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IlpepucaoBue pepakropa
pPYCCKOro nepeBojaa

Hepeako cayyaercsi, 4TO ydeHBl — KPYNHBI CleLHaJHcT B OI-
pejesieHHOi 06nacTH 3HAHMA — CTPEMHUTCS CO3/1aTh PYKOBOJCTBO, B
KOTOPOM OH OCTPO HY:KJaJcs, KOrjaa JAejaj HepBble I[IATH HA H3-
6panHom nmyTh. Ecam kpyr mpoGJaeM, HHTepecyOIHX TAKOTO yYeHO-
ro, A0CTATOYHO HIKMPOK, ecan on o6JajaeT napoM Hexarora H ecqaH
OH He JIHILEH JHTepPaTypHHIX crnocoOHOCTelH, TO M3-MOJ ero mepa BhI-
XOJAMT KHHUTa, KOTOPOi yroroBana cyacramBas CyAbGa — IMIHPOKAA
yHTaTeNbCKasg ayAuTOPUS M A0ATaf KH3Hb. [lymMaeTcs, 4TO KHHra
P. ®. Unnu orHOCHTCA K NPOU3BEAEHHAM TAKOr0 poja.

P. ®, Uunn — u3BecTHHI 1WOTIaHACKHA reosor — Ha co6CTBeH-
HOM OOIIHPHOM oOnbiTe yOeaunacd, CKOJIb 110Je3H0 GulIo GBI €ro KoJ-
JeraM HMeTb PYKOBOJCTBO MO CTATHCTHYECKHM MeTOAaM, KOTOphie
NpHMEeHHMbl H B ﬂaﬁopampun 3a MHKPOCKOIIOM, H B NoJie Henocpem-
CTBEHHO Ha OOHa)KeMuH. 3Has OYyrJHBOE OTHOIIEHHE Te0JOTOB K
H3OLIPEeHHBIM HOPMYAbHBIM BBIKJIAAKAM, OH pelld Tak IOCTPOHTh
KHHTY, 4T0Obl OHa Obla JOCTYNHA YHTATeNIO ¢ MHHHMAJbHOH MaTe-
MaTHUeCKO INOArOTOBKOH. DTO 3acTaBui0 UHHHM BecTH H3JI0XeHHe
B YNpPOIEHHOM «peHeNnTypHOM» CTHJe: N0 CYTH, KHHTa IpejcTaBis-
eT coboii co6panye TilaTe bHO pasoOpaHHEIX NPHMEPOB NPHMEHEHHS
CTATHCTHYECKHX METOJOB K reoJiorHueckum 3apgauaM. ITpu 3tom pe-
LIeHHe 3ajad pasjeseHo Ha OoTjesbHble TOAPOGHO ONHCAHHBIE LIATH;
3aTeM YuTaTeNo NpejnaraloTcs pasHble HaGopbl JAaHHBIX, KOTOpble
OH JI0JIKeH IomblTathest 00paGoTaTh caMOCTOATENbHO 1O TOH Ke
cxeme, Wwar 3a waroM. BoJablloe BHUMalne yJeJeHO BLIYHC/AHTENb-
HOJ cTopoHe. Knura cHa6xena BceMH CTaTHCTHYECKHMH TaGaMIaMH,
HeoOXOJMMBIMH NPH BBHIMOJHEHHH ONMHCAHHBIX B Helt npuemos. Of-
HHM CJOBOM, aBTOp HOCTapaJcs, YToObl el0 MOKHO OblJI0O MOJIb30-
BaThCs KAK CIIPABOYHHKOM,

[Mpeanourenye B KHHIe OTAAHO TeM CTAaTHCTHYECKHM MeTOJaM,
BBIYHCJAEHHA MO KOTOPBIM, IO cja0oBaM CaMoro L]HHH, «MOryT pasmec-
THTbC Ha 00paTHOR CTOpPOHE MOYTOBOTO KOHBEPTA» H JHIIbL B OT-
JenbHbIX caydasix TpebyloT obpanlenua K kaabkyaatopy. He aumeno
OCHOBaHHi oflaceHHe, YTO H3-3a HAPOUHTOI MPHBEPKEHHOCTH aBTOPA
K PYYHOMY CUETy HHOMY UHTATeJIO B Hall MAIIMHHBINA BeK ero KHHra
Ha TIepBbLIH, MOBEPXHOCTHLIH, B3rJAL MOMXKeT NOKA3aThCA apXaHuHBIM
NOKYMEHTOM «J0KOMMIbIOTepHO# 3pbi». Ho 370 fBHO nocneunoe cyx-
genue ObICTpPO pasBeercs npH OGoJgee riaybokom 3HAKOMCTBE C KHH-
roit. Bo-mepBeIX, H3BeCTHO, YyTO reoJor, Oyaydd B ToJe, IpeANOYH-
TaeT HOCHTh B pioKk3ake obpasusl nopof, a ne DBM, a, Bo-BTOpHIX,
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KaK 3TO OYeHb XOpOIWO Mokasano YUHHH, caM XapaKTep reoJoruyec-
KHX HabJioaeHnii AHKTYeT BHOGOpP CTATHCTHYECKHX KpPUTEpPHEB, BbI-
YHC/JeHHs KOTOPBIX, AeflCTBHUTENBHO, UPE3BHIYAIHO NPOCTHI.

B xnure, rakoii neGoabiuoii no o6bemMy, aBTopy yAagock npoje-
MOHCTPHPOBAThL HCIOJb30BAHHE OKOJO ABYX J€CATKOB CTATHCTHYEC-
KHX KPHTEPHEeB, NpHYEM MOJAABJAK (lee YHCJO NPUMEPOB MOCBALICHO
YHCTO TeOJOTHYECKHM 3afayaM: H3yYeHHIO NpuOpeKHBbIX ranex, Mo-
JIATOHAJBHOM (popMbl cTOJIOUATOlH OTACAbHOCTH B 6a3anbrax, nopdu-
po6.,1aCTOB B H3BepKEHHBIX H MeTaMOpP(hHUECKHX TMOPOAAX, OKaMeHe-
JlocTel, OPHEHTHPOBKH PAas3JHYHBIX CTPYKTYPHLIX 3J1E€MEHTOB H T. M.
210 HEOGX0AHMO NOAYEPKHYTh, MOCKOJILKY BO MHOTHX KHHTax oTe-
YeCTBeHHBIX M 3apy0e:KHBIX aBTOpPoB O00/blIag YacTh H3JMOXKeHH:
OTHOCHTCS K 3ajla¥aM TFeOXHMUYECKHM, NeTPOXHMHYLCKHM H Teodu-
3HYECKHM, rJe HaGaofeHHs caMH 1O cebe SIBISIOTCA KOJHYECTBEH-
HBIMH; HX 3HAYEHHH MOMKHO CHOXKHTb, YMHOMKHTb, NOMENHTb, T. €.
IPOH3BECTH C HHMH Te MAaTeMaTHYeCKHe MAaHHMYJALHH, KOTOphIe,
BpoJe Obl, COBepLIEHHO HEOOXOAHMB! NPH NPHMECHEHHH CTATHCTHKH B
reojiorud. I'eosornueckue ke HaG/aI0A€HHS YacTo He 00MAZAIOT Ta-
KOil KOJHYECTBeHHOH NPHPOJOH, M HX CTaTHCTHYecKas o0OpabGoTKa
nojApasyMeBaeT ILHPOKOe HCINOJb30OBAHHE TAK Ha3HBaeMblX Hemapa-
MeTPHUECKHX KpuTepHeB. B KHure jocTaTouHo noApoGHO pacckasa-
HO, YTO OHHM COGOM TpeACcTaBAAIT. 34ech MBI JHIIL MOAYEPKHEM HX
HEKOTOpble NPEHMYIIEeCTBa Nepea TPaNUUHOHHBIMH CTATHCTHUECKHMH
METOAAMH, KOTOpble OOBIYHO 060GLIEHHO HA3LIBAIOT I'ayCCOBCKHMHE!
HemapaMeTpHyecKHe MeTOJAbl NMPHMeHHMB JJisi 06paboTKH AaHHBIX,
He 06/Mafa0MuX KOJMHIECTBEHHON ONPeAeeHHOCTRIO; OHY HesavMenn-
MBI, KOTVIa HeH3BecTelH 3aKOH paclpele/eHus H3yuyaeMblX caydaiHbix
BeJIMYHH; AJIA HHX XapaKTepHa MeHblIas YyBCTBHTEJbHOCTb K «3aCO-
peHHIo» CTATHCTHYECKHX NAaHHBLIX, K BJHSHHIO rpyOBIX OWIHGOK, TMO-
NaBIUIEX B CTaTHCTHYeCKHH Marepnas. CKazaHHOe BOBCe He 3HAYMT,
YTO rayCCOBCKHe MeTOAHl y¥Ke Topa claBaTb B apxuB. Tam, rje oxu
NpHMEHHMBI, OHH, KOHEUHO, JaloT 60Jiee TOUHEE pe3y/bTaThl, OITO-
MYy H BIpeAb OYAyT o4YeHb LUIHPOKO HCMOJb30BATLCA B MeOJOTHYECKHX
NPUIIOKEHHAX.

Kuura YUunnn, moxanayi, nepsas B JuTepatype N0 MaTeMaTHYec-
KO Te0JIOMHH, TAe HellapaMeTPHYSCKHM MeTojaM y/AeJeHO OCHOBHOE
BHHMaHHe. B sTom mniaHe oHa OyJeT mojesHa He TOJLKO TeoJoOry,
HauHHAIOUEeMY MPHMEHATb CTATHCTHYECKHE MEeTOJbl, HO H YHTATEJIO,
fosiee YMYAPEHHOMY B 3HAHHK MateMaTHuecKol cratuctuku. [Ipuxo-
JIUTCSI OTMETHTb, YTO PeLeNTYPHHI» CTHJIbL H3J0XKeHHs Aan UuHH
BO3MOKHOCTh PAacCMOTPeTh WIHPOKHHA KPYr NpHMEpOB, HO HEKOTOpbIE
NMPHHIANKHAIbHEIE BOTIPOCHL OCTaduch B TeHH. B yacTHocTH, MOYTH
HHI/le He MOSICHSeTCH, MoYeMy H3 HeCKOJbKHX BO3MOMKHBIX CTATHCTH=
YeCKHX KPHTEpHeB MpeAnoyTeHe OTAaHO HMEHHO TOMY, a HE KaKO-
My-TO Apyromy. ITostomMy uHTaTe/ 10, CTOJKHYBLIeMYCsl B CBOEH TIPAK=
THKE C TOf HJIH HHOH reosorHUecKoil 3ajayeii, KOTOpYIO KeaaTeJlbHO
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PElIHTh ONMHCAHHBIMH MeTOJaMH, MpPHIAETCS OTHICKHBATH B KHHTE
6JIH3KYI0 IO CMBICJAY. Bpsix JIH COOTBETCTBYIOUIHH aHajor Haiijercs
JUIsi BeeX cayvaen. UToGE paclIMpPHTL CEKTP 3ajad, peliaeMblX He-
NapaMeTpHYECKHMH METOAdMH, YHTATEI0 MOXKHO pPEKOMEHIOBAaTh
kuury P. Pynuona !, koropad TakiKe paccyuTana Ha YHTATEJs C MH-
HHMa/JIbHOH MaTeMaTHYecKOH MOArOTOBKOIl, HO B OCHOBHOM COJAep-
JKHT COLLHOJIOTHYECKHEe H SKOHOMHYecKHe 3adaun. C aToil ke 1eabio
MOJKHO 06paTHTbCA K KHHre, HENOCPeACTBEHHO ajApecoBaHHOl reoo-
ram % u NocBAIIEHHON BayKHOMY pasjesy HenapameTpHYecKoH cTaTH-
CTHKH — PaHroBuiM KpuTepusM. [IpaBaa, o JOCTYNMHOCTH OHa ABHO
yerynaer NaHHOH KHHTe.

P. ®. Yunu Mor Gbl B cBOEM NPENHCJIOBHH He NMOJYepKHBATh, YTO
KHHra HaMHCaHA He MaTeMaTHKOM, a reoaorom. O6 3ToM Jerko jao-
rajpiBaemibest, Korjla obHapyxuBaellb y aBTopa nmpodeccHoHalbHoe
BJaJleHHe TeOJIOTHUECKOH TepMHHOJOTHeH, TOHKOe NOHHMAaHHe CYTH
re0JIOTHYECKHX 3a/au, He CBOHCTBEHHOE NMPECHBIM MAaTeMaTHUECKHM
TpyaaMm oOuIHe «JIHPHICCKHX» OTCTYIJIEHHH, CHLOOpPeHHBIX CBOe0d-
Pa3HBIM IOMOPOM, CMBICJ KOTOPOro, Hajfo HajlesTbesl, YAaJ0Ch Nepe-
JlaTh NEpeBOAYHKY, H, TJIaBHOE, XOpOUIO NO3HPOBAHHYIO A0JIO CKel-
THIM3MAa B OTHOLIEHHH BBIBOJOB, NOJyYaeMbIX Ha OCHOBe OMHCAHHBIX
CTATHCTHYECKHX MeToj0B. M3 3ameuawnit Uunu, pasbpocaHHBIX mO
TEKCTY, MOXKHO CJOMKHTb CAEAYIOIYI0 06IyI0 PeKOMeH1alHnIo, KOTo-
poii xotesock Gbl 3aKOHYHTBL 3TO NpPEAHCJIOBHE: IPH Beeit TOH MOJb-
3€, KOTOPYI0, HECOMHEHHO, NPHHOCAT H3JIOXEeHHBle MeTOJH, B JI0-
60M KOHKDETHOM cJaydae MX NPHMEHeHHs! c/leflyeT NOMHHTb, YTO OHH
JIULIL HAGOP WHCTPYMEHTOB B CJAOKHOM NOWCKE WCTHHB, 4 OTHIOAb
He cama HCTHHA, H HeoGXOJAHMO pa3yMHOe KPHTHUYECKOe OTHOIIeHHe
K NOJYYeHHLIM CTATHCTHYECKHM BHIBOAAM, HX HENPEMEHHOe COomo-
CTaBJeHHe C JAPYTHMH MOJAXOAAMH H NPHEMaMH reoJIOrHYeCKHX H3H-

CKaHHH.
H. lllarazun

1 P. Pynuon. CupaBousHk 1O HemapameTpuueckoil cratucruke. — M.: @u-
HAaHCH H CTaTHCTHKa, 1982.

2 Koean P. H., Beaos IO. 1., Poduonos J[. A. CraTHCTHYECKHE DPaHrOBHE
KpHTepHH B reoJorud. — M.: Hezapa, 1983,



[IpenucsaoBne

[Tepex Bamu KHHra Mo CTATHCTHKE, HANHCAHHAS He CTATHCTHKOM,
a nosesnm reosoroMm. Ilocie Toro kak B mepBoit ke ¢pase s Tak
JHCKPEIHTHPOBAJ KHHUTY, TO3BOJbTE MHE NONLITATHCS BOCCTAHOBHTH
XoTst OBl BHAMMOCTbH €e TOJe3HOCTH. [eosorHss npeuMyliecTBeHHO
omHcaTesabHasl HayKa, H TIO9TOMY NpODpece Kak B TEOPETHUECKOM, TaK
H B NPHKJaAHOM ee acmeKTax 3aBHCHT OT YMEJOH JAOKyMeHTallHH.
TmarenbHble onucanus pa3sBHBAIOT HAUIY MPOHHILATENbHOCTD, IKCIIE-
pHMEHTaJbHOe YyThe H TBOPUYeCKylo HHTyHLHI0. Ilocrosinno MHO-
JKATCSl TEOPHH M HAKAMJIHBAIOTCS JaHHBble, W JIHUIL NPABH/bHBIE HH-
Tepnperauud ob6ecrneudBaloT YBEPEHHOCTb B TOM, YTO YCHJIHSA Hall-
PaBJeHHl B Hy)KHOe pyc/o, Mbl BRIHYIKIeHB IPHHHMATL pELUEHHS;
yem OaMzKe K MeCTy npoBejenus HaOaiofeHnit, Tem ayuwe. Koraa
MLl OcMaTpHBaeM oOHa)KeHHe, KepH HJIH JMI000H Apyroil 00beKT, MHI,
BO3MOKHO, BHAUM DY Toro, uro HaGJiofaeM; a B TOM, YTO BHAHM,
MOHHMaeM Toxe, GhiTh MoxeT, 5Y. Mbl LOMKHBE pa3BuBaTh CBOIO
Ha0a104aTeJbHOCTb M ObLITL YBepeHHBIMH B CBOHX THIIOTETHYECKHX
ob6bsicHeHHsX. MMeHuno craTHCTHKA NPUXOLMT HAM Ha NOMOLLb Kak
HHCTPYMEHT A5 006paboTku AaHHBIX H NpHHATHA pewennii. Koraa
HaM yjaeTcs TOTYAC XKe yCTAHOBHThL, YTO AaHHOe O0bACHEHHEe IMpH-
eMJIeMO, 3TO 03HAYaeT TO [POJBHXKEeHHe BIepe], Ha KOTOPOM MOTYT
6GasupoBaThCcs AafbHeiilne uccaeroBanus. Ilpoasukenne 3aBHCHT
or cOopa AaHHBIX, YTO Yacto OblBaer jgoporocrosmium. Mozkem JH
Mbl TTOBBICHTE 3(Q()EKTHBHOCTE H TOYHOCTb pelleHHH MyTeM YCTaHOB-
JIeHHS CBA3M MEXKAY KOJHYECTBOM AAHHBIX M MOCTABJEHHBLIMH 3aja-
gaMH, WJIH, HA0OOPOT, MOXKEM JIH Mbl H3BJeKaTh Oonablie HHDOP-
MalHH U3 y:Ke nMeromuxcs ganubix? Ortsetom Ha o6a Bonpoca Gy-
JeT: «BecbMa BepoATHO, 4TO JAa». OOBIYHO HAM HYIKHBI IPOCThIE
OTBETHl HAa MPOCTbIE BONPOCHl, HO MYTH K HHM MOTYT ObITb JbsIBOJIb-
CKH H3BHJIHCTBIMH.

Hrak, 06 stoit kHure. Kakoit ypoBeHb 3HAHHA MaTeMaTHKH BaM
HeoGxoauM, uToGbl MoOHHMAaTh ee? He HamuHoro GoJblie MKOJbHOH
aare6pel ¥ TPHTOHOMETPHH, KOTOPHIE BEl HCMOJb3yeTe, YHTAA KAPTh
H BBITIOJIHAST OCHOBHYIO paboTy no cheMKe, H 6Ge3 KOTOpLIX BB, Be-
posTHO, 3a6ayauauck Get B Tpex cocHax. Ecaun Bawe ymenue pabo-
TaTh C KapToil BKJIOYaeT Takxe 00paboTKy crepeorpauyecKux
NPOeKNHH, TeM Jyylle, TOTOMY YTO B IVI. 9 (MOCBALLEHHOH OPHEHTH-
POBKaM B TPEeXMEPHOM IPOCTPAHCTBE) A HEMHOTO YCJOMHAK H3JO0-
JKeHue, 37ech TaKiKe HCMOJb3YIOTCA HEKOTOPble OCHOBBI MaTPHYHOM
anare6pbl, HO Bce, uTO moTpebyeTes AJs 3TOTO, BKJAIOYEHO B CJA0BAPh
TEPMHHOB.
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Henpemenno pasbupaiite mpumepnl M ynpaxkheHus, tem Gouee,
4TO X HemHoro. Biee oM peanbHbl 10 TaKO# CTeNeHH, YTO B HEKOTO-
PHIX M3 HHX 51 COXPAaHMJ AHIIHHCKHE eIHHHILbI, MOTOMY UTO HMEHHO
B HHX BHINOJHAJHCH TIePBHYHBIE H3Mepenus. B sTux mpumepax rtak-
JKe SICHO BHJeH INOTJaHJACKHH KOJOPHT: BCEe OHH COCTaBJEHLl HA Ma-
TepHaaax, cobpaHHLIX B okpecTHocTAX Daunbypra. Ham mpusitHo
JAyMaTh, YTO HMEHHO 3Jecb, B paborax JIxk. 'errona, 3apoauaack
KJIACCHYeCKasl Te0JIOTHS, HO 51 JIHYHO HEe CYHTAI0 ee KaKOH-TO HCKJIo-
YHTEJLHO HeOObIYHOH H YK BO BCAKOM cJjydae yHHKaJbHOH. $ xouy
0cofo MOAYepPKHYTb, MTO panblle, dYeM Bel Jo0epeTech A0 KOHLA
NepBoil IJiaBbl, B CBoeM COOCTBEHHOM «ODOpOJe» BBl HaiifleTe TakHe
JKe BO3MOJKHOCTH Aas1 ympaxuenuii. ITosromy s maznerock, 4To pac-
cesisl BrevaTseHHe o0 OrpaHHYEHHOCTH IIPHBOAHMBIX TPHMEPOB H
BOEJTHJI B BAC JKeJaHHE HCKATh COOCTBEHHbIE MPHMEpPH!, H 4eM cKopee
Bbl 3TO clejaere, TeM Jyuile. PaccMaTpuBaeMble MHOK METOAHKH
MOT'YT GBITH IPHMEHHMBI TTOBCIOY.

Kak, nakosen, s npeacrasasio cebe Bac, OBOMX UMTaTeNed, H Kak
BaM I0Jb30BAaTbCsl 3TOI KHUro#? Bel Momxere ObITb CTYAEHTOM BCe-
ro JHLIb ¢ OJHHM TOJOM Fe0JIOTHYeCKOH KH3HH 3a [J1e4aMH, HJH Te-
OJIOTOM-TIPOH3BOJICTBEHHHKOM, H/IH TEOJOrOM-HCCAeI0BATeIeM. XOTH
H3yueHHe CTATHCTHYECKHX METOJIOB ¢ TPYAOM NPOHHKAeT B IeoJorH-
YeCKHe KYPCHI, TeM He MeHee 3TO NMPOHCXOIHT NMOBCEMECTHO, H MOA
KHHra, OBITh MO¥KeT, Oy/AeT crnocoO6CTBORATL 3aMOaHeHHI0 HebOJIbIIOo-
ro npoGena. [TonbsyiiTech el Kak yyeOHHKOM, KaK CNpaBOYHHKOM
AJIsl CCBHIJIOK, HO ry1aBHbIM 00pa3oMm Kak pykoBoiacTBoM. llesb BTOM,
4r0Obl BBl TMOBCIOAY Tackagau ee ¢ coboi, n yeM OGogblue oHa Oyier
Herpenana, Tem Oosblie g 6yay yiaosaersopeH. Koraa mepen Bamu
BCTaeT 3ajava, BRIHHUMANTe 3Ty KHHTY, KapaHuJall, TeTpaib, MOXKHO
H KaJbKyJaaTop, H pellaiite ee nmpaMo Ha Mecte. O0s3aTebHO MHIIH-
Teé MHE, eC/H Bhl Ha#lere KakHe-HHOYIAb OMIHOKH (MM, cJeJ0BaJio
66l ckasaTh, Koeda Bbl HX Haiijgere). Sl HeCy NMOJHYIO OTBETCTBEH-
HOCTB 3a 3Ty KHHTY BIJIOTH 0 TOrO, 4TO Bce TaGJHMIbI, Ha KOTOpLIe
HMEIOTCH CCBHIJIKHM, 332 HCKJIOUeHHeM ABYX HeOOJbIIHX, f caM Iepe-
cunrtaj. ITo BceM MeTOAHKAM HANUCAHBI MPONPaMMBbl 1/ KaJdbKyJsf-
Topa (pupmbl «Xbloserr [Makkapa» HP41C, no s ne npuBoxy 3snech
HX TEKCTHI, IOTOMY 4YTO B BalleM paclopfi:KeHHH OYAyT ApPyrHe BBI-
gHcanTebHBIe cpeactBa. $ xay toro jaus, korma HP41C cramer
«Me0JIOTHYECKHM MOJIOTKOM»!

P. &, Yunu

Menukynx, lotaangus
Hoa6ps 1982



bJaaroaapHocTH

Hanncauue KHHrH — KOMaHJHOe JOCTHXKeHHe. Mosi «komaHga»
6pi1a HeOoJbIIOH, HO paboTana 3pdexkTHBHO. YnoeHHe OT JA0CTaB-
weiicsa et poaH JOJKHA HCNbITEIBaTH MuccHc Ilarpuums Crioapr,
KOTOpasi ¢ ONPOMHBIM TEePIIEHHeM MOJHOCTHIO Iepenedarana nepBblil
BapHaHT PYKONHCH, TipaBjia, HHorAa He 6e3 BopYaHHs HA CBOEM pOA-
HOM HPJAHACKOM II0 IOBOAY NPHUYYAJHBOCTH MaTeMaTHYeCKHX (op-
MyJ. YCepAHO TPYAHJHCh MOH pPelleH3eHThl, KOPPeKTHpYs, MHaBas
coBeThl H noarouas. J-p Pomxep Meiicon ¢ reonornueckoro paxy/b-
Tera JIOHIOHCKOTO YHHBEPCHTETCKOIO KOJJela OCHOBATEJIbHO IO-
MOT' PaCYHCTHTb CJOBECHBIE MMKYHIVIH, KOTOpble CKPHEIBAJH CaMBIil
paunuit Bapuaut pykonucu. -p Haiimxen Byaxoxk ¢ ¢axyabrera
Hayk o 3emje KemOpHIXKCKOrO YHHBEPCHTETa OKas3aJ MHe ocobyio
MOMOIIlb B BONpOCaX CTATHCTHKH OPHEHTHPOBOK. MHOXeCTBO coBe-
TOB AaBaa A-p Jlu Benbun u3 HMucmuryra GHOJONHUECKHX HCCHAeNO0-
panuit CSIRO (KanGeppa), u eMy s ocofenno npusuarteseH 3a 3a-
MEYaHHs 10 MOBOAY NapaMeTpoB, cTeneHel CBoOOAbLl H BLIYHCIHTE b=
HHX MeToAMK. [I-p Jau Mépbam u3 l'ocyrapceTBeHHOrO yHHBEPCHTE-
Ta Yuuura (wr. KaHsac), ¢ KOTOPBIM MBI IepenHchIBaJHCh, Aafl
MHE BO3MOXKHOCTH I'M1yOOKO IIPOYYBCTBOBATHL Pa3JMYMs B AHDIHH-
ckom asbike Llornanaun u Cesepoit Amepuxu. DBoloch, uTO A He
BEIIIOJIHUJI psifla ero IpeisorkKeHnuii, u obpaulaloch K CceBepoaMepH-
KaHCKHM YHTATEAAM C MpochOOi Me MPHIABATh 3HAYEHHS DAa3JHYH-
AM B HaNHCAHHH HEKOTOPLIX TEPMHHOB. On Takxe caenalJ MHOKeCT-
BO YaCTHBIX 3aMeYaHHi, CAHIIKOM MHOTOYHC/IEHHBIX, YTOOBl NPHBO-
JUTH HX 31ech, Hakouen, 1-p H:xeko6 Kapu us I'ocyrapcrsennoii reo-
Jiornueckoil cay:k6nt M3pauisi, HeoleHHUMbIH TMOCTOSIHHBIE TOMOIL-
HUK, ¢lenas oco0eHHO rayboKkHe 3aMedaHHs: s 4yBCTBYIO ce0d B Ka-
KOH-TO CTemeHH AO/IKHHKOM B CBA3H € MHODHMH €ro INpe/iozKe-
HHAMH.

ITocie peleH3HpOBaHHsA TepenevyaTKy PYKOMHCH B CiKaThle CPOKH
BhINOJIHHAH MHccne Mapeus Paiit (BBegenme, ri1. 1 w 2), MHCCHC
IMatpumus Cxparrod (ra. 3—5), muccuc Anna Xunkun (ra1. 6—8)
i Muccuc Mapraper Ceadt (ra. 9 u 10).

Pomxep [xoue, [Ixopdpu [Tanmep, dansaber Poiisn H HX KO-
A€PH 10 H3faTenbeTBy «JlKopaxk AJsien sHA AHyHH» CNOCOGCTBO-
BaJIH OCYyUIECTBJICHHIO 9TOIO IIPOEKTA.
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JloBepuTebHbIH CEKTOD KPYrOBOTO CpeAHEero HampaBieHH:
PaBencTBO KpYroBbIX CpeAHUX HANpaBIeHUi
PasencTBo mapamMeTpoB KOHUEHTpPALHH (KPYroBbLIX)
Jucnepcronnoe oTHolleHHe DHllepa

JoBepuTe bHBI KOHYC c(epHUecKoro cpefHero HampaBJeHHS
PaBeHcTBo nmapaMeTpoB KOHUEHTpauuH (cdepHyeckux)
Pagencteo cepHuecKnx cpefHHX HaTpaBJICHHI



3amMeyaHHsi 0 BbIYHCJEHUAX
no opmyaam

ITpn BLIUHCJAEHHSX MO HEKOTOPLIM H3 HanGoJee CIOKHHIX (op-
MyJI, BCTPEUAIOIIMXCS B 3TOH KHHIe, Ba)KHA IMOCJAELOBATENbHOCTD
onepaiHii, cocTosas B CJAeAYIOIIeM:

1) cHavana B NPHBOAHMOM HHIKE TIOPAAKE BHIYHCJSIOTCH BhIpa-
JKEHHs!, 3aK/I0UeHHbIE B CAMbIC BHYTPeHHHE CKOOKH;

2) 3aTeM NpPOM3BOAMTCS BO3BeJeHHe B CTeNeHb, M3BJIeUeHHE
KBaJIpaTHOTO KOPHS H BHIYHCJeHHe JorapudMOB, CHHYCOB, KOCHHY-
COB H TaHIeHCOB;

3) sarem nier ymMHOXKeHHe (X ) MJH JejeHHe, BHINOJIHAEMOE Clle-
Ba Hampaso;

4) cnOXKeHHe HJIM BBIYMTAHHE, BLIMOJHSEMOE cJeBa Hanpaso.

OGpaTute BHHMaHHe, YTO ACHCTBHS, HMEIOLIHE PaBHHIH MPHOPH-
TET, BHIMOJHAIOTCS cjeBa Hanpaso. Ecu Bbl moJb3yeTech 37eKTPOH-
HBIM KaJdbKyJaATOPOM, TO HOJIAKHBI ObITh YBEpeHbI, YTO 3Haere, KakHe
NPHOPHTETHl VISl OCHOBHBIX apH(pMeTHUYeCKHX JefCTBHil 3aJ0KeHbE
B Ballly MallHHY, TIOTOMY YTO B HEKOTOPHIX KaJdbKYJATOpaX yMHOMKe-
HHE M JeJeHHe HMEIOT NMPHOPHTET HaJ CJIOXKeHHeM M BLIYHTAHHEM, a
B HEKOTOPLIX — He HMEIOT €ro.

ITpumep. Ilpu usydenun Audpaxiuuy PeHTTEHOBCKHX Jyuel Mbl
qacto mosbdyemcsi (opmyJoit 3akona Bpsrra: A=2dsin®; mnepennu-
caHnasi JJs BBHIYHCTCHHS MeKIJVIOCKOCTHEIX PAaCCTOSIHHE, OHA HMeer
BHA

d = /(2sin 0).

Ilonaras, uro A=1,54A u 0=35,2°, ycranasmuBaeM Ha KaJbKyJs-
TOpPE PeKHM BbIJAYH PE3YJbTATOB C TPeMs AECSITHYHBIMH 3HAKAMH H
CHayaJa BHIYHCJAAEM BHIpajKeHHe, CTosillee B CKOOKaX:

25in0 = 2sindb,2° = 2 x 0,676 = 1,152.

3areM BHIOJHSEM JAeJeHHe:

d=1,54/1,152 ~ 1,336A.



BBeaeHue

B sToM KpaTKoM BBeAEHHH $ Ipecjeayio yethipe uenan: 1) obey-
JHTb Te 3HAYEHHA, KOTOpHe BKJIAABIBAIOTCA B TEPMHH CTATUCTUKA,
'H IPEJJIOKHTh HECKOJbKO BHAOB NPHJIOKEHHH, CBA3AHHBIX C KaiK-
JAbIM H3 HHX; 2)OmHCaTb CTPYKTYPYy KHHPH, B OCOOGHHOCTH Te ee
CTOPOHEI, KOTOPHIE He COBCeM OOBIYHBI, H MPOAEMOHCTPHPOBATD JIOTH-
YeCKyl0 CBfi3b MEXKAy IiaBaMH; 3) ONpeie]HTh TOT KPYT YCJOBHIl,
B KOTOPBIX 3TH METOABl MOryT ObITh NpUMEHMMBI, 4) mMoKa3aTh Ty
POJIb, KOTOPYIO MOTIYT BBINOJHATH KaJbKyJasaTopsl 1 IBM,

Pasnble Ji0aM NOA «CTaTHCTHKON» IOHHMAIOT COBEPLIEHHO pas-
Hble BellH, H, KOHeYHO, OHa BHI3LIBACT CaMOe pasHoe OTHOLLeHHe K
cebe: OT NOJHOTO HENPHATHS yYepe3 NMPHATHE C MOJA03PHTEJbHOCTBIO,
4 3aTeéM C OCTOPOXKHOCTBIO /0 HeoOy3aaHHOro Bocxuuienusi. IToao6-
HBEIM Ke 00pa3oM XapakTep ee NPHMEHECHHS MeHseTcsd OT BPeAHOro
3Joynorpebyenusa A0 ckpblToil (aabcupukauun. [TozsoasTe MHe no-
MBITAaTbCH TPOJIOKHTDL «CpefHuii Kypc» (H, koHeyHo, 0OOCHOBATD
€ro), HayaB ¢ NPeANOCBIJIKH, YTO «CTATHCTHKA» H CTATHCTHYECKHE
METOJbl OTHOCATCS K OAHON H3 YeTblpeX PacCMOTPEeHHBIX HHIKe Ka-
Teropuit.

1. Bo-mepBhIX, cymecTByeT 0ObIJeHHOE NpeAcTaBJeHHe O «Cra-
THCTHKE» KaK O NaHHHIX (He o6s3aTesqbHO YHCJIOBLIX), COOHpaeMbIX
paau HHX caMHMX M TPEACTaBJsSEMBIX B rpaduyeckoii i Tabauu-
HOH GOpMe B KauecTBe n0AHO20 ONUCAHUA COBOKYMHOCTH OOBEKTOB.
IIpuMepaMu TakOro NMOHWMAHHS CTATHCTHKH MOTYT, Hampumep, Cay-
JKHTb, CIIMCOK BCEX HCKOMAaeMBIX OCTAaTKOB, COOpaHHBIX Ha KaKoM-
JHOO OOHa:KeHHH, HJIH cTepeorpaduueckas npoekHsa, u3obpazxaio-
1A OPHEHTHPOBKH BCeX JaeK B TPEXMEPHOM TIPOCTpPAHCTBE Ha HC-
c/e1yeMoii TeppHTOPHH. B sMIHpHUEOKHX HayKaX HAKOIJIEHHE TaKHX
IAHHBIX CO3/JaeT OCHOBY s JIOOBIX HCCIEIO0BAHHI, H OHH MOrYT
TpecTaBadaTh co0Oif TaKikKe KOHEUYHBIH pe3ysabTaT, €eCJH TaKOBBI
PaMKH HecJaeL0BalHi.

2. Ilnsa obobwennoeo npedcrasieHia Kakoi-To COBOKYTIHOCTH MO-
TYT OBITh HMCIONb30BAHLI HEKOTOpPLIE YHCJOBLIE NapaMeTphl, BhIUHC-
JisieMble M3 HCXOAHBIX AAHHBIX. DTH mMapaMerpbl OOLIYHO BBIYHC/IA-
I0TCSl TIO MPOCTHIM MaremaTHueckuM ¢opmynam. Ilpusenem naBa
TIpHMEepa: COOTHOWEeHIA PAa3IHIHBIX BH/IOB HCKOMAeMbIX OPraHH3MOB
BO BCeil COBOKYNHOCTH B LEJOM H cpedHfaa OPHEHTHPOBKA JaeK Ha
HeeselyeMoit TeppuTopHH. JIpyruMu npumepaMi TakHX mapaMeTpoB
CHYKAT IIHPOKO HCIOJb3yeMble cpefHee 3HAueHHe (Mepa CpeLHero
3HAYEHUA MepeMeHHOH BeJJHYHHLI) H CTAHAAPTHOE OTKJIOHEHHe (Me-
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pa paccesiHHs MepPeMeHHOH BeJHYHHBI OTHOCHTEJLHO €e CPeJHEro
stiavennsi). IlpenmymecTBa BblUHC/JeHHS TAKHX NapaMeTpoB ode-
BHHBI: OAHHM HJIH ABYMs ONHCATeJLHBIMH TIApDaMeTpaMH MOXKHO
3aMeHHTD Leayio Tabmumy uncesa. XOTS NPH 3TOM TepAIOTCH MHOTHE
JleTajiH, CAartoe MPeICTABIeHHe MOKeT OBIThb OUeHb TIOJE3HBIM.

3. BosmoxkHo, oano u3 Hanbosee 3HAYHTEJIBHLIX TIPHMEHEHHUH
CT2THCTHKH 3aK/JHOYaercs B ee HCMOJb30BAHHH 1M npo8epKl 2uno--
Te3, Ha UTO JeJaercs YOop B 3TOH KHure. Pa3BHBas mnpeasayliue
INPUMepBl, MOXKHO 3ajaTh CJeAyIOlHe BONpOChl. SIBasercs am 10Js
OpaxHonoa B HCKOMacMoM coolllecTBe B AaHHOM OGHAKeHHH 3HA-
4UMO OTAUYHOU OT DOJH 6PaxXHONOL B KAKOM-JTHOO APYrOM KOHKPET-
HOM OOHaRenun? 3Haq4uMo Au OTAUYAeTCs cpelnss OpHEHTHPOBKA
AaeK Ha JaHHOH TepPPHTOPHH OT CpejHed OpPHEHTHPOBKH Ja-
eK K ceBepy ot Hee? Kaxk mokasamno B ra. 2, tpefoBaHHe, YTOOB
onucaTeJqbHBle MAapaMmerphl (Wa# Kakue-auGo ApyrHe) 3HAYUMO OT-
JHYATHChE OT MECTa K MECTY, CBOILHTCA K BHIUHCJICHHIO 3HAYEHHS Be-
POSITHOCTH TOTO, YTO 3TH NapaMeTPhl OJAHHAKOBbI, a 3aTeM A0Ka3hl-
BAETCs, YTO 3T4 BEPOSTHOCTh CTOJIL MaJa, 4TO €0 MOMKHO CIOKOHHO
npeHebpedb. YenelHoe NpHMeHeHHE METOLOB NPOBEPKH THIOTE3
NO3BOJIAET Takyld cyObeKTHBHYIO ¢rpa3y, Kak <«...BO3MOIKHO, 9T0...»,
3aMeHHTh (pa3oit «...BepOSTHO, 4UTO...», NPHYEM 3Ty BepPOSATHOCTh
MOKHO ONpeAeNHTh KOJHYEeCTBEHHO, UTO fAesaeT JaHHOE YTBEPIKIe-
HHe BNOJHE 00BHLEeKTHBHLIM.

4. Haxonen, Korga B HCCJeIOBAHHH HPHBOLHTCA OMHCATEJLHLI
napaMeTp WAH UMCAOBAs XaDaKTEPHCTHKA, NOJY4eHHasd B XOAE 3KC-
nepuMeHTa (HampHMep, PesyJbTaT XHMHYECKOro aHaJjH3a), oueHb Io-
JIe3HO UMETh BO3MOZKHOCTh OXapaKTepu30BaTh Hallle 0BEpHE K IIPH-
BOAHMOMY uYHcay. Mbl HHKOrla He MOXKEM PacCUHTHIBATH HA TQ, YTO
TakKoe yucao, 6yAb OHO OmMHcAaTeIbHHEIM ITapaMeTpoM HJIH pe3yJbTa-
TOM 3KCIEPHMEHTa, TOYHO COBMAJLAeT CO CBOMM MCTHHHLIM 3HAYEHH-
eM: 3TO BCerja AOJKHO OHITh ClelHaJbHO omeHeHo. YacTo MOKHO
BBIYHCJIHTD, HACKOJbKO OJHM3KO OHO K MCTHHHOMY 3Hadenuio. Ilpo-
HOJKAasi Hall NMpeAblAVIUIMA TpHMep, MOXKHO CKasaTh Clejayollee:
«HCTHHHAA» jgoas OpaxHoONoJ B AaHHOM HCKoTaeMoM cooOlllecTBe
HAXOAMTCA MEXAY TAKUMH-TO HAKHAM W BepXHHM TpeleJaMH C
TaKOH-TO BePOATHOCTHIO; HCTHHHASA CpefHsAS OPHEHTHPOBKA 3THX Ja-
€K pacnoJiaraercss BHYTpH KOHKpeTHOH 06/1acTH cTepeorpaMMsbl C Ta-
KOH-TO BepPOATHOCTBIO.

Tenepp Mo3BOJLTE MHE ONMHCATL CTPYKTYPY KHHIH H KPYT 3aTpO-
HYTBIX B HeH BOIPOCOB, 4T0 B o0o6mieHHOM BHJe TOKa3aHO Ha
puc. 0.1, ITockonbKy OCHOBHOe BHHMaHHe s YIAEJsIO 3[1eCh MeTOJH-
KaM, CYHTalo JJfA ceGs H3BHHUTEJbHLIM BOCNOJB30BAaTBCA TIPYOOR
aHajoriei. Y MeHsl eCTb CTaphiii aBToMOOHJIbL H Habop HHCTPYMEH-
ToB. Lleas cocTouT B TOM, uTOGH HCNOJAb30BaTh HabOp HHCTPYMEH-
TOB A5 TIOMAEP:KAHHA aBTOMOOHJS «HA XOAy». AnpHOpHOe 3HaHHE
COCTOHT B TOM, YTO 3apaHee H3BeCTHO, Kak paforaerT aBTOMO-
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Puc. 0.1. Jlornueckne, XOTH M Ie BroJjHe OGOCHOBAHHEIE TNYTH H3YYEHHH KHHTH.
Mudps 06o3navaloT cOOTBETCTBYIONNE HOMEpa IJIaB.

OH/1b B HOPMAJIPHOM COCTOSIHHH, a Ha60p HHCTPYMEHTOB — 3TO CPef-
CTBO 1A MOAAEP:KAHHA €ro HOPMAJbHOH paGoTel. ABTOMOOUNL HMe-
€T HECKOJbKO CHCTeM: ABHTaTeJb — ClienieHHe — KopoOKa mepeme-
Hbl nepeiay— TOPMO3Has H 3JeKTpHueckas CHCTeMbl — KoJjeca —
IWIHHEL B T. M. DTH CHCTEMBI NPEJCTaBASMIOT co6O0i PA3JHHHBIE; “HO

B3aHMO3aBHCHMEIe 00J1aCTH MOEro allpHOPHOro 3HaHH4.. B QM}Y"DT: 2

BPeMCHH OJHa W3 9THX CHCTeM OYIeT BHIXOIHTbL M3’ csrp

| 5

H orpga
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f CTABJK KaKylO-TO OTACJAbHYIO 3amnyacTh, MHOT/la 3aMEHAI0 BCIO
cdcTeMy uesnkoM. Tak U B reoJorHH: OIHA M3 BBLIHOUIEHHBIX MHOIO
PMHIIOTE3 MOKET CcojepKaTb caaboe, HO 3aMeHsieMOe BBEHO HJH 0Ka-
3aThCsl MOJHOCTBIO HeoGocHoBanHo#. Bo Beskom cayuae B Garakiu-
Ke JeKHT WHCTPYMEHT, ¥ B Jio0o# MOMeHT, KOTjia OH MHE TIOHAAo-
©Outcs, A Mory J0CTaTh €ro.

B 31OM HaGope ecTh MHCTPYMEHTH 00MIEr0 Ha3HAYeHHs, TaKHe,
HanpHMep, KaK raeysble KJIOUH H OTBEPTKH, H CNEIHaJH3HPOBaHHbIE,
HanpuMep, BoMbTMETp M MauoMmetp. $ 3raio, uté coboil mpeacram-
JISTIOT 3TH HHCTPYMEHTHI H KO€-YTO O TOM, K4K HMH IIOJb30BAThCH,
HO MeHS He CJHMLIKOM BOJIHYET TO, KaK OHH M3IOTOBJASIHCD. S| BHKY,
4TO OTBEPTKA cAeJaHa H3 MeTanna, H IpH Heo6XoAUMOCTH MO Obl
HaHTH efl 3aMeHHTeJ]b, HO BOJbLTMETP IJs MEHS — JMUIb «UepHHIi»
AIHK co WKaJaoi. Tak e oOCTOHT AeJO cO CTATHCTHKOH: HEKOTO-
pele u3 GoJee MPOCTLIX MpPEeACTABJCHHI MBI HMEeM BO3MOMKHOCTh
NpoBepATb, HO MOXKEM NPHHATL U APyTHe NpencTas/ieHHs, 34asd, 4To
‘OHH paboralor M ompeieJeHHO OyAyT MOJe3HEl, paclojaras [pH
3ToM He OoJsiee 4eM KpPaTKHM CIIHCKOM IIpaBHJI.

B ri. 1—3 onHCHBAIOTCH «HHCTPYMEHTHI 061ero Ha3HaueHHs» H
JawTcs caMble o6l1He yKa3aHHA [0 HX HCNOJb30BanHi0. PaceMOTpHM
9TO KOHKpeTHee. B ri. 1 onpeiensiiotcsi HEKOTOPhle Ba’KHble TEPMH-
HBl, IIpeAJaraercsi H3MepeHHe paccMaTpHBaTb Kak 0OOOULeHHBIH
cnoco0 NPHCBOeHHS YHces 00beKkTaM H BBOAATCA cmoco0OHl mpeacTaB-
JIeHHsI 3THX YHCEJN B BHJe HarJsjHbIX rpagukoB. B ra. 2 onuchiBa-
eTCcA cXeMa MeTOJAHKH NPOBEepKH I'HIIOTe3, a B IV 3 TMOKasaHo, Kak
9Ta cxeMa MoxKeT OBITh TNPHMEHeHa IJs MPOBEPKH coryacHs JHGo
Mexay HabGJIoLeHHSIMH H TCODeTHYeCKOH MOoJenbio, JHO0 Mexay
JBYMsI COBOKyNHOCTAMH HabmiofeHui. Ecan Npofo/KaTh aHAJOTHIO
¢ aBToMOOHJeM, TO B II. 4—9 MBI HMeeM JleJ10 ¢ Pa3JTHYHBIMH CHCTe-
MaMH, IpPHUEM NOKa3aHo, KaK MOryT OBITh HCIIOJIB30BAHBl «HHCTPY-
MeHTBl O0IIero HasHayeHHs», HBBOJASTCS B PACCMOTPEHHE «HHCTPY-
MEHTHl CIIeIHaJIbHOrO HasHAuYeHHdA», IPHMeHeHHe KOTOPHIX Y3KO OpH-
‘@€HTHPOBAHO Ha OTAeJbHbIE cHcTembl. CHereMbl CBA3aHBl MEMKIY CO-
Gofi (sa puc. 0,1 3T cBa3n noxkasanwl crpenkamu). O6parure, Ha-
npHMep, BHHMaHHe, YTO YTEHHE IJI. 5 ABAseTcs HeOOXOAHMHIM YCJO0-
BHEM [UJISI BOCIIPHATHA I 7—9.

3aKOHYHB «yYeHHYECTBO» H Hay4YHBIUHCH NMOJB30BaThCH HaboOpoOM
«HHCTPYMEHTOB AJis OOCJYMKHBaHHA PasAHUHBIX CHCTEM», MBI CMO-
JXKeM TIOHATH, KaK 9TH CHCTEMBI MOrYT AeHCTBOBATbH COBMECTHO, 3aC-
TaBJAAsl ABHIaTLCS CTapblf aBTOMOOHJb. XOTd MBI Telepb OCHOBa-
TEJbHO 3HAKOMBI ¢ «HAa0OPOM HHCTPYMEHTOB», HaM €lle cJaeldyer
npuoGpecTd omelT PaboThl ¢ HUM, HAYYHTHCA TPABMJIBHO peillaTh
KOHKPETHHIe 3a/1a4H H H30erarth cepbe3HnX oliH6oK. B AeficTBUTENb-
HOCTH MBI BCe paBHO OyzeMm AeJjiaTh OIIHOKH, HO €CJH BCe-TaKH CMO-
JKeM BHHMaTeJbHO OOCYKAAaTh «pe3yJbTaThl HIpHI», TO OT TAKHX
3anaTHil Oyaer moas3a. B ra. 10 npusoautes 0630p METOAMK ¥ Ae-
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'T"JIaIOTCH HEKOTOPEIE BBIBOJBl OTHOCHTE/JbHO HAWIEro Mojxojia K cra-

THCTHUYECKHM acnexkram HccaefoBanuii. ITo MHeHHIO HEKOTOPHIX pe-
pensenros, 1. 10 cinenoBano caenats nepsoil. Bo Beakom cayyae
JIISI TAKOro MHEHHS eCThb CBOH BeCKHe OCHOBAHMSA, HO sl OKOHUATeNb-
HO penii HavuaTh onucanne HabopoM HHCTPYMEHTOB, a 3aKOHYHTH
¢rapuiM aBToMoOuaeM. [lpenMyLiecTBO 3TOr0 s BHXKY B TOM, YTO IO
Jopore Mbl MO}KeM BbIGHpaTh PasjH4YHble «HHCTPYMeHTH» W npobo-
BaTh HX Ha He CBA3AHHLIX APYr ¢ ApPyrom cayuyaiHelx paborax, pe-
3YABLTAT KOTOPHIX HE OYEHb CYILECTBEeH, HO NpHoOperaeMulil PH 3TOM
ONBIT NOJIe3eH /I H3YUYeHHs H MOHHMAaHHs CaMoro Ipolecca.

Haxkonel, npuBenem 3aMedaHHe, Kacaiouleecf 4acTHOTO MOMeH-
Td B CTPYKTYPe KHHTH: BO MHOTHX HCIOJIb3YEMBIX METOAHKAX Tpe6y-
ercsl, uTo0Obl Mbl o6pamanncy, K dopmyaam uan Tadanuam 3HayeHHi
HEKOTOPBIX lepeMEeHHbIX. $1 MOMeCTHI HX B CAMOM TeKcTe B TeX mec-
Tax, re OHH YINOMHHAIOTCSH, 4 He BblAeJHJ B OTAeJbHOE NPHIIOKEHHE.
[Toanblit HX NepeyeHb NPUBeJEH B Hayajle KHHIH.

Janee, moueMy M Te HCHOAL3YIOT TEOJOTH 3TH CTAaTHCTHYECKHE
MeToAbl? BoJBIIMHCTBO NoJIeBHIX M J1a00paTOpPHBIX Te0JIOTHYECKHX
pabor cocTOHT B cOope AaHHBEIX, KOTOPLIE MOXKHO NPOCTO 3aNHCaTh
nau H300pasuTh Ha Kapre. [locKOMBKY 3TH AaHHBIE HMEIOT YHCTO
olHcaTeqbHOE Ha3HaueHue, OHH NOHAualy MOrytr OBITb OpraHH30-
BaHBl Ha He OYeHb BHICOKOM ypoBHe. Ho Bckope MBI HayHeM CTPOHTH
IHIIOTEe3bl, OMHpPAasCh Ha 9TH AaHHbIE, YTOOL paspaboraTh HHTEpHpe-
TalHIO, KOTOpasi MOrJa Obl BHECTH OCMBICJIEHHOCTb B HeCBs3aHHbHIE
Mexay coboH Ha NMepBHIH B3IVISAL «CIOXKETHRIE JIHHHH», ITO AOMKHO
cnocoOCTBOBATL PA3BHTHIO HAIIErO NMOHHMAHHS, KOTOPOE MBI MOMKeM
nepeaarb ApPyruM B Gosiee poctynuoit ¢opme. Ha camom HH3kKOM
VPOBHe HHTEPTPETAlHH HALIH THIOTe3bl, BEPOATHO, OYAYT NPHMHUTHB-
HBIMH — YyTh Jiyullle, yeM caMble o0liHe BlleyaTleHHsd,— H B CBOeM
NMepBOHAYa/JbHOM BH/JE PelKo MPHTOAHBIMH AJ4 CTATHCTHUECKOH NMpo-
BepkH. OHAKO ¢ caMOro HayaJja cJelyeT CTPeMHThCA K OOLEeKTHB-
HoctH. [Toatomy naMm nano or6upath TakHe MeTOABI, KOTOPhIE 1103BO-
Jasaau Obl MccaeloBaTh crneuHduueckue cBoiicTBA HAUIHX JIaHHEIX,
Takue HarpHMmep, MPUCYTCTBHE KOTOPHIX MOMKeT ObITh 3aTeHEHO HJIH
coBceM cKpuITo. Ecotn metoasl roasaTest A8 HCCJAeL0BAHHH H yI0GHH
B NMPHMEHEHHH, TO HaM HyXKHa JHIUb MOAXOAANLAs CTAaTHCTHYeCKas
TEOPHsI, AJ1s1 TOTO YTOOEI TOHHMATh, KAK CTPOHThH CTATHCTHYECKH IPO-
Bepsiemble THTOTe3H. HemocpelcTBeHHas npoBepKa 3THX THIOTE3 B
noJjie iy B Jabopatopuu mos3soJasier copMyaupoBaTh 00bEKTHBHOE

~ 00'bsICHeHHEe HJM cJAenaTh 0G0CHOBAHHBIH BBIBOL, 4YTO NPOJBUraerT

o=

Hac K ciaelyionieMy atany uccaenosaHus. Uem Ganxe xk Mecty cbo-
pa JaHHLIX Mbi B COCTOSHAM AeJaTh 3TO, TeM Jyulle, MOTOMY 4TO,
KOHUEHTPHPYSl BHHMaHHE B 9TOM HaNpaBJeHHH, MBI JefCTBHTENbHO
COBEPUIEHCTBYEM CNOCOOHOCTb K BOCIPHATHIO H OOBEKTHBHOCTB MOA-
Xona. lpurasach fanpiie (H 3TO OUeHb BAaXKHO), Hesb3si He oOHapy-
¥KHTh, 4T0 ¥ HAC €CTb BO3MOMKHOCTL NpH cbope HeoDXOAHMEIX maH-



20 BBEJAEHME

HBIX C3KOHOMHTL KaK HAa HX KOJHYeCTBe, TAK H HAa HX THNAX, cAedy-
€T MOMHHTb, YT0 cOOP AauHBIX — 3T0, BO3MOXHO, HanGoaee goporo-
cTofAlllas 4acTh BCEro Impollecca HCCJAef0BaHHA.

Maremarnka 3gech foaua GHITh NPOCTOI, MOTOMY YTO MeTORH-
KH IIpejiHasHavaloTest 1Jad HecaeloBaHus H A0MKAL OBITh TPHMEHH-
Mer BOsn3u oT Mecta cGopa AaHHHX. XoTegoch Obl, uroGbl KHHra
CHYKHJIA CIPAaBOYHHKOM, NOCTOAHHO HAXOAAUIHMCH MOL DPYKOH, H,
CcJIe10BaTeIbHO, OHA AOJKHA OLITh KPATKOH H COAEpIKAaTh Te METOo-
AMKH, KOTOpble YMEHbIIAIOT TPYA0eMKOCTb BLIYHCJEHHH, OTBeyalo-
U[HX TOCTaBJEHHBIM HesaM. Tem He MeHee KaKoil-TO 06beM BHUHC-
JIEHHH HeoOXOAHM, H KaJbKyJaTop AJs HaydyHblX pacueroB Gyler
[OJIE3HEIM J0NONHeHuem, KoTopeifi na 909 yioBieTBOpUT AMelOlIHE-
ca morpebuocTd. Hano, 4To0u KaJbKyJaaTOpP MOr BHIIOJIHATE Cjaedy-
IOljHe OmepallHu: YeThipe OCHOBHBIX apH(MeTHYeCKHX JAeHCTBHSA
(cnioxeHnue, BHIYHTAHHE, YMHOMEHHE H JeJeHue); BLlUUC/ICHHE TPH-
TOHOMETPHYECKHX H OOpaTHBIX TPHrOHOMETPHYEeCKHX (DYyHKIHIT, H3-
BJIEYEHHE KBAAPAaTHOTO KOPHS W BO3BEJEeHHE B CTelleHb; BhIYHCIEHHE
HaTypaJbHBIX JIOTAPH(PMOB (C OCHOBAHHEM «e»); MMeJ TNaMiTh, K
KOTOpPOil MO#HO Obl10 Obl OOpamatbes (YTOOBI XPaHHTb KOHCTAHTY
HJIH HaKanJHBATh MPOMEKYTOUHEIE Pe3y/bTaThl), H TAK Ha3LIBaeMOe
HayyHOe (Cc MaHTHCCOH H MOPAAKOM) MpejacTaB/jeHHe 4YHCJIa, IOo-
‘CKOJIBKY moJjyyaioouiHecs usdcia 6yAyT koaebaTbess OoT odeHb GoJb-
fumx 10 oueHb MaJjblX. [IsitusHayHoe BLICBeuHBaHHE YHcea HA
HHAMKATOpe OBblI0 OB JOCTATOYHBIM, HO BHYTPH KaJibKyJATOpa TOY-
HOCTH BBIMMCJEHHH AO/MKHa ObITh Bhille (oM. npuaomenue B.7). Oxn-
HAKO NMpPH H3YYeHHH Ha MecTe OPHEHTHPOBOK, ocoOeHHO B Tpexmep-
HOM NPOCTPAHCTBE, TAKHX, KaK MJOCKOCTH TPEIlHH, OPHEHTHPOBKH
‘CKJIa/YaTOCTH, HAmpaBJeHHH [aJeoNOTOKOB H T. I, Mor Obl GHITh
MOJIe3eH KJABHIIHBIH NMPOTPpaMMHPYEMblil  KasbKyJsITOP C JecsiThio
Han Gojee ajpecyeMbIMH sueflkamMu namsiTH. 3a TO BpeMmdA, KOTOpPOe
noHano6ua0Ch MHE M MOHM peleH3eHTaMm AJad paboTsl Haa pyKo-
MHCHIO, TeXHWYECKHil mporpecc B AefiICTBHTENBHOCTH clelaa TaKoi
1ar BMepes, YTO Ternephb CTaJ0 BOIMOMKHEIM 3aMHCaTh B HeNPepLIBHYIO
namsiTh KapMaHHOrO MPOrpaMMHPYEMOro KOMIObIOTepa éce TalJIHILbI
1 (GopMyJIBl 3TOI KHHTH H paboTaTh ¢ uuMy aBTomativyeckn. Tem Oo-
Jlee, TENeph COBepIIEHHO SICHO, 4TO HaHOOJee TPYLOeMKOH 4YacTbio
JI060r0 HCCJAEL0BAaTENLCKOrO NPoeKTa siBjasgerTcs sran cbopa jJaHHbIX,

S me ykasan tunbl 9BM, kakue Morytr ObIThb B yuYPeXKJIeHHH
HJIH nabopaTOpPHH, MOTOMY UTO He XOUY MpeanoJjaraTh, YT0 HMEHHO
OHH OyAyT AOCTYmHB MouM unTateqasM. Ha takux 9BM uacto pea-
JIH3YIOTCH NMaKeThl CTATHCTHYECKHX IPOrpaMM, HO B HHX OOBIYHO HC-
NONML3YIOTes B0Jee TOUHBIE METOJH, YeM Te, KOTopLle H3/1araioncs
31ech, 0 oM paboralor ¢ HaGopamMH IaHHBIX, uMelOUHMH Gojee
CIOJKHYIO CTPYKTYpPY. $1 cuHTasm TakHe MeTOAbl BBIXOAAIIHMH 34
PaMKH 3TOfl KHUDH, 32 WCKAIOUEHHEM TOro, 4To ra. 7 MOXKHO pac-
CMaTpPHBATh KaK BBeJeHHe B 3TH MeTOJHI.
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CsoBO, uMcJIO, PUCYHOK

B mauane rsaBbl onpeessioTcss TPH OCHOBHBIX MOHATHR — HaG-
Jiojenne, BHIGOpKa H reHepaJsbHas COBOKYMHOCTb. [lanee B o6uieno-
CTynHoi (opme obeyxxaaercs HIMePeHHe KaK OnepanHs TpHCBOEHHS
9HCJIOBBIX XapakTepHCTHK oObexkTam HaM coGbimusaM. Hakowew, pac-
CMOTPEHB METO/IBI, € IIOMOMIbI0 KOTOPHIX YHCJIOBbIE XapaKTePHCTHKH
MOTYT GHTb yHOPANOYEHBl M HATJAAHO NpeaCcTaBJeHbl B BHIE uep-
Texelr uaM rpadukoB. Hekoropsle u3 3THX rpaduKoOB Cpa3y MOMKHO
HCNONB30BATh JJsi CTATHCTHYECKOTO aHalH3a HAH AJS HEMOCPeACT-
BEHHOH OLEHKH mapaMeTpPOB pacnpeje/eHuil.

1.1. Tpu onpenenenus

Kapaunanpusiii cnoco6 nabexarh MyTaHHIL — CTPOTOCTH B YIIO-
Tpeb/ieHHH TepMHHOB!

