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[MPEAVMCJIOBUE

B 1973 r., xoraa BHIIO mepBoe H3NaHHE 3TOH KHHTH, HCIOdb-
30BaHHe T€0JIOTaMH BHIUHCAHTENBHBIX CPEJCTB HAaXOAUAOCH Ha Ka-
HECTBEHHO MHOM yDOBHC, ueM cefyac. DTO GHIIO BpeMs MAaCCHBHBIX
OBM, cOoCpeOTOUYEHHEIX B  BBIYHCJAUTEIbHBIX UeHTpax, M[OCTYH K
KOTOPBIM OCYIUECTBAANCS Yepe3 OKOWIKO B 3aKPHITHIX 1BepAX. [IpH
STOM DE3yJIbTAaT HCC/IEAOBaTeNb MOJYYald B JyylleM cjydde uyepes
HECKOJILKO JHeH.

Tenepp GOJIBLIHHCTBO Te0JOrOB HMEIOT HEMOCPEACTBEHHHIH N0C-
Ty K IBM uepes tepmunan nan x MHHH-KOMIIbIOTEPY, HJIH UMEIOT
Aa¥ke NepCOHalbHbIH KoMmpoTep. KoMnbioTep cTanl  06blieHHON
BEILbIO B JKHU3HM recosora. K HeMmy o6pamiaiorcs Kak HOBHUKH, Tak
H NMpOodeccCHOHANbl B HajeHkKie IOBLICHTD s dexTHBHOCTL CBOEH pa-
60THI. ' o

K coxanenmo, serkuii noctyn x KOMIIbIOTEpaM He ofecneunBa-
€T JIErKOTO NOJy4eHHs 3HAHHA O TOM, YTO C HHMM jeaaThb.. Jas
MHOTHX T€OJIOrOB aHaJIH3 MOBEPXHOCTEH TpeHJa TaK ke MaJo IIo-
HATeH, Kak H 10 ger Hasax. To ke MOXKHO cKa3aTb H O dakrop-
HOM aHasnsc. bosee Ttoro, nosiBusMCh eule Gosee SK30THUECKie H
TPYAHO NOCTyMHblIe MeTOAH. HeobOxoxuMocTe B 06yueHHH re0JoroB
KOJIMYeCTBEHHOMY aHaJu3y Obl1a OueBHAHA yxe B 1973 1., To e
BEpHO H ceiiyac. BoT nouyeMy HanucaHa sTa KHuTa.

B orBer Ha wmHorme sameuaHusi, Kotophie s NOJNYUHI  1ocje
H3laHus KHUTH B 1973 1., a TakxKe, YUUTHIBAS COGCTBEHHBIH OMDLIT
NpenojlaBatus, s BHUMATEJbHO NEPECMOTPEN KHHIY 178 HOBOTO H3-
AaHus. Pacnonoxenne MaTtepuasna COXpaHEHO, OHO HAYHHAETCS C
OCHOBHBIX MOHATHH W 3aKaHYHBAGTCH aAHAJHM3OM TTOCJELOBATENbHO-
CTed, KapT, MHOrOMepHHIX HabgomeHud. Tak Kakx 6OJIbILIHHCTBO
CTYIEHTOB CJIyIIAeT OAMH HaH Goxaee xypcoB no ®OPTPAHy, to
rnasa o ®OPTPAHe B sTOM H31aHHH OTCYTCTBYeT.

HanoxeHne HauMHAeTCS ¢ OCHOB TEOPUH BEPOATHOCTEH, OYeHb
BaXHBHIX B aHaJuse NaHHLIX. [lo6aBaen HOBEH pasjgen o Hemapa-
METPHYECKHX METOAaX, KOTOpbie NPEACTaBJAITCS 6ojaee NPHUTOA-
HBIMH JUIS TeOJIOTHYECKHX AaHHBIX. Tema «CoOCTBeHHBIE 3HAUYCHHSA
H COGCTBEHHBIE BEKTOPHI» OCTAeTCsl TPYAHOH AJsi T€ONOrOB, U 110-
STOMYy OHa 3aTparnBae€Tcs NBaXKAB: B pasjedc «MaTpuudas aa-
re6pa» ¥ B pasjenax, MOCBSLIEHHLIX baxTopHOMy aHamusy. Pac-
CMOTpEHA TaKXKe CBA3b NPOLENYp HAXOXKIACHHS COOCTBEHHLIX 3Ha-
UeHHH H COGCTBEHHBIX BEKTOPOB C METOLOM TI'JABHbBIX KOMIIOHEHT,
R- n Q-MeToiaMu (aKTOPHOrO aHa/H3a, aHAalH3a COOTBETCTBHS.

Hekoropsie Tembl amanuza naHHBIX B NOCACAHHE HECKOMLKO
J7eT npuobperanu Bce GoJibluee H3aueHHe B Haykax O 3emie. Teo-
PHSl DErHOHAJNH3OBAHHBIX NEPEMEHHBIX NpHUBJEKaeTcst ceduac aJs
OOBSICHEHHS NIPOCTPAHCTBEHHBIX CBOHCTB TeOJOTHUECKHX nepeMeH-
HBIX MHOTHMH HCC/I€JOBaTeNaMH. LleHTpaasHyio poss B 3TO# Teo-
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PHH HrpAlOT NOJYBAPHOTPAMMBl M KPaHTUHI. DTH METOAb Ipei-
CTaBJEHEl B HACTOfLNEM H3NaHHH. ['e0OpH3HKH NOHANH BaxHYHO
poJb CNEKTPAJNBHOIO aHaJIH3a; OYEBHAHA IIOJE3HOCTh 3THX MeTo-
OB NpH pELIEHHH MHOTHX NDYIHX 3ajay, HauWHas OT HpejcKasa-
HHSI 3eMJIETPSICEHHH H KOHYas ONHCAaHHeM (GOPMbI HCKOMAGMBIX OC-
TaTKOB. Pasnen o pspax ®ypre msnaraercs ¢ yueTom sTHX H3Me-
HeHHH,

Paa tabauu u pUCYHKOB B 5TOi KHure BOCNIPOH3BEJEHH C pas3-
pellenns aBTopoB (BJafeNbUeB aBTOPCKHX NpaB). MCTOUHMK piis
Kax[o#l TabaHUbLI H PHCYHKA yKa3aH B KBaIpaTHHIX CKOOKax,
4 ToJIHaA CChlJIKA NPHBOLHTCS B CHHCKAX JIHTEPATYPHl K KaXAOil
raase. Ta6auus 2.10, 2.22, 2.25 u 2.26 SABAAIOTCA COGCTBEHHOCTHIO
uznareanctBa IxoH ¥Yahiiu u CHHOBbS Inc., tabauum 2.11, 2.14
H 2.18 — cOBCTBEHHOCTHIO Iuursun-Byk Ltd, a ta6auum 4.30 u
4.3]1 — AMepHKaHCKOrO XHMHYeCKOro o6uiecTsa. Bee OHH BOCIHpO-
H3BECHBI C COOTBETCTBYIOLHX paspemieHdi. Yacty Tabsun 5.6 —
COGCTBEHHOCT AMEPHKAHCKOH CTATHCTHYECKOH accoUMallUy H Apy-
ras 4acTb — AMEPHKAHCKOIO HHCTHTYTA  GHOJIOCHUECKUX Hayk;
KOMOMHHDOBaHNE TabJHIL CAENAHO C HX paspewenns. Tabaunp
5.7 u 5.9 IPeACTaBJIAIOT COOGCTBEHHOCTS Axanemuk Ilpecc Inc
(JTongon) Ltd u BoCHpOH3BeneHH ¢ Hx paspemenns. Puc. 524 —
COOCTBEHHOCTb  AMEpHKaHCKOM CTATHCTHYECKOH  acCOUMallMH,
a puc. 5.25 — co6eTBeHHOCTs XapKypT Bpe#ic MloBanosuy, Inc, 06a
PHCYHKA BOCIPOH3BEACHEI C COOTBETCTBYIOLLMX pa3pelleHH,

B TekcTe, B 0OTBeT Ha MHOTOYHCIEHHEIE MOKeMaHUS uhTaTeset,
CACJAaHO MHOTO H3MEHEHMH, HCIpaBJEHHI, 106aBJEHHIL, ITepeunc-
JIATh TE€X, KTO HanucaJl MHe, HET cCMBbICaa. § Hx 6aarogapw. B po-
[IOTHEHHE K TeM, KTO GBI Ha3BaH B NEPBOM H3LaHHH, NpHHOLLY
MOI0 GJ/IaroAapHOCTb [OKTOPY [laymo Bpokuncrony, LOKTOpY
HOxumy Kemnbenny u Rokropy Keility TepHepy 3a ux momouls,
Mon peueHseHTH, noktop [eiis Becr, npodeccop DpaHK ITpUAK
n npodeccop Ixu-su D3Hr, caesaln MHOIO HEHHbIX HCIIP aBJIEHHIT
B OKOHYATE/LHOM TEKCTe,

MHorouucnenssie poGaBnesuss Gblin caenaHi KOJIJIeraMH U3
Kansacckoit reosoruueckoii CITyKOH, BKJIOYast AOoKTOpa JlsHBiia
Koaaunsza u nokropa Kanuna DepriocoHa 1 MOero NOMOMIHHKA 1O
IIEPBOMY H3naHHI0 MHcTepa PoGepra Camncoma. Tpoe u3 Moux
KOJJIEr NPUHANH AKTHBHOE YYacTHe B HAMHCAHHH KHHICU: JLOKTOp
Pukapno Omnea — pasgen no PETHOHANM30BAHHBIM  NEPEMeHHbLIM,
RoxTop 30y [l — pasigen 0 COGCTBEHHBIX 3HAYCHUSX H  JOKTOp
Hoxon JLoBeTOH, KOTOPLIH JK06e3Ho IIPEAJIOKHUI MHOMHE H3 yIpaxK-
HeHHH M IPHMEPOB BO BCell KHHTe M KOTODEIH IOMOras MHe Ha
BCeX cranMax paboTel. Hakowen, s oco6enno NPH3HATEJIEH MoeMy
dCCHCTEHTY, HCCel0BATENI0O M KOMNAHBOHY MuccHe JIKO SHi
He-Tpeddenpaita, ces NOAAEPKKH KOTOPOH BEIXOX 3TOH KHUTH OKa-
3a71cq OBl HEBO3MOXKHEIM.

Hocon C. Hssuc

Frasa 1
BBEIXEHUE

«..ecau Bow sosere usmepurs 1o, 0 wem
2080pUTE, U DPE3YabTAT BLIPA3UTE 4UC-
A0M, ITO O3HaueeT, wro Lol Koe-4TO
3HaeTe 0 npedmeTe paseoeopa; HO ecau
Boi ne modscere oxapaxrepusodare 3TOT
npedmer wucaom, 10 u3 3rozo caedyer,
«T0 Bawu snanus ckydust u neydos-
AETBOPUTENLHOL, 1L OHU MO2YT 6biTb
TOBKO OTRPABHOL TO4KOI npoecca no-
BHAHURY.

Jlopa KennBuu

Enie Ha 3ape CTAHOBJEHHUS TeO0JIOTHH HEKOTODbIE I'€O0JIOr'H NOJib-
86BaJHCh MaTE€MaTHYCCKHUMH METOLAMH. HaanMep, FOpHbBIE HHXKe-
HEDHl H Te€O0JOTH COTHHU Jer Hasaj NOACYUTLIBAJNHU 3amachl 10 pe-
3y.JabTaTaMm 0Hp060B21HH$I H OULEHHBAJH cojaep:KaHue B pyne 1mnoJies-

- HbIX KOMIOHeHTOB. ®uwep [2] ormedan, uTo pacujeHeHHe TpeTHY-

HOro mepuoga Jlafielem Ha OCHOBE OTHOCHTEJBHOL pacnpocrpaHes-
HOCTH COBDEMEHHBIX OPTaHH3MOB GLINIO CTATHCTHYECKOH Npoueny-
poil. JIuTOMIOrH elle B Hauale 3TONO CTOMETHS H3y4ajH pasMep 3e-
PeH H HX OYepTaHHsA, KOTOpHle INPeACTABJASIIM co0O0fi BaykKHBIE HC-
TOYHHKH T€OJIOTHYeCKOH uHpopMauun. Taxkue Hayku o 3emuse, kax
TEOXHMHS, reOpU3HKA U THIPOJIOTHS, TPEBYIOT NPOYHOro MaTeMaTH-
YCCKOro (yHIaMeHTa, XOTH HCHO/Ab3yeMble HMH OpHEME! IepBOHa-
uaiabHO OBLIM paspaboTaHbl He Ha OCHOBE I'e0JIOrHH, TOYHO TAaK JKe
MHHEDAJIOTH H KPHCTAJJIOTPA(]Pbl HCNOJNL3YIOT MaTeMaTHUECKHH all-
napar (QpU3HUECKOH H aHANMTHYECKOH XUMHH.

XOTsl 3TH pasjess HMEIOT Ba)KHOe 3HAYeHHe B CrenHaln3upo-
BAHHLIX 00JIaCTSIX, OHM He SBJSIOTCA TNPeAMETOM paccMoTpeHus
3TOH XHurd. Hauunas ¢ KoHUua 50-X rONOB HAMIETO BEKA BEITHCIIH-
TEJbHEIC MAUIHHBL CTaJH IIHPOKO MPHMEHSATHCS B YHHBEPCHTETAX H
ROpliopauusx, B pe3y/bTaTe UYero re0jOrM 3HAYHTENBHO Yallle CTa-
JH NpuberaTh K MaTeMAaTHYECKHM METOAM AaHANMW3A JaHHBIX, KO-
TOpEIE OHH 3aMMCTBOBAJIH H3 PAa3JHYHLIX, OCOGEHHO TEXHHYECKHX,
HayK M NPHMEHANN K JI0GOMy pasaeny Hayk o 3emae, 570 Gojiee
o0lHe METONHKH, ueM HCIoMb3yemele o0bIuHO. [eosorus caMa no
cebe npuBesa K HEKOTOPHIM yenexam B BBIYHCJHTENbHBIX HayKax,
0COGEHHO B 06J1aCTH NOCTPOEHUS rpaHKOB, BKJOYAs KapTh H
OKOHTypHBaHHe. OJHAKO Halla HayKa BbIragasia Gosbie, yeM mo-
&epTBOBaJa B O6MEH Ha KOJHYECTBEHHBIE METOJIHL.
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Hedransle xommanuu CILA, BelyllHe GOJIbLIHE Te0JOropasse-
AOuHHe paGoTH (He CYHTast IPaBHTEJBLCTBEHHBIX yupexaeHus),
WIHPOKO HCIOMB3YIOT BBIYHCJHTENbHBIE MallHHbL. [loaToMy OrpoM-
HBIl HHTEpeC, KOTOPHIi NPOSIBJSIIOT STH OPraHH3alMH K reoMaTeMa-
THYECKHM MeTORaM, 3akOHOMepeH. OH BBHIDAXKACTCH TaKKe B yBe-
JHYEeHHH POJIH SA3BIKOB NpPOrpaMMHPOBAHUS H MaTeMaTHUYeCKOH noa-
FOTOBKH NpH OOYUEHHH reoqoroB. K COXAJICHHIO, He CYIIECTBYET
LIHpOKO pacnpoCTpaHeHHBIX TPAalMUHi HCIOJIL30BAHHSA MaTeMaTi-
1€CKOro aHamM3a B reoJsIOruH; GoJee TOro, (GOpMHpPOBAHHE COOTBET-
CTBYIOWIHX TIpOrpaMM OOY4eHHS NPOHCXOZHIO TOJBLKO B HEKOTOPhIX
HHCTHTYTaX G6JIarofapsi YCHAHAM OTACABULIX VUEHBIX. BCero JHumib
HECKOJIbKO INKOJ npeycneyso B 3TOM HanpaBJICHUH HaCTOJBKO, 4YTO-
(933§ HMETb NPaBO CYHTATHCH NHOHEPAMH B KOJHYCCTBCHHOH TreoJio-
run. OByueHHe y HHX OCHOBaHO na MPOYHOM (yHAAMEHTe TreoJo-
THH, MaTE€MaTHKH H CTaTHCTHKH.

MHOTHX Te0JIOroB BHITHCAHTEIbHAS peso.ouHs 3actajsa Bpac-
JIOX: BOCIHTaHHBIE B TPANHLUHSAX, KOTOPLIE TPEGYIOT OJIYYeHHUST Ka-
YECTBA 3a CYeT KOJIMYECTBA, OHH OKA34JHCh IJOXO NOATOTOBJIEH-
HbHIMH MaTeMaTHYeCKH M HE3HaKOMBIMH CO CTaTHCTHKOH, Ho Aaxe
OHH OBICTPO OUEHHJH MOTEHUHANbHEIC BO3MOKHOCTH aHaJIHTHYEC-
KHX METOLOB, KOTOpble BHIUMCJHTENbHASl TEXHHKA CAENANA JErKo
HOCTYNHBIMH. MHOrHe opranusanum, xak KOMMepYecKHe, TakKk H ro-
CyAapCcTBEHHbIE, CO3AalH OGIMPHBE GHOJIHOTEKH nporpamMm  ajs
OBM, npegnasnaueHspix s peanHsauyH reoMaTeMaTHYECKHX
npouenyp. MckylieHne HCRONb30BaThL 5TH [POTPAMMEl  CJAHIIKOM
CHJILHO, JaXXe HeCMOTPSl Ha TO YTO MX OCHOBA He MOMeET GObiTh
SICHO OCO3HaHa,

Illupokoe BHeapeHHEe NIEPCOHANLHLIX KOMIBIOTEPOB MPHBEIO K
YCHICHHIO STHX TeHAeHUWHA. B macrosimee BpeMs HeGOMblIHe KOM-
MTaHUH, TPYNNbl KOHCYJbTAHTOB H JaXKe OTACJbHbE HCCJAELOBATEIH-
F€OJIOTH MOJYUYHJIH JAOCTYN K BLIYHCJIHTENBLHOL TEXHHKe, INpHMeHe-
HHE KOTOPO# BCEro JIMIUb HECKONBKO JIeT Hasaj Gbiio NpHBHJIETHEH
GoJbluuX KOpHmopauuil u YHHBEDCHTETOB. MHOTMHX reoJioros cefjuac
MOXKHO YBHLETb 32 COGCTBEHHBIM KOMIIBIOTEPOM, JaXKe TeX, O KO-
TOPBIX HeJb3sl OBLJIO MOAYMAaTb, YTO OHU OyAyT HYXJZaThCA B HeM
HJAN NPOCTO MMETb MOBOA €r0 HCNOMb30BaTb. MHOrMM M3  9THX
T€OJIOrOB, €CJIH OHH YMEIOT IPHMEHSTh HX B CBOell npodeccHOHAMb-
Hol pabore, Kaxcercs, 4To pa6oTa ¢ KOMIBIOTEpPaMH Ofeliaer uMm
GoJbLle, YeM OmepupoBaHHE CJAOBAMH H (uHAHCOBBIE NOACYETHL

STa KHHra YacTHYHO NpeAHAa3HAYeHa AJs TOTO, YTOGHI NMOMOYb
€0.10raM, KOTOpBle CO3HAIOT, UTO MaTEMaTHYECKHE METONB MOLJH
6ul ObITH MM IOJIE3HB B HCCJENOBAHUAX, HO HENOCTATOYHO IOAFO-
TOBJIEHB! K 3TOMY. KOHeuHO, oHH MOrau 6bi npocaymarb GpopMasn-
HBIfl KypC TEOPHH BEpOSTHOCTEH, CTaTHCTHKH, YHCJEHHOrO aHaJH3a
W NpOrpaMMHPOBAHHA C NOCJAEAYIOWEH paboTol mog PYKOBOACTBOM
ONbITHOrO reomarteMaTHka. OXHAaKO Ha HpaKkTHKe GbBaer HHaye,
H OOJIbUIMHCTBO HCCJe0BaTeMe: BRIGHDAIOT CBOH NMyThb HAaHAYYMIHM
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BO3MOXHBIM L5 HHX criocofoM: uuTasl, ciipalluBas, yuachb Ha gsos;
mu6kax. [1yTh, KOTOPHIM 3TH JIIOAH CJACAYIOT, He SABJISETC

weto HYecKH MPOrPECCHBHLIM H3-3a TOTO, YTO NPH 3TOM B CTOpPOHE
Ziceffércn MHOTHe BaXKHble Boupockl. OODIYHO OHH BO3B[)3H18K)I’;Ce}'{-
Ha3aj, obpaulast BHUMaHHE Ha Te METOJbI, KOTOpLIe, No ux6 M
Hulo, HauboJNee NPHMEHHMBI B HX HCCJEI0BaHHAX, paspa on\‘avxz
onepaTHBHOH pafoTe. 3aTeM OHH UYYBCTBYIOT npose.lm B TNOATOTOB
Ke H NBbITAIOTCA TPHCIOCOGHTL IJST 3THX XKe Lesell  TeXHHUCCKHE
npueMel 06pabOTKH NaHHbIX. 310 HEY/10BJICTBOPHTCIbHBIH %{ Jaxe
ONacHBIi MeTox OO0y4eHHusl, BO3MOXKHO CPaBHHMBIA ¢ o6yqeﬂ'ne31
Bpaua B mpouecce paborbl. OaHaKo OH SBAAETCH OAHHM H3 NYTeH,
M0 KOTOPOMY NPHXOJZHTCH HITH MHOTHM reojoraM. 3ta KHHra Mo-
7KeT TOMOYb OpPraHH30BaTh Ipouecc caMoobyueHHsd, a HMEHHO ja-
eT BO3MOXKHOCTH ¢jJe/aTh INepBbie IIaTH K NO03HaHHIO ONHCAHHLIX B
Hell ajropuTvoB. Yuratesio NpHIETCS OCBOHTL BHELIHE Meree
2 deKTHBHLIC TeMDLl, COCTaBJAOUIHE (yHIaMEHT, _Ha EOTOPOM 110-
CTPOEGHLI, HalpHMep, OCHOBEI TEOpHH NOBEPXHOCTCH TpeHa H (ak-
TOPHOTO aHaJMH3a. ,

Orta KHHra NpeaHasHayeHa TaKkXKe It CTYAEHTOB, H3YYalOLlHX
CTaTHCTHKY W lporpaMmuposanue. Takue Kypcehl BCe yallle CTaHO-
BATCS 00A3aTeNbHBIMH B aMEPUKAHCKHX H eBPONEHCKHX YHHBEDCH-
terax. K HecuacTblo, OHH OOBIYHO YHTAIOTCA JHLAMH, MaJjo 3Ha-
KOMBIMH C T€OJIOTHeH H npobJeMaMH Hayk o 3eMse. CBf3b 3THX
IpeIMeTOB C OCHOBHOH TeMaTHKOH OOy4YeHHs CTYIEeHTOB OCTaeTcs
HECHOH. DTO UYBCTBO OCJOXKHSIETCS OTCYTCTBHEM MaTeMaThuec-
KHX NPUJIOKEHHH BO MHOTHX TeOJIOTHYeCKHX Kypcax. B To Bpems
KaK CTyAeHTHl HYXNAlOTCH B CNEUHAJHCTE, HX YYHTEIs 3aqacTyio
ABMAIOTCA JHOABMH, NOJYYHBLIHMH oOpasoBaHue j0 OypHOro pas-
BHTHSI KOJHYECTBEHHBIX METOAOB H, CJEXOBATENBHO, HE NOArOTOB-
JEHHLIMH B 3TOM HaNpaB/eHHH. B Hacrosieli KHHIe 9HTaTeqb
HalJeT He TOJNbKO OOGWIMA KyPC BBIYHCJHTENbHBIX METOAOB, HO
TakXe MHOIOYHCJEHHBle NDHMEPH HX IIPHMEHEHHS B  TeQJIOrHH.
KoHeuno, Mbl HajeeMmcs, 9TO M CTYLEHTH, M npenojabBaTtesay Haii-
AYyT B STOH KHHIe YTO-THGO HHTEPECHOE, H OHa GyHeT CHOCOGCTBO-
BaTb paCNpOCTPAHEHHIO TE€X OCHOB 3HaHMH, KOTOpHe MH HAa3HBAEM
reoMareMaTHKoOH.

OB 3TOM KHHUTE

Unratenn BIIpaBe 3HaTb C CaMoro HavdaJa, Kyaa Hu Iio KaKoMy
nyTH BeneT ero aBTOD, a TakK¥XKe 4TO OT Hero TpeéyeTCH, TaK Kak
aBTOp peJaer OlpenesqeHHEBIe [IDEANOJNIOXKEHHS O NIOAIOTOBKE, HHTe-
peécax U BO3MOXHOCTSIX CBoeil AYAHTODHHU. DTa KHHra IIOCBAIIEHa&
KOJ/IH4YECTBEHHBIM METOAaM aHaJu3a TeO0JOTHYECKHX JAaHHBIX,
a HMeEHHO pasjeny Hayk o 3eMJIe, KOTOprI:'I B HacToslee BpeMst
Ha3bIBaercs reoMaTeMaTHKOH, OpueHTaum KHHTH — METOA0JIOTH-
Y€CKad, T. e. «Kak Haao genathby. Teopmx yaeasercss MaJjio BHHUMAa-
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HH 1O HECKOJBbKHM npHunHaM. [lesio B TOM 4YTO MHOTHe TreoJOrH
CTPeMATCH ObITh NParMaTHKAMH H TOITOMY HHTEPECYIOTCS pe3yJlb-
TaTaMH OOJblle, YeM TEOPHEH, a GOJbLIKHCTBO MOJE3HBX IIpo-
Ueldyp BCe elue He HMEET COOTBETCTBYIOLUIErO TeOPETHUECKOIo 060C-
HoBaHHs. TeoperHyecKH AOCTATOYHO pa3paGoTaHHbie METOABI Yac-
TO OCHOBAHB Ha CHJIBHBIX CTATHCTHYECKHX OIPAHHYEHHSX, KOTODEHIE
OGLIUNO He BLIIOJHHMEL NPH HCCJIEHOBAHHH TeOJOIHUYECKHX [aHHbIX.
XoTsl B KHHTE H OOCYXNAIOTCSl 371eMeHTapHbe ACTIeKTHI TEOPHH Be-
POSATHOCTE!l H ONHCHIBAETCH GOJIBIUHHCTBO CTATHCTHUYECKHX KpHTe-
pueB, Bce Xe nOAPOOHOe H3JIOKEHHEe TIeOCTATHCTHUECKON TeOpHH
NPeAOCTABJISETCA APYTUM aBTOpaM.

B cBsi3u ¢ TeM uTO camble CJIOXKHbIE aHaNHTHYECKHe NpoHEeAyPHI
MONKHO TPEICTaBHTb KaK MOC/IENOBATENbHOCT OTHOCHTENBLHO MpO-
CTBIX MATEMAaTHYeCKHX JeHCTBHH, yAeAHM 0cofoe BHHMAaHHE Ole-
pauuaM. JTH OMepalkH 3aYacTyI0 BHIPaMKAalOTCH B TePMHHAX Mart-
PHUHOH aareGpEl, 4TO B CBOIO OYEPENb NPHBELET K pPaccMOTpPEHHIo
3TOrO IpenMera.

Ilepsas KaTeropust oxBaTHIBaeT BCe KJacChbl 3ajay, AJas KOTO-
PHIX NLaHHBIC COGHPAIOTCA HENPEPHBHO [0 BpeMeHH WJH 110 JHHHH.
K He#l oTHOCATCA 3amauM aHanM3a BpeMeHHEIX PSA0B, CTpaTHrpa-
(uueckux paspesoB u HHTepuperaumH rpadHKOB. Bropas xarero-
pusl o0benuHAeT 3ajaud, YYHTHIBAIOLIHe reorpaguyeckue Koopau-
HaThl HaGMIONeHHA: KAaDTHDOBAHHe, aHANH3 [OBEPXHOCTeH TpeHAa,
Kpafiruir W ap. HaKoHel, TpPeTbs KaTErOpHs HMeeT 71eJ0 ¢ AHAMU-
30M rpynn (K/aacTep-aHaaM30M), KAacCHbHKALHEH H HCCJdeq0BaHH-
€M BHYTDCHHHX CBA3EH BHYTPH HAaGOPOB NAHHEIX, B KOTOPHIX NOJIO-
XKeHHe Npobbl Ha KapTe WM NPOdHJIe He paccMmatpuBaercs. 3aga-
UH H3YyHCHHS TaJCOHTOJNOrHYECKHX, TE€OXMMHYECKHX HAHHBIX YacTo
OTHOCATCST K 3TOH KaTeropuw.

Matepuan B KHHre H3JIOXKEH IO OPUHUHOY OT NPOCTOTC K CJIOXK-
HOMYy, NpHYEM KaxKlas NOCJHENyIolas TeMa CTPOMUTCS HAa OCHOBC
NpeAbAyuwnX. Tak, BONPOCHI MHOXKECTBEHHOH DErpeccuH, uaiarae-
MEIe B IJI. 6, OCHOBaHBI Ha Pe3y/bTaTax, NOJNYYeHHHIX B . 5 (cMm.
KH. 2) NPHMEHMTENBHO K TPEHN-aHaJu3y, KOTOPHM B CBOIO 0Yepefb
HPe1IECTBYeT ONHCAHHe HEJNHHEAHOH perpeccHu (cM. ri. 4). Oc-
HOBHA5 HCHOJIb3yeMas NDH 5TOM MaTeMaTHuecKas Npoueaypa OMH-
CaHa B IV 3 NPH H3JNONKEHHH METONOB peLIeHHS CHCTeM ypaBHe-
HHH, 2 CTaTHCTHYeCKHE OCHOBBl PErPeCCHOHHOTO aHaJgH3a BIIEpBLIE
paccMaTpHBasuCh B NI 2. JIpyrue MeTOAB H3JIOKEHB 1O aHAJO-
THUHOH cXeMe,

Ilepsas Tema, paccMmoTpeHHas B 5ToR KHHUIE, — 3JIeMEeHTapHOe
BBELEHUE B CTATHCTHKY, a NOCJAENHAS — GaKTOPHHIN aHAaNH3. Mexny
STHMH TEMaMH IIPONACTb, MPEOROJNEHHE KOTOPOH TpeGyeT HecKoJb-
KHX JIET H3YUCHHSI COOTBETCTBYIOIMX KyPCOB. SICHO, 9TO B OMHOf
KHHI'E® MBI HE MOXEM OCYILECTBHTDH IIEPEXOJ OT NEepBOH TEMHB K IO-
CJIefHel, He OMyCKasl DU 5TOM 3HAYHTENbHOIO Martepualta. B cBasu
C STHM Mbl NOXEPTBOBAJIH OCHOBAMH CTATHCTHUECKON TEODHH, jmeTa-
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JsIMH MaTeMaTHYeCKHX onepauyfl, CoXpaHas TOJbKO Cﬁ::ﬁ:iﬁf“&?gﬁ
oGXOHHMBIE, H BCEMH YCOBEpPIIEHCTBOBAHHMSMH H yTOU , KOTO-

O6LIYHO CONPOBOXKAAIOTCS OCHOBHBIE CTaTHCTHYECKHEe IP
bIMbe Coxpanensl (yHIaMenTaJ/bHEE aJrOPUTMBI, BXOASALIHE B
ﬁ:iﬁ)mﬁ BHJ aHaJiH3a, paccMOTPeHHE COOTHOLIEHHH Mex{uympa:);
JUYHBIMKM KOJHUYECTBEHHBIMH METOAaMHM H IIPOCTble INpHMep

S B pelIeHHH 3ajau.

Hpu”ll"w(f;ce;}: npogpaMM He TPHBOAATCS B 3TOM H3AAHHHM™, Tak Kak
AMH CcHab:KeHbl MHoOrHe OHOJIHOTEKH NpPOrpam, npe;masﬂaqeﬂnbnf
aas Jo6bix DBM, HaumHast ¢ CyInepKOMMBIOTEPOB H  KOHUas HalT
CTONBHBIMH MHKPOKaJbLKYJAsITOpaMH. DT OHOJHOTEKH cone;’)mnae
nporpaMMbl, 3HAUMTEJBHO §oJjiee COBeplIeHHHe u Oouee rHOKoﬁ;
yeM Jr06asi U3 NpOrpaMM, KOTOPYIO Mbl MOTJIH Obl NPHBECTH B 3T
kuure. QAHaKo, YTOOBl TOMOYb YHTATEJHO B OBJALCHHH NEPCOHAJb-
HBIM KOMILIOTCDOM, K aHIVIHACKOMY H3ZAHHIO KHHTH TIPHJIOXKEHa
AMCKeTa, Ha KOTOPOH 3amHCaHBl NPOrpaMMbl 3JIEMEHTapHOH cra-
THCTHKM M MaTpHuHOH anre6psl. Jluckera npefHasHayeHa AJist
nepcoHaJbHOro KomnnioTepa Gupmbl [BM-PC n coBmectiMa ¢ Ma-
IIMHAMH, HCIOJb3YIOHIHMH IONYJAPHYI0 ONEePallHOHHYIO CHCTeMY
MS — DOS. Tlonnas 6ubanoTeKa nporpaMmm 60JIleHHCTBa’Hp0-
nenyp, o6CYKIEHHBIX B 3TOH KHHTE, TakXKe MOCTYNHA JJs oo.nb-r
INMHCTBA TEPCOHAJbHEIX KOMIBIOTEPOB; HHOOpMalUs 110  3TOMY
70BOAY npuBeaeHa B IIpHioxeHHH.

Mot cuuTaeM, 4TO METOAbl KOJHYECTBEHHOrO aHami3a B reoJio-
I'HH MOTYT OBITH BecbMa IOJIE3HLIMH B HCCJEI0BATENbCKOH paboTe:
OHH JaI0T He CTOJIbKO JOKA3aTebCTBA HJIM [OATBEDIKICHHS Te0JIo-
PHYECKHX THIOTE3, BLIPaGOTAHHBLIX HHTYHUMEH, CKOJBKO KPHTHYEC-
KOE HCCHEHOBaHHC SIBJCHHSI W [POHHKHOBEHHE B €ro  CYIHOCTb.
C6op maHHBIX COOTBETCTBYIOIIEro KayecTBa H B JOCTATOYHOM KO-
JAMY9eCTBe AJIS leseil YHCJIEHHOrO aHa/JH3a NIPHBOAHT K 6oJiee moJ-
HOLIEHHOMY H3YYeHHIO OGDbeKTa, uyeM APYrHe CIOCOGH HCc/IenoBa-
HHs. HecoMHeHHO, YTO NaJeHTOJOT, TUIATENBHO H3MEPSIOIIHE COT-
HH 00pasyOB HEKOTOPOTO OpPraHM3Ma, MOCXKET Jy4lile OLEHHThL rpa-
HHIBl €CTECTBEHHOTO0 H3MEHEHHUS H3MEPSIEMBIX XaPaAKTEPHCTHK, UCM
4eJIOBEeK, KOTOPBLIH HPOCTO HCCJAEAYET HX. TO‘-IH?CTI: H OOBEKTHB-
HOCTb, TpefyeMasi KOJHYECTBEHHOH METOZOJOTHE!H, MOMKET OTYacCTH
KOMHeHCHpOBaTb HHTYHIHIO W ONBIT, KOTOpbIE BbIBa6aTbIBaIOTCH-
roiamMu paboTel. B TO e BpeMmsi JAMCUHIIIHHA, HEOOXOAHMas AN
BBINOJHEHHSA KOJHMUCCTBEHHBIX HCCJIC,"_[OBaIIHl;I, YCROPAET TBOPUECKHH
POCT M HacTynJeHHe 3DeJOCTH YYCHOrO,

MaMepenns u aHasiu3 HaHHBIX MOTYT NPHBECTH K BHIBOAAM, He
BIIOJHE TNOHSATHHIM HJH OYEBMAHBIM IPH  HCHOJbB3OBAHHH JPYTHX

* B pycckoM mepesoge 3TOi KHWFH MBI COUMH 1eNecOOBPasHbIM IIPHBECTH TION-
Hhle TeKCTH TiporpaMm Ha sishike POPTPAH, mo6esro mpejocTaBieHHHe HaM aB-
TopoM (IIpnweu. nep.).
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MCTOOB HCCaeNoBaHHsi. MHOrOMepHEIe MeTOAE, HampHMep, 103BO-
JAIOT OOBEAHHATh OOBEKTH B IPYINbI, KOTODEE HAXOAATCA B CO-
FJlacuy ¢ NpHHATLIMH KJacCH(QHKAIHAMH, OJHAKO OHH MOTYT yKa-
3aTb Ha HEOXKHJAHHBIE COOTHOIUEHHS MEXAy nepeMeHHbIMH. WHor-
na TpebyeMoe oObsicHeHHe 3TOro (akTa He MOXKeT GHTH HaljeHO,
4 B APYTHX CJayyasix, Ha000pOT, MOLYT BO3HHKATb HOBBIE TEOPHH,
KOTOPBIMH HHayc IpeHe6perau GHl.

BosmoxHO, uro Hauboabwini 5PpGEeKT OT KOJHYECTBEHHLIX Me-
TOA0B 3aK/I04aercs He B MX CHOCOGHOCTH 1OKas3aTh, UYTO BepHO,
a CKOpee B TOM, YTOObI IOKA3aTb, YTO HCBEPHO. ITH METOAbl MOTYT
yKasatb Ha HELOCTATOYHOCTb AAQHHLIX, OOMJHE NONYLIEHHH, Masoe
KOMYCCTBO NMH(OPMAUKH, Ha KOTOPOil Gasupyercs GOJbLIHHCTBO
Feosorityeckux ucciacaosanni. Ilpun BHuMaTensHOM u GecnmpucTpa-
CTHOM aHaju3e MHOTHE I'€O0JIOTMYCCKHE BBIBOABl NpPEBpallaloTcs B
HabOp 10rajox H HIPCANOJONKCHHHA, OCHOBAHHLIX HA OUYCHL He3Ha-
UHTEJILHOM KOJHYECTBC [AHHBIX, OOJbIIAs YacThb KOTOPHIX HMeECT
IpOTHBOPEYHBYIO M HesakoHyeHHyio dopmy. Ecam 6sl  reosorus
Obl1a IKCepUMEHTaAbHON HayKOH, MOJ0GHO XHMHH H pH3HKe, Tie
HaGJI0Ie A MOXKHO HPOBCPHTH HA OILITE, TO YIOMSIHYTLIE npOTH-
BOp€UHSI MOXKHO Oblio Obl ycTpaHHTb, ONHAKO ML HMEeM AeJO ¢
ONHCATCJNbHOH HAYKOH, H TPHMEHEHHC TOUHBIX KOJHYECTBEHHBIX Me-
TOXOB YaCTO HaNOMHHAeT HaM O HeCcOBepINeHCTBE HabJlomaredci,
KaKOBLIMH MbI sBJAsfeMCH. B camom gnene, ckioHHOCTL K HaywHOMY
CKEeNTHUHIMY — O[lHa H3 OIlaCHOCTeH, KOTOpas 4acTo MOjJCTeperaer
reoMaTeMaTukoB. MM 4acTo CBOHCTBEHHA IIOZ03DUTENbHAA H NPO-
THBOGOPCTBYIOWLAS MO3HIHSA N0 OTHOLIEHHIO K YCTAHOBMBIIHMCH B
reoioruy tpaguuuaM. OQHAKO HAAO NPH3HATb, YTO TAKOH HHHH3M
3aYacTyl0 HMeeT ompaBiaHue. I'eosoru ofyyaioTess HaGJIIOXeHUIO
06pasoB H CTPYKTYp B IHpPHPOZE. I['eOMATeMAaTHUECKHE MeTOHbI
obecreyHBarOT O0OBEKTHBHOCTD, HEOOXOAUMYIO, uTOOB H36exKaTh
CYLIECTBOBAHUA TeX 06pa3oB, cO3jaHHE KOTODPHIX ONPABAAHO TOJD-
KO COOOpaKeHHsAMH OOGLIero Nopsifka.

TEOCTATHCTHKA

Bce MeTonBl KOJIHYECTBEHHOTO TeOJIOTHYECKOrO aHAJH3a, pac-
CMATPHBACMBIEC B 3TOH KHHTE, MOXKHO OTHECTH K paspsiily crartuc-
THYECKHX, MHOIJa <KBA3HCTATHCTHYECKHX» HJM <«IPOTOCTATHCTHYE-
CKHX» npoueuyp. Bosbmas yacts MX HepocTaToyHo paspaboTaHa
H He MOXeT ObiTb HCMOJIb30BAHA IIPH CTPOrOH NPOBEPKE CTATHCTH-
YECKHX Tunorte3. HH OIMH H3 3THX METONOB HeJb3SA CUHTATH aleK-
BaTHO OTBEYAIOWIUM OOIIeH TEOPHH TeOJOTHYECKHX COBOKYITHOCTEH.
OnHako, MOXOGHO CTATHCTHYECKHM KDHUTEPHSM, METONB MATeMATH-
YeCKOH TeOJIOTHH OCHOBAHHl Ha NPeANOCHIIKE, YTO HHOOpPMAUHIO O
ABJIEHHH MOXCHO IOJIYYHTh B De3yJIbTATe HCCJASLOBAHHS MAJION Bbi-
GOpKH, OTOOPaHHOH H3 3HAYHTEJNBbHO GOMBIIEr0 MHOXKECTBA NOTEeH-
UHAJAbHO BO3MOXKHHX HaOJIONeHHH H3yyaeMOro SsIBJEHHS.
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PaccMoTpHM 3aiady KapTHPOBAHHSA rayOuHHBIX Cpr;Ty;;Hgglg
; mecTopoXeHHil HedTH. VIsydaemble INpH STOM I
qoncxas U3 CKBAXKHH, pa30pOCaHHHIX Ha HEKOTOPOH MNJIOLaxH
Aomﬂpaw;;;éaromux [10C/AeI0BATENBLHOCTL CTpaTHrpadHyueckux ro-
. Hpggfg EnuHHYHOe HabJIoJeHHe MPENCTaBJsdeT co601"§ abcoaoT-
gl;ijo OTMéTKy KPOBJIH OPH30HTA, 3aMEPEHHYIO B :nnzx;czﬁ) (c:i:i:
syt Ecian 6bl Mbl MOMJIH NPOSYPHTH HEOTpaHHUEHHOE Heno cxpa
JKHH, TO 3TO TO3BOJHMJO OBl TONYYHTb GECKOHEeYHOe o
3aMépOB aBCOMIOTHOH OTMETKH KPOBJAH JaHHOTO rgpuso:r;.ﬁ cﬁgi:
KO B JEHCTBHTEJbHOCTH Mbl OFPAHHYEHBI yXKe NMPOOYDEHHBI) [iBa
KUHAMH H, BO3MOXHO, €cu 3TO Oyjer OnpaBAaHHO, TNpo yp)K_
He60pIIOEe YHCAO AOMOJNHHTeNbHBX. [lo aTHM AaHHBIM MBI 10J .
Hbl HAHAVUIIHM 00pa3oM onHcaTh KOH(QHIyPalHIO KPOBJH FOPH3OH
ra MeXAy CKBaXKHHaMM. JTa 3ajada aHAJOTHYHA CTaTI/ICTI/I'{eCKO:
My aHajiu3y, HO, B OTJIHYHe OT CTATHCTHKM, Mbl HE MOXeM cOCTa
BHTb BBLIOOPOUHBIA IJIaH WJIM KOHTPOJHPOBATDL crnocob, KOTOPHIM
yMetoLHecs] faHHble Oblid MosydeHbl. OQHAKO MBI MOXKEM HCIOJb-
30BaThb METOABl KOJHYECTBEHHOTO KapTHPOBaHHs, KOTODHE TeCHO
NPHMBIKAIOT K CTATHCTHYECKHM NPOUEAYPaM, Aaxe B caydae eciH
BHLITOJHEHB He BCe (DOpMaJsibHble CTATHCTHHECKHe TpeOOBaHUS.

B npoTHBONOJOXHOCTb 3TOMY MOXKHO PacCMOTpeTh TaKxe rop-
‘HO-IPOXOAYecKHe paboThl ¥ NPOLECC IKCIIyaTallin MECTOPOXKACHHUA.
B TeueHHe MHOPHX JET TOpHBE HHXKEHEpH H TeoJIOTH paszpabaTel-
‘BaJM feTalJbHble CXeMBl ONpofoBaHHsf H OypeHHs H NPOBOAHJH
cTaTHCTHYECKUH aHaana wadmoaeHnH. B nocraegHee BpeMs YHCJO
nyGaKanui O TEOPHH ONPOGOBAHHA KaTaCTPO(HUECKH pacTeT.
Hix aBTOpHI, CO3AaBasi TeopeTHueckylo 6asy mis NpuMeHeHHs ¢op-
MaJbHEIX CTATHCTHYECKHX KPHTEPHEB, NpENaraloT AJas ONHCaHHA
H3MEHUHBOCTH CORepXKaHHil pyAbl DPAA CAOKHBIX CTATHCTHYECKHX
pacmpeaesenuii. TaM, rie reoJors KOHTPONHUPYIOT 0TGOp 1po6, OHH
‘MOryT GbLICTPO BHIOHpaTh yAOOHYIO cHcTemy orpaboTku. Mx ycmex
‘B pa3paboTKax MeCTOPOXKIeHHH CBHAETENBLCTBYET O CHJIE 3THX Me-
TOAOB.

K coxajnenuio, 60JbLIHHCTBO TEOJIOTOB BHIHYKieHH 6paThb CBOH
npo6sl TOABKO TaM, TAe 3TO BO3MOXKHO, [JaHHble 10 HedTIHEIM
CKBaXKHHaM CJAHIIKOM JAOpOrH AJist TOro, uTOGL OTOPOCHTHD HX
TOJLKO NOTOMY, YTO OHH He YKJIaABLIBAIOTCH B CXeMy ONpPOGOBaHUA.
TlaseoHTONOTH BLIHYXACHH JNOBOJNBCTBOBATHCA HCKONAEMBIMH OC-
“TaTKAMH OpPraHH3MOB, B3ATBIMH M3 OOHaXeHHd, KOTOphle, GyAyYH
norpeGeHHBIMH, HHKOTZ2 OBl He GHIJIH AOCTYMHHL HCCJAEAOBAHHIO.
[Tpo6bl MoOryT ObITb TakXKe OTOGpaHBl M3 ANHKAJBHBHIX yacTe# MHT-
‘PYSHBOB, BCKPHITHIX B €CT€CTBEHHEIX OOHaxKeHHsx. [Ipobel u3 KOp-
'HEBBIX 4acTell TexX Xe Tes Ge3HaJexHO IJy6OKO CKPBLITH B 3eMHOM
Kkope. Penku cayyad, kKOrna B O1HOM MecTe cO6paHO OueHb MHOTO
JMauHpX. Yame ux ObiBaer HenocraTouHo. Hamu HabuaoxeHHs,
‘CBAI3aHHBIE C HCCJENOBaHHeM 3eMJIH, CJHIIKOM JOPOrH, YTOGH HMH
‘MOXHO OBLJIO mpeHebpeub. MBI JOJIKHBI BHISICHHTb, KakHe CBeje-

13



HHSI MBI MOXKEeM H3 HHUX H3BJI€Yb, H3yYHTL HEAOCTATKH 3THX cBeae-
HHH M BBLIABUTH HMemHnecss TeHASHIHH.

MHorne onyGnHKoBaHHbE paBoThl NOCBALUEHBl BONPOCAM IJa-
HUDOBAHHs CTAaTHCTHYECKOTO 3KCIepPHMEHTA.
HHTEPECHa rco/iorhyeckast 4acTh KHHrH ['puddurca, s

KOTOpOH
paccmarpHBacTCs BONpOC 0 B

JHSHHE BLIOODKH Ha DC3YJLTATH HC-
TI0Mb30BAHHSA CTaTHCTHYECKHX KPHTEPHOB. XOTs npuMepsl [pud-
(QHTCA B3ATHl M3 0CALOYHOI IIETPOJIOTHH, Te Ke METOJbl IIPHUMEeHH-
MBI B DaBHOM Mepe M K JPYIHM NpoG.cMaM B Haykax o 3emue,
Kuura naer crporyio (OpPMaJIbHYI0 HHTEDPNPETALHIO TeOJOrHYECKHX
ABJICHHH, OCHOBAHHYIO Ha MCHOJIb3OBAHMHN CTATHCTHYECKHX METO-
A0B. Ee MOXKHO peKOMeHI0BaTb TeM, KTo [pH NPOBELEHHH re0JorH-
HECKOro 3KCUePHMEHTAa MOXKET OCYLIECTBHTD CTPOTHH KOHTPOJb Han
TIponeccom B3aTHsA mpob. Tak Kax 9TH BONPOCH BMECTE ¢ BHIYHCIH-
TEJbHOl MPOrpaMMoil 10APOGHO OCBelleHw B kaure [puddurca
[4], a Taxkxe B pykosomcTe Ipuddurca u Ouapuxa [5], mbr me
GyneM KkacaTbcs [ITAHHPOBAHHS  3KCNEDHMEHTOB B 3TOH  KHHUTe.
BMecTo sToro Mel ocraHoBHMcs Ha 0ojee  CHOXKHBIX CHTyamusix,
KOria cxema B3ATHSL NMPo6 (KGO cayuaiino, JuGo o HeBeeHHIO)
HaxoquTCs BHE Hawero KoHTpoas. Oi1maxo 3aMeYeHO, 4YTO HEKOHT-
POJIHpYeMEll SKCNEPHMEHT (T. e. Tako IKCIIEDUMEHT, LIPH KOTO-
POM HCC/IC10BaTe/Nb He MOMKET BJAHATH HA MECTa  B3STHS npob),
OOBLIYHO BLIBOAHT Hac 3a PAMKH KJI4CCHYECKOH  CTATHCTHKH. DTo
06/1aCTh «KBA3HCTATHCTHKHYS, HJIH €IPOTOCTATHCTHKH», TFie HONy-
IeHnsa (hOpMaJIbHOA CTATHCTHKH He MOTyT OBITb  HCIIOJNB30BaHbL
6e30roBopouHo. B 310if 06aacTH He CYWECTBYET BINOJIHe paspabo-
TaHHBIX KPHTeDHEB NPOBEPKH THIIOTE3, N Jiyyniee, Ha 4TO MBI MoO-
KEM HaJedThCH, — 3T0 HCNOAb30BAHHE H3BECTHBIX npouenyp BoO
BCIIOMOraTeNIbHLIX LEJSX, NPHYEM B KOHEYHOM cyeTe BbIOOp peure-
HHSL IPeOCTABAACTCS HCCACI0BATENIO.

CHCTEMBI UBMEPEHHN

KosnuectBennrie Meroxst B reosoriu TpebyIoT 6o.ee IayBoKux
3HaHHH, YeM NOBEPXHOCTHHE CBejeHHS, HCIOMb3yeMbIe IIpH paboTe
¢ KoMmnbioTepamu. Tak Kak BEIBOABI, NOJYyYeHHHE ¢ NOMOLUBIO KOJIH-
HECTBEHHLIX METON0B, OCHOBAHLI XOTH Gbl YAaCTHYHO Ha BeJHYHHAX,
HOMYYEHHLIX B pesyJbTaTe H3MEPEHWH, TeOJOr LOJIKeH HMETE
MpeACTaBJECHHE O NPHPONE CHCTeM Ylices, B KOTOPEIX MPOBOASITCS

H3MEpeHHs. YueHbIHl, Hccaenyiomuii 3eMao, DOJXKeH He TOJMbKO
IIOHUMAaTL TOJIOTHYECKHH CMBICA 3allHCh]

nepBuit B3riaa. Ee noapoGuoe H3JoXenne u 6ubauorpadus npu-
BeleHHl B kHure HepuMena u Paryma [1]; reonornueckas CTOPOHA
Borpoca orpaxeHa B ctathe [pudpdurca [3].

HMsmepenre — 510 npunucrsaemoe HabaioaeH 0
Xawlllee BEJHYHHY HJAH 3HaYeHHe
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4HCTI0, OTpa-
HEKOTOPOil  XapaKTepHCTHKH.

Cpeau Hux HauboJgee

JIeHHble 3Hade-
HUIO TIPHUIIHCHIBAIOTCA UYHC
Cnoco6, KOTOpHIM HabJione Hpuﬁ e n Coor0. 04epOAn
egeJsieT UIKaJy H3MepeHHH. >
i HAJH3a, KOTOPbIA MOXKeT OBIThL OCYUIeCTBJEH
onpeﬂem{ﬂﬂbﬂfag aCymecﬁayer yeTblpe IIKaJbl H3MEpEHHMH, npéuqu
3TP>IX11aﬂ nocselyiouias 0oJee TOYHA, 4YeM Ipensiayuas, I:umgaaﬂ
K?{(popMaTHBHa. [lepBbie 1Be — 3TO HOMHHAJNbHAA H no}chﬂ Bas
:Imca.ubl, B KOTOpBIX H3MepeHHS MONpPOCTy KJlaCCI@gLLHHpge rocTen-
JBe B3aMMHO HCKJIOYaMOIidHe Apyr Apyra Kg;:ggfe}:{ﬁﬁ—ﬂmmorm
W IIKana
[IKaJbl — HHTepBaJbHAasdA g
?{gi pa3 TeM, YTO Mbl OOBIYHO CYHTaeM <«H3MEpeHHsMH», TaK Ka
OHM 3aKJI0YaloT B cebe H3MEpeHHs %eﬂuiyégai%n?{};a}&accp@Hxamm
MEpeHHH oC
HomuHadbHas lIKaJga H3MEp -
gabaioAeHuil BO B3aUMHO HCKJIOYAlOLHe JAPYT np%/raﬂagsg;ro&e_
OAMHAKOBOrO THMNA. JTH KAaTEropuu MOryT 6b13~b 0603 JIeHi 1Be-
TaMH, HampuMep, KPAacHBIH, 3eJeHbH, ronyboH r;l;mncnonbaona'rb—
’ T
amu. OfHAKO ducaa MO
<Ay, «B», «C», Hau uuca Sonans:
sl I,IpOCTz) KaK HAEHTHPHKATOPHL, T. €. MOXKeT He 4S>yull§§acgn¢m-
COOTHOIIEHHS «2 BABOE Gosiblie I» Han «5 60J’Ib1éle >, Haacenbn
CTATKOB IO THOAM -— IIPHMEp
WSl HCKOIMAeMBbIX OCTaTKOB ' ;
Egﬁepeﬂnﬁ. OtHeceHWe OJHHX HCKONMAEMBIX OCTATKOB Kfp&g;l}d{(;gg_
1{aM a JAPYrHX — K KDHHOHIESM HHYero He TOBOPUT O
TeJIl;HOM 3HaYEHWH HJH BEJHYHHE TeX H ADYIHX. R
MoXKHO cocyuTaThL 4HMCJI0 HAOJMIOIeHHH Kamn%réop ;gomn o
[ ICTONb30BAaTh AJIs1 HX
HaJbHON CHCTEMe H 3aTeM ¥ O e nar
kpuTepud. Kmaccuyeckud np
au60 HemapaMeTpHUECKHE K[ pMep Rav
i 6ymeM 4acTO paccMartp
HBIX 5TOTO THIA, KOTOPHIH Mbl T
emwky Tnpu 6pocaHuu .
XKe, — IOABJIEHHe Trepba HJIH P :
ﬂp’nmepom reoJOrHYecKoro 3KBUBaJIEHTa 3THX n::}l){;lax ;{({)}x;:'rnzgz_
3 ; 0 ImaTa WiaH X
KHUTb TMOSIBJEHHE 3ePeH [0JeBOro I > epe-
eBO# wmnat o6pasyioT IBE B
ceuenust manda. Ksapu u noa
HCKJIOYAKlIHe OfHA APYIYI0 KaTErOpPHM, KOTOpHe Hesb3s HHKAKHM
Th.
©6pa3oM OCMBIC/IEHHO DaHXUPOBATE. )
pI/IHorna PAHXHPOBKY HAOMIONEHHH MOXKHO NPOBECTH Hepap;(:
geckuM crnocobom. llkana TBeppoctu Mooca — YeTKHI npp;{e}opz
NMOPSAAKOBOH WIKaJbl. XOTS TBEPIOCTh MHHEPAJIOB B IUKaJje, H o
wed pecsito penenuit (or 0 o 10), yBenuuuBaercs c HOBHuI‘f:;m-
paHra, pa3HOCTH MeXIy COCeiHUMH YDOBHSIMH paanu;ﬂm.ﬁ 2
YyHe MexAy abCOJIIOTHOH TBepIOCThIO asaMasa (paHr 9) Oon 9),
YeM pasqHuyuMe MEeXAY BCeMH OCTaJbHBIMH paHraMu (OT Txio ).
AnanornyHo MeramMopdHUECKHe TOPOAL MOXHO DPaHXKHPOBa > o
CTefleHH MeraMopdusMa, KoTopas OTpaxkaeT HHTEHCHBHOCTb Mera-
Mopduueckoro uaMeHeHusi. OAHAKO NePEXOAH Me)K,J.y' pas
YPOBHSIMH He OTpazKaloT eQUHOH 3aKOHOMEDHOCTH H3MEHEHHS TeM-
nepaType H JaBJeHHS. . .
Kak u nas gaHHBIX HOMHHAJBHON  WIKAJbl, KOJIH‘-IGCT]%&HI;I;I:I{
AHAMM3 MOPAAKOBHIX H3MEDEeHHH OrpaHHuYeH IJVIaBHBIM oopa t
0ACYeTOM 4YHCaa HabGaIOAeHHH B pas3aHyHBIX cocTosHHsAX. OgHak

15



MBbl MOXKeM TaKXe pacCMOTpPeTb CNoco0, KOTOPHIM  YIOPSAOYEHH
pasJiMyHble NOPSAKOBBIE KJACCH, CJAeAyIOWUe OAHH 33 JIPYrHM.
DTo Jenaercs, HanpHMep, IPH ONpPEieJeHHH TOTO, HMEIOT JH CO-
CTOSIHHSI, TOSABJIAIOILHECS HEOOBHIYHOE YHCAO pa3, TEHAEHIHIO cJe-
AOBaThb 3a HauGoJiee HJIH HAHMEHee YaCTHIMH COCTOSHHSIMH IOPSiA-
KOBOH IIKaJbl.

HMHrepBasbias mKaja — WIKaJa, Tie AJHHA NOCAE10BATEJbHEIX
HHTEepPBAJIOB 10CTOAHHA. HaubGosee pacnpocTpaHeHHBIH OpHMeEp —
TeMIepaTypHas IIKaja. YBeJHueHHe TeMnepaTyphl B HHTepBaJje OT
10 10 20 °C TouHO Takoe Xe, Kak yBeanuedue mexay 110 u 120°C.
Onnaxko HHTepBaJbHAs WIKaJa He MMeeT eCTeCTBEHHOTrO HyJist, HJH
TOYKH, THe BeJHYHHa sBJseTcs Hecymecrpywoule. Takum o6pasoM,
OTPHLIATEJNbHbIE TeMIepaTyphl — 3TO HPOCTO TeMOepaTypsl  HUXKe
ychaoBHOTO Hyas. HavaapHasi Touka oTcyeTa AJs  CTOTPaayCHOH
IWKaJbl Obljla BolOpaHa NPOM3BOJBHO, KAaK TOYKA 3aMep3aHusi BO-
aul. B a6comoTHoil mikane KeabBura Touka 0 K o6osHauaer tem-
nepartypy, lipH KOTOPOH OCTaHABJHBAETCSl MOJEKYJASPHOE OBHXKe-
Hue. Hukakas temmeparypa He MOXKeT ObITh HHXe 3TOH. TakuM
o6pasoM, mkaaa KenbBHHA sBJSeTCS HE HHTEPBaJbHON IIKaJol,
a WIKaJIoH OTHOIIEHHH,

[Ikana oTHOWEHHII HMEET HE TOJbKO OJMHAKOBBle MpHPaleHHs
MeXJy OTAeJbHBIMH IPaJalUsAMH, HOH HCTHHHYW HYJEBYIO TOUKY.
VsmepeBus IJHHE OTHOCATCS K 3TOMY THNY. JlaHMHa B fABe eaH-
HHLbl BJBOE NpPEBOCXOAMT MJHMHY B OZHy eaunuuny. He cymectsyer
00'beKTOB HYJeBOH AJHHBL. OO6LIENPHHATO, YTO OTPULATENbHBIX
IJIHH He MOXeT OBITh.

llxasa oTHOWEHHII — HauBHIcIiasi GopMa uaMmepenuil. C ee mo-
MOUILIO MOXHO OCYUIECTBHTb BCEe THIE MATEMAaTHUECKHX H CTaTH-
CTHYECKMX omepauui. XoTa HHTepBaJbHAs HIKaJa TEOPETHYECKH
MeHee HHpOpPMaTHUBHA, 4eM INKaJa OTHOWEHHH, AJS MHOTHX llejiel
o6e MOryT ObITb ICIIOJNB30BAHEl C OJHHAKOBHIM yCIE€XOM. BoJbliuH-
CTBO Te0JIOTHUECKHX H3MEpeHHH OCYIIeCcTBJSieTCS Ha IlKaJe OTHO-
IUEHHH, IOTOMY 4TO OHH COCTOST H3 H3MEepEHMil JUIMHBL, 06beMa,
Macchl H T. I. B caenyiomux riaaBax Mbl Ipexne Bcero GyaeM Ka-
CaThCsl aHaJM3a UHTEPBANbHBLIX H OTHOCHTEJbHBIX AAaHHHIX. Mexay
HUMH He OyHeT JenaTbCst HHKAKOrO pasnuuus; 6oJee TOro, HX
MOXKHO COBMECTHO HCIOJIb30BAaTh IIPH pPEIIeHHH OXHOH M TOH XKe 3a-
naun. Taxkoro poaa mpuMep BCTpeyaeTcss B aHa/H3e NOBEPXHOCTEH
TpeHAa, Tie QYHKUHSA MOXKeT OBIThb M3MepeHa MO LiKaJe OTHOLIe-
HHUH, TOTJa KaKk reorpa@uyeckHe KOODIAMHATHI, SIBJSAIOLIHECS apry-
MeHTaMH, — IO MHTEPBAJIbHOH WIKaJe, TaKk KaK HayaJo KOOpAHHAT-
HOU CETKH MOXHO BLIOpaTh IPOHU3BOJIBHO.

JIOXKHASl YBEPEHHOCTD

STy rjaBy MOXKHO OblJIO 6l 33aKOHUHTH CJIEAYIOIWHM IpEeay-
npexnenneM. IIpuMensis MaTeMaTHYeCKHe MeTOIbl, MOXKHO 3amy-
TaThCA B T€X M3 HHX, KOTODHIE HMEIOT HEKYI IPEeTeH3HI0 Ha TOodY-
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HOCTb, B HEKOTOPDOM HpPHOJHXKEHHH  BBIPAXAIOT CYILECTBYIOLIHE
COOTHOLUGHHS H OCHOBAaHBI, KaK 3TO IPHHATO CUHTaTh, Ha Helmorpe-
HIHMBIX TIPOLEAypax. 3aMeTHM, UTO BBIUHCJIHTEJbHBIE MalUHHbL
MOXHO HCIIOJB30BaTh KakK OueHb 3P (eKTHBHOe CDEACTBO 3amyrH-
pauud. Tak, npeicTaB/ieHHe UUCJEHHBIX MAaCCHBOB C TOUHOCTBIO 10
BOCbMH JECATHYHBIX 3HaKoB OOBIYHO INOAABJASET YMbl MHOTHX JIO-
nefl M yTBePXKOaeT MX NPUPOAHBIH CKeNTHUH3M. I'eosornueckui
noKJad, HCIOJNb3VIOIMH MaTeMAaTHUECKHe TEPMHHB M II€peroJHeH-
HblI YHCJAEHHBIMH JaHHBIMH, OOBIYHO OTIYTrHBaeT BceX, KpoMe He-
MHOTHX KDHTHKOB, M fAaxe Te, KTO NOHHMACT €ro H MOXKET I14aTh
06bsICHEHHS, AENalOT 3TO Ha HenpogeccHOHANbHOM ypoBHe. Mrak,
¥ JOKJaA, H KPHTHKa INPOXOAST CKBO3b YMBl IIpednoJgaraeMom.

ayautopuu. OaHaKO HaHGOJIbIIAS ONACHOCTb IJs  HCCHAA0BATEJS
HaxoAHTCd B HeM camoMm. Ecam eMy npuxomuTcst HMETh 1eiio ¢
cOOCTBEHHOH BBLIUHCJNTEJILHON MallKHOHW, OH MOXET mNepectaTh

KPHTHYECKH aHAaJH3MPOBaTh CBOM JaHHBle M METOABl HX HHTEpipe-
TallUH. 3aTUNHOTH3WPOBAHHBIA YHCJaMH, He BHAS HHUEro 3a mnpe-
JeJaMH BBIYHCJHTE/bHOH J1ab0paTOpHH, OH MOXKeT NPHATH K ca-
MBIM HeJienbiM 3akJioueHusaM. HeoOxoguMo Bcerga uMeTo B BHAY
u3peyeHyre, OOBIYHO HMeEIOLIEeCs Ha CTEHAaX KaXKAOr0 BHIYHCJHTE/b-
HOTO LIEHTPAa: «4TO IIOCEellb, TO H IOXKHEUIb>.

naBa HauMHajacbh C OJHOH IMTaThl, 3aKOHYMM ee JAPYroi.
Caenytoumye caoBa ObIJIH OCTaBJEHE HAa MOEM CTOJE HEH3BECTHDBIM.

KPHTHKOM.

<Uro mooer GoiTo ozpanutexnee, uem
8800 Hegepubix Gannblx 8 IBM u Haus-
Haa HAOeHOa noAYYUTS YTOUHEHHOE HA-
NOJACOHOBCKOE pewieHue?s,

Maiiop Anexcanap I1. ne Cesepckm
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I'naBa 2
SJEMEHTAPHAY CTATUCTUKA

HecMmoTps Ha TO, UTO HENocpeicTBeHHble HaOMIOAeHHsS reosioroB

OrpaHH4YeHbl [10BEDXHOCTBLIO 3eMHOH KOpE, ¢ HX IOMOIIDbIO npiTa-

I0TCS BBLISICHHTBL NPUPOAY AApa M MaHTHH, a Takxe ray6HHHbBLX
cJloeB 3eMHOH Kopul. Kpome TOro, H3yuawoTcs NPOUECCH 3BOJIOLUH
3eMaH, Takde, Kak ropoobpa3oBaHHe Il Pa3BHTHe KOHTHHEHTOB, He-
JocsAraemble s UPSMOro HccieloBaHMA. Ecaum He cyuTath acTpo-
HOMOB, TO HE CYILECTBYeT APYroil IpyNnnbl yuYeHsX, Gojee ypaJjeH-
HHIX OT IpPeiMeTa HCCJENOBAHHS H HMEIOLIMX MEHbIIHE BO3MOXKHO-
CTH 3KCNIEPHMEHTHPOBATH Haj HHM, yeM reojoru. ['eosorus B 3Ha-
YHTEALHOH CTEHEHH OCTaeTCs HayKOH, OCHOBAaHHOH Ha HabJIOfeHH-
dX, B YaCTHOCTH Ha TaKHX, KOTOpble coAepxKaTr OOJbIIYIO JOJI0 He-
OnpeaeseHHOCTH. B CBfA3H C 3THM CTaTHCTHKE IIpeJHa3HayeHO HI-
paTh OrPOMHYIO POJib B MOAOGHBIX HCCAefoBaHusx. Hecmorpsi Ha
TO, U4TO NMEpPBOHAYAJIbHO TEPMHH «CTATHCTHKAa» HMeJ OTHOLIEHHe K
MOACYETY YHCJIOBBIX XapaKTePHCTHK, KaK, HalpuMep, Ipd Hrpe B
Geficboa, celfuac OHa TpUMEHSAETCA U MJA aHaju3a NaHHBIX, OCO-
6eHHO B yCJOBHAX HeonpeiejeHHocTH. CraTHCTHYECKHEe 3alayH
CKPEITO WJH SIBHO BCTpeYarOTCs TaM, TAe COAEPKHTCA 3/JIEMEHT
cayuafiHocTH. ['eosord JOJIKHB HMeTb INpeACTaBJjieHHe 00 3THX
3ajayax H O TeX CTATHCTHUYCCKHUX IIpHeMax, KOTOpPble NO3BOJSAIOT HX
pelars.

BEPOSITHOCTDb

HecMoTpss Ha TO, YTO CYLIECTBYET MHOIO DYKOBOACTB IO TEO-
PHH BepOSTHOCTEH, NpPEICTaBJsAeTCs IOJNe3HBIM OCTAHOBHIbCS Ha
TOM, KaK ONpeje/sercs BeposTHOe COOBLITHE 4E€pe3 BO3MOXKHOE.
B n1060M SBJEHHH CYLIECTBYET HEKOTOpOoe MHOXKECTBO (HMHOria
6eCKOHEUHOE) BO3MOXHEIX HCXOJ0B, KOTOpDble HaXOZfTCA B BEPO-
SITHOCTHOH 3aBUCHMOCTH, ONHCBIBAEMOH 4YaCTOTOH BCTPEYaeMOCTH.
Ananu3upys BepOSTHOCTH 3THX HCXOLOB, MOXHO OLEHHTL NOBele-
HHe H3y4uaeMoro O0beKTa HNH COOBITHS B NPOLIJNIOM HJAH OyAyLieM.

Kaxkapiii ¥3 Hac HMeeT HHTYHTHBHOE IIpeACTaBJE€HHE O BepOosAT-
Hoctd. Hanpumep, ecau Bac cupocsaT, OVAET Jd 3aBTPpa AOXKIb, Bbi
OTBETHTE C HEKOTOpPO#l CTeNneHblO YBEPCHHOCTH, 4TO JOXKAb JHOO
BO3MOMeH, Ju00 HEeBO3MOXKEH, HJH B PEAKOM cJydae, 4TO HOKIAb
6ynet 0653aTejIbHO, HJH, HA00OPOT, YTO AOXKIs HaBepHsKa He Oy-
pet. OgHuM H3 croco6OB BBIpaXKCHHSI Hallell YBepeHHOCTH SIBJSer-
cs YHCJNOBasl lIKaJja, HanpuMep, NpoueHTHas., ECJAu MB HoJaraes,
4TO BEPOSITHOCTb TOTrO, YTO moiger moxab 30%, TO BepOSTHOCTbL
TOTO, YTO NOXAA He Oyner, paBHa 70%.
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YueHble OOBIYHO BHIPAXKAIOT BEPOATHOCTh uHcsaaMu ot 0 mo [
HJH 3KBHBAJICHTHBIM 4ucioM npouedtoB or 0 ao 100%. Ecan b
TOBOPHIM, UTO BEPOSITHOCTbL A0KAA 3aBrpa 0, MBI aGCOJIOTHO yBe-
peHbl B TOM, UYTO AOXKJAA 3aBTpa He Oyaer. OZHAKO eCJH MBI TO-
BOPHM, 4TO BEPOSITHOCTb AOXKAA 1, MBI aOCOJIOTHO yBEDEHHl B TOM,.
yTO0 A0XK1b Oyner. BeposatnocTe, BbipaxkeHHas TakuM cCroco6oM,
nofoGHa yTBEPKAEHHMIO O NPaBAONOACGHH COOBLITHS. AGCOJMIOTHOMR
YBEPEHHOCTH COOTBETCTBYIOT KpafHpe 3HAaYeHHs WIKaJbl, a pasany-
HOMi CTeneHH yBePEeHHOCTH — NpoMexyTounble. Hanpuvep, ecaun Mbl
TOBODHM, YTO BEpPOSTHOCTHL 10XKA8 3aBTpa paBHa 1/2 (a sHauwr,
M TOro, 4T0 10:x1as He Oymer, Toxke 1/2), Mbl BEIpa)kaeM CBOIG
TOUKY 3DEHHsI C HaHMeHbIUCH CTENeHbIO yBepenHocTH. LEcaAH  MH
TOBOPIIM, YTO BEPOSITHOCTH A0KAA paBEa 3/4 (a Toro, 4ro AOKIs
He Oyicr, 1/4), Mbl BEIpaXkaeM MEHBIIYIO CTEIeHb HEYBEPEHHOCTH,
TaK KaxK BePOSiTHOCTb AOXKAs B 3 pasa GOJbLIE BEPOSTHOCTH TOFO,
4YTO A0XK1s1 He Byaer.

Hawm onenku BepoATHOCTH NOSIBACHHA A0KIS MOTLYT GbiTh OC-
HOBaHDI Ha MHOrHX (axTopax, a Takxke Ha CyOBeKTHBHBIX Oulylie-
HusX. Mbl, 01HaKO, 6yieM HCHOJIb30BaTh APYIOff MOAXOM, NO3BOJSi-
IOIHH Ha OCHOBaHMH MNPEJIIEeCTBYIOLIEr0 NOBEeIEeHMS SBJEHHS, Ta-
KOTO, HalpuMep, Kak IOrola, NpeABHIACTb Cro MOBeIeHHe B GyIy-
meM. Taxoifl HOAXOA K ONPEACICHMIO BCPOSITHOCTH UEpPe3 OTHOCH-
TeJbHLIC UYACTOTHI» HHTYMTHBHO IIpHEMJEM FeoJIoraMH, TaK KaK 3Ta
KOHUENUHST TECHO CBsI3aHa C HOHATHEM OJHODONHOCTH. B Hekoro-
PHIX ciaydasx OBIBAIOT NOJE3HB JAPYrHe NOAXOAb K ONpeaeeHHIO
BEPOATHOCTH, HO MBI He OyAeM Ha HHMX OCTaHaBJHBATHCH, TAK KakK
([)gilj no1po6HO u3mokKenb B KHurax Pumepa [10] u don Museca

Ilpumep c¢ goxneM SIBAsSeTCSs AHCKPETHBIM, Tak KAk  31ech
AOXKAb MOSeT ObITh, & MOXKET H He OHTb. Kuaccuueckwii muckper-
HBIM NpUMep, NMPHBOAMMBIA BO BCeX PYKOBOACTBAX NO TEOPHH Be-
posTHOCTeH, cBsizan ¢ 6pocanHeM npaBHAbNON MoueTs. Q1o 6pO-
CaHHe HMeCT ABa HCXOA4: Iepl U pelKa, KOTOpble PAaBHOBEPOATHLL.
[TostoMy BeposATHOCTH BbIMAAEHHS rep6a paBHa 1/2. D710, KOHEYHO,
O3Ha4aeT He TO, YTO B KaXAOM BTOPOM OpOcaHHH BbageT repo,
a CKopee TO, 4TO NpH A0CTaTOYHO GOJABUIOM YHcJe Gpocanuil mpi-
6JIM3HTEJBHO TIOJIOBHHA HCXOAOB — repoH. bpocanue wmonerh —
OUCHb XODOIUMH NPHMEpP A HIVTOCTPAUHH ONpeie/eHHs BeposiT-
HoctH. CobbiTHE HMeeT [Ba HCX0Aa, M OJHH H3 HHX O0BS3aTeNbHC
OyieT uMeTb MeCTO; CCJlil He YYMTHIBATH OYCHb Ma.yI0 BepOSITHOCTh
TOoro, 4T0 MOHeTa MOXKET BCTaTb pebpoOM, TO BCerga BHIALET JH-
60 repG, Jaubo pexa.

a OCHOBE CXeMbl ODOCAaHHSI MOHETH MOXKHO NOCTPOHTH WHTE-
PeCHyI0 noC/IeNOBaTe/ILHOCT  BepoATHOCTeH. EcaM  BeposTHOCTD
Bbinanenust rep6a paBHa 1/2, TO BEPOATHOCTb BHINALEHHS HIBYX
Tep6os mpu aByx GpocaHusix paBHa 1/2-1/2=1/4. Jlajee BeposAT-
HOCTe Bhinajmenuss Tpex rep6OB npu  Tpex GpocaHHsIX paBHa
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1/2-1/2-1/2=1/8. O60ocHOBaHUEe 3TOH nporpeccd npocroe. B mep-
'BOM OpOCaHUH BEPOATHOCTb BhiMajeHus rep6a 1/2. Tak Kak HCXOX
BTOPOro OpOCaHHs He 3aBHCHT OT MEPBOrO, HAlIM BO3MOMKHOCTH
noay4HTh rep6 Bo BTOpOoM Opocanuu ceoBa 1/2. ITogo6Ho 3TOMY,
TpeTbe OpOCaHHE HE 3aBHCHT OT NPEIBIAYLUHX, H BEpPOATHOCTH BhI-
majeHust repba B TpetbeM OpocaHun cHoBa pasHa 1/2. Wrak, Be-
POATHOCTb BLINAJEHHS! Tpex repbOB COCTABJSIET <IIOJOBHHY MOJO-
BHHE! TIOJIOBHHEI»,

Ilpeanonoxum, uto Temepp HaM HyMKHO ONPEIEJNHTb BepOST-
HOCTb BLHITAJAEHHS TOJBKO OAHOrO repba B Tpex OpocaHudx. Mme-
I0TCsi CJIelyolne BO3MOKHBIe ucxoanl (' —rep6; P — peuwrka):

ITT  TPI° PPP
TP PIT  [PTP)
[TPP] [PPI}

B ckofkax B3fThl Te KOMOGHHAINH, KOTOPHIE —YIOBJETBOPSIOT
HallM TPeGOBAHHAM, T. €. OIM COJepPIKAT TOJALKO OAHH repd. Tak
KaK HMeercs 8 pasauYHBIX KOMOHHALMH, BEPOSTHOCTH MOJYUEHHS
TOJBKO OJHOro repba upH Tpex 6pocaHusax pabHa 3/8.

[losyuennoe HaMH YHC/IO NPEACTaBJsiCT cOGOH YHCO BO3MOXK-
HBIX KOMOMHaumii M3 Tpex no oaHomy. QO6obmas >TOT npumep,
MOXHO ONpEeJENHTb YHCJIO BO3MOXKHEIX COUETAHHI H3 A 3JCMEeHTOB

e
MOXHO ZOKA34aTh, YTO YHCJAO COYECTAHHE H3 7 3JEMEHTOB MO
¥ PaBHO

~ n
10 7. 3T0 YHCJIO CHMBOJHYECKH H300paxKaeTrcs Tak ( )

n!

(2.1)

rrn—r)’

Bockaunateapuniii 3Haxk o6osHayaer dakTopHad, H n! ecTh npo-
#3BE/JEHHUE N NOC/eJ0BATENbHBIX LEJBLIX YHCEJI:

al=1.2.3..n (2.2)

3uayenue 3! paBHO 3-2-1=6. B nawei sagaue

(3)_ 332 _5 _ 3
VT @ —=10'" 1.1 T2 ’

T. € HMEETCs TPH BO3MOXKHbBIe KOMOHHAlLMH, cogepKallue OUH
rep6. Tak e BLIYHCJHM 4YHCJIO BO3MOMKHBLIX KOMOUHAILWMIL, cojiep-
Xalux ABa repba:

(3)_ 31 32 _i=3
2/ T3 —=2)! T 2.1()) T 2

IIT [TPT] PPP
[fCP] [PTT] PrP
PP PPT

Tpe6yemsle KOMOGHHAUH B3sTH B CKOOKM. HakoHel, cKoabKO

BO3MOXKHBIX KOMOWHAUME npu Tpex OpocaHHAX cojepXKaT TpH
repba?

3 3! 3-2:1
<3)" 3(B—3)! T 32:1(1)

3aMeTHM, YTO 1O onpeaetesuio uyucao 0! paBHO He Hymo, a l.
HakoHew, ocraercst BO3MOXHOCTb, KOrja HPH TPeX 6poca1;mslx He
BhIlafiaeT HH OJHOTO repba, W YHCJAO TaxkMX KOMOHHAUHK OyleT
paBHO

3 3 _ 32l
(0) 03— 0)! T 1(3-2:1)
Taxkum o6pa3oM, npH Tpex OpOCaHHSIX MOHCTH HMeeTCs OfHa BO3-
MOXHOCTb He INOJYYHTh HH OJHOro rep6a, TpH BO3MOXKHOCTH IO-
JYYHTH OJHH repd, TPH BO3MOXKHOCTH IOJYYHTb OBa repba H o1Ha
‘BO3MOXHOCTbL NOJYYHTh TPH rep6a. DTOT pesyJJbTaT MOXKHO H30-
6pa3uTh rpaduUecKH, KaK 3T0 CAeNaHO Ha pHC. 2.1,

Mp MoXxeM NOACYHTaThL OOHIee YHCJIO BO3MOMKHBIX HCXOJOB,
KOTOpOE PaBHO BOCbMH, a 3aTeM Ipeo6pasoBaTh 4acTOTH MOsiBJe-
HHS OT/AeNbHEIX cOOLITHH B BeposTHOocTH. MHade ToBOp#, BepoAT-
HOCTb OTCYTCTBHS repOOB HPH Tpex OpOcaHHsX, T. €. BEPOSITHOCTb
BbIMaJeHUs! OAHOH KOMOHMHAUMH CPedH BOCbMH BO3MOXKHEIX, DaBHa
1/8. Tlpeo6pasyeM Tenepb THCTOrpaMMy pHC. 02.1, OTKJaABBasA [0
BEPTHKAJbHOH OCH BMECTO UHCJAa KOMOHHAUHMN BEPOATHOCTH COOT-
BETCTBYIOUHX COObLITHH. MBI HONYYHM AUCKDETHOE pachpeieseHue
BeposTHocTell, rpadiK KOTOpPOro mpeicrasiaeH Ha puc. 2.2, O6mas
cyMMa Bcex BeposTtHocrell paBHa 8/8 mau 1. Taxum o6pasow,
COOLITHE, 3aKAWuawiieecss B TOM, UTO Kakasi-AHb60 KOMOHHAIHA
npH Tpex GPOCaHHAX OCYLIECTBHTCS, ABJAETCS AOCTOBepHbIM. ['pa-
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Yucno reptos Yueno repfos

Puc. 2.1. 3awrpuxopansas 064acTb

Ha rpaduke NOKa3HBAET YHCIO pas-

JIYHHX CIOCOGOB MOJNYYEHHS 3afiaH-

#0ro yucaa rep6oB npH Tpex Gpoca-
HHSIX MOHETH

Puc. 2.2. JnckperHoe pacnpeienetye,

NoKa3sbiBaloillee BEPOATHOCTb NOJYYEHHS

3aJaHHOTO YHCJa rep6oB mpH Tpex Gpo-
CaHHAX MOHETH
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®uk (YHKUHH paclpelesieHHs XapaKTePH3YeT BEpOSTHOCTb BhiNa--

JeHHA KakoH-JIu60 3afaHHOH KOMOHWHALHH.

DxcnepUMEHT OpoCaHHs MOHeTH 06J1ajaeT YeTHpbMS OCOGeH-
HOCTSIMH:

1) B KaXja0M HCOLITAaHHH (HJIH OGPOCAHHH) HMEETCS TOJbKO 1Ba
BO3MOXKHBIX HCXOJa (Ha30BeM HX <yCeX» H/IH «Heygauar);

2) HCXOI KaXIOTO HCNEITAHHS HE 3aBHCHT OT NpPEeABLAYIIHX FHC-
X0/10B;

3) BepOATHOCTBH yclexa He MEHSeTCsl OT HCIOLITAHHUS K HCIBITa-
HIIO;

4) ucnbiTaHHS NOBTOPSIOTCH 3aLaHHOE YHCJO Pas.

Pacnpenesenue BeposTHOCTeH, COOTBETCTBYIOUlcE YKA3AHHOMY
HaMH THNY 3KCNEDHMEHTa, Ha3biBaeTcst GHHOMHAJBHLIM paclpeje-
JIEHHEeM.

B KkayectBe mpuMepa IeONOTHYECKHX IPHJOMNKEHHH MOMKHO YIO-
MAHYTh HpEACKa3aHHe BEPOATHOCTH ycmexa INpH OypeHHu HedTs-
HBIX H Ta30BBIX CKBax)HH. UeThIpe ICpPeYHCHEHHBIX Bbllle Xapakre-
PHCTHKH NOJIXKHBI NPEANOJAraTthest CHPaBeAJUBLIMH:  JONMYUICHHS
no.106HOro poaa KaXkyTcsi HanGoJee NPHEMJEMBIMH IIPH HCIOJAb3O-
BaHHHM METOAa «IHKOH KOUIKH» IPH pasBeiKe B CPABHHTEJBbHO Ma-
710 H3yueHHOM OacceitHe. CieaoBaTesNbHO, GHHOMMAJbLHOE pacrpe-
AeJeHHe YacTo HCHOJb3yeTcst AAsf NPEACKasaHHst Pe3y/ahTaToB Oy-
PeHUs Ha rpanuie o6JacTH HJM 3a NpelfeJaMH KOHIECCHH.

B npeinosioKeHUR O CHPABEATHBOCTH GHHOMHAJLHOTO pacrpe-
JeNeHusl KaXJIblH pe3syabTaT NPHUMEHEHHS METoga <«IHKOH KOLIKHU»-
MOXKeT OBITh KJIACCH(QHUUPOBaH JHOO KaK <«OTKPHITHE» («ycrex»)
anbo Kak nycras cKBaxHHa («Heynaua»). IlochemoBaTedbHbie HC-
NLITaHHS NPeINoNaraloTCst He3aBUCHMLIMH, T. €. yCHex HJH He-
yAaua B OAHOH CKBaXKHHEe He BJHMACT Ha pE3YJbTAT ONpOOOBAHMS
B IPYroil CkBaxKHHe. (IDTO AONYUICHHE TPYAHO OBOCHOBaTh IO
MHOTHM OGCTOATENbCTBAM, TaK KaK OTKPHITHe OOBLIYHO BJHSET Ha
pe3yabTaThl MCCJAENOBAHHS CJAEAVIOUIHX CKBaxkHH. IlosBJeHHe 10~
CJ1e10BATEJbHOCTH MYCTHIX CKBAXKHH TaKXKe NPHBOAUT K H3IMEHEHHIO
nporpaMMbl passenxn.). Hakowen, 6uHOMHaALHOE pacrnpesencHne
OKa3biBaeTCsl MNOJAXOAAUIHM, €CAH (QHKCHPOBAHHOE YHCIO CKBAXKHH
Gyact npobypeHo B Npolecce pa3BeiKH HJH B TeYeHHe elHHHUHOTO
nepHola BpeMeHH (HanpuMep, GIOLKETHOrO IHKJA), A KOTOPOro
NPOBEJCHO [IPOTHO3HPOBAHHE,

3a BEpOSITHOCTb P OTKPHITHS HeDTSIHOTO HJH rasoBOTO MECTO-
POXKIEHUST METOJOM <«JAHKOH KOIUKH» TNPHHHMAIOTCS LIHPOKO HC-
NONb3yEMBble B MPOMBILIJIEHHOCTH OTHOLIGHHS, XapaKTepH3yIoliHe
ycnex OypeHusi, KOTopble OBLIH HAGJAIOAEHH B NPOLeECCH 6ypeHus
B QHAJOrHYHBIX DCTHOHAX, WJIH aHaJIOTHUHBE OTHOLICHHS, MOJy4eH-
Hple KOMIIAHHSMH, NEJAJOMHMH OLEHKH, HJH XKe NPOCTO Cy6DLeK-
THBHBIE aHAJIOTHUHBIe XapaKTepHCTHKH. JlJis onpeneneHus BeposT-
HOCTH p B OHHOMHAJIBHOH MONENH B Pa3sBefOYHOM GypeHHH mpe-
JAYCMOTPeHE! CJeAVIOIHEe 3TalH:
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1) BeposAiTHOCTB «ycnexa» OypeHHS CKBAXKHHBI O0O3HAYHM ue-

pes p,
2) BepoSITHOCTb «Heyxaud» OypeHus o6o3HaunM uepes l—op,

3) BepOSATHOCTb TOTO, YTO B pe3yJabTaTe MOCJHEA0BAaTebHOrO Oy-
PeHHS 11 CKBAaXKHH METOJOM <«IMKOH KOLIKH» BCE OKaxKyTcst NMyCTH-
MH, eCTb

P=({1-—p"

4) BepOSITHOCTB TOTO, UTO n-s NpoOypeHHasl CKBaXKHHa OKaXeT-
€Sl MPOAYKTHBHOMH, npuyeM n—1 NpeXbAyLIHX CKBaXXHH OKaXyTCs
TIYCTBIMH, paBHa

P = (1—p)~ip;

5) BepOATHOCTb NOSIBJEHHS OLHOH NPOAYKTHBHOH CKBaXKHMHEI B
T10CAEJ0BATENbHOCTH 1 CKBaXXHH, NPOGYPEHHBIX METOJOM «AHKOH
KOIIKH», eCThb

P=n(l—p)+r'p;
TaK KaK NPOAYKTHBHOH MOXKeET OKa3aTbesl Jiobas H3 7 CKBaXKHH;

6) BepOATHOCTb TOro, YTo GyneT npobypeHo n-—r NyCTHX CKBa-
¥KHH, 38 KOTOPBIMH IOCJAEAYeT 7 NPOLYKTUBHEIX, €CThb

P = (1—p)p"
7) onHaKO A—r NYyCThIX CKBaXKHH H 7 NPOAYKTHBHBIX CKBaXKHH
n
MOryT ObITb BHIOPAaHH ( ) cnocoGaMi, HJH, YTO 3KBHBAJEHTHO,
r
n!

(n—r)tr!
B mporpaMme 6ypemm METOAOM «AHKOH KOWIKH» CPEIH N CKBAXKHH
noay4dYuM 7 NPOAYKTHBHBIX, paBHa

Pl (1—pyp. 2.3)

(n—r)tr!

pasanyHbIMu cnocobamu. Tak, BepOsSTHOCTL TOTO, YTO

310 — popMmyna OHHOMHAJBHOTO pacupejeneHHus, sajfamouias Bepo-
SITHOCTb MOJYUYCHHA r YCMEXOB B NOCJENOBaTEeIbHOCTH # HE3aBHCH-
MDIX HCTBITaHHH, BEPOATHOCTB ycnexa B KaXIOM M3 KOTOPHX pas-
Ha p.

PapenctBo (2.3) MOXHO NOHHMAaTh Kak YypaBHeHHE, KOTOpOe
MOXKeT ObITb DeLIeHO, T. e. MOXeT OLITh OIpefesieHa BepOSATHOCTh
nosiBaeHHs J000f 3afaHHOH KOMOHMHALMH YCIEXOB H HeyAau IpH
J1o60M 33LaHHOM YIICJe HCNBITAHH H 3aJaHHOH BepPOSITHOCTH. DTH
BCPOATHOCTH y2Ke BbIYHCJIEHB M 3aTabyJHDPOBAaHH AJIi MHOTHX KOM-
6uHauuit n, r u p. Mcnons3ys 370 ypaBHeHHe HJHM ONyGJAHKOBAH-
Hele TabJHUOB, TakHe, Kak, Hanpumep, Tabauuel B KHHre Xanabjia
[15], MoxHO maTb OTBeT Ha MHOrHe BONPOCH. HampuMep, npesmo-
JIOXXHM, 4TO MBI XOTHM OIIpENe/]HTb BEPOSTHOCTH, COOTBETCTBYIO-
lyde nmporpaMMe pasBeAKH B MaJjiou3yueHHOM 6accefiHe, comepxa-
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iieM nsiTb CKBAXKHH, NPHYEM OTHOLICHHE, XapaKTEepU3ylilee yclex.

B 3TOM pervoHe, paBHO npumepHo 10%. Kakosa BeposiTHOCTL TOrO,
9T0 BCsl nporpamma OyJeT NOJHOCTbIO Ge3yCleliHol H Mbl He I0-
JYYHM HH OJHOH IPOAYKTHBHOH CKBaxKMHB? Takoii pesyabraT Ha-
3bIBA€TCS IOJNHBIM KPaxoM I10 OYEBHIHBIM IDHYHHAM, H GHHOMH-
aJbHOC BHIPAXKE€HHe COAEDIKHUT CJENYIOLHE YJIEHE!

n=>5;, r=0; p=20,10;

Pl (5).0,100.(1_0,10)5.__L.1.o,905= 1-1.0,59= 0,59,
0 510!
BepositHocTh TOro, uto B pe3yabTaTe PasBeaKH He OyleT NoJyye-
HO HHKaKHX MPOAYKTHBHLIX CKBAXKHH, paBHa noutu 609%.

Ecan TONbKO 0jaHa CKBa)KHHA OKaMKEeTCsl NPOAYKTUBHOI, TO elo
MOTYT OKyIaThCsl BCe 3aTpaThl B Ipouecce pa3BeikH. Kakosa se-
POATHOCTb TOTO, UTO OJHA CKBa)KHHA OKAXETCH IPOAYKTHBHOH B
TIPOIIECCE PA3BEAKH C MATHI CKBAXKUHAMH?

P= (?) .0,10". (1 0,10y = Tf’i‘_.o,lo.o,go‘* =5.0,10.0,656=0,328.

Hcnonesys au6o 6uHOMHAJLHOe ypaBHeHHe Jaubo Tabauny
6MHOMHAJBHOrO pacnpefeieHHs, MOXKHO HAaHTH BEPOSTHOCTH BCEX
BO3MOXHHIX HCXOJOB B IporpaMmve OYpeHHs ¢ NATbIO CKBaXKHHAMH.
OHu npencTaBJsieHbl Ha pHe. 2.3.
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Yucno ycnexos

Puc. 2.3. JlnckpeTHOe paclpejeleHHe, 3ajaloillee BEPOATHOCTb YCHexa B MPOrpaM-
Me GYpeHHA NIATH CKBaXHH NMPH YCJIOBHY, YTO BEPOSTHOCTb ycmexa pasHa 10%

24

:.;;_?_?'24

B npyrux nmpaxkTv4ecKHx 3ajayax, B KOTODHIX OCHOBHBIE OOIYy-
IEHHS OTJNMYHBI OT YKa3aHHBIX Bblllie, MOryT OBITh HCIIOJIb3OBAHBL
JpyrHe OUCKDPETHHe BEPOSITHOCTHble pacnpeaesenus. Ilpearnoso-
JKUM, HaIpHMep, 4TO eO0JIoropasBefioyHasl KOMIIaHHsS HaMepeBaeT-
csl OTKPHITb JBa HOBHIX [IOJI B MaJO H3y4eHHOM OacceiiHe, npei-
noJsaraeMoM TepPCIeKTHBHLIM, M HaMepeBaeTcs NPOOYPHTH CTOJBKO
CKBaXXHH, CKOJIbKO moTpebyercst Jisi TOro, YTOOBl AOCTHYL  3TOH
ey, MBI MOXeM HCCAe10BaTh BEPOSITHOCTL TOTO, YTO AJsE 3TOTO
norpebyercs 2,3,4..., 10 n pa3BelOYHBIX CKBaXKHMH JO TOro Kak By-
fetr o6HapyXKeHO MABe NPOAYKTHBHBIX CKBaXKHHB. MOXKHO jaonyc-
THTb, YTO TpebyeTcss HAJOXHUTh T€ K€ YCJOBHS, KOTOphle OBIIH
nepeyHcseHsl AJAs OMHOMMAJbHOrO pacipelesieHus, HCKYas OT-
HoCcsAUIeecs K YKHCJY MCOBITAHHH YCJIOBHE, KOTODOE TeNeph He ABJIA-

CeTCA (bI'IKCHPOBaHHbIM.

BeposiTHOCTHOe ~ pacnpeliesieHHe, COOTBETCTBYWOllee TaKOMY
SKCTIEPHMEHTY, Ha3bBaeTCs OTPHIUATEbHEIM OHHOMHAJBHBIM, H €ro
onpejieseHHe OUYeHb HAlNOMHHAET OnpejeseHHe OHHOMHAJIBLHOTO
pacnpenenenus. Kak H B npeablaylieM IpHMepe, p eCTb BeposT-
HOCTb HOSIBJIEHHS NPOAYKTHBHON CKBAXKHHBI M 7 €CTb UYHCJO <yCrie-
XOB» HJH TPOLYKTHBHBIX CKBaxKHH. OJHAKO 7, YHCJO HCHBITAHHI,
He 3a/1aHo. BMecTo 3TOrO MOXKHO HafiTH BepOATHOCTb TOTO, YTO 6y-
AeT NpofypeHO x MYCThIX CKBaXKHH paHblie, 4eM OyIeT ciesNaHo r
otkpbiTuii. OTpHUaTeNbHOe GHHOMHAJBLHOE paclpenesieHHe HMEeT
BHI

r4+x—1

P—( ) (1—p)* p'. (2.4)
N x

3aMeTHM CXOACTBO MeXJy 3THM ypaBHeHHeM U ypaBHeHuem (2.3);

ujeH r4x—I1 nosasJjsiercs NOTOMY, 4YTO TOCJHEHSS H3 IIOCJAEIO-

BaTe/JIbHO NPOOGYPHBAEMBIX CKBaXHH, AOJXKHA OBITh 7-M YCHEXOM.

-Oopmyny (2.4) MOXHO NIIpEeACTaBHTb B CJEAYIOUIEM BHIE!

r-+x—1)
p=Utx=Dl(y_ pep (2.5)

(r—1!x!
Hpe,.mo.naraﬂ, 4yToO BepOﬂTHOCTb ycnexa, COOTBCTCTByIOHJ.aSI JoaH-
HoMy peruoHy, paBHa 10%, Mbl MOXeM BHIUHCIHTb BEPOSITHOCTD
TOr0, 4TO reonoropasBenquaﬁ nporpaMMa C ,U.ByMSi CKBaXXUHAMH

‘6yaer 3aBeplleHa OTKPHLITHEM JBYX NPOAYKTHBHEIX CKBAXHH. DT

BEPOSITHOCTb paBHa : o

o @240—1) _
P s (1—0,100-0,10° =

- T‘lé..o,goo.o,102= 1-1.0,01 = 0,01.

.BepositHocTH, cBsisaHHBIE ¢ JPYTHMH NPOTpaMMaMH GypeHHs, HMe-
JOT pasJiMYHBIE YHCJIA CKBAaXHH, H HX MOXHO HaHTH aHaJIOrHYHREIM
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o

06pa30M. BepOﬂTHOCTb TOro, 4To AJsi HOCTHIXKEHHs ycnexa B ABYX
HCIBITAaRUAX TpeéyETCH n4Tb CKBaXHH, paBHa

P=L243=D 1 010p.0,10°= 2£.0,729.0,01 = 0,029.
(2—1'3! 1-6
Bhiunc/ieHHbIe BEPOATHOCTH HU3KH NOTOMY, YTO OHI CBSI3aHBI C BO3-
MOXKHOCTDLIO MOSIBJIEHHSI ABYX NPOAYKTHBHBIX H B TOYHOCTH X MyC-
THIX CKBaXuH. [losiesnee paccMOTperb pacnpejeieHue BepOATHOCTH
TOro, Y10 0OJiee X CKBAaXHH HOJKHO OHTbL NPOSYPEHO 40  TOTO
KaK Lesp, COCTOAULasl B MOSBJECHHH & NPOAYKTHBHBIX CKBaXHH, Oy-
ACT AOCTHIHyTa. DTy BePOSITHOCTb MOXKHO IIOJYYHTb, €CJHN CHayaJa
IIOCTPOHTL OTPHILATe/IbHOe OHHOMHHAJNbHOE pacnpelesieHue B Ky-
MYJAATHBHOH (OpMe, Haiolllee BepOSTHOCTb TOTO, UTO 6yJeT A0-
CTHFHYTO JBa ycnexa HPH OypeHHH (x-+r HJH MeHee CKBaXHH),
KaK 310 u300paxeHO Ha pHuc. 2.4. BrlunuTas xajdce KaXAylo U3 STHX
BeposiTHOCTel M3 1,0, mojdyuuv KejaeMoe pacnpefeseHue BEDPOAT-

Hocre#t (puc. 2.5). OTpuuatesbHOe GHHOMHAJbHOE pacnpesnesieHHe

OyzeT paccMOTPEHO CHOBAa B IJl. 5, TA€ C €ro IOMOLIBIO 6yuner
ONHCaHA BaXHad MOLeNb PAClpPENENeHHs TOYCK B IIPOCTPAHCTBE.
HMeioTcs u Apyrue AHCKDETHLIC pachpeieseHus, KOTOpEIE TpH-

MEHSIOTCA B NPAKTHYECKHX 3aJauaX, aBaJdOTHUYHLIX TeM, AJ5 OHnu-

CaHHsl KOTODHIX HCHOJIB3YeTCsi OMHOMuaJabHOE pacnpegenenue, Ta-
KOBO, Hanpumep, pacmpeiesenne Ilyaccona, xoTopoe caexyer uc-
N0JIb30BaTh BMECTO GHHOMHAJIBHOIO, €CJIH p, BEPOSTHOCTh yCHeXa,
oueHp Mmana. IlyaccoHoBckoe pacmpeienenue paccMmaTpuBaeTess =
L. 4, Tlle OHO NPHMEHEHO K AHAJH3Y DEAKHX CJYYaliHBIX COGBITHIL
BO BPeMEHH (3eMJIeTPACEHH# HWJHM BYJKAHHUYECKHX H3MEHeHHH), v
B IJI. 5, OHO HCIOJIb30BAHO AJIA NOCTPOEHHS MOjeJel 06BbeKTOB,
CIy4aliHO pasMeleHHBX B NPOCTPAHCTBE. I'eomerpuyeckoe pac-
IIpeAC/IeHNe, SBJAAKLICECS YaCTHBIM CJAY4aeM OTPHLATEeJbHOrO Gii-
HOMHAJLHOrO, HCHO/NBL3YETCA B TeX CJydyasX, KOLZa HHTepec Ha-
IpaBJCH Ha YHCJO MCHBITAHHH, NPEALICCTBYIONIX NEPBOMY YCHeXy.
TlonnsoMuaTbHOe pacnpenesenne — 310 0606meHe GHRHOMAANLHO-
TO pacipeleJ€HHs Ha cayyali, KOrKa HMeeTcs GoJee ABYX B3aHMHO

HCKJIOYAIOWMHX HCXOAOB SKCIIEPHMEHTA. 3DTH  BONPOCH  ULIHPOKG:

NPEACTABJIEHb B_GOJIBUIMHCTBE KHHT 110 TEODHH BEPOSTHOCTEH, Ta--
KHX, KaK KHHTH Ilapsena usin Awa [3].

BaXXHBIM CBOHCTBOM BCeX YNOMSHYTHIX BhIINe AMCKDETHHIX pac-
NpEAeNeH il ABJSETCS TO, YTO BEPOSITHOCTh YCHEXa OCTAETCH Mo-
CTOSIHHOH B NpOllecCe HCNHTaHHH. B cTaTHCTHKe paccMaTpHBaioTcs
TPOCTLIE SKCNEPHMEHTH, Ha3blBaeMble BBHIGOPKOH C BO3BpalleHHEM,
B KOTOPLIX 3TO YyCJOBHE CTPOro BHIOJHEHO. Haubosee THOHUHDBI
SKCIIEPHMEHT TAKOrO POXa MOXKHO IPOBECTH C yPHOMH, 3alOJHEHHOII
KDACHBIMH 1l OeJBIMHM IlapaMH; eclH Hayraj BbIOHpaeTcs OAHH
Lrap, TO BEPOATHOCTb TOrO, YTO OH GyAer KPacHHIM, paBHa OTHOIIe-
HHIO HMCJa TaKHX WIApOB B ypHe K O6LIeMy uucay mapoB. Ecam
3aTeM STOT Ilap BO3BpalllaeTcs B YPHY, TO NpPOUEHTHOE OTHOLIe--
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Yunucno CHBAMUH

“Puc. 2.5. JluckperHoc pacmpefelenue, Aaioulee BepOsTHOCTb TOTO, '!n‘o 6yner I(I:lljlg
:6ypeHo GoJblue 3aTaHHOTO YHCJA CKBAXHH, AAS TOTO, YTOOH MOJYYHTH ABA V!

0
Xa, IpH YCJOBHH, YTO BEPOATHOCTb ycmexa pasia 10%

HHEe JBYX IBETOB B ypHe OCTaeTCs HEH3MEHHHIM, H BepOHTHOCTI?
TNOSBJEHHS KPAaCHOrO IIapa NPH IOBTOPHOM BBEISOpE OCTaeTcs He
H3MEHHOH. DTa BepPOATHOCTh TaKke OCTaeTcss NPUOJIH3HTENBHO n?-
CTOSIHHOMH, ecyd uMeeTcsl OueHp OOJbHIOe YHCJO LIAapOB B YPHE, aa-
xKe B TOM cJjyyae, €CJH JejaeTcsi BHIGOp Oe3 BO3BpallleHHs, Tak
KaK BHGOD Iliapa NPHBOAHT K OECKOHEYHO  MaJjoMy H3M?H€HHIO
IIPONOPLHIT CPeiH OCTAIOLIMXCS WapoB. DTO NOCJENHee 3cnosmi
0ObLIYHO TPEANOJAraeTcss BBEIMOJHEHHBIM NPH TEOJOTHYECKHX MOHC
KaX, KOTl1a eCTeCTBEHHO HCIO/Nb30BaTh JHCKPETHble pacrnpelese-
His. B HauleM NpHMepe «ypHa» — 3TO TeO0JIOrHUecKH# GacceiiH,
‘B KOTOPOM TPOBOIAATCA pabOTHl, a KpacHHM M OeJblM IIapam co-
"OTBETCTBYIOT HEOTKDLITHIE 3aJeXH H mycThle miolamd. o  Tex
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NIOp, NOKa HYHCJO He NOABEPTHYTHIX OYPeHHIO Y4acTKOB BEJHKO,
a 4uCJO ONpaBiAaBIINX cebsi B pe3yabTaTe OypeHHs IIPOTrHO30B
(wapos, H3BJICUEHHBIX H3 YDHBI) MaJo, OpeanosoXeHHe 0 MOCTO-
AHCTBE BEPOSITHOCTH OTKPLITHA KaKeTCsl onpaBiaHHBIM. OpHako
€CJIH BBHIGODOYHBIH 3KCNEPHMEHT OCYLICCTBJISETCS C MaJbiM MCXOI-
HBIM 4HCJIOM paCKpaUICHHLIX [IapPOB B ypHe, H OHH BHIGHPAIOTCS M3
YPEBL Ge3 BO3BpalleHHs, TO OYEBHAHO, UTO BEPOSTHOCTb H3MEHSET-
Csl nocse Kaxaoro Belbopa. Taxko#d sKclepHMeHT, Ha3LIBAEMBIH Bbi-
Gopom 6e3 BO3BpAIUEHHS, ONHMCHBAETCS MHCKDETHBIM THIEPTeoMeT-
PHYECKHM pacnpeneneHueM. [eosornyeckue 3agaud, B KOTOPHIX
Iesecoo0pasHo ero HCHoJb30BaHHE, BechMa cnegnduuHs, u Mak
I'peit [25] npuBoant npumep, cBsizaHuBIl c reopH3HUYeCKHMH MeTo-
/laMH Da3BeIKH HePTAHBIX MECTOPOXKICHHI.

B HexoTophix cayuasix MOXKHO ONpeiesHTDH pa3Mep COBOKYNHO-
CTH, B Npe€jeJax KOTOPOH BeAEeTCA NMOHCK. [IpeanosiokKHUM, Y4TO KOH-
Lieccuss B OTKPBLITOM MOpe OOHapyXu/a HecsiTh SBHLIX aHOMaJili,
IPHYHHOH KOTOPBIX SIBJSIOTCS, BO3MOXKHO, NepeMelleHHsT COMH Ha
riyGune. M3 onkblta mpeaniaymux HecaenoBanmii CJIENYyeT, 9TO OKO-
710 40% TtakHx ceHCMHUeCKHX aHOMAaJHi YKa3LIBalOT Ha HaJHyue
NPONYKTHBHBIX CTPYKTYp. Ilpu peasnimsaums mporpaMmui pasBenou-
HBIX PaboT B CHJY OTPAHHYCHHOCTH CPEACTB HET BO3MOMKHOCTH ocy-
I1ecTBUTh OypeHHe B MecTax NpOSBJIEHHS AHOMaJlHil. s ouenkun
BEPOATHOCTH TOrO, 4TO GyieT OGHApy:KeHO 3apaHee 3ajaHHOE UHC-
JI0 3aziexefl, eCJN TOJNbKO HEKOTOPHE H3 IPeicKa3aHHBIX nepereK-
THBHBIX mJIomajed OyayT pasGypeHEl, MOXKET GbiThb HCIONb30BAHO
THIIEPreOMeTpHYECKOe pacnpeneseHHe.

BunoMuasibHOE pacnpesesenne s pelreHust 3TOH 3agayM He-
IIPHFOAHO, TaK KaK BEPOATHOCTb OGHAPYMEHHS H3MeHsercs npn
Kaxa10M cay4aliHOM HcnBTaHud. Ecau uMeercs ueThipe  3aJiekKH,
Kamzad H3 KOTOPLIX BXOAHT B YHCJO A€CATH MJOLLamei, npejacka-
SaHHBIX CEHCMHYECKHMH METOAaMH, TO OTKPHITHE OIHON H3 HHX
YMEHDbILAeT LIAHCH OTKPLITHS APYTOH, TAK KaK OCTaeTcs MeHblie
00BEKTOB, KOTOPHle AOMKHLI GHITh obHapyxensl. Hao6opor, ofua-
PYKEHHE IYCTOH CKBAMHHBI HAa OCHOBE CCHCMHYECKUX JaHHBIX yBe-
JHYHBAET BEPOATHOCTH TOTO, YTO OCTABINHECS HENPOBEPEHHLI MK
CTPYKTYPH OYAYT NPOAYKTHBHEIMH, MIOTOMY YTO OQHa HeNpOAYKTHB-
Hast CTPYKTYpa yXKe HCKJIOYeHa H3 COBOKYIIHOCTH.

Bhiuncienne runepreoMerpuueckoi BEPOATHOCTH COCTOHT Mpo-
CTO B HAXOXKIEHHH BCEX BO3MOKHBIX KOMGHHAIHiI HIPOAYKTHBHBIX
" HYCTLIX CTPYKTYD BHYTPH COBOKYIHOCTH W 3aTeM B nepeyHce-
HUM TeX KOMOHHALMH, KOTOpHE AaioT TpebyeMoe yHCTIO o6Hapy-
KeHu#. Bepoarnocts ocymecrsaenns x O0HapYXKeHHH npu 6ype-
HHI 71 CKBAaXKHH, €CJIM JAenmaetcss BHIGOPKa H3 COBOKynHOCTH N
3JCMEHTOB, S U3 KOTOPHIX, BO3MOXKHO, COAepKaT 3aNexp, paBHa

P=(2)G2)/0) 29)
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D10 ecTh MPOHM3BEACHHE UHMC/a KOMOHHAUMH M3 YHCaa 3aJexel no-
upCcAy OOHapyXeHHH Ha YyHCJA0 KOMOHHALHH H3 yCTHIX aHOMaJui
MO YHCAY NYCTHIX CKBAXKHH, JeJEHHOC Ha YHCJI0 KOMOMHaUH# Hu2.
BCEX MpeAcKa3aHHBIX 00BLEKTOB [0 OOLIeMYy YHCAYy CKBaXHH B 1po-
rpamve GypeHusi. \ cor

nuepreoMeTpHyeckoe BEPOATHOCTHOE paclpejesieHne  MoXe
ObITH MPHMEHEHO K Hallled KOHILeCCHH B OTKDLITOM MOpE, KOTOpas
CONCPIKHUT JICCATL CeHCMHUECKHX aHOMaJIMH, 4eThbipe M3 KOTOpLIX,
BO3MOYKHO, COAepkaT 3anexu. K coxXaleHnio, Mu sapaHee He 3Ha-
eM, OypeHHe KaKHX H3 UYeThipex aHOMaJHH AacT HONOXKHUTEJNbHBIH
pesyabTaT. Ecau B TexyuleMm cesoHe OOJKeTHble OrpaHHYEHHS MO-
3BOJIAIOT OCYUIECTBHTb OypeHHEe TOJBKO TPeX CKBaXKHH, MBI MOXeM
onpeaenuTb BEPOATHOCTH, CBSI3aHHBIE C KaxAbIM H3 BO3MOKHHIX.
HCXOJI0B. ‘

KakxoBa BeposiTHOCTH TOTO, YTO IpOrpamma 6ypf§HHﬂ nOTepMHT
HOJIHBIH NpPOBaJ, T. €, He OyAeT NOJY4eHO HH OIHOH NPOAYKTHBHOH:
CKBAXKHHBI CpeJd TpeX NPOOYDEHHBIX?

P (3> (g) L2 _0.167.

(10) 120
3

0
BeposiTHOCTL MOJMHOrO Kpaxa paBHa mpuMmepHo 17%.
KaxoBa BeposiTHOCTb TOFO, 4TO OyAeT cAejJaHo OAHO OOHapy-

XKeHue?

P (?) (S) — 415 _ 0,50

(10) 120
3

BeposTHOCTh TOro, 4TOo OyaeT HaligeHa OAHa NpPOAYKTHBHAsd CKBa-
»XHHa, paBHa 50%. ) ,

MOKXHO NOCTPOHTh THCTOrpaMMy, Ha KOTOPOil OyAyT NpencTas-
JieHBH BCE BEPOSITHOCTH, CBA3aHHBIE CO BCEMM BO3MOXKHBIMH HCXO-
JaMH B 3TOH pa3BeloyHOH 3ajave (puc. 2.6). 3ameTuM, 4TO Be-
positHocTh ycnexa pasHa (1,00—0,17), uan 83%.

IIpearlayiiuii DPHMepP OTHOCHJCA X CJAydYalo, KOrAa HMeeTcs
TOILKO [Ba BO3MOXKHBIX HCXOJA: HycTasl CKBaXKMHa uju 0oOHapy-
XKeHue HedpTH. Ecan HedThr HalijeHa, CKBaXKHHa He MOMXKET OHITh.
nycTolt, 1 o6patHo. CoOHITHSA, B KOTOPHIX YacTOTa MOSBJEHHA Ol-
HOro HCX0Ja NO3BOJAET IPelCcKas3aTb YacCTOTY MOSIBJIEHHS APYroro
HCXOJAa, Ha3blBAIOTCH B3aHMHO HCKJIOYAIOLIMMH Apyr aApyra. Bepo-
ATHOCTb TOTO, 4TO MNPOU3OHAET OXHO HJIH APYyroe COGHITHE, €CTh-
CyMMa BEpOATHOCTEH MOSBJEHHS KaXKA0ro K3 HHX; T. €. p (oéua:
PY2KEHHSI MJH NYCTOH CKBaXHHBI) =p (06Hapy>KeHH§)+p (nmycTo#
CKBaXHHEI). DTO — NPABHJIO CJO0XKEHHS BEPOSTHOCTEN.
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BepostHotTh

060~ Puc. 2.6. InckperHoe pacmpejeetue, 3ajalo-
Llee BePOATHOCTh 7 YCNEXOB B TPeX CKBAXKH-
050l 0,50 HaX N3 JECATH, eCJau YeThipe U3 AECATH fepe-
i CEKJIH HEePTSHVIO 3aeXb
0401
030} / 0,30
0200 0,47 %
010 |- 7%
0,03
000l Z

0 1 2 3
YAcno ycnexos

CobuiTHS He 00s3aTeNbHO SIBAAIOTCA B3aHMHO HMCKIOYAIOUWHMH.
Hanpumep, npu pasBeJoyHOM OypeHHH Ha He(dTb M ras MOsiBJEeHHe
3aJIEXH C MOPUCTHIM MEeCYaHHUKOM MOXKHO HHTEPIPETHPOBATh KakK
AHTUKJIHHAJBHYIO CTPYKTYPY, MCXOAs M3 CEHCMHYECKHX AaHHBIX.
DTH aBa HCXO0[a, MOPHCTHIA MecYaHHK H OypeHHe IO aHTHKJAHHAJY,
He SIBJAAIOTCS B3aMMHO HCKJIOYAIOIIUMH APYr APYra, Tak Kak Mbl
BcTpedaeM HX OZHOBpeMeHHO. ITOCKO/bKY HaJMuHe NECYaHHKa YIi-
paBJasieTcsl (akTopaMH, KOTOpble IeHCTBOBAJH BO BpeMs 06paso-
BAHHUS MECTOPOXKJEHHS, W IOCKOJBbKY NOSBJEHHE AHTHKJIHHAJbHOMH
CKJAANKY TPENroJiaraercss CBSI3aHHBIM C TEKTOHHYECKHMH YCJOBHs-
MH B 6oJjiee NMO3THHHE MEPUOA, 3TH JBa HCXOJa SIBJAIOTCA HeCBA3aH-
HBIMH HJIH He3aBHCUMBIMH. Ecsin IBa COOBITHA He SIBJSAIOTCS HCK-
JIOYAIOIUMH, HO SIBJSIOTCS HE3aBHCHMEIMH, TO COBMeCTHas Bepo-
ATHOCTbL TOI'O, 4TO OHU IOABSITCA OJHOBPEMEHHO, eCTb NpPOU3BEle-
HHe BeposTHOCTell HX nogBjeHHus. To ecTb p (mecyaHHKa HJH aH-
THKJAMHAJU) =p (necyaHuka) Xp (aHTHKJAMHAJIH). 3TO — IPaBUJIO
‘YMHOMKEHHS BeposATHOCTeH.

HOBa coOriTHA MOryT OHITH CBA3aHBI HEKOTODHIM 006pa3oM, Tax
YTO MCXOA OJAHOrO OTYACTH 3aBHCHT OT Hcxofa apyroro. CoBuect-
Hast BepOSITHOCTh TAaKHX cOOBITHH HaseiBaeTcs ycJaoBHO#. Takue
COOLITHA OYEeHb BaXXHLI B T'€OJIOTHH, TaK KaK OJHO H3 COOHITHII MO-
:KeT OBITb TPAMO JOCTYNHO HAOJIOZEHHIO, a APYyroe IIPH  3TOM
MOKeT OblTh CKpbITO. Ecnn OHu 0OYCJOBJAEHH ADYrC APYroM, 7O
gacToTa HabaonaeMoro COOEITHS TIOBOPHT HAaM KOE-4TO O BEpOsAT-
HOM COCTOSIHHM CKDHITOro o6mekra. Hanpumep, H3sepxeHHe Marmol
¥3 KaMephl ByJKaHa, aHajgoruyHoro ByJkaHy Cparto#t Enenn B8
BawuHrTOHEe, N0 OOLIEMYy MHEHHIO, MPHBOJAHT K FapMOHHYECKHM
KoJ1e6aHuAM, HalOMHHAIOIIMM 3eMJjeTpsiceHHe, Mul He MoXeM Tps-
MO Habal0faTh AKTHBHOCTh MarMaTHUeCKOH KaMephl, OJHAKO MBI
MOXKeM HabJ101aTh 3aMHCH CEHCMHUECKOH aKTHBHOCTH, CBA3aHHOH
¢ ByAkaHoM. EciH MeXAy 3THMH SBJeHHSIMH CyLIeCTBYeT B3auMHas
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06yCIOBAEHHOCTb, TO MOSIBJEHHC TapPMOHHYECKIX KONeGaHHH MO-
JeT NoMoub NpeackasaTth H3Bepxenue. Ecau p (koaebannit) —
BEPOSITHOCTL TOFO, UTO IIOSABSITCSt TapMOHHYECKIE KoaebaHHus, n p-
(u3BepKeHHs1) — BEPOATHOCTb  INOCJEAYIOUero  ByJKaHHYECKOTG-
H3BEpIKEHHd, TO p (KoJeGaHuil HiH H3BEPKEHHA) 7D (xoneba-
HHI) X p (M3BepIKEHHS), eCqH ABa COOBITHS HMRIOT B3aHMHYIO 00-
YCJOBJACHHOCTb.

VenoBHAs BEPOSITHOCTL TOrO, YTO NPOH3OIIET H3BepXKeHue, 3a-
ZaHHAs TeM, YTO rapMOHHueckHe KoJeGaHHsi OBIIH  3amHCaHbl,.
o6osHayaeTcs p (H3Bep:keHus/xojacbanus). B 3TOM nIpuMepe ye-
JIOBHAsi BEPOSITHOCTb M3BepxKeHus: GoJbile, yeM 0e3yCjOBHas BEPO-
ATHOCTH HJH p (H3Bep:KeHHs), KoTopas ecTb NPOCTO BEPOATHOCTE:
TOrO, 4TO TPON3OHIAET H3Bep:KeHHe 6e3 KaKOH-1H0O AO0NMOJHHTEeNb-
Holi nHdopMaluH O APYTHX coObTHAX. JIpyrue YCI0OBHbIE BEPOST-
HOCTH MOTYT OBITb MeHbIe, YeM COOTBETCTBYMOIMe 0e3yc/0BHHIE
BEPOSITHOCTH (BEPOSITHOCTb HAXOMXKAEHHS HEKOTOPOTO HCKONAaeMoro
Ha IJIOLIaAH BYJKAHHYECKOrO NMPOHCXOXKAEHHS 3HAUNTEJbHO HHXKE,.
yeM Ge3ycJOBHAas BepOSTHOCTb HaXOXJeHUs Hckonaemoro). Owe-
BH/(HO, T'€0JIOTH HCHOJb3YIOT YCJOBHble BEPOSTHOCTH Ha BCeX CTa-
IMAX NPOBeJeHHS CBOMX DPaboT, hesas 3TO CO3HATEJBHO HJHM HET.

CBf13b MEKAY YCJOBHBLIMH H  O€3yCJOBHBIMH  BEPOSITHOCTAMH
MOXKHO BHIPa3dTh TEOPEMOH, Ha3BaHHON B Y€CTb @HIVIMACKOrO CBS-
mennuka, xusmero B XVIII B. 1 orkpbiBIIEro ee, TeopeMoi baiie-
ca. On iccjenoBaJ H3MEHEHHe BEPOSITHOCTH O Mepe YBedHYeHHS
ko.anuecTBa HHpopmauuu. OcHoBHOe ypaBHCHHe Dafleca umeeT
BHJ,

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

OHO ycTaHaBJAMBAeT, YTO COBMECTHAST BEPOSTHOCTH P (4, B) Toro,.
yTo 06a cobutH A M B npoH30iinyT, paBHa BeposTHOCTH P (B/A)
NOSIBJEHHA COOLITHA B NpH YCJI0BHH, 4TO coObITHC A yXKe npoU30-
U110, YMHOXEHHON Ha BeposTtHocts P (A) nosaenus coOuiTHSA.
P(BJA) na3viBaercst YCJOBHOH BEpPOATHOCTBIO, TaK Kak Bbipaxcaer
BEPOATHOCTb TOLO, YTO NPOH3OILIO COObTHe B, Npu yCJOBHH, UTG:
cobuitHe A yxe mpousomso. Ecan cobutig A u B cBasanb (HJH
3aBHCHMBI), TO TOT (akT, 4TO COOBTHe A yXKe NpPOH3OLILIO, TOBO-
DHT HaM HEYTo O NPaBRONOAO0GHOCTH NOABJEHHA cOOMTHs B.
Hao6opor, TakxKe cipaBedJHBO PaBEHCTBO

P(A,B) = P(A|B)P(B).
[pupasHuBas mpaBble 4YaCTH, TOJydaeM
P(B|A)P(A) = P(A|B)P(B),
4TO MOYKHO NEPCHHCATb B BHIC

P(A| B)P(B)

P(B | A=~k

(2.8):
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9T0 OouYeHb NOJE3HOE COOTHOILGHHE, TaK KaK MHOTLA MH 3HAeM
YCJOBHYIO BEPOSATHOCTL B OZHOH hopMe, HO HHTEpecyeMcs H Apy-
roffi. Hampumep, H3BeCcTHO, YTO pyAHBIE TNOJS YACTO XaPaKTEPH3Y-
I0TCH HaJM4HeM TeOMAarHHTHBIX IOJIeH, OTJHYHLIX OT HOPMAJbHBIX.
OxHaxo Mbl GoJiblie HHTEpecyeMcs O6paTHBIM, a HMMEHHO, KaKOBAa
BEPOATHOCTE TOTO, YTO HEKOTOPOE MoJje OKaXeTCsl MHHepaJH30BaH-
HbIM, NpHYeM noc.JefHee OOYCJAOBJEHO HaJHYHeM MAaTHHTHON aHO-
Majud. HaMm npolle oueHHTb yca0BHYIO BeposTHOCTb p (aHOMa-
JIHsI/MUHEpaaH3anisi) U 6e3yCcJOBHYIO BepPOATHOCTh p (MHHepaJH-
3aUMHK), KCXONs H3 H3YYEHHs] H3BECTHBIX pPYIHBIX palioHOB, OoxHAa-
KO TpyaHee NPSAMO OLEHHTb p (MHHepaJH3aUHH/aHOMAaNUU), TakK
KaKg 3TO MOXKeT noTpeboBaTh HCCJAENOBAHHS TEOMATHHTHBIX anoMa-
JIA, KOTOpLIE, BO3MOIKHO, elle He OblIH TpeicKa3aHbl.

TTpCaiioNoKEM, Y4TO MBI HMECM 71 HECOBMECTHMBIX COBLITHII B,
B, ...,B,, KOTOpBIC 06VCAOBANBAIOT coObTHE A, TOraa BEPOATHOCTD
OCYINECTBJIEHHS] COOLITHS A eCTb NOMPOCTY CYyMMa YCJOBHBIX BEpO-
sirnocreit P (A/B;), yMHOXKEHHBIX Ha BEPOSITHOCTH  COGHITHE B,
TO ecTh

n

P(A)= DP(A| By P(B). (2.9)
=1

Ecan (2.9) noxcrasuts BMecro P(A) B ypaBHenue Baiteca, B dop-
Me (2.8), To MBI mosTyuHM GoJiee OfLiee ypaBHeHHE

P(A| B;)P(B
P\'B,IA)Z n( l 1) (])

{2.10)
21 P(A| Bj)P(B;)
]=

TlpocToft mpumep ¢ ABYMSI BO3MOMKHBIMH HE3aBHCUMBIMH HCXO1aMH
docTpupyer TeopeMy Baileca.

B pycae nortoka B 3amagHom KaHsace 6wl HaiizeH (parmeHt
A0 CHX NOp HEH3BECTHOTO BHAA Me303aBPOB, H CHEUMAJHCT 1O fa-

-JICOHTOJIOTHH ITO3BOHOYHKLIX cyeJi HeJIeCOO6pa3HI>IM nocJsath CTYIAeH-

YECKYIO NOJIEBYIO MAPTHIO AJsi NOHCKa 6ojiee NOJHOro HaGopa Hc-
KOMAEeMBIX OCTAaTKOB. K COXa/IeHHIO, MeCTO O6HADyKEHHS yiKe
‘HaHJeHHOrO ¢parMeHTa Heab3s GBLIO HAEHTH(OHLUUPOBATL ¢ TOJHOH
YBEPEHHOCTBIO, TAK KaK HCKOIlaeMoe OblI0 HaHAEHO HHUXKE CAHSHUS

JBYX cyxux pycen. Ilnomans npenaxuoro GacceiiHa GoJsee Kpyi-
‘HOTO NOTOKA OKOJIO 18 yCNOBHBIX €QHHHI, B TO BpPeMsl KaK IJO-
‘malb GaccefiHa, APeHHPYEMOrO MEHbIIHM DYCJOM, OKoJo 10 ye-

JIOBHBIX €IHHHU. Ha ocHOBe TOJBKO TakO# MHOGOPMAUHH, MH MO-
HEeM TOCTYJIHPOBATh, UTO BEPOSTHOCTH TOTO, YTO (parMeHT MpH-

‘HECeH H3 KaKOro-iHG60 OJHOrO NPeHaXKHOro GaccefiHa, NMPOMOPIHO-
‘HaJibHa TJIOIaAH 3TOr0 GacceliHa HJIH

P(By) =3 =064, P(B,)=-"2_036.
28 28

.32

OnHaxo HeesleIOBaHHE T'e0/IOTHUECKOro AOKIaa M KapTbl perdoHa
AaeT JTONOJHHTENbHYIO HH)OPMALHIO O TOM, YTO OKOJO 35% ob6Ha-
KEHHH MeJOBBIX MOPOJ B GoablueM GacceliHe SBJIAIOTCH MODCKHMH,
B TO BPCMA KaK B MeHplleM OaccefiHe Ha MX JIOJIO IPHUXOZUTCA
nouty 809% O6HANKEHHI MedOBHIX nopod. Mbl MoxeM NO3TOMYy mo-
CTY/JHPOBAThL YCJAOBHYIO BEPOSTHOCTH TOF'O, YTO €CJH. HCKOIaeMBblil
¢bparMenT npuHecen n3 Gaccefina B, OH sABJseTCS MODCKHM HCKO-
[TA€MBIM, B COOTBETCTBHH C MPOLEGHTHHIM COOTHOINEHHEM MEJNOBBIX
MOpCKRHX OOHaxeHHH B GacceilHe, T. e. HMeeT MOpCKoe IIPOHCXOXK-~
Aenue, uan s Sacceitna By P(A|B,)=0,35 u 1nas Gaccefina B,
P (A]B;) =0,80.

Hcno.b3yst 3tH BepPOATHOCTH u TeopeMy Bafleca, MBl MOXeM moz-
CYMTaTh YCJAOBHYIO BEPOATHOCTb TOTO, YTO HCKONMAeMbili (parMeHT
nprHeceH H3 6Gacceiida By, T. e. TOro, 4to ero HPOUCXOXKAEHHE
MOpCKOe, 10 (hopmyJe

P(B, | A) = P(A[ B)P(B,) _
P(A| BY)P(By) + P(A| B,)P(By)
— (0,35) (0,64) =0,44.
(0,35) (0,64) 4 (0,80)(0,36)

AHaNOrHYHO, BEPOSITHOCTH TOTO, YTO HCKOMAEMBIH (dbparMeHT npu-
HeCeH H3 MeHbluero GaccefiHa, MOXKHO MOJCYHTATh 1O (BopMyJe

P(B,| 4y = (0.80) (0,36) 05
2 (0,35)(0,64) - (0,80)(0,36) s

K cuacteio ans cTyseHTOB, KOTOpble NOMKHEI HCCAENOBATb ILIO-
Iaznb, MPEACTaBJAETCH HECKOJbKO 0ojee NpaBAONOZOOHEIM, YTO
@parMeHT MOPCKOTO HCKONAeMOro Me3o03aBpa NPHHECEH W3 MeHb-
urero GacceifHa, a He H3 Goaburero. OIHAKO pas3JHUHS B BepOosAT-
HOCTSIX OYeHb MaJbl, H, KOHEUHO, 3aBICAT OT OBOCHOBAHHOCTH A0O-
NMYLIEHHH, HCIOJb3YeMbIX IJISl OLEHKH BEpOSTHOCTEH.

Aast Toro yto6bl mepefitH x CAEAYIOILER TeMe, MBI LOJXKHEBI Bep-
HYTbCA K GHHOMHAIBHOMY pacnpenesennio. Ha puc. 2.2 mpescras-
JIEHO BEPOATHOCTHOE paclpefeeHue AJs1 BCEX BO3MOMKHBLIX UYHCeJ
BblaJeHHsd repboB H pellek NPH TPpeX GPOCAHHAX MOHETH. AHaJo-
THYHBIA SKCTIEDHMEHT MOJKHO OCYILECTBUTL NPH GOMbLIEM  HHCJE
ucnsitavui. Ha puc. 2.7, Hanpumep, npencrapieHbl BeposTHOCTH
TOJIy4eHHsT 3aAaHHOTO HHC/IA «YCNEXOB» (rep6oB) B mecaTH 6poca-
HHSX MOHETHI, a Ha pHC. 2.8 — BEpPOATHOCTHOE pachpeieleHHe, KO-
TOpO€ ONHCHLIBAET DPE3YAbTATHl JKCIEPUMEHTA, COCTOSIEro u3 50
O6pocaHuii MOHeTH. Bce 3TH BEPOATHOCTH Gblau NOJyYeHbl H3 Ta6-
JHL OHHOMHAJBHOIO DPACHPENEJICHHS HJH MOryT OBbITb BBIYHCJEHBI
3 OMHOMHAJNBHOIO YpaBHEHHS.

B KaX10M M3 3THX 3KCIEDHMEHTOB BBHIUHCJAAIHCH BCE BO3MOMK-
Hble uHc/Ia rep6oB, KOTOPHIE MOXHO IOJYYHTb, HauyuHas ¢ 0 10 3,
10, 50. Huxakue apyrie KoMGHHALHU repboB M pellek He MOTYT
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Puc. 2.7. JHCKpeTHOe pacmpeicieHKe, NOKasHBaiollce BePOsTHOCTL NOJAYYeHHS 33~
NAHHOTO uHcsa rep6oB NpH fecATH OPOCAHHAX MOHETH
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Puc. 2.8. JluckpetHoe pacnpeienetye, NOKa3hHBaiollee BEPOATHOCT NOJNYUGHHS 34~
JAAHHOTO YHcaa Tep6oB npu 50 6pocannsax MOHETHl

BCTPETUTBCA. TaK Kak Mbl 06s3aTeJbHO NOJyYaeM KaKo#-jub0 pe-
3yJbTAT U3 NEPeyYHCJIEHHHIX BB, TO CyMMa BCeX BepOsITHOCTEH B

KaxIOM 3KCIepHMeHTe AoJixHa paBHATbCA 1,00. D10 yao6HO mpea-

CTaBHTb, NOJIATas MJOLIAAH NIOA FHCTOrpaMMaMu Ha puc. 2.7 u 2.8

paBueMu 1,00, XaKk 3TO cmesiaHo Ha THCTOrpaMe, H300parKeHHOH
Ha puc. 2.2. [Ipn TakoM ycJOBHH yBeJHuMBaroLeecs 4ncjIo Gpoca-
HHii MOHeThl OyZeT COMPOBOXKAaTbCS TOJbKO CYKEHHEM
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IIHPHHHL.

qosioc. T'HeTOrpaMMa craHoBHTCs Bee 60Jiee HamoMHHAIOWEH rJaf-
Ky H HENpepelBHYI0 KPHBYIO. MOXHO NpeACTaBHTbL cebe 3KCOepH-
MEHT, COCTOALIMA B GeCKOHeYHOM uYHcJe O6POCaHHil MOHeTH, B pe-
3yJbTaTe KOTOPOro OyldeT moJyyeHO OeCKOHEUHOe YHCJIO TNOJIOC
GeCKOHEUHO MaJol mupuHbl. Torga THCTOrpaMMa NpeBpaTHTCA B
HENPEPLIBHYIO KPHBYIO, W [OPH30OHTAJbHASL OCh OYAeT npeacTaBJATh
‘CKOpee HenpephIBHYIO, 4eM IHCKPEeTHYI0 NepPeMeHHYIO.

B skcnepumenrte Gpocamusi MOHeTHI MEI HMEEM Jeao C JHC-
KDETHLIMH HCXOAAaMH, T. €. cO crenuduyeckoii KoMOHHalueH rep-
00B 1 pewek. OfHAKO B GO.THIUMHCTBE SKCNEPHMEHTOB, BCTpEYalo-
L(HXCA HA TPAKTHKE, BO3MOXKHBIE MCXOJH He SIBJSIOTCS JTHCKpeT-
HLIMH. OGBIYHO HMeeTcst GeCKOHeUHHH KOHTHHYYM BO3MOXHHIX HC-
X010B, KOTOpble MOTYT OBITh IOJydYeHH. MHOXECTBO BO3MOXHHIX
HCXOI0B MOXeT OBITh KOHEYHLIM H HAa CaMOM JeJjie OrpaHHYeHHHIM,
HO B npejesax 9TOr0 MHOXECTBA pe3yJbTaT, KOTOPHH MOXKeT GhThb
TOJyYeH, Hesb3sl NpeiCKasaTb TOYHO. B DaHHOM ciyuae MBl HMeeM
LCJIO C HeNPepHBHBIMHU CJYYAaHHBIMH IepeMeHHHIMH. IIpeamoJo-
HIIM, HampuMmep, 4TO H3MepsieTcst AJHHA 3aMOYHOLO Kpas PaKOBH-
Hbl OPaxHONOABl M YCTAHOBJNEHO, YTO OHa paBHAa 6 MM. OpHaKO
"eCJIH TIPOBECTH H3MepeHHe, HCINOJb3ys OHHOKYJSPHHEH MHKPOCKOM,
TO MOXHO NOJYYUTh AJHHY 6,2 MM, a Ipu HCHOJB30BAHHH KOMIa-
partopa — 6,23 MM, M, HaKOHell, HCIONb3ys CKAHHDYIOUIMH 3JEKT-
POHHBI MHKpOCKON, moayunm 6,231 mm. HenpephiBHas nepeMeH-
Hasi TEODETHYECKH MOXKeT OEeCKOHEYHO IOApasfefaTbes. DTo sBJS-
€ICs CJEACTBHEM TOro (hakTa, 4TO BCerja MOXKHO HafTH Da3HOCTDb
MEKAY ABYMS M3MEDEHUSIMH, eCJIH NPOBOAHTbH H3MepEeHUs B HOCTa-
TOYHO MeJKOH Iukaje. CJeICTBHE TOrO yTBEpPXK/JEHHS TaKOBO, YTO
KaxAblil HCXOL B HEMPEPLIBHOMN IIKaJe H3MepeHHH YHHKaJeH M YTo
BEPOATHOCTL NOJYYEHHS KOHKDETHOTO TOYHOrO DesyJabTaTa paBHA
HYJTIO.

Ecian 310 Tak, TO KaXeTcst HEBO3MOMKHBIM ONpPENeJHTH BEpOAT-
#OCTb Ha OCHOBE OTHOCHTE/IBHBIX YacTOT BCTpeuaeMocTH. OnHAKO
XOTs HEBO3MOXKHO HaGJI0NaTh HCXOABI, KOTOPhie B TOYHOCTH COOT-
sererBylor 6,000..000 MM, BOMHe ZOCTYNHO MOMYYHTE psan usMepe-
HUf, MONajalMWKUX BHYTPh HEKOTODPOro HHTEDBAaJIa, BKJIOYaIOUIETo
370 3HaueHde. [Ipu TOM, YTO HHAMBHAyasibHBIE H3MEHEHHS B TOY-
‘HOCTH He HICHTHYHLI, OHH AOCTATOYHO OJH3KH H MOMKHO CYHTATH
HX NpHHALJEKAILHMH OLHOMY Kjaccy. B uTore pasoGbem Hempe-
PBHIBHYIO NIKANy HAa AUCKPETHBIE CEIMEHTH, H TOTAA MOXKHO MOACTH-
TaTh YHCJO COGBITHH, MOMABUIHX BHYTPL KaXKJOro uHTepsBasa. Cy-
&Kad TpaHHUBl KJ1acca, MBl YMEHBUIAM YHCJIO COGLITHH B HeM, H
CHI3HM OLEHKH BEePOATHOCTEH NOSIBJEHHS COGBITHA.

Ecmu MBI HMeeM 1e0 ¢ JHCKpPeTHHMH COGLITHSIMH, TO ONpene-
JiieM 3Ha4eHHsT ¢ aGCOJIIOTHOH TOYHOCTBIO. HenpepriBHbie nepemes-
Hble, OLHAKO, H3MEDSIOTCA C IIOMOLIBIO HEKOTOPHIX (DH3HUECKHX
NpoLenyp, KOTOPHE OFPAHHYHBAIT TOYHOCTH HX H3MEpEeHHS.
B 1n0oBTOpHBLIX H3MepeHHSX, CHENaHHBIX HA OZHOM H TOM 3Ke 06B-
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eKTe, BOSHHMKAIOT Ma.ble OTKJOHEHHs, BejJnuHHa KOTOPBIX OTpaxa-
€T KaK ecTeCTBeHHBle H3MeHeHHd O0BeKTa, Tak H HU3MeHeHHA B yC-
JIOBUSIX IPOBENEHHS H3MepeHuil H, KpoMe TOro, H3MeHeHus, obyc-
JIOBJIEHHBIE JeATEJbHOCTBIO HCCAeNOBATest, IPOH3BOASIIETO H3Me-
peHus. EjfMHCTBEHHOE, TOUHOC, «HCTHHHOE» 3HAUeHHe He MOXKET
GLITH ONpPENEJeHO; MHBIMH CJOBaMH, Mbl HabjiojpaeM HenpephiBHOE
pacmpeesieHHe BO3MOXHBEIX 3HaueHuil. Takue CBOHCTBa TpPHCYUIH
HEIIPEPLIBHOM cayuaiiHoli nepeMeHHOM.

[as WAJI0CTpaldd  HENPEePhIBHLIX CAyyalHBIX BeJHUHH pac-
CMOTPHM 3ajauy ONpeleJeHHs NOKas3aTels NPOBHIAEMOCTH 06pas-
0B H3 KepHa cKBaxKuHbl. [IpoHHLaeMOCTb ONpeleasieTcss BpeMeHeM,
TpeGyeMbIM AJisi NPOHWKHOBEHHS 3a1aHHOTO KOJH4eCTBA (aounia
Ipu CTaHAAPTHHIX YCJOBHSIX depe3 obpasen noponel. [Homyctny,
YTO B pe3yJbTaTe OJHOTO ONpeieseHHsl NoJydeHa IIPOHHIAEMOCTb,
pasBas 0,108 mkM2. §IBIseTca JiM 3TO UYHUCJIO HCTHHHOII» IIPOHHU&-
eMocTbio npobu? Jlpyrue onpejesneHHss Ha 3TOM ke obpasle MO-
IyT AaTh NPOHHLAeMOCcTb, paBayilo 0,093 u 0,112 mxm?. Ha nponu-
11aeMOCTh, 3alHCHIBaeMyl0 npubOpaMH B XOie JIOGOro sKcnepHMeH-
Ta, BAUAET Psij YCJAOBHH, KOTOpble BHYTpH npubopa Hen3GexHo n3me-
HSIIOTCS OT OJHOTO ONpCleseHHss K APYyroMy B pesyapTaTe KallpH-
30B MOTOKa H €ro TypOyJeHTHOCTH M He 3aBHCAT OT LEHCTBHH orne-
patopa. Hu ofHO M3 NOJyYeHHBLIX 3HaUeHHH HeNb3s B3fATb B Kaue-
cTBe alCOJIOTHOH Mepsl HCTHHHOH nNpoHHIaemocTH, B wurore
pasjuuHble MCTOYHHKH GAYKTyaUHH [OPOXKIAIOT — HeNpephBHYIO
cayualiHylo BEeJHYMHY, KOTOPYIO Mbl NOABEpraeM OnpoGOBaHHIO, je-
Jlasi IOBTOPHLIE H3MepeHHS.

HsmenunBocTh, O0OYCJHOBJEHHas HETOUHOCTbIO HHCTPYMEHTOB,
fosiee OUeBHAHA, KOTHa JeJaloTcsl HOBTODHBHE M3MepeHHS Ha ejH-
HHYHOM 06 LeKTe, T. €. HCIOBITaHHA IMOBTOPAIOTCS 6e3 H3MeHeHHil.
TaKylo H3MEHYMBOCTH Ha3bIBAIOT OMMOKAaMH 3KcmepuMeHTa. Kpome
3TOr0, H3MEHUHBOCTH MOXKET [pOABJATbCA B MNOCJAELOBATEJIBHOCTH
H3MepeHH HJH pe3y/bTaTOB 3KCIECPHMEHTOB, IPOBOJIHMBIX Ha pi-
ne nayuaeMbelx 06bexkToB. OOBIUHO HMEHHO 3Ta H3MEHUHBOCTb H
npeacTaBiaseT HayuHblii uHTepec. JloBOJIbLHO yacTo 00a 3TH THNA
H3MEHUYHBOCTH TaK [epenyTaHbl HJH COBMELUIEHH, YTO 3KCNEPHMEH-
TATOP HE MOKeT OnpejesliTh, Kakas 4acTb H3MEHYHBOCTH BO3HHKa-
eT B CHJY PA3JIHUHH MeX1y YCIOBUAMH HCHHITAHHH, a Kakas siB-
JASIeTCST CACACTBHEM OIUHOOK H3MEPCHNA.

[TpeanonoxuM, yTo y Hac He oOpasel NOPOAb, a 3HAYHTEIbHOI
OJUHBL KepH, B3ATHIA M3 CKBA)KHHEI, NPOXOJsAIIeH Yepes CJOH mec-
yaHHKa. MBl XOTHM OIIpefedlTh NPOHHUAEMOCTh NECUaHHKA, HO He
MOXKeM BBECTH KepH aausofi B 20 ycJ. el. B anpmapar AJst H3Mepe-
HUSl NPOHUIIAEMOCTH. BMecTO 3TOrO MBI BHIDEKEM H3 KepHa He-
CKOJbKO MaJblX YacTedl (MHTEPBAJOB) H OlNpeleJHM [poHULae-
MOCTb KaxKAOTO W3 HuX. HabuogaeMass H3MEHUYHBOCTL  SBHTCSH
CJAEACTBHEM PAa3/JHYHMH KaK MeXKIy HCIHTYCMBIMH YacTMH KepHa,
TaK W MEXKAY YCJAOBHAMH 3KclepumeHTa. PaspaboTka MeTonos
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Pic. 2.9. Tpadux MI0THOCTH HOPMAJILHOTO PACIPELCACHHS!

OLEHKH BEJHUYHHBl OTAEJbHBIX HCTOYHHKOB H3MEHUHBOCTH — OJHa
H3 BaxHeHIINX 32434 CTATHCTHKH.

