTBO
TOYeK, KOTOpble ONPeAessioT paBHble YIJIB OTHOCHTEJBHO [AAHHOro
ueHTponsa JHG0 OCYLIECTBHTh HOBBLLA DS M3MepeHHMH HJM HHTep-
HOJALHIO MeXAY 3THMH TOYKaMH.

OpHako Ka)Kaasl NMpolUeAypa BBOAHUT HOBble YCJOXKHEHHS, Tak
KaK LEeHTPOHJ, BLIYHCJEHHHI IO HOBOMy psAy TOYEK, He 06s3a-
TeJbHO B TOUHOCTH COBNaJAeT C LIEHTPOHAOM, ONpENeJEHHBIM HJIsl
HCXOAHOTO MHOXeCTBa ToueK. EcJid paanychl H3MepsloTcs He OT
HCTHHHOIO LEHTPa, To B crnekTp Pypbe BBOAHTCS cMelleHne. -
(GeKT OT 3TOro aHaJOoruueH HEUEHTPHPOBAHHOMY KOJECy, KOTOpoe
JaeT BOCbMEPKY NpH KaKIOM BpalieHHH. DTa BOCbMEpKa JaeT
BKJal B IICPBYIO FapMOHUKY, KOTOpas I[Haye paBHsIacL OBl HYJIO.
Tax xak OOBIYHO IJd CPaBHEHHs CHEKTp CTaHAapTU3yercs, TO Ha-
JHYHe JOXKHON NepBOil rapMOHHKH yMeHbINAeT OTHOCHTEJbHbie Be-
JHYHHLI OCTaJbHEIX FapMOHHK. B cratpe [9] onucana urepaumuoH-
Hasi Ipoueaypa, KOTopasl AdaeT Ha KaXKIoM iunare Bce Gojee GJaH3-
KYI0 dNIPOKCHMALHIO K HCTHHHOMY UEHTPOUAY psilla TOYEK, pacho-
JIOXXEHHBIX BAOJb NepuMeTpa 00beKTa Takx, UTO COOTBETCTBYIOIIME
M Pajuychl 06pasyloT paBHbIC YIJIL

IIpeo6pa3oBanust HPAMOYTOJNBHO CHCTEMBl KOOpPJAHHAT B NO-
JADHYIO AT «pa3BepTKy» 3aMKEYTOro KoHTypa (puc. 5.37). Me-
TOAB OObIYHOro aHaausa Pypbe OUEBHIHO IPHMEHHMBI JAJd He-
pasBepHyTOH (HIypHL.




a s

0

Puc. 5.37. KBUBAJCHTHOCTb MEXKAY NOJSAPHLIMH M JEKAPTOBBIMH NpPELCTaBJICHHUSA~
MH KOODJMHAT:

4 — KOHTYD 3epHa, NpPEeJACTaBJEeHHBI B MOJISPHLIX KOODAMHATAX; O — NOJsipHbIE
KOODAHHATLI HAHECEHH Ha rpaduk xak GpyHKUHA r or apryMedra 0

HanomHuM, u4to B ra. 4 pasjoxesne B psal Pypbe 3anHchiBa-
JIOCh B BHAE

Y = Z a, cos (£9) -+ B, sin (40), (5.58)

k=0

nprueM Ko3(QHIMEHTH HaXOAHJHCh N0 POpMyJaM

ak:—z—ﬁchos< Qﬁr{k) (5.59)
FET)
H
o2 N sin (225 (5.60)

j=1

OTH ypaBHeHHs MOXKHO MOAHPHIMPOBATL TakK, 4TOOBl OHH MO3BO-
JSJIH T0JIyYaTh passoxkeHue B psag Pypbe 445 3aMKHYTBIX QHIYD.
Ecin pacnosioxuTh KOHLUBl n PagHyCOB BOJb Bcell OKPYXKHOCTH
Ha OJMHAKOBOM YyRaJIeHHH IPYr OT JApyra, TO yroJ MexJy KaxaoH
napoii paauycos Oyzxer paBen 2m/n. ITosTOMy yroa OT HCXOZHOrO
paaMyca no j-ro pameH 2mj/n. O603Hauas YrjJOBOE HampaBJeHHe
j-To panuyca uepez 0;, a ero AJMHY yYepes r; H IOACTaBJf WX B
ypaBHenus (5.59) u (5.60), nonyvaem

n

2

a,==—— Y r;coskby, (5.61)
2 - .

B,=—+ )Y rjsinkf;. (5.62)
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Kak u B o6bniynom ananuie Dypbe, 3TH BhIpaKeHMS MOXKHO Ynpoc-
THTb: o PABHO HYJIO, 2 oo PABHO CPEAHEMY pajiHycCy:

P Z rin. (5.63)

I¢pdekr pasmepa MoxKeT OLITL HCKJAIOUYEH H3 aHajJH3a JACJCHHEM
BCEX paJHycOB Ha cpeiHHHl pajauyc, Toria ao OyaeT Bcerja paBHO
eanHule. [lo nmpuyumHAaM, yka3aHHBIM paHee, KO3((HIHEHTH Iep-
BOI TapMOHHKH, o; M Bi, AOJKHB PaBHATHCS HYJIO B clyyae, eCjH
paaHych H3MepSIOTCA OT UEHTPOHIA.

Kak TosBKO 1751 psifia TapMOHHK oOlpefesieHH KO3 (dUIHEHTH
o W f, MHTepHpeTanuss LHXKJIHYECKOTo chnekTpa Pypbe NpoOBOAUTCA
4HAJOTHUHO HHTepHpeTaluyu o6buHoro cmekrpa Pypne. AMIIHTY-
AUl (a30oBBIX YIJIOB MOJSIPHBIX IaDMOHHK MOXHO BHIPA3HTh uepe3
o3¢ punuentsl Pypre:

A=V a6, (5.64)
= arctg (££), (5.65)

ITH COOTHOLUEHHHA B TOYHOCTH TaKHe JKe, KaK COOTHOIUEHHS, NaH-
Hble B NPEAbIAYIIMX pasfenax AJas CHEeKTPa AMCKPETHOTO BpeMeH-
HOTO pajaa.

OOBIYHO 1JIs1 NOCTPOEHHS 3HEPreTHYeCKOro HJH INHCHEPCHOHHO-
IO CHeKTpa NPHXOAHTCA KOMOHHHMPOBAaTb KO3(PQHUHEHTH o H f.
DTO NO3BOJSIET NPSIMO OLUEHHTH BKJaJ KaxA0H rapMoHUKH B HopMy
¢urypnl. IlocnenoBarenbHble npHOMMAXEHHS aHaausupyemoit ¢op-
Mbl MOXHO JTIOCTPOUTb C NOMOUIBIO NOACTAHOBKH K03 (ULHEHTOB o
it B B ypaBHenue ®ypre. Ilo Mepe yBenHueHHs yucaa TapMOHHK
ncesenyemas (opMa BOCIPOM3BOAUTCA €O Bce OoJbluefl  AeTalb-
HOCTBIO, NMOKA He OyAeT MOJy4YeH HCXOAHBIH onudpoBaHHBI 06pas.
Jro cayuaercs npu uvacrore Hafikeucra, korna k=n—1. Ha puc.
5.38 upencraB/eHa PEKOHCTPYKUHs necudHKI. HyseBrle rapmouu-
KH JalOT OKPYXKHOCTb, AHaMeTp KOTOPDOH paBeH cpejHeMy AHaMerT-
py HCXOAHOIC KOHTypa. 3aech NepBasi FapMOHHKa OTCYTCTBYET,
TaK KaK MeCYHHKA COOTBETCTBYIOUIHM o0pa3oM IeHTPHPOBaHa OT-
HOCHTENbHO CBOEro LEeHTpONAa. Bropasi TrapMOHHKa MpeBpaltaeT
HPEXKHIOID PEKOHCTPYHPOBAHHYIO (OPMY B SJUIHIC, TPETbS TapMo-
HiIKa Jo6GaBAseT TPeyroJbHYI0 KOMIOHEHTY, YeTBepTasi — KBaapa-
THYHYIO KOMNOHEHTY U T. A. (puc, 5.39).

[Tponopuus Bapuauuil (GOpMBl, BBI3BIBAEMBIX IOCJEIOBATENb-
HLIMH TapMOHHMKaMH, faeTcsi sHepreTHYecKHM crekTpoM. OG6bluno
MaJIoe 4YHCJIO HH3IUHX TapMOHHK YUHTEIBAeTCA JJs IOYTH  BCex
BapHaLHH TPOCTHX (ODM, TaKHX, KakK IPOEKUHH KOHTYDPOB 3epeH
necka {puc. 5.40). Bricmiue rapMOHHKH OTpa)alT Bce 6oJee
MeJIKMe AeTaJIi KOHTypa H TOTOMY HCHOAbL3YIOTCS CEIHMEHTOJIOra-
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Prc. 5.38. BocCTaHOBACHHE (JOPMBI MECUHHKY C TOMOLBIO MOJAPHLIX PsANOB Pypbe:

a — pTopas rapMoHuka (ciesa), BTOpas rapMOHHMKA IULIOC OKPYXHOCTb, COOTBET-

CTByIOILAS CPELHEMY pajmycy, HJH HYJEBas rapMOHHKa (uentp), XKymyaaTaBHas

cymMMa rapMOHHK (ClIpaBa); 6—0 — COOTBETCTBEHHO TPeTbfl, 4YeTBepTasi, MATas
H 1uecTas TapPMOHHKH

Puc. 5.39. CpasheHue ouudpomBanHoro KOHTYpa necunHku (a) ¢ HYJeBoii rapmo-
HUKOHl MM OKDY)XHOCTBIO CpeflHero pauuyca (6) u ¢ KOHTYPOM, NMOCTPOEHHBIM HO
WecTH rapmonukam (8)

010
AY -
C i
o
¢ 6051
(’) -
Puc. 5.40. Cnekrp ouuthpoBaHHOH l L l
HECUYHHKH, npeacTaBAeHHOR  Ha 0 2 3 4586 78910
puc. 5.39 . Yucno rapmonns

M KaK Mepbl NMOBEPXHOCTHOH OKpyraocTH. ['oBOpsAT, YTO BHICHIHE
IaDMOHHKH KOHTYDOB 3€peH KBapla OTpazKamT IPOHCXOXKAEHHC HIl
[CTOPUIO TepeHoca (MHOrHe paboThl Ha 3Ty TEMY LUITHPYIOTCS
Ipauxom, Bpaysom u fpycom [26]), onHako Taxas umutepnpera-
uust yacred cnekTpa Tpebyer mpejocropoxuocteil, CraHmapTHBIC
OTKJIOHEHHS OUEHOK KO3((ULUCHTOB Pyphe OueHb BEJUKH H HhMie-
0T TOT K€ HOPAAOK, UTO H CaMIl OLUEHKH. BHICLIHE TIapMOHHKH
KOHTYPOB 3€peH HMEOT OuYeHbL HHIKYIO CTEeleHb BJHAHHS, BO3MONXK-
HO, Ha NAATb WX GOJee NCOPSIAKOR HMXKC CTCHEHH BJNSHHS HHIMIHX
rapmonuk. ORHOro B3rasiia Ha CTaHIApTHBIE OTKJIOHEHHS JOCTA-
FOUHO, 4YTOOBI TOHATHL, UTO LM HEIb3s NPHAABaTh GOJLLIOE 3HAUe-
Hie. JloBaBUM K 3ToMy, 4TO JoxkHble sdhdexTsl Haubogee ApKo
BRIDAXKEHBl TIpU BBICOKMX 4acCTOTaX, YTO 3ITPYAHSICT ONpCAeseHHe
MCTHHHBIX CIICKTPAJNLHBIX 3HAYeHUH.

[Toasiproe npeobpasoBanie Pypbe NPUMEHHMO NMPH HEEOTOPEIX
O pAHAYEHHSY, HanGogce CHJLHLIM 13 KOTCPBIX SIBJSETCS 01HO-
SHAUHOCTL  AHAJH3HPYEMOTO KOHTypa. JTO BHAYHT, UTO DaHyC,
fipOBEIEHHBIH H3 UEHTPOMAA, IOJIKEH repecekaTb MEPHMETP JHILDL




Puc. 5.41. llpumepnt ¢opM, KOTOpbie HENb3Sl AHAJU3MPOBAYh C NOMOMUIBID MOAHP-

HOTrO MeTOoAa d)ypbe H3-3a HAJAHUYHA ABY3HAYHBIX PAAHYCOB:

a — 6eperopasi JUHHUS aToJUia B UEHTPAJIBHON YacTH THXOrO OKeaHa; 6 — IPOexIst
KoHogoHtra Ligonodina; 6 — KOHTYp rpaHuTHOrO MWIyTOHa B I0XKHOK yacta Ox-

TapHo

o
180

- 180 %

Puc. 5.42, llpeoGpasosanne HHPPOBBIX KOOPAHHAT B YFAOBLIE OTKJOHEHHSA:

a — npsAMble JMHHH IPEACTaBAIOT co00f anmpOKCHMauHI0, 06pa3oBaHHyl0 owwud-

POBaHHOH HCXOAHOH (OPMOIl B PABHOMEDHO DPacloOJOXKEHHHX TOuKax. Mamenemius

yroa Mexay orpeskaMu 1 u 2 (2 m 3) 3amarorcs sHaueHusimu @) (®;); 6 — usMve-

HEHHe YIJla MeXJy INOCJief0BaTeJbHBIMH OTDEe3KaMH. DTO — PErucTpalus pesy.Tb-
TaTOB aHaJu3a MeronoM Pypre

} onHaxaul. Cnes0BaTeabHO, 3TOT METOJA He MOXeT OLIThb HCIOJb30-
BaH JJIsS aHaJHu3a OuYeHb CJOXKHBIX (opMm (puc. b.41).
} HOpyrue npouenypst Pypre IO3BOJNAIT NPOBOAUTH aHaMu3 Go-
| Jee CJIOXKHBIX (OPM, KOTOpPHE MOryT OBITh JABY3HAYHBIMH B IOJSp-
HBEIX KoopauHarax. OAHH H3 METOJOB COCTOHT B IpeBpalleHHH MHC-
XOJHOro KOHTypa B psAJl YIVIOBEIX OTKJoHeHuil. CHauasa paBHOMe)-
HO pacnpejesieHHble TOUKH pasMeEIlaloTcs BOKPYr IepuMerpa 06b-
exkTa. Haxopuress HanpaB/eHHe OT NEPBOH KO BTOPOH TOUKe H 3a-
TEM YyrJoBas PasHOCTb MEXIY 5THM HANpaBJCHHEM H HampaBJeHH-
eM OT BTOPOH K TpeTbell Touke (pHc. 5.42). IToBropsis stor mpo-
Lecc, 3aMeHsieM HCXOAHBIH paAx koopaunat X, Y, onpemensioniumii
3aJlaHHyl0 GopMy, PALOM YIJIOBEIX OTKJIOHEHHH TMOCJeLOBaTeJbHHIX
TOYEK. DTOT HOBHIl psJl MOXKHO aHaJH3HPOBATL C MOMOLILID OOHIU-
Horo Metona ®ypne, XOTA CIEKTP MOXKET OKa3aThCs TPYIAHO HH-
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Puc. 5.43. KoHTyp HaKOHeYHHKa KpEMHHE-
BOH CTpedbl MO3HETO HAJNEONNTA:
a— GspMa, TpeicraBleHHas B OOBIYHOM
BHJe; 6 — npeobpa3oBaHue, COCTOsLIEE BO
BpAllleHHH TOJIOBMHEI (UTyDH BAOJb OCH
CHMMETDHH

TEpUNpPETHPYEMBIM, TaK KakK 3/eCh IlepeMeHHas Y He pacCTOSIHHE,
a mpHpaleHne yraa. DTo H aHaJOTHYHble Npeofpa3oBaHusa O0CYX-
patorcst B [14].

Hexkoropsle 3aMKHyThle (OpMB 06/41a1al0T ABYCTOPOHHEH CHM-
MeTpHell WM pasJHYHTENbHON JMHMEH, HJH  CKJIaJKOH, KoTopas
[IO3BOJISIET OPHEHTHPOBATh MX BAOJb OcH. Takylo (opMy MOXKHO
pacUleNnuTh HJAH CJAOXKHTH IIONOJaM c ofpalleHHeM 3HaKOB OJIHOH
KOOpPAMHATH BJOJb OCH CHMMETDUH AJS OAHOH IIOJOBHHHL (HOPMBEL
(puc. 5.43). Torpa o0bexT BHIAAAUT K&K CHHyCOHAalbHasg ¢op-
Ma, Koropasi MoxKeT OBITh HCCJAEAOBaHa MeTOAAaMH OOLIYHOrO aHa-
jqusza Oypbe. DTH METOABL NOJIE3HbI NPH H3YYeHHH (POPM HEKOTO-
DHIX HCKOMAeMbIX 0ecIO3BOHOUHBIX H TaKXKe AJd XapaKTepHCTHKH
330CTpeHHHIX QOpM.

NMOCTPOEHHUE KAPT B U30JIMHHUAX C NOMOLILIO 3BM

Llenb nocTpoeHusi KapT B H30JHHHAX — NpPEACTaBJIEHHE IOpTpe-
ta (opmui na moBepxXHocTH. Takoe NOCTpOEHHEe TPEACTaBJseT CO-
60il HeuTo Bpoe TpexMepHOro rpada MJH AHarpaMmbl, M300paxKeH-
HbIX Ha IJIOCKOCTH, AByMEPHOM KycKe OyMaru. X; — oCb, Hampas-
JIeHHast BAOJb CTPaHuIbl, X — OCb, HalpaBJieHHast BBEPX HJH BHH3
no crpanume. OcH cOOTBETCTBYIOT reorpaHuecKHM HanpaBJeHHIM
C BOCTOKAa Ha 3amaj M c ceBepa Ha Ior. BepTukajbHOe HampasJe-
Hue Y MOXKeT TakXKe IPEJCTaBJATh BO3BHILEHHS HajJ YDPOBHEM MO-
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PA, MOLIHOCTb HJIH HEKOTOpHE APyrHe XapakTepHCTHKH, 1i300paxa-
eMble H30JMHHSIMH HJM JIMHHAMH paBHBEIX 3Hauenuid. (Muorune
aBTopsl 0603HAYAIOT 3TH TPH ocH uepes X, ¥ u Z B COOTBETCTBHH
¢ nByMsi reorpadHyecKMMu KOOPJAHHATAMH ©  H300pakaeMoOH
nepeMenHoil. YToOH COXpaHUTb CBfA3b C TOCJEAYIOLHM H3JI0KEHH-
eM, MLl GylleM IpOJ0JKaTh HCNOJb30BaTh Y Kak NEDEeMEHHYI0, KO-
TOpas sejgerca (QpyHKHucil Apyrux nepemenunix X;)  Msoanuwi,
CTPOTO TOBOPsI, €cTh JIHHUI, XapaKTEePHU3yIoUie BO3BBILLEHHT, 160
KPOBJIIO, JuBO TOAOUIBY H3yuaeMmoil (opmalu. I'eosorn wasyicri-
YECKH OTHOCATCS I TEPMHHOJOIHH, OLHAKO OOHUHO HA3HBAIOT H30-
JMHHIO KOHTYPOM, HE3aBHCHMO OT TOro, Hzo0pazaer su oxa abco-
JIIOTHHIE OTMETKH, MOUIHOCTH, [OPHCTOCTH, CCCTAB I Kakoe-jaube
JApYroe CBOHCTBO.

HMsoauHuu Ha KapTe CBA3LIBAICT TOYKH PaBHLIX 3HAUCHUI, H
LIPOCTPAHCTBO MEKIY JABYMS II0CACAOBATENbUBIME  H30JAHUSIMH
COLEP/KHT TOJLKO TOYKH, 3HAUEHHS B KOTOPHIX NONAafaioT BHYTPb
HHTEPB&Ad, ONPENEJEHHOr0 STHMH HM30JHHHAMH. Bo MHOTHX cJjayua-
AX 3HAUYCHHE Ha [OBEPXHOCTH HEJIB3sl OMNpeldeJHTh B KauJaoH U3
BO3MOJKHLIX TOYEK H WX TakiKe HeJb3sl H3MEpPHTh B Kakofi-Aubo
KOHKPETHOII TOUKE, KOTOPYI0 Mbl MOrJn 6B BHOpaTh. O6BIYHO MpPO-
BOJUTCS Ceplist KOHTPOJIBLHBIX H3MepelHi B JOBOJBHO IIPOH3BOJALHOM
HeGOJLIIOM MHOXKECTBE TOYEK, TaKIX, Kax MNOJIOXKEHHe CKBaXKHH,
TOYKH CCHCMHYECKHX NCCJEIOBAHHH HJH I[IOJOXEHHe TOUeK OlIpo-
6oBaHiA.

IIpoBeneHHe H30JHBHI MOMKET OCYILECTBJATHCS BPYUHYIO, KaK
5TO JeJajoch Tmpexiae, uan xe ¢ nomompio IBM. [locrpoenne
KapTel ¢ noMoupio DBM  0oObIUHO  COAEPKHT  HMPOMEKYTOUHBIH
3Tam — HOCTPOeHHe MaTeMaTHueckKoil mnosepxHocTH, OH  A0aWeH
Npealice TBOBATh NOCTPOCHHIO H3OJHHHA.

CootBercTByloWast nporpamma aias OBM mnozsosaser Bhuepu-
BATL WIOAHHHH H4a OCHOBE MATCMATHUYECKHX CTPOTHX COOTHOLIE-
HHIl, BHITEKAIOMINX H3 [COMCTPHI KOHTPGJABHLX Touek. Ilpn  artom
reoJor OGLIUHO HCIOJB3YeT HE TOJbKO KOHTPOJIbHBIE TOYKH, HO
CBOI0 KOHUENLHIO ¥ HpeACTaBJICHHA O TOM, KAk 3Ta MOBEPXHOCTE
JOJIKHA BHITISIACTh. Bl 3TH npeiBapHTeJBHEE JOTAaAKH OKaXKYT-
Cs Wa CoMOM Hesie KOPPEKTHHIMH, TO KOMIETEHTHLII reosor oxa-
KETCH B COCTOSHHN CO2/aTh KapTy, IPEBOCXOISULYIO IO KayecTBY
Kapry, siigepyennyio IBM. C apyroft cTopoHE, ecin 10rajiku re-
041072 ORaKYTCAd OUUGOYHBIMU, TO OrRouuaTeNpHast xKapra OvieT
COACPIKAThH CEpPhe3iibie CLIHOKHU.

DBuira npoBefieHa cepHsi 9KCIICPHMCHTOB, COCTOAIIEX B !POBED-
Ke KapT, sbuepuanBaempix OBM [20). Pan onumrHHX HedTsiHnKoB-
I'€0JIOFCB BBICTYIHJAH MPOTHB IIHPOKO  HCHOJL3YEMLIX MPOTpamMm
ABTOMOTHUECKONO NOCTPOCHIS KapT B H30aMHusX, IIpoBepsieMble
JIAHHBIE COCTOSIH HU3 CTPYKTYPHBIX a6COMIOTHBIX OTMETOX B Habo-
pe ckBaxuH, npoBypenHnlx Boxpyr Ileporckoro puda B Aunbepre.
HMadopmanus n3 Hefosbuwiore wucaa  JeHCTBUTENBHO JOCTVITHBIX
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<KBaXHH Oblya npeacTtaB/jeHa yHdacTHHKAM  3KCIEDHMEHTA, ueJsb

KOTOPOrO COCTOSIa B OLEHKE CPAaBHHTEJABLHBIX CNOCOOHOCTEH 4e-
JIOBEKAa M MalUMHBE B CO3JaHHH OTBeYalolleli [JeHCTBHTEJNbHOCTH
CTPYKTYDHOl KapThl B H30JIHHHUSIX.

Bce moctpoeHHbie KapThl ObJIH OY€Hb NMOXOXKH BOJNH3H KOHT-
POJILHBIX TOUEK M B KOpHE OTJAMYAJICh HAa HEKOHTPOJIHPYEMBIX
waoniaasix. HexkoTopele reosoru HOCTPOHJAH  CTPYKTYPHBIE KapThl,
Ka4ecTBO KOTOPBIX OBLJIO BBIUIE, YeM KayecTBO KapT, MOCTPOCHHBIX
1o nporpamme ajaa IBM, B ToMm cmbicsie, YTO HX NpeACTaBJEHHA
okazadich Oosee GAM3KMMU K CTPYKTYPHBIM KOH(MHUIypaLnHaMm, co-
OTBETCTBYIOUIHM IOJHOMY MHOXECTBY paHHbX. OQHAKO  japyrue
TCOJOrH AONYCTHAH cepbe3nple omnOkd. CaMbiM HMHTEPECHDIM OKa-
3aJ10Cb TO, YTO Kapta, nocrtpoeHHas dBM, mouTtH TOYHO coBlajaJla
¢ yCpeAHEHHBIMH KapTaMH, NOCTPOCHHHIMH BPYYHYIO, T. €. 4acTb
rCOJ0rOB NPOBOAHJAA JIHHHA MeXIy KOHTPOJHBBIMH TOYKAMH B
0HOM HampaBJeHHI, B TO BpeMs KaK APyras d4acTb NPOBOJHJA HX
B NPOTHBOINOJOKHOM HalpaBJeHHH. DOJLUIMHCTBO NpPOBeJNH  CBOH
JITHHE Yepe3 OOILYIO CPeAHIO TOYKY, U TOJbLKO HEKOTOpble JONyc-
TnJH OTKJOHEHHe B Ty HJH APYIyIo CTOPOHy. KOHTypH, NnpoBemeH-
4ple DBM, nouTH B TOYHOCTH NPOXOJHJH 4Hepe3 CPEeAHIO TOUKY
3TOrO Nyuka JuHui. B 3TOM npumepe nporpaMma aas OBM Beda
ceba KAK «yCpeAHEHHbIH TeoJiors,

Onnako HanboJsiee CHJBHBIE apryMeHT B TNOJAb3Y  NOCTPOEHHSA
K4pT B H30JHHHUAX ¢ noMmollslo DBM cocToMT B TOM, YTO IPH 5TOM
co3jlaeTcsl MaTeMaTH4ecKass MojesNb KapTHPYEeMOH  HOBepXHOCTH,
KOTOpasi MOXKeT OBbIThb HCIIOJAb30BaHa TakXke H I/ JIPYrHX HeJed.
Hanpuwmep, mMoryr ObITh BHIIIOJHEHBE TaKHe ONepalHH, Kak KapTH-
pOBaHHe OTKJIOHEHH{ OT MOBEPXHOCTH, BbIUHCJEHHE OOBEMOB HHXKE
[MOBEPXHOCTH, Pa3JIuHble ONEPalUHH MeXKAy MOBEPXHOCTAMH (IOCT-
DOGHHE H30MAXUT — BHIYHTAHHE OXHON TOBEPXHOCTH M3 JpYroi).

HeobxoanMo OTMeTHTh, 4TO OOJIBLIMHCTBO IIPOLEAYp MOCTpoOe-
HISI KApT B H3OJHHHAX ¢ noMollbio DBM gBASAIOTCS HEOXKHAAHHE-
MH; B X OCHOBe JEXKHT cjabasi TeopeTHUeckast npopaGoTka cBs-
5eil pasJHYHBIX HCNOJB3YeMbIX B HHX MeTogoJoruii. Cxopee OHH
OCHOBAHbLl Ha JONYILEHHAX 3[PaBOr0 CMBICJIAa H CBOHCTBax MOBEPX-
HOCTH, BLITEKAIOUIHX H3 NPAKTHYECKOTO ONBITA.

Hexoropoie  ponyiieHusi AOMKHBL  OBTb 3aJ0XKEHB B /000
BLIUHCJHUTEABHEIH aJATOPHTM, HCHOJAL3YEMBIH [JI CO3/aHHs MaTe-
MATHYCCKON MOJEJH, JJsT KOTOPOA CTPOHTCS KapTa B H3OJHHHAX.
3aKOHUYeHHAs Kapra OTpaXaeT 3TH AONYIIEHHS, MOAe b OlpaBia-
Ha M Kapra siBjsieTCst COOTBETCTBYIOUIHM AEfICTBHTEJNBHOCTH Npef-
CTABJICHHEM 1I0BCPXHOCTH TOJBLKO NPH YCJOBHH, €CJH 3TH JONylle-
"ist obocHoBaHLL. B ofuieM caydae nporpaMma npeiHasHayeHa
41T KapTHPOBAHNA [I0BEPXHOCTH, KOTOpasi: a) OJHO3HauHA BO BCS-
KOit TodKe; 6) HeilpepelBHA BCIOAY B NpENeNax KapTHPyeMoii mio-
ulajl; B) aBTOKOPPENPOBaHa Ha HEKOTOPOM DACCTOSIHHH, GOJIb-
ieM, 4eM THNHTIHOE DacCTosHHe MeXAY KOHTPOJIBHBIMH TOUKAMH.
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Ecaun uMeercs TOJBKO OJHO BO3MOXKHOe 3HadyeHHe, KOTOpoe
KapTHpyeMoe CBOMCTBO MOXET HMeTb B HEKOTODOH 3ajlaHHO# re-
orpadHuecKoil TOYKE, TO 3TO CBOHCTBO HA3HIBAETCS OMHO3HAYHBIM.
B xavecTBe NpHMepa MOXHO IIDHBECTH H3MEPEHHYIO B CKBaKMHE
abCoNIOTHYIO OTMETKY CTpaTHrpa(uyeckoro TrOpPH3OHTa, KOTOpas
HCTIO/B3YETCA IPH INOCTPOEHHH CTPYKTYDHBIX KapT B H30JHHHIX.
Ilpeanonaraercs, 4to HeT ADPYrHX NPHYHH HEONPENEJECHHOCTH H3-
MepeHH#l KpoMe TeX, KOTODble BO3HHKAIOT H3-3a HeCOBEpUIEHCTBa
HHCTpyMeHTOB. TOMBKO NpH OUeHb PEAKHX Te0JOTHYECKHX CHUTya-
uHaAx (HanmpuMep, NepeBepHyTas CKJaAka) B CTpaTHrpaduyecKol
€INHHUEe MOXKHO [PEANOJOXUTL Haauume Gojiee OOHOH abCOJIOT-
HOH OTMETKH B OJHOI TOYKe.

CoBceM He OuY€BHIHA OJHO3HAUHOCTL HEKOTOPBIX [EOJ0rHYec-
KHX nepemMeHHuX. Hampumep, isMepeHHss NOPHCTOCTH WJAH XHMH-
YECKOro cOCTaBa — CTATHCTHYECKHE II0 CBOEH NPHPOAE BEJHUYHHBH,
a NOBTOpHOEe ONPOOOBaHHE H aHaJH3 B OJHOH u TOIl Ke TOYUKE
MOI'YT IIPHBECTH K HEKOTOPOH NOCJAENOBATENbHOCTH 3HaueHufl. ATo
00ycJi0BNEeHO KaK OLIMOKaMHM H3MepeHHH, TaK 1 cayd4alHbBIMH H3Me-
HEHUsIMH B HeOOJbIIHX o6pasuax aHaJH3HPYeMbIX [0pOjJ. bBoJb-
IMIHHCTBO 4BTOMATHYECKHX NPOTpaMM IOCTPOEHHS KAPT B H3OQJHHH-
SIX He NPHCNOCOOJIEHO K TAKHM [OBTODPSIIOLIAMCH HAHHBIM, XOTS
MHOXKECTBEHHBIE HaOJI0feHHsT MOTYT OBITh MpPHUBEHEHBI K eJHHCT-
BEHHOMY [IPEJICTABHTENbHOMY 3HAUCHHIO, TAKOMY, KaK cpeiHee WHJIH
MaTeMaTHuYeCKOoe OXHAAHHE, KOTOphble 3aTeM MOXKHO HaHCCTH Ha
KapTy.

ABTOMaTHUECKIE NPOLEAYPHl IOCTPOEHHS KapT B 1I3OJIHHHSIX CO-
Jepaxar HHTEPHOJISLHIO MEXAY KOHTDOJBHBIMH TOYKaMii M 3KCTpa-
NOJIALHIO BHE HX NpeletoB. Kak cleiyer H3 HCHOIb3yeMBIX MaTe-
MaTHYECKHX METOAOB, BCE 3HAYCHHHA, NOJYyYeHHble B pe3yJbTare
HHTEPNOJSALHH, JIeXKAT Ha HeNpepblBHOH HAKJIOHHOH [OOBEPXHOCTH
MeXKAy KOHTPOJNBHBIMH TouKaMH, Eciu BellecTBeHHaf HOBEPXHOCTL
COMEPKUT paspbiBHbIE HADYUIEHHA, TO OHM He OyAYT BbISBJICHH
nporpaMmoil, a OyAyT 3aKapTHDOBAHBI MPOCTO KAaK 06JacTH OueHk
KPyTOro HawiaoHa. JJid NpeAcTaBIEHHS pas3JOMOB  HjH  APYrHX
AW3BIOHKTHBHBIX HapylueHlH, o KOTOPLIX HMeEeTCs TpeaBapHTeb-
Has nHQopManus, BHOHPAKIOTCs CrellHajbHble [POLENYPH, B pe-
3y/bTaTe NPHMEHEHHS KOTOPHLIX Ha KapTe NOABJSAIOTCA T'PaHHLHL
OBM no uporpamMe KapTHPOBAlIHs  BHYEPTHT IIOBEPXHOCTH  Ha
LHPOTHBCITOJIOKHBIX CTOPOHAx OT 'paHHul, TakK, KakK ecJu (933 OHH
GbLIH COBEPILIEHHO OTJAeAbHBIMM KapTaMH. COOTBETCTBYIOLLAST Ma-
TeMaTHyeckass MOJeJsb OyaeT HUMeTb Pa3phiB B UYHCJEHHBIX 3Haue-
HHAX BLOJIb IpaHull. OJHAKO HEBO3MOMKHO CO34aTh NPOrpaMMy IO-
CTPOEHHs KapThl B H3O0JHHHSX, KOTOPas aBTOMAaTHUYECKH pacno3Ha-
€T DA3PLIBHBIE HapylIeHH.

IlporpaMma mocTpoenysi KapT B H30JMHHSX OCHOBaHa Ha AOMY-
LICHHH, YTO 3HAUEHHs NIOBEPXHOCTH B OJHOH TOUKe TECHO CBS3aHbL
CO 3H4YCHHAMH B COCEJHHMX TOUKAX H MeHee TecHO CBS3aHbl CO 3Ha-
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yeHHAMH B 0oJee OTJajNeHHBIX Toukax. [lomyileHdHe O TOM, 4TO
KapTHPyEMasi TMepeMeHHas IOJIOXKHTEJbHO aBTOKOppEaHpoOBaHa MO
MeHblell Mepe Ha MaJblX DaCCTOSIHHSIX, B aJTOPHTME COOTBETCTBY-
er BLI6OpY BOJIH3M OLEHHBAeMOli TOYKH BCeX GJHM3JIeXallHX KOHT-
oJLHBIX TOYEK, NOCJe 4ero OLEHKa HOBEPXHOCTH B TOYKE OCylle-
CTBJSIETCST C TIOMOLLBIO HeKoToporo cnocoba ycpeaHenus. Ecau no-
BEPXHOCTb BBICOKO aBTOKOPPENMPOBaHAa, TO BCE 3TH COCELHHE KOH-
TPOJIBHBIE TOYKH OYAYT HMETb NPUMEPHO OLHO H TO Ke 3HAYCBHE,
u Hx cpentee GyaeT OOOCHOBAaHHON OLEHKON B IPOMEXKYTOUHBIX
touxax. HaoGopor, ecau noBepxHocTh cnabo aBTOKOppEaHpOBaHa,
TO COCejHHE KOHTPOJBHBIE TOUKH OyAyT MaJjo CBA3aHHBIMH APYT
¢ ApYroM; OHH TakXe He OYAyT HMMeTb CBS3M CO 3HAUEHHEM B OLE-
HupaeMoii Touke. [IpH TaKMX YCJOBHSIX cJenaTb O0OOCHOBaHHOE
NpeinosioXKesHe O TIDHPOJE 3TOH IOBEPXHOCTH MEXKLY KOHTPOJb-
HLIMH TOYKAMH OKa3BIBAeTCS HEBO3MOXKHEBIM.

TpnaHry.nﬂuml KaK MEeTol NOCTPOEeHNs KapT B U30JAHHUAX

IlepBass nmporpaMMa NOCTPOEHHS KapT B H3OJHHHSX C NOMOLLbIO
OBM 6ni1a mpocTHM NPUMEHEHHEM METONOB, HCIO0Jb30BaBUIMXCS
I [IOCTPOEHHS KapT Tonorpadamu Bpyusyo [39].

[IpuHuMasi, YTO MOJIOXKEHHS KOHTPOJBHHX TOUEK [POH3BOJIbHMI
I He [OAYHHSIOTCS HHKAKOMY NpPaBHJAY, HX COEIHHSIOT CHadaja
npyMbIMH JuHHAMH. Takum 00pa3oM NOJY4aercst CeTb TPEYyroib-
1N1K0B, MOKPLIBAONINX Kapty (puc. 5.44). Ilpu uHTEpnOJALNA HH-
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Puc. 5.44. OueHKa NOJOXEHHS H30JH-~
HHMA METOROM TpHAHTyAauuu [39]:
G — naHHbBle, HEPABHOMEDPHO pacnojo-
JKEHHBIE B TIPOCTPAHCTBE; 6 — TPEYroJb-
HUKH KapTHPYeMOW IUTollafu ¢ BeplIH-
HaMH B 34J4aHHBIX TOYKAaX; 6 — H3O0JH-
HUM, [POBEJEHHBIE UePe3 CTOPOHLI Tpe-
YTOJIBHEKOB, NPHUEM KOHKPeTHHle 3Hade-
HUSl OTMETOK B 3aJaHHBIX TOYKax OhLIH
HafiJeHH METONOM JIHHEHHOW HHTEpno-
JSILUHA
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e CTOPOH TPCYrOJIbHHKOB HAXOAAT TOYKH, B KOTOPHIX a0COJIOTHAS
OTMeTKa HMeeT 3aJaHHyl0 NOCTOAHHYI0 BeJHYHHY. CoelHHss
TOUYKH PaBHLIX aOCOJIOTHBIX OTMETOK, MBI [MOJIy4aeM HEeKOTOPhIH
KOHTYD. [leACTBHTEJBHO, NOBEPXHOCTH MOXKHO NPEACTABUTH KAk
PAL IJIOCKHX TPEYTOJbHBIX IJIACTHHOK, KaxjJasi M3 KOTOPBIX HMe-
€T YIibl B KOHTPOJbHLIX Toukax. [locTpoeHme KapTel cBOAHTCH K
IPOBEACHHIO TOPH3OHTANLHBLIX JIHHHH Yepes 3TH HaKJOHHBIE MJ1ac-
THHKH. [loYTH Kaxkablfi CTYHEHT-TeOoJOr HJH HMHKEHep HMeJ 60
¢ PYUYHBIM 3KBHBAJIEHTOM 3TOrO MPOLECCA NPH BLINOJHEHHH YIPaiK-
HeHHH 10 KapTHPOBAHHIO HJH ChEMEKE.

OueBHAHO, UTO €cM KOHTDPOJbHBIE TOUKH CBS3aHBI PAa3JHUHBIM
06pasom, 10 OYAYT ONpeleseHbl Pa3jHyYHble MHOXKECTBA TPEYroJb-
HBIX MJIACTHHOK M PasjiIduHble MHOXKECTBA KOHTYPHBIX JHHHI. B He-
KOTOPBIX PAHHUX TPOrpaMMax NOCTPOEHHs KapT B H3OJMHHSIX MPO-
CTOH BBOI NAHHBIX TOYEK B Pa3JHYHON INOCJIEAOBATENLHOCTH NpH-
BOAMJI K 3aMeTHOMY Ha IJla3 PasJMYMIO H30JMHHI Ha kapre. Uro-
Ol H30eXaThb 3TOTO, OBIAM CAEJAHB MOIBLITKH BEIOpATh eNUHCTBEH-
HOC ONTHMAaJ/LHOC MHOXECTBO TPEYrOJbHHKOB JJIsi KapTHPOBAHHSI.
OObIYHO 3TO 03HAYAET, YTO TPEYrOJLHUKH BHIOHPAIOTCS HACTOJLKO
OJM3KAMH K DPaBHOCTODOHHHM, HACKOJDBKO 5TO BO3MOXKHO, HJH YTO
TPEYrOMbHHKE JOJUKHBl HMEThb HAHMEHBUIYIO BO3MOMKHYIO BHICOTY,
HJIH YTO HauGoJbllas CTOPOHA TPEYrONbLHHKA JOMXKHA OBITh Ha-
CTOJIBKO KOPOTKOIi, HaCKOJIbKO 3T0 BO3MOkKHO [30]. K coxaseHuo,
HE HM3BECTHO HH OJHOIO a/JropuUTMa, KOTOPHIA Obl ofecleunBaj mo-
CTPOEHHE TPEYTrOJLHOH CEeTH TakKHM 06pasoM, 4TOOB AOCTHraJach
OnTHMaJbHas KOHQHIypauus. DTO 4aCTO NPHBOAUT K UPE3BHIUAIHO
OOJIBIIOMY BpeMEHH BEHINOJHEHHS aJlOPHTMa, pe3yJbTaTOM Hero
0Ka3aJIcsl NMOJHBI OTKAa3 OT MeToAa TPeyroJbHHKOB. Ero Mecro
3aHsIM NPOLEAYPD, KOTOPblEe HCIOJb30BAJH KOHTPOJbLHBIE TOUKH
TOJIBKO [Js1 TIOJIYYEHHSI OLEHOK IOBEPXHOCTH B Y3/14X pPeryJspHoif
CeTH H 3aTeM JJIsl NIPOBEAEHHsl H3OJMHHH 10 ee y3JaM, a He 1o
CaAMHM KOHTDOJIBHBEIM TOYKAaM,

B nocnexHne ronml HameTuJsicst BO3BPAT K TPHAHTYJSIHOHHBIM
npouenypam Gaarogaps CO3AaHHIO aJTOPHTMA, KOTOPBIA MO3BOJAET
NOTyYnTb MOYTH ONTHMAJIBHYIO CeTh Ha mepBom ware [39], [55].
ITH ceTH, Ha3pIBaeMble TpUaHryJasauuei [lesoHe, ONpe/eNeHBl e/LHH-
CTBCHHBIM 00Da30M AJig JAHHOI'O MHOXKECTBA TOUYEK. B LOMOJHeHHe
K 3TOMy oOpasyeMble TPeyrOJbHHKH HACTONBLKO GJH3KH K paBHO-
CTOPOHHUM, HACKOJBKO 3TO BO3MOXKHO. DTO 3HAUHT, 4TO HAHGOJb-
[IHE PACCTOSIHHA, Ha KOTOPBIX NOJIXKHA NPOH3BONMTLCA HHTEPIO-
L5t 1St HAXOXKJAeHHst yPOBHeH H3OJIMHUI MeHbUIC, yeM B Apyroil
TPEYroJbHOH ceTH.

Ecan Mbl MMeeM J1eo ¢ paccesHHBIM MHOKECTBOM TOUEK, TO
MOXHO cefe¢ NPEACTABHTb, YTO KakKlas TOuKa, Jekamas BHYTPH
MHOTOYroJIbHHKa, pacrnojioxena Ogauxe K J1060#  Apyrofl  Touke,
coacpKaiielicss B HeM, 4eM K TOYKe BHe ero (puc. 5.45). HaoGo-
POT, Kax/as TOuKa, HaXOASIAsICs BHE 3aJaHHOTO MHOTOYFOJbHH-
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Puc. 5.45. Muoroyronbunk Tuccena  Puc. 5.46. Cern rpeyroapnnkos [lenone
(zamTpuxoBan) BOKPYr Touku A. BOKPYT ToukH A.

Bee TOUKH BHYTPH MHOTOyTOJbHNKA 6ay-  Bee TOYKH, cOenHHEHHBE C TOYKOH A,
e K Touke A, uem J106asg Apyras Tovxa ABasioresl ee THCCEHOBCKUMIL COCeAAMH

Ka, GJaMKe K HeKOTOpOH ApYyrofl, 4eM K TOYKe, JIEXKailed BHYTPH
5TOr0 MHOTOYTrOJbHHKA. JTO — HauboJiee KOMIIAKTHOE IOJApasicJe-
Hie fpOCTPAHCTBA N3 BCOX BO3MOMKHBIX. MHOMKECTBA MHOrOYroJib-
HIIKOB ¢ TaKHMH CBOMCTBaMHM HA3bIBAIOTCST MHOTOYTOJpHHKaMH THe-
cena, Jlupuxne, BopoHOro u BO3HHKAKT BO MHOTHX 0b6JacTax.
Feorpadbl HCMOABL3YIOT MHOTOYEHH THCCEHa [Js MOJEaHpo-
BAHNS 30H BJHMAHHS KOHKYPHPYIOIIHX ropopoB. Moxens pocrta
KpueTaJuioB B TBEPJACIOEM pacTBOpe B METaJVIypruH OCHOBaHa
Ha MHOTOrpaHHHKax BopoHOro, ABJAAOIIMXCSH TPEXMEPHLIM 9606-
ILCHICM  MHOTOYT0.1pHHKOB. COBOKYIBOCTb MBIIBHBEIX Ny3bipeit 00-
DUsVET JIETKO HaOJII01aeMyI0 CeTh MHOrOrpaHHukos BopoHoro.
‘ MHOrOyroJbHHKH, HENOCPeICTBEHHO INPUMBIKAIOUHEe K MHOTO-
vroasanky TrcceHa, 3ak/IOYaloOlleMy 3aJaHHYIO TOUKY A, Tarme
SIBJIAIOTCST MHOTOYTOJIbHHKAMH THCCEHA, KaxABIH H3 KOTOPHX 3a-
KJIOU4eT eJHHCTBEHHYI0 TOUKY. DTH TOUKH Ha3BIBAICTCS THCCEHOB-
cwnmi cocesMu Touku A. Ecam 3TH TOUKH COEAMHHTL HPAMBIMH
JUHUAME, TO TNOJy4YnTesl TpeyrospHas cetb [lenoHe (pHc. 5.4()‘)7.(
Jlos moforo pasmeillenHsi TOYek Kaxk MHoroyrosbunwks — Tucceina,
taik u TpeyroapHuxy Jlenode eIMHCTBEHHEL Hpoueucc TPHAHLY -
U COCTOMT B ONpeAE]eHin THCCGHOBCKHX COCEled  10C/eloB:-
TCALEBIX Touek Ha kKapre. Ha puc. 5.47,a HailJeHp! COCEAM TOUKH
A, Chauana TPEANOJIOXKUM, UTO BOJH3M TOYKH B HMeeTcst cocel
1L LOCTPOUM KPYT, HHAMETP KOTODOTrO ONPEAEJSETCS OTPEe3KOM AB.
Eean BHY'ThH Kpyra Her ADPYIHX TCUEK, TO B peficTBUTENBHO ()\
aer cocepoy A. Ecsim BekoTODAash TOYKA BHYTPH Kpyra Oyjer Hak-
ACHA, 10 oBa saveunt rouky B. TloWcx camenyroilero cocena mnpo-
M2BCJATCS TIDOTHR YaCOoBCf CTPEJKH OTHOCHTEeabHO Touku A. Kpyr
pasJaraercyd yxkasanuwy ofipadoM Tak, 4ToOH Toukn A u B Ouun
pacuoJIoXeHsl Ha ero icpHMeTpe. 3aTeM BHYTPEHHOCTBL Kpyra npo-
Bepdgercss Ha HajaHYlle KakHX-JHO0 3aKMWUEHHBIX B HEM  TOUeK.
Ecau Gyner Haiineda oxua touxa, To oHa OGYyAET BTOPHIM THCCEHOB-
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Puc. 5.47. Onpenenenne TucceHoBckux coceneit Touxku A:

a— B KauecTBe BO3MOXHOIO cocella BhIGpaHa TOYKa B W IOCTPoeHA OKPYKHOCTh

¢ nuamerpoM AB. Ecau OKpYXHOCTb He COAEPKUT HHKAKHX ADYIHX TOuex, 10 B

ecTp cocel; 6 — 60/bIIasg OKPYKHOCTb ¢ TOYKaMH A u B Ha Hell ucmosbayercs

JAs [OHMCKa GJHXKafuiero cocefla B HaNpPaBJEHHH NPOTHB YacoBoii crpeaku. C sip-

Asiercst cocenoM, tak kak yron BCA npeswemuaer yron BC’A; 8 — ucxonst u3

OKPYXKHOCTH sl XxopAb AC, HaxoxuM cocena D; 2 — OKOHUATENbHBIH NOHCK KpyTra
IPHBOJHUT CHOBA K TOuKe B

ckuM cocenoM. Ecau 6ynyr HalineHwl aBe uau GoJiee TOYKH, HAj0
NPaBHJIBHO ONpPENEJUTh BTOPYIO OKPECTHOCTb. ITO AeNaerTcs ¢ Io-
MOUIBI0O BLIYUCJEHHS yria, o6pasoBaHHOrO TOUKOH B, TOUKOH-Kal-
nupatoM M Toukoit A. McTuHHBIE THCCeHOBCKHII cocen 6Gyner obpa-
30BHIBaTh Haubospwuil yroa (puc. 5.47, 6).

[Touck Tperbero THCCEHOBCKOTO COCEla NMPOBOIHTCH C IOMOIIbIO
BLIYEPUHBAHHS TaKOM OKPYXHOCTH, uto Touka A u Touka C, BTO-
poit cocen, nexar Ha ee nepumerpe. [IpoBepsioT, HeT JM BHYTpH

3TOrG KpPyra KaKOH-JHOO TOYKH, KOTODYIO MOXKHO G6BIJIO CUHTATD
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Puc. 5.48. Coepnusasn THcceHOBCKHX coce- o
peil TOUKH A, noJAyuaeM TPEeyroibHYI0 ceTh
BOKPYTI' TOYKH A. Tpouecc 3aTem moBTOPA-
toT AAS ONHOH M3 TOHEK B—F u 3atem
OnsITh NOBTOPSAIOT

TpeTbuM coceloM D (CM. pHC. 5.47, 6). Ilanee cTpoHTCca KPyr, KO-
TOpHIl Ha CBOEM MEPUMETPE COAEPIKHT TOUKH A u D u BHYTpH KO-
TOPOro  IPOH3BOJHTCA IOHCK YETBEPTOrO THCCEHOBCKOrO  COCena.
MoxeT CAyuHTbCsl, uTO TOYKa B OyjneT cHOBa OObsiBJeHa THCCe-
HOBCKHM COCe[OoM; Torja Bce coceld A AOMKHB OBITH OTOXKIECTB-
Jgennl (puc. 5.47,2). CoeaMHHB 3THX cOcellell, TMOJYyYHM TpPEYyroJib-
HYyIO ceTh BOKpYr A (puc. 5.48).

OJMH H3 THCCEHOBCKUX coceled Ttenepp obo3Hauaercss udepes
HOBYI TOYKy A, BOKPYr KOTOpOii cHOBa OyAeT NPOU3BOAUTLCS MO-
HCK, H Bech Ipoliecc HauHercsi cHoBa. CeTb paspacTaercs, pacnpo-
cTpaHsisich, I0J0GHO BOJIHe, IIO KapTe A0 TeX IOp, MOKa Kaxjaas
Toyka He Oyjger B Hee BKJ/OYeHa. Has AocTukenus 3¢GhexkTuBHO-
CTH BBLIUHCJEHHE UeJecoo6pa3HO INpPEJBAapUTENbHO  OCYUIECTBHTh
COPTHPOBKY KOOPAKHAT TOYEK 1Jf TOrO, YTOOLl NMPH IIOUCKEe cHaya-
Jla paccMaTpHBaJuch Hanbojee BepOsTHHE KaHAMILATH Ha  POJIb
cocega. XOTsI 3TOT MpoOLECC AOBOJBHO TpylLHO onucaTh, MakKaJ-
jgax u Pocc [55] onpenensior yucio HeoOXOAMMBIX —1IAroB JJIs
OCYLIECTBJEHUsS TPHAHTYJSIHHH HEKOTODOTrO MHOXeCTBa H3 71 TO-
YeK I NOKasBIBaloT, 4TO OHO NponopuuoHadsro nlogn. HaoGopor,
YHCJI0 onepauufl, TpedyeMBIX AJs IOCTPOEHHS TPEYrOJbHOH CceTH
MetogoM Npo6 H OWHOOK, NPONOPHHOHAJALHO 7% a UHCJO 1LIaros
NPHY NOCTPOEHHH CeTH IIPONOPLHOHAJIbHO nl.

Honynienie, uto TpPeyroJbHHKH INPEACTABIAIT HAKJIOHEHHHE
IJIOCKHe NMJAACTHHKH, OYEBH/HO, CJAEAyeT H3 OueHb Irpyboil anipok-
CHMaIHH MOBEPXHOCTH. DoJiee TOUHas annpokcuManus MOXKeT ObITh
JMOCTHTHYTA, eCIH HCIOJAb30BATh H3OTHYThIE TPEYroJbHble NAACTHH-
KH, B YaCTHOCTH, €CJH yJAacTcs COEAHHHTb HX TJIaAKO BAOJL KpaeB
TPeYTrONBHHKOB. Hnst 3TOH Ledu HCIOJb30BAJHCh pasfHuHble Me-
Tonbl. OauH M3 HauboJee paHHHX COCTOHT B HAaxXOXJAEHHH  Tpex
Guuxafimux cocenel X CTOpoHaM TPeyroJbHHKa, M 3aT€M B IOCT-
POCHHU MNOJMHOMHAJLHOH TPEHA-NOBEPXHOCTH BTOPOH CTENEHU IO
9THM TOYKaM H IO BepUIMHAM TpeyroJbHuka. IloBepxHOCTL TpeH-
Aa BTOpPOH CTemeHH KyNoJio- uiu OaccefiHooOpasHas, oHa onpepe-
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Jsiercsl WecTbio Kosdduumerramu. 3To 03HAUAET, UYTO HCKOMAag
IIOBEPXHOCTL NPOXOAHT B TOUHOCTH 4epe3 Bce UecTh, touex. [lody-
YeHHOC YPaBHEHHE 34TeM MOKeT OblTh HCIOJb30BAaHO IJsi HaXOK-
JEHHsS] pAfa TOYEK, HMEWHIHX AaHHYID OTMETKY. DTH TOUKH COeMM-
HAIOTCA, 00pa3ysl He npsMele JIHHHH, a HCKPUBJIECHHBIE,

Haxke HecMoTps Ha TO, YTO NPHMBIKAIONIHE NJIACTHHKH NOAGH-
pawTea ¢ IOMOUILIO MCHOJAL3OBAHMS OAHHX M TeX XKe TOuek, HX
HOBEPXNCCTH TPEHAA HE COBNAXaldT TOYHO BJOJbL JIIIHIH ICPpeKphli-
THS1. 270 3HAUYNT, YTO HaANpaBJEHHS MOTYT MEHSATBCSI CKAYKOM, KOr-
A U3CJUHHI NEPEXOAST C ONHOH TPEyrosabHOfl INTACTHHKHE Ha HApY-
ryto. OpuH 13 nyrefl HCIPABACHHS MOJOXKEHIS — 3TO
H30JHMHI JBYX MOBEPXHOCTEH, yCpepHsAd HX.

Hau6onee anerantHas npoueiypa OCHOBAHA Ha HCHOJb30BAHHH
TPCXMEPHBIX 3KBUBAJCHTOB CnJaalH-QYHKLUNE, BBEICHHHX B Npe-

nplsymefi rmase. B oaeraasx oum pacemorpess B [74].  TloBepx-
HOCTHbIE HHTEPNOJSAUHOHHBIE yDaBHEHHS, HCIOAb3yeMble B aHaJli-
3¢ KOHCUHBIX 3JIEMEHTOB, TAKKe MOTYT ObITb INpPHMEHEHh AJs

oxonryvpusanus [30), [54]. Ilpoueaypwi, ncnoassyembe MaxKadi-
JAXOM JJISt MOJENHPOBaHHsS (OPMBl IIOBEPXHOCTH BHYTPH KarKZOiH

TPEyroabHOlT NMAACTHHKHA, CANIIKOM CJOMKHBEL, 4TOGH 371€Ch ONHCH-

BaTh HX B jJeTanax. MHTepecymomnxcsa MoXKHO 0TOCIATH K €ro CTa-
The HJi K NONHOMY MaTeMatuieckoMmy usJoxennio [8]. Hurepno-
JAIHOHHOE ypaBHEHNE Has3blBaeTcd TPHKYOHUECKHUM MHOTOUJIEHOM,
H NOJYyyeHle OUEHKH KawIOil TOUKH BHYTPH TPeYroJabHuxa B ¢op-
Me, HCHOJIb3yeMoll MpH OPOBENCHMH H30JHHHIH, Tpefyer AeBsiTi na-
pamerpos. IlepBeic Tpi N3 3TUX mapaMeTpoB — 3TO Ha caMoM je-
Jie TicTlapHbie NPOH3BEAEHHs CTOPOH TpeyrogbHHKa. BTopce MHO-
ZKECTBO TpPeX IapaMerpoB — 9TO 1O CYLIECTBY KOOPAHHATH OUEHH-
BaeMOH TOUKM, BHIDayKeHiible MO OTHOWIEHHIO K KazxKJI0H M3 TpeX Bep-
wui, [locnesHee MHOXECTBO 113 TPCX KOOPAHHAT — 3TC  NePBble
IPOM3BOAHBIC ITIGBEPXHOCTH B KaKjaof Bepumuue. [IpoisBoinas B
HEROTGPOH BEpIINMHC OLEHWBACTCSH anmpoKCHMailicll MIOCKOSTH K ee
THCCCHOBCKHM COCEAAM C HOMOIILIO MeTola HAHUMCHBLINX KBajipa-
TOB. 3Ta MJIOCKOCTb NGAUHHRETCH YCJOBIIO NPHHNMATL 3HAUeHie
Y B 371oft Bepminne. Toria xoopauHatol X; B X, HJAOCKOCTH KOM-
Cudupyiorea Tan, urelol 06pa3oBaTh a0ULI yroJ HakJOHA.

STH JeBATh 1tapaMeTpoB JIHEHHO KOMOHHHPYIOTCA TakHMm obpa-
30M, 4Tu0bi AaTL OUEHKY Y B 3aiaHHOi TOYKe. Bee OUCHKH BHYTpH
TPEVIC.ibEEKA JeXKaT Ha TAa1KOH HCKPHBJAEHHOH TOBEPXEOCTH. KO-
TOpas 3MEHAETCH HENPEePBIBHO ¢ allPOKCHMUDYIOUICH HOBCpXH-
CTBK) B NpPHMBIKAIOMIMX TpeyrosabHnkax. HenpepuiBHOCTE BROJB
CTOPOi! ABYX NPHMBIKAIOWMUX TPCYTOJBHIILOB oOecheuuBactTea TCM,
YTO Olil MMEOT JABe OOliMe BEPIIMHEl H  palfesieHHble 1HOPOBHY
000bLICHEBIE HAKJIOHHL.

{pi npoBejileHMH H3OJHUHHE YDaBHEHHE OIleHHBAHIS COpalia-
ercst. Jyauyenpne Y mojaraercs PaBHbIM 3ajaHHOMY ypPOBHIO M30Jii-
HUH, H R HECKOJbEKIX BBIOpPaHHLIX KOOPAMHAT X; HAXOAATCH KO-
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Puc. 5.49. Usobpamenue KOHTPOABHBIX TOUEK JJIA 3ajauM Tonorpaguueckoro kap-
THPOBAHHKS.

3a eauuuny wmaciutaba Bebpatu 50 ¢yToB, Hauaso oOTCYETA — JIEBBA HHXHHUI
yroJ; BEHCOTA Haj YPOBHEM Mopst — B yrax

opanHathi X, (uau Hao6opot). B pesyanrare noJsyvaercs pag To-

YeK, HMEWIHX HOocTosHHble 3HaueHust Y. M3oaunus moxer OLIThL
pOBEeHa NPOCTHIM COCJHHEHHEM 3THX TOYeK.

Ha6op 3naueHu#, no KOTOPOMY CTPOMTCSI KapTa B H3OJIHHHSAX,
BBOAHTCA B MamlMHy B BHJAe MaTpHUIB Nopsfaka nX3, B KOTOPOH
Kaxjaasi CTPOKA COAEPXHT TPH 3JeMeHTa: X, H X, — KOOpJIHHATLI
n Y — kapTupyeMas xapaKTepHCTHMKA, 3ajagHas Kak (YHKIHS Ha
MHOXECTBE 3HadCHuil Koopaurar. Ha puc. 5.49 npusejsen tunuu-
HBIH HabOp TOYEK C COOTBETCTBYIOLUHMI HM 3HAYCHHAMH pe3yJ/bTa-
TOB H3MCpeHlsi alCOJIIOTHBIX OTMETOK TONOrpadHyeckoll mnoBepx-
HOCTH. JTH JaHHBIE HOJYYEHBl [PH MEH3YJbHOH ChEMKE H PaBHO-
MCpHO pACHpCACAeHD Ha H3ydaeMoll NJOWAagH C y4eTOM 32]aHHO-
ro macmraba xaprtel. Bee 2TH JaHHBIE ¢ COOTBETCTBYIOIIHMH 1M
KoopaunHarami npupejennl B tabj. 5.11. Has ynobcTBa 3a Hauadlo
KOOpAHMHAT NPHHAT JIEBHIH HICKHHE  yroJ KapThl, a 3HayeHHs KO-
OpPAHHATHHIX OTCHYETOB BLIPAXKEHBI B [POH3BOJBHBHIX  €JHHUUAX
(onna enununa — 50 ¢yros). IlosoxkeHHe TOYEK HABJIOLCHUS
MOMUO Gbl10 Gbl BBIPA3NTH H B JMIOOLIX APYTHX €UIHHLAX, YTO HC
LOBJHSLIO OBl HA PE3YJbTATHL.
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Ta6anna 5.1%

T'eorpaduueckse KOOPAMHATH! W BO3BBIMEHHS KOHTPOJBHHIX TOYEK
B npoGaemax pa3BeNKH

Koop/tnxatul KoopAHHATHL BospbilleHHe Koopaunatsl { Kooppmiates | BO3BLINCHRE

BOCTOK — 3a- cenep — for | V44 YPOBHEM |l BOCTOK — 3a- ceBep — Ior najl YpOBHeM
najn opa, GyTH najx mops. GyTH
0,3 6,1 870 5,2 3,2 805
1,4 6,2 793 6,3 3.4 840
2,4 6,1 755 0,3 2,4 890
3.6 6,2 690 2.0 2,7 820
5,7 6,2 800 3,8 2,3 873
1,6 5,2 800 6,3 2,2 878
2.9 5,1 730 0,6 1,7 873
3,4 5,3 728 1,5 1,8 865
3,4 5,7 710 2,1 1,8 841
4.8 5,6 780 2,1 1,1 862
5,3 5,0 804 3,1 1,1 908
6,2 5,2 855 4,5 1,8 855
0,2 4,3 830 5,5 1,7 850
0,9 4,2 813 5,7 1,0 882
2,3 4,8 762 6,2 1,0 a0
2,5 4,5 765 0,4 0,5 940
3.0 4,5 740 1,4 0,6 915
3,5 5,5 765 1,4 0,1 890
4,1 4,6 760 2,1 0,7 880
4,9 4,2 790 2,3 0,3 870
6,3 4,3 820 3,1 0.0 280
0,9 3,2 855 4,1 0,8 960
1,7 3,8 812 5,4 0,4 890
2,4 3,8 773 6,0 0,1 860
3,7 3,5 812 5,7 3,0 830
4,5 3,2 827 3,7 6,0 705

Ha puc. 5.50 npeacTaB/eHO MHOXKECTBO TpeyroabHHKOB [leso-
ne, noctpoennbix MaxKaiusnaxoMm no ero mnporpavme. as npose-
IeHAS HW3OJUHHH BHE OTPAHHUYMBAIOLIETO MHOTOYIOJbHHKZA, KOTO-
puI  3aKJa04aeT OGOJBUIHHCTBO KOHTPOJBHBIX TOYEK, HEOOXOAHMO
pasMecTHTL BIOJb PAHUULI KapThl paia nceBpotouek. B srom mpu-
Mepe OfiHa TCEeBAOTOYKA Pa3MeLLaeTcst B BepliiHe KaXXJ0ro yraa
U ellle ABE Pa3dMEILalOTCA BAOAb KaXAOH CTOPOHBL KAPTHL

OxoHuareNbHasg xapTa, NOCTPOEHHAs METOLOM TpPEeyroJbHHKOB,
npuseseHa Ha puc. 5.51. Ona owewp HanoMuHaeT Kapry (CM.
puc. 5.58), HOCTPOCHHYIO METOJAOM CeTOK, HO HMEIOTCS passinuyus B
nerajsix. Han6osee oueBu/Hble M3 HHX — 3TO y3KHe o6JacTi, Ha
KOTOPLIX HAKJOH [OBEPXHOCTH PE3KO H3MEHSETCs, KaK Ha 10ro-3a-
NajHOM M IIeHTPaJbHOM CEBEPHOM yuacTKax KapTel. ITO xax pas
o aAs, Tae TpeyroAbBHKR Jlesnone oueHb octpuie. Broan mnodeit
KapThl 3TH YepThl MOXKHO MCIPaBUTb, BCTABHB PasyMHBIM 06pasoM
ICeBAOTOUKK, HO OHH He MOryT OBITb H3MEHEHBl BHYTDH  10Js
KapThl A0 TeX Iop, MoKa GOJbIlee KOJHYECTBO NAaHHBIX HE OKaXeT-
Csl IOCTYMHBIM.
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IMocTpoeHne KapT B H30NUHUAX METOAOM cereil

[TocTpoeHHE METOAOM CeTeH —— 3TO TNpOLecc onpefesieHHs 3Ha-
geHH[i NOBEPXHOCTH B HEKOTOPOM MHOXKECTBE TOYeK, KOTOphie pas-
MellleHBl 10 peryJsapHOHA cxeMme, OOLIUHO KBaApaTHOH, KoTopas MOJ-
HOCTbIO TOKpBIBaeT KapTHpyeMyio Ijowafb. B ofumeMm caydae
3HayeHHs IOBEPXHOCTH B 3THX DaBHOMEDHO DACIOJOMXKEHHBIX B
npoCTpaHCTBe TOYKAX HEM3BECTHHl, M 3ajaya COCTOMT B HMX OleHKe
70 U3BeCTHBIM 3HAYEHHSIM MNOBEPXHOCTH B HENPABHJBHO PAacHoJO-
JKEHHOM MHOXKECTBE KOHTPOJBHHIX TOYeK. TOUKH, B KOTODBIX IHpO-
[I3BOAUTCS OHEHKa, HA3HBAIOTCA y3JaMH CEeTH.

B sToM Mmeroje cHauaJa CTPOHTCS MaTeMaTHdyeckass MOJeNb
[I0BEPXHOCTH, KOTOpas HMeeT (OPMY HAKJOHHOH KBaApATHOH HJjac-
TIHKH. B NpocToM ajJropHTMe 5TH IJIACTHHKH [iockue. B 6Gonee
CJOXKHBIX 2JPOPHTMAaX OHH MCKDHBJIEHB H Ka)Kaas TIJIajKo mepe-
XOJHMT B TPHMBIKAIOLIMe IJacTHHKH. MaTeMmaruueckass MOJIeNb
CTPOHUTCH JJIS YHCTO INIPAKTHYECKHX Illejell. MHOro Jjerde mpoBecTH
H3OJIHHIY Yepe3 ceTh PeryJaspHO paclOJIOKEeHHHX TOYeK, 4eM Ipo-
BOJHTb HX 4epe3 HPPEryJspHyl0 CeTb HCXOAHBIX Touek. Bce BO3-
MOZKHBIE CIIOCOOBI, KOTOPBIMH H30JMUHHUS BXOJAHT B KBaJpPaT H IOKH-
LaeT ero H KOTOphHe OnpefeseHbl 4eThIpbMSI PaBHOMEPHO  pacmo-
JIOKEHHBIMII y3/JaMH CeTH, H3BECTHH. JIerKo HamucaThb aJNropHTM

Puc. 5,50, Tpeyroabnas cerb JlesioHe AJis KOHTPOJBHBIX TOYEK, H30OPAKCHHBIX HA
pHc. 5.49. JloGaBienbl JoXHbIe TOUKH MO KPAI0 KapTh
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Puc. 5.51. Tonorpamueckas kapTa B H3O0JHHHAX, NOJYYeHHAs MO NPOrpamMme,
B KOTOPOH B Ka4ecTBE MATeMATHYCCKOK MONENH MOBEPXHOCTH HCMOJb30BAHA Tpe-
yroasHas cetb. MHTEpBaN MEXLY H30AHHMAME — 25 dyTos (0,3 m)

BHIUEDYHBAHHUA JIMHHH C YYe€TOM BCeX 3THX BO3MOXKHocTell. Mszonu-
HHST MOXKeT OBTb NpPOBeAeHa IPOCTO BHIUEPUMBAHHEM HYTH NPH ee
nepexoje M3 OLHOTO KBajpaTa CeTH B ciaegylomuill, OnperefuTh
IyTh H30JHHHHM uYepe3 HPPeryaspHyl0 CXeMYy KOHTPOJIbHHIX TOYeK,
KaK 3TO AeJAaeTCss B aJrOpUTMe MeTOAa TPEYrOJbHIKOB, HAaMHOIO
TpyaHee. OTAenbHbBle TOUKH HE MOryT GHITh CBfI3aHLI Tax, 4TOb:.
06pa3oBath pEryJSPHYIO CETh, IO3TOMY BO3MOXKHLIE NyTH H30JH-
HHH 3apadee HCH3BeCTHB. 3HauHT, ABHBIe KoopamHaTh X; u X,
BCeX MPOMEKYTOUHBIX TOUYEK, COJAePrKauluXcsl B BBIYHCACHHSIX TYTH
H30JIMHKH, JOJKHBE COXpaHATbest B naMaTHn DBM. B peryasaproi
CXeMe OLEHEHHLIX 3HAYeHHH KOoOpAHHATHL X| # X» Onpee/siorcs
HOJIO}KEHHEeM B CXeMe. IJTO IO03BOJSeT CIKOHOMHUTHL naMsars DHBM
H BpeMsl BEIYHCJCHHE.

Y34l CeTH HAH NPOMEXYTOUHBIE TOYKH, B KOTOPBIX JIOJDKHBE
OLITh OLEHEHBl 3Ha4YeHHs NOBEPXHOCTI, OOLIYHO pacrogaramrcs B
KBaJpAaTHYI0 CXeMy, B KOTOPOHi pacCTOSAHHSI MEXKJy y3/7daMH B O-
HOM HANpaBJEeHHH TakKHe Xe, KaK I B NCPIEHINKYAIPHOM K HeMy.
B GoabmuHCcTBE NporpaMM INOCTPOEHHS KapT B H3OJHHHAX 3TH
PacCTOSIHUA HaXOHATCS TI0J KOHTPOJEM IIOJb30BaTesNss H HX BeJH-
YHHA SABJSETCHA OAHHM H3 MHOTHX NapaMeTPOB, KOTOPHI J0JXKeH
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6uiTh BLIOpaH npexpge, 4eM NOBEPXHOCTh GyneT HOKPHTA CeThIO H
kapTipoBana. IlJIOMmanb, 3aK/IOUeHHas] MeXAy 4eTHIPbMSI BEpILH-
HuMH, HA3bIBAeTCsl STYEHKOH ceTH; ecyiH  sidefika ceTH BblOpaHa
Goapuindl, noJdyueHHas Kapra OyAeT HMeTh HH3KYIO paspeularpulylo
¢nocoGHOCTE U TPYOBIH BuJ, 3aTO MOXKeT OBITb OBLICTPO IOCTPOEHA.
Hao60poT, ecau sueliK CeTH MaJbl, TO KapTa OyAeT umerh OoJblie
neraJgefi, ogHaxko norpebyer Gousbllie YCHJIHH AJIS €€ fOCTPOEHHS.

Tax kax aJropHTM IOCTPOEHHSI CETH I03BOJISIET OUEHHTb TOJb-
X0 01H0 3HAYEHHe IO Habopy OJu3KHX KOHTPOJBLHBIX TOUYCK, TO
gpoueiypa OUCHKH AOJUKHa OBITe NOBTODIO IIPHMEHEHa B ripeje-
JiaX BCEro noJig XapThl A0 TeX IIOp, TIOKa BCS KapTa He NOKpOeTcs
PEryJSpHON ceTblo oUeHeHHBIX 3HaueHnil. Kax Toabko peryJ/sipHas
CeTh OUEHOK NOCTPOEHA, H30JHHHH MOTYT OLITh NPOBEACHBI.

T HexoTOpHIX INaKeTax NPOrpaMM HavyaJbHBIE Mar [MOCTPOEHHS
OHEHON Y3JI0B CCTH AONOJHACTCS OAHHM i GoJjee JONOJHHTE/b-
HBIMI i1araMu, B KOTOPBIX OLEHKH y3J0B ceTH yrouraiorcda. O6wY-
HO Vbl CeTH HEIIOCPeJCTBEHHOH OKPEeCTHOCTH KaXK10ll KOHTPOJb-
HOI1 TGUKI BBIYHCJISIOTCS NOBTOPHO, NP 3TOM HCHOJL3YIOTCS KAaK
HCXOIHBIC KOHTPOJBHBIE TOYKH, TAK 1i TlepBOHAYaJbHbie OUEHKH B
OKPECTHOCTH Y3JIOB CEeTH. DTO NO3BOJSAET IOJYYHTh KapTy I[IOBEPX-
HOCTH, KOTOpash HaXOAUTCSA OJHMKe K KOHTPOJbHHIM TOYKaM, ueM Ha
MNCILIIVIEEM LIare.

flocTpoeHne ceTd MJIH BbIYHCJIEHHE PEryJsipHOH CXeMbl OUEHEH-
HLIX 3HaYeHHH COAePIKHT TPH CyLIeCTBeHHBIX wiara. llepsrril: Kout-
POJLHBIE TOYKHM JOJKHBL OLITE PACCOPTHPOBAHLI B COOTBCTCTBHH €
Hx reorpaguueckKHMH KOOpAHHATaMH. BTOpOH: KOHTPOJbHBIE TOY-
KH, OKDYKalollHe OLEHHBACMBI y3esa ceTH, AOJKHb ObTH BuOpa-
Hul 113 paccOpTHPOBaHHLIX (dafinoB, Tpernfi:  ajaroputs  jaoJikeH
AdTL OLEHKY 3HAUCHHST B 3TOM Y3JIC CETH YCpe3 HEKOTOPYH marte-
MaTIHUCCRYI0 (YHKLHIO 3Ha4eHHil B cocelHnx Ttouxkax. CopTnpoBka
3HAWITCABHO BJANSET HA CKOPOCTb BBEIIOJHEHHs ofepauuil i, cJe-
JOBATEILHO, Ha LeHy BLIIOJHEHUS [POrpaMMbi MOCTPOEHHA H30-
Juigit,. OAaKko oHa He H3MEHSIeT TOYHOCTL OUEHOK, H HOTOMY MBI
lie Oyaem paccmaTpuBaTh ce jgadgee. Kak BHGOp NPOrpaMMLI 1IOkcC-
Ka, tay 1 poifop MaTteMaTHUeckoli (DYHKIHI HMeeT 3HauHTeJbHOe
BJISIHIC Ha OKOHYATEJAbHYIO OPMY KapTHl.

bBoabwmueTBo n3BecTHHIX (YHKIHI, KOTOpHle MO3BOJSIOT OLic-
HHTL 3HAUEHHe NOBEPXHOCTH B 3aJ4aHHOH TOYKE KapThl, 3TO NPOCTO
BBIYIICJICHHE CPEAHCIO H3BECTHBIX 3HAUEHHI MNOBEPXHOCTH TO OJIM3-
KHM KOHTpPOJIbHBIM TOYKaM. [elicTBHTeNbHO, OHO CBOANTCH K IOPH-
80HTAIbPHOMY IIPOEKTHPOBAHHIO BCEeX 3THX OKDYIKAlOWIX H3BECT-
HbIX 3HaveHHii Ha oueHuBacMoe nosoxieHme (puc. 5.52). 3aTem
IPOBOANTCSA CJIOXKHAS OLEHKa ¢ MOMOILLI0 YCPEIHEHHS 3THX TOYEK,
OOBIYHO B3BEIUEHHBIX ¢ OOJBIIMM BECOM JUIsi CAMBIX GJH3KHX TO-
Uex, uem nsst Gosee ynadeHHbx. Ecad 91O cHenaHo Ha peryasip-
HOIT ceTH no BCeMy NOJMIO KapThl, MOJyd4eHHast KapTa OYIeT MMeTb
OlipejesicHHble XapaKTePHCTHKH. HauGoJbline H HaHMEHbLIME IIO-
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Puc. 5.52. Bun paspesa, na KOTOPOM NpPENCTaBACHb KOHTPOJbHBIE TOYKH (CKBa-
HKHHBI) C H3BECTHBIMH OTMETKAMHM MOBEPXHOCTH (KPOBJH (hopmaumu).

OueHkn B yane cern (cTpenxa) cpemaum B P€3yNbTATE TOPH3OHTANBHOIO TPOEKTH-
POBAHHS H TIOCJEAYIOMETrO YCPeAHeHHS

Llaju Ha IOBEPXHOCTH OYAYT COAEPXKATb KOHTPOJbHBIE TOUKH M
GOJILLIMHCTBO Y3JI0B CETH HHTEPNIONAUNE OyAeT J1exath B IpoMe-
KYTOUHBIX 3HAYEHHAX, TAK KakK CpeqHEe He MOXKET JeXaTb BHe
00J1aCTH BJIHSIHHS 3HAuYeHHH, mo KOTODBIM OHO 6BLLJIO BHIYHCJIEHO.
B ysmax cern, pacnosoxenHbIXx BHe GOJBLIMHCTBA H3BECTHHIX TO-
HCK, OUCHKH MOJYYalTCs 3KCTPanodsuued u 6ynyr OJHU3KHMH 110
BCJHYHHE K 3HAYCHMAM B OJNHXKaHIUIHX KOHTPOJBHBIX TOUKAX.

Ha puc. 5.53, @ nsobpaxena cepus HaOJIOIeHHH, NpHUeM KaxK-
Kajd TOYKAa OXapaKTePH30BAHA 3HAYEHHSMH KOODAMHAT X; 1 X,
4 TAKXKe SHAYCHHEM BBICOTHl Hal yPOBHEM MOPS, KOTOPOe npHBe-
JEHO ClipaBa OT KaxJ0H TOYKH.

Hab6op Touek wmoxHO HNepeHyMepoBaTh, T. e. MNPUOHCATbL KaXK-
Roit Touke HOMep i. C/Ie10BATeNLHO, B HOBHIX 0603HAYEHHSX TOUK&
C HOMepoM [ Oymer o6nagaTe KOOpAHHATAMH X; X2, a Takxe
abcomornoii ormerkoit V. Ha pue. 5.53,6 npuserena BbIOpaHHAas
MpaBHbHAsA CETb TOYEK, 0 KOTOPOit GYLYT CTPOHTHCA H3OJHHHM,
Kaxkpolt us sThX Touek MOMHO mpunucaTs COOTBETCTBYIOLIHT HO-
Mep k. TakuM o6pasoM, Touka TOl ceTH c HOMepoM % Gyner 06-
J1anate KOOpAMHATaMH Xix, Xox W BLIUHCIEHHHEM  3HAYECHHEM

Yp. Ham HyXHO BHIUHCIHTD OLEHKY Y, 10 n OJuXKallluM K Held
HCXOZHBIM TOUKaM Habuonenns. CienoBaTesbHO, cHAYAsa HYXKHO
HAlTH 3TH n GIHKANHMX TOYEK M NOACUHTATDH COOTBETCTBYIOUIHE
HM DACCTOAHHUA OT TOYKH C HOMEPOM £ 3aJaHHON ceTH. Ilpouenypa
IOHCKA MOXKeT OLITb MPOCTOH HJIH CJOKHOM; 1033Ke MbI paccMmor-
PHM pasJiuuHble MeTOAB. Tenepb Mbl NPEANOJIONKHM, YTO ¢ HOMO-
HIBIO HEKOTOPOro METOAa MBI ONPENEJHM 1 GJMMKAHIIHX TOYEK K
3ajaHHOH TOuke ¢ HoMepom k. Corsacho teopeMe [Tudaropa pac-

crosune Dip OT TOYKH C HOMEPOM i 1O TOUKH C HOMepoM k Oyner
paBHO
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Puc. 5.53. TocnenoBaTeabHOCTh BLINBCAEHHA IS nOCTpo.eHm H30JIHHHH NPH Ha-
o XOXAEHHM 3HAUEHHH B y3JaX CETH:

@ — UCXOAHHBI HAa60p HEPABHOMEPHO DPACIOJOXEHHDbIX KO:TEZg]’é{e’fé ';or;i};ax;al(xéig-
Te; WHC/HA YK23HBAKOT a0COMOTHBE OTMETKH; 6 — PaBHOMED ia ceth, B 3 o,
POl BEIYMCJIAIOTCS 3HAYEHHS; 6 — PACIOJIOMEHHE HETLIPEX pKafillnX KORTpOTL-
HEIX TOueK TIO OTHOUIEHHI0 K y3Jy DaBHOMEDHOH CETH; 31'1«10“ 3JII:3' Samxaiiitiix
3HAUEHHs HCIOJb3YIOTCS AJS BHUHMCJIEHHS 3HAUEHHS B u.ar;ljle. };BH(;MepHoﬁ wia-
TeIbHBIH pe3yJNbTaT BHIUMCIEHHS OTMETOK B KaxaoM ¥ )

D=V Xir — X1 + (Xop — X:)? (5.66)

i HO
Briuncaus paccrosuue Dip A1a Beex n OMHKAWUUIAX TOUEK, MOXK

NOJICUWTATL 3HAUEHHe Y, 10 cielpylouei popmyJe:
n

N iDuw
V== (5.67)

n

D (1Dy) |

i=1
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ITponece sTux BBHUMCAEHHH MOXHO NOKa3aTh Ha npuMepe aaH-
HbIX, NPHBEACHHEIX Ha puc. 5.53,8. Mbl nponsBoabHO BhHIGEpeM ue-

o~

Toipe Gamxaiimne touxkn (1. e. n=4) wu mnogcuutaem Y, Ha
puc. 5.53,6 uncaa 1, 2, 3, 4 sapasiorcs HoMepaMHu Touex. Torna
D=V 20 —15¢ (30 —3,6 = V0,61 =0,78:
Dy, =V 20=30)7 - (30 — 3.0%2 — V1,00 = 1,00;
Dy =V (2.0 =201 + (30— 2,47 = 10,36 — 0,60:
Dy=14" 2.0 — T,0¥ + (3,0 —2,9% — }/T.0T — 1,00.

Henomssys nosyuennbie paccrostinus,
Hucantens Buipaxkenus (5.67) OyZaeT pameH

6,0 , 6,0 . 7,0 7,0
0,78 " 1,00 " 70,60 + 1,00 —32,36.

MOZKHO BbIYHCJUTDL Yk.

COOTBGTCTBGIIHO 3HaMeHaTeJ b ofipegeJsieTca Kak cyMMa
111 I

L — =
0,78 T.00 060+ Too — 599,
TaK 410
532,36 .
Yk—W—G,J"}.

TouHo Tak Ke MOXKHO BBINOJAHHTE 3Ty Npoueaypy d AJg oc-
TaJpHLIX TOYEK 3aJaHHOH CETH, KOTOpasi CO BCEMH BBIUHCJEHHLIMH
BHaYeHISIMH Y, npuBeneHa Ha puc. 5.53, e.

OTOT THII aJropuTMa MHOIZA HA3LIBAIOT KCKOJIb3SALIUM Cpef-
HHM>», TakK Kak Ka}KILbIIUI y3€J CEeTH OLUECHUBACTCH KaK cpeaHee 3Ha-
HeHlUC B KOHTPOJIBHBIX TOUKAX BHYTPH OKPECTHOCTH, T. €. OLEHKA
ABHZKETCA OT y3Jla CeTH K JAPyromy ysjy. Takne anropHTMbL MOryT
PacCMATPHBATECS KaK CNEUHAJbHLIE CayyaH Gojee O6LIEr0 MHOMNKe-
CTBa HpoUeNyp, KOTOpble COAepkKaT noabop IJIOCKOCTEH HJIH HC-
KPHBJCHHBIX NOBEPXHOCTEH K KOHTPOJBLHBIM TOYKAM B npeaenax
HEKOTOpOH oOKpecTHOCTH. CHauasa HaxoosiTcs Bee KOHTPOJILHBIE
TOUKH BOKPYr OLEHHBAEMOrO y3/a CeTH, DacloJOXKEHHble BHYTPH
3327aHHOM OKpecTHOCTH. MBI MOXKeM 3ateM BOOOpAasuThb, 4ro 3Ha-
YEHHsST B 9THX TOYKAX NPHOJHIKEHHO OnpefeJsior HaKJIOHHYIO
HAOCKOCTE, JTa NJOCKOCTh MOXKET GhiTh OXapakTepHu3oBaHa KakK
IIOBEPXHOCTb JIMHEHHOrO TpeH[d, KO3()(QHIHEeHTH YpaBHEHUST KO-
TOPOTO MOryT OHTL HalleHbl METOAOM HAHMEHbIIUX KBaJapAaToB.
KoahdniuenTsl 1J0CKOCTH BBIUHCASIOTC] B TOUHOCTH TaxK e, Kak
H KO>()(HUHEHTE MNOBEPXHOCTH TPeH.a, TOJIBKO, KOHEYHO, MO TOY-
KaM BHYTPH HCIIOJIb3yeMOH OKPECTHOCTH,

ITocsie Toro xak Haiizeno YPpaBHEHHe IIJIOCKOCTH, B HEro moj-
CTaBJSIOTCA 3HAYCHUSA KOOpAHHAT Xir 0 Xop, COOTBETCTBYIOLIHE

y3ay ceTu. DTO ;AacT 3HayeHHe Yk, KOTOpOe SBJSIETCS OLEHKOH MO-
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Puc. 5.54. Bup paspesa, Ha KOTOPOM NPEACTABAEHB KOHTPOJBHBIE TOUKH (CKBa-
JKHHBI) C M3BECTHHIMH OTMETKAMH NMOBEPXHOCTH (KPOBJIHM (opMalnK).

Ouenky B yaje ceTd (CTPeara) ciesaHsl MyreM noa6opa JiuHeHHOH QYHKUHH (rmof;
cxocTH) A—A’ K H3BECTHHIM 3HAUEHHAM H NOCJEAYIOUIEro BHIUUC/IEHUS ee 3HAUeHH

BCPXHOCTH 1ust 3Toro yasa ceru. IIpoumecc moabopa miocKoCTH P}
HOJIyYeHHs C IOMOUIBIO ee yPaBHEHHs OLEHOK IOBEPXHOCTH TOBTO-
psieTcs M KaXJOTO ysada ceTH. DTa IJIOCKOCTb 3alaet OGLHH
11AKJOH MOBEPXHOCTH B OKDCCTHOCTH y3Ja ceTH. JleHCTBHTeJNBHO,
sHaYeHNs NOBEDXHOCTH B KOHTPOJILHBLIX TOUKAX BHYTpH OKDECTHOC-
TII MPOEKTHPYIOTCS NapaJesbHO 3TOH HAKJIOHHOH IJIOCKOCTH, 3a-
TCM yepenHsioTest B yajde cerd (puc. 5.54). Ecan noxgbupaemas
IJIOCKOCTL He HaKJ/JOHHAsi, a COBEDUICHHO TOpHM3OHTaJbHas, TO
OlleHKa, TOJYUeHHass 3THM MeToaoM, OyJAeT Takod xKe, UYTO U OIEH-
Ka, TIOJNyYEHHAsT MCTOLOM CKOJNL3AIIETO CPEAHEro. .

ITpoueaypsl mocTpoeHHst ceTeii, OCHOBaHHble Ha TakOM NOAGO-
pe mJjockocTell, HHOTJA HAa3bLBalOTCH KYyCOUYHO-JHHEAHBIMH, OCHO-
BAHHEIMM Ha MeTOJe HaMMCHBLINX KBajpaTtos. Ee pasHOBHIHOCTD,
liaspiBaeMas — KyCOYHO-KBaJpaTHUHOH, OCHOBaHHOH Ha MeTole
HAMMEHBIINX KBAJpPaToB, OTJHUAETCs JHIObL TeM, 4To IoiAbipaemast
NOBEPXHOCTb KBajpaTHUHAfA, a He IUIOCKOCTh. KpajapaTnuHasi, Wix
TPEeHA-MOBEPXHOCTL BTOPOH CTeneHH HMeeT QopMy COJNSHOTO Kymo-
1a, GaccefiHa NJH celJa W onpejaesseTcs ypaBHEHHEM, COAepKa-
UiIM KBaApaTel nepeMeHHBIX X; B X, M HMX IOIapHHe Npou3Bele-
HIUTSE,

Taxk kak 3TH aJTOPUTMBI HCIOJBL3YIOT HAKJOH INJIOCKOCTH B He-
KOTOPOH OKPECTHOCTH, TO OHM paboTarT JAyulle, YeM IPOCThle Me-
TOIR CKOJIB3SLIEro CpPeAHEro, OCHOBAHHbIE Ha HCIOJb30BAHHH Me-
TO0B MHTEPHOJALIH MeXAy KOHTPOJBHBIMH TOUKaMu. B Toukax
CCTH TOJyYaloTcsl 3HAUEHHS, KOTOpbie MOryT OniTh JHGO GQvnbme,
‘in60 MeHbllle, ueM 3HAUEHHs B KOHTPOJbHBIX Toukax. OaHako BHE
3THX 30H KOHTPOJIS 3KCTPamo/slHs MOXET AaTh 3KCTpPeMaJjibHbIe
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3HAYEHHS, KOTOpble HHYEM He ompaBAaHbl. DTO cAydaeTcss NOTOMY,
uTO J0ObIe HAKJOHB, KOTOpble CYILECTBYIOT BOJIH3M TOJIEH KOHT-
posHpyeMOli YacTH KapThl, NPOAOJXKAIOTCA HeOrpaHHYeHHO 3a Hpe-
ACab JaHHBIX. Mcnmosb3oBaHue — KBaJApaTHYHOH TOBEPXHOCTH B
3TOM cJlyyae HelesecoolpasHo.

Heckoabko 6osee cJ0KHDIH aJArOPHTM I103BOJISIET BHLIYHCJIHTH
JIOKAJIbHBIH HaKJOH HWJH Yrod NajeHHs KapTHPYyeMOH I0BepXHOCTH B
Kax ol KOHTpoJibHOK Touke. C IIOMOLILIO JIMHEIHOTO MeToda Ha-
HMeHBIIHX KBaJpaTOB K KOHTPOJIBHBIM TOUKAM BOKPYr Y3JIOB CETH
noabupaercsa MJIOCKOCTh, T. €. ONPeAeasdoTcs Kos(h@UIHeHTH vpaB-
HEeHUs! MJOCKOCTH, KOTOPAas IPOXOAHT uepe3 TOUKH [OBEPXHOCTH B
OKPY2KAaIOIIHX KOHTPOJBHLEIX TOUKAX HACTOJbKO OJH3KO, HACKOABKO
9TO BO3MOXKHO.

AnropuT™ ocyliecTBJsieTcss B ABa Iuara. Ha nmepBom  1nare
ONpeneaseTCss OKPECTHOCTb BOKPYr KaXAofi KOHTPOJBHOHA TOUYKU H
HaxoaaTcsl BCe TOYKH BHYTPH 3TOH OKPECTHOCTH, 3aTeM K H3BECT-
HLIM 3Ha4YeHHAM TOBEPXHOCTH B 3THX TOHKAX METOLOM HaHMeHb-
IIHX KBaJpaToB Nojabupaercd NA0CKOCTb. ORHAKO IJIOCKOCThL MOJ-
9iHEHa OTpaHHYEHMIO: OHA O0f3aHA NPOXOAHTbH B TOUHOCTH uepes
3HadeHHs B LEHTPaJbHOH KOHTPOJbHOH Touxke. Ko3adpduuueHTHl
3TOH INJIOCKOCTH, KOTODBIE OIPEAeJqA0T HAaKJOH  NOBEPXHOCTH B
HeHTpaJLHON TOUKe, BAOJbL Hee COXPAHSIIOTCH BMeCTe CO 3HaueHHEM
B 3TOH TOUKE.

Ha BTOpOM luare ompenensercs OKpPeCTHOCTb BOKPYr KaXKIOTO
OlleHHBAeMOro ysJja ceTH. Haxoasdrcsi KOHTPOJbHEIE TOYKH BHYTpPH
3TOH OKPEeCTHOCTH H BBIYUCJAIOTCH YPaBHEHHS IJIOCKOCTEH B KaxkK-
JOH U3 KOHTPOJBHBIX TOUEK AJA 3HTOro IMOJOXEeHHs ysja CeTH.
Paanuunble OLeHKM H3 3THX IJIOCKOCTEll 3aTeM B3BEIIHBAIOTCA H
KoMOuHupyIOoTCa. JleHCTBHTENBbHO, HAKJIOHBI TOBEPXHOCTH B KOHT-
POJIBHBIX TOYKax NPOEKTHPYIOTCS Ha y3€J CeTH M 3aTeM YCpelHs-
forest (puc. 5.55).

Pasauunbie BapuHaHTBl 3TOCO AJrOPUTMA, HHOTAA HA3LIBAEMOrO
«JHHEeHHLIM TIPOCKTHPOBaHHeM>», Haubojiee NONYJSAPHBI H3 HCNOJb_
3yeMblX B [laKeTax aJrOPHTMOB, NpEIHA3HAYCHHBIX [/ KOMMeEp-
YeCKOro IOCTPOeHHS KapT B H30JHHHAX., B HEKOTOPBHIX Iakerax co-
JepxaTcsi MOAH(MUKALMH 3TOH NPOUEAYPH, B KOTODHX K KOHT-
POJIBHLIM TOYKaM MoAOHpAIOTCA He INIOCKHe, a KBaApaTHUYHBIE MO-
BEPXHOCTH. DTH anropuTMbl Oco6eHHO >((eKTHBHE B npepesax
niowanei, Kotopele INJIOTHO S3alloJHEHH paBHOMEDHO 3ajJaHHBIMH
B NPOCTPaHCTBE ToukaMH. 110A00HO KycOUHO-JIMHEHHBEIM METOAaM
HAaHMEHbIIHX KBaJPAaTOB, OHH HMEIOT HENpHATHOe CBOICTBO AAaBaTh
OLleHKH Y3Ji0B CeTH BHe reorpadHyecKHx MpejiesoOB JaHHBIX.

KoHuTposbHbie TOYKH, HCIOJb3yeMble B OUECHKe y3/a CeTH, He-
3aBHUCHMO OT TOI'O, NPOEKTHPYIOTCS OHH WJIH HeT, OOBIYHO SIBJIS-
I0TCAl B3BELICHHBIMH. Beca H3MEHAIOTCS B COOTBETCTBHH C PaccTOfl-
HHAMH MeXJy OLEHHBAeMBIMH y3JIAMH CETH H KOHTPOJIbHBIMH TOUY-
kamu. Ha puc. 5.56 npeacTaB/eHO HECKOJIBKO YaCTO HCIIOJIb3YeMbIX
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Puc. 5.55. Murepnoasuuss AJs PABHOMEPHO DACTIOJIOMKEHHBIX TOYEK c"e;mﬂocl(a?‘g:
MOIBI0 METOAA MPOEKTHPOBAHHS MAjJeHUs, KOTOPHIM TpeGyer Bbl'mCJle)H[Ggl‘
HOFO MANeHHUs B KAXK/AOK Aanmoil Touke (u300paxeHno B paspesc :

. ] o
¢ — 10KaJpHOE TAJeHHE TMOBEPXHOCTH B JaHHOW TOUKE (cTpedxa) ‘Haxom&;f;l Y((:BI;J-
AOlbio TI0460pa MAOCKOCTH MO GJH3JCKAUHM TOUKAM METOOM HaHMG}Héb ﬁoxa(%-
paTos; noABupaeMasi INIOCKOCTb JOJIKHA HPOHTH HEPES ganggﬁ)gg:}}:zﬁ Totnzn- e

AHHBIX AJs KakjzoH K J ;
Hoe mamenne CTAHOBHTCHA YacTblo A it Toui; o
: ; TouKkax TPOEKTHPYeTcs Ha Y3
J0KaJbHOe MajieHHe B KOHTPOJBHBIX | cemn
(CT\pEJ!Ka), 3nauenus, TDUMHCAHHbE Y3JaM, ABIANTCA B3BEIIEHHLIMH  CPEIHH
STHX UPOEKBUH

pecoBblx (DyHKUNH. BOJBIIKHCTBO NPOrpamMM HOBBOJIHETHEEJ:[ESOBZI-
Temo BuBpaTh TpeGyeMylo CpeiH 3TOro MHOXKeCTBA (pyBeTCTBﬁH .

Beca, npuIHCAHHBIE KOHTDOJbHBIM TOYKAM B COOTMMa e
HCKOTOPHIMH (QYHKIUAMHU, TOAYHHAOTCAH YCJIOBHIO! HX CYM} Jpom-
Ha paBHATbCA €INHMHHIE. [TosTOMYy BECOBHIE GyHKIIH B A -
TCABHOCTH CHAGMKAIOTES [PONOPIHOHA/bHBIMIL BeCaMu 1 BIpaxa
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Paccmopnue Paccmornus

Puc. 5.56, IlpaMepsl B3BeWHBAMIIHX GYHKUMR OT PaccTOAHMSA, HCMOJb3YeMbIX
B MIPOTPAMMax MOCTPOEHUS KapT B H30JHHHAX:

0 — QYHKUHI O6DaTHBIX CTENEHed pacCTOSHHA; 6 — IWIKaNupOBaHHAN PyHKUUA 06~
PAaTHOTO KBajApaTa PacCTOSHUS

IOT OTHOCHTEJbHOE BJHAHHE HAa KaMAyld KOHTPOJBHYI TOUKY.
ITupoko ucnoib3yeMast BepcHs MPOLECCa B3BEIHBAHMS NPUBOAUT
K QYHKUHH, TOYHAst GOPMa KOTOPON 3ABHCHT OT pacCTOSIHHA OT
OLIEHHBAEMOH TOYKH M OT HanGoJee YIaJEHHOH TOUKH, HCIOJb3ye-
MO#i B OLEHHBaHHH, HJIM B OAHOM H3 BAPHAHTOB, OT PaCCTOSIHHA JI0
BHCUIHLX TpaHHL OKpecTHOCTH. BecoBasi ¢ynxuus obpaTsHbix 3Ha-
YeHHIl KBAJpaTOB DPAaCCTOSIHHI 3aTeM MIKAJHPyeTcs, Tak uTo IPHHH
MaeMmble €0 SHAYEHHA Ha 9TOM NPOMEXKYTKE OKA3HBAIOTCA MEXAy
HyJeM H eIHHHIEH. DTOT NPOLECC MOKHO 3alHCaTh €JHHCTBEHHBIM

ypaBHEHHEM
D \2 D -
(-2 [ (22). |
p ( Dmax) Dmax (O 68)
[MTono6uo apyruM BecoBhIM (YHKLHAM, CyMMa BeCOB IOJaraercs
pasHo# 1,0.

HanGosee ouesnpnble OT/IHUNS MeXAy pPasqHYHBIMH nporpam-
MaMH TIOCTPOCHHS! KapT B H30JHHHAX 3aKJKOUAIOTCS B IPMEHAEMOM
Merone noucka. OHH OCHOBaHB Ha aJrOPHTMaX, HCIOJIB3yeMbiX
A7 BbIOOPA NAHHBIX TOYEK BHYTPH JIOKQJbHOH OKDPECTHOCTH BO-
KDYr OUEHHBaeMOH TOUKH ceTu. [IpocTefimnii Meton BeIGOpa HOCHT
HasBaHlle Noucka OJjmkafimero coceta (puc. 5.57,a). Ou ocHOBaH
Ha JIOKAJH3aUHH HEKOTOPOrO ONpPEeNeJeHHOro 4HcJa KOHTPOJBHBIX
TOUYCK MJIM CKBAXKHH, KOTODHE HAXOAATCA Ha GJaumxalimeM paccrosi-
HHH OT OLEHHBAEMOIO y3Ja ceTH, MHOMXKECTBO BO3MOXHBIX GJH-
HafMX KOHTPOJNBHBIX TOUYEK BHIGHPAETCS M3  MOJHOrO Habopa
LaHHBIX COpPTHPOBKOH koopanHat X; u X, 5THX Touek. 3arTeM BbI-
YHCJISIOTCSt €BKAHAOBBl PACCTOSIHUSL OT OLUEHHBAEMOrO y3na AG
KaXJ0il U3 9THX TOYEK H HAXOAMTCHA 3aQaHHOE UHCJO GJHKaNIIHX
TOYEK,

Bospaxenue npoTHB npOCTOro MeTOxa moMcKa  GHKAlUerc
Cocexa COCTOHT B TOM, YTO NIPH 3TOM MOXKET CJAYYHTbCS, YTO BCE
GJIM3KHEe TOUKH JeXaT B Y3KOH NoJoce 1o OJHYy CTOPOHY OUEHH-
Baemoro ysaa cern. OxoOHYaTeAbHasA OLEHKA B CYLIHOCTH HEOI'paHH-
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a . Puc. 5.57. (2¢) Meroz ROHCKa, JOKaAU3yH-
<> wui 1 6auxkafimux cocefell BOKPYr oue-

<> nusaemoro ysna cerd. Ha paamnanpHoe
pacnpejefiene KOHTDOJBbHbIX TOYEK HE Ha-

< KXabIBAETCH HHUKaKHuX OrpaHuyeHuH,

(6) Cxema moucka mo KsaapaTaM, HCHOJb-

3yemas AJA YCTAHOBJIEHWS MCTHHHOIO pac-

npepciieHUA KOHTPOJIbHBIX TOYEK BOKpYT

<> OLEHNBAEMbIX Y3J0B ceTH. (8) OKTaHTHBIH
* & BAPHAHT CXEMbl MOMCKA BOKDYr OLEHHBae-
<& MbIX Y3JI0B CETH

N

7/

WY1 srr2Ps.

qeHa, UCKJAWYas ORHO HanpasjeHue, OHO OKa3biBaeTca BHIOpOLIEH-
HbIM M3-32 HEKOTOPOTO Or'pPaHHYeHHs IIOHCKa, ObecneuHBaloOLIero
paBHOMEpHOE pachpefiefieHHe KOHTPOJBLHLIX TOUEK BOKPYT OlEHH-
Baemoit Toukn. Ha puc. 5.57,8 mpouaniocTpHpoBaH ONHH crnocob
OrpaHHyYeHHsl, Ha3HBaeMbll KBaJpaHTHHIM NoHckoM. M3 kaxjoro
i3 yeThipex KBaJpaHTOB BOKDYI' OLEHHBAEMOrO y3Ja CeTH JOJKHO
OLITh HM3BJIEYEHO HEKOTOpPOe MHHHMAaJbHOE YHCJAO0 KOHTDPOJBHBIX
TOYCK. YCJOXHEHHE KBaJAPaHTHOrO MNMOHCKa — 3TO OKTAHTHBIH TOHCK
(cm. puc. 5.57,8), KoTOpHii Tpebyer BBefeHHS HOBOTO OrpaHHUe-
HUSl Ha pajualbHOe paclpefeseHHe TOYEK, HCNOJb3yeMHIX B ypaB-
{CHHH OLEHKH. 3ajiaHHOe YHCJI0 KOHTPOJBHBIX TOUEK JAOJIKHO GHITh
HalineHo B Kax/JIOM H3 OKTAHTOB, OKpYXAaOIHX OIeHHBaeMHil
y3€J1 ceTH. DTOT MeToJ NOHCKA — OJHMH H3 Haubosee U3SIHHIX B
HacToslee BpeMs, Ha HEM YaCTO OCHOBBLIBAIOTCA KOMMEpUECKHe
1POrpaMMH, .
Jl106ple orpaHnuenna Ha ¢opmy o0JacTH NOHCKA GJHKaHIIHX
KOHTDOJILHBIX TOYEK, HaNpUMep, TaKHX, KaK KBaJPaHT MJM OKTaHT,
OYCBHAHO, NPHBOAAT K YMEHbIIEHHI) OKPEecTHOCTH BOKpYr OLEHH-
Baemoro yana ceTd. Bor moueMmy HexoTopble GJau3jexallye KOHT-
PONbHBIE TOYKH MOIYT nepefiTH B paspsin 6ojee yAaJeHHBIX TOYEK
3 (B3 ¢ HEOOXOAHMOCTBIO yIOBJIETBODEHHS TpPeGOBaHHA TOTO, 4YTO
TONLKO HEKOTODEIE H3 HHX MOTYT OHITb B3sTH M3 €/IHHHYHOTO
o0bema. K coxajieHHIo, aBTOKOPpEJNSALHS THIHYHOH I'e0JOrHYecKoil
TOBeDXHOCTH YMEHBLIAETCH C YBEJHYEHHEM pACCTOSHHA, Tak 4TO
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3TH QoJiee yjAaJeHHBIe KOHTDPOJbHBIE TOYKH MCHee TECHO CBSI3aHEL
C OLEHHBAEMOH TOYKOH. IDTO O3HAYaeT, U4TO OlEHHBaHHe OyAeT
XyXe, UeM NPH HCIOJb30BAaHUH IPOCTOH NPOLEAYpbl HNOHCKA GJH-
JKaiero cocena.

Ilpn HCnoJb30BaHHM NPOrpaMMbl NPOBEJEHHS H30JHHN{ BEChMa
BAaXKHO, HACKOJbKO XODOILIO pPe3yJbTaThl COMJIACYKTCHd € JaHHLIMH,
T. €, HAaCKOJbKO XOPOLIO MaTeMaTHyecKas MOJeNb corjacyercs ¢
KOHTPOJNILHBIMH TOUKAaMH, KOTOpbie OBIJIH HCMOJBb30BaHBL [Pl ee
noctpoennt. Tak Kak H30JIHHH OLIJIH NPOBEAEHHL HAa OCHOBAHHH
COOTHOIIEHHI! MEXIy y3JjlaMH ceTH, a He Ha CaMHX KOHTPOJBbHBIX
TOUKax, TO NPaBHJAbHBIH CHOCOO NOCTPOEHHS H3O0JAHHHH COCTOHT B
HCIIOJI30BAHHH 3HAUYCHHH CeTH, a HempaBWJbHBIN — B HCIIOJAb30BAa-
HHH JaHHBIX B HCXOAHBLIX TOUKax. JTO 0COBEHHO BaxKHO, €CJH CeTb
OTHOCHTEJNBHO Tpyba. OObIUHO OmMGKI OYeHb MaJjbl U JIeTKO OBHa-
PYKHBAIOTCA HAa TeX IJOMWAAAX, Tle NMOBEPXHOCTh KPYTO H3MEHSI-
€TCsl, TaK YTO H30JHHMHM pacnosoxeusl TecHo. OjHako Ha MJOLIA-
AfX ¢ OYeHb IIJIAaBHBIM HAaKJOHOM Majioe pas/iHuie MeX1y sHaue-
HHAMH B y3Ji€ CeTH H KOHTDPOJLHOH TOUKEe MOXET OLITb JOCTATOYHO
A5 CMeLleHHS KakKOH-1HOO M30JMHHH Ha HEKOTOPOe pAaCCTOsHHE
H3 TOUYKH, C KOTOPOH OHA N0 NPEANOJONKEHHIO [O0JXKHA COrJjaco-
BolBaThCsd. JTO cpady OpocaeTcst B Ijasa Ha IpuMepe H3OJHHHM,
NPOXOJAsIIel Yepe3 KOHTPOJIBHYIO TOUKY He ¢ Tol cTopoHu. Tako-
10, KOHEYHO, He CJy4aeTcs B MeTOAC TPeYrOJbHIKOB, TaK KaK MO-
Aeb MOBEPXHOCTH 00pa3yercsl ¢ NOMOIIBI0 CAMHX  KOHTPOJILHBIX
TOYeK. Bua u3oauHHii He sBASETCA HaAeXKHBIM KPHTEpPHEM TOTO,
HAaCKOJIBKO XOpOIUO paccMaTpuBaeMasi MaTeMaTHuYecKasi Mojedib
NPEeACTaBsieT HCXOJAHBIE KOHTPOJbHEe TOukH. He cymecrsyer ¢op-
MaJIbHOH CTaTHCTHYECKOH TEeOpHH, KOTOpas NO3BOJSET HA  HYHCTO
TEOPETHYECKOM YDOBHE ONpEAeJaHTb, KaKas NpoUeaypa NposeieHus
H30JHHHH Jydwe. B J11060H KOHKPETHOH CHTyalHd peaaH3ainus
KOHKPETHOIO aNrOpHTMa 3aBHCUT OT CJIOXKHOCTH KapTHPYEMO{ mo-
BEPXHOCTH, IJIOTHOCTH H pa3MELleHHs KOHTPOJILHEIX TOUEK, pasMe-
pa ceTH M, KOHEYHO, OT CaMOrO aArOpPHTMa. DMIHPHYECKIIE KDH-
TEPHH KA4eCTBA Pa3JHYHLIX CETCBLIX aJATrOPHTMOB, IHCHOJALIYIOULHX
THIHYHLIC TMOANOBEPXHOCTHHIE JaHHble, OBLIH ONy0AMKOBaHH J[3-
BHCOM B 1976 r. [22].

OnHaxo mHpejcTaBl€HHe H3BECTHHIX JAHHBIX HACTOJBKO TOYHO,
HaCKOJIbKO 3TO BO3MOXKHO, HO OCHOBHAs Lesb OOJBIIMHCTBA 3anad
KapTHpOBaHHA B H30AHHHSIX. Cliopee BCEro, zaanaydya COCTOINT B I1O-
Jy4eHHN OLECHKH (C HaHMEHbLIMMH BO3MOXKHBIMH OLIHMOKAMH) 3Ha-
YeHUH NOBEPXHOCTH B TOYKAX, B KOTOPHIX H3MepEHHs elll¢c He ObIAH
npose/ieHbl. BO3MOXKHOCTL ¢ IOMOIIBIO Pa3JHYHLIX aJrOPHTMOB IIO-
JIy4YHTb TOYHBIE OLEHKH B HENOCTYNHBIX KOHTPOJIO TOYKax OBljIa
[IpOBepeHa 3MIHPHYECKHMH KDHTCPHAMH AJS JaHHBIX, B KOTOPLIX
Hebogplasg 70Jia AOCTYNHBIX TOYEK OblJia ONyLIEHA [0 HauaJda
KapTHpOBaHHs. 3aTeM CPaBHUBAJUCDL MCTHHHLIE 3HAYEHHS M IOJy-
YeHHble TEOPeTHUeCKH C NMOMOLILIO NPOrpaMMbl KapTHPOBAHHSA. 3a-
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Puc. 5.58. Kapra B H30JMHHAX, OCTPOEHHAA MO TonorpadHyeckKuM JNaHHBIM C NO-
MOIIbIO NPOrPaMMBl, HCIIOJb3YIOWEd PAaBHOMEPHYIO CeTh.

Wsoauunu nposeaensl uepes 25 yros (7,5 u)

TCM TPONYUIEHHBIE TOUKH OBlIH BO3BpAIICHBl B MHOXKECTBG AaH-
HLIX, CHOBA ObiJiy BHIGPOLICHEl APYTHEe TOYKH, 1 mpouecc NponoJ-
ska’ca cHoBa M cHoBa [22]. )
Pa3ouapoBLIBAOIME (XOTS 1 He YJAHBHTEJbHBI) BHIBOX COCTO-
UT B TOM, UTO Pa3JiH4Hbie OOBbEKTHBHBIE [JaHHBIC, KOTOPHIE HCMOJb-
50BaMMCh JJd MOCTPOEHHS H30JMHIN, He SBJSIOTCA B3aHMO3aMe-
naeMbpMH. JJag Ttoro, uroOLl YCHEIUHO BOCMPOU3BECTH H Y4YeCTh HC-
X0HbIe KOHTPOJIbHbIE TOUKI C INOMOLLbIO aJropHTMAa CETeBOro TH-
la, HeoGXOLHMO HCHOJb30BaTh BECOBYIO (GYHKIHIO, OuYeHb GBICTPO
VOLIBAIOILYIO C PACCTOSIHHEM M BBIUHCJICHHYIO Ha OCHOBE HCNO.Ib30-
BaHHA HeGOJBIIOH aodu Oamxafmux coceneid. Taxkoil  alropuTm
ofecrieygBaeT IJ0X0e TpeAcKa3aHie HAH OLEHKY B TOYKax, B KO-
TOPLIX HIKAKOH KOHTPOJb HeBo3MoyKeH. [luisi nosydeHnss Hanayuy-
ulero mnpeackasaHHs IOBEPXHOCTH B HeONPOGOBAHHBIX TOYKaX, B
KayKJA0M BBIUHCJEHHH HYXKHO HCIOJB30BATL MHOIO KOHTPOJbHBIX
TOUEK y3JIOB CETH H NPHAATb OOJbliHe Beca YAANEHHBIM TOUKaM.
K coxasienuo, noJyueHHass TaKuM o6pasoM riajakas o6oOlieHHas
TIOBEPXHOCTE JAOBOJBHO IJIOXO COrjacyercss ¢ HCXOAHBIMH - KOHT-
POJILHBIMH TOYKaMH. B HEKOTOPHIX nporpamMmax HOCTPOCHHS H30J/H-
Hill fejiaeTcsl NOMBITKA IPEOAOJETh 3TOT TYNHK B ABa 3Tama. Ha
nepBoM sTalie 110 HEKOTOPOIl cXeMe CTPOHUTCA CeThb, NMpeaHazHadeH-
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Has AM% JOCTHXKCHHMS XOPOLIEro MpeacKasaHHst Ha HEKOHTPOJHpYe-
MBIX IUIOW2A5AX, 4 HAa BTOPOM — M3MeHEHHE CeTH B HeNoCpe/CcTBEH-
HOHI OKDPECTHOCTH KOHTDOJBHHIX ToueK. [loJdyueHHas cJoxKHas Mo-
BEPXHOCTb 110 MEHbIUEH Mepe YACTHUHO YAOBJETBOPSET Pa3jHuyHLIM
NOCTaBJICHHBIM YCJIOBHAM. OXHAKO OHa HMeeT crnelH(pHYECKHe yep-
Thl B MaJbiX OKPECTHOCTSX KaXXAOH KOHTPOJBHOH TOYKH, KOTOpHIe
He BCTpeqaroTcst GoJible HHTJEe Ha 3TOH Kapre.

Kapra tomorpaduuecknx IaHHBIX, mpHBeLeHHas B Taba. 5.11
NpeACTaBleHa Ha PHC. 5.58, NOCTPOEHHOM IO Iiporpamme, KOTOpaF;
JAaeT peryJsipHyio ceTb. B 3TOM npuMepe maTemaTuueckas Moaeb
NMOBEPXHOCTH COACPKHT 63 cTpoxkM u 63 croabua; Kammblii yaen
CETH OBl OLEHEH C NOMOWIBIO NPOEKUHOHHOTO aJrOPHTMa, YYHTHI-
BAIOLEro NpHMepHO 16 KoHTposbHBIX TOYek. KOHTpOJILHBIE TOYKH
B3BCUINBANUCh B COOTBETCTBHH € HX PAacCTOSIHHEM OT y3JIOB CETH
¢ noMOWbI0 (QYHKUMH, 3ajaHHBIX ypaBHenueM (5.68). CpaBHHM
9Ty KapTy ¢ LByMs KapTaMH DHC. 5.51, MOJIyYeHHBIMH 1O METOLY
TPEYTOJILHIIKOB, M KapToi pHC. 5.59, NOCTPOEHHOH BpyuHylO paboT-
HAKOM KapTorpaguueckoil ciayx6bl. MMewTcs pacxoxnenus mex-
Ay ABYMs KapTaMil, MOCTpoeHHBIMH IBM, u kapToli, nocrpoenHoi
BpY4HYI0, KOTOpBIE OTpPAxKal0T PA3JHYHS B COOTBETCTBYIOILHX MO-
ARNAX H TaKkxKe TOT (aKT, 4TO YeJOBEK MOXKET yyecTb HHOpMa-

Prc. 5.59. KapTa B M30JHHMAX, TOCTPOEHHAA mno TONOrpa)HYECKHM NaHHLIM
BPYUHYIO.
Orvernv yBennuende BIHAHHA pycea Ha GOPMY H30AHHHIL
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HHIO O TEKYLIHX sddexrTax Ha Tomorpaduueckoil Kapre. dta no-
[HoJHUTEJNbHAA HHpOpMalusd HEAOCTYNHA HHKaKoil nmporpamMme no-
cTpOeHHUS p3oauHuil. Punsai [63] 1aeT HECKOJBKO [AOMOJHHTENb-
HBIX NPUMEPOB NOCTPOEHHSl KapT MO TeM Ke NaHHBIM ¢ npHMeHe-
HHEEM JDYTHX aJropHTMOB.

CKONb3SAUUE CPEAHHUE

HecMmoTpsi Ha TO YTO HEKOTOphIe 13 PacCMOTPEHHBIX METOL0B
[pHMEHSUINCh B TEOJOTHH PYIHHIX MeCTOPOXJEHIH, oueHKa safa-
cOB TOJE3HHX HCKOMaeMbX H KOHTPO1b KayecTBa  paspaborox
NpefCTaBAAIOT CHEUHaNbHBIE 3aJaul. Has ux pewenus ObLAH pas-
paGoTaHbl MaTeMaTHUECKHE H CTATHCTHYECKHE METOLb! OLEHKIL 3a-
1acoB, CTOSIIHEe HECKOJbKO B CTOPOHe OT OCHOBHOrO Hampas.eHH:H
pasBUTHs MaTeMaTHUYeCKOd reosoruu. B CIHIA cratucTHKA, HCHO0Jb:
3yeMasi B Te€OJIOTHH DYIHBIX MECTOPOKICHHH, CAEAO0BaJa obiued
JAHHAH DAa3BUTHS TPaJHLHOHHOIO CTaTIICTHYECKOTO aHajlmsa; OCo-
feHHO AHCIEPCHOHHOTO (HECKOJBKO NPHMEPOB H 101poGHAs 616~
auorpadus npusoastes B kuure Koxa u JIuHka [45]. Oanazo B
I0xHuo#t Adpuxe u PpaHnuu TeOpHs OUEHKH 3aMacoB H HX Mpel-
cKasaHHe Pa3BHBAJHCh MO HE3aBHCHMOMY NyTH, KOTODHII Mbl pac-
CMOTPHM NO3XKe.

B nJaacToBOM OCAaj0YHOM pYAHOM TeJje COJAEpPXKaHie pYIHOrO
KOMIIOHEHTa pacipefeseHo HOpMaJbHo. IDTO 3HAYHT, YTO  MECTO-
pOXKJEHHEe XapaKTepH3yeTCs ONPeleJeHHBIM CPeJHHM COJAepiKaHu-
eM TIOJIE3HOTO KOMIIOHEHTa, a €ro cOjep:KaHHe B OTAEJbHBIX MpPO-
Gax pacnpejeseto GoJee MJIM MeHee CHMMETPHYHO OTHOCHTEJLHO
3TOro CpejHero 3HaueHHst ¢ YOLIBAHHEM OTHOCHTEJBHOH HacTOTH
NOABJACHHS K KpalHHM 3HauenusM. [Insa aHamnnusa npold H3 TakHX
MEeCTOPOXKACHHA MOXKHO HCIOJAb30BaTh OOBIYHBlE IapaMerplyecKue
CTATHCTHKH, 4 pPErpecCHOHHble MNpPOLUEAYPH OKAa3biBAlOTCs LEHHLIM
MEeTOOM NpeAcKasaHus M OUeHKH 3anacoB. OJHAKO XapaKTepHC-
THKH MECTOPOXKICHHH /[paroueHHbHX MHHEpaJOB HJH PEAKIX Me-
TaJJIOB ualle BCEro He MOMUUHAIOTCA 3TOMY 3aKOHy pacipeiesne-
uusa. ITpoGul, B3siTBIE € NMOBEPXHOCTH 1M K3 OypoOBOH CKBaKHHEL
XapaxkTepH3yIOTCs KPaHHHMH 3HAYEHHAMH, KOTOpble fBJSIOTCA He-
OOLIYHLIMH B MX IIPOCTPAHCTBEHHOM pacmpeaencHud. Boobue «xo-
POIIUM® CTATHCTHYECKUM IepeMEHHbLIM  CBOHCTBEHHO OTCYTCTBUE
3aKOHOMEPHOCTH MOBEAEHHS.

Ha puc. 5.60,a npeicraB/eHb 3HaueHusl cONepXKaHUl cepedpa
B mpofax 10 INTOJbHE OJHOTO M3 MEKCHKAaHCKHX CepeGpsiHBHX pyi-
HHKOB. JIBe XapakTepHble 4epThHl BMAHH Cpas3y: 3HAUEHHA PacCTyT
ObICTpee, ueMm JuHefHas QyHKuUA (6oraThle yyacTKH BO MHOTO pas
goraye, yeM O€IHBIE), H H3MERYHBOCTbH YBEJHYHBAETCS 1O Mepe
VBEJMUEHHs cojep:KaHus. B OoraToif uyacTd IUTOJBHU H3MEHEHHH
3HayeHHH 6GoJiee CHJbHBIE, UeM 3TO XapaKTepHO JJIsd  HHTEpBaJja
3HAYCHNIT B GelHbIX uyacTaX TOH :Ke WTOAbHH. CyMMIDYS, MOXHO
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Puc. 5.60. UsmeHuHBOCTD cofepmanuii cepe6pa BAOJb WTONbHH pyanuka B Mek-
CHKe:

@ — COISpKaHuA, NPEACTaBJeHHEle B 0OBIUHOM MaclTale; 6 — copepXaHus, npel-
CTaBJIeHHBIE B JIOrapHDMHUECKOM MacliTabe

CKa3aTp, 4TO 3Ta 3aBHCHMOCTb COPTHOCTH PyABl OT pPacCTOSIHISA
XapaKTepU3yercs ISKCMNOHEHIHAJbHBIM 3aKOHOM, a [HCIEPCHSI SiB-
JSeTCs reTepoce acTHUHOM,

B sToM cayuae naHHBle MOXKHO npeoGpa3oBaTh, B3SIB JorapHd-
MBI 3HaQYEHNH coep:KaHHH pyIHOrO KoMnoHenra. Torga skcloHeH-
lHaapHash KPHBAs TPEHAA NpeBpaTHTCA B NPAMYIO, a reTepocejpac-
THYHAs JAHCHEPCHS OTHOCHTEJNBHO TpeHZa CTaHeT IIOCTOSHHOIL
Jlorapudwmpl Tex e AaHHBIX NPEICTABJEHH Ha pHuc. 5.60, 6.

Apyras 0co6eHHOCTb MHOTHX PYAHBIX MECTODOXKACHHH 3aKJi0-
4aeTCcsl B TOM, YTO CpeJHEe COJep:KaHpe I0JIe3HOro KOMIIOHEHTa
B 0JI0KE YallC BCEro He 3aBHCHT OT pasMepa 6JI0Ka, €CJH IPeBbI-
UIeH HEKOTOpPLIH MHHUMaJdbHbI 06beM. OpHAKO uYacTO OKa3biBa-
JOCh, YTO JHCIEPCHA COAepXKaHui B npofax pyAbl HaXOAHTCS B
00paTHOH €Bsi3W ¢ pasMepoM 6JI0Ka, YMEHLUIAACh [0 Mepe YBeJH-
ueHust od0beMa npobbl. BepoATHO, 5TO IPUBOANT K 3amaye OUCHKH
3anacos, Tak kKak o0beMbl 0p06, Ha OCHOBAHHH KOTOPHX JOJKHLL
OLITH NOJIYYeHB! OUEHKH, BO MHOTO Pa3 MEHbLIC, 4eM GJIOKH Pybl,
KOTOpbie 3aTeM OyayT oTpaboTaHbl. (DTOT BONpOC paccMaTpuBa-
tor Kox u Jlunk [45].) Tlostomy mucnepens coxep:xanuii B mpo-
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$ax MOZKET OKa3aTbCsi HACTOJNLKO BbICOKOH, YTO peabHylo OUECHKY
cojepxaHnfl pyasl B 6/iokax 1aTh Heab3d. [ nojyueHns OUCHOk
¢ MeHblIEH AHcmepcrell MOMKHO BOCMNOJNB30BATHCS METOAOM CKOJb-
4AILCTO CPEAHEro 1o BuIGOpKe B HaAeXKjae yCPeAHHThb OOJbLIVIO H3-
\ieHYHBOCTD, CBS3aHHYIO ¢ OTAeJbHLIMH MpoGaMHu. y

JIByMepHBIE METOAbl CKOJb3ALIEIO CPEHEro sBJSITCA 0000~
niCHHEM TIPOLleNyp CrJaXKHBaHHA [aHHBIX, PaCcCMOTPEHHBIX B ;‘.114
(cv. kmury 1). B ofuwem ciyuae tpefyercs OUEHHTH MEPEMCiHylO
B pAAE TOYEK CeTH HJH NPUNHCATh 3HAUEHHS [0CJACLOBATCIBIO
HPHIMBIKAIOUMM ADPYr K JAPYTYy KBajparaMm HJH NPAMOYroibhikaM
1ia kapre. JlaHHble, Ha OCHOBAHHHM KOTOPBIX  J€JaI0TCS Q:ILH\H
pa3GpocaHbl Ha IVIOWAAN KAaPThl M MOIYT JekaTh WIH HC JC/KaTh
B yajax cerd. Purypa, aHaJOrH4YHas CrJaKHBaIKOUlEMy HHICPBAJY
B aHajn3e BPEMEHHOTO TpEeHJa, pacmojaraercs Tak, uToOn ee
LCHTp JeaJ B TOYKe, B KOTOPOH AOJIKHA OBITb IOJyY€Ha OLCHKA.
BceMm jJaHHBIM TOYKAaM, JeXallUM BHYTPH 3TOH (PUIYpBI, HampiMep
¥BaipaTa HJH Kpyra, NPHIHCBHIBAIOTCS HEKOTOPBIM 00pasoM Beca,
KOTOpBIE 3aTEM HCHOJAb3YIOTCSA NMPH NOJYYEHHH OIEHKH B LeHTPab-
nofi touke. IlpocTefilnas cxeMa MeToZa  CKOJB3ALIETO CPEIHErO
COCTOMT B TOM, YTO OLEHHBAEMOIl TOUKe NPHNHCEIBAETCS 3HAUCHIIE,
paBHOe cpeiHeMy apHdMeTHUecKOMy BceX HaBJIOJEHHH, JeXXaLluXx
BHYTpH paccMarpuBaeModl ¢urypsl. Purypa sarTeM IepeiBHTaeTCH
B CJEAVIOLLHA y3esJ CeTKH, H IIpoiecc NoBTopsAercd cHoBa. Koraa
OYAYT BBIUHCJEHBl OLEHKH [Jisd OJHOH CTPOKH HJM cToJ0La ceTH,
TnepexoAT K CJeAyIOUled CTpoKe HJH CTOJOLYy, H TakK A0 TeX INoep,
noka BCA NJOLIAAb KapThl He OyAeT MOKPHITA IOJHOCTLIO.

O6uryio Mojesp JMIOGOr0 METOAA CKOJL3AILETO CPEeJHEro MOZHO
3anHucaTh B CAeAyIOLLeM BHJE:

V= YW,V (5.69)

k=1

T. ¢. OUeHHBaeMoe 3HaueHHe Y,; CTPOHMTCH Ha OCHOBAHHH B3BElieH-
HOll cymmpt Yy coceannx uabaroaeHufl. Bug BecoBoit ¢yHKmi 13-
MCH#eTcd OT OJQHOH cXeMbl CKOJb3SIero cpejHero K apyrofl. Ha-
lipitviep, B IporpaMme [10CTPOEHHS H30JHHHA HCIOJb30BAHO CKOJb-
“Allee cpejHCe € BCCaMI, DaBHBIMII OOpATHBIM — BeJAHYMHAM pac-
CTOSHINT Touek oT Y. MOXKHO HCIO/b30BATH CTOJb K€ TPOCTYIO
CXeMy BHIOODOUYHOTO CpPEJHEro, Kak cXeMa CrJaXKHBaHHS (QYHKIHUH,
lI3nokeHnaq B ra, 4. OueBHAHO, BO3MOXKHBI TaKXKe U JpPyTrHe CXeMBl
B3BeLUHBaHu4,

Boaninnerso MeronoB ckoab3slilero cpeiHero Tak MJIM HHage
IICTIONIb3yeT paccTOAHHS OT OlEHHBAeMOH TOYKH A0 OLEHHBAMOUIUX
Touek. B nporpamMMe NOCTpOeHHS H30JAMHHE HM3MepPSAeTCs DPaccTos-
Hlle 1o n GamkafinxX ToYeKk M KaKIOMy HPHIIHCBIBAIOTCH COOT-
BeTCTByIOIMMe Beca. MeToabl, aHaJOrHUHBlE OJHOMEPHBIM CIJIazKH-
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BaOIKUM npouenypaM, TpeGyioT, 4yToOb AaHHBIE OBLIM pacCloNOXKe-

Hol o cerke. Torga IIPOCTPAHCTBCHHOE COOTHOWIEHHE MEXAy Yin
Kax>J1blM 3Ha4YeHHeM Y BHYTPH CKOJIB3SLLEro HHTEPBaJia OKa3blBa-
TC H3BECTHBIM. B 3ToMm cJivuae Beca OCTarTCA NOCTOAHHBIMH A4
5KBHBAJIEHTHBIX TOYEK Y IO Me€pe TOro, Kak NOBEPXHOCTbL CKOJib-

ASIUIET0 CPeIHerc JaeT MocJjeloBaTe/bHble OLEHKH 3HaueHuit Y.
B TperbeM MeToge oupeienstoTcs pAAn o6gacreit nan 0J0KOB,
FPHJCTAOUHX K OlleHHBaeMofi Touke. Bce HalaoneHus B mpeje-

JIax KaKAOro H3 HHX YCPEIHSIOTCS, 3aTeM CPEAHHM o 6JokaM Y
LPHIHCHIBAIOTCA Beca, KOTOpBble HCHNOJBL3YIOTCA  AJds  HOJydYeHHs

ouesku Y. Ecau B KaxaoM 6J0Ke CORepxKHTCA MHOro HabJioze-
Hull, TO, CoBeplias JHLIL HE3HAYHUTENbHYIO OUIHOKY, MOXHO CUii-
TaTh, YTO CpejHee 3HaueHile COOTBETCTBYeT LeHTpy 6Jo0ka. Tak Kak
LIEHTPH GJOKOB BCerja pachosioXkeHbl Ha (PHKCHPOBAHHOM DPacCTOf-
HUI OT OIEHHBAEMON TOUKH, TO MOXHO HCIOJAb30BATb NOCTOAHHBIE
gpecoBble (MYHKUHH, DTOT MeTOl HMeeT 3HAYMTeJbHble NpeHMylle-
CTBa B TOM CJydae, €cJai OLEHKH CTPOATCA HAa OCHOBAHMH KpaiHe
HEpPEryJipHOH CeTH KOHTPOJbHBIX 3HaueHHH. Mel peranspHo ocTa-
HOBUMCS Ha DacCMOTpPeHHH MeTOJ1a CKOJIB3SLIEr0 CPEAHEro TpeTk-
€ro THIA, TaK KaK 3TO — OJHH 13 Hanbo/ee MNEPCHEKTHBHHIX METO-
J0B, KOTOpBIH IUHPOKO HCHOJbL30BaJCs AJISA OLUEHKH HEKOTOPHIX
KPYIHBIX PYAHLIX MecTopoxkacHHii CeBepHoii AMepUKH.

CKoJb3duiye B3BelIeHHbIE CPEeJHHE,
noayuyeHHble M0 CPeJHHM 3HAYEHUsIM B 0J0KaX

Haxe B TOM cJjyyae, eCJad MHHEpPaJu3MpOBaHHAas KMJja OYEHb
maJa, B npouecce pa3pabOTKH MECTOPOXIEHHA NOJIKeH ObiThb Bbl-
6paH GJIOK NMOpOJABl COOTBETCTBYWOILEro pasmepa. MuHHMaJbHBIA
pasmep sToro G6JIOKa onpejeifeTcs MeToAOM OTPabOTKH H 3aBH-
CHT OT pasMepoB OGOPYAOBaHHS H CTPOEHHS MopoAasl. XOTs B HpoO-
necce oTpaboTkH GJIOKOB  COJepIKaHHe MONE3HOT0 KOMIOHEHTA
yYMeHbLIAETCs 32 cyeT pa3y0oKuBaHIs mycTod MOPONOH, TEeXHOJO-
Tuf pas3paboTOK JAesaeT 3TO HensOexxHBIM. DBce TnepeunciieHHbe
(G akToOpHl ONpeje ]sI0T MHHHMAJdbHBE pasMep 6Jaoxa, cojep:KaHHE
B KOTOPOM MbI XOTHM OHeHHTb. Hanpumep, GeccMBICJIEHHO OLUEHH-
BaTh COJleprKaHie Pyl B OAHOM KyOHYeckodl eanHHUE 00bema,
ecan pasmep Ogoxa BeipaGoTkn cocrapiser 100 KyOHYecknx ea-
uuu. B paspaorkax, B KOTOPLIX HCIOJAbB3YETCS METOJ B3BELIEHHO-
ro yCpeAHeHils Mo GJ0KaM, HalMeHblas AJHHA B KaXK10M H3Mepe-
HI{1I, HCHOJb3yeMash Ha HpakTHKe, cocrasjaser npruMepro 100 §y-
ToB. Dra HallMeHbLIas NpakTiyecxas eIMHHILA, ICHOJAb3yeMas B
paspaborkax, MeHSeTca OT OJHOTO MECTODOXKIEHHA K APYromy H,
BEPOSITHO, BJsieTcss Hanfoabiieli npu paspaloTKe Tesa BKpaIJeH-
HLIX PYA I HanMeHblueil B O4YeHL O0OraThix IHAPOTEPMAJbHBIX KH-
JibHBIX MECTODOXKIEeHHAX. ‘
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K cuacTbio, KpynHele GJOKH MeHee HOABEPKEHBl GOJBLINM H3-
VeHEHHSM COXepXKaHHH, deM MaJble NpoGH. JIeHCTBHTENbHO, byi-
NaMeHTaJbHOe JONyHIeHHe B METOJC CKOJbL3AUIHX B3BEIUEHHHIX
6JIOKOB COCTOHT B TOM, YTO MHHHMAJIbHBIE pa3mep pa3paboTufl TaK
BeJHK 110 CPaBHEHMIO ¢ DACCTOSIHNIEM, Ha KOTOPOM HabaiiaeTcs
()blchoe H3MeHeHHe coﬂep}KaHHﬁ, 4TO AHCOECDCHSI HEe H3MeHseTcd
npH yBeqHdYeHun pasmepa 6.10k0B. ITosToMy HammeHbuiNe npakT-
yecKHEe €IMHHOBE OTpaGOTKII NPHUXOAMTCS KOMOHHHDOBATHL B I[10CJe-
JAOBATEJNBbHOM IOpsigKke AJS NMOJYYEHHS GOJbIIHX OJ0KOB. Ecau u3-
MEHYHBOCTb B GOJBLIMHCTBE €IMHHI OKA3BIBAETCS MHOIO MeHblile,
yeM H3MEHYHBOCTb NPAaKTHYECKH HauMeHbluero 6J/i0Ka, TO 3TH Ma-
Jele GJI0KH OynyT UMETh JICIEPCHIO, HE NPeBOCXOASIIYI0 AMCIep-
cnio Goabluux KOMOHHHPOBAaHHBIX 6s10k0B. TeoperHdueckas KpHBas
3aBHCHMOCTH JHCIEPCHH OT o0beMa BHIGODKM yKazaHa Ha piC.
5.61: oHa HJAMIOCTPHPYET NPEAINOJOKEHHE, YTO Iucnepcuss yctofun-
ga} NpH NPEBLILIEHHA MHHHMAaJbLHOTO KPHTHYECKOTO pasMepa Mpo-
Bl.

ULIT06]:I ONPERENNTb CKOMB3SIlIee CPEAHee IJsl CPeJHHX 3Haue-
HIHA OJIOKOB, Mbl [OJUKHLI CHaua/ja ONpefedHTh Beca, COOTBETCTBY-
omue OaokaM. Heo6xoxumo 3anaTe Takxe pasMellieHHe CaMHX
6JI0KOB, HO OHO siBJisieTcs GOJlee HJH MeHee IPOH3BOJbHBIM. IIpes-
NOJIOKHUM, HTO MBIl DEUIHJIH BOCMOJB30BATBHCS IIAHOM CKOJb3ISle~
PO CpeaHero, NIpeACTaBJEHHHM Ha pHC. 5.62. MB XOTHM MOJAVYITH
OUeHKy Y comep:kaHHil KOMIOHEHTa B pyie, KOTOpast Oyjer ;10651-
Ta H3 Oqoxa 1 Ha OCHOBAHHM pa3BEJOYHBLIX NPOO, B3ATHIX B 6.10-

kax 1—9. (3amerum, wro Y — oueHxka COACpIKAHHA, TOJyUeHHaR
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EHC. 5.61. Teopernueckoe wuamenenne PHC. 5.62. Cxema cxoawssmero cpenme-
K::Cnepc"" coaepKaHui NOJEe3HOTo ro AJif OHEHKHM COJNEPK2AHHI NOJe3HOro
WHOHEHTA B 32BUCHMOCTH OT H3MEHe-  KOMNOHEHTa B LeHTpe Gaoka ¥ mo cpen-

HHil 0Gnema npoGH uan
paspa6aTmBae- HuM AAS GYPOBBIX CKBAXKM
moro Gaoxa 1-9 M B Orokax
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[T lucHTpa 6j0Ka, a Y;— CpelHee 3HAueHHe Pa3BelOUHEIX NMPOG
B ToM sKe 6J0Ke.) 3a1aB ypasHeHHe, ¢ [OMOUIbIO KOTOPOrQ BBIYHC-

ASIOTCA OLCHKH AJAf Y, MLl Oyiem IlepeaBHraTth cxemy onpoGoBa-
HHS Ha HEH3BECTHYI0 00JacTb, MOJydasi MPU 3TOM OUEHKH colep-
aHls B IOCJAEI0BATEIbHOCTH NpPHMBIKAKOUWIHX GJOKOB 10 TeX mop,
NoKa He MOKPOoeM BCIO [1JIOLLAJ]b.

YpaBHeHHe CKOJB3SILETO CPEAHEro ONPEAeIAETCs 10 3HAYEHI-
SIM cojepxKaHuil PYAHOr0 KOMIOHEHTd, M3BJEUEHHOrO H3 FOPHOI
BLIpaGOTKH B I13yyaeMoM peruoHe. IIpearnosoxuM, 4TO Hall MJaH
CKOJB3SIIEro CpeAHero HaHeCeH Ha KapTy pPYyAHOro Teja, KOTopoe
yxe Bpipabotano. Mcnoabsys mosydeHHsle npoObl H KOJAHYECTBeH-
HBEle aHAAH3Bl 110 KAXKJIOMY 113 0JOKOB, MOXHO BBIUHCINTH CPEAHIIC
3HaUeHHS AJd BJ0KOB, KOTOPBIM COOTBETCTBYIOT HalllH TEpeMEHHbie
Y., Vs, ..., Yo. 3anuci A00bl4l 1210T KOJHUYECTBO MOJIE3HOIO KOM-
NOHeHTa, B JelCTBHTENLHOCTH IJ00BITOE H3 HHTEPECYIOUlero  Hac
6a0ka. Ecau 0603HauuTH ero 4epe3 Y, TO MOXKHO CBsI3aTb COACPH-
JKaHie B JOOLIBACMON pyAe € KOJIIYeCTBEHHLIMH aHaJji3aMi pas-
paboTky ¢ NMOMOWIBIO CJAEAYIOULero JHHEHHOro ypaBHEeHHA: .

9

}/ _ BO _{H ZBL )7l' + g, (570)

i=l1

KOTOpOe, OueBILHO, SABJSETCS YpaBHEHHEM perpeccui }  OTHOCH-
Teabho Yy, ..., Yo TIpuMeHAs 3Ty CXeMy NOCJEA0OBaTEIbHO KO MHO-
ruM GJOKaM, MOJYYHM MHOXKeCTBO HabJoAeHHI Y. ITO 1acT BO3-
MOXKHOCTL pewrtts (5.70) ¢ MOMOIIBID METO10B HAMMEHLIIHX KBal-
paToB, NOYTH B TOYHOCTH COBNAIAIOULHX C TeMH, KOTOpble HCIO0J]b-
30BaJHCh JJs [OCTPOCHHS NOBEPXHOCTEH TpeHja,

Tenepp y Hac ecTb OUeHKAa Y COJep:KaHHS MOJE3HOIO KOMIO-
HeHTa B LEHTpaJpHOM 0J0Ke, KOTOpasd OCHOBaHa Ha CPeAHHX Ipo-
fax, B3ATBHIX W3 OKpyuKalowmnx G/aoxos. IIpornosupyioulee ypabHe-
HIle COJAEpPIKHT NOCTONHHBI WJIEH I 1CBATb BECOBBIX KO3(QHIIEH-
ToB. OIHAKO MONKHO ONpeleHTb NOCTOSAHHYI (g Kak Opou3Beie-
HHe HOBOH NOCTOSHHOI Ha CpefHee IO BCeM IIOJyUEHHBIM npobam
1Js1 BcexX GJIOKOB:

p\):%? HH 36:@."— (5.71)

yr
HoBast mocTofAHHas B’ HAXOINTCA NPOCTBIM  ICJEHNEM Jo Ha

0606IIeHHOE cpefHee 10 BeeM npodam (o1 TepMItHOM «00O00LIeH-
= 1 2 _
HOE CcpedHee» Mbl I0ApasyveBaeM )= > Yi). Taxum oGpasoy,
=1
ypaBHeHHe perpeccili MOXKeT OBITb 3aMHCAHO TaK:

9
V=87 YTV 4 (5.72)

i=1

|
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Bee k03G@HUHEHTH ypaBHEHUS perpeccHi, BKJKYas MOCTOSH-
Hbli U/1€H, MOXHO Teleph CUlTaTh BecOBHIMH (pyHKUnsMu. [Ipupas-

fiuBad Po K B’oY, monyd4uM perpeccuio, He 3aBHCSIIIYID OT KaKOro-
1100 TpeHja, KOTOpbil HMeercs B AAHHBLIX, W YypaBHeHie Oyler
NpHMEHHMO K JAPYTHM IJIOLAJfM, Hae HECMOTpsi Ha TO, UTO
cpefHee 3HAYEHHE N0 3TUM HOBBIM JIOWIAAAM OYVIeT Bbille HJIH HIl-
e, YeM B 00JacTH, 1Js1 KOTOPOH ypaBHEHHe OblIO IMOCTPOEHO.

Tenepb MOXKHO HCHOJb30BATh ypaBHEHHE perpeccHd B KauecTine
CKOMB3ALIEr0 CpPETHEro A8 HeoTpaboTaHHONT YacTH MeCTOPOXKje-
aus. TloMecTuB cxeMy Ha KapTy pa3paboTkil, HYKHO OyJeT TOAbKO
B3AThH TIPOGEl B KaXKAOM H3 AEBATH 0J0KOB. kcnoabsysi sHayeHHs
KOJIHUeCTBEHHBIX aHAJI30B, MOXKHO BBIUHCJHTL 3HAYEHHA IJA KaxK-
noro 6J0Ka, KOTOpble 3aTeM CTaHyT Y-aMu B (9.72) 1 Oyayr 1c-
MOJb30BAHBl AJs OIleHKH 3HaueHus Y. 3areM 3Ta cxeMa NpHMeHs-
eTCsl TOCNENOBATeNbHO K pas3JyHBIM OJokaM B Hepa3pabaTelBae-
MOH UacTH MecTOpPOXKAEeHHS, JaBas OLCHKH cojlepxkaHuil anas pas-
seJKll 1 NOACYeTa 3amacos.

Yenex mpuMeHeHHS MeToAa 32BHCHT OT ABYX YCJA0BHH, Bo-mep-
8LIX, YPaBHEHIE perpeccHi JO0J1KHO TOYHO BBIpaxaThb COlepr:KaHie
TIOJIC3HOTO KOMIIOHEHTA B yXKe OCBOCHHOH YacTH MECTOPOXK/IEHHA,
Ec/it KaueCTBO annpoKCHMALHH C NOMOIUBIO JIHHEHHOH perpecciot-

Holi MOJeJH IJIOXOe, TO CKOJb3sillee cpegHee Y B NPHMEHEHHUH K
Hepa3pabOTaHHLIM 4acTSM MECTOpOXAeHHR OyaerT ManoapdeKTis-
HOoHl oueHKo# aus Y. OpHako 6aaroxapsi yCTOHYHNBOCTH AHCIEPCHI
8 npejnenax ‘60ablHX GJOKOB OOBIKHOBEHHO YAAETCA HOJAYUHTh XO-
pomyio annpokcimanuio. [lnoxoii moxbop ykasbiBaeT Ha H3MeHUl-
BOCTb, MacLITal KOTOPOH CpPaBHHM C pa3Mepami camux GJOKOB.
Bropoe BaxHOe yCJOBlIe COCTOHT B TOM, UTO pacrpeiejeHue 3Ha-
yeHH{I B OTpaBOTAHHONE 4YAaCTH MECTOPOXKACHHS OueHb CHJIBHO Ha-
NOMHHaeT pacnpejesieHne B HeoTpabOTaHHOR uwacTH, XOTA  AJA
OLEHOK YacTO NPHXOAHTCA HCIOJAb30BaTb YPaBHEHHA, NOCTPOEHHbLIE
10 JaHHBIM COBEePILICHHO APYyroro poia. O1Haxo OLEHKA MeCTOPOK-
JEHHH — 3TO NHHAMUYECKHI MNpouecc, H TEeXHHKa OUEHKH COBEp-
LIEHCTBYETCH IIO Mepe pas3BHTUA HaykH. OO6GLIUHO Ke TMJOILajb, 10
KOTOpOIl CTPOMTCA NPOTHO3HOE ypaBHEHHe, BLIGHPAeTCs OT MPOTHC-
31pyeMoll HacTOAbKO BJH3KO, HACKOJLKO 3TO BO3MOXKHO.

Kax BB, BepOATHO, [A0rajaajHCh, CXeMbl B3BEIUIHBAHHST CKOJb3H-
X 0JOKOB SABJAIOTCA <«I3TOTOBJCHHBIMH TI0 3aKasy» pelenTaMi
A JaHHOTO MECTOPOXKIEHHA HJH faze A8 ero uacTi. Bri6op
CXEMbl CKOJIB3fIIEr0 CPeaHero ONpejeseTcs HajHyHeM CHJIbHOrO
TpeHla 3HaueHHIl, NpHMeHseMOil cHcTeMoil pa3paGoTKH MeCcTOpOK-
ACHHS, a Taikke muornMn apyrumu daxropamu. Ilo 3Toit npuunne
Mbl pakKe HE IbITaeMcst Hamucartbh IpOTPpaMMy CKOJL3AIIETO cpea-
Hero ofulero Ha3HaYeHliss, XOTA 3TO OTHOCHTEJBHO NpOCTas 3aaa-
ya. PaspuTue 3TOr0 MeTOAa H NpHMEpPH €ro NPHJOKEHHA K 60Jb-
WHM MeCTOpOXAeHuAM Aanbl Kpure [46].
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KPAUTHUHT

[Tousitye peruoHaJH30BaHHONH nepeMeHHol OblJo BBeleHO B
ri. 4 KaK €CTecTBeHHas XapaKTePHCTHKa, NPOMEXYTOUHass MEXKAY
MOJIHOCTBIO CJAYyYadHO#l H IIOJHOCTbIO JETEPMHHUPOBAHHON  mepe-
MEHHBIMH. MHorue reojiorndeckue MOBEPXHOCTH, KaK CYLIECTBYIO-
mue, Tak ¥ BooGpakaeMbie, MOXKHO PaCcCMaTpHBaTb KaK pPeruoHa-
JIH30BaHHbBIE TIepeMeHHble. DTH NOBEPXHOCTH HENPEPHIBHBI OT TOYKH
K TOuYKe M, CJeJ0BaTeJbHO, MOIYT KOPPEJHPOBATbCA Ha KODOT-
Kux paccrosiHHAX. OJHAKO TOYKM Ha HEperyJ/sipHOH MOBEpXHOCTH,
KOTOpBIE OTCTOAT RAJEKO APYr OT ADyra, ABJSAIOTCH CTATHCTHUECKH
HezaBuCHMBIMH., (CTeneHb NPOCTPAHCTBEHHOH HENPEPHIBHOCTH pe-
THOHAJM30BAHHOM InepeMeHHON MoxKerT OBITh BBIpAaXeHa BapHO-
rpaMMoli, kak 310 OblJO TioKaszaHo B . 4. Ecad usmepennsi Oblin
cleNaHbl B paccesiHHOM MHOMKECTBe TOueK onpofoBanua M QopMa
BapUOIPAMMBI H3BECTHA, TO MOXKHO OLUEHHTb 3HAYEHHE TOBEPXHOCTH
B J1060H TOUKe, He NpHHamjexaulell BuOopke. IIponeaypa ouUeHKH
HasbiBaercs kpaiirudrom B gecTb . I'. Kpure, roxuoadpukancko-
FO TOPHOTO HHXEHepa H I[HOHEPA NpDUMEHEHHA CTaTHCTHYECKHX
METOJIOB IPH TIOfICUETE 3amacoB.