Ha6aonenne (unanBuayym, cobetue) — obocobiaenuslit 6aso-
BHIfi 9J1eMEeHT HJIH 00BeKT HCCae/ 0BaHHd, HanpHMep ojHa raJjbka Ha
TigXKe, ofun obpasen] NOPOALI M3 TeoNOTHUeCKOH dopMaluf, OAHH
HCKOTIaeMBIii OCTaTOK H3 OCaj0UHOrO CJI0s, OJHA cTpaTHrpaduyec-
Kas eQHHHIIA paspe3a (CJOH IJIHHBI) H T. IL

Bri6opka — xoHeuHOe MHOMKECTBO HaOMWOIeHHHE, 0TOOpaHHHX B
COOTBETCTBHH € HEKOTOPHIM IJIAHOM («BBIGOPOUHBIM TJIAHOM»), UTO-
Obl obecneydTh HCXOAHOH HH(pOPMaLHeHd HCCaeJOBaHHE HJIH «IKCMe-
PHMEHT», TIOHUMaeMblii B IHPOKOM cMbicie. IIpumepsl BHIGOPOK —
BeJIpo rafjbki, coOpaHHOil Ha NJsXe; MELOK 00pa3luos Mopol, OTo-
OpanubIX H3 OIHOH TeoJorHueckoil ¢opmalin; KoJJIeKIHs HCKoma-
€MBIX OCTATKOB H3 0CaJ0YHOrO CJos; CTpaTHrpaduyeckuii paspes,
COCTaBAEHHBIHA No 0DHAMKEHMSIM HECKOJbKHX OeperoBbIX YCTYIOB.
(O6parute BHHManHe HA PasjHIHe MEKAY «HAGMIOZEHHEM» H «BbI-
"6opKoii» 1 moMuHTe 06 3TOM!)

leHepanbHasi COBOKYNHOCTD — BCE MHOXKECTBO BO3MOKHBIX B
JaHHOM MCCaefoBaHuH HaOJIOJEHHIt: BCe raJbKM HA IJISKe; Bee
TOpHLle TOPOAHI, CJaaralollfe reojJOTHYecKylo GopmalHio; Bce HCKO-
IaemMele OCTaTKH, KOTOpHle KOoraa-in6o GblIH 3aXOpoHEeHH B Mpele-
Jax cJjos; raobajabHas CcTpaTHrpadusa KaMeHHOYroJbHOTO mepHoaa,
ITonsTne «reepasnbHasi COBOKYNHOCTL» paszsuBaercss B pasa. 10.3.2.
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1.2. U3amepenue

OcHoBoit 1106010 Heee 0BaHHS, HCIOJAb3YIOUIEr0 CTaTHCTHYEC-
KHH MOAXOJ, SBJAETCA COCTaBJeHHe BHIGOPOUYHOrO IjiaHa, COCTOSI-
lero B o6LIKX YepTax M3 TPeX STANoB: a) ONHCAHHA <«H3y4aeMOoil»
renepabHoil cOBOKynHOCTH, 6) yCTaHOBIEHHS MpaBua (GOpMHUPOBA-
HHUA BBIGOPKH W3 reiepanbHol COBOKYNHOCTH, B) Onpenesenus THIOB
H3MepeHHuil, KOoTOpble CJeiyeT BHIMOJHHUTL AJSi Kaxkaoro Habwiofe-
HHsl. 3/1echb 51 pacCMaTpHBAIO TOJbKO MOCTEAHHH H3 Tpex NepeuHc-
neHHbIX stanos. IlepBbie aBa AeTanbHo obcyxpalores B i, 10,

TpaauuuOHHBIA reoJOrHUeCKHH ONBIT NPHBEJ K NMOHHMAHHIO TO-
ro, 4YTO MOPOJBl H HCKONMAaeMhble OCTATKH MOXKHO KJacCH(MHIIHPOBATh
B COOTBETCTBHY ¢ TOH HIH HHOH cXeMoil. Kpome Toro, eule B Hayalb-
HOMH 1IKOJIe MBI Y3HaeM, UTO JJisl H3MEePeHHS LJIHHL, HanpHMep IJIH-
HBl HCKOTIaeMOro OCTaTKa, Hal0 NPHJIOKHTE K H3MepseMoMy 00bek-
Ty JHHeliKy # B3fTh OTCYET ¢ TOYHOCTbIO 10 MHJIIuMerpa. Mwmenno
AefACTBHA 9THX ABYX THIIOB OTHOCATCSA K OOEIYHOMY TMOHSITHIO «H3Me-
penne», Ecan mpeacTaBHTh cebe H3MepeHHe KaK CpPeiCTBO YCTaHOB-
JIEHHs pas3aHIuil Mexkny Hal/IofeHHAMH (MIH KaK CpPefcTBO HX
CpaBHeHHs), TOTAa MOXKHO M3MePSThb, MPHCBAHBAA KaxKaoMmy HabJio-
JIeHHI0 B BBIGOPKe YHCJO HJAH HanMeHoBaHHe. CaMoO HCIOJb30BaHHE
9THX YHCEesJ HJIH HaHUMEeHOBAHMI TOApasyMeBaeT, YTO MBI PacloJa-
raeM HeKoil WKaJdoi W3MepeHMH. DTH IIKaJwl JAeasTcs Ha ABe 00-
IIHPHBIE DPVINBL IIKAJE  JUHEAHBIX! BenWuHH  (JVIHHBI, Macchl,
MJIOTHOCTH) H HIKAJHl YrJAOBBIX BeJHYHH (ODHEHTHPOBKH B JBYMep-
HOM MJH TpexmepHoM mnpoctpaHctBe). OTJ0XKHB — 0OCYXKIeHHE
nociaeAHHXx mgo pasa 1.2.2, paccmoTpuM  JIHHEHHBIE IIKAaJbL
H3MepeHHii, cpe/li KOTOPBIX MOKHO BBIAEJHTb TPH BAXKHBIX KJjacca:

a) HOMHMHAJbHAN lIKaTa — OCHOBLIBaeTCH Ha «apH(pmeTHKe K-
BHBaJeHTHOCTH®. [IpHMepOM CAYKHT KiaaccH(HKanusa, B KOTOPOIT
OTHECEHHEe HCKOMAaeMOro OCTaTKa K AaHHOMY BHAY OOYCJOBJIEHO Of-
peneseHHbIMH 0coOeHHOCTAMHI ero mMopdoaorui. Bua na sroit mxane

! Takoe nescHHe WIKaJd Ha JHHEAHLIE W YIJIOBHE JHINHHII pa3 moavepKHBaer,
4TO KHHra nanucaua reosoroM. [TocTosrHO paGoTas B 1oJe ¢ KOMIAcOM, TeoJor
NpOCTO HE 3ayMBIBACTCS HAaA TeM, YTO, H3Mepss OPHEHTHPOBKH Ha TIJIOCKOCTH,
OH HCNIOJIL3YET MOJAAPHYID CHCTEMY KOODAMHAT, 4 BHINOJHAS 3aMephl a3HMYTOB H
YIJI0B Najenis OpHEHTHPOBOK B TPEXMEPHOM INPOCTPAHCTBE, OH NEpexXoaHT K cde-
pHuecKHM kKoopaHHaTaM. Moxno 6uiio Gbl Te e caMble OPHEHTHPOBKH H3MEDHTB
He KOMMacoM, a JHHEelKON B AeKapTOBOH CHCTeMeé KOOpPIAHHAT, H TOrjaa, COriacHo
KaaccHukanun, npeanoxennoli P. @, Unnn, ux caenoBano Obl OTHECTH K JHHEH-
HEIM BeauunHaM. B TO ke Bpemsi CYHIECTBYIOT NpocThie (opmyJanl nepexoia or
ONHON CHCTeMB KOOpPAHHAT K Apyroif, H mostoMy BheleHHe crelHduueckoli
FPYNIbl UKD YLIOBLIX BeJHuHH BpAX JH Obino HeoGxoammo. [lpu sToM, roBops
0 JuHefHLX Beamuunax, P. @, YUuuH HMeeT B BHAY He OTHOIIGHHA JHHEHHOCTH
MEXKAY 3HAueHHsMH 3THX BEJHYHH, a JHIIb TO, 4TO OHH pacnojaraiTcsl Ha Nps-
MOH B NMPOTHBOMOJOMHOCTh YIJIOBHIM BeJHYHHAM, KOTOpble O6LMHO pacnonaraior-
¢l Ha OKpY:KHocTH HaH Ha cdepe. [TosTomy Tepmun «iMHeiinas mKana» CIeAyer
NOHAMATL NPOCTO K4K LUKAaMy, NOCTPOCHHYIO Ha npsMoit. — ITpum. nepes.
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I

moxet ObiTh o6osHauen au6o wnaspauneMm (Monograptus priodon),
anbo uncaoM (wecrofi THN rpantoaunTta). Takoil cnocob npHCBOeHHS
YHC/Ia CJAYXKHT TOJLKO yI0OHBIM CPeACTBOM MapKHPOBKH, H KOria
CPaBHHBAIOT WIECTOH W TPETHIl THNbI IPANTOJHTA, TO €IHHCTBEHHBIH
BBIBOJI, KOTOPBIIl MOMKHO CA€NaTh, 3TO CKa3aTh, UTO OHH Pa3HUYAIOT-
csi. Kopoue rosops, H3MepeHHs B HOMHHAJbHOI LIKaJe HeJb3sl YIO-
paaounTh. XOTA ceifyac 9T0 MOKET MOKA3aThesi (OPMAaJbHBIM, HO
€MHCTBEHHbIE apH(MeTHYECKHEe COOTHOINEHHS MEXKAY BeJIHYHHAMH
HOMHHAJbHOI IIKaJbl — 3TO «PaBEHCTBO» H NPOTHBOMOJIOKHOE €MV
«HEpPaBeHCTBO». JTO CKopee (QHIOCO(GCKHIT B3TASA HA BELlH, 4YeM
npaxTHyeckuii. C HOMHHAIBHON IIKaJOH B KaKoi-To cTemeHH CBS3a-
HO NMOHATHE O MOJOMKHTEJbHBIX H OTPHLATENLHBIX «CBOHCTBax», KO-
TOpOe f BBOKY B pasn. 4.1,

6) mopsAAKOBas lKajna — 3TO IIKaJla, B KOTOPOH OCHOBY cOC-
Tap/ser apuPMerHKa SKBHBAJEHTHOCTH MJH apHGMeTHKa Hepa-
BeHcTB THNA «6oablie, yem». ['ycTora okpacku (oTpaxkalomas couep-
JKaHHe remartnTa), Habuaiogaemasi Ha obpasuax OypbiX NeCUaHHKOB,
MOKET CJAYXKHTb NPHMEPOM NOpSAKoBOi 1Kaabl. ['yecToTy okpacku
MOXKHO M3MEPHTh (DOTOMETPHUYECKH H MOJAYYHTH abCOJIOTHLIE 3Haue-
HHS, HO MpOLE, KOHEYHO, PACMOJOXKHTL 3TH 00pasiel B PAL IO BO3-
‘PacTaHHIo I'yCTOTH OKPAacKH. BEIMOTHHB 3TO, 3JeMEHTH PfAJa MOXKEM
npouymeposath 1, 2, 3 u T. 4., HaunHas ¢ caMoro OJeIHOOKpAaIleH-
Horo, H cpasy ysuaem, 4rto oGpasen HoMmep 6 Temuee ofpasma HO-
Mep 3, Ho He 06sA3aTe/bHO B ABa pasa. ApH(pMeTHIeCKHMH AefiCTBHS-
MH, BBIMOJHHMBIMH Haj YHCJAMH MOPSAKOBOH IIKAJbl, SABJISIOTCH
PABEHCTRO, HEPABEHCTBO THNA «0oJblie YeM» 1 ACHCTBHS, NPOTHBOIO-
JIOXKHBIE HM;

B) IIKaja OTHOWIEHH#A' — 3TO IIKaJaa, B KOTOPOil 332 OCHOBY B3f-
Ta apHQJme'ruxa l'lOpH}lKOBOﬁ IMKaJbl H 3aJaH0 H3BECTHOE MOCTOAH-
HOe OTHOLIeHHe ABYX Jio0bix 3Hauenuil mKaael. CyulecTByeT MHO-
JKECTBO WKaJd orHomennid. OHH MIMPOKO pacmpoCTpaHeHHl, H Aaxe
Hecneuna icTel 60JbITHHCTBO H3MEPEeHHH BHINOJHSAIOT € HX MO-
Moubio. ITpuMepamu ABIAIOTCA H3MepPeHHA MACCHI, IJHHEL, BPEMEHH,
a onpeneseHHas BuIIE apHMeTHKa 03HAYaeT, HANPHMEP, 4TO OTHO-
lileHHe MAacChl MpeaMeTa, H3MEPeHHOH B aHIJHHCKHX (yHTaxX, K Mac-
ce TOro e mpejaMera, H3MepeHHOoil B KHJOrpamMmax, ABJSeTcs KOH-
CTanToil, Ha3bBaeMoii nepeBoAHbBIM Kod(duunentom. Apudmernye-

! Ulkanst uaMepenu#t no crenenw uubOPMATHBHOCTE OOLMHO AGAAT HA TPH
Tpynnsi. [TepBhie JBe COOTBETCTBYIOT BBIIEONHCAHHBIM HOMHHAJBHBIM H MOPSIAKO-
BHIM WIKanaM, a K TPeTbelfl OTHOCAT KOJHYECTBEHHEIE INKaJL, CPeIH KOTOPHIX
BRUIEJSIOT IKadbl oTHOWeHHHT H HuTepBadbHble. OO6MHM A17 KOJHYECTBEHHBIX
IIKaJ fABJAETCA TO, YTO B HHX 3ajlaeTCs €JHHHIA H3MepeHHs H (HKCHpyeTcs Ha-
4ajo orcyera. Ho B MHTepBaJLHBIX WIKAJTax Hauyalo oTcyeTa MoXeT GhiTh BuIGpa-
HO NpOH3BOJLHO, TAK YTO €ro CABHI MO IIKaJe He MEHSeT COOTHOIIEHHA MeXALy
SJeMEHTAMH IIKajbl, KAk, HanpuMmep, B TemnepaTypHux mkanax Llenbcns wuan
Dapenrefita. B wkane mxe oTHOwWeHHt Hauano oTcyeTa sABAReTCs aOCOMOTHHIM,
Kak B rtemneparypHoli wkane KeabBuua.— [Tpum. nepes.
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CKHMH COOTHOIICHHSIMH MEXKJy YHCJaMH B 3TOI WIKaJje ABJISIOTCH He
TOJIbKO PAaBEHCTBO H HepaBeHCTBO THna «bogblue, ueM», HO H GoJjee
NPHUBLIYHEIC, TAKHE, KAK CJIOKEHHE H YMHQIKCHHE BMecTe ¢ 06paTHhbI-
MH ACHCTBHAMH — BBIYHTAHHEM H HNEJICHHEM.

1.2.1. Henpepuisrole u duckpernoie wkaabl. 1o Toro Kak nepeiti
OT JIHHEHHBIX H3MEPEeHHIl K APYTHM, CJIeAyeT 3aTPOHYTh IpeicTaBJie-
HHE O HempepbiBHbIX ¥ AMCKpPeTHbIX mKanax. OueBHAHO, YTO HOMH-
HaJbHas IIKaJla AHCKPETHAa, NOCKOJbKY OHA COCTOHT H3 KOHEUHOIO
MHOKECTBA [AHCKPETHLIX [AejeHuil, 3HaueHHS KOTOPLIX MOXKHO Ipi-
cBaHBaTh HaOJIOAEHHSM, T. €. BO3MOMKHbBI THIbl TPanToJnToB 3 H 6,
a He THNH 4, 5 uau 3, 2. Be“.rmquum MOPAAKOBOH 1IKaJbl MOTYT NpH-
HHMATb TOJLKO HEJBIE TOJOKHTEIbHLIC 3HAYeHH, TAK YTO OHH TOXE
00pasyloT AuCKpeTHHIl paja. B To ke Bpems, no Kpaiineii mepe Teo-
pPeTHYECKH, OTHOLICHHS MOTYT OBITh H3MepeHHl ¢ J1000il CKOJIb YTOAHO
BBICOKOH CTeneHbio TOYHOCTH, MPHYEM YHCJO JAECATHYHBIX 3HaKOB
onpeaeJasieTca TOJbKO NPakKTHYECKHMH COOGpa}KElIHHMH, H MO3TOMY
OHH 00pasyloT HeNpephBHYIO WMIKaJay H3MepeHHil.

Bonpocer 0as o6cyscdenun. TlpuamaTuueckue croibuKH, o6paso-
BaHHBEIE TPEIHHOBATOCTHIO B Ha3aibTax, MOTYT OBITh OXapakTepH30-
BAHBl YHCJOM OrpaHHuYHBawomuX ux rpaneil. Kakas wkana usmepe-
HHH M3 TPeX BBILIEPACCMOTPEHHBIX THIOB NPHMEHHMa B 3TOM CJy-
yae? KakoB amanason H3MeHeHHS YHCeJa Ha 9TOH IIKaje?
B yacrtHocTH, HenmpepbulBHA WM AHCKPETHA 3Ta 1IKadd H KAaK MOMKHO
onpejesiuTh cpejHeapH(pMeTHUeCKoe 3HaYeHHe?

1.2.2. Opuentuposku. K coxaneHH1o, TEPMHHBI, HCIONb3yeMble
cefiyac mpH paboTe ¢ 3aMepaMH OPHEHTHPOBOK («HampaBieHH»
HJIH «yIJB»), He ABJsAIOTCH OOMIENPHHATHIMH. B IByX cieayiomux
pasjenax si 1aio OnpejeJeHHe Hanpasaenuli U oceil © paccMaTPHBAID
HX KakK ABa Pas3iHYHBIX THNA OpueHTuposok. C Moeil TOUKH 3peHusd,
o6UIUM JJIT OPHEHTHPOBOK SIBJSIETCS TO, YTO OHH ONpeiessioTCs
rJiaBHbIM OGPHSOM YrJOBBIMH BeJIHMHHAMH, H # MOAYEPKHBAIO, UTO B
HEKOTOPHIX OTHOLIEHHAX MEX/y H3MEpeHHAMH OPHEHTHPOBOK KaK B
IBYXMEPHOM, TaK H B TPEXMEPHOM MPOCTPAHCTBE H H3MEPCHHAMH B
JUHEHHBIX IIKajJax ecTb obmiue 4epThl, XOTA B APYTHX OTHOLIEHHSX
OHH COBEpPILICHHO Pas3jM4Yibl, NpaBaa, HHOrAA YHCTO BHELIHe. 3aMepbl
OPHEHTHPOBOK 0e3yCJOBHO Henpepslérsl, OAHAKO HayajJo OTcYeTa
(T. e. HyJIb, OT KOTOPOI'O MBI H3MepsieM) MOXKeT ObITh NPOH3BOJBHLIM,
TaK KaK Mbl MOMKEM BbIOHpaTh: H3MePSAThH a3HMYT OT CEBEPHOro Ha-
npaBJeHHsl reorpaHuecKoro HJIH MAarHHTHOrO MepHAHaHa (HAH OT

! Dror npumep Hyxaaercs B moschennH, ITockopky B HOMHHAJBHON IIKage
KJ4cChl PA43JHYaloTCA JHIIL HA3BaHHAMH, TO HabmoaaeMbiM OOBEKTaM MOryT
NpHCBaHBATBCA TOJNBKO HMeHa KJaaccoB 3ajaHHofl wkanw. ITostomy, ecan Kaacchl
TOHMEHOBAHE! 1IeJBIMH YHCJAaMH, TO, KOHEUHO, NMPH H3MEpPeHHH B TaKO# WKajle He
MOKer GbiTh HabmoxeHui, 0603HAYCHHHX KakuM-1u60 HEpM cnocoGoM. Ho B
NpHHIKTE KJacchl MOTYT OHITh MOMMEHOBaHBl KaK YFOAHO, B TOM uHcae W JApoG-
HBIMH unHCcsaMH. — [Tpum. nepes.
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akoro-Huby b APYroro yAo6GHOro Hanmpas/eHHs), a YroJ HaKaoHa —
TOPH3OHTAMH HJH OT BEPTHKAJH. 3aMephl OPHEHTHPOBOK K TOMY
e MOryT OBITh IHKJAHYHBIMH. Tak, 3HAUEHHS a3HMyTa MOBTOPSAIOTCSH
nmepuogoM 360° (T. e. yepes mosinblii 0GOPOT CTPEJKH Kommaca),
rla Kak yribl HakjJoua B o0lleM He NepHOAHYHBI H HMeloT (oJee
"paHHueHHBI Auanason 3HadeHHii (o6wlyno *=90°). Muorpa ynobuo
HCIOJb30BaTh CBOHCTBO IHKJAHYHOCTH: LHKJIHYHO Bpemsi (CyTOYHDIE,
eJbHble, TOAHYHLIE IIHKJB) TaK e, Kak H OnpeJeseHHble Mpolec-
0CaJKOHAKOM/ICHHSA, ByJKaHuueckne sipjenusa u T. m. CJjenosa-
TeJbLIO, JHHeliHbie H3MepeHns, o6/alaouiie CKPLITOH THKIHYHOCTBIO,
[oryT ObiThb MpeoOpasoBaHbl B YIJIOBLIE BEJIHUHHEI H aHAJH3HPOBATD-
e C MIOMOLILbIO HEKOTOPbIX CTATHCTHYECKHX METOJ0B, NPHMEHHMBIX
I 06paboTKH OpHeHTHPOBOK. [l HEOCTOPOKHOrO HCCJ/eL0BaTeNs
OIacCHOCTh TAHTCA B apH(pMETHUECKHX ONepanHaX ¢ YIJOBBIMH
@nqnnamn, 0cOOEHHO yrJaMmH, H3MEePeHHBIMH B JBYXMEPHOM IpoO-
| <rTpancTBe, Kak, HApHMep, OTCHETH yrJoB nmo kKommacy. Tak, B
| ompejeneHHBIX CHTYAalUHAX MOXKHO CKJIAALIBATH YIJIbl HIH yABAaHBATh
HX, HO OyAbTe BHHMATEIbHBI NMPH BBIYHCJACHHH «IPOCTBIX» CpexHe-
apubmernyecknx. CpegneapudmeTnueckoe ABYX YIJOB, PaBHBIX 2 H
| 358° kasanock Obi, paBuo 180°. Ho 3ta Beqnuyuna OGecCMBICIEHHA,
€CJI U3Yy4aloTCs HanmpaBleHHs B 0CAJ04YHbIX MOPOJax, MOTOMY 4TO
3aMepnl OPHEHTHPOBOK 00/1afaloT MHOTHMH CBOMCTBAMH BEKTOPOB
(T. e. 31eMeHTAPHBIX OTPE3KOB NPAMEIX, HMEIOIHX OPHEHTHPOBKY,
«3HaK» WIH <«MOJAPHOCTE» OPHEHTHPOBKH H MPOTSXKEHHOCTb), H CO-
OTBETCTBEHHO 5THM CBOICTBAM C HUMH cjeiyeT onepupoBathb. [Toarto-

- My HeoOXOZHMO ONpPEIeNHTh €lle ABa MOHATHS.
i HanpaBienne — npsamasi JHHHS, oOnpeesionas OPHEHTHPOBKY
| (B AByX- WM TpeXMepHOM NPOCTPAHCTBE), HMEIOULYI «3HaK» (ero
MOoxKHO 0003HAYATH CTPEJKOH Ha OAHOM KoHue npamoii). [Tpumepamu
CJyKAT HanpapJeHHsi MaJeOMarHUTHRIX NMapaMeTpoB, HampaBJeHHs
CeMMeHTAlHH WJIH JHHElHbBle 0CaJ0YHbBIe TEeKCTYpbl, HOPMaaH K
TJIOCKOCTSIM HalJacTOBaHMS, HAaNpaBJeHHbIE B cTOpony GoJiee MOJIO-
JBIX CJI0EB paspesa, W T. M. Eciu HanpasjeHHe AOMNOJHSETCH BeJH-
YHHOH NapameTpa, TO OHO CTAHOBHTCS BEKTOPOM (HampHMep, CKO-

POCTH BETpa), HO B 3TOIl KHHre BeKTOpbl TpeOylOTCH HE 4acTo.

Och — npsiMasi JHHHS, ONpeAeasionlas OPHEHTHPOBKY (TOXKe B
JBYX- HJH TPeXMepHOM NPOCTPaHCTBE), HO U He Oojee TOro; B yact-
HOCTH, /51 OCH HE Ba)KeH 3HaK opHeHTHPOBKH. [Ipumepamu ABAAOT-
€5l HOpMAaJib K MJIOCKOCTH JafiKH, YAJHHEHHE HroJAbYaToro KpPHCTania
U, K CoMajleHHl0, «HanpasjeHne» ocu ckaaakd. [locaennuit mpu-
Mep — JIHIOb OJHH H3 MHOTHX, WJUTIOCTPHPYIOUIHX TMOCTOSIHHYIO Y-
Tauuly or ynorpebJeHHs TEPMHHOB «OCb», «HAlpaBlicHHE» H
«BEKTOP».

1.2.3. Beibop coorgercreyroued wkaabt usmepenud. Beibop coot-

 BETCTBYIOLLE[l LIKaJbl H3MepeHHii — HeoThbemJeMas dYacTb paspa-
| ©orku BeiGopouroro maana (ra. 10). B onpeneneHHBHIX CHTyauHdAX,

L e # 0]
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00LIYHO BCTPEYAIOLIHXCS Ha NPAKTHKE, MOMKHO BHIOHPATh MEXKAY
ABYMS H/IH Jdxe TPeMs MKaJaMi H3MepenHii (HoMHHAAbHOM, opsii-
KOBOIl MJIH WIKaJoit orTnomenuit). ITepBeIM BaxubiM (hakTopom sB-
asieTcss (pPaKTOp TPyA0EMKOCTH BEIOHpaeMBIX H3Mepenwuii, n6o npuo6-
perenne uudopmauun crout goporo. Tak, Hampumep, HeKOoTOphie
PHIOTe3bl MOTYT OBITh CBA3AHbI C H3MEPEHHSIMH 3¢PHHCTOCTH B 06pas-
I1aX NMOPOALI KaKOii-1H60 (popMannu. 3epHHCTOCTh MOXKHO H3MEPHTH
B IIIKaJle OTHOINeHHH (¢ MOMOIIbI0O MHKPOMETpa), B MOPAAKOBO 1IKa-
Je (ynopsgounB o6pasiubl MO BO3PACTAHHIO Pa3MepoB 3epeH) HJIH B
HOMHHAJbHOI 1IKade (myTeM OTHeCeHHs Kaya1oro o6pasia K 0aHOMY
H3 TPeX KJIacCOB — «TOHKO3EDPHHCTOMY», «CpPelHe3ePHHCTOMY» HJH
«rpy6osepuucToMy»). fIcHo, 4TO camble MeJJIeHHBIE — 3TO H3Mepe-
HHA B lIKaje OTHOWIeHHI, a caMble OLICTPEIE — B  HOMHHAJbHOI
mkaJje. Boibop mkanel moxer OLITh TPOAHKTOBAH NPOBEPAEMOIT
THIIOTe30H, HO H, HAa00OPOT, BecbMa BEPOATHO, UTO BO MHOTHX CHTYya-
IIHAX, BCTPEYAIOULHXCA HA TNPaKTHKe, TMPOCTOTAa HJH CJ0XKHOCTH
H3MEePEeHHH MOryT BJHATB Ha cHcTeMy rTHnores. Ecam pesyabrar
He CHJILHO 3aBHCHT OT BHIOOpAa MeTOa H3MEPEHHH HJIH eCJIH Mbl IpPO-
BOJAHM INpejBapHTeJbHBIE HCCIE/N0BAHHS, TO BHGHpaem GoJjee mpoc-
TVIO WKaJy uaMmepenuit (6ojee HH3KOTO yPOBHS), HO CJEAYET MOM-
HHTb, YTO, YeM BbIIIE YDPOBeHb LIKAJE, TéM OHAa HH(pOpPMATHBHEE. .
3amepbl asuMyTa C NOMOLIBIO KOMNaca, B KOHLE KOHIIOB, TOXKe
MOTyT ObiTb BBLINOJHEHBl B NOPSAAKOBOH HJIH HOMHHAJbHOH IIKaje,
NpHYeM AJ8 MpHMeHeHHs nocaenHeii JHMO KoMmaca Halo pasfAenuTb
Ha CeKTopH. .

1.3. T'paduueckoe npeacTaBjieHne AAHHBIX

Tabauunas u rpaduyeckas (opma npeacrasaenusl LaHHBIX MPH-
MeHSIeTCA B ABYX BaXHBIX CJAyYasix: KAK MeTOJ, OCBOEHH§ JIaHHBIX
H 3KCMEPHMEHTHPOBAHHS HA PAaHHHX CTAAHAX MPOEKTAa H KaKk METOR
060011eHHA W NMpenoAHEeCeHHs Pe3yJbTaTOB B JOCTYMHOI ¢dopme Ha
aTane coCTaBACHHSA OTHETA, DKCHNEPHUMEHTDl PH TAKHX (GopmMax mpem-
CTaBJEHHS NAHHBIX HA PAHHHX CTALHAX MOTYT OOHAPYKHTH HEOMKH-
JAaHHble B3aHMOCBSI3H, HO HaJA0 0CO3HaBaTh, 4TO TaOJHIBI H rpa-
(HKH MOryT HEOXHIaHHO BBeCTH Hac B 3albayx/JeHne, H HH B
KOeM clydae HeJb3sl C JerKoCcThblo YTBEepPIKAATh, YTO HEUTO KarKyllee-
Cfl OUEBHIHBIM HA I'padHKe TOUHO COOTBETCTBYET AEHCTBHTEIbLHOCTH.
Bceraa GyapTe roTOBBl NPHMEHHTb AAS MOATBEPMKAEHHS CTATHCTH-

! Cyte 3TOr0 MpHMEpa B TOM, 4YTO, pa3GHB JHMG KOMnaca Ha CEKTOPH, HaMm
caeliyer «3abHTh» O KOJHUECTBEHHHIX COOTHOLIGHHAX MEMJY AYraMH ITHX CeKTo-
poB (nopsaakoBas mKasaa) HAH 06 HX B3aHMHOI YNOPALOYEHHOCTH (HOMHHAJBHAR
11Kana) H CYHTATh, YTO OHH JHGO KAuecTBEHHO YIOPsAOYeHbl, JHGO PasaHYaloTCH
JHIIL HA3BAHHSAMH; TIPHMEPOM MOTYT CJYMKHTB HanpaBJeHHsi, 3alaBaeMbieé B DyM-
6ax. — [Tpum. nepes.

2 TepMHHOM «jlaHHEIe» aBTOpP 0603HAUAeT KaK OGBEKTH H3MepeHHil, Tak H HX
pesyJbTaTH, NMOHHMaeMble B CaMOM IUHPOKOM cMuicje caoBa. — [lpum. nepes.
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g BHJA rpaduka xaotuded. ['paduku w tabanibl, NOCTPOEHHLIE
)TBETCTBYIOILHM 00pa3oM, MOTYT CJAYKHTb OCHOBOH JJisl JafibHel-
X HCCJAEJ0BaHHH, NOCKOJIbKY HX MOXKHO HEMoCpPeJACTBEHHO HC-
b30BATb [/ NMPHMEHEHHSI MHOTHX MPOCTHIX CTATHCTHUYECKHX
epHeB. Tak, no Mepe HAaKOMJIEHHS ONbITA CBEJAEHHE AAaHHHIX B
JIMIBI H HaHeceHHe HX Ha rpadHKu cTaHoBHTCS Gosee 3 deKTus-
IM U leJeHanpaBIeHHbIM.
. 1.3.1. Kaaccugukayus. Tlepen cocrasnennem TabJauIl H mocTpoe-
geM rpad@HuKoB HeoOXONHMO TPOBECTH ¢hopmassHyro Kiaaccuduka-
0 nanHbIX. [IycTh B HalleM NPUMHTHBHOM MOHHMaHHH KnaccudHuKa-
npejacTaBaseT coboil mpoueAypy pacnpeieeHus HaOa0aeHHH O
3JHYHBIM KJAcCaM, FpaHHIbl MeXKIy KOTOPHIMH 3aZaHBI HAMH KakK
JICHHS IIKaJbl, B KOTOPOil H3MepsieTcs mepeMenHas'!, XapakTepu-
mas kanaccuguuupyemole Habmaiogenusi. Eciu nmepemennasi oka-
3BIBACTCS H3MEPEHHOH B HOMHHAJbHOH LIKaJe, HanpaMep THI MOPO-
ABI, TO KIacCH(MHKALUS yKe CYLIeCTBYeT B BH/e NMpaBHia HAEHTH(H-
Kauuu H HaumeHoBauus nopoi. OaHako B ciaydae HCMOJb30BAHHSA
" MOPSAKOBBIX IUKaJ HJH IIKaJ GoJiee BRICOKOTO YPOBHSI HCCAEA0BATE-
{+JIH JIOJXKHBl CAMH ONpeesTh TPAHHILl KaaccoB. Ecau npH H3ydeHHH
BHIBETPHBAHHS MOPOJ Ba)Ha IyCcTOTa HX OKPAacKH H OHA H3MepeHa
B NOPAIKOBOH LIKaJe, TO 418 Tab/JaHYHOro H rpaduyYeckoro npeacras-
* JICHHSI TEOJOr MOXKET IOCYHTATh Ileecoo0pasHbiM  KJIacCH(HIHPO-
BaTh MOPOAB KaK CBeTJble, Cpe/ieoKpalleHHble H TEeMHBIC, yCTaHaB-
"JIHBasi TPAHHIB MeX1y KJacCaMH 10 CBOEMY YCMOTpeHHio, Ho yOe-
JAHBIIKHCL NPEABAPHTENBHO, UYTO OHH MPOCICKHBAIOTCA OT OXHOl
BBIOOpKH K JApyroil (moMHHTe onpejenenne BuGopku?). Ha npak-
THKE 3TOM0 MOXKHO JOOHTLCS, TOJLKO PACHOJOMXHB HECKOJIbKO BHIOO-
pok psizom. Tam, rae H3Mepenusi BBIMOJHSIOTCS MO IIKaJe OTHOLIE-
HHil, TpaHUILl KJIACCOB JIErKO COBMECTHTb C COOTBETCTBYIOUIHMH
- 3HAUYEHHSAMH H3MepseMoil nepeMeHHOiH, HO HX cJjelyeT 3a/JaBaTh TaK,
yro6B M30eraTh 3aTPYAHEHHH, CBA3aHHBLIX C nonajandem Habmaoze-
. HiHil TOYHO Ha rpaHuny. Hampumep, AJHHA HCKOMAeMOro OCTaTKa,
H3Mepennas ¢ NpeAeabHOH TounocThio, paBua 50,0 mm. Cwmexubie
KJacchl cjelyeT onpeaenuTb Kak «Goabme wan paBen 40 MM H
sMenbie 50 MM», «boablue uad pased 50 MM H Menbile 60 mMM», a
te npocto «40—50 Mm» u «50—60 MM», BbI3bIBas TeM CaMBIM 3a-
TpyaHerus npu kiaaccapukannu. Tenepb 3T0T HCKOMaeMBblii OCTAaTOK
® 01K03HAYHO OTHOCHTCS K MOCJeAHEeMY KJaaccy.

1 B oTedecTBEHHON JHTEpaType B KauecTBe CHHOHHMA TEPMHHA «NepeMeHHasn»

. MacTo HCNOJB3YIOT TEPMHH <IIPH3HAK», OTIPelesioluil KauecTBeHHO 0Gocolbuien-

HYI0 XapakTepHCTHKY Ha0/ioJeHHs; MpOILE roBOpsi, MepeMeHHas HJAH NpPH3IHAK —

~ 3T0 TO YTO Mbl H3MEpSeM: KOHUEHTPAIHs ONpPEAeNeHHOr0 XHMHYECKOTO SJEMEeHTa,

fan npeo6aaiolliuii THI NOPOAB B OGHAMKEHHH, HJIH YroJ NajieHHA CJAOHCTOCTH
T. n.— IIpum. nepes.
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1.3.2. Tucroepamma. D10 — WHPOKO HCIOAL3YEMbIi cnocob n3o0-
paxenus nabmiogeHuii, sacayxuBawouuii Gosee AeranbHoro pac-
CMOTPeHHs BCJIEJACTBHE TOro ynorpeG/eHHs, KOTOPOEe THCTOrpaMmbt
noayyaior B AanbHeiimem. Ha puc. 1 mokasassl TP THCTOrpaMMbl,
COOTBETCTBYIOLHE HOMHHANBHOI M MOPAAKOBON lIKajaM H IIKaJje
OTHOLIEHHI.

T'opusonTtanbhas mKajaa rpajiyHpyercss B COOTBETCTBHH C KJac-
cHbhHKalHell NMepeMeHHOl, a HAJ Ka)IAbiM HHTEPBAJOM CTPOHTCH
upsaMoyronabiuiii cronbuk, Ero naowade npomopuuoHanbHa UYHCAY
HaOJ/I0eHHH B COOTBETCTBYIOILEM KJjacce, T. €. YacToTe [aHHOrO
kaacca. O6GpaTiTe BHHMAaHue, YTO 3TO HMeHHO nA0uwjade, a He BH-
cota crojbHKa, Tak Kak Ha IIKaJje OTHOWIeHHH KJIacChl MOMKHO
BEIGpATL TAKUM 00pa3oM, YTo He Bce oHu OyAyT OAMHAKOBOH LIHPH-
Hel. Jlpyroii MmomenT, TpebyOLIHi BHUMAHHA, 3TO TO, YTO BEPTHKAJb-
Hasg miKaJga NporpagyHpoBaHa B (PAKTHYECKHX 3HAYEHHSX YacTOT, a
HE B NpPOLEHTAaX OT MOoJHOH BHIGOPKH, KakK 370 OORYHO Jejaercs.
Hcenoavzosarnue npoyeHTHBLX BEAUYLH MONCT 8bI38ATH 3ATPYOHEHUS
NPH H3JO0XKEHHH 3HAYHTEJBHOH YacTH [OCHEAyIOLlero MaTepHaja
3TOH KHHTH, H, BEepOSITHO, Jy4lle Bcero usberatb HX ynorpebieHus.
3auacTtyio oM CBOGOAHO HCHOJbL3YIOTCS, YTO AeNlaeT HeonpeaeseH-
HEIM 00bem BbIOOpPKM (unciao HabGniogeHnii B Bpl6OpKe), TaK uTo
(haKTHUYECKH BCe COOTBETCTBYIOULHE CTATHCTHYECKHe KPHTEPHH, pac-
CMOTpeHHbIe B 3TOil KHHre, oKasniBaioTcsi Oecrnone3nbiMd. C 3T1of
LebI0 NpHBEJEeHHblE BhIlE THCTOTPaMMBbl NMOCTPOEHH TaK, 4YTO MO
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Prc. 1.1. TucrorpaMmel, COOTBETCTBYIOLIHE HOMHHAJbHON liKaje uamepenuit (a),
NOPRAKOBON mKane (6) M wKane oTHOWeHH (8).



CJIOBO, YHCJIO, PUCYHOK 29

e N =20 g N=20 E
8 £
B 8 € 04
I 6 = I g.
P‘ =] — e
r - =k g
k. 4= :c’i_ 4= § 0.?_«‘
: 2 by =
3 L 5 A
_ A 1 | 1 | no-
0 10 20 30 40 D 10 20 30 40 .

MowHocms Cnos, MM

Pac 1.2. CooTHOlIEHHE MeXJy THCTOrpaMMof (@) M KPHBOH pacnpejencHus da-
eror HaH (ynkunedt naotHoctn BepostHoctH (PIIB) (6).

HHM JIETKO ONpefeiuTh YaCTOTY KaxAOr0 Kaacca 1 BHPA3HTb o0beM
BEIOOpKH N. ITocsieiHsisi TOHKOCTh COCTOHT B TOM, YTO Ha JHCKPETHOI
wKaJje (THO TOPOAB) NPAMOYroJbHble CTOJOHKH pasjiessiorcs,
TOrJa KaK Ha HeNpepbiBHBIX LIKaAaX OHH BIJIOTHYIO TNPHMBIKAIOT
APYT K Ipyry.

1.3.3. Dynkyus naornocru seposrnocru. Ecan nepemennass us-
MepsieTCsl B HENPEPBLIBHOH 1IKaJe OTHOIUEHHIH, TO H3 THCTOrPaMMbl
MOXKHO NOJYYHTbL APYroii THN rpaduka, H3obpaxenuwii Ha puc. 1.2.

YroObl MOCTPOUTL KPHBYIO Pachpe/iefielisl 4acToT, OTMeuaen ce-
PEHHBI BePXHHX CTOPOH NPSIMOYTrOJBHBIX CTOJNGHKOB, 00pasylouiHx
FHCTOrpaMMy, a 3aTeM MNPOBOJAHM [JaBHYW KPHBYIO uepe3 3TH
ToykH. Ecam KpHBas nposeleHa akKypaTHo, TO MJoulaib MOJ Heil,
OrpaHHyeHHas ABYMsi OpPAHHATAMH (BePTHKAJILHLIMH NPAMBIMH),
NPOXOAAMIMMH, HANPHMeEp, Yepe3 TPaHMIbLl KJacca, paBHBIE MOULIHO-
eram caos 10 u 20 mm, Gyaer Taxoil e, KaK M IJowaab CoOTBET-
CTBYIOLIETO MPAMOYIOJbHONO CTONOHKA Ha rHcTOorpamme (ma aMa-
rpaMmmax 3TH INIONILAAH 3alITPHXOBaHbl). ITO CBOHCTBO OKA3bIBACTCH
MOJNE3HBIM, €CJIH BCIOMHHTB, YTO MJONIAJAH NPAMOYTOJbHEIX CTOJASH-
KOB THCTOrPaMMbl IPONOPIHOHAJNBHE YacTOTAM HaOJMI0JeHHH B KaxK-
Aom knacce. Cymmapnasi mJomagb NPAMOYTOJbHLIX CTOJOHKOB
FHCTOrpaMMbl NponopuuoHaibia o6bemy Boibopkn N=20, cocrosi-
umemy u3 2 nab/iofennii B nepsom kaacce, 4 Bo BropoM, 8 B TpeTbem
H 6 B yerBeprom (puc. 1.2, @). B unrepraje or 10 xo 20 MM cozpep-
JKHTCA [ABa CJOS pas3Hoil MOUIHOCTH, JIOJS KOTOPHIX COCTaBJseT
4/N =4/20=0,2 noanoro o6bema BuiGopkH. lamepenue coorsercrt-
BYIOIIHX IVIOLLAAeil Mo akKypaTHO NpPOBeJeHHOH KPHBOH pacmpeje-
JIEHHsi 4acTOT JAaeT TOT e pe3yabrar. JlocTOHHCTBO 3TOH KPHBOI B
TOM, 4TO NOAOGHOE YHpa){HeHHe MOMKHO BLIIOJHHTH s 200020

| AManasona 3HaueHHii MepeMeHHOA COBEPIIEHHO He3aBHCHMO OT
- NEPBOHAUAALHON KaacCH(HKALHH, T. €. MOMXKNO TPOBECTH NOJHBIH

A
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aHaJu3 pacnpejejenns yacror B Bulibopke. Kopoue roaofm, KPHBYIO
YacTOTHOIO pacnpeieeHuss MOKHO NPEACTaBHTL cefe KaK CriaKeH-
HYI0 T'HCTOrpaMMmy, colep:kaulyio 0eckoHedyHOe 4YHCJI0 Kjaaccos Gec-
KOHEUHO MAaJIoi LIHPHHEL
CMmblCa Apyroro Ha3BaHusi KPHBOI pacnpejpeeHHs 4actor —
QyHKUMS nAoTHOCTH BeposTHOCTH (PIIB) — MmoxHO npousmocTpH-
poBarh cJaelyomumM crnocobom. EcaH OpeinosoxnTh, 4YTO BeiOOpKa
TOYHO OTPa)KaeT reHepanbHyi0 COBOKYIHOCTh, H3 KOTOpPoH oOHa
H3BJIeUeHa, TO HE CYILECTBYET ¢J0eB, MOLLHOCTh KOTOPHIX MeHbiue 0
H Goabwe 40 mm. Takum oGpasom, ecin BeiGHpaTh JH000IT oTAEMb-
HBII CJI0H H3 3Toif BHIOOPKH, TO MOXHO OLITh YBEpPEeHHLIM, YTO €ro
MoIHOCTh Oyer Haxoauthes B ananasone ot 0 no 40 mwm. IIpunsro,
4TO cOOBITHE, HCXOL KOTOPOro abGeoNioTHO A0CTOBEPEeH, HMEET BepOsT-
HOCThL (Hcxoaa), paBuyto eamuuune. C Apyroil CTOPOHBI, CYHTAIOT,
yTO cOOBITHE, KOTOPOE HHKOrJa He NPOHCXOAHT, HMEET HYJIeBYIO Be-
posiTHOCTH. B Hamem npuMepe HHKOrAa He BCTPETHTCH CJ0H MOILHO-
ctoio Menblie 0 wan Goapiie 40 mm. [Mo-Buanmomy, Gonbmnii nuTe-
" pec GYAYT NpeacTaBaSATh BEPOATHOCTH, 3akjaiouentbie Mexay 0 u 1.
Hanpumep, nam, MosKeT O6bIThb, HAZ0 OTBETHTb Ha BONPOC: KAKOBa Be-
PoOATHOCTb 0OHAPYKEHHS CJIO0S, MOUIHOCTE KOTOPOTO JIeXKHT B HHTEp-
BaJsie oT 10 1o 20 mm? KoHeuno, MOXKHO BBHIYHCIHTh 3Ty BEJHYHHY 110
THCTOrpaMMe, motomy 4Tto HHTepBaa 10—20 MM coBmajaer ¢ ogHHM
M3 3ajlannblx KaaccoB. OTBeT Takos:

[Maomaie 3aITPHXOBAHHOTO 1 PAMOYTOLHHKA HA puc, 1.2, a 4 0.2
- =0,2.

CymmapHasi IJIOmajb THCTOrPaMMbL 20

Ho Takoe coBmajeHue rpaHHIl Kjaacca ¢ 3ajaHHbIM HHTEpPBaJIOM, Be-
poATHO, OyaeT HeuacThiM. OaHako AJs TO# ke IEJIH MOMXHO HC-
mo630BaTh cBoiictBa PIIB. OTeer na TOT Ke BOMpoC TAKOB:

TMaowans 3amTpHxoBaHHoil (HTYpH Ha puc. 1.2, 6
CymmapHasi niowagb ¢urypel nox rpapukom ®IIB

HO 3TH BblUUCAeHus Gosiee FPOMO3JAKH H3-32 HeOOXOAHMOCTH HCKAThH
cnocob u3MepeHHs maollagell Takux caoxHubX (uryp. Ha nmpakruke
I 3TOTO YIPaKHEHHs CJeLyeT BOCIOJb30BATLCS HHTErpabHON
dynkuHeil pacnpeaenenuss (ONHCAHHOI B CJeAyiolleM pasiene).
3aMerbTe, 4To HaHbOJBLIAS IOTHOCTb BEPOSATHOCTH (COOTBETCTBYIO-
1ias pepmuie kpuBoil na puc. 1.2, 6) osnavaer, yro Haubosee yac-
‘Tas MOIHOCTL C/108 OKOJIO 27 MM,

1.34. Hureepaavras ¢ynkyus pacnpedesenus'. EcTb TpeTHit BHI
TpaHUYecKoro npejicTaBJCHHS JaHHBIX, KOTOPHIT 0COGEHHO MoJeseH.

]

1 P. &. Yunu wnaswmBaer 310 noustue <«cumulative distribution function»
(«unterpanpuas Qyukius pacnpegenchns»). B oreuecrsewHoft nHTEpaType €ro
qame oNPeeNsioT TepPMHHOM «QYHKUHA pacnpenenennsns (Benryeas E. C. Teopus
BepositHocTed. — M.: Hayxa, 1969), no mcnoabsyercs W TepMHH aBTOpa «HiTe-
rpaabHas Gyukuus pacnpeaenenns». Ytobbl Obite GaHKe K aBTOPCKOMY TeKLTY,
MBl OCTaHOBHJHCH Ha BTOPOR Qopmyanposke. — [Tpum. nepes.



)CTPOEHHE TaKHX rpa-
[KOB MOXXHO HJIIIOCTPH-
poBath puc. 1.3.

~ Cnavana MBICJIEHHO
CTPOHM «HHTErpaJbHYyIO
FHCTOTPAMMY», |HAa KOTO-
poii  mIol@anbp Kaxaoro
APAMOYTroJNbHHKA TPOMNOp-
HHOHAJbHA CyMMe: YHCJIO
pabaojeHdii B COOTBETCT-
BYIOILIEM KJacce NAtoc dic-
Jo HabawogeHH# BO Beex
APYTUX Kjaccax, pacnono-
SREHHBIX cJieBa, T. €. C
MeHbuuMU 3HAYEHHSIMH
nepemenHoii.  HMcnoabaysa
TE JKe JaHHBIE, 1O KOTO-
pbiM  paHee  CTPOHWJIHCH
obblyHasl THCTOTpAMMa H
KpHBas pacnpenenenus
4acToT, IloJyyaeMm rpa-
¢uK, u3oOpakeHHHIH Ha
puc. 1.3, @, Ha KoTOopOM
Kaxjas cJaelylonias cTy-
meHbka o6pasoBaHa cJo-
HKeHHeM mioulaneit coor-

BETCTBYIOIIHX npsiMo-
YrOJILHBEIX CTOJI6HKOB
06bIuHOIT THCTOTPaMMBL.

3arem 3aHOBO pasmeuaem
BEPTHKAJBHYIO IIKaJy, 1O0-
JeJUB YacTOTH Ha 00beM
BBIOOPKH 17151 TOro, 4ToObLI
OHH GBIJIH BHIPaX@K€HBl B J10-
aax storo o6bema. Hako-

CJIOBO, YHCJIO, PHCYHOK 3t

BEAUYUHE)
e — n
o { oy [==)
T T I
&
o
o

en
T

MOWHOCME KOMOPbIX MEHbWE
UAU pOBHO, 30.0aKHDI

yacmoma (4uUCno cnoes,

donu"

i N=20
(L] SRR S

. 12 1

i TR PN T
A v

i Meduava.

NEPEMEHHAR MEHLWE unu pABHL

flonu ebibopku, B KOMOPbIX
3000HHOMY 3HOYEHUH):

wUHMEZPANbHbIE
=]
o
=]

Humepriau:pmunbn'uﬂ wupem
MowHOCMb, MM

Puc. 1.3. MHurerpanpHas ructorpamma (a),
HCTIOJIb3yeMas [J1si NOCTPOCHHS HHTErpaJsibHOM
KPHBOHl ZoJell HJAH HHTErpadbHOH  (YHKIHH
pacnpenenenns (MPP) (6).

HEIl, 1OCTABHB B BE€PXHEM MPaBOM YIJY KaxK[A0ro MBICJEHHO MOCTPO-
€HHOr0 MpSMOYroJbHHKA HeGOJbIIHE KPYXKKH, IPOBeJeM Uepe3 HHX
CrIa’keHHYI0 KPHBYIO, AaCHMIITOMATHUECKH NpuOJHIKaIONyocs K ro-
PH3OHTANBHLIM NPAMBIM, NapaiieabHEM ocH alcnuce, NPOXOAANIEM
yepes snauenus goJeii, pasusie 0 m 1. Ha stom rpadmuke noreps-
Jace uuopmanus 06 obfbeme BHIOOPKH, NOTOMY UTO BEPTHKAaJbHASA
LKaJja Teneph MpPOrpagyHpoBaHa B JOJAX; B CBA3H C 3THM 06'beM BhI-
Gopku JoJKen OBITh $ICHO BHIpasKeH Ha TrpadHuKe: B 1aHHOM Cjydyae
N=20. 3amerbTe, YTO BHICOTaAIOG0TO MPSIMOYTOALHOIO CTONOHKA HA
HHTErpaJbHOfi rHcTOrpaMme paBHAa CyMMapHOH njoumagd NpsMo-
YTOJBHBIX CTONOHKOB OOBIYHOH THCTOTPAMMBI, COBMAAAIOUIHX C HHM
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W pacnojioKeHHuX BJaeBo ot Hero, Ilogo6ubim ke o6pasom gsicora
KpHBOH HHTerpanbHoi (yukunu pacnpenencuuss (MPP), coorser-
CTByIOLlasl 3alaHHOMY 3HAYEHHIO NepPeMeHHOH, paBHa naowadu -
TypH, Jexaileii mox Kpusoit UPP u BaeBo or coorsercrBylOLIei
OpAHHATE. MOKHO HCIOJB30BaThL 3Ty OCOGEHHOCTb, YTOOBI 06Jer-
YHTh OTBET Ha BOMPOC: KAKOBA BEPOSITHOCTH TOTO, YTO MOIUIHOCTh
cJosl HMeeT 3Havenue mexnay 10 u 20 mm? Tasps wHa pue. 1,3, 6,
3amedaeM, 4TO J0JA CJI0EB, MOIIHOCTh KOTOPBIX MEHbIIe HJIH paBHA
20 mM, cocraBaser 0,3 Bcelt BEIGOPKH, TOrAa Kak A0JA CJIOEB MOIIL-
HocTbio 10 MM u menbme, coctasiaser 0,10 Bceit BhGOpkH. TakuM
o6pasoM, HcKomas BepositHocTh pasna 0,30—0,10=0,20.

HaxoHew, cieayeT OTMeTHTb, 4TO TaKOH crmocol rpaduuecKoro
TpejAcTaBJeHns NPUMEHHM Kak AJaA JHCKPeTHBIX, TAK H AJI5 Hempe-
PHIBHEIX nepeMennblX. Tak, Hanpumep, aBe HeoObIUHBIE HA MepBHIl
B3IIAJ CTYNEeHYaThle HHTErpadbibic ()YHKIHH pacrpereseHus, n3o-
Opaxennbie Ha puc. 1,4, nmelor 000CHOBaHHOE MPAKTHYECKOE TMPH-
MeHeHHe, KoTopoe GyIeT paccMoTpeHo B ril. 3.

1.3.5. Iapamerpor pacnpedesenutl AuHetinblx Oaxublx'. Bo BBe-
JIEHHH OTMeYasjoch, YTO MO TeoJOTrHYecKHM HaGal0geHHsM B GoJib-
ITHHCTBE cJy4YaeB ¢ MOMOLIBIO MPOCTHIX MaTeMaTHYECKHX BblpaKe-
HHII MOXKHO MOJy4aTb YHCJIOBBIE XapakTepPHCTHKH H 3aTeMm NpHMe-
HATH HX JJf CIKATOrO oOnHcaHud ocobeHHocTell HCCaeayemMbiX
pacnpeenennii. B apyrux pasaenax (oco6enHoB 1.5, 8 0 9) MBI yBH-
JIIM, 9TO 3TH MapaMeTpsl nospasiores 6iarogaps yio6HOMY Bo MHO-
THX CJydYasix NPEeImoJOKEeHHIO O TOM, YTO B 2eHepalbHOl CO80KYN-
HOCTU, U3 KOTOPOH H3BJeKaeTcss mcciaeayemas eslfopka, pacmpejle-
Jienne HabJaloneHHi OMHCHIBAETCSl MAaTeMaTHYeCKOl 3aBHCHMOCTBIO,
HasbleBacMoi  GyHKUHeH pacnpefedeHHs. IDTH MaTeMaTHUECKHE
3aBHCHMOCTH  COJEpIKAT KOHCTAHTHI, OMpejesiomHe JeTajbHO
¢opmbl HX rpadHKoB, NoA06HO TOMY KakK m H € B BbIPaXKeHHH
y=mx+c onpeieasiiOT COOTBETCTBEHHO HAKJIOH H NOJOXKeHHe Npf-
MOil JHHHH Ha rpaHKe B MNPAMOYroJbHBIX KOOpAHHATAX X, V.
B craTHCTHKE 3TH KOHCTAHTH HA3HBAWTCA napamMerpamu, a cra-
THCTHYECKHE KPHTepHH (KaK MBI YBHAHM B TJI. 5) B 3aBHCHMOCTH
OT TOTO, HCHOJB3YIOT HJIH HE HCMOJB3YIOT OHH 3TH NapaMeTphl, Ha-
3BIBAIOTCH COOTBETCTBEHHO MapaMeTPHYECKHMH HJIH HenmapaMmerpH-
yeckumu. CTporo roBOpsi, mapameTpbl MPHCYIIH TOJbKO TeHepab-
HOIl COBOKYMHOCTH, 4 He BBLIGOpKe, MO3TOMY, BBINOJHAS T HJH
HHbIE BBIYHC/EHHS MO BHIOOPOYHBIM HAOMIOJeHHSAM, MOMKHO JHIIb
oyenuBaTs 3Havyenusi napamerpos. HekoTopbie M3 HHX MOXKHO Hc-
TI0JIb30BATh AJ51 KOJIHYECTBEHHONH XapPaKTEPHCTHKH TOJOXKCHHA H
tpopmel rpapukoB kak PIIB, tak u M®P; cnepoBatenbno, Hero-
CpeCTBeHHO MO 3THM rpadukam Ge3 NPOMEKYTOUHBIX BBIYHC/JICHHH

! 3nech HMeloTcss B BHAY JanHble, pacnpejesenHble Ha npamoil. — [1pum.
fnepes.
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- 1.4. Murerpanbubie yyHKUNH pacnpefeNeHns, NOCTPOCHHHE MJsi MepeMeHHbxX,
€HHBIX B HOMHHaJbHOH (a) W mopagkoBoil (6) mKanax. PYHKIHH HMEOT
€HUATBIl BHJ, NOTOMY 4TO MepPEMEHHble XHCKPEeTHEL

Iloaoocenue ®TIB u UOP, uan, Tounee, HeHTparbroe 3HaUe-
nepeMeHHoli, pacnpenejenne KOTOPO# HaC WHTEPECYeT, MOXKeT
onpejeJeHo OJHHM H3 TpeX CJeAYIOIHX MapaMeTpoB:

a) Mopa — snaueHHe mepeMeHHOH, COOTBETCTBYIOLIee MAaKCH-
y ®IIB u noutu Bceraa ouenuBaemoe rpaduueckn (aad nau-
IX, H3o6paeniublx Ha puc. 1,2, 6, snauenne MOAbl NPHOJH3HTENBHO
aBHO 27 mm). Has kmaccudHuHpoBaHHBIX Habaoaenuil, Tnpes-
aBJIEHHbIX HA THCTOrpaMMe, MOJAJbHBIM FBJAETCH KJacc C Mak-
HMaabHoil 4actoroii (Ha puc. 1.1 —3T0 KJaacc KpHCTANJHYECKHX
HIEB H KJacc o06pasioB cpefHell IrycToThl OKpacku). Jlanubie B
OTOpHIX BBIOOpKax naxe Goabumoro ofbeMa MOTyT OBITh MOJIH-
anbHBIMH, T. e. rpadgukn @IIB nmeoT HECKOJBLKO BEPIUHH HJH
TOrpaMMBl HMEIOT HECKOJILKO KJIACCOB, B KOTOPHIX 4actoTa Goub-
4eM B KJdccax, HemocpeJACTBEHHO K HHM mpHMbIKalomux. Oana-
TPH PACCMOTPEHHH KPYroBuix FHCTOrpamm 8 pasia. 1.3.8 mu yBH-
M, YTO TaKHE JOKaJbHble MOAbl MPOCTO MOrYT OLITH Pe3yJbTaTOM
OH3BOJILHOTO BbIOOpPA rpaHHL KJIACCOB.

6) MenmaHa — snHaueHHe NepeMeHHOH, jaedsllee HCCaeAYeMYIo
60opKy TaK, YTO OAHA MOJOBHHA BBIOOPOYHBIX 3HAYEHHH MeHbIIe
JHAHHOTO 3HAuYeHHsi, a apyras nojoBuua Oojbie. Ha rpaduke
PIIB — 310 oOpauuaTta (BepTHKadbHAs npsAMmas), jAesasuias IJjo-
laas Gurypst noa kpupoii ®I1B na ape paBubie yactH. B cooTBer-

2— 760



34 TVIABA 1

CTBHH C NEPBHIM H3 JBYX BHILIECNPHBEACHHLIX ONpPEAeJeHHIT 2HaueHHe
MEIHAaHbl BBIYHC/SETCH HEMOCPEeACTBEHHO, ecjan Hab/aogaeMbie 3Ha-
YEHHS TEPEMEHHOH pPaHXKHPOBAHbI, T. €. PACIHOJOMKEHH B MOPSAAKE
HXx Bospacranus. Ecau Boibopka COCTOMT H3 HEUETHOro YHcaa Habiio-
,I[QHHI'('!, TO MeaHanHoe 3HaveHue paBuo 3HaAYEHHIO nepe-
MEeHHOH B HaGJIOJCHHM, 3aHHMAOIIEM UEHTPAJIbHOE NOJOKCHHE B
pamnxHpoBannoMm psay. Ecam umcno nabuaionenuil yetHoe, To B Ka-
yecTBe MEAHAHHOrO 3HaYeHHs NPHHHMAETCH cpefHee apudmerHye-
CKOEe 3HaUeHHe MepeMeHHOH B ABYX coceiHHx HabMOACHHSX, Haxo-
JSILIHXCS] IO pa3Hbleé CTOPOHBI OT leHTPajabhoil ToukuH paga. Cpasy
BHIYHCJIHTh 3HAUEHHE MEAHAaHbl, MOJb3VACh BTOPBHIM OlpPEaCICHHEM,
TPY/AHO, HO €r0 MOKHO MOJYYHTb HENOCPEACTBEHHO N0 rpaduky
HU®P, naiigs 3HaueHHe NnepeMeHHOH, oTcekalollee Ha OCH OpAHHAT
J0J110, paBHYyIO noJioBHHE oObeMma BhIGoOpKH. Ha puc. 1.3, 6 meanan-
HOE 3HaueHHe nepeMeHHoil npuban3nTteabHo paBHO 26 MM.

B) CpeaHee 3HaueHWe — oOBIYHO 3TOT mNapaMeTrp CBSI3aH €O
cpeaneapHdMeTHUECKHM, NOJy4aeMblM CYMMHPOBaHHEM 3Ha4YeHHI
nepeMeHHOH, H3MEPEHHBIX B KaMAOM H3 HaGMIONeHHi, ¥ neneHuem
3TOH cyMMbl Ha uHcao Habaoaennii. B dopMaabHBIX MaTemaTye-
CKHX 0603HAYEHHAX MOXKHO 3aMHCaTh:

M=(X AKX+ X, F =+ XN, (1.1y

rae M — cpennee snauenne; X;, Xo, X3, .., Xy — 3naueHus nepe-
MCHHOH, IPHCBOeHHBEIE nabaogenusM ¢ Homepamu 1, 2, 3, ... N co-
orBetcTBeHHO; N — 06beM BLIGOPKH, T. €. uncjao nabawojennii B: .
BriGopke. [To3BosbTe MHE OTBJIEULCH 1 BOCICJAL30BATHCH 3THM MPOC-
TBHIM NPHMEpPOM, YTOOBI MOKasaTh, KAK MOMKHO COKPaTHTb BbIpake-
ure (1.1), uenmonb3ys 3HaK cyMMHpOBaHHA X:

s i=N
M = 2 (X,)/N, (1.2p
i=1
i=N
rae X(X;) osnavaer X;+Xo+Xs+...+Xy. Huxuuit ungexc { me-
i=1
moJe3yeTcs B Kauectse obllero HHAekca HabMI0JeHHil, a AHaNaszon
NPHHHMAEMBIX HM 3HAYeHHIl yKa3wlBaeTcs CHH3Y H CBEPXY OT 3Ha-
Ka X, nauMHasg C MHHMMaJbHOro amuavenuss (=1, c warom 1 go
MaxcuMadabnoro 3Havenus i=N. CumBoa £ — 3T0 3HaK CyMMHPOBa-
HHS, KOTOPBIH BJjedeT 3a coboil ycJaoBHe cymMMHpoBaHHS, Tpebyio-
1I€€ CJOMKHTh BHIPAXKeHHSI TOro THIA, YTO MOABJIAIOTCA B CKOOKax
HE[OCPCACTBEHHO 32 HHM, IS BCEX BO3MOMKHBIX 3HAYCHHH TOA-
CTpoOYHOro HHjekca i. Buipaxenne (X;) B aToM npHMepe mpocToe:
3TO TOJBKO 3HAaYeHHEe NEPEeMEHHOH, HO Jajblie CHMBOJ CYyMMHpPO-
BaHHsl OGy/A€T MCMOJb30BATLCA B coueTaHHH ¢ Gojee CAOXKHBIMH Bbl-
paxenusamu. Hakonen, samerste B hopmyae (1,2), 4yto cymmHpoBa-
HHE MOJKHO ObITL BLIMOJHEHO A0 Aenaenust Ha N.
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- 5l yKe OTMETHJ OrpaHH4YeHHs, CBA3aHHBIC C OUCHKOH HEKOTOPHIX
BBHILIETIepeUnHCAeHHBX napaMerpoB. Eme omno caeayer H3 Ttoro
Ta, YTO BO MHOTHX CJy4asX MNblTalOTCA OIEHHTb MHapaMeTphl
HEePAJbHON COBOKYMHOCTH IO M3MEPEHHAM, BHINOJHEHHBIM B BH-
pKax orpannuyeHHoro obOwema. CJjeloBaTeNbHO, HEOOX0AHMO BHI-
3aTh coo0pa)eHHs He TOJLKO O TOM, KaK 0OJerYHTh BHIYHCJIE-
, HO H 0 TOM, Kak o0ecneYuTh yCcTOHYHBOCTb oueHOK. Hanpuwmep,
m{ee 3HaueHue, BohiuHcaennoe no Gopmyae (1.1), moxker GwuITh
JbHO HCKaXKeHO, ecJlil BLIGOPKA COAECPIKHT OAHO HJIH aBa nabJio-
JEHHS C PEe3KO BBIACJAIOLIHMHCS 3HAUYEHHAMH IepeMeHHOi, Torjaa
KaK MelHaHa B MeHbIIeil cTeneHd MOABEPHKEHA TAKHM BO3MYILEHH-
- am. [Tpocrora Brruncaennii MoXeT 3aBHceTh OT YCJIOBHIL, B KOTOPBIX
OHH npoBoxsiTes. OnpefeNeHHe cepeauHsl psaa, 06pa3oBAHHOTO
- €BOOOJHO JIeXKaIlHMH TaJbKaMH, YIOPSI0YeHHEIMH 10 BO3PACTAHHIO
HX JUIHHBI, HENOCpeJCTBEHHO YKa3blBaeT TaljbKy, HMeEIOULyio Mead-
~ aHHyo LJIHHY, HO €C/IH Te JKe rajJbKH 00pasyloT Kpenko clueMeHTHpo-
BaHHBI] KOHTJIOMEpaT, TO TPYAOEMKOCTb ONpejeJeHHs MelAHanbl
. CONOCTABHMA C TPYAOEMKOCTbIO BHIYHCJIEHHS CPEIHEr0 3HAYEHHS.
$Popmy rpaduxos PIIB nwan UPP MoxkHO onucaTh ¢ MOMOLILIO
- ABYX TPYNN NapaMeTpoB, CBSI3AHHEIX C paccesiHHEM H acHMMeTpHeii.
KosnmuectBenno paccesiine XapakTepH3yeT, HAcKOJIbKO [aJeKo B
~00e CTOPOHBI OT LEHTPAJbHOTO 3HaueHHs (CpeaHero 3HauyeHHs, me-
AHaHBl HIH MOABI) pasbpocaHbl Habaonaemele 3nayeHud. Hem Goab-
e paccesnne, Tem wmpe Gyzaer pacranyr rpaduk ®IIB no ropu-
3oHTaan H TeM Gosee miockoii Gyaer ero BepmmHa. Ha takom rpa-
(uKe TPYJIHO C yBEepEeHHOCTbIO YKa3aTh MOJOMXKEHHe MOALL. B To xke
BpeMsi MaJoMy 3HauelHio paccesuus coorpercrsyer rpaduk PIIB,
NMeoUNi GopMy pesKo BbIpazKeHHOI0 BBICOKOro MHKa, Ha KOTOPOM
JIETKO onpepenHTh noJjoxkenne Moxwl. ITpocroit u muoraa sddex-
THBHLIIl mapameTp, XapakKTepH3VIOUIHI paccesHHe, — pa3max, onpe-
. JensieMblit PA3HOCTLIO MEXKAY MAKCHMAJbHLIM H MHHHMaAbHLIM Hab-
Ji0JaeMbIMH 3HaueHHAMH. K coXKajeHHIO, HeJOCTATKH 3TOro mapa-
METpa OYEBHIHBI: NPH CJAyualiHOM NMOmMajaHuH B BbIOOPKY pe3KO
BbIeIAIOMHXCH HaOMIOAeHHI OHH CHJbHO BIHAIOT HA MoJyyalouieccs
3HayeHHe pasMmaxa.