IloBropHBe H3MepeHns, MPOBOAHMElE Ha GOJBIINX BHIGOPKAX,
B3ATBHIX H3 €CTECTBEHHLIX COBOKYIHOCTeH, MAIOT BO3MOXKHOCTb 0Xd-
PaKTepu3oBath pacrnpejpeneHne 4actor. OObuHO OGoabluast YacThb
3HAUEHWH TPYNIHPYETCS OKOJO HEKOTOPOro LEHTPaJbHOro 3Haye-
HHA, OPH yJaJeHHH OT KOTOPOro 4acToTel yObBaioT. I'paduk, mpex-
CTaB/JeHHBIH Ha puc. 2.9, uMeeT OAMH MAaKCHMyM M Ha3bIBAeTCs
HODMAaJ/JbHLIM paclnpefeseHHeM. B IpUIOKEHHAX YacTo Heaaercs
AOnyLIeHUe, YTO CJyYaiHEle BEJHYHHB PaclpefeseHs HOpMadbHO,
ﬁﬂgmome CTaTHCTHYECKHE KPHTEPHH OCHOBAaHBl Ha 3TOM AOmylIe-

O6myo miaomanp, 3aKMOUEHHYI0 MeXay rpadHKOM HOpMAaJIbHO-
o pacnpelesieHns H FOPH3OHTANBLHOR OCBIO, MOXHO CUMTATH pPasb-
Hoit 1,00 (uan 100%). TlostoMy, Hcmosmb3ys rpaduk, MOMKHO BbI-
YHCJUTD BEPOATHOCTH COOTBETCTBYIOUIEro COGHITHA. UuTaTedn yie
3aMeTHJI, HABEPHOE, CXOJCTBO OJHOBEPIIMHHON HENPePHBHOH KpH-
BOH, H300paxeHHOl Ha puc. 2.9, ¢ THCTOrpaMMOl, NpeacTaBAeHHON
na puc. 2.8. OXHAKO NOCKOJBKY B CJy4ae HEMpPepLBHOTO pacmpe-
ACJIEHHS1 YHCJIO IIOApasies]eHHH IO TOPHU30HTAJNBHON OCH MOMKHO
CYHTaTh OECKOHEUHBIM, BEPOATHOCTb NOJYYEHHS! KAKOrO-AHGO KOH-
KpETHOTO SHaYeHHs paBHa Hymo. Bmecro storo mMm  paccMorpum
BEPOATHOCTL MOsBJICHHS 3HAYEHHHt B Npejesax HEKOTOPOro 3afaH-
HOro HHTepBaJa. JTa BEPOATHOCTb pPaBHa IJIOWIAAH TOJ KPHUBOH
4ACTOT, 3aKJIOYCHHOH MEXAy 3aflaHHBIMH npefenaMu. Ecuu yKa-
3aHHBIM IIPOMEXYTOK BEJHK, TO OCYIIECTBJEHHEe COGHITHS B 3TOM
IDOMEXYTKe INpEeACTaBJseTcss GoJiee npaBaonofoGHEM. Ecau uH-
TepBaJ OYeHb MaJ, TO NOSBJIEHHE COGBLITHA MaJOBEPOSTHO.

Brie 6biin BBEACHH 6e3 ONpefeseHus] 1Ba BaJKHBIX CTaTHCTH-
YECKHX TNOHATHS — «COBOKYMHOCTb> M «BbIGOPKa». COBOKYIHOCTB
COCTOHMT H3 BIIOJIHE ONpPEeNeNEeHHOr0 MHOXKECTBAa (JH60 KOHEYHOTro,
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JU60 GEeCKOHEUYHOro) 3JjeMeHTOB. Boobiie 3TH 3JEMEHTBHl  MOXKHO
paccMaTpHBaTb KakK H3MEpeHHs, BBHIMOJHEHHHe Ha 00BbeKTax 3aiaH-
HOro Tuna. BuofOopka — 3TO NMOAMHOMXKECTBO 3J/1€MEHTOB, BhIOPaHHBIX
K3 HEKOTODOH COBOKYNHOCTH.

[IpuMepoM KOHEYHO! COBOKYNHOCTH MOTYT CJYXHTb BCe HedTs-
Hble CKBaXXHHH, npobypeHHele B Kauszace B 1963 r., a Ha6op Bce-
BO3MOXHEIX WH(OB necyaHuka TaHcaum — npuMepoM GeckoHed-
HOH TeOJNIOTHYECKOH COBOKYIHOCTH. 3aMeTHM, YTO B IOCJAEIHEM NpH-
Mepe COBOKYNMHOCTBh BKJIOYaeT B ce6sa He TOJbKO OIPaHHYEHHOE
YHCJI0 HMCHBITaHHMH, KOTOpHe OBLJIM CAeNaHBl, HO TakKXKe M BCe BO3-
MOXKHBIE Pe3yJbTaThl UCHOHITaHHH. McnblTaHus, KOTOpHE OBIH AeH-
CTBHTEJBHO OCYLIECTBJEHH, MOXHO pacCMaTPpHBaTb Kak BHIOODKY
M3 COBOKYMHOCTH BCEX MOTEHUHAJbHO BO3MOXKHEIX HCHBTAHHH.

Ecan nmabaiogeHuss ¢ 3afaHHBIMH CBOHCTBAMH CHCTEMAaTHUYECKH
HCK.TI09aI0TCA H3 BLIGOPKH, TO TaKyl0 BLlOOPKY Ha3HIBAIOT CMeLUEH-
Hofi. [lpexnonoxum, HanpHMep, YTO Hac HHTepecyeT HOPHCTOCTb
JaHHOro cJjos recyaHuka. Ecau u3 BLIGODKH HCKJIIOUHTbL BCE DHIX-
JiHle U pasnapobJieHHbe MOPOMABl, TaK KakK HX MOPHCTOCTb TPYHAHO
H3MCPHUTBL, TO pE€3yAbTAT H3MeHHTCH. BeposiTHO, NMOJYy4eHHEHIH HH-
TepBaJ 3HaueHHH nopucTocTH OyJeT yceueH clipaBa, 4TO JAcT CMe-
uieHye BEIOOPKH B CTOpPOHY $oJjiee HU3KHX 3HadeHHH, M NOTOMY MBI
I10JAVYHM OLINGOUYHO 32HHXKEHHYIO OILCHKY H3MCHUHBOCTH IIOpHC-
TOCTH B CJIOE.

OO6bIuHO BLIGOPKH H3BJEKAIOTCS H3 COBOKYNHOCTH Hayaauy. DT0
3HAYUT, YTO BCE 3JEeMEHTH COBOKYINOCTH HMEIOT paBHHE BO3MOXK-
HOCTH ObITb BKJIOYEHHBIMH B BHIGOPKY. Cuyuafinass BeIGOpKa Oyner
HecMelleHHOH, H MO Mepe Bo3pacTaHud ee o0beMa OHa BymeT TOu-
Hee OIHCBHIBATL pacCMaTPHBAEMYIO COBOKYNHOCTh. K coXxaseHHIO,
110/1y4eHHe HCTHHHO CJy4aiiHOR BBIOODKM NPAKTHYECKH HEBBINOJIHH-
MO, TaK Kak NPH ONpPOOOBaHHH Te0JIOTHYeCKHX OOBEKTOB He BCe HX
yacTH A0CTyuHbl. IIpo6bl U3 rAyOHHHBIX OGDBEKTOB He UMEIT TaKoH
JKe BO3MOMKHOCTH MONAacTbh B BBIGOPKY, Kak NpoGbl H3 MOBEPXHOCT-
nplx obHa)KeHuil. 3azaya onpoboBaHuA B NOJAOOHBIX  YCJIOBHUSAX
BechbMa cJa0XkHa. B KOHLe 3TOH rJiaBH paccMaTPUBAIOTCA 3(PdeKTH,
BO3HHKAIOIIHE H3 Pa3HyuHs BHIGOPOYHBEIX CXeM, H IPOBEJEHO CpaB-
Hene nocaeadnx. OIHAKO TNpH pelIeHHH MHOMHX TeO0JIOrHYECKHX
3aj7ay aHAJH3HPYIOTCA HaHHBIE, cOOpaHHble §e3 npeaBapHUTEeJbHOIO
BLIGOPOYHOrO nJaHa. SIpKHM TOMYy NPHMEDPOM SIBASETCS HHTepIpe-
Tauus 10rpc6eHHBIX CTPYKTYP NO HAHHBIM CKBaXKHH.

CTATHCTHKH

PacnpepneseHHs HMEIOT PsAj XapaKTEePHCTHK, HalpHMep, TakHe,
Kak CpelHss TOYKa, Mepul pasdpoca H Mepbl CHMMETDHH. DTH Xa-
PAKTEDHCTHKH Ha3bIBAIOTCA NapaMeTPaMH, €CJH OHH OIHCHIBAIOT
COBOKYIHOCTH, H CTaTHCTHKaMH, €CJH OHH OTHOCATCSt K BhIOOpKaM.
CTaTHCTHKH MOXKHO HCMOJB30BAaTh MJs OLEHKH MNapaMeTpPoB He-
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Puc. 2.10. CooTHOWIEHHE MeXLY MepaMH LEHTPAJbHON TeHICHIHH B ACHMMETPHU-
HOM YacTOTHOM paclpejeneHHu

XOAHBIX COBOKYMHOCTEH M AJis HNPOBEPKH THNOTE3, cHOpPMYJHPOBaH-
HBIX OTHOCHTEJILHO 3THX COBOKYIHOCTEH.

Han6onee oueBHmaHasi XapaKTepHCTHKAa COBOKYNHOCTH HJH BHI-
GopkH — ee cpeaHee 3HadyeHHe. CyLIeCTBYIOT pa3JHYHble  BHAH
CPellHero 3HaYeHHs, HO TOJbKO HEKOTODbE M3 HHX HCHOJB3YIOTCH
Ha mpaxthke. MoJa — 3HaueHue, KOTOPOE COOTBETCTBYeT HaHGOJb-
wei yacrore. Hanpumep, B pachpeneseHdd, npuBeJeHHOM Ha
puc. 2.10, Moxa COOTBETCTBYeT HAHBLICLIEH TOYKe KPHBOI 4acTOT,
4 MeAHMaHa — CpPefHsia Touka pacnpepeenus. Ha puc. 2.10 noxa-
3aHO, YTO MOJIOBHHA IJIOIIAAH MOJA KDHBOH pacmpeiesieHusi Haxo-
AMTCA cnpaBa OT MeAHaHH, a JApyrasi NOJOBHHa — caeBa. CpenHee
3HayeHHe — 3TO, HHBIMH CJIOBaMH, cpeiHee apHdMeTHYECKoe, KO-
TOpOe OonpejessieTcss KakK CyMMa BCeX pe3ysbTaToB HabJojeHui,
AeJieHHast Ha HX YHCJO. B yc/IOBHSIX acHMMETPHYHBIX KPHBBIX pac-
IpejesieHHsl MeJAuaHa pacnoJIoXKeHa MeXIy CPeAHHM 3HaYeHHeM H
MOJIOH, a B Cjlyyae CHMMETPHUYHBIX KPHBBIX, NOJZOGHBIX HOpMaib-
HOII, Bce TPH Mephl COBIAJAIOT.

HekoTopele CUMBOJIBI TPaAMIHOHHO HCNONBL3YIOTCA B KAUCCTBE
XapaKTePHCTHK KPHUBHIX pacnpezaeneHusi, O6LIYHO A5 0603HAUEHHS
XapaKTePHCTHK TEOPETHYECKHX DACAPENeNeHHIl HCNOAb3yIOTCs Ipe-
4eckHe OYKBEI, a /151 BEIOOPOYHBIX — JaTHHCKHE. Tak, Hampumep,
BEIGOPOUHOE cpeiHee 06O3HauaeTca X, a TEOPETHUYECKOe CpejHee
3Ha4YeHHe BCEH COBOKYMHOCTH p. OCHOBHas 3afiaya OOBIYHO 32KJIO-
4aeTCA B TOM, YTOOH! OLEHHTH HEKOTOPhle NAPAMETPH H3yYaeMOro
pacnpesesienus. CTaTHCTHKA, KOTOPYIO Mbl BBIYHCJSEM IO BHOEOpKe
M3 B3ATOH COBOKYNHOCTH, HCIOJNb3yeTcss Kak OLEHKa TpefyeMoro
napamerpa. [IpHMeHeHHe IPEYECKHX M JIATHHCKHX OYKB lOZ4epKH-

BaeT pasHUULY MeEXIY IlapaMeTpaMH U COOTBETCTBYIOIIUMH HM CTa-
THCTHKaMH.
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Cpeanee apu(MeTHYeCKOe, BBHIUHCJIEHHOEe 10 AAHHHIM BLIGOPKH,
MMeeT [Ba B BBICIIEH CTEeNEHH XeJNaTeJbHHIX CBOHCTBA, KOTOpHIE
Aenalor ero GoJjee NMOJE3HBIM [JS OUEHKH CpeAHero HJH LEHTpab-
HOTO 3HaueHHs! paclupeiesieHud, ueM Jiofas H3 ABYX IAPYrHX BHI-
OOpOUHBIX XapaKTePHCTHK: MeJuaHa HJH MoJa. Bo-nepBbIX, cpel-
Hee apH(pMeTHUeCKoe SBJASETCH HCCMELICHHON OUEHKOH KCTHHHOTO
CpPefHero 3HaueHHsA COBOKYNMHOCTH. Heob6xoauMo OTMETHTb, 4YTO
CTAaTHCTHKA — 3TO HECMEUIeHHas oOIleHKa COOTBETCTBYIOUIEro napa-
MeTpa, ec/ii ee CpeiHee 3HAUEHHC, B3sATOe 110 GOJbLIOMY HAGOPY
BLIOOPOK, paBHO 3TOMY lapaMeTpy. Bo-BTOpPHIX, MOXKHO HOKa3arTh,
4TO /11 CHMMETPHUHBEIX pacnpene/ieHHil, nogoOHLIX HOPMAaJbHOMY,
cpejHee apugMeTHYECKOe XapaKkTepuayeTcss TeHHeHIUeH Jyuuero
NpUOJAHKEHHsST K CPeJHEeMy 3HAUYEHHIO COBOKYMNHOCTH, ueM Jiodas
Apyrasi HecMellleHHasi oleHKa (Takas, Kak MeJiHaHa), MOCTPOEHHAs
mo TOf Ke BbIGOpKE. DTO PaBHOCHJLHO TOMY, H4TO BLIOODOUHBIC
CpejHHe HMEIOT MEHbIIYIO JHCIEPCHIO, 4eM BbIOOPOUHBIE MEAHAHbI,
H, CJIeJ0BAaTeJLHO, ABJSIOTCA GoJiee 3 (HEKTHBHBIMHE.

B npakTHKe reOXHMHYeCKOro anaJu3a NPHHATO NPOBOAMTH ce-
pHIO onpeleseHHHl Ha onHOM obpasue. B taba. 2.1 yxkasaHo nsTh
3HAYEHHH COAEpXKAaHHS XPOMa, NOJYYeHHBIX B pe3yJbTare CHEKTPO-
rpaguueckoro aHaausa obOpasla TJAMHHCTOrO cJaHUua IeHCHJb-
BAHCKOTO BO3pacTa u3 oro-ocroyHoro Kawnsaca. Hafizure cpentee
apudMeTHYECKOe 110 5THM JaHHBIM.

Ipyras xapaxkrepucTHKa pachpeseseHus — Mepa pasbpoca oT-
ACJbHLIX 3HAYEHWH OTHOCHTENbHO CpeiHero, Hau jucnepcus. Hs-
BECTHBI pas3J/iduHbie MEpLl 3TOT0 CBOHCTBA, HO TOJLKO [Be K3 HHX
IWIHPOKO HCHoAb3yioTca. OgHa H3 HHX — YXKe YNOMsAHYTas AHCIIEp-
cusi, a JApyras — KBaJApaTHHH KOpeHL H3 AHMCIEPCHH, Ha3blBaeMLIH
CTaHAapTHEIM OTKJOHeHHeM. JucnepcHio MOXHO paccMaTpHBaTb
KaK cpelHee 3HauyeHHe KBAAPATOB OTKJOHEHHH BCeX BO3MOKHBIX
3HAUEHHH CJAYYalHOH BeJMUYMHBLI OT HCTHHHOTO CPEIHEr0o COBOKYII-

Ta6aupa 2.1
Copepxanne xpoma B ciaanuax Kaunsaca

Hoxep Comepxanue Cr, rft

205
255
195
220
235

OUP W N

CymMa 1110
CpeaHee 3HaueHHe 1110/5 = 222
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HOCTH, KOTOpas ompejensercs no dopmyJe
n
J ) 2.11
o = — 2 (X;—p) (2.11)
i=1

OTHM DaBEeHCTBOM oOmpejedsieTcss HCTHHHas QHCHEpCHA  COBO-
KynHOCTH o2, Bri6OpoyHast pucmepcusi ONpefelsieTcss CHMBOJIOM
s?. Ecau mHabmopenus X, ..., X, — cayualidasg BH6OpKa H3 COBO-
KYIIHOCTH C HOPMaJIbHEIM pacnpefeseHHeM, TO s? aBasercs sddex-
THBHOH OUEHKOH AJst of.

[TpHunHa HCIONB3OBAHHSE CPEJHEr0 3HAaueHUs KBaAPaTOB OTKJO-
HEHHH MOXKET OKa3aThCsl He COBceM OUeBHAHOH. MoxKeT mokasaThk-
csl, 4TO IeJecoobpa3Hee OXapaKTepH30BaThL H3MEHYHBOCTH INIPOCTO
KaK cpellHee 3HaueHHe OTKJOHEHHS OT CpPeIHero, Ho npocras npo-
Bepka 1TOKa3plBaeT, YTO TakKas BeJHYHHA BCErda paBHa HYyJIo,
T. €.

1 - B}

Koneuno, MOXHO OLEHHTH abGCOJMIOTHOe OTKJOHEHHE OT CpejHe-
ro, WJIH TaK Ha3blBaeMoe cpejHee OTkJOHeHue (MD):

MD:T‘EUQ—)?]. (2.13)

i=l]

BepTukasbHble YePTOUYKH 0GO3HayalOT abCoOJIOTHOe 3HaueHHe (T. €.
3HaueHHe, B3ATOe 6e3 3HaKa) 3aKJJIOUEHHOH B HHX BeJHYHMHB. On-
HaKO MOXHO [0Ka3aTh, YTO 3Ta CTATHCTHKA MeHee a(hdeKkTHBHA,
yeM BBIOOpOYHasi AucHepcHs. XOTS 3TO HHTYHTHBHO M HENOHSITHO,
HEOOXOAHMO NMOAYEPKHYTh, YTO AUCHEPCHS HMEeT CBOHCTBA, KOTODBIE:
JeNaloT ee HaMHOro Gosiee NOJIE3HOH, UeM ADYrHe Mephl H3MEeHYH-
BOCTH.

Tak Kax HucnepCHs ABJIACTCS CPeAHHM 3HAUEHHEM KBAJpaToB
OTKJOHEHHH OT CDEIHEro, TO €e pa3MePHOCTh XapaKTepU3yercs:
KBaJpaTaMH €IHHHI, KOTOPDLIMH H3MEPSJHCh HCXOJAHBIE HaGJIOxE-
Hus. Ilopoaa, HanpuMep, MOXKET CONEPXKaThb KPHCTAJMJbl NMOJEBOrG:
wnara, GoJbLINe OCH KOTODHIX HMEIOT CPEeJHIOK AauHY 13,2 MM K
aucnepenio 2,0 mM*. MHOTHe He CYHTAIOT INVIOWAAb MepOii AHCHep-
CHH AJuH. B 6OJLIUMHCTBE NPHMEPOB, I'Ae MB HMeeM AeJ0 ¢ AHC-
nepcuefi, OHa HCIOJb3YeTCs B CTaHIAPTH3HPOBAHHOM Ge3pasMep-
HOM BHZE, T. €. B BHAE, He 3aBHCAWIEM OT BLIGPAHHBLIX eJHHHIL H3-
MepeHHs. DTOT BONPOC OYAeT ewle NOAPOBHO PacCMOTPeH B AaHHOM
riaBe.

Jasi Toro 4TOGE! MOJNYYHTH CTaTHCTHKY, KOTOPas XapaKTepHay-
€T JUCNEePCHIO, HIH Pasbpoc NaHHBHIX OTHOCHTENbHO CPefHEro 3Ha-

41



t

yeHHs d o6aajmaer TOH e pPasMepHOCTHIO, YTO M HCXOAHBIE JAaH-
Hble, MOXKHO BOCIIOJIb30BaTbC CTAHAADTHBHIM OTKJOHeHHeM. OHO
OnpenessieTcss KaK KBaApaTHbIH KODeHb M3 AHCNEPCHH M 00o3Haya-
eTCsl CHMBOJIOM ¢, SIBJISIIOIIMMCSI MapaMeTPOM COBOKYIHOCTH; COOT-
BETCTBYIOLLASl BbIGOPOUHAsi CTAaTHCTHKa O00O3Hauaercs depes S.

MaJnoe 3HaueHHe CTaHAaPTHOTO OTKJIOHEHHS

yKa3bIBaeT, uYTO

HaGal0feHHs! XOPOWIO T'PYNIHPYIOTCA OKOJIO LEHTPAJbHOro 3Haue-
Husa. HaoGopot, Goabllioe cTaHAAapTHOe OTKJIOHEHHE NOKasbiBaeT,
4TO HaGJIOJEHUS HIHPOKO pacCesiHbl OTHOCHTEJIbHO CPelHero 3Haue-
HHA H HMeIOT cJ1abylo TeHJEHUHIO K LeHTPaJH3aluH. ITO MNPOHJ-
JIOCTPUPOBaHO Ha puc. 2.11, rae usobpaxeHH ABe CHMMETPHYHBIE

KpHBbIE pacnpefeseHus, HMeloiine pa3JHdHbIE

CTaHpapTHele OT-

kJoHeHusa. KpuBasi A xapakTepH3yeT HachlllieHHe HedTbIO (B NpO-
1eHTax) 00pa3LUOB KepHa H3 NPOAYKTHBHOH 30HH CEBEPO-BOCTOY-
Hoil Oxuaaxomel. Kpusag B npeacraBaseT Te XKe BEJHUHHH  AJIS
HedTeHocHOH ob6aacTu 3amamHoro Texaca. CpexHee HacCHILIEHHe
HedThI0 B THX ABYX DErHOHAX DPa3JHYHO, HO HaHOOJbLIee PadJiH-
yye MEXAY KPHUBHIMH 3aKJIOYaercs B TOM, uTo JAJs Texaca xapak-
TepHa 3HAYHTENbHO GoJiee BBICOKass H3MEHYHBOCTb HACHILEHHS.

BecbMa moJie3aHoe CBOHCTBO HOPMAaJbHOLO pacCHpeNeJeHHsi CO-
CTOMT B TOM, YTO IJIOLIaAh NOX KPHBOH B NpejelNax HEKOTOPOro
3aaHHOTO MHTEpBaja MOXKeT OBITb TOYHO BhbiukcJjeHa. Hampumep,
Gosnee 2/3 mabmonenust (68,27%) nomagailoT B HHTEPBAJ C LEHT-
pOM B CpellHEeM 3HaueHHM H IJIMHOH, PABHOH JBYM CTaHZapTHBIM
orkaoHenusiM. Ipumepro 95% Bcex HabaOAEHHE 3aKMO4UaeTCs B
uHTepBaJe OT —2 A0 +2 CTaHZAPTHHX OTKJAOHeHHH u GoJsee 99%
COJEpKHTCS B HHTepBaJe OT —3 N0 -+3 CTAaHAApPTHBIX OTKJIOHEHHH.

DT10 nokKasaHO Ha puc. 2.12.

Pacnpenenenue, yKasblBalolllee CTeNeHh HACHILEHHS He(BTHIO
nopoa cesepo-BocTounoli OknaxoMsl (cM. puc. 2.11, rpusas A),
uMmeer cpeanee sHauenue 20,1% wu craHgapTHOe OTKJOHEHHE 4,3%.
Ecau npeanoJjioXuTh, YTO paclpeiesieHHe HOPMaJbHO, TO CJeAyeT
0XKHUA4Th, YTO GKOJO 2/3 uccheayeMblx o6pas3uoB 6yaetT uMeTb Ha-
criedne HedThio oT 16 10 249%. M3ydeHne HCXOXHBIX JaHHBIX ITO-
kaszanac, yro 1145 nmpo6 xapakTepH3YIOTCH HacCHIEHHEM, KOTOpoOe
HaXOJHTC B YKa3aHHEIX NpeJesax, 4To COCTaBaser okouo 68%
Bcex HaHHBIX. Toabko 101 obpasen, T. e. okoso 6%, uMeeT Hachl-

menue BHe uHTepBana 20 (12—29%).

Te, KTO He HMeJ AeJa CO CTATHCTHUECKHM aHaJIH30M, OOLIYHO
C TPYAOM Pa3BHBAIOT HHTYHTHBHOE BOCIDHATHE UYHCJIEHHOrO 3Haye-
HHSl JQMCIEPCHH UMM CTAaHLAaPTHOTO OTKJOHEHHs. SIBJsETcS JIH JHMC-
nepcus, paBHas 10, Gonbwmofi HAH MaJsioH? UTO SHAUMT CTaHAApT-
Hoe orkJjoHeHue 23? OxasmBaercsl, AJsl HHTEPIpPETAalHH KaK HHC-
NepCHH, TaK H CTAHAAaPTHOTO OTKJOHEHHs He Tpebyercsl NPHIHCHI-
BaTh KaX[IOMYy H3 HHX YHCJEHHOrO 3HayeHHs, a Tpebyercs CpaB-
HHBaTb OJAHY AUCIEPCHIO ¢ apyro#i. BriGopka, mmeollasi HauboJb-

HIyio. JUCINEPCHIO HJH CTaHaapTHOe OTKJIOHEHHE,
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Puc. 2.11. HactorHoe pacnpeielesHe NMPOUEHTHOTO COMEPXAaHUS HACHILEHHs Hed-
110 B He(TsiHOM node Okaaxomul (A) u Texaca (B)

T T t —-)
! I o897 | : \:
-3 -2 -1 X 1 +2 +3

Puc. 2.12. Tlnowand cTaHAapTHOrO HOPMAJBHOrO paclpefieNeHHs, 3aKJIOYeHHbE B
npefesax HHTEPBANOB, KPAaTHHX CTAHLAPTHOMY OTKJIOHEHHIO

GosbluuM pa3bpocoM Hab/IOfaeMbIX 3HAYEHHH NPH  YCJOBHH, 4YTO
BCE M3MEDPeHHs CHeJNaHbl B OHUX U TeX XK€ eJHHHNAX.

Papenctso (2.11), x0Ta M onpenesisieT AMCIEPCHIO, OGHIYHO He
HCTIONIb3yeTCs ISl BBIYHC/IEHHH, TaK Kak COJAEPKHT n  onepauui
BbIYMTaHHsI, 7 — YMHOXEHHSI W f — cJOXeHHA. Bmecto 3TO# ¢op-
MYJIbl /151 BRIYHC/IEHHS] OLEHKH NHCIEPCHH HCIOJb3yercs Apyras
¢GopMyJia, KOTOpasi HMeeT CAeAYIOMWHH BHA:

n
§ X2 —nx2
== (2.14)

n—1
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st = —=! = _ (2.15)
n(n—1)

C noMOIIblo HACTOJNBHON BBIYUCJAUTENbHOH MawmuHe ZX; u 2X,?
MOXHO TNOJACYHTATh OAHOBPEMEHHO, 4YTO I[IO3BOJISIET YMCHBLIHTD
YHCJI0 TpeOyeMblX Onepanuil Ha 4HCJAO . Ha BBIYUCJHTENbHOH Ma-
wnHe Qopmyaa (2.15) Mmoxer ObiTh HCIIOJNb30BAHA JJs OJLHOBpE-
MEHHOIO HAaXOXAEHHS CDEAHero M JHCIePCHH, Y4TO MO3BOJSAET H3-
6exaTb HeOOXOIMMOCTH ABAaXKABl HCIOJL30BATL OJHH H T€ Xe JaH-
HbIE.

His BbIUHCJEHHS] OLEHOK JMCIEPCHH H CTaHLAPTHBIX OTKJIOHE-
fiHf BBeJeM HEKOTOpHIe NPOMEXKYTOYHBIE BEJNHUYHHE], KOTOPBLIE YacTo
6yAyT HCNOJb30BAaTbCA BO MHOTHX NPOLEAypax, U3jnaraeMblXx B I0-
clelylollMX rJjaBax. HeuweHtpupoBaHHass cyMMa KBaZpaTOB — 3TO
npocto £ X%, HeHTpHPOBaHHAas cyMMa kBaapaToB (SS) ompeaess-
eTcst no opmyae

n

38 = Y(X,—X) (2.16)

i=

HJIH, 4TO anreépanqecxm 3KBHBAJICHTHO,

SS = EX%-_ ‘U"X : (2.17)

i=1
Ouenky HHCTepPCHH BHYHCJAAIT NyTeM JeJeHHs 3TOH BEeJHUMHB Ha
n—I1, 1. e.
n 2

S2=n—I—ISS=n—1—1 f]X%_nL ZX’_) a

i=1 i=]

n 2

=n(n_l) 2X2 (ZXi _ (2.18)

BesuunHa n—I1, xoropas COZEPXKHTCA KaK B (opMyte (2.14),
TaKk u B popmyne (2.15), Tpeéye HEKOTOPOro MOSICHEHHS]. ,U,ncnep-
CHSl ONpejensieTcss Kak cpejHee 3HaueHHe KBaAPaTOB OTKJIOHEHHH
ot cpearero. OgHako, HMesl AeJO JHIIb ¢ BbIGOPKOH, MBE He 3HaeM
HCTHHHOIO CPEAHEro 3HAYEHHS COBOKYIHOCTH W, HO MOXeM ole-
HHUTb €70 C MOMOILBIO BHEOPOUYHOro cpenHero X, KOTOPOE BBIYHC/ISA-
ercsl Tak, 4TOOLI MHHHMH3HDPOBATH KBaLIpaTbI OTKJIOHEHHH OT Hero.

1 e
Huaue rosopsi, onepauus X = —2 iy Jaer 3HaueHHe X, s
n
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N V2
KOTOPOTO Y (X;—X)® IMeer MilHHMaNbHOE 3HaueHHe Cpean Bcex
i=1
BO3MOXKHBIX. B CHJIY 3TOro cBOHCTBA BHIOOPOUYHOrO CPelHEro oueHka
LUCcHepCHH BOyieT 3aHHKeHa, ecjld HCUO0Jab30BaTh (opmyay (2.11).
n

/

; 1 g o
HubiMn caoBamu, §* = — E (X;— X)? siBasieTcst CMeUIEHHON OLEH-
n

iZ1

n
L 2 (X;—w)®. oas Toro 4Tobul yCTpaHUTh CMelleHHe,
& i=1
MDI HCNOJb3VeM B KayecTBe 3HaMeHaTeJs B HopMyse IJs BHGODPOU-
HOH aMcrnepcuu n—I, yBeJuuuBas TakuM 00Pa3OM OLEHKY AHCHEp-
CHH.

BoiuHcjieHne 3THX BGJAHYMH MOMKHO NOKa3aTh Ha NpHMeEpe reo-
XUMHUECKHX AAHHBIX HO COAEpXKAaHHIO XpPOMa B TJAHHHCTBIX CJAQH-
uax, nprBeledHblx B Tadga. 2.1. Ilepenucar sty Tabauuy Tak, yro-
Obl OHa cojepikasa cToJ0el KBaapaToB, loayyum Taba. 2.2.

Hlonyckas, 4TO COAep:KAHMSI XpOMa pachnpefencHsl NPHOJIH3H-
TCJBHO MO HOPMAJbHOMY 3aKOHY, MOXKHO OXHAATh, UTO OKOJO ABYX
TpeTell 3uayeHHil pacnoJgoxeHo B npeienax 198—246 r/r. Axaaus
TabJaHIbLl OKA3bIBaeT, UYTO TPH 3HAYEHHHA H3 OsATH, T. e. 60%, mel-
CTBHTEJDLHO NONMAAaloT B 3TOT HHTEpBaJ.

3aMeTHM, YTO NPH BLIYHCJIEHHH CYMM KBaipaTOB TIeOXHMHYEC-
XKHX JaHHBIX TOfBJAITCA YHCJAA, COACPKAlHe CeMb 3HaKOB. JTa

Ta6auna 22

Briuncnende cyMM KBaaparoB M JucHepcHil
110 gaHHbiM Taba. 2.1

KOH gJas o=

X X2
205 42025
255 65025
195 38025
220 48 400
235 55 223
2Xi=1,110 2X2=248 700
(2X)2=1 232 100;
1232100
S5 =248 700 ——— = 2280;
5
2280
= —=570;
4
5=570=23,88.
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Ta6bnuuma 23

CopepkaHue XpOMa, HHKeJNs M BaHajaus
B caaHuax Kawnsaca, r/r

Cr Ni A

205 130 180

255 165 215

195 100 135

220 135 200

235 145 205
CymMmm 1110 675 935
Cpeanue 222 135 187
3HaYeHHA

TEHJEHIHA K BO3HHKHOBEHHIO B IpOUECCE BHIYHCJACHHS OYeHb GOJMb-
XX 4HCeJ [PHBOJHT HHOTJA K BO3HHKHOBEHHIO 3aTpPYAHEHHH B
OBM, npucnocoSjeHHbX s paboThl C UMCHAaMH, COAEPXKaLUIUMH
Maso 3HayaumHx UHAGP. DTO TaxkxkKe NPHBOAHT K BO3HHKHOBEHHIO
TPYAHOCTEH NpPH BHIBOJAE AaHHBIX, ecai nonas dopmata HELOCTATOU-
HO IHMPOKH AJf TOro, YTOOBI BMELIATb YHCJ4, KOTOPhlE HAOJIKHBI
OLHITH HameyaTaHh,

Ilass 6oMbWIMHCTBA TIeOJOIHYECKHX MCCJIEJOBAHHN XapaKTepHO,
UTO Ha KaxioM H3yyaeMoM o0bexTe H3Mepsietcst OoJiee OJHOH Ine-
pemeHHO#. B kKayecTBe npuMepoB MOXKHO IIDHBECTH pe3YJbTATh
H3MEPEHHH KOJIICKUHH KOPaJJIOB, IOCJAELOBATENHLHOCTH Npo6  H3.
psna CKBaXKMH HJH XKC ONpPeAeJNeHHUs] NapaMeTPOB MOPOL B KOJJEK-
uuH 00pasuoB necyanuka. Takue JaHHBLIE OOBIYHO 3amHCLIBAIOTCS
B BHie TabJHLLI mopsigka nXm, TAe 71— YHCJA0 HabJIoAeHHUH,
a m — 4YuCJO H3y4YaeMbIX NepeMeHHbX. Tak, HalnpuMep, HOJHBIE
aHaJNH3Bl, U3 KOTOPBIX H3BJIeYeHH AaHHHIe TabJa. 2.1, coaepxar 17
nepeMeHHbX. B Tabu. 2.3 npeacraBiieHbl TOJALKO TPH M3 HHX,
a HMEHHO cojepXaHus HHKeJs, BaHaius ¥ xpoma. Jlast Kaxkaoro
CTOJ0LA MOXKHO HOACUHTATL COOTBETCTBYIOUIHE CYMMbl ¥ OLEHHTb.
CpelHee 3HaueHHe H CTaHEApPTHOE OTKJOHEHHE.

OxHako pasJxyuHble NE€PEMEHHble MOryT He ObITh He3aBHCHMBI-
MH, MEXAy HHMH MOXKET CYUleCTBOBaThb-HeKoTopas (opMa yc/oB-
HOH CBfi3H. BakHO, 4TO MBI B COCTOSIHHH OHEHHTH NPHPOAY H CHAY
3THX YCJIOBHBIX CBS3€H, TaK XK€ KaK OBJIO BaXKHO ONpPEeJeNHTb yC-
JIOBHBIE BEPOSITHOCTH HOABJEHHS AHCKPETHHIX COGHITHH.

CorsacoBaHHOE H3MEHEHHE ABYX MnepeMeHHbIX

BoiunciuTesibHble IPOLEAYDPH], HCHOJb3yeMble IJs  NOJy4eHHs
OLIEHKH JHCIIEPCHH OAHOH NepeMeHHOH, MOXKHO  paciHpHTL AJs
BBIYHC/EHHS Mephl B3aHMHOH H3MEHYMBOCTH Naphl TepPeMeHHBIX.
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OTtHocuTEenbHAR 4wactoTa

Puc. 2.13. CoBMecTHOe BepOSTHOCTHOE paclpelelieHie IBYX He3aBHCHMBIX HOPMaJb-
HBIX CayyailHBIX BeAHYHH. X, # X2 HODMaJbHO pacnpele/eHH

Dra Mepa, HasblBaeMas KoOBapHalHeH, fBASETCS XapaKTePHCTHKOH
COBMECTHOTO H3MEHEeHMs HBYX MepeMeHHBIX 10 OTHOMIEHHIO K HX
ofuleMy cpeiHeMy 3HaueHMI0., DTO COOTHOIEHHE [IOKa3aHO Ha
puc. 2.13, rae uzobpaxeHs! HOPMEl MOBEPXHOCTEH pacHpeieseHHs
BEPOSTHOCTEH, MOPOMKJEHHBHIX ABYMSI KDHBBIMH HODMaJbHOrO pac-
npejeseHHs.

[ycte Xy B X, HMEOT KPHBHE pacnpeleeHHs BepOATHOCTEH,
aHaJorHuyHble H3oOpaxeHHHM Ha puc. 2.12. TouHo Tak XKe, Kak
IHCTIepCHS XapakTepH3yeT pa3bpoc 3HauyeHHHl OTHOCHTEJBLHO IEeHT-
paJabHOil TOUKH, KakK 3TO MOKas3aHO Ha pHc. 2.12, koBapuauus 98-
Jsercs Mepol pasbpoca 3HAYEHHH paclpesieseHHs OTHOCHTENbHO
oblero cpejiHero.

ILJIFI BBEIYHCJICHHA OLEHKH KOBapHalHH Mbl CHOBA BBeJEeM BeJH-
YUHYy, aHAJOTHYHYIO CYMMe KBaIpaTtoB. JTa BeJHYHHA Ha3HBAETCH
HEHTPHPOBAHHOA CYMMOil ¢MeIaHHbIX npousseneHuit (SP) u onpe-
neqasercs no GopmyJe

SP = DXy —X)(Xpe— X, (2.19)

i=1

tae Xi; — i-e 3HaueHue j-if nepemeHHol, a X, — i-e 3HaueHue k-i
nepeMenHoll. CuMBoa SP;, — cyMMa NpOHM3BeNeHUll LEHTPHPOBaH-
HBIX j-# H k-l nepemeHHnlX. 3anumem 310 BHpaXeHHe B (opMe,
yaOOGHOH AJISL BBIYHCJIEHHS:

Splk=2n]Xuth“-;‘ﬁXuzn]Xik- (2-20)
=1 =1

i=1
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Beanunna 3(X;;X;x) HasbiBaeTCs HELEHTPHPOBAHHOH CYyMMOH CMe-
IIaHHBIX NpousBeneHuil. CBssb BesHunmHet SPj, ¢ CyMMO#i KBaapa-
TOB MOKHO JIETKO YCTAHOBUTb, €CJH BHIODaTh [=Ek.

Torza noayuaem

SPjy = 2)(1'1'"(,-]'*%2)(,-1- Zn])(ij -

i=] i=1 i=1
n p .2

=% 2,\»%,._(2&,.) = SS;. (2.21)

i=l1 =1

Ecau MBIl BHIYMCAHM CyMMBI CMEIUAHHEIX TPOMSBENEHHH M CYM-
Mbl KBaJApaTOB AJs1 BCEX BO3MOXKHBIX KOMOHWHAUMH HalIMX Tpex
NEpEMEHHBIX H3 TalJa. 2.3, TO NONYYHM CJIEAYILLYo TabJuly no-
psaka 3X3:

' Cr l Ni \'
Cl‘ SSCr , SPC.'—-,\'I SPCr—V
Ni SPxi-cr SSwi SPui-v
v SPy_c; SPy_xi SSv

Jlerko 3aMerTuT, YTO HEKOTOpLIE H3 BEJHYHH BCTpedalnTcs B
5TOH TabJHUe ABaXKAB: HalpHMep, CyMMa IIPOM3BENEHHH AJS Ba-
Hagusl H HHKeJs TaKas iKe, KaK M CyMMa [POH3BeIeHHH AJS HHKe-
Jas8 u BaHaaus. O6o6masi 3TOT ()akT, MOXKHO HamuCaThb SPi=
=SPj. ITO PaBeHCTBO OYAET HAMH MCIOJb30BAHO B CAeAYIOLINX
rjaBax.

[Togo6Ho TOMY KaK MBI NPH BHIYHCJEHHH JHCHEePCHH  JejIHJR
BeJHYHHY SS Ha n—I1, BEIYHCIHM OUEHKY KOBapHAUHMH, TAKKe pas-
nenuB BeauuuHy SP Ha n—1:

SP 1 n 1 n n
ik
cov = = XX R X X =
e i E i E uiE. t
? ) =1

i=1 i=1

=_n(nl—l)— [n;leinzk—EXﬁinkJ, (2.22)

i=l1 i=1

Teneps, BO3Bpamasich K TeOXHMHUECKIM AaHHEIM, npfBegeH-
HbHIM B Taba. 2.3, MOXKHO BHIYHCJHTH OLEHKH KOBapHalUil [Js Bcex
Tpex sJjeMeHTOB. OGO3Hauas cOAEPKAHHA XPOMa M HHKENH COOT-
BETCTBEHHO uYepe3 Xi. H X,, MOXHO BHUHCAHTbL BeJNHUWHEI, IIpHBE-
nennble B Tas1. 2.4. Mbl 3Haem Temepp mucmepcmio X; (xpoMa) u
OLEHKy KOBapHalHH MeXay X, u X, (XpoMom u HuKeseM). ¥ Hac
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Tabauuma 2.4
BoiuMcieHHe OLEHKH KOBADHAUHA Mexnay XpoMoM (X;) u Hukedaem (X.)

X2 X XX, X2 X2
42 025 205 26 650 130 16 900
65 025 255 42075 165 27 225
38025 195 19 500 100 10 000
48400 220 29 700 13§ 18 225
55225 235 34075 145 21 025

2X,2=248700 2X,=I1110 |2X,X,=152 000 2X,=675 |ZX,?’=93375

1110) (675
SP, =152 000— %—) = 2150,
2150
covig = T = 537, 5.

€CTb TaKxe Bce HeOOXOAMMBIE NaHHBIE JJS BBIUMCJACHHS NHCIEPCHE
X, (nuxenst) no ¢opmydae 2.12. Unuratesp MOXKET HOMBITATLCS BHI-
YHCJHTL 3TO 3HaueHHe, 3aNOJHUB Tabauly mnopsika 2X2, npuse-
JEeHHYIO HHXKe.

‘ Xl l X2

Xpom (X)) ’ - 970 ’ 537,5
Huxkenr (X,) 537,5 S92

UToOH 3aKOHYHTb aHaJH3 TEOXHMHYECKHX HaHHBIX, IPHBEACH-
HbIX B TabJa. 2.3, OCTaeTCsl BBIYHCJHTbH JOMNOJHHTENLHO TPH BeJH-
YiHBL. JTO OLEHKH KOBapHalMH AJS XpoMa M BaHagus (covis),
HUKeJsl M BaHajgusi (COVp3) M OMCIepCHIO BaHaaus (S32?). Caenys
IpoueaypaM, HCHOJMB30BAHHBIM NPH NOCTPOCHHH TabJ. 2.4, BLIUHC~
JIHTE BeJHUYHHY (COVy3).

Ha puc. 2.14 mpusenena guarpaMMa COBMECTHOTO pacmpegese-
HHUSi ABYX NEpEeMEHHBIX, KOTOPhle TeCHO CBSI3aHBl U HMEIOT A0BOJIb-
HO BBICOKOE 3HaueHHE KOBapHaUuH. PacnpejeseHHs ABYX mepeMeH-
HBIX, H3006paxeHHBle Ha pHC. 2.15, HMEIOT Te Xe AUCIEPCHH, UTO H
NpHBeJeHHEe Ha pHC. 2.14, HO He 3aBUCAT OLHO OT JIPYroro, O ueM.
CBHAETEJIbCTBYET OTHOCHTEJILHO HHM3KOE 3HaUeHHe KOBapHalHH.
Hntepnperauus 3sHaueHHi OLEHOK KOBapHalUMH JOJI)KHa IpOBO-
AHTBCS TaKHM 2Ke 00pasoM, Kak M AUCIEPCHH, HO NpPH 3TOM CJeiy-
€T NOMHHTb, YTO pacCMaTpHBaeMble 3HaYEHHS He CJHIIKOM cCOlep-
KATCJbHB, TAaK KaK OHH 3aBHCAT OT €JHHHII H3MepeHHS.
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Puc. 2.14. JuarpaMma pacCesHus ABYX MEpPEeMEHHHX C BBICCKHM KOI(D(HUIHEHTOM
KOBapiaiuH

W7 T T T T T

Puc. 2.15. {narpamMMa paccesiHusi AByX NEPEMEHHHIX C HM3KHM KO3hQHUUHEHTOM KO-
BapHaIHH

JIns OueHKH CTENEHH B3aHMHOH CBfi3H MeX1y NepeMeHHLIMH,.
He 3aBHcAllell OT €AHMHHIl H3MEpEHHs, HCNOJb3yeTcsl KO3(pGhHUHEHT
KOppPeJSILIHH 7, KOTOPHIH IpeicTaBiisieT cOGOH OTHOLIEHHe KOBapHa-:
LUK ABYX NEPeMEHHBIX K NPOHU3BEAEHHIO HX CTAHAaDTHHIX OTKJIOHE-
HHH: _

Tip = COVy,/(S5S). (2.23)

Tak Kak KO3(pPHUHEHT KOPPeJsUUH SIBJISETCS OTHOIICHHeM, TO-
3Ta BeJHuHHa GespasMmepHas. llpu 3TOM KOBapHallis MOXET pap-
HATbCS BeJHYHHE NPOH3BENEHHs CTaHAAPTHHIX OTKJIOHEHH{ pac--
CcMaTPHBAEMbIX NEPEMEHHBIX, HO He MOXEeT NpeBulilaTth ee. [Jo3To-
My KO3(Q(HUHEHT KOPPENsiHH NpPHHHMAeT 3HAYeHUs B HHTepBaJe-
or —1 no +1. Ecan kosdpduumuenr koppeasuun paseH -1, 3710
yKa3blBaeT Ha NPSMYIO JIMHHEHHYIO CB3b MEXAY ABYMs NepeMeH-
HEIMH. Eciin xe koadduuneHT KOppesisiluH paBeH — 1, 5TO yKas3H-
BaeT Ha TO, YTO OJHA INePEMEHHAst H3MEHSeTCS] B NPOTHBOMOJMNONK--
HOM HaNpaBJIeHHH IO OTHOIIEHHIO K ApYrod. Mexay aByMms yno-
MSHYTBIMH KDaHHHMH CJyYasiMH HaXOAMTCS CHEKTP MeHee CHJbHBIX.
CcBA3eH, BKMIOYAIOWMA Cilydyall paBeHCTBa KO5(p(HLHEHTa Koppess-
LUHH HYJIO0, YTO YKa3plBaeT Ha MOJHOE OTCYTCTBHE JIOOOro THIIA:
JHHEHHBIX 3aBHCHMOCTE!.

Ha puc. 2.16, a nzobpaxeHa cuTyalus, KOLAa CHJbHAS Koppe-
JALHS MEXAY INePEeMEHHbIMH OUYeBHAHA H KOI(QOHUHUEHT KOppess-

X, @ X, 6 X 8
° 2
L] L ] [ ] L ]
.
oo L4
L o0 o .
° . .
. . . ®
[ ] L ]
. .
° . .
X, X
r =098 ' r=0,54 ! r=0,16 %
Xz 2 XZ a XZ e
® ]
° ® hd
¢ o b .
®0 & 006 ¢ 00 0
° .
¢ o o
. ° .
L] ° L ]
[ ]
X, /\’1
r=-0,90 r e onpegesneHo r=20,00

Puc. 2.16. Toueynnie AnarpaMMHl, RIOCTPHPYIOLUIHE Pa3NuuHble KO3QQPHIHEHTH KOp—
PEJNIALHH MeXAY ABYMS IEpeMeHHBIMH
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uuu noutH paseH -+1,00. MeHee siBHas koppenaalus H3oGpaxKeHa
Ha puc. 2.16,6. B stomM caydae KoappHUHEHT KOpPeJAUHH paBeH
Tonpko +0,54. Ilonoxkenne Toyexk Ha puc. 2.16, 8 onpenesneHo 1o
TabJHlle CAyYaHHBIX YHCEN, H MOITOMY 3laueHHs ABYX NePEeMeHHBIX
COBCEM He HMeIOT CBA3H APYr C JPYIOM, O yYeM CBHJETeJNbCTBYET
KoshpHUHEHT Koppeasuuy, 6auskuil x Hymo. OTrpuuarejpHas Kop-
peJsilMOHHaA 3aBHCHMOCTb C KO(DGHHUHEHTOM KOppeJslHH, paB-
#piM —0,90, usobpakeHa Ha puc. 2.16, e, KOTOpLI HJIIOCTPHPYET
TOT caydyaifl, KOTfAa OjfHa NepeMeHHasl yMeHbllaeTcsd, B TO BpeMs
Kak Apyras yBesiuyuBaercs. VIHTepecHbl#l npefe]bHBIH caydal
npeacraBiaed Ha puc. 2.16,0: ogHa nepeMeHHast MHBapHaHTa, T. €.
ee 3HaueHHS He H3MeHsoTcd., IlONBEITKA BBIYHCAHTHL KO3(DQHUHEHT
KOPPEeJsIIHH NPHBOAHT K HEOOXOAMMOCTH JeJeHHs Ha HYJb, B 3TOM
caydae Kos3QHUHEHT KOppeJslud He onpepened. B npumepe,
u3obpaKeHHoM Ha puc. 2.16, e, oueBHAHa B3aHMHAsl 3aBHCHMOCTD
Mex<qy AByMsl nepeMeHHbeIMH. Habmoaenns X; 0 X pacnosioxeHb!
Ha OKPY/KHOCTH, II0O3TOMY COOTHOLICHHE MeXAy ABYMS IepeMeHHbI-
MH MOZKHO NpeJCTaBHTh B BUIE

Xs :]/_a2___X12

B IPELNOJOXKEeHHH, UTO IEHTPOM OKPYKHOCTH fBJSIETCS Hadalo
koopauHaTt. Panuyc okpyxHOCTH paBeH a. OfHaKO eCJH BHIYHCIHTH
Koppeasiuuio Mexay X; u X, OHa OKaxercsi PaBHOH HyJ 0. 3TO
IPOUCXOIUT IIOTOMY, 4TO KO3(p(DHIHEHT KOppeJslHH eCTh Mepa JH-
HeliHOfl 3aBHCHMOCTH MEXKAY JABYMs MNEepPeMEeHHLIMH, a YKa3aHHOoe
COOTHOWEHKHe HeaHnHeHHo. CyllecTByeT MHOIO BO3MOMXKHBIX  HEJIH-
HEMHBIX COOTHOLIEHHH, KOTOpLIE MOTYT BO3HHKHYTb MEXNy ABYMS
nepeMeHHbIMH. B nomoGHOH cuTyauHH KO3(QQOHIHEHT KOpPeJsiun
HeJb3sl CUHTAThb YIOBJCTBODHTEJLHON Mepofi CTemeHH TaKHX 3aBH-
cuMmocTeil.

Ha npakruke BE6OpOUHBIH KO3(Q(HINEHT KOppeNsSUHH 7 BHYMC-
Jgsetrcst no dopmyae

_ P
/85,88,

n 1 n . n
DX Xu—— | 3 Xiy inkj

=1 =] i=1 ’

= n 1 n 2 n 1 n
‘/ XY —— EXu)} 2% = DX

i=1 i=1} 1==1 i=l1

r

—. (2.24)

Tak Kak r u3MepsieT JiHHeHHOe COOTHOLIGHHE MEXAy ABYMs Ie-
PEMEHHLIMH, MOXHO ONpeeNHTh NPAMYIO JIHHHIO, XapaKTepH3yIo-
IyI0 3aBHCHMOCTb MEXJYy HHMH. DTO BaXKHBIH BONPOC CTaTHCTHYE-
CKOT0 KOPPEJSUHOHHOTO M PerpecCHOHHOr0 aHaJu3a, SBJAILIErocs
OCHOBOH G6OJIbIIHHCTBA METOAOB AaNIPOKCHMalUHH IIOBEPXHOCTeR.
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Ta6anuuna 25

Pa3smMepsl pakoBuH Gpaxuonop,
popa Composita, Mm

Hnuua Wupuna

——
]~ W Co
OO0 OO

HeranbHo 3TOT BOMpoc OyAeT paccMOTPeH B CJACAYIOLIHX TIJaBax,
a 34ecb MBl OCTAHOBHMCH Ha IIpOLleJype BLIUHCJEHHS BEJHUHHHL 7.

[Ipn OGHOMNOrHYECKHX HCCJACAOBAHHAX O0OBIYHO Habmogaercs
CHJIbHAs KOppeJsilHs CBOHCTB B mpelesax OLHON GHONOrHYECKOH
IPYNOE OPraHH3MOB, TaK KaK pe3yJbTATH H3MEPEHHS OTIeJbHLIX
XapaKTEPHCTHK B 3HAUHTENBHOH CTENEeHH 3aBHCAT OT OOIMX pas-
MepoB ocobu. Tak, HanpuMmep, B Ta6.1. 2.5 NpHBEAEHH Pe3yJAbTATH
N3MEpeHHus AJMHBI M WHDHHB pakoBUH Opaxuomon poma Compo-
sita. Kaxk JerKo yCTaHOBHTb, HMEETCSI CHJIbHAS CBSI3b MEXAY STHMH
JByMSl XapaxXTepHCTHKaMH, O YeM CBHJETEIbCTBYET BBIUHCJIEHHOE
3HayeHye BHIOOPOUHOTO KO3(hdulHeHTa KOppeaAnHH.

Hns BbIYHCIEHHS OLEHKH KO03()(UUHEHTa KOPPEJIUHH MEXKAY
ABYMS CTOI0HAaMH H3MEPEHHH [OJACYHTAEM COOTBETCTBYIOLIHE KBAal-
paThl H CMellaHHble NMPou3BeAeHHs. DTo cpenado B tabia. 2.6, rue
X1 — nauna, X, — wupuHa. Kosdduuuedr koppeisiuus, paBHBHIH
0,99, okaspiBaeTcsl OueHb BBHICOKHM, YTO IOATBEPXKIAET MOAO3PEHHE
B TOM, YTO HMeeTCs NpsiMasi CBA3b MeXAy AJHHOH W LIMPHHOH pa-
KOBHHb. CTOJb CHJIbHBIE 3aBHCHMOCTH BCTpEYalOTCS He BCETZa; B
HeHCTBHTENILHOCTH BeCbMa OGBIYHE 3aJaud, B KOTOPHIX Tpebyercs
ONpeNeNUT, CYIECTBYeT JIM XOThb KakKasd-HHGYAb KOPDEAALHS.
K sromy Bompocy MEI elne BepHeMcH.

Hapenennas koppeasuus

HexoToptie Koppensiumu MeXny NepeMeHHHIMH He OTPaXKaloT
COOTHOIWIEHHH MeX1y HUMH, HO OHH HHIYLUHDPOBaHEl ONEPalUAMU
WIH 1pe00pa3OBAHHAMH, KOTOPHIM ObLIM TNOXBEPTHYTH NepeMeH-
Hbie. JlBe HesaBucHMble CiyYafiHLle BeJMYMHBI OGBIYHO HMEIOT Hy-
JIeBYI0 Koppenauuio. OQHAKO HEKOTOPHlE ONEpaliH Haj IepeMeH-
HHIMH MOTYT NDHUBECTH K KOPPeJNSALUHH, OTAHYHOH OT HyJsA, XOTH
MEXAy HHUMH He CYLIECTBYeT HHKAaKOTO JHHEHHOrO COOTHOLIEHHSI.
CyuiecTByomue KOPPensiuun MOTYT GHTh H3MEHEHH MJH Jaxe OG-
PalleHbl TaKHMH OnepalMsiMH.
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TaGauga 2.6

Bhiyucaenye cyMMm KBaapaToB, CMeIAHHBIX NpPOH3BEHEHHH
H KoahdHuuHeHTa Koppeaauyu no JaHHbIM Taba. 2.5

- Ta6anuua 2.7

Tapust (B cM) oceil 06pasuoB raabku, co6panHoi Ha misxe,
Ocu nepeuncieHbl B NOPsiiKe H3MEpeHHA

X2 X1 X1 X, X2 X?
338,56 18,4 283,36 15,4 237,16
285,61 16,9 265,19 15,1 228,01
184,96 13,6 148,24 10,9 118,81
129,96 11,4 110,58 9,7 94,09
60,84 7,8 57,72 7,4 54,76
39,69 6,3 33,39 5,3 28,09
2X,2==1039,62 X =744 |[32X,X,=888,48 2X,=63,8 2X2=760,92
(74,4)(63,8) 97,37 3
SP,=(888,48)— — 6 =97,37. coviy— —— = 19,47.
74,4)2 63,8)2
$8,=(1039,62)— (—6—)— — 117,06, SSy=(760,92) — 228 _ g0 51
117,06 82,51
$)2= 5 =23,41. 51=V23,41=4,84. 5,2= “5—= 16,50.
So= Y/ 16,60=4,06.
19,47
T2 = 0,991.

T (4,84)(4,06)

[IpeanoaoxuM, uro 06pasisl rajbKu CAyYaliHO BHIGHPAIOTCS C
TaJIEeYHOFO 1JsiXKa M H3MepsIoTCS TPH OPTOTOHAJIbHEE OCH Ha Kaxk-
AoM u3 HHX. HHKakKHX MONBITOK M3MEPHTh CaMyl0 JJIHHHYIO HAK
CaMyl KODOTKYI0 OCb raJIbKH He NPEANPUHHMAETCH HH AJS OLHOTO:
u3 06pa3uoB. MoXHO GblIO GB NPEANOJNONKHT, YTO 3TH H3MEDEHHS:
6ynyT KoppenupoBaHbl, TaK KaK HaHOOJee BEPOSATHO, YTO GOJbIIAs:
ragpka OyIeT MMeTb GoJblIHEe pasMephl MO BCEM TpeM OCAM, a Ma-
Jasi rajibKa HaoOOpOT OyAeT HMeTb MaJbie Pa3Mephbl 110 BCeM TpeM:
0CSM.

B 71abn. 2.7 npuBeneHH 3aMephl, CcAeNaHHBE Ha KOJJEKIHH
TaJibkKH, H KOppeNAUHH MeXAy nepeMeHHHIMH. JlaHHple TakxKe
TNpeACTaBJeHb B BHIAE CKaJsApHBIX AuarpaMm Ha puc. 2.17. Ognako-
€CJIH Telepb OCH BHIOpaThb B COOTBETCTBHH C COrJIalIEHHEM — IO
ONnpe/le/IeHHIO HauOoJpllass OCb TadbKH — @, HaMMeHblIas — ¢,
cpenHss —b, To Takoe ynopsfOYeHHEe NPHUBEAET K H3MEPEHHIO KOp-
peasinuit (Taba. 2.8). D10 0CO6EHHO XOPOWIO BHAHO Ha CKaJspHOL
Anarpamme (puc. 2.17), Tak Kax Takoe onpejeNeHHe NPHBOAHT K
CMEIIEHHIO BCeX TOYEK B IIpejesiaX CEKTOpa AHArpaMMbl C YIVIOM:
45°. B cuay 3TOro Bcerja ROJIKHA CYHIECTBOBATH MOJIOXKHTEJbHAs
KOppeJIslis MeXAy JIoG0i napoil oceil, M MEXAY OTHOLICHHSIMH
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O6pasenl Ocpb 1 Ocb 2 Ocb 3
3 7 8
p 16 5 8
. 10 12 9
d 13 5 12
e 14 16 5
f 9 8 14
I 16 13 13
g 6 3 11
i 9 15 9
i 13 10 9
109 94 98

e 10,9 9,4 9,8

Koppensuun ry,1=0,279 ry3=—0,021 ry;=—0,349

IBYX ocell W Tperbhell ocvlo (Hampumep, MexXay b/a B OTHOLIEHHH K
c). #
) HaBesnenusle koppessiluy, NpHYHHAOUWIHE HauboJbllee Gecmo-
KOHCTBO, — 3TO JIOXKHBIE OTPHUATEJNbHBIE KOPPENSLUH, KOTOpbie MO~
SIBJAIOTCA B 3aMKHYTHIX MHOXECTBaxX NaHHBIX. 3aMKHYTOe MHOXe-
CTBO JAaHHBIX — 3TO TaKOe MHOXECTBO, B KOTOPOM CyMMa Bcex
TIeDEMEHHbIX, H3MEePEHHBIX Ha MHIHBHAYaJbHBIX NpEACTaBUTENSX
MHOXKecTBa, paBra 1,00 uan 100%, uro o3Hauaer, YyTO 3TH Iepe-
MEeHHble NpPEACTaBAAT cob0fi OnpeneseHHBIE NMPONOPUHH OT ILEJOo-
ro. Tax Kak cyMMa nepeMeHHBIX e€CTb (HUKCHPOBaHHOE YHCJO, TO

Ta6auuya 2.8

HAanubt (B cm) oceil 06pa3uoB ragbku, co6paHHoll Ha nasKe
(a — Haubonbwas ocb, b -~ NPOMEXKYTOUHAS OCh, ¢ — HAMMEHBIUAS OCh)

OGpasen a b ¢
a 8 7 3
b 16 8 5
c 12 10 9
d 13 12 5
e 16 14 5
f 14 9 8
g 16 13 13
h 11 6 3
t 15 9 9
I 13 10 9
CyMMH 134 98 69
Cpennue 13,4 9,8 6,9

Koppensiunu 7.5=0,597 74:=0,499 ry.=0,467
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Puc. 2.17. JumarpaMma paccesHHs AMHH ocefi (B cM) 06pasuoB ranwku, otoGpaH-

HBIX Ha raJeuHOM IIJIdXKe:

a — RCXOLHHE XaRHbie COGDAHB Hayaauy; 6 —— H3MepeHHst DACCOPTHDOBAHBI MO OCAM 4, &, ¢,
4TO HPHBENO K CMEHUIEHHIO BCeX TOUEK HHXKe JHaTOHAAH QMArpaMMhl

Cnarey

Frannt AurngpnT

Puc. 2.18. TpeyrosbHast nuarpaMMa raf¥T—aHFHAPHT—CIAHEl KdK KOMIO3ALHOH-

Has cucreMa. TOUKHM XapaKTepPH3YIOT CpeiHHe COREPKAaHHA NMOPOX BeNIHHITOHOB-

cKofl (opMauuu (nepMp), M3pMedeHHHX M3 ckBaxua B LlentpanpHoM Kausace c
uHTepBasoM 1,5 M

"yBeJHuYEHHe HOJH OIHOH NepeMeHHOH MOXKeT JIMIUb NPHBECTH K CO-
'KpallleHHIO JONH JAPYTHX NepeMeHHbIX.

B OTKpHITOM MHOXKECTBe, B KOTODOM M3MEDEHHsS He NPEeICTaB/A-
joTcsi B BHAe MPONOPIHME ABYX JHHEHHO HE3aBUCHMbIX NEPEMCHHbIX,
Gyaer CyLIeCTBOBATh KOPPEJsUHs, KOTOpad HE3HAUHMO oTJHYaeTCs -
oT Hyas. Ecin OTKPHITOE MHOMECTBO AAHHBIX 3aMKHYTH npeobpa-
30BaHKHEM H3MepeHHil B NPONOPLHMH, TO NOABATCA 1ABHO 3HAUHMBIE
oTpHLATe ] bHEIE KOPPeJIsLUH, XOTS HCXONHbIe AaHHEIE MpEICTaBJA-
An coBoil coBeplIeHHO He3aBHCHMblE NEPEeMEHHBIC. B cneunansHoM
cJyyae 3aMKHYTOH TaGauLbl JAHHBIX AJIs TPEX MEPEMEHHBIX Koppe-
JSLHA MEXIY 3aMKHYTHIMHM [eDEMEHHBIMH ONpENeJsioTCs TOJBKO
yepe3 AMCIEPCHH B COOTBETCTBHH CO CJEAYIOUIHM COOTHOLICHHEM

552 ~— (52 5,%) ) (2.25)

Iy, =
’ 25,8,

TakHe B3aHMIbe KOPPEJNSLUHH NPHCYIIH JIOOBIM Te0JOrHUYeCcKUM

IAaHHLIM, KOTOpble HaHeCeHbl Ha TPeyroJbHble AHArpaMMmbl, HalpH-

Mep, AMAarpaMMbl MECHaHHK — IJIHHA — H3BECTHAK WJH TpexdasHbie
JuarpaMMbl. ODTH oOpaTHbHC COOTHOLIEHHs JIPOUCTEKAIOT M3 TOrO
daxra, uTO [0 Mepe yBeJMYeHHs NPONOPLUMH OLHOH COCTaBJAIO-
mefi mpONMOPIHH ABYX APYFHX COCTaBJSIOIIMX JOJKHBL  YMEHb-
HIaThbCS.

Puc. 2.18 — 310 TpeyrospHas jAHarpaMma XJIODHA HATPHS —
AHTHAPHT — TJIHHA — COCTABJAIOLINX KOMIIOHEHT OCaJOYHBIX IOp-
HeIX mopox. HaHeceHHble Ha DHCYHKe TOYKH IPEACTABJSIOT 0Cal104-
‘HBI€ JINTOJOTHYECKHE NPOINOPUHH B 5-(yTOBOM HHTEpBaje COJEBOrO
yjgena XayHCOHa NepMcKOH ¢opmauun BeJsHHITOHa B CKBAaXKHHE,
npo6ypennoit Ha teppuropun LlenrpasbhHoro Kansaca. Kommosu-
¥y OBl BBIYHCJEHBI [0 pe3yabTataM f-, HEHTPOHHOrO, IJIOTHOCT-
HOI'O H aKyCTHUYECKOTO KapoTaxKa, HCHOJb3YeMOro AJA H3MepeHus
eTpodH3NYECKHX CBOHCTB HHTepBasa. Bblia npobypeHa KOHTPOJb-
‘Hasl CKBAXKHHA /5 ONpelesieHHs [OTCHUUAJbHBIX BO3MOXKHOCTEH
pa3MelieHHs paJHOAKTHBHLIX OTXOJOB.

B Ta6a. 2.9 npuBefennl KOMIO3MUMH 10 HHTEpBasIOB, HaHEeCeH-
HBIX Ha puc. 2.18. B He#l Take NpeACTaBJeHLl JUCIEPCHH Tpex
MHHEPAJNOTHYECKHX KOMIOHEHT M KODPEJSLHH, BHIYHCJEHHBE Ha
OCHOBE 3THX JHCIOEpCHi. 3aMETHM, U4TO KOBapHallui He 00g93aTesib-
Hbl [J1s1 BBIYHCJIEHHSI KOPDEeJAUHH, KakK 3T0 OBJIO HpefonpeaeseHO
AucnepcusMu 4 3()(HeKTOM 3aMKHYTOCTH.

Tak xax paHHBle ¢ MOCTOSHHBIMH CyMMaMH HauGoJjiee pacrpo-
CTpaHeHbl B TeOJIOTHH, OBIJIO NPEeANpUHSATO MHOTO [OMBITOK TMpPHU-
AaTp CMBICJ CTATHCTHYECKHM cBsi3siM MexJay unuMH. Kox u JInHK
[18, 7. IT ra. 11] npuBoasT HEKOTOpOE YHC/IO CHeLHaAbHBIX CTATH-
CTHYECKUX KPHTEPHEB, INPHIOAHBLIX [Js Takux naHHblx, Ueitec [5]
HanucaJ KHHTY, NOCBALEHHYI npofJeMe 3aMKHYTOCTH. K coxaJe-
(HHIO, npejJiaraeMbie CTaTHCTHYECKHe NPOLEAYPHl HE YHHBEpCaJbHH
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n Ta6anua 2.9
. nepu;:s:gu;chx;:«u:scgaez Jl(c TO‘!HOCTbﬁ) Ro 5%) 1,5-meTpoBbix MHTepBasoB
HHrToHa B lenrpaasnom Kansace:
OUEHKH OCHOBAH
Ha NeTporpaduueckux H3MepeHusx no pe3yJabratam xapo’ra)na CKBAaXHH ™

Hnrepsan AHrAZDHT Crnaxen XnopHT HaTpus
a 75 20
b 65 30 g
‘ci 15 80 5
d 10 25 65
- 5 35 60
, 5 90 5
£ 5 85 10
’ 5 5 90
: 45 45 10
g 60 15 25
YMMH
Cpeniine 228 421(3) 222
g:::ggggue or. 832,22 962,22 1001, 11
o pap 28,25 31,02 31,64
I 1001,11 — (832,22 +962,22) 793 47
1,2= — =——— __(.44:
2.28,85-31,02 1789,85 T
. __962,22—(832,22+1001,11) 871,11
1,3= = = —(,48;
2~28,25v31,64 1787,66 T
; _832,22— (962,22+1001,11) —1131, 11
2,3 = = = 0,58
2~31,02-31,64 1962,95 T

[19, 1] u B Hacrosee BpEMsl HET BHNOJIHE YIOBJIETBOPHTENHLHOI®
MCTOLA BLIMHC/IEHHS CHJIb CBA3eH MEXKAy NepeMEeHHHIMH B 3aMKHy-
THIX MHOXECTBaxX HaHHBIX.

ITPOBEPKA TMNIOTE3bI O HOPMAJIBHOM PACNPEJNENEHHH

Ilpexne wem npogomkuts H3JI0XKEeHHE, BO3BPATHMCH HEMHOLO
Ha3al K pacClpeNe/eHHsIM YacTOT H, B YaCTHOCTH, K HOpMaJbHOM
pacnpegenenuio. EcaH BMecTo TOro uro6mi paccmfanHBaTb Buéc;}-l
RY TOJBKO H3 IIECTH 3HAYCHHH, NPEACTaBNEHHBIX B Ta6a, 2.5 ng-
MEPHTL LJIHHBI PaKOBHH OYeHb GOJIBLIOH KOJJEKHHH Com;;os.itc’z TO
MEL YBUIHM, 4TO 4aCTOTHas AHAarpaMma Gyger BBINVIANETh aHaJio-
THIHO IPaQHKy, H306paKeHHOMY Ha puc. 2.19. Cpeptemy suaue-
HHIO JJIWHEL B AaHHOM CJayyae paBHOMY 14,2 My Oynet cooTBeTCT-
BOBaTb HauOO/bliad YacTOTa, a MOCTENEHHO yh’{eﬂbmaxomnMcx H
YBEIHUHBAIOWUMCA 3HAYEHHSIM 6yAyT OTBeyaThb YMeHbLIaloLHecs
qg;;om. Ilpubausurensho age TPETH PaKOBHH NONafalT B Mpe-
gueHK:HCTepBa.na (W—S, u+s$) c enTpoM B Touke u=14,2, npuuem

TaHAAPTHOTO OTKJOHCHHS NPHGJIH3HTENAbHO paBHa 4,7 MM.
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“Puc. 2.19. TunoreTnyeckoe pacupegeenne sHaueHull aanH ocobeli poxa Compo-
sita

‘Tenepb PacCMOTPHM H3MCDEHHS! HIMDHHLI, KOTOpHIE OBLIM CAEJaHHI
npU HCCJEI0BAHHH 3TOH OueHb OOJIBIIOH KOJJNEKIHH Composita.
PacupeieaeHne 3tToro rnoxasaress no ¢opMme HanOMHHAeT pacnpe-
IeJenue IJHHB, HO ero cpeiHee 3HaueHHMe W CTaHJIapTHOE OTKJIO-
HeHie B 3TOM chayuae wHble. OHO MOXKeT BLINVIS1eTb, HaNpuMmep,
nono6Ho TpaduKy, H306paxenHoMy Ha puc. 2.20, co cpeiHHUM 3Ha-
+yenneM 10,3 MM M CTaHZAPTHBIM OTKJOHeHHeM 3,6 MM.

MoxeM M MBI CpPaBHHBATb ABa pacnpejeeHdst APYr ¢ ApY-
rom? WaMepeHHs TNpoBefeHB B OJHHX K TeX XKe eIHHUIAX, YTO
-o6jeruyaet npobJseMy CpaBHEHHS pacnupeie]eHHH MJIMHBL ¥ HIHDH-
e, O6a 3TH pacnpefeNenHs MOXHO H300pa3uTh B OJHOM H TOM
e Macwmitabe, B pe3yJAbTare yero nosyuum puc. 2.21.

KoneuHo, cpaBHeHue 6wiio 6bl npome, ecaud O6uf ofa pacnpene-
JIGHHSI UMEeNH OAHMH M TOT e LEHTpP, T. €. paBHBle CPeIHHe 3HaUe-
uus. Mbl MOXeM LEHTPHPOBATHL WX MO OTHOILUEHHIO K OOLIEMYy cpen-
HeMy 3HaueHHIO, BHIUHTAs MOAXOASIIEe YHCAO H3 BCeX 3HAUEHHH
-COBOKYMHOCTH (MaH NpuH6aBassd HEKOTOpOe UYHCJAO K 3HAYeHHSM
IpYroii COBOKYNHOCTH) TaKHM 06pa3oM, uTolbl cpenHHe OOeHX CO-
‘BOKYNHOCTeH coBmaju. BmecTo 3Toro BblYTEM COOTBETCTBYIOLEE
cpejHee 3HaueHHe H3 KaxKAOro HabJaoneHHss B KaXAOH H3 JBYX
coBoxynHocreli. Ilonyunm HoBble 3HaueHust. 310 npeobpasoBaHue
‘CABHTAeT KaxjAoe H3 pacnpeiesneHufi BAOJb TOPH3OHTAJBHOH OCH
0 Tex 1Iop, NMOKa HX IEeHTPH He coBmaayr co 3HayeHuneMm 0, ABiad-
OWHME CPeRHHM AJs 060MX npeoGpa3oBaHHHIX pacmpeneseHui,
H300paXKeHHBIX Ha puc. 2.22,

B paccmorpennoM npuMmepe Mbl  CBSI3aHB Pa3MEpPHOCTBIO pe-
3yJIbTaTOB H3MepeHHH, BHpaxeHHOH B MuJnuMerpax. Ilpu sToM
HUKaKHX npobJieM He BO3HMKAeT, eCH Ml GyleM CpaBHHBaTh pac-
npenesyieHuss AJMHB M UIMDHHBEL, HO €CJH MBI 32XOTHM CpPaBHHBATb
3TH pacnpejeseHHsl ¢ pacnpeneseHHSIMH, XapaKTepPH3VIOUIMMH Mac-
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Puc. 2.20. Tunoreruueckoe pacmpezee-

I Puc.
HAE 3HaYCHHA wupuHH ocobell poaa i apaarPaNMA paCTpeACTEHHA

3HAYEHHA AJIMHBL H IUHDHHB 0cOBel po-

c >
omposita aa Composita

1L" 4! - - ’ L J i I i | |
5 -0 -5 § S 0 mm "3 -2 —f 0 +1 +9

+3

ll:;;}.m2.§2.umpacnpeﬂe.ﬂeqﬂﬂ SHaueHnit  Puc. 2.23. PacnpegeneHus snadenuis
PHHBI qtcoﬁeu poga Com- JJHEB M LIHPHHH ocobelt poxa Compo-
posita Sita nocie CTaHIAPTH3AUHK HMEIOT Hy-
JeBoe CpefHee 3HAUCHHE W CTAHAAPTHOE
OTKJOHeHHe, paBHoe 1,0

Cy PakOBHH, TO HaM 3TO clesaTth He ypactcd. CyllecTByer JH Ka-
Koe-H60 [ONOJHHTENbHOE NpeoGpasoBaHHe, KOTOpPOe nosao.rmér
CAeJaTb HALUH pacnpejeseHuss He 3aBHCAIIMMH OT eZHHHIL H3Me-
pevus? OAHO M3 TaKHX Upe3BHIUAHHO IMOJE3HBIX npeo6pasosax;nﬁ
HasplBaeTCst CTAHNAPTH3aUMEl: B pe3yJbTaTe €ro NPHMEHEHHS HO-
z;l«eq 3HayeHHs NEePEeMEeHHBIX HMEIOT He TOJbKO HyJeBOe cpedHee
He:ﬂ;ﬂng} goﬂzzx;g;iﬂns%eg)g}rxgrgﬂni Ne[mnﬂnuax CTaHAaPTHHIX OTKJIO-
. OLLBIO
3HAUEHHs DACHPeleJeHHs M3 Ka}KJIOF(;u Ha6n§;1?1;ixﬂmn C;:Jlll:}fxgg
KaX[OU IONYYEHHOH DPa3HOCTH Ha CTaHAApTHOE OTKJOHCHHE pac-

€ ﬂ.

Zi= (X;—X)/s. (2.26)
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Ta6anua 2.10

3xaueHHs KyMYJATHBHOR (QYHKUHH pacnpeie/eHus CTaHAApTHOTO
HOPMAJIBHOTO DACMpeAeieHHs [15]

Cramasgrise | pymarun | CUBITINE | pyzaran: | TRESZS | ovuranue
OT CDEeNHErD as BepoAT- || gr cpeamero | Has BEPOAT- |k g cpemiero Has BEPOAT-
3HayeHHs HOCTB 3HAYCHHA HOCTB 3HAUCHHS HOCTB
—3,0 0,0014 —0,9 0,1841 +1,1 0,8643
—2,9 0,0019 —0,8 0,2119 —+1,2 0,8849
—2,8 0,0026 —0,7 0,2420 -+1,3 0,9032
—2,7 0,0035 —0,6 0,2743 —+1,4 0,9192
—2.6 0,0047 —0,5 0,3085 +1,5 0,9332
—2,5 0,0062 —0,4 0,3446 +1,6 0,9452
—2,4 0,0082 —0,3 0,3821 41,7 0,9554
—2,3 0,0107 —0,2 0,4207 +1,8 0,9641
—2,2 0,0139 —0,1 0,4602 +1,9 0,9713
—2,1 ¢,0179 —0,0 0,5000 +2,0 0,9773
—2,0 0,0228 -+0,0 0,5000 +2,1 0,9821
—1,9 0,0287 -+0,1 0,5398 +2,2 0,9861
—1,8 0,0359 -+0,2 0,5793 2,3 0,9893
—1,7 0,0446 +0,3 0,6179 124 0,9918
—1,6 0,0548 --0,4 0,6554 -+2,5 0,9938
—1, 0,0668 -+0,5 0,6915 2.6 0,9953
—1,4 0,0808 40,6 0,7257 -+2,7 0,9965
—1,3 0,0968 -+0,7 0,7580 -+2.8 0,9974
—1,2 0,1151 --0.,8 0,7881 +2,9 0,9987
—1,1 0,1357 —0,9 0,8159 +3,0 0,9981
—1,0 0,1587 —+1,0 0,8413

Tenepb, KaK 3TO NOKa3aHO Ha DHC. 2.23, Halld KPHBHIE 4acCTOT
pa3JHYHBIX COBOKYMHOCTEH DOAA Composita waesTHUHBL XapakTe-
DHUCTHKM CTaHLapTHOTO HOPMAJbHOIO pACHPEACACHIS OueHb XOpO-
00 H3BECTHBI, a TaGJaHIb MJOUiafed, OrpaHHYEHHBIX YKa3aHHBIMH
CerMeHTAMH KpHBOH, MOXHO HafTH TOUTH BO BCEX yuebHHKAX MO
cTaTHCTHKE, HaTMOMHHM, 4TO IUIONIAJH BbIpaXaioTcs NPAMO uyepes
BepositHoCcTH.  Mcro/ip3yss  COKpaLICHHYIO TabauLy (HanpuMmep,
ra6a. 2.10), MOXHO HaiTH MOOYI0 BEPOSTHOCTb, CBAAHHYIO co
caydaitHOH BHIOOPKOH M3 HOPMAJILHOIl COBOKYIHOCTH, 3HAUEHH: KO-
TOpOH PACHONOXKEHb B HEKOTOPOM 3aJAaHHOM HHTEpBAJE. OaHako
LJIsi 5TOFO HYXKHO 3HaTh AHCIEPCHIO COBOKYMHOCTH.

IapaiiTe cjienaeM HepeasbHOe NPEANONOKEHHE, UTO Mbl HCC.TC
J0BaJH BCIO COBOKymHocTb popa Composita. 3T0 3HAYUT, UTO MDI
3HaeM cpeliHee 3HaUeHHe IJIHH ee 3JEMEHTOB, PABHOE 14,2 MM, H HX
CTaHJapTHOE OTKJOHEHHE, DaBHOE 47 mm. Kaxosa BepOsITHOCTH
NOABJEHHs NPH CcaydaiiHom BeiGope 00pasua, MEHbIIEro 3 MM?¥
JInst mosyyenust oTBETa Ha 3TOT BONPOC NPHBEIEM 3 MM K eJHHH-
LaM CTaHAZAPTHOTO OTK/JIOHEHHA M 3aTeM OOpaTHMcs K ta6.a. 2.10:

Z = (3,0—14,2) /4,7 = —24.
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BepositHocTh nonyuenus NPEACTAaBHTENS] COBOKYNHOCTH pOAa
Lomposita, pnuua KOTODOro MeHblIe — 2,4 CTaHAAPTHHIX OTKJOHE-
HHH, €CTb KYMyJsATHBHAsS BEPOSITHOCTL B 3TOH TOUYKe: NO Hamel
Taba. 2.10 Hafizem 3HaueHHe 0,0082, koTOpoe B HEHCTBHTENBHOCTH
O4YeHb MaJjo. Temeph BuIUHCIHM BEDOSITHOCTh TOSIBJICHHS MNpeAcTa-
BHTE15, 1JHHA KOTOPOro npesuimiaer 20 M.

CHoBa Tpebyemyio BeNHYHBY 1peobpasyeM B CTaHIapTHYIO
HOPMaabHYO dopMmy:

Z = (20,0 — 14,2) /4,7 = 1,2.
Tax xak cymmapnas miomans NMOA KPHBOH HOPMAaJbHOLO pacrpe-
zeJacnus paBHa 1,00, To BepoarHocTh NOJIyYeHHS] BEJHYHHB! X, paB-
HOH uan Goabuiesr 1,2 CTAHAAPTHLIX OTKJOHEeHMH, T. €. 6ojblue,

deM cpeinee, paBHa pasHoctn 1,00 u KyMyJsTHBHON BEDOSATHOCTH
TIONy9EHHst SHAYEHHH, He NPEBOCXOMSILUX 1,2. Uuaue roBOp S,

Plx>12) =1,0—P(x< 1,2).
Taba. 2.10 nacr Ham KyMyJsTHBHEE BEPOSITHOCTH BIJIOTH A0 1,2,
H BbRIYHTaeMas BEPOSITHOCTL paBHa 0,8849, [Tostomy BepoaTHOCTD
nossaennst ocobeit Composita anunuee 20 MM paBHa 1,0000 —
0,8849=—0,1151, uan HemHOTHM Goubile onHOH aecaroll. Teneps
BEITHCJHM BEPOATHOCTDL CJYYaHHOrO BLIGOpa Composita, nnuua

KOTOPO# nonanaer B uHTepsas ot 15 10 20 Mm:
A 15 MM

Z = (15,0 —14,2)/4,7~0,2,
aas 20 MM
Z= (20,0 —14,2)/4,7 ~ 1,2
P(x < 1,2) =0,8849,
P(x <0,2) = 0,5793,
P(0,2 <x<1,2) =0,3056,

T. €. TNPUMEPHO OAHA TPeTh 06PA3LUOB NONAKAET B 3ayaHHEI HHTep-
Ba.

’

LHenrpanbhan npepenpuas TeopemMa

B sTom npuwmepe npeanonaramocs, uto BHOOpKa GblIa chenana
H3 HODMaJLHO pacmpejeseHHON COBOKYMHOCTH. K COXaJIeHHIO, MM
OCBIYHO He 3HaeM, KaKOH BHI HMeer pacnpenesienue, u  HHorza
TNIOJ03DEBAEM, YTO OHO 3HAYHTEJNBLHO OTJHYAETCH OT HOPMaJIbHOTr 0.
Hs sroro me caeayer, uro HOpMaJibHOe pacnpenesieHyue Gecroes-
HO, TaK KaK HMeeT MeCTO 3aMeuaTeJbHas UeHTpaJbHasg Npelesb-
Hasi teopeMa. OHa yTBepxJaer, 4TO0 ecuu BEIGODKH  H3BJIEYeHB
CJy4alHO M3 JIIOGOH COBOKYMHOCTH, TO CPelHHe, BEIYHCIEHHBIE OJs
STHX JaHHBIX, 2 HMEHHO BHIGODOUHEIE CpefHHe, SBJIOTCSH cayyai-

G2

Bhifopra I oo )?1__ °
Buiopka 2 o — Xy————o———>
Beibopka 3 o—o————o—X, o

Puc. 2.24. Tpu BbIGOPKH M3 NATH Habaw0eHHl, B3ATEHE Haylauy na;oaogy:gocqr:
¢ U.-ot'Spalsnm.\x pacmpedeneneM. CpelHHe 3HaueHHi BHGOpoX obosHaue

pe3 X

HHIMH BeJIHYHHAMH, pacnpeﬂeéneﬂne Kng}g;Ix CTPeMHTCA K HOp-
H yBeJHYeHHH 06beMa BHIGODKH. .

Manﬁggrgaggﬂai npejesbHas TeOpeMa KaXercs Ha NepBHH Bgmgf:
He BIIOJHE MOHATHOH; TPYAHO INOHSThH, TMOYEMY CpEAHHE BhI 60pa3-
JTOJKHB NOAYHHATHCH HOPMAJIbHOMY paclpeieseHHIo, ecld o Ena
b GHJH BHIGPAHE H3 COBOKYIHOCTH COBEPIIEHHO Apyroro T na.
OnxHako MOJIeJNHpOBaHHe I03BoJsieT yOeIMTbC B TOM, qT(:) o
TeOpeMa Ha CaMOM jele BepHa. IIPeAnoNoXHuM, YTO Mbl Hp.nutmoe
A¥M BHIGODKY H3 COBOKYMNHOCTH, HMeMOUleH COBEpLIEHHO OTTO oe
OT HOpMaJibHOTO pacnpejeneHus U-o6pa3HOro Bupaa, Kak 36mo o
KazaHo Ha puc. 2.24. Bojbmias 4acTb HHIMBHAYaAbHBIX Ha euﬁﬁ
HHI B BHIGOpKe OyneT NoJydeHa H3 JABYX KpaeB pacnpenenc en:
KOTOpHIE COJEpIKAaT MUK COBOKyMHocTH. Korana sTH sHaueHHS y6p )
HAIOTCSI C LEJbl0 HaXOXaeHMs1 cpejHero apudmerHueckoro, 60Jb
UIHe 3HAYeHHUsl [OramalTcs HU3KHMH 3HAUEHHSMH, B pe3yJbTaTe
nosyuaeTcst cpeiHee, 6/H3KOe K UEHTPY pacrpeseseHus. Tgnbgsblg
OueHb DEIKHX OOCTOfTeNbCTBAX, KOTAa BCe cayyaiHO BhIOpa
HalmoaeHusl OKaXyTcst OJH3KHME JHO0 K  BLICOKHM 3HaUYEHHSIM,
Ju60 K caMblM HH3KHM, NIPH BBIYHCJEHHH CpPeIHero Mbl NOJNYYHM
3HauyeHHe, KOTOPOe CHJIbHO OTJHYAETCST OT UEHTPAJbHOrO.

3aMeTHM, 4TO BHIGODOYHBIE CPEJHHE 3HAUeHHS KJaCTepH3YIOTCH
(coGupatorcst B myukH) BOJIM3H LEHTPaJbHOTO 3HAYEHHS T'HIOTETH-
Yeckoro pacnpegeneHds Ha pHc. 2.24. Ecam sToT 9KcnepuMeHT
NIOBTOPHTh THICAYY pa3 M 6OJblUE, TO OKaXercs, YTo BbIﬁOpO:IHb[e
cpeqnHe 6yAyT pacmnonaararbcs Hanovz106ue XOpOUIO H3BECTHOH xo-}
JI0K0JI006pa3Holl HOpMaJbHOH KpHBOH. ITo cymiecTBy, Te Xe caMbe
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Puc. 225, Pacnpeneaenue cpeanero X s Boabiuoro uucia BbHBOPOK 06bema #,
BIATHIX Haylauy H3 COBOKYHHOCTeH, ¢ paclpesesiexHeM, OTJAHYAIOUIHMCH OT HOP-
MaJIbHOrO,

ilentpasbHas npepenbuan rteopema nossonser YTBEDXKAATb, YTO pacnpefesenne X no Mepe

YBEIHUEHHA N CTPCMHTCH K HOPMadbHOMY. @ — pachmpeleNeHHs HCXOAKBIX COBOKylHOCTef,

H3 KOTOPBIX B3ATbI BLIGOPKH; 6—2 — pachpeleacHHe X N7l BBIGOPOB o6beMa n=2 (§), n=4
(8) M n=25 (2) [22]

pesysbTaTel GYAYT MOJyYeHbl, CAM HAYaTh MOYTH ¢ JHOBOro Apy-
TOr0- NCXOAHOTO pacnpeiesiens, Kak, HalnpHMep, H306pameHo Ha
pHc. 2.25, BaaToM u3 Kuury JI. JI. Jlanuna [22].

Tak xak pacmpenesneHue BEHGOPOUHBIX CPEIHHX CTPeMHTCA K
HOpPMaJbLHOMY, TO €ro MOXHO ONMHCAaTh TOJNBKO [BYMS CTaTHCTHKA-
MH — CpeIHHM u aucnepcued. Kak Teoperdueckoe, Taxk u SMIIHPH-
4ECKOe HCCJIC10BAHHA MOKA3HIBAIOT, YTO CpeAHee 3HAYEHHE BEIGO-
POUHBIX CDEIHHX DABHO CPe/HEMY COBOKYIHOCTH, T. e. X% =p. Huc-
nepcHs BHIGOPOUHOH cpeaHeil paBHa AHCIIEDCHH COBOKYMHOCTH, je-
JIEHHOH Ha 00beM BBIGOPKH, Hiu s?—( =0%/n. CraHzapTHOE OTKJOHE-
HHe BBIGODOYHBIX CPeHHX €CThb KBaApaTHbIH KOpeHb H3 3TOr'C YHC-
Jla H Ha3biBAETCA CTAaHAAPTHOH OWIHGKOH OLEHKH CpelHero, HJH
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TIPOCTO CTaHAapTHOH omH6KOH. OHO ONMHCHIBA€T M3MEHYHBOCTB, KO-
TOPYIO MOMKHO OXHJIAaTb OT CPeJHHX BHIOOPOK IIDH IHOBTOPHOM
caydaiiHOM BbI6Ope M3 TOH e COBOKYMHOCTH. CTaHAapTHast OLIMG-
Ka paBHa

se =V o*ln,
HAH 9KBUBAJIEHTHO
s,=0V 1/n. (2.27)

Llentpanbiast npejedbHasi TeopeMa TNO3BOJAeT  cQOPMYJTHpO-
BaTh CTaTHCTHYECKHE KDHUTEPHH, OCHOBAHHBIE Ha XapaKTEPHCTHKAX
HOPMaJbHOH KPHBOH, M NMPHMEHATh HX faxe B Tex cJyyasx, Koria
COBOKYIIHOCTb, H3 KOTOPO#l B3sita BLIOOpKa, He paclipejelieHa HoOp-
MaJbHO. IIpeanosioxHM, 4TO NaJeOHTOJIOr, KOTOPHIl 3aHMMAJCH
HccnefoBaHHeM Kosuekuun Composifa, HameJd OdYeHp  GOJBLIYIO
NIHTY, NOKPHITYI0O OpaxuonogaMu. Mckomaemble BRITISIAAT aHAaJAO-
rauno Composita, HO 110 pa3MepaM OYeHb BEJHKH, CPCIAHAS IJHHA
necatd o6pasuoB cocrapaser npuMepuo 30,0 mm. Hamomuuwm, uto
MBI «3HAeM», YTO CpelHee M CTaHIapTHOE OTKJOHEHHS COBOKYII-
sHocty Composita cOOTBETCTBEHHO paBHH npuMepHo 14,2 u 4,7 Mm.
MoxHo sm cuMTaTh, 4TO HOBas BLIGOPKA OPaXHONOZ GHlIA H3BJE-
YeHa M3 3TOH COBOKYIHOCTH?

Mb MOXeM OmpenesHTh PasHOCTL MEXAY CPeIHHM 3HAuYEHHeM
Halllel HOBOH BBIGODKM M CDPEIHHM 3HauYeHHEM COBOKYNMHOCTH. DTy
PasHOCTb 3aTeM MOXKHO CPaBHUTL C H3MEHYHBOCTBIO, KOTOPYIO MHI
OBl XOTeNH MMETb AN CPENHHX 3HaueHHH BBIGODOK, CJAy4afiHO H3-
BJICUEHHBIX C 3a[JaHHOH COBOKYNHOCTH. DTa HM3MEHUHBOCTHL 3ajaeT-
€ CTaHAAPTHOH OWHGKOA M sABJseTCs OYHKIMEH KaK AUCIepPCHH
COBOKYNHOCTH, TaK ¥ 06beMa BHGODKH.

CpaBHeHHe MeXJy pPa3HOCTBIO CPEAHHX M CTaHAAPTHOH OLIMG-
KOH MOXKHO OCYLIECTBUTDH TO CJeAyioLLell dpopMmyie

Z=2—k_ X—w (2.98)

S . _1_

n
3aMeTHM, 4TO TNpOBepsieMast CTATHCTHKA BBIYHC/SETCS TAKHM
06pasoM, YTO OHa B TOYHOCTH SKBHBAJIEHTHA KPHTEPHIO, HCIOJb-
3YyeMOMy 1/ CTaHIapTH3ALMU NepeMeHHOH (cM. ypaBHeHue 2.26).
Tlposepsiemas craticTiKa Z HOPMaJbHO paclpefeneHa co CpeNHHM
3HAYEHHEM, DABHBIM HYJIO, W CTaHAApPTHLIM OTKJIOHEHHEM, DaBHLIM
COMHHIE, €CJH BBIGOPOUHOE cpeaHee IEHCTBUTENBHO GHLIO mOJyde-
HO 17l THNOTETHYECKOH COBOKYMHOCTH. Ecan Z kpaiiie Besnko, TO
MBI BIIpaBe 3aKJIOUHTh, YTO Halla BHIGODKA He GHLIA B3ATa H3 3TOH
COBOKYNHOCTH. PopMajipHOe pellieHHe, 0IHAKO, TPEOYeT, YTOGH Mbl
YCTQHOBUJIA COOTBETCTBYIOLLYIO NPOUEAYPY AJS BHIYHCJIEHHS NPOBE-

pPseMoli CTaTHCTHKIL
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[TepBrniit war B CTaTHCTHYECKOH NpOBepKe IHNOTE3 — GOPMYJIH-
POBKa HOAXOASILIEH THIOTe3b 06 HcclenyeMoli mepemeHHo#. OGHY-
HO TaKas THIOTe3a HashiBaeTcsl HyJeBoH, oGosHayaercs Ho H, B
CYUIHOCTH, SIBJSIETCSI THMOTE30H 06 OTCYTCTBHH pasauuus. Hampi-
Mep, MOXKHO INIPEANOJIOXKHUTb, YTO JaHHAas BHIGOpKAa B3AT4 H3 COBO-
KYIHOCTH, HMelollell 3ajaHHoe cpelHee 3HayeHue. HyseBas rumo-
Te3a BrIpaxkaercs B ¢opme

Ho :py = po, (2.29¥

KOTOpast 0O3Hayaer, 4To cpejHee 3HaUCHHE W, H3y4aeMOH COBOKYMN-
HOCTH, U3 KOTOpOH OHlja B3ATa BLIOOpKA, PaBHO 3aJaHHOMY cpel-
HEMY 3HAUEHHIO.

B HameM npumepe Mbl ZOJXKHEL 6yIeM NpPEANOJNOKHTb, UTC
CpejHee 3HaYeHHE COBOKYIIHOCTH, M3 KOTOPOH GBIIH B3sITH GpaxHo-
NOAH, HAXONSUIMECs Ha IJIHTE, COBNAaAaeT CO CPeJHHM 3HAUeHHEM
coBokynHocTH pora Composita.

CoopmynupoBaB HyJeBylO THIOTE3Y, Mbl LOKHH yKasaTh H
anpTepHaTHBY K He#. [loaxonsmias ajsbTepHaTHBa B 3TOH CHTya-
UHH MOXeT ObITb CJjelylowel:

Hy: piz%po, (2.30)

T. €. 4TO CPeJlHee 3HaueHHE COBOKYNMHOCTH, M3 KOTOpO¥ Ohljia B3fTa
BbI6OpKa, He pPaBHO 3a[laHHOMY 3HAUEHHIO Wo. Temepb paccMOTpHM
npouexypsl NPOBEPKH THIOTE3 IIPH 33AaHHOM YDOBHE 3HAUHMMOCTH.
Ecau nBe nsyyaemble COBOKYNHOCTH OKaXXyTCSl Pa3JHUHBIMH, CJe-
LyeT cleNaTh BHIBOJ, YTO HCKONAeMBie OCTAaTKH OHIJIH B3ATH He M3
coBOKynHocTH popa Composita, a M3 COBOKYNHOCTH HEKOTOPOTG:
JApyroro pona.

Kak TosbKO rumoresa cHopMyJuDOBaHAa, MOXKHO Ha OCHOBAHHM
Hallero CTATHCTHYECKOTO KDHTEDHSl NPHHATH €€ HJIH  OTBEPrHYTh.
I'unoresa Takxke MOMXET OLITb HCTHHHOR HJIH JIOXKHOH. DTO NPHBO-
JUT K TOMY, YTO BO3HHUKaET YeThipe KOMOWHAIMH BO3MOMKHBIX HC-
XONOB, JBe H3 KOTODLIX UPHBOJASAT K NPAaBHJABHOMY BHIBOAY, a
ABE — K HeNmpaBHJILHOMY. JTO MOXKHO IPOHJUIIOCTPHPOBATH CJAEALY-
omuM obpasoM:

I'nnotesa sepHa Tunorcsa Hepepra

Tunoresa npuanMaercs IMpasusbHoe pemwenne Ownbka BTOPOro poja

T'unmoresa orBepraercs Ownbka nepBoro popa [TpasuabHoe pelleHne

Toabko NIpHHATHE HpaBI/IJIbHOﬁ HJH OTKJOHEHHe HeraBHJleOﬁ's
FHNoTe3bl MOXKHO CYHTAThL BEDHBIM pPCLICHHEM. Ecau HyJ/ieBad T'H-
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TI0Te3a OTBEpraercs, a Ha caMOM JeJjle OHa BepHa, TO BO3HHKAeT
omnbra, HaselBaemas ommbxoii nepsoro popa. Hao6opor, ecau
cuinbouHasl CHIOTE3a NPUHHMaETCs, TO COBeplIaercsl OmHBKa BTO-
poro poxa. Bosspamascs k Haimemy npumepy, IPOHJJIOCTPHPpYeM
BBeJIeHHble TOHATHS;

B aclicTEHTCOBHOCTH

Trnotesa Ocob# ¢ NAHTH NpPHEAJIe-
XKAT COBOKYMHOCTH

OcolH ¢ manTHE B¢ NPH-
HAANeKAT COBOKYNHOCUTH

U NIUTH=,
U IHTHIF o

ITpaBuasHOe pewenne Owubka BTOPOro poja
Ownbka nepsoro poxa ITpaBumbHOE peliletie

34€Ch «| TJIHTBI> OTHOCHTCS, KOHGUHO, K CPeIHEMY 3HAUCHHIO CO-
BOKYTIHOCTH, K KOTOPOH mpHHaAne:KaT 0co0H, COGpAHHBIE ¢ IJIHTHI.

B pacnpocrpaneRHLIX cTaTHCTHYUCCKHX MPOUELYPaX BepOSTHOCTD
NOsABJEHHs! OWKOKH IEPBOr0 poja 0003HAYAeTCs Yepes ¢ il Ha3bl-
BaeTCA YPOBHEM 3HaYMMOCTH; 3TY BEPOSTHOCTL MOXKHO 324aTh L0
DpHMeHeHHsl KPHTepHs. s Toro yTob6sl MHHHMU3HDPOBATH BEPOAT-
HOCTDL NOSABJIEHHS OWHOKM BTOPOIro poja, 3alHIeM HYJEBYIO THIO-
Te3y IIPH YCJOBHH, 4TO OHa OVACT OTKJOHeHa. Ecau ruioresa or-
KJIOHAETCA, TO BEPOSITHOCTb MOABJCHHS OIHMOKH BIOPOTO poja pas-
‘Ha HyJi0, TOr1a Kak BEPOSTHOCTDb TOSIBJEHHsI OWIMOKH IEPBOro poia
H3BECTHA, TAK KAK OHA 3a1aeTcs 3apaHee. Ecay, OAHAKO, KPHTepHH
HE NIPDHBOAMT K OTKJOHEHHIO HYJeBOll THNOTe3bl (T. €. HyJeBas THITO-
T€3a NPHHUMAETCsl), TO MOABJASCTCH HEKOTODAs BEPOATHOCTH Cje-
J1aTb OWHOKY BTOPOrO pofa. DTa BepOosSITHOCTb P, BOOOIie roBops,
HeuspecTHA. TakuM o0pasoM, ecaH THIOTe32 O DABEHCIBC CpeIHHX
-OTBEPraeTcs, MBI [esaeM BbIBOL O TOM, YTO [BE H3yYaCMBbIE COBO-
KyIHOCTH HMEIOT Pa3JIHUHbIe CpPEIHMC S3HAYEHHST U BePOSITHOCTD
TOro, 4TO NPHHATO OWHOOUHOE pemicHue, paBHa o. C apyrofi cTo-
POHbI, ecan flo He OTBepraeTcs, yTBEPIKACHHE O TOM, 4TO CPEIHHE
ABYX COBOKYNHOCTEH COBIAJAIOT, MOKET OKAa3aTbhCsH JOKHLIM C He-
M3BCCTHOH BEPOSITHOCTBIO B.

Bce cratucTHueckHe KPHTEDHH OCHOBaHH Ha IPEeANOOMKEHHH,
4TO HyJ€Bas FHIOTE3a H aJbTEePHATHBA K Hell B3aMMHO HCKIOUAIOT
APYr Apyra u BMecTe 00pasyioT NOJIHOE MHOXKECTBO coOriTuil. Tak
KaK HyJeBas THIOTE3a 3aNHUCHIBAETCA B SBHOM BHAE, TO 2JbTEpHAa-
THBA AOJ/KHA ObITh NOBOJABHO oOuieH. Ecau Hy oTBepraercsi, T0 Mbl
CYHTAEM, YTO 3aJlaHHOE COOTHOUIENHEE, ONHCHIBAEMOEe HYJIEBOH IH-
II0Te30d, He BHINOJHSIETCA. DoJjiee TOro, HCTHHHOE COOTHOIIEHHE B
STOM cayyae COAEPKHTCA B OOIUMPHOM MHOXECTBE aJIbTePHATHB,
34KJIOYEHHHIX B o0wel anbTepHaTHBE. Mbl He MOMKEM OTpelesHTh,
KAKOe H3 COOTHOIIEHMH HCTHHHO; MBI MOXKEM TOJbBKO YCiaHOBHTD,
'KaKOe H3 COOTHOIIeHHN He BLIIOJNHsAeTcs. MHoOrma B MaTemaTHue-
‘CKOH CTAaTHCTHKE NPHMEHEHHE CTATHCTHUYECKHX KPHTEDHEB N103BOJIA-
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€T FOBOPHTH 00 «ONPOBEPIKEHHH HYJIEBOIl IHIIOTE3LI» NPOTHB alib-
TEPHATHBEI O HEyCliexe OnpoBep:xKeHus. Heycmex omnpoBepxkeHus,
KOTODOMY ~ COOTBETCTBYET HCH3BECTHAs BEPOSITHOCTH TPUHATHA
OWIHGOYHOIO pEeIIEeHHs, He CAYNKHT IKBHBAJCHTOM NPHHATHSL THOO-
Te3bl. CTATHCTHYECKHC KPHTEDHH B HEKOTOPOM CMBICJAC He MOIYT
CKasaTb HaM, YTO HMEHHO HMEET MECTO, a TOJbKO MOIYT CKa3aTb,
4ero Her.

Bosepamasich K HyJeBoll ruiorese u ajJpbTepHaTHBe, ONpeiacen-
HOH Qopmynamu (2.29) u (2.30), NpeiUOJOKHM, UTO Mbi COUMM
YPOBEHb 3HAUHMOCTH (T. C. BEPOATHOCTL GIIMGKU II€PBOro pojia)
«=0,05 noaxoisAWuM 15 HAHX Lesell. MHbiMu CJOBaMH, MBI J0O-
nycKaeM BO3MOXKHOCTb HPHOJH3UTENbHO 5 pas wa 100 ucnblTaHU
OIHGOYHO OTBEPTHYTH NPOBEPSEMYIO THIIOTE3Y B cayuae, KOT4a OHA
BepHa.

[Ipeanonoxam, 4To AHCIIEPCHS COBOKYMHOCTH, N0 OTHOLICHHIO K
KOTOpOIi Belercst NPOBepka, HaMm u3BecTHA. [laseomTosor ompeje-
JHJ, 4YTO AHCHEPCHST 3HAYCHHH NJHHBLL 178 COBOKYIHNOCTH ocobeil
poxa Composita paBaa 22,1 (HaUOMHHM, Y4TO CTaHIAPTHOE OTKJAO-
HeHue Oblio 4,7). Tenepb MOXKHO (HOPMabHO 3aNHCATh CTATHCTHYE-
CKHH KPHTEPHii cAeAyIomuUM 00pasoM:

1) nycThb npoBepsieMasi THIOTE3a K aAbTEPHATHBA HMEKOT BHL

HO"P«l = Wo,
Hy:uisEpe;

2) npuHHMaeM ypOBEHb 3HauHMocTH: = 0,05;
3) BBIYHCJAEM CTATHCTHYECKUH KPHTEPHil:

(2.31)

Ecan sri6opka B3sTa Haylayy W3 HOPMAajbHOH COBOKYIHOCTH C
H3BECTHOH NUCIEPCHeH, TO CTaTHCTHUYECKHH KpuTepuit Z 6yier pac-
TIpEAEJICH HOPMAJIbHO CO CPEIHHM 3HAUCHHEM, PAaBHBIM HYJIIO, H JHC-
nepcuel, paBHOH eauHuue. Mbl NPUHSAH COTMIAIIEHHE O TOM, 9TO
HPHOIU3HTENLHO OAMH pa3 Ha 20 HCHBITaHUH JONyCKaeTcs OLIH-
OOYHOE OTKJIOHEHHE THIIOTe3H O PaBEHCTBE CPeAHHX, B TO BPEMS KaK
oHa BepHa. MHBIME caoBaM#, Mbl nmpuHHMaeM 59%-HBEA ypoBeHb
PHCKa uHJU BEPOSITHOCTh OLIHOKH NepBoro poia pasHyio 0,05. Ompe-
AeauM Ui CTAHZAapPTH30BAHHOIO HOPMAaJbHOIG paclpeieseHHs o6-
J1aCTh, 34KJIOYaONIyI0 5% njowaiy nox KpuBOH HOPMAJBHOIO pac-
npeaejedus. Dta obJjacTb HasblBaercsi KpHTHUeCKOH. Ecam Bblumc-
JIEHHOe 3HaYeHHe CTATHCTHYECKOTO KPHTeplis Ionajaer B 3Ty 06-
JIacTh, Mbl BBIHYXKJEHb! OTKJIOHHTb HYJEBYIO THIOTE3y.

Tax xak anbTepHaTHBa — NPOCTO OAHO H3 HEPABEHCTB, TO THIO-
Tesa OyNeT OTKJOHEHA, eCJH 3HAYeHHEe KPHTEPHUsl CJAHIUIKOM BEJIHKO
HJIH CJMIIKOM Majio. DTO 3HAYHT, YTO CYUIECTBYIOT TPH BO3MOKHbIE
CHTYaLHH: W1={o; M1>>Mo HJIH p;<pg. B paHHOM cayyae Hac He
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HHTEpEeCyeT pa3jinyHe MCKAY ABYMS MNOCAEAHHMMH HEDABCHCTBAMH.
Kputuueckas 06aacTb OXBaTbIBAaeT KpaiiHHe 3HaueHHs ocH abCIuCC,
npHuYeM Kaxkias nofobJacTe 3aHuMaer 2,5% mnuouwiain, orpanuyeH-
HOH KDHBOU HOPMAaJBHOIO paclipeileseHus.

Cka3aHHOe MOXKHO pPe3IOMHPOBATh CJACAYIOUIHM 00pasoM: Mbl
3HaEM XapakKTepPHCTHKH HOPMAJBHOH KPHBOH, KOTOPBIE IONYYEHBI H3
TeOpeTHYecKkux coobpakeHHil, ¥ TO3TOMY HX 3MIHDPHUYECKOE HC-
NoJIb30BaHKE BNOJHE olpaBlaHHO. EcAH AHCHEPCHST HOPMAaJIbHO
pacnpejeJeHHOH COBOKYMHOCTH M3BECTHA, TO Mbl 3HA€M TaKXKe Npo-
IEeHTHOE cojepxKaHue ocobell, pasMepsl KOTOPLIX 3aKJI0YEHH! B pa3-
JHUHbIX npenesnax (HanpuMep, ABe TpeTH ocodeli NPUXOAUTCS HA
HHTEpBaJ ¢ IICHTPOM B CpeiHeM 3HAYEHHH, HMEIOUHH JJIHHY, paB-
HYI0 ABYM CTaH/apTHBIM OTKJOHEeHHsM). Ecau ocoOH n3BJeUCHL! U3
5TOH COBOKYIHOCTH CJyUYaiHBIM 00pasoM, BepOSITHOCTH I10Jy4EHHS
BLIOODKH B 3aJ4ilHOM HHTepBajle KPHBOH pacnpejieseHns pasHa
TIOLLA/H, 3aKJAIOUYEHHOH 0] COOTBETCTBYIMOUICH 4acTblo 3TOH KpH-
Boii. Ecan BbIOOpKa B3sita U3 00J1aCTH, COOTBETCTBYIOULEH OYEHD
MaJiofi BEPOSITHOCTH, TO 3TO 3HAYHT, YTO HAIUA BbIBOpKa HE ABJs-
ercsi BHOOPKOH M3 COBOKYNHOCTH, YKa3aHHOH IIpOBEpsSeMOH THIIOTE-
300, KOTOpylo Mbl orBepraeM. OXHAKO HMEETCs HEKOTOpasi BIOJIHE
onpejeJeHHasi BePOSTHOCTb H3BJEYb BHIOOPKY H3 KPHTHUECKOH 00-
JIaCTH COBOKYIHOCTH, paBHas IJIOU[AAM 3TOH KPHUTHUYECKOH 00J1acTH.

Bosspauwasich K npuMepy posa Composita, HanHlIeM:

1) Ho:p maute = 14,2 mMu;
Hy:p naute 5= 14,2 Mu;

2) « = 0,05;
30,0 — 14,2
=T =82,
3) 4,7/1]6

Mul yxe 3HaeM, YTO THIOTE3a O PaBEHCTBE CPEAHMX OTBEpraer-
s, ecu BHIGOpPOUHOE CcpefHee JHOO CIAHIIKOM BENHKO, JHOO Ciauil-
KOM Majo. DTO IPHBOJHT K ABYCTOPOHHEMY KDHTEPHIO, MpPEACTaB-
JegHoMy Ha puc. 2.26. Kpuruyeckas objactb, KOTOpasi mo corJa-
IICHHUIO NOJKHA coiepkaTh 5Y mnuomafu HOPMaJbHOTO pacmpene-

Puc. 2.26. Kpusas mopMambHoro
PacrpeleneHuss ¢ ABYMS 3aIUTPH-
XOBAHHBIMH KPHTHYeCKHMH 06Ja-
CTSIME, OXBaTHBAIOHIUMH 5%
NJoWafH o KpHBOI

2,5%

-1,96 0 +196
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JICHHs, pacrnazaeTcs Ha XBe YaCTH, NpHYeM Kaxias H3 HHX COJep-
XKHT 2,5% obwedt nuomann. Ecau BriuucaenHoe smayenue Z Io-
Tajaer B JIEBYIO NOJOBHHY, TO Mbl J€JacM BBLIBOJ, YTO BBIGOPKA H3-
BJI€UEHa H3 COBOKYMHOCTH, MMCIOUICH MEHblIee cpejpiee 3HayeHHe,
4eM laHH4s COBOKYMHOCTh. HaoGopoT, ecau oHo nomamaeT B Ipa-
BYIO NOJIOBHHY, TO CpejHee BBIGOPOUHOI COBOKYIIHOCTH B0JbIIE, YeM
CpelHee 3aJaHHOH COBOKYNHOCTH. M3 rab.a. 2.10 Mpl Haxoamm, uto
npubausutensuo 2,5% naouiaan noi KPUBOHl HaXOJHTCS CJeBa OT
3HayeHus Z, pasHoro— 1,9, u 97,59 (100%—2,5% =97,5%) —
cnpaBa OT sHayeHHs +-1,9. Briuncsennoe snayeHue kputepus 8,2 npe-
Boimaer 1,9, u3 uero Mbl lenaeM BbBOJ, UTO CpeiHHE 3HAUEHHS
IBYX COBOKYIHOCTEH He DaBHEI MeXJy co00H, B KOJJIEKIHsS HCKO-
[IaéMBIX OCTATKOB Ha IVIHTE AOJKHA NPHHAJJEXKATb K POAY, OTJIHY-
HOMy OT poaa Composita.

Heo6xonuMo OTMETHTb Te LONyLIEHUS, KOTOPHE HCJAI0TCA npu
HCNOJIb30BAaHHM YKa3aHHOrO KpuTepus. Kputepuit Z ocHoBan Ha
HPEANONOKEHHSAX:

1) BuiGopka 6paxmonon H3BJEYEHA CAYYAHHBIM obpasowm;

2) coBokynHOCTb AMMH ocTaTkoB Composita pacnpeieneHa HOp-
MaJbHO;

3) nucnepcust AnuMH ocratkoB Composifa u3BecTHA M paBHa
22,1 MMm.

Ecan B yacTHOM mpumepe Kakoe-THGO H3 YKA3aHHBIX NPEATIOJO-
HEHHH SBJIACTCS HEOOOCHOBAHHBIM, Pe3YJbTATHl, MOJyYEHHEIE C IIPH-
MEHeHHeM Z-KDUTeDHs, MOTYT NOKA3aThCs COMHHTEJNbHBIMH. Toraa
cienyer o6paTHTbCS K APYroil npouelype NPHHATHS peUIeHHH, oc-
HOBAHHOH Ha IPEANOJOXEeHHsX, 6oJiee OTBEUAIONIUX CJAYYAIO.

3HAYUMOCTD

IIpex e yeM mMpono/iKaTh MepedeHb CTATHCTHYECKHX KDHUTEPHEB,
IOJIE3HO CHEeJaTh HECKOJbKO KOMMEHTapHEB OTHOCHTEJBHO BHIGOpa
YPOBHA 3HAYMMOCTH. Bo MHOrHX CTATHCTHYECKHX pPYKOBOJICTBAX,
B YACTHOCTH T€X, KOTODbIE KACAIOTCSI BOTNPOCOB CEJALCKOTO XO3AHCT-
Ba WJH NPOMBIIIICHHOIO KOHTPOJIST KayecTsa, B NPHMEPax H V-
PaXKHEHHSIX OOLIUHO HCMOJB3YIOTCS YPOBHH 3HAYHMOCTH ONHH K
aBanuatd (o=0,05) wmu omun x ThicAYe (0=0,001). Kasasoco,
YTO TOAOOHASI MPaKTHKa MorJaa OB NOMOYb OBOCHOBATH LEJECO0s-
pasHOCTh TAKOTO BhIOOpa, 0AHAKO 3T0 He Tak. OnpeheseHue ypoB-
HSI 3HaYHUMOCTH HaXOZHMTCH LEJHKOM B KOMIIETCHIHMH HCCJEZOBaTE-
Jst, OH LOJIKECH DELIHTb, KAKOH PHCK NMPH OTKJIOHEHHH HCTHHHON TH-
NOTE3kl SABJSETCS LONYCTHMBIM,

B reosiorHE MBI YacTO HMeeM AeJ0 C OBCTOSATCABCTBAMU GOJb-
0§l HEONMPEeJEJEHHOCTH, M KaXKeTCsi Maji0 PEeasbHBIM, 4TO MBI MO-
XeM N03BOJIHTh cebe chenaTh OWHOGKY TOJALKO B OZHOM CJAyYae H3
THICAYH HJH [axe B OLHOM clyyae H3 fABajuaTd. Ecau BeGparb
OYeHb CTECHHTE/IbHbIE YDOBHH 3HAUMMOCTH, MBI YBHIHM, 4TO HY.e-
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HD: NPOrHO3 — NYCThie CHKBAKNHLL
H, NporHo3-npofyKTHUBHLIE CHKBAMMUHbLL

1
6

Puc. 2.27. PacnpeneneHHe CTAaTUCTHYECKOrO KPHTEPHS ¢ KDHTHYECKOH 00/1aCThiO,
onpeesomlesi OTKJAOHeHHe THNOTE3Hl O TOM, YTO pasBeaka Oe3pesysbTaTHa:

a — KDHTHUecKass o6lacTb AJAs YDOBHA 3HauYHMoOcTH =003 6—1cpnmqec’xaﬂ o6aacTs AR

a=0,40. / 1 I’ — COOTBETCTBEHHO pEAKas W vacTas CCTH OypeuHa: 2 U 2° — COOTBETCTBEHHO

pPENKHE M YacThle OWHOKH NEpBoro poaa; 3 u 3’ — COOTBETCTBEHHO GOABLIAA H Makas BEPOAT-
HOCTH NPONYCKa 3aJiCKH

By:0 THIIOTe3y Mbl HHKOIJa He OTBeprueM, M OyleM HyXKLaThCsd BO
Bce OoablieM H OoJiblieM oObeMe JaHHBIX, KOTODHIE HE HMEeM BO3-
MOXKHOCTH NOJYUuTb. BriOupas 6onee CKpOMHBIE YDOBHH 3HAUYMMO-
CTH, MOXHO OniCTpee NPHATH K 3aKJIOUEHHIO, XOTS BePOSATHOCTH IO-
JAYYUTb OIWIKOOYHBIE BHIBOALI MOXKET OKa3aTbCsl OUEHb BBICOKOH B
CpaBHEHMH CO CTaHJapTaMH, NPHHATHIMH B ADYFHX 00JacTaX.

Ha puc. 2.27 npouamocrpupoBan 3(QQexT oT NpHHATHA pasjuy-
HBIX YPOBHEN 3HAYMMOCTH [IJ51 HEKOTOPOI'O T'HIIOTETHYECKOrO CTaTH-
CTHYECKOr0 KpUTepHsi B INpOrHose HedreHocHoctu. [IpeacraBum
cefie, 4TO KOMIAHHSI HallJia HEKOTOpble KOJHYECTBEHHLIC NEPEeMeH-
Hple, TIO3BOJIAIOLINE ONpeJeNMTh NDHOPHTETH INIpH OYpeHHH, Lelb
KOTOPOro — yOeAHTECs. B IIPABHJALHOCTH TIPOrHO3a NPOAYKTHBHOCTH
CKBaXXHH. KOoMIaHHsT NpHMEHSIET CTaTHCTHYECKHH KPHTEPDHH K 3THM
fiepeMeHHBIM ¢ I€JbI0 PEeUIHTb, INPOAOJKATb OYpPeHHE CKBaXKHHHI
HJM Jydlie OCTaBHUThL ee. HyseBas rumoresa cOCTOHT B TOM, 4TO
obpasubl B3ATH H3 COBOKYHNHOCTH O€CNepCHeKTHBHBIX OODBEKTOB;
aNbTepHATHBE COCTOHT B TOM, YTO OHH B3ATHl U3 COBOKYIHOCTH
lIepCHCKTRBHLIX NPOAYKTHBHBIX O0BEKTOB.

Ecuan cornacuThcs OpPHHATH YDPOBEHb 3HAYHMOCTH, HalpuMep
2=0,05, u HaHeCcTH ero Ha pPHCYHOK TaK, KaK 3TO CIEJaHO Ha
puc. 2.27,a, To OYeHb HEMHOTHE INIPOTHO3Ll OKaXyTCA OTJIHYAIOLIM-
MHCS OT HENepCIEeKTHBHOH HyJeBO# COBOKyNHocTH. Ecsn ke oka-
KETCs,, YTO OHH OTJHYHHE OT HEEC, TO 3TO IHOYTH HaBepHAKa Jact
OTKpbiTHEe HpH OypeHudH. KoMmaHus NOJYYHT OYCHb BHICOKOE OTHO-
LIEHHe JJAS YHCJa YCIIEXOB, HO NIPH 3TOM TNPONYCTHT MHOTO OOBEK-
TOB, KOTOpble MOTJH OBl OKa3aThCsl NPOAYKTHBHBLIMH. B HTOre xoM-
nanus 6yner peaxo OypHTb, peiko owWHOATBCS W OCTABHT MHOrO
Pe3epByapouB HEOTKPHLITHIMH.

Tenepn npeacraBum Ha puc. 2.27,8 Takol ypoBeHb 3HaUMMOCTH,
Kak a=0,40. Torga MHOrHe NPOTHO3HBIE YYaCTKH NpHIETCS OypPHTD,
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OAHAKO BEPOATHOCTb OTPHUATENBHOTO HCXO[a Oyler 3HaYHTEJbHO
Boiute. ITosarascy ma a1o npasuao npunsTus PeLIeHHs], KOMIIaHHus
Oyner yacto 6ypHTH, 4aCTO OWHOATBCS, HO H HAMHOIO MEHpIIe Hed
TH OCTAHETCs HEOTKPHITOH.

B nedranost npombinennocty paccMaTpUBAIOTCA TOCJeNCTBHUS
TMOJYICHHS OTPHUATCNBHOrO DPE3YJLTATd IPH GYPEHHH, ecin He(TD
cywecTsyer (OWHOKa BTOPOTO poja), sHAUMTENbHO uaue, yem Ho-
CACACTBHA MOJIYYEHHS I0JOXKHTEJIBHOIO pesyJibrarta npH OypeHuH
MYCTHIX CKBaxHH (ownbKa IiepBoro poga). [Ipuunna 3TOro cocTo-
HT B TOM, YTO (DHHAHCOBBIA YCIEX OHOTO GOJbLIOLO OTKPBLITHA 4a-
CTO MOKET HOKPBEITL CTOMMOCTb AECATKOB HJMH NaKe COTEH IYCTBHIX
CkBakun. OUEHKa BEPOATHOCTH ycrnexa b HeTAHOM 1IPOMbBIIIIEH-
Hoct CLUA npm Gypenun MeToioM <:AHMKON KOLIKH» paBHa nNpH-
MepHo 10%. Ecan 6bl 3TH CKBa:KUHB by npodypeHsl Ha OCHOBe
IPHUMEHCHHUST CTATHCTHYECKHX KPHTEDHCB, TO 3Ta OLENKA COOTBETCT-
B0OBa.14 Obl YPOBHIO 3HAYMMOCTH npuMepHo o =0,90.

970, BePOSITHO, KpaitHuil CJydall, HO OH NOKAa3hiB4ET, YTO yPO-
BeHb 3HAYMMOCTH CJEAYET BLIGHPATH B COOTBETCTBHY C KOHKDETHBI -
MH OGCTOSATEAbCTBAMH, IPH KOTOPBIX HCIIOJB3YETCST KPUTEpHH. 3Ha-
1CHHAsT YDOBHS ¢, OCHOBLIBAIOTCS Ha OLEHKE NOCJAeICTBHM, KOTOphIe
BOSHHKHYT, €CJIH ciesaTh OWHOKY HePBOro poxa. DTH NOCAENCTBHS
MOTYT OBIThb OCA34€MBIMH H IDPHBCCTH K norepe JeHer, BPeMeHH H
TaXKe JKH3HEH, MJHM OHH MOTYT OBITb HEOCS3AeMBIMH H NPHBOJAKTh
K ymepdy NpodecCHOHAILHON PeNyTALHH WM JHYHON rOpJOCTH.
Hias TOro 4to6bl COXPAHHTH HHTEJIEKTYaJbHYI0 Y4eCTHOCTD, UCCJe-
1OBaTe/b NOJKEeH IPHHHMATL PEUICHHST HA TPaHHLE 06JacTH pHc-
Ka 11 COOTBETCTBYIOIIHM 00pasoM BLIGHPATL YPOBEHb 3HAYHMOCTH.
BriGop yposis sHaunMocTu mocae 1posegenus NIPOBEPKH KPHTEpHS,
KOr'la pe3yJbTaThl YK€ H3BECTHBHl, — 3TO GECCTBIAHOE HCKAKECHHE
¢pakroB. IloayyeHHble Takum 00pasoM 3HaYeHUS yPOBHeil MOLYT
OTpaxiaTb JIMUIb KEJAHHE HCCJIENOBATENS TPHHATH HJAH OTKJIOHHTH
THIOTE3Y, & HEe 1aTh OECHPHCTPACTHYIO OLEHKY HMEIOIerocs pHCKa,

t-KPUTEPUN

Jas Toro 4toGbl NPHMEHHTb ONHCAHHBIH BblIIE KPHTEDHH, HYK-
HO BBIMOJIHHTBL DAL YCJHOBHH, KOTOPHE pPEXKO OCYUIeCTBHMbI Ha
npaktuke. Mol OGBIYHO HE 3HACM HCTHHHBIX 3HaueHuii napaMerpos
H3y4aeMOro pacnpeleseHs, TaK KaK He MOXKeM H3YUHTb BCCH co-
BOKYMHOCTH poia Composila, W siCHO, YTO 3TO HeJIb3Sl CAeJATh.

Tax KaK W M ¢ HEH3BECTHLI, TO JyYLIEE, UTO MOXKHO cAesaTh, —
9TO OUEHHTb MX MO BbiGOpKe. OAHAKO TaKHe OLEHKHM JOIYCKAIOT
HEKOTOPYIO CTENEHb HEONPEIeJNCHHOCTH, MO3TOMY DEUIEHHs, LIPHHH-
MaeMbie Ha X OCHOBE, HeJb3s CYMTATb TOYHBIMH.

HeonpenesenHocTs, BO3HHKAWOLUIYIO KaK CACACTBHE IPUMEHEHHS
OLEHOK, TIOCTPOEHHBIX NO BHIOOPKE, MOMKHO yY€CTb, €CJH HCMOJb30-
BaTb pacmpejeseHHe ¢ Jojee WIHPOKOH 06JaCTbIO 3HAYEHHH, yeM y
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Puc. 2.28. t-pacnpenenenue Crbio- %
feHTa z
cwo
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Mehbwe t Bonsue

HOpMaJIbHOro  pacnpeienends. OAHO H3 pachnpegescHul TaKoro
THIIa HaspiBaercsi f-pacnpenejenneM Croriogenta. OHO 1OxoyKe Ha
HOpMaJIbHOE, HO 3aBHCHT OT of0beMma B3ATOH BbIGOPKH. THIHUHAs
KpHBAs 3TOro pacnpenesieHHsi u3obpaxkena Ha puc. 2.28. dopma
KPHBOH MEHsieTCS B 3aBHCHMOCTH OT uYHcJia Habmwojiennii. Koria
UHCJIO HAGMIOJEHHH B BHIGOPKE GECKOHEUHO, TO f-paclipeieseHne
COBNIaZaeT ¢ HOPMaJbHBIM.

Crenenn cBo6Goabl

st TOro 9TOGE! TMOACUMTATL 3HAYEHHS! CTATHCTHYECKOrO KpHTE-
pHsl, HYXHO 1O BEIGOPOYHBEIM NaBHBIM OUEHHTb NapaMmeTphl H3yuae-
MOH COBOKYNHOCTH. HHTYHTHBHO KajKeTCs HEBO3MOMKHDBIM peuTh
Cpasy IBe 3alayd: OLEHHTb MapaMeTpPhl COBOKYNHOCTH M NpHMe-
HUTb KDHTEDHH, HCIOAB3YSA OHY H Ty e BLIGOPKY 6e3 KaKoii-qH60
KOMII€HCAUWH, CBA3AHHOH C ABYKPaTHHIM OOpaLIeHHeM K HMelolle-
mycst Habopy Hab/ioneHHH. B cBA3H ¢ 3THM BBOLATCH BeJAHYHUHA,
HasbipaeMasi 4UCJIOM CTeneHed cBOGOAbI, KOTOPYIO MOXKHO Onpeje-
JUTb KK DASHOCTb MEXIY YHMCJOM HabJaI0feHHH B BHIOOPKE M YHC-
JI0M TapaMeTpoB, KOTOpbie TPeGyercs OLEHHTb M0 BhIGOPOYHBIM
LaHHBIM. VIHBIMH CJIOBaMH, YMCJIO CcTeneHeii CBOGOABl — IIpeBLILIE-
HHEe yHcaa HalJJeHHH Hal YHCJAOM OLEHHBAEMBIX napamMerpon
pacnpenesierus.. Uucna creneHefi cBoGOAb 0603HAYAIOTCS rpede-
CKO#H OyKBOH v, 3TO BCeTZa LEJHE NOJOKHTEJNbHEE HHCJA.

B kauectse mpumepa paccMoTpum puc. 2.29, Ha KOTOpOM mpej-
CTaBJIEHO BHIYHCJEHHE CPEIHer0o M JHCNepcHH BhIGopkn. Cpennee

Prc. 2.29. TpencraBnenue B BHie ana-
'paMMbl MeTOna BHIYHCJEHUSA CpeaHero
H JHCIEPCHH 1O NSTH HabJIOAeHUsM,
Cpezmee X—BH‘IHCJIHQTCﬁ no BCEeM Hadill()ﬂe'
HEAM; AHCNEPCHA — NO Da3sHOCTH MEXAy Ha-

OMIORCHUAMHE K cpPemnHM. KOTXa yeThipe pas-
HOCTH HafileHMW, nATas pasHOCTh H3BECTHA
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OLUEHHMBAETCS O IATH HE3ABHCHMBLIM HaGJIONEHHSIM M NO3TOMY HMe-
eTCsi NATh cTeneHed cBoOoAbl. [lucnepcHs OLEHHBAeTcs IO IISITH
kpagparaMm pasHocrell (X—X;)2 Oanako 3aMeTdM, YTO €CJH Mbl
OlpEJeU/IH YeTHIPe H3 THX PA3HOCTEH, TO aBTOMATHUYECKH MOXKHO
BBIYHCJHTD NATYIO, TaK Kak

)T—X5=5—X—— (X1+X2—|-X3+X4).

[losToMy HMeeTcst TOJIBKO YeThipe He3aBHCHMEIX HCTOUYHHKA HHGOpP-
MAalWH, N0 KOTOPLIM BEIUHCJAETCS AHCIEPCHS.

K coxasienuo, noHsTHE CcTeneHed CBOGOAH PEAKO OOBACHIETCS
B HauyaJbHLIX Kypcax CTATHCTHKH, CKOpEe OHO NMpEJNCTAaBJAETCH KaK
OYeBHJHOE 1IPOH3BOJBHOE uHcJ0, HanpHMep n—1. OrjauyHoe odiiee
H3JI0KEHHE ITOrO BONpPOCA KaK B (HH3HYECKOM, TAK H B CTATHCTHYC-
CKOM KOHTGKCTe COJNEepXKHTCA B KHHre Yoakepa [32]. Mu Bkpar-
e 6yxeM JaJbLIC DaccMATPHBATL INPHUMHBL DPA3NHUHST YHCEJ CTe-
reHe# CBOOOAB, aCCOUHHPOBAHHBIX C DA3JHYHBIMH CTATHCTHUECKH MM
KPHTEpHSIMH II0 Mepe HX IOSIBAEHHS B TEKCTe.

Tabauup f-pacnpepesienust (u APYrHX BbIGOPOUHBIX pachpeje-
JIeHHH) HCIIOJB3YIOTCSI TOYHO TaKUM 3Ke 06pasoM, Kak M TabJHILb
KyMYJIATHBHOTO CTAaHZAPTHOTO HODMAJBHOIO pacHpefesieHus; OTJi-
UHe COCTOMT JIMIIb B TOM, 4TO [Js HaXOXIeHHs TpebyeMofi Bepo-
ATHOCTH B TabJaHle f-pacnpefesieHHs HaAO 3HaTh ABAa YHCIA: @ —
3allaHHHIH ypOBEHb 3HAYUMOCTH (BEPOSITHOCTH OIIMOKH TNEPBOTO
poda) M uHcJO cTeneHeHl cBobonu v. Tabna. 2.11 ssasietcs cogpa-
IIEHHBIM BapHAHTOM TalJMHUBl 3HayeHul f-pacmpefeneHus; OGoJee
noJpobHule TAaGJHIB MOXHO HaHTH BO MHOTHX DPYKOBOJACTBAX MO
MaTeMaTHYeCKOH CTaTHCTHKE.

Tax HasbiBaeMble {-KPDHTEDUH, KOTOPHIE OCHOBAaHHl Ha pacrnpeje-
JeHuH CTpIOLEHTA, NOJIE3HH HJsl [IPOBEPKH THIOTE3El O TOM, 4TO
LaHHasi BbIOODKA B35ITAa H3 COBOKYNHOCTH C 3aZaHHBIMH Xapakre-
PMCTHKAMH HJH K€ IJIS NPOBEPKH THIOTE3bl 06 OZHOPOAHOCTH JBYX
BHiGopok. ITpo6neMbl Takoro THHAa paccMaTpHBAIOTCS BO BBOXHBIX
Kypcax B MaTeMaTHYECKYI0 CTATHCTHKY H SIBJISIOTCS OCHOBHEIMH B
KCIIEPHMEHTAJbHBIX HAayKax H B 00JacTH KOHTPOJS KauecTBa IIpo-
LYKUMH,

[TycTs, HanpHMep, HYXHO IPOBEPHTh THIIOTE3Y, 3aKJIOYAIOULYIO-
Cs B TOM, 4TO psii 06pasyoB mecuaHHKa TCHCJHI, pPe3ynbTaThl aHa-
JM30B KOTOPHIX TNpHBeNeHH B Tabu. 2.12, B3AT H3 COBOKYIHOCTH,
HMelolel cpeqHol0 nopucrocTs Goaee 18%. Honycrus, uro o6pas-
upl GbIAH B3ATH Hayladyy H3 HODMAJbHOH COBOKYNHOCTH, BHIYHC-
JIUM f-KDUTEepHii:

o X—py  X— :
t = n = Vi (2.32)

rae X —cpenHee apH@MeTHUeCKoe, BBIUHCJIEHHOE MO AAHHBIM BHI-
GOPKH; Mo — THIIOTETHYeCKOe cpelHee, pasHoe 18%; n—ducao
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Ta6auua 2.11

Kputuueckue 3HAauYeHHS [-KDHTEPHS npu v CTeneHAX CBOOOXB
W 3ajJaHHOM ypoBHe 3HaukmocTH [17]

¥poserh 3HAaYHMOCTH, &, %
' 1o | s 2,5 1 | o | 0
1 3,078 6,314 12,706 31,821 63,657 318,310
2 1,886 2,920 4,303 6,965 9,925 22,327
3 1,638 2,353 3,182 4,541 5,841 10,215
4 1,533 2,132 2,776 3,747 4,604 7,173
5 1,476 2,015 2,571 3,365 4,032 5,893
6 1,440 1,943 2,447 3,143 3,707 5,208
7 1,415 1,895 2,365 2,998 3,499 4,785
3 1,397 1,860 2,306 2,896 3,355 4,501
9 1,383 1,833 2,262 2,821 3,250 4,297
10 1,372 1,812 2,228 2,764 3,169 4,144
11 1,363 1,796 2,201 2,718 3,105 4,025
12 1,356 1,782 2,179 2,681 3,055 3,930
i3 1,350 1,771 2,160 2,650 3,012 3,852
14 1,345 1,761 2,145 2,624 2,977 3,787
15 1,341 1,753 2,131 2,602 2,947 3,733
16 1,337 1,746 2,120 2,683 2,921 3,686
17 1,333 1,740 2,110 2,567 2,808 3,646
18 1,330 1,734 2,101 2,552 2,878 3,610
19 1,328 1,729 2,093 2,539 2,861 3,579
20 1,325 1,725 2,086 2,528 2,845 3,552
21 1,323 1,721 2,080 2,518 2,831 3,527
22 1,321 1,717 2,074 2,508 2,819 3,505
23 1,319 1,714 2,069 2,500 2,807 3,485
24 1,318 1,711 2,064 2,492 2,797 3,467
25 1,316 1,708 2,060 2,485 2,787 3,450
26 1,315 1,706 2,056 2,479 2,779 3,435
27 1,314 1,703 2,052 2,473 2,771 3,421
28 1,313 1,701 2,048 2,467 2,763 3,408
29 1,311 1,699 2,045 2,462 2,756 3,396
30 1,310 1,697 2,042 2,457 2,750 3,385
40 1,303 1,684 2,021 2,423 2,704 3,307
60 1,296 1,671 2,000 2,390 2,660 2,232
120 1,289 1,658 1,980 2,358 2,617 3,160
0 1,282 1,645 1,960 2,326 2,576 3,090

HadMoLeHHl; s — OlEHKA CTAaHAdPTHOIO OTKJOHEHHs; Se~—— CTaH-
fapTHas omuGKa ONPEAEJCHHS CPeIHEro 3HadyeHms. 3aMeTHM, 4TO
3T0T KpuTepuii coBnajaer ¢ kpurepueym (2.31), HCKJIO¥ag TO, UTO
HYXXHO OUEHHTH CTAHZAPTHYIO OmIMOKY no dopmyne s.=syl/n, a ne
no dopmyse o}1/n, Tak Kak HCTHHHAS NUCHIEPCHSI COBOKYIHOCTH He-
H3BECTHa,

dopManpHO MBI IPOBEPSIEM THIOTE3Y

Ho U< Mo
IIpH MHOXKeCTBE aJIbTEPHAaTHB
Hi:p > po.
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Ta6auua 2.12
Pe3yabTathl H3MEPEHHSt NOPHCTOCTH JECATH
06pa3u08 NeCYaHUHKOB TeHc.rmn NMEHCHJBbLBAHCKOro
Bo3pacta, BuaguHa Burxopu, Baiiomunr

Hoxep o6pasua TTopucrocrs, %
01 13
02 17
03 15
04 23
05 27
06 29
07 18
08 27
09 20
10 24

Cymma 213

Cpennee 21,3
2=30,46, §=5,52, 5.=0,57

[TposepsieMast TUIOTe3a 3aKJAIOYAETCS B TOM, YTO CPeAHEe 3Ha-
YeHHe MOPUCTOCTH COBOKYNHOCTH, ¥3 KOTOPOH Oblna B3siTa BHIOOP-
K4, MEHbLIe HWJH PaBHO 3a4aHHOMY 3HAYEHHIO 18%. MHOXKeCTBO
aZbTEpPHATHB 3aKJA04aeTcsl B TOM, 4TO H3yyaemas COBOKYIHOCTb
HMeeT CPeHIOK MOPHCTOCTD, mpesocxoadiyo 18%.

[ast onpejie/ieHHsl KPUTHUECKOTO 3HayeHus ¢ no tada. 2.11 Tpe-
fyercs 3aiaTh ABA YMCJA: YPOBEHb 3HAYHMOCTH M UHCJIO CTENEHEH
¢cB0GOALL. B AaHHOM mpuMepe IpeinoJaracrcs, 4To OIHH Tapa-
MeTp (u) u3BecTeH, a ApYrod Tpefyercst OUEHHTb {oueuko#l Aa4 ©
ABJISIETCS BEJIYUHA S, T. ¢. BHIGOPOUHOE CTAaHAAaPTHOE OTKJIOHEHHE).
[TostoMy BLIGOpKE, COAeprKaUlell AecsThb H3MCPEHHil IOPHCTOCTH,
COOTBETCTBYIOT JAEBSATH CTeneHell cBOOOAHL.

Hysesast runotesa OTBEpraercsi TOJAbKO B TOM CJy4ae, KOrAa
Cpe/Hsisi IOPHCTOCTL CYLIECTBEHHO NMpPEBbIIAET 18 %, u moaTomy Io-
NagaloliiMy B KPHTHUECKYIO 06JacThb MOXKHO CUHTATh TOJBKO OUEHb
GoJbLINE 3HAUCHHsS KPHTEpH#, KK 3TO NMoKazaHo na puc. 2.30. Ta-
KOl KPHTEpHil Ha3LIBaeTCs OAHOCTODOHHHMM, TAK KaK €ro KpHTHHe-
cKas 0BMacTb PaCloJoXKeHa TOJNbKO C ONHOH CTOPOHBI 06JacTH

Puc. 2.30. Pacnpesenetne CTblofeHTa
C AEBATBIO CTENeHAMH CBOGOIB
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3HAYEeHH pacmpelenenHs. EClH e HaM HYXKHO TIDOBEPHTb 3Ty
THIOTe3y NpH ypoBHe 3HauuMocTH o=0,05, TO BBHIUHCJIEHHOE 3Haue-
HHEe CTATHCTHKH ! JJI OIHOCTODOHHEro KPHTEPHSI 1OJXKHO IPEBBI-
waTth 3Hayedue 1,83. CraTHcTHYECKHI KPHTEDHH HMeeT TOT kKe BHJ,
YTO H B NIPEIBLAYLIEM CJyYae:

1) Ho:p < 18Y%,

Hy:p > 18%;
2) « = 0,05;
21,3— 18,0
3)t=2L3= 180 _ g9,
) 5,52}/1/10 ’

Belyucaennoe 3HaueHHe 1,89 mpeBnlnaer TaGJaHYHOE, COOTBET-
CTBYIOLIEE JEBSTH CTeleHs M cBOGOAb H 5% -HOMY YpOBHIO 3HaYHMO-
CTH, T. €. NONalaeT B KPHTHUECKYIO 06JacThb. DTO 3HAUHT, 4TO MHEI
NOMXKHBl OTKJOHUTH HYJAEBYIO TFHIOT€3Y H IPHHATL ajbTepHATHBY,
3aKJI0YAIOWYIOCs B TOM, YTO TIOPHCTOCTb COBOKYNHOCTH, H3 KOTO-
poit Oulmy H3BJeYeHH 06pasuel mecuasukoB TeHcuumn, Gospiue 18%,
Ecau 6o BeluMcACHHAS BeJaMUHHA f oKasasnach MeHbile yeM 1,83, To
He OblI0 OBl HHKAKHX OCHOBAHHI IpeAmoOJaraTh, 4TO BLIOOpOUYHOE
cpegnee Goaplte 18Y%. 3ameruM, YTO MBI IIPH 3TOM He YTBEpXKIa-
eM, uTo cpennee meHbure 18%, a ToNbKO rOBOpHM, YTO HET OCHOBA-
HU# CcuuTath, 4TO OHO GoJblue. PaHee OBHIJIO YCTAHOBJEHO, YTO 3Ta
HEOllpeieseHHOCTh JIeXKUT B OCHOBE CTATHCTHUECKHX KPHTEPHEB.
OHH MOrYT IOKa3aTbh ¢ HEKOTOPOH BepOSITHOCTBIO, YEro HET, HO He
IO3BOJSIOT YCTAHOBHTD, UTO JKe HMeeT MecTo.

C apyroit mjomanu B BalfiomuHre 6blJH NOJyueHB! 1eCiTh IO-
NOJHHUTEJIbHBIX H3MEDEHHH 3HayeHHH NOPHCTOCTH B IlecYaHHKaX
Texcsun, xoTopble mpHBeAeHsl B 1abJa. 2.13. Moxno /M cpeiHue
IBYX BHIGODOK CUHTAaTh PABHLIMU? B oTJHYHe OT IpeabllylleH 3a-
JauH, r1e Mbl CpAaBHUBAJH BLIOOPOYHOE CpefiHee C 3aJaHHLIM BEIDO-
POYHLIM CPEIHHM 3HAaYeHHEeM COBOKYNHOCTH, B 1aHHOM cJydae IpO-
BepfeTcsl HIOTe3a, HMeoUast CACAYIOIHA BHA:

HoZMl = Ma.

IlpoBepseMas runmoresa 3akJjJouyaeTcss B TOM, YTO cpejHee 3Ha-
YeHHE COBOKYIHOCTH, H3 KOTOPOH B3fiTa mepsas BbOOPKa, pPaBHO
CpelHeMY 3HaueHHIO COBOKYIIHOCTH, M3 KOTODOIl B3siTa BTOpas BHI-
6opka. MHOXeCTBO aJbTeDPHATUB AJS THIOTE3bI

Hiny 55 e

YTBEPKIAET, YTO CPEAHHE 3HaueHUs [BYX COBOKYNHOCTeH He paB-
Hbl. CHOBa Mbl AOJIXKHBI 3a3aTh YPOBEHb 3HAUMMOCTH, H HIYCThb OH
O6yner pasen 10% (x=0,10). Temepp craTHCTHUeCKHIl KpHUTepHH
HMEET CJEAYIOLHH BHI:

t= (Xi —X)/se, (2.33)
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Ta6nuuwa 2.13
Pe3yabTaTst H3MepeHHsl NOPHCTOCTH JAECHTH
00pa3yoB NecyaHHKOB TeHCaMI NMEeHCHAbLBAHCKOro
Bo3pacra, Gacceiln pexu Yuup, Bailomunr

Howmep o6pasua ITopHCTOCTD, %
11 15
12 10
13 15
14 23
15 18
16 26
17 24
18 18
19 19
20 21

CymMma 189

Cpennee 18,9
§2=28,21, §=4,82

A€ Se—OLUEHKA CTAHAAPTHOrO OTKJOHEHHS DPas3HOCTH MEXAY X
U Xy, NONyYeHHAs N0 ABYM OObEIMHEHHBIM BBHIGOPKaM. DTy OleH-
KY Se MOXKHO BBHIYHCJAHTB N0 (opmyJe

=s/ T4 L.
ny ng

3nech S, — 06beRMHEHHAS OLEHKA CTAHAAPTHOTO OTKJOHEHHS, Haii-
AeHHAsi KOMOuHAUMeH NBYX BHIGODOUHBIX JHCTIEPCHIL:

2 __ (g~ 1) $,2 + (n,— 1) 5,2
ng+n,—2

S

o , (2.34)
FA€ HHACKCHl COOTBETCTBYIOT BHIGOpPKaM H3 GacceiiHoB Burxopu u
Yunn Pusep. Ilpouecc o6beuieHHsT ABYX BHGOPOK IPUBOANT K J10-
TOJIHHTEJIbHBIM CTENEHSM CBOGOLI, TAaK Kak TpeOyercsi OLEeHHTh JBa
napamerpa 61® 1 oz% Yucino cTeneHedl cBOGOAN MOSTOMY HJis f-Kpi-
Tepus 9KBHBAJIEHTHOCTH, 3afannoro Qopmynaofi (2.32), ectp v=
=ny+ny—2. SIBAsieTCA MM pa3MUHe MEXAY ABYMS CDPEJHHMH 3HA-
YUMBIM [1DH AECATHIDOUEHTHOM YPOBHE 3HAYMMOCTH?