KpafiruHr MOXKHO HCIOJb30BAaTh JJA IOCTPOEHHS KapT B H30-~
JMHHAX, HO, B OTJHYHE OT OOGBUHBIX aJATOPHTMOB OKOHTYDHBAaHHY,
OH HMMEeT CTATHCTHYECKH OITHMAJbHBIE CBOHCTBA. BO3MOXKHO, HaH-
GoJsiee BaXKHBIM fBJSETCH TO, UTQO 3TOT METOX obecneuyHBaeT H3Me-
peHHe OWHOGKH HJIH HeONpEeAeJeHHOCTH INIOBEPXHOCTH H300parkae-
Moit u3onuBEuAMH. KpafirmHr ucnoab3ayer HHPOPMaUHIO H3 MOAY-
BApHOTPaMMBl [AJI1 HAaXOX/JEHHS ONTHMAJbHOTO MHOXECTBa BECOB,
NJIs OLleHKH TIOBEDPXHOCTH B TOYKaX, OTJIHYHBIX OT TOuWeK omnpoboBa-
Hus, Tak Kax noJgyBapuorpamma sasaseTcs (PYHKIHEH pacCTOAHHS,
TO Beca HM3MEHSIOTCH B COOTBETCTBHH C reorpaduyecKHM MOJOXKe-
HHeM TOYeK onpoboBaHHS.

Toueunstii Kpaliruur

Toueynslit xpaliruHr — npocreiitiag ¢opMa KpalrHHra, B KOTO-
poM HaGJIOLeHHST COCTOSIT M3 H3MepeHHH, B3ATHX B 0e3pasMepHLIX
TOYKAX H OUEHKH NPOBOAATCS B JAPYTHX MeCTaX, KOTOPHe CaMH
TaKkXKe SIBASAOTCH Ge3pa3MepHBIMH TOYKaMH. ToueuHblli XpaHruHr
HCIOJIb3yeTCs], HanpuMep, B IOCTPOGHHH KapTH B H3OJHHHAX ANA
HabMoAeHul, SABASIOINXCA aOCOMIOTHHMH  OTMETKAMH  XKPOBJIK
¢opMauuy, H3MEpPEHHHIMH B psje Pa3BeJOYHHIX cKBaxKuH. IlocTpo-
€HHe CTPYKTYpHOH KapTel B H3OJHHHAX TpebyeT, 4To6Bl  OlEHKH
a6COMIOTHEIX OTMETOK KpOBJAKH (dopMalHu OLIIH crenaHel B GJII3KO
pAaCHOJIOKEHHBIX TOYKAX Ha KapTHpyeMoi Tmuowaad. Ilponesar
3TO, MOXKHO MPOBECTH H30JIHHHM Uepe3 5TH OLEHKH Tak, KaK OMH-
CaHO B OpeAblAylieM pa3fene.
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Jlas ynpolleHHs 3a4avd MOXKHO IONYCTHTb, YTO KapTHpyeMmas
nepeMeHHas CTaTHCTHYECKH CTalHOHAapHa uju CBOGOAHA OT apud-
Ta. 3HaueHUe B TOYKe, He NpHHAAJexaUlell BHIGOpKE, MOXKeT GbiTh
oleHeHO KAaK B3BCLIEHHOe cpejHee HM3BeCTHhIX HabaiogeHHIl, T. €.
sgayeHile B TOYKE p OCHOBAHO Ha OTPaHHUEHHOM MHOKecTBe OJH3-
JeXallHX KOHTPOJBHBIX TOUYEK:

Y,=3W.Y.

Cnenyer OXHAATb, YTO OHEHKAa }, GYyAeT OTJAHYATLCA OT HCTHHHO-
r0 (HO HEM3BECTHOTO) 3HAYCHHS Y, Ha BeJHUIHY, KOTOPYI MOKHO
Ha3BaTb OLIMOKOI OLEHKH:

o= (Y, — V). (5.73)

Ecau cyMMa BecoB, HCIOJB3YEMBIX B OHLEHKe, paBHa €AHHHIE, TO
noJiyueHHas OlleHKa Ha3blBaeTCs HecMeIleHHOH NpH YCJOBHH, 4TO
npudra Her. DTO 3HAYHT, YTO JJf OOJBINOTO MHOMKECTBA OLEHOK
cpeaHas owHOKa OyleT paBHa HYJIO, TaK KaK IOJOXKHTeJbHbE H
oTpHLATeJbHble OTKJOHCHHS B3alMHO KOMIIGHCHPYIOT ApPYr ZApyra.
OnHako jaxe ecau cpeisis ownbKa OUEHKH OKa3blBaeTcs HyJe-
530H, OLEHKH MOTYT OBITb INHPOKO DAaCCeAHHBIMH OTHOCHTENLHO
UCTHHHBIX 3Ha4eHuil. DTO paccesiHHe MOXKHO OXapaKTepH30BaTb
AucnepcHed OWHOKH:

S=a Y (7, =Y ,p (5.74)

I TH TOCJe H3BJICYEHHS KBAJAPaTHOIO KOPHS CTaHAapTHOH ourubxoit
OUEHKH:

so=1"s%. (5.75)

Kak yxKe oTMeyasock B pasjene IO KAPTHPOBAHHIO B H30JHU-
4HAX, HHTYHTHBHO TIPEJCTABJISAETCS NPaBAONOAODHHIM, 4To GJHXKail-
Zile KOHTpOJbHBIE TOUKH OKAa3HBaloTCs HauboJjee BJAHAKUIHMHY Ha
JLEeHKY 3HaueHisl B TOYKE MOBEPXHOCTH, He #ABJAIOUIEHCS TOYKOH
bupofoeanns, u 4uTo 0o0Jee yJalieHHble KOHTPOJbHBlE TOYKH OKa-
3LIBAIOT MeHblllee BJHsHHe. MBI Takie BIpaBe OXHAaTh, YTO HC-
noJIb3yeMEle Beca B IPOLEcce OLEHHBAHIA H OWHOGKH OUEHOK He-
X0TOPHIM 00pa3oM JAOJKHB! ObITh CBS3aHB C INIOJYBapHOTPaMMOI
JoBepxHocTH. B mpocrom npumepe Kmapk [13] mokasbiBaer, uto
370 TakK.

ITpeanonoxum, uro TpebyeTcss OUEHHThL 3HaueHHe Y B TOuke
2 no TpeMm OJH3KHM TOUKaM, HCIOJAB3YS B KauyecTBe OLEHHBaeMoO-
70 mapameTpa B3BEUICHHOE CpeaHee Tpex H3BeCTHBIX 3HaueHHIl:

Yo=W Y+ WoYo+ WsYa.

Beca nopuuHeHb yCJAOBHIO, 4TO CyMMa HX DaBHA eIMHHUE, MO-
5TOMY B OTCYTCTBHE TPeHa OlEHKa ABJAeTCS HecMelleHHo#. Ipen-
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nojoxum, uro Bec W; BuiGpaH pasubiM 1,0, Torgza Beca W, u
W5 noJokHbl GBITH DABHEL HYJIO, M OLEHKA B TOUKE P eCTh

Y,=1,0Y,+0,0Y5-+0,0s
HnJjn
Y,=Y,.

OueBujaHo, omubKa OUEHKH €CTh NpOCTO e=Y,—Y,, Tak Kaw
Y, ects omenxa Y, Ecan Muorme JApYrHe 3HAUYCHHdA, T0100HbIE
Yp, OueHNBAIOTCA 1O TOUKAM, pa3MelleHHHIM B IPOCTPAHCTBE [O-
n00HO Y;, TO OlL€HKa AHCHCPCHH MOMKET OLITh BBIYHCJEHA K4k
cpeansia  KBaapaTHYHAA  Pa3HOCTh MEKAY 3THMH TNapavd TO-
uex. [y yno6cTBa MO#HO 0GO3HAUMTL 5TH OLEHEHHBIC 3HAUEHNSA
yecpes Yp; M Apyrue oueHxu uepes Yy, Torjaa

n
1
si= n Z(Ypi*yn)?-

Ecau ato ypaBHeHne cpasuutsh ¢ (4.71), To $ICHO, uYTO ONEHKa
AUCMCPCHH paBHA YABOCHHOH 1I0JyBapHOrpaMMe Uil PaCCTOSHINA,
paBHOro HHTEpBAJy, Pa3lendwUleMy TOUKH Y, u Yy

B panHoM cayuae Bbi6paHa opHa yYacTHas KOMOHHALS BECOB
AJIsL IIOJIYYEHHsT OUEHKH Y, H JJIs OupeaeteHHs OIIHOKH OLEHKH.
Myeetcst GeckoHeuHOe MHOKECTBO CrOCO60B KOMOMHHDOBAHHS Be-
COB, KOTOpble JOJKHBI ObITh BBIGpPAHBI, I KaXKjblll H3 HIX NaeT
Pa3JHYHYI0 OUCHKY H PasJHYyHYI0 OUIHOKY oueHKH. OIHAKO HMeeT-
Csl TOJILKO OJfHA KoMOHHaLHs, KOTOpas OyAeT 1aBaTb MHHHMYM
OwHOKN oueHuBanus. MMeHHO 3Ty KOMGHHALHIO BECOB H IO3BOJS-
€T HaATH KpairuHr,

[onyuenue ypaBHeHHH Kpafirunra TpebyeT BLIUHCJAEHHI H 31eCh
He paccMarpuBaercs. [Ipoctoe ussoxkenue storo Bompoca comep-
xkutca B [13], a noaublii BeiBox ypaBHeHu{i gan Oaea [62] nas
caydas TOYEHHOro kpaidrunra. OnTuMaJjbHbie 3HAUYeHHS Js BCCOB
MOXKHO HalTH DEIIeHHEM CHCTEMBI COBMECTHBIX YPaBHEHI, KOTO-
pEI€ BKJIOYAIOT 3HAYEHHS 113 BapHOTPAMMLI OLEHHBACMOR  mepe-
MEHHOH. ITH Beca ONTHMaJbHBL B TOM CMBICJE, YTO OKOHUATCAbHDLIC
OLUCHKH SIBJSIIOTCSl HECMECLICHHBIMH H HMEIOT MHHHMAJBHYIO OLEHKY
pucrnepcnd. Huxaxas apyras aunnefiHas KOMGHHAIMs HabJIoCHHE
He MOXKET JaThb OLEHKH, KOTOpble MMEIOT MEHbIee paccesHfe Of-
HOCHTEJIbHO HX UCTHHHBIX 3HAUYEHHI.

B mpocrefimnx cayuasix 3azaua KpaifirMHra COCTOHT B OICHKE
3HaYeHHst Y B TOYKe p MO TPEM H3BECTHBIM HAGJIOJCHHSM. s
€€ HAaXOXKJEHHA TpeOyeTcsl PElIHTh CHCTEMY TPEeX ypaBHEHHH:

Wiy (Bur) + Woy (hiz) + Way (hus) =v (h1y),
Wiy (hi2) + Way (h22) 4+ Way (has) =y (hsp),
Wiy (hus) + Woy (hes) + Way (has) =7 (h3p).
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3xech y(hij) — noayBapHorpaMma Ha PacCTOSHHH l;, COOTBETCTBY-
JOIeM HHTEePBaJy MEXKIAy KOHTPOJbHBIMII Toukamu [ u j. Hanpu-
vep, y{his) — mosyBapuorpamMma AJsi PaccTOSHHS MeM1y H3BCCT-
HuIMH TOYkaMu 1 u 3; y(hi,) — HoayBapHorpamMma JJd paccros-
HHS MeXJY M3BEeCTHOH Toukofl 1 M TOUKON p, B KOTopoil nmpoH3BO-
JUTCA oleHKa. Matpulla B JeBOH 4aCTH CHCTEMBl CHMMCTPHYHA,
TaK Kak h;j=~h;. JluaroHanpHble 3JCMEHTHl 5TOH MAaTPHILI PaBHB!
BYJII0, TaK Kak /; NPEICTaBJ/sieT paccTosHue TOYKH OT cebd ca-
\ioff, KOTOpOe paBHO HyJ0. B Ipeanosoxedud, 4TO {0JYyBapHO-
rpaMMa IIPOXOJHT Yepe3 HayaJo KOOpjAHHAT, MNOJYyBapHorpamma
1051 HYJIEBOTO pacCTOSIHHS PaBHA HYyJO. 3HAUEHUH MOJYZUCICPCIHH
B3SITHl H3 IOJYyBapHOIPAMMBI, KOTOpas 10/17KHa OBITb H3BECTHA WM
ClleHeHa A0 KpalTHHra.

OxHako, 1Jst TOr0 YTOOH 00ecHedlTb HeCMELIeHHOCTh PeLUCHHS,
1HcoGX0ANMO HAJOXKHTL OTPAHHUEHHe HA Beca: HX cyMMa J0JXKHE
GulTb paBHA ejfuHuie. HeTBepToe ypaBHEHHE

W,+W,+W,=1,0.

B urore noayuaercs HaGop 4YeThlpeX ypaBHEHUH AJs TPexX HeEH3-
BeCTHBIX. Tak Kak ypaBHeHHI 00Jbllle, 4YeM HEH3BECTHBIX, TO A4
TOro 4To6hl 00eCclnedyHTh MHHHMAJBHO BO3MOXKHYIO OIIHOKY OUEHKH,
HYJKHO HCIOJb30BATh [IOIOJHHTEJABHBIE CTeNeHH CBOGOABL. ITO aAe-
Jaetcsi 106aBJEHHEM B CHCTEMY ypaBHeHHII HEMOH NepeMeHHOH 2,
HasplBaeMOH MHoxKHTejeM Jlarpanxa. IlosnHada cucrteMma ypaBHEHHI.
1IMEEeT CACAYIOUHHA BHJ

Wiy (hn) + Woy (hiz) + Way (lus) +2=1 (h1p),
Wiy (hi2) 4+ Way (hoo) + Wsy (has) +h =1 (h2p),
Wiy (his) + Way (hes) + Wsy (hss) + A =1 (hsp),
Wi+ W+ Ws+0=1 (5.76}%
AU B MaTpuuHoil gopme

Y () 1 () 1 (R) 1
T (e 1 (Rag) 7 (f1e3) 1
T () 7 (fay) 7 (fas) 1

1 i 1 0

WL [T, T
“72 L 7 (/121;)
W, 1 (N13p)

A 1

B o6uiem Bijge HyxKHO pelinTh MaTpHYHOE YpaBHEHHE
[A]-[W]=[B]

1J9 BeKTOpa HEH3BECTHHIX Kosdduuuerros [W]. UuaeHnt MaTpuiubi
[A] u Bextopa [B] GepyTcsi HemocpeAcTBEHHO H3 [OJYBapHO-
TPaMMBl HJIH H3 MaTeMaTH4ecKMX (yHKIHI, ONHCHIBAIOLIMX ee BHI.
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Onpenenns Hen3BeCTHble Beca, 3HAYCHHE OLEHHBAEMON MepeMeH-
HOH B TOYKE p NMPEACTAaBUM B BHJE

?p‘=-W1Y1+W2Y2+ WY, (5.78)
OnenkKa AHCIEPCHH HMeeT BHJ
Se =W 1 (k) + Wo (o) + Wa v (hg,) + 1. (5.79)

MneiMu caoBaMu, AHCepcHs OLEHKH ecTh B CYLHOCTH B3BElUEHHAR
CyMMa NOJyJAHCIepcHil nJg pacCTOsAHHI [0 TOYeK, HCNOJIb30BAHHBIX
B OLIEHHBaHMH, IIIOC BKJaZ OT KO3(QOHUHEHTa A, KOTOPHIH 3KBH-
BaJeHTeH NOCTOsIHHOMY ujeHy. KpaliruHr umeer naBa  60JbIHHX
npeuMyliecTBa nepel OObLIYHLIMH IIPOHEAYPAMH OLEHHBAHHS, KO-
TOpble HCIOJb3YITCHA NPH NOCTPOSRHH KapT B H30JHHHAX. OUeHKH
npoueayp KpaiifHHra B CpeJHeM HMEIOT HAaUMEHBUIVI0O BO3MOXKHYIO
OWHOKY, H TaKxke 00eCHeuuBaiOT $IBHOe BHIPAXeHHe BEJHUYHHBI
3TOH OWINOKH,

Jlas MIIIOCTpaLKI TOYEYHOro KpalrMHra Mbl MpPHBEIEM OILEHKY
YPOBHSI BOIBI B TOUKE p Ha KapTe, NpPeACTaBJEHHOH Ha puc. 5.63.
Ouenka Oyner MNpoBeleHa IO H3BECTHBIM YDOBHSM, H3MEPEHHBIM
3 Tpex HabJIofaTebHBIX CKBaXHHaX. KoOpAuHAaTel KapTel CKBa-
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¥
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Puc. 5.63. Kapra yposHedi BoAnl (B M) B TpeX HaOMIORATEJLHHIX CKBaXKHHAX.

Ouenkn ypoBHA BOIE! CAeNaHbl B TOUKax p ¥ ¢. KoopauHATH yKa3auul (B KM) a7s
IPOU3BOJLHOTO Hayanla

2

M
100

5 Puc. 5.64. Jluneiinas noayeapuo-
rpaMma  YpoBHe#l BOABI HA MJO-
maau, BKJOYAOmeH KapTy
puc. 5.63. IonyBapnorpamma
HMeeT HakJion 4,0 M?/KM BHYTpH

0.:::|||||11||1111‘1|| 20-knn0MeTpOBO# 30HB
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Ta6aunma 5.12

Ha6amoaeHud, NpoOBEREHHBE B CKBAXKHHAX, HCMOJAL3YEMBIX
DJA OLEHKH YDOBHS BOAM B TOYKE p

CxBaXxHHa Koopnunara X Koopaunarta Xj YpoBeHh BOAbI
1 3,0 4,0 120
2 6,3 3,4 103
3 2,0 1,3 142
Touka p 3,0 3,0

CKBaXHHA 1 2 3 p
1 0 3,35 2,88 1,00
2 0 4,79 3,32
3 0 1,97

TloayaucuepcHd AJIS PaccTOAHHN MeXAY CKBAaXKMHAMH H TOUKOM p

CrBaxuHa 1 2 3 P
1 0 13,42 11,52 4,00
2 0 19,14 13,30
3 7,89

KHH H PacCTOSHHS MeXAy HHMH TIIpHBeJeHb B Taba. 5.12. I}peﬂ.-’
BADUTEJbHHH CTPYKTYPHBIH aHaJu3 MO3BOJHJ IONYYHTH JIHHEHHYIO:
nonysapuorpaMmy (puc. 5.64). 3HaueHus: NOJYIAHCIEPCHH, COOTBET-
CTBYIOIIHE DACCTOSHUIO MeX/]y CKBaXKHHaMHM, AaHe B Taba. 5.12;
OHM MOTYT OBbITb IOJYUYEHbl NPAMO H3 TMOJYBAapHOrpaMMbl HJH BH-

YHCJIeHH H3 HaKJoHa.
ypaBHeHI/lﬂ, KOTOpbl€ HOJI2KHbI OBITh peleHbl AJisi ONpeaeseHHus:

BECOB, B 3TOM IIpHMepe HMEIOT BHJ
Wi (0)+ W2 (12,2) + W5 (11,5) +A=4,0,
W, (12,2) + W2 (0) + W3 (18,1) +A=12,1,
Wi (11,5) + W2 (18,1) + W5 (0) +A=7,9,
Wi+ W,+Ws;+0=1,0
HWIH B MaTpuuyHO# ¢opme

0 122 11,5 1,07F [W, 4,0
122 0 181 10 w, | | 121
11,5 181 0 1,0 w, |7 7.9
1,0 1,0 1,0 0 R 1,0
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Marpuny, 00paTHYI0O K MaTpulle JeBOil YaCTH, MOXKHO HaiTH ¢
NOMOLILIO METOJd, H3JIOXKEHHOTO B Ii. 3 (CM. KH. 1), HO B ueJsix
YIPOILEHHS BBIUIIC/ICHHIT ies1€CO00PA3HO MOMEHSTh MOPSI0K ypaBHe-
HUil st TOro, uTOGB H3GeXaTh HYJeldl Ha IMaroHa.I, O6patnan
MaTpHLd ecTh

—0,0680 0,0326 0,0354 0,1932
0,0326 —0,0433 0,0106 0,4072
0,0354 0,0106 —0,0461 0,3995
0,1932 0,4072 0,3995 --9,5851

Tenepb MOKHO HafiTH HeH3BeCTHBIC Beca YMHOMKEHHEM cnpaea Ha
TPAHCNOHHPOBAHHYI0 MATPHULy BEKTOPa HPaBoOfi 4acTH, COCTOSIIEro
H3 moayaucnepcliil. B pesyastare nodyunm

W, 0,5954
w, | | 00975
w, || o3071

A ~0,7298

OueHKa ypoBHA BOJAbl B TOUKE p HAXOLUTCA MOACTaHOBKOI nojxo-
JANX BECOB B JiHeHHoe ypaBHeHHe (5.78):

¥,=0,5954(120) +0,975 (103) +0.3071 (142) =125,1 w.

AHaNoOrMYHO HaxOAMTCA M OWIHGKA AHCIIEPCHH BO B3BeIUEHHOH CyM-
Me IOJYyBapHOrpaMM JUIsl PacCTOAHHH OT KOHTPOJBHBIX TOYeK A0
CUCHHBACMOH TOYKH. B MaTpuuyubix obosnaueHusx s.2=[W][’[B]:

5i=0,5954 (4) - 0,0975 (12,1)’,0,3071(7,9) — 0,7298 (1) = 5,25 1.

CranzapTias ownbka OUEHKH €CTh MPOCTO KBAAPATHLII KOpeHb N3
GUEHKN AHCHEPCHH HAH S.=7}5,25=23 M. Ecau Mebl IPeINOJOKHM,
MTO OWHOKH OLEHHBAHHA Dacnpeje/eHbl HOPMAaJbHO OTHOCHTENbHO
TICTHHHOTO CpeAHEro 3HAYEHHH, TO Mbl MOXKEM HCNOJL30BATH CTaH-
AapTHYI0 OWIHOKYy 15 ONpelesieHIsl J0BePHTENbHOrO HHTepBaJa
5TOH OLEHKH. BeposiTHOCTL TOrO, YTO HCTHHHDLIH YPOBeHb  BOABL
B TOYKE p HAXOINTCA B npelenax OAHOI CcTAHAapTHON omibKH Bbi-
e HJH HIZKEe OUEHHBAEMOro 3HaueHist, paBHa 68%, a BepoATHOCTD
TOTO, MTO HCTHHHLIH YDOBEHb JIEKHT B Ipelestax IBYX cTaypaprt-
HbIX own6ox, pasHa 95Y%. Mupimu  cioBamu, yposen» Bogbl B
TOYKE JoJKeH Obith Y,=1251+46 M ¢ BEPOATHOCThIO 957 .
B xaxaoit Touke 3TOH KapThl MBI MOJKeM OLCHHTR YDOBEHbL BOABI U
MOXKeM TakxKe ONpeJeJNuTh CTaHAaPTHEE OMNIGKH 53THX OLEHOK.
113 HHX MBI MOXKEM NOCTPOHTH JIBe KapThl; nepsad OCHOBaHa Ha
CaMiXx ONEHKaX H SBJSETCA HAHAYULIHM 00pasoM MpeacKa3aHHOM
KOHQHTypanuell KapTHPYEeMbIX NepeMeHHbIX, BTOpast — 3TO OIIH6KA
KapThl, nOKasbiBallas NOBEPHTENbHYIO 06epTHBAIOUIYIO NoBepx-

{16

HOCTh, KOTOpasi OKpYXKaeT OLCHHBACMYIO MOBEPXHOCTb; OHA BbIpa-
#]acT OTHOCHTEJbHYI0 HalekHOCTp mepBoro oro6pamxenns. Ha
M0 AaAfAX CJa0Ooro KOHTPOJS OIIHOKA KapThl MOXET INPHHHMATD
Goabliie 3HAYEHHS, MOKA3bIBasi, YTQ OLEHHBaeMulil napaMerp Nod-
pepraercs GoJbluol maMeHnunBocTH. Ha rmuowazgsx caaboro KOHT-
poia omwibKa KapTel OyAeT NOKA3bIBaThb HU3KHE 3HAYEHHA, H B
caMIIX KOHTPOJBHBIX TOYKax omubka OLEHKH OyAeT paBHa HYJIO.

CucreMa ypaBHEHHH, HCmOAb3yeMas AJIs HAXOXKIEHIA  BECOB
xpafirMira, JoJzKHa pellaThes Js KaxAoH OUEHHBAGMOH  TOYKI
[0 TeX IT0p, MOoKa NpoObl PacHoJoXeHBl IO peryJapHOil cxeMme Tak,
4TO PACCTOSIHHS MeXAy TOYKaMH OCTaloTCs OAHHAKOBBIMIL Ecan mbl
noXkesaeM OLUEHHTh YPOBEHb BOABl B TOUKe ¢ Ha puc. 9.63, To He-
06X0HMO PACCMOTPETh PACCTOSHHS MeXAYy g H TpeMs Habawjae-
MBIMH CKBaXKIHAMIL ITH PACCTOSHUS H COOTBETCTBYMOLLHE HOJYII-
cnepcuy, B3dTble 113 puc. 5.64, caeayouue:

11724 9,6
21 161; 6,2
31 30 12,0

Tax xaxk pacnogoxxeHne HaG/II01aeMbIX CKBAaXHH OCTAETCH TEM e
CaMblM, TO BCe PacCTOSHHA MeXIV HHMH OJHHAKOBbl KM JeBad
4acTh CHCTEMBI COBMECTHBIX YpaBHEHHH HeH3MeHHA. O6pama;§ Mar-
puua Toxe He naMeHdercd. IlosToMmy, YMHOMKHB ee Ha HOBBIH Bek-
TOp noJyaHcmepcHil, Mbl MOJYYHM Beca [Jisi OLEHKH YPOBHsI BOIbl
B TOyke ¢. HoBOe MHOeCTBO BeCOB TAKOBO:

W, 0,1676
W, 0,5796
w, | | 02528
)\ —0,3711

OUucHUM YpOBEHb BOIbI Y, u aucnepeiio s,%:
Y, —0,1676 (120) + 0,5796 (103) - 0,2528 (142) = 115,7 ;
s2=10,1676 (9,6) + 0,5796 (6,3) + 0,2528 (12,0) — 0,3711 (1) =
=7,91 M2

CrannaprHag owubka OIEHKH B TOUKe g—s.=V7,91=28 M, no-
5TOMy ypoOBeHb BOIBl B 3TOH HOBOI TOYKe MOMKET OBIThH BHIpaXKeH
B Bile Yy=115,7%56 M c BepositrocThio 95%. I[TosepxHocTb moa-
S3eMHBIX BOJ B TOYKe ¢ HHXKe, yeM B TOYKe p, H CTaHAapTHas
clfra GoJblle, YTO OTpa)<aeT GoJaplioe oflLlee PaccTofAHHE 10
KOHTPOJIBHBIX CKBaXKHH.

Ecan ofHa u3 KOHTPOJLHBIX TOUEK HM3MEHSCTCA, TO HEKOTOPbIC
U3 PacCTOSIHHH TaK)Xe H3MEHAIOTCA, H CHCTEMa YPaBHCHHII JOJKHA

117




Sr
1
4L ®
120
g i
24
®
ol 15
3
®
1+ 1472
oL
L I -l [ 1 1 ] I
0 1 2 3 4 5 6 7

Puc. 5.65. Kapra, nokazbizato

Hasi YPOBHH BOLBI
CKBaXXHHAaX. CKkBaxHMHa 24 § ¥ o e TPex A ConaTens i

JHKE K OUEHHBaeMOR TOUKe p, uem
y CKBaXuHa 2 H
puc. 5.63 *

OHTbL pemieHa 3aHoBo. Ha

puc. 5.65 wabmogaemas ckp, 2
npo6ypeHa B TOuke, GoJsee A A CKkB. 2A Gblaa

6/MHU3KOH K TOuK
i 6 € p, M ISl perHoHaJu-
gg;aegggg ::gséw:}molnl,s’xapa}};TepHsy}omeﬁ YPOBEHb BOAH, 6bLIO
ne M. HOBBle paccTosHHS M
eXIy TOUKAMH H
COOTBETCTBYIOUIHE NOJNYAICIEPCHH NPHBEACHH B Taé.n.y5.13 CHA"Te-
Ma ypaBHEHII Telepb HMeeT BHJ S

0 72 11,5 1,0 W, 4,0
72 0 84 1,0 W, 4,0
115 84 0 1.0 Wy | | 79 [
1.0 1,0 Lo 0 A 1,0
4 pelIeHHEe 3TOH CHCTEMBI

Vf/, 0,4545

W, _ 0,3858,

Wy 0,1598,

W, — 0,6001,

HoBas onenxa (s M) YPOBHS BOIH B TOuKe 2,
MH(GOpMalUMH no cxBs. 2A, numeer caeayounii BUI:

Y, =0,4545(120) 40,3858 (115) 10,1598 (142) =121,6.
Hucnepcus atoit HOBOI omeHKY (B M?)
2
8¢ =0,4545 (4,0) + 0,3858 (4,0) 4+ 0,1598 (7.9) — 0,6001 (1) = 4,02.
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OCHOBaHHasa Ha

Ta6auma 5.13

Btopoil psa nalmopenuil, NPOBEACHHLUX B CKBAaXKHHAX,
HCMOAb3yeMbIX ANf OllEHKH YPOBHS BOJB B TOYKE D

CKBaXHHA Koopaugara Xy Koopaunara Xj Vposenb BOAH
]
1 3,0 4,0 120
2A 3,8 2,4 115
3 2,0 1,3 142
Touxka p 3,0 3,0
Paccroauus MeXAy CKBAaXKUHAMH H TOYKOH p
CkBaxuga 1 2A 3 p
1 0 1,79 2,88 1,00
2A 0 2,11 1,00
3 0 1,97

Tloaypucnepcuy As PAcCTOSHMH MeXAy CKBaXKHHAMM H TOUKOR p

CKBaXmHa ! 2A 3 g
| 0 7,16 11,52 4,00
9A 0 8,44 4,00
3 0 7,89

Crangaprias owuGka (B M) B TOYKe p Temepp Oyler paBHA S,=

=74,02=2,0, 4TO HECKOJbKO HHXe, yeM OHIJIO HafiJ€HO Ha OCHOBE
HaBGMIOAEHUE CKBaXHHB 2, a He 2A. DTO WJIJIOCTPHUDPYET TOT (PaKT,
yTo OMHUGKHM OLEHKH yMEeHBIUAXTCH, ec/H KOHTDOJbHblE TOUKH pac-
noJsaraiorcsl GJMKe K oneHUBaeMOH Touke.

[TpeanonoxuM, 4to OJHA H3 KOHTPOJLHHIX TOYEK COBHANAeT C
TOYKOH, B KOTOPOIl NpOH3BOAMTCH OLeHKA. Torga OAHO H3 3Haue-
Hifl TpaBOil 4acTi MaTPHYHOTO YpPAaBHEHHst PABHO HYJIO; OCTaB-
lidecd 3HAYEHHS CTAHOBATCH PaBHBIMH HEKOTOPBIM M3 3HAUYCHHH
MaTpHIlH, cTOslell B JeBoH yactd. Ilpexnosaras, 4ro HabJuopae-
Mas ckB. 2B npo6ypeHa B TOUKe p, MOKHO ONPEAENHTh 3(pdeKT oT
5TOH 3aMeHBl B NaHHOM IIpHMepe: OHEeHEeHHH# yDOBEHb BOJAHI OKa-
sbiBaeTcst paBHBIM 125 M. Paccrosnue Mexay JAo060ii TOUKOH i H
Toukoii 2B Tenepb TO Ke, UTO H paccTOAHHe MeEXKAy J06oi TOU-
KO# [ u Touko# p. AHaJOTHYHO NOJYAHCIEPCHH OYAYT TeMH XKe, H
clicTeMa ypaBHEHHI NIPHMeT BHJ

0 40 115 10 W, 4,0
40 0 79 1,0 W, 0
115 79 0 1,0 Wy 171 79
10 1,0 1,0 0 A 1,0
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MoxHo BBIYHCJIHMTD BEKTOD Be€COB I, KaK H CJaeayer OXKHJaThb,

W, 0,0000
w, | | 1,0000
w, {7 | 0,0000

A 0,0000

Ecau o1 Beca ucnonpsoBadnics 449 ONEHKH TOUKH p, TO OLEHHBAE-
Masd OTME€TKa B TOYHOCTH PaBHA H3MEPEHHOMY 3HAUGHHIO YPOBHS
BO1bl (B M) B cKB. 2B:

-\

Y,=0,0000 (120) +1,0000 (125) +0,000 (142) = 125,0.
3HaunT, KaK H CJI€I0BAJ0 OXKIH1aTh,
5:2=0,0000(4,0) +- 1,0000(0) -+ 0,0000(7,9) + 0,0000(1) =0,00 n2.

910 00DBsACHAET, UTO [101Pa3yMEBAETCH IOJl 4Y4CTO HCICJAb3YEMOH
XapaKTepHCTHKOH KpalirMHra Kak TOYHOro HHTEPIIOAALHOHHOIC
MeTO/a; OH JEHCTBHTEJIbHO II03BOJISIET NpeAcKa3aTh H3MepeHHbIe
SHAUCHHA B M3BECTHBIX TOYKAX M JIEJA€T 3TO ¢ OWMGKOH, paBHOMH
Hy/mo. KoneuHo, Mbl 0GLIYHO He 3aHHMaeMcCs OLEHKON B TOUKAX,
Y7Ke HM3BECTHBIX, HO 3TO MOXKET NOHAJI00HTLCS B  Caydae, ecJH
TOUCYHBIH KPaHTHHr OyIeT HCHOJb30BATHCS IS MOCTPOEHHST Kap-
TBl B H3OJHHHAX. Ecan cayuurcs, uto xakas-an6o us KOHTPOJILHBIX
TOUEK COBMANAET C Y3JOM CeTH, TO KpalTHHT 14acT NpaBHJbHLLE,
CBOGOAHEIE OT OWHGOK 3HaueHHs. MBI TakKe NOMMKHbLI GbITh yBe-
PCHBI, YTO OUEHHBaeMasi MOBEDXHOCTb NPOUAET B TOUHOCTH gepes
BCE KOHTPOJBHLIC TOYKH H 4YTO JOBEPHTEJbHBIE 006.aCTH BOKDYT
OUCHKH MOBEPXHOCTH IPOXOJAT Yepe3 HyJdb B KOHTPOJLHBIX TOYKAX.

C 1eabio MaKCHMAaJbHOTO VIPOINEHHSI MaTEMATHUYECKUX BbIKJa-
AOK B 3THX TPHMEpax INpPeloJaraeTcs, 4TOo Kaxjaas OLEeHKa ce-
71aHa Ha OCHOBE TPEX KOHTPOJBHBLIX ToueK. Ha npaxtuxe mpu no-
IyYEHHH OLEHOK NPHXOANTCS HCNOJAB30BATh GOJbIIe TOUEK, a BO3-
MOZKHO, 3HAYHTeNbHO Gosbuic. Kamxayro KOHTPOJIbHYIO TOUKY B
OUeHKe MOXKHO B3BECHTDb, II ONpelelleHHe KayKA0ro Beca Tpebyer
PCLIEHHsT CBOCH CHCTEMHLI ypaBHeHMH. BOJBIIHHCTRO NporpaMm s
[IOJTy4eHNs OUEHKH B KaykIOM y3Jie CeTH AJS MOCTPOeHHS KapTel B
H30JIMHHAX HCNOJb3YeT 16 KOHTPOJLHBIX TOYEK HJIH 6oJiee, UTO
NPUBOAHT K HEOGXOAHMOCTH peulaTh N0 MeHbliell Mepe 17 cmetey
YPaBHEHHMH IJI8 KaxKA0H TOukH. Taxuwm 06pa3oM, HCHOOAb30OBaLIIe
Kpa#AruHra JJs1 NOCTPOEHHS KapT B H30JHHHSAX IPHBOAUT K OYEHDL
TPYAOEMKUM BBLIYHCJEHHSIM.

B Teopun umca0 TOYEK, HEOGXOAMMEIX AJf TOJNYUCHHS OLeHKH
B TOUKe, H3MEHAETCSH ¢ H3MEHCHHEM JIOKAJALHON MAOTHOCTH KOHTPO-
Jad. Hast moayueHns OUEHKH B TOUKe NOJMKHBI GbiTh VUTEHLI  BCe
KOHTPOJIBHLIC TOYKH, PACIOJOXKEHHbIE B OKPCCTHOCTH 3TOH TOYKH.
Ha npakrtnke MHOrme H3 3THX TOuex OXKa3bIBAITCA H36LITOYHLIMH,
H HX NpUMEHEeHHe JIHIUb HE3HAUNTEJNLHO YJIyuiiaer ouenry. [lpu
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4icrI0Jb30BAHUA KpafiruHra A/d Uejedl KapTHPOBaHHA B H30KJ;P;}5H$({)§
cJieAyeT PYKOBOACTBOBATbCS MPAKTHUECKUM  NPaBUJIOM, 0JIprbIX
orpaHHUNBAET UYHCJIO AEHCTBHTENBHO HeOOXOAUMBIX KOng IbHLX
TOUCK, B Tpefesax 30HBI BJAHSHHS HJH B OKpecTHOCTH. UNTH e
Hoe YHCJIO0 KOHTPOJIbHBIX TOUEK ONpejeasercs HOJIyBag:I;IJOI‘p(a:ML of
1i NPOCTPAHCTBEHHOH CXeMOK pacrnosoKeHHs TOYeK I - ;pg};
TypHDLI aHa/lN3, TakuM 00pasoM, Hrpaer ABOHHYIO POJb 06xg:m-
riire: OH OGECHeYHBACT TOJYYCHHE TOJYBAPHOTPAMMEL, He -
MOiT JIJIS TOCTPOEHHsS CHCTeMBl ypaBHeHuii KpalruHra, n Tax ¢
[03BOJIAACT ONPEAEJHTh pasMep OKPEeCTHOCTH, BHYTPH KOTOPOH J1
fl0yUeHHs] KaX0# OLEHKH BBHIOHPAIOTCst KOHTPOJBHBIE TOUYKH.

YHuusepcaabHblil KpalruHr

Baxusoe cBOHCTBO TOUEUHOr0o KpaHWrHHra COCTOHT B TOM, YTO OH
nepecTaer paforaTh B cjydae, KOrja KapTupyeMas peI‘I/IOHaJITI/IBi?I;
BaHHag IlepeMeHHas He SIBJfeTCS CTauHoHapHOH. B HpHCYTC"Héﬂ
TpenJa WJH MeJJIeHHOTO H3MeHeHHS CPeIHEro 3HaueHHsi JIHHEH !
olleBKa He OyleT HeCMelleHHOH. BbluncJeHHBIe OLEHKH GyayT ci
TeMaTHUECKH CABHraTbCS BBEPX M BHH3 OT HCTHHHHIX 3HAY€HHH, 3a-
BICAIIHX OT pasMelleHHS KOHTPOJbHBIX TOYEK M HaNpaBJeHHS Ha-
{ BEPXHOCTH.

Mo]gam;;ma%crg S3BIKOM TeOCTATHCTHKY, HecTallHOHapHasg peruo-
HaJM30BaHHasl NepeMeHHasf paccMaTpPHBAETCs KaK cocrosuias —H3
IBYX KOMTIOHEHT. JIpH(T COCTOHT H3 CPEIHEro HJH OXKHA4EMOro
3HaYEHHS! PETHOHAJM30BaHHON NepeMeHHofl B Ipejesax OKPeCTHOC-
TH M MEJJIEHHO H3MEHseTCsl, IPEJACTaB/ifAs HeCTalHOHAPHYyIO 4acTh
nopepxuocTH. OcTaToK nNpejcTaBjaser cOGOH pa3HOCTb MEXAy Ael-
CTBHTENBHBIMH H3MeHeHuaAMH u japudToM. OueBUAHO, €CIH H3 pe-
rHOHAJM30BAHHON NepeMeHHON YCTPaHHTb APHPT, TO OCTaTKH Oy-
IyT CTalHOHAPHBLIMH, H K HHM MOKHO TPUMEHHTH KpaiirHHI. Ta-
KM 06pa3oM, YHHBEPCAJbHB KpafruHT MOXKHO CUHTATh cocTos-
WM U3 TpeX OmepauHii: mepBas — OUCHKa M yCTpaHeHHe npubTa;
3aTeM CTAaUMOHADHEIE OCTATKH KPAArMPYIOTCA C leJbio NOJy9YeHis
HCOGXONMMBIX OLEHOK. HakoHel, oUeHEeHHble OCTaTKH KOMOUHHPY-
0TCH ¢ JAPUQTOM C IeJbI0 TOJYYeHHs! HCTHHHOMH TOBEPXHOCTH.

Ipudr ananornueH noBEpXHOCTH TPeHAa, HCK/Odasd —cayual,
Koria OueHKa JpH(Ta OCHOBAHA TOJbKO HA KOHTPOJBHBIX TOUKAX
BHYTPH OKPECTHOCTH OLEHHBAEMOH TOUKH. B ofmeM cayyae Kawx-
1as OKPECTHOCTb KaXK1OH OlEHHBaeMOH TOUKH XapaKTepuayercs
DA3AHYHBIM PACIOJNOXKEHHEM KOHTPOJBbHBIX TOYEK, MO3TOMY YpaB-
HCHIE, onpenedsiionlee ApAMT, NO/KHO OHTH PEUIEHO CTOJIbKO pas,
CKOJIBKO NMEeTcsl ToueK. JTO He Tak TPYAHO, KaK KameTesd, Tax
Kak YpaBHEHHUS KpaﬁF}IHFa JOJ2KHBI OBITH pelleHbl AJdd KaxKJI0ou 13
3THX TOYEK, H STH JABE ONEpalHH MOXKHO KOMOHHHDOBATH,

Oupepennm ApudT KaK HEKOTOPYH TPOH3BOJIBHYHO @yﬂm}mo
KOOpAHHAT KOHTPOJbHBIX TOYEK, HanpuMmep MHOIOWIEH HH3KOTO
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nopsiaka. Jpudt M B Touke p mMomeT GHTb ONpeNeJeH KAaK MHOrO-

yaeH an6o mepsoro (ypaBenue 5.80), au6o BTOporo (ypaBHeHHe:

5.81) nopsaxa:

Mp=a X1+ aaXo;, (5.80).
Mp=aX1i+aaXait as X%+ aX1iX o+ s X2, (5.81)

Iyers Xy u Xo; — reorpadnueckue KOOpAHHATH i-if KOHTDOJBLHOR
TOUKH B mpenesax OKPECTHOCTH M o — HEH3BEeCTHHle KO3((HUHEeH-
Thl Apudra, KOTOPhlE AONKHE OHTbL HafigeHs. OnHako npexae
YeM 3TO HesaTh, HEOOXOLAHMO NPOBECTH CTPYKTYPHBI aHAJH3 C
UeJIbIo ONpeAeseHnsl Haugyyuleli KOMOHHALMH pasMepa OKpeCTHOC-
TH 1 BbIpaXeHHA Apu¢pTa. Kak oTmeuasnoch B pasjele, HOCBAIIEH~
HOM TIOJyBapHOrpaMMaM, 3TO HETDHBHAJbHAsA 3ajada, TakK Kak
Mojenb ApH()Ta H pa3Mep OKDPECTHOCTH B3aHMO3aBHCHMEL

Beipaxenusa ana apudra B KavecTBe AOMOJHHTEJBHBIX orpaHh-
YEHHI MOXKHO BBECTH B CHCTEMY ypaBHEHHI, HCIIO/Ib3YyeMyO I
HaxoXIeHUsl BeCOB Kpalruura. Pemas sty pacmnpennyio CHCTEMY
VPaBHEHHH, MBI MOJyYHM OLEHKH BecoB KpalirHHra, KOTOpHI@ BKJIO-
4aloT a(peKT OT 3ajaHHOro apudTa B npefenaax AaHHOW JIOKaJdb-
HOIl OKDPECTHOCTH. BHIpaKeHus apudTa CBS3BIBAIOT reorpadguuec-
KHE KOOPAHHATHl KaXJOH KOHTPOJIBHOH TOYKH C TeorpadHdecKUMH
KOOpAHHATaMH Kpalirupyemoli Toukd. ®opma Moaenn apudra, pas-
MEp OKDECTHOCTH H ¢opMa MOJYBapHOIPaMMBI OCTATKOB OT ApHug-
T4 TECHO CBA3AHEl ADYr C APYroM. ITO 3HAUHT, YTO NHUCHEPCHS
OCTaTKOB 4YaCTHYHO 3aBHCHT OT HECKOJIbKO IIPOH3BOJBHOLO 3272~
HUA apu¢Ta. B yHHBepcaJbHOM KpaiirMHre NOIKHBI GbiTh onpene~
JICHb Beca, NIPHIHCHIBAEMble KOHTPOJILHBIM TOUKAM, a TaKkKe KO3(-
¢uunentnl apudra. Tak Kax oueHHBaeTcs Goabllee YHCIO 4JIEHOB,
TO B Tpelesiax paccMaTpHBAEMON OKDECTHOCTH CJEAYeT HCMOJb-
30BaTb BBEIGOPKH KOHTPOJBHLIX TOUEK GOJBIIEr0 06DbeMa, [Ipocreit-
UWIHI IpHMep NpPeACTaBJASET KPaHrHHT HEKOTOPOH TOYKH, HMeouuip
VHHEHHBIT APHQT M JuHelHy0 IIOJTyBapHOTPAMMY OCTAaTKOB OT IpH-
¢ra. Jliuneiinas Mogean ApubTa, 3aiaHHasm ypaBHeHnem (5.80),
HMeeT nBa Ko3dHUUEHTa, MOITOMY B IpOLecce OLEHKH apudra
AOJKHBL GBITh HCIONb3OBAHBI MHHHMYM TDPH TOUKH, WJH 3Ke  Mbl
BLIHAEM 3a PAMKH CTemeHell ¢BOGOILI.

Ecan MEL x0THM oueHHTb MeTogoM yHEBepcaabHOro KpanTHHra:
Kax ApU(T, Tak H PErHOHAJH30BaHHYIO NepeMeHHy0, TO AJas oGec-
NEYeHns] HCOOXOAHMBIX CTeneHeill CBOGOAB IIPH OLEHKe K03pbuun-
€HTOB KpaHruWHra mnoTpebyloTCsA AONOJNHHTENbHBIE KOHTpOJILHBIE
TOYKH. B NpOTHBHOM cJayyae mpoliecc KpalruHra NpHBEIET K OAH-
HaKOBBIM OlEHKaM Kak aiaa ApHdTa, Tak H piag KpaHrupyemoii mo-
BepxHOCTH. llenecooGpasHo BHOpaTh msiTh KOHTDPOJIbHLIX  TOUEK,
TPH U3 KOTOPEIX RAIOT CTENEHH CBOGORBl AJS ONpeieseHus Apuc-

Ta, a AONOJIHHTEJNbHEle JIBE — CTeNeHH CBOGOAB AJs OLIEHKY caMofp
NOBEPXHOCTH,
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ITycTb KOOpAMHATH KOHTPOJbLHOH TOUKH ¢ HOMepOM [ O0O3Ha-

a1oTcsl uepes Xy; (HanpaBJjeHne ¢ BOCTOKa Ha 3anal) U Xo (Ha-

Ha or). Mbl JOJIKHB ONpeleauTb MHOXKeECT-
ggaige?l?iiﬂc B(:Ei?)zpil KO;g)quU,HeHTbI eﬂHHCTBeIp{HOI‘O OFEaHquHHﬂ
(cyMMa BeCOB paBHa 1), mJawc eile ABYX OFpaHHYeHHH MJIs JIH-
uefigoro apudra. Hasa atoro tpebyercsas CHAEAyiolias cucreMa M3
BOCBMH yDaBHEHHIL:

Wiy (A1) + Wy (hi2) + Way (his) + Wiy (M) +
+ Wsy (his) + A+ o X+ o Xor =% (h1p),
Wiy (hi2) + Way (he2) + Way (h2s) + Way (has) +
+ Wsy (has) + A+ o1 X2+ aoXoo =7 (h2p),
Wiy (his) + Way (hes) + Way (has) + Way (has) +
+ Wsy (has) + A+ Xis+asXoa =1 (h3p),
Wiy (h1s) + Woy (hos) + Way (haa) + Way (has) +
-+ Ws"{ (has) + A+ o XiaF+ aoXoa =1y (h4p),
Wiy (his) + Wy (has) + Way (hss) + Way (has) +
+ Wsy (Ass) + A+ o Xis+oeXas =1 (hsp),
Wi+ Wot- Wi+ Wi+ Ws+0+040=1,
Wi Xu+WeXio+ WiXia+ WiXia+ WsXi5+04+040=X,),
WoXoi+ WoXoo+WiXoa+ WaXos+ WsXos+0+04+0=X5,

#/4 B MaTpuyHoil hopMme

Ty () () 1Ry Y 1 Xy X 7| W,
1) 7 (Ry) (M) T(hay) T(hys) 1 Xiy Xopg W,
T(hyg) T(ha) T(ha) (ks Y(hgs) 1 X3 Xy W,
Ty () T Y(hy) Y(hs) 1 Xy Xy W, _
T (his) T(has) T(has) T(h) 1) 1 Xy5 X W
1 1 1 1 1 0 0 0 A
Xn Xis X3 X Xi; 0 0 0 a
X X Xy Xog Xos 0 0 0 | |Loy |
_T(hlp)_
T(/l2p)
T (A3,)
Y (Rsp)
| 1)
1
Xy,
- Ny,

123




Sr
1
4r ®
120 ”
®
5 P
3 ® + 103
148 2A
®
2k 115
3
®
1+ 142
oL
|- 1 1 { I 1 | |
0 1 2 3 4 5 6 7

Puc. 5.66. Kapra, Ha KoTopoil mpeicTaBiaeHbl YpOBHH Boabl (B M) B 5 HaGaromza-
TeJbHbIX CKBaXHWHaX. OUEHKH YPOBHEH BOJABI NOJY4YEHbI METOAOM YHHBEPCAJbHOI'G
KPaiIMHra B TOYKE p M B IOr0-3aMaHOM YIaY KapThl

HononnuTeibHaA NPOLEAYPa, I03BOJSONIAA YIPOCTHTL BHIYIC-
JICHHS, COCTOHT B IlepeHOce Hauaja CHCTeMbl KOOpAHHAT B Kpaid-
rupyeMyto Touky. Toraa xoopanHatel Xi, U Xz, CTAHOBSTCH [aB-
HBIMH HyJI0. JTO NPHBOJAHT K HM3MEHEHHIO BCeX KOOpAHHAT X|; H
Xyi, HO He H3MEHSET DacCTOSIHHII MeXAy TOYKAMH, NO3TOMY Beca
KDaHruHra OCTalOTCS HEH3MEeHHBIMH.

C 1eJpl0 1eMOHCTPAUHH TOCJAEL0BATENLHOCTH IIATOB NPH Bbl-
NOJIHEHUH YHUBEPCAJbHOrO KpPaHTMHra Mbl PAacCMOTPHM elle OIHH
NpUMEp, HCNOJb3YIOUHH JaHHbIE N0 BOJAOHOCHOMY IJIacTy B 3a-
nagnom Kansace. Ha puc. 5.66 wuso6paskeHb TNOJOKEHHS NATH
HaOJIolaTeIbHBIX CKBaXKHH, KOTOpble OYAyT HCMNOJb30BAHB /114
NOJYUeHHs: OUEeHKH Apu(pTa M KpafrupyeMoro 3HauYeHIs ypoBHS
BOIbl B Touke p. Ilpeamosoxum rtemepb, uto Ha puc. 5.64 npei-
CTaBJeHa OLEHKa NOJyBAPHOIPAMMBI OCTATKOB M 4TO OHA JIHHCIiHA
no ¢opMe ¢ HakaoHoM 4,0 M2/kM. Bcs  oOCHOBHas Heo6xomirMas

Ta6auma 5.14
Ha6mwonenns, nposefennble B CKBAXKHUHAX, MCMOAb3YEMbIX
1JS OUEHKK YPOBHSI BOALI M Apu(TA B TOUKE p

CKBaKuHa Koopzunara X, Koopaunara Xga YPOBEHL BOABI
1 l 3,0 4,0 120
2 6,3 3,4 103
3 2,0 1,3 142
2A 3,8 2,4 115
5 1,0 3,0 148
Touka p

Hpodoaaenue Taba. 5.14

PaccTosinksl Me)KIy CKBaKHHAMH H TOYKOI P

CKBa¥HuHa 1 2 3 2A 5 »
0 3,35 2,88 1,79 2,24 1,00
; 0 4,79 2,69 5,32 3,32
3 0 2,11 1,97 1,97
2A 0 2,86 1,00
5 0 ,00

TToayancaepcHt A/l PACCTOAHMIT MeXAy CKBamHHAMI H TOUKOH P

CKBaKHHa 1 2 3 2A 5 r
i 0 13,42 | 11,52 7,16 8,94 4,00
2 0 19714 | 10077 | 21,26 | 13,30
3 0 8,44 7.89 7.89
2A L0 11.45 400
5 0 8.00

nidopvauns npeicrasiena B Tadu. 5.14, xoropas Takke BRJIIO-
yaer Heo6XOAHMble MOJyBapuorpaMmpl. JLJs OUEHKH YPOBHS BOALI
B TOYKE p JOJKHO OBITH pelleHo ypaBHEHHE

-0 134 115 72 89 1 0 1,07 "W, -
134 0 191 10,8 21,3 1 33 04 || W,
11,5 19,1 0 84 79 1 —10 —17 W,
72 108 84 0 115 1 08 —06 || W, |
89 213 79 115 0 1 —20 0 W,
1 1 1 1 1 0 0 0 A
0 33 —10 08 —20 0 O 0 2
10 04 —17 —06 O 0 0 0 || o _
- 40 -
13,3
7,9
4,0
—| 80
1
0
0
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Peluasi 5T0 ypaBHEHHe, NojydaeM BOCEeMb KO3((HIHEHTOB, mep=
Bble NATb H3 KOTOPHIX NPEeJACTaBAAIOT COOOH Beca KpaHTHHra:

-W, T - 04119 ~
W, —0,0137
W, 0,0934
W, 0,4126
Wy | 0,0957
W, | —o0,7245
W, 0,0660

W _ 0,0229 _

fOlleHKa ypoBHS BOAE (B M) B TOYKe p cienyouias:

¥,=0,4119 (120) — 0,0137 (103) -+0,0934 (142) +
10,4126 (115) +0,0957 (148) =122,9,

4TO JIHIDb HEMHOTHM OTJIHYaeTcs OT pe3yJbTaToB, MOJY4YeHHBIX H3
Tpex HabaloAeHnil Ge3 npeanonoxkenus o Apudre. OueHxa OLUHGKH
LHCIepcHH MOxeT OblThb BHIYMCJEHAZ B TOYHOCTH Tak e, KakK eCqH
:6bl ApUPT OTCYTCTBOBAJ, T. €. C NOMOLLbIO yMHOXEHHs CJeBa BEK-
-Topa mpapoii yacTu [B] Ha TPaHCNIOHHDPOBAHHLI BEKTOP pelIeHUs
[W]. Ouenka aucnepcun omn6ku pasHa 8,1 M%.

DTOT npuMep IOKA3bLBAET, YTO HET OOJbLIOro Pa3jHYHi MEXK-
Ay TIPOCTHIM TOYEHHBHIM KPaHTHHIOM H YHHBEPCAJbHHM KDaHrHHIOM
£ ApH(TOM, TAaK Kak B 3TOM IpUMepe 3TH [ABe NPOLEAYypH NAI0T
1ouTH uaeHTHYHHIe oleHkH. OJHAaKo TOYeUHBLIH KpaHrHHr, Kak H
Jpyrue MeTOAB! B3BELIEHHOTO yCDEeIHEHHs, He MOXKeT 3KCTDanoJH-
poBaTbCA 3a O6JACTb BJAHAHHS MHOXKECTBA KOHTPOJBHBHIX TOUYEK.
D710 3HAYMT, YTO GOJblIasi YacTb OLIEHEHHBIX 3HauyeHUd Oyner Je-
KaThb Ha HAKJIOHHBIX y4YacTKax MOBEPXHOCTH, H TOYKHM HaHBBICHIHX
¥ HAWHU3IIHX 3HAYeHHH Ha NOBEPXHOCTH OOLIYHO OYyAyT ompenele-
HBl KOHTPOJBHBIMH TOYKaMHM. I[IpeANoJIOKHM, 4TO MBI  OLEHHJH
ypOBeHb BOAHL ‘B TOHKE, NPHYEM OKa3aJoCbh, YTO NOBEPXHOCTH BHIIU-
Jla 3a Ipefesbl HHTEpBaJsia, ONpelesifieMoro HalJIoLaeMBIMH CKBa-
wuHamu. OkaspiBaeTcd, 4TO YPOBEHb BOJAbl H3MEHsleTCsl ¢ 3amajna
Ha BOCTOK, majgasi mourdH Ha 40 M Mexay HalJIOREHMAMH B CKBa-
wudax 2 u 3. Ecau 310 najeHHe TNPOAOJIKHTb, TO Mbl MOXKEM
0KHJaTh YPOBHH BoAbl Bhille 142 M B TOUKax 3amajHee HabJawAae-
Mo# ckB. 3, H ypoBHH Huxke 103 M B TOYUKax BOCTOYHEE CKB. 2.

Mul Mo3KeM OLEHHTh yPOBEHb BOABl B I0ro-3amajHoOM yrjy Kap-
TH B Touxke c KoopauHataMu X1=0, X,=0. CHavasa ucnosssyem
IIPOCTOil TOYEYHHIl KPAHTMHT H MHOXECTBO M3 HATH CKBAXKHH. JTO
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faer CJaelyoIyIo CHCTEMY BECOB!

“w,| [ —0,1221 °
W, 0,0110
W, |— 0,7523
W, —0,0307
W 0,3895

OueHHM ypOBEHb BOAH (B M):

T=—0,1221 (120) +0,0110 (103) 40,7523 (142) —
— 10,0307 (115) -+0,3895 (148), =174,4.

Kak caefoBaJo OXHIATh, OlleHka (6asHpyeTcsa MOJHOCTBIO Ha Gasi-
afilIMX CKBa)KHHAX, HO HAXOJHTCA B HHTEpBAJe, ONMPEAC/CHHOM
HANGONBIIAM 1 HAHMEHbUIHM HabJIOeHHEIMH 3HaueHUsMH. OueH-
Ka JUCIEpPCHH OmHOKH paBHA 5.2=17,3 M2

[Ipennonaras ApudT mepBOi CTENEHH, NOJyvaeM KO3 e~
TH YHHBEPCAJbHOTO KpairuHra

-“w, | [ —0,5594 ~
W, —0,3020
W, 1,3133
W, 0,1451
w, || 04030

A 96,3832
a —1,7940
ey | | —41795 _

WUcrnoab3ys 3TH Beca, IOJydaeM OIEHKY YDOBHS BOALI (B M):

P =—0,5594 (120) — 0,3020 (103) +1,3133(142) -+
40,1451 (115) +0,4030 (148) = 1646,

9TO HAMHOTO TNpeBblnaer HanGoJblUIee KOHTPOJbHOE 3HAHEHITE.
YHuBepcaapHblil KpafirHHr TpefHa3HaueH AJs OmnpeleseHs usMe-
HeHHsl yPOBHsI BOABI WJH Apu(Ta B Tpelesax JoKalbHOU OKpecT-
HOCTH M IIPOEKTHPYeT ero B KpaiirHpyeMmylo TOUKY. Ouenka auc-
nepcud OIWHOKU paBHA $.2=26,8 M2, uTo MHOro OOJblie uYeM He-
ompegeseHHOCTh KaK B OleHke apudra, TaK H B OLEHKE caMmoil pe-
THOHAJH30BaHHOI NepeMeHHOIl.
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Buiyuciaenue apugra

Ha6monesusi, BhGHpaeMble AJs LOJYYeHHsA OUCHKH Kpafiruara
B HeKOTOpOi TOUYKE p, pacnosiaraloTcs B 30HE BJIISHHS BOKpYr TOU-
it p. KpafirHHr JaeT MHOXECTBO BecOB, KOTOpbHIE TO3BOJSIOT MpH-
paBHATb B3BEIIEHHYI0 CyMMYy Moy AHCTIePCHIT MeXAY HabmoaeHus-
Mil 1 TOJYIHCHePCHH MEXIY HaGIIOEHASIME M TouKoil p. I1pearno-
JIOFKHUM, OJHAKO, uTO BCe HOCTYIHBIE HabJOeHHs BHILLAN 3a Tpe-
nenn 06aacTH BJAHAHUA. TloaysapiorpaMmsl Yip? MEKILY TOUKOH P
H HEKOTOPHIM Y/AaJeHHbIM gabaonenyem § GyRyT HIASHTHUHBL 1/
peex HaOAOAeHH W PaBHBEl JHCHEPCHH perHoHaH30BaHHOH mnepe-
MeHHOf (1M, TIpH Bajawupd jApudra, paBHLI JUCIEpPCHH OCTATKOB
or apudra), T. €. IepBbie f1 SMEMEHTOB BEKTOpa TpaBOH YaCTH
cueTeMbl kpafirhHra 6yayT colepXaTb 3HaUeHHH so?, a He 3Haue-
Hia Yip?. Tak Kak peruoHa/nsonaiiasn nepeMenHas B Touke p Obuaa
eTATIHCTHYCCKH HE3aBACHMON OT ee 3HAUCHHI B Kayka0ft u3 TOUCK
HAGAIOLCHNS, TO MBI He MOIJM TpeACcKa3arb JOKalbHOE 3HAUCHHUE
noBepxHoCcTH. BMecTO 3TOro OUEHKA, KOTOPYIO MBI TOJy4aJH, pe-
1as cHcTeMy ypaBHEHHH kpaiirngra, Gplja OCHOBaHa Ha ranobadb-
HLIX HMJAH YCPEIHEHHBIX CBOHCTBaX perHoHasiu30BaHHOl nepeMeH-
Hoi. VIHBIMU CJIOBaMii, MBl OlLlEHHBAJH TOABKO npudT.

Ml MOYKeM BBLIUHCAHTb ApHPT B TOUKe p JAaxe B TOM cayuae,
ec/ll HCIOJb3yeMble HalJ/ioleHHs pacrno/okKenbl B HEeKOTOpOH OK-
PECTHOCTH, MEHbpLIEH ueM 06JacTb BJHSIHHA TOUKH D. Bce, uto He-
00X0AHMO, — 3TO 3aMeHa noJyAMCIepCliii B TpaBOil 4aCTH ypab-
Henuil KpafirMHra Ha TOJYAHCIEPCHH, KOTOPBHIE Ha6ai0ganucy Ol B
TOM caydae, ecsqn Obl TOUKZ p 6blja pacrnojoX)eHa Tak Nanexko OT
KOHTPOJBHBIX TOYEK, uTO Oblaa 6L HesaBHCHMOH oT HHX. Tak Kak
nosyucrepcHs 14 BCeX paccTosiHHil BHe 00JacTH BJMAHNA paABHA
AIICTIepCHI OCTATKOB, TO UJEHH B npaBoil ¥acTH MOXKHO NpHpaB-
HSITb JUICIEPCHII OCTATKOB, So. K COMAJCHIO, Mbl CHOBA 3aliik-
JIIBAEMCS, TAaK KaK Mbl He 3HaeM 3HAUCHUA S¢2 J0 Tex mnop, NOoKa
npudT He Bbiuucaed. K cuacTbio, CTPYKTYDHBIfl aHAJIH3 MO3BOJAET
HaM cenaThb alpHOPHYIO OLUEHKY Apu@ra, Tak Kak OH paBeH noJy-
AHCIEpCHH B TOYKE MaKCHMyMa HJH 06J1acTH BJHSAHHS.

CuneayeT OTMETHTh, UTO IPH(T — 3TO NPOH3BOJAbHAS, 110 ya00-
Hasi KOHCTpYKLHs, HeoOxoanMasi LJsi TOTO, yTOBH  YAOBJACTBOPUTD
TpeboBaniAM CTAalUOHAPHOCTH peruoHan30BaHHOM nepeMeHHOH.
MoskeT CyLECTBOBaTh MHOro  pasJidHbiX KoMOuHaUui MoJIenH
Apudra, pasMepa OKPECTHOCTH M OIEHKH noJlyBapHOrpaMMBl, KO-
TOpLE  yIOBJAETBOPHTENBHO NMPEACTaBAT CTPYKTYPy peruoHasiuso-
BaHHOI TepeMeHHOH. BBIOOD HeKOTOpOil cneunuyeckoli xomOiHa-
IH{ 3aBHCHT OT CTeNeHH HAOCTYMHOCTH NAHHBIX, ynofeTBa BBIUIC:
neHnit 1 Apyrux (axTopos. ITpomo/XuM  paccMOTpeHHe HALIeTo
mpocToro mpHMepa, MpeinoJsaras, dTo apudT B AAHHBIX MO YPOB-
HIO BOJDLI JHHEEH M UTO TOJyBapHOrpaMMa OCTaTKOB TAKKE JquHel-
Ha. W3 CTPYKTYPHOTO aHalu3a MOXKHO 3aKMOUNTh, HTO obnactb
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BAUSHII DETHOHAJH30BaHHON MEePEMEHHOM pacnpoCTpamsIeTcs Ha
30 Ky, TaK Kak HAKJOH NOJYBADHOTPaMMBl paBeH 4 M2/KM, TO
qucrnepcHs BHe obyacTh BJAHAHHA AOJKRA ObITE 0oKoyI0 4 X 30 HaH
120 m2.
Hpn BbIUKCJIEHHH Aprndra B TeUKe p npapas 4acTb
KpaliriHra HMeeT C/eayioniit Bua
T 120
120
120
120
120
1

0
0

MaTpuibl

Hpﬂn BLIYHCJAEHHH Kpajirnara Jesast yacTb [A] ocraercs HeH3MeH-
Hof, n103TOMY BCe, 4TO TpeOyercd AJs OUCHKH apudra, — 3T0 yM-
nomitn obpathyio K [A] marpuuny na [C]. DTo naer MHOXKeECTBO
3 nsTH BecoB M, KOTOpbie HCHOJMb3YIOTCS /S BBIYHC/ICHHS npud-
Ta, NAI0C TPU NOCTOSIHHBIX YJeHa, KOTOpble AAIOT BKJIAL B OUCHRY
ownGKH AHCnepcHu apudTa. BexTop peueHHs [M] ecTb
T 00,1311 7

0,3702

0,2202
—0,1587

0,4372
109,2283
—0,9048

0.4935

Jpudt (B M) B TOUKEe p HAXOLNTCH yMHONKEHHEM yposHeil B Ha-

G0 TATedbHBIX CKBAXKIHAX HA HOAX0AAUlle KO3(DQUILITCHTD apud-
Ta i CYMMUDOBaHIEM:

(] =

M=0.1311(120) +0,3702 (103) +0,2202 (142) —
— 10,1587 (115) +0,4372 (148) =131,6.

OwnGka OUEHKH HAXOAMTCH KaK ANCnepeis yMHOXKEHHEeM CJeBa
[C}] nHa TpaucnoHHpOBAHHYIO MaTpHIY [M]. Hampumep, Sm®=
=929.3 m®. Kak 1 pance, craniapTaas ominibra Ouenki paBHA
KBAIDATHOMY KOPHIO 13 OHEHKH  JAICTHCpCHn, Ml s, =1229,3=
=151 M.

CsoBa npeanofarast HOpMajbHOCTb, MOKHO CIE/IaTh  BEPOAT-
HOUTHLIE YTBEPXKAECHHA O JOBEPHTEILHOM HHTEpPBAJC A/ HCTHHHO-
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ro smauenns apudra. Haupumep, BeposSTHOCTb TOTO, UTO JiHEIHHbIl
ApubT mexuT BHYTPH HHTepBasa 131,62230,2 M nui memay 199.0
u 2594, paBua 95%. (HeoOxoxnyMo HAaNOMHHTL, 4TO APH(T HE
MMeeT HHKAKOro (usHueckoro cmbicaa. JoBepureapinii 1HTEPE
IPOCTO VKA3BIBAET OWIHOKY ONPOBOBAHIA H JaeT HaiudoJsee Bepo-
STHOE 3HAuUeHIle 1Ja JApH(rTa perHoHaJH30BaHHOfl NepevMeHHOli B
ciayvae, ccad OBl OHa MNOJABEPrajach IOBTOPHO — O:xpolOBaAHI, U
LpU(T BLIUICHAACS OBl IOBTOPHO. )

Ilas toro, uToGBl YNCJCHHBEIE HPHMCDPHI 3TOTO naparpada o:a-
32J1Ch AOCTYNHBIME, OBIJIO CHA@JaHO MHOrO ympouwler:iii. Hampil-
MCp, 1ICTOJB3YeMOe UHCJIO HaOJdI0JeHnil ABJAACTCS HEIMEHBUNIM 13
BO3MOXWHEX. B neflCTBHTENBHBIX NPHJAOKEHHSIX paciMaTpUBAeTCs
3HAYMTEJBHO O0JbIlee UHCJIO KOHTPOJIBHBIX TOYEK, Tax Kaxk 3TO
VBeJHYIIBACT TOUHOCTh KPairMHra 1 yMeHnbumaer ouniGny OHEHXIL
AuajoruuHo, npeanoaaracrcs JHHEHHOCTh NOAYBapHOIpaMbi, TaK
KaK 3TO npocrefilias H3 BO3MOMHBIX MOJEJEH, liMerwolias TOAbKO
oann napamerp. Crporo auHeiiHas noJyBapuHorpavMaa He HMeCT
MaKCHMVYMa, a MOXeT GbThL NpoAoJxeHa o Oecroneynblx siade-
HItT gHcnepcnun. B 2eficTBUTCABHOCTH K€ MBI HIMECM  JIIIHEHVIo
HOJAYBAPHOrPAMMY BILIOTH [0 HCKOTOPOTO 3HAYEHHS, H TOJbKO TOC-
Je 113J0Ma OHa CTaHOBHTCS HOCTOsSHHOI. Apmerpour n  JKaGiH
{3] ysazamn, 4ro IHOJVBapHOrpaMMbl, ob6jaazaloliiie BHE3AIHBIMI
iI3MEHEHNSIMH HAKJAOHA, MOTYT NPHBOANUTL K HEYCTOHUHBLIM pelie-
HIAM I OTPHUATENbHHIM JHcnepcHar. JLas npeicTaRgacHls Toay-

BapHOTrpaMMbl OKa3biBaeTCs yﬂoé}{ee HCIIONAB30BaTph HEIPEPLIBHVIC

dVHKINIO, TAKYl0, Kak, HampluMmep, cdepuueckas Mojedb, XOTs
3TO HECKOJBKO YCJOWHAET BbIYHCJAeHHA. HeusBecTHO, He sABASETCH
JH  CJANIIKOM KeCTRHM TpebOBaHHEe JHHCHAHOCTH NOJYBapHOrpaM-
Mbl, HO TaK KaK OHO JOBOJBHO WIHPOKO HCIOJBL3YETCS Ha HpPaK-
THKE, TO, OYEBUAHO, 1M MOXKHO mpeHebpeus, HeonpegenenHocTs B
NPaBHALHOM ONpeeleHNH alpHOPHOIl OLEHKH AUCIEPCHH OCTaT-
KOB Taike He CJANIIKOM OOpeMeHHTeIbHa, TaK Kak TOJbKO OLCHKA
o6k 1pudTsa 3aBUCHT OT 3Tero mapametpa. Cawv apudrt Oyiaer
ELIUHCJIEH IIPABHJBHO, HE3ABHCHMO OT BHIOPAHHOTO B KAUlCTBC &%
3HAUYCHHA.

Mpumep

Bbl yiKe MOIJH 3aMeTHTh, UTO KpPafirllHr, Aaxke B OueHb yOpo-
IIeHHOM BapHaHTe, KOTOPLIA MBl paccMoTpenH, TpebyeT BHIOJME-
HHSI MHOMKECTBA CKVuUHBIX apupmerngecsux geiflersnfi. Ipaxrnuec-
KO ApNMEHEHHE KpalirHHra K HacTosIUIIM 3ajadaM 0Ka3blBacTCs
BO3MOMKHBIM JIHIIL TIpH HCOOAb30BaHul IBM, Tax kak mpnag Toro
uToOB OXapaKkTepH30BAaTh H3MEHEHHSA PCTHOHAJI3OBAHHOH mepe-
MEHHOIl Ha HEKOTOpOIl MJICILAAN, OUEHKH JOJDKHbI I1POH3BOIHTLCS
MHOPOKPATHO 751 pasjiMYHBIX TOUeK, B KadecTBe mnpuMepa pac-
CMOTPHM KapTy, H300pa;keHHYI0 Ha prc. 5.67 u npeicTaBJsioyio
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Puc. 5.67. Kapra ypoBueil Boaw B 9kyc  Puc. 5.68. Ha Kapre mnpencraBjeHa

Bens,uﬁeﬁbmom BOACHOCHOM CJI0€ B HOXK-  €TAHAAPTHAA OWHGKA OLEHOK YpOBHe
roil yactu Llentpansnoro Kanzaca. Bo/bl B xyc Bens,

Kiopra TIOCTPORHI METO[OM YIHBEPCZ/ib- Hutepnaa mexay wanaunnsm 1 by

HOIO  KpafiTBHra B NpPeANOJOXKEeHNI ) ’

APipTa NepBOro MOpAZka. YDOBHU 1i30-

M yResaus B QVTAY BHIOlE YDORHS

MO, Kpeetuk — natoioaaren

CKBAXK LI

>

i

’

=
0

LHBIE

200l MoaH(URALIIO Cou BeiTBYOMC ] KapT [62]. Ha nef npe-
CIGBJIEHEL 3RAUEHMS YPOBHA BOAB B Ixve Deas, BOJNOHGCHOTO To-
risoHTa fa rore Lentpaasnoro Kausaca, CrpyKTypHBIT  aHal3,
SLINOJMHEHEBI] Ha 3HA4YHTedbHO OCsblIei x.iouia,m, OKa3bIBAET,
ATO SHAUCHN yDOBHA BOILI MOIVT PacCiiaTplBaThef Kan HECTalH-
OHApHAZA DErifOnaNu30BatHAd MEePEMEHHIA, NMCIoUlas APiHGT nep-
"rro nopsaaka. Gomacis n3MeHeHlq HOJVBAPUOTPAMMEL  OCTATKOB
vt apudra ecthb 28 Muan. B kauecte nogedn NOJIYBaDHOIpaMMbl
VIOKHO BRIGPATh JUHEITHY IO GyHKIHIO ¢ HakJaOHOM (0 zEBa;paTHblx
dyvroB Ha 1 mMmmo.
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Jlna 1mocTpoeHHst KapThl YPOBHEH BOJALI C IIOMOLLbIO  yHHBED-
cajJpHOro KpafiruHra Obljla HCNOAb30BaHa NpOrpaMma HOCTPOCHHS
KapThl B H3O0/JHHHAX, C IOMOUIBIO KOTOPOi TMOJIyHaJiCh OLEHKH
ypoBHEll BOJAbl B TOUKAX, PACHOJOEHHBIX Ha DABHBIX HHTEPBAJAX
BJOJIb KapTupyemoii maomanu. Ha xapre puc. 5.67 npeicrapieHo
31x61=1891 ouenox kpaiirmHra, KaxKigas H3 KOTOPBIX OCHOB2HA
Ha BOCHMM OJIKAHIINX KOHTPOJLHBIX CKBA)KHHAX, BLIOPAHHLIX B
OKTaHTE MOHCKA BOKPYr OLEHHBaeMOH Touku. Kazxias ouesxa B
CBOK ouepeab TpeGyer peleHus CHCTeMbl OJHUHAANATH ypaBie-
Hil.

B nonoJHeHHe K Kapre ypoBHeil BOiB KpalTHHr OLIA TakiKe
HCOOJb30BAH AJA TOCTPOEHHs KapThl CTaHjapTHoil  OwHbKH oue-
HOK, npeicTaB/eHHON Ha puc. 5.68. CrangaprHas cindka B Kax-
no#i H3 47 HadJonaTesbHbIX CKBAaXKHH paBHAa HYJIO, HO YBEJHYHBA-
eTcsl ¢ pacCTOSIHHEM OT H3BECTHBIX KOHTPOJBHEIX TOYeK (pHc.5.68).
C BeposiTHOCTBIO 959, HCTHHHAS NOBEPXHOCTH yPOBHS BOABI JI€XKHT
BHYTpH HHTEDBaJa, ONPEAeJEHHOr0 ¢ TOYHOCTBIO IJIIOC IIH MHHYC
JBa yKasaHHbiX 3HaueHus. Hanpumep, B Touke A ypoBeHb BOABI
oueHupaercs npuMepuo B 1480 dyros. Tak Kaxk HMeeTcs OTHOCH-
TeJbHO HEMHOTO HaOGJIOaTebHbIX CKBaXKHH BOJMU3H OT 3TOH TOYKH,
TO KapTta CTAaHJAapTHOH OWMOKH yKashiBaeT HEKOTOpOE 3Ha4YeHHE
G6oaee 6 ¢yros. IloaToMy HCTHHHOE 3HaueHHe B 3TOH TOUKEe JOJIK-
Ho 6biTh 1480212 ¢yros, T. e. Mexay 1468 u 1492 dyramu c ao0-
BepHTEbHOI BeposiTHOCTBIO 95%.

B sToM mnpuMmepe MaJo TeOJOTHYCCKOI'O CMBICJAa B OTHOLIEHIH
caMoro apu@ra, HO TIpH HeOOXOAHMOCTH €ro MOXKHO H300pasuthlid
kapte. Ha puc. 5.69 noxasan apudT nepsoro nopsijika ypOBHE#
Boabl. Ha puc. 5.70 npeacraBiena cramiapTHas ownbka apudra.
Ocrtarxkn or apudra, HallieHHble BBIUHTAHHEM KapThl ApHpTa N3
KapTel KpafirnHra, npeictasjaeHsl Ha puc. 5.71. [lmomaau orpuua-
TEJBHBIX OCTATKOB, I'Je YPOBHH BOJBI HIZKE, WeM ApHDT, yKasaHsl
HITPHXOBKOIl.

Onenxa 3HAYCHUA [EepPEMEHHOIl B TOYKe [0 TOYeUHBIM Hab.aio-
JeHIM — 3TO JiMIlb OAHO U3 NPUMEHeHuH Kpafirnnra. DTOT MeTOA
MOXKHO 00OOIMTE JJISi IOCTPOEHHS OHEHOK 3HaueHHH NJOWLaAd 110
BHIGOPKAaM, COCTOSIAM 113 NJOWaAed HJIH e AJas HOCTPOeHHS olle-
HOK 3HAYCHLI 110 BHIGOPKAM, COOTBETCTBYIOLIHX ofGbeMaM. [locren-
HEE NpHMEHCHHe OCOGEHHO BaKHO B I'ODHOM jeJde, rie OlCHHBac-
Mble BEJNUHHBI SBJSIOTCS COAEPIKAHHCM pyAB B Oaoke I Hal.Tio-
JAeHHs OpCIcTaBAAIOT co6ofl TabuaHubl coJepyKaHHlil B KepHe CKBa-
#Auubl. llpomeaypa OleHKH N0 CYLLECTBY Taxad ke, Kax OblIO
ONHCAHO BBIIIE, OJHAKO 34€Ch BO3HHKAIOT AONOJHHTEJLHEE CJ0XK-
HOCTII 113-3a H3MEHUHBOCTH B [pejedax IJomajefl uan o6LeMoB.
OranryHoe BBeleHHe B HCMNOJAb30BAHHE KPAHTHHra AJsi OIEHKH Dy~
aul npusoanres B pabore M. Kmapk [13]. Dosee noapo6uoe 13.o-
JKeHue, BxJlOuawolilce GoJsee TPYIAHble  pasaenbl TeoCTATHCTIIRH,
MoxkHO Hafitn B kunrax asuaa [21] u JKypueas u I0Gpe [41].
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NOBEPXHOCTH TPEHJA

TpeHA-aHaIU3 — 3TO YHCTO TEOJIOTHYECKOe HasBaHie MaTeMaTH-
4eCKOro MeToja pasjeseHus JABYX KOMIOHEHT: CHCTEMAaTHYECKO! I
cAydafiHOH 10 SMINPHYECKHM JaHHBIM. IDTO  pasieseHne BCCria
NPOBOJHJOCH TEOJOraMH HHTYHTHBHO HJHM C IOMOHILIO HEKOTOPLIX
rpaduyecknx noctpoeHnii. Tak, Hampumep, TIeoJOrH-HedTAHNKH
OOLIYHO TNPOTHBOMOCTABJSIIOT —MOHSTHS «PErHOHAJNbHBEIL  IPOrHO»,
#a1 «koHurypauusi 6acceiHa», TCpMHHY «JICKaJbHasd CTPYKTypa».
[Terporpasl MOryT, HaIpHMep, TFOBOPHThH O «PErHOHANbBHOI 3ep-
HIICTOCTH» HeKotopoil obaactin Meramopdusma. [codiusuku  xe
IPUBLIKJIN K MOHSTHAM «PErHOHAJbHBI TpPEeHA» H  «JI0KaJbHble
aHoMagauu»., Bce 5TH BBIPA)KEHHSI XapaKTEPH3YIOT CHTYallHIO, KO-
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Puc. 5.69. Kapta, npeacraBasgiomas Puc. 5.70. Kapra npepcrapiser ¢rad-
AprT NepBOro MOPSIKA YPOBHA BOAbl  RApTHYIO ownOKY AprTa mepBoro Ino-

B Ikyc bena. paaKa yposHeii Boas B xyc bens.
¥poeun  m3oanHMH yKazauel B ¢ytax  WuTepas  MeXIy H3OJHHHAMH DiBeH
Bbllle YPOBHA MODPA 10 dpyraum
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Puc. 5.71. Kapra, na xoropoi mnpen-
crasAeHsl OCTaTKu oT jApudiTa mepsoro
nopsjika YPoBHs Boxbi B 3Kyc bens.
MurepBan mexay ugoaudnamu 10 ¢y-
ToB. 3alITPUXOBAHLI IVIOHIAAH OTPHIA-
TeLHBIX OCTATKOB. 1a KOTOPHIX VPOBHHU
BOIBl HIKE APHOTA

raa HaBaoaaeMblil pe3syabTaT ABJSCTCH CAEICTBHEM [ABYX B3aUMO-
JCHCTBYIOILIIX TI'€OJOTiHecKrx (paKkTopoB  HAH  Tpynm  (axTopos,
oiid  (OAHA) M3 KOTOPLIX OTpazaeT PerHOHANBHYIO, HJIH OOILYIO,
re0JOrHYeckyo olCTanoBky, 4a BTOPoll  (BTopas) — Meanile J0-
Ka.IbHBIE OTKJCHEHUS OT, PErHoHaJbHBIX 3aKOoHOMepHOocTell. Becnhma
HarJisHble DPHMEpHl A/ HJANICCTDAUMH 3THX COOTHOMIEHHIT MOZKHO
3aUMCTBOBAThL 13 CTPYKTYpHO{l reojqoruu. Tak, TpeTHuyHbl 0Oac-
ceiin Ballomnsra choprupoBaica B pesyJbTaie ABHXKEHHH 3eMHOI
KOPHL IO pazjoMaM Tay0oKoro 3atoxeHHs, TOTKa KaK CKJAagdyathbie
CTPYKTYPE BHYTpH OGacceliHa BOSHHKAH noj JAeHCTBHEM TIpaBHTa-
IIIOHEOLO CKOJibMEHHS, MEAKUX [I3BIOHKTHBHBEIX Hapyulerufl o
T. . B momoGuoii cnryaumun Qopma Oaccelina xapaKkTepusyer pe-
THOHAJBLHYIO CTPYKTypy, a 0oNec MeJKHe CTPYKTypHl MOXKHO pac-
CMITPHBATDH KaK JOKaJbHble OTKJIOHEHHA.

IMoHATHS «PCTHOHAABEBIHY 11 «I0KaJbHBI» BecbhbMa CyOBEKTUB-
Hpl. OHII B 3HAYHTEJLHOI CTENEHH 3aBHCAT M OT pa3MepoB i3yuac-
moro pernona. Tax, ecan Mpl OyAeM paccMaTpHBaTh BCIO MOBepX-
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nocTs gokemGpus B CHIA, 10 no otnowenmo x Heli Gacceiinbl U
pasjensouliie nx ropusie Xpe6Tul BafioMunra GyayTt JIOKaJbHbiMH
OTJOHEHHSIMH, WJAH aHoMaJuaMy, kax i busi-Xuuce, rynoa O3apk,
Muunrauckuit Gacceftn 1 ap. BHyTpu ke oisoro Gacceiina Baio-
AT TOHSTHST <PETHOHAJBHBIY H «IOKAJIBHLIT» HMET COBCpHIE!-
HO HEOII CMBICJ.

Mmelowtecst jgaHHbe TaKKe OKa3bLIBGIOT BJHSHHE HAQ Xapakiep
VCT2HABJIBACMOrO PerHOHa/JbHOrO TpeH:ia I JOKaJbHBIX OTK/JIOHE-
puil. Tax, Hanpumep, Gecrnojie3Ho HCKaTh KaKOH-THGO CMBICH JI0-
L AdbHBIX 3aKOHOMepHOCTel, ecdn 06JacTH X NPOABJACHHSA GJIH3KH
no pasMmepaM 1 ydacTkaMm onpobosannda. Taxkme 3aKOHOMEDHOCTH
He3aBHCHMO OT TOTO, CYIUIECTBYIOT OHH IIJIH HET, B NOJOOHBIX YCJO-
BHSAX NPOCTO HEJb3d YCTaHOBHTb. Mepy 3aBuHCHMOCTH MeXKJIy pas-
\epaMH YYACTKOB NPOSIBJCHUA YCTAHABJIIBAEMONl 3aKOHOMEPHOCTH
il IPOCTPAHCTBEHHBIM pa3MellleHHeM TOYEeK paBHOMEpPHOIl CeTH
\IOJKHO BLIUHMCJHUTH AJs [IPaBHJAbHOH ceTH Touek [71], nHo me nas
cJyuasi HeperyJIsspHO DaclOJIOKEHHBIX TOUEK, KOTOPBIi 3HAaUHTEdb-
HO XyiKe Noajaercs MateMartHyeckoll o6palboTie.

Heap reosorH4eckoro HCCAEAOBAHHS TaKXKe BJAHAET Ha  pac-
cMaTpHBaeMble HAMH [Ba IIOHATHS [IPOCTPAHCTBEHHBIX COOTHOUIE-
wiil. Tak, HanpuMep, AJs 30J0TOpyAHOro Mectopoxzienns B HOx-
Hofi Adpuxe npeicTaBAAIOT HHTEPEC TOJBKO T€  «OTKJIOHEHHS»
CoJepKAaHNi 30J0Ta, KOTOpPHle INPEBHIIAKT  3aJaHHOEe 3HaueHHe,
3apaHee onpelesneHHoe sxoHomucTaMu. C Apyrodl CTOpoHB,  MpH
HOBTOPHBIX TOHCKax HedTH B Kako#-nubo obnacTH MOTYT mpeicra-
BiTL HHTepec HeOOJblIMe CTPYKTYpPHble aHOMAaJMH, TaK Kak 3apa-
HEe M3BECTHO, UTO GoJiee KPYIHble CTPYRTYPBl JAaHHOI 00.1acTH yXKe
H3VUeHb. B 3THX YCJTOBHAX 3aKOHOMEPHCCTH, BBISIBJIsieMble Ha Ta-
KX MEJKHX CTPYKTypax, C/elyerT paccMaTPHBATh KaK «pPerHoHaJb-
HbIT TpeHLs.

Oas namoctpaunnu paceMoTpum rpaduk, nsobpakeHHbil Ha
pue. 5.72,a. B npeacraBieHHOH  CHTYAMHM  MOZKHO DAasJH4HBIMH
cnoco6aMi BBIAENUTH «PETHOHAJNBHYIO» I «JOKAJbHYIO» KOMIIOHEH-
v, JIOMYCTiM, UTO PerHoHaJbHBII TPEHI XapaKTePH3YQeTCs find-
MOl auHuel, npoxoadiiell uepe3 COBOKYNHOCTL TOUeK HalJofedils.
Torna Bce HaluM RaHHBIE MOXKHO Da3le]HTb Ha JHHCHHBIH TpCHA
i1 TPH JoKaJbHble GOoJblulle aHOMAJHH, Y4TO M I[I0K43aHO Ha plcC.
3.72,6. OnHMako MOMET OKa3aTbCsd, 49TO AJs ONHCaHiisgs TpeHila
napaGosuueckad (yHxuns 6vietr OGoJiee INPEACTABITEIbHAE, HYeM
vpasHenwe mpsamoii auuun. Ha puc. 5.72,8 moxazano Takoe pas-
;eJeHre Ha KOMIIOHEHTy napabosnudecKkero Tpewia 1 JOKaJbHble
OTIJIOHEHIIS, UTO 3HAUMTEJbLHO OTJHUAeTCss OT CHTyalud, n3otpa-
{EHHOH Ha puc. 5.72, 0. MoxHo UPHHATHL 1 fonec CAOKHYIO (yiK-
L0 AJs OMUCAHIA TpEeHAa, HampuMmep KYyOIUeCKYIO, koTopas ind-
BOICT K ellle MeHblIed BeamuuHe amovaanit (pme. 5.72,2). Bos-
MOJKHA I Takash CHTYallHs, KOrja pesysasTathl onpofoBanid W xpi-
Basi TpeHza OyIyT COBNAIATk, TaK UTO 0cTaTOK OyleT OTCYTCTBO-
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Puc. 5.72. JByMepHAS WIOCTPAUUR MOHATHA TPEHLA:

@ — MHOMCCTBO JAHHBIX TOUEK H JIHHHSI, HA KOTOpPOfl OHHM PACHOJIOKEHDL; 6 — npd-

Mas JHHHES, mofo0paHHas K HaOJI0JeHUAM; &8 — napabosinyecKknil Tpesln; ev—— Ky?u-

yeckHil TPEHN. 3aWTPUXOBAHIAR 06:14CTh COOTBETCTBYET OTPHUATEIBHOMY H TOJI0-
JKHTEJABHOMY (TKJIOHENHAM OT JHHUW TpeHna

BaTh. KOHeuHO, B 2TOM cJyuae HeJb3st NPOBECTH pasieseHne Ha
«PCTHOHANBHYIO» H «JIOKAJIbHYIO» KOMIONEHTLI 1 Takoe necae10s8a-
HHe 1oTepsieT CMHCI.

[Tocse Beero TOro, 4To OBIIO CKA3aHO, BIIOJHE €CTECTBCHEH BO-
IpoC: MOZKHO JH TO pe3y/bTaTaM Ha6JI0AeHHsT  T0JYy4HTb O0DBEeK-
THBHOE EblieJenne JBYX KOMIOHCHT, —e€CaH caMo  onpeje/erue
STIX KOMIOHCHT B 3HAMITCABHON CTeneH cyOBeKTHBHO? OTper Ha
3TOT BOTPOC GYNeT MOJOMKHTEbHBIM, eC/Il BMECTO IeO/OrHYeCKOro
chpelenedus TpeHAa M OTKJIOHEHHS BOCHOJLIOBATHCH onepannoH-
HBIM OnpeieneHHeM, KOTopoe (UKCHPYET €rnocob OOp?tﬁOTKH aaH-
pbix. Hanprmep, TpeHj MOXKHO ONPEAEINTh KaK JHHENHYIO HyHK-
1LMI0 Teorpaduueckux KOOPAHHAT, MOCTPOCHHYIO HO pabopy HaOJ0-
feHuii Tak, 4TO CyMMa KBaApaTOB OTKJOHEHMH HX OT Tpenia
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muhuMasabia. Pacemotpum 6Gonee noapo6Ho Tpu uacTH 3TOro OIl-
peleJIeHHs.,

1. OnpejesieHrie OCHOBAHO Ha TNOHATHH TEOrpapuuUeCcKHXx KOOp-
JMHAT. DTO 3HAYMT, 4TO pe3yJabTar HabmoneHus (abGcomoTHas OT-
MeTKa MECTHOCTH, cojepzKaHue 30J0Ta B XKHJje H Ap.) paccMaTpu-
paeTcsi KaK (PyHKOHS TOJOXKeHHA HaOJIOJEHHsS B MPOCTPAHCTBeE.

2. TpeHn paccmarpupaercss kak JuHeliHas QyHKUHA, ITO sHG-
YT, Y10 ypPaBHCHIE, OMICLIBajouwiee TpeHI, HMeeT ¢opMmy Y=
=0 X, 4+0:Xo+..., rie b— kosdduuients, a X — reorpaduuecine
KOOpAHHATBH. YpaBHeHHe OyJeT BK/IOuaTh 3HaueHwa Y, KoTopbie
OyAyT pe3yabTaTaMH HaOJIOAEHHS.

3. Tpebopaune MHHHMM3AIIHN CYyMMbl KB4I1PATOB OTKJIOHEHHH OT
Tpeuga noApoGHO onucaHo B ri. 2 (cM. KH. 1) NPHMEHATEJbHO K
aucnepcuy. Jleso B TOM, YTO CYMMa KBajipaTOB OTKJOHCHHH pe-
3yJbTATOB HaGJI0eHHI OT ¢peaHero xapakTepHayeT BLIGOPOUHYIO
auxcnepento. Ecanm BmecTo cpeaHero nNoJACTaBUHTL ypaBHEHHE Tpf-
MOH JHHHI HJAH 0J0CKOCTI, TO TOr1a, paccMarpHBasi 370 ypasHe-
nie Kak GyHKOHIO AUCIEPCHH, MOXKHO BbOpaTh TakoH ero BapH-
4HT, KOTOpLIH Obl MUHHMH3HPOBAJ CYMMYy KBajJpaTroB OTKJOHe-
pnil, HeoOXxoauso OTMCTHTL, 4TO OfpeledeHlle ypaBHenHs JuHell-
HO[l perpeccun BecbMa CXOJAHO € TOJAbKO 4TO NPIBEJEHHBIM OIpe-
aeqennesM. Boobue TpeHA-aHAAH3 MOMKHO pPaccMaTPHBATL KakK OAHH
113 BapHaHTOB CTATHCTHYECKOTO METOAa MHOMKECTBEHHOH perpecciH,
1l N03TOMY Bce TpHeMBl 06pabOTKH NaHHBIX B35Thl HEIoCPeICTBeH-
HO 113 perpeccHoHHOro aHafau3a. B HexoTOpuix cayuasix npu pe-
LICHAH TeOJOrHUCCKIIX 3a71ad OVAVT NPOBEPATHCS THIOTE3BI, CBA-
3aHHBIE ¢ MHOXKECTBEHHOH perpecchei.

B ra. 4 (cm. xu. 1) 6bliia nocrpoeHa JIHHS perpeccHun Y Ha
X, xoTopas siBaAsaAnch, Jidllefi Hawgayuymefi oweHxu Y aas Jawoboro
saaaHHOTo 3HaueHnss X. Ypasueuue nupamofi Y=»5by+bh X Haxo-
J6Ch NYTeM DEINCHHA ClCTeMbl HOPMAaJbHBIX YpaBHCHHUI:

SY=bon+bZIX,
SXY=boSX 1 b T2 (5.82)

OTHOCHTEJIbHO HeH3BecTHLIX Kospduunenros by, b;. CymmupoBaune
B 3THX H [IOCJEIYIOUINX VPaBHEHUSX TPOBOANTCH OT [=1 10 A.
Jast npocToTH 3amich 11PEJeJOB CYMMHDOBAaEHMA ONVUIeHa. Ty
CHCTEMY ypaBHEHH{l JIerko INpHCNocodilTb, ec/iH HMeercs ABa ap-
I'VMeHTa, HanplMep Taklie, Kak reorpaduyeckile KOOPANHATH, B

pesyJabraTe 4Yero HOJy4ilM  yDaBHEHHe JIHHEHOI MOBEPXHOCTH
TpeHja:

Y=0bo+ b, X1+ b:X,. (583)

B nanHOM cjyvae Pe3yAbTAT reoJOTHYECKOre Habmioaeunsa pac-
cvaTtpuBaeTcsl Kak JAHHeAHas (yHKUus ABYX kKoopamuat X, u X,
¢ xoapduuuentaMu by, by, bz, OLEHUTH KOTOpBIE MOXKHO C [TOMO-
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UIpI0 CHCTEMD! CJIEIYIOIHX YpaBHEeHUH:

ZY:bO’Z+b12X1+b22X2;
ley’=b02/¥1+b12X12+b22X1X2; (584)
SXoV=0,SXo+ 0, ZX 1 Xo+-0:2X5%

Pemins vpasuenns (5.84) OTHOCHTEIBHO Dy, by, by, HalineMm HX
oLeHKI. DioT MeToj HaXOXKIeHHd OLEHOK Ha3blBA€TCsd MeTOL0M
HaNMEeHDIiX KBaipaToB. o .

Vpapsesina (5.84) MOZHO 3anHCATL B MATPHUHON (POPME:

- S I SAND 4 .

r >, Ny Ty g_
H - . v S0 - [ R = QT
l}_.,\l > X XX, b, 7[ SXY (5.8
N © oy Sy A %
VA, NN, 2X _ b, AT

CXO407BO MEXKIY MATPHUHBIM ypapienem (5.85) i ypaBHeHH-
en (4.33) cuesuaHo. OGa 3111 YpaBHCHH; MOXHO paceMarTpiiBarh
$aK TpuOJIZKeHHBlE XapaKTePUCTHKIL (PYHKIHH JABYX aplyMeHTOB,
KOTOpBle B J1aHHOM CJVyae $BJAAIOTCA T[EOTPAUUECKiMH KOOpAH-
nataMu X; n X,. Ilpn noiGope Kpusoil BTOpOro mnopsijisa B pac-
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Puc. 5.73. Kapra pacnoioiKeHis CKBaXuH U aGCOMOTHBIX OTMETOX HONOWIBLI MCAO-
BbIX oTJoKeHMiT B Cepepo-BocTounoit Adpnxe. o nannuniv HedTWHOH KOMNAHHH
Anrao-Bappen Oita Kamnanu.

OTMEeTKH iHbl B MeTpax HHXE YDOBHA MopsA. 3a eJHHHLY BHODal KHIOMETD; OT-
CHET KOODJIMHAT BEAETCH OT IOr0-3aMajHOTO YIia KapTLi
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CMOTDEHHOM Bbllle IIpIMEpPe TAaKKe paccMaTpHBajuch Be Hepe-
MeHHbie X H X?, ¥ 3ajaya Oblia CBeNEHA K PEIUeHHIO CHCTEMBI JH-
HelHbIX ypaBHeHu#d. Taxkum o0pa3soM, MeXKIy 3THMH ABYMS IIpO-
lelypamMi HeT NPHHUHNHAJbHON pasHHUbL. B KauecTBe mnpuMepa
NOCTPOEHHS JHHEIHOA NOBePXHOCTH TPEHIla pPAacCMOTPHM CJELYIO-
LLyI0 3ajauy.

Oana anrauiickas HedTsHaa KoMnaHis npHoOpesa KOHLECCHIO
B BechbMa yaagnennoil wactu Cesepo-Boctoynoii Adpurxn. Teppuro-
plig Oblia KpaiiHe HEOOKHTOH, TPYAHOAOCTYMHOI H NOYTH  [OJ-
HOCThIO TEOJIOTIYECKH HeH3yuyeHHOIl. [lo ycsoBHAM KOHIUECCHII KOM-
faHNA J0JXKHa Oblyia IpOOYPHTh B TedeHue roja J1eciTh CKBAXKHH
iiAM B CJAyYae HEBBINOJHEHHS 3TOrO YCJOBHA NHOTEPSATh CBOH Ipa-
sa., PykoBOACTBO KOMHAHIN NPHHANO pelucHHe OYpHTH CEpUI0 Aa-
JIGKO DAacloJOXKeHHBIX JAPYyr OT Jpyra  pa3BelOYHBIX CKBasKHH,
npefHa3sHadYeHHBIX JJif CO3MAHUSI Te0JIOTHUeCKOll OCHOBEI, He0OXO-
AnMoll asa mpoaosrKenuss nomnckos. Ha pme. 5.73 moxaszano pac-
MIOJIOYKGHHE 3THX CKBAXKHH Ha TeppuTOpPHI  KOHUecCHH, oflas
iomanb KoTopoit cocraBasaaa 100 kM2 KoopauHaThl CKBa)KHH, OT-
CUHTHIBAEMblE B KUJOMETpax OT I0ro-3amajHoro yrJja TeppHTOpHI,
il abCOMIOTHBIC OTMETKH HOJOLIBEI MEJNOBBIX OTJIOXKeH, 3adhHKCH-
POBAHHDIE B CKBaXXHHAaxX, NPpuUBeAeHHl B TalJa. 5.15. 3ajada B JaH-
JIOM CJyYae 3akJI0uaercs B IIOCTPOEHHH JIMHEHHOI NOBepXHOCTH
TpeHIa H BLIABJIEHHH oO6JacTel MOJOMKUTEJILHBIX OTKJICHEHHH OT
Hee, KOTOPBIE MOYKHO PAcCMaTpPHBATL KaK 3acAViKIBaOLiHe BHHMA-
Hilst 1J1s1 TPOBELEHUs NONOJHUTENbHBIX HCCJIEN0BaHUMH,

Jast DOCTPOCHNsST 1IOBEPXHOCTH TPEHja MLl AOJIKHE cHayaJja
noAcuUuTaTh CVMMBI 3Hauennit Xy, X, n Y, cymMMBl kBaxpatoB X, M

X-;, a4 TaRXKC CVYMMDL COOTBETCTBYIOUIHUX CMEMIAHHLIX npoHsBene-

Ta6auwuwa 5.15
Koopnunathl CKBaXXUH M BO3BBINIEHHI
OCHOBAHMWII MeJIOBOr0 MepHoja
B npejae’ax HedTAHOH KONLECCHM

Xy, K Vg, Kt V.o
10,0 17.0
21,0 89,0
33,0 38,0
35,0 20,0
47,0 58,0
60,0 18,0
65,0 74,0
82,0 93,0
89,0 60,0
97,0 15,0
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Ta6auna 5.16
Koopauuarel, a6conioTnble 0TMETKH MOLOWERDI MEJIOBBIX OTJIOKEHHI,

HX OleHkH ¥ W pasuocte (Y—Y)

X1, Ku Xa KM Yo u /)7, M (Y—?). M
10,0 17.0 —B665,0 —G06,6 58,3
21,0 89,0 —613,0 —695,7 82,7
33,0 38,0 —386,0 —237,8 —48,1
35,0 20,0 —440,0 —4492 & n2.8
47,0 58,0 —544.,0 —510,2 —33,7
60,0 18,0 —343,0 —360.2 26,2
65,0 74.0 —455,0 —455,5 0,5
82,0 93,0 —437.0 —411,5 —25,4
89,0 60,0 —354 0 —313,n —40,9
97,0 15,0 —142.0 186,0 44,1

HUH, T. €. uilcaa, TpeGveMbie Gopuyaoit (5.84):

> X, =539, Y, — 482, XV —=— 4579,
> X1=—36934, 2 XE= 31692, 2 X,V —— 211098,

XX, = 27030, DX,V — 232349

IoacTaBns stn 3HaveHns B dopmyay (5.85), noaydum

10 539 4827 [&,] [—4579 -
539 36943 27030 | | &, [~] —211 098
482 27030 31692 | | 4, —232342

Pewnts »1o marpuynoe YPaBHEHHe MOXKHO MEeTOAOM, OIuCaH-
HBIM B I, 3 (cM. kH. 1), Penrenne Gyler caeayiouum:

bo=—621,0, b,=48, bs=—2,0.

Hoxcrasus st snaucnns kosduunenros g ypaBHeHIe
Y:boJx‘lel-f-bQXQ,

MOZKHO BBIYHCJANTL TEOPCTHUECKIE 3HAUeHis Y s Kazkioft u3 ne-
CATH CRBAXIH, KOTOPBIC BMECTE C PA3HOCTAMH (Y\—Y,) npusene-
HBl B Tabu. 5.186,

Kpome rToro, mosxHo OXdpAKTEPH3OBATE KAuCCTBO MPHGIHKe-
HUA NOBEPXHOCTH TpeHAa K Ha6JI0IacMbIM besyabraTtam, ncmoJib-
3ya dopmyanr ¢ (4.18) no (4.24), BBeneHnue ST cAydasi JHHUH,

UACTHOCTH, Mbl MOXKeM OXapaKTCpusoBarth o0ulyl0  H3MeHYH-
BOCTB, BBHIYHCJIHB CyMMy KBaipartoB fust Y, 7. e.

§S;=3¥?— L (S¥)—2153949.
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Has toro yrou MOMY4HTb aHAJIOTHYHYIO XapaKTePHCTHKY AJs

Y B rabu 5.16, b gousKHL BBITHCIHTL CYyMMY KBaapaToB, BO3-
HH!\’E]IOIH}'}O 13 ypaBHeHUs perpeccHn

My | RN
SSe == XY e — (M) = 1938614 .

I)QSHOCTI) MCKAY 3THMH BeJHYNHaMU 6_\';10'[‘ XapaKTepu3oBATh
H3MCHYHBOCTD OTKJIOHEHU[] oT NOBEPXHOCTH TpeHaa:

88p=S8S; — SS,=21 4635,

Takum o6pasom, HOBEPXHOCTh Tpella yuluThIBAET CJIEAYIOIHA npo-
Hent obmell navenunsocT:

100% - R?= (SS2)/(SS,) =90,0%.

Koz ¢puunenr MHOKECTBEHHOIT KOppeaauun B 1aHHOM cayuae
COCTABUT R=)R?=(,95.

W3 nonyuennnix xpaiine Boicoriy SHA4YeHHH MOXHO CHeJaTh
BEIBOL O TOM, 4TO NONOWIBA MAJIOBLIX OTJIOMKEHHI! 13y4aeMoii Tep-
PUTOPHH SIBAACTCH NOYTH DPOBHOH M ONMHCHBaeTcs NOCTeNEHHO I10-
rpyXaiomeiics naockoctso. Kax BUAHO u3 Tab, 5.16, oTkaoHeHHs
OT TCOPETHYECKOH TiJIOCKOCTH BECbMa MaJibl, Bee sto  marasigmo
IIpEACTaBaCHO Ha pHc. 5.74, rie [pHBEACHA KapTa MHMOAOINBLl Me-
JIOBBIX OTJIOXKEHHI,

XoTs stor mpocrefinmi; BHJ aHajaH3a siBasgercs YOBJIETBOPH-
TEJBULIM B 1aHHOM IIpHMepe, BIOJIHE BO3MOMKH CHTYaUHH, KOrpa
TIIOCKOCTH GyaeT HEeNOCTATOMHO AJS  Ouicamus FeOJIOTHYECKOTO
TPCHIA, KOTOPBIfl MOXKET OLITh BECHMA CAO0MKHBIM. Bouaee toro, mu
O4EHL PEAKO pacmosaraeMm anpuopHLIMu CBerennaMn o opue
OYHKIIN, onucHBaowel TpeHA. QusnkH, manpumep, MOryT 3apa-
Hee ckasarp, 4To GPOWEHHLI KaMeHL moJseTnt mno napabone, tax
KA OHH PACNOJNAralOT HEKOTOPBIMII CBENEHHSMH o barropax, xoH-

Puc. 5.74 Kapra NOBEPXHOCTH TpeHia
10 CKBaXHKHaM PHC. 5.73.
Hrirepsan MEXAY H3ONMHWAME paBeH
50 m




TPOJHPYIOILHX ITOT Npoliece, T. e. 0§ YCKOPeHHI CBOGOLHOrO ma-
aenns u ap. [eojiorn kpaiiHe peako MOTYT FOBODPITb anpHOpH O
nanayuweii GopMe GYHKUEH, OnHCHIBAIOLLell NOBEPXHOCTL TPeH.d.
Camoe Jyuyllee, YTO OHH MOTYT ¢/€J1aTh, — 3TO IIPOBOJAHTE MOCJE-
JOBATeNLHBlE NPUGILKEHHsT K HEM3BECTHOH (QVHKILMI, Hayu#ad C
HeKoTOpoli (DYHKIHH NpONU3BOJNLHON (opmbl. B _ YaCTHOCTH,  OHH
PACIIHPSIOT BO3MOMKHOCTH MPEICTABJICHHA JIMHEUHOH [OBEPXHOCTH
¢ NOMOIBIO LOJIHOMOB, BBOJASA CTEIEHH Bbllle IIepBOH I CMEUlaH-
Hble [pOl3BefeHNs reorpaduueckux  Koopausat.  IHoauHomwl
HCKJIOUNTebHO UyBCTBHTEJbLHBI, H, €CJIH IICMOJb30BATH HX AOCT-
TOUHO BBICOKHE CTEMeHH, ¢ HX IOMOIUbIO MOMKHO OMICBEIBATE BCCbMa
CJIOYKHBIC MMOBEPXHOCTH,

HeoBX0AHMO OTMETHTb, Yr0 HOJHHOMIAJbHpie GYHKUHI HC-
I0B3YIOTCA B TpeHA-aHaju3e [JaBHHIM 006pa3oM Kak YLOOHoe
CPeJCTBO ONHCAHIS NOJY4YeHHBIX jpaHHHX. [Ipn sTOM ypaBHCHHS,
6 KOTOPBIM OTBLICKIIBAIOTCA NMOJHHOMUIANLHBIC KOIQDUILEHTH, JICT-
KO cTposATcs H pewatorca Ha IBM. llpnveHenie [oauHOMOB
MOMKET NIpHBECTH K MHEHHIO, UTO TCOJIOTHHECCKHE TNPOUECCHl #BJs-
I0TCA MOJHOMIIAABHEIMH (QYHKIHAMI U Jaze MX JHHEHHBIMIL Bapi-
anTaMil. HyKHO BOMHHTB, 4TO NPHDPOAA 3THX IPOIECCOB OCTERTCA
HeI3BeCTHOI H C NOMOUIBIO NOJAHHOMOB MOMKCET OLITH OMNHCUHA TOJIb-
Ko npubauKeHHo. B oricipHLIX npuMepax Moryt ObTE  Gogee
mpHeMJeMbl M ApyCHe BapiaHTel npubauzierus, 410 Oyzer pac-
CMOTpPEHO B JaHHOM pa3sjeJe.

Kax ymxe orMeuasnoch B I, 4, METOJH HalIMEHLUIHX KBaApaTOB
MOMKET ObiTh NPHUMEHEH He TOJbKO K YPaBHEHHIO NPIMOH, HO I K
KpHBOIH BTOpPOro (M GoJjiee BBLICOKOrO) TMOpsiika myreM 100aB/eHns
COOTBETCTBYIOLIHX KOMIIOHEHT:

Y=bo+b.X:+b.X,2. (5.86)

[ToBepxHocTh TpeHpa BTOPOro mopaaka OyAeT OnHCLIBaTLCA
ypaBHEHHEM

Y=bo+b: X1+ b:Xo+bsX 12+ b:Xs* + b X1 Xo. (5.87)

3aMeTHM, YTO 3TH YPaBHEHHs COAEpPXKAT TakHe KOMMOHCHTH,
KaK KBajgpaTbl reorpaHyeckHx KOOpIHHAT M UX CMEIIAHHOE MpO-
usBejgenue, [lepelitd OT 3TOr0 ypaBHeHMsl K ypaBHeHHIO OoJee BH-
COKOro TOpsiika CpaBHHTEJNbHO Jerxo. [as 3TOro Kaxaas reorpa-
Gbuueckas KOOpHHUHATA MPOCTO BO3BOANUTCS B 3alaHHYIO CTCICHL H
A0GAaBJSIOTCH COOTBETCTBYIOLIHE CMellaHHbie nponsBeeris. Ha-
npumep,

1 2
1 T , l

Y =by+ by X1+ b, Xy 403 X1+ b, X3 b X, Xy +

3

[ I)
by XD b, X3+ by XT Xy 4 by X X3 (5.88)
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npeICTaBaseT cofoii ypaBHeHIie NOBEPXHOCTII TPCHAA TPeTpeH cre-
deHi. B 3ToM ypaBHeHHH u/JcHaM IEPBOH CTeneHH COOTBETCTBYIOT
roa(dunuento by u by, Kosdduunente bs, by 1 bs COOTBETCTBYIOT
4,4CHAM BTOPOIl cicleHii 11 CTOAT HEPEid MepEeMeHHBIMH, KOTOpble
HUMEIT  caeayromyo  crpykrypy:  Xg=(X1-Xy), Xy=(X2-A2),
Ko=(Xi-Xo). Taxnum 00pa3cM, HOBBle NCPCMEHHBlE NPENCTaBJIsIoT
co00il pasaHuHble BapHAHTBl IIPOH3BEACHHIl HCXOJHLIX  IepeMeH-
ubix. AHagornuso xosdduuireurs 0, bz, by I by COOTBETCTBYIOT
KOMIOHEHTAM TpeTbell CTeneHu, KoTopble HMEIOT CJAEAVIOULYIO
CTPYKTYDPY: X(;:(XI-X1~X1), X7=(X2-/Y2'1Y2), Xg:(Xl'Xlx
\/<X2) H Xg—:(Xl-X2~X2).

PasBenuiikn HedTH HawlJM Xopoliee IpHMEHCHHE TPEHI-AHaJH-
4a MoBepxHOCTell Nmpu Nonckax HepTH m rasa B llenTpannHoii
AanOepre (Kanana). HedreHocnmii Gaccefin B Anabpbepre o0uiu-
peH, nprueM HedTh JIOKAJH3YeTCsl KAK B HIDKHEMEMOBLIX OTJOXKE-
HiAX, Taxk I B GoJjee ray6oxkux kapboHartHBIX phdax BepxHEro
ACBOHCKOTO pospacTa. EcTecTBeHHO, HoJbllee KOJAHYECTBO CKBaKHH
JOCTHTaeT MeJIOBBIX 00Da30BaHull, MeHblIee — JEBOHCKHX, OCO0EH-
Ho BOJH3H OT nepeaHcH rpsaabl CKajaHCTBIX rOp, IAe INIPOTHOSBI
raybunnoctlt pudop cocraasior 15000 dyrtoB uaun Gonblue. He-
BOHCKHE pH(BI TpeicTaBJCHbl MOWHOH ToJllel KapOoHATOB Je-
AYKCKOH (¢opmauuu, nepecjauBaomuxcs ¥ ¢daguajpHO 3amellaro-
HIHXCA CJAHIaMH JIATYHHOTO H MOPCKOIO IéHe3HCa — KJACTHYECKH-
mit o6pasoBanuamu. KapGonaTHole pudbl He OblAM YNJOTHEHH, B
T0 BpeMd KakK IepecJaHBalolifecss ¢ HHMH MeJKO3epHHCThble KJac-
THYECKHe 00pa3oBaHus — cJaaHLbl AHpTOHZ OBIJIM  YIJIOTHEHH [0
IX MepBOHAYAJBbHOH MOLIHOCTH MO Mepe omyckaHus OacceilHa H
UPOJOJKEeHNA o0pas3oBaHusg MECTOPOXKACHHs. IDto aupdepeHn-
AJbHOE YMJIOTHEHHE CO37aHO CKJIAAYaTBIMH CTPYKTYpaMi HaJl IO-
rpedeHHBIMH pH(bAaMH; 3TH CTPYKTYpbl COXPAaHsSIIOTCsI B BhLIlIeJexa-
UMK TOPOAAX, XOTS HX BEJIHYHHBI yMeHBIIAIOTCS Ha GoJjee MEJNKHX
rOpH30HTAX.

I'ny6oxo3asoxeHHEe UCpTH YIJOTHEHHS He SIBJSIOTCS OYEBHI-
HBIMH Ha MEJOBBIX TODH30HTAaX H3-3a nyramomero s(Qexra CHIlb-
OT0 PErloHaNbHOrO HaKJOHA mjacTa (pHc. 5.7D). 3aMiHYTOCTb Ha
r1yOHHE BBIpaXKaeTcsd TOJABKO Kak cJjabble H3MEHEHNs JOKaJbHOro
rpagueHTa, KOTOPLIH Ha CTPYKTYPHEIX KapTax MeJOBBIX TOPH30HTOB
BBLIMIAAHT Kak cjaaboe H3MEHeHHe B pacnoJioKeHuy H3oauHui, Oz-
HAKO ecJIM 3Ta KOMIIOHEHTa CHJIBEOTO PEerHOHaJLHOIO0 HaKJIOHA MO-
JKeT OLITh YCTpPaHEHA Ha 3THX KapTax, TO THIOTEeTHUECKHe HHIKe-
JexianiHe CKaajgdatble CTPYKTYPHl BBITAAAAT  3aMKHyTHIMH. Taxk
Kax MJIOTHOCTb CKBAXKHH B OCHOBAHHSAX MEJOBBIX OTJ/IOXKEHHH OTHO-
CHTENBHO BBICOKA, HX aHaJH3 MOXeT JaTh HEeHHyI0 HH(pOpMaiHio

0 BO3MOXKHDBIX ITIpOTHO3aX B MAEBOHCKHX IJ1aCTax, XOTA HEKOTOpPLIe

CKBAXHWHLI H NPDOHHKAIOT B 6osee FﬂyﬁOKHe FOPHU3OHTHI.
Cxaau befsua-®duni cocroar u3 YEPHOTO CJIAHLA, BCTpeyaloile-
rocd BOJN3I rpaniibl MeXHy HHXHUM H BEPXHHM MEJIOBBIMU
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Puc. 5.75. Hsobpaxxenue paspe3a 3amafHoro moas GacceiiHa Auab6epra B Buie
IHArpaMMbl.

Pudn Jleayka i caaHusl AfipTOHa BEePXHEro AeBOHA; cKainl Befizua-Diul ciomelibt
HHXHEMEJIOBBIME HOPOAAMU

nJjacTaMu. DTO MECTO XapaKTepH3yeTCsl MHOIOUHCJEHHBIMH GeHTO-
HHTOBHIMH 00Da30BaHHAMH, KOTOpLIE 40T 34rajQuHble NMUKH TNpH
KapoTaxe B raMmMa Jydax H3-3a HX BBICOKOH pagHOAKTIBHOCTH.
DEHTOHUTEL CHHXDOHHBL U IOTOMYy OODPA3VIOT OTJHYHLIC MapKepbl
JUIs perfoHaJbHOH Koppeasuuu. BepiunHa cxan be#zua-Ouin mo-
JKeT OBITh OTMeyeHa ¢ HCKJIOUHTEJNLHON TOYHOCTBIO TO KapoTakKy
6Jrarofaps 3aMeTHOMY OTpa’keHHI0 0T MOWHBLIX OenToHuToB. Kapra,
npeiacTaBAeHHAas Ha puc. 5.76, oxBarblBaeT MJOLLAAL 0Ko.J0 3500
KBaJpaTHIX MHJAb Ha 3anaie llewrpanpBoft Anbfepthl u  Onlja
MIOCTPOEHAa IpPH HCHOJNBL30BAHHU IHKa 3TUX OCHTOHHTOB B BepXHedl
touxke ckaJg beifiana-®uw B 360 pa3BerouHBIX CKBaxKHHAX. KapTH-
pyeMas mJaolialb PaclnoJokeHa Ha 3amaaHoM Kpae OaccefiHa Ajb-
6epTa HelOCPEACTBEHHO B MepejHeH 4acTH CKAAZYATOH 30HBI, OT-
pgedsomell @pont Cxaanctelx rop. ANNDPOKCHMHPYETCHS HOTPy#Ke-
HHe OCHOBAHMI BHH3 K I0ro-3amnajy ¢ yBQJIUYCHIEM IOrpV/KeHus B
3anajnHofi BeTBu Oaccelina. B mpexesmax KaptupyeMmofl m.omajgu
ray6unbl cxan Belisug-®uin naMeHnswoTcs or caaboro ¢ 5KCHECCOM
B 1000 ¢dyToB HIKe YpPOBHSI MOpS Ha CeBepO-BOCTOKE, BILIOTh 10
5000 ¢yros HHKe YPOBHSI MOpsl Ha CeBepo-3anaie.

Ha puc. 5.77 u 5.78 npencTaB/ieHbl NOJHHOMHAJbLHBEIEC NOBEpX-
HOCTH TpeHJa MepBOrO H BTOPOrO NOPAAKOB AJd CcKaja belsud-
@uu; 3HaueHUsl CTATHCTHK, XaPaKTEPH3YIOWIUX NOAGOp MOBEPXHO-
cTefi TpeHna, npuBeienbl B Taba. 5.17. OGe TpeHA-IOBEPXHOCTH
ofecneYnBaloT OueHb BBICOKYIO TOYHOCThL amnIlpoKcHMAalud Ha6Jo-
JleHUH, XOTS NOBEPXHOCTh BTOPOH CTENEHH JaeT 3HAUHTENBHO (oJee
TOYHOE INPHOJHKEHHe, YeM NOBEPXHOCTh NEepBOH creneHu. B sToM
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Puc. 5.76. CTpyKTypuas Kapra Bepwunbl ckan Befiawn-®uw, Gacceiin AswGepTa.

M3oanuin yKasaHel B GyTax HHMXe YPOBHA Mops. KpecTukd — KOHTPOJIbHBIE CKBa-
JKHHH

Puc. 5.77. MoBepxHOCTh TpeHAa nepBoii CTemeHH, NOCTPOEHHAS AJdA ckan Beitsua-
Py,

H3sonunuu ykasansel B pyTax HHXKE YPOBHA MODA

10—115




TaGnuu a 5.17
CraToTHEH  NOJMHOMMAJBLHOM TPEHA-NOBEPXHOCTH NEPBOI M BTOpPOI CremeHei,
neiarondeMste K BOSBHleHuaM belisua-®uw B uentpe 3anagnoii AnbGepti

Tpeni-noBepXHOCTL MepBOf cTencH:

MpOUeHT coorBeTCTBHA (RT) . . . . . . . 936%
Ko3QQuient xoppemsuin (Ry . . . . . . . . . 0,993
ypaBHenHe MOBEPXHOCTH TPeHI1a:

Y=-—635,4+29,3X,433,8X:
Tpena-noBepxHOCTL BTOPOH cTerewis:
MpOUeHT cooTsetcTsus (R?) . . . . . . . 00,7%
Kospouunent xoppeusumn (R)y . . . . . . . . 0,999
VpaBHEHHEe MOBEPXHOCTH TPEHIA: :

Y=-—7993,3463,4X,4-59,2X,

—0,1X,2—0,3X22—0,1 X, X,

ApuMepe 1y BLIOOpA CTeNenn MOBEPXHOCTH TPEHAA CTATHCTHYECKITe
NPUTEPHH SHAUNMOCTH HCTPUMEHHMBI, TaK Kak HPoBsieMa COCTOHT
fie TOJNBLKC B cratiicTHueckoil ouenke. Llesn ckopee cocront B 60-
71¢€ TOYHOM MOJEJHPOBAHHH DPEIHOHAJbHBIX UEpPT  CTPYKTYDPHOH
RONTYPHOH K&PTEl, M TIOTOMY BBEIMHTAHHe TpPEHId IOMOracT ycTpa-
HITb PErHOHaJIbHLIe KOMIOHEHTB CTPYKTYpH. JleficTBHTe.bHO, mo-
BEPXHOCTD TPEHAA HCNOJB3YETCsl KAK (UIBTP BHICOKOH MPONYCKHOI
CHOCOGHOCTH, YCTPAHAIIHA KPYHHOMAaclITabHbe CTPYKTypHbie Ba-

Piw. 5.78. Tlosepxnocth Tpenaa BTopoil cTenenw, nocTpoeHnas ajs ckan Befizun-
Dy,

Wsomuunu ykasaus B GyTax umxe yposus Mops
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Puc. 5.79. Kapra pasnoctefi 3HaueHuil cTpyKTyphoil Kaptht ckan beftana-®uw (cm.
puc. 5.78) u TpeHna Bropoft ctemexdu (cM. puc. 5.75).

Kpeerinanir 3omTpuxonalinl 00J4CTH, COOTBETCTBYIOLINC NOJOKHTCIBHLIM P23HO-
crav. Murtepsaa vexay usoannaavu 20 ¢yTos

puHauuir 1z RaproLl i COX])HHHIOLHIH"‘[ MeJaKoMacuTabHble XapaxTep-
Hble 4HCPTDIL.

Ha puc. 5.79 n3o6paxenn ocTaTKI OT TPEHJA-MOBEPXHOCTI BTO-
poi crenexu. Puc. 5.80 — 310 naneorpaduyeckas xapTa BepxHEro
AeBOla, PEKOHCTPYHPOBAHHAS IO CKBaXKMHaM I CEHCMHYECKOl WH-
(popmanuu. 3aMEeTHO CHJIbHOE COBMNAjeHHe MEXAY NOJOXKITe bHBI-
MH OCTAaTKaMM TPeHaa Ha ckKajax Defsua-®OHm n  NoJ0KEeHNIMH
Boaruwinx jgesonckux pudoB, B uacTHocTH pudoB Bafinadoan.
[Tocae ycTpaHeHHsT pPErHOHAJBLHOTO TpeHAa OCTAITCH IOCJae10Ba-
TeJIbHBIE H30JHPOBAHHBIe §O/Jee MeJKHe KOMIIOHEHTH CTPYKTYD,
LpeNCTaBJATIONINX CKAAAKH Haa 3TuMH pHpamu. Heckoabko rpyn-
HEIX HedTSHBIX TOJell Ha 3Tofl muowajin OblAH OTKPHTH € MOMO-
Hibl0 TaHHOTO MeTona.

Teneps HyXHO IOJYYHTH OTBET Ha BONPOC: 4TO TaKoe BHICOKOE
(HIM HH3KOE) COOTBETCTBHE IOBEPXHOCTH TPEHAa pe3yJbTaTaM
nabJ/oACHId, T. €. 4TO Takoe Koppesadauusa? B TeoJorHyeckix Hc-
¢Nle0BAHMAX, YTOOGH 1ONYYHTH OTBET HA Kaxoi-Ju6o BOIPOC, uac-
TO TPHXOANTCA AOBEPATLCS OMBITY M HHTyuHHH. Hampumep, crpyx-
TypHBEIE aHAJH3Hl, HOJy4YeHHBIE MO NAHHLIM HAOJIOJEHHH, BHITIOJ-
nenupx B Kauzace, Oknaxome, Texace, Baitomunre, Kamudopuuu
(CHIA), Aurmuu w APYTHX .MecTax, IOKasaJ, 4TO npubJuKeHHe
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Ta6auuw a 5.17
CiaTraTu¥d NOAMHOMMAJbLHON TPeHA-NOBEPXHOCTH INEPBGH M BTOPOi CTEMeHew,
GeArotsieMble K BO3BblIeHWsn Deiizua-@uw B nentpe 3amagnoni Asanbeprhi

TpeHA-NOBEPXHOCTL NEPBOI CTCHCHH:

NpOLERT COoOTBETCTBHA (R2?) . . . . . . . . . . . 98.6%
Koo puuueHT Koppenswin (R} . . . . . . . ... 0,993
ypaBHEHUE MOBEPXHOCTH TPEHI1a:

V=—635,4+29,3X,+33,8X:
TPeun-NOBEPXHOCTL BTOPOT CTeleql:
ApOUeHT cooTsercTBMs (R?) . . . . . . . . . 05.7%
koaddumuent Koppedsunn (R) . . . . . . . . 0,999

ypaBHEeHHe MOBEPXHOCTH TPEHIA:
Y=-7993,3-+63,4X,+59,2Y,
—0,1X,2—0,3X,*—0,1 X, X,

npuMepe ass BblOOpa CTElEHH MOBEPXHOCTH TPEHAA CTaTHCTHYECKIE
KPUTEPHH 3HAUIMOCTH HENPHMEHHMBI, TaK Kak NpobrieMa COCTOHT
He TOJBKC B cTatlicrHucckol oueHke. Lenn ckopee cocrout B 00-
Jee TOYHOM MOJEIHPOBaHNUHM PeIMOHANBHLIX  4EPT  CTPYKTYPHOIH
KOHTYPHOII KapThi, U NOTOMY BBIUNTAHHE TPEHIa MOMOTracT ycTpa-
HIiTb peruocHaJjbHble KOMIOHEHTH CTPYKTYPHL. JleficTBHTE LHO, NO-
BECPXHOCTh TPEHAA HCNOJb3YETCS KaK (UABTP BBHICOKOH OpONYCHHOLN
CHOCOBHOCTI, VCTpaHAIMWHUE KpynuomacliTabHble CTPYKTYpHBIE Ba-

N
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\‘:\\‘\ix Tnd
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AN LA NEAN

Piic. 5.78. TMosepxnocth Tpewga BTOPOH cTemeru, mocrpoensas aiaga ckan Befizux-
Py,

WMsonnany yxasaHs B (yTaxX HHXE YPOBHA MOps
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Puc. 5.79. Kapra pasuoctefi 3navenui CTPYKTYPHOH KapThl CKal Beitapa-duw (cMm.
puc. 5.78) n TpeHna BTOPOI CTeNeHH (cm. puc. 5.75).
KpeaTssait ST pnioBaiini 00J0CTH, COOTBCTCTBVIOMNC NOTOKHTCIBHLIM PI3HO-
crev. Mutepsad vexay usoturasva 20 ¢pyTos

pHALIT [2 KapTil il coxpanaiouriil MeaxomacuTabHble XapaxTep-
Hble 4epThl.

Ha puc. 5.79 usobpanienbl OCTATKIl OT TPEHA-NOBEPXHOCII BTO-
poit creuenu. Puc. 580 —3T0 naJgeorpaguueckas Kapra BepXHEro
neBolla, PEKUHCTPYHPOBAHHAA MO CKBaXXUHaM H ceficMuUeCKOli HH-
(opali. 3aMeTHO CIJIPHOe COBnaleHHe MEmIy 010K UTe 1bHE-
MH ocTaTKaMu TpeHaa Ha ckasdax Defsui-Quur u  MOJOKCHIAMH
BoJbuinX AeBOHCKHX pHGOB, B HACTHOCTH putdos Bafinipon.
[Tocqe veTpaHeHHs PELHOHAJNBLHOrO TpPeHAA OCTAIOTCHA TOCJAE10Ba-
TeJpHBIE H30JHPOBaHHLlE (oJiee MeJaKHe KOMIOHEHTHl  CTPYKTYD,
1peNCTABASIONINX CKAAAKH Hal 3TUMH pudbamu, Heckonbro wpyn-
HBIX Hed)TAHBIX TOJefl Ha ITOH IJIOMATH 0Ll OTKPHITHL C 1OMO-
lbl0 AAHHOTO MeToja.

Tenepb HYXKHO OJYUMTH OTBET HAa BOMPOC: UTO TAaKOE BLICOKOE
(w1 HH3K0E) COOTBETCTBHE TOBEPXHOCTH TpeHaa pesyabraTaM
naGuioACHIIT, T. €. 4TO Takoe Koppenauus? B TeosoTHUeCKHN HC-
¢7eJ0BAHISIX, UTOGL NOJAYYUTb OTBET Ha Kako#-JnGo BOIPOC, Hac-
TO TMPHUXOMHUTCH AOBEPATHCS ONBITY M HHTYHIIHH. Hanpumep, cTpyx-
1ypHBle AHAJH3BI, MOJYYeHHblE TO JAHHBIM HaGJIONe U, BbLINOJ-
rennpix B Kanszace, Okanaxome, Texace, Baiiouunre, KanudopHuu
(CUIA), Aurain M APYTHX .Mecrax, Toxasat, 4To npubIHKEHHE
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Puc. 5.80. TMaacoreorpaguyeckas rnapra BepxHero aesoHa pudoB Jleayxa, passu-
ThiX Ha K2pOoHATHOH mJjaTdopme BAOJb 3anajgHoro noGepexbs JleBoHcKoro mops

nJjoxoe, ecjau Kosduuuest koppessuun Meunlre 0,3. Ecau ke oH
npHHHMAaJ 3HadeHue B HHTepBaje or 0,4 no 0,6, To s3To HHTepnpe-
THPOBAJIOCh K&K HEOOXOAMMOCTL COCTAaBHTb HapAAy C KapTo# TpeH-
A4 KapTy OCTATKOB, a ec./il K03(p¢HIHEeHT KOPpPeasiiHH [peBbllIajl
0,7, T0 fenaqaca BEIBOA O XODOWIEH COrJacOBAHHOCTH TOBEPXHOCTH
TPEeHAa W HCXOAHBIX JiaoHHBIX. Heob6xoamMo oTMeTHTb, 49TO TIpH
PacCMOTPEHHIl CTENEHI NPUOJIDKEHHs MOBEPXHOCTH TPeHId K HC-
NOJAHBIM JaHHLIM HYKHO 0043aTeJbHO YUHTLIBATL leJab NPOBOJIH-
AMOro HecqejgoBadusd. Bo Bcex 3THX CTPYKTYPHBIX — HCCJIe0BaHHMSIX
Mbl H3yuayul GaccellHbl, nMeoliHe OTHOCHTENBHO NPOCTYIO QOpMY,
I BBIGHpAJH Te H3 HHX, KOTOPbIE XapaKTepPH30BaJHCh HEGOJbIIHME
OTKJIOHEHHSIMI OT [OBCPXHOCTH TpPEHAa N0 CPaBHEHHI0 ¢ OOLIHMIL
pasmepamu OaccefiHa. [lpu sToM BecbMa Xopollee NpHOJIHIKEHHE
{koadpunHenTH kKoppeasduun okosao 0,8) obecneynBann MOJHHOMbI

Puc. 5.81. Kaptil uzonuuuil:
@ — CTPYKTYpHAsl K4pTa KPOBJHM OPIOBHKCKHX Iopoj (rpymna ApGyxa) s ILlent-
paibiom Kauszace. Mzonuanu yKasauet B QyTax HiDKe ypoBHs Mopsa. Mcxoxmas
KONTPOIbHAS CKBAXKHHA TIOKa3aHa Ha puC. 5.10; 6 m ¢ — TpeHAB COOTBETCTBEHHO
nepBoil ¥ BTOPOH CTENeHH; 6 U 0 — KAPTHl PA3HOCTEH 3HAUEHHH CTPYKTYPHBIX Kapr
H TPEHAOB COOTBETCTBEHHO NepBOH H BTOPOMl cremenu. [liomagy, cooTBETCTBYIONHE
II0JIOKHTEIbHbIM OCTATKAM, 3alUTPUXOBAHH

148




Mpodoaoetue Tab.a. 5.18

TaGarma 5.18

Teorpagyuyeckne KOOpAMHATHI TOYEK HAGAIOAEHHS W AGCONIOTHBIE u
OTMETKM XpPOBJAK mopoa oprosuka llentpaabHoro Kausaca X X ¥,odyrot A X Y, dyTH
l i |
‘ I
X1 X, Y, by ! X X, Y, hyTb! 20 94 22.(10 ____304JM0 i: 23,02 17,82 ——2063,0
"‘ ‘ 17.53 10,02 16370 | 81,20 26,20 28340
93.36 . 98,97 8.16 —2540,0 | 16.00 1,85 —-1583,0
oq.ob 22,10 25,60 17,18 93370 17 83 0,10 —1647.0 | 17,40 1,10 —15621,0
SRT .o I 26,15 32,58 19.86 01300 | 41.12 19,86 --835,0
33,18 16,24 L29,32 11,48 25.45 17,03 —3883,0 | 29,92 22,02 —-3061,0
5.0 o3 | 32,60 24,15 2121 14.57 16950 ¢ 17,10 14.05 —-2402.0
,.‘—‘13 2l 4 [ 29,90 19,05 o090 16,25 —1746,0 & 21,70 14,21 —-1608,0
15,10 18,50 20019 19780 95752 17.20 —9140,0 | 20,60 6.98 —1613,0
e a0 s 33.87 23.97 2980 15,66 “231600 | 30132 15,55 —2195,0
211 16,69 34,28 1,78 30.40 10.02 ~2182,0 | 39,62 18,03 —1421,0
bl 12,26 39,60 19,40 5755 7,18 —1634,0 |
29,92 4,00 39.01 993 Ve ’ i
41,99 5.81 2460 2045
21.86 4,01 L9500 | 2284 . eTbefl I UCTBEPTOHl CTeNEHH. 3aMETIM, 4TO B MOJEJAX, HOCTPO-
gggg ;613,28 124,48 24,45 CHHBIX C TIOMOLLbIO CAYYafHBIX UHCEN, NPHHHMAIOUIHX SHAauCHHS B
55,93 14’5§ i gg’;; 1“339 TOM zKe MHTepBajie, 4TO H peasibHple AaHHbBE, Aad NOJHHOMOB yer-
21,59 21,16 L35 on 1{9‘;3 peprofi cTerneHi KO3hQHIICHTb KOPPEAUHH OKasbiBaINCh BJIN3KH-
28.20 6.40 | 2500 9720 vn kK 0,3. Takum o6pasoM, peanabHO CYLLECTBYIOMIKIT TPEHA MOIKHO
2?‘{2)0 12:8‘3 2678, 22,95 8,42 —2133,0 OTHCJUTE OT CAy4YalHBIX OTKJIOHEHHH, 4TO M JAeJaercs IeoJoraMu
31’38 17’?2 —31288 85,00 23,13 —3090,0 1IpY HHTEPNPETALMH TPEHAA H KapThl OCTATKOB.
94,30 23,90 —3367.0 3880 }gég ‘ : Ha puc. 5.81,a npuBejena Kapra, IOCTPOEHHAs 11O JTAHHBIM
24,80 21,10 —2959,0 18,45 9,01 .64, b.18, xapaxTepusylouiefi  aBCOMIOTHLIC —OTMETKIL ~ KPOBJH
ég’iS ]8,69 —1709,0 38,01 26.05 pepxHell (popMamHH OpAOBHKA Ilentpaabtoro Kawnsaca. Ha puc.
.12 - AL —1431,0 29,05 21,08 581 0 npiBeneHa TOBEPXHOCTb TPEHKA NEePBOi CTENenH, NpeacTab.
20,40 21,82 —3022°0 25,40 2090 ;O 1D p b P » I
26,49 6,43 —24310 | 1118 5014 90 JeHHad MJOCKOCTBIO, [IOCTPOEHHOI mo 3THM »Ke JaHHBIM, a Ha
33,12 17,04 —1702 0 26.70 1280 _—,7;‘2’2 piic. 5.81, 6 u3oObpaxkeHa KapTa OTKJOHEHHI (ocTaTkOB) OT 9TOH
26,6}7 15,61 —2146,0 25,58 463 —1593 0 m10cKoCTH. TToBEpXHOCTH TpeHaa BTODOIl CTeNeHH 1 COOTBETCTBYIO-
Se,“z 1(2)’2(2, _:13;12 20,70 20,39 2720 mas effl KapTa OCTATKOB IIPHBEAEHB Ha DHC. 581,2 u d. B Kauect-
2895 14,35 _—_.)15_";‘;,’ z?‘?? 11}53 pe VIpaXKMeHHs 1o AaHHbBIM TabJa. 5.18 nocTpoiiTe JOBEPXHOCTD
97,21 10,58 ’ 2211 21.00 o TpeHia, ONNCHBAEMYIO TIOJHHOMOM TpeTbell CTeNeHH, I KPOBJH
43‘38 17,60 26,86 21,17 0 2npox oproBuka. CpaBHHTe NOJNYUYEHHVIO BaMIl  KapTy ¢ PHC. 5.81,
32-32 15,5292 22,93 16,80 5 0 o Tlocrpoiite aaa Baweli NOBEPXHOCTH KapTy OCTATKOB H CpaBHH-
12,96 1154 gﬁ’gi ?gl% 77,0 ie ee ¢ puc. 5.81, 0. Mamenumnacs Ju KoHpUrypauus KapTtsl ocTar-
39 97 1.7 18840 [J 19 86 i35 z %8 1.oB? Ha pne. 5.82 uzobpaskeHa xKapTa OCHOBHBIX HedTerasoHOCHHIX
z?,BO 1,57 —2308,0 15,10 25,85 54000 noseit UenTpasproro Kanzaca. CpaBHuTe ee ¢ KapTodl pacnpefe-
31’38 %238 —~(l)l08(2 36,99 25,928 — 16320 JICHUST  MOJIOKNTENbHBIX OTKJIOHEHH# OT MOBCPXHOCTH TPEHAA
, 2,20 —2058,0 22,40 13,23 —1500,0 TPETHEro NopsaKa
31,60 22,82 —2711,0 27,91 16,48 —9181,0 ’
35,90 9,90 —1537,0 19,99 11,10 19’0
21,34 14,90 —1667,0 26,62 20,97 987570 CrarucTuueckue KpuTepun B TpeHj-anaause
33,46 12,31 —1694,0 36,50 10,21 15330 C )
:139,40 16,§7 —2399,0 16,58 5.12 —1608:0 o OrJIaCOBAHHOCTh MOCTPOCHHOM NMOBEPXHOCTH TpeHAA H HCXOAHBIX
2?’58 lg'ég —%2878 33’45 6,22 —1499,0 JWWHHBIX MOXKHO TPOBCPHTL CTATHCTHYECKH, MyTeM CPaBHEHHS JHC-
23,50 13,02 —1564.0 35’%8 333; ”?22870 HCPCHH 3TOf NOBEPXNOCTH ¢ jucCHepchelil OTKJIOHeHHH OT Hee. Bep-
1909 9140 36570 23 93 5 :14102,8 1f§f{;§u11Cb K TJa. 2 (Ci\{l‘ KH. 1), oTMetHM, YTO IPOBEPKA THNOTE3Bl O
34,45 19,45 —1257,0 27,02 17.01 —2107.0 PaneneTse aueneperii ¢ nmomomplo  F-gpuTepHs  AeHCTBlTeNbHa
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; Puc. 5.82. Pacnosomxenne OCHOBHBIX
HEQTEra30HOCHBLIX MOJEH B HEHTPANLHOM
o Kansace
Dy
# .

$
¥, 3‘],5/ I
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-w/ y N /,’
S

| E——

U |
G S0Muns

TOJIbKO NPH BLITOJHEHMUH ONPEACJIeHHBIX YCJA0BHIL NO OTHOWRHIIO K
BHIOOPOUHBLIM AaHHEIM. ECTH 5TH NpeanosoxKeHHs: CAedaHsl 060CHO-
BaHHO, TO Mbl MOMXEM pacCMaTpuBaTh KO3DMUUKEHTH b;, HallneHbIe
C IIOMOULbI0 METOJa HAHMEHbUIMX KBaAparoB, KaK OUEHKH HCTHHHLIX
3HaueHHIT KO3(QDUUHEHTOB perpeccHu §;, U NpOBEPHTH cQopry.TIpo-
BAHHLIE OTHOCHTENBHO HHUX THIOTE3B. MBI 10JKHHL JIOTYCTHTL, 4TO
caydailHast BeJMYMHA, PacCMaTPHBAEMAst B KauccTBe MYHKUN, pac-
Npeic/acta HOPMAJIbHO C MaTeMaTHYCCKHM OKHJIaHHeM, paBiiblM HC-
THHHOMY 3HAUCHUIO PErpeCcCHH, H 4TO AUCNEPCHS (PYHKILGIH He IiMe-
HAETCs1 ¢ uamcHeHneM aprymenra. Kpome toro, or6op npeb 13 re-
HePa/bHOH COBOKYMIIOCTH JOJUKEH ObITh (eCHOpMCTPACTHLIM, [1o-
CJAeLlee YCaA0BHE OGLIYHO TPYAHO BBLINOJHIMO, OCOOEHHO B CTpVK-
TYDHOM aHaJadi3ze, 0asupyIoOmeMcs Ha Jaliblx CKBAKHH, TaK Kak HX
NOJOXKEHIIe, KaK NpaBuI0, He sBAgeTca cayualinbiv. [Iposepra cra-
THCTHTCCKHX THIIOTE3 O XapakTepe NMOBEPXHOCTH TpeHjaa GvieT Hau-
Oosiee npoCTOH B cayuae, KOr1a AaHHbie NPEICTABJSIOT COOOI pe-
3YJAbTATHl XMMHUYECKOro aHa/dn3a npod, coGpaiielX 10 3a1alHOMY
n1agy.

3HauuMOCTL HOBEPXHOCTH TPeHAa, WIN YypaBHEHHS perpeccuy,
MOKHO MPOBEPUTb C MOMOLIBIO AHCTIEPCHOHHOTO aHadH3a, KOTOPHII
OCHOBaH Ha pasfeleHnn obmelt aucoepeun naGopa HAGAOICHIH Ha
KOMTOHEHTHB!, COOTBETCTBYIOLINE ONpPeAedeHHBIM HCTOUHHKAM H3MeH-
YHBOCTH. KOHEeuHO, HMEHHO 3TO M Je1acTCs MpPH pasfeseHur obuleil
H3MEHYHBOCTH BEJHUUHBL Y Ha Tpeia (HaH perpeccHio) I ocTatox
(nnn otkJaoHeHne). Uucedo cremeHeli cBoGOMH, COOTBETCTBVIOlEE
obuiell H3MEHUMBOCTH B TpPeHI-aHa/N3e, PaBHO 1 — 1, rie 1 — ume-
a0 HabmogeHi. Uneno creneneft ¢BOGOLE!, COOTBETCTRYIOLIEE vpaB-
HEHHIO Perpeccnu, paBHO YHC/IYy Y/ICHOB MOJMIHOMA, HCTOAL3YeMOro
MUKt TOCTPOEHUST 3TOFO ypaBHeHHS. Uncao creneneli  cBoBoxanl, co-
OTBETCTBYIOLlee OTK/JIOHEHHSM, DABHO DAa3HOCTH MeXAy YHCIAMU
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Tab6auma 5.19

O6wpii ANOVA 1as nposepku 3HAYHMOCTH TNOJMHOMHAJILHON pPerpeccuu
TpeHA-TIOBEPXHOCTH k- cTemeHu (71 — YHCJHO HAOMOAEHMI;
' 171 — YUCJO YJEHOB NOJHHOMA, He cuurtas bg)

HUTOMHHK H3MEHUHBOCTH KB%E;;TOB le?{i%iggs K(B:‘EHCS;TEZB F-xputepuit
PerpeccucHHbI MOJIHHOM SS. m MSg MSr/MS,
OrxJ0HCHHE OT MOJHHOMA SS» n—m—I1 MSp
O6uaa M3MEeHUHBOCTb SSr n—I1

cteneneil ¢BoGoAb A YAOMAHYTHIX JABYX THIOB H3MEHUHBOCTI,
T. o. vp=vr—vg. DPopmanbHas npoueaypa AUCHEPCHOHHOrO aHaJH-
3a noKa3aHa B Taba. 5.19.

3uaueHus CPeHHX KBAApaTOB BLIYHC/ISIOTCA NyTeM JeJeHus Co-
OTBETCTBYIOIIMX CYMM KBaApaTOB Ha OMNpeleseHHOE YHCJIO CTeleHell
ceodoabl. Cpe/lHre KBAApaTul B CBOK Ouepeab fABJSIOTCS OLEeHKaAMH
ancnepcHii, U NPH HX CPaBHEHIH MOXHO BOCIOJAb30BATLCHA F-pac-
npeteaentniem Quitepa. Tax, MSp — oueHka aucHepciy, BO3HHKAIO-
uicil Kak cJaelcTBHE OTKJOHeHHIT OTAeJbHBIX Ha6moneHHfI OT Mo-
BePXHOCTH perpeccrd, a MSp — oleHKa AUCIEPCHM CaMOM IMOBEpX-
HocTil perpeccuu. Ecau perpeccnss urpaer CyIeCTBEHHYIO POJib, TO
JHCIeperus OTiJJOHEHHH OT MOBepPXHOCTH perpeccud OyjaeT majia no
CPABHCHHIO ¢ Jnicnepcueil caMOro ypaBHeHHSl perpecClii.