Heckonbko meHee uyBCTBHTETBbHA K ocoGeHHOCTAM (OpPMHPOBA-
HHA BHIOODKH MHTEPKBAPTHJAbHAS WHMPOTA, JCrKO OlEHHBaeMmas Mo
rpapuky UOP. Puc. 1,3, 6 uaaiocTpupyer 3Ty NpOUeLypy: HAXOAHM
OpAHHATEL (BepTHKaJLHBIC NPSAMLIC), OTCeKaolle Ha rpadHke no-
JIH pacnpejeneHus, pasHeie coorBercTBenHo 0,25 (HuxKufAs xpap-
TaaL) u 0,75 (Bepxuss ksapTuan), T. €. 'y n ¥, noanoit BeIGOpKA.
HurepkBapTuibnas mHpoTa paBHa PacCTOSHHIO MEKAY 3THMH Op-
~ AMHAaTaMM, H3MEpPEHHOMY B €IHHHILAX TOPH30HTAJALHOH LIKAJbL.

NpHBeIeHHOM MpHMEpe HHTepKBE'pTHnbuaa mupora  pasHa
31 —18=13 mm. Uuoraa GepyT NOJOBHHY 3TOl BEJHYHHEI, TOJyuast
- HHTePKBAPTHJBLHYIO NOAYIIHPOTY. $lcHO, uTO 00a 3TH mapamerpa
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Gosee ycroitunBel K KoJiebaHHSIM BBIGOPOYHBIX- 3HAYEHHH, UeM MOJ-
HbIH pasMmax.

M pasmax, H HHTeDKBApTHJIbHAA IMIHPOTA HE OYEHL YAOOHH B
craTHcTHUeCKOM aHnaause. Hecomuenno, G6onee ynorpeGHMoil Mepoi
paccesinusl CAYIKHT cTandapTroe oTkaouerue. Ero oleHka paccmar-
pusaercst B pasa. 5.2.2, NOCKOJBKY OHO SIBJSIETCA MapaMeTpoM BaxK-
HOr0 TEOPETHYECKOTO pachpejesieHnsi, HccaeaoBaHHoro [ayccom.
XoTs 3TOT MapaMeTp NoJe3eH B CTATHCTHYECKOM aHAaJH3E, CJeayer
OTMETHTb TPYJA0EMKOCTb, CBA3aHHYIO ¢ HEOGXOAHMBIMH H3MepeHHsS-
MH (Habmiogennsi H3MepsAIOTCA B IIKaje OTHOWEHHH) M BhiYHCAe-
HHAMH €ro 3HauyeHHs,

Hpyras xapaxTepucTnka (GOopMbl H3YYaeMOro pacrnpeiejeHus
OTHOCHTCH K CHMMETpHH (HaH acummerpHu) ero ®IIB. Bo muorux
caydasix nmpeanosaraercs, 4ro rpaduk ®I1B Gyaer uMeTh 0AHH MHK
(. e. OyaeT YHHMOAANLHLIM) W NPHMEPHO CHMMETPHYHO pPacCnoJo-
JKCHHbIE OTHOCHTENBHO MOAbI XBocTbl. Ecnn rpaduk PIIB cunsnee
HaKJOHEeH B OAHY cTOpoHy, To roopsat o0 acummerpun PIIB, npu
9TOM MOJa CMelldaeTcss B CTOPOHY JHOO MagbiX, JauGo GoabiHX
3HaueHuit nmepemenHoi. [Tapamerp, XapakTepHayiolluil 3T0 sBJICHHE,
HaabiBaeTcss KO3(p(UIHEHTOM acHMMeTPHH H MOKeT OLITh BHIYHCICH
JABYMS NPHBEACHHBIMH HHKe criocob6aMu:

Bepxusia kpapruab - Huxknasan KeapTaab — 23X megnana ; (1.3)
Koagduunenrt HuTtepkpapTuabhas mupora
ACHMMETPHH (3% Cpennee snaqenne — Menuaua)
CranpaprHoe OTKJIOHEeHHe i

(1.4

Has cummerpuunbix PIIB o6a Beipamenns pasusl 0 u npuHn-
maloT 3HaveHHs or —I1 (ecan rpaduxk ®IIB HakjIoHeH B cTOpPOHY
BLICOKHX 3Hauenuii) mo +1 (B nmporuBHoM caydae). OgHaxko AJs
BLIOOPOK 0cOoGOro BHAA 9TH BbIpaKeHHS AAlOT HECKOJbKO pasJii-
yalollHecss OlEHKH; T03TOMY BCerja ykasuiBaiite, Kakasd Qopmy.aa
Henoab3oBatack. CpeaHe M CHJABHO acHMMETPHYHEIE BHIOOPKH MO-
ryT BLI3LIBATHL 3aTPYAHEHHA B NPHMEHEHHH K HHM OoJee TOHKOro
CTATHCTHUECKOTrO aHajausa, Tpedylonlero mpeamnosoKeHns 0 CHMMET-
puu ®IIB. OGbiunbIil NyTh AJNS NPEOIOJEHHS TAKHX TPYAHOCTEH —
npeoOpaszoBaHne nepBOHAYAJbHLIX H3MEpeHHil, ¢ TeM YTOOH Aajb-
HefIHi aHaJu3 NPOBOAMThH HE MO HCXOAHBIM 3HAYEHHAM NEepemMeH-
HOI, a N0 NPoCTHIM (PYHKUHAM OT 3TOil MepeMeHHOH, T4KHM, Kak
jgorapudm, KBajpaTHBI KopeHb H T. nm. IIpm sTOM IEJb COCTOHT B
ToM, 4TOGBl HaiiTH Takoe npeobpa3oBaHHe, KOTOpPOe YMeHbIIAer
acummerpuio @I1B. Muoria noaxoasauee npeoGpasoBafue MoJCKa-
3bIBACTCS (PU3HUECKHM CMBICIOM BLIGOPKH, B APYTHX CJaydasX — 3M-
MHPHYECKH,

1.3.6. Opuentuposxu. OpHenTHPOBKH OOBYHO NOABAAIOTCA B
reo/JOrHYeCcKHX HCC/e0BaHHAX B YCJAOBHAX JABYXMEDHOTrO HJH TPex-
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@PHOTO  TIPOCTPAHCTBA,
‘€. Ha OKPYXKHOCTH H Ha
epe, H, TaKuM o6pasom, o003
0#HO T'OBOPHTb O pac- o
pe/le/IeHHAX  Ha  OKPYXK-

TH H Ha cdepe B 10m0I-

HHE K pPacCMOTPEeHHEIM 5
 BBILIE pacrnpegeJeHHaM Ha Lo
paMoii. Ipaduueckn pac-  270—
TpejesieHnss Ha cdepe mo- o
YTH BCerja wnsobpazkaior- -
¢ C [OMOUIbIO CTepeo- o %
TpaduyeckHx WaM 1oja06-

HbIX HM NPOEKIHH, ya KO- ik &
TOPHIX OpPHEHTHPOBKH o °
NpeacTaBJ]eHbl  TOUKAMH. 180°

EcTb MHOXecTBO cnoco6oB

mpoBesieHHst Jgummii pas- Pue. I.S.Gprrosaz AuarpaMma HanpasJenuil
HOIl TJIOTHOCTH THX TO- YCTbeB 36 paxoBuu TOHHATHTOB Ha IOBEPXHO-

et caoa B CesepHoii AHMIHH (jaHHBE JI0-
HEK, HO BCe OHH, KPOME€ gGesno npemocrapiens a-pom Y. B. Xenron-
OJLHOTO, HeyJ0OHBl JJIS  cromiom).

NPaKTHYECKOTO  TIpHMEHe-
HHSI B CTAaTHCTHUYECKOM
aHajn3e: OHH TPYAOEMKH W MaJjo 4TO AAl0T, KpOMEe NPOCTOro yBe-
JIHYEHHA YHCJIa rpaguKoB.

1.3.7. Kpyeosas duaepamma. Kpyrosoii guarpamMmme Ha NJOCKOC-
TH COOTBETCTBYeT cTepeorpadHyeckas MNPOEKUHA B TPEXMEPHOM
npocrpanctse. B npumepe, npuBegenHoM Ha pue. 1.5, Toukamu Ha
OKDYJKHOCTH NMOKa3aHbl HANMpaBJeHHs ycTheB 36 PaKOBHH IOHHATH-
TOB, 3aMepeHHble B OfHOM cJioe. Takoit rpaduk crpoutcsi OwcTpo,
H Ha HEM XOPOUIO BH/HBI KosieGaHHsi MIOTHOCTH OpHeHTHPOBOK. Ero
Take MOXKHO HCM0Jb30BaTh HENOCPeNCTBEHHO I  ONpejeseHHs
KPyroBOro MeAHaHHOro HanpasJjeHusi. [lig 9TOro HAXoAAT AHAMETP
OKPYIKHOCTH, Aensumii BHiGOPKY nononam (B naHHOM caydae mo
Kax1yi0 CTOPOHY OT HCKOMOrO AHaMeTpa A0JxKHO ObiTh mo 18 naG-
JIOAEHHI1), a 3aTeM HA HeM BHIOHpaeTcsi HanpasJieHHe, B KOTOPOM
YBeJHYHBAETCs MIOTHOCTh HabOMOAeHUit HA gHarpamme.

1.3.8. Kpyeosasn eucroepamma. MOKHO NMOCTPOHTH H KPYTOBHIE
ricrorpamMbl (puc. 1.6). Ha oGeux rucrorpammax H306paxKeHbl
paccMOTpeHHBIe BhIle HAGMI0ACHHS Haj rOHHATHTaMH, H ofe ume-
10T WMPHHY KJaacca, cootserctByiomyo 30°. [laomaas xaxzoro
CEKTOPA THCTOrPaMMbl NPONOPIHOHAJNBHA YaCTOTe COOTBETCTBYIHO-
miero kjaacca (Kortopas yKasbiBaeTcsi MO NMepHMETPY FHCTOrpaMMbi);
| mosToMy pajamyc cektopa onpeaensercs (GopMyJoi

= 2Af/Nw, (1.5)
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Kpye, .
PO.BHOBRAUK UL 3
I 2UcmozpamMme ‘

180° 180°

Puc. 1.6. KpyroBnle rucrorpaMMH 3aMepoB, H3o6pameHHbIXx Ha puc. 1.5, Ocunos-
HOE pasJHyHe 3THX JBYX AHarpaMM — B BhIGOpe PaHuI K/Iaccos,

rae r— paamyc cekropa, A — cymMMmapHas mIomajgb THCTOTPaMMHI,
f —muacrora knacca, N — o6bem BBIGOPKH M m — HIHPHHA Kjacca B
paananax (1 pag=180°/n).

Takum o6pasoM, MOHATHO, YTO JJf MOCTPOEHHS KPYroBOil THC-
TOrpaMMbl HeOOGXOJHMBI HEKOTOPbIE BBIYHCJEHHS, a ee CTyNeHYaTbe
paspbiBEl CBOJAIT HA HET HENpPepHIBIOE H3MEHEHHEe YacTOT, BHISBJsE-
Moe Ha Kpyroroii amarpamme. OaHako MOJaNbHHI Kiaacc (Kaacc ¢
MaKCHMAJbHOH YacTOTOM) OTYETJHBO PAa3JHYHM Ha THCTOrpaMe.
Tem ne menee cepbe3HbIM HEJOCTATKOM, MPHCYLIHM BCEM THIOAM
THCTOTPAMM, SIBJSIETCS TO, YTO BHJ THCTOrPAMMbI MOXET KOPEHHBIM
06pa3oM H3MEHSTbCSH B 3aBHCHMOCTH OT BHIOOpa noAoXcerull TpaHuL
kaaccoB. Ha oGenx BbILIENpHBEAEHHBIX THCTOrpaMMax UIHPHHA
Kaacca coorBercTByer 30° HO ecyn Ha JeBOH THCTOrpamMMe mepBas
rpaHuia Kjacca ycTaHoB/JeHa B Hayaje orcuera (0°), To na npasoit
rHCTOrpaMMe TPaHHIBl KJacca YCTAHOBJCHBl TaK, 4YTO LEHTP MO-
JanbHOrO KJacca COBMAjaeT ¢ MeAHAHHBIM HampaBJeHHeM. ITOT
HeGOJbIIOH CABHI IpaHHIl Ki1accoB— Bcero Ha 10° npoTHB 4acoBoi
CTPEJIKH — 3aMEeTHO MOBJHAJN Ha oOWHI BHA rucrorpammsl. Kak
JHHEIHbIe, TAK H KPYTOBbIE THCTOrPAMMBI MOJABEPIKEHbl 3TOMY BHILY
HeycToiuHBOCTH, 0cOOeHHO Korjia oO6beMbl BLIGOPOK Masbl, H M03TO-
My He cJaeayeT HH npeHeGperath HX oOCyKJIeHHEM, HH NPHAABaTh
HM CAHIIKOM GOJbIIOTO 3HAYCHHS.
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- Jlpyras  pacnpocrpa-
; HHAsl TPYAHOCTb  TIPH
- pabote ¢ THCTOTPaMMOii
: CTOHT B TOM, YTO €€ 4a-
~ ¢TO CTPOAT HE0o6AYMAaHHO,
CUHTas, 4YTO YacTOoTe KJjac-
ca nponopuHOHANEH pa-
duyc, a ne naowads cex-
? TOpa, KaK OTMEUYEeHO BHIIIE,
- 3T0 NPHBOAHT K CHJIBLHBIM
f HMCKa)KEHHAM  THCTOrpaM-
| MBL (puc. 1.7). Mopnaiab-
r HBI{l KJacc 3pHTEJNBHO He-
| mponopuHHOHAJBHO  BEJHK
| Do cpaBHEHHIO C ero Hc-
| THHHOH 3HauuMocTbio. Ha
TakoM rpaduke CHJIbHO
YTPHPYETCsl CTeleHb Npej-
| TNOYTHTENBHOCTH OPHEHTH-
pOBKH'.

1.3.9. Opyeue sudot kpy-
eosolx duazpamm. MoxkHO
NpHAYMATh H JIpyrHe cro-
co6bl n3obpaxkeHHss JgaH-
HEIX, pacnpeieseHHBIX 0
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Puc. 1.7. Inarpamma, usoGpaxaiomas Kpy-
roBYI0 HCTOTPaMMy, paanyc (a He mJoliajb)
CeKTOpa KOTOPOHl NpomopLHOHAJeH YacToTe
Kaacca. Mcxonnbie aanHbie Te e, 4TO H Ha
puc. 1.5.

OKPYJKHOCTH, HO BCe OHH YCTYNAIOT KPYrOBLIM AHArpamMMam o satpa-
TaM BPEMEHH Ha MOCTPOEHHE M MO MOJE3HOCTH AJf JadbHeHIIero
ananusa. Tak, manpuMep, MOXKHO KPYroBYi0 THCTOTpaMMy pasBep-
HYTb H NPEACTABHThL B NCeBJOJHHeHHOM BHAe, nomectuB 0° Ha 0A-
HOM KOHLle TOPH3OHTaJbHOM ocH H 360° Ha Apyrom, HO Takoe mpej-
CTapJieHHe 3aTylIeBLIBAeT UHKJAMYHOCTb, MPHCYLLYI0 YIJIOBLIM Be-
JHYHHaM. MOXKHO NOCTPOUTL KPYroBOH aunajior KpHBOil pacnpenede-
HHSI 4acCTOT, HO NPAaKTHYECKOEe €ro HCMOJb30BaHHE MaJo YTO AaerT.
Haxownen, cjeayer OTMETHTb, UYTO JaHHbE, pacnpeleJeHHbe Mo
OKPYKHOCTH, MOTYT OBITb KaK «OCAMH», TaK H «HaNpaBJEHHIMH»
(momuuTe pasznuuus MexaAy HuMH?). IIpOTHBOMOMIOKHBIE KOHIIE
crebaeil mckonmaeMblXx pacrenuii (puc. 1.8), MMEIOIHX OAHHAKOBYIO
TOJILULHHY 110 BCEH MJIHHE, MOTYT He OTJAHYaThCsl APYr OT APYra; mo-
9TOMY JJI H3MepPEeHHSI HX OPHEHTHPOBOK JOCTATOYHO HCNOJIb30BATh
TOJILKO noJoBHHY JuM6a komnaca (ot 0 po 180°). Oxnako, Kak HH
CTPaHHO, HA NPAaKTHKE MOXKET 0Ka3aThCs TMOJe3HBIM H306paxenue

I B oTeuecTBEHHOH reoJIOrHYeCKON JHTEpaType 3a KPYroBolMH THCTOrpaMMaMH
3aKpernua0Ch Ha3BaHHE <«pO3bl-AHAarpaMMbl». K COXKaJeHHI0, TNpPHXOJAHUTCA NpH-
3HaTh, 4TO B OGOJBUIHHCTBE CJAyYaeB OHH CTPOATCSA C ONHCAHHBLIMH HAPYIICHHAMH.—

fpun. ped.
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0% 180°

135°,315°— — 455 095°
(o]

90°,270°

Puc. 1.8. Kpyropas nuarpaMma OpHEHTHDOBOK creGJefi HCKONM3aeMbIX pacTeHHil.
ItH HabmojeHHs SBAAIOTCH «OCAMH»; TAK Kak OAMH KOHEl cTe6Js HeoTAHYHM
OT ApYyroro, TO AAA ONpeleNeHHs HX OPHEHTHPOBKH JocrTatoyHo mnepsux 180°
aumbGa komnaca. Uto6bl NOAYEPKHYTh LHKJAHYHOCTH 3aMepOB H CAEN1aTh AHAarpam-
My GoJiee MOJE3HOi AJ5 NPAKTHYECKOrO HCHONL30BAHHS, 3HAUEHHS 3aMepPOB YIVIOB
yABoenn (Zaunble JioGesno npejpocTaBieHu A-pom Y. B. XenrtoHcrosiom).

TAKHX OPHEHTHPOBOK Ha KPYroBOil JHarpaMMe MyTeM YABOCHHSA
3aMepeHHBIX YIVIOBBIX BeJHUHH. Bepxuuil KoHen BepTHKaJbHOTO
AuaMerpa Taxkoiff auarpaMMbl COOTBETCTBYET HampaBJeHHI0O KakK Ha
ceBep, TaK H Ha 10T, a HHXKHHH KOHel, — HanpasJieHH10 Ha BOCTOK H
Ha 3anaj (!), HO MOJIHBIT 06OPOT HA 3TO AMArpaMMe COOTBETCTBYET
OJHOMY MOJIHOMY HHKJY OPHEHTHPOBOK, UTO yA0OOGHO: 3TOT rpagduk
MOXKHO HCMOJb30BaTh B CTATHCTHYECKOM aHnajuse (rJa. 8).

¥npaxcrerue. TanbKa — JErKOJOCTYNHBI TreoJoruyeckuit o6b-
€KT, KOTOPHI yKe (PHTYypHpOBaJ B psAje NPHMEPOB H OyAeT HCHO/b-
30BaThes B faJgbHeimeM. Tem He meHee HE CJeIyeT paccMaTpHBATDH
3Ty KHHTY KaK PYKOBOJACTBO IO MOJCYETY raJjiek; Bbl YBHIETE, 4TO
paccMOTpeHHLIE 3[1eCh METOAbl NMPHMEHHMBLI KO BCeM KJjaccam reo-
JIOTHYECKHX 3ajady. B kauectBe yipaxHeHHd BO3bMHTE HECKOJIbKO
006pasloB TajbKH H ONpejeNnTe, CKOJAbKO BHIOB H3MepeHHil (uc-
MOJb3ys pasjHYHble THIBI IIKaJA) MOMKHO BHIOJIHHTL HAa Kax/J10M 00-
pasue. [Togymaiite, nanpumep, 0 c)epHYHOCTH H OKATAHHOCTH TaJb-
Ku: Mepsl KpamGefina ajst 9THX XapaKTePHCTHK TOYHO ONpeIesiior-
csl, @ JIOCTATOYHO JIH AN 3TOr0 mpoctoro ynopsiouenus? Ecau
rajbKH YIOPSIA0YEHEl IO BO3pPacTaHHI0 CepHUHOCTH, TO IPHIETCH
JIH CYLIECTBEHHO MEHATh MX B3aHMHOE pacnoJioxeHHe, 4ToObl Mpo-
paHKHpOBATL HX M0 BO3PACTAHHIO OKATaHHOCTH? Bo BCAKOM ciydae,
HACKOJIbKO JIEFKO TaKOe ynpaxHeHne?
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bpocaHue MoOHeTHI
M cTpaturpapus

B rnaBe paioTcs HeKOTOpHIE HCXOJHEIE TpPEICTABJEHHS O Bepo-
ATHOCTH ¥ npoBepke runores. OHH HJIJIOCTPHPYIOTCS H3BECTHBIMH
3aKOHaMH CJaydalfinblX fIBJEHHIl, CBA3aHHLIMH ¢ GPOCaHHEM MOHETHI.
3ta riasa BaKHa NOTOMY, YTO BOMNPOCH NPOBEPKH THNOTE3 0GCYXK-
JaloTcsA HAa NMPOTAXKeHHH Beeil kuurd. XoTA cojepiKaHHe TJIaBhl B
HEKOTOPOil CTeNneHH Kacaercsl «nokepa» H APYrHX HrpP, B KOTOPHIX
cayuail sIBJSIeTCS BajKHBIM 3J€eMEHTOM, B KOHIE €€ si MOKa3blBalo,

~ KaK BCIO CTPYKTypy 0e3 H3MeHeHHS MOXKHO NepeHecTH B 00/acTh

cTparurpaduu.
2.1. IkcnepuMeHT ¢ GpocaHHEM MOHETHI

Honyctum, umeercs BbiGOpKa, cocrosilias H3 OAHHAKOBHIX MO-
HeT, B Ka)/J0il M3 KOTOPHIX OJHA CTOPOHA Ha3BIBaeTcs «repGom»
(2), a npyras — «pewerkoii» (p). Bpocas Takyw MOHETY, mpeamno-
JaraeM, YTo MOHeTa NPaBHJbHAS, T. €. OHA INPH3EMJAeTCs BBepX
«rep6oM» HJIH «peHIeTKOH» ¢ paBHOM BeposTHOCTLIO. JIpyrHMH
ca0BaMH, ecau I’ — BEpPOATHOCTL BHIMAAEHHA «rep6oB», a P — Bepo-
SITHOCTb BGLIMAJAEHHHA «pelleTok», T0 '=P=1/,. Onnako Ha Bpems
0T6POCHM Haile npeanoJioXKeHHe O TOM, YHTO MOHETHI «IIpaBHJbLHBIE?,
TaK KakK M3-3a Je(eKTOB HM3rOTOBJIEHHS BCe MOHETHl HeypaBHOBe-
HIeHsl H, caefoBaTespHo, I' He paBHo P. Tem He meHee B cOOTBeT-
CTBHH C HAlUMM MOHHMaHHeM BepositHocTH [+ P=1, T. e. MoHera
doascHa ynacTb au60 KBepXy 2, Aubo KBepxy p (MBI, TakuM obpa-
30M, HEe Y4YHTHIBAeM TOT MaJIOBEPOSATHBIH CJOyuaHd, KOrza MoHeTa
BCTaner Ha pebGpo).

Tenepr paccMOTpHM mpocTeilinii IKCNePHMEHT, B KOTOPOM MBI
6pocaeM OJHYy-elHHCTBeHHYI0 MoHeTy. OH HMeeT JIBa BO3MOXKHBIX HC-
X0/la: HCXOJ 2 ¢ BEPOATHOCTHIO I” MM HCXOJA p ¢ BeposiTHOCTBIO P.
PesyabraTel sKcriepHMeHTa MOXKHO H306pasuth B BHAe Tabu. 2.1, B
KOTOPOii KaMXAblil cTOJ0€l COOTBETCTBYeT BO3MOXKHOMY HCXOAY
IKCIepHMeHTa.

Temepr MBI BHAOH3MEHSEM IKCIEPUMEHT, N06aBisisi BTOPYIO
MOHETY, a Pe3yJbTaThl npejactasiseMm B Bufe Taba. 2.2, Uro6w ra-
paHTHPOBATh MOHHMAaHHE 3TOil TaGJHUE, Hal0 06PAaTHTh BHHMAaHHE
Ha JBa MoMeHTa. Bo-mepBHIX, PacCMOTPHM BEPOSITHOCTH HCXOJa.
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TaGmuua 2.1, Pesyastarsl Gpocanus OJHOA MOHETHI

Howmep nexona 1 § 2 (=24
Monera najgaer «Pemetkoit» (p) wsepxy  «[epGov» (2) KBepxy
BeposaTHocTh HeXOAA B r

Buisop BeposTHocTH BHNagenns «repba» PaBHbl  COOTBETCTBEHHO

P (ucxop 1) m I' (ucxox 2)

Ta6anua 2.2, Pesyabratsl GpocaHHs JByX MOHeET

Homep ncxona 1 2 3 4 (=28
Mogeta 1| P P 2 2 (kBepxy)
Monera 2 P 2 D 2 (kBepxy)
BeposTHOCTS HCXOZA pP? Pxr r'xP i

Buisog BepoatnocTu Beinagenns Q, | wauw 2 «repGon» npu Gpo-

CaHHH JBYX MOHET papHLI cooTBeTcTBeHHO P? (mcxoxm 1),
P X PLETF % P=2 XP T (acxonn 2 m @) w17
(ucxox 4)

Ectp nBe MoOHeTH, OHH OpocaloTcs He3aBHCHMO, H MaAeHHe OXHOI
MOHETH HHKOHM 00pa3oM He MOMKET BJHATb Ha MajeHHe IPyroi.
CaiefioBaTe1bHO, BEPOATHOCTD NMajleHHs MOHETH 1 «peleTKoil» BBepx
He 3aBHCHT OT Toro, Kak ynajer monera 2. Kopoue rosops, aTn
COOBITHS HE3aBHCHMBI, a NpaBWI0 OObeIHHEHHS BepoATHOCTeH He-
3aBHCHMBIX COOLITHII COCTOHT B HX nepemHoXKeHHH [20]. 910 mOMK-
HO ObITh fICHO M3 AJBLTEPHATHBHOrO NPEACTABJCHHS SKCIEPHMEHTa
Ha pHc. 2.1. Haunnaem paccmaTpHBaTh 9Ty cXeMmy cBepXy. Bpocanue
MOHeTHl | cpasy JenuT JdajbHefimne cobuTHA HA ABe rpymnbi: P, B
KOTOPOii MOHETa Najaer «peleTkoii» kBepxy, H I', B KOTOpoii oHa na-
npaer «rep6om» kBepxy. Ilpn Gpocanun MoHeTH 2 rpynnma P aeauTtcs
nAanbiie Ha yacth P m I, TlpaBujioM BBLIYHMCJAEHHSI YacTH OT YacTH
CHOBA SABJIAETCS YMHOXEHHE, KOTOpoe B pe3y/bTaTe AaeT MOJHbIe
BEPOSTHOCTH MCXOA0B, NIOKA3aHHEIE B HHXKHell yacTH puc. 2.1.

Bo-BTOpBIX, NMOCKOJBKY HAC HHTEpPECYeT TOJBbKO CyMMapHoe
uncsi0 «repGoR» B A1060M OTAGNALHOM HCXOJE, TO BBLIUHCAATH Bepo-
ATHOCTH BhInagenus 0, 1 uan 2 «rep6oB» MOKHO, 00beAHHSS BEPOAT-
HOCTH OTJEJbHBIX COOBITHH TAaK, KAK MOKA3aHO Buile. 3TH BEpPOAT-
HOCTH PaBHH cOOTBeTCcTBeHHO P2, 2XPXI u [?, a mnoayuuTb HX
MOKHO, packpeiBas Beipaxenune (P+4T)?%:

(P+T)=P?+2xPxT +I2

D10 Gopmysa OHHOMHAALHOrO pasJoXKeHHsi, a BePOATHOCTH,
BBIUHCJICHHBIE TAKHM Cnoco6oM, Ha3bBalOTCS OGHHOMHAJNBHBIMH Be-
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Puc. 2.1. Bee Bo3smozuble NoOCAefoBaTeJbHOCTH COGHTHI B onmTte ¢ GpocaHneM
AByx Moner. Byksm P um I’ y cTpenok 03HayajOT BepOATHOCTH BHINAJEHHS COOT-
BETCTBEHHO «pelleToK» H «repGoB». [loiHBle BepOATHOCTH YKa3aHel B KOHIE
Ka:x10H H3 ueTHipex BeTBell.

poaTHocTamu. MM noayHHAIOTCS BCE NPOILECCH, B KOTOPHIX B J000i
MOMEHT MOXKeT NPOHCXOAHTHL TOJBKO OAHO H3 JBYX BO3MOMKHBIX
COo6BITHIA.

Tenepb Mbl TOTOBH K AajbHEfIEMY YCJA0XKHEHHIO 3KCIIEPHMEHTA:
Gpocannio Tpex mouer. Ero peayabraThl mokasausl B Ta6.a. 2.3.

Hapetwocs, uto pancuefimuil nyTs siceH. B srcmepuMente ¢ 6po-
candeM N momer BeposTHOCTH Bhinagenus 0, 1, 2, .., N «repGoB»
SIBJAIOTCA MOCJACI0BATENLHEIMH YJIeHAMH DasJioXeHHs OunoMa
(P+T)N. 910 bunomuasbHoe pasaioxcesue u ero obujutl waed 3ajaa-
ercsi hopmyJoit

R R
0 BT 1 B g e T
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Tabanua 2.3. Peayabratst Gpocanusi TPex MOHET

Homep nexona 1 2 3 4 5 6 7 8(=2%)
Mosnera 1 P P p p E 2 2 2
Monera 2 P P 2 2 p P 2 2
Monera 3 P 2 P 2 p an p 2
BepoatHocTn Hexona P3P DIPRsel Pl T PRac M P PaViPie 'Y I8
Brisog BeposrHocTr Bhinagenus 0, 1, 2, 3 «rep6os» npu Gpo-
CAHHH TPEX MOHET pasHBl CcOOTBeTcTBeHHO P3, 3XP2x
X, 3XPXTI?*n I3, 1. e, unenay pasnoxeHus op-
Myasl (P--I)3
1",11e]e'§r — uicJi0 couetaHHii u3 N 06BeKTOB mo R, ompepeasemoe
thopmy.roii

Ao N M
(R) RIX(N—R)!'

rne !|—3Hak ¢akropuana (N!=NX(N—1)X (N—2)X..X3X
X2X1; nanpumep, 4!=4X3X2X1=24).

IIpumep. Uemy paBHA BepOAITHOCTbL BHINAJEHHS 4YeTHIpEX «rep-
60B» NpH GPOCAHHH IIECTH NPaBHJILHEIX MOHET («IpaBHJILHHIX» 03-
Hauaer, yro P=I=1/,)? B stom npumepe N=6 n R=4, noatomy

(N)# 61 6X5x4X3X2X1 _ 6X5 _ e
R 41X (6—4)] 4X3X2XIX(E2X1) 215

TAKKe FR=(I/2)4=1/2>(1/2><1/2><[/2=l/16 H P¥R=(1/2)2=
=1/2X1/2=1]4. ]

Takum o6pasom, uckoMast BeposiTHOCTH paBHa 15X (1/16) X
X (1/4) =15/64, uto npubausutesbHo cocrasiaser 0,234.

TpeanonoxkuM, 4TO Mbl IPOBOJAHM 3KCHEPHMeEHT ¢ 14 MoHeTamH,
H nepeoHa4aabHo donyckaem, 4YTO MOHETH mnpaBujbubie (T. e.
P=rI=1/2). Ucnonw3ys cdopmyay (2.1), MO¥KHO cOCTaBHTL Tab-
JIHIYy IpejnoJaraeMblx BeposiTHocTeill Beinagenus 0, 1, 2, ... .., 13,
14 «repGoB» B 9KCIepHMEHTe, KOrJa Bce MOHeTH GpocaloTcsi OHO-
BpeMeHHO. JTa Tabauua AaHa B MOANHCH K pHc. 2.2, HA KOTOPOM
npeiacraBieH rpadHk, nocTpoeHubiii mo Tem ke naHHeiM  (PIIB
aHajoruyna puc. 1.2, 6, Ho ¢ AHCKpeTHoll mepemeHHoit R, npHHHMA-
IOl TONBKD NEeALle 3HaUeHHs; I103TOMY pPesyJabTHpyoulas (yHk-
IHAS MMEEeT CTyMeHYaTHl BHI).

Ecim MOHETH MpaBHJbHBIE, MBI OXKHAAeM IOJYYHTH NPHOIH3H-
TEJbHO paBHbie MHOMKECTBA «rep6oB» H «pemerTok». C Apyroi cro-
POHBI, €c/ii BHINAJZAeT OYeHb Majo HJIH O4eHb MHOro «repGoB»,
MOXKHO c/ieJlaTh CJeAylolHe BhBoAb: aubo (a) Halle rnpeanonoxe-
une I'=P=1/2 BepHo, HO mpoH30ouULIO peakoe cobuite, Anbo (6)

il
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Yucno ¢zeplosy R

- Puc. 2.2, OynKuus MIOTHOCTH BEPOSTHOCTH OHHOMHAJBHOTO pacipejesieHHs IJs
BbiGopKH 06beMoM N=14 npu P=I=1/2.

E ¢r§;§g:s BepoaTHocTh q.;i;ggs, BepoaTHocTh ,rz;gg:, BeposaTHOCTB
i
0 0,0000610 5 0,122 10 0,0611
1 0,000854 6 0,183 11 0,0222
3 2 0,00555 I 0,209 12 0,00555
3 0,0222 8 0,183 13 0,000854
4 0,0611 9 0,122 14 0,0000610

1
Haure npeanojozxkenue '=P=1/2 nesepro. Ha KakoM H3 3THX ABYX
BBIBOJIOB MBI OCTanoBuMcs, OygerT 3aBHCETb OT TOTO, YTO MBI NOHH-
. MaeM MoJ «peiKHM coObiTHeM» (oOcyxKaaercs B CJeiylouieM pas-
] aene). Mexnay Tem u3 BeiBofia (6) ecTecTBeHHBIM 06GpPasoM CJEAYET,
4TO ecJH BBINAJAaeT OYeHb MaJo «repGoB», TO MBl CKOpee Mnpejirno-
JI0KHM, uTo I” Meubuie P, U, Hao60poOT, €cIH BHIMAAET OUCHb MHOTO
«rep0oB», TO MOXKHO TPEANOJOXKHTb, 4To I' Goabue P.

|
% 2.2. «Maabie BepOSTHOCTH» H «peflKHe COOBITHS»

‘ Bonpoc Tenepr COCTOHT B CJAEAYIOUIEM: KakK KOJHYECTBEHHO
| ‘oxapaKTepH30BaTh TO, YTO MBI MOAPA3yMeBaeM MOJ CJIOBaMH ,,04eHb
'i Maao «repGoB»” HIH ,,04eHb6 MHO20 «eepboe»”? Muaue: npu kakom
| Kkpuruueckom snawenuu R (uncie «repboB») MBI CUHTAEM BO3MOXK-
y HBIM OTBEpPrHYTb FHIOTE3y O TOM, 4TO I” paBHO P, H NPHHATL aJbTep-
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HATHBHYIO rHnore3y, 4to " He paBHo P? OTBer 10MXKeH OBbITh TAKUM:
NPH HEKOTOPOM MaJOBEpPOSITHOM 3HAaYeHHH R 8 npednoaodceru, uTo
I'=P, Jlanee nepexoAuM K BONPOCY O TOM, KakK onpedeiuts «Manayio
BepPOATHOCTb». HHKaKHe CTATHCTHYECKHE TEODHH He MOMOryT HC-
CJIEIOBATEIO PEIIHTh, YTO MOHUMATh MOJ «MaJIOH BEPOSITHOCTHIO®,
MOTOMY 4TO MHOrOe 3aBHCHT OT KOHKPeTHHIX ycJoBHil. OaHako, Kak
TOJIBKO pellleHHe NMPHHATO, C MOMOILLI0 MHOMKECTBAa Pa3Ho00pa3HBIX
METOIOB (HA3LIBAEMHIX CTATHCTHYECKMMH KDHTEPUSMH) HCCJIE10Ba-
TeJb MOMKET NPHMEHHTb €r0 B pAJe CHTYalHil JJAs TOro, YToObl OM-
peAesHTb, IPOH3ONII0 HJIH HET «PefKoe COOBITHE».

[To onpenenennio peakoe coObiTHE NPOUCXOAHT ¢ MAJNOH BEPOAT-
HocThbio. B Auraun u3 50 MJH. yesoBeKk B cpeaieM 20 uesoBexk KaxkK-
ABl JeHb THOHET B JOPOKHBIX NPOHCUICCTBHSIX. XOTeA0Ch OB CUH-
TaTh, YTO TaKoe KaTacTpopuueckoe COOBITHE MPOHCXOAHT C HCKJIO-
IHTEIbHO MAJIOH BEPOATHOCTLIO. st «cpeaHero 4esioBeKa» BEPOSIT-
HOCThIO MOruGHYTb B Kakoii-HHOYAbL JeHb Ha J0pore paBHa
20/50 000 000= 00000004 (mmm 1/2500000). B mnoroHe 3a BBIHT-
pHIlIeM B «OpJSiHKY» W B JPYTHEe a3apTHbe Urpbl MBI Obl MONLTH Ha
PHCK, ecJd OBl LIAaHC BBHIMTPaTh OBLI, CKaXeM, He MeHbiue, yem 1 : 20
unn 1:100. Kopoue roBopsa, maue npeiCcTaBIeHHe 0 «MaJoi Be-
posTHOCTH» OyAeT 3aBHCETh OT KOHKpeTHOfl cHTyaumd. HomycTum,
B 3KcnepHMeHTe ¢ GpocaHuem 14 MoHeT MEI pelraeM, 4To MaJjas
BepositHocTh paBHa 1:20 (0,05) uam menbue. Eciiu npu ogHoKpar-
HOM OpocaHHH BCEX MOHET He BbIajaeT HH oAHOro «repbas (R=0),
TO MPOH30III0 peiKkoe cOOGHTHE (TMPH YCAOBHH, YTO MOHETHI «Mpa-
BHJLHBEIE»), TOTOMY YTO Ta6GJHIa B MOAMHCH K PHC. 2.2 MOKAa3HIBaeT,
YTO COOTBETCTBYIOIIas BeposaTHoCcTh paBHa 0,0000610 (. e. mpuGan-
sutenapno 1: 16400). Ecau, nmoBTopsisi sKCMepHMEHT, MOC/Ae10BATE b
HO mojayuaem O uam 1 «rep6», TO OnNsfATh MPOHCXOAHT pejKoe cOObI-
THe (mo-mpexkHeMy MpeamoJaraeM, 4To MOHETH MPaBHJLHLIE), MOTO-
My 4TO BepofiTHOCTb Bhimajgenus 0 unu | «repba» pasua cymme
oTAeabHEX BeposTHoctedl  (0,0000610-+0,000854=0,000915, T. e.
npuGausuteasHo 1:1100). Yto6b BHUHC/AHTE <«KPHTHYECKOE 3Ha-
ueHHEe» uHcsa «rep0oOB», paBHOe HIH MeHBIee TOrO 4HCIa, NPH KO-
TOPOM pejiKoe coObLITHe BCe ellle NMPOHCXOAHT, MPOCTO MPOJoJZKaeM

Ta6anna 2.4, Onpejenenne KPHTHYECKOTO 3HaueHHs R

0 rep6oB 0,0000610
ne Goabwe 1 «repga» 0,000915
BeposaTHoCTh BRIMAgeHHs He Gombme 2 «rep6oB» 0,00646

ne Goabure 3 «repGoB» 0,0287
0,05 (Hawa «Mmanas» BePosiT-
HOCTB)

He Goaswe 4 «rep6os» 0,0898
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eKJIAABIBATL 1OC/Ae10BATEIbHLIE BEPOATHOCTH W3 TaGIUUB B HOANH-
i K puc. 2.2 u noayuaem taba. 2.4. M3 nee BHJHO, YTO BLIMAajeHHe
ex HIH MeHee «repOeB» corylacyercsi ¢ BEIOpAHHBIM HAMH Ofpe-
JieHHEM peaKoro coObITHS.
Dra nocses0BaTeNbHOCTL JAEHCTBHH OYeHb BaxKHa, MOITOMY ja-
iTe COCTAaBHM CXeMY HalIMX ACHCTBHH:
- 1) Ilpeanonaraem, uto mMoHeTH NpaBHJbHEE, T. €, [=P=1/2, a
W OHH HenpaBHJbHbIE, TO NPH GPOCAHHH BLIMAJAET MEHbIIE «rep-
)B», HEM «PEIIETOK».
2) Jlas npoBepkH 3TOr0 MNPEANOJOMKEHHS pellaeM [POBECTH
cnepHMeHT ¢ OpocauneM MOHeT, o0pasylomux BHOOPKY, W NOA-
HTaTh YHCJO BHIMAAAIONHX «TepGOoB».
3) Byaem Gpocath 14 MOHET H CYHTAaTh, HYTO «PEAKOE COGHI-
- THE» — 3TO TaKoe coObiTHe, KOTOPOe MPOHCXOAMT He Yalle uem | pas
B 20 6pocanuax (r. e. ¢ BepositHocTbio 0,05 HaH MeHbLIe).
4) Tak Kak Mbl co0HpaeMcsl OCHOBLIBATh Hall BBHIBOJ Ha 4Hcje
BBINAJAA0IWHX «rep6oB» R, HaAM HYXHO 3HAaTb BEPOSTHOCTH BbiNa-
~ JIeHHsl KOHKPETHBIX 3HaueHHil R. DTH BepPOATHOCTH BBLIYHCJAEHH B
raba. 2.4.
| 5) Tabuauua 2. 4 nokasbBaeT, 4TO €CJAH Bbillajo He GoJblie Tpex
«repGoB», TO 10 MPEANOJOXKEHHIO 3Tana | NPOH30LII0 «pefKoe co-
OBITHEY.
6) Hakonen, Mbl NpOBOAHM 3KCMEPHMEHT H MOMKEM CAEIATh cJe-
AVIOIHEe BHIBOIKL:
a) Ecan R Goapimie niam paBHo 4, cYHTaeM, 4UTO MOHETH mpa-
BUJbHLIE H [T paBHo P.
6) Ecan R menbiue waum pasuo 3, To:
AUGO CYMTAEM, YTO MOHETH NPaBHIbHEIE, @ Pe3yabTaT 00b-
SCHSIEM TeM, 4TO MPOH30LLIO peaKoe coOLITHE;
Au60 oTBepraeM NpeAno/JokKeHHe O TOM, YTO MOHETHI pa-
BHJLHLIE, W CUNTAEM KX HEYDABHOBEIIEHHBIMH Tak,
yTO NPH OpOCAHHH ITHX MOHET «repbOB» BhIIALAET
MEeHbBIIIe, JeM «DemIeTOK»,

2.3, Wecth 9TanoB npoBepkH runores

Hiuxe npusegeno paunoe 3ureaem [19] ¢opmanbhoe omucanne
HIeCTH TOJBKO 4YTO paccMOTPEHHBIX 3TAIOB MIPOBEPKH THIOTES. He-
KOTOpHE H3 NOHATHH, KOTOPHC 5 BBOXKY 3/€Chb, PAacCMOTPEHH B
06IHX YepTax TOJbKO NMOTOMY, UTO MHE XOYeTcsl BEPHYThCA K HHM
# Goxnee noapobuo obeyante ux B ra. 10, pas y:xk 2 onucal, 4To
MOKHO AeJaTh ¢ MOMOUIbI0 KOHKPETHBIX CTATHCTHYECKHX KPHTEPHEB.
) 2.3.1. Popmyauposra «HYAEBOU» U «AAbTEPHATUBHOU» 2UNOTE3.
"~ Hyaeras runoresa (o6eiuno oGosnauaemas Hg) — 370 runoresa o6
OTCYTCTBHH pasiuuuii. MHorja ee cneunaspio BHIABHraloT VIS TOTO,
4TOGB! OTBEPrHYThH B M0Jb3Y aJbTEPHATHBHOH runoressl (obosnauae-
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L]

moit H,), koropass moxer ObiTb (POPMYJHPOBKOI «paboueii runo-
Te3El» HCCJE]0BaTes.

B BoimenpusegennoM npumepe Hp COCTOHT B TOM, 4YTO MOHETHL
NpaBHJIbHbIe, T. €. HET PA3JHYHSA MEXKAY BEPOATHOCTSAMH <«repOoB»
H «peleTok», H, CJeA0BaTeIbHO, B HYJEBOHl THIOTE3e COAEePKHTCH
npeanogozxenne, 4to I'=P=1/2. AnprepuaTuBEas THIOTE3a COCTO-
HT B TOM, YTO MOHETH! HENPAaBHJbHLIC, BCE OHH HEKOTOPBIM 00pa3om
HE yPaBHOBEIUEHB! (HX IEHTPHI TAMKECTH CMEIEeHbl), TaK YTO, KOrjaa
Hx OpocaioT, MOHETEI CTPeMATCA TNajgaTh «pelleTKaMH» KBepXy.
B stom ciygae BeposiTHOCTH TakoBH, uTo I'<P.

2.3.2. Boifiop crarucruueckoeo xputepus. B KOHKpETHOH cHTya-
LHH MOKHO HCINOJb30BATh MHOMKECTBO CTATHCTHYECKHX KPHTEpHEB.
Oanako KaxaoMy KPHTEPHIO COOTBETCTBYIOT CTATHCTHUECKAas MO-
JleJIb H YCJIOBHSI IPOBeJeHHST H3MepeHHH, KoTophie coBMecTHO 06yc-
JIOBJHBAIOT HEKOTOPBIE YTBEPIKAEHHS OTHOCHTEJNBHO HCCJAeAyeMon
reHepanbHOil COBOKYNHOCTH, cnocoba orbopa HabawjeHHi H MeTO-
Aa uaMepenuil. BHIOMHAIOTCS JH YCJAOBHA KOHKPETHOH MOJENH,
HHOT/la MOXKHO NMPOBEPHTL, HO Yallle MPHXOAHTCHA JeJaTh HEKOTOphie
ponyuenus. CiaegoBartenbio, B JI0O0H CHTYalHH CTATHCTHYECKAs
MOZeJb YaCTHYHO HJH LEeJHKOM onpejessercss HabopoMm AonylleHHi
H YTBEPHKACHHH OTHOCHTENLHO TpeanogaraeMoil 0060CHOBAHHOCTH
namepennii, Oanako obpaillaeM BHHMaHHe HAa To, 4TO HaunboJjee
«MOILHEIE» CTATHCTHUECKHE KDHUTEPHH OCHOBAHBI, KAK MPABHJO, HA
caMbiXx OOUIHX TPEANOJIONKEHHAX (i OoTKAaabiBalo obcyxaeHue
«MOIIHOCTH» CTATHCTHYECKHUX KpHTepueB a0 pasi. 2.4). ITo cyuecr-
BY, Mbl Jo6uBaeMcs moJjHoH 3((eKTHBHOCTH, B 0COOEHHOCTH MOJ-
HOTO MCTOJB30BAHHA JAHHHIX, H THlATeJIbHO HCCJAElyeM orpaHude-
HHA NMPHMEHHMOCTH KPHTEpHs.

B paccMOTpeHHOM NpPHMEpe MBI MOCTPOMAH Hall COOCTBEHHBI
CTATHCTHUCCKHH KpHTepHH, 6asupylomuiics na HccleloBaHul GHHO-
MHAJbHOro pacnpeneneHns. ORHAaKO yaule MH, BepOsATHO, Oymem
NPAMEHSATh «CTAHAAPTHEIH» KPHTEPHI, H €CTECTBEHHO, 4TO MO Mepe
IIOCTOSIHHOTO pACIIHpPEeHHs HALIHX 3HAHHI H OMBITA Mbl YBHIAHM, YTO
BHIGHpaTh KpuTepHil Gyaer jerde (Gosee moapoGio o6 3TOM cKasa-
1o B ra. 10).

2.3.3. Ycranoerenue obwvema svifopkuy N u onpedeserue «ma-
A0il gepoaTHocTus a. BeOop cTaTHCTHYECKOr0 KPHTEPHS, BEPOATHO,
Gyaer BAHATL Ha onpejenende o6bema BHOOpkH N (au naoGo-
porT), H, KOHEYHO, TO H Apyroe GyAyT 3aBHCeThb OT COAEPXKaHHA 3a-
nayn. ITo-BuamMoMy, ueM Goablle craHoButcd 0GbEeM  BHIGOPKH,
TE€M, ecTecTBeHHO, Ooablle Mbl Oyaem A0BepPsATb CBOHM BbIBOAAM, H,
KOHEUHO, CMPaBeJIHBO, 4T0 ¢ pocToM ofbeMa BHIOOPKH yMEHblIaeT-
¢l BEpOSITHOCTH coBeplieHHss ommubok, HO He 006s3aTesbHO 3710
yMmeHbinenne Gyaer peakuMm. Oanako oAMH M3 BaXKHBIX MOMEHTOB
paspaGOTKH METOJIHKH NMPOBREPKH THNOTE3 COCTOHT B NMONBITKE j0-
CTHYL 1€ ¢ MHHHMAJbHBIMH YCHJHAMH HJH 3aTpaTamu. Pas yx



BPOCAHHE MOHETBI W CTPATHUTPA®UA 49

MBI yBHJEAM B AEHCTBHH HEKOTOPblE CTATHCTHYECKHE KPHTEPHH, TO
cJie/loBasio OBl yKasaTh, KaK B Halleil KOHKPeTHOH 3ajaue 10 IpH-
MEeHeHHsI KPHTePHS MOXKHO NPeNcKa3aTh BepOATHHIH 0GDHEM BbIUHC-
JeHHi. B Tex cJayuasix, Korja Takue npeackas’aHus TPY/AHLI, cHTya-
IHIO BCEerJa MOXKHO HCCJeJ0BaTh, BbIOHpas MeHee «MOIIHBI» KpHTe-
puil, KOTOpLI mpouie MNpPHMEHHTh H KOTOpPHIl TpeOyeT MeHbIIHX
yeuanii. Llennocts Takoil «NpHCTPEJKH» B TOM, UTO C €€ MNOMOLILIO
onpeje/sercs OCHOBHOH Kputepui. B Halem npuMepe c GpocaHuem
MOHETHl YyCTaHOBJeHHe o0beMa BLiGopkH N paBHEIM 14, BO3MOMKHO,
OTKPBIBAET NyTh K COBePUIEHHIO OWHOOK, HO OKAa3bLIBAETCS, YTO IJS
BLIOOPKH 3TOr0 00beMa MOKHO MOJYYHTL DS BeposiTHOCTel, yxo6-
HBIX [LJIS1 HCTIOJIb3OBAHHSA B NMOCJELYIOLLHX TPHMepax.

Kak roBopuJjioch BHILE, TOJNLKO canm uccaedosarent MOKeT ompe-
Jle/IHTh, YTO TIOHHMATh MO TEPMHHOM «pelKoe coOuiTHe». CTaTHCTH-
YyecKasi TeOpHs OKa3biBaeTcsl MaJio MOJe3HOH, TaK KaK 3/1ech MBI
BCTynaeMm B 06J1aCTh TEOPHH NMPHHATHA pPelIeHMil, Tle HaYHHAIOT Jeii-
CTBOBAThH (DAKTOPHI LeHH, YCHIIHHA H JazKe JUYHOI pemyTalliH, HO 3TO
B 3HAUHTENLHOH cTeneHH HaxoAuTCsi BHe chepbl gauHoill kuurd. Equn-
CTBEHHO, YTO MOXXHO OLLEHHTb, 3TO BEPOSATHOCTH AOTYCTHTh OMIHG-
Ky, IpHHHMas pellleHde (KaK Mbl BKpaTie yBHAHNM B pazi. 2.4), u
3TO MpejAcTaBJ/IsIeTcsl 3HAYHTEALHEIM AOCTHAeHHeM. B paccMoTpeHHOM
npumepe st BHIGpaJ Manayio BeposTHocTh pasnoil 0,05; ciemoBartenn-
HO, IMaHChl HACTYMJEHHS «PeLKOoro coOBITHS», MPHBOASIIEr0 K BhI-
najeHuio «0UeHb MaJoro» uucaa «rep6oB» npu Gpocanun 14 mowmer,
O6yayT He Goablue yem 1:20.

2.34. Oyenka uau onpedeaenue dpyeum cnocoGom pacnpedeie-
HUSA 4acTor «crartucTuky kpurepus». CTaTUCTHKA KPHTEPHA — 3TO
YHCJ0, KOTOpoe HabuiofaeTcss MJIH PacCUHTHIBAETCS MO 3aBeplIeHHH
9KCMEePHMEHTa H ¢ KOTOPHIM MBI MPHCTYNAeM K CTaTHCTHUECKOH Mpo-
Bepke. OGocHOBaHHe HJIM BBIBOJ CTATHCTHYECKOTO KpuTepus Oyrer
BKJIIOUATh CCHIJIKY Ha Cmoco0 HaXOXK/EHHs] UHCJIEHHOTO 3HAYEHHS
CTATHCTHKH KpuTepus (He myTaiiTe «CTAaTHCTHKY KPHTEpHS» CO «CTa-
THCTHYECKHM mapameTrpoM»!). B HaueM npuMepe cTaTHCTHKOH KpH-
TepHusl ABJsETCH YHCA0 «repboB» R, onpejessieMoe NyTeM IOJACYETA.
CTaTHCTHKY KpPHTEpPHS MO APYFHM KPHTEPHAM MOXKHO HAXOJMTh I'pa-
(uuecku HJAH ¢ MPHMEHEHHEM MaTeMaTHUeCKHX (OopMy.JI.

HOnst Toro uToGBl pellinTh, KaKHe 3HAYEHHS CTATHCTHKH KpHTe-
pHsi «00OBIYHEI®, @ KaKHe «peiKH» NPH YCJOBHH cnpasedausocTu Hy-
JIeBOil THIOTE3Ll, Haf0 3HATh pacipejelienie 4acToT (MJIH (PYHKIHIO
NJIOTHOCTH BEPOSITHOCTH) CTATHCTHKH KPHTePHS HJH TNO MeHbIIeil
Mepe ee «KPHTHUECKOEe 3HauyeHHe» Ha TPaHHIle MEeMKLY «0O0BIYHBIM»
H «pelKHM» 3HaueHHAMH. B Halllem npuMepe BeposATHOCTH NOsBJE-
HHSl BceX BO3MOMKHBLIX 3HAYEHHII CTATHCTHKH KpHTepHs Oblia BBIYHC-
JeHa W mpejictaBiaeHa rpaduuecku (puc. 2.2). BooGume rosopst, Mbr
MOJicem BEIUHCJSITH TaKHE BePOATHOCTH, HO, CKOpee Bcero, Hac HHTe-
pecyer TOJBLKO <«KPHTHYECKOE 3HaueHHe» CTATHCTHKH KPHTEpHS, a
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AJsi GOJNBLUIHHCTBA CTAHAAPTHBIX KPHTEPHEB 3TH 3HAUEHHS CBOASTCH
B Tabanis uiu usobGpaxaiores rpaduyecku. Iloutn Bcerma takue
Tabauubl H rpauKH — 3TO Bce, YTO HYKHO Ha JaHHOM 3Tane fpo-
BEpKHU I'HIOTes.

2.3.5. Onpedeaenue «kpurudeckod obaacru» (uau «obaacru He-
npunarusy eunoresvt). Kpuruueckas obaactb — 310 objacTh pac-
TIpefieNieHns YacTOT CTaTHCTHKH KPHTEPHA, cojepiKauias KpaiiHie
3HAUEHHA CTATHCTHKH KDHTEpHS, BePOATHOCTb NOABJEHHS KOTOPHIX
NpPH YCJOBHH CNpaBeAJHBOCTH THMoTe3nl o paBHA WJIM MeHblIe d.

OGpamasce K Ta6a. 2.4 1 puc. 2.2 1 NPOBOJA aHAJIOTHIO ¢ HALIHM
o6cyxaeHneM puc. 1.2, a, 310 €3arajouHoe» onpeje/eHHe MOMXKHO
NPOHJIIIOCTPHPOBATE cjelylounm obpasoM. Mel XxoTHM HalTH Kpail-
HHe 3HaYeHHsl uHcJa «repGoB» R, BepOATHOCTHL MOSBJACHHS KOTOPHIX
npu cnpasedausoctu Ho menowe nan pasua 0,05. Tabanua 2.4, no
CyTH jeJla, TOBOPHT O TOM, KaK pacTeT YacTb ILIOHIALH Moj JeBOH
BeTBbI0 «KPHBOH» Ha pHC. 2.2 no mepe n00aBjieHHsl NOC/EAYIOUIHX
NPSAMOYIOJBHBIX CTOJAGUKOB. 3aMeTHM, UTO KpHTHYecKas objacTb
OyJer HaxXOANThCS NOJ JEBOH BETBBIO KPHBOIi, NMOTOMY YTO aJjbTep-
HaTHBHafA runoresa H; yTBepxjaaer, HTO LEHTPH THMXKECTH MOHET
CMelleHbl TaK, UTO OHH MAAAIOT «pelleTKaMHu» BBepX, obecrneunBas
‘TéM caMBIM BhIajeHHe MeHbluero uncaa «repGos». CkaaabiBas nps-
MoyroJabHble ctoabukn 4as 0, 1, 2 u 3 «repOoB», nosydaem nJomais,
pasayio 0,0287 cymmapuoli nJouaan noid «kpupoi». IloGabienue
K Heil mpAMOYroJbHOro CTOJNOHKa, cOOTBeTcTBYlomero 4 «repbam»,
yBeanuuBaeT 3nauenue naomanun no 0,0898, xoropoe, Takum obpa-
30M, mpeBHLIaeT BHIGpaHHOe HaMu 3uauenue, papuoe 0,05. Cnenona-
‘TeJIbHO, O KPHTHYECKO# 06/1aCTH, 3aIITPHXOBAHHOM Ha puc. 2.2, MOX-
HO TOBOPHTb Kak 06 o6aacTH, «cojepiKalueii» 3nauenust R, MeHblne
uan paBHbie 3. Manasi BepOATHOCTL @, BHIOpaHHAst JJISI TOrO, 4TOOBI
HaliTH pa3Mep KPHTHYECKOH 006JacT, M3BeCTHa TaKkKe Kak «ypo-
BeHb 3HAYHMOCTH». YmoTpebJeHHe mocJelHero TepMHHA 00d3aHO
CBOHM NPOHCXOXK/eHHeM OOBIYHOH 3ajiaue MOHCKA «3HAYHMOro» pas-
Jnuns mexay (axktoM H Teopueil G0 MeXKAy ABYMs HAH OoJee
HabopaMu HabJOeH .

2.3.6. Pewenue. Ecnii 3KcmepHMEHT JaeT 3HaueHHEe CTATHCTHKH
KpPHTEpHA BHYTPH KpHTHYecKo#t obGaacTH, To Ho orepraercs. Bos-
MOXKHEI 1Ba o0bscHeHus: a) Hp Ha camom jerne crpaseinBa, HO
nponsounto peakoe cobuitue; 6) Ho aoxua. @opmyanpysa pelienre,
Huko20a He CJeyeT ONyCKaTh CCLIAKY HAa PasMep HMCIOJb30BaHHOl
KpHuTHueckoil o6aactu.

2.4. BepoATHOCTb MPHHSATHS OLIMGOYHOTO pPelleHHs

OGpaTuTe camoe cepbe3HOe BHHMaHHe Ha TO, YTO CTATHCTHYECKHH
MeTOJl NPOBepKH runores xe dokassigaer uero-auGo! B neiicTsu-
TeJNILHOCTH CTATUCTUKA HUxe20 He dokasbiéaer. Jlaxke eclH 3Kcrnepu-



Y T T T S Y

e Sl it o o ot

BPOCAHHE MOHETBI H CTPATHIPA®HSA 51

Tabmuua 2.5, BeposTHoctn ownGox npH npoeepke runoted (I — owmbka I-ro
pona, 11 — omubka 2-ro poza)

hakTHYeCKR
Ho cnpaBegausa H, cnpasejsiHBa
BoiBox; npunnvaetcs H, l—a b (1)
npuHuMaercs H, a (I) 1—b

MeHT faeT R=0, Mbl Bce eie #He doKasa.au, UTO MOHETHl HempaBUJb-
Hble B IOPHAHMYECKOM HJIH MaTeéMaTHYeckoM CMBbICJle 3TOro cJoBa.
B crarucTuke Bcerja A0onyckaercsl, 4YTO BBHIBOJAB OIIHOOYHBI, HO
BCEr/la MOMKHO OLEHHTb 8epPOSTHOCTH 3TOro AomyuleHus. Bo3aMoxKHB
TOJNILKO JiBa THHa OIMHOOK, KOTOpPHE HJJIOCTpHpyloTest Taba. 2.5.
B nalueii MeToAHKe B II€CTb 3TANOB ONpPeAeNAIOTCs pelkHe cOOLITHA
npu ycaosuu cnpasedausoctu Ho. B cayvae nosiBiennst peakoro co-
ObITHSA, BEPOSITHOCTh KOTOPOTO PaBHA a, MH oTBepraeM Ho u genaem
BHIBOJL O cnpasedausoctu H;, Xots ¢haxTuwecku cnpaBeiJHBOH MO-
acer Ooiro runotesa Ho. B stom cayuae mul cienanan omu6Ky «l-ro
poiax: Mbl OTBEPIVIH HYJIeBYIO THIIOTe3y, a (haKTHYECKH OHA clpaBe/l-
JIMBA; OYEBH/HO, YTO BEPOATHOCTb CAeaaTh 3TO paBHa a. MoxHO co-
BepUIHTh H OWHOKY «2-ro poia», a HUMEHHO NPHHATL HYJEBYIO T'H-
noresy, Korja ¢akTHyecKH oOHa fBJseTcs JOXHoi. BeposiTHOCTH
9TO# omHOKH o6o3Havaercs GykKBoil b. BeposiTHocTH @ u b He Hesa-
BHCHMHI: 4epe3 oOweM BHOOpKH N OHH cBA3aHLI 00paTHOil 3aBHCH-
MOCTBIO, KOTOpas CYIIeCTBeHHO MeHsieTcsl OT KPHTepHd K KpHUTepHIO.
CiiefoBaTesIbHO, €CJIH JIJI5 1TAHHOTO KPHTEPHs H [ LaHHOro o6beMa
Bui6opku N ymensinaem a, To b yBeanunBaercs, n HaoGopor. Mare-
MaTHYeCKOH CyTH 3TOM CBA3H B HACTOfAIIell KHHre MLl KacaTbcs He
Gynem (cwm. [16]), xots yxe B caeayouem ab3alle 1aiuM HEKOTOpbe
pPeKOMEeHAlUH 0 ee HCMOJBL30BaHuI, OGHYHO MBI XOTHM, YTOOL @
H b 6u1m npubansuTesbHo paBHbl. Ho utoGbl c/lenath o6e BeJHYHHEI
CKOJIb YTOJHO MaJIbIMH ([l YMeHbLIeHHs] BePOSTHOCTH MOSIBJIEHHS
omn6ok l-ro u 2-ro poga) HyxHO yBeanyuth N. Tonbko korza N
pPaBHO TOJHOMY 00beMy reHepaJibHOIH COBOKYIMHOCTH, a=b=0.

B GonblinHcTBe KPHTEPHER, OMHCAHHLIX B 3TOH KHHTe, H /15 60Jb-
IHHCTBA O00BEMOB BHIOOPOK, MPAKTHUECKH JOCTYHNHBIX BO MHOIHX
reoJIOTHYeCKHX HCCJIe/I0BAHHAX, 3HAUEHHS @ MOMKHO BbHIOHpAThb B HH-
tepease ot 0,05 no 0,01; o6uYHO HCMONBL3YIOT HMEHHO 3TH /IBA 3HA-
ueHUs], XOTsI OHH OTHIOAb He 00/1aJlaloT KaKHMH-TO Maru4ecKuMu
poctonHcTBaMu. [IpH Takux 3HAYEHHSX @ Yy HAC €CTb Bce OCHOBAHHA
ObITH YBEPEHHHIMH B TOM, uTO b uMeeT mpuOJH3HTEJNBHO TOT XKe I10-
PAZOK BeJHYHHB, YTO H @. OTMETHM, YTO ecJH CTaTHCTHUeCKHe KpH-
TEPHH COOTBETCTBYIOT MEHBbINUM 3HaueHusM a u b aas 3apauuoro N,
TO O HHX TOBOPAT KakK 0 GoJee «MOIHBIX». Kak a, Tak u b MOXHO
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'3ajlaTh NpejiBapHTeIbHO, a 3aTeM Bbl4UCAUTE TpeOyeMblil 06HEM BbI-
Gopku N, uto OyzeT XapaKTepusoBaTh GoJiee rayGoKoe MoHHMaHHE
HAlINX cTaTHCTHYecKHX KpurtepueB. IIpn Takom ycsoBuu onpeaes-
€M, UTO MOLIHOCTb KPHTepHs pasBHa l—b, T. €. paBHA BEPOATHOCTH
npunatHs H;, Koraa oHa B JeiflcTBHTeLHOCTH CNpaBelJHBa.