2 9(30,46) -9(23,21) 483,03

TS T T
s, =5,18;

_ 21,3—189 94

5,18/ 1/10+1/10 — 2,32

= 1,03.
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Tak kax TaGaHyHble 3HAYEHHA ABYCTOPOHHero Kpurepus c 18 cre-
neHsMu CBOGozB, cooTBercTBylomue 10%-HOMY yDOBHIO 3HAYHUMO-
ctn (5% Ha KaXAOM KOHIe paclnpenenenus), pasuot —2,10 u
2,10, TO BbIYHCJEHHOE 3HAYEHHE He IIOoNajaeT B KPHTHYECKyH 06-
JAcTb H HYJEBYIO THIIOTE3y HeJb3sl OTKJOHHTb. (HamomHHM, dTO
KpHUTHYECKass 06/1acTh OXBAThIBAET 10% njouaau NOHA KPHBOH
t-pacnpesesenns). OTCiofa CJAERyeT, YTO HET OCHOBAHHH Npeano-
JjlaraTh, 4TO ABE H3yyaeMble BBHIOODKH B3sThl H3 COBOKYHHOCTEH,
HMEIOLIHX PasHble CPeJHHE 3HAUCHHS.

Jlast Toro yToOH! MPUMEHSTh 3TOT KPHTepHi, HeOOX0ANMO BHILOJ-
HUTb CJAEAyIOLie YCJI0BHsl. Bo-nepBbiX, o6e BHIGOPKH AOJLKHDI OBITH
1MOJIyYeHsl Ha OCHOBaHHH NPOLEAYpHl cayualHoro seibopa. Bo-BTO-
PbIX, 3HAYEHHST CJyYaliHbIX BeJHYHH B COBOKYNHOCTAX, H3 KOTOPBIX
OBIIH HM3BJEYCHLl BBIOODKH, AOJ/KHBl OIHCLIBATHCSA HOPMAaJbHBIM
pacnpenesenueM. B-TpeTbHx, ZHCHEDCHH 3THX COBOKYIHOCTEIl XOJIXK-
Hbl ObiTh paBibl. BHIIOJHEHHE NEPBOro YyCJAOBHS B OOJBIIHHCTBE
reoJIOrHYeCKnX 3ajad npoBepUTh TpPyAHO. OAHAKO €ro HeBbllNoJiHe-
HHE B CJyuae, eCJH BBIOOPKH HMEIOT CHJBHOE H CHCTEMaTHYECKOe
cvemeHue (Kak B TOM CJAydae, KOTHA H3MEPCHUS NOPHCTOCTH Npo-
BOJSTCH TOJbKO B 06pasuax, B3sITbIX H3 INPOAYKTHBHBIX 30H HJIH
HeTsHBIX TOJeH), MOXET SIBUTLCH CEPbe3lbIM HMCTOYHHKOM OLIH-
6ok. KoHeuHO, npoBepKy THIOTC3bl O HOPMaJbHOCTH pacipesnese-
HHS 3HaueHui Ipi3HaKa H3yyaeMOH COBOKYIIHOCTH MOXKHO TIpoBe-
CTH, OJHAKO OJHO TOJIbKO OTKJOHCHHE OT HOPMAaJbHOCTH PCIKO IIPH-
BOAHT K HM3MEHEHHIO De3y/bTaToB, B OCOOEHHOCTH eciH Bhlbopou-
Hasl COBOKYNHOCTb JOCTAaTOYHO BeJiHKa. Tperbe yCJOBHE ~— DABEHCT-
BO JHCIIEPCHE ABYX COBOKYNHOCTEll — OU€Hb BaXKHO, TaK KakK IOYTH
BCe CTATHCTHUECKHE KPUTEPHH OCHOBAHBI Ha IPCATOJOXKENHH O pa-
BEHCTBE AHCICPCHI CpaBHHBaeMblX COBOKyMHocTeH. K cuactbio, 31O
NpEANoNoKeHHe Jerko TnpoBepsercs. [IpHONHMKEHHBIE KpUTEPHH
NPUMEHHMBI, €CJIH 1IPH CPaBHEHHH ABYX BHIOOPOK OKaXKeTcs, YTO OHH
3HauuMO passnyaiTcsi. OHH NPHBOAATCA B OOJBLIMHCTBE BBOJHBIX
KYpCCB, BKJHOYas Te, KOTOPble ITIEPEUYHCJEHBl B CIHCKE JuTepa-
TYPbL.

KoppensiiuoHHbIH KpuTepuit

Bbimie Mbl BBeaM KO3(D(PHUHEHT KODpeJAsUHH KAaK CTaHAapTH30-
BaHHYIO Mepy JIHHEHHOH CBSI3SH MEeXJAy AByMs IEePeMEHHBIMH, HO He
pPacCMOTPEJH BONPOC O CTATHCTHYECKOH 3HAYHMOCTH 3TOr0 K03¢hdu-
uventa. Kosg¢uuuent BbIOOPOUHOH KOPPEJALMH r ABJSAETCS OUEH-
KOl mapamerpa p, KOTOPHIH OTpaxkaeT CBA3b MEXAY ABYMs nepe-
MEHHHMH CcOBOKymHocTH. [IpepmnoJiaras, 4To o6e nmepeMeHHble HOp-
MaJjIbHO pacnpelesieHbl W HaOJIONeHHs CJIY4YaHHO BbIOpaHbl H3 He-
KOTOPO# COBOKYIIHOCTH, MBI MOXKEM OCYLIECTBHTb IIPOBEPKY 3HAUH-~
MOCTH .
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HpOBepHeMaH THIIOTE€3a N aJbTEDHATHBa TAKOBDLI:
HO o= 0,
H] p = 0,

T. €. Mbl MOXKEM ONpPEIeliTh, 3HAUMMO JH OTJAHUACTCH OT HYJs Bbl-
GopouHbiil KO3pdHLUEHT Koppeaaund. Hynesas runoresa ycraHas-
JIHBAET, UTO JBE [epEeMEHHble He3aBHCHMbI H 4TO /1060e HeHyaeBoe
3HQUEHHE r BO3HHKJO IPOCTO H3-3a CJAyyaliHblx GJAIOKTyaunit npy
CHy4ai#HOM BbIOOpE. {-KpUTEpHII 3HayuMocTH r 3ajaercs no ¢op-
MyJie

g rVn=32 (2.35)
l/l —r2
H uMeeT (n—2) creneHell cBOGOIHI.

B kauectbe nmpuMmepa MOMHO NIPOBEPHTb 3HAYHMOCTbL BbIYHCJICH-
HBIX Bblllle Ha OCHOBE AaHHBIX TadJ. 2.8. K03hGhHKUHEHTOB KOppessi-
IMH, KOTOpble MBI H3MEPHJH MEXKIY 3K3eMONsipaMH TaJbKH C Ta-
JedyHoro misxa. Ilepsoil xospduUHeHT Koppeasiumu Mexay ocs-
MIL @ B b (res=0,597) BbIYHCIEH 1O J€CHATH NapaM H3MepeHHil.
[TpoBepsiemast cTaTHCTHKA BbluHCJsieTcs 1o dopmyae (2.35):

_ 0597/ 10—2 _ 1,688 _ 5 4
V' 1T=0,5972 — 0,802 ’

Kputnueckoe 3HaueHue ¢ ¢ 8 cremenssMu cBoGoanl U 10 % -HbIM ypoB-
HeM 3HauyuMOCTH paBHO 1,860. HanomuHHM, YTO KDPHTEpHH [ABYCTO-
POHHHE H r MOXKeT OblThb 3HAYMTEJbHO GOJblIe HAH MeHblle HyJs,
TAK 4TO Hama o06JacTb OTKJOHEHHS THIIOTE3hH pacnagaercsd Ha
BEDXHIOI0 H HHXKHIOIO YacTH. Tak Kak npoBepsieMasi cTaTHCTHKA HO-
najaeT B BEPXHIOID KDHTHYECKYI O6JacTh, Mbl AOJKHBl 3aKJIO-
4dTh, YTO Ha CAMOM JeJe CYHIECTBYET KOPpeJsuHs MexXIy AJnHa-
MH HAuWOOJAbLIEH U cpeaHeld ocell NJSXKHOH rasbKH.

JAas AByX APYTHX KOppeJslui MHOXKeCTBA [aHHLIX, NpHBeleH-
Huix B Taba. 2.8, r;c=0,499 n rpc=0,467. CoOTBETCTBEHHO

¢

0,499VT0—2 _ 1,411 _ | gog
V'1—0,4992 ~ 0,866 T

P 0,467[/10:2 _Lau 1,494,
V' 1—0,4672 0,884

{ =

KpuTHueckoe 3HaueHHe OCTaeTcs TeM XK€ CaMbIM, H MBI BHAHM, UTO
HH OJHA& M3 3THX [BYX KOppeJsiuHil He OTNHYaeTcs 3HAUUMO OT
HyJasl. IpyruMu cJioBaMH, ecJu NepeMeHHEle OHBUJIM TOJHOCTHIO He-
3aBHCHMDI APYT OT Apyra, To HabJogaeMble K03 hULUHEHTH KOppe-
JISLHH BO3HHKJH CJydyallHO NpH caydaifiHoM Bblbope gecsiTH oOpas-
LOB T'aJbKH.
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F-KPUTEPHH

Kpurepuu 1Js1 NPOBEPKH THNOTE3bl O PaBEHCTBE IHCIEPCHI OC-
HOBaHbLl Ha Tak HaspiBaeMOM F-pacnpesnesenun ®uuwepa. 1o Teo-
peTnueckoe pacnpejelieHne oTHowenus F=s,%/sp? 1ByX BBIGOPOUHBIX
AUCHEPCHIT 1715 BLIGOPOK, B3STBIX M3 HOPMAJbHBIX COBOKYIHOCTEl
IpH YCJOBHH, YTO HCTHHHBIC IHCIIEDCHH PABHbI.

BrosHEe €CTecTBEHHO, YTO BLIOOPOUHBIE IHCIEPCHM B Cayuae,
KOraa YHCJ0 HalJOAeHHH, HCHOAb3yeMOe IJs1 HX BLIYKCJICHHS,
Maf0, USMEHSIOTCS OT HCIBITAHHs K HCTDLITAHHIO B 10BOJIBHO IIHPO-
xoM puanasoHe. [TosTomy Bua F-pacnpenesienyus H3MEHSETCS ¢ H3-
MeHeHHeM ofbeMa BLIGOPKH. DTO CHOBA 3acTaBJjsieT YUYHTHIBATH
CTeNeHH CBOGOIb, HO B AaHHOM cayuae F-pacupeieq]eHHEe 3aBHCHT
OT ABYX 3HAUYEHHII v, KaXJ10€ M3 KOTOPLIX COOTBETCTBYeT OJHON H3
IABYX OUCHOK jucnepcHii F-oTHoweHus. Tak xax F-CTATHCTHKA $iB-
JAETCS OTHOWIGHH@M IABYX NOJIONKHTCABHBIX YHCE, TO SICHO, YTO CJY-
yaftnag Bejnynna F He MOXeT NPHHHMATh OTPHIATENbLHLIX 3HAUE-
Huil. Ecan BHIGOpKA BeJHKa, TO NPH YCJOBHHM PAaBEHCTBA HCTHIHDBIX
3HAUeNHi aucnepcHil cpeinee 3HayeHue OTHOUIEHHs Gyier G6.am3-
xo K 1,0.

Tak wak F-pacnpeiesieHHe ONHCHIBAET IIOBeIEHHE OTHOMWEHUIT
BbIGOPOUHLIX AHCIEPCHH, OMYUEHHBIX 110 BLIGOPKAM H3 OJHON H TOH
K€ COBOKYNHOCTH, TO €Tr0 MOXKHO HCIOJb30BATh 1Js IIPOBEDKH T'H-
NOTe3bl O PABEHCTBE JHCIEPCHIL.

MOKHO MPeANOJOKHTE, UTO ABE BHIGOPKH B3STH H3 COBOKYIIIO-
crell, XapaKTepH3YIOWHMXCA DaBHLIMKH aucnepcusMi. Ilocse Bbgmc-
JeHHs F-OTHOIIEHHS MOXHO OIPCAENHTL BEPOATHOCTh IOJIyYEHHS
3Hauenus, GOJbIUIEr0 HJIM DABHOrO BLIUMCJIECHHOMY s ABYX CJIy-
YaiiHbIX BbHIOOPOK H3 OJHOH HOPMAJbHOM COBOKYNHOCTH. Ecin 370
3HaueHHe OyIeT HENpPaBIONOJ0CHLIM, TO Mbl BLIHYYKIEHbl CUHTATD,
UTO BLIGODKH H3BJIEYEHBl M3 Pa3JIHYHBIX COBOKYIHOCTEH, HMEKUIHX
HepaBHble THCIEpPCHH,

Haist m060# mapel OUEHOK AMCIEPCHH MOKHO BHIUHCJAHTH ABA OT-
HOLUEHHSL S1/S2 M S2/$), €CJIH NPHHATh, YTO OOJBINAS OLEHKA BCErla
Oyaer pacmosiaraTeCsl B UYHCJHTENE, 3TO OTHOLUGHHE BCeria Oyaer
Gosbute 1,0 u craTHCTHYECKHE KDHTEpHH IpHHUMaAWT 6oJee npo-
CTOH BHI. B 3TOM cilydyae Z0CTaTOYHO HCHOJIB3OBATH TOJBKO OLHO-
CTOPOHHHE KPHTCPHH, H a/IbTePHATHBHbIE MIOTE3B HA CAMOM [eJe
ABJAIOTCS YTBEPKACHAEM O TOM, YTO ab6COMIOTHOE pa3/HyHe MeXIy
ABYMS BBIGOPOUHBIMH IHCHNEPCHSMH GOJbIIE, YCM MOMNKHO OLIIO bl
OKHAATL B Cjydae, eCH Obl HCTHHHbIE 3HAYEHHSI JHCIEPCHii cpaB-
HUBAEMLIX COBOKYNHOCTEH GblaM paBHbl. THIHUHBIE rpaduK KpHBOH
F-pacnpejenenust ¢ samrrpuxoBaHHOM KPUTHYECKOI 06JIaCThIO, HJH
O6JIACTBIO OTKJOHEHHs NPOBEPAEMOil THIOTE3H, H300paxeH Ha
puc. 2.31.

B kauectse sneMeHTapHOrO npuMepa mpuMeHEHHs F-pacnpeje-
JEHHS pACcCMOTPHM JBe BBIGOPKH De3yJIbTaTOB H3MEDEHHH MOPHCTO-
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Pue. 2.31. Tunuunoe F-pacnpexeneHue

¢ v;=10 u vy=25 creneHsiMu CcBOGObI

U 3alUTPHXOBAHHO# KpHTHYecKoil obua-

CTbIO, cocTamasiowell 5% maomany oA
KPHBOH

0 F=2.24

cri necyaHukoB TeHcaun. HyXHO BHSICHHTL, OJHHAKOBA JIM JHC-
nepedst Ha ABYX cpaBHuBaeMblx nJaoumiagsax. C sToiél Heanio BEIGe-
pem ypopeHb 3HayumoctH 5%. Takum o6pasoM, npuHSTHE HEBep-
HOil THIOTE3Bl O TOM, YTO IOPUCTOCTH DPA3JIHYHEL, B TO BPEMs Kak
OHH OAMHAKOBBI, OYAET HNPOMCXOAUTh B CPEIHEM ONHUH pas Ha ABaj-
LaTh HCxonoB. OLEHKH IHCIepCHH IBYX BHIGOPOK MOZKHO BBLIYHC-
JHTL 110 (opmyse (2.15). Torma coorsercrsyouiee uMm F-oTHOuUIC-
HHe BbIYHCAsIETCA 10 popMye

F = s:2/sg?, (2.36)

rae s;2 — 60Jblras BHIGOPOUHAS OUCIEDPCHs], a $y2 — MeHblIast BEIO-
pOUYHasT AHCIEPCHS.
[To 5TuM paHHBIM TpefyeTcsi NpOBEPHTbL THIOTE3Y

Hy:012 = 032
NPOTHB MHOXKECTBA aJIbTEPHATHB _
Hi:0,2 5= 092,

Hynesasi rumoresa yTBepxKIaeT, YTO H3yyaeMble COBOKYNHOCTH
HMEIOT paBHble JHCIEDCHH; MHOXECTBO aJbTePHATHB YCTaHAaBJH-
BaeT, 4To 3T0 He Tak. CTeneHu c¢BoGOABI v; H Vg, OTBEUAOLINE 3TO-
MY KPHTEDHIO, COOTBETCTBEHHO DaBHH n1—1 H ny—I1. Kputuueckoe
3HageHne I ¢ vi=9 u vg=9 creneHsmMu cBo6OALI U YPOBHEM 3HAUH-
moctH 5% (a=0,05) MoxHO HafiTu no Taba. 2.14. 10 3HaUYeHHE
paBHO 3,18.

3nauenne F, BeiudcaenHoe mno ¢opmyae (2.36), mnomazaerT B
ORHY H3 ABYX obsacteil. Ecin BbluMCJEHHOe 3HaueHHe F npeBbilia-
et 3,18, To HysneBas runoTesa OTBepraeTcs H MBI NPHXOJHUM K 3a-
KJIIOYEHHIO, UTO AHCIEPCHH NMOPHCTOCTH MOXKHO CYHTATb HEOLHHAKO-
BHIMH B ABYX rpynnax. Eciu BbHUHCJACHHOe 3HayeHde MeHblue 3,18,
TO MH He MOXKEM yTBepXJAaTb, UTO JHCIEPCHH pasjJuyHe. B Ka-
yecTBe NPHMEpPA BBIYHUCJIHM MHUCIEPCHIO IOPHCTOCTH ABYX COBOKYII-
HocTeli mecyaHHKOB TeHCJMI W NPOBEpHM NPEANOJNOXEHHE O pa-
BeHcTBe qucnepcuit npu 5%-HoM ypoBHe 3HAYHMOCTH.

B GoabligHCTBE NMPaKTHYECKHX 33444 MBI OOBIYHO He 3HAeM HC-
THHHBIX 3HAaUYEeHHH MapaMeTPOB COBOKYIHOCTH H MOXeM JIHUIb II0
BHOOpPKE BLIYHCJAHTB HX OUeHKH. IIpH cpaBHeHHH ABYX BHIGOPOK
cHayaja 1enecoco0pPasHO YCTAHOBHTb, fABJAIOTCH JH HX AHMCIHEDCHH
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CTaTHCTHYECKH SKBHBAJNEHTHBLIMH. ECJH OHH OKa3BIBAIOTCS paBHBI-
MM H ecJylH BbIOOPKH OBIIM H3BJICYECHH 5e3 CMElIeHHS H3 U3yyaeMbIX
COBOKYIHOCTEH, TO Mbl MOXKE€M CIIOKOHHO NepefiTH K HCHOJb30Ba-
HHIO CJIEAYIOIHX CTATHCTHYECKHX KPHTEDHEB.

B kadecTBe IpHMepa paccMOTPUM Takylo 3anauy. O6pasmul
CHera M JIbAa, COGHpaeMble C yUacCTKOB 3eMJIH, NOKDPBITBIX MHOIO-
JETHHMH JbJaMH, COAEPKAT YACTHYKH NBIIH, HA3HIBAEMbLIE MHKPO-
yacTHIAMH. PasMepbl OTAeABHLIX TAKHX YACTHL MMEIOT Npeiebl
or 0,5 5o 3,0 MKM; OHH NONAZAIOT B aTMOCHEPY PA3HEIMH HYTSIMH:
B pe3yJspTaTe BYJKaHHYECKUX H3BEDXKEHHH, NBLIIEBBIX WITOPMOB, Na-
JeHHs MHKDOMETeOPHTOB. HacTuupl HaCTO/NBKO Masibl, UTO MOLYT
ObITL BO B3BEIIEHHOM COCTOSIHHHM HEOrPAaHHUYEHHOe BPEMsl, HO JErko
IOrJIOIAJOTCSl CHErOM, TaK KakK CAYXKaT SIApaMH AJsi KPHCTAJJIH3a-
uuH JibAa. CyllecTByeT THIOTe3a, uTO HepeMellHBAaHHE aTMOCHEpHE
H IIyTH, KOTOPHIMH MHKDOYAaCTHUbl NONAfaloT B CHEr H3 BO31yXa,
IIPHBOIAT K PaBHOMEDHOH KOHLEHTPALMH MHKDOYACTHI[ B CHEry Ha
3eMHOH noBepxHOCTH. Ecqm sTa rumoresa cOOTBETCTBYeT AeiicTBH-
TeJIbHOCTH, TO BLIBOJBI H3 HEe HMEIOT 3HAYCHHE MJS NpPeNCKa3aHHsA
TOC/ICACTBHI HCIIBITAHHUS /IEPHOTO ODPYXKHS B aTMochepe. [losromy
Obiin coOpanbl aBe BHIGOPKH NPOG CHEra B CHETOBHIX IIOKPOBaxX
Fpennannun u Anraprrukn. IIp TiiaTesbHOM KOHTpOJie CHer pac-
NJIaBHJH H C IIOMOLIBIO 3/IEKTPHYECKOro KjaaccHduKaTtopa oiipeie-
JIUJIA YHCJIO COAEPKAIIMXCS B HEM 4acTHIL. KOHUEHTpALUs MUKDO-
HACTHL, B TAJIOM CHEry npHBefeHa B Tabu. 2.15. MoxHo JH CuuTaTh
00e BHIGODKH H3BJEYEHHBIMH H3 OXHOH H TOi JKe COBOKYNHOCTH H
NPUBOAAT JIH Pe3YJIBbTATLl HCNBLITAHEHA K NOATBEPIKICHHIO HJAH ONpO-
BEPXKEHHIO HicH 00 aTMOCHEpHOil OJHOPOIHOCTH?

Ilpeanonaras, 4To BHIOODKH ObINM B3ATEl 6€3 CMEUIEHHS H UTO
paciipeiesenne MHKPOYACTHI, MOAYHHACTCS HOPMAJBHOMY 3aKOHY
Ha BCEM MNpPOTAXKEHHH CHErOBLIX IOJIEH, MPOBEPUM CHayaJja TMIOTe-
3y O PaBeHCTBE JHCHIEpCHE no ABYM BuiGopkaM. HMcnoabsys dopmy-
Ay (2.36), samuumiem HyJIEBYIO THIIOTE3Y H aJbTEPHATHBY:

Hy: 0% = 052,

Hi:0.25= 002
Ecau 1ucnepcuu He CHIBHO OTJHYAKTCS, TO CACIVIOUIHH mIar npo-
ueaypu—nposepxa THIIOTE3bl O paBCHCTBe cpe;umx 3HAUSHHIL.

Hcnonbays kputepuit (2.36), sanumem coOOTBCTCTBYIOMYIO HyJie-
BYIO THIIOTE3Y H aJbTEPHATHBY:

Hy:yy = Ho,
Hy:py 5= po.

Takas nyJqeBast rumorcsa COOTBETCTBYET IPEATIONOXKEHHIO: HeT
HHKaKHUX OCHOBAHHH CUHTaThb, YTO OJHA OBJACTb HMeeT O60Jibliee
CpexHee, ueM gpyras. SICHO, 4TO YPOBEHb 3HAYHMOCTH, COOTBETCT-
BYIOUIHH 3TOMY KPHTEPHIO, HE MOXKET ObITh BHIIE, YeM YPOBeHb 3Ha-
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KpuTtnueckHe 3HaueHHs [-pacnpejesieHdst ¢ V; H Vp CTeNeHIMH

Vi
v2
i 2 3 4 5 6 7
1 161,45 | 199,50 | 213,71 , 224,58 | 230,16 | 233,99 | 236,77
2 18,51 19,00 19,16 19,25 19,30 19,33 19,35
3 10,13 9,55 9,28 9,12 9,01 8,94 8,89
4 7,71 6,94 6,59 6,39 6,26 6,16 6,09
5 6,61 5,79 5,41 5,19 5,05 4,95 4,88
6 5,99 5,14 4,76 4,53 4,39 4,28 4.21
7 5,59 4,74 4,35 4,12 3,97 3,87 3,79
8 5,32 4,46 4,07 3,84 3,69 3,58 3,50
9 5,12 4,26 3,86 3,63 3,48 3,37 3,29
10 4,96 4,10 3,71 3,48 3,33 3,22 3,14
11 4,84 3,98 3,59 3,36 3,20 3,09 3,0t
12 4,75 3,89 3,49 3,26 3,11 3,00 2,91
13 4,67 3,81 3,41 i 3,18 3,03 2,92 2,83
14 4,60 3,74 3,34 3,11 2,96 2,85 2,76
15 4,54 3,68 3,29 3,06 2,90 2,79 2,71
16 4,49 3,63 3,24 3,01 2,85 2,74 2,66
17 4,45 3,59 3,20 2,96 2,81 2,70 2,61
18 4,41 3,55 3,16 2,93 2,77 2,66 2,58
19 4,38 3,52 3,13 2,90 2,74 2,63 2,54
20 4,35 , 8,49 3,10 2,87 2,71 2,60 2,51
21 4,32 1 3,47 3,07 2,84 2,68 2,57 2,49
22 4,30 ; 3,44 3,06 | 2,82 2,66 2,55 2,46
23 4,28 3,42 3,03 2,8 2,64 2,53 2,44
24 4,26 3,40 3,00 1 2,78 2,62 2,51 2,42
25 4,24 3,39 2.99 1 2,76 2,60 2,49 2,40
26 4,23 3,37 2,98 2,74 2,59 2,47 2,39
27 4,21 3,35 2,96 2,73 2,57 2,46 2,37
28 4,20 3,34 2,95 2,71 2,36 2,45 2,36
29 4,18 3,33 2,93 2,70 2,55 2,43 2,35
30 4,17 3,32 2,92 2.69 2,53 2,42 2,33
40 4,08 3,23 2,84 2,61 2,45 2,34 2,25
60 4,00 3,15 2,76 2,53 2,37 2,25 2,17
120 3,92 3,07 2,68 2,45 2,29 2,18 2,09
o 3,84 3,00 2,60 | 2,37 2,21 2,10 2,01
!

YHMOCTH, HCHNOJb30BaHHHIN NpH IpOBEpKe THIOTE3H O PAaBEHCTBE
aucrnepcuit. EcaH aucnepcHd M CpelHHE OKaxKyTCs HepasJMYMMbl-
MH, T. €. HyJieBasi 'HIOTe3a He MOxKeT OBiTb OTKJOHEHa Ha OCHOBa-
HHH BBLIGOPOYHBIX JNAHHBIX, TO HET M CTATHCTHYECKHX OCHOBaHMII
CYHTATb, YTO CPEIHHE KOHUEHTPAUHH MHKDOYACTHL Ha JBYX H3Yy-
yaeMplX TJOLIaAAX COOTBETCTBYIOT PpAasJHMUYHBIM COBOKYMHOCTSIM.
C 2pyroil CTOPOHBI, €CJH XOTS Obl ONMH H3 [IBYX KpPHTEpHEB IPHBO-
IWT K OTKJOHEHHIO HYJEBOH CHIOTe3bl, TO Bompoc 06 aTMocdepHOil
ONHOPOIHOCTH MOXHO HOCTABHTb NOJ COMHeHHe. DoJjiee Toro, ecan
kpurepuit (2.36) npHBEAET K OTKJIOHEHHIO THIIOTe3B O DAaBEHCTBC
AHMcmepcHil, TO W IpHMeHeHHe Kputepusa (2.33) B Hameil 3ajaue Te-
pserT cmuica. [1pubiHsHIenbHBe KPHTEPHH, aHAJOTHYHbIE OIHCaH-
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Tabnuua 2.14a
cB06OIb H 5%-HbLIM ypoBHeM 3HauumocTH (z=0,05) [17]

s | 9 | 1o 12 | 15 | 20 ] 24 P
238,88 240,54 241,88 243,91 245,95 248,01 249,05 250,10
Jo'37 | 19,38 | 19040 | 19041 | 119043 | 19045 | T19045 | 19146
8,85 8,81 8,79 8,74 8,70 8,66 8,64 8,62
604 6.00| 596 | 591 | 5.8 | 5.8 | 577 | 575
4,82 4,77 4,74 4 .68 4,62 4,56 4,53 4,50
4,15 4,10 4,06 4,00 3,94 3,87 3,84 3,81
3,73 3,68 3,64 3,57 3,51 3,44 3,41 3,38
3,44 3,39 3,35 3,28 3,22 3,16 3,12 3,08
3,23 3,18 3,14 3,07 3,01 2,94 2,90 2,86
3,07 3,02 2,98 2,91 2,84 2,77 2,74 2,70
2,95 2,90 2,85 2,79 2,72 2,65 2,61 2,57
2,85 2,80 2,75 2,69 2,62 2,54 2,51 2,47
2,77 2,71 2,67 2,60 2,63 2,46 2,42 2,48
2,70 2,65 2,60 2,53 2,46 2,39 2,35 2,31
2,64 2,59 2,54 2,48 2,40 2,33 2,29 2,25
2,59 2,54 2,49 2,42 2,35 2,28 2,24 2,19
2,55 2,49 2,45 2,38 2,31 2,23 2,19 2,15
2,51 2,46 2,41 2,34 2,27 2,19 2,15 2,11
2,48 2,42 2,38 2,31 2,23 2,16 2,11 2,07
2,45 2,39 2,35 2,28 2,20 2,12 2,08 2,04
2,42 2,37 2,32 2,25 2,18 2,10 2,05 2,01
2,40 2,34 2,30 2.23 2,15 2,07 2,03 1,98
2,37 2,32 2,27 2,20 2,13 2,05 2,01 1,96
2,36 2,30 2,25 2,18 2,11 2,03 1,98 1,04
2,34 2,28 2,24 2,16 2,09 2,01 1,96 1,92
230 | 297 | 22| 25| 207 | 19| 19| 1,90
2,31 2,25 2,20 2,13 2,06 1,97 1,93 1,88
2,29 2,24 2,19 2,12 2,04 1,96 1,91 1,87
2,28 2,22 2,18 2,10 2,03 1,94 1,90 1,85
2,27 2,21 2,16 2,09 2,01 1,93 1,89 1,84
2,18 2,12 2,08 2,00 1,92 1,84 1,79 1,74
2.10 2,04 1,99 1,92 1,84 1,75 1,70 1,65
2,02 1,96 1,91 1,83 1,75 1,66 1,61 1,55
1,94 1,88 1,83 1,75 1,67 1,57 1,52 1,46

Homy B pabore I'oHTepa [14], npHMeHUMEI LIS IPOBEPKH THIIOTE3H
0 DaBEHCTBE CPEJHUX B YCJOBHSIX HEPABEHCTBA JHCIEPCHH, HO OHH
MaJIo IOMOraloT NPH PeLieHHH NaHHOH 3aiauH.

JUCINEPCHOHHDBIA AHAJIU3

Ho cux mop Mbl paccMaTpUBaJH TOJBKO METOAbl CPaBHEHHS
IBYX BHIGOPOK, TOTJa KaK CYLIeCTBYeT €lle pAl 3a4ay, Kacallliux-
¢ rpynn Habawogenuil. [IpennosoxuM, HAIPHMEp, UTO IOJYYEHO
IsiTh 06pasloB MeCYaHHKa ¢ KAJbLHTOBHIM leMeHTOM. Kaxanift us
HUX obJajnaer CBOHMH JIHTOJOTHYECKHMH OCOOGEHHOCTAMH: B OJHOM
GpocaeTcss B rjasa ero KpYIHO3E€PHHCTOCTb, APYrof XapaKTepusy-
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Kpuruueckue snauenns F-pacnpeneneHusi ¢ y; M vz CTEMEHAMH

Vi
V3
1 2 3 4 5 6 7

1 647,79 [ 799,50 1 864,16 | 899,58 | 921,85 | 937,11 | 948,22
2 38,51 39,00 39,17 39,25 39,30 39,33 39,36
3 17,44 16,04 15,44 15,10 14,88 14,73 14,62
4 12,22 10,65 9,98 9,60 9,36 9,20 9,07
5 10,01 8,43 7,76 7,39 7,15 6,98 6,85
6 8,81 7,26 6,60 6.23 5,99 5,82 5,70
7 8,07 6,54 5,89 5,52 5,29 5,12 4,99
8 7,57 6,06 5,42 5,05 4,82 4,65 4,53
9 7,21 5,71 5,08 4,72 4,48 4,32 4,20
10 6,94 5,46 4,83 4,47 4,24 4,07 3,95
11 6,72 5,26 4,63 4,28 4,04 3,88 3,76
12 6,55 5,10 4,47 4,12 3,89 3,73 3,61
13 6,41 4,97 4,35 4,00 3,77 3,60 3,48
14 6,30 4,86 4,24 3,89 3,66 3,50 3,38
15 6,20 4,77 4,15 3,80 3,58 3,41 3,29
16 6,12 4,69 4,08 3,73 3,50 3,34 3,22
17 6,04 4,62 4,01 3,66 3,44 3,28 3,16
18 5,98 4,56 3,95 3,61 3,38 3,22 3,10
19 5,92 4,51 3,90 3,56 3,33 3,17 3,05
20 5,87 4,46 3,86 3,51 3,29 3,13 3,01
21 5,83 4,42 3,82 3,48 3,25 3,09 2,97
22 5,79 4,38 3,78 3,44 3,22 3,05 2,93
23 5,75 4,35 3,75 3,41 3,18 3,02 2,90
24 5,72 4,32 3,72 3,38 3,15 2,99 2,87
25 5,69 4,29 3,69 3,35 3,13 2,97 2,85
26 5,66 4,27 3,67 3,33 3,10 2,94 2,82
27 5,63 4,24 3,65 3,3t 3,08 2,92 2,80
28 5,61 4,22 3,63 3,29 3,06 2,90 2,78
29 5,59 4,20 3,61 3,27 3,04 2,88 2,76
30 5,57 4,18 3,59 3,25 3,03 2,87 2,75
40 5,42 4,05 3,46 3,13 2,90 2,74 2,62
60 5,29 3,93 3,34 3,01 2,79 2,63 2,51
120 5,15 3,80 3,23 2.89 2,67 2,52 2,39
o0 5,02 3,69 3,12 2,79 2,57 2,41 2,29

Crcsl HaJdHYHCM FJIHHUCTBIX 4aCTHL, TPETHH caafo oXeJe3HeH M T. 1.
Mbl XOTHM OIpEIEIHTb, OJHHAKOBBl JIH B HHX COAEpXKaHHS Kap6o-
HaTa. J1Js pelleHHs] 3TOH 3a7a4u MOXKHO HCIIONb30BATh OLHH H3
CTaTHC | 1YECKHX METOAOB, Ha3bIBaeMblil IHCIEPCHOHHBIM aHAaJH30M.

B ofpleM BHJe 3TOT MeTOJ OCHOBaH Ha pasie/eHUH obliefi 1uc-
HCPCHH H3yyaeMOil COBOKYNHOCTH Ha KOMIIOHEHTHI, COOTBETCTBYIO-
e 1;CTOUHHKaM H3MEeHYHBOCTH, a NDHUMeHsieMble KDHTEDHH MO03BO-
JST O, HOBPEMEHHO H3Y49HUTb pasJHuHs KakK B CPEIHHX 3HaUYEHMHX,
TakK 4 B AUCIEPCHSAX.

DKcilepUMEHTANbHEH NOXXOA K 3TOH 3ajaue 3aKI04aeTcss B
Lpo6acHuu 00pas3sloB Ha OoJiee MEJKHE YacTH H ONPEAeNeHHH CO-
nepxKaHns KapOoHaTa B KaXK[0H H3 HHX TIyTeM B3BELIHBAHHS NOCJE
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Tabaaua 2.146
cso6oabl ¥ 2,59% -HpiM ypOBHeM sHauumMocTd (ox=10,025)

e

s | 9 | 10 12 | 15 | e0 | 2s oo
956,66 | 963,28 968,63 976,71 984,87 933,10 997,24 1001 ,4
39,37 39,39 39,40 39,41 39,43 39,45 39,46 39,46
1454 | 1447 | 14,42 | 14.3¢ | 1425 | 1417 | 1412 | 14.08
8,98 8,90 8,84 8,75 8,66 8,56 8,51 3,46
6,76 6,68 6,62 6,52 6,43 6,33 6,28 6,23
5,60 5,52 5,46 5,37 5,27 5,17 5,12 5,07
490 4.82 | 476 467 | 457 | 447 | 4.4 436
4,43 4,36 4,30 4,20 4,10 4,00 3,95 3,89
4,10 4,03 3,96 3,87 3,77 3,67 3,61 3,56
3,85 3,78 3,72 3,62 3,52 3,42 3,37 3,31
3,66 3,59 3,53 3,43 3,33 3,23 3,17 3,12
3,51 3,44 3,37 3,28 3,18 3,07 3,02 2,96
3,39 3,31 3,25 3,15 3,05 2,95 2,89 2,84
3,29 3,21 3,15 3,05 2,95 2,84 2,79 2,73
3,20 3,12 3,06 2,96 2,86 2.76 2,70 2,64
3,12 3,05 2,99 2,89 2,79 2,68 2,63 2,57
3,06 2,98 2,92 2,82 2,72 2,62 2,56 2,50
3,01 2,93 2,87 2,77 2,67 2,56 2,50 2,44
2,96 2,88 2,82 2,72 2,62 2,51 2,45 2,39
2,91 2,84 2,77 2,68 2,57 2,46 2,41 2,35
2,87 2,80 2,73 2,64 2,53 2,42 2,37 2,31
2,84 2,76 2,70 2,60 2,50 2,39 2,33 2,27
2,81 2,73 2,67 2,57 2,47 2,36 2,30 2,24
2,78 2,70 2,64 2,54 2,44 2,33 2,27 2,21
2,75 2,68 2,61 2,51 2,41 2,30 2,24 2,18
2,73 2,65 2,59 2,49 2,39 2,28 2,22 2,17
2,71 2,63 2,57 2,47 2,36 2,25 2,19 2,13
2,69 2,61 2,55 2,45 2,34 2,23 2,17 2,11
2,67 2,59 2,53 2,43 2,32 2,21 2,15 2,09
2,65 2,57 2,51 2,41 2,31 2,20 2,14 2,07
2,53 2,45 2,39 2,29 2,18 2,07 2,01 1,94
2,41 2,33 2,27 2,17 2,06 1,94 1,88 1,82
2,30 2,22 2,16 2,05 1,94 1,82 1,76 1,69
2,19 2,11 2,05 1,94 1,83 1,71 1,64 1,57

06paGoTkH kucaoToll. Kaxias Meskas yacT Has3HBaercsi MOBTO-
perneM. Lless, KoTOpyIo MbI TIpeciienyeM, pas6HBasi nepBOHAUAMD-
HBIM KYCOK Ha YacTH, — OIpeJeJieHHe H3MeHUHBOCTH, BBI3BAHHOH IIO-
TPeUIHOCTAMH B3BelIMBaHHA. OuyeBHAHO, YTO €CJH H3MEHUHBOCTb
MEXAY IOBTODHBLIMH ONpPEJEJEHHAMH IJsI OZHOrO 06pasla BeJaHKa
110 CPaBHEHHIO C pa3jJHYMAMH MeXIy o0paslaMH, TO IocJegHHE
TPYAHO O6HADYKHTb.

[lpexnonoxum, uTo MEl pasGUIH HCXOAHBIA O6pasel Ha LIECTH
Yactedl H coGupaeMcs NPOaHaAJIH3HPOBATh KaXaylo H3 HHX. Habuiwo-
HaeMble H3MEHEHHSI BO3HHKAIOT II0 PSAY NPHYHH: H3-3a KOJeGaHui
COCTaBa BHYTPH HCXONHOTO 006pasua, u3-3a HeGPEXHOCTH B MHOJY-
4EHHH IIOBTOPHBIX HaOJIOAEHHH (OCTATKH OJHOrO TPABJEHHS MOTYT
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KpuTHueckHe 3HaUeHHS F-pacrpejeNeHnst ¢ v, H Vv, CTENeHAMH

TaGauma 2.148
ceo6onbt u 1%-HbIM ypoBHEM 3HauumoctH (ov=0,01)

Yueao W
cTeneneft
caov620m>1 1 P 3 4 5 6 . 8
1 4052,2 14999,5 [5403,4 |5624,6 [5763,6 |5859,0 |5928,4 [5981,1
2 98,50 99,00 99,17 99,25| 99,30 99,331 99,36| 99,37
3 34,121 30,827 29,46| 28,71 28,24 27,91| 27,67| 27,49
4 21,20 18,00 16,69| 15,98| 15,52 15,21 14,98] 14,80
5 16,26 13,27 12,06| 11,39| 10,97| 10,67 10,46] 10,29
6 13,75 10,92 9,78 9,15 8,75 8,47 8,26 8,10
7 12,25 9,55( 8,45 7,85 7,46] 7,19/ 6,99; 6,84
8 11,26 8,65 7,59 7,01 6,63 6,37 6,18 6,03
9 10,56 8,02 6,99 6,42 6,06 5,80 5,61 5,47
10 10,04 7,56 6,55 5,99 5,64 5,39 5,20 5,06
11 9,65 7,21 6,22 5,67 5,32 5,07 4,89 4,74
12 9,33 6,93 5,95 5,41 5,06 4,82 4,64 4,50
13 9,07 6,70 5,74 5,21 4,86 4,62 4,44 4,30
14 8,86 6,51 5,56 5,04 4,69 4,46 4,28 4,14
15 8,68 6,36 5,42 4,89 4,56 4,32 4,14 4,00
16 8,53 6,23 5,29 4,77 4,44 4,20 4,03 3,89
17 8,40 6,11 5,18 4,67 4,34 4,10 3,93 3,79
18 8,29 6,01 5,09 4,58 4,25 4,01| 3,84 3,71f
19 8,18 5,93 5,01 4,50 4,17 3,94 3,77 3,63
20 8,10 5,85 4,94 4,43 4,10 3,87 3,70 3,56
21 8,02 5,78 4,87 4,37 4,04 3,81 3,64 3,51
22 7,95 5,72 4,82 4,31 3,99 3,76 3,59 3,45
23 7,88 5,66 4,7 4,26 3,%4 3,71 3,54 3,41
24 7,82 5,61 4,72 4,22 3,90 3,67 3,50 3,36
25 7,77 5,57 4,68 4,18 3,85 3,63 3,46 3,32
26 7,72 5,53 4,64 4,14 3,82 3,59 3,42 3,28
27 7,68 5,49 4,60 4,11 3,78 3,56 3,39 3,26
28 7,64 5,45 4,57 4,07 3,75 3,53 3,36 3,23
29 7,60 5,42 4,54 4,04 3,73 3,50 3,33 3,20
30 7,56 5,39 4,51 4,02 3,70 3,47 3,30 3,17
40 7,31 5,18 4,31 3,83 3,51 3,29 3,12 2,991
60 7,08 4,98 4,13 3,85 3,34 3,12 2,95 2,82
120 6,85 4,79 3,95 3,48 3,17 2,96 2.79 2,66
I 6,63 4,61 3,78 3,32 3,02 2,80 2,64 2,51

GBITH NPOMBITEE GOJiee TIATeNLHO, YeM OCTAaTKH APYroro), H3-3a H3-
MeHEHHsl YCAOBHH B3BeHMIHBaHMs (IOBTOpHLBIE 006paslbl MOTYT COLEp-
JKaTb Pa3JHYHbIE KOJHYECTBA BJIaTH JHOO Ha pe3y/ibTaThl B3BEIIH-
BaHHsI MOXET MHOBJHSTb 3aBHCHMOCTb ITIOJNOXKEHHS HYJEBOH TOUKH
Ha Becax OT M3MEHEHHH TeMIlepaTyphl B TedyeHHe AHA M T. 1.) u Oja-
rogapsi BJHSHHIO ApyrHx OoJjiee TOHKHX (akTopoB. KomOuHaUHST
BCEeX 3THX HCTOUHHMKOB H3MEHUMBOCTH TPHBOJHT K BO3HHKHOBEHHIO
Tax Has3blBaeMO#l 3KCHepUMEHTaJibHOH OMIHOKHM HJH H3MEHYHBOCTH,
He YYHTHIBaeMOH TOJIbKO pasJjIMuusiMH MeXIy o6pasuami.

Has toro uToOH H36eXaTh BO3MOXKHOCTH NOSBJEHHS CHCTeMa-
THYECKOH OWIHOKH B CTATHCTHYECKOM aHaJH3e, MOBIOPHBEIE HAG6JIO-
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V)

9 10 12 15 20 24 o0
6022,5 | 6055,8 | 6106,3 | 6157,3 6208,7 6234,6 6260,6
99,39 99,40 99,42 99,43 99,45 99,46 99,47
27,35 27,23 27,05 26,87 26,69 26,60 26,50
14,66 14,55 14,37 14,20 14,02 13,93 13,84
10,16 10,05 9,89 9,72 9,55 9,47 9,38
7,98 7,87 7,72 7,56 7,40 7,31 7,23
6,72 6,62 6,47 6,31 6,16 6,07 5,99
5,91 5,81 5,67 5,52 5,36 5,28 5,20
5,35 5,26 5,11 4,96 4,81 4,73 4,65
4,94 4,85 4,71 4,56 4,41 4,33 4,25
4,63 4,54 4,40 4,25 4,10 4,02 3,94
4,39 4,30 4,16 4,01 3,86 3,78 3,70
4,19 4,10 3,96 3,82 3,66 3,59 3,51
4,03 3,94 3,80 3,66 3,51 3,43 3,35
3,89 3,80 3,67 3,52 3,37 3,29 3,21
3,78 3,69 3,55 3,41 3,26 3,18 3,10
3,68 3,59 3,46 3,31 3,16 3,08 3,00
3,60 3,51 3,37 3,23 3,08 3,00 2,92
3,52 3,43 3,30 3,15 3,00 2,92 2,84
3,46 3,37 3,23 3,09 2,94 2,86 2,78
3,40 3,31 3,17 3,03 2,88 2,80 2,72
3,35 3,26 3,12 2,98 2,83 2,75 2,67
3,30 3,21 3,07 2,93 2,78 2,70 2,62
3,26 3,17 3,03 2,89 2,74 2,66 2,58
3,22 3,13 2,99 2,85 2,70 2,62 2,54
3,18 3,09 2,96 2,81 2,66 2,58 2,50
3,15 3,06 2,93 2,78 2,63 2,55 2,47
3,12 3,03 2,90 2,75 2,60 2,562 2,44
3,09 3,00 2,87 2,73 2,57 2,49 2,41
3,07 2,98 2,84 2,70 2,55 2,47 2,39
2,89 2,80 2,66 2,52 2,37 2,29 2,20
2,72 2,63 2,50 2,35 2,20 2,12 2,03
2,56 2,47 2,34 2,19 2.03 1,95 1,86
2,41 2,32 2,18 2,04 1,88 1,79 1,70

MEHHS AOJIKHBI OBITb OTOOpaHBl HayAady. DTo TaK HasblBaeMmas
panioMizauns Habuoiesul. Heo6xoauMocTs 3Toll npoueayps cra-
HET OYEBHHOH, €C/IH HMEETCs HEKOTOPHIH (akTop, KOTopwlil Henpe-
PLIBHO M3MEHAETCS BO BpEeMs 3IKCNEPHMEHTA, HaNpHMep LpPOIO0J-
AKapoumeecs BLICHIXAHHE P00, 0XKHAAWIIHMX CBOEH OuepenH B3BeIIH-
Banus. EciH B3BECHTb Bce WIECTh PO, NMOMYYECHHBIX M3 ofpasua l,
a 3areM Bce npoGbl, NoJyyeHHbIe H3 06pa3ua 2 u T. 1., TO OPH IO-
CJIeAHEeM B3BEILIMBAHHH MOLYT ObITh 3aperHCTPUPOBAHLI OOAbLIHE
BeCOBLI€ NIOTEPH JIHUIb IO TOH MPHUHHE, YTO NPOGH BLICLIXAJH B Te-
YeHHe OoJsiee NPOJAOJIKHTENBHOTO liepHoia BpeMeHH. OIHH H3 CHO-
COGOB peueHHs 3TOH 3ajauil — NOCAENOBATENbHAS HYMEpaLHs Kax-
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Ta6aunua 215
KonuenTpalusa MHAKpPOYACTHL B Tajoi Boje, Mmr/T

AxTapkTHKA, n=16 Tpepnaunud, n=18
3,7 0,6 3,7 1,6
2,0 1,4 7,8 2,4
1,3 4.4 1.9 1,3
3,9 3,2 2,0 2,6
0,2 1.7 1.1 3,7
1,4 2,1 1,3 2,2
4,2 4,2 1,9 1,8
4.9 3,5 3,7 1,2

3,4 0,8

J0fi TIOBTOPHON mMpOLEeRyphi H BHIGOp STUX HOMEPOB B NpOUCCCE aHa-
Ju3a no Tabuauue caydyadHsx yuces. leHACTBHTENBHO, €CJH NpOIece
I[POTEKAeT [03TANHO, TO Leec000pasHo MPHNHCATL HayAauy HOMeE-
pa Kaxaomy obpasuy xa xaxjaom wmare. Torxa pasandHbie HCTOH-
HUKH OUIHGOK IepeMEIIHBAIOTCS HJH COBMEIalTCs [Jis BCeX IIo-
BTODHBIX NMPOO, a He KOHHEHTPUPYIOTCH B HECKOJbKHX U3 HHX.

IIpoBepKy TUNIOTE3bl SKBHBAJEHTHOCTH INSATH 0OPAsUOB MOXKHO
NPOBECTH ¢ TOMOLLbIO TNPOLEAYPH!, Ha3bIBAEMOH ONXHODAKTOPHBIM
JAHCTEPCHOHHBIM AHAJH30M, TIPH KOTOPOM NpOBepseMag ruioresa b
aJLTEPHATHBA MMEIOT CJEeIYIOWHUH BUIL:

Ho:pp = p2 = pa = pe = Us;

Hy: mo kpaitHeli Mepe OZHO CpelHee SHaueHHe OTVIMYHO OT OCTajb-
HBIX.

Jlns npoBepKH 3TOf THNOTe3bl TPeOyeTCs BbUIOJIHEHHE HEKOTO-
PLIX YCJOBHH, a HMEHIO: a) Kaki0e MHOXKECTBO NOBTOPHBIX npod
paccMaTpHBaeTcsi Kak cayuaiinas BuiGopka H3 COOTBETCTBYIOLICH
COBOKYIHOCTH; §) Kaxjlas HCXOLHasi COBOKYNHOCTb XapaKTepHSy-
eTcsi HOPMaJibHbIM pacipefiefieHueM; B) BCe HCXOAHBIE COBOKYIHO-
CTH HMEIOT PABHLIC AHMCIEPCHH.

Jlauuble AJs paccMaTpHBaeMoil HaMH 3aj1ayd  [IPHBEICHEL
B TaGa. 2.16. B 04HOMDAKTOPHOM [HCIEPCHONHOM aHajnse obuiasn
AHCIIepcHs pasbuBaeTCs Ha ABE COCTABJAIULINE: AUCIIEPCHIO BHYTPH
KAJKJOFO MHOMKECTBa INOBTOPHBIX IpPO6 (BHYTPHBHIGOPOYHYIO HHC-
IepcHi0) M AHCNEPCHIO MeXIy CpaBHHBACMBIMH obpasuaMu (Mex-
BLIGOPOUHYIO Aucrepcuio). B MaTeMaTH4YeCKOH CTATHCTHKE paspa-
GoraHa (opMaJH3OBaHHAS TpPOUEAYpa MHCNEPCHOHHOro aHa/nusa,
xotopas npuseieda B tabauie ANOVA (Analysis of Varianse).
[locseausisi COLEPIKHT HNepeueHb HCTOYHHKOB H3MEHUHBOCTH, CTOJ-
el HCIpPaBAEHHBIX CYyMM KBaApaToB, COOTBETCTBYIOLIHX Pa3ilduHbIM
MCTOUHHKAM, UHCJIO CcTemeHeii CBOGOAB AJA KaxJOH H3 HHX, CTOJ-
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TaGauna 2.16
Coaepxanue Kap6oHaTHOTO LiemMeHTAa B naTH obpa3nax
necuaHuka, % (uscaa B ckoOkax 0603HauAOT
NopAJKOBHIE HOMEP npoObl B MpOLiecce aHaau3a)

Hoxep o6pasua
Hosem no-
JranHoli
1polsi 1 2 3 4 5

1 19,2(11) 18,7(04) 12,5(28) | 20,3(12) 19,921
2 18,7€08) 14,3(19) 14,3(16) | 22,5(30) 24,3(06;
3 21,3(09) | 20,2(14) 8,7(20) 17,6(24) 17,6(18)
4 16,5(17) 17,6(07) 11,4(29) 18,4(03) | 20,2(22)
5 17,3(26) 19,3(05) 9,5(27) 15,9513 18,4(12)
6 22,4(15) | 16,1(25) | 16,5(01) 19,0(02; 19,1(10)

Gell CpeiHuX KBapaTOB, KOTOPLLA COLEPIKHT BHOOPOUHBIE OLUEHKH
aucrepcuil ¥ 3HavyenHit F-xputepHs. CooTBeTCTByIOLIas Hamel 3a-
Jade Tad/aMua OpHBeJEHA HHXKe:

Cysmya xBal- | Uucno crene- Cpenpuft
HcTOUHHK H3MEHIHBOCTH DATOB Helt cBO60AbL Kguipar F-gpuTepHit
Mexay BpIGOpKaMH S8Sa m—1 M8, MS./MSw
BuyTps BHGOPOK SSw N—m MSw
Ofmas u3MeHUYHBOCTD SSr N—1

O6imasi M3MEeHUHBOCTb IO BceM HAOJIONCHHAM (IO BCEM JTOBTOP-
HBIM TpobaM W mo BceM obpasuaM) SSr xapakrepusyercs ¢op-
MYyJIOH

m ,m n

=P (RPx). e

j=li=1 j=1i=
rae X;; —i-1 noropHasi npo6a B j-M ofpasle.

B aBofino#i cyMMe mepsas yKashiBaeT, YTO CYMMHPOBAHHE TIPO-
BOAHTCS MO KaxAOMY CTOJOLY, cofepKaleMy 7 IOBTOPHBIX TPOJ,
a 3aTeM CKJa/bIBAIOTCS NOJIYYEHHBIE Pe3yJIbTaThl BCEX 11 CTOAOLOB.
Obwee uncao HabmoAeHHH N paBHO YHCAY MOBTOPHLIX NPOO B BbI-
6opKe, YMHOXKEHHOMY Ha YHCJI0 BHOOpPOK, T. e. N=nm. [Tocaeanui
WIeH B IIpaBoii yacTd BulpaxeHus (2.37) HasblBaercs mONpaBoY-
HeIM. OTMeTHM, YTO TakHe XK€ YJeHbl WMEIOTCST H B APYTHX aHaJo-
THYHBIX CYyMMaXx.

CyMMYy, XapaKTepH3YIOWYIOCcd MeXBEHOOPOUHOH HU3MEHUHBOCTHIO,
HaxoAT NO Cleayloled Gopmye:

m | n .2 ' m n \2
SSp = ET(EX”) —-N—<2 2)(,,/;, (2.38)
i=1

i=1 j=1i=1

91



e CYMMHPOBAHHE IIPOBOAMTCA IO BCEM IMOBTOPHEIM mpodam B
n

KaxjoM obpasue Zl){;j, a 3aTteM Kaxnlas H3 TOJYUYEeHHBIX CyMM
=

BO3BOJHUTCS B KBAAPAT H NOJNYYEHHLIH pe3y bTaT 1€IHMTCS Ha YHUCJIO
MOBTOPEHHH 7 B KaXA0# BHIOODKe; jaJjee MOJyYCHHLIE PE3YJbTAThHI
CYMMHDYIOTCA MO BCeM BBIOODKAM H, HaKOHell, BHYHTaeTCs MOmpa-
BOYHBII UJIEH.

Bennuuna, xapakrepusylomas BTOPOHl HCTOYHHK H3MEHUYHBOCTH,
HMeeT BHJ

m m

se-F 23
"

j=1i=1 =1 "i=

(2.39)

3aMeTHM, 4TO NEPBBI WJIeH B NpaBoil YacTH 31CCh TaKOH IKeE,
Kak H lepBbil uiacH dopmyabt (2.37) aas SSr, a nocaesHui 4sieH
CoBanaer ¢ lepBbIM uieHoM dopmydb (2.38) aast SS4. [lostomy
SSw MOXHO BHYHCIHTL IO GOpMyaC

SSw = SST—SSA (240)

qPICJlO cTeneHeit cBoOOAbl 110 BCeM JaHHBIM paBHo N—1. Yucino
CTeNeHed CBOOOAB AJs BeJHUHHBl SS4 paBHO m—1, Tak Kak MH
OUCHHBAaeM ee IO CPeAHHM 3HAYeHHAM Kaxjoro ob6pasua. Pas-
HOCTb MCKJY 3THMH YHCJIaMM CTeNeHel cBO0OIbl paBHa YHCJY CTe-
HeHell CBOBObl A BeJTHUHHB SSy.

C ueabl HJMIOCTPALMH 3TOrO METOAA AMCIEPCHOHHOTO aHAJN-
3a NpoOBefeM BLIYHCJEHHS NO AaHHBIM TabJ. 2.16. Mcnoassys ¢op-
myay (2.37) nas SSr, nonyuum SSr=2383,79.

Hanee MBI MOXeM NOACYHTATb BeJHUHHY SS, 1O CpeHHM 3Ha-
UeHHAM AN nsatH o6pasuos. Mcnmosbsys dopmyay (2.38), mpocyu-
MHpyeM CHauajia BCe MTh CTOJOLOB, BO3BEXEM B KBaipaT MOJY-
YeHHbIE cymgm, pasieNHM Pe3yJbTaThl Ha 6 M BHIUTEM NONpPaBOU-
Hblll 4JeH. IJTo JaCT HaM MEXKBLIGODOYHYIO Cy2 ;
Y POYHYIO CYMMY KBaapaToB

Haxonen, soiunras SSu us SSr, nonyyaem BHYTpUBHGOPOUHYIO
cyMMy KBajapaTtoB SSw=146,37.

OObwee uncao crenewell cBoGoas paBHo N—1, uau 29. Tak kax
MBI OLlEHHBAEM MEXBBIOOPOYHYIO H3MEHUYHBOCTDb 110 IISITH H3MEPEHH-
AM (7. €. MO CPCAHMM 3HAUYEHHSIM IISITH CTOJGLOB), TO UHCJO CTele-
Hell cBoOOXB Mist SSa pasHo m—1, T. ¢. 4. PasHocTb unceda creme-
Heil CBOGOABI ZOJIAHA COOTBETCTBOBATH OCTATKY CYMM KBaJApaTOB
MM «Mepe» OMHOKH. JTa PASHOCTb UYHCEJ CTeNeHedl CBOGOALI paB-
Ha N—m, uau 25. Tenepb BHIYHCIEHHBlE HCIPABJAEHHLIE CYMMBI
kBa1patoB SSr, SS4 u SSy HYXKHO Pa3NeNHTb HA COOTBETCTBYIO-
mue UM 4HCJIa CTeneHed cBo6oAn. B pesysapTate Mbl noayyaem
OLEHKH NUCNepCHH (WM cpelHHe KBaipaThl, 4TO ABJAETCA NPOCTC
APYTHM Ha3BaHHEM TEX Ke BEJHYHH).
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Ouenka obuieft 1ucnepcuu

SSr 388,79 )
VoT T 13,23.
Ouenka MeXBBOOPOUHOH JHCHEDCHH
SS, 237,42 -
MSa= —r = = 59,35.
OueHka BHYTPUBBIOOPOUHOMN IHCHEPCHH
SSy 146,37  _ __
MSy = Y—m = T = 0,80.

CylyHOCTh NPOBEIACHHOIO 1HCHEPCHOHHOTO aHaJju3a Jayulie no-
SICHHTDb, PACCMOTPEB TOT NpeienbHblll cJayuyali, Koria Bce II0OBTODHLIE
npo0nl HAeHTHYHb. Toria cpejune 3HAa4YeHHs cToabuoB Oy1yT Ta-
KHMH JKe, KaK CpeIHHEe Mo BCCM CTOJ0HAM, M OLEHKa IHCNEpCHH,
BLIYHCJEHHAS 110 BCEM HaOMOAEHHsIM, GyaeT cOBIalaTh ¢ OUEHKOH,
BLIYHCJEHHOH TOJbLKO Ha OCHOBaHHH JaHHBIX OJHOrO crosidua. HHei-
MII CJ0BaMH, Mepa OWHOKH 006paTHTCst B HyJb. B 3TOM cayuae HeT
JLECHEPCHH, BO3HHKAIOUIEH H3-3a Pa3JH4YHi MeXK1y NOBTOPHLIMH NpO-
G6avu, Taxoil HenpaB1OMOJOOHKIl pe3yabTAT 10JKEeH NaBeCTH Ha
MbICIb, YTO TeEpBOHAYAJbHLIE 00pasllbl HAa CaMOM JeJse Da3JHYHBL
H UTO Kaz10¢ MHOMKECTBO IOBTOPHBIX Mpo0 ObLIIO H3BJCHEHO H3
pPa3JHYHBIX COBOKYIHOCTeH, HMEIOLWMX HYyJeBble 1HCIEPCHH.

PaccMOTpeHUbIfi TpuMep sIBJSETCS MCHEC SKCTPEMAAbHLIM. Bbi-
qHCJAfs 3HaueHue F-KpHTepHs, Mbl NoJdyuaeM Ciaelyioliee KpHTHYe-
cKoe 3Hauedue. BrifpaB KpHTHUYecKyio 00J4CTb, COOTBETCTBYIOLLYIO
3aJ1aHHOMY YPOBHIO 3HAYHMOCTH H 3a,1aHHOMY WYICJy CTeleHel cBo-
60ibl, MOMKHO Telepb NPHHSITb HJAH OTBEPrHYyTb IPOBEPSEMYIO TH-
NoTe3y:

F = MSa4/(MSvw) = 10,14

OanopakTOpHBIl 1HCNEPCHOHHLIH aHa/du3 lpUMeHsercs B Tex
cayuasix, Koria Tpedyercs NPOBEPHTh THIOTE3Yy O TOM, 4TO HEKOTO-
phili HaBop COBOKYNHOCTEf, NMPEICTABACHHLIX BLIOOpKaMH, COCTONT
¥3 HACHTHUHBIX 00bexToB. O1HAKO MJIs ero NpoBcicHus Tpedyercs,
qTOOBl MLl MOTJIM CJYY4aiiHO BBIGpaTh IHOBTOpHLIE TIPOCH BHYTPH
BLIGOPOK H NPOBECTH HX aHAJAM3 B CJAy4Yailoi Mmoc/e10BaTeIbHOCTH.
B HeKOTOpPBIX CHTYaUHsiX 3TO MOMXKET OKa3aTbCsl CHJbHBIM OrpaHH-
YeHIleM H MOXKET IPHBECTH K HCHOJHOUEHHOMY aHaJu3y, IpH KOTO-
POM TepsieTcsl CJAMLWIKOM MHOro HHpopmauuu o6 naMeHunsoctH. Ha-
npUMep, NPEANOJIOKHM, 4TO HEKOTOpas M3MepHTeJbHas npouelypa
NPHBOMT ¥ 34BBLILIEHHIO T1HCHEepCHH. Mcenoabsys OXHODAKTOPHYIO
MO1€Jb, MBI HE MOXeM OUEHHTb BEJHUMHY BO3HHKaOLLEH 10 3TOH
NpUYHHE H3MEHUHBOCTH, TaK KaK OHA BXOIHT B CYyMMY KBaIpaToB
BMecTe ¢ M3MCHYMBOCTHIO, BO3HHKalowell oT Apyrux npHuuH. OaHa-
KO GoJiee KPOMOT/IMBBIA CTATHCTHUCCKHHA aHAJW3 MOXET 1aTb BO3-
MOXKHOCTb BBIAEAUTh 3Ty H3MEHUMBOCTH H OUEHHTL €e.
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Heyxdakropipii AWCHEDCUOHHBIH aHaiu3

Hssecten pax Gosee caomubix KDHTEPHEB, NOApoBHO omHCaH-
HLIX B DYKOBOACTBAX 1O JIMCHEDCHONHOMY AHAJN3Y M TJIAHHPOBA-
HHIO sreneprventa. [pekpackeie onncanny HEKOTOPLIX CXeM, BECh-
Ma NOME3HLIX IPH TCONOrHUYECKHY HCCJICI0BAHNSIX, COJAEPIKATCS B
kunrax Ppuddurca [13] u Kpavécina, n Ppeiiénana [20]. 3aecs
MbLI OrDAHHYHMCSA DACCMOTPEHHEM JHIIb OIHOrO AOTIOMHUTEABHOT O
[IpHMepa H COOTBETCTBYIOIWIEH CTATHCTHYECKOL npoueaypol. Opio-
BHKCKHE necuannkd CeHt-IIHTep mnpejcraBmeHn oueHp WMCTHIMI
OPTOKBADUHTAMH, KOTODBIE DACIHPOCTPAHEHH B BEepX0OBbAX p. Muc-
cucuni. Tak xak sepHa sTux nopon XOpOoWIO OKaTaHbl U OTCOPTUPC-
BaHbl, TO OHH HEOOBLIKHOBEHHO OIHOPOAHBI MO CBOEMY CTPOEHHUIO.
B cBasu ¢ stum medrsube MECTOPOKAEHHS, NPHYPOUCHHBIE K Iiec-
HAHHKAM, NpH DOOBYe HEDTH mMyTeM OTKauKH Benyr cebs Tak, xax
MOXKHO B TOYHOCTH NMPEACKA3aTh C NOMOLIBIO TEOPETHYCCKUX MoIe-
Jeli HX NOBeIEHHs, XOTS NOC/IeIHHe TIOCTPOGHE! HA OCHOBE MJCHJIH-
3aUMH YcaOBHH. OTKJIOHEHHS NOBEICHHS MOIENH OT JeHCTBHTEIb-
HOCTH MOTYT yKasaTb Ha OWIKGOYHOCTL JONYLIEHHI B CTPYKTYpe
MOJieH.

Hebonsmiolt nedrauoi paiion B 10)KHOM Haauuoiice npencras-
JACTC HACAJLHO NPHCHIOCOGJCHHLIM JJISI HCCJeN0BAHUS COBUaIC-
HUWSL B TIOBEIEHHH MOJEJH U PeaJbHOTO HeTIHOrO MECTOPOXKACHH .
Tax xax sror pafion apennosancs ToMbKG OJHOH KOMIaHuell, Tmia-
TEJLHO XpAHUBINEH LOKYMEHTALHIO, TO TAHHEE 0 JOGHYe HedTH N3
9TOr0 MCCTOPOXKJACHHS OKAZAJHCH LOCTYNHBIMH [Js HCCACLOBAHIS.
Ojnaxo, mpexie 4eM BHIIOJHHTD HCHUEPIILIBAKOUIHH aHaJH3 IIOBelC-
HHS MCCTODOXACHHS, LENeCO06Pa3HO NPOBEPHTb Ha IpuMepe BhI-
LICYNIOMSIHYTOrO NeCUaHHKa NpellloJoXKeHHe 0f OJIHODOZHOCTH €ro
¢BofiCTB.

W3 muoxecrsa ckBaxum, IPOGYPEHHbIX B mpouecce paspadot-
KH, 1ecATb OBbliM BHOGpPaHBl CAYYaAHHBIM 006pa3oM J1Jst npoBexeHIst
aHaausa. B kaxnoii npobe Haylauy Obln1 BhiceueH | Ky6 mopogsl
obbeMom 16 cM® TakuM 06pa3oM, 4TOGb BePTHKAJNbHAS] QpPHEHTA-
LHs npobul coxpaHsinach. C HOMOILLIO COOTBETCTBYIOLIEr0 NpHopa
OblaIH cICAaHLI [Ba HM3MepeHHs CKOPOCTH JABHKeHHs (Jionja
CKBO3L BLICEUEHHEIE KYOLI: B BEPTHKAJbHOM HANPABJEHHH IO OTHO-
WCHHIO K CJIOHCTOCTH H B TOPH30HTAJNBHOM, NapaJJieabHO CJOHCTO-
cru. Mcnodan3yst 9TH u3MepeHHsi, BEIUHCITHIY OPOHHILAeMOCTh 0Gpas-
La B KBAAPATHBIX MHKPOMETDAX.

HBaanare BRUMCACHHLIX 3HAYEHHII IPOHHLAEMOCTH IIPHUBELCHE
B Tabua. 2.17. Tlo »TuM ABAaILATH 3HAYECHMAM Tpedyercss NoayuHTh
OTBET HA BONPOC: HMEIOTCS JIH 3HAUHMBIE PA3JIHYHS B NPOHHLAEMO-
CTH, 34BHUCALIME OT NOJOMXKEHHA 00pasua B H3yyaeMoM paiioHe
(. e. or pacnosoxenus CKBaXHH) HJIM OT BHIGPaHHBIX HanpagJe-
HHH H3Mepenus?

STy 3ajayy MOXHO PeliHTh C HOMOLIBIO ABYX()aKTOPHOro AHC-
NIEpCHOHHOTO aHajH3a. PaccMOTPHM ABa TV1aBHBIX MCTOYHHKA H3-
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TVNCRY

Ta6auua 2.17

lponnuaemocts cayuafino oToGpaHHBIX 06PA3UOB TECUAHHKOB Cenr-Tlutep
(wrar MAauHONC), H3MEPEHHAS B Pa3/MYHBIX HATIPABJEHHAX, MKM?

Hanpasaeuus

Bepraxanbroe Topusontanstoce BeprHKanbHOe TopusonTanpioe
1,037 1,124 0,928 0,943
0,963 0,960 1,108 1,165
0,842 0,921 0,821 0,803
1,121 1,202 0,797 0,792
1,043 1,028 0,949 1,004

MEHUHBOCTH: OJMH, BO3HHKAIOUIH{ KaK CJICACTBHE Das3JHYHi MeXAy
npo6aMu, W IPyrol, BO3HHKAKOWHKL H3-32 pasJHuuil HanpaBJieHHH
IpH H3MEPEHHAX NpOHHIaeMOocTH. TpeTHH HCTOYHHK W3MEHYHBO-
CTH — OCTATOK, HJIM AHCNEPCHS OWHOKH, COOTBETCTBYIOLLAS AHCIEp-
CHH BHYTDH MOBTOPHBIX Hpo0 B OAHODAKTOPHOM aHaju3e. B 3TOM
npxMepe MPOBEPSIOTCH JiBe THIIOTE3bI:

Ho:py = pg=...=p
Ho . Ueepr = Uropus.

CooTBeTCTBYIOIIHE a/bTEPHATHBHBIE THIOTE3H  3AKMIOYAKOTCH
B TOM, YTO MO MEHBIIEH Mepe OjHA CKBaXKHHA HMEET HepaBHoe OcC-
TaJbHBIM CDelHee M UTO BEDPTHKAJbHEIE M TOPH3OHTAJBHBIE IPOHH-
LaeMOCTH HEOAMHAKOBEL. IJTa npobJjeMa OueHb HATNOMHHAET YiKe:
PACCMOTPEHHYIO 3ajayy H3yueHHs COAep:KaHHHA KapGOHATOB C 1i0-
MOILLIO OAHO(AKTOPHOrO [HCHEPCHOHHOIO aHaJdH3a, HO ¢ OJHHM
HCKIIOYCHHEM: BMECTO TOrO YTOGH NPOU3BECTH H3MEPEHHs B o6pas-
Uax Ha OCHOBaHHH CJAYYaHHOTO BbifOpa, MLl NPOBEJH H3MEDPEHHS
pasucro tuna. Ilocsepnne moxuo HasBaTh sddekTaMu: >TOT Tep-
MUH O3HA44eT, uTO 4HCJ/A, TOPOKAECHHBIE OAHHM 3 EKTOM, MOTYT
yHnaMEeHTaNbHO OTJIMYATBCST OT YHCEJ, TOPOKIEHHDBIX IPYrHM,
Aa¥Ke B CJIyUae eC¥ HCHOJIb3YIOTCS OAHH M Te Xe npobu. Tak kak
H3MEPCHHS HE BIOJIHE PAHIOMH3HPOBAHLI, 4 BMECTO 3TOr0 pasjeJe-
HDl B COOTBETCTBHH C BO3JEHCTBHEM Ha HHX Da3JIHYHHIX 3(Q(EKTOB,.
TO ZlaHHBIE MOXKHO NPOAHAJH3HPOBAThH C LEJbIO BHISIBJEHHS pa3JH-
unit Kak Mexny s(dekTaMmu, TaK M MeXAy o6pasuamu. TakuM 06-
pa3oM, H3MEHYHBOCTb, BO3HHKINAS U3-34 pa3JII/IlIHfI B addekrax, He
Ao/mKHA COBLANATL C M3MEHYHBOCTHIO, BOSHHKINEH 110 ADPYTHM NpH-
YHHAM, H MOXKET ObITb OTAe/JCHA Ha OCHOBAHHH CTATHCTHYCCKOMN
npouenyps

st 060CHOBAHHOrO IPHMEHENHSI AByX()aKTOPHOTO aHa/iu3a He-
O0XOJHMO BBITIOJIHEHHE CJACAYIOIIHX UYETHIPEX OCHOBHBIX TOJIOKE-
HHH: a) xaxias KoMOHHauusi sQGexTa H o6bekTa sBJSeTCs caIy-
YaiiHoi BHIGODKOH, B3ATOH M3 PaBJHUHBLIX COBOKYIHOCTEH; 6) xax-
Alasi MCXONHAsA COBOKYMHOCTb HODMaJbHa; B) BCE H3yTaeMble COBO-
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KYNHOCTH HMEIOT OAHY M TY Xe€ JMCNEPCHIO; T) HeT HHKAaKOH 3a-
BHCHMOCTH MeX1y Da3JHYHLIMH 3OGCeKTaMH M Das3JHYHBIMH 06-
pasuamy.

[locnennee aonmyuieHuwe sBASETCS VYTBEPXKIEHHEM TOTO, UTO
vacTHasg KoMOHHAUMS s dexTa U 06pa3ua He NPUBOAHT K GOJbIIEH
aucnepcud, 4yeM 3(¢pexTel M o6pasubl B JAPYTHX KOMGHHALMSX.
Ecan 6bl MBI BHIOAHHIH OAHOGAKTODHLIH aHAMH3, HCIOJAL3YS II0-
BTOpHbIE HaGJ0enHs (T. €. BLIIOJHHJH Ob 60Jiee ONHOrO H3Mepe-
HHS NPOHHU2EMOCTH 1/t KaxKAoH koMOHHAuHM (HaxkTOpOB Hanpas-
JenHe —obpasen), To MOraM Obl OGHAPYXHTb B3aHMOJEHCTBHe,
OAHaKO B 3TOH NPOCTOH cxeme MBI NPCAIIOJAraeM, YTO B3aHMOIei-
CTBHE OTCYTCTBYeT. Ec/iM Bce Ke B3auMOIeHCTBHS HMEIOTCS, TO HX
HaJluHe O0eCUeHHBAeT pPe3yJbTaThl HCNLITaHHg Npob. Ounbounoe
MPEANOIOKeIHe O He3aBHCHMOCTH NapaMeTPOB MeXKAy coBOoH IpH
HaJHYHAH TAKOH 3aBHCHMOCTH JOBEJIO Ile OJHOTO HCCIeL0BATENs 10
Gevi. Xopoulee BBCICHHE B TEOPHIO 3()(PEKTOB B3aUMOLEHCTBHS CO-
Aepxutes B ra. 6 kuarn Xuxca [16].

Huxe wnpuBoantes cxema ABYX(akTOPHOTO IHCIEPCHOHHOTO
aHamiza Oes3 noBTOpeHMil B stueiikax. Beanunna SS;r Bhumcaseres
mo ¢opyyae (2.37); SSa—rmno dopmyne (2.38). Beanunna SSp ss-

JISCTCsT CyMMOMH KBaapaTos 1o shdexram:

n m

sso=Y1-L(Y) X,.,.:;;Z_ LYy x,-,-)Q, .41

i=1 = j=1i=1i

Tle m — UeJoe NOJ0XKHTENbHOE YHCJIO.

Ownbka cymMmMer KBanparoB SS, HaxoxuTcs mo dbopMyae

SSe = S8 — (SS4 + SS5). (2.42)

Tak xax peanunHa SSp SABANETCS PA3HOCTBIO JABYX CPEeIHHX
3HAYEHHH 10 o6pasuaM B npeiesax KaXKIoro spQexra, TO H3 3THX
PaBEHCTB BHITEKAET, YTo SSp ABJIAETCS MepOii H3MCHYHBOCTH 3(-
¢exros. CyMma kBaipaToB SS, sBAsiETCA OCTATKOM OT OGUIEro
BKJI4/lla NPU BBIYHTAHUH BKJANO0B, 3aBHCSIIIHX OT 3THX HCTOYHHKOB
u3MeHunBOCTH. OB03HAUCHHS B 9TOM CJydae TakHe }Ke, KaK H B OJ-
HODaKTOPHOM AHCNEPCHOHHOM aHaJH3e, TOJbKO TEeNeph A SBJACTCS
uncaoM 3 eKTOB, a HE YHCJIOM NMOBTOPHLIX NPOB.

HcTounuk CymMa KBag- Hueno cre- Cpenguit 3uauenna
H3MEHYHBOCTH parton ”e%eo‘; C(B°‘ KBaapar F-xpurepus
o
Me:xay BeGOpKaMu SSa m—1 MS, MS4/MS.2
Mexay addexramy SSs n—1 MSs MS /M8,
Ouribka SS. (m—1) (n—1) MS.
O6was H3MeHYHBOCTS SS8r N—1
2 KpuTepHil 3Ha4IMMOCTH DASTHUHA MEKIY 3LIGOPK2MH.
O KpuTepHii 3UaUHMOITH PasTHYHA MexAy sddexTasi.
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Pxuc. 2.32. Cxembl CyMMHpPOBAHHS B JHCIEDCHOHHOM aHaJju3e:

a — oAn0DaKTOPHBIA AHCNEPCHOHHBIR aHANH3, CyMMHDOBAHHE MNJS HAXOXIEHHA BLIGODOUHOrO

CPEAHEro NMPOH3BOMHTCH CBCPXY BHH3 1O cTOAOuAM;: 6 — ABYX(PAKTOPHBIA NUCNEPCHBIt aHAJH3;

CYMMHUPOBaHHEe AJA HAXOMAERHA BbIOODOUYHBIX CPeJHHX MPOH3BOZKTCA Kax MO CTPOKaM, Taxk
H Mo cTonbuaM

BrifpaB HexkOTOpHIl YpOBEHb 3HAYHMMOCTH AJisi OGEMX THIIOTE3,
MOKHO HCNOJb30BATh 3TY CTATHCTHUYECKYIO NIPOLEAYPY C HeJbIo HC-
cjejl0BaHHSl HaHHEIX Taba. 2.17 no nponuumaeMocTH. Bompochl, Ha
KOTODblE JaeT OTBEeT 3TOT KPHTEPHH, CJACAYIOUIHE: a — HMEIOTCS JIH
3HAYHMBble DA3JIHUYHA B NPOHHIIAEMOCTH B Ipejejax He(TCHOCHOTO
paliora? 6 — HMeIOTCH JIH 3HAUHMBle Pa3/IHUHS B NIPOHHILAEMOCTH
0 BePTHKAJIH H TOPH30HTAJHU?

MOXHO H3MeHHTb OAHOGAKTOPHYIO NPOLEAYPY TaK, 4TOOHl OHa
MO3BOJIslIa HAXOLUTh AONOJHHTENbHble uieHsl MSz M HOBHE InO-
npaBoyHblll uien MS., a 3arem nepexoauna Obl K HaXoXIEHHIO
IByX sHaveHu#t F. Ob6parnienue x puc. 2.32 HOMOTaeT NOHATh, KaKue
H3MEHEHHS HOJIKHB OBITh BHECEHH. YUHTHIBasl TOJIyYeHHblE pe-
3yJabTaThl, KakHe Obl Bl XOTEJH JaTb PEKOMEHIALHH OTHOCHTEJbHO
11e1eco08pa3HOCTH HCIIONB30BAHHS 3THX METOHOB /Js IIPOBEPKH
MoaeJiedl 3aMeXKHu?

JucnepcHoHHBIH aHaJu3 — OJMH M3 HauboJsee paclnpoCTpaHeH-
HBIX CTATHCTHYECKHX METOAOB, OCOOEHHO B TakHx ofJacTsax, Kak
KOHTDOJIb KayecTBAa H3A€JHH B IPOMBIIJIEHHOCTH H OHONOTHYECKHE
sxcniepuMeHTb. CJe10BaTebHO, HYXKHel nporpaMysl 1is 9BM no
AHCNEepCHOHHOMY aHaJH3y INPaKTHUeCKH JIO000H CTeNeHH CJOXK-
HOCTH.

X2-KpUTEPHH

PaccMoTpuM ellle OAHO pacnpejeseHHe, TeCHO CB3aHHOE C HOp-
MaabibiM. Ecau Bei6opka ob6beMa 7 B3ATa U3 HOPMAaJbHOH COBO-
KY[IHOCTH, HMeIOIle#l cpennee 3HaueHHe |, H CTAHAApTHOE OTKJOHE-
HHe 0, TO Kaxjoe HabjioleHHe B BHOODKE MOMXKHO Ipeo0pa3oBaTh
no ¢opmyJae (2.16):

Z=(X—u)/o. (2.43)

Takasi BeJIHUHHA TaxXKe pacrpefesieHa HOPMaJbHO C MaTeMaTH-
yecknM oxuganneMm 0 u aucnepcuedi, pasnoii 1. Ecan snaucuus Z
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BO3BECTH B KBAaAPAT M CJAOXKHTH, TO CyMMa OyAeT NpPeACTaBAATb HO-
BYIO CTATHCTHKY, KOTOPYIO MBI ©0003HaYuUM 2Z% T. €,

37t = 2 (ﬁ;‘i)z (2.44)
i=t

Tak xak 37a CTaTHCTHAKA CTPOUTCS! O BEIGOPOUHLIM LAHHLIM, TO OHA
H3MeHseTCa OT BLIGCPKHM K BhiGopke. EcaH B3ATb BCEBO3MOXKHBIE
BbIGOpKH 00beMa 7 M3 HOPMAJbHOI COBOKYIIHOCTH M HAHECTH CO-
OTBETCTBYIOLIHE HM 3HaueHust 2Z2 Ha rpaduk, To OHH GyAyT TOIUH-
HeHBl y2-pacnpeneneruto. Pacnpeiesenue x2 3aBHCHT OT uMcJaa cTe-
nexeil cBOOOIb, KOTOPOE CBSA3aHO ¢ 0GBEMOM COOTBETCTBYIOULHX Bhi-
Oopox. TunuyHast KpuBas y2-pacupeinesieHus H3obpaxeHa Ha
puc. 2.33, a 3HaueHHd y2-pacnpeieseHHs JJs PA3JIHYHBIX YHCEJ CTe-
neHefl cBCOOILI M YpOBHEH 3HAUMMOCTH MNpHBeleHH B Taba. 2.18.
OTMeTHM, UTO KpPHBasi y2-pacnpejieseHHs, TaK Ke KaK ¥ KPHUBas
F-pacnpeieseHnns, BHXOAUT M3 HauaJa KOOPAHHAT H, NPOXOAA ue-
Pe3 NOJ0XKHUTeJbHBIE 3HAYeHHs, CTPeMUTCsl K GeckoHeyHoctH. Ilog-
pobuc y?-pacnpeienenne paccMorpeHo B Kuure Jim [23].

Pacnpenenenue y? uMcer GoJblioe 3HAUEHHE B NPAKTHKE, TaK
KaK €ro MOXKHO HCf0JIb30BaTb [NJs1 IIPOBEPKH THIOTE3, cojgepra-
HIHX KaK HOMHHAJbHLIE, TaK H NOPSAKOBHE daHHBeE. Lo cHX Iop
MBI paccMaTPHUBANM TOJbKO METOJB HCCJACAOBAHMS ITAHHBIX, NpeJ-
CTaBJsIOYX cOOOH pe3yabTaTLl H3MEPeHHsT 3HAuYeHHII TiepeMeH-
HeIX. Tenepb Ke Mbl 006paTHMCSl K HEKOTOPHIM METOXaM H3yuYeHUst
JaHHLIX NOJCYETa, HANPHMep TAaKHM, KaK YHCAO MOPCKHX exkeli Ha
€UHHLY TJOWIaAH MOPCKOTO AHA, MJIH YHCJO KPHCTAJJOB MJarHo-
KJja3a, PacrnoJOXeHHbX Ha NepeceuYeHuH WHda, UJIH YHCJI0 3epen
3ajaHHOH TpaHyJOMEeTpHYeCKOH ¢pakUu# B pasipobJaeHHOM Iiec-
YaHHKC.

O6iuens3BecTHast 3ajaya CTATHCTHUYECKOrO aHagai3a 3akIiouaer-
¢l B CpaBHEHHH BHIOOPOUHOIO pacnpelesieHHs ¢ HeKOTOPHM 3apa-
Hee 3alaHHBIM CTaHZapTHLIM pacnpejesjenueM. Tax, cTaTHCTHYE-
CKHE KDHTEDHM MOXKHO NDHMCHHTH AJS NPOBEPKH THIIOTE3L!, 3a-
KJIogaomeicss B TOM, YTO HMEIOL[HeCcs AAHHLIC H3BJCYEHBI H3 CO-
BOKYIIHOCTH C 3apaHee H3BECTHBIM pacnpejeseHHeM, BO3MOXKHO,
HOPMaJIbHLIM HJIH JOTHOpMaJibHBIM. Jlast Toro 4To6nl yOEAUTHCA B:
TOM, 4TO 3TO NPEANOJN0XKCHHE HC NPOTHBOPEUHT AeHCTBHTEJBHOCTH,
Hal0 CPaBHHTH BHIGOPOYHOE H TeOopeTHUYECKOe paclpeie/eHus.
B GoJbIIMHCTBE cJydaeB [COJOT 3a14€T COOTBETCTBYIOLIHE KJAaCChl
pasMepoB UYaCTHIL H 3aTeM NIPOBepseT, COracyeTcst JM pacipeinene-
HHe pa3sMepOB YAaCTHL B €CTECTBEHHLIX CKOIIEHHAX TPaBHS HJIH Ha
BbIXOAE H3 KaMHEAPOOHJKH C HEKOTODHIM 3aJaHHBIM TeOpeTHUe-
CKHUM pacnpefeseHueM. B ofenx pacCMOTpeHHBIX 3ajauax Tpebyer-
Csl YCTAaHOBHTb COOTBETCTBHE MeXAy (opMOH ABYX paclpelelieHHH,
OJHO H3 KOTODHIX INOJIyYeHO IO BEIOOpKe, a npyroe Jubo 3apaHee
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Ta6auua 2.18

KpuTHueckne 3HaueHHs Y 2-pacnpepenieHus
¢ v CTeneHsimMu CBOOOABI NMPH 3aJaHHOM YPOBHe 3HauMMOCTH [17]

¥YpoBeHnb 3xauHMocTH O, %
v
20 10 5 2,3 | 1
1 1—64 2—71 3—84 5—02 6—63
2 3—22 4—61 5--99 7—38 9—21
3 4—64 6—25 7—81 9—-35 1134
4 5—99 7—78 9—49 11—14 13—28
5 7—29 9—24 1107 12—83 15—09
6 8—56 10—64 1259 1445 16—81
7 9—80 12—02 14—07 16—01 18—48
8 11—03 1336 15—51 17—53 20—09
9 12-24 14—68 16—92 19—02 21—67
10 13—44 15—99 18—31 20—48 23—21
11 14—63 17—28 19—68 21—92 2472
12 15—81 18—55 21—03 2334 26—22
13 16——-98 19--81 2236 2474 27—69
14 18—15 21—06 23—68 26—12 29—14
15 19—31 2231 25—00 27—49 30—58
16 20—47 2354 26—30 28—85 32—00
17 21—61 2477 27—59 30—19 33—41
18 2276 25—-99 28—87 31—53 3481
19 23—-90 27—20 30—14 32—85 36—19
20 25—04 28—41 31—41 34—17 3757
21 26—17 29—62 32—67 35—48 38—93
22 27—30 30—81 33—92 36—78 40—29
23 28 43 32—01 35—17 3808 41—64
24 29—55 33—20 36—42 39—36 4298
25 30—68 3438 37—65 40—65 4431
26 31—-79 35—56 38—89 4192 45—64
27 32—91 36—74 40—11 43—19 46.-96
28 3403 37—92 4]1—34 4446 4828
29 35—14 39—09 42—56 45—72 4959
30 36—25 40—26 43—77 46—98 50—89
40 4727 51—81 55—76 59—34 63—69
50 58—16 63—17 67—50 71—42 76—15
60 68—97 74—40 79—08 83—30 88--38
70 79—71 85—53 90—53 95—02 100—43
80 90—41 96—58 101—88 108—63 11233
90 10105 10757 13—15 118—14 12412
100 111—-67 118—50 12434 129—56 13581

H3BECTHO, JHOO IpeanoJiaraeTcss HMEIOLIMM ONpeJeJeHHbH THII.
Tpebyercst B BepOSTHOCTHBIX TEPMHHAX MOJYYHTb OTBET HA BOMPOC:
MOXKHO JIM ABa YKa3aHHMIX pacHpeieseHHs] OTHECTH K ONHOMY THIy?

Ananornysas 3ajaya BO3HHKJIA IpPH ONPOOGOBAHHH B 3aJHBE
Yaiiryorep (mrar daopuna), rae GbUIO HpoBefeHO 48 H3MepeHHH
COJIEHOCTH TIOBEPXHOCTHHX BoA (Taba. 2.19). IlpeaBaputenbHbll
BU3YaJbHLIH aHAJH3 3THX AaHHBIX NO3BOJISIET IIPEXNOJIONKHTH, UYTO
3HayeHHUsl COAEpXKAaHHH COJAH B BHIOODKE € HEKOTOPOH IJOILAAH
pacnpegeneHsl HopMaabHO. Ecau ata rumorteza BepHa, TO H3 Hee
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Ta6anuma 2.19
Hamepenus coieHOCTH BoJ, B 3aauBe Yadfiryorep, wrat Paopuaa

CONeHOCTB, MKL/T

46 53 58 60 60 49 59 48 46 78
37 58 46 46 47 48 42 20 63 48
62 49 47 36 40 39 61 43 53 42
39 60 52 34 40 36 67 44 40
40 56 5! 51 35 47 53 49 50

CJIEAYET, YTO TMPOUCXOASAT CBOOOAHOE NepeMeluyBaHHe H OOMCH MexX-
LY OTKDPHLITHIMH MOPCKHMH BOJAaMM H IIpecHOH BOJOH, BTeKalollel:
B 3aJuB. C Apyroii CTOpoHBI, ecsi OBl CyUIeCcTBOBAJ KaKOH-MH00 Me-
XaHU3M, KOTOpbLIH cTpeMuJics 6Ll pasfiesuTb COJEHYI0O M IPECHYIo
BOJLY B 3aJHBe, TO paclpeiesncHUC COJepXKaHHH COJNH IO3BOJHIO
6Bl ero 0BHApYXKHTb. DT0 1aj0 OLl BO3MOXKHOCTbL TOJYYHTh NIpei-
CTaBJIeHHe 0 LHPKYJSLHH BOAbl H IPEACKA3ATH THI paclpenelcHHs
JAOHHBIX 0cankoB. C HOMOIILIO COOTBETCTBYIOUIErO KPHUTEpHs corJa-
CHSl MOXKHO IPOBEPHTb, HACKOJbKO XOPOLIO BLIGOPOUHOE pacnpene-
JIEHHE COTJACYETCs ¢ HOPMAJIbHBIM, .

[IpennosioxuM, YTO COBOKYNHOCTL ONpejeJieHHH COJIEHOCTH, H3
KOTOpO#l B3siTa Hama BbOODKA, XapakTepusyercs HOPMAJIbHBIM
pacnpejeseHHeM C HCH3BECTHLIM CPEAHHM 3HAUEeHHEM | M AHCIep-
cuell o2 AJbTepHATHBOH 3TOI rUNOTE3e, KOHEYHO, siBJseTcs Npel-
NOJIOKEHHE, YTO 3TO paclnpefesenye He COrJacyercs ¢ HOpMaJbHEIM
32KOHOM. 3HaueHHE CTATHCTHUECKOTO KPHTEDHS MOXKHO BBLIUHCIHTH
nyTeM NoipasjeseHust o0JacTH OnpeleseHus CTaHAapTHOrO HOp-
MaJILHOTO paclpele/ieHusi Ha HeKOTOpOe YHCJIO OTPC3KOoB. Beposrt-
HOCTb TOTO, YTO ORHO cJydaliHoe HaOJIOJeHHE, H3BJIECUEHHOE U3
CTaHAaPTHOTO HOPMAaJbLHOTO pAacClpejesienus, NoHalaer B OAHH H3
OTPE3KOB, paBHa IJIOWIAAH 101 KPHBOH B npeaenax orpeska. He-
NOJIb3ysi STH BEPOSTHOCTH, MOXKHO BBIUHCJHUTH OXKHAaeMOe YHCJIO
Ha6MOACHHI B KaxaoMm orpeake. OxXHiaeMble 4acCTOTHl B KaXKIAOM
OTpesKe 3aTeéM CDPaBHHBAIOTCA C COOTBETCTBYIOUIHMH BLIOODOUHBIMH
yacToTaMH. ECJH 3TH YHCJIA 3HAUHUTEJNLHO OTKJOHAIOTCST OT OXKH-
N4eMbIX, TO MaJOBEPOsTHO, YTOOLI BhiOOpKa Oblja H3BJIeYyeHa H3
HOpMaJIbHOH COBOKYNHOCTH. Hcnoab3ys xi’-pacnpegeneﬂne, MOXKHO
NpHIaTh BEPOSITHOCTHBIA CMBIC/ CJIOBAM «3HAUMMBIH» H «MaJjlOBEPO-
SITHBLHY.

VKasauublli CTATHCTHUECKHH KpHTepHil BoluHCaAseTcs no ¢op-

MyJe
k
O; —E;)? _
§? = 2 (O —Ep* , (2.45)
Eq
=1
rae O; — uucao Hadawaennii B j-M kJaacce, Fj— oxniaeMoe 4icno
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Puc. 2.33. y2-pacnpeaenenne npu mecsite

cTenensax CceoGoIbl € 3aLITPHXOBANNON

KDHTHUeCKOll 06.1aCThl0, OrpPaHHYHBAIO-
weit 5% naowagd Moz KpuBoi

x L1831

HabaoAeHuit B 31oM Kaacce. Ilpeanonaraercs, 4To uMeercs & pas-
JIYHBIX KJ1aCCOB (MJIM HHTEPBAJIOB).

B 370/ 3agaue 3HaueHHe CTATHCTHYECKOTO KPHTEPHS BBIUHCJS-
€TCA C NMOMOULpIO NOApasjeieHHs obJjacTu onpeieseHHss HabJo-
JaCMbIX 3HAYEHHIl HA HEKOTOpOe UHCJO OTPE3KOB, HalpUMEp YETHi-
pe, HO TakK, YTOObl HM COOTBETCTBOBAJH PaBHEIE TIIOLLALH NOA HOP-
MaJIbHOM KDHBOH, KOTOPHIM, CJIEOBAaTeJIbHO, OTBEYAIOT paBHbe Be-
POSITHOCTH NOII&1aHHS B COOTBETCTBYIOIIHI HHTepBaJ. [paHumamu
3THX MHTEPBAJIOB, COOTBETCTBYIOUIUX DABHBIM BEPOSITHOCTSM, GYAYT
—oo; —0,67; 0,0; 40,67 n oo. Ecau Haw# KaHHBIE CTaHIapTH30-
BaHbl, TO MOXHO OXHJAATb, YTO NPHOJIHM3HTCABHO OJHA YETBEpPTb
3HAYeHUH ToNajaeT B KaXAbI H3 uHTEpBajsoB. Jlasee IOICUHTHI-
BaeTcsl YHCJO 11po0, Mmomafaloux B KaxIblH H3 3THX HHTEPBAJOB,
HaXOJAHUTCSI PA3HOCTb MCKAY OXKHIAEMBIMHM KM DEAJbHBIMH YHCJIAMH,
a pesysabTaT BO3BOAHTCA B KBaapaT. KBagpar pasHOCTH HedHTCA
Ha OXHJaeMoe YHCJO NOoNajiaHu#l B JaHHHIH uHTepBas. [loayuen-
Hble 3HAYEHHS CYMMHDYIOTCS IO BCeM YeTblpeM HHTepBajiaM. Ecau
CYyMMa IpeBbllIaeT KPUTHUECKOC 3HAUEHHe, TO HyJeBag THIOTE3a
OTKJIOHSI€TCSl W AeNaeTcst BHIBOJ, YTO paclpejeseHHe 3HauyeHHi co-
JIEHOCTH He COIVIACYeTCsl C HOpMaJbHbIM.

Ha puc. 2.33 npeacraBiied THIHYHEI TpuMep y2-pacnpeieneHusl.
Crnenyer OTMETHTb, YTO €r0 KOHKDETHBIH BHJA 3aBHCHT OT 4HCJA
crenenell cBo6oan. OQHAKO YHCJIO CTeNeHed CBOGOAL B Haiueil 3a-
Jaye He 3aBHCHT OT YHcjaa HAOMOJEHHH, KaK 9TO ObLIO B NpPeIbIAy-
LWHX KpUTepusix. B aTom cayuae «BHIGOPKH» — 3TO YETHIPE KaTero-
pHH, CpaBHHBAaeMble C COOTBETCTBYIOIHMH KaTErOPHsSMU CTaH1apT-
HOTO HOPMAJBHOTO pacnpeiesedus. B namem npumepe uHc.Io cre-
neHed cBOOOAB DAaBHO YHMCJAY KaTeropuii 6e3 Tpex, HJH B HalieM
npuMepe — euHuLE. Mbl TIOTEpPANM JBe CTENeHH CBOGOAE NOTOMY,
YTO [JIf HEH3BECTHBIX IlapaMeTpOB W H 62 HCIOJNb30BAJH HX OLEH-
KH X M S? COOTBETCTBEHHO, a ellle OAHY CTENEeHb CBOGOILI 34 CUeT
TOrO, YTO CyMMa 4acTOT 10 MHTepBajaM paBHA efuHuue. Kparuue-
CKoe 3HauyeHde yi-pacnpelesenns, cooTsercTByolee 10%-Homy
yposuio sHaunMoctH (=0,10) u oaHOH cTemeHH CBOGOAM, paB-
HO 2,71 (cM. Tabua. 2.18).

Kax u B cayyae F-pacnpeiesenus, 3HaueHHs 42-pacrpeiesIeH-
HBIX CJy4YaiHbIX BEJUYHH HE MMEIOT LEHTPa B HyJe H BCIOAV M0JO-
XKuteapHol. Tak Kak OTKJIOHEHHS OXHIAaeMLIX 4acTOT OT Hadmio1ae-
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TaG6auma 2.20
CranpapTH30BaHHbIe 3HAYEHHS COMEHOCTH B 3aauBe Yafityorep

Ta6muma 2.21

CraHaapTH30BAHHbIE 3HAUEHHS COJEHOCTH, CTPYNNUPOBAHHbIE
AJsi POBEPKH THIOTE3Bl O HOPMAaNBLHOM pacnpefe/ieHdy TaKuM 06Gpasom,
4T0 KAaXAO# rpynne COOTBEeTCTBYeT BeposThHOCTh 0,25

Hoxmep 06- BuiGopoussie | CraHzaptit- Hoxe . Cranaapti-

e I R R e o
1 46,00 —0,38 25 35,00 —1,57
2 37,00 —1,35 26 49,00 —0,06
3 62,00 1,34 27 48,00 ~0,17
4 59,00 1,02 28 39,00 —1,14
5 40,00 —1,08 29 36,00 —1,46
6 53,00 0,37 30 47,00 —0,27
7 58,00 0,91 31 59,00 1,02
8 49,00 —0,06 32 42,00 —0,81
9 60,00 1,13 33 61,00 1,24
10 56,00 0,70 34 67,00 1,88
11 58,00 0,91 35 53,00 0,37
12 46,00 —0,38 36 48,00 -—0,17
13 47,00 —0,27 37 50,00 0,05
14 52,00 0,27 38 43,00 -—0,71
15 51,00 0,16 39 44,00 —0,60
16 60,00 1,13 40 49,00 —0,06
17 46,00 —0,38 41 46,00 —0,38
18 36,00 —1,46 42 63,00 1,45
19 34,00 —1,68 43 53,00 0,37
20 51,00 0,16 44 40,00 —1,03
21 60,00 1,13 45 50,00 0,05
22 47,00 —0,27 46 78,00 3,07
23 40,00 —1,03 47 48,00 —0,17
24 40,00 —1,03 48 42,00 —0,81

MBIX B KaXJ0lf K4T€rOPHH BO3BOAHMTCS B KBajpaT, TO 3HAYeHHA
CTATHCTHYECKOrO KPHUTEPHsSt He MOTryT GOBITb OTpHlLATedAbHHIMH. Cie-
LOBATENILHO, y?-KPUTEPHii BCerja sBJAsSETCS OMHOCTOPOHHHM, H 00-
J1aCTh OTKJIOHEHHS THIOTE3bl PACIOJOXKEHa CnpaBa.

B Hamwem npumepe o6nacTh Ha6mogaeMbix 3HAYEHHH AOJIIKHA
ObITb pasbHTa HA YeThipe YACTH C PaBHBLIMH BepoATHOCTAMH. Ecan
SHAYEHHS COJIEHOCTH pacnpele/ieHbl HOPMaJbHO, TO NPHOJHUIHTEb-
HO 12 HOpMAaJIH30BAHHBIX 3HAYEHHH NOJIKHO TIOTACTb B KaxAylo u3
yeThipex kareropuit. ITo BHGOpKe BHIUHCASEM AEHCTBHTENBHOE YHC-
JI0 HaOAIOeHHH (4aCTOT NONANaHHs), CONEPKAIINXCH B KAXKAOH H3
3THX rpynn. Tak Kak rpynn Bcero ueThipe, TO OXHiaeMble 3Haye-
HUA unCja HaGJiojeHHH paBHb 12. IlepBuiii 1uar — ctanpapTH3a-
uusa JaHHBIX 1o ¢opMmynae (2.26), moBTopsieMoit 3aech:

Zi= (Xi—X)/s. (2.46)
BbiGopka pauHbIX, NOJYYEHHBHIX NPH ONPOGOBAaHHM B 3aJHBe

Yaiityotep, HMeeT oueHky cpeaHero X =49,54 u OLEHKY CTaHIapT-
HOTO OTKJOHEHHs1 $=9,27. [losTOMy HOpManu3auus HAaGJIOIEHHH

OCylLeCTBJIACTCS O GopMye
Z; = (X:—49,54)/9,27.
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Kareropust or —oo g0 —0,67 Karteropust ot —0,67 z0 0,0

—1,35 —1,14 —0,38 —0,17
—1,03 —1,46 —0,06 —0,27
—1,46 —0,81 —0,33 —0,17
—1,68 —0,71 —0,27 —0,60
-—1,03 —1,03 —0,38 —0,06
—1,03 —0,81 —0,27 —0,38
—1,47 —0,05 —0,17

O6uwee uncno HadmogeHuit 13 Oduee yucno HabaoacHuil 14

Kareropua or 0,0 go 40,67 Kateropus or +0,67 no =~

0,37 0,37 1,34 1,13
0,27 0.05 1,02 1,02
0.16 0.37 0,91 124
0,16 0.05 1,13 1.88
’ 0.70 145
0.91 3.07

1,13

Of6uwee uucaoc HaGuoicHuil 13

Ofwee uucao nadooaenu 8

CranjapTH30BaHHbBle 3HaueHHs1 npuBeieHbl B Taba. 2.20. B radua.
2.21 npuBefeHBl pe3y abTaThl pasdueHus Bcell BEIGOPKH Ha uHeThlpe
kareropuy. Ecan BHOGOPKY MOXHO CuMTaTb H3BJEYCHHOH M3 HOP-
MAJIbHOH COBOKYNMHOCTH, TO CJeAYyeT OXHUAaTh NPHOAH3HTEILHO
12 naGaionenuiit Ha KaTcropuo. Buluncass sHauenus KpuTepusa y2,
HOJIYUHM CJIeIVIOLHe IPOMEXKYTOUHbIE Pe3y/bTaThH:
2 (13—12)2 ,  (14—12)2 (8 —12)2
7= + + +
/ 12 12 12
—12)2 22
4 (A3=12)* 22 _ g3
12 12

BriuucienHoe 3Hauenne y2 Menplue kputHueckoro 2,71 10%-roro
YPOBHSI 3HAUMMOCTH H OZHOH cTenexu cBoGoinl. [ToaTomy HeT ocho-
BaHU{ CYHTATh, YTO paclpeieteHHe 3HAUEHHI COJICHOCTH B I0OBEPX-
HOCTHBIX BOAAaX CYLIECTBEHHO OTKJIOHSIETCS OT HOPMAJbHOTO
3aKoHa.

KoHeuHO, cTaTHCTHKA y 2 NO3BOJSET IPOBEPHTh THIIOTE3y He
TOJIBKO O HOPMAaJIBHOM paclpelesneHuy. Mbl MOXKeM NPHMEHHTb 3TOT
KpHTepHil NNsi MPOBEPKI THMOTE3b O T0060M APYroM 3akcie pac-
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LpeJesieHns, HaNpHMep, TaKOM, KaK JIOTHODMaJbHbIH, 3KCIOHEHLHU-
anpubift 1 1. 4. [Ipn atom npoueaypa NIPOBEPKH He H3MeHsercs,
XOTA YHCJO CTENeHCH CBOGOIbl B KaXKAOM ¢cJydyae 3aBHUCHT OT YHCJA
ouennBaeMplx napaMerpos. Koxpan [7] noapo6Ho paccMarpuBaeTr
3TH BOMPOCHL.

JIOTHOPMAJILHOE PACNPENEJIEHUE
H NMPYTUE NNPEOBPA3OBAHMUA

MHorre reoJlornyeckie nepeMeHHLIE OUEBHAHO He MOJUHHSIOTCH
HOpMAJbHOMY pacrpeie/CHHIO. Ecau, HanpuMep, Hanectd Ha rpa-
bux odpembl HedTaHBIX Moselt (puc. 2.34), To mosyuenioe pacupe-
AeJieHie OYAET B BbICWIEH CTENEHH ACHMMETPHYHBLIM. BOJBLIHHCTBO
10/1eH MaJibl MO pasMepy, HO HMECTCA yOLIBAKOLIAs 0CJeI0BATE b
HOCTh $oJiee KPYNHBIX TIOJIeH, HEMHOTO DEIKHX THTAHTOB, KOTOpbIE
3HAYHTEJBHO INPEBOCXOAAT ApPyrue no o6weMy. [eoxHMHUECKHe Ie-
peMeRHple, NOABEPrHYTHE ONPOOOBAHHIO B IPOLECCE MEOXHMHYECKO-
F0 HCCIeN0BAaHHSA, HANPHMED, TaKHe, KaK KOHUEHTpAalHsl cejleHa B
PAaCTUTEJBHOM MaTepHasle HJM KOHUEHTPALHs HOA4, OOHAPYKEH-
Has B npoGax IPYHTOBHIX BOJ, TaK:Ke NOAYHHSIOTCS ACUMMeETpHY-
HLIM pacnpeneseHHsM. B pacnpesenenusx pasMepoB 3eped B ocai-
Kax ApKO BbIpaXKeHa aCHMMCTPHsI, H LeJasi CHCTeMa KJacCH(pHKa-
UiH OCHOBBIBaeTCs Ha 3ToM akte [21]. Ha puc. 2.35 npeacrasie-
Ha THCTOrpamMa, INOKashBalollast KOHUEHTPALHIO MEIH B 0CANO0U-
HOM pycae Ha HOkone. Ha Heit npeicrasseno acummeTpHyHOe pac-
NpejieieHye, THIHYHOE AJSI MHOTHX APYTHX TI€OJIOTMYECKHX Tepe-
MEHHEIX.

Ecau Halunonednus, npeicraBienHbsie Ha puc. 2.34 u 2.35, mpe-
o6pasoBatb B Jorapudmuueckyio GpopMy (T. €. BMeCTO IepeMeH-
HBIX X HCHOJIL3YIOTCS nepeMeHHble Y;=log X;, To MHl y6eauMcs, 4To
MX pachpefe/ieHHss  CTaHyT NPHOJU3HTENBHO  HOPMAJbHBIMH
(puc. 2.36 u 2.37). Takue nepeMeHHbE HA3bIBAIOTCA JOTHOPMAJb-
upiMy. Tak Kak OHH 4acTo BCTPEYAIOTCSt B TEOJIOTHH, TO JOTHOD-
MaJjbHOE pacnpeiesienue B BhIcLIeH creneHd BaxcHo. OLHAKO ecJi
OrPAHHYHUTHCSL PACCMOTPEHHEM MNpPeoGPa3OBAHHBLIX NEPEMEHHBIX Y,
a He caMHX X;, TO CBOHCTBa JIOTHOPMAJIBHOTO PaclpeleeHHs MOXK-
HO 1IPOCTO 0XapaKTePH30BaTh CCHIIKOH Ha HOPMaJbHOE paclpefe-
JeHue.

CpeiHee u mucnepcus JnorapugMuuecKH npeoGpasoBaHHOl mepe-
MEHHOH Y; HaxoAsATCA OGBIYHBIM CHOCOGOM:

?= Zyi//’l H
E(—Y)? (2.47)

2
SY n—1

Oanako B TepMuunax HCXOXHON HeNpeo6pa30BaHHON NepeMeHHON X;
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Puc. 2.35. Tncrorpamma COZepKaHHs MeAM B OCAJOMHBIX NOPOA4X HA MAOULATH
Hancen B Okone [29]

cpenHee Y COOTBETCTBYET KOPHIO A-l CTeNeHH H3 Npou3BefeHHH X;
— n/
7—G6M=V1x, (2.48)

KOTOpHIY Ha3blBaeTcss reoMeTpHYeckuM cpeanuMm, GM. Cumpoa II
aHaJIOTHY€H I, TOJbKO OH O03HA4YaeT, YTO 3JIEMEHTH YKa3aHHOro
BeJel 3a HUM psfla NepeMHOXKAIOTCA, a He CKJAajbBaloTcs. Il Tak-
e UMeeT NpeeJil, aHaJOTHYHbIe TeM, KOTOPble HCHOJAb3YIOTCS MPH
3Hake cyMMHpoBaHHst X. MHOTZa oTH npenenb!, e€CJH OHH OYEBHA-
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Puc. 2.36. 'ucTorpaMma pacnpefeseHiiss IPOAYKTHBHOCTH He(DTEHOCHHIX TIOJIel, OT-
KphiThiX B JeHBepckoy Gacceline B 1969 r.
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Puc, 2.37. TucrorpaMuva cofepXaHuif MeAn B O0CaJOYHBIX [IOPOIaxX Ha IVIOMIaRH
Hancu B [OxkoHe,
Mpenctaeaena B norapudMuyeckom Macwrabe [29]

3
uer, onyckaioresd. Tak, II X, rae X;=2, X»=3, X;=4, paBHO

i=1
IIX;=2X3X4=24. ) ) .

ucnepcna jorapudMuyecki npeodpasoBaHHoOl MepeMeHHOH Ha-
3BIBACTCS TeOMEeTpIUecKoll ancnepcuedl ¥ SKBHBAJCHTHA

7 2(—5—) : (2.49)

A
Ha npakTuKe, KOHEYHO, NpoUie NpeobpasoBaTh HALIK HAGMIOJEHHS,
B35B MX JIOFapH()MBI, H 3aTeM BLIUHCJIHTL HX CpelHee H JHCIEp-
cuto. Ecan Tpebyercss HalTH reoMCTDHYECKOE CpeiHee M RHCIep-
CHIO, TO HaJIO B35iTh aHTujorapHdMer or Y H s%y. Ilo Tex mop moka

106

250 T T T T T T
L]
200 - -
=
(s34
IS
[
o150 - —
O .
b L]
x .
5
=
100 . . : -
[ ]
50+ o
° L
..oo. * o,
": * iy (¥ °
0... .o.. 4 ™ 4 LJ
glfesdy® o | ! ! ! !

0 10 20 30 40 50 60 70
NMnouwapnwn, Teic. aKpoB

Pic. 2.38. OGbemb HeTAHEIX 3a/exell, CBASAHHEIX C COMAHBIMH KYNOXAMH B Jlyn-
3HaHe Ha BHEUIHEM KOHTHHEHTaJbHOM ledbde (MekcukaHckuit sanus), [lo celic-
MHUYECKHM JaHHBIM

MBl pafoTaeM ¢ AaHHEIMH B NPeoGpPa3soBaHHOM BHAE, BCe CTATHCTH-
YeCKHEe MNPOUEAYpHl, NPHMEHseMble K OObIKHOBEHHEIM I€peMEeHHHBIM,
NPHFOAHBE H IJIst JIOTapHYMUYECKH NPEO6Pa3OBAHHEIX NEPEMEHHBIX.
HoGaBuM emie, 4TO JorapudMuyecKoe IpeoGpa3oBaHHE IepeMeH-
HBIX IIOJIE3HO, ec/ii TpebyeTcs cTabMIH3HPOBATL AHCIEPCHIO H TeM
CaMblM TPUBECTH NEPEMEHHYI0 C aCHMMETDHYHBIM paclpeje/eHueM
K Oosiee cuMMeTpHuecKoMy BHAy. Ha puc. 2.38 nmpeacraBiaens: 06b-
eMBl 3aJeXed HePTH, aCCOUMHPOBAHHBIX C COJISIHBIM KYNOJOM Ha
IJIOIa¥ BHELIHETr0 KOHTHHEHTasbHoro mejbda Jlyusuansl. STn
00BeMHl 3aJieXKeli HaHeCeHbl Ha OCH OpAMHAT rpaduka; Ha ocu abc-
IHCC OTJIOXKEHBl IJIOUaAH CTPYKTYP, B KOTODBIX DAaCHOJIOMXKEHH 3a-
JexH. B oflueM cayuae uMeeTcs IIOJOXKHTENbHAS CBA3L MEXAY
AByMsl TlepeMeHHBIMH; T. €. §oJiee KPynHble CTPYKTYPH OGLIYHO
cozepxar Gosee Kpymuble sanexu. ONHAKO pasMep 3aJeXH TaK-
XKe yBEJHYHBAETCs IO Mepe YBeJHYEHHs pa3MepoB CTPYKTYD, HJIH,
ApPYruMH CJIOBaMH, HalbJjiofaeMas JHCNEPCHs MPONOPLHOHAJbHA
cpeiHeMy.
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Puc. 2.39. Janusie puc. 2.38, npeacrasieHHble B JorapHdMuueckoM Maciitabe

Jlorapudvuyeckoe mnpeofpasoBaHHe IIOMOraeT CKOPPEKTHPO-
BaTh 3TO YCJOBHE, KaK 3TO Jerko yBHIeTb Ha puc. 2.39. 3aecob
Kak 00beM 3aseXH, TaK M pasMep CTPYKTypnl npeobpasyerca B3si-
THeM HX JOrapH(pMOB, B pe3y’abTare noJgydaercs rpadux ABOHHOTO
aorapudma. Hucnepcus JorapudpMoB obbeMoB 3anexkell ocraercs
MOUTH TIOCTCSIHHOK JJISI BCeX 3HAdYeHHH JOrapHpMoB pa3Mepos
CTPYKTYD.

XapakTepHCTHKH JIOTHOPMAJBHOTO paclpeieeHHs paccMoTpe-
Hbl B MoHorpadun Auncona n BpayHa [2] u B reo/lorHyeckoM KOH-
texcre — Koxom u Jlunkom [18]. HopmanbHoe pacnpene/ieHHe
0OLIUHO BO3HHKAET, KOI'AA NMPOHU3BOJIATCA NMOBTODHEIE 3aMEPHl HEKO-
TOpOil (UKCHPOBAHHOH BeJHMuMHLl p. KaxkJoe HHAHBHAYAJbHOE H3-
MepeHue mnpeTeprneBaeT (GJAYKTYyalHIO B CHJY MHOPHX CJy4YafHBIX
BO3JENCTBUI, KOTOpHIE CKJa1blBAlOTCA ¢ H3MepeHHeM, AeflcTByA
HHOrZa B OJHOM, 4 HHOTAAa B INDPOTHBOIOJOMKHHIX HAanpaBJeHHsX.
O6bluH0 3TH cayyafiHble BO3IEHCTBHsI B3aHMHO YHHUTOXKAIOTCH, H
OKOHUaTeJbloe H3MepeHHe OJH3KO K HCTHHHOMY 3HauyeHHI0. OQHaKo
B PelKHX CJydyasiXx GOJBLIMHCTBO CJAYyYaHHBIX OTKJIOHEHHH MOXKeT
UMETb OAMH ¥ TOT K€ 3HaK, H TO[Aa BO3HHKAIOT 3KCTPEMaJbHLIE
3HaueHusa. DTO SABJEHHE OTPa)KEeHO B KOJOKOJ00Gpa3HOM BHAE HOp-
MaJBbHOTO pacrnpeieNeHus.

JlorHopMaJsibHOe pacnpejesieHHC MOXKET BOSHHKHYTHL IIDH TeX Xe
06CTOATEILCTBAX, €CJAH CJAydalHble BO3LCHCTBHA He ajJJHTHBHLI,
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a MyJbTHIJHKATHBHBEL. DOJBLIHHCTBO cJAyualiHblX BO3MYULEHHI, Ie-
PEMHOXKEHHBIX BMecTe, Aal0T HPOMEXYTOUHOe 3HAuUeHHEe NpPOHU3Befe-
Hus, OJM3KOe K TeOMETPHUECKOMY cpelHeMy. B peikux caydasx
Npu cJay4yadiHOM BBHIOOpE BCe BO3MYWIEHHsI MOIYT OKa3aTbCsd OY€Hb
MaJbIMH, H UX NMpoH3BeicHHe Oyier Oausko HyJO. Tak Ke DEAKo
BCE BO3MYILIEHHS MOIYT OKa3aTbCcsl OOJIBIIMMH, H HX INIPOH3BEIEHHE
fydeT sKcTpeMadbHO OOJBUWIHM 3HaueHHeM. Pe3yiabTaToM MHOTCHX
CJAy4YalHbBIX peasH3audii OyAeT pachpejeeHHe, KOTOpOe HAauyHHa-
eT1Ccsl B HyJie U BO3pacTaeT 4O CBOEro MaKCHMyMa, M 3aTeM CIyCKa-
€TCcsl BHM3, NOCTHTas 3KCTPEMAaJibHO GOJBILHX 3HAYEHHH.

BHOMOrH YacTO CCHIJIAKTCS HAa «3aKOH IPONOPUHOHAJIBHOIO 3¢-
thekTa», COCTOALLNH B TOM, UTO H3MEHEHHE IepEMEHHOH B TeueHue
mpolecca ecTh CiayyaHHas BeJHYHMHA, NPONOPUHOHAJbHAA HCXOLHO-
My 3HayeHHMIO 3TOH mnepemeHHoH. Hanmpumep, BepOATHOCTL H3MeHe-
HHS pa3Mepa KOJIOHHII MHKpOOOB BO BpEeMEHHOH NPOMEXYTOK IpO-
IOpHUUOHAJbHA DasMepy KOJIOHHIl B NPEAIIECTBYIOLHE OTPE30K Bpe-
MeHu. DBoJsbliHe KOJIOHHH CTPeMATCS pAacCIUHPHTBCA (MJAH  yMeHb-
wuThesi) B OOJblIefl CTENeHH, 4eM MaJjble KOJOHHH. B03MOXHO,
HedTaHEe MECTOPOXKAeHHS (OPMHPOBAJHUCL TAKHM Ke o00pasov,
TaK YTO B TeYEHHE MHUTPaUHH YTJEBOLOPOAOB OOJblIHE CKOIJEHHSA
CTPEMHJINCh YBEJHUYHTBCA ¢ JIPONOPUHOHAJBbHO OoJiblied  CKO-
POCTBIO, 4eM 3TO NPOHCXONMJIO € MAaJBIMH CKOIVICHHAMH. Takue
npoueccel MOAYHHSIIOTCS JIOTHOPMAJBHOMY paclpejle/ieHHIO.

Teosorn, BO3MOX(HO, MEHee 3HAKOMBl C «TeOpHeil ApobJeHHs»,
XOTopasl IpejicKasaja 3apaHee H 0ObsCHHJAA JOTHOpPMAaJbHOE pac-
IpefesneHHe AJA pa3MepoB 4AaCTHL, KOTOphle HAOJ/IOZAOICA B ec-
TECTBEHHEIX OCajKax M B M3MeJbUeHHOM MaTepHaJje, TPOH3BOAHMOM
MeJbHHUAMH H Apobunaxkamu. IlpeanosoxuM, yro B3sT Habop uac-
THI, OAMHAKOBOTO pasMepa H 3aTeM Kaxjaas H3 HUX pasjelieHa
cayyaldiHBIM ob6pasoM. B obueM caydae B pesynabTaTe OAMH H3 00-
JIOMKOB KaxA0H HCXOAHOH uacTHUL! OyAeT OoJiblie, LPYrofl — MeHb-
ure. Ecau 3areM Kaxablfl H3 3THX 0O0JOMKOB CHOBa DasfpobuTh
cay4ailHBIM 06pasoM, TO H3 MaJbiX KYCKOB IIOJyYaTCs ellle MeHb-
e, B TO BpeMs KaK KaXiblfl OoJplioft 06J0MOK JacT cHoBa 60Jib-
WKl ¥ MEHbWHH KyckH. EcaH 3TOT mpoumecc NOBTOpSATH CHOBA H
CHOBa, TO B pe3y/JbTaTe NOJYYHM OUeHb GONBIIOE YHCJAO OYEHb Ma-
JBIX 4YacTHLU H HEeMHOTO <«H30paHHBIX» 3€peH, pa3Mepsl KOTOPBIX
OJIHSKHM K HCXOJHBIM pasMepam uacTHU. [ pYrHMH CJIOBaMH JOTHOP-

MaJIbHOE paclpeieJeHde 4acTo HabaogaeTcs npu  H3Y4YEHHH
QCajKoB.

Jpyrue npeoGpazoBaHus

Ias noayueHHs npubAH3HTENbIO HOPMAJbHOTO paciipelesieHHs
MOXKHO Hal NepeMcHHOH X NpPOH3BECTH TAKXKE HEKOTOpHE JApyrHe
npeobpas3oBaHus, KOTOpble HPeodpasyloT AMCICpCHIO K (oJee NpH-
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€MJIEMOMY BHIY HJH RalyT HEKOTOpHle APYTHe CTAaTHCTHYECKHE MO~
Jie3Hble pe3yJbTaThl. XOTSI HHYEro He OHIJIO CKa3aHO 00 HCXOXHOI
HIKaje H3MepeHHsi, HO Mbl AOJIKHBL YyBCTBOBAThL cebs1 CBOOONHBLIMH:
B cJaydae, eCJH OKaXeTcs NMOoJie3HBM H3MeHuTb ee. OIHAKO Cleny-
€T NIOCTOSIHHO NMOMHHTh, UTO HAll CTATHCTHYECKUH aHaJd3 HMeeT
Ue/abl0 IIPOBEPKY DAa3JHYHBIX CTATHCTHYECKHX THIIOTE3, KOTOpHE
MOTYT HMeTb MeCTO IJfi XapaKTepHUCTHK Npeofpa3oBaHHLIX Mepe-
MEHHBIX H He 0053aTeJbHO CIpaBeLJUBLIX AJS HCXOLHHBIX IepeMeH-
Hbeix. KoHeuHo, caenyer mo3aBoTHTLCS O TOM, YTOOGH HCIOMB3yEMbIC
npeobpasoBanus He ObIJIH HACTOJAbKO 5K30THYECKHMMHM, UTOGH 32
HHMH TepsJjach NPHPOAA HCXOAHBIX IIepeMeHHBIX, CBOHCTBA KOTOPHIX
HCCIAenYIOTCS.

Ecnn Hawn panHble npeacTaBasior co60f, HaNIpHMep, YHCJIO TPO-
AYKTHBHBIX CKBAaXXHH B pDerHOHE HJIH YHCJO 3€peH UUPKOHA B UIIH-
de, 3TH uMcia MOLYT TOXUHHATBCS pacnpeleneduio Ilyaccona.
BMecto Toro 4robbl cuMTaTh 3TH [QAHHbIE IHCKPETHBIMH, ylrobHee
TIPUBECTH HX K NpHOJHSHTENHHO HOPMAaJbHOMY BHAY, H3BJekas H3
HUX KBaJpaTHBIH KODeHb, T. €. KaxJoe 3HaueHue X; 3aMeHseTCS HA

Yi=7/Xi. 910 npeobpasoBanue cienaeT AUCHEPCHU 6oJjiee OJIHOPO.-~
HBIMH H TIIDHBEJEeT K COKpAallleHHi0 IJHHHOIO XBOCTa IyaCCOHOBCKO-
ro pacnpefenenus. Ecan nabmonaemble 3HayeHHss X; MeHblue, yeM
npuMepHo 10, To ymoGHee HCIOJNB30OBaThb mpeobpasoBaHue VY=
=YX+ 1/2, oco6esHO B Tex caydasx, KOrja HeKOTOpbie HaGM0 eHUsT
PaBHBI HYJIO.

PoGuncon [28] pexkoMeHAyeT HCIOJAB30BATh CTENEHHOE Npeo6-
pasoBaHue, Hanpumep Y;=X;2, Y;=X; u Tak nanee, npu BbIsIBJICHHK
neTpopH3HYECKUX CBOKHCTB, MO JaHHEIM KapoTaXa B CKBaXXHHaX.
Bo3BegeHue B CTeneHb NPHBOAHT K OO0JbLIEMY YBEJAHUEHHIO 60Jb-
WMX 3HaueHHH, yeM Manbix. Ecau Bo3BeleHHe B CTeleHb NpuMe-
HATb IIOCJe H3MeHeHHs MacwmTaba Tak, YTO MHOMXKECTBO 3HAueHWIE
(Ymax—7Ymin) OyAeT TaxkuM ¥Ke, KAK H MHOXKECTBO 3HAUYEHHH HCXOX-
HbX nepeMeHHBIX (Xmax—Xmin), TO 3QdeKT OyxeT 3arm0YaThCs
B TOM, YTO HA KapOTaXHLIX AHarpamMmax OYIyT NOAYEPKHBATLCS
06/1aCTH BHICOKMX 3HAUEHHIl H NOAABJSATHCS YYaCTKH, TAe 3HAYCHHSA
Huskd. CreneHHoe npeofpa3soBaHUE HMeeT TakKOe Ke BJHSIHHE HA
pacrnpefesenye JaHHBIX H MOXeT ObITh HCNOJb3OBAHO IJIsi HCHpaB-
JeHus oTpHuaTesbHOH acumMerpud. OJHAKO OHO MOMXKET TaKXe
NPHBECTH K YBEJHUYEHHIO NHCIEPCHH H CleJaTb ee HeOXHOPOIHOH.

OrpuuaTeabH0 aCHMMETDHUHOE pachpefieleHHe HHOrAa MOXKeT
6HTh MPHUOJIHKEHHO NpeoOpa3oBaHO B HOPMAJbHOE, €C/IM NpHMe-
HuTh npeobpasoBanne Y;=arcsin X;. Tlpu atom ncxoansle nepemen-
Hble JOJKHB OBITH TpeABapHTeNbHO NpeobpasoBaHbl B uHcaa B
npenesax uurepsana (0,00—1,00). dpyroe npeobpasoBanne apKcu-
Hyca, OMHCaHHOe B IVI. 4, MOXKHO HCIOJb30BaTh 15 npeobpasoBa-
Hust GHHOMHIIAJIBHOTO pachpele/ieHHs B HOpMaJbHOE.

HENAPAMETPUYECKHE METOIbI

Bce mpennifyllHe CTATHCTHYECKHE METOAbl ABJSIOTCS NMapaMeT-
PHUECKHMH, T. €. OHM OCHOBaHbl Ha XapaKTepPHCTHKAX pacmpelese-
HHll, TapaMeTpsl KOTOPLIX M3BecTHbl. Bce ncnonbsyeMbie KpHTEpHH
(¢, F u %2?) cTpositCs /5 BEHIOOPOK M3 HOPMAJbHBIX COBOKYNHOCTEH.
Jlass oBoCHOBAHHMSI BO3MOXKHOCTH HCIOJb30BAHHSA 3THX KPHTEPHEB
B Tex cJyuasix, KOrja Hccaeiyemasi COBOKYIHOCTb He sABJAETCA
HOPMaJIbHO, NPH YCJAOBHH, 4TO 00beM BbIGOPKH BEJHK H COBOKYTI-
HOCTb HE OYeHb CHJBHO OTJIHYAeTCsl OT HOPMaJbpHOM, caexyer obpa-
THTbCS K LEHTDPaJbHOH IpeienbHOil Teopeme. KMuoraa, oiHako, Hc-
caepyeMasi COBOKYMHOCTb MOKET CHJbHO OTJHYATHCS OT HOPMajb-
HOH, HJH e 06beM BbIGOPKH HeJb3sl yBeNHYHThb. B Takux ciayuasx
caelyeT o0paTHTbCA K KAaTeropHH KPHTEPHEB, Ha3plBaeMbiX Henapa-
METPHYECKHMH CTAaTHCTHYECKHMH KpHTepHsAMH. MX MOXHO npHMe-
HATb AAs 00paboTKi HHpopMauuu GoJiee HH3KHX LIKaJ, TAKHX, KaK
HOMHHAJIbHLIE H NOPSIAKOBBHE AaHHBE, B OTJHYHE OT METPHYECKHX
JaHHBIX, HCIOJNB3YEMBIX B TNapaMeTpHueckoli cratducTuke. He Tpe-
6yercss HHKakHX AONyLleHHl O BHAE HCXOJHOTO pacnpeielieHus,
OTCIOZIa H Ha3BaHHe — HemapaMeTpHueckHe KpuTepuH. DBoobute,
B TeX caydasx, Korjia BbGOpOUHast COBOKYNHOCTb HMeET XapaKTepH-
CTHKH, HEOOXOAMMBbiE B IapaMeTpPHUYECKOM aHajH3e, HelapaMmeTpH-
yecKHe KPHTEDHH OKa3bIBAIOTCS MeHee MOUIHBIMH, YeM 3KBHBAJEHT-
uple napamerpuyeckue. OgHaKo ecad BbHIOOPOYHAsT COBOKYIHOCTD
He HMeeT clelH(dHUeCKHX XapaKTepPHCTHK, HemapaMeTpHYeCKHe Me-
TOABl OKa3BIBaTCA 60J1ee MOLIHBLIMH.

Henapamerpuueckue KPHTEDHH B TEOJIOTHH IIHDOKO He HCIOJIb-
30BajJMCh H OObIYHO HE NPHBOASATCA B 3JEMEHTapHHIX YyeOHHKAX
cratdcTHkd. OQHAKO eCTh MHOTO MPEKPAaCHLIX KHHT, B KOTOPbIX OIH-
CcaHbl HelapaMeTpHyecKue SKBHBAJEHTH IlapaMeTPHYECKUX Mpo-
ueayp, yxe paccMoTpeHHsix HamH. Cpeiu HHX MOXKHO Ha3BaTh
kuurn 3urens [30], Bpeanu [4] u Komosepa [8] u ap.

Kputepuit Manna — YutHu

Kputepuiti MaHHa — YHTHH MOXHO HCNOJb30BaTh Kak Hemapa-
METPHYECKHIH 5KBHBAJEHT [-KPHTEPHHA AJS NPOBEPKH THIOTE3H O
PABEHCTBE CPEAHHX JABYX BEHIOOPOK. IIpeANOJIOKHM, UTO Mbl HMeeM
JBe BLIGOPKH o0BbeMa m H 1 ¥ XOTHM TIPOBEPHThL THIOTE3Y O TOM,
4TO OHM SABJAIOTCS BLIOODPKAMH H3 OJHOH H TOH K€ COBOKYNMHOCTH.
O0ObenunuM o6e BHIGOPKH M DACNOJOXKHM 3HAaueHHA HaOJI0ACHHH
B TIOpSIAKE BO3paCTaHHs OT MeHbero K OGoabliemy. Kaxnomy
Ha6JIOJEHHIO NpHNHIUEM €ro paHr, T. € HaHMeHbUIeMy 3HauYeHHIO
MpUnulIeM panr 1, cjeaywolleMy IO BeJIHYHHE — DaHT 2 M TakK La-
Jiee, 10 HauboJablicro HabJI0IeHHS, KOTOpoe OyieT HMCTh DaHr
(m+n). Ecau obe BeiGOpkH ObliH B3ATHl W3 OJHOH H TOI XK€ COBO-
KYNHOCTH HayAayy, TO MOXHO OXH1aTh, YTO HAOJIOJAEHHSA OXHOH
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Kputuueckue snauenns ans kputepns Mawna — Yuthu [8]; 3HaueHus npusegenbt
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TaGunuua 2.23

IlepcnekTHBHbIE NAOWAAH HA HedTh U ra3
COJIAHOKYNONbHBX CTPYKTYP HABYX DErHOHOB
nofepexba Jlyusuanbl (no kapram Mopckoii

cefcMHuecKofl cayx6Goi)

Iporsos Tlaowans, yea. eq. Paur
Bocrounsid peeuon
X, 802 16
X, 174 8
X3 158 6
X, 140 4
X5 166 7
Xs 328 13
X; 239 10
Xs 99 3
3anadusii peauot
Y, 312 12
¥y 55 2
Yy 220 9
Yy 276 11
Y; 154 5
Ys 37 1
Yy 478 14
Ye 666 15

Kpurnueckne snauenust T,, nmpuBeieHusle B Tadu. 2.22, npuuuMa-

I0TCs 32 HHXKHHE TpeaeJel, T. €. OHH NPHIOAHBI AJs TPOBEPKH HY-
Jiesolt runotesol: Hg: E(X)>E(Y) npu anvrepratuse H: E(X) <<

< E(Y). (CumBoa E ofo3pauaer «MaTeMaTHYECKOE OXHAAHHE» H

XapakTepH3yeT LEHTpP paclpejeNieHusl, 3a KOTOPHIl MOXKeT ObiTh

OPHHSITO KaK cpejHee 3HAueHHe, TaK H MeauaHa.) COOTBETCTBYIO-
LHe Npefesbl JJsl BepXHEr0 KPHUTHYECKOrO 3HAUEHHS MOXKHO HaHTH
no ¢gopmyne

Ti—g = nm— T, (2.51)

IMocaeauue MpPHIOAHGL AJIs IPOBEPKH HyJeBok runotessl Hy: E(X) <
<E(Y) npu anvrepHatuBe H,: E(X)>E(Y).

B HaumeM npuMepe, OLHAKO, Mbl XOTHM IPOBEPHTE ABYCTOPOH-
HIOW aJIbTEPHATHBY H OTKJOHHTb THIIOT€3y O PaBEHCTBE NpPOrHO3-
HBIX TJOIafeli B ABYX DerdoHax, eCJad OHH JJIs NepBOTO peruoHa
JAu60 3HAUUTEJbHO GoJblue, AHOO 3HAYHMTEJbHO MEHbIlle, YeM T€ XKe
BEJIHYHHBl [JS BTOPOro peruoHa. Ha QopManpHOM si3bike HAlUH
CHIOTE3Hl 1 ajJbTepHATHBA HMEIOT BHA

Ho:E(X) =E(Y), H :EX)s=E().
3HaueHHs] TPAHHLLI ABYX KPHTHUECKHX obJjacTell HaxolATcs mno
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Taba. 2.22, kak u Tayo 1 nm—T4 /0. EcaiM 3a1aTh ypoBelib. 3HAYHMOCTH:
a=10%, 11 npexennt 6yayt 16 u 56, Tak Kak n u m oba paBHbI 8.
[IpoBepsieMoe HaMH 3HaueHHE KDHTEDHS HE IONAjaeT HH B OUHY H3
KpHTHUeCKMX o6JaacTefi, Tak 4TOo 3TOT KDHTEPHH He MO3BOJAET
yTBEPXKAaTh, 4TO 00TeMbl NPOTHO30B B ABYX pErHOHax pasjHua-
I0TCH.

Kpurepuii MaHHa — YHTHH NOSBJSARTCS B HEMHOIO pa3jinyalo-
uuxcss GopMax B CTATHCTHYecKoit mHTepatype. Cpein HHX MOXHO.
Ha3BaTb KpuTepuii Bujxokcowa, xpurtepuii 3urenas — TriokH, KpH-
tepuit Pectunpkepa. Bapuaut 3urens — Toioku Haubosee HHTEpe-
CEH, TaK KaK OH MOKeT ObITb HCIOJb30BAaH A5 NPOBEPKH DaBeHCT-
Ba nucmepcHii B ABYX BbiGOpKax H SIBJSETCS, TAKUM 00pas3oM, He-

~napaMeTpHueCcKlM aHaJoroM IIpOCTOro F-Kpmepuﬂ.

Huorna cayyaercs, 4yTo ABa Hiau 6oJiee HaOMONEHHH NIPH paHXKII-
POBaHHH IIOJNYYAIOT OJHHAKOBbIE DaHIH. IDTO sBJEHHE HOCHT Ha-
3BaHHe CBS3aHHBIX paHroB. Toraa cBsi3aHHBIM HaOJIOJEHHAM NpH-
NHCLIBAIOTCS OAHHAKOBbIE PAHTH, paBHbIE cpeJHeMy 3HAUeHHIO paH-
roB, KOTOpble Gbljii Gbl NPHIHCAHBI, €CJH Obl HAOMIOAEHHS He OBl
B TOYHOCTH coBmajatomuMu. Hanpumep, B Tada. 2.23 MbBl MOXeM
NoJ0XHTh Habmoaedue X, paBHbpiM 220, a He 174 yca. eia. Toraa
Habmogesus X, u Yy 6yayT cBa3aHHBIMH. Kaxiomy OyleT IPHIHK-
cau panr (8+9)/2=8,5. Kpurepuil, HCnONb3yIOWHUi NPOLEAYPHI CC:
CBSI3AHHBIMH DaHTaMM, HMEET TOT XKe BHA, YTO H paHee.

Kputepuii Kpackna — Yaanuca

Henapamerpuueckufi KpHTEDHH 3SKBHBAJEHTHOCTH HECKOJbKHX
BHGOPOK Obl pekoMeHpoBaH KpackiaoM H YaaaucoM. JleHCTBH-
TeJIbHO, OH #ABJISETCs HeNapaMeTPHYeCKHM aHaJoroM oxHodakrtop-
HOTO IHMCNIEPCHOHHOrO aHaJjiusa. [Ipomeaypa ero BHIYHCJEHHS OYEHD
HallOMHHAET COOTBETCTBYIOILYIO NPOLUERYpPY AJs KpuTepus Manna —
Yuruy; HabmojeHus U3 BHIOOPOK KOMOHHHPYIOTCS HJH OObeAHHA-
I0TCS M 3aTeM paHXKHPYIOTCS OT HAaMMEHBIIEro K HaHOOJbIIeMY.
Jast xaxno#l BEIGOPKHM HAXOAHM CYMMY PaHIOB:

nk
Ry = ZR(Xik)’ (2.52)

i=1

rae R(X:;) — paur i-ro nabaiozeHuss B k-ii Buidopke. Ofuiee yucio
HabawaeHull ectb N=2n,, rie 1, — 4HCA0 HaONIOACHHN B R-i Bbl-
6opxe.

Hyanaepas ruinorteza, xotopyil Tpebyercs INPOBEpHTb, TakoBa:
BCE COBOKYIIHOCTH, H2 KOTODbHIX B3ATbl BHIGOPKH, MMEIOT OJHHaKO-
Bble pacnpelefenusi. AJbTepHATHBA COCTOMT B TOM, 4TO 10 MEHb-
mell Mepe OQHA K3 COBOKYHNHOCTell HMEET LEHTPaJbHOE 3Hauenue,
OTJIHYHOE OT Apyrux. IIpeamoJaraercsl, YTO BCe HAOMIOAEHHS ObijaH
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ccOpanel cayyaiiHblM 00pasoM H 4TO BRIGOPDKH HE3aBHCHMBI APYT OT
apyra.

st cyMMBl DaHTOB MOXHO BBIUHC/IMTB CTATHCTHKY Kpacksaa—
¥aanuca

(2.53)

k
H o= 12 2 [Re—ne(V -+ 1)/2]?
N('V+l)j—1 e

boaee nerkas aas BuludcseHuit anreGpanueckd 3KBUBAJEHTHAsS
{dopMa HMEeT B

=3 12 sz —
T Y 3(N 4 1). (2.54)

Kpurtnueckne 3Hauenuss f TaGynupoBaHbl TOJABKO AJS TPeX BHIGO-
POK, KaxkAasg H3 KOTODPBIX COCTOMUT O0Jiee ueM M3 NATH HAOJIOAeHHUI
{cM., nanpumep, [30, ta6xn. 0]). K cuactbio, cratuctuka H pac-
npejpeseHa NpUGJAHSHTENBHO Kak 2 ¢ k—1 cremeHsiMH CBOGOAHL,

TaK 4YTO 3TOT KPHTEDHI MOXKHO C YCIEXOM IPHMEHATb AJS pelle-
HHUA OoJiee CJAOKHBIX 3ajad.

Henapamerpuyeckas Koppensnus

B npeamiaymuux naparpadax noapoOHO NPHBEISHO BLIYHCJCHHE
KO3)ODHUNEHTA KOPpeJaalHH, a napaMeTrpuyecKHH KPHTepHH 3HAuH-
MocTH BbeIOOpOUHOrG KoadduLMeHTa KoppessilHd OllMCaH B mapa-
rpade, NOCBAWEHHOM f-KpHTepHI0. OJdako BO MHOTHX CJydasix,
KOrZa OObIYHBIE Koa(uruueHT Koppeasinud (HasblBaeMmbiif HHOrZA
MHPCOHOBCKHM K03(phHLHEHTOM KOpDpEJISIUUH) HENpHIoAeH, XeJja-
TeJMbHO HMETh H JPYTHe Mephl CBSA3eHd MeXAy NepeMeHHBIMH.

Cunraercs, YTo CTPYKTypHble CBOHCTBA MECYAHHKA OTPAKAIOT
VCJOBHS OCajkKoHakomJeHds. Hanpumep, BBHICOKO 3IHEPreTHUECKas
auuaspdas o0CTaHOBKA B OKPECTHOCTSAX IJISXKA NPUBOIHT K BbI-
BCTPUBAHHIO H Da3pyIIEHHIO, B pe3yJabTaTe KOTOPBIX 00pa3ylTCs
XOpOLIO PAcCOPTHPOBAHHBIE H XODOLIO OKaTaHHLIE rpy6O3epHHCTHIE
o1h0xKeHusi. IIpli HU3KO 3HEPTeTHUYeCKHX YCJAOBHAX OTJOMKEHHsS Oy-
AyT TPEACTaBJeHbl MeHee TLIATedbHO OTCOPTHPOBAHHBIM MaTepHa-
JOoM ¢ 6o.ee MeJKHMH yraoBaToiMu 3epHamu. Poax [11] ompexe-
JSIET CTPYKTYPHYIO 3peJOoCTb KaK CTeHEeHb OTCOPTHPOBAHHOCTH H
OKAaTaHHOCTH llecyaHbix 3epeH. [IpeanoJaraercd, 4To 3TH JABa CBOIi-
CTBAa TECHO CBSI3aHLI, NECUaHHK, NOKAa3bLIBAIOIUHH aHOMAaJAHH 3TOH
CBfA3H (HaIpHMep, XOPOLIO OTCOPTHPOBAHHHBIH NECYAHHK C YIVIOBa-
THIMH 3€pPHAMM), HA3LiBAOT CTPYKTYPHO OOpalleHHBIM.

Kasanoce Onl, onpeiejuTb IOHATHE CTPYKTYpHOH 3DEJNOCTH,
cobpaB o0paslbl NeCYAHHKA H H3YUYHB HX CTPYKTYpHbie CBOCTBa,
2 TakKXKe BBIYHCJIHB 3aT€M Mephl CBA3H MeXJAYy 3THMH CBOHCTBa-
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M, — npoctoe zedo. K coxanenHio, OKpyraocTb H CTEleHb OTCOp-
THPOBAHHOCTH W3MepSIOTCs OOBIYHO He B HHTEPBAJILHOH LIKAJE U
1IKaJje OTHOLIGHHH, a B mopsakoBoH. CTeneHb OTCOPTHPOBAHHOCTH
©OBBIYHO BbIpa)KaeTcsi TePMHHAMH — IJI0Xasl, yMepeHHas, xopouias,
a CTeneHb OKATAHHOCTH KaaccHbHUMPYETCs TePMHHAMH — YraoBa-
Tas, MOJYYyraoBaTas, NOJYyOKAaTaHHAs, OKaTaHHas. ECJH HCIOJb30-
8aTb 3TH TEPMHHBI, TO OObIUHBI KO3 HUHEHT KOppeNAunu AJs
XapaKTePHCTHKH CHJIbI CBS3H MEX/AY CTENeHbIO OKaTaHHOCTH H CTe-
TeHbI0 OTCOPTHPOBAHHOCTH HEIPHTOAEH.

B TakHX Cay4adX HCHOJb3yeTcs PAHTOBHIH KOI(G@HUHEHT KOp-
pensiupn CnupMeHa, KOTOPHI, KaKk 3TO BHAHO H3 CaMOro HasBa-
HHS, BHIDaXKaeT CTeNeHb CXOJCTBA MeXAy ABYMs HabopaMH DaHroB.
Tlycts MBI HMeeM ABa HaGopa NMOPAAKOBLIX H3MepeHHu#l Ha HEKOTO-
pOM MHOXKecCTBe 00BEKTOB, KOTOpble 0003HAUMM uyepes X: (mns mep-
Boro HaGopa) u uepe3 Y; (414 BTOpOro). 3aTeM DaHXKHPYeM Kax-
Ablfl HaGop u3MepeHHH, 0003HAYHB HX DAHI'H COOTBETCTBEHHO 4€pe3
R(X:) n R(Y:). Kosdpouunenr xoppeasiinn CHupMeHa H3MepAeT
CXOJACTBO MEXKIY ABYMs HabOpaMH PAHIOB:

62 [R(X;) —R(Yy)?
fo=1— — = . (2.55)

n(n?—1)

B-.cKo6Kax MMOZ 3HAKOM CYMMbI CONEPKATCS PA3HOCTH PAHroB 00b-
€KTOB JBYyX HalOpOB.