ITpu ob1leil npoBepre NPCANOM0KEHHSA O HAJAHUUM HIH OTCYTCT-
Bl TPeHAA DACCMATPHBACTCHA UACTHOE OT JeJeHIIsT OUCHKH JHciep-
CIII YPABHEHHsT Perpeccud Ha OfeHKY JHCIepCHH OTKJOHeHHU. 3Ha-
aciiie Fojaet BEpOATHBIL OTBET Ha BONPOC: MOXKHO JH paccMaTpll-
BuTh JBe VIOMAHYTBIE OUCHKI JUClepcHil Kak HeCyLICCTBEHHO OTJH-
YaloUliecs oHa OT APYrod, T. €. perpeccusi He jaeT Kakoro-yibo
3(deria 10 CPpaBHEHHIO €O cAyuallHBIMH OTKJOHEHHSMH., ¥YTBepIu-
resinHufi OTBeT Ha 3TOT BOOPOC MOKHO MHTEDIPETHPOBATH TaK, YTO
pacipeIeaeHne caydainod  BeJTHyniLl  1le 3aBUCHT OT 3HaueHHH
N, X uan Beanmupna Y wactHuHO  3aBHCHT OT Xy, ., Xy
L MaTeMaTiueckas MOAedb JJsi OTNHCaHHS 3TOH 3aBUCHMOCTH BBI-
Opana HeBepPHO.

B 6oabuiiicTtae BapHanToB (popMaJsibHoil TOCTAHOBKII 3ajadll O
HPUTOANOCTII ypaBHeIUs perpeccut JJsl OMiCAHHSA 3aBHCHMOCTH HC-
HOALBYIOTCA ciaelylollas nposepsieMasd rumnortesa (fy) u coorper-
CTBYIOLIEE el MHOKeCTBO anbTepHaTHB (H,):

HO : BlZE’Q: :Bm':‘o,
: ﬁl) B2’ ) Brn:/é:o- (589)
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[NposepsieMas THNOTE3a 3dKAKOUACTCA B TOM, UTO BCE ko3 du-
IIEHTH PErpecciy PaBHblL HYJIO, HJH, NHBIMH CJA0BaMH, 4TO perpec-
enu Her. Ecai BBlUIICIGHHOC 3liauenne [ IPEBEICHT JI0YCTHMOR, CO-
OTBETCTBYIOIEE 3aT1aliHOMY YPOBHIO SHAUHMOCTI H H4UC1Y crenencii
¢BOGOABI, TO HpOBepsieMasd THIOTE3d OTBEPracTesd Kul IPOTIBONC-
yamasl BHOGOPOUHLIM JAAHABIM H NPIHAMaercs aapTepiarisa Hi.

Hekotopsle HCcie10BaTe s, NPHMEHIS NOJMHHOMBl B TpeHl-alli-
JIH3€, T10CTe0BATEIbHO YBEJIHUHBAIOT HX CTENeHb, 410 MPUBOAHT K
[OCTENeHHOMY YBeJHuelio ducaa ciaraensx. B noi00HOH CHTYa-
Wi AHCHCPCHOHHBIT aladi3 MOKHG DacipoCTPaHHuTh HA H3YHCHUC
TexX BRJAANOB B H3MEHUHBOCTD, KOTODGLIE 1AI0T A00aBasceMble perpec-
CHIOHHBIE KOMIOHEHTHl, UTO MO3BOJIHT BBECTH MCpPY 3PPerTHBHOCTH
vBeamuenis nopsiaxka ypasseuns, Taxoft xpurepuit  cTpoHTea Kax
PA3HOCTL MEKLY CYMMaMIl KBaApaToB VPaBHEHHI perpeccun Bhic-
WIero ¥ NpeIlecTBYIOUlero nopaaxos. Paslelns 5Ty pasHOCTb Ha
PA3HOCTbL COOTBETCTBYIOLINX YHCesa cTeneneil CBOGOIM, HOIydIN
cpenuuii KBaApar perpeccii, OOYCJOBJIEHHBIH VBEJIHUCHAEM CTene-
a1 noawaoMa. HacTHoe OT JeJieHHs MOJYYeHHOro CpefiHero KBajpa-
Ta Ha CPCAHHI KBaApaT OTKJIOHEHUsSI OT PerpecCHOHMHOI MOBepXHOC-
11 6oJee BLICOKOH cTeneHn 6yieT wuMerb F-pacnpeletende. Eciu
BLIUMCJICHHOE 3HadelHEe OTHOUIeHHs [ TIPEBLICHT JONYyCTHMOE IIDH
3aJlaHHOM YPOBHE 3HAUMMOCTH H COOTBETCTBYIOILEM dHC.Ie CTeneHel
cBo6GOALI, TO H3 3TOr0 CJAEAYET, UTO yBEJAHUEHHE CTeNeHH NOJHHOMA
aaeT sddexr. Ecan sHaueHHe oTHOIeHHs F He3HauuMo, TO Jelaem
BBIBOJ, UTO YBeJIueHHe cTemeHH Muoroulena He aaet sddexra. OG-
masl cxeMa NPOBEPKI 3HAYHMOCTH NMOJHHOMHMAJBHOIO TpeHxa Gonee
BLICOKOIl cTemenu nmpuBeleHa B 1ad.1. 5.20.

Taxum 06pa3oM NPOBOJHUTCS NMPOBEPKA Cleayiollell IHIoTe3bl:

Hy: Brar=Per2=... =pa=0 (5.90)

npu ajJbTepHaTnse
Hx . B:;_H, @}H_Q, ey ?’m#o-

CorJiacHo HyJeBoii runorese, Bce KO3(QQUUHEHTL PEerpeccuil, Ha-
yupas ¢ noMepa k+ 1, paBHBI HYJI0, IO3TOMY BBeleliie B ypaBHe-
HHE PerpeccHH uJeHOB C HOMEPaMi, NpEBbIIANIIMI R, HE AaeT
HuKakoro s(dekra (He cJaelyer 3a0pBATH, YTO TOJHUOMY CTEMEHI
P COOTBETCTBYET 2 KO OUIMEHTOB perpecciH, a HoJIEoMy CTenenn
(p+1) — m xoadduunentos). Ecin BpUlicAeHHOE 3HaueHue [ npe-
REIIIAET TaGJMdHOe, TO THHOTe3a orTkAoHsercsd. [IpoBepouHas mpo-
neaypa A5 HesmHeliHoro caydas 101poGHO  Onucana B pafore
Ju [50].

B psje reoJioriyeckux 3ajay BOZHUKACT HOTPeOHOCTL OLCHUTH
sbdexr, 06ycJ0BAEHHEH OAHUM KOS(QDULIIEHTOM Perpeccun B ypas-
HEHHH, ONMCBHIBAIOLICM NOBEPXHOCTh Tperia. Takyio OUEHKY MOMHO
NPOBECTH MyTeM IIPOCTOrO YCTDAHCINs JTaHHOTO WieHa TOJHHOMA ¢
I0CAEAYIOUINM TOBTCPHBIM BBIUMCICHHCM CYMM KBAajApaTos Ajs per-

154

Ta6numa 5.20

O6wan cxema nposepxn M@K THBHOCTH yBeJAUYEHHs CTCAEHM NOJAHHOMA
B YPABHEHHH DPErpeccHu

3 Cyuva qz{gn‘o cTe- ~ e Hee
1 TOUHIK H3MCHUIBOCTH 5 }m:n1m13 nerdil (no- i‘»S],’;;}Hi‘\B Foxpurepnit
o B0a1l BaapLTo o
YprnHenre perpetcin cTe- SSregi m MSris
neint (p-+1)
MSrpii*
] MS
OT<IOHEHUS OT YDABHEHUN SSnpis n—rm-—1 MSers o
yerpecent crenenr (p+1)
t
|
¥DpiBHeEye perpeccia CTe- SSep k MSzp
qOi P
B | 1S o
o 1’“’805’
(7. joMeis oT  ypaBsys- SSp» n—=rr—1 MSr,
HuA perpeccuy cTenedn p
NMBeoHYeHMe CTereHs ypas- SS8n= m—=~k MSx:
HeHsE perpeccuy OoT p A0 | =SSppa— I
1r=1) —8Sr | | MSpxx
, MSorss
()75 H3MCHYIBOCTE SSr n—1
]I, SHELHMOUTH HOBEPXIOLIE Tpoi 1A {p--i) o eu
. it a 3!!8 MOCTH MNOBCPXiHOCTH TP i@ p-CTCneHi:.
Lipupepia s@deKTHBHOCTH yBediienasd CTeleHH LOAHHOMa T ;' 15 g+l

JCCCHIT I OTKJIOHEHHS. BRJI4A MCKAIOUEHHOTO 4./efia fIBJSETCS pPas-
HOUTBKO IBYX CYMM KBajJpaToB. 3HAUNMOCTh  5TOCD UJeHa MOXKHO
APOBERHTH ¢ MOMOIIBIO BHIYHCJAEHNS OTHOIUEHIISt CHE/iNero KBajapara
AL YPOBHEHHS ¢ HCKTIOYEHIBIM Y/ICHOM H cpesiero KBagpara AJs
VIHGTO ypaBHEHUST perpeccli. f-ovHOUIellne HMeeT uilcaa crene-
€ esoloant, paBaple 1 v (n—m—1). B ta6a. 5.21 npusenena cxe-
ol Auenepenonnoro ananausa (ANOVA) iaas npoBepKH 3HaumnMOC
- OAHOTO CRITIOYEHHOTO KOs(pduunenTa. ]

HJH R002BICHIK HOBBIX NePeMeHHBIX K E7¥KIOMY WIEHY ypas-
JETPECCHH MOMKHO NPUMEHNTh TOT XKe KPUTCPHl, BHIUHCIAA
o VJ'-';;I'HI;&‘ §SR. Q;maxo TOT NPHEM HE PEKOMCHAYCTCH NpHUMe-
mvcn’m(;:;m.-\f“ IMEETCsl TEULHLHS NOCTe  HOIBICIHA [TeCKO,DRHX
;l\rlom'weu;;IL\JI)HbL\ HesHauanx xo3(pQuilliediTOB CUHTaTL BCe cJje-
5 nor:;\.)vu{r\ifjgluHe3Ha‘{aIHHMH, XOTs  3TO He BCCrAA Tak. ’B 4HaJIn-
s 6019}1 \,f‘:CHW’.F‘pCHILa 1ocTe mpubaseHust NoaHoro HaGopa d.e-

D.7€C BOICOKTTO NOPSIAKG A8 UN NCKT0YCHIA Tpebyercs uHAH-
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Ta6auua 521

Jucriepcuonnbtii ananu3. [lpoBepka 3HaUMMOCTH ORHOTO HCKJIIOUEHHOT O
KO3 QHUMENTA; TOIHOE YDPABHEHHE NOJUHOMKHAJIBHON perpeccuy COACPKHT
m — KO3(pUULEHTOB, He CYNTag HjJeHa bo: mocjae WCK/ouenug KoaphuuueHra
¢ HOMEDOM [ yPaBHCHME DPerpeccliu COMCPHKUT 1t — 1 K03hPHINCHTOB;
uncyo HaOJIOAEHHIT PABHO 11

HHeao cre- RURERPON
CyMma KBam- - Cpeanen N N
TICTOUHRK M3 MCHYHEOCTH ’ PATOB tietefl ¢Bo- KiaApaToB F-kpytepHit
[81971954
Perpeceus Buex 4EHOB SSr m MS:
P MSg*
MS»p
OTxA0HEHHE SS»s n—m—I1 MSs
Perpeceusi  mocae  He- S§S- m—1 MS.
Kaouennst k-ro uneda MS ¥
MSD—!
OTKIOHEHHE SSh- n—m—2 MSp_y
Perpecenst ToAbK0 R0 | §S2:=8Sz— 1 MSrex
—S5Sk-
ERGE] R—1 MSphts
l MSp
Cymma l SSr n—1
~ i

* Kputepull 3HaUMMCCTH TPCHL-NOBCPXHOCTH p-ITI CTOUEHH.
*+ Kpurepu# 3pauHMOCTH TPEHI-1TOREPXHOCT p-it cremenu Ges k-ro uacqa.
*5% KpdTepuil 3HAUAMOCTH OAHOTO R-ro Ko3dGuIienTa.

BHIyasiblas nposepka xaxioro us nux. Coxpailetiipie COBOKYNHO-
CTH UYJEHOB BBLICOKOTO MOPSIAKA HeJb3sd HMpUIHCaTh CJeno, ecam Ha
TO HeT 0coGHIX OCHOBaHuil. B oIHOM mpuMepe H3-3a OTPaHHUEHHH,
CBSIZAHHBIX C Malmiofi, A1s DaHHBX no HedTH Ohia nocTpoeHa
«THMepIOBEPXIOCThY TPETbEro HOPSIKa, YpaBHEHMe KOTOpOH He
cOAeprKa0 uJeHOB TpeTbell cTeneHy ¢ PasHbIMH NCPEMCHHBIMI. 310
ypaBHEHHE CHIBHO OTJIHYAJN0CH OT VPaBHEHHS, NMOJYYEHHOTO 50 TeM
e HaHHbM Ha Gonee MoIiHOH DBM ¢ Henonb3oBalHeM IpOrpaMMEut
MOCTPOCHUS TOJHOTO KyGHueckoro ypasHerus. Dodee Toro, ecin
K03 UIIEHTH KOPPeASUIT UIEHOB HH3KOTO  JIOPSLAKA MaJbl, TO
106aBAEHHBIE YIeHbl HMEIOT TeHIeHUIo OblTh 3HAUYMMBIMH.

JiBa BHIIIENPHBEACHHBIX MIIOXKECTBA JaHHHIX (CM. Talil. 5.15 1
5.18) xapaxTepHbl AJs1 3a/a4 CTPYRTYPHOrO TpeHI-aHajnsa. Ilesb
06OUX HCCJAeJOBAHHI COCTOUT B HAXOKACHMM IJOllalell, Ha KOTO-
PBIX CTPYKTypHbIE MOBEPXHOCTH MOMKHO NPEICTaBHTb HOJHHOMHMANDL-
HHIMI ypaBHeHHsiMli, B 3THX 3ajavax pacrpejeieHiie oWwHOKH Ta-
KOBO, YTO IPHTOAHOCTL KPUTEPHEB 3HAUHMOCTH Jid KOIPOHUHEHTOB
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Puc. 5.83. (a) Pacnoicxedde TOUEK aHAJAN3a B Kpuctamne chaneputa (aHanus
BLIMOJAHEH MOJ 3JEKTPOHHEBIM MHKPOCKONOM); (6) HM30MuHHM, XapakTepH3ylouue
COJEPKAHNE XKeae3a

VPaBHEHIIST perpecciyl Bhi3blgaer Nozo3peHne. Oanaxo B CJeaylo-
greM npiMepe yedaosis cfopa 1aHHBIX H NPOBENEHHUs] 3KCIePUMEHTE,
70-BHAMMOMY, XOPOLWIO COTJACOBAHBI C YCJAOBUAMH NDHMeHUMOCTH
PErpeCCHOHHBIX KPUTEPHEB.

Ha puc. 5.83 uzobpaxeHa mjaockas npoekiys OFHOT0 KpUCTAJ1a
cdhanepuTa, HaliieHHOro B LiaxTe Ha ceBepe Mekcuxu. Hecaenosa-
TEAd HHTEPECOBAJO COAEprKaHile xeJsesza B KpHcTaade. Kpucrana
(LT OCTOPOXKHO PackoJsoOT IO HEHTPY, a HOBEPXHOCTL OTHOJIHPOBa-
#a. C MOMOUbIO 3N1€KTPOHHOTO MHWKPOaHaJIH3aTopa ONpeAessaoch
cojlepKaHue xKese3a Ha yuacTkaX pasMepoMm B | HM B nonepeuHHke
uyepes unrepBad B 1 MMm. Cerp TOYek aHa.iusza u3obpaxKeHa Ha pHC,
5.83, @; W30MHHUY TIOJYYEHHBIX 3HaucHiii NpeicTaBIeHbl Ha pHC.
0.83, 6; cooTBeTCTByMOUINE AaHHble TIPHBEIeHsl B TadJd. 5.22. Xora
HCIIOAB30BaHNe JaHHBIX O COZEPIKAHMH 3Keje3a B cdajepure B Ka-
4eCTBE TEeMIEPATypPIOTo HHAHKATOPA U MOABEPTaNoch KPUTHKE H3-3a
CO3MOXKHOTIO CYIUeCTBOBAHHS HEDABHOBECHRIX VCJOBHI BO BpeMs
KpliCTaAAn3all, BCC e MHOTHE 1ICC/Ie/l0BaTe] CUUTAIOT, 4TO pac-
TYliasl rpanb KPHCTada BCE BPeMs HaXOAUTCS B PaBHOBECHH C pYy-
ao00pasyolnM pacTeopoM. [lostoMy cpelnuil cocraB KpucTadja
MOZKET JIHIIb HeaJeKBaTHO CJAYXUTh TeMIepaTypHBIM YKa3aTeJeM,
HO COCTaB NOC/JeAOBATENLHLIX CPE30B KPHUCTAMJa IO3BOJISIET OIlpe-
AeaNTh KPUBYIO TeMInepaTypHOro n3Mmeneuus. [Ipocreiliuag Mmojeib
pacnpelnesiends xeJje3a B KpPHCTaJJe OTpaxKaeT TOCTeNeHHOE CHM-
METPHYHOE H3MeHeHHEe (yBeJanueHWe WY YMeHbIIeHHe) ero cojgep-
Kanug npu yiagenun ot uentpa. [locTpoenue KBaipaTHyHOH no-
JHHOMHAJLHOf perpeccnil 3uavyeHufi colepzKalus xkejge3a mo Ko-
OpAHHATAM TOUYEK OnpOSOBAHNA SBJASCTCH XOPOIHIM METO10M NHpO-
Bepki aToit Mojenn. HMenoawsya gaunbie tada. 5.22, noctpoiite psg
MOBEPXHOCTET TPeH1a s coxcpmalng xenesza. BolYHCAUB HEOO-
AOINMBIE CYMMBl KBAJXP4TOB, IPHMEHKTE aHAJOTHUNYIO LipHBeleH-
Hoit B Tads. 5.20 cxemy ANOVA aas npoBepku 3HAYIMOCTH ypas-

e

HCHINT 1OINHOMIAIBHOR perpeccin.
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Tadaumna 522
Conep:xanne xeaesa (B (p) B yuacTiax AHAMETPOM 1 HM, PACHOOKEHHBIX
no cerke X1 MM wa MA0CKGCTH KpHCTadnaa chanepura

Xa X, ¥ ! ‘ Ay X; Y
2,0 1,0 3,0 | 2.0 4,0 6,4
3.0 1.0 4.6 Jg 3.0 4,8 ié’g
4.0 1.0 58 | 4.0 4 ,
5.0 (,0 7.9 it 5.0 4.0 21,2
6.0 1.0 84 1 60 4.0 21.0
7.0 1,0 6,3 | 7.0 4.0 134
ol om | oa g B
1.0 . 5 i 9, ) ,
2.0 2.0 10,2 1( 2.0 5,0 31
3.0 2.0 12,8 & 3.0 5.0 86
4.0 2.0 18,1 4.0 5.0 15,0
5.0 2.0 142 5.0 5,0 16,2
6.0 2,0 15,1 1 6.0 5.0 14.8
7.0 2.0 12,8 7.0 5,0 9.8
8.0 2.0 9,0 | 80 88 %(1)
9,0 2,0 53 | 3,0 : 5,
1,0 3.0 4,3 ’ 4,0 6,0 7.2
2.0 3.0 M40 L 50 6,0 12.3
5.0 3.0 2006 I 5.0 7.0 06
6.0 3.0 (85 L 4.0 7.0 24
7.0 3.0 6.2 | 5.0 7.0 35
8,0 3,0 10,2 i 6,0 7,0 4,7
9.0 3.0 46

Dpe Mozeny DoBepxn: T TRenna

Yurate b, BEPOATHO, OTMeTHJ, YTO Bbllle OBLIO PacCMOTPEHO
ZBA B KOpHE PAS/NYHBIX THNA TEOJOTHYECKHX 32724, pellaeMbiX ¢
HCNOMb30BAaHHEM MeTO0B TpeHJ-aHanansa. C 0QHOH CTOPOHBI, LENbI0
TOCTPOEHITST TIOBEPXHOCTEH TpeHAa MO CTPYKTYPHLIM AaHHBIM SIBJISI-
eTCs BBISIBJIEHHE <JIOKaJBHBIX CTPYKTYP». IMOHpUUecKH OblJIO JoKa-
3aH0, 4TO B Oacceifive OCaAKOHAKONJIEHISA STH OTKJOHEHUS OT IIO-
BEPXHOCTH TPeHJa MOIYT ObITb CTPYKTYPHO MJIM THADOMHHAMHUECKH
ACCOIUMPOBAHD ¢ HePTAHBIMH JoBymKamu. C Apyroif CTOPOHLI, per-
PECCHOHHDBIE TIOBEPXHOCTH HCIIOJIB30BAJIHCH /IS ONPeeleHust peruo-
HATBHOFO TPEHIa 1O NETPOJOTMYECKHM H TCONHMHYECKHM JaHHDLIM.
B 5THX IBYX NPHJOKEHNAX PASJHYNB KAK 334K, TAK H OCHOBHLIC
JONYUIEHHS, HO METOJ 10-IPeXKHeMY OCTaeTCsT OOILHM.

IToBepxHoCTH TpeHAa, MOAGHpAEMEIE K CTPYKTYPHBIM AaHHBIM,
MOJKHO TIPEICTaBHTb YPaBHEHHEM

Vi=Bo+ 81 X1+ BeXe+ .. 30X+ (vite0), (5.91)

KOTOPOE MOKA3BIBACT, UTO NaRHOe HalJdiojeHue (alCO.IOTHAs O
METKA KPOBJHM H3YyHaeMOro Cj1051) PpaBHO CyMMe IOCTOSIHHOTO dJie-
1, CBA3AHHOTO CO CPeAHUMH SHAUCHHAMI reorpaduuecKux KOOpli-
faT, MUHOC NOMHHOMHA/bHOE PasiloKellie CTeHeHH p 3THX KOOPAl-
Hat, IJUI0C JOKadbHasg KOMIONEHTA, TIOC cayyaflHas KOMIOHEHT:.
OGpIulio nocdeHHe ABa 4JeHa COBMellaloTcst u HCCAEAVIOTCS B Cu-
5GRVIHOCTH.

i1ac00pOT, NMOBEPXHOCTL TPeH 14, uoi0upaemMas AJad nerporpa-
(huYeCKHX HJH MOJAOOHBIX JNAHHBIX, O0BIUYHO ONHCHIBAETCS caenymoourei
IPOCTOH MO,1€.1b10, HasblBaeMoil ypapHeuneM IOBEDPXHOCTH OTKJIHKA

Yi=30+ 01X+ BoXo+ ... +BmXoP ey (5.92)

KOTOpOE BO BCeX OTHOLICHHMAX NOXOXKe Ha YPaBHEHHE NOBepXHOCTH
TPEHAa, HO B HeM OTCYTCTBYeT JIOKA/bHAS KOMIIOHEHTa v:; B 3tow
caydae NPeACTaBIAeT HHTePeC HCCAEA0BAHHE NPHPOAR TPEHAZ, T. o
n0.1yqeHIte OleHOK LA KO3 (HUHEHTOB §; IONHHOMA.

[Terporpaduueckie u reoxnmMnueckue nepeMenHble OGHUHO Xii-
PaKTEPH3YIOTCA BLICOKOI JuCnepcHell MeXKAy NMOBTOPEHHAMI. ST¢
I3MCHIHBOCTD BO3HIKAET B CHJIY HEOJAHODOAHOCTH B mpeienax aHa-
JH3IIPYEMBIX BBLIOODGK, JOKAJBHON IJIH MeJKOMACIITaOHON MIMel-
UiBOCTH B cocTaBe (B MaclitaGe, 60JbIIEM, YeM Npo6Ga, HO MeHblI2),
UCM HHTEpBaJ MeXAy npobaMH), a TakkKe H3-32 HAJUUS aHaJHTI-
UECKHX HJIM HHCTPYMEHTAJbHLIX OwH6oK. OGLIYHO NoCIenHHe CO-
BAMELIaloTCs, 4 9TO B €BOIO OYepelb NPHBOAHT K TOMY, UTO OLIHGKY
HaGJII0IGHHST MOXHO DacCMAaTPHBATH KaK HOPMAaJbHO pacnpejeieH-
HVIO Cly4alHylo BeJanunHy. XOTs KaxIblil HCTOYHHK H3MEeHYHBOCTH
MOKHO H30JHPOBATL H H3MEPEHHS 1IPOBECTH HOBTOPHO, 3TOTO OObIY-
HO He JlejaeTcs M3 cooOpaxKeHlll 3KOHOMHUH, a Takxe 110 pany opy-
TiX NPHYHY.

[TosepxHocTh Tpenaa uau perpeccuy, IOCTpoenHas NO reorpa-
(biryecKuM nMepeMeHHEIM, XOPOIIO NOAXOIHT K TAKHM JaHHBIM, €CJH
BRUIOMHEHE OCHOBHBIE JONywleHus. B mocaefnue BXoaaT TpeboBa-
His1, 4To0B! cayvafiHble KOMIIOHEHTH & ObIIH HODMAaJbHO paclipeje-
JIVHBEL OTHOCHTE/IbHO DErpecCHH H UMeJH HYJeBOe CPefHEee H MOCTO-
#HNYIo gucnepcrio. B cBoio ouepexab 3To 03Hauaer, 4TO KOMIOHEHTL]
¢ He3aBHCHMBL ApYr OT apyra. Ecau stu yenopus BBIIOJIHEHDl, TO
MUKHO TIPOBEPHTH 3HAUNMOCTb PETPECCHM 1 3aTeM CIeJaTh BbIBO-
-t OTHOCHTe/bHO Tpenpa. Ioaxoxamue aas 3THX mesell CTATHCTI-
HCCKRIIC KDHTEPUH NIpeICTaBAeHH B Tadauumax 5.19—5.21. Mumeercs
TaKZKe MHOXKCCTBO APYIUX CTATHCTHYECKUX KDHTEDHEB, KOTOpLle
IIIPOKO MCNOMB3YIOTCA B CEMbCKOM XO3SHCTBE H WHIKeHepHOH Xu-
MU BBELCHHE B 3TH MeTOAW AaHO MeHZeHX0/I0M [56]. Kox u
Jing {45 ] PACCMATPUBAIOT BOMPOC O NMPUMEHMMOCTH OJIHOLO 13
97X KPHTCDHEB B reooruu. Bamxnoe cBONCTBO TakiX BHIBOJIOBR CO-
CTOHT B TOM, UTO OHH HNPUMEHHMBI K TPeHAy. ITO H300paxeHO 1a
puc. 5.84, rae nokasano, uto HabmogaeMele 3HaueHns: Y; nomana-
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Puc. 5.84. Pacrnipejenenue cayyaiiHoii KOMIOHEHTH! OTHOCHTENBLHO JIMHUM Perpeccuu

B MOJHHOMHUAJbHONH MoOAeIH.

HabmoaeHus, yLka3aHHbIE JTYHKTHPOM, Hpﬁﬂﬂ().‘]{lrﬂ}OTCH nexaliyMH BHYTDH 0b1a-
CTH OTKJOHECHHI OTHOCHTE!IBHO JUHUY PErpeccHH

0ii KOMIMOHEHTbl OTHOCHTEJbHO HaGawnaeMon
TIOBEPXHOCTH, COOTRETCTBYIOLIEH CTPYKTYPHOM MOALTH TOBEPXHOCTH TPEHAA.

OrTiioHeHUs B MOBTODPEHHSIX TOUEK KOHUEHTPHPYIOTCA OKOJNO CPeIHHX 3HAUeHHH,
. 2 He OKOJIO JIMHHH, ONpeIe/eHHO NOMHEOMHAJBHON MOJEAbI0

Puc. 5.85. Pacnpenenaenue cayuaiin

J0T BHYTpPb HHTEPBAJa sHAYeHMII OTKJIOHEHH{ OTHOCHTEJBHO DEr-

peccuu.

[Tpu noxndope noBepxHOCTEfl TpeHia K CTPYKTYPHBIM JaHHBIM
HaGuoacHs (0OBIYHO 3TO a0COJIOTHAsE OTMETKA KpOBJIIl I1aCTa) He
nopropaoTcs. JefCTBUTEJbHO,  €CAH npoOypeHa OJHAa CKBaXHHA,
10 OOLIUHO BOJI3H Hee HelleaecoofpasHo GypuTh ADYIYIO, TaK Kak
NoCeNHsS AACT T 3Ke Pe3yabTaThl. I10BTOpHELE 113MepeHnsa B CKBa-
JKIIHE MOTYT K0J1e6aTbCsl B 3aBUCHMOCTI OT rayOunsl u obieit npo-
TSKEHHOCTH CKBAaYKHHBI, HO ITOT  HCTOUHHK SKCIIePUMEHT A IbHOH
omu6ku Gyner Ha oxuH (U GoJee) MOPSAOK MeHbIIE, HeM OTKAO-
Hewns B AHa/3e TOBEPXHOCTell TPeHIA. OTcyTCTBHE TOBTOPHBIX
HAGMIOMeHIl 03HAUAET, YTO JOKaJbHYIO H3MCHUMBOCTD Hesb3st
yuecth, OAHAKO HEOOXOAUMO OTMETHTD, UTO 3TOT HCTOYHUK OMIHOKH
GyaeT TaxKe HeMaJOBAXeH, TaK Kax GypeHue CKBaXMHBl Hesb3d
cunTath BHIOOPKOH ¥M3 COBOKYHHOCTH nosepxnocrefi. CyulecTBYeT
TOABKO OjHa HOBEPXHOCTb KPOBJI, COd, I BO3HHKACT TOJBKO OJIHA
JuiCIepcus], CBs3annast co CTOMb MaJbiMi 3HayeHUAMH OMHMOKH, 4TO
010 MOMKHO mIpeHeGpedb. TakuM 06pa3oM, JNCIEpCHio OCTarka B
ananuse nopepxHocTedl TpeHAa MOKHO 06BACHATh HEAOCTATOUHBIM

NpUOAHKEHIEM.
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B TepMHHAax nauefi MO/J€/JH 3KBHBAJEHTHOe BLICKA3bIBaHHE 3a-
;gy:mmzwrcn B TOM, UTO &; npeHeGpexiIMO MaJlo M0 CPABHEHHIO C i
NoTst caydaiiHasi KOMIIOHEHTA &; HMEET HyJIeBOoe cpefHee 3Haqemzlé
1 sABJgdeTCd He3aBUCHMOHN [Js1 BceX 3HaueHHMIl Y; ee Heawb3s OTHe-
JTL. TAK KAk Mbl lie Jlefaey NOBTOPHBIX nsmep’eﬂuﬁ CoBMe -
Hulil 1J1eH y;-¢; TAKXKe HMeeT HYJeBOe CpelHee o:LHéKo B oémeH
cavuac Me SBJMeTCs He3aBHCHMBIM A5 BCeX 3H’aquHﬁ Y Hamcel\f
MOM ieJe Leab aHaju3a 3aKJio4yaceTcsi B ONpefeseHHH l(')6ﬂaCTeaf/’I
jgannoro pasmepa 1o X} u Xo, HaJ KOTOPHLIMH uJjeH (Yy;-4-e;) Koppe-
qaipesad. Ha puc. 5.85 ykaszaHo teopernyeckoe pacnp’egeﬁeﬂnepge-
JNUHI £; OTHOCHTEABHO CTPYKTYPHOIH moBepXHOCTH. B GoJbIIHHCTBE
CJ,?:,%? OTKJIOIIeNYe MOBEPXHOCTH OT NOJHIOMHAaJbHONH Mo1eJi OT-
;;;\;fl He BeJHYlHY OWHOKI, & NOBeJleHHe JOKa/JbHOIl KOMIOHEH-
Tpegijﬂ(;;ql;e p«em;Ly 3THUMU ABYMSl YPaBHEHUSAMU AJ5 NOBepPXHOCTEH
peria paxeno B MeToJe, C NOMOUIbIO KOTOPOTO H3YyuaeTcst aBTO-
m,)ppem?uus{ MeKAy ocTaTKaMH. B NoJHHOMIIAJBHOM  perpeccuoH-
(1)11051”?1:1;[1;3; aBTqKoppenﬂurm paccMaTpuBaeTcs Kak  YCHJEHHe

an , IPUHATBIX B MOJEJH, U BBOAUTCH AJs1 000CHOBaHUS
{11111 cepbe3noro oc1abJaeHns) BLIBOAOB. MOJYYEHHBIX B Pe3yJbTat
z?u:i.'m:sa. Takoe mofoKeHHe XxapakTepHo AJ neTpof;)aq)nqgéKH; 1(43
FCONIMHYECKHX JAHHLIX, TAK KAK MOBTOPEHHS PUBOAST K TOM
O‘II!‘H()KII pacnpejejiedbl HOPMaJbHO TIPH CPaBHUTEILHO npgz‘,:oTn(Z
}\I;;;‘r:g:;u‘mn"perpeccnn. XoTs OTCYTCTBiie COrJacOBaHHs 3acTaBJisger
} bl ‘OJIO}I\HTb Hasanupne 0oJee CJAOKHBIX YpaBHeHHH perpeccHH, Bce
ff“\ omubKa A0CTATOYHO BEIHKA JJA TOTO, YTOOLI MOKIO 6bI.JlO’
M’”f‘, 4TO BCE OTKJOHEHHS YYTEHBI. o
('rp\ixiﬁ?&i?ﬂgggﬁf?ocm 3TOMY T€OJIOTH, HCMOIb3YA TP/ aHAINS
OCTATROB. sz 6bIJIOX,yC’I]‘{;:I((?I;l'?gHOOI;)I;?fHCgH ST B TRy biie
cri Je , TIOYTH BCe CTPYKTYPH
Z.;\{;:i}l{liiiﬂqyoxfﬂo OXapaKkTCPH30BaTh OTCYTCTBHEM COI‘JFI)a}CO]z;HI/II);(?
e .()6TIaCT(l T?I\OppCJII/IpOBZIvHHbIX OCTATKOB YKa3bIBaeT i1a HEeKOTO-
i ¢ ;mBe ;,\VH)o,qee LIHPOKYIO, 4eM HHTepBaa onpoboBaHUsA, B KO-
‘x‘pjt‘('»\‘cwom L O?Tb OTKJIOHSIETCH OT TNOJHHOMHAJLHOH MOgeJn B
Bi”m_b[‘.\v Ocmarvlpamemm. Kax Goabuine miolaln aBTOKOPPEIIPO-
!x‘xloue};uﬂMHm\OB’ T'aK 1 OAIHOYHBIC TOYKH CO 3HAUNTEJALHLIMH OT-
ALy i e
4T0 yKas JacTH, > JIOKaJbHBIE CTPYKTYPHl (Y:) HMeIOT
boabmoe pausuue. OTKIOHEHNS He ﬂmmmcnm" A
e b 7 J CJAy4YallHbIMH BeJH-
ita CJl'yllae-r}?elfl)pliol\/?eb;{tli/;—;/[blile. KDHTEPUH 3HAYUMOCTH perpeccHy B

Oco0eHHOCTH TpeHp-aHaan3a
.
1e DCACT e e
‘o I»r)Pg[eepilOTII‘}\/.(;J(;;Y;;BJISICTCH HeJIeCOOGpa3HbIM yKa3daTb q)al(TOpr
: 12UlITEJbHO HCHOPTHTHL pPe3y :
N yT JAbTAaTbl TPEHJI- -
30, 1. e. a060f THI aHajusa kapt [10]. peiana
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ScHo, uTO HEOOXOAUMO HMETh HEKOTOPBHI crocod KOHTPOJs No-
JYYeHHBIX pe3y/bTaToB. Uuc/io AaHHBIX TOYEK AOJKHO KAk MHHH-
MyM PEBOCXOAHTh YHCA0 KO3((PHUHEHTOB B NOAUHOMHAJBHOM ypaB-
HEHMH, B IPOTHBHOM CJydae IIOCTPOEHHOE YDaBHEHME DperpeccHi
HeJb3s HCNOJIb30BaTh. EC/AM B KauecTBe CTATHCTHYCCKUX KPHTEPHEB
ACNOJIb30BaTh KPHTEPHH CKAuyKOB, TO YHCJIO KOHMTPOJBHBIX TOYEK
onpejesser YUCJO CcTeleHell CBOOOJALI H NoC/ejHee JONKHO ObITb
JOBOJIbHO 3HAUITEJBHLIM JJsi TOr0, 4TOOR 0G0OCHOBAHHO NPHMEHSTD
F-gputepuit. Ecan uncao creneneid cBo00Ab Ad OTKJIOHEHHHl Hepe-
JUKO (BCJACACTBHE TOrO, YTO YHCAO NOJHHOMHAJbHBIX KOIPQHLHEH-
ToB OJH3KO K UMCJY AAHHBIX TOYEK), TO TOJbKO KpaliHe BLICOKHE Puc. 5.86. Bausume pacn |
aHaueHHs KO3(QQUIUIEHTOB KOPpPeJAlUHH MOryT ObiTh NPUHSTHEl KaK G exonHan HOBepro(;'felleneHHﬂ KOHTPOJbHLIX TOUEK H
3uauuMble. [lajee, MOIIHOCTb KPHTEpHsl (BePOSTHOCTb OTCYTCTBHUSA 6 — BO3MYIICHREL Tpeny, bnOC;queJ;};qb?gngM
OLIHOKA BTOPOTO POAA) CHJbHO yObiBaeT ¢ yMeHbuleineM obbema NOBEPXHOCTH B y3Kol Nosocke; B—HOQTgTﬁqu(;FfoﬁoPaHHH HCXOHOH W3yyaeMoil
BHOOPKH. KOHEUHO, WHCJO 1 PACHOJOMEHHE KOHTPOJIBHBIX TOUCK 100:BICHHS HECKONDKUX JOMOTHHTENbHEIX TOWGK ag ;gg;élﬁamﬂy;gggfﬁngy”M

JIOCH

a NOBEPXHOCTb TPeHpa:
PACMOJIOKEHHEM KOHTPOJBHBIX TOYeK:

HMEIOT [piAMOe BANAHHE Ha BEJUYHHY JOKaJbHBIX OTKJIOHEHHi, KO- Habmonenuii
TOpbie MOXKHO OOHapyXKHTb Ipil TpeH/-aHaflil3e CTPYKTYpHHX XaH-
HBIX, H HMEIOT CBsi3b C AOIYCKOM B HX OlpeJejieHHH.

OOBIKHOBCHHO Mbl He paccMaTpuBaeM KOHTDOJbHEIE TOYKH, Je-
)Kallie 3a TpeleaMy Ipaiuil HameH KapTsl. 3a1acTylo, KOria 00-
JaCTb KapThl HEMHOIO BBIXOMUT 3a Npejesbl ACHCTBUTE/bHbIX IPaHii,
JIAHHBIX TOYEK, MOXKET OBITb HeCKOJDLKO KOHTPOJBHBIX TOUEK (KOHed-
HO, HeoOs3aTeNbHO), pAacHOJOXKEHHBIX B TOYHOCTHH Ha Tpanulax
KapThl. B Takux cjiyyasx He CYLIECTBYET LOYTH HHUKAKHX OrpaHH-
yeHHil Ha (OpMY NOBEPXHOCTH Tperia BOJAM3M OT Xpaes KapThl
Kaxoil Gbl.HAKJIOH Hil OblJ1 B KOHTPOJMpYyeMO# objacti, OH 3KCTpa-
noJupyercsl 6e3 OrpaHnueHMi BAOAbL TPAHHL, KapTel. JT0 ABJICHHE
HasblBaercd «kpaeBblM sd@exToM». ECiu K MMEIOLMMCI AaHHBIM
noAdupaercs: MOBEPXHOCTh TPEHAA BBICOKOTO NOPAAKA, TO IKCTpa-
noJaupyemble 3HayeHusl BOJAMSH Kpaes KapTbl MOTYT AOCTHTaTh acT
poHOMHUECKHX pasMepos. Bouxee ciialnie Kpaepble 3¢ ¢esTh BO3SHU-
KaloT Aazke TOTAa, KOrdd BCe HOAe KapTnl BIVIOTb A0 €€ IpaHillbl
pPaBHOMEPHO NOKPHITO KOHTPOBHDINI TOTKAMIL. [loaromy xedartedb-
HO HMeTb AaHHblE 1O IJIOWlafM 3a npeiesaMu  Kaptel [locaelHue
00pasyioT BOKPYT KapThl «Oy(pepHyio 00aacTb», B KOTOPOU CKOH-
LCHTPHPOBaHbl KpaeBbie dM@EKTH; KOHTPOJAbHLIE TOUKH B 3T0# 06-
JIaCTH ONpelessiioT HOopMy NOBEPXHOCTH TPeHAa BHYTPU 00JAd Kap-
tel. Wuprina Oygeproli o01acTH 3aBHCHT B NIEPBYIO ouepeldr o1 A0-
NYCTUMOI [LIOTHOCTH KOHTPOJs. EC/l KapTa COACPIKIT MHOTO KOHT-
POJBHBIX TOUEK, TO AOCTATOYHO Y3KOIL rpauuykoii  noaocu. Ecan
KOUTPOJIbHASE IIJIOTHOCTL HH3KAs, TO A/ NOTVIOUIEHHS KPaeBbix 3p-
QeKTOB HyMKCH 3HAUHTCHBLHO OoJee WIHPOKII LOAC BOKPYT KapTh,
OrMeruM, 4To Kpaesble 3ddexTol CBOHCTBEHHB HE TOJBKO MHOBEPX-
HOCTAM TpeHAa, HO TakKe BCTPEYaloTcs HpI NOCTPOGHHH KapT B
H30AHHHSIX, TTOBEPXHOCTEll CKOJB3SILIErO CpeHero, a TakxKe APYrHX
THIIOB aIMPOKCHMHPYIOUIUX MOBEPXHOCTEI,

Pacnogoxeune JauHBIX TOUEK B IpeJeslaX KapTul TakkKe BJAHACT

5@_

S

pH(. i).8;. BJ]l/lﬂHHe lpy“"“po
BKH KOHIPOJIBHI:IX TOYEK HA HOBerHOCIH TpeHAa:

XOIHAA NOBEDXHOCTH [

a1 3 TPeHAa TpeTbeil ;

mexoan : CTeneHu; 6 — o X

o TpeH;lanono;\ompoanmz TOUKaM, DACHOJOMKEHHBIM rpvmifﬁx}\lfmcm oo,
R JI;‘I&H:I&H 1O KOHTDOJIBHHIM TOUKAM, pacnofomeﬂm;mgr;_ dacr.

HIM TIEDECEYCHHSM IPOBEPTIEMOf TTOBEPXHOCTH oo dacms

ita thopmy

Iro((/)bﬂp”gKgae;‘;T)Eccleil;{I.mI}pHMepr Ha puc. 5.86 npusesensr 1as toro
st pagets B He pacnpenejleHHs] JaHHBIX Ha TMOJTHHOMH.
s pasMeLﬁeHo i Tpenna [25]. MuoxkecTBo 7Touex Guio cay-
iy hasveueno na OBEPXHOCTH, imemowlell  (GopMy Gaccelina
i)erpeccnomloew ! 1 ACHA TIOBEPXHOCTL TPeHAA BTOPOrO nopﬂ,uxa,
rerbe 3Ha'{eHHﬁ3§" HCHHE 3aTeM OBLIO HCHOMIB30BAHO AJIA BBIYHC.
S e qlzx;c;mou IIEPEMEHHONl B TOYKaxX, pasMelleHHbIX
Tonegerer nompoe‘ WIHBIMH BRIGOPOYHBIMH MiaHaMH. B ugeane
THYHBIMI n01,3erHOPCTHII{\;{M;JIEOKZ?M % oTH Rasnete Gu HASH-
- , OPBIX 5T AaHHBIE GBLIM MoMyye-
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upl. Ha puc. 5.80, @ nmoxasana [OBEPXHOCTb, NOCTPOEHHAS MO CJIY-
yaiiHo pacrpejeneHHbM TOUKaM; TOIHOCTD aAnnpoKcHMalliy BbILIE
95%, u TpeH1 B CYUIHOCTH HACHTHHUCH TpeHAy opurmiana. OpHaxo
Ha puc. 5.86, 6 BriGopoumble TOUKM pacrnpejeeHbl BLOJDb yagoll 1o-
1ochl. TOUHOCTb anIpOKCHMALMH €lile BICOKAS (93%), HO cama 1O-
BEPXHOCTb PerpeccHH CHIbHO CMellela B HaUpaBJENHH, napasiennb:
goMm Bubopre. as TOro yTOGLl HCAPABHTL 3TO CMelleHue, 1ocTa-
TOUHO JHIb HECKOIbKIX KOHTPOJBHBIX TOUEK BHE 5Toll TOJOCH, KaK
noxasano Ha piic. 5.86, 8, re TOYHOCTDb ANNPOKCHMALNH TaKXKe 939%.
DT MpHMCPHl NOKA3LIBAIOT, UTO BHAL HOJAMHOMHAIBHOrO ypaBHeHHs
CHABHO 3aBUCHT OT (QOpPMBL NAOUIALK, sapuMaemoll  KapToit. Ecan
JaHHBIE HE pacrnpeieieHbl npUBIM3HTENbHO — PaBHOMEpHO,  TO 10o-
BEPXHOCTb TPEHAA BLITACHBAETCS B HanpapJeHIl  PaCTOJOKCHUA
rouex. HanoMHUM, 4TO ITH NpPHMePbl COCTABJICHBL 114 Haeaausupo-
BaHHBIX Mojedell, T. e. Mojaeneil, He colepAKAULIX JOKAJbHBIX HIH
cayuaifHRIX KOMIOHEHT; CMCLIeHHA Gynyt Oojee 3aMETHBIMH, €CAH
ymMeeTcst YotTst Obl He3HaYUTENBHBIH «1IyM>».

OrMetny, UTo B pale paboT colepxarci npepocTepexenis, Ka-
cAOHIHeCs] JAOXOTO BJAHSIHHSA TPYNIOBBIX CKOTJIeHIT Touek Ha No-
gepxnocTs Tpenja. I'pynmuposaiie KOHTPOJBHBIX TOUEK TPRUHHALT
ocoboe GeCnoKONCTBO TP pa3Beike pHedTd, TaK KaK CKBaKHIBL
HauGosee TYCTO PACMONOKeEHBl B npelrean yxKe H3BeCTHBIX HedTH
yoix nogeil. Taxue nJolaid MOryT OKasbiBaTh 3HaYUTeABHOE BJHS-
Hue Ha perdoHa’dbHbiil TPEHI, XOT: OUeBMAHO, UTO ITOT 3hheKT He
CTOJIb CTPAUleH, KaK 3TO MHOT/a KameTes [25]. Ha puc. 5.87, a u3o-
Gpaxena MOJeJb NOBEPXHOCTH TPEHId TpeTbeil  CcTeneHH, HCNOJ/b-
syemast 175 BHIUHCIEHUS sHadeHuil B afHOIl TOYKe ¢ 11eJbi0 H3yHe-
nns sdexTa TPYNIHPOBAHUSL. Boiin B3SITHL  TOUKH 113 pasiHYHbIX
rpynin u Oblja clenana MOneTRa BOCCO3XAThb I1€PBOHAUAJBHYIO TO-
BepxHoCTh. Ha puc. 5.87,6 yxka3aHa NOBEPXHOCTH TPEHIa, NOCTPO-
euHas TTO AaHHLIM TOYKaM, HOBOJABHO $BHO crpynnuposanubim. ITo-
CTPOCHH s MOBEPXHOCTL YUHTHIBACT 999, nCcXOAHOH W3MEHUHBOCTH.
Fie Godee oTyersanBasg TPYIMMIPOBKA yKazaHa Ha pHC. 5.87, 8, HO
KyOuuecKas MOBEPXHOCTb YUHTHIBACT 1009 cymmapHOH H3MeHUHBO-
cti. Pueynxu 5.87,6 1 5.87,8 B CYILHOCTH HICHTHUYHBL HCXOAHOH TO-
BEPXHOCTH. DTH 3KCIEPUMEHTDHI [[OKa3bIBAIOT, UTO METOAbl TPeHI-
anagusa, fno-puauMomy, Goaee yCTOHUMBLI OTHOCHTEIBHO TPYNIAPO-
BaHHd, UeM 3TO OOLIUHO npeanoaaraercs. HanoMHuM eule pas, uTo
yKa3aHHbIC KPUTEPHU TO CYyulecTsy He cojepKaT IyMma # uTo Nnpu
HAANUHE JOKAJBHBIX H3MEHCHHI BO3MOXKHDI fonee cepbe3nbie H3Me-
HeHnd MOBEPXHOCTH TpeHaa.

YETHLIPEXMEPHbBIY TPEH-AHAJIU3

Jornueckoe 0GoGILeH e NOTHHOMHAJIBHOTO TPeH1-aHaiusa Tpe-
Gyer BBeAcHMs TpeTbell reorpaduueckoil KOOPANHATHI (a Taxxe ee
crenenell M CMelUaHHLIX NPOM3BeleHnil ¢ APyrHMH IIPOCTPAHCTBEH-
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A, 110 i
CTPOCHHOM IO OKOHTYDEHHBIM CeuYeHUM,

g

ULIMH KO
Wl;aew{aﬂopﬂe};ﬂaTaMH) B KayecTBe He3aBHCHMOH nepemeHHoid. [To-
R <<H§0Hpeccnﬂ HMeeT HECKOJIbKO Ha3BaHHH: «TUIlepIOBEPX-
noct e,XMe JetHas orubarouwas», «U-V-W-tpeng» uan npocro
'ICpEI\I/)IeHHagHE:é MOBEPXHOCTb TpeHaa. B atom Merome 3aBucnMas
jie , OOHIYHO NPOILEHTHOE COAepPK

! aHHE HEKOTOpOIi

{I€HThl, H3MEHSIETCsi ¢ BOCTOK A i 1o Dot

. OKa Ha 3anai, ¢ ceBepa H

: ! a 1or 4 1o BH-
:IZTI:Z)}; KOOpAHHATE, ¥ H3OJHHHI [PEACTABJSIOT CO0OH Jnunn y O];;
1 H;%gg;;)}c}g;g Gosiee BEHICOKIX pasMepHOCTEM. PeayﬂbTaTm)gua
X TCAd B BHAe Tena (B T )
) J pexMepHOM IIpPOCTpPaHCTBE
t;ggiggxciﬁe;&:;r?meHHHe B HEro INOBEepXHOCTH ypOBHSIpaTH n()):
BEP: peTHPYIOTCS TaK XKe, Ka .

( K H H30JMHHEN Ha OOBIYHON
NdapTe; OHH 3AKJIOUYAlOT PaBHBI : oK

€ 3HaueHHsi cocraBa. T
IVIOILAAH MEXKAY JABYMS HOCJe st e 10-
) JIOBATEJbHBIMH ¥3041
orpa@iueckoil KapTe 3akJio e noun oxima.
4al0T TOYKH, HMEIOUIH
norp fi kap , HMeIolliHe NouTH OJHHa-
;(}):3”\10}0 BLICOTY, TaK H 00beM MeXKAY AByMs HOCJle,H,OBaTCﬂbﬁbIMH
1209 BEDXHOCTSAMH HeThIDeXMEePHOro TpeHAa 3akKJjlodaeT TOUKH
f uéomne NOYTH OJMHAKOBLIE 3HAUEHHSI COCTaBa ’
KayecT .

2 e BEG)) 2r13po§Torov IpuMepa paccMOTPUM JaHHble, TIPHBEJIEH-
e ypaﬁa 23 B Hell MpejAcTaBJeHO NPOIEHTHOE COdepKaHue
OJILLIOM KAPHOTHTOBOM T
. , eJe B IOPCKHX -
wcmiax naato Koaopano. T THe py At

v J . Takue nHeGoabluHe, HO 6 '
resta COPMHIPOBANNCH B Pe3y : eI opra
) e3y abTaTe 3aMeleHus Ck i
JHUCCKHX OCTATKOB B 0Cajf § ot Bata e,
JOYHOH TOJILLEe YDaHOBLIMI
MII MHHCcpasaaMmu. Pyanoe 1 nconnn, coten.
7 . Py eJ0 HMeeT (POopMy 3JJH ;
AWallHe vpaHa YBeJWYHBae : " newtpy. Tpora-
: 3 TCSi N0 HaNpaBJIEeHHIO K
AKCHIIOCTh PYAHOIO Tela e
1 rpy0o roBops, onpe f
HOI CKONJeHHHA opraHHq’ ; D e et -
J €CKHUX OCTaTKOB
i cron , KOTOpEIe 00pasynT s
v JIO OBLJIO THIATEJBHO e
e onpoGoBaHo, a aHa
1ho0 gan npexpacHplil np : i
1po ! HMeD NAHHbIX, IPUTOAHBIX
.rubrrlpexmepﬂon IIOBEPXHOCTH TpPeH1a P i rogtpostu
Jerk ; < .
;IWC”eKToﬂgSsgn}:g;&;,}ﬂuTo KaK HOCTPOEHHE CTEPEOCKONHYECKOH WM
‘ TaK 1 COo3jaHue NPOCT 2 V
ool ap , Ta POCTPAHCTBEHHOH MOZEe.IH
HOH, A1oUlelicsl B TPeXMepHOM
ahevennol, b i v NpPOCTPaHCTBe, SBJSA-
f!(‘pemeumc)r'r’m” sajayeil. TpyAHOCTh YBEJNHUMBACTCS, €CJIH sHavenus
e Tﬂp M B KOHTPOJBHBIX TOYKAX COAEPHKAT CIAY4aHHYIO KOMIIO
i y. TpagHUMOHHBLI MeTON moCT :
. OCHHSI COCTOH! ’
L PASJINYHBEIX Y % : ORIy pBAHI X
' poBHeH MMM psljia ceveHui
L pasa ’ , OKOHTYPHBAHHH HX
’”l(‘PpreTH((:)M ux u3zobpaxennd. K coxadeHuoo, MeToa H3I0JHNHI
e BrpaﬂneHTaMn JHIIb OAHOMEPHHIX HJH camoe GoJbluee
ABVY X BeKTOpHBIX mnoJgefl. [Tour u
I Bechb TpPO
b b 1 pouecc NOCTPOEHHH H
nzobpaxennit cybbex
o y THBEH, U MOJeJb, NOCTPOEHHAH
TYDHBIM YDOBHSIM, MOXKeT 3HAUHTEJbHO OTANYATBES OpT Moze-

{1 :
b CAMBIX HPOCTBHIX NPUMEPOB. o HeRToTeRen

Yerw ¥
am?xexhiqoepﬂbmo TPEHA-aHaMH3 O0COOEHHO MOJIe3eH MPH [OCTpoe-
neneil. ToukH onpoGoBaHusi MOTYT PacnoNaraTbCs B

DO('I])a C1 ]y y}KH() l])()e T
H
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TaGaunuma 523

0,
Conepwanune okcuaa ypana ¥ (8 %)
B KapHOTHTOBOM TeJe

X X X5 v %

0 5,0 1,2
‘é,g g’:o 8.0 12,4
50 5,0 8,0 O’?
6’0 2;0 9v0 1'0
8’0 370 10’5 11‘—7
9.0 2.0 8,0 o4
10,0 3,0 5.0 T
10,0 5,0 &2 3,2
13,0 1,0 6.9 1704
14:0 3,0 8,5 (/)'8
15,0 3,0 6,0 35
16.0 4.5 9,0 178
17,0 2,0 7,5 4,7
19.0 3,0 4.9 1.4
20,0 3,0 7,0 e
20,0 3.0 100 59
20’0 5,0 8,0 2,
24.0 5,0 1,0 00’8
250 3,0 6.5 352
2. 2,5 9,0 12.8
27.0 1,5 6,5 3
28.0 1.5 0 10
gg,o 370 9.0 17,2
30,0 4,0 13,0 R
31,0 4,5 » 0’3
34,0 1,0 10,5 :
e’ ,0 8,0 4,9
wo |3 el |
37,0 3,0 13,0 i
38.0 [,5 10,0 e
40,0 2,0 e 5
400 4.0 15,5 2.3
42:0 4.0 13,0 8,7

Koopauxatsl SBJASIOTCS PAcCTOSHUAMH (B m@?g;ﬁ
NPOU3BOJIBHO BHOPaHHOI TOUKH ()B( Be?ﬁ%sﬁﬂu}; e

Teaa | S JEH:
NeAHOM  yry  DYAHOTO &
Bg;— or; Xy — ray6uda; Xs — HalpaBjeRHe BOCT
3anan).

I " P
IOCKOCTH. I'PajeHTBl BEKTOPHEIX NOJIEH MOTYT paccm}\ingE;Tex;{cb_
“ ' 0J10
Hus. Ilo nogoOpannofi Met
11¢3aBHCHMO OT HampaBJe el
HIMX KBanpaToB NOBEPXHOCTH TpeHda CTPOUTCA CI‘J]a)g:gI;O aeno.
Gpa}xe}melumi npocrasi hpopma, KoTopas 3aT6eM MO}BKEIT{!/ICTII/ITeI.)HbeIe
07KeCTBOM CHOCOOOB. Brluncy
JoXeHa OecyucjeHHHM MH e
IPOrpaMMbl TIPEAYCMATPHBAIOT MOJYUEHHE KCJOHCTHIX Kapg;Té;:S
yeHHH, NEPNEHJHKYASAPHBIX JI000H H3 KOOPAHHATHHIX MJIOCK ,
b
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(STeMBbI? ITOT BONpOC 3aTparmpact
-5l NIOBEPXHOCTEl BBICOKOro nopsigka

‘' BBIXOM COCTOMT B cTamia
JHUHBIX K03 QHIMeRTOB, nocie
renGosiee 3OMEKTHBHEIX H Ca0x KL
-L4He C 3THMH IpefocTopoKnocTs
LaleHHoe pelieHHe 3agaun nocTp
¥uro nopsigka no 3aJlaHHOMY

Tpenpa TepBo# creneny,

KOTOpEIE 3aTem cobuparorcs B MOJeb  «SIHYHOMH KOp3uHB», He-
N0Jb3ys rpatponompomenb, MHOrue Oosee caoxHble AporpaMmel
BbBIAAIOT HepCHeKTHBHI:Ie, H30MeTpHYecKue HJIH CTEpPEOoCKONyecKHe
IIPOEKUIIH.

Tax xax Mb 106aBuay OIHY He3aBHCHMYIO Te
IOCTDOCHUS 1IOBEPXHOCTH Tpeh/a NePBOH CcTenen

LIHTb CHCTEMY YEThIPEX COBMECTHBIX 'PaBHenuil. Hopmannupe ypas-

HEHUsS NpHBeAennl Huxke. Hus ynpoutenus 0603HaYennii cHoBa omy-
LICHEL TIpENesIbl cyMmMupoBanus. Cym

MHpOBaHHe pacnpocrpadsercs
Ha Bce HabawIeHus 1o { or | o n.

peMennyw, 1o aas
H MBI JOJKHBEI pe-

BY=bon+b,2X, 4 b,3X, + by3X,:
2X1Y::bOZXI+b12X19+b22X1X2+b32X1X3; 50
EXQY:bOZX?"f‘bJ‘ZXIXzﬁL522<X22+b321Y2X3; (0.93)
EX3Y:bOEX3+bIZX1X3+b221Y2X3+b32X32‘

Ecan cpasunts 31

JeTK0 ybenurTscs, g
JTy cHCTeMy B

¥ CHCTeMY ypaBHEHHH ¢ chCTeMOH (5.82), 10

TO OHa ABJIAETCH NPAMBIM o60011eHneM (4.13).
MaTpHYHOM BHAE MOKHO IepenncaTs ¢n

CAVIOUIN M
o0pasoM:

e XX Ny, 3, bop 4 21

; SN Sy 2N X, 2 XXy [bi XY é (5.94)
N, X SO, M 2N Ay by 2X,F -

g, > Xy 2X Wy X Ay &y z X by- E ot

W

[Hocrpoenne aHaJOTHYHON MaTpHLEl I

HOBEPXHOCTH TpeHAa GoJee BHICOKHX
PauBl, KaKHe Henodns
S
EREN

il

AR MONYyYEHHST YpaBHEHUNH
HIOpARKOB Tpebyer Tex xe ome-
YIOTCSL B TDeH/I-aHaJIu3e, JUIb C Hobapienu-
B CMELIaHHBIX NPOH3BENEHHAX AONOJIHATENBHO] KOODJAHMHATHL.

d9E€CTBe ynpaxkHeHus noiyunrte MATPHYNOE YpaBueHHe a8 14-
OMHa/bHOH NOBEpXHOCTH TPeHNa BTODOi cTeneHy ¢ Tpemsa me-
(DHCHMEIME nepeMeHHbIMH. CKOMbKO wiielop COAGPIKHT MaThDHUA

OMHO H3 HanboJlee cepbesubix
MAaTpPHUBI CHCTEM YpaBHEHHI]
COMepPKAT OYeHb MHOTO 3Je-

CTAHOBATCA  HEYCTOHYHBEIMH,
PTH3aUIH JaHHBIX ¢ YYETOM 1IKAJbl Mar-
Hero tpeyercss MCenoJb3oBaHpe

X npouenyp obpamenus mMatpuil.
MH TaCTO HEBO3MOXHO NOJYYHTE

OeHud HOBEPXHOCTH TPeH/a BHICO-
MHO}KQCTBy TOYEK.

Ha puc. 588, q M300paxeHa NOJHHOMHAJbHAS IOBEPXHOCTD
I0CTpoeHHasT 1o pesyabTatam onpepese-

"DaHuYesHH 3storo METOda, TaK Kak

ICHTOB. CJIEJIOBaTeJIbHO, Petienis
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MHaJbHbie MOBEPXHOCTH TpeHaa Aas coaepKa-

HHA ypaHa. 09 .
c OKCHIA ypana.

— pyjia, copepxaulas CBLILIE b

; BHYTDEHHUE Teaa — Pyia, COAf B ' a ypana.

BOUIeGe TM:IHB;I\'JIK}),ngHoﬁ Mex,1y BHYTpeHHEH H BHEIIHEU om6a}omufm}{( I;awfmeﬂ.

. OMI;anTvllq copepmut 5—10% orchia ypana. B o6Jacti, BHEIIHEH

CcTod , pPyAaa

y 8 y ) {CHJ] ypce e " p HOCTh nepBOH
HOM Teay e Hee 50/ oKCHJA ded. a TIOBCPX

na CO/IepKH Me 0 '
)CleneHH\' ' 6H— H()BCpXHOCTb BTOpOH € TCIICHH;, 8 — IIOBerHOCI b TpeTbeH cTeneHn

Puc. 5.88. UeTbipexmepHbie NOJTHHEO

: AHMI eHy nmeeT (GOPMY MapaJiesbHbiX Miac-
IT{:I[:{[ Cﬁg;%;%g;g&;}:Ia'g,;r}?moﬁeﬁbl 0GbeMbl paBHbBIX cogep}:xe(;iglgg:

: J610BAN0 OXNAATh, TOUHOCTH JUHEHHOM MOJIeJH Siennico.
Ilfaa; ’II:I Ce roanko 2,3%. HOBeopXHOCTb BTOpOH CTeHeHI/IbI]I/Il;%é) r[po o
Ha imc. 5.88, 6; TOYHOCTL TOH MOJACIH 3HAUHTEJBHO B
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HeHHIO ¢ IPOCTOH JiMHelHOH MoOAeqblo, H COOTBETCTBYIOIIHH ef
BKJaA B CYMMapHYIO H3MEHYHBOCTb COJACpXKaHUH ypaHa COCTaBJAET
npumepno 59,9%. Ha puc. 5.88, 8 n3ofpaxeHa NOBepXHOCTb perpec-
CHIl TPeTbell CTemeHH, uMewliass NPUOJH3UTENBHO Ty Ke (GOopMY,
4YTO H IOBEPXHOCTb BTOPOH CTemeHH, OJHAKO CyMMapHas H3MEHYH-
BOCTh yBeJHUHJIach 10 79,3%.

Onucanuble Boie 3h@erTsl, CBA3aHHBIE ¢ pacnpejeieHHeM He-
NOJHOTO MHOXKECTBA JaHHBIX M HMEWOUIHE 3HAYHMTENbHOE BJHAHHE
Ha AHAJ3 1I0BepXHOCTell TPEeHAa, He/b3sl YCTPaHHTb M B YeTHIPeX-
MePHOM Cyuae, re OHH HrparT Aaxe OOJbIIYI0 PoJb, TAaK KakK He-
DeAKO BO3MOXKHDLI 34TPy/AHEHHA B NOJAYUYEHHH Npob ¢ TpebyeMBbIX HH-
repBagdoB raybunbl. B naeasne BoiGopKa JosKHa ObITh PABHOMEPHO
pacnpejesieHHoli BHyTpH Ky0a WJH, B XyAlIeM cjydae, BHYTPH TOJ-
CTOM HmPHU3MBI, KaK 3TO HMEJO MECTO B HalleM IpuMepe. XOTsI HHOT-
14 1 BO3MOXKHO peaJsH30BaTh DAaBHOMEpPHBIE CXeMbl OnpoGoBaHuS,,
110 yalle 3TO OYeHb TPYAHO OCYILIECTBUTb, TaK KaK HHTepPeCylomui
ifac paloH OblBaeT B JBYX H3MepeHUsX HaMHOro O6oJibllle, 4eM B:
rayonay. TakoBa cuTyauus, HanmpuMmep, B 3ajauax HCCJeJ0BaHUL
pacnpeleseHns cTpaTUrpa@HuuecKnX COCTaBJASIONHX B Npejeaax 3a-
JaHHBIX HHTepBasoB. Jlaxe ecau uccieayemast o6JaacTb pacnpocrt-
paHseTcs Ha 60JblIYI0 TIYOHHEY, HEJOCTYIHOCTh P06 4acTo 3aCTaB-
JISICT HAC OTPAHHYHBATHCS PACCMOTPEHHEM TOHKOH IIHTBI, 4TO IpPH-
BOAIT K COKpAlleHWI) HHTepBaja Ha IayOHHYy. ITO TpexMepHblit
QHAJOr 3a[aui, HAJIOCTPpAauua K KOTOPOH IIpHBeeHa Ha puc. 5.88, 6.

ITpur nsyueHun Takumx crpaturpauuecKnx eAHHHI, kKak (opma-
11, YKa3aHHOe 3aTpy/AHEHHE [PeOL0JIeBAeTCs ¢ NOMOIIbI H3MeHe-
st Macwiraba, BepTHKaJbHbIE PACCTOSIHHSI OOBIUHO H3MEPSIOTCS B
dyrax, B TO BpeMsa KaK TFOPH3OHTaJbHble — B MUJAX. ITO MPHBO-
AUT K PACTSI2KEHHIO B BEPTHKAJIbLHOM HANpaBJeHHH, U HapylIeHUs
BLIOOPOUHON CXeMbl HECKOJbKO CKPaiblBAIOTCS Ha Upe3MepHO BbITSH-
HYTOIl BePTHKaNbHOI 1uiKase. KOHEUHO, ecsli  OKOHuaTe/bHYIO per-
PeCCIIo TPHBECTH K HCTHHHON INKaJse u3MepeHH, TO 3TH Hapyule-
‘N5t BHOBb MOsiBJsIIOTCs. CylmlecTByeT JIMlIb OJHH KOMIEHCHDYIO-
nutil pakTop, a UMEHHO: M3MEHEHHs B COCTaBe B Npejesax 0Caou-
10l cTpaTurpaduueckol eAMHHIB GoJiee  SIPKO BLIPAXKEHBl B Ha-
IpaBJaeHny, NapajnespbHoM cTpaTHhUKAUHK, TpuYeM H3MeHeHHs
BOI3H KPOBJHM H ITIOJOLIBBI CJIOS YMEHBINAIOT BJHSHHE CMELIeHHSI.
Oanako mpu usyueHHm cocraBa Tea, KOTOpbie pacnpocTpaHsoTesty
"a Goabwme TaAyOHHB, HampHMeP T'DAHATHI MarMaTHYeCKOTO NPOHC-
YO 1CHNs, CMeUleHUs, BHI3BAaHHble OrPAHHYEHHHIM BBIGOPOUHLIM
HPOCTPaHCTBOM, MOTYT OBITH OUeHb CHJBHBIMH. B 3THX cayuasx
D0.1blde TPpajHeHTHl Ha MOBEPXHOCTH BOJM3M HHXKHeH TpaHHIIH
NONTPOJLHBIX JaHHBIX BO3HHKAIOT B OCHOBHOM 3a CUET CMeIleHHH,
YOVCN0BIEHHBIX BHIOOPOYHOH cXeMOf.

Meto HaMMeHBWHX KBAApPaToOB IIPH MOCTPOEHHH VpaBHeHHst
Perpeccuu npeacrasied Ha puc. 5.89. THNHUHBIE TPEHAB AJIA KaiK-
A0l kateropun ykasaHbl Ha puc. 5.90. B caeayoueil rmabe Mb
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Prc. 5.89. CooTHolIeHHe MEKLY HEJHHEAHOMH perpeccHeil, anajau3oM noBepxHocTed
TpeHna, HETHIPEXMEPHBLIMU MOBEPXHOCTAMH TPEHAA H MHOJKECTBEHHOH perpeccueii:

k — CTenenb YDABHEHHS DPETPECCHH; M1 — YHCHO HE3ABHCHMBIX MEPEeMEHHHIX (pas-
MepHOCTh MPOCTPAHCTBA)

CHOBa paccMOTpuM oGoGIleHHe MerToAa TMOCTPOeHHs JuHeHHOH per-
peccHH IS k He3aBHCHMBIX TepeMeHHHX. KoHeuno, 3T0O He reorpa-
duuecKue nepeMeHHbE, XOTs 4ACTh H3 HUX H ABJISACTCS TAKOBLIMH.

N BOVHBIE PSAbl ®YPLE

Vike OTMeYaJoCh, 4TO HCMOJb30BaHHE NOJHHOMHAJNBHHEIX BhIpa-
JKeHU{l B KauecTBE anmpPOKCHMHPYIOUIMX QyHKUuH L5 NOBEPXHOCTH
TpeHa OOBSCHSETCS TJIaBHBIM 06pasoM TOfl JIETKOCTBIO, C KOTOPOH
WX MOXKHO BbiHCAUTh. ONBIT IOKA3LIBAET, YTO paclpelenenue MHO-
[MX TeOMOrHYECKHX IePEeMCHHBIX, OCOGEHHO abCOJIIOTHEIX OTMETOK
CTPYKTYPHBIX TOPH30HTOB, XOPOUIO ONHUCHIBAETCS INOBEPXHOCTIMH
TpeHfa CPAaBHHUTENHHO HEGOJBIIOTO NOPHAKA. OnHako HeT HHKaKHX
0coBbIX OCHOBAHHI AJs MCHOJb30BaHHs B KauecTBe alNpOKCUMHPY-
jomNX (yHKUHH MHOTOYJIEHOB, TAK KaK BO3MOMHEI M Apyrue Bapi-
aHTH BLGOpa TaKHX (QYHKIHH, KOTOpHlE HepelKO Jydile NOAXORAT
1N TpeHa-aHasnn3a. B KayecTBe TaKHX GyHKUMHA HIAPOKO HCIOJb-

3yloTcst ABOKHElE pAfb Dypbe.
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3.20. Tpena i 3
p;wel ”TI;;O?TV:(?:;:;{J'(;)‘, ABYZ (6) ¥ Tpex (8) HE3ABHCHMBLIY BepEMEHHBIX
EHY o H3 ANBHLGIM  YPABHEHHAM MEPBOH, BTODON i cre-
HEHH ) poft u rperhbeit -
neneft [37] P e

~ {CPMUHOJOrEA, HCNOMbUyeMas B TeODHH ABOHHBIX psgos Dypb
JUNMCTBOBAHA IVIABHLIM 06pasoM 13 3JIeKTPOTEXHHKH o 'iHay} "
!V‘j'“}f:i‘CH‘H-';Y,\; pson. HeoGxogumble onpeeseHus n HOHYITP;H glb?;}ai
:\l:‘m Aillar&l;,:.cngrgg MEL paceMoTpent mpocTsie psan  Pypbe; saeck.
e !{ro‘.mn}Kngcm\y}OL}ne o6obuennsi  5THX nomathii. Hamow-
s o, ;;em H OCHMVIIMDYIOUIMH MM NePHOAHYECKUH CHTHAJ,
o \'3'.:‘11;1;;550 xmf?qecxomy, MOXeT ObiThb TIPENCTaBJEH B BHIE CYM-
1 pioro ¢J1a MPOCTEIX CHHYCOMAAJNBHBIX BOJIH, Avnanry aer
T e 3 1;3 STHX NPOCTHIX BOMHOBLIX (OPM MOKHG ompeje-
iy SoR COHyCJIOBI/IH 0.TH30CTH DPANOB TaDMOHHMK CHHYCOH/IaJb-
B OGpaquymé{anb’Hux BOJIH K HCXOJMHHIM JaHHbiM. AHajormu-
e ﬂB};X Baénh}af)ﬂw'? TMOBEPXHOCTh MOXKHO paccMaTpHBaTh Kax
i S DA Jé)eo”CTByfomHX MHOXKECTB JIBYMEDHBIX CHHYCOH-
rapmany 2 pa3JII‘;QHbI PM, Kaxaas H3 KOTOPBEIX COACPXKHT Habop
Moo ] MH  aMIJHTYAaMH H  (Das’oBBIMH  yIrJIaMy.
M TIpuMepe BCe TApMOHHKH B OAHOM H3 HanpaBJeHHI:
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Puc. 5.91. JIpymepHble CHHYCOMAAJbHBIE BOJHBI:

@ — eqMHCTBEHHAR TAPMOHHKA B HampapiewHd ocH Xi; 6 — ABe TapMOHMKH B Ha-
npapJendy och Xi; 6 — eJMHCTBEHHAs TaPMOHBKA B HaNpPaBJICHHU obeux ocelr Xy
# Xo, ¢ — Be TADMOHHKH B BYX HAalpaBJeHHAX

MMeEIOT HYJEBYIO aMIJATYy, W JIlIb OfHa TapMOHHKA B APYroM
HanpaB/JcHHN HMeeT aMIJIUTYAy Oodblre Hyas. PesyabTupyiomas
OBEPXHOCTH HATIOMHHAET TOQPHPOBAHHYIO KeNEe3HYI KpDIly HIH
psifl Mapa/ieAbHBIX BOJH Ha [VIAJKOH TNOBEPXHOCTH BOJB (pHC.
591, a). Kpome TOro, MOXHO PaccMOTpeTh MOBEPXHOCTb, B KOTOPOH
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BOJHB ABYX TapMOHUK HMEIT OAMHAKOBOe HalpaB/eHHE M HET HYU
pAHOfl BOMHBI B ApYrux HanpasJaennsix (puc. 591, 6). OueBnjuo,
STH MOBEPXHOCTH SIBJSIIOTCS NPSIMBIMH  O0OGIIeHUsIMH OJLHOMEPHBIX
CHTHAJ0B, aHaJOrH4YHLIX TeM, KOTOpble H300pa)KeHul Ha pHc. 4.53.

BoJjee ciaoxHast NOBEPXHOCTh MOJYdYaeTCs B pesyaprare HaJlo0-
JKeHH$T BOJIH OAHOH TapMOHHMKH B OJHOM HanpaBJ/JeHHH Ha BOJIHBL
ApYTOl, COOTBETCTBYIONIEH MHOMY Hanpap/achulo. Ecan e BOMHBI
IMEIOT OAHY H TY 2Ke aMIIMTYIy U AJHHY BOJHDLI, TO Pe3yJbTHPYIO-
iildsi TOBEPXHOCTh HAaNOMUHAeT BadJio WK KapTOH s YHAKOBKH
sl (puc. 5.91, 8). Eule Oojee caoxHas noBepxHOCTh 1300paxkena
na puc. 5.91, ¢, OQueBiaHo, 4TO, HCNOAL3Ysl ABOIHbIe pAAbl Pypbe,
\T0ZKHO TICCTPOUTD CKOJIb YIOAHO CJA0KHYIO TOBCPXHOCTD.

Ecau ocyoBHble jgAHHBI BOJAIL B ABYX B3aUMHO TIepHeHANKYMsap-
HLIX HampaBaeHusX MeHblle, YeM pa3Mepbl KapTHPYeMOH IOi1a1H,
ro noBepxHocts ®ypbe HeCKOJBKO pa3 yJAOKHTCS Ha 3ToH maoiwa-
an. Taxkad npoiegypa nNpHMeHsieTCs JHIIL B OYeHb PEIKUX C/Ayduasx,
HANpuMep NPH H3YUelH rapMOHHYeCKHX cKJaaJok. OOblYHO XKe AIH-
14 OCHOBHOH BOJHBI BbIOMpaeTcs TakuM obOpa3om, uTOOLl OHa Mpe-
BbllIaga AJHHY KapThl, ¥ NOBTOpeHlie OKAa3hBaa0Ch HeHYKHbIM. Bol-
GOp JAJUHBL ABYX OCHOBHDLIX BOJH Ay U A M Hayajga oTcyeTa AJd ABY-
MepHBLIX Ps/0B, BOODIle roBOps, NpoH3BoJeH. Ecan noxodpath 10-
(TATOYHOE YUCJA0 TAPMOHHK ABOHHOrO psiia dypbe, TO NpH pasHbiX
1JHHAX OCHOBHBIX BOJIH H HauaJjgax OTCYeTa MOKHO HOJYUYUTh O1U-
iaKoBeple KapTel Tpenaa. HecMoTps Ha TO, 4TO BKJIAAbl OTAEABHBIX
rapMOHHK OYAYT MEHSATBCHA OT KapThl K Kapte, popMa MOBEPXHOCTH
rpedja B CyLHOCTIH OCTACTCs HEH3IMEHHOH.

Ilpu mocrpoenuy ABOAHBEIX psAfoB Qypbe HCNOAB3YETCA B CYULHO-
TH Ta K¢ MOJeJb, UTO H B aHaJi3e NoBepxHocTtell Tpenaa. Kapru-
pyemasi nepeMentast Y;; cudTtaercda (PyHKUHeH JHMHe{lHOro TpeHAa
¢peallero sllauenus Y:; 1o BCefl KapTe HeKOTOPOM  perHoHaJbHOH
KOMMIOHEHTH!, a TakXKe J0KaJbHOH KOMITOHEHTH, COBMENIEHHOI co
ci1ydaiiHON koMmoHeHToH. MMeHHO 3Ta MoJeab HeABHO NOApasyMme-
paeTcst npu OOJBIINHCTBE AHAJMH30B, BBINOJHSEMBX HAa OCHOBaHUU
JIBOHHBIX psnoB Dypbe, 0cCOOEHHO TeX, KOTOPLIE MOCBALLEHBI HCCJIe-
AOBAHHUIO CTPYKTYpHOH dedopmManliin CJAOHCTLIX OCAAOUYHBIX IOPOA
[37]. Hpyrue ncciaenopanusi, Takde, Kak H3yueHle pacuperesieHis
DYAHBIX TeJ B HEKOTOPOM PeriOHe UJH BbICHeHHe XHMHIYeCKOro WJIH
MHHEPaJbHOTO COCTaBa HOPOA, OCHOBBIBAIOTCS Ha 6o0Jiee U3BECTHBIX
Mojle/1siX Teopun BpeMeHHBIX psiioB [1]. TIpu aToM pacnpenesenne
Y;; paccMartpuBaeTcss Kax (YHKUHS JHHEHHOro TpeHAa, Pas3/IMuHBIX
IePHOAHYCCKHX KOMIOHEHT U caydalHoH KomnoneHTh. Kaxk u B mep-
BOH Mojeu, JUHEHHBIH TpeHA Jyulle YCTPaHUTb JO BBLIIOJHEHHS
dHa/Ju3a ¢ NOMOUIbIO NBOHHBEIX PsAoB Dypbe. DTH ABe MOLENU OTJIH-
YalTCA TeM, YTO B NEePBOH NPOCTO CTPEMATCS PAa3JesNHTb H3MCHYH-
BOCTL Ha KpyNHOMAcIiTaOHy( H MeJkoMaclmiTaOHylo, B TO BpeMd
KaK BO BTOpOH JeJaroTcd NONBITKH 1aTh (DH3HYECKYI0 HHTepnpera-
10 6oJiee 3HAUMMBIM FapmMoHHkaM. CJeloBaTeNbHO, MOJeNb Bpe-
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MEHHbBIX psa10B fogee npeanouTHre/ipHa, B TaK KaK B Hel 71esaloTCs

NONBITKH H3BJeYb OoJblle HHGOPMAalLHH, OHA COOTBETCTBEHHO Tpe-
6yeT GoJjiee TOYHBIX ZaHHBIX.

B apyrofi Mofenn Mbl mpefnosaraeM, 4TO paclpefiesieHye g npe-
Jenax KapTbl MOXKeT OLITh NPEACTABJCHO JBOHHBIM CTeleHHLIM psi-
JAOM. DTOT pAJL ABJIseTCsS NPAMBIM obobulenHeM psia (4.87) u ume-
eT BH[

) o0 9 .
Y. = 2k X,y 2 kynisj
= @y COS o €os —
=0 j:'O
4 B, cos T ST N i A
! dems] Lo nm n, Iy '
=4 J:
o0 (e} ¢ -
4y sin 2R=Xi oo 2k =Xy (3.95
| =0 T o ng " (2.99)
o0 [ee] o~
L 5, sin kX g Hands
‘ Pk X nm iy "y ’
= J:

O6o3raueins takue ke, xaxk B (4.88) u (4.89); & u k. — uucaa
FapMOHMK B HanpasjeHHsX X, U Xp, 1y H 7 — YHeA2 DABHOMEDHO
PAacCMONOKEHHBIX HaOJMIOACHIH B KaXXJO0M H3 ABYX HaINpaB.TeHHH,
Xi: 1 Xo; obosHaualor Habaodenus B Toykax X =i, Xo=j. Kaexu r
npocroM psiae Dypbe, eCIH NMPeANOJa0XKHTb, YTO THCIa HalJ o eHHH
or 0 10 ny 1 or 0 40 72 COCTABJAIOT HOJHBIC MHOMKECTBA IZOCTVA-
HblX BHIOODOUHABIX JAHHBIX, TO BepXHHE NpeAesbl CYMMHIpPOBaHHA Oy-
AYT fy W ng. JefAcTBHTENbHO, OHHI ONPEAE]SIOT UYHCIO (QyHIAaMeH-
TaJabHBIX FapMOHHUK. Xorst 370 PaBEHCTBO KaXeTcsd TCPOMO3LKHM,
Apobuble BLIPDAXKEHHS B KaXKJOM u/eHe eCcTh He YTO MHOe KaK Npo-
cToe npeodpaszopanue X;; B paAHaHbl.

Ecan BsecTH Te »xe cOKpalieHHble 00O3HAUCHUS AJs UI€ion psi-
4, KOTOpHe OBlIM HCNONB30BAHBL B IVl 4, TO 3aMiICh ABOUHOIC pi-
Ja @ypre vomkHo ynpoctuts. [lycets

2/217'1)\’“‘ * 2k2 T‘X'l'] .
Ck‘:cos——nl——, Ck,:cos—n2 ~
. 2k Xy * . 2k, 7‘~ij
Sk, == Sl ———, Sk“’—i sin —.
ny 1,

Ypasuenne (5.95) MOXHO Temepb MNepenHcarth CJACAYIOLIHM 06-
pasoM:

(=]
] N I ~*
Ytj = E E _(ak,k, Cklck, -+ pklkg Ckl Sre, e k,k,Sm Cp, +

i=0 j=0

+ Bty S, Shy)- (5.96).
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3anucas ABOIHbe psiasl Dypbe B TAKOM BHJAE, MOXKHO MOJYYHTh
cncteMy HOPMaJbHBIX ypaBHeHHH O/l HewsBecTHBIX K03(duumen-
10B If PELIUTh €e TOYHO TaKHM Ke 06pasoM, Kak 3To Aeaadoch AJS
ypasteniil nosepxHocTs Tpenpa [40]. Oxuako Tak kak B ypaBHe-
ail¢ BXOAAT ABaX{AL MHACGKCHPOBAHHHIC KO3QGHUHEHTH H B KaX-
aAblli 9JI€H BXOAHT MPOU3BeJAeHHWe ABYX PSJOB TFapMOHHK (OAMH B
panpabiedud Xy, JApyrofi B HamnpaBJeHHH X;), TO gaxe B 5THX
(MPOLLCHHBIX OCO3HAYEHHNX IOJYYeHHBIE YPaBHEHHS OKa3BIBAIOTCA
c10KHEBIMH, CTPYKTYDAa MATPHIB CYMM M CMeUIaHHBIX ITPOH3Beje-
#uil CTalierT sicHee, ecMH MBI BBefeM 0GO3HauyeHHUs] AJd ee CTPOK U
cT0I0IOB, KakK 3T0 OLLIO chesaHo AJs mpocrtoro psiza @ypbe B
ra. 4. Marpuna cymm 1 npousBefeHnfi [A] BxomutT B MaTpHUHOE
vpaprenne [A]-[p]=[C], rae [B] — HeusBecTHBe K03(h(HIHEHTH,
a matputia [C] colepKHT CyMMB! CMEUIAHHBIX NPOU3BEIEHHI MeX-
1y Y i pas/MYHLIMKM TapMOHHKaMH. MBI HAXOQUM HEH3BECTHYIO MaT-
puuy [B] ¢ mOMOIIbIO MaTPHYHBIX omepauuil o6palleHHs U yMHOXe-
aust: [pl=[A]-1-[C].

Marpuua cyMM M CMeUIaHHBIX NPOHU3BEJeHHH BHUHC/ASTCA HA
DCHOBAHHI PA3JOXKeHUs B paAl Pypbe ¢ JIOOBIM 3apaHee 3aAaHHBIM
41ICJIOM TapMOHHK # B HanpasjJeHHH X; M m B HanpaBieHuu X,.
Cro.10ubl H CTPOKH MATPHIBI CYMM H IPOU3BEIEHHI TOrAa HMe-
0T BUA
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Tax xax g xaxa0ofl rapMOHHKH HEOGXOAMMO BLIYHCJHTL UEThI-
pe Koa(PUUHEHTa, TO MAaTPHUHOE ypaBHEeHHe INPH GOJBLIOM YHCJe
FapMOHHK CT2HOBUTCSH OYEHb CJOXHBIM. Hanpuwmep, Boluncienune
KO3 HUIEHTOB AJ5 NATH FapMOHMK B ABYX HalpaBJeHUAX Tpefy-
€T OlIpeJIeJCHHs IPUMEPHO COTHH KO3 (HUIHEHTOB,

[Ipn obcyxaenun ofHOMepHBIX psijioB dypbe (cM. ra. 4) yka-
3BIBAJIOChH, UTO CHHYC YIJla, PaBHOTO HYJIO I'PAAYyCOB, €CTh HVJIL; 3TO
IPHBOANT K TOMY, 4TO YJIeHbl

. 2nnXy; L 2mrXy,
sl ————— H siil ————
Ay Ay

00pallaoTCst B HYJb, €CAH 7 WL 71 paBHO HYJI0. [TosTomy Bee uae-
Hbl psila, cojepaalune CHHYC 1yJeBOl TapMOHHKH, DaBHLI HYJIIO,
a olH CTo10€l M OJHA CTPOKA MaTPHUBI CYMM H TNPOH3BeICHHR
obpawatorest B Hysap. Cronbel i ¢Tpoka, COOTBETCTBYIOULNe HyJe-
BbIM 32JIeMeHTaM MaTpHIbl, 3aIITPHXOBAaHH Ha puc. 5.92. C; n Cy*
pashpl 1,0, Tak Kak KOCHHYC HyJs I'DaiyCcOB paBeH eQHHHLC. DTO
NO3BOJISET YIPOCTHTL BLIPAXKEHHE OJHOH CTPOKH M OAHOro cToabLa
MaTpuilbl, cofepxalieil 31 ynsenbl. [Ipu pacnonoxennu Ko3pdhu-
LMEHTOB, H3o0paxedHoM Ha puc. 5.92, 6aok 0 COAEPXKUT TOJBLKO
OMHH Y/1eH, NOPOXKAAIIMIMA TOPH3OHTANBHYIO NJOCKOCTh, COOTBETCT-
BYIOULYIO 3Ha4YeHL0 3Toro KoadduuueHra. Baok | cocTONT H3 BOChH-
MH YJI€HOB, Kamlblll H3 KOTOPBLIX NPEACTABJIAET TOBEPXHOCTH, COOT-
BETCTBYIOUIHE JJINHAM OCHOBHBIX BOAH. Baoxn 0 11 1 B coBokynocTn
COCTABJSIIOT KOS(OHUHEHTBl NepBOIl TapMOHNKI NOBEPXHOCTH TpeH-
Aa. Buaok 2 cogep®ur 16 10ONOJHATENBHBIX YJICHOB, KOTOPLIe npeg-
CTABJSIOT MOBEPXHOCTH TapMOHMKH, MMelouieHl  AJHHBI BOJH, pas-
Hble TMOJOBHHAM JJIMH OCHOBHLIX BOJH. Ilosnas Bropas rapMmoHHka
LHOBEPXHOCTH TPeHAd COoLepxKUT KoathduuueHtnr OJokos 0, | u 2.
Kamx 1ast nocenyiollasi rapMOHIKA NOBEPXHOCTH TPelda CTPOUTCS
¢ NOMOLILBIO 4JIeHOB caeayloulero 6/0ka.

Hpofinbie psiapl Pypbe 06LIYHO NPHMEHSAIOTCS B KJaacce 3ajad,
AHAJOTHYHBIN TeM, AJ51 KOTOPBIX HCIOJAb30BAJACH NMOJIHHOMHAAbHLIH
TpeHA-ana/ 3. AnnpoKCuMHPY0Ias GYHKLHS, NOCTPOEHHAS 11O Teo-
rpauyeckuM KOOpAHHATaM 3alaHHBIX TOUEK, N0A0HpPAETCs K Hepe-
TYJSPHO PAcnoJOKeHHbIM B POCTPAHCTBe JaHHbIM. [1pn 06061meHRK
npeicTaB/eHus annpOKCHMHPYIOUeHl QYHKUHH Halua Lelb — pasje-
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Puc. 5.92. Kosdpdmumenrs ngoitnoro psana Pypee, pacnosoxennble B CooTBeTCT-
BHH C IJIMHAMH BOJH [40],
3alTPUXOBAHHbIE KBALPATHI COOTBETCTBYIOT HYJIEBHIM KO3bdHIYEHTaM

JIITL H3MEHYHBOCTh AAHHBIX HA JBE KOMIOHEHTDHI: PeruoHanbHBIN
IPCHY, TipescTaBienublii  n0x06paHHOL GYHKLHEH, W JOKa/bHbe
OCTATKH, NapaKkTepH3YIONIHe OTKJAOHEHHS OT NOBEPXHOCTH TpPEH.A.
B rex caywasix, xorna nannbe CO/epXAaT INPOCTPAHCTBEHHO HOBTO-
biliolllecs ssieMeHTBI, pAAbl Dypbe OKA3BIBAIOTCH Golee M0AX0/ -
{LIMIT aUIPOKCHMAPYIOIMME  QYHKIHSIMH, ueM CTeNEeHHbIe Dbl
Tak xax TouHBI 10100p HOBEPXHOCTH K BLIGODOUHBIM JaHHBIM CO-
BCeM He obs3atenen (maxe HeXesaresen), TO 1as NpOBedeHUs
dHdTH3a 10CTATOYHO OrpaHMYeHHOrO upcaa IFapMOHHUK.

OGptuHo B sagauax Tpemj-aHamusa JaHHBle pacnoJaraioTcs He-
PCTYIADHO, M HOSTOMY ;ST BBIYHCJIEHHS ko3 punuentos Dyppe
yxno pewnts o6myio CHCTEMY HOpMaJbHBIX ypaBHeHuit (5.97).

CBASH ¢ TEM UTO NMOPSAAKH MaTPHU, ¢ KOTOPBIME MPUXORHTCA ore-
PHPOBaTh, OKA3HBAIOTCS OYEHD BosbmIHMH, Ha Maabx DBM yaaer-
€A BLIYHCAHTE JIMIOD HECKOJABKO rapmMoHuk. Hanpumep, na puc. 5.92
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flOKA3aH0, UTO AJsl HOJNYUEHHS JBOHHOro psaa ®ypbe Bcero JHIb ¢
TpeMs ranyolikaMi  TpebyeTesl BbUHCAHTL 49 K03 (PHUHEHTOB,
a MaTpuua, obdpalleHHe KOTOpOl TpeOyeTcs AN HaXOXKIeHHA 3THX
KO3 QULUHEHTOB, comepxut 2450 snemeHtoB! I[Ipu 3TOM MBI BhHI-
HYXIEHDLl YUUTBIBATH HE TOJBLKO JOMNYCTUMBIH 06bem mamstu DBM,
HO I OUMOKM OKPYTVICHHS, KOTOpble YCTpaualolle pacTyT npu o6-
palieHuit MaTpuL cuedb GOJbLINX NopsAxoB. M3-3a aTHx orpannue-
HHl MBI He NBITaJgHCh NHCATh NPOTPaMMY aHa/H3a € NpHMeHeHHeM
ABOUHBIX psioB ®Pypne. OCHOBHBLIC BOIIPOCH, CBSI3aHHLIE ¢ NOCTPOE-
IIMeM Takoii HporpaMMbl, OBIJIH PACCMOTPEHBI MPH HANNCaHHH MPO-
rpaMMbl MOANHOMIAABHOTO Tpeni-aHa/ nu3a, U TpebyeMast Iporpam-
Ma £BHJach Obl JHLIb TPOMO3AKIM, HO NPSAMBEIM ee 06OGLICHHCM.

Oinaxo ecan naiun HaGJIOJCHIIST TIOJYYEHB B PE3YJbTATE ONPO-
GoBaHIst M0 pery/JasipHOil CeTH, H3 3TOr0 BBIYHCIHTEJBHOrO TYMNHKA
MOXKHO HafiTH BBINCJ. B 2TOIl cliTyaluy Bce HeAMATOHAMbHELE YJIeHb
(cMeLIaHHBI NMPON3BeAeHNs) HOPMAJbHLIX ypaBHeHHI 00pamialores
B HY.Tn. MaTpuna, xotopylo Tpebyercss 06paTuTh, CTAHOBUTCH AHa-
FOHAJAbHOH, H pelleHue MaTPHUHOTO YPaBHEHHS OCYUIECTBJISIETCS
npocro. Bosee Toro, B 3TOM CJlyyae MOMKHO BBIYMCJAHTL MHOTO Tap-
MOHITK, 8 Heé OrpaHMYeHHOE HMX YHCJIO, KaK 3TO NPUXOJHTCH HeJ1aTh
IpH Dellenlin o0IHX ypaBHeHMil Ajst gBOHHOro psaza ®ypbe. 1o
OTKPBIBAET BO3SMOMHOCTH OCYLIECTBJEHHS JABYMEDPHOIO rapMOHUYe-
CKOrO aHaJ/l3a I COAEPXKATeNbHOTO H3YUeHHsT CIEeKTPOB KapT, GoTo-
rpaduil 1 BooOUie pa3/IHUHBIX H300paKeHHI,

MeTtonpl ABOAHLIX pAgoB Pypbe OGBIUHO HCMOJB3YIOTCA B ABYX
(OJbINHX TPynmax reosoruueckux 3ajgad. OfHa H3 HUX BKJIOYaeT
MOHCK 3HAUMMBIX NEPHOJMYHOCTEH B NOBEJEHHH KOHUEHTpauui Me-
TAJJIOB B MpeleniaX PYAHBIX 30H W B pasMEIleHNH DYAHBIX TeJa B
npexesax MeraJlJOreHHYecKOH ITPOBHHIMH. MHOTHE MeCTOpOXKAeHHUs
TBEP.bIX IIOJI€3HBIX HCKONAEMBIX TeCHO CBfI3aHBI C CHCTEMaMH pas-
JIOMOB, KOTOPblE B CBOIO OYepelb SBJSIOTCS CJEJCTBHEM PerHOHab-
HBIX fedopMannil. B pacnosioskeHnn 5THX CHCTEM B GOJILIIMX Peruo-
HaX 3€MHOH KOpbI MOXKET NpPOSIBUTbCS HEKOTOpas MNepHOANYHOCTb
ITH Dery/asipHOCTb. Ecan 3T0 BepHO ¥ yAaercs NOJYYHTh HEKOTOpLIe
OlleHKH CIeKTpa Pa3JiOMOB, TO MOXKHO CAeJaTb M HEKOTOpbE Mpef-
ckazanus. HMcnonbsyss pesyabTarthl  aHaJu3a I[pPOCTPAHCTBEHHBIX
JLTHH BOJIH MEKJIY M3BEeCTHBIMH DPYIZHEIMH MECTOPOXKAEHHAMH, MOXK-
HO YKa3aTb MECTOMNOJIOXKeHHSI APYTHX BO3MOXKHBIX MECTOPOXKAEHHH.
Ta ke unes Gbna ncnosb30BaHa, HO B MeHbLIeM Macwirabe, Tpu
H3YYEHHII OT/Ie/JbHBIX DYIHBIX MECTODOXKIEHHH C Lesbio onmpejene-
HHS NEPCIeKTHB PA3BHTHHA PYAHHKA,

Hlupokoe pacupocTpaHenne B HedTSHOR TeONOTMH  NOJYUHJO
COBMECTHOE NpHMEHeHHe NBOHHBIX pANoB Dyphe W ABYMEpHHX Me-
T010B uaprpauuu [67]. [Ipu a1OM BHUNC/sIETCA ABYMEPHEIH SHep-
TeTHYCCKUH CIEKTP CTPYKTYPHOH KapTHl B H3OJMHHHSAX, O KOTOPOMY
ONPEeNRNAITCS NPOCTPAHCTBEHHEIE JUIMHBI BOJH. 3ateM (QHJIbTPHI
(sABJSIOUIHECS He YeM MHBIM K4aK DPAa3HOBHAHOCTBIO CKOJIb3SILIMX

178

CPEeAHHX) HCIOJb3YIOTCA AJISL OTJEJeHHsT STHX YCTaHOBJEHHBIX JTHH
BOJH M JJISl BBISIBJIEHHsI CTPYKTYDHBIX XapakTepHCTHK 3aJaHHOre
tHna 1 (/M) OpHeHTauln s CTPYKTYPHOH KapTsl. BLIABJEHHbIE
0107 TeIbHEE aHOMAJHH MOTYT OBITb CBSI3aHbl ¢ HedThl0. ONbIT-
Hble HCCAEI0BATENH MOrYyT OOHAPYKHTb B OCaAOUHBIX TOJIIAX
CTPYKTYPBl, KOTOpPBIE OTpaxaiT Ae(OpMALHIO MOACTH/IALILKX 110-
pOJl, PACHOJONENHBIX a TIyOnmHe MHOTHX Toicad ¢yTtoB. BooGuie
3TH NEPHOAHYECKHE KOMIIOHEHTHl NpUTJYIIEHb H 3aBYasdnpOBaHb!
Ha OOBIUHOH CTPYKTYPHOH KapTe, HO TaM, Ije HX MOXKHO BBHIABHTD,
OHH OKAa3bIBAIOT 3HAUMTEJbHYI NOMOLIb IPH pa3Belke H [Ipeacka-
3allid MEeCTOPOXK/JeHHll Ha 6oJjee rayOOKHX TODH3OHTaX.

Bropas rpymna reoJiornyeckux 3ajau CBssaHa ¢ NPIIMeHEHHeM
JABYMEPHOro aHnajuza @ypbe NPH H3YUSHHH DasMeLlelus 3epeH Mil-
HEPaJIOB B ULIH(AX M /IS HCCIEAOBAHHSA MOPUCTOCTH HOPOA B Tpe-
jeqaax HedreHocHoro GaccefiHa [23). B mocaeaneit pabote aBTOph
CTPEMUJIICDH K NOJYYEHHIO HPOCTLIX UHC/JACHHLIX XapakTepicTHK A5
on¥canus upe3BbluaiiHO CJIOAKHBIX KaPTHH MOPHCTOCTH B MECUaHIKaX
Il M3BECTHKAX 1 B UEJNSX HX HCNOJb30BaHMA MAJs OLUEHKI HPOHU-
11,aeMOCTH 3THX NOpoj. Takue XapaKTepPUCTHKH ObLIIH NOJYydeHB! H3
HCTKOrO ClexTpa uayuaeMmoll mnopoanl. PaccMmaTpuBaeMble JaHHBIC
IpEACTaBasioT coDOl samMephbl CNTHYECKOH NJOTHOCTH B TOYKAx Ha
dotorpaduy muiida, Ha KOTOPOH 3epHA NOPOIB BHITINLNT §epHBI-
WH, a nopbl — GeaniMii. ortorpa@uu CblAU HOABEPTHYTH UHCIOBOI
06padoTre ¢ {IOMOINbI0 3JACKTPOHHOIO YCTPOIiCiBa, KOTOGPOE jisMe-
DSICT OITHHECKYIO HJIOTHOCTH B THICAYAX TOURK, PaCHOJIOMEHHBIX Ha
peryJasipHofl HPOCTPAHCTBCHHOH ceTKe. 3Ti JauHble 3aTeM nolidep-
raloTes nipeodpasoBaknn Pypbe, B Pe3yabTate Yero Hoayuaed LBY-
vepusil enextp. JdadpHefilse npecOpasoBaling NO3BOJSIOT Llipeie:
MThb HYXKHBIG DapaMerTpsl CHEKTpa, a NOC/ACAHHEC HCHOAL3VIOTCA B
MOeN9X, NPEeACKA3hIBAIONIHX NOBeACHHe (Q.IOHLA B H3Y4acHbix I0-
DoAaxX. ‘

Hegasno cosnan mMeTol, 06061IaI0MIKK anadnis @ypbe 4458 OAHOL
I ABYX IlepeMeuliblX, Ha3Balubiil OGBLICTPBIM Npeodpasopaliiey @ypbs
{FFT), a rtaxKe BBIUNCAHTEAbHLIN AJTOPUTM, O2BOLIOMLIT 3H Y-
e1bII0 COKPATHTH BpeMsi BLIUKCJAEHHI I o0JeryHth IpaKTULieckil
CHaM3 OOJBLIEX MACCHMBOB AAaHHBLIX. B coveTaHdu ¢ BBIYHCIITEND-
1BIM YCTPOHCTBOM ClEUHa bHOTO Ha3HaueHHs IT0T aJropits, ofec-
HeUHBAIOWIHIT YHCJIeHHOe TpeAcTaB/Jenne celicMuyeckol 3anicH, no-
'yunus GOJIBILIOE  PACHPOCTpaHeHHe B reo(usHueckoll  pasBelKe.
Metonsl, ucioab3youne OpicTpoe npeobpasoBanne Qypbe. HaULIH
HpUMeHeHune B APYTHX obJiacTaX aHadH3a BPeMEHHLIX psAAOB H MPO-
CTPAHCTBEHHOTO aHaJli3a, AajKe HECMOTPS Ha TO 4TO nerpedona-
JlICh JIOTIOJIHUTeNbHEble OrpaHHuYeHHss Ha o0beM II CTPYKTYpPY pac-
CMaTpinBoeMoro Habopa AaHHBIX. DTOT  MeTOA MNO3BOJISET ANCTHYL
$504ibIIOro GHCTPOAEICTBHS Oaarogaps psify CHEUHHAJNBHBIX MaTPHY-
HbIX TIpeo0pa3oBaluil, KOTOPHE MOXKHO CPAaBHUTb C IHOCTPOEHHEM
CUUKJHYECKOH» MATPHULBI, B KOTOPOH HauyaJdo psiia 3HaueHHi nome-
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maercd B LEHTP, a AaHHasd NOCAeJ0BaTeJbHOCTb «BpAallaeTcs BO-
¥pyr» ueutpa. [IpuMensieMble npu 3TOM ONEPALHH COCTOSIT B YMHO-
3KEHHH CO CABHTOM H CJIOKEHHH COCEAHHX 3JIeMEeHTOB. BbluncaHuTe Ib-
Hasl cxeMa 3TOro MeTojAa, HeoOXoAuMas AJIA COCTaBJAeHHs NpOorpaM-
Mol FFT, BuIX0oAuT 3a paMKu J1aHHOH KHUIH, W NO3TOMY Mbl He Oy-
JeM Ha Hell octaHaBauBarbcsd. OJHaKO Kax OJHOMepHasl, TaK U
asyMepHas nporpamma FFT ponyckaroor oueHb mupoxyio o6aacTe
HCIOJAB30BAHKHSA M MOTYT OBIThH BKJIOYEHBI B NIPOTPAMMY, KOTOPYIO
MBI H3J0MHM HIZKC, €CiaH 00beM AaHHBIX OKaXKeTcsd TOAXOASLIHM.
Xopouce omicanue aiaroputma FFT nmpusoautcst B kHure KoxpaHa
nap. [16].

B ra. 4 ykaspBaJaoch, 4TO B ¢/1yUde PaBHOMEPHOro MpOCTpalcT-
BCHHOrO pasMellleHus JaHHLIX MOXKHO TOCTPOHTb CHCTEMY ypaBHe-
HIIf, KOTOpas NO3BOJseT BBIUMCJAUTL KO3(h(UUHEHTHl psia Pypbe
HEeNMoCpeACTBeHHo, 0e3 Kakux-Ju0o MaTpHYHBIX [peoOpa3oBaHui.
DTH ypaBHEHUs] MOXHO paclpOCTpPaHHTL Ha ABYMepHHIA cayuai,
XOTS NPH 3TOM BMECTO ABYX KO3(Q(HLUHEHTOB AJs1 KaxKAOH rapmo-
HUKH NPHACTCSI OIIpefessiTh ueTkipe. TeM He MeHee MeTOJ HMeeT
3HauliTe/IbHOe NPEHMYLIECTBO IO CPaBHEHHIO ¢ OOLIMM METO/0M,
TaK KA4K [103BOJSIeT BBHIUKCASTE 00JbLIOE YHCJAO TapMOHHK. JTO 3HA-
YIIT, YTO Mbl MOXKEM IPOH3BOJBLHO BBIOHPATh MHOMKECTBO AJHH OC-
HOBHBIX BOJIH ¥ 3aTeM HCCJef0oBaTh OOJBIIOE YHCJIO FapMOHUK .5
OTLICKAHMA NPOCTPAHCTBEHHLIX HeproinyHoctell. BBeleHune B 1BOIi-
HOH aHaauz Dypbe AJas ceTell NPH TEOJOTHUECKOM ONpPOBOBAHHU
nano B kunre Xapoyxa u Meppusma [37]. MaremaTnucckiic 0CiioBbI
AByMepHOTO aHagan3a dypbe cogepxkarcsa B kHHrax Koyrta u ap.
[18] u Paiinepa [64].

Ecan pannble cofpaHbl 10 peryJ/sipHOl ceTH, Mbl MOXKEM NpPOU3-
BOJILHO ONpEeeNHTh AJUHY (YHIAaMEeHTaJ bHOH BOJHB B HalpaBpie-
HHII ocH X|, 2 UMCHHO NIPHHATL ce pPaBHON jAnauHe HaGopa NAHHBIX B
ITOM HaipaBJeHHH WJH ry. AHAJOTHYHO MJIHHY OCHOBHOH BOJHLI B
HanpaBJeluu ocH X, MOXKHO B3Th paBHOH ng. [lagdee serko Buiuiic-
JHTh K03GhPUUIHEeHTH J1I000H TapMOHUKH C IOMOLLBIO YpaBHEHU

ny-—1 ng—1

k Ok, X, ; 2 ky X,
— — . COS Q .
s by n, N , 2 yl/ n, n, !
i=0 j=0
nm—1 n,—1 . ,
/3 1 ki y os QT: kl )"1[, .n .2 T.k, )\«,j
p— s C -
pklk, 1, Ny E \ E if n, Si s s
i=0 j=0

(5.98)

ny—1 ny—1

. 2vky Xo;
k j \ 2 l . 2nk X, LRy Ay
Thi ke ~— — ’ } ij sin r‘l 1i COS - J :
1 7t2 et 1 7

i =0 j=0
ny -1 ny—1 .
— ke X,
N k %) L 2mky Xy . FTR2 A
Y ‘}j S YV, sin 121 sin ,
1o ny Ny e A y Ny
i=0 j=0

rac k=1, ecnu k=0 u ko=0; k=2, ecan k=0 uau ky=0, HO He
0/ HOBpeMenHo; k=4, ecau £ >0 u ky>0; £ — rapMOHHUECKOE UHC-
Jo B HanpaBJeHHH Xi; ky — rapMOHHYECKOE YHCJIO B HAlpaBJICHHH
Xoy ) — 4HCJIO TOUEK CETH B HampaBJcHHH Xi; n? — UHCJI0 TOUYEK ce-
TH B HanpasJdeHuH Xo. B atux QopMysax npeamosaraercs, uTo Ha-
1410 TaPMOHHUYECKOrO psifa COOTBETCTBYET HauaJy KOODAHHAT CH-
crevpl nepeMeHHbIX X; u X, TapMOHMKH MOTYT OBITh BBIUHCJIEHBI
BILIOTE 1O 3HAueHHH ky=n;/2 U ky=ny/2, a TApDMOHHUKH C 6OJbIIH-
Mi HOMCPAMH MOTYT OLITh OIIEHEHH JIMIIb 110 HECKOJBKHM TOYKAaM
i BoaHy. Ilo3TOMy pe3yabTaTsl nJsl TapMOHHK ¢ GOJBUIMMU HOMeE-
paMP OKa3biBalOTC MEHEe HaAeKHBIMH, yeM JJs rapMOHHK ¢ Ma-
JAbIMY HOMEDaMH.

Buiuncaus koapduunedtel @ypre, MB MOXKEM HAHTH SHEPreTH-
qeCKUH ceKTp no GopMyJe, ABJSIOLIEHCcs ABYMEPHBIM 0000UIeHHEM
dopmyanr (4.96):

S/glkz = (alelm + [3/%1/:2 + Y/%lkg + 6}%1k2) /4 (599)

“gTatesb, HABEPHOE, MOMHUT, YTO S%,, OBIJIO BHIDAXKEHHEM A4
AHCIIEPCHE B XapaKTepH30BaJd0 BKJAad Ry-il U Ro-#i rapMOHHK B 00-
1IVio ZAMcnepcHuio Beauundsl Y. Ecuau MB 0603HaudM o0HIyI0 jucnep-
CHIO uepe3 S?y, TO TPOIEHTHHIH BKAaA KaxKAOH TrapMOHHKH BHIPa-
3UTCH (hopPMyJIOH

Stkel S5+ 100%. (5.100)

OpHako MCXONHBIH CIeKTp $IBAfETCH TOJbKO OLECHKOH BKJAj0B
FAPMOHMK B AHCHOEPCHIO, H, Nojo0HO BceM BHIOGODOUHEIM OLECHKAM,
OH4 MOTYT 3HAUMUTEJNHHO OTKJOHATBCH OT CIHeKTpa HCTHHHON COBO-
KynHocTdH. McXOZHBIR crmekTp cTaHOBHTCA OoJee YCTOMUMBHIM MY
Jyullle OLIEHUBAET CIEKTP COBOKYINHOCTH IIPH cTpeMJ/eHHH obObeMa
BLIGOPKH K GECKOHEUHOCTH, HO MBI He MoxkeM OeckOHeyHO OpaThb
upoBGH ¥ HA HEKOTOPOM 3Tale BHHYXKIEHB 3aKOHUHTb aHanau3. Ha-
Iy OLIEHKY BBIOOPOUHOTO CIEKTPa MOKHO YJYUIIHTh IMYTEM CrJIaXKH-
BAHHA, TAaK KakK COCEJHHEe TapMOHHKH OKa3biBalorcad OJH3KHMH,
H Tpollelypa ycpelHeHHs IIPHBOAHT K TOMY, YTO OHH CXOAATCA K 00-
uemy sHavedHio. CriakKuBaHHe BHIIOJHSCTCA ¢ IOMOUIBK) MeTOAa,
PACCMOTPEHHOrO B pasjelsie O ABYMEPHOM CKOJb3dllleM cpefiHeM. Be-

ca B opmyse M5t 2k, HCHOJMb3YEMOH /s CrIaXKHBaHHs, BHIOH-
paloTcs CAeAyOMHM 00pa3oM:

~9 1 (9 2 2 2
Skike = Tg (Sk1—1, ka—1 = Ski—1, ko +-1 = Sky 41, ko—1 F Sk14-1, k2+1) +

1 2 2 2 1 o
+ ) (5%1—1, ko =1 ki1, ke -+ Sky, ko1 T Sk1, k2+1) + T Sk1, ko (5.101)

PaccMOTpHM OpPHMEp HCIOJb30BaHHS ABOHHEIX pAloB Pypee,
B KOTOPOM MpPEACTAaBJIAIOT HHTepec KaK Tpend Pypbe, TaK H CHEKTP.
Boanonpu6ofiHbie 3HaKH, COXpaHHBLIMECH Ha IVIOCKOCTAX HalJIacTo-
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Puc. 5.93. Muarpamma B u3oamHunx
BOMHONPUOORHMIX 3HAKOR HA MuuTe no-
KeMGpuiickoro necuanuxa u3 Ainaxo,
3alTpHXoBanL yray6aerus 6o.e2 2 oy,
Macmrab na ocsix — 9 oy

B CIiHnue

BAHU# MCCUaHUKOB, MOTYT COJIEpIKaThb LEHHYIO  HaJeoreorpadiiye-
CKYIO Iindopmanno. B CTPATUrPaPUUECKUX HCCIACAOBANHAY 1f i TC
I3MEPsTib TiaBHO® HampabJcHHe OPHEHTAUMH, AJUNY BOJHL
IITY Ay BOJHONPROONHEIX 3nakoB. MHorna U3MEDEHHS, cae.,
Ha MHOTEX OOH2XXEHHSX, MOXKHO 0GOGMHTH s HOCTPORH T~
Hanpap/ienli: APEBHEX TEYeHHIl ¢ Ie/bio I0JYYEHN BBIBOLGH
PELOBLIN JikiillsiX. BBLIO CleNaHO HeCKOIbKO MOTBITOK JeTa1bE0r0
AHA/IN34 CXCMBI BOJHOTPHGONHBIX 3HAKOB, H3YYEHHLIX Ha
Ijiomany oAHOro ofHaxenus. Ha puc. 5.93
PACIIOIONEHUA BOJNHONPHGORHBIX 3HAKOB Ha ilaHTe TECY AT
KeMGpuiicKoro BospacTa U3 BocTOYHON gactnwrata Afizaxo.
HbI€ BOJIHONDPHOOMHEIE 3HAKH Ha 3TOH MJHTE HMeioT AMIUIHTY IV OKO-
JIO 3 CM H AJKHY BOJHBI OKOJIO 15 oM. Huarpammva Geia HOVYeHa

B Pesyibrare OKOHTYPUBAHWA H3MeEpeHIi, CACHAHHLIY To  CceTh
2X2 em. Ha nosepxuocTs NOpOAN OBIA TOMelleHa Jepenirinagy

Pama, 1o xoTopoil nepeaBuranacs JauHefiKa 1.1y OTIPeACICHIA 1O-

CAEL0BATENLHOCTH nepecedennit. Uepes kaxarie 2 con ONpPeaeIsI0CE

paccroanine or JHHEHKH 10 NOBePXHOCTH nopofibl. Tax kax no.ayuen-

HLIE TaHHBle OKa3ajHCch BeCbMa O00bEMHCTLIMH, TO OHIp npeactapie-

HBI 31eCb JinlIb B hpopMe KOHTYPHOR AHarpammul,

Ananns stax gamnex c NOMOILLIO ABOHHLIX psifioB Dyppe maer

CIeKTD, n306pakeHHLA Ha puc. 5.94, KOTOPBIA  GLIT moayuyen rak

ABYMepHoe o606uieHue AUATPAMM CNEKTPA, NMPHBEACHHBIX B .. 4.

Ha puarpamwme (cm. puc. 5.94) BHAHB IBa GoJbIMKX MHKa, Tpej-

CTaBJSIONINX 3HaUHMBblE TaPMOHHKH.
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SC.TnUION
OpeactTaBgena  ¢oxeMa
q10-
Tuniu-

N

—

YRENMUEHME DHEPTrUn

Puc. 5.94. [IBymMepHbiit cCIEKTP BOJHONPUOOHHBLIX 3HAKOB, .
i HX COBOKYMHOCTeH [IJHH BOJH
BrlieneH 3HauMTEABHBE BKJAaL JBYX AOMHHHPYIOUIH y

Hcnons3ys HHPOPMALHNIO O CHEKTPE, MEl MOXKeM onpe,tsemn;;3 m{];
AWBHAYAJbHBIE BOJHOBHE (DOPMEL, Aagume Hgggogbgﬁxiciigngm
CX | B. a puc. 5.95,
cxeMy BOJHOMPHGOMHBHIX ~3HAKOB. : !
;613e31\:ma;1 juarpamma HauboJublue cngxggaglbﬂon cocmgg:fol}lllsg,

; pHC. & — aHaJOoTHY -
noJydeHHan ¢ nomoubio IBM; p .99,
rpagxma BTOPOHl 1O BeqyuHHe BOJHOBOH ¢opmel. Hx KOMGHHaI%I;i
usobpaxeHa Ha puc. 5.95, 8. Kapra noeepxnocty, HOJIy'-IeHSHSIé{ Iﬁc
KoMOHHaHUA 3THX IBYX TapMOHHK, useépameﬂa Ha pHC. 0.96. =C
A1l CpaBHHTbL Ka&pTy C HCXOJHON KapTo#, NpeAcTaBJeHHOH Ha pnc-'
5.93, TO MOXKHO 3aMeTHTb, UTO Haubosee CYILECTBEHHbIE YepThI <
XOAHOH KapTH B 3TOH NpoCTOH MOJIEJH, HCNOAB3YOIEH JHIWL A
2aDMOHHKH, COXPaHHJIHCh.

CPABHEHHE KAPT

O6elugas 3agaua OOJBIIMHCTBA T€OJOTHUYECKHX I/{CCéJIe,U.OBaHH?
34KJI0UYaeTes B CpaBHEHHH IPYr ¢ APYroM ABYX HJHu OoJee I;laeI’)I-
HCKOTOPOH TePPUTOPHH. DTO MOTYT OBITh KapTh pasﬂnqix;ll);“mx
Porpaq)r{quKHx A MHHCDAJIOIHYECKHX COCTaBJIHIOHI.PIX,Tp TV DN
llapaMeTpoOB, XapaKTePH3YIOIIHX pasMmep sepelli_,lnn;m% %yaBB},i%HH;{
KapThl pa3AHIHHX I'€0JIOTHUYECKNX FODH3OHTOB. pa J”]{)Bbumﬂe-
NIOBepXHOCTEH TPeHZa Pa3JIHUHbIX FOPH3OHTOB JEJAJHCH [ LuAple-
HHsl NepHOMOB CTPYKTYpHOH Aedopmanun. CBs3aHHas ¢ 3TOH, H
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Pa) Puc. 5.96. PEKOHCTPYKIHS M30JHHHH
JBYX LOMBHUPYIOWHX BOJHOBBLIX (hopM
IUJis1 BOJTHONPHGOHHBIX 3HAKOB.
CpaBHHTE C HCXOJAHBIMH JaHABIMH,
#306paKeHHEIMH Ha puc. 5.93
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siee TPyaHas 3ajada 3aKJa0yaeTcss B CpaBHEHMHM KapT OJHOro mapa-
MeTpa AJsi ABYX U 0oJiee PEerHOHOB. I'€0JiOTH NMOCTOSHHO CPaBHHBA-
10T Kap7ibl DA3JHUHBIX PAKOHOB M BHIJEJISIOT XapaKTepHBIE [e0JOTH-
ueckHe ccoGeHHocTH. KoOHeUHO, MCKYCCTBO HHTEpPHpeTallHH TeoJora
OCHOBAG Ha €ro NpeallecTBYIONIEM ONBITE H €ro crocOOHOCTH MbC-
JICHHO CPaBHHUTbL HOBBI paloH ¢ TeM, KOTOPHIl OH u3yuasJ B NPOLI-
JjioM. HecMoTpsd HAa TO UTO KOJAMUECTBEHHDIC CPaBHEHHS KapTHPOBaH-
HBIX T1€PCOMCHHBIX OKA3BIBAIOTCS MOTEHIHAJIBHO MOJE3HBIMH JJIs reo-
JIOTOB, CYL1ECTBYyeT BeChbMa OTPaHHUYEHHOE UHCJAO TONBITOK H3Me-
PATL CXOACTBO MeXJY KapraMu. K cuacTblo, MHOTO JeT Hasal 3Toil

““\\ 3ajadelt 3alHTepecOBAJNCH Teorpadul, KOTOpble CO3/aJH HEeCKOJIbKO
(] f“‘?"“\‘}‘ HOJe3HbIX METOLOB CpaBHEHHS NPOCTPaHCTBEHHBIX pacnpeneseHHH,
- “‘ “ﬁ.%‘l'“‘.\ HANPUMCp, METOJA BBIYMCJAEHHS] YCpPeAHEeHHOIl MepHl CXOACTBA H Me-
‘\\‘\"',ﬁ‘\\ SR TOJ TOCTPOCHUSI KapThl PAacXOXJACHHI MeXKLy ABYMS IOBepXHOC-

& ST LTS

"““\“‘ ‘“W&!y LT TN TSIMIL,
&g%}‘\\;&é\%\\‘v [To-BitAHMOMY, pOJb CpaBHEHHsI KapTt AOJNXKHA 3HAUHTENbHO BO3-
‘ dll‘“‘\“i“““\‘\?/"“\\\“’""!\‘y/“ pactH B 6yaylleM, TaKk KakK WHTepnpeTanus GOJBIIOrO YHCAa JaH-
JJ"“‘\""‘\;‘;',&\\V’:‘\“‘","\“QS& LK, NOJY4YaeMBIX CO CIYTHUKOB 3eMJH, TpeOyeT pasBUTHs CXeM
et el

Puc. 5.95. BocctaHoBaenue Gopmbl BOJHONPUGOHHBIX 3HAKOB B NECUAHHUKE:

¢ — [epclleKTHBHAsl JAMarpaMMa caMoil Go.plioH CIeKTPaJbHOH KOMIIONEHTH; § —
TePCNeKTHBHAS jHarpaMma BTOPOH TJ1aBHOH BOJHOBOH (DODMBI;, 8 — NOBCPXHOCTS,
ob6pasoBaHuas KoMOKHHAIHME ABYX AOMHHHDYIOIHX BOJHOBHIX HopM
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4BTOMAaTHYRCKOTO pacno3HaBaHms H aHanusa xapt. CooTBeTCTBYIO-
LHe aJaropuTMBL JOJIKHBl ObITh CO31aHBl [€0JIOTaMH U ADYTHME yue-
HBIMII, MCCJAEIYIOIMMH 3eMJI0, KOTOpble 00JafaloT J0CTAaTOUYHBIMH
SHAHUSMU LA HIHTEPUPETAUMM 3TUX AaHHBIX, B cBolo ouyepeip reo-
JOTH LOJIZKHBI OBJIaJ€Th METOJAaMH KOJIHYECTBEHHOH 00palOTKH H
HX CHCTEMaTH3alHUH ¢ TeM, YTOOBl MallMHBl CMOIJIH B35Th 4acCTh pa-
GoTbl Ha cebst. Ecyii 9TOr0 He cAesaTh, TO MBI GyZeM GYKBaJdbHO M0~
rpedenisl noa rpynoil Kapt, ¢ororpaduii, MOJYYEHHLIX €O CIOYTHH-
KOB, C OpOHTABLION IeO(pU3NYeCKOll annaparypbl 1l ¢ 1pyTHX 3K30-
THYECKHX CpeACTB Oy IYILEro.

OO0uiee cxoncTBo

Ho-Buaumomy, mpocTefiluii IyTh CpaBHEHHs ABYX KapT COCTOHT
B BbIYHCJIEHHH KO3((HLIHEHTOB KOPPEJSUIH MeXAY KapTHPYeMbIMH
nepeMeHHbLIMH. Eciin nBe xapThl IOCTPOCIHBI  AJisi HePeMCHHBIX, 13-
MEPEHHBEIX B OJHHX H TEX K€ TOUKax, TO 3TOT METOJ COCTOUT B BBI-
YHCJACHHH KO3 (HIHEHTa KOPPeJIAINH MeXK/1y KapTHPOBAHHON mepe-
MeHHOH | M KapTUpOBaHHCH MepPeMEeHHOH 2, IpPH 3TOM COBCEM He
IPHHIMAETC BO BRiiMaHlle pacnojomeniie Touek. Kosadpduumenrt
KODPpEeJsIHK BhlUHCAsACTCS IO popmydie (2.24) u maer Mepy 00iiero
COOTBETCTBHS MEXKAY ABYMSI i€pEMEHHBIMH.

Ha noGepexbe Ceseproit Kapomuusl (puc. 5.97, a) 6bLi coGpan
PAL AOHUBIX IPOG U3 ocaixa anMana. C HeIbio i3ydenus pacrnpee-
HUS Pa3MEpOB 3€peH 0CAAKA, BLIUKHCJIEHBl OOLIUHLIC CTATHCTHUYECKUE
XapaxTepUCTHKH (CpejHee, CTaHAAPTHOE OTKJOHEHHE, acHMMeTpHS
i aKcnecc). MHOrHe aBTOPbi BLICKA3a/H [PEATNOJIOKEHHE, UTO pas-
JHYHBIE KOMOHHAUHMHI  MOMEHTOB pacnpefenchis — 3ppexTHBHOE
CPEACTBO yCTaHOBJCHHs YCJIOBHH OCalKOHaxomaeHus. Ilpn wucc.e-
JOBAHHH CBSI3e# MEXAYy pAa3IMUYHBIMH CTATHCTHKAMH Oblid CAedaHa
HONBITKA YCTAHOBHTh, ACCTATOUHEl JIM OHH AJs onpeieseHilss B JH-
Mane o0/acTel, B KOTOPLIX YCJOBUS OCAAKOHAKONJIEHHS CYLIECTBEH-
HO pasJjidarrcs.

Ha puc. 5.97, 6 npeacraesena Kapra cTangapTHOTO OTKJOHGHHMS
pasMepoB 3epeH ocajkd B JuMaHe, Ha puc. 5.97, 8 — Kapra acHM-
METDiIl pacnpefieqicids pa3MepoB 3epeH Aas Tofi e BbiGOpKH. Bhi-
CKA3LIBAJIOCH NPeIIIOJIOKEHHE, UTO aCHMMETPHA M CTaHAapTHOE OT-
EJOHeHNe, paccMaTpHBaeMBle BMECTe, SABJAAOTCH 3P QeKTHBHL
CPEJCTBOM KaacCH(HKAUNH OCAAKOB, IO3TOMY BaxKHO, YTOGK 6bijia
liolyuelia OUCHKA COOTHOWIeHHsT MeXAy HuMU. Tak xak obe mepe-
MeHiibie OBIIM BBIYACHEHD! /1A HCXOMHBIX AaHHBIX, COGPAHHBIX B 01-
HIIX H TeX XKe TOYKaX, KO3Q(HIHEHT KOPPENSHHH MOXKET GLITh Bbi-
THCJEH HpIMO II0 HCXOAHBIM JaHHBIM. Koapduuwent xoppensuun
MexAy AByMs xapramu r pasex 0,52, 3ameruM, uto reorpatuue-
CKHE KOOPIHHATBl TOUEK He PACCMATPHBAJHCH. DTO — caMBIH 60Jb-
IOl HEXOCTAaTOK MeToAa OBLIEro CpaBHEHHS, TAK KaK JAaHHAS KOp-
PeJIALNS MOXKET OTPaxaTh CTelleHb COOTBETCTBHS ABYX KapTHpYye-
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Puc. 5.97. U3MeHunBOCTh pa3mMepoB Hac-
THI JOHHBIX O0CajKoB Ha nobepexne
saauBa B Cesepuoii Kapoaune:

a — xapra, NOKa3bBalolas CBA3b H3Y-
yaeMoil miolasn ¢ 1nobepexrneM 3alH-
Ba, 0 — CTAHIAPTH30BaHHOE OTK/JOHE-
HHe pa3MepoB 3epeH (B @-eIMHHIAX);
3aWITPUXOBAHBE  IJIOINAJH,  HMEKoIHe
CTAHAAPTHbIE OTKJIOHEHHs DPa3MepoB 3€-
pen, Goapmne 1,0; 86— acHMMETDHsA
pacnpeneseHuss pa3MepoB 3epeH; 3a-
WITPHXOBAHE! IUIOMIAAK, COOTBETCTBYIO-
LIHe 0cajkam, HMEIOUIHM MOJ0XKHTeNb:
HYIO aCHMMETPHIO

VLN TIJ0NAAell LEeJHKOM MJH e OBITb pe3y/bTaToM 0O0JbLIOro OT-
KJIGHe IS B MaJIoil 06a1acTH Kaprhl.

[1peAno/oKIM, UTO Telepb Mbl XOTHM CPaBHUTL JBe 1<apyTbr,
% HOTOPBIX IlepeMeHHbIe M3MEepeHbl He B OIHAX M TeX XKe TOUKaX.
()IIH 13 BO3MOXKHLIX CIIOCOBOB MOJYYEHHs Mephl 00ulero CXOACT-
vu — OlUeHKa 3HaueHuil AByX NepeMeHHBIX Ha MHOXKeCTBe TO4CK CeT-
Wi ofuwell s AByX KapT. Tak Kak npoueiypa OLEHOK CBfi3ana ¢
HOGBAeHHEeM ONIHNOOK, BeJHUYMHB KOTODEIX MBI He B COCTOAHHU OLE-
i1ITh, TO JKeJaTeAbHO Pa3MecTHTh TOUKH IOJYUYCHHs OLEHOK Ha-
L 101bKO 6JH3KO K ToukaM onpo0oBaHHs, HACKOJBKO 3TO BO3IMOXK-
0. JlelicTBHTeNbIO, 0jHa W3 Hanbodee ?Q)Q)GKTHBHHX CXeM COCTOHT
“ 110/ydeHHH OIIEHOK OJHOH NepeMeHHOH DO ee Kapre B HSUOJIlI:IIHI/IHX
5 KakaAol TOUKe pacroJioXKeHHs NpoOnl BTOPOH nepevenHoun. llociae
JTOTO MOXKHO OLEHHTb KODPeJfllilo MeXAy JAByMsa TEpPEMEHHBIMH.
O111aK0 HUKAKOHN CTATHCTHUECKOH 3HAUUMOCTH IIPHIHCAThL NOJYYeH-
HoMY KO3 GUIUEHTY KOPPeJsiuy Mbl He MOXKeM, TaK KaK OH LeJIH-
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KOM
M OCHOBAH Ha HHTepHOJIHpOBaHHbIX 3HAYEeHUIX. O‘JQBH,IHO Ha

Kaprsl cxonctpa

Ilpuwme 11116
_ ;; Oﬂﬁonup?meuumcro CPABHCHHUS 1BYX KapPT mepeMenHod OJLHOTO
pana B H M TOH K€ OOJIACTH — KapTa M300axuT neayuennas
9T0ﬁa%)M CTPYKTYDHBIM KapraM B H30JHHUsIX KapTa. xz«;}]aan
Ta MOLLHOCTEH HJH pasHOCTeR . . o
CTeH abCoJIOTH b
e v ‘ J XOTMCTON IRV -
Tegx;{’gf;iu. Ananoruunple KapTBl MOXKHO NOCTPOUTL 1.7+ l;'ij's)f({gco
’ A 236 -
}KaHH(e Ké)MI;I%I;{eeI\ée}{HbIX, KaK pasmep seped WM mpoueHTi o cojlep
Ta, U3MepPeHHoe 115 / T :
J BVX TOpH30OH El
Jeanne K | JB} p TOB. [IpocTh
351\4}{515( Bg;egc;i?;emf; %a puc. 598, a n 6 kapramu ypomgs{ no,ue
€ Hebpacka. Kapr: 6 - )
; a a H3obpaxkaer 0BC
11013 MHBI} y Kapra o ohoser
Jid [X BOX 0 1aHHBIM, cOGpaHHEIM B 1950 r. Kapra @ “golt‘moeli

Puc. 5.98. Ormerku YpOBH: Boxpl B
o6aacru He6packa (no HaGnenn-
fIM B CKBAXKHHAX )

@ —VpoBeHb BOAM B 1930 1. 5-—
YPOBCHb BOABL B 1960 r. nocie co-
OPYMEHHS  BOZOXpaHIIHUL:: ¢ —
H3MEHEeRHst ypoBHst ¢ 1950 no 1960 1
NMO.IY4CHHBIE 110 PAa3HOCTHM OTVeTOK
KapT o 1 6. Mecra nabaonenns or-
MEUCHB Toukamu., OTMETH: ya3anm
B GyTax Haj ypoBHey Mops
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na Mo ZaHHLIM, cobpannbiM uepes 10 ser mocae BosseeHus 60JIb-
ol naM6b Hegaseko OT cepefAlHbl njouiajgd. MsmeHeHue YpOBHSA
I0J3eMHbIX BOJ 3HAUNTEJABHO Il MpPEACTaBAEHO KapTofl pasHocrelt
(puc. 5.98,8). Tax xe, Kak H HCXOJAHBIE KapThl, NOCTPOCHHBIE C 1O~
MOMIbI0 aBTOMATHYECKHX NMPOrpaMM MOCTPOEHHS KapPT B WU30JHHHAX,
KapTa pasHoCTH Oblla MOCTpOeHa NMyTeM BHYHTaHHA ABYX MaTpHI
sHaYyeHHI B y3Jjax ceTH APYyr M3 JApyra H [OC/eAylOllero mnpobeje-
Hits M3OJAMHHI 1O JaHHBIM nojyueHHoil MaTpuubl. KoHeuHo, ecin
st 00eHX KapT GBI HCHOAb30BaHbl OJHA 1l Te 7Ke HalbJIoAeHNs B
CKBAXKUHAX, TO DA3HOCTH MEXJIY ABYMS MHOXKeCTBaMM HCXOAHBIX
JTAHHBIX JerKO BBLIUHCANTL M 3aTeM nposectTd nzoanuuil. Onxaxo,
KaK Bbl, HABEPUO, 3aMeTHJIH, HE BCe TOUKH SIBJIAIOTCS OOLUMMIL 1715
JABYX KapT.

B stom npumepe obe KapThl NOCTPOEHBI B OAIHX 1 TeX XKe e1H-
HHOAX 11 CPABHEHHE HX HPOBOJAHTCH € NOMOIILIO NPOCTOTO BHIMH-
TaHHsl 3HAueHBil, COOTBETCTBYIOWMX pasHbiM KapraMm. Opnaxo zajia-
ya CpaBHEHHsT 3HAUMTEJBHO YCJAOKHSRTCH, €CJAM KapTHPOBaHb! 1BE
pastpie nepeMenHble. OOpaTHMCS TEHNepb K PACCMOTPEHHIO chayuad,
KOrAa TpeGyeTest CPaBHUThL ABe KapThl, BbIpaxKeHHble B PA3HBIX ¢/
JHIAX H NOCTPOEHHBIE 110 Pa3JHUYHBIM KOHTDOJABHBIM TOUKaM.

Haubosce nepcreKTHBHEIMH METOAAMH IPEACKA3abusl TeoJori-
YeCKHX CTPYKTYDP, KOTOpble MOTYT cojepxath HedThb, sIBASIOTCH Me-
TOADI OTPaXKEHHBIX CellCMHIECKIX BoaH. Bpems, Tpedyemoe ceficmi-
YeCKHM BOJAHAM AJ5 TOrO, uToOH NMPOHTH OT IMOBEPXHOCTH O OTpa-
/KAI0lLero TOPH3OHTA, MOXKHO TOYHO H3MepuTh. [lo 3THM H3MepeHH-
4M MOXKHO MOCTPOHTb celicMmiryecknil paspes, KOTOPHIA AacT KOH-
GUIYpaUMIO OTPAXKAOIIKX TOPH3OHTOB BLOJb JHUN reodoHos. TTo
paay ceficMmueckix npoduiaeil BIOIb MOAO3PeBAEMOR CTPYKTYPHI
MOKHO [IOCTPONTHL CEHCMIUECKYIO KapTy B H30JHHIIAX, KaK 3T0 Obl-
J0 cieaano Ha puc. 5.99. XoTs B 3TH JaHHEBe ObL1H  BHECEHBI 10-
NpaBKH Ha BCe reoMeTpuuyeckue aKkToOpbl, KOTOPbie BJAHAOT HA Bpe-
M5 BO3BpATA BOJH, HeT TOYHOrO clocofa TPEBPaTHTL 3TH H3Mepe-
UM B OLleHKH TVIYOWHBL. DTO NMPOHCXOAHNT NO TOH NPHYHHE, UTG CKO-
POCTb, ¢ KOTOpOH ceficMmiueckasi BOJHA NPOXOINT  uUCpe3 NOPOILL,
N3MEHSeTCs B 32BHCHMOCTH OT HX COCTaBa, IMTyOMHBL I MHOTHX JpYV-
rux npuyuH. OpHaKo Kapra B H30JUHHSX /Il BpeMeHH BO3Bpara,
aHagoruyHas usofpaxKeHHoil Ha puc. 5.99, Gyaer cooTBeTCTBOBATH
no Gopme CTPYKTYPHOH KapTe OTparkaiouiero ropIi3oHTa.

Ha puc. 5.100 usobpaxkena CTPYKTYpHash KapTa B H30JNHIISIN HA
TO[} Ke NJOWAAH, NOCTPOEHHAst TIO H3MEePeHHSAM B CKBaXKHHaX, Te-
pecexamHX OTPaXKallnil TOPH3OHT. ITO jAaeT HECKOAbKO Oosee
JeTanbHyIo KapTHHY CTPYKTYPHOH KOH(QUIYypauuH, uem ceficMuye-
cKasi KapTa, XOTd ofe OueHb CHABHO HAaNOMHHalOT Apyr aApyra. Ham
HYKHO CPaBHUTb 3TH JBE KapThl, 4TOOBI ONMpeleHTh, rjie ceficyuue-
CKasl OlleHKa CTPYKTYPHBIX OTKJOHGHNI CHJbHEE OTJHYaeTcs OT
KapTHHbI, noJydyexnofi npi 6ypennn. Ognaxo ceficmuyeckne Hab 0~
JIeHHsl TIPOBOANJINCh He B OypPOBHIX CKBaXHHaX, Ille U3Mepsnch OT-
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Puc. 5.99. Crpykrypnas kondurypauus  Puc. 5.100. CTpykTypHas kapra KpoB-
OTPAIKAIOUIeH MOBEPXHOCTH, OHNPENEAEH- JH OTPAKAIOWErD TOPH30HTA, MOCTPOEH-
Had € MOMOL(LIO BpeMeHH BO3BPANIEHHS Haf 1Mo JaHHbBIM GYypeHus.

CCHMCMHICCKUX CHIHAJIOB. OTMeTkH YKasaubl B ®yTax Hag ypOB-
[IpAMHMH MHHHAMH yKa3aHB ceficMuye- HeM MOpst
ckue npouiu, Usommunn coorsercrsy-
0T HCMIPaBJEHHOMY BDeMeHH BO3BpaTa
BO.JTH, BEIPAXKEHHOMY B CEKYHAAX

METKH KDOBJII OTpPaX<alOMero ropusonta, 1 o0e KapTLl BLIPasKeHbl
B DasHBIX eIMHuNax. s Toro 4toGBl MNPSMO CPABHHUTbL HX, MBI
AO/KHLI OJHY M3 HHX BBEIDA3UTb B €JAMHMUAX APYroil aubo nepesec-
TH 00€ B CTaHNapPTH30BAHHYIO, 6e3Pa3MepHYI0 dopmy.

Bripaxenue oxnoii nepemennoll B TepmuHax ADYTOH HMeeT OIl-
PeleJCHHOE NPeHMyLIeCcTBO, TaAK KaK CPaBHeHHe OYNET HPOBOANUTHCS
B CIMHHIAX ORHOIM M3 MCXOJAHBIX KapT, YTO NO3BOJIAET HaM yKa3aThb
I171010aAd, Ha KOTOPBIX KapTHpPOBaHHas IlepeMeHHas «BoJblie, yeM
OHa NOJKHA ObITb», WJN «MEHbIUE, HYeM SHaueHMe, NPeAcKa3aHHoe
Ha OCHOBaHMH 3nauenuil apyrofi mepemennoii». Ouenka ogHoii me-
PEMEHHOH 4Yepes PYIYIO OCYLIECTBIISIETCH € NOMOLIbI0  METOL0B
HAHMEHBIINX KBAI1paTOB, HOCJE Yero Ha KapTy HauoCsITCs OTKJIO-
HeHUA NPEeACKa3aHHBIX 3HAUYCHUI nepeMeHHOH OT nefiCTBHTENLHDLIX
anavernit. OGoznauum 0any KapTHPYEMYIO OUEHHBACMYIO MepeMeH-
HY10 uepes Y, a apyrywo uepes X. Ecan maGmonmenns ofenx nepe-
MEHHBIX X 11 ¥ OCYIIeCTBJSJIHCE B OAHHX Il TeX Ke TOYKAX, TO 110
5THM HaldIo/leHUsM MOXKHO HallTh perpecciio Y na X. Hcnoabsys
YDabHEHHE DErpeccHH, MOXKHO NDEICKA3aTh 3HAYCHHE NepeMeHHOM
V' B Ka®J0H Touke, T. €. (DAKTHUECKH COCTABHTD kapty X B TepMu-
nax Y. VIHBIMHI ci10BaMu, MBI BEIUHCIHM

V=8 +8X, (5.102)

AT BCeX TOHEK KapThol, rjae Y sBasterca JHUHeITHbIM npeo6pa303a4
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preM X B eIMHHIB! Y, TOJAYYeHHBIM 1O METOLY HANMEHbIUHX KBal-
patoB. XOTs OOBLIYHO AT HAXOKAEHHs 3HA4eHHIl lCNOMb3YeTes JIH-
Helinast perpeccust Y Ha X, pas 9TOH Ledd MOXHO HCHOJb30BATE
TaKXKe NMOJHHOMHAJbHYIO PCTPECCHIO HH3IIMX MOPSAKOB. Hpouely:
a ee NOJyYeHHs B TOUHOCTH Takas Xe, KaK B CHCTeMe ypaBHeHHH
(4.13)—(4.16), ¢ TeM JHLIb H3MEHEHHEM, UTO APTYMEHT — 3TO OJIHA
13 ABYX KapTHPYeMBLIX NMCPEMEHNBIX, a He NPOCTDAaHCTBeNias ro-
opannata. Haxoxpenne xo>PoUuHeHTOB ypaBHEHHs (0.10?) ocy-
LIeCTBJSIETCS ¢ NOMOUIbIO PCIICHHA HODPMAJABHBIX ypaBlIeHIil:
23

2}’; — by b 2 X

1
i=1 =1
n

n n’

I 2 %Y 2 =y
‘}' 1\1') e 1,70 4\\/1‘ bl} ‘ 4\iv %\DAH;!\S}
=1 =

=1 i=1
KOTOpLlE B MatpPHYHOA dopMe MOXKHO 3amiCaTh Tak:
P on X bo-_ ‘l'\jY i
Lx :1‘\*2J ' {bIJ“LZXYJ'

[TonyTHO MOKHO TOJIYUHTbL JYYHIYIO OLUEHKY Y ¢ NOMOIILIO [e-
JAITHOMHANbHOA MOJe/H; COOTBETCTBYIOLUIHE HODMalbHbie ypaBHEH!R
daubl B (4.32).

[Tocae Toro kax HailgeHO ypaBHEHHE, ONPeILIMIOWCE OAHY 113
flepeMeliElX Yepes APYryio, MOXKHO BEIYEPTHTb KapTy NPeACKas’aH-
nplx 3Havennil Y. Tak Kak sHauenns Y NOJYdaloTcs TOABKO Ha OC-
HOBAHHH 3HAYeHMil BTOPOH mepemeHHOH X M COOTHOLICHHS MEXAV
¥ u X, Koropoe Mbl onpejenuaH, Kapry Y MOXKHO CUHTaThb KapToi
X, BolpaxeHHOll B eaunHuumax Y. Kapry pasHocted Y—Y MOXHO
cyuTaTh Kaprofl pasHocTell Mexay X u Y, BuparkeHHBIX B eLHHH-
nax Y.

B sTOft wacTHOW 3ajaue MBI HHTEpPECYeMCs TeM, HaCKOJIbKO XOpo-
410 ceficMMUECKHE JaHHble NpeiCcKaspiBaoT cTpykTypy. Cienosa-
TC.IbHO, MBI MOKEM ONpelenHTb Y Kak riaySuHy CTPYKTYPHI, a X—
KaK BpeMa BO3BpameHnns ceficmndeckoil  Bosne. Taknm oGpasoM,
¢ MOMOIIBbIO YPaBHEHHST perpecciu

ﬁ\
o)
-
r
s

ray6aHa cTpyKTypbi=>bof-b; (BpeMS BO3BpalieHils CeilCMIUeCKOH BOJIHBI).

MOZKHO HOJYYHTb OLEHKY CTPYKTYPHl II0 CEHCMHYECKHM JIaHHBIM.
Tax Kax JABe nepeMmeHEble OBIJIA H3MEDEHB HE B OAMHAKOBHIX TOY-
Kax, MBI JOJIKHBL CTPONTBH Hallle ypaBHeHHe Ha OCHOBAHHI OUEHOK
X 1 Y, mosydeHHBIX B NPOMEXYTKAX MEXIY KOUTPOJIbHBIMI TOUKA-
MH N0 TIporpaMmme NocTpoenns uzoaumuuil. Ilo 370l npruniie HeBos-
MOKHBl HUKaKHe OLCHKH KauecTBa perpeccun Y na X.
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Puc. 5.101. Crpykrypuas KapTa, noayueH-
Hasi Ha OCHOBAHMM CeHCMMUYECKHMX JaH-
HbIX (@) M Kapra pasHocTeill OTMETOK H30-
JHUHUA KapThl «a» M CTPYKTYpHOIl KapThl
puc. 5.100 (6). 3awrpuxosans AJOIMAAKH,
Had KOTOpBHIX NPEACKA3AHHLIE 3HAYEHHS MO~
JOKHTENLHBIX  OTKJOHEHHH HMIKE UCTHH-
HBIX.
HMsoaunun yrasano 8 gyrax naj YPOBHEM
MOps

Puc. 5.102. lse npamuie perpeccun ¥ ua X
X X Ha Y, nocrpoennsie no Habopy BHGO-
POYHBIX TOuEK

Puc. 5.101, a npeacras.asier co6oil KapTy OLEHOK CTPYKTYPHBIX
OTMCTOK, MOJIYUEHHLIX I3 YypaBHeHHil perpeccun. Tak xax ypaBHe-
HHE perpeccuil BuIpaxaeT NMPAMYIO 3aBUCHMOCTb, (OPMa OIeHuBae-
MOl CTPYKTYPBI MACHTHYHZ (OpPMe KapThl BpeMeHH BO3BpaUICHHSA
CencMnueCKHX BoJH. OAHAKO 1IKajda BpeMeHH Oblia npeobpasopa-
l1a B LIKaJdy abCoMIOTHBIX OTMETOK. YpaBHeHHe, CBA3BLIBAIOLICE ray-
OlHY 3a/meranusi CTPYKTYpLl H BpeMsi BO3BPAUIEHHS CelicMHYeCcKHX
BO.III, MOXKHO pacCMaTpUBaTh KaK CNOCOO  OUEHKH CKOPOCTH pac-
fpocTpanenus ceificmiyeckux curnanos. Taxknm o6pasowu,

raybuna ctpyrrypot=1389,6 —1692,5
BOJTHEB) .