2.5. Tunbl aNbTEePHATHBHOMH FHNOTE3bl: &
OJIHOCTOPOHHHE M JIBYCTODOHHHE KPHUTEpPHH

Ocraercs o0cyAHTb MoOcJeJHHH MOMEHT — B/HSIHHE KOHKPETHOrO
THNMA anbTepHaTHBHON rumotessl Hy Ha noioscenue KpHTHUECKON
-o6aactu. Kak rosopuiocek Bhllle, Halla aJbTepHATHBHAs THIOTE3a
.COCTOSIIA B TOM, YTO MOHETHl HEe YPaBHOBEILIEHH B TAKOH CTeNeHH,
yto obecneuyHBaioT BLINajeHHe MEeHLIUero uHc/jaa «repGoB», UeM «pe-
weTok». ITpeanosoxnm, 4TO MOHETLI He YPaBHOBEIeHE, HO HeU3BeCT-
.HO, 8 4bl0 NOAbL3Y: B MOJb3Y «reploB» WM «peleTok». B stom cay-
yae MpH CHPaBeJJHBOCTH HYJEBOI IHMOTE3bl MBI JOJMKHBE BKJIOUHTD
‘B YHCJIO PeAKHX COOLITHII BO3MOXKHOCTb TOTO, YTO IKCHEPHMEHT MpH-
'BOAMT K BHINAJAEHHIO KaK «0YeHb OOJLUIOrO», TaK H «0UeHb MaJoros
ypesia «repooB». OUeBHIHO, YTO Teneph KpPHTHUCCKAs 00JacThb AOJK-
‘Ha OBITh pa3jlesieHa NOPOBHY MEMKIY ABYMS BETBAMH JIOMAHOH JHHHH
Ha puc. 2.2. Coxpanss no-npexuemy a=0,05, mog o6enMn BeTBIMH
JIOMaHOH HYKHO BBIIEJHTL OOGJACTH, COOTBETCTBYIOLLHE INOJOBHHE
aroil Beanunnl (a/2=0,025). Tax Kak «kpHBas» COBEPLIEHHO CHM-
‘METPHUHA, TO AJs WJJIOCTPALHH TOro, 49T0 KPHTHYecKas o6JacTb
‘COJLepIKHUT Tenepb 3naueHus R, pasuwle 0, 1, 2, 12, 13, 14, u uto Kpu-
‘THYECKHe 3HaueHHs R paBHBI UJIH MeHblle 2 H paBHB HJAH GOJblue
12, moxHo Hcmosab3oBaTh Taba. 2.4. Takum o6pa3oM, OJHOCTOPOH-
'HHH MM JABYCTODOHHMH KDHTEpPHH NpHMEHSeTCH B 3aBHCHMOCTH OT
TOro, NOApasyMeBaeTcst WJIH He MoApasyMmeBaercs B (GOpPMYyJIHPOBKe
aJbTepHATHBHOI FHMOTE3bl HEKOe «HampaBiieHHe>,

“Ta6muua 2.6. OQHOCTOPOHHHE KPHTHYECKHE 3HAYEHHA CTATHCTHKH KpHTepus R,
Kpurnueckast o6JacTb CONEPKHT MEHBIIHE 3HAueHH: R, ueM yKasaHHEe
KPHTHYECKHE 3HAYEeHHs

N a=0,06 a=0,0! N a=0,05 a=0,01 N a=0,06 a=0,01
7 0 0 15 3 2 23 ¢ 5

8 1 0 16 4 2 24 7 5

9 1 0 17 4 3 25 7 6
10 1 0 18 5 3 26 8 6
11 2 1 19 5 4 27 8 i
12 2 1 20 5 4 28 9 T
13 3 1 21 6 4 29 9 Z
14 3 2 22 6 5 30 10 8
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¥npascrenue. B sxcnepuMenTe ¢ GPOCaHHEM MOHETHI, MPHBEAEH-

HOM BHIllle, A4s KpuTH4YecKoil o6jacth pasmepom 0,01 ompenennte

KpHTHUECKHEe 3Ha4YeHHs R B OJHOCTOPOHHEM H JIBYCTOPOHHEM CJlyua-
six. OrBer Haiianre B Taba. 2.6.

2.6. Mpunoxenue Kk crpaturpadun

B zaksioueHne Bce BBHILIeNPHBe/JeHHOe TeopeTnHueckoe oOCyxKie-
HHe 7 XOUuy IepeHecTH B 06JacTh TNpakTHUeCKOH crpaTturpadui.
IlpeanonoxuM, UTO reoJOr KapTHPOBAJ MJIOINA/Ab, HA KOTOPOil onpe-
JeJieHHBIe vacTH cTpaturpaduueckoro paspe3a o0HaXaloTcsd B He-
CKOJIbKHX NMPHOJAH3HTENLHO NMapaJiie/bHbIX PycaaX BOJHBIX MOTOKOB.
T'eosior oTMeuaer, 4TO BO MHOTHX pycJaX HCKOMaeMBIH OCTaTOK oOf-
peleseHHOr0 BHJA HCYe3aeT M3 cTpaTHrpaduueckoro paspesa Ha
YpOBHe, MeHsAIONIIEMCs NIPH nepexoje OT MoToka K moroky. ITo-Buan-
MOMY, 3TO YacTHYHO OOYCJIOBJEHO CJAYYaiHHOCTAMH 3aXOpOHEHHS.
[lycTh Wcue3aHOBeHHe 3TOr0 HCKOMAaeMOro ocTaTtka B pycae Jo6oro
miotoka Oyaer cobbiTHeM h. [TogoGHBIM e 06pas3oM reoJor orMeua-
€T HCYe3HOBEHHEe JAPYroro HCKOMaeMOro BHAA HA YPOBHAX, TOXKEe Me-
HAIOUINXCS OT moToka K motoky. Ilyers ncuesnoBenue storo Buja Gy-
ner cobnitnem {. Cobbitust b u { (onATh e H3-332 Pa3JHUHBIX CJy-
YaliHOCTei — HemoJIHOTBL cTpaTurpaduyeckoro paspesa) He Bcerjia
. IPOSIBJSIIOTCS B paspese OAHONO M TOr0 e INOTOKa, HO BCce-TAKH B
14 pycaax onu nossJasiorca Bmecte. B 10 n3 Hux h pacnoaaraercs
cTpaTurpaHUecKH BHIIE f, TOTAa KaK B OCTaJbHHIX YeThIpex /i crpa-
Turpaguueckn Huxe f. Fs-3a sudumozo necoorrercteus (10:4) reo-
JIOT MOXKeT CKJOHAThCH K BHIBOAY, 4TO /i U { — HecBA3aHHEIE COOH-
- THa 1 uto h gelicTBuTenbHO MoJsoxe {. OaHAKO 3/ech CTOHT NMPOBEC-
. TH aHAJOTHIO ¢ BbILIENPHBEJEHHBIM NPUMePOM ¢ GpocaHHeM MOHETHI.
Ecan h n { npoucXouan B OJHO H TO e BpeMsl, TO COOTHOIIEHHE
~ «h Buiue f» pomkHO HaGJaOAATHCS NPHOJM3NTENBHO C TOH Ke vac-
. TOTOI1, uTO M «f BHILE A», MpHYeM Ji00Lle WMaJible OTKJIOHEHHS OT
paBencTBa OGYCJOBJHBAIOTCA CJyYaiiHBIMH (JIyKTyalHsSMH YCJIOBHMH
' 3aXOpOHEHHS, BLHIX0Aa oOHaxKeHHsi Ha nosepxXHocTh H T. . C apyroit
CTOPOHbI, TaK KaK COOTHOLIEHHEe «/i BhllIe {» YHCJIEHHO NMPEBOCXOAHT
cooTHOleHHe «f BhIIe A», Kak 10:4, To Apyras BO3MOXKHOCTh COCTO-
HT B TOM, UTO COOBITHSI A W { NMPOHCXOANIHN B pasHoe BpeMs H 4uTO /i
crpaturpaduueckn Mosoxe. Ilepeiizem K HemocpeacTBeHHO# Impo-
BepKe HNOTE3H! MO eCTHITANHOH MeToHKe:

1) Hy — coorHomenusi «h Buiue {» u «f Bbllie A» PaBHOBEpPOAT-
HHl, TaK Kak h B { — [IBa OJZHOBPEMEHHBIX CTpaTHrpaduyecKHx co-
ObiTus. JlioGele OTKIOHEHHS OT paBeHCTBa 00ycJaoBaHBAIOTCH (VK-
TyauusiMu otbopa.

H, — cooTHOmenue «h BHILIe f{» YHCJEHHO NMPEBOCXOAHT COOTHO-
menne «f BuIe fi», MOTOMY 4TO h M [ — 1Ba pasHOBPEMEHHHIX cTpa-
THrpaduyecknx coOuTHS, npuueM h mosoxe. (O6paTuTe BHHMaHHe,
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YTO aJbTepHATHBHAS THIIOTe3a HMEET «HalpapBJeHHe», a HMEeHHO /i
MoJioxe £.)

2) B mo6oM KOHKpPETHOM pas3pese BO3MOXKHBI TOJbKO JABa pacro-
JIOJKeHHS COOBITHIH: «A Bble {» W «/ Bbllle A», NO3TOMY MOAXOJAHUT
KpuTepui, OcHOBaHHHH Ha OHHOMHAJLHOM pacnpeleneHnn. O6Gpartu-
Te BHHMaHHe Ha TO, YTO MOfBJeHHe i U { HA OJHOM YPOBHE HCKJIO-
yaeTcsl (YTO COOTBETCTBYET MajeHHIo MOHeTH Ha pe6po). Ecau B He-
60JIbIIOM uHCJIe pycesa /i H { MOABJSIOTCS HA ONHOM YPOBHE, TO OHH
urHopupytorcst. Ec/in ke oM NOABASIOTCS BMECTE B OU€Hb GOJBLIOM
qic/ie NOTOKOB, TO MOAXOJ A0JxKeH ObTh COBEPUIEHHO APYruM, H Gy-
JAyT NPHMEHHMBEl METOAbI, PaCCMOTPEHHbBIE B T 4.

3) N=14; ycranasnausaem a=0,05.

4) CratucTHKoH KpuTepusi R sABJseTcA UYHCAQ COOTHOMIEHHN
«h Buwe {». Ona pacnpesneqneHa no GHHOMHAJALHOMY 3aKOHY; NO3TO-
MY MOXKHO BBIYHCJHThL COOTBETCTBYIOLIHE BepPOSTHOCTH.

5) Onnocroponnss KputHyeckas o6aacts Aast a=0,05 cogepxkur
3HaueHns R, paBHble Wan Gosabmne 11 (cpaBuHTe ¢ 04eHb Goabluum
YHCJOM «repOoB»).

6) Ha6aonaemoe 3navenne R=10 He nonagaeT B KPHTHYECKYIO
o6aacth. Cie/loBaTesbHO, IPUHUMAETCS HyJ€Basi THIOTe3a.

B cBa3u ¢ nmonesHocThbio «OHHOMHAJNBHOTO KpHTepHsA» B Tabi. 2.6
NnpHBeAeHbl OJAHOCTOPOHHHE KPDHTHYECKHE 3HAYECHHS CTATHCTHKH KpH-
TepHua R 1js BHIGOPOK pasanyHoro oowema N u 1751 1ByX pasmepos
KpuThueckoit obaactu: a=0,05 u a=0,01. Tabnuna oxBaTeiBaeT
o6beMsl BhGopok Bmaoth a0 N=30. [Ipn Heo6X0AHMOCTH 3Ty Tal-
JHILY HeTpyAHO OyjAeT paclHpHTh AJag 60apliuX 3HayeHni N.
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MeToabl NpoOBepKH TUNOTE3

o

' AJIE OJHOH M ABYX BBIOOpOK
.
E anMElIHH MPOCThHI€ CTATHCTHYCCKHE METOAbI K PEIICHHIO HAIIHX
} 3ajad, Mbl 3a4acCTyio XOTHM OTBETHTb Ha OJHH H3 ABYX BOHPOCOB‘
5 «JleficTBATeNbYO U 3TOT pfAj HabawaeHnuil corjacyercst ¢ Moeil Te-
1 OPETHYECKOH MOAENbI0?» HJAH «[lefcTBHTENLHO JIH 3TH ABa pAaa Ha-

OMIOJEHHH PA3TUUIAIOTCS TAK CHABHO, YTO # JAOJIKEH NPeAnoJarath,
- UTO OHH M3BJIEKAIOTCH H3 PAa3HLIX T€HepaJbHBIX COBOKYNHOCTEI?»
~ DTO H €CTb BapHAHTEI MPHMEHEHUS CTATHCTHYECKHX METOAOB AJS Of-
; HOH 1 ABYX BLIOOpOK. LIt HITIOCTpAllHH HX DOCTPOEHHS PaccMOTPUM
[ kpurepuilt Konmoroposa — CMupHOBA, KOTOPHI MOMKHO OBICTPO NpH-

MEHHTh HemocpeACTBeHHO ‘Ha rpadukax HHTErpaJbHbX GYHKIHA
pacnpenencuus (MPP).

F 3.1. Kputepuu j,s ofAHOH M JBYX BbIOOPOK

B nocaeauem mpumepe HpeablAyilieii riaBsl pacCMOTPeH caydail,
B KOTOpoM Habaiojaemasi KapTHHA — YHCJIO COOTHOILIeHHH «f BBI-
le {» OTJHYAETCH OT YMCAA COOTHOINEHHW «f BHIWE A» — CcPaBHU-
BaJjach C TEOpPETHUECKOH MOJAE/]bI0 — YHCIO COOTHOWICHHI <« BbI-
mie f» ¥ UHCJO COOTHOIIEHHH «f Bhillle h» oxiHakoBbl. Ha mnpak-
‘THKEe YacTo BCTpedaeTcss Apyras cHTyauuss — jase Habjogaemble
KapTHHE CPABHUBAIOTCH C LEJIBIO PelleHHsl BOMPOCa, «NOXO0KH» OHH
HJIH «pas3nuuHe». IlepBoii caydail BiedeT 3a coboli KpHTepHil A
0/ HOH BHIOOPKH, TOrna Kak mocJeanHil TpebyeT MpHMEHEHHS KpHTe-
pHust a5 asyx Buibopok. Kopoue rosops, kpurepuit A1 oiHOH BEIGOP-
KH BKJIOYaeT B ce6si cpaBHeHHe CaydYaiiHoid BEIOOPKH C TCOPETHYECKO#
MOJIeJbI0 ISl TIPOBEPKH CTeNeHH COOTBETCTBHS MeXKIy TeM, YTO Ha-
6JII01aeTCsT, H TEM, uTOo Ml oxnmaeM. C Apyroii cTOpoHbl, KpHTepHH
IS IBYX BHIGOPOK MPHMEHSETCH ¢ TeM, UTOOLl onpelenuTh, H3Bjleue-
HBI JIH JIBC He3aBHCHMBIC BHIOOPKH H3 OAHOI H TOII Ke reHepaJbHOil co-
BOKYNHOCTH (HJIH M3 OJHHAKOBBIX COBOKYMNHOCTEH), H, cjle/loBaTesb-
HO, OH MOJKET CUHTATbLCS KPHTEPHEM CPaBHHMOCTH ABYX OTIEJbHBIX
BbLIGOPOK. JIAs MIMIOCTPAalHH STHX IIpejCTaBJIeHHIl BBOAHTCH KpHTe-
puit Konmoroposa — CMupHOBA cHayaJja /s NPOBEPKH NpPeAloJio-
JKCHHA O TOM, 4TO «CTOJOHKH 6GasajibTa HMEIT IIeCTHYroJbHBE
CeUCHHA», W 3aTEM AJA TOr0, 4TOOHLI HCCAeN0BATh, CHIALHO JIH PasJii-
yatorcsd (OpPMBI TONMEPEUHBIX ceueHHi 6a3ajJbTOBBIX CTOJNOHKOB H
CIMHAHLIX Ta6auuek, 06pa3oBaHubIX TPelUHAMY BHICHIXAHUSA.
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‘
3.2. Muoroyroabhbie hopmbl 6a3aJbTOBBIX CTOJOHKOB
H TJIHHAHBIX Tadauyex

¢opma rAHHAHBIX Ta6JMHYCK | noncpevunbix ceuennil 6a3aJbTOBBIX
CTOJNIOHKOB 6JIH3KA K MHOTOYTroJbHOM, H 9TH MHOTOYTOJbHHKH MOXHO
«H3MepATb» (B COOTBETCTBHH C HAIIAM MOHHMAHHEM W3MepeHus,
BBEJEHHBIM B TJl. 1), mojcunThiBasi YHC/JAO0 HX cTOpoH. B ta6a. 3.1
NpHBEJEHb PE3yJbTATHl TAKHX H3MepPeHH, BHIMOJHEHHBIX HA HEKOTO-
PBIX PEANBLHBIX 00BEKTAX.

IHac mozxer HHTEpeCOBAaTb MEXaHH3M oGpaaosauuﬂ S9THX MHOTO-
VIOJILHHRKOB, B coorBeTcTBHH C H3BECTHBIMH TEOPHAMH mpeanoJara-
eTcsl, YTO MHOrOyroJibHHKH o6pasyiores 6Jarogaps cxKaTHio, Hanpas-
JIEHHOMY K HX ILeHTPaM, pPaBHOOTCTORIINM APYT OT ApYyra, #, nojobno
MYEJIHHLIM COTAaM, OHH AOJKHBI ObITh wIecTHyronbHeiMH, OGpamaem
BHHMaHHe Ha To, 4TO B 6a3a/1bTOBLIX CTOIOHKAX OTUETANBO BHIAEJS-
ercsd MOoAaNbHLIA Kaace, 06pasoBaHHbll MECTHYTONBHHKAMH (IOYTH
no/I0BHHA BbIGOPKH COCTOMT H3 IIECTHYIOJBHHKOB), HO TPH 3TOM
onpejeseHyoe pacnpocTpaHeHHe HMEIOT H ApyrHe cedeHusi, ocobeH-
HO YeThIpex- H NATHYroJbHBIC, a MOJHLIH pa3Max OXBATHLIBAIOT TPex-
rpaHibie W AecATHrpaHuble croabuku. JlomycTHM, MBI XOTHM NpoBe-
PHTb H3BECTHYIO TEOPHIO O TOM, 4TO 633aJbTOBHE CTONOHKH ABJSAIOT-
¢ wecturpanubiMu. Kak mMoxkHo comocraButh HaGuaiogaemoe siBje-
HHE M TEOpeTHYeCKYI0 MoAenb? OUeBHAHO, B JaHHOM CJydYae caelyeT
Ha4aTh C NpejAcTaBJeHHA A4HHBIX B BHJe THCTOTpaMMbl. Bepuminna
rHCTOrpaMmbl (popM 6a3aJbTOBHIX CTOJGHKOB COOTBETCTBOBAJA Obl
IIeCTHIPaHHHKAM, a BBICOTA CTOJIOHKOB rHCTOrpaMMul youiBana 6ul B
obe cTopoHBl OT BepuHHBL ['HCTOrpaMma TeopeTHuecKoH MOJe/H, B
KOTOpoil Bce 6azajbToBble CTOJGHKH HMEIOT IIECTHYTOJbHOE Ceuerue,
cocTosiaa Obl JHIIL H3 OAHOrO NPAMOYTOJbHHKA, COOTBETCTBYIOLLETO-

Ta6auua 3.1, Muoroyroavhpie nonepeunsle cedeHuss Ga3anbTOBBIX CTONGHKOB
n3 Mennoykpeiirca (Mer-Jloruan, Iornasaus) u rauesHbix Tabanuex Hbio-Xedi-
sena (Konnektukyr, CIIA)

YacToThl KAACCOB

Kaacew (uncio rpaneif) it Finia
3 1 1
4 3 7
5 8 10
6 15 8
7 4 6
8 | 4
9 0 0
10 1 0
O6neMb! BBIGOPOK 33 36
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Yucao cmopos

Puc. 3.1. Teoperndeckas u sMIHpHYecKas WHTerpajbHble (GYHKUHH pacrpeiene-
Husi Ga3aJbTOBLIX CTOJIOHKOB, JIs KOTOPHIX [peanoJaraeTcs IIECTHYTOAbHas
dopMa TONEPEUHOTO CRYeHMUH.

KAAcCy MIeCTHIPANHBIX cTONOMKOB, 8 BHICOTA ITOTO NPAMOYroJbHAKA
- Oblsta Obl nponopuuodasbHa Yncay 33, 1. e. o6beMy BeiGopKH. K coma-
JIEHHIO, IJISl TAKHX MAJIbIX 00'beMOB BHIGOPOK ¥ HAC HET CTATHCTHYRCKO-
IO KPHTEpPHS, OCHOBAHHOr0 HEemocpeACTBEHHO HA NOJAOGHBIX AHArpam-
- Max. Ha npakrake HaMmuoro moJsiesnee 6biyia Obl HHTErpajdbHas «KpH-
Basi»  JoJeit (MAd  MHTErpadbHas (PYHKIHSA  paclupeieneHus;
puc. 1.3, 6), usobpaxennas na puc. 3.1,

Kak u caegoBano 0xuZaTh, MEXAY TeopeTHYecKoil H nabJiogae-
MOIi HHTerpajbHLHIMH (QYHKIHSIMH pacnpeiejeHus CyLlecTByeT pac-
XOMJEHHE, H 3TO PACXOKACHHE MOMKET CAYyKHTL MEpPofl pasjH4Hs
- Mexny «reopuell» u «pakrom». TeoperHueckass MonesJb COCTOHT B
TOM, 4TO HEHTPH OKATHA PACHOJOMeHbl Ha pPaBHBIX PACCTOSHHAX
APYr OT Apyra # 4to o6pasylouiHecs cToJOHKH SABJSIOTCS LIeCTHIPaH-
HeIMH. Hamu wabmwfends MO3BOJAIT MPEANON0KHTh, YTO UEHTPH
CXKATHA He SIBJAAIOTCH CTPOr0 PaBHOOTCTOAIIMMH JAPYr OT Apyra, M
HO3TOMY MBI Hab/i0jlaeM He TOJBKO LIeCTHrpaHHble 0a3afbToBBIE
crosnbuxu. Ho ABaseTcs M 3TO pacxoxK/IeHHE 3HAYHMBIM HJIH OHO
npocTo 06YCA0BACHO «MaJbiMH» ciaydadHbiMH aykryaunsmu? Hu-
JKe NMOKasaHo, KAK MOXKHO NPHMEHHTD IIeCTh 3TanoB IPOBEPKH THIO-
Te3 1 Kpurepuii Konmoroposa — CMHpHOBa AJs 0HOH BbIGOPKH.

3.3. Kpurepuii Koamoroposa — CMHpHOBa JJsi 0AHOi BbIGOPKH

1) Hyaesas u arvreprarusuas eunoresst. Hynesas runoresa co-
CTOHT B TOM, YTO LEHTPHl CXKATHS PABHO OTCTOAT APYr OT Apyra H
BCe CTOJNOHKH MOJYYaloTCs WECTHrpaHHbLIMH. AJbTepHATHBHAS I'HIIO-
‘Te3a COCTOHT B TOM, YTO IE€HTPHl CKATHA He PABHOOTCTOALLHE. OHH
pacnpeje/ieHsl Kak-To HHaue; KaKk HMEHHO, 3/eChb He onpejensercs,
. a (GopMbl nonepeyHbiX CEYEHHil MoJaydYalouuxcs CroJbHKoB HMEIOT
HexkoTOpHIT pa3sbpoc.




58 TJIABA 3

2) Bewbupaem xpurepuit Koamoeoposa — Cmuprosa 0aa odnott
8vi0opku. Kputepuit MoxeT GbITh OCHOBAH HA HHTErpajbHOll  (YHK-
UHH pacnpejeneHus a060ro BUaa (TAK 4TO MOXKHO HCIOJb30BATh
A00y10 WKaay H3MEPEHHi), H ero NpHMeHeHHe He OrpaHHYHBAETCA
MaJbiM 00beMOM BbIOOPKH.

3)O6vem sbib0pKL U MAAAS BEPOATHOCTG Q. Db H3MEpeHbI
33 cronbuka (N=33), a pasMep KpHTHUECKOI 06J1aCTH @ MBI MOXKEM
BeiGpaTth paBHEM 0,01,

4) Buoibopounoe pacnpedeserue cTarucruky kpurepus. CTaTHCTH-
KOil KDHTEPHS ABJIACTCS MAKCUMYM PACXOXKIECHHS D MeXAy TeOpeTH-
yeckoil 1 Habaionaemoit PP, uamepentoro no BepTHKaJbHOR MIKa-
Je. B npumepe na puc. 3.1 BHIHO, UTO 3TO MaKCHMAaJbHOE PACXOXK-
JleHHe COOTBETCTBYET KJaccy NATHIPAHHBIX CTOJOHKOB, AU KOTOPOro
BhicoTa nabawopaemoit UPP npubnusurensuo pasua 0,36, a BHCOTa
reopernueckoii UPP pasna 0. Caenosarteasno, D=0,36. [Ipu nox-
HOM COIJIaCHH MeKJy HabGJioJaeMblM H TEOPETHUCCKHM pacmpejese-
HHAMH D=0, a ¢ pocToM pacxoKAeHHA Mexay Humu D yBennuuBa-
eTcd, J0CTHTas MaKCHMaJbHOTO 3HaueHus, paBhoro 1. 3aech He 00s-
3aTeJbHO TOYHO 3HATh, KAK HMEHHO pacreT [; [I0CTATOYHO HMETh
KpHTHUeCKOe 3Hauenue D (rabm. 3.2) nHa rpauHuie KpHTHUeCKOH 06-
JIaCTH.

5) Kpuruuweckaa ob6aacte. I10CKONBKY HEBa)HO, KAKHX CTOJOH-
KOB B HaOJ/10aeMoM pacnpefenennn Goblle: HMeomux Goaee mec-
TH TpaHeil HJaH MeHee LecTH rpateif, — ¢ aJbTepHaTHBHOH I'HIIOTE30i
HE CBSI3BIBAETCS KaKoe-JHGO «HanpaBjeHHe» B TOM CMBICJIE, KAK MBI
ero onpeaeanan B pasia. 2.5. (B nannom npumepe 12 croabukos
HMEIOT MEeHbIE MIeCTH TpaHeil 0 mecTh CTONOHKOB — OoJIbIlIe HIECTH
rpaueii). CrnegoBaTtenbHo, Hamlell 3ajaye COOTBETCTBYET JBYCTOPOH-
Hss KpuTHYeckas obnacte, H, oOpamasch K TabJa. 3.2, Mbl 3ameyaem,
4TO KpHTHYecKas 00JacTb COMAEpPKHT 3HaueHHs D, He MEHbLIHE 4eM
0,28.

6) Pewenue. HabnwogaeMoe 3HaueHHe CTATHCTHKH KPHTEpHS,
D=0,36, momagaer BHYTPb KpHTHYeCKOH 00JacTH, H, C/Ie0BATENLHO,

Tabauua 3.2. PopMyas Aas onpejeneHHs NPHOIHMKEHHBIX KpPHTHYEC-
KHX 3HAueHHii CTAaTHCTHKH KpHTepHs Koamoropopa — Cwmuproea D

a=0,05 a=0,01
OJHOCTOPOHHHE 3HAYEHHS 1,22 N’ 1,561 N’
JBycToponnue 3HaueHHs 1,36 N’ 1,63 N’
Ias oxuoesGopounoro kputepus N = 1/} N,

as aeyxemGopounoro kputepus N’ = 3/ (N;--Np)[(Ny X N,).
Kpuruueckas 06JacTs COAEP)KHT sHaueHHs D, TNpeBBILAIOUNE YKa3aH-
Hple 3HaueHusi. YUToGbl B NPHBEJEHHBIX TNPHOIHIKEHHAX COXPaHSJIHCH
lBe 3Havauike Lugpbl, o6bembl BEIGOPOK JAOKHB GhiTh Goabie |6,
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™Mbl OTBEPraem HyJeBylO IHIOTE3y H CUHTAeM, YTO UEHTPhl CKATHA
He ABJATCS PaBHOOTCTOSILIHMH JAPYT OT Apyra.
Ecan 6B MBI NOCTPOHJIH aJbTEPHATHBHYIO THIOTE3y, BKJIOYAI0-
WIYI0 3HAK «HANpPaBJEHHA», TO HALUH cNOcOObl BHIYHCACHHS 3HAUCHHIL
CTATHCTHKA KPHTEPHS HYXkJAajauchb Obl B yTOYHEHHH, NOTOMY YTO
pacxoIeHHA MexAy HaOuaoaaemoil H Teopernyeckoit MPP Takxe
Oblin Obl «HANPABACHHBIME»: OHH MOTJIH OBl OBITh KaK NOAONUTEAb-
‘HbIMH (nabiiogaemoe 3navyenue GoJblie TEOPETHUYECKOTO), TakK H
orpuyarebroimu (HabaoaaeMoe 3Ha4eHHe MeHblle TEOPETHUECKOTO).
YacTHoe pacxoxieHue, B3ATOe B KauecTBE 3HAYEHHS CTATHCTHKH
KpHTepHs, A0JKHO Oblso OBl COBNAjaTth 110 «HANPABJEHHIO» C «HAa-
IpaBJeHHEeM» aJbTepPHATHBHON runoressl (T. e. JOMKHO ObITh MaKCH-
‘MaJbHEIM TOJOXKHTEJAbHBIM HJIH MAKCAMAaJbHBIM OTPHILATEJBHBIM).
¥nparcnenue (Henpocroe). UToGH 3aKpenuTh NOHHMAHHE TOTO,
YTO M3J0XKEHO B nocjeanem absaue, npoBepbTe chOPpMyIHPOBAHHYIO
| Bblllle" HYJIEBYIO THIOTE3Y NMPOTHB aJbTePHATHBHON THNOTE3H!, COCTOM-
1€l B TOM, UTO LEHTPH CIKATHS «B CPeJHEM» pacmpenesieHbl TaKHM
06pasom, 4TO HoJjyyaoliHecs: cToJ0HKH HMeloT GoJblie WK MeHble
1IeCTH CTOPOH (BbIOepHTE COOTBETCTBYIOULHII BAPHAHT ajJbTepHaTHB-
- HOIl 'MMOTEe3Hbl) .

- 3.4. Kputepuii Koamoroposa — CmupHoBa jas ABYX BbIGOPOK

@dopmbl ceueHnit 6a3aabTOBLIX CTOJAOHKOB H TVIHHAHBIX Tabau4yex
MOYKHO CPaBHUTB, MOCTPOHB HHTErpabible (PYHKUHH pacnpe/eneHus,
Kak Ha puc. 3.2. 9To MOXKer NpelcTaBadaTh HHTEpec, ecaH TpeGyercd
CONOCTABHThL COOTBETCTBYIOLHE MeXaHH3MBbl 00pa30BaHHA HJH AarxKe
nelicTBHS OAHOrO MexaHuaMa obpasoBannsi (Hampumep, 6a3aibTo-
BBIX CTONGHKOB) B pa3HbX reojoruueckux obcranoBkax. Tenepb
HAC Mpexje Bcero nHrepecyet, ObliH M 00e BLIOOPKH H3BJEYEHH H3
OIHOM H TOI Ke (MaAH OAHHAKOBBLIX) TeHepaJbHOH COBOKYNHOCTH.
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| Puc. 3.2, TlpescraBacHue HHTErpajbHLX (GYHKIHHA pacnpefeneHns MHOrOYTOJALHEIX
¢opm nonepeqHoro ceuedns 06a3ajbTOBBIX CTONOHKOB H TVIHHFHBIX Tabanues Aad
npuvesenns kputepus Koamoropona — CMupHOBa A4 ABYX BHIGOPOK.
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Kpurepuii Konmoropoa — CMHpPHOBA /s ABYX BHIGOPOK mpHMeHs-
eTcsl caeAylomuM o6pasoM.

1) Hyaesas u arvrepraruénasn eunoressi. UTo Kacaercsi MHOro-
yroJibHOH (OPMBI, TO HyJIeBasg THIIOT€3a COCTOHT B TOM, YTO 06€ BhI-
GOpKH H3BJIECKAIOTCA H3 OAHNHAKOBBHIX TeHepajbHLIX COBOKYMHOCTEH,
a pacxoxjaeHns obycaoBausaiotes (Guaykryanusamu orGopa. Aabrep-
HATHBHAA THIOTE3a YyTBEPKAAeT, YTO BHIGOPKH H3BJEKAIOTCS H3 pas-
JIHYHBIX TeHepalbHbIX COBOKyNHOCTell 6€3 yKasaHHA KOHKPETHbLX
pas3aHuHil MeK1y HHUMH.

2) Bubupaem kpurepuii Konmoroposa — CmHpHOBA JJs ABYX
BLIGOpOK. KpuTepuii MOKHO CTPOHTh Ha HHTErpaJbHOll QyHKIHHE pac-
npejeacuus Ji060ro BHAA: OH He 3a8UCUT OT KaKHX-JIHOO NpeanoJo-
JKCHHIl OTHOCHTEJNBHO BHAA pacnpedeierutl 2eHepaibHbly COBOKYN-
HocTel, JexallnX B ero OCHOBE, H MOXKeT NPHMEHAThCS K BhlOOpKam
Mazoro obbema.

3) O6bemb BuiGopok Ny=36 n Ny=33, pasmep KpHTHUECKOIl 06-
Jacti a npuuumaem pasusim 0,05.

4) Onpejenenne n CBOHCTBA CTATHCTHKH KPHTEPHS MOXOMKHU HA Te,
KOTOpBIe CBsi3aHbl C BHIIIEONHCAHHBIM KPHTEpHEM AJS1 OAHOI BuIGOp-
KH. B nanHoM ciyyae CTaTHCTHKOH KPHTePHs ABJSIETCH MAaKCHMYM
pacxoxaenus mexay asyma MOP, namepdaemoro nmo BepTHKAJAbHOI
mKajge 6e30THOCHTENLHO K «HANPABJIEHHIO» PACXOMK/ICHHS, TaK Kak
aJbTepHATHBHAS THIOTE3a HE COACPHKHT B cebe Kakoi-1ubo «Hanpas-
JeHHocTH»., MaKCHMyM pPacxXomKAeHHs COOTBETCTBYET KJacCy MNsATH-
YTOJLHAKOB H ONpeieseTces KaK pasnocTb A0Jei, COOTBETCTBYIOUHX
9TOMY KJaccy B INIHHAX M 3TOMY e KJjaccy B 6asajbTrax, 4To jaet
D=0,50—0,36=0,14.

5) Kpuruueckas o6aacte. Tak Kak NPHMEHSETCS JBYCTOPOHHSA
KpHTHYCCKasi o6sacTh (aAbTePHATHBHAS THIOTE3a <«HEeHaNpaBJjeH-
Hag»), To H3 Taba. 3.2 caeayert, yTO KpHTHYeCKas o0JacTh pa3Mepom
a=0,05 copepxur Bce 3Havenus D, He menbuine yem 0,33.

6) Pewenue. Tlockoabky HaOmwopaeMmoe 3Hauyenue D=0,14 He-
nonajgaer BHYTPb KPHTHUECKOI 00/1acTH, Mbl NPHHHMAaeM HYJEBYIO
THIOTE3Y.

B 3akaiouense o6paTHM BHHMaHHe HA caepyomue ocobeHHOCTH
kputepusa Koamoroposa — CwmupHoBa: 1) o ocHOBal Ha Pacxox-
Jennsax mexay Habaojgaemoil n Teoperndeckoit MOP uau mexay
ABymsa nabaogaemeiva HOP; 2) ero Moo npHMeHATh K NepeMeH-
HbIM, H3MepeHHbIM B J0060i IIKage: HOMHHAJbLHOH, TNOPAAKOBOH,
wKaJe OTHOIEHHI, HeMpepLBHOI HJH AHCKPETHOIl; 3) He Aejaaercs
HHKAKHX TPEANOJOKEHHH OTHOCHTEJbHO paclpeiesedns MepeMeH-
HBIX B TEHEpPaJbHBIX COBOKYIHOCTSX, H3 KOTOPBIX H3BJIEKAIOTCH BHI-
GopkH; 4) OH UYBCTBHTeJIeH K JI06ObLIM pasanyusM mexay UOP, cea-
3aHBl JIH OHH CO «CPeJHHM», «paccesiHHeM» HJH <«acHMMEeTpHeli»;
5) ero MOXKHO NMPHMEHATh K BHOOpPKaM coBceM HeGoabuioro o6bema
(HO ¢ cooTBeTCTBYIOUlEH NOTEpeii MOUIHOCTH).
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k HoMuHaJbHbIE CTATHCTUKHU

f Bese 3a HakonmeHHEM SMNHPHYECKHX AAHHBIX, KOTOPHIE COCTAB-
E JISTIOT OCHOBY ONHCATEJLHLIX HAYK, Cpasy e BO3HHKaeT HeoOXOAH-
MOCTh B KJacCH(HKAaIHH 00BbeKTOB H COOBITHII, a 3aTeM H B aHajluse:
CTPYKTYPBI COBOKYIHOCTEI (CTATHCTHYECKOrO THMA), OCHOBAHHOM:
- Ha MojcueTax 4YacToT HHAHBHIOB, NOMAajalollHX B KaxKIABH KJaacc.
34ech MBI paccMaTpHBaeM HEKOTOPbie METOAMKH aHAMH3a AAHHBIX,.
. IPE/CTABJEHHHIX 3THMH YacTOTAMH BCTPEYAEMOCTH, T. €. YHCJIAMH,.
KOTOpble MOJIyYaloTcs MyTeM NpPOCTOro MojAcYeTra HHIAHBHIOB KOH-
~ KPeTHOTO THIa, COAepKallluXcd B HaIuX BhiGopkax. CMBICA MHOTHX:
- KaaccHHKanuil 3akjaiovaeTcs B YCTAHOBJEHHH 4HCIA JAeJeHHI HO-
. MHHAJbHOI IIKaJbl, NPHYEM MpOCTEHIlIHe H3 HHX KaIacCHOHIHPYIOT
' OOBEKTH B 3aBHCHMOCTH OT MPHCYTCTBUS HJ/IH OTCYTCTBHS Y HHX KOH-
KpPeTHOT0 CBOICTBA.
| Takue yacTOTHLIC JaHHBlE VI06HO NMPeACTaBAATh B BHJe TabJHIL,
| a onpeneneHHble CBOHCTBA TakHX «TabJ/HI COMPSIXKEHHOCTH» JIETKO'
| ananuaupoBaTh. KpHTepun 3/ech CBA3LIBAIOTCA C MPHMEPOM, B KOTO-
| pom Hayuaercs NosiBJieHHe B THeiicax NOPGHPOGIACTOB Pa3NHYHBIX
MHHEpaJbHHX BHA0B. B Xxo/e H3/J0KeHust HaM NPHAETCH PACCMOTPETh
HOBOE CTATHCTHYECKOE TOHATHE — «CTeneHH CBOOOIEI»; Ha/IeioCh,
YTO [IPH 3TOM Mbl HE CJHIIKOM OTKJIOHHMCSL B CTOPOHY.

4.1. JlaapHeiiuiee pasBUTHE HOMHHAJbHOH LIKaJbI

B xosne KpaTkoro obcyiKJAeHHs TEOPHH H3MepeHHII B /1. 1 MBI yBH-
JenH, 4To NMpaBuaa HAeHTH(HKAUHH MOPOJX, MHHEpPAJIOB M HCKOmae-
MBIX OPraHH3MOB MOMKHO PacCMAaTpHBATH KaK CMocoObl pacmoJioxke-
HHSl 0OBLEKTOR B COOTBETCTBYIOIIHX MO3HUHAX HOMHHAJBHOH HIKATbI
namepennii. Bonee Toro, otaenbubie 06bEKTH MOIYT OHITH OLHOBpE-
MEHHO H3MEPCHBI HE B OI.LHOrI HOMHHAJbLHOI HIKaJie, a B HECKOJIbKHX.
Hanpumep, 0610MKH MOPOALI H3  JeHHKOBBIX OTJIOMKEHHH MOXKHO
KaacCHGHUHPOBATH 1O THIY MOPOJAH H MO PAacMOJOKEHHIO MecTa OT-
6opa. ITorom MOKHO NMpoOaHaNH3HPOBATHL NOJAYHAlOLIHECHA YaCTOTH,
YT06bl ONpPEeNEqHTh, €CTh JIH 3HAYHMBIC PA3JHYHA B COOTHOLICHHH
THNOB MOPOJA MEKAY pPasHbiMH MecTaMmu ot6opa. Oanako Aasl HITIO-
CTpAIlHH 3THX METOAHK BBOAUTCSH APYroff, HECKOJIbKO OTJAHUHEL cno-
cob mpuMeHenns HoMHHAJAbHOI WKaabl. HacTo reosiornyeckie o6bek-
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Ta6anua 4.1, TaGnuua conpAXKEHHOCTH /A NMYHKTOB HaGJiofieHHs noppupoGaac-
TOBHIX THeficoB

H % Cymmer no crpoxam
B (15) (18) (@s)
5 (43) (9) (57)
Cymml no cronbuam ( 6 3) ( 27 ) N= “

Thl MOXKHO KJacCH(HIHPOBATH MPOCTO MO TOMY, NPHCYTCTBYET HJIH
OTCYTCTBYET B HHX Kakoe-HHOYAb KOHKpPeTHOe CBOHOTBO (T. €. B
JBYYJIeHHOH HOMHHAJbHOH mKaje). IIpuBogUMBIH HUXKe YHCIEHHDIH
npHuMep OCHOBAaH Ha BHIOOPKe, cocToslleil H3 Hab/0AeHHil, BBIIOJI-
HeHHHIX B 90 nynkrax B pailone Ckaii (Illotnanmus), rae pasBura
topmauus noppupobiacToBeIX rHeficoB. B kaxaoMm MyHKTe B coc-
TaBe THeUCOB NPHCYTCTBYeT B BHJIe MOP(HPO6IACTOB B KBapll-NoJe-
BOLUMATOBOH OCHOBHOIl Macce mo KpaiiHeill Mepe OAHH H3 Tpex MHHe-
panoB — poroBasi oOMaHKa, OHoTuT M rpaHar. CienoBaTesbHo,
KaX/blil yHKT HAOMIOLACHHS MOXKHO H3MEDHTb B TPEX ABYYJEHHBIX
HOMHHAJbHBIX 1IKaJaX, a HMEHHO B LIKaJe poroBoii oOmanku (nmpH-
CYTCTBYET WJIH OTCYTCTBYET), B LIKaJe OHOTHTA (MPHCYTCTBYET WJH
OTCYTCTBYeT) M B lIKaJe rpaHata (IpHCYTCTBYeT HJH OTCYTCTBYET).
B nanHoM npHMepe f X04y OCTaHOBHTbCA Ha ABYX MHHepajax —
poroBoil o6manke u GHOTHTE. ECJaH mpHCYTCTBHE POroBOH 06MaHKH
-06o3HaunTh yepes [, a uepes h — ee OTCYTCTBHE H aHAJIOTHYHO Yepes
B u b — npucyTcTBHE H OTCYTCTBHE OHOTHTA, TO B 3aBHCHMOCTH OT
TIPHCYCTBHA TOro WJaH HHOro nopdupobiacta oOT/elbHbIE MNYHKTHI
HabJOLeHHs MOIKHO noMeTHTh Kak HB, Hb, hB wau hb. 3atem co-
OTBETCTBYIOLUIHM CHMBOJIOM, 3aKJ/IOUYEHHBIM B CKOOKH, MOXKHO 0603Ha-
YHTH IIOJHOE YHCJIO0 (YacToTy) NYyHKTOB HabJI0AeHHUS, XapaKTepH3yio-
IIUXCHA KOHKPETHOH accoumnanueil noppupobnacros: (HB), (Hb) wu
1. n. B paunom 4uciaoBom npumepe (HB)=15, (Hb)=48,
(hB) =18, (hb)=9, noauwlit 00bem BbIGOpkH N=90. Tak Kak Mbl
HCIIOJIb3yeM JIHIIb ABe HOMHHAJbHBIE IIKAJbl, 3TH 3HAYCHHT MOIKHO
npejcTaBuTh B Buiae TalbJa. 4.1, HaspiBaeMoil TalJaHledl cONpsKeH-
HOCTH.

4.2, TaGauubl CONPSIXKEHHOCTH W HE3ABHCHMOCTh

Ynomsauyras soime Tabsa. 4.1 naspiBaercss TabJHIeH CONPsKeH-
HOCTH 2X 2, TaK Kak OHa COCTOHT TOJIbKO M3 JBYX CTPOK H JBYX
CTOJIﬁU.OB. H.?:MCPHB JABe nepeMeHHble H MOMECTHB HX YacToThl B
TabANILYy CONPAMKEHHOCTH, 3a/aeM OCHOBHOH Bompoc: SIBJASIOTCH JIH
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Ta6anna 4.2, Ta6nuua conpsizKeHHOCTH C CHMBOJIHYECKHM 0GO3HAYEHHEM uacToT
(CHMBOJIBL B KPYIVIbIX CKOOKaX — HAabMI0faeMple 4acToThI)

i 5 it v
B (HB) (#8) (8)
b (Hb) (ns) (6)
Cymmsi no eronSuam (H) () N

3TH NEePeMEeHHbIe He3aBHCHMBIMH? JIpyrumu cJIoBaMH, HE CBSI3aHO JIH
- (7. e. He 3aBMCHT JIH) NPHCYTCTBHE WJIH OTCYTCTBHe nopgupobaac-
' TOB GHOTHTA B 3THX MOPOJAAX C MPHCYTCTBHEM HJH OTCYTCTBHEM MOp-
¢upobaactos porosoii o6Manku. O6a MHHEpaia CONEPKAT KeJNE30 H
Marsiil # UMeloT GJH3KHIl XHMHYECKHil COCTaB, a HX NPHCYTCTBHE B
MOPOJAax TAKOro COCTaBa N0 OTAEJbHOCTH HJH BMECTE ONpelessieTcs
rJaaBHBIM 00pa3oM KOHKPETHBIMH YCJIOBHSIMH MeTamopduama. Ecam
CTaTHCTHYECKHII ana/iH3 MPHBOJAHT HAC K BHIBOAY, 4To mopdupobaac-
Thl pOroBoil 06MaHKkH H OHOTHTA NOABJASIOTCA HE3aBHCHMO, TO MOXKHO:
npeanosarath oIHH HaGop ycJaoBHil MeTaMop(H3Ma, a eclH Mbl Jie-
JlaeM BBIBOZ O TOM, YTO HX IIOSIBJ€HHE He He3aBHCHMO, TO MOXKHO-
npejanoJjararth Apyroii Habop sTHX ycaoBuil. Ho, uto siBisieTcss KpH-
TepHEM HEe3aBHCHMOCTH?

Cuauana cocraBuM Tabauily conpsixkenHoctH (taba. 4.2) wus
cuMBOJI0B. Torja KpHTepHil He3aBHCHMOCTH MOXKHO c(hOPMYJIHPOBATH
IBYyMS crnocobamu:

a) Jlosnst GHOTHTOBBIX MOPOJ, COAEPMKALIHX pPOTOBYI0 OOMaHKY
(t.e. (HB)/(B)), nonxua GuITh Takoi e, Kak o5 6Ge3buoTHTO-
BLIX MOPOJ, COJepKallux poroByio oomauky (t. e. (Hb)/(b)). Tlo-
CMOTpPHTE, KakHe MecTta B TabJj. 4.2 3aHHMAIOT KOMIOHEHTHl 3THX
OTHOUIEHH .

6) Honsi GHOTHTOBHIX MOPOJ, COAEPIKALIHX POrOBYI0 OOMaHKY
(1. e. (HB)/(B)), noaxua OBTb Takoil Xe, KaK J0Jf BCeX MOPOJ,
coaepxkamux porosyio oomanky (t. e. (H)/(N)). Kak u Bwime, mo-
CMOTpHTE, Ha KaKHX Mecrax B Tabi. 4.2 HAaXOAATCA KOMIOHEHTHE
3THX OTHOLIeHHH. Buaurte au BbI NposiBJeHHEe 3aKOHOMEPHOCTH?

XoTsl 3TH ABe NepeMeHHble MOTyT ObiTb [eiCTBHTEJbHO HE3aBH-
CHMBLIMH, PaBeHCTBa, MpejnoJaraeMble B 0OG0HX BHAaX KPHTePHS, pe]-
KO CTPOTrO BHIMOJIHAIOTCA H3-3a (JAYKTYauHHd npH GOPMHPOBAHHUH BbI-
GOpPKH M3 reHepasbHOI COBOKyMHOCTH. EC/IH NpeanosoKHuTh He3aBH-
CHMOCTh B KauecTBe HY/E€BOHl THMOTE3El, TO MOXKHO BBIYHCIHTH
OXKH/laeMble 3HAYEHHS YaCTOT. 3aKAIOUHB OXKHJAaeMble YacTOTh B
KaBblUKH (Hanpumep, «/[{B»), Mbl MOXEeM HCIOJb30BaTh BTOPYIO
(hOopMyJHPOBKY KPHTEpHs A/ MOJYYEHHS BLIPAXKEHHS

«HB» = (B) % (H)/N. (4.1y
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¥npasxenenue. Cocrasbre TalJIHILy CONPSNKEHHOCTH, COAEPHKANLYIO
YHCJIOBLIE 3HAYEHHS OXMHZAeMbIX uacToT KJjaccos., Caenaiite 3TO
npocroe ynpaHeHHe NpsAMo ceiiuac, MOToOMy UTO HH¥Ke BaM TOHAI0-
6sATCSA €ro pe3yJabTaThl.

4.3. TonoxureabHble H OTPHUATEJbLHbIE CBS3M

B mnamem npumepe «[{B»=23, uro ropasno Goabuie nabiaionae-
moit yactorsl (HB)=15. Ecin 310 pacxoxkacHue o6ycaoBJeHO He
OTKJIOHEHHAMH B 0TOOpe HaGJI0JCHHI H3 reHepaJibHOH COBOKYMHO-
Tabanua 4.3. Ta6mHua cOnPAKEHHOCTH, NOKAILIBAIOMAN PACXOKICHHE MEHKIY

HabmofaeMBIMH H OXKHgaembIMH yactoTamu, HabGmwogaempie gacToThl BbIpaxeHbl
Hepe3 OxHJAaeMpleé YaCTOTBl H BEJIHYHHY PacXOomACHHS

H h
y o THE e e LR g (8)
b THATLSTE Fed e SR (b)
(#) () N

CTH, B KOTOpOii 006e mepeMeHHbe ACfiCTBHTEIbHO HE3aBHCHMBI, TO
OHO JOJIKHO YKa3biBaTh HA HaJHUHe «CBSA3H» MEMK/IYy [€pPeMEeHHLIMH.
B AAaHHOM cjydyae CBfA3b «OTpPHUATEJAbHAaA», NOTOMY 4YTO Mbl HMEEM
MeHblie 6HOTHT-POroBo0OMaHKOBEIX MOPO[, YeM 0xKuaajtoch. MubimMu
-CJI0BaMH, MOPOALI MOryT ObTh AXOO NperMyuiecTBeHHO GHOTHTOBBI-
MH, JHG0 NpeHMyllecTBeHHO pOoroBo0OMaHKOBBIMH, HO He TeMH H
ApyruMi ogHoeBpeMeHHO. «[losoxuTenbHYIO» CBSI3b  Moraa Obl Hi-
JiocTpHpoBaTh obpaTHAs TeHAEHUHs: poroBasg ob6MaHka u OHOTHT
TposABJSIOTCH coBMecTHO (Torga Gowio Obl  (HB)>«HB»). Ecau
pacxoxkjaenue obosnauarth yeped d= (HB)—«HB», To, coxpanss no-
CTOSIHHBIMH CYMMBI 10 CTPOKaM H cTos01am, Jerko nokasarb, 4TO
T1abaniy COnpsiZKEeHHOCTH MOXKHO NepenHcaTtbh B CHMBOJHYECKHX 06o-
3HadyeHuAX, yToObl MoayduTh Taba. 4.3.

4.4. Kpurepnit «xu-kpaapar»

MoxHo npeanosioxHuTh, uTo npu d=15—23=—8 pacxoxje-
HHe — MpocTo peayabrar (uykTyauuit orGopa. Urolsl OueHUTL Be-
POATHOCTDb MOSIBICHHS TAKOTO 3HAYEHHH, HY3KeH CTaTHCTHYECKHI KPH-
tepuil. s 3TOro npuMensercs KpHTEPHI XH-KBajApaT, H f BBOXKY
€T0 3/leCh, HCMOJb3YA LIECTh 3TAMNOB NPOBEPKH THIOTE3.

1) Popmyaupyem nysesyto u arsrepraruBHyro aunoressl. Hyne-
Bas THNOTE3a COCTOHT B TOM, UTO poroBasi oOMaHKa H GHOTHT NOSAB-
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JIIOTCA B COCTaBe MOPOALI HE3ABHCHMO APYT oT Apyra, a (HB) pas-
HO 15 Bmecro 23 u3-3a daykryauuii orGopa. AapTepHaTHBHAA THIO-
Te3a COCTOHT B TOM, YTO PACX0XKJEHHE CYIIECTBYEeT B [AEHCTBHTE/Nb-
HOCTH, H, CJCA0BaTEIbHO, NOSABICHHE OHOTHTA OTPHILATENBHO CBA3A-
HO C MOSIBJICHHEM POroBoii 0OMAaHKH.

2) Bobupaem crarucruteckuit kpurepud. Booblie rosops, cTaTu-
©CTHKA KpHTepus ¥ (XH-KBajapar) SBJSETCH MEPOHl OTKJIOHeHHS
Hab/01aeMblX YacTOT OT OXKHAAeMbIX, KOTOPbIE MOJAY4ATCs MPH

- 06oii KaaccHUKAUMH JAHHBIX, KOTAa Kaiaoe HAGMIOJeHHE NPH-

HAJNEXKHT K OJHOMY H TOJNbLKO K 0AHOMY Kaaccy. B atom mnpumepe
Jauuble ObiiM PasMeIlieHbl B YeTHIpeX Kaaccax TaOJHIBl CONMpsiKeH-
HocTH 2X 2. Kputepuii Xu-KBaapaTt H3-3a TCOPETHYECKHX Orpaniye-
HHH NPUMEHHM TOJNIbKO K BblOOpPKaM, 00beM KOTOPBIX He MeHblie 50,
4 MHHHMAaJIbHAast 4aCToTa OT/Ie/IbHOTO KJjlacca ue MQHBNQSHHY‘-&U}Q,
ecau ona Goabwe 10. B namem npEMepe MOMKHO HCNOJb30BaTh KPH-
TepHii XH-KBaaparT, NoToMy 4To ofbeM Bbibopku pasen 90, a mMHHH-
MaJjbHaa oxuaaemas yactora kaacca «hB»=10. (Ecau 661 yacToTH
KJ1aCCOB ObIIH CAMUIKOM MaJbl, TO AJ5 BEIIOJHEHHS BhIIIEYKA3aHHBIX
YCI0BHH ciefoBano Obl MO BO3MOKHOCTH OODBEAHHATH COCEJHHE
Kaacchl.) Bee kiacchl B3agMHO He3aBHCHMBI, T. €, HaOJII0€HHE TIPH-
HalJexHT He Gojee 4eM K OJHOMY KJaaccy. Beanuuny kputrepus yx2
MOXKHO BBIYHCJIHTbL MO OZHOH M3 ABYX (opmy.: -

( i=C
D (0: — E)/Ey), (4.2)

R
> OFf/E)—N, (4.3)

=1

Tne C — 4HCIO KJIACCOB; [ — Iiesoe 4Hca0, obo3Havalonee HHAEKC
KJacca M npHHHMawoolee sHauenus or 1 o C ¢ marom 1; O;—
Habaogaemasn gacrora i-ro Kjaacca; E; — oxujgaemas yacrtora i-To
Kaacca; N — o6beM BeiGOpKH; £ 0603HAaYaeT CyMMHPOBAHHE BBIpA-
HEHUSA, CTOALIETO 80 BHEWHUX CKOOKAX, AJsi BCEX YKa3aHIbLIX 3Ha-
yeunii nuaekca i [cp. ¢ popmyaoit (1.2), rae o6bsicHsIeTCA HCNOJb30-
Ballie 3HAKA CyMMBbI].

Ecan B Tabaunue conpsxennocTH 2X2 (rabna. 4.1) npouymepo-
BaTh Kaaceol (i=1, 2, 3, 4) no 4acoBoii cTpesike, HAYHHAA C IPaBOro
Bepxuero yraa, to no ¢opmyne (4.3) moayuaem

0 g L) W s b A A el
"'_23_}'10 17+40 A b

(O6parture Buumaunue, uro o6bem Bbibopkun N BblUHTaetTcs nocae
T020, KaK 3aBepiuactcs cymmuponanne.) JLas Buluucaenus KpUTEpHs
%? o6blyHO npoule nosab3oBathess Gopmyaoit (4.3).

3) ¥Ycranasausaem obwem solO0pKu u onpedeasiem pasmep Kpu-

3760
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ruseckoti o6aacru. (N 3peck paBuo 90). [Tycth pasmep KpHTHUECKO®
ob6aactu a pasen 0,01.

4) Hccaedyem soibopouroe pacnpedenenue CTaTUCTUKU KPUTEPUSL.
CrartHcTHKA KpHTepHS j%? HMeeT cJe/ylollHe cBoicTRa:

a) NPHHHMAET TOJLKO MOJIOXKHTEJbHbIE 3HAYECHHSH, VBEIHUHBASACH-
OT HyJas1 10 OeCKOHeYHOCTH;

6) yBesMYHBaeTCA 1O Mepe POCTa PaCXOXKAEHHs Mexay HabJaio-
JaeMBIMH H OXHAaeMbIMH 3HAUYCHHSIMMU,

B) ee TOYHOE 3HaYeHHe 3aBHCHT OT YHCJA «CTeneHeil cBOGOABI»
KaaccHpukaunu. B caydae Tabauubl cONpsKEHHOCTH 2X2 dHCIO
creneneii cBoOoAbBl PaBHO €IHHHIE, NMOTOMY 4YTO, BHINOJHAS Tpebo-
BaHHE MOCTOSTHCTBA CYMMBI 110 CTPOKAM H MO CTOJA01IaM, POH3BOJILHO
MOKHO BHIGpaTh 4acTOTY TOJIBKO OJHOro Kniacca. B caexyromem pas-
Jese f KpaTKO BepHych K o0lIeMy TpeACTaBAEHHIO O CTENeHsX CBO-
Goael HabopoB faHHLIX. Mexay TeM obpalllaeM BHHMAaHHE HA TO, 49TO-
KPHTHYECKHE 3HAUYEHHS %2 MOMKHO HaliTH B TabJ. 4.6.

5) Onpedeasem kpurudeckyio o6aacts. s KpuTHUECKO# ob.Jac-
TH pasmepoMm 0,01 u kaaccudbukaumu, HMEIOUIeH OAHY CTeNeHb CBO-
Goabl, Tabn. 4.6 maer KpHTHUECKOoe 3HaueHHe y?, paBHoe 6,64. M3
dopmyanl (4.2) ‘MBI BHAHM, 9TO KPHUTepHil ¥ pacTeT mo Mepe TOro,
Kak HabJiofaeMble 3HAYEHHSI BCE JaJblie OTKJIOHSIOTCH OT OKHaae-
MBIX; O3TOMY KPHTHYecKas 00JacTh COAEPKHT 3HAYCHUS ¥, paBHbIE
nau 6oabiie 6,64.

6) Pewenue. Habnogaemoe 3nauenne Kputepusa y2, pasHoe 14,5,
JeXHT B KPHTHUECKOH o6JacTH, MO3TOMY HyJeBas THIOTe3a OTBep-
TaeTcs, H MBI JleJlaeM BBIBOJ, YTO B JeHCTBHTENbHOCTH nopdupodaac-
TH poroBoii o6MaHKH M OHOTHTAa CBA3aHbl OTpHUATEabHO. Bepost-
HOCTL TOTO, YTO Hall BuIBoJ owHGoueH, Menbile uam pasna 0,01
(T el a="001).

(ITocaenyioliee MHKPOCKONHYECKOE HCCJELOBAHHE MOKa3aJo, 4To:
poroBasi o6MaHKa 3amelulaer GHOTHT.)

4.5. CteneHH cBoOObI

Sroii TeMbl A yxe Kacascs B pasi. 4.4 u Oyay Bo3BpamaTthcd K
Hell B JajbHeHIIeM; MO3TOMY MO3BOJbTE MHE MONBITATHCH CAEAYIO-
uM 06pasoM 0XapakTepH3oBaTh AaHHOE NMOHATHE B OOLIHX YepTax.
Koraa mul o6paGateiBaeM BHIOOPOYHBIE JAaHHBIE AJ5 KJIacCHOHKAUHH
HJH BHIYHCJEHHS YHCJOBOH XapakTepHCTHKH (Hau Habopa uHCIOBBIX
XapaKTepPHCTHK), BKJIOYAad KaK MapaMeTphl, TAK H CTATHCTHKH KpH-
TEpHEB, TO HCXOJAHBIC AaHHBLIE BMeCTe ¢ KjaaccHdukaumeid (HaH Bb-
YHCJASAeMbIMH YHCJOBBLIMH xapaKTepuchaMH) OTYETJHBO CBA3bLIBA-
I0TCs HEKoi obuieit erpyktypoil. B caydae xkaaccuduxkauuu 3Ta
CTPYKTYpPa COCTOHT H3 MPaBHJ KJacCH(pHUKAIHH, B CJydae BbIYHC/IA-
€MBIX YHCJIOBLIX XapaKTEePHCTHK OHA OMpeAessercd OAHHM HJIH He-
CKOJMBKHMH MaTeMaTHUCCKHMH BhIpaxenuamu. Uncno creneneil co-



HOMHHAJBHBIE CTATHCTHKH 67

OBl CTPYKTYPHI paBHsieTcst 00beMy BuiOOpKH (uaH, ecau yaobuee,
YHCJY KJAaCCOB) 34 BLIYETOM YHC/JIA HE3aBMCHMBIX OFpaHUYeHHi, Ha-

araemMbix cTpykTypoii. OHo naeT Ham HEKOTOPYW HH(OPMAIHIO O
“TOM, CKOJIbKHMH crnoco6aMu MOXKHO H3MeHATb BHIOOPKY, HE BHI3BIBAs
M3MEHEeHHII orpaHHYHBaIOLUX (PAKTOPOB.
STO MOXKHO NPOHJIIOCTPHPOBATL ABYMS npumepamu. B pasn. 4.4
‘MBIl paccMarpHBaJH TabJHIY CONMpPsIKEHHOCTH 2X2 Aad NPOBEPKH
He3aBHCHMOCTH npH3HakoB. Orpannuedns, OTHOCALIHECH K 3TOH
TabJauie, COCTOAT B TOM, YTO Mbl MOXKET H3MEHSTL 4Yactory Jwoboro
KJacca, JHlb BBINOJIHAS TpeGoBaHHe O MOCTOAHCTBE CYMM IO CTpO-
Kam # no croabuam. Takux cymMm ueThpe; CJ1e0BATENbHO, H Orpa-
HHYEeHH YeThIpe: B€ CYMMBI N0 CTONONAM H ABE CYMMBI [0 CTPOKaM,
H eCJH HX CJIOKHTH MO OTAEJbHOCTH, TO MOJYUYHTCS NOJHBIH 06beM
BHIOOPKH. FIcHO, OAHAKO, YTO MocJejiHee OrpaHHYCHHE He ABJAAETCA
He3aBHCHMBIM. Jlasee, MOCKONBKY CJOXKEHHE ABYX CYMM MO CTOJG-
1aM H ABYX CYMM IIO CTPOKaM JaeT OJHO H TO e YHCJO, TO HE BCe
- UCTHIPE CYMMBbI He3aBHCHMBI: €CJIH ONpeLeNUTh TPH JIoOLIE CyMMbL, TO
yeTBepPTas HAXOAHTCH aBTOMaTHueckH. TakuM o6pasoM, Hes3asucumsl
TOJILKO TPH OTPaHHYEHHA M, YHCJIO cTemeHeil cBOOOIBI TaGJHIbI CO-
NpsizKeHHOCTH 2X 2 115 (PHKCHPOBAHHBIX CYMM MO CTPOKaM H IO
crosbiam paBHo: 4 KJacca — 3 He3aBHCHMBIX orpannuenns = 1.
B pasa. 4.4 mbl BuJeaH, 4TO, B CAMOM JeJie, BbINoJAHsAs TpeboBaHue
COXpaHeHHS MOCTOSIHCTBA CYMM IO CTpPOKaM M cToj0uam, JHLIb Yac-
TOTY OAHOTO KJacca MOXKHO BhIOpaTh HesaBHCHMO. Kak Toasko om-
pepessieTcs yactora OAHOrO Kaacca, TPH JAPYrHe OKa3wBAIOTCA yikKe
3apUKCHPOBAHHBIMH.