B taba. 2.24 npHBeaeHbl CTPYKTYDHbIE XapaKTepHCTHKH ABEHad-
AT TECUaHHKOB, SIBJSIOMMXCA HePTAHBIMH KoJaeKTopaMmu. Kax-
ABifl 3 HHX CPaBHHBAJCA C APYTHM JJIS TOrO, YTOOBI PaHXKHPOBATH
ux oT HauboJee NJAOXO0 A0 HaudoJee XOPOIIO OTCOPTHPOBAHHOIO
¥ OoT HauGoJsee YIJOBAaTOro 40 Hanbosee OKaTaHHOro. Pe3yibraThl
PAHXHDOBAHHA NPHBeAeHb B Tabanue. Kak u B kputepun Manna —
YutHu, HabMIOZeHHSAM CO CBSI3aHHBIMH pPaHraMH IPHIHCHBAIOTCSA
yCpeAHeHHBIC 3HAUYEHHs TeX PAHroB, KOTOpble ObIH Obl mpunuca-
Hbl 5THM HaO0JI0JeHHSM B CJayyasx, eciH Obl OHH He OLIJIH CBfA3aH-
HBIMH.

Kosdduinent koppeasunn CrHHpMeHA MEXKAY ABYMs IepeMeH-
HBLIMH paBel

r, 6(162) 972

— 15060 9 43
12(122 —1) 1716

O6aacTb H3MEHEHHS KO3(p@uUHeHTa DaHroBof Koppeasmuu r’ Ta-
Kas e, KaK H y 0OLIYHOTO Ko3QduuHeHTa Koppeaauud — ot + 1,0
(noJHOe cooTBeTCTBHE MexX1y panramu) ao —1,0 (moanast obpart-
Hasi CBsi3b MeXAy paHraMi). PaBeHCTBO Ko3(@HLMEHTa PaHrOBOH
KOppeJALHY HYJIK 03HAYaeT, YTO JBA MHOMKECTBA PAHIOB HE3aBH-
cuMbi, PaBeHcTBO Ko3(pGhHUHEHTA PAHIOBOH KOPDEJALMH, HanpH-
mep, 0,43, o3HauaeT, uTO HMeeTcs cjabas MOJOXKHTENbHAs CBA3D
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Ta6anuna 2.25
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yeHHe Gyner coorBercTBoBaTh 1—a/2=0,975 u Gyzer paBHo 0,5804
Aag n=12, HuXHee KDHTHUECKOE 3HaueHHe, COOTBETCTBYIOLleE
®/2=0,025, paBHo —0,5804. Bbluuc/eHHbI KO3(h(HIHEHT KOppe-
Aaunn r’=0,43 He BEIXOJHT 32 9TH TPAaHHLM, H THIIOTE3Y O TOM, UTG
CTENeHb OKDPYIVIOCTH H CTelleHb COPTHPOBKH He 3aBHCAT APYT OT
Apyra, OTKJIOHHTb Hesb3s. Ec/ii Bce e MeX1y STHMH CBONHCTBAMK
NIMEETCs CBA3b, TO BLHIGOpKA, cOCTOAMW A H3 12 HaBMIOLEHHH, He Ab-
JACTCA J0CTATOYHO NPCACTABHTENILHOH AJIA TOrO, YTOGH yCTaHO-
BHTb 3TO NpH 5%-HOM ypOBHe 3HAYHMOCTH.

Kpurepuu Koamoropora — CmupHoga

Oznna oueHb mosesHas rpynna HemapaMmeTpHYECKHX KpHUTEpHeB
BKJIOYAET KpuTepui Kosmoroposa — CMupHoBa. Hapsany c Ipyru-
MH TDHUJIOKEHHSMH HX MOXHO HCIOJb30BaTh AJS NPOBEPKH COOT-
BETCTBHA BbLIOOPOYHOrO M THNOTETHUECKOTO paclpeieseHHH, H Ta-
KHM 00pasoM, OHH MOTYT CJAYXKHTb aJIbTePHATHBOI ONHCAHHOrO
Boille y*-KpuTepHs. XOTA KPUTEPHH COOTBETCTBHSI THIA %2 TAKIKE
ABJSIOTCA HellapaMeTPHUYECKHMH B TOM CMBLICJIE, YTO HX MOXHO IpH-
MEHATh K HAGJIOAEHHSIM C JIOOLIM THIIOM DPAaCIpeleNeHHs, KpHTe-
pu KosnmoropoBa—CMHPHOBA SBJSIOTCS HAHJYYIIMMH B HEKOTO-
puix oGcrositesibeTBax. CaMoe 3HAUHTENBHOE UX NPEHMYLIECTBO CO-
CTOHT B TOM, YTO /ISl HX HCIOJb30BAHHS He OOSI3aTEJbHO TPYIIH-
poBaTh HabJIOJEHHS B IPOH3BOJIbHLIE KATEFOPHH; IO STOH NpHUYHHE
OHH SBJSIOTCS 6OJiee UyBCTBHTEJNbHBIMH NPH INPOBEPKE OTKJIOHEHHIT
B XBOCTax pacnpeie/IeHHii C HH3KUMH 4acTOTAMHU, 4eM KPUTepHH y2.

Ha puc. 2.40 npouniocTpHpoBaHO NpuMeHeH#e Kputepus Koi-
Moroposa—CmupHoBa. M3 HeKOTOPOH HEH3BECTHOH COBOKYNHOCTH
B35iTa BHIGODKA M HYXHO INIDOBEPHTb COOTBETCTBHE BBHIGOPOYHOrO
pacnpeneseHnst THIOTETHYECKOH Moaenad. Kak BuiGopouHas, Tax u
TUNIOTETHYECKAS] MO/JEJH HAHECEHH Ha OAMH H TOT Xe rpaduk B Ky-
MYJIITHBHOH (opme, maomlaiu noj rpaduxamu npuseges x 1,0.
Haxonum HanGOJBIIYIO PA3HOCTh MEXAY 3HAUGHMSIMH paclpeneie-
NHs; 3TO U ecThb cTatucTHka KosamoropoBa—CwmuproBa (K—C).
B taba. 2.26 npuBeAeHb KPHTHYECKHE SHAUEHHS AJSI CTATHCTHKH
K—C; oHn MOryr ObITb HCIOJB30BAHE! AJSl NPOBEPKH KaK OJHO-
CTOPOHHEH, TaK H JIBYCTOPOHHeH rumnortes. IIBYCTOPOHHSSI HyJeBas
THIIOTE3a YTBEpPXK/AeT, YTO KJAacChl pacnpeiedexuil, U3 KOTOpPbIX
noJyyeHa BeIOOpKa, HJS1 BCEX 3HAUEHHIl X COBIAMAIOT C KJAcCaMH
pacnpejesieHuil THHOTeTHYeCKOH MojeaH. ONHOCTOPOHHSST HysjeBas
TUIIOTE3a YTBEPXKIAeT, YTO BCE KJacChl BhIOOPOUHOro pacrpenele-
HHA PABHLI HJIH MEHbIIe, 4eM KJ/AaCCH THNMNTETHUECKON MOINCJH, €C/IH
MBI HCMOJb3YeM MAKCHMAaJbHYIO NOJOXKHTEJIbHYIO PasHOCTh IpOBe-
psieMO¥l CTATUCTHKH, MJHM YTO BCe KJacchl BHIGODOYHOrO paclpene-
JIEHHS] DABHBl HMJH GOJBIIC, YeM KJacChl THIOTETHUECKOH MOJEeJH,
€CJIH MBI HCHOJb3yeM MAaKCHMAJbHYIO OTPHUATEABHYIO DAa3HOCTh

120

{
l

€T

Puc. 2.40. Ilpoueaypa npoBepkH THIOOTE3LM O COOTBETCTBHH BHIGOPOUHOrO pacrpe-
ACIeHHst (TOHKast JIHHHS) THIOTCTHYCCKOM MOjeaH (MCHDHas JHHUA) C HOMOUIbIO
kpurepus Koamoropopa—CMupnopa.

O06a rpapuxa AoHst 3 KyMyasaTuBuoft dopMe, obaactb suauenusi or 0,0 go 1,0. MaxcuMmads-
Has PA3HOCTb — 3TO NpOBepseMas cTaTHcTHKa K—C
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Puc. 2.41. Kyuyaarupublil rpaduk pacnpejesnennss 3HaucHuil cojienoctd B Gacceil-
He YalTyoTep, CTaHAAPTH30BAHHKIX H NPHBEAEHHBIX K Macwtaby ot 0,0 xo 1,0.

MaxkcuManbHas Pa3HOCTh MEXAY KYMYAATHBHBEIM BRIOODOYHBIM pacnpejescHHeM H KyMyJas-
THBHBIM HOpMaJbHBIM pacnpegenennem — K—C parua 0,06

1poBepsieMOH CTATHCTHKH. B OOJBUWIHHCTBE TNPUMEPOB MHl OyaeM
UCNIONb30BATh ABYCTOPOHHIOIO THIOTE3Y H aJjibTePHATHBY.

O6riugo kputepuit KosmoropoBa—CMHPHOBaA HCIOJb3YeTCsl B
TeX cJayuasiX, KOrAa THIIOTEeTHYECKas MOAe b IIOJHOCThIO OlpefeJe-
Ha, T. e. apaMeTpLl pacnpeneseHHsl H3BeCcTHbl (WJM IpexnoJtara-
IOTCSI U3BECTHBIMH) M3 KaKMX-JHOO TONOJHHTEJbHLIX COOOpaKeHHH,
OTJHYHBIX OT AaHHBIX, COAep:Kalluxcs B caMo#l Bnibopke. Hekoro-
poe ycoBepIUEHCTBOBAHHE KPHTEPHs, npHHaiaexauee Jluanunedop-
cy [24], omHako, MO3BOJISET HCNOJAbL30BAThL MeTox KoamoropoBa—
CMupHOBA 1J1 NPOBEPKH OJH30CTH BBIOOPOYHOrO pacnpeieseHust
K HOpPMAJbHOMY € 3apaHee He ONPEACJEHHBLIMH CPeIHHM H AHCIep-
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Kpuruueckue 3HaueHus Kpurepusi Koamoroposa — CMupHOBA
JJ51 OJHOCTOPOHHEro H ABYCTOPOHHEFQ KPHUTEpHs

I | ]
OnrocTOpOHHHIT KpuTepHH

a=|.10] .05 | .025| .01 ‘.005! a=‘ L0 1 .05 | L0251 .01 .00

|
JBycTopoHuHiT KpuTepHil

a=].20] .10} .05 | .02 ’ .01 ' a:l .20 | 10 .05 | .02 .01

.900| .950] .975 | .990 | .995 | n=21] .226 |.259 | .287 | .321 | .344
.684| 776} .842 | .900 | ,929 221 221 1.253 | .281 | .314 | .337
.565| .636| .708 | .785 | .829 23| .216 | .247 | .275 | .307 | .330
.493| .565 .624 | .689 | .734 24| 212 .242 | .269 | .301 | .323
. .509| .563 | .627 | .669 25 .208 |.238 | .264 | .295 | .317
.410| .468| .519 | .577 | .617 26| .204 1,233 | .259 | .290 | .31L
.381( .436| .483 | .538 | .576 27; .200].229 | .254 | .284 | .305
.358] .410[ .454 | .507 | .542 28 .197 |.225 | .250 | .279 | .300
.339] .387| .430 | .480 | .513 29{ .193 }.221 | .246 | .275 | .295
.323| .369] .409 | .457 | .489 301 .190 | .218 | .242 | .270 | .290
.308[ .352) .391 | .437 | .468 31| .187 |.214 | .238 | .266 | .285
.296( .338] .375 | .419 | .449 32| .184 |.211 | .234 | .262 | .281
.285| .325 .361 | .404 | .432 33 .182 | .208 | .231 | .258 | .277
275 .314[ .349 ] .390 | .418 34 .179 | .205 | .227 | .254 | .273
.266| .304( ,338 | .377 { .404 35| .177 |.202 | .224 | .251 | .269
.258| .295 .327 | .366 | .392 36| .174 [.199 | .221 | ,247 | .265

O Oo0~=1D UL LN =
N
Sy
3

DO vt b et ettt bt bt 3
SOOI U WD — O

.250] .286( .328 | .355 | .38t 37| 172 [.196 | .218 | .244 | .262
.244| [ 279| .309 | .346 | .371 38 .170 | .194 | .215 | .241 | .258
.237| .271) .301 | .337 | .361 39| .168 |.191 | .213 | .238 | ,255
.232| 265} .294 | .329 | .352 40| .165 |.189 | .210 | .235 | .252
Annpoxcnmauus 1,07 [ 1.22 | 1.36 | 1.52 [ 1.63
aasa n>40 Va lvr | vm vy |y 0

CHeH. DTO YCOBEPLUEHCTBOBAHHE I03BOJSET HCIOJb30BATh H3.I0-
JKEHHBIH MeTOoJ aHaJOorHyHO TOMY, Kak Mbl HCII0Jb30BaJH MpouUe1y-
py %% 4J9 MPOBEPKH THIOTE3 O AAHHBIX, IPHBEICHHBIX B Tada. 2.19.

Caenysa JInanuedopey, cuauana npuseseM gauuble K CTAHAAPT-
HOM ¢opMe, HcHoub3yst npeobpasoBanue Z;= (X;—X)/s.

CpeaHee M JHCIepCHs HaxoisTcst oOOBIYHLIM o0pasoM. [aaee

CTaH1apTHOE HOPMaJLHOE paclpeieseHHe H 3HAYeHHs Z HAHOCHATCS
Ha rpaduk B KyMYJSATHBHOH (OpMe, KaK 3TO clejaHo Ha puc,2.41
1J151 3HaueHHII coseHocTH B OaccefiHe YaiiT-Yortep. MakcumadabHas
abCoJI0THASl PAa3HOCTh MEXJAY ABYMSA KPHBBIMH COOTBETCTBYET NPO-
6e ¢ Homepom 35 u 3uaueHuro Z=0,37, rge coseHOCTL paBHa
53 uwactu/maH. Kpurnueckue 3HaueHHss Kputepusi Koamoroposa—

CuupHOBa npuBelenbl B Taba. 2.26, xoTs Tabauua AOBEACHA JHLIb.

10 sHauenuss n=40, [IpubnuxerHrle 3HaYeHus AJAs OOJbIUHX &

MOXKHO HaliTH No dopMyJaM, yKasanHbM B Tabauue. Oas n=48&
u ypoBHst 3HauuMoCTH ¢.=0,10 kputHueckoe 3Hayenne K—C pas-

#o 0,17. Buiuncaennaa cratuctuka K—C paswa (0,70—0,64) =
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=0,06. Oto 3Hauenue He monajaer B KPHTHYECKYIO ofaacts. Ilo-
STOMY OTKJIOHHTb HYJIEBYIO TMHOTE3y O TOM, 4TO BHIOOpKa IoOJyue-
Ha U3 COBOKYNMHOCTH C HOPMaJlbHBIM paclipelesieHHeM, HeJb3sl.

Ha 5ToM MBI 3aKaHYHBaeM u3/OMKeHHe MEMEHTAPHBIX CTATHCTH-
HUCCKHX NPOUEAYP, HO HE NOTOMY 4TO PacCMOTPEJH HX BO Bcell moJ-
HOTe, a TompoCTy AJf TOro, 4TOGH nmepefiTH K JPYCHMM BONPOCAM.
PaccmatpupaeMblli MaTepHas ABAsieTcs: OYeHb KPATKHM H3JIOXKe-
HHEM TI0JIyTOAOBOTO BBOJHOIO Kypca B MaTeMaTHYECKYIO CTATHCTH-
XYy, K KOTOpOMY 100aBJieHb H36paHHBle I1aBbl H3 6oJee ClelHallb-
HBIX KypCOB. ABTOD He pacCUMTHIBaJ Ha TO, 4TO CyMeeT B CTOJIb Ma-
JoM ofbeMe AaTh CTPOroe 0BGOCHOBAHHE OOCYKAAEMBIX BOIPOCOB.
Oanaxo nmpeacTaBJasercst, YTO H3JI0KEHHOTO GYIeT AOCTATOYHO A
NEpBOro 3HAKOMCTBA C OCHOBHHIMH HOHSTHSIMH TEODHH IIPOBEpKH
CTaTHCTHYECKHX THITOTES.

UpesBblyaiiio KpaTKoe H3J0KEHHe TpOUeayp IPOBEPKH CTATH-
CTHUECKHX THNOOTe3 MOJKeT CJYXKHTb BBeleHHeM B 6oJee CJOKHBI
KPYT BONIPOCOB, pacCMaTpHBA€MBIX B MNOCJEAYIOLLHX TJaBax. DTOT
MaTepHaJ He HCYEPNBIBACT COAeD/KaHHS MaTeMATHUECKOH CTaTH-
cTHRH. Yaaauc u PobGeptc Bo BBepeHun K cBoedl kuure [33] yka-
3BIBAIOT: «CTATHCTHKA — XHBOH H yBJeKaTeJbHBIH IpeAMeT, HO ee
H3y4YeHHe OYeHb YacTO NPOTEKAeT CJHLIKOM BsJ0». M3aoxus sty
HayKy B KOHTEKCTE T'e0JIOTHYECKHX 3aj7ay, MOMXKHO HaAesiTbCs, 49TO
9Ta KHHTA TPEACTABHT HHTEpEC AJs Te0JIOTOB, HMEIOUIHX JeJ0 CO
CTATHCTHYeCKOH 00paboTKOH HaHHBIX.
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I'naBa 3
MATPHYHAMA AJITEBPA

OTa rjaBa NOCBSIEHA MAaTPUYHOl aare6pe. BOJBLIMHCTBO Me-
“TOAOB, KOTOpBHIE OYyAYT pacCMOTDEHBl B CJEAYIOUMX IJaBaX, OCHO-
‘BAHBI HA ONEpauuAaX € MaTpPHLAMH, HaCTO BLINOJHSIEMbIX BBIYHCJH-
TeJNbHBIMH MamiHHaMH. Ocofoe BHHMaHHe GyIeT yAeJeHO MaTeMma-
THYECKHM ONEpalHsiM, KOTOPBE JieKaT B OCHOBE aHaJH3a NOBepX-
HOCTEH TpeHJ1a, MeTOAa TJaBHbBIX KOMIIOHEHT, AHCKPHMHHAHTHOTO
aHanu3a H Ap. BreluncanTespHble NpoUERyphl, CBSI3aHHHEE C 3THMH
MeTOJaMH, IIOYTH HEBBIIOJHHMBL -6€3 BHLIUHCAUTENBHEIX MAalIHH B
‘CBSI3U CO CJIOKHOCTBIO H MHOTOKPATHOCTBIO IIPOHU3BOAMMBIX BBIYHC-
Jenn#t. C moMOWIbI0 MATPHYHOH anredpel HX MOMKHO IIPEACTABHTh
B JOCTYNIHOM H cxkaToM Buiae. Takum o0pa3oM, ecsid yuTaTenb BJa-
JeeT OCHOBaMM MAaTPHUYHOH asnreOpHl, OH CMOXET NOHSTh OCHOBHEIE
nOpolesypsl, KOTOpble OYILYyT pPacCMOTpPEHH HHXKe.

K coxanenuio, GONBUIMHCTBY Ie0JIOTOB IIPH OGYUYEeHHH He IIpe-
NMOAAKT Kypc MaTPH4YHOH ajare0pnl, HECMOTPS HA TO 4TO 3TOT He-
TPYINHLIA NpeiMeT, no-BHAHMOMYy, Gojee noseseH, 4eM psij LPYrHX
MaTeMaTH4eCKHX KypcoB. Kypc marpuuHoli ajare6pnt B KOJAJeAKaAX
‘OOBIUHO HACBIIEH MHOTOYHCJEHHBIMH TeopeMaMH H HX HOKa3aTelb-
€TBaMH. Takoe H3/0XKEHHe HEeNPHTOAHO /51 3TOH KOPOTKOH FJIaBbl,
i Mbl OTPAaHHYHMCS TOJIBKO TEOPEMaMH, KOTOphle NOTpebyloTcs B
nocrenyiomeM HanoxeHHH. [IpH 3ToM mpeanodyteHHe O6yIeT OTJaHO
He JOKAa3aTesabCTBAM, a NpUMepaM.

MATPHUA

Martpnna — 310 Habop uYHCeJ, PaCHOJOKEHHHIH B BHIE NPAMO-
'YrOJIbHON TaBJHLbL, TOYHO TAaKOH e, Kak Tabuauua JaHHHX. B MaT-
‘puyHOi aaredpe TabJaHIa paccMATPHBAaeTCA He Kak Habop OTAEb-
HbIX 3JIEMEHTOB, & KakK eJMHOE leJioe, 4TO NMPHBOAHT K 3HAUHTEJNb-
‘HLIM YNPOLIEHHSIM Psija Ipouelyp u 3aBHcuMocTed. Bo BTopo# ria-
BE OTMEYaJoch, UTO OTAENbHLII 3JeMEHT MaTpHUB O00BIYHO 0003Ha-
yaercst OYKBOH C NPHNHCAHHBIMH BHH3Y HHJAEKCaMH. DJjleMeHTaMH
MaTpUIB MOTYT ObITb AMCHEDCHH H KOBapHalHH, Pe3yJbTaTh Haol-
JoAeHn#, Ko3()PHUUMeHTH CHCTEMBl YPaBHEHHH H npOCTO Jwobble
yHcaa.

Tax, Hampumep, B IJ. 2 Tpe6OBAJOCh BLIYUCJAHTH OLEHKH IHUC-
nepcuil M KoBapuauMi [Jisl COAEPXKAHHH MHKDOSJIEMEHTOB, NpPHBE-
AcHHBIX B Taba. 2.3. TlonyuenHble pe3ysbTaThl MOXKHO NpPEACTaBHTh
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B BHjE CJIeAyOUled MaTpHUEL:

S, €OV COVe_y 970 537,5 663,75
COVyier 8%y COVg y [ =|937,5 5625 718,75
COVy_¢r COVy_n; % 663,75 718,5  1007,5

Ha6op uncen (aomycTuM, 3HaueHHil NepeMEeHHOH X), NpPeACTaB-
JIEHHBIT B BHAe MaTpHuilel, 00buHO obo3navaercs [X], X, (X) nam
1. Ve ey

B 3T0it KHHre OYyAyT TNpPHMEHATLCS KBaADaTHLIE CKOOKH H OT-
JeJbHble 3JIeMeHTHl MaTpHLbl OyayT o00603HauaTbCsl 3arjlaBHLIMH
OyKBaMH C HHJIEKCAaMH, HanpuMep x;. Booblue B JuTEparype BCTpe-
4aloTCsl U TaKHe YCJOBHbIE 0003HaueHust, kKaK [xi], [x]i, nan sxsu-
BaJeHTHHE rpedyeckHe OYKBH, Kak y;. CHMBOJ X;; O3HayaeT 3Je-
MEHT i-# cTpoKM H j-ro croabua. Hampumep, ecan [X]-—-Marpuua
nopsiaka 33X 3:

1 47
2 5 8 b
3 6 9

TO X33=9, X13=7, X1=2 u T. &. Eca# 4KcJ0 CTOJAOLOB. PABHO YHCIY
CTPOK, TO MaTphlla Ha3blBAETCsT KBaJApaTHOH, a ee 3JeMEHTH, HH-
IEKCBl KOTOPBIX DaBHBL (T. €. {=j), Ha3bIBAIOTCS IHATOHAJbHbIMH
3JieMeHTaMH. B BuILIeNpPUBENEHHOH MaTpHlle XapaKTePHCTHK pac-
IpefesieHUs MHKDO3JIEeMEHTOB IMAaroHaJbHEIMH SIBJAIOTCA AHCHED-
CHM cojnepxanuil. Bece ocralbHble 3JeMeHTH — KoBapuauuu. B To#
JKe MaTpulle AUATOHA/AbHbIe 3JeMEHTHl PaBHBl COOTBETCTBEHHO 1, 5
n 9. Yallle Bcero BCTpPeHalOTCs KBajpaTHble MAaTpPHLBI, HO HEKBal-
paTHbIe TOXKE HepejKH, HeCMOTPS Ha TO YTO ONEPAlHH C HHMH 101~
YHHEHBl CTPOruM orpaHHYyeHHAM. Oco0eHHO uacTo HCIOJb3YITCA
nBe GopMbl HEKBAADATHHIX MATPHU: BEKTOP-CTPOKA, T. €. MaTpHIa
nopsinka 1Xm, H BekTOp-cTOJIOCL, T. €. MAaTpHla nopsika mXl1.

Ouenb 4acTO NPHXOAHTCS HMeTb JeJ0 C ABYMs THIOAaMH KBail-
paTHBIX MaTpHI. IDTO CHMMETPHYHAS MAaTPHLA, B KOTOPOH Xij=Xji.
KaK, HAlpUMep, MaTpHlla BHIA

I 2 3
2 4 5
3 56 6

JpyraM npuMepoM MaTpPHLbI, CHMMETPHYHOH OTHOCHTENLHO
rJ1IaBHOH AMAaroHaJH, MOXKeT CAYXHTb MaTpHlla AHMCIEPCHH M KOBa-
pHauui, npuBeeHHasa BhllUE.
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Enunnynas MarpHoa — 3TO CUMMETDHYHAA MaTpHLA, B KOTOpOﬁ
BCe AHAaroHaJbHble 3JIEMEHTBI paBHLI 1, a Bce ocranbHbE paBHBI 0:

1 0 0
010
0 0 1

SJIEMEHTAPHBIE ONNEPALUU C MATPHUAMH

CiioxkeHHe M BbIYMTAHHE MAaTpHU NOAYHHSETCS 3aKOHAM OGHIY-
HOM aare6pbl, HO TIPH -OJHOM BAXKHOM YCJOBHH: CK/aJbIBAEMbIE HJIH
BLIUMTaeMble MaTpPHLb! JOXKHBl HMETh pPaBHOE UYHCJIO CTPOK M pas-
HOE YHCJO CTONOUOB.

[Tpu BpinosHennu onepauun caoxenus [C]=[A]+[B] k xax-
JOMY 3JeMeHTy MaTpuus! [A] npubap.iseTcd COOTBETCTBYIONIHA 3Je-
MeHT MaTpuusl [B]. Eciu maTpuubl pasHeIX IOPSIIKOB, TO ONepanHs
ClOXKeHHs HeBLIMogHuMa. Buluntauue [C]=[A]—[B] Beimonusiercs
TakHM ke Coco0oM: KaxXAbH sJeMeHT MaTpuubl [B] BbluHTaercs
H3 COOTBETCTBYIOLIErO dJeMeHTa MaTpuubl [A].

B xauyecTBe HJIIOCTpaUKM B Taba. 3.1 npuBejeHa XapaKTepHC-
THKA A00bIYH OCHTOHHTOBON TJHHBl B TPEX FOPHOIOOLIBAIOIINX paii-
‘OHax 10tata BaffoMuHT.

JoGbiBaeTcss TpPH OCHOBHBIX COpPTA TIJIMHBI: OJHH HPHMEHSIETCH
JJI IPHTOTOBJeHHs 6YypOBOrO pacTBOpa, JpPYyrod — B KauecTBe JH-
TefHOH TJIHMHBl H INOCJHEAHHE HCHOJb3YyeTC KAaK JIeKapCTBEHHOE H
KOCMETHUECKOe CPeJCTBO, IJI KepaMHUeCKHX mesefi H ap. Bce atu
JAaHPBle MOXKHO 3anmucaTb B BHae MaTpuubl [A] mopsaxka 3X3:

105 63 5
(A]=|218 80 2
920 76 1

TIpoaykuuio, nOGLITYI0 B CJAeAyIOLIEM TOAy, TaKXKe MOXKHO OXa-
paxTepH3oBaTh Matpuued [B]:

S84 102 4
[B]=|240 121 1
302 28 0

O6was TpoayKuus 3a JBa roia B TpeX paioHax Oyjier mpex-
crasasate cyMmy [C] nByx matpun 4] u [B]:

4+ B] = [C]
105 63 5 84 102 4 189 165 9
1218 80 2+ [-240 121 1|=]458 201 3

220 76 11 302 98 04 ({522 104 1

TaGnuua 3.1
Jo6nuya GEHTOHHTOBBIX TIIHH B u¥rate Bafiomunr, 1964 r. (8 1:10° T)
Fauna mas Jluredtnas Tpouune
Peruox Gyposoro rIHHA FAHHBL
pacTeopa
BocTounni 105 63 5
PafioHHl, NOrpaHUYHHE CO INTATOM 218 80 2
MosHTaka
{lesTpanbHHA 220 76 1

M3menenue no6bIYM MOXKHO NpPEACTABHTh KaK PasHOCTb MaTpH-
ubl [A] # matpuust [B], 1. e.

Bl — 4 = [C]
84 102 4] [105 63 5] [—2I 39 —I
240 121 1|—|218 80 2|=| 22 41 -1
302 28 ol [220 76 1 82 —48 —I

OTMeTHM, 4YTO TNOJIOXHTEJbHBlE 3JeMeHTH Matpuun [B]—[A]
COOTBETCTBYIOT POCTY JOOBIYH TJIHH.

Kak u B 0ObluHOH ajre6pe, ClOKeHHe MaTpHL NMOpSAAKa AXMm
xoMMmyTathBHO, T. e. [A]+[B]=[B]+[A], u accoumarusno, T. e.
([A]+[B]) +[C]=[A]+ ([B]+[C]). Ilopsinox MatpHl npu BHIYH-
TaHHH, KOHEYHO, CYLIECTBEH.

YMHOXEHHe MAaTpHUE Ha KOHCTAHTY CBOAHTCA K YMHOMKEHHIO
KaXJIOro ee 3JIeMEeHTa Ha 3Ty KoHcraHty. Hanpumep,

1 4 3 12
3:12 5}=]6 15
3 6 9 18.

ABaJnoOTHYHO NPOBOAMTCS AeJeHHE MATPHUB Ha IOCTOSHHOE
yucao. B xavecTBe MpPOCTOrO NMpHMepa NPHMEHEHHS THX ONepauui
paccMoTpuM Taba. 3.2, cogepiKailylo pe3yJbTaThl H3MepeHUs AJH-
HBl Tpex OCeH @, b M ¢ KpeMHHEBHIX TasieK, B3ATHIX H3 JIeJHUKOBHIX
oTnoxkenuil. Msmepenus clenansl B LIofMax U HX HYXXHO MEpeBEC-

Tabaunuma 3.2
Hamepenns ocefl rajek H3 JeJHHKOBHIX OTJOXKEHHM

Hnuna ocH, HOAMBE
O6pasen

a b [
1 3,4 2,2 1,8
2 4,6 4,3 4,2
3 5,4 4.7 4,7
4 3,9 2.8 2.3
5 5,1 4.9 3,8
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TH B MUJJAHMeTpbl. UTOGBI MONYUHTb MAaTpHLy, COAEPHKAILYI0 HaH-
Hble B MHJIJIMMETpax, Hajo YMHOXKHTb MaTpuuy [A] Ha NOCTOSHHYIO
Besuuuny 254.

25’4' [A] = [C]
34 22 18| | 8636 5588 45,72
46 4,3 42 116,84 109,22 106,68
05,4 54 47 47 {=| 137,16 119,38 119,38
39 28 2,3 99,06 71,12 58,42
51 49 381 | 12954 12446 96,52

YMHOXEHHWE MATPH1LL

BcenomuuM 3agadyy ¢ 6pocaHMeM MOHETH, pAaCcCMOTDEHHYI0 B
. 2, Te BHUHCIA/1aCh BEPOSATHOCTh MOABJEHHS I0CJEL0BATENbHO-
ctH rep6oB mocse pspga OpocaHuii, €CJAM BepPOATHOCTb BbiAAEHHS
repGa npu ogHOM OpocaHuH paBHa '/;. BepoATHOCTL BBHIIAAEHUSE
Tpex rep6oB NpH Tpex 6pocanusix pasHa eX'/oXle, wuam 1B
AHaJOrHuHyo 3ajayy MOXKHO CHOPMYJHPOBATb NpH H3YYEHHH JH-
TOJOTHYECKOH  XapakKTEPUCTHKH  CTpPaTHrpaHyeckoro  paspesa.
IlpeanonoxuM, YTO NpU H3YYEHHH Das3pesa B HeM BbIAENEHB TPH
JHUTOJNIOMHYECKHE DA3HOBHAHOCTH NMOPOA: NECCK, CJAHEl, U3BECTHSK.
Kaxablli yuacToOK paspesa MOXKHO OTHECTH K OJHOMY H3 MepeuHc-
JIEHHBIX THIOB. B HTOTre MOXKHO NMOCTPOHTL MATPHIY 4acTOT MOSB-
JIEHHSI KaXKJ0ro THIIA NOpPOJ B pas3pese BCJed 38 ADYTHMH THIAMH:

B
Tlecok Cnauen HassecTRAR
Iecox 59 18 2
Hs Caanelt 14 86 41
UssecTHsk 4 34 51

DTa MaTpHlia HA3BIBAETCS MATPHLEH MepEeXOJHBIX YacTOT M MHOo-
Ka3hbiBaeT, HallpHMep, 4TO CJIaHell CJeAyeT 3a neckoM 18 pas, a us-
BECTHSK 3a NECKOM — TOJIbKO 2 pas3a; M3BEeCTHAK CJelyeT 3a CjaH~
neM 41 pas, NOBTOpeHHe H3BeCTHsIKa BcTpeuaercs 951 pas, a sa
NIeCKOM — TOJIbKO 2 pasa.

Yro6bl MOJYYHTh H3 ITHX HaCTOT BEPOSITHOCTH, HYXKHO pasfe-
JUTb KaXJBIH 3JIeMEeHT MaTPHUbl Ha CyMMY 3JIEMEHTOB COOTBETCT-
Bylowel cTpokd. TakuM 06pa3oM NONYYHM MATPHIY TNEePEeXORHBIX
BEPOSTHOCTEH, NPHBEAEHHYIO HMIKe, KQTOpas COAEPKHT BEPOSITHO-
CTH COOBLITHH, 3aK/IOYalOUIHXCS B TOM, 4TO NOPOAA OLHOTO THIA
cJaelyeT 3a NOpOJOH APYroro THma.

SToT BoOmpoc OyAeT paccMOTpeH AeTalbHO B CJAEAyIOLleldl riaBe
NpH aHaJH3e BPEMeHHLIX pfANoB. Tenepr e HAC MHTEpeCyeT MaT-
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pHia BEpOﬁT—HOCTeﬁ, @HaJIOTHYHBIX BEPOATHOCTAM B 33aJ4Ue€ O 6p0-
C2HHH MOHETHI:

R B
Tlecok Tnuwa H3pecTHsK
Ilecok 0,74 0,23 0,03
Ua Tauna 0,10 0,61 0,29
Hssectusx 0,05 0,38 0,57

Tak xe, Kax ¥ B 3afaye 0 6pOCaHHH MOHeTH, rxe GbL1a onpege-
JIeHa BEPOSTHOCTb BbIHAjeHHs IOCNeJO0BaTeJbHOCTH TeploB ¢ 1IO-
MOIIBIO BO3BEJIEHHSI B CTeNeHb BEPOATHOCTH BHIMAafeHHs repba mpH
O1HOM OpOCaHHH, MOXHO ONpPEAEJHTb BEPOSTHOCTb IOSIBJICHUS OI-
pelesieHHBIX IOCJAEJ0BaTebHOCTeH TOPOA B 3aJMaHHOM HHTEpBaJje.
Jns 3TOrO0 JOCTaTOYHO BO3BECTH B CTENEHb MATpPHIY NEPEeXOAHLIX
BEPOATHOCTEH M TIOJNYUYHTh NOCJE £ TAKHX HePEeMHOXKEHHI MaTpHIY
BepositHocre#t [P’], kotopas Gyner paBHa Marpuue [P"]. Martpuua
B CTENEHH 7 — 3TO IPOCTO PE3YJbTAT YMHOXKEHHS] MaTpHUBI Ha cebs
# pa3. OfHaKo AN BBHINOJHEHHS 3TOH ONMepalMH HYXKHO 3HATh Ipa-
BHJIA NIepeMHOXKEHHS MaTpHIL.

Camas npocrast ¢opMa MaTpHUHOIO YMHOXEHHS — 3TO yMHOXKe-
HHe IBYX xBampatubix matpuy [A] u [B] oaumHakoBoro mopsixa,
fIpou3BejleHIe KOTOPHIX CHOBa sIBJAsieTCS] KBajapaTHOH Marpuueil [C].
Tlpu stom yno6uO pacmosiaraTh MaTpHLY CJAEAYIOLIMM 00pasoM:

(8]
[A] [Pesyabrat]

UTo0bl NOJYYHTh 3HAUEHHE B3JeMeHTa C;;, HYXKHO YMHOXKHTb
®aXKABH saeMeHT i-# cTpokH Matpuusl [A] (#auunas csesa) Ha
€OOTBETCTBYIOLIHH 3jeMeHT j-ro cronbua Martpuun [B] (mauunas
cBepxy). [l NONyueHHs HCKOMOTO 3JIEMEHTa C;j BCE 3TH MPOHU3-
BefeHns cyMMupyrorces. Hiue Ha npHMmepe AByX MaTpHI NOKasaHa
TOCACNOBATENBHOCTh ONEPAaUHi NPH MaTPHYHOM YMHOXKEHHHU:

1 4 7 1 23
25 8{-13 45
36 9 56 7
«CHayasa yMHOXHM ay; Ha by U B pe3yabrarte moayuum 1:
(1 4 7] 1 2 3]
2 5 8|3 4 5
3 6 91 L5 6 7.
Hanee, ymMHOXKas @12 HA bar, MOAyUaeM 12:
1 4 771 1 2 3]
2 5 8113 4 5
13 6 91 L5 6 7.
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Haxonen, ymMmaoxasn a3 Ha b3y, noayuaem 35:

1 4 7 1 2 3
2 5 8 3 45
3 6 9 5 6 7

3HaueHHe SJEMEHTA C); IIPEACTaBJaseT COBOH CyMMy Tpex BHI-
YHCJEHHBIX 3HaueHH#t 14-12+35=48, IlocsenoBaTeNbHOCTD 3THX
onepauui H3obpaxkena Ha NpPHBENEHHOH HHxke auarpamme. OTMme-
THM, YTO KaXJBli 3JEMEHT C; TNPOH3BEJEHHs MaTpHI IOJYIaeTcs
B pesyJbTaTe CJIOKEHHs NPOHU3BENeHU 5JEeMEHTOB i-fi CTPOKH MaTe
puusl [A] Ha asieMeHTH j-ro cTo6ua MaTpHuH [B].

Ecau nepeMuoxkaloTcs ABe KBajpaTHblE MAaTPHUBl, TO HX NIPOH3-
BejeHye Takxke OyleT KBaApaTHON MaTpHUeH TOro Ke IOpsaiKa.
OaHako €C,M MepeMHOXKHTb MaTpPHUB NOPAAKOB mXn K nXr, T0 B
pesyabTaTe NOJYUHM MaTpHLY NOpAAKa mXr, T. €. IPOH3BeLEHHe
MaTpHL HMeeT YHCJO CTPOK, paBHOE YHCJY CTPOK NEPBOH MaTpHILEL,
U YHCJIO CTONGUOB, paBHOE ukcay croabuos Bropoll Marpuubl. Ha-
HNpHMep, YMHOXasi MaTpHUy nopsika 5X3 Ha MaTpHUy MHOpsAAKa
3X2, nonyduM MaTpully mopsaka 5X2:

Haxoxdeuve anementa ¢,

N
5

7
8

1] 2
lr3| U

Ptk

48

3]
5
7

Haxompaenue anementa C39

t 2|3
374 s
576 | 7

(S0 - B
o, +
O ON\~J

, -
)
308 9f | ] 8k

B urore pesyJbTaT yMHOXeHHs GyAeT UMETb CJACAYIOMHE BHA:

1 2 3

3 4 5

S5 6 7
1 4 77148 60 72
2 5 SJ 57 72 87}
3 6 91166 84 102

Ecnu nopsnok nepeMHoXXaeMBIX MaTpHU H3MEHUTh Ha 0GpaTHHIM
[B]-[A]=[C], To noayuumM npyroi pesyabrar:

1 4 7
2 5 8
3 6 9

1 2 311714 32 &0

3 4 5|26 62 98

5 6 71138 92 146
Onepanuio []A]-[B]=[C] HA3BIBAIOT YMHOXeHHeM MaTpHus [B] Ha
matpuuy [A] cieBa. Anajoruuso, o Matpuue [A] rosopdr, 4To oHa

yMHOXeHa Ha Matpuny {B] cmpaBa. Dto mpocTefimnit crnoco6 om-
peleseHHs] YMHOXKEHHS MaTpHLL.

132

-~

1 2 4 7 10
2 1 2|3 4] | 8 1l
3 1 1|2 1]=|11 14
2 3 1| Lol |12 12
120 76

Heo6x011M0 OTMETHTDb, UTO MaTpHUy nopsaka 3X2 Helb3sd yM-
HOXAaTh Ha MaTpHUy NopsAAKa 5X3, Tak Kak UHCJO CTOJIOLOB nep-
BON MaTpHUbl (ABa) He paBHO YHCJYy CTPOK BTOpPOH MaTpHIH
(maTs).

B pesysbraTe YMHOXEHHS MaTpPHUBI NOPAAKA m X Ha MaTpHIy
iIopAjAKa nXm IoJayyaeTcs KBaApaTHash MaTpHIa, NpHYEM NODPIAOK
NepeMHOXKAeMbIX MAaTpHI, ONpejessieT NOPSAOK pe3yabTHPYIOILEH
MaTpHULL: '

9 6

1 2 3 SO 46 28
4 5 6 — 1118 73
75
Oﬂ.HaKO, IIOMEHAB nepeMHomaeMbIe ManHHbI MeCTaMH, noJay4yuM
2 g 19 3] 33 48 23
45 g|=|28 4 54
7 4 - 23 84 45

O6mas ¢opmysna anementa Mmarpuusl [C], aBasiowelcs npous-
BeJleHHeM JBYX MAaTpHL, HMeeT CJAelYIOIHH BUA:

Cij = kZ Qipbgse 3.1
=1

OTmeTHM, YTO NIPH NOCJENOBATEJBPHOM IEPEMHOXEHHH GoJee
YeM JBYX MAaTpHI AEHCTBYeT aCCOLHATHBHLIA 3aKOH, T. €. MOPSLOK
BHIMOJIHEHHA HecyllecTBeH. Tak,

[A]-[B]-[€] = ([A]-[B])-[C] = [A]-([B]-[C]).
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MarTpuuy MOXKHO BO3BECTH B CTeNleHb, TAK KAaK BO3BEJEHHE B
CTeleHb COCTOHT IIONPOCTY B BHINOJHEHHH psiia yMHoxeHuH. Tak,

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

Matpuubl Takxe MOXHO BO3BOAUTb B JApOGHYI CTeNeHb, yalle BCe-
ro B cTemenb !/;. OTa omepauusi SKBUBAJEHTHA WU3BJEYEHHIO KBA.-
paTHOro kopus u3 Mmarpuusl. [A]* ectb marpuua [X], kBagpar ko-
Topoii paseH [A]:

[A]'V® = [X];  [X]* = [A]

Haxoxnenne apo6noff cTemeHd MaTpHULl JOBOJBHO  CJOXKHO.
K cuacTelo, HAM HMIKE NOHALOGATCS JHIUb APOGHbIE CTENEHH AHa-
FOHAJIbHBIX MAaTPHIL. DTO MaTpHLa, BCE 3JEMEHTBHl KOTOPOii, HCKJIO-
yas 3J]€MEHTLl, CTOfILlHe Ha [JaBHOH AHAarOHaJH, paBHbl HyJ 10, Hx
CrenHa bHble CBONCTBA MO3BOJSIIOT JIETKO OCYLIECTBJSATHL BO3Beje-
HHe B 1pOOHYK creneHb. EC/IH BO3BECTH [QHATOHAJBHYIO MATPHLY
[A] B noayuesayio crenenb, TO B pe3y/bTaTe MNOJYYHATCS AHATOHAJb-
Hast MaTpHIA C HeHYJIeBBIMU 3JIeMEHTaMH Ha rJaBHOH [HaroHaJi,
PABHBIMH KODHSAIM KBAQJpPaTHLIM M3 COOTBETCTBYIOUIMX 3JIEMEHTOB
gcxo,zmoﬁ matpuunl [A)]. Hanpumep, ecan [A] — maTpuua nopsigka

X3, 1O

0 a, O} =] 0 Va, 0
0 0 Qys 0 0 1/‘133 J
EnnuuuEas MaTpHUA — 3TO JHATOHAJMbHAS MATPHIA CIEHa/b-
HOTO BHIA C OUEHb TOJIESHBIMH CBOMCTBAaMU. EC/M HEKOTOpas Mart-

pHLa yMHOXaeTcsd Ha €JHHHYHYIO MarpHuy, TO B pe3yJbTaTe IOJay-
JaeTces Ta XKe HCXoAHasa MaTpuia:

1 4 7 1 00 1 4 7
2 5 8]-]0 1 O0y=|2 &5 8
3 69 0 0 1 3 6 9
TaxuM oOpasoM, efHHHYHas MAaTpPHLA COOTBETCTBYET €IHHHIE B

O6LIYHOM YMHOXKEHHH. DTO CBOHCTBO OCOGEHHO BaXKHO B ONEpallusX,
paccMaTpHBaeMBIX B CIeAYIOIEM pa3jese.

a; 0 O3 [(Va, O 0]

CBEPTKA

CeepTKa — BeKTOpHAs ONepailys, LIHPOKO HCIOJAb3yeMasi B aHa-
JIM3€ BPEMEHHBIX PAJA0B, 0COOEHHO NpH 06paboTke CeHCMHYECKHX
AaHHBIX. B (u3HYeCKOM CMbic/je CBepTKa OMHCHIBaeT cHocob B3a-
HMOIEHCTBHS KOMIJIEKCOB ABYX HepreTHUeCKHX BOJH. PaccMOTpHM
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npa Bexktopa —[A] =[acaias...] n [B]=[bobibs..]. Hx cBepr-
ka oBosnauaerca omepatopoM *, [C]=[A]*[B] u npuBOAHT K BeK-
topy [Cl=[co ¢ ¢» ...]. Komnonentst ekropa [C] ompenensiores

o popmyae
e = ah_j (3.2)
i=0

Hanpumep, Tpebyercsi csepryTh 1Ba Bektopa [A] u [B], cozepxa-
IIFX TOJBKO MO ABa ujesa T. e. [A]=[ao ai] u [B]=[bo b:]. llep-
Bas KOMIOHEHTa CBEPTKH —

Co = Qobo—o = aobo,

BTOpasd KOMIIOHEHTAa —
€1 = aobi—o + @ibi—y = aob; + a1by,

TpeTbﬂ KOMIIOHEeHTa —
Co = agbo—o + a1hs—y + @sba-z = aobs + a1b; + asbo.

Ho un aqz, HH bg He CYLIeCTBYIOT, HNO3TOMY TPETbsI KOMIIOHEHTA
paBHa
Co = albl.

Takum o6pa3om, ceeprka [A] u [B] B 3TOM cayyae ecTb
[A]1*[B] = [C] = [acho aoby + aibo aibi].

3aMeruM, uto XoTs Kak [A], Tak m [B] coaepxkaT TOJbKO MO
ABe KOMNOHEHTH, cBepTKa [C] COAepXKHT TPH KOMIOHEHTH. B 06-
eM cJayyae, eCJH INepBHf BEKTOp, YYacTBYIOLIHH B CBepTKe, CO-
LEpXKUT 1 3J1eMEHTOB, a BTOPOH — M 3JIEMEHTOB TO CBEPTKa COIep-
XKHT #+m—1 3eMeHToB.

Po6unson u Tpeiitesp [7] pator nHTEepecHoe rpaduueckoe 00b-
ACHeHHe ONepauuy CcBepThbiBaHMA. MCnmosb3ys UX METOA, CBepHEM
JBa BEKTOPA, KaXXABIH H3 KOTODBIX COAEPKHT TpH 3jeMeHTta. CHa-
yaja CTpOUM TalJully HJIH MarpHily, B KOTODOH OAMH BeKTOp OI-
pefieNsieT CTPOKH, a JPYroif BEKTOP — CTOAOUBL. IJEMEHTHl B 3TOH
MaTpHle — NIPOU3BEJEHHs CTPOK HA CTOJGUH

by by b, i
ay| agby ayby ayb,
a, | a,by, a6y a, b,
a, a, bo a, bl (12 bz
[MoayuenHyo MaTpHIy Telepb NOApa3je/sieM Ha NOJOCKH, Ha-

YHHAST OT HUXHEro JeBOro yrja 10 BEpXHEro InpaBoro, TaxK uTo
Ka)XJIhli 3JeMEHT MOJIOCKH €CTb croabeu, ecnau HATH cpaga BHNISZ,
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H eCTb CTPOKa, €CJIH HATH cJeBa BBEpX, T. e.
-~
abdy . “Uoby - Tyb,
-~ -~ -

e - -
ady by b,
- -
— - //
azbo P /a2b1 //szz

Onementsl BekTopa [C] COCTOAT M3 CyMM 5/IEMEHTOB MOMOCKH, Ha-
YHHas C BEPXHEro JieBoro yrua. Hampumep,

[C] = [acbo  aibo + aob; asb, +

+ a1b;y + aobs  azb; + ab, asb,].
ST0 B TOUHOCTH TOT WJIEH, KOTOPHI HAXOZHTCA C NOMOLIBIO NIpHBE-

A€HHOTO BHIINE YpAaBHEHHS. 3aMETHM, UTO, KaK M OXHIAJOCh, YHC-
Ji0 unenoB B [C] ects 3+3—1=5.

Mbl CHOBa DacCMOTPHM YHCJ/IEHHBIH IpUMep, NMPOAEMOHCTPHPO-
Bab OJHOBDEMEHHO, KAK OJIHH BEKTOD MOXKeT ObITb CBEPHYT C ApY-
THM HHOM pasMeprocTH. ITycTh 3apanbl ABa BeKTOpa:

[A]=11 38 5 7 2],
[Bl =[6 2 4].

Cseprka [C] Gyzmer UMeTh ceMb UJIEHOB. Hcnoawsys rpaduyeckus
MeTO[, HX MOXKHO HaHTH IO CXeMe

6 2 4
ST
B8R
X707
hg ~"14_ 28
-~ -~ -
274 _-8

-

N NG W -

Taxum o6pasoM,
o= 6,
c, =184 2 = 20,
¢, =304 6L 4=40,
=424 104 12 = 64,
c, =124 14420 = 46,
Ccs= 4428 = 32,
¢, = 8,
HIH
[Cl]=16 20 40 64 46 32 8].
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CBepTKa He OYeHb LIHPOKO HCNOJb3yeTCsl B GOJBIIHHCTBE CTATHCTH-
YeCKHX ONepaiui, HCKMIOUeHHe COCTABJISET JIHIIb aHA/NH3 BPEMEH-
HEIX psjoB. M ellle BCTPeTHMCS € 3TOH IpoueAypoH, Korga GyaeM
paccMaTpuBaTh GpUALTPALHIO (CM. Iil. 4).

OBPALIEHHE MATPHILL U CUCTEMbI YPABHEHUM

B nanHoM paspese Mbl OnpesesiMM OHEpAuUMIO HAA MaTPHIAMH,
00paTHYIO ONepauuH YMHOMKEHHS, 3Has NPH 5TOM, YTO IpPSMOe fe-
JIeHHe OJHO# MaTPHIbl Ha APYryl0 HEBBUIOJHHMO. OZHAKO, HCIOJb-
3yl NPaBHJA MATPHYHOTO YMHOMKEHHS, MOXHO BBECTH COOTBETCT-
Bylolllee TIOHATHE, JJIA Yero HeoOXOAMMO PeLIHTh MATPHYHOE ypaB-
Herue [A]-[X]=[B] ortHocuTenbHO HensBecTHOH MatpHIE [X].
Heo6xoauMo nmoAyepkHyThb, UTO 3TO OAHA M3 HAHGOJAEE BaXKHBIX
OmepauHi MaTPHUYHOH anreGphl, KOTOpas OGyHeT HEOLHOKPATHO HC-
I0/b30BAaTbC B HAJbHEHINEM, B YaCTHOCTH IJS pPEIIEHHS CHCTEM
YPaBHEeHHH B IHCKDHMHHAHTHOM M TPeHJ-aHaJH3aX.

[IpuBedcHHOe BbIIE ypaBHEHHC peliaeTCsi ¢ NOMOIIBIO HAXOMK-
AeHust matpuunt [A]™!, obparnoit marpuue [A], xotopas yroBier-
Bopsier cooTHomwennio [A]-[A]7'=[1]. Tak kak ymHOMeHHe MaTpu-
Ubl Ha eNHHHYHYIO MaTpHUy [l] ee He u3MeHsSeT, Mbl MOXKeM yMHO-
KHTb 00e yacTH ypaBHeHns Ha {A]™!, B peayabTate uero MaTpuua
[A] B neBoit wacTH ypaBHenHus: ucuesuer. B To e BpeMs Mbl Haxo-
AMM BBIDAXKEHHe HeH3BeCTHOH MaTpuunl [X] uepes marpuuwm [B] u
A} Matpuna [A] nonxna O6bTh KBajpaTHOH. Mcxoxst s
A]-[X]=[B], ymHoxHM 06e uacTH HAa MaTpHLY, obpatnyio k [A],
T. e [A]"':[A]1-[A]-[X]=[A]"- B}.

Tak xax [A]7!-[A]=[1] u [1]-[X]=[X], nonyunm

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

Taxum o6pasoM, 3ajauya, 06paTHAs yMHOMKEHHIO MaTpHL, CBO-
HZHTCA K HaXOXNEHUIO MaTpHubl [X], OnpeneseHHOH COOTHOIIEHHEM:
(3.3). B HexOTOpHIX cliyyasx oGpATHYIO MAaTpuuy HaHTH He/b3s,
TaK Kak B Ipouecce OOpalleHHs HHOTAA NPHXOLHTCH BHIIOHATH
Zenenne Ha Hysab. HeoGpartumas maTpuia HasbiBaeTcs BBLIDONK/EH-
HOH, HO TaKHe MATPHLbLI B 3TOM INIaBe MBI PACCMAaTPHBATH He GyZeM.

Ipouenypy ofpalleHdss MaTpHIl MOXKHO IIPOUJIIOCTPHPOBATS,
peliasi CHCTeMy YypaBHEHHH B MaTpUuHO# ¢opme. 3HaueHHUS HeH3-
BECTHBIX B 3TOM cayuae X1=2 H x;=3. IlonbitaeMcs HaliTH HX, HC-
H0/b3ysl YMHOXKEHHE H oOpalleHHe MaTpHIL:

4x, + 10x2 = 38,
10)61 -+ 3OXQ = 110.

OTy CHCTEeMy ypaBHEHHH MOXHO 3aIHCATh B MaTpHYHOH ¢opMe:
[A]-[&] = [B],
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rie [A] — marpuna kosd¢puuHerToB, [X] — BekTOp-CcTONGEL HEH3-
BeCTHbIX, [B] — BexTOp-cTO/I6Ll MpaBbIX YacTell ypaBHEHHI.
B HameM yacTHOM cayuae

4 10 x| [ 38
10 30] | x, _[110

YTo6bl pemnTh 3T0 ypaBHEHHE, HEOOXOAHMO OGPATHTH MATPHLY
{A], torna npousseienne Martpun [A]™! u [B] macT HaM BeKTOD
pewenus [X].

B03MOXHO, yHTaTe 10 He MOHATHO, NOYEMY CHCTeMYy YpaBHEHHIl
MOXKHO NpEeJCTaBUTh B yKa3aHHOH MaTpHuHOH ¢opme. Urobb ybe-
JUTBCA B 9TOM, NOPEKOMEHAyeM NepeMHOXHTb MaTpuuy [A] u Bex-
Top-cTrosben; [X]. B pesyibTate HO/KeH IOJYYHTbCS BEKTOP-CTO.I-
Oell JeBBHIX YacTell ypaBHEHHH:

4 10 | x, C4x, -+ 10x,

10 30 [xe [ 10x, 4 30x,
BrinmosnsHB 3TO yMHOKeHHe, Bbl yGeiuTeCh, YyTO CHCTeMa 3ali-
caHa npaBuJbHO. JlefiCTBHTEJIbHO, IO NPaBHJIAM YMHOXEHHS MaT-

PHI TIOJTyuaeM
4 10 E20 by +10x,
10 30 x|

3aTtewm, YMHO2Kas HHXKHIOIO CTPOKY, noJydaem

[4 10 X4
30 *2f T | 10x,+30x,

Tenepn peurum cucTeMy YypaBHEHHII ¢ mOMOLIpI0 oOpamuieHus
matpuusl [A]. TlomecTum marpuuny [A] ciesBa OT eIHHHYHOH MaTpH-
ool [/] ¥ BEINOJHHM BCe HeOOXOAMMbIE ONEepanHH OJHOBPEMEHHO Ha
obeux MarpHnax. Lleap 3TUX omepauHil — CBECTH JHATOHAJbHLIE
3JeMeHTH MaTpulbl [A] K eAHHHUAM, a BCe OCTaJbHbIE — K HY.ISM.
OTO BHIIOJHAETCA C MOMOILbIO JeseHHs cTpoK MaTpuusl [A] Ha KoH-
CTAaHTBl, & TaKXKe HX CJOXKEHHS HJIH BbludUTaHus. [locnenoBarenn-
HOCTb onepaunuil caeayouias:

1. 4 10 [ 1 0 1 Marpuuny [A] nomelllaeM pAAOM ¢ elu-
10 30 11 O 1 J HHYHOA Mmarpuueil [/]

2, 1 2,5 0,25 0 ] TlepBylo cTPOKY geiuM Ha 4, nosydaeu
10 30 0 1 HpH 3TOM | Ha MecTe @y

3. 1 2,5 0,25 0 Boiyntaem u3 Bropoil cTpoku yAecsre-
0 5 —2,5 1 peHHYIO nepBylo, nonywaeM 0 Ha Me-

CTe Qg

4. 1 2,5 ] [ 0,25 0 ] Hennm BrOpy® CTpOKY Ha 5, noay-
0 1 —0,5 0,2 | vaem | Ha Mecte ag
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0 1 0,2 | Bountaem ee u3 nepBoii, noayyaem O
Ha MecTe adjs

]

5. [ 1 0 :, [ 1,5 —0,5 ] YMHOXKaeM BTODYIO CTPOKy Ha 2,5 H
—0,5

Mbl moayuHau o6paTHyio MartpHmy. Jlas NPOBEPKH NpPaBH/IbHO-
cTd OOpallleHHsl JOCTATOYHO YMHOXKHTb HCXOAHYI0 Matpuuy [A] Ha
noJsyyesHyo matpuuy [A]~!, u B pesyapTaTe AONKHA MOJYYHTHCH
eJMHHYHAS MaTpHUa

1,6 —0,5 4 10 1 0]
[—0,5 0,2] |10 30f L0 1
Tak xax [A]7'-[A]=[/], To BHINONHAITCA ClAEAyIOLIHE DaBEH-
cTBA:

[A]--[A]-[X] = [A]~"-[B],
[/]-[X] = [A]7'-[B],
[X] = [A]7*-[B].
Yumuoxus marpuuy [A]™! wa martpuuny [B], nafizeM HemssecT-
Hylo mMatpuuy [X]:
[AI™ - [B] =1[X]

1,6 —0,5 38 2
[_0,5 02] 1110 T3]

Bekrop-cTonben X COZEPAKHT HCKOMBIE HEH3BECTHHE X;=2,
X2=3. Bcromunas, yTo HMEHHO 3TH 3HauYeHHS YAOBJETBOPAJIH HC-
XOJHBIM yDaBHEHHAM, Mbl yOexJaeMcs B TOM, YTO HallLIH X| H Xp
[PaBHJIBHO.

PaccMOTpuM elle OfHH NIpUMep PelIeHHS CHCTeMbl YPaBHEHHH C
HOMOLIbIO OOpallleHHst MaTpHUbl. 3anuileM IIpHBeJEHHbiE HHUKE
YpaBHCHHs B MaTpHuHOH dopme u HaHieM X U xg, obpamas Mmar-
PHILy CHCTEMBI:

2)61 + X2 = 4,
3x1 + 4x, = 1.

KpaTko 3anuiueM ONepauiy, BHIIOJHSAEMble NpH obpalueHHH MaT-
PHLLBLL
1. 2 1 x1] _[4
[3 J'[sz"[l]
2. [2 11 ] 45 —1y5
[3 4] ‘[—3/5 2/5]

"o Tasl ][]
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Cgenosarenbno, 3HAYEHHS] HEU3BECTHHIX OYyAYT X1=3 U X,=

3aMmeTuM, YTO ONHCAHHAA NPOLEAYPA OYEHb HATIOMHHAET KJAac-
CHUECKHH a/reGpaHyeckuii METOX DeLIeHHs CHCTeMbl ABYX ypaBHe-
HHA. B caMoM nese, pemenue cHcTeMbl ypaBHeHHI — HaHGOJee
Ba)kHOe NpPHMEHEHHe NpOUelypbl OOpalleHHss MATpHl. B AaHHOM
Ciyuyae TMPEHUMYINECTBO MATPHYHBIX METOHOB NO CPABHEHHIO C Me-
TOJXaMH OOLIYHOH anre6pbl 3akJAOYaeTcs B TOM, YTO OHH Goaee
CHCTEMATHSHPOBAHBl M Jyullle MOAJAIOTCS HPOrpaMMHPOBAHHUIO.
BOJIBLIHHCTBO NpOUENYp, ONHCAHHBIX B CJEAYIOUIHX IJaBaX, npH-
BOIHUT K pEUIEHHIO CHCTEM ypaBHEHHH. DTH CHCTeMBI OGLIYHO 3aMHU-
‘CHIBAIOTCS B MATPHYHOM BHfE M DEIUAIOTCS ONHCAHHBIM BhHILUE Me-
‘TonoM. Onepanuio o6paileHHss MaTPHI, MOXKHO NPHMEHHTb K KBaj-
PaTHBIM MaTpHIaM JI060ro mopsika, a He TOJbKO K MAaTpHUAM
nopsinka 2X2, pacCMOTDEHHEIM B MNpHMepax. YOemuTech B 3TOM,
.06paTHB NpUBEJeHHYIO HHXKE MATPUILY MOpAAKa 3X3:

1 2 3
2 6 5
3 5 6

Ecau Mbl 3axotuM o6paTHTb AMArOHAJBHYIO MaTPHIy, TO 3aja-
9a OKaXeTCcs 3HauyHTeJbHO npoine. O6paTHas MarpHUa — 3TO Npo-
CTO AHAroHa/bHas MATpPHIA, HEHYJIeBble 3JEMEHTH KOTOpOA — 06-
paTHble BEJHYHHBI COOTBETCTBYIOIIHX 3JIEMEHTOB OGpallaeMoll Mar-
puusl. Paccmorpum matpuny [A] mopsimka 3% 3:

‘ 0 0 |
a, 0 Q7 fu
0 a, 0| =| O ! 0
0 0 ag o
0 0 !
- O35 _

Hekoropble KOMOHHALMK N0BOJNBHO CJOMKHBIX ONEpPauHit CTaHO-
BATCSl OUEHb MPOCTHIMH, €C/NH BXOJALIHE B HHX MaTpPHULI AHArO-
Haspube. HampuMep, paceMotpum ymuoxenue [A]-1-[A]%=[A]-".
Ecan [A] — martpuua mopsaxa 3X3, ToO NpoH3BeAEHHE PaBHO

- N
e 0 0
a 0 0 [V
0 ay O = 0 Vi
0 0 ay
0 0 L
- Vass_
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B HeKOTOpLIX Cayyasix He 06A3areabHO obpaliaTb MATpHUY, €C-
JIE TpeGyeTcs TOIBKO PEUIHTh CHCTeMY ypaBHeHHM. B paccMOTpeH-
HOM NpHMepe Mbl HCKaJH 3HAUEHHS SJEMEHTOB MAaTPHLEI [X], yaoB-
JIeTBOPSIIOIeH yPaRHEHHIO

4 10 x ] [ 38

10 30 X, 110
C »TOil weablo Mopi obpaTuau Matpuuy [A] ¥ HauwIH MaTpHIY
{X], ymuoxus [A]™' ua [B]. ByecTo 3TOTO MOXHO ObLIO TMPSIMO HC-
fnonb3oBaTh MaTpuuy [B] mo mepe Toro, xak Marpuua [A] mpeo6-
pa3oBLIBAJACh B eAHHHUHYI0 Marpuuy. C 3TOH ueJblo yno6HO
HCIIONb30BATh TaK Ha3bIBAEMYIO pAaCIIMpPEHHYI0 MaTpHuuy, COCTOsA-
myio H3 1 CTpoK u n-1 cronbuos. Bekrop-cronben [B] sannMaer
n-+1-i cronben paclIMpPeHHOH MaTpHUB!, OCTajbHad YacTb €€ -—

MaTpuua nopsnka nXn— obpauiaercd. Mcmosesys 3TOT cmoco®,
pelIHM Ty Xe 3ajauy:

1, 4,0 10,0 38,0 } Us wmatpuu [A] u [B] cocraBiaeM
10,0 30,0 110,0 marpuny nopsiaxa nX(n+41)

2. 1,0 2,5 9,5 ] Ilepsyo cTpOKYy HeiuM Ha 4, BTO-
1,0 3,0 11,0 pyio —Ha 10

3. 1,0 2,5 l 9,5 ] ITepBy1o CTPOKY BHINHTAeM H3 BTOPOR
0,0 0,5 1,5

4. 1,0 0,0 l 2,0 YMHOMXEHHYIO Ha 5 BTOPYIO CTPOKY BH-
0,0 0,5 1,5 yhuTaeM H3 NepBoOf

B, 1,0 0,0 2,0 Bropyio crpoky nenum Ha 0,5
0,0 1,0 3,0

Taxnm o6pasoM, B peayibrare n-+1-fi croaben NoJyYeHHOH
MaTpHIE CONEPIKHT pelIeHHe CHCTeMbl ypaBHeHHH, a HCXORHAs
MaTpHla 3aMeHeHa eJHHHYHOM.

Hns obpallieHHss MaTPHIl H3BECTeH psij MaTeMaTHYeCKHX MpO-
1efyp, 3aCAYKHUBAOIMX BHUMAaHHs. [lecATKH MeTON0B CO3JaHbI
IJs pellieHHsl CHCTEM YPaBHEHHH H CYLIeCTBYIOT COTHH NPOrpaMM-
HbIX BepcHil. HexoTophie M3 HHX MpeiHa3HAYEHH CHENHANBHO /A
MAaTpHI YaCTHOTO BHAA, TAKHX, KaK DaspexenHble Marpuun (T. e.
MAaTpHIIE, CONEpIKaIlHe MHOrO HYJEBbIX 3JEMEHTOB) HJIH MATpHILH,
o6Jajaomue HeKOTODEIMH THNAMH CHMMETPHH. DOJBLIHHCTBO BHI-
YHCJHWTEJNbHEIX IIEHTPOB HMeeT CTaHJapTHble MPOTPaMMBI B CBOHX
6u6IHOTEKAX, NpeJHAa3HAYeHHbIE AJiA BLIMOJHEHHS MaTPHYHHX ome-
panuit. Heo6xopuM0 3apaHee ¢ HHMH O3HaKOMHTBCH, Mpexne deM
ToTpebyercsl BHIMONHAT paboTy, OnepHpys ¢ GOJBLUIMMH MacCHBa-
MH JaHHBIX.
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TPAHCIIOHHPOBAHHE

Onepauus 3aMeHnl CTONGUOB MAaTpPHUULI CTPOKAMH
TPaHCIIOHHPOBAHHEM.
1 23
4 5 6

Hanpumep, matpuua
nocJie TPAHCNIOHHPOBAHUSI HMEET BHJ,
1 4

2 5
3 6

OTMeTHM, YTO MoOCJe TPaHCIHOHMPOBAHHS NepBast CTPOKA CTala
NEPBLIM CTOJOLOM, a BTOpast CTPOKA — BTOPHIM CTOJOLOM. Ecm
0603HaunTh Marpuly uepe3 [A], To MaTpuuy, noAyYeHHYH TpaHc-
nosupoBandeM martpuunl [A], o6osnaunm [A]T. Ilpn Tpamcnmouupo-
BAHHH JIEMEHT &;; NEePeXOAHT B JJEeMEHT &;;. BO MHOTHX 3ajauax
paccMaTpHBAaEMEIX B T 6, 4acTO OyjAeM NOJb30BATHCA TeM, UTG
BEKTODP-CTPOKAa MaTpHubl [A] NpH TpaHCHOHUPOBaHHHU npeBpa,maeT—
¢ B BekTOp-cTonbew MaTpuubi [A]7. BekTop-cTpoka H  BeKTOp-

CTOJI6€LL NoJayualTcsad OAHH U3 APYroro TPpaHCIIOHUDOBAHHEM. Ha-
npumep,

1 2 3 4 u

W N =

[Tosxe GyaeM HMeTh MHOLO CAyyaeB, KOTAa MaTpHIA YMHOXKa-
eTcsl Ha MaTpHLy, TPAHCIOHHPOBAHHYIO X Heil. Ecam matpuua [X]
HMeeT n CTPOK U m CTOA6LOB, TO TPAHCNOHHPOBaHHAs K Hel [X]
Oyaer uMeTb m CTPOK H n CTOJGUOB. YMHOXKas MaTpuuy [X] caesa
Ha TPAHCIOHHPOBAHHYIO K Hefl MaTPHILY, Mbl IOJIyYaeM KBagpaTHYIO
CHMMETDHYECKYI0 MaTpHUy NOPsIAKA m X7, HA3bIBAEMYIO MeHbLIek
MaTpuleil — NpousBelenneM MaTpuubl [X]. YMuoxas marpuuy [X]
CpaBa Ha TPAHCHOHHDOBAHHYIO K HeH MaTpHIly, oJyyaeM KBaj-
PATHYIO CHMMETPHYECKYI0 MaTpPHUY NOpAAKA nX7n, HasbBaeMyo
GoubLION MaTpHIeR — npousBeleHHeM MaTpuusl [ X].

ONPENEJNHUTEJH

Hpemge YeM MEpPeHTH K H3J0XKeHHIO Halieli mocJenHedl TEMBHI,
Kacammencs COOCTBeHHBIX 3HAYEHHH H COOCTBEHHBIX BEKTODOB
OCT2HOBHMCSI KOPOTKO Ha onpeje/iutese MaTpHubl. Onpeneautens —

3TO YHCJI0, NPHIHCHIBAEMOE KBaAPaTHOH MaTpHULE B pesy/bTare
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Ha3piBaeTES%

- gee——

HEeKOTOPOH IOCJEeA10BaTeNbHOCTH onepanuit. OnpejeanTe b CHMBO-
Jiuecky obosunauaercst det A, [A| nau

ap Qe

Ay Qo
'OH BBIYUCJAAETCA Kak CYMMa 7l 4IeHOB BHOA
kR
("'— 1) ali1 a'zi2 anina (34)

rae n— 4HCJO CTPOK (HJH CTOJOIOB) MATPHLbL; 1, {2, «o+) in—
HeKoTopas mepecTaHoBka uuced I, 2, ..., n; k—uucao TpaHCNO-
3ULAH Tap SJEMEeHTOB, HEOOXOAMMBIX AJs TOro, ytoGBl pacnoJo-
JKHTh HHAEKCH B mopsnxe 1,2, ..., a.

Kaxiplii uieH 3TOH CyMMLI COAEPXKHT IO OJHOMY 3JIEMEHTY H3
KaxKI0i CTPOKH U KaxKaoro croabua.

Ilporecc BbIUHCJEHHs ONpeje.THTe/d HAUHHACTCA C Bpi6opa Mo
ONHOMY 3JeMEHTy W3 KaXJOH CTPOKH AJ5 00pasoBaHisi pa3JIHUHLIX
KOMOHHALMA. DJeMEHTH KaXjgoro uieHa CyMMbl BblOHpAlOTCS H3
CTPOK B €CTecTBeHHOM mopszke 1, 2, ..., 7, OAHAKO KaXAad KOM-
BHHAIMSA MOXKET COAEpPKaTb TOJbKO MO OAHOMY 3JEMEHTY H3 Kax-
goro croabua. Hampumep, B MaTpulle NOpsika 3X3 MOXKHO BHI-
6paTh KOMOHHALMIO (12021833 OOpaTuTe BHHMAHHE, HTO 3JIeMEHTHI
pacrmosaraioTcsi B NOPsjKe BO3PACTAHHA HX MEPBBIX HHAEKCOB —
HOMepOB CTPOK. KasK1as KOMOHHANHA COAEPKHT POBHO IO OAHOMY
3JEMEHTYy M3 KaxIOH CTPOKH H KaimIoro cronbua. Tpebyercs Bbi-
GpaTh BCe BO3MOXHBIE KOMOHHALMH, COCTAaBJCHHbiE TAKHM CIIOCO-
Gom. Ecam marpuua uMeeT NOPAIOK X7, TO TaKHX KoMOHHALKA
oyaet al

Taxk KaK TOPAL0K YMHOXEHHSA UYHCEJ He BJIHsET HA pe3y/bTar,
T. €. a“agzag;;=a22a11a33=a33a22a11 " T. 4., T0 MO2KHO Hp0H3BOJ1bHO
M3MEHHTb TOPSIOK 3JIEMEHTOB B OTOOpPaHHBIX komGunauusix. Ilo-
IBITAEMCS BLIOPATh 3J€MEHTHl TaK, YTOOBl HX BTOpbIE HHIEKCEL, HIH
HOMepa CTO.IBLOB, PACHOAOKHIHCD B NOPAAKE BO3PACTAHHA. [Tepe-
CTAHOBKY MOJKHO BBUIOJHHTD, MEHSs JIOOble ABA COCEIHHX 3JEMEH-
Ta MecTaMH. BEHIIOJMHAS ONepauuio, HyXHO COCHYHTaATh, CKOJBKO
CeJaHO IEePECTAHOBOK, HEOOXOXHMBIX MJIf TOro, 4TOGBI HHIEKCDL
PACIIOJIOKH/NCH B HYXHOM mopsiike. Ecnu aas 3T0T0 norpebosa-
710Ch YeTHOe YMcJ0 mepecranosok (T. e. 0, 2, 4, 6, 8, ...), To mpo-
U3BEieHHe 3THX 3JEeMEHTOB Oepercsi ¢ MOJOXKHTEJIbHBIM 3HAKOM.
Fecan 6bU0 HCMOJb30BAHO HEYETHOE YHCJO MepecTaHoBok (T. e. 1,
3,5, 7,...), To npou3BeieHue Gepercsi ¢ OTPHIATEIDHBIM 3HAKOM.

B maTpuue mopsaaka 2X2

['au 012]
Qp;  dgs
MOXKHO HAHTH TOJBKO ABe KOMOHHALMH 3JEMEHTOB, COAEpXKAaIUHX
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TO OHOMY 3JIEMEHTY H3 KaXJOH CTPOKH H3 KaXAOro CToabuma, —
Q11029 U A19Q9;. BTOpre HHACKCH B HY/€HE @11@22 PACIOJOXKEHH B
€CTeCTBEHHOM IOpPsIAKE H IepecTaHOoBOK He TpebyioT. Yucao nepe-
CT2aHOBOK PABHO HYJIO, NO3TOMY 3HAK NPOH3BEAEHHS MOJONKHTENb-
Hbli. OHAKO 3JEMEHTH B WICHAX @12 H Gy HYXKHO HOMEHATb Mec-
TaMH, 4TOGBl HX BTOpble MHAEKCH DACMOJONKUIHCH B HYIKHOM IIO-
psiike. 910 TpebyeT OXHOM IEPECTAHOBKH, MOITOMY pe3y.bTaT
Oyher C OTPHUATEJBHEIM 3HAKOM. MTaK, ONpesenuTe]b MaTpHUbI
nopsaka 2X2 paseH

Q1 Qg
gy Qg

B xauecTse uMCI0BOrO mpuMepa pacCMOTPHM MaTpHIY
2 1
4 3

= +(2-3)—(1-4) =2

=+ 1185 — 0150;.

Ee onpenenntesns pasen

4 3

Tenepr paccMoTpuM Gosee CJIOXKHBIA IPUMED — ONpeeNHTENb
MaTpHIE nopsaaka 3X3

ay (U Qi3
Qo1 dyy  Qyg
3 Qg Qg

3necb Gyner 3!, uan 3-2-1=6, kOMGHHALHA, KOTODBIE COAEPIKAT
II0 OXHOMY 2JIEMEHTY U3 KaxKIOH CTPOKHU H KaXKA0ro croabla, HH-
JEeKChl KOTOpHIX pacmoJaratorcest B nopsake 1, 2, 3. Haunnas c
BepXHell, BHIOHPaeM MO OJHOMY 3JIEMEHTY W3 Kakao# CTpoku. CHa-
yajla M3 TIepBOH, 3aTeM M3 BTOPOH, TpeTbel, ..., n-#, HCNOIb3YS
IpH 9TOM He OoJiee OJHOrO 3JeMEHTa H3 KaXKAOro CTOMOuAa. YkKa-
*eM BCe BO3MOXKHbIE KOMOWHAUHH, YAOBJETBOPSIOLIHE 3THM YCJIO-
BHAM:

Q11092033 11023039,
Q12Q23031, Q12Q21033,
Q)3021Q39, Q1309203

Ilns onpejesieHus 3HaKa KaXKAOro YJIeHA HAM HYXKHO BHISICHHTD,
CKOJIbKO NepecTaHOBOK HEOOXOAMMO BHIIOJHHTb, uTOGH BTOpHIE
HHIEKCH pAacCHOJIOXHIHCh B mopsake 1, 2, 3. s usneHa a(Qs:033
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NEPECTAaNOBOK He Tpelyercs.
NPHUBEJEHHl HHIKE:

[lepecTaHOBKH MJ1sl APYTHX WiIEHOB

Q11093032=011032023 k=1, 3HaK —
Q12023031 == 012031023 =0q310120 23 k=2, suak -+
Q1202 A33=A21Q12a33 k=1, 3Hak —
Q13021032 = A A13032= 051032013 k=2, 3Hak +
013022031 =213031022= 031013020 =03,Aso0 3 k=3, 3nax —

Hrag, B ONpefeutese TpH NOJOKHTEAbHLIX H TPH OTpPHUATE/]b-
HbIX uieHa. CkaajbiBast uaeHpl (c COOTBETCTBYIOIIHMH 3HAKAMH),
HOJYYHM

+ QU033 — Q11023033 + Q13023035 —
— Q12021033 + A13021032 — Q1309903;.

Tenepb paccMOTpUM MaTpHILy feficTBHTENBHBIX uHCEN

4 3 2

2 4 1

1 0 3

[lecTs yeHOB BHIIAAAAT TaK:

(4-4-3) = 48,
(4.1.0) =0,
(3-1-1) = 3,
(3-2-3) =18,
(2:2-0) =0,
(2-4-1) =8.

[lepsbil, Tpethit u naTHB U3 5THX YWIEHOB TpPe6YIOT YeTHOrs:
UHC/Ia onepauuii, LIS TOro YTOGHl HX BTOPHE HHAEKCH pacnoJsoxu-
JHCb B NOpsifike BOSpacTaHus. JIJst TOTO YTOGH MHAEKCH OCTAb-
HEIX 9/IEMEHTOB DaCHOJIOKHIHCE B NOPSAAKE BO3PACTAHHS, Tpeby-

€TCA HEUETHOE UHC/IO ONepPAUMH, H NOITOMY OHH OTPHLATEJIbHLI.
CkyajeiBast, notyyaeM:

|A| =48—0+3—18+0—8 = 95,

OTOT MeTO] BHIYHCJEHHS ONMpeENHTENs OMmUCAH [Tertodpenuo
[6]. Boaee OOIUENPHUHATLIH MOAXOA, H3JOKEHHbIH B MoHoOrpaduu
Tupn u Yusepa [2], ocnosan na Tak nassizaemon MeTone anreGpau-
JECKHX JONOJHEHHH, HO MO CYIIECTBY MAaj0 OTJIHYAETCS OT H3.0-
XKEHHOTO,

Teneps Mbl ye yMeeM BHUHCAATH ONpele/uTe/ b KBaApaTHOR
MaTDHUEI, HO ellle HESICHO, YTO 9TO Takoe. ONpeeNHTENH BO3HUKA-
0T B pasjHUHBIX 3a7aYaX, HO Yallle BCEIrO OHH HENBHO y4acTByOT
B PelleHHH CHCTeM ypaBHeHHA. UHTaTesb MOT He 3aMETHTH HX npH
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PACCMOTPEHHH 3TOTO BONPOCA, HO CKPHITO ONpENETHTEeNH HCIOJb-
30BaJMCh B Mpolecce ofpalleHHst MATPUIbL. PeliMM CHCTeMY ABYX
ypaBHeHHH:

an@; + a0 = a,

(3.5a)

Q12811 + G202 = Q2.
[lpencraBuM 3TV CHCTEMy B MaTpHUHOH (opMe:
G ) [xl ] - [”1 ] (3.56)
Gy Oy X | by
Mpl yiKe BBISICHUJIH, YTO BEKTOD-CTOJIOEL HEH3BECTHBIX X1 H X»
MOKeT 6biTh HalifleH ¢ MOMOIIBIO OOpalleHHs MaTpUuubl. OLHAKO Mbl

MOXKEM HAHTH HEH3BECTHHIEC C TIOMOLIBIO OGBIYHBLIX adreépandeckix
apeoGpasoBanuil. ITonyunm

_byag —aysby (3.6)
X) = —"7"—,
1109y = Q1ag;
Ayqbq — bisq
Xy == 1102 — 6155 ) (3.7)

Q11052 — Q19ly;
HeTpyaHO 3aMETHTh, YTO 3HAMEHATEJH Y STHX BbIPAKEHHH OfH-
HAKOBHL. DTO ONpeje/uTesb MaTpulsi [4], T. e.

an  Qu

[A]= = (y3Qgp — Agollsy- (3.8)

Ay Gy

Hajee yHCJAUTENH TOXKE MOXHO NpercTaBHTb Kak ONpEeACNHTENH.
Yucautedb BHpaxeHHA LId X1 MOXKHO HPERCTaBHTH KAK ompene-

JIHT€Jb MATPHILBI

by ay

| B-Ap | = b @l byGgp — A3b1s, (3.9)
5 Qg2
24 YHCJHTE]b BLIPAXKEHHS JJIsl Xp — KaK ONMpejenuTesnb MaTpHIbI
Gr b 10
| Ay B | = a b, = Q3305 — 1. (3.19)
21

STOT MeToZ MOXKHO 0000UIHTH HA JI-!OﬁbIeu CHCTEMBl YDaBHEHHH.
Takoii crmoco6 pelLIeHHs CHCTeMbl YDaBHEHMM HA3blBaeTCA IMpaBH-
qoM KpaMepa, KOTOpOe TIJIaCHT, YTO 3Hay€HHe JN10608 HEH3BECTHOU
X; B CHCTeMe COBMECTHBIX YDaBHEHHH PaBHO OTHOUICHHIO ABYX OI-
pedennTenell. 3HaMeHaTelb — OMpEACJHTe b MaTpHLUEL KO3¢)¢)HILH:
enros (B Hamem mpuMepe Marpuubi [A]). Hucaurean —onpene
JuTeNb TOM Ke MaTpHIbl K03 PUUHEHTOB, Y KOTOPOH [-H cronber
3aMeHeH CTOJA6IOM HpaBbIX YaCTed ypaBHEHUH (BexTOp-cTONOCL b).

146

ITpoBepuM 3TO MPaBHJO HA TPUBEJEHHOM paHee MPHUMeEpe:

[0 oo [2]=T.%]

3uaMeHaTean B 06eHX APOOSAX PaBHbLI ONpPENEIUTENIO

4 10
= (4-30)— (10 10) = 20,
0 %0 ( )—( )
UHCAHTE b BHIPAXKEHHS A Xi DABEH ONPEALTHTENIO
38 10
— (38-30) — (110- 10) = 40,
110 go| = 30— ( )
UncanTeab BHIPaXKEHHs NS Xy PaBeH
4 3B 4.110)—(10-38) = 60
10 110

Hrak, x=40/20=2, a x,=60/20=30. Panee ¢ noMoilpi0 06-
pallleHHss MaTpHI MBI HAILJIHM TOYHO TaKHe 3HAYEHHS HEH3BECTHDIX.

COBCTBEHHBIE 3HAYEHHS1 U COBCTBEHHBIE BEKTOPbI

TeMa, K KOTOpOH MBI NEpexoAHM, — COGCTBEHHbBIE 3HAYCHUS W
COGCTBEHHEIE BEKTOPHl — HakboJee TPyAHA B MaTpUUHOH aarebpe.
TpynoHOCTh COCTOMT He B MX BBIUHC/IEHHH, KOTOPOE SIBJAETCA HE
Gojiee TPOMO3NKHM, yeM NpyrHe MaTeMaTHyeckue Hpouexyphl. Cxo-
pee BCero, TPYAHOCTb 3aKAIOUAETCS B HHTYHTHBHOM [OHMMAaHHH
3THX BequuyuH. K necyacTblo, B GOMBIIHHCTBE PDYKOBOACTB 3Ta TeMa
H3JlaraeTcsd B CTPOrMX MaTeMaTHUeCKHX TEepMHHaX, HE BCerja Io-
HATHBEIX HEMATEeMaTHKY.

Ouenb xopolee H3J0XKeHHe HOHATHH O COGCTBEHHBIX BEKTODAX
¥ COOCTBEHHBIX SHAYEHHAX, CONPOBOKAAIOUIEECSH TE€OMETPHUECKOI
HHTepuperauues, GbI0 NOArOTOBJEHO [OYII0M IJIsT CTYAGHTOB Teo-
rpapuyeckoro (axyavrera IleHCHNBBAaHCKOrO yHHBepcHTeTa. IlpH-
BEJIEHHOE 3]eCb H3JIOXEHHEe TeMbl OCHOBLIBAETCA HA 3TOH paborTe,
a Takxe Ha craTee I'oyana [3]. Mu Gyzem paccMatpuBaTh MaTpu-
Ly, COCTaBJIEHHYIO M3 KOODAHMHAT TOYEK B HEKOTOPOM INIPOCTPAHCT-
B€, W HHTEPHPETHPOBATb CBOHCTBA COOCTBEHHBLIX 3HAUEHHH H 4cco-
UHHPOBAHHLIX C HUMH COOCTBEHHBIX (GYHKUHH KaK reOMeTpHYEcKie
CBOHCTBA pacmojioxkenus Touek. Tako# mogxox Tpebyer paccMor-
PeHUs] MaTPHL HU3KHX TMOPsAKoB. OJHAKO HHTYHTHBHBe NpeACTaB-
JI€HHS, NOJIYYEeHHble MJISI TOTO CJyuasi, MOXKHO 3KCTPaNOJHPOBATH
Ha MaTpHUIb GOJbIIMX NMOPSAAKOB, AaXe Ha TakKHe, BLIUHUCJAEHHS AJIS
KOTOPbIX NIPAKTHYECKH HEBBINOJHHUMBI NMpH pyuynoMm cuere. Chexayer
3aMETHTb, YTO MBI BCTYMaeM B TakKylo o6aacTb, B KOTOPOH OueHb
yacTo naxe Hanbosee moulnble DBM 0KasbiBaloTcs He B COCTOSTHHH
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TIPeo/i0JIETh BBHIUHCJIHTEIbHBIE TPYAHOCTH. Tak Kak Mbl yke NO3Ha-
KOMHJHCH C ONpefesHTeJMH, TO MOXKEM HX HCNOJAb30BaTbhb MAJ
BBeJleHUS MOHSATHI COOCTBEHHBIX 3HAYEHHH H COOGCTBEHHBIX BEKTO-
pos. IlycTe paHa cucTeMa ypaBHeHHH, 3anHCaHHAasAs B MaTPHYHOM
opme:

[A] . [X] = A[X]. (3.11)

B »3TOoM ypaBHeHHH NpOH3BeJeHHe MAaTpHUBl KO03((UIHEHTOB
{aij) Ha BeKTOp-cTOJGell HEH3BECTHHX [x¥] paBHO TNpPOU3BEACHHIO
KOHCTAHTH A Ha BEKTOp-CTOJIOEl HeH3BEeCTHLIX. 3ajaya IIOYTH Ta-
Kasl e, KaK H pelleHHe CHCTeMbl ypaBHEeHHH

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

Hy:xno HaliTH 3HayeHHs A, yAOBJETBOPAIOIIHE 3TOMY COOTHO-
arennio, Ypasaenue (3.11) MoxHO 3amucaTb B GopMme

([A] —al]) - [X] = [0], (3.13)

tae MJ/] — exunuunasg matpuina [/], yMHOXeHHAd HA gHCIO A (MO-
pafox Matpuus [/] Takoit ke, kKak u nopsaAok Marpuub [A]).
Marpuua A[/] nopsagka 3X3 HMeeT BHJ

2 00
All}=]0 2 O (3.14)
0 0 2

Hcnonp3yss NpHHATYIO 3alHch, NMOJYYUM CleAYIOLLYI0O CHCTEMY

ypaBHEHHH:
(@i —A)x1 + aigxe + asxs =0,
Q19X + (022 ~7\1)X2 + agsxs =0, (315)
asnx + asax2 + (azz—A)xs = 0.

TIpeamosioxuM, 4TO y 3TOH CHCTeMbl €CTh HeTPHBHAJbHLIE Dpe-
uIeHus, T. e. uTo cywecTByT X;%0. Ilo npaBuay Kpamepa anas
pelleHHs] CHCTeMbl YPaBHEHMH HEH3BECTHHIE HAaXOAATCA KaK OTHO-
{leHHs] [IBYX omnpejenurtejell. B CBA3H ¢ Tem 4TO B MaTpuuax, om-
peLesIHTeNM KOTODPHIX SIBJAAIOTCA YHCJAMTENSIMH 3THX  OTHOLUEHHH,

€CTh HYJIEeBOH croabel, 3TH ONpeieJHTeIH paBHb HyJ0. Takum
06pasoMm,

xi=-19_
[X] A

3anucas 3TO COOTHOLICHHE HHAUe, NOoAYy4YHUM

|4|-[X] = [0]. (3.16)
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Ecan [X] — HenyJieBOfi BeKTOp, TO ONmpefesHTeNb MaTpuusl [A]
paseH HyJw, T. €.

ay -—2 ayp Q13
Qg gy Qg — 2

O6bluH0 KOG HUIHEHTB! @;; HAM H3BECTHEl, H NO3TOMY MOXKHO
BOCINIO/Ib30BATBCS 3THM COOTHOIIEHHEM IJISl HAXOXKAEHHS1 3HAYCHHH,
YAOBJNETBOPAIOMIMX 3afaHHLIM YCJAOBHAM. IS 3TOr0 IpeiacTaBHM
Onpejie]nTe]b KaK NOJHHOMHAAbHO® ypaBHEHHe. PaccMOTpHM CHa-
YaJsa onpejenuTe/ b MaTPHIL nopsika 2X2:

Qy— 2 Q2 —0
g1 Ay — A '
TlpencraBuM onpenenuTe]b B BHAS
(a1 —A) (22 —A) —anas = 0.
Tlocnie mepeMHOXKEHHS MONYYHM
(@11 —A) (@22 — A) = (@u@22) — (aud) — (@22h) + A2,
-a CJIOXKUB 3TH [1Ba YpaBHCHUA, HMeeM
(a11022) — (@21012) — (audh) — (@z2h) + A2 = 0.

Tak Kak Mbl 3HaeM 3HAYEHHH i, TO noOCJeoHCEe YpaBHEHHE
‘MO2KHO TIpeCTaBHUTh B BHAEC

AM+adr+a =0, (3.18)

THe @; — CyMMbl COOTBETCTBYIOIUHX 3HAYeHHH @;. ITO OO6BIYHOE
KBajpaTHoe ypasHeHue BHAa ax’+bx+c¢=0, KODHH KOTOPOrO BHI-
YHCJAAIOTCS N0 popMyae

¥ = ——birl/mlzﬂ—z;ac ) (3.19)

Ecan yuTateqp He3HaKOM ¢ 3TOf (OpMyJIOH, & Takke ¢ pasJo-
JKEHHEM KBaAPAaTHOrO TpexXudeHa Ha MHOMKHTENH, OH MOIKET BOC-
TI0/Ib30BAThCS 3JEMEHTaPHLIM YUeGHHKOM aJreGphl.

Beruncanym Tenepr COOGCTBEHHble 3HAYEHWS] MATPHIBl MOPSAKA

2X2. INyctb
[T —6
[Al=145 —16]

Curayasia mpeaCcTaBHM MATpPHUY B GopMe

N N |

149



[IpupaBuuBass OnpenesHTe/b HYJIO, HOJyJaeM
17 —2 —6
45 —16—2

ITepeMBoxenne paer: —272—170+16A+A2+270=0, unn A?—i—
—2=0, Hax nocJe pasJOXKEeHHS JEeBOH 4YacTH ypaBHEHMS Ha MHO-
xutean (A—2) (A+1)=0, uro onpejensier nBa COOCTBEHHBIX 3Ha-
ueHHS Aj=+2, Ag=—1.

D10T npuMep Obli BLIOpaH HAMH AJi YIPOUIEHHS BLIUMC/ICHHUI.
Tenepp ke paccmoTpuMm 6oJiee CJOXKHBIE NpHMep, B KOTOPOM HC-
NI0J1b3yeTCsl CHCTeMa ypaBHEHHH, KOTOPYI0 Mbi HEOJHOKPAaTHO pac-
cMartpuBaJu Beime. [TycTh jaHa MaTpuuna nopsaaka 2X2:

4 10
[Al= [10 30

[ToBTOopsieM BCe mpojesaHHble B OpeAblAylleM IpuMepe JAeH-
CTBHS:

-0

|4—2, 10

10 30_/1':0'

JHanee
l4-— A 10

10 30—1 I= (4—2)(80—2)—100=0

HJIH
A? — 34A + 20 = 0.
Ucnionb3yst ¢opMyay AJs OIpefesieHHs KOpPHeH KBaipaTHOTrO
ypaBHEHHS, TIONy4aeM

—b+VbE—dac _ —(—34)+ 1/ —3842—4-1-20 _ 34F V1076
2 - 2.1 - 2 ’

A = 33,4, A2 = 0,6.
Mpr MOXKeM IPOBEpHTb 3TH 3HAUeHHs, NOACTABHB HX B ONpefe-
JUTENb. YUHTHIBAS OWHOKY OKPYrJEHHSA, N0JAyYaeM
4—33,4 10
10 30—33,4

A=

' = (—29,4)(—3,4)— (10)(10) = — 0,04

406 10
10 30—0,6

Taxum 06pa3oM, cOGCTBEHHEE 3HAUYECHHs HaiAeHbl BEPHO C TOY-
HOCTbIO IO ABYX KECATHUHHIX 3HAKOB.
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= (3,4) (29,4) — (10)(10) = — 0,04,

TIpexspe ueM MOKOHYHTb C BhiUHC/JIEHHEM COOCTBEHHBIX 3HaYeHHI
MaTpHi nopsxka 2X2, pacCMOTPHM ellle OAHWH IpHMEp, 4TObbl mo-
¥a3aTh, KAKHE MOTYT BO3HHKHYTb HAOHOJIHHTE/JbHLIE OCJIOXKHEHHS.
ITonbiTaeMcst HaiTH cOGCTBEHHbE 3HAYEHHA CJAEAYIOLICH MaTPHUBL

=] _g 5]

HpﬁpaBHHeM HYJIO COOTBQTCTB}/XOLU.Hﬁ onpe,rlenmenb
9—2 4

6 3—2|="Y
BBIUHCJISS KOTOPDIH, NOAYUHM

2—1 4 9 a3—2)4-24=0

HIH
A2—HA-+430=0.
KopHu 3TOro ypaBHEeHMs BHIUHCAAIOTCA O opmyne

- 5+1/25— 120
1,2 = _—2—_

Mpbl BHAMM, UTO HAaXOXKJIEHHE KOpHeH 3TOr0 ypaBHeHHs TpebyeT
M3BJIEUEHHS KBaJpaTHbIX KOpPHeH H3 OTPHUATE/bHBIX UYHCeJ, Torja

2.1= 5+[/2—95 = 2,5-*"4’9‘9

2= 5——% —25—49i,

Ime Ay, Az — KOMIJIEKCHBIE YHCJa, CORepXKalllie Kak JeHCTBUTE/b-
HY10, TaK ¥ MHHMYIO 4YaCTH, BKJIoYamolue yucio (=}—1. K cua-
CThI0, CHMMETPHUHbIE MaTpPHILI BCErKAa HMeWT JeHCTBHTENbHBIE
cobOCTBEHHBIe 3HAUEHHSI, H B O0OJbIIHHCTBE HAUIUX BBLIYHCJAEHHH,
CBSI3aHHBIX C COOCTBEHHBIMH BEKTOPAMH K COGCTBEHHBIMH 3HaUYEHHS-
MH, HCMOJb3YIOTCH KOBAPHALMOHHBIE, KOpPeNALHOHHbIE H/AH aHaJo-
THYHBIE MaTPHIbl, KOTOPHIE BCerAa CHMMETPHYHEL.

Tenepb paccMOTPHM HpPONEAYPY BLIUHCJEHHS COOCTBEHHLIX 3Ha-
ueHuH A9 MaTpHLBl mopsajgka 3X3:

0 —4 8
—40 8 —20
—60 12 —926
anpaBHHBaeM HYJIIO COOTBeTCTByIOU_IHﬁ onpeaeauTe b
0—2 —4 8
—40 8—2 —92 |=0,
—60 12 —2%—2

focse yero mosayyuM —AS+ 2424 81=0.
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910 — Ky6Hueckoe ypaBHEHHE, HMeIOLlee TPH KOPHA. Pasnoxus
€r0 Ha MHOXHTeNH, MoXeM 3anucaTbh (A—4) (A—0) (A+2)=0 w
IOJNYYHM KOPHH A1 =4, Ao=0, Ag=—2,

XOoTsl H3NOKEHHBIE TMpHEMBl NMPUMEHHMH K MaTpHIe JI060ro Io-
pAAKA, HAXOXKIEHHE KOpDHEH NOJHHOMOB BHICOKHX CTeleHefl SBJfA-
eTcsl HeJIerKoH 3anauell. OOBIYHO COGCTBEHHBIE 3HAUEHHS HAXOLSTCH
He C NOMOLIBIO peLIeHHST NMOJMHOMHAJbHBIX YpaBHEHHH, a ¢ mo-
MOLIbI0O METOAOB MAaTPHUHEIX NPeobpa3oBaHHHU, CYIIHOCTb KOTOPBIX
COCTOHT B MOCJEOBATENbHBIX NPUOJHKEHUSX K COOCTBEHHBIM 3Ha-
YeHHSM. DTH METOABl OKa3a/HCh NPHMEHHMBIMH TOJMBKO 6Jarogaps
HCIIOJb30BAHHIO OHICTpOAeficTBYIOIINX IBM, nossoasiomux 3a
BECbMa KODOTKHIl MPOMEXKYTOK BPeMeHH HaliTH NpPHOGAHIKEHHOE pe-
IICHHEe, & 3aT€M YTOYHHTb €ro B TeYeHHe HECKONbKHX MUHYT.

Teneps, KOrAa Mul MOJYYHJIH NPEeACTABJEHHE O IPOLEIYPE Bbi-
YHCJIEHHs] COOCTBEHHEIX 3HAUEHHH, MOXKHO NMONBITATHCS TMOHATH U HX
CymHOCTb. MaTpully MOXKHO pacCMaTpPHBAThb KaK HA60p 3HAYEHHIT
KOOpIUHAT TOYeK B n-MePHOM MpocTpaHcTBe. Marpuua mopsiaka
2X2 cOoOTBETCTBYET IJIOCKOI NOBEPXHOCTH, TaKOH e, KaK JHCT
Oymaru. Taknm 06pasoM, MaTpHUHBIE ONEPALHUH MOXKHO TPAKTOBATH
reomMerpuueckd. Tak, MaTpuua

=[]

onpezeJseT JB€ TOUKH IJIOCKOCTH C KoopauHataMu (4,8) u (8,4).
OTH TOUKH COOTBETCTBYIOT ABYM BEKTOPaM Ha KOODAHHATHOM MOC-
KOCTH, BHIXOASLIMM H3 Hayaja KOOPAHHAT, KaK 3TO NOKA34HO Ha
puc. 3.1. OrmeTuM, 4TO B KauecTBe KOODAHHAT TOYEK MOKHO MC-
[O/Mb30BaTh M CTOJOUL MATPHUb, YTO HE BHECET CYIIECTBEHHHIX
U3MeHEeHHH B Hawyu paccyxnuenus. [as ompeneneHHOCTH Oyrem
JeHCTBOBATb CO CTPOKAMH.

IIpencrasum cele, UTO JBe TOUKH JEKAaT HA SJJIUICE C LEHTPOM:
B Hayaje koophuHat. Torma sanunc 6yneT npeicTaBisiTh KPUBYIO,
HNPOXOASAILYI0 4epe3 3TH TOUKH. B pesysbTaTe coGCTBEHHBE 3Hauye-
HHS MAaTDHIbl OK4XYyTCA PABHHIMHM ANUHAM GOJBUIOH H MAaJOH [0-
Jyoce# 3TOro 3Jjumnca. B HameM npuMepe COGCTBEHHble 3HAUYEHHS
paBHY A1=12, Ao=—4,

Heo6x01uMO OTMETHTb, YTO OTHOIUEHHS NOJYOCEH MOXKHO HC-
N0Jb30BaTh KaK MEDY BBITAHYTOCTH 3JIJHICA, YTO rpadHuecKkH mo-
KasaHo Ha puc. 3.2. [Teppoe cobCTBeHHOE 3HAYEHHE XAapPAKTepH3yeT
00JibLIY 0 MOMYOCh, AJHHA KOTOPO# OT LEHTpa A0 CaMOH yaaJeHHON
OT Hero TOYKH KPHBOH paBHa 12 eaunuuam. Bropoe coBersenHoe
3HAYEHHE XapaKTEpHU3yeT MaJylo NOJyoCh, HAXOASLIYIOCS BO BTO-
po#t ueTBepTH KOOpJAMHATHOH myaockocTH. Ee nanna pasna 4 eam-
HHUIAM H OepeTcs co 3HaKOM MHHyC. Ecnu 6Bl ABe 1aHHBIE TOUKM
6blin GJMKE APYT K APYTY, TO OTHOLUGHHE NOJyocell H3MEHHAOCH

162

Puc. 3.1. IBa BexTOpa, OnpejeseHHble Puc. 3.2. Duaaunc, onpeaenennetit
ANEMEeHTaMU MOpsiKa MaTpUUH 2X2 dMeMeHTaMH MATPHIH nopsiika 23X 2.

CoGcTBeliHble BeKTOPbI MATPHEE COOTBETe
CTBYIOT IJIGBHBIM IONYOCAM 3JHOCS

- \b- - 'c\\,
of .
1 1 1 : 1 f ' L 1 L L 1 Il 1y
1
Puc. 3.3. YanuseHHBIH 3J041C, COOTBET- Puc. 3.4. Matpuua, copep-
CTBYIOHIHI MaTpHIE, 3JMeMeHTH KOTOpOil Xawas paBHBE CTDPOKH,

NMPHBOAHT K BBHIPOKAEHHO-

'3aJa0T TOYKH C DPAaCCTOSIHHUAMH MEXIY
My 3JUIHICY — NpAMOIL

HHMH, MEHbLIHMH, YeM Ha pHuc. 3.2.

‘COGCTBEHHBIG BEKTODB! SABJAAIOTCA TJIABHBIMH
NONYOCAMH 3JIJIHNCE

Gui. Hanpumep, ecnu BHOpaHb TOYKH C KOOpAHHATaMH, 06pasyio-
WHMH MaTPULY
6 8
IA] = [8 6] ’

T0 COOCTBEHHBIMH 3HAYEHHSIMH MaTpPHUB OYAYT yucaa A =14, A=

= —2.
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70 noxasaxo rpacduyecku Ha puc. 3.3. Boawiuas moayoce naH-
HOTO 3JJHICa HaMHOro Goabie Maaoil. Ecau ase BhiOpaHHbie TOY-
KH COBIAZAIOT, T. €. JBE CTPOKH MaTpHIUBl OAHHAKOBEL, TO BTOPOE
coGCTBEHHOE 3HAUEHHe CTAHOBHTCS PaBHLIM HYJAI0, M paccMarpi-
BaeMblfl 3JJIHIIC BHIPOXKAAETCH B NPAMYI0. DTOMY Caydalo OTBEYaer,
HampuMep, MaTpHUa

A 4 8
- )
[4l=14 5

XapaKTepHCTHYeCcKoe ypaBHeHHe KoTopoli A2—12i+0=0 naet co6-
CTBeHHBIE 3HaueHHs Aj=12, A,=0.

Takass cuTyauds HzobpaceHa rpaduueckd Ha puc. 3.4. lse
BLIGpaHHble TOUKH COBNANAIOT, Uepe3 HHX NMPOXOAHT Goablias Io-
JyOCh, a NMepNeHAHKyAsSpHass K HeHd Majas OCb paBHA HY.IIO. )

IIpoTHBONOJIOXKHB KpaliHHil CJyyail ONMHCHIBAETCS MATpHIEH,
COOTBETCTBYIOIIEl JABYM MeEpNeHAHKYJASAPHbLIM BeKTOpaM pPaBHOM
AauHbL. Hanpumep, MaTpuia

—4 8
=g 4]
HMeeT XxapakTepucTHueckoe ypasHenue A?+O0A—80=0, xopHH KO-
T0pOro A, = +8,95, Ay=—38,95.

DroT cayuaii rpaduueckH npeicTaBjed Ha pHc. 3.5. lauHbie
BEKTOPH SIBJISIOTCS DaJHYCaMH OKPYXKHOCTH, B KOTOPYIO Mpespa-
THJCA 3aaunc. VX jAjnHa paBHA COOCTBEHHBLIM 3HAUYEHUSIM.

3aMeTHM OJIHO BaXKHOe CBOHCTBO COOCTBEHHBIX 3HAYEHHH, KOTO-
poe YHTaTeJb MOXKET NPOBEPHTh HA NPHBEACHHBIX paHee MpHMepax.
CymMa COGCTBEHHEIX 3HAUEHHIl BCErAa PaBHA CyMMe XHaroHaJbHbIX

3JeMeHTOB MaTpHUbl, KOTOpas Ha3pBaeTcad CJAeIO0OM MaTpHIBL. 3ro
CBOHCTBO IOJE3HO HCIOJb30BATh AJS IIPOBEPKH IPaBHJIBHOCTH BBI-

T
8,95

Puc. 3.5. MaTpuna, aJcMeHTH KOTOPOl 3a/alOT MePNEeHANKYAAPHEE BEKTOH, onpe—
JeaseT AMIUNC ¢ PABHBIMH MOJAYOCAMH, T. €. OKPYKHOCTh
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YHCJCHHUA COOCTBEHHBIX 3Hauenni Ha DBM, a Takxke AJs KOHTPOJA
BBIYHCJIEHHI NIPH HCIIOJB30BAHHH METOAA [J1aBHBIX KOMIIOHEHT.
BenomunmM, 4To MBI onpenenusH cOGCTBEHHLIE 3HAUCHHS KaK Be-
JIMYHHBI, BXOAALLKe B MaTpuly cucTeMbl ypasHeHui (3.13). Temeps,
'KOTAa 3TH BeJHYHMHLI HaHAeHBI, MOXKHO BEPHYTBCS K CHCTeMaM
ypaBHEHHII H BBIUHCAHTb BEKTOD HEH3BECTHBIX X. [l MaTpHIBI IO-
psanka 2X2 nepsoe coOCTBEHHOE 3HAYEHWe IOJAYUUM H3 YPaBHEHHS

anp—*4 Q2 ] [%] [0]
: = 3.20
[ Qo1 Agp— 2y Xy 0 ( )

[

Hasg BTOpOro cOGCTBEHHOrO 3HaUeHHS MATPHYHOE ypaBHEHHe CO-
crasasercd aHajgoruugo. [locse BLIYHC/IeHHA OHAroHaJbHBIX 3Je-
MEHTOB MOKHO HAHTH HEH3BECTHBIH BEKTOp C NOMOLLbIO 0OpalleHHs
MaTpHIL. DTOT BEKTOP Ha3biBaeTcsl COOCTBEHHLIM BEKTOpOM (a Tak-
Ke XapaxkTepHUCTHYECKHM HJH IJaBHBIM BekTopom). Kaxpomy cod-
CTBEHHOMY BEKTODY COOTBETCTBYeT COOCTBEHHOE 3HAaYeHHE MATpPHILBL
CKOBbKO y MATpPHUBl COOGCTBEHHBIX 3HAUGHHH, HJIH CTPoK (cTonO-
10B), CTOJDBKO Y 3TOH MaTpHULL H COOCTBEHHLIX BEKTOPOB.

Taxkum o6pasoM, 4TOOGBl BEIYHCJAHTbL COOCTBEHHbIE BEKTODHl H
-coOCTBeHHbIe 3HAUYeHHs MAaTpUUbl NOpAAKAa nXn, HYXKHO HAATH n
KOpHeH ee XapaKTepUCTHUECKOrO YpaBHEHHS M DEIUHTb A CHCTEM H3
#i COBMeCTHHIX ypaBHeHu#i! K cuactplo, paccmMaTpHBaeMble HaMH
JpUMEPHl MaTpHL NOpsAKa 2X2 He TpebYIOT IPOMO3IKHX BBIYMC-
JICHHH.

Haunem ¢ paccMOTpeHUsT MaTpHILL

4= a5 )

BCOOMHHM, YTO MBI YK€ BBIYHCJAH/IH COOCTBEHHBIE 3HAYCHHS 3TOMH
MaTpHULL: Ap= +2, Ao=—T1.
IlogcTanoBKa nmepBOro COGCTBEHHOrO 3HAYEHHS B MATpPHLY JgaeT

17—2 —6 15 —6

[ 45 ——16—«2] - [45 —18]

CooTBeTcTByOIAA CHCTEMA YpaBHEHHIT HMeeT BHJ
15x; — 6x9 = 0,
45x, — 18x, =0

UM B MaTPHYHOH ¢opMe
15 —6 Xy 0
s ] )=o)

HetpyaHo BuAeTb, YTO BTOPOE ypaBHEHHE MOXKHO IOJNYUYHTb H3
41epBOro yMHOXKEHHEM Ha 3, TOITOMY AOCTATOYHO PELUMTh OJHO U3 HHX,
4TOOE TOJYYeHHbIe DELIeHHS YAOBJETBOPSAJIH H JAPYroMy ypaBHe-
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Huwo. [lpocToft mon6op maerT caenylollHe peuleHHS: X=2, Xx;=5.
STO KOOPJAHHATH NEPBOTO COGCTBEHHOIO BEKTOPA, COOTBETCTBYIOLIE-
ro nepBoMy COOCTBEHHOMY 3HAY€HHIO. B feHCTBHTENbHOCTH HMEETCSH
GeCKOHeYHOe MHOXKECTBO DpeIleHHH, TaK Kak pelIeHHEeM SBJISETCSH

Ja10600 BEeXTOp BUAA
X 2
e =e[5)

rae P — mo6oe uHcso. ME Ke OrpaHHYHIHCh TOJbKO OJHHM 3Ha-
yenneM B=1. Ilosxke yBHAHM, UTO HHTEpeC MNPEACTABJSIOT TOJBKOC.
OTHOLUEHHs] KOODAHHAT BEKTOPAa, a OHH NIPH YMHOXKEHHH BEKTOpa
Ha J1060e YHCJI0 He H3MEHSIOTCS.

Matpuua cucrembl ypaBHeHHH, oTBeyalolas BTOPOMY COGCTBeH-
HOMY BEKTODY, HMeeT BHJ,

17— (—1) —6 18 —6
{ 45 _16_(_1)]=[45 —15]

O6a ypaBHeHUS! NPHBOAATCS K OAHOMY YPABHEHHIO: 3X—X»=
=0, pemieHneM KOTOPOTrO SIBJASETCS] BEKTOP

MNEH

XOTs BHIYACJIEHHS! NMpPH YBEJIHUEHHH NOPSAKA 3HAUHTENLHO yC-
JIOXKHSIOTCS, PACCMOTPEHHbIE METOAbl MOXKHO NPHMEHATb K MarpH-
naM mopsiaka nXn. Ilpexne yeM mepefiTH K BHIUHCJIUTENbHBIM ac-
HeKTaM NpOG/eMbl HaXOXJICHHA COGCTBEHHBIX 3HAUYEHHH, PaccMoT-
PHM HEKOTOpbleé MATpHUbl ¢ LEeJbI0 NPOBENEHHS IeOMeTPHYECKOTo:
aHa/jH3a 3THX BeJHYHH. BO3MOXHO, YTO 3TO NO3BOJHUT MNOHATHEE:
OOBSICHUTD T€OMETPHUECKHH CMBICA COGCTBEHHbIX 3HAYEHHIL.

Cnavasa paccCMOTpPHM MaTpHLY

=g 5]

C COOCTBEHHEIMH 3HAUEHUSAMH Ay =12, Ao=—4.
[ToacraBasisi mepBoe M3 HHX B HCXOAHYIO MaTpHLY, TIOJIyUUM

_[4—12 8 [—8 8
8 4—12 7| 8 —8]

OTOH MaTpHuE COOTBETCTBYET COGCTBEHHEI BEKTOD
X, 1]
xg] L1

Bosepamasce cHoBa K puc. 3.2, y6exnpaeMcs, 4uTo cOGCTBEHHbI

BEKTOD MOXHO HHTEPIPETHPOBATb KaK XaPAKTEPHCTHKY yria Ha-
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KJI0HA GOJBLIOH MOJAYOCH 3aaunca. Ecau paccMaTpHBaTh 3J1€MEHTHL
COOCTBEHHOr0 BEKTOPA KAaK KOODAMHATH TOYKH Ha ILIOCKOCTH, TO
nepBblfi COGCTBEHHHIH BEKTOpP ONpefeJsieT NOJYyoChb, SBJAIOLLYIOCS
6HCCEKTPHCON yrya MeXAy ABYMsl 3aJJaHHBIMH CTDOKaMH MaTpHIIE!
BekTOpaMH. [sHHA moJyocH paBHa NepBOMY COGCTBEHHOMY 3Have-
auwo. [loacrasads B MaTpHIy BTOpoe COGCTBEHHOe 3HAYEHHe, MO-

JYyUuM
4 —(—4) 8 8 8
[ 8 4~em]=h J

Pewenuem 6yaeT BTOpo# cOGCTBEHHEIH BEKTOD

MERY o

KOTOpHIH HMeeT TaHIeHC yrsa HakJoHA, paBHBIT —1/1=135°, cae~
JOBATeJIbHO, HEePNeHAHKY/ISPEH K IJIaBHOH MOJYOCH 3JUIKICA H OMN-
penesieT MeHbUIYIO noayoch (cM. puc. 3.2).

Tenepsr nmpousseneM pacyeTbl [Jsi BTOPOH MATPHIEH, CTPOKH KO-
TOpOH ONpeJeNsoT TOUKH, PacloJIOKeHHBle GaHkKe APYT K APYLY,
ueM B NpeAbiAylleM mpuMepe:

=4 )

s mepBoro co6CTBEHHOrO BEKTOpA MOJYYHUM
(6—14) 8 [—8 8
8 6—14)1 | 8 —8
X, 1
x| L1
Takum 00pasoM, yros HakJOHa NepBOro COOCTBEHHOTrO BEKTOP&
coctaBaseT 45°; BEeKTOp NEJHMT NONOJaM yroj, o6pa3oBaHHBEI ABY-
Mg 3afaHHBIMH BexTopaMu. JlnuuHa OGoaplofi moayocu paBHa 14,
T. €. IepBOMY COGCTBEHHOMY 3HAaueHHI0. KaK H C1€10BaJO OXHIaTh,
9TOT BEKTOp MNapaJljiesleH BEKTOPY, HafieHHOMY B NpeAblAyllem

npHMepe, HO HMeeT OOJbWIYIO JJHHY. AHaJOTHYHO MOXHO HalTH
BTOpPOH COOCTBEHHBIA BEKTOp, COOTBETCTBYIOLUHA BTOpPOMY COOCT-

BEHHOMY 3HauEHHUIO:
X, —1
x5 | 1

DTOT MeTOA NMpHMEHHM H K MaTpHLaM GOJIbLIETO NMOPSAKA, XOTSE:
BHIKJIQZIKH CTAHOBATCH Gosiee CNOXHBIMH. Jlnsi mpuMepa paccMoT-
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PHM MaTpHIY

52 6
[A]=|2 4 3
6 3 2

Ha puc. 3.6 HarasaHo u306parkeHbl TPH BEKTOpa, 3aJaHHLIE
CTpOKaMH MaTpuubl. Ilpexae yem HauaTp aHaaH3, OCTAHOBHMCS Ha
HEKOTOPHIX H3BECTHHIX CBOMCTBAaX COOCTBEHHBIX 3HaueHHH H coOCT-
BEHHBIX BEKTOpPOB. Tak Kak MaTpHUa CHMMETpHUYHA, BCe TPH CO0-
CTBEHHble 3HaueHHs — JeHCcTBHTe/bHBie 4YHCaa. [lepBHii cobcTBEH-
HBIH BEKTOp, COOTBETCTBYIOLIHH HaHOOJbIIEMY COGCTBEHHOMY 3Ha-
YEHHIO, IPOXOJHUT B NPOCTPAHCTBEHHOM YIJIY, B KOTODOM JeXkaT TpH
3anaynblx BekTopa. CymMMa cOOCTBEHHBIX 3HAYEHHH paBHA CJeny
MaTpHib, T. €. 11. Cob6cTBennble 35aueHus U COGCTBEHHBIE BEKTOPLI
3TON MAaTPHIUBL CJEAYIOLLHE:

=113 ra=—2,9 13=2,6
Boktop 1 BexTop 2 Bekrop 3
X, 0,69 —0,56 —0,45
X» 0,43 —0,19 0,88
X3 0,58 0,81 —0,11

OTu BekTOph H306paxkenbl Ha puc. 3.7. Bce ykasaHHble Bblle
¥Ca0BHA BhNOJHsIOTCA. [IpaBoMepHOe pacnpocTpaHeHHE pe3yJsbTa-

Cronfeuy, ..

.
B

%////

2

Cronbey, 1 %j%?//?%/%////////@é%/////ﬁ

Cronbed, 2

Puc. 3.6. BekTopsl B TpexMepHOM NPOCTPAHCTBe, ompeienseMble 3/ieMEHTaMH Mart-
pHuB! mopsaka 3X3
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Puc. 3.7. Co6erBennble BEKTOPH MaTpHUB NMopagka 3X3 PACHOJOXKEHH B TOM Xe
IPOCTPAHCTBE, YTO H BeKTOPH puc. 3.6.

OTMETHM, 4TO TepBHI COGCTBEHHbI BEKTOD NDPOXOAHT BHYTPH Yriia, 06pasoBaHOro TPEMs
JLAHHLIMH BEKTOPAMH

TOB 3TOTO aHa/J#3a HA MaTpHUH OOJbLIMX MOPSAKOB MareMarHye-
CKH OYEBHJHO, HO HAlM BO3MOXKHOCTH HArJAJHOTO NPEJCTaB/eHHs
yxe ucuepnansl. OJHaKO YHTaTe/ b MOXKeT cebe MPEACTaBHTb COBO-
KYINHOCTb TOUEK B IPOCTpAHCTBE GoOJee BLICOKOH pasMepHOCTH,
a TakXKe CyLIeCTBOBaHHe B HeM TpeOyeMOro 4ucjia B3aHMHO NeplneH-
JUKYJISPHbIX HalpaBJleHHH.

34eCb MBI OTMETHM TOJBKO OJHO BaXHOe CBOHACTBO COGCTBEH-
HBIX BEKTOpPOB MaTpHL, OOLero BHAA, He SIBJASIOUIHXCS CHMMETpHU-
HEIMH.

Ecad BH TIIATEJbHO H3YYHJH 3Ty IyiaBy H JeTajbHO mpopado-
Tand NpHMephl (a Takxke OOAYMaJH BO3MOMKHOCTb KOMIJIEKCHOTO
TpUMEHEHHs] U3JIOXKEHHBIX MeTOZ0B B (ojiee CIOXKHBIX 3ajauax),
TO yXe [AOCTaTOYHO MOATOTOBJIEHBHI K TOMY, YTOOBI MepefiTd K H3Y-
YEHHIO COBPEMEHHBIX BHIYHCJIHTE/bHBIX METOAOB, NPHUMEHSEMbIX B
FeOJIOTHUECKHX HCCJAeJOBAHHAX. MBI MONMLITANHCh H3J0KUTL B yNPO-
LIEHHOH (opMe OCHOBEI MaTpHuHOH amreGpbl. Kak oTmeyasocy B
TpeTbell TJiaBe, CTaTHCTHKA CJHIIKOM CJOXKHasf Hayka, 4Tolnl ee
MOKHO GBIJIO M3JO0XHTh B OJHON IJjaBe MJH Jaxke B ONHOH KHHTe.
Marpuunas anre6pa TOXe JOCTATOYHO CJOXKHA, U €€ HeJb3sd XO-
pOLIO M3JI0KHTh HA HECKOJbKHMX cTpanuulax. OnHaKo HaM Kaxkercd,
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4TO YHTaTeNb NOJYYHNA HEKOTODPOEe NpENCTaBJeHHE O METORAX Mar-
pHUHO#A aareGpLl, YTO MO3BOJHT eMy 6e3 TPyAa YCBOMTb OCHOBBL
BBIYHCJIHTEJIBHBIX METOJO0B, KOTOpble GYAyT H3JNOKEeHH jaJiee.
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I'naBa 4
AHAJIN3 NOCJEJOBATEJbHOCTEM JAHHDBIX

NMOCJENOBATEJNBLHOCTH I'EQJIOTHYECKHX JAHHBIX

B »Toit rJaBe Mbl pacCMOTPHM METOABl HCCJENOB2aHHS AAHHLIX,
KOTOpHIE XapaKTepH3yIOTCsi CBOHM IOJIOXeHHeM Ha npsiMoi. Jlas
TakuX JAHHBIX CYLIECTBEHHYIO pPOJb HIpaeT MecTo, 3aHHMaeMOe He-
KOTOPHIM ONpEJeJIeHHBIM 3HAYeHHEM B JAHHOH MOCJ/E10BATEIbHO-
cTH. MHOXECTBO AaHHBIX TAaKOTO THNA YacTO BCTpeyaercss B reo.10-
rud. Hampumep, OHH MOFYT NpeACTaBJATb COOOH NOC/eL0BATENb-
HOCTb 3HAYEHHH JIHTOJOTHYECKHX TPH3HAKOB, T€OXHMHYECKHX M Mi-
HepaJIOTHUECKUX XapaKTePHCTHK MpO0, B3ATHIX IO paspesy HJIH B
GypoBOil CKBaXKHHE, 3HAUEHUI 3JEKTPHYECKOro KapoTaxa HepTH-
HEIX CKBAaXHH, 3aperuCTpHpPOBaHHBIX HpuGopamu. K stoff  obuleit
KaTeropuH MOXKHO OTHECTH TaKxe AaHHble, U3MeHAIoUHecs ¢ Teue-
HHeM BPEMEHH, HapHMep H3MepeHHsl CTOka BOjbBl B peKe, Xapax-
TEPHCTHKH AOOBIUH rasa H3 CKBaxHHbL. MeToAbl H3yueHHS MOC/e-
AOBATEJbHOCTEH OJHOMEDHBIX JAaHHBIX MOMKHO OTHECTH K aHaJ/H3y
BPEMEHHBIX DPSAOB, HECMOTPSI HA TO YTO NOCJEAOBATENbHOCTH MOTYT
XapaKTepH30BaTh KaK BPeMEHHble, TaK M NPOCTPAHCTBEHHbE 3aBH-
CHMOCTH.

[pexe yeM NEpPeXoJHuTb K H3JOKEHHIO MeTON0B HCCIeA0BAHUA
TAaKUX INOCJEJ0BATENBHOCTEH H PACCMOTPEHHIO NMPUMEPOB H3 IeoJo-
THM, OCTAHOBHMCA HAa pA3JHYHbBIX THIAX TOC/EJ0BATENbHOCTEH
A@HHEIX, ¢ KOTOPbIMH NPHXOAHTCS BCTPEUYATHCA Te0JIory. ITO MOXKET
ObITh TOCJAEAOBATEIbHOCTb aGCOIIOTHO TOUHLIX H3MEDEHHH Kak 3Ha-
yeHH{l M3yuyaeMOl NepeMeHHOH, Tak H 3HAUEHHH IUKaJbl, BAOJb KO-
TOPOH DACIIOJIOKEHbl Pe3yJIbTaThl H3MepeHHil. B xauecTse mpumepa
MOJKHO DACcCMOTPeTb 3HAuYEHHS KAPOTAXKHOH KpHUBOH 1 GypoBoi
CKBAXYHB H H3MeHEHHe TPOAYKTHBHOCTH CKBAaXKHMHBI BO BpEMEHH.
B mepBoM TpHUMepe IepeMeHHOH fBJSETCS NpPH3HAK, H3MepAeMbIH
8 OMax, a eIMHHUAMH LIKAJbI H3MEPEHHH SABJAANTCA JUTPH. Bo
BTOPOM HpHMepe INepeMeHHas — TOXe IPH3HAK, H3MepseMblll B
auTpax HedTH, a eAMHMIAMH WIKaJB H3MEpeHHH fABJIAITCA [HY,
Mecsiupl MaH roAbl. Ilpu Jio6ofi ¢opMe 3anHCH CYLIeCTBEHHB JBa
MOMeHTa. Bo-nepBHIX, U3MepseMas NepeMeHHas BbIpax<aeTcs B €lH-
HHUAX HHTepBa/JbHON IUKAJEL HJM lIKaasl oTHoweHHu#; 1000 x Hed-
TH B ABa pasa Oodblue, yeM 500 J, a compoTusieHue B 10 Om B
IecsiTh pa3 mpesbiwiaeT comporusiende B 1 Om. Bo-BTOpHIX, HH-
TepBanLl, BAOJb KOTOPHIX PACNOJAraloTcs AaHHLE, TOXe HMEIT
onpejeteHHy0 BelnuuHy. [JiyOHHAa CKBAaXXHMHBI B 900 M B nmecdTm
pas mpesbinaer ray6uny B 90 M, a Aecsruierne Mexay 1940 u
1950 . uMeeT Ty Ke TMPOAOJNKHTEJIbHOCTD, YTO H JeCATHIeTHE MeXK-
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Zy 1950 u 1960 r. Ha sTux 3aMeyaHHSX BBHAY HX TPUBHAJBHOCTIE
He CTOHJO Obl OCTAHABJHMBATHCHA, HO, KaK Mbl YBHAHM B AaJjbHeil-
e, JaJeKko He BCe reoJOorHyeckHe MOCJeJ0BaTEIbHOCTH 06Ja1a10T
TaKHMH CBOHCTBAMH.

B xauectse mprMepa pacCMOTPHM NOCJEI0BATEIBHOCTb CTPATH-
rpaQuueckuX AaHHbIX, 06Pa30BaHHYIO JHTOJNOTHYECKHMH DPa3HOBHI-
HOCTSIMH TOPHBIX NIOPOJA, CJarajpliHX OCafoueyo Toauly. Takoil mo-
C.1€10BATE/JIbHOCTHIO MOXKHO CYHTAThb CepHI0 (CHH3Yy BBEpX) H3BeCT-
HAK — FJTHHUCTHIH CJaHel — H3BEeCTHRK — [VIMHHCTBIE CJaHel — mec-
YaHHK — yT0Jib — MJHHHCTBIA  CJAHEI — H3BECTHAK. MBI  XOTHM
KaK-TO OCMBICJEHHO OIIHCATh 3Ty IOCJeJ0BATENBHOCTh, OJHAKO He
MOXeM BbIOpaTh A7a Hee mkaay. OUeBHAHO, YTO 3TO H3MeHEHHE
JIHTOJIOTHYECKHX NIPH3HAKOB HDOHCXOXHT B TEYeHHEe ONpeieseHHOTO
BpEMEHH, HO y Hac HeT HHKaKoro cnoce6a BbGopa COOTBETCTBYIO-
el BpeMeHHOM MKaJbl. Mbl MOrad 6B HCHOAL30BATH MOLIHOCTD,
HO OHa MOXKET OYEHb CHJIbHO H3MEHSThCA OT MECTa K MeCTy, Aaxe
€C.1H MOCJeJ0BATENbHOCTb HOPOJ, OCTaeTCa Heu3MeHHoH. Taxkum 06-
pas3oM, HCIOAb30BaHHE MOLIHOCTH NMOPOJ BpPSA JIK NMOMOXET HAM B
HalWHX Hccaenosanusax. ToT ¢akT, 4To H3BECTHAK B paspese CTOHT
Ha TpeTbeM MECTE, a yrojb — Ha lIeCTOM, HE MMEET TOr0 3HAYEHHS,
KOTOpO€ MOXKHO Gbijio OBl BHIPA3HTh YHCJIOM (TO, UTO HOMep 6 BABOE
Goable HOMepa 3, A/ HAC He MMeeT CMBIC/AAa). AHANOTHUHO JIHTO-
JIOTHYECKHH COCTaB C/0€B He MOXKeT ObiTh BEHIDaXKeH Ha YHCJOBOIT
mkaje. MOXHO TOJbKO 3aKOAHDOBATH IIPUBEAEHHYIO MOCJed0Ba-
TeJIbHOCTb, Hamnpumep, Takum obpasom: 1—2—1—2—3—4—2—1,
rJae H3BeCTHAK OoOo3Hauaercad HUdpo# 1, TAMHHCTHH CnaHenm — 2,
necyaHuk — 3, yroab — 4. Ho Taxas ycJOBHOCTb COBEDILIEHHO MPO-
H3BOJIbHA W HE BBIPAxKaeT HUKAKHX COOTHOIUEHHH MeXAy pasHOBHJ-
HOCTAMH 1opoxA. OueBHAHO, YTO 3Ta NOCJIELOBATEJBHOCTH CTABUT
nepej HCCJIe0BATEIAMA GOJblIee YHCJIO Pas3JIMUHBIX NpoGjeM, uem
3T0 OLLIO B paHee paCCMOTPEHHBIX NpHMepax.

Hmetotcs, OfHaKo, ApyrHe BO3MOXKHOCTH. IlycTb, HampHMep,
HaC HHTepecyeT HEKOTOpas H3MepsAeMas XapakTepHCTHKA, BXOJs-
mas B NOCHEAOBATEJbHOCTh. IIpeamoJoKuM, YTO MBI YCTaHOBHJIH
3HAYCHHsI COJep:KaHui O6Opa B KaxJOH JIMTOJOrHYECKOH DPA3HOBHI-
HOCTH pacCMaTpHBaeMOH cepud. Mpl MOXeM HCHOJB30BATh IIKAJY
DACCTOSHUA MeXKAy NMpoOaMu B METPAX M CUHTATh, YTO pellaeM 3a-
Aauy, CBA3aHHYIO C M3YUYEHHEM TIayOHMHB MJH DaccTOsiHHA. Kpome
TOTO, MBI MOXKEM PacCMaTpHBAaTh 3aBUCHMOCTb COfepIKaHusi Gopa-
OT MecCTa, 3aHHMaeMOro 3THM 3HaueHHeM B MOC/EJ0BATEIbHOCTH.

Buausko cBsisana ¢ npebAyMIMMH 3ajaya aHa/JH3a IMOCJEHOBa-
TEJBHOCTH, KOTOPYIO MOXKHO OXapaKTepH30BAThb NPHCYTCTBHEM WM
OTCYTCTBHEM HEKOTOPOH MEepeMEHHOH HJIH NIePEeMEeHHBIX B HEKOTOPHIX
ee mecrax. Hac Moxer unrepecoBaTs, HalpuMep, OBTOPHOE NOSB-
J€HHe 3aBHCsIIElH OT ¢auud MHKpodayHH B 00pasuax MHOPOA, OTO-
OpaHHBIX NpH OypeHHH CKBaxKuHBL. Jpyrofi Kaacc 3agay— 3Tc
YCTanOBJEHHEe TNOC/E10BaTENbHOCTH MHHEDaJbHBIX 3€peH, Hab.io-
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JlaeMbIX Ha nepeceueHud nuuda. B sTOM cayyae Mbl MOXeM HC-
TIONIb30BaTh MHJJIMMETPOBYIO IIKaJly, HO OHAa He I03BOJSAET OLUEHHTbD,
YTO yalille BCTPEYaeTCss — OJIHBHH HJH NJ4aTHOKJA3.

Ilanneie, KOTOpBle MOXKHO OXapaKTePH30BATh HENpPEPHIBHLIM
pacnoJjioKeHreM B NPOCTPAHCTBE HJAH BPEMEHH, YaCTO HA3bIBAIOT
pslaMy, HIH NOCJeNOBATEJbHOCTAMH, WJIH UensiMu. Ilpupoma pac-
‘CMaTPHUBAEMbIX JAHHBIX NPEAONpeaesieT Te 3afau#, KOTOpble AJs
HHX MOXHO MOCTaBUTb. JICHO, UTO MLI He MOXKeM H3BJjeub HHDOp-
MauHMi0 O BPEMEHHEIX HHTEPBAJaX H3 IOC/eJOBaTeJbHOCTH CTpa-
TUTpaUUeCKHX AAaHHBIX, TaK KaK BpeMEHHAs IIKaja, COOTBETCT-
Bywulas 3TOH MOC/JeJ0BaTeJbHOCTH, HeH3BeCTHa. B crparturpadu-
YECKHX 3ajJayax YyacTo HCMOJB3YIOT BMECTC BpeMEeHHOH IIKaJbl
TIPOCTPAHCTBEHHYIO, HO NPH 3TOM HAIlUH 3aKJIOUEHHS He Jyulle, yeM
B35ITOE B HX OCHOBY NpEINOJOXKeHHe O TOM, YTO BpeMs, Tpebyemoe
Ans o6pa3oBaHus ocajaka ONpeHeJEeHHOH MOLIHOCTH, MOMeT OblTb
H3MepeHO.

B raba. 4.1 npuBedeHa kaaccH(HKAIHS pAa3JIHYHBIX METOJLOB
-aHa/ 32 JaHHbIX, KOTOpHE OYyAyT paccMOTpeHM B 3Toi raase. ITpu
STOM MOXKHO BBIAGJHTb TPH TUIA PAAOB. B mepBoM u3 HHX paccTos-
HHEe MeXJy HaOJIONeHHSMH H3MEHSeTCS H INOTOMY MAOJIXKHO GHITH
‘0XapaKTepH30BAHO B KaxXKAOH Touke. Bo BTOpOM mnpexpmosaraercs,

Tabnuua 4.1

Knaccudukanus paccMaTpuBaeMbix B 3TOMA TJaBe METOJOB
MO THNY MNEPEMEHHBIX M MX PACMONOXKEHHI0 HA JHHUH

HaGawoneunus, uepe-

I'YJASIDHO DacnoJo- HOMEDHO M DEeryasp-

XKeHHble B NPOCTPaH- HO DPACNOJOXeHHbte
CcTBE B MPOCTPAaHCTBe

Ha . DaB-
Gmonenis, ITpocTpaHCcTBeHHOS

PasMelersie He pac-
OMaTpHBaeTCs

Tun mepeMeHHBIX

Tlepemennrte, usme-| Murepnonsuus

Oproronanbuas no-| ABTOKOppeNsauus =
peHHbie B HHTep-| [TomuHOMHaNbHAS

JHHOMHAJIbHAA  pe-| NepeKpecTHass KOop-

:BaLHOMN 1lIKaje HaH| perpeccHs rpeccus pensuHs
akane ornoenuit | Cnaafinst Ckoab3smine cpex-
HHe

PuabtTpauns H
CrJ1aXKHBaHHE
3ounuposanne
ABTokOppensuua u
MepeKpecTHas  Kop-
pensuus
IMoaysapuorpaMmsl
CnekTpanbHEll aHa-
JH3

Tlepemennnie, H3Me-
peHHBie B HOMH-
HaJbHOA HJIH TO-
PAOKOBOR WIKAJax

11¢

Paau cobmruit
K—C xpurepun

AsToaccouHanns H
NePEeKpPecTHas acco-
UHaALHS

AHanus  noacTaHo-
BOK

Ilenn Mapkosa
Kputeprn cxkauxos

ABToaccounauuss m
nepekpecTHas  ac-
COLHAHSA

Anannz  B3aumosa-
MEHSeMOCTH

Uenu Mapkosa
KpuTepun cKkayxkos
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YTO TOYKH PACTOJOKEHBl B IPOCTPAHCTBE PETYJASPHO H PABHOMEPHO
M, KpOMe eIHHCTBEHHOH NOCTOSAHHOH, HHKaKHe YHCJOBbIE Xapakre-
PHCTHKH NPOCTPAHCTBEHHOrO PACIONOXKEHHS AAaHHLIX HE YYacTBYIOT
B anaju3e. HakoHell, B TpeTbeM CYIUECTBEHHA JHllb IOCIeN0Ba-
TEJbHOCTb HabJ/I0leHHH, a HX NPOCTPAaHCTBEHHOE PACNOJOXeHHE HE
1iMeeT 3HauyeHHs.

STH METOJBl MOXKHO KJaCCH(QHIUPOBATh TakkKe H IO THOAM He-
ob6xonuMbIx nabaofenuii. B oxuux cayuadx tpefyercs sHaThb HH-
TepBaJ MexX1y HaOJIONEHHMH HJH HX OTHOIUEHHE: NepeMeHHast
JOJXKHA OBITH H3MepeHa II0 HeKOTODOH IlIKaje H BhlpaxkeHa B Be-
IWECTBEHHbIX YHCJAX. B JApYyrux HCIOMB3YIOTCS HOMHHAJbHBIE HJIE
TIOPAJIKOBLIE JaHHble, W HabaioneHHs TpebyeTcs JHUIbL HEKOTOPLIM
ofpa3oM packaaccHpHIHpoOBaTh. B MeTonax, paccMaTpHBaeMHIX B
3TOH raaBe, KJacChl He DAaHXKHPOBAHH, T. €. COCTOsSiHHe A He/b3sk
CYHTAThb B HEKOTOPOM CMbicje 6ojee WHPOKHM HIH O0GBHEMJIOWHM,
uyeMm cocTtosinve B uau C. HoMuHanbHEIE HaHHBIE OOBLIYHO NPEACTaB-
JSIOT LeNbIMH YHCJAaMH, 6YKBaMH HJIH CHMBOJAMH.

B 310l rnaBe MBl paccMOTPHM MaTeMaTHYeCKHe MeTOABI, HC-
MoJMb3yeMble TPH aHaJH3e INOoC/eAoBaTeNbHOCTEH AaHHBIX. OaHAKO
paccMaTpHBaeMble 371eCb METOABI HE HCUEpNLIBAIOT BCE CYIUECTBYIO-
mue BO3MOXKHOCTH. Cxopee HX MOXKHO OXapakTepH30BaTbh Kak 0CO-
GEeHHO MepCIEeKTHBHbIE NPH KOJHUECTBEHHBIX HCCJEJOBAHHAX B Hay-
Kax o 3eMJe. [Ipyrue MeTOAb MOTYT OKa3aThCsl OoJiee MOAXOASIIH-
MH uau 6oJee MOLIHBIMH B CHeHHGbHYECKHX CHTYAUMAX HJIH A
HEKOTOPHIX 0COGBIX MOCJENOBATENbHOCTEH NaHHBLIX. Ha Haw B3rasi,
3HAKOMCTBO C ONHCAHHBIMH HMXKe METOLaMHM — XOpollee BBeJeHHE
B OOWHPHYIO 00JacTb aHAJHUTHUYECKOrO HCCJEA0BaHHs Te0JoTHue-
ckuX nauHbix. OJlHAaKO MHOrMe H3 3THX MeToJ0B ObliH paspabora-
HBl CHeUHa uCTaMH B 00/1acTaX HayKH, JNajeKHX OT reOJIOTHH, H UX
ONHCaHHE, NMPUCNOCOOJEHHOe K HCNOJNb30BAHHIO B HHXKCHEDHOM [e-
e, B GHOJNOTHH KJETKM, K aHAJU3Y PBIHOUHBIX OTHOIUEHHH HAW
peueBOf TepamnuH, TPYAHO NPHCIOCOOUTH JJsI DEIeHHS TeoJoTHue-
CKHX 3ajau. HekoTopble M3 3THX METOJOB ONEpHpPYIOT C Hemapa-
METPHUECKHMH CTAaTHCTHKAaMH, TIOYTH He paccMaTpPHBAEGMBbIMH BO.
BBOJHBIX CTaTHCTHUSCKHX KypcaX. Tak, Kak GOJbIIMHCTBO T'e0JiOTOB
He 3HAKOMO C OCHOBAMH aHaJu3a MNOCJeJOBATEJbHOCTEH JaHHBIX,
TO MBI TOJIaraeM, 4TO HM OyJeT MOJIe3HO NPOYeCTb MPHBEAEHHBII
33ecb 0030p pasHOOPPasHLIX MeTOZOB M noaxoxos. Kak BHaHO us
Taba. 4.1, 3TH MeTOABl OXBATHIBAIOT MOCJE10BATEeJbHOCTH DPasJjni-
HBIX THNOB H IIpeJHA3HAUYEHBI AJs OTBeTa Ha pAA BOMPOcoB. Hm
OJLHH W3 METOJOB He H3Jjaraercs 3iech HCUEPOBIBAIOLLE, OJHAKO:
paccMOTpEHHBIE 3JeChb NPHMEpHl H IPHJIOXKEHHS MOTYT MOMOYb reo-
Jory Bei6paTh HaHOOJee NMOAXONALUNE MeTOJ AJs pPEelIeHHs 3aJauH..
CoHcox JHTEpaTypbl NMOMOXET HAHTH J[eTajbHOE H3JOXKeHHe Ccrie-
LHAJbHBIX BONPOCOB.

PaccMorpennble MeTOAE JalOT BO3MOXKHOCTb MOJYYHTb OTBETHY
Ha pfAJ BONPOCOB, 2 HMMEHHO: MOXKHO JIH CUHTATh HaOJIONEHHSA CJIy-
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yalfiHHIMH HJH B HMX OOHADYXKHBAaeTCH HEKOTOPHI TPEHA; ecaH
TPEHJ CYLIECTBYET, TO KaKOBa ero ¢opMa; MOXKHO JH 06HapYKHTb
¥ H3MepHTb LHUKJbL H NOBTOPEHHS; MO3BOJAT JH NaHHBIE CI€T1aTh
OLCHKHM M TIpeJCKA3aHHsA; MOXKHO JH OUEHHTb 3aBHCHMOCTH MEKILy
nepeMeHHBIMH M yKa3aTb HMX cHay? XOTs BONPOCH Takoro pola H
He SIBHO CTAaBATCS B MNOCJelyiolleM H3J0XKEHHH, UNTaTesio pEexo-
MeHAyeTCsl NPOAYMaTb CYWIHOCTb Kaxk10ro Meroia, a Takxe ero
BO3MOXKHOCTH TpPH PELIeHHH 33a4ay Pas3;JUUYHOrO THNA. 3aMeTHM, uTo
BHIOpAHHbIE HAMH 3aJaUH MOFYT MIOMOYb B pellleHHH MHOTHX 1DYTHX.

I'eonoraM MPHXOJAHTCA HMeTb €0 He TOJNbKO C aHAJH30M IO-
cJe0BATEbHOCTE! [JAaHHHIX, HO W CpaBHHBATL MeX1y coboit pas-
AnvEble psAb HaGmioxenuii. Harasianbii npuMep — CTpATUrpadH-
yeckasi KOppessiiHs NPH H3YYeHHH pa3pesoB HJH TpH 3JEKTpHUe-
CKOM KapoTaxe CKBaXHH. [IpHuHHA, 10 KOTOPOH reo;ord
HCTIONB3YIOT KOPPENSLHIO, — NPOCTOe YKeJaHHe YCKOPHTH MmoJayue-
HHe Te0JIOTHYECKHX BBLIBOLOB H3 3aKOJAHPOBaHHON HH(pOpMauuy,
xpansiefica B 6aHkax jaHHbiX. KpoMe TOro, reojor CTajKkHBalor-
csi C 3ajauaMH KOppE/SUMH B TeX Ccayyasix, KOraa He MOTYT CBOH-
MH CHJIaMH peIUHTh BONpPOC 06 3KBHBAJEHTHOCTH JBYX pSAAOB Ha-
6monennit. Cnab6oe CXOACTBO, CIMUIKOM HE3HAUHTe/bHOE, UTOOH ero
MOKHO OBLIIO O6HAPYXKHTb BH3YaJbHO, MOXET OBITb BEISIBJIEHO 3TH-
MY MeTOXaMH, Aa)Ke e€CJH 3TO HeBO3MOXKHO TMpH HCHOJb30BaHHII
ApPYrux InpHeMoB. KoJuUYeCTBEHHBIE METOAb MO3BOJSAIOT T€OJA0TAM
paccMaTpuBaTh OJHOBPEMEHHO HECKOJbKO MEPEeMEHHBIX, UTO sBJfA-
ercsl MOLIHBIM CPEACTBOM DACNO3HABAHHS H3yuaeMblXx O06BLEKTOB.
HaxkoHel, B CHJAY aBCOJNIOTHO# HHBADHAHTHOCTH ONEpalHii B BbI-
YHCJHTeNBHON INpOrpaMMe KOPPEJSUHOHHBIA anaan3 Opocaer BHI-
30B reosiory. EciH KOppelsuHOHHbE 3aBHCHMOCTH, OUEBHIHBIE re0-
JOI'Y, HE COIMJIaCYIOTCS C pe3yJbTaTaMH, NMOJYYEHHBIMH MAaUIHHOH,
reoJior 06s3aH ONpeeJHTb NPHUHHY ITOro pacxoxmenus. OGLIYHO
Go/iee TLlATEJbHOE HCCJAEfOBaHHe IO3BOJSET BLISBUTh OCJOZKHCHHA
H CMellleHHs, He 3aMeueHHble IpH NepBOHAUAJbHOM HCCJe0BaHHM.
ATo He O3HAUY&eT, YTO TEeOJIOT [OJIKEH H3MEHHTb CBOIO HHTEpIpeTa-
Uy TakuMm 06pa3oM, 4ToObl OHA COIJIACOBEHIBAJach C pe3yabTaTa-
MH, TOJYYEHHBIMH C NOMOUIBIO BEIYHCJHTENbHOH MamHHbl CoBceM
Ha06opoT, HMelllMecsd B HACTOsllee BpeMs B HallleéM pacnopsxe-
HUH NPOTPAMMBI ABTOMATHUECKOIl KOpPPEJAUHH [OBOJBHO TPyOLl H
COCTaBJICHbl IPOCTO B COOTBETCTBHH C XOAOM MBICJIEH, HCNOJB3Ye-
MBbIX TeosoraMH. OJHAKO MO Mepe NPOJOJKEHUS HCCJAEN0BAHHH MO
KOppeJsiMi MOXKHO OXHAaTh, UTO OyIyT CO3JaHEl BeCbMa MO.1€3-
Hble aJTOPUTMBI, KOTOPHIE NO3BOJAT 3HAUMTEJbHO 06jerunth pado-
Ty reoJora.