(BpeMst  BO3BpAIIEHHS  ceficMityecKoll

Ha puc. 5.101, 6 uzo6paxena KapTa pasHocTH Y—7Y. IMnouraau
Ha KOTOpHIX CeficMHYeCKHe LaHHLIE OUEHHBAIOT MeHBIIYIO r.r1y6ym3;
CTPYKTYPHOTO TOPH3OHTA, H€M PeasbHO CYMLeCTBYIOULAS, HMEIOT BHUJI
NOTOKHUTE/LHLIX OTKJIOHeHH]l. Tam, rie ceficMuueckue MeToLDI npej-
CKa3blBAIOT GOAbIIYIO TAYOHHY, OTKJIOHEeHHe OydeT OTpHUATENbHBIM,
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Puc. 5.103. UsmeruuBOoCTL CTAHA2PTH-
30BAHEBIX MAPAMETPOB pazMepa HacTHIL
NOHHLIX OCAaAKOB, coGpanHbIX Ha mobe-
pexbe Cepeproft Kapoaunm  (xapth
WUCXOMHBIX NMapaMeTpoB  npercTaBJeHbl
Ha puc. 5.67):
€ — CTAHAAPTH3OBAHHOE  CTaliapTHOE
OTKJOHEHHEe; 6 — CTAaHAAPTH3OBaHHASA
ACUMMETpUsl; 6 -— Kapra pa3HCCTH OT-
METOK u3oaunnii kapr ¢ ¥ 6. Eannnued
H3MEDEHNsT KapT SIBJISETCS CTAaHAapTHOe
OTKJOHEHHE OT CPERHEero 3HaueHus Hc-
XOAHBIX mapaMerpos. Ilaomajin, coot-
BETCTBYIOHIHE NOJOKUTETHHEIM  OTKJIO-
HERISIM, 3al0TPHXOBAHLI

TTpir HCNOAB30BAHNI 3TOTO METOLA MOTYT BO3HHUKHYTb HEKOTO-
pLic zarpydHcerus. Bo-nepBelX, OUCHKH Y MOXKHO NOJYYHTH JHUb
A0t uacTH spadennit nepemenuoft Y, Ecau xoppensunsa mexay X u
Y 1eBBicOxast, TO fpH  MOJACTAHOBKC OLECHKH Y MOIyT BO3HHKHYTb
cepoesnbie omubri, B stom  npuMepe R=0,87 11 nosToMY OUEHKH
BUSVHAOTCS XOPOILHMIL.

Hecmorpst Ha TO UTO BBHIOOP €IMHHUIL H3MepeHHs TAyOHHLL AJ7
NOCTPOEHHST KapThl PasHOCTEN KaxKeTcs BIOJHE ONPaBAAHHLIM, BO-
npoc O TOM, Kakyio NepeMeHHYI0 Hajlo BoOpate JAJsI IOJy4YeHHus
OLICHOK, PELIHTh vjaeTcst He Bcerga. Kax mokasaHo Ha puc. 5.102,
B TOM CJyuae BO3MOXHBI JIBe JuHHI perpeccun: X Ha Y u Y na X.
Ecin xoppeasauna mexay X o Y BHICOKas, TO ABe JIHHHH NPHOJIH3H-
TCJABHO COBNAAANOT, HO ec/JM KODPeJsius He sPKO BHIpaxeHa, To
JiBe JITHHH OLeHOK MOTYT NPHUBECTH K COBEPIUEHHO DPAa3JHUYHLIM pe-
ayaetatam [60]. BosmoxHblll cnoco6 npeojaodeHus 3TOH TPYAHO-
CTH — IICIIONB30BATh IPHBEAEHHYIO TJIABHYIO OCb AJS BhIpa)KeHHd
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OAHOII NepeMeHHOl uepes Apyrylo (cM. ra. 4). KoneuHo, COMHHTE]b-
HO, 4TO NPH OTCYTCTBHH BBICOKOH KOppeJsiund MeXAy ABYyMd Nepe-
MEHHLIMH UMEET CMLICJ IbITaThCsA CPABHUTDL HX, UCIOJIb3YS MNpOrHo3-
Hbl€ METOJHhI.

TpyaHoCTell, BO3HHKAIOWHMX IIPH H3YUYEHHH KapT pasHocrteii, no-
CTPOEHHBIX HA OCHOBAaHHMU OUCHOK HJIH IpeACKa3aHHbix 3HaueHufl
nepeMeHHbIX, ylacTest H30exaThb, eC/n JBe HCXOLHBIE KapThl Ipeod-
pa3oBaTh B CTAHLApTH3UPOBaHHYIO ¢opMy. C 3TOH UeJbio U3 3Ha-
YeHUs: nepeMeHHoﬁ B Ka}KILOfI KOH’I‘pOJIbHOf/’I TOUKE BbLIYHTACTCS
cpejliice 3HAUEHHC ITOH IEpPeMEHHOW H MOJyyeHHas pasHOCTh Je-
JIUTCsI Ha CTAHA4pPTHOE OTKJOHEHHE. HMubiMu CJIOBAMH, BBINIOJHACT-
¢Sl TO Ke npeoOpasoBaHue, KOTOpoe IICNOAb30BAJOCh B . 2 [
npeocOpa3oBaHHs 1aHHBIX B CTAHAAPTHYIO HOPMaJbHYIO Qopmy

Z,— (X, —X)/s. (5.105)

[Mocae Toro kKak JaHHbEe MO KaXJOH xapre CTaHAapTU3HpPOBA-
HBI, 10 HHM MOKHO [OCTPOHTH H30JIHHH 110 0Obi4HOK cxeme. OpHa-
KO 3HadeHHs H3OJHHH{I BhIpazkeupl B eIHHHUAX CTaH14pTHOrQ OT-
KJIOHEHHST M NPUHHUMAIOT KaK TOJOXHTe/JIbHbLIE, TAK H OTPHIATENb-
Hple 3HayeHHsl. Tax Kak eJUHUIBl M3MEPCHHS KapThl HEH3BECTHEI,
5TO MOXKET NPEeACTABUTb HEKOTOpble 3aTPyAHEHMs IIpH HHTepnpera-
unu. O1HAKO cienyeT OTMETHTb, YTO TOT, KTO ICHNOJb3yeT cTaTHC-
THYeCKIle MPOUEAYPhl, He OyaeT HMeTh OOJMBLINIX 34TPYAHEHHH, CBS-
3aHHBIX CO CTAHAAPTH3HPOBAHNON IUKAJOH 3MepeHHH.

B kauecTBe npiMepa KapThl CTAHA2PTHBIX OTKJIOHEeHHII H acHM-
MeTpHH paclpejeselns OcafkoB B JsuMaHe (cM. puc. 5.97,6 U 8)
NpHUBEACM K CT2HAAaPTHOMY BHAY (pHc. 5.103,a u 6).

Tenepbp o6e KapTsl BhlUepYeHB B OAHOM I TOM ke MaculiTabe H
HX MOXHO CPaBHHTb MeXAy co0Oil, ecaHu «BBIUECTb» OJAHY H3 JpY-
rofi. B peaysabraTe moayuuTcsl Kapra pasHocTeil, aHaJoOrHYHas Kap-

Te H30NaxurT. KapTa pa3sHOCTH CTAHAAPTHOIO OTKJIOHEHUSA 1 acClIMMeT-

puu npeacrasdeHa Ha puc. 5.103, 8. OnHaKo, Tak Kak Kapra pasHo-
cTell MOXKET coaep:KaTh 00JIaCTH HeONpeAeJeHHOCTH, MOILyT BO3HHK-
HYTb pasJH4HOTO poja Bonpochl. HanpuMep, paccMoTpuM pPSAbi
paspesoB ABYX KapT MOBepXHOCTei, M300paxeHHEIX Ha puc. 5.104,
B srux magioctpaunsx paspe3 B BbiudTancs 13 pasdpesa A. Ha
puc. 5.104, @ oxnaaeMas NOJOXKHTENbHAS PA3HOCTb €CTb pe3yJibTar
BBHIUHTAHHS MaJjol NOJIOXKHUTEJBHOH TJIOWAAH U3 0O0/bLIOH NOJOXKH-

Puc. 5.104. Pa3pe3n! kapT, NOKasbBalomue CJAyuaM, BO3HKKAKOIIME NPH NMOCTPOCHHH
KapThl Pa3HoCTel MeTO/,0M BbIUHTAHHS 3HAYEHHH OAHONH KAaPTHI H3 ApPYroM:
@ — BbIYHTAHHE 3HAUCHHI MAJOH MOJOXKHUTENbHON IJIOWAAH U3 3HaueHuit 60JblIOH
NOJOXKHTEbHOH IJIOIaAH; 6 — BHIUATAHHE 3HAYEHHH MaJoll OTPHLIATeIbHOH ILIO-
Wajn 13 3HaYeHHH MaJofl NOJOXKHTEJIbHOH IJIOLIANH; De3y/bTaT Taxoi XKe, Kak
H B cJIvYae d; 6 — BbIUHTAaHHE 3HAUEHHH OOJBLUION MOJOMKUTEJIbHOH HJOWIAAH H3
3HAUeHlH MAaJof MOJOXKHTE/BHON IJIOUWaAM; ¢ — BBUHTAHHE 3HAYeHHH MaJoll HoJo-
XKUTETBHON IVIOUIAAHM H3 3HAUEHHH Masoil OTPHILATENBHOH MJIOIIAajAH; De3y/bTAT Ta-
KOH Ke, KaK i B ciaydae 8
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teabHON nuomwanu. Ha puc. 5.104, 6, ogHako, BHAHO, YTO HOJIOKU-
TejJbHasl DA3HOCTbL TakKe MOKeT OBIThb Pe3yJbrTaToM BbHIUHTAHHA
GOJIbLUION OTPHLATEJbHON MJOIAAN H3 MAaJoH MOJOKUTEJbHOI I1710-
maln (M jaxe U3 HyJeBOf IJIONIAAH HJIH MaJjofl oTpHuaTe bHOH
nJaowanl). AHaJoTIyHble cJAy4ad, COOTBETCTBYIOLIHE OTPHITATC b=
HLIM pasHocTAM, u3obpaxensl Ha puc. 5.104, 8 u 2. Xotsl pasuocTu
yKasalbl BEDHO, Mbl JOJIZKHBI CUlTaTbh JBe HOBEPXHOCTH, IH300pa-
KeHHble Ha puc. 5.104,a u 8, Gojec MOXOKHMIL, HCM [HOBEPNHOCTH,
nsobpaxennele Ha puc. 5.104,6 u 2. B wactsax a # g obe nonepx-
HOCTH OTKJAOHAIOTCA OT Cpejlliero 3HaueHlst B OJHY 1L Ty e CTOpo-
HY II MOTYT pacCMaTpHBaThbCA KakK OJM3KHe K ITapadielbHBIM. Kop-
pesasliA MCHKAY psAaMH Touer, 00WMX ajsi o0eux [noBepxiiocreil,
OyaeT moJoxkuTeabHoll. Ecan aBe nosepxnoctH Oau3ku no dopme,
TO MEXKAY HHMH liMeerca CoJiee BeIcOKas koppedasiusa. Haofopor,
11apbl II0OBEPXHOCTEH, H300paXeHHbIX Ha puc. 104,06 u e Gyavr o1-
pPHLATEIbHO KOPPEJHPOBAHLL, TaK Kak OHH HMEIOT NPOTHBONOJON-
IIBIH HAKJIOH,

IlockosbKY NOBEPXHOCTH CT2HAAPTH3UPOBAHLI, B AefCTBIITEIbHO-
CTH AJISl TOJIyYeHHsi Mepbl CXOACTBA MENLY ABYMsI 1IGBEPNHOCTSIMII
HET HeOOXOAUMOCTH BBIYHCIAATL KO3(Q UUHEHT KOppeasiili. BmecTo
3TOTO TIOBEPXHOCTH MOXKHO MEPEeMHOXKHTH. Ecau ofe moBepNHOCTI
OTKJIOHSIIOTCS OT CpPEeJHEero 3Ha4YeHHs] B OJHOM H TOM e HalpagJe-
HHM, HX NpoM3BeleHlle Oyaer nogoxureasuuiM. Ha puc. 3.105 npu-
BeJleHbl NpUMepbl, NPeACTABAAIIIe 00e yKaszaHuble BO3MOMHOCTH.
LJAHHCTBEHHBIl HESCHBI CAyYail BO3HHKAET TOrl1a, Korjla o©JIHa M3
NTOBEPXHOCTER SIBJASETCH IJOCKOCTBIO, XapaKkTChH3VIOHiell c¢peiHee
snaveHre. Ilocse cTaHjapTH3auyull  BCe TOYKH Takoll NOBEPXHOCTI
OyAyT HIYJEBBIMH, MO3TOMY KapTa NpOU3BeleHHs GVIeT Takke Hy-
J€BOH He3dBHCHMO OT (OPMBI BTOPOil KapTul. JTot caydall uszedpa-
JKeH Ha puc. 5.105, e.

Kapra npoli3BejeHus JRYX CTAHAAPTH3HPOBAHHLIX CTATHCTHX
pasMepa sepel uacOpaxeHa Ha puc. 5.106. Ilzomwani Belcoxoll cre-
ileHIr GJH3CCTH JIBYX NOBEPXHOCTEH SICHO BWAHDL, TaK Ke KakK H 00-
Jactu, TAe OHM 3aMeTHO OTJHYAI0TCS JPYD OT JApyra.

Kosddrunenrol cpaBHeHUs KapT

Brile 145 cpaBlleHHsl NOBepXHOCTell TPeHaa pa3JuidHbIX CTPaTh-
rpaduueckuX ropisoHToB Oblla HCIOAb30BAHA OUEHb TPOCTAS 1IPO-

geaypa. Tax xax npeacxKasadne 3HayeHn# yi OCYLICCTBJAACTCA HC-

Puc, 5.105. Paspesnt kaprol, nokasbiBalonmide pesyabTaThl CPABHEHHs] KapT NPH X
NEPEMHOMEHUHUE
@ — yMHOXEHHE 3HAYCHHUI JBYX NOJOXKHTEJbHBIX NJOLIajell; 0 — YMHOXKEHHE 3H2-
YeHH{l JBYX OTPHUUTEJbHBIX IJoIIafell; 8 — yMHOXEHHe 3HaueHHIl MOJ0XKUTEIBHOI
[JIOIMAAH HA 3HAYEHHS OTPHLATEJbHOKH; &— YMHOXEHHe 3HaueHH#l JH60 NOMoXKil-
TCIbHOMH, 160 OTPHUATEIbHON NIOMAAH Ha 3HAUCHUS HYJIEBOH ILIOINAAH

197




Puc. 5.106. Kapra npoussenennii snauve-
HUR KapT CTaHJAPTHOTO OTKJOHEHNS
Pa3sMEpoB 3€PEH M KapTbl ACHMMETPUM
Pa3MEpOB 3€peH B OcafKaX, COBPAHHDIX
Ha noGepexbe CesepHoit Kapoanssi,
Hepeonauansubie napamerps pasmepos
CTAHAAPTH30BaHBl TaK, KaK 3TO IOKa3a-
HO Ha puc. 5.103. TlooxuTeapHHE MI0-
Wajk (3aMITPUXOBAHL) YKAa3LBAIOT HA
BBICOKYIO KODPEJIALHI0 MeXAy KapTamy
TIOBEPXHOCTEH; 06J1aCTH OTPHIATENBREIX
3HAUCHMH YKa3bBAIOT Ha 0GPATHYIO KOp-
PesISIIHIO MeX Ay KapTaMu

KJOYIITe/IbHO HA OCHOBAHHH NOJHHOMHAJBHOIO ypaBHEHHS, CTeNeHb
CXOACTBA MEXAY NMOBEDXHOCTAMH MOXHO YCTAHOBHTbL ¢ TMOMOLLBIO
CPABHCHIISI OJHUX TOJBKO MOJHHOMHAJBHBIX  KO3(G(HIUEHTOB ;.
Koneuno, nosepxHocTn fo/IXHbB UMETh OAHY H Ty e CTelleHb, Tak
KaKk CcpaBHMBACMble YPABHEHHA JOJKHB COAEpPXKaTh OJHHAKOBOE
YHCJO 4jeHOB. Kpome TOro, A5 1OJyd4eHHs ypaBHeHUil cpaBHHBae-
MBIX HOBEPXHOCTeH HYXKHO HOJIb30BaThCA NPOGAMH, UMEIOIUIHMH TO
e MeCTONOJIOKEeHHe. DTH OrpaHHYeHHs! YMEHbUIAKT 00JacTb Npii-
MEHHMOCTH J1aHHOTO MEeTOAa K TakHM 3aJayaM, KaK H3yyeHie
CTPYKTYPHBIX M3MEHEHHil B peruoHe, KOTOPHIE OTPAXKAITCS B CXOJ-
CTBE NMOBepXHOCTell TpeHIa Ha NOCJeJOBAaTEJbHBIX CTPATHrpaduue-
CKMX TOpH3OHTaX. Jlpyrasi BO3MOXKHasA 06J1aCTh IPHMEHEHHS — CPaB-
HeHHe MOBEPXHOCTeH TPEeHAAa pPAasJIHUHBIX MHHEeDPaJOrHYEeCKIIX H Teo-
XHMUYECKHX COCTaBJSIOUHX [IPH YCJAOBHH, YTO BCe IepeMeHHble MO-
JIyUEHbl Ha OCHOBAHHH OZHONO M TOIO e MHOXeCTBa npob H Bce
NOBEPXHOCTH HMEKT OJHY M TY XK€ CTeNeHb.

KosppuurenTs MOXHO CPABHHTDL C TIOMOUIBLIO OLHOI 113 HECKO.Th-
KHX Mep CXofctBa. [lst 9TOH LeJH MOAXOAHT KOI(GHUHEHT Koppe-
JISLHH, onpeacaseMblil 1o gopmy.e

cov B,

=
} var 8, var 8,

(5.106)

KoTopas noJiyueHa npsMo us cooTHoureHus (2.24). Opnako BMmecTo
cpasHenust Habumonenniit X; u Xy Mpl cpaBHHBaeM KO3(DGbHIHEHTbI By
ypaBHeHun# nosepxHocTeli Tpenga 1 u 2.

HApyras mepa cxoacTsa, HCHOJb3yeMas IJs ITHX Leaefl, — Tak-
CONOMIYECKOe paccTOsHHe d, onpelenseMoe 1o (Gpopmyae

—
n

d == - ! Z(pliﬁﬁzi); //l, ' (5.107)
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Puc. 5.107. [MoBepxHocTu Tpenpa TpeTbeil cTeneHH AJg cTparurpapnueckux dopma-
uuit B Cepepo-3anapnom Kausace [57].

BospacTt: g — MeJnoBO#l, 6 — mEPMCKHUil, 6 — MEHCHJbBAHCKHI, &— MHCCHCHICKHI,
0 — ODAOBHKCKHUH, € — NOKeMODPHACKHH

T. €. TAKCOHOMHYECKOE pacCTOsHHEe PaBHO KBaJPATHOMY KOPHIO H3
CPeAHero apu(METHYECKOrO KBa/PAaToB DAaCCTOSHHH MEXLy IKBI-
BaJIeHTHBIMU KO3 GHINEeHTaMH ABYX CDaBHHBAeMBLIX NOBePXHOCTEH.
MEl paccMOTPUM 3Ty Mepy B Il 6 NpH H3y4YeHHH METOAOB KJacCCH-
¢duraunu, Takaa Mepa He Gosee a¢dexTHBHA, UYeM KO3p(HUHEHT
KOppeJsitii, HO ee HHOTJA Jerye HHTEpPIPeTHPOBAaTh, TaK KaK OHA
BCErja NOJOXKHUTEJpHA H He MOXKET, KaK KO3((OUUHEHT KOppeaslnH,
NpHHEMATh 3HaueHus, Medbue 1,00, AHaJOrHyHble MHOMXKeCTBA
JaHHBIX JAKT TAKCOHOMHYECKHE DACCTOSHHA OT HYJs; MHOXeCTBA
JAHHBIX C YBEJHYHBAKIIUMCS pazbpocoM HMeIT Bo3pacTamollye
TAKCOHOMHYECKHE PACCTOSHHA MEeXKIY TOUKAMH. .

Ha puc. 5.107 usoGpaxen psa NoBepXHOCTeH TpeHAa Tperbed
CTerneHu, MOROGPaHHBIN [Js mHocJaejoBaTeJbHOCTH dopMmaunnil Ha
o1Ho# us tepputopuit B CeBepo-3anagnom Kausace. HccaenoBanie
3THX ABYX MAaTpHUIl, NpelcTaBJeHHbX B Tadnd. 524 m 5.25, nokasnl-
BaeT, YTO OTHOCHTENbHOE CXOJCTBO, BHISBJsSeMOe 3THMH ABYMs Me-
paMH, B 060HX CJyuasix OAMHAKOBOE.

Ypasuenue NOBepXHOCTH TPeHAA, NOJYUeHHOe Ha OCHOBAHHH OJ-
HOTO MHOXKECTBA KOHTDOJBHEIX TOYEK B PErHOHe, MOXKET CHJbHO OT-
JIHY4ThCS OT YPABHEHHS TOH Ke CTENeHH, NMOJYYeHHOro MJIf APYTHX
TOYeK B TOM ke pernoHe. OnHako ¢opma JABYX NOBepXHOCTEH TpeH-
1a Moxer ObIThb OLHOH UM TOH Ke, U o6e MOTYT AaBaTh OJHHAKOBO
XOpOLIYI0 ammpOKCHMaUMio. 3To BhITeKaeT 113 TOro ¢akra, uro
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Ta6bnuma 524

Matpuua xo3dduuHeHTOB koppeasuun MexAy KoahduuueHTamu nOBEPXHOCTEH
Tpeuna rperbeli crenenn (Koadpuument (¥, MCKMoueH u3 paccmorpenusi) [58]

Bospact a 6 B r I e

: 1,000
6 0,684 1,000
B. 00,6721 00,2501 1,000
r. Micenenncrinit —0,547 1—0,032 |—0,036| 1,000
. .

¢

. Oploprver —0,002 [—0,010! 0,521 0,256 1,000
. Bepxumit zekeMdpnit —0,470 1—0,4851—-0,838 |—0,248 |—0,693 | 1,000

TabGauna 525

Marpuna TaxconoMMYECKHX PACCTOSIHRMIT Mexcay xoaqQHIMeHTamy NoBepXHOCTEH
Tporaa Tpetsed; crencHu (koadduunent By ucksoueH n3 paccMerpennsa) [58]

BoapueT a ] B r i e
a. Mejoso# 0,000
5. Tlepmcknn 0,516 | 0,000
B. TTencnaesanckult 0,565 1 0,691 0,000
r. Mucchcnncxi 1,316 ] 0,975 | 1,108
1. OproBurekf 0,943 1 0,789 1 0,629
¢. Bepxnnit noxemopuil 2,086 | 1,859 | 2,796, 0,000

yYpaBHene TpeHza — 3TO YPABHEHIIC perpecciii Ha recrpaduueckux
KOOPAMHATAY, HOCTPOENNoEe TI0 HEKOTOPOMY MHOKECTBY JaHHLIX C
VKA3aHHLIM MeCTONOo/JI0KeHHeM, I03TOMY JI000e U3MeHeHHe MOC/Ie]-
IHX oTpaxaercst B kos(pduunenrtax. Ilo s70fl npuunbe cpaBHenus
MCKAY KospuIHeHTaMy TpeHl1a OGOCHOBAHHBI, €CJH JJIs TOCTPOe-
HUS CPAaBHHBAEMBIX NOBEPXHOCTell TpeHJa HCNONb30BAJNHChL OJHI K
re xe polGopounnle nauuble. Jadee, abcomoTible 3HAYCHHS K03-
QUUIEHTOB PerpeccHil HEOTAA NOABEPIKCHE CIVILITBIM (IYKTYaLHAM,
B 0COGENHOCTH A1 BEICOKHX CTENCHCH, 4TO siBIACTCA DC3VIALTATOM
MAIIIHHOTO OKpYyTaelns W orbépacuiBaiiis  130LITOUHBIN DA2psi/I0B.
I1H HAKTOPH OrPaHKUNBAIOT NMPHMCHIMOCTD TaHIOTO METo/la ChaB-
leHHs KapT nosepxuocred.
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Sciences Monograph. Washington, D. C., 1965, 57 p.

6. Benneit R.J. Spatial time series, analysis—Iorecasting—countrol. Pion Lid,,
London, 1979, 674 p.

Hopelimwas 1paKTOBKS BPEMEHHOI il MPOCTPAHCTECHHON HSMEHHUHBOCYH, PACCMITPH-
zueMad C TOUKA 3PEHild KJIACCHURCKOTO aHiil3d BPCMEHHLIX PrjOB.

7. Berry B.J. L., Marble D. F, (eds.). Spatial analysis, a reader in statistica
seography. Prepiice-Hail, luc, Englewood Clifis, N.J.,, 1968, 512 p.

COOPHUK OCHOBONO.IAICIOMIX cTaTell, NPCACTaBAMIONNIl HHTRPEC KAK A5 I'eG0i 0B,
TeR W 404 reorpados. MHOTHe M3 HHX U3BACGEHBI H3 HCAOCTYIHLIN NCTOYHHKOB.

s, Birkhof[ G, Mansjicld L. Compatible triangular finile elon Jour.
Slahwematical Analysls and Applications, 47, N 3, 1974, p. 531—553.

[Toapobuoe obcyxaenue MaTeMaTHUCCKIX NPHHLUHIOR, JeKallluX B OCHOBC 4alo-
DTMA OKOHTYPHBAHHUS METOA0M TPHAHIY IALHH.

Y. Boon /. D. 1il, Evans D. A., Henningar H. I/, Spectral infcrination irom
vurier anbalysis oi digitized quartz grain profiles, Jour. Int'l Asscc. Mathema-
ical Geology, 14, N 6, 1982, p. 589—5605.

5 cratee yKEleIBaeTCH Ha BaxXHOCTb OHpEJHCICHUHA HCTHHHOTO LEHTDOILia B NOJIAD-
HoM ana/suze Pypwe, obpamaercs ocoboe BHUMAHHE HA €0 HPHMEHCHNC K H3yue-
Hi10 (OPMBI 3epeH.

10. Chages F. On deciding whether trend surfaces of progressively higher
order are meaningful, Geol. Soc. Amer. Bull,, &1, 1970, p. 1273—1278.

11. Cheeney R. F. Statistical niethods in geology, George Allen and Unvin
Ltd.,, London, 1983, 169 p. HMuecerca pyccku#i nepesoi. Hunu P. @. Cratucraue-
2Kue MeToall B reojorun. M., Mup, 1986, B riasax 8 u 9 2Toll KHHrY cojepRATCs
HCKJAIOUATEJIBHO XODOUIO H3JMOMKeHHDLI aHa M3 JABYMEPHBIX M TPEXMEPHBIX OpHeH-
TUPOBAHHBIX [EOJOTHUECKHX JAHHBIX,

12. Chorley R. J., Haggelt P. Trend-suriace mapping in geographical
research. Trans. Inst. British Geographers, Publ. N 37, 1965, p. 47—67.
slcHoe wH3/0:KEHHE TpEHI-dHA/lH3a [OBEPXHOCTEll ¢ HECTATUCTHUECKHX MO3UIHIL.
BOJBUINHCTBO PACCMATPHBAEMBIX IPHMC[OB Te00THIECKHUE.

13. Clark 1. Practical geostatistics. Applied Science Publishers. London,
1979, 129 p.

B 310l KOMII4KTHOH KHHXKe Hau(o.ce $ICHO HU3JI0XKeHB TEOPHs PErHOHaJIM30BaH-
HbIX MIEPEMEHHbIX H NPaKTHUeCKad TeopHs Kpaliruura.

i4. Clark M. W. Quantilative shape analysis, A review, Int'l Assoc. Mathe-
matical geology, 13, N 4, 1981, p. 303—320.

Tonpo6ubiii 0630p aHanu3a YacTHHIX (OPM, OCHOBAHHOYO Ha METO/Je PAa3J0KEHUs
B psusl Pypoe.

15. Cliff A. D., Ord J. K. Spatial processes, models and applications. Pion
Ltd, London, 1981, 266 p.

Onucadpl HOBEHIIHe METOAB NPOCTPAHCTBEHHOH ABTOKOPPEJSuUll H aHaau3a o6-
pa3oB u3 TOUEK. DBOJBLIIMHCTBO NPHIOKEHHI KacaloTCsl AHCKPETHHIX reorpadHieckux
nepeMeHHBbIX.

16. Cochran W. T. and others. What is the Fast Fourier Transfom? Proc.
Inst. Electrical and Electronics Engineers, 55, 1967, p. 1664—1674.

17. Cole J. P., King C. A. M. Quantitative geography. John Wiley and Sons.
Inec., New York, 1962, 692 p.

Uennas Touka 3penus reorpados Ha npocrpaHcTBeHHBI anaaus, Hacrs 2, o3araas-
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senntas «[IpocTpakcTBennble PACIPEAeIeHsA 11 COOTHOLIGHIA», HMEET naubonpluee
OTHOUIEHHE K MATEPHANY 3TOM IJIaBbL

18 Cole L. J., Davis I. 0., Marks W., McGough R. I., Mehr E., Pierson w.J,
Roper 1. F., Stephenson G., Vetter R. C. The directional spectrum of wind gene-
rated sea as determined from data obtained by the stereowave observation project.
New York Univ. Meteorological Papers, 2, N 6, 1960, &8 p. ]

19. Dacey M. F. Description ol line patterns. Northwestern Studies in Geo-
graphy, 13, 1967, p. 277—287. i
OHO U3 HEMHOrHX H3/alHH, B KOTOPHIX PACCMOTPEHbI CXeMbl JMHHH Ha IJ0CKOCTH.

20. Dalberg E. C. Relative eifectiveness of geologists and computers in
mapping potential hydrocarbon exploration targets. Jour. Int’l Assoc. Mathema-
tical Geology, 7, N 5/6, 1975, p. 373—394.

IleTanbHoe CpaBHEHHE KOHTYDHBIX KapT, BBIUEPUCHHBIX T€ONOraMH H KOMIIBIOTED Ll

91. David M. Geostatistical ore reserve estimation. Elsevier Publ. Co.,
Armsterdam. 1977, 364 p.

Mmeercs pycckuit nepeson: /Jasud M. T'eoctaTncTHieckne METOLb! NPH OLEHKE 3a-
nacos pya. M., Heiupa, 1980.

TloapoGioe H3JI0MKCIHNE TEOPHU DEriOHaJIH30BAHHBIX JICPEMEHHEIX H HCHOAB30BAIINA
Kpaiiruura aas mozcieta 3amacos. HeckoabKo NporpaMm Ha ©®OPTPAHe Bximoue-
HBl B TECKCT.

99 Davis J. C. Conturing algorithm, in AUTOCARTO II — Proceedings of
the International Symposium on Computer-assisted Cartography, Sept. 21-—25,
1976. U.S. Bureau of the Census/Amer. Congress on Survey and Mapping,
p. 352—359.

Toscustorest BHI60p aAropHTMa ONPOGOBAHHA H €ro npeobpasoBaHue.

93. Dauvis I. C.. Preston F. W. Optical processing — An alternative to digital
computing, in Fenner P. (ed.). Quantitative Geology. Geol. Soc. America, Spec.
Paper, 146, 1972, p. 49—68.

94, Donrelly K. P. Simulations to determine the variance and edge effect of
total nearest neighbor distance, in Hodder, / (ed.). Simulation studies in
archaeology: Cambridge Univ. Press, Cambridge, 1978, p. 91—95.

Bamuas CraThi, ONMCHBAIOUIAA H3MCHEHHs, HEOOXOAMMBlE 148 KOMMEHCHHNH
Kpaesoro pdexra B MeTose Gauxaiiliero cocena.

95. Doveton I. H., Parsley A. J. Experimental evaluation of trend surface
distortions induced by inadequate data-point distributions: Inst. Min. and Met,
Trans. Sec. B. 1970, p. B197—DB208.

Paages, oTHOCAMHUHCA K BAHSHUIO 38[I4HHOTO DaclIpeIeseHns TOUEK Ha MOBEPXHOCTH
TpeHJa, B STOH IV1aBe 1IeJHMKOM OCHOBaH Ha OOJBIION MacTH 3THX 3KCNEPHMEHTOB.
Puc. 5.86 u 5.87 anantupoBaHel H3 PHCYHKOB 3TOH DabOTHL.

96. Ehrlich R., Brown I. P., Yarus J. M, The origin of shape frequency
distributions and the relationship between size and shape. J. Sed. Petrol, 50,
N 2, 1980, p. 475—484.

OnHa U3 CEPHH CTATel 3THX aBTOPOB MO HCTIONB30BAHKIO IHKJIMUECKHX PALOB Pyphbe
B H3yueHHU (DOpMEI 3epeH.

27. Folk R. L. Petrology of sedimentary rocks. Hemphill's, Austin, Texas,
1968, 184 p.

O6cyxaaloTest TpaAHUHOHEBE Mepsl GOPMHL 3epeH.

98. Gaile G. L., Burt I. E. Directional statistics, Concept and Techniques in
Modern Geography, N 25, Geo Abstracts, Univ. East Anglia, Norwich, 1980,
39 p.

KomnaxTiass MoHorpausi, B KOTOPOfl CYMMHDOBaHH MHOTHE IIPOUENYDH TIPOBEPKH
THIOTE3 O HANPABJEHHBIX NAHHBIX.

29. Getis A., Boots B. Models of spatial processes, an approach to the study

of point, line and area patterns. Cambridge Univ. Press, Cambridge, 1978, 198 p.

~30. Gold C. M., Charters T. D, Ramsden ]. Automated contour mapping
triangular element data structures and an interpolant over each irregular trian-
gular domain. Computer Graphics, 11, N 2, 1977, p. 170—175.

31. Griffiths J. C. Frequently distributions of some natural recources mate-
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rials. Pennsylvania State Univ., Mineral Industries Experiment Stalion Circu-
iar, 63, 1962, p. 174—198,.

B 3TOH H CJaeYIOWIEH CChUIKE pAaccMaTpUBaeTCs OTpULAaTebHOe OGHHOMHHAJBHOE
pacnpeseseHse Kak MoAeAp BCTPEYAeMOCTH MHUHEDAJbHHX 3afiexedl n HeQTAHBIX
noJen.

32. Griffiths J. C. Exploration for natural resources. J. Oper. Res. Soc. Amer.,
14, N 2, 1966, p. 189—209.

33. Gumber E. I., Greenwood J. A., Durand D. The circular normal distribu-
tion. Tables and theory. —J. Amer, Stat. Soc, 48, 1953, p. 131—152.

34. Hagget T, Cliff A. D., Frey A. Locational analysis in human geography,

2nd ed. John Wiley and Sous, Inc., New York, 1977, 605 p.
CUBPEMCHHAA KHNTA, COACPMKAIAsl MHOTO METO/0B, KOTOPHIE MOIYT OKas3dTbCs HO-
spIMH Aas reogoroB, Yacts 2 «MeToasl NMPOCTPAHCTBEHHOTO aHAdH3a» NOCBsALIEHA
BLIOOPOUHBIM CXeMaM KidCCH(HKAUHH DErHOHOB M MPOBEPKE CTATHCTHYECKUX THIIO-
Te3 0 NPOCTPUHCTBEHHBIX COOTHOWIEHHAX,

31. Harbaugh J. W. A computer method for four-variable irend analysis
illustrated by a study of oil-gravity variations in southeastern Kansas. Kansas
Ceological Survey Bull,, 171, 1964, 58 p.

36. Harbaugh J. W., Preston F. W. Fourier series analysis in geology.
Computers and Computer Applications in Mining and Exploration. School of
Mines, Univ. Arizona, Tucson, 1966, p. R1—R46.

PaceMoTpeHbl BOMPOCH, CBsI3aHHBIE ¢ IOCTPOEHHEM MOBEPXHOCTEH TPeHAa II0 Ie0.10-
CHUECKHM JAHHBIM HA OCHOBE HPOCTHIX H JBOMHEIX pajgoB Pypee, Ira CTaThA BXO-
ant B cbopHUK [7] nof Hovepom IV-—8.

37. Harbaugh J. W., Meriam D, F. Computer applications in stratigraphic
analysis. John Wiley and Sons, Inc., New York, 1968, 282 p.

38. Hodder Ilan, Orton C. Spatial analysis in archaeology. Cambridge Univ,
Press, Cambridge, 1979, 270 p.

HenpursizateasHoe mepeusganve kuurm 1976 r. B 6yMaXKHOM Nepensiere COZEPXHUT
TEUPHIO TOYEUHHIX PacHPEAeNCHHi, TPEHA-aHalH3a NOBEPXHOCTEH H METOABI CPaB-
HEHHsI KaPT, HCHOJIb3YEMEIX B apXCOJOrHH.,

39. /BM. Numerical surface techniques and contour map plotting. Interna-
tligélsalsgusiness Machines, Data Processing Applications, White Plains, N. Y,
1969, 35 p.

Beeeniie B METOAB IOCTPOEHUS KaprT.

40. James W. R. FORTRAN IV program using double Fourier series for
surface fitting of irregularity spaced data. Kansas Geological Survey Compuler
Contribution, £, 1966, 19 p.

Kparxoe u3/joxeHHe METOZa HAMMEHBUINX KBAADATOB MPH ANMNPOKCHMALHA TEO.10-
IHUIeCKHX LaHHBIX OTpe3koM jBofiHoro pspa ®ypee. Puc. 592 B3sT H3 3TOH CTATHH.

41. Journel A. G., Huijbregts Ch. J. Mining geostatistics. Academic Press,
London, 1978, 600 p.

(ITepenedatana ¢ ucrnpaieHusiMu 8 1981 r.) Hauboiee nodnoe u3soMenue Teopun
PerioHa/ M30BaHHEIX NEPEMEHHBIX, NIPHUEM 3aTPOHYTHL BONPOCH OLEHKH MECTOPOXK-
JeHui. XapakTepeH BBICOKHE Hay4HBIA YPOBEHb.

42, Kaesler R. L., Waters J, A. Fourier analysis of the ostracode margin.
Geol. Soc. America Bulletin, 83, 1972, p. 1169—1178.

43. Kendall M. G., Moran P. A. P, Geometric probability. Hainer Publ. Co,,
New York, 1963, 125 p.

FnaBa 2 xacaercsl paclpefeeHHs TOUEK HA MJIOCK®CTH.

44. King L. J. Statistical analysis in geography. Prentice-Hall, Inc., E -
wood Clitfs, N.J, 1969, 288 p. geograplY » fre. Engle
Kype CTATHCTHKH HOBHIIEHHOH TPYAHOCTH BO MHOTOM COOTBETETBYET H3JAOKEHHOMY
B sTolt kuure. IlpoBepka runores o pacnpeaeneHnH paccMaTpuBaercs B ra. b,
a4 TPEHA-aHa/Mu3 NOBEPXHOCTEH — B I 6.

45. Koch G. S. Jr, Link R. F. Statistical analysis of geological
Dover Publications, Inc., New York, 1980, 850 p. Y & € data.
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Tpena-ananus noBepXHOCTel paceMatpnBaercss B . 9, a cncremariyeckoe H3.0-
JKEHHe TeOpHU W MPUMEHEHHs IOBEPXHOCTeH OTKINKAa — B T [2,

46. Krige D. G. Two-dimentional weighted moving average trend suriaces
for ore valuation, in Proc. Symposium on Mathematical Statistics and compu-
ter Applications in Ore Valuation. Mar. 7—8. Jour. South African Inst., Mining
and Metalurgy. Jochannesbourg, 1966, p. 13—38.

Kputika TpeHpg-ananu3a TIOBeDXHOCTEH M OOCYMAEHHE CXCM  CKOJIL3AIIETO
CpeHero a5 NPENCKa3aHHs PYAHBX colepxanuil. B craree, caenymoiueil sa crath-
efr Kpure, vKasbiBaioTCs NYHKTH, TO KOTOPBIM HMEIOTCs DASHOIMACHT MEXAY ABY-
MSi JTarepsMH, CTOSIMHMH HA MPOTHBOTOJOKHBIX TOUKAX 3pPEHus.

47, Krumbein W. C. Preffered orientalion of pebbles in sidementary depo-
sits. Jour. Geology, 47, 1939, p. 673—706.

A8, Lambie F. An analysis of the probability of hitling an arbitrary elliptical
{arget with sets of parallel search fines. Terrasciences Inc, Unpub. Report, San
Ramon, Calif,, 1981, 17 p. .

49, Lee D. R. Sallce G. T. A method of measuring shape Geographical
Review, 60, N 4, 1970, p. 555—563.

50. Li J. C. R. Statistical inference, v. 2. Edwards Bros, Inc, Ann Arbor,
Mich., 1964, 575 p.

B ra. 30 pamaraloTcs KPHTEPHH KPHBOJAHHENHON perpeccuu, KOTOpbe JAOMYCKAIOT
HenocpeacTBeHHoe 0600IIEHHe Ha TOBEpXHOCTH TPeHAa.

51. AMardia K. V. Statistics of direclional data, Academic Press Lid, London,
1872, 357 .

Hoarsil 0630p CTATHCTHUECKHX MeToA0B 06paloTKH ABY- H TPeXMepHBIX OpHEH-
THPOBAHHLIX JT4HHbBX. MHOTHE NPUMEpDLl B3ATEL H3 T€ONOTHH. .

59 Afaiheron G. Principles of geostatistics. Economic Geology, 58, 1963,
p. 1246—1266. .
70T 6620p TEOPHH PCTHRONAJIN?OBAHHBIX TEpCMEHHBIX I NPHMEHEHHA KpaiTHHTa
HAMHCAH UeJOBCKOM, BHeCIINM HanboJsplunil BRJAaL B 3Ty oGaacte  NPHRIALHOHN
AT T
\‘TJT%E?H;\\;;Ca/nmon R. B. Target intersection probalities for parallgl-linc and
continuous-grid tvpes of search, Jour. Int'l Assoc. Mathematical Geology, 9,
N 4, 1977, p. 369—383. i ‘
CoepzuT YPaBHCHHA 1 1padbl AN OMpeie/eHHs BeponTHOCTEl MOATOHKH SJLTHIOTH-
eeKON CXCMBI K HeCaelyemoll cxeme, coctosulefi H3 PEry/apHO pacloJOKeHHBIX

P '

B HPQTYJi1:2E§f/a§1]‘LYIIWI; I. Creation of smooth contours over im?gularly distpbuted
daia using local surface patches. Geographical Analysis, 13, N 1, 1981, p. 51—63.
B 570fl 1 CACIVIGIHX CTATBAX PACCMOTPEHB BOMPOCH BBIYHCICHHS TRCYTOIBHOM
ceTH, CBA3MIBAIIE]l HeperyaspHo pacnonomeHHZIemBO;p%(;;paHCTBe TOUKH, a TaKKe
¢ ; 1 XHOCTH HA OCHOBE 3TOH CeTH.
Bonpgg’;?/\??gmlsa?é{/?2}\};?5}.T‘%Boesps C. G. Delaney triangulation of a random data sel
for isorithmic mapping. Cartographical Journal, 17, N 2, 1980, p. 93-—‘:49.' |
56, Meadenhall W. Iniroduction lo linear models and the design ?_hd analy-
sis of experiments. Wadsworlh Publ. Co., Inc., Belmot, Calif,, 1968, 465 p.
B raase 10 n6cvAaeTsl MOATOHKZ MOBEPXHOCTII OTHANKA K IKCTEPUMEHTAMLHBIM
C‘WM;;.A’!er‘z'iar7z D. F., Harbaugh J. W. Tyend:surface analysis of re.,gi(lméﬂ avnd
residual cemponenis of geo!o(g)(iac4 sé;ucture in Kansas, Kansas Geological Survey
S istrinuti b 9 . .
b})OCSBPl?\4L!}}1L};Ir;)zIIL])D.LI F1 ISlﬁelath P. % A. Quantitative comparison of contour
maps. Journal Geophysical Research, 71, 1966, p- 1105—1115.
B 5T0% CTATHE ONHCHBACTCA METOA CpaBHenus KapT ¢ MOMOILBIO 1<oa<11<bfmne55132
KOPpPeASUIMH [OBePXHOCTEH Tpenia. Hcnoabzopaknl panubie n3 [57]. Taba. 5.
5.25 B2 : i ThH. .
u u.2§9§~ﬁ?}25n;???11§;id0m polygons determined by lines in a plane.l an(é7II.
Proceedings of the National Academy of Sciences, 82, 1964, p. 901—907, 1157—

1160.
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60. Mills F. C. Statistical methods, 3rd ed. Holt, Rinehart and Winston,
New York, 1955, p. 842,

61. Moellering H., Rayner J. N. Measurement of shape in geography and
cartography. Oslo State Univ., Report of the Numerical Cartography Laboratory,
NSF Grant No. SOC77-11318, 1979. 109 p.

Ioapotuntit o6z0p anaansa Gopw, BRIOYAA noaspHblii MeToa Pypoe,

62. Olea R. A. Optimum mapping techniques using redionalized variable
theory. Kansas Geological Survey Serics on Spatial Analysis, N 2, 1975, 137 p.
B 3toft sMonorpadiy COAEPIKHTCS MOJHLIT BBIBOX VDABHEHUI, HCHOML3YEMBIX AJS
OCVHIECTBJIEHH TOYEUHOTO H YHHBEPCAJLHOTO KPalIHHTA KaK METOJAOB [OCTPOEHUS
KOHTVDPHBIX Kapr.

63 Olea R. A. Optimization of the High Plains aquifer observation network.
Kansas, Nansas Geological Survey Ground Waler Series, N 7, 1982, 73 p.

64. Rayner J. N. An introduction {o spectral analysis. Pion Ltd., London.
1971, 174 p.

Onno- 31 ABYMCDHBIT ananns Qypee, U3TOXKEHHHH ¢ TOYKY 3peHus reorpacta. Va-
aoxenne BrICcTporo npeobpaszosaung Pypre ocobeHHO XOpoliee.

65. Rinley B. D. Spatial statistics. John Wiley and Sons, New York, 1981.

252 1.
TMonaunll 0630p MPOCTPAHCTBCHEOTO aHANN3a. B pasmHuHbIX MecTax O6CYIKIANTCS
BOTNPOCH TPEH/i-aHann3a NMOBEPXHOCTEH W KBaApaHTHOro aHanuza. Punmaii neranbHo
OCYIIECTBILT NOBTOPHHI AHAMH3 HECKONLKHX MHOMKECTB JAHHBIX M3 TMePBOTO H3na-
HIIf 3TOTO TEKCTa, BKJIOYAS NaHHBIE N0 MarHETHTOBLIM KDPHCTAJLIAM, TPHBEIEHHBIM
8 Tabmn 5.4.

66. Robinson J. E. Computer applications in petroleum geology. Hutchin,
son Ross Publ. Co., New York, 1982, 164 p.

DaeMeHTapHasg KHUra, mocpdmenHas obpaGorke dafinos HedTSHBIX AaHHHIX H Me-
TOZAM KapTHPOBaHHA. I'TaBu 7 H 8 MOCBAIIEHE! KOHTYPHHIM KapTaM, TOBEPXHOCTIM
TPEHNa H MPOCTPAHCTBLHHON GHABTPAIUH.

67. Robinson I. E., Charlesworth H. A. K., Ellis M. J. Structural analysis
using spatial filtering in interior plains of south-central Algebra. Bull, American
Assoc. Petroleum Geologists, 53, 1969, p. 23412367
Onncanre asymeproro anaauza ®vpbe ¥ QHALTPAUNT CTPYKTVPHHX TANHLIX.

68. Rogers A. Statistical analysis of spatial dispersion, the quadrat method,
Pion Ltd.. London, 1974, 164 p.

Cospenmennoe HaJIOXKeHIe KBAAPATHHX METOI0B AHAMHE3A TOUe HLX cxeM. TIpuMepw
B3ATLI 113 reorpadun.

69. Sampson R. J. The SURFACE Il graphies system, in Davis J C. and
McCullagh M. J. (eds)). Display and analvsis of spatial data. Wiley Inter-
scnence, London. 1975, p. 244—2686. ’

70. Silk I. Statistical Concepts in Geography. George Allen and Unwin Lid,,
London. 1979, 276 p.

Cuenn merko unTagMu PRONHKEE TEKCT, MPeIHASHAuEHHbIT 1215 Teorpathos. B kuure
CO1EPIKATCH NMIaBLL, NOCRANICHHLIE TOUGUHBIM H TIOMIANHEM CXEMAM, 3 TAKKe ONpO-
6oBannsy wa maocxoctH. I1pozaercss B 6yMaxHOM mepenaere.

71. Singer D. A., Wickman F. E. Probability tables for locating elliptical
targets with square, rectangular, and hexagonal point-nets. Pennsvlvania State
Univ., Mineral Sciences Experiment Station Spec. Publ, 1969, 1--69, 100 p.

72. Stephens M. A. Tests for randomness of directions against two circular
g(]q{gemaﬁves Jour. Amerfcan Statistical Association, 64, N 395, 1069, p. 280—

73. Stephens M. A. Tests for the dispersion and for the nodal vector of a
disiribution on a sphere. Biometrika, 54, 1967, p. 211—993.

74. Tipper J. C. Surface modelling techniques. Kansas Geological
on Spatial Analysis, N 4, 1979, 108 p. £ k K og Survey
O630p 1eTONOB NCCACTOBANHA TOUCYHBIX CXeM, TAKHX, K3aK NOJITOHKA CnAafiHOB,
TIOTEHIHAIbHO NPHMEHUMHIX B Haykax o 3ewmuxe. TIpuMepnl B3ATH H3 NAJE0HTONO-
FHH I MOA@JIHPOBAHUS HEDTSHEIX Pe3epByapos.
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75. Unwin D. Introductory spatial analysis. Methuen and Co., Ltd, London,
1981, 212 p.

KoMnaxkTHoe H3JI0XeHHe pacnpeieseHHs TOUEK, JHHHH ¥ IUlomiagedl Ha KapTax.
BxaroueHbl TaKXKe IJaBbl, NOCBAINEHHbLIE OKOHTYPUBAHHIO H CPABHEHHIO KapT.

76. Uspensky J. V. Introduction to mathematical probability. McGraw-Hill.
Inc.,, New York, 1937, 411 p.

77. Walters R. F. Coutouring by machine. A user's guide. Bull. American
Assoc. Petroleum Geologists, 53, 1969, p. 2324--2340.

Ycrapesilee, HO NoJe3HOe 06CY ¥ AEHHe KOHTYPHOTO KapTHPOBAHUS,

78. Watson G. S. Orientation statistics in the Earth sciences. Bull. Geological
Institute of Uppsala, 2, N 9, 1970, p. 73—89.

Ota cTaThst OCBALIEHA KOMIAKTHOMY H3J/IOMKEHHIO DUMEHEHUII HANPABIEHHBIX CTa-
THCTHK K HCCJAEJOBAHHIO NAHHBIX H3 T€OJOrHH u reorpaduu. Muorue us npnvepon
pouu B [80].

79. Watson G. S. Trend-surface analysis. Jour. Int'l Assoc. Mathematical
Geology, 3, N 3, 1971, p. 215—226.

80. Waison G. S, Statistics on spheres. John Wiley and Sons, Inc, New
York, 1983, 238 p.
3T0 — COBpPEVMEHHAs] TPAKTOBKA CTATHCTHKM TO'IENHBIX pacnpejenennii Ha cdepax.
PaccMoTpenbl TakXke HampaBieHHBlE NaHHEBIE, TaK KAK TOUKH MOCVT NMPCACTABJSATH
KOHIIBl BEKTOPOB HA €JAHHHYHOI cdepe. DTa KHUra, K COKAICHHIO, COAEPIKIT MHOLO-
yHc/IeHHble Tunorpadckue omubKi.

81, Woodcock N. H. Specification of jabric shapes using an eigenvalue
method. Geol. Soc. America Bulletin, 88, 1977, p. 1231—1236. )
Kaaccnpukauua nNeTPOTEKTOHHYECKHX AHATPAMM, OCHOBAHHAA HA OTHOUICHHH HX
COGCTBEHHBIX 3HAYEHUI,

82. Wrigley N. (ed.). Statistical applications in the spatial sciences. Pion
Ltd., London, 1979, 310 p.
CoGpanne crarteil, B KOTOPBIX PACCMOTPEHO MHOMKECTBO reorpaguueckux teM. I'na-

Ba 2, NOCBAIEHHAS TNDUMEHEHHAM Hayki o0 OKDyxawomieil cpeie, IpeicTaBiser
ocoOhIff HHTEpEC.

I'naBa 6
AHAJIU3 MHOTOMEPHBIX HAHHbIX

B npeabIylinX rJjaBax MBI pacCMOTPEH aHaMu3 JAaHHBIX,
PeACTABISIONIHX H3MepeHns OJHOH NepeMeHHOH B KaXJOM o0pas-
me uJaH HabawogaeMoM o0bekTe. B ri. 4 u 5 MBI H3YUHJIH BAUsHHE
reorpauuecKiX WJH BPeMeHHEIX KOODAHHAT Ha BHIOOpOYHBIE Xa-
paxTepHcTiiki. Tenepp OCTAaHOBHMCSI Ha METOAAX aHain3a MHOro-
MepHBIX AaliHblX, B KOTOPLIX KaxAblll BabaiogaeMbli o0BbeKT Xxa-
paKTepH3yeTcss MHOXKECTBOM IepeMeHHBIX. MuoromepHble MeTOLBl
NO3BOJSIOT OJHOBPEMEHHO H3y4YaTh H3MeHCHKHe Halopa XapakrTepHc-
tug. CyulecTByeT psijJ NPHMePOB TeOJOTHYECKHX JaHHBIX, K KOTO-
DBIM TMPUMEHHMB! METOIBl MHOromephoro anamusa. Cpeau HHX
MOMKHO HA3BaTb XIMIUECKHE aHaJu3bl, B KOTOPHIX HepeMeHHbie
ApejACTaBastioT coGoil colep:KaHus PeAKHX 3JIeMEHTOB, BHIpaXKeH-
Hble B IIPOUEHTAX HJAH HacTiX Ha MHJIJIMOH; TakHe H3MepeHUus B pycC-
JaXx peK, Kak CTOK, UHCJ0 B3BCLIEHHBLIX YACTHI, IVyOuHa, cofepKa-
HHe AHCCOLMHPOBAHHBIX TBEPABIX BEILECTB, COAepKaHHE KHCAOPO-
aa. [IpuMepoM MOryT CJHYXKHTb TakKKe HaJCOHTOJOTHUECKHE Xapak-
TEPHCTHKH, Takue, Kak Habop H3MepeHHH, CAeJaHHBIX Ha 0COo0aAX
HEKOTOPOro MCKONaeMoro Buiaa. MoxHO nmpusecTH M PAf APYrux
npumepor. OfHU M3 HHX — 5TO NpOcTHle OOOOLIEHHS PacCMOTDPEH-
HEIX paHee 3aJ1a4, Apyrue IpHHAJJeXKaT K COBEpPIIEHHO HOBOMY
KJaccy npobaeu.

MuoroMepHble MCTOABL 5IBJASAIOTCA  HeOOBIYallHO MOLUHBIMH, TaK
KaK OH¥ MO3BOJISIOT HCCJIeN0BATENI0 PaboTaTh ¢ OOJbUIMM YHCJIOM
nepeMeHHBIN, YeM OH MOKeT 0co3HaTb caM. OAHAKO OHH CJOXKHBI
KaKk ¢ TeopeTHUecKo#, Tak H C METOAOJIOTHUECKON TOYeK 3peHHUs.
CratucTHuecKHE KPHUTEPHH W TPOUEAYPH OOJblIell YyacTH 3THX Me-
TOLOB pa3paloTaHbl JHIIb NPK OYEHb CHJBbHBIX OTpaHuYeHUsX. Bup
3THX KDHTepPHEB U HX NOBejeHUe Npu HoJee caalblX JONYLIEHHSIX
(koTopHle OGBIYHO HCMOJAL3YIOTCS NPH peLIeHHH GOJbUIMHCTBA pe-
aJbHLIX 3a1a4) NJ0XO0 H3yuyedbl. B caMoM jaene, HexoTOpble H3 pac-
CMOTPEHHBIX HIXKE IMPOLleJyp COBCEM HEe HMEIOT TeOpPeTHUECKOro
000CHOBaHHUSI, & KPHTEPHU IIPOBEPKH COOTBETCTBYIOUIHX THIIOTE3 AJIs
HUX elle He cO3faHbl. TeM He MeHee 3TH MeTOAbl KaxyTcs Haubo-
Jlee MEePCNeKTHBHBIMH U MHOr000elIaloUWHMHE B TeoJIOTHYECKHX HC-
CJe0BaHuAX. B GoMbluHHCTBE T'eOJIOPHYECKHX —331ay MPHXOIUTCS
HMETb ACJIO CO CJOXKHLIMH KOMOHHANUSIME AeHCTBYIOUIHX (PaKTOPOB,
KOTOpBI€ HE YAAETCSl BLIJEJHTb B YHCTOM BHJAE H H3YUYHTb H30JHDO-
BaHHO. 3a4acTyio ObiBaer TpyaHO HNpUHSITD 0OOCHOBAHHOE IIPaBUJIb-
HO€ pelieHne OTHOCHTEJIbHO Kakofi-nubo U3 mepeMeHHBX. B atom
c/yyae JyYUWIMH CNOCOG pellleHHst 3agadud COCTOHT B €€ BCECTOPOH-

207




HeM HCCJ/eA0BaHHM, KOTOPOE NO3BOJSET BBLACAHUTHL HauboJjee BaK-
Hble (axTopbl. MeToAbl, H3/0KEeHHbIe B AAHHOI riaBe, MOTYT OKa-
34Tb B 5TOM CYUIECTBEHHYIO NOMOILb.

MHOXECTBEHHASN PETPECCHA

Mu HauHeM 3Ty IiaBy € H3JI0XKEHHMsSI H3BECTHBLIX Belllell, KOTOPhIe,
0JHAaKo, Oy1yT IpeAcTABJEHB B HECKOJIbKO HeTPaAHUHOHHOM I 00-
Jee o0LEeM BHAe. JTO BONPOCH PErpeccHi, KOTOPLe BKJAIOY&I0T TEo-
pHIO alHpPOKCUMAaUUH NMOJHHOMHAJ/IbHBIMH KPHBBIMH (CM. IJI. 4) K
aHaJus nosepxdocrell Tpenia (cM. ra. b). Temepb, oAHako, Mbl He
OyldeM OrpaHHYMBATLCA DACCMOTPEHHEM (YHKHEE TCJALKO paccios-
HUsI WK HPOCTPAHCIBEHHBIX KOOPAUHAT. J1100yI0 HAOJIOAAEMYIO 1e-
PEMEHHYIC MCXKHO paccMarTpuBath Kak QYHKUHIO J0OG0H Apyrol ie-
peMeHHOH HsMEePeHHON Ha Tex ke obpasuax. B ria. 4 MBl nsysacan
3asHCHMOCSTL BJAXKHOCTH ocaidKa OT IAyOHHDB! ero 3ajeranusi. Taxkav
00pa30M MOXKHO ONPEACHHTD IPOLUCHTHOC COAEPIKAHHE MOHTMCPILI-
JOHHTA B OCAJKe M COACDIKALHC B HEM BOABL Mbl MOLJAKU Obl LisMe-
PHTDL eHle HECKOABLKO IleDeMEeHHDBIX, TdKIIX, KaK CojAeprKaHle OpruaHu-
UEGCKHX BCLLECTB, CPEUHHI pasMep 3eped H OOLLYH0  ILIOTHOCT,
a TAKKC H3YYdTh 3dBHCHMOCTHL COACDIKAHHS BOAB OT H3MEHEHHS
Ka#JIofl Hayd BCeX BMECTe B3SATBIX nepeMeR#blX. B Hekoiopom
CMbICJIe NepeMeHHble MOXHO CUHT4Tb HNPOCTPAHCTBEHHBIMH 11 I3Y-
4aTh U3MCUEHUS, NPOHCXOASINEe B HANPaBJEHHH,  CHPLILIEHHOM
fHepeMeHHol. 370 OOLIMHBIH NpHEM; Mbl [I0Jb3YCMCH MM BCAKHI pas,
Korga u3obpakaem rpaUyeckd 3aBHCHMOCTL  OJHOH THEPEMEHHOI
OT JPYroil, HCHOAB3Ys 1IIPH 3TOM NPOCTPAHCTBEHUYIO LKAy BMECTO
1epBoHavYaabHO, 110 KOTOPOil 3TH HEpPeMEHHble ObLIH H3Mepembl.
Takasa zasieda ¢ HCHOMBL30BAHIEM pP-MEPHOIO NPOCTPAHCTBa IIMPO-
KO IpliseHsiercsl B JHreparype Lo MHOTOMEPHOMY CTA4THCTHUECKOMY
aHaqansy. Tak xKe Kak [IOBCPXHOCTb TPEHJ/A SBJSIETCs HBYMEpPHbIM
aH4JIOTOM ailliPOKCH=IpYyIoUlel KPHBOH, MHOZECTBeHHas perpeccus
sIBJASIETCA zaJbHefllnM 00O00LICHHEM 3THX METOJAOB JJisi MHOroMep-
HBIX c/ydaen.

Mbl ne 6yjaeM oOCTaHaBJIHNBATbCH HAa MHOMKECTBEHHOH perpecciy
OYeHb MNOJMPOCHO, TaK KaK TEOPETHYECKHE K BBIUMCJIUTE/bHBIE ac-
HEKTHl 3TOH TeopHH OBLIK M3JIOXKEHLI B NPEABAYUINX IJaBaX. Mbl
HAIOMHHM TOJbLKO (cM. IJ. 4), YTO NOJHHOMHAJBHYIO pPErpeccui
OT OJHOIl He3aBHCHMOH IepeMEHHOH) MOXKHO TMPeACTaBHTb C Iio-
MOILBIO yPaBHEHNA CJe/lyIollero Buja:

Y=Bo+p1 X1+ PeX12+ ... +BmX 1™ +e. (6.1)

Dra MOZeJb yTBepKaeT, uTO HalJIOJeHHEe Y CKIaJBIBACTCS U3
IOCTOSHHOIO 4JIeHa, CTENEHHOro pAja HEeKUTOPOH He3aBHCHMOH Ie-
peMeHHOIl W cjayuallHOH KOMIOHeHTBL. HaxoxpeHnne Kos3pduuueH-
TOB P B 9TOM JIHHEH{HOM ypaBHEHHH IO METOAYy HaHMEHbLIMX KBajapa-
TOB OCYLIECTBJISIETCS IIyTE€M pelUeHHs CHCTeMBl HOpPMaJibHBIX ypaB-

208

HeHHH, KOTOPYIO B MaTpUYHOH (opMe MOXKHO 3aNlHCaTb CJIEAYIOUINM
o6paszoM:

[2X]-[B]=[2Y] (6.2)

¢ peurclreM

(8] =[=ZX]~"- [2Y], (6.3}

rae [2Y) — MmaTpuua, cTo/iGubl KOTOPOH COCTOAT M3 CyMM KBalpa-
TOB H CMellaHHbIX NMPOH3BeACHHH TepeMeHHOH Y ¢ TmepeMeHHBIMY
Xy, X2, ... Xy [EX) — maTpHla cyMM KBaADATOB il CMELaHibly
npoussesellil crenencit nepemelnpx Xi; [p — croadcu ieispect-
HplX KozdQuuiientoB. B ra. 4 MBI HAXOLHTIL 3JEMENTH TAEHIN hidi-
PHL, NEPCMHOXKAsH CTPOKH H CTGJOLBl HCXCAHLIX MATPHLL.

XOoTs B pacCMOTPEHHOM NpHMEpEe Mbl HMEAH AeN0 TOdbi0 ¢ Ci-
HOil He3ABHCUMGH NMepeMeHHOR (INIH C JBYMA, Kak B Caywuag aioit-
3a TOBEPXHOCTEH TPeHJ2, PACCMOTPCHHOM B I 3), 37y Ko 3
MOKHO TDAKTOBATb H Kak MHOTOMEDHYIO, COACPKAULYIO 7ii HE3a0d-
CHMBIX T:i€PEMEHHBIX. DTO CTAHeT OYEBIANLIM, €CJAH MDLI 30718 ita-
uIe ypaBHEHHE B CACAVIOUWIEM BHAE:

Y=00+p1 X1+ poXo+ ... +PmXm+e (6.4

u onpefeaum nepeMeHHnle Kak Xj=AX;, Xo=X,? Xs=X ©u 1. 1
Toraa perpeccHoHHyX MOjenb, PACCMOTPEHHYIO  paHbllie, MOJKHO
OyAeT cuMTaTb YACTHLIM CjaydaeM MHOTOMepHOH MOAeNH, B KOTODOH
He3apucuMble MepeMelnHble OlpeAe JeHbl HEKOTOPBIM CEiipHISCKIM
o6pasom, CoOTHOIIEHUs] MEIKAY Pas3JHUHBLIMII THIAMH DErpecCHOHHO-
I'0 aHaJM3a lIpeAcTaBJ/ennl Ha puc, 5.89,

O0muii BUA ypaBHCHHsI DErpecCHH 3aBHCHMON NepeMeHHOl OT-
IIOCHTEJBLHO #71 HE3aBMCUMBIX IeDEMEHHBIX NpeicTaBJjieH (opMYyJoil
(6.4). CucTeMa HODMAJIBHLIX ypaBHEHHH AJIs% HAXOMK/ACHUS PeLISHHUS
N0 METOAY HaMMeNbLIMX KBaJpaTOB CHOBa NOJYYaercs B Pe3yabTa-
T€ NONAapHOro IepeMHOXKEeHUSA CTPOK H CTOJNOIOB MaTpPHULBl ypaBHe-
Hust. 15 Tpex He3aBHCHMBIX HEPeMEHHLIX Mbl HOJYYHM

Xy Xy Xy X, Y
Xo - by
Ny by iﬁ ,
X, by |
X3 - L by

rie Xo cHOBa npuHHMaer 3HaueHus | pJst Bcex HaGmofeHuil. Mar-
1l4—115 209




puyHOe ypaBlieHHE nocJe BBIUHCJeHHS CMeEUIaHHbIX HpOHBBelleHHI';I
BBITJAAAT CACAYIOUIUM O6p330M1

T XX, XX, Xan e XY
2:41\’1 .SJ )\? 24\‘:1)(2 2/\/1 '3 b, E‘le (6.5)
Ny, MGX M X XN b, XY
S, DX DA, x| Lt LXAY

Kosdhduunents P perpeccioHnoii MOJe/ OUCHUBAIOTCA C no-
MOIIbIO BHIOOPOUHBIX YACTHBIX KOIPQHIUEHTOB PErpeceiit b;. Onu
HOCAT HasBaHKe HACTHOLX KOd(puyuenTos peepecciu 1O toff IpH-
qupe, 4TO KaxmAbll M3 HUX XapakrepH3yer CKOpOCTb n3MeHeHHs
(HJUL HaK/JIOH) 1O OTHOLICHHIO K OMHON  He3aBHCHMON TepeMeHHOH
[IPA YCJIOBIH, Y10 BCE OCTAJbHBIE NEPEMEHHBIC duxcuposannl. B He-
KOTOPLIN pYKOBOACTBAX JLjisl OTpazeHus 3TOro haxTa HCHOJAb3yeTcd
CHeAYIOULAR 3AMHCh:

Y=bo+b193Xi+b21:Xo+b5,12X5+ 8,

rie Ko3pQUIHCHT bi 23 HasbIBACTCA K09 QUIUEHTOM perpeccHn ne-
pemenuoii ¥ na X; npu QHKCHPOBAHHLIX mepeMeHHBIX 2 M 3. DTH
Koo (UUUeHTH B 00lleM ciyyae OTJIHUaloTes oT obuux peepeccu-
OHHBLX KOIPDULUEHTO8, KOTODPbE XapAaKTepU3yIoT MpoCTyio perpec-
CHIO epeMenlio ¥ Ha KakAoH oTnenpHoil nepemernHodl X. Kax u
CIEA0BAN0 OKUAATh, MHOXKECTBEHHAs Perpeccust BHOCHT B obuiyio
H3MEHUIBOCTD OOJIBUINI BKIAA, 4eM Jo0oH u3 o0LKX perpeccHoH-
HbIX KO3((HLHEHTOB. JTO NPOUCXOAUT [0 TOH NMpHYUHe, 4TO MHO-
JKECTBEHHAS perpeccis CTPOHTCH Ha OCHOBE yueTa BCEX BO3MOMKHBIX
B3AHMOACHCTRIN MEMXKIy TePeMEeHHBIMH 1 MX KOMOHHALHAMH.

B KadecTBe THIMUHOTO NpuMepa WCNOJAb30BaHUS ypaBHCHHA
MHOZKECTBEHHON perpeccHy Mbl paccMOTpuM 3aiady H3 reoMopdo-
goruu. Jlast 3Tol Leau HEKOTOpIA pafion BOCTOUIIOH WacTH LITaTa
KeHTYKKH OBLJI pasjiejeH Ha OTHOCHTEIBLHO OAHOPOAHEIE B TEOJI0TH-
qeckOM oTHoueHun obaacti. Msyuaembiil pafion oxBaTbiBaeT DAl
npeHakkHbIX GacceifHOB Pa3JHYHbIX pa3MepoB, 13 KOTOpHIX ObIIH
oToGpaHbl Bee GaccellHbl TPETHEro HopsAaka, n B KazKJ0M U3 HHX H3-
MepeH:l 3HaueHHsl HEKOTOPBIX NMepEeMCeHHBIX. [Mopsaox Gaccefina om-
penessieTcst YHC/IOM IOCIe10BATE/bHLIX ypoBHefl CAHAHIST B ero
pycJje OT ICTOKOB 10 TOUKH, B KOTOpOIl MOTOK CJAHBAETCH C APYIHM
HOTOKOM TOrO 3Ke HJH DoJiee BLICOKOTO NOPALKA. Takum 06paszoM,
GacceliHoM TpeTbero MOpsiika CUMTACTCA Gaccelin, nMewouuil asa
ypoeHsi. OnHako pasmep Gaccefina MOXHO OMNpefe/HTh DPa3JHYHbI-
MU MeTogaMu. OAHH H3 HHX [0 CYIIeCTBY CBOJUTCH K MOJACUETy
yncsa pyceA B Gacceitne. MHOXKECTBY fpaccellHOB HaHHOTO MOPANKA
MOTYT COOTBETCTBOBATh PA3JHUHDIC 3HAUCHMA BE/IMAHHLL Hacceitua.
COOTHOLICHHE MEXJ1y BEeJHUHHOIH U MOPALKOM HacceilHoB mpen-
craB/aeHo Ha puc. 6.1. ‘
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i Puc.l(()i.l. IMpumepsl NOTOKOB PA3AHUHBIX BEJAHYRH M NOPALKOB:
— BeJHYUHA NOPAAOK 2; 6 — BEJAHYHH : -
, ; a 10, nopaaox 3; s
‘ { ! 6 — BEJMYHH! -
panok 3. Beanunuofi HA3BIBAETCA YHCJIO CAMAHHE NOTOKOB, NODAAKOM Ht?xfcf o
, — R
CJIeI0BATENbHEX YPOBHEH CIHSAHUSA ) e re

Cm‘;[ﬁmﬁgzmcecwe GaccefHOB Tperbero mnopsiika Obliu H3MepeH:L
ie CeMb IIepEMEHHBIX: |) BhICOTa I ' i
: 1CTOKeB faccelina i
VpPOBIIEM ; fitta
(P (puvia{ M-Ogﬂ (B dyrax); 2) XapaxTepucrnka pesbeda Gacceitna
m)’m yppoxT)H,}Ke)I niomanb Oacceilha (B KBaApaTHBIX MHJsX); 4) 06-
as o HHOCTh pycen B Oacceline (B e
MUHJAX); D) IJIOTHOCT
ggﬁe;;:}:(a’ 113Mepﬂe%m$1 KaK OTHOlIeHne obuiell I/rHbI p)yceJI B 621cb
> K nJaomann 6accelina; 6) xapa -
; 3 KTepucTHKa GopMbl Gaccelt
u3MepsieMas Kak OTHOLIeHHe % CAHON
njowagell BI¥Caniuoro H o
ICp e NHCAHHOTO
”{ioflhs)saB:;quHa Gaccelina, onpefensieMasi HHCJAOM HCTOKOB
I 49a COCTOHT B H3YYEHHH BJIHSE :
{171 NEPBLEIX LIECTH ne-
peMeHHBIX Ha ceabmylo. as i ‘e
. 9TOH LeJNH NMOAXOASMIUM O
MeTO1 MHOMXKEeCTBCHHOH perpe rocefina e
CCHH, NPHYEM BeJHuHHa 6 i
N0.1b3YETCS B KauecTBe 3aB [ ; Hie perpec.
HCHMOH TNepeMeHHOoH. Ypas
CHI [103BOJISIeT OLIEHHTL BJI NI 1A Benty
¢ “ HsIHHE BCEeX NepeMeHHbIX }
Cacceiina. MaMepenns 3Ha i ‘ s 92 Baceed
. YEHHH 3THX NepeMeHHLIX 9 i
HOB TpeTbLero nopsiika B fione e s 2 aaccen
H3y4aeMOM pafioHe NpuBejieH
KOTODad BaaATa 1n3 Kuuru K i P
I 3ATA 11 pambeiina n Illpusa [38]. 3
IIOJYUYEHHOro JIHHEHHO ) iy MeTORe,
FO COOTHOIIEHHS MOJKHO
ho. ’ NPOBEPUTL METOMdA-
TaG?HZHIe?chOHHOFO _aHan¥3a, ONHCAHHBIMH B L 4. Hanpanép
Hefi;lbﬁ‘pe}*;eé(mopo“ npusefeHa cxema ANOVA aas npocroit TH-
CHY, MOXKHO PAaCUIHPHTb 3
c O CXeMbl MHOK i
perpecciin, ecan cje . J % anonax
, J1aThb COOTBETCTBYIOLIHE
Phrbeccn H3MEHEHHS B YHCJIaX
Momgﬁincpsoofao}{ﬂ:é ¢ )XJ&TS)\N/IAHOHOJIHHTGJTBHBIX nepemennnrx. Cxema
‘ ro npuBeeH .
NG A a B 17abn. 6.2. PesyabTaTht
o BAT;%H; gI}éO)KeCTBeHHOH perpecenn BeduuyHHH OaccefiMa yka-
3auaqz{ 3. Koaq)(pnuﬂe{nu perpeccHM Taxixke HpHBeAEHE
O‘I‘Hocménbua); L;}({boq}:(eicTTBeHHou perpeccu#t Hac OGHIUHO HHTepecyer
HBHOCTbL MpeJCcKa3aH i
wenoH Hf  3aBHCHMOI mepe-
sron P}liam())cgs6opy aprymentoB. OLHAaKO MBI He MOXeM cnem?Tb
BaHHH HPSAMOIO HCCJEAOBaHUA
BH6O
. POYHHIX K03 u-
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Ta6auma 6.1

PesynbTaTel Mamepenua ceMu reoMopdOJOrHYecKHX MepeMerHbIX
B peunblXx Gacceinax TpeTpero mopsaka mrata KenTykku

Y X I Xe ! X. Xy X X;
14 720 570 07 154 9200 61

6 870 610 03 20 2667 62

5 860 550 1 84 763 62

7 870 610 1 122 1110 63
1 730 570 14 185 1321 52
14 690 590 12 200 1667 50
12 880 640 1 170 1545 41
18 760 690 23 340 1215 57

6 820 600 5 100 2000 41

5 720 480 3 20 2667 60
07 670 67 19 290 1526 51

5 660 600 5 90 1800 53
22 830 660 18 260 1444 57

T 780 620 17 111 652 57
15 750 740 15 184 1227 67
17 770 630 91 227 1080 59

5 750 570 4 60 1500 55
18 750 580 50 959 1295 39
11 740 760 9 62 689 64
o1 750 740 6 95 1533 53
99 750 760 1 105 954 64
23 740 770 32 350 1094 55
o8 940 510 a1 232 1105 52
49 700 600 32 266 1156 34
05 810 580 44 390 886 29
10 920 500 13 149 1092 65
T 920 490 12 145 1208 72
19 790 605 33 953 766 59
13 860 550 23 241 1048 76
37 860 630 87 702 807 55
18 830 520 37 288 778 51
13 780 460 17 162 953 40

4 720 440 8 67 838 60

5 780 300 3 52 1733 57

9 700 460 10 121 1210 50
13 680 520 26 220 846 41
10 820 520 8 193 1537 5l
13 710 520 24 238 992 41
13 800 440 19 231 1216 51
1 700 510 16 178 1113 76
10 675 570 18 168 933 42

2 740 510 8 65 812 49
17 740 520 31 334 1078 67

9 770 600 21 184 876 47

8 820 520 1 136 1237 56
13 850 490 22 233 1059 74
29 820 629 34 410 1206 39
10 820 510 1 149 1354 60
19 680 640 46 348 757 55
07 660 789 55 382 695 38

TMepemedun e Y-——BeauuuHa Gaccefina; X — alcomoTHas OTMETKA HCTOKOB Gaccel-

ua (B ¢yrax); X, — xapakTepHcTHKa pejibeda Gaccefina (B ¢yrax); X; — naomaas GacceliHa
{B KBalpaTHBIX MHAAX); X— o6ias AAHHA pycen Gaccefina (B MuAaX); Xs — IJIOTHOCTL Ape-
waxka (OTHOWeHHe o6uieft IJHHBI pycen K naomainH 6Gaccefina); Xs ~— oTHOWeHHe miaowazedt
HanGonbliero BIHCAHHOIO Kpyra H HaHMEHbUIETO OHMHMCAaHHOTo Kpyra [16].

Ta6nuua 62
Jncnepcuonnni ananus (ANOVA) nns MuoKecTBeHHON perpeccuu
C 71 HEe3aBHLUMEIMYU NePpEMEeHHBIMU

‘3;3232’1’( Cviuya xvanpa- Ureno ctencueft Cpenmis ana- !

BOCTH Ton [Qelaleladigh] FRInG F-gpurepui
Perpeccus SSe m ! MS, MS, /IMS,
OrkaoHenyue SS» n—m—1 ! MS»p
Ciarva | SSr { n—I ’

Tab6avua 63

Pesyastavu ONpEleTeHya 3HAYHMOLTH DErPEeCCHOHHON 3aBHCHMMOCTH BeJHUHHD!
Gacceflna 0T WeCTH TeoMOPPONOrHUECKHX nepeMeHHbix
C MOMOLILI0O JUCHEPCHOHHOTO aHAAN3a*

Herountig Cysina kBagpa- | HYuea >He it Cpeanie -
*‘313‘“0“—;*;;“‘ TOB choé;;rgﬂm " pyig:;ﬂsm F-gputepuft
Perpecens 1800,70 I 6 , 300,12 11,38
]
OTraoHen"e 1134,12 ’ 43 ’ 26,37
i
CyMmMa 2034 82 ’ 49 ’

*  Vpapic - -
) SPRBUCHAC  perpeccHn:  Y=-.2,94 p 2X— (3 ¢ ¢
i gynnent BLIOMKECTBELOH perpeccHu: Rto(,)f)}éd—o,o“ Y2328, 4 6126‘\4—0204"5—1LGGAG. Ko-

!LIEHTOB DErpeccHH, Taxk Kak HX BeNHUHHBl B3aBHCAT OT 3HAYCHHI
CAMEX NEPEMEHHBIX. DTa 3aBHCHMOCTh JIErKO NDOCACKHBACTCS npu
:Zlolccrlpoezmn NOBEPXHOCTe TPeHaa, rie KosQQHIHEHTE UPH ueHax
JHICIUETO HOpsIAKA NaloT GOJBUINH BKJAaL B TPEH, UeM 4JieHn Golce
HIISKOTO MOpA/iKA. ITO BHITEKAET U3 TOTO, YTO BHICOKAS CTENCHL fTe-
PCMEHHOH pMeeT 3HAYNTENBHO GONbIEE NOPSIAOK, uem neproua-
danbHas nepemenHast. COOTBETCTBEHHO K03 GUUHEHTEl IPH perpec-
CHOBHLIX ujieHax 60Jiee BEICOKOrO NOPAKA YMeHbIIAIOTCS.
. eK CHacCTbiO, YACTHEIE KOI(POUUHEHTE! PErPeCCHH JIErKO BBIDA3HTD
AUHKNAX CTaHAAPTHOTO OTKJOHeHHs (JIu [43]). Cranpapruse
KO3 DUIHEHTH uacTHOR perpeccuHn By HaxomsaTest no dopmyie

Bk=bksk/sy, (6.6)
r —
A€ Sp — OlleHKa CTAHAAPTHOTO OTKJIOHEHHS nepeMeHHoON X, u sy —
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OlleHKA CTAHZAPTHOrO OTKJAOHeHHs Beinuuunl Y. Tak xax BCe CTaH-
JapTHble YaCTHbIe KO3(P@HLUEHTH PErPecCHi BhIpaxKaioTes B €1UHH-
114X CTaHAapTHOTO OTKJOHEHHS, TO UX MOXKHO NpPsAMO CpaBHUTL APYT
¢ ADPYTOM I onpefequth HanGosee dPHEKTUBHbIC H3 HHX.

BbLIUHCJANB 3JeMeHThl MaTPHLbI CyMM KBaipaToB H HpoH3Bele-
Huli, HeOOXOAUMBIX [l NTOCTPOCHIST HOPMAJIbHBIX ypaBHenuil, Haf-
JeM JMaroHasbHble 3JeMeHTH TX)? 11 MO HUM BBIYHCJIHM  HUCIpaB-
JeHHbIE CYMMB! KBapaToB SS; H 34TE€M CTaHAapTHDbIE OTKAOHCHHA,
HEOOXOMMbiEe AJ8 BbIUACJAEHHS! YACTHBIX KO3(PGHUHEHTOB KOPpEJIsi-
muy. OAHAKO MOMKHO NMOJYUHTh DelieHHe HOPMaJbHbIX ypaBHennft B
TAKOM BHJE, 4TO HPH 3TOM HPSAMO MOJYYaloTcsl 3HavYeHis craHlap-
TH30BAHHDLIX YaCTHBIX KO3QHUWIIEHTOB perpeccHH, B pesyanbrare 4de-
ro NOJYHaeTcst 3HAYUTEJbHBI BHIATPHIIL B BBRIUICAUTENbIHOM MDO-

yecce.
Bodbliasi uacth OWIHOOK NP HOCTPOEHHH MHOMKECTBENHOl Der-

DECCHH BO3HIKAeT NPH BBIUHCAEHIN 3/7€MEHTOB MaTpHibl [SX1 uB
nporecce ee oGpauenns. CyMMBl KBaApaTOB TepeMEHHBIX X Mo-
IyT BO3pAaCTi HACTOJIBKO, UTO Ipu OTOPachiBRHUI Pa3psfoB. eLiXO-
JSIKX 34 Tpejedbl paspsiauoil corku, MOryT OBITH NOTepavnl  3Ha-

yanpse uudpsl. Jasee, eciu sneMentsl MaTpuust [2X] cniapin pas-
JHYAIOTCS N0 BeJHUYNHe, TO NpPH ee OOPALICHHH MOXKEeT MBoHzOMTH
JIONOJHUTEbHAS HOTEePsi 3HAKOB, B OCOOCHHOCTH B TeX CMyYasnX,
KOrZa MEKAY MepeMeHHLIMH HMEETCs BhICOKas Koppedsins Heko-
TOpble BLIYHCAKTEJbHbIE NPOTPAMMBI B COCTOSHHM COXpaHITh TOJ/b-
KO OJHY HJY [Be 3HaualluX DUPPB B KO3PGUUHEEHTAX, & ¢ HEKO-
TOPbIMHM JAHHDLIMH [eJ0 MOMXKeT OOCTOATDb elle XYXKe. Hccaenopanna
NOKA3aJi, 4TO BbiUNCJeHu{l C HCHOMb30BAaHHNEM [ABOHHON TU4HOCTH
He0CTATOYHO JJIsi TOIO, UTOOBI IPEOA0JETh 3Ty TPYAHOCTb. OAHAKO
HECKOJIbKO NPOCTHIX H3MeHeHHH B MporpamMme MO3BOJAT COXaiilTh
B NPOILECCe BBLIYUCJCHHH OT ABYX [0 LIECTH 3HA4allHX uudp n sHa-
YHTENbHO MOBBICHTH TOUHOCTb ypaBHeHus perpeccuu [44].

Bo-nmepsbix, Bce HAO/IOAEHHA 3aMCHIM HAa HX OTKJOHCHiA OT
cpeaHero 3HaueHus. 1o npeobpasoBaHHe TNO3BO.SET yMEHbUIITH
aGCOJIIOTHYIO BEJIHUMHY TepeMeHHbIX H NPHBOJAMT K MepeMeHHbIM,
yMelolnM obHlee cpeiHee 3HaueHHe, paBHoe mymao. [Ipu stou npe-
obpasoBaHuy KopduuHeHT by 00pamaercs B HyJb, TaK 4TO N0Opsi-
JIOK MaTPHIH CHCTEMB! ypaBHeHHH CHHXKaeTCa Ha eNAHHHLY. B pe-
3yJabTare TAKOro npeobpasoBaHHs COXPAHAETCH HECKOJbKO 3HaYa-
uux udgp. OAHAKO NOPANOK BEJNWUHH 3/1EMEHTOB MATPHIBI MOXKHO
elle yMEHbUIUTh, eC/H HCNO/b30BATh BMECTO HHMX COOTBETCTBYIOLLHE
KO3 QHIHEHTH KOppessiuud. DTo npeoGpasoBaHHe COOTBETCTBYET
3aNHCH HCXOAHBIX TEPEMEHHBIX B CTAHAAPTHOH HOpMaJbHOA (opMme
C HyJeBblM CPEAHHM M eJHHUYHBIM CTaHAAPTHLIM OTKJOHEHHEM.
MarpuyHoe ypaBHeHHe [Jisi OmpelesieHdst Ko3(hQHUHEHTOB perpec-
CHHY TOrja NpHMeT BHJ

[fxx] . [B] = [fxy], (67)
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4 €l'0 pellelne 3a0HIIETCS TaK,
[B]=[re]=" [rs]. (6.8)

31ech | rayl — BEKTODP-CTO/IGEL  KO3D(HIHEHTOB KOPPENALNH
MCZAK LY TIeDeMeHHOM Y M He3aBMCHMBIMH llepeMeHHLIMH Xp. Marpu-
ua KO3(QQUUNEHTOB KOPPeJNSALUUH MEKAY NepeMEeHHBIMU X .HOpHI{)Ka
m <m o003HavaeTcss uepes [rxx]. Hanpumep, HOpMaJIbHOle ypaBHe-
HHE JIJIst TPEX HE3aBHCHMBIX IIEPEMEHHBIX HMEeT BHJI

1 ory I'yg B, Fxry
Ia . _

YRR P B, | = Fiyy |- (6.9)
r31 rag 1 B, Txgy

) (JTMCTHM, UTO B 9TOM yPaBHEHHH Ha ONHY CTPOKY H OJHH CTOJI-
Ouil MeHbUIE, YeM B IKBHBAJIEHTHOM ypaBHeHuH (6.5).

UAHAKO 5TOT METOJl, OCHOBAHHKH Ha BbIYKMCJIEHUH KODpeJsioH-
Hoi MaTPHILL M NOJYYCHHH CTAHAAPTH3OBAHHOTO ypaBHEHHsl per-
puecHi, HMEET TOT HEAOCTATOK, 4TO OH YBeJNHYHBAET 00beM BbILI{JI/IC-
Jeduii. Jlis coXpanenust TOYHOCTH KO3((DHUHEHTH KODDeJALHH pe-
KOMEHIYercss BBIUMCIASATL He 110 gopMmysae (2.24), a Ha OCHOBaHpPIH
OlpelleIAIolLero ypasHeHus. Hcenoab3oBanne Q)Oi)MYJIbI (2.24) wne-
Ue.1€coo0pasHO Mo TOH MpUYMHE, YTO OHA COMAEPIKUT KBa[Lp.aTbI Be-
THHHH 2X; u 22Xy EciM 5TH CyMMbl BEJHKH, TO HX KBAaADaThl MO-
r_m" OKA34TbCsA HETOYHBIMH 3a CYET OTOPACHIBAHHS Pa3psioB, BHIXO-
ASLLMX 38 TPENeJBl PasPsAHOR  cetku. DTOi npobiemsl He BO3MHH-
Haer, ¢ A0 BHIUHCJEHHS CYMM KBaAPATOB H3 KAXKAOIO HAGMIOLE-
2)1;3 Brv,rnfecn) cpennee sHayeHue. CyMMbl KBaJApaTOB HaxOAATCH ﬂno
Tpe%M}eiIgﬁMl(Q.Hi) u (2.19).' Hust ocywectBienns 3Toi oliepaluy
TPEOYETCA HCIOML30BATE HCXOJHbIE HaHHblE JABAMX/BI — NepBbIA pas
A5 BLIMHC/ICHUS CPEIHEro 3HA4EHHS, a 3aTeM INIPH BLIYHTAHHH 110
AYUCHHOTO 3HAueHMs w3 Haluiofennii. B To e BpeMs xak HH};
i;mxc.rleﬂuﬂx BPYYHYIO 3TO NPHBOAMT K 3HAYHTEILHOMY yBequpe-
;| i)o 00beMa paboThl, Ha BHIYHCAUTEILHON MalUHHE TAKAs ollepauus
Bgmx;(:;ﬁccz (;qi:Hb npocro. BbluucieHHble KO3(h(HUHEHTH NOMKHE
Soaasathe K)<HeCTaHILapTH3HpOBaHHOM>> BHJE, TAK KaK OHH 3a-
e00paGoTaRNEINH TaNIINA, OAHAKY. o101 Mot oeer,s

v - UIHAKO 3TOT HEAOCTaTOK OKymnae
;giﬁrryomegfeiﬁﬂ BO3DaCTalomed YyCTOHYMBOCTH H TO‘{HOC¥H M’I:I‘Ei
MO}KHOCTE OHeHHS’IF,baBCe?IE;{};l}/;]ZIHSOBaHHbIe KO3((PUIHEHTH JaI0T BO3-

KJ4J0B OTJAEJbHBIX
YpaBHenue perpeccud. Kosd@uuuents: uacTHOH per};l:é)ceuh;eﬂnféﬁﬂg

IOJAYYHTh U3 CTAaHRAPT
H3HPOBaHHBIX K03¢(HIHEHTOB f
gacr -
PECCHH ¢ MOMOIIBIO NMpeo6pa3oBaHus Hon per

. bk=BkSy/Sk. (610)
HOCTOHHHI)IH yJieH by HAaXoAUuTCA no q)opmyne

bo=Y—b.Xi — 6%, — ... — ppXnm. (6.11)
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HecMOTps Ha TO, YTO CyMMBI KBaJpaTOB H3MCHIAIOTCA IIpH CTaH-
JapTH3ALUI JaHHBIX HJH IPU HCNOJb3OBANHIL MAaTPHUYHOTO ypaBHE-
HUSi B KOppeJssauuonHofl gopme, OTHOUIEHHSA CyMM KBajpaTos 0OCTa-
joTCSi HeM3MeHHbIMH. [[03TOMY KpHTEPHH 3HAUHMOCTH, OCHOBAHHEBIE
Ha CTAHZAPTH3OBAHHO perpeccHi, HASHTHUHEl KPUTEPUIM, OCHOBaH-
HEIM Ha HECTAHAapTH30BaHHOH perpeccui. Takue BeJHYHHDL!, KaK
KO3 QuIHEeHT MHOKECTBEHHO Koppeasuun (R) H MPOUEHTHOS BEI
pakKeHue TOUHGCTH arlipOKCHMAllTH (1009 R?), Takke ocTarTICH
HEU3MEHHBIMH,

Jlaunbie, npupefernbie B Talda. 6.4, npeicTaBAAIoT coGoil xapax-
TePUCTHKH HEQPTErasoHOCHOTO Gacceiina B Apxansace. 34 viofi
nepeMenHoH ABJseTcs OUEHKa 3allacon gedTH B HEKOTOPOM VHACT-
ke GaccefiHa, BLIUHCJACHHAS Ha OCHOBAHIH METO1ad MaTCpHaBHOTO
Gananca. YpaBHeHlle MATEPHABIoro Oajanca s cyHIHOCTH GBaset
Csl COOTHOILEHIEM MeAGLy AoGnuell Hedii, ao0utgeil rasa Hoiasge-
HileM. I3 HCrO BRJIOUAIOTCH TawKe JAOUYILChI cO odBeMe pesep-
Byapa H HauadibHBIX oObeMax Hed T, rasa i BOABL lHesuBHCIMEIMI
[epeMCHEBIMIL ABJSIOTCS BPEMsT SalOTHEHI peaepByapa, Aan’leHne
B Hey, o0ulas 00LIMa HepTH, KyMyJATHBHOE OTHOMICHIC 100b14M
rasa x aoGbiye medTi. Tax Kax MeXay 3aBHCHMOM nepeMeHHOH 1
APTYMCHIaMH B yPaBHEHHH MatepiaabHOro fananca iMeercH He-
qpHas CBASk, TO MBI BIPABE OXKU1aTb HEOOBIYHO BEICOKYIO BHVTpeL-
Hiolo woppedsniio. JleficToureapno, ecan MOARIb MaTePUGIbHOTE
Gananca BblOpaHa yAauHO W HAIH NPEACTABJCHLS O Hay i TbHOM
COCTOSIHMIL Il 0OBEMC Pe3epayapa npaBuIbHbl, 10 KOPPEJIILIZ Gyaer

Ta6auia 6.4

YpcJoBbie XapaKTepPACTHKY OJHON H3 3agexeit
He)TerasoHOCHORO NOJA B Apxansace

Y X Az X 'l X
110 273.0 1,0 3520,0 0,0 760,0
111 105,0 4,0 3125,0 29 183,0 853,0
114 9920 8,0 9910,0 46 536.0 906.0
119 437,0 12,0 2785,0 60 302,0 939,0
118 961,0 16,0 2650,0 73 604,0 960,0
116 968,0 20,0 2505,0 87 513,0 990,0
119 663,0 24,0 2425,0 98 738,0 1018,0
117 514,0 28,0 2290,0 112 587,0 1070,0
117 292,0 32,0 2125,0 126 192,0 1200,0
114 776,0 36,0 1950,0 139 981,0 1310,0
113 969,0 40,0 1785,0 153 419,0 1440,0
111 881,0 44,0 1670,0 161 327,0 1500,0
114 455,0 48,0 1601,0 173 485,0 1516,0
116 196,0 52,0 1637,0 185 832,0 1520,0

IlepeMeHHDBlE: Y — olieHHBacMble 3arachbl HedTH B HCCIEAYEMOM panoHe (X 10* Gap-
eqeft); X;— BpoMs MoCJae 3aBEpLICHHs TosieBbiX paGoT (Mecslbi); X, — paBieHHe B 3aJIeXKB:
(pynar/moin?); Xy — cymmaphas no6blya HedTH (X102 Gappeneit); X, — oTHOWeHHe ROGBITOrQ:
KOJIHYEeCTBA Trasa K AoCHITOMY 06beMy HedTH (dy13/Gappenn).

216

?mcoz\ron. HeynauHple MONBITKE NOAHOCTBIO ONEHUTHL pa3Mephl Hed-
{SIHBIX 3aMacOB MOTYT OLITH CBS3aHB ¢ OMHOKaMH B HaYyaJbHbIX
HOMYLIEHHSIX HJIII ¢ HEMOJHBIM HCCJe10BaHHeM BceX (PakToDOB, BXO-
LANIEX B YPaRHeHIle MaTepHa bHOro OaJsanca. S
DTH JaHHBIE COAEPKAT HEKOTOPLie XapaKTepHCTHKM, npeICcTaB-
EOIITe TPYAHOCTI AJsl aHadu3a. Tax Kax mopsixi sHauenuit nay-
GaoMBIX TeDeMEeHHDBIX CUJABHC PAasAHuYaloTCs, TO 3.JeMCHTH MﬂTpHﬁbl
CAICNIAMHBIX TIPOH3BENEHHH TaKXKe CHJbHO GTIHYAIOTCA N0 BeJNUMH-
de. tu naHHBe o6pa3yioT MHOroMepHBIl BpeMeHHOH psa. Tax e
KaKk H B APYLUX psaax 3TOTO THIIA, TaKHX, KaK KPHBLIE pocra sKo-
HOMMKH HJH HCIIOJTB30BAHUHA TPYAOBHIX PECypcoB, MepeMeHHLIe
cuapno xKoppemipopansl. CoxpanuTo IOCTaTOYHOE Komweclmo ugp
B MATPHUHLIX BHIUNCACNUAX AN COXAHHTL TOYHOCTDL B npouecce
ofpaulellly OKa3LIBAETCS 3aTPYAMNTeJbHBIM. Ilonesno BuIUHCIHTH
KO3 DUIINCHTBL Perpeccuis, HCNoab3ysl Marpuuy X u Mamz!u\: Fyx
Jlasr cpaBHeliiss CTaHAapTH30BAHHLIE qaCT11b1e~Koa(b(puuneﬁ%bf pé\;;
PCCCHU JOJIKHBI OLITh NPeoOpasoBaHbl K OOBIUHOMY BIIJIVA(B 10) n
(6.11). Pasnnuug, XoTOphe MOXKHO OO0HADVIKUTD B'ORHHK.‘JIOT.IB-SEI
omn?m( OKPYTJICHHST TIPH HCMNCJIb30BAHUU n}[anuxibl >X. A
‘ HeeMoTpst Ha TO UTO CTAHAAPTH30BaHHLIE YacTHHE Ko dulIneH-
TLI PerpeccHy MOsBOJIAIOT HaXOAUTL Hanbosiee BAKHBIE HepeMeHHbe
BNOSNLING B YDABHEHIIC PErPeccHy, OHI Il MOTYT cnvxmfb HeH(;:
IPOLIMBIM YRA3alieM Ha TOo, uTO 3TO VpaBHeHue BLIGpao Hau-
avaimnt obpason. TIpeamosioskuM, uTto, HCCacays vpamfe;xm‘e er-
DECCHIL, MU MPHILIH K BHBOAY, YTO Jpe nepeMeHHbE  1AI0T chv-
(LeCTECHHDBIT BKAAL B PErPECCHIO M HX MOXHO OT61)OCIITI;“ECVIH o-
{1y 13 NCPEeMEHHBIX VCTPalHTbL M CHOBa HOCTPONTS \'1)an{e111;e )eg-
peccui, TO KauccTBo 1noxfopa u camo VpaBHéHne KOHewHo n:}nue
sTes. Ec/1 bl pemnau veTpanuTe BTOPYIO nepéMeHH\'}o v aB‘I’Ie-
}:”C PCTPCCCHIT CIOBA H3MEIHTCS, 110 HAMEICIHE MOKCT GhiTh IC)OBCG\-T
1:11\1?1111\1 ﬁno pcp’aBHono C U3MeHeHHeM, KOTOpoe Npousoiizer B TO’C&
:f;}})f,?i}\ CCJIT NIepBAsT NCPeMENHAsl  COXPAHITCS B PErpeccHil. 310
03}ml%"gw‘{{?:n-ri?f ofi HPH}I}?HC. 41O 3(eKTH  B3aNMOIHCTBIIS IBVX
ouonn;};' (;(::‘ ;185 n'e;pemedlmx C ADYCUMH  TIePeMEHHBIMY Heah3s
poen 11606;0,[LHMZ)OQ;IOFO NOCTPOEHHS  PErpPeccHoHtoro ypanleHHsd.
Ll e OTGPOCHTerSBecm HccaenoBaHHe (OJBIIOTO WHCAA Tepe-
et Senan MI;IQ gegr;eobgli;xgble, KOTODBIC HeCYLIeCTBelHH 1.1
Cens! R bl OIPAHHUMBATBCS TIPOCTLIM HC-
,ym?[}:lz?: YACTHHIX KO3(OHUINEHTOB PErpeccuy.
CCCi Beera peter K yheamIEnNO SSw (HoKOTAN 1o CAYHaL
for R I0uas  Te CAVYaH,
Om;‘l;{go;s?;e }?;g;gi{eé;}me HOJ]HOC.TI)}O KOPPEeJTHPOBAHE! CO CTAPBIMH) .
CTenonGl ca b OTII"IG He MOXeT ObiTh 3HauntenbHuM. IloTepio
eyt SSp. wre ﬂeﬁc\g?;freelﬁior:mno KOMIEHCHPOBATL YMeEHbIle-
fCro 3HAaueHHA KBaAPATOB OTKJO it Bemt 570 mhonexommn o
Foomomonne ~ pa Jovenn#. Ecam 3to nmpoucxomur, To
YMEHbWIaeTCH, YTO NMPHBOAHT K COKPAIUEHNI0 YHCJIA
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YJleHOB B YpDaBHEHHMH Derpeccuu. Jlast  omnpeleseHus Hauayyied
BO3MOXHOI perpeccHn (Hanbosee 3HAYHMOTO F-OTHOIIEHHS) TDH-
XOMUTCS HCCAEAOBATh BCEBO3MOIKHEIE KOMOHHALMH NepeMeHHBIX; eC-
Ji TepeMeHHbX HEeMHOro, aTO CJeJarb JIErko, Tak KaK YHCJO HX
RO3MOKHBIX KOMOuHanuii pasHo 2m. OJHAKO ecu /M BEeJHKO, 3Ta
npoueAypa TpeSyer 3HAUMTEJNbHBIX 3aTpat MAIIHHHOTO  BPEMEHH.
CylIeCTBYIOT Apyrue NPOLUELypbl, KOTOPDIE [O3BOJISIIOT TOJYYaTh
ONTHMAJbHYIO PErpeccuio CO 3HAYHTENbHO ~MCHBIIMMH 3aTpaTaMu
Bpemenu. Cpeln HHX MOXKHO HasBaTh ofpaTHylo TpoLeLypy HC-
KJOUeHHs!, PAMYIO Ipouenypy Bb6opa, METOAbL nowaroBoii H MHO-
rowarosoii perpeccud. I1pu GOJIBIIOM KOJIHUCCTBE HCXOJHBIX Iiepe-
MEHHDBIX 5TH METOAbl He BCerja MPHBOAAT K OAHHAKOBBIM ypaBHe-
HUSIM PerpeccHH, OJHAKO Pe3yJ/bTaThbi, NOJYUCHIble Ha X OCHOBA-
HUH, BCE YK€ SKBHBAJEHTHDLI. VI3/0XKeHHe STHX METOAOB HE BXOLHT B
HauH 3ajauf, ¥ MBI TIPHBEJEM JUlIb KPaTKOoe ONHCABHE ONHOTO u3
HUX. DTH METOAbl XODOIIO M3JOXeHbl B HEKOTOPBIX PYKOBOICTBAX,
HanpuMep B KHurax Ilpeiinepa u Cmuta [14] m Mapackuno u Jle-
puna [46].

O6patHas npoueiypa HCKJIOUEHHs CBOAATCA K MOCTPOCHHIC
ypaBHeHUfl perpeccu, BKJIOUYAIUIUX BCE BO3MOXHEIE NepeMeHHbIe,
1 B HocjaeayiolleM oT6ope HauMeHee 3HaUHMBIX aprymenros. O1o0p
IIPOBOAUTCA HyTeM HCCAeLOBaHHs CTaHIapTH3NPOBAHHLIX KO3 (H-
[[HEHTOB YACTHOH pPerpeccuu ¢ HAaHMEHbIMMIL SHAUCHIAMU I noc.1e-
JyioLlero NOCTPOEHUsT YPaBleHUst perpeccui, i3 KOTOpOro yiaJieHH
5TH mepeMeHHble. 3HaYHMOCTD or6paceBaeMbIX NepeMEHHBIX npobe-
psieTcs ¢ MOMOMUIBIO NPHEMOB JAUCNEPCHORHOrO aHaJu3a, aHajoruy-
HBIX npejacTasiaeHnsM B 1ada. 4.16. Ecan mepemenHasl He JaeT sua-
YUMOI'O BKJ4/1a B PErpeccHio, 10 ofa OOBIKHOBEHHO oTGpachBaercs.
3aTeM CTAHAAPTH3HPOBaHHbIE KO3(PHUUCHTEL qacTHOH perpeccuu
NpUBENCHHOTO YPAaBHEHHs aHAJH3HPYIOTCs CHOBA, N npoilecc NOBTO-
psiercst. Ha KaxjoM niare UHCJO HEpPEMEHHEIX B ypaBHEHHH DCr-
peccun yMeHbIIAeTCs Ha eMHHULY A0 TeX 1op, OKa Bce ocTasliile-
cs1 mepeMeHHbe He OKaxKyTCs 3HaulMbIMIL.

BecbMa MoJe3H0 HeceloBanne Habopa ceMH NepeMeHHbIX, Hpeil-
CTABASIOUINX XapaKTepUCTHKH Gacceiina pek (cM. puc. 6.1), ¢ ueavo
BO3MOKHOTO HCKJIOUEHHsT KaKHX-JHO0 H3 HUX. Uccneays cranpap-
TH30BaHHBIe KO3 IIMEHTL YaCTHOM Perpecciit 1 orGpacuBast Hal-
MEHbIIHE U3 HUX ¥ CHOBA BBIUHCJISAS PErpecciio, Mbl MOMKEM HAlTH
MUHHMAJbHOE MHOXKECTBO apryMeHTOB perpeccuy.

[ToBTOpHOE NpIHMeHeHHe NPOrpaMMbl MHOXK€eCTBEHHOl perpec-
CHH, OUeBIIHO, MeHee 3(PPEKTHBHO, 1eM HCHOIbSOBAMHIIE MOLIATOBOTO
BLIYACJNTEBHONO aJArOPHTMa, HO OHO HMEET TO NPEIMYLIECTBO, UT0
KayKJBi [mar npouecca Moxer OblTh THATEJNBHO npoaHaNIu3upPOBaH.
Moce TOro Kak OyAeT AOCTHLHYTO MNOHHMaHHe [POLECCOB KCK/IO-
UeHHs ¥ M3MEHEeHHs, IPOHCXOMAHX NPH BLIYHC/ICHHH KO3pDHLHCH-
TOB perpeccuu, MOKHO 00paTHTBCH K GoJiee aBTOMATH3MPOBAHHLIM

aJrOpUTMaM.
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XOTS IO BHEHUIHHM NPU3HAKaM TEOPUIO0 MHOXKECTBEHHOH perpec-
cHH MOXHO OTHECTH K «MHOIOMEPHBIM» TEOPHSM, TaK Kak B Hel
y4acTByeT HECKOJbKO IepeMeHHbLIX, H3MEePeHHBIX Ha KaXjaoM 00b-
exkTe HaGJIONEHHS, BCe XKe 110 CYUIECTBY CBOEMY OHA SIBJSETCS OJ-
HOMEPHOIl, TaK KaK Mpl HMeeM JeJ0 C JHCHepcHell  TOJMbKO OJ1HOH
3aBUCHMOH nepemeHHofl Y, a moBejeHHe HE3aBUCUMBIX TePEMCHHBIX
A anajinsy He noJpepraercs. ‘ ‘

CJeayionlass TeMa HalUIero H3J0XeHHS — JUCKPUMHHAHTHBII
amaJuz. 1edb KOTOpPOro — HAeHTH(UKaHA HJH paclpelenaetHie 06b-
eKTOB B 3apaHee 3ajJaHible rpynnsl. PasjiejeHde Ha JBe B3aUMHO
HCKII0UaloIHe APYT Apyra TPYMNbl — 3TO IIpOIlecc, KOTOPHlil B BbI-
YIICTHTCIBHOM NJaHe SIBJASETCS IIPOMEXKYTOUHBIM MEXAY O11oMep-
HBIMH 1IDOLEAYPAMH M HACTOSIHMH  MHOTOMEDHBIMH Me"roaaMn
8 KOTOPBIX MHOTO IIeDEMEHHBIX paccMaTpHBAalOTCs OILHOBpQMeHHO’
HBe rpynnel, Kaxaasd U3 KOTOPBIX XapaKTepH3yercs Heliofopblh/i
MHOZKCCTBOM MHOIOMEPHBIX IlepeMeHHBIX, MOXKHO pasles]uTh ¢ I0-
MOULLI0 pPelleHHsT HeKOTOPOTO MHOXeCTBa COBMECTHLIX ypaBHeHHl
HOYTH TAKHX 2Ke, KaK Te, KOTOpble HCNOAb3YIOTCS B MHOKECTBEHHOI
perpeccui. BexTop npaBoil yacTH MATPUUHOTO YpaBHEHHS O/Z[HE;KO
He COACPAKHT cTeneHell 1 NOMAPHBIX NPOH3BENEHHI eILI/IH’CTBeHHOf;
3aBHCUMOIT NepeMeHHOH, a COAEpPIKHT PA3HOCTH MEXKIY MHOroMep-
HLIMM CPEJIHUMH ITHX ABYX IpPyIIL

Kpureput Teopun AHCKPUMHHAHTHHIX (DYHKIHI BKJAOYAIOT MHO-
roMeporle 0000CIIEHHST NMPOCTBIX OZHOMEPHBIX CTATHCTHUYECKUX Axpu—
TCPHEB NPOBEPKH THIOTe3 O paBeHcTBe. OHH OYAYT paccMOTpEHbI
[1037Ke, T10CJIe MHOTOMEpHBIX METOAOB K/JAacCH(HKALUH MJIH pachpe-
neleHns oOBEKTOB B OAHOPOAHEBIE T'PYNMBLL. 3aTeM Mbl PACCMOTPHM
METOALI, B KOTOPLIX HCMOJbL3YIOTCS COOCTBEHHEIE SHAUEHHS, BKJIO-
4asi METOJ I'JIaBHbIX KOMIIOHEHT M (aKTOPHBLIH aHaJIH3 Hoc;.nemme
naparpadur cojaep;kaT MHOrOMepHbEle 06006IIIeHH s ILHCKpI/'IMI/IHaHTHOI‘O
aHa/1u3a 1 MHOXKEeCTBEHHOH perpeccus.

ITOT nepeveHb, OUEBUHO, He siBJsieTCs HcueprbiBatomum. OjHa-
KO paccMaTpHBacMble MeTOAB! ObIJIM BBIODAHHBI 11O TOM npmmﬁe 4TO
OHIl HallIW NpUMeHEHHe B HaykKax o 3emJe. OHH BRJIOUAIOT MEHO-
HKECTBO BBHIYMC/HTENbHBIX METONOB H ONEePUPYIOT ¢ pAgoM dhyHOa-
MEHTaJbHBIX nogﬂmﬁ. [ToHuMaHiHe TEOPHH 3THX METOJAOB H COOT-
BCTCTBYIOHIHX efl BbIYMCJIHTENbHBIX INpolelyp obeclieuHBaeT A0CTa-
TOuHyIo 6a3y [Jisl OLeHKH APYrHX MHOTOMEPHBIX METOJIOB.

JUCKPUMUHAHTHBIE ®#YHKUHUH

\m(()mm H3 HanboJee IIHPOKO HCIOJb3YEMBIX B HayKax o 3emJje
! ! JTOMEPHBIX METON0B — AHCKPUMHUHAHTHHIH aHanu3. Mbl paccmar-
g'r;x?:gnir:c}fﬁ\ic}) NOTOMY, 9TO, BO-NIEPBBIX, OH SBJSIETCS MOIIHBIM
oy e OVLH METOJOM, H, BO-BTOPBIX, €ro MOXKHO NOCTABUTbL B
o JHOMEPHBIMH 3ajla9aMil, CBSI3AHHBIMH C MHOXKECTBeH-

perpeccuefl HJI¥ PACCMOTPEHHBIMH Bblllle MHOTOMeDHLIMY 3ajia-
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yaMH NpPOBEPKH CTATHCTHUECKHX runortes. I[losTomy oH 1o3BoJseT
YCTAHOBUTH JOMONHHTENbHYIO CBA3b MEXAY OAHOMEPHOH M MHOrO-
MepHOIl CTaTHCTHKOH. ‘
OnpefejuM CHayaja MOHATHE pasjeseHuss (AHCKPHMHHALHH) H
MoKaxeM, 4eM OHO oTjuyaercs oT OJM3KOr0O K HEMY NOHATHUsA KJjaac-
cudpukauun. I1peAnonoz M, 470 HMEIOTCA ABE TPYHNL Npod cjaaH-
11eB, 0 KOTOPBIX 3apaHce M3DECTHO, YTO OHH 00pa30BajlCh B IIPec-
HOBOJAHOM H MOPCKOM OacceliHax. DTO MOXKHO ONpejeuTh Hd OCHO-
BAHHK HCCJAEAOBAHHS OCTATKOB HCKONAeMblX OpraxisMoB. B npodax
H3MePEHO HEKOTOPOE YHCJO ICOXHMHYECKHX XapaKTCPHCTHK, a HMeH-
110, cojep:KaHusi BaHajius, Oopa, »eae3a # JAPYrHX 9/7EMEHTOB. 3a-
Jdaua COCTOHT B HAXOK/AECHWH TaKoH JHHEeHHOH KOMOWHalUMH 3THX
{ICpeMEeHHBIX, KOTOpas Jact MAaKCHMaJbHO BO3MOXKHOE pasJjuine
MENKAY JABYMsl patee onpeleseHHbIMH rpynnamu. Ecau Ham yaacr-
¢l HaUTH TAKYI QYHKLIIO, TO Mbl CMOXKEM HCHOAb30BaTh €€ A9
OTHeceHHS HOBHIX 06pasnoB K TOH HJM APYrOH HCXOAHOH Tpymme.
MupiMu cjoBami, HOBEle 00pasipl cjaaHUa, He cojepikalibe AHArHo-
CTHUECKHX HCKOIAEeMbIX OCTATKOB, MOXKHO OyJeT pasieqaurb la MOp-
CKHE Il IIPECHOBOAHEBIC Ha OCHOBe JHHeHHOH AUCKpUMUHAHTHON QyHK-
LMK, TOCTPOEHHON MO MX FeOXHMHYECKHM KOMHOHeHTaM. (JTa 3aja-
ya paccmarpusadack [lorrepom, lumnom u Yurrepcom [55].)
3agauy Kaaccu@UKANH MOXHO NPOMJIOCTPHPOBATDL Ha aHAal0-
rugHoM npumepe. llpeanonoxiM, 4T0 MBI coOpaJju OOJbIIYIO KO.I-
JeKIUK 00pPA3U0B CAAHIED, KaMAbH U3 KOTOPLIX OLLI NOABEPTHYT
reONHMIUECKOMY aHaJH3y. MOKHO JH Ha OCHOBe 3llayeHHH u3Me-
PEHHLIX feDpeMeHHBIX OCYLIeCTBUTL pasjesieHue BLIGOPKH Ha OTHOCH-
Te€JbHO OJHOPOAHDblE IPYHIBL (KAACTEpH), OTJAHYAIOUIHECST APYT OF
apyra? YupcacHHble MeTOABL! pelueHHsd TaKOro poja 3ajlay AocTi-
TOY{IO0 XOPOLIO pa3padOoTaHLl U MPHHAANEXKAT K pasjieldy HavKH, Ha-
3BIBAEMOMY TakcoHOMHeH. Oui OyAYT PACCMOTPEHBl B CACAVIOUEM
pasiesc. CyulCCTBYET HECKOALKO ABHBIX PasJiuii Memily 3THMB
MeToAaMI M MEeTOAaMM AHCKPHMHHAHTHOTO aHajausa. Kiaaccudiura-
LKt BHyTPeHIE 3aMKHYTad, T. €., B OTJHYHME OT JHCKPHMUHAHTHOIC
aHaJII34, OHa He 3aBHMCHT OT alPHOPHBIX CBEJACHINT O COOTHOLIEHH
Mex1y npobaMu. B AUCKPHMHHAHTHOM  dHaJjlis3e YHCJAO TPYAN 3a-
Jaetcst 3apadee, B TO BpeMs KaK YHCJIO KJA4CTePOB, KOTOpPBlE I0AY-
yalTesl B pesysbTaTe KaaccH(rKkalull, He MOXKeT OLITb 3apaHee On-
nelescito. Kampaas npoba u3 HCXOQHOTO MHOKECTBA B AHCKDPHMII-
HAHTHOM aHajH3e NpHHAANeXKHT K OAHOI 13 3dfaHHLIX CPYyIIL
B GoapmiiHeTse 3a1a4 KjaaccH(pUKaUHM Npoda MOKCET BOHTH B J0-
OYIo W3 TpYMi, BOSHHKAIOUIMX B pesyJabTare Kaaccupuxamuu., dpy-
rie pasJHyMsl CTAHYT OYEBHAHBIMH IPH DACCMOTPEHMH 3THX ABYX
npoieiyp. B pesyapTare KJAacTePHOTO  auaJjusa ¢jaHieB Dposhl
pacnpeicasitoTes 1o rpynnaM. IlpeacTasisier HHTepec IpOBejeHHe
reoJorHIecKOro OCMBICANBAHUS HAWACHHBIX TakdM 00paszoM TPYIIL

Hpocrass guHeAHas JUICKPHMHHAHTHAaA (QYHKUHS OCYILECTBJISET

Hp606p330BaHH€ HCXOANIOro MHOXKeCTBa HSMEI)EHI/If/,I, BXOJAAIIHX B
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Puc. 6.2, Tpatuueckoe npeacraraenue ABYX ABYMEPHbIX pacnpeneieHuil,

YKa3aupl nepekpLITHA pacupeseeHuil a5 rpynn A u B 1o ocav Xy n Xy npoek-
THPOBAIHE HA JUICKPUMHHIHTHYIO JIHHHIO NO3BOJACT PAS.UIHTH ABC [PYANEI

BLIGOPKY, B eQMHCTBEHHOE AMCKDUMHMHAHTHOE 4YHICH0. 310 yicao
HJIH npeo6pa§OBaHnan HepeMeHHast, onpeaessieT I10J0KeHHe oGpaaj
Hda Hy NPAMOH, olpeeneHHOH AHCKpUMHHAHTHON dynxuueil. [Tosto-
MY MBI MOXKEM TNpeacTaBJdaTh cefe nncxpnMHHaH}nyo PYyHELIIO
Kax cnocob 1npeoOpasoBaHusi MHOTOMEPHOI 3a1aun B 0JHOMEPHYIO,
AMCKPHMHHAHTHBIN aHa/Mu3 OCHOBAH Ha HaxoXKaeHuy npeoéoyaao-
Balist, KoTopoe AaeT MHHHMYM OTHOLIGHHS DasHOCTH MHorome})Hux
CPCOHUX 3HAYEHHIl [/ HEKOTOpOit napwl rpynm K MHOTOMepHOH
AllCiepeun B npefesax ABYX rpyni. Ec/ul Ml n306pasuM naiun (e
Fpynier COBOKYIHOCTSIMH TOYEK B MHOTOMEPHOM IIpOCTPAHCTBE, TO
f}'ﬂ«:o HAaUTH TaKoC HalpaBJ/eHHE, BJOJL KOTOPOrO 3TH COBOKYIHOC
T[JLI, 7VIBHO PASACIAIOTCS M B TO JK€ BPeMs HMEIOT HaHMEeHbIUYIO Bbl-
Hyxiocte. I'padnueckn sta kapruna npegcrasiena na puc. 6.2. Ee-
”.”, lcnosb3oBaTh nepeMenueie X; u Xp, To nposecty VAOBJIETBOPH-
;Zu‘il;;lllloe}i paspenenue rpynn A u B une yjaaercs. O1HaKO MOMKHG
oren amnpasJieHlle, BAOJDL KOTOPOrG  pasAedenie COBOKYMHOCTeH
“BHIIHO, a BBINYKJOCTL MUHMMaJbHA. KOOPAMHATEI TOYeK 3TOrG
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HaTpaBJEHHS 3&71al0TCA YpaBHEHHEM JAHHeHHON NHCKPUMUHAHTHOM
GyHKILIA.

O;ud 13 MeTON0B HaxOXJeHHd JMHeflHO  AMCKPHMUHAHTHOM
YHKILH — HOCTPOCHHe yPaBHEHUS PErPeccri, B KOTOpPOM 34BHCH-
MbIMI JIEPEMCHHBLIMHI SBIAIOTCSH PA3HOCTH — MEACILY MHOrOMepHbIMH
cpejuME ABYX Tpynn. B mMatpuuioM 0603HAYECHUH MBI 1OJXKHBI
pelnTh ypaBilcHie Bila

[s,2]- ) =[D1, (6.12)

tie [s?pl—m>xm-marpnua AucmepcHil ¥ KOBapuauuil o6BeAHHEeH-
nofi suibopkr. KozhduLHEHTH JAHCKPUMHHAHTHOH ~ QYHKIHH TIpe-
CTABASIOTCS BEKTOPOM-CTONOIOM HEH3BCCTHRIX, KoTOpHIl 0003HAUCH
6yksoit A. Ero K03 PUIIEHTH HrpaT Ty XK€ pPoJb, yTO H KO-
GUIIeHTE § B YPaBHCHHH PErpecch. He Hajo nyTatbh 3TH KO3(-
QUUIEHTH A C TeMIl, KOTOpBIC HCOJIb3YIOTCs A 0003HaueHHs c006-
CTBEHHLIX 3HAUEHIT MATpUll B KOMIOHEHTHOM i dhaxTopHOM aHa-
JH3ax.

B npaBoll yacru ypapHeHUs (6.12) crout BEKTOP-CTOJ0ELL Pa3-
HoCTeil MEM 1y CpelHHMI 3HAYEHHAMH ABYX TPyl Taxoe ypaBHe-
HIe DellaeTcs ¢ NHOMOUBIO onepauuii obpanienis ¥ YMHOXCHHUSA
Matpul, T. €

[\ =T[s,"17'[P]. (6.13)

Yrohul onperentth AHCKPHMIIHAHTHYIO (YHKLINO, Mbl J107KHBI
onpe1eJHTh BeJUIHbL, BXOLANLLIC B MatpuuHoe ypasuenne. PasHoc-
TH CpeIHUX HAXOLATCH O Popmy e

'fl)

na
\ 1
Ajj Bij

i=1 =1

Ny np !

(6.14)

D, T —B)=

rae A, —i-e nadaonedue j-i nepemennofi B rpynne A; A;— cpel-
Hee 3HaueHie j-il MepeMEHHON TPyl A, WJan cpejHee MO 1, Ha-
Garo1eHHsaM. Te e 00O3HAUEHHsl HCIOJNB3YIOTCA LA rpynnsl B.
MuorovepHubie cpeline MepeMenHbie TPyl A u B MOXHO CUHTATb
AByMsi BekTOpamu. [fo31OMYy DA3HOCTL MeXay HHMH cHOBa 00pasy-
€T BEKTOP

[D;] = [47] — [B)]

HJH B PACIIHPEHHOIT 3aIHCH

D, A, © B,
D, | |2 | | B
D, A, B,
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‘o lKIPJxm NOCTPOEHUs] KOBApHAllWOHHOK MaTpUUbl 00belnHeHHOH BHI-
0 g HYXHO BBIUMC/IHTL MATPHILY CYMM KBaipaTOB I CMeLIaHHBIX
pousBeneHuil (SP) aus Bcex IepeMeHHBIX B rpymme A U aHaJjo-

THUHYIO MaTpuuy aas rpynnsl B. Han
y . HMe eca A
TOJBKO Tpynny A, TO p P, 1 paCCMOTpPeTh

na n

-4
" Aig ) A
SPA‘NZ:Z(AUAI,I;)_ i=1 i=1

=1 Ma

34ech, Kak H Ppanee, A;;—i-e HaOJaoAeHe j-i NepeMeHHOH B
rpynme A; A — i-e HaOnOAeHKe k-# mepeMeHIOf B Toll Ke rpynne
Koueuno, npu j-k sra BeJHdHHA 1aCT CYMMY KBalpaTtoB Ie gMeH-'
HOfl ¢ HOMepoM k. AHAJIOTHYHO MOXKHO HAHTH MaTpuLy cyMMpKBa;L«
paToB H CMEUIAHHBIX NPOM3BeJeHHH AJS rpynnt B:

n Bi; ! ;
SPB/k:Zb(BijBik)— Z Ji__: B/a‘

i=1

) OGo3HaunM 1151 TPOCTOTH 3aNHCH MaTpPHUY CYMM IIPOM3BeeHil
aas rpynnsl A uepes [SPA], a aas rpynnst B —uepes [SPB]. Ko-

BapHALHOHHYI0 MaTpHLly O0beauH A
! : eHHOHl BHIGO .
3allcaTh B BHOE PKH TENepb MOXKHO

) _ [SPAL + [5PB]
sol == = (6.15)

oOngsxiigﬂiHo%eézégTo' 3TO OllpejeseHHe JAHCHOEPCHOHHOH MaTpIillDI
e erI\II B Tquocm2TaKoe JKe, KaK i HCIOJAb30BAH-
noe mp MHOI‘OMeprHH KpuTepusi T2 gJs1 NpoBepKit THIOTE3Bl O pa-
e oo ogeCTIX cpeanux. Xora o6beM BLIUHCIEHHIT, KOTOpLIE
lUICKpIIMHHaHTF})IOfI U AJs1 TOTO, '{Toébru HOJYYUTb KO3 duLlieilThl
e (YHKUHY, Ha NepBbl B3rJsA 1 Kaxercsl 00Jb-
. 1, DaKTHUECKH OH 3Ha4YUTeJbHO MeHbllie. B xauectBe mpuiepa
nDE;};ZZ;IHSiCKpHM6I/IHaHT5Hy}O GYHKIUIO AJs JABYX TPYIN JTadHbIX,
e Hetzxga 1. 6.5. I'pynna A npeacraBaena npoBami co-
SR, , B3ITOTO C MOPCKOTO NJSXKa; 1Be NepeMeHHbule —
i HpepﬂacsTl\;i};I 3epeH U KOIQ(HLIHEHT OTCOPTHPOBAHHOCTIL,
yhdia B npecT: eHa npobami IlecKa, B3sITOro B OTAANENHH OT
fpynnu oA 11 L MEHHBEIE B 3TOM cJyyae TakHe Ke, KaK it 1714
oynnit - .Ha HeC Hgié ﬂ}l{larpaMma HCXOZHBIX HabJIoNeHHH 1pei-
conep O;I){eB.H 3 f)m JBe I'PYNNBl TOUEK H HEePEeKPBIBAOTCH,
b JLHO, UTO pasfie/siollias X JHHHA NPOXOIHT MeX-

H Tak, 4T0 OOJBIWHHCTBO HAOGMIOAEHUH IrpyNnnbl A HaxoAuTCs
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Ta6aunua 65

PesyabTaThi H3MeEpeHusi CpefHero pasMepa 3epen M Koabduuuenta )
OTCOPTMPCBAHHOCTH B ABYX Fpynmax npod Necka, B3ATHX y ypesa BOAB
¥ B yjaneHud oT Hero (B)

3 - o Kosdhdunu-
Speannd - Kosddnun- | cponpnit pas- Ko:chdJHun I Cpeanuit pas- D i
hepln | enr orcopme | U Septur” | i omeonT | Cuiep sepen | € 2100
Il
1,20
Fivnna A | 0,320 1,22 0,339 ,
= 308 1,90
0.323 1,08 | 032 194 % )
0,340 o 00328 1796 0.340 1791
0,238 109 | 032 197 0.341 1,21
0.233 110 0.318 1,99 0.335 1,99
q.323 113 0.330 1,17 8’528 {,gg
0297 119 , ,22
0,329 ],13 I‘pynna B 8,%32 {,gg
0 5 Rt 0,339 h12 0,348 1,29
0.333 11} 0,345 112 0'337 1,99
‘ 1014 0,350 '3 0,342 1,23
115 0,352 3t 0.331 1,24
15 0,341 L.15 0.310 1,94
e 08T I,15 0,342 1,24
e 0.337 1,16 0,331 1,25
Lo o LS 116 0.336 1,95
Lo | 0,840 17 0,341 1,95
ST 117 e '3
TS T TS "{g 0,337 197
i L 0,399 L 0.339 197
BIS 03 1718 0o Lo
i L 0,346 1,18 0,334 1.8
it 4 0.8 1,18 0,332 1,29
b 0,340 1,19 07330 1’51
1,19 I 119 s ,
Pon 0.4 ’ 0,334 1.3
pop oy 0,333 1,20 0,340 1,21
ST B 1 1790 ; :

10 0HY CTOPOHY OT Hee, a OOJBLWIKHCTBO HaOmoAcHul rpynnsl B —
o 1PVIYHO. .

B taba. 6.6 npupejeHbl pe3yabTaThl BHIUHCJIEHHIT IBYX BEKTOPOB
MHOTOMEPHBIX CPEJAHHX M JABYX MaTpHIl CYMM KBaJpaToB I cMe-
uaHHHX NpousBefeHnfl. Ha ocHOBaHMM 3THX AaHHBIX BBIMTHCIACTCSA
KOBapHalHOHHAS MaTpHIa o0beJHHEHHOH BEIOOPKI. Tenepn v Hac
ecTh AaHHBIG AJs HAXOXK/IEHHS AUCKPHMMHHAHTHOH (yHKUII

[sp17" - [DI=[A]
59112,280 4312,646 —0,010 . ;_}—783,63}
[ 4312646 747182 7| _0043| T ,| —75,62 |
[TonyyenHoe MHOMXKeCTBO KO3(PGHLHEHTOB A HCNOJb3yeTcs JJIsf
[OCTPOEHHA AMCKPUMHHAHTHON (QYHKUHH BUAA

R=?\zﬂpl +7\42'll-72+ cee +}\«n\pm. (6.16)
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Puc. 6.3. 3aBucumocts wmenmanst
pasmepoB 3epeH OT Koadduumenra .
.
OTCOPTHPOBAHHOCTH B npobax mecka: 35L .
I —npobm maskHOTO mecka; 2 — : .
npolsi, B3AThle B OTAAJEHHH OT Ge- .
pera; 3 u 4 — AByMepHHE Cpenue
ABYx rpynn ¢yukuuf. IIpsvas JH- . °
HHUS — rpauk JMCKPUMHHAHTHON & o e e,
GyHKIHH " 034 1o CT e e @ . .
o Yy » e oo °
(=]
Q (o s
2 . o e .
3 e ol < . /
.
g e
. o o o ya
I \ o o s
3 O Sh )" ° © ) ° < e
X 3 SO I 2 .
S ° e oS
| .o/
s c©
J/ O
o o/ o1
‘ ; < o .
052 H| / o
/s o
. s ° T

11 1,2 1,3
Kos@@EuuuenT COPTHT0BAHHOTTH

D10 — nHeliHas QYHKUHSA; CYyMMHPYSl ee cJjaraeMmbie, NOJYYHM
QHCI0, itaskBaeMoe AncKpuMuananTuoil Merxoil. B mBymeprom cay-
1dae MbI MOKeM H300pasznth JUCKPHMHHAHTHYIO (YHKIIHNO NpsiMoll
JUHIeH Ha TOUeuHoli anarpaMme ABYX HCXOAHBIX NEPeMeHHELX. JTo
Apsimast ¢ yrJI0BLIM KOI(QPHUEEeHTOM

o =hofh1. (6.17)

laxan qunus v nsofpaxena Ha puc. 5.3

Honcrapass B ypasHeHe MICKpUMHHAHTHON yukuun cpeaiee
aprdmeTHIecKoe, NOTYYEHHOE H3 CPeIHMX [ ABYX BBIOGPOK, MBI
foJyyaeM 3HAaYeHHE AMCKPLIMHHAHTHOrG HUAexkca Ry MHBIMH ¢.10-
BaMmu, Kaxjoe sHaueHue §; B popmyse (6.16) mel nosaraem pab-
HBIM

¥ = (A+B))/2. (6.18)

B nawem npumepe
Ro= Ay + Ao =— 783,63 (0,335) —
— 75,62 (1,189) =— 352,22.
JMCKpUMHHARTHBIA HHAEKC Ro COOTBETCTBYET TOYKe pa3jielisiio-
el npAMOH, KOTOPAs JIeXKHT CTPOrO NOCCPEIHHE MEXIY eHTPOM

Tpynnst A 1 HeHTPOM rpynmsl B. Mbl MOKeM NOJACTaBATH MHOIOMEP-
Hoe cpegnee rpynnsl A B ypaBHeHHe, T. €. HPHHATDb, UT0 ;=A;.
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Ta6auna 6.6

Marpuibl, HCNOAb3yeMbie NPH BBIUHCJIEHHH AMCKPHMHHAHTHOR QYHKIHM
AJs ABYX rpynn Ha6JaiofeHHH, NPHBEACHHHIX B Tala. 6.5

BeKtop cpelRHX 3Hauenui rpynnn A

[0,330 1,167}

BekTop cpefnux 3Hauenuii rpynns B
[0,340 1,210}

Bekrop passocTeil cpeanux

[—0,010 —0,043]

VcnpaBnennasa MaTpula cyMM KBagpatos A
[ 0,00092 —0,00489

| —0,00489 0,07566 ]

Hcnpapnennan Marpuua cymMm KBaipatos B

| 0,00138 —0,00844

| —0,00844 0,10700 ]

Kosapuanuonuass Matpuua o6beIHHeHHON BHGOPKH
[ 0,00003 —0,00017

| —0,00017 0,00231 ]

Martpuna, o6paTias K KoBapHaHOHHON MaTphlle 0GbelHHEHHOH BHOGOPKH

[ 59 112,280 4312,646
4312,646 747,132

DTO JacT HaM 3HayeHHe R,4. AHaJOrHYHO, MOACTAHOBKA CPelHEro
rpynnel B gact Ham 3HadeHMe Rp (npu y;=58;). DTH 3HaUYeHus OI-
PEAENAIOT HEHTPHl JIBYX HCXOAHBIX IPYIIN Ha pasfefsiollell npsaMoii:

Ra=MA, +dy=—T783,63(0,330) —
— 75,62 (1,167) =— 346,64;
Rp=»B+2sBy=—783,63(0,340) —
— 75,62(1,210) =— 357,81.

Aty TPH TOYKH H300paxKeHnl Ha pHC. 6.4. Anajorvuno kKaxioe
Ha6HIO,LTaCMO€ 3HaueHHue MO2KHO INOJACTABHUTDH B AHNCKPHMHHZHTHOE
ypaBHeHNie B 3aTeM HaHeCTH NOJyuyeHHOe 4HCJI0 Ha rpaduk. Bee ato
MOXHOC caAeJIaTh Ha OILHOfI JuarpaMme; 3aMeTHM, 4TO HECKOJIbKO TO-

yex rpyntisl A nonaju B rpynmy B, T. €. pacinoJIOXKeHB 10 NPaBYio
CTOPOHY OT Ko, a HECKOJIbKO TOUYeK Tpyniusl B momaau B rpynuny A.

OTO — TOYKH, HENPaBHJILHO PacKJacCHOHUIHPOBAHHLIE C TOMOIIbIO-

JUCKPHMNHAHTHOH QyHKIHH.

226

1T

Kpurepuu 3HAUUMOCTH

Ecal NMocTaBUTh HEKOTOphIE YCJAOBHA U JAHHBIX, HCHOAL3YE-
MBIX TIPH TOCTPOEHHH AHCKPHMUHAHTHOH PYHKIIUM, MOXKHO NPOBEC-
TH TPOBePKY 3HAYUMOCTH pasjeleHHss Ha jBe rpynnbl, OCHOBHBLIMHE
VCIOBHAMY SBJASIOTCS: 2) HalJI0AeHHs B KaX[IO# rpynne HpoBo-
IATCS Hayviayy; 6) BepOSITHOCTH  TOrO, YTO HEH3BecTHoe Halbuawje-
LHC NPUHHALJIEKHT J10008 3 PPYDI, pABIE Mexay co60H; B) BHYT-
pH KaXIodi 12 rpynn IepeMeHHLIC paccMaTpiBaloTCs  Kax caydaii-
Hble BEJHUMHLI, paciipelcJeHlIBe HODMAALUO; T) KOBapHALHOHHbIE
MaTPHLb! PA3JUUHBIX TPYIT HMEIOT OAMHAKOBLIA NOPSAOK; 4) HH OA-
#0 13 HaGaIoeruil, HCITOJIb3YCMEIN a5 HOCTPOCHIsT JIHCKDHMIIIAHT-
HOI YEKIMH, He OBIIO JOXKIO DaCcKiaccHBHUUDOBALO.

{aibodee TpYyIHO YAOBAETBOPUME! YCA0BIS «O — I'». K cuacTnlo,
NUCKPHUMUHAHTHAS QYHKUMS H3MEHS2TCsi  HC3HAUITeNbHO IIPH M-
JILIX OTKJOHEHIIAX OT HOPMAJLIOCTI WA TP MAajblX OTKJICHeHHAX
nucnepcuil. BoinosHeHue ycsonuii  «0» 2aBHCHT 0T aNpHOPHO 3a-
JIAHHOTO VPOBHA OTHOCHTEJBHBIX BKJaA0B HccsenyeMblx rpynn. Ec-
JIM yCJI0BHME O PaBeHCTBE BKAAAOB OTHOCHTEIBLHBIX COAepXaHHi He
BBITOJIHSIETCS!, MOYKHO CjenaTh HCKOTOpPbie ADYTrHe AONYUIeHM:d, KO-
TOpBEIE TMPUBOIAT K cMcuieHUw atagcnna Ks (Iloapobuce n3noxKe-
HIC BOMPOCOB NPHUSTHS ANbTCPHATHBHBIX PCUICHUI B AMCKDUMHHATIT-
HOM aHaauze cojepxiurest B xuure Aujgepcona |2}, rmara 12.) Tlep-
BHi 12T B NPUMEHEHUIl KPUTEPUS 3HAUHMOCTH JHCKPHMITHAHTHOR
(PVHKLHI — OlIeHKA Pasiindna MeXIy TpVImaMu. ITo MOXKHO cle-
JaTh C TOMOIBIO BBIUICAGHHA PACCTORHUSA  MCKAY UOLTPOMAAME
HJIT MHCTOMEDRHBIMII CPeIHHMH rpyni. Mepa paccrosnins nosydaer-
CHl IPAMO H3 MHOTOMCOMBIX CTATHUCTHK. MBI MOXeM TMOJVUHTL Mepy
PA3INYHS MEXKAY CPEeLHHMH /[ABVX OJHOMEPHBIX BHIGOPSK, Xi H X,
HPOCTO BHIUITASI OIHO 3uavedyue 13 apvroro. ONHAKC DGAOCTL Bli-
paxaercd B TeX Ke eAMHHIAX, UYTO iI HCXOAUBIe HaOMIOJeHHS,
¥ 00nIYHO Gosiee VIOOHZ, ecai HCROMb30BATh CC B CTaHI1aDTH30Ball-
Hoit ¢opme. PasznenuB pasHocTh Ha 00BheIMHEHHOE CTaHALDTHOE OT-

Y

| ] ! ] | ! | 1
- 335 -340 - 345 -350 -355 - 360 ~365 - 370

Puc. 6.4. Mpoekuus BbiOOPOK, NPEACTABJIECHHBIX B tabxa. 6.5, HA AUCKPUMUHAHTHYIO
npsMy10, H3ebpaxennyio Ha puc. 6.3:
R4 — npoekuusi AByMEpHOTO CPEIHEro /I ILTAMHOIO MECKa; Ry — nmpoekuus ppy-
MEepHOro cpegHero AN IE€CKa, YAaleHHOTo OT Gepera; Ro — RHCKPHMHHaHTHBIL
HHJAEKC
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KJIOHE€HHE, Mbl no.nyqaeM CTaHILapTHSOBaHHyIO pa3HOCTb
d= (X, — X2) /s (6.19)

Boseeas ofe uactu (6.19) B xBaapaT M 0003HAUHB 3HameHaTem;,w
apasioliuiicss o0benuHerHOR HHcIepcnell ABYX BBIOOPOK, uepes Sp°,
MOJyYUM

d?= (X, — X2)?/s,2 (6.20)

TIpeanonoXuM, 4TO BMECTO eMHCTBEHHOM NepeMeHHOH Ha Kax-
70M HaOJIOAeHHH ABYX TPYNI H3MepSIOTCS [Be NepeMeHHbX. Pas-
HOCTh MeKJy ABYMEPHBIMH CPEAHMMHU JBYX PYNN MOXeT OLITb BbI-
paxeHa Kak OOBLIKHOBEHHOE eBXJIMAOBO PACCTOsiHHE MJIH paccTosiine
110 mpsiMoil Mexxy Humn. OGosHayast 3TH ABe rpymnbl depes A u B,
goJiyqaeM

epkmnoBo paccrosiie = ) (A, — By)? — (A,— B,)". (6.21)

B obuiem cayuae, ecli Ha KaXa10M HaOJMOJeHHH H3MepsieTca m ne-
PEMEHHBIX, TO PACCTOSHHE IO NPAMOIl MeXKIy MHOTOMEPHBIMH Cpe-
HUMH IBYX I'DYHI eCThb

/ m
eBK/TH0BO PACCTOSIHHE == i // Z (?\—r——:)j. (6.22)

n
KBajapar eBK/AML0BA PaCCTOSHUSL eCTbIE1 (A;,—B;:)?%;, Jerko mnpose-

puTh, YTO 3TO TO XK€, UTO U MaTpHuHoe Npon3BeecHHE

(eBKJMEOBO paccTosnke)? = (A4, — B)'[Ai— Bi]. (6.23)

EBK/INA0BO PACCTOSIHHE H €r0 KBaAPAaT, K COXAJNCHHIO, BHIPAKAIOT-
¢d B eAUHHIAX, COCTABAEHHBIX 13 HCXOAHBIX eIUHHL H3MEDEeHHH.
JlJist TOro uTOGLl HMETh BO3MOXKHOCTD HX MHTEPIPETHPOBaTh, HX Ha-
10 craHaapTHsuposath, CpaBHeHne ¢ QOPMYJIOH (6.19) nospojser
[APEANOJOKIITE, UTO CTAHAAPTU3ALMA JOXKHA COLePKaTh Aeiaenue
Ha MHOIOMEPHBIHl 3KBHBAJEHT JHCIEPCHH, KOTOPDLIM ABJAAETCT KO-
papnaunonnas Marpuia [sp’]. Koeuwo, nesdemie —onepauusd, He
onpefejeHHasl B MaTpHuHOfl anredpe, HO efl SKBUBAICHTHO yMHOMSE-
e Ha ofpaTiyio MaTpuily. ¥YMHOKas BEKTOP-CTPOKY [A,—B]
cnipaBa Ha MaTpHily, OOpATHYIO KOBapHalMOHHOM MartpHle, T. e.
[sp2]~!, u sareM Ha BexTOp-CTO/IGEL [A:i—B:], noayuaem cranpap-
TH30BAHHBIH KBAJpaT PaccTOdHus

D2=[A—i—-—Bi]/[SPQ]_I[A_i—B—i]. (624)

Ara Mepa PACCTOSAHMS MEXKAY CPpEAHHMI IABYX MHOTCOMEpPHBIX TPynnt
naseiBaeTcst paccrosinnem Maxanonobuca. Iloxcrasass —Aankbie
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Taba. 6.6 B popmyay (6.24), nonyuum
59112280 4312,646 1 [—0,010
4312646 747,132 | | —0,043

VutepecHo, 4TO MBI MOXKeM TOJYYHTb TY K€ MePy pacCTOSHHA
(B mpenenax omuGOK OKDYTAEHIST), TNOACTABAAA BEKTOP CpeaHHX
3HayenuHd B ypaBHeHHe caMoOll JAMCKPUMHHAHTHOH (DYHKIUH:

2=—783,63(0,010) — 75,62 (— 0,043) =11,17.

Paccrosinne Mexasonobuca rpaduuecku npejacrasieHo Ha puc. 6.4,
rjie OHO DABHO DACCTOSHHUIO MeXAy R4 I Ry 3Hauerllie PACCTOSHHA
MaxaJgonobica cOCTONT B TOM, 4TO OO sBJAFCTCS MHOTOMEPHBIM ala-
JIOTOM [-KPHTEpPHS AJSl NPOBCPKHU THIIOTE3LI O PaBeHCTBe ABYX Cpei-
HIIX, Ha3blBaeMoro kpHuTepiieM XoTequHra 72. Dtor kpurepuit 6ojiee

noApo0HO pacCcMOTpeH B cJaeAviouieM naparpacde. 3/ech IIpOCTO OT-
METHM, YTO OH UMEET BH]L

L Ay (6.25)

Ny -+ np

D?—=[—0,010 — 0,043] [ ] = 11,15.

H MoxeT ObiThb npeobpasosan B F-xpurepuil, DTor Kputepuil mpo-
BEeDKHM THIIOTE3bl O PABEHCTBE JBYX MHOTOMEepHBIX MapaMeTpoB, HC-
MOJb3YIOIKHA GoJiee H3BECTHYIO CTAaTHCTHKY, OINpeJAe]eH BhIpake-
HieM

F

7_( Ng + np-—m—1 ) < Ng Ny >DQ. (6.26)

(ng+npy—2) m ng + ny

Uncna crencHefl ¢soGoiALl HOJMYYCHHON CTATHCTHKI paBHB M
n (ne+ny—m—1). llposepseMas ¢ noMouipk 3Tod  CTATHCTHKH
HyJeBas THIOTe3a 3aK/JI04aeTcs B TOM, YTO ABd HEH3BECTHBIX MHO-
FOMEPHDBIX CPEJHHX DAaBHBL MeXX1y COOOH HJIM YTO pacCTOSHHE MeiK-
2y HUMH paBHO HyJ0, T.¢. {fg:[D:]=0 npn MHOXecTBe aJfbTepha-
s f,: [D;] >0.

[Mpuroanocts MeToZa AUCKpUMHHAHTHOTO adHajau3a [Jjs 1po-
Bepril »TOM THIOTE3bl He SiISLIBAET COMHeHHMH. Ecay cpeaHie 3ua-
HCHHA JABYX IPYAN odelb O.TH3KH JAPYI K APYry, TO HX TPYJHO pa3-
J8JHTB, 0COGeHHO ecad ofe rpynnbl uMerorT 6Goaplliofi  pasbpoc.
HaoGopor, ecn jBa cpefHUX 3:HaAUeHHs JETKO DA3LEJAIOTCS U pac-
cesiiie BOKPYT CPEeAHHX MaJo, pa3fejeHHe OCYLUeCTBJAAETCH OTHO-
CHTENBHO IIPOCTO. B KavecTBe npuMepa IOYYHTENBHO IPOBEPHUTH
3HAYUMOCTD AHCKPUMUHAHTHOA (DYHKIHH, KOTOPYIO MBI TOJBKO UTO
CTPOHJIH.

ITocko/IbKY He BCe nepeMeHHble, BKJIIOUEHHbE B AHCKDHMHHAHT-
Hy10 (DYHKLHIO, B PABHOH CTeNeHU MOJE3HBl IPH OTAEJEHHH TPYIII
ADYLD OT jpyra, 3TH OCCHOJe3Hbie TepeMeHHbie kKeNdTeNbHO HalTH
H HCKJIYHTh W3 JaJjbHeflllero paccMoTpeHnd. Bribop Haumenee
3(()eKTHBHOrO MHOXKECTBA I€PEeMEHHBLIX JUCKPHMHHAHTHOHK (YHK-
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UMH aHasnorinueH BBGOpy Haubosee 3P(EKTHBHBLIX 3aBUCHMBIX Tie-
pEMEHHBIX B YPaBHEHHH MHOXKECTBEHHOW perpeccuu. IJTa 3ajaua,
0JHAaKO, GoJiee CJOXKHAS, TaK KaK 34BHCHMBIE HJIH IpeACKa3biBae-
Mble NepeMeHHble B AHCKPHMHHAHTHON (QYHKIHH COCTaBJ/IEHBI M3
PasHOCTEH MeXIy AByMs MHOMXKECTBAMH OJMHAKOBBLIX IE€PEeMENHLIX,
KOTOpLIe HCIHOJb3YIOTCS KAk He3aBuCHMLe NMepeMeHHbie KJacCHpi-
wanuu., B oTandne or perpeccnil, B KOTOPOH CyMMbl KBaJApaToOB Y
He H3MEHAIOTCs npu AobGaBienny K YPaBHEHHIO Pa3/HUHBIX nepe-
MEHHBIX X;, CYMMBI KBAaIpaToB pasHocreii Mexay rpymmavi A u 53
nperepnesatoT H3MeHEHHs! NpH JA00aBJIEHHM IIH YCTPAHCHHI Hepe-
MCHHLIX.