B kauectBe BTOpPOro npumepa BO3bMeM BbIYHCJCHHE CPELHEro
3HaueHHs mepemenHol B BblGopke ob6bemom N, a 3aTeM OTBETHM Ha
BOIPOC: CKOJIbKO OTAEJNbHBIX Hal/i0JaeMblX 3HaueHHil MOMKHO H3Me-
HHTb, COXpaHss MOCTOSHHBIM cpeaHee 3nadenne? OTBeT 3akKmaoyaer-
s B TOM, uTO nepBeiM N — 1 HabawgeHHsIM MBI MOMKeM TpPHAATh
Jo0vie 3HaueHnst, HO 3HaueHne N-ro Hab/I0AeHHS OrpaHHYHBAETCH
TpeGoBaHHeM MOCTOSHCTBA cpejaHero snadenus. Takum obGpasom, ro-
BOPAT, UTO OLLCHKa cpejpHero 3Hauenus uMmeer N — | cremeneit cBo-
Goabl. Ecan Gbl Mbl Tak:Ke OLEHHBATH CTAHJAPTHOE OTKJIOHEHHE, TO
00was crpykrypa umena 661 N — 2 creneneil cBo60/ibl, MOTOMY UTO
. 3TH ABa mapamerpa He3aBHcHMBbL. ClefoBaTesbHO, €C/H OLEHHBae-
Mbl€ TapaMeTphl H CTATHCTHKH KPHTEPHEB HE3aBHCHMBI, TO IS TOTO,
yto0bl HAHTH YHC/JAO CTeneHel cBOGOABI, MPOCTO HAAO HX YHCJO BbI-
"ecTh 13 06beMa BBHIOOPKH.

4.6. Tounblit Kputepud Puwepa

Bhlllle Mbl OTMEYaJH, 4TO KPHTEPHH XH-KBaJApPAaT MPHMEHHM TOJb-
KO K BBIOOpPKaM, B KOTOPHIX 006beM H YacTOThl OTAEJIbHBIX KJIaccoB
TIPEBLIIAIOT ONMpPEAEAEHHYI0 MHHHMA/bHYIO BeJHYnHy. B camom nede,

3!
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nocjaeanee tpeboBaHHe B PACCMOTPEHHOM NpPHMeEpPe YVAOBJETBOPSAIOCEH
Ha npejpeje. B Tex ycaoBhsx, Korjaa H3-3a yKasaHHBIX NPHYHH KPH-
TEPUH XH-KBAAPAT HENPHMEHHM S aHaansa TabJauil cOmpsiKeHHo-
CTH 2X 2, ero MOXHO 3aMeHHTh TOYHHIM KpuTepuem Puuepa.
B raba. 4.4 npuBeeHLl CONPAKEHHOCTH, ONpeAeJeHHble B HaUae Bbl-
[eoNHCcaHHoro ueeaeaoBanud. [Ans unaocTpauun npuMeHesns ToY-
Horo KpuTepHs Puilepa CHOBA MOXKHO BOCHOJL30BATLCS  IIECTHIO
aTanaMy NPOBEPKH THIOTES:

Tadauua 4.4, TaGanna CONpPAXKERHOCTH, NMOJYYAIOMASCH HA paHHEM 3Tane H3YueHH:
nopghHPOGIAcTOBLIX THEHCOB (B KPYIALIX CKOGKax — HaGJaiojaeMble  4acToThI, B
KaBRIUKAX — OKKHJAeMBle 4acTOThHi)

H h
B Sy Rag" {ge)r g ® (9)
b (19) "15" (2) tg* (21)
(22) (8) (30)

1) Popmyaupyem Hysesywo u arbTepHarusyo aunoresvl. OHH
(opMyJHpYIOTCH TaK e, KaK ¥ B NPeAblAylieM npuMepe, 38 HCKIIO-
uennem ¢pasel «(HB) pasHo 3 BMeCTO O0XKHAAEMOTO 3HAYEHHS,
PABHOTO 7».

2) Boibupaem crarucrudeckui kpurepui. Tak kak oGbem BHGCD-
k1 MeHblle 50, a oxugaeMple 4acTOTh TpeX KaaccoB Menbiue 10, To
KDHTEpHH XH-KBAaJpPAT HENMPHMEHUM, ¥ BMECTO HEro HajA0 HCIOAL30-
BAaTh TOUHBIH KpHTepuii Puiuepa.

3) ¥cranasausaem obvem solbopKku u golOupacs pasmep KputTu-
yeckor obaacru. O6bem BeiOopkn N=30. B cBfA3u ¢ 3THM KpUTepHii,
BEPOSTHO, GyJAeT MeHee MOIIHBLIM, NMO3TOMY COOTBETCTBYIOUIHIT pas-
Mep KpHTHUYecKo# ofaacTH MOXHO B3aTh pasupim 0,05,

4) Hccaedyem selbopouroe pacnpedeserue CTATUCTUKL KPUTEPUS.
SIBHOM cTATMCTHKH, CBA3AHHOH ¢ TouHbIM Kputepuem Puuuepa, mer;
BMECTO 3TOr'o, KaK MOKAa3aHo HHKe, Mbl OyieM HeNnocpeacTBeHHo
HCCJIEA0BATh BEPOATHOCTH NOSIBJCHHS ONpejleIeHHbIX TabaHL, conpsi-
KennoctH. HaGniogaemble YacTOThi HE COBNAJAIOT C OXKHAACMBIMU
JacTOTaMH, NPe/CKa3aHHBEIMH HYJEeBOH THIOTE30H, HO 3TO MOMKET
6uiTh pesyabratom (aykryauuit orbopa. BeposTHOCTH MOJYYeHHS
Ha6JI01aeMBIX UaCTOT MO OXKHAAeMbBIM dYacToTaMm, o0yC/IoBIeHHAR
daykryanneit or6opa, TouHO onpejeasercs caeayiouleil Gpopmyoii:

(B)! (b)) (H) ! (h)! (4.4)

Po = TN (HB) ! (Hb) ! (kB)  (kb)!
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rae ! — snak paktopuasa (cm. (2.1)). DTy BeJHUHHY JIETKO OLLEHUTD,
uenoanaysa 1aba. 4.7:
9121122181
- — = 0,003014.
Po= 01311916121

Ho npu cnpaBeanBocTH HyJIeBOil rHIOTe3b TaKxkKe MOIMH GBI MOSB-
AATbes M Oosee Aanekne 3nayeHHs Haba0jaeMbiX YacTor (T. €. Ha-
OmofaemMble YacTOTHI, elle Aajblie OTCTOALME OT OXMHAAEMBIX yac-
10T). MTaK, BRIUHC/IeHHAS BEIlLE BEPOSITHOCTD NMOSABJCHHT MHHHMAJb-
HOM Ha6a0aeMoit yactoTh B Taba. 4.4, pasnoit (hb) =2, cocraBasier
0,003014. Oanaxo K Helt MBI JOJKHL 100aBHTh BEPOATHOCTH AaiKe
elle MenpiinX (wax eme Oosee pagneknx) uacror: (hb)=1 u
(hb) =0, nawowue e e cymmor no crpokam w crorbyam. B taba. 4.5
NPHBOAATCA BHIYHCJAEHHBIEe 1o (opmynae (4.4) eite Gojlee ganexne
OT OXKHJIAeMbIX TAOAUIE CONPSKEHHOCTH H BEPOATHOCTH HX MOSBJeE-
HHsi, 3 3Toit TabauuLl caeayeT, 4To BepOoATHOCTh NOSB/AeHHS HAalJ10-
JaemMoi TabAHIEl CONPAMKEHHOCTH HJAHM TabJuubl COMNPSAKEHHOCTH,
eute Oosee AAJEKOH OT OXKHIAEMOIl, [MONYHACTCH CYyMMHPOBaHUEM
3THX OTHe/IbHBIX BeposTHOCTEH: p=po+ pi+pi:=0,003145 (nau 0,003
AJIST NPAKTHYECKOrO NIPHMEHeHHs ).

5) Onpedeasiem obaacts, ede eunoreda doaxHa GbiTe oT8EP2HYTA.
Pasmep kpurnueckoii o6aactn a=0,05, u, ciegoBaresbHo, HabJaI0-
JlaeMble 4acTOTHl ONaAyT B 3Ty 00J1aCTh, €CiH CYyMma BeposTHOCTEH
nosiBenusi Ha6moaaeMbX H Gojee faleKHX 9acTOT MeHblle pasMepa
3T0i 06aacTH.

6) Pewenue. Cymma BeposiTHOCTEIl NMOABJCHHA HAOJIOAaEMBIX |
Gonee panexknx yactor menbure 0,05. HyaeBasi runoresa orsepraercs,
Ta6auna 4.5. TaGauubl CONpmKEHHOCTH, Goabine oTsHUalmuecs oT HaGaogaemol,

ueM OXHAaeMas Ta6aHUA COMPSIKEHHOCTH, (3Be3g0uka OTMEUAeT KJeTKY Tabauubl
€ MHHHMAJIbLHON uactoToit)

H h
B | (2) (7) (9)
b (20) (1) (21)  p;=0,000129
(22) (8) 30
H h
B (1) (8) (%)
b (21) (o) (21) »7; = 0,000002

(22) .i8) 30
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M, KakK ¥ paiblie, Mbl 1€/JaéM BHIBOJ, YTO poroBasd oOmMaHkKa H OGHO-
THT CBfi3aHbl OTPHLATEJbHO. BeposiTHOCTH TOro, HTO STOT BHIBOJ
ommbouen, Menbiue uau passa 0,003,

4.7. O6cyxnenne

Ocraercsa obcyauTh ABa Bompoca. Bo-mepBhix, MoJge3HO MOCMOT-
peTb, KaK pacteT MOLLHOCTb KPHTEPHS C pPocTOoM 00bemMa BHIGOPKH.
Ha pannem srane BBIICOMHCAHHOTO H3yyeHHs, KOrja ObUIA OCMOTpE-
HBEl TOIbKO 30 MyHKTOB ¢ BHIXOJAaMH mNOpP(HPO6JIACTOBLIX THEICOB,
HYJeBYIO THIIOTE3Y O He3aBHCHMOCTH NMOSBJIEHHS POroBoil 06MAaHKH H
6HOTHTA MOXKHO OBbIJIO OTBEPTHYTh C BEPOSITHOCTHIO OLIHGHTHCA MEHb-
wed uad paBuofi 0,05 (4ro0bl ObITH TOUHBIM, MEHbLUEH HJIH PaBHOI
0,003). Oanako, Korga oGhem BHIGOPKH yBeauuusaercs no 90, To
BEPOATHOCTb OLIHOGOYHO OTBEPTHYTh HYJEBYIO THIOTE3Y CTAHOBHTCS
menbiiet uan pasuoit 0,01 (paxTnueckn Ganxaiiuiee sHauyeHHe pas-
uo 0,0000001).

Bo-BTOpBIX, NpHMEp OrpaHHYHBAETCs paccMoTpeHHeM TaGJHIb
conpsxeHHocTH 2X 2. B OoJiee CIOXKHBIX HCCAEAOBAHNAX MOTYT pac-
CcMaTpHUBAaThCA TaOGJHLL! pX g cO 3HAYEHHSIMH p H ¢ Ooabiie 2 HIH
Aaxe Tpexmepuble TabauLbl conpsikenHocTH pX ¢ Xr. IlepBoie ctpo-
fircs Jierko 0 06pabaThiBalOTCs € NOMOULBIO  METOA0B, HCNOMb3YIO-
IHX BBILICOMHCAHHBIA KpHTepHii XH-KBaapar. Anaaus Gosee CI0XK-

Tabanua 4.6. Kpurrueckue sHaweHust > 11s KpHTHYeCKHX oGaacreit ¢ a=0,05
¥ a=0,01 aas xaaccupukauuli ¢ pamuiMu creneHsmn csoboast v. KpuThuecKue
obmacTi cojepar sHaueHus 3 Gobiue, ueM yKalaHHbIe KpH THUECKHE 3HAYeHHs

v a=0,03 a=0,01 v a=0,05 a=0,01 ¥ a=0,05 a=0,01
1 3,841 6,635 13 22,36 27,69 | 25 37,65 44,31
2 591 9,210 14 23,68 29,14 | 26 38,8 - 45,64
3 7.816 11,35 15 25,00 30,58 | 27 40,11 46,96
4 9488 13,28 16 26,30 32,00 | 28 41,34 48,28
5 11,07 15,08 17 27,59 33,41 29 42,56 49,59
6 19,509 16,81 18 2887 .81 30 43,77 50,89
7 14,07 18,49 19 30,14 36,19 |40 55,76 63,69
8 15,51 20,00 20 31,41 37,57 | 50 67,50 76,15
9 16,92 21,67 21 32,67 38,93 | 60 79,08 88,38
10 18,31 23,21 92 33,92 40,29 | 70 90,53 1004
11 19,68 24,72 23 35,17 41,64 | 80 101,99 112,3
12 21,03 26,22 24 36,42 42,98 | 9 13,1 1241
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l Tabanua 4.7. Jlecatnunnie norapupms  akTopuaiaos uncen or | jgo 50

P P —

(MCnomb3yloTe MK BHIMMC/IRHWM BEPONTHOCTEN A7 TOUHOTO KpHTepHs dHiepa)

n 1g n! n 1g n! n g n! n 1g nl n Ig n!
10,0000 1. 7,6012 21 19,7083 31 33,9150 41 49,5244
20,3010 12 8,6803 22 21,0508 32 35,4202 42 51,1477
3 10,7782 13 19,7493 23 22,4125 33 36,9387 43 52,7811
41,3802 14 10,9404 24 23,7927 34 38,4702 44 54,4246
5 2,0792 15, 12,1185 25 25,1906 35 40,0142 45 56,0778
6 12,8573 16 13,3206 26 26,6056 36 41,5705 46 57,7406
7  3,7024 17 14,5511 27 28,0370 37 43,1387 47 59,4127
8 4,6055 18 15,8063 28 29,4841 38 44,7185 48 61,0939
95,5598 19 17,0851 29 30,9465 39 46,3096 49 62,7841
10 6,5598 20 18,3861 30 32,4237 40 47,9116 50 64,4831

HBIX TpexMepHbIX TalJHIl BHIXOAHT 3a PAMKH 3TOif KHHIH, H MBI OT-
ChlJIaeM 3anHTepecoBaHHBIX uHTaTeseil K kHure [Omaa u Kenaanna
[25]. 3naunmble 3Hadenns y?, mnoayyawuupecs u3 Ttabaum pXq,
moryT TpeboBars 6osee TOYHOro anaau3a JAHHBIX, AJf TOTO YTOOHI
YCTaHOBHTb HCTOYHHK 3HAYHMOCTH. B cayuae taGaun pX gXr cBs3n
MEXYy TepPeMeHHBIMH MOTYT OBITh JAECHCTBHTEJABHBIMH H  MHHMBIMH;
NO-BHANMOMY, 3HAYHMBIE CBA3H MEXKAY THMH ABYMS fepeMeHHbIMH
NOABISAIOTCA H3-3a TOro, YTO HA camMoM jJeje obe OHH HE3aBHCHMO
CBS3aHbI ¢ TpeTheil nepemenHoil. TeM He MeHee 3TH MeTOALI 0OBLIYHO
NPEeACTaBAAIOT MHTEPeC H BO MHOTHX CHTYaHHAX 3aCAYXKHBAOT Je-
TAJbHOTO PacCMOTPEHHS.
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Teopernyeckue pacnpenaeJieHusi
H J0BepUTEJbHbIe HHTepPBaJibl

Ho cux nop Hac He oueHb GecHOKOMJIO, KAK B TOYHOCTH pacnpeje-
JIeHBl HccJe/lyeMble nepeMeHHble B leHepasbHOH COBOKYIHOCTH, T. €.
Kak BRIrAAAAT uX OB u UPP; Mul snann anwb o ToM, uTo Takue na-
pameTphl, Kak cpejiHee, CTaHAapTHOE OTKJIOHeHHe H ACHMMETpPHS, ja-
10T HeKOTOPY10 HH(OPMALHIO O NOJOXKeHHH 1 (JopMe pacmpeieseHus.
Bee Onino 661 xopouwio, ecan Obl IpHpoAa co3jlaBajia reHepaJdbHble
COBOKYITHOCTH B TOYHOM COOTBETCTBHH C MaTeMaTHYeCKHMH 3aKOHa-
MH, HO, MIOCKOJIbKY 3TOTO HET, Mbl BBIHYZKJEHBl CTPOUTL rpyOLle HpH-
6amkenus i npexanosoxenus, OOGHIYHO 3TO ONPaBALIBAETCA TEM,
YTO JajbHeimas mMaTemarnyeckas oO6paboTka AaHHLIX 3aMeTHO Y-
poutaercsi. Ilpy BHuMaTenbHOM H3yueHHH 3THX NPeANOJOKeHHH
MOKHO OCYUIeCTBHTL PsAJA IOJe3HBIX NPHEMOB, HampuMmep NpHCBOe-
HUe YHCJ0BOI XapakTepHCTHKH HAlleMy YPOBHIO JOBepHs K OLieHKe
napaverpa. [lauuas riasa HaunHaeTrcsi ¢ oOllero TeOPeTHYECKOro
ob30pa H MOKA3bIBaeT, Kak MOKHO KOJHYECTBEHHO OXapaKTepH3o0-
BaThb loBepHe. 3aTeM B HeH Jaercsl IOHATHE, C MOMOILLIO KOTOPOro
CTaTHCTHYECKHE KPHTEPHH MOMKHO OTHECTH K mapameTpHYecKOMY HJIH
HellapaMeTPHYeCKOMY THIy, H OOCYKAaloTcsl OTHOCHTeJbHbIE J0CTO-
HHCTBA nocae/nnX. HaKoHell, B NPHJIOKEHHH K 3a/laye KOJHYECTBeH-
HOrO ompeiejeHHs] cOAep <aHus U OTHOLIeHHs BKPaMJIeHHHKOB OJIH-
BHHa H aBrHTa B JiaBaX paccMaTpHBAaeTCs CNnocol MOCTPOEHHs J0-
BEPHTENbHLIX TPAHHI, MO COOTHOLIEHHAM, OUEHHBAEMBIM TyTeM
MOJCUeTa.

5.1. Poab TeopeTHuecKH BbIBEJEHHBIX pacnpejeseHni

QYHKIHH MJOTHOCTH BEPOATHOCTH MepPeMeHHBIX (ecJH CMBIC] oue-
BHJeH, GyAemM Ha3uBaTh HX NPOCTO «pacrnpeae]eHHsIMH»), MOJdyYeH-
HEIe TEOPeTHUYECKH, UacT0 HCHNOJBL3YIOTCH AJs paspaloTKH NpakTH-
YeCKHX CTATHCTHYECKHX MeTOAHK. De3 HHX HEBO3MOMHO JaJbHei-
lee pasBHUTHE CTATHCTHUYECKHX METOAOB, H B IVI. 2 mPH OGCYXKAGHHH
3ajlaun ¢ OpocaHHeM MOHeTHl (NMpHMEHHTeJLHO K cTpaturpaduu) s
y2Ke KacaJics OAHOI0 M3 HHX — GuHOMHaJbHOrOo pacnpenesenus. [Tpu
H3Y4YeHHN TNepeMeHHBIX, H3MepeHHBIX B IlIKaJe OTHOWeHuLl, 1eHT-
panbHOe 3HaueHHe HMeeT TeoperHyeckoe pacnpeieneHne [aycea,
HIH «HOpMadabLHoe» pacnpejnenenie. Ono OBJIO NONYYEHO B acTpOHO-
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Min npH paspaboTke TeOPHH OUIHGOK H3MEPEHHS MOJOZEeHHsT 3Be3],
HO OKa3aJjoch, YWTO MHOTHE pacnpezneqaeHnus, BCTpeqalOUJ,IIECH B npH-
poie n HaydaeMmbie sMOHpHUYECKHMH HayKaMmH, XOPOLIO anmpoKCHMH-
pylotcsi pacnpegeiennem [aycca: oTcioga Jpyroe ero HasBaHue —
«HOpMaJibHOE pacnpejnedaenies. efictButebHo, Gjaarogaps 3T1oil Xo-
pouleii annmpokcHMaluH MHOrie HauboJee MOLIHBIE METOMALI CTATH-
CTHYECKOro aHaJii3a OCHOBAHB HAa MPeANOJOKeHHH, YTO Jiexauas B
HX OCHOBe MepeMeHHasi HMeer pacnpeieieHne [ aycca, mostoMy HH-
Xe MBI TMOJY4YHM cnocoGbl MPOBEPKH 3TOr0 OCHOBHOTO MPeNnoJoxKe-
unsA. Jlanee, pacnpenenenne [aycca 3aHuMaer BHAHOE MeCTO B TNO-
CJAEAYIONIHX YCOBEPUIEHCTBOBAHHAX CTATHCTHUECKHX METOJIOB, IO-
CKOJIBKY Hajl HHM JIETKO BHIMOJIHATh MaTeMaTHueckie Onepamuiu, H B
NOCJEAYIOMINX TJiaBaX Mbl BCTPETHMCH C HHM B 3TOM KauecTBe.

Bo MHOXecTBe npuioxeHuii, OCHOBAHHBIX HA NepPeMEHHOH, H3Me-
PeHHOIl B 1IKaJe OTHOWeHW 1 TPeANoJOMKHTeNbHO HMeloulell pac-
npeneaenine Iaycca, nejecoo6pasno npumeHenue f-cTaTHCTHKH KpH-
Tepusi Croioaenra. f-pacnpeieienne CThlofleHTa MOMKHO HCHOJb30-
BaTh He TOJbLKO B KauecTBe MOLIHOrO MeTOla MPOBepKH pasiuyuil
JBYX BBLIGOPOK: OHO TaK}Ke MNO3BOJSET BLIYHC/SATH «10BepHTe]bHbIe
HHTepBaJbl», KOTOPBIE FOBOPSIT O TOM, HACKOJLKO Mbl MOXKEM J0Be-
PATH HAIIHM OLEHKAM TaKHX MapaMeTPOB IeHepaJbHOI COBOKYIHOC-
TH, KaK MareMarTHUecKoe oOxHAaHue. § Takxke ONHCBLIBAIO METOJ
BLIMHCJIEHHST JIOBEPHTEJbHLIX HHTEpPBAJOB, CBA3aHHBIH C COOTHOULE-
HUAMU, OLEHWBAEMBIMI TyTeM TNOACUETa, HalpHMep B pe3yJbTaTe
NojicieTa MHHepaJIoB B ilIHde, HO NpHMeHeHle TOr0 MeToAa MoJes-
HO H TIPH BHIOJHEHHH CXOJAHBLIX NOJEBHIX HaluofeHuil.

5.2, DYyHKUMA NAOTHOCTH BEPOATHOCTH
pacnpeneaenns laycca

5.2.1. I'papux PIIB. Tpaduxk GyHKUUE NIOTHOCTH BEPOATHOCTH
pacnpenenenns I'aycca mpejacraBiasger co0oil CHMMETPHUHYIO OJLHO-
BEPUIHHHYIO KPHBYIO, BeTBH KOTOPOH yXOAST B GecKOHeYHOCTh B 06o-
uX Hanpapsennsx. On nokasan na puc. 5.1 B KauecTBe npubanxKe-
HHS sl pacnpejesiennsl 4acToT B BHOOPKe, cocTosAmel H3 3aMepos
MaKcHMaJILHBIX AHAMETPOB, HJH «JIHH», raJjex.

Marematnueckoe suipaxkenne QI1B pacnpenesenns ayeca mpu-
BOJIUM 371eChb TOJBKO A5l HHOpMaIHH:

f(X) = exp[— (X — M)* 291/} 2=s*, (5.1)

rae X — nepemennas, M u s — napamerpst (KOHCTAHTHI) pachpeje-
Jgenusi I'aycca, HasblBaeMble COOTBETCTBEHHO MaTeMATHUECKHM OXKH-
JaHHEeM H CTaHAapTHBIM OTKJOHeHHeM, a exXp(x) O3HayaeT uHCJO &
B cTenenu x. Beanuyuna s2, spagiomasicss KBajipaTtoM CTaHAapTHOrO
OTKJOHEHHUd, Ha3uiBaeTcs AMcnepeneii.
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Puc. 5.1. 'ayccosa ®IIB, cootercTByOIIas BLGOPKE MAKCHMAJBHBIX JLAMETPOB
npubpemnmx ranex, THcTorpamMMa OTpaz<aer JaHnble, NPHBeJIeHHble B Taba. 5.1.
[nankas oanosepmmHHas HenpepbiBHas KpHBas sBAAETCA rpagukoM rayccoBoif

®IIB, BoluHcaeHHON TakHM 06pa3oM, uTo ee cpeanee 3navenne M H cramaaptHoe
OTKJOHEHHEe § COBNAZAlT C COOTBETCTBYIOLWIHMH BbIGOPOYHLIMH  [ApaMETPaMi.
Huxusin H3 ABYX TODH3OHTAJbHbIX WIKAJA NMOKA3bBAaeT MAKCHMAJbHBIE JHAMETpPbI
rajlek B BHJAE OTKJOHEHHI OT CPeAHero, HIMEPEHHHIX B €AHHHIAX CTAHAAPTHOrO
orkaonenns. (OGpaTHTe BHHMaHHE, uTO (DAaKTHUECKH BCE TEOPETHUECKOE pacipe-

Nenenne 3akaioueHo B HHTepBate MZ=3X3.)

5.2.2. Oyenka napamerpos. Ecin MB yBepeHbl, 4TO BLIOOpKA u3-
BJI€UEHA H3 FeHepaJibHOH COBOKYIHOCTH, B KOTOPOIl HHTepecylollas
Hac nepeMeHHast uMeeT pacnpejenenne [aycca, To HepeaKO OKa3bl-
BaeTcs yAOOHBIM 3aMEHHTL BCE OTAeJbHble 3aMepHEl MEepeMeHHOIl B
BLIOOpKE JABYMsl YHCJIAMH, a HMEHHO O{eHKaMu JABYX napamerpos
HCXOAROH reHepasbHOM COBOKYNMHOCTH. DTHMH OUEHKaMH SIBJAAIOTCS
cpennee 3nauenue M (rge yepToyka HaJ CHMBOJIOM YKa3bIBAET Ha
OUEHKY WUCTHUHHO20, HO HEM3BECTHOIO 3HAYEHHSI MAaTeMaTHYeCKOro
oxuaanug M) u crasjapTHOe OTKJOHEHHEe § — KBaApaTHbIi KOpeHb
H3 aucnmepcHH. MaremaTHueckoe OMMAaHWe — TO 3HauyeHHe Nepe-
MEHHOH, BOKPYI KOTOPOro CrpynanupoBana BbIGOpKa, a CTaHpapT-
HO€ OTKIOHEHHEe — Mepa «paccefuua» wad «pasdpocar» BHIGOPKH.
ObparuTe BHHMaHHe, YTO CTAHIAPTHOE OTK/JIOHeHHe HMEeT Takne e
€JMHHIB H3MepeHHs,, KaK I cpejiHee 3HaueHue (HAMpPUMEp, MUJIH-
MeTphbl HJH KHJIOrPaMMHL U T. 1.), u 410 0,68 (0okos0 2/3) Bcex BHI-
GOpouHBIX 3HAUeHMil (2 3TO MOMKHO MPOBEPHTL) COAEPIKHUTCH B HH-
TepBase n3MepeHuit =1 cranjaapTHOe OTKJOHEHHE OT CpPe/lHero 3Ha-
yennsi. [lanee, kak BHAHO u3 puc. 5.1, mouTH Bce TeopeTHyeckoe pac-
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npenenenie I'aycca (rounee, 0,997) 3akawueHo B HHTepBaje —+3
CTaHAapPTHHIX OTKJIOHEHUS OT CpejlHero.

Ecan Mbl npeanonaraem, uto BLIGOpKa H3BJeUeHA M3 reHepatib-
HOH COBOKYMHOCTH, uMeiouie#t pacmpefenenne Taycca, To Ham cie-
AYeT oyeHuTb mapaMeTphl reHepaJibHOH coBokynHoctH M u s. 310
MOMKHO C/leJlaTh ¢ NOMOILBIO ONpe/leIeHHBIX dapMya.

Oyenka maTeMaTHYECKOTO OXKHAaHHA (WM cpeaHeapHdMeTHYe-
CKoe) BhlyHcasgeTcd no Gopmyae

M= (X)), (5.2)

a OyexKa CTaHJApPTHOrO OTKJOHeHUsi (Mepa <«paccesiHHs» BHIOOPKH
BOKpYT cpeiHero) — no ¢opMyaam

i=N

: k%
T E(xi~M)”, (5.32)

i=l1
i=N

=i (5.30

!:I

N_l 2(!(2) e, (5.38)

=1

cn“|

rie N — o6bem BHOOPKH, i — HOMepa Hadmoaenuii ot 1 g0 N, X; —
3HaueHne nepeMeHHoli B i-M Ha0J0eHHH; ¥ O3HayaeT, YTO BHIpaiKe-
Hiie, cTOsIee B CKOOKaX, Ha/lo NPOCYMMHPOBATL /IS BCeX 3alaHHbIX
3HaueHuil i, a x;=X;—M ecTb OTKJIOHEHHe OT cpPeJIHero 3HayeHHs.

Ecan Buuncaenne sTHX OLEHOK He BCTPOEGHO B KaJbKYJATOP, TO
BPYYHYIO OLEHKY CTaH/JapTHOIO OTKJOHEHHS, BEPOSTHO, NMPOILE BHI-
yucante no Qopmyne (5.3B), mpuH 3TOM ciaeayeT MOMHHTH O HETOU-
HOCTSIX BBIUMCJIEeHHI, 00cyxkaaeMblx B npuioxennu B. Ecau naunsie
Obli Ka1accHhHUMPOBAHEL (WM «CTPYyNNRPOBanE», cM. pasp. 1.3.1),
TO OUEHKH CPeIHero M CTaHAapTHOro OTKJIOHEHHH BBIUHCJSAIOTCHA CO-
OTBETCTBEHHO 10 hopMyJam

i=0C

Rl
M=— E (X)), (5.4)

(5

2: -, (5.5)

rae C — 4ncJo KJaaccoB, { — HoMepa Kaaccos ot 1 jgo C, fi — vacto-

UJ
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Ta6auna 5.1. Makcumanbupie auaverpsl (X) ranek B sniGopke oGbeMOM
134 na6moaenns

Knace (aofimsr) YacTtoTa KJacca ”“’.f;c'?u’}*;"“ "uT;:E:I; v
>0 <0,5 1 1 0,007
>0,5 <l 25 26 0,194
>1 <l1.,56 31 57 0,425
>1,5 <2 48 105 0,784
=2 <2,5 16 121 0,903
>2,56 <3 10 131 0,978
>3 <3,5 1 132 0,985
=3,5 <4 1 133 0,993
=>4 <4.5 0 133 0,993
>4,5 <5 | 134 1,000

Ta [-ro KJjacca, X; — 3HaueHHe IepeMeHHOI B cpeiHeli TouKe i(-ro
KJacca H @ — WHPHHA KJacca.

¥npascnenue. Ucnonbsyst naunsie taba. 5.1 u dopmyas (5.4) u
(5.5), npoBepnTe, uTo B BHIGOPKE, COCTOSIEl H3 3aMepoB MaKcH-
MaJbHBIX JIHAMETPOB TraJjiek, THCTOrpaMma KOTOPOil TMpHBejeHa Ha
puc. 5.1, cpeaHee 3Hauenne Auamerpa pasuo 1,62 mioiima, a crau-
napTHoe oTKaoHenue cocrasager 0,68 pwoiima.

5.3. Iposepka cooTBeTCTBHA pacnpefejeHuss HabawaaeMo
nepemennoi pacnpenenenuio I'aycca

Taxk kak HeCKOJbKO HanGojiee MOUIHLIX CTATHCTHYECKHX KpHTe-
pHEB paccYHTAHO Ha MpPEANOJOMKEHHe, UTO Jexaulas B X OcHOBe
nepeMeHHast (HJAH TepeMeHHble) uMeeT (HMeOT) pacnpeieseHue
laycca, BaxxHO npoBepuTb BHIGOPOUHLIE JaHHbE HA CTENeHb COOT-
BercTBHsA pacnpenenennio Iaycca. s 9Toro Gbll npefnoxKen psf
OTHOCHTENHHO HeCJOXKHLIX METO/I0B, OJHAKO, Ha Hall B3TJSI, KpH-
Tepuii KoamoropoBa — CMmupHOBa AJs1 OJHON BBEIOOPKH Kaercs
0cOOeHHO TMOJe3HbHIM H OblcTpbiM. IlpuMensia 3TOT KpuTepuii, Mbl
CpaBHHBaeM 3MIHPHUYECKYI0 HHTErpajbHylo (YHKUUIO pacnpeene-
HHA ¢ TeopeTHYecKoil, MpHUeM MOCcJeAHss BLIUHCAAETCS TaKuM 00-
pazoM, urolw ee napamerpsr M n s coBnagaan ¢ uX BblGOPOUHBIMH
OLIEHKAMHU,

JLast nayocTpallin NPAMEHEHHs 3TOr0 KpHTepHs Bo3bMeM BhIGOp-
Ky, COCTOAIIYIO H3 3aMePOB MaKCHMaJbHHIX JANaMeTpoB rajexk H
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M300pakeHHyIo Ha pHC. 5.1; B 3TOM caydae NPOC/IekKHBAIOTCS 1IECTh
3TaNoOB METOAMKH TIPOBEPKH IHIIOTEs:

1) Popmyauposka Hyseoll u aavrepraruguol eunores. Hyne-
‘Bas THIIOTe3a yTBepIKAaeT, UTO MaKCHMaJbHEE AHaMETPLl rajeK H3-
f,Bnequu M3 reHepanbHOH COBOKYMHOCTH, HMeolleil pachpejeseHne
Faycca ¢ MaTemaTnueckKHM OujiaHueMm, paBHeiM 1,62 mioiiMa,
- CTaHAAPTHHIM OTKJOHeHHeM, pasHbiM 0,68 awoiima. B aaeTepHaTHB-
- HOIf rumnotese yTBepiKAaeTcs, YTO MaKcHMaJlbHble AUAMeTPHI raJjek
- 1I3BJIEYEHDbI H3 reHepaanoﬁ COBOKYIHOCTH, OTJHYHOI OT TOH, KOTO-
pasi onpejielieHa B HYJeBO{ THNOTe3e, HO HE TOBOPHTCH, 8 4eM CO-
E-C'rom" pasJauyne 3THX TeHepaJbHbBIX COBOKYMHOCTEH.

2) Buwbop crarucruyeckoeo Kputepus. Broibupaem Kputepui
Koamoropoa — CmupHOBa 4151 oaHOH BeIGOpku (pasa. 3.2 u 3.3),
TOCKOJbLKY ¢ ero IOMOIIbIO CPaBHHBAIOTCS 3MNHpHYecKas H Teope-
TtHueckas MPP. B pmannom cayvae uaMepeHnsi HeMpPepLIBHHI H BEI-
MOJHEHB B LIKaJe OTHoweHHi, nostomy rpadukn MOP npexpcras-
JaisoT coboit raaikne Kpusnie, B xpurepun Kouamoroposa — Cmup-
HOBa TMOMHMO YTBep:KJAeHIHi, colepxKamuxcid B BoliechopMyanpo-
‘BaHHOII HYJIEBOI Trumorese, He JejaeTcd MNpPeANOJONKEHHH OTHOCH<
“TeJILHO BH/A pacnpefenennii uccielyeMoil nepemMeHHOI.

3) Onpedeaenue obvema solbOpKu W pasmepa KputTuyeckol o6-
aactu. BeiGopka ragex coctout u3 134 ma6aionenuii. ITycrs pasmep
KpuTuyeckoii o6aacru 6yaer pasHem 0,01.

4) Hccaedosatue 8b160p04HO20 pacnpedeicHis CTATUCTUKY KpU-
‘Tepus. Cratuctuxofl kputepus Koamoroposa — CmupHoBa D aBas-
®TCS MaKCHMyM pacxoxmaenuss mexay Asymsa H®PP, nsmepennstit

I.U B R g S aaans®]

Imnupuyeckan "q)[;%_ Teopemuueckas W®PP
O

05| 4 I

0o \..-_&._L L3l | S
0 | 2 3 -
A, Broim

F(x)

Puc. 5.2. Tayccora M®P, cooTsercTsylomas BbIGOPKE MaKCHMAJbHLIX JHAMET-
PoB npuGpexubx rajgex. Toveumast KpuBasg CTPOHJACH 110 AaHHBIM, TDPHBEISHHBM
‘B 1a6n. 5.1. IITpuxnvEKTHpHAS JIHHHA H300paKaeT TeopeTHYecKyl rayccopy
" HOP, Buuncaennvio Mo BHIGOPOUHBIM 3HAYEHHAM CPEAHEr0 W CTAHJAAPTHOrO OT-
KaoHe i, KoHKpeTHLIe 3HAYEHHS NpHBeAeHH B Ta6a. 5.2, JlmHa BepTHKAJIbHOTO
OTpe3ka paBHa KPHTHYECKOMY 3naueHno crathctukn D xpnrepus Koamoroposa—
‘Cyupnosa. Hyaesan runotesa mne otBepraercs, MoTOMy 4TO BepTHKAaJbHBIi OTpe-
80K He YKJA/JbIBaeTcsi MekKAy KPHBLIMH.
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Tabawna 5.2, Buiuncaenne spavesnil mepemeHHofi X Aast pasiHypbIX 3HAYeHHIl
CTAHAAPTHIOBAHHOTO OTKJOHeHHs Z (cM, Ta6a, 5.4.) B reHepalbHON  COBOKVUHOCTH

¢ OueHKOli MaremarTHueckoro oxufanns M = 1,62 mioiiva u ouenkoit
CTangapTHOro OTKJIOHeHHs s = 0,68 moiiva

z X (uoiimel) F (X) z X (moiimpl) F (X)
—3,5 —0,76 0,000 0,1 1,69 0,540
—3,0 —0,42 0,001 0,3 1,82 0,618
—2.5 —0,08 0,006 0,5 1,96 0,692
—2.,0 0,26 0,023 1,0 2,30 0,841
—1,5 0,60 0,067 1,5 2,64 0,933
—1,0 0,94 0,159 2,0 2,98 0,977
—0,5 1,28 0,309 2,5 3,32 0,994
—0,3 1,42 0,382 3,0 3,66 0,999
—0,1 1,55 0,460 3.5 4.00 1,000

BJA0Jb BepriKaJpHoH wkKaael. Ilpn nonnom coBnagernnn MPP ona
paBHa 0 u yBesnuuBaeTcd A0 | ¢ POCTOM OTKJIOHEHHS 3MMHpHYe-
ckoii UPP or Teopernueckoil. Kpuruyeckue 3nauenns CTaTHCTHKIH
D 6pinu ganer B Taba. 3.2.

5) Onpedeaenue xpuruueckoil obaacru. Tak Kak B GopMyaHpPOB-
Ke aJbTepHATHBHOI I'HNOTe3kl He NMOApA3yMeBaercs Kakoe-nbo «Ha-
npasJieHHe», NMpHMeHseTcss ABycTOPOHHHI KpuTepuil. OGpawasce K
npeablayuieMy stany (sramy 4) u tada. 3.2, BHANM, YTO B KpHTHYe-
cKoii ob6sacTi 3akJoueHsl 3HaueHna D, paBuble 0,14 nan Goablue.

6) Ilpumerenue Kputepus u npunarue peulenus. ITlo RaHHBEIM
tabs. 5.1 B cOOTBETCTBHH C OmMHCAaHHEM, NMPHBeAEHHHM B pasf. 1.3.4,
CTPOHM rpaduK smnupuueckoit GyHKuuu pacnpegenenus (puc. 5.2).
Hcnonpays naunbie Taba. 54 (cpasy usydurte ee), mojJyueHHble H3
ta6J. 5.2, BHIUHC/ASEM TEOPETHUYECKYI0 HHTErpafbHyio QYHKUHIO pac-
npeaenenus u crpoum ee rpaduk (puc. 5.2). M3 stux rpaduxos
BH/JHO, 4TO 3HaYeHHe CTATHCTHKH Kpurepus D (MakcHMalbHOrO
pacxoxienust nByx U®P B BepTHKasbHOM HANpaBJeHHH) HAMHOIO
MeHblle KPHTHUECKOro 3HAYEHHs, MOKA3aHHOrO B BH/E BepPTHKA/b-
HOTO OTpe3Ka MpsiMOii, H, TaKuM 00pa3oM, OHO He MoMajaerT B KpH-
THUecKyIo obaacTb. CaenoBare/bHO, NPHHIMAaeM HYJEBYIO THIOTE3Y,
HECMOTPH Ha KaxKylleecsl pasjHuue rpaQukoB, H300paKeHHBIX Ha
pHc. 5.1.
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5.4, laabHeiine NPHAOKEHUS:
2 KaK CTAaTHCTHKA KPHTEpHS

Eme oana Baxknas o6JacTh, B KOTOPOI BO3MOXKHO TpHMeHEHHE
Ppacnpenensenns I'aycca, nosiBasieTcss B pe3y/bTaTe TeOpPeTHYECKHX

"paapadoml(, CBA3AHHLIX C PHAOM NOJE3HBIX CTATHCTHYECKHX KPHTE-

pHeB; HEKOTOpble H3 HHX PacCMaTPHBAIOTCH HHMKe B CBSI3H ¢ o0pa-
‘Gotkoit opHeHTHPOBOK. OcOOEHHOCTBIO 3THX KpHTEPHEeB ABJAETCH

- KaK pas TO, Y4TO CTaTHCTHKAa KPUTEPHA HMeeT 2ayccoso (uAl «HOP-
- MaacHOe») pacnpedenenie ¢ HYAeBbIM MATEMATUYECKUM 0XcuOaxil-

en (M=0) u edunuunvim crandaprhoiyn orkionenuem (s=1) (uau
©€Ounu4roil ducnepcued)'. 10 NMOJE3HO 3HATH NPH  ONpeJeseHHH

TaGnuua 5.3. KpaTHueckne 3HaueHHs CTAHAAPTH30BAHHOrO

OTKJIOHEHHS

a=0,05 a=0,01
Opxocroponuee 1,64 2,83
JleycToponhee 1,96 2,58

Ta6anua 5.4, HUnrerpanssas (yHkuus pacnpefeaenns Iaycca, HW®P pas yxoGersa
TIpeACTABAEHHS JIaeTCH KaK (YHKUHS CMaHOapmu308anH020 OMKAOHEHUR 2,
% e — — —

KoTopoe onpejensercs BblpameHuem 2 = (X—M)/s.

Jlnsi nepexofla OT CTaHZApPTH30BAHHOTO OTKJOHEHHS K 3HAYEHHIO MEPeMEeHHOH 3T

| ‘BbipaxeHie JOKHO GHITh MepenHcaHo CJeAYOUHM 0fpasoM: X=2Xs+M

Cranaaptaaosanioe HuTerpanpian CranapTHIO BaHHOE HuterpanpHas

OTKJI0HeHH e Aoast OTK/IOHEH e A0aA
—3,5 0,000 0,1 0,540
—3,0 0,001 0,3 0,618
—2,5 0,006 0,5 0,692
—2,0 0,023 1,0 0,841
—1,5 0,067 1,5 0,933
—1,0 0,159 2.0 0,977
—0,5 0,309 2,5 0,994

. =—0,3 0,382 3,0 0,999
—0,1 0,460 3,5 1,000

! Takoe pacnpegeseHHe Ha3bBIBAeTCs CTAHAAPTHHIM HODMAJbHLIM pachpepe-
JienneM. — [Tpus. nepes.
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KpUTHYecKOH o0JjacTH AJs CTaTHCTHKH KPHTepHs Ha sTanax 4 u 5
METOJHKH NPOBEPKH THIOTE3,

HyaeBoe 3Hauenne cratucTHKH M B caydae ofHOii BHIOOPKH cO-
OTBETCTBYET MOJHOMY COBNajeHHIo HabJIoAaeMbIX YacTOT ¢ OXKHJLae-
MBIMH BEPOSTHOCTSAMH, @ B caydae JIByX BbIOOPOK — IOJHOMY COBRMa-
JIeHHI0O HX 3MOHPHYecKux yacTor. C pocTOM pacXOKAeHHs Mex1y
HaGIOAAeMBIMI M OXKNlaeMBIMH 3HAUYeHHAMHE HJH Mexay Hal/mo1ae-
MBIMH 3HAYEHHSAMH B JBYX BHIOOpKax sHaueHHe CTATHCTHKH KpPHTe-
pHA yBeJHUHBARTCH MHOO B NOJOKNTENLHOM, NGO B OTPHLATENLHOM
HanpasJjeHud. Takum oGpa3oM, KpHTHYeCKHe 00JIaCTH pacroJaraiT-
cs MO0 1MOJ OAHOI, JHOO0 MOJ 00eHMH BeTBSIMH rpadmuka rayccosoi
@IIB (puc. 5.1) B 3aBHCHMOCTH OT TOrO, Kakoii KpHTepuii mpume-
HSeTCs: OHOCTOPOHHHIT HJIH ABYCTOPOHHHIL. Bo Bcex moaolGuLIX KpH-
TepHAX npHMensieTrcs (GopMyJja BBIYHC/IEHHS CTAHAAPTH30BAHHOTO
OTKJAOHeHHs z (Tab.. 5.4), HCNOJAB3YEMOr0 B KayecTBE CTATHCTHKH
kputepusi. CreloBaTelNbHO, A ONpefejeHHss KPHTHUECKHX ob.ac-
Teit Hy:xkHa TabJula KPpHTHYeCKHX 3Hauenuil z (taba. 5.3).

5.5. JloBepuTeNbHble HHTEPBAJbl: BBeJeHHE

B npuBeseHHOM BHIIE NPHMEpPE OYEHKA CPEJHEro MaKCcHMaJjbHO-
ro auaMerpa no BeiGopke u3 134 ranek cocraemusa 1,62 noiima. Xo-
TH 3TO YHCJO BEIYHC/JIEHO C TOYHOCTBIO 0 BTOPOTrO AECATHYHOTO 3HA-
Ka, BEPOSITHOCTH TNOJIYUeHHs] TAKOTO e pe3yJbTaTa Mo BTOpOil BH-
Gopke, u3BjeueHHoli U3 TOH JKe reHepaJbHOH COBOKYNMHOCTH, OYeHb
Mana. B camom Jefe, akKypaTHoe MOBTODEHHE 3TOrO Ke 3KClepH-
MeHTa ¢ Apyroit Bui6opkoil, coctoamefi u3 90 ranex, 1ajgo B pesyJb-
Tate 1,69 nwiiMa (npu cranpaptHoM otkiaoneHun 0,62 mwiima). Tak
MOTY JIH §I yKa3aTh, KaKoil M3 3THX Pe3yJbTAaTOB NPaBubHBEIN?

OT1o Bceobmas npobJjgema, BO3HHKAIOUIAsS MPH BHIUHCJAEHHH oOfle-
HOK, H OOBIYHOE pellleHHe COCTOHT B TOM, UTO OUCHKQA KOHKPETHOTO
napaMeTpa reHepaJjibHOHl COBOKYNHOCTH AaeTcsl COBMECTHO ¢ «/10Be-
PHTEJBHLIM HHTEPBAJOM (HJH MHOZKECTBOM, HaH 067acThio)». B BHI-
HIENPHBEACHHOM TIpHMepe MoJyyaeM, uTO OLEHKa CpejJHero MakKCH-
MaJbpHOro J1HaMeTrpa B BhiGopKe, cocrosieil n3 134 ragsex, pasHa
1,62 mwoifiMa, npu 3T0M ¢ BeposTHOCTLIO 0,99 neTnHHOe cpeanee 3Ha-
YenHe JexHT B uutepsane 1,47—1,77 moiiMa. Menee crporo 3to
MOXKHO BbIpasnTh Tak: «Ha 99% s yseped B TOM, uTO CpeaHee 3Ha-
YyeHHe MaKCHMaJIbHOTO AHaMerpa HaXxomurtcs mexay 11/, u 13/, moit-
Ma». Huxe moKaszaHo, KaK BBIYHC/IATL AOBepUTE/bHBIE HHTEPBasbl.

5.6, f-ctatuctuka CrblofeHTa
# JAOBEPHTEJbHbIE HHTEPBAJbI

ITo cmpicay paccMaTpiBaeMoro npuMepa (T. €. OUEHKA CPeAHHX)
BBIYHCJIEHHE JOBEPHTEJLHOTO HHTepBana Ga3upyercsi Ha 3HAHUH pac-
npenenenns f-cratuctuku Crplogenrta. [Ipomcxoxienue storo pac-
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npejeseHiss CBA3aHO ¢ HccJeloBaHHeM TeOpHH OIHOOK OleHHBaHHA
MaJkIX BHIOOPOK, Tjle KJaaccHyecKHe MeTO/bl CTAHOBSATCS HeaJeKBaT-
Heimi. Tpadguk ®IIB {-cratncruku kputepua CThbiofeHTa 04YeHb MO-
xox nHa rpadpur ®IIB z-crarncrurm pacnmpepenenusi I'aycca TeM,
YTO OH HMeeT OJHy BeplIHHy, a €ro BeTBH CHMMETPHYHO pacloJio-
eHsl oTHocuTeabHo f=0. Pa3zauualoTes OHH TeM, YTO {-CTaTHCTHKA
CBsi3aHa ¢ 4YHCJOM cTeneHeil cBOOOABI v, KOTOPOe MOYTH Bcerja sB-
asercsi QyHKuneil o6bema (00bemoB) BuiGopkH. OAHAKO, KaK TOJb-
KO v Ompeae/eHo, mo TaGaHiaM MOMXKHO HOJYYHTbh KPHTHYECKHE 3HAa-
yeHust { (taba. 5.5) u onpejesHTh OIHOCTOPOHHHE WJIH /BYCTOPOH-
HHe KpuTHYecKHe o0JacTH; MO3TOMY HeT HeoOXOAHMOCTH TOYHO
aHaTe Bua @IIB cratucTuku £

Yto0bl NOKa3aTh, KAK BHUHCJAATH AOBEpPHTEJbHBIH HHTepBaJa /s
AHaMeTPOB TaJjeK, NOoNbiTaeMcsl BHAOH3MEHHTh IIECTHITAMHYH Me-
- TOANKY NPOBEPKH THMOTe3; NMOCKOJbLKY HMeeTcs omnpejejeHHas aHa-
JIOTHSA C ABYCTOPOHHHM KpHTepHeM JJf 0AHOH BLIOOPKH, BHHMAaTe/b-
HElE YHTATeNAH BCKOpe OOHApyXKaT HECKOJLKO HeDOAblNX cOKpa-
IEeHH.

1) Popuyauposka Hysesod u arbTepHATUBHOU 2unoTes. B nyne-
BOII THIIOTe3e yTBepjaaercs, uTo BHIOOpKa, cocrodmias H3 134 ra-
JIeK, 13BJIeYeHa H3 reHepa/ibHOH COBOKYNHOCTH, B KOTOPOH MaKcH-
MaJpHBle AHAMeTPHl TaJieKk HMeloT pacnpefeneHne 'aycca co craH-
JAapTHbeM oTKJoHenneM 0,68 nwoiiMa H MaTeMaTHYeCKHM OXKHIaHHEM,
JexallimMy B uutepsajie M; — My; octaercss BEIUHCAHTD COOTBETCTBY -
JOllie 3HauYeHHs HIKHEH W BepXHell TpaHHIl 3TOro HHTepBaja. AJb-
TEpHaTHBHAA THIOTE3a BHIPAXKaeTcs TeMH JKe CJIO0BAMH, 3a HCKIIOUe-
HHEM TOTO, YTO MaTeMaTHUeCKOe OXKHAaHNe JeXKHT 8#€ HHTepBaja
M, —M,.

2) Beibop crarucruyeckozo Kpurepus. TeopeTHUECKH MOXKHO BbI-
' BECTH BHIpaKeHHe, cBA3biBaloulee {-craructuxy spurepus CTbloaeH-
Ta ¢ napaserpom M:

t=(M—M)x VN/s, npu v=N—1, (5.6)

rie M — pBoluHc/IeHHAs OyeHKa MaTeMaTHuyecKoro oxmjgaunus, M —
HCTHHHOe (HO HEH3BeCTHOE) 3HaueHHe MaTeMaTHUeCKOro OXMHAaHHS
1 § — OlieHKa CTAHAAPTHOTO OTKJIOHEHHH.
Taxk kak (pyHKIHA NJOTHOCTH BePOSTHOCTH CTATHCTHKH { H3BeCT-
. Ha, Gnrarojaps Bupaxeruio (5.6) ussectna u PIIB sesnuynnm M—
M. CrnenopaTenbHO, MOXKHO BEIYHCJINTH BEPOSATHOCTH MOSIBJEHHS pas-
. IHYHBIX «HCTHHHBIX» 3HaueHuit M. B gacTHOCTH, paccMOTPHM HHMMK-
~ Hee H BepxHee TpaHHYABIe 3HaYeHHT My n My:

I{u = (Mu T A_d) X 1’W/3_s
=M, — M) x }W/E
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OTKYlla NoJydaem

M, =t 4 3

u » 5?8
VT (5.7a)
M=t 7 5.7
1 VR + M, (5.76)

3) Onpedeacnue obvema 8vlbOpKU u BbiGOp paszmepa KpuTude-
<kotl o6aactu. 3anaunblii o6beM BeiGopkn N paseu 134. [lyers pas-
mep kpuTHuecKoli oGaactu a pased 0,01. Torna 3to uncio asasercs
TaKXke BEpOSITHOCTbIO coBeplueHus omubku l-ro poxa (pasa. 2.4),
T. €. BEPOATHOCTbIO OTBEPrHYTh HYJIEBYIO FHIIOTE3Y B TOM CJjyuae, Kor-
Jla Ha caMOM JeJie OHa HcTHHHA. Toraa BeposTHOCTL MPOTHBOMOJIOMK-
HOTO BLIBOJA, T. €. NPHHATHA HyJ/eBOH runoresbl, KOrga OHa HCTHH-
Ha, paBHa l—a, 1. e. 0,99. Takum oGpa3oM, AN JOBEPUTEALHOrO
nutepasa yposus 0,99 kputuueckas oGsaacts a pasua 0,01,

4) Hccaedosarue svib6opounozo pacnpedeserus CTATUCTUKU KPU-
Tepus. OHO yiKe OBLIO OMHCAHO Bbllle. Pacmpejenenne CUMMeTpPHY-
HO oTHOcHTeabHO f=0, u, yem GoJblue 3HAYEHHsI {, TeM MeHblIe Be-
POATHOCTH HX TOABJIEHHS.

5) Onpedesenue kpurudeckoli o0aacTu. B jaHHOM cJydae Mbl
TpebyeM, uToObl KpHTHUecKast o06JacTe Oblla mnoJeneHa NMOPOBHY
MeXAy JABYMsi BeTBAMH KPHBOIl {-pacmpejiesieHHsl, MOTOMY uTO, KaK
caeiayer u3 Buipamenuit (5.7a) u (5.76), fy u f; pasusl no aGcoOMOT-
HOH BeJHyuHHe, HO f, Oy1eT NMOJOKHTEJLHON, a fj — OTpHIlATeJbHOM.
YuntniBas, uTo uncgao creneHeil coboianl paBHo v=N-—1=133, us
ta6Ja. 5.5 aas a=0,01 HaxoanM, YTO ABYCTOPOHHEE KPUTHUYECKOE 3Ha-
yeHne { mpubansutesbHo paBHO 2,60; caenoBareabHo, fy=-42,60 u
Hh=—2,60".

6) Botqucaenus u npusarue peuternus. [1oACTABAAS MOAYYEH-
Hble 3HaueHHs B BupaxeHns (5.7a) u (5.76), mosyuaem M,=1,77 u
M;=1,47. CnenoBarejbHO, Mbl YTREPHIAEM, UTO C BEPOATHOCTHIO
0,99 HeTHHHOe 3HAUEHHE MATEMaTHYECKOTO OXKUAAHHA MaKCHMalb-
HBIX I1HAMETPOB rajex B reHepaJbHOH COBOKYMHOCTH, H3 KOTOPOi GEHI-
Jla H3BjeyYeHa Haua BbiOOpKa, HaxoAuTcs B uHTepBane 1,47—1,77
niofima. Muaue rosops, Mel Ha «99% yBepeHb» B TOM, UTO «HCTHH-
HOe» cpejlHee HaXOAHTCS B HHTepBate 1,47—1,77 nioima.

' P. ®. Ynuu B 1abs. 5.5 npHBOJHT KPHTHYECKHE 3HAYCHHA {-CTATHCTHKH
B CHJILHO COKpallleHHoM BHJE, a HMEHHO TOJBKO A0 crenen# cpoboam v=060.
Has v=133 3HauenHe CTATHCTHKH ONpejeJsiercs JHHeNHOH HHTEpNOAAlUHeH MewkK-
ay v=100 u v=200, ann KOTOpHX 3HaueHHs { COOTBeTcTBeHHO paBHH 2,626 u
2,601. Jlunefinasi HHTEPIOJNAIUHA O3BOJAET NOJAYYHTH JHIIb JBa BEPHHIX JAecd-
THIHBIX 3Haka. — [Tpusm. ped.
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Oawnoctoponnue JIBycToponsne

i » a=0,05 a=0,01 a=0,05 a=0,01
} 1 6,31 31,82 12,71 63,66
2 2,92 6,96 4,30 9,92

3 2,36 4,54 3,18 5,84

4 2,13 3015 2,78 4,60

5 2,02 3,36 2,51 4,03

6 1,94 3,14 2,45 3.71

T 1,89 3,00 2,36 3,50

8 1,86 2,9 2.31 3,36

9 1,83 2,82 2,26 3,25

10 1,81 2,76 2523 3,17

12 1,78 2,68 2,18 3,05

15 1,75 2,60 2,13 2,95

20 1,72 2,53 2,09 2,85

24 1.7 2,49 2,06 2,80

30 1,70 2,46 2,04 2.75

40 1,68 2,42 2,02 2,70

60 1,67 2,39 2,00 2,66

5.7. t-cratuctuka CTbIOEHTa M pasjiHuYHe MKy ABYMs
CPEeHHMH 3HAYEHUSAMH

Hpyroii acnekT npuMenenust {-craTuctuki CTblOJleHTA MO3BOJA-
€T NMpOoBepHTh NPHHAaIJEXKHOCTh ABYX BbIGOPOUHLIX CPEJIHHX OAHOIl

H TOi e reHepaJbHOH cOBOKynHocTH. MubIMH caoBamu, ecau M,
H M; — OLleHKH MaTeMaTHYecKOTro OXHAAHHA, TO 3HAYHMO JIH OTJIH-

yaeTcsi OT HyJsl HX pasHocTb M;—M,? lasi 3TOrO HYXKHH CAeayio-
e GopMyasl:

t=(M,—M,) X VN, XNo/(N:+Ny)/s
mpu v =Ny +Ny—2, (5.8)

rje so sajaercs BhIpayKe€HHEM
so=[Ny—1) X8} + (N, — 1) X $1/>.
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¥npasxcrenue. B BoiGopke, coctoduleii H3 134 ranek, cpeauee aHa-
ueHHe MaKCcHMaJbHBEIX auamerpoB paBHo 1,62 aroiima, a crangant-
HOe oTKJoHenue coctabaser 0,68 mofima. B apyroii BiGopke — 00b-
emoM 90 — 3HaveHHs COOTBETCTBYIOMMX napaMmeTrpoB paBHul 1,69 u
0,62 miofima. [TokamuTte, 94T0 AJasi KPHUTHYECKOH o6JacTiH pa3MepoMm
a=0,01 Bel He MOXKeTe OTBEpruyTh HYJEBYIO THIOTEe3y, YTBepiKaalo-
myio, yto 0o6e BBHIOOPKH H3BJeYeHB U3 OAHOM 11 TOH XKe I'eHepabHOMH
COBOKYMHOCTH.

5.8. MapamerpHueckHe W HemapameTpuyecKHe KPHTEPHH

B nocneamem ynpaxkHeHHH BBl NPHMEHWJH [-pacnpenesienHe
Crei0fi€HTa 111 TPOBEPKH Pas3/Inuis Mek1y ABYMs CPeAHHMH 3HAa-
yeHuaMu. [Ipn BHMNCAEHHH CTATUCTUKW KpuTepus WCHOJIb30BAJIUCH
OYeHKU TapaMeTpoB reHepaJbHOH COBOKyNHOCTH M u § H, cJefoBa-
TeJbHO, Je]aJHCh NPeAnoA0o/KeHls OTHOCHTeBHO BHa pacmpejele-
HH5 NepeMeHHOH, JesKalled B OCHOBe KPHTepHS, a UMEHHO TO, uYTO
pacmnpejeJienne rayccoBo. B nagaje raaBpl 31O npeanoaoxenue npo-
BEpsIOCh JAJs1 BHIOOpKH OoJbluero odbeMa u Obli0 HaiilleHo cmpa-
BEAJHBBIM. B 3TOM OTHOIIEHHH NAaHHBIA KPUTEPHil $SBHO NPOTHBO-
noJaoxen Kpurepuio Koamoroposa — CMupHOBa 1jf ABYX BEIGOPOK,
B KOTOPOM CTQTUCTUKA KPUTepus BHIYHCIAANACH HENOCPEICTBEHHO IO
HHTerpaasHoOH (YHKIHH pacrnpeje/eHns, T. e. 663 HCNOJIb30BAHHSA Na-
paMeTpoB pacnpenesneHus. Kputepuu, oTHocsuinecst K nepeoii rpyi-
e, HA3LIBAIOTCH MApaMeTPUYEeCKMMH, a OTHOCSLIHeCd K Noc/eaHel
Tpymie — HenapaMeTpHyecKHMH. ITo pasaHule HMeeT 3HaueHHe, No-
TOMY YTO, XOTfl MapaMerpuyeckue KpuTepHu oObiuHO 6oJsee MOILHEIE,
OHH ycTymaloT HemapaMeTpH4YecKHM KDHTepHUsM B TOM, uTO TpebyloT
NPeanoJoxKeHHil OTHOCHTE/NLHO pacnpeiesieHus nepeMenHoil n OTHO-
CHTEJBHO WKaJbl, B KOTOPOH NepeMeHHast H3MepseTcs.

5.9. Ouenka oTHOWEHHH croco0OM MOACYeTa:
CHOBA O JIOBEPHUTENbHBIX HHTEPBAJAX

Hakoneu, ectb emte ojHa pacnpocTpaHeHHasl 3ajaua, a HMEHHO
OlleHKa OTHOWeHUH crnocoBoM TnojcuerTa, B KOTOpOIi, BepOATHO, MO-
JIE3HO 3HATL JOBepHTEeIbHLIH HMHTepBat. Ha npakruke Takoe necae-
JIOBaHHE COCTOHT B MOJICYETE YHCJIA HHAMBHAYYMOB R, objanamouiux
onpejeNeHHBIM cBolicTBOM, B BeiGopke oGnemom N. B ofmem orHo-
wenne R:N sBAseTcs: OUEHKON A0JH YKA3aHHLIX WHANBHAYYMOB B
reHepa/ibHON coBOKynHocTH. Takie oleHKH HoJell MyTeM mnoicyera
0OHIYHO XapaKTepHHl AJsS MHKPOCKONHYECKHX HCCJeI0BaHui B net-
porpaduu, HO HX JerkKo NMpHCHOCOOHTh H K MHOMKeCTBY APYTHX CH-
Tyamui.