Boéabmyo yacTh MeTOA0B CpaBHEHHs ABYX HJH (ojee MOC/e0-
BaTeJbHOCTEH MOXKHO pa3GHThb Ha JBe GoibluHe KaTeropud. B mep-
BOil M3 HHX Hapbl NAHHBIX MOTYT 32HHMAaTbh TOJbBKO ONHO TNOJIOXKe-
HHe, M Hala 3ajaua — ONpejeJHTh CTeleHb CXOACTBA MEXKAYy 3TH-
MH JABYMs [OCJE0BaTe/bHOCTAMH. B KauecTBe mpHMepa MOXKHO

165



paccMOTpeTh cpaBHeHHe NH(PAKTOrpaMMBI HEH3BECTHOrO MHHepa/a
C Ue1bl0 ero HACHTHPHKAUHMH C HEKOTODHIM pAJOM CTAHZApTOB.
CpaBHeHHe CO CTaHAZApTAMH NPOBOJMUTCH HE TOJbKO IO HHTEHCHB-
HOCTH OTPaXKeHHs, HO H II0 COOTBETCTBYIOLIEMY €if yIJy OTpaX<eHH5.
Hanpumep, HHKakux BBIBOJOB HeJab3sl CA€JaTb, €CJH CPaBHHBATH
WHTEHCHBHOCTb OTpa{e€HHs PEHTTEeHOBCKHX Jyue# mox yraom 20
20° ¢ MHTEHCHBHOCTBIO OTpaxkeHHs nox yraom 20 30°. axke ecau
BeJIHYlHA HHTEHCHBHOCTH OJHHAKOBa, CpPaBHEHHE COBEPIUEHHO JIH-
IIEHO CMEICTA.

Tor ¢axT, yTO KaHHKE, aHAJOTHUHbLIE NMPHBEAEHHLIM, 3aNHCAHLI
B BHJAE NOCJACHOBATEJbHOCTH, HE HUMEeT 3HAUYeHHsI, TaK Kak Ka}KILbel
SJEMEHT psjla pacCMaTpHBACTCd KakK OTAeJbHAass H He3aBHCHMas
nepemernHas. aTencuBHocTh oTpaxkenus nofg yraom 20 20° xapax-
TepHU3YeTCs OJHOH NepeMeHHOH, a HHTEHCHBHOCTb MOA yraoMm 20 B
30° — npyro#i. MeToNH CpaBHEHHS TaKHX [OCJEI0BATEJIbHOCTEH
MBI pacCcMOTPUM NOAPOOHO B ra. 6 (CM. KHHTY 2), Ize yKaxeM
MHOTOMEepHBIe KPHTePHH CXOACTBA M paCCMOTPHM 3aJayH KJaccCH-
¢uKauMM M AMCKPHMMHHAHTHOrO aHanausa. B saToM KkJjacce 3agay
N0J0XKeHHe HAbJI0AeH s B TOCJACAOBATENBHOCTH CJAYKHT JJS €ro
HACHTHOHKAUMHY C JAaHHOH NepeMeHHOf H He Hrpaer GoJsblie HH-
KaKoil poJ.

HaoGopoT, HekOTOpLIe U3 ONMHCAHHBIX B JaHHOH IJaBe METO/OB
OCHOBaHBl Ha PAacCMOTPEHHH TMOCJAENOBaTeJbHOCTEH JaHHBIX Kak
BBHIOOPOK H3 HEMpPEPHIBHOTO MHOXKEeCTBa HaOaiojeHHH. ANpHOpH HeT
HUKAKHX TPHYUH CYUTATh, YTO OAHA M3 CPABHHUBAEMBIX BEJHUHH
aydwe apyroit. Takne MeToxbl, KaK B3aHMHasi KOppPeJsLHUSA H acco-
uuauus, Haubosee OJH3KH reojgoraM, HO, K COXKAJEHUIO, HX ApPHMe-
HCHHe OrpaHHYEHHO, TaK KaK OHM He JONYCKAlOT H3MeHeHHH Mac-
mraba OAHOrO paspesa IPH €ro CpaBHEHHH C ApyrHM. [{sist MHOTHX
THUNOB MOCJEA0BATEbHOCTEH, paccMaTpHBaeMbIX B 3TOH TJaBe, H3-
MeHeH!sl Macwtaba He TpeOyeTcs, H NO3TOMY TPYAHOCTEH He BO3-
HHKaeT. OJHAKO CKOPOCTH OCaIKOHAKOIJEHHs, HANpHMEp, He SsB-
JISIOTCS TIOCTOSIHHBIMH, TO3TOMY CTpaTHrpadHuecKHe JaHHBE TPYA-
HO H3y4aTb C MOMOILBIO CYILECTBYIOLIHNX METOLOB KOppeJsHOHHOIO
aHaJH3a.

Kax Mbl yxe oTMeyaad B IJ. 1, BHIUHCJIHTeNbHAs MAalIHHA $IB-
JISCTCST MOLIHBIM OpYAHeM pelieHHS CJOXHBIX 3ana4y. OQHAKO OHa
rJAyna W MOXeT NpHHUMaTb OecCMBICIEHHble AaHHLIE M BLIaBaTh
CTO.1b e OecCcMbIC/ieHHbIE pe3y.bpTaTel 0e3 kogebaHui. MHOXecTBO
NporpaMM aHajgH3a IOCJHeNOBaTEJbHOCTeli pe3yJbTaToOB HabJioje-
HHIl MOMKHO JIETKO NOJYYHTb H3 DAa3JIMYHBIX HCTOUHHKOB. Ecam xe
HCIOJb30BaTb 9TH NPOTPAMMBI KaK <«YEpHBbIH AHK», HE MNOHHMAas
NPOH3BOXHMBIX B HHX ONepaliil M HANOXKEHHbLIX OTpaHHYEHHH, TO
Jerko c6utbcs ¢ myTH. Mbl HajzeeMcs, YTO OMNHCaHHe METOAOB H
NpHMepBl 3TOH TJaBbl OYAYT NOCTATOUHBIMH AJd TOTO, 4TOOH Of-
peleanTb o0sacTh NPHUMEHHMOCTH KaXKAOTO MeToAa H IOMOYb IO-
HuMagHIO nporpaMMm. OJHAKO B OKOHYATeJNbHOH CTaAHH aHaaH3a
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HCeJICA0BaTe b JOMKeH 10JaraThest Ha cBOl0 HHTYHIHIO. CTOMKiYyB-
WIHCh ¢ 3a]ayed, B KOTOPOH JaHHble NpeiCTaBJEHBl B BHIE NOCJe-
JOBATEbHOCTH, BBl MOXKeTe C Le/bl0 YNOpsJOUeHHs Ballero lcc.e-
J0BaHusl 3a71aTh cefe CJeaylolilie BONPOCHI a) HA KaKOH Boipoc
(Bompochbl) §i XO4y OTBETHTb? 0) KaKOB THI MOHX HAOJIONEHHIT?
B) KAaKOB THII MOCJEAOBATEJbHOCTH, 00PAa30BAHHOH MNO.JY4YEHHBIMH
Hab,1101eHUAMH?

Bbl MoxKeTe J0BOJbHO OHICTPO OOHapyXHTh, 4TO OTBET Ha nep-
BBl BONPOC MOXKHO NOJYYHTH JHIb [0C]e YEeTKUX OTBETOB HA BTO-
poit u Tperuil. Ecau ydecTb 3TO A0 Hauaja HCCIEI0BABMHSA, MOKHO
H36exKaTh YACTH HEHYXKHOH paboTh. B mpoTHBHOM cayuae cnocob
cbopa AAHHBIX MOXKET MNPeONpeleIHTb MeTOAbl, KOTOpBIE HYZHO
HCHOJb30BaTh [J51 HHTEpIpeTallii, UYTO B CBOK OU€peib CHJBHO
OrpaHHuHT 06.1aCTh HCCAEAOBAHHS.

HUHTEPNOJIAULUOHHBIE NPOLLEAYPBI

MHorne H3 ONUCHIBAEMEIX HHXKe MeTOJO0B NPHUTOAHL! AJdS LaHHBIX
C PAaBHOMEDHBIM pAaCIOJIOXKEHHeM B TPOCTPAHCTBE; HAGJIOAEHHS
JOJIXKHEI TIPOBOAHTBCSA C COXPAHEHHEM OJHOTO M TOrO Ke HHTepBa-
Ja Ha NPAMON WJIH Ha mepeceyeHuH HHOro Tuma. Koneuso, na mpax-
THKe cO6JI0jlcHHe 3TOTO YCJIOBHA YacTO HEBO3MOXKHO, HampuMep
IpU MHOTHX CTPaTHrpadHUECKHX HCCJAEAOBAHHAX HJH NDH aHalHse
IaHHBIX U3 GYpOBBIX CKBAXKHH, a Taxxke AJs BHIOOPOK, COGPAHHBIX
no MapuipytaMm B caaGo o6HaxeHHOM paiione. IToaTomy HeoOxoaHu-
MO yMeTb OlEHHMBATb pacCMaTpHBaeMble INE€DPEMEHHEBIE B TOYKax ¢
PETyJSIpHbLIM pPaclOJOXKeHHeM, HCIOJb3ysl UX 3HAYEHHS, NOJyYeH-
Hble JJIsT Pa3JHYHBIX MHTEPBAJOB. OTH BONDPOCH H3/1aralTces B
ria. 5 npH paccMOTpeHHH IocTpoeHuss uzonunui. ITporpamior mo-
CTPOEHHS! H3O0JHHHI NpeJHA3HAueHbl AJs PEryJsipHOA CeTH KOHT+
POJIBHBIX TOYEK Ha OCHOBaHMHM Hal0.l0J€HHH, HEPEryJsipHO pacno-
JIOKEHHBIX B IIPOCTPAHCTBe. BHEMIHHH BHI U TOYHOCTb MOCTPOEHUR
KapThl B OOJbLIOH CTeMeHH 3aBHCAT OT BEJHUMHBI Liara NpHMeHse-
MOH CeTH M OT ajJrOpHTMa, HCHOJb30BAHHOIO AJS IOJYUYCHHS oue-
HOK B ee yanax. Cefiyac MBE pacCMOTPHM OJHOMEpPHEI aHasor 3TOH
3ajauH.

B Ttabs. 4.2 npuBeaeHbl COAEp:KAHUA MArHHsS B NpoGax H3 BOJA
peku Ctpum Yorep. B cBsi3u ¢ TpyaHOCTBIO 0T6Opa npobbl ObIAH
B3ATH C pAa3JHUYHBIMH HHTepBaiamu. Mecra or6opa npo6 6olin
TINATEJNbHO HaHECEHbl HAa a3pOQOTOCHHMKH, IOC/e Yero MexAay HH-
MH H3MepAJNHUCh PACCTOSHHA.

M3 60Jb1IOTO YHCAa METOAO0B, C NOMOIBIO KOTOPLIX MOXKHO H3
HEpEery/sipHO pPACHOJIOXKEHHBX MAHHLIX NOJYYHTb OLEHKH AI pe-
TYJSIDHOTO DACHOJIOKEHHA, MBI NMOAPOOHO pasbepeM TOMBKO [Bd.
IepBriiit — HauGonee mpocToH. DTO METOA NPOCTOH JUHEHHOH HH-
TepIONALUHH MeXKAy 3afaHHbLIMH TOYKaMH, MO3BOJAIIIKHA MOIyUHTb
OLlEHKH B TNPOMEXKYTOUHBIX TOukax. Puc. 4.1 naatoctpupyer 3Ty
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Ta6unuua 4.2
JlBanuath H3MEPEEHH COQEPKAHHA MAFHHA B BOAAX
p. Crpum YoTep (paccTosinus HcuHCASIOTCH
OT YCTbSI PEKH 10 MECT B3sTHS Npoo)

Paccrosuue, u Conepxaune Maruug, r/t

0,1 6,44
1820 8,61
2542 5,24
2889 5,73
3460 3,81
4586 4,05
6020 2,95
6841 2,57
7232 3,37
10903 3,84
11098 2,86
11922 1,22
12530 1,09
14065 2,36
14937 2,24
16244 2,05
17632 2,23
19002 0,42
20860 0,87
22471 1,26

npoueaypy. Ilpeanoaoxum, uto ¥; u Y, — HabaonaeMble 3HAYCHHST
B TOYkax X; U Xz, H MBI XOTHM OHEHHTb 3HaueHHe Y’ B Touxke X’.
CuHTasi 3aBHCHMOCTb B IPOMEXKYTOYHBIX TOUKAX JHHEHHOH, 3HAUe-
nie ¥’ B Touke X’ MOXKHO BEIYHCJHMTb 10 CJIeLyIOLIeH tbopmyne:

Y‘I — (Y2 —)};l)(x‘;{'—xl) +_ Ylo (4.1)
2T Ay

MunMu cioBaMu, MBI DpeamnofiaraeM, 4Tto pasHOCTb MeXJy 3Haue-
HUAMH B JBYX COCENHHX TOYKAX sBJseTcA JHHEHHON (QyHKLHei
Pa3AeNAIoIero UX PacCTOsiHuS. 3HaueHHe B TOYKe, Jexalleil I0-
cepefnHe MeXAy ABYMs HaOJIOAEHHSAMH, HAXOJMTCS TOUHO NOCepe-
NHHe MeXAYy 3HAYEHHAMH B [BYX INpHJIEXKAUIMX TOYKAaX. DauKafi-
el Touko# K HabmofeHHIo 6y1eT TOYKA, 3HAUEHHE KOTOPOH O.sxKe
BCEro K 3HauYeHHI0 HabJIoqeHus.

HecuMotpst na mpocroty mpouenyphl JHHeHHOM HHTePHOJSILHH,
BO MHOTHX CJyyasiX OHa 00JajaeT HEKOTODbIMH HEJOCTaTKaMH.
B cayyae, korma uHCIO DABHOMEPHO PaCHOJIOKEHHBIX TOUEK npH-
O/MM3HTEJIBHO PAaBHO YHC/IY TOYEK HABJIONEHHH M NOCJefHHe 6oJee
HJIM MEeHEe DaBHOMEPHO paclpelesieHbl, 3TOT MeTOJ jAaeT yIOBJET-
BOpHTE/bHLIE pe3yabTaThl. ONHAKO eCJH TOYexk HaBMIOfeHHS Ha-
MHOTO GOJIbIUe TOYEK, NOJIyYAIOWHXCSH HOC/Ae HHTePHOJSAIHH, TO
GO/IbIIAS YaCTh MNEPBHYHBIX LAHHLIX HE HCHOJB3YeTCS, TAK KaK /s
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Puc. 4.1, JluneliHaf HHTEPHOJSILHS
MEXy TOUKaMH MOCAe10BATEIbHOCTH
N @HHEIX

ONpeeNeHHs OLHOK TOYKH B WHTEPNOJALHMOHHON NpPOUEAype Tpe-
fyetcs HCUONBL30BATHL 10J1bKO ABa OJHXAHIIMX 3HAUEHMSA. Ecuau
HCXOMHBIS LiaHHBlE NMOABEDPKEHbl 3HAUMTENbHOMY BJHSHHIO CaAy4Yaii-
HLIX H3MEHEHWJ, 1O MOJYYEHHbE B Pe3yJbTaTe HHTEPNOJNAUHH HO-
BEIE 3HAUEHHH TQXXKE MOTYT HMETb HeAONYCTHMYIO CJIyYalHyIO H3-
MeruHBOCTb. 004 5TH MOMEHTA YUYHTHIBAIOTCS B MeTOAaX, NpefHa-
SHAYEHHBIX JJif HCIOJb30BaHHs Gosee [ABYX IepBOHAYAJbHBIX
SHAUCHHH M OCHOBAHHBIX HA MPOIEAYPAX YCPEJHEHHS, HCIOMAB3YIO-
LWHX B3BeLICHHble paccTosiius. ONHAKO METOXBl YCPeNHEHHs, KOTO-
pele OYAYT PacCMOTPEHBI HHXKE, NIPH H3JIOKEHHH npoueayp craa-
XKUBAHUS LAHHBIX TaKxkKe HMEIOT HepocraTkH. Hampumep, snauenne
NepeMEHHO# B HEPBOHAYaJbHOH TOUKE NPH HHTEPHOJIAUHH He 06s-
3aTeJbHO COXPAHAETCA, TAK KaK NOJYYeHHOe B pe3yJibTaTe yCpej-
HEHHS HOBOE 3HAYEHHE MOXKEeT NPEBHIAThL (HJAH ObITh MeHblIe)
3HaYeHus B GuM3JEKALUHX TOUKAX W3-3a BJHAHHS OOjee yjiaJeH-
HBIX TOYEK.

Ecnu nepsowayasbHble AaHHBIE Daclog0KeHb HEPETyJaSApHO H
NPOMEXYTOUHbIC 3HAUEHHUS JOJKHLI OBITh BHUHCJAEHBI AJAS KaXIOH
napel HabJIONEHHH, TO NpHMeHeHHEe JHHEHHOH WHTEpIOJSLHH, OT-
paxalolleii paBHOMEDPHOCTb H3MEHEHMsSI NEDEMEHHOH MeXAy KOHT-
POJIbHEIMH TOYKaMH, BIOJHe onpasaanHo. OqHako B Ja1060i 3ajgaue,
B KOTODOH MPHXOJAHTCH HCNONb30BATh HHTEPIOJNALHIO HAGIIOAaeMbIX
A2HHBIX, BCErJla CJIEAYeT HMETb B BHAY, UTO AJS MOJYYEHHS OLEHOK
HEJIb3s1 HCMOJIB30BATE JMI000H Merod. TOUHOCTB NOJYYEHHOrO pe-
3y/IbTATa 3aBHCHT OT IJIOTHOCTH NEPBOHAYAJLHEIX AaHHEIX, HCIO/b-
SOBABIUINXCS TIPH NOCTPOEGHHH CETH, H HHKaKas HHTEPHOJSALHA He
MO3BOJHT HAM YJYYIIATb DPE3yJbTaThl aHA/JH3a, €CAH HCXOLHBIX
AGHHBIX Hepocratouno. Hampumep, Mbl MOraH G6bl OUEHHTH COZep-
ZaHUe MarHHsa B pexe ¢ uHTepBajoM 500 M HJIM XaXe C HHTepBa-
JOM 5 M, OHAKO COBEPIIEHHO SCHO, YTO 3TH HOBbE 3HAUEHHS He
A4LyT HaM JNONOJHHTEJbHOH HHGOPMALMH O DPaCIpefeseHHH H3Y-
JaeMOro 3JieMeHTa B NIOTOKe.

Tenepb MBI paccMOTPHM MeTOZ NOJYYeHHS paBHOMEPHO pacro-
JIOXKEHHBIX B TPOCTPAHCTBE FAHHBIX, OCHOBAHHBIX HA HCIOJb30BA-
HHH BCeX HAOJIONEHHH MeXIy NOC/HeL0BaTeJbHLIMH TOYKAMH, B KO-
TOPEIX OHIIM MOJNYYEHB! OLEHKH. DTOT METON Ha3hiBAETCH METOLOM
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Puc. 4.3. paBH-OMepHaSI TNPOCTPAHCTBEHHASA TOC/e10BaTeJbHOCTD, MNOJMYUeHHAA H3
HEDABHOMEDHO DACHOJOKEHHBIX JAHHBIX TYTEM npSMOYFOJBHOTO HHTErpHpOBaHHd.
Troutans 3alMTPHXOBAHHONM O6JAacTH Takas e, KaK ¥ Ha pHC, 4.2

NpSAMOYTOJbHHKOB. McXonHbe NaHHBIE MOXKHO NDPEACTaBHTb B BHIE
CTYNEeHYaToN GYHKUHH, HMeollefl B MHTepBaJe MEXIy MocJjejoBa-
TeJBHHIMH HaOJIOJeHHAMH NOCTOSIHHOe 3HaueHHe. Ilpumep Tako#
dyskuuE npexctasien Ha puc. 4.2. Ecan tpebyercsi H300pasuTh
pacrnpesiesleHie ¢ PaBHOMEPHOH CeTbIO, HaJAO0 INOCTPOHTB JAPYTYIO
CTYMEHUYATyl0 (YHKUHIO, HO TAKyK0, YTOOH IJIOLIaZH HPSIMOYTOJb-
HHKOB C DPaBHBbIMH Mexay co00#l OCHOBAHHSIMH OBIIH PaBHBL COOT-
BeTCTBEHHO NJIOMIANSIM HCXOAHBIX NPSAMOYTOJIbHHKOB. Takoe pac-
Ipefesenye NpejicTaBJeHo Ha pHC. 4.3, TAe nojyuyeHa nociaejoBa-
TEJbHOCTb PABHOMEPHO pacnpejeNeHHbHX  3HAUEHHH, KOTOpHE
COOTBETCTBYIOT AAHHLIM, NPEACTaBJEHHBIM Ha MpeABbIAYLIEeM DHCYH-
Ke. O6e 3alUTpHXOBAHHBIE MIOULAZH DAaBHBEI MeXJy coboit. Jra npo-
Ieaypa HMeeT TO NPEHUMYIUECTBO, YTO OHA YUHTHLIBAET BCe JAHHBIE
BHYTPH HHTEpBaja, COAepIKallero TOYKY, AJs KOTOPOH Tpebyercs
NOJYYHTh OUEHKY 3HAueHHs H3yyaeMoll Besuyudbl. Kpome TOrO,
MIOCKOJIbKY TJIOMIaAb, OTpaHHUYEHHAasl MOCTPOCHHBIM rpadHKOM, paB-
Ha TJOINAjAH, OTPAaHHYEHHON NepBOHAYaJbHBIM TpaHKOM, TO Ha-
60 1eHHAM, HCIIOAb3yEMbIM A5 MOJMYUYEHHS OUECHKH B TOYKE, JOJXK-
Hbl GBLITb MPHIHCAHBI Beca, NPOMOPUHOHANbHbIE AJHHE TOTO HHTEp-
Bajla, KOTOPHIH UM OTBeuaer.

HecMOTps Ha TO YTO TEOPETHUYECKH NOJYYEHHE OUEHOK MEeTOJA0M
IpsIMOYTOJIbHHKOB OYeHb NIPOCTO, OHO TPEACTABJSET HEKOTOphie
TPYAHOCTH TNpH NpOrpaMMupoBaHHH. Kcrosb3ys nepsyro mosayyes-
HYIO OLEHKY, BbIUHCJIseM NPOH3BEJIECHHE PACCTOSHUS A0 CJaefyolle-
ro HaGJIONEHUsS HA €ro BeJHYHHY, YTO AaeT HaM ILIOHIajb NPsSMO-
YTOJbHHKA; flajlee NPOU3BOJHM Te XKe BHIYHUCJICHHs, AJis BCEX Ha-
GJIIOeHHI, IOKA He MOJYYHM OLEHKY B INocjaefHeli Touke. ITa
OlLIEHKA OINpeleNAeTcss B pe3yjabTaTe CYMMHPOBAHHA YXe HaHJeH-

170

HHIX mJomajeit W JesieHHS CyMMBl Ha BeJHUHHY HHTepBasa, BLI-
6paHHOrO AJs NOJy4YeHHsI oueHkH. HauaabHoe 3HayeHHE B OLEHH-
BaeMOH TOYKe IIOCJEeJ0BATEeNbHOCTH BLIOHpAeTCsl TAKHM XKe, Kak U
B OsuxKaiillesl NpenilleCTBYIOIEH QaHHOM TOYKe.

Pasnuuue Mexny ABYMS mporpaMMaMH BBICTyNaeT OCOOEHHO
SIBHO B TOM CJyyae, KOria MCXOJHLIE JaHHbIC Pa3pO3HEHBI, H Mex-
0y ABYyMs HaG/IOAeHHAMH IPHXOAHTCS NOJydYaTb O6ojee OLHOMH
oueHkH. [Ipu nuHeHHO!N HHTEPNOJANKH BBIUHC/AAIOTCS 3HAYEHHUS,
pacloJIOKeHHble HA NPAMOH JIMHHH, COeJHHAWIIeH ABe Oauxaiuine
3ajgannble ToukH. Hao6opor, B MeToj1e OPAMOYTOJNBHHKOB CTPOATCS
OLIEHKH, DaBHbIE NepBOMY HAOMIOACHHIO. . 1

ITpu usyuenunm 30HBI MeTamMop(hH3Ma BOKDYF HHTpy3HBa ObLia
onpo6oBaHa CKBaXHHA, NPOOypeHHas NepNeHAHKYJApDHO K KOHTaK-
TY MHTDY3HH C BMelUamollUMH nopoiamu. KepH packosmonu, u Bce
KpHCTaJJbl I'paHaTa, PACHOJIOXKEHHble Ha IIOBEPXHOCTH, H3BJEKJIH
H NPOAaHAJH3HPOBANH CIEKTPOXHMHYECKHM METOJOM Ha COjAepiKa-
HHe xeJje3a. Kak paccTosiHHsl MeXiy KpHCTaJaJaMH, Tak H comep-
JXXaHHe JKeJe3a B HHX koJsebaJjuch B IIHPOKHX mpefenax. JlaHuble,
NoJyyeHHble B pe3y/abTaTe 3TOrO 3KCIIEPHMEHTa, IpHBEJeHHl B
TabJ. 4.3. JXenateabHo 6bl10 OBl MOJYYHTb C HX MOMOLIbLIO OOLIYIO
KapTHHY H3MeHEHHMH B COCTaBe TIpaHaTa, OJHAKO 3TH JaHHBE Ka-
XKYTCs JOBOJBHO HE3aKOHOMEDHBIMH H He MOAJAIOTCS NpPSIMOi HH-
Tepnperaudu. B xauecTBe mepBOoro Irara IpOBEJEHHSI aHaJH3A
MOXKHO NOCTPOUTH MX OLEHKH A paBHOMepHOi ceTH. )KesaTenbHO
B K4ayecTBe MHTEepBaJa MeXAy TOUKaMU BHOpaThb paccrosiuue 0,5 M.
34ecb Mbl CTAJKHBAaE€MCA C INOJOXEHHeM, OTJIHUAIOIHMCA OT pac-

Ta63nﬁa43

Copepikanpe Kene3a B rpaHatax M3 KepHA CKBAXKHHbI,
npoGypeHHON anMa3sHON KOPOHKOH

FayGuna, cm c,ﬁé;g;’ff“oge Tay6ana, e C&é‘;‘;;‘;‘f”{ge FayGuna, cM C;(iig;za’xge
0 14,21 121 19,84 419 22,56
3 19,35 130 16,94 425 19,00
10 17,22 163 16,72 429 20,53
14 15,87 168 19,20 443 19,08
23 13,62 205 20,41 447 22,83
30 16,31 239 16,88 465 21,06
36 14,13 251 18,74 474 24,96
48 13,95 283 16,67 493 19,12
59 15,00 297 18,56 502 22,24
66 14,23 322 18,87 522 26,88
68 16,81 335 20,81 550 21,15
81 15,93 351 24,52 558 28,92
94 16,02 370 25,03 571 27,96
96 17,85 408 25,11 586 25,03
102 17,02 416 23,28 596 26,27
115 15,87
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CMOTPEHHOTO BBIlIE CJAydYas H3y4YeHHS COJepXKaHUH MartHus B BOAE;
Haba10geHUi 3HayUTeNbHO OoJblue, yeM HeOOXOAHMBIX OLEHOK,
a Hallla 1leJb — COXPaHHTb, HACKOJbKO 3TO BO3MOXKHO, HCXOLHYIO
uHpopMmaukioo. B sTOM cayyae MeToZ MpPAMOYrOJbHUKOB NpeACTaB-
asercad Gojee NOAXOAAIIMM [I/1A HOJY4YEHHSI OLEHOK, YeM MeETOA
auyeiinofi HHTepnoaAuHH. OIHAKO YHTATEI0 PEKOMEHIYyeTcs MoJay-
YHTb OLlEHKH 10 JaHHBIM Tab.a. 4.3 ¥ TeM, H ApPYrHM MeTOJaMH I
3aTeM CpPaBHUTb MOJYYCHHLIE Pe3yabTaTbl AJIS YSCHEHHS Pa3JH4YHs
MeXIy 3THMH MeToJaMH.

B reojiorud mpoueaypnl ¢ pPaBHOMEPHBLIM IIPOCTPAHCTBEHHBIM
pacnpejesieHdeM yalle BCEro MCIIOJAb30BAJHCh IPH TOIATOTOBKE
CTpaTUrpadguuecKux JaHHBIX (MCCAeJOBaHUH pas3pe3os, 3amHucell B
OypoBbIX KypHasax H Ap.) AJA NPOBEIECHHs BPEMEHHOTO TpPeHA-
aHaau3a. IDTOT MeTOJ, B CYUIHOCTH, fIBJISETCA HE UeM HHBIM Kak
TIPOLEAYPOH CrJIaXKHBaHHS, M 1Js CBOEro TNpHMeHEeHHs Tpelyer
PABHOMEDHOTO DACHOJIOKEHHA NaHHBIX B NMPOCTpaHCTBe. Takue Me-
TOAL aHaNM3a BPEMEHHBIX PAAOB, KaK aBTOKODPEJNSUHOHHBIA H
TapMOHHYECKHUH, Takke TpeOylOT [/ CBOEro NpHMEeHeHHS paBHO-
MEepHOTO pacmpejesieHHst JaHHbX. B Hacrodillee BpeMs MeTOXB!
aHajgu3a BPEMEHHBIX pAAOB, MO-BUAMMOMY, Oojee MOILIHbIE, HeM
JpyrHe METOAbl W3YueHHs IOC/el0BaTe/bHOCTeHd HAG/I0deHHI, H,
BEpOSITHO, B OJuxkalillee BpeMs HAHAyT IIHPOKOE NPHMEHEHHE.
OnHAaKO 3TH METOABl TpebyIoT GOJbIIHX MaCCHBOB HHPOpMALHY, YTO
OrpaHMYHBAET BO3MOKHOCTH HX NPHMEHEHHS K CTPATHrpadHYeCKHM
[IOCJIe[OBATE/IbHOCTAM H aHaJH3y XOpOLIO PasBEeAAHHBIX pPYAHBIX
mecTopoxaenuil. HekoTopbie pesyabTarhl OBLIM IOJYYeHBl NPH H3Y-
YeHHH IIOCJAeL0BATeIbHOCTEH MUHEepaJoB, HabJAAAEMbIX B WAHbaX.
Ho 310 6ygeT nmoapoGHO pacCMOTPEHO HHXKE.

ILENH MAPKOBA

MHorHe reoJiOrHYecKHe HCCAEJOBAHMS CBA3AHLI C H3yYeHHEM
[I0C/IeI0BATENbHOCTEH pe3ybTaToOB HaOJIOAEHHH, KOTOpble Ipex-
CTABJEHBl B3aHMOHCKJIIOUAOWUMH APYT ApYra COCTOSAHHAMH. B Ka-
yecTBEe NPHUMEPA MOKHO NPHBECTH TOYEUHbIH NOACYET COAepIKaHHi
MHHEpAJIOB 10 NMepeceyeHHnio wHda, Korla HajluyHe TOrO HJH HHO-
ro MHHepaja OnpelensieT COCTOsiHME B RAHHOH Touke. llpu Hayue-
HUM CTpaTHrpaUUeCKHX pa3pe3oB HJH CKBAXKHHEIL, CEKYUIeH 3O0HBI
PYLHOTO Tesd, HAOMIONAKOTCA NMOCJIEeL0BATENbHOCTH JHTOJNOTHYECKHX
THIIOB NMOPOJ, KOTOPEIM MOKHO JaTh aHAJOTHYHYIO KJaCCHPHKALHUIO.
Hab.1101eHHs 110 NepeceyeHHIo MOXKHO TMPOBECTH C PABHBIMH HHTED-
BajJiaMH HJH 3Ke PaCIOJOXKHTb HX HPOH3BOJNBHO, KaK 3TO OOBLIYHO
HeJaeTcsl NpH H3yUeHHH CTPaTHrpaduueckux paspe3oB. B mepsoym
mpUMepe Mbi MOXKEeM OXKHAaTb MOSIBJEHHS OJHOr0 H TOrO Xe Co-
CTOSIHHSA, T. €. HECKOJbKO MO0C/Je10BaTeJbHbIX HabJaI0AEHHH MOTYT
TONACTb B OJHY H Ty XK€ KaTeropuio. Toro, OYeBHIHO, He MPOHU30ii-
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JeT, eCaH HaGMI0JeHHd [enaloTcsl TOJAbKO
‘B TOYKAX H3MEHEHHs COCTOSHHUS.

Ilannble, BXoAsllHe B 3TH HOC/JeL0Ba-
-TeJIbHOCTH, B CYLIHOCTH, TaKHe Xe, KakK Te,
"KOTOpbIE HCIOJB3YIOTCSl NIPH aBTOKOppeJs-
MMM M B3aHUMHOH KoppesuuH. Teneps, OA-
‘HaKO, Mbl OyjgeM H3ydyaTb He pacroJoxe-
jHMe COCTOSIHHi B TIOCJEJOBATEJbHOCTH,
a MpHPOLY Nepexoja H3 OJHOrO COCTOAHHA
B apyroe. Ml paccMOTpHM METOAH, KOTO-
‘pble COBCEM He HCIOJb3YIOT HHPOPMAUHIO
:0 T0JI0XKeHHH HAOMI0JeHHH BHYTpU IHOC/e-
JHOBAaTeJbHOCTH, HO 3aTO NO3BOJSIOT MOJY-
YUTh HHGOPMALKIO O TEHJEHIHH OJHOro ™~
COCTOSIHUSI CJIElOBATDL 3a APYTHM.

Hauusie Tabj. 4.4 npeacTasJsiOT CTpa-
-TurpauuecKuii paspes, H300paKeHHBIH Ha
puc. 4.4, B KOTOPOM OCajlouHble HOPOABI{0
OTNpeJeNsNHCh B I0C/JIEJOBATE/NbHBIX TOY-
Kax, pacrnojioXeHHbX Ha paccrosinud 0,3 M.
Kaxjaa Jurosoriueckass pasHOBHIHOCTH 5
6bia OTHECEHA K OJHOMY H3 YeThlpex B3a-
MMHO HCKJIIOYAIOLIUX ApYr Apyra cCoCTosi-
HU — NIeCUaHHKY, H3BECTHAKY, CJAaHLy H 0
YIVIIO, KOTOpble YCJIO0BHO ObliH 0003HAYEHbI
coorsercTenno A, B, C, u D. MoxHO no-
CTPOUTH MAaTpHIY nopsinka 4X4, B KOTO-
poil yKa3blBaeTcs, CKOJbKO pa3 AaHHOe CO-
CTOSIHUE CjelyeT 3a ApyruM. Marpuua ra-
KOTO THIA HasblBaeTCs MaTpHUeH nepexoi-
#blX yactoT. [IpuMeprl TaKHX MaTpHIL NpH-
BeleHbl Huxe. Mccomeayembifi cTpartHrpa-
¢$HuecKHH paspe3 copepxKHT 63 Habawone-
Hus, nosToMy umeerca (n—1)=62 mnepe-
xopa. Marpuuy cijenyer YuTaTh OT CTPOKH
K cronbuy. 1o, HampuMep, o6o3Hauaer,
YTO MepPexOAy H3 COCTOSHHMA A B COCTOsHHE
C COOTBETCTBYeT 3JEMEHT MAaTpHUBl a3,
T. € €CJH Mbl XOTHM 3HAaTb, CKOJIbKO Pa3  pyuc 44 Crparurpadmuec-
OCYLIEeCTBJSJCA TEepexod H3 CTPOKH C HO-  ckuif paspes, B KOTOPOM
mepoM A B cTonbel ¢ HoMepom C, MBI yBH-  JIHTOJOTHYECKHE COCTOSIHHA
JAHM, YTO TEPexoj H3 COCTOSHHA A B co-  PBSAHMHO HCKIIONAOT Apyr
crosinme C mpousoumies 5 pas no seeft mo- . APYIE
CIEJOBATEILHOCTH. AHAJOTHUHO, HMEETCH  Hak: C — onsvew; D — yroas
naTh nepexofoB H3 cocrosyus C B cocTof-

Hue A B 3TOH MOC/AeJ0BATEIBHOCTH; 3TO YHCJIO — JEMEHT MaTpH-
4pl, cTOSIMA Ha nepeceyeHHH cTpokd C m croabua A. Marpuua
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Ta6nuna 4.4
CTpaturpaduueckas nocnes0BaTeJbHOCTb, NPeACTABICHHAN Ha pHC. 4.4,
32KOAMPOBaHa C TOMOUIbI0 YETbIPEX B3aHMHO HCKJOHYAIOMUX COCTORHMI:
necuannk (A), ussectnak (B), caauen (C), yroan (D)

(Bepx)

C C B CAA
C C B C A4 A
C C B CAA
A ABCCA
A A B ACA
A CCADA
ACCACC
A D C A C (Hus)
A DB AD

C C B C D
cccce

NEpexoJnbiX 4acTOT ABJSAETCA XOPOIIHM crocobom BbBIpazKeHUst cJje-
AOBaHHsl OQHOTO COCTOAHHSA 3a APYIHUM:

B
B C D CyMMBl HO CTPOKAM
A - 18 0 5 0 - 23
B 0 5 2 0 7
Ms ¢ 5 2 18 2 28
D . 0 0 3 2 _ 5
CymMu no croabuaw 23 7 28 5 63 Obwas cymma:

3aMeTHM, UTO CYMMbl CTPOK M CYMMbl CTOJIGIOB OJHHAKOBEI NpH:
YCJIOBHH, YTO pPaspe3 HAYHHAeTCs H KOHYAETCS] B OJAHOM H TOM 2Ke-
COCTOSIHHH: B IPOTHBHOM CJydae JBe CTPOKH H ABa CTOJGLA OT.JIH-
Yal0TCA HAa €AMHHIY. 3aMeTHM TaKXKe, YTO B IIPOTHBOINOJOXKHOCTE.
Te€M MAaTpHL@AM, KOTOpHE BLIYHCJASIHM DaHbIle, MaTpHUA Mepexof-
HEIX 4acTOT, BOOOWLe rOBOPS, €CJaH MOCJAEI0BATEJbHOCTh HAYHHAET-
C M KOHYAeTcss B pasHBIX COCTOAHHAX, HECHMMETpHUHA, T. €.
a;,-;’:a;,-.

TeuJeHUHIO C/eJ0BAHMSA OJHOTO COCTOSIHHSI 332 APYTHM MOXKHO:
BEIPA3HTD B BUJE MATDHIb, IPEBPATHB 4aCTOTH B AECATHYHEIE JPO-
OH WJH TPOUEHTH. ECaM KaXablll 3/eMeHT i-#l CTPOKH pasfeHTh.
Ha CyMMY 9JIEMEHTOB (-H CTDOKH, TO NOJNyuYeHHas APOoOb BEIpA3HT
OTHOCHTE/IbHYIO BEJIMUHHY, XapPaKTEPH3YIOILYIO, CKOJbKO Pa3s 3a i-M
cocrosineM OyZeT c/efoBaTb Kakoe-aHOO Apyroe cocTosiue. B Be-
POATHOCTHOM CMbIC/IE 3TH YHCJIA SABJAIOTCA OLEHKAMH YCJAOBHOH
BEpOSATHOCTH P (j]i), 1. e. BEPOATHOCTH TOrO, YTO COCTOSIHHE | IO-
ABUTCA BCJeJA 34 JAaHHHIM B HAaCTOALIMH MOMEHT COCTOSHHEM i.
(Mp1 BBESIM HEOOLIYHOE, HO 3KBHMBaJeHTHOe obosnauenue (P (i—j),
KOTOpO® MOJKHO CYHTAThb BEPOSITHOCTBIO TOTO, UTO 34 COCTOSHHEM i
OyneT CaenoBaTh COCTOAHHe j.) DTo 0603HaueHHe GyAeT HCIOJb30-
BAHO TIO3XKe.
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B Ofmasn

A B C D cymMa

A [-0,78 0 0,22 0 - 1,00

" B 0 0,71 0,29 0 1,00
3 c 0,18 0,07 0,64 0,11 1,00
D I_0 0 0,60 0,40 _ 1,00

Orcioga, HanpuMep, BHIHO, YPO €CJH B HEKOTOPOH TOYKe MBI
HaxoguMcs B cOCTOsIHMHM C, TO BEPOSTHOCTb TOTO, UTO JHTOJOTHYE-
cxasi pasHoBHiHOCTh Ha 0,3 M Bbilre Taxkxke ectb C, pasna 0,64.
BeposTHOCTb TOrO, UTO 3Ta JHTOJOTHYECKas Pa3HOBUIHOCTb OyjaeT
cocrosiunem A, pasna 18%; oma pasHa 7% nans cocrosimusi B u
11% — nasa coctosuua D. Tak Kak 3TH YeThipe COCTOSIHUS B3aHMHO
HCKJAIOYAIOT APYr Apyra W HCUEPHBIBAIOT BCe COCTOSIHUSA, TO JIHTO-
JIOTHYEeCKasl PasHOBHIHOCTb JOJIXKHA ObITh ONHOI u3 uernipex. ITo-
3TOMY CyMMa, 3ajlaHHas o cTpokaM, paBHa 100%.

Ecau MBl pa3sfequM CyMMbl IO CTPOKaM MEPeXOAHOH MaTpHIbI
YacTOT HA CyMMy OOILero 4ucja NepexojoB, TO MBI IOAYYHM OTHO-
CUTENIbHYIO LOJIO BCEX YeThIpeX JHTOJOTHYECKHX Da3HOBHAHOCTEH,
MPEeACTaBJEHHLIX B 3TOM paspese. DTOT (AKTOP BepPOATHOCTeH Ha-
3LIBAETCSI MAapruHaJbHBIM, -HAH (QHKCHDOBAHHEIM BEKTOPOM BEPOAT-
HOCTeH.

A 0,37
B| 0,11
c| 0,44
plL 0,08

‘HanomuuM, 4TO B I'Ml. 2 cOBMeCTHAs BepOATHOCTb OCyILeCTBJe-
dHst ABYX cobuithii A u B paBHAaach

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

HIH
P(B|A) = P(A, B)/P(A).

TaxuM 00pascM, BepOATHOCTb TOTO UTO cocTosiHde B Oyner
cef0BaTh 3a COCTOsiHHeM A, paBHa BEPOATHOCTH TOrO, YTO peasH-
sylores 06a coctosinus A u B, peneHHofl Ha BepOATHOCTb OCYIle-
<TBAeHHs co6uiTus A. Ec/M BEpPOSTHOCTH OCYILECTBJEHHS COOBITHH
A H B He3aBHCHMBI, TO

P(A,B) = P(A)P(B) w
P(B|A) = [P(A)P(B)]/P(A) = P(B),

T. €. BEpOSITHOCTb TOTO, UTO COCTOsiHHE B Oyjer caeloBaTh 3a CO-
cTosHHeM A, ecTh IIPOCTO BEPOSITHOCTb TOTO, YTO COCTOAHHe B ocy-
LIECTBHTCS B STOM pa3apese, H 3Ta BEPOSATHOCTb 33J4€TCSI COOTBET-

CTBYIOLLUM 3JIEMEHTOM B QJHKCHI)OB&HHOM BEDOATHOCTHOM BEKTOpE.
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Eciu Bce BepOATHOCTH peaNH3alUUH COCTOSIHHH B paspese He3aBH-
CHMBI, TO TaKOe e COOTHOIIeHHe BEPHO H AJS BCeX BO3MOMKHBIX
Nepexo/0B8, HallpuMep,

P(B|A) = P(B|B) = P(B|C) = P(B|D) = P(B).

9To mo3BOJAET HaM NpeIcKasaTh, UTO MATPHLA BEPOSTHOCTEH me-
pexoja J0JKHA BLINJIALETb TaK, KakK ecad Obl 4acTOTbl JHTOJOTH-
YECKHX COCTOSIHHH B OJHOH TOUKe CTpaTHrpaduyecKoro HHTEpsa.1a-
ObLIH Obl COBEpUIEHHO He3aBHCHMBIMHM OT JHTOJIOTHH B TOYKe, pac-
NOJIOXKEHHOH HHXKe B HENOCPeJCTBEeHHOH 6.H30CTH. Marpuua oxH-
JaeMbLIX BepOSATHOCTEH nepexojia 6yJeT COCTOATh M3 CTPOK, KOTOPHIE
MIEHTHUHbl 3aJlaHHOMY BeKTopy BeposTHocTel. [ln1s Hawero crpa-
THIPa(QUUECKOTO NPHMepa OHa UMeeT BHJ

B
A B C D
A |-0,37 0,11 0,44 0,08 -
" B 0,37 0,11 0.44 0.08
3 c 0,37 0,11 0.44 0,08
D |_0,37 0,11 0,44 0,08 _

MBI MOXeEM CpPaBHHUTb 3Ty MAaTPHIY OXKHIAEMBIX BepOSTHOCTEH
nepexosa ¢ Habai0faeMOH MaTpHLEH NepeXOAHBIX BepPOATHOCTE!,
KOTOPYIO MLl AeHCTBHTEJbHO HaOMIOAAeM NpH IPOBEpKe THIOTE3 O
TOM, YTO BCE€ JIHTOJOTHYECKHe COCTOSHHS He3aBHCHMEI OT HEHOCpel-
CTBEHHO TIPEALIECTBYIOIUX COCTOSHHE. DTO nesaercss C IOMOLUBIO
KpHTepHsl y?, NMpHUeM CHayasJa OTHOLIEHHSA, XapaKTepHUBYIOUIHe Be-
POATHOCTH TOSIBJEHHS JIMTOJIOTHUECKHX THIIOB, MPEBPALIAJOTCS B-
YacTOThl, JJIS1 YEero MNPOBOJAHTCH YMHOXKEHHe KaXJIOH CTPOKH Ha CO-
OTBETCTBYMOIlee o0llee YHCAO COOLITHIH:

OuaaeMble BEPOATHOCTH Nepexoia O6uiee uucs0 OXHupaeMblC 4acTOTH

-0,37 0,11 0,44 0,08 - X 28 = |- 8,5 2,5 10,1 1,8
0,37 0,11 0,44 0,08 X 7 = 2,6 0,8 3,1 0,6
0,37 0,11 0,44 0,08 X 28 = 10,4 3,1 12,3 2,2

- 0,37 0,11 0,44 0,08 _ X & = 1 1,9 06 2,2 0,4

ITo Buny kpuTepHii > HaNOMHHAeT KPHTEPHH, OMHUCAHHBIH B . 2.
Kaxpablil 37€MEHT MAaTDHLBl 4aCTOT Nepexoja COCTaBJSeT KaTero-
pHIO, B KOTOPYIO BXOJAHUT KaK HaO/I0feHHOE, TaK H OXHAaeMOe YHC-
JI0 IepexojoB. DTH YHCJa CPAaBHHBAKOTCH NO GopMyJe

=308 (4.2)

rne O — Haba0JeHHoe YUCI0 epexoaoB U3 OJHOTO COCTOSIHHS B:
apyroe, E — uucno oxHEaeMBIX I€pexXoN0B H3 OJHOI'O COCTOSIHUSE
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B Jpyroe, ecjii MOCJeJOBaTeJbHble COCTOSIHHS He3aBHCHMEL Kpure-
puii umeer (m—1)2 crenenefi cBOGOAH, rle 7 — YHUCAO COCTOAHHE
(onna crenenb cBOGOAB TepsieTcs B KaXKIOM CTPOKE, TAK KaK CyM-
Ma BepOsITHOCTeH B KaxjioH cTpoke paBHa 1,00). Kak u ¢ apyrumit
THOAMH KpHTepHA %%, KaxkAas KaTeropHsi AOJKHA HMETb OXHIae-
Mbleé 4aCTOTH IO MEHbIeH Mepe As NATH Nepexofos. B sTom mpu-
Mepe 3TO He TaK, HO MBI MOXeM IPHMEHHTb KOHCePBATHBHBIH KpH-
TepHll HEe3aBHCHMOCTH, BLIUHCJHB IIPOBEPSEMYIO CTATHCTHKY M
yeThIpeX KaTeropui, y KOTOPbIX OKHAaeMble YacCTOTH GOJblie MATH.
OcranbHble KaTETOPHH MOXHO KOMOHHHPOBAaTb JO TeX IOp, MOKa HX
OXKHJaeMble 4aCTOTHl MPEBLICAT NSATh.

Kareropun Bxawyaior nepexoast A—-A, A-C, C+~A u C—C.
Kom6unupyeMble KaTeropuH MOryT ObiThb 0Gpa30BaHBl H3 BCEX 3Je-
MEHTOB CTPOKH B, BCeX 3/JeMeHTOB CTpOKH D M KoMOHHAUH{ nepe-
xono8 A—~B, A-»D, C—~B u C—D. Tlonyuaemas craTtHcTHKa yZ
HMeeT BHJ

4 (18—8,5)? (5—10,42 | (5—10,D% (18— 12,3)2
n= 8,5 + 10,4 + 10,1 + 12,3 +
- (7_ 7,0)2 (5—‘5)0)2 (5_9,8)2 — 20 99
8 7,0 + 5,0 + 9,8 T

Kpuruyeckoe sHauerue %? 0718 NeBATH cTenenel cBo6oanl U 5%-Ho-
TO ypOBHS 3HAYMMOCTH ecTb 16,92; mposepseMoe 3HaueHHe 3HAYH-
TeJbHO IPEBHINAeT 3TO YMCJIO, NO3TOMY MBI MOXKeM 3aKJIOYHTb,
YTO TUMOTE3a O HE3aBHCHMOCTH IOCJHENOBATENbHEIX COCTOSIHHf He-
BepHA, T. €. CyLIeCTBYeT CTATHCTHUECKH 3HAUMMAas TEHACHUMS A
HEKOTOPBIX COCTOSIHMI HMMeTh NPeANOYTEHHE B CJEJIOBAHHH 3a He-
KOTOPHIM JPYTHM COCTOSTHHEM.

[locnenoBaTesibHOCT, B KOTOPOH COCTOSIHHE B ONHON TOYKE B
BEpPOSITHOCTHOM CMBIC/Ie JIHLIb YAaCTHYHO 3aBHCHT OT NPEABIAYLIEro:
COCTOSIHHS, Ha3BIBa€TC MapKoBCKOM uenbio. Hassaunas Ttak B
YeCTh pycckoro Mmarematuka A. A. Mapxkoea, oHa sBasercss mpo-
MEXYTOUHEIM 3BEHOM MEXKJy INOJHOCTbIO ONpefeseHHLIMH (meTep-
MHHHPOBAHHBIMH) H COBEpIIEHHO CJAYYAHHBIMH IOCJeIO0BAaTeJdbHO-
cramMu. Haw crpaturpaduyeckuii paspes ykaseizaeT Ha uemb Map-
KOBa TIepBOro IMOpPSAAKA, T. €. CTAaTUCTHYECKAs 3aBHCHMOCTE.
CyLIeCTBYeT MEXAY NBYMS COCeAHHMH ToukaMH. CyllecTBYIOT Tak-
XKe CBOHCTBAa MapKOBOCTH BBICIUMX NopsimkoB. Hampumep, mocaeno-
BaTeJbHOCTb MapkoBa BTOpOro mopsiika ykasblBaeT Ha 3HAUHMYIC
YCJIOBHYIO 3aBHCHMOCTb MeXAy TOUKAMH, NPEJIECTBYIOUIHMH Aai-
HOH Ha JByX MpeAILIeCTBYIOUIHX LIATAX.

C moMompbio MaTpHIUbl NMEPEXOAHBIX BEPOSATHOCTEH MBI MOXKEM
OLEHHTH, T. €, IpejacKasaTh JHTOJNOTHIO Ha 0,6 M (Ha nBa Habjio-
JleHHs1) BHIIE HEKOTOPOH MaHHOH TOUYKH. IIpeanosokuM, uTo Ml
Hayaqu ¢ H3BECTHsKA (cocrosiHue B). YKasaHHBIE HHXKe BEpOAT-
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HOCTH OUEHHBAIOT JHTOJOTHYECKO® COCTOSIHHE, COOTBETCTBYyOlIEee
cOCeiHeli Bblllle pacHoJoXKeHHOH TouKe.

CocTosiHHe %
A (necuauux) 0
B (usBecTHaAK) 71
C (rsnna) 29
D (yroas) 0

Hpe}lHOJlO}KHM, 4YTO cJaelyrolias TOukKa JIGHCTBUTEJIBHO MNoNnajga-
€T B IVIHHY, Mbl MOXXEM 3aTe€M ONPEIACJHUTb BEPOATHOLTH MOABJACHHS
33JaHHOH JIUTOJIO0THYECKOH Pa3HOBHAHOCTH B cnenyromeﬁ TOYKE:

CocrosHue %
A (mecuanux) 18
‘B (M3BeCTHSK) 7
C (romuua) 64
D (yrons) 11

Takum o6pa30M, BEPOSTHOCTD JIHTOJIOTHYECKOH NOCaeA0BaTeNbHOCTH
H3BECTHAK—TIVIHHA—HU3BECTHAK OUEHUBAETCA KAK

P(B—C) X P(C X B) =29% X 7% ~2%.

OnHaxko ecTb H le_}”‘Oﬁ nyTe AOCTHYR B JABA WIara COCTOSHHUA
H3BeCTHsKa. B03MOXHa TakK:xke I0CJeN0BaTENbHOCTE H3BECTHAK—
‘M3BECTHAK—HU3BECTHIK. ,BQPOHTHOCTB NOJYUYHUTHL 3TY [ocne/0BaTe /b
HOCTh TAKOBA

P(B—B) X P(B—B) = T1% X 71% =~ 50%.

Tak kak gpyrie nepeXojbl H3BECTHIK—IECUaHHK H H3BECTHAK—
Yrojib HMEIOT HyAEBble BEPOSITHOCTH, TO 3TH JBE MOCIELOBATE/bHO-
CTH ABJSAIOTCS €AHUHCTBEHHO BO3MOXHBIMH ITOCJIENOBaTe/]bHOCTAMH,
KOTOpHle NPHBOAST OT H3BECTHAKA K HEMY e B Asa wara. Bepo-
ATHOCTb TOrO, YTO IIOPOAA HA JBa Liara BHLIe H3BeCTHAKA Oyjer
TOKE H3BECTHSAKOM, HEB3Hpas Ha NPOMEXKYTOYHOE JHTOJIOTHYeCKoe
COCTOsIHUE, Oy1eT CYMMOH BepOSITHOCTEH, T. €.

P(B—A—B)= 0°f,

P(B—B— B)="509/,

P(B—C—B)= 29/,

P(B-sD—B)= 0%,

529/,
To xe paccyxieHne MOXXHO NDHMEHHTL OJA OIpeAeJeHHA BEpOAT-
HOCTH TIOSIBJEHHA J10008 JIMTOJOTHUYECKOM Pa3HOBHIHOCTH CIyCTsa
JBa uiara, ¢CJH HCXOAUTHb H3 J000T0 JIHTOJIOTHUECKOTO COCTOSTHHUS.

OIHAKO HET HY:KAbBl paccMaTpuHBaTbhb BCEBO3MOXKHBIE TIOCJ/ENOBA-
TEJbHOCTH HHIAUBHAYaJbHO, TaK KakK HCHOJIbSyeMbIﬁ IpH 3TOM HpO-
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LeCC YMHOXEHHS M CYMMHPOBaHHS B TOYHOCTH COOTBETCTBYyeT
MaTpPHYHOMY yMHOXeHHi0. Ecan MaTpuua BeposSiTHOCTEH mnepexoia:
yMHOXKaeTcst Ha ce6a (T. e. BO3BOAUTCA B KBAAPAT), TO PE3YJbTAT
6yzeT MaTpHieH BepOATHOCTEH NepeXOfOB BTOPOro MopsAika B IO
CJ1e10BaTEeJIbHOCTH:

0,78 0 0,22 0 2 0,64 0,02 0,31 0,02

0 071 0290 | 005 052 039 003
0,18 007 064011 | ~| 02 0,09 054 0,11
0 0 0600,40 0,11 004 0,62 0,23

3aMeTuM, 4TO CYMMBl 3J€MEHTOB CTPOK KBajpaTa MaTPHUB TaKxKe:
cocrasasiior 100%.

Hannune sHaunmMofi MapKOBOCTH BTOPOrO NOPSIAKA MOXHO NPO-
BEPHTb TOUHO TAaK e, K&K Mbl HPOBEPAJH HE3aBHCHMOCTb MEXIY
nocaef0BaTeNbHEIMH COCTOSIHUSIMH C NMOMOIUBIO KpuTepHsa y2. Ecai
HNOBTOPHUTb BHIKJIAAKH, NPOBEJCHHLIC paHee, TOJbKO HCIOJb3Ysl Mart-
DHLy [EepPeXORHBIX BEpPOSTHOCTE BTOPOro NMOPANKA, TO Mbl yOemum-
csl B TOM, YTO 3Ta IOCJE0BATE]bHOCTh HE HMeEET 3HAUMMOro CBOH-
cTBa OEITb MapKOBCKOH LENbIO BTOPOro NOpAAKA.

Mpbl MoXeM OLEHHTb BEDPOATHOCTb COCTOSIHHS Ha JI060M Iuare
6yAyllero, MpoCcTO BO3BOAS B CTeleHb MAaTDHUY BEPOATHOCTEH <oO-
OTBETCTBYIOLIee YHCJO pas. LEciad MaTpHia BO3BOAHTCA B CTENeHb
JIOCTATOYHO OOJIblLIOE YHCJIO Pas, TO OHA LOCTHraeT YCTOHYHBOIrG
COCTOSIHHSA, B KOTOPOM BCe CTPOKH CTAHOBATCA PABHBIMH (DHKCHPO-
BAaHHOMY BEpDOSITHOCTHOMY BEKTODPY, MJiM, IPYTHMH CJOBAMH, IOJY-
yaeTcs He3aBUCHMAas MaTpHIA NEepeXOAHHX BepOSTHOCTeH, KoTopas.
He H3MEHseTCsl IPH TNOCJAeAYIOLIKWX BO3BEIEHHAX B CTENEHb.

B npuBeneHHOM BHILle IpHMepe BLI MOXeTe YOeAHTbCA B TOM,
YTQ HaHUBLICIIHE INepeXOAHble BEPOSTHOCTH COOTBETCTBYIOT IIepexo-
J1aM H3 OJXHOrO KAaKOro-iuBo COCTOsiHMS B cebs, HanpHMep nepexo-
daM IeCYaHHK—IIECYaHUK, H3BECTHAK—H3BECTHAK M INIMHA-——IJIHHA,
OueBUJHO, YTO 3TH TNEPeXOAHble BEPOATHOCTH CBA3AHLL C MOILHO-
CThIO BEHIOMpaeMbIX CTpaTHrpadHUECKHX €IUHHIL ¥ 3aBHCHAT OT pac-
CTOAHHUSI MeX1y BLIOODOUHBIMH TOUKaMH. Hanpumep, 4acToTsl BRO.IE
rJIaBHOHM JHaroHaJH MaTpHLLI YacTOT IlepexoioB OyAyT yABaHBAThb-
¢, B TO BpeMs K3K BHeiHaroHaJbHble 4aCTOTHl OCTAIOTCS HeH3Me-
HEHHBIMH B Cjayuae, eCJ1H Hal. 1I0JeHHs NPOBOJHAHCh Yepe3 KaxKible
0,15 M. DTo B 3HAYUTEJBHOIN CTENEHH YCHJIHBAET MapKOBCKOE CBOM-
CTBO, OJHAKO BeckMa cmeuuduyeckuM obpasom. Buibupas mnozpxo-
JsAllee pacCTOSHHe MeXKIYy TOYKaMH ONpOOOBAaHHS, Mbl CTaJKHBa-
eMcsl co caenyiomleli npodaemoli: eciau HaOJIOLEHHS DaCIOJ0MEHH
CAHIWIKOM OJHM3KO, MaTpHlla MEePexofoB OTpaxaer IJ1aBHBIM obpa-
30M MOHIHOCTb 0OJee MAaCCHBHBIX CTpAaTUrpaduueckix eJHHHLL;
€CJH Ke PAaCCTOAHHS MEXAYy TOYKaMH ONnpoOOBaHHS CJHIUKOM Be-
JIUKH, TOHKHE eJHHMIB MOryT OBbITb NOJHOCTBIO IPONYIIEHHL.
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Baoxennble nend Mapkosa

TpyanocTel BbIGOpA NOXXOAAILErO HHTepBasJa ONPOOOBAHHS
MOXHO M30exaTb, €C/IH HabJIOJAEHHS NPOH3BOAATCA TOJBKO TOTAA,
KOrja NPOHCXOAHT cMeHa cocTosiHui. CrpaTHrpadHuyecKHH paspes,
HampuMep, MOXeT ObITb NPEACTaBJEH KakK II0CJel10BaTeJbHOCTD
MOJCTHIAIOIUX MOPOJ, KaXkaas H3 KOTOPHIX JHMTOJOTHUECKH OTJIHY-
Ha OT HemoCPeACTBEHHO mpejllecTBylolled. B Tabsa. 4.5 mpeacras-
JIEHDB! SalHCH I0CJe[0BATEJbHOCTH T[OPHBIX NOPOA, NEPECeYCHHBIX
CKBaXKHHOH, mnpoGypenno#t B Joaune Mugsienn B Llormanpuu.
CkBakuHa 6blia npobypera Ha 480 M B KaMeHHOYTOJBHBIX OTJIO-
KeHUAX TEeHCHJAbBAHCKOTO BO3pacTa, COCTOAILIHX H3 [epecjaHBalo-
UWIHXCA TOJILL [JMHBI, MJa, TIeCYaHHKA H YrOJbHBIX [J1aCTOB HJIH
KOpHEBBbIX 30H. DTH OCAJKH HHTepNpPEeTHPOBAJHCH KAK OT/IOXKEHHLIe
B [eJbTe NJOCKOH pPaBHUHBI, NOJBEPKEHHOH YaCTLIM 3aTOMJEHHAM,
TaK 4YTO MOXKHO OXKHAATh, YTO HEKOTODHIE JIMTOJOTHYECKHE pa3HO-
BHXHOCTH MOTYT HAXOAHUTbCS B NPEANOUYTHTEIbHBIX OTHOLIEHUAX
Jpyr ¢ gpyroM. Jlaunble B3ATH H3 OOJBLIOrO YHCJA CKBAXKHH, H3Y-
gasluuxcs JlayToHOM.

Martpuua mepexOAHBIX YacTOT AJs YeTbipeX COCTOSIHHH, MOJY-
yeHHas AJs paspesa HIoTaAaHACKOH CKBaXKHHBI, MPHBOJAHTCA HHIXKE.
‘COBEpIUEHHO OYEBHIHA PA3HHIA MeXAY 3TOH H PACCMOTPEHHOH pa-

TatGanuma 45
TlocaenosaTeablble JHTOJNOTHYECKHE COCTOSIRHSA, TIOAYHYEHHBle B CKBaXKHHe,
apo6ypennoi B yroasswix naactax Jloaunnt Mupaenn s llHornaupuu; B3aumuo
HCKJIOualoLiHe cOcTOAHUs:: A — nycToit caaHel, B -— cjaHel ¢ HCKONAEMbIMH
OCTATKAMH NpPECHOBOAHBIX paKoBHH; C — aJeBpOJHT, D — necyaHuk
u E — yroas uau KOpeHHad 30Ha; 4HTafite BHH3 no croabuam [15]

{Bepx)

B DCBEUBBACEACDAETEAAAD
ECDEAAETCETCSBDACAACETDOC
A ACACCADAAETCEADUDEAETD
EEADDACTCDUBADTCUBACDETCTC
A DBCCCADACBCDTCDBDACDA
D CAADACADEU AACDEABDTCTD
A AEECBBUBCCBCDAAEDAAA
£ DDCDAETEUAAEUAETETCABGBESB
DCCDCBCAEDACCADTCAEHUAA
C AACAEACABBEDTCETDEAESHSB
DEEABADDTCEAACDACABAE
C CCBECCCDABTCETCDACETCA
A DAAADAAADETDAETCDAADTD
B CDEUBCCBET CCCCAAAETEAHB
EBEAADUDUAADADACBETCAEA
AEADOBTCCBETETCC CEUBEU ADTCTCE
D ADEADETEU AADAAEADTCDDA
C DAABCAACDABCADADE B (Hus)
D CCDEUACDUDAETEACCDTCAE
CDACACDACCAAEADTCDTDA
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gee MaTpuued, cocTosIlAs B TOM, YTO BCE €e JHaroHaJbHbIe UJIeHBl
JIOMXKHB GBITH HYJSIMH, TaK KaK COCTOSIHHE HE MOXKeT CJefloBaThb
3a caMuM cofoil. MaTpHua nepexoAHbIX BepOATHOCTEH, MOJyYalo-
1asics AeJeHHEM KaXKJAOrO 3JeMeHTa MaTPHUbl MEePEeXOAHBIX YacTOoT
Aa COOTBETCTBYIOILYIO CYMMY 3JIEMEHTOB CTDOKH, 00J1aflaeT TEM Ke
.caMbpIM cBokicrBoM. IlocjeroBaTe /1bHOCTH, B KOTOPBLIX IEPEXOAbl H3
HEKOTOPOTO COCTOSHHA B ce0s 3anpellueHbl, HA3LIBAIOTCS BJOMKEH-
HbHIMH MapKOBCKUMH uensMu. KX aHamus npeacrasiser crneuuopHu-
4qecKyio 3afayy, TPYAHOCTb KOTOPO# HE BCErAa MOHATHA reoJoram,
HM3YYAIOUHM 3AMHCH CTPATHTPAPUUECKHX JAHHBIX.

B CyMMBl TIO
A B C D E CTPOKaM

A | 0 Il 36 21 52 - 120

B 28 0 4 4 O 36
Ha C 34 2 0 45 13 94

D 29 1 45 0 3 78

E |- 28 23 9 8 0 _ 68
CyMMH TI0 119 37 94 78 68 396 O6uas
cToabuam cyMMma

JIHTOJIOTHUECKHE COCTOSIHUSI 3aKOAMPOBaHbl GykBamu: A — riH-
Hbl, HE COAEpIKallHe HCKONMaeMble OPraHH3MbI H MEJIKYI0 TOPOAY,
B — ravHb, COfepialllie PaKOBHHBI MpecHOBOXHOH dayns, C—
anespur, D — necyanuk # E —yroap u xopensbie mopomsl. Coor-
BETCTBYIOIIAS] MAaTpHIA NEePeXOAHBIX BEPOSTHOCTEH HMEeT BHA

B Cymmet no
A B C D E CTPOKaM
A |-0 0,09 0,30 0,18 0,43 - 1,00
B 0,78 0 0,11 0,11 0,00 1,00
Us C 0,36 0,02 0 0,48 0,14 1,00
D 0,37 0,01 0,58 0 0,04 1,00
E |-0,41 0,34 0,13 0,12 0 - 1,00

MapruHaJbHBIH BEDOATHOCTHBIH BEKTOP HMEET BHJ,

Al 030"
B| 0,09
cl| 024
D| 0,20
E| 017

Kpurepuii %%, HaeHTHuHHE (4.2), MOXeT OBTb HCIOJAb30BaH
JAs TPOBEPKH MAapPKOBCKOTO CBOHCTBA BJIOXKEHHOH IOC/IELOBATE/Nb-
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HOCTH. JTO jeJsiaeTcsl CpaBHeHHeM Halb.I0faeMoll YacTOTHOR MaTpH-
Ubl Nepexoja C OXKHA4eMOH MaTpuuel, e€ciH IOCJIeiOBaTelbHbIe:
COCTOsIHHA He3aBHCHMBL. OJHAKO (HKCHPOBAHHLIH BepOATHOCTHBLIA:

BEKTOp HE MOXKeT OBITh HCIIOJIB30OBAH JLJIS1 OLEHKH CTOJOLOB OXKH-

JaeMOH MaTpHUbl NepeXOAHBIX BeposaTHocTel. [T0CKOMbKY mepexoabl

H3 HEKOTOPOrO COCTOSIHHSI B ce0s 3ampellleHbl, Mbl AOJKHbLL OBIIH
OBl HCHOJB30BATh KAaKOH-HHOYIb OKOJBHBIA NYTh 1.8 OLEHKH yac-
TOT NEePeXOJO0B MeXJAY HEe3aBUCHMBIMH COCTOSIHMSIMH IIPH YCJOBHH,
YTO TAaKHE COCTOSIHHS HE MOTYT CJeJ0BaThb 3a CaMHMH co6oi.

Has Havana mpeacraBum cefe, 4TO Halla I0C/1eA0BATENbHOCTH
B JeHCTBHTEJNbHOCTH SIBJSIETCS HEKOTOPO#l LeH3ypPHPOBAHHOK BH-
OOpKOH, H3BJIeUeHHOH U3 OOLIYHON NMOCAELOBATENBHOCTH, B KOTOPOM
NePexX0jibl H3 HEKOTOPOrO COCTOAHHS B celsi MOTYT HMETb MECTO.
Martpuia nepexoHbIX BEpPOATHOCTEH 3TOH I0C.€10BATENbHOCTH
JOJI)KHA HMMeTb BHJ, aHAJOTHUHBIH yiKe HAOJIOAEHHOH, HCKIIOYAs
AHaroHanab, Koropas OyleT COAepKaTb OTJHHUHLIE OT HYJs 3JIeMeH-
Tol. Ecau Obl Mbl BHIYHC/IHAH MaTpHLY BEPOSTHOCTEH Iepexofa H3
3TOH MaTpHULBl YAaCTOT M 3aTeM BO3BEeJH Obl €¢ B A0CTATOYHO BHI-
COKYIO CTeNeHb, TO Mbl OUEHHJH OBl MATPHIY NEPEXOIHLIX BEpOAT-
HOCTEH I10CJeX0BaTeJbHOCTH, B KOTOPOH [OC/€EN0BaTE bHbIE COCTOS-
HHUSl HE3aBHCHMLI. Ecau 3aTeM OTOpOCHTb JHAroHaJbHBIE 3JEMEHTLE
U MepecuuTaTh BHeAUArOHaJbHble BePOATHOCTH, TO B pe3yJbra-
Te NMOJYUYdTCS OXMAaeMass MaTpHLla MepeXOAHBIX BepOSTHOCTEH
A BJOXKEHHOH NOCNeA0BATEILHOCTH, ¥ KOTOPOH COCTOSIHMSA He3a-
BUCHMBL.

Kak BBIUHCJIHTH YacCTOTHl NEPEXOAOB M3 KaXKAOTO COCTOSHHS B
cebs1, ecau 3Ta HHpoOpManus HegocTynmHa? Mpl 6yneM NpUMEHsTH
JJIs1 3TOr0 MeToqh npob M omubOK, BHIOHpasg JAJs HHX Takue 3Haye-
HHSI, KOTOpbLie, OYAyuYH BCTaBJEHHHIMH HAa AHATOHAJH MAaTPUUBL me-
PEXOAHBIX YACTOT, HE H3MEHAIOTCA IpPH BO3BEJAEHMH MaTpHIL B
cTeneHb. BHeAHaroHa/JbHbBe 3JEMEHTH, OJHAKO, OyAyT H3MEHATbCS
A0 TeX 1op, MoKa He OyaeT NOCTHTHYTa YCTOHYHMBAS KOHGUryparus,
COOTBETCTBYIOLas MOAENH HE3aBHCHMBIX COOLITHH.

Ha npaxkThHke cOBceM HeT HYXKAB BHIUHC/SITh BHEAHATOHAJbHbIE
3/7eMeHTh. Mbl HAUHHAEM C TOTO, UTO NPHIHCHIBAEM IHACOHAJbHbIM
3/1eMEHTaM HaGJIIOAEHHOH MAaTpHIBl NePeXOAHEIX YaCTOT HEKOTOPOe
npousBosabHoe Goabuioe uucao, ckaxem 1000. Tlpocymmuposas
3JeMeHTH KaXKJOH CTPOKH M PasHe/iHB Pe3yJbTaThl Ha 06yl CyM-
My, MCTOJIb3YyeM MNOJIyueHHLIe SHAUCHMs B KayecTBe OLEHKH Mepe-
XOJHBIX BEPOATHOCTEH, CTOAILMX HA JHArOHa/JH. DTH BEPOSITHOCTH
BO3BOASTCS B KBAZpaT H YMHOXKAlOTCS Ha OOLIYIO CyMMY, B Pe3yilb-
TaTe HOJYYaIOTCS HOBBIC OLEHKH JMArOHaJbHBIX YaCTOT. DTH HOBHE
OLEHKH BCTABJAIOTCA B HCXOAHYIO MAaTpHLY NEPeXORHBIX 4acTOT H
3aTeM 5TOT NpOLECC NOBTOPsETCs. YKaxeM TIepBBI HUKJ 3TOH
OpOLEeAYPHL.

lar 1. 3anmuceiBaeM HCXOZHYIO MAaTpPHIY MEPEXOIHBIX YACTOT
co sHaugeHneM 1000 Ha Kaxkj0M MecTe JHaroHaJH:
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A B ¢ poE R
A = 1000 11 36 21 52 - 1120
B 28 1000 4 4 0 1036
s c 34 2 1000 45 13 1094
D 29 1 45 1000 3 1078
E - 28 23 9 8 1000 _ 1068
5396 O6uas

cyMMa

Hlar 2. OueHHBaeM COOTBETCTBVIOLIHE NHATOHAJbBHBLIM 3./€MeH-
TaM [epexXO/Hble BEPOSTHOCTH, HalJeHHBIE [LeNICHHEM CYyMM TO
LTpPOKAM Ha OOIIYI0 CyMMYy:

B CyMMBl O
A B fod D E CTPOKAM

A |- 0,208 - 0,208
B 0,192 0,192
Hs c 0,203 0,203
D 0,200 0,200
: 0,198 _ 0,198

[

lar 3. IToaryyaeM BTOPYIO OLUEHKY MATPHIBI NEPEXOAHLIX Yac-
TOT, HCIOJb3Ys AHATOHAJbHBIE 3/eMEeHTHl, NOJyUYeHHbIE YMHOKEHH-
‘eM JHMAaroHaJbHBIX BEpOsiTHOCTeH Ha obmylo cymmy 5396. Buenua-
TOHAJbHbIE 3JEMEeHTbl — HCXOAHble HaOJIOJeHHble 4acTOTHL. 3areM
HaXOZATCS HOBBIE CYMMBI IO CTPOKAM M oflias cyMma.

B CyMMBI 10

A B C D E CTPOKaM
A |- 233 11 36 21 52 - 353
B 28 199 4 4 0 235

Us C 34 2 222 45 13 316
D 29 1 45 215 3 294

E |- 28 23 9 8 212 _ 280

1478  O6was

cyMmMa

DT0T mpouecc MPOJOJKAEM A0 TeX MOp, MOKAa OUEHKH NepeXOfHBIX
qacTOT HAa JAHATOHAJNH HE NePecTaHyT H3MeHsATbCA. JloCTuKeHHe
sroii uesau Tpebyer or 10 mo 20 uTepaumuii, mpuUeM YUCJIO UTEPalHUil
3aBHCHUT OT TOTO, Kak OJIH3KH ObIH BHIOpaHHbLIE HAMH Hayraja 3Ha-
yeHHs1 K cTaGu.IbHbiM. OKOHYATeNbHBIH BHJA MaTPHUBI NEePeXOAHBIX
YacTOT C OHEHEHHLIMH JIHarOHaJbHBIMH YaCTOTaMH NPHBEJEH HUKE.

B CyMMBL IO

A B cC D E CTPOKaM
A - 66 11 36 21 52 - 186
B 28 3 4 4 0 39
‘U3 C 34 2 29 45 13 123
D 29 1 45 17 3 95
E _ 28 23 9 8 13 _ 81

185 40 123 95 81 524 Ob6utasn

CyMmuma nmo €T1eI0uas
cyMma
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ITy MaTpuUy MOMHO Ipeo6pasoBaThb B OXKHAAEMYIO MaTpHUy me-
PEXOJHBIX BEPOATHOCTEH THNOTETHYECKOH MapKOBCKOH MOC/eL0Ba-
TEJbHOCTH, PAa3NeJHB KAXKIABIH €e 3JeMeHT Ha COOTBETCTBYIOILLYIC
cymmy no crpoke. OfHAKO Taxas MaTpPHLa MaJjgO HHTEPECHa, TaK.
KaK OHa XapakTepusyeT OOJbIle THIOTETHYECKYIO, YeM HabJioieH-
HYI0 BJIOXKEHHYIO I'OCJIEN0BATENbHOCTb. [Ipyroe Aea0 — MapruHalib-
Hble CYMMbl O CTpOKaM. IIpH HX BBHIUHCJEHHH HCIOJAB3YeTCSI Map-
THHAJIbHBIH BEPOATHOCTHBIA BEKTOP

Al 0,355
B| 0,074
c| 0,235
p| 0,181
E| 0155

Mbl MOXKeM Tenepb BEIYHC/IHTD OXKHJAeMble BEPOATHOCTH H OXKH-
JlaeMble YacCTOTHl THIOTETHYECKOH II0CAEN0BATEIbHOCTH HE3aBHCH-
MBIX COCTOSIHHH [Jisi MapriHajJbHOIO BEPOSTHOCTHOTO BEKTOpA. Ml
NpoBepsieM FHMOTE3Y O HE3ABHCHMOCTH MOCJCHOBATEAbHBIX COCTOS-
HUH, 3aMeuas, YTO, HANpHMep, €CJAH COCTOsAHME A He 3aBHCHT OT
cocrosnua B, 1o P(A|B)=P(A)P(B). Tak xax P(A) u P(B)
3aJlaHbl COOTBETCTBYIOUMMH 3J€MEHTaMH MaprHHaJbHOTO BEPOAT-
HOCTHOTO BEKTOPa, TO OLUEHKA YCJOBHOH BEPOATHOCTH TOrO, YTO CO-
crosinie A Oyler cae10BaTh 3a COCTOSIHHEM B, pasHa P(A|B)=
= (0,355) (0,074) =0,026. OxkunaeMble BEPOATHOCTH /151 BCEX Ie-
PeXO0L0B NpHBEJEHBl HUXKE:

B
A B c D E
- 0,125 0,026 0,083 0,064 0,055 -
0,026 0,006 0,017 0,013 0,012
0,083 0,017 0,055 0,043 0,036

0,064 0,013 0,043 0,033 0,028
- 0,055 0,012 0,036 0,028 0,024

oy
@
OO W™

OxHiaeMble YaCTOTH HaXOAATCA YMHOXKEHHeM 3TOf 3TOH MaTpHUbLE
Ha O0UIyI0 CYMMY, paBHyio 524.

B
A B C D E
A - 65,5 13,6 43,5 33,5 23,8 -
B 13,6 3,1 8,9 6,8 6,3
Hs c 43,5 8,9 28,8 22,5 18,9
D 33,5 6,8 22,5 17,3 14,7
E - 28,8 6,3 18,9 14,7 12,6 _

saMeTI/IM, 9TO 3Ta MaTpHlla CHMMeTpHUHAa H JHaroHaJbHbie
3JEMEHTBI OCTAIOTCA HEH3MEHHBIMH (C TOYTOCTBIO A0 OUHOOK:
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©OKPyraeHus). BHeauaroHasbHble 3/€MEHTH €CTh OXHIaeMble yac-
TOTH NEPEeXOA0B AJIsA BJOXKEHHOH NOC/Ie0BaTEJbHOCTH, €CJH Npea-
TI0J1I0KHTb HE3aBHCHMOCTb MeXKAy [OCJeN0BaTeJbHbIMH COCTOSIHHS-
MH. Ecin oTB/eubcs OT AHArOHA/IbHBIX 3JIEMEHTOB MAaTPHIBH, TO ee
MOXKHO CPaBHHTb C HaOJ/IIOACHHOH MaTpHled NepexojHBIX 4acToT,
TaK K4aK CyMMbl CTPOK H CTOJOLOB y HHX OAMHAKOBHE (CHOBa C
TOYHOCTBIO 10 OLUHOOK OKpyTJyeHHs).

[IpuMenss nas cpaBHEHUS CTATHCTHKY x2, IOJydaeM 3HAUEHUE
x?=172. Kputepuit umeer v= (m—1)2—m creneHeil cBoBoisl, TAe
M — YHCJO COCTOSIHHH, HJAM B 3TOM npuMepe v=11. Kpurnueckoe
3Havenue ¥* c¢ Il creneHsaMu cBoGOABI M YPOBHEM 3HAYHMOCTH o =
=0,05 paBHo 19,68, T. e. BHIUHCJICHHOE 3HAUeHHe 3HAUMTEJBHO IIpC-
BBHILIAET KPHTHUECKOE H IO3TOMY Mbl MOXKEM 3aKJIOYHTb, YTO IIO-
.C/IEI0BATENbHbBIE JHTOJNOTHUECKHE COCTOSHHS, 3aperdcTPHpOBaHHbIE
B Hlotnananu, He SIBJSIOTCS HE3aBHCUMBIMH, a CKOpee OTpaxaloT
-CBOMCTBO CHJIbHOH MapKOBOCTH IIEPBOTO NOPSIKa.

Ecsn kpuTepHil MoKasKeT Ha HaJHYHe YaCTHYHOH 3aBHCHMOCTH
MeXAy TNOCJeJOBaTeJbHbBIMH COCTOSIHHSIMH HEKOTOpOH MOCJ/e/10Ba-
TEJbHOCTH, TO MOKHO NPOJOJIXKHTb HCC/EJOBAHHS C UEJbIO YTOUHE-
HHA 3TO# 3aBHcUMOCTH. IlpocThie rpagul HanGosee 3HAYHMEIX Be-
{pOSITHOCTEll HANIOMHHAKIOT KAPTHHKH, XapaKTepH3YIOUIHEe IOBTOpe-
HHUSL B IIOCJEJ0BATeNbHOCTH; OHH TaKXe MOTYT ObiTb OOHAapYKEHB
¢ TIOMOILBIO alnapaTa TeODHH aBToaccouuaunuil. JIas mnpoBepku
'3HAYMMOCTH BEPOATHOCTEH MHEePeXO0B MEeXAY HHAHBHAYAJbHHIMHU
qMapaMH COCTOSIHHH INpHMEHHMbI MoaMdHKauuu kpHTepust y2. He-
&OTOpHE aBTOPBI HAXOAAT, 4YTO COOCTBEeHHBE 3HAYEHHS MATPHIBL
AIEPEXOJHLIX BEPOATHOCTEH SBAAIOTCA [OJE3HBIMH HHAHKATODaMHU
nukJAMUHOCTH. (Heo6xoauMo OTMETHTh, ORHAKO, UTO BHIUHCAEHHE
COOCTBEHHLIX BEKTODOB aCHMMETPHUHOH MaTpHLB, KaKo# sIBJISeTCs
‘MaTpHIla TIePEXOJHBIX BEPOATHOCTEH, coBCeM He NpocTas 3aj7aua.)
OTH BONPOCH B Halllei KHHIe faJiee He GyIyT Pa3BHUBATLCS; HHTe-
'DECYIOLIMACS YHTaTe1b MOMKET OGpaTHTbCSI K KHHre Kemenn Hu
«Creana [30] unu kuure lIsapmaxepa [49], mocBsIeHHOH KoJHuYe-
‘CTBEHHBIM METOJaM H3yuYeHHs OCaAKOHAKONJeHHS. Kpurepuu Tunma
X% IS BAOXKEHHBIX INOCAeNOBATeIbHOCTEH NPEACTABJEHH B KHHTeE
Tynmena [22]. CoorsercTBylollHe reosorHueckie mNpobJeMbl pac-
"CMOTpeHbl B cTaThax [15] u [16]; MoxHO Takke peKOMEeHAOBATH
;paboty Tiopka [54].

NMOCJENOBATEJIBHOCTH COBbITHH

MBIl He paccMOTpesH ellle OLUH HHTEPECHBI THI BPEMEHHEIX psi-
0B, HaspiBaeMbIX INOCJAeJOBaTeJbHOCTAMH coGhiTHH. [lpumepamu
TEOJIOTHYECKHX JAHHBIX TAKOTO POJAa MOTYT CJYXKHTb HCTOPHUYECKHE
CBeJleHHs] 0 3eMJeTpsiceHHsX B KanuhopHHH, 3aNHCH O BYJKaHHYe-
CKHX u3BepxkeHHAX B CpenuseMHoM Mope. XapaKTepHCTHKH 3THX
PANOB crepyiome: a) COOBLITHA DasJHYAlOTCS MOMEHTAMH BpeMe-
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HH, B KOTOpbie OHH NPOH3OILIK; 6) COOEITHS NO CYLIECTBY CBOEMY
MTHOBEHHEI; B) COOBITHSI HacTOJbKO pE€AKH, YTO HHKAKHe JABa He
MPOHCXOAAT B OAHH H TOT XK€ BPEMEHHON MHTEpBA.I.

ITocnenoBaTe bHOCTH COOBITHII MOXKHO paccMaTpHBaTh Kak IMo-
CJ1€0BaTeJbHOCTb HHTEPBAJIOB MeKiy X peanusauuefl. Hamwu nan-
EEle MOTYT COAepKaTb TaKXKe [NPOIO0JKHTeNbHOCTh HHTEPBaJOB
MEXAY NPOHCXOAAIMMH COOLITHAMH HJIH COCTOATH U3 3HAUECHUR
CyMMapHHIX [JHH BPEMEHHBIX HHTEpBAJOB, XapaKTepPH3YIOIIHX CO-
OblTHs. JlaBHBle B 0gHOH ¢opMe MoryT GbiThb IpocTO mpeofpasosa-
HHl B JlaHHBIe APYroH (OpMBHL. v

Mogenn mnochepoBaTesbHOCTEH COOBLITHA MOXKHO HCNOJb30BATH-
AJSl aHaJM3a HEKOTOPBIX THIOB INpPOCTPAHCTBEHHBIX JaHHbX. Ha-
npHMep, HaC MOXeT HHTepecoBaTb 4acTOTa OOHapyXKeHHs DeAKHX
MaTepHaJoB, CIOpPafAHYeCKH BCTPEUAIOIIUXCSA HaA IepeceYeHHH UIJIH-
t¢a, UM XKe pacHpOCTPAHEHHOCTb OEHTOHHTOBLIX CJIO€B B BepTH-
KaJbHOH TOCJIEOBATENbHOCTH pa3pe3a OCaJO4HBIX 0OpasoBaHH.
Onnako o6OCHOBaHHE NPHMEHHMOCTH METOLOB HCCJIENOBAHHS [0-
CJIENOBATEJbHOCTH COOBITHA K NPOCTPAHCTBEHHBLIM AAHHBIM fAB.IA-
eTcsl OueHb TPYAOEMKHM H 6asHpyeTcs Ha NPEANOJOXKEHHH O IO-
CTOSIHCTBE CKOPOCTH 0OpasoBaHHs IPOCTPaHCTBEHHOH MNOCJAENOBa-
TEJBbHOCTH. DTO NpeANoJOxKeHHe, BePOSTHO, BHIOJIHAETCS B HEPBOM:
npuMepe, HO BO BTOPOM TpelOyeTcsl YCTaHOBHTb JONOJHUTEJbHOE
yCJIOBHeE, 3aKJI0Yalolleecss B TOM, YTO CKOPOCTb OCaJKOHAKOIJIEHHS¥
NOCTOSIHHA B Npejesax AAHHOH NMOCaeN0BATEebHOCTH.

Hcropuueckne 3amucH u3BepxeHHH Byakana Aco B Kuymy,
SInouus, senucs ¢ 1229 r. u nmpeacrasiens B Taba. 4.6. Aco — 3to

Tatnuua 4.6
Jlatbl u3Bepxkenuii Byakana Aco B nepuop 1229—1962 rr.

Toant
1229 1376 1583 1780 1927
1239 1377 1584 1804 1928
1240 1387 1587 1806 1929
1265 1388 1598 1814 1931
1269 1434 1611 1815 1932
1270 1438 1612 1826 1933
1272 1473 1613 1827 1934
1273 1485 1620 1828 1935
1274 1505 1631 1829 1938
1281 1506 1637 1830 1949
1286 1522 1649 1854 1950
1305 1533 1668 1872 1951
1324 1542 1675 1874 1953
1331 1558 1683 1884 1954
1335 1562 1691 1894 1955
1340 1563 1708 1897 1956
1346 1564 1709 1906 1957
1369 1576 1765 1916 1958
1375 1582 1772 1920 1962
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«CJIOXHBIH CTPATOBYJKAH, BCe €0 H3BepKeHHS OTHOCHJIHMCH K B3PLIB-
(HOMY THMNY, H IIPH 3TOM BHOpacLIBAIOCH OTPOMHOE KOJHUYECTBO BY.I-
KaHHueckoro mnemga. XOTs CTapble, Ppery.aspHO TPOBOAUBIIHECS
3aMMCH COjAepKAT YKA3aHHS HA OTHOCHTEJBHYIO MOIUHOCTb H ITIPO-
JIOJKATEJbHOCTD H3BEPKEHHH, 1/ APAKTHUECKHX Hesell MBI MOXKeM
‘CYHTAThb 3ANHCH KaK OTHOCSAILHeCsd K COOLITHSIM, IPOH3OLIEIHM
MPHOBEHHO. AHa/H3 HMCTODHM BYJKaHa MOXKET MPOJIHTb HEKOTOPBIf
CBET Ha TPHPOAY MEXaHH3Ma H3BepXKeHH#l H MOXKeT NpPHUBECTH K
‘TIOCTPOGHHIO (hH3HUeCKOH Mojaemsu Bynkauos [61]. Koneuno, Mpl MO-
KeM TaK¥Ke HajeaTbCs, 4YTO Takoe H3yueHHe MOXKeT NPHBECTH K
TOSAB/JICHHIO TEXHOJOTHH TNpPeNCKA3aHHst H3BEpXKeHHH B OyAylLIeM.

Hsyuenue psgoB coObITHII Mpec/cAyeT HeCKOJIbKO OOBEKTHBHBIX
-neaefi. O6GbIUHO HcCaeLOBATENST MHTEpecyeT CpeiaHss dYacroTa Io-
'sIBJ1€HHsT COOBITHH, T. €. YHCJO0 COOLITHH 32 HEKOTOpHIl HHTepBall
BpeMenn. Kpome Toro, 6niBaeT He00X0AMMO HCCAeL0BaTb Pl CO-
‘OuiTuit Gosee merasnpHo. llesb Takoro HccJ/e0BaHHSt — BHISIBJIEHHE
KaxoH-J1u00 3aKOHOMEDHOCTH, KOTOPOH MOTyT NOIYHHATBCA COOBI-
TusA. JlonosHuTeJbHass HHOpMAUHsS MOXKeT OBITH HCIOJAb30BAHA
JNs YTOUHEHHUS] HaCTOTH NOSABJCHUSA COOBLITHH, 1A ONpeje/eHHs
-0COOEHHOCTel BLIOOPOYHOH CXeMbl, JJisl oOHapYKEeHHs TpeHAa B JJs
"YCTAHOBJGHUSA APYTHX CHCTEMaTHUCCKHX CBOHCTB PS/I0B.

Tax xax psabl COGLITHH HMEIOT OYeHb IPOCTOM BHI B TOM CMBIC-
JI€, UTO OHH COCTOSAT M3 XAapaKTePHCTHK THIA <«Ja — HeT», TO I
‘HX M3YUCHMS MOXKHO HCINIOJIb30BaTh NPOCTLIE H B TO K€ BPeMsl OYeHb
MOILHBIE aHAJHTHYeCKHe MeToabl. Koxc u JIboHC paccMaTpHBAIOT
‘MHOJKECTBO TIpa(HyecKHX MeTOJOB, MOJE3HHX MJs HCCAeJOBAHHS
‘PANOB COOBITHHA. OTH METOAbl HJJNIOCTPHDYIOTCS B IIPHMEHEHHH K
JaHHBIM H3BEpKeHWH ByJkaHa Aco, NpejcTaBJeHHEIM B Tabua. 4.6.

Ha puc. 4.5 nsobpakeHa KyMyJasTHBHas KpHBasi oGLIEro yucJaa
“U3BEPXKEHHH £, NPOM3OLIEAUINX BIVIOTb JO MOMEHTA BpeMeHH f, OHA
-COOTBETCTBYET Ha rpacdHke Touke ¢ abcuuccolr {. IDTOT PHCYHOK
"XOPOWIO OTpaxaeT H3MEHeHHS B CpPeJHe#l CKODOCTH IIOSIBJEHHS CO-
‘Ouituit. Hakaon npsmol, coeiuHsiomlel Ji00ble JBe TOUKH Ha Ky-
MYyJSATHBHOH KDHBOH, paBeH CpegHeMY HHCJIY COOBLITHH 32 eIHHHIY
BpPEMEHH, B KayecTBe KOTOPOIl BbIOpaH HHTEpBaJ MeXAy OSTHMH
JBYMS TOUKAMH.

Ha puc. 4.6 npeicraBieHa THCTOrpaMMa YHCJA H3BEpPIKEHHUI,
MPOUCXOASIIHX B MOCJE103aTeIbHLIE PABHble HHTEPBAJEl BpeMEHH.
TucrorpaMma npsiMO YKa3LIBaeT JIOKAJIbHBE MEPHOLB (BJIIOKTYalHK
OTHOCHTEJIbHO CpeHeH CKOPOCTH MNOsABJEHHA H3Bep:KeHHH. M3 pu-
‘CylKa BHAHO, YTO THCTOrpaMMa YYBCTBHTENbHA K JJHHEe BbiGpaH-
'HOTO MHTepBaja, MO3ITOMY NpH aHaJu3e PAAOB ObIBaeT I0JIE3HO
HMCTb 00JbIIE YeM OJHY FHCTOTpaMMy.

OMnupHyecKas (YHKHHA JAEATETbHOCTH BYJKaHA MOJyYaercs,
“€CJIH NPeJCTaBUTh B NMPOUEHTAX 3aBHCHUMOCTb Y (OTHOUIEHHS YHCaa
BPEMEHHBIX HHTEPBaJOB JiHHHee X K 0oOlleMy YHCJy HHTEepBAJoB)
©OT X (AJMHHBLI BPEMEHHOrO HHTepBaJa). IlonyueHHast GyHKUHA Xa-
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100 Puc. 4.5. KymyasTupHas KpHBasm

g0 YHCA H3BePXKEHHH ByakaHa Aco, oT-
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Puc. 4.7. Dunupuueckas Qynxuus ges- Puc. 4.8. Jlorapupm sMnupuucckoi
TeJbHOCTH ByJakaHa Aco. (hYHKUMH AeATEeIbHOCTH BYJKaHa Aco.

o BepTHKa bHOA OCH YKasaHbl NPOUEHTH Beptuxkanbrasa ocb puc. 4.7 34eCh NPIACTaB~
OT 4YHCAa HHTEPBANOB MeXKAY H3BEepXKeHHs- JleHa B jorapHdmMHyecKoM Macuwrale
MM, HMEIOUIHMH NPOAOAKHTENLHOCTL Gojblie
HEKOTOpPOR 3aflaHHON, NO TOPH3OHTAJbHOR —

NPOJOMKKTEAbHOCTD HHTEDBaNA

fop cobkiTuA

Puc. 4.6. TuctorpaMMa Uucaa H3BepiKeHH BYJKaHa Aco, TPOH3OWIEAINHX B TOC/e~
JOBaTeNbHbEIE CTONETHHE UHTEPBaJH

TepU3yeT BEPOATHOCTb TOTO, YTO COOLITHE HE NPOH3OWIO pPaHbLUe:
moMenta BpeMeddH X. Ha puc. 4.7 npeacras/ieHO NPOLEHTHOE OT-
HOILECHWE UHCJA HHTEpPBAJOB MEXJY H3BEPXKEHHSIMH, KOTOpHe mpe-
BOCXOLAT HEKOTOPOE 3afaHHOE UHCJO JeT. Ecan cobbITHS npoHCcXo-
ISIT CaydafiHo BO BpPeMeHH, TO GOYHKUHSA AesAre]bHOCTH OyIeT HMMeThb.
3KCMOHEHUHAJBHYIO (HOpPMY.

Ty ke caMylo (YHKUHIO MOXKHO H300pasHTb B Jorapudmuue-
ckoM Macurabe, ucnoansys log ¥ xaxk ¢ynkuuio X. Jlorapudpmiue-
cKas SMIHpHYecKass QYHKUHA AeATeJbHOCTH OCOOeHHO yA00HA IJs
H3YUeHHs] OTKJOHEHH OT CJyuaitHO#t BeJHUHHBI, KOTOPhIE MPEACTAB-
JA10TCS Ha rpadHKe KaK yKJOHEHHS OT nmpaAMoil auHHH (pHc. 4.8).
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Puc. 4.9. CepunanbHass KOppeJsuust 0 ee® o ®
NPOAO/IKHTEABHOCTEH MEXAY mocJjies .o o ® ., o
AOBAaTeJbHBIMH H306pa)¥(eﬂHﬂMH BY.JI- : oe 4 0. °
KaHa Aco. 4 o’ .
Ha BepTHKanbHOH OCH TNpeACTaBAeHA O.A
NPOROMKHTEALHOCTb IMOKOS Nepel  j-M o 4° goe o | e
H3DEPKeHHeM, Ha TOPH3OHTANbHON OCH — 0
nocae j-ro H3BepKeHHA. TpeyronMHKaMH 0 10 20 30
NpeACTaBJeHbl CKOMJeHHs GoJjee deMm OA- t -t
HOMt TOUKH B OANOM H TOM XX MecTe i+t b NET

JluarpaMma paccesiHHs CEpHAJbHOH KODDPeAALHMH HJH aBTOKOP-
pesiiliM NIepBOFO MOPSAAKA MOCJCAOBATEJbHBLIX HHTEPBAJOB MENKAY
COGLITHAMHU npencTaBseHa Ha puc. 4.9. Crenenb COOTBETCTBMHS MEXK-
Ly LJIMHO HEKOTOPOro HHTepBaJsia H AJMHOM HEMOCPEeACTBEHHO Ipej-
IIECTBYIOLIEr0 HHTepBaJa MpeAcTaB/jeHa Ha rpaduke ToYkamH ¢
KoopanHataMu X;="ti1—ti, Yi=t¢—*ti—1, TAe t; — BpeMs NOSBJEHHS
cobniTHa ¢ HOMepoM i. Ha sToM rpaduke He yraercs oOHAPYXKHTb.
Kakoii-1160 3aKOHOMEDPHOCTH B CJeLOBaHMH OJHOIO HHTepBala 3a
ApyrHM Opd OAHHAKOBOM Asnne. Takas anarpaMma pacCesHus ¢
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Puc. 4.10. TocaeroBaTeqbHOCTH COOBITHI, KOTOpbiC IIPOHCXOAAT €MTHOBEHHO® B

MPOCTPAHCTBEHHOM HJH BPEMEHHOM KOHTHHYYME.
‘{llkana BpeMEeHH HAN DACCTOsIHMS pasaeteHa na 10 OTPE3KOB, KaXKIOMY H3 KOTODBIX NOCTaB-

JICHO B COOTBETCTBHC UHCAO coGbiTHii. H306paxkeunas BBEPXY JHHHA eCTb MpAMAas DErpeccHd

yucna coOLITHII HA OTPe30K MO OTHOUNIEHHIO K CepeAHHaM OTDPE3KOB

‘GONIBLIOH JHCIEpCHEel M OTHOCHTEJBHO BLICOKOH KOHLEHTpalHed
poyeK BOJAM3M OCEH TUMHUYHA JJs PSJOB CJayd4aRHBIX COOBITHH.

B GOJbIUHHCTBE HCCJEIO0BaHHHA MHOC/EJ0BAaTeNbHOCTEl COOBITHH
PACCYUMTHIBAIOT Ha TO, YTO YAACTCS OMHCATh OCHOBHBIE UEPThl pac-
.CMATPHBAEMOTO SIBJCHHS TakK, 4TOOb Obll BCKPHIT (QH3UYECKHE Me-
X4HH3M NPOCTPAHCTBEHHOTO HJH BPEMEHHOTO PacHONOXKeHHs COOHI-
Tuii. CHauana MBI JOJIKHEl PpacCMOTDETh BO3MOXKHOCTb NPOSIBJCHHS
TpeHja B HCXOAHBIX JNAHHBIX, YTO MOXKHO CJesnaTb JAByMA CIO-
.cobaMH.

Tlocsie10BaTEILHOCTE MOMKHO PAasje/uTh Ha HEKOTOPOe YHCIO
YUaCcTKOB DPaBHOH MJHHBI, TAK YTO KaXJbli H3 HUX COACPKMT He-
.CKOJIbKO Habaoaenud. Unciao cobbTuil B Npejesax Kaxporo yvacr-
Ka CTaBHTCH B COOTBETCTBHE CpeiHeH TOYKe paccMaTpHBaeMmoro

‘yyacTka. Beibupas B KauecTBe 3aBUCHMOIl nepeMeHHOH Y; sHayeHus

KOOpAMHAT UEHTPOB YYacTKOB, a YMCJa COOLITHHA B Mpenesax cCer-
MeHTa B KauecTBe 3HAUEHHH apryMeHTa X;, MOXHO NOCTPOHTH JH-
guio perpeccud. Ee yrioBo#i kxo3ddumHenT MoxkeT OHITH NPOBEpeH
ga ocHoBe Kputepuss ANOVA, npusesennoro B Taba. 4.12 ¢ uesnsio
‘ONpefe/IeHHs], 3HAUHMO JIH OH OTJHYaeTcst OT HyJas. DTOT mpouece
mpouasiocTpupoBad Ha puc. 4.10. K coxaneHHIo, 3TOT KpHTEpHH
He ouelb 3 GeKTHBeH, TaK Kaxk NPH PasfesieHHH MNOCJIeJ0BaTe/]bHO-
CTH Ha OTPe3KH TepsieTCsi HEeKOTOPOe YHCJO CTeneHeH CBOGOAHL.
MMeloTCst KpUTEpHH, CHELHAJbHO TpejHa3sHaueHHble NJs OOHa-
;pYKEHHS] TPEHJa B CKOPOCTH OCYLIECTBJEHHs COOBITHH, B KOTOPHIX
HCNOJb3YETCsI METOJ CPaBHEHHSI CPEAHEH TOYKH IOCJeJOBATEJNbHO-
CTH C ee LEHTPOMAOM. EC/JH nNOCAeNOBATEJIbHOCTb OTHOCHTENILHO
OJIHOPOAHA, 3TH PAAbl OYyAyT OueHb NOXOXKH, HO €CJH HMeeTCH
TPEHJ, TO LEeHTPOHZ GyneT CMelllaTbCsl B HAMpaBJeHHH yBeJNHYeHHA
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CKOPOCTH MosBJAEHUA COObTHH. Ecan f; — BpeMs HaH DacCTOfHHE
0T Hayajaa psajga [0 i-ro cobrTug u N — obee uucI0 coOHITHI, TO
Mbl MO2KEM BBIYHCJ/HTE HEHTPoHT S no dopmyse

Ay
1

S=-— 2 ‘. (4.3)

i=1
STy CTaTHCTHKY B CBOIO Oouepenb MOKHO HCHOOJb30BATh B KpH~

TepHH (4.4):
12V !

=V (s 7). (4.4)

raie T —ofmas AauHa NOCAENOBaTENBbHOCTH; Z — CTAaHLApTH3HPO-
BaHHas HOpMaJbHAas cjayyaifHast BeJHuHMHA. 3HAYHMOCTb KDHTEpHst
MOXKeT ObITh YCTaHOBJEHA NO TabJHIe HOPMAaJbHOrO pacnpegee-
HHsl, agasnoruusoi taba. 2.10.

DTOT KpUTepHH OYeHb YYBCTBHTEJEH K H3MEHEHHIO CKOPOCTH NO-
gBJeHUA coOblTHH. Hanmpumep, ecjH mnosBJeHHe COOBITHH MOXKHO
onxcate GhopMyJoi

Y, =e"®, (4.5)

TO HYJEBYIO THIIOTE3y MOXKHO 3anHcaTh Kak paseHcTBO P=0. Ecaun
B pe3y/bTaTe NPOBEDKH Mbl YCTaHABJHBAeM, UTO MOJeJb 3KCIOHEH-
LHaJbHas ¥ YTO § OTVIHYHO OT HYJs, TO CKOPOCTb NOSABJEHUS COOHI-
THH V: usMensiercss ¢ uaMeHeHHeM f{. MIMeHHO peaqusauuio 3ToM
BO3MOXHOCTH Mbl H IIpOBepseM.

Ecan B cxopocTy nosiBJeHHS COOBITHH TpeHA He O0HAapyxeH, TG
MOXKHO CJE€JaTb BLIBOX, YTO MNOCJICNOBATEJbHOCTH COOBITHH MOXKHO
paccMaTpHBaTh Kak crauuoHapable. Cjhenyiollee, 4To CJeRyeT 1po-
BEPHTb, — 3TO NPEANOJIONKEHHe O He3aBHCHMOCTH IOC/el0BaTe lb-
HBIX COOBITHH. DTO MOXKHO CHeJaThb C IOMOMIBIO BBIYHCJEHHS aBTO-
KOppPeJsSLHOHHOH (YHKUHH AJS JJIHH HHTEPBAJOB MeXAy COObITHSA-
MH. MHBIMH CJI0OBaMH, Hajl0 pacCMaTpHBaThb HHTEPBAJNbl MeEXKAYy
COOLITHAMH Kak NEepeMeHHyo X;, NMpPUHHMAIOWIYI0 3HayeHHe B TOY-
KaxX C paBHOMEDHBIM pacIlOJIOKeHHeM B InpocTpaHcrse. Ecau ni-
TePBAJIbl He SBJAIOTCS HE3aBUCHMBIMH, TO JOJXKHA OOHapDYXKHTbCH
TEHJCHUHMA K TOMY, 4TOOBl Oosblune 3HaueHus X (NJIHHHBIE HHTep-
BaJbl MEXAY COOBLITHAMH) C/efoBaJH 3a OGJbIIHMMH 3HAYEHHAMH.
ApasoriyHo 10JKH2 ObLITH H TEHAEHUHMS K TOMY, uTOGH MaJble
3HaueHHA X (KODOTKHe HHTepBaJibl) CJICJOBAJH 3a APYTHMH MaJibl-
MH 3HaYyeHHSIMH. MBI MOKE€M BBIUHCJIHTD ABTOKODpeJALMIO nJs o~
cJef0BaTe/bHbIX 3HAUYeHHH Jara H IpPOBEPHTb HX 3SHAUYHMOCTh.
OGBLIYHO TONBKO MHepBhle HECKOJbKO 3HAUEHHH Jara NpeAcTaB/sioT
uuTepec. Ecni H3/10kKeHHbIe Bbllle METOJAB HO3BOJSAIOT YCTaHOBUTH,
YTO 3HAYEHHs aBTOKOPPEJSAUHOHHOH (YHKUUH HEeCyLUIeCTBEHHO OT-
JHYAIOTCS OT HYJs, TO Mbl MOXeM 3aKJIOUHThb, YTO COOBITHA IIPOHC-
XOAMJIK HE3aBHCHMO BO BPEMEHH HJIH IPOCTPAHCTBE..

19t



‘Ecan Mbl ycTaHOBHJH, YTO IOCJAEHOBATENLHOCTH HE HMEIOT HH
TpeHja, HH aBTOKOPPEJIAUMH, MOXHO NMONBITATHCS NPOBEPHTb THIO-
'Te3y O TOM, Y4TO COOLITHS NMOAYMHEHB! pacnpegneseHuto Ilyaccona.

Hanomuuwm, uto B ra. 2 pacnpenesnenue ITyaccona onpenessioch
‘KaK JHCKDETHOE BepOSTHOCTHOe paclpeleNeHHe, KOTOpPOe MOXKHO
«CYHUTATh NPENEJbHBIM CJAYyYyaeM OHHOMHAJLHOIO IPH YCJIOBHH, UTO
(4uca0 MCHBITAHHE) CTAHOBHUTCS OYEeHb OOJBIIMM, a p (BepoAr-
‘HOCTb yCIeXa B OJHOM HCHBITAHHH) CTAHOBHTCSl OUEHb MaJjoH. MEl
MOXeM IpeACTaBUTh cefe, YTO HAlU BpeMeHHLIH psix Moapasfens-
€TCsS Ha 7 UHTEpBAaJIOB DAaBHOH AJMHBL. EcgH cOOBLITHSI NPOHCXOIAT
CIY4a#HO, TO UHCJAO HHTEPBAJIOB, KOTOpDHIE COAEpXKAT B TOUHOCTH
HYJb, OLHO, ABA, ..., X COOBITHH, 6yAeT MOAUHHATLCS GHHOMHAJbe
"HOMY pachpejesieHHIO.

Ecan Mbl HauHeM yMeHbIUAaTh AJHHEI HHTEPBAJOB, n OyjAeT yBe-
JIHYUBATBCA, & BEPOSATHOCTH COOBITHH OyAyT yMeHbIiaThcs. BHHO-
‘MHAJbHOE paclpefieJieHHe B 3TOM CJyyae y»Ke He TOAMTCS AJs IMOA-
CYeTOB, M ynoOHee NOJb30BaThbCH pacnpenenenneMm Ilyaccona, Tak
KaK B HeM He TpefyeTcss TOUHBIX CBeJEHHH O BEJHYHHAX 7 B p.
Bumecrto atoro tpebyercs 3HaTh npousselieHHe np=A;, KOTOPOE 31eCh
‘XapaxkTepusyeT CKOPOCTb TNOABJeHHs cobbiTHH. IlyaccoHoBckas
BEPOSITHOCTHAS. MOJeJb OCHOBAHAa Ha CJEAYIOMHX JONYINEHHSX:
@) coOLITHS NPOHCXOAST HE3aBHCHMO; §) BEPOSTHOCTb NOSBJIEHHA
COOBITHA He H3MEHSeTCS C TeueHHeM BPEMEHH; B) BEpPOSTHOCTD
TIOSIBJIEHHST COOLITHSI B HEKOTODOM HHTEpBaJe IpOMOPUHOHAJbHA
JJIHHE 3TOrO HHTepBaJa; T') BEPOSTHOCTh TOTO YTO GoJee ueM jBa
COOLITHSI NIPOH3OHAYT B OJHOM H TOM K€ BPEMEHHOM HHTepBaJe,
Hcye3awlle Mana.

YpaBHeHHe 1S ONpeJeJieHHsT IYaCCOHOBCKOTO pachpejeseHHs
B 3TOM IpHUMepe HMeeT BHA

P(X)=e"2%1X1. (4.6)

3aMeTHM, HYTO CKOpOCTb HOSIBJIEHHS COOLITHE A 37eCh SBJSETCS
TOJNBKO IAapaMerpoM pacnupefeseHHsA. THNUYHBIE NYaCCOHOBCKUE
'9acTOTHBEIE pacmpejesieHusi mpeacrasjaeHbl Ha puc. 4.11. Pacnpene-
senre IlyaccoHa npuMeHsieTcs IpH peIUEHHH TaKHX 3a7ad, KaK Ol
‘peleseHHe YacCTOTHl TesNehOHHBIX BHI30BOB Ha KOMMYTATOpE HJH
onpejieieHHe NPOMEXYTKa BpeMeHH MexXny cGOSIMH B BLIYMCJIH-
TeJbHOH cHcTeMe. KaxkeTcst BIOJHE BO3MOXKHBIM €ro HCIOJb30BaHHe
TIpH U3YYEHHH DPANOB TeOJIOTHYECKHX COOBITHH, ONMHCAHHHIX B Haya-
Jie 3TOro pasjeJsa. Ecay MB! CMOMJIM yCTaHOBHTH, UTO Hallla IocJe-
AOBATENBHOCTh NOAYHHSIETCS] TYaCCOHOBCKOMY paclpefesieHHI0, TO
Mbl MOXKEM MCIO/b30BaTh XapaKTEPUCTHKH 3TOTO paclpejeseHus
AN BEPOSITHOCTHOTO NPOrHO3HPOBAHHS AaHHOTO Psja.

Kpurepuii Koamoroposa—CmupHOBa ofecmeunsaeT HaM Tpo-
CTOH €HOoCcO06 MPOBEPKH COOTBETCTBHS paclpeiesieHHst psifa COGBITHIT
MyacCOHOBCKOMY pacnpenesenuio. CHayaja psigbl NepeBOIATCA B
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Puc. 4.11. Tlyacconosckoe pacmpe-

llesieHHe ¢ Pa3NHYHBIMH 3HaYEeHHAMH

A, MOCTPOEHHOE IO YHCJIAM MOSIBJIE-
HHSI COOBITHI

0,1

L L 1 I} | !
W72 % s w0 12
Uncno nossnenun codbiTHy HA nkYepsan

KYMYJATHBHYIO (JOPMY C IOMOLIBIO NPe06pas3oBanus
Y = 4T,

rie ! — BpeMs OT Hayaja IOCJAEXOBATENBHOCTH HO i-TO COGBITHS:
T — obwas aiuHa pafa. 3aTeM BHIUHC/SIOTCS TPH OLEHKH:

1. KC+= ]//_z max J L _._Yi"
| n f
2. KC* =Y/ max{r,— =l (A7)

n
3. KC* = max|KC*, KC-|.

IlepBuifit KpUTEpHE — 3TO HPOCTO MAKCHMYM IOJOXHTEJIbHBIX pas-
HOCTEH MEeXNy HalJIOAeHHBIM DPSAOM H OXKHAAEMLIM, HCXOZS U3
IyaCCOHOBCKOTO paclpeje/eHHs; BTOPOH — 3TO MaKCHMYM OTpHIa-
TEJbHOH DPA3HOCTH U TPETHH — 3TO OoJbliee U3 aBCONIOTHBIX 3HA-
YeHHH ABYX mnpeamnaywux. IlpoBepsieMass cratuctika KC 3aTeM
CPaBHUBAETCA C ABYXCTODOHHHMH KDHTHYECKHMH 3HAYEHHSIMH, NpH-
BeJeHHBIMH B Ta0u1. 2.26. Ecyiv cTaTHCTHKA NPEBBIIIAET KPHTHYECKOE
3HAUEHHe, TO MaKCHMaJbpHOE OTK/IOHeHHEe 60Jiblile, YeM OXHA3aeMOe
B BBHIGOpKE, HOMY4YEHHOH CJyYaiHLIM 06pPasoOM H3 IyaCCOHOBCKOIO
pacnpejesenHs.

Maypn Ulefin — 310 uepHble, cofepkalide KpeMHH, TJIHHDI
paHHero MeJjoBOTO BO3pPaCTa, BCTPEYAIOLIHECS HAa TEPPHTOPUH LITa-
T0B Konopano, Baiiomunr u Monrana. HMHTepBan xapaxrepusyercs
MHOTOYHC/IEHHBIMH OEHTOHHTOBBIMH CJIOSIMH, KOTODHIE 3aJeraiorT B
HeCKOJIbKHX MecTax B BaloMunre u MoHTane u 0GHapyXuBalOTCS
upu OypeHHH HA WJ M JHTeHHYIO IHHY. BeHTOHHTH COCTOAT M3
MOHTMODHJIJIOHATA, BOSHHKAIOLIETO KaK MPOAYKT Pa3pyLIeHHs BYJ-
KaHHYECKOro Iellia PHOJHUTOBOIO M aHAE3HTOBOrO COCTaBa. B Tab..
4.7 IpHBOASATCS 3HAYEHHS] MOLIHOCTH HHTEPBAJOB MEXAY MOCJENO-
BaTe/IbHEIMH OEHTOHHTOBBIMH CJIOSIMH, H3MEPEHHBIMH B OGHAMKEHHH
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Ta6numa 47
Mownocts (B dyrax) unTepBaioB MeXny
NOCJCAOBATEIbHHNMH GEHTOHHTOBHIMH CJOSMH
B MeJOBBIX OTiOXenusx Maypu Hlefin
Bo ®pemont Kantpu (nmirar Bafiomunr)

(Bepx) 47 6
29 7 3
11 8 17
6 23 4
5 10 5
10 15 4
5 2 26
17 35 4
14 4 (Hus)

Maypu Ilefin Bo PpeMont Kaurpu (wrar Baiiomunr). StH ciiow
NPEACTAB/IAIOT CKOIVIEHHs NeIsia B pe3yJbrTaTe OYPHBIX H3BEpKe-
HuA ByskanoB B Mpmaxo. Ilpepnosaraercs, 4to cogepxamascs tam
4epHas rJMHA OTKJAAblBaJjach ¢ MOCTOSHHOH CKODOCTBIO, M 3Ty IMO-
C/Ie/0BATeJIbHOCTh 3HAYEHHH MOILHOCTH MOXKHO aHaJH3HPOBATL KAK
psL COGBITHH, aHAJIOTHYHBLIH HCTOPHYECKOMY DSIAY, 06pasoBaHHOMY
H3BepIKeHHsIMH Aco.

IlpoBeppTe 3TH JaHHLIC HA TPEHA B 3HAUEHHSAX CKOPOCTH MOSIB-
Jesns. Ecau Tpenp e Gyner oOHapy:KeH, IpPOBEepbTe Ha aBTOKOD-
peJasinuio NOCJef0BaTeNbHbIe MHTEPBAAbl MeXAYy coObTHaMH, O6b-
SICHHTE! a) BO3MOXKHEIE 3((EKTEH OT HEOLHHAKOBHIX CKOPOCTel
OCaJIKOHAKOILIEHHS! YEPHOH TJIMHEI H 0) BO3MOXKHOCTb NpPOSIBJEHHS
AKTUBHOCTH 60Jiee OJHOTO BYJKaHa,

KPUTEPHUM CKAYKOB

ITpocrefimas nocaen0BaTeNbHOCTb — 3TO  110CJAE10BATENBHOCTD.
Habmo/eHN Y, PACNMONOXKEHHEIX B TOPALKE HX [OSBJEHHS, IpHYEM
TaKas, YTO KaX[bl ee 3JIeMeHT NDHHAJJIEKHT OAHOMY H3 [IBYX
B3aHMOKCKJIIOYAIOWUX APYr Apyra cocTosHuil. PaccMoTpum Tpeuin-
HOBATyiO IIOPOAY C KOHKPEUHSMH C LEJbIO MOMCKA B HHUX HCKOIae-
MBIX OCTaTKOB. [IpoGJieHHe KOHKpPEIM# sIBJSETCS HCNBITAHHAMH,
NpHYeM KaXJA0€ H3 HHX HMEeT JBa B3aHMOHCKJIOYAKILINX HCXOAA:
KOHKpelHst NGO COAEPKHT HCKONlaeMbiC OCTaTKH, aubo Her. [Tocue-
AOBATEJBHOCTb TAKHX HCXOJA0B NPH H3YyUeHHH NaHHON IOPOAH B Te-
YeHHe JHS COCTABJSET BPEMEHHOH psij] CIeuuasbHOro tuna. Mbl Mo-.
eM IIOCTPOHTb aHAJIOTHUHYIO I10CJIE10BATeJIbHOCTh 3KCIEPHMEH-
TaJbHO, Opocasi MOHETY M OTMeuas BblIafeHHe rep6a HJM pPellKH.
[Tosyuennas mocsieroBaTeNbHOCTb GYAeT HANOMHHATL CJEAYIOUIMI
paa 20 cobuiTHi:

IPITPIPPPTPIPITPPITT.
KoneyHo, HHTyHIMS NOACKA3bIBaeT HAM, UTO B 3TOH NOCJEA0BATE b~
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HOCTH JOJXHO INOSBHTbCS OKOMO JAECATH repboB, U MB MOXKEM OIl-
PELeNTL BEPOATHOCTL BHINANEHHS 5TOr0 (HJH JI060r0 Apyroro)
ducaa rep6os. B namem npumepe mp moayyman 11 rep6oB; CUYH-
Tas, YTO MOHETa NpaBHJbHAS, Mbl IIOJyYaeM BEPOSTHOCTH BHIIAe-
HHS 3TOr0 uHC/a rep6oB B IOC/EOBaTeNbHOCTH 20 HCIBITAHHE,
paBuyio 0,16, wan npuGausutensuo 1/6. B IKCIEDHMEHTE, aHaJo-
THUHOM DacCMOTpPEHHOMY, Mbl Moxem oxuaate 9, 10 u 11 Bminaje-
HUH IepOoB, T. €. HEeMHOTHM GOJbLUE ONHOH TPETH OT YHC/AA HCIIbITA-
HHH. PesysnbTaThl 3TOTO SKCIEPHMEHTA MOLYHHSIOTCS GHHOMHAND-
HOMY pacnpeje/ieHHIO, PaCCMOTPEHHOMY B I'VI. 2.

OnBako npu 3TOM MBl He Y4/l NMOPSAAKA, B KOTOPOM TOSIBJASIIOT-
€51 repObl. BeposTHo, ecin Gbl 10C/AE10BATEBHOCTb BBIN/IAAENA Ta-
KMM o6pa3som:

[TTTTTTITITPPPPPPPPP,

TO 3TO II0Ka3ajJoch Obl HAM OYEHb CTPAHHBIM, XOTS BEPOATHOCTD
fI0JIyYeHHSl TAKOT'O XK€ KOJIHuecTBa repGoB B JBafLATH HCIBITAHH-
AX Takas Xe, Kak M B npeibllylieM npumepe. [pyroéi Kpaiuuit
Caydait — noliepeMeHHoe NOSIBJICHHE rep60B H pellex:

IPIPIPIPIPTPIPIPIPIT,

TOXKE€ BBIMJSAHT OYEHb HEOOBIYHO, XOTS BEPOSATHOCThL BbINALEHHS
JaHHOrO uHcJaa rep6oB ocTasnach HeHM3MeHHOH. B sTux npumepax
Halle NOJO03PeHHE BBI3LIBACT He NPONOPUHSA, B KOTOPOil BEIIANAIOT
repGbl, @ MOPANOK HX MOSBJIEHHS. MBI mpeanosaraeM, 4To BbIaje-
HHe repba HJH DEIKH CAyYaliHo, a B JABYX IIOCAeIHHX NPHMEpAx
3TO NIPEANOJIOKEHHE KaXKeTCs BeCbMa HEeIPaBAONOAOOHLIM.

Mbpl MOXeM NpOBEPUTb THIOTE3y O CJAYYAHHOCTH 3TOH MOCJeRo-
BAaTEJbHOCTH NYTEM HCCJAEL0BAHUS 4HC/Ia CKauykoB. CKauKH ompefe-
JIAIOTCS KaK HellpephiBaloliuecs: NOCJAeN0BATeNbHOCTH OAHHX H Tex
Ke cocrosiHuid. [lepBas mocsien0BaTeNbHOCTb COACPXKHUT 13 CKAUKOB,
BTOpasi — TOJIbKO 2, ¥ TpeTbsl — 19. Ckauku B mepBOil MOCJexOBa-
“T€/JIbHOCTH HORYEPKHYTHI:

rr p IT P T PPP ' P I P IT PP IIT

1 2 3 4 5 6 7 8 9 10 11 12 13°

Mzl MOXKEM BBHIYHCIHTD BEPOATHOCTb TOTO, YTO JAHHYIO IMOCJEA0Ba-
TEJLHOCTh CKAYKOB B 3KCHEPUMEHTE C ABYMs HcXoiaMu (repb u.au
PeIIKa B 3TOM NPHMEpPE) MOXKHO CUHTATb CJydaitHol. C 53TOH Leabio
BBIUHCJIACTCS YHCJO BO3MOXKHLIX Da3MelleHHH f; COCTOSHHE | H g
<cocTossHHA 2. O6lulee YHCJIO CKAYKOB B IIOCJAEAOBATENbHOCTH 080-
3HavaeTcs yepes U; uMeorcs TaGJHLEB], KOTOpBIE COJIepXaT KPUTH-
YeCKHE 3HAYeHHsA 4YHcaa cKaukoB U 1/ QUKCHPOBAHHBIX ny, ng H
3aJlaHHOTO YDOBHS 3HayuMocTH o. OIHAKO ecJu KaxXjpoe H3 3Ha-
4E€HHH n; W ng NpPEBBIILAET AeCsTh, TO pacipeleseHHe BeJHUHHH U
JIOBOJILHO XOPOIIO aNIPOKCHMHPYETCS HOPMAaJIbHBIM pacripejee-
HHEM, H MBI IIDH HCIIOJIb30BAHHM 3TOTO CTATHCTHYECKOrO KPHUTEPHSA
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MOXeM HCI0/Jb30BaTh TaOJNHULI CTAHAAPTHOIO HOPMaJbHOIO pac-
npenenenus. CpeaHee YHCJIO CKAYKOB B CJAYYAHHON I0CJEA0BATE/] b
HOCTH C 1) yCIleXaMH U Ay HEYyJauyaMH DaBHO

U = .M _T_ 1. (4.8))

Ay -~y
ﬂHCHepCHﬂ CPEAHEro 4ucJia CKa4koB BBIUHCIASETCA IO (pOPMYJIe
o2 — 2nny(2nny — 1y —ny) . (4.9)
v (ny +ny)% (ny +n,— 1)
Yxasaunple ¢GOpMyJbl NO3BOJSIOT ONPEAEJSHTh CpeHee UHCJIO
CK44YKOB H CTAHAApPTHYIO OI.UI/I6Ky CpeoHero 4HucJga CKaukoB IIpH
BCEBO3MOKHDBIX DA3MELIEHHAX #1 H flg B3AUMOHCKJIOUAIOUIUX Apyr

Apyra MCXonoB. BHIUHCINB yKa3aHHbIE XapaKTEPHCTHKH, Mbl MOXKEM
no ¢popmyae (4.10) nonyunts kputepuil Z:

Z = (U —U)/o, (4.10)

rie U —Habai0gaeMoe 4uCI0 CKAUYKOB.

Jlerko y6eauTses, uto 5T0 mpocto dopmyaa (2.28), mepeniicaH-
Hasl AJs BeNHYHHB U, OTHOCHTC/IBHO KOTOPOH MOXNO CPopMy.Iupo-
BaThb M NPOBEPHTb PsJ CTATHCTHUECKHX rumoTe3. Hanpumep, npn
CAyualHOM DasMEleHHH HaM MOXeT [0oTpefoBaThbCsi IIPOBEPKA TH~
NOTe3Ll O TOM, UTO TNOCJELOBATENbHOCTb COJAEPIKHT HoJee ueM cpet-
llee GHCJAO CKAyKOB; B 5TOM CJyyae HyJeBas THIOTe3a H ajbTepHa-
THB4 MOI'YT OBIThH 3allHCaHBl TAK:

H02U<U—,
H12U>[7,

T. €. CJMIIKOM OO0JbIlIOe YHCJIO CKAaYKOB HNPHBOAHT K OTKJIOHEHHIO
rHNOTe3b. JTOT KPUTepHH sBJsieTcss oaHoctoponHuM. HaoGopor,
MBl MOXKeM II0XeJlaTh ONpPEAEe/HTb, He COLEPXKHUT JH MNOoCJefoBa-
TeJbHOCTL HEBEPOSATHO MAaJIOe UHCJIO CKAuKOB. B aToM cayuae coor-
BETCTBYIOIlasl THIOTe3a M aJibTeDHAaTHBA 3aNHCHIBAIOTCSH B BH[E

Ho:U>» U,

Hl . U < D—
M CJHIIKOM HH3KOE UHCJO CKAYKOB INPUBEAET K OTKJIOHEHHIO HY-
JeBOH THIOTE3Bl. DTOT KPHTEPHH TaK¥XKe SIBJASETCS OJAHOCTOPOHHHM.
Ecay Mbl XOTHM OTKJOHHTb THIIOTE3Y O JI000M HapyLIeHHH Cay-

4afHOCTH B TIOCJAEZOBATEJBHOCTH, TO MJS 3TOH UeJdH IOXXOAUT
IBYCTOPOHHHH KPHTE€DHH AJS NPOBEPKH I'HIIOTE3LI:

H02U=v

IpH asbTepHATHBE

H1U7’=U
196

Mbl MOXEM MPHMEHHTH 5TOT KPHTepHH AJS NPOBEPKH THIOTE3H O
CTy4afiHOM PacloJIOXKEeHHH 3/1eMEHTOB HepBOf nocJea0BaTeJbHOCTH,
CONEpKAIIEH DPe3yNbTaTel HCHbITaHHE NpH 20 6POCAHHSX MOHETH.
Hynesas runoresa yTsepxpmaer, uTo Her CYLeCTBEHHOI'O pasJnuus
MeX]y HaGJIOfaeMBIM YHCJOM CKAYKOB H CPENHMM THCJOM CKad-
KOB 11 CNYYaHHON ITOCJENOBATEJLHOCTH TOrO XKe 06beMa. Mul He-
II0JIb3yeM IJIs1 ee TIPOBEDKH ABYCTODOHHME kpurepuii. Hynesas
THIIOT€3a OTBEPraercs, €CJH B 3TOH NOCHENOBATENbHOCTHE MMeEeTcCs
JHGO CIHIIKOM Maso, JHGO CJAHIIKOM MHOTO CKAYKOB M HpHHHEMa-
€TCsl aJbTePHATHBA

H1:U=#[7.

Bribpas 5%-ubiit yposens snaunMoctu (o=0,05), Mbl TOJIYYHM
rpaHuuBN KpuTHYeckKod obaactu —1,96 u +1,96. CHavana Bblumc-
JINM CpefHee 3HAYEHHE H CTAHJapTHOE OTKJOHEHHE NJId YHCJA CKay-
KOB B CHy4aHHOH IIOCJEN0BATENbHOCTH, HMeIOLIeH rn; rep6or (n; =
=11) u no pewex (n2=9):

77 2-11-9
U==2217 =
1o +1=10,9,
o — 29 EN9—11-9) _, ¢
U™ 9+11204+11—1) .
Crarncruka Z paBna
7 U—1U — 13_10’9:1,0.

o5 2,1

Taxum o6pasom, YHCIO CKAUKOB B MOCJHENOBATENLHOCTH MEHD-
e CTaHAAPTHOTO OTKJOHEHHS OT CPELHEro 3HAYEHHsSI BCEX BO3MOXK-
HbIX CKAaYKOB B TAaKOil IOCJIEIOBATeJbHOCTH H HE IONAJaeT B KpH-
THUECKYI0 06s1acTh. Crie0BaTeNbHO, YKA3aHHOE YHCJO CKAYKOB HE
JlaeT OCHOBAHHA AJSl OTKJOHEHHS HYJIeBOH THIOTE3H M NPHHATHA
MPEANOJNOXEHHs], YTO NOCHAENOBATENbHOCTD HE SIBJSETCS CJy%aiHOiL,
Ilpyrue nocienoBaTeNbHOCTH, Ha060POT, AAIOT COBEPUIEHHO OTJHY-
Hple 3Ha4YeHHs] KpUTepHsi. Tak kak n, M ny; OLMHAKOBH MJS BCEX
TpeX Ioc/efoBaTeNbHOCTeH, TO U M G Takxke OLHHAKOBH. [lis

BTOpOﬁ [TOCNEN0BATENIPHOCTH 3HAUECHHSA KPHTEpHS

Z=2=109__ 49
2,1

AN TpeTbel

z=10=109_g39
2,1

O6a 3TH 3HAYEHHS PacCIOJOMXKEHH 3a KPDHTHYECKHMH IpejelaMH,
H MH JO/KHBl OTKJIOHHTb THIOTE3Y O CJAYYaHHOM pacloNOXEHHH
3JIEMEHTOB NOCJAeA0BATENbHOCTEN.
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Tl'eonornyeckHe NMpHUMEHEHHsS 3TOrO KPHTEpHS He BIOJIHe oOue-
BHIHB, TAaK KaK OOBLIYHO INPHXOAHTCS paccMaTpHBarb IIOCJejoBa-
TEJAbHOCTH € YHCJAOM COCTOSIHHE, GosbliuM aByx. CtpaTturpacguue-
CKHe paspe3bl HJIHM, HaNpHMep, NepeceyeHUs MaHPa OOLIKHOBEHHO
COZepkKaT He MeHee TPeX COCTOSIHHIL, KOTOpble HeJb3a DPaHKHPO-
BaThb HHKAKHM OCMBICJEHHBIM 00pa3oM. Mnsl paccMOTpPHM CnocoGbl,
C HOMOLIBI0 KOTOPEIX HaCTh IIOCJIEL0BATENbHOCTEH MOXHO IPHBECTH
K TIOCJIe[0BaTEeJbHOCTH AHXOTOMHYECKHX COCTOSHHH, HO TIpPEXAe MBl
OCTAaHOBHMCSI H& TIeOJIOTHYECKOM INpHMepe NpHMEHeHHS KDHTEepHs
CKQYKOB TIDH H3YYEHHH CHCTEMBI C ABYMSI COCTOSHHSMH.

OO6nyHEe merMaTuTH 00pasyloTcst NMPH KPUCTAJNH3alUH OCTa-
TOUHOTO pacn/aBa, o6OralleHHOro JIeTyYHMH BelleCTBaMH IIpH OT-
BepAEHHUH IpaHUTHON Marmbl. Mx cTpykrypa ofycsoBjeHa OZHOBpE-
MEHHO# KpHCTanJu3anueli KBaplia M NOJEBOro ININaTra B 3BTEKTHYE-
CKOH Touke. EcaH KpHCTAJANH3aLHs IerMaTHTa MPOMCXOAHUT 06e3
[IOMEX, TO MOXHO NONYCTHTb, UTO 3€pHA KBaplla H II0JEBOrO LINaTa
BO3HHKAIOT B CJy4YaHHBIX TOYKAX BHYTDH OXJaXAaIOMero paclia-
Ba. Jra curyauus (cayuyafiHoe o6pa3oBaHHe 3epeH) OCTaeTcs He-
H3MEeHHOH 40 Tex mop, NoKa pacliaB 3arBepieer. OQHAKO HPHUCYT-
CTBME OJHOTO KPHCTaJJa, HallpuMep I0JEeBOro IuIara, MOXeT CTH-
MYJIHPOBATb JIONOJIHHTENbHOEe 06pa3oBaHHe 3epeH MOJIEBOrO LINara
M DOpHBECTH K BO3HHKHOBEHHMIO IecTpoli cTpykrypu. HaoGopor,
POCT OJHOIO KDHCTaJJa MOXKeT JOKaJbHO HCYEpHaTb H3 MarMhl
HYXHbI€ COCTABJSIOLINE H NPHOCTAHOBHTb KPHCTAJJIA3aLHIO, B pe-
3yJbTaTe 4ero BO3HHKAeT IeCTpast MO3aMKa M3 KBapla H I0JEBOTO
[narta. DoJbliylo NJAKTY DOJHPOBAHHOIO JlerMaTHTa MOXHO pac-
CMaTpUBaTh KaK OKHO B reOJIOrHYEeCKYIO KyXHIO, B KOTOPOH CTyHXeH-
TaM JaHa BO3MOXKHOCTb H3y4YeHHs 3THX aJ/bTE€DPHATHBHHIX Ipollec-
coB. IlosupoBanHasi HOBEPXHOCTb NOPOABLI NO3BOJSET JErKo ycra-
HOBHTb KOHTAKTHl MEXAY CJarailollMMH ee 3epHAaMH, IO3TOMY JIH-
HHsl, IIpOBeJeHHass Ha Hel, NPHUBOAHT K IOCTPOGHHIO IIOCJ]ELOBa-
TeJbHOCTH 3€peH KBapla H MmoJsieBOro mnara. JIAHHA Ha NOJHPOBaH-
HOH mJMTe MOXKET pacCMaTpHBAThCs Kak cJaydyailnas BbOOpKa H3
BO3SMOXHHIX NOCJEeJ0BaTEAbHOCTEH B Teje IerMaTtura, M3 KOTOpOro
Obla H3BJaeyeHa 3Ta nuauTta. ITocuesoBaTesIbHOCTb 3epeH KBapua H
[10JI€BOTO 1IIATa BAOJAbL JHHHH yKasaHa B Tabxa. 4.8. Hawa 3aaa-
ya— M3YUMTb CKAYKH OT KBapla K HOJIEBOMY HWIIaTy, IPOBEPHTDH
cy4afiHOCTb TOCJENOBATEJbHOCTH M ONPENEJHTb, HET JIM TEeHIEH-

TaGnuuma 4.8

Mocaegoratensnocts 100 3epen nosesoro wmata (M) u ksapua (K),
MOAYYEHHAs NPH MEPeceyeHHH MerMaTuTa

(Hauano)
NKKOKKMIOKOKOOOOONNDKKOKOOOKOIINIIKITNITK
KOKOKKKONOONDOKONONIDKKKKIOOKKKIOMINIITK
OKMOMNOMNOKIOKOKOOKOIIONIOKOOOKKIOKIIK

(Konen)

X

Puc. 4.12. TlocnenoBatenbHOCT HabmOJEHUA, KOTOpAsA aHANHSHPYETCH METOAOM
CKauKOB BBEPX H BHH3

IUH K CHCTEMATHYECKOMY CJIeZlOBAHUIO OJHOTO COCTOSIHHS 334 CAMHM
co6ofi HJIH, HA0BOPOT, TEHIEHUHH OLHOrO COCTOSIHHS CJea0BaTh He-
NOCPEACTBEHHO 3a JPYyrHM. BpMoJHHTE HCCAeNOBaHME 3THX JaH-
HBIX C NIOMOLUBIO KPHTEDHS CKAUKOB H OLIEHHTE TPH ajbTE€PHATHBLL

Tenepp paccMOTpPHM CTAaTHCTHYECKYIO IPOLEAYDPY HCC/IeAOBaHHS
CKaykoB BBepPX H BHHM3. OHa HCIOJNB3yeTCS B TeX CJAyuYasx, Koraa
MBI HMeeM MeJI0 He C [BYMsl Da3NHYHbIMH COCTOSIHHSIMH, a KOTJa
nocseayroniee HabaoleHde GoJblle HJH MeHblle, Y4eM INpPeAblay-
mee. Ha pue. 4.12 usobpaxena THIHYHAS NOCAEAOBATENBHOCTh, KO-
TOPYIO MOXHO NPOaHAJNH3HPOBATH METOAOM CKayKOB BBEDX H BHHS,

Orpesok ABC usobpakaer CKauok BBepX, TaK KaK Kaxjoe
HaOJIIOJleHHEe NPEBOCXOAHT NpEAbIAyIlee; aHAJNOTHYHO oTpe3ok GHI
usobpaxaer ckayok BHH3. Otpesok CDEF wusobpaxaer cKauox
BHH3, HECMOTpPSl Ha TO, 4TO pasHocTb Mexnay D u E paBHa HyJIO.
HeiictButennho, uHTepBal DE pacnosoxeH MeXjpy AByMs OTpes-
kamu CD u EF, xaxIbfi H3 KOTOPHIX H306pa)KaeT CKauOK BHH3,
nosToMy H Bech yuyactox CDEF MOXHO paccMaTpuBaTh KakK €flu-
HBIH ckayoK BHH3. MHTepBas [/ MOXHO paccMaTpuBaTh JHO0 Kak
yacTh oTpeska UHIJ, u3obpaxaiouiero CcKadyok BHH3, JHGO Kak
yacth oTpeska [JK, u3obpazkalolero ckayok BBepX, NpHueM obilee
UHCJIO CKAaYKOB OCTAeTCsl B JIIOOOM cjydae Hen3MeHHBIM. Ecan xax-
n0e HabJioaeHHe BbIPaKeHO HeKOTOPOH BeJIHUHHOMN, TO OOLIYHO OHAa
uMeeT APOOHYI0 4YacTb, H OJHHAKOBbIe 3HageHHsi (ABe IOCJENOBA-
TeJbHbBIE TOYKH C OJHHAKOBLIMH XapaKTePHCTHKAMH) NPaKTHYECKH
HEBO3MOXKHBI.

[Ipu paccMoTpeHHHM TOJIBKO Pa3HOCTEH MeEXAY 3HAUEHHAMH B
COCeJHHX TOYKaX Mbl Npeofpa3zyeM [AaHHYIO IOCJeJOBATENbHOCTh
B IIOC/JEJOBATENbHOCTD, HMEIOWYIO TOJbKO ABA COCTOSHHA (HJH TPH,
€CJIM MMEIOTCsS paBHble sHaueHHs). [locaepoBarenbHOCTb, H300pa-
XeHHYI0O Ha puc. 4.12, MBI MoXeM NepelHcaTb B BUE

+++—0—4——0+.
CuuTas nepBbu"{ HYJb MHHYCOM, MBI NOJIYy4aeM INATb CKAYKOB: TPH
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Tabauma 49
Yucao papHoaspuit Ha 1 cM? waupa KPeMHHUCTOrO CIaHLUA

10
12
14
22
17
19
14

(Ocuosanune paspesa)

—
WNWHRINO=—OOTUTWRNWN —

4
2
1
0
0
8
14
16

27
(Bepx paspesa)

—
™

OT IJII0Ca K MHHYCY M [Ba OT MHHycCa K NJIOCY (UHCJO CKAyKOB He
3aBHCHT OT TOI'O, HA30BEM JIH MBI BTOPOH HYJb [JIIOCOM HJIH MHHY-
com). Tenepp MH MOXKeM NpPHMEHHTb IIPOLELYPH, PACCMOTPEHHBIE
BhIIE AJIS cJiydasi NOCJeJOBaTeJpHOCTeH C ABYMs B3aMMOHCKJIIO-
YAIOLIHMH APYT APYra COCTOSHHAMH — cM. dopMyan (4.8)—(4.10).
Jnst Toro uroObl annpoOKCHMAalHsi HOPMAaJIbHEIM pacnpeleseHHeM
Oblyla OMpaBAaHAa, HeOOXOAHMMO HMeTb OOJbLIYI0 BHGODKY, OAHAKO
B OOJBIUMHCTBE reOJIOTHUYECKHX 3ajay TakHe oObeMbl BLIGOPOK
BIIOJIHE JOCTYIHBHI. 3

ITpu u3yuyeHHu KpeMHHCTHIX cjaHueB B CKaJHCTHIX ropax ObLIO
OTMEYEHO, UTO 3Ta MOPOAA COXEPIKUT HeoOBUHO MHOrO XOpOLIO CO-
XPaHHUBLUUXCSl OCTATKOB pafuossipuil. VX NpHCYTCTBHE B CJAAHILAX
CKOpee BCEro He SBJSETCS CJAyYafHBIM, TaK Kak [OCJe10BaTeb-
HOCTh 0OpasloB 6ulia cofpaHa Ha NPHOGAM3MTENBHO DaBHLIX pac-
CTOSIHHAX N0 paspesy. M3 o6pasuoB OuiaH cAeJaHbl WJHOH, B KO-
TopeiXx Ha miomagke 10X 10 mmM2 6BJI0 IOACYUTAHO HYHCJIO PAKHOJA-
pufi. JlanHple nss 50 o6pasuoB NpHBEleHH B :ra-6J1. 4.9. MoxHO JH
CYHTATh, YTO PACHPOCTPAHEHHOCThH PAJUOJSPHI H3MeHseTCsl B IUJIH-
¢de cayuafiHo? BroJdHe peajbHO COCTaBHTb INIpOrpaMmy, KoTopas
BHIMOJHUAA OB Bce HeoOXoJuMble BbIUHCJAEHHA, OAHAKO YCHJHA,
KOTOpble TpeDyeTcss NpH STOM 3aTPaTHTh HA NPOrpaMMHpPOBaHue,
II0-BHAHMOMY, IPCBHICAT TPYHAHOCTH, KOTOpbHE NPHAETCSA NPeojoJie-
BaTh NIPH pacyeTax BPYUHYIO.