Hexkoropoe mnpencrasaenue of 3()QHeKTUBHOCTH HE3ABHUCHMLIX
NEPEMEHHLIX B ,ﬁLHCKpI/IMHHaIITHOI"I (1)_\'%1!\'11?'11){ MOKHO IOJYUliTb, Bhi-
YHC/ISI CTAHAAPTHI0BAHHLIC Pa3HOCTI

Di= (A — B /sy, . (6.27)

ITO0 — uPOCTO PaziloCTh MKy CPCInmMil AByx rpynn A n B aad
{-# mepeMeHHOMl, JesieHHAsd Ha OObBEIANHEHHOE CTAHIAPTHOE OTK:C-
HeHHe mepeMeHHoil {. Tak Xaxk 3Ta Mepa He YYHTHLIBAET B3aHMOCRHI-
3H IIepeMeHHBbIX, TO OHA [oJiedia TOJbKO KAK HEKOTOPBIH o0
opuentup 3ddexrusrnocrn karaccuduxanun. Iomwaropsie aaropuT it
JUCKPHMUIIZHTHOTO 1HA713a MCHOJAB3YIOT CTAHIAPTHU3OBAHHBIE Pon-
HOCTH B BbLIGOpe NOPSIAKA, B KOTOPOM MepeMeHHble A002BASIOT
K auckpuMiHauTHON dyHrunn. OJHAKO 3HAYNMOCTH  DASJNYH
KOMOuHauufi nepeMeHHbIX MOKeT OLBITb NpPOBEpPEHa TOJbKO € 1 o-
MOIIbIO BBLIYHCJEHUS Pa3JHUHLIX QYHKOUA M OmpejesieHHsl OTHO: -
TeJBHBIX BKJAJOB B IPOLECC pas3ieleHHs] HAa ABA KJ1acca, KOTOp:io
JlaX0T passiuHble ypaBHeHUs.

JIMCKPHUMHHAHTHLIE aHaau3 o0eCleyHBaeT eCTeCTBeHULIH mera-
X0[ MexXay AByMs COJBIINMH KJIACCAMH MHOTOMEDHLIX CTaTHC::i-
uyeCcKHX MeT0;10B. C O/HOH CTOPOHLI, OH TECHO CBA3aH C MHOXKE(T-
BeHHO# perpeccieii n Tpena-ananuzoMm. C apyro#t, oH MOKeT Tp:X
TOBATBCS KAK 3a,/1a4a ONpeAedeHNs COOCTBeHHBLIX 3HaUeHH{ Trr:
MeToja TJI2BHLIX KOMIIOHEHT, (DakTOPHOTO aHag3a H APYrux awa-
JIOTHYHBIX MHOTOMEpPHBIX MeT0J0B. VMmewoTcs npeHmMyllecTBa B 'ic-
II0/ib30BAHKH COOCTBEHHBEIX BEKTOPOB IIPH BBIYHCJIEHHH AHCKDHUMIi-
HAHTHOH (QYHKUMH, TAaK KaK OHA TNO3BOJAST OJHOBPEMEHHO OCYLie-
CTBHTL pazaesenue Gojee ueMm Ha JBe rpynnbl. OIHAKO OTJIONK'1M
paccMOTpeHHe 3TOTO BONpOCa JIO MOMEHTa, Korja OyayT H3Jjox.e-
HbI 9/1€MEHTApPHBIE CBEJCHHS M3 TEOPHH COOCTBEHHBIX 3HaueHn{l
K COOCTBEHHBIX BEKTODOB.

Cuenymouias 3agava — 1aTh IpHMeD NPHMEHEHHS JHCKPHMIi-
HAaHTHOrO A4HAaAM3a B TEOJOrMl — IOMOMKET Jyulle IOHATh 3TCT
MeTO.

IlpaBiTenscTBenHass pas3BeioOvYHAsl NapTUd NPOBOAHJA IOHCKH
MECTOPOXKAeHUH TsAKeJBIX MEeTaJJ0B B I'YCTO 3aJieCeHHBIX ropax ce-
BepHoii uvactn llBeunu. JlanHuble, cobpaHHBle a3pPOMATHHTOMETPOM,
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Ta6auua 6.7

Pe3yJbTaThl aHAJM3a NPOG PYCNOBOrO AJLNOBHS Ha PeaKHe AEMEHTH, cOfpaHHBHIX
B asyx paiionax Lseunu

I'pyuna A — npoGhi, B3ATHIE M3 aJMIOBHS B CTapoM PYJLOHOCHOM pailoHe; rpynna B — npoGH,

B3AThIe H3 AJUIIOBHSA, MPEANoaaraeMoro GeclepcneKTHBHOro paiftona; rpynma B — npofbi, B3s-

1bic Ha NJAOLIZAAX, KOTOpPbie HYXHO KaaccHPHUHPOBAaTb Ha MNEPCNEKTHBHbIE H Gecnepcnek-
THEHLIE

DNeMeHTHI
119 | MnP | ag® | Ba? | co? | | cf | N | pp% | s | VO zn? | AuC
F'pynna A—npoAyKTHBHAA UJOHIALb
72801 13004 30,0 7201 20 | 150 731 50 7 60 7 190 | 0,02
10306 12001 0,7 | 1280] 20 | 160 25| 50 70 90| 50 50 | 0,02
6 500 700 1,0 1701 20 | 200 48 1 70 {100} 2101 501 1701 0,01
7000 185001 0,7 766 30 160 70 ] 40 116 | 240| 40 ] 250 { 0,01
51001 10001 0,5 740 20 | 140 29 50 &0 50} 60 130 | 0,02
10600) 21601 0,3 980 | 30 50 251 30 70 | 150] 160 | 110 | 0,01
142004 2000} 0,2 690] 30 70 25 1 50 60 | 160} 70| 180 | 0,01
¢ 700 scoy 0,2 680| 35 70 381 30 70 801 110 | 250 | 0,01
2300 1500] 0,2 710 5 | 110 50 | 20 70 8G{ 30| 120 ] 0,01
121001 6300 0,1 1520] 30 30 24 | 30 80 | 320| 160 | 190 | 0,02
3000 1100} 0,2 510 5 30 151 30 30 [ 24C| 30 50 | 0,02
3000f 1100} 0,2 510 5] 30 15| 30 30 | 240( 30 50 1 0,02
7500 2400 0,7 690{ 30 30 31 10 | 100 { 210{ 40| 280, 0,03
T&CO[ 1800 4,0 730( 55 40 24 | 30 20 90| 320 90 | 0,01
6900( 1500 1,0 3261 30 50 251 10 30 701 200 70 1 0,04
11200 3100} 1.5 6601 50 40 20 ] 40 50 140 | 280 90 { 0,01
5200 1400 0,8 68C| 35 50 42 1 20 50 301 150 | 150 | 0,01
5100 1500 0,9 7601 25 60 67 | 40 80 40| 190 90 | 0,01
106001 2600) 0,4 ] 1640 25 20 21 30 301 3200 90| 200 | 0,01
11500 3200 0,7 7101 30 30 157 20 20 1 260] 270 | 180 | 0,01
7100 1800) 0,9 4901 75 50 8 10 30 &0 180 | 100 | 0,02
I'pyona B—HenpoAgyKTHBHag ONJaoWalb

4 820 5060 0,1 160 20 70 301 10 0] 720 140 | 200 | 0,01
3 040 500 0,2 1501 20 30 82 10 20 |1 5801 160 70 | 0,01
890 600( 0,1 51 10 10 61 10 0] 340( 40 50 | 0,02
2100 5601 0,1 100] 15 30 771 10 0] 650} 90 80 1 0,02
5 060 7001 0.3 146 20 50 | 1564 ] 20 01240} 140 80 | 0,01
F 980 7001 0,1 &0y 15 20 63 | 20 0| 720 80| 1i0 | 0,00
32060 600 0,2 1601 20 30 45 | 20 10 [1100] 120 60 | 0,01
3280 800| 0,2 90 1b 10 40 | 30 20 {1480 70 40 | 0,00
2020 7001 0,1 80| 15 20 1 104 | 20 0| 420 80 70 | 0,00
4 600 7001 0,3 160 20 60 48 1 10 20 | 780( 150 50 | 0,02
3160 500 0,2 100} 15 30 65 10 20 | 710( 100 40 { 0,01
3020 600 0,2 90| 15 10 69 0 30 {1 3i0| 110 301 0,02
i 860 500 0,1 70 10 20 63 0 10| 480 &0 50 | 0,00
2 800 700( 0,1 110] 15 20 58 | 10 20 | 7301 120 80 | 0.01
1040 1600] 0,1 20 9 10 37 0 10 140 30 80 | 0,0l
4 640 800{ 0,3 2201 15 201 121 20 20 11200} 210 | 160 | 0,00
4 990 900( 0,3 1901 20 40 59 1 20 30 | 480 230 ] 120 | 0,02
2830} 800} 0,2 1201 15 201 401 10 20 | 690 140 { 60 | 0,00
4 500 7001 0,2 1401 20 30 821 20 10{ 710 170 70 1 0,00
2900; 600! 0,1 80( 15 10§ 99 0 0 7601 80| 901{ 0,01

)
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I podoamenue Taba. 6.7

Ti% | Mn? | Ag° | Ba® | cof | o | <l N® U pbd | s | v ozn® | A
Fpynna B—uenpeacKasaHibe NJOWMANH

4 260 800) 0,3 180 20 60 128 | 30 30 4601 110 80| 0.02

6500 1200f 0,5 380 30 40 72 1 50 20 3201 90 | 160 | 0,01

5 0,01

12200 5200] 1,F 630 | 25 } 80 39 | 40 | 90 | 210|200 | 180

1080} 1600( 0,2 80 51 10 {102 0+ 10 160 30| 83| 0,00
3820 500 0,2 170 | 25 | 40 6o | 20 10 11100 160 | 40 | 0,02
1020] 2400 0,1 20 0 10 28 0 0 113201 20] 6210,00

I puMecHaHHue, ByKBbI B HHIEKCaX K CHABOJALM 3JSMCHTOB 03HAUAIOT TOUYHOLTDL HA-
su3a (B r/r): a—10; b —100; ¢ — <}, d — 5.

0Ka3aJ/IMCb HEJOCTATOYHBIMH, H HO9TOMY OLLIO NMPOBEIEHO reOXHME-
YeCcKOe HCCJeJOBaHMe, OCHOBAHHOE Ha aHAAlI3aX BOAHDLIX NOTOKOB.
Dpio BHIGpaHo ceMp HepeMeHHLIX W TIPOBENEHO JABe II0C/eJ0na-
TeJbHOCTH H3MepeHu#. I'pymma A cocronT H3 H3Mepeuufl, caen:H-
HLIX B NOTOKAX, APCHHPYIOMIHX I[JIOMIAAH, HA KOTOPLIX HMEHTCs
JIefCTBYIOMe 1WAaXTH W NOATBEpIKeHHbe pyAHbie Teja. [pynma b
COCTONT M3 aHAJOTHYHBIX [3MepeHIiil na IJIoWanfdx, Ha KOTOPLIX
opyleHenue He oO0HapyKeHO. [JaHHDIE IO 9THM NJOUIAASAM IpHBeie-
nel B Taba. 6.7. Beruueante pHCKPUMIHAHTHYIO (QYHKLUHIO AJs OPO-
JYKTHBHOrO M HeNpOAYKTHBHOTO paifoios. Onpenennrte, ABJIAIOTCS
JH Pa3JMYHs MEeXJy JBYMs IDVIONAMH 3HAYHMBIMH, H HCCHeRyfiTe
OTHOCHTEeNbHOE BJHSIHME HCNCab3yeMEeXx nepeMcnHbiX. Hua yrofer-
BA B 3TOM NpHUMEpe MPEeANOJaraeTcs, YTOo H3yUacMbie COBOKYIHOCTH
obenx Tpynm ROJUHUIAIOTCS MHOTOMEPHOMY HODPMAaJbHOMY pacmnpe-
zeaevno, B oraba. 6.7 npnneien LowmKe  paq o oi3Mepennii  (rpyi-
na B), caesaHHLIX HA MJIOLLAJAAX, OTHOCHTEJILHO KOTOPBIX HE H3Be-
CTHO, pa3sBebIBAIICH f1i GHI Koraa-HuOynb. Menoabsysa AnCKpHMI-
HaHTHYI0 (YHKLHIO, OTBETbTE HA BONPOC, MOXKHO JH PEKOMEHILO-
BaTh KaKyIO-nub0 N3 3THX [LI0MLajled B KauecTBe NepCleKTHBHON
I pasBeiKH.

NEPEXYCTY O7 OAHOMEPHOM CTATUCTUKH K MHOTOMEPHOM

B ri. 2 6BLIH paccMOTPEHDI HEKOTOPhIE NMPOCThie TeO0/I0rHUECKHE
3aauu, KOTOpHE MOXKHO pellaTb ¢ IOMOUIBIO 3JI€MEHTapHbIX CTa-
THCTHUYCCKHX METO/I0B.

Hauynem u3si03KeHHe MHOTOMEPHBIX METOJOB B T'eOJIOTHH C pac-
CMOTpeHHs1 mpAMbIX 0606UleHn#i 3THX NPOCTHIX KpuTepues. Hamou-
HHM, YTO XaPaKTePUCTHKH H3MEHUMBOCTH, CBSI3aHHbIe € Haubo/ee
€CTEeCTBEHHLIMH SIBJEHUSIMH NPHPOALI, OOBLIYHO OIHCHIBAIOTCA HOP-
MaJabHBIM pacnpejgenedneM. DTO OTPAXKaeT TaKk HA3LIBAEMYIO II@HT-
PaJIbHYIO TpeJeJbHYI0 TeOpeMy, KOTOpas TJIACHT, UTO pacnpenele-
HHe CcayuafiHOH BeJHUHHBI, SBJAIOLIEHCT CYMMON 7 He3aBUCHMULIX
CIyYaNHbIX BEJHYHH NpH OOJBLUIHX 7, MOXKHO NPHOJHKEHHO CYH-
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TaThb HOPMaJibHEIM. VIMeHHO 3TO CBOMCTBO NI03BOJIAET HCIOJb3OBATH
HOpMaJbHOE paclpejieiedye B KaueCTBE OCHOBbI CTATUCTHYECKHX
KPUTEPHEB M CYUTATH €ro OTNPABHBIM NYHKTOM NOpPH  NOCTPOEHHH
LPYTHX pacnpepesieHu#i, Takux, Kak f-, F- u  y2-pacnpenencHus.
TlonaTHe HOPMAaJBHOTO pacIpejeJsieHIsT MOMKHO PacHpOCTPaHHTb Ha
CHTYALMH, B KOTOpBIX 1[&6.]1}0,‘1‘6}11’151 COJAep2KaT MHOIO NepeMEHHbIX.

tipeamosoxun, uro el oT0G7paem 00pasUM MOPOJ Ha HEKOTO-
DOH IIOANH U H3MepsieM HEKOTOpLid Hab0p XapaKTePHCTHK KaX-
10T0 u3 Huv. M3weseHust MOIyT LipeficTABaATh COBOH  3mauenus
IMUYECKUX M MHHEPAJIOTHUECKHX XapaKTePHCTIIK, YARJbHOTO Beca,
(IDAKTEPHCTHK MAPHHTHLIX {1 PAJHOAKTIBHBIX CBOHCTB, 4 TaKXe
;io6pie B3 GECUHCJEHHOTO MHOXKECTBA BO3MOXKHBIX IepeMeHHbIX.
i tabop n3aepeHuil, CARJAHHBIN Ha HHAMBIAYaJbHOM 00pasie nopo-
1B, MOXKHO 3ammcath B BRje pektopa [X]=[X), X., ..., X1, r;e
1 — YHCJAO HM3MEpPEeHHBIX XaPakTepHCTHK HWJH IepeMeHHbX. Ecau
{HOMECTBO H3MepeHHil, Hpeiacrapisiounx sextop [X], cayuaitno
j:3BJEYEeHO U3 COBOKYNHOCTH, KOTODas BO3HHKJA B Pe3y/bTaTe BO3-
teflCTBHSI MHOI'MX HE3aBHCHMBIX (akTopoB, TO HabJI0MaeMbLe BeK-
rOpBl MPUOJMKEHHO MOXKHO CUHTATh HMEIOUWIHMH  MHOrOMEpHOe
HOpMaJibHOe pacnpejesenne. Kaxknas nepeMeHHas, pacCMaTpuBae-
Masl CTAENBHO, HMeeT HOPMAaJbHOe pacIpejeseHHe CO CPEeAHHM
siadeHneM pr M oancnepcuefl ¢,%. CoBMecTHOE BEpPOATHOCTHOE pac-
fInesesieHHe SIBJSIeTCH /M-MEePHbIM 2KBHBAJEGHTOM HODMAJbHOIO pac-
npejeaetist, uMeromero sextop cpeprero ful={mi, ne, ..., pnl
1. ecan  KOMHOHEHTH BekTopa [X] HesaBucumel, 060G6LIEHHYIO
{1ICTIepCHIO, KOTOpAs IPEACTABMACHA B BHLE JHATOHANbHON MaTpHILLL:

a

0 o 0 0 ... 0
|27 : 0 Dol :
i 0 00V g

Kpome 5Tux O4eBHAHBIX OOOGILEHHLIX XaPAKTEPHCTHK G.1HO-
MEPHOro HOPMAJbHOTO DACHpPELICHHs, eC/il KOMIOHEHTH! BERTO-

[SRVE )

pa {X| SABHCHMDL, JJid MHOTOMCDHOTO CAYYasi CJASAYET YIOMSHYTH
KO3 QHUNHEHTH KOBAPHALMKE COVj., KGTOPHE 33HHMAIOT BCE HEiid-
COBSJIbHLIC HO3HUHM B MaTprue [Z?]. TukiM ¢0OpasoM, MHOTOMeED-
i0€ HOPMA.JbHO2 paCiipefeJ/SHIIC XapakTCpHIYeTCd BEKTONOM Chejl-
Hero 1 MaTDHIEH AMCHEpPCUH M KOBApHALHA, ABJSIOWIEHCS MEOro-
MEpHLIM AH&JI0roM JIICHEDPCHH OAHOMeDHON HOPMAJbHOH C/aydaiiol
BeJIHUMHBL B mpocroM ciaydae npu m=2 GopMa JIOBEPXHOCTH HOP-
MaNbHOrO pACNpejesieHus HalOMIHaeT KoJOKoJa (cM. puc. 2.13),
«Kapra B H30JHHHAX» KOTODOTO NpejcTaBiaeHa na puc. 6.0. Xora
pacnpepenenns nepeMennbix X; v X, usofparkeHHl BAOJhL COOTBET-
eTBYIOLINX ocedt, nanCosiee CynleCTBEHHbLIC YePTHl COBMECTHOTO pac-
IpegesieHus Jyylle XapaxTepusylorcsa OosblIOH H MaJol ocsiMu
saaunca. MHorHe ¥3 MHOTOMEpHBLIX 3ajay, KOTOpnle Oyayr pac-
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Puc. 6.5. H3onuHHH JBYMEPHOIO0 HOPMAaJbHOro
pacnpeneneHHs.
Cu. puc. 2.13 (B KH. 1), Ha KOTOpOM npejcTaB.ie-
Ha TPeXMeDHas AMarpaMma TOro e paclpeje.c-
HHsL

CMOTpEHBl HHXKe, CBA3AHBI C OTHOCHTEJbHOH OpHEeHTalHed 3THX
noJyoce.

OpHuM u3 CaMBIX HDPOCTHIX KDHMTEPHEB, KOTOphbie paccMaTpuBa-
JUCh B IJ. 2, Obl {-KpUTEpHH, HCIO/B3YEeMbIH /51 NPOBEPKH Iipe]-
MOJIOKEeHHH, 4TO caydaliHylo BHIOOPKY H3 72 HAOJIOAEHHH  MOXHO
CYHTATh H3BJEYEHHON H3 HOPMaJ/bHOH COBOKYIHOCTH C HEKOTODbIM
CpeIHUM mo ¥ jaucnepcueit o2, Kpurepuil, sagzaHHBIA Qopmy-
Jo# (2.32), MoxeT ObITh NMepenucaHd B BHAE

t = [(X—uo) Vu]/VTIsT. (6.28)

CueByjHoe 00600LIeHHE 3TOTO KPHTEPHS HA MHOTOMEpHHIH C.ay-
Yyail COCTOMT B 3aMene X BEKTOPOM BbiGOpouHOro cpeasero [X],
[lo — BEKTOPOM CpefHero cosokymuoctd [u] u s — matpuueit auc-
nepcHii U KoBapHauui.

OG03HaunM BEKTOp CPEAHEro COBOKYIHOCTI yepe3 [p], Bektop
BeibopouHOro cpenHero depes [X], mMaTpHuy nucnmepcHd M KoBa-
puaunii uepes [%*]. Byngem cuntats [X] n [n] BekTropamu-cro.si0-
HaMH, XOTS1 MOXHO OBLIO 6Bl CUHTAThb HX H BEKTOPAMH-CTPOKAMWU.
PasnocTb MeXAy BEKTOPOM BHIOODOYHOIO CPEAHEI0 H BEKTOPOM
CpefHero COBOKYIHOCTH MOXKHO 3amucath B Buge [X—p]=[X]—
—|[ul. Mogcrapass sty Beauuuupl npsiMo B popmyay (6.28), noay-
yaeM

t—([X — o] V) Vs

K coxasennio, oueBHAHBIX CMOCOGOB peLIeHHsT 3TOr0 ypaBHEHHUS
HEe CYHIECTBYeT, II03TOMY C €ro NOMOIIBIO TOJYYaeM eXHHCTBEHHOe
3nauenne {. [IpuMeHsis 9TOT KPUTEPHH, M B UYHCJHTENE, H B 3HAME-
HaTeJ/le BMECTO BEKTOPA H MATPHIIbI HYXKHO HMeTh uucJa. Ecau croJ-
Geny [X—p] YMHOXHTb Ha BEKTOD-CTPOKY, HMEIOUIYI0 TaKOe Ke
YHCJIO 3JIEMEHTOB, TO B Pe3yJabTaTe NOJYYHTCS uucgao. Onpenennm
NPOM3BOJBHYIO BeKTOP-CTPOKY [A], B pesysbTate TpaHCHOPTHPOBaA-
HHSL KOTOPOHM mnoJayuyaercsi BeKTop-cTonben [A]. YMHOXKeHHe bDek-
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TOpa-cTpokn [A] na Bekrop-croabeu pasHocTH [X—pu] paer uuc-
10, n ymHoxenue [s2] caea Ha [A] u copaBa ma [A] cHoBa paer
UHCJI0, T.€. HALl KPHTEpHH NPHHHMAET BHI
/- [A1[X—u]lt n '
L) ¢ ps* 1Ay

O/iHaxko npu 3TOM Mbpl H3MEHHJH TaK:Ke 3alliCb IIpOBepseMOil
rimoresut.  Hysepas  rumoresa  sMecTo npeAblAylleH  3alucil
liy: fpi] =[wo] Temepp Gyner samuchLiBaThLCA TaK:

H*o: [A] - [ua] = [A] - [po].

[lepponavanpnast THOOTe3a [y BEpHA TONBKO B TOM C.yiae,
c.im Hopas runoresa Hy* BepHa s BCeX BO3MOMXKHBLIX 3HAue-
auit [A]. IlosToMy [0CTaTOYHO NDPOBEPHTH TOJIBKO MAKCHMAJLHO
BO3MOMHOe 3iIaYeHHE IpOBepseMON CTAaTHCTHKH. [leHCTBHTE,bHO,
ccau runoresa Hy* orkaonsercst npu mwobom [A], To rumoresa Ho
TOXKe OTKJoHsercs. IIpofenas psj HeC10XKHLIX MNpeo6pasoBaHui,
MOKHO ONpeLejHTb YCJOBHS, LPH KOTODBIX JOCTHIaeTCs MaKCH-
M&/ibHOE 3HAaueHHe CTATHCTHYECKOTO KPHTepHS AAS MPOH3BOJLHOTO
Bexropa  [A]. DTO  NPHBOAMT K BBEIEHHIO  OrpaHHYEHHS
iA-Is?] - [Al =1 n nomsaenino onpeleiutesel B OCHOBHOM ypaB-
nennn. [lagee, BosBoAs o0e 4acTH ypaBHEHHsI B KBaApaT, MOKEHO
HOKJI0YHTL NPHUYHHSAIOIHE HeyJ00CTBO KBaJpaTHble KOpPHH. ITO
PHBOJAMT TaK/Ke K BO3BENCHHIO B KBAaJApaT 3HAUCHHS KDHTEPHS, KO-
Topoe Tenepb o6o3nauum 2. Buino/HAB Bce npeolpasoBaHus, Haii-
Ji®3, UTO CTATHCTHUYGCKHH KPHTEPHH MOMKHO NpPEACTaBHThL B BIlLle

T2 = x[X — pY[s*17'[X — p], (6.29)

T.e. IpOH3BOJbHbIH BekTop [A] oOKasbBaeTcss paBHBIM  BEKTOpY
pasHocT Meaxay cpenHuMu |X-—p]. Takum o6pasom, aas Buitic-
Jeiis KPUTEPHS HaXOAHM MaTpuuy, OOpaTHYIO KOBapHAUHOHHOI
MaTPHLE, YMUOKACM eC CJCBa lla BeKTOP-CTPORY [X—n]’ u satem
BLILIOJIAEM YMIONeRe CApaBa Hda BeKTOp-crojbern TOH ke pas-
nocTH. TooyyenHas CTaTHCTHKA SBJASCTCS MHOTOMepHBIM 06001e-
Hiest [-craTucTuxn oo naswaeres  IP-craructuxott  Xoreaaunea
B 4eCThb MaTeMaTlKa, KOTOPbiil BAEPBLIE ee ICNoab3oBal. Kpurie-
crie 3ncuens T OHPeAeasioTes ¢ MOMOUIbIO COOTHOLLEHHS

g (6.30)

m{n—1)

rie f—uucao Habatoenuil, a m-— 4uca0 nepeMeHHbIX. JT1a (op-
MyJia 1103BOJISIET AJs OLpeJIeJdeHHs] KPHTHUECKHX 3HAYEHHH BMecTo
crielHaJbHbiX  Tabauy, 7T?-pacmpejenedHuss  MCIOJNb30BaTh  boJiee
yAoGible TabaHubl F-pacupenesenus. Bojee MOMHOE H3JI0KEHHE
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BONPOCOB, CBA3AaHHBIX ¢ T2-KpHTepHEM, ZAeTCS BO MHOTHX pyKOBOJ-
CTBax, nanpumep B Monorpapuu Moppucouna [61].

Xotst dopmyna T?-kpurepus (6.29) uMeer ouenp NpPOCTO#H BHI,
€r0 BLIYHCJIEHHE MU 33JaHHBIX YHCJOBEIX X4PAKTEPHCTHK MOZKCT
okasarbed ouedn Tpygpoemknm. Hampumep, mpeamosomum, u4to Ha-
MCDEHBI COAEPIKAHHS UeTLIPEX 3JeMEHTOB B CeMH npob6ax JYHHOro
rpynra. TpebGyercst nposepnThb IHIIOTE3y, YTO 3TH NpPOGH M3BJACUYCHEL
3 COBOKYMHOCTH, HMEIOLIEH TO :Ke cpejuee 3nauelHe, KAK U KOMN-
THHEHTanbHble OasanpTel. TIpeanonoxuM, 4T0 BIATH Hamy cpeanle
3HAUeHNA H3 «CHpaBOYHHKA (DUBUYECKNX KOHCTAHTY [9]. Kpure-
puit Xotermura 72 oxasbiBaeTcst BroJiHe NPNTOAHLIM AJIs1 MpOBep-
BRI TIIOTESLl O TOM, YTO BEKTCD CPEAHHMX 3HAYCHHH JYHHBIX npod
HE OTMIHYAETCS OT BEKTOPA CPeJIHUX 3HaUCiI 6asasbToB, npuse-
ACHHDLIX B CTIpaBOYHHUKE.

CHavaaa Beruncasem BEKTOp ueTvipex BHIOOPOUHLIX CPOAIIX
M MaTpHully pucCnepcnii u  xoBapmaumii  nopsitsa 4% 4. Haace
BEIMHCJIACM BEKTOP DPA3HOCTel MeAy BLIOOPOUHDLIMI CpefHUMI i
CPCAUHNH 3HAYCHIAMI COBOKynHocTH [X—p]. 3arem IPOBOH M
O6paluennie MaTpUILI KOBApHALLf JHCNEPCHE, T.e. BBIYHCASCM
[s?]71. Haxonen, mocJe JABYX  MATPHYHBIX YMHOKEHHUIL:
[X—p]-[s2]71 [X—u], yMHOKCuME pesyJbTaTa Ha A jpaeT 3Ha-
yeHwe 72, M3 3Toro omucanus Jerko BHJAETb, YTO OOBEM BLIUHC je-
HHH OGBICTPO pACTET ¢ yBeJHueHHeM unCJa IepeMeHHHX.

Hauusle M0 CeMH JyHHLIM MPOGAM, TAK Ke KAk U BEKTOp Cpei-
HHX, npuBenensl B Ta0J. 6.8. B aToii Tabanue gadn Takke nposie-
AYTOUHLIE Pe3yJIbTAaThl BBIUMC/ICHHII N OKOHUATEbHOE 3HaueHue 7T°.
Briunesmure skBuBasieHTHOS 3HAUeHHe F-xputepust ¢ n u m creneus-
MH CBOGOAEI W IIpOBepsrTE THIOTE3Y, 34KJIOYAIOILYIOCS B TOM, 4TO
BEKTOp CDENNMX 3HaueHHH JYHHBIX npo6 paseH BEKTOPY Cpeaniix
3HAYeHHH COBOKYNHOCTH KOHTHHEHTAJABHBIX 6432JLTOB.

Mbl noapo6HO OCTAaHOBHJUCH Ha paccMorpennu  T*-Kpurepus
AN TPOBEPKH TIHIOTE3Bl O CPEANEM HE MOTOMY, YTO 3TOT KPHTEpHH
HCIOJb3YeTCST B TEOJOTHH Yalle, YeM JPYrHe MHOrOMepHble KpiiTe-
PHH, a uTOGEI NOKA3aTh TECHYIO CBA3b MEKAY OGLIUHLIMH H MHOLO-
MEPHLIMH  CTATHCTHYECKHMH MeTonamu. as 60ablIMHCTBA Om310-
MEPHLIX KPHTEDHER MOXKHO NPSIMO yKas3aTh COGTBETCTBYIOLIHE MHO-
TOMECpHELIE aHAJIOTN BMECTEe C COOTBETCTBYIOUINMH OCHOBHBIMII nony-
menussMd. OHaKO Npu nepexoge oT 06LIYHON aare6pel K Matpuy-
HOH CBfI3b MEXIY HHMM 3a4aCTyI0) CTAHOBHUTCH HE CTOJL ABHOI.
Tak Kak MHOrOMEpHble CTATHCTHYECKHE  MeTOIbr MPEACTABJISIIOT
co6oit 06obuIeHHe OIHOMEPHBIX, TO MOCJACAHHE SBASIOTCS YACTHLIM
CJyuaeM MHOTOMEPHLIX.

B ocrasuieficst yacrn sToro pasgesa paccMOTpUM MHOrOMephuble
KpUTepuH, ABJSIOIHECS M-MEPHLIMH 3KBHUBAJEHTAMH HEKOTODLIX
KpHutepnes, paccMarpusaBuiuxes B ra. 2. Oanako e 6ygen YKa3bi-
BaTh gerasd 00O6IEHHOrO MEPEXoga oOT ONHOMEDHOTO  BapHaHTa
K MHOTOMEpPHOMY, KaK 3TO ObLIO CHEJaHO HpH nocrpoedun T2-xpu-
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Ta6anuya 68

‘CoaepicaHne YEeTHDex 3EMEHTOB B CEMM JYHHBIX Npobax M CPeJHHe 3HAYCHUS
CONEPXKAHNI Tex JKe 9/1EMEHTOD B KOHTHHEHTAJBHbIX 6azaabtax, % [64]

JlyHuele npo6ot, Y
Si Al Fe Mg
1 19,4 5,9 14,7 5,0
2 21,5 4,0 15,7 3,7
3 19,2 4,0 15,4 4.3
4 18,4 5.4 15.92 3,4
5 20,6 6,2 13,2 5,5
6 19,8 5,7 14,8 2,8
7 18,7 6,0 13,8 4,6
Cpennie 3Hatenus 19,66 5,31 14,69 4,19
Cpeanne 3suauennss p 6a- 22 .10 7,40 10,10 4,00
3001, TaX
Pasnocru —2,44 —2.,09 4,59 0,18
Kosapnauuounas maTpuua
1, 1795330 —0,3076159 0,05930G7 0,0792885
-—0,3076159 0, 8680964 —0,6830902 —0,3019053
0,0533007 —{0, 6830902 0,8014425 —0,5469023
0,0792885 0,3619053 —0,5469023 0,8914289

Martpnna, o6patHas KOBapHaUHOHHON MaTpile
[~ 1,0614130 0,5946304 0,816%364 0,0699353 ~

0,9946304 5,2086160 5,3354270 1,4208490

0,8169364 5,3354270 7,6584370 2,8189000

0,0699333 1,4208490 2,8189000 2,3637960
?=11,93

Tepus. [To100HbIe PaCcCyKICHHA MOMKHO HAHTH BO MHOIHX PYKOBOJ-
CTBAX 110 MHOMOMEPHOMY CTATHCTHYCCKOMY AaHAJIHaY. Hexotopuie
13 HUX YKA3aHLI B CIIHCKE JHTEPATYPLl B KOHIE 3TOH IJIABDL.

Ilposepka runotes o paBencrre JABYX BEKTOPOB
CPEeRHHUX 3HAYEHUI]

Paccmorpennpiii TombKO uTO  KpUTEpHI, npefaHasHayex s
TMPOBEPKH MPEANOIOKEHHSI O TOM, UTO BEKTOD CPEAHEr0 3HAUEHHUS,
OLGHEHHLII N0 OJHOH BHIOODKE, paBen 3ajlannoMy BekKTopy. Pac-
CMOTpHM TEMEphb CJACAYIOIMYIO 3anauy. [Ipeanosoxum, 4To Mo pac-
nojaraeM ABYMA HE3ABHCHMBIMH CJyYaliHBIMH BLIGODKAMH H XOTHM
[IPOBEPHTh THNOTE3Y O PABEHCTBE HCTHHHBIX 3HAYEHHEH MX BEKTOPOB
cpennnx. Honyctum, uro /B€ BbLIGODKH B3ATH H3 MHOIOMEpPHBIX
HOPMAJIPHBIX COBOKYMHOCTEH C OJHHAKOBLIMH HEH3BECTHHIMH KOBA-
PHALHOHHBIMH MaTpuuamH [3?], rtorga HYJ€Basl THIOTE3a MOMKeT
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6biTh 3amucana B BuAe Ho:[wi] =[pe], a MHOXKeCTBO aJibTepHATHE:
B Buge Hy: [u}=={p].

Cornacuo rumnotese Hy, BeKTop CpPEIHHX 3HAUEHHH COBOKYIHO-
CTH, H3 KOTOpOI B3fTa mepBas BbIOODKA, TAKOH XKe, KAK H aHaJ0-
FHYHBIE BEKTOpP BTOPOIl COBOKYMHOCTIL.

H7st npoBepku 3TOH rUIOOTE3Ll HCNOJB3YeTCS  MHOTOMepHBIH
KBUBaselT kputepus (2.33). Pance nmpu Bblumcaeniin { 1cnodb-
30Bafach o6benHeHHAasl OUEHKd JUCIEPCHH COBOKYIIHOCTH, NOCTPO-
eHHas 0O ABYM BbBIOOpPKaM. B MHOTOMEDHOM 3Ke BapHaHTe HYXKHO
BBIUHC/IHTD 00beHHEHHYIO OLEHKY [Sp?] xoBapuannonHoil MaTpuisl
JUIS JBYX MHOTOMEpPHBLIX BBIGODOK. [I/51 3TOr0 BbIUHCIAAETCS MaTpH-
Lad CyMM KB3JpaTOB H CMELIaHHbIX IPOU3BEAEHUH MO KaMKof
poibopke. Dynem HCIO/B30BATb TAKYI0 Ke TEPMHHOJOTHIO, KAk if B
ria. 2, u 0003HAUMM MaTpHLY CyMM KBaApaTOB M CMEIIAHHHIX Tpo-
113BeleHUIl nepBoii BEIGOPKH uepe3 [SPy], a aHAJOTHUHYIO MATPHILY
JLIsT BTOPOIl BEIOODKH — Yepes [SP}I. O61benvHenasi OUEHKa KOBA-
PHALHOHHON MaTPHULI HMEET CJeAyIOLHH BHJ:

1 .
[sp]- mam—y ISPl [SP). (6.31}

Tfocne Toro xak Haljena pasHOCTb MEXKAY JABYMS BEKTOpaMu
cpennux [Xi] u [Xo] nau [X1—X,], T2 — kpuTepuii upumer cJae-
AVIOII BHA:

- — ¢ gy o= —
o= rz:l‘_;L,Ijzg [X‘- 4\'2! ’ [Sﬁ] b P — A 21- {6.32)

I1s onpeaesenust KPUTHUECKOTO 3HAUeHHs! [2-CTATIHCTHKH MOK-

HO BOCNIOJB30BATBCS [-pacrpenesieHueM, T.e.

n, 4n,—m—1 .,
(1 ny—2ym T (6'33)
¢ mu (m-+ns—m—1) crenensaMu csoboxansl [51].

B Ta6a. 6.9 npuBejeHH JaHILIE CeMI aHaJH30B OKeaHHUECKHX
0asaqapTos THXOrO OKeaHa Ha Te JKe UeThlpe 3JeMeHTd, 4TO H B
tada. 6.8. llpeanosnaras, uro o0e BBIGOPKM H3BJCUEHHI 113 MHOTO-
MEpHbLIX COBOKYMIOCTEH ¢ HOPMaJbHbIM paclpejeseHHeM H C OiHa-
KOBLIMH KOBapHAlLIIOHHBEIMH MaTpHIAMU, [OPOBEPbTE THIOTE3Y O
TOM, 4TO BEKTOPLl CPEeJHHX 3HAUEHHH JIYHHBIX H  THXOOKEAKCKHX
obpeznos oaHHaKOBBL. B Tabauiue npuBeeHbl HeOOXOAHMbIE BHI-
yncaenisd. SIBAseTcs Ju HyJenas THIOTE3a O PABEHCTBE MHOreMmep-
HBIX CpcaHnx upueMmsaemofi mnpu 5%-HOM ypOBHE 3HAUNIMOCTH
(x=0,05)?

PaBeHcTBO KOBGPHALMOHHBIX MATPHI

OcHoBHOe JONYIIEHHE, HA KOTODOM OCHOBAHBl JBA MPEeAbIAYIIHX
KPUTEpHs, 3aKJIOUaeTCss B TOM, UTO BHIGOPKHM CUMTAIOTCHA BISTHIMH
H3 COBOKVIHOCTEH, HMEIOIIHX OJHY H Ty K€ KOBApHUalHOHHYIO
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TaGauuna 69
CopepXaHus YeTHpex 3JeMEHTOB B CEMH NpoGax THXOOKeanckux Gasaabrom, %

Si Al Fe Mg

22,5
22,1
25,9
23,5
21,7
21,9
23,7
Cpeanue 23,04
Pasnoctn Mexay cpen- —3,39
Humu tabaug 6.8 u 6.9

N UL N =
NN OO UP D
WWUIWN OO
O i OO W Ul O W
O—WOLONO D
[=Nie}

OO =D
q—

—
WO~ OO
OO

Kopapuanuunonnas marpuHua

[~ 2,1828820 —0,4399923 —1,7223760 —0,2409477 7
—0,4399923 0,8966687 —0,4199982 0, 1266680
—1,7223760 —0,4199982 3,6547640 —0,2480939
—0,2406477 0, 1266680 —0,2480939 0,6380959

O6bennncHHass KOBapHAaLHOHHAasg MaTpuua
aasa Ta6ua 68 u 6.9

[ 1,6812080 —0,3738041 —0,8315379 —0,0808296 ]
—0,3738041 (0,8823825 —0,5515442 0,2142866
—0,8315379 —0,5515442 2,2281030 —0,3974981
—0,0808296 0,2142866 —0,3974981 0,7647624

Martpuua, ob6partHass o6befHHeHHOH
KOBapHaLHOHHON MaTpHLe

™ 1,1213670 0,8356105 0,6665248 0,2308193
0,8356105 1,9991410 0,7963902 —0,0579050
0,6665248 0,7963902 0,9861165 0,3442555
0,2308193 —0,0579050 0,3442555 1,5271490

T2=116,10

MaTpHiy. IT0O MHOTOMEDHBIH aHaJor Npe/llOoJIOXKEeHHS O DAaBEHCTBE
AMCHEPCHH, JeXKalleM B OCHOBe NPHMEHeHHUsl f{-KpHTepHA NJs Npo-
BepxH THIOTE3bl O PAaBEHCTBe CpPeAHHX 3HayeHHH. Ha npakruke
MpealosioxKeHHe 0 PABEHCTBE MOXeT HapylUaThCs, TaK Kak BbOOP-
KH, 1IMeIOllHe BHICOKOE CpefHee 3HayeHHe, YacTO HMEIT TaKXke
u Oouablnylo aucnepcuio. Kax ykassiBajoch B . 4, Takoe noseje-
HHe XapaKTepHo s MHOIHMX FeOJIOTHYeCKHX XapaKTEPHCTHK, Ta-
KHX, HalpHMep Kax 3HAYEHHs COJepXKaHHA pEeINKHX 3JeMeHTOB.
PapeHcTBO KOBAPDHAUHOHHBIX MAaTPHI, MOXHO [POBEPHTh C TMO-
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MOIIBIO KpHTepHS OCOOLIEHHEIX AUCHEPCHI», SBJSAIOLLETOCA MHO-
roMepHbIM 3KBUBaJjeHTOM F-kpurepus [51]. . .

[IpexmoOKHEM, Y4TO HMeeTCsl K IpyNI HAOMIONCHHHE H B Ka /10K
H3 HUX m nepeMeHHbIX. JlJis IpyNmbl ¢ HOMEpPOM i BBIYHCIHM KOBa-
pranyonHylo Martpuuy [s;?] H OPOBEPHM HYJEBYIO 1ill0Te3y
Ho: [Z:i2]=[Z2%[=+-=[2:2] nOpu  MHONKECTBE  aJbTepPHATHB
Hy: [Zi2] B [2,‘2].

CornacHo HyJeBofi THIIOTE3€ BCE COBOKYMHOCTH HMEWT OAMHA-
KOBLIE KOBapHAUMOHHbC MATPHIbl. AJIBTEPHATHBBL  3aKIIOYAIOTCH
B TOM, UTO x0T Ol ABe u3 muxX pagnuuuel. Kaxgas wmarpnua
[s/2] orasercst  OUEHKOH  COOTBETITRYIOWICH  KOBGPHANICIHIOH
matpitunt [Z2] H3ydacMoii COBOWVILOC

. Ecny uexoinnie  cOBO-
KYIHOCTH £ BHIGOPOK HIEHTHULLI, TO BHOOPKH MOXKHO 0OBeIHHUTDH

¢ HeJblo MoJyuyeHHs OOOCLIELHO{ OLEHKH KOB&PHAUMCHHGH MAaTpii-
ubl. Taxas olleHKa BHUHCAAETCH 110 QopMmye

: 6 31

roe 0 — obLeM i-ii BRBOpKY, a Th; — obmui 06beM & BEIGODOK.
310 onpejesenne aiarefpaHyecKd 3SKBHBAJIEHTHO OINpPCICJIEHITIO

(6.31) npu k=2, tax kax 1> =[SP;]/(n—1). i
Hcnoabayst 0606IIEHHYIO OLCHKY KOBAPHAUHOHHOH MATPHHEL,

BBIYHCJIHM CTATHCTUKY
R

e 3 9 o PN
M“:[(y n; " ~»/€] In ‘ Spl — Sj [(Ili — 1)In [ S H 6.3%)

Lol i s
i=1 i=1

B sTomM KpuTepnu 3a OCHOBY NpHHATA PasHOCTE MEXAy .ora-
puGiyoM  ompejeinrtess OO0OLICHHOR OHEHKH KOBapUAIOHHO
MaTpPHIL U CPEeNHHM 3HaueLyeM JOorapudMoB ompejesuresel Bul-
fOpOUNELIX KOBAPHAIMOHHBIX MaTpuu. Ecan Bce BLIGOpOUHLIE va-
TPHUB OZELAKOBL, TO 3Ta pa3nocts Oyner mecymecrpexuoil. [o
Mepe VBEIMUEHINS OTKJOHCHHE jucnepcHil i KOBapHauui Bulbopox
LPYr OT spyra sta CTaTHCTHKA Bo3pacraer. Taxk kak Taénrlubz KpH-
THUACKNY AHAYeHuil cratrcTHxn M He OveHb JOCTYHIHB, TO OOBIYHO

HONOAL3YOTCSE Ce  ANMpOoOKCHMaa j°-pucnpelaetnen ¢ v=— X
Sk~ 1Yymm1) cTencHsiMH CBOBCAB
X2 == MC, (6.36)
rie
B
Y4y 2 Ve 3 \ ,
C—1 — 1 — (2m‘+bm. D¢k+1) S‘\ 1 o i \. (6.3
CE NG I ATTE R A
=1 '
(3 m)=
/
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Ecan BniGopku copepxar OXMHAKOBOE YHC/I0 HAOJIOLEHHH 1,
TO ¢opmyaa (6.37) ynpoiaercs:

L (2m® + 3m—1) (k -+ 1) -
Crl=1- Sun4 ) k(n—1y (6.38)

B tex cayyasix, korna k u m He NpeBbIIAIOT 5 K Kak1as OLEH-
Kd KusapHalUHOHHOH MaTpHLbl CTPOMTCSA Ha OCHOBaHHH He Mmenee 20
HaOusaenull, ¥ -annpoxcuManus naubogee Touna. Mcnoawsys stor
KpiiTepHH, NIpOBepbTe CHIOTE3H O pPaBEHCTBE KOBAPHAUMOHHBIX
Marpul no ABYM BbiOOpKaM, mnpuBegeHHniM B Tabua. 6.8 n 6.9.
Hust selancaeHist 3HaYeHUs! KPLHTEPHST HeOOXOAIMO TOACYITAThL Of-
pejeiiiTe/In Tpex MaTpHIl YETBEPTOro mopsiaka [si2], [s2%] n [s,2].
Kak Tospxo onpeaesuresan OyAyT BLIUHCIEHB, NOJYyYeHHe 3HAUCHHS
KPHTEPHS yKe He BbI3oBeT 3aTpyinnenuil. Jas ymo6ersa npepno.io-
UM, 4TO 061eMbl BHIOOPOK JOCTATOUHO BEJHKH JJ TOro, 4ToObi
¥ -alipoKcHMalyis 6612 TOYHOH.

(. NeJplo HJVIIOCTPALlK NPOUEAYPLl NPOBEPKH THIOTE3 ¢ HC-
N0.1b3CBaHHEM MHOIOMEpHLIX CTAaTHCTHK DelIHM CJeAyIOllylo 3ajia-
ay. Hpu 3Tom 3apasee NpeiiosNo/KKM, YTO UHCI0 BBIGOPOK AOMY-
CKafT BO3MOMKHCCTh IPHMEHEHHsT HEKOTOPOH aNMPOKCHMAILHH.

B Bocrounom Kansace Ha HEKOTOPOH TEPPUTOPHH BCs NHTbEBAS
Bofa npobuiBaercs u3 ckpamuu. OfHIF U3 HUX TPOCYPEHB B aJli0-
BHAJbHBIX OTJONKEHHAX AOJHH PEK, APYIHe TPOLH3BIBAIOT BOIGHTI-
HBI# M3BECTHAKOBLIH TODH3OHT, SBJSIONMHACS HCTOYHHKOM MHOTO-
UMCJIeHRLIX wolouell 5 nannom paijome. Hacesenwe mpexnountaer
HCUUJABZOBATL BU1Y i3 A/LNIOBHAJBHLIX OTJOXKEHHH, TdK Kaxk CUHTa-
eT, uTo oHa BKychee. ONHAKO BOJHLIE DECYPCH! aJTIOBHS OrpaHHue-
HLT 1 HHOTAA JKeJaTeNbHO OblI0 6Ll HONOJHHTL MX 32 CHET H3BECT-
HAKOBOTO BOJOHOCHOIO TOPH30HTA.

Mas Toro urolel A0K43aTh, YTO KUUECTBO BOAM H3 OTHX JBYX
UCTOUHHKCD OAMHAKORO0, GbluH B3ATH NPCOH B PASHBIX CKBAJKHHAN.
[TpoGe aHaIM3HPOBAIICK 112 CONEPIKAHIE TeX XUMHUSCKHN FOMITO-
HEHTOB, XKOTOphle CHPEAeNsIOr KaueCTBO soiL. Hexkoronsie ua sy
SAHAM20B TIpuResens B radk. 6.10. B ueil tarxe n{)egf"ragﬁew»-z
KOBapHANUOHHbIe MATPHILL, BX OOparTHLIC MaTPHLIBl 4 ONpeTeMHTC-
JM I ABYX 381AHHLIX COBOKYINOCT2H 11 aas ofbenuuentofl Bui-
Gopku. Tlo sTHM LaHHBIM MOXHO HPGBEPHTH HNOTE3Y O DARCHITBE
BeLTOPOB cpennuX 3HaueHud. Ilpennonaraercd, uto BHGODKH BasTLI
CJIY4aHHO 13 MHOFOMEPHBIX COBOKYNHOCTEH C HODMaJbHLEIM pacrpe-
JleJieHueM.

Henmoapsys cratnernky M, onpeneaennyio mo dopmysae (6.35).
APOBEPHM CHAYAJNE THIOTE3Y O PABEHCTBE KOBAPHALHOHHBIX MATPHI
IBYX COBOKYHHOCTEH:

M = (20+20 — 2)1n 2,0725- 105 — (19 In 1,8838. 103+
+191n 2,2582.-108) = 0,1835.
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Ta6auxa 6.10
Katuoxublii cocTar npol BOAbI, B3AThIX M3 CKBaXHH B Bocrounom Kansace,
% (X, - KpemHeseM, X;— XeJjeso, X, — marnnii, X, — Hatpuit+xaabuui,
X5 — Kaabluui)

X, Xe Xy X, Xs
A. TIpobbl u3 a/UIIOBHSA
15,9 20,0 27,8 41,8 26,1
16,5 14,1 38,3 20,7 21,9
9,6 15,6 10,0 32,3 44,5
11,5 15,2 34,8 21,4 29,4
12,0 21,3 38,9 34,6 7,3
13,1 26,1 59,0 23,9 20,6
12,7 15,9 38,8 21,3 29,3
15,8 15,9 52,7 13,0 2,2
11,6 19,8 30,8 17,9 24,4
11,2 17,2 22,3 41,0 28,0
8,2 19,5 31,6 26,6 33,6
10,8 16,8 39,2 20,9 7.7
10,8 8,2 29,1 27,1 33,1
15,5 15,5 35,3 29,6 62,6
10,2 6,1 32,6 35,0 €0,3
9,6 18,1 30,6 19,2 11,6
12,2 15,1 32,3 42,6 7,4
8,9 18,0 40,3 42,9 25,3
123,0 6,4 37,3 35,5 18,3
12,7 16,8 27,6 50,9 7,5
B. ITpo6u 3 H3BECTKOBOLO BOJXOHOCHOIO TrOPH3OHTA
13,2 17,5 23,4 38,5 36,3
13,9 11,2 34,8 18,0 30,4
7,1 13,5 7,8 27,0 52,7
9,6 13,2 31,3 17,3 36,5
10,6 19,0 35,8 32,5 18,0
10,2 23,4 56,8 19,6 27,9
10,0 14,7 35,1 18,1 37,7
13,1 13,1 47,3 10,1 4.6
9.9 18,4 26,6 14,1 34,9
9,8 14,8 17,2 37,4 34,4
6,0 16,6 26,1 21,1 40,8
8,2 14,6 34,9 17,7 15,8
8,3 6,6 27,1 21,6 43,5
13,4 13.9 33,3 24,9 70,4
8,0 4,6 30,0 29,4 70,5
7.4 16,1 28,2 17,2 17,5
9,4 13,6 28,3 37,4 16,6
6,8 15,6 36,6 37,8 30,7
10,3 4,7 33,9 33,2 27,7
10,0 14,0 24,2 45,7 18,5
242

IIpodoascerue raba. 6.10¢

X1 ‘ X2 X3 Xa X5

N Bextop cpenHux suauenuit s rpyans A

12,055 | 16,08 ] 34,465 | 29,91 | 24,835

o , Bexrtop cpesnnx suauenuit nas rpynmel B

2,76 i 13,955 | 30,935 i 25,93 | 33,27

) ”%&'“cmapzralmonmm sarpuua A ¢ oupegennteneM, paBHbM 2,25822x 103

5,{394620 0,7352828 8,6868000 —2,9821260 —5,5767340 ~

+.7332828 23,1732900  12,7656400 —4,5592230 —26,9460700

&,6868000 12,7656400  103,3983000 —42,3948000 —62,3459900
—2,5821260 —4,5392230 -—42,3948000  106,9526000  13,1360100
—5.5767340 —26,2460700 -—62,34594C 13,1360100

286,8151000

1 .
oBapuallionHas matpuua B ¢ onpegesutenem, pasumm 1,88381 %103

- T 1614800 0,5153812 7,3683410 —1,4102910 —3,44018%0 ~
0,5133812  21,0247300 10,6948600 —4,0895870 -—25,3971700
7.3683410 10,6948600  102,8046000 —38,5268000 —58;168820()

—1,4102910 —4,0895870 —38,5268000 98, 8654500 7,2520690

—3,4401890 —25,3971700 —E8, 1688200 7,2520690  290,8707000

Kosapuanuounasa MaTpHua oGbeiuHenHOll BHIGOPKH ¢ ONpedesinTencM
paBnuM 2,07252 103 '

I- 7,4004710 0,0233320 8,0275700  —2,1962090 —4,5084510 ~
0,6233320  22,0590100 11,7302500  —4,3244050 —26,1716200
8,0275700 11,7302500 103,1014000 —40,4608000 —60,2574000

—2,1962090 —4.3244050 -—40,4608000 102,9090000
—4,5084610 —26,1716200 --60,2574000

10, 1940400
10,1940400  288,8429000

Matpuna, o6pathast KoBapHAIUOHKON MaTpule 06beIHHEHHOH BLIGOPKH

= 0.2100476 0,0029156  —0,0176276 —0,0023202 —5,27736e—05 =

0,0029156 0,0518892  —0,0036462 0,0004157  0,0039718 |

—0,0176276 —0,0036462 0.0148257 0,0050709  0,0023084 !
—0,0023202 0,0004157 0,0050709 G,0116147  0,0006494
—5,27737e—05 0,0039718 0,0023084 0,0006494  0,0042798

Ilast Toro uTolObl  JICIOIb30BATL ¥ %-ANNPOKCHMALHIO, BBIUHCIHM
MHOXKHTEJIb ’

. 200 R 305 1

Gl ] 2 LI SR S S

6(O-+1)E—=1) 979 —10—=3 == 0.861.

. 2
) 3unavenue y’-craTuctukH pasno 0,158, a uHCI0 CcTemeHeit CBoO-
OO LI

v f_%(z— 1)(5) (5 - 1)=15.

*
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Kpurnueckoe snavenue y? npu v=15 u 5%-Hom ypoBHe 3HauH-
MOCTH paBHO 25. BhluncieHHOe 3HaueHHe HaMHOTO HHXKe 3TON Be-
JIHYHHBL H TNOTOMY Mbl MOXeM 3aK/IOYHTh, YTO HHUTO He MeluaeT
HaM MpPHHATH THIOTE3y O PAaBEHCTBE KOBAPHAUMOHHBIX MATPHIL H3Y-
yaeMplx coporyitHOCTed. [lasce, ucnoabsya T2-kputepuii  (6.32),
MOXKHO TpPOBEPUTH THIIOTE3y O PABEHCTBE MHOTOMEPHBIX CPeAHHX:

20 x 20
2. T1.566] =- 15
72 30730 [1,566] =- 15,66.

B ckoOkax ykasan pesy.pTaT, HOJYYEHHDLIH [OCJIE BLITOJHEHIs
COOTBETCTBYIOIUHX MATPUUHBIX YMHOMEIHH, YKa3aHHBX B dOpMYy.ie
(6.32). HMcenompsyst dopuayay (6.33), Bbluiicdauv  cGOTBeTeTBYIONCE
3HaueHne F-CTaTHCTUKIL:

20420—5--1 .
F = z + =Y — 103
201207795

ducaa crenenefl ¢BoGOALl TAKOBBL Vv;=05; vo=20--20—5—1=34.
Kprrnueckoe snaueHne [-xputepus npi 5 u 34 cremensx cso6oi1nl
u 5% -Hon ypoBie 3Hauumoctn 2,49. Tak Kaxk BBIUMCJAEHHas CTa-
THCTHKA IPEBOCXOALT 3ITO KPHTHUECKOE 3HAUEHHE, TO MOXKHO Jd-
KJHOYUTD, YTO CYIICCTBYCT pPaz/MiHC MY BCKIOPUMI Ccpendny
JIBYX H3yuaeMblx COBOKyHHocTeH. MHniMu caopamu, mMcercs cta-
THCTHYECK!I 3HAUMMOE pasJiiiyHie B CpPelHeM COCTaBe BOALL H3 JABYX
BOJOHOCHBIX TOPH30HTOB. C IOMOWIBIO 3TOTO NPOCTOTO KPHTEPHS He
YIaJ0Ch BBLICMHTb T€ [CPEMEHHbIE, KOTOPLIE OGYCIOBIHBAIOT pa3-
JUYHe B XHMHYECKOM COCTABE BOJBL, HO IOATBEPIKIEHO MHEH:Ie
HaCeJCHHUS O TOM, YTO BOJA M3 ITHX ABYX HCTOUHHKOB Dasauyaercs
II0 CBOMM CBOHCTBaM.

Moxuo TakKe HCIONB30BATL MHOTOMEPHbIE METONLI, SBJSIO-
muecst o6o0LWenneM Npouesyp ANCHePCHOHHOTO aHaJ/l3a, H3J0MKeil-
HBIX B [V 2 (cM. kH. 1). Bce oHm oCHOBaHLI HAa CpaBHeHHH JABYX
MaTpPHL HOPsAKA M XM, ABAAIOMHNXCS MHOTOMEPHBIMH SKBHBA.H-
TaMH BHYTPHIPYNIIOBLIX H MEMKIDYNNOBHIX CYMM KBAJAPaTOB, Ifc-
MO/Ib3yeMEIX B OOBIMHOM JMCIEPCHOHHOM aHazuze. [lposepsiemas
CTaTHCTHKA OCHOBAalla Ha HauboJibllleM COGCTBEHHCOM  3HAUEHHI
MAaTpPHLEB, HCIONBb3YEMOH 115 cpaBHenns. Mol ve Gynem pacematpu-
BaThb 3TH KPHTEPHH 31eCh, TaK KaK HX (OPMYJHPOBKA CJOKHA,
a TIPHJIOXKEHHE K TEOJIOTHMYECKHM 3alauaM BeCcbMa OrPaHHYCHHO.
M3 sTOro, 0AHAKO, He CJeAyeT HesaTh BBIBOJ, YTO IOTEHIUNAJbHbie
BO3MOMKHOCTH STHX METOHOB y:Ke HCYepNaHbl. 3auHTePecoBaHHbIe
YHTaTesNH MOIYT ofpatuThes K Kuure Kymaun u Jloneca [11], B ko-
TOPOH HMEIOTCH BBIYHCJIHMTEJbHbIE IIPOTPaMMbl MHOTOMEPHOIO [HC-
IIEDCHOHHOTO aHaJHM3a W NPHUMEpPH e€ro HCOOJL30BAHHS, a TakkKe
k kuuram Moppucona [51], Koxa n Jlunka [36], B kotoprix co-
AEPHUTCH KPATKOe H3JIOMKEHHe NPOLeAYpPHl HCCJeLOBAHHSA TeOXHMIi-
UECKHX J(aHHBIX C IIOMOIIBI0 MHOIOMEPHOTO  AHCIEPCHOHHOTO
aHaJH3a.
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KJACTEPHBIN AHAJIU3

Knaccuduranus — pasgenenne 00bEKTOB HA 60{1ee HJH MEeHee
OAHOPOJHBIE TPYIIBl M YCTaHOBJEHHe COOTHOUIGHHH MEXIy TIpyll-
naMi — BaxHasi ocobeHHOCTs paboTHl TaKCOHOMHUCTOB, 3aHHMalo-
UIMXCA OINpe/esieHHeM IIPOHCXOXKIeHHs KHBHIX OPTaHU3MOB Ha OC-
JIOBAHHH HX XAPAKTEPHUCTHK M CXOACTBA. TaKCOHOMHS — B BLICIIEH
cTemeHH CyGBEKTHBHAS HAYKa, B KOTOpPOH BBIBOABI ONPEAEJISTIOTCH
HHTYHI[HEH YUEHOro, BHPaGOTaHHOH TOAaMH OIBITA. B 3tom orHO-
UIeHHH TAKCOHOMHSI OUeHb CXOAHA ¢ MHOTHMH pa3jesaMH TeOJOTHH.
Psp ydyennix, B TOM HHCJA@ TEOJOTH, HEYLOBJETBOPEHHLI® Cy6,1;e1§-
THBHOCTBIO i Kanpu3HOCTBIO TPAJHUHOHHLIX METOJO0B, paspaldoTa-
JH HOBLIe cnoco6bl K.iacCHpHKaALMI, KOTOpble HAXOAATCS B COOT-
BeTCTBHH C BO3MOIKHOCTSIMI COBPEMEHHBLIX BBIYHC/AHTEIbHLIX Md-
wmH. Dra rpynna HccjegoBartesnefi  Haspizaer celst YMCJIEHHLINI
TAKCOHOMMCTAMH, H UM Mbl 00s3aHbl MHOTHMH  JOCTHMEHHSMH
3B UHCJEHHDLIX METOA:X KJacCH(pHKALUY. v

B Hacrosllee BpeMs UHCJAEHHAst TAKCOHOMHSA — IIDEAMET OXKe-
CTOYEHHBIX CHOPOB cpenu 6HOJOrCB, OUeHb HANOMHHAIOUINX OCTPEIE
ae6aTol ICHXOIOrOB ROKPYT BONPOCOB (PAKTOPHOTO arajiM3d, HMes-
wpx Mecto B 30—40-x rogax XX n. B 3THX 06CYXIEHHAX HEKOTO-
pble MPAaKTHUKI PbSHO OTCTAHBAIOT METOAbl UHCJIEHHOH TaKCOHOMHH,
3asIBJASIA, YTO OHY TNO3BOJAIOT TIGHATHL MPOUCXOXKJIEHHE TPYIN Opra-
HH3MOB Jyulue, uem J000H Apyrofi Meton xaaccudukauuu. Koueu-
HO, J0KA3aTeNbCTB OHU MPEACTABHTL HE MOIYT, TaK Kak B iacTos-
ulee BpeMs TeopeTHueckoe OOOCHOBaHHE aHAMNH3A TPYON HeI0CTAa-
TOYHO Y/AOBJETBOPHTEJbHO, TMJNOXO HCCJAEAOBAHLI CTATHCTHUYECKHE
‘OCHOBbl METOAOB YMCJEHHOH TaKCOHOMHUH, HET COOTBETCTBYIOUINX
KpHTEpyes 3naunMocTH. Ilo-BinuMomy, 3nech geao  oOOCTOMT Tak
e, Kak M B Cayuyae ¢axropHoro anaanza. OaHako yKe MHOTHe
METOJbl YHC/AEHHOH TAKCOHOMHH HAlJIH IpHMeHeHHe B TeoJioTHYe-
CKHX HCCIIEJOBAHUSAX, B OCOOGBHOCTH NPH KJaccHPUKANHH HCKOMae-
MDLIX GeCITO3BOHOUHBLIX 11 TIPH M3YYEHHH I12Je06CTaHOBOK.

Koactepublft anaans npensasnauen Ans  xJjaccHUKauig  Ha-
Ouaonennit B Goaee Han MeHee OJIHOPOAHLIE TpYNIBl. AHaiuTHde-
CKOTO peIIeHHs 3TOI 3amauM, HanogobHe YHCIEHHON TaKCOHOMHH,
KOTopast Gniia Gul obliedt aas Bcex obgacTedt KaacCH(DUKALHH, He
CYHIECTBYET.

XOTA_ uMeloTCsl anbTepHATHBHLIE KjAACCH(UKANMH Kjaacch(uka-
umit [58], 6OJbLIHCTBO U3 HUX MOKET 6biTh CrpynmipoBaHo B de-
TLIpe OOMNX THIA.

1. Metonn pasnejeHHs Ha 4acCTH, NpHMeHsdeMble K CaMHM MHO-
POMCDHLIM HaOMIOfEHIISIM MM K TPOEKUHAM 3THX HaGJIoaeHui Ha
I0CKOCTH1 GOsiee HH3KOH PAa3MEPHOCTH. B MX OCHOBE JEMHT npa-
o o0benunienns  obgacrefi B IIPOCTPAHCTBE, OINpEJeJeHHOM
M-TIRPEMEHHBIMH, KOTOpHE G6efHO NpeACTaBJeHbl Ha6JI0IeHHSIMH,
¥ OTHeNeHHs] OT HHX Tex o6jacTei, KOTOphie IJIOTHO NPeACTaBJeHLI
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Ha6JIoNeHHAMH. MaTeMaTHuecKH «pa30HNeHHsA» NMOMeLlaloTCcs B pas-
peKeHHbIX paHoHaX, Noapasjenss IMPOCTPAHCTBO B JHCKpETHDLIE
kaaccnl. XOTSI aHaJH3 JeJjaeTcst B #H1-MEPHOM HPOCTPAHCTBE, Olpe-
JleJeHHOM 3THMH [epEMEHHBIMH, a He B M-MEpPHOM [pOCTPAHCTBE,
ompejie.leHHOM HAOJII0/leHHAMH, ero HTEpallOHHas peasiH3alisa MO-
JeT OKasaThCs BecbMa BpemsieMxoil [59].

2. Tlpou3BosbHBIE HCXOAHLIE METO/bl OCHOBBIBAKOTCS HA CXOACT-
BEe Mesxly HaOJIOAEHHAMH 1I MHOXKECTBOM NPOU3BOJbILIX HCXOAHbIX
Touek. Lcau n nabaiogenuit NoApasiesioTest na k rpynm, T0 neol-
XOAHMO BLIUHCJAHTH ACHMMETPHIO — MATPHIY HOpsaka nXKR CXOA-
cTBa Mexkay npoGaMu H £ NpPON3BOJBHBIMH  TOYKAaMH, KOTOpbi€
UTPaioT pOJib HCXOAHBIX IEHTPOonAoB rpynm. Camoe Omuskoe iab.iro-
JIeHHe HJH HauGoJee CXOJHOE C HAualbHOH TOUKOH KOMOHHUpYyer-
¢ ¢ Helo ® o6pasyer kaactep. Habuaroaeuns 1mociaefoBaTeabio J10-
faBasoTCA K Oaikaiiimemy KJaactepy, NOCJAe Hero HeHTpoix Aas
PACIIHPEHHOI0 KJACTePa BbIUUC/ACTCsI 3GHOBO.

3. [lpouenypnl B3aHMHOIO CXOACTBA COEAMHAIOT BMECTE Hab.10-
J€HHS, KOTOpBIE HMEIOT ofllee CXOCTBO € APYIHMH HAO0.II0LeHHdA-
mu. Ciauajia BLIYHC/SIETCS MATpHLIA CXOACTBA MOPAAKA MX M MEXK-
Ay BCeMM mapaMu HalalofeHHH. 3aTey HTEPAUHOHHLIM  METOLOM
OLIEHIIBAETCSI CXOACTBO MEAAY CTOI01AMH 3TOfi MaTpHibl. CT0a6-
LB, peCTaBJAIOUIHEe Ujelibl OJAHHOYHOLO K.JaCTepa, HMEIT BHYT-
peHHue KoppessiliH, 0/1n3Kie £--1, B TO BpeMs KdK IIX KOPPC sy
C APYTHMI 3JeMEHTaMI 3HAUNTEJABHO HIUAE.

4. }lepapxuueckasi KJaCTePH3alliisi COCTOHT B OODBENHEH. 1 Hail-
BoJsice CXOAHBIX Hal oaenuii, 3aTeM NOCIEL0BATEIbHO K HHM [Ipil-
COeIMISIOTCS ciaeylouine nanbosee Gau3kpe HabJOIeHAS. Crava-
Ja Rbiylcasercss MATPHIla CXOACTBA NOPSAAKA AXA MEXKAY BCEMH
napamp Habmogenni. Ilapel, jveoulne HauBbicilee CXOACTBO, 3a-
TeM BLIAEJNAIOTCHA, M MATpHIA HepecuiTbiBaercd. JTO Jenaercs yc-
pejHeHieM KO3G(NUIHERTOB CXOACTBA, KOTOpPBE HMCIOT € APYrHMH
HaOA0ICHHSIMH KOMOMHHpOBalHLIe uHaGaw0Ienus. ITOT npouece
HTEPALHOHHBIM NyTeM TOBTOPACTCS 10 TEX [0p, MOKa  MaTpila
cx0icTBa OymeT NpHBeiena K Marpuie 2X2. YPOBHH CXOLCTBA,
I KOTOPBIX NABJIOJCHIS YCTPAUSIoTCs, HCHOAb3YIOTCS a4 110
CTPOECHHS AE€HAPOTPAMMBI.

Mepapxuueckue MeTOALl HauboJee IHPOKO  NPHMEHAOTCH
B HaykaX O 3eMJje, BePOATHO, NOTOMY, UTO PasBHTHE 3THX METOLOB
6BIIO TECHO CBA3aHO C UMCAEHHOH TaKCOHOMHEH HCKOMaeMbLIX OCTAT-
KOB, KOTOpEIE B CHJY HX LIHPOKOTO pacipejesenust OYAyT paccmor-
penbl njapobHee.

[MpeanoJoKUM, 4TO Mbl PACIHOJArieM HEKOTOPHIM MHOACCTBOM
06beKTOB, KOTOpHlE JKeaaTeJbHO liepapXHUuecKH pacKJacciipuun-
poBaTb. B GHOJOrHH 3TH OOBEKTH OOBIYHO Ha3BIBAIOTCS «ONEpPailil-
OHHBLIME TakcoHoMmuueckumu enuunuamuy», uan OTE. Ha xaxnom
00bekTe MLI MPOBOAHM psi H3MepeHili, KOTOpble COCTABJSIOT Halle
MHOMCCTBO AaHHBbIX. Ecau y Hac n cObexToB M H3MEPEHO 17l Xapak-
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TepHCTHK, TO MHOMKECTBO JA@HHBIX 0O0pasyer MaTpHily NOpsiixa
nxm. Janee Mexay Kaxaod napoi o0beKTOB BLIYHC/IAETCS HEKO-
topas Mepa CXOACTBa HJH nopo6uda. KosdduuuenTs cxoacrsa Mo-
ryT OLITb PasHBIMH, Kak, HapHMep, KO3(DHLUHEHT KOppesasdilud HIH
CT41AaPTH30BAHHOE M-MEPHOE EBKJHI0BO paccrosinue di;. [locaen-
1ee BHIUHCSIETCS 1O (QopMyJie

/ \) 2
/ pa (Xip— Xjz)
di= S (6.39)

m

rae X, — 3nHaueHHe k-ii nepeMenHOH# Ha i-M o6bekTe M X, — 3Ha-
yeuue k-ii mepeMeHHOH Ha j-M oOnexTe. EcTecTBeHHO OXKHAATh, YTO
MaJjoe 3HAuEHHe ITOTO DPACCTOSIHHS YKa3LiBaeT Ha TO, UTO OODBEK-
T nofo0Hb Han OJH3KH ApYr ApYry, B TO BpeMs Kak 00.bHIOE
3HaUeHMe YKa3biBAeT Ha OTCYTCTBHe Nogobus. OOBYHO MaTpHIA
HCXOAHBIX JAHHEIX 0 BBIUHCJACHMSA DACCTOSTHHH MOJABepraercst CTaH-
papTu3aluin. JTo TMO03BOJsIET YUHTHIBATb KAXKAYI [epeMCHHYIo
¢ OAIIAKOBHIM BeCOM. B NDOTHBHOM CJydae pacCTOsIHIE olpeje-
Jsijioch Gbl lepeMeHHOH, nMewollelt tauboJblilee 3HaYeHHe. B Heko-
TOpBIX CJayyasix 3TO JaKke xeJ/aTeJsbHO, OJHAKO HEpPasyMHBIH BLIGOD
eJAMHNU H3MEpEHHS MOXKeT HHOLJZA IPIBECTH K HEXeJaTeJbHBbIM
HOCJICACTBHAM. SIpKofi nuilOCTpauHed 3TOH 3aBHCHMOCTH  CJYMKHT
npuMep H3MepeHHsl Tpex oceft 00pasuoB raabku. Ecam nsMepHThb
JBe OCH B CaHTHMeTpax, a TPeThI0O — B MHJJHMETPAaX, TO TPEThs
ocp Oyjer HMeTb B JecATh pas OoJibllee BAHsHHE HA pPacCTOSHHE,
ueM JApe Apyrue nepemMeHHbe.

MHOXKeCTBO Mep CXOJACTBa MeXX1y BCEMH MNapaMH OODBEKTOB
MOXHO IPEACTaBHTh B BHAE CHMMETDHYHOH MaTpUUH MNOPSJKA
nXn. Hng BBIYMCICHHS 3/1€MEHTOB 3TOH MATpPHUBl ¢ HCIOJb30Ba-
HHEM YXKe HalHCAHHBIX NOANPOrpaMM TpebyeTcss TPaHCHOHHDOBATH
MaTpHuy HCXOAHDBIX JaHHBIX, NOPANOK KOTOPOH nXm, B MaTpHLY
nopsjika mXn. B pesyabraTe IOJyuyHM MaTpHLy CXOACTBA IIOPsiL-
Ka mXm Mexay TepEeMEeHHLIMH (B OTJHYYE OT KOPPEeJsIUOHHON
MaTpHUBl CXOACTBA MeXAy HaOJMIOAeHHsIMH nopsika nXna). dJe-
MEHT C;j MaTpullbl JaeT XdaPaKTEePHCTHKY CXOJACTBA MeXAy i-M
W j-u obbextamu. Cuenyiowlas 3ajaua — NoJyYeHHe Hepapxuye-
CKOH TpYNNHPOBKH OGBEKTOB, IPH KOTOPOH OGBEKTHI C HAHBLICIIH-
Mt K09 huuneRTaMH CX01CTBA pa3MellaloTcs BMecTe. 3areM Ipyl-
Bl O6bEKTOR COEAHHSIOTCST B JADPYrHe TPYNIBI, ¢ KOTOPLIMH  OHH
HarboJee TeCclo CBaA3arbl, H Tax, NpCclroJrxKaeTcd J0 TeX NNOp, NoKa
He Oyner moJyyeHa noaHas kJaacciduxanus o6bexTos. Cymiect-
BYET MHOIO METOJOB aHaJsM3a IpYII, pacCMOTPeHHe BCeX pasHo-
BHIHOCTeH 5THX METONOB H HX CPAaBHeHHE BBIXOAAT 32 DAMKH Ha-
CTosluelr xHHrH. OfHAKO MBI PacCMOTPHM OIHH TPOCTOH MeTof,
fasuisaeMblli MeTO4OM B3BEUIEHHOA MapHOH TPYNNHPOBKH ¢ apH-
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Ta6auna 6.11
Matpuua xo3pPuUHCHTOB KOppesituy AJs LeCTH 06pa3uoB MeCYaHUKOB
HamMepennsi npoBojnanch B HLIMGax

DO

METHYECKHMH CPEAHHMi, a 3aTeM YKa)KeM HeKOTOpble [0Jie3Hble
pasHoBuaHOCTH 3710l cxXeMmbl. [lonpoGHoe wuajoikeHHe 3TOTO il Apy-
THX METOAOE MOKIO Halith B kuurax Tpaltoira n Definn [64],
a tarxe Cuura u Cokaaa [58]. B nepBofl u3 HHX BOOPOCLI Kadc-
CHOMKAMIH U3JASTAI0TCA ¢ TOUH 3pEHHA SKCIHePHMEHTAJbHOH (K-
3HOJIOTHH, BO BTOPOH — UICACHHON TAKCOHOMUH.

B Ta6sa. 6.11 mpusemena nosHas cUMMeTpHYHAd MaTpHILZ KO-
3QGUUHCHTOR KOPPeNMSIHE MEXAY UeCTbI0 COBEKTAMH, HA3BAHHLI-
Mu A, B, ..., F. O6bexTsl — 370 ULIH(BI [eCYaHHKa, a TepeMeH-
HLIE — XaPDaKTePHCTHKH CTPYKTIYpPLl IOPOJALI, BKJIOUAIOMIHE pa3Me-
pBl B 1OKasaTend (GOpMbl 3epeH, pasMepoB H GOpMBL IOP U I.10T-
HOCTH 3a70JHeNHS. LI 3TOM npliMepe B KauecTrRe Mephl CSOICTBA
B3AT KO3(DOULHCHT KOPPeJdiiin.

IlepBubifl mar anaJu3a rpynn MeTOAOM HNOMADHOrO OOBEJHHEHHS
COCTONT B HAXOXKACHIH B KOPPEeJNSILNOHHOH MaTpumne Hanb0/buiiX
K02(UNHEHTOB KOPpesisUHA C LEeabI0 BBEAEJENIHA IEHTPOR TPV,
Haupniciine KO3(QGHUUEHTH  KOPPEssiiid B KaxkaoM  cTo.10ie
matpriubel (cM. Ta6a. 6.11), Bolzenensr KUPHBIM WpHPTOM. O6LeK-
Tol A u B o6pasylor napy ¢ BLHICOKON Mepoil CX01CTRa, TAK Kak
vanbonee 6auzox « B uw B naubonee Ganusok x A. Onuaxo C u B
re o6pasylor napul € BLICOKON Mepof CXOACTBa, Tak Kak xors O
6o k B, B 6mpke kA, yem x C. Jas BLIAeNEHHS Hapbl ¢ poi-
Couof Mepoil CXOAcTRA HOX(POUIHEHTH ¢ H € JOMAKHB HMETH
HaunGosblle 3HAUCHIIA B COOTBETCTBYIOLLHX CTOJBUIAX.

[Taps ¢ HauUBHICIUMMH  MepaMH CXOACTBA u308pakedbi  ifa
puc. 66,a. Ofbexr A cssizan ¢ B na ypoHe 0,57, ykaspipaiciues
Mepy X B3anMHoro cxogcrsa. Taxum obpasoM cesizaubsl D u F£.
D10 nepBH{l IIar B NOCTPOEHHH ACHAPOTPAMMBI, HJH  «IepeBax,
II03BOJISIIOILEr0  HALJSIAHO H300pasuTh pe3yanTatol pasbienua ia
rpymnmnul.

Janee MaTpHHy CXOACTBA BHYHCJIAKIOT CHOBA, IPHYEM CTPYIIINH-
POBAHHbBIE 2JEMEHTHl NPH 5TOM CUMTAIOTCS OJHMM  32JIEMEHTOM.
CyuecTByeT HECKOJbKO METOJOB BHIMOJHEHHS 9TOf  IPOUEAypHI.

Mu 6yzem ucmosn3oBaTb Hanbosee NPOCTOH H3 HHUX, COCTOSMIHF
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Puc. 6.6. (a) MHcxonuwie rpynnbt

nenaporpammet,  (6)  Tlocrpoerue

FPYRO IS OCTAJBHBIX OGBEKTOR.

() OxonuaHue NOCTPOCHUA HEHML-

pPOrpaMMmsl; JiBe IPYNNbl CBs3LIBANOT-
¢ MeRay coboi

B TOM, 4TO HOBble KO>(QQPHUNEHTH KOppesliHd MeXAy BCeMH IpyI-
naMp ¥ OObeKTaMH, HE BKJAIOYEHHBIMH B TPYNONb, BLIYHCATIOTCA
3aHOBO C MOMOIIBIO MPOCTOTO ycpendenus. Hanpumep, HOBLII KO-
s HINeHT Koppeasinun Mexuy rpynmod AB u obbekroM C pasen
cyMMe KO03((HUIUEHTOB KOPpeJSUHH 3;eMEeUTOB, BXOAAWMX KAk
B AB, Tak u B C, neaenHo# Ha 2. B rtaba. 6.12 npuBeaeHbt
pe3ynsTaTnl 3Tnx phuncaennuf. Haubonee BeicOKHE 3HAUEGHHA KO3 (-
GULUHEHTOB KOppPeJAUHH B KaKAOM CTOJAOGIE BBUIEJEHBl  JKHPHBIM
WpPUPTOM.

Ifpouenypa o0pa3osanust rpyun CHOBA NOBTOPSAETCS: HAXOJHM
Hapbl ¢ CHJBHBIMH CBsi3gMu u  ofbeanHsem. Ha »ToM srane
o6bext C mnpucoeaunserca k rpymne AB, a ofvexkr F npucoenu-

Tabnuua 612
Marpuua ko2dduunenrToB KOppensuyuu
MEXAY ABYMSI YCPENHEHHBIMU rpynmamu
H JBYMsi 00pa3yamMi NecYaHuKa

AB Cc DE F
AB 1,00 0,29 —0,70 —0,55
C 0,29 1,00 —0,59 —0,52
DE —0,70 —0,59 1,00 0,41
F —0,55 —0,52 0,41 1,00
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Ta6auna 6.13
Marpuua ycperHeHHBIX
K09()pUUHERTOS KOPPEJSAUHA
MeXAY ABYMS
OKOHYATEJIbHBIMH TPYNTAMM

ABC DEF

ABC 1,00 —0,59
DEF 0,59 1,00

usierest  rpynne DE (puc. 6.6,6). Tlpouecc mpojpo/Kaercs A0 TexX
nop, mMoKa Bce Tpynnel He o6beanustcs BMmecte. OkoHuarteapHas
MaTpHla CXOACTBA, KaK MOKa3aHO B Tabsa. 6.13, 6ygerT HMeTb 1O-
pAMOK 2X2 11 COOTBETCTBOBATH JBYM nocaenuuM rpynmnau. Oue-
pungo, uro rpynna ABC umeer ¢ rpynnoit DEF k03¢ duuHeHT
cxoneTBa — 0,59, Ha sToM mocTpoeHue ACHApPOrpaMMEL 3aKAHYHBA-
erca (puc. 6.6,8). -

[MToctpoenue Tpymnn ABJSAETCA 5(peKTHBHBIM Ccmoco6oM npea-
CTaBJieHHS CJOZKHBIX COOTHOINEHHI MEXHy obbexkraMu. OIHAKO
[poiecc yCpeiHeHUs IO 3JeMeHTaM IPYIIIL H HX TPaKTOBKa B Ka-
yecTBe ©NMHCTBEHHOrO HOBOTO O0beKTa NPHBOAMT K H3MEHEHHAM
JeHAporpaMMbl. DTO H3MeHeHue CTaHOBHTCA BCC fojee OUeBHIILIM
1o Mepe pocra ypOBHs YCPENHSEMBIX H obbeguHsgeMpix  TpPYMIL
MOKHO OHEHHTb CTEIeHb JTOr0 H3MEHeHHMs, HCCAeNLYs MATPHILY,
KoTOpast B TAKCOHOMHH HOCHT Ha3BaHHE MaTpulibi KOMEeHeTHYeCKX
sgayeHnH. DTo He 4TO HHOE, KaK MaTpHia K03 (O GHUILMEHTOR KOppe-
asunp AempporpaMmer. Hampumep, K03(hUIHeHTB  KOppesiHH
Mexay rpynmamu D, E n F, ¢ onmoii cropondl, # A, B, C—c aApy-
rofl, B jeHiporpamme Ha puc. 6.6 pasubl — 0,59, Apajorsuuo Ko-
3 duLHEHT KOppealui MeXKly Fu D, a takxke mexiay I n E
papen 0,41. HanGojee ciJbHBIC CBIASH OTMeUAaloTCd TOJAbKO MEXKIAY
napamu A u B, a Takmxe D u E. B ta6a. 6.14 npuseaeHa noJaHAA
MaTpuua KoQeHeTHYeCKHX 3HaYeHHl, COOTBETCTBYWOIIHX JReHIPO-
rpamMMe. MOKHO NOJYUHTh HATJIALHOE npejcTaBIeHue O CTenenH us-

Tab6asuc 6.14

Marpuua KOPEeHETHUECKHX Koo (pMIHEHTOB KOppeasiiuy,
[OJYYEHHBIX H3 JIEHPOrPamMMbl PHL. 6.6

A B c D E F
A 1,00 0,57 0,12 —0,65 —0,62 —0.39
B 0,57 1,00 0.46 —0,79 —0,72 —0,72
c 0,12 0,46 1,00 -—0,58 —0,61 —0,52
D —0,65 —0,79 —0,88 1,00 0,66 0,41
E —0,62 —0,72 —0,61 0,66 1,00 0,40
F -0,39 —0,72 —0,52 0.41 0,40 1,00
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Puc. 6.7. Tpaduueckoe
TPEACTABJICHUE 3ABACHMO-
cTH KodeHeTHYECKHX KO-
a(hpUHEHTOB KOppeNTUnH
AJs JeHBPOrpPamMMBbl, Mpei-
crapnentoil Ha puc. 6.6,
OT 3KBUBAJCHTHBIX MM HC-
xofAHbIX  Ko3dpuIUEeHTOB
KOppesiiiy, 3HAUYCHHS KO-
TOPBIX npuBedeHs B
Tagn 6.11.
Ecai genaporpamMa To4Y-
HO XADaKTePH3yeT CTPYK-
TYDY KOpDEJIALHOHHOIT
‘,\T&TPHL{IL\I. TO BCE TOUKH
I0IanaloT Ha IHETrOHA b
gywo oo, OTKIOHeH!!

OT oTw THHIH HpelCTZlB‘
TAKT HETOUHOCTH JEHAPO-
RAMMEL i
1,0
i | t - H
o , A LT’J S
[T T ! | - | I
ot .‘ L. - " ‘ E i :
e ; 1 i
e ; ! 40 B
| e e ! " |
-1 : L ; P ? '
e L9 - z |
! 1 S
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Puc. 6.8. (¢) Jengporpamma, NoCTpOEHHAs MO METOAY Ipynnosoro o0 beuEeHust

OCHOBAHHOIO HA YCPLAHEHHM Koa(duuuenToB Koppeasuny. Hcxonnaga maTpuua npnl

Belleu?. B 126, 6.15. Kodedernueckuii Kos@uuyeHT KOppeasudd PaBeH 0,77.

(6) JeunporpaMma, MOCTPOSHHA TEM XK€ METOROM, HO OCHOBAHHAA HA paccTod-
nuu. Kodenernuecknii KoaQ@uuueHT KOppeiasitHi paBex 0,91

MeHernst B JEeHApPOTpaMMe, CONOCTaBHB HA rpaduke KaXKAblll 3Je-
MEHT {ICXOZHOH KODPEJSLHOHHOH MATDHIL C KaXKABIM 3JEeMCUTOM
Kogﬁenemuecxoﬁ marpHiupl (puc. 6.7). Ecan ofe marpuisl coBma-
é;:é”“o ipé@)m{ 5TOH 3aBMCHMOCTH GyJeT HpeJcTaB/eH IPSIMOH JH-
I‘paM-:\Ie-xKuIOHeHI/IH’OT Hee YKa3biBAOT Ha M3MEHEHAS B JEHIPO-
cowééﬁé‘im TOYKa OKAa3EIBAeTCsl BhHIUIe NPSMOH, TO KOppessiusd,
o HaOGé/roomaﬂ JEHIpOTpaMMe, OKa3blBAETCS CJHIIKOM BLICO-
yo R pOT, ecJu TOukKa momajeT B O0jacTh MOJ MPAMOH, TO

peanenne ko3¢ PHUHMEHTOB XOppessilud HPHBOAHT K 6o/1ee HH3-
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KOMy 3HAUEHHI0 KOPpPEJslUM N0 CPABHEHHIO C HCTHHHBIM. Hucaen-
HYI0 Mepy CXOACTBa MeXAy ABYMs MaTpHUAMH MOXKHO HAWTH
B pesyJbTaTe IPOCTOrO BHIUUC/IEHHS KO (DGOUIHEHTOB KOppeJALHH
MEXJy OAHHAKOBO PAaCMNOJOMKEHHBIMH 3JEMEHTaMH. Tak xak 06?
MATPHILI CHAMMETPHUHB! OTHOCHTE/JbHO [AHAroHasd, TO A  3TOK
HeJH JOCTATOUHO HCIO/b30BaTh TOJBKO OJHY MHOJNOBHHY 3JEMEHTOB
MaTpHusl aubo Bhue, An6Go HHXKe AnaroHanu. B namem cayuae
kos(uumnent xoppeasunn pasen 0,98.

Hau6osee CyllleCTBeHHLbIe 4ePTLl 3TOTO Meroja aHajusa rpymil
3aKJII04alOTCH B CaeaylomeM: 1) Kos(@UIHEHT KOppeJaslHH HC-
JI0J1b3YeTCs] B KayeCTBe Mepbl CXOACTBA; 2) ofbejHHEHHEe B TPYNTbI
HaugpHAeTCsl ¢ OOBEKTOB, HMeMmux Haubosee BHICOKHE 3HAYCHUS
KO3 OHILIEHTOB KOPPEIsAIHH, XapaKkTePU3YIOUIX CXOACTBO; 3) nBa
06beKTa MOKHO OOBEIMHHTB TOJBKO B TOM CJyudae, ecayu OHH HMMe-
10T HaHBHICILCe 3HAyeHue KO3 HIHEHTa KOppeasuull Apyr ¢ Apy-
roM; 4) mocae Toro kax jBa 00bekTa OObelHHEHBl B Tpymily, HX
K09 (pOUIHEHTL KOPPeAUHI CO BCeMH JPYTHMH OOBEKTaAMH yCped-
HSIIOTCH.

Beejenne WHBIX Mep CXOACTBA IPUBOJANT K OUEBHAILIM MOIH-
dukauusim 3Toi cxeMbl. XOTS Mepbi MOTYT ObiTh PAa3HbIMH, IIHPOKO
KCIIOIB3YIOTCH TOJBKO ABE M3 HHX: KO3(QOUIMEHT KODpPeJALHH
u paccrosinne. Ecii HpoBecTH CTAHAAPTH3ANMIO HCXOAHLIX AaHHLIX
10 BLIUHCJEHHS KO3(hQuIlieHTa CXOACTBA, TO KO3((QHIHEHT Koppe-
JIALHMHE ¥ PACCTOSIHHE MOZKHO HENOCPEICTBEeHHO NPpeobpasoBaTh APYT
B 1pyra. Boobue geHApOrpaMMbl, TOCTPOCHHLIE HA OCHOBAHAW 3THX
IBYX Mep, nogobusl. OjHako B OTJAHuUME OT KodbdHUIHeHTa KOppe-
JASHH PaccTosHie He 0643aTe bHO NPHHHMAET 3HAYCHHE B Npeje-
Jax =1, H NOTOMY OHO MOXKET NpHBECTH K {oJjee HarIsigHBIM
JEHAPOrpaMMaM B TeX CJIVYasX, KOTJa HECKO.IbKO 0GBEKTOB CHJb-
HO OTJNYAIOTCs OT ApYrHx. B rTabs. 6.15 mpusejensl Kak paccros-
HISI, T2K H KO3(MQPUIHEHTLl KOPPeNSAnnH AJst ceMI 00beKTOB, B AaH-
HoM cayuee A 00pasiop KapOOHATHBIX MHHEPAJOB. B kauvecrse
TepeMeHHbIX BBIOPAHBI 1E€KOTOpble (DH3HUECCKHE XapaxTePHCTHKI.

Tabauua 6.15

Mepn CXOHCTRA MEKAY CeMblo 00beKTaMu (HAL AMAFGHANLIC B CKOOXAX yKasaHbt
DACCTOSIHUA, NGA AHATOHANBID — KOIQPHUHEHTEL KODpeJIunn)

A B C D £ F G
A (2,15)  (0,70)  (1,07)  (0,85)  (1,16) (1,56)
B —0,93 (1,63) (1,14} (1.83) (1,01) (2,83)
C 0,59 —0,4 (0,43)  (0.21)  (0,%5) (1,86)
D —0.55 0,67 0,31 (0.29)  (0.22) (2,04)
E 0,26 0,02 0,85 0,63 (0,41)  (2.02)
F 0,79 0,94 —0,20 0,80 0,30 " (2,05)
G _ 0,37 —0,64 —0,38 —0,90 0,79 —0,8 -
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Puc. 6.9. I'paduku nepemennnx, Hime-
PEHHBbIX Ha Tpex 00beKTax.

Kpusole A 0 B CHIBHO KOppeJHpOBa- £
HEl, HO Pa3JejeHBl GobliuM paccTosi- 8
nnem. Kpusele B u C orpunarensno
KOPPEJNHPOBAHBL, HO <«BJM3KH» B CMBIC- 4
Jie PACCTOSIHHSI /.\,:
,‘7/ A
//
| ! ! 1 i |

Nepevennasn

[euaporpaMmul, MOCTPOEHHbIE AJA KAMAOH MaTpUUB! CXOACTBA,
nsobpaxensl Ha puc. 6.8. Xorst obllue 4epTsl IPyNIHPOBAHUS Oye-
BILHDL, BCE K€ MOXKHO OTMETHTh [Ba CYIIECTBEHHBIX Da3JHUHA.
Houbosee OUCBHANLIME M3 HMX SIBJASIOTCH 3aMena B oaHOH n3
uenTpaJbHpix rpynn Ha D u nepemelnenune 5 B 6Gojee  [aJbHION
No3KIMIO B Hepapxuueckoll crpykrype. Ilosesno wccnenosates mpu-
UHHBl 3TOrO H3MEHEHHSI.

Ilpeanonoxum, 4TO H3MEDEHO CeMb HEPEMEHHBIX HA KawKIOM
u3 Tpex 00bexToB. Mmu Moryr OuiTh, HampuMep, pasMepul Tpex
HCROMAeMLIX OPraHH3MOB HJH XMMHUECKIE aHaH3Ll TpeX MOpoi.
Ecaw mauectn xaxkaoe namepenue Ha rpaduk Tax, Kak 3TO yKasa-
ne wa puc. 6.9, MOXKHO y6eliThCad B TOM, UYTO COOTHOMIEHHS MEXIY
llepeMeHHbIMH B ABYX 00bekrax cxoinbl. My cooTsercrByiorT Gosee
W MeHee napasgenbubie rpadukn A u [ Ha jguarpame.
Y Tperbero rpaguka Apyrofi Bua, HO CH 3HAUMTEBHO OJHIKEe K Ipa-
(rteckoMy NpejCTaBAEHHI0 MHOKECTBA H3MepeHufl, COOTBETCTBYIO-
Ulero OANIOMYy W3 ABYX APYyr#x o6bexktoB. B sToM npumepe A u 8
CHJbHO KOppeJHpOoBambi, T.e. HMEKIT BLICOKHE juHefiHble CBS3H, HO
34TO paccrosiHue Mexay B u € MunumajpHo. Ecan 6bl B KadecTBe
neperennpix ObliH BHIOPAHLI pasMephl HCKONAEMBIX OPraHH3MOB,
Lnpivep pakosuy GPAaXHONOL, TO 5TO HPHBEJO OB K BBIBOAY, 4TO
A u B uveior 0anskylo  ¢opmy, a B u C-— cxOfHbBe pasMephl.
Ecan 6p1 B xauecrse nepeMeHHBIX 6GEHLIM BHIOpAHLI COAepKAHHSA
TSKEJLIX 371EMEHTOB B Ipobax pyiAbl, TO MOKHG CJ€1aTb BLIBOJ,
uro o6pa3unl A 0 B aHAJOTHUHBLI TIO cocrapy, Ho A ofaajgaer mo-
HHZKeHHbIMH COAEpKanuAMY IO cpaBHeHHIo ¢ B. Conepikauusa aje-
MenToB B B3 1 C G2M3KH, HO UX OTHOIUCHHS PA3JIMYHbL.

Heo6xoaumo mosicHutb, 4T0 KO3((pHIUMEHT KOPPENSUHH YKA3Li-
Baer Ha HauboJsbllee CXOACTBO B TeX CJAyYasix, KOTAa OH HMeeT
BLICOKOe MOJIOKHTENbHOE 3HAUEHHEe, B TO BPEMSl KaK pacCTOSHHe
YKasnBaeT Ha HanGoJbllee CXOACTBO B TeX CaAydYasx, KOrga OHO
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naumenbitee. [TosToMy K0o3(OHIHENT KOPPENSAUHH BBIABJACT Ha/lH-
YHe CBA3M NPH ero BHICOKAX 3HAYEGHHFAX, &  DACCTOAHIE — IIpH
HHU3KHX.

Kputepuii 06befuHeHHs (BYX OOBEKTOB B Ipyiily TpedyeT, UTO-
65 06a OHi HMEJM HAUOOABUIYIO KOPPEJSUHI0 OTHOCHTeNbHO APYT
Apyra. BO3sMOMXKHDI TakyKe 1 APYrie KpHTEPHI. Tag, u3secTed mpo-
CTOH MeTo;, 0Gpa3oBailis IPYINN, HA3biBACMbIH IPOCTEIM obnejHHe-
HHeM H OCHOBAHHBIfI HA MCHOJb30BAHUH HAUBHICLIErO KO3(QHIHEH-
T4 CXOLCTBA MeXK1y HEKOTOPHIM (HKCHDOBAHHLIM OODBEKTOM M .110-
GbiM 06bEKTOM Tpylnbi. PesysnbrTarThl aHaansa TpyHil 3THM METO-
JOM [0 KODpEeJALHOHHO! MaTpHile, IpHBELCHHOH B taba. 6.15, uso-
Opaxenpt na puc. 6.10. Tax xak 0GBeKTL! BBOAATCS B Ipynny Ha
OCHOBAHDH HAHBBICIIEro 3HAueHHs Ko3(pQHUHEHTa  KOppeJdllH
¢ MoBuiM OOLEKTOM, yXKe NpHHAAJekKalluM Trpynne, TO TECHOTa
CBSI31 B 9TOM CJyuae OxaspiBaercsi Gosee BRICOKOM, UM B Merolax
rpynnoBoro 06bensenus. IIpi aT0M, Kpome CxaTHf ACHIAPO:PaN-
MDl, BO3HHKaIOT H Apyrue oraumuus. Hampumep, rpynmna CE npsmo
coenniiena ¢ rpynnod BFD B Ciay HaJnuus BHICOKOH KOppeJtuHl
mexcay £ n D. Ecau xoppessinuio ¢ C u E ycpeasuTb, TO HaNBLIC-
weft 6yaer xoppeasuus vexay CE w A

[Tpocroe ofbeAiIHEH i@ IPAMO NPHBOJUT HAC K OKOHUATeNbHOI
XaP2KTCPUCTHKE, CPeIHeMy apil(pMeTHUeCKOMy Mep CXOACTBA 50h-
CKTOB, KOTOpbIe yiKe onpeiejessl no rpynnaM. I1pu nenoJn3oB2HUH
5TOro Merojia o6pasoBaHmst IPYII HHKAKOrO yCpeAHeHH COBCCM HE
neaaercs. Meroiabl, TPOUJAIOCTPHPOBAHHbBIE HA PUC. 68,a1 6 1B
npeawbAynieM npumepe (CM. pue 6.6), HA3HBAIOTCA B3BEUIMBAL S,
XOTsI B4 CAMOM Jete HX ¢1eaoBaso Opl HAsBaTh METOJaMH PAaBHOTO
papemnsaung. Ha puc. 6.8, C n £ coepnHeuL B Hataje 0bpazo-
Banust rpynin. Koppeasiuu HOBOH IPYHIILI CE gaxopsrca Kox0li-
HHPOBAHIEM CTPOK H €T0a0uoB C 1 L 1 jAeneHneM  Kaikioro '3
snevcnta na 2. HNanee B rpynmmy ssoantcs o6bexT A, 1 Kosdhdu-
unenr xoppeasunu nosoit rpynnst ACE HaXoanTes KOMOGHHHDOB2-
HHeM CTpOK i CTOa0LOB TPYTIH CE co ctpoxamu u cronbuavi A
u nenendem nx na 2. ViapiMu cnoamu, CE CYHTAeTCA €AMHCTBCH-
HBIM OOBEKTOM, B TO BpeMsl KaK HA CaMoOM JeJje OH COCTOMT H3
AByx 00bextoB. HoBbll 00DBEKT A umeer pBoiiHOe BJHsHUE Ha KO-
>pduitHeHT KOPPesiiiiy TPyHnbl ACE, tax xe, kak E wm C.
O6beKTHl, NPUCOSIHEEHEBE K IpyIie No3e, 6oblie BLISIOT HA
MATPHILY CXOACTBA, 4€M OOBEKTHI, MPHCOCAHHEHHLIC PAHEE. Metoant
ycpeanennst 6e3 yuera BeCOB CTPEMSATCH u36exaTh 3TOT0, NPHNHCH-
Bas B 1IpOIlecce yCPeJHEHUst KaX 10l rpynne BECA, NPONOPUHOHAJIb-
uble umciy oO6bekrToB B Heifl. Hampumep, o6pasosas rpynny CE,
MOXKHO TPHCOeHHUTD K Helt 00bexT A ¢ nesbio o6pasopanns HOBOH
rpynnst ACE. Oanaxo Mepel CXOACTBA 3TOH HOBOY TPYMIBLL HAXO-
asTCs B pesynprare CyMMHUPOBaHHA K03 PHIKEHTOB Koppesuy A
co cemu anementaMi, uckjiouas C u E, xo3d@uineHToB Koppe-
asimpe C co BceMu 3JeMeHTaMu, Hekmiouaa A u E, a Takxke K03 (-
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Puc. 6.“10. Heunporpamma  xoppess-
HHOHHOH  MATPHUB, NPHBEACHHOH B i

OHHOH i
B 71aba. 6.15. Tpynuw mocrpoenst no S Toynmm motapoenm on

. taba. 6.15.
METORY NpsaMoHd cBa3u. Kodenernueckuit 1 ot MOCTpOSHl Ha oc-

HOBAHHY HEB3Bell
eTony mpsx €HHOTO yCpeJHeHHs.
(b UUKENT Koppeasuuu pasen 0,71 Kodeuernueckuit Koaq)qmuuinpr nxopge-’

Jsuny pasen 0,72

Puc. 6.11. Jlenaporpamma koppeasum-

X —

Puc. 6.12
. ImarpamMma, KOTOPas NOKa3bLIBAET, KAK OOBEKTHI, XapaKTepHayembie OB

o6 Ma nepemennbiMu X u Y, BXoaat B rpynny. ol

: 1>6emb1 /5}:, B, C w D ofpasywor rpynay

a 00BeKT F sBAAETCS KaHAUAA m

ot TOM Ha TIPHCOEAHHeH}

hickor 1€ Ha CJAEAYIOWEM I -

pau oro npoueccbil. M; — neutpoua o6wexros or A 1o E. Mo}i—lcj:?)eaﬂe:rgéger?
Td £ H NOCNEHErO CPeIHEro 06bexToB oT A 10 D N

O6mwexr E npucoesnHen X s1of Tpynne,

by ST
Tp;yr(r:;;ﬂ;g;axscz);l)wpegﬂmm E co Bcemn snementamu, nekaiouas A u C.
ot 06 sneMéHT}c])}KHO CJAOMKHTD KO (DDUUHEHTLI KOPPEJISIUHE BCexX
Ha 3. Jra npoueﬂypz igfs}glzeéTaléigng};a;%ﬂyw SRR
ROBO B/IHATD HA XapPAKTEPUCTHKH CXOJICTBA ot rpyai Taxoi
METOL Mo CcpaBHEHHIO ¢ OﬁquHbIMH‘Mer a "o prnm?l. o
TPOTHBOMNOMOXKHOE CBOHCTRO: OGBEKTH eteNHe 8 Tpyny Tosse
apor ’ o[, BBEJIGHHbIe B TPV
Hoa“;ncﬂeﬁolxla?m}? BJHSIHIS Ha Mephl CXOACTBA %}},{yT}p])Hnogg}e{gf
HOCTpOe'HHéH qu O,g;dilbm taba. 6.15 npusenena NeHJporpamMmma,
0 MO}K(EML Hpouo;;e}omeroaa HCB3BEIIEHHOrO YCPeIHEHHS,
Crpareny RN I CTpHpE)BaTb 3dert ueTbipex paziuuHbIX
YCTAHOBJEHHSA CBsi3eli, paccMaTpHBas OUeHb NpOCTYIO
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7 epeHbl
3ajauy K/JacTepH3alHH, B KOTOpOR Ha Ka}KﬂOMHZG’;?}{;(r;yHg%A'bgKTa-
ot o ﬂBeG HepeMeHéHbIe.e"flifﬂxfa Bﬁﬁogﬁgﬁgmﬁ; 3TO NpeACTaBJ/eHO
M MOTYT ObiTb H300paxK ¢ | KaK 370 K e, 1o,

7 6.12. PaccTosiHusl MeXKAYy OOBEKTaMH ' -
?I?)OYC)?; IPONOPI{HOHAIbHDI MEPE pacxoKAeHis Memag x;luw:lx%:llpe;;e
pe obbekra, OT A no D, o6pasyloT CBs3aHHbIH nché 6613(2}@21 puste
JMHHM YKa3LIBAKT MOPANOK, B KOTOpPOM 3TH qezblgm)em kra On
coennHenbl BMecTe. FHeckonbko MeHee cxomzbm6 Guekt L e
6Ll TpUCOEIHHEH K STOMY nyury. Ilecron oa: un:a'ra Ao
HBl F, Tenepp paccMaTpuBaerci B KavecTse TK 1; ata o oS
MOXKHOE BKJIOUEHHEe B DACIIHpEeHHbIH IHydOK. Ho:xﬂm 106’beKTa .
LeHTPOUIOM TOHYeK OT A no EK,aa M, — cpeliH

fiero mpejblAyllero myuxa. ) -
! Cil)gélnommyg e/MHCTBEHHBI KPUTEpHH CBH3b1Baé{?ﬂ£AeHOb6L"1;eeKleM
IPHCOeLHHAT K 3TOMYy HYUKY, ecau paCCTOHHH6€ | . c. v
paccTosiHue 10 106010 Apyroro o0BbEKTa B JIODOM ci%n M IS
ITpu Hep3BEIUGHHOM ycpefHenHi i HeHTpOHﬂH(;\}/} T O e
Gyger mpucoeinHen K TyuKy, ecu pacETosnmee 1}30 enple P
cTOsHHA A0 LEeHTpoHAa B moGO#_npyron I‘pyanIB.mMBHHIm eiron
Dy el ycpeﬂgg}é?:;ﬂ;I'rpem}\?é%piaemmé yem paccros-

rier IPHCoeHHeH, eCyn u 2, cron
16{?{26;0 Epegﬂero B J1060M Jpyrom ny4ke. (321;/{(;;8%, ) q(;rg’béX:TOM
o yuscro0Da MeH;;Le}élacé)\iﬂgng?)mgaum{eu, NpH MO HOM
E, KoTopulfi yuacTsoBagd B 3 Je. e
B SperT F NPICOSANRACTCS K MyHKy, €CAH 4
ICE?BP;‘KS;;:SSI}::, Oq(eM paCCTopHHue no GoablIHHCTBA — TOUGK B Ji o 1
ﬂpy(r:OM ?’i?'I;;HCb ¢ TaKUM MHOKECTBOM METO10B, Ka?(}lblfjl 17 F{()-
Topu;&;:\ieé HECKOJBLKO OT.iUalomuics OT “ﬂpyrm;(pii};ﬁgég} 10
e ha 3107 1 Cnp?S;Tabor?pggh;e?aggﬁxgrz };TABG‘TH. Onur 1o-
<AJCHII0, Ha 3TOT BaiKHb Omurr 10
x};a;xf;aer, qTo METOAL B3BelUeHHOro rgygHOBOII‘IZT(C))L?(;SHSP:‘:STO-
e aner pe3ymme{3§g;‘:1tau:};olif)hlyjclfe;i}?;ﬂ | OTHOCHTe 1LHOe

LE; HUS WA HEB ! . Lt

;%eggxgggfgo iepBLIX Olnpeessaercs TeHneHunenHeKHTgoggpx;g;;(?
wanGomwmero swaenss xogeneniekord, PN, e
(0T % 7eTCs] :
o 1‘\0100rp2;/1[MeT.p§iTa}qeeTHm KodeHeTHUeCKIX K03 PUIHEHTOB "}\op:
» EZII{%S( ﬁeﬂbmne 0,8, MOTYT yKaspBaTh Ha CTOMDb cmme‘e EZ;qceﬂ
iiﬁué B‘nexmporpaMme nasi cnaBeix CBA3EH, UTO (;%ZHOI:(;BD;Bé:qu
oumbouriofl. B anajmse rpynn MaTpHLB  pacc I’anx’pﬂune;‘m}a
HCTIOABL3YIOTCS ¢ GOMbIIIM yCHeXoM, ueM ManHub{rle\mqecxym —{\'op-
Koppem{mm, rak Kak pator Gojee BHICOKYIO K?(beIKX{e CEYI0 40P
pensnuo. [To-BUAHMOMY, MaTpHIbl PACCTOAHMH TE;I e oo
CTBHTE/BHB K 3aMeHe MeToaa TpH aHaJn3e Tpyn - Ommaro were
CTATOK COCTOMT B TOM, 4TO OHH OrpaHNyuBAaloOT HCH e
KHX-JH60 CTATHCTHUECKHX METOMLOB. (Ans Apyrux
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JIH32 TpYNN HMEIOTCS HeKOTOpBE TeopeTHuYeckHe oOOCHOBAHUS, CM.,
nanpuMep, [59].) DosplinucTBO Hcc/enoBaTe€H, HCIOJb3YIOUIHX
MeTOALl aHaJ/H3a CPYNN, HPHMEHSIOT pa3JHYHble Mepbl CXOJACTBA
4 lIpoHeAypbl NOCTPOEHHs IPYIN, a 3aTeM BHOHPAIOT Te H3 HHX,
KOTODDble AT Haubosee YAOBJAETBOPHUTE/bHBIE PE3YJbTATBHI AN HX
Aandbix. TilaTesbHBIH npenBaplTeNbHBIH aHAJH3 MOMKET Olpeje-
AUTh BLIGOp mpoLeAypH KjaacTepu3alHH. BOJBIIHHCTBO Hepapxi-
yeCKHX METOJ0B, €CJH YHCJ0 OOBEKTOB BEJHKO, HYXJaeTCd B Bbl-
4HCJIeHHH H 00paboTKe oueHb GoJablinx MaTpHI. (B skosoruu u ap-
X€0JOIHi HCCJEA0BalHe ThlCAY OOBEKTOB SBJSETCS OOBIUHBIM Je-
saoM.) Ilpoueayphl K/aaCTepH3allMH, HCIOJL3YIOIIHE OrpaHHYEHHOE
41CJ0 MPOH3BOJBHLIX LEHTPOB TIpyil, OOBUHO CONPOBOXKAAKOTCS
IpHEMaMH YCTpaHeHHs 3TOH BLIYHCJANTENbHON moMexu. BeposTHo,
yto HanboJsee IIHPOKO INPHMEHACMBIH MeTOX — 3TO INpoLeaypa
k-cpeamix MaxKsuna [50]. 3zecs k Touek, xapaxTepusyeMmblx m
nepeMeuHBMH, 00bABAAIOTCS (100 NOJNb30BaTeNeM, AHOO Nporpam-
MOH) HCXOZHBLIMII «UEHTPOMAAMH» TPYNN. Bruucasercsa wMarpuia
CXO0/CTBA MeIK]y THMH £ <IEHTPOHAAMH» M A Ha6IIOAEHHAMY,
¥ 3areM OJMxkaiiline HJaH Haubosee cxoiHble HaOJOAEHHA OOBENH-
HSIOTCH B TPYNOBl ¢ 3THMH «UEHTPOHAAMH». 3aTeM BHIYHC/SIOTCH
HOBbie HEHTPOWALI, UM NPOUECC MHOTOKPAaTHO I[OBTOPSIETCH B TOU-
HOCTH Kak Hepapxuueckas Npoueaypa. B mpuHIuIIE 3TOT UEHTPOHI
No Mepe pocra Ipynnsl GLICTPO CJABHIAeTCA B HallpaBJeHHM HCTHH-
HOro LEHTPOHId, TAK KaK BJHUAHUE HCTHHHBIX HAOJIOfeHHH OKa3bl-
Baer Bce Oo.lee CYLIeCTBEHHOE BJHSHHE Ha NPOH3BOJBHBIA BHIGOp
HCcxoaHo#i Touku. IlpeumMymectBo mnpoueaypbl k-CpeiHHX COCTOHT
B TOM, 4TO AJs Hee HeoOXoauMa JllIb MaTpHLAa CXOACTBA MOPAX-
Ka k<Xm, a ne MaTpuna nopsiika mxXm. Ecan k maso (5 nam 10),
a n eauko (1000 man 6oablue), TO NPOLECC MOXKHO OCYIUECTBHTh
ObiCTpee, yeM HepapxXHUYECKHM MeTOJ0M, IOJYYHB MeHbllle 4eM Ha
2 mopsaxka uucao warop. HemocraToxk meroma k-CpeiHHX COCTOMUT
B TOM. YTO NIPH HEyJauHOM BbiOOpe MPOH3BOJBHLEIX HaUaJBHbIX TO-
YeK MOXKeT MOJYYHThCS HEeONTHMAaJsbHAsd KJAacTepusalus, 4TO MpH-
BeAeT K IIPEXKIEeBPEMEHHOMY CIBHTY LeHTPOAO0B 1 K OlHbKe
8 OOHapyMKeHHIl aloMaJbHBIX KJaCTepOB.

Muorne MeToan KJiacTepH3allll COJepXKaT cyOBEKTHBHbLIE NpPO-
H€e1yppl, OJHAKO KOQEHETHUeCKass KOPPEeaslMs CAyXKHT KOMIIACOM
B JocTHIKeHHH 00BeKTHBHOH Kaaccudukanun. Iloassza xaacTepHoro
aHA1113a COCTOHT B TOM, UTO OH O0ecHeuHBaeT OTHOCHTEJbHO Mpo-
CTOH it npAMOM MyTb KJacCHQHKauHH OOBEKTOB H IIO3BOJSIeT TPe-
CTAaBHTbL pe3yabTaThl B YA0OHOM AJA MOHHMAaHHS BHIE.

B xauecTBe ynpasKHEHHS B KJaCTEDHOM aHaJ/li3e HccaeayeM
Ha00p A2HHDLIX. MPEACTABJAIONINX H3MEpeHHS KeMOpUHCKIX TPHJIO-
SutoB, cobpannvix Ha 3anage CIIA. B coorserctsiun ¢ Tpefona-
HHUSIMil TAKCOHOMNUECKHX mponeryp obpasunl OblIM pasae’eHnl Ha
Tpu poxpa. Ha aecaTu TpuaoOHTax, KazxAbH 113 KOTOPBIX TNpeACTaR-
A1 onpejeseHHblil BUA, ObiiH H3MepeHnl 10 XapakTepPHCTHK WK
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Ta6auna 6.16

CcATH BHAOB
Jecath OTHOLUCHHﬁ, fIOJIYYEHHBIX MO pesyanaTaM HsngZH;lST::
kemMGpuiickux TpUJIOGHTOB, coOpaHHBIX B T

Xg X3 Xa X5 X X7 X8 Xo X10

Buasi X1

Aphelaspis brachy- |0,208/0,250/0,54010,237 0,875(0,202{0,284{0,925(0,34310, 373
' 440,537
P el 545(0,428]1,000(0, 31810,296/0,796/0, 44410,
A. haguei 8’?;28%(1)2 82391 0.375/0,913(0,304{0,297 0’9468’38?'8?%5
g"cs;ft%ﬁ;fjge con- 107259103700, 370(0,859|0, 852{0,3330,50010,59110, 5910, ¢
1 ’ »
: 810,652
by a50l0.50000, 615(0,900[0,351{0,434{0,783)0,478/0,
D. quadrats 8’%?%8’421 0.47410.736|1,158/0,4210,500 o,gggg,ggg,g,gg
113' r;fduc-t(fleata o’ 13610, 409]0.273]0,46911,0000,136]0,26910,769)0, 3270,
renoust ] 3

0.795(0,308[0.436
810’ 269|0,628(0792310, 1540,308/0, 7950,

b indenta g'gé%g'ggl 0’ 261|0,545(0.956(0,261|0,296 0,8338,22?8,;}%
o 07239(0.370(0, 556{0, 444{0, 852/0,296|0, 3720, 824]0,431{0.

A. longispina

* — 4 —_ a a BaM C- X, — aauiia xpas C: , — JJjanda
AJauHa 2 4 1C; Xs
( AuHa rJaa oro uka/C; 7
ean; X1 JJinHa Kpacs !

rJa3Hod Kpbill lKH/C‘ X4 — wnpHHaA naGeJm/G X3 -— mnpuHa Hel’IOllBPIIKHOﬁ niekH C; Xe .';L/”{
3 1aBHOro 1IHT afanuna cpobonuoit IICKH; D — mMpHHA THI Hﬂy“ﬂ» (D m\ npHia OC’}“ !: iru

' : Xg — nJlEBp'UIl;HOf’[ ocn/Ds Xo — ANHHa ocH auryaAHg; LU e AJINHE B
ausiD; 8 WHPHHA s

ansfD.

% a6, 6.16.
nepeMeHHbIX. Pe3y/bTaThbl 3THX H3MepeHIlH npnseqe}lx:;BTgP:;O6mos
j 1eH0, UTO pasHbie Bl i
e roBops, OLIJIO YCTAHOB/ , o
??gfglcmsaﬂpm Mexly COGOH. Yrobsl H3bexaTb Heﬂopasyre:i;w
hu OHCTEKAIOWUX OT TOro, YTO XBOCTOBASI qacThb 60%11;&;};{ an?crb}o
szMOB MOJKeT CJaydaiHo 4CCOILHHPOBATBCS € nepeu;}eHmi acTeio
MaJblX, BCe Ma3MepeHHs ObliH npe06paaoBaH§;OBU(;;rl}Tig 61,”111- pasje-
: ’ % TOBH , :
Hple Ha OCeBOi 4acTH TO. e
D e 10 A equsi, CAeJiaHHble Ha XBO
HAJIOTHUHO H3MED ,
JeHLl Ha ero AJIMHY. e o cie.
i 1 pasjeneHbl na ero p . ¢
CTOBOf YacTH HiMTa, OBbIAI P o e 615,
nepeMeHHBbIX, YKa
N BLIOpaHHBIE B KauyeCTBE bl '
llfgcaﬁe no}l)xonﬂuleﬁ cTaHJapTH3alHi BbIIOJHHTE anaJan3 rpymi no

Puc. 6.13. Tpuno6ut Opisthoparian.

[loxasana cxeMa CTPOEHHS H H3MePsCMHIE xaggggg;
DHCTHKH, TDHBEAEHHbIE B tab.. 6.16.21—na}:i.f,3_
panbasi Jonacts (rsasuas KprUJKa),” g—xpa 3
KpaeBoil BaJHK; 4 — coboadasi Lgka; o — LIabeIb;

nuruans; 9 — naeBpaspHad 4acTe
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6 — HENOABHKHAA leKa; 7 — TJIaBHDIH wun; 8 — ochb.

JaHHBIM H3MepeHHH TPUJIOOHUTOB H NOCMOTpHUTE, HAIOT JIH KOJHYe-
CTBEHHbIE METOABl Ty e KJI4aCCH(QHKaUHIo, KOTOpasf MoJydyaeTcs
MeTO1aMu OOBIYHOM TaKCOHOMHH. BhiuncinTe u uCnoJb3yiTe B Ka-
YeCTBE Mep CXOJCTBa KO3(QPUUHEHTH KOPPEJNSLHH U DPACCTOSHHS.
Kakast u3 3Tux Mep paer Jiyulikii pe3y/ibTaT IO CPaBHEHMIO C pe-
3yJabTdTaMH, MNOJYYEHHLIMM MeTOAaMH OOBIYHOH TaKCOHOMHH?

BBENEHHE B TEOPHIO COBCTBEHHBIX BEKTOPOB,
BKJIOYAS1 ®AKTOPHDbIN AHAJIU3

Hexoropoe MHOXKeCTBO BLIUHC/IHTEJbHBIX HPOLEAYP UYacCTo He-
OpeKHO Ha3bIBAIOT «(paKTOPHHIM aHAJH30M»; OHH 00JaJal0T O6IIH-
MH UepTaMH, a MMEHHO, 3apaHee NpeANoJaraercs, 4ro B nabope
MHOFOMEpHbIX Ha0J/I0feHH}I HMEeTCA CKpLITash NpocTasi CTPYKTypa.
ITa CTPYKTypa BLIPaXKaercst yepe3 AUCHEPCHH W KOBAPHALMH Iepe-
MEHHBIX, & TaKXe C [OMOLIbIO Mep CXOJACTBA MEXKAY HabGJIOXeHHUs-
MH. Bce Meroanl (akTOpDHOro aHaJgu3a OCHOBAHBI Ha BblIEJEHHH
COOCTBEHHBIX 3HAYEHHH M COOCTBEHHBIX BEKTOPOB M3 KBaApaTHOM
MaTpHUbI, [0JyYdeMOl YMHOXEHHeM MaTpHIbl JaHHLIX (HJH HEKO-
TOpEIM 06pasoM NpeoGpasoBaHHON MATpPHIBl ZaHHLIX) Ha ee TPaHC-
nosunuio. OCHOBHLIE MaTeMaTHUYeCKHE ONepallud B TOUHOCTH TE XKe,
KakHe OblIM yKa3aHbl B . 3. Ha 3TH OCHOBHBIE NOJOXKEHHS H Me-
TOJO0J/IOTHIO HAKJIAJbIBAETCH MHOMXECTBO YCOBEpPLIEHCTBOBAHHMH H H3-
MEHEHHH, YacTo NPOH3BOJBHEIX, YTO B pe3yJ/bTaTe BeAeT K MHOTO-
06pa3nio BBIYHC/IHTE/BHBIX METOJOB, NPUBOASLIEMY B YHHIHHE. 3a-
4acTyio OCHOBHBIE CXOJHBIE YePTHl 3THX METOJOB CHJIBHO 3aByaJiH-
POBaHbBl CJOXKHBIMH MaTeMaTHYeCKHMH OGO3HAYEHHAMH H TEPMHHO-
JIOTHEH, HCHOJb3yeMOH PA3JHYHBIMH NPAKTHKAMHU.

P akTOpHBI!l aHaJ/H3 NEPBOHAYAJbHO pPa3BHBAJCSH NCHXOJOrAMH
B 1930-e roabl, 1 MHOrHe HCHOJb3yeMble B HeM TEPMHHbl HMEIOT
CMbICA JHIbL B TNpejesax 3ToH cneunHgpuueckoi obaacry. Ieficru-
T€JPHO, CaMO Ha3BaHHe <«(PaKTOP» OTHOCHTCS K THIOTETHYECKHM
YMCTBEHHBIM CNOCOGHOCTSAM, KOTOPBIE MOXKHO elie XapaKTepu3oBaTh
KaK «paxrop HHTenneKTay. COHHOJIOrH H CHEUHAJHCTH MO GHOMET-
PHH TakzKe BHeC.d CBOH BKJaja B 6OraTCTBO TePMHHOJIOTHH (BaKTOp-
HOTO aHaJ/u3a H IIOMOIJIH CO3[aTb IPOTHBOPEUHBYIO H MAJO IMOHSIT-
HYI0O METOJIOJIOTHIO, KOTOpAasl YBeJHUHBAaeT 0OMAHYHBOE BleYaTJaeHHE
O BO3MOKHOCTH MOJYU€HHsI MTHOBEHHOI'O OTBETa y HCCJeN0BaTeJs,
NOCTaBJEHHOrO Tepejl YHCJIOM JAAHHLIX, 6OJbUIHM, YeM TO, KOTOpoe
MOJKHO OCMBICJIHTE.

Co31aHO MHOKECTBO METOJOJOIIUECKHX BAPHAHTOB (HaKTOPHOrO
anasnusa. Ilpoananusupyem mekoropeie namGosee pacmpocTpaHen-
Hble U3 HHX, 6e3 Iiy6oKOro HuayueHust (QUIOCODCKHX W MaTeMaTH-
"€CKHX aClIeKTOB, KOTOpble HM CONYTCTBYIOT. MBI HCIOJIB3yeM HEKO-
TOpEle MaTeMaTHYECKHE COOTHOIUEHHS, CYUIECTBYIOLUHE MEXIy
MaTpuled AaHHbIX, COOTBETCTBYIOleH eli mMaTpuUel MapHbIX MPOH3-
17%
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BejeHHl, a Takke HX COOCTBEHHLIX sgaueHufl ¥ COOCTBEHHBIX BEK-
TOpOB.

MeTonsl (DaKTOPHOro aHajusa AeITCH HA 1B 60abLINX KJac-
ca, HasbiBaeMpx R- 1 Q-paxropibiM aHAJHSOM. IlepBolii CBsI3aH
¢ HCC/ENOBAHHEM COOTHOIIEHHH MeX1y NepeMEHHBIMH M OCHOBaH
Ha BBIIEJEHHH COGCTBEHHBIX 3HAYCHHH N cOBCTBEHHBIX BEKTOPOB U3
KOBAPHALHOHHON HJIH KOppeJISIHOHHON MaTpHuL; BTOpPO#l — C HCCue-
10BalWeM COOTHOMeHHH Mexny OoObeKTaMu U 1acTo HCIIONb3YeTCs
15 HKCCJEJOBaHMsl MX BHYTPEHHE[ CTPYKTYpHl AJd npeiCTaBJaeH
B MHOTOMEpHOM NPOCTPAHCTBE. DOJBUIHHCTEO Q-MeTon0B (PAKTOP-
HOFO AHAJN3A CBA3AHO C HAXOXK/EHHEM COOCTBEHHBIX 3HaueHu i
4 COGCTBEHHBIX BEKTOPOB MATPHIBI CXOACTBA MEXJy BCEMH BO3-
MOZKHBIMH mapaMH 00bexkTon. Meroant R-ananusa — 3TO CTAaTHCTH-
qeckue TIPOIEAYpbl B TOM CMBICJE, UTO JaHHBIE paccMaTpvBalOTCS
KAK BHIGOPKH, M3BJeucHHble n3 Oojiee  KPYMHDIX COBOKYITHOCTEH,
11 pe3y.bTaThl €ro NpPHMEHeHU:H 06BIUHO COXpaHfAoT oOulHe HepTHi,
cBOHCTBEHHbIE MCXOAHBIM IepeMeHHbLIM. Tax Kak MeToibl R-aHalju-
32 cpsi3aHbl C HCCJAELOBAHHEM HCXOJAHONO MHOXKECTBA AAHHBIX CXOA-
cTBa MeK1y HHAHBHAYYMaMH, TO MX HeJb3f CBECTH X cTaTucTHue-
CKOMY aHAJH3Y.

[Mepswiii war xax R-, Tak U Q-meropa dagropHOro amagusa —
370 npeofpazoBaHie MCXOMHOH MAaTPUILl AdHHBIX B KBaJpaTHYIO
CHMMETPHYHYIO MaTpHIy, KOTOpas BEIDAKAET anbo CTeneHd B3au-
Mocpsaell MEK1y nepeMeHHBIMH, JH00 TO XKe MEX1y o0beKTaMH, Ha
KOTOpHIX SHaYeHHs 3THX HEPEeMEHHDBIX ONPEee/CHL. Ito nenaercs
myTeM YMHONKEHHs CJIeBA HJM CnpaBa MATPHILL JAHHBIX Ha TPaHC-
[IOHHPOBaHHYIO K HeH. B npocreiilieM cayuae, KOraa Marpuua He-
oGpaboranuslx fanHpx [X] cocTOMT H3 A CTPOK HabGmwoneHuil u m
cT0/1610B TepeMeHHBIX, YMHOXEHHe CJeBa Ha TPaHCIOHHPOBAHHYIO
k neil MaTpuuy [X]’ mpHBOAHT K xBagpaTHofi Marpuue [R] nopsaa-
ga mym: [R]=[X]"[X]. Dnementu [R] cocTosT u3 CyMM KBaj-
PaTOB 1I NOMapPHBIX NpOM3BEACHHH /M NepeMeHHbIX, NPEeACTABICHHbIX
B ucxogiiofl MaTpuue, T.¢€.

n
rfk:Z XijXigs
i=1

rae j u k— HOMepa ABYX cTonBLOB MaTpHiubl AaHubix. Ecau gas-
Hble CTAHAapTH3OBAHBI, T.€. Kaxjas NepeMeHHas UMEET Hy.lesoe
cpenHee u CTaHAAPTHOE OTK/IOHEHHE, paBHOC EMHHHIE, TO MaTpHIa
[R] 6yaeT KOppeJsILHOHHOHU MaTpHuell m NepeMeHHbIX.

Ecsiy Tenepb MaTpully AAHHBIX [X] ymuoxuTh cmpaBa Ha
TPAHCIOHNPOBAHHYI0 K Hell MaTpuly X)’, To monyunM KBaapar-
HYIO CHMMETPHUHYIO MAaTpHIy Q, xoropasi uMeer n CTPOK H 1
croabuon: [Q)=[X1[X]".

Ecan [X] conepxkut neoGpaboranisie uaGaogenns, to [Q] co-
jepIKHT KBAJPaThl M MOTAPHEIC TPOH3BEACHNA BCEX NAp 06BEKTOB,
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1pOCY MMHPOBARHBIE IO NEPEMEHHLI 7
M. elicTBHTE B
maTpuubl [Q] Takosi: RO SACHERTH

m

B
qis :L Xij X )

i=i

rae ¢ Z—HUOMepa ABYX CTPOK MATpPHHBI A4HHBIX. B GOJblUHHCTBE
HCCIE0BAHMA HCHOJb3YeTcs (oJblle 0OLEKTOB, YeM HEPeMEeHHEIX
Tak 4To Matpuua [Q] Oyzer MHoro GOJbUIEro MOPSAKa, 4eM MaT-’
pula [Ru], Aaxke HeCMOTpsi HA TO YTO OHH IOCTPOEHLI mo  oaoft
ncxlqlﬂuon MaTpuue KaHHbX [X]. :
OCHOBIZII;I-[‘\(A)eieaHP:Iea‘(%)fKKTopHOFO aHajM3a B reOJIOTMH, KaK TPaBHio,
ocoual s ACHHH COOCTBEHHLIX 3HAYEHIH i COGCTBEHHLIX
i pos suibo pas Matpuunl [R], au6o pas matpuun [Q]. Onpua-
f:f(;Tquelem;Io, YTO HMEeTCs TEeCHAs CBA3b MEXAY HHMH, TaK Kak obe
;\Asmpb Lé 1‘ opom'ae}m ONHHM H TeM xe HabopoM aAaHHBIX. ITa
‘ blJ1d YCTAHOBJIEHA HA 3ape PasBUTHS (DAKTOPHOIO aHaaH3a
figc €e HCI0/Ib30BAHKE MO/BEPraeTCsl NepecMoTpy J0 CHX TOp Or-
p;IéTIéb?:flg (I;ITI?]_SHCXOAHT MOTOMY, YTO TMCHXOJOTH Il COLIOJOTIH, KOTG-
«hamop};oro aZTaCTBeHHu 3a GOJIBIUMHCTBO MEPBLIX paloT B 00.14CTI
e Bpgljase?{’n Ié(I)YJ(I)E:I?:)(;]?IaJIHCb HCKJIOUHTe/bHO R-MeTO[0M.
MeHH GHOJIOTH H Ie0JIOTH Ha4aJjH HHTEPeCOBATbCH
reMH MeToaMu (PAaKTOPHOTO ananusda, B KOTOPLIX LI .
syeTest TexHnka Q-aHasusa. BobIHHCTBO g it mpocTonen
i:rl(;‘d[r'lfauf/IHMl/I MeTO0B R-axanusa, B KOTO;I;SIXHHMXaTépblIIJLIl}; n[pé)]CT;IpMOH
erIBa:fc(;feilﬂgiiitﬁhdfcm Matpuusl [R]. Tak xax [Q] sauactyic
THCh MOUIHbe DBM O:TI;MCTHPOHCL(I)%IZ} Tnopyjllh?elgso I"’QHOKa 12 oxast
BaJHCh GespesyabTaTHBIMH. K comaweHmoH%Hm e coomtomenn
vexay R- u Q-mMerogaMu 6blio yn;meﬂo ’ HC(SOBH%  paxropior
1ex , , -meTon ak ro
‘rgngma[%g]{dcr% OKa3LIBAJICS YPE3MEPHO CJ0KHBIM (cl}vr.q)na;ggz%;
291, [5: ). B nocaeanee mpems psn apropos [33, 12; 65] '
SOAB3YIOT JBOMCTBEINOCTD MEXAY R- 1 Q-MeTonaMi, B p%SyJIbTZS‘C
R ) [e .

1ero aocTHraercss GoJ
’ BUIOE VIIPOLIEH i
e SocTiragTea 60 ylupouleHHe BHYHCaeHUH B Q-MeToge

Teopema dkkapra — KOHra

Ocuo
e 3}:3a1:%incs?§;ﬂomenge MeXAy MaTpHMUeH JAaHHBIX H COGCTBEH-
Db Qg H COOCTBEHHLIMH BEKTOPAMH [ABYX MaTpHI IO-
Briepae oot 6uﬂeﬂnn BLIpaxaercss teopeMolt IDxkapra — IOHra.
g OHg 714 10KasaHa ITHMH JABYyMs aBTOPAMH B HX KJac-
pabote, mosiBHBINEACA B mepeoM ToMme xypHanaa «[Icuxo-

METpHKA»
erJII)beIM IE;?A'?;GeMP.);I Teopema Okxapra—IOnra siasiercss kpae-
N o Psilla MHOTOMEPHBIX METOJIOB, BK./IIOUast hakTop-

aJus.
Oua yTBepxkpaer, uto nas BCAKOIH BEINECTBEHHON
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Ta6numa 6.17

WUsmepenns (B Mm) ueThipex 06pa3uos rOHHATHTOBEIX aMMOHOM/EH,
NpeCTABASIOMMX BHAB M3 POAA Manticoceras

- 1 nocnen-
Llupwra mynxa BUR kaveps HeR KaMmepsl
B )H 2 3
18
4 27
4 12 25 12
5 10 23 16
b 14 21 4
X,=10 X,=24 X;=15
i marpuusl [V
matpuup [X] MOXKHO HaWTH LBE opTOroHa/bHbie p V]

! eH-
u [U], Anst KOTOpbIX NPOM3BEIEHHE [V’ {X11V] ecre Be?lleehjziTa-
Hasi AHaroHajbHas MaTpuila [A] ¢ HEOTpI/IILaTeJIbH]gIMI/I[:;] euta-
mu. JloxasaTeJbCTBO TEOPEMb! 651710 JaHO ﬂx&o:;;x; l;wa}KHbI - o
it TeopeMbl, KOT
HOBHMCS Ha CJEJICTBHAX M3 5TO ;
TOpPHOM aHaJH3e, HCIOMb3YA qyc/I0BOf TIpUMEp, TNepBOHAYAJIBHO
acemoTpenHbtit Beprom [6].
b IlaHHpbxe, npuBejeHHbe B ra6a. 6.17, THNHYHB [as npeoc(;r:[);g
FeOJIOrHUeCKOro HccejoBaHust. Boo6pasuM, 4YTO 3TH 143:;4 (?B g
GLUIH CleJaHbl MAJEeOHTOOrOM Ha paKOBHHAX yeTbipex B nﬂcmm
HHATHTOBbIX ~aMMOHOMAEH. PaccMaTpuBaeMbie x::lpa}<T3eprMTOIU1
T.e. YaCTH pAaKOBHHBl HE 34
BKJIIOUAIOT AHaMeTp <nynKa», > 3akp
nocaeaHeil KaMepoi, a TaKxKe BLICOTY H WUpUHY 3TOH  KaMmepu!
B ycroe. Cpensee KazK10l IEPeMEeHHOI MOKHO BBIYECTb 13 KANIO
ro magoaenns. B pesyabraTe NOJAYHHM MaTpHIy AaHHBIX

—6 3 31

L2 1 —3
Xl= o -1 1y

o4 o3 —1

i

Hcnoassys Teopemy Jkkapra — lOnra, mnoKaxeM, HTO ManI;LPLIi
HAHHLIX MOJYKeT pacCMarpHBaThCA KaK nponsse/ieHHe Tpex ApYyri:

MaTpiill:

[X]=[VI[ALIUY, (6.40)
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rae V — (nXr)-matpuua, cTo6LLl KOTOPOil OPTOHOPMAJbHH. ITO
osnauaer, uto [V]'[V]=[/], rae [/] —rXr-marpuna. Ananorny-
o, U-—(mXr)-Marpuua, cTon0UB KOTOPOH OpPTOHOPMAJbHE, TaK
uro [U]"[U]=[/], rme [/] rakxke ectb (rXr)-marpuua. [A]—
sBajpartHas (rXr)-MaTpula, HMeloulas 7 MOJOXKHTENbHEIX 3JEeMeH-
rop BAOJb auaroHanad. [lociefnne Ha3BIBAKOTCS  CHHIYJSPHBIMH
sHavyeHHsiMH MaTpuubl [X]; HeauaroHasbHbIE 3JE€MEHTHB MaTpHLbI
[A] paBubl HylJiIO.

Menburas matpuua-npousseaetue [R]=[X'|[X] nmeer nops-
10K MXMm U COLEPXKHT 7 HeHyJeBbIX COOCTBEHHBIX 3HayeHHH
i m—r COOGCTBEHHBIX 3HAUeHIH{, paBHLIX HyJaw©. HenyseBbie cobeT-
JCHHble 3HAUYEHHSI PaBHBl KBa/paTaM CHHTYJSIPHBIX 3HaueHHil
wvarpuust [A], T.e. [A]?=[/][M]’, nan skBUBaIeHTHO

[A] =[] [V, (6.41)

r1e [A] — BekTop, comep:KallHil r HEHYJeBLIX COOCTBEHHLIX 3HAaue-
udit  Marpuust [R]. Doablas Marpuua-mpoussegenne [Q]=
=[X1[X])" nopsaxa nXn TakXe HMeET TOJBKO r HeHyJeBHIX COO-
CTBeHHBIX 3HayeHHH. OHH WAEHTHYHB COOCTBEHHHIM 3HAYEHHAM, NO-
JyueHHBIM mno [R], HCKIIOYast Te JOMOJHUTeNbHLIE COOCTBEHHbLIE
3HAUEHHS, KOTOpbIE PABHBI HYJIIO, €CJIH 7 (UHCIO OGBEKTOB) MpPEBOC-
XOHT m (YHCJO NepeMeHHDIX).

Hanee, cronbust matpuusl [U] comep:kar coGCTBEHHbLIE BEKTO-
pel MaTpHubl [R], KOTOpble CBSI3aHEI € KaXKAbIM COOCTBEHHBIM BeEK-
tTopoM A. Croabubt [V] comepar coOCTBEHHBHIE BEKTOPbI MaTpli-
i [Q]. Tak xak coGcrBeHHBlE 3HAuUeHHs 0Geux MaTpuu [R]
u [Q] onauMHaKOBB, TO JOJXKHO CyLIECTBOBATH COOTHOLIEHHE MEXIY
ABymst HaGopamiu cobGerseHnbx BekTopoB [U] u [V]. Oto coorHo-

WeHHe TaKOBO:
Vi=[XITU][A]Y,
[[U ]] = [[X]]’[[V]] [[A]]—l. (6.42)

B ¢daxropHoM anannse BEKTOp, OOPA30BAHHBIA YMHOXKEHHEM
©00CTBEHHOTO BEKTOpPA HA COOTBETCTBYIOlLee eMy CHHIYJSApPHOE 3Ha-
Tenne, Ha3plBaercs (akTopoM. HamoMHHM, yTo coOGCTBEeHHbE Bek-
rOpbl BBIYHCJASAIOTCS TakK, YTOOBl CyMMa KBaJpaTOB HX 3SJIEMEHTOB
Oviia paBHa 1,0, T.e. coG6CcTBeHHBle BEKTOpPbl HMEIOT €JHHHUYHYIO
aauny. Ecsau HX YMHOMKMTb HA COOTBETCTBYIOIUHE MM CHHIYJSIpHbIE
snavyeHuss (MJH KBAajipaTHble KODHH M3 MX COOGCTBEHHBIX 3HAueHHii),
‘0 nxX AMHEBL OyAyT OPONOPUUOHAJNBHB! BEJHYHHAM HX CHHIYJAp-
iLIX 3HaueHHHA. MIHAHBHAyaJibHBIE 3J€MEHTHl HEKOTOPOTO (PaKTopa
i143bIBAIOTCST HATPY3KAMH U CBA3LIBAIOT (DAKTOPHl C MCXOAHBIMH IIe-
DeMeHHBIMH. B mMaTpuyHOM of003HaueHHH (PAKTOpH R-Meroga HMeioT
BHI

[A%] =[U] [A]. (6.43)
Harpysxn NpeACcTaBJdIOT NPONOPHHNH HJH BeCa, KOTOPHIE 0JKHBI
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T

6bLiTh B KauecTBe HAarpy3oK NpDHIHCAHBI Kax10fl mepeMeHHOH AJA
Toro, 4ro6n CHPOEKTHPOBATD 06beKTH Ha (akTopHble ocH. OHH
TakiKe MPEACTABIAOT KOIDPHUHEHTDI KOPPEJISLHH HHAHBUIYab-
HLIX TEPEMEHHBIX C (arropamy. CoOTBeTCTBYIOLIee ypaBHEHHE AJA
Q-mMeroa (HAKTOPHOTO aHA/IH3a MMeeT BHA

[A9] =[V][A] (6.44)
¥ HATPY3KH NPOMOPIHOHAIBHB BKIALY KaXj10ro HHAMBHAYaJ/BHOTO

o6DbeKTa, BO3HHKAMIIEMy TPH TNPOEKTHPOBAHHH NepeMeHHbBIX  Ha

¢axTopHBIE OCH.
®akTOpHLE METKH R-MeTola HaXOAATCH yMHOKEHHeM HaHHBIX

Ha (aKTOpHbIE HATPY3KH HJH

[SR] = [X]IAR), (6.45)
4TO COOTBETCTBYeT HPOEKTHPOBAHMIO 71 MHAMBHAYaJbHLIX OOBEKTOB
na dakrTopubie ocH. s KOHKPETHOTO HaBMIONe U TIOJYUHM

Sir=20mrXmi

Wi
Sip=1xX1i4 QzpXei+ Qap¥ait .. T AmeXmis

rie S;,— Harpyska i-ro naGalonenns na k- Gaxrop; Xm — 3HAUC
Hue m-fi TepeMeHHOil, H3MEpeHHOoe Ha ofbekTe [; Gmp— HATPYy3Ka
m-ii nepeMenHof Ha k-fi PaKTOD. B cBow ouepeiib, Omr €CTH HPO-
u3BcAeHNe dJeMenTa /m Ha k-1i coOCTBEHHBIH BEKTOD, yMHomeHHbﬁx
Ha KBaJpAaTHLIH KOpeHb M3 k-To COOCTBEHHOrO 3HAaueHH.

ANANTOFHUHO, METKH Q-METOfa HaXOAAT yMHOMKEHHEM TPAaHCIO-
YHpOBaHHOf MaTPHUb AAHHBIX Ha ¢axkTopHble HArPY3KH Q-verola,

[Se]=[x]"[A°). (6.46)

D10 ypaBHeHHe ONpeje/fer MPOeKUHH M fiepeMeHHLIX Ha (aKTOp-

Hble OCH.
Hexoropbie anreGpaHueckue npeofpa3oBanus  NMOKA3BIBAIOT

cB13b MEXKIy (DAKTOPHBIMI HArpy3Kamy H METKaMi b R- n Q-me-
Tonax. YpapHerne (6.43) ompenesser dhaxTopHbBlE HArpy3kH R-ve-
topa mo dopmyne [AR]=[U] [A], no Teopeme dkxapra — IOura
varpuna [U] onpenessercs Kax

[U]=[X}"[VI[A]IT.
Yyuoxas obe CTOPOHH Ha [A], nmonyuaem
[U][A]=[X] [VI[A] AT
[AR]=[X])'[V].
MeTkn Q-MeToaa ONpefesisioTcs ypaBHEHHEM (6.46):
[Se]=1(x1"1A4),
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Harpyskn Q-merona [A9] onpenensitores mo dopmyae:
[4°] =[V][A].
[Tocne noacranosku noayuaem
[S9] = [X]'[VIIA]
Ho [X]'[V]=[AR], nosTomy

[$9] = [A%] [A]. (6.47)
;\]I&JIOI‘I/I‘{HHG Ile}“lCTBI/IH IIOKa3bIBAIOT, 4TO
[$¥] = [AR] [A]. (6.48)

T

SNHM )

l}-niero;)fpijoM’ﬁMeTKH Q-MeTosa NpPONOPUHOHAJbHE Harpy3kam
Aa, 11 Haobopor. KesdduuuesT nponopuuonanbHOCTH paBen

L_/&! T.e. CHHI yt‘IﬂprI\/ 1 :) BIHBa

[Af]=[S°][A] (6.493
[AC] = [SF][A] (6.50)

TO 0©3Haydaer, Y ec R

:.p H AeH X pC"Hee dMMOH SH. SHbII MaTpHI a ||]N)I/]35e e-
I, Be JeHHBb 1 MO OHﬂ‘ H M bllasa

HENE )‘»)'\'TV 0jga i0J Yy 1d Y i

: CTOHAa i IVUGETCY MIoxKenue g a

) oeo 12 . 1eM Ma lpl/IIlbI JaHHBIX CJ1€B&

)

-3

[(X'1[X]=[R]

_’6 2 0 4— ~6 3 3 ]
4 -3 —1

56 —28 .28
=128 20 8
—28 8 2

CobcTsennbie snauenns [R] ecTb A =84, Ap=12, As=0. Tak kax

[A]2:[84 o] A:[9,165 0,0
0 12] 10,0 3,464}'
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CoGerpennpie BekTopsl [R] —
0,8165 0,0 0,0
W)= _04082 07071 00}
—0,4082 —0,7071 0,0

o T1O-
Tax xax mocrepHee COOCTBEHHOE 3HayeHue PAaBHO Hyn}o’eMTManH-
cjeaHuil croaber MaTpHObI [U] ucuesaeT, n Mbl noJyua
uy nopsiaxka 3X2:

08165 00
_ | —0,4082 0,7071},
1l {—0,4082 —0,7071

Marpuna (akTOpHBIX HArpysox R-merona [AR] sanaercs ypaBHe
nuen (6.43):

7,4832 0,0
0,8165 0,0 ,
—0,4082 0,7071 9,165 0,0 = »13,7413 22?1124;‘

—0,4082 —0,7071 0,0 3,464 —3,7412  —2, )

- aKTOop-
Tenepp MOXKHO CIIPOEKTHPOBATH 4 pupa na ocu R L(;%Tonj‘[;ng)(ﬁ.%%:
HOFO aHAJN3a, BLUHCIAA UX GaKTOpPHBIE METKH 110 (OPp

0y - - '7——67’3 O’O
—~6 3 3 74832 00 1 24 98
2T 2l 7an2 2,44'941 0.0 —49
2 ,

1 P 3,7412 - 2,4494
4 —3 r‘ij )

449 —4.9

, orpene-
MeTkH MOXKItO TpaduUECcK 1306pasuTb B HPOCTnpaHISIEBepncpﬁ.ll;
JeHHOM OpTOHOpPMa/bHLIMH GaxTOpPHBIMH  OCAM L
npeacTaBe Ll HeTuipe o6pasiia aMMOHOMACH B Hp
KOCTb nepBo# H BTOPOHl (aKTOPUBIX OCEH.