Ecan yeTunnan /10451 yKa3aHHBIX MHAHBHAYYMOB B reHepaJbHOM
COBOKyNnHOCTH paBHa fl, a B Boi6opke o0beMoM N Mbl HaCHUHTHIBaeM
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R HHAMBHAYYMOB, 00JalalomiX XapaKTepPHLIM CBOHCTBOM, TO OTHO-
wensie R:N ssasercs ounenkoit H, Toraa no ¢popmyne (2.1) moxuo
BEIYICINTh BEPOATHOCTH MOJYYEHHS PasJuuHbIX 3HaueHHi R Mo BHI-
Bopke oObemom N, H3BJCUEHHOH W3 TeHepaabHOI COBOKYMHOCTH, B
KOTOpOii HCTHHHAS Jojs paBHa H (Tak Kak 3TH BepOATHOCTH HMe-
oT GuHOMHaJbHOe pacnpegenenue). [locjenosarespbHO BHINOJHAR
IIeCTh 3TANOB, aHaJOTHYHLIX BhllIeomHcaHHOH mpoueaype (pasz. 5.6)
BLIYJCJIEHHST J0BEPHTEbHBIX HHTEPBAJIOB OLEHKH MaTeMaTUYyecKoro
OKHIAHNSA, MBI MOXKEM ¢ NOMONIbio (Gopmyabl (2.1) BeluHCANTHL 3HA-
yeHHs R, BEpPOSITHOCTb NOSIBJIEHHSI KOTOPHIX OYeHbh Maja H KoTophle,
CJel0BaTe/IbHO, NONAaAYT B KPHTHYECKYI0 of/JacTh. B mpakTHyecKoi
paboTe pe/lko BO3HHKaeT HeOOXOAHMOCTb BLIYHCJEHHA JAOBEPHTE/b-
HEIX WHTEPBAJOB C BBICOKOI TOYHOCTBIO; IIO3TOMY MBI MOMKEM HC-
MOJIb30BATH rpadyHyeckHe crnocobbl OLleHKH, KOTOphle IOKa3aHBl Ha
puc. 5.3.

- Pucynok jeautcsi Ha JBe 4acTH, OJHa H3 KOTOPBHIX MpejiHa3Ha-
yeHa A/ ONpe/lefeHns JAOBepuTe/qbHLIX HHTepBaJoB yposua 0,95, a
,pyraﬂ—,ms: Onpeiesiets JOBEPUTEILHLIX HHTEPBAJIOB ypOBHS

H 50, 100, 200 u 400 nabmaiofeyusiM, NPOBOAHTCH 1O OAHOI Bepx-
Hell 1 OHOH HIXKHEH KPHBOIi.

~ Paccmorpum npumep, NOKasbiBalomlHi, KaK TNPHMEHSIOTCS 3TH
rpadukn. B oanom oGHaxenun obnapymxeno 100 muckomaeMbix oc-
TAaTKOB, YeTHipe H3 KOTOPHIX MABJAAIOTCA OCTATKAMH MOPCKHX exKeii.
Ciie0oBaTe/IbHO, OIlEHKA L0JH MOPCKHX exell B JaHHON reHepapHOi
COBOKYMHOCTI HCKOMAeMblX ocTaTkoB coctaniser 4/100=0,040. Yro-
Dbl Onpe/esuTh JoBepuTenbHblil nuTepsaJs yposua 0,99 nas oueHku
STOro OTHOILEHHS, HAXOAHM HAa TOPH3OHTAJLHOH ocu rpaduka TOUKY,
t0oTBeTcTBYOULYI0 3HayeHuio 0,040, n oTMeuaem [Be TOUKH Tepece-
HeHHsi BepPTHKaJbHOI NpsaMoil, npoxoasmeii uepe3 3nauyenne 0,040,
C KPHBBIMH, COOTBETCTBYIOIIMMH 00BeMy BuiGopki, pasHomy 100.
Teneprs ciesa or BepTHKaJbHOI ocH rpadHKa CUNTHIBAEM 3HAYEHHH,
COOTBETCTBYIOLIHE 3THM ABYM ToukaM: onn pasunl —0,035 u +0,050.

0,040—0,035 o 0,0404-0,050, 7. e. ot 0,005 1o 0,090 (nmpowe rosops,
A Ha 999 yBepeH B TOM, YTO «HCTHHHAaS» J10J8 MOPCKHX exel Haxo-
AHTCS B HHTEpBAJIe 0,5—9%). O6patute BHHMaHHE, YTO JAS OLEH-
Kn noseii, npessinaiomux 0,50, rpadgukn  HyxHO NepeBepHYTh Ha
_80° HwMeiiTe Takxe B BHIY, 4TO, NHITAACH CY3HTh JOBEPHTEIBLHBINH
HHTepBaJ H 1cnodas3ys BHIOOpPKH Ooabllero ofbema, BB cTajJKHBae-
Tech ¢ jaeficTBHeM 3aKoHa reoMerprueckoil nporpeccuu. Hanpumep,
YTOGHI BABOE YMEHBILINTh JOBEPHTENbHBIH HHTEPBAJ, HAaJ0 B UeThIpe
\Pasa yseqnuuTh 06beM BHIGOPKH.
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[lopsiakoBsbie mMeTOAbI

B sroii raase MBI OyleM UMeETh A€J0 CO CTATHCTHYECKHMH METO-
JaMH, TPHMEHHMBIMH K JIaHHBIM, NpeJcTaBasiomum coboii nabaoae-
HHSA, YIOpsIOYeHHbIE N0 BO3PACTAaHHIO 3HAaYeHHsi KakoH-mubo mepe-
MeHHOi, T. e. H3MepeHHble B MopAAKoBoiil wKaJge. I1pu TakoM ynopsi-
JIOUEHUH JIeTKO onpe/lefifeTcs MeiHaHHOe 3HAYeHHE NePeMeHHoli: OHO
PaBHO 3HAYeHHIO mepeMeHHOH B HabJOJEHHH, 3aHMMAIONIEM ILeHT-
PajibHOE TOJOMKEHHE B YNOPSJA0YEHHOM ALy AJsi BRIOOPOK ¢ Heuer-
HBIM upcsioM HabJiofiennil (MM paBHO cpeiHeapH(pMeTHUECKOMY 3Ha-
uenuil mepeMeHHOI B JBYX COCeAHHX HaGJI01eHHsX, PacHOJIOMHKeH-
HBIX 10 06Ge CTOPOHBL OT LEHTPAaJbHOH TOUKH ymOpsilOYeHHOTO pAja,
B cJyyae BoIGOPOK ¢ YeTHBIM YHcJI0M HabJaoenuii). Beaeacrsue atoii
TPOCTOTHl ONpejesieHus: 1 BKJAiOYal B paccMOTpPeHHe KPHTepPHH pas-
JIHuNsS MeAuaH B JBYX BHIOOpPKaX. BBoAsTCA TaKxkKe BapHaHTHl 3THX
KpNTepHeB A5 HCCJaeA0BaHHil, B KOTOPLIX BEIOOpPKa pacnajaercs Ha
JBe uan Oosee MOABHIGOPOK, B CBSA3H C TeM 4YTO HaGJIOAeHHs, H3-
- MepeHHBle B NMOPSAKOBOH INKaJje, NOMOJHHTENBHO H3MEpeHHl B HO-
‘MHHaJILHOIl LIKaJe, HanpHMep ocajl04yHble CJOH Pa3JHYHON MOULHOC-
“TH, KJacCH(UUHUPOBAHHLIE MO THIYy cJaraioumeil nx nopopbl. Xors
Bce npefjaraeMue 37ech KPUTEPHH SBAKIOTCH HemapaMeTpHuecKu-
MU, OHH 3aCJyHBaIOT NMPHCTAJbHOTO BHHMAaHNH, MOTOMY YTO 4HacTb
M3 HUX 1O MOIIHOCTH NpHOJHIKAeTcss K OoJiee H3BECTHBIM Napamer-
' PHYECKHM KDHTEPHAM, HO cBOGOAHA OT HeyRoOCTB, 00YCJOBJEHHBIX
 HEKOTOPBLIMH OrpaHHYeHHSIMH, CBOHCTBEHHBIMH IlapaMeTpHYeCKHM
 Kputepnsam. L5l BBIMHCAEHHIT, CBA3AHHBIX ¢ GOJBUIMHCTBOM U3 3THX
KpuTtepHeB, 00BIYHO J0OCTATOYHO OGPATHON CTOPOHBI OOLIKHOBEHHOrO
KOHBepTa.

6.1. OpHoBpemMeHHAaA KJacCHUKAUHA HIH M3MEpeHHe
B HECKOJIbKMX IWKARAX

Jo cux mop Mpl npefcTaBasin cefe cTaTHCTHYECKHE KPUTEPHH
LS JIByX BLIGOPOK KakK KPHTEPHH NPOBEPKH HyJeBOil THIOTE3B O
. PaBeHCTBE JABYX COBEPIIEHHO Pa3aHuHBIX BbiOOpok. B Kauecrse xe
BapHaHTa MBI MOTJH OLI paccCMATpHUBaTh pasjeqenie ojiHoli BHIGOP-
KH Ha ABe HjH OoJbliee 4HCJAO0 MOABBIOOPOK ¢ MOMONIbIO JOMOJHH-
“TeJLHBIX H3MepeHnil B HOMHHAJbHOH LIKaJje, BHINOJHEHHBIX Ha KaK-
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Tabauua 6,1, CooTHOLIEHHE PAINHUHLIX HOMMHANLHBIX W TOPSAAKOBHIX METONK

‘ Bropan nepemennas

» Homunanenasn IMops akosas

Howmunanb- | TaGauua conpszkesHoctH | Kputepnit Koamoroposa —

Has (kpaTepuit  xH-KBagpar, | CwmupHOBA Jis JABYX BbI-
TOYHEIH KpuTepHii Pu- | Gopox
epa)

INeppasi ne- | Ilopaakosas | Menuanwuuiit  KpuTepnit, | Panroesii  Kos(HunenT
pemeHHas KputepHit cepuii Banb- | koppeasuun Kenpgalaa =
Ja — Boabgpoenrua, U-
KpuTephit Manna — Yur-
HH, OJHO(AKTOPHEI 1H-
CrepCcHOHHBII aHanus
Kpyckana — Yoaauca

A0oM HaOJOJEHHH, a 3aTeM CpaBHUBATh 3TH NOABBIOOPKH JAPYr C
ApyroM. ITpoCTEIM NPHMEPOM 3TOrO MOXKET CJAYHKHTH KAacCHBHKALNS
rajek Nno THOY NOPOJbI, MPOBOJHMAS COBMECTHO C H3MEpeHHeM HX
IJHH. JTOT NpHMep B KaKoil-TO cTemeHH CONOCTaBHM ¢ 3ajaveil o
nop¢upob1acTOBLIX rHelicaX, paccMOTPeHHOH B ri. 4, rje xaxioe
HaOaofeHie GbJIO H3MepeHo B /JBYX HOMHHaJbHBIX liKajaax (oaHa
WIKaaa onpejensiach NPHCYTCTBHEM HJIH OTCYTCTBHEM pPOrosod 00-
MaHKH, a JApyrasi — NPHCYTCTBHEM WJW OTCYTCTBHeM OHOTHTA).
B npaxkrtiyueckoii pafoTe Takhe cHTyauHH OOBIYHBI, HO MPH H3J0MHe-
HUY METOAMK 5 BBely CJeAyIoLiHe OrpaHHyeHus: H3MepeHHs B Kax-
J0M HaOM0AeHHH BBIMOJHAIOTCS TOALKO B ABYX INKaJaX H Kax1as
H3 3THX IIKaJ MOxeT OnTb Jn00 HOMHHAJLHOH, JHO0 MOPRAAKOBOI
(T. e. WKaJBl OTHOLIEHHH HCKJAIOYAIOTCA H3 PACCMOTPEHHS). YUHTHI-
Basd yKalaHHLIE OFPAHWUCHHS, MBI MOXKeM coctaBHTL Taba. 6.1, mo-
Ka3aB TeM CAMBIM OTHOCHTEJbLHOE MecTO HeKOTOPBIX HCHOJAb3yeMBbix
metonnk. OGpatute BHHMAaHHE, YTO Bce METOAHMKH HemapaMeTpHue-
ckie (pasa. 5.8).

6.2. Ipuvep BO3MOMKHBIX Pa3JHYHH MeXLy BbIOOpKAMM

s Toro uro0bl BBECTH B YNOTpPeGaeHHe KPUTEPHH, NOMEIeHHbIe
B HHKHeill yactu Ta6a. 6.1, W o6GjaeryuTh HX CONOCTaBJEHHE, pac-
cMOTpHM BhOOpKY H3 72 npuOpeHHIX rajiek, Kotopas Owljia Kiaac-
cuduunpoBana (T. e. U3MepeHa B HOMHWHAJNbHOI WKade) Ha ABe mMoA-
BHIGOpKH: 48 rasek poaeputoB () um 24 ranbku oca/louHBIX MOPOJX
(O). Jdanna — oaHa W3 TeX MepeMeHHLIX, KOTOpHE JIErko H3Meps-
I0TCS B NMOPSIAKOBOM IUKaje: rajbKil pacnojaraloTces B Nmopsijike yBe-
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Tabanua 6.2, Bunoanennble B NMOPSAKOBOI INKage 3aMepnl AJIHHLI NPHOPEKHBIX Ta-
Jiek (8 sbiGopke ofwemoM 72 mabmogewus), M3 KoTophix 48  ramek
npeactasnensl goaeputamu (I1), a 24 — ocagounsivu nopoxamu (0). Cepun (T, e,
HeHapyIeHHLIe nocieloBaTesbHOCTH) ranek THna JI u O pasgensioresi  JOMaHOH
~amnneli; r=30; Ryoq = 1926; Ryoan = 702 (oGbicHeHHs cM. B Tekcrte), Mepauau-
Has nanHA rajdexk tTHpa O paBHAa cpejHeapHpMETHYECKOMY IJHH FalteK ¢ HOMEpaMH
26 u 27 (39 mm), a MegHaHHas JHHA ranek Tuna [ — cpepHeapAhMeTHUECKOMY
JAnnH rajgex ¢ Homepamu 40 w 41 (44 mm). OGmas meanaHHas JJHHA PaBHAa CpejHe-
ApHdMeTHIECKOMY JIHH ranek ¢ Homepamu 36 u 37 (43 mm)

Panr Tan nopoas Panr Tun nopoge Panr Tun noponst
1 0 25 0 49 0
2 0 26 0 50 1
3 i 27 0 51 it
4 0 28 i} 52 0
5 i\ 29 I 53 o
6 i 30 0 54 I
7 i} 3l il 55 0
8 i 32 a 56 i
9 0 33 it 57 0
10 0 34 0 58 il
11 i 35 i} 59 gt
12 il 36 i 60 i
13 0 37 il 61 0
14 0 38 | 62 it
15 0 39 5} 63 )
16 il 40 it 64 I
17 0 41 1 65 il
P18 6] 42 it 66 b1t
19 i 43 0] 67 i
20 i} 44 i 68 b}
21 A 45 I 69 it
22 a 46 a 70 I
23 | 47 I 71 n
24 B 48 0] 72 i

JIHUeHUST UX AJHHBI, camMoll KOPOTKOH M3 HHX HAa OJHOM KOHLe psjia
npucpauBaercs HoMep 1, a caMoi AJIMHHON Ha JpyroM KoHue pajia —
HoMep 72. PesyabraT TAakoro ynopsiouenus npuseien B Tabua. 6.2

B Takom psiny Jierko onpeaesiTb MeAHaHHble 3HAYEHHS: Me/UaH-
- Has 1JHHA raJek ocaJouHLIX Nopoj paBHa 39 MM (cpeaneapudpmeri-
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HX)4 (a) Meduanbi 0t (6) Pa3sbpocsi

At (6) Acummenpus fix)4 (2) Yucno mod

&
> —

A X

Puc. 6.1. ®dynkuni MJIOTHOCTH BEPOATHOCTH, HJLIIOCTPHPYIOUIHE BO3SMOKHBIE THIb
pasaHuHii JBYX reHepajbHLIX COBOKYNMHOcTeil. Bce KpHBbIe mocTpoensl B OAHON M
TOil JKe CHCTEME KOOpAHHAT: 3HaueHHs nepeMeHHoil X OTKAaABIBAWOTCH N0 TOPH-
30HTaMBLHON oOcH, a cooTBercTBylowine sHauennss ®IIB f(X) —no Beprukaasbuoil.
Ha rpajmukax nokasansl cjefyiollHe THNLI DAa3JHuHi: @ — OJHHAKOBHIE KPHBLIE,
pasnHualoUlHecH TOJNBKO MeAHaHaMH; 6 — CHMMETDPHYHbe KPHBHIE C OAHHAKOBHIMH
MEIHAHAMH, HO pPAa3JHYHLIM pa36pOCOM 3HAYEHHIl; 6 — aCHMMETpPHuHBEE KpHBGLIE,
HAKJOHEHNEIE BJEBO MJH BNpaBo, ¢ OAHHAKOBHIM pa3bpocoM 3mauenwii, HO pas-
HBIMH MEIHAHAMH; & — CHMMETPHYHbIE KPHBHE ¢ OAHHAKOBHIMH MeAHaHaAMH H,
BO3MOJKHO, OJIMHAKOBHLIM pa30pocoM 3HAYeHHH, HO C PA3HEIM UYHCJOM MOJ.

HecKoe M3 JJHH rajek ¢ HoMepamu 26 m 27), 10/1epHTOBHIX rajek
44 MM (cpeaneapH(MeTHYECKOe H3 AJHH rajek c¢ HoMmepamu 40 u
41) u mMeamaHHad AJHHA rajex Bceil BeOopkn 43 mMM. Henocpeict-
BEHHO MO 3THM 4YHCJaM MOMKHO NPEANOJOXKHTh HaJHuHe pasjiuunii
MEeXKAY AJHHAMH <«OCaJ0uHbIX® H «I0JEepHTOBLIX» rajek. OjaHako,
Kak cJjeayer M3 rpad)MKoB THNOTETHYECKHX pacnpepeseHHii 4acToT,
NOKa3aHHBIX Ha puc. 6.1, cymecTByloT M Apyrue ocoGeHHOCTH pac-
npejejeHui, o KOTOPBIM MOI'YT pasJiHuaThes JiBe MOABBIGOPKH.

Ynpasxcnenue. HaGpocaiite rpapuku MDP, coorsercrByomue
rpadpukam PIIB, nsobpaxennsM Ha puc. 6.1.

HyneBas rumoresa (T. e. OTCYTCTBHE pasjnumii) GyJer OAHOI
H TOH e B KaJIOM cJjydae, HO aJbTepHATHBHLIE THIOTE3bl MOrYT
OBITh C(HOPMYJAHPOBAHLI MHOIHMH cnocof6aMH B COOTBETCTBHH ¢ HH-
TepecylolHMH Hac BHAaMH pasjanumil. AjbTepHaTHBHAs THNOTe3a
MOZKeT KacaThCsl pas3inunil Mexiy noABbGOPKaMH TOJBLKO MO OAHO-
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My H3 napaMmeTpoB, n3oOpaxkeHHBIX Ha pHc. 6.1, mo ABYM HaH TO
BeeM napamerpaM. OGeluno, yeM Heompe/leseHHee cpOPMYITHPOBaHA
aJibTePHATHBHAS THIOTe3a, TeM MeHblie MOLIHOCTh COOTBETCTBYIO-
mero cratucTHyeckoro kputepusi. ITopsfiok pacmonoxeHHss KpHTe-
pHeB B HMXKHeil yacTH Taba. 6.1 npubGIH3HTENBHO COOTBETCTBYET
' YBEJHYEHHIO HX MOLIHOCTH, H B 3TOM NOpsiiKe 5 H GyAy HX OMHCHI-
Batb. [Ipeanonaras, 4To Tenepn Bbl 3HAKOMEI CO CXeMOH ILIeCTHITAM-
HOIl MeTOAHKH NMPOBEPKH THIoTes, s OyAy OMUCHLIBATL KamKibli KpH-
TepHil TOJBKO B OOImHX yepTax. Ilasl BceX 3THX KpPUTEPHEB CUHTAEM,
‘uTO HaOJI0JeHHs YMOPS/J0YeHbl 10 BO3PACTAHHIO BEJHYHHLI H3Me-
pAeMOii nepeMeHHOH, 0/iHaKo 0003Ha4YeHHs: BHIOOPOK H MOABBLIGOPOK
Te JKe, uto u B TabJj. 6.2.

6.3. Menuansblii KpuTEpHii

Cojep:KaHue NOAXOAALLEH aNbTePHATHBHON THIIOTE3LI AJSI MeaH-
AHHOTO KPHTEPHSI COCTOUT B TOM, UTO JiBe BHIGOPKH MJI [Be MOABBI-
DOPKH Pas3aH4aloTcsl CBOMMH MeLHAHHLIMH 3HAUYEHHSIMH H He yIOMH-
HaeTCs HH O KakHX-1H60 JpPYrHX mnapamerpax TeHepaJibHOil
COBOKYMHOCTH, HH O «HanpaBJeHHH» pasanuusi (pasg. 2.5). [Ipeano-
JlaraeTcs, UTO NepeMeHHas, JeKallas B OCHOBe KpUTeplisi, HelpepeiBHA
1 H3MepeHa, Mo KpaiiHeHl Mepe B mopsakoBoil wkane. [Ipumenenue
 KpHTepHs COCTOHT B MpeACTaBJeHHH JaHHLIX B BHJe Ta0JHIBI CO-
- npskeHHOCTH 2X2 (taba. 6.3).

- Tlockouabky mosunasi BeiGopKa jedntces oOuieii Meananoi Meogm,
CYMMBI MO CTPOKaM paBHbI (B ZaHHOM ciyuae 36) HJIH pasjHuaOTCH
- He Goabuie yeMm Ha eanHuny. Ecan 6e1 Meanansl noaBbl60pok Mexox
‘" Megcan Oblaii paBHBL APYT APYrYy H, cJeloBaTesbHO, obuleil Meana-
‘He, TO U JiBe 4acTOTHl JI0JIEPHTOBLIX rajek O 6bl paBHBL APYT ApY-
' TY; TO e caMoe clnpaBe/VIHBO AJIsi rajek ocaaouHeix nopoia. Caezno-
BaTeJbHO, B «JlOJIEPHTOBOM» CTOJIOUE OMKHIaeMble UaCTOThI PABHS-
- Jimch Obl 24, a B «ocajounomM» onu cocrapasan 6u 12. Ojnako na-
' PB HaOJII0/laeéMBbIX YacTOT B ABYX cTOJOLAX He PaBHLI, I BO3HHKaeT

- Tabanua 6.3, YacToTel razex B ABOHHOI K/JacCH(HKAUHI: B 3aBHCHMOCTH OT THMa
TOPOAL! (OMEPHT HIAH OcafoyHas) H AMHHLL (Goabuieil, paBHOH HJH  MeHblueif, uem
o6wmas megHaHa BbIGOPKH)

OcajoyHan

Honepur NOpoAd Cymma
ﬁl.rmﬂuue» (T. e. amuna Gojblie, uem 27 9 36
Meqgn)
‘«Koporkue» (T. e, AIHHA MeHbIUE, yeMm 21 15 36

Meygy)
Cymma 48 24 72

e
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BONPOC, fABJSIETCA JH 3TO HEPAaBEHCTBO CJAYYAHHBIM PacXoK/AeHHeM
HPY YyCJAOBHH CNPaBeAJNBOCTH HYJIEBOW I'IUIIOTE3bI, HIH OHO OTPaKaeT
3HaulMoe pacxomieHue, Tpebyiollee OTBEPrHYTh HYJEBYW IHOOTe-
3y. Tak Kak Mbl HMeeM Aeso ¢ Tabanuedl conpsizKeHHocTH 2X 2, s
ee aHajH3a MOXKHO NMPHMEHUTh METOAW, omnucanuwe B ria. 4. Ilo-
CKOJBbKY 00beM BEIGOPKH Ooawbiie 50, a oxmnpaemMas uacToTa He
MeHblne 10, TO MpuMeHHM KpHTepHil XH-KBajpar, JaloulHHd B 3TOM
npuMepe 3Hauenne y?=2,25. Jli1a oxHO#l cTeneHH CBOGOABI v U KPH-
THYecKkoli obaactn pasmepom 0,05 HyaeBas rumortesa (yTBepKaaio-
nias paBeHCTBO MeAHaH MNOABLIOOPOK) MPHHHMAETCH, MOTOMY HTO
KpHTHYecKass 06J1aCTh BK/AIOYAET 3HAUEHHA y2, paBHHE HJH O0JbilHe
uem 3,84 (tab.. 4.6).

B stoMm xputepun BuOOPKH AeasiTcs X ollieil MeanaHoi n Hal-
JIOJa€Mble 3HAUEHUA YyIKE HHUKAK He HCMOAL3YIOTCS; Mo3ToMy 6oJlb-
WHHCTBO AAaHHLIX OKAa3LIBAETCH H3JMIIHUM I, cJeJ0oBaTeJbHO, CHU-
HKAeTCHA MOWHOCTh KpHTepus. Kpome TOro, NocKoJbKy HeT YIOMHHA-
HHH O KaKoM-1HOO «HampaBJeHHH» pasanuui MexAy mexuaHamu,
lie cyllecTByeT H OJHOCTOPOHHEro BapHaHTa KpuTepHs.

6.4. Kputepuit cepnii Baabna — Boabdosurua

Korga nse BuIGOpPKH #JiT MOABBIGOPKH YNOpPsiOUeHL COBMECTHO,
KaK nokasaxo B tabu. 6.2, u coxpausiercs TO#/1eCTBeHHOCTh HabJ1i0-
JleHni (HanpuMep, raJbKH cOXpaHsiioT NPHHAAJIEKHOCTD Kaaccam O
nwan J1), obpasyercsi psaa HeHAPYIIEHHBIX MOC/AEL0BATENbHOCTEH, HIH
«cepuii», HaOMOIeHNH, 0003HAUeHHBIX cTyneRuaToll annueil. Cepns
MOKET COCTOATh BCEro M3 OAHOro HalJIOAeHNHs, WJIH, HaobopoT, ABe
BHIGOPKH MOTYT ObiTh MOJHOCTLIO pa3obuleHsl, o06pa3ysa TOJbKO ABe
cepuil. Bosee 0OBIUHB TPOMEXKYTOUYHBIE CJyyaH, OTPasKaloUIHe OLHO
W3 YACTOTHBIX pacipejeseHnif, n3obpaxenunx na puc. 6.1. Caeno-
BaTeJbHO, pa3inule B pa3bpoce OTHOCHTeJbHO O0weil MeAnansui Oy-
JIeT JaBaTh JJIHHHbIE CepHH Ha KpaAX oOLlero ymopsiloueHHOro psijia
H CHJbHYIO NepeMelIaHHOCTb B ero ueurpe. B taba. 6.2 oraenvusie
cepHi pasiessioTcH TOPH3OHTAJbHLIMH OTPe3KaMH 3Hr3aroobpasHoif
JUHHH, & cymMapHoe uueao cepnit r pasHo 30. 3a HeKaOUeHHEM
caMoil JJHHHOH cepui B KoHiie psiaa, cocrosmei n3 11 Jl-ramex
(rasbku ¢ Homepamu 62—72), ocraapHble cepuH, NMO-BHAHMOMY, Me-
peMellaHbl 10BOJbHO PaBHOMEPHO.

B kavectse nyneBo#i rumnoresnl B KpuTepuu cepnii Banbia —
BoabgoButua (uam npocto B «Kputepun cepuii») Hcnoab3yercst
NpeAnoJoKeHHe O TOM, YTO pacnpelejeHHs [ABYX BBIOOPOK (uJi
noABEIGOPOK) HE pasjiuyalorcs CBOUMH MeAuaHaMil, pasbpocami,
Ko3(puIHeHTaMH acHMMETPHH H ApyruMH mapaMerpami. CJaenosa-
TeJAbHO, B KpUTepHH HuleTcs 000l BHA Pasinyds MexKAy ABYMS
pacnpenenenuaMu, n OGmarogaps cBoeil OOGIIHOCTH OH, BEPOATHO,
cHOBa Gyner o6JanaTh MeHblueii MouiHocThlo. M3-3a obuHocTtH, npu-
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Cylleil anbTepHATUBHON FHNOTe3e, HeJib3s NOCTPONTL ee O1HOCTOPOll-
HIH BapHaHT.

Teopuns, nexamas B OcHOBe KpPHUTepHs, aBTOMATHYECKH NpeAcKa-
' BBIBAET OMKHJaeMoe UHCJO HeHapyUIeHHBIX ceplil, Korjia aBe BEIOOD-
KH HJIH NOABBIOOPKH H3 OJMHAKOBLIX TeHepaJbHHX COBOKYMHOCTEH
paHAKHPYIOTCS COBMeCTHO, Kak B TalJ. 6.2. Ecau vaGmonaemoe uic-
JIO mocJie0BaTeIbHOCTell 3HAaUNMO OTJHYAETCs OT NpejcKasaHHoro,
TO HyJeBasi runoTesa orsepraerca. CTaTHCTHKOA KpUTepus sBJsieTcs
BeJnunHa 2z, BeluHcaseMas no gopmyae (6.1). Kpuruueckne sHaue-
NNl 2 npuBelenbl B Tadu. 5.3 (caeAyeT MOMHHTB, YTO HCHOJB3YIOT-
- ¢sl ABYCTOPOHHIE KPHTHUeCKHe 3HaueHis), a KpHTHUecKasi 00JacTh
COJACPACHT 3HaUYCHNA 2z, NpeBbIIIdioNINe KPHTHYECKOoe. HpHﬁJIII}KEHHE,
“3ajaBaemoe (opmyaoit (6.1), yirosaerBopsier molnim BHGOpPKAM, 38
HCKJIIOYeHHeM BLIDOPOK HHYTOXKHO Majoro o6bema (MeHbluero 9).
s paunoro npumepa ¢ 30 cepusimu 2=—0,80; nosromy nysesas
rHnoTe3a Aas KpurHyeckoil odaacru, pasuoii 0,05, ne orBepraercs.

Ecan r — nabaonaemoe yneso cepuil, To npHOJIHKEHHOE 3HaYe-
HHe CTATHCTHKH 2 BBIYHCJSETCA cJeaylownm obpasom: nmycts N=
=N,+Ny; P=2XN;XN,, rae Ny 1 N; — o0beMbl 1Byx (noj)BuGO-
pok, Toraa, ecau M=14+PIN u s=V PX (P—N)/[N.X (N—1)],

2= (r—M)/s. 6.1y

6.5. U-kpurepnit ManHa — YutHu

U-gputepuil Manna — YuTHH sABJseTcss 00Jiee MOUIHBIM H cJe-
AyouaM 00pazoM pearupyer Ha pasanuis MeAHAHHBIX 3HAUEHHH W
¢yuakunit pacnpeaeserns. Ecan u3 oaHoil H Toil e reHepaJbHOil co-
BOKYTIHOCTH H3RJEKAIOTCA jABe BHIOOPKH, a 113 Kazxji0ii BLIOOPKU cay-
HailHeIM ofpa3oMm BhIGHpaeTcs Mo OAHOMY HaOJIAEHHIO, TO BepOAT-
- HOCTh TOro, uto nmepsoe HaGuaiolenHe OoJibllie BTOPOro, TOYHO parHa
0,5. Ecan Kaxioe naGaiogeHnne ofHOH BHIGOPKH CpaBHHBaeTcs C
KaxaelM HabaiojeHHeM JApYroH BHIGOPKH H ecsiH cpeqHee 3HauyeHHe
BepOSITHOCTEl, NMoJyvYalolleecs B pesyabTaTte STHX CcPaBHeHUIl, He
paBHo npubansurespno 0,5, To 3TH ABe BHIOOPKH H3BJeKalOTCH, NO-
BUAHMOMY, H3 reHepasbHbiX COBOKyNHOCTel ¢ pasubiMH MeAHaHaMH.
Momunocts KputepHss 00yCJOBJAHBAETCH MOJHLIM  HCIOJL3OBAHHEM
NOPAJKOBLIX JaHHBIX B pe3yJbTaTe cpaBHEHHs Ka:KA0ro Halb.umoje-
HUS 0JiHOH BBIGOPKH ¢ KaxKAbIM Hadmaofenuem Apyroil BeiGopkn. Cra-
THeTHKA KpuTepusi U Bhluncasercs caeayioumuM obpasom:

1) JIBe BuIOOpKH HJIH NOABBIGOPKH OOBEAMHSIOTCH 1 YyHOPALOUK-
BalOTCsA MO BO3pAacTaHNWIO 3HaueHuil mepemenHoil, kak B TabJa. 6.2.

2) Paur, pasuuiii |, npucBaupaercs HaOMOAEHHIO C MHHIMAbL-
HBIM 3HaueHHeM NepeMeHHOil, paHr, paBHblil 2, — HaOJI0JEHHIO CO
CHeAYIOUIHM MO BeJHUYHHE 3HaYeHHeM MepeMeHHO# W T. 1. He3aBHCH-
MO OT TOro, Kakoii BuOOpKe mpuuajyie:xut nabJiogenne.
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3) Buiuncasiercss cymMa paHroB B mepBoil BoiGopke (R;) u cymma
panroB Bo Bropoit (R;). B pamHoM mnpumepe Ryox=1926, a
Rouan=702.

4) 3arem Beuncasioress BeauuuHsl Uy u U, (nmpenBaputesnHo
C/eyeT CBEPHTbCS C 3aMeyaHHeM O BLIYHCJEHHAX 1Mo (GopMyJaMm B
HavaJje KHHTH)

U =N xXNy+ N x(Ny+ 1)/2—R,,
U2=Ni><N2—l|'N3X(N2‘i' l)/2_“R2
(mposepka: U;4U,=N;XN;). B paccmarpuBaemMom npumepe
U}.IOJI=402, U0c33=750.
5) Crarucrukoii xpurepus U siBasieTcss MHHHMAJbHOE H3 JABYX
snavennit U; n Us; ana BHIGOPOK o0beMoM He MeHee 13 (kpuruue-

ckas obaacte 0,01) mau we menee 20 (xkpurnueckasi obaacts 0,05)
U nmeer pacnpenenenue, 6.113Koe K pacnpejenenuio aycca ¢ napa-

MeTpaMHu:
M = Nl X N2f2

s=V N XN, XN + 1)/12;

CJIe10BATeNbHO, MOMKHO BBIYHCJAHTBL cTaTHCTHKY 2= (U—M)/[s, a B
Taba. 5.3 HaiiTn ee KpuTHueckue 3HaueHusi. Kpuruueckasi o6JacThb
Oy1eT cojepKaTh 3HAUEHMs Z, MpPEeBHILIAOUIHE 1O abCcOJIOTHON Be-
JIHYHHE COOTBETCTBYIOLIee KpuTHUecKoe 3HauyeHHe. KpurnHueckoe 3Ha-
yenne U 175 BLIGOPOK MeHblIero o0bemMa MOMKHO B3siTh H3 TabJ. 6.5.
B nansom mplimepe z paBHo —2,08 u momajaer, TakuM oOpasoMm, B
KpuTHYecKylo o0sactb pasmepom 0,05. CienoBaTenbHO, MpHMeHeHHe
Gosiee MouiHOro Kpurepuss MaHHa — YHTHH NPHUBOAUT K NPHHATHIO
aJbTePHATHBHOM THIOTE3Bl O TOM, 4TO MeJHaHHas AJIHA A0JepHTO-
BHIX rajiek 0oJiblle MeAHAHHON JIJIHHBE raJjek ocajlouHBIX MOpPOL.

6.6. OnHothakTOpPHBIH NHCNEPCHOHHBIH aHAJH3
Kpyckana — Yoaauca

«OnHoaKTOPHBIA AucnepcHOHHBIT aHaan3» Kpyckana — You-
Juca — HanboJiee MOLIHBIH W3 paccMaTpHBaeMblX 3/ech KPHTEpHEB.
Tepmun «aucnepcus» yxe Berpeyadcst Ham (pasg. 5.2.1), Ho 3z1ech
OH HMeeT HecKOJbKO HHoe 3HaueHnue. Jlo cHX nop AMCIEPCHS HCHOJb-
30Bajach TOJBKO Kak KBajpaT CTAHAAapPTHOTO OTKJOHEHHs pacmpe-
nenennsi Iaveca u Obl1a aaHa (opMyaa st BHIUHCJAEHHA €€ OLeH-
KH. 37ech AHCIEpPCHH mphjaaercs Oojee OOLIHI HEKOJHUECTBEHHBII
CMBHICT B CBf3H ¢ TeM, uTo Kpurepuii Kpyckana — YoJanuca uyBcTBH-
TeJleH K pasjHuHAM B MeHaHaX H B MeHblIel cTeneHH K pasJHYHAM
B pasbpoce HaOmawofeHnii Boxpyr meanad. CJenoBaTesbHO, 3/ech
JUCTIEPCHST HE HMeeT CTPOroro KOJHYECTBEHHOrD OMpeleseHHsl H HC-
NoJb3yeTcss Kak TepMuH, obo3nauaoumuii OoJsee LIIPOKOe NOHATHE
MeKBBIOOPOUHOrO paccesiHis.



T R P ——

el s el b mna s o Suldl St

MOPSIZIKOBBIE METO/1bl 95

JucnepcHoHHBII aHaJn3 npHMeHsieTcst AJsi TOro, 4TOOH IIONBI-
TaTbcsl OOHAPYKHTb HCTOYHHKH M3MEHYHBOCTH MY BbIOOPKaAMH
uJn noasbiGopKamMu. B namem npumepe Mbl H3MEPHJH AJIMHBL TajleK
B MOPSAAKOBOH IIKaje M, YUYWTHIBAs THNB MOPOJ, CJAralouinx raib-
KH, pa3buJan Bclo BHIOOPKY Ha jABe moABeIOOpkH. CpsizaHa N MexX-

. BEI6OpouHasi H3MEHUHBOCTb raJiek ¢ ux aauHo#? Kpurepuii Kpycka-

Ja — YoJaanca — HemapaMeTpPHUECKHH MeTOoJ, C NMOMOLIbI0 KOTOPOro
MOYKHO TOMBITATbCA OTBETUTHL Ha 3TOT Bompoc. Ecsin oTBeuaem: «aa»,
TO HaJ0 HCKATh NPHYHHY H3MEHYHBOCTH; €CJIH — «HET», TO FOBOPAT,
UTO BEIOOPKH HJH IOABBLIOODKH OMLHOPOJHBI

«OpnodakTopHbBIH» JHCIEPCHOHHBIH aHaJHu3 O3HAvaeT, 4TO B XO-
Jle ero mpuMeHeHHsl paccMaTpHUBaercs TOJbKO OJHA [epeMeHHas..

- B nannom npumepe 3TOil eAHHCTBEHHON nepeMeHHOH SIBAsIeTCS AJIH-

Ha raJjek. UtoObl paccMaTpHBaTh H3MEHUHBOCTh, 0OYCJOBJEHHYIO
ABYyMs WIH GoJee mepeMeHHBIMH, NMPHMEHSIOTCS «ABYX(AaKTOPHBIH»,

- «Tpex(aKTOpHLIi» M T. N. MapaMeTpHuecKie MeTOAB AHCIePCHOHHO-

ro apaJnausa. O1Hako OHH He Bcerja JA0CTaTOYHO y,ZlOﬁHbI i1 HeMen -
JIEHHOro npHMeHeHHd, MO3TOMY MO MOHATHBIM NPpHYHHaM 5 OTCBHLJIAIO

. 3aUHTEpPEeCcOBAHHOTO unTaTe s K padoram [20 u 25].

Kpurepnii Kpyckana — Yoaauca mnoJje3eH TeMm, UTO € €ro mno-

. MOIIbI0 MOJKHO COMOCTaBJATH G0/ee ABYX BHIOOPOK (HaH NMOABBHIOO-
- pox). MeToAHKa MPHMEHEHHA KPHTEPH:S OYeHb MOX0XKAa Ha METOJHKY

KpHTepusi MaHHa — YHTHH BIVIOTH 10 €e TPETbero 3Tamna — CyMMH-
POBaHHUS PaHroB B Kax10ii BHIOOPKe MJH NOJABBHIOOPKe. 3aTeM BhI-
UHCJAETCS CTATHCTHKA Kpmepuﬂ H no popmyne

N(N = E(R/N)~3><(N-[— 1), (6.2)

raiec S — uncso BHIGOPOK (HaH MOABLIGOPOK), i — HHAEKCHl BEIGOPOK
(nnn moaseIGopoK), MeHsomuecss ot 1 10 §, R; — cyMMa pPaHroB B
i-it BoIGOpKe, N; — 06beM i-BbIGOPKH H N — cymMMapHBIi 00beM Bhl-
6OpoK.

Ecau N Goabiue 50 u Bce N; Goabuie 10, To crarnctuky H mMox-
HO 3aMEeHHTb CTATHCTHKOIT %2 ¢ YHCJOM cTeneHei cBoGoam v=S—I1,
¢ TeM YTOOH KPHUTHYECKHe 3HAaYeHHs MOMKHO OblI0 B3ATHL H3 TalJl. 4.6.
B paccmarpuBaemom mpuMepe H=4,32. [laa v=S—1=1 kputnue-
ckasi o6aactb paamepoM 0,05 comep:KuT 3Hauenus [, Goiblune HIH
paBuble 3,84; mosToMy HyJeBas THUIOTe3a CHOBA OTBepraercs.

6.7. CpaBHeHHe mapamMeTpHYECKHX
H HemapaMeTpPHYECKHX KPUTepHeB

Yrobw 3aBEPUIHTL 3TO BBeJleHHe B COBMECTHOE TpHMeHeHne HOMH-
HAaJbHbLIX H IOPAJAKOBBIX KpHTEpHEB, OTMETHM, UTO €CJiH Obl B BHI-
HIeNnpHBEJCHHOM NpuMepe JJHHB BCeX rajieK H3MepsiJiiCh B LIKaJe



BB OHHAWAJHOHTO HMMAI'BI JMHHHLT 23100 '@ "L ‘«oHararenndio»
eed 1oie eH on ‘@Hegodnraddoy oHOSL eHHAHIT U BHHLY OLh ‘4lBE
-BMJ OHXOW BEOHD OL ‘“HHLYT oimHeLOedeoa ou wonHaodidou ‘Ared «
Arsdon xu HIworouoguiodu orardonrou ‘MHudum xu omHerovdeod
ou wonranorgdond ‘Arsd g Mares dovsdon Hwdg ‘uwndodnm 331rroQ
0 EJLOIBIEE OHHIWAJEOHYO MNALBI JMHHHLY 921000 ‘9 "L ‘«BBHILAL
-uoron» endrd wore g sunyraddoy oik n mHegoduraddoyn oHddL
MArel BHHAHIM H BHHLY OLh ‘4LBERMD WOMWOW MW BYIO0] ‘MHudum
Xn olnHeLORdeog ol orel Weunedodmwued uaxuandrou ‘ved ed
MOXOU OL-Wah ‘BHHIhOYEdOUA ol0MeL dLeLdrAesad g yHHIKLAOU ‘TEd
OLh ‘MMeL WHxoronrady] dwexm yodgoyvsdou g eHadoWwen Mared
BHHIY ‘OHAUQLBHOYLT) ‘KeMLOdOM KBWR) — WOIAAY BH B ‘BMAUERI
BRHHHI'Y KRWED BOLUTOXEH BYKd 9MHOM WOHTO BH OLh ‘NEL BHOhOTEd
-0uf ‘NAUed €4 BRMEOLD0D ‘eMdogaa OLh ‘Wwimkorouradir sunsraddox
sulgHOU HMumedidorrn  BUYT ‘mwHH AUsow «uunsraddod» ou ‘xer
-exm xggonrsdon xmueed xAav g XMHHIHIOUME ‘HHHIAIWEH BHHIH
-aedd Q0o01d HIdidMQ BOLIBHIGIHUO MARI HOLE JHHIROILMRE ¢

unnsraddon Hosonvsdou edow
IBUFRTHI) BMHLIHLELI-L ‘g'Q

‘(0] "Il € OHRERND WOLE QO OHQOd YOIl IO "HEI'L
HaHhodogMa HraHHRWAYOd 1 331/0Q BT TOHIO 0J3 € MQOLh ‘OHHI™
-129mMAD BW9028 BudaLndy OIOHIMON 291r0Q BUHIHIWHAL KLY OLh ‘WIGH
-I'HE9h0 BOLHEOHBL) WHWEBD W] -19dfipahodu nownodogue snHapag
-odu oeonicadgan aivigvhicad © ¥o9INkAivo 0¥2oV Lowow 20¥pL ‘HOH
-qrogenodil Briag «BMHOITOL» dehAIrdD WOHHRY € BLOY "c()') Wodaneed
HLIJBI'QO HOMOIIhHIHANM HOMYI0Q LY BT MEILONHI HOHIIAH Lo A€
-BM10 M M9 Iregndu 9H (elHavoialD) uudaindy gehoiryg) gandaiudy
€M HNEO MH OJ9h €30 ‘HMdOQMH JOHTOXJH €1 MHIKOILMOM HIMQO HM
-q1rBd «dMHKOYBIO® INMYIOQ dWed HdL OLh ‘WOL g 4IIHI BIEOLIOD
midogmEa «eMHOITON» BLE "gdndarndy XMuHATaHdUAMIME HLJOHIIION
BHHIRHIREA oMMedLOHOWAY dLHRIUIIQ0 MQOLh ‘Nel eHedgovou oH
-AIPRHTIALD BIMQ Marel exdoold olh ‘OL BH JuUHBWHHE 9lHledQO 29H
-M(Rg “HHHIUINLIE WOWI9.00 Wumarog oveedold 2 vHOWEAIOD 9100H
-arewdoH en puHAKAVdduded exdagodu yendraindesradu oiln ‘oM
-BHYO ‘OHAIrd1ehoWud]] ‘H1d0oHdIWOHOMEE HOLe HHNEBdLOHOWAY KLY
qregoeqrrondn oHOW downdu wanuaresudo W ‘mwsudoindy nwHMD
-ohndlowedeUSH WH HWHMIOIAE1DI241000 2 OMMHIHARAD Ol LIOHIION
olAmarog lowwu Hidaindy auvMdanHdIawedel OHRMQO OLh ‘HI'Bh
-anzo awA \my (700'p) edaneed ozamaewaw owveedol MLOBILQO HOMD
-hurndy ponnodordAar vry Asarount oikgarAn 9rhnidogro 1akgadr
GR'e =7 9MHOKEHE JOHHALOMhNE BYIO] "BlHATOIGL) pndoindy-) wuyd
-ohudraweden ¢ ‘111 € PEIHHAYAE AIBHIWNAL MMQ OI'MQ OHYOW HWEIH
-BYHO HWHMRhHLEWALEW ATaw unhureed nydagodn vry or ‘eodf
-B ] auHaravaduded LORWH HHO OLh ‘ddolrelerourddn M HHHIMOHLO

9 vavirl 96



MOPSIAKOBBIE METO/bL

97

jorcs 1 Gosiee yskumu. Ecanm Obl panxkupoBaHue rajek mo Bospac-
TAHMIO UIHPHHBI IPHBOAKAO 6Bl K MOJTHOMY TepeMelIHBAHAIO HX JJHH,
TO JJIHHA H INMPHHA OBLIH GB «HEKOPPEJHPOBAaHHI», T. €. ObIIH Obl
ABYMs NepeMeHHBIMH, MeXK1y KOTOPLIMH HeT BHANMOH CBS3H.

Tabauua 6.4, Janna n wapuna 24 J0N€PHTOBLIX Tajmek, H3MEpPEHHHIE
B HOPSAJKOBHIX IUKaIdX

Uncao Hagmole-

YucJso Hagoge-

. Ilpus. nepes.

wps | Pan g | MR PEIANIS | g o aion
3alaHHoT O 1 3aJlaHHoro u 4
1 2 <) 4 h
1 2 22 1 421
2 1 22 0 422
3 3 21 0 421
4 6 18 2 16
5 Z 17 2 +15
6 5 17 1 +16
0 17 7 10 —3
8 12 11 5 +6
9 4 15 0 +15
10 14 9 5 2
11 13 9 4 -+5
12 8 12 0 +12
13 9 11 0 =
14 11 9 1 -8
15 19 5 4 +1
16 18 5 3 +2
17 16 5 2 +3
18 i5 5 1 +4
19 10 5 0 +5
20 21 3 1 +2
21 24 0 3 =
g 22 20 2 0 +2
23 23 0 1 =
24 22 0 0 0
Cymma S=--184

! CnocoG BBIYHC/IEHHS 3HayeHH B cTos6uax 3 H 4 TOAPOGHO OMHMCHIBACTCSL B TEKCTE. —

4-760
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Ta6nuna pasgeneHa Ha psj NpsMOYroJbHHKOB. Kamaomy croafuy NpAMOYTOMb-
HHKOB COOTBETCTBYET 2afaHHOe uHcao HaGmogesnii B ebiGopke | (Vy), a gampjoit
CTPOKE MpPSIMOYTOJIbHHKOB — 3aJaHHOe YHCJ0 HaOmogennii B BeIGopke 2 (N,), Ecmm
o0beMbl JBYX BHIOODOK HE PaBHBI, TO, NPHMEHAs KpHTepHii, B KauectBe NN, cue-
JAYeT yKasblBaTb MHHHMAJbLHBIH U3 0GBEMOB JABYX BHIGOpOK, KamJbli npAMOYTo/bHHK
COCPIKHT YETHIPE KPHTHUECKHX 3HAYEHHs CTATHCTHKM U, pacnosIOKeHHBIX —CJ/eayio-
LM 06GpasoM:

E Kputhueckasi o6nacth coepur auagenus U, mewuinme Wim paBHLie KpHTHyec-
KOMY 3HaYEHHIO,

OdHocmopaxHee  flsyemopoHHee

Pa3mep
KpUMUYeCKol ggf
ooAL.emuU ’ e
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t-cratictika Kenfaama sBasieTcsi Mepoil KOppeaupoOBaHHOCTH
H3MepeHHil, BLINOJHEHHBIX B MOPSAKOBOI IKaje, H H3MeHSeTcs OT
-1 mpu TecHOil NOJOXKHTEIbHOH Koppessinuu, yepe3 0 B cayuae He-
KOppeJqHpOBaHHBIX TNepeMeHHbIX, 10 — 1 npH TecHoil oTpuuaTeNbLHOI
kKoppedsiinn. CrnocoObl BHIYHCJAEHHS HJWIIOCTPHPYIOTCS Ha Npumepe,
npueejeHHoM B Ta6.1. 6.4. DTansl BuIUKCAEHHH caeayollne:

1) Panxupyem nab/moJeHHS MO BO3PacTaHHIO 3HAUYEHHI NepBOil
nepeMeHHOH (AJMHbBI), IPH 3TOM KaxKIOMY 3JE€MEeHTY psijfa NpHCBaH-
BAeTCsl COOTBETCTBYIOWIMH paHr: oT | AAf MHHHMAaJbHOTO 3HaueHH:
1o N st MakcHMaJIbLHOTO.

2) CuoBa pauKupyeMm HabJioieHHS, HO Tenepb B MOPsLKE BO3-
pactanusi 3HayeHHit BTopoli nepemenHoil (WIHPHHBE), H B cToalue 2
Tabs. 6.4 s3anucbiBaeM B COOTBETCTBHH C HOBBIM MOPALKOM paHru
nepBoii nepeMeHHON (AJHHEL).

3) Ilo ouepenu 1as KaxAoro HabMOAeHHs (raabKH) mpocMatpu-
BaeM cToabel 2 8HU3 OT paHra, COOTBETCTBYIOLIET0 3TOMY OYepejiHO-
My HaOJIOLeHHIO, U INOACUMTHIBAEM UHCJO DAHIOB, MPESLILAIOUUY
ero. PeayabTathl nomemaeMm B ctoanbue 3 Tabu. 6.4.

4) IloBTopsiem 3tam 3, HO Ha 3TOT pa3 MOJACUHTBHIBAS YHCJIO paH-
roB, KOTOpble MeHbllle paHra oudepeinoro ualJiojaeHusi. PesyabraThl
3aHocHM B crodsberr 4.

5) M3 snayenuii cTos16na 3 BHIYHTAEM COOTBETCTBYIOIIHE HM 3Ha-
ueHust crondna 4 H pesyabTaThl 3aHocHM B croaben 5. Haxoaum cym-
My umceJq B cToabue 5, H MycTh OHA paBHa S.

6) t-cratucruka Kenpansa onpenensiercss (opmy.Joii

© = 28/[N X (N — 1)]. (6.3)

B nawewm npumepe S=184 nu N=24, nosromy v=--0,67. Takum 06-
pasoM, oKa3elBaercs, UTO B 3TOH BeIOOpKe «AJHHA® H «UIHPHHAY» TIO-
JIOKNTENBHO KoppeanpoBannl. OHAKO BO3MOMKHO, UTO HabJi01aeMoe
3HayeHHe t ABAAETCA pe3yabTaToM (uyKTyanuii orbopa HabJioeHHil
W3 TeHepajbHOll COBOKYNHOCTH, B KOTOPOH Ha caMoM JeJe «IJHHa»
H «IIHpHHAa» HeKoppeaunposaHbel (T. e. t=0). CaexoBaTe/nbHO, Mbl
JIOJKHBL TIPOBEPHTH, 3HAYHMO Ji OTJanuaerca v ot Hyas. Jas BoiGo-
poK, 06beM KOTOpbiX He MeHee 10, MOXKHO BOCHOJIL3OBATLCH CTATH-
CTHKOI KpuTepus 2, BlUHcaAsgeMOH 1o ¢opmyie

z=1 X V[9IXNX(N—1VI[2X (2N + 5)]. (6.4)

(CMm. «3ameuanus o BLIUHCAEHHAX 10 GoOpMysaM» B Hauaje KHHTH.)
Kputnueckne 3HaueHus 2 npusellenbl B TabJa. 5.3, a Kpuruueckas
06J1acTh COMEPHKHUT 3HAUEHHS 2, NpeBblllalolne KpuTHiyeckoe. B naun-
HOM mpumepe z=-4,59; cuaexoBaTe/bHO, HyJeBas THMOTe3a, yT-
Bepaaiomas, uro v=0, oTBepraercsl AJs8 OJAHOCTOPOHHEH KpHTHYe-
cKoil o6actu pasmepom 0,01,
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6.9. Coenasaiomue HaGNI0OAeHHs] TIPH H3MepPeHHH
' B MOPSAJAKOBONH IIKaJje

ITpumenenne BceX BbllIENepPeYHCJEHHBIX MOPSAKOBBIX METOAHK
BCerja npejycMaTpHBaeT BeposiTHOCTb TOro, 4TO JABa uau GoJjee
- HaOJiofleHHll, H3MepeHHbLIX B NOPsAKOBOH WiKaje, coBnanayr. Ecau
TaKkHe COBMAJIeHHs] HeYacThl, OHH peJKO BHI3HIBAIOT HeyA00CTBa B
npakTH4yecKoil pafoTe, M, ec/iH YHCJIO TAKHX COBMAaJeHUil MaJo, HMH
CMOKOHO MOKHO npeHebGpeun. Mubopmanuio o mManoBepoATHOIl cH-
Tyanun ¢ GOJBIIHM YHCJIOM COBHNAJEHHI yHTATEeNbh MOXKET HafiTH B
paGore [19], rae paccMoTpensl ¢noco6s BHECEHHS COOTBETCTBYIOUIHX
MONPaBoK. ]
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Koppeasiuusi u perpeccus

[TpeameToM HacToslmel KHUTH SIBASIOTCS METOAMKH, MpeiHa3Ha-
yeHHBIE JJis HelocpeAcTBeHHOIO NpHMeHeHHs1 Ha MecTe cOopa jaH-
HBEIX; METOJHKAaM zKe, YIOMHHAaeMLIM B 3TOH IJaBe, TAKoe NpHMeHe-
Hie He cBoiicTBeHHO. IIpHunHOi TOMY SBJSIOTCH TPYAOEMKOCTh
H3MepeHHH B [lIKaJjle OTHOLIEHHI H TPyJ0eMKOCTb HEeOOXOAHMBIX BhI-
uyncaenui. [leas nanHoro Kpatkoro o63opa odycJ/ioBJieHa B GoJblieli
CTEeNeHH CBf3bI0 3THX METOAHK C 00Jiee CA0KHBIMH (0OBIYHO MallHH-
HBIMH) METOJaMH U B MeHbllell CTEeNeHH ¢ BO3MOKHOCTAMH HX MpH-
MeHeHHsl B mpocTelilinx nabopaTOPHBIX HCC/eLoBaHHAX.

7.1. OnHomepHble, AByXMepHbIE H NHOrOMepHbIE
reHepajibHble COBOKYMHOCTH

Kamxkgoe nabmiofenne B BoIGOPKe MOKeT OLITh H3MepeHO GoJbliie
yeM B OfHOll WKajde. Ml yike BHIEMH MPUMep U3MEPEHHUS rajex mno
JUIMHe H cJjaraiplileMy HX THOY HOPOJ; OAHO H3MepeHHe MpOoBOIH-
JIOCh B LIKaJe OTHOIUeHHH, Apyroe — B HOMHHaJbHOH wwKaJe. [To-
CKOJIbKY B 3TOM CJyuae Mhl H3MepseM ABe NnepeMeHHbLIe, TO TOBOPHM,
4yTO OTGOP NPOH3BOAHMTCS M3 «/IByXMEPHOI» reHepa/bLHOH COBOKYyIM-
HOCTH. BOJBIINHCTBO NMPHMEPOB B 3TOil KHHre OTHOCHTCSI K «OJHO-
MEpPHBIM» TeHepaJbHBIM COBOKYMHOCTAM (H3MepseTcsi OJHa mepe-
meHHast). CTporo roBopsi, Mbl He OrpaHHYeHBl B BHIOOpe IIKaJbI H3-
MepeHus (HOMHHAJMLHON, MOPAAKOBOH HJM WIKAJbl OTHOINEHHWH), HO
NpH CMelleHHH IIKAJ Pa3HbIX THIOB MOIYT BO3HHKATH CJOMKHOCTH.
[TosTomy mprMeHeHHe ABYXMEPHBIX H MHOTOMEPHBIX KOPPEJSIHOH-
HEIX H perpecCHOHHEIX MeTO/10B OOBIYHO OrpaHHYMBAETCS H3MepeHH -
MH B 1iKaJe oTHoweHui. [IpuMepamu Takoro usyueHust Moxer GbITh
CpaBHeHHe pa3JHYHBIX Pa3MepoB (HampuMep, AJHHBI, LIHPHHE, Bbi-
COTHI H T. I.) B BHIGOPKE, COCTaBJEHHOH H3 HCKOMAaeMLIX OCTAaTKOB,
NpHHALJeKalHX OJAHOMY BHAY, HJH pacmnpeiesleHHe XHMHUECKHX
aJieMeHTOB B cBUTe nopoj. [Tocnennee, olHAKO, MOKET OCJAQKHATHCS
TeM, YTO CyMMa KOHUEHTpPalHil XHMHUECKHX 3JE€MEHTOB MOCTOsHHA B
Kax10i KOHKpeTHOil mopoje (oOLIYHO OHAa NpPHHHMaeTcs paBHOI
100[%]}. Irtu 3aaaun obeyxaaorcss B padorax HYeiica [2] u Hesu-
ca [5].
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Puc 7.1. Jluarpammbi paccesnusi. ToukH npeicTaBasioT coGoit 106 waGaopeHui
H3 Mnoromepuoﬁ BLHIGOPKH, FOpH30HTAJbHBIE KOOPAHHATH KOTOPHIX MNpPONOPIHO-
‘HaJbHBI OAHONH NepeMeHHOM, a BePTHKAaJbHBE KOOpAMHATH — Apyroit. Bribopka
cocront n3 mobesno npepocraaeHHux x-pom A. H, Bakcrepom pesyabTatoB Xu-
MHUECKOro aHaiu3a 6a3ajbTOBLIX JaB ¢ octpoBa Maspuknil. Ha aumarpamve a
kosppuunent koppeasumn [Tupcona r, pasmmii —0,09, HesnauuMo oraHuaer-
e or nyas. Cuaepoearennno, Kouuentpauun CaO u MgO  nexoppennpoBaHBL
Ha amarpamme 6 3uauenue TOro ke Kosdduumenrta pasio —0,93, yto ykaspiBaer
@ TECHYI0 OTPHLATEAbHYIO KOPPeIsLHio Mexay kouueHTpaumsmu Al,O; m MgO.
OGpatiTe BHHMaHHe, YTO 10 NETPOJOTHYECKHM NpHUHHAM GObITH HCKJMOUeHH Ha-
Bamoennst ¢ Konuentpaunamu MgO ke 5%.

7.2. Koppeasinus

Huarpamma paccessuusi (puc. 7.1) — ynoOnblil cnoco6 rpadguye-
CKOro mpejcTaBJeHHsT ABYXMepPHOH BHIGOPKH HJM 3HAaYeHHH ABYX Ie-
PpeMeHHbIX, B3ATLIX U3 MHOrOMepHOi# BeiOopKu. Kaxnoe nabaonenue
H3o0parkaeTcs TOYKOI, rOpH30HTaJbHAasA H BEPTHKAJbHASA KOOP/AHHA-
Thl KOTOPOIi NMponopuHoHajbHbl H3MepeHHsM JAaHHOro HabJIoAeHHS,
BBITOJIHEHHBIM B IBYX LIKaJaX oTHOWeHHKi. [To pacnonoxenuio obJa-
Ka TOYeK Ha TAaKOH AmMarpaMMe MOXKHO c/lelaTh NpPeANoJoxeHHe O
TOM, CYIIECTBYET JIH Kakas-J1H00 3aBHCHMOCTb (MJIH «KOppeJsiius»)
MEKy 3HAUeHHSMH H300pazKeHHbIX NepeMeHHbIX. Tax, us puc.7.1,6
'BHJIHO, UTO B 3TOH KOHKPeTHOH BbIOOpKe cojepiKaHue AlLLO; B nopo-
Jle B cpeJiHeM yMeHblIaercsi ¢ poctoM cofepxanusg MgO, 1. e. umeer
MECTO «OTpHilaTe/bHas Koppeasius». CoBMecTHOe yMeHbleHHe 3Ha-
UeHHIl ABYX NepeMeHHBIX CBHAETeNLCTBOBAJO OBl O «MOJI0XKHTENbHOI
Koppeasiwiu» Mexay mumi. Ha puc. 7.1, @ ¢ poctom coaepkanns
MgO, no-BHaHMOMY, He MPOHCXOAHT B CPeAHEM HH YBeJHUeHHH, HH
yMmenblienns coaepxkanna CaO. B stom cayuyae MoxHO npeanoJa-
raTh, 4TO NepeMeHHble «HeKOPPeJHPOBaHLI».

[Tone3no uMeThb BO3MOMKHOCTH OXapaKTepPH30BAaTh CHJY H 3HAK
KoppeaAunn (MOJOMKHTeNbHAs HJAH OTpHLATeNbHAst) MeXAy AByMs
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nepeMeHHBIMH. TeopeTHUecKH Takoii «KO3((HIHEHT KOppeJasiluu»
MeHsJcst Obl OT MAKCHMAJbHOrQ 3HayeHusi, paBHoro -1 (npu moJ-
HOIl MOJIOXKHTENbHON Koppeasuun), yepes 0 (Anf HeKOppeaHpOBaH-
HBIX NepeMeHHBIX) A0 MHHHMAaJLHOrO 3HauyeHHs, paBHoro —1 (npu
MOJHOIl OTpHIATeJbHOH Koppeasiuun). B Tom cayuae, Korjga mo Bbi-
OopKe, H3B/JeUeHHOH M3 IeHepPaJbHOH COBOKYMHOCTH, B KOTOpOH Ie-
peMeHHBle Ha caMOM JjieJie HeKOppeJupOBaHbl, MOJyuaeTcsl JIOMKHOe
KOHe4YHOe 3HaueHue KoahpHIHeHTa KOpPPesIiH, HyXeH 3JeMeHTap-
HEl COCOG NpPOBEPKH 3HAYHMOCTH OTJHYHS OT HYyJis BHIOOPOYHOro
3HaveHHs Kos(puunenra Koppeasuun. Kopoue roBopsi, HymeH KpH-
TepHil, MO3BOJISIOLLHI TPHHATD HJIH OTBEPTHYTh HYJEBYIO THIOTE3y O
HyJ1eBOH KOppeJ/slHH NMPOTHB aJlbTepHATHBHOH THNOTE3Bl O CYLLECT-
BOBaHHH KOHEYHOMH Koppenasuun. Huxe ¢ yueToM TakHx KpHTepHeB
paccmaTtpuBaloTesi TpH  BHAA Ko3dduunentos. Ilpupoas snauenus
K03 HLUHEHTOB KOPpeJslHH, HeoOXOAHMO BCerja yKashlBaThb, Ka-
KOH HMeHHO Ko3((HIHEHT HCNOJL30BA/CH, NOTOMY YTO AJ5 3aJaH-
HOIT BEIOOPKH OHH HMEIOT pasiuuHbie 3uaveinusi. K coxanenuio, MHO-
rie aBTOPBl OMYCKAIOT 3TY BAKHYIO [eTallb.