B 3ToM cayuae AHXOTOMHM3auus HaOJIOLEHHH AOCTHraeTcs C HO-
MOILUbIO CDAaBHEHHS HX BEJHYHH C INPEeALAYHIHMH HabJIOJeHHSMH.
B ne#cTBUTENLHOCTH KPUTEPHH CKAaYKOB MOXeET ObITb IPHMEHEH K
NAHHBIM, AMXOTOMH3alHsT KOTOPEIX OCYILECTBJSIETCS NO IPOU3BOJB-
HOH CxeMe OpH YCJOBHH, YTO IIpOBepseMasi THIOTe3a MOXeT ObThb
IpeicTaBieHa AHXOTOMHUYeckH. Hanpumep, u3BecTHas npoueaypa
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Ta6amana 4.10

3naveHus yAeabHOro Beca 06pasuos, coGpaHHBIX MPH NMePEeCeYEHHH
Mar{eTHTOBOro Teaa (xpeber Jlapamu, mrar Bafiomunr)

e

(3anagHas uacthb) 3,57 4,58 4,22
3,63 5,02 3,52
2,86 4,68 2,91
2,94 4,37 3,87
3,42 4,88 3,52
2,85 4,52 3,77
3,67 4,80 3,84
3,78 4,55 3,92
3,86 4,61 4,09
4,02 4,93 3,86
4,56 4,60 4,13
4.62 4,51 3,92
4,31 3,98 3,54 (BocTounast 4acrTb)

AUXOTOMH3AUHUH Psila HaOMIOAEHHH COCTOMWT B BHIYHTAHHH KaXKHOTO
Ha0JMIOACHHS M3 MENMAaHBl, BHIYHCJEHHOH IO BCEM HAGJIOACHHAM,
fiocye 9€ro mMpPoOBOAMTCS NPOBEPKA THIOTE3bl O CJAYYaHHOCTH mocJe-
AOBATEJBHOCTH CKAYKOB OTHOCHTEJNbHO MeAHaHBl C HOMOLLBIO KpH-
TepHSl 3HAKOB,

Ha Goabwo#t niomanu pacnpoctpanenus noxemGpHACKHX aHop-
T03uTOB B Jlapamuiickom xpeGte B wrate BafioMHHr HaGofaercs
HECKOJIbKO MAarHeTHTOBEIX TeJ. ONHO u3 HHX GBLIO BCKPHITO, H IO-
poaa apobuaace [Jsi HCUOMb3OBaHHS B KauecTBe K0GaBKH K Gypo-
BOMY pacTBOpPy. B kapnepe 6bliu oToGpaHbl 06pasusl B TOUKAX,
paBHOMEDHO pacCuOJIOXKEHHBIX Ha TePeCeYeHHH MAarHeTHTOBOLO
tena. CobpanHble 06paslipl pasjuyajuch MeXAy coGoil; OLHH co-
AepXKaJ/i NpEeMMYLIeCTBEHHO NJIaTHOKJA3, JIpyrHe — OJHBHH, HEeKO-
TOpLIE MOYTH UEJHKOM COCTOSIJIM M3 MarHeTHTa, a JPYFHE LPEACTaB-
AsIM coGoit cMech MX Tpex MHHepasoB. HecooTBeTcTBHe psama uJe-
HOB 3aCTaBJSAET HPEAIOJOKHTb, YTO B MACHETHTOBOM TeJle HMEIOT
MECTO CHCTEeMaTHYECKHe H3MeHeHHsi. UToObl NPOBEPUTH 3TC Hpen-
NOJIOKEHHe, OblIH NPOBEeLeHbl U3MEDEHHs YAEJbHOIO Beca obpas-
UOB, Pe€3yJAbTaThl KOTOPBLIX NpHBeleHbl B rTabja. 4.10. Moxuo au
CUMTaTb, YTO H3MEHEHHE YAEJbHOTO Beca BAOJb [I€DECeYeHHS COOT-
BETCTBYET TOMY H3MEHEHHIO, KOTODOTO MOXKHO OBIJIO 6Bl OXHIATH
B NIPEANOJOXKEHHH, YTO COCTaB 00pasiloB H3MEHSJCs CAy4yaHHO OT-
HOCUTEJILHO LCHTPAJAbHOrO 3HAYECHHS?

Mbl MOXeM TakKe NPOBECTH NPOBEPKY THIOTE3bl O CJydailHo-
€TH CKAauYKOB [0 OTHOLIEHHIO K CPEIHEeMy 3HayeHHI0. PesyabraTh
STOH NPOBEPKH OYAyT HCIOJb30BaHH B 3TOH IJIaBe B paspeJde, mo-
€BSILIEHHOM TpPeHJ-aHaJu3y. KpHTepHH CKAuKOB HpHHALJEXKAT K
HIHPOKOMY KJaCCy HenapaMeTpHuYeCKHX NpPOUENYP, PacCMOTPEHHRBIX
B a2

ViMeroTCs MHOTOUHCAEHHBIE PA3HOBHIHOETH KPHTEDHEB CKAYKOB,
paccMOTPeHHHX Boie, MudopManuio 0 HHX YHTATEAb MOXKET WHO-
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YepnHyTh B DYKOBOACTBAX IO HeNapaMeTPHYECKUM CTATHCTHYECKHUM
meronam Bpsman [8], Konosepa [10], 3ureas [50]. ITpumepsl uc-
{0/Ib30BAHHS KPUTEPHs CKAYKOB B I'€OJIOTHH HMEIOTCS B KHHre Mus-
siepa 1 Kana [36]. HexkoTopble U3 3THX aBTOPOB CUHTAIOT MJIHHY
caMoro GOJIbIIOTO CKauyka MoKa3aTesleM HecJAyYaHHOCTH, APYLHE HC-
TOJIB3YIOT YHCJIO TOYEK HHBEDCHH, T. €. TOYeK, B KOTODHIX 3HAaKH
NocJIe0BAaTeNbHEIX HAOMIOZEHHH MeHSI0TCS. B HeKOTOpHIX ciayuasx
3TH KPUTEPHH MOrYT OKasaTbcsd 6oJsee IOAXOASLIHMH, YeM Mpo-
Leayphl, onHcaHHble Bhie. Booblie rosops, npoueaypa HccaenoBa-
HHSI CKAYKOB BBEDX H BHH3 cyuTaercs HauGoJee MOLHBIM NPHEMOM
U3 KpHMTeDHeB CKauyKOB, TaK KaK OHa HCHOJb3yeT H3MeHEHHE BeJH-
YHHBl B KaXKJOH TOYKE MO OTHOIIEHHIO K NPHJEralollHM TOYKaM.
Jpyrue DMXOTOMHYECKHE CXEMBI OTPa)KalOT TOJAbKO H3MEHEHHS IO
OTHOILEHHIO K OJHOMY 3HaUeHHIO, HAIpDUMED K MeauaHe HJH CPef-
HEMY 3HaYEHHIO.

KpHTepHH CKauKOB LeJecoo6pasHO NPHMEHSTb B TeX CJydasx,
Korna tpebyercs BHISICHHTb IPHYHHY HapyLleHHs cJaydaiiHocru. Ha-
JIMYHE CJAMLIKOM O6OJIBLIOTO HJIH CJAHIIKOM MaJIor0 YHCja CKauyKoB
MIO3BOJISIET BLIABHTb MECTA HApYLUEHHs CJAYYAHHOCTH H He OTOX-
OeCTBJATh HX ¢ TpeHZoM. HeobxoxiuMo oTMeTHTh, UTO caM 1o cefe
¢akT CcaAyyadHOCTH He MOXeT OHTh AOKa3aH, TaK KaK YCJAOBHE
C/Iy4yaliHOCTH CONEpPXKHTCA B HyJseBoll runoreze. Mbl MOMXKEM TOJBLKO
yTBepKAaTh IPH HEKOTOPDOM 3aJaHHOM YPOBHE 3HAYMMOCTH, YTO
HyJieBasi THIIOTe3a HEBEPHA H YTO IO 3TOH IPHYHHE NOCJAEAOBATENb-
HOCTh He siBJseTcs caydafiHoii. MHbIMH cJ0BaMH, €CJd HAIIH HO-
IOBITKM IIPOBEPUTH HECJAYYaHHOCTH OKOHUYHJIHCHL NPOBAJIOM, TO HaM
HHYEro He ocTaeTcs O0JbIle, KpOMe NDHUHSATHS HYJEBOH THIOTE3H.
B nanpHefiieM MBI pacCMOTPHM mpouelypsl 06HApYXKEHHS TPeHAA
HJH CHCTEMAaTHYEeCKHX H3MEeHeHHH cpelHero sHaueHHs. Mu OyzeM
HMEeTb BO3MOXKHOCTb yOEIHTBHCS] B TOM, YTO KPHTEDHH CKAYKOB B CO-
YeTaHUH C 3THMH METOJaMH OKa3blBalOTCS BecbMa IOJIE3HBIMH.

METOA HAMMEHDBUINX KBAOPATOB U PETPECCHOHHBIA AHAJIU3

Bo MmHorux samagax Hac MOTYT HHTEPeCOBaTh HE TOJBKO HMeIO-
LIHEeCs B MNOCJNeAOBATEJLHOCTH H3MEHEHHS, HO TaKXKe Te TOYKH, B KO-
TOPLIX 3TH H3MEHEHHs Inpoucxonar. Has pellenus 3Tux 3ajay
HYXHO HMeTb Habop H3MepeHHH H3ydyaeMOH NepeMeHHOH, a TaKke
3HaTb PAcnoJIOXKeHHe TOUeK 3THX u3MmepeHui.1Kak usMepsemas me-
peMeHHas, TaK H WIKaJa, B KOTOPOH B COOTBETCTBYIOLIHX eIHHHIAX
BLIPAXKEHD! 3JEMEeHTH MOCJef0BaTeJbHOCTH, LOMKHB HMETh OnIpe/e-
JeHHbIH pa3max. OkaspiBaeTcsi, HAaM HELOCTATOYHO IpocToi HHOpOp-
MalnHd O MmOpsiiKe cJeloBaHusi Toyek. B 6OJBIIHHCTBE IIPHMEpPOB,
KOTOpBle MBI cefiuac paccMOTpHM, Hac OyjleT HHTepecoBaThb OOLIHik
XapakTep H3MeHeHHsi AaHHBIX. VH(popmauus o6 astoMm 6ynper Hc-
NOJIb30BAHA NPK HHTEPHOJSUHMH MEXAy M[aHHBIMH TOYKAMH JJs
3KCTPANOJANHE 3HauyeHHH, PacloJioXKEHHBIX 3a NpefesJaMH XaHHOH
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TaG6anua 4.11

BAaXHOCTh COBDEMEHHBX HJ0B B npo6ax KepHa, B3gTHX
Ha noGepexbe Mekcukanckoro 3anuBa, Jlyusnana

BaaxHOCTb (rpaMMbl BraXHoCTh (FpaMMBl
FayGuwa, GyTh BoAsl/100 T cyxoro Tay6uua, dyTR Boan/100 r cyxoro
ocagka) ocanka)
Q 124 20 30
? 78 25 21
10 54 30 22
15 35 35 18

N0CAe0BATEILHOCTH, [Js NMOJYYEeHHs BBIBOAOB O BJHSHHH TPEHAA
WJAKM 1As NOJIYYEHHS OLEHOK XapaKTEPHCTHK, KOTOpble MOTYT OHThb
HHTEpeCHBl reosoraM. EcJH OTHOCHTEJNBHO paclpefesIeHHsi COBO-
KyNHOCTH, H3 KOTOPOH B3fThl BLIOOPKH, MOXKHO clielaTh HEKOTOphie
060CHOBAHHbLIE NPEANOJOXKEHHS, TO K HAM MOXHO NPHMEHHTb CTa-
THCTHYECKHH METOJi, Ha3LBaeMbifi perpecCHOHHLIM aHAJH3OM.

Jauusie Taba. 4.11 npeacraBasioT 3HaYeHHUs BJAAaXKHOCTH B NPO-
6ax KepHa COBPEMEHHBIX MOPCKHX HJOB nobepexbs MekcHKaH-
ckoro 3anuBa B Bocrounoit Jlynsuare. MsMepeHHs! TOJydYEHH B pe-
3yJbTaTe CpaBHEHHsS Macch Npob HeMENJIEHHO NOCJ€e B3SATHS HX H3
ApoBOOTOOPHHKA M HOCJAE TULATENBHOro BHICYWIHBaHus. Ecau Mu
COLIOCTABHM CHAEJNaHHBIE H3MEPEHHS H COOTBETCTBYIOUIHE MM TIJy-
6HHBI, KaK 3TO CAEJaHO Ha puC. 4.13, TO yBUAHM, 4YTO COAEPXKaHHE
BJary GHICTPO Najaer ¢ IJyOMHOH B BeDXHHX 4YaCTAX CJIOSE HJa H
MelJIeHHO yObiB4eT, IOYTH CTabHJIH3HPYAch, B ocalke BOJM3H OC-
HOBAHUA cJosi. PacCMOTPHM Tenepb pasjHYHble CNOCOObI HCCIeH0-
BaHMSI M 3aNUCH HEABHBIX COOTHOUIEHWH MeXAYy 3THMH HabJjiozxe-
HHSIMH.

3HaueHue 47,75, ykasanHoe Ha puc. 4.13, —cpeiaHee cogepxa-
HHe BJard B mpoGax — mpeicTaBiAeT COOOH TOYKY, OTHOCHTEJBHO
KOTOPO# AMCIEPCHs MHHHMA/bHA, T. €. MHHHMaJibHa CyMMa KBaj-
paToOB OTKJOHEHHH cOJepXKaHHi BJIard OTHOCHTENBHO 3TOH TOUKH.
Upratesb A0/KEH NOMHHTH (CM. MVl 2), UTO ecsd HEKOTOPHE Npo-
6bl BLI3bIBAIOT COMHEHME, TO HX MOXHO 3aMEHHTb HeCMeIleHHOI H
5hdeKTHBHOH OHEHKOH BLIGOPOYHOrO CPELHEro, SBJSIOIIErocs HaH-
JYYIIAM TpeACKa3aHHeM AJs JONOJNHHTENbHBIX Npob, KOTOpsie Mo-
I'yT OLITh H3BJeEUEHH H3 TOH Ke COBOKYmHocTH. OAHAKO SICHO, 4TO
CpefHeC 3HAUEHHC He MOMET aJeKBaTHO IPEACTaBJSAThH JaHHbE
puc. 4.13. [IpoGel oT6HpaJHCh NOCJAEL0BATEIbHO, H NOTOMY OHH He
ABJSIIOTCH He3aBHCMMBIMH. Eme 6oJiee, ueM TOY€UHas OLEHKA, HAM
nojolsa Obl IpsiMas JHHHs, KOTOpas Bhipasuja Obl CBf3b MeXAy
COllepXKaHWeM BJIarH M rayOuHOll Ha BCeM MHOXKeCTBE H3MEHeHHA
3HAYeHH} NepeMeHHBX. MHTyHTHBHBIE COOOpaxKeHHs TNOACKa3bBa-
JOT HaM, Y4TO B KAauecTBe TAKOH JHHHH MOXHO OblIO Onl BHOpPATh
HDSIMYIO, OTKJIOHEHHS! KOTOPOH OT JaHHHX 3HAUEHHH MOXHO CBECTH
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Puc. 4.13. 3aBucuMocts BaaxkHoctd Puc. 4.14. PasiuunHe BapHaHTH KpH-
ocafiKxa OT AYGUHH (B rpaMMax BOAL TepHEB MHHMMH3AUHH OTKJOHEHHHA oOT
Ha 100 r cyxoro ocanxa). JIHHHH 2NNPOKCHMALHH:

JawHble COGpaHBl B CKBAXKHUHE, NPOGYPeHHON A — MHHHMH32OHS OTKJOHEHHA BJAXKHOCTH;
B COBpPeMEHHbIX HJIAX Ha NoGepexne MekcH- B — MMHHMH3aUHs OGOCIEHHKX OTKJIOHEeHHE;
KaHCKOrO 3aJuBa. OTMETHM, 4TO OPHEHTAlUMs C — MHHEMHBAUH¥A OTKJIOHEHHH TAYGHHH
fpadHKa He COOTBETCTBYET ODHEHTALMH, 06bIU-

HO HCHONH3YEMOH B MATEMAaTHKe

Jo MuHHHMyMa.’Ecam paccyXiaThb 1O aHAJOTHH CO CPEAHHM, TO
OJHH H3 CNOCODOB COCTOHT B MHHHMHM3aIUMH CYMMHB KBaZparToB OT-
KJIOHeHHH oT npsamofi. (CpexHee —3TO 3Ha4eHHE, OTHOCHTEJBHO
KOTOPOro [HHCIEPCHA H, CJAeI0BaTe]bHO, CYMMa KBaJpaTOB OTKJIO-
HEHHH, sBJseTCH HauMeHblIel). Mel MOXeM [OCTPOMTb eJHHCT-
BEHHYIO HNPAMYIO, OTHOCHTEJIbHO KOTOPOH AMCTEpcHs MHHHMAaJbHA,
-Ecau 3Hauenust sTofi nuHeHHOH GYHKHMH B NAaHHBIX TOYKAX BhHI-
9eCTh M3 COOTBETCTBYIOLIHX HabJIOfaeMBIX 3HAYeHHH, TO NOJydeH-
HOe B pe3yJabTaTe MHOMXKECTBO UYHceJ OyieT HMETh cpefHee 3Haye-
HHe, PABHOE HYJIO, H MEHBLIYIO AUCIEPCHIO, YeM Habop OTKJOHEHHH
oT J1o60#l ApYroi NpsaMoH, NOCTPOEHHOH MO AZHHHM TOYKAaM.
HiMcercs, ofLHAKO, HECKOJABKO CNOCOOOB ONpeAesieHHA H H3Mepe-
HHS OTKJOHEHHH or moxbupaemoll juHuu. Hanpumep, MB MoxkeM
pPacCcMOTPETh OTKJOHEHHS 3HAUYECHHH BJAXHOCTH, OTKJOHEHHS IJy-
6WH MaH HEKOTOpPYI0 HX KoMbuHaumio. Ha puc. 4.14 otpesox A
Hu306paxaeT OTKJOHEHHE COAepXKAaHHH BJAAXKHOCTH OT NMOAOOpAHHOH
npsiMo#, a orpe3sok C— OTKJIOHeHHe 3HAueHHs IJAyOHHH OT TOH Xe
npaMoéi. OTkyoHeHue B H3MepeHO N0 HepIEHAHMKYJAAPY K Hel.
MoxHO 6blI0 OB NOCTPOHTH NPSIMBIE, HCNOJB3YSl JIOO0H H3 3TUX
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CIIOCOG0B H3MepeHHs OTKJOHEeHH{, HO MBI OrpaHHYMMCA JIHHIb 3a-
MeYaHUSMH 110 NOBOAY KaXKAOro H3 3THX crnoco6os. Ecau Hala 3a-
davya OymeT 3akJ04aTbCsd B MHHHMH3AalMH OTKJAOHEHMH cojepxKa-
HH# BJIATH, TO Mbl NOJYYHM IPSIMYIO, NPEACTABJSIOILYI0O HaHJIyd-
Y0 OUEHKY BJIaXHOCTH HPM 3ajaHHbIX raybunax. Haobopor, ecan
3ajaya OymeT COCTOSATb B MHHUMH3alUMH OTKJOHEHHH IJyOuH, TO MBI
MOJIyYHM HAHJAYYINYIO OLUEHKY 3aBHCHMOCTH IJyOHHBI OT COAEpXKa-
Huit Bjaard. Tperbs ajbTepHAaTHBA NO3BOJISET BHIPA3HTL CBS3b MEXK-
Ay AByMs NepeMeHHbIMH. B cnemuasnpHoM Habope 3ajad, paccMart-
pHBaeMbix B 3TOH [IJaBe, BpeMeHHEle HJH INPOCTPAHCTBEHHBIE HH-
TepBaJbl CUMTAIOTCA H3BECTHBIMH, a BTOpasi NepeMeHHas HMEeT He-
npepbiBHOe pacnpelejenue. IlosToMy mnepBasi aJbTepHaTHBA Ka-
xercs HamboJlee NOAXoAsALIel Aas Hamux uesel. HBIMH cJoBaMH,
cojepxKaHue BJarH Y paccMaTpHBaeTCsi Kak cJaydafiHas mepeMeH-
Has, a ray6uHa X ¢uxcupyercs. IlosToMy 3agaua cocTOHT B mpen-
C€KasaHuu 3HaueHuH Y no 3navenusim X. IIpyrue cayuau GymyT pac-
CMOTPeHbl B CJIEAYIOLUX IJiaBaxX 3TOH KHHTH.

[Tocae TOro Kak MBI YCJOBHJHCH O XapaKTEPUCTHKAX NPAMOMN
TPEHIa, KOTOPYI0O Mbl XOTUM IOCTPOUTb, ONpENeNHM HEKOTOphe
TepMHHH. 4l3yyaemasi IlepeMeHHas sBJaseTcsl 3aBHcHMO#l (T. e.
tyHKOHeH) WM perpeccHoHHOH u obosHauaercst Y; OTkiaoHeHus Y:
OT TIPSAMOH JINHHH JOJXKHBI OBITh MHHHMAaJIBHBIMH. J[pyras mepemeH-
Has sIBJseTCS HEe3aBHCHMON (HJIH apryMeHTOM) U ofosHauaerca X
IlycTp annmpokcHMHEPYIOILAs IpAMasi NepecekaeT och Y B TOUKe by
U uMeeT yrjoBo#l KoadouuuerT b,. Torna ee ypaBHeHHe HMeeT BHA

Py = by + b5, (4.11)

rae Y;—ouenka nas Y; opu nanHom 3HaueHuH X, Paccmarpupae-
Moe OTKJIOHeHHe paBHO Y,—Y;, u Hama 3ajaya CBOLUTCS K HAXOX-

JEeHHI0 TakoH mpaMoH, AJas1 KOTOPOH cyMMa KBaJpaToB OTKJO-
HeHH i

N (}/’\i ~—Y;)* = vunmym. (4.12)

i=l1

[Tosiyuenue OKOHYATEJBLHOrO pe3yJbTaTa TpebyeT IIPHMEHEHHS
auddepeHuvaqbHOrIO0 HCUHC/ICHUSA, NTO3TOMY MBl He 6yAeM paccmart-
pUBaTh JOKA3aTeJbCTBO, & OrPAHHYUMCS TeM, YTO NpPHBEAEM TakK
HasplBaeMbie HOpMaJbHble YpaBHEHHS, NMO3BOJAIOUIME HAHATH 3Haue-
Hus by H by pasi annpoxcuMupyooies npsaMoi. OHH UMEIOT BUT

DVi=byn + b, DXy (4.13)
i=1 i=l
MX,Yi=0b, DX, + b, DX} (4.14)
i=1 i=1 =1
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Pewas cucreMy ypaBHEHHH, MONYUHM

n / n n
ZX,-Y,-—I—(Z,‘(,ZY‘»)/n S
i i=1 i= o d

=1 = 1 -
by = - — - ~ s, (4.15)
Zx,a_.( Ex‘-> /n
i=l1 i=1
1Y X
b= =L —p = =Y —bX. (4.16)
n n

Mu Morau 6Bl HCIOJAb30BaTh 3TH (GOPMyasl AJs NOJYyYeHHA KO3d-
¢bunueHTOB NpsMOH, OAHAKO JIETKO 3aMETHTh, 4YTO YPABHEHHSE
(4.13) u (4.14) npeacraBasitoT co0oif CHCTEMYy YypaBHEHHHA, KOTO-
PYIO MOXHO peLiHTh, MCIOJb3Ys METOAbl, ONHCAHHBIE B IJ. 3.
O6a >Tu ypaBHEHHS MOXKHO 3alucaTh B MaTpHUHOH dopme:

no 2X\ /b, sy )
g )= - (4.17)
X ZX by XY
XoTsl B 3TOM IIPOCTOM CJyude HCIOJb30BaHHE MaTPHYHOIO Meroja
efBa JU AaeT Kaxkue-NHOGO NpedMyllecTBa, B 0oJee CHIOXKHBIX CH-
TyamHsx ero npHMeHeHue onpaBianHHo. I[lostomMy Mbl npuBelem
pelieHHe 3aJaYH O 3aBHCHMOCTH COJEpKaHHs BJarh OT TAYOHHBI
METOAAMH MATpPU4YHOH anrefpul H OyAeM HCIOJAB30BAThb 3TOT METOX
H Jajee B HacTosule# rjaBe. DJIeMEHTH MAaTpHL TAaKOBH: n=3§,
TX=140, Y =382, XXY=3870 u XX2=3500. CucreMma B MarpHu-
HOH (opmMe uMeer BHJ
8 140 )(boj_(’ 382‘)
( 140 3500 by 3870

N ;

Pewius ce, noayuaem bo=94,67 u b;=—=2,68. Mbl MOXeM HCIOJb~
30BaTh MOJiyUeHHLIEe 3HAUEHHs [Jisi BBIYMCJCHHS OIEHOK COAepxKa-
HUfl BJaru B ocajJKe Ha pa3juyHblX rIybuHax. [TosdyyeHHble OLEHKH
OpOGOBaHHS B TOYKAxX NO3BOJSIOT H3MEDHTb, HACKOJNBKO IpsMas,
MOCTPOEHHAst MO METOAY HAaWMEHbIUMX KBaAPAaTOB, COOTBETCIBYET
HCXO/AHBIM BbIOOPOUHBIM AaHHBIM. Ecau Obl 10CTpPOEHHAs NpsaMast
IPOX0AMJa B TOYHOCTH 4epe3 KaxKaylo BLIGOPOUHYIO TOUYKy, TO Y;
u Y; conazanm OLI M CcyMMa KBajJpaTOB OTKJIOHEHHH OT NpsAMOi
Opiia Oul paBHa HyJIoO. KoneuHo, B npHBeNeHHOM NpHMeDe 3TO HE
Tak. 3nauenusa Y; u Y; uso6paxens Ha puc. 4.15.

Mpbl MOJKeM ONpeJes]uTh TPH XapAKTePHCTHKH, KOTODLIE OMKCHI-
BAIOT M3MeHeHHe 3aBHCHMOH nepemeHHoi. IlepBas HS HHX — 370
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Puc. 4.15. Ha6mogaemble 3HaueHus

BRamRoCTL,
BNAKHOCTH M HX OLEHKH, NOJYYeHHbIe 450 100 50’ 0
H3 JIHHeAHOro ypaBHEHHs PErpeccHH, No- o A 0
CTPOGHHOr0 110 MeTOAY HaHMeHbLIHX ! !
KBaApaToB
3
- -
10 5
6
©
X
=
O
-1205,
(=4
—
—30
40

obuas cyMma kBajpatoB (SSr) nepemeHnHofi Y:

n

SSy = gyf—%d] y,>2 Y- @

i=1 i=]

Pasngnus 3TO ypaBHeHHe Ha (n—1), nosyyum pgucmepcHio me-
peMeHHOH Y:

n n
2 1 1 2
- SSp=—_t 2 __
=S =L [leYi (2 Yi>]. (4.19)
i=l]

i=1

BTOpaH XdpAKTEePUCTHKA H3MEHUYHBOCTH 3aBHCHMOH IIepeMeEH-

HOH —3TO CyMMa KBaJpaTOB OTKJIOHEHHH OLEHEHHBIX 3HAYEHHH Y,
OT CPeJHero 3HAUYeHHA Y

2 n

SSp = 2 Prat (2 ?i> =Y -7 (4.20)

i=1 iwm] ! i=l]
Kak caenyer u3 npaBoil yacTu 3TOro paBeHCTBa, OLEHKH HMe-
10T TO XKe CpefHee 3HAUEHHE, YTO M HCXOZHHe JHaHHble. Cymma
KBaJpaTOB 3THX OUEHOK Y; XapaKkTepH3yeT Mepy HU3MEeHYHBOCTH JIH-

HHH perpecCHH OTHOCHTEJNbHO cPeiHerc 3HaueHHd. Ecau Y; u Y:
COBNafawT NJsA BCeX HalJMIOfeHHH, TO CYMMbl KBajparToB, BbIUHC-
JeHHbe Mo ¢opmynam (4.18) u (4.20), 6ynyr oxuHakoBbIMH. Ha-
oGopor, ecnu cymma kBajapatos (4.20) 6ymer MeHblue, To PasHOCTh

SSp =S8Sr— SSp, (4.21)
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HasblBaeMasi OCTATOYHON CYMMOH KBajaparoB, 6yaeT OTJIHYATHCS OT
Hyad. Kax nerko yGenutbcs, BeauuynHy SSp MOXKHO TakkKe BBIYHC-
JHTb 10 opmyJe
n
3 ~
SSp= X(¥;—Yy¥, (4.22)

i=l1

rie SSp aBasieTcs MepoH OTKJOHEHHs NPsAMOM, NOCTPOEHHOH IO Me-
TOLY HaHMEHBUIMX KBajipaToB, OT pe3y.abTaToB HabmoneHui. Ka-
UeCTBO NPHOJHKEHHS NMPSIMOH XapakTepH3yeTcsi OTHOLICHHEM

SSq

R = < (4.23)

Ecnn ans umeowmuxcsi ZaHHBIX IIpsMas XOpOWIO NoAo6paHa, To
3TO OTHOLUEHHe OyAeT GJH3KO K CAMHHIE; HUXKE Mbl PACCMOTPHM
KPUTEPHH, NO03BOJSIIOLUINE CYAHTb O TOM, HAaCKOJbLKO XOpOLIO 3TO
OTHOILCHHE XAPAKTEPH3YeT KAUeCTBO OLEHKH. Beanunny R? Hepel-
KO BBHIPaKalOT B NpOUEeHTax. Ta Ke TepPMHHOJOTHS TPHHATA B
TpeH-aHaJH3e, KOTOPLIH, KaK MBI YBUAHM, SIBJAsETCS NPAMBIM 06006-
LeHneM 3Toro Mmeroja. HeoOXoAHMO OTMETHTb, UYTO KBaJApaTHHIH
KOpeHb u3 R? paBeH MHOXECTBEHHOMY KO3(QOHUHEHTY Koppeas-
uuH R:

R=VR =V SSk/SSr. (4.24)

Asre6pandeckufi KBHBAJEHT 3TOr0 COOTHOWIEHHSI ONpejeJeH B
I, 2 xak K03GQHUHEHT Koppeasauuu

88y,

V= = (4.25)
I/ SS;-SS,

TakuM o6pas3oM, NpH HAXOXKAEHHH YpaBHEHHs NpsIMOH, xapax-
TepHU3YIOLed 3aBHCHMOCTb BJIAXKHOCTH OCajKa OT TJYOHHBI, MO Me-
TOAY HAHMEHBUIHX KBAApPaTOB Mbl BLIYHCJHJH Da3NHYHbIE BEJIHUH-
HBl, HeoOXOAUMbIe IIPH ONpefeselHH CYMM KBajpaToB, KaueCTBa
HpHOJHKEHHsT U KOIbPHIHeHTa KOppeaAudH. BHIUHCHHTE BEJHUH-
Hbl SS7, SSk, SSp, R? u R ans panHbiX Tada. 4.11.

CoBepiuleHHO OYEBHAHO, YTO HpAMas JHHHA HE BCErja XOpoulo
annpoKCHMHpYeT NaHHLIE JaxKe B CJHy4Yasfx BHICOKOH KOppeJsiLUH,
IInoxoe upuOJHKEHHe BO3HHKAET KakK CJeACTBHe psja INPHYHH,
cpeau KOTOPBEIX CJIeAyeT OTMETHTb BBICOKYIO NHCIEPCHIO 3aBHCHMOH
nepeMeHHOlH (upe3MepHblif pa3bpoc AaHHBIX), a Takke BbHOOp He-
noaxoasiuieli Mozeau. B 3TOM npumMepe ML CKJIOHHH MOJO3PEBATh
HOCJefHee, TAK KaK pAacloJioXeHHe HCXOIHLIX NaHHbIX HABOXUT Ha
MBICJb, YTO [Js anlpoxcuMaluH 6odee NPHTOAHA KDHBas, a He
npsaMasi AuHHS. Huxe MB PacCMOTPHM HEJIHHEHHYIO annpoKcHMa-
o, OJHAaKO Npexie HaM NPHAETCS U3YYHUTb CTATHCTHYECKHE KPH-~
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TEpHH, TpHMEHsieMble AJA NPOBEPKH NPEANOJNOXKEHHs, UTO JaHHLIe
NOAYHHSIOTCS HEKOTOPHLIM 3aXaHHBIM TPeGOBAHHAM.

Ecau Y;—cayuafinas nepeMeHHasi, KOTOPOil COOTBETCTBYeT He-
KOTODbIH HHTEpBaJ H3MEHeHHs IepeMeHHoOH X; TO MBI MOXeM
NPEANONOKHTb, YTO HMEIOUIHeCs] JaHHBE NOLYHHSIOTCS CllefylolleH
TEOPETHUYECKOH MOZEJH:

Y = Bo + B:1X: + & (4.26)

rie {— HOMepa IOCJIelOBaTe/ibHHX HabaioneHui. Beanuuna e B-
Jgsetcst cayd4afHol HODMaJbHO paclpefejeHHOH BeJHYHHOH ¢ HyJe-
BLIM CPEJIHMM M HEH3BECTHOH JHCIepCHeH 0%, He 3aBHCALEH OT Be-
auuni Y. HHbIMH CJI0BaMH, Npejnojaraercs, 4To HabJmoAaeMmbie
3Hauenus Y; sIBASIOTCS CYMMAaMH IOCTOSSHHOH BEJHUHMHBI, CBA3AHHOH
co cpeiHHM 3HaueHHeM (ecaum X; u Y; OTCUMTHIBAIOTCA OT CBOHX
CpEeAHHX 3HAYeHHH, TO Po PaBHO HYJIO), JHHEHHOH GYHKUHH OT X;
M CJAyyalHOM KOMIIOHEHTHl €. DTO COOTHOLUIEHHE H300paxkeHo Ha
puc. 4.16. Ilpeanosaraercs, uTo AJA KaXAOH TOUKH JIHHHH perpec-
CHH CYIIeCTBYeT HODMaJsbHOE pacnpejiesienne YacToT BO3MOXKHbBIX
sHauenu# mepeMeHHOH Y; IlpuMeHsis MeToJ HaHMeHbIIHX KBajapa-
TOB ¥ HCHOJb3ys BbIGOPOUHBIE KO3I()(QHUHUEHTH PErPECCHH, BBIUHC-
JEeHHHe Hexoast H3 Mozenu (4.17), MBI MOXKEM OLEHHTL IapaMerpht
perpeccHd [T. e. napaMerpsl § B popMyJse (4.26)] no BLIGOPOUHBIM
kospduukentaM perpeccud [mapamerpe b B Momeau (4.17)].
Ecau chenadHbie HAMH OTpaHHUEHHS BBLIIONHEHB, TO METOA HaH-
MEHbUIMX KBAAPAaTOB AAcT HAM OLEHKH MAaKCHMaJbHOrO IpaBilolo-
10045l TapaMeTPoB perpeccHy by u by, W NOCTPOCHHAS HAMM JIHHUS
perpeccuu 6yner OJHKe K HCTHHHOH NpsAMON perpeccuy, yem Jjiodas
apyras npsiMas. Ec/JH NOCTPOEHHOE JIHHEHHOE ypaBHEHHE sIBJsier-
csl yAauHOH DPerpecCHOHHOH MOJENbIO, TO AHCMEPCHS CJAydaHHO#
KOMIIOHEHTHl paBHA JHCIIEPCHH OTHOCHTEJIbHO JHHHH DErpeccHuH.

Puc, 4.16. KOMIOHEHTE perpecCHOHHOH Momean Yi= o451 Xt-e1.
Rpepmozaraercs, uso clydafinast KOMIOHEHTA 8; HOPMAlbEO PACHPeReReBa OTHOCHTENILEO AN-
HHH DPErpecCHH
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Ta6nuua 4.12
Hucnepcuontbil ananua aas cayuas NPOCTOA JIHHEAHOH perpeccuu

Ta6arua 413
PesyabTaThl AHCHEPCHOKHOTO aHaJIH3a, NPOBeJEHHOr0 AJAS ONpeleNeHHN
SHAYMMOCTH PErpecCHH, XapakTepH3yloulet 3aBHCHMOCTb COREPXAHHA BOAB
B OCajKe OT rayGHHM

Hetoun wswewmgocrs | VS [wan- | ueno crone: | Cpemune | Suawcune
Jluseiinas perpeccus S8k 1 MS. MSRIMS)p
OtkJaonenune SSp n—2 MS,

O6was aucnepcus SSr n—1

H3060p0'[;, €C/IM MOJenb BbIOpAHA HEYNAYHO, TO NUCHEPCHS OTHO-
CHTEJIbHOW NPSIMOH perpeccHH GyaeT GoJblie, uyeMm JHCHEpCHst Be-
JIHUHHK €.

MoXHO HCIO/IB30BATH MOJYUEHHEIE CYMMBbl KBAApaTOB AJISI Bhl-
GHCICHHS OLEHOK JHCIepPCHH, KOTOpEIe B CBOIO Ouepelb HeOGXO1H-
MBI NpH npoBepke ABYX aJbTepHaTHB. B uacTHoCTH, SSp HCLOJB-
SYETCA KaK OUEHKA JHCIEePCHH OTHOCHTEJBHO JIHHHH Derpeccuu. Ml
MOMEM MOJYYHTb aJeKBATHYIO OLEHKY HJA 02 TOJBKO B TOM CJy-
Hae, eCJH NMpOBeNeM H3MepeHHs Y; B KaXkAOH Touke X; Tak Kak 3TO
€HHCTBEHHbIH NyTh, KOTODPBIH IO3BOJIAET ONEHHTh 3HAYEHHe HC-
mepcHH Y He3aBHCHMO OT gucrepcHH X. OHAKO 3HAYEHHe S8k
AaeT OUEHKY AHCIEPCHH 0° B TOM CJyyae, €C/H Halla MOJAeNb Npa-
BHJIbHA; €C/H Ke Halla MOoJe/b HENPaBHJbHA, 3TO 3HAYEHHe Ipe-
BOCXOLHT 0% Ha HEKOTOPOE INOJOXHUTEJNbHOE YHCJIO, HA3BIBAEMOE
cmewenneM. Hcenonbsys SSg, MOXHO TpoBecTH AHCTIEPCHOHHbBIH
AHAJIH3, NMPHBONALIMA K OTKJOHEHHIO HYJEBOH THIOTE3b B JHOGOM
H3 AByX cCJy4YaeB, JuOO KOIAa H3MEHUYHBOCTh HAGMIONCHHI CJHLI-
KOM BeJIHKA IS TOTO, YTOOB CAeJaTb HafexHbie BLIBOIBL, JHEO
€CJIH TI0CTY/HPOBaHHAss HAMH MOJeJb HeBepHa. B rtaba. 4.12 npu-
BeleHa cxeMa JHCIEPCHOHHOrO aHaJH3a.

Kak ykasano B ra. 2, cpesnune KBaipaToB naioT IHCTIEPCHH,
OLEHKH KOTODBHIX MNOJYYAIOTCH B pe3yJbTaTe ZeJEHHS COOTBETCT-
BYIOWIHX CyMM KBaApPaTOB Ha OTBEYAIOUIHE HM YHCJAA CTENeHell CBO-
6onbl. Bennunne MSy orBewaeT ogHa crenetn CBODOIbI, TAK KaKee
3HaYeHHe MOJYYEHO Ha OCHOBE [BYX «HalJI0ZeHHH» 3HAYCHHI KO-
3 uunenToB b u b). O6was xucnepcHs uveer n—I cTeneHell cBo-
6oabl. Tlostomy BesmunHa MSp I0MKHA HMETh YHCJAO CTereHed cBo-
Goabl, paBHOE PASHOCTH MEXKAY ABYMS YKAa3aHHBIMH, T. e. (n—1)—
—1=n—2. Mb Moxem npumeHuts ANOVA k paccMoTpenHon
BbllIe 3a1a4e, KaK 3To caesano B Taba. 4.13. IIpu sTom npoepsier-
cA chAeayouas rHIoTesa:
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eronume wxeosocr | OV | iro crener | Come | Suauente
Jluuelinas perpeccus 7546,88 1 7546,88 23,071°*
OTrAoueHHe 1962,62 6 327,10
CyMMapHas ZUCIepCHst 9509,50 7

* ['unoTesa o paBeHCTBe AHCMEPCHR OTKNOHSETCS NpH 5%-HOM YDOBEE 3HAUHMOCTH (&=
=G,05)

NpH aAbT€pPHATHBE
H1 . B] = 0.

JIuHHsA perpeccun NOAYMHEHA YCJOBHIO: OHA NPOXOLHT yepes cpel-
HHe 3gaueHHsa X H Y. Ecau yriaoBoil xosdpdunuedr B; He3HAuHuMO
OTJHUAETCH OT HyJs, TO 3TO 5KBHBAJIGHTHO CJEAYIOHIEMY YTBEPXK-
AEHHIO: paccessiHHe 3HAUeHHH Y OTHOCHTENBHO JHHHH perpeccHu He
MEHbLIe, YeM HX paccesiHHe OTHOCHTEJbHO Y. BuibepeM 5% -Hblii
ypoBeHb 3HauuMocTH (a=0,05). Ecnn H, BepHa, TO mpoBepsieMast
CTaTHCTHKA mopuuHseTcs F-pacnpeneneHuio ¢ vi=1 u vo=6 cTene-
HAMH CBOGOABI, H NO3TOMY KPHTHYecKasi 00JacTb COCTOHT M3 3Ha-
yeHHull, npeBpiltaomux F=>5,99. BrluncieHHOE 3HAUEHHE KPUTEPHS
onajgaer B KPHTHYECKYIO 006J1aCTh, NO3TOMY MBI JOJKHBE OTKJIO-
HHTb THIIOTE3y O TOM, 4TO AHCNEPCHS OTHOCHTEJLHO JHHHH perpec-
CHH He OTJIHYaeTCH OT AHCIEDPCHH, IIONYYEHHOH IO HabJIoNeHUsIM.
OnHako gaxe HeCMOTPs Ha TO, YTO CYLIECTBYeT 3HAUHTENJBHBII JIH-
HeHHBIH TpeHa, rpauyeckoe MNPEACTaBJEHHE JaHHBLIX TIO3BOJSET
NPEedNONIOXHTb, YTO MBI B COCTOSIHHM IPOBECTH AHAJIH3 TOUHEE,

B 15 M oT nepBoii CKBaXHHB B HJHUCTHIX OTJIOXKEHHUAX YCTbs
pexn Orla npobypeHa BTopas ckBaxuna. Colep:KaHHsI BOAB B
npo6ax H3 3TOH CKBaXUHB 06pPa3yIOT OCJAEN0BAaTEILEOCTh H3Mepe-
HHi Y;, NO3BOJAIOUIMX OHEHHTHL ¢¢. B pesysibrare Mbl MOXKEM ompe-
JAQJIMTh, sIBAsieTCS JU cJaabass KOppeasauudsi MexXIy CcOojepiKaHHeM
BOAH B Ocajke H TJyGHHOH CJefCTBHeM CHJBHOrO pasbpoca naH-
HBIX HJIH PE3yJbTAaTOM HENPUTOJHOCTH ypaBHeHHs, BHOpaHHOro B
KayecTBe Mojesu. JlaHHBE 110 BTOPOH CKBaXKHHe IIPHBeLEHb
B Taba. 4.14. HaneguTe 3TH TOYKH Ha rpaduk H CPABHHTE IIOJAYYeH-
HOe pacHpelelieHHE € pacHpeje/ieHHEM, COOTBETCTBYIOLIUM JlaH-
HBIM TabJ, 4,11, '
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Ta6auua 4.14
3Haqemm BJAXHOCTH OCagKOB U3 BTOpOﬁ CKBAXHHB

BnaxuocTb (rpaMbl Braxuocth (TpaMMbl
FCayGuua, dyrsi BOABI/100 T cyxoro CayGuna, ¢yTei BOAH/100 T cyxoro
ocaaxa) ocagka)
0 137 20 28
5 84 25 24
10 50 30 23
15 32 35 20

Haunere taba. 4.11 MOXHO OOBEIHHHTL BMECTE€ C JAaHHBIMH
TabJ. 4.14, mocje Yyero NOCTPOMTb YpPABHEHHE PErpecCHH IO BCEM
HabmoaenusaM. Boluncienus Bennuud SSr, SSp u SSp nposoasites
TaK Xe, KaKk H paHblie, TOJbKO Telepb YHCJIO HalJIOAeHHH YIBOU-
Jgocb. Tak kKak cefiuac y Hac B pacCHOpPsKEHHH HMEIOTCsS HOBBbIE
HabJ/I0leHNs, Mbl MOXKEM MNOJCYUTATb CYMMy KBaJApaToB, BO3HH-
KaoWyl0 H3-32 HEAOCTATOYHOH TOYHOCTH annpokcuMauuu (SS.r),
H CyMMY KBaapaTOB, COOTBETCTBYIOHIYIO «UHCTOH» CJy4yadiHOH KOM-
nonesTe (SSpe), KOTOpHlE Pa3GHBAIOT CYMMY KBaIpaToOB OTKJOHE-
HUH Ha [gBe 49acTH. B caydyae map nmoBTOpPHEIX HalJIOJeHHI MBI MO-
¥eM HaHTH BeJHUYHHY 11O popMyJe

SSpe =172 Q¥ —Y:)2 (4.27)

i=l1

Dra BesJHYHHA HMEET OAHY CTelleHb CBOOGOABI AJS KAXKAOH TOU-
KH, 2 OCTaTOYHAasg CyMMa KBaApaToB SS.r HaXOOHTCS NMyTeM BBIUH-
TaHUA, TaK XKe KaK H ee UHCJO cTeleHel cBoOOIbl

SS.r=8Sp—SSpe. (4.28)

CoBceM He o6s3aTesbHO, YTOOB Mbl IIPOBOAMJHM IyOJHpyoLlAe
H3MepeHHs] B KaxIoH TOuKe, HO €CAM 3TO CAeNaTb, TO aHAJM3
yAacTcsl OCyWeCTBHTb OoJjiee TOYHO. MOXKHO TaKiKe HCIOJIB30BaTb
GoJiee ABYX NOBTOpPEHHMH Y; AN Kaxaoro sHaueHus X; NOpH 3TOM
BbIYHCJIeHHe BeJHYHHbBl SSpr CTAHOBHTCH HECKOJbKO BoJsiee CJOXK-
HbIM, DTH W IpyruHe yCcOBEepLIEHCTBOBAHHS ONHCAHBL B KHHrax IO
perpeccHonHoMy aHaausy Jlu [35], Hpeiinepa u Cuuta [17], u Mbt
He GYAeM OCTaHaBJIHBAThCs Ha HHX OoJee MOAPOOHO.

CxeMa MoAuQUIHUPOBAHHOTO AHCIEDPCHOHHOrO aHaju3a IpHBe-
Jexsa B Ta6a. 4.15. Hcnonbsys oObefHMHEHHble NaHHBIE 1O ABYM
CKBAXKMHAM, BBIUIOJIHHTE [IHCHEPCHOHHHIH aHAJM3 U BblYHCAHTE SSpg
u SS.r. CpesHee 3HaueHHe CyMMBbl KBaipaToB SSpr sBIsteTCA
OLEHKOH HJs 02y.x, T. €. AHCIEPCHH OTHOCHTEJIbHO JHHHH DETrPEeCcCHH.
OHo HaxoauTcs no GopmyJne

MSpg = SSpe/k, (4.29)
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Ta6auua 4.15
JHCcnepCcHOHHBIR aHaMH3 B Cay4yae NPOCTOH JHHEHHON DEFPECCHH C MOBTODEHHEM,
Yucno HaOMONCHHRA Y; PaBHO n; YHCJIO TOYEK,
B KOTOPBIX CHEJAHBi NOBTOPHHE H3MEPEHHs, PaBHO X

HCTOYHHK H3MEHYHBOCTH Cyn;;aai;? he E:gﬁgsgggg: K%Zﬁ’é‘f}i _ F-gpurepui
Jlgneiinass perpeccus S8k 1 MSe MS/MS»
OtkJ0OHEHHE SSp n—2 MSp

HexocraTox TOYHOCTH SS:r (n—2)—k MS.r MS1e/MSpg8
Yucras cayvaltnas SSre k MSee

KOMIIOHEeHTa

O6was nucnepcus SSr s

a
KpuTepun xauecTBa npuGauKeHis.
KpHTepuy cooTBeTcTBHS MOZeNH,

TI€ k— YHCJO TOYeK, B KOTOPHIX NpOBEeJleHbl IIOBTOPHLIE H3Mepe-
Hust. B HameM cayvae Mbl cuesnanum sTo mas Beex TOYEK, H I03TO-
My R DaBHO n/2, Tak Kak MOJOBHHA Habumonenul Y; ny6auposana.
Mei otmeuann, yto Bemmunha SS, gBAsETCS MepOoH AHCNEepCHH BO-
KpYT' DErpeccHH IIIOC HEKOTOPOe CMelleHHe, KOTOPOe MOXKET BO3-
HUKHYTb H3-3a BLIOODA HENMOAXOAAIIEH MOLEJH, H HO3TOMY cpea-
Hee 3HaueHue KBaipaToB SS.r SBAAETCT OUEHKOH TOJNBKO 3TOIO

CMelieHns. MBI MoXeM NPOBECTH NPOBEPKY NPHIOLHOCTH MOXEJH,
BBLIYHCJISIST 3HAYEHHE

F = MS.#/ (MSpr). (4.30)

Ecnu BEUKCIIEHHOE 3HaueHHe KpUTepHS momagaer B KpUTHYe-
CKyl0 06J1acTh, TO Mbl NOJIKHB CAEJaTh BHIBOA, 49TO TIOCTPOEHHAas
MOLEJI> He OTBeuaeT NefCTBHTENBHOCTH. Ecam nmposepka me mpuBo-
AHAT K OTK/IOHEHUIO MOJEJNH, TO 00€ OUEHKH AHCIEPCHH MOXKHO CJO-
KHTb (MSpr+MSpz=MS)p) H ouUEHHTb KauecTBO anNpOKCHMALIMH,
KaK Mbhl [€JIaJii 3TO paHblie. BeluuciauTe F-OTHOLIGHHE W LOTOJHH-
Te Tabua. 4.15, a saTeM ompejesHTe, ABJSETCH JU 3T npocras Jiu-
HeHHasd MOJeJb AO0CTaTOYHO xopowed. Ha puc. 4.17 H300paKeHh
4€TLIPE BOSMOKHBEIC CHTYallHH NJA ABYX XapaKTEPHCTHK, ONHA H3

KOTOpPBIX — COOTBETCTBHE MOJeJH, a BTOpaﬂ—g(aquTBO annpoxcH-
Maluuu. *

Heauneiinaa perpeccus

ITocsie BHIYHCHEHHS F-Kpurepus IJAsT NPOBEPKH COOTBETCTBHS
MOJeJIH BLIOODOYHBIM NAHHBLIM Bhl MOXeETe MPUATH K BBEIBOAY, 4TO
pAMas JHHHA HeaJeKBaTHO NPEACTAaBJSeT BHOGOPKY. UTo nesnaTsh
nocJje 3Toro, 3aBHCHT OT npexMera HcCCJaenOBAHUSA H OT BAalUHX 3HA-
HHE HJIH JOrafgoK O COOTHOLIeHHH MeX1y mepeMeHHnHMH X u Y,
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Puc. 4.17. BoamoxHHe ciyyan AuHedHoll perpeccuu [17]:

a ~- CyulecTBeHHas JHHeAHAsd DEerpeccHd H TOYHOCTL ANAPOKCHMAIHH YHOBAETBODUGCALHAA; 6 —
OTCYTCTBHE JIHHEHHOH DErpecCHH MPH YNOBJACTBODHUTENbHON TOYHOCTH ANNPOKCHMALHH, & —
CyuleCcTBEHHAs! NHHeRHasi DErpecCHs H SHAUMMBLA HENOCTATOK TOMHOCTH ANNPOKCNWMAMMH, & —
OTCYTCTBHE JIKHEHHON DErpeccHH M 3HAUHMBIA HENOCTATOK TOUYHOCTH ANNPOKCHMaumu

Huoraa MOXHO HMeTh BIOJIHE ONpeAeNeHHOe MHEHHE O CBS3H Ie-
pemennsix. Hanpuvep, ecau camoner c6paceiBaer HoMmOy, 1o, mpe-
HeGperas CONPOTHBJEHHEM BeTpPa, Mbl MOXCM INIpPeACKa3aTh €e TEOo-
PETHYECKYIO FPAEKTOPHIO, KOTOPAasl ONpelessieTcsl CKOPOCTLIO CaMo-
JeTa W HAnpaBJeHHBIM BHH3 YCKOpeHHEM CBOOOJAHOrO HajeHHS
(puc. 4.18); neiictBuTesbHO, mapabosa OYeHb XOPOIIO OMHCHIBAET
TPAEKTOPHIO MafeHHs O6oMObl. C Apyroli CTODOHBl, Mbl MOXeM HH-
Yero He 3HaTh O 3ABHCHMOCTH MEXAY ABYMsl nepeMeHHHMH X u Y
(ee MOXKeET M He CYWIeCTBOBATb) H NPOCTO XOTHM IIOJYYHTb BbIpa-
JKeHHe OJHOH M3 HUX uepe3 Apyrylo. OOGbiYHO HallM 34Aa4d Haxo-
OATCSA MeXJAy 3THMH ABYMS KpaHHHMH CJAyuYyasMH: MH NpeANoJara-
eM HaJMuHe NPHYHMHHOH CBSA3M, HO He 3HaeM ee ¢opMmH. B mocaen-
HUX ABYX CJydyasix Mbl MOxKeM [0A0o6parh annpoKCHMUPYIOLee
ypaBHEHHe K HMMEIOLIHMCSl OaHHWM B Halex/e, YTO OHO NOMOKeT
HaM IIPOSICHHTL CYILECTBYIOILHE COOTHOLIEHHS HJH e TOYHO OlH-
caTh QopMy 3saBUCHMOCTH nepeMmeHHbx X M Y. Takue ypaBHeHHS
BHIJHPAIOTCH [IOTOMY, YTO € HX IOMOIUBIO yiaeTcsl alllpPOKCHMHUPO-
BaTh MHOTHe KJacchl (yHKUHH, M HCHOAB3YIOTCH B TeX CJAyyasx,
KOTJ4a HCTHHHBIA BHJ QPYHKLHH HEU3BECTEH.

B03MOXKHBl pa3JiHUHble THIB allIPOKCHMHDPYIOWHX (yHKIHH, HO
yalle BCEro MCIOJb3YeTesl NOJHHOMHAJbHAs aNNpOoKeHMauMs, 3a-
KJIOYaolascs B TOM, YTO B KayecTBe NpHOJHKAIOUWEH (GYHKINH
BubHpaeTcs CyMMa IHeJblX cTeneHell He3aBHCHMOH IepeMeHHOMH:

Yi=bo 4 b:Xi 4 b2X:2 + 63X3 + ... + baXi™. (431’
¢

Pac. 4.18. Teoperuueckasi TpaekTOpHA LKOPOCTL 2
pageHnsl G60MOH, cOpOIIEHHOH ¢ caMo- o |
JeTa [ |
o I
% |
] |
o x |
O S |
o T
(5] (&) '
1
Jo i
ICc i
g i
o |
x |
(3]
=]

YpaBHeHHe, B KOTOPOM BCe IlepeMeHHble CyMMHPYIOTCs, Ha3biBa-
ercsl JHHeHHBIM, TaK KaK COOTHOLICHHS] MeXJy BCEMH napaMH HMe-
10T cBOMMH rpaduxaMu npaMbie JHHHH. PaclinpenHe mnepBOHa-
YaJIbHOTO YDaBHEHHS C NOMOILBIO J00aBJeHHS CJEAYIOIHX cTele-
Hedl NPUBOAHT K TOMY, UYTO rpadHK HauHHAeT HCKpuUBJATbCH. OLHH
JONOJNHHTENbHBIA YIeH 3aCTaBJAsSeT NPAMYI0 H3MEHWUTh HAaKJOH, BTO-
po¥l JIOMOJNHHUTENLHBIE YJ/IeH TPHUBOAHUT K BO3HUKHOBEHHIO ABYX TO-
ek nepernfa M T. . YBeJHUHBAIOULASACS HCKPHUBJEHHOCTb M03BO-
JaseT JUHHH GoJiee TOYHO HOAXOAHTb K HCXOJHBIM HaHHbIM. [led-
CTBHTEJIbHO, €CJH YHCJIO JONOJNHHUTENbHBIX UJAEHOB JOCTHTHET
(n—1), To JNHHUS NIPOHAET TOYHO Yepes KaxAyI0 NaHHYIO TOUKY.
OnHako B NOCTPOEHHH TakKoH JHHHH MaJio CMEICJA, TaK KaK OHa He
aBJsieTcss 6onee s¢eKTHBHOMH, YeM caMHu HCXOAHBIE AaHHbie. KpoMme
TOrO, HauboJiee BaXKHYI HHPOpMALHIO O NJAaHHOM MACCHBE MOXKHO
COXPaHHTb C HCIOJb30BAHHEM JIHLIb HECKOJbKHX WJIEHOB B IOJH-
HoMHaJabHOM ypaBHeHuu. Ha puc. 4.19 n3o6paxkeHH pasJiHuHbIE
THNH TOJHHOMHAJBHBIX 3aBHCHMOCTEH, COOTBETCTBYIOIIHX pa3Jny-
HEIM CTelleHsM aprymedra. MakcuMmaJgbHasi CTENeHb, HCHOJIb30BaH-
Has B MOJHHOMHAJIBHOM YpaBHEHHH, HA3hbIBaeTCs CTeNeHbl0 ypaBHe-
Huf, T. €.

Yi=bo + 1 Xi + b2X:2 + b3X®

— NOJIMHOMHAJNBHOE ypaBHEHHe TpeTbeH CTeneHH. TakoBa e cre-
neHb ypaBHeHHs Y;=0X3, Tax Kak OHO sBJsieTCS YaCTHBIM CJyda-
eM npelnaywero npu by, b; u be, paBubXx Hy/mo. [TosuHOMHAJBHOE
ypaBHEHHE CTPOHTCS 1O HaOJIOJeHHSM ¢ NOMOIIbI0 MeTOAa HaH-
MEHbIUMX KBAaJpaToB, a IIpolecCc 3TOT0 HOCTPOEHHS HAa3bIBaeTcs
noa60poM KPHBOH.

[TpH BHINOJIHEHHH HEKOTOPBHIX CTATHCTHYECKHX YCJOBHH KagecT-
BO aNNPOKCHMAUHH H ee 3HAYHMOCTb MOI'YT ObITb NPOBEPEHH C MO-
MOLIbIO PErpecCHOHHBIX METOJLOB, aHAaJIOTHYHBIX YXe pPacCMOTPEH+
HBIM, OTH CTATHCTHYECKHE NMPOLEAYDH SIBJASIOTCSI COCTABHOH YacTbIO
TaK Ha3biBAEMOI'O HEJMHEHHOrO DerpecCHOHHOrO aHaJH3a.

Yro6bl annpOKCHMHPOBATh JaHHBIE KDPHBOH BTOPOro IOPsSAKa
(MIH KBaZpaTHYHOH KDHBOH), HY>KHO COCTaBHTb HOPMaJbHHE ypaB-
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Puc. 4.19. Kpusrle nonunoMuanbaoft perpeccun AJis BO3PACTAIOLIHX CTeMeHeil mne-
peMeHHO X:

@ — ADAMAA JHHUSA, COOTBETCTBYIOULAs MHOTrOYJEHY NMEePBOf CTeMeHH; 6 — KBafpaTHYecKash KpH-
Bas WAM KPHBAs BTOPOR CTeNEHH; 8 — KyOGHUecKasr KPHBAS HJH KDHBAR TPEThE CTEHOHU; 2 —=
KpHBAasA YeTBEPTOH CTeMeHH

HEHHS C BKJIIOYEHHEM JOIOJHUTEJbHBIX UJCHOB, ﬂBa HOpMAaJILHBIX

ypaBHeHHst (4.13) u (4.14) npeBpamiaioTca B COBOKYMHOCTh TPex
YpaBHeHHuH:

Y = bon + 62X + b.>X2,
SXY = 5oZX + biZX? + bySX°, (4.32)
XY = boZX? + bZX3 +. b2 X4,

[ToxpasymeBaeTcs, 410 CyMMHPOBAaHHE BHINOJHSETES [0 BCEM
HabmoneHusaM ot 1 e a. IlepenncaB MX B MaTpuUuHOH (opme, no-

JydyaeMm .o S b
nSXZX* [ b, sy -
sxsxext || 6 |=| zxv | (4.33)
sxiExsxs ] Ls, XY
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STO MaTpHYHOe YpaBHEHHe MOXHO peIlIUTb, HCHOJb3yA MHpO-
uelypy MaTpuyHOl ajareGpel, NPHBEAEHHYIO B IJI. 3. 3aMETHM, 4YTO
B 3Ty CHCTEMY BXOAAT BLICOKHE CTENICHH HC3aBHCHMOH IepeMeHHOH.
CaMasg BLICOKas CTeIIeHb, HCIIOJAb3VeMasi B MaTPHLE, paBHa YIBOECH-
HOH CTellCHH TIOJHHOMA, KOTODPLIH MBI XOTHM noiobpaTh K H3yyae-
MBIM A2HHBIM. DTO OOCTOATEJbCTBO SABJSETCS TVIABHBIM HCTOYHHKOM
OolHO0K B BLIYHCJHTEJNBHBIX IPOrPAMMax IOJHHOMHAJBHOH ailnpo-
KCHMAallHH, TaK K4aK 3JEeMEHTbl IpaBOro HHXKHEro yrja MaTpHIb KO-
9GUUHEHTOB MOTYT HAa MHOTO NOPSAKOB IIPEBHLIIATb BEJAUYHHY
3JeMeHTOB JIEBOrO BEPXHEro yrja MaTpHUbEl. DTO MOXKET lIPHBECTH
K 00aplINM OHOKAM OKDYIJEHHS H NOTepe 3HAUMMOCTH B CYILecCT-
BEHHBIX HH(pPpax, pe3yJbTaToM dero 6YAyT HEyCTOHUHBHIE HJH He-
HajexKHble pelleHHs cHcTeMBl ypapHeHHH. [logo6Hoe paccMoTpenue
3THX 32744 COAEPXKUTCs B KHHre YacTaefika [59]. '

CTpyKTypa MaTpulbl KO3(P(hHLUHEHTOB CTAHET OYEBHAHOH, eCJH
MBI HCNoJb3yeM liepeMeHHylo X9 kotopas paBHa 1 mjsi Bcex Hab-
JIojeHuil X; Mbl MOXEM 3aHYMePOBaTb BCE CTPOKH M CTOJIOUBI MaT-
PUYHOI'O VPaBHEHHS CJedyoluM obpasom:

X X' X2 XL XT b Y
X 0 T
Xl
X2

= M 4.34
x (434

x| I Y O I

DneMeHTH MaTPUUBL KO3()GHUHCHTOB, a TAKXe CTOJNOIOB K0ad-
¢bunuenToB b W 1paBLX uyacTeld Y SIBASIOTCH CYMMaMH CMeIaHHBIX
MPOU3BEAEHUH 3JIeMEHTOB CTPOK H CTOAOUOB C 3aJaHHBIMH HOMe-
pamu. WMes B Buny snauenne X°, MBl onpejesseM 3JeMeHT Ajj

n
Kak I 1.1=n, gpyrue ajeMeHTH BepXHeH CTPOKH NOJY4alOTCa YM-

i=

Hoxkennem 1 Ha coorBeTcTBylowuil croaben. Hanpumep, 3Je-
MeHT A MaTpuubl paBeH SX3.X2=3X° HanoMHHM, 4TO NPH yMHO-
JKEHHH 110Ka3aTeJH CTelleHH CKJA4AbIBAlTCHd, T. €. X% . X0=Xotb

JJst WIOCTpAllMH BBIYMCJEHHH, HCNOJb3yeMbIX HPH NOCTpOE-
HHH YpABHEHHS HEJHHeHHOH perpeccHy, NpOaHajM3HpPyeM COBMECT-
Ho ganuble Tabauu 4.11 u 4.14. IlocTpouM KBaAPATHYHYIO aNnNpo-
KCHMAlHI0, YTO TO3BOJHT HaM yOeJHTbCA B TOM, UTO IIOBBILIEHHE
CTeleHH TIPUBOAMT K 3HAUHTEJbHOMY YJYYIUEHHIO KQyeCTBa annpok-
cuMauuu. IloJuHOMHaJNbHAS KPHBAsl BTOPOH CTeneHH, nojodpaHHas
K 3THM JaHHbIM, H300paxeHa Ha puc. 4.20. B naHHOM cJaydae
ypaBHEHHE PErpeccHH HMeeT CJEeNYIOLHHA BUA:

Y:= Bo + ﬁlXi + 52Xi2 = 122,9 —7,9X; + 0,1X;2.
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150 100 50 0 Puc. 4.20. Kpusas nosnuoMuanbro# pe-
0 TpecCHH BTOPOIl CTENIEHH, NOAYYeHHad 1o
3aMmepaM BJaXKHOCTH, B3STHM HS Ta6JHN
4.11 n 4.14
-10
-20
430
. 40

B srom npuMepe Heo6XoaHMble AJIs1 BEINIOJIHEHHS AUCIEPCHOHHO-
IO aHaJii3a CTATHCTHKH IIPHHUMAIOT caeayrmmue 3HadyeHud.:

SSr=21363,0; SSr = 20673,2;
SSp = 689,8; SSpe = 126,0;
R? = 0,97, R =0,98.

Jlerko y6enutsest, uto 3navenus SSr u SSpe Takue Ke, KAK H B
C/ydae JIMHEHHOH aNNpOKCHMAIHM, TAaK KaK OHH He COAEpIKAT ole-
HOK BeJiHYHH Y. Kak MOXHO GBIIO 0XHIATh, GoJiee THOKAS KBajfpa-
THYHASA KpHBas OJIHXKe NOAXOAHT K HAaGJIOAAeMbIM XAHHBIM, ueM
upsamasi JHHHs. CyMMa KBajJpaToB OTKJIOHEHHH OTHOCHTENBbHO M-
HHH perpeccHu yMmenbwinsiach ¢ 5177,8 po 689,8. d10 6oasuoe
YMECHbUIEHHE, HO 3Ta DAa3HHIA He Bcerfa ObiBaeT CTOMb SHAUYH-
TeJbHa. TabJinlly AHCHEPCHOHHOrO aHAJNHM3a MOXKHO CHOBA pacruu-
PHTb JJIs IPOBEPKH 3TOH XapakTepuHCTHKH (Tabu. 4.16).

Kak MOXHO yBHAETb H3 5TOH Tabauub, cyMMa KBajpaToB Io-
JyYaeTcst B pe3y/bTaTe BLIYUTAHHS CyMMbl KBAjpaTOB HJist JHHEN-
HO#t yHKUMK SSg, M3 aHAJOTHYHOH CyMMbl KBaipaToB MJs KBaj-
paTHuHOH QYHKUHH SSge. DTa HOBass CyMMa KBaJpaToOB SIBJSETCS
Mepoil yJyYlleHHs] KayecTBa aNNpPOKCHMALMH B Pe3yJbTate BBeje-
HHST LOTOJHHUTENBHOTO WieHd B YpaBHEHHE perpeccud. B kputepHu
«0» (cM. Taba. 4.16) sra Beauuuna, koTopas 0GO3HAueHa yepes
SS2-1, HCHOJB3yeTCS A/ OUEHKH JOMOJHHTENbHOMN LHCIEepCHH B
perpeccun. Ee 3HaunMOCTb NpoBepseTcs TOYHO TakuM ke opa-
30M, KaK M [JIs CaMoro ypaBHEeHHsl perpecchu. Ecau oKoHYaTe/b-
HOe 3HauyeHHe F-KDPUTEDHA NONAaZaeT B KPUTHUECKYIO 06/aCTb, TO
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Ta6anua 416

JKcnepcHOHHBI aHANN3 AJf OnpejefeHHss 3HAYHMOCTH
AOMONHHTENbHBIX YJEHOB B HeJAHHEHHOR perpeccum

Uucno cre- C .
MMa KBal- SPDelHHue ‘_
HCTOUHNK H3MCHUHBOCTH Cy“‘;dams neiefll ¢cpo- KBaApPaThi F-xpHTCDHE
Gonwb!
Jluueitnasy perpeccus SSa 1 MSr
l MSprt®
Keanparnunas perpec- SSk2 2 MSre MSz:/MSor
cHs
)
KsagpaTuynoe Z010.1- SS2—1 1 MS,, MS,1/MSp2
HeHie
Ksaapatusnoe oTkJIO- SSo: n—3 MSpe
HeHHe
O6ias AuCnepcHs SSr n—1

a Kpurepuii 3HAUHMOCTH /st KBaJApaTHUHOTO NDHOAHIKEHHSA.

6Kpm*epnfa 3HAYHMOCTH J1JIA NPOBEPKH YBEJAHYEHHsS KauecTBa KBAAPATHUHOH aNmpORCH-
MaUHH no cpapHeHHlo ¢ Jauueftnol.

N06aBOUBLIH YJIeH JaeTr CYLIeCTBEHHbIH BKJaj B DErpeccHi0 H €ro
cheiyerT coxpaHHTb. Ecau 2Xe noJlyueHHOe 3HAaueHHe HeCyUeCTBeH-
1O, TO NONOJIHHTENbHLIH UJieH He jaeT 3HauuMMoro BKJajga B perpec-
cuto. HeobxonumMo OTMETHTb, YTO KPHUTEPHH «a» MOXKeT ObITh Cy-
UleCTBEHHLIM, B TO BpeMs KaK KDHTepuil «O6» TAKUM He sIBJASETCH.
310 NPOHCXOJHUT TIOTOMY, YTO KPHTEPHil «a» TNpeiH43HAUEH A
NpPOBEPKY THIOTE3bl O PABEHCTBE HY.JIO }EOMﬁHHaIlHH JUHEHHBIX H
KBajpaTHUHLIX uJeHOB. [IpH 3TOM JiHHEHHasi 4acTb MOXKET OKa-
3aThCsi BHICOKO 3HAUHMMOMH, B TO BpEeMs KakK BKJaJ KBaApaTHUHOIO
yjena GyaeT oueHb HH3KHM. Torja 3HaueHHe KpHTEpHS «a» Oyier
cymemuénﬂum GJaarojapsi 3HAUHTENPHOMY BJHMAHHIO OJHOIO JIH-
HellHOFO uyJjeHa. MHorga MoOXKeT 0KasaTbCsl, YTO 3HAUHMBIMH ABJA-
10TCst b0 OJMH H3 ABYX, JHOO 06a ujeHa, JHOO HU OAMH H3 ABYX
4J1eHOB He SIBJSETCS 3HAYHMBIM.

UyTaTesp yXKe MOT 3aMETHTb, UTO KOppeJSIIHOHHAsS 3aBHCH-
MOCTb BCE€rJa yBEJHUYHBAETCs] NPH L0OABJEHHH HOBLIX YJIEHOB NO-
JuHOMa. EcJM 4MCJO YJEeHOB NMOJHHOMAa AOCTHraer (n—1), To Ko-
3O OUUHEHT KOpPeJslHy CTaHOBUTCA paBHEM 1,00 HesaBuCHMO OT
creneny pasbpoca AaHHHX Touek. OAHAKO NpHBEJEHHbIE BbILIE KPH-
TepHH NOKAa3BIBAIOT, UTO yBeAHUYEHHE KO3 HIHEHTA KOPPEJSUHH He
HMeeT CTATUCTHUYECKHX ocHoBaHui. [Ipx 3TOM ec/iH cpexHHe 3Haue-
HUS KBaApAaTOB OTKJOHEHHH YBeJHYHBalOTCs, TO F-OTHOLIeHHE, Xa-
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PaKTepusyrollee 3HaYMMOCTh aNMNPOKCHMAIHMH, yMeHbluaeTcs. OleH-
Ka JHMCIEPCHH UaCTHYHO 3aBUCHT OT YHC/]A HAGMIOLCHHH, HCIOb-
SOBAHHBIX AJis €€ BBLIYHCJCHHS, HJH OT YHCJA CTeNeHel ,08060,:11)1
[Tocaennee mocTostHHO yMeHbiaeTes 1o Mepe YBEJHUYEHHS aucna
KO3 (HUIUHEHTOB B ypaBHEHHH perpecchd. HamoMHuM (eM. a1, 2)
UTO MBI TEPSEM B TOYHOCTH Ha KaXkKAOM OLEHHBAEMOM na'paM'eTpe’
OIHY CTENeHb CBOGOABI M UTO KO3(D(HUMEHTH b MOJHHOMHAJLHOIO
ypaﬁneﬂnﬂ ABJIAIOTCS OUEHKaMH KO3 (HLHEHTOB perpeccuu B.
o é)n BBIIIOTHEHHHM OTIPEACJEHHBIX CTATHCTHYECKHX Tp&ﬁOBlaHHﬁ
POUEAYpY NPOBEPKH IHIIOTe3B O HE3HAUHMOCTH A0GAaBASEMBIX UJe-
HOB MOKHO PacnpOCTPAHHUTL Ha UYJeHbl 6oJiee BLICOKHX CTeleHell B
YPABHEHHH INOJMHOMHAJLHOH perpeccud. Eciu mnosyuenue aomod-
UHTEJLHLIX HAGJIOLEHH! DEaNbHO, TO 3TH KDHTEPHH MOMKHO HC-
II0JIb30BaTh B KOMOHHALMU C KPUTEPHEM NPOBEPKHU OTCYTCTBHS I1PH-
OJIMKEHHS WJIM KDHTEpPHEM  UHCTO CAyYaHOH  KOMIIOHEHTHI
B radn. 4.17 npusenena jomonHHTeNbHAS cxeMa nnonepcnoaﬂoro'
ananusa NJist XBaxpaTHYHOH DErpeccHH H O6beAWHEHHOH BHIGODKH
3HAYEHHH BJAXHOCTH OCALKA4. P

B HekoTophIX Ccayuasx Hac MOxKer HHTEPECOBATh He TOJLKO I0-
JAYUCHHE OUEHOK B 3aJaHHBIX TOUKAX HJH OTKJOHEHHS OF JIHHHH
PerpeccH, HO ¥ €e HAKJOH M 3HaueHHe, IIPH KOTOPOM 3TOT HAKJIOH
u3MeHsieTcs. B xauecTBe mpHMepa 3ajauH TaKOrO THNA Mbl pac-

Ta6anma 4,17
Pesynm‘aru nycnepcuonﬂoro aHaJdHu3a paa onpeue.neuuﬂ 3HAYHUMOCTH
KBAaJpATHYHOHU perpeccuu couep}xaﬂnﬂ BOAN B OCajke H l‘leﬁHHbl

- : Cysmma KBaj- Yucno cre-

CTOMHHK H3MEHYHBOCTH paTon neﬂéeh CBO- K%‘;}'{,’;‘;i, F-gpurepak

O bt

Jlunefinas perpecchs 16 185,19 1 16 185,19
Keanpatuunas perpec- | 20 673,24 9 10336,62 |15R2 _ 77 gaa
cust MSpe '
KBafpaTuusoe aonod- 4 488,05 MSy
Keazy , 1 4 488,05 m—: 98,96
Keanparnuboe oTkJo- 689,76
Keany , 13 45,37
O6was aucnepcus 21 363,00 15

a
KBagpatHuHas perpeccHs BBICOKO SHAUHMa.

KBanpatuusas perpec
CHS TIDHBOLHT K
CHMAUHH 110 CPABUCHHIO C JHHEAHON perpeccyeiﬂaqmeawomy VAVILIGHIO Kanectsa annpok-
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CMOTPHM CTpPaTHrpadHuecKylo IOCJAEA0BATEJIbHOCTh IO CKBaXHHE,
Npo6ypeHHOil B NMOPOLAX HHXKHEro I1aJeo30s B BOCTOYHOH HacTH
OxaaxoMbl. Lleabio reoJIOTHYECKOTO HCCAENOBaHHsT SIBAAJNOCH BOC-
CT2aHOBJEHHE YCJOBHH, CyIIECTBOBABIUIMX BO BpeMs (HOPMHPOBANHS
oTnoxkenuit. VsyueHHasi ToJILa COCTOHT M3 CJOCB aJeBPOJIHTA H
[eCYaHHKA, OTHOCHTEJBLHO KOTOPHIX HONYCKaJOCh, UTO OHH HMEIOT
MOpCKOe TIpOHCXOKAeHHe. 'eosioraMu GbJIO CAeIaHO IIPEANOJ0Ke-
HHe, uUTO OcajouHblfi OaccefiH NOCTENeHHO HAIOJHSAJACS, H, N0 Mepe
TOro Kak OeperoBasi JIHHHS NPOABHIasach IO HaNpaBJeHHIO K Mec-
TOMOJIOXEHHIO CKBAaXKHHEI, MOIIHOCTb HOCJEI0BaTe]bHO 06pa3oBas-
IIUXCS CJI0EB NecYaHHKa yBeJHYHBaJach. ToJila HACUHTHIBaJa THI-
CSUH CJ0EB M GBLIO OB KpaiiHe 06peMEHHTENBHO H3MEPsTh KaXAbIH
H3 HuX. BMecro aToro Obija M3MepeHa MOUIHOCTh KaxKA0ro CJIost
necuanuka depes uHtepBaa B 10 ¢yroB (3 M). IDTH M3MepeHud
npuBeieHsl B Taba. 4.18. Teosory HHTepecHO 3HATb, CYLIECTBYeT
A 3aBIHCHMOCTb MEXAY MOUIHOCTBIO OTAEJNBHOTO CJ0s M oOuel
MOLLHOCTbIO HaKomJjeHHoro ocaika. OrTmeTHM, uYTO CyMMapHas
MolHOCTh, X u3Mepsiercss B (HUKCHDPOBAHHBIX TOYKAX, a MOILHOCTH
WHANBUAYAJbHLIX CJIOEB PACCMaTpHBAETCA KakK CiaydaHHas BequyM-

Ta6auua 4.18

MOLIHOCTb CJ0EB MeCYaHHKa B KJACTHYECKHX OTJIOXEeHHAX
HHXKHero naJgeo3oa B Okaaxome

Hutepsan X, dyrot Mouuocte Y, aoftmb Hntepsaa X, dyTel MolgrocTs Y, MIOHMBI
10 9,2 260 8,5
20 7,1 270 8,9
30 5,9 280 10,7
40 3,7 290 14 .4
50 6,2 300 15,2
60 4,1 310 12,1
70 3,9 320 15,3
80 5,0 330 9,0
90 4.4 340 11,2
100 6,8 350 8,9
110 5,9 360 9,0
120 6,1 370 6,5
130 7.7 380 11.0
140 7,0 390 13,9
150 5,5 400 9,1
160 9,8 410 11,2
170 6,9 420 17,3
180 5,2 430 15,8
190 6,8 440 11,1

200 8.5 450 11.8
210 7.1 460 18,9
220 10,4 470 9,6
230 6,7 480 17,9
240 8,6 490 12,8
250 6,4 500 15,0

221



Ha, 4TO 1O3BOJSET HCNOJb30BATb DEIPECCHOHHYI0 MOAedb. MHbIMH
CJIOBAMH, reo/Ior AOJIKEH MPOBEDHTb THIIOTE3y, 3aKJIOUAIOUYIOCSH B
TOM, YTO KO3(QQUUHEHT perpeccHu b; 3HAYHUMO OTAMYAETCS OT HYJISL.

[locsie Toro Kak OMHCAHHBIM BEHILIE METOLOM TIOJYYEHO YpaBHe-
HHe perpeccHu Y;=bo+b,X;, MOXKHO OLEHHTDb JHCIEPCHIO OTHOCH-
TEJPHO JIMHHH DErpeccHH, HCNosb3ys BenuunHy MSp. Tocaepnioo

B CBOIO Ouepelb MOXKHO HCNOJIL3OBAThH AN BBIYHCJIEHHS {-CTaTH-
CTHKH:

b
o — 4,35
V' MS,/SS,’ (4:39)
CpenHee 3HaYCHHE KBaAPAaTOB, CBSI3aHHOE € OTKJIOHEHHEM (MSp),
paBHO SSp, NEJEHHOMY Ha n—2 cTeneHeil CBOGOAB, KaK 5TO yKa-

32HO B Tabu. 4.12. HcnpaBieHHast cymma kBaapatos SSy HaxonuT-
<5 no ¢opmyJe

SSy = Z X — %(2)@)2.

i=]

(4.36)

Ora BeJHYHHA HCHOMAB3YeTCs s IIPOBEPKH OJHOH H3 THIIOTE3:
1) Ho: B =0,
2) Ho: [31 < 0,
3) Hy: B1=0
UPOTHB COOTBETCTBYIOIHX aJbTEPHATHB:
Hy:B5=0,
Hy:81 >0,
Hi: B <O.

Ilposepka nepBoii HyJieBoit ruiorTesn TpedyeT ABYCTODOHHEro KPH-
TEPHA, TAK KaK U IONOXHTENbHLIH, M OTPUUATEJNbHBLIH HAKJOHHI
IIPHBOASAT K €€ OTKJOHeHWI0. JIBa ADYTHX KpHTEpHS ABJASIOTCH OJ-
HOCTOPOHHHMH. I'e0sior 3aMHTepeCOBaH B NOMYYEHHH OTBETA Ha CJe-
AYIOUIM# BONPOC: YBENHYHBAETCS JIM MOUIHOCTB CJIOS, T. €. TOJO-
KHTCJIEH JIH HAKJIOH JIHHHH DPErPECCHH MEXAY MOIIHOCTBIO OTAE/b-
HOro ¢J10f M CyMMapHOH MowHocTbio? IlosToMy ang Hamux uened
NOAXOAUT nepBas rumotesa. Kputepuit Gyaer OAHOCTOPOHHHM C
KDUTHYECKOl 00.1aCThbI0, PaCIONOXKEHHOH ClpaBa.

Mpbi MOXeM ObICTPO BHLIYHCAHTL HEOBXOIMMBE JJIS KpHTe s

3CJHUYHHBI. HeKOTOpre SHAUYCHHS, HCIOJb3YEMbIE B 3TOM KPDHTEDHH,
IIpDUBEAEHBl HHXe.

Ypasienue perpeccun: Y=4,25+0,020 X

SSr=730,94 S8:=425,18
S$8p==305,76 SSx=1041 250,00
R?=0,58 R=0,76
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Hcxopnbie nanHble comepxar 50 HabaofeHHi, NO3TOMY BeJH-
yuHa SSp coorsercTByer 48 crenensM cBoGoxu. IIpH 5%-Hom
ypoBHe 3HauuMocTH (=0,05) OxXHOCTOpOHHEE KPHUTHUECKOE 3Haue-
HHE [-CTATHCTHKH NpPH v=46 crenensx csoGoaw pasHO 1,68. 3Ha-
YeHHe {=CTaTHCTHKH PaBHO

p 0,02 _
~ V'6,37/1041250,00

[TosryyenHoe YHCNO JIEXKHT B KPHTHUECKOH 06JACTH, H TI03TOMY MHI
JOJXXHBl OTKJIOHHTb THIIOTE3Yy O TOM, YTO HAKJOH IPSAMOi perpec-
CHH OTpHLATEJEH HJIH paBeH Hymo. IlocsenoBaTeslbHOCTH mpuCyHIa
Hebosbllas, HO BIOJIHE ONpefeJeHHAss TEHAEHUHs YBEJIHUYEHHS
MOLIHOCTH OTAEJbHBIX CJIOEB.

TIpuBeieHHBIH TOJNIBKO YTO KPHTEPHH SIBJISETCS YACTHHIM ciyua-
€M KPHTepHs

8,09.

t— bl"‘ﬁ]
1/ MS,/SSy
AJIsE TIPOBEPDKH THIOTE3RBl, 3aKJAOYAIOLEHCS B TOM, UTO HAKJOH JIH-

HUM PErpeccHH MMeeT HEeKOTOpOe 3apaHee 3ajaHHOE 3HauyeHHe By.
B paccmorpennoM ciyuae (kpurepuit 4.35) suauyenue B, paBHO

(4.37)

HyJ1i0. DTOT KPHTEPHH, TOYHee, HEKOTOpPAasi ero Pa3HOBHAHOCTD, HMe-

€T BaXHOEG NMpHMEHEHHe B aHaJH3e BpEMEHHHIX psnoB. Meronnt
aHa/H3a BPEMEHHEIX DSJ0B OCHOBAHBI Ha MPEINOJIOXKeHHH 00 OT-
CYTCTBHM TpEHJAA B H3y4YyaeMblX HaHHBIX, T. €. YTO HAKJIOH JIHHUH
perpeccu# 10 OTHOIIEHHIO K BPEMEHHOHR OCH (HMJH OCH PacCTOSHHUI)
paseH Hymo. Ec/iM TpeHa cyluecTBYeT, TO €ro HYXXHO YCTPaHHTb,
HHaue aHaJi3 BPeMEHHEIX pPsAJOB TepsieT CBOKO CHAY. Psael, He
HMEIIHE 3HAYHTEJBHOrO JHHEHHOro TPeHAA, Ha3bIBAlOTCA CTalHO-
HapHLiMH. Ecan B AaHHBIX MMeeTCs yCTOHUYWBHIA HJIM HaNpaBJieH-
HBli TPeHJ, TO PN HAasblBAaercs SBOJIOUHOHHLIM, HJH HecTauuo-
HapHBIM.

OiHHM H3 LPEANOJOXKEHHH B TEOPHH JHHeHHOH perpeccHy ss-
JSeTCsl TPEeANOJNOKEHHe O TOM, Y4TO AMCHEPCHS OTHOCHTENBHO JH-
HHH DEerpeccHH IOCTOSHHA. DTO MOXKHO NPOBEPHTH € NIOMOUIBIO HC-
CJIeIOBAHHSA OCTATKOB MEXAY JaHHLIMH M UX OUeHKaMH. Eciau auc-
nepcus MOCTOSHHA, TO OCTATKH o0pasyloT OoJiee HJH MeHee PaBHO-
MEpHYIO [10JIOCY OKOJIO JIMHHY perpeccHH. Ecam ke HMeeTcsi nocre-
NeHHOe H3MEeHeHHe LIMPHHLI NOJOCH OTKJIOHEHHH, TO AHCNEPCHs He
MOXKeT OBbITh IIOCTOSIHHOH. DTH ABa YCJOBHA ja)Ke NOJYYHJIH CBOH
HECKOJIbKO YCTpallaliiHe Ha3BaHHUS: IOMOCELACTHYHOCTH AJdd Iio-
CTOSIHHOH JHCIEPCHH M TeTepoceldCTHUHOCTH AJs1 H3MeHsouelics
JucnepcHd. DBuICTpHII M He BHOJHE TOUHBIH cnocol oNpeleNieHHs
TUIIa W3MEHEHHs HHMCNEDCHH OTHOCHTEJBHO JIHHHH PErpeccHH coCTO-
HT B NOCTPOEHHHM JHHEHHOH perpeccuu jAJaA abCOJIOTHLIX 3HAaYeHHIT
OTKJIOHEeHUH, K3MeHeHHe AMCIepCHH B INOC/JeNOBATeNbHOCTH Oyner
NPOSIBJAATHCSl KAK 3HAUHTEJbHB HaAKJIOH.
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Hpyroe nomymieHHe PerpeccCHOHHOTO aHaJM3a COCTOHT B TOM,
UTO OTKJIOHEHHS OT JIHHHH DErpecCHH He KOPPEJHPYIOTCS MEXIy
coboii. IToa aBTOKOppesUMEH B NAHHOM CJyyae I0Apa3yMeBaeTcs
CTPEMJIEHHE OCTATKOB K 00pPa3OBAaHHIO TPYMNIN OJH3KHX OTKJIOHEHMH
B ONHY M Ty e CTODOHY MO OTHOWIEHHIO K JHHHH perpeccuu. [Ipu-
CYTCTBHE psila IIOCJ€10BATEJbHOCTEH aBTOKOPPEJHPOBAHHBIX OC-
TATKOB MOXKET YKa3bpiBaTh Ha TO, UTO perpecCHOHHAs MOAEJbL He
COOTBETCTBYET HCXOAHBIM AaHHBIM. MoXeT TakXKe CJAYYHTLCH, 4TO
aBTOKODpEJ/IHPOBaHHEIE OTKJOHEHHS CBHIETEJbCTBYIOT O CYIIECTBO-
BaHHH SIBJEHHH, TNPEACTABJAIOLIUX TI'EOJOTHYECKHH HHTepec. STH
BONpoCh GyAyT pacCMOTPEHH MOAPOGHee B rjiaBe O TPeHI-aHaJH3e,
rlle aBTOKOPPEJIHPOBAHHbE MOJOXHTEJNbHBIE OCTATKH BHIGHPAIOTCA
B KayecTBe IOKasaTesJell 3SKOHOMHYECKOTO MOTEHLMAaa 3allacoB
He(QTH H APYrUX NOJNE3HEIX HCKOIAeMbiXx. I1poBepka HaJWYHS ABTO-
KOppesiAlHA NPOBOJHTCS C MOMOLIbIO KDHTEPHS CKAYKOB, IpHMe-
HAEMOrO K IOCJIEA0BATEJbHOCTH 3HAKOB OTKJOHEHHH OT JIHHHM pe-
IPECCHH, MJIH OLHOIO M3 METOJ0B, PacCMOTPEHHHX B pasjene 06
aBTOKOP PeJISILHH.

Vurepecna 3aBHCHMOCTb AHCIIEPCHH H ABTOKOPPEJANHH OCTAT-
KOB, BbISIBJCHHAA TIPH H3YYEHHH TOPHBIX Pa3paboOTOK B CEBEPHOM
KseGexe. Ha wmectopoxaenun 3ognora GynbaosepoM 6biia npofe-
JaHa JJIMHHAs TpaHues. BAoJap Hee ¢ HEKOTOPLIM HHTEPBaJOM ObLIH

Ta6auuna 4.19
Copepxanun 3omota B npobax u3 Ipocnekr Tpemc, Cesepumit KeeGex

Paccrosune, dytor S:Ii;;exzx?l,%osgeglf)a- Paccrossue, Gyrb 3:2;e1(12e] %%ge?/);()a-
(CeBeprbiit KoHel TpaHIIeH)

3,0 0,9 66,0 9,0
9,2 1,2 67.0 12,0
13,0 0,5 68,1 10,4
18.9 1.7 71.1 5.2
22'3 1,4 73,0 1.4
23,1 1.3 74,1 1.2
225 1.0 76.0 1.1
98.6 1o 76.1 1.0
301 120 80.4 6.5
30,9 9.1 82,2 11,9
23.0 4.9 84.0 15,6
36,4 1.9 86,6 6,9
39,8 1,1 87,6 1,1
42.9 19 90.5 11
46,0 1.4 92.5 15.9
50,1 1,7 93,9 9,9
53.9 2.2 94.4 3.8
55,8 0,9 96.3 1.6
60,0 1,3 98.7 2.7
64,9 1,3 100, 1 0,8

(FOxuHil KoHell TpaHIen)
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0TOOpaHBl TPOOH, B KOTOPHIX ONpeAessiioch COAepIKaHHe 30J0Ta.
Tpena monyyeHHLIX 3HaueHHH OBl OYEBHIHBIM, @ Ha OJHOM KOHLE
TpaHuled OBIIH OTMEUEHB 3HAYMTC/bHbIE OTKJOHEHHSI OT JIHHHH
perpeccun. OGBIYHO 3TO IpenBelaeT Goratroe MeCTOPOXIEHHE 30-
Jgora. IMeHHO Takue MeCTODPOXJAEHHS 4acTo 06/MafaloT KpahHe HH3-
KMMH 3HaYeHHSMH COJEep:KaHHH 30J0Ta B OoJbllell yacTH MuHepa-
JIM30BAaHHOH 30HB, HO Hapsily C STHM NONajaloTcss H Ooratele
*)unasl. Kpome Toro, B HUX IDyNIaMH HJIH CKAaYKAMH BCTPEUANOTCS
60JibIIHE TOJNOXKHTEALHEIE OTKJIOHEHHS, KOTOpPble TakXKe YKashBa-
IOT Ha TO, YTO TPaHLIes NepeceKaeT 30HY MUHEDaJIH30BaHHBIX XKHJ.
Ilo pauHbM Taba. 4.19 nposeprTe HaNHYyHe TPEHAA B 3HAUEHHAX
COMEPXKAHUA 30JI0TAa H HCCJeAyiiTe NOBEJCHHE AHCIEPCHH BROJD
npoduns.

Hcnonb3yst KpuTepUil 3HAKOB, OTBETbTE HA BONPOCLI, MOXHO JIH
CYHTaTh, YTO OTKJIOHEHHs] DAacIpCAeseHbl CAyYaHHO OTHOCHTEJBHO
JUHUK perpeccHu? BelTekaer Ju U3 pe3yabTaTOB aHaju3a, 4YTo
TpaHIIesi TepecekJa yyacTKH MHHepaau3aumuu? Moxuo au moJsy-
yeHHblE CBCIACHHS 00 OTKJIOHEHHSX OT JIMHMH PErpeccHy HCIoJb30-
BaTh AN PasyMHOH 3KCTPaNONSILHMH COLEpKaHHH 30j0Ta BHE Ipe-
[eJI0B TPAHIIEH?

OpTOI‘OHaJIbHaH NOJIUHOMHAJIbHAA perpeccusa

TloaroHka NOJHHOMHAJNLHOH KpDHUBOH BBICOKOH CTelleHH K [aH-
HBLIM MeTOA0M  HAaMMEHbUIMX  KBajfparoB Tpedyer  pelIeHHs
SOJBIIOIO KOJIHYECTBA COBMECTHLIX YPaBHEHHUH, YTO HO MOSIBJICHHSA
9BM npencraBasno cofoii ofpemeHHTeNbHOe 3aHsTHE. Kag cuei-
CTBHE 3TOr0, Ha OoJjee paHHMX 3Tanax HccgejoBaTesd u3berasu
[0Jb30BaThLCA OOLHMH MeTOLaMU PErpecCHOHHOrOC aHajn3a H, KOor-
I3 3TO TOJIbKO OBIJIO BO3MOXKHO, 110/1b30BajiHCh 0Go0Jiee MPOCTLIM B
BLIYHCJAUTEJBHOM IIJIaHE METOJOM, Ha3LIBaeMBIM OPTOTOHAJBHOI MO-
JUHOMHAJAbHON perpeccueil. st IpHMEHEHHs STOTO METOAA JaHHbIE
LOJKHB GbiThb COBPaHbl C pPABHLIMH HHTEpPBajJaMH MpHpalteHHH
7o X. Heo6X0AMMO OTMETHTb, UTO K YIPOLIEHHIO BLIYHCJEHHH IIpH-
BOJHUT TO, YTO KO3()PHUIMEHTH OPTOTOHAJNBHBIX MHOTOYJEHOB ABJS-
IOTCSl HE3ABUCHMEIMH. DTO O3HauaeT, 4TO Ao0aBJjeHHE HOBOro 4Je-
Ha K CTPOSLUEMYCS YDaBHEHHIO HE HM3MEHSET VIKe BBIYHCJENHBIX
YJIEHOB.

OpTOroHAasbHLIE IOJMHOMBI BICPBblE TOSBHIHCH B padorax
I1. J1. YeGuiieBa B AEBATHAALATOM CTOJIETHH, XOTS COBPEMEHHLIC
IpoLeayPE MX BBIUMCJICHHS TPHHAJICKAT P. ®uwepy (1925 r.).
[logpobHOe H3/MOKEHHE TEOPHH OPTOrOHAJbHBIX TNOJHHOMOB IaHO
B kuurax P. ®uwepa [18], Hpeitnepa u Cmura [17] u Moppuco-
Ha [37], a Takke B ADYIHX H3XAHHSX. Xorsa nosiBrenne dBM cre-
7120 HCIOJb30BAHHE ODTOTOHAJBHEIX MHOTOYJIEHOB HE CTONb 00sl-
3aTejIbHbIM, OHH MOIYT OKa3aTh CYIUECTBEHHYIO IIOMOUIb B aHAJIH-
3¢ JaHHbX, COOMPAEMBIX C DeryJsSpHEIM HHTepBajgoM. Mur pac-
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Tabanuua 4.20

OpToroHajbHbe NOJNHHOMHAJAbHBE YdeHH cTenenedi or 1 no 4
H A8 yncaa HalGuaopeHui ot 3 no 12

f1podosscenue Taba. 4.20

‘YneHbl 4ETBEDPTOH CTEMEHH (KBapTHKH)

YneHH NepBOH

cTeneHH (nuHehubie)

3 4 5 6 7 8 9 10 11 12
—1 -3 —2 —5 —3 —7 —4 —9 —5 —11
0 —1 —1 —3 —2 —5 —3 —7 —4 —9
1 1 0 —1 —1 —3 —2 —5 —3 —7
3 1 1 0 —1 —1 -3 —2 —5

2 3 1 1 0 —1 —1 —3

5 2 3 1 1 0 —1

3 5 2 3 1 1

7 3 5 2 3

4 7 3 5

9 4 7

5 9

i1

Unexbl BTOPORt cTener® (KBaApaTHUHBIC)

3 4 5 6 7 8 9 10 11 12
1 1 2 5 5 7 28 6 15 55
—2 —1 —1 —1 0 1 7 2 6 25
1 —1 —2 —4 -3 —3 —38 —1 —I1 1
1 —1 —4 —4 -5 —17 -3 —6 —17
2 —1 —3 —5 —20 —4 —9 —29
5 0 —3 —17 —4 —10 —35
5 1 —8 —3 —9 —35
7 7 —1 —6 —29.

28 2 —1 —17

6 6 1

15 25

55

UneHb TpeTbel cTeneHH (KyOHYHBIE)
3 4 5 6 7 8 9 10 11 12

—1 —1 -5 —1 —7 —14 —42 —30 —33

3 2 7 1 5 7 14 6 3

—3 0 4 1 7 13 35 22 21

1 —2 —4 0 3 9 31 23 25

1 —7 —1 —3 0 12 14 19

5 —1 -7 9 —I12 0 7

1 —5 —13 —31 —l14 —7

7 -7 —35 —23 ~19

14 —14 —22 —25

42 —6 —21

30 —3

33
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3 4 5 6 7 8 9 10 11 12
1 1 3 7 14 18 6 33
—4 —3 —7 —13 —31 —22 —6 —27
6 2 1 =3 —11 —17 —6 —33
~—4 2 6 9 9 3 —1 —13
1 -3 1 9 i8 18 4 12
1 —7 —3 9 18 6 28
3 13 —11 3 4 28
7 —21 —17 —1 12
14 —22 —b6 —13
18 —6 —33
6 —27
33

TMOTPHM HEKOTODHIE M3 3THX INPHJOXEHHH B pasfefe, TMOCBsLIeH-
HOM (QUIbTPALiHH BPeMECHHBIX DSILOB.
O6bluHOE ypaBHEHKE TOJHHOMHANbHON perpeccuu

Yi=PBo+ piXi + BXi® + ...+ BuXi" + & (4.38)
MOxKeT OLITb NpEeaCTaBJCHO B BHIE
Yi= o0+ oukri + oefoi + ...+ amEmi + &, (4.39)

rie En — 4JeHB OPTOTOHAJBHLIX MHOI'OYJEHOB, a o — KO3(hdHIK-
BHTHl METOMa HAHMEHLIIHX KBaapaToB. YucjeHnnsle 3HaYCHHS ne-
DEMEHHBIX Em MOTYT OLITb ONPEACJCHL! H3 IIOC/AEAOBATE/]LHOCTH
Haonogedui X M W3 CTCHEHH HCKOMOTO YpaBHEHHSI DPerpeccHH.
OG6BIYHO, OJHAKO, YJICHL OPTOrOHAJLHBIX MHOTOUJIEHOB HAX0aATCA
nompocty M3 Tabmauu, aHajgormumbix tata. 4.20. Homimomuaspube
yJleHbl BCETAA LeJnle H AJsT KakA0ro HaGJI0eHHsi B MOATOHsCMOI
0CJIe10BATRALHOCTH TPeOYETCsl OTHH WICH. JTO HABOIHT HA MBICD
0 HeoOGXOAMMOCTH pEIIEHHs BAa:KHON 3ajauu: ecju nocjejonaTelib-
HOCTb COCTOHT U3 MHOPHX Ha6/01cHHH, 10/KHA OBITh NMOCTPOEHA
oueHL GoubiNas TabJaHLA HOJMHOMHAJLHLIX usieHoB. (Tabauua pis
75 na6monenuil npusoantcsa Oumepom u Efircom [19]).
KosdpUUMEHTH ¢ HAXOAATCH U3 CAEAYIOUUX yDaBHEHHI:

=32V, =Y, (4.40)
n
Gy = b (4.41)
b3

M3aMepeHnsi BIAXKHOCTH B HEKOTOPbIX Tpo6ax, NpHBEAEHHBIC B
Ta6a. 4.11, oueHb MOAXOASIT JHJs HCCJACAOBAHHSA C NPHMEHEHHEM
OPTOTOHANBbHEIX MHOTOUJEHOB, TAK Kak HaOJMIOJeHHs DAaCIOJOXKEHbI
C paBHBIM HHTEPBAJOM B IPOCTPAHCTBE HHXKE KEpHA. Hismepenus,
BMecTe ¢ YieHaMH £, OpPTOTOHAJBHBIX MHOTOWIEHOB sl JIMHEHHO-
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ro NpHGJIHKEHUS N0 BOCBMH HabJIOJEHHAM, B3ATHM H3 Tabu. 4.20,
NpHBEAEHbl HHUXKE. YKasaHB TaKkKe NPOH3BEeNeHHs Y H .

Y, = 12 78 54 3 3 21 922 18
g, = —7 -5 -3 —1 1 3 5 7
Yi&, = —868 -—390 —162 —35 30 63 110 126

Kosdpuuuent oo annpoxcumupyromes IIPSIMOi eCcTh NIONPOCTY Cpel-
Hee 3HayeHHe Y;: ap=2382/8=4775.

Kospdunuenr a; naxomurcs YMHOXKEHHEM KaxJoro HabJioje-
HH Y; Ha COOTBETCTBYIOIUM NOJHHOMHAJBHHIE UJIeH, CyMMHpOBa-
HHEM 3aTeM AEJEHHEM Ha CYMMY KBaADAaTOB YJIEHOB:

oy = ZY;E/3E2 = — 1126/168 = — 6,70.

YpaBHeHHe JIHHEHHOH DErpecCHH COJepMKaHHsi BJArH Ha raybuue
TI03TOMY €CTh

Y, = 47,75 —6,70¢,,.
Hcnonpsysa ofwiunyio perpeccuio, Mol NONYYAM COOTHOLIEHUHE
V= 94,67 —2,68X,.

OTH ABa ypaBHEHHS OTJIHYAIOTCA TOTOMY, UTO OPTOCOHAJbHbE MHO-
FOuJNIE€HBl BBIDAXKEHH 4Yepe3 E;;, a He uepes X;. OIHAKO eCJqH Mbr
BOCIIO/Ib3YeMCSl 3THMH ABYMsl YDaBHEHHSMH, TO OHH 0062 HagyT
OLHYy M Ty e OUEHKY njaa Y; Hanpumep, npeanonoxuM, 4To Mbl
BE[YHCJIHJIH THIIOTETHYECKOE COAEpIKaHHE BJArH B KepHe Ha TJIyGH-
He 9 M, COOTBETCTBYIOLIEH CEMHAIUATOMY H3MEPeHHIO B IOCJEN0-
BATEJbHOCTH. YJIEH OpPTOrOHAJBLHOTO MHOILQYJEHa, COOTBETCTBYIO-
UHil CeMHAALATOMY H3MEDEHHIO, ecTh +5, Tak uTO ABa aJbTepHA-
THBHBIX YPaBHeHHS GyIYT UMETb BHJ

-~

¥ = 94,67 —2,68 (30) = 14,27

Y =47,75—6,70(5) = 14,25,

C TOuHOCTBIO A0 OWIHOOK OKPYIJEHHs 3TH YypDaBHEHHs 3KBHBa-
JICHTHBDI.

Jpyroe HpeuMyUIECTBO OPTONOHAJbHBIX MHOLOUYJNEHOB CTAHET
OYEBHJHLIM, CCJH MBI 34XOTHM IOCTPOHTbL AalllipOKCHMALHIO ¢ IO-
MOIIbIO ypaBHeHHs GoJjiee BbicoKo# crenenu. Jlias atoro rpe€yercs
[OBTOPHTh BCE BBIYHCJIHTEJbHbE NPOLERYDLI, TOJbKO IOACTABJSIS
COOTBETCTBYIOIHE TNOJHHOMHAJBHEIE YJeHB §0Jiee BLICOKOH CTelle-
HH. ¥YKe HalineHHble KO5(h(HLIHEHTH OCTAIOTCS HEHM3MeHHLIMH, Ha-
NPHMED, AJsi IOJYYEHHsl YDABHEHHS DPETPECCHH AJsl COAEpXKAHHIL
BJIaTH Ha ryy0MHe C TOYHOCTBIO N0 UYJEHOB BTOPOTO MOPSIAKA, MbE
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Bbi6epeM 4JIeHbl BTOPOH CTENeHH .IJ5 BOCbMH HaGJIONEHHH H3
Tabun. 4.20:

i = 124 78 54 35 30 21 22 18
g, = 7 1 -3 —5 —5 —3 1 7
Yig, = 88 78 —162 —175 —I150 —63 22 126

Cymma npoussenenuii paBHa 3Y.E,=D544, Tak uTo KO3(pQHUIUMEHT
IpH KBAZpPaTHYHOM UJIEHe paBeH op=0544:168=3,24. Perpeccusa
BTOpOrO IIOPSIAKA BJAXKHOCTH Ha IIyOHHE I103TOMY €CThb

Yy = 47,76 —6,70¢,, + 3,24%,..

AHaJIOTHYHO MOXHO aNNPOKCHMHPOBATL AAHHEIE TOCJAEA0BATEIbHO
IOJHHOMaMH §oJiee BHICOKHX CTeleHel, BIJIOTh A0 KPHBOH CeMHal-
LaToi CTelleHH, KOTOpas JOJKHA NPOHTH B TOYHOCTH uepes KaxkK-
Aoe sHaveHHe. Kosd(duUHEHTH OPTOroHasbHOH PErpeccH o MOLYT
OuiTh TIpeoGpa3oBaHbl B KO3(GOUIHEHTH OGBIYHON perpeccun B
IIPOCTOH TOACTAHOBKOH B ypaBHEHHE, KOTOpPOE HCIOJAb3YeTcs HJs
OnmpeleJIeHHs YJEHOB OpPTOrOHaJbHOH perpeccun, [eranum cM. B
xuurax Jpe#inepa u Cmura [17] u Ocria u Mencuara [39], ko-
TOpbI€ TaKXKe IPHBOASAT YpPaBHEHHsS MM NPAMOLO OlpEeAe/eHHs
pa3/HYHBIX CYMM KBAaADATOB, HEOOXOAHUMBIX IDH AHCIEPCHOHHOM
aHaJu3e U IPH NPOBEPKe 3HAYMMOCTH NOJHHOMHAJbHON pErpeccHH
BBICIIHX CTeleHeH.

anBe}leHHaﬂ rIaBHast OCb

PaccMoTpednble Bblllle PerpecCHOHHBIE METOXH IO3BOJSIOT MO-
CTPOHTH JHHEHHYIO ANMPOKCHMAILHIO A5 COBOKYIHOCTH ABYMEPHBIX
HaOMONEHHH, TaK YTO KBaJApaT OTKJOHEHHH OAHOH H3 NMEepeMEeHHBIX
OT NpsAMOd MHHHMaJjieH. Ec/aM OTK/JIOHEHHS B HanpapjeHHH Y Mmu-
HHMH3HPOBAHB, TO NOJYYaeTcs ORHO MHOXKECTBO K03()(hHIHEHTOB
JIHHEHHON DEerpeccuH, HO eCJH OTKJIOHEHHsS] MHHHMH3HDPYIOTCS B Ha-
npapaeHud X, TO TOJNyYaercs APYroe MHOXKECTBO KO3()(HIHEHTOB.
Ecau s1u n8e npambie u3o6pasuth Ha rpadure (puc. 4.21), To onn
nepecekytest B Touke X, Y. KocHHyc yria Mexay sTUMH IPSIMBIMH
MpsIMO CBsI3aH ¢ KosbQuuuentoMm xoppeasuunu Mexay X u Y.

BuiBaer Tak, uro Qu3HUYeCKHe YCJIOBHS AHKTYIOT HaM HEOGXOMH-
MOCTBb CUHTATh OFHY NEPEeMeHHYIO (QyHKUMeH APYro#H, HJAH ¥Ke IeJb
BBINIOJIHSIEMOT O HCCJIEN0BAHUSl yKa3biBaeT, KaKas H3 JBYX NepeMeH-
HBIX J10J2KHA ObiThb 3aBUCHMOH B ypaBHEHHH perpeccu. OnHako
MHOTJd OKa3bIBAETCS HEBO3MOXKHO H3 Pa3yMHBIX COOOpaKeHH# pe-
IIHTh, KaKasd NepeMeHHas RoJKHa OblTh X, a Kakas Y. DTo cayua-
eTcs, HanpuMep, B 6HOMETpHH, e OhiBaeT IOJIE3HO 3HATh COOTHO-
IIeHHe MeXAYy ABYMS MHOXECTBAMH H3MepeHHH, TaKHX, KaK JJHHA
M IIMPHHA DAKOBHH, OJHAKO COBEPUIEHHO HESCHO, KAKOE MHOXKECTBO
H3MEePeHHH AOJXKHO ObTb GyHKUHeH OT Apyrux. AHaJIOTHYHHE 06-
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Puc. 4.21. dnarpaMya paccesiHHst JABYMEPHBIX JaHHBIX, B3SITHIX H3 Tabuauy 6—19.

Hsofpax<cHB Takxe nuHuK perpeccuss Y Ha X uw X ma Y, npueenseuuas rJaBHas oOCh
(INTO) u raapxas och ([O)

CTOSTE/AbCTBA BO3HHMKAIOT B nerpodusuke, rae obujas npobiema
COCTOHT B TOM, YTOOH CBA34Th ABA (CAEJAHHLIX PAIJHYHBLIMH MCTO-
AaMH) psja U3MEpeHHH, Taxkue, KakK BPeMeHa 3BYKOBHIX IEPEX0710B
H H3MepPCHHA IJOTHOCTH HeiiTpoHoB. Ofa THIA H3Meperuil nonsep-
YKEHEl OWHMBKAM, M HHKAKOE H3 HIX HC MOMKET PaccMarTpiBaThCs
KaK QYHKUHSI APYIOro; B 3THX CJAYYasIX KAK DA3 OYEHL [10Je3No
IpeACTdBUTb Ipauueckn o004 psina lepeMeHHBLIX, BLIPA3HB HEKOTO-
pbIM 06pa3soM HX B3aHMHYIO CBSi3b.

[lepBoe perienue, KOTOpOE HPHXOAUT B TOJOBY, —3TO HOAGOD
OPSIMOH, KOTOPasi MUHHMH3HUPYET OTKJOHEHHs HaGJIOAeHHH OT 3TOH
NpAMOH KaK B HANMpaBJCHHH ocH X, TaK H B HaNpaBJEHHH OcH Y
ojiHOBpeMeHHO. Takas JuHHS JOJKHA pacllelIsiTh PasHOCTh MexK-
Ly JauHuAMH perpeccu X mo Y u Y mo X, 4TO COOTBETCTBYET BH-
3yaJbpHOMY BIEUaTJNEHHI0O OT TpeHia B Habmoigenusx. IlosTowmy
Or10 6B Lesnecoob6pasHO NPHNHCATh 3TO pacllenyieHHe paccestHHIo
JaHHBIX TOYeK N0 00eHM nepeMeHHbIM, a He OTKJOHEHHSM eJHHCT-
BEHHOH lepeMeHHOH OT nojabupaeMoi NpaMOH.

Hwmeercs nBa MeToxa onpenesesust Tako# mnpsmoii. OauH Me-
TOJ COCTOHT B MHHHMH3aLHH KBaJpaToB OTKJOHEHHH OT IpAMOi
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Puc. 4.22. Kputepnu annpoxcuMauuu [1I'0 u TO:

a -~ MpHBeACNHAA rAABHAS OCh MHHHMH3HPYET NPOH3BeAcEHe oOTKAOHeHult X—X! u Y—Y! or

No/GHpaexMoll NpsMOfl; 3Ta NPOLENYPA SKBHBAJECHTRA MURHMHSALMH MIOIIAJCH 3aIITPHXOBAH-

WBIX TPEYTOJLHHKOB; O — IVIABHAsSI OCb MHHHMM3HDPVCT CYMMY KBaADATOB OTKIOReHH (X~=X")?
H (Y—Y")?, B pesyabpTaTe MHHHMH3HDYIOTCH KBajApaThl OTKJIOHEHHH NoO nepueHguKyAsapy d?

KaK B HampasjieHMH X, TaKk ¥ B HanpaBJeHHH Y OIHOBpEMEHHO.
B cuay Teopemsr ITudaropa 310 3KkBHBANCHTHO MHHHMU3ALYH KBA-
paToB NECPNEHIAUKYASIPOB OTKJOHEHHH OT TnonbupaeMoil IpsaMoi
(puc. 4.22). Taxas mpsiMasi HA3HIBAeTCSl IJIABHOH OCHI0O H MOMKET
OBITe HalieEa KakK TIJIaBHBIH COGCTBCHHBLIH BEKTOp MAaTpHIbI IHC-
nepcuit n xoBapuauu#t X u Y. Ilpoueaypy BuLIYUHCIEHHS TJIaBHOH
ocH Mbl 06CY1HM B IJ. 6 B pasjgesne, HOCBSILIEHHOM METOAY TJaBHBIX
KOMITOHEHT.

Hpyroii MeTOX COCTOHT B MHHUMH3ALHH NPOM3BEACHHS OTKJO-
HeHuii B HampaBJeHHAX X u Y. B neficTBHTENLHOCTH 3TOT METOL,
NPHBOJUT K MHHMMH3AUMH CyMMEHl IJIOLaZell TPeyroJbHHKOB, 06-
pasoBaHHBIX HaOMIOAeHMAMH M noxbupaeMoil mnpsMod  (cMm.
puc. 4.22), 4TO NPHBOAMT K NPAMOH, Ha3bIBAEMOH OOLIUHO NpHBE-
AeHnofl raaBHo# ocelo (nmpamoit IITO). BoaswuHCTBO cTatell Ha
3Ty TeMmy Onljo onyOJHKOBaHO B XypHajax «Biometrics» u «Bio-
metrika», 4TO OTpa)kKaeT NONYJSPHOCTb STOFO METOAAa CpPelH yde-
HBIX, 3aHHMAIOIHXCS BONPOCAMH pOCTAa OPraHu3MoOB. XOTS CBOHCT-
Ba NMPHBEIEHHON I'NI2aBHOH OCH MaJjl0 HHTEPECOBAJH CTATHCTHKOB, BCE
xKe oHH Oniin MccaenoBannl Kepmakom v Xanaenom [31] u Kpac-
kaom [33].

Peslome 3THX HccJeoBaHMH Ausl reosoroB paercs TuagoMm [52],
a Gosee noApoOHOE H3JOXKeHHe HMeercss Yy Muunepa u Kana [36

IlpuBeneHHas rJaBHAsl OCb ONpPEIEJSeTCS C IOMOLWIBI0 OOLYHO-
ro JHHEHHOTO YpaBHEHHs, HUMemero asa kosd¢uuueHTa: ONMH,
NpeaCTaBJASIONIHE Ha4aJbHYIO TOUKY, APYroil — HAKJIOH:

Y = by + b:1X.
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Tab6auua 421
CyMMBt KBAaJpaTOB M JPYrHe CTATHCTHKH AJAA AaHHBIX Taén. 6.19 (cM. Ku. 2)

nx=25% ny=25
TX=272 2Y =267
X=10,88 ¥=10,68
sx2=20,3 Sy2=24,1
sx=4,51 Sy=491
SSx=487,2 SSy=>578,4
covxy=15,6
SPxy=374,4
r=0,71

HakJsos onpegessiercss KaK OTHOUIGHHE CTaHAAPTHBIX OTKJOHEHIIH
AByX nepeMeHHHIX X H Y, uau

bl = Sy/Sx. (442)

Tak Kak 7 OJHO M TO Xe AJs OOOHX CTaHIApPTHBEIX OTKJOHEHH,
b, Moxer OHTh HalAeHO C NOMONIBIO 3KBHBAJEHTHOIO yPaBHEHUA

b= VSS)'/SS){. (4.43)
Koshduuuent by npuBeieHHOH JaBHOH ocH HaeTcs GopmyJoH
bo =Y —b.X. (4.44)

Brunciense NpHBeLEHHOH IJ1aBHOH OCH IIPOJAEMOHCTPHPYEM Ha
NaHHBIX Tada. 6.9 (cM. xHAry 2), npeacraBieHHLIX Ha puc. 4.21.
C nmoMoupio JaHHBEX TabJh. 6.9 6yAyT Takxe INPOUJJIIOCTPHPOBAHDI
BLIYMCJIEHHS METOAA TJIABHBIX KOMIIOHEHT (MJH, HCHOJb3Ysl TepMH-
HOJIOTHIO HacTosulero naparpada, Merola HaxOXKIEHHst TJIaBHLIX
oceft). CyMMBI, CyMMBl KBaapaTOB M IIONapHbBe IPOU3BEAEHN,
cpeiHEe, AMCIEDCMM M KOBapHauuu TpHBeleHH B Taba. 4.21. He-
MOJb3ys HX, Mbl MOXEM CHadaja BBIYHCJUTb OOBIUHYIO perpec-
cuo Y #a X u X na Y. [as perpeccun Y nHa X

by = SPxy/SSx = 374,4/487,2 = 0,77,
bo =Y — b, X = 10,68 — 0,77 (10,88) = 2,43.

TakuM 06pas3oM, ypaBHEHHe perpeccun ectp Y=2,46+0,77 X. Ias
perpeccuu X Ha Y

SPyy __374,4=
SSy T s78,4

bo =X — b, Y = 10,88 — 0,65(10,68) = 3,97,

b1=
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yto jpaer ypasHeHue perpeccun X=3,97+0,65Y. [as npusenpeH-
HO¥ rJaBHOH OCH

SS
by = \/—,—Y—: 5782 _ 1,09
! SSx 487,2 LY,
bo = Y — b, X = 10,68 — 1,09(10,88) = — 1,18

Vpapuenne npsmoit TII'O umeer BUA Y=—1,1841,09 X. Cpasne-
HMe jaeT CJeAyloliee: NMEPBLIA COOCTBEHHBIA BEKTOpP KOBapHAalHOH-
Hol MaTpuusl X 1 Y ectb
1:(0,66 ]
0,75

ST10 03HAuaeT, 4TO COGCTBEHHBIH BEKTOP HMEET HAaKJOH, Xapakxre-
pusyeMblit aauHol 0,75 epunnu no ocu Y u 0,66 enusuy no ocu X,
YTO 9KBHBAJCHTHO paBcHCTBY 1,14 kosdduuuenta by. Koadpduiu-
eHT by paBen Y—b,X=10,68—1,14(10,88) =—1,72. ¥YpaBHeHue
[JIaBHONI OCH MOXKeT OBIThb 3anucano B BHie Y=—1,7241,14 X,
Ha puc. 4.2 nso6pakeHn ABe JHHHH DErpEeCCHH, IJaBHAs OCb Y IIPH-
BeleHHAsl TJaBHAs Och. 3aMeTHM, 4YTO NpHBeIEHHas FiaBHasg OCb
¥ rJaBHAasi OChb OUeHb NOXOXKH Apyr Ha apyra. [lpuBesenHas rias-
Hast OChb MEJAMT NONOJAaM YroJ MexXiy JauHHeil perpeccuu Y Ha X n
JuHHel perpeccud X Ha Y, rJaBHasi OCb COOTBETCTBYCT HECKOJDBKO
Goabiedl AHCIepCHH Y, 4To COOTBETCIBYET IIOBOPOTY Ha YyThb oJee
KpyTO# yTroJ.

Cranjaptabie owHOKkH K0ahHIMEHTOB O0CeHX MHPHBENAEHHbIX
r/IaBHBIX OCell MOryT ObITb JIETKO BBIYHMCIEHB!, 3aTEM MOXHO C(Op-
MYJHPOBATb MNPHOMUMKEHHbBIE KPHTEDHH 3HAYMMOCTH. OnxHako He
CYHIECTBYeT 3KBHBAJIEHTOB XOpOIIO 0GOCHOBAHHOTO JHMCIEPCHOHHOIO
aHaNu3a TOMY aHAJH3y, KOTOpPbA CJeNyeT BLIIOJIHHTH B YCJIOBHOH
perpeccnn. CTanxaprHas omubka nakiaona [IT'O pasna

se, = b l/(l—nﬂ). (4.45)

DKBHBaJIEHTHOCTb YIVIOBBIX K03(hGHIMEHTOB by H b ABYX npuBe-
JIeHHBIX [JIaBHBIX OCEHl MOXKHO NPOBEPHTL C MOMOLILbIO KPHTEpHS
by—b
=t (4.46)

R~ ?
Vs egl —sel,

B KOTOPOM JIETKO Y3HATh BAPMAHT OJHOrO U3 3JEMEHTAPHBIX KpH-
Tepres, OOCYXAEHHHX B T 2. IlpoBepAevas CTaTHCTHKA Z pac-
npeseseHa NPHOIM3UTENBHO HOPMAJNBLHO H €€ 3HAUMMOCTH MOKCT
6LiTe onpeieseHa H3 TaGJHIBl CTAHA2PTHONO HOPMAJILHOTO pac-
npeneseHus.
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CrannapTeas omubka onpeneseHHs! KO3QOULHEHTA by paBHa

sebo=syl/l+rz(l+ if}) (4.47)

Sx

PaBenctBo (4.47) MOXHO HCNOJB30BATH AJIA TOCTPOEHHS NpHUE.IH-
XEHHBIX JAOBEPUTEJBHHIX HHTEPBAJIOB IJs BBIYHCJIEHHOTO 3iaue-
HHsL bo. AHaNOTHYHO CTaHapTHas OWHMOKA B ONpeNe]eHHH YIJI0BO-
ro kospduIKeHTa MOXKeT ObiTb HCHONb30BAHA 1A ONPEACJeHHs
NPHOJIH3HTENHHOTO [0BEPHTENLHOTO HHTepBasia BOKPYr bi. B cyu-
HOCTH, BOOOLLE OLIIO HENMPaBOMEPHO HCIOJb30BATH KPHTEDHH IIpO-
BEDKH 3HAUMMOCTH KO3()(MHUHCHTOB NpPHBENEHHOH TrJaBHOH OCH.
M3-3a OTCYTCTBHSI TEOPETHUECKOTO OGOCHOBAHHS 3THX NPOUEAYD
NPHBEJEHHAS] IJlaBHAS OCb MOXKeT OBITh KCIOJb30BaHA AAs LeJel
ONMHCaHHs, & He JJs NPOBEPKH CTATHCTHUECKOH 3HAYHMOCTH.

CIJIANHBI

Hexortopbie nannbie yno6HO npeacTaBasTh cebe KaK CTPYHH B
NPOCTPDAHCTBE NAap KOOPHAHHAT, T. €. HAaBJIOLEHHS] COCTOSIT M3 H3Me-
peHuil NByX CBOHCTB, COBOKYNHOCTb KOTODHIX MOMKET paccMaTpH-
BaTbCSl KaK MNOCJEN0BATENbHOCTh TOUEK B ABYMEDHOM IIPOCTPAHCT-
Be. Jlaa uenelt HArJIAAHOrO NPEACTABJEHHS KEJATEIbHO CBI3aTh
9TH TOYKHM FJIaJKOH HeNpepHBHOH JuHHeH. MB clefaeM 3TO ¢ IO-
MOWBIO CHJIAHH-QYHKHIH.

Cnniafigbl eCThb OIMH H3 IIMPOKHX KJACCOB KyCOYHO-ONpPEHeJeH-
HBIX (QYHKUHMH, KOTOPLIE MOTYT GBITh HCIIOJAb30BAHBI AJSI NPEACTaB-
JIEHHsS] KDHBHIX B JABYMEDHBIX HJHM B TPEXMEPHHIX NPOCTPAHCTBAX.
MarteMaTnuecKuil cnulaiiH TOJY4YHJA CBoe HMs GJarofaps Qusuye-
CKOMY HABOHHHKY, THOKOMY 4epTeXKHOMY HHCTPYMEHTY, CIHEJaHHOMY
U3 Y3KOH IIOJIOCKH JepeBa HJH IJAaCTHKa, KOTOPHIH MOXCT aehopmu-
poBaTbcsl, NPHHHUMAdA J106YI0 HOpPMY B COOTBETCTBHH C KaKHM-IHGO
O0beKTOM HeNnpaBH/ibHOH GopMbl. UepTesKHBIN HHCTPYMEHT 3aKpell-
JIeH CBHHLOBLIMH THDPSIMH, HashlBAEMBIMH «yTKaMH», KOTOpble (HHK-
CHDYIOT IOJIOXEHHe HHCTPYMEHTA B TOYKAX INPHBSI3KH. Mexay
«yTKaMH» HMHCTPYMEHT H3rubaercs Tax, 4TOObl NOJy4uJach TJaaf-
Kasi HeNpepblBHAas KpHBas. AHAJOTHYHO MaTeMaTHYECKHH CIJaiiH
OrpaHHYeH ONpeAeJIeHHBIMH TOYKAMH, HO MeXJAy HHMH OH H3TH6a-
eTcs Tak, YToObl B pe3yJbTaTe MOJYYHJacCh IVIaJKO H3MEHAIOW AsiCH
JHHHSA.

Cnaaisel He SABJSIOTCS HH AHAJHTHYECKHMH QYHKUUAMH, HH
CTATHCTHYECKMMH MOLEJSIMH, TAaKHMH, HalpHMEpP, KaK IOJHHOMH-
aJpHasi perpeccHs, omnucaHeHas pasee. Cxopee oHil SABJSIOTCS CO-
BEPUIEHHO INPOH3BOJBHBIMH OOBEKTAMH, JHIUEHHEIMH XaKOro-jH6o
TEOPETHYECKOTO OOOCHOBAHHA, HCKJI0Ydsi TO, YTO OHH OIPEAEJSIOT
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XapaxkTepHCTHKH caMofi auHHH. OXHAKO OHH OYEHb IOJE3HH IJA
HHTEPNOJSUHH H BaXHb B o0eCleyeHHU MSTCKOH CTPYKTYPHL HIHC-
nsees OBM. VHTepakTHBHbIE BHIUHCJIHTENbHO-rpadHyeckue CHCTe-
Mbl 10JyYnaH OoJiee IIHPOKOE pacnpocTpaHeHHWe NPH TOCTPOEHHH
TCOJNOTHUECKHX H reodusnueckux mopene#. Ilon6op KpHBHIX ¢ mO-
MOUIBIO CIJIa#HOB MI'PaeT BaXHYIO DOJb B 3THX CHCTEMAaX.
Cnnaliipl KycOUHO SBJSIOTCS MHOTOUYJEHAMH, NOLYHHEHHBIMH
VCJIOBHIO HENPEepBIBHOCTH MPOH3BOAHONH B OOLIMX TOYKAX COCENHHX
KYyCKOB HJd cerMeHToB. Hanbosee obmuil cnyaiin cOCTOUT H3 KyOH-
UeCKHX MHOUOUJIEHOB, KOTOPHE SIBJAIOTCS (QYHKUMSIMH BHIA

Y= By -+ §2X -+ BsXZ + 54X3.

Kpusas, onpeiejeHHas KyOHYeCKHMM MHOTOYJICHOM, [OJIKHa HpO-
XOAMTHL POBHO uepe3 UYeTHIpe TOYKH, HO JJs aIllpoKcuManux GoJee
AJUHHOH TOC/IeJ0BaTeJbHOCTH HEOOXOANMO HCHOJIb30BaTh NOCACAO-
BATEJBHOCTh NOJMHOMMAJIBHEIX CeTMEHTOB. UTOOB yOeRuTHCA B TOM,
10 HEeT Pa3PLIBOB IPH H3MEHEHHH HAKJOHA HJH KDHBH3HEl MEXKAY
COCEIHHMH CCIMCHTaMH, NMOJHHOMHAAbHAs (QYHKIUS NOATOHSETCS He
MO YeThiPeM TOYKAaM, a TOJBKO 10 ABYM. OTO II03BOJIAET HaM HC-
N0Jb30BaTh JONOJHHTEJbHEE OIpaHHYeHHs, KOTOpHie ofecneyar
lieTpepLIBHOCT N1€PBHIX NPOM3BOAHLIX DPe3YJbTHPYIOIEro chjaafina
B TOYKAaX COYJeHeHHs (HaKJOH JHHHH OJHMHAKOB MO 00€ CTOPOHBI
counenenust). Crnalin creneHu m OyAeT HMETb HEIpepbIBHBIE NPO-
H3BONHLIE B TOUKAX COYJEHEHHs BIJIOTh A0 mopsika m—l.

HanoxeHue TeOpHH NOCTPOEHUS YpaBHEHHH chJjaiiHOB morpebo-
Bajgo Obl MCNOMb30BaTH AHDdepeHLHaIbHOe HCUHCJCHHEe, BJAaAEHHC
KOTOPHM He CuuTaercss o053aTeJpHbBIM JJIs YMTATENs 3TOH KHHUIH.
[TosToMy Mbl IPOCTO YKameM HeoOXOAMMEIE ypaBHeHHS B (opMe,
yI1O0HOH /151 BEIYHCJEHHH, H OCTAaHOBHMCA Ha HX TPHJIOKEHHAX;
HHTEPECYIOIIHXCS TeopHell CIJAfiHOB MBI OTCHIIAEM K OTJIHUHOMY
spopHeMy kypcy Pomkepca m Axamca [45], nocBsileHEOMY npo-
6acvMaM rpaduieckoro H3obpaxkeHusa ¢ nmomompio IBM, B K MOHO-
rpacdun Tannepa [b3], xacaomeficss reosOTHUECKHX RPHJIOKCHHIT
MOTOJNOR HOCTPOEHHS AaNNpOKCHMHPYIOMIAX LOBEPXHOCTCH.

Maresatuueckic o003HAUCHHS, HCHOJBL3YEMBIE B TCOPHH CHJail-
110B, HCECKOGJBKO HECXKMAAHHDLI, OHIl TOSCHSIOTCS ¢ IOMOLBIO
rre. 4,23, Ha KOTODOM HPSICTaBACHO MHOMKECTBO 4YeTsipex Had.o-
Jonuil, CBIBAHHBIX KYCO4HO-ONpeaeseHue! cialid-gpyHxuucid. 11ad-
JICIIeHHA TPEACTABACHE TOUKAMH, 0003HAUCHHB M Py, IPHYCM TIOX-
pazyMeBaercs, uTo P; B AeflcTRHTEILHOCTH SIBISCTCS BEKTOPOM B Jde-
KapToBOil chereMe wkoopaunar, T. ¢ Pr=[X; Y| HMurepsaist mex-
7y TOCHAEOBATEILHBIMH TOUK&MI MOXKHO H3MEpPUTL Xopaoft (wiH
UPSMOJNIHEHILIM CTPE3KOM, COCIMISIONIAM JIB€ TOUKH), KOTOPOR
MOJKIIO TIPHMKCATh YHCHO i, TiAe [ — noMep BTOpoH Touky. KyOuue-
ckan cnsaini-QYHKIUSI CTPOUTCSI IO lape TOYEK; Ha PHCYHKE yKa3a-
HBI TPH TOCJCOBATENIbHEIX CMiiafiia, OjHI K3 TOUKH P B TOYKy P,
apyroit uz Py B Py u Tpetuit ua P3 B P..
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Puc. 4.23. Yernipe TOUKH, cBsizaHibie HyRKUHeR KyGHUeCKOro cnnafina,
Hexonunte nabmoaenust oGosHauens yepes P, PaccTosnHs MO XOpAaM MeXAY TOUKaMH paB-
uol f, Kacatenpwas x cnaafimy Bo BHyTpexuell Touke P, oGosnadena uepes Py’

B ofmem BHAe ypaBHeHHe chJafiHa MOXeT OHIThb 3alHCAHO B
¢opMe MHOrouJeHa TpeTheH CTeNeHH OT napaMerpa t

Py =Py Bt + Bt 4 BE° (4.48)

-—3TO HpeAcTaBJeHHe B BHAe KyOHYECKOTO MHOrOuJeHa KOOPMIH-
HaT cnjiafiHa Ha HEKOTOPOM pPACCTOSIHHM [ BROJb MHTEpBana MeX-
oy AByMs Toukamu. [las onpepesenusi k03hpGHUHEHTOB 3TOro ypas-
HeHHs TpeGyeTcs 3HAThb KOOPAHHATHI TOYEK, ONpPeAeSIOMIHX KOHUBI
cinjafiHa, ¥ HaKJOHH KAacaTeJbHBIX NMPSIMBIX B 3THX TOYKax. B jo-
f6aBJleHHEe K 5TOMY Mbl MOXKEM YyKa3aTb IPAaHHYHbIE YCJOBHS, OIpe-
JleJAolye [OBeJeHHe ANNPOKCUMHpYIOLIEH JHHHH Ha IepBOM K
nocaenAHeM yyacTkax. KoHeUHO, 3afaHbl KOODJAMHAThl TOYCK.
Ilo sTuM maHHEIM TpebyeTrcs onpelelHTb HAKJAOHBH KacaTEJbHBIX
BeKTOpOB. I'paHuYHBIE YCJOBHS MOTYT OLITb BHIGDAHHBIMH IIO-pas-
HOMY B 3aBHCHMOCTH OT BHAa JIHHHM B €€ Y3JOBBHIX TOUKaXx.
Mbl pacCMOTPHM TOJIBKO TPaHHUHbIE YCJIOBHS, HAa3blBaeMble pelak-
CAUHOHHEIMH, WJIH HaTypaJbHLIMH; OHH He TpeOyIOT 3ajaHMs Kaca-
TeJbHBEIX BEKTOPOB B KOHLEBHIX TOUKaX.

Jasi HaXOXAEHHS KacaTeJbHBIX BEKTODOB BO BHYTDEHHHX TOU-
kax (Pe u P3; Ha puc. 4.23) Mbl QOJKHBI DEIIHTb PSA COBMECTHBIX
ypaBHEeHUH BHIA

[M][P]=][B], (4.49)

rfie HeH3BECTHHI BEKTOp Ko3(pduiueHToB P’ ompenenser HCKOMbIE
KacateabHbie. MaTpuua B JIeBOH 4YacTH ypaBHEHHs sBJSETCA TPH-
JHarTOHaJbHOMH, T. €. B Hell BCe 3JIeMEHTHl ABJAIOTCA HYJEBLIMH, HC-
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KJI0Yasi JHArOHAJbHbIE 3JIEMEHTH H 3JIEMEHTH, CTOSIIHE Hernocpen-
CTBEHHO BbLILIE M HIXKe Auarogajd. asa ofpalieHHs TaKHX MaTpHLU
H3BECTEH CNeLHaJbHBIA MeToA. Ilpu peslakCallMOHHBIX IpPaHHYHBIX
yenoBusix Matpuua [M] uMeer pa3Mep nXn H BHIVISIHT TaK

~1,0 0,5 0 0 0 oo 07
t,  2(t,+1) ¢, 0 0 .. 0
0 o 2Lty 0 0
0 0 £ 2 (¢, Lt Z, ... 0
IME=1 g 0 0 f, 2(t,4t) ... O
. . 0
0 0 0 0 0 2 4_
(4.50)
Bexkrop npasoit yactu [B] uMmeer Bug
3 -
z _Qt_.z(PQ—Pl)
—-;§—f22(P3 _Pz) +t32 (P2—P1)
-2*3

1:; tsz(P.;_P3)+t4z(P3_’P2.)
3tg
3 taz(Ps'—P-@)_l-tsz(P«t—Ps)
lets

D= LHP— Py) L (P, — P

3

[B]= (4.51)

6 :
4 (Pn—‘ Pn—-—-l)

Marprunoe ypasHeHHe pelnaercss ofpauieHdeM MaTpuubl |[M] u
3aTeM YMHOXXEHHEM 3TOH oOpaTHOH MaTpHLEl Ha Matpuuy [B].
3aMeTHM, YTO TaK KaK KOOPAHHATH TOUeK P; onpefessiorcs 3Ha-
uenuaAMA X u Y, to Marpuua [B] umeer mopsaox nX2, rae n-—
YHCJO TOYEK, II0 KOTOPHIM CTPOMTCS CllJalfH-annmpOKCHMAIHUS,
B (4.51) yxasan Bup uaeHos matpuus [B]. [lepBuiit cToabemn Mart-
puun [B] HaxXoaHMTCS MOACTAHOBKOH BMeECTO AJHH XODJ 3Haye-
Huid f. ¥ 3HauyeHHH koopaunaT X HabmoneHuid. Bropo# cronber
CTPOUTCS AHAJOTHYHO, TOJLKO IOACTABJASIOTCS KOOPAHMHATH Y.

Martpuua pemenuit P’ Take uMeer pasMmepsl nX2. Kaxpas
cTpoka P’ XapaxkTepuayeT HAKJOH KacaTeJbHOH K CHJaiHy B TOYKe
HabJioAeH s, 3aJladHoi KoopnuHaTaMu X u Y.
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Puc. 4.24, Uerhlpe TOUKH, 10 KOTO~

4~
PHM CTPOHTCST KYOHUECKHH cnafH.
YKasaHBl AJHHBl XODX MEXKAY TOUKAMB

3+ g o

h 3,0 A,

2t 20 2,236

1 R én,

n { 1 | ! J

v H 2 3 4 S

JIlns HaxXOKIEHHS YeThipex KO3(QGHIMEHTOB P, ONPEle/IIOLHX

Z-plit cnaaite (1. €. MIMHHIO, CBA3HIBAIOILYIO TOYKI Py 0 Ppyy), MBI

HMeeM

B1 = Ps;
Bo = Ps;
3(Ppsrq— Pp) 2P, Pis1
ﬁ:} = 2 t iy ’
bert P v 4.52)
s 2Pp—Pp.) Pr 1. _Pk‘”
)»l - D) I | P i 2 .
tian L test

Hakowren, ecau uetbipe Kospduuuenta HafacHbl s k-ro 3pe-
Ha, MOYHO OIPEZeJHTbL TOYKH BO0Jb 3BEHAa KPHBOI B llpeienax
sToro kiuTeppaaa. JJHHA XOPAb MKy TOUKAMH R I uk+1 LLOJIK-
Ha 6bITh pa3fesieHa Ha COOTRETCTBYIOLIEE YHCJO HacTed H 2TH NC-
CJCHOBATEJNbHbIE DACCTOSTHAST NOJIKHBL OBiTh LOACTABJEHLL  BMC-
cto ¢ B ypaBHeHue (4.48). 1o obecrcuntT IaM MHOKECTBO pery-
JSIPHO  PACIIOJOXKEHHLIX B HPOCTPAHCTBE TOUCK, CBASAHHLIX MCZKAY
coBoft Tak, 4TO TNOJYyYaeTcsd KpUBasd cisafig-anfnpoKCHManiu. ToT
{)POLLCCC TIOBTOPSICTCS MHJISI KAZK{OCO CErMENTa KYCOUHO ONPCACJEH-
HOTO Cliaiia, NpPHUeM HCHOMBL3YIOTCS KaK yIAOBsle KOS HILeH 1L,
TaK W AJIIHBEL XOPJ, CBA3BLIBAICLIMX BHYTPCHHIE TOYKH, 4 TaKKe KO-
OpAHHATHl TOUEK € UEJBIO HAXOXWKACHUS HOBOIO MHOMKECTBA K03 (-
(JUIMCHTOB JUIST KAXKJ0TO y4acTKa CIIanHa.

[IponaniocTpHUpyeM 3TOT METO] Ha lipHMepe KyOHUECKOTO Clldta it-
Ha, IPH 3TOM OYAEM HCIOJBb3OBATL UETLIPC TOYKH, yKa3aHubhie Ha
pHc. 4.24, KOODAHHATEl KOTOPLIX HMEIOT BHL

11
1 3
P=14 3
3 1
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Jauser xopa paBHH f=2,0; £3=3,0 u {,=2,236. 10 BCe, 4TO Tpe-

Gyercsl MJs NOCTPOeHHs MaTpuun [M] ompenesnenHoit mo dopmy-

Je (4.50).

10 05 0 0.
30 100 20 O

0 223 10,472 30
0 0 20 40

M=

Marpuua, obpatHas K Hel, paBHa

1,1875 —0,0625  0,0139 —0,0104
—0,3749 01250 —0,0279  0,0209
0,093¢ —0,0311 10,1184 —0,0888
—0,0467  0,0156 —0,0592  0,2944

M =

Mer nosxHBl TakXKe ONpEAeaHTh MaTpuuy npaBoil wactu [B]. He-
obxonuMasi HHQOpMauus OJ8 HaXOXJAeHHs ajaeMeHToB [B] cocro-
MT M3 JUIHH XODJX ¥ KOOpAMHAT Touyek. Tak Kak KaxkJas TOYKa HMe-
eT IBe KOOpJAHMHATH|, TO BeKTop [B] umeer aBa croabua, nepBulil
aast X, BTopoit — A Y :
{—=(1—1) ——3—1)
2.9 2:2

3 204 201 3 o9z(n 2/
S22 —D+31—1) 2-22(3—3+ 3@~

3 13%3—4)+2,236° (4—1)] —>—[3%1—3)4-2,236%3—3)]

3-2,236 3-2,236
L S 5 _(1-3)
19,236 2,236 ’ -
0 1,5
6 9

2,683 —8,050
—-9,683 —5,367

Ywmuoxas [B] na [M]~!, nonyuaem

—0,3097 12026 "
06187  0,6750
0,3723 —0,6160

—0,3552 — 1,0328

[P] =

Tenepp Mbl UMEEM BCe, YTO HEOOXOLHMO HJs BHIUHCJEHHS K03(dH-
UMEeHTOB cHJaHHa JJS KaxJAOro 3BeHa B HalleM npuMepe. as mo-
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Jy4YeHHs] ypaBHEHHUs II€PBOrO M3 HHX HAIO0 NOACTABHTL COOTBETCT-
Bylouie sHauenust ¢, P u P’ B ypaBuenne (4.52). ITosnyunm
JJSL KOOpAHHATH X

pr=1;
P2 = — 0,3097.
B, 30 =1) _ 2(=0.8007) __ 0.6187 _ () 304,
22 2 2
_200—1) ; (--0,3097) | 0,687 _ .
B, 5 -+ o - el 0,0773;
JJIs1 KOOpAHHATH Y
pr=1;
B2 = 1,2026;
B, = 3B=1 _ 2(1,20%) _ 06750 _ —0,0401;
28 2 2 )
=2(1—3) _1_1,2026 0,6750 _
b =22 4 L2007 0,0306,
HJH
1 1 i
B]=] " 0,3097 1,2026
o 0,0004  —0,0401

0,0773  —0,0306 _

AHATOTHYHBIM O0PA30M MBI MOMKEM ONpELedHTb KO3 PHIKEHThE
CIVIaHHA A/ BTOPOTO ¥ TpeThero 3peHa. OHH PaBHEI

1 3 4 3
0,6187 0,6750 0,3723 —0,6160
04634 —0,2447 || —0,5506 —0,1872

—0,1121 0,0066 0,0823 0,0280

Haxkoien, k03 (QHIKEHTH 3BeHBEB CIAABHA MOKHO HCIOML3O-
BaTh JUIsl ONPENE/IEHHsT KOOPAHHAT NPOMEXYTOUHHX TOYEK HA CIIJIali-
He MeXIY KaxXJo# napoit Habuiofesufl. ECAM M BEUHCIHM KOOp-
AHHATHl GOJIBIIOrO YHCJIA TAKHX TOYEK M CBSIKEM HX 3aTeM OpsAMBI-
MH JIHHHAMH, BH3YaJbHO Mbl MOJYYHM HENPEPHIBHYIO [VIALKYIO KpH-
Byl0. JTO KaK pas TOT MeTOJ, Ha OCHOBE KoToporo rpaduueckas
cHereMa JBM BbluMCHSieT M BhHIUEDUHMBAET ruafKHe HCKDHBJEHHEIC
JUHAA. A MAMOCTPAMH MBI OTPAHHYMMCSI PaccMOTPCHHEM Tpex
NPOMEXYTOUYHBIX TOUEK KaXJoro ciujaiiHa,

L5t naxoXAeHHs NPOMENKYTOUHBIX TOUEK MBI CHAUAJA pasze-
JHM KQKAYI0 XOPAY HA YeTbIPE 4aCTH; PACCTOSHHA B [4/4, 2f,/4 n
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Puc. 4.25. Thankas cniaiin-yHK- 4 -
uust, coctosimiast u3 30 cerMeHTOB T
MeX 1y KaXJ1oi TOUKOH pHC. 4.24.

TPi UPOMEXKYTOUHBIX TOYKH KaKLOTO

cnnadina, BbIUMCHEHible KaK YKa3aHo 3

3 TCKCTE, H30GpaXKeHbl MaJNeHbKHMH
TOYKaMH

3tx/4 onpepensdioT 3HAUYEHHUST f, KOTOphie AOJKHE OLITh NOACTABJC-
HBl B ypaBHeHHe cnJabiHa. JlJsg nepBoro cnjialiHa 3TH PacCCTOSHHS
pasunt 0,5; 1,0 u 1,5.

BceraBasia ux B ypaBHenne (4.48), cHauajsa ags X, a NOToM LAs
Y, nonyuaem

Py = 10,3097 (0,5) -+ 0,0004 (0,5%+ 0,073 (0,5%) = ,0,8549; :
By = 14 1,202(0,5) — 0,0401 (0,5% — 0,0306 (0,5%) = 1,6874.

AHaJIOrHYHO MBI MOXEM BBIUHCJIHTb KOOPAMHATHL 11€PBOTO CHJaliHa:
na paccrosiuuu t=1,0 1 £=1,5. OHK paBHbI

aas to [0,7679  2,1319],
ans t,s [0,7969  2,6104].

10T Hpounecc NOBTOPSIETCA IJA BTOPOI'O H TPETBHEro CIIJIAHHOB, a B:
pesydabTarte nogayvacm cieayroniee MHOXKECTBO KOODAHHAT

[1,6774 3,3714]
Aqs cnaajina 2 12,5924 3,4841]
13,4612 3,3548]
[4,050 2,6020]
Ads cnaakia 3 [3,8431 2,1163]
*[3,3442 1,5722]

STH pe3yJanbTaTH npencTasieHH Ha puc. 4.25. Takke nokasan raajn-
KHI chJAaiH, NOpoXKAeHHbIA BhluncienneM 30 NPOMEXKYTOUHHIX TO-
YeK MeXJIY KaxJoH napoil y3sJjoB. XoTs Inpouesypa BHUHCJEHUS
K05QhHUHCHTOB cniafiHa 3anyTaHHas, OBJAaJeHHe el0 I03BOJACT
OTHOCHTEJILHO IPOCTO INOJY4aTbh CTOJNBKO TOYEK HAa KPHBOMH, CKOJb-
Ko notpebyercs.
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CETMEHTHPOBAHHBIE NNOCJENOBATEJILHOCTH
30HHpOBaHHNE

30HHpOBaHHE — 3TO pa3jieJieHHe NOC/aeA0BATENLHOCTH B OTHOCH-
TeJBHO ORAHODOIHLIE CErMEHTHI, KaXKAbIH H3 KOTOPHIX OTJHMYEH OT
npuJjeralmux cermeHToB. Ilameontosiorn, Hampumep, npuberaiort
K 30HHDOBAHHIO CTpAaTHIrpadHyYecKol NOC/JAeLOBATEJIbHOCTH Ha ocC-
HOBC COOTBETCTBYIOIUEH H3OLITOYHOCTH HCKOIAEMBIX MHKDOSJEMEH-
T0B. [lanuble onpo6oBaHHs MOTYT GObITh pasfeseHbl B OTHOCHTEJb-
HO OAHOpOJHLIE HHTEPBAJbl H OYAYT IPEACTABJATH 30HBEI NOCTOSH-
HOW JIMTOJIOTHH, COOTBETCTBYIOILEH CTPATHrpadHYeCKHM eXHHHIAM.
Hannbie TpaBepcoB, NOJNyYeHHLIC BO3AYWIHOH pagHOMETPHYECKOI
pasBeAKOi, NOAPA3ALNAIOTCS Ha 30HE], KOTOPblE MOTYT OLITh HHTEp-
TPETHPOBAHBl KaK M0SICA OZHOPOAHBIX CKAaJbHBIX CTPYKTYyp HJIH
MHHepaJdHu3alMH.