Paktop I
Pantop I

z -0 -5 0 5 10
10 > PanxTop | Paxtop 1

Kn Q-metona
Puc. 6.15. ®akropubie MET
pic MeTKn R-merona Qmetona
PHe. 61 e oh B aMMOHOHEH s Tpex nepemeHHbIX, H3Mmep o
Adsl UCTURER BALO W3YHEHHBIX BHAAX aMMOHOMAEH
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Q-meton $axkTOpHOro aHasaM3a MOXKHO HAYaTh C

clipaBa Ha MaTpHLY, SIBJSIONLYIOCS TPaHCHO3HLHEH
NOIHBIX JAHHBIX:

YMHOXKeHHS
MaTpHulbl HC-

[XT X = [Q]

6 3 37 , 54 —18 0 —36
R N S R B (ST B VAR
01 1] S LT T o4 2 2
4 —3 —11 - T

—36 8 2 26

Martpuny V moxuo mpeoGpasosats B MaTpuuy Q-Merona ¢ak-
TOPHOTO aHaJsiH3a C MOMOLIbI0 ypaBHeHHs (6.44):

V] Al =[A9

i —0,8018 0,0 —7,3485 0,0

0,2673  0,8165 9,165 0,0 - 24498  2,8284
I 0,0 —0,4082 {0,0 3,464J: 0,0 —1,4140
i 0,5345 —0,4082

4,8987 —1,4140

Merku Q-Meroga ABJIANTCA NPOEKUHMSAMH NEPEMEHHBIX HA (AaKTOp-

iible OCH H HAXOAATCA YMHOXKEHHeM TPAaHCHOSHIHH MAaTpPHLB AaH-
ALIX Ha (PAKTODHBIE HATPY3KH:

[XT [A9] = [S9]
: L [ —7.3485 00
—6 2 0 4 ’ ’
s 1 1 s 24498  2,8284

0,0 —1,4140 |
*_3 — ? ’
3 Db asesr —tatdo
68.8 0,0
=| 34,3 8,5 1.
—34,3 —8,5

Pic. 6.15 mpeacrapsisier TpH TepeMeHHBe 06paslioB aMMOHOHAeH
B NIPOEKUHH Ha IJIOCKOCTb, ONPEAEJNEHHYIO NEPBBIMH ABYMS (akTo-
pamu Q-merona.

Hcnoabsys ypasuenne (6.47), MOXHO YTBEpXK1aTh, YTO METKH
R-meTona NpONOPUHOHAJBHELI HArpyskam Q-Merona:

AR [A] = [S€]

74832 00 68,6 0,0
37412 24494 .[9’165 0.0 ]: ~ 343 85|
_3,7412 —24494 [ L00 3,464 —343 _g5

OKoHUaTeJIbHO MOXKHO OpOAEMOHCTPHPOBATDL CIIPABEAJHBOCTH TEO-
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pembl Jkkapra — lOura, BOCCTaHOBHD MaTpULy AAHHBIX [X] mo-
psigka 7X3 10 ee OPTOHOPMAJBLHEIM YacTAM:

[y =[VIALIWY

08018 00
' 092673 0,8165 _[9,165 0,0 }x
=, 00 —-0,4082 0,0 3,464
0.5345 —0,4082 |
6 3 3
F0.8165 —0,4082 —0,4082 2 1 -3
><{0,0 o071 —o7071) | Y _; 1

oM mpuMepe MHOIOMEpHOE MHOXeCTBO
O B MeHbllee uucao  (axKTOpOS.
Taxke NMOKa3aHO, UTO PeEIICHH R-MeTo/a 3KBHBAJEHTHBI PeLIeHH-
aM Q-merona. O0a OHH IpeCTaBIsAT KPHTHYECKHE CUTyanuu I
GyayT NOBTOPATHCA B CJe Ay IOUUX maparpadax, rie npuaeTCcs pac-
cMaTpiiBaTh HEKOTOphie yCJOXKHEHHU, HakJalbiBalougecss Ha OTHO-
CUTEJbHO NPOCThie CTPYKTYPDL, KOTOpble Mbl TOJbBKO HTO uccJe-

JOBAJIH.

B HauaJjie 3TOro pasjeia OTMEHdJOch, yro «(QAaKTOPHBIl aHa-
JIM3» — 5TO TPUBBLIUHBIA TEpMHH, BKJIIOUAOIHA MHOXKECTBO METO-
0B, OCHOBAHHBIX HAa HaxoXKjaeHun COOCTBEHHBIX agaueHuil U cob-
CTBEHHDIX BEKTOPOB MATPHILI TMapHBIX npon3BeeHuH gabopa naH-
Hblx, QaKTOPHBI aHAJH3 TaKXKe ycrob3opagcs (6oJee TpaBHib-
HO) B CTPOTOM CMbiCje KaK cTATHCTHUECKas Npoueaypa, mpu KOTo-
poil MaTpuila AaHHBIX pasjaraercsi Ha 3apanee 3ajagHoe YHCJO
HeKOppEJNHPOBAHHBIX (AKTOPOB H Ha60p «YHHKAJbHBIX» caydainblX
KOMIIOHEHT. Jlpyrue BaxHble METOAB, OCHOBaHHBIE HA COOCTBEHHBIX
3HAUEHHSX, BKJIIOYAIOT METOJ IJaBHbIX gomnonent (MI'K), anaJus
cOOTBETCTBHSI 1 Q-MeToj, aHaju3 TJIABHBIX BeKTOPOB M  TJIaBHBIX

KOOpANHAT.
XapaxkTepuCTHKH pasJl

HBIX 3HAUEHUH MPOUJIIOCT
JIOTHUHOM IpHBELEHHOMY

B sToM HpOCTOM YHCJEHH
naGaionenuii 6110 npeofpasona

MYHBIX TPONEeAYp BHIUMC/ICHHA coberBeH-
pupyeM Ha HCKyCCTBEHHOM npuMepe, aHa-
Kynu u Jlonecom [11]. Mu BCEe XOpOILIO
3HaeM, UTO 3HAa4yuT ONpele/]HuTb «paaMepbl» yero-1u60. MOXHO JH
M3MEpHTH JJIHHY, LIpUiy, NAO0WAAb, o6beM MM Kaxoe-1n060 OTHO-
menue »Tyx BesuunH? Kak yCTaHOBHTH pas/nuHe Mexay MOHsTHS-
MH «pasMep» H «dopMar? UToObl NONYUHTH OTBETL Ha 3TH BO-
NpOCH!, PacCMOTPHUM na6op 25 0OBEKTOB, HMEIOLIHX gopmy mapad-
JleJleNMne o8, JHAUEHHA TpeX H3MepeHHH 3THX TeJ BLIOUPANACH
chyuaiiHo B Tpelenax 10 enunnil. B mosydYeHHOM naope BCe
paaMepsl U HOPMHI GblIH PaBHOBEPOATHBIMH, OT ky6a co CTOPOHOH,

MeHblilefl egHHUIBL, 10 11
- pasMepoM 10 10X 10 enunun. COBOKYTHOCTH H3MepeHui, CAeaaH-
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pU3MEL H IJIOCKOH TNJACTHHB HJH 10 Kyba

:;1; :;ml;amxom U3 Takux OJIOKOB, COCTABHJ/IK MHOMKECTBO 3Haue-
X nepeMeHHBIX. OHH OL
o IJIM BbIpazKeHbl CJAeAyIOUIUM 006-

X| — pJHHIAs OCb,

X2 — cpennas oce;

X3 — KOPOTKas oChb;

X4 — camas AJHHHAS AMaroHaJb;

paguyc HailMeHbllel onucauHoll chepul
pagnyc HauGobLIel BIUCAHHON cephl

Xs=oO0THolueHe

AUHHAST OCh—CPenHsst OCh
KOPOTKas! OCb ’

Xs=o0THOUIeHIe

MIICLIA L TOBEPXHOCTH
00beEM )

X;=otHowenne

o
la6.}1, 618 COILep}KI‘IT 25 Ha6ﬂ]0ﬂeHHH ceMHU nepEMEHHbIX‘ Ha-
6()]) 6)[()}(()]3 I) aBJi a p C 6 16 :SaMEI q I ’
npeacT €H H HcC. . . 5004 TO 3TO MHOXKe-
CT 9 ’
BO llaHHI)IX O6.HaﬂaeT HGKO’I‘OprMH HHIepeCHbIMH CBOﬁCTBa\’”’I'
B ’

pes | i Ta6aunma 6.18
YALTATH M3MepeHust 25 napajgesenunefos co caydyaiiHoll nauHoil cTopoH*

X1 X X3 Xa X5 X3 X-
a 2738 3,660 | 0,540 9,768 | 13,741 | 4,782
b 8,9 4,990 | 1,340 77500 | 10162 | 27130
c 22 6.140 | 4,520 9175 | 2,732 | 1.0%
7570 | 7.280 | 7,070 U700 | 201 | 0lke
e 9.03) | 7.080 | 2.500 4539 | 6.217 e
f 5.5I0 | 31980 11,300 3% | 70304 5 403
; 31270 | 0,620 | 0.440 2020 | w3 | 836
i B0 | 700 | 3510 552 | 4750 | 1o
: 9,040 | 9400 | 1030 | 13567 | 13,133 18510 | 9360
| S,égo 1,330 | 1.000 | 9.871 | 9,871 | 11.064 3’704
CoL R e | pa | R b
: , . . 9,642 | 3,430 :
m 4690 | 3.010 |2.170 | 5.983 ’ 2013
4 , . . 2.760 | 3.554
n 5,510 | 1,340 | 1.270 | 5.808 . R
.3 , . 4,566 | 5.382
0 1,660 | 1.610 | 1.570 | 2.799 ’ 3
6 , . 1,783 | 2.08
AR AR AR AR AR AR ARt
; 8.390 | 4.920 | 2.540 | 10.053 o | o | Die
s 4,940 | 4.380 | 1.030 | 6.678 i | S| e
: 7,930 | 2.300 | 1.770 | 7. Vies | o | 35
, ) ,790 | 4,393 | 5 '
u 9,460 | 7.310 | 1.040 | 11.999 ) s | 2
, , , 11,579 | 16,1 '
LI | | e b
X 8,210 | 3.080 |24 | 9 T Tes | 1
: , 9.097 | 3.753 i
Y 9,410 | 6,440 | 5.110 | 12,495 | 2 446 é:?gg (l)'g{g

* HaspaHusa OepeMeHHBIX CM. B TEKCTe
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Puc. 6.16. Jeaauath nATbh GJOKOB CO CAy4HaiiHbIMPH 3HAUCHHAMH IJAMHBI, UIHPHHbBE
T ¥ BBICOTHL.

a—y — cM. B Taba. 6.18

olo HMeeT camoe GoJpliee TPH HE3aBHCHMBIX H3MepeHHsl, Ta]K Kja;{_
nepeMenHble X4 H X, ABAAOTCS JIMHEHHbIMH KOM6}mammmxexz(1),m-
HBf, WMPHHB H BLICOTHL AHaJ/lorHYHO, AaHHbBE COAepKaT Xe[HHH\dH
pHIf BKJA]L HaBeJeHHOI KOPPESIUH, ONpejen1eMOu gﬂyl:p i (.m-
ocoGenHocTAMH nepemMernbix. JLannunas ocb Ke\)K}loro JOKa 11  on-
peleeHIIo 10JKHa 6LlTh JJMHHee, YEM npOMemwquSzm oCh, at;aeT
pas B CBOW0 ouepeib AMHHHEE, ueM KOPOTKas OCb. ITO O3H ad‘mK,
uto eCju, HampaMmep, AJuHA H WHPHUHA HaHeCeHBl Ha I?eHHbI-
sMecTe, TO NpeACTaBJAIOINEe UX TOUKH OKaXKYTCSl PACIOJIOHN "
MH HH2KE jllaroHasn (puc. 6.17). 310 nmlyunpgseT I'IOJIO}KI/ITe{IbE(})I >
KOppeJIsLHIO, T. €. 3HAYHTENbHO 6Orfebpli31;ef{r1;1?<’ ) OXKHjgaeMo# KOp
BYyX HE3aBHCHMBIX X.
peﬂ?{%ﬁﬁqﬁgﬁ gé}bll‘{HO paMepeHus, O KOTODPhX H3BECTHO, UTO OHH
3aBUCAT Apyr OT Apyra, HE payuatores. K coxanennio, Halle (:le~
yaeTCs. UTO He Te TeoJNoruyeckHe MEpeMenHbIe B32aHMOCBSI3AHBI;
coCTaBHbIe TNepeMeHHbie coiepxkKar HHAYLAPOBAHHBIE KOPPEJNALHH,
TaK KAaK OHH SIBASIOTCA 4acTblo HEJOTO, H TAKCOHOMHUECKHE H3Me-
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Puc. 6.17. Mpeacrapieine 3aBHCHMOCTY WMPHHLI CAyYaHHBIX GJOKOB OT KX AJHHBL.

Tax Kax WHpHHA MeHbLIE AJHHBL, TO Bce GJOKH PAachOJOXEHbl B HHAKHER YaCTH

aMarpaMMpl [OjJ JAHATOHAMbI0. Takoe NOJOMEHHe COOTBETCTBYET KODpPeJAUHH 7=

=0,568 mexny LJHHOI M wWHpuHOi. [JHHA M IIHPHHA NMPHBENEHB! B MPOH3BOJBHBIX
eIHHUILAX

peHusi MOTyT OBITb CBSI3aHBI APYr ¢ Apyrom B cuiy sddekra pas-
Mepa. B 3TOM HCKyCCTBEHHOM NpHMepe Mbl 3apaHee 3HAeM, 4YTO
B3aHMO3dBHCHMOCTh CYIIECTBYET, H MOXKeM HaJeATbCs, U4TO B pe-
3yJbTaTax aHaJH3a 3TH CBA3H oOHapyKarcs. DTOT IMPUMEp MOKeT
OMOUb TOHSIThH PE3yJbTaThl, KOTOpblE TMOJYYAIOTCA M3 aHa/J u3a

peasbHBIX JAaHHLIX, rje CyLlecTBOBAHHe TOAOOHBIX 3aBHCHMOCTEl
Heab3d YyCTaHOBITb 3apaHee.

METO/1 TJIABHBIX KOMIIOHEHT

Hepuaﬂ paziasn Ipoueaypa, KOTopyio MH paCCMOTpHM B TOM
pasnese — 370 Meroi rJiaBHbix KomnoHeHT (MI'K). InaBble kKoM-
MOHEHTHI — 3TO e UTO lHOe Kak COOCTBEHHBIE BEKTODH KOBapHa-
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Ta6auna 6.1%

Ilsyxmepuple HaGmogenuss ¢ Aucmepcueii X, pasnoit 20,3, nucnepcuei X,
pasHoi 24,1, u koBapuauueii 15,6

| !
X1 Xe | X1 Xo X1 X2 | X1 Xs X3 X2
H I
|
3 2 ; 7 2 9 14 13 6 I 15 13
4 10 7 13 10 7 13 14 17 13
6 5 8 9 11 12 13 15 )l 17 17
6 8 9 5 12 w ] oiof a7 e |19
6 w o9 3 12 it S Y 20

nuoHHON MaTpHUbl. CaMu mo cefe OHM [O3BOJSAIOT raydKe MPOHHK-
HYThb B CTPYKTYpPYy MAaTpHIbI, HO YaCTO HX MOXKHO HHTEpIIpeTHpO-
paTh u Kak (akropnl. MHorie coBpereHHble C¢xeMbl (DakTOPHOrG
aHAJgH3a HC0Jb3YIOT MeTOJA IVIaBHLIX KOMIIOHEHT B KauecTse OT-
pAaBHOro lyHKTa Aad aHaausa. Ilo 3Toll npuuiiHe, a Taxkike B CHuy
TOTO UTO J0Ka34TeJbCTBA 1 HATEPNPETAUHS METOja TJIaBHBLIX KOM-
IIOHEHT BEChMa IIPOCTBI, Mbl HAaUHEM C €r0 PacCMOTDEHHS.

Kak yxe OTMeuasoCh, reo.0rHl 4acTO HCNBITLIBAIOT 1HEyL0GCTBO
OT MOJB30BallHd 3TOH TepMuHojorHel; OOJBIIMHCTBO 113 ONyOJHKO-
BaHHBIX pafoT NOKa3biBaeT, UTO Te0JOrH HashBaloT «QaxTOPHBIM
aHa/AM30M» METOJ TJaBHBIX KOMIOHEHT. «DakTopbi», BCTpedalo-
wuecst B 3TuX pafoTax, Ha caMOM Jeje HYXHO HashBaTh KOMIIO-
iiesTaMu. HexoTopble aBTOPHI MCHLITHIBAIOT CTOJb GOJBIIYIO HEIOB-
KOCTh OT 3TOH NMyTaHULDBL, YTO HALIIH BHXOA B TOM, YTO BBeJH 1J4
(haKkTOpHOrO aHanAH3a, B OTJHYHE OT KOMIOHEHTHOIO, HAa3BaHue
«UCTHHHBIH (PaxTOpHLIH anaaus» [33].

[IpeanojiozkuM, UTO H3MEpEHbl ABE NEpeMelHble Hd MHOXMEeCTBe
06bEKTOB, HANPHMED AJHHA I WHpHHA pakoBHH Gpaxuonod. oay-
ueHHble gaduble npusejeHsl B Taba. 6.19 n rpaduveckn nsobpaxe-
Hbl Ha puc. 6.18. lucnepcus nepemensoit X, papua 20,3, nepemes-
toit Xy — 24,1, a wosapwanua paspa 1566, DTo MOKHO npeiacra-
BUTH B BHJ1e KOBAPHAHHOHHOH MaTPULH

20,3 15,6
§?=
[15,6 2.1 |

B ra. 3 yka3niBajoch, YTO MATPHIY MOXKHO NPEACTABUTb [€OMETpH-
YeCKH B MHOrOMEpHOM INPOCTPAHCTBE K4K MHOXKECTBO BCKTOPOB.
ByneM CuMTaTh, YTO KaXAas CTPOKA MATPHUL JaeT KOOPAHHATHE
KOHUEBLIX TOUEK BEKTOpa, NPeACTaB/SIOIEro 3Ty CTpoky. Marpuiy
nopsiika 22 MOMXKHO NpPeACTaBHTh Ha IJOCKOH guarpamme, Kak
3To cAedano Ha pHc. 6.19. Bonee TOro, 3TH BEKTOpPH MOMKHO CYl-
TaTh NPOH3BOJBHBIMH OCSIMH M-MepHOTO 3aaunconaa. CoGCTBeHHbIe
BEKTOPHl MaTpHILI AAI0T OPHEHTAIlMIO TJIaBHBIX OCeH 3JJaHmcouja,
a cofcTBeHHble 3HAYEHHs] MPEACTABJAAIOT AJMHH KaXKIOH H3 mocJe-
HOBAaTeNbHLIX IJ1aBHBIX NoAyocel. B ru. 3 tak GblAn MHTEPIPETHPO-
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. 6.18. Jluarpamma paccesnus ABy- Puc. 6.19. Bexroproe npeactaBieHue
MEPHBIX IaHHBIX Taba. 6.19 AWACEePCHt U KOBapHAUMH B BUjE MAaT-
puLbl nopsiaka 22,
Bexkrop 1 mpedcrasien 1epBoil cTPoxoil
MAaTPHUBL, 2 BeKTOp 2 — BTOPO# CTPO-
KOIT

BaHL! TIPON3BOJIbHBIE MATPHILI, HO OYEBHAHO, YTO KOBAPHALHOHHLIE
MaTpHIL JETKO MOXHO HHTEPNIPEeTHpPOBAThH Tak e. Meron rias-
HBIX KOMIOHEHT CBOAHTCA K HAXOXKJIEHHIO 3TUX OCell M :3MepeHuio
HX JJIGH.

¢ TIPOBejellbl H3MEPEHHs NEPeMEeHHbLIX Ha HEKOTOPOM MHO-
KecTe OGBEKTOB, TO S HHX MOXHO BLIYHC/IHTb MATPHLY KOBE-
puauuii nopsaaka mxXm— |[s?]. Haligem m ee coGCTBEHHEIX BEKTO-
POB M m coBCTBeHHbIX 3Hauenuil. Tak kax KOBapHAUHOHHAS MaTpu-
ua pcerja CHMMETPHUHA, TO 3TH M COOCTBEHHBIX BEKTOPOB OyayT
OPTOrOHAJLHLIMH, T.€. YIJIbl MeXAY HHMH GYAyT npsiMbIMH.

Boluucaum co6CTBeHHble BEKTOPHl U COOGCTBEHHbLIE 3HAUEHHS Ha-
weii Matpuunl [s?] mopsnka 2X2 u H306pasuM HONYHEHHbIE BEk-
Topol rpacduyecku. IlepBolli COBCTBEHHbIH BEKTOD HMeeT KOOpJi-

HaThi
[ 0,66
10,75 )
UTO O3HayaeT, YTO MePBLIA COGCTBEHHBIH BEKTOP, COOTBETCTBYIOUIHH
I rnaBuofi ocu saanncompa, oTk/ousercss na 0,66 €IUHHULL MO S;?
Ata kaxapix 0,75 eamnun mo s,?. Ilepsoe co6erBeHHOe 3HavUeHHE

PaBro 37,9 u ABJsETCH MJMHOH TryaBHOH moJsyocw. Bropoit coGer-
BEHHBIA BEKTOp MMEET KOOPAHMHATEI

0,75
= { —0,66 ]
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Puc. 6.20. Sanunc, oOnpeicieHHbi AMCHEPCHAMH M KOBapHalMgMH  JLAHHBIX
taba. 6.19 aas opeosa ToYEK, NPEACTABJCHHBIX HA puc. 6.18.

Taasras kounonenta 1l coorBercTByer 86% cyMMapHON AMCHEPCHH, TMaBHAA KOM-
nonenta Il — 149

Slcno, uto on o6pasyer npsamoii yroan ¢ nepsoiM. Coberpennoe 3ua-
YeHue, COOTBETCTBYIOLIEE ITOMY BeKTOpy, T.e. AjauHa Il ruapnoi
nosiyocH, papia 6,5. OTu TreoMeTpHYeCKile COOTHOLIEHUS NOKAa3aHbl
Ha puc. 6.20. O6paTuTe BHHMAHHE Ha TO, UTO HA AHATPAMMY HaHEe-
CeHbl BeKTOpbLI KOBapialHOHHOH MaTpHUbLl M TIO3TOMY H3MepeHid
Ha JHArpaMMe JaHBl B TeX XKe el1HHHUIax, 4TO W B JHCICPCHI, HJH,
KaK B 3TOM NPHMEpeE, B KBaApaTax €IHHHIL JLTHHLL

OnpenesnM CyMMapHYIO AHCIEPCHIO PACCMAaTPHBAEMDLIX [JAHHBIX
KaK CyMMy BKJaJOB OT HHAMBHIyaabHLIX ancnepcuii. Tax rax
mocJe HHe PACHO0XKeHbl Ha JHaroHanil KoBapHallHOHHON MaTpl-
I, TO 3Ta [POIEAYpa 3KBHBAJEHTHA HAXOXKICHHIO CJega MaTpH-
ubl. B ganHoM mpuMepe cymMMapHas aucmepcus papHa 20.3--24.1=

=44 4. Bxaan nepsoil nepeMerHoil cocrasaser 20,3/44.4, nin oxo-
20 46% cyMMmapHO# AHCIepCHH, a BKJaj BTOpO# — mpuymepHo 54%.
Kax ykaspizajocs B Ivi. 3, cyMMa COOCTBEHIBIN 3MaUeitis MaTpiilibl

paBHa ee CJeay, NO3TOMY CyMMa ee COOCTBeHHBbIX 3HaUeHIill TakiKe
paBra 37,9+6,5=44,4. Tak xax 3TH COOCTBeHHBIE 3HAUEHHS ONpe-
LeJSII0T JJHHY ABYX IJIaBHBIX OCefi, TO IOCJeAHHE TakkKe Xapakre-
PH3YIOT CyMMAapHYIO JMCIEPCHIO MIIOKeCTBA JaHHBIX, H BKJIAJL Ka K-
JOH M3 HUX B CYMMAapHYI0 AHCHEDCHIO PABEH COOTBRTCTBYIOLIC:HY
COGCTBEHHOMY 3HAUEHHIO, [eJEHHOMY Ha cael Marpmisl. Ilepnas

rnaBHad och coctapaser 37.9/44.4, uam 869 cvmaapHoft ncnop-
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cun, B TO BPeMs Kak BTOpas OCb— To.ibk0 14%. MnpiMa caoBaMi,
{3MEHUHBOCTh MHOXKECTBAa AAHHBIX 110 MEPBOH rjaBHOH OCH paBHA
4/5 obliedl M3MEHUMBOCTH Habaopeunii. Kax npasnao, okasbiBaer-
¢s1, UTO MO KpaiHed Mepe OAHA M3 IJIaBHHIX ocell sddexruBHee (mo
BKJ44y B CYMMapHyIO JHCNEDCHIO), 4eM Ji00asi H3 MepBOHAua.lb-
uplx nepeMeHHBIX. C Apyrofi CTODOHLI, O MeHbUIEH Mepe OXHa H3
ocefi MOJXKHa OKa3aTbCsl MeHee 3 (eKTHBHOH, yeM J06as H3 lc-
NOAHLIN MEPEeMEHHBIX.

Feau caenats npeobpasoBanue Buga Y=o Xi+oagXe, roe o
i op — KOODJIMHATH HEPBOro COGCTBEHHOTO BEKTOpPa, TO B pe3Y.b-
TaTe NOJYYHM HOBOE MHOXKECTBO AaHHHIX, ¢ gucnepcuedt 37,9. Ana-
sorimnioe npeobpasosanne Yo=p,X;+B2Xe, rae 8y u By — KoOpAH-
(1aTLl BTOPOrO COOCTBEHHOTO BEKTOpA, MPHBELET K Npeodpas0BaHilIo
J14IHOro MHOXKECTBA TOYEK B MHOXKECTBO C JHCIEepCHEeH, paBHOH
Toabko 6,5. Tak Kak 9TH HOBLle NepeMeHHLIe ONpeJeJeHsl Ha OCHX,
0Opa3VIOIHX NIPAMOH yrosa ApPyr ¢ APYLOM, TO KOBapHauHsd MEXAY
HitMy paBHa HyJto. B ta6a. 6.20 npencraBaenst gannble Taba. 6.19,
npecOpazosanHble TakuM oOpasoM. B Taba. 6.20 xakagoe HCXOMHOE
i1a6.1101eHHe 3aMeHEeHO ero MnpoekuHell Ha rgasHule ocH. IIpoexTu-
poRaHHe Ha IMepBy0 [JIABHYIO OChb OCYLIecTBAfAeTCS 1o (hopmyne

Yli = 0,66X1[+ 0,75X2i,

rie ko3 hunuerTsl npH X; 0 X, ABJAAIOTCS KOOpAMHATaMH NepBOTrO
cobcTBeHHOro BekTOpa. IlpoeKTHpoBaHHe Ha BTOPYIO IJaBHYIO OChb
OCyIIleCTBJIACTCSI MO (hopMye

Yoi=0,75X,; — 0,66 X5;.

KoopnuuaTel cOGCTBEHHBIX BEKTOPOB, HCIIO./Ib3yeMble [/ BBIYHC-
JeHIA TPOeKUMit HaOJMIOfeHHH, Ha3HBAIOTCH Harpyskamu. OHH $iB-
JsiioTea Ko3(@uUHEeHTAMH JIHHEHHOTO ypaBHEHHs, KOTOPOe HCIOJb-
3yeTcsl nAs  OmpeJeseHHs COOCTBEHHOro BexkTopa. B sureparype

Ta6auwa 6.20
FnaBHble KOMIIOHEHTH AJA HAHHBIX TaGJu. 6.19, BelMMCAEHHbBIE ¢ MOMOLLBIO
NPOEKTHUPOBAHHSA MCXOIHBIX NAHHBIX Ha TJaBHble OCH; mucnepcua Y,
paBHa 37,9, nucnepcus Y, paBua 6,5

Y Ys Y, Y. } Y1 Ys
| i

3,49 0,92 11,96 1,43 19,85 —0,22
10,14 — 3,64 16,45 —2,45 21.35 —1,54
7.72 1,18 11,87 2,84 14.52 5.84
9,97 0,81 16,28 0,28 19,68 2,60
11.46 —2,14 15,44 2.35 21,00 4,10
6,14 3,91 16,19 1,69 24.00 1.45
14,37 —3,38 13,11 5.75 26,16 0,87
12,04 0,02 19,10 0,45 28,23 1,70
9,71 3,42
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no GakTopHOMy aHaJH3y OOBIYHO HCIIOJNb3YETCs: TEPMHH «HArpyska
nepeMeHHO# A Ha mepBHIA (akTOP», KOTOPBIE O3HAYAET, YTO peub
uaer o ko3 dHIHeHTe NEePBOro COOCTBEHHOrO BEKTOpa MpH nepe-
meHHOH A. DTy omepauuio B MaTPHYHOH (OpMe MOXKHO NpejcTa-
BUTh Caegylomum obpasom [X][U]=[S®], rane [SR] — (nXm)-
MaTpHIla Harpy3oKk Ha TJaBHble KOMIOHEHTH. [X]-—3To (nXm)-
MaTpula HCcXoAHLIX Habmtofenuit, u [U] — kBajgpaTHaa wmarpuua,
cofep:Kallas Mmoc/eaoBaTebHEIE COGCTBEHHbIE BEKTOPL B M CTOJ6-
IlaX U3 M 3JeMEHTOB H KaXIblH H3 HHX COOTBETCTBYeT HEKOTODOH
HCXOMHON mepeMeHHOH. B Halllem npumepe

-3 2 - 349  0,92°
4 10 10,14 —3.64
6 5 |.[066 07T | oo g
Do 075 —0,66 . ;

20 20 28123 1,70

BepHemcs K HalleMy MHOXKeCTBY AaHHBIX. MBI ompepennan cob-
CTBEHHBIE BEKTOPH MATPHIB M HAILIH, 4TO NepBbifi COOCTBEHHBIH
BEKTOp [aeT BKJaj B CyMMapHym aucnepcuio oxono 86%. Iomy-
CTHM, YTO HYXKHO CBECTH CHCTEMY TOJBKO K OXHOH nepeMeHHOH.
DTO MOKHO CleJs1aTh, OT6POCHB JIO0YI0 H3 MepeMeHHHX X; HaH Xo,
yTO NpHUBENeT K notepe au6o 46%, aubo 54% wu3MEHYHBOCTH, B 3a-
BHCHMOCTH OT TOrO, KaKyio NepeMeHHYI0 Mbl coxpanuM. OaHAaKO
ecJil CIPOCKTHPOBaTb BCe HAOGJ/IONEHHS Ha NEPBYI0 [JIABHYIO OCh,
TO FOTepsl COCTABHT TOJbKO 14%; OT H3MEHUNBOCTH HAHHBIX.

Ha puc. 6.21 nmpeacras/iens NPOEKUHH AAHHBIX TOYEK HA TJaB-
Hble ocH. Heo6xoauMo OTMETHTh, YTO LHCIEPCHUs, COOTBETCTBYIOILAA
nepBoil IJaBHOH oCH, GoJblie JI06OH M3 AHCIEPCHil MO KaKOH-nH60
npsiMoii, mpoxoaslieif yepes TOUKH 3apnanHoro muoxecrsa. OnHako
3Ta JHUCIEPCHsI He TPEBOCXOAHT CyMMY JMCIEPCHH BIOJb JBYX
oceii X; 1 X, U ecau BTOpO# COOCTBEHHLIH BEKTOD HCKJIIOYaercs M3
paccMOTpPEHHs, TO HeH36exKHO NPOHCXOAHT HOTepPsT H3MEHUHBOCTIH.
B stoM Jerko yOeaHTbCs, ecd CIPOeKTHDOBAThH BEKTOp (akrTop-
HBIX 3HaueHuit Y,; cHoBa Ha ocH X, u Xo. XOTS npH 3TOM HEKOTO-
pble TOYKH H MOTYT YAa/JATbCS OT CBOEro CpPEJHEro 3HAaYEHHS, BCE
PABHO MPOMCXOAHT YMEHBbIUEHHe AHCHEPCHH MO O06EHM NepeMeHHDIM
{puc. 6.22).

Teneps paccmorpuM panubie Tabs.6.19 W paHXKHpyeM Kaxpaoe
na6aonenre no AByM nepemeHnniM. Torna ma rpaguke 3TH AaH-
Hble GyAyT BHIIVIANETh TaK, KaK M300paxKeHo Ha puc. 6.23. Panxu-
pOBaHHe NPHBOAHT K TOMY, YTO NEPEMEeHHBIe OKa3blBalOTCH B BhIC-
el CTeNeHH KOPPEJHPOBAHHBIMH, M 3TOT (DAaKT OTPaXeH B  TOM,
yTo KOBapuanus Tenepb paBHa 21,9. Tax kak HCHOJb30BAINCH O
HH U Te e HAGJIOfEHHs, TO JHUCIEPCHH OCTAIOTCS HEH3MEHHBIMIL.
Ecau Temepp nafith COOCTBEHHLIE BEKTOPbLI H COOCTBEHHbLIE 3Haue-
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Puc. 6.21. Tlpoekuun ToueuHblXx AaHHbIX Ta6j. 6.19 Ha THAABHbIE KOMIIOHEHTHL.
“[senepeHs o koMmoHente I pasna 37,9, a nucnepeus mo xommonenre IT—6,5

30~

20

Puc. 6.22, JiBe nepBoHa-
4aJdbHO 3a0aHHBIC TOYKH
{cBeTHbIE KPYXKKH) NPOEK- 7.13

TAPYIOTCS  HA  TJABHYIO i
A
136

komnonenty 1. Ilpoexuum
ux  ofpasos (TemHbIE

KPYXKH) Ha OCH KOOpJIM- T
HAT TIPHBOAAT K MEHbIIeH
aucniepcuu. Ilotepu  nuc-
fepCHd MPOUCXOAAT H3-3a
T0I'0, YTO HE HCMOJB3YeTCs

raaBHast KoMmnonenta Il

111151 HOBOf KOBAPHAIMOHHON MaTPHUBI, TO MOXHO OGHapYXHTb, 4TO
COOCTBEHHDLIE BEKTOPLI IIOYTH HE YMEHbIIHJHCEH!

70,68 I i 0,74]
1[0,74:" ‘[*0,68 ‘
()1HaKo HOBble COOCTBEeHHbIe 3HA4YeHHA OyAyT COBepUIEHHO JApYy-
ruvn. TlepBoe cobeTBeHHOEe 3HaueHHe paBHO 44,2, Tak 4TO Tenepb
neppas rJapHas oCb 1aeT BKJaJ B CyMMapHYIO AHCIEDCHIO, PABHYIO
442/44 .4, T.e. Gosee 999%. Bropas ocb Tak MaJja, YTO ee NOUTH
HEBO3MOXKHO Hanectn Ha auarpammy (puc. 6.24). OueBupHo, 4TO
MOKIIO OTOPOCHTL BTOPYIO [JIABHYIO KOMIIOHEHTY C OdYeHb MaJoil
norepefi AHCIEPCHH MHOXKecTBa JfaHHbX. CpenaB 8T0, MOXKHO
[peACTABHTH MCXOJHblE  ByMepHble NaHHBIC C TOMOLIbIO OLHOH
¢IMHCTBEHHOH NepeMeHHO{i (onpejeneHHON NepBOH TJaBHOH KOM-
NOHEeHTOf), a 3TO O3HAYAeT, YTO OCYLIECTBJIEHA DEAYKIHS pasMmep-
HOCTH HCXOJHBIX AAHHBIX OT JIBYX K ONHOMY.
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Puc. 6.23. Haunble tada. 6.19 paHXH-
POBaHbI W HAHECEHDBI HA rpaduk

Puc. 6.25. I'paduueckoe NnpeacTaBJAeHHE
PAHMOMH3HPOBAHHLIX OAHHLIX TaGua. 6.19

/

Puc. 6.24. daaunc, onpenencHupiii Bek-
TOPaMH 1ucnepcuit M Kopapuauuit pam-
HHPOBAHHBIX RAHHBIX puc, 6.23,
ItaBHast xommonenra I YPE3BLHIYAKHO
BRITAHYTOIO  3JIHNCR  COOTBETCTBYeT
99% obmeii pucnepenu

Puc. 6.26. Bauskuii x OKPDYHHOCTH 91-

JHNC, ONPENCNEHHBIH  BEKTOpPaMM HHC-

NEepCUH W KoBapHaumii s PAHAOMH3H-
POBAHHBIX JaHHBIX pHC. 6.15,

JEEEY KoMnoxenra I gaert JIHIIb He-

SHAUHTRNIBHO 64OJbWIMEA BKJIag B CyM-
Mapaylo aucnepcuio, ueM mobas 3 M-

XOOHbIX TIepeMeHHbIX

BMecio DaHXUDPOBAHHMA JAHHBIX MOXHO Obnls10 OB  NPOBECTH
paBAOMHESINIO, KAaK TIOKA3aHO HA pHC. 6.25. Pangomusanus pas-
pyliaer kCio KOPPeIAUHIO MEXAy ABYMs NEepeMeHHbIMH, T.e. TO-
JAvueHHOoe B pesyJabTarte 3TOH NpOUEAYPLl 3HAYeHHE KOBAapHALHH
papno HyJio. JlCriepcun, eCTECTBEHHO, OCTAalOTC TAaKHMH e, TaK
K4k Mbl CTOJB30BAJNHM Te 2Ke JaHHBIE U MPOCTO H3MEHMJM HX IO-
patox. Econ Hafite coOCTBeHHbIE 3HAUEHHS ¥ COOCTBEHHLIE BEKTO-
pbl TO¥ KOBApHAIMOHHON MATDPHUBI, TO MOJYYHM ABA BEKTOpa:

| - —0,22 I 0,98
[ 0,98]‘ [0,22]’

Asa voOCTBEHHBIX 3HAYEHHMS] MOYTH PaBHBEI MeXKAy COOOH: mep-
sov passo 24,3, a Bropoe 20,1. Taknm o6pasoM HalJeHH AB€ TIJaB-
HLIC OCH 31JHICA, KOTOPLI TMOUYTH COBHAfaeT C  OKPYXKHOCTBIO
(pric. 6.26). DT0 HAaXOANTCA B COOTBETCTBUH C HCXOAHBIMH HpEAMNO-
JOACHNIMT O TOM, 4TO KOppeJaAllHs MeXAy IepeMeHHLIMH IIOYTH
HY ICBAR;, <1eJ0BaTeJbHO, JBe HCXOJHLIE OCH IIOYTH OPTO* dHAJbBHEL
Tax gar aBe HCXOAHbIE MEePeMEHHble ITOYTH PaBHHI N0 BeJIHYMHE, TO
Hall 1IN OCH ONMpPEeAeJIsIOT JJIHNC, 6JM3KHA K OKpyXHocTH. Hu-
Kakle JApyrue OCH, jaXxe HafljeHHBle METOAOM TJIABHLIX KOMIO-
weiT, He OVAYT Jyyllle, 4eM 3TH ABe HCXOAHLIE NepeMeHHble. B yxa-
3uHH0 (MTYanuu He CYUIeCTBYeT Takoro npeobpas3oBaHHsi HCXO-
HBIX MAHHLIX, KOTOpPOE MO3BOJIHJO Obl YMEHbUIHTh YHCJO TEpeMeH-
HbIX §€3 3HAYHTeNbHON morepu HHpopMauuu. KoHeyno, masosepo-
716, 4TeOp eCTeCTBeHHBle MHOXKECTBA JaHHLIX HMEJHM  HyJeBbie
KOBApHaii¥y 444 BCEX Tap nmepeMeHHBIX.

B 3TOM NpoCcTOM NpHMepe CHAuaJja BLIYNC/IAIACh KOBAPHALHOH-
Hasi MaTpina, 2JeMEeHTH KOTODOH OTPaXKaloT HCXOJHbIE €NHHHUBI
uzvepenusi. [lpn ycjoBuM, 4TO BCe JiepeMeHHble BLIDAXKEHH B Of-
HHX 1 TeX JKe HJH COM3MEepHMLIX eJHHMIAX, IJaBHbBle KOMIOHEHTH!
fy.1yr OTpazkaTb OTHOCHTEJbHBIH BEC  pa3yHUHBX HepeMEHHBIX.
Oanaxko MeToj IJIABHLIX KOMIOHEHT UYBCTBHTEJEH II0 OTHOIIEHHIO
K BeJHUYHHaM H3MEpEHHH, MO3TOMY, eCJH AJHHLI PAKOBHH Opaxmuo-
10,1 3a/12H51 B CAHTHMETpax, a WIHPHHA — B MHJJHMETpax, TO Iepe-
MeHHas, ITpeacTaBjsloulas WUpHHy, Oyzer oOKasnBaTh B 10 par
fo.bliee BJAHSHHE HA pE3yJbTaT, UeM MNepeMeHHas, NpPeiCTaBJsAlo-
Hias IJIHHY.

OuepejHOH NyTb NpPEOJOJICHHSI 3TOro 3aTPYAHEHHS COCTOHT B
CTaHm4apTH3AIMH BCEX MEPeMEHHLIX TaK, YTOOL OHM HMEeJH CpelHee,
papuoe 0,0, m jmucmepcun, paBusle 1,0. Torma aneMeHTH KoBapHa-
HHOHHOM MAaTpHUBI OYAYT COCTOSITb U3  KOppeJALMH, H [JIaBHBIE
KOMTIOHeHTH OyayT HMeTb Gespa3MepHbl BuA. lleap cTampapTusa-
UMY BLIPOBHSITH BJIHSIHME I€DEMEHHBIX, AUCNEPCHS KOTOPHIX Maua,
¥ VMeHBIUHTh BJHSIHHE NepeMeHHBIX, AMCIepCHd KOTOPHIX BeJHKA.
STc MOXKeT OKa3aThCs HeXejaTesbHOH, HO HeH3GEXHOH mpouexy-
poll, ecau HCXOAHBIE NMEpPeMEHHble BhHIpAXEHB B PAa3JHYHBIX H He-
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COBMECTHMBIX einnuuax. Jle Mostp [42] npuBoIMT HuTCpeChbie
IpHMeph, OTHOCSUIMECS K BAHSHHIO CTAHAAapTH34LMH HA [JIaBHBIE
KOMITOHEHTBI, BLIYHCJSEMble [0 PEOXHMHUYECKHM U 1eTporpaduye-
CKHM J1aHHBIM.

B 6oabliHHCTBE Te0J0rIYeCKUX HPHMEPOB OTHOCHTE/blible BeJH-
UHHBl NE€DEMEHHBIX HI'PAOT CYLIeCTBEHHYIO POJb H MO3TOMY Tpej-
HNOYTHTEJILHO IIPOBOAUTbL HCCJACJOBAHUSA C OPHIMHAJBHBIMH INE€peMeH-
HBIMH H HCXOJHOH KOBapHAUMONHOH MaTpHLUed. B Tex yci1oBHAX,
Korga tpefyercss CTAHA4PTH30BAThH NEepeMeHHble A1 TOr0, YTOOBI
CAEJIATb HX COBMECTHMLIMH, CJeAyeT MOMHHTb, UTO CBOHCTBO, KOTO-
poe KaXKeTCss OTHOCHTEJBHO HE3HAUIMBIM, MOXKET OKa3aTh CHJbHOE
BJAHSHHE HA aHaJu3. AHA/JOrMYHO, €CJH KOMIIOHEHTHl BBIYIC/IAIOTCS
U3 KOPpPeJIAlUHOHHOR MaTPHLLI, HATPY3KH AOJKHBl ObIThb BLIUICJAEHI
H3 CTalapTH30BAHHBIX, & HE HCXOAHBIX 3HAUEHHI NepeMEeHHbIX.

Paccyorpum sddexTnl anainsza raapHbLIX KOMIOOHEHT Ha GoJee
IIHDOKOM MHOXKeCTBe AAHHLIX, HCIOJAb3yA H3Mepeuusa i 25 cay-
YaHHO reHepHpOBaHHBIX OJioKaX, NepeuncieHHbX B Taba. 6.18. Ko-
BAPHALHOHHAS MaTplia AJas CeMH [EepeMEeHHBIX [pUBEASH! B
Taba. 6.21. CoOGcTBEHHBIE BEKTODPHI SBJAIOTCS KOOPJAHHATAME Oceit
TVIABHLIX KOMIIOHEHT AAHHLIX 10 6J0KaM.

[lepsule mBa COOCTBEHHEIX  BEKTOpA COCTABASIOT NPHAMSPHO
939% ofweit ancnepcHu H3yuaeMOro MHOXMECTBA JaHHBIX. [lepsuifl,
cocreeasiiomuil npumepno 609% obueft miucrnepenu, naer #2:.50.1b-
uine BxJajgbl B nepemennble Xs i1 Xg. O0e 3TH mepeseniiie sns-
IOTC OTHOIGHHAMI, CONGPKALULIMH B 3HAMEHATeae Me)EMEeHHYIO
X3, T.e. IIHHY KOpOTKOH ocH. OTCI0a MOMHO CAEJ&Th BHIBOI. UTO
IepBas I/aBHAA KOMIIOHEHTA [03BOJsIeT YCTAHABJAKBATH Paz iiluusd
B TOJIHHe MapaJgqeqenunenos. Ha puc. 6.27 BHAHO, 4TO 3TC Tak:
OYelb MJOCKHE Teja PasMellaloTCst AaJqeKo CHpaBa, H30MeTPHU-
Hble — aganeko caesa. Ilepasg KOMHOHeHTA He TMO3BOJSET OCYIIECT-
BUTb pasje/enne OpyconogoOGHBIX M NJOCKHX TeJ, TAK KaK Karjoe
M3 HHX HMeeT XOTsl OLl OAHY OYeHb MaJyl0 KOPOTKYI ock. OTciona
MBI 3aK/I0YaeM, YTO MePBasi KOMUOHEHTa XAPAKTEPH3YCT BHICOTY 10
OTHOILEHHIO K OCTa/JbHBLIM pa3MepaM.

Btopo#i cobGcTBeHHBI BEKTOp HMeeT GOJbINHE Beca 10  BCEM
TpeM OCIM M NG ANHHE TJIaBHOHA AuaroHaau. Mui MoXkeM mHTepmpe-
THPOBaTb ero Kak (akTop, 0006IUEHHO OTpaxXKaMHi pasMepb
Teqa. JTa MHTeprnpeTauus Xopomo corJjacyercs ¢ puc. 6.27. Broab
BTOPO#l IJ1aBHOH KOMIOHEHTH! NapaJJesenunenbl pacCOPTHPOBAHB
B COOTBETCTBHH C HX pasMepaMH, NpHYeM HaHMeHbINiH pacmo.10xKen
BHHU3Y, a HaHOOJBIIHHK — CBEPXY.

HMurteprnperaunus cMmuicjla Harpysok Ha TJaBHBIE KOMIOHCHTHI
HHOT/a HasbiBaeTcs anpobGaureit. Bo3MOKHO, HEKOTOPBIE CHed A H-
CTHl CYHTAIOT, YTO MCHO/b30BAHHE 3TOrO0 TEPMHUHA [eJaeT MpoLece
Gonee mpueMaembM. I'paduyeckoe npeacrapienue Harpy3ok Ha
IJIaBHbEIE KOMIOOHEHTHl OKa3LIBAET CYNIECTBEHHYIO MOMOILL B HHTEP-
nperaudu (puc. 6.28). HanomMuuM, 4T0o B ra. 3 co6ecTBeHHbLIe BeKTO-
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Ta6anua 6.21

KoBapHAIllHOHH2A MATPHULA IVl CEMH NEePEMEHHbIX, U3MepIiiibiX .
a 25 napa.n.neﬂenune;xax (npuseueﬂa TOJbKQ HHXHAA YaCTh cummeTpuquu
g MATDHIH)

- TTepeMcHias

tien? MEHHIA Xl X2 X3 X4 X5 XG X-
¥ 5,400

X, 3,260 5,846 B

3 0,7785 1,465 2,774

Y. 6,391 6,083 2,204 9,107

Y 2,157 1.312 —3,839 1,610 10,710

.i 3.035 2,877 —5H,167 2,782 14,770 20,780 “ou
v —1.996 —2,370 —1,740 —3,283 2,252 2,622 2.59
) MarTpuua coOCTBEHHBIX BEKTOPOB

- CoGcTBeHHBIE BCKTOD

L eanad I I i v v V1 VI

0,422 0,645 —0,090 0,225 0,415 —0,385

81% 0447 —0.,713 —0.050 0,395 0,066 »0,3%?

0’173 0957 —0.130 0,629 —0,607 0,280 _0%6_

0,170 0,650 0,146 0,212 0,083 —0,403 O, 05

0’546 —0.135 0105 0,166 —0,161 —0,596 _0,5_3/

0768 —0.133 —0,149 —0,062 —0,207 0,465 8?)%2
0073 —0.313 0,065 0,719 0,596 0,107 :

St St et Dot B Do S

~o6e 34,490 19,000 2,540 0,810 0,340 0,033 0,003

ZoGUTBCHALIE
siiageHus 1,410 0,600 0,060 0,004

Swaax  Kam- 60,290 33,210 4,440
1oro  cobeT-

BOHIOrO 3Ha-

acnna (%)

3 cyvmap-

HVIO  Qucnep-

CHID

P NoABeprajnch CTaHAapTA3aluH Tak, yro6Ll CyMMa KBajpaToB
1N 1nH paBHsjach eannuue. [TosToMy HAarpy3KH OTpaxaior JHIIb
omocmeﬁbﬂyfo 3HAYIIMOCTb NEPEeMEeHHOH OTHOCHTEJbHO HEKOTOPOi
1UBHGH KOMIIOHEHTHl, 4 He 3HAaYMMOCTh CaMoOH 3TOU KOMIIOHEHTHI.

Xorss MTCK u npuBes K pe3y/bTary, KOTOpBIA Mbl  OXKHIAJH
5 5TOM 3KCIepUMeHTe, pasjesienHe Qopm He ABJAeTCs BHOJIHi Zn:
nelesieHHEM. TpeThsi IJiaBHAasi KOMIOHEHTA JAeT BKJaj B IH n P
Chio MWL OKOJMO 4%, M ee MOXKHO paccMarTpuBaTh Kak ¢akrop,
CTpayKaloluil AJHHY CpeiHed mo BeJHYHHE OCH. ITo-BrauMOMY,
3 COeJHHEHHH C JABYMsI IE€PBLIMH KOMIIOHEHTaMH 3Ta KOM6HOHeHTa
No3sossieT OCYIIECTBHTb MOJHOE pasjie/eHne MJIOCKHX H pycono-
A06HLIX TeJ. DTOT Pe3yJbTaT He sIB/SETCH HEOXHAAHHHIM, TaK Kak
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Ta6unuma 6.22
larbaecatT TPAHYJOMETPHUECKHX AHANM30B npo6 (B %)) AOHHBIX OCAJKOB,
B3ATHIX B 3aauBe baparapus, wrar Jlyusunana*
D kateropuu
Tunu“
ocalKos 1—2 23 3—4 =5 | s—6 | 67 | 78
i 0,6 70,2 29,2 0,0 0,0 0,0 0,0
1,0 69,9 29,1 0,0 0,0 0,0 0,0
0,8 73,7 25,5 0,0 0,0 0,0 0,0
0,9 75,3 23,8 0,0 0,0 0,0 0.0
0,3 62,5 36,9 0,0 0,0 0,0 0,0
1,1 68,8 30,1 0,0 0,0 0,0 0,0
0,8 10,2 79,2 9,8 0,0 0,0 0,0
1,0 16,3 73,8 8,9 0,0 0,0 0,0
1,8 35,7 61,9 0,6 0,0 0,0 0,0
I 9,5 15,8 59,0 8,4 0,9 0,9 1,4
2,4 14,5 53,9 12,2 5,5 1,6 2,5
2,2 38,8 42,2 7,9 1,4 1,8 1,0
1,7 30,4 44 .5 11,2 3,0 1,9 2,9
0,0 40,0 32,5 3.8 4,5 6,5 2.7
0,0 37,0 45,4 7,3 3,8 3,3 3,8
0,3 15,6 54,1 21,3 4,1 2,6 2,0
=
Puc. 6.27. MeTku raaBHbix Kommonent HaHHBIX 110 ONOKAM OPEACTABACHBI Hu IJ10- 18’% ggé gg’g ig’{ i’g g,g 8’8
CKOCTH IJIaBHBIX KomMnoHeHt I u I1 0’3 13,3 63’5 142 4.0 3,4 1,3
1,2 26,9 54,7 11,0 3,9 2,3 0,0
1
Y r Mepemennas X 1’OF 1)or
i 7 111 0,4 3,9 45,2 24,7 3,7 8,1 3,0
L w00 Hos ¢ 0.0 | 13.8 393 | 154 9.1 45 | 6.4
, o g v 0,4 4,0 38,2 28,5 6,0 4,3 | 4,7
= b T 8947 ® 1,9 11,5 49,5 22,4 5,7 4,5 2,0
¢ 0 s 0F 7 Fl i 0.4 5.1 3.8 | 30.3 5.4 78 | 300
2 ° < 0,5 5,9 32,2 32,7 4,9 5,4 | 2,7
- L z 2 1,1 4.9 31,1 41,9 13,9 7,8 3,7
2700 305 =0 - 7.9 8.5 21,0 19.9 8.9 59 | 6.3
0,9 13,6 43,9 20,1 7,2 4.8 9,5
-1o L » : o L 2,9 15,5 37,0 30,3 5,1 1,9 | 2,2
’ pL ) 2.1 16,7 39.6 17.7 8.3 8.3 Z,g
0,3 20,6 55,4 16,6 6,2 6,1 5,
Puc. 6.28. TpeacraBaeune HArpy30K Ha rJIABHbE KOMIIOHEHTD! AJS A HHbIX no Cay- !
YaHHBIM GJI0KaM ’
! v 1,2 1,6 15,3 38,4 13,0 9,8 5,6
1 2, 7,9 23,9 25,5 9,2 7, 7,7
B KaueCTBe HEe3aBHCHMBIX TEPEMEHHLIX B 3KCIepHMeHTe Buibiipa- f 1,8 3,1 15,2 32,0 14,3 10,0 7,2
JHCb 3HAYeHHsA NJHHDI ocell. XOTs ABYX KOMIIOHEHT ZOCTATOUYHO 0,0 11,5 28,4 19,1 7,3 7,8 4,8
Al XapaxkTepucTHku Oodblueil yacTi U3MEHUHBOCTH H3yyaeMbixX 0’2 7,0 31’3 %;é }gg 1?’2 g"?
JaHHLIX, BCe XKe TPeTh KOMIOHEHTa HEOOXOAHMA IJISl Bbileienus 8’0 ;23}; 13'7 054 157 10.2 9'g
CYIECTBeHHbIX AeTaqell. JTOT NpuMep nokasmzaer, yrg MIK — 1.4 1.9 14.4 40,2 8.5 8.4 | 71
MOLIHLIH METOJ Olpeje/eHHs] HCTHHHOIO YHC/aA JIHHeHHo HE3aBHCH- 0,4 3,5 18,8 29,5 11,2 10,4 7,5
MLIX BEKTODOB, COAepKAUIMXCS B MaTphue. ITostomy on mossosser 0,8 6,3 18,2 28, 9,1 9.7 199
H3MEPHUTL H3OBITOUHOCTh MHOXKECTBA TNepEMEHHHIX.
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IIpodoasenue Taba 6.22

@ KaTeropun
Tumal“
oeapxon 1—2 2—3 3—4 4—5 5—6 6—7 7-8
\% 1,0 2,3 6,6 16,2 12,0 11,4 13,3
3,2 3,9 10,5 241 14,2 15,4 13,5
2.1 2,1 10,7 23,6 15,1 14,0 11,8
4,4 8,1 8,9 19,9 12,0 1,4 10,8
0,6 3,6 4,2 17,8 12,4 10,8 9,9
0,5 4,1 9,8 27,9 13,5 13,5 7,4
0,7 2.3 5,2 23,2 19,4 14,1 10,1
3,4 1,6 4.4 18,0 14,7 15,3 15,1
* MoanpHUHPOBaKIIble KauHbe KpamGefina 11 dgepnuna [37].
** I — masxeBble u npubpexable mecku; 11 ~— @JICBPHUTOBBle DYyCNOBble neckH; 11 — anes-
PHTOBEIC SCPerosble Necki: 1V — opranuveckuii nonubii AJCBPHT; V ~— Opraulyeciiie Hiab.

B xauectse npumepa npuvenenns MTI'K k reosioruueckiiy 3ajna-
daM pacCMOTPHUM naHHEIE, B3ATHeE y KpamGeiina u D6epauna [37],
IpubeleHubie B Taba. 6.22. OHu npefcTaBAsIOT coGo pPesyanTaThl
50 rpaHy/JIOMEeTpHYECKIIX AHANH3OB npo6 0CafKoOB, B3ATLIX CO jHA
dasnsa bBaparapus B samammolt wacti mensrer Micenenn (wrat
Jlynsnana). 3tu npo6el mpuuagaenar PAa3MIUIBIM ICHHbI M (hallH-
AM, COOTBETCTBYIOUIMM DASHBIM TLNAM  COUMENTAIN. © HTOBOL
AHAJN3 TPOBOAMJCA C NOMOLIbIO KOMILJIEKCA CHT C HHTEpBAJIOM
1—®@. ITonyuennsie ganube IPEACTaB/IANH COGOH BECOBLIE §iPONEHT-
lible OTHOLIeH!A QpaxUHil pasJaHUliOro pasmepa.

B kauecrse H3yuaeMEX mepemeHHbIX paccmaTpuBanuce mpo-
LEHTHLIE COLepXKaHus (ppakUuil OnpeseeHHOro pa3Mepa B Kaxknof
mpoGe. Te »Ke nmepeMeHHEIE HCNOAB3OBAJHCH OpH BHIYHCJIEHHH Ta-
PHX CTATHCTHUECKHX XaPAKTEPHCTHK, KAK CPEJHEe 3HaueHie, KO3(h-
(bHLHEHT OTCOPTHPOBaHHOCTH u ACHMMETpHs pacnpejeiiertst pas-
Mepa sepeH. C nomomsio MTK moxHO ucenenosats B3aHi0CBs3k
MEXKIy DAa3JIHYRBIMH (QpaKUUAMH U HalTH HanboJee s dexTiiBuy0
HX KOMCHHAUHIO, IPHYEM TEPMHH <«HauGOJee 3 eKTHBHLIT» COOT-
BETCTBYeT (BaKTOpy, gaiomeMy HauGOJbIIHH BKJaJ B CyMMapHYIO
AucnepcHio. Mer Bripase 0KHAaTh, 4To Harpy3xu Ha HepBYIO TJaB-
HYIO KOMIOHEHTY HEKOTOPLIM 00pasoM MOMKHO CUHTATE ATHIPOKCH-
Mauuell CpelHero 3HauyeHHdA, TAK K4K OGLIYHO 5Ta CTATHCTHKA —
nanbogee sheKTHBHAS HX BCEX BO3MOMKHDIX CTATHCTIIK.

AHa/M3 HAUHHAETCA C BEIUHCJCHIS 3JEMEHTOR KOBAPH il HOHI O
Matpuupt (Taba. 6.23). Crangaprusanus B sTom cayyae Heobs3a-
TCAbHA, Tak KaK 1ICXOJHbIE NaHHBIE II3MEPEHB! B OAMNX i Tex iKe
CAMHANAX 751 BCeX mepemeHHbIX. HeoGxoaumMo oTmeTHTD. 410 JlaH-
HblE TPefCTaBJAI0T cO60H npUBIHIKEeHHO 3aMKHYTYI0 MaTpuily (T.e.
B CONBIUNHCTBE Cc/yyaeB cyMMa IepEMeHHBIX  cocTaBaser 1009 ),
KOTOpas CHOBa HAaNOMHHAET HAM O TEOPETHUECKHU HHTEDeCHOM H
BAKHOM BOMpoce, CBA3AHHOM C HHIYLUDPOBAHHLIMH OTPULATE/IbHLI-
MIL Koppeasiunsamu. Kosapnannonnas marpuua «epeonpeenenas,
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E cHTBl IO JLdHHEBIM
Mo, 620, Harpyskk fiepeMeudbix Ha nepBbie ABC masm;!e Aqmnom
P Bt B L3y ieHMst OCA/AKOB M3 3aJIUBa baparapun
uy e

M3 OXO1H-
e, oHa cojepxuT OoJibllie CTpOqu HBCTgﬂ%u(i:}’c;\ex?fiyJ?—}—Hg?}-C,ﬂTo
1A , sHaem A, MM ‘

o Oqexi{}:g(})sol\’“fggg 6hgl;llbu1e, ueM HaM HyKHO B‘ﬂ?HSTBHTeJ?th())C‘T;!(;
2 omta e epMeHHaﬂ apaserca M30LITOYHOR. I{ehsoemuo, 470 HiLIM
: Sersemn pe ‘3Hauenye MATPHIILI, TIOCTPOEHHOH JO TaKUM ﬂafl’ ‘;wa{
{;O6CTBG%HOATe’1;Ho HyJieBEIM. B paccMOTpeRHOM npllsolepe cyd LaK
e ? ?[zaei\;eHHbIM ge cocrapjsier B Tounoctit 100 /Q,6Ta‘1\ \Hioe
ﬂ[O@BTCIg;IEHHg venplue 8@ or6pacoisatoress. [ocaesnee \iingm;o o
B A i My oOuelib MaJjo,
im0 1Y KOBa'pI:iagfgﬂéﬂx:I)JylloMéalep;ucf;ygnggax)rx,KHyToﬁ MaTpHILHL.
paB?(*)Ia}é)}IIJIIﬂKe)Y I?OaMHOHeHTbI, T.e. co6CTBeHHé>12e4BeSTopumrIIo qfélHH;;\é

J ;33 Bapartapusi, npuseneds B Tabua. 6.24. OTMET L o e
?r?epgue KO!\I/)HIOHEHTM YIHTBIBATOT 90% HSMeg;mBr?gzzclTlaBﬂeuu -
FPY3K MepCMEeHHBIM A/ JBYX KOMIOHE el
e 6 QIE)O M3 sroro rpaduka BUIHO, 4TO nepsas r.1dB -
e (TepU3VeT OTHOCHTEJbHbE AOJH TOHKHX H OYEHD éOHKg;{
He}?fu;l(gpgl\ocgﬂxz, T.e. OTHOIUCHHE IECOK/ (rmlﬂajl—u:;ll%4 Merj?(%ro
;«t:)é)T:lHOHe}ITa XapakTepusyercs OTHomeHHeMeig:;zgg(a tali MeTOrY
W OueHL MeJKOTo rnecka, a Bce ApYyrue nepr;mIHe o
Gau3kue K HYJal0. DTHX JBYX KOMIIOHEHT B O e an.
OMHCAHUS MOUTH BCeH M3MEHUHBOCTH MCXOAHBIX I X,
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Ta6auua 623
Kosapuaunonnas marpuua TPAHYJIOMETPHUECKHX AHAJM3OB OCAJKOB H3 34JIHBA
Baparapus, wrar Jlywsnaua (npuseseHa ToMBKO HMKHAN uACTH
CHMMETPHYHOH MaTpuibi)

X1 Xo X3 X3 X5 Xs X7
X, 4,8443
X, —2,6234 468,8480
X —0,001t 81,3941 353,1255
X, —1,5449 —200,2109 —84,6165 130,2741
X: —0,5972 —84,2597 —73,0435 44,7616 30,4350
Xe ~0,38056 —71,2007 —66,5433 34,9997 23,7565 22,4189
X; —0,0222 —57,8578 —56,1533 23,9136 19,3907 17,9388 17,9670
KJIO'{I 1\'1:1*2(1), 4X;7:2‘3(D, 3:3A4(D, Y4:4—5(D, X5=5—6(D,

X.=6-70, X-=7—80.

Tabuuua 624
CoGcTpennbie snavennst u coGCTBeHHbIE BEKTOPhI (LABHbIE KOMNOHEHTDI)
KOBApHAUMOHHOH# MATPHUBI, NpUBeseHHOH B Tabm. 6.23

Bextop COGCTiZ:iZe 3Ha- BKnaé]'H:), Jlogcnep- ng;x:{acnigz%xoos
1 659,7759 64,18 64,19
11 318,4384 30,98 98,17
I 35,1959 3,42 98,59
v 6,7528 0,66 99,25
\% 3,8193 0,37 99,62
VI 2,3763 0,23 99,85
Vil 1,5540 0,15 100,00
Ilepemen- CoGcTBeHHBI BeKTOp
Has
! 11 11 v v | v VIl

X —0,0019 10,0039 |—0,0689 —0,5829 | 0,7554 0,2798 | 0,0818
X, 0,7710 1—0,4777 | 0,3194 0,1885 | 0,1169 { 0,1581 0,0326
Xa 0,4167 0,8647 0,053 0,2116 0,1123 | 0,1294 0,0421
X, —0,3907 0,0761 0,8844 0,0704 0,0490 0,2280 0,0028
X; —0,1895 |-—0,0794 |—0,0775 0,6308 0,6255 |—0,3240 [—0,92401
Xs —0,1618 {—0,0813 |—0,1629 0,3330 | 0,0526 0,2570 | 0,8723
X7 —0,1308 |—0,0735 |—0,2750 0,2570 |—0,0815 0,8107 [—0,4146

Kaoa X=[-20, X,=2-30, X;=3—-40, X,=4—50, X;=5—60,

Xe=6-70, X,=7—-80,
286
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Puc. 6.30. Ipoexunu aHanu3oB ocaikoB 3anusa BapaTapua Ha IJOCKOCTD nepBbix
ABYX TIJaBHbIX KOMIOHEHT. Pas/iuuHble CHMBOJBI COOTBETCTBYIOT NHATH PA3JHUHBIM
THHAM ocCaAounbix nopog [37):

I —nasxesbie H npUGpeKHDBIE NECKH; 2 — HAUCTHE PYCIOBHE NCCKH; 3 — HHCTHIE
fieperosble 1eCkil; 4 — OPraHHYeCKHE [TOUHHLIE HAbL, & ~— ODriniueckie HAbl ¢ 101-
BCTPEHUOH CTOPOHBl OCTPOBOB

'O BBITEKAeT, UTO pa3jeJieHHe HA HJHCTYIO 1 [ HHHHCTYIO (Dpakiui
HecyliecTBeHHO. OCHOBHBIE DA3JIHYHS MEXKAY OCAAKAMH  MOZKHO
IIOYTH NIOJMHOCTBIO ONHCATb TOJBKO C IOMOILBIO ABYX I€PEMEHHLIX.

Mbr MOXKeM NPOBEpPUTH DPe3y bTaTLl Halllero anannsa nyTeM I1o-
CTPOEHHs NPOEKUHH HaOJI0JeHHI HA HepBLIE 1Be IJIaBHLIE KOMIO-
Hentnl (puc. 6.30). CpaBHuTe pasinune MeXjay THHAMH 0OCALOUIBIX
nmopox Ha puc. 6.30 u Ha puc. 6.31, Ha KOTOpOM nOKa3aHa 3aBICH-
MOCTb MeANaHbl PasMepoB 3¢peH OT KO3((HINeHTa OTCOPTHPOBAH-
HOCTH (KBapTHJIBHOE OTKJOHeHue). BeposTho, uTo eile 6oabinii
lIHTepec npeacrasgaser puc. 6.32, rae uzobpaxeno OTHOIWEHHE CO-
AepKaHus MeJIKOH M OueHb MeJKoi HecuaHelx dpaxkuufi. Bce i
AAMArpamMMel HMEIOT NPHOMU3HTEIBHO OJHHAKOBYIO 3(PdEKTHBHOCTh
¢ TOUKH 3pEHUs Da3lesieHHs! NATH THIOB OCAIKOB, XOTH JJs [10-
CTpOeHHsl Anarpammol puc. 6.32 tpebyercs Go.blie 3KCIepHMEH-
TaIpHBIX J@HHBIX, YeM AJs nocrpoenus puc. 6.31. Taxum o6pasom,
AAiA pasnenenyst 0GPAsiOB Ha CeMb PAasHBIX KJA4CCOB NO pasmepy
AOCTATOYHO TOJDBKO JBYX onepauuii npoceusanus. Kpome Toro,
pesyabTaTh aHaan3da ¢ Hcnoas3oBanHem MIK  nokasbiBawr, uTo
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Puc. 6.31. Jilnarpamma 3aBHCHMOCTH KBapTHJs OT MEAHAHBl B OCAJKaX 3aJuBa Ba-
parapus B @-¢IMHRUAX.
CuMBOJB Te ke, uTo # Ha puc, 6.30

ocajiki B Oacceline MOXKHO paccMaTpuBaTb KaK CMeCh JiByX THIOB:
necka W HJAHCTO-TJHHUCTOR (pakuHH. B 3ToM mHpuHMepe MeTOX
IJIABHLIX KOMIIOH@HT 34CTABJAET He TOJbKO I0-HOBOMY OUEHHTH CO-
CTaB 13yyaeMblX OCajKOB, HO M BHECTH B METOXHKY HCCJIeLOBAaHH
HeoBXoaMble H3Melells, MO3BOJAIONIHE 3HAUMTEJbHO COKPaTHTh
pacxonbl MpH MHHHMaJbHOH moTepe uHdopmaunnu. Takofi sKcnepH-
MEHT C He3HAuyHTe.TbHLIMH H3MEHeHHSIMH Obl1 mposefen JleBHCOM
[13]. [Tone3no CpaBHHTH 3TH PE3YJbTATH C pe3y/pTaTaMH, MOJy-
UeHHbIMH 175 Tex ke maHHbx KiosaHom [35] c¢ momomipio Q-me-
TOAa (DAKTOPHOTO aHaJu3a.

MHTepecHo NpoBecTH CpaBHEHHE OTHOCHTEJbHOM 9¢)¢)eKTHBHOCTI:I
CpelHero, nepBoli TJaBHON KOMIIOHEHTEl M COJAepKaHMs NecuyaHou
dpakuuu AN Pa3JHYEHHS NATH THHOB OCAJOYHBIX IOPOA B 3aJH-
Be. DTO MOIKHO CiejaTh, NIPHMEHHB OJHO(DAKTODHBIH JHCIEPCHOH-
Hulfi aHaJn3 K TpynnaM, 06pasoBAHHEIM MATHIO THHAMH OCaAOUHBIX
nopoa. OTHOMIeHHE CyMM KBajpaToB MeXJAy TIpynmamMu K oOuieit
CyMMe KBaJApPaTOB CJYKHT MEPOH TOrO, HaCKOJbKO CHJBHO IPYMIbI
CBSI3aHBl WJM OTj1ajeHn Apyr oT apyra. Ilepemennas, patomas
Haubo bliee oTHoulenHe SS4/SSr, okasbiBaercss HanboJsee 3ddex-
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Puc. 6.32. JluarpaMma 3aBHCHMOCTH CONEPKAHMH DECKA OT OTHOMIEHUS COREpIKa-
HHSl TOHKO3EPHHCTOrO Necka K OUYEHb TOHKO3EPHHCTOMY B ocajikax saiuea bBapa-
Tapus.

CuMBoOJBL Te e, 41O ¥ Ha puc. 6.30

THBHOH Jsd pa3JHYeHHs] THIOB OCaj0YyHLIX nopox. WMenoaesys
cooTBerTcTBYIoULEl 13 KpuTepres ANOVA, ykasauusix B ra. 2, on-
peleauTe, KOTOpas U3 TPEX NepeMeNHHIX sBjasgeTcss Hanbosaee 3¢-
(beKTHBHOM.

BosmoxkHBl 11 apyrie MeTojbl HCCJEe10BaHHUS, KOTOpHE MO/-
TBePXAAI0T 11013y Habopa CTATHCTHK M KBA3HCTATHCTHK, NMpHMe-
HAEMBIX 15T XapakTepHCTHKH OCAJOUHBIX OTJoxKenid. Boiuncaus
5TH CTATHCTHKH, MOKHO HCIOJIB30BATh HX B KAUeCTBE IepeMeHHLIX
B MT'K, a Taxxe BbOpaTb M3 HHUX Te KOMOMHALHI, HHTEpPIIpeTalllis
KOTOPBIX IO3BOJIHT MOJYYHTh 3(Q(EKTHBHYIO XapaKTEepHCTHKY OCai-
KoB. OnpeneseHust PasjUyYHbLIX CTATHCTHK, IPHMEHSIEMEIX NIpPH H3Y-
YEHHI PAa3MEepoB 3epeH, NPHBEJEHL! BO MHOTHX CHPAaBOYHBIX H3Aa-
HHSX 10 OCaJOuHOH MeTpoJsiorny, HaupuMep B pabore Poaxa [18].
DTu XapakTePHUCTUKH MOXKHO  BHIYHMCAMTL 1451 Heo6paGoTaHHLIX
JlAUHBIX, TIPHBEJAEHHBIX B TabJs. 6.22. Ana/ju3 TJaBHBIX KOMITOHEHT
HOBLIX NEPEMEHHLIX OKa3blBAeTCS OUeHb MOYYHTEJbHEIM. AHAJOrHY-

Hole uccaenoBanus Oblid  mposefennl [puddurcom u Onapu-
xom [21].
19—115 289




R-METOJi, PAKTOPHOTO AHAJIM3A

OCHOBOH METOZA IJIABHLIX KOMIIOHEHT SABJACTCS JUHEeHHoe Tpe-
06pa3oBaHle /71 HCXONHBIX MEPEMEHHBIX B /1 [IOBBIX TEPeMEHHBIX,
rje Kaxpas Hosas nepeMenHas — JHHelHaA roMOUHaUHs cTaphiX.
DTOT MpOLECC OCYLLECTBJIACTCA TAKHM o6pasoM, 4TO0bl Kaxjaas HO-
Bas nepeMeHnas jgaBaja BO3MOKHO GOJBUIMA BKJAA B cyMMapHyIC
pucnepcrio, [Ipn BHIUMCEHHH HOBBIX  EPEMEHHDIX YUHTHIBAIOTCS
e ncxonnme anciepenn. Tak kak MI'K, poobuie roBops, He cTa-
THOTHUECKHI METOZ, MBI HHUYEro He MOXKeM CKasaThb O BEpOATHOCTH,
CBS3aHHOA C IIPOBEPKOIl THIOTE3. JTO NMPOCTO MaTeMaTHIecKuH Me-
tox, OAHAKO TNpH MPUHATHH pelueHuii o6 oTépacblBaHHH HEKOTOPBIX
nepeMeHHBIX M/ KOMIOHEHT, AAIOLIHX OuCib MaJaplil BKJAajg B CyM-
MapHYIo AHCIEPCHIO, NPHXOANTCS HCIOL3OBATH HEKOTOpble CTaTHC-
THUECKHE KPHTEPHH, HECMOTDA Ha TO UTO MNOCJACAHHE HMEOT CHJlb-
Hble OFpPAHHYEHHST H PEAKO IPUMENHMEL (06z0p 3THX KPHTEPUEB
npusoanT Moppucon [51]). MeTox ruaBHBIX KOMIOHCHT, R4k "
aila/n3 TPy, OTHOCHTCA K TOH KaTeropiin METO10B, O IPHToAoC-
TH KOTOPBIX CYAST TOCJe MX NPHMEHEeHus, a He Ha OCHOBAHHH TEO-
PETHUCCKHX PACCyXKAEHHH.

®akTopHBIH aHagu3, KOTOPbIil MPUHATO CUHTATD CTATHCTHUSCKHM
METOI0M, HECKOJbKO OTJIHYAeTCs OT 3THX METOJO0B, Tak KaK 5 Ero
OCHOBe JeKaT HEKOTOphie NPeAINOJIOKeHHA O NpHPOAC 13yqaenion
COBOKYMHOCTH. DTH MNPEANOJNOZKEHHs [03BOJAIOT yKasalh Te onepa-
LM, KOTOpHIE MOJKHDLI GhiTh BHIIOJNHEHEl, & TAKKE NyTb, 10 KOTO-~
pOMY Hajo CJE10BaTh TPH HHTEPUPETAlii pesyJpTaros. Jas He-
KOTOPHIX Tpolefyp (axropHOro aHanusa CO3MAHBL AdAKE KDHTEPHH
3Haunmoctu [40], HO OHM PEAKO HCHOJB3YIOTCH.

B (akTopHOM aiaju3e MPEeiIo;araeTcs, UTO CBASh MEALY m
nepeMeHHLIMH MOZKHO CUATAThL OTpaKeHieM KOppeasdnuoHHOil 3a-
BHCUMOCTH Kaxk/0[l H3 IepeMEeHHLIX C p B3aHMHO HEKOppe.1ipoBat-
noiMp paxropauu. OObHOE jomymlenne COCTOHT B TOM. qTO
p<<ni. [105TOMY JCTIEPCHIO J/IA 7712 MEPEMEHHDIX MOKHO BLIHCTHTE
¢ moMollibio AHCTepcHi p-GakTopos MIIOC BKJAAJ, MPOHCXOAKICHHE
KOTOPOro OMHAKOBO AAd BCEX /7 HCXOAHBIX NEPEMEHHLIX. B dax-
TOPHOM aHaJN3e p He3aBUCHMBIX (GakTOpOB HOCAT HasBaHue oduux
(paxTopos, a He3aBuCHMas OT HHX CyMMapla:d no6Gasxka OGLIUHO
HA3LIBACTCH (PAKTOPOM CRLUUPULHOCTIU. ®axTopHas MOJAENb BLIPA-
KaeTcs B CJeLyolleM BAAC:

.Xj:Za[rfr"l—Sj. (651)

rne f,—r-fi ofmuit paxkrTop; p-—3apatee 3a7aHioe YHCJAO PaxkTo-
pOB H & — Cayuafinas KOMIOHEHTa, IpHCyLlast HCXOAHOH MepeMen-
Hofi X;. Tax Kak HMeercss /m MCXOLHBIX TIEPEMEHHBIX X;, To cyue-
cTByeT u m cayudaiiblX MEPEeMEHHBIX & paccMaTpHBaeMLIe BMecTe,

OHHM COCTAaBJIIIOT BEKTOP (AKTOPOB CrenHGHIHOCTIL. Kosduuuent

@;, Ha3pBaeTcs HArpy3KOH j-ii nepemenHoil Ha r-it gakrop. B kom-
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TTOHGHTHOM AHAJIM3€ 3TOMY INOHSTHIO COOTBETCTBYIOT HArPY3KH HJIH
Beca Ha IJaBHbIe KOMIOHEHTH.

ITpeanoJoxuM, 4TO NMepeMeHHble X; MMEIOT MHOTOMEpPHOe HOp-
MaJpHOe pacmpefesenne. Jlucmepcnu u  KoBapHamuu 00pasyioT
Matpuny nopsigka mXm. M3 dopmyarr (6.51) suitekaer, yro gHa-
rOoHaJbHLle 3JEeMEeHTH 3TOH MaTpPHLLl — JHCHOEPCHU M ’ nepeMeH-
HbIX — MOKHO BLIpa3uTb (HOPMYJIoH

P
s5 22 Qe+ var e, (6.52)
r=1
4 HeJAHaroHaJbHble 3JIEMEHTHI, HJH KOBapHaluH, UMEIOT BHJL
/]
COVjp =Y @; Qp. (6.53)
r=i

OcnoBuyio runoresy (paxTOPHOrO aHajd3a B MaTpHunoi (opme
MOZKHO copmyanporaTh caepyllnM obpasoym. Habuaogaemas ko-
34pHANHONHAS MaTpHUa, KOTOPYIO MLl o0o3HaunMm uepes [s?], sB-
JsIeTCs NpOfizBeJleHHeM MaTpHUL nopsaaxa mXp (akTOpHBIX ' a-
;}?jr?}{ (xoTopyro Mpl o6osnauuM [AR] 1 ee TpaHCmO3MUHMH IIIOC

aroHaqdbHas MaTpHIA ; [ ’
P SIj)j]L:L nopsiika mxXm jucrnepcufi GhaxTopoE cre-

[s?] = [AR] - [AR]) + [var g;;] (6.54)

B pesy.abraTe yMHOMEHHSI MaTpulLl [NOpsAKa m><p Ha ee
z‘puucnomposaﬂﬂym IOJYyYHM MaTpHILYy HOPAAKa 713 I{O:I‘ODaH
OANAKO, 6yler NMeTb TOJAbKO p TOJCHKHTEIbHDIX coGérseimmx é}{a:
d€HItll 11 COOTBETCTBYIOMIMX HM COOCTBEHHLIX BexTopes. Ecun ‘pzm
TO M&aTpHUa [varg;;] OKasuBaeTCst TOXKAECTBEHHOH H Hamua 3égaqz{
3 TounoCTy skpupagentHna MI'K. B rex cayuasx, xoraa p<rﬁ MBI
AOJZKHL] CLEHHTH MATPHIly HapaMeTpos [AR], T.e. maTpuuy Epax-
TOPHBIX HArPYy30x, n aucnoepenn (axTopoB  COeNH(IYHOCTH, T.e€
Matpuuy [vare;]. OTMernM, 4yTo B (QaxTOpHOM aHajIH3e niaeznio-'
;'I?E‘CGTCH, YTO YHCJAO (PaKTOPOB p H3BECTHO A0 aHAJH34, TAK Kak
I1CC@0BATE b, HCXOAA H3 HEKOTOPbIX npeasapmeﬂbﬂmyx paCC);}K-
LeHu{l, B COCTOSHHH HPEACKa3aTb YHCJAO (PAKTOPOB, OT KOTOPBIX
3:1131‘zcm Hsyyaemasd Mojedab. Ecam umpcio q)amopc;a p 3apapHee
%I)pelTiT\il’fbHH‘e:bSH TO pasjenieHne AUCHEPCHH MeXAy O6GLHMH
m;iv 9;OT Bq}cgamuopOM Cenu(pUYHOCTH CTAHOBHTCS HEOMpPEAeJeH-
HDIM. JTOT BAZIIEN] MOMEHT HHOTJ2 OCTACTCSl HE3aMEUYEHHBIM 3KC-
iIeI();:M?HEdTO}?‘Z‘MJH, KOTOpLIE IBITAIOTCS HCIOJb30BaTh (haKTOPHBIH
Egdgfff}{gng mosu}lx; pbiGbI». Onpepesennoe JpyriM coocoGoM YHC-
e asT pnB p, [AR], marpuna ($akTOPHLIX HArpy30K M AHCHEPCUI
;Me\LILILY@I,;&e:{KeI«IK dakropos [vare;;] OkasLIBalOTCA B3aHUMOCBA3aH-
HLIMIL Jb35 OLEHHTb OJHOBPEMEHHO, NO3TOMY /IS HaX0xKje-
Hisi eIHHCTBEHHOTO peIUeHHsI HeoOXOAMMO BBO/JHUTh Pa3JjHYHbLIE Or-

1g¥
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panuuenns. Ilpocreiiliee U3 HHX — 3TO HPEANOJOKHTH UHC]IO dax-
TOPOB paBHLIM HEKOTOPOMY ampHOpH 3aAaHHOMY 4YHCIY P. K coxa-
JEHHIO, B GOJBLINHCTBE TEOJOTMYECKHX 3ajad uMCJIO (HAKTOPOB.
HEH3BECTHO 3apaHee M MOXKeT OBITh JaXe BaKHBIM OOBEKTOM HC-
crenoBanud. JLpyroii myTb— 3anaTh rpanuiy Jubo aas [AR] [ARY,
an6o ans [vare;;] u 3areM u3BJiekaTb (GakTopel A0 TeX MOp, MOKa
3TOT npejes He OyaeT AOCTHTHYT.

Msl 6yzeM HCC/I€[0BAaTh JBE H3 MHOTHX CXeM (AaKTOPHOTO aHa-
JH3a, Hauap C HAXOXK/eHHs COOCTBEHHBIX 3HAUEHHH M COOCTBEHHBIX
BEKTOPOB KOPPEJSLHOHHON MaTpHUE M 3aTeM OTOpachiBas MeHee
BaKHble M3 HHX. DTO HE NMPHUBOAHT K HCTHHHOMY» (GAKTOPHOMY
DEIIEHNIO, OJHAKO MaTeMaTHKa CJUUIKOM [psMOJHHEHHa, H 3TO
npHGIHKEHHe HCIOb3yeTCsl BCIOAY B Haykax O 3eMije, B KOTOPHIX
npuMensieTcss (GakTOpHbH aHaau3. Mbl npuBeleM TaKKe KpaTKH#
0630p MeTOfa MaKCHMAaJpHOrO NpaBJONONO0HS, KOTOPBIM Aaer
«HcTHHHBIE» (akTopH. K coxaJjleHHIO, COOTBETCTBYIOUIHE MaTeMa-
THYECKHe TIPOUEAYphl CJAHIIKOM CJIOXKHbBI, 4TOOB HX  3]1€Ch
OTHCLIBATH.

XoTsl mepBblii M3 pacCMaTPHBAEMbIX METOJOB (DAKTOPHOTO aHa-
JU3a HCIOJB3YeT TJaBHLIE KOMIOHEHTHI, BCE K& BbIUHCJIEHHe COb-
CTBEHHBLIX 3HaYeHHH M COOCTBEHHLIX BEKTOPOB B 3TOM CJayuae pas-
JHMYAeTCsl ¢ ABYX Touexk 3peHus. Bo-mepsbiX, cOOCTBEHHBIE 3HAUCHINIS
BBIUHC/ISIIOTCS /151 CTAHAaPTH30BAHHON KOBAapHALMOHHOM, HAH KO-
PeJISHOHHON, MaTPHIEL. DTO MpeAroJaraer He TOJbKO TO, YTO BCE
nepeMeHHble HMEIOT OJHHAKOBbIE Beca, HO TaKikKe TO3BOJsAeT HaM
CUHTATH BEKTODHI [J4BHbIX KOMNOHEeHT daxkTopaMu. Bo-sTOpLIX,
CO6CTBeHHble BEKTOPDHI, BHIUHCJIEHHBIE B TaK HA3biBAE€MOH HOpMaJH-
soBaHHOl (QopMe (cM. ctp. 135), mpeobpasylorcs Taxk, UTO OHH
OMpeJeJIsSIoT BEKTOPHl, JJIHHBI  KOTOPLIX [PONOPUHOHAJBHLL  TEM
BapHALMAM, KOTOPbIE OHH IPEICTaBJSIOT. IJTH Ipeobpasosanubie
COGCTBEHHBIE BEKTODHI SBJAIOTCA (PAKTOPAMH MHOXKECTBA JaHHbIX.

I[IpeoGpasopanue HOPMaJH30BAHHBIX, HIH €AHHHUHDBIX, COOCTBEH-
HBIX BEKTODPOB B (DAKTOpbl HE HADYLIAET HAlpPABJEHHII BEKTOPOB H
He H3MeHsieT MX AJHHBL. JTO JeJaeTcss YMHOMKEHHEM KaXa0ro 3.e-
MeHTa HOPMAaJH30BAHHOIO COOCTBEHHOTO BEKTOPa Ha COOTBETCT-
Bylolllee CHHTY/ISipHOE 3HAueHue, T.€. KBaApaTHEI KOpeHb H3 COOT-
BETCTBYIONLEr0 COOCTBEHHOTO 3HAUEHHA. [Tonyuendo#t GaxkToOp €CTh
BEKTOP, B3BEIICHHbIl NPOMNOPUHOHAJILHO BK/IaAy B OOMIyio Alclep-
CHIO, KOTOPYIO OH HpPEJCTaBJseT.

BuusiHMe cTaHAapTH3aLuu O6CY¥KAaJ0Ch B OJHOM H3 TpeallecT-
BYIOHINX pAasfesioB, NOCBSIMIEHHBIX METOAY TIJIaBHLIX KOMIOHEHT.
37ecb Mbl MPOJEMOHCTPHPYEM €ro, HCIOJ/b3Ysl JIaHHbIE, NpPeiCTaB-
Jenneie na puc. 6.33. HeobpabGoranHas KOBapuaunoHHas maTpHua
HMeeT BHJL

6,08 11,08
11,08 27,54
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Puc. 6.33. MHOXKeCTBO JAHHBIX MO CTAH P
. - nc. 6.34. Jauune puc. 6.33 noc
NapTH3ALHH, HeoﬁpaGOTaH_H_ble JaHHbIE cTalmapTuzpauuu. e
HMEIOT cpelHue 3HAUeHHs X;=5 u Xo= OHH UMeIOT HyJeBble CpPejiHHe 3HAUCHUSA
=10 H eIHHMYHOE CTAHAapTHOE OTKJOHEHHE,

OtMetuM, 9T0 06JacTH 3nadeHuis o6Genx
[IEPEMEHHBIX OJAHHAKOBHI

H CcJaelyiomue COGCTBEHHBle BEKTOPb M COGCTBEHHBIE 3HAUEHHS:
0,39"

0,92
0,92

’

win 4%. Ecm 3TH JaHHble CTaHAAPTH30BATb, BHUHTAA CpefHHEe
U OCYUIECTBJISisl JieJleHHe Ha CTAHLapPTH30BAHHBIE OTKJOHEHHS
(puc. 6.34), To KOBapHAUHOHHAs (MM KOPPEJAUHOHHAS) MaTpHIa
CTAHAaPTU3UPOBAHHBIX JAHHEIX OY1€T UMETh BHJ

COOCTBEHHBIE BEKTOp I=[ co6cTBenHoe 3Hauenne 32,23, uan
96%;

COOCTBEHHBIA BEKTOD II:[ } cobcrBenHoe 3Hauenue 1,39,

(1,00 0,86
[ 0,86 1,00 :!
Le cobcTBennble BEKTOPE H COGCTBEHHDIE 3HAYEHHS:
" . 10,707
COOCTBEHHBIH BeKTOp = 1 coO6cTBennoe  3Hauenne 1,86
0,707 o
na 939, .
COfe " —0,707
cobersennnlii Bektop II= , coOcrpenHoe 3Hauenne 0,14
0,707 | T
uan 79%.

Marpuua cobeTennblx Bextopos [U]
U — ):0,707 —0,707
- L0707 O,707J
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1 cobcTBeHHble 3HayeHlid, HJIH, CKOpee, KBaJpaTHLIE KOPHH N3 HUX,
onpeneasior MaTpHULy CHHIYJAAPHBIX 3Ha4YCHHH

yTs o001 [136 00
=1 0o yoa| |00 o037

Co6erBenHbie siauenust no dopmyae (6.42) MOXKHO npeoGpa3oBaThb
s daxropu [AR]=[U][A].
qjﬂpeo%pagoxze]umg r]xepBoro cOGCTBEHHOTO BeKTOpa B (HaKTOPHI

naet
0,707 1,86] fO,QG»‘J'

Gaxrop = [0,707 186 |~ 10,964 |

KommnoneHTs! (aKTopa HOCIT HA3BAHHE (PAKTOPHBLX HA2PYSOK.
Fean npeoGpasoBanue BHIMOJHEHO NPaBHJbIO, TO CyMMa KBalpa-
10B (aKTOPHLIX HArpy3oK OyjieT paBHa COOCTBEHIIOMY 3HAUEHIIO:

(0,964) 2+ (0,964) 2 =1,86;
0,707 0,14 ]“ r—0,264 ]
baxtop W=t 707 014 |7 0,264

CvMma KBagparopz (AKTOPHLIX HATPYSOK TaKie pabha cobCT-
penHoMy 3uauennio: (—0,264)%4(0,264)7=0,14.

Otu aBa (akropa rpadnuecky TpPeACTaB/aeHbl HA PHC. 6.35.
UpneHTauH (QAKTOPOB TaKHE XKe, KaK H HCXOAHBIX COG/CTBQHHbIX’
BEKTCPOB, 4 MY JUiHHA DABHA KBaAPaTHBIM KODHSIM 113 COOCTBEHHDIX
suazennil. CoOGCTESHHLIe 3HatdCHUST XapaKTepH3VIOT OTHOCHTEIbHDII
pKaa[ KAXKACro COOCTBEHHOr0 BEKTOpa B CyMMapHYyIO AHCIEPCHIO.
SHaueHHs AJHHB BEKTOPOB, IPEACTABAAIOMNX (AaKTOpbl, pPaBHBI
COBCTBEHHBIM 3HAUEHIsM (TOUHee, KBaApPaTHLIM KOPHAM H3 COOCT-
BeITIblY 3HauyeHIil), NO3TOMY (PaKTOPLl OTPAMAIOT TakKe AHCNepCHH
{man, 6onee TOYHO, CTAHAAPTHLIC orkjonenia). Tak Kak cobeTpen-
HDle BEKTOpLI CHadajia HOPMalH30Ba uCh, a 3aT€M YMHOMKAINCH HA

1.0
' /

HbIX, H3006paMennbiX Ha pHC. 6.34
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Puc. 6.35. I'paduueckoe npeacTarieHne
ABYX ¢akTopoB AJf ABYMEPHBIX JaH-

KBaJpaTHbIl KOpeHb M3 COOCTBEHHBIX 3HAYEHHH, TO Kaxjaad ¢ak-
TOpHAaf® Harpyska B3BellleHa IPONOPHHOHAJLHO KBaApaTHOMY KOp-
HIO H3 BKJ/ajJa B JHCIEDCHIO, COOTBETCTBYIOUIEro JaHHOH MepeMeH-
noil. B mHamiem npumepe nepeuili (HhaKTOp COCTaBJSET IMPHMEPHO
1,86/2,00=939% ofmen aHcmepcHH HALIMX JaHHBIX. M3 HHX
0,9642/1,86=509% coorsercTByer nepemerHoii 1 u 0,9642/1,86=
=50% — nmepemeHHOH 2. AHaJOrHUHO BTOPOH GAKTOP COCTaBAsieT
7% obuweit gucnepcun, npuuem —0,2642/0,14=509 coorBercrByer
nepeMennosi 1 u 0,2642/0,14=>50% — nepementosi 2. Cro mpouex-
TOB M3MEHUYHBOCTH IlepeMeHHOH | pacnpepensercsa Ha ABa daxropa,
Tak ke Kak # 100% nsmenuuBoctn nepemennoii 2. (Baaumuoctb
BJHSHUS 3THX AHCHepCHH Ha aBa ¢axkropa — HensberxHoe CJAeaCT-
Biile paboTel ¢ MaTpuLied NMopaaxa 2X 2. DTo COOTHOHIeHHE, BoOGIIe
TOBOpsi, HE HMEeT MecCTa AJSl MaTpHL Oonee BBLICOKHX NOPSIIKOB.)

Pacnosoxup axropubie Harpysku B (GopMe MaTpHIbl, MLl [O-
JYUHM MaTpuLy QaKTOPHLIX 3SHAUeHHH, KOTOpas [Js JaHHBIX
pic. 6.34 uMeer BuL

DaxToph
I I
1 70,964 —0,264
INepemennsle 9 [0,964 0,264]‘

Ecay BO3BeCTH B KBAApaT JEMEHTH MaTpHULl (HAaKTODHLIX 3Ha-
4eHH# ¥ NPOHM3BECTH CYMMIUIDOBAHHE IO KaXAOH nepeMeHHoil, TO
CyMMbi BKJIAJOB NepeMeHHBIX B (akTopbl OYIYT OAHHAKOBLIMI. T.e.

DaKTOPH Cymmbt

I Il
1 [0,9642 -—0,2642] [1,00]
2 [0,9642 O,QG/%QJILI,OO '

STH CYyMMBI Ha3blBAlOTCS OOWHOCTAMU, H UX TPHHATO o003Ha-
yaTh 4%, Tae j-— 1oMep nepeMeHHON, Ecan ompenesnts m QaxTo-
UOB H3 KOBApHALHNOHHON MaTpHILI NMOPSAKa M XM, TO HX O0OLLHO-
¢t OYAYT DABHBI UCXOAHBIM AHCHEpCHAM. Tak Kak MBI HCIOJIb3YeM
CTaH;lapTH3UPOBAHHLIE NepeMeHHble, To 3TH obwuocta pasHil 1.00.
OaHaxko ecau H3BJeyYb MeHblle (akrtopon, To obmuocTd OyiyT
Melblye HCXOAHBIX AMCIEPCHH, M MBl IOJYYHM IOKasarteab s{oex-
THBHOCTH NPHBEJEHHOTO MHOXKeCTBa (axTopoB. Hampumep, ecJd
COXPaHHTh TOJbKO OAUH (DAKTOpP H3 MaTpuubl nopaika 2X2, To
obuigocTn O6ynyTt paBnm h;2=0,9642=0,93, h.2=0,964?=0,93. Ta-
KUM 00pa3oM, COXpaHeHle TOJbKO OJHOro (axkropa IMO3BOASET
yuects 939 aucmepcuu nepsoit mepemenno#t u 93%  jgucnmepcuu
BTOPOH NepeMeHHOH.

Tak xak 3HaueHUs OOLIHOCTEll 3aBHCAT OT YHCJA COXpaHAEMBIX
¢$aKkTOpOB, TO BONPOC O NOCJEIHHX CTABUT HAC MEPEJ JHMIOM OXHOH

[Tepemennbie
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{3 BaKHEHMX 3agau (AaKTOPHOrO aHaJM3a — KaKoe YHCJIO (ax-
TOpOB AOMKHO OLITh coxpaHeno? K coxaJeHHIO, Ha 3TOT BOWpOC
HET IPOCTOrO OTBETA, H ero OTCYTCTBHE ABJSETCS OJHHM M3 CAMBLIX
Cepbe3HbIX BO3paKeHHil MPOTHB (aKTOPHOTO dHAJHU3A. [IcuxoJgoru-
5KCIIEPUMEHTATOPL Ha paHHel CTauh PasBHUTHA (PAKTOPHOrO aHa-
JM3a pemajy 3Ty 3afady NpsSMOJHHEHHO: OHM ONpefessn CTOJbKO
($hakTOpOB, CKOJMBKO TpebopaJa IpoBepsAeMas HMH TEOPHI. Hpyroit
CTOJIb K€ HPHO/MKEHHBIH CIOCOO0 COCTOHT B TOM, YTO ONpeJe/ser-
csl TOJMIBKO jABa Mau TPH (akTOpa, Tak KaK 3TO MAKCHMAaJbHOE 4HC-
JI0, KOTOpOe MOXKHO H300pasuTh rpa¢uyeckd Ha AuarpaMme pac-
cestHUs, U JA1060€e yBeqHUYeHHe UHCjaa (aKTOpPOB BEAET K yBEJHICHHIO
pasMepHOCTH NPOCTPAHCTBA, B KOTOPOM peUIAETCs TMOCTaBJICHHAA
3ajava, B pe3yJbTaTe 4ero ee TPYAHOCTH 3aMETHO BO3pPACTAlOT.
HeKoTophIe HCCJIeI0BATeNH COBETYIOT COXPAaHSTb CTOJBKO (ak-
TOPOB, CKOJbKO HMEETCst COOCTBEHHbIX UHCeJ, OOJBUIMX €XHHHLLEL
MEpIME CJ0OBaMH, COXPAHAIOTCS BCe (GAKTOPh, KOTOpble AaI0T 60Jb-
WHHA BKJAA B JAICHEPCHIO, YeM HCXOAHble CTaHAapTH3HPOBAHHDLIC
fepeMeHHbie. B 60JbLIMHCTBE MPUMEPOB JHIIb HEMHOTHE (aKTOpEI
cojieprkaT GOJBUIYIO YacThb BKJaja B AHCIEPCHIO MHOXKECTBA JaH-
HEIX, 1 T4 peKOMeHjauus okaspiBaercst mosesHofl. OAHAKO ecan
HCXOJlHble TepeMeHHble OKa3biBaloTCs ¢1a60 KOpPe/HPOBAHHBIMH
W HeKOpPeJHPOBAHHBIMH, HOJOBHHA HJH GoJee PaKTOPOB MOXKET
HMETb COBCTBEHHDLlIe 3HaueHus, GOaplliMe enuHuilbl. B pesyabrare
e TOJbKO MO/ydaercss oueHb 60JbIIOE YHC/IO (PAaKTOPOB, HO H BO3-
MOXKHO, UTO HIl OJMH M3 HHUX He JOIyCKaeT HUKAKOH HHTepnpera-
uun. Fcayd gaHHble TaKOBbl, UTO (PAKTOPHBIH aHa/1H3 K HHM IpHMe-
HUM (T.e. HaOJiogaeMble AHCIEPCHH BO3HHKJM 0/arolaps Koppe-
JASLHH MexKAy TepeMEeHHbIMH H paccMaTpuBaeMbIMH daxkTopamu),
TO JIHIIb HEKOTOpble (axTophl 1aioT GOoJbLIOH NPOICHTHHH BKJIAA
B CYMMapHY10 AHCHEPCHIO W OOLIHOCTH HMEIOT BLICOKHE 3HAUCHHA.
Eedn aus TOro utoGpl yuecTh 0OJbUIYIO 4aCTh WCXOHOH jucnep-
cum, Tpebyercst coxpanenne OGOJbLIOTO UMCAa (QAKTOPOB HJIL €C.IH
sHaueHHs OOILLIHOCTEH HECKOJbKHX HepBLIX (PAKTOPOB HU3KHE, TO
(hakTOpHAsd MOJeNb 4allle BCEro OKa3bIBAETCH Henoaxoasaue.
[lpexpe ueM NEPeXOAUTb K PACCMOTPEHHIO cJenyiomed mpo-
nenaypbl (AaKTOPHOTO aHaJHM3a, a HMEHHO BPALLCHHIO (haKTOPHBIX
oceli 175 NGAYYEHIst «IPOCTOH CTPYKTYPLI», TNPHMEHHM H3J0KeH-
Hple BOLIIIE METOALL K PacCMOTpeHHoMy mpuMmepy. Mol HCriogb3yem
JaHHble Taba. 6.18 u coxpaHuMm aBa (AKTOPA, TAK KaK HHTYHILHS
MOJCK23BIBAET HAM, UTO B 3TOM CJyuae TpeOyercs TOIbKO ABd (ak-
TOpa, a HMeHHO (akTophl pasmepa H QOpMbL. Marpuna CTaHzapTH-
31IpOBAHHBIX AMCIEepCHil 1 KOBApHALWH TpHBeleHa B Taba. 6.25.
B Ta6.1. 6.26 nana maTpuia COOCTBEHHLIX BEKTOPOB HJ/H IJIABHBIX
KOMIIOHEHT 1l MPHBELEHBl TaKKe COOTBETCTBYIOUIHE HM coBCTBeHHLIe
3HaueHHs. Mbl COXpaHHM TOJBKO NEpBbIe ABa M3 HUX H npeobpa-
ayem nx B akropoi. C 3TOH 1e/bI0 YMHOXHM HOpMAJH3OBAHHLIE
cOOCTBEHHBIe BEKTOpbl HA KBAJADATHBIH KOpEHb H3 COOTBETCTBYIO-
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Ta6awu
CrannaprusupoBanniie ANCTIEDCHHM M KO3 DHUHEHTH Koppeastuun ne 0
AJI CEMH NepeMeHHBIX, N3MEPEHHBIX HA 25 mapaJsefennnenax
YKasanuwlx B Ta6a. 6.18 (mpuBeseHa ToabKO Hu)KHﬂﬂJl ’
TI0JIORHHA CHMMETPUUYHONH MATPUUBI)

Xy Xy X Xy Xs Xe X;

X, 1,000
N 0,580 1,000
/;('; 8,3(1)% 0,364 1,000
Xy ) 0,834 0,439 1,000
X; 0,283 0,166 —0,704 0,163 1,000
ﬁ((s 8,%87 0,261 —0,681 0,202 01990 1,000

7 —0,533 —0,609 —0,649 —0,676 0,427 0:357 1,000

Tabanuua 6.26
CoOcTBeHNble 3HAUEHUA H MATPHUA COGCTBEHHDbIX BEKTOPOB AJ AaHHbIX Tald, 6.25
(COXpaHeHb! ML ABA COGCTBEHHBIX BEKTOpa o
€ COGCTBEHHBIMM 3HAYEHMSMH, TPEBOCXOMSMHMY 1,000)

Co6 -
Bekrop 0 C’rie;}éze 3Ha Bkna&}g,nn’rgcnep f};\;:g:esgggu%z
I 3,3946
, 48,4949
! 46 R 48,494
1 ’ 2,8055 ! 40,0783 ‘ 88, 573?
11 7 |
v 0,i3/(3 6,2473 94,8204
v (),4_2773 3,9707 98,7911
v 0.6810 1,1565 99,9476
Vi1 (),0033 0,0487 99,9963
0,0003 0.0037 1660000
Iepene- ColbeTpeiiitblit BEeKTOp
Has
1 11 1 v v l VI | VII
X, 0,4053 0,2929 0,667
% J,4053 —0, —0,6674 0,0888 —0,29267 0,4098 —
5 e I T
: 357 1477 0,6276 05121 01875 —0.
0,4939 —0,2323 [—0,1186 0,2103 0,105 ’ 8 590
: _0,4939 0,239 1 : —0,1054 —0,587 :
; g,é(?)// —0,5751 | 00294  0/1108  0.3890 —o0 igég _Sg‘?;é;’
,Ye :O 4888 —0,5800 0,1743 —0,0061 0,3549 0 ]5003 074%)7’7
X , 9 —0,1303 0,0176 0,7363 —0,4553 0:0332 0‘048;}

}1{131;{ ggfcriigﬂbﬁ SHAYCHHH, B De3y.IbTaTe ero MOJyUHM (hakTop-
Pyski. Marpuua daxropuwix Harpysox [AR], umeiomas

B ACHCTBHTEJNBHOCTH NOPAROK mXp, ¢ LEJbI0 3JKOHOMHH MeCT
IIPEACTaBJAEHA B CJACAYIOLUEM BHe: ’

daxrop 1 [0,747 0.795 0,710 0,910 —0,235 —0,178 —0,886 |
Gaxrop 1l [0,491 0,373 —0,596 0,389 0,963 0,971 0,218 |"

297




BexTop ofuHOCTell IO BCeM MNEPEeMEHHBIM HMeEeT BHA
h*=1{0,798 0,771 0,860 0,979 0,983 0,976 0,833].

Ocrarodiiast pucnepcus j-it nepemensoft (1,00—#;?) —eandcr-
BeHHas KOMIIOHEHTa, acCOMMNpoBaHHast ¢ 3Tofi nepemennoii. Co-
CTaBISIOLINE 3TOH KOMHOHEHTHI TAKOBBL:

[vare;;] =[0,202 0,229 0,140 0,021 0,021 0,017 0,024 0,167].

Ecan gas MHOXKeCTBA 1 NEpPEMEeHHLIX MPHXOAHTCST Coxpa-
HATb m (HAKTOPOB, TO HCXOAHYI0 KOBapilamHOHHYI MaTpuuy [s?]
MOKHQO BOCCTAHOBUTH C INOMOUIBIO NEPEMHOMEHHS BCEBO3MOKHBIX
nap ¢GaxkTOPHBIX HArpy3oK M CyMMHpoBauus no dakropam. Koneu-
HO, €C/IH COXpaHseTcs p<Im (GAKTOPOB, TO HCXOZHYIO KOBapHAIHOH-
HYI0O MaTpHLy TOYHO BOCIPOH3BECTH Heab3sd. [losydaemass TarkuM
00pa30M OleHKa KOBapHalUM IepeMeHHBIX [ H k HMEeT BHJ

~2
Sjk:[ljla/m -+ a;zak2+...—{— a,-pakp, (655)

rie a; — narpyska j-it mepeMenuo#i Ha ¢arxtop i. Ecan [AR] —
Matpuua (QAKTOPHBLIX HArPY30K, TO SKBHUBAJEHTHAA MaTpPHUHAA 3a-
nHCh 3TOH (GopMyJbl HMEeT BHA

[ 52] = [AR]-[AR]",

€CJIH CUNTATh, UTO BEKTOPL! (hAKTOPHLIX HArPYy30K SBJIAIOTCA CTO]6-
naMu matpunbl. CTaHOQPTUBUPOBAHKHASL MATPUUA OCTATOUHBIX KO-
sapuayull (U OCTATOYHAS KOPPEAAYUOHHAS MATPUYA) HAXOLHT-
€S Kak pasHOCTb NIBYX MaTpHIL

[52] = [s?] — [57). (6.56)

BocrnpouspenenHas u OCTATOUHAS KODPPEJSHHOHHLIE MaTpPHIH
nJas Hamero nmpuMepa pannl B Taba. 6.27. Ocrarounas Mmarpuia
ABJasieTcs Mepofl HecnmocoGHOCTH 3THX (PAaKTOPOB yuecTb H3MEHUYH-
BOCTB I'CXOHOrO MHOXECTBA IAHHLIX.

Bpaizenne diakropos

HecMorps na 1o 4T0 (akTOpPHBIH aHAJH3 MNO3BOJISET YMeHb-
ILUTE YMCJO H3MEpPEeHH{ B 3ajade, AaTh COLEPXKATEJNbHYIO HHTep-
npetauuio GakTopos OGHBaeT He OYeHb Jerko. BO3MOXKHO, 53TO pe-
3yJbTaT TOTO, YTO TOJOXKEHHEe p OPTOrOHANbHEIX (aKTOPHLIX ocell
B /m-MEeDHOM TNIpPOCTPAHCTBE ONpENEJsAeTCs NOJOXKeHHeM m—p He-
HY>KHBIX OPTOTOHAJbHEIX ocefl B BEIGOpOuHOM mpocrpaHcTee. OnHa-
KO 1Ji7 ONMHCAaHHA HAIMX JaHHBIX NOCTATOYHO TOJBKO p (HAaKTOPHBIX
oceft. Ecain  MCK/IIOYMTH M3 PACCMOTpEHMS H3JUIIHHE OPTOTOHAJb-
Hble OCH, TO OcTaBuIHecss (GAKTOPHLIE OCH MOXKHO IOJBEPrHYTb
JOTIO/THHUTEIBHOMY BpallleHHIo, KOTOPOe MOXeT NIOMOYb B Haxoxje-
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Ta6aniua 627
Koppeasunonnas marpuna aas IByX (akTOpoB, MOAYYEHHbIX MO NAHHLIM
0 MAPAIENENUNEAX, 1 OCTATOYHAsi KOPPENAUMOHHAA MATpPUUA, B KOTOPOR
coaepKarca KodphuuneHTH KOPPENSUNH, HEYITEHHbe NEPBLIME ABYMS (aKTOPAMH
(npuBefienbl AULUL HUXKHUE NOJOBMHBI CHMMETPHYHBIX MATDHI)

X1 X2 X3 X4 X3 Xs X7

RKoppeasuioHHasas MaTpHUa

X, 0,7985
0,7766 0,771l

X 0,2379  0,3426  0,8596

X, 0,8704  0,8685 0,4143  0,9794

X: 0,2969  0,1718 —0,7413  0,1606  0,9833

X, 0,343¢ 0,220l —0,7057 0.,2157 0.9778 0,9756

X, —0,5546 —0,6233 —0,7594 —0,7214 0,4187 0.3701 08328
Ocrtatounas ‘I\;Oppe./'IHILHOHHaH Mannua

X, 0,2017

Xe —0,1963  ©,2980

X —0,0367 00212 G, 1404

X, 0,0409 —0,0348  0,0243  ©,09C6

X —0,0135 —0,0060 0,0371  ¢.Cuzd  0,0167

X, —0,0569  0,0409 0,0252 —0,0124 0.0124 ©,0244

X 0,024 00,0146 ©,1105  0,0150 0,C085—0.012¢  0,1672

HHH HaHJy4UIero ux pacmoJqoxkenust. st 3TOH uesd MOMKHO HC-
0Jib30BaTh Pa3HOOOpasHble cXeMul BpalleHus. Mo GyneM HCIOJb-
30BaTh TaK HashlBaeMblil sapumaxc Kaidizepa, ocHOBOH  KOTOPOrc
ABJISIETCA H3MEHEHHE IOJIONeHNs (paxTopHhIX ocefi 10 Tex mop,
[I0Ka HPOEKUHH KaAJ0H NepeMeHHOH# Ha (aKTOPHLIE OCH HE OKa-
KyTCs OMM3KuME U060 K HYyJI0, Jub0 K HX MakCHMAaJbHBIM 3Haue-
HusIM. MHbIMH C/0BaMH, B pe3yabTare NpHMEHEHHs 3TOT0 MeTona
‘DaKTOpHbBIE HATPY3KH OKa3biBaloTcs OMNBKUMH JMGO K HYJIIO, JHGO
kK *=1. O6bluno aas Kaxporo ¢axrTopa Mbl NOJAYyYaeM HEMHOIG
AOBO.IbHO GOJIBIUMX 3HAYeHUft (PAKTOPHBIX HArPYy30K M MHOIO He-
3HAUMMBIX Harpysok. B sToM cayuae nHTepnpeTauuss B TEepMHHAX
CXOIHBIX NEPEMEHHBIX MPOBOJHTCA Jerko. OJHAKO HMEIOTCs CJay-
JaH, KOrpa Bpauienne (AaKTOPHBIX oOCell He o6Jeryaer aHajH3a n
Jdze NPHBOAHT K JajbHEHIISMY yXYAUIEHHIO pe3yJabTaToOB. IJTO
¢BA3aHO MO0 ¢ B3aHMHOH KOPDEJHPOBAaHHOCTBIO (AKTOPOB, HJIH
YKa3blBaeT Ha TO, 4TO BEIOpaHHas (pakTOpHas MOAEJb OKa3bIBaeTCs
1JI0XOH.

Meton BapuMakc CBOZHTCH K MaKCHMH3aUHH JHCICPCHH Ha-
'Py30K Ha (akTopbl. OnpenesHm AMCHEPCHIO Sp2 HArpysok €a k-i
dbakrop Kak

m 2
2 2y2 2 /.2
ajplhj)* — Zaip//lf
= 7=

1w
si=—|p )} (

Vi ., (6.57)
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rfe, KaK H paHblle, p—uucao GHakTOpoB; Ml — UIICJA0 HCXOAHBIX
epeMeHHbIX; @;, — HArpy3ka j-ii 1nepeMeHHOH Ha p-#H ¢akTop;
h;* — obuHocts j-if mepeMeHHOH. PYHKIUA, KOTOPYID Mbi XOTHM
MaKCHMH3HPOBATh, HMEET BH[,

e " ‘2
V — ; s, (6.58)

,annepcnﬂ BBIUHCJIAETCA 14 CbaKTOprIX Harpysox a;,, neJeH-
HLIX Ha COOTBeTCTBYIOUlle OOIHOCTH /#;2. MHBIMH cjoBaMH, pac-
CMAaTpHBaeTcsa TOJbKO 00llas yacTb ANCIHEPCHH MO Kaxjoll mepe-
MEHHON 1 0TOpachlBaeTCsi ee 4acTh, COOTBETCTBYIOILAH 1M—p KOM-
MOHEHTaM, HeOOXOIHMBIM AJA yueTa BCeX AMCHEepCHH KaxKa10H mepe-
MeHHOH. MakCHMHU3aLUMs JHCIEPCHH TPHBOAHT K YBEJIHUYCHHIO HH-
TepBaJa U3MEHEHHS! (PAKTOPHLIX Harpy3oK, KOTOpBE I/ TOrO, 4TO-
Obl VIOB.IeTBOPUTH TpeboBaHusiM merona Kaiizepa, ctpemsrcs JiH-
60 KX CBOeMy 3KCTpeMaJbHOMYy (IOJIOXKHTEJbHOMY HJH OTpHIUA-
TeAbHOMY) 3HAUeHHIO, JHOO K HYJIIO.

Hukako#i mpocToii aHAaMMTHYECKOH CXeMBl A/ MeToja BapH-
Makc ne cymecrByer. O6rluHO BpallleHHe (AaKTOPHBIX OCEH NIPOBO-
JUTCS MUTEPATHBHBEIM METOAOM. BpallleHHIO NOABEPTAIOTCH ABE OCH,
B TO BpeMsl KaK JAPyrHe OCH OcTaloTcs HemoAmuxkHbIMH. ITocae Toro
KAK BCe OCH TTOABEPTHYTH BpalleHHIO, MpOLeCC MOBTOPSETCH CHOBA
JO TeX MOp, MOoKa yMeHbUIeHHe AHCIEPCHH HAarpy3ok Ha KaxXaioM
1are He CTAaHET HUXKe HEKOTOpOro 3apanee 3aaHHOrO YDOBHS.

ITOT MeToj] BpAILEHHs Jydllle BCETO TPOHJIIOCTPHPOBATH HA
npuMepe. Mepl cresaeM INONBITKY <HOYHCTHTb» (DAKTOPHI, TMOJIYYeH-
HbIE AJ5 HALIHX MCKYCCTBEHHO B3ATHIX AAHHBIX 110 Mapajueernuie-
1AM, IpUMeHsiss MeTOJ BpalleHHs K JBYM OCTaBJEHHBIM (parTOpaM.
Ha puc. 6.36 Harpy3kn CeMH HCXOIHBIX IepeMeHHBIX Ha ¢akTop I
HaHecelp 110 OTHOLICHMIO K Harpyskam Ha ¢axtop II. Css3biBas
MOCTPOEHHLIE TOUKH C HayaJoM KOODAHHAT, MOJydaeM auarpavMmy,
Ha KOTOpPOH ¢haKTOpHEIE HArpysKl IPeNCTaBJEHBl KAK BEKTOPHI.
Opueintannsi BEKTOPCB MO OTHOIIEHHIO K (DAKTOPHBIM oCsM OTpa-
JKaeT CTelleHb HX Koppeasiiiug ¢ daxropamu. JaHHAa KaXKA0ro Bek-
TOpa MPOMOPIHOHANbHA OBIUIHOCTH NEPEeMEeHHOH, KOTOPYIO ITOT BeK-
Top mpeacrasasier. Ecin iBa (akropa HaHECEHDBI C MOJHBIM yYeToM
BCeX BapHalllil HCXOZHOH mnepeMeHHOM, TO OOLIHOCTb IEPEMEHHOM
paBHA €1MHHLle W Ha JHarpaMme oHa OyHeT JeXaTh Ha OKPYIKHO-
CTH eAMHIYHOTO pajuyca. B sToM npHMepe BCe OOIIHOCTH BLICOKI,
NO3TOMY BCe BEKTODPLI, MPEACTABJSIONIHE CEeMb HCXOJIHLIX MepeMeH-
HBLX, JgexaT B6JAM3H OT eJHHHUYHOH OKPYXKHOCTH.

Bapumaxcuoe BpallleHne M3MeHsieT (DAKTOPHLIE HarpyskH, Tio-
3TOMY HCXOAHble NepeMeHHble HMEKT JIM60 BLICOKYIO MOJOMNKHTeb-
HY10, 1160 OTPHIATEJAbHYIO KOppeasaunio (npubausutessho =*1)
¢ HeKOoTOpbiM (aKkTOPOM HJH KOppeJsunio, 67uskyio x Hyaw. Ha
puc. 6.37 npesacraBseHbl TMOJNOXKEHHA (DAaKTOPHLIX OCEH mocje Bpa-
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Puc. 6.36. Tpaduueckoe Jbip

fIpeACTABJICHUE  HATPY3O0K ’

na ABa dakrtopa AAA He-

06paGOTAHHBIX JAaHHLIX MO I
25 cayvyaiHbiM GJoKaM.

Mcxonuble LaHHbBlE A4 Ce- 1

MH IIepeMeHHBIX IpHBeJe- 2
Hbl B Ta6.1. 6.18

1

-1,0 -0,5 0,5

)

o

o
I

Puc. 6.37. Tpaduueckee 5
npeACTaBJCHHE TeX XKe Ha- 10c b i
rpy30K mocje BpalleHus

no MeToay BapHUMaKkc.
Henoaw3oBaHu JaHHBIE 1O
25 6.10KaM, MplBeJIEHHbIE
B Taba. 6.18 0,5

-05 ‘— \

_170[_

menud. 3aMeTHM, YTO OTHOCHTE/bHOE IIOJOXKEHHe NepeMeHHHIX He
H3MEHSCTCA TpH BpalleHUH; U3MEHSIOTCS TOJBKO HX HOJIOXEHHUS
10 OTHOWIEHHIO XK (AKTOPHBIM OCAM. TakiKe 3aMeTHM, YTO AJIMHEL
BEKTODPOB OCTAIOTCSI HEHM3MEHHBIMH.

CooTHollleHusa MEXAy CaMuMu NnepeMeHHbBIMH TaKXKe HE H3MEHA-
10TCA 1pHu BpalleHHH, XOTHA I0JIOKEeHHe UHAUBUYAJIBHBIX 06BEKTOB
3 HpOCTpaHCTBe, onpeneJieHHOM Q)aKToprIMH OCAMH, H3MEHseTCA.
Ha puc. 6.38 HaHeceHbl QakTOpHbIE METKH, aHAJOTHYHO MeETKaM
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Puc. 6.38. I'paduucckoe BpeAiTaBAcHKe (PAKTOPHBIX METOK NAHHBIX 1O CAYYATHbIM
Gaokam s nepseix nyx daxropos (I u 11).

VKazano mosoxente napadiefemieoB N0 OTHOWEHHIO K AByM dakropad. [TyHK-
THpHOH JMHHell TpeacTapieHbl (AKTOpHBIE OCH TOC/E BpaMleHHs TO  MeToRy
BAPHMAKC

IJIABHBIX KOMIIOHEHT, PeACTaB/aeHHBIM Ha puc. 6.27. 3ameruit. 4ro
JiBa MHOxKecTBa (PAKTOPHBIX OCeH MPEACTaBJCHBI Ha JHarpae,
ONHO 1.8 (QAKTOPHLIX METOK 10 BPALleHHA U IDYroe — Ijis METOK
nocie BapuMaxcitoro ppaleHust. OkasbiBaeTcs, 4TO MepBLl (ak-
TOp Ha CAMOM Jiene OTpaxaeT Bce pasMepbl GJIOKOB, TAK HTO MeHb-
ke GJOKM pachojaraiorcst caesa, a Oossline — cmpasa. Bropoi
dbakrop pasgeaser ¢opmpl OJAHHAKOBOTO pa3mepa Ha BEpXylIke
C YIJIONIEHHSAMH H YIJIHHEHHSIMH HUKE OTHOCHTEJBHO BTOPOTO (akK-
Topa. B 3TOoM cayyae BapuMakCHOe BpallieHie, BO3MOXKHO, HE NacT
BKJajJ B Hally uuTepnperanHio ¢axropos. Huxakas m3 cxem ¢ak-
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rOpHBIX METOK CHJBHO He OTJHYaercs OT IOJyYeHHbIX MeTOJL0M
rJiaBHBIX KOMIIOHEHT, XOTSl OTHOCHTE/IbHAasi BaXKHOCTb NMEpPBOH H BTO-
poii G2KTOPHBIX OCell MEeHSIOTCS MECTaMH MO CPaBHEHHIO C OCAMH
METO1a TVIABHBIX KOMIOHEHT.

Ipaditueckoe nzobpaxenue (PaxTOPHLHIX MeTox (10 BpalleHHd
UaH T0CJe Hero) GoJee CJOXKHO, YeM B METOAe TJABHBIX KOMIIO-
geHT. ['7aBHBle KOMIOHEHTHI IIOJIYUAXTCA B Pe3ysabTare HpHUMeHe-
Hisl JHHElHbIX npeo6pa3oBaHuii, B TO BpeMs Kak (PaKTOpHBIE 3HA-
qeHHsa NPEACTABJSIOT OLEHKH BKJAJOB pasJuunbix (axropos B
xa;noe HexoaHoe HaburogeHHe. Tak Kax (aKTOPH HAaXOAATCS IO
TeM e JIAHHBIM, BbluHcJgenue (PAaKTOPHBLIX HATPY30K-—B HEKOTO-
POM pOj€ UHKJIHUECKHH Mpouecc, H MOTOMY pe3y.bTaThl MOTYT OKa-
3aTbCsl HeoiHO3HA4yHBIMH., ONHO H3 HAWJYULIHX H3JIO0XKEeHHU 3TOro
Bonpoca npuHantexnr Moppucony [51] (cm. Taxxke mpouenyphi,
onucniBaeMple XapMmanom [22]). B ncuxoMerpun ¢dakTopel OGBIUHO
NPEeACTaBASIOT CaMOCTOSITEJbHBIH HHTepec, a (AaKTOPHLIE  METKH
COBCeM He MCIOJb3YIOTCHA, HO3TOMY BBLIYHCJCHHIO (AKTODHBIX Me-
rOK 10 CHX MOp YAe/Is10Ch MaJjo BHUMaHHs. BeposTno, ¢akrop-
HLie MeTHil MOTYT HTpaTh 3HAUHTENBHYIO POJb B NPHMEHEHHSX (ak-
TOPHOrO aHaJjKH3a B TEOJIOTHH H IIOTOMY BaXKHO yMeTb HX BBLIYHC-
ST,

[Tpe1nosoxiM, YTO HAIM HCXOAHLIE JaHHHE I[PENCTaB/eHb
p Brle Martpuibl [X] nopsaka nXm, rae n— 4UCI0 CTPOK, HIH
a6 TI01eHl, a m — YucJo CTos6uoB, Han nepeMennuix. Ilo anaso-
(i ¢ MK MOXKHO BLIMHCJANTh MarpHLy (akTopeblx MeTox [SR],
yMHOKasl MaTPHIy HMCXOAHBIX MaHHBLIX HAa MaTpuiy (aKkTOPHBIX
narpysox [AR], 1.e. Bumosnuss omepaunuio [X]-[AR]=[SR]. Ecin
Mbl coxpaHsiem p (axkTOpPoB, TO MaTpuua Harpysoxk [AR] 6yner
MaTpuuefl mopaaka mXp, a Matphua (axkTOpHex 3Hauenuit [SR]
Gyaer uMerb mopsaok nXp. HamomuuM, ofHaKo, UYTO HCXOIHLIE
naHHple TPEACTaBJAEHB He TOJLKO € NOMOILIO (DaKTOpOB, HO H C
qoMombio crernuduueckoir nepemensoit (cM. ¢dopmyrny 6.51), mo-
3TOMy MarTpuua (QakTOPHBIX 3HA4YeHHH, BHUHCJIEHHAs TakuM ofpa-
30M, 4aCTIIYHO OTPaxkKaeT KOBAPHAUHOHHYIO CTPYKTYDY 3aXaHHOTO
HaGopa m TepeMeHHBIX, a TaKXKe CTPYKTYpy p ¢dakropos. JledcTBH-
TebHO, 1Jf TOro 4TOGH NMOJNYYHTb HCTHHHBE (akTOpPHBIE 3HAye-
HNsE, CTienuM(pUUeCcKyI0 KOMIIOHEHTY HCXOIHBIX NEpPeMEeHHBX Heo0Xo-
AIMO OTHENUTh., JTO 1€NaeTcsl ¢ NOMOIIbIO YMHOXKEHHS YKa3aHHOTO
ypaBHeHNs Ha MaTpuuy, o6paTHYIO MaTpHLE KOBapHalUHi:

~
[X]-[s?]1- [AR] = [S7]. (6.59)

O6paTHas MaTpuIla HMeeT MOpSAOK mXm, a MaTpuua gagrop-

HEIX HArpy30K — MOPSIOK mXp, TaK YTO MATPHLUA <HCTHHHBIX»

dbaxropurx 3Hauenuit [SR] Gyner nmopsiaka nXp, 4TO H CJIELOBAJIO
OXKHJaTh. B pesysbTaTe BLINOJHEHHS 3TOH ONEpaluH Mbl MOJydaeM
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tdaxTOopHble MeTKH, CBOGOJHBIE OT cHenHDHUECKOH KOMIIOHEHTH,.

UMelledcs B KaXKA0M H3 HCXOJHBIX HaOJIONEHUH.

HecmoTps Ha HpOCTOTY, 3TOT METOA HAXOXKAeHHS (aKTOPHBIX
METOK He HCHOoJb3yeTcsi Ha npakrtuke. Marpuua [s2] moxer ObTh
oueHb OoJblo#, B ocofenHoctH B Q-Meroje (PaKTOPHOrO aHalH3a,
Ha KOTOPOM MEI OCTaHOBHMCS HHIKe, U ee OOpallleHHe MOXKET OKa-
3aTbCsl OYEHb CJOKHLIM. OQJHaKO, HCHOJb3ysA anrebpanveckue cCOOT-
HOLIEHHsI, MOXKHO OOGpaTHTh MAaTpHIY KOBapHaumuH mnopsaka pXp,
NOCTPOEHHYIO TI0 (PAaxKTOpaM, H B pe3yJbTaTe MOAYYHUTh TOT ¥Ke pe-
3yapTar. O6EUHO p OBIBAET 3HAUUTEJBHO MEHBIIE /1, UTO HO3BOJSET
YOPOCTHTb BBIYHCJEHHS, XOTS YHCJIO MAaTPHUHLIX Ipeobpa3oBaHHiL
HpH 3TOM BO3pacraer.

Beryucauym cnavajga marpuny [S], yMHOXKasg MaTpuny ¢akrop-
HBIX HATPY30K HA ee TPaHCIO3ULHIO

[AR]’-[AR] =[S]. (6.60)

Tag kak TpaHcmoHuponauuass Marpuna [AR]” umeer mnopsuox
pXm, TO B pe3yJbTate YMHOXKEHHUsI HOJYYHTCH KBajpaTHas MaTpH-
ma mopsizka pXp. Dra marpuua obpamlaercid H yMHOXKaeTca Ha
MaTpuny $axkTOPHBIX HAIPY30K, UYTO JaeT HaM HEKOTOPYIO BCIOMO-
rateqbuyio Matpuny [B}:

[AR]-[S]~'=[B], (6.61)

KOTOpas 3aTeM MCHNOJb3YeTCs [/ BLIUHCACHHI HCTHHHON MaTpHILH
(hakTOPHLIX 3HAUEHH]] HO QopMyJIe

[X]-[B]={S~1. (6.62)

ITocnenoBaTe IbHOCTD ONlepalluil, NTpUBENEHHBIX B dopmyaax (6.60)—
(6.62), moxer OLITh IpeACTaBJeHa B TePMHHAX MaTpUUBl (HaKTOP-
HBIX Harpy3ox [AR]:

[X]-[B] = [S®);
[X]-[AR]-[S[-1 = [S®]. (6.63)
[XT-[AR]-([AR] - [AR]~1 = [S%).

Ta e mpoleaypa HCHOb3yeTcsa AJs NoAydYeHHst NPOeKuni dax-
TOPHBIX 3HAUEHMH Ha (akTOPHLIE OCH 10 HJH MOC.e BLINOJIHEeHIs
Bpalllenliss no Merody Kaiisepa. OTMeTHM, YTO B MaTpulle 1aHHbIX
[X] npeacraBienbl CTanlapTH3HpPOBAlllIBle [EPEMEHIBIC, a e HCe-
xoauble, xak 3 MI'K. 910 obbsicEsercd TeM, 4To Harpyskn 3 MI'K
BHIUHC/SIOTCA Ha OCHOBAHMH KOBaPHALMOHHON MATPHIlLI HCXOJIHBIX
JIAHHLIX, a (AKTOPHble HArPY3KH — Ha OCHOBAHHH CTaHIapTH3HPO-
BAHHOH, MJHM KOppeJsUUOHHOH, MaTpuuu. KoHeuro, ecau Obl Mbl
CTAHAAPTH3HPOBANY JaHHble, HCIOJNb3yeMble B MI'K, TO BBIUHCISIH
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Gbl (AKTODHbBIE 3HAYeHNHS HA I/aBHbIE OCH 14 CTaHMapTH3HPOBAH-
HBIX AaHHBIX.

Temepb 3afaua ONPEIENEHUS UYHCIA p COXpaHAeMBIX ¢$haKTOpOB
npHOOpeTaeT BaXKHOe 3HAHCHHE. qHC{IO taxTopoB BJIHACT HA pa3-
Mepsl BOCIPOU3BEACHHOM H OCTATOUIOH KOPPEIALHONHON MaTpul, Ha
OGIIHOCTH H HA HATPY3KH crenn(puueckoii KoMmoHenThl. CaMH pak-
TopHble HATPY3KH NPH 3TOM HE H3MEHSIOTCH. OTo 3HAYHT, YTO €CJH
o HCXOLHOMY MHOXKECTBY JAAHHBIX ONPEILeNHTb [ PaBHbM 2, TO
pakTOpHDLIE HATPY3KH I u Il e uaMensitcs npu AoGaBJICHHUH TPeTb-
ero ¢akropa. OjHAKO eC/H NOABEPTHYTb BpaLlEHNIO ABA ¢daxTopa,
70 1arpy3KH MOTYT CHJbIIO  OTJIHYATHCS OT HATPY30K, NOMYUCHHBIX B
cayuae, ec/i Obl MBI ONPEIEJHJIH KX TIO TeM XKe AaHIBIM 1 HOABEPrIIH
ppallelnio (axropa. Bpamenne asyx (axktopos npu p=2 He
orpaHUUeHO HHKAKHMH YC/IOBUAMH. Bpaiienue sTHX IBYX ($haxTopoB
ge MozkeT BLIOJIHSITBCS Tak Ke cBOOOAHO NpH p=3, U3-3a TOTO UTO
TpeTbsl OPTOTOHANbHASE OCh HAK/AALIBAET OTPAaHMYEHHs, KOTOpEHIE
raKyKe A0JKHB ObITh COTJACOBaHB ¢ 0a3UcOM #1-MeDHOTO MOpOCT-
paHCTBA HCXO/HDbIX NlepeMeHHbIX.

CxeMa Bpalilenns no Meroly Kafizepa coxpaHfeT OpPTOTOHA.lb-
HoCTh (pakTOpHBIX ocefl. HecMorpst ma To 4Yr0 mOC/Ae BpalleHis
(pakTOpHLIE OCH HE COBNAAaioT 0oJblle C IJIAaBHBIMH OCSMH 3.HI-
couja Kopapuauuil, oHu 06pasyloT npAMbie YIJABl APYT ¢ APYrOM H,
cJe1034TeNbH0, HekoppeanpoBanbl. CyllecTBYIOT TakxKe CieMbl Bj 1-
HICHUSA, B KOTOPBIX He TpebyeTcs BLIIOJHEHHE YCJIOBHS OPTOrOHa.. »
HOCTH, H (DAKTOPHbIE OCH MOTYT 00DPa30BHIBATE APYT C APYroM yracl,
OTJHYHBlEe OT NPAMBIX. B HEKOTOPBIX CJaydasx Takue (Gakropbi MO-
ryT ObITh Jydlle IPOMHTEPIPETHPOBAHBI, TAK KaK YacCTO HArpy3KH
HAa HUX OKa3bBaioTcst Oojee BplcoKMMH. OnHaxo NPH HCIO/ib30Ba-
HII 3THX CXeM BO3HHKAIOT HeKOTOpble TPYAHOCTH TEOPETHUECKOTO
xapakrepa. Bo-mepBBlX, (axkTOpHas MOJeab OCHOBAaHA Ha Jomylie-
M,  4To HabJaojgaeMast KoBapHalLHOHHAs — MAaTpHIla sIBJACTCA
Pe3yJIbTATOM KOPPEJSIHH MEXKAY # MepeMeHHBIMH U p B3aHMHO He-
goppeaupoBanubiMu pakropamu. Ocsalbaenne yCa0BHs OPTOrOHab-
HOCTH BejeT K BOSHUKHOBEHHMIO B3aHMHOH KoppeasuHu Mexiy dax-
TOpaMu H, IIO-BHAMMOMY, pacliHpseT HCXOJHOE MHOXKEeCTBO 101y-
utennii. Ecau ¢axTtopnl OKasbiBalOTCA KOPPEJHPOBAHHBIMI, TO B
CILTY CYILeCTBOBAHHS B3aUMOAHCTBHA MeXK1y MapaMu HepeMeHubiX
U tapamMu (axTOpPOB COOTHOIIRHHS MEXY (aKTopaMu H ICXOAHBIMA
MepeMeHHLIMH OKa3bliBaloTCsl 3HAUMTEAbHO OoJee CAONKHBIMH. U4eM
npeanoJgaraerT Mojeab. Haduume B3aUMHON KOppeslHH HABOAHT
Ha MbIC/Jb H O TOM, 4TO, BeDOSITHO, HEOPTOTOHA/ bHble (PAKTOPLI CaMH
no cefe SIBJSIOTCS He yeM HHBIM KdK Pe3y.JbTaToM  KOppeaslnH
MEXKAY HEKOTOPbIMH «cynephakTopaMu», elie 6ojee Tay0OKO CKPEI-
TBIMH OT NPSMOIO HabJONeHU.

I[lepBonauaabHo (GaxTopHblll anaju3 npeiHas’Hadancs 11s 00b-
SICHEHHH B3aUMHBIX CBsI3ell MeKAy 60JbLINM KOJHUUECTBOM IepeMeH-
HBLIX Npd HeGOJBIIOM uHC/e (akTOpoB. ITO CONPOBOKIAAIOCH TeO-

20—115 305




PHeH, KOoTOpas MO3BoOJAJNA IpeACKa3aTb NPHPOLY (HaKkTOPOB, YTO
‘06serua o HX HHTepmperauuio. OQHAKO KOTAa bakToOpHHN aHanu3
CTal NMPHMEHATbCA B 00JaCTSAX, B KOTODHIX 3apaHee HHKAKOH Teo-
pHH HEe CYLIeCTBOBAJIO, TO 0K43aJ]0Ch HeOGXOHUMEIM OOBICHHTL
CMBIC/T NOJYYaeMbiX (GaKTOPCB. JTO He BCErjAd BO3MOKHO, TAK KaK
TEOPETHYECKHe OCHOBB (PAKTOPHOTO aHA/H3a CJHLIKOM Majo pas-
BUTLI 17151 TOTO, YTOOBI MO3BOJNHTE BO BCEX CAYYasiX 1aBaTh afeKBaT-
Hoe obnsicHenne ssienns. OfHAKO BMeCTO TOrO uTOGH NpPH3HATH
CBO€ mopaxeune, GaKTOPHLIA aHAJNH3 DEKOMEHIYET HEeOPTOrOHAJb-
Hble CXeMbl BpallleHHs, KOTOPble NO3BOJSIOT BLIPA3HTh (PAKTOPH B
TepMHHAX HCXOAHLIX MepeMeHHbIX. TakuM obpasoM, HCCAedOBATENb
NPOXOANT MHOJHBI LUHKA OT IepeMeHHBX K (akTopam (C Leabio
CXKaTH# JAHHBIX) H 3aTeM CHOBa K NepeMeHHLIM (1Js HHTepIpeTa-
UHUH (GakTopoB).

Cka3zaHpoe HeJb3S CUHTATH NMOATBEPIKIEHHEM TOTO, YTO METOAbI
HEOPTOTOHANBHBIX (haKTOPOB Gecrnosie3nbl: HCMOAb3YS HX, B HEKOTO-
PBIX cAyuasx yAaJoch IOJYYUTb XODOIIHE pe3yabraThl. OgHaKo
ecny oGbIYHblE METONbl aKTOPHOrO aHa/u3a AAioT MJIOXHE Pe3y.b-
TaTbl, HOBHYOK NMPHUXOIHUT K BHIBOAY O TOM, YTO OHH HENPHMEHHMHI
K JaHHOH 3ajaye HJH YTO O NMPHYHHHBEIX CBA3AX MEKIY MepeMeH-
HBIMH HM3BECTHO CJHMIIKOM MaJjo AJs TOTO, YTOGH NaTh HHTEpHpeTa-
uuio gaxropos. Heoproronassuule pelieHnst BHOCAT 3JeMeHT Cy6b-
eKTHBHOCTH B yKe H 6e3 TOro J0BOJBHO NIPOU3BOJIBHOE pelIeHHe
331244, KOTOPOTO HALD TILATEJbHO H30eraTh BCeM, 3a HCKIICUEHHEM
sxenepTos. MuTepecyromuiicss uuTaTes s MoKeT 06paTHTBCS K KHHULE
Xapmana [22] u panneii paGore Tspcroyna [63, ra. 15].

PaccMoTpuM Teneps anbTepHATHBHLIN R-MeTox (haxkTopHOrO aHa-
JM3a, WJIH MeTON MaKCHMAaJbHOTO IIpaBAonoaoGus, paspaboTaHHLI
Jloyau [39] u 3aTeM MoaHGUUKDOBAHHBI MHOTMMH HCCJAEAOBATENA-
mi. OH He KacaeTcs Tpo6JieM, BOSHHKAIOWIUX B APYIHX (DaKTOPHEIX
npoueaypax. Meroa MakcuMasnbHOrO UPaBAONONOGHS NPe0IoNeBaeT
X Gaarojapst BBeNEHHIO HeKOTODPBHIX HAYAJbHBIX MPEANOJONKeHHH
0 npupojie GaKkTopoB U QHCHEPCHH celHbHIeCKOro paxropa. Pak-
TOPHl NIPEeANoJaraloTCs HOPMAaJbHO pacnpeleeHHBIMH C HyJeBHIMH
CPDeIHHMH H eIMHHYHBIMH NHCIEPCHAMH. DJeMEHThl MaTpHILI JHC-
nepcuit crmeunduyeckux (GaKkTOPOB TaKKe NPEANOJATAIOTCH HOD-
MajbHO DAaCHpele/leHHBIMH C HYJIeBBIM CPEeIHNIM U JlcHepcHed
{vare;;]. Bee dakTopsl U 3meMeHTH ClelHpUUEcKOi IHCIepCcUu aa-
Jee TIpeNNcnaraloTcss He3aBHCHMBIMH. TaxkuM o6pasoM, Habawonen-
Has MaTpHia nucnepcnit n xosapuauuil [s?] npesnmosaraercs no-
cTatouHoit 1ast ouesku [Z], memabmogaeMoil MaTpHULI AuCTepCHit
U KOBapuauui Mexay ¢axkTopami.

ITosryueHne oneHOK MaKCHMAJbHOTO NMPaBAONOAOGHS haKTOPHBIX
Harpysox TpefyerT MaTeMaTHYeCKHX BEIKIAJ0K BCe BO3pacTaollel
C/I0XKHOCTH; B COTVIACHU C IPYTHMH aBTOPaMM MEHl NPOCJIEIHM pas-
BHTHE 3THX MeTOJl0B. MHTepecymolluxcs vuuTaTenefi OTCHLIaeM K
Jloynu u Maxcseay [40] u Vlopeckory {32]; oueHp mOHATHOE U KO-
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pOTKOe H3JIOKEHHe MPHBOLHT Moppucor [51]. Mp orpanHuuMcs
yccaeloBAHHEM COOTBETCTBYIOUHX BBIYHCJUTENBHBIX TNIPOUEIYD B
roM BHIe, KaK OHH INPeACTaBJieHb B OOUIeNOCTYNHEIX (OHIAX BHI-
yiCHTeAbHBIX IPOrpaMM.

MeTo MaKCHMaJbHOTO INpPaBONOAOOHS HCXOAUT H3 TOrC Ke
MO/ IbHOTO YPABHEHHUS, UTO U ApYyrue GopMbl (paKTOPHOro aHaansa:

[s°] = [AR] - [AR]"+ [var e;].

OAHAKO OLEeHKH MaKCHMAaJbHOTO HpaBIonogobus A48 ¢axTop-
HBIX HArPY30K TOJYYaloTCsi UTEPALMOHHBIM MeTojoM. HToObr mosic-
HHTH LMarTH UTepauuil, BBeneM obosnauense [:a;/], o3HauaoLee 10
nTepalllio B alNPOKCHMALHU CHellH(pUUeCKOH aucCnepcHu j-if mepe-
MEHHON JIeBOH 4acTH mOcJ/e H3BJedYeHHs r-ro axropa.

Haua/bHble OUEHKM HATPY30K Ha MNepBHil $axTop [p@;1] ocHo-
5LIBAIOTCS HA 3J€MEHTax MepBOTO COOCTBEHHOTO BEKTODA, H3B.e-
4eHHOTO M3 HabJ/I0AeHHOl MAaTpPUUBl AHCIEPCHH M KoBapuauiit {s?].
IUkann 3JeMeHTOB COOCTBEHHOTO BeKTOpa BLiOpaHml TakiM ofpa-
30M, UTO CyMMa HX KBajpaTOB PaBHA NepBOMY COOCTBEHHOMY 3Ha-
qeqn1o. HavasbHas annpokcHMalist AMCHEPCHH ompejedsdercd 1o
hopayae o

[ovare;;. | ==dlag ([s*] — [o@n] [ o2 1]") (6.64)
{omepartop diag o3HayaeT, YTO COXPAHAIOTCH TOJIbKO AHATOHAIbHLIE
9JeMeHThl MaTPUILbL).

Hasee BEHUHCASIOTCA 3/7eMEHTH MaTDHUILEL

[ovar e )1 ([s%] — [pvar e af) [pvar &5 ]~ (5.65)
il ompeaensiioTcs nepBoe cOOCTBEHHOE 3HAUEHHE H HepPBabIf cnber-
seHHblil BekTop. COOCTBEHHBII BEKTOD CHOBA (ODMHPYETSs  Tax,
yTo6H CyMMa KBaJApPATOB ero 3JeMeHTOB paBHAJACh COOCTBEHHOMY
3naveHuio; X Mbl o603HauuM [ia;1]. Ouenka MaTpuubl GaxToDHHIX
1aTPy30K B KOHIE NepBOH HTepallMH OmNpeieneHa GOpMyJoH

[LAT] = [vareja]="2[,a ). (6.66)

Ouedra JHCHEPCHH B KOHUE NePBOIH HTepalkMH HAXOMNTI? 110
dopuyae

[\var ;1] = diag (|s?] - [, AT]). (6.67)

3To aHanoOrHYHO HAUYAJBHOI OlEHKe 1HCIEPCHH, ONpeieneRuol
dopmysoit (6.64). DTOT mpoUeCC NOBTOPAIOT, HCIOJB3Ys HOBZblE
OlleHEHILIe 3HAauYeHHs [varej.]. MTepaunuu npojosKamoT 10 Tex
nop, noxa [;AR] u [;414,8] Gyayr ornnuartbes He GoJee ueM Ha
3aJaHHYI0 MaJaylo BennuuHy. Ctos0uel BEKTOpA [,-AlR]——usm oued-
KH MaKCHMaJbHOIO INpaBjoNofobHs HArpy3oK Ha IepBblil (axTtop.

TunoTe3y 0 TOM, UTO NaHHBIE COJAEPKAT TOJBKO OJAMH (HaxTop,
Tax uTo

[s?]=[AT] [AT) + [var e);.],
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MOXKHO IIPOBEPHTb C IOMOILbIO KPHTEPUS %2 METOAOM, ONHCAHHHIM
Moppuconom [51]. Ecau e rumorTedy OTKJOHSIOT, TO K06aBJAIOT
Hosble axTopbl. MX BbUHCASIOT METOIOM HTepalilil, aHaJOTHYHBIM
TOMY, KOTOPBIM BLIYHC/AAMM HepBb (akTop. OTJHUHE COCTOUT B
TOM, YTO NPOLECC HAUHHAICA C MATPULLI OCTATKOB [$Zres]:

[sfes) = [s2] — [, AF] [,ATY.

M3 3T10f MaTpHLBl onpefedsiOT MepBble ABa COGCTBEHHLIX 3HA-
HeHust i coOcTBeHHbIX BekTopa. CobcTBeHHBIH BeKTOD [o@j2] ABuIS-
€TCsl Ha4yasJbHOH allmpokcuMauuell BToporo (paxkropa, KOTOPHIH KOM-
Sunnpyercs ¢ BexktopoM [;A:R] ¢ neanio o6pa3oBaHus MaTpPHLLL

[0A2R] = [:A1R oaj2].

C novollbio 3TOi HayaJbHON OIEHKH ABYX(PAaKTOPHOH MATPHILBI
Harpy3ox noJyden anajor ypasHenusa (6.64). Ilpouecc, kotopnii
Obla1 HCIOJb30BAH JJISl OLEHKH HArpy3ok Ha NepBLi GpakTop, Tenepb
npuMeHeH A/ IOJy4YeHHs Harpy3oK Ha Bropo# ¢akrtop. [locse toro
KaK ycToHuMBas OLlEHKA HalileHa, IpoBepfAeTcd ee 3HAYHMOCTb.
B cayuae NOJIOXKHTENBHOrO pesysbTara [pPOLECC MOBTOPSieTCs ¢
LeJIbI0 ONpeleJeHHsd TPeTbero (akTopa, 3aTeM YeTBEpPTOro U Tak
jalee.

MozKeT CyyHThCs, YTO BCE CHCTEMAaTHYeCKHe HCTOUHHKH H3MEH-
YHBOCTH OyAyT ONpejeseHbl, H IIPOLECC BbiaesneHHs (axkTOPOB 3a-
‘KOHYHTCS.