7.2.1. Koagpgpuyuenr roppeaayuu Kendarara t. DTOT «paHroBblii»
KO3(pPHIHEHT Koppeasiiuu (T. e. NIPHUMEHHMBIH K MOPSAAKOBBIM HJIH
PaHXKHPOBAHHLIM NEPEMEHHBIM) ¢ COOTBETCTBYIOILHM KpHTepHeM OBl
BBe/eH Bole (pasa. 6.8). Kpurepuii jerko npuMeHum, HO BbIUHC-
JieHHe caMoro KoaddHuiuneHTa L0BOJBHO I'poM03/1K0. OQHAKO OH HMe-
eT NPEeHMYIIecTBO AN MHOTOMepHHIX BeIGopok. B Takux BoiGopkax
Bcerja MOMKeT OKasaTbCsl, YTO NepeMeHHble X H Y CHJIBHO KOppeJsH-
pPOBaHbl, HO OOYCJOBJIEHO 3TO He BHyTpeHHel CBfI3pl0, a TeM, uTO
Ka)/J1asi M3 HHX B OTA€JbHOCTH TECHO KOppeJHpOBaHa c TPeTheH me-
pemenHoli z. MccaenoBaTtensiM cJieflyeT ¢ OCTOPOXKHOCTbIO OTHOCHTD-
cd K TaKOH CONpPSAKeHHOCTH TepeMeHHBIX, KOTOPYI0 MOXHO MOAYyYHTb
NPH HCMOJIb30BAHHH «YACTHOTO» PaHroBoro Kosdouiuenta Koppess-
uun Kenpajna, BEIYHCA@HHOTO crnocoGoMm, OJIH3KHM BHIIIEONHCAHHO-
my. Boaee moapo6GHoe paccMOTpeHHe 3TOH BeJMYMHEI BBIXOAMT 34
paMKHi Haleil KHHTH, HO €ro MOXHO HafiTh B paGorax [25, 19].

7.2.2. Panzosoii koapuyuent xoppeaayuu Cnupmena. Ilocto-
HHCTBOM 3TOro Koapuumuenra, Kak H Koapoduunesta Kenpanaaa T,
siBJISI€TCA MPOCTOTA BLIYHMCJEHHS, HO OH HMeeT H JBa HeJlocTaTka, 3a-
KJ0YaUIMXC B OTCYTCTBHH JOCTYTHOTO KPHTEPHS U SKBHBAJIEHTHOI
yacTHO#H (opmbl. [ToapoGuee o6 3ToM cMm. B pabore [25].

7.2.3. Koagghuyuenr rxoppeasyuu Iupcona r. dtor xosdduim-
€HT NMPHMEHHM K H3MEepeHHSM, BHINOJIHEHHBIM B llIKajie OTHOIIEHHH;
TEOPeTHKH JKe CUHTAIT, UTO C HHM Jerko obpaniatbcs aarebpanye-
CKM, NIOYeMYy OH H moJy4uJ Gogpluoe pacnpocrpadenue. Onnako no-
MHMO TPYIZOEMKOCTH H3MepeHHil B LIKaJe OTHOWEHHH OH M0Jro Bbl-
yHcasieTcs, XoTs crnocod BeYHcgeHHsS onHcan B raba. 7.1. 3uaun-
MOCTb OTJMYHS 3IMIHPHUYECKOro 3HAuYeHHA Koa(pguumneHTa Koppeas-



KOPPEJISILIMSI U PETPECCHSH 105

Ta6muua 7.1. Bruncnenne xosdpduumenta xoppensuumn ITupcowa r, KoHCTaHT per-
PeccHH H (DHAYUHATBHBIX TPAHHMIL (TPAHHILI HAAEKHOCTH)

Ilyctb JIMHHA perpeccHu 3agaeTcst ypasHeHueM y = a -- bx.

‘Bolunc/ienus BbinosHsioTes A4 30 pe3y/IbTaToB XHMHUECKHX aHanusoB Ha Al,Oj
MgO, ucnonb3oBanHBIX NMpH mocTpoeduu pue, 7.1, 6. IlycTh HesapHcHMOI mepeMeH-
HOH x Gyner Konuentpauus MgO, a 3aBHCHMOH NepeMeHHOI y — KOHIEHTpalHs
23

. 1) Beruncasem caeyioulie BeJTHIHHBL N = 30
Cymmy HKCOB Z (x) 217,74
CyMMY HrpeKoB Z (y) 427,36
CyMMy KBaJpaTos HKCOA Z (x?) 1780,5104
CymMMy KBajpaToB HIPEKos Z(y®) 6151,3084
- CymMMmy npOH3BelleHHHi HWKC Ha HIpeK Z (xy) 3000,9713
2) M3 3THX BeJIHYHH MOJIYYaeM:
Cpexnuee 1o HKC M, = 2(x)/N 7,258
Cpexsee 1O Hrpek My, =Z(y)/N 14,245
Jrcnepcuio 1o HKC sir— Z(x22)IN —ﬁi 6,67
JlncnepcHio mo  Hrpek s§= Z(y’)lN——"M'ﬁ 2,19
KoBapuauuio HKca W Hrpeka sx,,:*E(xy)/N—Hx ‘My —3,36
2
Kosgpuunent Koppeasuun r i [I o Lcu 0,79
N—2 2 g2
r (ssak cooTBeTcTBYeT 3Haky ko- —0,89
BAPHALIHHK )

Ocrarounyio jwcnepchio S §; =5 (1—r) 0,67
OTpe3oK pErpeccuu @ a=My, — Mysyyls: 17,9
CrangapTHYIO OWHOKY e, = SE,’N =+0,12
Haksion perpeccun b b= syy/sy —0,50
CranzapTaylo OWmM6KY ep ol = Si/(siN) =+0,047

3) as yaoGHbIX 3HAYeHHH X BLIYMCJSEM COOTBETCTBYIOUHE 3HAueHHs S,:

S} = S+ (x —Mu)*/s1IN
OTH 2HAYEHHS ONPEJENISIOT BepXHHE W HHMKHHE (HAYUHANLHBIE TPaHi Lkl NPOTHO=
SHPYEMBIX 3HAYCHHI y:
a-+ bx =5/,

rae suauenns f-crarucruxu Crbiogenta Gepyrcsms Taba. 5.5. ans crepenefi cBo-
6ot v=N—2
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UHH OT HyJs MOMKeT OBIThb MpoBepeHa MyTeM BBIYHCACHHS f-CTaTy.
¢tk CrhiofleHTa:

t=rx VIN—2)(1—7). (7.1)

Kputnueckne 3HaueHusi { HaxoAfTcs mo TadJa. 5.5, UHCJO CTemeef
cBoGoant v paBao N—2.

7.3. Perpeccus

AHanu3 TOYEUHBIX CTPYKTYp Ha AMarpaMMax paccesHus, uiu
BHIYHC/IEHHE KO3()(HHIHEeHTOB KOppesalHH, HIH H TO H APYroe mo3so-
JISIIOT NPeANmoJIOAKHNTb, YTO JABe HepeMeHHble CBA3aHbl (YHKILHOHA/IL-
HOIi 3aBHCHMOCTBIO, T. €. 3Ta 3aBHCHMOCTb MOXKeT OLITb BhIpaxKena
¢ nmomouibio ypaBHeHHs. OGBYHO TaKoe ypaBHeHHe «JIHHEHHO», T. e.
ero rpauKoM sABJsETCS NPAMasd JHHHA:

y=a+ (b X x), (7.2)

B KOTOPOM @ H b — KOHCTaHTHI, Ha3blBaeMble COOTBETCTBEHHO OTpe3-
KOM perpeccui (T. e. 3HaueHHeM, OTCeKaeMbIM perpeccHOHHOH mpsi-
MO# Ha BePTHKAJLHOH OCH) H HAK/JIOHOM (MJIH K03((HIHEHTOM) per-
peccun. I'oBopAT, 4YTO X — «He3aBHCHMasi» MepeMeHHas, a y —
«3aBHCHMasi» nepeMeHHas (3aBHcAman ot x). Ecan Mel npexnonara-
€M, YTO 3Ta CBf3b HeJHHEeHHa, TO 0JAHYy J100yi0 HaH obe MepeMeHHLIe

MOXHO 3aMeHHTh HeKoTopoil dymkuueit (manpumep, log (x),V y),
yToGH ypaBHeHHe (7.2) cTaj0 JHHEHHBIM.

3anaua BHIYHCJIEHHSI KOHCTAHT @ H b siBJsIeTCS TJIaBHOH YacTbio
«PErpecCHOHHOTO aHaJ/H3a», HA3bLIBAEMOro TaK B CBS3H C TEM, YTO
BIIEPBBIE OH OB NMPHMEHEH NPH CTAaTHCTHYECKOM H3YyYeHHH perpec-
CHBHLIX TeHJeHUH#l B pocTe OTLOB H chiHOBeH. Crnoco6 BbIUHCJEHHS
OCHOBAH HA MeETOJe «HAHMEHBbIIMX KBaJpaToB», B KOTOpOM a H b
BLIOUPAIOTCS TAKHM 0Opa3oM, YTO CyMMa KBaJApaToB pasHocTed Mexk-
Ay HaGniolaeMBIMH H TeOpeTHYeCKHMH 3Ha4YeHHAMH 3aBHCHMOI nepe-
MeHHOH MHHHMaJbHA.

B cHMBOJHYECKHX 0003HAuUeHHHAX cyMMa X[Ymasa— (a+bx)]* mu-
snmaJspHa. Cxema BHIuMc/eHMs mpuBenena B Taba. 7.1, a pesyJabra-
THI IPeJACTABJIEHH B rpahuyeckoM BHIe HA pHC. 7.2.

BprunciieHHble 3HaYEHHS KOHCTAHT PerpeccHd MOMKHO HCMOJb30-
BaTh KakK OMHCATeJbHble MapaMeTphl, [AJf KOTOPHIX CJelyeT TaKike
BLIUHCJATL H yKasblBaTh CTAHJAPTHLIE OLHOKH OLEHOK. YMHOMEeHHe
3THX CTaHAapTHBIX ownbok Ha 1,96 wan 2,58 (tabu. 5.3) mo3BOJHT
HCCJIEI0BATEI0 TIOCTPOUTEL HOBepHTeNbHbie HHTepBaJbl yposHs 0,95
nau 0,99 coorBercTBeHHo. Jlasi Toro 4Tto6Bl NMpeAcKa3HBaTh 3Haye-
HHe nepemenHoil y, MoxHo, Haobopor, B ypasHenue (7.2) mnopacra-
BHTb 3HaYeHHS KOHCTAHT perpecciy H nmepeMeHHoit x. B sTom cayuae
HCC/IeIOBATENI0 XOTEJI0Ch OBl 3HATL JOBepHTe/LHLIH HHTepBaJ s
NPOrHO3UPYEMOro 3HaUeHHS . IDTH BbIYMCJEHHS JOCTATOYHO TPO-
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‘Puc. 7.2. Jluunu perpeccun ¢ (HAYNHAJIbHHIMA TPaHHIAMH, TOCTPOEHHHE [0 TEM
e AaHHbLIM, uTo H pHC. 7.1. DTH Ga3aNbTOBbLIE JaBbl COMEPKAT (PEHOKPHCTAJILL
OJMBHHA ¥ KJHHONHPOKCEHA, MOJIOXKEHHe KOTOPHX JaHO B KOOPJAHHATAX KOHILEH-
Tpauuit CaO, Al;O; u MgO. Ilo pas6pocy Touek, H3o6GpaxeHHHIX Ha pHe. 7.1,
MOZKHO NpeAnoJOMKHTb, YTO JaBbl 3BOJNIONHOHHPOBAJH B pe3yabsTate Anddepen-
LHALHH ONpe/e/IeHHOr0, HO HEH3BECTHOTO COOTHOUIEHHS MeXKIY OJIHBHHOM H MH-
pokcenoMm. Ecaii npeanosozkuTs, uTo npouece Auddepenunaunn auneen (1. €. OmH-
ChIBaeTCsl TPSAMON JHHHEH), H NpHHATL KoHUenTpauniw MgO B KayecTBe mOKa-
3atens AupQepeHIHaUNH, TO JHHHS perpeccHH, NpOAOJMKeHHas /0 MNepeceueHHs
€ OTPe3KOM, COeAHHSIONHM OJHBHH H KJIHHONMHPOKCEH, [acT OLEeHKY o6beMHOoro
cocTaBa Buessiownxcs (a3. JIHHHH perpeccHH BBHIMHCJASJINCH KakK 10 TIOJHOM
BhiGopke ob6bemoM 106 HaGmojaenHii, Tak H no noaBbGOpKe, COCTaBJEHHOH H3
30 cayuaiino orobpanubix HaOuogennii. as cpaBueHHs OblJH BHIYHCAEHH (GHAV-
uHaabhble rpabnubl yposus 0,95 (1. e. 95%-nbe rpanuubl). O6patuTe BHHMAHHE,
Kak ¢ YBeJHYeHHEM PAaCcCTOSAHHsA SKCTPANOJsAUHN PE3KO pacrer WHpHHA (QHAVILH-
aJbHOM NOJOCH (pacCTOSIHHE MEXKAY BepxHel H HHXKHell (HAYUHAJLHBIMH rpa-
nunamu), Ilepeceuenns JHHHH perpeccHH W HX (QHAYLUHAJBHHX MOJOC C OTpes-
KOM, COETHHAIOUIMM OJHBHH ¥ KJHHONHPOKCEH, MO3BOJAIOT OLEHHTb COOTHOIIEHHS
BLIZIEJAIOMHAXCA KPHCTAJJIOB.
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MO3/IKH, HO OHH NpuBeAeHbl B Tabu. 7.1. MOKHO BBIYHCJIHTbL BEPXHHe
H HHXKHHe JIOBEePHTE/bHble IPAHHIB A5 MHOMKEeCTBA 3HaYeHHil x, a
pesyabTaThl BMecTe C JHHHel perpeccHu IpeicTaBHTh Ha rpaduke.
1o caensano Ha puc. 7.2, a moaydauuecs Kpuseie o6pasyior du-
AyuHaJbHble FPaHHUbI (IPAHHIBI HAJEKHOCTH) JUJIS IPOTHO3HpYe-
MBIX 3HAUEHUH Y.

7.4. Tpumenenne u paspaborka

06 ynoGcTBe HCMOAb30BAHHA KOPPeJSIiHH NepeMeHHbIX, H3MepeH-
HBIX B IIKa/jie OTHOLUeHHH, B ajreGpaHuyecKHX OmepalHsix YyKe roBo-
puyock. C pasBUTHEM BBIYHUCJAHTENbHOH TEXHHKH H aBTOMATH3ALMH
HJIH MOJYyaBTOMAaTH3alHH METOJOB H3MepeHHi B 1Kajdax OTHOLIEHHI
craTHcTHUecKas o0paboTKa MHOTOMepPHBIX BBIOOPOK INpHBJEKJa
GoJibllloe BHHUMaHHe, 0COOGHHO B IKOHOMHYECKHX 3agavax. JTO clo-
coOCTBOBAJIO PE3KOMY yBeJHUYEHHIO YHCJIA NeyaTHhIX paboT M pas-
paboTKe MHOXKeCTBa pas/JHUYHBIX MHOIOMepPHEIX MeTOZ0B. XOTSl Bce
STH METOJbl OUeHb BaXKHBI, «B IIOJe» OHH HEeLOCTYNHBI eoJiory MO
PasHBIM MPUYHHAM, MO3TOMY 3/ieCh MBI MX He paccMarpHBaeM. Bse-
JleHHe B MHOrOMepHBIH aHa/u3 naHo B paGote [8].
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OpuUeHTHPOBKH B JBYXMEPHOM
NPOCTPaHCTBE

B pasa. 1.2.5 Mbl KOCHYJIHCh CYLIHOCTH OPHEHTHPOBOK, onpene-
JIUB TaKHe TOHATHA, KakK «OPHEHTHPOBKA», «HAMpABJEHHE», «OChY,
W npusesd psig npumepoB. OGbuno HaubGosee HArJAfAHOH (opMOi
rpaduyeckoro mnpejicraBJeHHs] OPHEHTHPOBOK B JByXMepHOM IpO-
cTpaHeTBe (pacmpefefieHHBIX 10 OKPYXKHOCTH)  SBJSIETCSI Kpyrosasi
Juarpamma, Bee/leHHast B pa3a. 1.3.7. Mul Bugenn, uto omnpejeJeH-
Hble JHHelHBle JaHHBle, 00Jajaouyue UHKJIHYHOCTBIO, MOTYT OBITh
npeo6pa3oBaHbl B OPHEHTHPOBKH B JBYXMEPHOM NMpOCTPAHCTBE H 06-
paboraHpl Kak yrJoBHe BeJqHYHHB. McX0As H3 3TOro, MH paccMor-
PHM B JIaHHOH r/1aBe pa3jIHYHEIE KPHTEPHH, NpHMeHseMble JJiA aHa-
JiH3a JaHHBIX, pacnpejlefleHHLIX M0 OKPYIKHOCTH, NpPeABapHTENBHO
MO3HAKOMHBIIHCh C HEKOTOPHIMH HX OCOOBLIMH CBOICTBAMH, B 4acT-
HOCTH C NMOHsITHEM «paBHOMepHOCTH». [IpumenHeHnue BceX KpHTepuen
VKJaJ1biBaeTcsi B CXeMy H3 LIecTH 3TanoB, NMpHBeAeHHYIO0 B pasi.2.3.
YacTp KpuTepHeB HemapaMeTpPHYECKHE, HO B KOHKPETHBIX YCJOBHSX,
OnmHpasich Ha TeOPeTHYecKHe pacnpejeeHHs, MOXHO MOCTPOHTE 6O-
Jiee MOIIHBIE MapaMeTpuuyeckne Kpurtepuu. HekoTopsie MeTOAHKH
OCHOBaHbl Ha HEe CJAHMIKOM rayOOKHX 3HAHHAX TPHIOHOMETPHH H
TpedyioT HebONBIINX MO3HAHKI B 3JeMeHTApHOH BeKTOPHOMH ajredpe.
OaHako B CBA3M C TeM, YTO OPHEHTHPOBKH COCTABJISIOT GOJLIIYIO
4acThb JAaHHBIX BO BCeX OTpacifiX TeoJIOTHH B 1eJIOM, HeOGXOAHMO
NPHAOKNATb YCHINA AA7A YBEPEHHOTO BJAJAEHHA 3STHMH MeTO/lamiu.
ITepen mpoBeneHnem BoluHcJaeHHil no dopmyaam HeobXoanmo obpa-
TUTHCH K 3aMeYaHHUSM B Hauaje KHHTH.

8.1. Kaaccel kpuTepHer, PaBHOMEpPHOe pacnpejieseHne
H Npeino4YTHTEeJNIbHAA OPHEHTHPOBKA

Kak u ans MHHEHHBIX IIKaJ H3MepeHHi, HalK KpHTepHH OyayT:
KaK mapaMeTpHUYeCKHMH, TaK H HemapaMeTpHUYECKHMH; Kak JJs OJ-
HOH BBHIGOPKH, TaK H /I8 JABYX BLIGOPOK; KaK OAHOCTOPOHHHMH, TaK
H ABycTOpoHHHMH. KpoMme Toro, npu oleHke 3HaueHHil mapamerpoB
reHepaJibHBIX COBOKYNHOCTEH I0/Ie3HO BBIYHC/ATH JOBEpHTE/bHbIE
nHTepBaabl. O/HAKO HAUYHEM MB C BBe/leHHS HOBOI'O TMOHATHS —
pasnomepHoro pacnpepenenusi. VMuves neno ¢ samepamu OpUenTH-
POBOK, MOXHO MpelcTaBuTh ce0e CHTyalHio, KOrla MNJOTHOCTb
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HanpasJ/eHHii, H300paxaeMbIX B BHIe PajnycoB OKPYXKHOCTH HJIH
cepbl, IPHMEPHO OJMHAKOBA HAa BCEH OKPY:KHOCTH (B AByMepHOM
cayuae) uaH Ha Bcell moBepXHocTH cpepbl (B TpeXMepHOM cJyuae).
Ecnn namu BHIOOPKH He SABJSAIOTCH «PaBHOMEPHO paclipejlesieHHBbl-
MH» B YKasaHHOM CMBbICJIe, TO OHH JAOJIKHBI MOKasaTh OAHO win 0o-
Jiee 3aMETHHIX CTyILIeHHI HJIH APYTHX MNPH3HAKOB CYIIECTBOBAHHA
«NPeINOUTHTEIbHBIX OPHeHTHPOBOK». CJle/loBaTesbHO, B JIONOJHEHHEe
K BBHILIEYTOMSHYTHIM KJaccaM KPHTEPHEB MBI MO3HAKOMHMCH ¢ HO-
BBIM KJIACCOM — KPHTEPHsSIMH paBHOMEpPHOCTH pacnpejenenns. Bo
BCEX KPUTEDHAX pPaBHOMEPHOCTH HYJeBasi THNIOTe3a YTBEpIK/aeT, YTo
BBIOOPKA H3BJeueHa M3 reHepaJjbHOH COBOKYMHOCTH, MMelollell pac-
npejeseHne ¢ PaBHOMEPHOH NJIOTHOCTBIO, 4 OTJeJbHBle KPHTepHIH
YYBCTBUTENbHLL K PA3/JUYHBIM THNAM OTKJOHEHWH OT paBHOMEpHOC-
tiH. CHauana s BBeJdy TpPH HemapaMeTPHYeCKHX KpHTepHs, 3aTeM
(yHKUHIO pacnpejeseHus (Gon Miseca, a nocsje 3TOro pasjuyHble
napaMeTpHyecKHe KPHTEPHH, OCHOBAHHHIE Ha 3TOM pacnpejeeHHH.
HononxuTe bHEE CBeleHHA 00 3THX KPHTePHAX MOXKHO HalTH B
Gaecrsimeit kaure Mapana [14] !, xotss mMatemaTuueckas ¢opma H3-
JIOJKEHHA B HeH, BO3MOXKHO, He cpa3y oOKaxeTcs JOCTYNHOH 60Jb-
LIHHCTBY I'e0JIOrOB.

[MocTpoenHe KpyroBbIX AHarpaMM, siBjsiolieecsl MepBbIM JOriye-
CKHM I1IaroM Bo BceX caydasx (pasa. 1.3.7), nmosnesHo nmpu HCnoJb-
30BaHHH GOJIbIIHHCTBA KPHTEpPHEB, ONMHCHIBAEMBIX B 3TOH TrJiaBe.

8.2. KpuTepHu paBHOMEPHOCTH

8.2.1. Kpurepuii Xodmeca — Adne. Itu aBTOpHl paspaborann
GLICTPO NPHMEHHMbIH, HO MaJIOMOIIHBIH KpPHTEpHH PaBHOMEPHOCTH.
[TpumeHenue 3TOH METOAMKH TpeGYyeT MOCTPOEHHS KPYroBoH jaua-
rpaMMbl, AHaMeTp KOTOpoil pacnojaraercs TakuM o0pasoMm, 4To No
OJIHY CTOPOHY OT HEro HaXoJHTCS MHHHMAaJdbHOE UYHCJO 3aMepoB M.
B npuMepe ¢ pakoBHHAMH rOHHATHTOB, H306paxeHHom Ha pue. 1.10,
JAHaMeTp OPHEHTHPOBAH NPUOGJIH3NTENbHO C 3amaja Ha BOCTOK, H MO
OJIHy ero ctopoHy pacnoJaraercst 11 Toyek, a no apyryio 25. Hucao
m MOAXOAMT B KauecTBe CTATHCTHKH KPHTEPHs; KpPHTHUECKHe 3Haue-
HHS ero mpusefensl B Tada. 8.1. 3amerum, 4yTo GOpPMYJaHPOBKA ajlb-
TepHAaTHBHOH runorte3bl TpebyeT aKKypaTHOCTH B CBfI3H C TeM, uTO
ITOT KPUTepHil He UyBCTBHTEJEH K OTKJOHEHHAM pacnpeieseHHil oT
PABHOMEPHOCTH B CTOPOHY ABYCTOPOHHE-CHMMETPHYHBLIX pacnpeje-
JIEHHH.

8.2.2. Kpurepuii Kyunepa. Bosee MomHbiii Kputepuii paapaGoran
Kyunepom; B Ta6a. 8.2 u Ha puc. 8.1 nokasans tpedyiomnecss npu

! K coxanennio, kuura K. Mapaua [14] u3nana Ha pyccKOM S3LIKE B CHJBHO
cokpameHHoMm Buae. He HCKnwueno nostoMmy, 4To wHTaTteno npuiaercs abpamarsb-
¢s1 K anranfickoMy H3ganuio Kuurd. — [Tpum. ped.
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Kpurh-

m a=10,05 a=10,01 m a= 0,05 a=0,01
0 N=0—11 | N=0—14 7 ~30 ~35
1 12— 14 15—17 ‘\ 9 ~35 ~40
2 15—17 18-21 10 ~40 ~45
3 18—20 22-24 | 12 ~45 ~50
4 21—23 ~25 | 14 ~50

5 2425 ~30 |

“Tadauua 8,2. OpHeHTHPOBKH ycTheB 36 PakoBHH TOHHATHTOB B cJjoe nopofsl. Kpy-
TOBasi uarpaMma, TOCTPOGHHas To 3THM JaHHbIM, MpHBeAeHa Ha puc. 1.5, 3naue-
#HHA HHJAEKCA [ COOTBETCTBYIOT HOMepaM HaG/IIOAeHHH, YNOpPAZOUEHHBIM MO BO3pacTa-
JHHIO 3HaueHHH yrios X;

Ex- i U; i/N U—i/N X2 i U; i/N U;—i[N
1 | 176 19
8 2 188 20
P12 3 198 2]
14 4 294122
17 5 236,723
21 6 245 24
23 7 259 95
52 8 274 26 0,761 0,722 10,039
36 9 294 27 0,817 0,750 -0,067*
47 10 0,131 0,278 —0,147 304 28 0,844 0,778 0,067
He " 11 0,161 0,306 —0,144 313" .29 0,869 0,806 -}0,064
65 12 0,181 0,333 —0,153 320 30 0,889 0,833 -0.056
2 13 0,200 0,361 —0,161 330 3l 0,917 0,861 -0,056
81 14 0,225 0,389 —0,164* | 332 32
98 15 0,272 0,417 —0,144 339 33
19 - 16 0,331 0,444 —0,1i4 345 34
146 17 349 35
164 18 354 36

‘sToM onepauuu. [eiictBue kputepuss Kynnepa moxoxe Ha JAeficTBHe
‘Kpurepuss KoamoropoBa — CmupHOBa AJf OAHOH BLIGOPKH, NMpHMe-
‘HAEMOro K inHeiHeIM 1aHHbIM. [Ipexne Bcero, 3aMepsl OpHEHTHPOBOK
pacnoJjaraiorcss B NOpsi/Ke BO3pPacTaHHA HMX BeJHUHHLI «II0 MO-
Aymo 360°» (7. e., ecin 3aMephl He MOBTOPAIOTCA yepe3 360°, HX cie-
_lyeT coOTBeTcTByIOmIHM 00OpasoM npeo0Opas3oBaTh: B clyuyae OpHeH-
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{ -
. max
iN o
min e
X; /360
7 | ! ! |
0 90 180 270 360
X, rpadycel

Puc. 8.1. BuiGopka, noAroToBJeHHAs K
npamenennio Kputepusi Kyunepa. Ha
ropusoHTaJbHON ocH mnepeMennag X
npuHHMaer 3nadvennss ot 0 ;o 360°.
BepTHKajbHass oChb NpOrpajiyHpOBaHa
or 0 a0 1, uto o6aeryaer NOCTPOEHHE
rpadHKa, €cJH ero BHICOTA COCTABJSET
N epunny (HanpAMep, MHJIJIHMETPOB).
IlpssMas MPOBOAMTCS H3 HAuala KOOp-
JAHHAT [0 TOYKH C TOPH3OHTAJIBLHOMN
KoopauHaToil 360° u  BepTHKanbHOM
koopaunatoit 1. Jlnst kamaoro Hameps-
€MOro HanpaBjaeHHsi TOYKH TPHHHMAIOT
snauenns /N, Hx ropusontanbnas
KOOpJHHATA ONpeIeJsieTcs COOTBETCT-
BYIOIIHM HanpasaenneM X; a BepTH-
KajllbHasi — COOTBETCTBYIOUIHM  3Haue-
nHHeM i/N WA 3naueHHeM {, €CJH BLICO-
Ta BepTHKalbHOH ocH coctaBaser N
@IHHHIl, MiN 03HAYaeT MAaKCHMaJbHOe
paccTosiHie JI0 TOYEK, PACNOJIONKEHHBIX
Had TpsAMOH; max — MakcHMajbHOe
paccTosiHHe [0 TOYEK, PACNOJIOMKEHHHIX
nod npaMoii,

THPOBOK oOcCeii 3aMephl yIJIOB,
Kak noxkaszano B pasm. 1.3.9,
HoJKHB  ObiTh  yABOenb). Ilo-
CTPOeHHEe KPYyroBOil AHArpaMmbi
yiopoiiaer 3TOT MNEePBhIf 1wuar.
3aTeM TOYKH 3aMepoOB HyMepy-
iored ot i=1 go i=N Tak xe,
KaK B IlepPBOM H BTOPOM cTOJG-
nax tabja. 8.2. Ecan moctpouth
rpaduK, n3oGpaxKeHHLH Ha pHC.
8.1, To Ha paHHOM 3Tane, Bepo-
SITHO, YAACTCHd CIKOHOMHTH Bpe-
ma. Ilpsimas auHHA npejacras-
asier coboii rpaduK 3aBHCHMOC-
™ U;=X,/360°, saBasiomeiics
¢yuxuneit or X;, rae X;—or-
Jeablble HanpaBaenusa. Oua Bon-
Jouiaer B cebe TEOPETHUECKYIO
MOJeJb PaBHOMEDHOrO pacnpeje-
JICHHsl, OTHOCHTEJbHO KOTOpPOM
nposepsietcst BblOopKa. Cewmeii-
CTBO TOYEK TMOKAa3blBAeT, KaK B
3aBHCHMOCTH OT 3Hauenuii X;
Hamensercs BeanunHa /N (atm
TOYKH JIeTKO HaHeCTH Ha rpa-
(DHK, ecaH BepTHKAJbHYIO IIKa-
Jy Tmporpaayuposatb uepes N
enunun). OueBHAHO, UTO eCJH
6b1 BHIGOpOUHOE pacmpegeseHue
6bII0 paBHOMEPHO, TO B J1060ii
TOYKe BesanynHa i/N pasusiiach
6b1 Beanunne X;/360° B stoft ke
TOYKe, a Bce CeMeHCTRO Toyek
coBnajgajgo Ol C MPAMOH JHHH-
eii. Uem Goabuie pacmpejenense
OTKJIOHSAIETCS OT PaBHOMEPHOrO,
TeM Jajblle OTCTOSIT TOYKH OT

npsamoit. CratueTHKa KpuTepusa onpenensiercs Gpopmyoi

Vy = max (U; — i/N) — min (U; — i/N) + 1/N,

8.1)

rje max osnayaer HauOoJbllee MOJOXKHTeNLHOE 3HAUeHHe, a min —
Haubosbliee oTpHuAaTe bHOEe 3HavyeHHe. I'paduk, nzobpaxenHni Ha
puc. 8.1, MOKHO HCMONL30BaTL ANA NPHOAH3UTELHON OLEHKH 3Haye-
uuit Vy. Ecan HeoO6X0AHMO MOJNYUHTh 3HAUeHHs] ¢ OOJbIIEl TOUHO-

CTblO, TO CJieaAyeT

MMPOU3BECTH BBLIYHUCJEHHS B

COOTBETCTBHH C

tabn. 8.2, rie 3Be3lONKAMH OTMe4eHLl CTPOKH, MPHOJH3HTEJBHO MO-
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KasbiBalollHe vyacTH TaOJaHLbl, HeoOX0AUMBle JJ5 BHIUHCJAEHHS Mak-
CHMAJIbHOrO H MHHHMAaJbHOTO 3Hauennit B gopmyse (8.1). B nannom
npumepe

Vy =+ 0,067 — (—0,164) 1 1/36 = 0,259.

Kputnueckue snavenus Vy npusenens B Ta6a. 8.3 [22]. [To atoii Ta6-
JIHIle HAXOJAHM, YTO AJisl KpHTHUecKoil oGJaactu pasmepom 0,05 Kpu-
THUYeCKoe 3HayeHue pasHo 0,282, u, cienoBaTesbHO, NTPHHHMAaeM HY-
JIeBYIO THIIOT@3y O PaBHOMEPHOCTH pacnpejeneHHsl HampaBJeHuii pa-
. KOBHH TOHHATHTOB.

Tabanua 8.3. Kpurhueckue 3HAaYeHHsl CTATHCTHKH KpuTepHs V, ; HaGMonaemble
SHAYEHHS] B KPHTHUECKOH 0G/JACTH PABHLI KPHTHYECKHM 3HAueHHAM WJH OoJbmie HX

Kpurhueckoe sHavenne V, = V:'.‘,/[]/A_’—}— 0,155 4 0,24/ N ] (8.2)
Kputhueckas ofaacts a = 0,05 0,01
Vy=1.75 2,00

i

8.2.3. U*-kpurepuii Batcona. JlauHbiii KpuTepuil, no-BHAHMOMY,
‘GoJiee MOLIHBI HemapaMeTpHYecKHi KpHTepHii, TpebylolHii, npasBaa,
Bosblioro o6beMa BHIUHCACHHI. 3aMepH OPHEHTHPOBOK YNOPSAAOYH-
BalOTCSl, KAK H B BbILIEPACCMOTPEHHLIX KPHTEPHSX, MO BO3PACTAHUIO:
HX BeJHYHHB no Moayo 360°; HemocpeACTBEHHO MO HUM CJIelYIOUIHM
'00pasoM BHIUHCJSIETCA CTATHCTHKA KPUTEPHS:

_ i=N =N

U“=E(U?)—% 2 ixU,+ U+ (U—T+ 1/12)xN, (8.3a)
| =1 i=l1

rae U; To ke, uro u B Kputepun Kyunepa (1. e. X;/360°), a U—
cpenneapudmernueckoe sanayenuii U;:

U=— 2 (8.36)

CHOBA ¢ POCTOM OTKJOHEHHS] BHIGOPOYHOrO pacnpefiesieHHsl oT pas-
'HOMEpHOTO yBeJHYHBAeTCS 3HAaueHHe CTATHCTHKH KpuTepHs. Ecan
BBIYHCJINTh BHAOH3MEHEHHYIO CTATHCTHKY:

¥ — [U*+ (1/N*—1/N)/10] X (1 4 0,8/N), (8.4)
TO KpHTHYeCKye 3HaueHHs JJs Hee MOXKHO Haiiti B Tabn. 8.4 [22].

Ta6anna 8.4. Kpuruueckue 3HaYeHHsi BHIOH3MEHeHHOR CTATHCTHKH Kpurepus U*3;
KpHTHYECKAs 06JIacTh COACPHKHT 3Hauerns, Goaviune KpurHueckux. [lpuGmukennas
bopmyaa (8.4) coxpansier cuay npu N > 8

a=10,05 0,01
U == (0,187 0,267
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B Haem npumepe Habmiogaemoe 3HaudeHHe U*2 pasxo 0,207,
cJleloBaTe/bHO, A8 KpuTHueckoil oGaactu pasmepom 0,05 mynesyio
I'HIIOTE3Y MOXKHO OTBEPrHYTh.

8.24. Kpurepuii ceputi Baasda — Boasghosurya@. 3aBepluuTh ne-
peueHb HelmapaMeTpHYeCKHX KpPHTepHeB, INpHMeHeHHe KOTOPHIX He
TpeOyeT MHOrO BpeMeHH, MOYHO KPaTKHM YIIOMHHAHHEM KDHTepHHA
cepuit Baavana — BoabthoButna jaas AByX BeIGOpPOK, AeTasbHO pac-
cMoTpeHHOro B pasil. 6.4. Ecain aBe BHIOOPKH SIBHO Pa3JjiHyaloTCsd Ha
KPYroBod AuarpamMme, TO, Ha4nHas C TOYKH, B KOTOPOH [Be cepHH
COBNAJAIOT, MOXKHO OBICTPO ONpeAeJHTh YHCAO cepHit.

8.3. Pacnpenenenne don Museca

8.3.1. ®IIB, ee napamerpsl u oyenka. BepostHo, HanGosee Bax-
‘HBHIM TEOPETHYECKHM pacnpefe/]eHHeM Ha OKPYKHOCTH ABJIsieTCs pac-
npeaejende ¢pon Museca, BHMOJHAIOLEE Ty JKe PoJb, YTO H pacmpe-
nenenne [aycca Anfl AadHbiX, pacmpeaeieHusblx Ha npsmod. Ero
(QYHKUHA NJIOTHOCTH BEpPOSTHOCTH, MPHBOAHMAS 31eCh JIHWIb JJId
CBeZeHHS, HMEeT CJeAYIOUIHH BHI:

f(X) = exp [k xcos (X — Xo))/[2 X = xJy(R)], (8.5)

THe napamerpamu pacnpefeseHusa aBaserca Xo — KPyrosoe cpejnee
HanpasJeHHe H R — KOHHEHTPAUMs, KOTOpble 06CYKAAIOTCH HHIKE,
X — nepemennas, H3MepeHHas B YrJIOBBIX BeJIHUHHAX (MO MOAYJ0
360°), a Jo(k) — koncranra (dynkuusa Beccens, o copepxanuu
KOTOPOIT MOXKHO He GEeCmOKOHTbCS), 3aBHCAILAA OT KOHIEHTPALHH k.

Maomuocme
8RPOAMHOCML

08 -

Puc. 8.2. ®I1B pacnpesenenust dou Muszeca. Oaun
H3 NpHMEpOB, H300pa)KeHHHIX Ha jmarpaMMe B M0-
JNSPHEIX KOOPAMHATAX, HMEET MapaMeTp KOHIEeHTpa-
uan k=05, a apyroit — napamerp k=2. Obparure
BHHMaHHE HA YBeJHYeHHE 3KCUEHTPHCHTETa ¢ poO-
cToMm k.
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CuMBOa exp(a) osnayaer 4yHceao € (OCHOBaHHE HATypaJdbHBIX Jora-
PUPMOB), BO3BEICHHOE B CTENECHL C NOKA3aTeNeM a.

~  Ha puc. 8.2 B noaspubix koopauuarax nokasann ®IIB aByx
pacnpeneaennii ¢on Museca. Onu ABYCTOPOHHE-CHMMETPHUHBL OTHO-
'HTEJIbHO Cpe/iHero HanpaBJI€HHA, H KaxJ10€ H3 HHX HMEET OAHY
MOy (MAakCHMaJbHYI0 IJIOTHOCTh BEPOSTHOCTH) H OAHY aHTHMOLY
(MHHHMaJIbHYI0 NJ0THOCTL BepositHocTH). [lapamerp kKonuentpaiuumw
£ MOXKET H3MEeHATLCS OT HyJis A0 MIoc 6eCKOHeYHOCTH, H ¢ ero poc-
oM popma ®IIB pacnpexnesenns ¢pon Museca Bce fajbllue OTKJIOHS-
ercs oT okpyxnocTH. CaepoBaresbHO, NapaMeTp £ MOXKHO COmOCTa-
BHTb C MapaMerpaMy paccesiins AaHHLIX HA npsAMoOil  (Hampumep,
20 CTAHZAPTHLIM OTKJOHEHHEM), HO €ro Tak¥kKe MOXKHO HCHOJIb30BaThb
H KaK Mepy «Npe/ANouTHTEJbHOH OPHEHTHPOBKHY»: YeMm Bhille 3nHaue-
Hie &k, TeM fipye BHIpa)KeHa MpeanoYTHTebHAas OpHEHTHPOBKA. Ecan
NPEAINOJNOKHTD, UTO BEIGOPKA H3BJACKAETCs M3 TeHEPasbHOI COBOKYIM-
HOCTH, HMeloleli pacnpezneneHne ¢on Muzeca, To ero mapameTper
MOKHO OLEHHTb CAeAyIOlHM 06pasom:

1) Cpennnie 3Ha4eHHs] KOCHHYCOB H CHHYCOB BbIGOPOUYHKIX Hanpas-
JeHHi BhiyHcasieM no gopmyaam

i

I
=

C = (cos X ), (8.6a)

i
N

wl
[
'l-l- -
L

(sin X;). (8.66)

1

=|-

T

2) Buiuncasem «CpeAHIO0 Pe3yJbTHPYIOLLYI0 ATHHY»:
- Vi 8.7)

~ 3) Boiuueasem KOCHHYC ¥ CHHYC OUEHKH KPYyroBOro CpeiHero na-
IpaBJIeHHS:

cosX; =CIK, (8.8a)
sinX, = S/R. (8.806)

O6parite Bunmanue, 4T0 3HAHHE MPOCTHIX TPHIOHOMETPHYECKHX
$opMyJ 1 3HAKOB NIPH KOCHHYCAX H CHHYCax MOMOTaeT ONpeAe/HTh,
KAKOH 13 yeTbipeX KBaJAPaHTOB OKPY:KHOCTH COAEPIKHT OlleHHBaeMoe
CpeaHee HanpasjeHHe, PaccmarpHBaBllHecss J0 CHX TOp MeTOABI
SIBAAIIOTCA METOJaMH 3JeMEHTapHOW BeKTOPHOH anreOpwl, WX H3J0-
HEHHe MOXKHO HAHTH B NPHJIOMNKEHHH A.

~ 4) [das oueHkH mapaMerpa KOHUEHTPALHH NMPHUBOAMTCA rpybas
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ANnpoKCHMauH#A, gocratTouyHas aJs noaydesus pesyjabrata ¢ AByMs
3HAYAUIHMH LHpaMu:

k=R x (124-6x R* 45 x RY)/6 (8.9a)
(R< 0,65),

IlE=2x (1—Ry—{1—RyF—(1 —Ry (8.96)
(R=>0,65).

K CHaCThIO, H806X011HMOCT!: MNONYYEHHA TOYHBIX OIlEHOK BO3HHKaeTr
BechMa Pe/Ka.

Ins wHanpaBieHHii paKOBHH TOHHATHTOB, IMPHBEJEHHHIX B
T1aba. 8.2, snauenus C u S coorsercrBenno paBubl +0,313 u 40,007,
H, ciegoBarensio, R =0,313, oTKy1a nporHosnpyemMoe 3Ha4eHUe Kpy-
TOBOTO cpejHero HampasJenusi, pasHoe 0,5°, OTCUHTBIBaeTCH OT Cce-
BEPHOTO HanpaBJ/IeHHS MO YaCOBOH CTPEJKe, UTO XOPOMIO COrJiacyer-
Cfl ¢ MeHaHHBIM HanpasJieHHeM, nokasanusiM Ha puc. 1.5. Ilo dop-
myae (8.9a) k=0,66.

XOTs MHOTHE 3MIHPHUECKHE pPacrpefeseHisi Ha OKPYKHOCTH Xo-
pollo anmpoKCHMHPYIOTCH pacnpepesenuem ¢Gon Mun3seca, us-3a
caoxHocTell, cBazanHubX ¢ BoiuncaenueM ero ®IIB nwnun UOP, npen-
JiaraeTcss CTaTHCTHUYECKAdA IPOBEPKa 3TOro COOTBéTCTBHH. CJIE)].OBE-
TeJNbHO, ec/n BeIGOpOYHAs KpyroBas AHarpamMma HmeeT npHOJIH3H-
TeJbHO ABYCTOPOHHE-CHMMETPHUHYIO HopMy M Ha aHarpamme HabJrio-
JlaeTcsl J0CTAaTOYHO TJIABHOE YMEHBbIIEHHE MJIOTHOCTH HabaioaeHuil
OT MOJAJbHOrO HANPABACHWA K AHTHMOJAAbHOMY, TO JKeJaTeJbHO
NPeaNnoJOKHTh, YTO Halla BhIGOPKaA H3BJeYeHa H3 TeHepaJibHOH co-
BOKYNHOCTH ¢ pacupenenenvem ¢on Museca. lasi BuiGopox, noka-
3aHHBIX HA puc. 1.5 u 1.8, npeanojioxkenHe o TOM, YTO B HX OCHOBE
JIEKHT pacnpefencuue $ou Museca, Becbma npasaonojgo6uo. 3to
MPEANONOKEHHE CO3/aeT BO3MOXKHOCT NMPHMEHEHHS PSAAa MOJE3HBIX
napaMeTpHUecKUX METOAUK, KOTOPbIM MOCBSALLEH CJeLYIOUHH pa3jie.

8.3.2. Kpurepuu, ochosarntusle Ha pacnpedeaenuu ¢orn Muszeca.
[TepBbiM U3 3THX KPHTEPHEB ABJAETCH MapaMeTpHUYecKHi Kpurepuil
paBHomepHocTH Panes. B kadecTBe CTaTHCTHKH 3TOrO KpHTepHS HC-
NOJb3yeTCA BeJHYHHA R M NpoBepsieTcs HyJaeBas FHNoTe3a o paBHO-

MepHOCTH pacnpefenenust (mpu R=0) TOPOTHB anbTEPHATHBHON
THIOTe3bl O TOM, 4TO BHIGOpKA H3BJEYEHA H3 TeHepPaabHOii COBOKYI-
HOCTH ¢ pacmpeaeseHueM ¢ou Museca (npu R, 3nauuMo oTanyao-
memcs ot HyJss). KpuTHieckue 3HadeHHs R npusenens B Ta6i. 8.5.

Tak xax g BuiGopku n3 36 pakoBHH TOHHATHTOB HabJsiofaemMoe
snauenne R pasuo 0,313, a kputnueckas o6nacts pasmepom 0,05

cofiepuT 3Hauenus R, pasuwie 0,29 wam Goabiue, TO HyJIeBas
rHMOTE3a OTBepraercs.
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Tabamna 8.5. Kpuruueckue 3uavennsi R B Kpurepnn pasHovepuocTH Pajies, Kpu-

THYECKAR 06/1acTb COAEPKHT 3HAYeHHs R, GOJbIHe ueM KPHTHYeCKHe, a yIoBJe-
BOpHTEJbHOe npuO/IHKeHHe JoctHraercs mpu N > 15

= 0,05 a= 0,01
Kpurnueckoe anasenne RV 3,00/N V461/N

[ocne ouenkn cpeauero HampapJIeHHs HAM, KOHEYHO, XOTel10Ch
{6bl onpeesHTh COOTBETCTBYIOUIHH JOBEPHTeNbHBI HHTEpBAJ, Kak
BTO JAenanock B pasf. 5.5. Jlist BHIGOPOK CpeAHHX 06bEMOB, B KOTO-
PHIX MPEANOYTHTE/NALHAS OPHEHTHPOBKA BLIPAXKEHA YMEPEHHO, JA0Be-
PHTEJbHBIH HHTEPBAJ Sl CPeAHero HamnpaBJeHHS BHIYHCJAAETCA
napocto. [lpuBoaumas Hixke (opmysa Jaer yAOBJETBOPHTE/bHBII
e3y/1bTaT 145 BHIOOPOK, B KOTOPHIX mnpousBesehne NXRXk He
MeHee 6:

: & =K[V NxRxt (8.10)
ime KoHcTaHTa K onpejensiercs caefyiomum o6pasom:

! l —a: 0,99 0,95

: K: 148 112

Torna noseputennHblil HuTepBan pacnpoctpansercs ot Xo—d® 10
.;-X0+d°- His =

B npumepe c rounatutamu, rae N=36, R=031 u £k=0,66,
d°=41° pas goBepuresbHOro unrepBana yposus 0,95. Caenobatesinb-
HO, J0BepHTeJbHBI HHTEpBaJ pacnpocrpadserca ua 41° B obe
T-CTOPOHH OT OIEHKH CPEJHero HanpaBjeHHs.

B cayuae aByx BbI6OpOK ecTecTBeHHO OblIO GBI MPOBEPHTL HyJIe-
| BYlo THTIOTe3y, T. €. 4TO JBe BHIOOPKH H3BJIEUEHb H3 OIHOH U TOIl Xe
TeHepabHOil COBOKYNHOCTH € pacnpefiesennem (on Muzeca, B npo-
THBOBEC aJIbTEPHATHBHOI THIOTE3Bl, YTBEPKAAIOLIEH, YTO Bblﬁopxu
'H3BJICYEHHl H3 pAa3HBIX TreHepa/bHBIX COBOKYIHOCTEH, HMEIONIHX
pacnpeznesnenus hon Museca, KoTopble pazanyalorcst Ju60 cpeJHHMH
HanpaBJIeHusMH, Jubo napaMerpaMi KoHueHTpauun. B oboux kpu-
TepHsAX HeoGXOAHMO BHIUHCJIHTBL CPELHIOI Pe3yJbTHPYIOULYIO MIHHY
06Bedunennolx Bei6opoK. ITpH 3TOM ciefyer NOMHHTb, YTO CpeaHHe
pesyIbTHPYIOUHE JJTHHBI ABYX BHIOOPOK SABJSIOTCA 8eKTOPAMU, TO-
9TOMY apH(pMeTHUECKHEe ONepalHH Had HHMH Mbl JOJKHB BbIMOJIHATD
COOTBETCTBYIOUIHM 00pa3oM, NpPHMEHss A/ CJAO0XKCHHA BEKTOPOB

npasuio napaaneaorpamma (puc. 8.3). Hcnonnsys senuwunust C,

S u R, Buiuncasiemsle no gopmynam (8.6a), (8.66) u (8.7), aas 3ua-
uepuil, oTHocAmuxCca K obvedunennoli Bubopke, n o6o3Havas coor-
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BeTCTBYIOILHE BeJHYHHBI B OTAe/bHBIX BhIGOpKax Hujpekcamu 1 un 2,
N0 NMPaBHJIAM CJ0MKEHHS BEKOTOPOB MoJydaeM

NxC=(N,xC)+ (N, x Ty, (8.11a)

NXxS=W, x §)+ (N,x8,) (8.116)

OTKyJa cJiellyer, 4To
R=C+ 82, (8.12)

B kpuTepnH paBeHCcTBAa CpPeJlHHX HampaB/eHHil nNpeanoJaraercs,
YTO TeHepajdbHbIe COBOKYNHOCTH, H3 KOTOPHX H3BJAEKalTCA [Be
BEIOOPKH, HMEIOT TaKXKe paBHBle MapamMeTpbl KOHUEHTPALWH, MO3TO-
My cHadana HeoOX0AHMO MPOBEPHTHL PABEHCTBO KOHIEHTpauui. Ma-
TeMaTHYeCKOe BhipaxeHHe KPHTEPHA B o6uieM BHAE CTOJb CJIOXKHO,
YTO B KPHTEPHAX, NPHMEHAEMBIX Ha MPAaKTHKe, HCMOJb3yeTcsl OfHa
u3 Tpex ¢opm [14] 8 3asucumocTn or 3navenus R. Bo Bcex caydasix
ofbemMbl 00€HX BBIOOPOK A0OJKHBL ObITh OJH3KH.

Hna R<0,45 M0XHO BHIYHCJIHTL CTATHCTHKY KPHTEpHSl 2:

z=1,155 x [g(R)— g RV N\ —HTF WV, — & F, (.13
rae g (R;) =arcsin (1,225 X R;). (3ameTuM, 410 A0 BLIYHCJEeHHS QyHK-
LMK arcsin yribl BbPaxaloTcs B pajHaHax H 4To x~' o3nayaer o0-
patHoe 3nadeuse x, T. e. 1/x.)

KpuTHueckne 3HaueHnsi z mpuBeeHHl B Ta6a. 5.3, npHYeM KpHTH-
geckas 00/1aCTh CONEPIKHT 3HAUEHHS, NPEBHIIAIOLIHE KPHTHUECKHE.

Koraa R 6oabwe 0,45, no menbue 0,70, 2 onpejeasiercs no dop-
MyJe

2=[g (R)—g(R)]/[0893 x VIN, =T+ (N, —3)* |. (8.19)
B KOTOpPOH (yHKIHsI g(;Q_,-) onpejesadercd cleiyiolinm o6pazom:
gR)=1n(x+ VT+4)
x = (R; — 1,089)/0,258
KpuTnueckne 3Ha4eHHs Z ONPeleNIAloTeA TaK e, KaK yKa3aHo BhllUe.

A

R Puc. 8.3. !'[paau_no _napajienorpaMma s caomKe-
HHS BEKTOPOB: R=R;+R,.
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Hakoner, korga R Goasute 0,70, cratierika Kputepust F 3ajaet-
¢ (dopmy.oii

FN:-—-I. Ny—1 :NI X (1 —ﬁ.) X (Nz“_ 1)/[N2><(1 “‘i;.?) X (Ni_' 1)]!
(8.15)

rae F,,,,, —ancnepcronnoe oTHowenne O@uumepa (KpHTHYECKHE
3HayeHus ero gaHbl B Tab6J. 8.7). Ilpn Boiuncaennn craTHCTHKH F
Huaekc 1 gosxen GbITh MPHCBOEH BbIGOPKE MeHbiIero ob6bema.

Ecaun nyneBas rumoresa o6 u3p/edeHHH BLIOOPOK M3 reHepalb-
HBIX COBOKYIIHOCTEH € PaBHbBIMH KOHLUEHTPAUHAMH He OTBepraercs,
MOXKHO MepeiiTH K NMpoBepKe paBeHCTBa cpeAHHX HampasJenuii. Cta-
TUCTHKA KPHUTEpPHs { BHUHCASeTCS no Popmyne

2 =[143/8k)] x W—2) x (N, x R+
+ NyXR,—N X R)/(N—N, x Ry—N,xR,), (8.16)

rje k — napameTp KoHUeHTpauuu oGbeanHeHHoil BblGopkH. KpuT-
yeckue snauenns ! npasepens B Taba. 5.5 npu v=N—2.

ITpumep. 3amepbl OpHEHTHPOBOK B BbiGOpKe 3 36 creGaeii ue-
omaeMblx pacrtenuit 1 B Boibopke u3 100 pakoBnH TOHHaTHTOB H3
OIHOTO CJosi mpuBeieHbl B Ta6a. 8.6 u H3oOpakeHsl Ha puc. 8.4,
6e BLIGOPKH COCTOAT M3 3aMEpPOB THIA «Ocei», M03TOMYy Ha pHc. 8.4
OHH NpHBeleHbl B COOTBeTCTBHEe mo moayaio 180° (r. e. ogHH moa-
Hblit o6opor Ha amarpamme coorsercTByer 180°). Mbl moxkeM cpaB-
HHTb 3TH BHIGOPKH, HCIOJb3YS BBILIENPUBE/CHHBIE KPUTEPHU.

Bo-nepBbix, HAa AHarpaMMe yMepeHHO NPOSBJIAeTcs 0JHOMOIAJb-
OCTh ¥ HET 3aMEeTHLIX Pa3phiBOB MJIOTHOCTH 3aMEPOB; MO3TOMY Mpen-

(a) 36 cmebneul pacmexul (6) 100 paxosud 20KUQMUMOB

0° 0°
ol . e - Rt
. " ” .
. 4 .
P
: \ 7 *
& ! %
i 59
15° " he, %
pet . H 5
‘ . ‘ b
by
» E .
. o e o8 E
A% Wil %
90° 80

Phc. 8.4. JIpe xpyroshie guarpaMmbl, H3oGpaxalolne OpPHeHTHPOBKH, npeoGpaso-
Baunsie no moxymo 180°



120 I'JIABA 8

Ta6anua 8.6, Opuentnporkn (no wmoaymo 180%) creGaeil pacTennit M pakopuu
TOHHAaTHTOB B OJHOM CJoe (fanuble JcGesHo mpejocTaBnennl A-pom Y. B. Xenrtou-
CTOJI/IOM)

Cre6aH pactennfi, N = 36 Tonna e, N = 100

002 144 002 068 141 162
004 145 004 071 142 164
005 152 004 074 142 164
014 154 005 088 144 165
016 155 006 090 146 165
019 155 009 094 147 165
028 156 01l 096 148 167
028 158 01l 101 149 168
028 159 015 101 151 168
048 159 016 102 152 168
048 171 025 103 152 169
051 179 029 112 152 169
064 031 119 153 169
064 032 120 155 170
080 037 121 156 170
097 037 122 157 171
113 039 123 158 171
130 040 124 158 171
130 042 125 160 173
131 042 126 160 173
138 050 127 160 173
142 051 133 161 174
142 055 134 161 178
143 068 136 162 179

068 141 162 179

noJoXeHne, yTo 06e BHIGOPKH H3BJAEYEHH H3 reHepaJsbHON COBOKYI-
HOCTH ¢ pacnpefencHueM don Museca, npeicrasBisieTcs yMeCTHBIM.
Yapausasi yrasl B Taba. 8.6 u npumenss dopmyant (8.6a), (8.66) u
(8.7), monyuaem

R, = 0,362, '

R, = 0419,

rle HHAEKCHl «P» H «T'» 0003HAYAOT COOTBETCTBEHHO PacTEHHST H ro-
HHATHTHL

Hcnonbays kputepuit pasnomeprocta Pasest u nanusie tabi. 8.5,
HaXOAUM, 4T0 KpuTHYeckue oOaactu pasmepom 0,01 coxepxar sna-
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genuss R ans pacrennii, pasusie 0,358 uau Goablle, a AJas TOHHATH-
TOB — paBHble 0,215 wau Goabuwe. ChaexoBaTesnbHO, MOXKHO OTBepr-
HYThH HYJIeBYIO THIOTe3y 00 H3BNAeUeHHH o0enX BHIOOPOK M3 rehe-
PajdbHbIX COBOKYMHOCTEH € paBHOMEPHBIM pacrpeieJeHHEM H NPHCTY-
HTh K aHaJH3y KOHIeHTpamuii W cpeaHnx nanpasiaenui. ITpuGan-
JKeHHble 3HaYeHus KOHUeHTpauui, Bpuncaennsie no hopmyae (8.9a),
PaBHbI

k, = 0,78,
k, = 0,92,

‘Cnen0oBaTesbHO, OPHEHTHPOBKH PaKOBHH I'OHMATHTOB HMEIOT, M0-BH-
AHMOMY, GoJjiee BHICOKOE 3HaueHHe KOHLEHTpalHH (Jyullle BhIpaxeH-
HYI0 <«IPEAMOYTHTENBHYIO OPHEHTHPOBKY»), HYeM OpPHEHTHPOBKH
crebyeil pactennii, Uto6bl npoBepHTL 3TO, HeoOXoaHMa HpexKIe
'BCEro CpeJHsAs pe3yJAbTHPYIOWAA AJHHA, BHYHCAAeMas 110 dopmyiaM
(8.11a), (8.116) u (8.12):

R = 0,404,

TaGmuua 8.7. KpuTHuecKHe 3HAYCHHA JMCNEPCHOHHOTO OTHOmEHAst $uepa
k.. v, (1 H Vg — «cTENEHH cBo6oabl»). QDopmyanl JomKHB OLITh COCTABJIEHBI C
YUETOM TOTO, YTO v; — MHHHMAJIBHOE H3 JABYX uHcea cTemeHeit csoGopel. Kpurhyec-
‘Kue 06/1acTH coflepar 3uaduends F, GosbuiMe veMm Kpuruyeckoe 3snauesne. BepXmsas
crpouka: a == 0,05, umkuan: a=~0,01

b ]

2 4 8 16 32 64 128

Xt
2 19,0 6,95 4,46 3,63 3,30 3,14 3,07
99,2 18,1 8,65 6,24 5,34 4,95 4,78
4 19,3 6,39 3,84 3,01 2,67 2,52 2,44
99,4 16,0 7,01 4,77 3,97 3,62 3,47
8 19,4 6,04 3,44 2,59 2,24 2,09 2,01
99,5 14,8 6,03 3,89 3,13 2,80 2,65
16 19,4 5,84 3,20 2,33 1,97 1,80 1572
[ 99,6 14,2 5,48 3,37 2,62 2,29 2,14
B 32 19,5 5,74 3,07 2,18 1,80 1,62 1,53
99 .6 13,9 5,18 3,08 2,92 1,98 1,83
1 64 19,5 5,68 3,00 2,10 1,7 1,51 1,41
99,6 |l 5,01 2,93 2,15 1,80 1,63
128 19,5 5,66 2,96 2,06 1,656 1,45 1,34
99,6 13,6 4,93 2,84 2,06 1,70 1,51
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Tax xak ona menbiie 0,45, cTaTHCTHKA KPHTEPHS 2 BBIYHCJSETCS 1O
dopmyne (8.13):
z=—0,450.

ITomusi, uto aJIbTepHaTHBHaH I‘HﬂOTEBa XapakTepH3yeTcsd «Ha-

npasJeHnem» (kr Goabie, uem kp), Haxoaum B TaGiu. 5.3 s KpH-
THYecKoit o6aactu pasmepom 0,05 KputHueckoe 3HaueHue z, paBHOE
—1,64. CaefoBatesbHO, NPUHHHMAEM HYJAEBYIO THIIOTE3Y O paBeHCTBE
JIByX TMapaMeTpoB KOHILEHTpauui.

Haxouen, Mbl A0JHbE NPOBEPHTL PABEHCTBO CPEAHHX HaNpasJe-
HHIl OPHEHTHPOBOK I'OHHATHTOB M cTebjieil pacTeHHii, BEIYHCJIEHHBIE
3HAUEHHS] KOTOPBIX OKa3aJHCh COOTBETCTBEHHO PaBHBIMH 165 u 162°
(BuIUHCTICHHS NPOBOAUANCHL no dopmyae (8.8), npu 3ToM noayuaio-
HHecd Yribel AeJHJHCh Ha 2, TaK KaK HCXOAHLIE 3aMephl OBIIH Mpe-
obpasoBanel no mopyawo 180°). CrarucTHKa kputepus { onpemess-
ercq Gopmyaoit (8.16) (aas suiuncaennoro no Gpopmyae (8.9a) sua-
uenus k, pasHoro 0,88): .

i =

(B BbIpaykeHHH, CTOALIEM B MOCAEAHHX cKOOKax 4ncanTesst hopMynbt
(8.16), ncnosan3zoBano ero npubaHxKeHHoe 3Hauenne). Takum obpa-
30M, MPHHHMAeM HYJEBYIO THIIOTE3Y O PaBeHCTBE CPeJHHX Hanpas-
JIeHHH.
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OpHeHTHPOBKH B TpeXMepHOM
NpoCTpaHCTBE

KaxkaoMy u3 Hac B HavaJje caMoCTOsiTeabHOR paGoThl Bpydaercs
[KoMnac ¢ yraoMepoM H B JydUIeM caydae KPaTKHe HHCTPYKIMH [0
Lero HCMOJIb30BAHHIO, H3PEJ.1K8 HaMeKalT Ha KayeCcTBO H KOJHYECTBO
[ AaHHBIX, KOTOpHle ciaeayeT colpark ¢ ero noMmouibio. CaelcTBHeM
[3TOr0 ABMAIOTCH HOC/AENLOBAHUA, B KOTOPHIX 00bem BHIOOpOK Kojel-
Jiercst 0T AloxKuup 10 10 Thic. B GoJiee HAGMIOMCHHH, MPUYEM MHO-
THM NpeACTaBJAETCH Hey/[AauHBIM, €CJIH «CTATHCTHUECKHH» TMOAXO0L
| COOTBETCTBYET ofbeMam, TpeBbllIalOmUM nocaentionw uudpy. Opu-
[€HTHPOBKH B TpeXMepHOM MPOCTPAHCTBE YacTO M eCTEeCTBEHHO MOfB-
[JIAKIOTCA BO MHODMHX TFe0JIOTHYECKHX HCCA€I10BAHHAX; no3ToMy B naH-
‘HOIf ry1aBe paccMaTpuBaeTcs Habop MeTOAHK (XOTs H He HCYEPHHIBa-
{IolHii), B KOTOPHIX MOTYT NMPHMEHSATbCA CTaTHCTHYECKHE BBIBOJBIL.
K coxanennio, cpeiu HHX OTCYTCTBYIOT HenapaMeTpHYECKHE MeTo-
;I.[bl; TIO3TOMY MaTeMaTHKa MOIKeT CTaTb M}'QHTEﬂhHOﬁ AJIg HCCJMe[d0-
[BaTens.

Op\HeH'I‘HPOBKH MOTYyT OBITH Kak «HanpasJ/IeHHAMH», TaK H «0CH-
[Mu», uTo mokaszano 8 pasf. 1.2.2. Harasaueit cnocob rpaduueckoro
{H300paxKeHusi OPHEHTHPOBOK B TPEXMEPHOM TPOCTPAaHCTBE — 3TO
crepeorpacdudeckas WiaH Kakas-nnbo mojpobHas el MpoeKuHsd, Ha
KOTOPO#l TOUKH COOTBETCTBYIOT JIHHUAM B MPOCTPAHCTBE MM HOPMA-
JIaM K miockoctaM. Takoe npeacTaBaeHHe HCXOOHLIX JaHHBIX, TakK
JKe Kak M Kpyrosas juarpamma,— HauboJsee y100HBIH U OOBEKTHB-
Hbil onocob ux uzobpamenusi. [ mOBbIUIEHHA HATAAAHOCTH TaKHX
AHarpaMm Obl10 NPeNJ0KEeHO MHOMKECTBO Clocob0oB npoBeleHHs
JIHHHI DaBHOM MJOTHOCTH TOYEK, HO TOJBKO OAHH H3 HHX NPHBOJHT
K METOAWKE MPOBEPKH CTATHCTHUECKHUX THIIOTE3, MOITOMY f COCpeslo-
TOUyCh JHIUL Ha HeM. Ho cHavana npuBelLy HeCKOJbKO 3aMeyaHWit
06 OpHEHTHPOBKaX Ha cepe H HX pacnpereneHHsx.