VmMeeTcs B2 OCHOBHBIX NOAXOAA K 30HHpOBanuio. [TpocTeiimil
H3 HHX Ha3BBaeTCcd <«JOKAaJbHBIM NOHCKOM rpanuu». OH OCHOBal
Ha TIOHCKE BHE3allHOT0 M3MCHEHHS CPEeJHHX 3HAYGHHH, HJH, YTO
3KBHBAJICHTHO, HA IOHCKE HaHboJiee CHJIBLHOIO H3MEHEHHS TPajuCii-
Ta ROCJE0BATEJILHOCTH. [l Onpefe/icHHusT TPaHHIl MEXAY IOUYBeil-
HbIMH 30HaMH BLOJIb TpaBepca ¥36cTep [56] pasBua MeTon CKOJb-
35IUEro cpeaHero. Psx 3HaueHH# H3yYaeTCsi INOCJEIOBATENbHLIM
IBMIXKEHHEM KOPDOTKOLO HMHTEPBAaJa BAOJbL IOCHAEN0BATEJIBHOCTH.
Cxonb3smuil HHTEpBaJ HasbiBaercst okHoM. OH pacnagaercs Ha jie
YacTH: CErMEHT OT TOYKM [--HA TIOCJeNOBATENBHOCTH A0 TOUKH [ H
ApYrofl cerMeHT OT TOYKH i IO TOYKH [—H.

Mepa, nHaspiBaeMass OOOGIICHHBIM pACCTOSHHEM, BBIYHCJASETCS
IJIS PasHOCTEH MeXJy CerMeHTaMH BHYTPH ABYX NOJOBHHOK OKHA.
O6006i1eHHOE PACCTOSHHE €CTh OTHOLIEHHE, 06pa3OBaHHOe NeJeHH-
€M KBajpaTa DasHOCTH MEXAY CPEeIHHMH 3HAuYeHHSIMH ABYX CCT-
MeHTOB Ha OODBEAMHEHHYIO AMCIEPCHIO MOCJHeN0BATENLHOCTEH B Cer-
MeHTax. OG03HAYHM 3TO CpPelHee CerMeHTa OT X; IO Xitn uepes X,
H ero IQHCIEPCHIO uepe3 §;%; cpefnee CerMeHTa OT X; JO X;-p 4e-
pes X, u gucrepcHio uepes sp?. Torjga o600IieHHAas PasHOCTb eCTh

Dt = (X1— X3
8%+ 552
3ameraM, uTO OOBEAMHEHHAss QHCIEPCHS €CThb MPOCTO CyMMa Juc-
nepcuil JByX CErMEHTOB, TaK KakK 00a CerMeHTa copepxaT OfHO H
TO Xe uucaoc Habmogenni. Takxke 3aMeTHM, YTO NEpPBHIE M NOCJEA-
HHe h TOYeK NOCHeJOBATEeJbHOCTH HE MOTYT IIONAacTh B pAasfHu-
HDbIe 30HHI.

[IpencraBnenune Ha rpaduke h kax Gynkuuu D? npuBoauT K npe-
00pa30BaHHIO HCXOJLHOTO TpaBepCa B HOBYIO IIOCJIENOBATEJbHOCTH,
B KOTODOH IpaHHIE 30H HMEIOT BHI OCTPBIX MHKOB. Ha puc. 4.26,a
NpEeACTaBJeHO IIepBOHAYAJbHOE LIECTHKHJIOMETPOBOE CEedYeHHe BIOJhb
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(4.53)
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Puc. 4.26. Ccucirie, Ha KOTOPOM YKAa3aHbl H3MEHEIHs! CBOHACTB NOUBEl BRO-Ib 6-xu-
A0MeTponoft JunaH B Bepxell wactu Tefime Bagmi (Auraus):

o D? p1OM aBep-
a — u3venenue 27 cpoilcTB no mCpBOI TJaBHON KOMMNOUCHTE! 6—-3Haue)m‘c aDa BI0Jb TPaBCD
cn, MaKoHIIYAIL ONPCRSACHEDIX TPAHHL YhA3AHBL HA rpadrke

Bepxueil uactu Teim Baaau B Auraum [56]. OGpasunt nous Gblmf
cobpanbl ¢ 20-MeTPOBBIM HHTEPBAJOM i NpPOANANH3HpPOBAHbL Ha
27 cBoftctB. DTO OrpoMII0e MHOXKECTBO U3MEPCHHM BLIIo CXATo C
MOMOIIBIO METOAa TJAaBHLIX KOMIOHEHT, KOTOophifi Oyier paccMor-
ped B IV 6. 3/ech MBI TOJMbKO 3AMETHM, UTO YKa3aHUOe nepeceuc-
Hue npeacTaBiaser Haubosce 3PGHEKTHBHYIO JHHSHHYIO KOMGHHE}-
U0 HCXONnX lepeMennnx. Ha puc. 4.26,6 npeictabicua 3a)3nc1<:-
socTb D? OT paccroanna BIOJb IEPEceuers, BhilcACHiad ¢ 10-
MOUIBIO DPACLIENJIONICIOCS CKOJB3SIIero OKHA, KOTOPOC OXBATHL-
paer 18 TOUEK. . N ) '
YsbeTep 3aMeuyaer, uTO BHIIOJHENHE 3TOH MPOUCIYPHl 3ABHCHT
OT H3MCHUHBOCTH HCXOAHOH IOCHCAOBATEJBHCCTH H AJHILL CROJL:
salLero okHa. JJHHHOE OKNO IO/IKHO YCPeAHsTh BIOJL MaJdblx 3o)nA
4 MOXKET ilPONYCTHTH KOPOTKHE HUTEPBAJBL Onnako OHO Oyacr
4yBCTBHTEABHO K OIUMOKAM H3MEHUMBOCTH, BO3HHKAIOULHM ncnmc;:
BHE UIYMCBLIX TMOMEX B 3ailMCH HCXOXHBIX 14HHDIX. Koporroe ox‘q.‘(,
Gosiee dyBCTBHTENBHO H OYiCT OTOXKAECTBAATH MaJsble 30HH, ixo MG~
JKeT TPHBCCTH K HDPEryJsipHOMY HEHHTCPOpPCTHPYEMOMY r,pé](bYIKy
D2, YaGerep omy6aHKOBA NIPOrpaMMy HA si3bike CDOPT};;\]I , KO-
TOpasi peaju3yer 3TOT METO] HaXOXICHHA TPAHHIL 30H [571.
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OnHO M3 BO3paXKEHHH IPOTHB METOJOB JIOKAJbLHOLO ITOHCKA
TPAHHIL COCTOHT B TOM, 4TO OHH MOTYT IPHBECTH K IIOJIyYEHHIO He-
©OOLIYHOTO YHCJIAa IpaHHI, B 4acTHOCTH, B Hanbosee u3MeHUHBOH
YacTH IOCJAEA0BATeNBHOCTH. [J106asbHOE 30HHDOBAHHE OCHOBAHO
Ha ADYyToil HIee, a HMEHHO Ha pa30HEeHHH IIOCJIel0BATEILHOCTH B
3apaHee 3aJaHHOE YHCJO CETMEHTOB, KOTOpble BHYTDEHHE HacTOJb-
KO ONHODOAHBI, HACKOJbKO 3TO BO3MOXHO, H OTJIMYHBL OT IPHJIEralo-
I{HX CErMEHTOB HACTOJbKO, HACKOJBbKO 3TO BO3MOXKHO.

Opnna M3 mepBbix M HauboJsee NPAKTHYHBIX IIPOLELYP TAaKOro
pona Gbia pekoMeHmoBaHa JlxuiiioMm [21], KOTOPHIl UCTONB30OBA
UTCPALMOHHYIO BEPCHIO AHCIepCHOHNIOro aHasaxsza. CHauasa mocJe-
JOBAaTeNLHOCTh JEJNHTCS Ha [Ba CEIMEHTa, OYeHb KOPOTKYKI Ha-
YaJibHYIO 9aCThb U OCTATOK NOCJe0BaTeJbHOCTH, CyMMa KBajpaToB
BHYTPpH cerMeHTOB SSw BeUMCJsieTcs Mo GopMyJe

m N _ m
SSw = Z Z(Xij_X~j)2 Z‘,nj—m,, (454)

j=1 i=l j=1

TAe X; — -5 TOYKa BHYTPH j-TO CerMeHTa, X;— CpeAlee j-To cer-
MCHTa, N; — YUCJO TOYCK B j-M CErMEHTE, /M — UHCJIO CEerMEHTOB.
CyMMa KBalpaToB MexIy cermeHtaMu SS, sBiasercs MepoH Hus-
MEHYUBOCTH CPEAHHX CErMEHTOB OTHOCHTEJBbHO X ., OOIIEro cpen-
Hero 00beAHHEHHOH NOCJAeA0BaTeAbHOCTH HIH

m
i ey oy -
SS, = —— Z (Xy— X )% (4.55)

m—1

j=I
Pas6uenne ua JiBa CerMeHTa ABUIXKETCA BIOJb IoCJAeNOBaATEAbL-
HOCTH, H B KAaXKJOM IMOJIOKEHHH BLIYHCJSIOTCS ABE BEJHUYUHB SSy
H SS(; ,HJIH KaxXJ0ro BO3MO2KHOI'O NOJIOXKCHHS [pAaHUIIB! BbLIYHCJ/IA-

eTCsl OTHOLICHHES

$Sp— SS,,

Re=—Ze

. (4.56)
[TonoxeHnue, COOTBETCTBYIOIEe MaKCUMAJbHOMY 3HauCHHIO R, Bbl-
fupaeTcst B KA4eCTBE NEePBOH 30HAJBHON IpaHHILL

Hanee, noBTOpeHHeM Ipolecca BCTABKH AONMOJHHTEJBHOH rpa-
HUIBI, KOTOpAas CHOBA AOJXKHA JaBaTb MaKCHUMyM R, 5TH [Be 30HLI
CHOBA TOAPAa3feATCs. 30OHHPOBAHHE NOBTOPSCTCST A0 TeX IOP,
[I0Ka BCSI MOCJELOBATENBHOCTL HE PA3JEJNHTCS B 3apaHee 3aJaHHOE
YHC/I0 30H HJIM TIOKa BeJHUYHHA R He NCPeCTaHET YBEJHUUBATHCS
TpH f00aBJCHHH HOBHIX IDaHHIL

[Ipouenypa Hxuana 6rja HCIOJb30BAHA IUISL OCYLIECTBJCHHS
aBTOMATHYECKOr0 LHQPPOBOro 30HHPOBAHHS AAHHBIX CKBaxkuH. He-
JIaBHO OYeHb MOXOXKas Ipouenypa Ouia omySJankoBaHa XOYKHHIOM
1 Meppuamom [27], [28]. Ouu ucnosnb3oBasu ryo6aJbHYIO ONTHMH-
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3alHI0, OCHOBAaHHYI0O Ha MeTOZax AUHAMHUECKOTO IPOrpamMMHpo-
sanuga. Kax u aaroputd JKHJJIa, STOT aArOPUTM SIBJSETCS UTEpa-
THBHBIM, HO B CHJY €r0 DEeKYPCHBHOCTH OH HMeeT NPEHMYILECTBO
flepe] NPHHLUUIOM ONTHMAJbHOCTH DejsmaHa B TOM, 4TO B KOHIE
npolesypsl BHGOpa rpaHUL, 30H Zaer caMoe Jyyllee pa3bucHHE H3
BCeX BO3MOXHBEIX. IIpH HCIOJbL30BAHHH He DEKYPCHBHBIX NPOLEAYD
BCerja BO3MOXKHO Takoe sBJieHHe: NO3HILHS, BHIOpaHHAas KakK HaH-
Jiyulnasi TpaHHIA MeXAy ABYMs 30HAMH, He Oyaer HaujydueH,
€CJIH B OJHY M3 30H OyIeT BCTaBJeHa JOMOJHHTEJNbHASI TpaHHLa.

XoykuHr # MeppHusM BBIYHC/AIOT BEAHUYHHY, KOTOPas €CTb CyM-
Ma BHYTPH3OHHBIX AMCIIepCHH, 3KBHBaJleHTHas BeqHuuHe SSw B al-
roput™e Jixuana. Ecau 3Ta BeJHYHMHA BHIUMC/ISETCH MJisi BCEX
BO3MOKHBIX pasGueHH#i NOCASLOBATEJLHOCTH B JBa CETMEHT4., TN
pesyabTar GygeT HEKOTOPHIM TabauuHbIM SSw A n—1 BO3MOXK-
HBIX TIOJIOXKEHUH TepBOH rpaHuupl. s KaxXA0ro BO3MOXKIOIO Iep-
BOro pa3bueHusi 3aTeM BHIYHCIAETCS HOBOe 3HayeHHe SSy 1Js BCeX
BO3MOKHBLIX NO3HIHH BTOPOI TpaHUUE, KOTODas AEJHT HOocJ/eloBa-
‘TeJbHOCTh Ha TPU 30HBL. BEGHpast HauMeHbliee 3HaueHHe SSy AJs
BTOpOro pas3fueHHs, IOJydaeM ONTHMAaJbHOE COOTBETCTBYIOIEE IO-
JIOXKEHHE IepBOH TIpaHHUBl M OHO OCTAeTC HAMJYULIHM, CKOJbKO
Obl JOTOJHHTEJbHLIX IPAHHL, MBI HH BCTaBJISAJIH.

[Tpouecc uTepupyeTcs IO TPeTbeMy LHKJY, H LJIST KaXA0H KOM-
OHHAIlHY ONMTHMAaJbHOH [epBOH I'paHUUL CO BCEBO3MOXKHBIMH: BTO-
pPHIMH FPAHHLIAMH HAXOJSTCS BCEBOSMOXHBIE TPETbU IPAHHILL H BBI-
YUCAAIOTCS COOTBETCTBYIOLHE UM 3HayeHHsT SSy. Bribop HanMeHb-
wero 3Hauesus SSy 3areM onpenessieT ONTHMAaJbHOE IOJOXKEHHE
BTOpO# rpaHuuH. Ilpouecc MOBTOPSETCA CHOBA W CHOBA 10 T€X HOP,
noKa He OyIer HalileHO 3afaHHOE YHCJIO TPaHULL

B cuny pexypcHBHOH NpPHPOALI aJTOPUTMA OKOHYATENbHOE MHO-
3KeCTBO 30H ofJajaeT HAHMeHbLIeH BO3MOXKHOH AHMCHEpCHEH cpelH
JI060r0 BO3MOKHOIO MHOXKECTBA C TeM e YHCJHOM 30H, NOKphI-
BAOIHX BeCb MHTepBaJ. K cOXKaJeHHIO, STOT METOA HENpPaKTHYEH
UpH OYeHb AJHHHBIX HOCJIEJOBATEJbHOCTSX H3-3a BBICOKOH HEHH
BBIYHCJINTENbHBIX paoT, BHIIOJHAEMBIX [Js JOCTHXEHHUS Ol
THMyMa.

KaaceunQuxanus no cxoicTBy

B stoM pasjene Mbl OCTaHOBHMCS Ha METOJaX YMOPSAOYEHHSI
HaOJMIONEeHHH Ha OCHOBE HX OTHOCHTEJLHOTO CXOACTBA IO 1I€KOTO-
poMy npusHaky. Ecin HaGNONEHUs] XapaKTePH3YIOTCST HEKOTOPHIM
MHOKECTBOM NEePEMEHHBIX, TO 3TO B CYLIHOCTH TpeJyer HX IpOex-
THPOBAaHHsI HEKOTODHIM 00Da30M Ha €JAHHCTBEHHYIO IPAMYIO, HA KO-
TOpO# HX TOJOMNKEHHE JOTHYECKH COOTBCTCTBYCT HX PACMOJIONKEHHIO
B HCXOJAHOM MHOXKECTBE AAaHHBLIX., DTO MOXKET OBITh OCYLIECTBJACHO
ONHYM M3 MHOTHX METONOB, TAKHX, HaIpuUMep, KaK METOJ IJIABHBIX
KOMITOHEHT HJM (DAaKTODHEIH aHaJu3, KOTOpPbHe PAacCMAaTPUBAIOTCA B
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nocneaneit raase. Tako# kaaccuduranueli MOXeT OHTH XPOHOJOTH-
YeCKOe YIOpsiioYeHHe, LIHPOKO HCIOJb3yeMoe B apxeosoruu. K co-
JKaJIeHHI0, HeT TApaHTHH TOro, 4TO IIOCJELOBaTeJbHOCTL Habalo-
JleHHH, ynopsiioYeHHass MO CXOACTBY, OyAeT XPOHOJOTHYECKH YIIO-
pALOYeHa HEKOTOPBIM OCMBICJEeHHHIM oOpasoM. IToHstus ynopsmo-
YeHMsi MO CXOACTBY H INPOCTOrO YNOPSAAOUEHMS DaHee IIKWPOKO HE
HCT0JIb30BAJHCh B TEOJIOTHH, HCKJOUas NPHMEHEHHs YMCJEHHOH
TaKCOHOMMH B mnajeoHtoJsoruu [51]. Opnnako wumeerca o6xaacTh,
B KOTOpOH IOHATHE YNOPSNOYEHHS IO CXOACTBY OKa3nlBaeTcs IO-
JIE3HBIM, 4 HMEHHO, HCCJeJ0BaHHe reOJOTHYECKOH KOPPEJSIUHH ABYX
CTpaTHrpadHIECKHX NMOCJeA0BATEJILHOCTEH.

IBa mnerporpadHyecKHx psifa HKaHHBIX MOXHO HCCJeA0BaTh
COBMECTHO Ha OCHOBE CXOACTBA HX 3anHcedl B OYPOBHIX CKBaXKMHAX.
Ilpu 3TOM HX NEPETACOBBLIBAIOT, MOAOOHO KOJOIE KapT, ¢ MOMOMILIO
npoueayp AHHaMHYeckoro nporpammupoBanusi [23]. Kaxzaas Toy-
Ka OAHOH IOCJeNOBaTeJNbHOCTH CpaBHHBaeTCst ¢ HauOoJsee OJH3KOH
TOUKOH ApPYro# MNOCJEXOBATENBHOCTH, NpHYEM COO/I01aerTcss JHUIL
ycaoBye, YTo cTpaTturpaduyecKuil NOpALOK JOJXKeH OBITh COXpaHeH
B 00eHx TOCJeA0BATEJNBHOCTAX. TAKAM NyTeM AOCTHIAETCS HCTHH-
HOE YNOpPSITOYEeHHe MO CXOACTBY, TAK KAaK OKOHYATEJbIOE Da3Melle-
HHE UMeeT CMBICJ KakK JHTOJOTHYCCKHH, TaK H XPOHOJOTHUYECKHIL.
MoOXKHO BBCCTH [ONOJHHTEJNBHEIE OTPaHHYCHHS, KOTOPhIE NPHUBEAYT
K O0befAHHeHHIO crellHHIECKHX TOYEeK IBYX NOCJel0BaTesNnHoCTell,
Anbo o8yc/oBAT O8BCIWHEHHE KAKOro-Au60 3alalHOTO CerMeHTa
OJAHOI NOCJAENOBATENLHOCTH ¢ HEKOTOpOi Toukoil apyro#. Taxmum
o0pazoM, ecaH CCHOBAHHS MapKepoB B IIpefieJax ABYX CpaBHHBacC-
MBIX 110CJCA0BATENBHOCTEN OTOXKAECCTBJSIOTCH, TO STH OCHOBaHHSI
JIOMIKHB! COOTBETCTBOBATHL APYr Apyry. OcrasbHBEIC YJIEHB KOppe-
JUPOBAHBlL HA OCHOBE HAHOOJBLIETO CXOACTBA, NOAUHHAACH JHLIL
CACAVIOUIHM OTpalHUEHHSM: JHHHM KODPEJAIMH HC MCCYyT mepece-
KATbCs W OCHOBAHHSI MapKepOB AOJKHBI OBITH KOPPCJAHPOBAHWL

Aaroputy, onyGaukosannuit TopronoM u Peiftventom [23], na-
ROMHHZeT aJropliM 3oHHpoBaHus XoyknHra u Mepprama [28].
Cuayana xaxpnast TOYKa I0CJAEL0BATENBIOCTH, COOTRETCTBYIONIEH
NepBOil CKBAXKHHE, CPABUMBAETCst € KaXAOH TOUKOIl NOCJACAOBA-
TEJLHOCTH, COOTBEICTBYIONE BTOpOIl ckmaxnine. Mmeercss n nab-
JI0enHfi U3 nepBofl CKBAXKHHLI M 72— H3 BTOPOH, pPe3yJabTaT cpas-
Heaus — Tabanua pasMepa nXm. TIpn 3TOM MOXHO HCIOJb30BATL
MHOYKECTBO PA3JHUHLIX CPABHHTEJbHLIX Mep, HOo T'opaon u Peiiment
HCOONLAYIOT IIPOCTYIO MepY HECXOACTBA:

r

N -~

Dje = 2oty —0y), (4.57)
=1

TIe uij — OTKJMK KapoTaKHOil nepeMeHHOH [ Ha ray0OuHe j B nep-
BOH CKBaXKHHe, a Uy, — OTKJMK TOIl e TNepeMeHHOH Ha rayOune k
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Puc. 4.27. HckyccrseHnble cTpaTurpauuecKHe paspesbl, H3oOpaiKeHHble BMeCTe.

Paspes V cOfepXKHMT TpH HHTePBaAa, a paspes U — uernipe. XapaKTepHCTHKA, H3MepeHHas Ha
KaxaoM HHTepBajle, H3MeHseTCss OT | Jo 6. MaTpHua COACPXKHT NPOCTbIE MEPhl pacxoxie-
HKS MCXCY BCEMJM BO3MOXHBIMH NMAPRMH HHTEpPBANos B paspesax U H
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Puc. 4.28. PesyJsTaTH, NOJyJeHHble OOBERHHEHHEM MOC]EL0BATENBHOCTER UualV

«CTpeNKH B MAaTPHIaX NOKA3bBAOT NOCNC]OBATEALHOCTh NyTeH OT OCHOBAEAA N0 BePIIHHEL,
O6uwee pacxoxieHHe oGo3HaYeHD yepes 3

B0 BTOpOH CKBaxuHe. EcJH yrogHo, pasjiHYHHIM IE€PEMEHHLIM
‘MOKHO NPHIHCATh Beca .

AJITOpHTM [HMHaMHYECKOr0 INpOrPAMMHDOBAHHS IO3BOJSsET Hai-
‘TH eIHHCTBEHHHH TyTh B 3TOH TalJHIle M3 JEBOrO BepXHEro yria
B TpaBblil HHXHHA Yron TakuM o6pasoM, 4TOGH CyMMa Mep He-
cxofcrBa Obla MuHMMadpHOH. CrpaTurpaduyeckHii MOPSIMOK CO-.
XpaHsercsi 61arofaps TOMY, YTO HCCJENOBATeJb MOXKET HBHIAThCH
-TOMbKO BIH3 M HanpaBo. Ha puc. 4.27 usoGpaxen HCCJIOXHBIA MpH-
Mep, B KOTOPOM NIPOBOAMTCS CPaBHEHHE TPEX HHTEPBAJIOB KapoTa-
X2 OJHOH CKBaXKHHB C YeTHIPbMs HHTEpBajJaMH APYroh. 3aMeTHM.
yTo GO/bIIAS 4acTh CTPOK M CTOJIOIOB MATPHUBI NOBTOPSETCS; 3TO
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HO3BOJISIET aJTOPHTMY CIYCTHTb BHH3 TY HJH HHYIO KapOTaXHYIO
JHarpaMMy K Hauajly H 3aKOHYHTb nponecc. HekoToprle npHMepht
nyTed B MaTpHLE BMeCTe C COOTBETCTBYIOIIHMH HM pe3yJbTaTaMu
cTpaTHrpadHYeCcKOl KOppeJsiiuM IpHBeJeHb Ha pHC. 4.28.

JLasi HaxXoXKIeHHsl ONTHMaJbHOTO NMYTH HCHOJB3YETCST PEKYPCHB-
Has upoueaypa. Haunnas c neBoro BepxHero yriaa (Hayano) BHI-
6HpaeM NepBHI HHTEpBAJ PaBHBIM 4; HJIH Uy; Mepa HeCXOACTBa
BIOJb JIO00r0 HyTH OJHHAKoBa H paBHa 2+42. Ecau BmOpats 4y,
CJAEAYIOUIHl HHTEpPBaJ MOXKET OHTb JHOO us ¢ obuiedl Mepoit He-
cxonctBa 2+2+40=4, uan v; c obmeit Mepoli Hecxoactea 242+
+2=6. [pyroit BapuaHT MOxKeT ObITH TaKHM: €CJH U; BHOpaJH
Ha IepBOM Ilare, Ha BTOPOM IlIare MOXKHO BhOGpaTh JubO Uz, JubO
u;. Tlycts vy maer Bksag B 0OLIYIO Mepy HECXOACTBA, paBHyO 2+
+2+4-2=6, Beifupas u3 3THX ABYX CJydaeB TOT, B KOTOPOM NyTh
(Hauano)—-u;—U; HMEET MHHHMAJBHYIO MEpYy HEeCXOACTBa, NOJy-
yaeM, 4TO COGCTBEHHO INepBBIM LIAT OCYILECTBJISETCS B U,

Bri6paB B KauecTBe HaYaJbHOH TOYKH 4| C ABYMS BO3MOXKHBIMH
BapuaHTaMKu BTOPOro 1iara JuOO B ug, AHO0 B Uj, HCCAGLYEM BO3-
MOXKHbIE BapHaHThl Tperbero wara. CHOBa HMeETCA YETHIPE BO3-
MOXHOCTH: H3 Uz B 43 ¢ obuied Mepo# HecxoicrBa 2+42+40-1=5;
U3 Uy B v; (24+240+0=4); us v; B vy (2+2+24+4=10); u u3 v,
B Uy (2+2+2+40=06). HauMmeHplias cyMMa COOTBETCTByeT NYTH
(Hauano)—u;—-Uy—>vy, TAK YTO ONTHMAaJbHLIH BTOPOH mHIar — mepe-
X0 B TOUKY Ug. Jlasee NPOBOAHTCA CJAeAyIOllasi HTEPAlUsl, B KOTO-
poil HCCJaeAyercst Pe3yJNbTAT OCYLIECTBJIEHHS] YETHIPeX BO3MOMKHbLIX
IIepex0i10B U3 Uy, IlyTb ¢ MHHMMAJbHLIM 3HAUEHHEM Mepbl HeCXo1-
CTBA ONpejeJisieT ONTHMAJBHBLIA wWar nocie up. Ilpoumecc nosropsi-
eTcsl 10 TeX TOp, NMoka HHKHAsT (/eBass) Touka (KoHew) Oyper Zo-
CTHIHYTAa. B NpHBefeHHOM NpHMEepe ONTHMaJbHBIE NYTh €CTh

(HaanIO) > Ui—> U > U1 —> Uz —> Vg > Uy —> Ug—> (KOHeH)

¢ obieit mepoil HecxoactBa 10. MaTpuua M TNOJYyYEGHHBIE CTPATH-
rpaduueckue INOCAEA0BATENLHOCTH H300paxeHpt na puc. 4.29.

% A .
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e, 4.29. OntuMmadbhoe obbearHeRne nociaexoBatedbroctelt U u V.

CTpeaks B MATPHUAX YKa3bIBAT HOPANOK nyTel B CDABHHBACMMX HOCHEAOBATCAbHOCTAX.
O06ulce PACXOXJEeHHe pasho 16, T. €. HaHMenblUEMY DBO3MOXHOMY SHAHUEHHIO AJAA MmoGolk
NOCAeOBATENbHOCTH
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B cuay cBoeft rHGKOCTH 3TOT METOJ CJIEXKEHHS KaXeTCs IOTeH-
UM aJbHO OYeHb 3(PQPEeKTUBHBIM CPEACTBOM HCC/AELOBAHHA KOppeJs-
uud. K coxanenuio, paxe npH HCII0Jb30BAHMHM MOIIHOTO annapara
IHHAMHUECKOTO TPOrPaAMMHpPOBaHHs OH Tpefyer 0OJbLIOr0 MallHH-
HOrO BpEeMeHH, U COBMECTHOE OTCJeKHBaHHE AJHHHBIX IIOCJAENO0Ba-
TeJbHOCTEH MOXKHO PEKOMEHLOBAaTh JHIIbL NIPH BBIIOJHEHHH HCCJIE-
AOBAHHI HCKJIIOUHTEJBHOH BaXXKHOCTH.

ABTOKOPPEJIALLUI

Ha puc. 4.30 npeAcTaBjeHb pe3yJbTaThl raMMa-KapoTaxa 4a-
©TH CKBaXMHbl B paspese IIeHCHJIbBAHCKHX OTJIOXKEHHH B 3amai-
nom Kansace. Paspe3 COCTOHT H3 HM3MEHEHHLIX H3BECTHAKOB H
caanues. V3-3a papuaunun Kaausa-40 B TVIMHHCTBHIX MHHepajax cllaH-
Il XapaKTepH3yIOTCs OTHOCHTEJBHO BBI- :
cokum (QOHOM, B TO BpEMsA Kak M3BeCT- 100 200
HSKAM CBOHCTBCHHA HH3Kasi pajHOax- 3850 T 1
THBHOCTb. B 9TOM 4YacTHOM paspese
6LIJI0 3aMEUEHO HaJHYHe LHKJAOTeM,T.C.
foJiee MM MEHee DPEeryJsipHBIX NOBTOpE-
HHIl JIHTOJIOTHYECKHX PAa3HOBHAHOCTEH. 4000 |
Bersioro B3raama Ha pesyJabraThl Kapo-
Taxa [NOCTATOYHO, 4TOOB yOEAMTBCA B
TOM, -UTO H3BECTHSK II€pecJauBaercs co
CNaHLAMH, KOTOpHle HMEIOT NPHOMH3H-  4g50)

TeJbHO TY € MOIIHOCTb.

IloBTOpeHHs, TaK Xe KakK H Jpyruae
CBOHCTBa 1I0CJIE€N0BaTEJBHOCTH, YCTaHAaB-
JUBAIOTCS € IIOMOIUBIO  BHIYHCJIEHHS!

MepHl CXOACTBAa MEXKAY UJeHaMH 3TOH § ‘
[I0CJAELOBATENBHOCTH, T. €. IIOCJel0Ba-
TeJIbHOCTb CPABHUBAETCS C CAMOK cOGOi

B MOCJEJ0BATENbHbIX MOJOXKEHUSIX H BHI-
YHCJSIeTCsl CTEleHb CXOACTBA MEeXAy CO- 4150
OTBETCTBYIOLIUMH HHTepBastaMu. EcJau
KaXJast TOUKA CpPABHHMBAeTCs IOCJAeLO0-
BATEJbBHO CO BCHKOH ADYro#l TOYKOH, TO
00HaPYKUBAIOTCH BCe MO3HLHH XOpoLIe- 42001
IO COOTBETCTBHUSI U TaKXKe OIpejeser-

¢s cTeneHb HECXOACTBA B ADYIHX IO3H-

uusx. JLast ocyulecTBJEHHsI 3TOH onepa-
HHH BDPEMEHHOH psj AOJNKEH HMeTb He-
KoTopbie xapakTepucTHRH. OH J0JKEH
COCTOSTh H3 NOCJHELO0BATENbHOCTH Hal- PZC- 463?{ Pesyabrarhi ra-
JUOJEHH TepeMeHHOH Y, H3MepeHHo# B MAKIPOIINA HASTH MOCHEAD.
TOC/e0BATE/IbHbIE  MOMEHTH BPEMEHH  oriowenuii B nedTAHOA CKBA-
YJH B TOukax IpocTpaHcTBa. Kaxiaoe — ume B 3anapsom Kansace
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HabJiofeHHe AOJNXKHO GHTh OTAEJEHO OT MpeAlIecTBYIOLIero Hab-

JIONEHHST HEKOTODHIM HHTEPBAJOM TO BPEMEHH HJH HEKOTOPhIM:
PacCTOsiHHEM, KOTODHE SIBJAIOTCS IOCTOSHHBIMH AJISl NaHHOTO psna.
Ilonoxenne HabaofeHHs B psife Mbl OyfeM 00603HAuYaTb HHXHHM

HHIeKcoM, HanpuMep Y: IloaToMy Heo6si3aTesNbHO SIBHO YKa3HBAaTh.

BpEMS WM paccTOsHue AJs NepemeHHo#l X, Tak Kak OHO BHOAHE
XapaKTepH3yeTcss HHAEKCOM H MOXkeT ObThb B cJiydae HEOOXOAMMO-
CTH onpejeseHo OJjarofapsi ToMy, 4tro X=Af, rae A — pacCTosHue
MEXRY COCeNHMMH TOYKaMH. Bech BDeMeHHOH pDAA COAEPXKHT 7 TO-
Yyek u uMeeT obmyio anauHy T=A (n—1).

Paccrosinne Mexay ABYMs JIOGbIMH TOukKaMu Y: u Y, Hashl-
BaeTcsl JIarOM JJIHHBL T, I'le T— YUCJO HHTEePBAJOB MEXKAY ABYMst
TOYKaMH. ITO-— CMEIeHHe BPEMEHHOro psifia OTHOCHTENbHO cebs
CaMOro B NpeAUIeCTBYIOUIHII MOMEHT BDEMEHH HJH B NIPe]IIeCcTBYIO-
meM TOJOXCHUH. MexXJy BPEMEeHHEIMH DSIAaMH M LENsIMH MOXHO
IIpOBeCTH aHaJjoruio. Kaxkjpofi ¢BSI3SH B LENH COOTBETCTByeT HabJio-
Jeuue B psge. Ecaum Mbl NDHJAOXKHM JABa ONHHAKOBBIX CErMeHTa
Lenu APYT K APYTY ¥ CPaBHMM HX MexAy cobofl, To oJyyHM nomnap-
rHoe cpaBHeHue ¢ narom 0. Ecau MBI ciBHHEM OZHY Lenb Ha ORHO
3BCHO TaK, 4TOOH NEepBOe 3BEHO NepBOH IIOCA€A0BATENBbHOCTH CpaB-
HHBAJOCh CO BTOPHIM 3BEHOM BTOpPOf, TO BCe XPYTHe 3BEHbsI TaKXKe
CABHHYTCS, H TaKOe INOJOXKCHHE CPAaBHHBACMBIX IIOCJAENOBATEJNBLHO-
cTel HaswiBaercss umeiomuM Jjaar 1. Ilenn Moryr OHITL CABHHYTBI
fosiee uyeM Ha OIHO 3BEHO, M TONApPHOE CpaBHEHHEe TorAa Oyier
HMeTh Jiar 2 U Tak jpalnee.

ABTOKOBapHALMS C JIATOM T-—3TO KOBapHALHUsi MEXAY BCEMH
HaGmoneHusiMi Y: u HaOMONEHHAMH Yiy., T. €. KOBADHAUHS BHI-
UHCJISETCS] MEXJY 4IeHAMH CaMOro psiia ¥ TOTO e psiga, CMelleH-
HOro Ha Jar mauHH 1. Onpepedsioliee ypaBHeHHE aBTOKOBAapHALHKE
ecTb

cov. = WV Y LT (4.58)

n—=

i=1

o+

T

ABroxoBapuauus ¢ jgaroM 0—3To HPOCTO AMCIEPCHs BpeMeH-
HOI o psiza. EcaH pspa oueHb NJIMHHBIH, a Jiar T KOPOTKHH, TO cpel-
Hee AAHHOrO PsiZa W COBHUHYTOTO PSAOB B CYUWIHOCTH TOXAECTBEH-
Hbl ¥ ypasHenue (4.58) Moxer OuTh ynpouieHo. OIHZKO eCaH T
ABJAAETCA 3HAUMMOH APOOHOI 4acThi0 AJHHB BpeMeHHOro psina, To
pasJjuyne MeXAy CPeIHHMH CTaHOBHTCS CYIIECTBEHHBIM. Brrumcau-
TeJbHBIH 3KBUBaJIeHT ypaBHeHHsa (4.58) ecTsb

Chalt 2 Yt Yl—-:——' 2 Yf Z Yl—-t
cov, = {=1+t f=l+7 ) (4.59}
(n—=)(n—1—1)
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Puc. 4.31. ArrokoppensunonHas (YHKUHS raMMa-KapoTa)ka, u300paXeHHOrO Ha
puc. 4.30.

Jlar 48 COOTRETCTBYCT CABHIY No Iy0une Ha 48 dyros

Hmeercs coryialieHHe O TOM, UTO aBTOKOBapUAlHsl BLIYHCJSAETCSA
anst aaroB ot 0 mpo npuMepHo n/4. IloayueHHble 3HAuUEHHS MOKHO
IPCICTaBHTL KaK aBTOKOBADHOrpaMMY HJHM aBTOKOBAPHAUHOHHYIO
GYHKUHIO, KOTOpas IpEeACTaBAACT 34BHCHMOCTb a&BTOKOBAPHAUMH
or Jara. Puc. 4.31 npexncraBiaser aBTOKOBapHaIHOHHYIO (QYHKIHIO
AJs1 1AHHBIX KapoTayka CKBAXKHMH, H300paxKeHHLIX Ha puc. 4.30.
KpuBas mauuHaeTrcs ¢ MaKCHMaJbHOTO 3HaueHust 672 nuaa nara
t=0, 3aTeM yObIBaeT H NMOAHHMAETCs CHOBa 10 Jara 48, KoTophIi
COOTBETCTBYET DACCTOSHHIO B NPOCTPAHCTBE, NMPUOJH3HTENLHO DaB-
HoMy 48 dyTam, Tak Kak LaHHBE ramMMa-kaporarka Oblin oludpo-
BaHbl ¢ uHTepBasoM B 1 QyT. 3TO ecTb NPHUGAH3UTEILHO BEJHUMHA
BEPTHKAJBLIOIO PACCTOSHHS MEXKAY INOCJASA0BATENbLHBIME 110J0XKE-
HUAMH H3BECTHAKOB B I1IOC/JeJOBATEJNbHOCTH, INPEICTABJCHHOH HA
puc. 4.30.

Enunuiubl, B KOTOPbIX U3MEPSETCS aBTOKOBApHALHA — 3TO KBal-
paThl eiMHUIL H3MepeHil BPEMEHHOro pAja; B HAlUEM IIpHMepe —
3TO KBajpaThl €IUHHIl 3JeKTPOABHXKYIled cunsl E. JTO O3Hauaer,
9TO aBTOKOBapHalius YYBCTBHTEIbHA K H3MeHEHHsIM MacuiTaba Bpe-
MEHHOro psfa, 4TO AOCTaBJSET 3aTPY/IHEHHs IPH CPaBHEHHH ABYX
aBTOKOBapHOrpaMM. OJHAKO €CAH BPEMEHHOH psil CTaHAapTH30BaH
BHIUHTAHHEM H3 KaX/0ro HaOJIONeHHUS CPeHero K AeJICHHeM Ha CTaH-
ZapTHOe OTKJOHEHHe, pAA OyleT mpeicTaBjeH B eJHHHIAX CTaH-
LapTHOTO OTKJOHEHHsI U aBTOKOBapHalus OyNeT HMeTb CTaHAapTH-
30BaHHbIl BHA. Kak oTMeyasoch B TIM. 2, KOBapHAUHSA CTaHAAapTH-
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30BAHHOH NEepPeMEeHHOH eCTb KOPPeJslMs, TO Ke BepHO H AJsl aB-
TOKOBapHaLHi.

Ilpexxne yeM CTaHAapTH3HPOBATb HAIIl BPEMEHHOH Psl, M MO-
XKEeM BBIYHCJHTb CPasy aBTOKOPPEJSAIHIO, Pa3feJHB aBTOKOBapHa-
HHIO Ha AMCIEPCHIO Psijaa, T. €.

cov U_

o= [=14s . . (4.60%
(Y =Yy
=1

ABTOKOppENSAUHST BPEMEHHOTO psifa KOHEUHOH IJMHB 7 ¢ Ja-
TOM T, KOTOPHI fIBJASIETCS 3HAYHMOH JPOGHON YacCThiO 71, MOXKET
OBITH BHIUHCJEHA KAaK OTHOLIEHHE ABYX BEJMYHH: YHCJIHTEJb — Bhl-
paxenne (4.59), sHaMeHaTesp — ouenka yvar Y, var Yii.. ITockouab-
Ky npeienkl CYMMHDOBaHHSA B UYHCJIHTENE H 3HAMeHaTeje OJHHAKO-
Bbl, TO BHEWHHH BHJ Pe3yJbTaTa MOXKHO YNPOCTHTh, COKPATHB YHC-
Ja0 Habmonennit n—rv. Kak u B dopmysne (4.59) npemeas cymMMu-~
poBanusa 6yayt or t=1+1 go n.

Y)Y, —3Y3Y,
—T T—3

T

- , . (4.61)
V02— oy ] v sy, g

Ha puc. 4.32 mpencraBaeHa aBTokOppeJorpaMva AaHHBIX raM-
Ma-KapoTraxa, IpeacraBieHHbX Ha puc. 4.30. 3aMerum, uTo oHa
HACHTHYHA 1O (OpMe aBTOKOBAPHALUHOHHON (DYHKIMH, HCKJIOYASL
JHUIIb TO, YTO OHA NIPHHHMAaeT 3Hadenus mexay + 1,0 uw —1,0.

Heo6x0numM0 OTMETHTb, YTO B TCPMHHOJOTHHE TEOPHH BpeMEH-
IBIX DSIIOB MMEIOTCS HEKOTOpLIe pasHorJacus. Hekotophie aBrophl
CUYHTAIOT ABTOKOPPEJIALHIO MapaMeTPOM COBOKYMHOCTH H HCIIOJb3Y-
JOT TEPMHH CEpPHAJIbHAS KOPPeJNslHs KaK SKBUBAJECHT CTaTHCTHXH,
BEIYHCAEMOA 110 BeiGopke. JIpyrHe HCNOJb3YIOT TEPMHH CEPHAJib-
l1asg KOPPeJsiHs B 3HAYCHHH KOPPEJANHH MEXAY IABYMs BpeMeH-
HEIMH psAfaMu. HekoTopnle aBTOpPH MOCJEIHION KOPPEJNALHIO Ha-
3bIBAIOT KpocC-Koppessuued. Mp 6yjeM HCIO/b30BATL KAaK TEPMHI
aBTOKODPEJISIHH, TdK U TeDMHUH B3aUMHasl KOPPEJsUUsT H He GyieM
AeJlaTh PA3JIHYHA MEXNY CTATHCTHKAMH H NapaMeTpaMd.

3aMeTHM, YTO KOppesorpaMMa B JeHCTBHTEJBLHOCTH SIBJSIETCS
ABYCTODOHHEH, C OTPHIATE/JBHOH 4HaCTbIO — 3epPKaJbHLIM OTpake-
HHEM DIOJIOXKHUTEJbHOH 4acTH. MBI IOACHHM 3TO sBjEHHE, BEPHYB-
IHCh K HauweHd aHaJoTHH ¢ AByMs HensMu. Ecam oamy us ueneit
0603HaunTh yepe3s A, a Apyryio — uepes B u mocJen0BaTeNbHO me-
peisurath uenb A Bnepea mo nenu B, To noayuarmumecs kosdu-
UHEHTHl aBTOKOPPEJALMH COCTaBAT NONOXKHTEAbHYIO 4acTh KOppe-
jgorpaMMel. Ho ecad aBurate uenn B Buepex no uenu A u BbIUMC-
JIATh aBTOKOPPEJALHNIO, TO Jard OYAYT OTPUUATCJALHBIMH, TdK KaK
OTHOCHTEJIbHOE JBHXKE€HHE JABYX TOCJAEIOBATEABHOCTEH IIOMEHSJIO
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Puc. 4.32. ABroxoppesiorpaMMa raMma-KapoTaxa, H3o6paxeHHOro Ha puc. 4.30

HanpaBJeHue Ha ofpaTHoe. Llenn A u B HAGHTHUHB, NO3TOMY
6e3pasnyHO, B KaKOM HanpaBJeHHH OJHA W3 HUX CABHTAETCS OT-
HOCHTEJIBHO ApPYro#, TaK Kak r—.=r.. Ha npaxktuke Ml He paccMmar-
pHBaeM OTPHIATENbHYIO YacTh aBTOKOPPEJOTDPAMMBI, HO OHAa Hrpa-
CT HEKOTODYIO POJIb NIPH paslioXKeHuu B psig Pypee.

KoppesnorpaMMbpl HaNOMHHAIOT XapaKTEPHCTHKH BPEMEHHHIX Psi-
noB. CpaBHuBasi KOppeJorpaMMbl BDEMEHHOro psijia ¢ KOppeJorpaM-
MaMH HIeaJM3UPOBAHHBIX MOJEJeH, Jerko vOeIUThCS B TOM, UTO
oHH xopowo coraacywoTcs. Ilpocrefimag Moaens BPEMEHHOrO
pslla —3TO IOCJEL0BATEAbHOCTh HE3aBHCHMBIX M HOPMAJIbHO pac-
TpefeNeHHEX HabaofeHul. DTo 3HAYHT, YTO MeXAY HalJI0LeHH-
MH B HEKOTODH!l MOMEHT BpeMeHH { H HaOMOAeHHSIMH B APYyro# mo-
MEHT BpeMeHH f-+T HeT HHKaKOH cBA3U. Takoe yCJOBHE €CTECTBCH-
HO B TOM cCJyuae, KOra BPEMEHHOH pSI IOPOXKJAEH CJYUalHHM
nponeccoM. Oxupaemasg aBTOKOPpeJsSLUS AN 9TOH MOJENH eCTb
p.=0 aas Bcex JsaroB v, OOJbIINX HyJAst. TeopeTHueckast KOppeJso-
rpaMMma B 3TOM CJydae— NpsiMasi JIHHHSA, NPOXOAsIas yepe3 TodU-
ky r=0, )

Jpyrue Mopjenu NpPeANOaraloT HajHude HEKOTOPOH 3aBHCHMO-
CTH MeXJy IOCJefoBaTeNbHHIMH Habmoienusamu. Hanpumep, npen-
MOJIOKHM, YTO HEKOTODLIH MpOLece NOPOXKAAeTCsl caAydyalHbIMi HOp-
MaJIbHO paclpelesieHHHMH HaOJ/IOAEHUSIMY, KOTODble yCpeIHAIoTCs
TOTYAC Xe, Kak OblIM MOPOXKIEHH, T. €.

l ~
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w
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ITO MOAeJb CKOJb3SAILIEr0 CPELHEr0 M OHa HMeeT KOppeJorpam-
My BHAa

p.=1—r/w. (4.62)

Mwmeercss wHpoku#i cnekTp Mojesefl BO3pACTalOlleil CJOXKHO-
CTH, KOTODble MOXHO OBLJIO OB NpentoxHuTh. XOpollee BBeIEHHE B
31y Temy npuBoast IOn u Kenpen [63], B npHMEHEHHH K THAPOJIO-
ruu — MleBpeBuu [64]. Puc. 4.33 uamocTpupyeT NOCTPOEHHE CJIOK-
HOTO BDPEMEHHOr0 psifia, SIBJISIOLIErocst JHHEHHOH KoMOHHauue# 60-
Jee npoctHix psapoB. Ha puc. 4.33,a npencrasiena peryasipHas
NpaBUJbHASI CHHYCOMAa/JbHAs BOMHA H ee Koppejorpamma. [lo mepe
TOr0 KaK Psifi CABHTaeTcsi mo (hase OTHOCHTENbHO CaMOro cebs HiH
B cJyyae, eCJH IHKHM CIapHBAalOTCs C BIAaZHHAMH, KOppeJsorpaMma
uaMeHsiercs: or +1 no 0 u 3arem no —1. 3ateM kK03(pPHUHEHT KOp-
pessiiuy CHOBA PACTET, IOKA He JOCTHTHET 3HaueHus +1 B TOT MO-
MEHT, KOTJia CHFHaJ CHABHHETCSI DOBHO HAa OJHY IJIHHY BOJIHBL
Ha puc. 4.33, 6 usobpaxeH cHrHaJ, NOJYYEHHHIH ¢ NOMOIILIO nep-
BOH M3 pacCMOTPEHHBIX Bhillle MogeJel, — NnocJef0BaTeJbHOCTD
cayuaiinbix uucen. KoppesorpamMma GricTpo yOniBaer oT 1 ¢ Hy-
JIEBBIM JIaroM, moToM caabo koJgebaerca oxoJso HyJds. O6a atu pdia
ABJAIOTCS CTALUOHAPHLIMH, T. €. B HAOJIIOJCHMAX HET 3HauyHTeJib-
noro tTpenaa. Hecranuonapublii curnan usobpaxen Ha puc. 4.33, 6,
ra¢c HabJoneHHs, o0pas3yiollHe IN0CAEL0BaTeIbHOCTh, HEYKJIOHHO
pactyt no BeauunHe. COOTBETCTBYIONIAs KOPPEJOrpaMMma IIOKa3bl-
BAGT, YTO KOpDEJsLHs HEeyKJOoHHO yObBaer. Ha puc. 4.33,2 nso-
Gpaxesa KoMOHHauUHs cayvaes 4.33,a u 4.33,6, T. e. cuHyCO-
M1aJbHOH BOJHBEI M HAJIOXEHHOro Ha Hee wyMa. [losHas aBToxop-
peJsisiliisi BO3MOXKHA TOJIBKO IIPH HYJEBOM Jiare, OfHAKO O TMEpPHOAH-
yeckofi KOMIIOHEHTE BPEMEHHOro psija HallOMHHaeT NHK KOppeJo-
rpaMMbl, MMEIOLIeHl ABa NePeCceyeHHs ¢ HyJeBnM ypoBHeM. [pa-
¢uk 4.33,0 npencrasusier cofoil komOuHaumMio rpaduxos 4.33,q,
4.33,6 n 4.33,8, T. €. CHHyCOHaJAbHAsA BOJHA CKAAJLIBAETCA C Ipa-
JVIKOM JIMHEHHOTO TPEeHIa M ¢ HaJOXKEeHMHLIM Ha HHX IIyMOM. 3a-
METHM, YTO TPEHJ SHAUYUTENbHO CHHXKACT HALIM BO3MOMXHOCTH Bhl-
IeNIHTh NEpPHOAHYECKYIO KOMIIOHEHTY B CHTHAJe.

Kax oTMeuasoch BhILIE, MaTeMaTHYECKOe OXHAAHHE HJH CpPel-
Hee 3HAYeHHE aBTOKOPPCJSLHH AJs IOCJAeLOBATENbHOCTH cJayuai-
HBIX 4HCe] paBHO Hymio. OxujaaeMass TeOpPeTHuecKas AHCNEpPCHS
aBTOKOPPEJANHH CJy4aHHOH INOCJAEHOBATENBHOCTH IIPH  JIOGOM
Jare T paBHa

1

A 4.63
Y . .

T (4.63)
STH OBa napaMeTpa ONpede]sOT COBOKYNHOCTb 3JEMEHTOB CJy-
4aiHOrO0 BPEMEHHOro psna JaHHO# AjauHbl n [63]. Kak yxe oTme-
Yajioch B V1. 2, MOXHO ONpEJeJHTb BEDOATHOCTb NOSIBJEHHS HEKO-
TOpOro chaydafiHOro coGbITHS AJIE HOPMaJbHOrO pacmpefieleHHs ¢
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Puc. 4.33. TlpuMepH HAeaNu3HPOBAHHBIX BPEMEHHHIX DSJOB H HX aBTOKODpeasilu-
OHHHE (YHKIHH:

@ — cHHYCOHJaJbHAas BOMHA ¢ AAHHOA 20 eXMHHL; 6 — IOCNEAOBATEIAHBOCTb CAYYAHHMX THCER:
HAM WiyM; 8 — NMOCAefOBATENbHOCT, BO3PACTAOMAs NO JHHEHHOMY 3aKOKY, HIHM <TPEHA»: 2 —
CyMMa CHHYCOHLAJLHBIX BOJNH H cAydadHoro myma (MOCAERKOBATENLHOCTb 4 ILNMOC NOCHEAOBa-
TENbHOCTL 6); 0 — CyMMa CHHYCOHRAJbHON BOJHBI CO CHAY4YajiHblM LIYMOM H JIHHEAHHIM TPEB~
JOM (MOCAEAOBATENBHOCTh @ TJIIOC TOCAEROBATEAbHOCTD & INIIOC NOCAEAOBATENbHOCTD 8)



H3BECTHBIM CPCAHHUM 3HAUCHHEM H 3a1aHHON IIHCHO[)CHeﬁ, CCJIM BBe-
CTH CTAaHAAPTH3OBAHHYIO BEJHUUHHY

Z=2—F
—.

(4.64)

Mspiexast xzaipaTHbf KopeHb H3 BoipaxeHus (4.63), Mul nmoJuy-

YHM CTAaHZAapPTHOE OTKJOHeHHe aBTOKoppessuuu. [loxcrasus cpel-

Hee 3HayeHHe H CTaHAAPTHOEe OTKJOHeHHe B ¢dopmyuay (4.64), no-
AYUUM

r.—0 Yy ——

Z=—"> =171 n—r<+3.

= e (4.65)

STy BCJHYHHY MOXKHO MCHNOJMB30BaTb B KayecCTBe CTAaTHCTHKH IJIA

[IpPOBEPKH THIOTE3E!, 3aKJIOYalolleics B TOM, YTO aBTOKOppeasuisd
r. paBHa HYJIO NDH YCJOBHH, KOTAA OJHHA MOCJCAOBATEJIbHOCTH A
BeJHKa, a Jjar T Maj., «MHOro» H <«MaJo» — TEPMHHBI, KOTOpbLIE
TPYAHO onpeaesuTh TouHo. OObuHO n BribHpaloT He Gosee 50, a v —
He npepocxoasiuM nf4. (Hexkoropble aBTOpPH. YCTaHABJAMBAIOT eille
fosee HM3KHE Ipelesabl Aas T, HanpuMmep n/10 Hin eme MeHblic).
OTH orpaHHYEHHs OCHOBBIBAIOTCSI Ha TOM, 4YTO CCJH Jar yBeJHuHBa-
eTcsl, TO 3HAUeHWE 7. NPHUXOIHTCS BBIUHCJAATH 110 BCE MEHbIUEMY H
MeHbLIEMY UHC/IY HabaofeHufi. DT0 NPUBOZUT HE TOJBKO K yBE/H-
UEHHIO JHUCIEPCHH 7., HO Takxe K Bce 6ojiee 3HAYHTENHHOMY HaApy-
IIEHHIO TPENINOJOXKEHHSI O TOM, YTO aBTOKODPEJAUHS BBLIUHCJISACTCS
o BHIOOpKE H3 BpPeMEHHOro psiia OeckoHeuHol mmunbl Ilo yxasan-
ILM MPHUYMHAM BBEICOKHE 3HAUYEHHS aBTOKOPPEJSUHOEHOH (QyHKLMH
npH OOJBLIOM JiaTe He HTPaloT CYLIeCTBEHHOH POJH, MOKa caM Bpe-
MEHHOH psJ{ BO MHOTO pas AJHHHee.

B raba. 4.22 mpenpcraBiens HeOOLIYHLIE AJisl TeoJiora NaHHLIE,
a nMenHo HabuaionaeMble 3HAaUE€HHS MCTHHHOTO BPEMEHHOIO pAja H3
FEOJIOTHYECKOTO TpoulIoro. TOMBKO IPH  OYEHbL PEAKOM CTEUENHH
0BCTOSITEILCTB yAaeTCS NAaTHPOBAaTh NpollejliHe COOLITHA HO pe-
3yJbTATAM H3YyUeHHS IIOPOA, YTO B CBOIO O4Yepelb MO3BOJSET Ompe-
JeUTh BPEMEHHYIO 1IKaJay AJs AOCJeL0BaTeJbHOCTH IeO0JOTHYECKHX
JaHHBIX. DOLEHOBLIe 03epHble O0TJ]0XeHHS B CKaJHCTHIX ropax co-
CTOAT W3 TOHKOCJHOHMCTHIX TOJOMHTH3HDOBAHHHIX HEe(DTAHBIX CJAaHLEB
MOIIHOCTLIO B COTHH (YyTOB. DEHIIO YCT2HOBJEHO, UTO CJOHUCTOCTD
IpCTEpneBaeT M3MEHEHHs, T. €. ABJSIEeTCSs Pes3yJbTaTOM Ce3OHIBIX
KJIHMATHYECKUX H3MeHeHHH B 6accefine osepa. MamepeHus MOLIHO-
CTi 3THX CJOEB MO3BOJHJM ONpejeNUTh ONHUYHblE H3MEHEHHS CKO-
POCTH OCaJKOHAKOIJIEHHS 32 BpeMs CyLIeCTBOBaHHs o3epa. Tabu.
4.22 conepUT 3HayeHHs MOIMHOCTEH CJIOEB, 3aMEPEHHLIX B paspese
9THX OTJIOXKEHWH BOJNM3M 3amajHOro mobepeXbsi OAHOTO M3 CaMBIX
GOABIIKX 03ep. Mbl NMONLITaeMCA OTBETHTb HA HECKO/bKO BOIPOCOB,
CBSI3aHHBIX C 3THMMH JaHHBIMH. Hanmpumep, cyiiecTBoBas JH TPEHX B
CKODOCTH OTJIOXKEHHMS JOJOMHTOB C TeUeHHeM BpEeMEeHH, NPHUHHOH
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MouHOCTh NOCAEN0BATENLHOCTH CJI0EB B paspese
uedTeHocHbix cnannes Ipun Pusep, MM

-F-CA’»PC)\]OOO‘)-#MCOOO-A-P-POOODCR\!\]O)\]\!OO(DB

-

{Bepx paspesa)

. -
- -

-

b s et et
—— et bt bt et bt ek
-

S A ST S S ST 00 S~ ST ] 00 €0 R i © 00 00 =1 =1 ~) =1 =1 O

M e e e e e v .

P I I T R
. e e e W e e -
WM e M w e ow e o e e e e e

-
— et et et et
OOV ROOONWWNODUIUIO O I~ Uh »

-
-

-
-
-

-
v e v e e e

o % e e e e

Ve e e e v u e e W e e w e e e e e e

-
-

— O 0N~~~ ~J00 00 =3 ~JO = b N K W = LN W o
-
CO—INWWONOW PR PNUNIO— RO~ DHO~NOOo
OO O— 00— 0O UICON = 00 O — O 00 = N = U100
WWr— NOWWNONIRNDNDWNDNVINOOIWWO TGN

—

(OchoBanue paspesa)

NOO =N —O—ONONRNDNOCORORORN——NO

KOTOPOTO MOTJIO SIBHTBCS TMOCTENEHHOE H3MeHeHHe KauMara? Mmeer-
csl JIM OYEBHAHAS UHKJIHYHOCTH MOIUHOCTH CJOEB, KOTOPas, BO3MOX-
HO, UMeeT CB3b C ACTPOHOMHUECKHMH siBjeHusiMu? IIpn HanHuuH
IMKJHYHOCTH MBI MOKEM OIpeNeJHTb MHOTOJeTHHe NMepHOAb (cBd-
3aHHble, HAPHMEp, C COJHEUHBIMH NATHAMH 3a mocaefuue 11 Jjer).
Bruiiao nposegeHo 101 wabaioaenHe.

BLINONHATE aHaJH3 JaHHBIX H ONpejeuTe, HMEIOTCA JIH 3HAUH-
MBIl TPeHJ MJH IeDHOAMYHOCTb B JAHHBIX, NPENCTABJEHHBIX B T26-
JUlle, XapaKTepH3yloulell u3MeHeHHs MoumHocTH. HarnoMHuM, 4TO
JaHHble JOJKHB GHTb CTAlHOHAaPHLIMHM, TaK YTO AO BHINOJHEHHSA
ABTOKOPPEJALKOHHOrO aHajgH3a JIo00H 3HAUMMBIA TPeHJ HyXHO
YCTPAHHUTD. )

B reoJiorun mMmeeTcs ofHa Gospliasi 0671acTh, B KOTOPOH HCCJe-
JOBaHHS TMPOBOASATCS IOCTOSIHHO, — 3TO NpeJCKa3aHue seMJerpace-
gy, OTH HCCJeN0BAaHHS XODPOILO CyOCHAMDYIOTCA TNPaBHTEJBCTBOM,
mepBbie ACKJAaJbl YKA3HIBAIOT HA HEKOTOPEIH yCleX B o?nacm Kpar-
KOCPOYHOrO NPOTHO3UPOBAHHS OOJIBIUKX 3eMJETPSCEHHU. dro nena-
eTcs C NOMOLIBIO M3YUEHHST HEKOTODHIX CEHCMHYECKHX BOJIH, MpPEex-
HIECTBYOLIHX OCHOBHOMY COGBITHIO.

JoATOCPOUHLIH TPOTrHO3 3eMJETpsiCeHHH — 3TO  COBCEM Apyras
npo6aema. Ee peuenne Tpefyer oGHapyXKeHHSA NepHOAUYHOCTEH HJIH
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Ta6auuma 4.23

NokasaTeab aKTHBHOCTH HK3BECTHBIX 3eMJ1e'rpnceHnﬁ 3a TMepHOA
1770—1869 rr. [42]

1770 66 1795 78 1820 90 1845 86
1771 62 1796 110 1821 86 1846 127
1772 66 1797 79 1822 119 1847 201
1773 197 1798 85 1823 82 1848 76
1774 63 1799 113 1824 79 1849 64
1775 0 1800 59 1825 111 1850 31
1776 121 1801 86 1826 60 1851 138
1777 0 1802 199 1827 118 1852 163
1778 113 1803 53 1828 206 1853 98
1779 27 1804 81 1829 122 1854 70
1780 107 1805 &1 1830 134 1855 155
1781 50 1806 156 1831 131 1856 97
1782 122 1807 27 1832 84 1857 82
1783 127 1808 81 1833 100 1858 90
1784 152 1809 107 1834 99 1859 122
1785 216 1810 152 1835 99 1860 70
1786 171 1811 99 1836 69 1861 96
1787 70 1812 177 1837 67 1862 111
1788 141 1813 48 1838 26 1863 42
1789 69 1814 70 1839 106 1864 97
1790 160 1815 158 1840 108 1865 91
1791 92 1816 22 1841 155 1866 64
1792 70 1817 43 1842 40 1867 81
1793 46 1818 102 1843 75 1868 162
1794 96 1819 It 1844 99 1869 137

TPeHJa B HCTODHUECKHX perHCTpalHsX 3eMJeTpsCceHHl, KOTOpHIE
MOryT OBITh SKCTPANOJHPOBAHE Ha Oyayuiee. Llenb Takux uccieao-
BaHHH — He NpeICKa3aHHe KOHKPETHOTO 3eMJeTpsCeHHs, a mpeacKa-
3aHMe TeX IepHOJOB, KOra celicMHYecKass AaKTHBHOCTb OYZeT He-
0OLIKHOBEHHO BBICOKOH.

B taba. 4.23 npuBeleHH OKa3aTeJH CEHCMHUECKOH aKTHBHOCTH
BO BceM Mupe 3a 100 e, oOCHOBaHHbIE HA €XETOAHBIX NaHHBIX Peru-
CTpallHH CHJABHBIX 3eMmJaerpscenuil [42]. Mccaenosats ati 3anucu —
3TO 3HAYHT ONpEAENHTb, HMEETCH JM B HHX 3HAUMMBIH TPeHH, TI€PHO-
AMYHOCTH WJIM Apyrue cneuuduueckue ocobenHoctd. Ecau orser mo-
JIOXKHTEJIeH, TO KaK 5Ta HHpopMauus MoKeT GHITh HCIO/b30BaHA:
JJ1s1 IOCTPOEHHsl IPOrHOSHOH MOAeJNH?

B3AUMHASI KOPPEJSILKA

Ecan MOXHO npoBeCTH CpaBHEHHE BPEMEHHOrO psija ¢ CaMHM:
coBoH sl MOCJAEN0BATENBHBIX J1aroB C LeJbl0 0OHADYXKEHHS 3aBH-
CHMOCTH BO BpeMeHH, TO, BepOATHO, MOXKHO TakK¥ke CpaBHHTb [Ba
BPEMEHHHIX psAja APYT C APYroM AJS TOro, YTOGH ONpEeAeHTh [0JIO0-
>KeHHsl HauOOJblIero cooTBeTCTBHSA. J{Ba THma HHGOPMALHH BBIXO-
AST Ha OepBuil MI2H NPH TakOM CPaBHEHHH: CHJIa CBSI3H MEXAY

/
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ABYMA psiAaMU M JIar HJH CABHT BO BDEMEHH HJIH PACCTOSHHE MeX-
Jly HUMH B HX NOJIOXKEHHH MaKCHMaJbHOH 3KBHBaJeHTHOCTH. IIpo-
1ecC CpPaBHEHHA ABYX BPEMEHHBIX pSJOB IpPH NOCJEL0BATENbHBIX
Jlarax Ha3blBaeTCst B3aMMHOH Koppeqsiuued (Kpocc-Koppensiyel).
Bo MHOrHX mpuMepax HeBO3MOXKHO OOC3HAUHTh I0JOXKEeHHE HYJNEeBO-
FO Jara, Tax Kak Jo0o# H3 ABYX PAAOB MOXKeT OHITh BeAyIUHM IJIs
apyroro. Ilockoabky aBa psiia He HAGHTHUYHE,, TO KPOCC-B3aHMHas
KOppeJsiorpaMMa He CHMMETDHYHA OTHOCHTEJBHO CepeaHHLI; JarH,
¢ KoTopbiMH psij A Bexer pax B, oryH4aloTcs OT JIaros, ¢ KOTOPHI-
mu B Bemer A (puc. 4.34). OcsioXKHeHHSI BO3HHKAIOT B TeX Caydasx,
Korga psn A He o0si3aTesNbHO HMeET Ty ke IJHHY, 4TO H panx B.
JelicTBUTEeNBHO, OJJHH H3 MOJXOAOB K «aBTOMaTHYeCKOH KoppeJad-
LHK» (MOJ 5THM IIOHHMaercd yCTaHOBJEHHe DaBEHCTBA JABYX CTpa-
THrpaUUeCKHX MOCJAeJ0BaTENbHOCTEHl B IeO0JIOTHYECKOM CMBIC/IE)
COCTOHT B CKOJIbXX€HHU KODOTKOH JAH3BIOHKTHBHOH HYacTH OJHOrO
cTpaTurpaduIecKoro MHTEpBaJja Iocjae APYroro LEJOro CTpaTHrpa-
(HYecKOro paspesa C HeJbi0 ONpejesieHHsT NOJOXKeHHs HauboJbllle-
TO COrJIacCOBAHHS.

Onpenenenne ko3dduLHEHTA B3AHMHON KOPPEJNSLHH TaKoe e,
Kak M ompegejeHxde oObuHOro K03 (HIHEHTAa KOPpPEJNsSUHH, H JHIIb
HeMHOro OTJHYaercss oT Ko3dduuuenTa aBTOKOppesasiuuH. Ecan MBI
BBegeM obos3nauenus Yi M Yo ANA ABYX psAAoOB M onpeneaum n*
KaK YHCJIO NEPeKpHIBAIOHIHXCA MO3MUMH B [IBYX LeNAX, TO B3aHMHas
KoppeasuuoHHas (YHKUHA AJAS M CXOAHBIX IO3HUHH BHIYHCIAAETCS
Ino ¢opmyJae

ro= n*EYl- Y2 — E’iyl ZY2 (4.66)
" VI — (BY 2] [nFEY E — (B9
HINA
f = %V’S—” (4.67)
1“2

THe COVie— KOBapDHAIKMS NMEPEeKpPLIBAIOMIMXCS yYaCTKOB ABYX Iocje-
nosatenpHocTefl 1 u 2, Sy B So — COOTBETCTBYIOLIHE CTaHIADPTHHE
OTKJIOHEHHS. 3aMeTHM, YTO CYMMHDOBAHHS IIPOHCXOASAT TOJBKO IO
TaKHM OTPE3KaMm JBYX N0CJeL0BaTeNbHOCTeH, KOTOpHE MEpeKphiBa-
I0TC B CIapeHHO# MosuuuH. CnapeHHble NMO3HIHH HYMepYIOTCS IO-
CJe0BaTeJbHO, KaK YKa3aHo Ha pHC. 4.34, H Kpocc-KOoppeJsorpaMma
€CTh IpaMK ClapeHHOH NMO3HLUHH B 3aBHCHMOCTH OT KpOCC-KOppe-
JISLHA,

Tak KaK CyMMHDOBAHHSI PaCIpPOCTPAHSAIOTCH TOMBKO Ha MEepeKpH-
Tblfl CTPE30K, TO BHIYHCJEHHE KO3(PDHINEHTa B3aUMHON KOppPeasauuH
OCHOBBIBAETCA Ha AMCIEDCHH, BHYHCJAEHHOH no o6umum ToukaM. Ha-
060poT, KO3 HLHEHT aBTOKOPPEISLUHH BBLIUHC/ISETCS C MOMOLUBIO
JHCIEPCHH, BBIYHCJIEHHOH MO BCe# menu. Jlucnepcusi HCIOJNb3yeTcs
B 3HAMeHare/ie ONpeaessIoUero aBTOKOPpeasHOHHOIO YpaBHeHHS H
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Puc. 4.34. KoppenorpaMmsi:

@ ~ NONyueHHAs NPH BHIYKCACHHH ABTOKODPEARLHOHHON (YHKUHH AJS MOJNOXKHTENbHHX H OTDH-

matenbHHX SHa4eHHH sara (KOppeJlorpaMMa CHMMETDHYHA OTHOCHTEAbHO HYJNEBOrO 3HAYCHHS

aara); 6 — NONyyeKHas AJs ABYX DANHUHBIX NOC/EAOBaTeNbHOCTER (KOPpEnOrpaMMa acuMs
) MeTpH4Ba, ecAiy 06e MNOC/EeNOBATEbHOCTH He COBNAAAIOT)
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cuuTaercss MOCTOSHHON AJS BCeX 3HaueHui Jara. Jlucnepcus, BHI-
YHCJEHHAs [JS LeJOo# NOCJIef0BaTe bHOCTH, 60Jee yCTOHYHBA, 4YeM
OlleHKa, ToJyyeHHast Ansg 6ojee XOPOTKOTO OTpe3Ka 3TOro psna,
H no3ToMy OoJiee mpeanmouTHTeabHa. OaHaKO NpH BLIYHC/IEHHH KO-
3¢ QHUHEHTOB B3aHMHOH KOPpEJAUNY He C/elyeT 0XKiaTh, YTO AHC-
nepcun GYAYT NMOCTOSHHBIMH HA MPOTSXKEHHH o0eux lenei, B 0CO-
GeHHOCTH B TOM cJydyae, KOrja ojHa H3 Hemell Kkopoue NpPyroi.

3gauuMocTh Ko3(hdHUHeHTa B3aHMHOH KODDEJSAUHH MOXKHO
YCTAHOBHTB C MOMOLIBIO MPHOJIHKEHHOTO KPHTEPHA

t=r, 1/ _'11-__73“ (4.68)

aMewoulero n* —2 cremneHell cBOGOAbL. DTOT KPUTEPHH BBIBOAHTCA
U3 KPHUTEepUS 3HAUYHMOCTH KO3(QOHUHEHTA KOPPEAALHH MeXAy ABYMA
BLIGOPKAMH, B3THIMH H3 HOpMaJbHOH coBoxymuoctd. I1pu aToM HY-
JeBasi THIOTE3a 3aKJI0UaeTcss B TOM, UTO HCTHHHBIE KO3(phUUHEHT
KOppeJsiud MeXIy [BYMs II0C/]e0BaTeJbHOCTAMH B 3aZaHHOH
CrapeHHO# MO3HIMH paBeH HYJIO, T. €. Mbl HMeeM CJIyyaiHbIH pan,
YTO MOXKHO OXKMJATh B CJAy4Yae, eCa jBe MOCJEAOBATENbHOCTH He3a-
BHCHMBL.

BsauMuasi Koppessuns —Haubolee MNOAXOAALLHA TNpHeM Anf
CpaBHEHHS JABYX DPAJOB, KOTOpbe HMEIOT BPEMEHHYI0 3aBHCHMOCTb
mMexay coboil. B kauecTBe nmpuMepa MOXKHO NPOaHAIH3NPOBATH JaH-
Hble, puBejeHHble B Taba. 4.24. «Apcenan» B CxaJHCTHIX ropax —
3TO 3aBOJ IO MPOH3BOJACTBY DasJHUHLIX SNOBHTHIX BEIIECTB BOEH-
HOTO Ha3HaueHMsi; OH pacrosoxeHn B ensepe (wrat Kosopano),
B6au3u or mepsoit rpsael CxkaaucThx rop. OrpoMHble KOJHYECTBA
3arpsI3HEHHON BOJAbl BO3HHKAIOT KaK NMOOOUHBIA MPOAYKT BCEHHOH
npoMBILJIEHHOCTH, ITHTasice H30aBUTbCA OT 3TOH TPA3HOH BOABI,
B 1961 r. npobypuau A1a ee 3aKayKH CKBAXKHHY B OCHOBAHHH TOpP.
K coxxajeHulo, CKBaXKHHA TPOHHKJA B BEPTHKaJbHbH cpes GoJb-
woH cKAanxkd Broab ¢poHTa CKaJMCTHIX IOp, H OYEBHAHO, UTO 3a-
Kauka noj 6oJbIUMM JaBJeHHEM TPA3HOH XKHAKOCTH TMOC/YXKHJIA
YBEJHYEHHIO NOABHIKHOCTH CKJAIKH B pe3yabTare ee cMaski. OIuH
PS4 AAHHBIX, NPUBEeJeHHBIX B Taba. 4.24, — 3T0O nMOMeCsSYHbIE 3aNUCH
00beMOB KHAKOCTH, BBEJEHHBIX B CKBaXHHY «Apcenana» B Ckanuc-
THIX TOpax 3a 4 roga HCHOJB30BAHHS CKBaXKHHLL JIpyro#t psm mpen-
craBasieT coB0H YHCIO 3eMJETPsiCeHNH, 3aperucTpupOBAHHBIX B JleH-
Bepe B KaxnoMm mecsaue. [Ipu uayuyenun CTATHCTHYECKOH CBSA3H MeX-
Iy 3THMH JBYMs BpeMeHHHIMH psidamu Banxysax [4] npencrapna
HX B KYMYJATHBHOH (OpMe M cAeJjas BHBOJL O TOM, YTO HMEETCs
Pe3KO BbIpaKeHHBIfl 3-MECAUHBIH Jar Mexjy 3aKaukod M HHUHAEHT-
HbBIM 3emierpsiceHHeM. K coXajleHuio, 3TOT MeETON BH3YaJbHOTO
CpaBHeHHs ABYX KDHMBHIX CKOpee BCero OWHOOYHBIH, TaK Kak IpH
€TO HCMOJB30BAHUH YCTAHABJIHBAETCH COOTBETCTBHE MEXIY IBYyMS
pAnaMu 3amucedi, HMeIOWHKX pasHblii MaciuTad.
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Ta6auma 4.24

O6beM xupKOCTH, 3aKaYaHHON B CKBaXHHy, NpoGypennyio B Cxaaucteix Fopax,
M HMCIO0 3aperuCTPHPOBAHHBLIX 3eMaeTpsacenuis & Jeusepe (wtar Koaopano) [4]

O6ben zakauannoft

Bpemsa roaa RHAKOCTH (MUATHO- Uueao semnerps-

HHl raJl/IOHOB) cenuit
1962 r. Mapr 4,2 _
Maii 7,2 2
Anpens 8,4 12
Hous 8,0 35
Hioas 5,2 23
Asrycr 6,0 29
CeHTAGPD 5,0 24
OKTa6pb 5,6 8
Hos6ps 4,0 6
JekaGpp 3.6 20
1963 r. Jusaps 6,0 25
®eppads 7,6 22
Mapr 7,8 21
Anpeas 6,4 42
Maii 3,6 21
Hions 4,0 8
Hioan 3.4 6
Asrycr 2,4 10
CeHTs6pb 3,9 i1
OxTa6pb 0 12
Hos6psb 0 4
Jexabpb 0 2
1964 r. Susaps 0 5
Despaas 0 P
Mapr 0 9
Anpens 0 9
Mai 0 2
Hroub 0 4
Hroas 0 4
Agrycr 0 5
Centa6ps 0,6 )
OkTa6pb 1,8 14
Hosa6pb 2,4 2
Jexabpn 2,0 7
1965 r. JuBapp 2,0 1
despadib 1,7 30
Maprt 1,7 9
Anpemas 3,6 19
Main 4,0 11
Wionb 6,4 38
Hioab 8,9 62
Apryct 5,4 48
Centa6pb 6,4 87
OxTa6pb 3,8 5
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Puc. 4.35. KoanuecTBO OTpaB/eHHON MHUAKOCTH, 3aKaYaKHONR B cKBaXuuy B Cxanne
CTHIX ropax
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Puc. 4.36. Udcio 3aperucTpHpOBAaHEMX B TedeHHe MecsAlla 3eMJETPSICEHHH, 3Mu-
IeHTP KOTOPHX 6bla pacnonoxer B6ausu Hensepa (wrat Komopamo)

Oty gBa psja samucedl mpejcTaBJeHH B rpaduueckoir dopme Ha
pucynkax 4.35 u 4.36. BsauMHas koppejorpaMma 3THX JABYX Bpe-
MEHHBIX PANOB NokasaHa Ha pHuc. 4.37. Tax Kak B 3TOM mpuMepe
o6a pspa HMeloT ofliee HA4yaJ0 H BPEMEHHYIO LIKaJjy, TO TO3HLUHH
CIIapHBAHHS MOXKHO OXapaKTepH30BaTb KaK <«IOJOXKHTEJbHHE®» H
«OTpHLATE/bHBIE» JIaTH, HAUYHHAA C NMOJOXKEHHS HayajbHOTO COBIA-
nenns. [TosoxeHne HauGOJBIIErO COOTBETCTBHA MEXIy ABYMS pf-
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KO3ppuUuUeHT BIAMMHOM KOPPENsiunu

l 1 ! 1

-36 24 12 0 12 24 36
Nar, mec

Puc. 4.37. Bsaumuan xoppejorpaMma, XapakTepH3YIOWlas CBSI3b YHC/AA seMmJjerpa-
CeHuH B TeYeHHE MeCANa M OGBEMOB OTPABJEHHOH MHIKOCTH, BBEJEHHON 8 Teyenue
Mecala B CKBAaXKHHY.

MaKkcHMAaNbHas KOppeJaaUHsl UMEeT MECTO NMpH mxare -1 (I8HO BHICOKHe KOpDeNAUH NpU OUeHb
CONbUIKX J1arax CTATHCTHYECKH HEIHAWHME! H3-32 HH3KOTO YHCTA HAGIIOLEHHH)

AaMH cJy4aeTcsl MpHU Jjare -1, KOrja YMc/o 3eMaeTpsiCeHuil B faH-
HOM Mecsille CPAaBHHMO ¢ 06beMOM TPSI3HOH BOJBI, 3aKAYaHHOH Me-
caneM paublie. Koppensiuus B 3ToH MO3HIUHM CHAPUBAHHSA €CTb /=
=0,60. Bropas uaupbiciuas kpocc-koppessuus r=0,57 moayuaercs
npu sare 0. 9TO yxas3elBaeT Ha TO, YTO TEKTOHMYECKHH OTKJIHK HA
OnepalHio 3aKauYKH BO3HHKAET OUEHb OLICTPO M DACHpOCTpaHSeTCH
Ha TEePHOA OKOJIO Mecsla.

HHorna 6biaer HeOOXOAMMO CPaBHHTb ABa NEPHOAHYECKHX Bpe-
MEHHLIX Psiia C OAHHAKOBBLIMH MeprogaMH. Mcnonb3oBas npenmyiie-
CTBO TEPHOJMYHOCTH, BBIYHCJAUM B3aHMHYIO KOppeJorpaMmy B
«KpYrosoii» dopme. [leACTBHTENbHO, KaX b BPEMEHHOH PSJ BKJa-
AbIBAETCA B OKPYIKHOCTb M HAYa/IO PAAA TaKHM 06pasoM CBA3LIBAET-
Csl C ero KOHuoM. BMecTo TOro urobsl mpeacrapasTs cebe nBa psna
UeMAMH, ABHKYUWHMHCS APYT OTHOCHTENBHO APYTa, HX MOXKHO Mped-
cTaBuTb cebe B popme kosec. Kaxaoe KoJjieco HMeET OLHO H TO Ke
YHCIO0 JeJIeHHI BOKPYT ero 06042, Ka)noe H3 KOTOPLX COOTBETCTBY-
eT OJHOMY H3 IOCJeJOBaTeJbHbIX HabJiogenus. Ecan onHO KoJeco
BPAlLaeTCA NO OTHOMIEHHIO K ADYTOMY, TO MOXKHO IPOBECTH Kpocc-
CpaBHEHHE MEXJIy HHMHM B £ Pa3JHYHBIX I0JIOXKEHHAX 1O HayaJja
NOBTOPEHHH.

B Ulwzanuk Bell, kKak U BO MHOTHX YCThIX DEK, B TeUeHHE AHEB-
[IOTO NPHJHBHO-OT/JUBHOIO IHKJAA HAOMIOKAETCS KOMIJEKCHOe H3Me-
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Ta6auua 4.25

Conenocts Boanl B llmzanuxk Bed. Mecro ot6opa npo6 — AHHanmoauc
(wtat Mspuaena) spaau ot noGepexns, 1927 r. [58]

CONeHOCTb, MKI/T

Bpeus ITpusue HAM OTIHB noseg;(:ocr- HpHAOKIAR

! JIHBa 6,97 11,10

3 uoasa 11%2(3)(()) ‘Z OTlH §720 1154
17.30 OriuB 5,93 12,12

19.00 > 6,32 13,52

20.30 /4 npuoBa 6,36 13,35

22.00 s » 6,72 12,83

23.30 8,  » 6,80 13,3t

4 moas 1.00 Ilpunus 6,90 13,02
2.30 ¢ orauBa 7,14 12,14

5.30 o » 6,91 12,44

4.00 Oraus 6,76 12,§0

7.00 Hauano npranBa 6,74 12,79

8.30 8y > 6,20 13,46

10.00 s » 7,45 12,33

11.30 % » 7,47 12,40

13.00 [Npuaus 7,47 12,14

HeHHe COJIEHOCTH H3-3a IlepeMeIUHBAHHS TMPEeCHOH BOABI C MOPCKOM.
Uncras Bona llIusanuk PuBep TeueT ckBO3b IJIOTHYIO MOPCKYIO BO-
Ay B OaccefiH; BO BpeMs OTJIHBA 3Ta BOAA ABHIKETCS HaJiblile BHH3
10 ycTbio. OZHAKO HMEETCs BCTPEYHEIH IOTOK BAOJb JHA, KOTOPHIH BO
BpeMs] MaJIOH BOJALl NEPEHOCHT ILIOTHYIO MODCKYIO BOAY BBEpX IO
Gacceitny. B Ta6J. 4.25 npuBefeHEl pe3yabTaTHl H3MEPEHUS COJIEHO-
cTH mpo0O BOABL, B3ATHIX C HHTepBaJoM B 1,5 4 B TeueHHe CyTOK
(cpepnas ray6una 11 M). B rpaduueckoii ¢popMe naHHble npeacras-
JeHBl Ha puc. 4.38.

Koppensiunonnast GpyHxuusi npeacrasiena Ha puc. 4.39 u, oue-
BH/JHO, YKa3hIBaeT Ha Jar 2, NpeACTaBJSIOUIHH PasHULY B 3 4 Mex-
Ly THKOM IOSIBJIEHHS COJIEHOH BOABI BOJIH3M IHA W MAaKCHMyMOM CO-
IepXKaHHs COJH B MOBEPXHOCTHHIX BOJAX. Tak Kak 3amHCH Mpen-
CTaBJAOT 24-uacoBOll AHEBHOH MOBTOPAOUIMHACA LHKJ, TO B3aNMHAd
KOppeJisliusa MoxeT ObiThb NpEACTaBJeHa B Kpyrosoii ¢opwme. Ilo-
3TOMY KO3(Q(PHUHEHTH B3aHUMHOH KOpPPEJSIIHH MOXKHO HalTH nad
MO6BIX J1aroB BOJOTL 10 24 4.

B3auMHas KoppeJsiuHs U reoJOrHuyecKan Koppeasnus

I'eoJsor¥ NOCTOAHHO 1eJ1a10T MONLITKH NPHMEHHTb METOJBl B3aHM-
HOH KOppeasflluu JJs CpPaBHEHHst cTpaTHrpaduuyeckux NocJen0Ba-
TeJbHOCTEH, ONHAKO, CTAJKHBAasACh C TPYAHOCTAMH, obpalaimorces x
aBTOMATHYECKOH Tre0JIOTHYeCKol KoppeasuHH. HecMoTps Ha To uyro
JuTEpaTypa Mo 3THM BONPOCAaM OYeHb OOUIMDHA, HX YCHJHS JOCTH-
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Puc. 4.38. CozepaHusi COMH B NPHIOHHHX BOXAX M NOBEDXHOCTHBIX BOJax M [Ilu-
samuk Deit B6ausn Annamosuca (wrar Mapumnera)

06 Rar 2

0,4

0,2

0,0 -
0,2

04

06

0.8

COAEPKAHUE CONM, MKr /[T

| SO0 S NN N RS ISR NN GHN FNN OO N | -
Narn 0 2 4 6 8 10 12 14 16
9

Hacet 0 3 6 12 1§ 18 21 24

{

Puc. 4.39. Baanu#as KOppeJqorpaMMa MeXAy COHEPXKAHHSMH COJH B MPHIOHHBIX
H nmoBepXHOCTHHIX BoZax B Llusamux Beit.
MaKCHMyM COOTBCTCTBHA Hadmonaerca NnpH Jare 2, NPenCTaBAALLEM 3-yacosoe pPacXoXReHne

raloT ycnexa Jililb IPH HCKJIUHTENbHBIX 00CTOATeJsbCTBAX. IIpH-
YHHBl 3TOTO JIETKO NMOHATh. MeTo A B3aHMHOH KOPPeJNSUHH OCHOBAH Ha
NPEANONOKEeHHH, UTO [B€ CPaBHHBaeMble IIOCJEA0BAaTENBHOCTH Ha-
6a101aaKHCh B AHCKPETHOM MHOXKECTBE TOUYeK, DABHOMEDHO pacIlpe-
JeJNeHHBIX B NMPOCTPAHCTBE, H YTO HHTEpBaJbl c6opa AaHHHEIX B oGe-
HX TOCJeJ0BaTe/bHOCTAX ObliH 0AHHAKOBH. K coXaseHHuwo, TpyAHO
cobpath crpatirpadHyecKHe AaHHBIE TakK, UTOOH  YAOBJETBOPHTH
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MoutHOCTb ¢J0eB B pa3pe3e He(dTEHOCHLIX caaHlUes cBuThi Fpun Pusep.
(Paspes pacnonoxen B 10 MHAsiX ceBepHee pa3pe3a, npuseieHHoro B Tabn. 4.22)

Paspes B MouHOCTh, MM
Bepx paspesa 10,8 15,6 9,0
(Bepx pazpeza) 11,7 15,0 9,2
11,0 13,4 10,7
9,9 14,6 10,8
9,8 13,0 8,9
9,9 10,3 9,4
10,0 9,4 10,6
10,0 9,0 12,6
10,2 10,1 14,2
10,8 10,3 12,3
11,3 9,2 1,1
12,0 9,1 11,0 (OcnoBaxne
13,5 paspeaa)

5THM TpeboBaHHAM. Booblle HeBO3MOMXKHO Pa3MECTHTh TOYKH OIPO-
GoBaHus Tak, yTOObl OHH pacloJaraJHCh PaBHOMEDHO B re0JjorHye-
CKOM BPEMEHM, H €CJH TOYKH DaClOJOXKEeHbl Ha PaBHBIX PaCCTOSHU-
sIX, TO Mbl MOJKEM JONYCTHTb, YTO CKOPOCTh OCALKOHAKONJEHHS Obl-
Ja TOCTOSIHHON B TeueHHe BCEro BpeMeHH 06pa3oBaHMs ABYX TNOCJe-
noBateabHocTell. Ecau BooGpasuth cele, 4TO CTpaTHrpaduyecKue
paspesnl aHAJOTHYHBEI 3aMHCAM, MPOH3BOJMMBIM DETHCTPHDYIOLIHMH
YCTPOHCTBAMH, TO OHH OYAyT BHIIVIAAETb TaK, KaK €CJAH Obl 3TH
ycTpoiictBa paboTaJjiu ¢ Pa3JHYHBIMH H HEH3BECTHHIMH CKODOCTSAMHU
B pasiu4Hbie BpeMeHa H naxe 0OJbUIYI0 4acTh BpeMEHH paboraju
BCIATD.

Tenepp obpaTuMcsi K TpoGjeMe TeOJIOTHYECKOH KOppeJs-
UMH, TJe CIeUHalbHbIC YCJOBHA He TOJbKO O6JaronpHATCTBYIOT
HCIIONB30BAHUIO B3aHMHON KOPpPEJNsSIMH, HO M BCEJAAIOT HaleX-
Ay Ha ycnex. B Tabua. 4.26 mnpeacraBieHB H3MEPEHHS MOLIHOCTH
CJ10€B, NOJYYECHHbEe H3 HEKOTOPOH IOCJeLOBATENbHOCTH 30HEHOBBHIX
03epHBbIX OTJ0XKEHHI B CKaJNHCTBIX ropax. DTH OTJIOXKEHHS, SBJSIO-
u(Hecd 4acTpio CBUTHI I pHH-PHBEp, COCTOAT M3 TOHKHX CJOHCTBHIX
JOJIOMHTOBBIX HE(TAHLIX CJaHUEB MOUIHOCTBIO B JNECATKH METDOB.
Anasornysbifi paspes npejcrasieH Ha puc. 4.22. 1ot paspes yaa-
JeH OT NMepBOro JHWb Ha 16 KM, H, NO-BHAHMOMY, KOPOTKas IocJje-
JOBATeNbHOCTb 3KBHUBAJEHTHA HEKOTODOH uvacTH 6oJjee IJAMHHOM.
Kakue-1160 Mapkupyouue CJ0H HJH OTJIHUYHTEJBHBIE CBOHCTBA B
3TOi MOHOTOHHOH 4aCTH OTCYTCTBYIOT, H HOSTOMY MBI JOJIJKHLI NIPO-
BOAMTb BLIYHCJAEHHS KODpeJAUHH# NPH NMONapHOM CPaBHEHHH MOLI-
HOCTH MHAMBHAYaJbHLIX NJACTOB B ABYX pa3pesax. Boiunciaute B3a-
HMHYI0 KOPpeJOrpaMMy H ONpeieJHTe NOJNOXKEeHHe HauayulieH Kop-
pensuHu MeXAy ABYMs paspesaMH. Kak Bl 0ObsiCHHTE ApYyTHe TIO-
3HIHHU C MEHbIIHM, HO 3HaUHMBIM NONapHLEIM CPaBHEHHeM?
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B3aumHasa accouuamus

PaccMorpeHHble BhiLle METOAB! NpeJHa3HAaYeHbl AJS CPAaBHEHHSA
IBYX NOCJeL0BaTeNbHOCTeH, 00pa30BAHHBLIX 3HAYEHHSAMH HEKOTOPHIX
H3MepsAeMbiX NepeMeHHHIX. K coxasieHHIO, MHOrHe cTpaTHrpaduue-
CKHe HCCAeAOBAHHS NMPUBOAAT K MOCJAEA0BATENBHOCTSAM, KOTOpLIE CO-
JepKaT TOMbKO HOMHHAJbHBIE JAHHbIE, H HE MO3BOJAIOT NPHMEHHTH
MeTO1bl B3aUMHON KOppeasuuu. 3ajaya COCTOHT B TOM, YTOOBI Hai-
TH Mepy CXOJCTBAa, KOTOpas, B OTJHYHe OT xo3(duIHeHTa KOppe-
JISILHH, He OCHOBbIBAJach Obl HA pe3y/abTaTax H3MEPEHHS HU3yyaeMbIX
nepemMeHHbIX. OfHHUM H3 HauboJsiee YaCTO HCMOJb3YEMbBIX FeOJOTaMH
METO;10B SIBJsIeTCS MeTOJ B3aHMHOI cBA3H. McxonHble naHHbIE mpes-
CTaBJAAT cOOOi pfAL COCTOAHMH .(HanmpHMep, TAKHX, KaK JHTOJO-
FHYECKHH THII MOPOJBI, T. €. H3BECTHSAK, NeCUaHHK, CJaHew H T. 1.),
Hab/a100aeMbIX B CTpaTHrpaduyeckoM paspese. ITH COCTOSHHSH
B3aHMNO HCKJKYAIOT ADYF JApYyra H He MOTYT ObITb PaHXXHPOBAHbL
HUKAaKHM OCMBICJAEHHBIM o6pa3om. B meroje B3auMocBsizefi gBe Ta-
KHe NOCJIe0BATe/IbHOCTH NepeiBUTal0TC] OJHA OTHOCHTEJBHO JApY-
ro#, ¥ AJas NepeKpbiBAIOLIHXCS OTPE3KOB OLEHHBAEeTCs CTelleHb COOT-
BeTcTBUA. [/t KaXKAOrO NOJOXKEeHUA MOJCYHTHIBaercd obliee YHCJIO
CpaBHEHHH H YHCJ/O COBMAZAIOUIMX COCTOSIHUH, a 3aTeM BBIUHCJSETCS
OTHOILIEHHe 4HCJ/a COBMAfeHHH K OOIEeMy YHCJIY CpaBHeHHH. DTO OT-
HOLIEHHe MOXHO HCMOJb30BaTh B KauecTBe KO3((HUHEHTa CXOACTBa
JBYX Hellefi B IIOJIOYKEHHH MEePEKPBITUS.

IIpennosoxuM, 4To Mbl IPDH H3YYEHHH pa3pesa 3aKOJHPOBAJH
JIUTOJIOTHYECKHe THIIBl MOPOJ IO CXeMe: NMecyaHuk — 1, ciaHen — 2,
HU3BECTHAK — 3, yroJb —4, anesposut — 5. ficHO, uTO cmocob ko-
JHpOBAaHHS COBepWeHHO mpou3BoaeH. TakuM obpas3oM, ABa cTpa-
THrpa@UYeCKHX pa3pe3a MOKHO NPEeACTAaBHTb CAEAYIOUIHM 00pasom:

() 512125232425
(6) 3215251212832
C,ILBHHGM BTOpOf:{ paspes OTHOCHTEJNLHO nepBoro I B KaxiaioMm

cjy4yae MOACYHTAeM HYHUCJIO COBNAJEHHUM:
[Teproe monoxenue:

512125232425
321525121232
Uscno cpaBHenu#i paBHO 1, umcao cosnageHudi —0, orHoule-

Hue — 0.
Bropoe no.o:Kenue:

512125232425
321525121232

Uucao cpaBHeHHH paBHO 2, yucjao coenageHufi — 0, oTHoIe-
Hue — 0.
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- n=5
Puc. 4.40. CpaBHeHne ABYX HEUHCHO- . :
BHIX HOCJEAOBaTEeNbHOCTEH ¢  IIO- ;e:
MOIIBI0 METOAA B3aUMOCBs3eil. gl
e nocneaoBaTENbHOCTH H306paxkeHs! B E:Z v
NOVIOXKEHHH MaKCHMyMa CXOACTBA :2‘
w5 .-
o24
o33
S22
et t
. .. ; )
L3
H
is
o (-]
L3 ] —
o © L L 1
e 0 10 20 30 40

Yucno CRapeHHbix NO3anyu# (a)

Tperbe NOJIOKEHHE:
512125232425
321525121232

Uncio cpaBHEHUH paBHO 3, UMCJO coBmajeHu#i — 1, oTHoule-
ane — 0,33.

Ecau Ha rpaduke KaxJIOMy NOJIOKEHHIO CPaBHEHHT MOCTABHUTh
COOTBETCTBYIOLIEE OTHOLIEHHE, TO MBI NOJYYHM JIHHHIO, aHAJIOTHY-
Hyio Koppesorpamye. Tako# rpadux AJIS ABYX CEUCHUH H3o6paxeH
Ha puc. 4.40.

3HaUMMOCTh OTHOLIGHHS CXOACTBA MOXKHO YCTaHOBHTb C HOMO-
uibto y2-Kpurephs. UToOBl BLINOJHHTBL 3Ty NMPOBEPKY, Mbl AOJKHEL
OTpe/IeUTh YHCJIO COBMAJEHHH H UHCJO HECOBNAJCHUH B MEPEKPHI-
palpomuxcst yyactkax. [as 3TOro JOCTaTOYHO BEIYHCIHTH BEpOAT-
HOCTb TMOSIBJEHUS 3aJaHHOrO YHCJA COBMNAJEHHH B ABYX COBepUIEHHO
cJyuaitHbIX TOC/IEN0BATeBHOCTAX. DTH Cayyalinbie MOCIeA0BaTe/b-
HOCTH JOJIKHBI COAEPIKATh TaKOe Xe YMC/J0 HabJIoJeHHH KaXaoro
THIA, KaK ¥ JBe AaHHble BHIOODKH.

AT 1Be NOCJEA0BATEIBHOCTH OyaeM Ha3bIBaTb COOTBETCTBEHHO
penbio 1 u nennio 2. [IpeanosioxuM, 4TO HMEETCs M KaTeropui, Ha
KOTOpHe KAACCHOHIUPYIOTCS HAOMIOACHHSA. Ecau mMb 0603HauHM
uncs0 Ha6/I0JeHHH, TONafaIIHX B KJacc ¢ HomepoMm (a), RIS 1

nu 1 uepes X, To ofuwiast AnuHa uend 1 GyAer pasHa n1=k2‘. leh.

B nenn 2 MMeeTcs TakXKe M KaTeTrOPHH, KaXKaas ¢ Xor Habmope-
m

HHSMH, H TO3TOMy 00Wlas IJHHA UenH 2 paBHa n2=k2 IXZh. Yrobu

Ompefe/uTh BEPOATHOCTh COBNAJEHWS AAHHOTO UHMCJIA HaboneHu
B IBYX NOCJELOBATENbHOCTSX, Mbl AOJXKHEI PasieNUTb CyMMYy IIpo-
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m
usseaennsi X XX
. R 2x TO BCEM KaTEropusIM Ha NMPOHU3BEAEHUE AJHE
Lenen, T. €.

1 m
b= 2 X16X o (4.69)
k=1

B namem npumepe uncio xareropuii pasHo 5. Ileppas mens cogep-
ZKHT JBA NECYAHHMKA, NATh CIAHUEB U T. A. Uncaa HabniofeHu# AJs
Kax 01 KaTeropuu B ABYX LENsX NpuBefieHH B Taba. 4.27. Iloc néa-
nuit cronGen TaGiaHUbI COACPKHT NPOH3BEACHHE UHCJIA Haﬁmonéﬂﬁﬁ
B KaxJO0H KaTErOpPHH, a MOCJENHASl CTPOKA — COOTBETCTBYIOLIHE
CyMMBI IO cros1buaM. BepoATHOCTb MOSIBJEHUSI XOTS 6Bl OZHOTO CO-
BNAJIEHHS B JIIOGOM IOJNOKEHUH ABYX CAYYaiHBIX NOCJIEA0BATENbHO-
CT€H IIpH HX CDAaBHEHUH NPDHMEHHUTEJBHO K HAIUHM Da3pe3aM paBHa
39/(12-12) =0,27. BeposiTHOCTb OTCYTCTBHSA COBNajgeHuii 1,00—
0,27=0,73. ’

Mbl BBHIYHCJHIIH BEDOATHOCTL NMOJYUEHHS XOTH Gl OJHOTO COBMA-
JeHHS B IBYX UENsX CO CAYYadHO DPACHOJONKEHHBIMH 3JEeMEHTaMH
COOTBETCTBYIOLIHMH OJHOMY H TOMY K€ DaCHpefe/eHHIO Habnoie.
HHH, KaK H B PAaCCMOTPEHHLIX HAMH JBYX MOCJELOBAaTeIbHOCTSX
Cpenuee 3HaueHHe uHCJa COBNafEHUH AJA HHTepBana nepexpmmi
OmpeAeNseTcsl KaK NpOH3BeJeHHe BEJHUHHE P Ha YMCJO CpaBHEHHI
AnanoruyHo cpejiHee YHCJO HECOBNAAEHHH PaBHO IPOH3BELCHHIO Be-
auunsel (1—P) Ha uucao cpasHenuid. [IpeamosioxuMm, uto gse mo-
CJ€[l0BAaTeJBHOCTH B HAIIEM NPHMEPE MOJHOCTBIO NepeKpPhIBAIOTCS
B pesysbpTare Yero moayyaercs 12 mosuumu#i Ans cpaBHeHMS. Cpeﬂ:
Hee YHCJIO COBHAAEHHH B IIOCJIEAOBATENBHOCTH paBHO 12X0,27=3,2
a cpejiHee YMCJIO HecoBNajenu# pasHO 12X0,73=8,8, I/Ic’nonbsgr;;

" . TaGanuuma 4.27
HCJ10 HAGMIONEHNH KaXAO0ro M3 JHTONOTHYECKHX COCTOSHU
B JBYX CTpaTHrpadMuecKuX S0CACAOBATEABHOCTAX

KaTteropust Uens 1 Uenp 2 X e Xop

18472
1. IMTecuannk 2 3 6
2. Cnanen 5 5 25
3. HspecTHak 1 2 g
4. ¥Yroab 1 0 0
5. AneBpoauT 3 9 6

Cymmb m=12 ny=12 g X12X2.=39
k=1
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STH BeJHUHHBI, TOCTPOHUM ¥ 2-CTATHCTHKY:
2 (O—Ep (Ut
7 E + E'

roe O — HabJaonaeMoe YUCa0 copnmapenuii; O’ —HabnogaemMoe 4HC-
JIO HecopnajeHuil; £ — cpegdee HHIJO copnagenuti; E/ — cpennee
YHCJIO HecoBMmageHuH.

Fc/iH rHIoTe3a O CJAyYyafiHOCTH COBNafieHUH BepHA, TO 3Ta CTa-
THCTHKA HMeeT y2-paclpefelieHue ¢ OAHOH CTeNeHbIO ceobonarl. Ec-
J CpefHee UHMCJO COBNAfEHHH Majo, Xax B ciyuae COBNageHul
BOIM3H KOHLOB LieTefl, TO KPHTepHHl MOXHO YJYUUIHTb, HCIOJb3YA
nonpasky Mlefitca cM. [18]. Ona cBOZHMTICS K BBIYHTAHHIO 1/, us ab-
COMIOTHOTO 3HAYeHHs pasHOCTH HaGJI0AaeMOro H CpefHero sHaue-

Huit:

(4.70)

y

pe OBl G AT

UYueso cremenedl cBOGOAE IPH 3TOM OCTAeTCs HeH3MEHHBIM, v=1.
B namem npuyepe 0=2, 0’=10, E=3,2, E’=8,8, 1m103TOMy KpH-
Tepuii x2 paseH

e (23,2 (10—88?2 _ g1
£ 3,2 + 8,8 T

H SBISeTCH He3HauHMbiM. MOXKHO cIenaTh BEIBOJ, 4TO Habsioaaemoe
qHCI0 COBMANEHHH MEXKAY ABYMs MOCJIELOBATEBHOCTAMH B JAHHOH
MO3HNMM CpaBHeHHs He 6OJblUe, 4eM CpeHee 3HaueHnHe A AByX
CJAyualiHbIX NOCAe10BaTeNbHOCTEN C AHAJIOTHYHOH CTpyKTypo#. [lo-
npapka Mefitca 415 Majbix BbIOOPOK HE M3MEHSET STOTO BLIBOAA.
Tak KaK Mbl HMeIH JeJo ¢ AUCKPeTHBIM psgoM cobpiruil (cona-
JeHHe HIH HeCOBNAjJeHHe), TO paclpeje/ieHHe YacToT COBNAJEHH B
YCAOBHAX HYJEBOH THIOTE3b MOAYHHACTCA GHHOMHAJIBHOMY 3aKOHY.
Cpeanee uHCJI0 BO3MOXKHBIX COBMajeHHi AN ABYX CAy4aiHHX mO-
CJIe0BATEbIOCTEH, KOTOPbie CPaBHHBAKOTCA NMPU n* CNapeHHLIX Mo-

SUHIHAX, paBHO
E = P(n%). (4.72)

Paccrosinue naba101aeMOro Uuc/ia COBMaJeHHH OT 3TOr0 CPeHEro B
eMHHLAX CTAHIAPTHOrO OTKJOHEHHS BhIpaXKaercs mo gopmyse

§=_90—-F (4.73)

K coxaJjleHHIo, Mbl He MOXeM BBIUHMCJIHTB BEPOATHOCTb MOJy4e-
Husl HaGJ/I0JeHHS, HMEIOWero cTosb 00/plI0e OTKJIOHEHHE OT Cpeld-
Hero aHAuCHHS OHIOMHAJBHOrO pACIpeieseHHs, ecan He OyneM
HMeTb B paclopszeniu ero noipobubx Ttabaui. Ilocaeanne ne
BIIOJIHE TIPUTOHBI IpH GOJIBUIHX 3HAYEHHAX 71, KOTOPHIE KaK pas H
HYXHB B 33Jauax H3yueHus B3auMocBsized. OHAKO Mbl MOXKEM HC-
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N0J1b30BaTh HOPMajbHOE NPHOJHMKEHHe K GHHOMMAJbHOMY pacmpe-
negenuio [40], Buipaxaemoe dopmynoit (4.74), W HaWTH BepoAT-
HOCTb INOSIBJIEHHSI 3aJaHHOTO 3HAYEHHS OTKJIOHEHHS OT CPEJHETrO.
C 3TOH LeJbI0 MOXKHO HCIOJAb30BaTh TAOJHILI CTAHAAPTHOrO HOP-
MaJIbHOTO paclpejeseHHs.

Z ==}/ 'n* (2arcsin )/ O/n* — 2arcsin ' P). (4.74)

Ilopcrasasia TpebyeMble 3HAaYeHHs! AJS OBYX NOCJEAOBATENbHOCTEH
B dopmyay (4.74), monyuum

Z =112 (aresin V212 — 2arcsin 1/ 0,27 ),

HJR )
Z = 3,46 (2 arcsin 0,41 — 2 arcsin 0,53) = — 0,97.

CpaBHHBas JBe cayyafiHble MOCJeJ0BATEJIbHOCTH, Mbl MOXEM OXKH-
RaTb TPH COBNajeHHsi, a HaG/ofaeM [Ba, YTO HA OJHO CTaHKapTHO®
OTKJIOHEHHE OTJHYAETCs OT 0XKHUAAeMOro uucJja copnajenuft. Habmio-
JlaeMoe YHCJIO COBIaJeHHH B 9TOMN NO3HLHH BNOJHE MOXeT ObITb Cay-
JaHHBIM.
B kauectse npuMepa NPHMEHEHHS STOTO KOPPEJSUHOHHOIO METO-
Za pacCMOTPHM 3ajJayy COIOCTAaBJIEHHS MHOXKECTB HabJaiogeHuli B
paspesax yroJaeHoro 6acceifna menrpasnpHo#i Axrsuu. Xopoiude o?—
HAXEHHS TOPOJ| 3JeCh PeAKH, a 3JEKTPOKapOoTaX He NaeT KaKkoH-
mi60 uHopMauyy, No3TOMY GOJbllas 4acTb JAaHHHX O CTpaturpa-
(GHUUECKOH TOCNEeJOBATENBHOCTH MOJYYeHa H3 TAyOOKHX BhIPaGoTOK,
TaKHX, K&K Kapbepbl H WIaXTH. 3aKOAHPYeM JHTOJOTHYECKHE pas-
HOBHIHOCTH TOpPOJ TAaKHM 00pasoM: 1 -— NecyaHHK; 2 — ajeBpOJIUT;
3 —caaHel, He cojepxamufl ¢ayHe; 4 — NOACTHIAIOIIAS TJIHHA;
b — yroJb; 6 — caarel, colepxKauiuii payny; u7—n33ecmax.oﬂep-
BbIH paspe3 H3ydyasics B 3aTOIIEHHOH yroJnHOH maxre. Bropo#, Me-
Hee MOLUHBIH paspe3 ofHaXKeH B CTEHE OTKPHITOTO yroJbHOrO Kaphbe-
pa B 10 xM or nepsoro. Hailnute nosnoxenus Haujyvilero cosnase-
HHS KODOTKOH M JJIMHHOH mocaejoBaTesbHocTeH. JlaHHBE mpusene-
Hbl B T20.1. 4.28.
W3 npenvipyliero mpumepa fCHO, YTO METOX H3YYeHHS B3aHMO-
cBa3ell He 00s3aTeNbHO 3KBHBAJIEHTEH METOAY B3aMMHOH KOppeJs-
Ta6numa 4.28
JlBa 3aKOAMPOBaHHbIX CTpPATHrpadHuUECKHX paspesa B NEHTPadbHOR AHrIHH

(OcHoBatue)

2 4 5 6 3 4 5 3 1 4 5 3 4 5
Paspes maxtu 3 4 5 4 5 3 2 4 5 3 4 5 3 1

4 5 4 5 6 3 4 5 6 3 4 5 2 1

3 4 5 3 5 3 2 4 5 3 5 2

(Ocnosanue} (Bepx)
.
Paspes kapbepa 4 5 3 4 5 4 5 3 2 1 2 4 5 3
OGo3rauenus: |~— NECIANHK, 2 — aNeBPOJHT, 3 — CJafel, He COAEPXALLH{l dayubl,

4 — QOjCTHAANOULAS TJIMHA, b — yroab, 6 — cianen, comepmauuit payny, 7- HSBECTHAK.
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und. Vmest neno ¢ BpeMEHHBIMH DSIZaMH, Mbl JOJXKHB NpEANOJa-
rath, YT0 HaGJIOJECHHUS PACMONAraloTCsi B TOYKAX BAOJb HEKOTOPOL
NpsAMOA: 3TO OrpaHHYEHHe OTCYTCTBYEeT B aHaJH3e B3aHMOCBSI3ell.
Hawu pannbie MOTYT mpOCTO COCTOATH M3 NMOCJAEHOBATENBHOCTH CO-
CTOSIHHH, NEPEYNCJEHHbIX B TOM TOPAJKE, B KOTOPOM OHH BCTpeua-
orcd. Kak M B TOJBKO UTO NpPUBENEHHBIX CTPATHTpadHIECKHX Das-
pesax, pacCTOSIHHSL MeXAY IOC/JeLOBATEJNbHLIMH TOYKAMH B 3TOM
clyuae HeCylUleCTBEHHHI,

AnanornunbiM 06pa3soM HEYHCJOBHIE MOCJIELOBATEJNbHOCTH MO~
HO CpaBHHMBATh C CaMHMH COOOH; 3TOT HMpPOLECC HA3LIBAETCH ABTOAC-
counaurer. ABTOACCOUMANMS TOJE3HA NPH HCCJEIOBAHHM IEpHO-
AHYHOCTEH B NMOPSIKE CAELOBAHHS COCTOSIHHE M QUEHb IIMPOKO HC-
N0JIb30BaJIaCh NIPH UCCJEN0BaHUH IHUKIoTeM [47].

B atoM ciyuae cpaBHMBAIOTCS HE [Be INOC/ELOBATENBHOCTH,
a OJHA NOCJIENOBATeNBHOCTL caMa ¢ co60#. YkaxeM BEpOATHOCTE
XOTSl GBI OLHOrO COBHAJEHHS B 3TOM CJydYae. BuuoMuanmbHas Bepo-
ATHOCTb NOJIYYEHHsT NaHHOrO YHCJa COBNMAJEHHH B CaAy4YafHOM mocJe-
ZOBATEJNbHOCTH IIPH CDAaBHEHHM ee caMOlM ¢ coBOH COCTaBUT

m
P= ¥X:?:—n |/ (n*—n). (4.75)
k=1
Mgl npenmosaraem, 4TO IOCJIENOBATENbHOCTb NMPEACTABJAET CO-
Goit cayyaliHoe pasMelleHHe m COCTOSHHE HJHM KJaccoB, HpHYEM
KaxJoe cocTosiHue BcTpeyaercd Xp pas. Ofuiee yHca0 HaGMOAEHUE

m
paBHo X Xp=n. DTy BepOATHOCT HAafO MPAMO MOACTABINTL B
k=1

(4.72) u ucnONIB30BATE NPH BHIUUCAEHHH ¥2-paClpefeNeHHs H CTaH-
AapTHOTO OTK/IOHeHHS. KpuTepnii mpenHasHaueH AJis NPOBEPKH Hy-
JIEBOH THIIOTE3BI, 3aKIIOUAIOLIEHCS B TOM, YTO YHCJO COBMAZEHHH He
OTJIHYAETCsl CYLIECTBEHHO OT OXMIAEMOr0 YHCJa COBNAJEHHH NJs
cay4afiHOH MOC/Iel0BaTeNLHOCTH NIPH CPABHEHHH ee ¢ CaMoii CoBOl.

HAag uamocTpalHu NPUMEHEHHsS] METOJa aBTOACCOLHAUMH MOMK-
HO HCTIOJIb30BATh JlaHHBIE H3 paspes3a IaxThl (cM. Taba. 4.27).
Ecan B paspese waxrter 6yjeT COLepIKATHCS MHOMO MOBTOPSIOUIMXCS
3JIeMEHTOB, TO 3TO NMPHBEALT K HEOOEIKHOBEHHO BHICOKHM 3HAUEHHSM
OTHOLICHUH, XapaKTepH3YIOUIUX COBNANCHHS, U K 3HAUMTEJIbHBIM OT-
KJIOHEHHSIM OT OXKHJAeMOr0 CPEeJHEero 4YHcja coBmafeHHdl. Hutep-
IpeTauus rpapHKoB, XapAKTEPUSYIOUIHX B3aHMOCBSI3H, IPOBOLHTCS
AHAJIOTHYHO HHTEPIpeTaluHH KoppesjorpaMM. ORHAKO KO3(pDUUHEHT
B3aHMOCBSI3H BBIYHCJ/ISETCA HA OCHOBAHHH HOMHHAJIBHBIX JaHHBIX, H B
CHJy 3TOro HHGOpMalUus, cofepkallascs B NOCJIELOBATENLHOCTH,
SHAYHTEJNbHO OelHee, 4eM B 3KBUBAJEHTHOM BpEMEeHHOM pany. Tak
KaK Mbl HCIIO/b3yeM KaYeCTBEHHBIE ZaHHBIE, TO HE MOXKEM OXHIATh
TOro ke pesysibTara, KOTOPHH MOXKHO OBlIO OBl MOJYYHTb NPH aHa-
JIH3€ HACTOAUIUX BPEMEHHBIX DSAOB. DTOT (HAKTOP HEOGXOAUMO yuu-
THIBaTb NIPH HHTEPIPETAUMH Pe3yJbTAaTOB 110 B3AUMOCBS3AM H aBTO-
acCOUHALHIM.
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NOJIYBAPUOTPAMMDBI

TepMUH TeOCTATHCTHKA Cedyac WIMPOKO NPHMEHACTCH K CHeLH-

.AJIbHBIM BETBSIM NPHUKJIAZHOH CTAaTHCTHKH, Hayajo pasBHTHA KOTO-
poit 6b10 mosoxero I'. Mareponom B LleHTpe MaTeMaTHYeCKoH

Mopdosorun B Pourtendno, Gpanuus. Lleab reoCTaTHCTHKH COCTOA-
Jia B HCCAefoBaHud mpobseM, KOTODbie BO3HHKAIOT TOTAa, KOTAA
00blYHAs CTATHCTHYECKAst TEOPHS HCMOJb3yeTcs B OLEHKE H3MEHE-
HUil COAepXKaHusi pyiasl B pyAHOM Tese. OJHAKO TaK Kak reocrari-
CTHKA ecThb aBCTpakTHas TeOpHs CTAaTHCTHYECKOro IOBEACHHd, OHA
ZpHMeniMa KO MHOTHM OOCTOSITEJBCTBAM B DA3.IHUYHBEIX 001aCTAX
re0/JI0THH H JPYTHX €CTeCTBEHHbIX HayK.

KaioueBoe NMOHSTHE IeOCTATHCTHKH — MOHATHE perHOHaJH30BaH-
HOIl mepeMeHHOH, KOTopas HMeeT CBOHCTBA, NPOMEXKYTOUHbIE MEKAY
CBONCTBAMH IOJHOCTBIO CJAYYafHbIX BEJHUHH H NOJHOCTBIO ACTEpMi-
HHPOBAHHBLIX NepeMeHHBIX. TuNHYHbIE pErHOHAJH30BAHHBIE —MEpe-
MeHHBble ABJAAITCH (YHKUUAMH, ONHCHLIBAIOIMMH €CTeCTBEHHbE sB-
JIeHNs ¥ UMEIOUIHMH reorpaduyeckoe pacnpejpeiende, Takhe, Kak
BEICOTA HAJl YPOBHEM NOBEPXHOCTH, H3MEHEHHs COAepKaHUH B PyA-
HOM Tejie HJIH CIOHTAHHBIN 3JEKTPHUECKHH IOTeHLHaJ], H3MEpEeHHbIH
B CKBaXHHE METOAOM KapoTaxa. B OT/JHYHE OT CJyYadHBIX, Peruo-
HaJH30BAHHBE NEpPEeMeHHble HENPEPLIBHBl OT TOUKH K TOUKE, HO H3-
MEHEHHSI HX HACTOJBKO CJOXHDLI, YTO OHH HE MOrYT ObITh ONHCAHLI
KaKOH-1HBO0 peryasipHOi KETePMHHHPOBAHHOH (QYHKIHEH.

Jlaxke HECMOTPA Ha TO YTO PErHOHAJMSHPOBAHHAS MEepeMeHHas
HempepLlBHA B NPOCTPAHCTBE, OObLIYHO HEBO3MOXHO 3HATh €€ 3Haue-
HHe B J10608 Touke. BMeCTO 3TOro ee 3HaYeHHs U3BECTHHl TOJBKO
6aarogaps npoGaM, KoToprle OepyTcs B ONpeAeJeHHBIX MecTax.
Pasmep, BHA, OPHEHTAHs H NPOCTPAHCTBEHHOE pAa3MELIEHHE 3THX
TpO6 COCTaBJSIT 6a3y perHOHaJH30BAHHOM nepeMeHHoO#, Jta me-
peMeHHast IIpH H3MEHeHHH XOTsi Obl OJHOrO H3 3THX NapaMeTpoB Oy-
IeT HMeTb pasjiMuHble XapakTepUCTUKH. Hampumep, mpeAronoNKIM,
YTO Mbl XOTHM OINPEJE/]HTb H3MEHUHBOCTb COPTa BKPAMJEHHBIX YA
B MOJHOJEHOBOM MECTOPOXKAEHHH. BeposiTHO, pe3y/bTaT aHajusa
5-CaHTHMETPOBOTO KepHa, NOJYUEHHOTO MPH anMasHoOM GypeHHH, Oy-
7IeT OTJIHYATBCS OT PesyJbTaTa HaMeJbYeHHs Npo0 H3 PYAHBIX OTBa-
J10B. B 06oux cayuyasix Mbl MOTJH Obl B3Th B TOYHOCTH TO XKe CaMoe
yHcsio npoB, U OHH MOIJM Obl OBITb MOJMYYEHB! H3 MACHTHUHBIX Mec-
TomosioKenuit B pyanuke. OfHAKO TOT (GakT, 4TO 0OBEMHI npob B
OJHOM MHOJKECTBEe M3MepsioTCs B KyOMYECKHX CaHTHMeTpax, a B
ApyroM — B KyOHUECKHX MeTpaX, HeH30eXHO JOMXKeH BJIHATh Ha
cXeMy H3MEHUHBOCTH CODTHOCTH DYAbI, KOTOPYIO Mbi KapTipyeM B
pyanuxe. ['aBHas 3ajiada TeCCTATHCTHKM — CBA34Tb DE3yJ/bTaThl,
ToJiyueHHble MO OfHOH Gase (Hampumep, 0Gpasubl KepHa), ¢ pe-
3yJbTATAMH, TIOJyYEHHBIMH A/ Apyroit Gaspl (HampuMep, SKCIIya-
TalHOHHbIE GJI0KH).

CeocTaTHCTHKA NMOSBOJISIET LATh OMEHKH (OPMbl PErHOHAJNH3HPO-
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BaHHLIX NEPEMEHHEIX B OJHOM, ABYX M TpeX H3MepeHHsx. B caenyio-
e# rgase Mel GoJjiee MOAPOOGHO pPAaCCMOTPUM NpPOUEAYPY OLEHKH,.
HasbiBaeMylo kpairuHroM. Cefiuac Mbl KocHeMCs JIHMLIb ONHOH W3
BAXKHEHIIHX CTATHCTHYECKHX XADAKTEDHCTHK TeOCTATHCTHKY, 2 HMeH-
HO TNOHATHS NOJIYAHCIEPCHH, KOTOPOE HCHOJBb3yeTcs AJsl Bhlpaxke-
HHSl CKODOCTH H3MEHEHHS DErHOHAJIM30BAHHLIX INEPEMEHHBIX BLOJb
3afaHHoro Hanpasjenus. OueHKa NOJYAHCHEPCHH COAEPIKHT MPo-
LeAyphl, aHAJIOTHYHEIE IPOLEAYypaM aHaJjHu3a BpPEMEHHBIX pSAOB,.
CAENOBATEJbHO, TPHBOAUT K HEOGXOMMMOCTH HCHOIb30BAHHS T€0CTA-
THCTHKH.

[Tonyaucnepcus ectb Mepa CTENeHH NPOCTPAHCTBEHHOH 3aBHCH-
MOCTH MeXjy npo6aMH B30Jb 3aJaHHOH 0a3wl. [Js NPOCTOTH MBI
NPEATIONOKHUM, YTO NMPOCH ABJNAITCSH TOYEUHLIMH H3MEDEHHSIMH He-
KOTOPOTO CBOKCTBA, TAKOrO, KaK ray06HHa NOANOBEPXHOCTHOIO rOpH-
goHTa. Jlnst obnerdenust BhIYMCHAeHHH Mbl GyAeM najee Mpeano.a-
rarb, uto 6asa peryasipHas, T. €. NpoObl PAaBHOMEPHO PACHOJIOXKEHHI
B IIDOCTPAHCTBE BAOJDb MpsAMBIX JHMHHMH. Ecnu paccrosnne wexay
npo6aMu MO NPAMOM JHHHH PAaBHO HEKOTOPOH BeAHUMHE A, TO HOJY-
JHCIIepCHs MOKeT OHTh Bbmuc.nex;lia ISt PACCTOSTHHH, KpPaTHHIX A:

n—

1
o= ¥, Xi— Xpsa)". (4.76)
i=1

B 3THX 0603HaueHusax X;— 3HaueHHe PErHOHAJH30BAHHON NepeMed-
HOH, B34TOR B TOuke i; Xitn — Apyroe 3HaueHue, B3ATOE yepes A
HHTEPBAJOB. Mbl MO3TOMY HAIIK CYMMYy KBaJApaTOB pasHOCTel
MEeX1y 3HAYECHHSMH DErHOHaJH30BAHHOH NepeMeHHOH B mape TOYEK,
PasjeneHHbIX paccrosHueM Ah. UHCIO TOYGK PaBHO 7, TaK 4TO YHC-

JIO CPABHEHHH MEXAY apaMu TOUeK eCTb n—Hh.
Ecax Mbl BHIYHCAHM NOMYAHCIEPCHH A/ Pa3JHYHLIX 3HAUEHHE A,
TO Mbl MOXEM HAHECTH pe3y/bTaThl Ha IpadUK B BHAE IHOJYBapHO-
rpaMMBl, SBJSIOWIEHCS aHaJoroM xoppesjorpaMmbl. Ha puc. 4.41
npeJCcTaBjeHa NMOJyBapHOrpaMMa, COOTBETCTBYIOHIas riybuHe celic-
MHMYECKH OTPaXKalOMIero rOPH3OHTA M NMOCTPOEHHAS MO H3MEPEHHAM:
BHOJIb CEACMHYECKOro Npoduss, NPHBEJeHHOro Ha puc. 4.42. 3ame-
THM, YTO KOTZa pacCTOsSIHHE MEeXAy TOUYKaMH ONpoGOBaHHSI PaBHO
HYJI0, TO 3HAYEHHE B KaXKJAOH TOYKe CPaBHHBAETCS C CAMHM coBoil.
CrenoBaTeqpHO, Bce Da3HOCTH PABHBI HYJIO, H MOJYAHCIEPCH KIS
Yo €cTh Hyab. Ecan AR — majioe paccTosiHue, TOUKH NPH CPABHEHHH
OKa3bIBAIOTCS OY€Hb MOXO0XMHMH, W HoJyaucnepcHs Gyger madna. Ilo
Mepe yBeJuYeHHS paccTOAHHS AL CpaBHHBaeMble TOUKH CTaHOBATCS
ciabee CBSISAHHBIMU ADYT € APYrOM H DACCTOSIHHS MEXAY HHMH yBe-
JHYHBAIOTCS, YTO NMPHUBOAHT X GOJBIIMM 3HAYEHHAM Yn. Ilpeamoso-
¥HM, YTO HA HEKOTOPOM DAaCCTOSHHH CpaBHHBAEMblE TOYKH HAXO-
AATCA TaK [AJEKO, YTO OHH He CBS3aHBl APYT C APYrOM, H HX KBaj-
PaThl pasHocTefi 6YyAYT paBHBL MO BEJHUHHE MHCHEPCHH OTHOCHTE.Ib-
HOro cpepuero suauenus. ITomynucnepcus Gosee He pacTer H mHoay-
BapuorpaMma MNepeXONMT B IUIOCKYK 06JacTh, HasHIBAEMYIO MOPO-
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Puc. 4.41. TlonysapuorpaMma abcoioT-
14+ HBlX OTMETOK KpOBJHM MesoBoil (popMa-
LMY, H3MEepEHHOIl B1OMb MOPCKOTO ceiic-
12 MHYECKOro paspesa B Mare1/1aHoBOM
ok npoanse, Yuau [38].
“‘z Junus, H306paXkeHHas TOUKAMH, UpeACTas-
""Q B iy T e . naer nopor, HIH ABHCOCPCHIO, BO3BbLILIEHHH H
= . " paBHa 8380 m° PaHr, YKa3aHHLIA CTpeA-
x. . KO#, — pacCTOAHHE, HHXKE KOTOPOro DpasHoOCTb
7;:6_ . MEXAY AHCNEDPCHAMH H TOpOroM cyHTaercs
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® TypHble  aBCOMIOTHBIE  OTMETKH
x 1600 KpOBJIH Me.10BOH (hopMaluH, oile-
I L HeHHBle TIO OTpaeHHIo ceficMu-
© & yeCcKUX BOJH BAOJb 21-KHJIOMET-
z 21800+ pOBOTO MOpCKOro Tpasepca B Ma-
1 2 L reanaHosoM npoduse. Ceficauue-
2 ckue wusMepenHs B3aTei B 300-
.
« 2000%; N i 1 — MeTpoBoM HuTepsane [38]
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oM. PaccrosHue, Ha KOTOPOM MOJYAHCIEPCHHA npubanKaeTcs K KuC-
fiepCHH, HAa3EIBAGTCS PAHTOM, HJH pa3MaxoM persoHa/iH30BaHHOf Te-
PEMeHHOH, OHO OTpeje/fieT OKPECTHOCTh, B npeaeiax KOTOpOH BCE
TOJIOYKEeHHS CBSA3AHBl APYT C APYrOM.

Ilnsi HEKOTOpO¥ MPOM3BOJIBHOH TOUYKH B NPOCTPAHCTBE MBI MO-
3eM NpeJCTaBHTb cefe OKPECTHOCTb Kak CHMMETPHUHBIH HHTEPBAJ
(wau maomwane, uan 00beM, B 3aBHCHMOCTH 0T pa3MepHOCTH) BO-
Kpyr ToukH. Eciu persoHajn30BaHHadA nepeMeHHas CTalHOHApHA
UK BCIOAY HMEeT OIHO H TO Ke CPE/Hee SHaueHHe, TO Jaboe To-
JIOJKeHHe BHE 5TOTO WHTepBajna COBEpIUCHHO HE3aBHCHMO OT LEHT-
paJbHOH TOYKH H HE MOXKeET 1aBaTh HH(MOPMAUKIO BOKPYT 3HAUEHH
peruoHaH3HPOBAHHON nepeMeHHON B 3Tol Touke. B mpenenax 3TOH
OKPECTHOCTH, OHAKO, perdOHaIH3HpoBaNHasl nepemMeHHas BO BCeX
HabaioaaeMBIX TOUKAX CBfA3aHa C pernonaﬂuaoaaﬂﬂoﬁ nepeMeHHOH
B LEHTPANBHOH TOUKE H, CJeJ0BATENbHO, MONET 6LITh MCI0Jb30BA-
Ha JUIs OLEHKH ee 3HaueHus. ECJH Mbl HCIO/Ib3YEM MHOXK€eCTBO H3-
MepeHu#, CIeJaHHLIX B TOUKAX BHYTPH 3TOH OKPECTHOCTH [JI51 OHeH-
KH 3HAUEHHS DErHOHAa/H30BAHHOM mepeMeHHOH B IEHTPaNbHON TOU-
Ke, TO NOJyBapHOrPaMMa 00eCeuuT cobcTBEeHHbBIE Beca, KOTOphIe
JIOJKHBI 6LITb NPUIHCAHE! KaXA0MYy H3MEDPEHHIO.

OcTaHOBHMCA KODOTKO Ha ¢akTe, KOTOpHII ByJerT HaM IOJE3EH
nosxe. [loayaucrepcust paBHa He TOJIbKO CPEAHEMY 3HAUCHUIO KBaj-
paToB pasHOCTel JJIf Map TOYEK, PAaCMOJIOKEHHBIX Ha pacCTOSIHHH

/
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Ah ppyr or apyra, HO M JHCNEPCHH 3THX pa3HOCTeH, T. . MOJyAuC-
nepcHst MOXeT OBIThb ONpefieseHa no dopmyJe

=5 PX— X -2 =X @wm

3aMeTHM, YTO cpelHee 3Ha4YeHHe DErHOHAJNM30BAHHOHN mepeMeHHOH
X; ecTp TakXe cpejHee DETHOHAIH30BAHHOH mepeMeHHON X;4p, TaK
KAaK 3TO — Te e caMble HalJI0JeHHS, TOJNbKO B3AThbie B npyroxx’{ no-
pAike, T. e.

& _ XX
n —  n
{To3TOMYy HX Pa3sHOCTb AOJIKHA ObITb PABHA HYJIO
EX;  EXip -0
n n

KoMbuunpys cyMMBl, moJayiyaeM
(EX[—'ZX,'-}-h)/n = [Z (X, —X;+h)]/n = (.

{loacraBass B (4.77), Mbl BHAHM, 4TO UHCJHTENb BTOPOrO YJEHA pa-
BeH HYJIIO, TaK YTO 3TO YpaBHeHHe COBNajaeT ¢ ypaBHeHHeM (4.76).
3aMeTHM, YTO 3TO COOTHOLIEHHE CTPOTO CHPaBeNJIHBO TOJbKO TOIAa
KOT/Jla DerHOHaJ/H30BaHHAs nepeMeHHas crauHoHapHa. Ecau nam{mé
He CTaLHOHApHBI, TO CpejiHee 3HAueHHe MOCJeJ0BATEJbHOCTH H3Me-
#sercs BMecTe ¢ i, u (4.77) DoaxHO OBHITb MOAHU(DHUHPOBAHO.

Kak u cnenoBaso 0XHAaTh, HMEIOTCH MaTeMaTHYECKHE COOTHO-
feHusl MeXIy HOJyAHCIepcHed H JDYTHMH CTATHCTHKAMH, TAKHMH
KaK aBTOKOBapHallUsl H aBTOKOppeaanuda. Ecuu pemoaanusoBaHHas;
flepeMeHHasl CTAUHOHApHA, TO NOJYIHCIEPCHS IJs pacCTOSHHA Ah
paBHa Da3HOCTH MeXIy JHMCNepCHeli H NMPOCTPAHCTBEHHOH aBTOKO-
BapHalHed AJs TOTO Ke paccrosinus (puc. 4.43). Ecan peruonasu-
30BaHHAs NepeMeHHas He TOJbKO CTallHOHADHA, HO H CTaHAApTU30-
BaHa Tak, 4TOObl CpejiHee DABHAJIOCH HYJIO, a JHCHEPCHS eIHHHIE
TO ToJyBapuorpamMma OyJeT 3epDKAJbHBIM OTPa’KeHUEM aBToxoppe:
JSILHOHHON QyHKLUHH (pHC. 4.44).

K coxaJ/eHH0o, 4acTo perHoHa/JH30BaHHblE NMEepeMeHHLe He CTa-
Y HOHAPHEI, CKOpee OHH OTPaKalOT H3MEHEHHS HX CPeJHHX 3HauYeHHH
OT TOYKH K TOuke. Ecau MBI MONMbITaeMCi MOCTPOHTb IOJYBapHO-
rpaMMy AJs TaKo# mepeMeHHOH, TO OOHapyXHM, UTO OHa MOXKeT He
HMeTb ONHCAHHLIX Bblle cBOHCTB. OJHAKO eC/IM MepecMOTpeTh omnpe-
JeJieHHe INOJYyNHCIepCHH, IpHBeleHHoe B ¢opmyse (4.77), To MH
3aMeTHM, UTO OHO COCTOMT M3 JBYX dacTel, mepBasi COOTBETCTBYET
Da3sHOCTAM MEpeMeHHOH B Nape TOYeK, a BTODAS — CPEIHEMY STHX
pasHocreil. EcaH perHoHanu3oBaHHAas TNepeMeHHAs CTAlOHAapHA
TO, KaK Mbl BHJE/H, BTOpAs YacTb PaBHA HYJIIO, a €CJH OHa Hecra-
UHOHapHA, TO 3TO cpefHee OyIeT HMeTb HEKOTOpDOE He paBHOe HYJII0
3nayenue. JleHCTBUTENBHO, PErHOHANH30BAHHAS NEepEeMEeHHAash MOXKET
OLHITh paccMOTpeHa KakK COCTOSIas M3 ABYX 4YacTeH, Ha3blBaeMBIX
ocraTkoM H ApHpTOM. JpHOT — 3TO MaTeMaTHYECKOe OXKHAaHHe pe-
THOHAJH30BAHHOH NEPEeMEHHOK B TOYKe i, HJIH C TOUKH 3DEHHS BHI-
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Puc. 4.43. CooTHOIIeHHEe MEXIY NOAY-
JHCHepcHell Yn M aBTOKOBapHauMel ijs
02 CTalMOHApHOH perHoHaJH30BAaHHOIl me-
o 2 PEMEHHOI,
Gh 0p? — AHCHEpCHsT HAGAIONEHH! MAH aBTOKOBA-
pHauust Aas Jgara 0. Jas snayennuit Bue 3T0-
yh TO MHOXeCTBA V;,=0¢?
%
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Puc. 4.44. Coot-
HOWIEHHE MEeX LY
noay aucnepcueii
Y» H aBTOKODpE-
JsgHed px AAA
CTaUHOHADHOI
by oo ) gy Ly e vty persoHaiuso-
0 5 10 15 BaHHOH nepe-
Nar MEHHOMH

yhcJeHuH, B3BEIIEHHOE CpeAHee BCeX TOYEK BHYTPH OKPECTHOCTH
BOKpyr TOUKH i. Jlpu¢pr OyIeT HMETb BHJ KDHBOH, aNIPOKCHMHPY-
Jolledl perHoHAJH30BAHHYIO MEPEMEHHYIO. Ecau apHdT BHUYECTb H3
PErHOHAaJH30BAHHOH TMEPEMEHHOM, TO OCTATKH R;=X;—X; camu na-
IYT PerHOHA/NH30BaHHYI NEPEeMEHHYIO, HMEOLlylo CpelHHe 3Hade-
HHf, paBHble HYJI0. JIDyTHMH CJOBaMH, OCTATKH OyAyT craluoHap-
HBIMH ¥ MOKHO IOCTPOHTb HX IHOJYyBapHOTpammy.

31ech Mbl HEOXKMAAHHO NPHXOAMM K Ipobjeme IHKJIMYHOCTH.
JpudT MoKeT GHITh OLEHEH, €CAH Mbl 3Ha€M PasMep OKDECTHOCTH H
Beca, NpHIHCAHHBIE TOYKAM BHYTPH 5TOH OKDECTHOCTH. Onnaxko Beca
MOTYT ObITH BBIYHCJEHB! TOJBKO B TOM CJy4Yae, €CaH MEL 3HAeM MO-
JIyLHCIEPCHH, COOTBETCTBYIOLIHE DACCTOAHUAM MEXAy TOUKOH I,
LIEHTPOM OKPECTHOCTH M PAa3JHYHBIMH APYTHMH TOUKAMH Briunciiet-
HBI OJHAXKAB APU(T BHYHTAEM M3 3HAYEHUH, TMOJYUYCHHBIX NPH Ha-
6ao1eHny. [1oyueHHYIO CTAlHOHAPHYIO NEePEeMEHHYI0 B CBOIO Oue-
peflb MOXKHO HCIIOJIb30BaTh AJIsl OLCHKH pa3Mepa OKPECTHOCTH B BH-
Je TMoJYyBapHOrpaMMBEL. ] )

Tenepb ociiaGuM CTPOTOCTh HAIIKX ONpPENENCHHH W MepenieM K
meTony npo6 u oummbok. CHayana HYXHO TNpPH3HATh, YTO HEJb3H
ONpEeNEeNHTh OKPeCTHOCTb B TOM CMbICJe, B KOTOPOM Mbl HCIOJb30BA-
JH 3TOT TepMHH. BMeCTO 3TOr0 OKPECTHOCTb ONpEeAe.feTcs Kak
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ya0OHLIH, HO BCe e IPOM3BOJBHEIH HHTEPBAJ, B IpelesiaXx KOTopo-
ro Mbl YBEPEHHO MOXKEM YTBEepX1aTb, 4YTO BCE TOSHIHH CBA3aHBI
Apyr ¢ apyroM. IIpeanosioxKuy, 4TO B Hpefesax 3TOH IPOH3BOJBHOHA
OKDPECTHOCTH APHQT MOKHO alNPOKCHMHPOBATh IPOCTHIM BBIpaxe-
HHeM, HaNpuMep
Xo = Zlef
(nuHedHbIH ApHPT) HAH XKe
Xo =Z(0:1Xi + b2X:2)

(xBagparuunslit Apudr). B 3TH GopMy/bl BXOAAT KOOPAHHATH BCeX
3aJaHEbIX TOUeK BHYTPH NPOH3BOJbHOH OKPECTHOCTH, TaK 4TO Cyllie-
CTBYIOT B3aHMOCBSI3H MEXKAY PasMepoOM OKPECTHOCTH, APHPTOM I
0JIyBapHoOrpaMMol OCTaTKOB. EC/H OKPeCTHOCTh BEJHKA, BLIYHCJE-
#us apudTa GyIyT OCHOBAHBI Ha GOJNBIIOM WYHCJE TOYEK, H APUPT
MOHO Oyner mpeicTaBHTb OueHb IajJKoH KpHBOH. B sTOM cayyae
ocTaTKH OYAyT XapaKTepH30BaTbCcs 00JbIIOH H3MEHYHBOCTHIO, a MO-
JyBapHOrpaMMa okaxercs cJI0kHOH mo ¢dopme. CJaenoBaTesbHO,
crieniduKa pa3Mepa MaJjod OKPECTHOCTH OyJAeT BJAHATb HA GOJBILYIO
H3MEHUHBOCTbH OLUEHKH JApH{Ta, HA yMEHbIIEHHE OCTATKOB H Ha MpO-
CTOTY BapHOrpaMMHL.

Onpepenenne xo3dduuuentos b apudra tpebyer pelleHus He-
KOTOPOTO YHC/Aa COBMECTHHIX YPaBHEHHH MOBBIILEHHOH CJOXKHOCTH,
OMMCAHKME KOTOPBIX OTKJIajblBaeTcss JAO pasjena, MNOCBSLIEHHOrOo
kpafirunry. EquHCTBeHHBIE NepeMeHHbIe B 3THX YPaBHEHHSX — 3TO
MOy UCHEDCHH, COOTBETCTBYIOLIHE Da3JIMYHBLIM DACCTOSHUAM MEXIy
TOUKOH C HOMEpOM [ M APYTHMH TOUKaMH B pacCMaTpHBAEMOH OKpe-
ctHocTH, OfHAKO OHH ellle HE AAIOT NMOJYBAapHOIDAMMBI, H3 KOTOPO#H
CJefyeT MOAyYWTh HeoGXOAHMBle noJyaHcmepcun. MoxHo pomyc-
THTB, YTO NMOJYyBapHOrpaMMa HMeeT KaKOH-JHOO eCTeCTBEHHHH s
Hee BHJ, H HCIOAb30OBaTh €0 B KAayeCTBE [EPBOTO NpPHGIHPKEHHS.
K cyacThio, Jerko mpejiBHAETb BHI NPOCTOH IOJAYBapHOTPaMMBL,
H 3TO MO3BOJISET HCIOJAB30BATb OKPECTHOCTb HACTOJbKO MAJIOro pas-
Mepa, HaCKOJIbKO 3TO BO3MOKKO.

DKcrnepHMeHTa IbHBIE OLlEHKH APH(Ta BHIYUTAIOTCS M3 COOTBETCT-
ByIOIHX Ha0JaI0JeHHH, B pe3yapTaTe 4Yero NOJyYaeTcss MHOXKeCTBO
IKCIIEPUMEHTAJBHBIX 0CTaTKOB. [10 3THM OCTaTKAM MOXHO BBIYHC-
JHTH [OJYBApPHOrPAMMY i 3aTeM CPaBHHTb €€ C TOH MOJyBapHO-
rpaMMol, KoTopasi Gbia BhlOpaHa B KauecTBe NepBOro npul.Hke-
HuA. EcaM cie/aHHble NPeANOI0XKeH s GblIH NPaBHJIbHLIME, TO 06e
OHH COBIAAyT, H MOXHO CYHTaTh, uTO QpopMa ApudTa H MmoayBa-
puorpammbl onpeiesnensl ycnemxo. OaHako Oojee BEpOATHO, UTO
OHH OTJIHYAIOTCS, H CJAeRyeT NpOoAeaaTb BHIYHCJACHHA €elle pas,

[Ipouecc cOBMECTHOTO IOCTPOGHHS YAOBJIETBOPHUTENbHBLIX BEHIPA-
JKeHHi AJ1A N0JyBapUOrpaMMbl H ApH{TA SBJIAETCA BaXKHOH COCTAB-
HO® 4aCTbhIO «CTPYKTYPHOIO» aHaJ/H3a. B HEKOTOPOM CMBIC/IE 3TO —
HCKyCCTBO, TpeOyloliee ONBITA, TepIeHHs M HHOrAa YyHaud. ITOT
fnpolece He BCerga NPHBOAHUT K MPHEMJIEMBLIM peELIGHHAM, TaK Kak
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OHH HEOJHO3HAYHBI; MHOrO KOMOHHaUuK ApudTa, OKpecTHoCcTe! U MO-
Aesiell MOJyBapHOTPaMM MOTYT AaTh NPUMEDHO OJMHAKOBbLIE PE€3YJib-
taTel. OH NPUrOfieH 0COOEHHO B TOM CJjyuae, KOTAa pETHOHAJNH30-
BaHHbIE NEePEeMEHHbie HeYyCTOHUMBH HJH Ke MbI paclojaraeM JHIIb.
KOPOTKOH I110C/1e0BATeNbHOCTBIO. B TakuX 00cTOsATEIbCTBAX TPYAHO
CKa3aTh, KOrAa ML!I AOCTHrHEM 3¢ ¢deKTa OT KOMOHHAUHH OUEHOK.

[TonysapuorpamMmma OTpakaeT IPOCTPAHCTBEHHOE MOBEjEHHE pe-
FHOHAJIM30BAHHBIX MEPeMEeHHBIX HJH HX OCTaTKoB. Hexoropnle maue-
aJ1d3HpoBaHHble QOPMBI IIONYBapHOrpaMM AaHLI Ha puC. 4.45.