O6o6iente MeTOa MaKCHUMaIbHOTO NPABAONOAOOHS BblAE]CHHS
$axTopoB OYEHb HaNOMHHAET AHAJOLHUHBLI NIpolecc (HaKTOPHOTO
aHa/Ju3a, OCHOBAHHOTO HA MeETOJEe TIJIABHLIX KOMIOHeHT, PaxTopbl
MOZKHO MOJABEPIHYTh BPAIIEHHIO C HeAbI0 NOJYUEHHS NIPOCTOfl CTPYK-
TYpPH H JazKe J0 KOCBHIX HIOJIOZKEHHil B 110HCKaX HX OCMBICJEHHOH HH-
TepnpeTanHH. PellleHns 3aiayd anpHOPHOrO ONpeleseHis 4ducaa
(axTopoB p MOXKHO H30emwaTh, H (PAKTOPHl OKaA3bIBAKTCS CBOOOI-
HbIMH OT CMELLeHHs, NpHUcyliero (GaxtopaM, OnpejenaeHublM 0oJee
NPOCTEIMH MeTOIaMH. K cOKajJeHHIO, OCHOBHLIE ApPIyMeHTLI KDHTH-
KOB (PaKTODHOIO aHanusa OpPIMEeHHMBl U 34ech. AHAAH3 OYeHb II0-
Je3eH B Tex 00.1aCTAX, rie XOPOIIO H3BECTHLI NPHUHHHLIE OTHOILE-
Hus aBjaenull. B reogorun, ogHaKo, NOJ0KEHHE TAakoO30, 4TO CHpa-
BelJHBble CEeroiHs HCTHHLI 3aBTPa OKAasLIBAlOTCA IHCKPEIHTHPO-
BAHHLIMH, 1 (DaKTOPHDlE HHTEDIPeTALHH, NO-BHAUMOMY, HaXOIATCH
He B ’vumles nodozkeHHn. CKeNTHYECKH HACTPOEHHOMY YHTATEJIO
MOZKHO DEKOMEHI10BaTh MO3HAKOMHUTBCA C KPHTHKON IDHMEHeHHs
daxroproro aHamusa B reoJgorun Temmia [62] n ¢ Goaee 060cHO-
BaHHLIM OTpHuaTeapnbiy MHenilem Merene u Pefixepa [49], orHo-
CAUINMCS K NPHMEHEHNIO (GakTOPHOTrO aHaju3a B TUAPOre0/OTHH.

Q-METO[ ®AKTOPHOTI'O AHAJIU3A

Tenepb ob6paTiMca X Q-MeTo4y (AKTOPHOrO aHa/nH3a, B KOTOPOM
OCHOBHOe BHHMaHHe YIensieTcsl HCKAIOUHTEIbHO HHTepIpeTalud OT-
HOLIEHHH MHOXKeCTBa JaHHBIX BHYTPH 00beKTa, a He OTHOLICHHH
MexK1y TepeMeHHBIMH (W KOBapHamHil), HCIOJb3yeMbiX B R-Me-
toje (akTopHOro aHa/nusa. ToT (axT, 4TO 3TH j1Ba METOJa B CYMI-
HOCTH 3KBHBAJEHTHH, He OLLT 3aMedueH GOJBLUIHHCTBOM HCCJAeN0BA-
Teseil, UTO NPUBEJO K CO3JaHHIO KpaliHe 3aNyTaHHLIX U OYeHb CJA0XK-
HHIX B BLIYHC/JUTE/ILHOM IIJIAaHE AJrOPUTMOB Q-Meroaa.

[Tepsriii mar Q-Merona (GakTOPHOro aHajgM3a COCTOHT B (op-
MUPOBAHNH MaTpPHIBI cX0ACTBa mopaAxka nXn. Kospduumesr kop-
pe/IillUH, OAHAKO, MOXKHO PaccMaTpHBATh Kak Mepy CXONCTBA, TaK
KaK JJf ero omnpeleseHuss TpebyeTcs BLIUMC/AEHHe IHCHEPCHH IO
nepeMenubiM. Takas Mepa lIMeeT OU€Hb HENOHSTHBHIH CMBICI.

HauBosee wHpoko npuMensieMas Mepa cxojactsa B Q-merone
$aKTOPHOrO aHaAH3a — 3TO KOCHHYC O, NPONOPIHOHAJIBbHBIA KO3b-
pHUHMEHTy CXOJCTBA

cosh;; = k:; = ] (6.68)
SN N,
k=1 k=i

STa Mepa BBRIPAXKAET CXOJICTBO MKy OOBEKTOM C HOMepoM I
i1 06BEKTOM C HOMEPOM j, €CAM PAacCMAaTPHBATh KaXKABLIH H3 HHX KaK
BEKTOp B /-MCPHOM npocTpaHcTBe. Kocuuye O —xocnuyc yrida
MeXK1y 3THMH JABYMS BeKTOpaMH. 3aMeTliM, YTO 3TO YpaBHeHHe
OueHb HaNOMHHAaeT 1o (opMe KOdQPHUIHEHT Koppeadanuu (cM. dop-
Myay 2.24); ecan mepeMeHHble CTAHAAPTH30BAHBI TAK, YTO HX Cpel-
HHe DAaBHLI HYJIO W CTAaHIAPTHLIE OTK/JIGHEHHUS DaBHBl eIIHWIE, TO
1Be Mepbi OyAyT UHCJEHHO COBNAAaTh.

Kocunyce 6 usmensierca ot 1,0 145 aByx 00beKTOB, BEKTOPHbie
IpeACcTaBAeHns KOTOpbiX coBmazgator, 1o 0,0 1is8 oOBEKTOB, BEKTO-
pbl KoTopbix ofpasyior yroa B 90°. Tax xax kocuHyc 6 usMmepser
TOJBXO YIVIOBOE CXOJCTBO, TO OH UYBCTBHTEI€H K OTHOCUTEJbHbIM
MPONOPLUHSM MEePEMeHHbIX, a He K HX abcoJioTHbIM Beanunnam. Ec-
JM, HampuMep, H3Mepenus OLININH cAedaHbl Ha ABYX Opaxilonogax,
KOTOpble HIEHTHYHLI MO BHAY, HO HE 1O pasMepy, TO Mepa CXOACTBa
cos § mexay numu Oyiaer paBHa 1,0,

Marpuny CXOACTBA NOpsnka nXn ynoOHee BCEro CTPOHTb, BBI-
uncasig cos O B ABa mara [33]. Cpauaga kaKIblft 3/71eMeHT CTPOKH
B MaTpHle NAHHBIX JEJHTCS Ha KBajpaTHBI KOPeHb H3 CYMMBL
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3uauennss KocHuycoB 6, KOTOpble MPONOPUKHOHAMBHE Ko3dduuneHTam
HHKHAS MONOBHHA CHMMETDHYECKOM

a b ¢ d e f g
a 1,0000
b 0,8993 1,0000
[ 0,5992 0,8554 1,0000
d 0,509 0,7916  0,9920 1,0000
e 0,7406  0,9520 0,9658  0,9284 1,0000
H 0,9167 0,9959 0,8566 0,7917 0,9462 1,0000
2 0,9314 0,7963 0,5005  0,4152 0,6284  0,8276 1,0000
P 06,6782 0,9191 10,9848  0,9586 0,9951 0,9134  0,5708
i 0,9458 0,9817 00,7881 0,7129  0,9021 0,9834  0,8130
K 0,9137 00,9732 0,7591 0,6009 0,8790 0,9664 0,8028
& 0,9113 10,9935 0,8138  0,7477 10,9225  0,9877  0,8326
i 0,6457 0,8963 10,9939  0,9766 0,985l 0,8027  6,5517
m 0,7873 0,9585 0,9529 0,9156  0,9830 0,9623 0,7258
n 0,8868 0,9683 0,8183  0,7586 0,9074  0,9714  0,%724
o 0,7909 0,8171 0,7825  0,7385 0,798l 0,8579  (,8659
P 0,8777 0,9887 10,8982  0,8392 0,9703  0,9924  0,7652
g 0,8766 00,9904 0,8826  0,8207 10,9664  0,9880  0,7448
r 0,7393 0,9545 0,9602  0,9252 0,9960  0,9464  0,5462
5 0,9589  0,9828 10,7937  0,7193 0,%006  0,9915  0.%652
t 0,8154 00,9758 0,8362  0,8495 0,9636  0,9685  {:.759¢
u 0,9460 00,9882 0,7900  0,7156  0,9061 0,9880  0.3244
v 0,6095 0,8833 0,9833  0,9702 0,9759  0,8720  0,5244
) 0,5899  0,8396 0,9961 0,9943 0,944  0,8438  0,5096
x 0,7339 00,9503 0,9395  0,9059 0,9802  0,9394  {,8682
y 0,7749  0,8571 0,9925 0,9857 0,9676 0,8495 3.4835
KBaJapaToB 31eMEHTOB 3TOr0 ¢T0J01a:
w g, = Xik (5 69
© (8.69)
o S;‘ o
i/, Lo Fin
k=1

3To MPHBOLUT K CTAHZAPTH3AUHH OOBEKTOB, TaK UYTO KBAAPATH! Ne-
PEMEHHLIX, H3MepeHHble Ha KayKAoM OOBberTe, B CyMMe AaiOT eiud-
Huuy. Toraa cos 0 onpenensiercs no dopmye

m
cos b j= §
F=1

Wip Wig-

(6.70)

B Marpuunbix 0603HAUEHHAX, MBIl CHauaja oNpefeiseM MHaro-
HajabHylo Martpuuy [D], mopsaxa nXn, xoTopasi COAEPXKHT CyMMbL
KBaJpaToOB 3JIEMEHTOB KaxKAOH CTPOKHM BLOJb JHATrOHAJIH H HYJIH B
OCTaJIbHHIX MecTax.
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TaG6unuua 6.28

cx0,1cTBA MeXAY 25 Ga0KaMH, npuBeaeHHbiM B Tada. 6.18 (Toabko
MaTpHibl HMEET MOpSIoK 25 25)

i f k 1 m n
10000
0. 8377 1,8008 | 0000
) 8360 0,947 ,
ggﬁtﬁo 0,9705  0,9920  1,0000
00065 0.8265 0,8154  0,8628  1,0000
0761 0,9042  0.9123  0,9423 0,973 1,0000
0’8768 0,9259  0,9837  0,9824 0,8648 0,9531 1,0000
0'-a80  0.7813  0.8098  0,8174  0,7943 0,8834 0,8924
0'qpa  0,9759  0,9332  0,9673  0,9251 0,9703 0,9442
0’a377  0,9820 0,9342  0,9687 0,9133 0,9561 0,9332
0’9914 0,8934 0,8979  0,9335  0,9844 0,9888 0,9270
0’8579 0,9930 0,9598  0,9772  0.8319 0,9220 0,9538
n'o156  0,9174  0,9624  0,9764  0,9359 0,9819 0,9801
n'gR20  0.,9984  0.9630  0,9819 0,832l 0,9129 0,9424
00806 0,7987 0,8138  0,8561  0,9948 0,9639 0,8609
00715 0.7671  0.7526  0,8026  0,9869 0.9498 0,882
00747  0.8774 0,9166  0,9410  0,9704 0,9850 0,9446
5639 0.7739 0,773 0,8227  0,9954 0,9520 0,8280

CranpapTusanis ocyllecTsisgercs npeobpasosanueM

[W] = [DI*[X], (6.71)
A AMaTplila CXOACTBa cos B uMeeT BHA
[cos 6= [W] [W]’=[D]-'[X][X]’[D]-" (6.72)

ToT daxr, uro matpuua {cos 0] mopsiika nxXn umeeT ue Gonee
m coBCTReHHBIX 3HAUEHHUH, BhITeKaeT U3 TeopeMsl dxkapra — lOura.
Ucnonbays ee, n0cTATOYHO HafTH cob6CTBeHHblE BEKTODHI mXm
matpunn [W])[W], a we 6onpweii Marpuunbt [cos 6], u 3areM mpe-
o6pasosaTh MeTkM R-MeToma B Harpy3ku Q-merona u HaoGOpOT.
3T0T BOMpoc MOAPOGHO PAcCMOTPEH B caeiayiolleM pasiene. B ue-
KOTODLIX c/yuasX COOTHOIIEHHe B3aUMOCBSI3H MEXIY (axTopaMiu H
MeTkavu R- ¥ Q-MeTONOB CHpaBeRJMBO TOUHO, HO 3TO 3aBHCHT OT
Choco6a wKaJHPOBAHHS, NPHMEHEHHOro K MartpHue paHHbix [X].

B Ta6sa. 6.28 npuBeneHa maTpuila CXOACTBA Q-Merona Ang maH-
HLIX no cayuafineiM 6a0kaM, a B Tabs. 6.29 npuBenensl coOcTBeH-
Hble 3HAayeHHs M TPH cOBCTBenHbIX BeKTOpa. Kak U CJ1ef0Bano 0XH-
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1,0000

0,8411 1,0000

0,8003 0,9971  1,0000

0,8081 0,9626 00,9573 1,0000

0,8452 0,9772  0,97%3 0,8972 11,0000

0,8432 0,9602 0,9542 0,9794 0,9317 1,0000

0,7893 0,9761  0,9816 0,9023 0,9943 0,9328 1,0000
0,7651 0,9016  0,8917 0,9823  0,8041 0,9386 0,8091
0,8607 0,8812  0,8609 0,9487  0,7799 0,8906 0,7711
0,8128 0,9450  0,9385 0,9939 0,8874 0,9900 0,8921
0,7547 0,8861  0,8740 0,9698 0,7784 0,9127 0,7814

@ ow gctwm\QbQﬁSN?ﬁ‘\“"'ﬁ‘Vq‘hm o oR

1aTb, NepBLIe HeCKOJBKO COOCTBEHHBIX 3HAUYeHHH YUHTLIBAIOT MOYTH
BCIO M3MEHUHBOCTb MexXay OsoxaMH. X coOCTBeHHBIE BEKTOPBI
MOKHO IIpeo0pa3oBaTh B BEKTOPH! (DAKTOPHBIX HaTPy30K, yMHOXKas
KaxKIyl0 KOMIOHEHTY BeKTOpa Ha COOTBETCTBYIOUIee CHHIVJSAPHOE
3HayeHue (MJM KBAJApPATHbIH KODEHb 13 COOTBETCTBYIOULEIO <OOCT-
BEHHOTO 3HAueHHsA). IDTO B TOYHOCTH Ta e Ipolelypa, KOTopasi
HCTmoJb3yeTcsl B KR-Merole ¢axTopHOro anaausa. @axropHble OCH
Q-MeTosa WKaAJUDPYIOTCA Takdm 06pa3oM, UTOOB WX JUIHHbI OLIIY
NpONOPUHOHAABHB paclpe/lesieHHI0 BKJIAI0B cojeprialleficsd B HHX
Aucnepcud Mexay oObexkramu. B rabua. 6.29 TaximKe npHBOAHTCS
nepededb oceft -MeTojaa, KOTOPBIE COOTBETCTBYIOT TE€PBLIM  TPeM
COOCTBEHHBIM BEKTOPaM.

B Q-Meroze dakTopHOro anasausa eciau TpebyeTcs yCTaHOBHTB
CBA3H MeXay oGbekTaMy B BLIOOpDKE, TO HYXKHO HAHeCTH HATPY3KH,
a He (QAKTOPHLIE OCH.

Ha puc. 6.39 mpexcraBiessl HepBble jaBe Q-pakTopHLle OCH,
6s0KH u306paxkeHbl B MO3HIUAX, TPEACTAB/SIOHUX HX HAI'DY3KH Ha
¢daxtopwi. Jlyra Ha guarpaMme — ecThb 4acTb OKPYZKHOCTH, COOTBET-
cTBylomeil o6sacru, pasHolt 1,00; ecan HekoTopH# 0OBEKT momaja-
€T Ha OKDYIXHOCTb, TO JBa (PaKTOPA YYHTHIBAIOT BCIO HX H3MEHYH-
BOCTb. DJIOKH, paclo/oKeHHble BHYTDH OKPYKHOCTH, XapaKTepuay-
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I podoamenue Taba. 6.28

v w x Yy
1,0000
0,9776 1,0000
0,9769 0,9332 1,0000
0,9968 0,9877 0,9584 1,0000

[0TCA  H3MEHYMBOCTBIO, KOTOpasl He DpeicTaBjaseTcsd  ABYyMSA
thaxTopamii.

Ha puc. 6.40 npeacraBiiedbl BTopas U TpeTbs Q-¢paxTopHble OCH.
ITH U mpexacraBieHHble Ha puc. 6.39 QaxkTopbl BMeCTe ONHCLIBAIOT
999 o6we#l u3MeHuuBOCTH 06J0KOB, KOTOpPas B TOYHOCTH TAKOBA,
KAK MBI OXKHJaJH, 3HAs 3apaHee, Kakue OJOKH HCHOJAb30BAJIHCh,
Xotst Ha pic. 6.39 npencrapieHa obuias nporpeccus 6OAbIIHX 6J0-
KOB K MeHbIIHM, pas3Junyie B opMe He Tak BaXKHo, Kak B R-Merole
dakToprHOro aHanuza (cM., puc. 6.38). MoKHO 32aMeTHTDb, UTO BTODOI
u TpeTuil ¢GaxTopHl, NpeACTaBAeHHble HA puc. 6.40, paoT pacnpese-
JieHHE HAarpy3O0K, KOTOPble BaxKHee AJA Llesell K.1acCHDUKALHH, yeM
nepBLIi GakTOp, XOTH nepBBIH COOCTBEHHBLII BEKTOD I10 NOPSAAKY Be-
JUYHHEl Doablle, YeM BTOPOH.

B R-Metome $axkTOpHOro aHasnd3a JaHHBIE LEHTPHDPYIOTCS OTHO-
CHTEbHO HYJSI BLIYHTAHHEM CDEAHHX H3 Kaxk710ro HabmaioleHls 10
BhIae/IeHHsT PakTopoB. DTO He Henaercs B Q-Metode (aKTOPHOTO
aHa/H3a, NO3TOMY HepBrfi Q-PaKkTop ecThb IMPOCTO BEKTOP, BBIXOMLS-
Uil ¥3 Hauaja KOOPAMHAT M KOHUAIOMIUiica B IleHTPOHAE 3a1aHHO-
ro MHoxecTtBa 00bekToB. [leficTBHTeJNbHO, 3TOT INepBBIE  (akrop
BblpaykaeT «pa3Mep» HJAH KOMOWHHDOBAHHYIO BeJHYUHY MNEpeMeH-
HBIX, H3MepPeHHbIX Ha Kaxa10M obbekre. THIHUHO, YTO BCE HATPY3KH
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Tabaumwa 6.29

CoGcTBeHHbIE 3HAYEHHS, NEPBblE TPH COGCTBEHHBIX BEKTOPA H BEKTOPH (IaKTOPHHIX
HArPY30K MaTpuubl Kochuycos O t1a6a. 6.28. ColGcrRenHble 3HAveHUA
ot VIII po XXV TOXAECTBEHHO PABHLI HYJAIO

. B Braal B o6UIVIO CyMma BKAAAOB B
Bexrop Coécrzr;:x}ylze 3na nucrilepcmo?l%;o Oomcyfﬁom@fnep'
I 22,2999 89,20 89,20
1 1,9907 7,96 97,16
I 0,4546 1,82 98,98
v 0,2192 0,88 99,86
\Y 0,0324 0,13 99,94
VI 0,0029 0,01 100,00
VI 0,0004 0,00 100,00
ColcTBeHRBIH BOKTOD daxTop
Baok -
1 11 111 1 11 i

a 0,1780 |—0,3709 { —0,0414 0,8407 —{,5234 »v0,0-‘UJ,
b 0,2085 |—0,0969 | —0,1593 0,9645 —0,1368 —0,15935
I3 0,1961 0,2574 0,0625 0,9261 0,3632 0,0625
d 0,1859 0,3260 0,1047 0,8780 0.4600 0,1047
e 0,2079 0,1185 | —0,1101 (,9816 0,1629 ~—0,1101
f 0,2087 |—0,1123 1 —(,0613 0,9858 —0,1585 —0,0633
g 0,1606 [—0,4137 0,4273 0,7586 —0,5836 0,42("_5
5 0,2042 0,1804 | —0,0635 0,9644 0.2544 —0,0635
[ 0,2004 [—0,1783 | —0,2520 0,9462 —0 ) —0,2520
7 0,1997 |—0,1894 | —0,0658 0,9431 —0,0658
% 0,2055 |—0,1417 | —0,1168 | 0,9706 — G, 1168
l 0,2020 0,2126 0,0179 0,9537 0,017¢
m 0,2103 0,0604 0,1123 0,9933 0,122
n 0,2045 |—0,1301 0,1498 0,9658 0, 1498
0 0,1833 [—0,0913 0,7009 0,8655 0,7009
p 0,2095 |—0,0459 | —0,1089 0,9893 —0,0048 —0, iOth
q 0,2078 ]—0,0535 | —0,2168 00,9814 —0,0735 —-O,QH)S
r 0,2085 0,1095 | —0,0637 0,9847 0,1545 —-O,JQST
s 0,2026 |—0,1917 | —0,0826 0,9566 | —0,2705 —0,062¢
i 0,2090 [~—0,0069 0,0094 0,9870 —0,0097 G,0094
u 0,2018 [—0,1792 | —0,2294 0,9531 —0,2528 —0,2294
v 0,1993 0,2327 0,0011 0,9411 0,3283 G,0011
w 0,1943 0,2603 0,1567 0,9176 0,3673 0,1567
X 0,2073 0,0025 | —0,0103 0,9791 0,1305 —G,u1d2
7 0,1957 0,2697 0,0197 0,9243 0,3805 G,0i87

Ha nepBhil (akTOp HMEIT NOJOXMTENbHLIH 3HAK 1 MPHMEpPHs pas-
Hble BeIWUUHBL. Tax Kak nepBbli (axkTOP JaeT OUeHb MaJj0o HHHOP-
MalMH O CTPYKType NAHHBIX, TO OH OOBIYHC XapakTepuayercs Kak
«haxkTop poxAeHUA» U oTOpachiBaeTcsa. Bropofl u Tpethii paxiophl
{cM. puc. 6.40) cuuraiorcs 60Jiee BAXKHBIMH,

Ilas nanocTpauud pacCMOTPHM TeoJiorHYeCKH PHMED, B3sITHIH
H3 IeTPOJIOTHH H3BepKeHHBIX Nopoi. B raba. 6.30 npeacrarieHH
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puc. 6.20. Tpadmyeckoe npencrarienue
PanTOpHBIX HATPY30K Q-meTORa Ha mep-
ghle 2B (PAKTOPHBIE OCH HJAA JNAHHBIX No
510KaM, BHIYHCIEHHBIX MO MATPHUE CXOACT-
Ba cos B (cm. Tabu. 6.28).
(oM. UITO BEPTHKAJbNAs OChb CMenieHa
e7pHO HadYala Koopnumar. Jlyra
SHOSTH NPEICTaBAsieT 06IUHOCTD, paB-
Hyw 1,00

121311 N0 TJAAaBHLIM XHMHYECKHM
cocraragomnM 20 o6pasunos, Baf-
PLIN N3 CJOOKHOTO 1 OTYSTJIHBO
(G hePRBUNPOBAHNONO  MacCHBA
% CHHEIX nopod. C moMmoliblo
1547538 MBl DACCUNTLIBAEM IO-
TNTh Kaiwli obpasen Ha ero
“Auiee Mecto B paay andode-
uposannolt  ceprnn. IMopspok
onaHuA Hal1l0KeHidl B npefe-
HOCTeJ0BATeNbHOCTH  MOMKHO
UTb rpa@uyeckd Kaxk Ha-
pysiii Ha mapnl daxropos. Tax
€ax HAWH Haba100eHus Snny OpH-
SCIACHBL K CTaH,"‘IHpTHOMy BHAY, TO
JEIT 11300pakanTes  BeKTOpaMu
MU EeIl JJHHLI, H IoTOMY  HUX
KOHILBE JeKaT Ha egHHMYHoll oK-
PYABOCTIL. YTAB MeXay pasany-
ALIMA PAAMYCAMH MOJKHO paccMat-
DHBETh KAK MePhl CXO0JCTBA MeX-
1v 1abJI0ICHUAMN, YTO caefyeT H3
‘popMyant (6.68). Marpuua cxon-
°TBa, T. e. martpuua [cos6], npu-
selena B Taba. 6.31, a daxropras
vaTtpuua paHa B Taba 6.32. Co-
spadennl gBa $akTOpa, ¥ K HUM
dpliMensaeTca BpanieHde: haxTop-
fble  HaTPY3KH TOCIe BpallleHHs
idpuseressl B Taba. 6.33. I'pacuue-
CRH 3TH HArpyskH MNDPeACTaBJEHH
Ha puc. 6.41. OTmerum, uyTo Ha-
6a01enis pacnonaraiores B oll-
PeleNeHHO!  NOC/NeNOBAaTEeNbHOCTH,
HayvHasd ¢ HallomeHul, xjaaccu-
(ULHPOBAHHBIX KaK THIepCTeHoBOe rab0po, n KOHYAA KBApPLEBHMHU
cnenntamu. B Taba. 6.33 npuseneny Taxwxe GbaxTOpHblE 3HAYEHUH
HCXOAHBIX MEPEMEHHDIX (XMMHYECKHX COCTaBJAAIONINX) HA aBa ¢ak-

[
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Puc. 6.40. Tpaduueckoe NpeAcTaBACHHE (haKTOpHBIX Harpysox (Q-MeTOAA Ha (PLIK:
JAHHBIX 10 GJOKaM, BBIYMCJICHHBIX N0 MaTpHIE CXOHCTBA

cos B (cm. Tada. 6.28)

topubie oci 11 u HI nag

topa. $ICHO, 4TO HHTepIpeTalus ofonx (axropos, Xapaxrepusye
MbIX GOJBLIHM 'BECOM H IIOTOMY OTHOCHTE/IbHOH H3BBITOYHOCTHIC
KPEMHHAs M a/IOMHHHSA, COOTBETCTBYET TPaAHIHOHHBIM HpeCcTaBIe:
HESM O  TIOC/Iel0BaTeJqbHOCTH  Au(depernnalii N3BePKCHHDBIX
HOPOJ. . ‘
CrenaeM HECKOJbKO 3aKJIOUMTEJDHBIX 3aMedanii OTHOCHTEIBHO
Q-MeTo1a (GAKTOPHOrO ananusa. Ero raaBHas Leab 1O CYLIECTBY —
WieHTHHIHPOBATh KpafiHue WIeHBl — HaCcTOsALLIe K THAOTETIIe-
cKue OGBEeKTDb, HMelollHe 3KCTpeMajbHble CBOUCTBA. TIpomexyToy-
Hile OObEKTH 4acTO MOMKHO PaccMaTpuBaTh K4aK CMECH ABYX KpaH-
HUX UIEHOB, KAK 3TO C/eNaHO A/If U3BePKeHHDIX MOPOX, IPEACTaB-
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Ta6aruma 6.306

ConepxKaHHsl OCHOBHBIX NMOPOAQOGPAIYIOIHX OKCHIOB
B 20 npo0ax H3BEPMKEHHBIX NOPOA,

[asBuHHe IM0- Homep | SiO2 | AlpOgz | FeaOg | FeO | MgQ CaQ | NagO | KaO
poabl poGbI X1 X2 X3 Xa X3 X X5 Xs

CHEeHHTH 1 61,7 1 15,1 | 2,0 2,3 3,7 4,6 | 4,4 4,5
CHEHHUTH 2 58,3 | 17,9} 3,2 1,7 1,51 3,7 5,9 5,3
CHEHHTH 3 |51,2117,6 3,5 4,31 3,2 | 4,5 5,7 4,4
MOHLOHHTH 4 54,4 | 14,31 3,3 4,1 0,1 7,71 3,4 4,2
JIHOpHTHE 5 58,0 | 15,7 0,7 2,8 5,0 [ 10,9 | 3,0 3,2
JIHOpHTH 6 | 46,9 15,9 2,9 [10,0] 7,0} 9,6 | 2,7 0,7
JLHOPHTHI 7 |58,0117,3] 2,2 | 3,8] 2,2 4,3 4,3 | 4,1
Keapuesble AHO- & 155,6116,5¢ 1,7 4,641 6,7 6,7 3,2 2,5
HTH
II)'a66po 9 55,4 | 15,31 2,7 5,5 581 9,9 2,9 1,5
Ta66po 10 55,9 | 13,5 ] 2,7 5,9 6,5 89| 2,4 1,7
Hopurst 11 47,21 14,51 1,6 | 13,8 5,2 8,1 | 3.1 1,2
Hoputh 12 |148,2 1 18,3 1,3 6,1 10,81 9,4 1,31 0,7
I'unepcreHoBoe 13 44,8 | 18,8 | 2,2 4,71 11,831 14,6 | 0,9 0,1
ra66po
T'unepcreHoBoe 14 47,01 14,1} 0,8 | 15,0 16,0 2,31 0,4 1,7
ra66po
CueHnTh 15 59,8 | 17,3 | 3,6 1,6 1.2 3.81 5,0 o, 1
KBapuerble cue- 16 | 66,2]16,2] 2,0 0,21 0,8 1,31 6,5 2.8
HHTBI
UsMmenenusle 17 50,0 9,9 3,5 5,0 | 11,9 8.3 214 3,0
CHEHITH*
MOHUOHATH 18 | 57,4 18,5 | 3,7 2,1 1,71 6,8 +,5 | 3.7
MOHIOHUTHE 19 59,8 1 15,8 3,8 3,3 2,2 3,9 3,0 1.4
Jnabaszsl 20 52,2 1 18,21 3,3 4.4 4.7 6,51 4,6 e

* CojdcpaT BTOPHUHBIe MHHEpaJbl, BKJOUas AHONCHA.

JeHHbIX Ha puc. 6.41, KOTOpble MOXKHO HHTePHPETHPOBATH KK
YIeHDl NOCAeN0BATEABHOCTH TPATAUHHA MeKYy CHAMHUeCKHMH i de-
MHUECKUMH TopojaMil. Q-Merol (PaKTOPDHOTO aHajgH3a TaKKe HC-
HOJb3yeTCsl M1 KaaccuduKkauuu, 00bexTHBHO aaiouledl B CYyLIHOCTH
TOT K€ Pe3yabTaT, UTO U KJaCTeDHLIH aHaau3, ja eule ¢ GOJbIUHMH
saTpaTaMu MallMHHOro BpeMesH#. Ecmi  nedb  amamisa — HOINCK
TPYINI HJH KJACTepOB B COBOKYNHOCTH NPOO, TO KaK KJaCTepHbli
aHaqu3, TaKk U R-Meroj ¢axkTopHOro awanusa aatoT Oodee sddek-
THBHBIE CpeACTBa AJs 3TOro. Ecau sHadiMble GAaKTOpbl MOMKHO Of-
peie]lTh ¢ NOVOIIbI R-MeTojla, TO jAHarpamMa paccesHius (ax-
TOPHBIX METOK HJH KJACTEPHBIX AHArpaMM oOBIUHO JaeT IpeAcTaB-
JIeHHe O COOTHOLUeHHAX MeXay npofamu. B Kauecrse mpuvepd
Ha puc. 6.42 nsobpaxeHa gexaporpamma, NMOCTPOEHHAsI HA OCHOBA-
HUU KOPPeJsILHOHHOH MaTpullbl AJA JaHHBIX NO U3BepHEHHBIM I0-
pojgaM, IpuBeAeHHLIM B Tabu. 6.30, MeTOLOM yCpe/lHEHHUs B3BeELIeH-
Hpix map. OTHOCHTeNbHOE pacnosoxkeHue HaOJa0JeHHII TIOUTH B
TOUHOCTH COBHAJAaeT C DPAacloJOXeHHEM, NOJYUeHHBIM (-MeTOIOM.
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3unauennsa cos B pas 20 npob

H3BEPHCHHBIX NOPOA,

Tab6auwa 631

Howvep
Homep npoOLt
npoSs 1 2 3 4 5 6 7 8 9 10 >
11 12 13 14 15 16 17 18 19 20
1 1,000
2 0,997 1,000
3 0,994 0,997 1,000
4 0,99 0,991 0,994 1,000
5 0,993 0,988 0,989 0,997 1,000
6  0.972 0,968 0,981 0,987 0,984 1,000
7 0,998 0,999 0,998 0,995 0,992 0,977 1,000
& 0,995 0,991 0,995 0,998 0,996 0,980 0,995 1,000
9 0,991 0,986 0,990 0,998 0,993 0,992 0,991 0,998 1,000
20 0,992 0,985 0,988 0,988 0,996 0,991 0,991 0,997 0,999 1,000
‘1 0,966 0,961 0,975 0.978 0,974 0,996 0,972 0,981 0,984 0,984
190,971 0,966 0.978 0,985 0,985 0,993 0,974 0,990 0,990 0,988 1000
13 0,948 0,943 0,938 0,970 0,973 0,984 0,951 0,973 0,978 0,973 02981  1.000
14 0,934 0,522 0,940 0,950 0,937 0,970 0,936 0,957 0,952 0,056 0965 07993 1.000
150,998 1,000 0,996 0.992 0,989 0,967 0.999 0,991 0,987 0,986 0979 0969 0945 1,000
16 0,997 0,997 0,989 0,985 0,982 0,953 0,995 0,985 0,978 0,978 0’960 0°965 0041 0921  1.000
7 0,979 0,967 0.973 0,990 0,984 0,980 0,973 0,987 0,987 0,990 0’048 0°951  0°992 0011 099 1000
& 0,996 0,998 0,997 0.994 0,994 0,977 0,998 0,994 0,992 0,990 0970 0982 0960 0°965 0068 0961 1000
‘9 0.999 0,908 .995 0.995 0,991 0,973 0,999 0,994 0,992 0,990 0'968 0,975 0958 0925 0998 0992 097L 1.000
°0 0,992 0,993 0,998 0,996 0,993 0,989 0,996 0,998 0,996 0,993 0,968 0,070 0,946 0,93 0999 0,996 0975 0,997 1,00
0,980 0,988 0,972 0,947 0,992 0,984 0.977 0.997 0.993 ..000

Ta6anwa 632

$axTOPOB, HAMAEHHBIX MO MaTpHue cos 0,
npuseiennoll B tadn. 6.31

Mepebie nsiTH
TaGauua 633

HOMC:’! ] 3 $axTopHble HATPY3KW mnocje BpameHus u ($AKTOpPHble 3HAMEHMS, BBIUUCJCHHDIE
npooi | 1 1 11 v \ jQOHU*OCTb no MeTOAY BapuMaxc
1] 6,9948 | —0,0910 0,09492 0,0324 0,0069 | 0,0996 Howep mpo6ht I I Ot
9 i 0,9918 | —0,1223 —0.0177 | —0,0268 | 0,9997
51 0,0958 | —0,0587 —0.0457 | —0,0344 | 0,9083
4 | 0,9989 | —0,0126 0,0357 0.0178 | 0,9997 ! 0,7831 0,6177 0, 9580
E | 0,993 | —0,0191 —0,0596 0,0297 0,0353 | 0,9986 2 0,8044 0.5929 0 G986
& 10,9904 0,118 | -0,0133 | —0,0594 0,0309 | 0,9997 3 0,7636 0,6418 0.9950
7 | 0,9959 | —0.0838 0,0191 —0,0235 | —0.0086 | ©.9998 4 0.7349 06774 0 G980
§ | 0,999 0,0010 | —0,0017 0,012 | —0,0132 | 0,9596 5 0,7368 0,6709 0,9929
a | 0,9983 0,624 | —0,0336 0,0055 0,0391 | 0,9997 6 0,6377 0,7671 £,2950
10 | 0,9978 0,0223 | —0,0049 0,0291 0,0498 | 0,9994 7 0,7809 0,6236 09988
11 | 0,9833 0,1202 0.0550 | —0,0088 0,0746 | 0,9997 8 0,7254 0,6878 0.9993
12 | 0.9890 0,1259 | —6,0512 0,0008 | —0,0838 | 0,9995 9 0,7111 0.7009 09970
13 | 0,9721 0.1719 | —0,1552 0,0066 | —0,0365 | 0,9999 i0 0,7094 0,7620 (9960
14 | 0,956 0,2323 0,1691 0,0146 | —0,0527 | 0,9997 11 0,6316 0,7632 30814
15 | 0,9918 | —0,1257 0,0102 —0,0084 —0,0137 | 0,9998 12 0,6319 0,7712 0.9940
16 | 0,9844 | —0,1665 0,0458 0,0203 | —0,0113 | 0,9994 13 0,5879 0,7930 0,9745
17 0,9866 0,0783 0,0214 0,1316 0,0259 0,9980 14 0,5348 0,8259 0 968!
18 | 0,9950 | —0,0870 | —0,0367 | —0,0275 | —0,0089 | 0,9998 15 08068 05504 09995
19 | 0,9945 | —0,0946 0,0296 0,0035 0,0066 | 0,9989 16 0,8295 0.5566 0.9963
20 | 0,9981 | —0,0161 | —0,0236 | —0,0395 | —0,0295 | 0,9995 17 0,6628 0,7350 0.9796
Braaa p mucnepco (%) 18 0,7825 0,6207 0,9976
1,148 0,349 0,204 0,116 19 0,7873 0,6148 0,9979
Kymyasitunnil pkaan B aucnepcuio (%) 20 0,7360 0,6744 0,9965
98,124 99,272 99,621 99,825 99,942
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Bxaaz B ancnepcuo (%)

| 32,311 | 46,962 |
Kymyastusrbii Braaf B aucnepchio (%)
| 52,311 | 99,272 |
Marpuna dakropubix 3HaucHiuil, HaltleHHAs N0 METOAY BapHMAaKC
daxkTop
TlepemenHas
1 | 11
X 70,2648 5,6766
X 14,5830 8,1431
X, 4,5006 —1,0267
X, —16,2185 24 5371
X —19,4934 28,8944
X, —6,5178 16,8625
X7 11,4400 —6,9660
Xg 11,1204 —7,2130
10
I
0,3
¥ > N
08~ NS
A
X
Q0
037 N \% 8‘}'%
s )
QK®,6
06— Nq N
o
05—
041
0,3+
7
0,2+
01
0 S A ! [ 1 ! 1 L1
04 0,2 03 04 05 06 07 08 09 10

‘Puc. 6.41. TIpaduueckoe mzobpaxenune (akTopusix Harpy3ok B Q-Meroie ais
20 npo6 M3BEpKEHHbIX NOPOJ (cM. puc. 6.42)
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1 -~cneHur
19-moHLOHUT
2 -cuennt
15-cuennt
J ~cueunt
7 -punopur
18 “MOKULOHNT
16~ BBPUEBbIA CHEHUT
4 -MOHUOENT
- §-HBaPuesLIM AHOPHT
g-rattpo
0-ratdpo
5-pmopnTt
l 20-pyratas
17 -1A3MEGHEHHBIN CHUEHUT

6 -pmoput
H—mopwur

I———12-Hopur

13 -runepcrencroe raGGpo

L 14-rnnepcrencaoce raibpo
f I 1 |
034 0,96 0,98 1,00
Hoppesnauns

Puc. 6.42. Axaaus rpynn Adsd AaHHBIX XMMHUYECKOrQ COCTABA U3BEPHKEHHBIX NMOPOA.

DryT @HAJIH3 aeT B CYUIHOCTH TOT K€ Pe3y.ibTar, uTo U Q-Merox ($akTopHOro
aHaJ/n3a

AHAJIU3 [JTABHBIX KOOPOKHAT

AHasu3 ryIaBHBIX KOOPAHHAT — 5TO IIHPOKO PACHPOCTPaHEHHLIH
Q-veroa (akTOPHOro aHaausa. JTOT METO] B OCHOBHOM NPHMECHS-
2TCH B KOJHUECTBEHHOH OHOJOTMH M Ma/JeOHTOJNOIHH, XOTd OH HC-
f10Jb3YETCA TaKkKe B IIeTPOJICTHH. Me’I‘OL[ TJaBHLIX KOODIAHUHAT
nonyaspusosaiaca I'osepom [20] u monpo6ro paccmarpuasaica Apy-
ruMn aBropaMiu [56, 32]. OOBeKTHBHO C ero NOMOMIBLIO PelaloT Ty
#e 3ajnauy, 4to 1 Q-Meron (paxkTOpHOro aHaJau3a, T. €. ONpelessioT,
ABIAETCH JIH MHOXECTBO MHOTOMEepHBIX Ha0JilofAeHHl BLHIOOPKON M3
OJHOH M TOH ¥Ke COBOKYIIHOCTH HJIH OHO €CTh CMECh IpeJCTaBuTeNel
MeCKOAbKHX PA3JHYHBIX COBOKYNHOCTEH.

B r.aasHBIX KOoOpaliHATax IepBLLl 11ar COCTOMT B BLIYHCJ/EHHH
vaTpUlbl CXOACTBA MOPSAKA X7 HAH MATPHUBl DACCTOSAHHI Mex-
1v n 0OBEKTAMH MHOXKeCTBa NaHHBIX. MOXHO HCIOJBL30BATHL Al00OE
yaccTosHNe, HApHMeD, eBKJAUL0BO

m

D= 3 (i) (6.73)

R=1
21 —115 321




Marpuua cXoacTaa MexAy 25 cayuaiiHeiMH OJOKaMH;
comepxur paccroauus 'oBepa; 4acThb MaTPHHDBL, PacnoOJOXKeHHAs
¢ NOMOINBIO BLIYUTAHHA CYMM CTPOK H cwnﬁugx

Ta6auuma 6.34

4aCTh MATPHUBI, pacnojoxeHHas Haj 3Hauewusmu 1,000,
nos snovenussy 1,000, cogepxur paccrosuus [osepa, npeoGpasosannbie
2 ppufarjenns o0Wero cpeaHero

a b ¢ d e H

1,0000 0,2262 —0,7412  —0,8077 —0,8564 0.9341
a 1,0720  1,0000 —0,733¢  —0,6850 0.1049 0,2151
b 0,2415  0,9586 1,0000 0,9852 0,5418  —C,7002
c —0,7098 —0,7593 0,9906 1,0000 0,5617 0,7892
d —0,7810 —0,7151 0,9711 0,9813 1,0000 —C,7909
e —0,8551  0,0495 0,5024 0,5177 0,9306 1,0000
f 1,0546  0,2089 —0,6704  —0,7640 —0,7910 i,0690
g 0,9071 —0,0803 —0,5719  —0,6220 —0.9016 0,8669
h —0,9300 —0,2548 0,7408 0,7555 0,8817  —0,8826
i 0,3470 0,8211 —0,5550  —0,5425 0,113 0,5762
i 0,4833 0,6296 —0,8683  —0,7777 —0,5144 0,3782
kb 0,4697 0,7805 —0,5084 -—0,8271 —(,4026 J,8900
i —0,8500 —0,6471 0,9487 0,9558 0,6280  —0,02Ll
m 0,311t —0,8425 0,3595 0,2940 —0,5675 3131
n 0,7659 —0,0741 —0,5688  —0,5674 —0,9086 0,6940
o 0,6957 —0,8691 —0,0561  —0,1427 —0,7883 0,6882
p 0,4746  0,2308 —0,1474  —0,2001 0,0296
g —0,i58%  0,6867 —0,1923  _0,2124 0,5752
r —0,9751 —0,0728 0,5287 0,6620 0,8124
s 1,0461  0,2712  —0,8580  —0,7527 —0,7369
¢ 0,1256  ©,1052 —0,4431  —0,3302 —U,4039
u 0,4113  0,9005 —0,6083  —0,7017 —0,0028
v —0,9803 —0,3818 0,7456 0,8145 0,6970
w —0,4782 —0,0064 0,9361 0,0146 0,1804
x —0,7142 —0,0972 (,2293 0,3639 0,3156
v —0,9540 —-0,4889 0,8523 (,8064 0,7001

BecbMa miHpoko HCHOAb3yeTesl TakkKe paccTosanue ['oeepa

7

Gy 3 (1 L2l (6.74)

pasita '

-
k=1
Has Boiuncaenus paccrosiuusi [osepa Mexay i-M H j-M oObexTaMil
HeoB6XOAUMO BHIUHC/AHTL a0COJIOTHOE 3HAYeHHe pAa3HOCTH  MOKAY
HUMH AJd IepeMeHHOH ¢ HOMepOM Rk U Da3ieNuTb Ha pasMax nepe-
MeHHolI k. DTo JaeT HeKoTOpoe wucao u3 uurepsasaa 0,0—1.0, npu-
yem 6aH30CTH 00DbEKTOB COOTBETCTBYET MaJjoe 3HaueHHe KO3PPH-
LHeHTa CXOACTBA, a OJH3KHM K eIHHHIE UHCaaM — MaKCHMalbHOE
pacxoxaenne o6bexToB. Jlasi Toro 4ToOnl NOMYUHTh Mepy CXOICTBa,
BeAyllylo cefs MO aHAJOTHH C KO3(POUUHEHTOM KOppeJslHH, 3Ta
BesnyHHa BhLiynTaercs u3 1,0, BriuncieHue 1OBTOPAETCH A BLeX
m nepeMeHHBIX %, U3MepeHHBIX Ha O0DbexTax [ H j, 3aTeM pe3yabra-
Thl CYMMHPYIOTCS M Je/ATCS HAa UMCJAO IepeMeHHLIX A1, 4T0 B 3a-
KJIOueHHe NPUBOAUT K Benuunse G
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4 h i f k 1
(.8343 —0,9455 0,3172 0,4510 (,4431 —0,8790
—{,0663 —0,2045 0,8481 0,6541 0,8157 —0,6104
e 0,7751 —0,5441 —(,8569 —0,8943 0,9693
53,7944 —0,5669 —0,7646 —0,8084 0,9811
(,9460 0,1543 —0,4760 --0,3594 0,6787
—0,8875 0,3480 0,3475 0,3649 —0,8397
-3, 8836 —0,1708 0,4622 0,329¢ —0,7092
1,0734 1,0000 —0,1465 —0,6391 —0,5781 - 0,87%4
0,752b (,9408 1,0000 0,2692 0,4780 —0,E221
—0,1403 —,1763 G,9876 1,0000 0,9666 —0,7675
5,4952 —0,6724 0,2593 0,5925 1,06000 —0,7905
0,4623 0,9534 0,9811 1,0000
—{0,5443 —0,7872 —0,815 ,9680
—0,7371 —0,3018 —0,4739 0,1880
—0,2808 0,6344 0,4691 —0,6365
—0,46b3 —0,0041 —0,1701 —0,2410
0,6894 —0,3168 —9,1592 —,2761
(,3304 —0,0631 0,1482 —{(,1169
—0,2192 —(,3431 -—0,3066 G,6971
0,4692 0,3434 0,3738 —0,8145
—£),3946 C,7529 0,6067 —0,3409
(,9610 (},4535 0,6391 —0,6653
—0,4826 —0,4848 —0,5085 (1,8588
—0,7217 —0,7670 —0,8664 ,8408
—0,5164 0,1573 0,074} 0,4088
—(,4918 —{(,6322 —U,6533 0,0264

Iipi Boiuucienun paccTofnus I'osepa ue genaerca HHKaKHX H0-
{yiliesiil OTHOCHTEBHO MPUPOAL! AAHHLIX; HAOJIIOZEHHS MOIYT GHITh
HOMHHGIBHEMH HJAH TIOPSIAKOELIMH, HAH Gojiee BBICOKOTO pamHra.
HeficTeuTesbHO, MATPHIA AAHHBIX MOXKET COCTOSATb H3 CMECH YHCeN
Pa3HYHOTO THMA, TAKMX KAK YHCIA IIACTHHOK B Yalleukax KpH-
younell, IJAMH HX Lynajen H OTHOWIEHHH BHICOT yamedek K HX
AuaverpaM. Mepnl CXOACTBA JMJIA BCeX BO3MOMXKHBIX Nap 00BLEKTOB
IpeICTaBAANTCS B BHAe MaTpHuu accounanuil [A] mopaaxa nXn.
A1 arpuna OyjJleT CHMMETPHUEOR W OyieT HMeTh eJHHHYHLIE
3Haderiid Ha AHaroHaJH H uyHcla, DpHuajsgexkallde HHTEPBaJy OT
Hydas 4O €AMHHLLL, B OCTAJbHBIX MecTax.

Aaunble xaxaofi crpokn MarTpuubl [A] cyMMupylOTCS, NOJMyUeH-
has CcyMMa eJIITCA Ha n; 3Ta UpoUejiypa JaeT cpeiHee 3HAYeHHe
no crpoxe. Jlaunpie xaxkaoro cronbua matpuubl [A] Takxke cymMMu-
pyloTca M cyMMa JeJHTCS Ha n, YTO JaeT CPefiHee 3HAUeHHe [0
c10.16uy. O6GO3HAYHUM BTH CpelHHe COOTBETCTBEHHO Yepe3 dj. U ..
Hoxopures Taxkme obllee cpeiHee Kak CTPOK, TaK M CTOJGLOB H

N
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0,2417  0,7021 0,6164  0,4201 —0,1729 —0,9702  ©,9750

a —0,8552 —0,0808 —0,5916  0,2330  0,7089 —0,0112  (,2568
b 0,3308 —0,5915 —0,0947 —0,1612 —0,1651 0,5743 —0,6863
¢ 0,2700 —0,5855 -—0,1766 —0,2993 —0,18!5  0.6522 —,7785
d —0,5661 —0,9013 —0,7969  0,0458  0,6314  ©,8381 —0.7372
e 0,2453  0,6321 0,6104  0,5261 —(,9484  0.9903
i 0,513¢ 0,9431 0.8394  0,0199 —0,8426  0,7299
g —0,2907 —0,8895 —0,6301 —0,1054 0,9100 —0,8513
A —0,7642 —0,3110 —0,5023  0,6771 —0,1720  0,4404
i —0,3314  0,6108 —0,0437 —0,3315 —0,2885  0,3120
j —8,4877  0,4512 —0,2030 —0,1683 —0.2563  0,3482
R 90,1706 —0,6479 —0,2683 —0,2786 0,7540 —0,8336
! 0,5012  ¢,8785 —0,1803 —0,313%  0,1718
m ( 1,6000 0,7526 —0,2895 —0,6637 00,5425
n 0,5 1,0548 1,0000 00,0295 —0.7 —i1, 7373 0,5440
0 0,¢ 0,8232 1,0865 1,0000 ©,5796 —0.4083  0,6087
n —0,1285 —0,2437  0,091¢ 1,0370 G3,3030 —0,0128
7 ~—0,8713 —0,6760 —0, 7481 0,5765 1,0000 —0.9431
T —G.4215 —0,7073 —0,7350 —0,4308 G.G181 1,0000
5 0,2402 0,608  ©,6224 G,06623 —U, 9490 1,6701
t 0,1146  0,7062 . 3 —0,7962 —0,5503 —0,0862 ~ €.G799
I8 ~0,74684 —0,1378 0,5500 0,746 —0,280: ©,4935
o —0,1055 —0,6202 A7 —0,6348 —0,03 0,5646 —0,9813
w 0,6632 —G,2589  0,2647 -—0,2354 —0.4 (,2858 —0, 4756
X —0,1601 —0,10i6 —0,4115 —0,9048 —0,2 .0825 —0,8361
y —(,0074 —0,6680 —0,4278 —0,4153 —0,0407 U,8162 —0,9317

obosHauaercs a.. B pesyabTaTe 5TOrO 3/eMEHTH Q;» npeobpasyior-
Cd, NOJyuaercs HoBas Marpuua [Q], ameMeHTs KOTOPCH HaxoisTCs
1o @opmyJe

qir=0p+a. — (a;. — ay). (6.75)

PaccMOTpuM 1 6GBEKTOB, PACNOIOKEHHBIX B /11-MeDHOM npoeT-
PaHCTBe, ONPEACJNERHOM 3THMIL IepeMeHHBIMH. [lpeodpasozante
(6.75) mpusosuT X mepeHccy Hauasa KoopiHHat M-}CPHOTG NPOCT-
pancrea B HEHTPOHJ MHOXKeCTBa TOuekK. 3Ta Oftepaliiss HpHzOJHUT
K 3aMbIKAHNIIO MHOXKECTBA AaHHLIX, TAK KAK BCe CTPOKI M CTOI0LAL
HMEIOT TeHePb CYyMMBI 3JIeMEHTOB, PABHLIE HY.IIO, MOTOMY OIHO H3
CODCTBeHHBIX 3HadeHHii Marpuusl [Q] o6s3ano GmTL Hygem. 1o
TIPHBOAHT K BO3PACTaHMIO OTHOCHTENBHOH BEJNHUHHBI MEpPRLIX He-
CKOJIbKUX COOCTBEHHBIX 3HAUEHHH.

Hanee, HaxoaaTcs COOCTBEHHLIE 3HAUECHHS H COGCTBEHHBIE BeK-
TOpel MaTpuubl {Q]; 3T0 B ecTb TJaBHbie KOODIMHATLI MHOXKECTBA
Aaunbix. OTHOCHTeNbHAs BAaXKHOCTb KakKJOH KOODAHHATHL MOKeT
ObITh OlieHeHA TNPOCTHIM BBIYHC/IEHMEM NPOLEHTHOrO BKJIAAA KaK-
HOro coGCTBEHHOTO 3HAYeHUs B ciel MaTpuun [Q]. OGLIYHO ToabKG
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Ipodoamenue Taba. 6.34

t u v 2] X 14

0, (980 0,3826 —0,5852 —0,5220 —0,7157 —{(,6856

0,1343 0,9295 —0,3259 —0,8934 —0,0419 —{,4429
—0,4300 —0,6854 0,7814 0,5330 0,2685 00,8823
—0G, 3126 —0,6841 0,6549 0,9162 0.4’@.77 (?,(_}31]
—0,4208 0,0402 0,7629 0,2073 0,3848 Q,'{GOO
—0,0064 0,3933 — 00,5069 —0,7764 —(,4469

0,4235 —0,0696
—0, 3988 '
—0, 5300

(3, 7650

U,6245

—0,4680
(,6060

—0,31€5

[

[o4

1,0000 66345
00,9236 1.0000
0.5747 (1.9494

lepBEIe HECKOJIBKO KOODAHHAT NPEACTABAAIOT HHTEDEC, TAK KaK He-
PEIKO OHH YUYHTHIBAIOT OOJBLIYIO UacTh pasnuHil Mexay Hab.jawone-
HUdAMH., B 3akjaioyende HHAHBHAVAaJbHBIE HaTrpy3KH HA TIJaBHbIe
KOOPJHHATEl HAHOCSTCS Ha FPaduK; 9TO AeJaercs MOmapHEM H300-
paiKeHHeM MHOXKeCcTBa 7 COOCTBEHHBIX BEKTOPOB, Ka’KABHA H3 KO-
TOPLIX COOTBETCTBYET HEKOTOPOMY OODbexTy.

Jaa uanocTpaumi anaiiisa rAaBHEIX KOODPAHHAT BOCHOJNb3VEMCS
JHHHBIMI IO HCKYCCTBEHEBIM 6J0KaM. DTOT IpHME) HNO3BOIUT HAM
CPABHUTH DPE3YAbTATLI, NOJYYeHHble DasHbIMH MeTozaMu. B Taba.
$.34 mpefcraB/ienbl K0dPOHUHEHTLI CXOACTAEA MEXY HHIHBHAYAIb-
nLivn 6J0KaMu (MaTpuua nopaaxa 25X25), BHUNCIEHHBIE C HO-
MOWIBIO DaccTosinust Iosepa. B uacrtH, pacnosoennoll BLilIe 3HAa-
uennit 1,000, npejcrasieHsl paccrosuusa lopepa, onpejeieHHble
Ao ssieMeHToB Matpuusl [A] no dopmyne (6.74); » wacty, pacmo-
NOKeHHON HHXKe 3THX 3HaUYeHHH, — MeDHl CXOJCTBA M0CJe YKazaH-
HOTO Tpeo0pa30oBaHus, COCTOSILEr0 B BLIYHTAHMH 113 KaXKJIOTO 3Je-
MeuTa CPEIHEro IO CTpPOKe i CTOAGIY H NMOCTeayiltere poGas.enis
o61iero cpejHero, Kak 3To yxasaHo B ypasHedun (6.75). Jas 3ToH
martpuunl [Q] HaxoxATcst coOCTBeHHBIE BEKTOPH 11 cOOCTREeHHblE
3HAMEHHA.
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Ta6auua 638

CoGcTBeHHB2 3HAYCHMA, acCOMMHPOBARYDbIE € MNEPSLIMH  CeMbid KOOPAMHATAMH,
H3BJCHEHHEIMHE M3 BAHHBIX No GJoxam; rpaga 1-— nociesoBaTelbHOCTS
cofcTBenubX 3HAueHHi, rpada 2 — NPOLEHT oT 0JWeH M3MEeHYHBOCTH,

VAUTBIBASMOfl 2Jis1 KAKZOro cOGCTBEHHOTG 3HANEHHS, rpapa 3 — KyMyasTrsHas

pamenuueoctb (%)

Koopanuats: 1 2 3
i 13,3598 l‘ 53,5758
[i 6,5122 81,2954
031 4,2627 98,3897
Y 0,3291 99,7097
V 0,0682 99,9832
A4 0,0042 100,0000
NI 0,0000 160,6000
TaGanya 6.5%
Meprble Be raasHbie
HOODAUHATH JAHHBIX
110 GAoKamM; KAXKAb
12MeHT COOTESTCTBYET
reouEpeTHoMy GJI0KY
|| THaBHLI? KOOPHAMLITHL
Dacx ¢ i
[ 1 IS ¥
a | 0,285 | —0,0847
b 00,1318 0,313
¢ —0,2405 { —0,1232
d —0,2503 | —, 1110
e —0, 2071 0,2035
f (,2606 | —0,0745
g 0,2250 | —0,2210
h —{,2499 U,1019
i 0,1249 0,3108
j 0,1880 0,0683
)3 0,1897 0,1463
1 —0,2609 | —0,0727
m 0,0105 | —0,3822
n ,2006 | .—0,2333
c 0,1266 | —0,3410
p 0,0978 0,1222
q —0,0050 0,3500
r —0,2304 (,1255
s 0,2573 | —0,0431
t 0,0758 1 —0,1050
u 0,1532 0,3030
v —0,2572 0,0685
w —0,1942 | —0,2370
X —0,1491 | —0,0076
y —0,2657 | —0,0159
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B taba. 6.35 npuBejneHbl nepBble ceMb COBGCTBEHHBLIX 3HAUEHHH
marpuubl [Q]. 3amerum, uTo ceabMOe U mocJefylollie coOCTREHHbIE
3HAUEHHS DaBHHL HyJ0. [elicTBHTe/bHO, MepBLie ABa COOCTBEHHBIX
3HAUYEHHsT Aai0T BKJaajg B oOllyl0 U3MEHUHMBOCTb AAHHLIX 110 6J0KaM,
paBHuulil 81%, a Tperbe cofcTBeHHOE 3HAUEHIE 1aeT elle ACMNOIHHU-
TeJbHBIH BKJajA, paBHHEI 17%, YTO COCTABJ/SIET B CYLIHOCTH HOUTH
BCIO H3MeHuHBOCTh. (HamomHuM, 4TO AaHHBle OBAN MOPOXKAEHI
TOJBKO TpeMsi He3aBHCHMBIMH NepeMeHHbIMH. Heboabwast gonas us-
MEHYIIBOCTH, He YUTEHHAasl NepBOH, BTOPOH H TpeThel TIIaBHLIMHU
KOOpAHHATAMH, MOXKeT OblTb 00bfAcHeHa oMIHOKaMII OKPYTJEHIS B
BBIUHCJIEHHUSX. )

IlepBele jBe TAaBHBIX KOOPAMHATH, COCTORIINE H3 3JEMEHTOB
cobcrBennblx BexktopoB I 1 Il npusenenn B taba. 6.36. Kamawi
3JIEMEHT COOTBETCTBYeT HHIMBHIAYaJbHOMY HAGMIONeHHID. DTh Ha-
rpy3skH uscbparkernl Ha puc. 6.43. CpasuuTe pes3yabraThl, NOIVUCH-
Hble METOJOM TJABHBIX KOODAHHAT, C DenlenieM, MOJYYEHHLIM Q-
MeTOA0M (axTopHoro aHa/jusa (cM. prc. 6.39). 3amerus, 4rto 10T
(GaxT, 4TO0 AuAaroHa/bHBIE 3JeMeHTH MaTpuiusl [Q] moryt GuiTh ie
pasupity 1,00, osnauaer, uto npencrapieHne OOLIHOCTH B BHIE
ANarpaMME! HeBOIMOIKHO OCVHISCTBHTH Na eIMHHULON OXPYXKHOCTH.

AHANH3 COOTBETCTEUSA

@axTOpHEIL amanu3 NpeJHAa3HaueH AJs JaHHDIX, NPEACTaBJeH-
HbIX B HHTepBaJbHOH (QopMe HJAM B lUKaJjge OTHOILIEHHH, T. e. 1.4
u3Mepennli, CAleNTaHELIX B HENPepLIBHOH unciaeHHOH mkanae. OH He-
Npuro’del, HanpuMep, U TakKIX JAHHBEIX, KaK YHCJO HCKOMAaeMbiX
CCTaTKOB passnuHoro tuna B obpasunax. TakdHe HoMuHaJbHBE HaU
OCPAIKOBEIE JaHHbie MOTYT 0Ka3aTbCHd €IHHCTBEHHBIMII JIOCTYIIHEIM]
174 [CCOIe0BAHMs, H B HEKOTODBHIX CAYYasiX MOMKRT 0Ka3aThCA IO-
JeZHuIM 00paloTaTh HX, HCHOJAB3YS METOABl TEOPHH COOCTBEHHLIX
3Hauenill, aHanOTHYHBIE (PAKTOPHOMY aHAJIHSY.

3amaud, B KOTODPLIX HVEIOTCH JaHEBe-NeneyHcJends, OOhUHe
CiolCTEeHHDE OOLIeCTReHHLIM HayKaM. B KayeCTRe mpiMepa MOKHO
Ha35aTb pesysibTaTbhl AHKETHPOBAHHSA, KOTODLIE MOAPA31eisloTcs va
sarteropiit. Bocusy »T0ro GOMBLINHCTBO IICCjieAoBaniil, ocnosad-
HbIX Ha HCIOJb30BAHHM METOZOB TeCDHH COOCTREHHKX 3HaueHild
AJi5 aHa/JM3a TaKoro poja NaHHLIX, OLUIH CO3/aHDLI COIHMOJ0TaMu i
CTATHCTHKAMH, DabOTalOIIUMH Hal pelleHHeM  COIICAOTHUECHEHN
npodJeM. ITH Aanuple OGLIYHO TPEACTABISKTCH B BHAE YCJIOBHBIX
TabauL; Nepsas uzsecTiad paboTa, B KOTOPOH ObliH NpHMeHeH!ul
Taxpc Tabdanlel, npunanrexut Xupwhenbay [27], cm. raxxke [17].
Coscem HenaBHO DeHsekpu u apyrie Hceaenosareau [4] moapo6un
U3JI07KHJIH 3TOT METOH, H TePMUH «aHaJH3 COOTBETCTBHS», BBEIeH-
upifi DensexpH, NOsydua WIMpoKoe pacnpocTpanenre. Ero pabora
cTaja OCHOBOH AJIsI MHOTHX NpHJOXKeHHH B reosornu [60, 61, 12].

327




teopema IJxkapra — lOHra BepHa, u pemienHs, nHoayuesHnie R- u
(Q-MeTONaMH, IKBUBAJIEHTHEI.

Marpuuna Heo6paboranHbix paHHulX [X] WMeeT 7 CTPOK, Npei-
CTABJISIOINX HabNIOfedNs], H m CTOAOLOB NepeMeHHblx. CaMu 3Je-
MEHTH paccMaTpuBamoTcs Kak OMPKH. B 3agauax nmo magsecHTo.0-
IHH, HallpuMep, CTOJ6LBI MOILYT COOTBETCTBOBATbL BHA4M OCTAHKOB
MHKPOOPTraHU3MOB, CTPOKH MOTYT NPeICTaBAATh 00pasitbl, 0TOSpan-
Hble M3 Da3AMYHLIX CTpATHrpadHyecKHX HHTEPBAJOB B CKBaXKHHE,
a sjeMeHTn B Tabiauune OyAYT npeicTaBiaATb coGoil  pe3yJ bTaThl
nojacyera yuces o0pasloOB KaxAOTO BHAA OCTAHKOB MHKPOOPTAHII3-

| MoB 1o BbeIGOpKam. Ofilee yHCaO HHAUBHAYYMOB €CTh IPOCTO CVil-
% Ma BCeX 3JeMEeHTOB MAaTpPHIUb XAHHLIX, HJIU EI g x;;. CyMuva
— P )
J

i=1 j=1
m

3JEMEHTOB 110 CTPOKe b) Xij €CThb YUCJO MHUKDOOPraHH3MOB B¢
f=1

Focpaunata I

ex
THIIOB, KOTOpPble OLLTH OGHAPYIKEHB! B KaxACH BROOpKe, 1 cyMMa

n
: 1

Ss 5JeMEHTOB MO cToa0uy £ X;; eCTb UHCJAO MHKPOOPTranu3MoB xaik-
=1

Hoopaurara 1
1 ]

> J0TO BHAA, KOTOpLle Oplan 00HApyxeHH BO BCex BOoprax. Bupki

™, e N

3 7 MOXKHO 00paTHTh B NPOLEHTL K o0uleH cyMmMMe, a NOCIeIHHE yiKe
\\fg MOYKHO CYUTATh BEPOSITHOCTSMH

Py —4 (6.76)

=1 j=1

A

. OTu 3HaueHus P;; MOXKHO TPAKTOBATL KAk COBMCCTHLIE BEpOAT-

o g‘;‘/ HOCTH TOTO, YTO KOHKDPETHDbIe BHALI OCTATKOB MOIYT ObiTh HAHIeHb:

‘Q’f | 5 3ajanuofl BuGopxe. CyMMbl CTPOK, JAesdeHHBIE Ha OOULYI0 CyMMYy,
kg | 12J0T MapTHH2JbHbLIE BEPOSATHOCTH

N

Sye, 6.43. peacTaBienye JABYX PIABHBIX KOOPAMHGT JJA AJHHBIX TO CaysaRHbIM

| A\
|
Gaokam. \ §‘ X

[5.:0K M3006paMKEnsl B OJOKEHHSX, COOTBETCTBYIOULHX HN HArPYIRaM Hi r1aBHBIR b = B )

o KOODPAHHATEL | e (6.77%
‘ n

B 2rux rep JoriuyecKux NpUAOKEeHUAX, OJHAKO, METOAbl BQH%&?KPH ) 2 X4

1 ero npealiecTReHHUKOB IpeTepliesy Gonpliie H3MeHeHHs. XHJJI =1 7=

[26] n3jaraer MCTOPHIO GHAJE33 COOTBETCTBMA 1 cos3l M'e}K;ly ;é(z; |
GoTami pa3anusbix aBTOpOB. JleraspHOE UIJOMKCHHE aHa/ usa i S0TOpE SDAROTCH BEPORTIOCTANI Tor0, e e mutsops
rRETE i ero oBOGIIeHHH COAEPIKHTCA B MOHOrpaduu [41]. Oy 1y P HIPOOCTARKH, pas na nx zix. Cyii
(“BXL?;% COOTBETCTBHA HAUMHAETCH ¢ 00pabOTKH MAaTpPHILLL, MOJY- cTOJI010B, TPAKTyeMbLie aHaJOrHYHO, QAT MapripajbHble Beposii-
q;‘mgﬁtns yca0BHOH TabauLbl, KOTOpad npeoGpasyercsd TaKIM 02: HOCTH

pa3oyM, yTOOHl ee 3JEMEHThl MOXKHO GLLI0 paccMaTpuBaTh Kak y

NOTOpbI€ sBJAAIOTCA BEePOATIOCTAMH TOrG, UTO KOHKPETUhIe BbI60pI{H'

n n m
JOBHbie BePOATHOCTH. B cuay HpHPOALL 5TOTO npeoﬁpa;osamm P.j:inj . 678
(5 aeficTBITeBHOCTH HEKOTOpad ¢dopma IlIKaJIHpOBaHHSE) CgOTHO- ‘ 2- ,é‘ j; ‘
lesus MezKIy CTPOKaMH M CTO/NOnaMH npeo6pa3oBanHol TaOJHILLI

Tague ke, Kak H B HCXOAHOH MaTtpuie AaHHbIX. D10 o3HAyaeTt, 4TO 390
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KOTOPBIE ABJISIOTCS BEDOSTHOCTAMHU TOrO, YTO KOHKPETHHIE BHIBl MHK-
POOPTAHH3MOB HMEIOTCS He3aBHCHMO OT TOrO, H3 Kaxkod BbIGOPKH
onu Oblin H3BJeyeHb. Eciu oG'beHHEHHbBIE BEePOSTHOCTH Pa3ieauTh
Ha COOTBETCTBYIOLLHE MaprusaljbHble BEPOATHOCTH, TO B pe3yJbTa-
Te NOJYUYHM YCJOBHbIE BEPOSTHOCTH

Pyjy=Py/P.j; Piy=Pij/P:. (6.79)

[TepBast U3 3THX YCJAOBHBIX BEDPOSITHOCTEH ONHCHIBA€T CHTYaUMIO,
Koraa, o6HApy*HB MHKDOOPraHH3M BHAA j, MBI XOTHM OLEHHUTb
BEPOATHOCTL TOrO, YTO OH MOSBHJCS B BHIOODKE € HOMEpOM
{. Bropas ycnOBHAas BepOSTHOCTb, OCHOBAHHAsd Ha CyMMax CTPOK,
JaeT BePOATHOCTb TOTO, UTO HAHJEHHBIE MHKPOOPraHU3Mbl GynyT
npHHaj/jexaTb K BHIY f, €ClH H3BeCTHO, 4TO 3TOT obpasel OBl
u3BJeyeH U3 - BBIOOpKY.

B ra 2 (cm. kH. 1) 6bL10 nmoxasano, uto Tabauina HabaoneHudl
MOZKeT OLITh NpeACTaBJeHa Yepe3 NPONOPUHH K ofLieMy 4HCAY Ha-
6atonennii. Torga, ecad CTPOKH M CTOJOLK TaB/AHIb HE3aBHCHMEI,
Ha0AI04eHHST MOJKHLL OBITh BPUOJH3UTENBHO PABHBIMH NpOH3Bele-
HHMSIM MapruHa/JbHBIX BepOATHOCTEH COOTBETCTBYIOIIHX HM CTPOK H
cronbuos. Ecau ABe nmepeMeHHBlE j U B TeCHO CBSI3aHEBI, TO BCE OXKHU-
naeMble 3HauYeHHs B j-M M R-M cTosa0uax AO/KHBI OLITh OYEHb IIO-
XOXKHMI. DTO HABOAMT Ha MBICTb, UTO CTeNEHb CXOJCTBA MOKHO
BEIPA3HTb C NOMOLIBIO BLIYMCJEHHS HONAPHOTO TIPOU3BEJEeHis, KO-
TOpOe COAePKHT HalawjaeMble H OXuIaeMble BePOATHOCTH AJd
BCEeX CTPOK B ABYX CpaBHHUBaeMbIX cTosnbuax. Taxas Mepa HCHOJB-
3yeTca B aHadn3e COOTBETCTBUS H MMeeT BUA Ko3(hduuHeHTa Kop-
peisiili Mesx 1y AByMs nepeMenHbvu [34]:

n (P/]—PLP] (‘Dl —pi~‘D-b\

i1

(6.80)

rie P, — «HabaogaeMas» BePOSITHOCTD B (-l cTpoke H j-M cToa6ue
cayuafinoit rabaunel; PiP.;— «oxKunaeMas» BepOSTHOCTb, BLIUHC-
JEeHHAA KaK NPOH3BeseHHEe MapruHajbHLIX BepoaTHOCTeH. Buipaxas
rix yepe3 BEJANUHHDBL, BBeleHHble B IJ. 2, HOIyYaeM

_E;j A (/O;;;~E:k)
- )\ el (6.81)

CB93b MexK/]y 3TUM BLIPAYKEHHEM H CTAaTHCTHKOH %® B NpHUMEHeHHH
K caydafigofi Tabuiuune cragosuTcs Gojee ACHOH, €C/iH BO3BECTH B

KBaApaT OJUH H3 4JIEHOB:
(Oij_Eij 2__(01'1—511')2
v Ey Eij -

Mu BHAHM, UTO Mepa CXOACTBa, HCIOJb3yeMas B aHaJ/du3e CoOTBeT-
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CTBUsl, MOXKET PacCMaTpHBaThCs KaK IPOU3BEJeHHe ABYX 3HAUCHHH
4% DTO IPHUBOJAHT K BBIPAKEHHIO «PacCTOsIHHe ¥2», KOTOPOEe HHOTAA
npuMeHsiercst K 3Tod mepe [41]. Ecan mMeprl cXoAcTBa 7;; BHIUHCIHTD
AJs1 Beex map cToqbloB { U £, oHH 00pa3yoT KBaLpaTHYIO MaTpILy
nopsinka mXm. V3 516l MaTpHilhi 3aTeM HOJAydaloTcs CODOCTBEHHLIE
3HAuYeHMA 11 COOCTBCIUIbBIC BEKTOPBL JTO U €CTh IJIaBHblEe OCH aHaljiH-
3a COOTBETCTBUSL. 3aMeTHM, 4YTO TaK KAK BC@ JEMCHTBI CJaydallHOH
TabJaHILl BHIPa)KEHEl KAk [ponopuuu oT olillell cyMMb Beex 3zJe-
MEHTOB, TO CyMMa 2JIeMEHTOB cToOna (U 3JeMEeilTo3 CTPOKH) PaBHa
1,00. TTosToMy MBI HMECM J€JI0 € 2aMKHYTOH TaGauLEel falHbIX, ¥ Ol
110 COGCTBEHHOE 3HAUeie ACJMKHO GbITb HYJNEBBIM. 10 03Ha4aeT, 4To
pasMeploCTh Haluei 3ua4i yMembliaerces oT m 4o m—1, 11, BO3-
MOJKHO, elile MeHblle, Bmecto TOro uto6nl NPSMO  HCHOJAL3OBATH
vpaslietiie (6.80), MOKHO HCHOJAL30BaTh APYIyI0 GOPMYMY AN BhH-
YiCJIeHNS KO3 dHIHenTa CXOACTEA, HanpuMep CJAEAYIOILYIO:

g‘\—"q Piy Py

i=1

(6.82)

OHa naer TO e MHOXKeCTBO COOCTBEHHLIX BEKTODOB.

ilocnennee cob6cTBeHHOE 3HaueHHe, KAk 3TO BEITEKaeT U3 ypas-
nenus (6.80), TpUBHAJBEO H B TOYHOCTH paBHO HyJjlo. Tax Kax
JaHHbBle 40 Bbenciifg (akTOPOB He LEHTPHPOBAJNCH OTHOCHTENb-
40 HyJs, TO IPH HCNOJAb30BaHHU ypaBHeHus (6.82) ¢axropHoe pe-
wenye OyeT CconepkKaTbh HCXOJHOE TPUBHAJbHOE COOGCTBEHHOE 3Ha-
1eHHe, KOTOpoe TOXKAecTBeHHO pasHo 1,0. BolunciaeHust, CBA3aHHBIE
¢ ¢opwmyaoi (6.82), aerue onucare B mMarpuyHoit ¢opme. CHauana
0603HaYUM HCXOAHYIO MarpHLY JIaHHBIX Hopaaxa axm uyepes [X].
DneMeHTH [X] npeobpasyworca B 00beiuHEeHHEIE BEPOSITHOCTH € NO-
MOLUBIO HeJEeHHA KayKjaoro 3/JAcMeHTAa MaTpPHILl Ha OOINYIO CYMMY,
KOTOpéiﬂ paBHa ckaaspy ZZx;. B peaysabrare nonyuaem MaTpu-
ay {B]:

S —1' ] (6.83)

DALY
3aTteM onpeneiHM KBaapaTHylo Matpuuy [M] nopsaxa mXni, xo-
TOpast COAEPIKHT CYyMMBI CTOJI61OB {B], pacnoyoXeHHBIX B MOPSIAKE
yObIBaHHS 110 AHArOHajH, H C HYJSIMH BO BCEX BHEIMATOHAJAbLHBIX
nosuuuax. OnpefenuM Taxk:ke APYrylo KBajpaTHyno Mmarpuuy [N],
KOTOpast HUMeeT TOPSAOK NXAN H CONEPEKHT CyMMul cTpor [B] mo
JAMaroHasd H HYJH B TPOUHMX MeCTax. DTH JiBe MaTPHIBl COJEpIKaT
cTonbey, H CTPOKY MapruHajJbHBIX BepPOATHOCTell M HCMOJB3YIOTCA
aas npeobpasosannsg marpuubl [B]:

(8]

1

(W]=[N] T [B]IM] ™. (6:84)

(TaK KaK MBI HM€EM [€J10 ¢ AHaroHaJbHbLIMHA MaTpHilaMH, TO olle-

1
E
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panuu [N]=* u [M]~"* sxsuBaseHTHH 3aMeHe Kax10TO JHAaroHalb-
HOTO 3jeMeHTa M; W my; Ha 1/Yn; u 1/Ymy;;. BueanaronasbHnie
3JIeMEeHThl KaK10H MaTpuisl, KOHEUHO, PABHbl HYJIO.)

Marpuna [W] Oyaer uMeTh HOPANOK #XM, a ee 3JeMeHTH

w;; — 1peobpa30BaHUA HUCXOIHLIX 3J1E€MEHTOB Xij. Martpuua nonap-
HbBIX HpOI/I;iBe,L[eHI/If/’I CTOJIGHOB eCTh HpOCTO
(R]1=[W]'[W]. (6.85)
AHaNOTHUHO MATpPHUA HONaPHLIX NPOH3BeAEHHl CTPOK €CTh i
[Ql=[W][W]". (6.86)

Cobersernble 3HaYeHHst MaTpun R U Q maeHTHIHB, TOJNBKO MaTpPH-
na Q Gyger uMerb A—11 AONOJHHTENbHbLIX COOCTBEHHDIX 3HAUeHNH,
paBHeix Hyao. Co6cTBeHHble BeKTOPH marpaubl [R] Moryr OBith
1EpcoGnAzoBaHBl B Harpy3KH aHajgusa COOTBETCTBHA YMHOMKeHHeM
KaXJ0r0 BEKTOpa Ha COOTBeTCTBYIOlIlee CHHIYJAADHOe 3HadeHle,
KOTOpPOE PaBHO KBAApPAaTHOMY KODHIO M3 COOTBETCTBYIOLLero cober-
BEHHOTO 3HAYCHMS, T. e. HArPy3kH R-Merona pasHbl VA, yMEOXKeH-
#HOMy Ha COGCTBEHHBIH BekTop R-Merona. B MaTpuunom obosnave-
YeHHH, HCNOMB30BABIIEMCS paHee, CHHIY/sIpHEle 3HaveHus {R] MOxK-
HO NPeACTAB/ATh KaK J[HarcHaJbHble 51eMEeHTHl MaTpHIBl A
nopsIAKa mX m, y KOTOPOH BCe BHeIHArOoHAJbHbiE 3/eMEHThl PaBHEI
mymo. Cobcrsennble BekTopsl Martpuunbt [R] sisasiores croabuavu
Hekotopoit mXm warpuusl [U]. Martpuunoe ypaBHeHHE, HCIOJb-
syeMoe 1asl ONpeJeseHHs Harpy3ok R-MeToja, uMeeT TOrAa BHI

[AR]=[U][A]. (6.87)

Harpysku kax10ro M3 n HalGawogenu#i m (GaxkTopoB aHannsa co-
OTBETCTBHS ecTh MPOCTO

[S®1[W] A7), (6.88)

DTH warpyaky MOTyT GLIT HAHECEHHl BIOMNB OCel, OUpeiesenHbX
Q-mMeronoy $axTOPHOTC aHagH3a COOTBETCTRHSA TAKHM Ke 00Da3oM,
K2K IJIaBHRE KOMIOHEHTH HJH (PAKTOPHBIE METKH.

Ecay BMECTO TOTO, 4TeBbi BHIUUCHAATL COOGCTBEHHLIE 3HAUEHH
matprisl [R], Mb 6yseM Bpraucasts ux pas matpmisl [Q]. To cvo-
eM BLIUHCOHTL HArPy3KH 0 MeTkH (J-Meroja aHanusa COOTReTCT-
pus. Harpyski HaxXONATCA yMHOXKEHHEM 3JEMEHTOB COGCTBeHHEIX
BEKTOPOR Ha KBajApaTHBe KODHH H3 COOTBETCTBYIOMIHX COGCTBEHHBIX
aHaueHuH

[A°]=[V][A], (6.89)

rge V -— marpuua mopsgka nXn, cronbubl KOTODOH COAepKaT 7
coBCTEEHHBIX BeKTOpOB MaTpuubl Q. Merku Q-veTona ecTb

[Se]=[W]'[A°]. (6.90)
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B cuay TeopeMsl Dxkapra—MOHra m Toro, uyrTo IIKaJIHPOBaHHE
IOPTHT MATPHIYy HCXOAHBIX JAaHHBIX KaK B CT0/0uAX, TaK H B CTPO-
Kax, IMeeTcs NpsAMas CBA3b MeXKAy pelleHusiMu R- m @Q-Meropa:

[A°] =[W][AR][A] =[S [A]" (6.91)

Hpyrusu cnosaMu, Harpysku (Q-MeTola COOTBETCTBUSI PABHLI MET-
Ka)M R-Merona ana/ju3a COOTBETCTBHS, J1eJ€HHLIM Ha COOTBETCTBYIO-
LiHe CHHryJspHble 3HaudeHusl. Takum o0pazoM, MOXKHO NOJYUHTD
pelieHie (J-MeTOAOM, pellias 3ajauy R-MeTona, YTO AaeT OrpoMHOe
NpeusyLlecTs0 B BHIYHCJAHTEJBHOM ILJIaHe, Tak Kak marpuua R
0OBIYHO 3HAUNTENBHO MeHblle IO pasMepy, ueM marpuua Q.

Ha oanu i rer ive rpadHK MOKHO HaHeCTH Kak Halun HabAlo-
JeHHs, Tak H IepedeHHble. IJTO MOXKHO clenars, npeobpasys Ha-
Tpy3xu R-MeToza I HArpyskH @-merolna Tak, 4robnl OHM  ObLIH

apeicTasaensl 3 0130l ¥ 70l XKe Merpuxe. lllkanuposarue marpy-
30K OCVILECTBJseTCcs no GopmynaMm
1 1

(AR = [M]T [AF]; [AQ) == [N]T[AQ]. (6.92)

Tenmepn Ml Gyjaesl HCHOAb30BATb Ie0JOrHUECKHe TadHble 1/ [po-
BEPKII 4i1aCCHUSCKOro» MPHMEHEHHS aHaJHM3a COOTEHETCTBHH, KOTO-
pOe COCTOHT B HHTEPHPETAUHH JAaHHBIX, MAOUHX HepeTiCcIeHH,
Ta6x1. 6.37 coaep:kKHT JaHHBIe MO YHCJIY KOHOZOHTOB B  10-xujo-
rpaMyMoBHIX Hpofax mopog, cobpanHsix B Bocroynow Kawuzace.
fTopoan MHCCYpHHCKOTO BO3pacTa HPENCTABJSIOT YeThblpe Meraiuk-
JIUTeMBLl HJH TIOBTOPEHHA JHTOJOTHUECKHX pasHoBHAHCCTeH, KOTO-
pLie OTpaXKaloT UUKJHYeCKHe H3MEeHeHHS YCJAOBHH CCalKOHAKOIJIe-
ausl, Kawaas efHHHLIA KA4CCHOHIHUPOBAJLACh KaK 4acTh MIeasH3d-
PORAUHCH MerauHEJOTeMbl; KJAacCHpUKalHM yxaz2aHel 5 Tabaune.
fla1e0876.1001 NPeICKasszalii, YTO KOHOJOHTH, K&K H HEKOTODhie
COBpeMEeHHbIe MODCKHE OPTaHH3MBL, CBSI3AHLI ¢ 30HAMH KOHKDETHBIX

Gnn. BEcanr Ol HOAXYOAOPES H CXOACTBD KOHONOHTOB GULIIM  OT-
'CTBEHHLI 34 H3MEHEHHs B YPOBHE MODS, TO aHAJHU3 COCTBETCTBHA

3
T

Be
Aan Obl RO3MOMKHOCTb YCTAHOBHTb HX PacHpOCTPaHEHHOCTb, YTC
Obizi0 OGbl aHAJOTHYHO H3MEHeHHAM JIUTOJACTHH.

Tax xak uMeerca 10 puaos xonozouToB u 20 crparturpaduye-
CKHX elHHHI, TO OYeHb YAOGHO NMOCTPOHTH MATPHIY CXOACTBA MeX-
ay nepemenuniMu. Tali. 6.38 naer maTpuny cxoncrsa y?2, ee co6-
CTBEHHbIE 3HAYeHHs H Haubo/ee 3HaualHe COGCTBEHHBIE BEXTOPHL.
Taxxe nanol Harpysku R- 1 Q-MeTonos Ha ocH cooTBercTBHs. OHH
ganecensl Ha pue, 6.44. YKazaHbl XaTeropud MerauuxaoTeM Aad
Kax10i crpaturpaduyeckofdl efuHuIbl. Kak npobpl (elHHHIBI MC-
poi), TaK W IepeMeHHble (BH/JB KOHOLOHTOB) MOTYT GHTh H306pa-
AKeHbl B ONHOM H TOM K€ NPOCTPaHCTBE.

Ha puc. 6.45 yxasaHsl NOPSAKH OTHOCHTE/BHBIX [VIYGHH pacmpo-
cTpaHeHns KOHOJOHTOB H3 Muccypuiickofi crpaturpaduueckoi mo-
CJIe10BaTeJNBHOCTH. 3aMEeTHM, UTO HAarpysku R-meTona, u3o6parkeH-
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Ta6anuua 637
Pesyabraibl nogcyera uncaa KOHOAOHTOB, BBIAEJNEHHBIX U3 10-KHAOrpaMMOBbiX 1Po0..
Croadupt coorBeTCTBYIOT BHEaM KOHOZOHTOB, CTPOKH — cTpaTHrpaduuecKum
CAHHHLAM Da3pe3a MEHCCYPHHCKOro Bospacta B Bocrounom Kamusace.
_memﬁwm CICAYIOUWES HAZCCHQUKaUHA: Q — MOBEPXHGCTHBIE CAAHUE:,
. S — WeNKOBOAHBIT H3BECTHSK, V' — Bepxunii U3BCCTHSK,
M — cpennmii MaBecThrsix, £ — <IAAHKTOHHBL] YepHbLIA caancns,
55 — uepublii coranen

t

_ Yoo ®0oHoR0HTOR
1 .u“ ” ~
< 5 " A % , B
Mopona m ym Gl ER 3 2 Sl
ia slcin e 'r "Gglo
1M g 1310 ¢ 01 3710 o oo
210 {Rock Lake Sh. O G 0 0 1lo o 0
3 |U iSt{oner Ls. 4 2] 1 51 26 |t 0 0
w B Eudora Sh. 0] 701207 33010 0l 34 .
5 IM iCaptain Creek Ls, 8 28 6 0 S0 50 0
6 10 [Vilas Sh. o6l 51 of 1o]o | o o
7 U i 1310 8] o031 a4
8 ip 66| 0 01920 |0 0 ¢
9 M 5955 10 C 140 | 0 Cioo
Y0 1S [Bonner Springs Sh! i 1Y 0 310 o 0
11 IS {Fariey Ls. ar 21 7 ¢ 4|1 30
12 j— |Is! 100 EOG 0 510 0p 0
i3 {U O 3% 1 0 80 | O 1 0 |
14 P 161 70l o 01830
15 M 3 78] 5 Q1450 1 0 G
16 10 ¢ o o 6l 810 | o o
17U 381 201 31100126713 0f 25
18 |S 150 8 024351510 10
19 M Pesia Ls. 10 1301 101 260 | 900 ¢ 0 :
20 |O [Chanute Sh. 7y 200 64 63| 570 (3 !
| | |
Cymwma | os8] aso] a1 | 867 Jio20 | 4 | 5] a2 |

Hble Ha puc. 6.44, mpeacTaB/siOUIHEe THIOL KOHOLOHTOB, LOJIKHE!
OTpazKarb TayOHHY BOALI, Ha KOTOPON 3TH OPraHH3Mb Kuait. Ko-
HOIOHTLl C MEJIKOBOAbS HOPEACTaBJIEHL HA IMOJOMKHTEJAbHOM KOHILE
¢akropa I, B 70 BpeMs kKax ri1yGOKOBOAHLIE MOABJAIOTCS HAa NOJO-
AHTENbHOM KOHIe ¢akropa II, KOHOMOHTH € IPOMEKYTOUHbIX
{(cpennux) ray6uH HAXOXATCS BOIU3H HAYAJA KOOPIHHAT. Hcenenys
MOJIOKEHHsT HAarpysok Q-merona (akTOPHOTO aHajaM3a HA TON IKe
AHarpamve, MOXKHO YCTAHOBHTb IVIYGHHDBI, Ha KOTOPLIX 3aJeraJu
pasiuusple elMHHLB Nopox. KaacCHdukauus crpaTHTpaguyeckux
€MMHKL, npejcTaBiaeHnas B Taba. 6.37, saumcrBoBaHa M3 paboTh
[25]. 3amerum, uTo «BHEIIHHE CJAHILI», HanpuMep CjaaHubi 13 Bu-
Jac, bounep Cnpuurc, UeHbIOT, ¥ H3BeCTHSK ®apau, XKOTOpHIl Kaac-
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Ta6auumwa 638

Marpuna cxopctsa 7% coGCTBEHHblE 3HAUCHHSI W TlepBbie 184 AKTHBHBIX BEKTOPA MO HAAHHLIM

0 pacnpocTpaneHud KOHOAOHTA. JIpuBejennt Takke (aKTOPHbIE HATPY3KH,

COOTBETCTBYIHOUIKHE NCPBLIM

ABYM gakiopam R- u Q-meronos

TBa %2

a cxonce

aTpHl

M

H

F %8
0,0056

0,0239 0,0204 0,0098

0,0257 —0,0273 —0,1136 —0,0079

0,0037

0,3843

—0,0292 0,0268 —0,0129

—0,0076

0,0015

0,0088

0,0196- —0,0645

0,0568

0,0037

—0,0034

0,0026 0,0066 —0,0070

0,0063

0,0216 —0,0119 —0,0117

0,0196

0,0257

0,0233

0,0150 0,0620 0,0486

0,0090

0,1655 —0,0477

—0,0273 -—0,0645 —0,0119

0,0066 —0,0052 —0,0159 —0,0136 0,0066

0,0088 —0,0117 —0,0477  0,0592

0,1136

0,0011

—0,0010 0,0006 0,0024

0,0075

0,0015 0,0063 0,0090 —0,0066

0,0056

0,0088

—0,0010 0,0091 0,0129 0,0179

0,0150 —0,0052

—0,0079 —0,0076 —0,0026

0,0160

0,0129 0,0365 0,0330

0,0006

0,0620 —0,0159

—0,0239 —0,0292 —0,0066

0,0210

0,0179 0,0330 0,0430

—0,0024

0,0486 —0,0136

—0,0204 —0,0268 —0,0070

0,0088 0,0160 0,0210 0,0102

,0011

—0

0066

’

0,0233 —0

—0,0098 --0,0129 -—0,0034
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Harpyska va ocl B MCTOAE COOTBETCTBHS

R-meron
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Puc. 6.44. TipepcraeneHue akTopHuIX HArpy3CK MeTojAa COOTBETCTBMA I IdaH-
HBIX M0 PACHPOCTPAHEHHOUTH KOHOACHTOB, NPEACTABACHHbIX B Tadn. 6.37.
Vxasunil upubINaNTebHbBIE MHTEPBAAL 3uauenHnii raylnH Adn PO3IMuiLIX
KOHONONTOB, MeranukaoTeMaas KIdccHUKANnHA CTPATHIPaQUUCCKUY CANHH
qaer: npubpemuslii caamell ([), MeJKOBOAHUIT m2BecTRAK (2), BepXH
nuk (3). cpelmiii ussecTusx (4), «uepiuwlit caanen Gantom» (5), uepuliit o

THTIOE
BiTIO-

e (6)

cinduuupyeres KaK MeJKOBOJIHAs 3a/e/Kb, MONAIAIOT B MEiKN301-
HYI0 yacTh (GakTopHOIl auarpaMmbl. PocdarHbie yepuble CIanliul U3
Esgopa m Mancu Tpuk monanaior B IiyOOKOBOAHYIO UacTh 1Ha-
rpaMMul, Kax M TOHKO3epPHHCTHe HasecTnakn u3 Croymep i P/af’na-
vi. Bosburast 1acTbh eIHHHL MOPOILI, OIHAKO, pachogozkena 03N
Hauaga KOOPJMHAT, BKJAIOUAf TAK Ha3bizaeMble <«UCPHLIC CTAHILDI
(paHTOM», KOTOpble, TOXOXKE, He OTIHUAIOTCA OT OOJBIIHHCTSA THIIOB
IOPHBIX TIOPOX.

Awaans cOOTBETCTBHS, DPOBCJEHHLII N0 KOHOI0HTAM, 1aeT He-
KOTOpOe IIpeacTaBJjJeHHe O OPHPOAEe HUKIIYCCKOro 0CalKoHaroIe-
HHA B 9TOH TOCJEI0BATRIBHOCTH YACTHOTO  BiAA.  IDKCTPEMYMb
MopckuX (anHil, BO3MGIKHO, NaloT Pas3aHuHbie JUTOJOTHUECKIIS pa3-
HOBHJIHOCTH, KOTOPble BCTPEUAlOTCs] B XAPaKTEePHCTHYECKHX NTO3HIIH-
X BHYTPH MeTalHK/JIOTeM. BOJbUIMHCTBO JHTOJOTHYRCKIIX THIOB,
OlHaKo, He TNonajgaerT B OupejedeHHyio cxeMy. B uacTHOCTH, «uep-
Hble c/1aHnb (AHTOM», KOTOPLIE O NPEANoJOoKeHHI0 HMeIT ry6o-
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Puc. 6.45. O6aacTy 3HAUCHHHA OTHOCHTEJLELIX IiyOMH AJSI KOHOACHTOB M3 Muccy-
puitckoit cTpaTurpauyesKofi Mocae0BATENbHOCTH

KOBOAHbIE XAPAKTEPHUCTIIKY, KAXKYTCA HEOTIMUHMBIMH  OT [OPOX
APYTOTO THIA, KOTOPLIE HMEIOT HPOHCXOMKACHHE H3 NPOMEeXKYTOUHBIX
rJIvOHH.

fipuMenenne K HenpePbiBHEIM NePeMeHHbIM

B recJoruH, KaK M B ADYTHX 06jacTsX, aHa/JH3 COOTBETCTBHUS
NPHMEHAJCA K HENpEepLIBHLIM JaHHLIM, & He K JICKPeTHBIM (CM.
npunoxenust 8 [60], [12]). D10 CTAaBHT HEKOTOPLIE KOHIENTYa/bHbLIE
npoBeMsl, MOCKOJbKY NpeobpasoBanHble NepeMeHHble Hejb3s CHH-
TaTb BEPOSTHOCTSIMH, XOTSl HEKOTODBle aBTOPbl 00pallalorTest ¢ HUMH
taxum obpasom [12]. Tax xak Boofime moapas cyMmma (Tax Xe Kak
M CyMMbl CTPOK) COCTOHT M3 CMECH H3MepeHMil pa3JHuyHOTO THIA,
TO MPOLECC NPeoOpa3oBAHUA CHIBHO 3aBHCUT OT eIHHHIL H3MEPEHUS.
B cuay 3TOro 3aMeyaHHsl TEOPeTHYECKOro XapakTepa aHdJ/H3 COOT-
BETCTBUS OOLIYHO TPHUMEHAETCH K MHOXECTBY HHTEDBAJbHLIX JAaH-
HLIX M LIKaJ OTHOLIeHHH. B 3TuX NIPHJIOKEHHAX Npomecc npeoGpa-
30BaHHA paccMaTpuBaercsi Kak He OoJjee 4yeM IIPOHM3BOJIbHAS MPO-
nenypa, NpeAHasHayeHHas LA 3aMbIKaHMA MHOXKeCTBA JAHHBIX H
2 TOTO, UTOGH GLITb YBEPEHHLIMH B TOM, YTO CTPOKH H CTOJGUHI
MaTpHILl NAHHBIX IIKAJHPYIOTCS SKBHBAJEHTHHIM 00pasoM He3aBH-
CHMO OT TOrO, MpHMeHseM JH Mb R- mnu Q-meroi. Mcmonnsyemas
TakuM 06pa3oM Mepa CXOACTBA YACTO HA3BIBAETCS «MPOQUABHBIMY>

338

Tabauna 632
MarpHua CXOHCTBA, COOCTBEHHBlE 3HAYCHHA U JBa NEPBRIX cobcTReHHBIX BCKTOPA
BLSHCACHHBIX Sl AAHHBIX MO CHy4anHbIM GJIoKaM; Nepeunclenpl (GaxTOPHbIE
sarpy3xm R- M Q-MeTola cOOTBETCTBHMS HA mepBbie ABa (aKTOpa

Martpuuna cxoacTtsa X2

X X Xs Xy X Xo X

2 3
%, T,6094  0,0093  0,0089 0,008 —0,0098 —0,0118 — 0110
% 6,0023 0,0168 0,0142 0,096 —0,0185 —0,0126 —0,G184
0,0089  0,0142  0.0376  ©,017% —0,0284 —0,0318 — 0118
i 0.0088  0,0196  0,0174  0,0123 —C,0153 —0,017 . — 0160
o —0,0093 —0.0135 —0,0264 —0,0i53  0,6218 0,628 ,0148
, —G,0118 —0.0126 —0,0318 —0,0176  0,6253  0,0307 (.01

—0,0110 —0,018¢ —,0118 —0,0160C  0,0148  0,013% 0¥

CoOCTBCHHBIC 3HA- QOCuz 2 TXOLLTSO
Bekrop qeHUdA (") (EVMYRATH
1 0,1213 70,8332 70,5332
2 0,0359 20,9437 91,7768
3 0,0110 6,4431 98,2201
4 0,0029 1,68591 99,9591
5 0,0001 0,0837 bl 9928
3] 0,0000 0,0072 160, 0000
7 0,0000 0,0000 100, 6008
Cobcrsensibli s8ekTop
IMepemennas 1 11
X, 0.1922 —0,0535
X2 0,2783 —0,2145
X, 0,4961 0. 4685
X, 0,3109 —0,0447
Xs —0,4126 —0, 1458
X, —0,4710 —0,2967
X, —0,3883 0,8203
Haepyarcu HO ocU 8 Metode COOTBETCTBUA
R-weTon Q-xmeTon
Hepencinan I 1 B0k 1 1
A 0,566 00237 a —0,5814 60,0088
Xs 0,2747 01153 b —0.129)  —0.1257
X, 0, 6980 0,3126 c 0.4855 00899
X, 0,2219 —0,0173 d 0,6570 0,1459
X —0,3809  —0.0732 . 0,1998  —p,0955
’%“ —0,3793  —0,1299 i —0,1507  —0,0214
X7 —0,5467 0,6280 g —0,8040 0, 5665
20%
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Ilpodoancenue Taba. 6.39

CTOH Q-moTon

Ilepencnuaa i il 55N 1 1

It -0 0167
i ——~\),.l 2 —0 ,2435
j —3, '3“‘ 5 —4,0086
k ——() J2i6d —0,0098
l 0,3782 0,04-57
m 0, 1067 , 1565
n —0,2370 () 21v?5
1] —0,2046 C," ¥
Fi —,0421  —0,(551
q —0,‘2084
r —0,0313
s —0,0455
1 0,0

u —0,2037
U 0,0395
w 0,2009
x 0,0399
: ¢, 0839

PaCCTOMHHEM, OHO OT[ 2deT OTH{ THTEIBHYIO Belltiliuy RepeticH-
HBIX, @ He BX abcomoTnuie sHavenis [66].

Bocnoassyenes nexyccTBenHBIME A@HHBMH 1:0 25 cayyaf
NLIM B0KAM M5 12yUents CEOHCTS AHATeA c00)
HHTQABHO K H3MEPHEMbiM MepesicHHLIM. I 7
Hple npnzeickll B 1abda. 6.18; 8 tada. 6.39 npencr
CXOJACTER, BRHIGICJACHHAA C [IOMOINBIO YPaBUCHHA |
Taxxe CODCTHEHHLIE 3HAYSHUA MATDHUB, COBCT
Harpyssd R- B Q-METOA0B iHa 1Re NepBLie OCH, 3
TopoM coorteercteid. Ha puc. 6.46 upauecens: ne
TPY3KI. HPEACTARJIHHLIE Ha O4iclt U TOH Xe auarp:
CPABHHTEIBHO JI8CH0 YCMOTPEeTh I8 TOJBKO CYO
BHAY2ALH LM 1alAIoAeHHAMIT, HO TAKIKE ¥ OTHOC

Karoaol HUXOAHOHI TepeledHioil B OCH MeTGh: ¢ GiraTeTBHY,

Xuas {26] pexoMmeniyeT Gosiee TOANCIANLNE M2XAHESM A5 GO-
paBoTii HeXPEPBIBILIX AAHHBIX MeTOI0M CO0THeiCtaid. Feau mn-
TCPEAsRHVIO IUKaAY HIH WIKAdy OTHOMICHRH pa:XiciHTh HA AHCKDET-
Hble KaierndWH H NOACYHTAThL UHCIO HaMePennii, NOHAZAION[HX 3
KaAVI0 £aT200DHI0, TO JaHHBle NPHBEAYTCS K pAHrOBBIM. Jlefict-
BUTEILRO, Xax1as HENpepbiBHAS MePeMEeHHAsd 3aMEeHHTCS HeKOTO-
PLIM UYHCJAOM QHCKPETHBIX NMEPEeMeHHLIX. DTO yMeHnbluaer MHPOPMA-
LHIO, COJEPWKAUIYIOCH B MHOXKECTBe JAHHLIX, HO, YUHTLIBAA HETOU-
HOCTb MHOTHX IeO0JICTHYECKHX Ha6J11011eHHH 5Ta MOTEps, NO-BHAUMO-
My, He ABJsAeTCS 3HAYUTEAbHOM.
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Ta6Gnanuua 640
Jannbie N0 5J0KAM: KAXJask HCXOAHAS NMePEMEHHAs NPEACTABJIEHA TPEMSA IPyNHaMu
(L — unsxue, M — cpenume, H.— BbICOKHE 3HAUEHHS);
s pe3yabTaTe MNOJyYaeTcs MaTpPUUA MCXOJMBIX JAHHHX nopsaka 21X25

X1 X X3 Xa X5 Xs X3
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B xavecTse 3KCHEpPHMEHTA BLIPA3HM JaHHbE 1o 6i0KaM B mo-
PANNOBOH wIKaJde, PA3NeNAB MHOXKECTBO 3HAUeHHH KaxK1od mepe-
JRHROR HA NOTHOASINee YHCIO JAHCKPETHBIX WHTePRa1n® (Takue,
SAK <HH3KHE», «CReIHUe», «BBICOKIE» 3HaUenus) M 3ate: onpele-
1¥B, B KaKylO U3 xaTeropn# momagaer xaxwjaoe nabaioienrs. Heob-
radoTannast MATPHUA JAHHBIX NMO3TOMY COCTOHT 13 haf)’_h. CAMHHALL
& nynseit (rabu. 6.40). 3aTeM oHH NPeoBpazyIOTCH B CoBMe: *ubxe
SeDOATHOCTH TIOSIBJEHUSA, U 10 3TUM JHaHHBIM BbIIII/ICAﬂIOTCH R-
["»*dTDHHbI CXOACTBA. 3aMETHM, UTO marpuua [Q] umeer nop;mox
25«25, a matpuua TR]——21><21 ITocnetoBaTensHble cOBCTREHHEIE
SHayenys MeHbLIE W YMEHBLUIAOTCH Me/JIeHHEe, yeMm coBCTBEHHLIE
SHAYeHUS MAaTPHUBI CXOACTBA, BHYHCAEHHOH O MeTpPHUECKHM JaH-
fibiv. [lepsrie nBa COOGCTBEHHLIX 3HAUEHHS!, HATPUMEpP, COCTABASIOT
Thme 43% caeza MaTpHUBL CXOACTBA. Bee coBGCTBeHHbIE 3HAYEHHSA
locsie yeTHIpHAALATOTO paBHH HYJI0. JlaxkKe HeCMOTDPS Ha TO, 4TO
HeCKonbKo mHepsbX (GAKTOPHBIX Ocell COOTBETCTBHS HE BLITASAAT
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Puc. 6.47. TpeacraBrenne HAFPY30K R- M (Q-METOLOB Ha NepBble JIBE OCH COOT-
BETCTBMA AJS AaHHLIX N0 6JOKAM B MOpsSIKe BO3PAcTaHHA UX 0GBEMOB.

Iudpu B KPyXKKax — Harpyskn R-meroxa (cm. ta6n. 6.40. 3navenus 15, 18 u 21 —
BHE O6JI4CTH AHarparMbl)

@D
CTOTb Xe 3¢h(HEeKTHBHBIMH, KaK OCH, BLIYHCjAeHHBE H3 Taba. 6.39,
H300naXKeHUe HArpy30K HA OCH COOTBETCTBHS MOKAa3biBAET KapTHHY
CTOTb JKe 3HAYNMYI0, KaK H Ta, Kotopas Obijia loJyuyeHa 10 MeTpH-
5 qeckuM AaHHLIM. Puc. 6.47 nokaswiBaer R- H Q-Harpysku Ha JBe
, aepsuix ocH. CpaBHHTE 3TH Pe3yJabTaThl C Pe3yAbTATaMH, MOJVYEH-

NS ‘- HBIMH TIO MeTpHueCKHM AaHHbBIM (puc. 6.46), uMes B BUAY, UTO HH-
Q opManus, cojepxamasncd B HCXOAHbLIN JAHHBIX, 3HAUUTENBHO

\leHblle.

COBMECTHBIN R- H Q-PAKTOPHBIN AHAJIU3

V4 - 2 Xorsa Teopema dxxapra— lOHra yreep:xknaer, uto R- H Q-Me-
' 1016l JAIOT SKBHBAJGHTHBIE PEIEHHS, Ha NPAKTHKE 3TO He BCEraa
Tak. JloctaTouHo B3rasfHyTh Ha puc. 6.38 u 6.39, uro6ui yGeauThCs

Puc, 6.46. MNpeacrapienne Harpysok R- u Q-METONOB aHANH3A COOTBETCTBHSA HA
nepebie JBe OCH AJs AAHHHX N0 GJoKaM
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B TOM, YTO (PakTOpHbE METKH R-MeTofa BBIIVISAST MHaue, yeM dak-
TOpHBle HaTpy3ku @Q-meroma. HamoMuum, 4to pellenue R-MeTona
moJiyuaeTcss M3 CHMMeTpPHYHOR MaTpuubl-npoussenenus [W][W],
HMeIolell MEHbIIHE TMOPANOK, B TO BPeMs Kak pelleHHe (-MeToAa
niojyuaercst u3 npoussenenns marpun [W][W]’, umeiowero Gonb-
wWwHi nopsaok. K coxaseHHIo, HIKaJHPOBAaHHE, HCHOJb3yeMGe HJs
noJydeHdss marpuubl W] us Marpunnl HeoOpaGoOTaHHBIX AaHHLIX
[X], He onunakoBO B 3THX ABYX MeToxax. Hanpumep, raasnbie KOM-
HOHEHTHl CoAep3KaT Npeobpa30BaHie KaXKJOro 3JIeMeHTA MaTPHILbI
[X], cocroslee B AejeHHH Ha CTaHAAPTHOE OTKJAOHEHHE CTo101O0B,
YTO TMPHBOJAUT K IOKaJupoBaHHOH MaTpuue jganueix [W] Q-uerox
$AKTOPHOIO aHaJU3a HCIOJb3yeT CTAHAAPTH3ALHIO, COCTOALYIO B
JeJeHHH Kaxkjaoro ssemenrta [X] Ha xBaapaTHEIT KOpeHb I3 CyMMBI
KBaJpaToB CTPOK, 4TO NPHBOAHT K uIkKanuporauHoil martpuue [W].
Oxmako Matpuna [W)] B anannse riasHbpiXx KOMICHEHT He LICHTHU-
na Marpuue [W], noaydenHoft Ha mepBoM iare Q-Meroia $axTop-
HOro aHaausa. Pasauune B 1UKAaJHPOBAHUH YXyAUIAET peuieniie R
0]1HOM MeTOJle TI0 OTHOLIEHHIO K APYTOMY.

ViveeTcss HecKOABKO NMOAXOAOB K 3TOH 3agave. Ouepunixo, ecan
He NPOBOJUTCS HHUKAKOTO IIKAANDOBAHHSA, TO COOCTBEHHBIE BEKTODSI
1 cobcreenHble 3uauenust gast [X|[X] rakue ke, kax u aas [X][X],
ICKJIIOYAs JHIIb TO pasJuuie, YTO OAHA H3 3THX MaTpHU KMeeT
AOTIOJIHATEAbHBIE HYJAeBble cOOCTBeHHble 3Hauenisl. PakTopHeie MeT-
Ki R-mertoma OynyT NpoNOpLHOHAJNBHBI HarpyskaMm (-Mertcia, H Ha-
cGopor. KpoMe Ttoro, R- u Q-dbaxTopHble Harpy3kH pacno’araklorcs
B TOM K€ NPOCTPAHCTBE, YTO U (DAKTOPHBEIE OCH, [IOITOMY 1fX MOHO
HAHECTH Ha OJHY H Ty XKe IHarpaMmy, Kak 3TO HDPelCTas’ieHo Ha.
piic. 6.48.

K coxa’enuto, Henogb3oBanue HeobpaloraHHO MaTpHulr lio-
NapHLIX NpoU3BeleHHil HMeeT OoJbluie Heynobcrsa. Tak Kax npu
3TOM He JIPOBOAUTCA HUKAKOI'O HIKAJAHPOBAaHHA, TO pe3yibTaThi
aHaJH3a OueHb UYBCTBUTENBHBLI K BHIGODY eAMHHL H3Mepelis i MOo-
IYT NPOCTO OTPaXKaTb CPeJHHE BEJHUNHLI IIEPeMEeHHbLIX, a He CROMH-
CTBA AMCHEpPCHI ¥ KOBapuauui. XoTs, Ho-BUANMOMY, Takoll M2101 —
nanbogee TMPOCTOH crnocol moayueHHs (HakTOpoB R- U (-312T010B,
OH TIOYTH HUKOTJA He HCIOJbB3YeTcsl Ha NPaKTHKe.

BTopo#i MOAXOA COCTOMT B IWIKAaJHpOBaHHM MaTpuunl {X] Tax,
yTOGH CTPOKH H CTOJGIBI MOXKHO OLIIO TPAKTOBATb OJHHAKOBLIM
o6pasoM. B anaiuse COOTBETCTBHSI 3TO LEJIAETCS MyTeM [21eHud
KaXKJ0ro 3JeMeHTa Ha NpPOHM3BeleHHe KBAaADAaTHLIX KOpHe H3 CVMM
no cTpokam H crogbuaMm. XoTs 3TOT METO] OueHb UYBCTBIITEJEH,
ero HeJOCTaTKH MeHee 3aMeTHH, €C/IH Mbl HMeeM A0 C VCJI0BHbi-
MU TabJULaAMH H eCIH NpPHMeHseM ero K pesyJbTaraM H2MepeHHfl.

Tperuii moaXxox — 3TO MOHMCK cmocoba TAKoro HIKAJNPOBAHNS
CTPOK, KOTOPHIf Aasa Obl CO/AepKaTeNbHYI0 Mepy B3aMMHLIX CBf3ei
Mexay crpokaMu marpuusl [W], u B To Xe BpeMsl moaydanach Obl
cojepikaTesbHasi ‘Mepa B3aUMOCBfA3el Mexjay crojabuamMH. Dta 3a-
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CofcTeennst sextop I

Pue. 6.48. [pepcraBaenne Harpysok R- m Q-METOLOB Ha LBe nepsvie (akropHbie
GUH 24 JaHHBIX 1O GJN0KaM, BBIYMCJEHHBIX AJf MATPHUBLI HeoOpPafOTAHHBIX CYMM
KBaApaToE ¥ nonapuslx npousserenudt [X)1X].
b.ioxy npeicraBieHbl KaK OOBEKTH, XapaKkTepHayeMble Harpyskamu Q-merona; Ie-
pliennble — KaK BeKTOpHI, ONpejeseHHble Harpyskamu R-meroma. Kowenm ocm X,
lixoanTes 2a NpeieJaMH AMarpaMMbl B HanpaBieHHH och Xo; KoHel ocu Xg —
3a mpejesaMH AHarPaMMH B HalpaBJeHHH ocH Xs




Zaua OKa3bBaeTcAd He CTOJb CJAOMKHON, KaK KaikeTcs Ha IMepBhIil
B3MVIAN, ¥ 3TO ABAseTcs 6a3HCOM [0 MeHblUIell Mepe IBYX MPAaKTH-
YeCKHX METOZOB OJHOBPEMEHHOTO HAaXoXKIeHHs (aktopos R- #
Q-MeTon0B.

DneMedThl MaTpuubl [X] cTagAapTHIYIOTCS ¢ TMOMOUIBIO BbIUHTA-
HHS CPEeIHHX crojbna (mepeveHHOl) U Jelenus Ha KBajpaTHbIH
KOpeHb 13 7 yucaa HaGMoAeHHH, T. €.

wiy= (xi — x;) [Vn. (6.93)

Toraa Menbmas Matpuua-npouzsejentte [W][W] Gyzer cosepxarh
AHCTepCIil K KOBAapHALUH IepeMeHHBHIX. B TO ke BpeMs O0Jbllias
marpuna-npousseaenne [W][W]' sksrpanenTHa MaTpHue riaBHbiX

KOOPAHHAT (Q, Korja CXOACTBO MexkKAy oObexTaMu omnpelendercs
eBKJIHIO0BLIM PacCTOsSHHEM, T. €.
qij=dij+d. — (di+d.) (6.94)
 d;; — >aeM~dT MaTpHUBl paccroaunit [D]:
mn
dig= 3 (e — )V (6.95)

1=1

C Apyrofi CTOPOHBI, MOXHO CTaHJapTH30BATb 3JEMEHTH MATPHILI
[X], BbiuuTas cpeasee mo cToAbMy (MepeMeHHOH) M BBINOIHAA [1e-
JeHIe Ha NpOU3BeJeHHEe CTaHAapPTHHIX OTKJOHEHHH M KBaliDaTH 1o
KODHA H3 A

Xip—X.p a
W= s (b'\)()
ks
Menpiiast MaTpHLA-TIPOH3BeieHHE TW] 6ymer tTemepn codep-
I3

XKaTh JHCIePCHH W KOBAapHALHH IIeDeMeHHBIX B CTaHIapTH53CBARIIGH
(GopMe, KOTOPLIe €CTh He YTO HHOE K&K KO3(QQHUHEHTH KOppetsiiin
MEXKy HepeMeHHBIMH.

Cruosa 6oabluas MaTtpuua-npoussenesne [ W]{W] sxsusaneniaa
OZHOI M3 BepCHii MaTpuiub riaBHBIX KoopiauHat [Q]. Tenmeps, oiia-
KO, Marpuua pacctodnuii [D] coLepXHT eBKAKHLOBHI PaCCTOSH!IA
Mexly HaOJIOJeHHSIMH, Kaxk ONpeleJeHO0 CTaHAaPTH3OBAHHLI MY
nepeveHHbIMH, L1

(6.97)

Uto6nl ocyliecTsilTe coBMecTHLT R- H Q-daktopHbiii aHaaus,
MBI CHauaJja BBIUHCAMM MeHbWIYIO MaTpuuy-npoussegenue [WiTW]
nocse Wwkaauposatns no dopmynaMm (6.93) uan (6.96). 3atem BLI-
qynCcauM coGCTBeHHBIE BEKTOPbl H COOCTBEHHbIC 3HAUEHHS, a TaxKe
R-daxropuble Harpy3kH, YMHOXKASN KaKIABA 3/71eMeHT COBGCTBEHHOrO
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aeI{}“OpEI Ha COOTBETCTBy}OLU,ee CHHI‘YJIHPHOQ 3HayYeHHe HJAR KBaIIpaT-
4blil KCpEeHb H3 ero CoOCTBeHHOTO 3HaueHus. Ecau MaTpuuy cobeT-
poLi'BIX BEKTOPOB 06o3HayuTh uepes [U], To Oynem HMeTh

[AR]=[U][A], (6.98)

i'ﬂ?.,f'f}{“:sa A — 1narosanbpHast Matpuua CHECYIADHLIX  3HAYEHHUI
(W {W]. Oanee soiancanm Q-daxTopbe Harpy3KH, KOTOpLle HaXo-
ASTCA KAK NPOH3BEIEHIe IUKAJNPOBAHHON MaTpUubl JAaHHBIX HA

aTpIULL COOCTBEHHBIX BEKTOPOB:
[AQ]=[W][UV]. (6.99)

ROHEYHO, MOXHO TakiKe HaiTH (pakTopHLle MeTKU. R-(paxToprbe
MeTR RAXOASTCS YMHCIXKEH!IEM WKAJHPOBAHHOM MAaTPHULL JAHHBIX
iy vaTprny R-GaxTopHBIX HATpysok:

[SK]=[W][A"]. (6.100)
(/-0 AKTCPHBIE HATPYSKH HAXOAATCA TO OPMy.Ie
(S =[W]'[A]=[W]'[W][U]. (6.101)

‘ak nak R-daxrtopubie marpysxn [AR] naior xoopinsaTh nepe-
ICREBIX XAK TOUKH (PAKTODHOTO NPOCTPAHCTRA M Q-()akTOpHLIE Ha-
spysrn [AQ] malor KoOpAMHATH 06HEKTOB KAk TOUKH TOTO JKe dax-
TOPUOTG POCTPAHCTBA, TO 00€ COBOKYNHOCTH (haKTOPHBIX HATPY30K
MOM{HO HAHECTH HA OLHH W Te XKe (PaxTOpHbie AHarpaMMel Ilepe-
Meililble, KOTOpPBIC HaHeceHsl 6JAH3KO APYT K JAPYTY, Ouelh NOXOXKH.
Teopema Dkkapra — IOura naer cooTHouenne Mexay nepeMeHHH-

Mit 1 cObexTaMu. YpasHenue (6.40) MOXKeT GHTDL IePENNCano B
3Hze

[AQU[A] T[AR) =[W].

| (6.102)
ieMeBT Marpuusl [W], raxum ofpasow, pazex
l m o
—= E afealy = w,, (6.103)

SUaSenne Wiy, KOTOPOE fABJIACTCH INKAJHDOBAHHLIM 3HAUCHHEM Te-
JUMEHRGH f, mabmionueroll Ha oObeKTe i, MOKHO paccMaTpHBATh
©b TIPUI3BENCHAS BEKTCPA HATPY30K o0berTa [a:?] m BekTopa ua-
Ppieok nepeMentiolt Ta R, ymuomxennoro wa 1/V3.. Beatupna pex-
U0 IPONIBRIREIT,  KAK  VUASBIBAJOCK B VL O {cy. T B),
POpLTRL 00pasoM CBf3aHA C PACCTOSIHUEM MeXK1V KOHLAMH ABYS
hronns. Taxum ofpazoy, cuaa cea3H Mexly OGDBEKTOM H mepe-
VCHEOH B (aKTOPHOH auarpaMme NpAMO BHIPAKaeTCs Kak DACCTON-
Hile MeX1y TOYKOH 00beKTa H TepeMeHHOil TOUKOI. ‘

XoTs Mexay (GaxTopuLIMH MeTKaMHu CYUIECTBYIOT 3KBHBAJIEHT-

Hble COCTHOLIEHUS, BCE IKE OHHU He OHeHb XOPOLIO BBIpAXKAITCA B
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Cartop 1

TepMHHAX cxoiacTBa. Hauiyumuil cmoco6 usobpakenus pesy.isTa-
TOB OJHOBDPEMEHHOIO R- 1 Q-(pakTOpHOro aHanusa — 5TO IpelcTaB-
JleHHe ABYX MHOXKecTB (akTOPHBIX Harpy3ok B NPOEKUHH HA thaxk-
TOpHBIE OCH. JTO CHEIaHO AT A4HHLIX MO CAYYafHbiM 6.10K2M Ha
puc. 6.49. Kak ana R-Metosa, Tax ¥ AJs MeTOM4 rIaBHBIX KOMIIO-
HIeHT, KPHTHUECKHE MATPUILLI OyAyT OIHMHAKOBHIMH (cM.Tab.1.6.21).

JIBOHCTBEHHOCTb MeXKAY aHAJH30M IJIaBHBIX KOMIIOHEHT H aHa-
J1i30M TIVIABHBIX KOODAHMHAT, OCHOBAHHOM Hd HCHOJIL30OBAHHH €BKJH-
Aosa pACCTOAHHA, Oblia Buepsble yxkasana Iosepom [20]. Onmaxo
374 J50HCTBEHHOCTb [0 HeZaBHero BPeMeHH He HCII0JIb30BA1ach,
XOTf MHOMKECTBO HporpaMm (akTOPHOTO aHANM3a HCIOJb3YeT CHH-
ry/ifapHce pasJoXKeHHWe MAaTPHIL, KOTOPOe HABJAETCH  CJeICTBHeM
reopevbl IkKaprTa — [OHra. MartemaTHueckoe 060CHOBAHHE #I1HO-
ppeMeHHOT0 R- u Q-daxToproro anamusa mamo 3y, Yamrom u de-
siucom [66], koTopble Tak:e HPUBOLAT GO.JIbIIOE YHCIO HPHEDOB
¢r0 HCHOJAB30BAHHS B I'e0JOTHY.

B raba. 6.41 comepmarcs usmepeHns, ciejamubie [0 npoHHII0
jere3 HeOOMBHION  BHICOKOPAIHMOAKTHBRLIL KBADI-MOHIOR T3 LN
HIYTOH, HHTPYAUPOBAHHBIT B XJOPHT-AKTHEOAXTOBLIY CJIanel 50.MH-
at Depea, wrar Buprusunsa. ITo stomy npoduiio aHAaJH3HPOBAIHCh

COJepIKalle pPaJHOAKTHBHBIX ypama, TOpHs M Kaaua 22 ofpas-
tta 13 OypOBLIX CKBAXKHH. B Tex e MecTax BHOJb npopuaa Gulan
€lo7aHbl BOBAYUIHble paluoMeTpHueckMe uaMepenus. Lleap uccae
i adils, NepsoHayanbHo mnposeiendoro Ilepmanow, Badxepom
saweM [67], cocrostna B ycranoBieHHH CBA3H MeXK1y COHNEprKaHHs-
PANNOAKTHBHLIX 3/1CMEHTOB M DaIMOMETPHYECKUMH H3Mepe-
MM,

Hanivie Obin mpoananusnposans 3y, Yanrom u Jlesucoy 166}
¢ IICII0.1b30BAHMEM 1UIKANPOBaHUA no dopmyae (6.96). B rtabua. 6.4%
IIDHBEACHB MaTpuilia KO3)GHUHEHTOB KOPpeJsiliiH, COBCTBEHHLIC
snadenns, R- u Q-daxropuble narpysku. Ha prc. 6.50 npelcrasJe-
Hut R- 11 Q-GpaxkTopHble HATPYSKH HA NEPBble ABE 0CH B (haKkTOpHOM
npoctpasicrse. OUeBHANO pasanune MeXX1y Hpodami, BISTHMH H3
Iayrona, u nmpobayu, cobpaunbiMil & CJalilaX MaTePHHCKOH mopo-
ABL T 2/1710BHATBHOTO TOKPBITHA.

MHOIGIPYTINIOBBIE AMCKPHMUMHAHTHBLIE ¢YHKU UK

MHuorTorpynnoBoil AHCKPHMHHAHTHEIN aHAaIKH3 sobpaa B cebs uan-
071ee [eHHDbIE YepThl JHCICPCHOHHOIO ApajHu3a M CBA3aHHDLIE ¢ yu-
MII BLIUHCHUTENbHBIE TIPOUEAYPEl HakTOPHOTO aHaan3a. DTa 3anaus

[@a}

”

Puc. 6.49, NpencraBaenue Harpysox R- ¥ (J-MeTol0B Ha MepRbie ABE (DaKTopHbie
Ot Aa9 AaHHBIX 00 §J0KaM, BBIYMUCJAEHHBIX M3 MaTpHLBl JUCAEPCHH B KOBAPHAIY
wItw).

Baoku NPEACTaB/ICHbl KaK OOBEKTH, COOTBETCTBYIOUIHE Harpyskam Q-meronma, ITe-
PEeMCHEbe npejcTaBleHbl BEKTODAMH, XapaKTepU3yIOLIHMHCH Harpyskamu R-Mertoja
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TaG6anua 641

Conepmanns YPaHa, TOPHA M Kaaud H HHTEHCUBHOCTL PE3YJbTATOB BO3YILHOA
pajioMeTPAYECKON Pa3BENKN (BP), npoBeneHHOH BADJIL paspe3a HMHTDY3HH
KBAPUEBBIX MOHLOHHTOB p6ausu bepes, mrat Buprunuf [57]

Hemep BP* U, rit Th, r/r K, %
1 240 0,63 2,05 0,13
2 360 { 2,18 5,31 0,31
3 420 ‘ 2,26 5,61 0,34
4 560 1,71 6,44 0,70
5 580 2,38 7,99 1,73
& 700 3,83 8,32 4,26
7 600 3,79 ' 9,46 1,53
8 650 4,09 14,71 3,11
9 770 4,21 12,00 1,90
30 930 472 12,78 2,92
1 1020 6,24 16,31 2,29
12 1000 5,24 14,51 1,88
) 1000 4,73 15,79 4,64
4 1040 E 4,67 10,30 4,17
) 1160 ‘! 5,08 13,11 3,97
‘5 1000 : 5,27 13,40 4,36
07 960 l 5,61 10,31 2,05
8 420 i 2,33 6,83 0,47
.9 370 : 2,64 9,88 0,58
20 400 1 2,29 6,02 ; 0,34
2 ; 480 i 2,32 6,1 0,32
22 ! 730 ' 5,94 12,86 1,32

t
! t
RBeooyviantie pAsioreTpisiiRis 13MepeHHA B pacuere Ha 1c
ABJIAETCH ocboblienuen yiKe paCC‘MO’I‘peHHOﬁ NpouesypH JHCKPHUMH-
AUTHOTO  GRAAN34, ¢paszaunci ¢ paS6I/IeHI/I6M Ha [AB€ IpyIMnIbl.

B wayecTRe IpHMepa PACCMOTDHM 3aiauy H3 NaJeOHTOJIOTHH, CBA-
32HEYIC C H3YUeHKEM TOJOBOTO aHMOphH3Ma TacTponox 1o obpas-
HaN, ROATBIM H3 HeC<{OMbKHX DasaMuHBIX MECT. ITo msrxofl 4acTH
U Ten LeCAeINBATE b JIETKO OTANYMT CaMKy OT - caMid. Ocobu
voman ©aacCH(GIUPOBATE KAK CaMIbl M3 COBOXYIHOCTH A, caMKH
THOCTH A, caMilpl M3 COBOKymHOCTH B u T. L. MuoroMep-
qule US\epeHHs, CAeamHLic HAa paxosHBax, ucrosb3yloTes B AHC
K[iMHEAHTHOM aHAU3€ A HAXOWKIEHNS KOMOHHAUME H3MepeHHH,
KOTOpLIE NMO3BOJSIOT Pas/iiMuTh Kax HX [oJ, Taxk I COBOKYIHOCTH,
43 KOTOPHIX OHH B3ATHL. K CHACTHIO, PASIAHIIA noJja 0KasLnamTed
Gosee IPKO BHIPANCHHBIMH, YeM Das/iini MexKay COBOKYNHOCTS-
i, DTOT MeTCH HAaeT BO3MOXHOCTL  BOLIAGIITH XapaKkTepHCTHKH
paKOBHMH TACTPONOL H K1ACCHGHIMPOBATh HCKONAEMbie ~OCTAHKH
pAKOBHH B COOTBETCTBHH C X TIOJIOM.

AHasoTHs C AACHEPCHOHHBIM QHAMI30M COCTOUT B TOM, Kax Auc-
mepcHi W KOBADHALMU Da3AeNAlores Ha KaTeropuH HJAH TpynIsl.
BonoMHAM, KaK B [, 2 B OAHOMEPHOM NUCTIePCHOHHOM aHaJ/in3e
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Ta6auma 6.42

Manglrxa :1?3¢¢uuneuros Koppeasuuy, cobcTrennble 3naueHus, R- u Q-hakropHuie
Harpy3KkH NO AAHHBIM cOcTaBa M DaJMOMETPHYECKHM AaHHbIM u3 bepea
wratr Buprunnsa '

Matpulla Ko3pduuHEeHnTOB KOppeasAUHH nopsanka 4x4

BP U Th K
BP 1,00
’Ifjh 0,89 1,00
X 0,82 0,89 1,00
0,82 0,67 0,69 1,00
Cob6cTBeHHEEe 3HAUYEHHS
DaxTopnl ]
1 131 I v
A 3,39 0,39
, , 0,15 j]
;@ i 84.81 9,76 3187 ?'gg
» % 84.81 9457 98.45 106,00
Harpysxun Q-Metona
Paxropnl -
I 1 44 v
ILSJP 0,96 0,05 —0,22 -
Y 0,94 —0,27 —0,!3
1 0,92 —0,25 0,28
K 0,86 0,51 0.09

Harpysxn @Q-MeTtoza

CaxTeDLI

I 11 IT1 iv
| —0,75 610
), 5,12 —0,03 -
% —0,49 —0,02 —0,02 g’gé
3 —0,45 —0.02 —0.04 0,00
! —0,41 0,04 —0.00 —0,08
; —0,92 0.09 0,03 —0.05
6 0.1l 0,29 —0.00 0,12
: 0,08 —0.05 0,00 0,04
9 2 0,00 0,23 0.03
2 0,12 —0.08 0.02 —0.03
0,31 0.00 0.0l A03
i 051 —0.23 0.C0 Zolor
12 0,35 —0.18 —G.0 k
}2 0,53 014 0.1
i g,gb 0,21 -0,11
10 6’58 0,11 —0,08
19 0,49 0,13 0.01
I 3,26 —0.00 —0,19
] —0.40 —0.04 0.01
59 —0.31 —0. 11 0.15
2$ —0,44 —0.03 —0,01
21 —0,41 0,03 —0.05
0,21 0,26 —0.05
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Pautop 1

Puc. 6.50. [peacTapienue HArPYsoK R- ¥ (Q-MeTOAOB Ha ABe nepBole PakTOpHLIC
ocH Aas AaHHbix bepea, BbIYHCJEHHDIX M3 KOBADUALMOHHOA MaTpHubl  (CM.
taba. 6.42) [65].

IlyugTHpHbe JMHHM — HArpy3Ki R-merona; I — KBapuesblil MOHUOHHT; 2 — KpH-

CTAJIHYECKHH CJaHel; 3 — NeCcoK U I‘paBHi'/‘I

oGuas cyvva KBaaparos SSy PaBHANACH CyMMe KBAlDATOB B KAZ-
noit rpynne SSy IIOC CyMMa KBaipaToB MEK1y rpynnaMe SSs.
TouHo Takas e CTPYKTypa yi00HA H B AHCKPUMHUHAHTHOM aHAIHSE.

OGo3HAUYeHHs MHOrOrpyMIOBOTO —JHCKPHMHHAHTHOTO — aHA/IH3d
LOCTATOUHO CJIOXKHBI, TAaK Kax TPeOyercs pacCMOTperh HE TOJBKO
06DbeKTLl M IepeMeHHble, MO U TPYMILI, B KOTOPBIX .Jexkar 5Ti 06B-
exThl. B CHJY 9TOr0 HYXHO CHAyala HCIOAb30BATH c603HAYEHHS C
TpeMsi HHIEKCaMH, HampHMeD, Xij: o6o3Hauaer -0 NepeMeHHYI,
W3MepeHHyIO Ha j-M 00bexTe BHYTDPH IPYIILl k. Oeno ocaomusercs
TeM, UTO He Bce IPYNNB COJAeprKaT ONMHAKOBOE HHCI0 00'bEKTOB,
M03TOMY 1e06XOXHMO BBecTH obosHauedie 1A uHeIa 0BBLEKTOR B
k-it rpynme — fg. TIpeAnenoxKuM, 4To nalbatonedns KJ1accHbHIHADY-
j0Tes § ¢ pasJuumbIX rpymm. Eesin cofpaTh BCe rpynnbi BMECTE, TO

g
MLl HaijileM, 9TO BO BCeM MHOXKeCTBe HMeercs BCero N= 2 ng
k=1

0BLEeKTOB, KAZKAbill M3 KOTOPLIX XaPaKTepU3yeTcd HEKOTOPLIM Ha-
00pcM TepeMeBHbIX.
Cpeanee {-if mepeMesHoll B k-# TpyIiie ecTb
2
- Xijk

Xip= ng

(6.104)

=

O6uiee cpeinee [-ii EPEMEHHOH eCTh CpeiHee Beex Haboxenni

fiepeMeHHof {, HeCMOTpPSI HA Tpyn
) IIBI, B KOT
1eHuA. ITo obulee cpeiHee paBHo , OPPIX HaXORATEA HaGaio-

g 1,

= 1 %71 50
Ciomm v Y
N g e (6.103)

R=1 j=1

Koscp'qnmuem KOBApHAUMKE MEXAY NePeMeHHDIMH |
00beKTOB, HECMOTDSA Ha IPYNILI, paBen ‘ -
b

& nk

1
=%y
L ed
k=1 j=1

v [ 148 Bcex

(Xijr — N ) (X, — Xo ). (6.106)

Ecau BbIYHC/IHTL 9Ty Mepy AJs BceX BO3M

a T 1 £ it pﬂ}IKa >< , KOT

OZKHBIX Nap IIe€PpEeMeHHL X,

g "y

’j —

W,y = 2 G X X X
] (Nijp—XNrw) (X5 — X i) (6.107)

k=1 j=1 .
Jis Bce

pasyion waT)I()HBHOSI\[/I{)V}KHbIX Hap fiepeMeHHbIX 3T KO3)QUIHEHTE 06-
Nerny ; ! y 3], KOTOpast NpecTaB/seT CyMMy TPOH3BeLeHHN
ishal IE?SPB MH. JTa Marpuua 3KBHBAJEHTHA CyMMe MaTpHIL
|, ucmonesyemex B mpocrom JAHCKPHMHHAHTHOM ana-

JH3e JLJisE IBy\ Ip mn H }) ) -
. 2 \Y% . aKoHel 5 h - e
N 88 el, BhIpazuy ,YII‘ICI—I»pCH}O I\’Ie}Kﬂ} VII

S PR TR R -
a3 (Ve — T,

(6.108)

I10 Takxe M
atpuua [B] nopsagka pX
KOT y
prrII(HOBbIe CYMMEI IPOU3BENCHHH. prp PP CONCPITHT e
aK H B ¢
0OBbIYHOM IHMCHEPCHOHHOM aHaJiH3e, BHYTPHI'DYNNOBbIe

U MEXTPYIHOBbie CYyMM
bl KBajApPaTOB, CJOXKEHHDI
e 7\ i
001ly10 CyMMy TIPOH3BeeHUl , preeTe, Aaer

[S]=[B]+[W]. (6.109)

ena x
ﬁnmgeﬁ;‘&owgém otHOIWeHHe [B]/[W] 6buio no BoaMoxKHOCTH
peaixo. 1 YO®LHTBCS, 4TO 3TO OTHOULIEHHE SBJIAETCS MHOrOMep-
=MSB/M§OFO;4CH§;:0HIGHHH F, samamHoro no dopMmyse F=
W, 3yeMOro JJsi IpOBepKH
a3JUUHS  Mex
IPYNIAMU B AUCIEPCHOHHOM A ; o
aHanuze. Ecay 3T0 OTHOUIE
TO 3TO 3HAYHT, YTO TPYIIIH opentn Kar
UWIHPOKO pasbGpocaHEl, B
10 J10 3 , B TO BpeMs Kak
ION€HHST BHYTPH IPYNN MJIOTHO COOPAHbl BOKPYT CBOUX CPEIHHX
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3ajgaya AMCKPMMHHAHTHOTO aHa/ju3a COCTOMT B HAXOXKJeHHH MHO-
WECTRA JMHEHHBIX BEeCOB s TepeMeHHblX Tak, 4yTo6LI 3TO OTHOLIE-
Hie GLL10 MAKCHMAJbHDLM, EC/i CURTETh, UTO 3TO MHOKECTBO RECOB
o6pasyer sektop [Ai], TO JAMCKPHMHHAHTHBIH ana/n3 MOMKHO TpaK-
TOBaTh KAK 331aly HaXOXJEHHs 3JEMEHTOB 3TOro  BEKTOpd [Ai]
TakuM 06pasoM, 4ToObl OTHOIIEHHE

(4. (B [Al]

EREVAREN

qocTdrano Makcumysa. Koneuno, Ha BEKTOP [A)] meoGxoauMo Ha-
10WKHTb HEKOTODble OrpaHHueHHs. B JHCKDIMHHANTHOM aHaJ/an3e
06LIUHO HaKjajibBaercs cleaylollee OrpaHHueRHE. 3HaMeHaTeNb
3700 BhIpazKeHus  QoJseH ObiTb  pasen elunune, T. €
[AY[WlA]=1

TIpit BLUIONHEHHH STOTO YCJOBHS OTHOUICHHE fyer
MakcuMyMa TOrjAa@, KOTAad [A\] — cofcrsennbtil  2eKTOp  MATPHILBI
[W]'[B] coorsercTByeT HanboablleMy CCOCTBERHOMY — 3HAMCHHIO.
MoskHO HalfltH BTOPOE MHOIKECTSO JHHelfDnX 2ecoB [A4.], wcropeie
qBJiSIOTCH 2.ieMeHTaMi CCOCTBeRnro hexropd, COOTLeTCTRYISHIErs
BTOPOMY 1O BejuuliHe COOCTIeHROMY SHAUCHIHIO. Aradoriun) MOXK-
HO HAHTH TPeTbe MHOKECTEO Becos, uerbeproe H . 1. Taxum u6pa-
3031 Mbl BLUHCJAHM MOCAEAOBATEIBHOCTD AHCKPHMHHARTIHBIX dyHK-
uuit, KOTOpbie AAlOT pasjedeHie Ha 3apaHee SalaHHLIC rpynnsl Ha-
CTOJIBKO XODOILIO, HACKOIBKO 3TO BUSMONKHO. B cuay npupoan cob-
CTBEHHDBIX BEKTOPOB OHH OPTOTOHASBHB APYL APYlY, H KaXAbH
CAeAYIOLIMil ABJIAETCS BEKTOPOM, NAICLULITM HauJyulllee paszjeienue.
MOYKHO BLIYHC/IUTH AHCKDHMHHAHTHYIO (QYHKIHIO 113 KaxJ0ro mo-
JIOAKUTEABHOTO COGCTBOHHOTO 3HAUERNHI. B ofmev cayuae UHCIAO
HOA0KHTEABHLIX COBCTBEHHBIX 3HAUCHMUIT fyleT pasHO HAMMCHbILE-
vy H3 upces ¢—1 uim p. K comasieHnio, MaTplla, 10JyyeHHas 1o
dopmyse [W]~'[B], ne sizngercs CHMMETPHUHOH, 1t 103TOMY ee cob-
CTBCHHBIE BEKTODHl HAXOAATCHT HEJNEerKo. B HekOTOPHIX IporpaMMax
AHCKPUMHHAHTHOIO aHajusa COBCTRRHNEIE BEKTONL HAXOMATCA ATe-
pPANHOHHBIMH METOJaMH, OCHOB2HHLIMII Ha TNpoiecce, HA3BIBAEMOM
pasioxenner Ha ocofbie 3HAUCHUA [7]. Ipyrue nporpaMmbl Cha-
ya.1a npeo6pa3oBbIBAIOT MATPHIY B CHMMeTPHUHYIO (opMY, a 3aTeM
HAXOLHTCH MHOYKECTBO COOCTBEHHBIX BEKTOPOB, KOTOPOE B CBOIC
ouepenb npeobpasyeTcs B Tpebyemoe MHOXKECTBO. DTOT MeTOx OmH-
cau B [19], KpHTHUECKHE WATH TOSICHEHb 3 [471.

HaGuioieuis, HCIOJb3yeMble B BBHIUHCICHHH AHCKPAMHHAHTHOM
(YIKIHH, MOXHO CIHPOEKTHPOBATH Ha IPOCTPAHCTBO, ONpe/esleHHoe
JACKPHMHHAHTHBIMH OCAMH. D10 menaercsi ¢ IOMOLLIbI0 MATPHUHOTO

YMHOMKeHHS

JCCTHTATe

Z=[AV'[X], (6.110)

rie [X]— ncxonHas MaTpHua AAHHBIX TIOPALKA Nxp; [A] — mar-
pala mopsaka pX¢#, cTonbub KOTOpO# COCTOAT H3 f COGCTBEHHBIX
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BEKTOPOB, COOTBETCTBYIOUHX HaHOOJBIIHM COGCTBEHHBIM 3HAYEHH-
M, KOTOPble HCHOJB3YIOTCS B AHCKDHMHHAHTHBIX (QyHKUHAX. I[eHT-

pOHAbl & TPYII MO2KHO €
} NPOEKTHPOBATDL Ha
CTPAHCTBO 10 (OpMy.e p LHCKDHMHHAHTHOE TIPO-

[Z] =[A]'[X:], (6.111)

q;é;e\x[ae;pﬁxg{? l[lil(;] ;xieT TIOPSALOK gXp H COCTOHT H3 CPEIHHX BCeX
I ) 3 fo#i rpynmnbl. Orpanuyum ‘
nej . CBOe BHHMAaHHU
napax TUCKPUMHHAHTHBIX QYHKUHI] vasn)
i (0GBIYHO 3TO Te
I HaHeceM HaOJIOAEHHS H IleH e )
TPOHAB TPYON Ha
cestiust, OGbIUHO mpesasa ot B poo
| PHTEJbHO JaHHblE WIKAJH
1OPLIX [IPOrpaMMax NPOH3BOIH YT e
D TCA CcTagapTu3anus, a
opL , 4 M3 Kax
[-!rlziuﬁ(;)a’;ﬁrzm BLIYHTAETCs ofulee cpeiHee M pe3yasTar ﬂeﬂmc;lilogg
: Oe OTKJOHEHHe, BbiuHC/eH
: HOe IO BCeMY MHOMKe
iulx. B apyrux mporpamm HICH 1E OB beN .
Max JesieHHe MPOH3BOJIHT
HLle BHYTPHIPYINNOBHE cTan ek el
HAApTHHIE OTKJOH
Tooun 6] enys. Mapackuiio u
. T NOYYHTeJbHOE CPaBHe
o HHE PAa3JHYHBIX MOJXOJO0B.
onpoeff:;l:r?é"rﬂaém{mem}e HeH3BECTHOIO TPOHCXOMKACHHA MOMKHO
3aTb Ha JHCKPDUMHHAHTHOE I :
OCTPaHCTBO :
cnpoer 4 p , IPOCTO YyM-
};aﬂﬂe}xiroocfse:;gra Tpafélx,HOBI/IHHIO marpuusl [A]. prnn%saﬂ n}{m-
0 HabJIOJeHHSI CTAHOBUT i
‘ csl OUeBHIHOH
NOJIOHKEHUs Ha jAHarpaMmme o oL
] Me paccesHHUSI, OLHAKO Ta
10703k eIl , K K€ MOJKHO BBl-
e Ha61;0efe§;{1§: }Ejgcmgjmm JO uenrtponga xaxiao# rpynns. Ho-
- nabaio; CCHpULIUPYeETC 1 ; '
ARG, PYeTCst KaK NpHHAIJIeKHOCTb K 6.1~
Buune
1\':1‘(('70"0w;;”b oGo0uleHHble PACCTOSHHA OT HOBOLO HAGMIONEHHS Jile}
L A(X‘ erglﬂr:{%Ble U\eHTp%Hﬂ‘OB MOKHO, ONpeleMdilB BCe pas
HoC —Xix), KOTOpHIE YA06HO pac ' .
D opma i) Korop V. PaClo/IOKUTL B BUAE MaTPHILI
27 117
[D?] = [U)'[A][A]'[U]. (6.112)
D70 &
Kag{ :Loaﬁcrﬂgag 00ob1lenHble PACCTOSHUA OT HOBOrO HAaGJI0EHHS 10
a Tpynn, U3MepesHHble B [-M
‘ g -ME@PHOM  JHMCKDHMH
apoctpancTse. C APYrofi CTOPOHLI, MOXKHO BbILXHCJlHTb\p ranon
27 ’ _
[D?]=[U]'[W]-'[U], (6.113)
ur
pqunOaBeTKZ?oéu}eﬂuue pacCcToARUuA OT HOBOro HalbJI0AeHUsT A0 IeHT-
C’;péHCTBe Kézgn TPYNIIEI, H3MePEHHbe B HCXOLHOM p-MEPHOM TIpO
o CXOIL(;TBa b\fec:{eme 3TOTO H JAPYTHX HCIOAb3YEMBIX OIpejeses
R l'IpPIBOlIH:I‘ ny 1H36JIIO}1€HH€M H [eHTPOUAAMH DPasJHYHBIX
rbym a7 ca B | %], Tle Takxke JaeTcs MeETOJ IOCTPOeHHS
I[pn JIBHBIX 06J1aCTell OTHOCHTe/IbHO IeHTPOH/OB
CKDHUMH : 7 :
oy ngm T{iizgﬂme pyHKUHH —  ynOGHBIH MeTOn ONpeneseHus
, JIBKO I'DYNI, NpeanoJiaraeMble pas/W4HLIMH, 0Ka
, .
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3BIBAIOTCS J1eHCTBHTE/IbHO Da3JHYHLIMH. PaccMOTPUM OAHO TPHJIO-
XeHHe TAKoro THIIA.

Korga ocaiouHble TOPOAB (POPMHPYIOTCS B MODCKHX YCJOBHAX,
B HHX OCTAeTCsl MOPCKad BoJa. XHMHUECKHH COCTas 3TOH PeqUKTO-
BOf BOABL B TIOCJefyiolleM H3MEHseTC Garofapst HOHHOMY 00Me-
HY M APYTHM peakuHsM, CMEWHBAHHIO ¢ APYTHMH MOPCKHMH BO1a-
MH U pa3baBjeHui0 3a CUET IPOCAUHBAHUA TOBEPXHOCTHHIX BC..
TeM 1 MeHee, PeJHKTOBBIE BOIbI, NOJyYeHHble TPU KaHAaTHOM Cy-
peHHil, MOIYT HMETb COCTaBHbiE XapakTepHCTHKil, KOTOpbie JakT
KJAIOY K MPONCXOKIAEHHIO HaH (alHaibHbiM YCI0BUAM (OPMHPOBa-
HHS COJleprKalliX HX IOPOJL.

Tabi. 6.43 cogepXUT aHaJH3bl COJEHOCTH B BHIE XapakTeplic-
tuxk (EPM), ABASIOMUXCSA SKBUBAJGHTOM YaCTAM ‘HA MUUINOH 1714
Bon He(TAHBIX ToJel U3 Tpex KapOonaTHbiX Toal B Texace # Oxusa-

Tab6auma 6.43

Xumuueckue aHaau3b Mpo6 CONCHON BOABL, B2ATHIX W3 CKBAXHH B TPex THNAX
kapGoHaTHbiX oTaoxenyil 8 Texace u Okmraxome [54]

ey HCO3 S04 cl Ca Mg Na
Fpyonma 1 —p0A0MHTH DSnaendyprepa
1 10,4 30,0 967, 1 95,9 53,7 857,7
2 6,2 29,6 1174,9 11,7 43,9 1054 ,7
3 2,1 11,4 2387, 1 348,3 119,3 1932,4
4 8,5 29,5 2186, 1 339,6 73,6 1803,4
5 6,7 32,8 2015,5 287,6 75,1 1691,%
6 3,8 18,9 2175,8 340,4 63,8 1793,9
7 1,5 16,5 2367,0 412,0 95,8 1872,5
X 5,6 23,1 1896,2 276,5 75,0 1572,3
Ipynna 2—pnonomutu Ipeitbypra
8 25,6 0 134,7 12,7 7,1 134,7
9 12,0 104,6 3163,8 95,6 90, 1 3093,9
10 9,0 104,6 1342,6 104,9 160,2 1190,1
11 13,7 103,3 2151,6 103,7 70,0 2054,6
12 16,6 92,3 905, 1 91,5 50,9 871,4
13 14,1 80,1 554,8 118,9 62,3 472 4
X 15,2 80,7 1375,4 87,9 73,4 1302,9
[pynna3—ussectusiky Buoana
14 1,3 10,4 3399,5 532,3 235,6 2642,5
15 3.6 5,2 9745 147,5 69,0 768, 1
16 0,8 9,8 1430,2 295,7 118,4 1027,1
17 1,8 25,6 183,2 35,4 13,5 161,5
18 8,8 3.4 289,9 32,8 29 4 295,2
19 6,3 16,7 360,9 41,9 24 .0 318,1
X 3,8 11,9 1106,4 180,9 80,5 857,1
X 8,0 37.7  1482,3  186,8 76,2 12614
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Puc. 6.51. MlpeacraBnenne HArpy3ok HA NMCKPUMHUHAHTHBIE dynknun | u 1L

{ = nodomuter daenbyprepa; 2-— noiovutsl I'peiibypra; 3 — nssecrusk Buora;
4 — uenTpeuan rpynn. 1—19 — womepa npob

xome. IIpoObl 6paince u3 pasHbIX HedTEHOCHBIX TNOAPa3ie. CHul.
st onpenenenHss Toro, pasiHYHLL AM 3TH JaHHLIC, K HUM OLLA
ApUMEHeH AMCKPDUMHHAHTHLIN aHaqaus. Ec/H OHH pasiuuHBE, TO 3TO
JaBOJHT Ha MBbIC/]Ab, YTO aHAaJU3bl COJIEHOCTH AAIOT HHAOPMALHIO O
pHPOJAe HX NepPBOHayaJbHLIX (auHi, TAK Kak BCe TPH HCXOLHDbIE
HOPOABL MMeT NpPUOJIH3UTEJNBHO OAHH U Te ZKe JHTOJOTHUecKHe
"apakTePUCTHKH H, COOTBETCTBEHHO, CXOAHbBIE HCTOPHH (HOPMHDPO-
AHHA.