Ha puc. 4.45, a npuBejiesa nojayBapuorpaMma napaboaHyecKore
THIIa, Kacalollasdca ocu X B nauase KOOpAHHAT. OHA HJJNIOCTPHPY-
€T OUeHb IVaJlKOe H3MEHEHHEe PETHOHAJH30BAaHHOH mepeMeHHO#. Ha
puc. 4.45, 6 mpejcTaBJjeHa IOJyBapHOrpaMma, HMeIOUlas BHJ Npsi-
MOH JIMHHH; OHAa yKa3biBaeT Ha yMeDEHHOe W HelpepHIBHOE H3MEeHe-
HHUE peruoHa/Nu30BaHHOH mepeMenHoi. HMcrurHas cayuvalinas mepe-
MeHHasl He OyJeT HeNpepLiBHOH, H ee mosyBapHorpamma OymeT ro-
DU3OHTAJIbHOX JIMHHEH, OpAMHATa KOTODOH paBHA AMUCHEpPCHH (pHC.
4.45, 8). B HexoTopLIX Cayyasx MOJYBapHOTPAMMAa He NMPOXOAMT ue-
pes3 HayaJo KOOpJAHHAT, a HMeeT IpH abclucce, paBHOH HYJIO, HEHY-
JieBoe 3HaueHue. DTOT cjaydyall COOTBETCTBYeT «3ddexTy caMopoa-
KoB», OH H300paxeH Ha pHC. 4.45, 2. B TeopHH BeJHUHHEL Yo NOJKHA
ObITH paBHa HyJ10. DddeKT CaMOPOAKOB BO3HHKAET TOrJA, KOrga pe-
rHOHaJNM30BaHHas NepeMeHHas HAacTONBKO OWHOOYHO onpepeneHa
Ha KODOTKOM DacCCTOSIHUM, YTO NOJYBapHOIDAMMa BBEIXOAMT H3 HY-
Js Ha yposeHb 3b¢exrTa caMOPOJKOB Ha PAacCTOSHHH, MeHbIIEM,
yeM HHTepBaJ OnpoboBaHHS.

MoneaupoBaHue NoJyBapHOrPaMMm

B nmpuumune asxcnepUMeHTaJbHAas NOJyBapHOrpaMma MOXeT
GbITb NPSIMO HCIOJb30BAaHA AJSA INOJYYEHHS OLEHOK, KOTOPHIE MBI
paccMOTpHM B caeayiollel riaase. OAHAKO IOJyBapHOrpaMMa H3Be-
CTHA TOJbBKO B JHCKDETHOM llabope TOYEK, Paclo/OXKEHHBIX Ha pac-
CTOSHUAX A/, Ha DPAaKTHKE, OJHAKO, IOJYBaPHOIPAMMBI MOIYT IO-

a 6

Puc. 4.45. HpeaausupoBaumble mno-
JyBaPHOTPAMMBI:

a — napaGoanueckas GopMa, NOKa3bIBato-
1{asi OTJIMYHYIO HEelDPEepPbIBHOCTh PErHoHa-
JH30BaHHOH mNepeMeHHoN; 6 — JHHelHas
h h dopya, MNoKaabBalollas YMEPEHHYIO He-
NpepPLIBHOCTL; 8 — 'OpH3OHTaNbHAA dop-
Ma YPOBHS 0p?, COOTBETCTBYIOULass CAy-
zaiHoll rnepeMedHofl, He nmewuweit npo-
CTPUHCTBEHHON ABTOKOPDeAsinui: & — 3b-
62 DeKT CaMOPOAKOB, HJH SBHOC OTKJNOHCHHE
NONYBAPHOTPAMMBI OT HauaNa KOOPAMHAT,
3) )’ flOKaspiBaioniee, UTO pPErHOHAJIH3OBaHUAN
h h nepeMeHHass CHJAbLHO H3MEHUHBA INIPH pac-
CTOAHHAX, MEHbIUHX ueM HHTepBall Onpo-
GoBaHHS
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TpeboBaTbcs A8 JMIOObLIX PACCTOSHUEA HE3aBHCHMO OT TOTO, SBJISET-
¢ JI1 OHO KpaTHbIM A uau HeT. [To 3TOH mpuunHe AHMCKpeTHAs 3KcC-
flepUMeHTaJbHasA MOJyBapHOrpaMMa JOJIKHA ObITh MpeJCTaBJeHa
HEKOTOPO# HempepLiBHOH (QyHKUHeH, KOTOpas MOXKeT GbTh BbIUHC-
JieHa st 11060r0 KeJaeMoro pacCTOsTHUS.

Honbop moaesnbHOro ypaBHeHHsS K 3KCIEDHMEHTAJbHOI MOJYBa-
pHOrpaMMe NpOBOAMTCA OOLIYHO Ha TJa30K, METOAOM MpOG M OILIH-
Ook. Knapk [9] onucreiBaeT u xaer npHMepsl PyYHHIX BBHIYHCJAEHHI,
B T0 BpeMms kak Ouea [38] npHBOAMT nporpaMmy BHIYHCJIEHHS JIH-
HeHHOH NOJyBapHOTpaMMBI, HMEIOWIEH TOT XKe yrJIOBOH Ko3ddu-
UHEHT B HavaJje KOODAMHAT, KaK H 3KCIeDHMEHTaJbHas MOJyBa-
prorpamma.

B upeane monesn, Bul6paHHas A NPEACTABJEHHS NONYBapHO-
TpaMMBl, HAYHHAETCS B Hayaje KOOPAHHAT, IVIaJIKO BO3pacraer Ao
HEKOTOPOrO BepXHEro mpejesia, 3aTeM OCTaeTcsl Ha OAHOM IO-
CTOSHHOM ypoBHe. Cdepuueckas Mofenb, NPEACTABJIEHHAS HA pHC.
4.46, obnanaer stumu cpolicrBamMu. OHa onpegeseHa o Gopmyse

Th = 0o (3—’1 __—ha—) (4.78)
2a 243
A5 BCEX PaCCTOSTHHH BIJIOTH A0 OOJIaCTH BJHSHHSA NOJYBapHOTpaM-
MBI @. 3a NpegesaMHu 3TOH IpaHHUBL Y,=0o2. Chepuueckas MOZeJb
OOBIYHO XapaxkTepusyercsl KaK MieanbHas (popMa MOJyBapHOIPaM-
Mbl. Minoraa nenoan3yercst Apyrasi MOJEJb — SKCIOHEHIHANbHAS

—h
ti=o (1) (479

Ha puc. 4.47 cpasnuBaiorcst cepuyeckas ¥ 3KCIOHeHUHANbHAS
MOJIe/IH. DKCNOHEHUHANbHAS KPHBAs HHKOTAA HE AOCTHraeT CBOEro
JIpeeNbHOrO 3HAYEHHSA, a NPUOIHAKAETCS K HEMY ACHMNTOTHYECKH.
SHAYKT, oMY ANCNIEPCHS IKCTIOHEHIHANBHOA MOLe/ M HuXKe, yeM cde-
pHyYecKast, A/is BCeX 3HAueHMil /I, MEHbIIHX, 4eM pa3mep obaacTi
BausHns. Jluneiinag Moaenb mpoule, yeM cdepuyeckas HJAH KCHO-
HeHLMaJbHasA, TaK KaK OHa MMeeT TOJbKO OJHH MapaMeTp, HAKJOH.
Mogpesb HMeeT BUA

Yo = ah (4.80)
U NpeAcTaB/deT coboil npsMylo, NPOXOAAINYIO Yepe3 HAauaao Koop-
anuar. O4eBHAHO, 3Ta MOJEJb He MOXeT MMeTh IIHKa, TaK KakK OHa
pacreT HeorpaHuuyeHHo. Muorga anueliHast Moaesb MPOU3BOJLHO MO-
AH(UUHDPYETCS € TOMOWIBIO BCTABKH BHE3AMHOTO H3JA0MAa B TOUKE ITH-
Ka, Kax, HampHMep,
Yw=ah s h<a,
(4.81)
Yo = 002 aas h>a.

Apmcrponr u ke6un [3] moiBepraloT KpuTHKe TakHe MOIEJH,
TaK Kax HCMOJb30BaHHE KPAHrHHra A/ MOJYYEHHS OLUEHOK IPeAINo-
Jlaraer HeNpephIBHOCTb M IJIaJiKkoe H3MeHeHHe MNOJyBapHOrPaMMBL.
Oanaxo aas paccTOsHHM, 3HAUHTENHHO MEHbUIHX TDAHHIbL, JHHEH-
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Puc. 4.46. Coepuueckas Momenb mo-  Puc. 4.47. DkcnoHeHuuanbHas H cie-

JYBapHOTPaMMBL. pHYECKas MOJAeJH I0JYBAPHOTPAMMDI.
Byxkeoft a oGosnaueHa alcuHcca TOYKH, O6e monenn HM?OT OJHH H TOT XKe
B KOTOPOM TOJNYBapHOrpamMma CTAHOBHTCH HayaJbHbLE HakgIoH [9]:

2
DaBHOH RUCIEPCHH Oo | — 3KCTOHEHUHANbHAS MOJeNb; 2 — che-
pHUECKAas MOAeab

Hasi MozeJb SIBJSIETCS MjeasJbHO Xopollefi ammpokcuMauHed. Ito
XOpolI0 BHAHO Ha pHc. 4.47, rae obe MozeH, ccbep?qecxas{ U 3KC-
MOHEHIMaJbHas, IOYTH COBHNANAIOT ¢ NMpsAMOMH JuHHell BOJM3H Haua-
Aa koopaunat. Ecau perHoHaJH3oBaHHas nepeMeHHas Oblia Ompo-
GoBaHa C JOCTATOYHOH MJIOTHOCTbIO, OTHOCHTEJbHO 00J4aCTH BJHSA-
HHfA, TO 3HAUMMBIX DA3JHYHA MEXAYy OUCHKAMH, MOJyYEHHLIMH B
YCJIOBHSIX JIHHeHHOH, chepHueCKOd HIH APYrOH MOAEAH HET.

CNEKTPAJIbHBIA AHAJIN3

ChekTpasibHblil aHaJH3 — 3TO METOJ PasJjIoNKeHHs H3MEHUHBOCTH
BPEMEHHOTO psijla Ha OTJeJbHble KOMIIOHEHTEl, COOTBETCTBYIOLIHE
NPOAOAKHTEJNBHOCTH HJIH JJIHHE HHTEPBAJOB, B Ipejenax KOTOPBIX
5Ta H3MEHYHBOCThb IIposiBasieTcd. [lJs ero ocyilecTBJeHHS BpeMeH-
HOH DA paccMaTpHBaeTCs Kak cyMMa GoJbiioro uucaa GoJee mpo-
CTLIX BPEMEHHEIX DSIAOB, HMEIOWUMX BHJ DEryJasipHbX CHHYCOHA C
Pa3NUYHEIMUE aMIINTYaMH, IJHHAMH BOJH U HayaJbHBIMH TOYKaMH.
B BLIYHCIEHHAX MOXKHO NpPEAMNOJararh, Yr0 CHHYCOH/BI HE3aBHCIHMBbL
apyr or apyra. Tak kak cyMMa BCeX STHX CHHYCOHJ A2eT HCXOLHbIH
BPEMCHHON psil, TO CyMMa H3MEHEeHHH BO BCEX CHHYCOHJAAX AOIXK-
Ha GbiTh paBHA OOLIeH M3MEHUHBOCTH pAAad.

B pasauuHLIX PYKOBOACTBAX CHEKTPAJbHLIH aHAJIH3 HMEET pas-
JUUHble Ha3BaHMsl, HaNpUMep TrapMOHHUECKMH aHaJu3, aHaJH3:
®ypbe UM YaCTOTHLI aHanus. Hassanue 3TOro Meroxa BOCXOMUT K
TEOPHH MY3LiKH, H3yyaloulell 3aKOHOMEPHOCTH, CBf3aHHLIE C KOJe-
Gauusamu., B XVII sexe KenJep, npUMeHsss COOTHOLIEEHS rapMOHH-
YecKOro aHajH3a, HaliJeHHbIe HM B aDH(PMETHKE, FeOMETPHH H MY3HI-
Ke, OTKPLUI 3aKOHBI NnaHerapHoro paBuwxenus. Omuako JKaw bBa-
tuct ®ypoe (1768—1830 rr.) moxasan ofULyIO TEOpeMy O TOM, UTO
10625l OJHO3HAUHAS HENpPEpbIBHAS (YHKUHSA MOXKET ObITh MpeacTan-
JeHa B BHAE PSfa H3 CHHYCOHA. OTa TeOpeMma Temepb HOCHT ero
ums. IIpexkne uem moapoGHO H3JaraTh TEOPHIO psinoB Pypbe, Mbi
JOSKHBL ONDENEaUTh DAL TEPMHHOB. BonsBHCTBO 3THX TEePMIHOE:
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B3ATO U3 3JIEKTPOTEXHHKH H HCIIOJb3YyeTcsl IPH aHaJH3e 3JeKTpuye-
CKHX CHTHausioB. XOTsl 3JEKTPHUECKHH CHIHAJ NpeAcTaBasier coboil
H3MEHEII€ 3HePTHH BOJHDLL C TEUEHHEM BPEMEeHH, HHIKEHEDPH JI06AT
TPEACTABMATH cebe ero «3aMOPOKEHHBIM» B ocuuaorpade. Ilpu us-
JIOXKEHHII TEOPHH DPsANOB Pypbe HHXKEHepH BCerja NpearoJaraior,
HTO CHTHAJ H3MEHSETCS CO BpeMeHeM, OJHAaKO TOT (akKT, 4TO OHU
HCCJIEAYIOT CHTHAJ KaK MPOCTPAHCTBEHHOE SIBJEHHE Ha 3KpaHe OcC-
uuiajgorpaga, ykasplBawT, YTO BpPeMs M NPOCTPAHCTBO CYHTAKOTCS
paBHOMpaBHEIMH. HecoMHEHHO, MaTeMaTHYECKH 3TO KOPPEKTHO, H Ta
HEOCO3HAaHHAs JerKOCThb, C KOTOPOH HHXKeHePbl NOJb3YIOTCS TaKHM
JonyuleHleM, MOxeT yOeJuTb HaC B TOM, UTO 3TH ABA IOHATHS, KAaK
1IpaBuNIo, B3aHMo3aMeHseMbl. [losToMy Halle H3/10XKeHHE TEPMHHO-
JIOTHYECKH HECKOJBKO OTJIHYaeTcss OT TaKOBOIO B GOJIBIIMHCTBE pa-
00T 1O aHAJH3Y CHIHAJOB.

Ha puc. 4.48 u3obpakeH NOBTOPSIOWIMICS CHTHAU, KOTOPBIit
MOXKHO ONMHCaTh YHCTOH CHHYCOMAAJBHOH BOJHOH. Paccrosinme OT
OJHOH TOYKH BOJIHLI 0 3KBHBAJIEHTHOH TOUKH Ha CJEAYIOWEeH BO.I-
He HaspiBaeTcs AJHHOH BOAHB A. YacroTa f— xapakrepucTuka, 06-

1
paTHaa AJHHE BOJIHBI, T. €. f= x

YHCJIO BOJIH, YKJaJAbLIBaIOUIHXCHA

B €AHHNLY JUIHHBI HJIH BDeMeHH. B GOJIbIIMHCTBe MHXKeHEPHHIX pac-
9eTOB CHTHAJ XapakKTepH3yeTcsl uacToTof. B reosornueckux samauax
HHTEpECHEEe HMeTh AeJsIO C MJIMHOW BOAHEL. BpeMms, tpebyemoe mius
TOTO YTOODLI NPaBHJBHBIN CHIHAJ MNOBTOPHJCS, HA3BIBAETCS €ro Me-
puonoM. TepMHH NEPUON ABAAETCS SKBHBAJEHTOM AJHHB BOJIHBL, HO
TePHOL NBMepAeTCs B €AHHHUAX BPEMEHH, HANPHMEP B MHJIJIHCEKYH-
Aax, a He B eIMHHIaX PacCTOsiHuS, T. €. B caHTHMeTpax. [Ipu omnuca-
HHH TaKHX SIBJIEHHH, KAK MOPCKHE BOJIHBI, YAOGHO MOJb30BATHCH KaK
JJIHHON BOMHBI, TaK W MepHOAoM. JIJIHHA BOJHLL B 3TOM CJyyae H3-
MEpSIeTCsl KaK pacCTOSIHHE MeXAY rpeGHAMH COCeIHHX BOJH, MepH-
01— Kax BpeMs, TpebyemMoe AJf TOTO 4YTOGH [IBe NOCJEZOBATE/b-
HBI® BOJAHBI HPOILAH (DHKCHPOBAHHYIO TOYKY OTCYETa, HampHMep Ko-
HeIl BOJHOPe3a. ITO BPEMEHHOH MPOMEXYTOK MEXAYy MOMEHTOM IO-
SIBJCHHS OHOH BOJIHBI H MOMEHTOM NOSIBJAEHHS aApyrofl. (BosHHKHO-
BEHHE TepMUHA TEPHOAHYECKHI 0053aHO CJOBY IepHOL, KOTOpOe
03H4MaeT CHTHAJ, NOBTOPSIOMHACA C NPAaBHJbHLIMH HHTEPBAJIaMH.)
IloaoBrHa paccTosiHHS OT BHafMHBL BOMHLI 10 I'PeGHS HAa3LIBAeTCH
aMnauryaoi (A4).

Ha puc. 4.49 u3oBpaxeHbl [Be OJMHAKOBBE CHHYCOMZAJbHbIE
KPUBbIE, CMEUICHHbIE OTHOCHTEJAbHO Apyr Apyra. COOTBETCTBYIOLIHE
UL AMIVIHTYABL H JIIHHBL BOJIH OJHHAKOBHL. PasHocTh Mexny 3Ha-
ueHHsIMH Y1 H Y2 NIpH JaHHOM 3HAYEHHH X; ONpejefeTes pasiHuH-

€N B (1')2136 MEXKAY ABYMSI BOJHAaMH. 310 pa3anuyue MOZKHO ONHCATh C

ToMouEI0 (asoBoro yraa @, a ero onpejesenue yACHHTL cebe ¢ TO-
Mombio pHc. 4.50. TIpocToe MexaHHueckoe MpHCHOCOGJIEHHE S TO-
Jiyyeinis CHHyCOIIILaJIbHOﬁ BOJIHBI COCTOHT U3 AHCKa pagunyca r, Bpa-
iljatomerocs ¢ MOCTOAHHOK cKopocThio. Kapanaaw, saxpemnseHHbli
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Puc. 4.48. Per‘ynﬁpﬂoe nopropeHue ci-  Puc. 4.49. JIse ciAycOoHAasbHEE BOJHH,
HYCORAaNbHOH BOJHH: KOTOpble HAEHTHYHE MO (opMe.

A — ANHRA BOJHH, A — aMIAHTYAE Pasanuns Mexny Y: u Y, mas crnenudHue-
CXOro 3HayeHHs X XapaKTepH3YOT PasHOCTB
$has aABYX BOAHOBHIX dopM

a

6

2w 1 O

Puc. 4.50. Tlpocroe Mexauuyeckoe npucnocobjeinne
715 BHUEDUHBAHUS CHHYCOHAAJAbHOH BOJHH NYyTeM
npeoBpasoBaHis BpPaLlaTebHOrO ABHIKEHHA B JuHeH-
Hoe (@). Pasauune MexAy yrioM H paguHycoM HAHCKa
K aMHAATYA0f B (Ga30BBIM YINIOM CHHYCOHJANbHOH
BosHbt (6). M306pakeHa uvacTb BOJHBI, COOTBETCT-
ByIOIlasi HaMeHeHHo yraa @ or HyJad A0 3HaueHus,
HeMHOruM GOJbIIEro 27 paiuaH, T. e. NMOYTH OJHOMY
IOJIHOMY NOBOPOTY AHCKa

Ha CTep:KHe, INPHCOEIMHEHHOM K Kpalo AHCKA, BLYEPUUBACT JHHHIO
Ha OyMmare, ABUralOlieHcs C MOCTOSIHHOH CKOPOCTBIO IOJ KOHUOM
CTEepXKHS. ODTa JIMHHA SBJSETCH CHHYCOHAAJBHOM KpUBOH, HMe-
jouedl aMIIMTYLy A=r W AJHHY BOJIHB, IpeACTaBJsIoLlyl0 cobol
(GYHKUHIO CKOPOCTH BpallleHHsl AHCKa M CKOPOCTH IBHXKeHHS OyMa-
ri. 3nauenye Y B JI0O0M NOJIOXKEHHH paBHO Y=A sin ¢.

Ecsnu MBI XOTHM BBIYEPTHTb NOJHYIO BOJHY, TO TOYKa 3aKperJe-
HHSl CTepPXKHS Ha JHCKe NOJIKHA CHeJaTb TOJHHIE 060pOT BOKPYT
IeHTpa AMCKA, T. €. MOBepHyThca Ha 360° wan Ha 2m papuaH. [lpex-
IIOJIOXKHM, YTO Mbl HaYMHaeM BhlUepuUHBaHMe IIPH NPOH3BOJBHOM Ha-
YyaJbHOM IOJIOXKEHHH KapaHjawa Ha OyMare, KOTOpoe Mbl Ha3oBeM
HYJIEBHIM. ¥TOJ o MEXAy KapaHAallOM, LEHTPOM AHCKA H TOPH30H-
TaJibHOH JIHHHeH# Ha GyMare HMeeT HEKOTOpOe 3HaueHHe ¢ (pHC.
4,51). Ecau Mu B npouecce paborbl ¢ npubopoM CABHHEMCS BHH3
Ha pacCTOSIHHE X; H OCT@HOBHMCS, TO KapaHJall OKaXXeTCs B TOUKeE,
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kKoopauHara Y koropoit paBHa A sin(2nx/X+¢). ¥Yroa a; Gyier
(2nx;/X+@). B aTux Bepaxenusax X ecTh o6mwas JJHHA 3aNHCH.
BaXHO OTMETHTb, YTO HAYaJbHHIl Yyrol a=¢ B HCXOLHOM IOJOXKe-
HHH SABJISI€TCS MOCTOAHHBIM AJIs BCeX TMOCJAeAYIOUHX 3HAYeHHH aM-
IJIUTY bl KOOpAMHATH Y u yraa o. KoHcraHra ¢ HasuBaercst ¢a-
30, (pa30BHIM YIJIOM, HaIH (a30BOH KoHcTaHTOH. TpH mapamerpa —
aMIJIMTYy A, JJIMHA BOJIHB M (Da30BBIY YroJ — IOJHOCTHIO OIMHCHIBA-
10T opMy BOJMHH. Pa30BLIA Yyroa CHHYCOMAAJLHON BOJIHEI M3Meps-
eTcsl OT TOPH30HTAJbHON JIMHHH, NIPOXOAsLIeH uepe3 LEeHTp.

Ecan MBI XOTHM TOCTPOHTH DA BOJNH Pa3JHYHON (GODMEL, TO AJs
3TOr0 HYXHO M3MEHHTb aMIIMTYAY, IJHHY BOJHB HJH (ha3OBHIH
yroJ. MoxXHO Tak¥ke ONHCaTb KOCHHYCOHIAJbHYIO KPHBYIO, Ho ¢op-
Me HACHTHYHYIO CHHYCOHIAJbHOH, HO XapakrepHsymoulylocs ¢aszo-
BHIM yIyioM [, H3MepseMBIM OT BePTHKaJbHOH HpAMOH, npoxoasailel
yepe3 LEHTDP ycTpolicTBa. MIHBIME CJI0BaMH, KOCHHYCOHAAJIbHAS BOJ-
Ha OTJIHYaeTCs OT cnﬂycomanbnon no ¢ase na 90°, unu Ha n/2 pa-
AuaH. Ecau x HameMy ycTpOACTBY NPHCOEIHHHUTD . APYrOf KapaHnaau,
KaK 3TO yKa3aHO Ha pHuC. 4.52, TO MBI CMOX€eM BHIYEPTHTb OJHOBpE-
MEHHO KaK CHHYCOHJAJIbHYIO, TAK H KOCHHYCOHZAJbHYIO BOJHLL. Oue-
BHAHO, YTO OHH OTJIHUAIOTCA OAHA OT Apyrod TOJAbKO $as3oBbLIM Y-
JOM. Mbl MOXEM CyMMHPOBaTb OCHOBHBIE TPHUTOHOMETDPHUECKME CO-
OTHOILEHHS C MOMOWIBIO pHC. 4.53, NpeacTaBASAIOIIEr0 CHHYCOUAA Ib-
HYI0 KDHBYIO. DTO pasjoXeHHe JaHO B TepMHHAX (GYHKUHH KOCHHY-
ca, HO KBHBAJIEHTHOe pa3JjIoXKeHHue, BeAyllee K TOMY 2Ke COOTHOLIe:
HHIO, OCHOBAHO Ha cuHyce. JlomycTHM, 4TO BOJIHA Ha PACCTOSTHHH X
ua4 3a BpeMs X ykjapwiBaercs neaukowm. JlioGas Touka X B mpeae-
Jax 3TOr0 HHTepBaJa MOXKeT OblTh BHIpAXKeHA B pajJHaHax ¢ No-
MOLIBIO HOpMYJIBL 06pamemm

= 2nx/X. (4.82)
Tenepp koopauHathl X HOKprBa}OT unrtepsan or 0 no 2x papuan..
Hasa ypobctBa MBI NPEANOJIOKHM, YTO aMIIUTyAa KPHUBOIl paBHa
epunuue. Toraa ypaBHeHHe KPUBOH HMeeT BUHJ,

Y = cos 6. (4.83)
Jrta aMIIMTyJa MOXKeT ObITh 3aMeHeHa J060H Ipyroll aMmiHTy10H
IPOCTO YMHOXKEHHEM Ha K03 duuuent A:
Y =Acosb. (4.84):
Uuea0 LHKJIOB, KOTOpPOE BCTPEUAETCs] BHYTPH OCHOBHOIO HHTEpBAaJa
(uacrora), MoXeT OBITb YBEJHYEHO HJH yMEeHbLICHO yMHOXeHHeM 6
Ha K03 uuHeHT k:
= cos k0. (4.85)
Kax HapHCOBaHO, MaKCHMYM BOJHLEI HaXOAMTCH B HauyaJe KOOpIH-
HaT, HO OH MOXeT OblTb CABHHYT B J11060€ IOJIOKEeHHe BLIYUTAHHEM
¢dasoBoro yraa @:
Y = cos (60— 0). (4.86)
KoM6unupys Bce 3TH MoauduKalmy, Mbl HalijieM, 4To mwobas KpH-
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Puc. 4.51. Tocrenennoe usMeHeHne (azoBoro yria oT HayaibHOro 3Hauenus @.

Has noclepoBaTeNbHBIX 3HAYEHHH X Y‘.=-A sin(2nx;/ X+ @) n ¢;=2x X+ @

‘Bas peryJApHOH cuHycouaanabioii (GopMpl MOXKeT ObITb 3amucaHa B
‘BHIE

Y, = Arcos (k6 — (Dk) (487)
Hucso k£ Ha3bBAETCSA YHCAOM FapMOHHK, HJH YHCJIOM I[HKJIO0B HA 6a-
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Puc. 4.52. Cunycoupansnas u xocuny- Puc. 4.53. Cunyconnansgas Boana. O6-
coujalbHas BOJHBL, COOTBETCTBYIOLLHE as AJHHA KPHBOR paBHA 27 padilaH
BpAILEHHIO JHCKA.
@ u B —coorBeTcTBeHHO (az0BHE YrAHl AAR
CHHYCOHAAJAbHOA H KOCHHYCOHNANBHON BOJH.
WsobpaxeHne cOQTBETCTBYET H3MEHEHHIO YI-
na O or HYJAS A0 3HAYCHHS, HEMHOI'HM GOJb-
wero 27 pagKad, T. €, OAHOMY MOBOPOTY
AHCKA

3HCHBIMl HHTepBaJ. Tak Kak B CIEKTPAJbHOM AHAJH3e MOXHO CKOM-
6mmp013a'rb MHOI'O Da3JIHYHBIX TApMOHHK MJIA INOJYUYCHHUS HCXOAHOTO.
BpeMeHHOr0 psifa, TO HMHAEKC £ Heo6XOmZMM A1 0603HaYeHHS BOJHO-
BOH (OpMBEI YaCTHOTO BHAA.

,U,aJIee Mbl MOXK€M HCHNOJMb30BATb TPHTOHOMETDHUYECKOE DaBeHCT-
BO AJ1d DA3HOCTH ABYX YIJIOB:

cos(R—S) = cosScosR + sinSsinR.
IMepenucas paseHctso (4.87), nonyuum
Y, = Arcos @, cos k0 + Ay sin @ sin k9. (4.88)

STO BhIpa’KeHHe MOXKeT OBITb YNpPOLIEHO, €CJH ONPelesHTb Ko3(du-~
LUHEHTH op=A) cos @r U Br=Ap sin ¢r. IIpu 3TOM mOAyuUaeM

Yr = arcos kB + P sin k6. (4.89)

JIro0oii BpeMeHHOH psAll, KAKOH Obl CJIOXKHOCTH OH HH ObL1 (HCK.110+
4ast TOT c/yyaH, KOrjJa OH HENpEephBEH HJIH 06e3 U3JOMOB H AJS KaXK-
JIOr0 3HAYeHHs X MOXKeT ObiTb ONpENEJEeHO TOJIBKO OJHO 3Haye-
HHe V), MoxkeT OBITh NpPEeACTaBJEeH B BHAE CYMMbI PSIOB KOCHHY-
COMAJibHbIX BOJH, ONpeAeJNEHHBIX TakuM 06pa3oM, Kak usofpaxke-
HO Ha puc. 4.54. dro— BEIpaxenue cooTHowenus dypee:

[>+]
Y = Yo, cos k0 4 B sin k0. (4.90)
k=0
3ameruM, uto (4.90) —sT0 ypaBHeHHe JHHEHHOE, T. €. BCE UJEHH
CkJaAbBawTcs BMecte. OHO HanoMHHaeT No (opMe MOJAHHOMHAIb-
HYIO0 DerpeccHio, KOTOPYK MBI pacCMOTpeJH paHee B 3TOH rJjaBe.
B ypasnennn ®ypre TpHroHOMeTpHYeCKHe UJeHLI cos kO u sin k0O
SKBUBAJIEHTHbI CTCHEHHBIM YJeHaM TaKHX MHOTOUJEHOB, Kak X? u
X3, KoaddrnnenTsr o # 3r 3THX UNEHOB MOTYT OBITh HafieHB! Me-
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Puc. 4.54. PesyapTaT CHOXKEHHA MOCJCJOBATENbHHIX TapMOHHK KOCHHYCOHAAJb-
‘HOH BOJIHBHI.

g — dynaamenTanbHas HaH nepsas rapmohinka A=0,5 k=1, ®=0° 6 —BTOpaqT rapMOHHKA

A=0,3, k=2 @=0°, 68— TpeTba rapMoHHka A=0,3, k=3, ®=45°. 2 — ceabMas rapMOHHKa

A=025, k=7, ®=180°; O — neppas MNOC BTOpas rapvounuka, (a)+(6); e — mepmas mmoc

“IpeThsi TApDMOHHKA, (a@)-+(8); 9% — meppast MjoC CelbMas TapMOHHKa, (a)+(2):. 3 — nepsas

naoc BTOpas H TPEeTbA TFapMORHKH, (a)+(6)+(8); u — nepsas mmoc BTOPAas, TPEThA H CEfb-
Mag rapMoHMKH (a)+(0)+(8)+(2) .

TOJOM HauMeHbIIHX KBaapaToB. OAHAKO eCJH Mbl NOMBITaeMCs ole-
HHTb 5TH KO3(G(HUHEHTH MaTPHUYHBIMH METOAAaMH H eciH Tpebyercd
ONpPEJEeNHTh MHOTO TapMOHHK, TO MBI OYEHb CKOPO CTOJIKHEMCS C
HENPEO0NHMBIMH BBIYMCIIUTEJbHBIMH TPYAHOCTSIMH.

FapMoHHAYeCKUHA aHaAH3

Ecau BpeMeHHO#l psj TpeAcTaBJseT AeHCTBHTE/bHO MepHOZHYe-
CKOE siBJIeHHe, MLl MOXKeM HCIIOJIb30BaTh TEXHHKY TaK HA3LIBAEMOrO
TAapMOHHYECKOrO aHaJH3a AJs PAa3JoXkKeHHs Psja Ha ero COCTaBHBIE
yacTu. BpeMmeHHEle psAb, -00/1aKa0llHe CBOHCTBOM IEePHOAHYHOCTH,
BCTPEHANTCA B MpPHPOAe. DTO, HAaNpHMep, QJYKTyalHH NPHIHBOB H
OTJIUBOB, Ce30HHbLIE M3MEHEHHS TeMIepaTyphl, I0CJAeJ0BaTEbHOCTH
cqoeB. OHM TakxKe BKJIOUAIOT 3aMHCH, IOPOXIEHHBIE TAKHMH IPH-
Hopamu, kak aueppaxromerp X-myuelt (mpeobpasosanue Dypbe Ta-
KHMX JAHHELIX SIBJASIETCS CHElHaJbHOH TeMo#). BpeMeHHOH pAL MOXKET
6biTh COBOKYNMHOCTBHIO HaOJlONeHHH B AHCKPETHOM MHOXKECTBE TO-
YeK, PacloIOKEeHHbIX C PaBHLIM HHTepBaJOM A B mpocTpaHcTse. Ec-
JIH MMEETCS -1 3THX ‘TOYEK, :04Ha U3 KOTOPHIX €CTb j, TO KO3 duuu-
‘@HTH o H B paaa Pypbe MOryT ObITh BLIYHCJAEHBl IO CJAEAYIOIHM

288

dopmyaam:
n—l1
2 . onjk
szzmm(”) (4.91)
j=0
5 n—1 ! omik
T
(Zk == T ! y] S ( n, ). (4.92)
j=0

STH ypaBHeHHS HE CTOJb CJAOKHBI, KaK MOMKeT MoKasaThCs Ha mnep-
Bblli B3IV, BHIPaXKeHHsT B CKOOKax €CTb MPOCTO HPEACTaB/CHHOE B
painaHax [oJ0KeHHe j-H TOUKH, ecaH OOGLIYIo JJMHY BPEMEHHOro
psijla OmNpelediTbh Kak 2m panuan. B cuiy TPHrOHOMETpPHYECKHX CO-
oTHolleHHH KO3(huLHeHT Po Bcerja paBeH HYJIO, a «p ylNpouaercd

n—1

1
%=72n,_ (4.93)
=0

YTO ecTh K4K pa3 cpejHee BpeMeHHOro psaa. Munekcel H3MEHSIOTCA
ot 0 B HauaJe BpeMeHHOTO psiza jo n—I1 B ero Kouie, a He oT 1 10
1 AJ9 TOTO, 4TOOBI NMPABHJBHO INMEPeBeCTH MOJOXKEHHe MepBOro Ha-
6ar01enust B pafiHaHbl.

OnpejendB K03QOUIHEHTH &, M Pr k-Off TADMOHHKH, MBI MOXeM
ONpeIeJHTh aMIJIUTYAY BONHOBOH GOpPMEI B BHJE

Ay =V a® B (4.94)
®aszoBblil yroa k-off TapMOHUKH DaBeH
Op = tg ' (Brfor). (4.95)

Bripaxenue tg—! 03HayaeT: «HalTH yroJj, TAHIEHC KOTOPOTO 3adan».
Ecau B auckperHoM HaOope Touexk coOpaHbl faHHbIE [Js pery-
JIAPHOi CHHYCOHABI, TO IHCHepcus 3Tof BBIGOPKH CBSi3aHa C aMILIH-
TymOH 3TOH BoaHOBOH QopMmbl. B mpepese nucnepcHs €CTb NPOCTO
HOJI0OBHHA KBajpaTa aMILIMTYALI, HAK
sp? = A2 = (o? + Br?) /2. (4.96)
Tax xak TeopeMa ®Pypbe yTBepKjaeT, YTO BPEMEHHOH PSAN MOXKHO
paccMaTpuBaTh KaK CyMMY MHOTHX CHHYCOHAAJbHBIX (YHKHHA HJIH
TapMOHHK, TO JIHCTIEPCHS BPEMEHHOro psifa SIBISETCS MPOCTO CyM-
MOH ZMCTIepCHH 3THX CaMBbIX rapMOHHK. MBI MOXEM IO3TOMY Bbipa-
3HTb AMCHEPCHIO k-Off TapMOHHMKM KakK MPONMOPUHOHAJNBHYIO HaCTh OT
oGulefi KUCTEpCUH BPEMENHOro psiia, 3 KOTOPOro oHa Gblia moJy-
yeqa. Ecain MBl BBIUHCAUM JJHHHBLIA DA TapPMOHHK, TO LHCIEPCHH
mocJe10BaTe 1bHBIX TaPMOHHK MOJKHO HaHeCTH Ha MEepHOLOTPAMMY,
HJIH, KaK WHOTJa TOBODAT, H306pa3uTh AHCKPETHLIH MJIH JIMHEAHbIA
3HEPreTHYECKHH CNMEeKTp. DTO eCTh MONPOCTY MpeiCTaBleHHe 3aBHU-
CHMOCTH YacTOTLI MJIM AMCIEPCHH OT 4Hcia TapMOHHK R, H Tpaju-
IHOHHO MpejACTaBsieTcsl B BHAe, ykasanHoM Ha puc. 4.55. (Tepmu-
HBLI 3HEPTHSl M AHCNEPCHS SBAAIOTCS CHHOHMMAaMH; MepBbil M3 HHUX
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Puc. 4.55. Tepuogorpamma Mecsiunoro notoka KeitB-Kpuk, KeHTYKKH.

CrnenuasbHbie 3HaUEHHA YKa3bIBAIOT, YTO [OTOK HMCET ei{MHCTBCHHBIN NEePHOAHMECKHHi TOZHT-
HbIi} UMK, Dnepruy IpHBeiseHbl B KBA/PaTaX €JHHHU, H3MEDEHHS, KOTOPbic PapHbl COTLIM uYa-
craM pofMa

10~

BoiBpoch: A0 Mbt

v
L ] 1 | 1 1 I L I 1 | L1 ] 1 1 I
1983 1955 1957 1959 1961 1963 1965 1967 1969 Topbr
1954 1956 1958 1960 1962 1964 1966 1968 1870
Puc. 4.56. Mecaunbiii notok Kef#iB-Kpuk, Kentykxku 3a mepuox ¢ oxtsibpa 1952 r.
1o ceHTabpsa 1970 r.

ObLT BBEJEH B IJEKTPOTEXHHKE H Telepb IIHPOKO HCIOAB3YETCS BO
Bcex 00JacTAX TEeXHHKH, aHaJH3e CHTHAJOB H PACHO3HABAHHH HM30-
Opaxkenuii.) Mcxonneli cTeneHHOH psig nmpeicraBiaeH Ha puc. 4.56.
Bpemennoli psag npexcraBaser Mecsunbli cTox Boasl B Keiis Kpuk
B KeHTYKKH; JaHHble MpHBeJeHb B Tabu. 4.29, B3sroit u3 [24]. Ile-
pHOJOTrpaMMa I0Ka3biBaeT, YTO H3MEHEHHH MECSYHBIX CTOKOB HMe-
10T roguunell (12-mecsunelft) nepuoj, mJaOC caydafinas KOMIO-
HEHTA.

CnekTp, BBIUHCJEHHBII YKa3saHHBIM Bbllle 06pa3oM, HHOTAA Ha-
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TaGanua 4.29
Mecsunnii crok Boabt B Keiis Kpuk, KeHTykku (B coTHaX amoiimos)

. Ok- Ho- He- SIn-  des- An- . . Ap- Cen-
ToR  196ps  sbps wabps Baph pans MaPT pem, Mait Mions W0l cyer  1a6ps

1953 2 5 19 240 86 416 147 354 31 18 7 1
1954 0 2 4 54 22 40 139 35 8 7 6 14
1955 2 4 30 73 463 579 59 197 55 24 28 3
1956 4 6 13 59 637 469 192 28 32 64 38 8
1957 7 10 172 308 325 103 392 68 24 6 5 2
1958 3 106 432 200 221 117 235 236 19 369 170 12
1959 6 9 17 270 195 112 102 24 24 5 4 2
1960 3 36 269 219 313 291 68 19 364 138 14 30
1961 12 52 79 204 295 532 476 414 159 48 18 4
1962 2 6 76 346 401 508 330 79 96 38 8 7
1963 39 141 124 150 146 548 52 25 14 29 Il 3
1964 1 4 3 87 173 788 45 21l 11 8 2 16
1965 15 7 347 276 230 449 146 3! 8 5 1 2
1966 4 2 2 48 281 79 202 332 25 14 4 i1
1967 7 119 357 97 161 466 50 476 33 14 15 7
1968 9 38 271 135 98 425 238 199 91 29 75 16
1969 14 22 112 278 216 73 237 74 40 27 66 17
1970 7 25 91 130 389 291 568 206 38 14 6 27
I1 puyMeyYaHHC, JanHble COGpaHbl B TeyeHHe OOr'aTOro OCajKaMH TOAa, HAUHHasA C

OKT#Opsl NMPCALIAYLLErO TOLa H KOHuUAs CeHTA6peM, AJA TOro 47To6bl HzGeXarb H3JAOMa nocne-
JOBATEALEOCTH B CepefuHe 3uMbl [24].

3biBaeTcsd HeoOpabOTaHHBIM CNEKTPOM H SABJACTCA OLEHKOH HCTHH-
HOI'O CNEKTpa, HJH CIHEKTPa COBOKYNMHOCTH. DTH OLEHKH CBSI3AHBI C
oueHb GOJMBLIKMH CTAHAAPTHBIMH IOIPELIHOCTSIMH, KOTOphle He MOo-
ryT GbITh YMEHBIUEHH! MPH YBEJHUYEHHH 72 10 MPHYHHAM, KOTOpble 6y-
IyT oObsCHEHH B cJaeaylolleM pasjese. Hekoroprle #3 3THX OlHOOK
MOTYT 0Ka3aThCsl JOXKHBIMH B CHJY CMEIIHBAHHS HENONYCTHMO Bhi-
COKHX YacCTOT C HH3KHMH YaCTOTaMH. OTH BBICOKHE 4acTOThl, AJHHHI
BOJH KOTOPBLIX MeHblle, yeM ABOHHOE DACCTOSIHHE MEXIY TOYKaMH
onpoGoBaHust, He MOryr ObTb OOHapyKeHel. HauBriclias yacToTa,
KOTOpasi MoxeT ObiThb OOHapyXeHa, ecTb yactora Halksucra, ee
LJMHa BOJHGLL paBHa 2A, rae A — paccTosiHue MeXAy IoCJjeroBa-
Te bHbIME HabaogennsiMu. [IpHuynHy, nO KOTOPOH AMCIEPCHH dac-
ToT BHe mpejeaa HalikBucra coBnagaioT ¢ AucnepcHaMu 6onee HH3-
KIiX 4acTOT, MOXHO JIerKo YBHAETb Ha pHuc. 4.57.

TeM He MeHee MOXKHO CTaTHCTHUECKMMH MeTONAMH IPOBEDHTD,
CYLIECTBYET JH AOMHHAHTHAasi KOMIIOHeHTa B NepHogorpamme. Kpure-
pHil, peKoMeHAOBaHHbIH PHIUEpOM, OCHOBAH HA BBLIUHCJEHHH CHEKT-

Puc. 4.57. Bricoxosnepreruieckasi CHHY-
coHlalbHasi BOJHA (TpepbIBHCTAs JH-
Hus1), HabaloeHHas B HCKDETHOM MHO-
HECTBE TOYEK, KaeT OTUETJAHBO BHAHYIO
BOJHY HH3KO/l 4yacTOTHl (CnjowHas JH-
BoiBopouHbIt Mmépaan a HHS)
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pasbHOro 3HaueHHs §;°, KOTOPOE NPEeBHIILAeT 3HAYEHHE )’ BPEMEH-
HOro psna, COCTABJEHHOrO H3 HE3aBHCUMBIX Cayualinbix Touexk. Kpu-
TepUil OCHOBAH Ha BBHIUHCJEHHH OTHOMICHHS

g:‘gzmu.\:/gsz’ (4‘97)
rae S%pax — HaHOOJBMWIHN TNHK [EPHOXOrPAMMBI H $2— JHCIepCHS
BCEro BPEMEHHOTrO psina. Kpurnueckoe sHauenue g Aasi CIEKTDaJb-
HOil BepOATHOCTH p Aaercs GopMysaoi

Inp—Inm
gx1—e ™1, (4.98)
rie m=n/2, ecan BpeMEHHON pPS1 COLEPMKHT UETHOE UHCJAO Hab.Iio-
Aennit,  m={(n—1)/2, ecin n weuerso. Ecau mposepsemas CTaTH-
CTHKA g NpeBbilllaeT KPHTHYECKOE 3HAYEHHEe g, TO MOXHO IPELIO0.I0-
XKHTh, UTO NEpHOJHYECKas KOMIOHEHTa cyulectByer. Ecau mpose-
pseMasi CTaTHCTHKA He NPEeBOCXOAHT KPHTHUECKOE 3HaueHHe, TO Ha-

OaopaeMplil CICKTPAJbHBIH MHK S%max MOXKET BO3HUKHYTH CJydai-
HLIM 00pazomM.

HenpepbiBHbIA cniekTp

(‘I'apmommecmm aHaJ{3 W IOCTPOEHHe MepHOAOTPAMMBI HJAH JH-
HEHNOTO CTeKTpa Ueecoobpasiel B TeX CJydasx, KOria Hccjaelye-
MbIH BpeMeNHOH psaj AeHCTBUTENbHO mepoauuen. B mpupone Bcrpe-
YAeTCsT HEeMIIONO ©CTECTBEHHBIX SIBJeHHH, 06JanalolliX MHCTHHHOH
NEPHOJHYHOCTBIO, HE CUHTAs fBJCHMS, CBSI3aHHbIE C aCTPOHOMIlYe-
CKHMH UHK/JAMH, TAKHMH, KaK MeCSUHble TPHJAMBLI U OTJUBH  HJH
CC30HHDBIE H3MEIEHHs]. BONBIIMHCTBO reo1orHueckiX BPEMEHHEIX pPsl-
AOB He MepHOAHYeCKHe, a caydaiiHele, [TocsenoBaTenbHOCTh Ha3bLBa-
ercsl ¢aydyalino#i, ecan OHa MOXKeT ObITb OXapaKTepu3oBaHa TOJbKO ¢
IMOMOIUIKIO CTATHCTHYECKHUX XaDAKTeDHCTHK, B IIPOTHBONOJOKHOCTD
JeTePMHHHPOBAHHOH TIOCJET10BATEABHOCTH, B KOTOPOH COCTOSIHHE MO-
XeT OblThb TOYHO HpejcKa3aHo mo ee kos(duuuentam. Jaxe B Tex
clydyasix, Koria BpeMeHHOH pSJ He COINEePXKUT AeHCTBUTENbHO Meplo-
AHYECKHX KOMNOHEHT, METOAB! CIEeKTPaJbHOrO aHaJaH3a I03BOJISIOT
NOJIYYUTL UEHHYI0 HHQOPMAUHIO O TOM Ipolecce, KOTOPHIH MOPOXUJI
JAHHYIO TOCJEA0BaTeJbHOCTL. DOJBIUMHCTBO BpEMEHHBIX pPALOB
MOXHO CUHTaTh HEIPEepPLIBHBIMH TOCJEN0OBATEJNbHOCTIMH, jJaXe He-
CMOTpSl Ha TO, YTO JaHHble I10 HUM COOHPAIOTCS B NUCKPETHOM MHO-
kecerse touek. JLsl TAKHX TOCJe/10BATENBHOCTEH MOYKHO BHIYHCIUTH
HENPepPLIBHLIA CNeKTP, HAN QYHKIHIO CNCKTPa bHOA NIOTHOCTH, IIPH-
yeM JHCIIepCHsi BPeMEHHOro psifia pasjefeHa NMPOMOPUHOHANBHO B
MHOKECTBE TACTOTHLIX 10.10C. HenpepwuiBHLIH CIEKTp HMeeT BHJ
NENpepLBHO KPHBOH, BbIparkaiollefi 3aBHCHMOCTh JAHCIEPCHH OT
YacTOTLl, M aHaJOTHUeH HenpepblBHOH (QYHKUMH pacrpefiesleHHs Be-
posTHOCTeH ¢ AHCHNEPCHAMH, NPONOPIHOHATLHBIMH ILIOTHAASM 110
CIIEKTPAJbHOH KPHBOH MeXKJ1y IpaHHYHBIMH yactoramiu. Obmas nao-
aab 1moj CNEeKTPOM pasHa oOulefl AucOepcHH BpeMeHNoro psaa,
A5l KOTOPOTO OHA BhIYHCAsJgack. Hao6opor, aHHeHAHEIH cnexkTp mne-
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PHOJUUECKOrO BPEMEHHOTO psila NOKA3bIBAET AHCMEPCHH, TPHCyLLie
ONpejlesieHHLIM HILIHBHAY A bHBIM YaCTOTaM.

Karast KOHKpeTHasi MOCJ1eA0BaTeqbHOCTh HabJa10JeHHH, KOTO-
DYIO MBI XOTHM aHaJH3HPOBATb, MOKET PacCcMaTPHBATBCSA KAK C.IV-
yajinas BpI6OpKa 13 GOJBLWIOro, BO3MOKHO, GECKOHEYHOr0 MHOKECTBa
TAaKHX BPEMCHHBIX PSIOB, KOTOpPble MOIYT TelepHpOBaThCH H3ydae-
MBIMH TipoteccaMu. [1o/Hoe MHOMKECTBO BPEMEHHBIX pPSI0B Ha3biBa-
ercsi ancamGaeM, M 3TO €CTb KaK pa3 Ta COBOKYNHOCTb, H3 KOTOPOH
Halla KONKPETHast BLIOOpKa H3BAEKaeTCs.

Bpemenno#i psii Ha3hIBAETCS CTAUMOHADHbIM, €CJIH €r0 CBOHCTBA
He M3MEeHAIOTCH co BpemeHeM. [1poCTpamnCTBeHHBIH psj ¢ TeMH Ke
caMbIMH XapaKTepHCTHKaMH HasblBaercsi onHOpoiHbsiM. Ecan Bpe-
MEHHOH psij MOAPA3AEAHTh Ha MaJble CerMeHThl H Cpefline 10 BCeM
5THM CerMeHTaM O HHAKOBLI (M COBIIaLAiOT CO CPejHHM BCErO Bpe-
MEHHOro psifia), TO B 3TOM CJydae IOBOPST O CTALHOHAPHOCTH Nep-
BOIO MOPSIAKA MJM O CTALHOHapHOCTH B cpeaneM. Eciu B Aomo.aHe-
HHE K 3TOMY aBTOKOBApHAIHS H3MEHSIETCs TOAbKO C H3MEHeIHeM J1a-
ra, a lle B 3aBHCHMOCTH OT NOJIOXKEHHS BHYTPH BPEeMEHHOrO pPSiAa, TO
rOBOPSIT, UTO psif o6JafaerT cBOHCTBOM CTaLHOHAPHOCTH BTODPOTO MO-
paiKa. DTO CBOHCTBO MHOrAa Ha3hBAKOT C.1a00H CTalMOHAPHOCTBHIO,
HJH CTALHOHAPHOCTHIO B GoJee IIMPOKOM cMbicae. Ecam Bce Mo-
MEHTD! BLICIIErO HOpPAAKa 3aBHCAT TOJBKO OT Jara M He 3aBHCAT OT
NOJIOYKEHHSI, TO PAJ HA3biBAETCS CHJBHO CTALHONADHLIM HJH 00.1a-
JaeT CTAllMOHaPHOCTBIO B CTPOrOM CMBICJE.

Ecau BpeMeHHOH psii HE TOJBKO CHJBHO CTallOHapeH, HO H BCE
ero CTATHCTHKH HHBapHAaHTHH OT pPsiAa K Psly BHYTpH amcamlad,
TO aHcaMOb/b Ha3blBaercs dprojnueckuM. Muorue cratucTHUECKHe
KPHUTEPHH TEOPHH BPEMEHHBIX PA10B 00J1a1a10T CBOHCTBOM 3PrOpHY-
HOCTH TaK JKe, KaK OJHOMepHble cTaTHCTHYecKue Kputepuu obiana-
JOT CBOHCTBOM OJHO3HAUHOCTH AHcHepcHH. Ecau Mbl HMeeM HeCKO.Ib-
KO BPEMEHHBIX PSOOB, ABAAIOMIMXCS peasusalHsIMH OAHOTO H TOTO
e cayuafiHoro mpoiuecca, TO Mbl MOXKeM IIPOBECTH NPOBEPKY HX Ha
5profHYHOCTb. BooGIue Ke MLl HMeeM TOJbKO OfHH BPeMEHHOW psf,
Il B 9TOM CJyuae HHKakas NPOBEPKAa TAaKOro poaa HeBo3MOXKHA. Mel
MOXKeM NpPOBEPHTb CTALHOHAPHOCTb N0 CPEJHHM 3HAUEHHAM M [HC-
NepCHu Jisl €HHCTBEHHOTO BPeMEHHOr0 psifia, MPHMEHSAS Perpeccilio
1AM TOApasjedsis pSAAbl Ha CEeTMEHTHl W NPOBepss, ONMHAKOBBI JH
9TH CTATUCTHKH [Jsl PasjMuHbIX cerMeHToB. Ecau na, To psa sBiA-
eTcsi COGCTBEHHO CTAllMOHADHBLIM H MOXHO TPENINOJ0XKHTb, 4TO OH
o6nanaer CBOHCTBOM 3profMuHOCTH. Ecan psa me spasercst cober-
BEIIHO CTAIlMOHAPHBIM, TO aHcamO0.b, H3 KOTOPOTO OH H3BJEUEH, HE
MOKET OLITh 3PrOAHYECKUM.

VHorpa BpeMeHHOH pfAx MoXeT ObiTb CHeJNaH CTAaLHOHAPHLIM
TIpHMEHEHHeM I1POCTOl Npoueayphl YPaBHHBAHHS, HJH BBHIYMTAHHEM
JAuHeflHOTO Tpeiga M3 HabmodeHH#, T.e. CIMOMOLIbIO MeTOla Hau-
MEHbIIMX KBaApAaTOB BHIUHCJSETCs JHHefiHas perpeccus Y; Ha j.
Torfa HOBBII BpeMeHHOM DS Onpefelsercs KaKk Psii OTKJOHEHHH:
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Y/ =Y;,—Y, (4.99)

rie fi—npencxasamrue 3Ha4yeHHsl, oupefeseMble ¢ IOMOLIBIO
YPaBHeHHS perpeccus. Ecau HCXOMHLIE psi1 XxapaKkTepH30Bajcs Ma-
<ILIM H3MEHEHHEM ero CpejHero 3HAYeHHs, TO HOBLIH psix Oyjer
HMCTb CTallHOHAPHOE CPeJHee, paBHOE HYJIIO.

Ilast cTaunonapHOro CIyuaiiiHoro BPEMEHHOro psjd, SIBJSIOLIEro-
€ HENPEPLIBHLIM H NPEACTAB/IEHHOr0 JHCKPETHLIM HaGOpOM paBHO-
MEpHO paclpelle/IeHHbX B IPOCTPAlCTBe TOYEK, HEelpepbiBHAS JHC-
mepcust (HJn S1HEPreTHYeCKHH CHEKTP) MOXKeT GBITh BHIUHCJCHA 01-
HUM 13 IBYX MeTO/10B. Bosee HoBbif 1 Gosee MIHPOKO HCMOABb3YeMbIH
MCTOX OCHOBAH Ha BBIUHCJICHHH MHOIHX 3HAYEHHH JHHEHHOTO CNeKT-
pa C NOMOLbIO anropuTMa OwICTporo mpeoGpasosanus dypee. 3a-
TEM 3TH CHEKTpaJ/bHble 3HAYEHHA YCPEAHSIOTCS BHAOJIb YACTOT Jsl
MOTYYeHHUs! CrJlaKeHHOH OLeNKH HempepLIBHOrO cnekTpa. Kak cue-
AyeT u3 naspaung, 6uicTpoe npeobpasosanue Pypve ouens shdek-
THBHBIH METOI, & HMEHHO, OH IPHBOANT K XKeJaeMOMY pesyabrarty
3a nlogsn apnyeruueckux onepauuii, B To BpeMs Kak Lpyrue me-
TOABl TpebyiorT Bwimosnenns n? onepanuit. IIpexcraBuM CcoOTHOLIe-
e Oypwe B Bl n

2
s = 2“ Y, e 2Hkin (4. 100
n
. n
I=—3

rie i=y—I—wMHuvmas eaununa. Buinosanexne npeobpa3oBaHu,
AHKTYEMBIX 21ropiHTMoM GeicTporo mpeobpasoBanns ®ypoe, Tpeby-
€T MaTeMaTHYCCKHX H BLIMHCJAHTC/bHBLIX HABLIKOB, KOTOpLIE HaXo-
AATCS BHE PAMOK H3JaraeMoro B 3Toil kuure. ITosToMy ME He pas-
BHBAEM 3TY TEMY, XOTS B HacTOsALlee BpeMs 3TH MeTOALl Haubo.ee
LINPOKO HCMOJIB3YIOTCA B CNEKTpaJbHOM aHamause. OTJHYHOe BBeje-
Hile B Teopuio GLICTPOro npeobpasosanns Pypse BMECTE € aJrOpHT-
MoM gaHo Peiinepom [43], koTopwiii Takxe gaer IpuMephbl NpHMe-
HeuHs ObicTporo npeodpasosanus Papve B reorpaduu. IlepBas oc-
HoBonoJaraomas CTaTes, NOCBAUIEHHAS aArOpPHTMy GBEICTPOro mpe-
obpasosanus Pypbe, Gbiaa onybankoBana J{KeHTIbMeHOM H CeH-
nom [20], oHa ocHOBaHa Ha MaTeMaTHYCCKHX MEeToJax, KOTOpble
Blepnbie Obian seenens Ky n Teioxu [11]. CoBpeMeHHLIE PYKO-
BOACTBA N0 aHATH3Y BPeMeHHLIX psnos (Baomdpenann [7], Bengar
n ITipeoa [6]) TpakTylor 3ToT mpeaMer BecbMma HPOKO. Heckous-
KO Oosiee CTapbiéi METOX BLIYHCJICHHS HENpepLIBHOTO CHexTpa co-
CTONT B HaXOXaeHHH npeobpasosanis ®ypbe aBTOKOPPESUHOHHON
(YHRIIM BpeMenHOro psia. PaspuTsiil nepsonavaabHo Bapraer-
TOM [5], 9TOT MeTOx naeT Te e PE3YABTATH, UTO H GOJee HOBLI
MeTo1 GeicTporo npeoGpasosanusi Pypoe, on aerue aas NOHHMAaHHA,
XOTs u He ynoGeH jas Buiuncaennit. OH eiue mWHpOKo HCOOJb3YeTes,
OCOOEHHO TOraa, KOria aBTOKOPpeaslHOHHAS QYHKIHSA TaKxKe mpej-
CTABJACT HHTEPEC H KOrla BPEMEHHOH pf1 He OYCHb AJHHHBbIN. EH-
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xugc 1 Yorre [29], nanpumep, o6CyXHaioT 3TOT METOX, a YleBbe-
iy [64] mpuMeHseT ero x pelIeHHIO TIHAPOreOJIOTHUECKHX 3anad.
ITpeoGpasopanue @ypbe aBTOKOPPEJIAUHOHHOH (DYHKLHH :La\eT
3HEPreTHYECKHH CTeKTP; AJfA BPEMEHHOro psijia, 3aAaHHOr0 AHCKPCT-
HblM MHOXKECTBOM BBiOOPOUHLIX XapakTepHCTHK. EHKHHC H YOTTC
[29] nator npeobpas3oBanue B CJe1yIOWEM BHAE!
L—1
§f =4 = r e’ (4.101)
P
I=—(L—1)
31ech S;2 — MUCHEPCHst HJH 3Heprus B YaCTOTHOH Irosoce ¢ LLeHTpOM
B TOUKe [; r;— aBTOKOPpE/ANUS C JaroM l; MaxclMajbHLill Jar B
aBToKOppeJgorpaMme ectb L, i=}—I. g
3amernM, 4T0 5TO PaBEHCTBO OYCHH HANOMHHAET = KOMILICKCHOE
npeobpasosanue Dypoe, 3aganunoe ypassennem (4.100). Oxuaxo
paBexcTso (4.101) moxer ObITb 3HAYHTENBHO YHPOUIEHO. Xots1 aB-
TOKOppeasiiluoHHast QYHKUHA MOXKeT OLIThb BbiuHC/eHa Kak Ajsd OT-
PHILATEJbHLIX, TAK H AJS MOJOKHTEJNbHBIX JAroB, OHa CHMMeTpHYHa
OTHOCHTEJIBHO JIara Hy.b; T. €. ry=r—. IJosTomy Brruucaenns HeoO-
XOJHMO TPOAENaTh TONbKO AJIs 3HaueHu#i [ ot nyas no L—1 u 3arem
pesyJbTar yaBaupaercs. Jlajee, Tak Kak HallH JlAHHLIE COCTOAT U3
KOHEUHOr0 MHOXeCTBa BeIleCTBEHHBIX UHCEJ, KOTOPBIE PaBHOMEPIO
PACIIONOKeHbl B NIPOCTPAHCTBE, Mbl MOXKEM HCIO/b30BaTh yNPOLIeH-
HOe NpeACTaB/eHHe uepe3 KOCHHYCH, a He”oﬁmyro dopmy. ?Oﬂee
npocroii Bua ypaBHeHus (4.101), npurogHsiit nJst BHYHCJIEHHH, Ta-

KOB: -

\
sp=Ap212=2 ( > 1, cos 21:;1) . (4.102)
W=l
Heo6xoanmo paboraTs ¢ YacTOTaMH, a He C TADMOHHKaMH, TaK KaK
cnenuduuecKue JarH aBTOKOPPEJAUHOHHOH (YHKLHH He npeooga-
3yloTCA B NPOCThie KpaTHbie APYr APYry B 4aCTOTHOM CmekTpe. Lo-
OTHOLIEHHe MeXAY J1aroM M 4acToToH naercs (popmyJiok
fj = —1—, (4.103)
2AL
rie A — paccTOosiHHe MeX [y NOCJe10BaTe bHbMH HaGJI0AeHHAMH BO
BPEMEHHOM psAfe, U j MpeACTaBJseT Kak j-d Jar, TaK H [-10 CIEeKT-
pajbRylo mojocy. Yacrora j-i mosocs ecTs f; U H3MepsieTcs B UHK-
Jax Ha efnHuMUy (eIHHHIbI Te XKe, UTO H eJHHULLL A, paccTostus
MeXJy HaHHBIMH ToukaMmu). Ecau A uaMepserca B MHJJIHMETpAX,
1o f; 3ajaercs B UMKJIaX HA MHJIMMETD. .
Hcnonbsys ypasuenue (4.102), Mul MOJIy4aeM TaK Ha3biBaeMblH
neo6paboTanubiii cnekTp. M3-3a cranaapTHOH OWHOKH B KaXI0H 13
CTIEKTpAJbHBIX I0JOC €ro HeJb3ss CYHTATb YAOBJICTBODPHTEJbLHDIM.
DT0 NpenATCTBHE HEJb3si NPeoAcJeTb OOBIUHBIM 06pasow, y"MHHI/IM
BpeMeHHO psaa (yseaxuuBasi n— ofulee uncao HabaroaeHu#). Hs-
BECTHO, UTO NIPH YBeJHUeHHH A npu (QHKCHpPOBaHHOM Jaare ! B ¢op-
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Myaax npousBefenuit  (x;—X) (x;+1—X) yBeNMUMBAETCS KOJIH-
HeCTBO HH(OPMAUHH 1 aBTOKOPPEJAUHOHHAS QYHKLUHA 7; IPH STOM
Oyaer HMeTb MEHbUIYIO CTaHAAPTHYIO OWHOKY. OAHAKO 3TO HeBep-
Ho aast s/ Exune n Yorre [29] moxasamm, uto undopmanus, co-
ACpKAIAfCs B KaXIOH OUEHKE CIEKTPa S;2, pacnpocTpaHsieTcsi Ha
[0;10Cy 4acToT, WHpPHHA KOTOPOH BOKpYr f pasua =(/n. Ilo mepe
yBeanuendss n obwas WHGOpMAalHA, COLEPRKAIAAC B AUCIEPCHH
CHEKTPA, pacnpeiessieTcss Ha yBe/JHUHBAIOILEeCS YHCJAO HOJOCOK
yMeHplualomelica wHpuEel. B pesyiasrate yeauuenuwe n nemaer
BOSMOZKHOH OLEHKY AHCHEPCHH B 6oJiee Y3KHX MOJOCKAaX YacTOT, Aa-
Basg CMEILEHIYIO ONEHKY HCTHHHOTO cnexTpa. Ojllako OLeHKA cTaH-
AapTHOH OWHOKN 3THX GoJee y3KHX MOJOC He yJaydIiaercs.
Bapraerr [5] Buepsuie paspaGoran werox YMEeHbIUECHUST CTaH-
AapTHOH OUNIOKH B CIEKTPAJBHBIX ONEHKAX HA OCHOBE aaTopHTMa,
Ha3bIBAEMOrO IHGO METOJIOM CKOJIB3SMIEr0 OKHa, JHBO (GHJIBTpaLH-
efl, au6o criaaxupanueM, JuGO NPOCTPAHCTBEHHHIM yCpelHeHHEeM,
ABTOKOPPESUHOHHYIO DYHKIHIO MOKHO OHpE/eJHUTh B3BEIIEHHBIM
METOOM JIArOBOTO OKHA HJIM QHJIbTPA, H B3BelIEHHAS aBTOKOPpPeJo-
rpaMMa MoXeT GbITb NpeoGpa3oBaHa B CHEKTPaJbHYIO 06JacTb.
Beca mpmnuaiot oco6oe snauenue Goee KOPOTKHM Jaray, KOTO-
PLIE OCHOBAHEI Ha GojblUeM YHC/Ie HAG/MIOfenHHH, yeM 6ojiee MJIHH-
Hpie qarn. C apyro#t cTopossl HeoGpaboTanHbIH CHEKTD MOXeT OhlTh
BBIGHCJIEH H 3aTeM CrJIaKeH B3BELIMBAHHEM H YCPeJHEHHEM BMeCTe
C MPUJIETAlOUINMH CHEKTPAJLHLIMH 3HAYEHHAMH. MHOXECTBO Becos
Ha3LIBACTCS CNEKTPAJbHLIM OKHOM HAH (QUJBTPOM M SBJseTCS Ipe-
obpasosanuem Oypbe garosoro okHa. O6a MeTOAa 1alOT SKBHBA-
JIEHTHBIE PE3Y.IbTaThl, KOTOPLIE MOXKIO XapakTepPH3OBAaTh KAaK CMa-
3LIBAHHE HJIH Cria’KHBaHHE AUCHEPCHH NMPHMBIKAIOUUIX YaCTOT.
MHOXKeCTBO OKOH HJIH (HABTPOB paccMaTPHBAIOCH PA3IHUHDI MH
aBTOpAMH; CXeMa OKOH, HMelllas HauJyylliHe CBOHCTBA, NpeaCcTaB-
JAsieT cO00# HaHBBICHIC® JOCTHMKEHHE B aANAJH3€ BPEMEHHBIX PSALOB.
OnHo u3 Haubojee WHPOKO HCNOMB3YEMBIX OKOH — 3TO HIBTD

Totoxn — Xanuuira, KOTOpbifi B CHEKTPasbHON O6MACTH HMeeT BHJ,

2 1 Co1 1
Sf 2753_1 _T_._é_sl.z —%- —4—3%_‘_1_ (4.104)
[Tpeo6pasosanuc Dypoe duasrpa Toroku — XaHHHHra B 067aCTH
Jara ecTb

7 =11 =L 5
W= (1 - cos = ) (4.105)

Ora dopmyaa onpejensier Beca aBTOKOPPE.IsiIHOHHOH byHKIHH, KO-
Topas raaiko yGuisaer or snauenus Wo=1,0 npu HyseBoM aare 10
W1.=0,0 npu maxcumasbnom aare L. Kamapi K03(HUUHEHT aBTO-
KOppeJsiliH YMHOKAeTCs! HA COOTBETCTBYIOUHH €My Bec 0 BHIIOJ-
HeHHsl npeobpasosanus Pypee. ’yplam{em{e (4.102) mpuuumaer BHA

s7=2{14+s Y W,r cos 27]‘/) . (4.106)
=1 ;

MOXXHO npelJIoXHTb H APyTHe OKHa, 0ObIYHO JAH60 B 06J1aCTH J1aroB,
au6o B 06s1acTH 4acCTOT, TaK KaK HX NpHMEHeHHe OLIBaeT Jerie TO
B ofHOH (opme, To B Apyroil. IlIupoko ucnoarsyemoe IlapsenoBckoe
OKHO HMeeT BHJ

,/=__.-612/__z_) 4107
W, =1 | T (4.107)
AJ4 JaroB Mexay HyJeM H L/2, u

W,=2(1—1/L)® (4.108)

aas garos ot L/2 mo L.

[IpaxkTHuecxast cTpaTerust HCCJIe10BaHHA CHEKTpaJibHbIX Xapak-
TEPHCTHK CAyuyafiHpIX BpeMeHHHIX PpPSAA0B BKJIOUAET CaAeAyloline
marH.

1. Ecnn neobxomnumo, u36aBUTh OT TpeHAA HJIH YpaBHATh HaH-
HEBl€, BBHIUHCJAHB KO3(h(huLHEHTH perpecclin Y; Ha j W 3aTeM HalTH
octatku: Yy =VY;—Y;

2. BHIUHCJAUTL aBTOKOPPEJSLHIO [HCXOLHOrO psifa (ecid OH cTa-
UIOHApeH) MJd psflLa OCTaTKoB Y’ BIJIOTH A0 MakcHMywma Jjara L,
KOTOpBIH He nmpeBocXoiuT #/3. HexoToprie aBTOpLl PEKOMEHAYIOT BHI-
yHcIaTe 0oJiee y3KHe mpejienbl [ MaxkcHMyMa Jara, HaopHMep
n/5, n/6 uau naxe n/10.

3. BulucauTh HeoOpabOTAHHYIO CNEKTPANbHYIO TLJIOTHOCTh S;2,
HCIOJIB3YS AHCKpPEeTHOe NMpeobpasoBaiue Pypbe, onpesneseHHoe ypas-
nenueM (4.102).

4. Crnaauth HeoOpaGoTaHHBIA CHOEKTP, HCHOJAb3YS OKHO ThIOKH—
Xanuunra (ypasuenue 4.104) B xKauecTBe CKOJB3SIIIETO CPEAHErO
A5 TOJYYCHHSI CTIaXKEeHHOH OLEHKH AHCIEPCHH CIIEeKTpa.

OueBHAHO, B CNMEKTPaJbHOM aHa/ii3e HMEeeTcsi MHOro crnoco6oB
NpHHATH pelleHHe, KOTOPOe OKaXKeT BJUSHHE Ha OKOHYATeNbHBIH pe-
3yabraT. OHHM BKJIOYAIOT BHIOOp £, HJAHIB 411aU3UpyeMOH mocJe-
JOBaTeALHOCTH (€CaH 3TO HAaXOAMTCS BO BJACTH HCCJAELOBATENS);
MaKCHMaJIbHOro Jnara L; ¥ OKHa, HCIOIb3YeMOro A5 CriaKHBaHHS.
CBsI3H MeiKJy 3THMH NEpPeMEHHBLIMH H IX BJHMSAHHE KakK Ha paspe-
LIeHHe, TaK H Ha 3HAUMMOCTDb ONIAXKEHHOIO CIeKTpa 0OCYXKAEHH NOo-
apobuo B xunre Euxnuca u Yorrca [29].

Bunoauss anamus Pypbe, Mbl 1peoGpa3oBani AU JaHHbBE H3
ofHOH o6aacTu B Ipyryio. Mpl HaudeM ¢ HabaoieHu#t sa ¢opmoi
3aBHCHMOCTH 3HayeHHH Y; OT KOOp/AMHAT TOYEK MPOCTPAHCTBA HIIH
BpemeHH x; IlocsegoBaTelbHOCTb TOYeK 0OpasyeT CHTHAJ HJH BOJ-
HOBYIO GOpMY, ONpEeJEeHHYI0 B NJO0CKOCTH KoopauHar X u Y.
B aTtoM cayuae rOBOpST, UTO JaHHBlE HAXOAATCA BO BpeMEHHOH HJH
TPOCTpPAHCTBEHHOH 00JacTH 1 3aBUCAT OT nepemenHo#t X, o6o3Ha-
yalolllei KOOPAHHATH TOYEK BO BpEMEHH HJH paccrosxue. Ompene-
JIHB KOMIIOHEHTHI YacTOT B CHTHaJe, Mbl Ipeobpa3oBanH AaHHBE B
yacToTHY0 obmactb. Pu3nyeckass aHaJorus MoxKeT ObITh H306paxe-
Ha Ha DHCYHKe, Tie mpeacraBieH 3QQPeKT OTpaxKeHHS COJHEUHHIX
Jayuell OT 3epKaJbHEIX npusM (puc. 4.58). CHon 6esoro cera MOX-
HO paceMaTpUBaTh KaK KOMIJEKCHYIO BOJHOBYIO (hopMy, H3MeHSIO-
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LIVIOCST ¢ TeueHHeM BpPeMEeHH H COCTOSILYI0 H3 CBeTa pas3J/HyHbIX
nsetos (#ad aaud BOJH). IlpuaMa jeficTByeT Kak YacTOTHBLIK aHa-
JAH3aTOP H pasjiedsieT My4YOK Ha €ro coCTaBJAIOUHe YaCTH, B pe3yJb-
Tare Uero Ha JHciLiee logayuaercss paayra. Kaxpas okpauweHHas
no.ioca_OTIEJSeTCst OT cocejHefl IPOMEXKYTOUNOH 3010M, IWHPHHA
KOTODOIil NpONopuHOHa/blia pasHOCTI! HX JJIHH BOJH HJH 4acToT,
a HHTEHCHBHOCTb KAaXIOH NOJOCH INPONOPUHOHAJBHA BKJAAAy HAaH-
HOH IJHILI BOJAHBL B OOLLYI0 HHTEHCHBHOCTh HCXOAHOTO nyuxa. Mc-
cJie;I0BaHlle CIIEKTPA HCTOUHHKA CBEeTa MOYKCT CKa3aTb HaM MHOroe
O CTPOEHHH HCTOYHHKA CBETA, €ro TeMInepartype, MPpUpPOJe BElECTBa,
CKRBO3b KOTOpPOE€ MPOXOAHUT CBeT H Tax jJaJjee. AHAJOIHUHO HCCJIe0-
BaHlie YaCTOTHOTO CMEKTpa AAHHOH 10C/1e]0BaTeJbHOCTH MOXET pac-
CKa3aTh HaM O ero npupoje I HCTOUHHKE, 1aTh HHPOpPMaUHIO, KOTO-
PYIO HEJIb3Sl MOJAYYHTh HHKAKHM ADPYTHM CIOCO60M.

PHJbTPbI

OubTpOM Ha3LIBAETCS MATEMATHUECKHH ONepaTop, KOTOPLIH H3-
MelsieT 3a]1aHHLIH BpeMeHHOH psij B JAPYrofl BpeMenHOH psii, HMelo-
muil Tpebyemyio dopmy. Takie onepaTopnbl Ha3WBAIOTCH «PHIABTpA-
MH», TAK KaK NEPBOHAYAJNBHO OHH IPEACTAB/AJIHCb 3/]€KTPOHHBIMH
GUABTPYIOIIHMH HeasIMH, COCTOALIHMH M3 CETH CONPOTHBJEHHH H
©MKOCTeH, HCHOJb3YeMBIX A/ BLIGODOYHOTO MOAABJIEHHS HJAH YCH-
JICHHS cenuUIeCKUX 4acTOT B 3JEKTPOHHLIX CHFHaJax. Temepp Te
Ke (YHKLHH 0 Npeo6Da3oBaHHI0 UH(POBLIX CHIHANOB BLINOJNHAIOT-
csl Ha KOMIbIOTEpaX MaTeMaTHYecKMMH ¢uIbTpaMu. OCHOBLL TeO-
pull uapTpauuu 6bliH 3ano0xkensl HopOeprom Bunepom B paGorax
110 CTATHCTHYECKOH TEOPHH CBSI3H, H 3Ta TEOPHS HAXOAHT CBOE Npak-
THYECKOEe MpHMeHeHHe IpH 00pafoTke CEACMHUECKHX CHIHAJIOB H

Puc. 4.58. Tlpuava CJIyXKHT HaCTOTHBIN aHAJIH3aTOPOM, ApeofpasyollnM Geaslil
cBer (B NMPOCTPAHCTBEHION HAM BpeMeHHOH 06.1aCTH) B ero COCTABHLIE YaCTH pas-
HBX UBeTOB (06/1aCTh 4acTOT)
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JaHHbiX aspodotochbeMOK. B cHay 3Toro  6OJBUIHICTBO TEPMIHOB
TeOpUH (GUABTPALHH NPOH3OULIO He M3 KJACCHYECKOH CTAaTHCTUKH,
a 13 UHXKeHepHOH 3MeKTPOHHKH H QH3MKH.

Metoabt TeOpuH (UABTPALHH HONYUHJIH HanOoOJee HMIHPOKOE NMPH-
MeHeHHe TpPH HCCAeNOBAHHH OTPAXKEHHLIX CEHCMHUECKHX MaHHLIX.
HccaenoBanse ceficMHUYECKHX CBOHCTB OTpPa’KeHHBIX CHIHAJ0B OCHO-
BAHO Ha CO3JAHHMH BXOJHOrO CHrHaJga (ceficMHueckas SHeprus npo-
H3BOAMTCS B3PHIBOM AMHAMHTA HJIH BHOPATOpOM), KOTOPBLIH 3aTeM
GuAbBTPyeTCs B pe3yabTaTe MNOIVIOMIEHHS 3HEPTHH CHTHAJA 10 Mepe
ero NyTeLIeCTBHS CKBO3b 3€MHYIO TO.lly. Bricokie yacToThl morao-
marrcs 6ojee CHJABHO, TAK UTO NpHPOAA ceficMHUECKHX KoJeOaHui
H3MEHsSIeTCsl 110 Mepe Hx mepejBHXKeHHs. Jlo6aBuM, YTO BOJIHBI HH3-
KHX UacTOT NepeMellAloTcsi yepe3 ropible MOpoibl fosee OHICTPO,
T4K Kak HAYaJbHLIH OCTpbIi BCILJIECK CTAHOBHTCS CMa3aHHBIM H
ocaabaeHHbIM. BLIXO1HOH CHIHAJ, KOTOpBL o6Hapy:KHBaeTcsa Habo-
pOM TIOBEPXHOCTHBIX Y/aBJjHBaTesel, COCTOHT H3 OTPaXKeHHWi CHr-
HAJIOB, BO3BPATHBUINXCS H3 Gojee raybokux ropusontoB. K coxa-
JeHHIO, ToCJe MX MyTeWeCTBHS OTparkKeHHble BOJHBEI CHJIBHO Ae¢op-
MHpPOBaHbI H HX TPYANO HHTEPIPETUPOBATD.

3ajaua reodH3nKa — YCTPAHUTb HACTOABKO, HACKOJbKO 3TO BO3-
MOXHO, Bpeinble 3hdexTnl (U3NUECKOH (QHABTPALHH, KOTOPBIM
ceficMudeckuii curHaJ Obla MOABepeH. DTo AesaeTcs nyteM obpa-
60TKH ceficMHUecKuX 3amucefl nudpOBLIMH (HIBTPAMH, KOTOpBIE
VCTPAHSIOT HeXenaTedbHble UacTOTH, 0GOCTPAIOT OTPaXKeHHS M IIO-
J1aBJAIOT WIyM B 3alHCH O TeX IHop, noxka TpeGyeMulll, HO oc.1al-
JEeHHBIA cHrHaga e OyaeT BbIAJEH.

B cHay TOro 4TO MHOTHE BO3MYIICHHS CeHCMHUECKHX CHTHA.I0B
YaCTOTHO COTJIACOBAHEL, T€OMH3UKOB OCOOEHHO HHTEPECYIOT (HJBT-
pbl, KOTOpBIE TPEINOYTHTEAbHO TEHePUPYIOT HAH YCTPAHAIOT CleuH-
¢puueckue yactorsl. CelicMuyeckass (UAbTPALMS YACTO NMPOBOLMTCSA
B 5TOH 06J1aCTH YACTOT C MOMOLILbIO npeobpasosanus Pypbe cefcMH-
YeCKHX CHIHaJ0B M yCTpaleHHs HeXeJaTedbHbIX yacTed ClekTpa H
nocJeAyloero npeofpasoBanis OTGUILTPOBAHHOTO CMEKTpa 00-
paTHO B AeHCTBHTEAbHYI0 001acTh. ONHAKO B TOYHOCTH TOT K€ Mpo-
1ecc MozKeT OLIThb peaju30BaH NMpeodpasoBaHueM ¢uabTpa 06.1acTH
Oypbe B peadbHble AaHHbIE N NOCJAeNyIOell CBEPTKOM ero mpeobpa-
30BalHa ¢ CEHCMHUECKHMH 3aMHCcAMH CHIHAJ0B. Tax Kak 3Td QHIbT-
pbl TpeiHa3HayeHbl 115 MPOXOXKIAEHHs ONpeJeJeHHbX YacTOT M MO-
JABJEHHST APYTHX YacTOT, TO OHH HA3BIBAKOTCH BLICOKOYACTOTHBIMH,
HH3KOYACTOTHBIMH HJIH NOJOCHBIMH (DHILTPAMH.

TeopeTHyecKH MOXHO [OCTPOHTh COBEPIIEHHblE (HIBTDLI, KOTO-
puie GyAyT HPONYCKaTh CHIHAJLL CHelH(HYeCKHX YacTOT H He Ipo-
nycKaTb APYCHe YacTOTh, HO TakKue (uJbTPBH OOBIYHO TPYIHO pea-
JH30BaTh. Kak IpaBuio, 3TH TEOPETHYECKH COBEpPLUEHHBIE (QHIBTPHI
TpebyloT GecKOHeUHOro yuca ujaenos. Ecan onu ycexkawTes A0 MpH-
€MJIEMbIX pPa3MepOB, TO (GHJbLTPH CaMH HAYHHAIOT OKa3blBaTh BJIHA-

" Hue Ha BHIXOAHOH curuaJ. Ilogo6path GHIALTPH TaKHM 06pa3oM Mo-
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JKeT TOJBbKO BHICOKOKBAJHQHUHUPOBAHHDI pabOTHHK, TaK KaK (QUIABTD
J043KeH ObITh JOCTATOYHO KOPOTKHM H 3KOHOMHYECKH BBIFOJAHBIM I
JIOJPKEH JaBaTrh XOPOUIYIO alNpoKCcHMauillo TpebyeMoro Ha BHIXOAE
clirHaga ¢ MHHHMAJbHBIM UYMCJAOM He)KenaTeNbHbiX MODOUHLIX -
¢pextos. IloapobHoe ussoxeHHe Teopui (GUIBTPOB CNEUHPHUECKHX
YACTOT COAEPKHTCS BO MHOI'MX CMElNMaJbHbiX KHHraX. Mbl ke obpa-
THMCSl K KOHLENTyasbHO GoJsiee NMPOCTHIM TUIAM (UILTPOB H K BO-
IpocaM IIHPOKOTO HCHOJAb30BAHHS aHajdH3a BPEeMEHHBIX PAIOB  BO
MHOTrHX 06aacTx.

Bpesenno#t psja, KOTOpBIT 10/1KeH OBITh NOABEPTHYT (HJAbTpA-
IlHH, HA3LIBAeTCs BXONSILIHM, a npeobpa3oBaHHLIH BpeMEHHOH psii,
BLIXOASAIIMH H3 QUABTPA, HAa3bIBaeTcA BhixoaAamuM. OnepaTtop QHJBT-
pallM{ CBOpayHBaeT BXOAALLHE PSif ¢ (QHJABTPOM, B pe3y.Jbrare.no-
JyyaeTrcst BBIXOAALIUH pAA:

[C]=[B]*[f]. (4.109)
Eciau Ha BLIXOZE Mbl XOTHM IOJYUYHTb OMpejesneHHyw ¢(opmy, cKa-
xeMm [D], To duabrp MoxkeT GHTh BhIOpaH TakHM 00pasoM, 4To
JeficTBuTeNbHbIA BoixoAAHi psig [C] Obu1 HacToMBKO OaM30K K
TpebyeMOMy BBLIXOISLEEMY PSAY, HACKONBKO 3TO BO3MOMKHO. UTOOH
3TO CAeJAaTh, BBIUHCAHM 3JeMEHTH (HAbTPa, KOTOPLIH MHHHMH3H-
pyeT cymmy kBaapartos passocresi mexny [C] u [D]. Coorsercrny-
IOUHE MaTeMaTHUeCKH{l MeTOd odelb HAllOMHHAET AJTOPHTM RBIUHC-
JeHHs K03 huuuentos JuHelRHON perpeccun. Pobuncon u Tpe#tens
[44] mawor oueHp MOADPOOHOE H HMCKJIOYHTEJIBHO SCHOE H3J0XEHue
3TOr0 METOAd, HA3bIBAeMOTO CXeMOH HaHMEeHbIUero KBaApaTHUHOTO
¢huaesTpa.

Paccmorpum npoctoft npumep. IlpeamosaoxuM, 4YTO BXOAAUIHA
BekTop B Hyeer aBa ssnemenrta |[bg, b;]. Torza ¢uabtp Taxkxke co-
nepxkuT gBa adeMeHTa [fo, fi]. Tak Kak BbIXOA U3 QUJbTPA ABJAAET-
Csl CBEPTKOIl BXOAa H (HABTPA, TO OH COCTOHT H3 TPEX 3JEMEeHTOB.

[C]=[B]XIfl,

fo Rl
_bHFMfm] |
e1= [bl I fob1 161 (4.110)

{C]=[f0b0 foby + fibo  fib1].

Ecau Mbl XOTHM, 4ToObl BBHIXOZ H3 (IIbTPA pPABHAJCA HEKOTOPOMY
sagannomy [D], TO MOMXKHO HamucaThb CJEIYIOLLYIO CHCTEMY COBMe-
CTHBIX YPaBHeHHH

fobo + 0 = d,,
f0b1+f1b1 =d, (4.111)
0+ fiby = do ‘

HJHM B MaTpU4YHOH dopme
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, by O° i d,
b1 b [7 ]I d | (4.112)
0 b 4°t Ly,

Byaem o603nauaTs MaTpuily B JeBoil yacTu uepes [B].

MartpuuHoe ypaBHeHHe Nepeonpeseseno, T. e. iMeeTcst TpH ypas-
Henusi ¢ asyMsi neussectubiMH. OaHaxo ecau 0Ge 4acTH ypaBHEHHS
YMHOXKHTb Ha OJHY H Ty K€ BEJHYHHY, TO YpaBHEHHe OCTaeTCs He-
uaMeHHbIM. Tax, YMHOXHB o00e¢ 4acTH Ha TPaHCIOHUPOBAHHYIO K
[3] maTpuuy, MOAYUHM

[81°[81[7] = [8]'[D]

HJIH
tH R RN
0 b, b 1% s | 710 6, b 1L
1] 1 Ob1 71 ] 1 d2

4yTO MOXKHO 3anHcCaThb B BHAE

bet +- by’ mh]Pﬂ Vm+wq
0 e L= . 4,113
{mm b b L | = Loods + 00d, (+119)

Teodusnky Ha3bIBAIOT MaTPHIy B JIEBOH YacTH aBTOKODDEJAlH-
oHHOH MaTpuue#l Bxopa. IlpaBasi wacTh TOrfa e€CThb KPOCCKOppeJs-
LMK MeXAy BXOJAOM H BbIX0J0M. JIeHCTBUTEJbHO, 3JIEMEHTH 3THX
MaTpHL He SBJSIOTCA KOIQOUUHEHTOM KOppesslHH, a SBJAITCA
HEHCIPABJEHHEIMH CyMMaMu KBajJpaTOB H Kpoccmpoussenenuit. On-
HAKO 3HAMEHATeJH JI60ro KOoppeasiHOHOTO YJeHa OJHHAKOBHL H
NOTOMY OTCYTCTBYIOT; pellieHHe 3TOrO ypaBHEHHs OyAeT OAHHM H
TeM e He3aBHCHMO OT TOTO, HCTOJAb3YIOTCA JIH KO3 UUHEHTH KOP-
PeJSLHH KW KBaJpaThl M KPOCCIPOH3BeAeHHUs. Pellenne HaXOAUTCA
ofpalleHueM MaTpHILl, CTOseHl B JEBOH YacTH, H MOCACAYIOLIHM
yMHOMEHHeM Ha BEeKTOp IpaBoii yactu. Ecid marpuuy B JieBOH ua-
cTH o603HauuTh uepes [R], a Bexrop mpasoit wactn uepes [X], To
noayuum [f]=[RI-'[X].

OnHo 13 06IMX NpHUMEHEHHH TeOpHH (QHIALTPAUMH COCTOUT B HC-
CJIJOBAHHH BCTPEUAEMOCTH CleLHaJbHOH BOJNHOBOH (OPMLI HJIH ee
UH(POBOTO MPEACTABJEHHS B HEKOTOPOM BPeMEHHOM psife. AHAJH-
THK MOXKeT NOMBITATbCS NPEBPATHTh 3Ty BOJHOBYIO HOpPMY B HEUTO
6oJlee ABHOE — OCTPLIA MHK HJIH H3JOM B BHIXOAHOM CHCHAJE.

[lycts Bxoasias soaHa B ects [21] u TpebyeMbli BBIXOLHOH
curuaa umeer sua [D]=[300]. Ouu mpepcrapienst Ha puc. 4.59.
Toacras.ss 3Ty sHavenus B (4.113), moayuaem

2 0 i, 3
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; ); GUILTD HaHMEHBIIHX KBaApPaTOB [1,43—057] (s); OTKIHK
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YMHOXKas cieBa o6e wactu Ha [B)’, nonyyaem
[21020 Wore 1 of3]
021]‘2 [J:[OQIJoz

0 1 .0

_[5 fo 6

-l ] k] o]
IlopcranoBka marpuun JeBoii yacTu gaer

[ 5 2 ]—1 _ [ 0,2381 —0,0952
2 5 —0,0952 0,2381]'
Vickomble K03 buunenTH ¢buabTpa ecTh

[f0]=[ 0,2381 — 0,9852 |‘6 1,4286
fx —0,0952 0,2381] 0]=[_-05712J'

L

f

S\

(@3}

}I;{%ild(bggsgzggnnpencmBne}éﬂe ¢unprTpa AaHo Ha puc. 4.59. Mur Mo

Tb ero npeobpasoBaHue, HCIIOJb3 > 1A -

30BaHHA MepPBOHAYAJBHOTO BXO 0 e eane ebeolpa-
m OHOI'O CHTHadAa, dTO JeJaercs -

gTaHOBKOH K03 (PHUHEHTOB B ompefeJsioliee YpaBHeHHe ¢u pa

ajlaHHoe ypasHenHeM (4.109): e

[Cl=1[2 1]*[1,4286 —0,5712].
CsepTka uMeeT BHZ
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1,4286 —0,5712
IC}:[I]% 28572 —1,1424
1,4286 —0,5712

9 (1,4286— 1,1424) —0,5712]

2,572 0,2862 —0,5712]

Buixoa ¢uabTpa ykasaim Ha pHC. 4.59; o4YeBHAHO, Mbl HE NPEYCIeJH
B cosnanuu uucrtoro ocrpusi [3 0 O], HO BbHIXOX ABJAAETCS OUCHb
xopoieit annpoxcuMauuedi. JleicTBuTeibHO, 3TO €CTDH HaRJTy4ast
BO3MOXHAA allPOKCHMAalHsa [Jis 3TOr0 4aCTHOroO BXOAA H buabTpAa,
COCTOSIEro TOJNbKO H3 AByX uJjenon. Temepp Mbl MOXeM M3MEDHTD,
HACKOMBKO XOPOII (HJIBTP, CPABHHB €ro BEIXOA C TeM BLIXOAOM, KO-
TOpbIHl MBI XOTEJH HOJYUHTb. DTO Je/aeTcd BBITHCICHHEM OUINOKH,
onpejesenHoll KaK cyMMa KBajparos pasnocreit mexay C u Dt

o= (3—2,8572) + (0—0,2862) 2+ (0+0,5712) 2=0,1428.

Ec/i 3a5aTh HAa BHIXOJE APYrHe CHTHAJBI, He ABJSIOLIHECT IH-
KOM, TO B HEKOTOPBIX CJYy4asfX OHH AaLYT Gosee 3HHEKTHBHBIH
¢uaprp. O6uiHe THILL QUABTPOB HOCAT HA3BAHUA UMK (xBappat-
Hasi BoJHa), GuabTp Iaycca, numaa.

CraaKHBaHHe W BpeMeHHOH TPeHJ-aHaJu3

BoaMoxHO, HaHGOJee H3BECTHBIE TIe0JoraM GuABTPLL — 3TO Te,
KOTOpHE MpefHA3HAUEHBl IS YMEHDbUICHHA AHCIEPCHH BpeMEHHOro
psna. DTo — NPOUSBOJbHbIE QHJIBTPH, oflilee Has3HayeHHe KOTO-
pBIX — CTUaJHTh JAHHYIO NMOCJEA0BATENbHOCTD; BHIXOJ H3 (HJBT-
pa—9T0 anMpOKCHMAlHsA, TECHO CBA3aHHAd C BxogoM. ObocHOBa-
HEe HEOBXOAMMOCTH TAKOTO Ipouecca (QHIBTPALMH COCTOUT B TOM,
YTO BpPEMEHHOH pSJl COCTOUT H3 IBYX KOMIIOHEHT — «JIHHHOAEHCT-
BYIOLIEro» CHTHAJa HJH HECYIIEro HHGOPMALHIO H HAJOXKEHIOTo Ha
Hero cjydaiigoro uryma. B cuiy ero npHpOABl TaKoil UIyM AOJIKEH
GLITH «KOPOTKOAEHCTBYHOUIEH> KoMrnoHeHToH. [locKOJabKY CHTHaMA
MAJ0 H3MEHSETCs OT TOUKH K TOUKe, a HIyM HMeeT HPOTHBOMOJOXK-
HYIO TeHAEHIRIO, TO CPejHee N0 HECKOMbKHM NPHMBIKAKOIUM TOUKAM
GyleT CTPEMHTbCA K 3HaUeHHIO CAMOro CHrHaJa.

OjHH H3 METONOB CrJIaXKUBAaHHS COCTOHT B alNpPOKCHMALMH KO-
POTKHX CErMEeHTOB HCXOMHOM MOCJAe0BaTeNbHOCTH TVIAAKHMH JHHHA-
MU HJAM KPHBBHIMH. DTH KpHBBIE MOTYT 6bITE TIOAOTHAHBl METOLOM
HaNMEeHbIIMX KBaJpaToB C ITOMOIILBIO H3JIOXKEHHOH paHee TEXHUKH
PErpecCHOHHOTO aHAMH3a. s aTo#t wesnu Hanbojiee NMOAXOMSILHMH
0Ka3bLIBAIOTCS OPTOrOHaJbHBIE MHOTOYJIEHBI, TaK Kak OHH TpebyIoT
TOBKO NEPEeMHOXKEHHsl pAja UJIeHOB H Habsogennii B allpOKCHMHU-
pYeMOM CerMeHTe, 3aTeM CyMMHPOBAHHA H nesenusi, 4ToOH MOJy-
YHTh HEKOTOPLIl KO3 HIHEHT aNIpOKCUMHUPYIOLIeH KPHBOH. Ecan
K09 DUIHEHTHl BLIWHCIEHEl, MOXHO MOCTPOHTD ypaBHeHHe H HCXOA-
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HLle HaGn10,1eHHueA3Haqemm JOJIKHDBL OLITh 3aMEHeHD! Ha NpeicKa-
3auHple 3navennst Y. Jlo Tex mop, moxa mopsiiox annpoKCHMIpYIO-
lleft KpHUBOH MellblUe WHCJA TOYEK B CErMeHTe, KpuBasi OygeT am-
UpOKCHMAUHEH, IIOABEPKEHHOH MEHbUIHM H3MEHEHHSM, YeM HCXOI-
Hble HAOJI01EHHS H, CIe10BaTeAbHO, 60JIee I1a KON,

O6LIYHO 11OC/Ief0BATEIBHOCTD LE CriaKHBAaeTes psizoM Henepe-
KPLIBAIOLWMXCA CETMEHTOB, TaK KaxK OHI IIMEIOT pe3KHe M3.10MbI B
CBOHX 3BEHbsIX. BMeCTO 3TOro omepanus criaxuBaHHA COCTOUT B IO-
CTDOEHIH ANMPOKCHMAUMH K MaJIOMY CEeIMEHTY H ONpeleeHH:
IIPCACKA3alHbIX 3MaUeHHil Y, COOTBCTCTBYIOWINX CpeAleMy HaG.IIo-
AeHHIO B cerMedTe. Cielylomuii cerMent BLIOHPAeTCS TAK, UTO OH
[I€PEKpLIBACT BCE, KPOME OAHOrO, HAaOJIOACHHS B EPBOM CEIMEHTe,
H 3aTeM mpouecc nopropsiercs. Haxoxel, HcxoiHoe MHOXKeCTBO JaH-
HBIX 3aMEHAETCS HA CIJIaXKeHHLIH psifl, MOMYYEHHDLIH H3 KPUBBIX, [0-
AOTHEHHBIX K 3THM NepPeKpPLIBAIOLIHMCH CerMeHTaMH.

Tak Kak MHOXeCTBO KO3 (GUHLUHEHTOB J00KHO GBHITh OIpeae.ieio
H BBIYHCJEHO AJSA KAXKAOrO IEPEKpPLIBAIOIIEIOCs CeIMeHTa, i liMeeT-
Cf MOYTH TAK YK€ MHOIO CEerMEHTOB BO BDPEMEHHOM psije, KaK HMeer-
CST HCXOIHLIX HAOMIOACHHH, TO 3TO 3aTSIKHOI mpouece jaxke npH HC-
[I0/Ib3OBAHHH OPTOTOHAMNBHBIX MHOrOYMEeHOB. OpgHaKo caMH KO3¢-
(buunemkr He ABJAIOTCS HeOOXONMMBIMH, BCE, YTO HaM HAN0, — 3TO

OHEHKH Y; B IEHTPAJbHBIX TOukax cerMeHToB. C 3THM OTpaHHYEHH-
€M MOKHO MepenHcaTh ypaBHEHHs! ODTOTOHAJBHLIX MHOTOYJEHOB Taxk,
YTOOBI MOJYYHTH A/1bTEDHATHBHOE MHOXKECTBO OPTOTOHAJBHLIX YJe-
HOB, KOTOpBIE MPAMO ofecrneyar MoJydeHHe OUEHOK B NEHTPaJdbHLIX
Toukax. [leraam atoro Meroza mpusoasrcs CaBuuKHM H TOgeeM
[48].

[TockoabKy MBI HHTepecyeMcsl TOABKO OLEHKOI B IEHTpaIbHOH
TOUKEe KODOTKOH MOC/eA0BATEIbHOCTH, 7 JOMXKHO ObITh BCErja He-
YETHBIM YHCJIOM. 3HAUHT, KaK KBajpaTHUHAS, TaK U KyGuuHas KpH-
BEle OyIyT MMETb OJHO M TO Ke 3HAYEHHe B LEHTPAJIbHON TOUKe,
IpH 3TOM B JIIOOOM M3 3THX CJyuaeB GYAET HCHO.Ib30BAHO OLHO H TO
€ MHOXKECTBO BECOB. JTO BEPHO H /I KPHBLIX YETBEPTOrO H MSTO-
ro nopsinka. KoHeuHo, ecu K JaHHBIM MOJOTHATH JuHelinyo QyHk-
UHIO, TO 3HAY€HHE B UEHTPAJbHOH TOYKe OYIeT NMpPOCTO CPeAHHM TO-
YeK B CerMeHre. ITO 3KBHBAJIEHTHO BLICKA3LIBAHHIO, UTO BCE YJEHBI
JIHHEHHOrO OPTOrOHAaJbHOTO MHOTOYJIEHA PaBHHL |.

Tabauiia 4.30 orpaxaer H3/0XKeHHOE BbIlI¢; OHA AaeT OpTOro-
HaJ/lbHble MOJMHOMHAJIbHBIE BECOBble HYHKUMH ® A/ HEUETHOrO UHC-
Jla TOYeK B IIOC/IENOBATENBHOCTH [AJsi MOPSIKOB KPHBLIX 2 M 3,
a Takxe JJist IopsiakoB 4 H 5.

Iln7 BHIMOMHEHHS CrAaXKHBAHUS C HCIONb30BAHHEM OPTOrOHAJIb-
HBIX MHOTOYAEHOB MBbl IPOCTO CBEPHEM JAHHYIO TOCJ€10BATe IbHOCTD
C MHOXECTBOM NOJHHOMHAJIBHEIX WIEHOB U 3aTeM Das3felHuM Pesy.b-
TaT Ha CYMMY 4JIEHOB, T. €,

C=Bxlol
Zo
304

Tax kax MHOXECTBO UJIEHOB CHMMETPHYHO OTHOCHTEJBHO HEHTPAaJb-
HOTO 4J/leHa, Pe3yJbTAT OJAHHAKOB, €CAH MLl IPHMEHHM METOJ CKOJIb-
3WIero cpe;llero, KOTopoe e€CTb MPOCTO CKOJb3sILee KPOCCHpOU3Be-
J€HHE MEXK1Y MHOXKECTBOM UJEHOB M BPEMEHHKIM PSAOM, AeMSHHBIM
Ha Tm. DTOT NPOUCECC, BO3IMOKHO, 60.1bllle 3HAKOM re0.,10raM noj Ha-
3BAHHEM BPEMEHHOro TpeHl-anaausa. Cpeln ypasHeHHH, HCOOJb3Y-
eMBIX JIJI51 VKa3aHHLIX Bbille uejel, nsitndieHHbil ¢uaptp [lenmap-
Aa—Toana, o0HIYHO 3alHCLIBAEMBIT KaK CKO.b3sillee CpeiHee B
BUJE
V= 17V, 12(Yey 1 X )= 81Y 4 Vi)
35

Ecan cpabunte Beca ypaBHenusi ckoJsbssiwero cpeanero Wen-
napjaa ¢ OpTOTOHAJbHBIMH IIOJIHHOMHAJBHBIMH YJEeHaMH, NMpHBELEH-
HeiMH B Tab.1. 4.30, TO MBI yBHAMM, YTO 3TO IIPOCTO KBALPaTHOE
YPaBHCHHe, HaTSIHYTOE METOAOM HaHMEHBUIHX KBaJpaTOB Ha NAThb
Touek. Jlpyrue craaxuBaioliie ypaBHEHHS, UCIOAb3yeMbE BO Bpe-
MEeHHOM TpeHA-aHaJju3e, TaK¥Ke JHOO0 HASHTHUYHBI, JUO0 OUeHb HAMO-
MHHAIOT OPTOrOHAJIBHEIE MHOTOY1HE. DTH CIVIakKHBaloLKe QYHKUMH
OIIHCAHBI B KJIaCCHYECKOH pabote Yurrexepom u PoGuncoHom [60].
Ha puc. 4.60 nmpeacraB/ieHbl pe3ysbTaThl CrAaKiBaHUS BpEMe”HH(SI‘O
psilda KapoTaxa CKBaXHH ¢ NOMOIIbIO pasuuHuix ypaBHeHu#i. Co-
BCEeM, HE OUEBHJHO, YTO 3TH YHKIHH CKOJb3SLIEr0 CpPeHero siBJjs-
I0TCsT QUJbTPAMH, HJH YTO NPOLECC CKOJB3SIIEro CpeAHero mare-

Ta6auua 430
OproroHashble TOJMHOMHAJbHBIE BECOBble QYHKUMH 51 anipOKCHMAUMK
(craaxusanus). OYHKUUS NPAMO 1aeT OUEHKY CPEAHEr0 3HAYEHHN
B IOCNeJOBATEJbNOCTH H3 IL TOYEK, rie fl— HeueTHoe uucao oT 5 po 17 [48]

KBagpaTHuHblE ¥ KYGHUHBIC UJCHBI YACHLI YETBCPTOTO H NATOIC MOPSIAKOB

n 5 7 9 1t 13 15 17 |l a7 9 11 13 15 17
—3 —2 —21 —36 —11 —78 —21 5 15 18 110 2145 195
12 3 14 9 0—13 —6 —30 —55 —45 —198 —2850 —195
17 6 39 4 9 42 7 75 30 —10—160 —2937 —260
12 7 54 69 16 87 18 131 135 60 110 185 117
-3 6 59 & 21 122 27 76 179 120 390 3755 135
3 54 89 24 147 34 —30 135 143 600 7500 415
—2 39 8 25 162 39 5 30 120 677 10125 660
14 69 24 167 42 —55 60 600 11053 825
—21 44 21 162 43 15—10 390 10125 883
9 16 147 42 —45 110 7500 825
—3 9 122 39 18 —160 3755 660
0 87 34 —198 —165 415
—11 42 27 110 —2937 135
—13 18} —2860 —117
—78 7 2145 —260
—6 —195
—21 195
o 35 21 231 429 143 1105 323|| Zw 231 429 429 2431 46189 4199
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MAaTHUECKH 3KBHBaJEHTEH CBepTKe ABYX BeKTOpoB. ONHAKO OHH MOJ-
HOCTBIO SKBHBAJEHTHDI, YTO JErko N0Ka3aTb, HCHOJb3Ys YHCJCHHBI
mpuMep, PACCMOTPEHHbII BbILIE. HeobxoanMo npegocTepeub yHTaTe-
Jsi; AJ4sl TOoro 4robhl MCIOJAb30BaTb (PUIBTP, HAWAeHHbIH MeTO0 103
HAHMCHbIUMX KBaApPaTOB, KAakK B3BeLUEHHOe CKOJb3dllee Cpeplee,
a lle KaK HEKOTOPBHIH BEKTOp B CBEPTKe, Heob6xoAnM0 o0paTiTh 110-
PSLIOK 31eMeHTOB  (HaAbLTpa. 2T0O 3HAYHT, UYTO HEepBLIH 3JEMEHT
QUABbTPA CTAHOBHTCA NOCJEIHHM UJIEHOM CKOJB3SUIEro CpCRHEro,
BTOPOIt — MPeANOoCcae UM YICHOM I TaK JO TeX IOop, NoKa mocaen-
HHH 3JeMEeHT He CTaHeT MEPBbIM YJCHOM B BLIPAXCHHH CKOJb3SLIC-
ro CpeAHero.

Tax kax GHABTPLI CHMMETPHYHBI, TO COBEpIIEHHO He OYeBHJHO,
4TO MOPSIAOK 3/7E€MEHTOB B GOJBUIAHCTBE CKOJB3ALIHX CPEAHHX 301
H3MEHEH Ha IPOTHBOMOJOXKHLIH, T. €. fir;j=fi—;. B reopusnyeckux
npHMEHeHUAX OOJBUIHHCTBO (GUABTPOB ABJAIOTCH aCHMMETPHUHBIMH
u obpaiueniie cOGCTBCHHOTO NMOPSIAKA 3/1€MEHTOB JJisl HCTOMb30Ba-
HHSI B CKOJB3sILEEM CpejHeM OKa3blBaeTCs KPUTHYECKHM.

Mul  cefiyac TPHMEHHM JIBYX3.€MEHTHBIH acHMMeTpHYeCKHH
GHABTP, BLIYHUCJACHHLIA NEPBOHAYANBHO A BpeMeHHOro psaa

...00021060...,

B KOTOPOM YHTATeJb JIETKO MOXKET Y3HaTh BOJHOBYH (OpMYy pHC.
459, BJOMKEHHYIO B NOCJEI0BATENbHOCTb HyJed. Ecian nopsaaok xo-
3 duiuenToB GuapTpa 0OPATHTL H HCIONL30BATh B KaueCTBE BECOB
B CKOJ/IB3SILIEM CPELHEM, TO pe3yJbraT 6yner TaKoi:

.0 0 0 2 1 0 0....
-057T12 14286

cesm 1,4286
-05M2 1,42585

-0572 14286 | ‘
| S SR e

N—

!

:
o ]
-5,5792 4288 | ‘
“—qi,‘-_——_.d i !
H l i

28572 02252 ~0,5712 0....

.3 it

DTO B TOUHQCTH TOT XK€ pe3y.JbTar, I{OTOprﬁ Mbl MOAYUYHUJAH TNIpUHME-
ileHleM onepaluMu CBEPTKH.

[ipon3BopHbIE

OpTOroHa bHbIE MHOrOUJENbl TAK)Ke MOIYT GbiTh npeo6pasoBansl
TaK, uroGuLl AaTh APYroil MOe3Hbill THI BbiXOAA (QHIBTPA. Xopouo
{I3BECTeH CNOCO0 BLIUMCJEHHS NEPBOH MPOH3BOAHON MOJHHOMHAJb-
Holi kpupoii. [lepBas MPOU3BOAHAS MOXNET PACCMATPHUBATHCA KaK
Mepa H3MeHeHHs HAaKJIOHA NOArOHAEMOH JHHHH HJIH CKOPOCTb H3ME-
wennst snauennit Y. Ecan Y ysenuuusaercs HJH yMEHbIUaeTcs BHYT-
pH WHTEPBaJa C IPHMEPHO MOCTOSHHOH CKOPOCTBIO, TO MPOH3BOAHAA
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Puc. 4.60. Pesyabrathl criiauBanusi nocjaeioBaTeAbHOCTH 3HAUeHHIl KapoTaxuoil
AHarpaMMbl B CKBaKliHE C MOMOLILIO Pas/IHUHBIX ypaBienuii [26, puc. 4.2]:
4 — 2CXOIHLIC AaHHble; 0—3F — yHcao uiaeHos; 5 (6); 9 (8), 18 (e), 17 ()

3TOH (yHKUHH HA 3TOM HHTepBase Oyaer G6au3ka K Hy.a10. Boabiuras
NOJIOKHTEAbHAST MJH OTPHHATeJbHAs NIPOH3BOJHASL YKAa3biBaeT Ha
CKa4yOK H3MEHEHHS] HAKJ/OHA, BO3MOXHO, 00si3aHHbI CKAUKy Cpeaie-
IO 3HaUYEHHS HJIH HaJHYHIO OCTPOrO MHKA.

Ecau nmoaronsiemass xpuBasi OnpejeseHa OPTOTOHAJABHBIM MHOTO-
YJEHOM, TO IPOH3BOHAA MOXKeT OBIThb BhIpa*KeHa uyepe3 OPTOIOHAJb-
nble uieHbl. Tak Kak HaC HHTEPECYET TOJbKO BbIUHCJICHHE TPOU3BOA-
HOH MOATOHSIEMOH JMHHH B LEHTpaJJbHOH TOUKE MHTEPBAJA, TO MOJH-
HOMHAJIbHOE ypaBHEeHHe MOXKeT ObITb NepemucaHo Tak, 4TOOH mps-
MO JlaTh 3HAUeHHe NPOU3BOAHOH. DTOT npouece omiucan CaBHIIKHM H
I‘o?ee;\x [48], xoTOpEle maloT TakKe TaGAHLL A48 HAXOKASHHS TEp-
BOH M BBICIUHX NPOH3BOAHLIX OPTOI'OHAJBHBIX MHOroYjgeHoB. Tabu.
4.31 coaepKHT uJeHBl IS HAXOXKAEHHs TepBOH IpPOH3BOLHON, B3f-
Tble H3 paGoTh [48].

One?arop [IPOH3BOAHOH HCHNOJAB3YETCS B TOUHOCTH KaK CIJidKH-
BAIOIWHA QUABTP B ABYX cayyasx: JHOO NIPH CBepTHIBAHHH MPOU3-
BOJAHbIX UWJIEHOB C HMCXOJHOH MNOC/JAeI0BaTENbHOCTLIO JAaHHLIX, JaH6O
Kag Habop BECOB B CKOJb3AlWEM cpeaHeM. JI1060H U3 3THX mpouec-
COB jlaeT OTKJHK, KOTOPLIH IKBHBaJEHTEH MOATOHKE MOJHHOMHAJD-
HNX KPHBBIX K MOCJ€L0BATEJbHbIM CErMEHTaM M BBLIYHCJEHHIO IpO-
M3BOJHLIX NOJATOHSAEMBIX KPHBHIX.

Mbux MOXKEM YBHIEThb Pe3y/bTAaT NpUMEHEHHS! ONepatopa MpOu3-
BOJHOH K IPOH3BOJBHOH CTYHEHYATON (YHKUHH, NIpeACTaBJCHHON Ha
puc. 4.61. KpyToit yroam mexay ABYyMs CerMeHTaMH BPEMEHHOr0 psi-
Aa BBIDAXKAeTCA KaK MUK B NPOH3BOAHOMN, B TO BPEMsS KaK OCTaTOK
BPEMEHHOro psiia HMeeT JIOKaJbHble NPOU3BOJIHbIE, PABHLIE HY.TIO.

[TosnnoMHanbHBIE CriaxHBaomive GHABTPHL MOTYT ObHITh HC-
NONb3OBAHLL B COYETAHHH ¢ QUABTPAMH AH(PDEPEeHLUUDPOBAHHUS, eCan
HCXOAHbIA BPEMEHHOH pSf COAEPHUT TAaK MHOTO OWHOOK, YTO NpPO-
H3BOJAHLIE CTAHOBATCA HEHHTepApeTHpyeMbIMH. B Tabin. 4.32 u nHa
puc. 4.62 mpuBefeHbl 3HAuYeHHs INODHCTOCTH, H3MEPEHHOH B HedTs-
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OpTorosaJsHbie NOJHHOMHANbHbIE (YHKUMH AJS NePBOA NPOM3BOAHON.
DyHKUHA NPAMO JaeT OLEHKY MepBOH NPOU3BOLHON B LEHTPAJNBHOM TOUKE
NIOJMHOMHMAJBHON KDHBOH, MOATOHSIEMOM B /2 TOYKAX METONOM HAHMEHLUIMX
KBaapaToB, I'Ae fl — HeueTHOe uucAO OT 5 mo 17

TIpou3BoAHas KBAaAPaTHUHOrO MHOTOWJIEH2

n 5 7 9 11 13 15 17
—2 —3 —4 —5 —6 —7 —38
—1 —2 —3 —4 —5 —6 —7
0 —1 —2 —3 —4 —5 —6
1 0 —1 —2 —3 —4 —5
2 | 0 —1 —2 —3 —4
2 1 0 —1 —2 —3
3 2 1 0 —1 —2
3 2 1 0 —1
4 3 2 1 0
4 3 2 1
5 4 3 2
5 4 3
6 5 4
6 5
7 6
7
8
Zw? 10 28 60 110 182 280 408
TIponasognas KyOHSHOrO MHOTOYNEHA M MHOTOufAeda uerBepToR cTemenu [48]
n 5 7 9 11 13 15 17
1 22 86 300 1133 12922 748
—8 —67 —142 294 —660 —4121 —98
0 —58 —193 532 —1578 —141%0 —643
8 0 —l126 —503 —1796 —18332 —930
—1 58 0 —296 —14890 —17842 —1002
67 126 0 —832 13843 —902
—22 193 296 0 —7506 —673
142 503 832 0 —358
—86 532 1489 7506 0
294 1796 13843 358
—300 1578 17842 673
660 18332 902
—1133 14150 1002
4121 930
—12922 643
98
—748
Hopma- 12 252 1188 5148 24024 334152 23256
JIH3YI0-
HIH# ujeH

3 - :
) ) ————— o4 e —

[ S

0

Puc. 4.61. Cryncnuartast Qyuxius, COCTOALLAA H3 TNOC/EAOBATEIBHOCTEI €AHHHUIL

u tpoek (a). [paduueckoe H306paikeHHe MepBoil MPOH3BOIMNOI CTYNEHUATOH QPYHK-

UHH, BHIYHCJEHHO{l Ha OCHOBC MATHWIEHHO KBaipaTHuyHOH NOMMHOMHAABIIOH al-
npokcuMauxu (0)
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Homep CKBRMWUHbI

Puc. 4.62. MaMepeHns NOPHCTOCTH, cAedannsie ¢ uuTepsaiom 10 byrtos (3 M) B
cKBaXHHE, TPOGYPeHHOl CKBO3b He(GTSHON pesepByap Ha apKTHUECKOM Nobepexbe
AJsicKH:

& — HeoGpaGoTanuble jauuble; 6 — MepBas NPOH3BOLHAA HEOGPAGOTAHHBIX AAHHMX

Hofi ckBa)kune. Ha puc. 4.62 TakXe npeacTaB/ieHbl HX NEpPBLIE NpPO-
U3BOJHLIE HJIM, CKOpee, MepBble MPOH3BOAHBIE KBAAPAaTHUHBIX (QYHK-
UHfl, NOLOTHAHHBIX K TIOC/JeJ0BATEJbHbIM MHOXKECTBaM H3 NATH TO-
yek. MaMepeHust mopucTocTH 06aagaloT GOJBIIOH H3MEHUYHBOCTBIO,
YACTHYHO H3-34 M3MEHUYMBOCTH 3KCHEPHMEHTAJbHHX JaHHBIX, HO TaK-
e B CHJIY TOTO, YTO HMCIOJb30BAHHE OUeHb MaJeHbKHX O0BEeMOB
mpo6 NPHBOMHMT K HENPEJCTaBHTeNbHON BHIOOPKe U3 pesepByapa. Xo-
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3nauenns nopucroctd (5 %), H3MepeHHble B NPOLYKTUBHOM cice HE(pTsHOMH
CKBaXXUHBI, NPOOYPEHHOR Ha apKTHueCKOM noGepexbe ANSCKH.
IpoGbl B3ATH C HHTEPBAAOM B 3 M

Tabauua 432

(Bepx) 113,2 9 6,7 17 18,9 25 21,2
2126 10 12.8 18 22.5 2 21.7
314.3 Il 14.2 19 21.6 97 23.0
416.2 12 16.3 20 23.2 98 221
5 15.2 13 15.4 21 92.8 29 224
6 14,1 14 14.0 22 24.7 30 21.8
| 7 11,2 15 15.0 23 20,0 31 19.8
8 15,3 16 23,2 24 23,4 32 247 (OcHoBatine)

T rpaduk nepsoli NPOH3BOZHOH SICHO NOKA3LIBAeT MaKCHMAaJbHOE
H3MEHEHHe NOPHCTOCTH B 00pasie ¢ HOMepoM 16, OLIHGKH B HCXOA-
HDIX A@HHBIX TAK¥K€ OKa3blBAIOT BJHSHHE HA OCTATKH. ’
Ha puc. 4.63 mpejcraBiaeHL u3aMepeHHsi MOPHCTOCTH OCJAE Criia-
XUBAHHA NATHUICHHBIM KBAJADATHUHHIM (QHJIBTPOM. XOTs pasaudus
B NMOPHCTOCTH MEX/1y BepXHEeH M HuIKHell yacTsMil pesepByapa Co-
| XpaHsioTcsl, 6oabline (GIyKTyauHH OT TOYKH K TOUKe IOraliaioTcsl.
Ecaun neoBpaboraHHble gaHHBlE [eHCTBHTEJBHO COCTABJEHBl KAaK
CMEChb «HCTHHHBIX» MOPHCTOCTEH CO CJAYYaHHBIMH OWHOKAMH, TO
; TJajkas anmnpoKCHMalHsi MOXKeT jJaBaTh Oojee GJH3KYIO K néﬁcn‘-
‘ Ei;reenbﬂocm KapTHHY H3MEHEeHMs NOPHCTOCTH, YeM HCXOAHLIE HaH-
w Ilepsas MpOH3BOJHAS CriIa’KEHHBIX JAHHBIX TaKXe IpeAcTaBJe-
Ha Ha puc. 4.63. SIBHOe M3MeHeHHEe MOPUCTOCTH MEXHY npoGamu ¢
HoMepaMHu | u 16 scno mokasano. Kak M cJeioBaio O0XHAaTh, BCe
3 IPOU3BONHEIE OCTATKOB CTJIAXKEHHOH KPHBOH 6JHM3KH K HY.JIH. ,
i I‘ec?_(bl»isnxn yCTaHaBJHBAIOT KauecTBO (HJBTpPA, HCCJeAys 4yac-
TOTHBI CIEKTD N0 M nocJte GHJIbTpaluu. Mamenenus B cne1<fpe yKa-
| 3BIBAIOT HA TO, KaK (HJIbTD /EHCTBYET, U HAa TO, HACKOJbKO BhICO-
KHH 3¢QdexT oH paer. Mpl MOXKeM BBIIOJHHTb NMPOCTONH aHaAu3 Ha
KauecTBO (uJBTPA, CpaBHUBAs IHCIEPCHIO BPeMEHHOro psjga Ao

25 ¢ 20 é
20 10
15 0 A
10 0 j
) ! L L ! |

L _ |
1 S 10 15 20 25 30 33

Puc. 4.63. CraiaxkenHble 3HaUeHHS NODHCTOCTH H3 aPKTHYUECKON CKBAMKHHBEL:

Q — RaHHHE, CIAaXEeHHBble ¢ NOMOWBIO NATHYAEGHHOTO KBAJADATHYHOTO MHOTOUJEHA: 6 — neppas
NPOH3BOIHAA CTIaXeHHbBIX RAHABIX ’
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¢uabTpanun ¢ aucrepcuedi nocge ¢uabtpaunn. Heobxoaumpie cyw-
MBI KBajipaTOB AJs1 BLIYHCACHUS AHCIEPCHH TaKOBBL:
175 HCXOAHOTO BpeMeHHOro psaa

S8, = By — - (2¥ 2,

n

SS,* = TV — IV,
n*

AJs pAAa, HPOLIEIUIero uepes (u.IbTp
SS,; = 37— L (zby,

n*

ST OTKAOHCHHI
I ~

Sy — YR

SS, p
TIpuGmikKeHHOe TPOUCHTHOE OTIHOWEHIe CYyMM KBajipaToB HMEeT
Bux (SS;/SSy*) 100%. B 3Tux paBeHcTBaX BCe CYyMMHPOBaHHA NPO-
BOSATCH MO A JAHHBIM TOYKAM HCXOJAHOH NOCJI€0BATEJbHOCTH HJIH
0 TOUKAaM CrJarKeHHOH Mocae]oBaTedbHOCTH. B yacTHOCTH, OTMe-
THM, UTO BLIUHCJSIOTCS jBa 3HAUeHus /s CyMMLI KBajparos Hep-
BOHAYAJNbHBIX AaHHBIX. [lepBasi H3 HHX YUYMTLIBAET BCe TOYKM HAH-
HOl OCJe10BATeJbHOCTH OT {=1 10 #, BTOpas BKJIOYAET TONBKO Te
HaGMoAeHUs], AJsl KOTOPHIX BBIYHCAsoTCA oueHku Yi Taxum obpa-
30M, H3-3a NOTEpH AAHHBIX HA KOHIAX CTJIAXEHHOH MOCJe0BaTeNb
HOCTH MBI nMeeM n* =n—(m—1). XoTs B 2TOM cJjyuae, KaK H B per-
PECCHOHHOM aHa/H3e, MOXHO OblJ0O Obl OXHAATbH BHIIOJMEHHA pa-
BeHcTBa SSp*=8S;+SSy, TeMm He MeHee €ro HeT B METOAE CKOJb-
34lI€T0 CpefHero. JTO MPOHCXOAKT TO TOH TpHYHHE, YTO BLIYHCJE-
HHe OLEeHOK Y; BOJM3H KOHIIOB NOCIeA0BATEABHOCTH AAHHBIX OTHAC-
TH OCHOBAHO HA HCMOJb30BAHHMH 3HAYeHHH, If¢ BXOASWIMX B BbIYHC-
nenue SSo*. ITosToMy 3HAUEHHC TNPOLEHTHOrO OTHOIIEHHS CYMM
KB/ paTOB SIBJIAETCST MPUOJHKEHHBIM, KO 0 MOMXHO HCHOJb30BATH
KaK noKa3zareds 3GMeKTHBIOCTH Npouecca QuIbTPaLHH.

AHAJIU3 B3AUMO3AMEHSEMOCTH

Ha puc. 4.64 npeiacraBieH FUMOTETHUECKHH CTpaTHIpadUUeCKu#
paspe3 C 3aKOAHPOBAHHOH TMOC/IEI0BATEJBHOCTHIO PASTHUHLIX JIATO-
JOPHUECKHX pasHoBHAHOCTeH mopox. Ecin Bel nccaedyere 3aKOAH-
POBAHNHYIO TOC/ICAOBATENBHOCTE, TO 3aMETHTE, HTO B Helt 4acro
BCTPEUAIOTCS [10CJAE0BATENbHOCTH A-B-~C u A—~D—C. 2t0 Ha-
BOJUIT Ha MbICJB O TOM, YTO CcOCTOfHMS B u D Kak-TO CBA3AHH! ¥
ONHO MOMET GbLITh 3aMEHEHO APYTHM B MpeNsaraeMoii TOCJie/10Ba-
TeNbHOCTH. DTO CBOMCTBO ABYX HJH 6GoJsiee COCTOSIHHI BCTPEUaThCs B
OHOM M TOM XKe OKPYMEHHH Ha3blBaercs B3aHMO3aMEHAEMOCTLIO,
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P H HCCJeiOBanHe 3TOTO ABJEHHS GJH3KO
K BLIAIBJIEHHIO PYNN COCTOAHHH, 3apaHee
¢ He oueBHAHBIX. Takue Hccae10BaAHUS
NPHMEHAIHCh B DAa3JHYHBIX 0faacTsx,
0 Kaxg, HamplMep, npil aHaJH3e yacTed pe-
Y H aBTOMAaTH3alluu npounecca ¢ororpa-
A ¢uposanus [46]. Dtu MeroanLl npencTas-
JAIOTCSA NEePCNEKTHBHBIME M JJs HCCJe-

¢ JOBaHHS IeOJOTHYECKHX JaHHbIX.
R e ] Ananus MaTpuULI NepexoaHbIX BEpO-
AT, SITHOCTCH MO3BOJSIET VCTAHOBHTL ABE Be-
c JIHYHHBL: B32i1MO3aMEHSE€MOCTh MEPBOTO
NopsiiKa cjesa H B3aHMO3aMeHSIEMOCTh
MEPBOro MOpsiaKa crpaBa. DTH TepMHHDI
8 BO3HHKJAHM MPH HCCJICLOBAHUH HANHCAH-
4 HbBIX TEKCTOB, B KOTOPLIX COCTOSIHNSA
NpeaCTaBJeHbl  CJ0OBaMH, a YTeHHE OCy-
LleCTBASAETCS  cJgaeBa Hampaso. Ecam 3a
¢ KaKHMI-1H0O0 JBYMSA OTJAEJbHO B3STHIMH
CJOBAMH HOCTOSTHHO CJeAYyeT OJHO M TO
8 ¥Ke CJI0BO, TO OHH MOTYyT OHTbH 3aMede-
HBl IpYr ApYroM. DTO SIBJEHHE Ha3biBa-
— eTCsl JIEBOH B3aHMO3aMEHSEeMOCTBIO, TaK
c [l KaK CI0BO, KOTODOE MOXKET ObiTh 3aMe-
ooty HEHO  ADYrHM B TOCJELO0BATeJbHOCTH,
D jJi = - }1' : . : jﬁ pacnoaaraercs cjesa. [Tockoaeky crpa-
oo ry)  THrpaduyeckHe NOCJEI0BATENBHOCTH UH-
A o= e==0=0g  TaloTCs CHH3Y BBEpX, TO GoJee YROO-
= HBIM B 3TOM CJydyae SIBJACTCA TePMHH
c «B3aHMO3aMeHSeMOCTb CHH3Y». MaTpuua
JIeBOH B3aHMO3aMEHAEMOCTH NOJydaercst
8 H3 MarpHllbl NEPEeXOIHLIX BepOSTHOCTEl
B pe3yibraTe BLIUHC/JEHHS OTHOLUCHHH

A IPOH3BEACHHH CTPOK MAaTpHIHL.

L IIpeamonoxum, uyTO Mbl MMeeM MaT-

Puc. 4.64. Uacts uermpex- PHLY TEPEXOMHbIX BEPOATEOCTeH MOpSiA-
4WIeHHOi crpaTHrpaguueckoii K4 MXmM, rae P;; — BepoATHOCTb noJry-
mocnefoBaTenbHOCTH  BHia  UEHHS COCTOSIHHSL A; 10CTe COCTOSHHA
A—>B—>C u A—->D—C A;. OtHowenne npoussexenui, onpene-

JAKllee  JIeBYI0 B3aHMO3aMEHSIeMOCTb
ABYX COCTOfIHHH, cKaxeM A, n As paBHO

m

2 PPy
L= /=1 . (4.114)

m m
V 38
=1 =
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st Haxoxpaenust 3HaMenarte/si BO3BOAUM B KBaJpaT Kamiabll aje-
MEHT CTPOK / M §, CyMMHDYeM KBaJpaThl II0 CTPOKAM, NepeMHOKa-
€M CYMMbl H HaXOAHM KBaJpDaTHBIX KODeHb M3 3TOr0 NpOH3Bee-
His. [ HaXOXKAGHHS UHCIHTENS HYXKHO YMHOXKHTb KaMAbli
3/J€MEHT r-H CTDOKH Ha COOTBETCTBYIOLUHH 3JIeMEHT S-ii CTDOKH H
HafTH CyMMy 3THX npouspefeHuii. OTHOLIeHHE ABYX [OJYYeHHBIX
BEJHWIH H €CTb OTHOIUEHHE NPOH3BEeJeHHH HJIH Mepa JIeBOH B3aHMO-
3aMEHAEMOCTH Lys. 32METHM, YTO eCJH CTPOKH C HOMEPAMH 7 H S
HAEHTHYHB (r=s), TO UHCJMTeNb H 3HAMEHAaTeJb COBIAAAIOT, H OT-
Howenne pasuo 1,0. TTosToMy Mepa B3auMo3aMeHSeMOCTH H3MEHS-
ercsa B npegedaax ot 0 xo 1,0, 1. e. 0<CL,<C1. Tak Kak 3HaYeHHS
BeposiTHOCTeH P;; HAXOASTCH C NOMOMBIO JeJAEHHS KAMKAOTO 3JeMeH-
Ta CTPOKH MAaTPHUB! NMePeXOJAHBIX YaCTOT Ha CYMMY CTPOKH, TO TOT
e pe3yabTaT MOMKHO IOJYUHTb NPSIMBIM BBLIYHCACHHEM OTHOLUEHHS
NPOH3BEEHHH CTPOK MATPHILL MEPEXOAHLIX YaCTOT.

KoneuHblll pesyapTaT BEIUHCJEHHH, NPOBOAMMBIX CO CTPOKAMHU
MaTpHubl MEePeXOAHBIX BEpPOSITHOCTEH, — IOJyUeHe CHMMETDPHYHOMN
MaTpuubl OTHOWEHHH npousBeleHui. JlnarouasbHbe 3JeMEHTH, KO-
neyHo, 6yayT paeuel 1,0. [Ipyrue ajieMeHTEl XapakTepHIYIOT CTEHEHp
CXOACTBA MeXJy NMapaMH pa3JHYHLIX COCTOSHHH, OCHOBAHHYIO Ha
NPOLEHTHOM OTHOLIEHHH UHCEJ, XapaKTepH3YIOUHX IOPSLOK CJaefo-
BaHUS HEKOTOPOro TPEThEro COCTOAHHS 3a JaHHOH mapoli cocTosHuUiL.

MaTpHubl mepexoIHbIX YAaCTOT M BEPOSTHOCTEH JUISt MOMHON IIO-
CJEN0BATeJbHOCTH, H3 KOTOPOH B3AT H300paKEHHHH Ha puc. 4.64
Y4aCTOX, HMEIOT CJeAVIOLHH BHA

MaTpuua mepexoaHbiX BEPORTHOCTEH

MarTplua ACPeXORHBIX 4acToOT (Bl MepexoNoB CHU3Y BBEpX)

A B cop Spre R
A |- 011 210~ 23 A -0,00 0,48 0,09 0,43~ 1,00
B 4 013 3 20 B 0,20 0,00 0,65 0,15 1,00
C 14 6 0 9 29 C 0,48 0,21 0,00 0,31 1,00
DI- ¢4 315 0O_ 22 D ~0,18 0,14 0,68 0,00 _ 1,00

Mepa nepoii B3aHMO3aMeHSIeMOCTH MeXK]Iy COCTOSHHAMH A u B
BLIYHC.TAETCA KAK OTHOIICHHE NMPOH3BENEHHH C/IEAYIOWHX CTPOK:

A [0,00 0,48 0,09 0,43]
B [0,20 0,00 0,65 0,15)

Buiuncssist 910 sHavenue mo popumyae (4.114), noayuaem Lap=
=0,27, uto naer nam snementsl Ly, 0 Ly MaTpHILI Mep JieBO# B3aH-
MO3aMEeHAeMOCTH. AHANOTHYHBIM 0GPAa30M HAXOASITCS €€ OCTaJbHbIE
saeMeuTbl. [TosiHas MaTpuna HMeeT CieqyOMMH BHA:

- 1,00 0,27 0,60 0,25 -
0,27 1,00 0,34 0,96
0,60 0,34 1,00 0,27

- 0,25 0,96 0,27 1,00 _
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Bricokas B3aHMO3aMeHsIeMOCTb CBEDXY IIOKAa3bIBAET, YTO CYILECTBY-
eT CuJbHAs TEHNEHUHS K [OABJEHHIO OJHOTO H TOTO K€ COCTOSHHSA
BCJeA 3a ABYMS ADYTHMH COCTOSIHHSIMH, T. €. OHIl IIOSBJSIOTCA B
OJAMHAKOBOM OKpy2KeHHH. HH3Kasi B3aHMO3aMeHsIeMOCTb CHHU3Y, Ha-
060poT, NOKa3LIBaeT, YTO BCJeJ 32 JABYMSI COCTOSHHSIMH TNOSIBJSIIOT-
¢Sl pasJIHYHble COCTOAHHS.

Marpuua Mmep npaBoil B3aHMO3aMeHseMOCTH (HJH B3aHMO3are-
HAEMOCTH CBEpXY) HAXOANTCS C MOMOIUBIO BBIYHCJAEHHS OTHOIICHIISA
IPOM3BEACHHH CTOJNOLOB MaTpHUBI MEPEeXOAHLIX BeposSTHOCTEH (CBep-
Xy BHH3), KOTOpble B CBOIO OYEpejb HAXOAATCH C MOMOLUBIO Je/ieHHS
KaxkJ10ro 3;1¢MeHTa MaTPHUBI EPEXOAHbIX YACTOT Ha CYMMY 3JeMeH-
TOB COOTBETCTBYIOLLErO CTOA61a. DTa MaTpnila BEPOSTHOCTER coep-
JKHT OTHOCHTEJIbHBIE YACTOTHI, C KOTOPBIMH BBIOpAaHHOE COCTOsIHIE
ABJSIETCS] MPEALIEeCTBYIONNM HJH NOCJAEeAVIOIHM AJs APYroro co-
cTosiHusA. MaTpHUa B TOUHOCTH Takasl e, KaK MBI MOTJIH Obl 110Jy-
UnTb, ecan Obl NPHUHAIH KOHEIl NaHHOH Nocje/l0BaTeNbHOCTH 3a Ha-
4a.i0, BLIYHCJHJH BEPOATHOCTH NEPEXOXOB CBEPXY BHH3 H 3aTeM
MaTpHILy NMepexoaublX BeposATHOCTel. MaTpHua nmepexoiHbIX BeposT-
HOCTell ¢cBepXy BHH3 yKazaHa HHXKe.

MaTpHUA nepexoaHbIX BEpPORTHOCTEH

MaTpuua nepexomHbiX HacToT (27159 11eDEXOHOB CBEPXY BHH3)

A B C D A B C D
A -0 11 2 10- A - 0,00 0,55 0,07 0,45 _
B 4 0 13 38 B 0,18 0,00 0,43 0,14
[ 14 6 0 9 C 0,64 0,30 0,00 0,41
D _4 3 I5 0. D _ 0,18 0,15 0,50 0,00 _
Cymmu mo 22 20 30 22 CyMMB 1O 1,00 1,00 1,00 1,00
croabuam croabuaM

B mo6om cayuae, nMeeM JH Mbl JeJ10 CO CTPOKAMH HJH CTONG-
IaMH, BCe 3JEMEHTbl CTPOKH Hau cToabua aeasTcs Ha CyMMYy 3.e-
MEHTOB 3TOH CTPOKH HJAH CTOA0LA, NMpPHYEM 3STH CyMMEl COKpalla-
IOTCSl NIPH BLIYHC/IEHHH OTHOIUIEHHS NPOHU3BEJEHHIH MEXiy CTPOKaMH
uau cronbuamu. IToaToMy TOT e pes3yJ/ibTaT MONYYaeTcsi, eCJH Mpo-
1i3BECTH 3TH ONEpAlMH NPSIMO C MATPHUEH NepexoAHBX uacror. Me-
pa npaBoH B3aHMO3aMEHSIEMOCTH COCTOssHHH A u B BHUHCHsETCS
KaK OTHOLIEHHE NPOH3BeNeHHH ABYX CTOJOLOB:

A B

0,00 }—1] 0,55

0,18 | ——1} 0,00

0,64 |——1] 0,30

0,18 J——| 0,15
Mepa mpaBoii B3anMo3aMmeHseMocTH paBHa Rap=0,49. Ipyrue
3J€MeHTH HaXOAATCs aHa JorHyo. IlomHas MarpHua npasoii B3au-
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MO3aMEeHAEeMOCTH HMEET BHI

1,00 0,49 037 0,63
049 100 027 094
037 027 100 021
0,63 0,94 021 1,00

Mutepnperains 3Toil MaTpHIlLI TaKas e, KAK H HHTEpPIpPETauus
MaTplilbl Mep JeBOH B3aHMO3aMEHsIeMOCTH; OTJIHUHE COCTOHT JHILb
B TOM, 4TO CXOJCTBO B Hell yCTaHaB/AMBaeTCHd Ha OCHOBaHHH TEHHACH-
UMK OJHUX H TeX Ke COCTOSIHHH ObiTh NpejllecTBYIOLIHMH HJH IO-
CeYIOUIH MH.

Hakonen, Mbl MOXKeM ONpeIeJHTb MAaTpHUY Mep B3aHMHOi 3a-
MEHSIeMOCTH KaK MaTpHLy NpOH3BeJeHHIl BceX Nap 3HayeHHH Mep
J1eBOH M mpaBoi B3aHMO3aMEHSEMOCTH, T. €.

Cij = Lini]" . (4.115)

dta Mepa xapaxTepusyeT OJU30CTb OJIHOTO COCTOSIHHS C APYTHM
yepe3 OTHOCHTE/bHble YacTOThl, ¢ KOTOPLIMH 3TH COCTOSIHHSI NMOSIB-
JSIIOTCS B MOCJAEA0BATENbHOCTH, T. €. BXOAAT MEXKAY CXOAHBIMH CO-
croanusmu. [Ipon3BeseHHe MHOXKECTBEHHBLIX 3JEMEHTOB ABYX Mar-
PHIL B3aUMO3aMEHAEMOCTH HMEET BHJ

1,00 0,13 0,22 0,16
0,13 1,00 0,09 0,90
022 009 1,00 0,06
0,16 0,9 006 1,00

Mrl MoxeM HOCTPOMTBH «JepeBO» HEpPapXHYECKOTO pas3MelieHHs,
B KOTOPOM YKa3aHBl CBSI3H OFHOIO COCTOSIHHS C JIPYrHM Ha OCHOBE
UX B3aHMHOH 3aMEHSIeMOCTH H B KOTOPOM H3y4YaeMble COCTOSIHHS
pAacIoJIOXKeHbl B MOpsAjAKe HX HauboJbllefi B3aHM03aMeHSEMOCTH.
MeTtojisl MOCTPOEHHST TaKUX <«IepeBbeB» ¢ nomoilbioc DBM 6ymyt
paccMotpednl B . 6. Tenepp e MBl OrpaHHYHMCS H3y4YEHHEM pe-
3YJBTATOB I'DYNNHPOBalHS «JepeBa» MATPHI B3aUMO3aMeHseMOCTH,
HOCTPOEHIOro NJs CTpaTHrpadHueckoro paspesa, NpejacTaBJeHHOro
Ha puc. 4.64. Taxue Tpu «gepesas uzobpakeHwl Ha puc. 4.65. flcHo,
gro B 11 D TecHo cBsI3aHbl KaK C TOUKH 3peHHA OBLIerc npexliecTsy-
IOLEro, TaK H C TOUKH 3PEHHS NOC/eLYIOUIero COCTOSHHUS.

[TosBuBIUMecs HenaBHO NyOJHKAaLHK, NOCBALIEHHLIE aHAJIU3Y
B3aHMO3aMEHAEMOCTH B PeOJIOTHYECKHX 3a/1auax, He MOTYT CJYXKHTb
elle SIPKHM [0Ka3aTeJbCTBOM TMOJE3HOCTH, IPHMEHEHUS 3THX MeTO-
OB B Te0/IOTHH, DKCIEPHMCHTDI, HCIONL3YIOUIHE NAHHBIE IO CTPAaTH-
rpadrueckoMy paspesy B KaHnsace, oKkasasHCh I0OJIe3HBIMH B HHTEp-
npeTanuy HUKA0TeM. Bce OTJOXeHHS, BOlIeAllHe B 3TOT GOJIBIION
paspes, OblIH packmaccHpHUMPOBAHbL Ha 18 auTOMOrHYECKHX CO-
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Puc. 4.65. I'pynnei crparurpaduueckidX COCTOsiHHH, NMOCTPOEHHBIE MO TpPeM THMAM
Me€p B3aHMO3aMeHsAeMOCTH.
CocTosinda B ¥ D aHAJOMHUHLl 1O HX MOMOMKCHHAM B CTPATHIPAa(HIECKO NOCICIOBATCALHOCTH

crosinuil. Anajua B3aMMO3aMEHSEMOCTH Obla HCIOJb30BAH C LEJbIO
HAaX0XJIEeHHs MHHHMAJ/bHOIO YHCJA JIHTOJOTHUECKHX pPa3sHOBHAHOC-
TeHl, HeOGXOMHMBIX .51 ONpPEeeIeHHsT MOCJe10BaTeJNbHOCTH. Baaro-
Japst 5TOMY yhaJoch 136exaTh KaacCHPHKALHN H3BECTHSKOB 110 HX
PacIoJIOXKEHHIO B pa3pese N OOBEKTHBHO CO34aTh ONpPENE]CHHYIO
LHKJIHUECKYI0 MOJedb [14]. BeposTHO, 3TOT MeTOHL MOMKHO yCHEIUHO
HCIOMb30BATb HPH pelleHHH JPYTHX crparurpaduyeckux 3ajad,
a TaKXKe NPH HCCJIeJOBAHHAX MHUHEPaJbHBIX [apareHe3ucoB.

Ha 3ToM MBI 3aKaHUHBaeM pacCMOTPEHHE METOLOB HCCJeL0BalilsI
nocjefoBatebHoCTell JanHbix. Hamn ommcanpl Haubosee 4acro c-
nojib3yeMble B HACTOsLlee BPEMS B I'€OJOTHH HPOUEAYPH H METOIbI,
KOTOpEIe TO3BOJNHJAH MOJYYHTh HHTEPECHbIE DPe3y/bTaThl H B APYTHX
obaactsix. OgHaKo Halle H3J0XeHHE HHKAKHM 06pa3oM Heab3st CUH-
TaTh HCUYEPTBIBAIOILHM, U MOXKET CJAYYHTBCS, UTO B KOHEUHOM HTOTe
MOJE3HLIMH A/ HAayK O 3eMJIe OKaxKyTCcsd COBCEM APYTHE METOIHl.
Onunaxo paccMOTpeHHBIE BONPOCH! OXBATHLIBAIOT 3HAUUTEJbHBIH Kpyr
3ajay u COCTABJAIOT OCHOBY AJS NMOCJIEYIOLIEr0 H3YYeHHs H Mpo-
LOJKeH sl HCCae10BaHuUH.

OTMeTHM, YTO reo.IorH He HsydaJan npodjeMy aHainsa nocseo-
BaTe/bHOCTEH JaHHBIX B TOH e Mepe, KaK 3afaud HCCJeNOBAHUSA
pacrnpefejeHHBX AAHHBIX B IPOCTPAHCTBE. DBIIOJHE BEpOATHO, UTO
aHaJ/Ii3 XapT IOJYYHJ CBOe pa3BUTHe GJjarofgapsi TOMY, YTO OH IIH-
POKO HCMOJ1b30BaJICA 1/ NpeickasaHusi (pUHAHCOBLIX 3aTPAT NpH
Pa3BEAKE MECTOPOXKIEHHIH KaK He(TAHBIX, TAK ¥ TBEPABIX NMOJE3HLIX
HckonaeMbx. HecoOMHeHHO, MeTOABl aHaJH3a JABYMEPHBIX AAHHBIX
OdYeHb BaXKHBI, H Mbl PACCMOTPHM HX B r'ul. 5. OfHaKO NpelIcKasaHne
buHaHCOBLIX MpUOBLIEH HE MOXKET CAYXHTb J0Ka3aTeJbCTBOM B
NOJb3y NPHMEHEHHS PACCMOTPEHHBIX METOJOB AJIsl H3YUEHHS IOCJe-
nosatesbHocTedl AaHHbIX. CKopee ciefyeT oGpaTHTh BHUMaHHE Ha
NOTE€HUHA/bHblE BO3MOXKHOCTH METOAa aBTOMATHYECKOH KOppeJsUHH
KapoTaXKHbiX JHarpaMM CKBaX{HH M/ Ha METOJl H3yYeHHs NpPOAOJ-
XKHUTENBHOCTH BPEMEHH MeXAY BYJKAHHUECKHMH H3BEDPIKEHHSMH HJH
3eMJIETPSCEHHAMH. DTH 3ajauyl ellle He PEIUeHBbl, H HH OAHH H3 H3-
JIOXKEHHBIX 3/1eCb MeTOJOB HE MOXKeT IIPeTeHJ0BaTh Ha TO, YTO OH
1acT YAOBJETBOPHTENbHOE pelleHHe. OLHAKO 1O Mepe TOro0 Kax Mbl
Oynem GoJbllle y3HAaBaTh O TEOJOrHMYECKHX IIOCJEAOBATENbHOCTSX,
6yayT nosiBaATbCA BCe GoJiee MOIUHBIE H YCOBEPINEHCTBOBAHHBIE Me-
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toxs. KOHEUHBIM Pe3yJbTaTOM HAlKX HCCJENOBAHHH AOJNKHO OBITb
He pellenue cnelMHYecknX 3ajay, a pacllUpeHHe HAlIUX 3HAHHH O
npoleccax, KOTOpble IPOHCXOAAT BHYTPH 3eMJIH.
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