Tax kax uMeercs TPH IPYNNBL, TO TPeGYETCs BLIUMCINTD TOJNBKO
'8¢ AUCKPUMHHAHTHLIC QYHKIUH 1 HANTH TOJBKO 1BA TOMOMHTENb-
AbIX COGCTBEHHDLIX 3HAUCHIIA. [lepsoe u3 uux A =13,29 cocrasaser
t—.fS,%% MeXTPYINOBOH AuCNepCHH, BTOpoe Ay= 0,902 naer ocranbHbie
L4 % Ha puc. 6.51 npeacraBiieHbl [IBe OCH JHCKPHMHHAHTHBIX
DYHKHHI ¢ MeTKaMH J1HCKDHMIHAHTA H UEHTPOHJAAMH TpeX mpel-
CTaBJACHHLIX IPyHN. MeTKH MOryT ObITh CTAHAAaPTH3OBAHB TAK, YTO-
Opl HX Oflllee cpe/iHee PAaBHAIOCH HYJIO U CTAHAAPTHBlE OTKJOHEHHUS
~OMOUHHPOBAHHBIX J@HHBIX PABHSIHCH HYJIIO.

[Teppast nuCKpMMUHAHTHAS GYHKIHS SBHO OTJedseT PETHKTO-
5VI0 BOAy H3 posoMiTtoB I'pefibypra (rpynma 2) oT BOABL, B3ATOI
43 posoMuTos IJanenbyprepa (rpynnma 1) u n3BecTHaxos Biosa
{rpynna 3). Pasiuuus no BTOPOH IHCKPUMHHAHTHOH (QYHKIMH yC-
TAHABJIUBAIOTCSA MeHee SBHO H3-3a IepeKPLITHIE rpynn 1 u 2 n mepe-
spoitiit rpynn 2 v 3. OgHako paccMaTpHBaeMble BMeCTe JBe AHC-
KPHMHHAHTHBIX (QYHKIHMI TOJHOCTHIO Pa3jedsiiorT TPH TPYNIEL ITO
obHajieKuBarollee 3aKiodeHiie HABOJHT Ha MbIC/b, UTO MPOCH pe-
TMKTOBOH BOJbI H3 (QOpMalluii, HMEIOIUUX CXOAHbIE JTHTOJNOTHUCCKHE
CBOHMCTBA, MOTYT HMeTh OAHHAKOBBle OTHOCHTETBHO OIHOPOAHBIE
XapaxKTepHCTHKH. A
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KAHOHHYECKAS KOPPEJISILHSA

Mpi cHOBa 0GPAaTHMCA K MHOTOMEDHBIM METOJaM, KOTODhle HMe-
IOT Ty K€ BBLIUHCIHTEJBHYIO OCHOBY, YTO H (aKTOPHBIH aHaJHu3,
OJHAKO MO HCIO/b3yeMbIM TIOHATHAM H METOLAM OHH TeCHO CBs3a-
Hbl C MHOXECTBEHHOU perpeccHef. BCIOMHHM, YTO MHOXKECTBEHHAS
perpeccHss HMeeT AeJ0 C yCTaHOBJEHHEM CBSI3eH MeXAy eAHHCTBEeH-
HOH 3aBHCHMON mepeMeHHOH Y H MHOXECTBOM IIPEeACKAa3bIBAIOLINX
nepemedHbx Xi, Xa, ... . O6o0lleHne 3TOro 'MeTOAA COCTOHT B
YCTAHOBJIEHHH CBSI3€d MEXAY MHOXECTBOM TIeDEMEeHHBIX Y H ApyruM
MHOXKEeCTBOM TIePEMEHHBIX X, H3MepeHHbIX Ha OJHHX H TeX XKe 00b-
exTax. OTH COOTHOUIEHHS ONPENeNSIOTCA ¢ IOMOIIBIO JHHeHHHIX
KoMOuHauui nepeMeHHBIX X U Y, KOTOpble J@I0T HAHBHICIUYIO KOP-
PesISLMIO MeXAY 3THMH JBYMS MHOXECTBAMHU.

Takne xoppensiunu Ha3LIBAIOTCS KAHOHHYECKHMH KODPpessIusi-
MH, a JuHeHAHble KOMOHHALMH HAas3bIBAIOTCSH KAHOHHYECKHMH Tepe-
MeHHBIMH. B camoM Jesle, IpeBPAaTHM ‘MHOXECTBO NEPEMEHHBIX X
B eMHCTBEHHYI0 HOBYIO II€DEMEHHYI0O M MHOXKECTBO IepeMeHHbIX Y
B JIPYTYI0 €AMHCTBEHHYIO HOBYIO IIePeMeHHYIO H 3aTeM BLIUYHCJIHM
KOppeaAnHI0 MeKJly 3THMH HOBBIMH NepeMeHHBIMH. Ilpouecc sToro
npespalleHus JHHeeH, T. €. HCXOAHble NepeMedHble B3BEIIHBAKOTCS
H CKJaABIBAIOTCS BMeCTe, B Pe3y/abTaTe II0JyYaercss KAHOHHYECKAA
nepeMerHad. IlpuMeHende KaHOHHYECKOH KOPPeJSIHH MOXeET BKJIO-
UaTh OIpeJeJeHHEe COOTHOLIEHHsI MeXKIy HabopaMH reoxMMHUecKHX
1 TerporpadHyecKux INepeMeHHBIX HJM MHOXKeCTBOM TeTporpadu-
4eCKHX OTKJHKOB KapoTa)ka CKBaXKHH M CBOHCTB (GOpManuH, H3Me-
PeHHBIX Ha o0paslax KepHa, B3ATHIX U3 TeX JKe CKBaXKHH,

Tax kak Bce mepeMeHHBle H3MeDeHH! B OJHHX H TeX XKe Npobax,
To HabJaoneHUs o00pasyloT MaTpHIy, pasMepHoCTb  KOTOPOH
nX(p-+gq), rie p—yucjao NepeMeHHBIX Y H ¢ — UHCJIO NEepeMeH-
Heix X. (Ona ypobGcrBa BrIUHCAeHHH MeHblUMi W3 3THX HAGOPOB
NepeMeHHBIX HasblBaeM Y, ps{q.) Marpuna aucinepcuii u xosapua-
uuit [S] umeer nopsnor (p+q) X (p+¢q), 1 ee MOXKHO CUHTATb CO-
crositllell M3 derblpex GJOKOB: maTpHUa Sy, nopsanka pXp, coaep-
JKalllas JNCOepCHH H KOBapHaUHH mepeMeHHBIX Y; wmarpuua Sy
nopsiika g X g, copaepxailas AHCIePCHH W KOBapUallHH NepeMeHHBIX
X; marpuua Sy, mopsnxka pXgq (u ee TpaHcmosuuus S’x,), KoTOpas
COAEPIKUT KO3(DHUUHEHTH KOPPEeNsiUMH MeXAYy NepeMEHHbIMH X H

Y, 1. e
Sxxlsxy]
Si=| —/—F—]1.
[ ] [Sxylsy}'

Xors Matpuua [S] pacunensercs, oHa HMeeT BHJ HOPMaJbHOH KO-
BapHalMOHHOH# MaTpuyb. OHA CHMMETPHYHA OTHOCHTENbHO AHATO-
HaJM, HA KOTOPOH CTOAT AMCIEDCHH; BHEeJXHArOHaJbHHE 3JIEMEHTHI
ABJIAOTCSA KOIPOUUHEHTAMH KOPPEIAUUH,
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QO6o3HayuM NOAMATPHLY MOPAAKa n)Xp MaTpHLbl AaHHBIX, CO-
nepaKallyio mepeMeHHbie Y, yepes [Y], a mogMartpuiny mopaaka nxgq
MaTpHIH JaHHBEIX, COAepxKallyio TepeMeHnbe X, uepe3 [X]. Mar-
puusl [ Y] u (X] MoxHO npeo6pasoBaTh ¢ MOMOIIBIO YMHOXKEHHA HA
[IpOU3BOJbHBIE BEKTODH, KOTOpble B HOBBIX KOOpAMHATaxX OyayT
JMUHEHHBIMH KOMOUHAIUAMU CTAPhIX:

[A]'TY]
[B]'[X],

rie [A] — Bextop nopsaka 1Xp, [B] —sexrop nopsiaka 1—q. luc-
1epCHH ABYX MHOXKecTB Npeo0pa30oBaHELIX TlepeMeHHBIX OyAyT

[Al"[SwllA]
[B]'[S::][B].

KosapHauun mMexay npeo6pa3oBaHHbLIMU mepeMeHHbIME X u Y OynyT
[A]'{Sxy ] [B].

Henb anasnn3a KaHOHHYECKHX KOppeasiniuit cocTolT B BhiOOpe
3;eMeHToB AByX BektopoB [A] u [B] rak, yrobul Koy PUUHEHTD!
KOPpPeJsUHH [AOCTHrald MakcHMyMa TIPH YCJOBHH paBeHCTBA JHC-
nepcuil eaWHuNne. EcgaH ¢ caMoro nauasna QUCNEPCHH CTAHAAPTH3H-
pyloTcst Tak, YToOBl OHHM PABHAJMHCH eJWHHIE, TO O/JHOBPEMEHHO
CTAHIaPTH3HDPYIOTCA H KO3(POHULUHEHTH KOBaPHAIHH, CTAHOBACH KO-
b uUHEHTaMIl KOPpeaSUMH MexXay mnepeMeHHbIMH. MHcnosabsys
METOALl TeOpHH COOCTBEHHBIX 3HAUEHWUH, MOXKHO HAfTH BeKTOpH A
H B, ob6najgamouie xejaeMbIMH cBoiicTBaMu. lMeerca rapaHTHs
TOTO, YTO KaHOHWYecKash Koppeasiuust 6yner Gosiblie, 4eM HaHOOJb-
was KoppeasiuHs MeXKAY MCXOIHbIMH HepeMeHHLIMH X u J1060H
IICXOQHOH mnepeMeHHOl Y, T. e. Bosblie, yeMm J000M 3JeMeHT MaT-
puust [Se]. 910 0O6DbsicHACTCA TeM, UTO MOXKHO HeMeJIeHHO yKa3aTh
Jaunelinyio KoMGUHAUKoO, KoTopas Oy/AeT HMeTb BLICOKYIO KOppeJs-
UHI0, cYliTasi BCe 3JeMEHTH BexTopoB A H B paBHLIMH HYyJIO, HC-
KJI0Yast Te, YTO COOTBETCTBYIOT IePeMEHHBIM C HauBLICIIeH KOppe-
JifauHel, KOTOPYIO Hajo NPUHAThL PABHOH eIHHHIC.

YpaBuenue, KoTopoe Tpebyercs pellNTb B 3TOM CJyyae, OUEHb
HaUuOMHHAeT OCHOBHOEe ypaBHeHHe J1J8 HaXoxaedHs COOCTBEHHBIX
3HavyeHn#i B aHaJn3e IJIaBHLIX KOMIOHEHT:

[TA] —2[1]] = [0].

3nech [A] — MaTpuua, noayuaeMas yMHOXKeHHeM pasanuubix 6Jo-
KOB pacujeHeHHOH KopapHauuoHHO#H MaTpuubl [S]. Marpuunoe yM-
HOMele faeT MaTpully-npousseaenre [A], umeloulyo nopsiiox
gX g ¥ MPeiCTaBISAILYI0 06belHHEHHYI0 MaTPHILY AHCIEPCHE ABYX
MHOJKeCTB MepeMeHHbIX, T. €.

[A] =[Sxs]™" [Sxy]”’ [Sys] 7 [Sxy].

(6.114)

(6.115)
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K coxanenuio, MaTpuua A acuMMeTPHUHA, TIO3TOMY AJs HaXOXle-
HHSl ee ONpe/le/IUTeNss M pelleHHs CHCTEMBl ypaBHeHHH Tpebyercs
MpUBJEUEHHE TPYAOEMKHX BEIYHCIHTEIbHLIX TIPOLEAYP.

CobcTBeRHOE 3HAUEHHE A PABHO KBaIpaTy KO3(Q(HIHEHTa Kop-
peJsdUHH MeXAY JBYyMsA KaHOHAUECKUMH MepeMeHHBIMH. Tax kax
MaTpuua A HMeeT HOPAAOK ¢ X g, TO CYLIECTBYET ¢ Pa3IHUHLIX COO0-
CTBEHHBIX 3HauyeHHH, KaXi0e M3 KOTODHIX NpeacTaBiser kKo3hduiu-
eHT KOppe/AlnH MeXIy PasUYHbIMH HApaMH KAHOHHYECKHX Iepe-
veHHbIX. [locaenosarenpuble coO6CTBeHHLIE 3HAUEHUS OYAYT YMeHb-
UiATBCA IO BEJHUYMHE H KaK[as Iapa KaHOHHUECKUX TMepeMeHHBIX
OyaeT HeKOppeaupoBaHa CO BCeMHM ADYrMMH NapaMu KaHOHHUYECKHX
nepeMeHHBIX.

BekTtop B, ncnosabsyeMmuill juast npeobpasosauust [X] B xanouu-
uecKHe TepeMeHHble, HAXOAHTCA C INOMOUILIO OolpeaeieHus cober-
BEHHBIX BEKTOPOB, COOTBETCTBYIOIUX yiKe HAUJeHHbiM COOCTREHHbIM
sHAUSHHAM:

([A] —AlI]) [B]=[0]
HJIN

([Se] T[Sl [Suy] [ Swy] —A[1]) [B] =[0].

HamomuuMm, 4T0 COGCTBEHHBIE BEKTOPbl BBIMHC/AIOT, NOACTAB/ISA
coOCTBeHHbIe 3HAUEHHS B CHCTEMY COBMECTHBIX YDABHEHHH H 3aTeM
peuwag ee. Kak Toabko BekTOp mpeobGpasopaunus [B] nafigen, Haxo-
MM 3KBHEBAJEHTHOE KAHOHHYeCKoe mpeobpasoBanue Y 1o dopmyJe

[A] = [Syylgl [Sxy] [B[/VX

Kouneuno, /s KaXKaA0To A HMeeTcsl COOTBEeTCTBYIOWHH BexTop [A] M
sextop [B]. Kaxnas BekropHas mapa Oyner mpeo6GpasoBanueM
napu {X] u [Y] B xanonuueckne nepeMeHHble; KO3(QQHIHEHT KOp-
SodSIMA MeXKY HOBBIMH lepeMeHNBIMHI GyjaeT paBed r=7YA.

[IpouaocTpupyeM MeTON KaHOHHUECKHX KOppeJsiihil, o0paTus-
LiHCh CHOBA K AAHHBIM II0 CJyyafiHLIM 6J0kaM. [laHHble ecTecTBeH-
K0 NONAajaloT B JBA Kjaacca, Tak Kak nepeMmennnle X;, X» u X3 das-
JSTIOTCS OCHOBHBIMH HM3MepeHUsiMH OJI0KOB, B TO BpeMs Kak mepe-
viennbie 0T X4 A0 X; BBIpaXkawrtcst uepe3 HHX. IlepBele TpH
ilepeMenHbBle MOXKHO OINpele/UTh KaK 00pasyionlde MHOXKECTBO Iie-
neMeHHBIX Y, a NMOCJAeAVIOLIHe ueThpe — KakK 00pasylollHe MHOXKe-
CTBO NMepeMeHHBIX X.

B Taba. 6.44 npuBeneHb CTaHAapTHasf KOBapHauUHOHHAA (Had
£OpPeJsIONHAsI) MaTpHIla JIaHHLIX 1o 6J0KaM, pacusieHeHHas 1.1
KaHOHMYecKOH Koppeasiuuu, Matpuua [A], mas kotopoir Tpebyercs
HalTH coOCTBeHHBIe 3HAUEHHS, a4 TakXKe ee coOCTBeHHble 3HAUeHHS,
KAHOHMUECKHE KOPPeJsiiHH, KOTOpble OHH IPeACTaBJAsiiOT, H BEKTO-

pul {A] u [B], coorBercrByloulie HanGo/blIel KAHOHHYECKOH KOD-

pessiiiu. Mul MoXeM Hemoab3oBath BekTop [A] ama mpeoGpasosa-
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Tab6auna 644

Paz0ueHne MATPHULI CTAHZAPTHBIX JHUCHepcusi u Kosapuawxii (KoadduuneHros
KOPpeasilul) AJsE RaHHbIX no Gaoxam (a); coScTBeHHbie 3HAYCHUSA
M COOTBETCTBYIOWIME KAHOHUYECKHe xKoppeasuuu (0); npeobpa3oBanis BEXTOPOB
¢ ueJb}0 NPeBPaLIEHHs NMEPEMEeHHbIX no GroiamM B KaHnoumyecxkue NEDEMEHHbIE
1J5 TPEX HEHYJEBLIX KAHOHMYECKMX Koppensiuuil (8); Bextepa [A] ucnoansywores
249 npeo0pa3oBaHus nepeMeHHbx X;—X; K KaHOHHYECKOMY BHJY; BLHTOPHI
[B] — nas npeoGpasosanus riepeMeHHbIX X;—X; K KaHOHHYECKOMY BHAY

{a)

- 1,0000 0,5802 0,2011 0,9112 0,2833 0,2865 —0,5331 ~
0,5802 1,0000 0,3637 0,8337 0,1658 0,2610 —0,6087
0,2011 0,3637 1,0000 0,4385 —0,7041 —0,6805 —0,6488
0,9112 0,8337 0,4385 1,0000 0,163¢ 0,2022 —0,6755
0,2833 0,1658 —0,7041 0,1630 1,0000 0,9902 0,4272
0,2865 0,2610 —0,6805 0,2022 0,9902 11,0000 0,357

_ —0,5331 —0,6087 —0,6488 —0,67556 0,4272 0,3571  1,00G0 _

(6)
A;=0,9999 ri=1,00
ho=10,8485 r,=0,92
Ay=10,6538 ry=0,81
A4=0,0000 ry=0,00

()

ITepBag xanoumiecxas Bropass kanouuueckas TreTsa KaHOHHYECKAS
KOppensius KOppeJsiius KOppeasiius

Bexrop [A} Bexrop [B]  Bextop [A] Bekrtop [B] ciop [AT Bekrop {B]

0,6453 | [—0,0594 —0,0415 ), 0056 —0,0321
—0,5731 0,1438 40,6351 oo 0,7468
! —0), D404

0,5027 —0,1559 0,7712 ] —o0,6502
0,0494 ! 0,0137 L—-—O.G&?G %
Hiisl HePeMEeHHLIX Y B METKH KAHOHIUECKHX IIePCMEHHBIX H BEKTOD
[B] 1ast npeobGpasoBanus TepeMeHHEX X B APVIOE MHOMKECT30 Me-
TOK MJ¥ KAaHOHHUeCKHX IlepeMeHHniX. Ha puc. 6.52 yxasana Ana-
rpayMma IepBoif Tapel KaHOHHUECKHX IePeMeHHBIX 1.7 AaHHBIX MO0
OaoxaM. CoBepUIEHHO OUEBHAHO, YTO MMEETCA FRHO BHDAXeuHas
Aunefinasl ¢3a3b MEXKAY JABYMS MHOMKECTZAMH. [iPeAcTaBJeHHblMu
B KaHoHHuecroll ¢opme. Puec. 6.53 ectp anator tofi jke IHArDAMMBI
751 BTOPOIl napbl KAHOHHYECKHX HepeMenHbnlX. [dnarpaxma veassl-
B4eT Ha OYEHb CHJBHYIO KODPEAAlNIO, HaKe HeCMOTPsl Ha iG, UTO
npeobpasosanile COBCEM APYToe.

KoMyenTapru, caenaHHble B pasilede O I1aBALIX KOMIOHCHTAX
OTHOCHTEJBHO «UTEHWSI» HArpy30K HA KOMIIOHEHTHI, B DABHOIl CTelle-
HH CHOPaBeiJHBLI U I/ KaHOHHUYeckoro npeofpazoBanud. BexTopnl
[A] u [B] sBasiorcst BecaMu, HCNOIb3YEMbIMA /151 1Pe06pasosans
MCXOAHBIX TepeveHHbIX Y # X B KaHOHMYecKHe TiepeMenHbie. [lpu
HEKOTOPBIX 00CTOATENBCTBAX MOKHO yKasaTb (pPH3HUeCKHE 3HAYeHHHA
KOMOHHAIMH BeCOB YaCTHOTO BHAa. KaHOHHUecKHe HepeMeHHLIe
MOKHO TPakToBaTb MO aHaJdorHu ¢ ¢daxtopaMH. OJAHAKO HET YBe-
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Puc, 6.52. CoBMecTHoe npencTaBldeHHe MepBOli Napsl KaHOHHYECKMX NepeMEHHBIX
AN JaHHBIX TIO cayuafiHbiM OJa0KaM.

Kanonuueckue MeTKn nepemeHHsix X H3MepeHb! BAOJbL FOPH3OHTAMNBHOH ocnh, a Me-

peMeHHbIX Y — B20Jb BePTHKAJbHOH ocH., KaHOHHYECKas KOppeJALHs Mex 1y mep-

BOH KaHOHHYECKOH nepeMeHno#l X H NepBOll KaHOHHYECKON nepeMeHHOH Y paBHa
R=1,00

PEHHOCTH B TOM, 4To Habop BecoB OyjieT HMeThb KaKyw-Iu00 OCMBIC-
JIEHHYI0 HHTEDNPETaliio, H KaHOHHUECKHEe KODPeSILHH MOTYT Ipo-
CTO OTpaXkaTh MaTeMaTHuyeCKHe KOMOMHALUHH TepeMeHHBIX JBYX
MHOXKECTB. DTO B OCOOCHHOCTH CIPABEAJIHBO, €CJH KAHOHHYECKHE
Koppeasuuu Mex1y X u YV Asasorca ciaabuiMu. Mapackuisio u Jle-
BUH [46], namomye HCKAIOUHTENBHO SICHOE H3JI0KeHHe KaHOHHYeCKOH
KODPENAUAH, DACCMATPUBAIOT TaKIKe I APYTHE BIALI HHTEPNpeTaluy
KaHOHHYECKHX BECOB.

CymecTByeT ABa 4aCTO HCIOJb3YeMBIX CTATHCTHUECKHX KDHTe-
pHSl TIPOBEepPKH THIOTe3 0 KaHOHHUYeCKOH KoppenAuuH. ONHH H3 HHX
OCHOBAaH Ha NPOBepKe HAMHYUS J1060H 3HAuMMOH KaHOHHYECKO(l
KOPPeJNSUHU CPeld KAHOHMYECKHX COOTHOUIeHHIl. DTOT KpHTepHil
OyReT 3HAUHMBIM, €cJll ofHA HJH Gojee Hap XKaHOHHUECKHX Tepe-
MEHHEIX KODDEJNHpPOBaHbl. BTOpoll KpUTepHi HCHOJb3yeT JHILIb 3Ha-
YHMOCTbh HaubonbIel KaHOHHYECKOH KOPPeJALHUH.

Kpurepuii Bceofiefi 3HauuMocTH OBIA onpefesneH bBaptierToM
[3] # umeer BuA

L=(1—2) (1 —22)...(1—A%g). (6.116)
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Puc. 6,83. CoBMmecTHOoe OpPENCTaBJEHHE BTOPOH napbl KAHOHMYECKHX MNepeMEeHHBLIX
JUisE LAHHBIX 1O caAy4aiHbiM 6J0KaMm,

Kanounuecriie MeTKH nepeMeHHblx X W Y M3MEpAIOTCS COOTBETCTBEHHO BAOJL TO-
PH3ONTH.SBHON M BePTHKAJBHOM oceli. KaHonuyeckas koppedsuus Mexay Bropwm X
v BTOpHIM Y paBHa R=0,85

Beuunna

sl (=)L (pbg e DjinL (6117)
pacrpeseteHa mo 3aKOHYy %2 ¢ pg creneHamu cmoGoxubl. Hynesas
FHIOTE3d COCTOUT B TOM, UTO BCe KAaHOHHUECKHE KOPPEJSLHH PaBHBL
uymo. Ecay npopepsieMas cTaTICTHKA 1ONAfaeT B KPHTHYECKYIO
0041acTh, TO IO MeHbilel Mepe OAMH KO3((HUHEHT KaHOHUUECKOH
KOppenauni 31a4uMo OTJHHYaeTCs OT HYJS.

Kpurtepuii npoBepkH TOJbKO Haubogblllell KAHOHHUECKOH KOppe-
JSUUN MoXKeT OBITh TNOJYUeH U3 KpHTepusi bDapTierra B BHIe

B (=) g (p g+ Djin(I—h),  6118)

rixe iy — Haubosbliee COGCTBEHHOE 3HAUeHHe. DTOT KPHTepHil HMe-
eT YHCJO cTeNeHell ¢BOGOAE!, MPHOIH3HTENbHO PABHOE

2

df=p+a+1+5p—DG—D7% (6119

Uuncao crenmenefi cBobojbl, BHYHCAeHHOe 10 (opmynae (6.119),
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TaGruna 645

PeaynbraThl KapoTa)a M M3y4YeHUs KePHa CKBaXKHH
B mapecthsikax MencnanBanun B CeBepo-3anmagnom Kausace

v A By K o Sa S
3,1 64,0 28,8 0,1 3,9 28,2 53,8
3,4 69,0 25,1 0,4 7,0 17,2 55,6
3,4 65,0 38,0 0,1 6,1 24,6 54,2
2,8 62,0 15,1 0,4 6,2 19,3 63,0
2,5 56,0 58,9 0,1 5,9 15,3 73,0
2,3 56,0 61,7 0,3 4,7 14,9 61,6
2,3 54,0 129,0 0,2 6,2 29,0 37,1
2,6 60,0 110,0 1,6 12,7 26,7 34.6
6,0 97,0 5,2 0,0 3,0 0,0 96.6
5,2 67,0 18,2 18,0 18,9 26,4 32,3
3,9 82,0 26.9 6,5 18,4 19,0 48,3
4.7 80,0 12,9 2,5 17,9 16,8 48,0
5,1 77,0 12,0 0,1 12,3 1,7 2,6
5,0 79,0 11,0 0,0 10,4 0.0 91,4
6,1 81,0 70,8 0,0 5,2 0,0 97.8
Y — WHTEHCHBHOCTL  Y-U3JYUYEHHs, B raMMa-c1uHHUax; A;— Bpey: Hepexoia,
Mrc/pyT; Ry — Muxpoconporusienne 3sanasivisadus, Om-M; K — 0ps.ni8eMocTh,

10~° mgm?; @ — nopucrocTs, %; So — HedTanoe HAacHLCIHeE, % OT THDHCIOCIH;
Su — HacblllleHHe BOAON Y OT MOPHCTOCTH.

OXpyrasiercsl 10 OJHXKaflIero UesOoro Yicaa, He NPeBoCXOASIIEro
BBIUHCJIEHHOE.

B gauecTBe reoJOTHYECKOT0 HPHMEpa pacCMOTPHM JTaHHLIE Ka-
poTaxa CKBaxKuH, NpHBejeHHbe B Taba. 6.45. Ilposoauauch u3aMe-
peHds HHTEHCHBHOCTH raMma-jJydell, CKOPOCTH pacrnpocTpaueHHs
3ByKa H 3JI€KTPHUYECKOTO CONPOTHUBJIEHUS B JOCTYIIHOM lHHTepBaJe.
STH H3MepsAeMble CBOHCTEA OTPaXKaT KAaK XapaKTePHCTHKI TODO,
Tax M CBOHCTBa KHUAKOCTelt B TMOPOBOM IpoCTpaHcrse. B Tabaule
TaKkxkKe IpeACTaBjeHbl J1ab0paTopHLIe H3MepEeHHs, cAelauiubie Ha
KepHax, B3ATLIX H3 HEKOTOPOTO HHTepBaja. OHHM BKJOYAIT [NOHH-
LaeMOCTh, TTOPHCTOCTh, HACHIIEHHOCTL HEe(THIO H BOAOH.

B apaause xapoTaka CKBaykKUH H3MepeHHble anmaparypoii Xa-
PAKTEPUCTHKHY IPeoOpas3yloTcsi, B Pe3yJabTaTe Yero Noaydatorcs
OLEHKH TIOPUCTOCTH, HACHILEHHOCTH HedDTbl0 U BOAOH. DTh OHeHKH
OCHOBAHLl HA Pa3/JUUYHBIX KOMOHHAUHAX OTKJIMKOB Kaportawa s 3a-
BICHMOCTH OT CTaH1apToB. JTO HABOJAWT Ha MLICAb, UTu MOXKHO
HalTH 3HAYUMYX KAHOHHUECKYIO KODPeJSsiHHIO MeXNY GTiAHKAMU
KapoTaxKa H U3MepDeHHAMH Ha Kephe.

B rtabsn. 6.46 npeacraBiaeHa cTaHAapTH30BAaHHAS KOD4PHAUHOH-
Has MATPHILA CeMHW [eDEMEHHBIX, NPUBEeAEHHHX B Tabha. 645 Vxa-
3aHo pasGuenne MatpHubl Ha 6.0KH [Sy,,], [Sic] u [Sin] u [Su:]
Ykasana takxe Marpuua [A], moayuamomascs u3 oGbeiHHeHUd
JucmepCHi M KOBApHalUUil B JABYX MHOXKECTBAX B COOTBETCTBHH C
ypasuernnem (6.115), Tak e, Kak U coGCTBeHHble 3HAUEHET MATPH-
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Tabanna 646
Pa3duenne MaTpPHUBI CTAHAAPTU3OBAHHBIX RUCREPCHIT # KOIDHHULHCHTOB KOPPEAsIIHH
AAS Raw=HX N0 CKBaXuHe B Taba. 6.45 (¢); oO0beanHenHag MaTpuua HHCHEPCHH
JA] (6); cobGcrBennble 3Hayenws Matpsunl [A] (8) W COOTBETCTBYIOmME
xanoHU4ecKue Koppeasunu (2); [A]-— npeodpasoranue BexTopa ¢ UEJbIO
NpHBELEHHS 3JHAUGHHMI KApoTarka K KAHOHHYECKOMY BHUAY,
|B}— ¢ Leabio npuBeaeHHs M3MEPEHMIT K KAHOHHYECKOMY BUAY

{a}

" 1,0000 0,6459 —0,2320 0,303t 0,1027 0,0881 —0,1102 -
| 0,4459 1.0000  —0,0663 0,3063 0,4763 0,1899 —0,2996
Po—0,2320 —0,0663 1,0000 ¢,2161  0,3118 —0,0862 —0,0789

‘ 0, 3031 (,3063 0,2161 1,0000 0,6334 0,0251 —0,2150

| 0, 1027 0,4753 0,3118 0,6334 1,0000 0,2099 —0,5134

! 00881 0,1899 —0,0862 0,0251  0,2099 11,0000 —0,8639
I

-0,7102  —0.29%6 —0,0789 | —0,2150 —0,5134 —0,8639 1,0000 _

(6)

I o0,1237 —0,0891 —0,0337 0,0406
i 0.,0769 0,4445 0,1144 —0,2278
—0,0750 0,0006 0,0762 —0,0372
—0,0962 0,0167 0,0620 —0,0332

(8)

A1=0,4010 ri=0,63

Ao=0,1697 ro=0,41

Aa=0,0405 r4=0.20

Ay=0,0000 r;=0,00
{e)

IfepBas xaHoHHYecKas Bropas KaHoHMueckas TpeTbst KaHOHNYECKAR
KOppensius KOppeJsiiua KOppesIus
Bextop [A} Bextop [B]  Bextop [4] Bextop [B] Bexrtop [A] Bextop [B]

0,4960 0,2953 | [—0,6627 —0,6816 —0,05897 I'—0,1225
—0,8727 —0,9473 0,2195 0,49287 —0,2128 —0,0510
~—0,2869 —0,0573 1 L—0, 3380 0,3627 0,3301 —0,8266

~0,1100 | 0,4692 —0,5469

ubl [A] # cooTsercTBylOlMe KaHOHHMYecKHe Koppesasuud. [IpeoGpa-
3osaHHble BekTopnl [A] u [B], cBfi3aHHble ¢ TpeMsa HeHyJeBbIMH
cOOCTBEHHBIMH 3HAUeHUSIMH, TaKXKe MNpuBedeHnbiMu B Taba. 6.46,
B rpaduyeckoll ¢opMme npeacTasJensl Ha puc. 6.54.

ITeppas kaHOHNYecKas KOppeJsllsi OTpaKaer IO CYILEeCTBY
CBsI3b MEXKJ1y MHTEHCHBHOCTBIO IaMMa-Jyued H BpeMeHeM NPOXOX-
JEeHHS 3BYKA, C OAHOH CTOPOHDI, H HOPHCTOCTBIO — C APYrof. 3HAKHU
BECOB HABOJAAT Ha MLIC/Jb O TOM, YTO BBICOKHE 3HAueHHS raMma-us-
JyueHHA H HH3KHE 3HAYeHHS CKOPOCTH 3BYKa MOTYT YKa3blBaTb Ha
HH3KYI0 NnopHcToCTh. CraHel JaeT OTHOCHTENbHO BBLICOKHH yPOBeHb
OTKJHKA raMma-JAyded U3-3a HaJUUUsA PaJHOaKTHBHOIO kKanaus-40
B Munepase. CKOPOCTb 3BYKOBBLIX BOJIH 3HAUHTENbHO HHXKe B XKHX-
KOCTH, KOTOpasl 3amoJHseT NOpbl, ueM B TBepioM Tese. [lostomy
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Puc. 6.54. Kanounueckoe mpeoGpasosaxue eekropos [A] u [B], pbhiukcaenHoe no
ALHUBIM KaPOTaMa CKBAMHH U M3mepetuam KepHa B ckBaxune Cesepo-3znaanoro
Kansaca.

DreMeHTH BSKTOPOR nPeoBpa3oBaHuA NMPEACTABIEHB KaK Beca. [lepewenuire Te e,
uto B Tabu. 6.45

MOXKHO YTBEPXKAaTh, U4TO KOMOHMHANMs TaMmMa-jiyuded H 33yNOBOIO
KapoTaxa AaeT XOPOUIH NHAHKATOD CJAAQHIEB H APYIHX hemnopiic-
THIX I[OPOA H, CJeJ0BATENbHO, KOpDpenuposaHa ¢ MHOPUCTOCTLI)
KepHA.

Bropas xaHoHuueckas Koppeasunus eile Oosiee HHTepecHa, Tax
KaK oOHa (BsA3aHa ¢ KOMOWHALHMell KapoTaxa # MNPOHULAEMOCTbIO
KepHa, — 3aMeyaTtenbHOe CBOHCTBO, KOTOpOe TPYAHO TPeICKa3aro.
Beca ykasuBalwT HA TO, YTO HHU3KMU OTRJHK raMMa-u3jdyueHds d
HH3KO€ MHUKDOCONpOTHBJEHHe [OYTH PAaBHOCHJBHBI HH3KOH NDOHH-
1AaeMOCTH M (MAX) BBLICOKON NOPHUCTOCTH H HACLILIEHHOCTH (aIon1a-
M. K coxadeHulo, Koppesasiius He sABJAseTCs CTATHCTHYCCKH 3HAYM-
MOH 1T MOMKET 0Ka3aibCst NpocTo cayuaiinbM 3hdekTod onpodopa-
i, Tperbsl KaHOHHYecKasi Koppesslis, KOTOpas oOdYeHb MaJgaa
CTYATHCTMYECKH He3HayHMa, CBf3BIBaeT MHKDOCONPOTHBJAEHHE H OT-
KJIMK 3BYKOBOTO KapoTaxa ¢ OTHOCHTENbHOH — HACHIEeNHOCThIO
LHedThio I BOJOH.
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Tilburg Univ. Press. Groningen. The Netherlands, 1973, 112 p.

KoMnagTHell XOPOUIO HAMHCAHHBIN 0630p BCEX THIOB KJACTEDHHIX TPOUETV).

6. Burt C. Correlations between persons. British Journal of Psycholegy,
General Section, 28, 1937. 59—G6.

B a7ofi pannell paboTe obcyXAal0TCA CBSA3H MeXAY R- 1 Q-meronamu GaKkTOpHOrG
aHaMH3a. [UIOTETHUECKHI MpUMED, HCNOJb3YeMBli AJsT MASIOCTDAUNEHA TeOPeMbl k-
kapra — IOura, B3sT U3 3TOH KHUTH.

7. Businger P, A., Golub G. H. Algorithm 358, singilar value decomposition
of a complex matrix. Communications of the Asscc. {or Computing Machinery,
12, 1089, p, 564-—565.

8. Crild D. The essentials of factor analysis. Holt, Rirehart and Winstin
Ltd. London, 1970, 107 p.

Komnakrtublfi 0630p (akTopHOTO aHanu3a W GJIH3KHX METOACB, H2iaHHBT B 6y-
vam oM repennere. Mzamoxende HEeMaTeMaTHYECKOE H OYCHE TOHITHOS.

9. Clark S. P. Jr. (ed.) Handbock of Physical Censtants. Geol. Soc, Ame-
rica, Mem., 97, 1966, 587 p.

10. Clifford H. T., Stefenson W. An introduction to numerical classification.
Academic Press, Inc., New York, 1973, 229 »p.

Touge spenus GHoJOTa HA KJIACTEPHBIA aHANH3 W NPYTHE NPOUEIVPHL KAACOHDUKA-
und, Tiaapa 8 (0 MaTpunax cxojcrBa) u IMaBa 13 (MEOTOMEpHLUl aHaJ H3) mpel-
CTaBAAIOT 0COGHIH HHTEpeC.

11, Cooley W. W., Lohnes P. R. Multivariate data analysis. John Wiley and

Sons, Inc., New York, 1971, 364 p.
Hapany ¢ MHOrHMM ADYTHMM BOTPOCAMH H3JIATalOTCs TENDHH MHOMKECTBEHHOM
DOTPECCHH, MHCKPHMHRAHTHBIX QYHKIUA 1 GaKTOPHBI aHAJ U3, D KHArE MPHBOAATCS
Takxe texcTol nopnporpamm Ha @OPTPAHe u srriucanrestubie cxeMbl pasncob-
PasHBIX TPONEayp.

12 David M., Dagbert M., Beauchemin Y. Statistical znalysis in geologv.
éﬁorrespondence analysis method. Quart, Colorado Sch. Mines 72, N 1, 1977,
0 p.

ABTOpH mMpeanaraloT NPHMEHHTH AHANH3 COOTBETCTBME K HOMPEPLIBHHIM fePeMeH-
HbIM ¥ naloT 060CHOBAaHHE MeTO/]a, CCHOBAaHHOe Ha Teopnu BeposTHocrtelt, [Ipueo-
autes nporpamMa na @OPTPAHe.

13. Davis J. C. Information contained in sediment-size analysis. Jour, Int'l.
Assoc. Mathematical Geology, 2, N 2, 1970, p. 105—112.

DKCrieDHMEHTAJbHEE TaHHBIE N0 OCaikaM Gaccefina DapaTapusi, paccMoTpenuble
B HACTOSMIEH IVIaBe. B3ATH M3 9TOH KHUIH.

14, Draper N. R, Smith H. Applied regression analysis, 2nd ed. John Wiley
and Sons, Inc., New York, 1981, 709 p. )
Wueercs pyccknit mepeson: Hpednep H., Cmur I'. Tpuknajuolt perpeccHOHHbI
agamu3. — M., @unauce! ¥ cratucruka, 1987. — T. 1 1 2.

15. Eckart C., Young B. The approximation of one mairix by another of
lower rank. Psychometrika, 1, N 3, 1936, p. 211—218.
dynnamentansas pa6ora o cssaw R- v Q-MerofoB BaKTOPHOTO aHaNu3a,
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16. Everitt B. S. Graphical techniques for multivariate data North Holland.
New York, 1978, 117 p.

\7. Fisher R. A. The precision of discriminant functions. Annals of Eugenics,
10, 1940, p. 422—428,

18. Folk R. L. Petrology of sedimentary rocks, 4th ed. Hemphill's, Auslin,
Tex, 1980, 184 p.

\9. Ganadesikan R. Methods jor statistical data analysis of multivariate
observalions. John Wiley and Sons, Inc., New York, 1977, 311 p.

B rtexcre fpeactaBJIeHbl rpauueckue METOLE, paspaboTaHHbiC B TenedoHubix Jaa-
Gopatopuax beana. [ipoueaypsl KAaCTEPHOTO aHaAusa U ApYTHE MpOLeiypHl hAacs
cHHKALIE PaCcCMOTPEHDl B I 4.

20. Gower J. C. Some distance properties of latent root and vector methods
used in multivariate analysis. Biometrika, 53, N 3, 1966, p. 325—338.
Paccmatpusierest JABOHCTBEHHOCTD MeXK1y ~aHaiM30M COUTBETCTBHA H METOAOM
FAABHBIX KOMIIOHEHT.

21, Grijjiths J. C., Ondrick C. W. Modelling the petrology of detrital sedi-

ments In: Merriam D. F, (ed). Computer applications in the earth sciences.
Plenum Press, New York, 1969, p. 73—97.
CraTbs MOCBSALIEHA MOJEAHPOBAHUIO MPOLECCd OTKJMKA IpPH HCCIEAO0BAHIIL MPOXC
XOMICHHSA KJACTHYECKHX OCALKOB. BaKTOP, HPEACTIBAAIOMIE OCALRH, obcyxaa-
JoTes Ha cTp. 76—B84, JKCnepuyeHt, CB#3aHHBII ¢ IPHMEHEHHEM MIK B sroit raase,
ollEcan Ha crp. 86—88.

99 Harman H. H. Modern factor analysis, 2nd ed. Univ. Chicago, Press,
1967, 474 p.

Jimeercs pYCCKHIl TIEPEBOA: Xapman 1. CospeveHRHbLH (axTOPHBLl aHAIK3. M.,
CrartucTdka, 1972.

HeemoTpst Ha TO UTO GOJNBIIHHCTBO NpHMepos 3TOIl KHHIH B3ATO U3 [ICHXOMETPHKH,
OCHOBHOI YIOP CAEJaH HA BHMHCTUTEIbHBIE ACIeKTHl MajaraeMbix Teopuil u HO3TO-
My H3/02KEHHE OTHOCHTEILHO cBOBOAHO OT NCHXOJOrHUECKOR TEPMAHOJOLITL
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York, 1975, 332 p.
PaccMoTpeHbl TJIaBHble KOMIIOHEHTH! (ra1. 6) u ¢daxTopHbIL aHATH3 {ra. 7). Xora
KHpra HanHcaHa B pacueTe Ha OOUIECTBEHHLIE HAayKH, H3JOKEHHDBIE B f1eft MeToaLbl
B pasHoii Mepe NpuMeHuMbl ¥ K reOMOrHYCCKHM HaHHBIM. PaceMoTpebl TAKKE
npeo6pasoBiHne AaHHBIX H BpalleHHe PaKToOpOB.

24. Hartigan 1. A. Glustering algorithms, John Wiley and Sons. Inc. New
York, 1975, 351 p.

KoiacTepHBI ana/iu3 H3AOKEH Ha CTPOTOM aJTOPHTMHYECKOM yPOBHE. Kuura co-
AEPKHT MHOTOUHCIEHHBIE HOANPOrPaMMEl HA ®OPTPAHe u TecroBbie AAHHDIE, B3
THiE W3 PA3JMUHBIX JWCULHIIHA.

95, Heckel P. H., Baesemann J. F. Environmental enterpretation of conodont
distribution in Upper Pennsilvanian (Missourian) megacyclothems in eastern
Kansas. Bull. American Assoc. Petroleum Geologists, 59, N 3, 1975, p. 486—

9.
96 Hill M. O. Correspondence analysis. A neglected multivariate method.
Jour. Royal Stat. Soc., Ser. C, Appl. Stat, 23, N 3, 1974, p. 340—354.
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Proc. of the Cambridge Philosophical Soc., 31, 1935, p. 520—524.
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ting. Elsevier Publ. Co., Amsterdam, 1983, 437 p.
B ri. 6 paccMOTPERO MNpHMeHeHHE MHOTOMEPHEIX METOZOB HpH reoXHMUUYECKOit DPa3-
BeJKe 4 TPHBEAEH MEPeyeHn HCTOUHIKOB BLIGHCAHTEAbHEX nporpaMM, B T 9-—
npUMeHeHHe [HCKPHMARAHTHOTO AHAMH3a TPH TPOTHO3MPOBAHHM o/I0BA, B Td-
Bax 10 # 11 nau 0630p ny6auKannii 0 NPUMEHEHHH MHOTOMEpPHLIX METOAOB.

99. Imbrie I., Purdy E. G. Classification of modern Dahamian carbonate
sediments, in Classification of Carbonate Rocks, a Symposium American Assoc.
Petroleum Geologists, Mem, 1, 1962, p. 243272, ‘
OCHOBHAS CCHLAKA B I€OJOTHUECKOH JHTEpAaType Ha MeT01 riaBHBIX KOMIIOHEHT.
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Tiasa 30 «M3MepeHdss B MHOIOMEPHOM TPOCTPAHCTBE» COJEPKIT QUCHb XOpOLlee
1l KpaTKOE H3/10KeHHE JHCKDUMUHAHTHOTO aHAJ/H3a. '

44. Longley J. W. An appraisal of least squares program of the electrouic
computer from the point of view of the user, Jour. American Statistical Assoc,
62, N 319, 1967, p. 819—841,

O6cyxaerte rpy6bix OWHOOK, KOTOPble BKPAJBIBAIOTCA B IPOTPAaMMBL MHOMECTBEH-
HOH perpecciy H3-3a IUIOXOrO IPOrpaMMHPOBAHHSt W COXDAHEHUA HEAOCTATOUHOrG
4iicia 3HaKoB. o o

45. Lunneborg C. E., Abbott R. D. Elementary Multivariaty analysis for
the behavioral sciences, North Holland, New York, 1983, 522 p.

46. Marascuilo L. A., Levin J. R. Multivariate statistics in the social science,
A researcher’s guide. Brooks/Cole Publ, Co., Monterey, Calif., 1983, 539 p.

Jaer noapobublii ananu3 GuGIHOTEKH TPOrpaMM IUMPOKO HCHOJAb3YEMBIX MHOTO-
MEDHBIX CTATHCTHK H CpaBHEHHUe I0JydaeMbIX Pe3y.bTaToB. -

47. Maron M. J, Numerical Analysis. A practial approach. McMilian Publ.
Co., Inc, New York, 1982, 471 p. )

CozepHT XOpoliee ONUCaHle MATEMATHYECKHX ONepaluil, HCHOJB3VeMbIY BO BCeX
MATEMATHUECKHX NPONEAYDaX, BKJIIOYAIOIIMX BHIUKCICHHE COBCTBEHHBIX 3HayeHMi,

48. Marriot F. H. C. The interpretation of multiple observations. Academic
Press, Inc., Ltd.,, London, 1974, 117 p.

OueHb KOMIAKTHBI TOM, COjepKallifl XOPOIIO HANHCaHHBII 0030p MHOTOMEDHOTO
CTATHCTHYECKOTO aHaJdH3a.

49, Matalas N. C., Reiner B. /. Some comments on the use of factor analy-
sis, Water Resources Research, 3, 1967, p. 213—223.

50, McQueen J. Some methods for classification and analysis of multivariate
observations. 5th Berkeley Symposium on Mathematics. Statistics and Probabi-
lity, 1, 1967, p. 281—298.

51. Morrison D. F. Multivariate statistical methods, 2nd ed. McGraw-Hill,

Inc.,, New York, 1976, 415 p.
OJHO M3 CaMblX XOpOIIHX PYKOBOJCTB 110 MHOFOMEDHOMY CTATHCTHIECKOMY aQHd-
JH3Y, comepxalllee OCOGEHHO MOJE3HBIH pasjges O cBA3H Mex1y Haubo.ze H3BeCT-
HBIMH  OJAHOMEDHBIMH METOJaMH I HX MHOroMepHBIMH obobulenusir. I 4,
6—9 0oxBaThHIBAlOT TeMBl, H3J0XEHHBIE B 3TOM pasjiede. MsiaoxeHue GakTOpHOTO
aHaJu3a B . 9 oco6eHHO NPOCTO.

52. Morrison D. F. Applied statistical methods. Prentice-Hall, Inc, Engle-
wood Cliffs, N.J., 1983, 562 p.

CoOEPKAT OTJAHUHOE H3JOKEHHE AHCKPHMIHAHTHOTO aHajaH3a IS ABVX TpYIIL

53. Ondrick C. W., Srivastava G. S. COREAN—FORTRAN IV computer
program for correlations, factor analysis (R- and Q-mode) and varimax rotation.
Kansas Geological Survey Computer Contribution, 42, 1970, 92 p.

54. Ostroff A. G. Comparison of some formation water classification systems.
Bull. American Assoc. Petroleum Geologists, 51, N 3, 1967, p. 403—416.

55. Potler P. E., Shimp N. F., Witters J. Trace elements in marine and
fresh-water agrillaceous sediments. Geochimica et Cosmochimica. Acta, 27, 1963,
669—694.

56. Reyment R. A., Blackith R. E., Campbell N. A. Multivariate morphomet-
rics, 2nd ed. Academic Press, Inc., Lrd., London, 1984, 233 p.

Houauet 0630p NpHUMEHEHHS CTATHCTHUECKMX METOXOB K H3YHEHHIO MOpPGOMOTHH
KUBOTHOTO MIIpa, B 6COGEHHOCTH HCKomaeMbix octatkoB, Coiepxkut 6oIbluoe KO-
YeCTBO LHTAT H3 TEKYWEH JHTEpPaTyPHl H MHOrOYUCJIECHHBIE NPHMEPHl HCCI810BAHHS.

57. Sherman K. N., Bunker C. M., Buch C. A. Correlation of uraniuni, thorium
and potassium with aeroradioactivity in the Berea area, Virginia. Economic
Geology, 66, 1971, p. 302—308.

58. Sneath P. H. A., Sokal R. R, Numerical Taxonomy. W. H. Freeman and
Co., San Francisco, 1973, 573 p.

OnHa 3 OCHOBOMOJIAraloWHX paboT Mo upcaeHHON TakcoHoMmN. K COXa.IeHHIO,
TEPMHHOJIOTHSl MOXKET CMYTHTBL e€0JIora, a NJMHHBE PACCYXKAECHHS MO TOBOAY YHC-
JIEHHBIX METOJNOB MOTYT NOKa3aThCA He OTHOCAWIHMHCA K aeny. OnHaxo 310 Ham-

370

$HosIce JETKOE BBEjJEeHHe J)
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a Colloquium. Plenum Press. New Ylo]rcl?, 11(;;}7(;an3€1”—134[§ D (ed)
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63. Thurstone L. L i i i
1974, 538 o e L. L. Multiple factor analysis. Univ. Chicago Press, Chicago,

Knacenveckas
epegeiecxa ;}){aggjrlz;qgoM q:;zmopno.\fy AHAJH3Y B €ro MepBOHAYIIbHOM BEIE, TIpH-
HXOMETpHH. Hocxonbxy OHA HalyCaHa 10 HOSIB‘TIEHI;‘H

KaxyT
U3JOKEHNe DAKTODHOrO anaiuza B nei bynaavenra ru,Hyo o verapesuibi. Otnaxo

64. Tryon R. C ; i
1970, 347 p » Bailey D. E. Cluster analysis, MeGraw-Hill. Inc,, New York,
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L)EHHH NICHXOJIOTOB H CoUHnoJa0roOB.
HOHOM Yy BaJIH, OTJHYAKTCS OT
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[TPUJIO)KEHIIE

1excrol npoepamm CTAT.

Hacrodulee mpusoxerRle HallHCAHO HA OCHOBE INPUJIONKeHHS K
kuure Jx. C. Ilssuca «Kak nosnb3oBatbesi mporpammoii CTATs,
nanucansoro CtuBom MH, B KOTOPOM NpHBEjeHH PeKOMEHAAIUH 00
HCTIOJb30BaHUH AHUCKeTH. Ha nuckere movelleHsl OCHOBHBIE CTATH-
CTHYeCKHEe TNPOLeAYDHl, H3J0KeHHble B KHUre. JlUcKkera mpeaHasHa-
yeHa AJs I[epCOHAJBHOIO XoMmielorepa tHna IBM-PC, ucnoassylo-
mero onepauuonnyio cucremy PC-DOS ugun MS-DOS (sepcus
2.10) ¢ mamsiteio 128 K.

B HacrosuleM INIPHJIOXEHIH HPHUBEIEHH TEKCThl COOTBETCTBYIO-
HX mporpamM, Hanucangiee Ha si3bike POPTPAH.

CTAT — xomnaeke nporpamm Ha s3bike @OPTPAH, conepxa-
IUX DS CTATHCTHUYECKHX NPOLENYP, ONHCAHHBIX B 3TOH KHUTE.
B Hero BouLiH mporpaMMbl BBOJA AaHHBLIX, 3JeMEHTAPHOM CTATHCTH-
KH 1 OCHOBHBIX Ollepauuii Haa MaTpuuami. Ilouck HeoGXORHMOTO
MO/JAB30BATENI0 MOAYJs NPOHCXOAHT NIyTEM YKA3aHHS COOTBETCTRYIO-
11ero pexXnMa.

Beod danrolx.

Beoanvble AaHHBIE UMEKOT CTPYKTYpy Matpuubn. Hiuke mpuso-
aires rabanua, XapaxTepl3yoollas 3TV CTPYKTYPY B Pas3jiiuHBIX
cayvasx:

I aunsie Crpokit Cron6ust
OanoMepHble JaHHLIE Habmo 1enna 1
MtHoromepuele faHHbie [Haémo 1cH1is 3HayeHHst KOOPAHHAT
Onnomepubfi gucnepcHoH-| Komuu [Tpo6ul
HBIl aHaJau3
JIByMepHELT JIHCHEDCHOH-| YPOBHHI IIpo6u

HBIl anaaus

9/2€MGHT(1]JHCUI CTATUCTUKQA.

Ecau nonb3oBateab BHIGpAJ pexHM 3JeMEHTAPHOH CTATHCTHKH,
TO MOYKHO BOCHOJIb30BATBLCA CJACAYIOWHNME NATBO MporpaMMami: 1—
OJHOMEepHble CTATHCTHKU M OAHOBHIOOPOYHBII f-kpHUTepuii; 2 — 1BY-
MEpHbBle CTATHCTHKH; 3 — JHHEIHad perpeccHs; 4 — OJHOMEpPHbIH
JHUCNEPCHOHYBIN aHaMH3, 5 — ABYMepHBIH JUCIepPCHOHHBIT aHa/us.
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B CJIeI[y}OIU.eI’I Tabauie NpHBEAEHBI COOTBETCTBYIOIIHE OrpaHH-
yeHHsI HA pasMepbl MaTpHUilbl AaHHbIX!

UHCIO CTPOK Yueno croabuos
MeTon
Maxcumys l Munumym Makcumym I MuuumMyM

OanoMepHblit Her 2 1 1
T ByMepHBEIH Her 2 2 2
Jlinefinass perpeccHs 100 2 2 2
OanoMepHBIl AHCHEPCHOH- Her 2 100 2
nelil aHaJaH3
JIByMepHHIA  JHCIEPCHOH- Her 2 100 2
Hblil aHaJH3

[IpuMeuanuc, MiakcHMaXbuble Da3Mepbl MaTpHULl OCPaHUYEHBI TOJBKO Pa3MepaMH
ocuepasTHRION 11AMATH HCIOAL3YeMOro KOMIbIOTEpa.

PesyabTaTLl BbIYHCIEHHHA N0 KaxKI0H IporpaMme MO KeJaHHIO
zaHocsaATcA B (pafiy, KOTOPBII MOKeT OblThb HCIOJb30BaH B Jajb-
HeilllleM.

Huke NpHBOAUTCS INepeueHb pPAa3JHUYHLIX CTATHCTHK, KOTODHIe
BLIUIICJASIOTCS B IpOrpaMMe:

Meton CraTHCTHKH

O1HOMEpHBIE CTATHCTHRH Yucao nabmogenui, cyMMa, cyMMa KBaipaTos, AMC-
nepcHsi, CTAHLAPTHOE OTKJIOHEHHUE, CpejHee, OLHOBHI-
6opouHas {-CTATHCTHKA

JIBy>MepHEIE CTATHCTHKH Uucno Haba0AEHHBIX 1ap, cyMMa MONapHBIX HPOM3-

BeJeHufl, Ko3pGUUHEHT KoBapHaUHH, KO3)GhHIHEHT

koppedasiuun, Mexay X; H Xp; cymMma, cymMMa KBaf-

paToB, cpeiHee, AMCIEpCHsi, CTAHAAPTHOE OTKJOHE-
nue

UneHL HOPMAJBbHOrO ypaBHeHis (T, €. YHCJIO HabJlo-

JEHHbIX map; cymma kBajgpatoB X-o8 H Y-0B), cym-

ma Y-0B, cyMMa nomapumx npousseseHuli X u Y,

OlleHEHHbIE TIAPAMETPH YDaBHEHHS DErpeccHH, OCTaT-

KH, ofmas cyMMa KBaJpaToB, KauecTBO alIIPOKcHMa-

HHUH H KO3)HIHEHT KOPPeTaunH

Tabanua ogaomeproro ANOVA

Ta6manua asymepuoro ANOVA

Jhnneitnas perpeccus

O:anomepuriit ANOVA
Aryyeprnit ANOVA

Marpuansie onepayuu.
pasjesie MaTpuuHble OHepALHH COJepKaTCA CJaeLyIOLIHEe MO-

Ayau;
! — naneuarars marpuny;
2 — CI0XKHTH 1Be MATPHLEL;

— HePeMHOXKHUTDb JIBe MaTPHILI;

~— YMHOXHTb MaTpPHILy Ha NOCTOSHHYIO;

— obpartuTe MaTpuuy;

~— TPaHCHOHHPOBATH MATPHILY;
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7 — BLIUMCJHTL COGCTBEHHble BEKTOPHI H COOCTBeHHble 3HAUEHHSA
CUMMETPHUECKOH MaTpHILHL

Jlns Bcex mporpaMMm MakCuMaJfpHbifi pasvep marpuunt 50X 50.

IMporpamma 7 3anucbiBaeT BeKTOP COOCTBEHHLIX —3HAYEHHI B
yObIBaIONIEM TIOPSANKE B HEKOTOPBIA (i,

Anpo6aunto nporpamm CTAT pexomenayercs npoBOAHTb Ha
npUMepax AAHHDBIX, MOMeLIEHHBIX B TekcTe. Tawm »Ke MOXHO HaHTH
M Pe3y. bTaThbl BHIYHC/AEHHH M UX UHTEpIpeTantio.

Honoanureasrsie npozpammo.

Teppacrat — o6umupHas 6HOAHOTEKA NMPOrpaMM MMQUTH BCEX MPO-
meayp, ONHCAHHBIX B 3TOH kuure. OHH peaju3oBanbl Ha JHCKeTe
AJs nepcoHanbHoro kowmmnblorepa tuna IBM—PC 1 coBMeCTUMEIX
C HHM, HCIOJB3yWOULMX onepaunonubie cucremsl PC—DOS  wnau
MS — DOS. Undopmauuio o Teppacrar, BkJAWYaA IEHb H COBME-
CTHMOCTb KOMTbIOTEPA, MOXKHO MOJYUHTH IO ajipecy:

TERRASCIENCE, INC.
755 West Tenth Avenue
Lakewood, Colorado USA 80215.

Keaawuue mosyuurs womuio aHckerst CTAT  k  xuure
HOx. C. [3Buca ¢ WHCTpPyXOHeld W KOMMEHTApHUSIMH Ha pYCCKOM
f3pike MOryt ofpatuthes mo aapecy: BMOMC, 123853 Mocksa,

3-¢ MarucrpaJgpHas yia., 38.

sXeXe) 000

o000

C

MAIN PROGRAM FOR STAT STATISTICAL PACKAGE

PROGRAM STAT
COMMON /IOLUN/ 15,16,J5,J6,J4
COMMON /IONAT/ KORF,MON,IPRT KORFO
CHARACTER*1 KORF,MON,IPRT KORFO
COMMON /MATQ/ AM(50,50),BM(50,50),CM(50,50)
1 NRA,NCA NRB,NCB,NRC,NCC,CONST
COMMON /NAMEF/ FNAME
CHARACTER*16 FNAME
COMMON /TLC/ SV(20),LZ,LU,Z11,222,D11,D22,NZZ,NSP,DPC,DFT.UPA

.. INITIALIZE CONSOLE I/O UNITS
5=0
16=0
INITIALIZE FILE /O UNITS
J4=0
J5=0
J6 =0

.. SET MAX MATRIX DIMENSIONS

MAXR = 50
MAXC = 50
CALL INITTS
CALL INOUT(0,IOP KOP,MAXR,MAXC)
CALL CLEAR
WRITE(18,200)
200 FORMAT(// STAT Version 1.5',
1/ (C) Copyright by Terrasciences Inc. 1987,
1" This program presents a sample of the statistical,
* /' procedures described in “Statistics and Data Analysis',
1/ in Geology" by John C. Davis')

111 CALL DATE
101 CALL CLEAR

WRITE(I8,204)
204 FORMAT(///,15X,” * * Main Menu of Options * * *,
1/ Option  Description’,
1//,4X,"1 --- Data Entry’,
1 /,4X,'2 --- Elementary Statistics',
1 /,4X,'3 --- Matrix Operations’,
1 /,4X,'0 --- Exit Stat and Return to DOS',
1//;" Enter Option Number: ')
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108 CALL IREAD(1,KOP 105,105,108)

IF(LZ.LT.0) CALL CLEAR

IF(LZ.LT.0) GOTO 111

IF(KOP.EQ.0) STOP

IF(KOP.EQ.1) CALL DATENT

IF(KOP EQ.1.AND.LZ.LT.0) CALL CLSALL
IF(KOP.EQ.1) GOTO 101

IF(KOP.EQ.2) GOTO 100

IF(KOP.EQ.3) GOTO 102

CALL INVLID(1)

e

C
103 IE(KOP.EQ.2) JOP = 1

IF(KOP.EQ.3.AND.IOP.EQ.1) JOP = 1
{F(KOP.EQ.3.AND.(IOP.GE 2.AND.ICP LE 3)) JOP = 2
IF(KOP.EQ.3.AND.IOP.GE 4) JOP = 3

GALL INOUT(JOP,IOP,KOP MAXR,MAXC)
IF(LZ.GE.0) GOTO 112

300 CALL CLSALL

IF(KOP.EQ.2) GOTO 100
GOTO 102

12 IF(JOP.EQ.-1) GOTO 95

IF{KOP.EQ.3) GOTO 104
CALL CLEAR
GOTO (1,10,15,20,25),10P
104 GOTO (30,35,40,45,50,55.60),10P
1 CALL VARIAN

GOTO 108
100 CALL CLEAR
WRITE(16,201)
201 FORMAT(/,15X,* Elementary Statistics Menu of Options

1// Option  Description’,

17/ 4X,'1 --- Univariate Statistics and Ore-Sample t Test' : GOTO 99
1 /,4X,2 --- Bivariate Statistics’, ' 10 CALL BICOR
1 7,4%,'3 --- Linear Regression’, . GOTO 99
1 /,4X,4 --- One Way Analysis of Variance' 15 CALL LINFIT
1 1.4X,'5 --- Two Way Analysis of Variance' GOTC 99
1 /,4X,'0 --- Return to Main Menu of Options’ 20 CALL OHEOV
1//," Enter Option Number: ') GOTO 99

109 CALL IREAD(1,10P,105,105.105) 25 CALL TWOVA
IF(LZ.LT.0) GOTC 101 GOTO 99

30 CALL PRINTM({1,CWM,NRC,NCC,MAXR,MAXC)

IF(JOP.LT.0.OR.IDOP.GT.5) CALL INVLID(?)
CALL PAUSE(Z;

i+ fOP.LT.0.OR.IOP.GT .5 GOTO 109

IF(ICP.EQ.0) GOTO 104 GOTO 99
TOSgZEL-]SEEAR 3;1001{\01_‘._97ADDM(AM,BM,CM,NRA,NCA,MAXR,MAXC) .
2
202\/?&5&(}5\??/.%)\' Vet Operations  Menu of Optons ™ 480CT/3(\)LSL)7MMULT(AM,BM,CM,NRA,NCA,NCB,MAXR,MAXC,MAXR..‘»‘,AXC,MAX’R,MAXC)
12///,2?(1":””_ Daserpion iatric, 4568¢éL9(73MULT(AM,CONST,CM,NRA,NCA,MAXR,MAXC)
WA MUl Matri , - 55 .
11 //44);45 r\fl:\,/t;pnlyaa'\;\;?:ir?’ by a Constant, . | 3500_;"\(:151;7MTRANS(AM,CM,NRA;NCA,MAXR,MAXC)
11 //44)>((76 g;?r?st?tc;sziser’\fv?lz);; and Vectors of Symmetric hiatrix', “ C 80 TALL EIGENJAM.CM.NRAMAXR)

1 7,4%,0 --- Return to Main Menu of Options’,

1// Enter Option Number: ')
110 CALL IREAD(1,I0P,l05,105,105) ; S7 IF(LZ.GE.0) GOTO 113

IF(LZ.LT.0) GOTO 101 GOTO 300
IE(IOP.LT.0.OR.I0P.GT.7) CALL INVLID(1) i '3IF(KORF0.EQ.K) GOTO 94

IF(IOP.LT.0.ORJOP.GT.7) GOTO 110 REWIND J4

IF(IOP.EQ.0) GOTO 101 CALL ICLUSE(J4,1)
C 94 IF(JOP EQ.3) GOTO 98

C... DETERMINE JOP: TYPE OF INPUT/OUTPUT

g CLOSE /O FILES
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“99 IF(LZ.GE.0) GOTO 114
DETESMINE VO DATA OPTIONS

, GOTO 300
114 IF(KORF.EQ.'K') GOTO 98
REWIND J5
CALLNlCLOSE(JS 1) JOP1 Ol/o”é ;l/\LlZE I/O OPTIONS
10 102 TIONS FOR ELEMENTARY STAT AND FRINT
98 IF(KOP.EQ.3.AND.IOP.EQ.5.AND.DET. EQ.0.0) GO 2 INPUT TWO MATRIGES ND PRINTM
3 - INPUT ONE MATRIX

IF(KOP.EQ.3.AND.IOP.GE.2) GOTO 96
IF(IPRT.EQ.'N} GOTO 85

L B TR AR )
W R R
R R

.. ocw

0CO000000O0

REWIND J6
CALL ICLOSE(J8,1) . SUBROUTINE |
85 IF(KOP EQ.2) GOTO 100 COMMON HOLUN 1o gt TP MAXR MAXC)
GOTO 102 COMMON /IONAT/ KORF,MON, IPRT KORFO
C R CHARACTER"1 KORF ,MON,IPRT KORFO
C... WRITE OUT SOLUTION MATRICES COMMON /MATQ) AM(50,50),8M(50,50, CMA(50.50)
c : 1 NRANCANRBNCB,NRC NCC,CONST T
96 WRITE(!6,205) COMMON /NAMEF/ FNAME
205 FORMAT(/ Enter nama of file to store matrix C: ") i CHARACTER"16 FNAME
CALL FNRDIN(FNAME) COMMON /DATIM/ IDATE(8),ITIME(5)
|F(LZ.LT.0) GOTO 300 N CHARACTER"1 IDATE,ITIME
CALL FILOPN(1,20, FNAME) COMMON /TLC/ SV(2
. WRITE(20,") NRC.NCC ' COMMON /ASG! 1AL brnaa 722011 DE2NZZ NSP DRC,BFT P
DO 105 1=1,NRC CHARACTER*1 |ALPHA
WRITE(20,") (CM(,J),d=1,NCC) c
105 CONTINUE : IF(JOP.EQ.0) GOTO 99
REWIND 20 GOTO (102,400,400), JOP
CALL ICLOSE(20,1) C
WRITE(16,207) FNAME ; C... INITIALIZE IO OPTIONS
207 FORMAT(/ Matrix C is now stored in file ",A16) C
IF(IOP.LE.6) CALL PAUSE(2) 99 KORF = 'F
IF(IOP.LE.6) GOTO 102 KORFOQ = 'F'
c MON = *v*
C.. STORE EIGENVALUES IPRT = 'N'
¢ RETURN
ENAME = ‘EIGENVAL.DAT c
CALL FILOPN(1,20,FNAME) C... ASK USER FOR NATURE OF LUTPUI
WRITE(20,) NRA,1 ¢
DO 107 1=1,NRA 102 CALL CLEAR
WRITE(20,%) AM(,1) ) WRITE(i6,225) -
107 CONTINUE 25 FORMAT(/ SELECT OUTPUT OPTIONS' /)
REWIND 20 100 WRITE(16,200) ‘
CALL ICLOSE(20,1) , 2000:E’RMAT</' Quitput results to monitor ¥ or N: *)
WRITE(16,208) FNAME o IF(LZLLTAREAP<2.J05,K05,IOSJOS)
208 FORMAT(" The eigenvalues are now stored as a column vector', ‘ MON &) A
1" in file ',A16) F MO LPHA(JOS)
CALL PAUSE(2) (MON.EQ.'y') MON =Y'
GOTO 102 IF(MON.EQ."') MON = "N
IF(MON.NE."Y".AND.MON.NE.'N') CALL INVLID(1)
IF(MON.NE."Y". AND.MON.NE."N') GOTO 100

nn-n'ta'nan"nttnaw-a----.-'Qaggga.-".-k

Ct."'t."
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101 WRITE(16,201)
201 FORMAT(" Qutput results to file - Y or N: '}
CALL AREAD(2,J05,K05,105,I05)
IF(LZ.LT.0) RETURN
IPRT = IALPHA(JOS5)
IF(IPRT.EQ.Y") IPRT = 'Y"
IF(IPRT.EQ.'n") IPRT = 'N'
IF(IPRT.NE."Y".AND.IPRT.NE "N} CALL INVLID(1)
IF(IPRT.NE."Y'. AND.IPRT.NE'N} GOTOQ 10t
C
C.. OPENVO FILES IF THOSE OPTIONS ARE REQUESTED
C
CALL CLEAR
WRITE(16,226)
226 FORMAT(/" SELECT INPUT/QUTPUT FILES'/)
IF(KORF.EQ.'F) GOTO 301
J5=0
GOTO 350
C
C... OPENINPUT DATA PILE
C
301 J5 =2
WRITE!(i6,202)
202- FORMAT(/ Enter name of input data file: ')
CALL FNRDIN(FNAME)
IF(LZ.LT.0) RETURN
CALL FILOPN({0,J5,FNAME)
IFLZ.LT.0) RETURN

C
C.. OPEN OUTPUT FILE
C
350 IF(IPRT.EQ."N') RETURN
J6 =3
WRITE(16,205)

205 FORMAT(/ Enter nama of output file: )
CALL FNRDIN{(FNAME)
IF(LZ.LT 0) RETURN
CALL FILOPN(1,J6 FNAME)

WRITE QUT DATE AND TIME

OO0

WRITE(J6,224) IDATE ITIME
224 FORMAT(//, STAT Program Output'
1//, Date ,8A1/ Time SA1,/N

RETURN
C
C  INPUT ONE OR TWO MATRICES
C

380

400 1OPM1 = [OP - 1
CALL CLEAR
GOTO (41,42,43,44,45,46), IOPM1
41 WRITE(16,208)
206 FORMAT(" MATRIX ADDITION: A + B = C'/))
GOTO 50
42 WRITE(16,207)
007 FORMAT(' MATRIX MULTIPLICATION: A * B = C'/))
GOTO 50
43 WRITE(16,208)

208 FORMAT(/ MULTIPLY MATRIX BY CONSTANT: CONST * A = C'/))

WRITE{i6,204)
204 FORMAT(/ Enter value for constant CONST: ')
CALL RREAD(1,CONST,A05,A05,A05)
[F(LZ.LT.0) RETURN
GOTO 50
44 WRITE({16,209)
209 FORMAT(/ MATRIX INVERSION: Inverse of A = C',/))
GOTO 50
45 WRITE({16,210)
210 FORMAT(/' MATRIX TRANSPOSITION: Transpose of A = C'//)
GOTQO 53
46 VWRITE(5,211)
211 FORMAT{/ EIGENVALUES AND EIGENVECTORS' //,
1/ Compute eigenvalues and vectors of symmaetric matrix A,
1/I' Eigenvalues (in descending order) are stored in file',
1" EIGENVAL.DAT,
i//' Corresponding eigenvectors are represented by columns of!,

1" matrix C’)
C
C... READ IN MATRIX A
c
50 KORFS = 'F'

IF(KCRFO.EQ.'K) J4 =0
IF{(KORF0.EQ.'K") GOTO 51
J4 =1
WRITE(l6,214)
214 FORMAT(/)' Enter name of file containing matrix A: ")
CALL FNRDIN(FNAME)
IF(LZ.LT.0) RETURN
CALL FILCPN(0,J4,FNAME)
IF{LZ.LT.0) RETURN
51 IF(KORFQ.EQ.'K') WRITE(8,215)
215 FORMAT{(/' Enter number of rowvs and columns for matrix A: %)
READ(J4,*,END=500) NRA,NCA
IF(NRA.LE.MAXR.AND.NCA .LE MAXC) GOTO 52
57 WRITE(16,216) MAXR,MAXC
216 FORMAT(/ Number of rows, columns exceed max ¢f ‘13, by ',13)

¢
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IF{(J4.EQ.1) REWIND J4 RETURN
IF(J4.EQ.1) CALL ICLOSE(J4,1) 73 IF{NRA.EQ.NCA) GOTO 80
IF(J5.EQ.2) REWIND J5 CALL T?NE
IF(J5.EQ.2) CALL ICLOSE(J5,1) WRITE(16,222) ' . o
JOP = -1 222 FORMAT(" Error - Matrix A is not a square matrix.)
CALL PAUSE(2) I Z=-9 -
RETURN CALL PAUSE(2)
52 DO 53 I=1,NRA RETURN

IF(KORF0.EQ.'K') WRITE(16,217) | 80 IF(JOP.EQ.3) GOTO 58
217 FORMAT(' Enter row ',I3,' of matrix A: ')
READ(J4,*,END=500) (AM(1,J),J=1,NCA)
53 CONTINUE
IF(KORFO0.EQ.'F') REWIND J4
IF(JOP.EQ.3) GOTO 54

E DIMENSIONS OF A AND B ARE COMPATIBLE. NOW READ !N MATRIX B.
C

DO 58 1=1,NRB
IF(KORF.EQ.'K') WRITE(I6,223) 1

C 223 FORMAT( Enter row ',13,' of matrix B: ")
READ(J5,*,.END=500) (BM(!,J),J=1,NCB)
g READ IN MATRIX B 58 CONTINUE

KORF = 'F' IF(KORF.EQ.'F') REWIND J5

IF(KORF.EQ.K") J5 = 0
IF(KORF.EQ.'K') GOT® 56
J5=2
WRITE(6,219)

. DETERMINE DIMENSIONS OF C: THE SOLUTION MATRIX

OO0

L

59 GOTO (81,82,81,81,83,81), IOPM!

219 FORMAT(/" Enter name of file containing matrix B: ") 81N%%C.=NhéiA
CALL FNRDIN(FNAME) RETURN
IF(LZ.LT.0) RETURN 82 NRC = NRA

CALL FILOPN(0,J5,FNAME) NCCT = NCB
IF(LZ.LT.0) RETURN RETURN
56 IF(KORF.EQ.'K") WRITE(16,220) 83 NA.C = NCA
220 FORMAT(/" Enter number of rows and columns for matrix B: ) NG = NRA
READ(J5,* END=520) NRB,NCB RETURN
IF(NRB.GT.MAXR.OR.NCB.GT.MAXC) GOTO 57 c
c C... END OF FILE ENCOUNTERED
C... CHECK CONSISTENCY OF MATRIX DIMENSIONS c
C 5C0LZ = -9

54 GOTO (71,72,80,73,80,73), IOPM1
71 IF(NRA.EQ.NRB.AND.NCA.EQ.NCB) GOTO 80
CALL TONE
WRITE(16,221)
221 FORMAT(/ Error - Matrices A and B do not have conipaticle’,
1' dimensions.")

CALL CLSALL
CALL INVLID(3}
CALL PAUSE(2)
RETURN

END

P I I R I I I N R R R A I T A I AR A IR AT B A B Y

Z=-9 <
CALL PAUSE(2) O PAUSE AFTER PRINTOUT OF RESULTS ON MONITOR
RETUBN c
72 IF(NCA.EQ.NRB) GOTO 80 S L R R RREE
CALL TONE SUBROUTINE PAUSE(IOP)
WRITE(16,221) COMMON /IOLUN/ 15,16,J5,J6.J4
LZ=-9 COMMON /iONAT/ KORF MON.IPRT KORF0
CALL PAUSE(2) * -
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CHARACTER"1 KORF,MON,IPRT,KORF0
CHARACTER*1 IPAUSE
C
IF(IOP.EQ.3) GOTO 100
IF(IOP.EQ.1) WRITE(I6,201)
201 FORMAT(/" Press RETURN to go to the main menu of options')
IF(IOP.EQ.2) WRITE(16,202)
202 FORMAT{/ Press RETURN 1o return to the menu of options’) ™
IF(IOP.EQ.0) WRITE(16,200)
200 FORMAT(/" Press RETURN to continue’)
101 READ(15,299) IPAUSE
299 FORMAT(A1)
RETURN
C
100 IF(MON.EQ."Y") WRITE(I6,202)
IF(MON.EQ.'N".AND.IPRT.EQ.'N') WRITE(16,202)
{IF(MON.EQ.'N' AND.IPRT.EQ."Y’) WRITE((6,203)
203 FORMAT( Qutput file created)
IF(MON.EQ.N'.AND.IPRT.EQ."Y") WRITE(16,202)
GOTO 101
END

(O R R R R R R

c
C

L R R AR R R

CHECKS IF FILE IS NEW OR OLD, THEN OPENS IT
C
C IUNK =0 :FILE SHOULD EX|ST
C =1:UNKNOWN FILE
o]
SUBROUTINE FILOPN(IUNK,IFEL,FNAME)
COMMON /TLC/ SV(20),LZ,LU,Z11,222,D11.022,NZZ,NSP,DPC,DFT,UPA
COMMON /IOLUN/ 15,16,45,J6,J4
CHARACTER*16 FNAME
LOGICAL*2 FILEOK
o]
IF(IUNK.EQ.0) GOTO 100
INQU!RE(FILE:FNAME,EX!ST:F!LEOK)
IF(FILEOK) OPEN(lFlL,FlLE=FNAME,STATUS:'OLD',FORM:'FORMATTED')
IF(.NOT.FILEOK) OPEN(IFILFILE=FNAME,STATUS='NEW',
1 FORM='"FORMATTED") -
CALL FILADD(IFIL)
RETURN
100 INQUIRE(FILE=FNAME, EXIST=FILEOK)
IF(FILEQK) GOTO 102
WRITE(16,200) FNAME
200 FORMAT(/ File ',A16,' does not exist ---',
1//' Enter correct file name or press RETURN to abort: ]
CALL FNRDIN(FNAME) -

- B

{F(LZ.LT.0) RETURN

30TO 100 ' .
1o§ Cc)ﬂi;gN(lFlL,FlLE:FNAME,STATUS:'OLD',FOR M="FORMATTED"

cALL FILADD(IFIL)
RETURN
END

*

R R R R
'R

o

KEEPS TRACK OF ALL LUN OF CURRENTLY OPENED FILES

OO0

SUBROUTINE FILADD(IFIL)
COMMON /FLINDX/ [FLUN(20} ;

(@}

DO 100 1=1,20
IFIFLUN().EQ.0) GOTO 101
100 CONTINUE
101 J=I
IFLUN(J) = IFIL
RETURN
END

C.got9:'!1!".t'.."t"ott!&tt"tﬁ!'ﬁ-t'.tﬁtﬁw.t

g READS IN FILE NAME AND CHECKS FOR LENGTH AND
C NONSTANDARD CHARACTERS
C R T SN T T R R D I T I S A A 2
SUBROUTINE FNRDIN(FNAME)
COMMON /IOLUN/ 15,16,J5,J6,J4
COMMON /TLC/ SV(20),1Z,LU,Z11,222,011,022,NZZ,NSP,DPC,DFT,UPA
COMMON /ASC/ IALPHA(96)
CHARACTER*1 IALPHA
CHARACTER*16 FNAME
CHARACTER*1 ANAME(16),CHOL
C  EQUIVALENCE (ANAME(1),FNAME)
c
105 READ(I5,200) ANAME
200 FORMAT(18A1)
WRITE(FNAME, (16A1)) ANAME
IF(FNAME.NEIALPHA(1)) GOTO 100
LZ=-9
CALL CLSALL
RETURN
c
C... CHECK FOR TOTAL LENGTH
o
100 DO 101 !=1,16
{F(ANAME(1).EQ.IALPHA(1)) GOTO 102

23—115 985
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101 CONTINUE
NT = 16
GOTO 103
102 NT =1- 1
c
C... CHECK FOR PERIOD = IALPHA(15)
c
103 IF(NT.LE.0) GOTO 300
DO 104 1=1,NT
IF(ANAME(l).EQ.IALPHA(15)) GOTO 106
104 CONTINUE
P=0
NL=NT
NR =0
GOTO 107
106 IP = |
NL=1P -1
NR = NT - IP
107 IF(NL.LE.0.OR.NL.GT.8) GOTO 300
IF(NR.GT.3) GOTO 300

., CHECK FOR APPROPRIATE CHARACTERS. CAN BE DIGIT, LOWER OR UPPER
. CASE LETTER.

OO0O0

DO 108 I=1,NT
IF(LLEQ.IP) GOTO 108
CHOL = ANAME(l)
IC = ICHAR(CHOL)

. 48 TO 57 - ASCli RANGE FOR DIGITS
IF(IC:GE.48.AND.IC.LE.57) GOTO 108

. 65 TO 90 - ASCII RANGE FOR UPEER CASE LETTERS
IF(IC.GE.65.AND.IC.LE.90) GOTQ 108

. 87 TO 122 - ASClI RANGE FOR LOWER CASE LETTERS

OO0 000 000

IF(IC.GE.97.AND.IC.LE.122) GOTO 108
GOTO 300
108 CONTINUE
RETURN
300 CALL INVLID{2)
GOTO 105
END

P R N I A A

~
o
Ko
v

86

GO0

C
C
C
C

CLOSE ALL CUARENTLY OPENLZ rLES

SUBROUTINE CLSALL
COMMON /FLINDX/ IFLUN(20)
DO 100 1=1,20
IF(IFLUN().EQ.0) GOTO 100
JFIL = IFLUN(1)

CALL ICLOSE(JFIL,1)

100 CONTINUE
RETURN
END

T L I I R R N AR R

CLOSE FILE 1, IOP = 0 IS DELTE, IOP = 1 IS KEEP

T I I T e N L I I I L

SUBROUTINE ICLOSE(1,IOP)

COMMON /FLINDX/ IFLUN(20)

IF(IOP.EQ.0) CLOSE(l!STATUS="DELETE)

IF(JIOP.EQ.1) CLOSE({!,STATUS="KEEP")
DO 100 J=1,20

IFIFLUN(J).EQ.Y) IFLUN({J) = 0

100 CONTINUE

OO0

RETURN
END

D I I I R T I O R R I R I A IR T I R R A N

DATA ENTRY SUBROUTINE

L I T T I R 2 I I I A e

SUBROUTINE DATENT
COMMON /TLC/ SV(20),L.Z,LU,Z11,222,011,D22,NZZ,NSP,DPC,DFT UPA
COMMON /IOLUN/ 15,16,J5,J6,J4
COMMON /DATQ/ A(100,2),B(2,2),C(2),D(100,4)
COMMON /NAMEF/ FNAME
CHARACTER"16 FNAME

NCMAX = 100
CALL CLEAR
WRITE(l6,205)
205 FORMAT(/ DATA ENTRY MODULE" /)
WRITE(16,200)
200 FORMAT(/" Enter name of file to store data. ')
CALL FNRDIN(FNAME)
IF(LZ.LT 0) RETURN
CALL FILOPN(1,20,FNAME)
104 WRITE(16,202)

. .




202 FORMAT(” Enter number of rows and columns of data mairix: )
102 CALL IREAD2,NITOW,NCOL,105,(05)
IF(LZ.LT.0) RETURN
IF(NROW.GE.1.AND.NCOL.GE.1) GOTO 401
CALL INVLID(1)
GOTO 102
101 IF(NCOL.LE.NCMAX) GOTO 105
WRITE(I6,206) NCMAX
206 FORMAT(r Number of columns exceed max of ' A4, - Try again')
GOTO 104
105 WRITE(2C,") HNROW.NCOL
DO 100 1=1,NROW
DO 108 J=1 .;\!COL
WRITE(5,2063) 1,J
203 FORI MT( Enter vaius
1" of data matrix: ')
CALL RREAD(1,2A,A05,A05,A05)
IF(LZ.LT.0) RETURN

¢ PRINTOUT FILES
¢ oh.qn--ﬁ--a..-'--'-aaaa----....,,,',.,.'...
° s OUTINE DATE
UBR
® COMMON /IOLUN/ 15,16,J5,J6,J4
COMMON /ASC/ IALPHA(SE)
COMMON /DATIM/ IDATE(8),ITIME(S)
GCHARACTER®1 IALPHA,IDATE,ITIME
DIMENSION IN(6)
; 105 WRITE!6,200) . .
200 FORMAT(/, Enter curient date (MM-DD-YY):
READ(I5,201) IDATE
201 FORMAT(8A1)

E TR *
OForew L, column 4,

CHECKFORQ,UORH

OO0

A1) = ZA CALL QUH(IDAT’E(1),IIQUI|T)
103 CONTINUE IF(IQUIT.EQ.1) STOP
WRITE(20,) (A(J,1),J=1,NCOL) o .
160 CONTINUE IF(IDATE(3).NE.IALPHA(14)) GOTO 100
REWIND 20

CALL ICLOSE(20,1)
WRITE(16,204) FNAME

IF(IDATE(6).NE.IALPHA(14)) GOTO 100

DO 102 1=1,6
254 FORMAT(/ Data now stored in file ' /A16) IN() = -1000
CALL PAUSE(2) 102 CONTINUE
RETURN c
END DO 101 1=1,98
Ca‘s.:aat'tanaaaan:-auf«a.aaeaaowﬁf—;tn.ga..—'g-. ]F(lDATE()EQ.IALPHA(|))IN(1)=|'17
C IF(IDATE(2).EQIALPHA()) IN(2) =1 - 17
c IF(IDATE(4).EQIALPHA() IN3) = | - 17
C subroutine CLEAR clears the monitor screen IF(IDATE(5).EQJALPHA()) IN(4) = | - 17
¢ IF(IDATE(7).EQJIALPHA(D) IN(5) = | - 17
Cftf.ﬁtn.'ﬁh'ﬁ.t.t'a.&..'ﬁ.nz..!’tnt:in-t:‘:-)tt’!aw lF('DATE()EQ‘ALPHA(‘))IN(6)=[‘17
SUBROUTINE CLEAR 101 CONTINUE
CHARACTER*1 ESC c
CHARACTER*3 SEQ DO 103 1-1.6
CHARACTER*4 CLS IF(IN(l).EQ.-1000) GOTO 100
SEQ="[2J" 103 CONTINUE
ESC=CHAR(027)
WRITE (CLS,'(A1,A3)) ESC,SEQ ; FOIN(1). NE.-16.AND.IN(1).NE.0.AND.IN(1).NE.1) GOTO 100
WRITE (*,) CLS F(N(2).LT.0.OR.IN(2).GT.9) GOTO 100
RETURN ( N(1).LE.0.AND.IN(2).EQ.0) GOTO 100
END (N(1) EQ.1.AND.IN(2).GT.2) GOTO 100
g . .t..an---"-na'e...'.'..'..noawna'aan--ntn (3)GT16AND ()LTO)GOTOTOO

IF(N

IF(IN(3).GT.3) GOTO 100
IF(IN(4).LT.0.OR.IN(4).GT.9) GOTO 100
IF(IN{3).LE.0.AND.IN(4).EQ.0) GOTO 100

C  ASKS USER FOR DATE AND TIME TG BE WRITTEN ONTO ALL

-
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IF(IN(3).EQ.3.AND IN(4).
LN E (4).GT 1) GOTO 109

100 CALL INVLID(1
GOTO 105
c
104 WRITE(16,203)
_ 203 FORMAT(/ Enter
> READ(I5,204) ITIME
Czo4 FORMAT(5A1)

Current time {HH:MM) )

C.. CHECKFORQ, UOR H
C

CALL QUH(TIME(1),1quIT)
IF(IQUIT.EQ.1) GOTO 105

IFUTIME(3).NEIALPHA(27)) GOTO 106

DO 107 I=1,4
IN(l) = 1000
107 CONTINUE
C {
DO 108 1=1,95

IFITIME(1).EQIALPHA() IN(1) = 1 17
IF(ITIME(2) EQ.ALPHA(l)) IN§2)) =1 17
:gggll)\l\ﬁg(ﬂ.EQ.IALPHA({)) IN@) =1 1-

(5).EQ.IALPH =1 1
108 CONTINUE AOy e 11
c

DO 109 [=1,4
IF(IN(1).EQ.-1000) GOTO 108

109 CONTINUE
C

IFUN(1).GT 16.AND.IN(1).
IF(IN(1).GT.2) GOTO 10(6) +T0) GOTO 108
IF(IN(2).LT.0.0R.IN(2).GT.9) GOTO 106
IF(IN(1).EQ.2.AND.IN(2) GT.4) GOTO 108
IF(IN(3).LT.0.0R.IN(3).GT.5) GOTO 106
IF(N(4).LT.C.0R.IN(4) G~ 9) GOTO 106

CALL PAUSE(1)
RETURN
C
106 CALL INVLID(1
GOTO 104
END

LR IR Y
C n"u’ﬁttt.ttatt-"ﬁ..

c A

C CHECKS FOR Q UORH
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. .

_SUBROUTINE QUH(ICH,IQUIT)
COMMON /ASC/ IALPHA(96)
CHARACTER*1 JALPHA,ICH

[ON @]

O

1QUIT =0

IE ' CH.EQIALPHA(SD).OR.ICH EQIALPHA(82)) IQUIT = 1
150 CH.EQUIALPHA(S4L.ORICH.EQ.IALPHA(88)) IQUIT = 1
IFLCH.EQIALPHA(41).OR.ICH.EQIALPHA(73)) IQUIT = 1
RETURN

END

P T I I S T T Y R RS

*

WRITES INVALID ENTRY MESSAGE

OOOOOD

.

P I R S R R R A R RN B “ . L I BT N I

SUBRCUTINE INVLID/IOP)
CCMMON /IOLUN/ |5,16,05,06,J4

(@]

CALL TONE S
IF{IOP.EQ.1) WRITE(!6,200)
200 FORMAT(/ Invalid entry, Try agaian )
IF(IOP.EQ.2) WRITE(16,201)
201 FORMAT(/ Invalid file name, Try again or press RETURN to abort
IF(IOP.EQ.3) WRITE(16,202)
202 FORMAT(/" Error - End of file encountered.’,
1/,.9X,"You must recreate your data file.')
IF{IOP.EQ.4) WRITE(18,203)
203 FORMAT(/ Error - The dimensions of the data matrix are’,
17,9X,'invalid for this module.’)
IF{IOP.EQ.5) WRITE(!6,204)
204 FORMAT(/ An internal error has occurred in the program.’,
1/' Please check if your data is appropriate for this option.;
RETURN
END

INITIALIZE CHARACTER ARRAYS

HDOOOO

SUBROUTINE INITTS
COMMON /FLINDX IFLUN({20)
CCOMMON /CHAR/ ISOQUT(18C),LPT
COMMON /TLC/ SAVE(20),L2,LU,21,22,D1,D2 NZ NSTEP,DEPINC.DFLT.UPA
COMMON /FLS/ K5,K6,K7,K8,K9,K10,K11,K12,K13,IPCHILP,IPLOT NCHAN
COMMON /ASC/ 1ALPHA(96)
DIMENSION JALPHA(S6)

391




COMMON /HEADLN/ IYN(2)

CHARACTER"1 IALPHA, ‘
C JALPHAIYN gp32 PROGRAM 3-2
. DATA JALPHA 7 *p' g g rage oo on oy c N
g L0 R s o C PROGRAM TO COMPUTE THE VARIANCE OF N' SAMPLES
45'678"9"""'= c
4 7@ A B D .<F’ o, SUBROUTINE VARIAN
5 H "'K'L"M"" ‘
6 RS wN'xF?y-PzQ[ © COMMON /TLC/ SV(20),LZ,1.U,Z11,222, D11,D22,N2Z,NSP,DPC,DFT,UPA
7 A IR PUL SRR COMMON /IOLUN/ 15,18,J5,16,J4
8 g, "','k',‘l','m‘,'n',‘o',' COMMON /ASC/ IALPHA(96)
9 'p.q' TS Wy CHARACTER’1 IALPHA
1 AR S U IR COMMON /IONAT/ KORF MON, (PRT,KORF0
c GHARACTER*®1 KORF,MON,IPRT KOR“0,iTEST B
DO 100 1=1,36 WRITE{16,200)
IALPHA(I) = JALPHA(1) 260 FORMAT(" UNIVARIATE STATISTICS MODULE /)
100 CONTINUE C SFT SUMS TO ZERO
c SUMX=0.0
C... TYN(1) IS N(O), IYN(2) IS Y(ES) SUMX2=0.0
© . ¢ READ NUMBER OF OBSERVATIONS TO BE USED
IYN(1) = IALPHA(47) IZ(KORF.EQ.K") WRITE(16,201)
IYN(Z) = IALPHA(58) 201 FORMAT(/ Enter number of ciseivations: ')
c READ (J5,*, END=500) NS,NCOL
DO 101 1=1,20 iF(NS.LE.1.OR.NCOL.NE.1) GOTO 501
IPLUN() = 0 ' DO 100 1=1,NS
10T CONTINUE C READ AN OBSERVATION AND ADD TO SUM
¢ IF(KORF.EQ.'K') WRITE(16,202) |
Egjg 02 FORMAT( Enter chservation '14," )
k7o - SEAD (J5,°,END=500) X
KS-0 SUMX=SUMX+X
Koo SUMX2=SUiX2+X"X
K100 100 CONTINUE
K11-0 ~ - n
K1220 C.. READ IN t-TEST INFORMATION
K13-0 ¢ .
. 110 WRITE(16,205) ,
L7 =0 205 FORMAT(/" Do you want to compute one-sample t siatistic',
C 1 - Y{es) or N{o): ')
LPT-0 CALL AREAD(2,J05,KO5,105,105)
NCHAN-60 IF(LZ.LT.0) RETURN
OFLT=.950. ITEST = IALPHA(JOS)
UPA0. ‘ IFITEST.EQ.Y) ITEST = 'Y'
ILP-0 IF(ITEST.EQ. M) ITEST = 'N'
IPLOT=0 IE(ITEST.NE.Y"AND.ITEST.NE.'N') CALL INVLID(1)
IPCH--13264 | E(ITEST NE."Y".AND.ITEST.NE.N') GOTO 110
RETURN IF(ITEST.EQ.N') GOTO 111
END _ WRITE(16,207)
' 247 FORMAT(/' Enter hypothetical mean of population: )

CALL RREAD(1,HYPM,AO5,A05,A05)
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F(LZ LT 0) RETURN
COMPUTE THE VARIANCE
111 VAR=(FLOAT(NS)*SUMX2-SUMX*SUMX)/+ LOAT (NS (N3 -1)
PRINT RESULTS
IF(MON.EQ."Y") WRITE (i6,2000) NS,SUMX,SUMX2,VAR
IF(IPRT.EQ."Y") WRITE(J6,2000) NS,SUMX,SUMX2,VAR
COMPUTE THE STANDARD DEVIATION AND MEAN
STDEV=SQRT(VAR)
AMEAN=SUMX/FLOAT(NS)
C  PRINT STANDARD DEVIATION AND MEAN
IF(MON.EQ.'Y') WRITE (16,2001) STDEV, AMEAN
IF(IPRT.EQ."Y") WRITE(J6,2001) STDEV,AMEAN

(@]

@}

.. COMPUTE t STATISTIC

OO0

IFITEST.EQ.N') GOTO 112
FLPT = FLOAT(NS)
IF(STDEV.EQ.0.0) GOTO 502
TSTATC = (SQRT(FLPT) * (AMEAN - HYPM)) / STDEV
C... PRINT t STATISTIC.,
IF(MON.EQ."Y") WRITE (16,2002) TSTATC
IF(IPRT.EQ."Y") WRITE(J6,2002) TSTATC
112 CALL PAUSE(3)
RETURN
C
C... END OF FILE ENCOUNTERED
C
500 LZ = -9
CALL CLSALL
CALL INVLID(3)
CALL PAUSE(2)
RETURN
C
C... INVALID DATA MATRIX DIMENSIONS
C
501 LZ = -9
CALL CLSALL
CALL INVLID(4)
CALL PAUSE(2)
RETURN

.. DIVIDE BY ZERO

OO0n

502 L7 = -9
_CALL CLSALL '
CALL INVLID(S)
CALL PAUSE(2)
RETURN

26000 FORMAT (///,8X,25HNumber of Observations = ,10X,110,/,
112 X,22HSum of Observations = .F20.5.//,
234H Sum of Squares of Observations = ,F20.5,//,
37X%,27HVariance of Observations = ,F20.5)

5001 FORMAT (/,13X,21HStandard Deviation = ,F20 5./,
111X,23HMean of Observations = ,F20.5)

2002 FORMAT (/,9X,25HOne-Sample t Statistic = ,F20.5)

END

“pa4 PROGRAM 3-4

PROGRAM TO COMPUTE-
A VARIANCE OF EACH VARIABLE
B MEAN OF EACH VARIABLE
C.COVARIANCE BETWEEN VARIABLES
D CORRELATION BETWEEN VARIABLES

Cr Qoo

SUBROUTINE BICOR

COMMON /TLC/ SV(20),L.Z,LU,Z211,222,011,022,NZZ NSP,DPC DFT UPA
COMMON /IOLUN/ 15,16,J5,J6,J4

COMMON /IONAT/ KORF ,MON,IPRT ,KORFO

CHARACTER*®1 KORF MON,IPRT KORFO

WRITE(16,200)
L 200 FORMAT(/ BIVARIATE STATISTICS MODULE" /)

SET SUMS TO ZERO

[CHGNS!

SUMX1=06
| SUMX2=0.0
SX18Q=0.0
, SX25Q=0.0 -
SX1X2=0.0 v
> READ NUMBER OF OBSERVED PAIRS TO BE USED
IF(KORF.EQ.'K') WRITE(16,201)
201 FORMAT(/ Enter number of observed pairs ')
} READ (J5," END=500) NS,NCOL
IF(NS LE.1.0OR.NCOL.NE.2) GOTO 501
| DO 100 1=1,NS
7. READ AN OBSERVED PAIR AND ADD TO SUMS
] IF(KORF EQ.'K) WRITE(16,202) | ’
a? 202 FORMAT( Enter X1, X2 of observed par 14,
READ (J5,".END=500) X1,X2
SUMX1=SUMX1+X1
SUMX2=SUMX2+X2
SX13G SX185Q+X1°X1
$X25Q Sx25Q4X2°X2

i




SX1X2=8X1X2+X1*X2
100 CONTINUE
C  PRINT SUMS
IF(MON.EQ."Y") WRITE(16,2000) NS,SUMX1,5X15Q,SUMX2,5X25Q,SX1X2
IF(IPRT.EQ."Y)WRITE(J6,2000) NS,SUMX1,SX1SQ,SUMX2,5X25Q,SX 1X2
IF(MON.EQ.'Y') CALL PAUSE(0)
COMPUTE AND PRINT MEAN, VARIANCE AND STANDARD DEVIATION
OF VARIABLE X1
AMEAN=SUMX1/FLOAT(NS)
VAR=(FLOAT(NS)*SX1SQ-SUMX1*SUMX1)/FLOAT(NS*(NS-1))
STDEV1=SQRT(VAR)
IF(MON.EQ.'Y") WRITE(16,2001)AMEAN, VAR, STDEV1
IF(PRT.EQ.'Y)WRITE(J6,2001)AMEAN, VAR, STDEV1
COMPUTE AND PRINT MEAN, VARIANCE AND STANDARD DEVIATION
OF VARIABLE X2
AMEAN=SUMX2/FLOAT(NS)
VAR=(FLOAT (NS)*SX2SQ-SUMX2*SUMX2)/FLOAT(NS*(NS-1))
STDEV2=SQRT(VAR)
IF(MON.EQ.'Y') WRITE {16,2002) AMEAN, VAR, STDEV?2
IFIPRT.EQ.YYWRITE (J6,2002) AMEAN, VAR, STDEV2
C COMPUTE AND PRINT COVARIANCE BETWEEN X1 AND X2
COV=(FLOAT(NS;*SX1X2-SUMX1*SUMX2)/FLOAT(NS*(NS-1))
IF(MON.EQ.'Y") WRITE (16,2003) COV
IFIPRT.EQ."'Y)WRITE (J6,2003) COV
C COMPUTE AND PRINT CORRELATION BETWEEN Xi AND X2
DBYO = STDEV1*STDEV2
IF(DBY0.EQ.0.0) GOTO 502
COR=COV/(STDEV1*STDEV2)
IF(MON.EQ.'Y") WRITE (16,2004) COR
IF(IPRT.EQ.'Y')WRITE (J6,2004) COR
CALL PAUSE(3)
RETURN
c
C... END OF FILE ENCOUNTERED
c
500 1.Z = -9
CALL CLSALL
CALL INVLID(3)
CALL PAUSE(2)
RETURN

[oXe]

a0

... INVALID DATA MATRIX DIMENS!IONS

OO0

501 LZ = -9
CALL CLSALL
CALL INVLID(4)
CALL PAUSE(2)
RETURN
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o]
C... DIVIDE BY ZERO
C
502 LZ = -9
CALL CLSALL
CALL INVLID(5)
CALL PAUSE(2)
RETURN
2000 FORMAT (///,5X,28H Number of Observed Pairs = ,10X,i10,/,
121X,12HSum of X1 = ,F20.5,/,
210X,23HSum of Squares of X1 = ,F20.5,//,
321X,12HSum of X2 = ,F20.5,//,
410X,23HSum of Squares of X2 = ,F20.5//,
5 9X, 24HSum of Cross Products = ,F20.5)
2001 FORMAT (/,20X,13HMean of X1 = ,F20.5.//,
116X,17HVariance of X1 = ,F20.5//,
2 6X,27HStandard Deviation of X1 = ,F20.5)
2002 FORMAT (/,20X,13HMean of X2 = ,F20.5,//,
116X,17HVariance of X2 = ,F20.5,//,
2 6X,27HStandard Dgviation of X2 = ,F20.5)
2003 FORMAT (/,2X,31HCovariance Between X1 and X2 = ,F20.5) -
2004 FORMAT {/,1X,32HCorrelation Between X1 and X2 = ,F20.5)
END
c
CP35 PROGRAM 3-5
o]
C PROGRAM FOR ONE WAY ANALYSIS OF VARIANCE
C
SUBROUTINE ONEOVA
COMMON /TLC/ SV(20),L2,LU,Z211,222,D11,D22,N2Z,NSP,DPC,DF T, UPA
COMMON /IOLUN/ 15,16,J5,46,J4
COMMON /IONAT/ KORF,MON,IPRT,KORF0
CHARACTER*1 KORF,MON,IPRT,KORFO
COMMON /DATQ/ P1SSA(100,2),BINK(2,2),CINK(2),X{100,4)
C
WRITE(16,200)
200 FORMAT(/ ONE WAY ANALYSIS OF VARIANCE MODULE'//)
C
NCMAX = 100

READ NUMBER OF REPLICATIONS PER SAMPLE AND NUMBER OF SAMPLES

OO0

IF(KORF.EQ.'K") WRITE(16,201) .
201 FORMAT(/ Enter number of replications per sample’,
1' and number of samples: ')
READ(J5,*,END=500) NR,NS
IF(NR.LE.1.OR.NS.LE.1) GOTO 501
IF(NS.GT.NCMAX) GOTO 501
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‘C SET SUMS TO ZERO
P1SST=0.0
P2S5T=0.0
SSA=0.0
DO 100 J=1,NS

P1SSA(J,1)=0.0
100 CONTINUE

DO 101 I=1,NE

C  READ A REPLICATE AND ADD TO SUMS
IF(KORF.EQ.'’K'} WRITE(16,202) |

202 FORMAT(/ Enter results of replicate ,14," for each sample

READ(J5,",END=500) (X(J,1).5=1.NS)
DO 102 J=1,NS
P1SST=P1SST+X(J,1)*X(J,1)
P2SST=P2SST+X(J,1)
P1SSA(J,1)=P1SSA{J,1)+X(J 1)
102 CONTINUE
101 COMNTINUE
‘C CALCULATE SST
SST=P1SST-P2SST/P2SST/FLOAT(NS*NR)
NRS1=NS*NR-1
s CALCULATE SSA
DO 103 J=1,NS
SSA=SSA+P1SSA(J,1)*P1SSA(J,1)/FLOAT(NR)
103 CONTINUE
SSA=SSA-P2SST*P2SST/FLOAT(NR*NS)
NS1=NS-1
C  CALCULATE SSW
SSW=SST-SSA
NNS=NR*NS-NS ‘
C CALCULATE MEAN SQUARES
AMSA=SSA/FLOAT(NS1)
AMSW=SSW/FLOAT(NNS)
C CALCULATE F-RATIO
IF(AMSW.EQ.0.0) GOTO 502
F=AMSA/AMSW
'C PRINT RESULTS
IF(MON.EQ."N') GOTO 104
WRITE(i6,2000)
IF(SSA.LT 1.0E7) WRITE(16,2001) SSA,NS1,AMSA,F
IF(SSA.GE.1.0E7) WRITE(16,2004) SSA,NS1,AMSAF
IF(SSW.LT.1.0E7) WRITE(16,2002) SSW,NNS,AMSW
IF(SSW.GE.1.0E7) WRITE(16,2005) SSW,NNS,AMSW
IF(SST.LT.1.0E7) WRITE(I6,2003) SST,NRS1
IF(SST.GE.1.0E7) WRITE(16,2006) SST,NRS1
104 IF(IPRT.EQ.'N') GOTO 150
“JRITE(J6,2000)
IF(SSA.LT 1.0E7) WRITE(J6,2001) SSA,NS1,AMSA F
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IF(SSA.GE.1.0E7) WRITE(J6,2004) SSA.NS1,AMSA,F
IF(SSW.LT.1.0E7) WRITE(J6,2002) SSW,NNS,AMSW
IF(SSW.GE.1.0E7) WRITE(J6,2005) SSW,NNS AMSW
IF(SST.LT.1.0E7) WRITE(J6,2003) SST NRS1
IF(SST.GE.1.0E7" Wr'TE(J6,2006) SST,NRS1
150 CALL PAUSE(3)
RETURN
c
C... END OF FILE ENCOUNTERED
c
500 LZ = -9
CALL CLSALL
CALL INVLID(3)
CALL PAUSE(2)
RETURN
c
C. INVALID DATA MATRIX DIMENSIONS
c
501 1Z = -9
CALL CLSALL
CALL INVLID(4)
CALL PAUSE(2)
RETURN

.. DIVIDE BY ZERO

OO0

502 LZ = -9
CALL CLSALL
CALL INVLID(5)
CALL PAUSE(2)
RETURN
2000 FORMAT(///,' Source of,14X,'Sum of Degrees of Mean',
1' Variation',14X,'Squares  Freedom Squares  F-Test'/,
21X,60(1H-))
2001 FORMAT(14H Among Samples,7X,F10.2,i110,F10.2,/,
141X,F20.4)
2004 FORMAT(14H Among Samples,7X,E10.3,/10,E10.3/,
141X,F20.4)
2002 FORMAT(21H Within Replications ,F10.2,110,F10.2)
2005 FORMAT(21H Within Replications ,E10.3,/110,£10.3)
2003 FORMAT(/,16i: Total Variation,5X,F10.2,!10)
2006 FORMAT(/,16H Total Variation,5X,E10.3,110)
END
C
CP36 PROGRAM 3-6
c -
C PROGRAM FOR TWO WAY ANALYSIS OF VARIANCE.
c




SUBROUTINE TWOVA
C

COMMON /TLC/ SV(20),LZ,LU,Z11,222,D11,D022,NZZ NSP . DPC ,DFT UPA

COMMON /IOLUN/ 15,16,J5,J6,J4
COMMON /IONAT/ KORF MONM,IPRT KORFQ
CHARACTER"1 KORF MON,IPRT,KORFO

COMMON /DATQ/ P1SSA(100,2),BJNK(2,2),CINK(2),X(100,4)

C
WRITE(16,200)
200 FORMAT(/ TWO WAY ANALYSIS OF VARIANCE MODULE' /)
C
NCMAX 100
C
~ READ NUMBER OF TREATMENTS AND NUMBER OF SAMPLES

IF(KORF EQ 'Ky WRITE(16,201)

201 FORMAT(/" Enter number of tieatments and nurnbaer of samples

QEAD (J5,",END=500) NT,NS
IF(NT LE 1 OR NS LE 1) GOTO 501
iF(NS GT NCMAX) GQTO 501
¢ SET SUMS TO ZERO
P1SST=00
P28ST=0C
SSA=00
SSB=00
DO 100 J=1,NS
P1SSA(J 1)=00
00 CONTINUE
DO 101 1=1,NT
READ A TREATMENT AND ADD TO SUMS
IF(KORF EQ 'K'y WRITE(16,202) {
202 FORMAT(" Enter results of treatment 14, for each sample
READ (J5,",END=500) (X(J,1),J=1,NS)
TSSB=00
DO 102 J=1,NS
P1SST=P1SST+X(J 1)"X(J 1)
P2SST=P2SST+X(J 1)
P1SSA(J,1)=P1SSA(J 1)+X{(J 1)
TSSB=TSSB+X(J 1)
102 CONTINUE
SSB=SSB+TSSB TSSB/FLOAT(NS)
101 CONTINUE
C  CALCULATE SST
SST=P1SST P2SST*P2SST/FLOAT(NS'NT)
NTS1=NS*NT 1
C CALCULATE SSA
DO 103 J=1,NS
SSA SSA+P1SSA J 1 "P1SSA{J 1)/FLOAT(NT)

~

400

103 CONTINUE

(@]

OO0

SSA=SSA-P2SST P2SST/FLOAT(NT'NS)
NS1=NS-1
CALCULATE SSB
SSB_SSB-P2SST P2SST/FLOAT(NS NT)
NT1=NT 1
CALCULATE SSE
SSE-SST-(SSA+SSB)
NT1S1=(NS-1)*(NT 1)
CALCULATE MEAN SQUARES
AMSA-SSA/FLOAT(NS1)
AMSB-SSB/FLOAT(NTH)
AMSE-SSE/FLOAT(NT1S1)
CALCULATE F-TESTS
IF{AMSE . EQ.0.0) GOTO 502
F1-AMSA/AMSE
F2-AMSE/AMSE
PRINT RESULTS

- IF(MON.EQ.'N') GOTO 104

WRITE (16,2000)
IF(SSA.LT.1.0E7) WRITE (16,2001) SSA,NS1,AMSA,F1
IF(SSA.GE.1.0E7) WRITE (16,2005) SSA,NS1,AMSA F1
" IF(SSB.LT.1.0E7) WRITE (16,2002) SSB,NT1,AMSB,F2
IF(SSB.GE.1.0E7) WRITE (16,2006) SSB,NT1,AMSB,F2
IF(3SE.LT.1.0E7) WRITE (16,2003) SSENT181,AMSE
IF(SSE.GE.1.0E7) WRITE (16,2007) SSE,NT1S1,AMSE
IF(SST.LT.1.0E7) WRITE (16,2004) SST.NTSH
IF(SST.GE.1.0E7) WRITE (16,2008) SST,NTSH1
14 IF(IPRT.EQ. N} GOTO 150
WRITE (J6,2000)
IF(SSA.LT 1.0E7) WRITE (J6,2001) SSA,NS1 AMGA,F1
IF(SSA.GE.1.0E7) WRITE {J6,2005) SSA,NS1,AMSA F1
{F(SSB.LT 1.0E7) WRITE (J6,2002) SSB,NT1,AMSB,F2
IF(SSB.GE.1.0E7) WRITE (J6,2008) SSB,NT1,AMSB,F2
IF(SSE.LT 1.0E7) WRITE (J6,2003) SSE,NT1S1,AMSE
IF(SSE.GE.1.0E7) WRITE (J6,2007) SSENT151,AMSE
IF{SST.LT 1.0E7) WRITE (J6,2004) SST,NTS!
IF(SST.GE.1.0E7) WRITE (J6,2008) SST,NTS1

150 CALL PAUSE(3)

RETURN

. END OF FILE ENCOUNTERED

500 LZ = -9

CALL CLSALL
CALL INVLID(3)
CALL PAUSE(2)
‘RETURN
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C
C... INVALID DATA MATRIX DIMENSIONS
C
501 LZ = -9
CALL CLSALL
CALL INVLID(4)
CALL PAUSE(2)
RETURN
C
C... DIVIDE BY ZERO
C
502 LZ = -9
CALL CLSALL
CALL INVLID(5)
CALL PAUSE(2)
RETURN
2000 FORMAT (///,' Source of,14X,'Sum of Degrees of Mean'/
1" Variation',13X,'Squares  Freedom  Squarss  F-Tests'/,
21X,60{1H-))
2001 FORMAT (14H Amcng Sampies,7X,F10.2,18,2X,F10.5,,
141X,r20.4)
2005 FORMAT (14H Among Saim
141X,F20.4)
2002 FORMAT (17 Amcng Treatments,dx,F10.2,13 i
2008 FORMAT (17H Among Treaiments,4X,£10.3,i5,0%,F
2003 FORMAT (6H Error, 15X,F10.2,15,2%,Fi0.3)
2007 FORMAT {SH Error,15X,E10.3,i8 2X,E10.3)
2004 FORMAT {/.16H Total Variation,5X,F10.2,18)
2008 FORMAT ¢ ,:\H Total Variation,5X,E10.3,18)
END

e
(™)

CLINFIT LINFIT - PROGRAM 5-3
ROUTIE LINFIT
PRCGRAM TO FIT A LINEAR REGRESSION.

ARRAY A CONTAINS X AND Y DATA THAT IS READ IN.

ARRAY B CONTAINS THE COEFFICIENTS OF THE UNKNOWN B3 1N TH
NORMAL EQUATIONS 5.7 AND 5.8,

ARRAY C ORIGINALLY [S A VECTOR THAT CONTAINS THE SUM OF THE Y'S
AND THE SUMS OF THE CROSSPPRODUCTS OF X AND Y IN EQUATION 5.11
AFTER THE NORMAL EQUATIONS ARE SOLVED, ARRAY & CONTAINS THE
CCEFFICIENTS OF THE REGRESSION EQUATION.

SUMS OF THE CROSSPRODUCTS OF X AND Y IN EQUATION 5.11.

ARRAY D CONTAINS X, Y, Y-CALCULATED, AND DEVIATIONS FOR ALL
DATA POINTS.

QOOCOOQCODOO0D0
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(@)

115 MAXIMUM NUMBER OF OBSERVATIONS IS 100.

L=30UTINES NEEDED ARE READM, PRINTM, AND SLE.

7 OUTINE LINFIT
S ION LG Sv(20,L.7,LU,Z11,222,D11,022,M2Z,NSP,DPC,DF T, UPA
= MON /IOLUNY 15,16,J5,J6,J4
:ON /IONAT/ KORF MON,IPRT KORFO
1+ ARACTER' KORF MON,IPRT,KORFO
T AMMON /DATQY A(100,2),8(2,2),C(2).D(100,4)

7 KORF.EQ. K\ “JPITE(I ,201)
R inr pumber of observed pairs: ')
g AD(JS,',END-—.LCJ; N,NCOL
LE.1.OR.NCOLNE.2) GOTO 501
$LENMAX) GOTO 165
ITE(16,202) NMAX ,
SORMAT({' Number of observed pairs exceed max of ',14)
7=-9
CALL PAUSE(2)
RETURN
105 DO 168 1=1,N
7 KORF.EQ.'K') WRITE(!6,203) | .
203 FORMAT( Enter X, Y of observed pair i4,": ")
READ(JS,”,END=500) (A(1.J).J=1,2)
1056 CONTINUE

)

3
[}
=3
£
Pl
2
':’

( =l -

0z -
17

 CALCULATE SUIAS FOR LEAST SQUARES SOLUTION

[eNeNe]

DC 100 1=1.2
Ci=0 0
DO 101 J=1,2
B(LJ)=00
101 CONTINUE
100 CONTINUE
DO 102 121 N
B(1,1)=B(1,1)+1.0
B(1,2)=8(1,2)+A(l,1)
B (2,2)+A(,1) A(L1)
cy )+A(l 2)

(2,2)=B
)=C(1
1=C(2)+A(1.1)*A(1,2)

C(

20
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102 CONTINUE
B(2,1)=B(1.2)

SOLVE THE SIMULTANEOUS LINEAR EQUATIONS WHICH ARE OF THE FORM
OF 5.7 AND 5.8 IN THE TEXT.

[eNeoNoXe}

IF(MON.EQ."Y'") WRITE(16,1001)
IF(IPRT.EQ.'Y") WRITE(J6,1001)
CALL PRINTM(0,B.2,2,2,2)
IF(MON.EQ."Y) WRITE(16,1002)
IFIPRT.EQ."Y") WRITE(J6,1002)
CALL PRINTM(0,C,1,2,1,2)

CALL SLE(B,C,2,2,1.0E-05)
IF(LZ.LT.0) CALL PAUSE(2)
IF(LZ.LT.0) RETURN

SLOPE = C(2) v
IF(MON.EQ."Y") WRITE(!6,1003)
IF(IPRT.EQ.'Y") WRITE(J6,1003)
CALL PRINTM(0,C,1,2,1,2)

DO 103 1=1,N

D{I,1)=A(},1)

D{),2)=A(1,2)
D(!,3)=C(1)+C(2)*D(1,1}
D(},4)=D(1,2)-D(1,3)

103 CONTINUE
IF(MON.EQ.'Y') WRITE(16,1004)
IF(IPRT.EQ."Y') WRITE(J6,1004)
CALL PRINTM(0,D,N,4,100,4)

c

C... CALCULATE ERROR MEASURES

c
SY=0.0
SY2=0.0
SYC=0.0
SYC2=0.0
DO 104 1=1,N
SY=SY+D(!,2)
SY2=8Y2+D(1,2)*D(1,2)
SYC=SYC+D(1,3)
SYC2=SYC2+D(1,3)*D(l,3)

104 CONTINUE
SST=SY2-SY*SY/FLOAT(N) 7
SSR=SYC2-SYC*SYC/FLOAT(N)
SSD-SST-SSR
IF(SST.EQ.0.0) GOTO 502

404

R2=SSR/SST
IF(SLOPE.GE.0.0) R=SQRT(R2)
IF(SLOPE.LT.0.0) R=-1.0"SQRT(R2) .
IF(MON.EQ.'N') GOTO 110
WRITE (16,2000) N
WRITE (16,2001) SST
_ WRITE (16,2002) SSR
WRITE (16,2003) SSO
WRITE (16,2004) R2
WRITE (16,2005) R
.0 IF(IPRT.EQ."N') GOTO 150
WRITE (J6,2000) N
WRITE (J6,2001) SST
WRITE (J6,2002) SSR -
WRITE (J6,2003) SSD
WRITE (J6,2004) R2
WRITE (J6,2005) R
i50 CALL PAUSE(3)
RETURN

c ’
C... END OF FILE ENCOUNTERED
c
500 LZ = -9
CALL CLSALL
CALL INVLID(3)
CALL PAUSE(2)
RETURN

c
C... INVALID DATA MATRIX DIMENSIONS
c
501 LZ = -9
CALL CLSALL
CALL INVLID(4)
CALL PAUSE(2)
RETURN

C
C... DIVIDE BY ZERO
C
502 LZ = -9
CALL CLSALL
CALL INVLID(5)
CALL PAUSE(2)
RETURN
1001 FORMAT (///,' Coefficient Matrix of Unknown Parameters’,
1' in Normal Equations’)
1002 KORMAT(/ Vector of Sum of Y"s and Sum of Crossproducts’,
1" of X and Y) ) -
1003 FORMAT{/' The Estimated Parameters of the Regression Equation’)
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1004 FORMAT(/! Column 1 = X Variable' /* Column 2 = Y Vanable
1" Column 3 = Y Value Based On Regression Eguation’
2" Column 4 = Column 2 - Column 3"
20C0 FORMAT (//,28H Number of Observed Pairs = ,I5)
2601 FORMAT (25H To.al Sums of Squares = ,F20.5)
2002 FORMAT (37H Sums of Squares Due To Regrescion = FZ0 5!
2003 FORMAT (36H Sums of Squares Due To Deviation = F235)
2004 FORMAT (19H Goodness of Fit = F15.¢6)
2005 FORMAT (27H Correlation Coefficient = F15.6)
END

PRINTM PRINTM - PROGRAM 4-2

SUBROUTINE TO PRINT A MATRIX
HAVING N ROWS AND M COLUMNS

OO0

SUBROUTINE PRINTM(KFIL,A,N,M,N1,M1)
COMMON /TLC/ SV(20),LZ,LU,211,222,D11,D022,NZZ,NSP,DPC,DFT,U
COMMON /iOLUN/ 15,16,d5,6,J4

COMMON /IONAT/ KORF,MON,IPRT KORFO

CHARACTER'1 KORF,MON,IPRT KORFO

DIMENSION A(N1,M1)

IF(KFIL.EQ.1) CALL CLEAR
IF(KFIL.EQ.1) WRITE(16,203)
203 FORMAT(” PRINT OUT MATRIX' /)

C
C... PRINT MATRIX OUT IN STRIPS OF 5 COLUMNS
c

NROW =0 )

IF(KFIL.EQ.0) GOTO 102

... READ MATRIX FROM INPUT DATA FILE

[e RN

IF(KORF.EQ.'Ky WRITE(16,200)
200 FORMAT(/" Enter number of rows and coiumns for matrix: ')
READ(J5,*,END=500) N,M
IF(N.LE.N1T.AND.M.LE.M1) GOTO 103
WRITE(i6,201) N1,M{1
201 FORMAT(/" umber of rows, coiumns exceed max of 14, by ',14)
LZ = -9
RETURN
103 DO 104 1=1,N
IFIKORF.EQ.'K")y WRITE(16,202) t
202 FORMAT( Enler row '14," of matrix: ')
READ(J5,", END=500) (A(l,J),d=1,M)
104 CONTINUE

... NOW PRINT OQUT MATRIX

OO0

102 DO 100 18=1,M,5
IE=IB+4
IF (IE - M) 2,21
1IE=M
c
C... PRINT HEADING
c
2 IF(MON.EQ.'Y") WRITE(16,2000) (1,1=iB,IE)
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IFIPRT.EQ."Y)WRITE(J6,2000) (I,1=IB,IE)

DO 101 J=1,N
C
C... PRINT ROW OF MATRIX
C

IF(MON.EQ."Y'}) WRITE(16,2001) J,(A(J,K),K=IB,IE)
IFOPRT ~Q.YYWRITE(J6,2001) J,(A(J,K),K=IB,IE)
NACW = NROW + 1
IF{(MON.EQ."Y' AND MOD(NROW,10).EQ.0) CALL PAUSE(0)
101 CONTINUE
100 CONTINUE
IF(MON.EQ."Y' AND.MOD(NROW,10}.NE.0.AND.KFiL.EQ.0) CALL PAUSE(0)
IF(MON.EQ.'N'" AND.IPRT.EQ."Y'.AND.KFIL.EQ.1) WRITE(l6,204) *
204 FORMAT{" Output file created’)
RETURN
C
C... END OF FiLE ENCOUNTERED
o]
500 LZ = -9
CALL CLSALL
CALL INVLID(3)
RETURN
2000 FORMAT({/,5X,5(8X,14,3X),/)
2001 FORMAT(I5,5F15.5)
END

ADDM ADDM - PROGRAM 4-3

SUBROUTINE TO ADD TWO MATRICES
AAND B TO FORM C. ALL HAVE N ROWS AND M COLUMNS

OO0 00

SUBRODUTINE ADDM(A,B,C.N,M,N1,M1)
DIMENSION A(N1,M1),B(N1,M1),C(N1,M1)
DO 100 1=1,N
DO 101 J=1 M
CUN=A0+B(1.)
101 CONTINUE
00 CONTINUE
RETURN
END

CMULT CMULT - PROGRAM 4-5
SUBROUTINE TO MULTIPLY EACH ELEMENT OF A MATRIX BY A

CONSTANT B TO FORM THE MATRIX C.
EACH MATRIX HAS N ROWS AND M COLUMNS.

COOOOOQO

C=B"MAT(A)

SUBROUTINE CMULT(A,B,C,N,M,N1,M1)
DIMENSION A(N1,M1),C(N1,M1)
DO 100 1=1,N
DO 101 J=1,M
C(,J)=B*A(l,J)
101 CONTINUE

100 CONTINUE
RETURN
END
C
CMMULT MMULT - PROGRAM 4-7
C
C SUBROUTINE FOR MULTIPLICATION OF MATRIX A BY MATRIX B
C TOGIVEMATRIXC. AISLROWS BY N COLUMNS.
C BISNROWSBY MCOLUMNS, AND C WILL BE L ROWS BY M COLUMNS
C

SUBROUTINE MMULT(A,B,C,L.N,M,NA,MA,NB,MB,NC,MC)
DIMENSION A(NAMA),B(NB,MB),C(NC,MC)
DO 100 I=1,L
DO 101 J=1,M
C(1,9)=0.0
DO 102 K=1,N
CULA=C{LI)+A(LK)*B(K )
102 CONTINUE
101 CONTINUE

100 CONTINUE
RETURN
END
C
CMINV MINV - PROGRAM 4-8
o] -
C  SUBROUTINE TO FIND INVERSE OF MATRIX A. B IS THE INVERSE
C OFA. AISREDUCED TO THE IDENTITY MATRIX.
C AANDBARENXN. DET IS THE DETERMINANT OF A.
C

SUBROUTINE MINV(A,B,N,N1,DET)
DIMENSICN A(N1,N1),B(N1,N1)
COMMON /IOLUN/ 15,16,J5,J6,J4 '
COMMON /TLC/ SV(20),LZ,LU,Z11,222,D11,D22,NZZ,NSP,DPC,DFT,UPA

ZERO = 1.0E-05

SET B TO IDENTITY MATRIX AND SAVE THE ORIGINAL A MATRIX

[eXeXe!

DO 100 1=1N
DO 101 J=1,N
B(l1,J)=0.0
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(]

101 CONTINUE
B(1,)=1.0
100 CONTINUE
DET=1.0

CALCULATE INVERSE

DO 102 1=1,N
DIVIDE ITH ROW OF A AND B BY A(l,))
DIV=A(1))
IF(ABS(DIV)
2 DET=DET*DIV
DO 103 J=1,N
A(LJ)=A(,J)/DIV
B(LJ)=B(1,J)/DIV
103 CONTINUE

ZEROQO) 99,89,2

C  REDUCE THE ITH COLUMN OF A TO ZERO

OCOO0

C

CSLE

[eReRoNoNeoXe)

DO 104 J=1,N
IF (I-d) 1,104 1
1 RATIO=A(J,))
DO 105 K=1,N
A(J,K)=A(J,K) RATIO*A(1.K)
B(J.K)=B(J,K) RATIO*B(I K)
105 CONTINUE
104 CONTINUE
102 CONTINUE
WRITE(16,201) DET
201 FORMAT(/ Determinant of Matrix A = F15 5)
RETURN

;Aé\gglx CANNOT BE INVERTED A DIAGONAL ELEMENT IS APPROXIMATELY

99 DET = 00
WRITE(16,202)
202 FORMAT(/
Z=9
CALL PAUSE(2)
RETURN
END

Matrix Cannot Be Inverted)

SLE PROGRAM 49

SUBROUTINE FOR SOLUTION OF N SIMULTANEOUS EQUATIONS
MATRIX AIS N X N AND B IS A COLUMN VECTOR OF N ELEMENTS
A IS CONVERTED TO THE IDENTITY MATRIX

B CONTAINS SOLUTION

SUBROUTINE SLE(A,B,N,N1,ZERQ)
COMMON /TLC/ SV(20),LZ,LU,Z11,222,D11,D22,N2Z NSP,DPC,DFT UPA
COMMON /IOLUN/ 15,16,45,J6,J4
DIMENSION A(N1,N1),B(N1)
DO 100 1=1,N
DiV=A{L})
IF (ABS(DIV)-ZEROQO} 99,99,1
1 DO 101 J=1,N
A(lLJ)=A(1,J)/DIV
101 CONTINUE
3(l)=B(1)/0IV
DO 102 J=1,N
IF (1-J) 2,102.2
2 RATIO=A(J,))
DO 103 K=1,N
ALK =A(JK)-RATIOA(LK)
103 CONTINUE
B(J)=B(N)-RATIO B(})
102 CONTINUE
160 CONTINUE
RETURN
99 WRITE(i6,200)
200 FORMAT({/' Matrix Cannot Be Inverted. System of,

17 Simultzneous Linear Equaticns Cannot Be Solved.)

LZ=-9
RETURN
END

EIGENY EIGTNJ - FROGRAM 4-10
SUBROUTINE TC CALCULATE. THE EIGENVALUES AND EIGENVECTORS
OF AN NXN SYNMMETRIC MATRIX.

UPON COMPLETION THE EIGENVALUES ARE STORED IN THE DIAGONAL
ELEMENTS OF MATRIX A (IN DESCENDING ORDER). THE EIGENVECTORS
ARE STORED BY COLUMNS IN MATRIX B.

EIGENVALUE A(l,Iy CORRESPONDS TO EIGENVECTOR (B(J.1).J=1.N)

OO0OOCOOOOC"YTOOO0

SUBROUTINE EIGENJ(A,B,N,N1)
DIMENSION A(N1,N1),B(N1,N1)
COMMON /TLC/ SV(20),L.Z,LU,211,222,D11,D22NZZ,NSP,DPC.DFT UPA

.. CALCULATE INITIAL AND FINAL NORMS
SET B TO IDENTITY MATRIX

'eXeXeXe!

IF(N.LE.0) GOTO 502
ANORM=0.0
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DO 100 I=1N
DO 101 J=1,N
IF (1-d) 2,1,2
1 B(LJ)=1.
GO TO 101
2 B(1,J)=0.0
ANORM=ANORMA(1J)*A(l,J)
101 CONTINUE
100 CONTINUE
ANORM=SQRT(ANORM)
FNORM=ANORM*1.0E-09/FLOAT(N)
c
C... INITIALIZE INDICATORS AND COMPUTE THRESOLD
C
THR=ANORM
23 THR=THR/FLOAT(N)
3 IND=0

. SCAN DOWN COLUMNS FOR OFF-DIAGONAL ELEMENTS
GREATER THAN OR EQUAL TO THRESOLD

0000

DO 102 1=2,N
1=1-1
DO 103 J=1,11
IF (ABS(A(J,1))-THR) 103,4,4
C
C... COMPUTE SIN AND COS
C
4 IND=1
AL=-A(J,))
AM=(A(J,J)-A(L,1))/2.0
DBYO = SQRT(AL*AL+AM*AM)
{F(DBY0.EQ.0.0) GOTQ 502
AO=AL/SQRT(AL'AL+AM*AM)
IF (AM) 5,6,6
5 AO=-AQ
6 SINX=AO/SQRT(2.0°(1.0+SQRT(1.0-A0"AQ)))
SINX2=SINX*SINX
COSX=SQRT(1.0-SINX2)
COSX2=COSX*COSX

N

c
C... ROTATE COLUMNS ] AND J
s .
DO 104 K=1,N
IF (K-J) 7.10,7
7 IF (K-1) 8,10,8
8 AT=A(K,J) -
A(K,J)=AT*COSX-A(K,)*SINX

A(K,|)=AT*SINX+A(K,1)*COSX
10 BT=B{K.J)
B(K.J)=BT*COSX-B(K,I)"SINX
B(K,)=BT*SINX+B(K,I)*COSX
104 CONTINUE
XT=2.0"A(J,])*SINX*"COSX
AT=AlJ))
BT=A(L])
A(J,J)=AT*COSX2+BT*SINX2-XT
A(1L1)=AT*SINX2+BT*COSX2+XT
A(J,)=(AT-BT)*SINX*COSX+A(J,)* (COSX2-SINX2)
A=A
DO 105 K=1,N
AJK)=A(K,J)
A(LK)=AK,])
10£ CONTINUE
103 CONTINUE
102 CONTINUE
IF (IND) 20,20,3
20 IF (THR-FNORM) 25,25,23
c
C... SORT EIGENVALUES AND EIGENVECTORS
c
25 DO 110 1=2,N
J=l
29 IF (A{J-1,J-1)-A(J,J)) 30,110,110
30 AT=A(J-1,J-1)
A-1,d-1)=A{,J)
A(J)=AT
DO 111 K=1,N
AT=B(K,J-1)
B(K,J-1)=B(KJ)
B(K,J)=AT
111 CONTINUE
J=J-1
IF (J-1) 110,110,29
110 CONTINUE
RETURN
c
C... DIVIDE BY ZERO

C

502 LZ = -9
CALL CLSALL
CALL INVLID(5)
CALL PAUSE(2)
RETURN
END
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\ FUNCTION LJEOF(l)

c | WJEOF=0
C SUBROUTINE MTRANS COMPUTES THE TRANSPOSE MATAIX G OF 1A% + 4 i RETURN
N R END
T T S T S C./ ADD NAME=RREAD
o
SUBROUTINE MTRANS(A,.C,NRANCA MAXR MAXC) c TO READ M REAL NUMBERS FROM KEYBOARD, CHECKING FOR
DIMENSION A(MAXR,MAXC),C(MAXR MAXC) c "QUIT", "UP" OR "HELP"
DO 100 1=1,NRA 5
DOIOTJ:LNC/\ C'itwnﬁatﬂ'ai"ttt.ﬁ.’ﬁwﬂ't'ﬁw"t""!t".gﬁt-..'ﬁ.n"
G = AlLY) SUBROUTINE RREAD(N,A,B,C,D)
101 CONTINUE | COMMON /TLC/ SAVE(20),LZ,LU,Z1,72,D1,02,NZ,NSTEP, DEPINC,DFLT,UPA
COMMGN /FLS/ 15,16,17,18,19,i10,111,112,113,IPCH,ILP,IPLOT ,NCHAN

100 CONTINUE
COMMON /CHAR/ MN(720),LPT

CCMMON /ASC/ |IALPHA(S6)
CHARACTER*1 IALPHA MN
A=0.

=0
=0

|
RETURN ‘
=MD f

G w

]

‘ D
( NU

~ W

w

0.
M=0
RUTE(6,9)
9 FORMAT(1X)
1 READ(I5,10) (MN(M),M=1,50)
‘ 10 FORMAT(50A1)
| DUM=IJEOF(i5)
IF(112.EQ.-99) WRITE(113,10) (MN(M),M=1,50)
J C JF(16.EQ.113) WRITE(16,11) (MN(M),M=1,50)
11 FORMAT(1X,50At)
i1=1
| DO 20 1=1,50
! 12=51-1
IF(MN(12).EQ.IALPHA(1)) GO TO 20
GO TO 30

20 CONTINUE
' Z=0.

GO TO 40

30 CALL NUMB(I1,12,IERR,Z)
IF(LZ.LT.0) GO TO 90
IF(IERR.EQ.0) GO TO 40

. TONE FOR iBM PC ONLY

eXeXe)

CALLTONE

[ONe]

WRITE(6,110)
GOTO




40 NUM=NUM+1 "‘ IF(112.EQ.-99) WRITE(i13,10) M1,M2,M3,M4

IF(NUM.EQ.1) A=Z ~ iy C  IF(16.EQ.113) WRITE(I6,110) M1,M2,M3,M4
IF(NUM.EQ.2) B=Z ‘ 110 FORMAT(1X,4A1)
IF(NUM.EQ.3) C=Z 2=0
IF(NUM.EQ.4) D=2 - CALL CHKALL(M1,M2,M3,M4)
IF(11.LE.J2) GO TO 30 . IF(LZ.LT.0) RETURN
IF(NUM.LT.N) GO TO 1 =1
80 RETURN J=1
110 FORMAT(1X,13HInvalid entry,12H, Try again ‘ K=1
END ‘ L=1
C./ ADD NAME={READ " DO 120 KK=1,96
c | ¢ IF(LEQ.1.AND M1.EQIALPHA(KK)) 1=KK
C  TOREADN INTEGERS FROM KEYBOARD | IF(LEQ.1.AND M2 EQUIALPHA(KKY J=KK
c 1 IF(K.EQ.1.AND.M3.EQ.IALPHA(K)) K=KK
Crtvtvmrosaataanauasasaansarsararatrararaatarinnnsss IF(L.EQ.1.AND.M4.EQJALPHA(KK)) L=KK
SUBROUTINE IREAD(N 1,J,K,L) 120 CONTINUE
COMMON /TLC/ SAVE(20),LZ,LU,Z1,22,D1,02,NZ,NSTEP DEPINC DFLT, UPA RETURN
CALL RREAD(N,A,B,C.D) ' END
IF(LZ.LT.0) RETURN g-/ ADD NAME=NUMB
]J:; C  CONVERTS AN A{ STRING OF CHARACTERS FROM MN(i1) TO MN(i2
KC C  TCAREALNUMRBER
L=D ‘ gﬁ-‘ﬁ"’tﬂ..'ﬁt\.iﬁﬂ\)\.ﬁ!'!'ﬁ.ﬂﬁ‘lﬁ"*Winﬁ'ﬂ"i‘.ﬁ' e 4
EEEURN : SUBROUTINE NUMB(I1,12,|ERR,A)
./ ADD NAME=AREAD ‘ COMNMON /TLC/ SAVE(20),L2,LU;21,22,01,02,NZ,NSTEP,DEPINC, DFL™ UPA
p : | COMMON /FLS/ 15,16,17,18,19,110,111,112,112,IPCH,ILP JPLOT NCH."N
1 COMMON /ASC/ IALPHA(95)
g TO READ N A1 CHARACTERS FROM KEYBOARD AS INTEGER VARIABLES l . COMMON /CHAR/ MN(720) LPT
G v v erm e an e ettt e A DIMENSION NM{132)
.. CHARACTER™1 IALPHA MN,M$ M12,M3,M4
SUBROUTINE AREAD(N,1,J.K,L) | ﬁ;ﬂf ol
COMMON /TLC/ SAVE(20),LZ,LU,21,22,D1,02,NZ,NSTEP DEPINC, DFLT,UPA M1=MN(I1)
COMMON /FLS/ 15,16,17,18,19,110,[11,112,113,IPCH,ILP,IPLOT ,NCHAN M2=MN(11+1)
COMMON /ASC/ IALPHA(96) R ‘ M3-MN(11+2)
CHARACTER*1 IALPHA,IBL,M1,M2,M3.M4 | M4=MN(11+3)
C  DATAIBLMY CALL GHKALL(M1,M2,M3,M4)
1BL = IALPHA(1) { IF(LZ.LT.0) RETURN -
IF(LZ.EQ.-5.AND.N.EQ.1) RETURN | NDIG=0
M1=IBL NEG=0
Ma=1BL , r IDEC=999
M3=IBL < DO 100 I=i1,12
M4=IBL

1E={
IF(MN(1).NE.IALPHA(1)) GO TO 10
IF(NEG.EQ.0) GO TO 100
GO TO 200
10 DO 20 K=10,26

C  WRITE(I6,9) !
9 FORMAT(1X)

READ(I5,10) M1,M2,M3,M4
10 FORMAT(4A1)

DUM=IJEOF(I5)
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r-

IF(MN(l).NE.IALPHA(K)) GO TO 20
IF(K.EQ.13.0R.K.EQ.16) GO TO 200
IF(NEG.NE.0O) GO TO 30

1B=|
IF(K.EQ.12) NEG=1
IF(K.EQ.14) NEG=-1
IF(NEG.NE.O) GO TO 40

NEG=1
1B=1-1
GO TO 3G
20 CONTINUE
GO TO 800
C
C AFTER FIRST DIGIT
C
30 IF(K.LE.14.0R.K.EQ.16) GO TO 200
NDIG=NDIG+1
40 IF(K.EQ.15) IDEC=NDIG
NM(1)=K-17
100 CONTINUE
C
C END OF NUMBER
C
200 A=0.
IF(NDIG.GT.0) GO TO 210
1=l1+1
RETURN

210 1F(NDIG"IDEC.EQ.1) GO TO 900,
DO 300 J=1,NDIG
IF(J.LT.IDEC) A=10."A+FLOAT{NM(IB+J}))
IF(J.EQ.IDEC) GO TO 300
IF(J.GT.IDEC) A=A+FLOAT(NM(IB+J))"10.**FLOAT(IDEC-J)
300 CONTINUE
A=A"FLCAT{NEG)

IERR=0
H=lE+1
RETURN
C
C ERRCR
C

900  WRITE{I5.910)
910  FORMAT(1X,21HError in number field)
IERR=-1
RETURN
END
C./ ADD NAME=CHKALL
Cc
C CHECKS FOR CHARACTERS SPELLING "QUIT", "UP", "HELP"

418

, ETC.

c

Cnt.-ntt'tnt.'-Qttﬁo'tootat.'oaoaon'n....'QtQQn.'-..--

SUBROUTINE CHKALL{(MT ,M2,M3,044)

CHARACTER" M1,342,M3 M2
c
CALL CHECKMT M2 M3,144,62,53,48,49,-9)
CALL CHECK{#1,Ai2,743,M4,38,57 4 -9}
CALL CHECK(M1.142,/48,04,34,38, /\8 X ,~9:
CALL CHECK(M1.M2 AT, M1,54,49,54,54,- 1
CALL CHECK{MTAMT,14 0M1,50.:1,80,5C,-3
CALL CHECK(M1 M2,Mi,M1.54, 1.1 ’,54,-.,
CALL CHECK{MI M2 M3,M4,41.38,45.42,-10)
CALL CHEC:H V1. Mi M1,32,32,32,32,-1%}
CALL CHECH{IM ! 4,36 .42,40,53,-5)
o]
CALL SHEDKIA 1A
CALL CHEC (‘M*.;
CALL ¢ ""E\.Gx\(i\:ﬂ
cali
CALL CHETY
C
REVURT
END
C./ ADD NAME=CHEICK
g COMPARES STRING M1,M2,M3 214 TC ASCH CHARACSTERS K1 H2.1Z K4
C EE AR A 2 I O I IR 4 R
Crenvrecosmssousne nnssnscrocnes

e CHEGK(M?,M2,M3 M4 K1 K2,K3,K4,13
COMIICN TLO/ SAVE(RC) 12U 21,72,D1,02,NZ, N8 TE
COMMON /ASC/ IALPHA(SS
CHARACTER™ 1ALPHA M1T,M2 M3,M4

IEAT NEJALPRAIKT)) RETURN

FOA2 NEIALPHAK2)) RETURN

NEIALPHA(K3)) RETURN

IF(M4.NEJALPHA(K4)) RETURN

T
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this routine wili create the

sudio tong

(subroutine TONE)

assume cs:.codes

codes segment ‘cods’

public tone

tone proc far
push  bp
mov  bp,sp
mov  ax,0

mov  dx,12h
mov  bx,1250
div  bx

mov  bx,ax

set 1/pitch into timer then
mov  al,10i11011i0b

out 43h,al
mov  ax,bx
cut 42l

mov  alah
out  42f,zd
in al,éth
or al3

out ¢th,a!

,sound the tone for a while,
mov  ¢x,G2FFFh
~ait  loop wait
in al,6th
and al,1111100b
out 61h,al

pop bp

ret
tone endp
codes ends

end

;save frame pointer
;address parameiers

inumerator (low word)
(high word)
divisor
;divide
;save quotient in BX

turn on tone
put the number
sinto timer

X

yead port B into AL
turn on Litz 0,1
to turn on speaker

then turn it off

set up for deiny
,delay

read portB into AL
ymask lower two bits
‘to turn off speaker

restore frame pointer
return
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Jluneamenro Jlanacara 50—53
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[MosunoMuanpHef craaxusawui Guiptp 305—308
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Voueannli kpafirsar 110--121
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o Uaveea 364

- Tuioxrr — Xagnnuara 298

G UHRUES eATeaBHOCTH Byikana 189

Loitp tekecTH 70
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Kaacrepusanus 254—3255
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Hpeamcnosue . . | | |

Iaasa 5. Ananus kapr

YcenoBHbe B apyrue reosormyeckie KapThr
Cuerematnucckie MeTOLB MOHCKA
Pacnonoxenne Ttouex .
Papnouvepusie cxemer . .
CayuaiiHple cxeMbr
CxeMBl IpyNnLpOBaHHS
Meron Gasnkaiimero cocena
Pacnpesenennc npamex
Auanus HanpapaeHHBIX A8HUBIX S
TTpoBepka runoTes o MHKJAMYCCKH pacnpeacaenHuX AdHHLIX
Ceprycckue pacnpegcacnus . .
Marpiunce mpeacTasiaenns BCKTOPOB
[pencrasacune cheprucckiix nauHbIK e
Hposepxa rimores o cdepuucern HATPAB/JICHHBX JaHHBIX
DopMa . . . . e e e
Hamepennst GopMLr ¢ ToMolubio npecOpasopaniii Gypbe
HMocrpoenne kapr 8 n3ominnsx ¢ nomonpio IBM .
TpuaHryaszms Kak MeTol HOCTPOSNNS KADT B H3OAHHUAS
TToctpoenne Kapr B H30JHHEAX MCTOAOM ceTeli
Cxoap3siiinie cpefHue S e e,
Croabssline B3BeILCHHBIE CDeIUNE, NOJydeHHHE MO CPEIHHM 3HAUeHUsM
B 0J0Kax . e e .
Kopafiruar .
Toueunptil wpafiruar
YHBBCpCAbHEE KPairHHr
Bplugcienie apudra
Houmep S
Moseprnocrn TpeHAa . . .
CraTHCTINCCKHE KPUTEpHE: B T
ABe Mogemn moBepxHOCTCl Tpeiia
Gcobennoctin TpeH-anainza
HeTHipexMepHBIf TPOHI-aHAIH3
Hrofinve psinn ®ypee
CpaBuenne kapr
(fuiee ¢x0/CTBO
Kaprm cxoacrea S
Kosddunrenrut cpasnenns kapr
Cnucox auTepaTyphl

Fasna 6. Aranus MHOromepHbIX HaHHBIX

MuoxecTBennas perpecens . . .,
AyckpuMnsanTubie GyHKOEA .
Kpurepnn 3HauamocTH e
[epexon or onnoMepHofi craTHCTHKI K MHOrOMepHOIi .
llposepka rnnotes o paBencTBe ABYX BEKTOPOB CPeAHHX 3HAUEHI
PapencrBo KOBApHANHOHHKIX MaTpHIL .o
Kiracrepumii anamans S e
Beepenue B Teopmio cOGCTBEHHLIX BCKTOPOB, BKMOHAs baxTopublii ananus
Teopema dkxapra—IOwra . . , . .
MeTon ryiaBHBIX KOMNOHEHT . . . . . . . . . .
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