9.1. OpuenTupoBkH Ha cepe M MX pacnpejieneHHs

OpHEHT‘H:pOBKH THIIA «EIaﬂpﬂ:BJ’[(-)HHﬁ», B KOTOPBIX BaKeH «3HAK»,
TOABJIAIOTCS B FeOJOTHH MPpH NMaJeOMATHHTHBIX HCOC/NE€NOBaHHAX, H3Y-
YeHHH CeJHMEHTALHOHHBIX TMaJeonoToKoB H Ap. [eosornueckiMH
NPHMEPAMH OPHEHTHPOBOK THMA «OCcel», s KOTOPHIX «3Hak» 0e3-
Pas/HYeH, MOI'YT CJY:KHTb JIHHEAHOCTb B MeTaMOp(hHYeCKHX MOpo-
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a b 8

Puc. 9.1. HarasgHoe npejcTaBieHne TpeX THNOB OPHEHTHPOBOK Ha cdepe, nao-
OpakaeMblX Ha cepHuecKHX AHArpAMMAaX. @ — PAaBHOMEPHbLI: TOUKH HMEIOT TeH-
JIGHLIHI0 K DABHOMEPHOMY pAacnpejleJeHHl0 Ha paBHOMJIOMIaAHOH npoeKuun; O —
NOMOCHOM: TOYKH CTPeMATCHA CrpylNHPOBAaThCH BOKpyr obuieii ocH (nodioca); 8 —
MOSICHOI: TOYKH cTpeMsaTcs o0pa3oBaTh Nofc BAOAb GoJblIOro Kpyra.

Jax, HOpMa/aH K TJIOCKOCTAM HAalJacTOBaHHA HJIH paccaHleBaHns
u T. n. [Ipumenenne npeo6pasoBaHis N0 MOAYIIO K OPHEHTHPOBKAM,
pacnpee/eHHblM Ha OKPYMHOCTH, HPHBOANT K TOMY, YTO pasjiudyHe
MEAKAY «OCAMH» H. «HaNpaBJeHHsMH» HCUe3aeT, HO AJISl OPHEeHTHPO-
BOK, pacnpejleJieHHbIX Ha cdepe, COOTBETCTBYIOLleH ONepauuu He
cymecrByeT. [IpH nocTpoenun MpPoeKUHUi Kak «HANpaBJEHHBIX», Tak
H «OCeBLIX» ODHEHTHPOBOK, pacnpelel]eHHHX Ha cdepe, pacno3una-
I0TCA TPH HE OUeHb YETKHX M B3aHMHO NEPeKphIBalOLIHXCS THIA pac-
npenrenennit (puc. 9.1).

Hac nHTepecyloT CTaTHCTHYECKHE OTBETH HA CJEAYIOIIHE BOIPO-
Cbl: OTIMYAETCH JIH 3HAYHMO KOHKPETHOe pacnpejeneHue oT paBio-
MEpHOTO M, ecJH OTJHYAeTCs, K KaKoMy THNY pacnpefeneHuii oHO
6/1MKEe — K <«IOJIOCHOMY» HJIH «mosicHoMy»? [lisi  pacnpeneneHui
«IIOJIOCHOTO» H «MOSICHOTQ» THIOB HYXKHO ONpPELeA’Tb OCH CHMMET-
pHH BpallleHHs H COOTBETCTBYIOLIHE Mepbl NapaMeTpa <«KOHIEHTpa-
LHH» (HAH NpeANoYTHTENbHON OpHeHTHPOoBKH). i oTAenbHBIX BbI-
60pOK KenaTesbHO 3HaThb AOBEPUTENbHBIE 00JaCTH AJS Oceil CHM-
MmeTpuH (T. e. 061aCTH Ha CTEPEONpPOEKIHH, B KOTOPble «HCTHHHAA»
Ooch CHMMETPHH llOmajaer ¢ 3ajdaHHoH BeposaTtHocTeio). Hakomel,
ANS ABYX BLIODOPOK HAA0 OTBETHTb Ha y:Ke OOBIYHBIH AJf HAC BOI-
poc: mpeacTaBasioT JH 00e BHOOPKH OJHY H TY Ke TeHepalbHYIO
COBOKYIMHOCTDL?

9.2. JIuHMK paBHOH MJOTHOCTH TOYEK

Kam6 [9] npeanoxua cnocob, ¢ mMOMOLIbIO KOTOPOTO H3OJHHHH
IJIOTHOCTH MOKHO NPOBECTH TaK, YTO OHH NMOKaXKyT CrYUIeHHS ToYek,
3HAYMMO OT/IMYAIOLIHECH OT paBHOMepHOTo  pacnpenenenns. Ha
puc. 9.2, a nzobparkeHa paBHOIJIONLAZHAA NPOEKLHA, COJepKaas
MaJiblil «MOJACYETHBIH Kpyr», MJoUlagb KOTOPOro COCTABJAET MO0
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H nnomaan npoexuHH, npHYem
H woxer npunnmars J06oe
aHauense or 0 go 1. Ecau mpo-
eKIHA colepHT Bcero N Touex
HabMoleHHs 1 NpejanoJaraercs,
4TO OHH M3BJEYEHbI M3 TIeHe-
paJbHOH  COBOKYMHOCTH ¢ paB-
HOMEPHBIM paclpejie/IeHHeM, TO
MOMKHO OXKHJAATh, 4YTO BHYTpH
MO/ICUETHOTO KPyra OKamercs
(HXN touek, a BHe ero (1—
H) XN Ttouek. Ecam R — na6-
JI0JAEMOE YHCJIO TOUEK BHYTPH
MOJICYETHOTO Kpyra H ecJau OHO
3HaunmMo OoJblle OXHIAEMOTO

@

Puc. 9.2, «Iloacuernele Kpyru» Aas H3-
MEpeHHH IJIOTHOCTH TOYEK. Oﬁ‘bﬁCHEHHe
CM. B TeKCTe.

gicaa HXN, To nyjeBas rumno-
T€3a 0 PaBHOMEPHOCTH pacnpe/es]eHHs OTBepraercsi H NpHHHMAaeTcs
ajJbTepHATHBHAS THIOTE3d, COTJIACHO KOTOPOH MHOMKECTBO TOYEK
COAEPIKHT OAHY HJH GoJsee 3HAYHMBLIX TPYNIHPOBOK. Bribopouhoe
pacnpeznesenne R sBaseTcss OMHOMMAJbLHBLIM, H MO3TOMY BEpPOSITHO-
CTH pa3JHuYHBIX 3HA4YeHHN R MoryT ObIThb BHUYHCJEHB N0 GopmyJe
(2.1). Ecou H=1/N, to ana N>10 3nauenuss R, paBHble HJIH
60ablne 4 (an6o paBuble HAH G6OJbLIHE 5), BCTPEUAlOTCH C BEPOAT-
#oeTho 0,01 nan meubiie (aubo 0,001 wan Menblile COOTBETCTBEHHO)
P YCJOBHH CHPaBeLJHBOCTH HYJEBOH THIOTEe3bl HE3aBHCHMO OT
o6bema BeiGopkH. [IpuMenenHe KpHTepHA Ha NPAKTHKE MOMKHO
NpejCTaBHTL B CJEAVIOIIEM BHJE:

1) 3amepnl OpHEHTHPOBOK HAHOCHM Ha PaBHOMJOLIAAHYIO NPO-
EKILHIO.

2) HBMepHEM paauyc r GOJbLIIOrO Kpyra NMPOEKIHH H BbIYHCJISA-

€M pajuyc r/}/N «MOJICYETHOr0 Kpyra» (T. e. ero IJollajb CTaHo-
BUTCA pasuoil I/N njaomwanu GOAbUIOrO Kpyra).

3) Ilnst moHcKa TakHX CTYIIeHHI, B KOTOPHIX YeTHIpe, MATb HJH
GoJsiee Touek (B 3aBHCHMOCTH OT BBIGPAHHOTrO pasmepa KpHTHUECKOH
0o0nacTH) nonajaaloT BHYTPL MOACYETHOrO KPYra, aub0 BOKPYT KaxK-
Jofi To4kH HabJioAeHnsi CTPOUTCS KPyr yKasaHHOro paamyca, Aubo
€ NOMOIIBIO NOJCYETHOr0 KPyra NpocMaTPHBAETCs BCS MJIOLLaAb Npo-
eKkuud. [lpumenenne o6oux cnocoboB Ha Kpaax NMpoekuuH obJerda-
€TCA HCIOJL30BAHHEM JBYX MOACUETHBIX KPYroB, HAPHCOBAHHBIX HA
KaJabke (puc. 9.2, 6) Tak, UTo paccTofiHHe Mex/1y HX LeHTPaMH paB-
HO 2r. [Ipamas, coeTHHAIONIAS IEHTPHl MOLCYETHLIX KPYTOB, COBME-
Hlaercs ¢ ggaMerpoM 60JbLIOrO Kpyra, a IJOTHOCTb TOYEK H3Meps-
| eTCS MOACUETOM H CYMMHPOBAHHEM TOUEK BHYTPH 000HX KPYros.

4) IlpoBoaum auHuH, OTAEAFOLHE 0OMACTH C IJIOTHOCTBIO YEThI-
- pe, naTh uau Gosee TOYEK Ha MOACYETHBIH Kpyr oT ofaacTeif, B KO-
TOPLIX MJAOTHOCTb TOYEK MEHbllE YeTHIPeX HAH TATH.
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Puc. 9.3. Maccus dauubypr—Kaca-
Pox nan, Bepuee, paBmomIowajgHaA
NpoeKUHsT HHXKHEH mnoaycdepsl cC
ODHEHTHPOBAHHBIMH BHH3 HOPMaJsi-
MH K 50 NJOCKOCTAM TPEIHH Ha
10XKHOM CKJOHe MaccuBa. KoHTyphl
HenpaBHJAbHOM (OPMBI OrpaHuYMBaA-
10T 06aacTil, B KOTOPBHIX MNJOTHOCTh
TOYEK 3HAYHMO OT/HYAETCS OT MJI0T-
HOCTH PaBHOMEDHOro pacmpeaene-
HHS.

HuxtHana
nosycpepe

5) Jlns y4acTKOB ¢ BBICOKOfl MJIOTHOCTbIO TOYEK OTBEpraem Hy.e-
BYIO THIIOTE3y O PaBHOMEPHOH IJOTHOCTH TOYeK A/ KpPHTHYECKHX
obaacreit ¢ paamepamu 0,01, nan 0,001, nan Menbure.

ITpuMep AHarpamMMmbl, MOCTPOEHHOH TakUM crnocoboM, TIpHBEIEH
Ha puc. 9.3, uzobpamalomeM Ha paBHOILIOUIAAHON NMPOEKUHWH HHIMK-
Hell moJaycdepbl OPHEHTHPOBKH HANpaBJeHHBIX BHH3 HOpMaJel K
50 TpeumHHaM Ha IOXKHOM CKJoOHe Maccua Iauudypr — Kaca-Pox.
3Jech HMET MecTO ABa CrylleHHs TOYeK, B KOTOPHIX MJIOTHOCTb 3Ha-
9HMO TIpeBhilllaeT NJOTHOCTh paBHOMepPHOro pacnpejenenus. Crporo
TOBODPA, «MOACYETHBIH KPyr», HCIOJb3YEMbLIH B 9TOH MeTOAHKe, A0J-
JKeH HMeTb (POpMy 3JIJHIICa NMOCTOAHHOH NJOLIAAH, HO C 3KCLUEHTPH-
CUTETOM, MEHSAIOMINMCH B 3aBHCHMOCTH OT €ro MOJIOMKEHUHs Ha Mpoek-
uud. OHaKo TakHe orpaHHdYeHHss B npakTHYeckol paboTe BHINIAAST
KaK MposiBJeHHE TefanTHama ',

9.3. YucnenHoe npeacraBieHHe OPHEHTHPOBOK,
pacnpefneneHHbIX Ha cdepe

Ins omucaHHs CTPYKTYP OpPHEHTHPOBOK, OTKJOHSIOUIHXCH OT
«PDABHOMEPHOCTH» B CTOPOHY «MOJIOCHOIO» HJ/H «IOACHOrO» pacrpe-
AeJeHNs!, BOCNOAb3YeMCsa TeOpeTHYECKHMH pacnpefeneHusiMu duuie-
pa uau bBunrxema — 3mH pacnpedeienus BBeledHb Hiuxe. Oxnnako,

! lapHO noKa3aHo, YTO NJOTHOCTH OPHEHTHPOBOK B TPEXMEpPHOM MpOCTPaH-
CTBE MOrYT OHITH NOACUMTANBE 0e3 WCKaKeHHil TOJBKO HeNoCpeJACTBEeHHO Ha cde-
pe, a He Ha ee NpPOeKIHAX Ha nJockocrTh. [IpH 3TOM <nojicueTHbli Kpyr» Beeraa
-ocraercs KpyroM, Takas npoueaypa, oAHaKo, MoOxeT ObITh BHINOJHEHA TOJLKO
Ha 3BM. B yunpomennom nojesoM BapHante o6palOTKH OPHEHTHPOBOK, ONHCHI-
BaembiM P. ©. Uund, MOXKHO MrHOPHPOBATE H3MeHeHHe (OPMBL «NOLCYETHOrO
SJJHNCa» NPH ero nepeMeleHHy no npoekuus. — pum. ped.
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npexjae yem NpojaoJxKarh obpa-
- DOTKY OPHEHTHPOBOK, mNoJy4dae-

MBIX 110 OOBIYHOH, METOAHKE B
XOJle reoJorHuecKnx Heeaenosa-
. HHH, HeoOXO0AMMO BBEeCTH HHOII
crnocof HMX YHCJEHHOTO Npef-
craBiaenus. [Toytn Bce opHEHTH-
POBKH B TPexMepPHOM MpOCTpaH-
CTBE MOryT GBITh OTHECEHBI JHGO
K JHHEliHOMY, 1100 K MJAOCKOCT- g
HOMY THNy, T. e. (QH3uvYeckue
CBOHCTBA, OPUEHTHPOBKY KOTO-
PHiX MBI XOTHM YCTaHOBHTh, re0-
METPHYECKH MOXKHO H300pasuth J
B BHIE JHHHII WIu niaockoctei.

‘OGeruno OPHEHTHPOEKY ReOCOL Puc. 9.4. Hanpasaenue H3oGpakaercs
TH Ha CcepHYecKoil MPOCKUHH  gypeskom OP. Jlan yAo6CTBa BLIURCHE-
YA0OHO XapakTepH30BaTh OPH- HHs 3TO HampaBJedHe 3alaeTcs JUIH-
eHTHPOBKOﬁ HOpMaIH K Hell. HaMH OPTOrOHaJbHBIX npoemm‘{ oTpe3-

w _ ka OP Ha KOOpAHHATHEIE OCH, KOTOpHIE
Hanee ana muueiinbix - snemen YKa3bBaloT Ha <«cepep», Ha «BOCTOK» B

TOB H3MEpSCTCA YroJd HAKAOHA  puy3y, Ity ainsbl HA3BBAIOTCA HA-
_ (yrtu).rl najieHus), NPHHHMAID-  ypaBAsIOWHMH KOCHHycaMH, OGbscHe-
- LLHI NOJIOXKHTEAbHbIE 3HAYEHHS  HHE CM. B TeKcre.

HpY OTcyeTe OT TOPH3OHTAJH

BBEPX (OTpHUATEIbHBlC — IIPH OTCYETEe BHH3), H A3HMYT — YroJ,
OTCYHTHIBAEMBIH [0 YACOBOi CTPENKE OT CEBEPHOTO Hanpasjenus Ao
HNPOeKIHH JHHHA Ha TOPH3OHTAJbHYIO TJ0CKOCTb. OpHEHTHPOBKH
IJIOCKOCTeH O6LIYHO 3alaloTCsl  «YrJoM  HajeHHs»), OTCUHTHI-
. Ba€MBIM OT TOPH30HTAJH BHH3 [0 JHHHH MaKCHMAaJbHOrO Ha-
KJIOHA TIJOCKOCTH, H a3HMyTOM (HJIH «HanpaBjeHHeM Maje-
HHSI»), KOTOPHII H3MepsieTcss N0 YacoBOil CTpesike OT CEBEPHOTo
HanpapJjeHHs [0 MPOCKUHH JHHHH MaKCHMAaJbHOrO HaK/JIOHA HA ro-
- pH3oNTaNLHY naockocTh. OaHAKO TakHe YHC/IeHHble fpejacTasiie-
HHSl OPHEHTHPOBOK HeyaoOHBI JJIsl HenocpeiCTBeHHOH CTaTHCTHUE-
CKoH ofpaloTki.

Ha puc. 9.4 nokasana cucreMa KOOpAHHAT 1Js COOTBETCTBYIO-
mero npeoGpa3oBanua OOBIYHBIX Ie0JIOTHUECKHX 3aMEePOB OpPHEeHTH-
poBok. [lpexae Bcero HaM HYKHbl TPH B3aHMHO NepleHAHKYIapHble
KOOP/IHHATHbIE OCH, MOJIOXKHTeJbHbIe HanpaBJeHHs KOTOPBIX YKa3hl-
. BAIOT Ha «CeBep», HAa «BOCTOK» H «BHH3». JlonycTHM, 4YTO B 3TOi

CHCTEeMe KOoOpAuHAT oTpe3oK OP oGo3Hauaer HHTepecylolllee HAC Ha-
. IpaBJeHHe: OJMH M3 JHHEMHbIX 3JeMeHTOB HJIH HOpMaJb K OMHOH H3
naockocreii. [Tyers aauna orpeska OP paBHa eauHHue, T. e, OH cTa-
HOBHTCS eAWHWYHBIM BEKTOPOM, M NYCTb W3 TOUKH P omyuieHsl mep-
NEHAHKYAAPbl Ha KamAyw H3 TPex KOOpAHHAT (T. e. TpoeuHpyem
otpe3ok OP ua Kamxayio M3 Tpex Koopaumatumix oceit). Ecau Xn,

Bocmok

y Bru3

T ——y
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Xe u Xq — yranl, obpaszoBanubie otpeskoMm OP ¢ KOOpAMHATHBIMH
OCAMH, KOTOpblE YKa3blBajOT COOTBETCTBEHHO Ha «CeBep», Ha «BOC-
TOK» M «BHH3» (DOJBIIMHCTBO M3 HHX Ha puc. 9.4 onyumweHo aJs
YIpOIIeHHs YepTexa), To AJHHBI MpoeKkiHi BekTopa OP Ha Koopau-
HATHBIE OCH PaBHBI:!

Cy— COS X5,
& =t X, 9.1)
gy = cas Xy

STH BE€JIHYHHBI H3BECTHbLI KakK Hanpannammue KOCH‘HyCH H MOI‘y'[‘
OBITH BBIYHCJ/IEHBI, KaK NoKasano B Taba. 9.1, no o6LMHEIM TE0JOTH-
YEeCKHM 3aMepaM OpHEeHTHPOBOK.

Tadauua 9.1. Popmysasl nepexofa OT OOLIYHLIX TEOJOrHICCKHX KOOPIHHAT K Har-
PaBAAIONHM KOCHH YcaMm, {fi¢ — yroJl HaKJOHA CTPYKTYDPHBIX 3/IEMEHTOB, Ha3biBaeMbIi
CTIOTPYKEHHeM» B CIy4ae JIHHEeHHBIX JeMEHTOB H «MaJeHHeM» B CJY4ae MJIOCKOCTHBIX «
az — asHMYT, H3MepAeMbli MO 4YacoBofi CTpeJKe OT CEBEpHOro HanpasieHHs Jo
Hanpas/eHHs MOTPYXKEHHA HIH NajgeHHs

Jlunelinpie smementnl Hopmaan K nockocTsam
¢y = cos (inc) X cos (az) ¢y = — sin (inc) X cos (az)
Ce = cos (inc) X sin (az) ce = — sin (inc) X sin (az)
¢q4 = sin (inc) € == cos (inc)

Tak Kaxk npu nmoAoGHbIX HEC/IELOBAHHAX BHICOKAA CTENeHb TOYHO-
CTH He Tpebyercs, cooGpasHTesbHBII YHTaTeab JOrajaercs, 4YTO
MOXKHO NOCTYNHTL HHaye, NOCTPOHB Ha C(epHYECKOH IPOEKILHH clie-
IHAJbHYIO CETh, COCTOALLYIO M3 TPeX ceMefCTB MaJblX OKpyKHOCTeil
C LeHTPaMH B TOYKAX, COOTBETCTBYIOIIUX HATIPABJCHUAM Ha «CeBep»,
Ha «BOCTOK» H «BHH3». DTH MaJjble OKPYMHOCTH MOKHO IpOrpany-
HPOBATb He B YIJIOBBIX BeJHUHHAX, a B 3HAUYEHHAX KOCHHYCOB YIJIOB,
TaK YTO 3HAYEHHs TPex HampaB/fALIHX KOCHHYCOB, COOTBETCTBYIO-
IIHX TOYKEe Ha TPOEKIHH, MOXKHO CHHTBIBATH HENOCPEACTBEHHO C
TIPOCKIHH ¢ TOUHOCTbIO /10 TPeX 3HavYalluX HHP.

I TTogeTpounsie HHAEKCH N, € H d ABASIOTCS NepBbMH GyKBaMH Ha3pauuil
koopauHatHeix ocefi North, East u Down (puc. 9.4). Tlpumeuause B oOuiem-10
Kacaercs TOJLKO nocaeaneit och Down (BHH3), BBelenHe KOTOpOH o3nauaer, uto
Bce 3a/lauM B IJIaBe pacCMaTpHBAIOTCA B NPOEKUHH Ha HHXKHIOIO noaycdepy. Co-
BETCKHIl uyuTaTreib JOJKEH NMOMHHTB, 94TO B OTeYeCTBeHHOH Jm'repa'rype no CTpyk-
TYPHO[l Te0JIOTHH B MOAABJAKIONIEM GOJBLIIHHCTEE CAYYAeB HCMOJB3YIOTCH NMPOEKIHHA
Ha BepXHIOIO noaycdepy. ITo HYKHO HMETh B BHAY NpH H3yYeHHH HJMOCTpauHil
K jpaHHoif rpape. Uurtatenb noiMer pasHHIY MEXAY ABYMS NPOCKUHAMH, ecJH
MBICJICHHO NOCTPOHT IO JaHHbIM TaGa, 9.3 auarpammer puc, 9.5 mo npHBBEYHOI,
«pomamneii» metoauxe, — Ipum. peod.
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9.4. Pacnpenenenne ®Puwepa

Hanpasnenns, Kak MpOTHBONOJOKHKOCTS OCAM, TAFOTEIONIHE K 10~
}.nmcuomy THIy pacnpenenenust (puc. 9.1, 6), nonesHo o6GpabGarsl-
BaTh ¢ MOMOUIbIO pacnpenetenns Puwepa Ha chepe. 1o pacnpene-
JeHHe MOMKHO pacCMaTPHBATh KAaK cepHYecKHit amalor pacmpeje-
aenns pon Museca na okpyxnoctd. Ero ¢ynkuus niaoraoetn Bepo-
AITHOCTH, NPHBOAMMAdA 3/1eCb paJH NOJHOTHl H3JIOXKEHHS, HMEeeT cJe-
AVIOUWHA BUI:

f(c) =~k X exp(kxc-1)/[2xsinh(k)], 9.2)

‘Tle napamerpamu ABAAIOTCH k — KonyenTpayus u | — eqnuuunblil
BEKTODP, ompejesiolluil cepuueckoe cpedree Hanpasaexue; ¢ —
€JMHHYHBIH BEKTOp, H3BJIEYCHHBIl M3 TeHepaJbHOHl COBOKYIHOCTH
JayuaiinbiM o6pa3oM; c¢-l — ckaasipHoe mponsBefenne (cm. paGory
[13] nan moboe apyroe nocobue mo 3/eMeHTAPHOH BEKTOPHOH aJ-
re6pe) u sinh(k) — Qynkuua runepGo/HYECKOrO CHHyca OT apry-
‘MenrTa k.
94.1. Hapamerpor u ux oyenxa. Ilapamerp KOHUEHTpaUHH, KaK
H B pacnpejenennn ¢on Museca, H3MeHsieTcs OT HyJAd ISl PaBHO-
MEPHOTO pacnpejeseHds A0 Ma0C OecKOHEYHOCTH IS paclpesee-
HH5, B KOTOPOM BCe BEKTOPHl OPHEHTHPOBAHE OAHHAKOBO. TakuMm
'06pa3oM, OH SBJSETCS MAPAMETPOM pACCeSiHHA H MOXKET CJYKHTb
MepOil npeanouTHTeNbHONH OpHeHTHpOBKH. Exummunsbifi sextop I,
OnpeleJA0MNil cpejHee HanpasJeHHe, MOxkeT ObITh TakiKe Ipel-
CTaB/JeH CBOMMH HaNpaBJsIOUIHMH KocHuycaMmu Iy, o # lq, KoTopble
TIOMOTAl0T ONpeieHTh €ro NnojoxeHHe Ha cdepHyecKoi mpPOeKIUH.
Ecan npeanonaraerca, uro BeibopKa u3BJedeHa H3 reHepaJibHOH co-
BOKYNIHOCTH ¢ pacnpefienennem ®Puinepa, to cpeanee HanpaBbJeHHe
M napamMeTp KOHIEHTPAaLMH MOMKHO OUEHHBaTb cjelyoomum obpa-
80M:
1) Onpenensem

Cn = 2 (cos X,)/N = Z (c,)/N. (9.3)
0 TakuM iKe (GopMyJam ONnpelensieM Ce H ¢4, NPHYEM CYMMHpOBa-
e (X) ocymiecTBasieM Mo Beeil BHIOOpKe, T. €. BHIUHCAAEM CpejpHe-

apHpMeTHYeCKHe HANpaBJAsSIOUHX KOCHHYCOB, COOTBETCTBYIOIIHX Ha-
PaBJIeHHAM Ha «CeBep», Ha «BOCTOK» M «BHH3>.

2) BhiumcisieM CPeAHIOI Pe3yabTHPYIOULYO ANuuy R:

R=V 2+4+3. (9.4)
3) Hanpasagioniye KOCHHYCH OLEHHBAEMOTO CpeAHEero Hampas-
JieHus onpenensTcsa 1o Gopmynam

L=ulRi h=ofR T=GR, 9.5)
OTKy/a MoKeT GbITb HalA€HO cpejlHee HalpaB/eHHe.
5—760
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4) Jlis OUEHKH KOHIEHTPAUHH K BLIYHCJCHHS OGHIYHO TPYIHHI,
HO ecan & GoJbie 0,65, TO MOKHO YIOBJETBOPHUTHCS NPHOIHIKEHHOT

opmy.10¥ 3. 28
~1/(1—R). (6.6)

[pumep. B taba. 9.2 npeacraBieHH 3aMepsl OpHEHTHDPOBOK
CJIOHCTOCTH H KJHMBAXKa B 15 I0KHOUIOTAAHACKHX OOHAMKEHHAX, TPO-
CJACKHBAIONHXCA HA MPOTSAKEHHH | KM H CJI0XKEHHBIX TDayBakKaMy
cHAYpHIICKOro Bospacra. YIrJel majgeHusi, npessiuaioonine 90°, osua-
al0T, YTO CJOHCTOCTh HJIH K/IHBAXK HMEIOT «ONPOKHHYTOe» 3ajlera-
HEe; OPHEHTHPOBKA KIHBAXKA H3MEPAETCS B HANPAaBJCHHH OMOJ0Ke-
HHA NepecekaeMblx HM maactoB. Ha puc. 9.5 paerca rpaduueckoe
[peACTaBleHHe 3aMepOB, NPUUEM TOUKH COOTBETCTBYIOT HOPMAJAM
K IUIOCKOCTSIM HA NPOeKIHH HHKHEH nonycdeps.

@opmyaa (9.3) naer caeayiollHe 3HaueHHS cpeaHeapHbMeTHYe-
CKAX HATIPABJISIONIHX KOCHHYCOB JAJIs 3aMCPOB ODHEHTHPOBKH CJ/OH-
CTOCTH: £

c,=—11.729/15 = — 0,782,

.= +7,211/15 = + 0,481,
el /07| QT

Ta6auna 9.2. 3avepsl OpHEHTHPOBOK CJHOHCTOCTH H KJHBAXa B PA3HBIX NMYHKTax
10xno0i loraanann

Hanpasagiollide KOCHRYCHl HOpmaJeii,
o CHRgHCTOCTD Hampae/IeHHBIX BHH3 N0 paapesy K.!mnam
nyﬂ,ﬂ.g (yroa nape- (yroa nage-
HHA/a3HMYT) HHS [a3HMYT)
‘n ‘e ‘d
1 119/335 —0,733 40,370 —0,485 108/357
2 119 /331 —0,765 -+-0,424 —0,485 109/341
3 105/343 —0,924 0,282 —0,259 110/330
4 114/325 —0,748 10,524 —0,407 105/334
5 87/321 —0,776 0,628 --0,052 84/345
6 107 /326 —0,793 -+0,535 —0,292 107/341
7 102/322 —0,771 -+0,602 —0,208 111/343
8 109/326 —0,784 -10,529 —0,326 104 /339
9 118/331 —0,772 | 40,428 —0,469 119/345
10 125/333 —0,730 | 0,372 —0,574 119/347
11 122 /327 —0,711 40,462 —0,530 109/348
12 81/337 —0,909 10,386 40,156 80/341
13 110/313 —0,641 -+0,687 —0,342
14 100/332 —0,870 --0,462 —0,174
15 115/325 —0,742 -+0,520 —0,423 124/348
Cymma L11.790 47,911 —4,764
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Onpoxkuxymae
Jnneznxue

HOPMANW K CNOMCTOCTH HOPMAAW K KAMBAMY

HopManeHoe
30Ne2aHue

HuMCHAR
nonycpepa

Puc. 9.5. Hanpasaennbie BHH3 HOPMaJy K NJOCKOCTAM CJOHCTOCTH (@) H KaMBa-
Ja (6) B I0XKHOWOTNAHACKON rpayBakkoBoii (opmallHH CHAYPHIlCKOro Bo3pacra.
HMEepHBIE TOYKH — HOpMaAH K CJ0SM B ONPOKHRYTOM 3aJIeTald HJH K HHXHHM
TOBEPXNHOCTAM K/AHBAXa, KPECTHKH — HOPMAJIA K CJ0AM B HOPMaJbHOM 3ajera-
HHH HJIH K BepXHHM MOBepXHOCTSM KJIHBaKa.

Cpennss pesyabTHpylollas anuna R paBHa KOPHIO KBaJApaTHoMy
i3 CYMMbl KBaJpaToB 3THX TpeX umcesa [dopmyna (9.4)]:

R = 0,971;

[03TOMY HANPaBJIAOLHEe KOCHHYCHl OLEHHBAEMOro CpejHero Ham-
pasJienus BuuHCaAs0TeA Mo dopmyaam (9.5):

I, = —0,782/0,971 = — 0,805 (143),
I, = --0,481/0,971 = - 0,495 (60°).

T, = —0,318/0,971 = — 0,327 (109°).

B ckoOkax npuBOAATCA 3HAYEHUS YrJIOB, COOTBETCTBYIOIIHE 3Haye-
HHAM HATPaBAAONIHX KOCHHYCOB. DTH YIVIBl MOI'YT OLITh HCIOJbB30-
Balbl 1J4 oNpefeJeHns NOJOKeHHS OLEHHBAEMOro CPelHero Ham-
PaBienns Ha cgepHUYCCKON NPOEKIHH IyTeM TOCTPOeHHA MaJblX
OKpYzHOCTEil ¢ pajuycami, paBHBIMH cooTBeTcTBeHHO 143°, 60° u
109°, BOKpyr ToOuYeK, COOTBETCTBYIOLHX HalpaBJeHHAM Ha «CeBep»,
Ha <BOCTOK» M «BHH3» (pHc. 9.6). Ipyroit nyrts — npeoGpasosanue
ypashennii 8 Taba. 9.1 U nx pemenue, 4To Aaer:

{dip) yeoa nadenus = arccos(cy) = 109°,
asumym nadenus = arc cos [ I,/ — sin (dip) | = 33° nan 3277,
= arc sin [I,/— sin (dip) | = 213° nm 327°



132 FJIABA 9

(momuuTe, uTO OGpaTHHIE TPHrOHOMETPHYECKHe QYHKUAH HEOAHO-
3Haunbt). Takum oOpasoM, cpeanee HamnpaBJCHHE CJIOHCTOCTH HMe-
er yroa najenuss 109° no asumyty 327°. Hakonen, mno copmye

(9.6) ouennBaercs KOHUeHTpalus: k=235.

AHaziorsuHble BHUHCICHHS JJI51 3aMepoB KJHBAKa JaloT caefy-
lomue 3navenns: R=0972, cpegnee HampaBienHe majgaer oA yr-
jgoM 107° no asumyTy 343° H KonueHTpauus k=36.

9.4.2. JllosepurenbHblie uHTEpsassl 1 00BepUTEAbHbIE KOHYCHL.
Ouenus 3TH NapaMerphl, foJe3Ho Obl10 Obl yKasaTb JJIsl HUX J0Be-
pHUTEJbHble HHTepBaJbl. 3/eCh, KAK U B cJydae C pacnpelejeHHeMm
oy Museca, TPpyaHO BBHIUHCIATH AOBEpUTENbHbIE MHTEpPBAJbL AJS
napaMeTpa KOHLEHTPAlHH, K TOMY K€ OHH HMeloT BCIOMOrartesbHoe
npukJaagHoe 3uaueHne. OJHAKO JEDKO BHYHCASETCS AOBEPHTENbHbIH
KOHYC IJ51 CPeiHero HamnpasJeHus, H 3T0 0cofeHHO MmoJe3HO, HalpH-
Mep, NPH NajeoMalHWTHLIX HCCAeAOBAHHWAX, a TaKKe B HCCIeL0BA-
HuUsX, paccMoTpenublX Boimle. ITockoabky pacnpenenenne @duumiepa
HMEET KPYrOBYIO CHMMETPHIO OTHOCHTEJBHO CpPeaHero HanpasJeHHs,
TO H JOBepHTE/LHBI HHTEPBAJ A/ 3TOr0 HANpaBJeHHA HMeeT Kpy-
FOBYI0O CHMMETPHIO H TeOMETPHYeCKH MOMKeT OblTh IIpeJACTaBJeH B
BHJE KPYroBOTO KOHycCa, COOCHOTO €O cpeannM HanpasjenneMm. Ha
chepuueckoil NpoeKUHH AOBEPHTEAbHBIH KOHYC BBRITJAAUT KaK MaJjas

Cesep

143°
Bocmok

Cpedee
HA.NpasAeHue
(Ha BRpXHE noAycmepe)

Puc. 9.6, Tloctpoenus ua npoekund, HeoOXOJHMBIE JJA ONPEJENeHHA TOJOMKEHHS
CcpeAlero HanpabJeHus CJOHCTOCTH 1O AAHHBIM, NpHBefeHHuM B Ttada. 9.2. Bo-
Xpyr HEHTPOB, YKA3HIBAWNIX HanpaBiefne Ha «CeBep», HA «BOCTOK» 1 «BHH3Y,
CTPOATCSA MaJble OKPYXKNOCTH, pajulychl KOTOPHX COOTBETCTBeHHO paBHL 143, 60
un 109°. HMx nepeceuenue jaer HCKoMmoe cpeimee nanpapienue. OGpartute BHH-
MaHHE, 4TO YroJ, NPOTHBOJEMAUlHli OCH, YKa3bBAIOUMH «BHH3», npeBhIIaeT 90°,
HO3TOMY TOAYYAIOUieecH CPEAice HANpaBJeHHE OKaswBaeTCs B BEpPXHeil pnoay-

cpepe.



OPHUEHTHPOBKH B TPEXMEPHOM TIPOCTPAHCTBE 133

C

Cpednee

L

HANPABAEHUE
{ ._Q KAUBLIKE
/J: [flosepumensHsie

Cpedhee KOHYCbl yposHA 0,99
Hanpasneue
cnouemacmu

Puc. 9.7. Ilopepntenbinie KOHY-
cul yposua 0,99, nocrtpoeHnnie
HA PABHONJIOMIANHOH NpPOEKIHI
RAA  NaWHBX, NMpUBEJEHHHIX B
tabn. 9.2. IlozpofGHee o wmeto-
IHKE IOCTPOEHHST CM. B TEKCTe.

HuxcHhan
noaycqepa

OKPYKHOCTb €O CPEeAHHM HAmpaBJeHHeM B KauecTBe IeHTpa
(puc. 9.7). Ecau nponssesenne N X RX k>3, To nonoBHua yrjia npu
BepUIiHe Konyca Onpejedsiercs: mo popmyie

| d:arccos[l-{-lna/(NxTi’xE)]. (9.7)

rie a=0,01 nna noseputenbHoro yposHa 0,99 u a=0,05 pas mose-
putenavnoro yposusa 0,95. Beiuncass no stoit gopmyae, cobmopaiite
TPHOPHTeTH apH(pMeTHYeCKHX AeficTBuil (cM. 3amedaHHe B HavaJe
KHHTH),

Ias Bu60poK, npuseAenHnnx B Taba. 9.2, B o6oux cayuasx moJo-
BHHBI yIVIOB MPH BepuUIHHAX JOBEpPHTeJbHBIX KOHycoB ypoBus 0,99
aBHbl d=28°, CnejoBaTenbHO, BOKPYT OLUEHHBAEMbIX CPEIHHX Hall-
PaBJaeHHH KaK BOKDPYT IEHTPOB MOMKHO NOCTPOMTb Maljibie OKpYXKHO-
TH 3TOro paamuyca, Kaxk noxkasano xHa puc. 9.7. Takum obGpasom, Be-
OATHOCTb OGHAPYKHTL «HCTHHHBIE® CpeJHHE HANpaB/eHHS BHYTPH
THX MaJIblX OKpyKHoctel pasHa 0,99.

94.3. Kpurepuu daa dsyx setbopox. s BeOGOPOK, H3BJICUEHHBIX
H3 reHepaJibHBIX COBOKYMHOCTe ¢ pacrnpefeexHnem @uilepa, MOX-
HO NMOCTPOHTHL KPHTEPHH CPaBHEHHS NMapaMETpPOB KOHUEHTPAaUMH H
PeAHNX Hanpasiaenuil B ABYX BbIOOpKaX, NPHYEM OHH BO MHOTOM
OXOKH Ha KPHTePHH, OCHOBaHHble Ha IeHepa/ibHbIX COBOKYITHOCTSX
¢ pacnpenenenneM ¢on Museca (pasa. 8.3.2). Kak u B cayuae c
acnpejeneHueM Ha OKPYRHOCTH, KPUTEpHil TNPOBepKH pasjHuHA
PEIHHX HanpasJeHHil NPeAnoaaraerT paBeHCTBO TapaMeTpoB KOH-
HeHTPALHK; NMO3TOMY CHavaja CJelyeT BBIIOJHHTh TPOBEPKY MOC-
eanero. Kak s KpuTepuH cpaBHEHHS KOHLEHTpalMii, TAK U B KPH-
PHH CPpaBHEHHsi CPeJHHX HaNpaBjieHuH HCMo/Ab3yercs BbIUHCIEHHEe
peneii pesyabTHpYIOmel AaHHb 06beAHHeHHBX BEOOPOK, KOTOpOe
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BbINTOJHAETCH TOYHO TAKHM 2Ke OHOCOGOM. KakK H JJid pacnpene.ﬂeﬂnﬁ
Ha OKpy:HocTH, no dopmynam (8.11a), (8.116) u (8.12). B pac-
CMaTpHBaeMOM NPHMEpPe HMeeM:

CymMbi HanpabJsIONIMX KOCHHYCOB: €n Oy o4
Caoncroeth (15 3amepos): —11,729 47,211 —4,764
Kaupax (13 savepos): —11,553 --3,533 —3,704
Cymmpl (28 samepoB): —23,282 --10,744 —8,468

CpeaneapupMeTHIECKHE  HANpaBIMONIHX
KOCHHYCOB (T, €, CyMMbl, JejeHHLIe
Ha 28): —0,832 0,384 —0,302

IMostomy cpepusis pesyapTHpylollas AjaAHa oObeHHeHHO BEIGOPKH
paBHa

— R=V/{—0,832)7 1 (+ 0,384) - (—302) = 0,965.

Kputepun aas AByx BblOOpPOK, KAK H B Caydae € paclnpegefeHus-
MH Ha OKPY:KHOCTH, 6asHpylOTCs Ha BBIYHCICHHAX TI0 TMPHOJIHKEH-
HbiM (popmyaam [14, ¢. 263]; npuBOAMMBIE Ke HHXKe (OPMYJBL s
BBIUHCJIEHHST CTATHCTHK KPHTEPHEB NPHEMJeMBl, KOIJa 3HaYeHHs
cpeatei pesyabTHPYIOILell JJIHHE B 00beAnHenHOl BbIGOpKe GoJblie
0,65, B npoTHBHOM CJy4Yae 3TH BBIYHCJAEHHS O4eHb rpomo3jaku. s
TOro0 YTOOBI MPOBEPHTL PABEHCTBO NMAPAMETPOB KOHUEHTPALHH, Bbl-
YHCJAAETCH CTATHCTHKA KpuTepus F:

F,..,=Nx (1—R) x (Ny—1)/[Ny x (1 —R) x (N, — )I, (9.8)

rae BolGOpKa ¢ HHJAEKCOM 1 MeHbulash W3 JABYX, a CTerneHH cBOOOIALI
vy i vp pacnpesenenus Pumepa pasub: vi=2X(N,—1) n vo=
=2X (No—1). ol "

B namem npumepe N;=13, Np=15, R;=0971, R;=0,972 u
R=0,965. CaefoBaTeqbHo, pacimpejesenie CcTaTHCTHKH F  umeer
vi=2X (N;—1)=24 u ~;=2X (No—1)=28 creneneii cBobOAH.
Ta6a. 8.7 ans kputnyeckoii obaactu pasmepom 0,01 paer npubau-
JKeHHOe KpHTHYecKoe snadenne F=266, a nadmofaeMoe 3HadyeHuc
CTATHCTHKH KPHTepHsi, BbluucjaeHHoe no ¢opmyae (9.8), pasuo
F=1,05. 910 uncao He monagaer B KPHTHYECKYIO 00/1aCTh; II0ITOMY
NpHHHMaeTcs HyJeBasi IMIoTe3d O paBeHCTBe MapaMeTPOB KOHIEHT-
pali H yTBEPIKAAeTCsI, YTO BEIGOPKH OLHOPOLHHL.

CraTHCTHKON KpHTepHsl cpaBHeHHS CPEAHHX Hanpas/eHuil B ABYX
BuiGopKax [14, c. 263] Takxe siBasieTcss BeaduuHa F, Bblyucasemasl
no dbopmyae

lez){‘vug = (N— l] X (Niandi_{— NQXEE_NXR.)/(N—'N}(‘E), (9.9)

rae N — o6beM o6 beAHHEHHOIT BIOOPKH.
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B nacrosmem npumepe F umeer 2 u 54 cremnenn cpoboau; 1o-
3TOMY KPHTHYECKOE 3HAYeHHe Il KPHTHYeCKOH o6aacTH pasme-
pom 0,01 npubansurensio pasuo 5'. IloacTanoBka COOTBETCTBYIO-
uX 3Havennit B popmyay (9.9) naer nabaiogaemoe 3nauenue cra-
THCTHKH KpHTepusi F=05,04, [lannas BejquuuHa ouyenb O/H3Ka K Ha-
eMy npub/KenHoMy KPHTHYECKOMY 3Hauenuio. Mbl coBepuieHno
YBEPEHBI, 4TO 3TO 3HA4YeHHE JENKHT B KpHTH‘IECKOﬁ obaacrtu pasme-
pom 0,05 (ans wee KpUTHYECKOE 3HAYEHHE PaBHO TMpuMepHo 3,2), Ho
caedyeT Bee JKe 00paTHThCSt K GoJee noanoit tabanue. Moxno, 01-
HAKO, 3aMEeTHTb, 4TO TOUHOe 3Hauenue F,, , onpeneasercs dopmyaon

Fa.v =2 x (a2 — 1), ©.10)
rie a— BHIOpanublii pasMep KpPHUTHUeCKOH o6GaacTH (3aMerTHM, 4To
a~*=1/at).

Honcrasass yncaosble 3naueHus B dopmyay (9.10), noayuaem
TOUHOE KPHTHYECKOe 3HaYeHHe CTATHCTHKH KpuTepua: F=5,02, uto

3aCTABJASET OTBEPTHYTb HYJEBYIO THIOTE3Y O PABEHCTBE CpPeIHHX
- HamnpasJieHuil aas KpHTHYecKo# obnactn pasmepom 0,01.

'9.5. Pacnpenenenue Bunrxema

9.5.1. Beedetue. Pacnpeaenenne Bunrxema [1] — 310 ofbiuioe
pacnpejesenne OPHEHTHPOBOK OCEBOTO THIA, W B COOTBETCTBHH CO
BHAYCHUSAMH 1TaPaMeTPOB OHO MOZKeT CJYMKHTh KOJHYECTBEHHOHR Xa-
PaKTepHCTHKOI J1060r0 H3 TPex THIOB pacnperenenuii, n3obpamxen-
HBIX Ha puc. 9.1, uau Jg1060r0 MpOMEKYTOUHOTO THNa, 06Ja1amulero
OpTOpOMOHIECKOH CHMMeTpHeld (T. e. TAKOro pacrpejeaeHis, KOTO-
Poe UMEeT TPH BIAUMHO NEPNeHIHKY IsSpHbe MIOCKOCTH CHMMETPHH).
CuenoBaTenbHo, crepeorpaduueckass NPOeKiHd B H30JHHHASAX IIOT-
HOCTH MOXKeT HMeTh BWJ, n3oOpamenunil na puc. 9.8. Ecau mpen-
CTaBuTh cefe, UYTO Takoe pACTpejeseHHe HMeeT TPH B3aHMHO Iep-
TMeHAHKYIspHble IJOCKOCTH CHMMETPHH, TO OHM TEpecexkaloTcsi 1Mo
TpeM B3aHMHO NepleHAHKYIApHEIM ocaM. Ecau 6bl MOKHO ObLIO ye-
TAHOBHTB ITOJIOKEHHE 3THX TPeX IMABHLIX OCeH U OUEHUTH TJIOTHOCTD
3aMepOB OPHCHTHPOBOK B 3THX HAMpaB/eHHSX, TO y Hac Oblio Obl
IOTeHIHATbHO OUeHb I0Je3H0e YHCAeHHOe TpelcTaBleHHe BCEro
pacnpenenenns. 3aMeTHM 34ech, YTO MOCJAEAYVIOLICE H3JOKEHHE MO-
JKeT OKa3aThCsl BecbMma TpyAubiM. [lpumenenne pacnpeienens
Bunrxema ocHOBHIBASTCA Ha 3HAHHH MaTpHYHO# ajre6phl, Ajas 3To-

! TaGanna KputHueckux sHauenmit F-cratHerHkd (ta6a. 8.7) nama B cH/ABHO
OKPAILCHHOM BHIE; [109TOMY IPH €¢ HCIOJAb30BaHHH HYMKHO npuberath K ammeii-
HOit HATEPTIOJSIINH, N0 KOTOPOil 3HAUCHHA MOJYYAOTCA AoBoabuO rpyluimu. [oa-
Hue TalJuIEl MOMKHO HATH BO MHOTHX pYKOBojcrBax (manpuMep, cm. [12, 25]
Han Boavwes JI. H.,, Cmupnos H. B., Tabaulel mateMaTHuecKoil CTaTHCTHKH. —
M.: Hayka, 1983); npaBna, dopmar 3TuX COPABOYHHKOB BPAj AN NOAXOAHT s
HCIOJIL30BAHNA WX B NOJEBBIX ychoBusnx, — [Ipum. ped.
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SNunuy
pasyoll
naomHocmu

Puc. 9.8. Hexortopuie ocoGeH-
HOCTH CHMMETDHH pacnpeje-
aennsi Buurxema, obcyxnaa-
jolecs B TEKCTe.

ro B NPHJOKEHHH A MPHBOAHTCA KPATKHH CJI0BAPb TEPMHHOB, MOK-
HO TakiKe BOCIOJb30BATHCA JIOOLIM IpocTeiilllnmM nocobHeM, HaNpPH-
mep kuuroit Xomaa [7].

@opmanbio pacnpepenenue Bunrxema sagaercsa cBoei (PyHKUIH-
€fl NJIOTHOCTH BEPOATHOCTEH, KOTOpasi MPHBOAHTCA CHOBA TOJBKO
IJ151 CBeJIeHHS:

) = xmxd ) xexp K, < (c - 1) +
+ Ky x(c -t + K X (¢ t)*], (9.11)

T/ie € — BEKTOp, NPeACTaBAAMNI OCb, cayyafinbiM oGpasoM ussJe-
YeHHYIO M3 reHepaJibHOil COBOKYMHOCTH, a napamerpo. reHepaibHoil
COBOKYMHOCTH ONpeAessioTcs AHAronasbHoH MaTpuued xoxyenrpa-
yuid K (c auaronaspHeIMH 3jeMentaMu Ky, Ky u K;) u Tpems B3a-
HMHO TEpINeHAHKYJIAPHEIMH 2AQ6HbIMU OCAMU, TPeACTABNEHHBIMH
BekTopamu t;, t; u t;. (TonkoBaHHe He3HAKOMBIX TEPMHHOB CM. B
npuaIoKeHHn A.)

Jliobas BeIGopKa, H3BIeKaemad H3 pacnpejlesenusa Dbrnrxema,
MOKET GBITh ONHCAHA IIECTLIO YHCJIOBBIMH XapaKTePHCTHKAMH, Bbl-
UHCJCHHBIMH HENOCPEACTBEHHO MO BbHIGOPOYHLIM 3aMepaM OPHEHTH-
POBOK oceil. ITH uHCIa MOXKHO NMPEACTABHTL B BHAE CHMMETpPHUEC-
kot Matpuupt T nopsiaka (3,3). C marpuueit T cBsisaubl TpH coBCT-
BeHHBIX BEKTOpPA, ONPeAeJsIOINIHX HanpaBJeHHsl IVIABHBIX OCeif (ty,
to m t3) mexoaHoit reHepanbHON COBOKYNHOCTH, a KaXKAOMY H3 Tpex
coBCTBEHHBIX BEKTOPOB COOTBETCTBYET COOCTBEHHOE YHCJO T, MPO-
NOPHHOHANBLHOE MJIOTHOCTH OPHEHTHPOBOK B 9TOM Hanpasienuu. TpH
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Tadanua 9.3. Knaccupukauusa pacnpejenennit Buurxema

Knace CoGCTBEeHHBIE YHCJA T
Parnomepubiit Bee npuGnusntenbHo pasHsl Apyr  Apy-
ry
INomochoit (wan GuNOARPHEIT) T; H T, Maidbl H TPHOMH3HTENBHO paBHEI
JApYT ApYrY , 5 Goabinoe
Iosicroii Ty MANO, T, H T3 GoabliHe H NpHOJH3H-
TeJIbHO paBibl APYr ApPyry

COOCTBEHHBIX YHCIA — Ty, T2 U T3 — NPHHATO 00603HAYaTh B MOPSAAKE
BO3DaCTaHHA HX BeJHYHHLL. ITH YHCAa MOMKHO HCNOJB30BaTh AJA
BBIYHCJIEHHSI MaTpPHIbl NapavMeTpoB KoHueHTpauuu K, oanaxko Ha
IpaKTHKe HEOOXOAHMOCTb B ITOM BOIHHKAET HEYACTO; AOCTAaTOYHO
3aMEeTHTb, YTO OTHOCHTEJbHLIE BEJHYHHEI COGCTBEHHBIX 4YHCEJ NpH-
6/H3HTENBHO TaKHe JKe, KAK OTHOCHTEJbHEIEC BeJHUYHHBL COOTBETCTRY-
lomux saementos Matpuusl K. Baarogapa mnocaepnemy cBoiicTBY
OTHOCHTE/bHbIC BEIHYHHLI COGCTBEHHBIX YHCEJ HCIOJAb3YIOTCA /LIf
KaaccuPuKalun pacnpeienenuii B coomseTcTBHH ¢ Tabua, 9.3

9.5.2. llapamerpo. u ux oyeHxa. Buluncienne OUEHOK NapaMmer-
poB pacnpejenesuss bunrxema BbinoJiHsAeTcst B Takoil ke mocJeno-
BaTeJbHOCTH, KaK M BBIYHCJIEHHE OleHOK IapaMeTpoB paclpejelie-
HusA Puimepa, HO H3-32 GOJbUIErO YHCAA apHDMETHUECKHX OnepalHi
TPYA0eMKOCTb BBIYHCJIEHHSI BO3pacTaeT MO4YTH B TPH pasa. Beimoa-
HEHHe TOr0 BHIYHCICHHS «BPYUYHYIO» € MOMOULBIO TPOCTEHIero Kaib-
KyJaTopa He npeictaBasieT GoJbLIHX TPYAHOCTel, HCHOJb30BaHHE

[ 2K€ NMpOTpaMMHPYEMbIX KaJbKyJATOPOB 3HAYHTEAbHO €ro YCKOPHET.

B oGwux ueprax: Ha nepBoM 3Tale BHIIOJHSIOTCS TPHIOHOMETPHYE-

‘CKHe npeo6pasoBaHHs 3aMePOB OPHEHTHPOBOK, AJsi TOrO 4YTOOHI IO-
- ay4uts Mmatpuny T (cp. ¢ dopMyaaMH CYMMHPOBAHHS CHHYCOB H

KOCHHYCOB A pacnpefie/ienis duimepa); na BTOPOM sTame BbIUHC-
 JISIOTCS OPHEHTHPOBKH TJIAaBHLIX OCeH (Cp. ¢ BBIYHC/ICHHEM CPelHero
HanpaBJIEHHH) HA TPeTbeM 3Tane HaXOAATCA cOOCTBEHHBIE BeKTOPHI
(cp. ¢ BBUHCHeHHeM CpeHell pelyabTHpyloniefi AaMHbI), NO KOTO-

. PbIM TIpH HeOOXOAHMOCTH MOMKHO ONpeAeNHTh MapaMeTpbl KOHIEHT-

pauun, B meromuke, omucelBaeMoi HHKe, Aasi yaoOcTRa mpuMexe-
HHS BTOPOH M TPeTHil 3Tambl 06be/HHEHB], a ee HCMNOJb30BaHHE HJI-
JIIOCTPHPYETCH «KHBHIM» IpHAMEPOM, IIOCTPOEHHBIM Ha pacnpeae/ieHuu
OPHEHTHPOBOK HaATpaBJeHHBIX BHH3 HOpMaJel K IJIOCKOCTAM HalJja-
CTOBaHMS, MOKAa3aHHBEIX Ha pHc. 9.9, B najeosoickux nopojax BOJH-

- 3n A#ivyta (Bepmkinup), CMATHX B CHHKJIHHAJbBHYIO CKJAAJAKy. IDTa-

NIkl BLIYHCJIEHHI, OTHCAHHBIE BHIUIE, B obmux yepTax MOIKHO Ipoc/e-

- IuThb B Taba, 9.4.

1) BuiyucnaeMm wanpasaatoujile KOCUHYCoL 3aMepoB OPHEHTHPOBOK
(pasa. 9.3). BmecTe ¢ COOTBETCTBYIOUMME YIJaMH OHM TIPHBOAATCA



Tabauua 9,4, Beuncienne cofcTBeHHLIX BEKTOPOB H COGCTBEHHBIX usce] no BhGOPKe OPHEHTHPOBOK ocelt

X, cos X, cos Xg cos Eé);;a Tlp umeuanns
Homep HaGM0feHNs ] 103 -1-946 106” —276 80° -1-174 1,001 (1)
Ha' CHEKJIREANN 2 5] B5F . TI9)E *TL-5jE 90 000 1,000
Fond J-788 124 —559 75 259 1,001
dxesnop --899  11] —358 74 -1-276 1,013
B eab --906 86 4070 65 423 1,005
By 32 848 80 4174 60 -+-500 0,999
75" 50 643 58 ~+-530 56 1559 1,006
80 +-342 40 4-766 57 -L-545 1,001
9 100 —174 23 4-92| 70 1342 0,99
105 EGT —122 22 +-927 69 --358 1,002
11 106 =D76 27 --891 70 1342 0,987
et 0] —358 27 4891 75 —+259 0,989
T= -15,378 —I1,616 --1,680 2
—1,616 4,980 1,721
41,680 1,721 1,641
=6,6%2 1,616 11,680 (3)
T— 121= —i,616 —7,020 1,721
' T 41,680 1,721 —10,359
CoScTeennpiy Bex- £, 0 112°  —875  128° —545 41° 755 14,632 5,731 —9,389 (4)
bR 1113 —388 119 —480 38 +787 4,667 5,351 —9,630
95113 —390 117 —447 36 805 --4,657 5,154 —9,763
311013 —388 115 —430 36 814 -1-4,632 -15,047 —9,824
== 113 —387 115 —42] a5 +4-820 —0,023 —0,060 —0,029
t37 5 G0 s 588 54 1588 56 1599 3,151 42,940 2,917 (3)
147 553 -L 606 56 565 56 BB -[-3.289 " -£9.800 12,911
Of S5 -+631 58 -+537 56 <4559 -13,465 12,617 2,902
3 48 1664 60 -+-501 56 --556 3,695 --2,379 12,890
4 45 4702 63 4452 57 1549 3,967 -}2,06] 2,858
3= 42 }-748 67 388 57 1539
= S0 %06 809 126 —588 85 1087 5,447 —4,086 0,490
[ o3 798 ¥ 137 —598 86 072 -]-5,379 —4,144 --0,430
9538 4791 128 —-609 86 1063 --5,344 —4,203 -}-0,384
ty—= 38 4785 128 —617 87 4056 15,313 —4,245 -10,349

t, = 6l 4482 © 48 1665 BB 569 2,473 43,512 42,888 (®)

Hpunesanun. (1) dopmupyem Marpuuy Hopmaseil K cJjouctocTi. BpoguM nanpasnsjomgHe wocumycsi. (2) dopmupyem marpuuy T. B KadecTse HpoBepkH
CyMMUpYeM AHATOHANLHEIE SJeMCHTE A5 BeeX 12 Hagmofenwit, (3) M3 marpuust T poantaem wmatpay 1210 (4) Hcenombaya HauasibHOE NpHOJHKeHHe

(wrepauus ) ana sexropa t,, HaXORUM MUHUMATBHOE CcOGCTHEHHOE HMCNO Ty, Brillonuseym onepaupH ¢ MaTpHuei T—12l. (5) Hcnoasays HauaasHOe

NpRGAHAERHE ast gekTopa ty M BRUIOJHAS onepauin ¢ marpuneii T, HAXOAHM MakcHMalbHOE COGCTBEHHOE UHCJ0 =y. 3amedaeM, YTO Pe3yJIbTAThl MOCJAeA0-
BATENLHLIX HWTepamuil GRICTPO pacxoisTcs. TloBTOpAeM Bee cHAuaga, NCHOJb3YH Gojee Xopollee Hauanbhoe npuganaenue. (6) Haxopmm sewtop {; xax op-

ToroRanbeblll K ABYM ApYrEM COGCTBEHHLIM BEKTOpaM.
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B BepXHeil yactH Tabanubl. i 3KOHOMHH MecTa 3ansitble, OTae/is-
IOULHE LUENYI0 YacTh Yucaa ot ApoOHOl, onyuwens, H Apobuas yacTb
npejACTaBJea TOJbKO TPEMsA NepBLIMH AecATHUNBIMH Undpamu. Ecan
BBIYMCJIGHHAS BBINOJHEHB NPABUILHO, TO B KamxzaoMm Habujiogennn
CyMMa HampaB/sOUHX KOCHHYCOB JojikKHa OblTh 6au3KOM K efu-
HHILE.

2) ®@opmupyem marpuny T. Ecan D — matpuua Hanpas/isiionx
xkocudycos, To T nmoanyuaem ymHomenuem Martpuubl D cresa na
TPaHCNOHUPOBaHHY0 K Helt D’ (mpunoxenue A); caenoBartensHo,
T=D’XD. Ecau Bbl BnepBble CTOJKHYJHCh ¢ METOAAMH MaTPHUHON
ajare6pul, He myrafiTech: 3TH JAEHCTBHA ¢ MATPHLAMH COCTOAT BCEro
JIUIIb B CJIOXKEHHH KBaJpaToB M NMpoH3BeleHHi KocuHycoB. Hacrnu-
-HOH TIPOBEPKOfl MOMKET CAYKHTH CYMMHPOBaHHE AHATOHAJBHBIX 3.e-
MeHToB maTpuubl T(+45,378+4,980+1,641=11,999), Koropoe no.-
AHO HaTh yncao, G6auskoe K 12 — obbemy BuiGopku N.

3) Buuncasem matpuuy T—N XL O6bem Bpibopsn N=12, a
I —exunnynass matpuua Tperbero nopsiaka. CheloBaTe/IbLHO, U3
KaKJI0ro AMaroHajqbHOro saeMeHta matpuunl T soiuuraem 12. [lo
Takoi Marpuie yaofHo HaXoanTh coOcTBeHHBI BekTOp t) M coorsert-
CTBYIOLEE €My MHHHMAaJbHOe cOOCTBEHHOE YHCO T|.

flosepumensHell KOHYC
yposHA 0,95

Puc. 9.9. Ilpoekuust Ha HUKHIOW NOJyc(epy OpPHEHTHPOBAHHBIX BHH3 HOpMaJed
g)meqemmx CBOT/IBIMU KPYKamu) K CAOHCTOCTH B CHJYPHACKOH rpayBakkoBoOi

opmauun BGan3n Afimyra (Bepukwmp, Wloraanaus). Ceerbie TpeyroJbHHKH
OTMEYalOT rJapibie OCH pacnpeleneuns. [naBHas ocb, COOTBETCTBYIOUlAS MHHH-
ManpHOMy cOOCTBEHHOMY 4YHeny T;, 00o3HaueHa cHMBOJOM t; H OKpyKeHa Jose-
puteapHbiM KonycoMm yposus 0,95. Orta ock mpeicrasiser coGoil  HaHJAYHILYIO
OUEHKY HanpaBJieHHs OCH CKJIaAYaTOCTH.
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4) Jlas Haxoxkiaenus Bekropa t; HauuHaem c TOro, 4ro BHIOHpa-
€M 174 Hero HavaabHoe npubauxenne. [Toxxoasmee npubanKenue
JIETKO HAXOAHTCs Ha chepHueckoll NpPOeKIHH 3aMepOB OPHEHTHPO-
BOK onpeje/leHHeM «Ha TJIa30K» MOJOMKEHHs MOJI0Ca annpoKCHMH-
pyloutero ux Goapuioro kpyra. B 3ToM mpuMepe HCNOMbL3OBAHBI 3Ha-
qenust Xg=112°, Xo=123° u Xq=41°. B cooTBeTCTBHH ¢ MeTOAHKOH
BBIUAC/JEHHS] COOCTBEHHBIX YHCE] H COOCTBEHHLIX BEKTOPOB, ONHCAH-
1HOH B NPHJIOXKeHHH A, yeThipex HTepalMil 0Ka3aJoch [JOCTATOUHO,
4TOOBl MOJTY4HTH TMPHOJHIKEHHEe BeKTopa t; ¢  YAOBJETBOPHTEAbHOM
TOYHOCTHIO.

5) Has toro ytobm HaiTH cobcTBeHHBI BekTOp t3 M COOTBETCT-
BYIOIee emy «COOCTBeHHOe UHCJIO T3, BHIMOJHAEM AeflCTBHA C caMmoi
Marpuuelil T, HauHHAasA, KaK H BHlLe, C TOr0, YTO Ha NMPOEKIHH B Me-
€Te, rje NJOTHOCTh 34MEpPOB KajKeTcsi MAaKCUManbHOil, BeOHpaeM
HayaJpHoe npubianxenue aas t;. B aToM nmpuMmepe nepsoe npuGJnH-
JKEeHHe 0Ka3aJoch HeyJayHbiM, NOTOMY YTO MOCHAEAYIOUiHe WTepauun
JlaIH CHJbHOE OTKJIOHeHHe OT Hero. BHoBb BbiOpannoe HayalbHoe
npHOIHIKeHHe 0Ka3aJ0Ch GoJee MOAXOASIUIHM.

6) Jlns naxoxjaenus coGCTBeHHOro BeKTopa ty BHIHOCHM Ha IIpo-

€KIHI0 yKe HalileHHble coOcTBeHHEIe BekTopH t; m t3 W Haxoaum
HanpasJieHue, mepreHAHKyIspHoe Kaxaomy u3 HuX. Cnocob HAXOXK-
€HHsl COOTBETCTBYIOIIENO COOCTBEHHOIO YHCJA Tp OMHCAH B TPHJO-
JKeHHH A.
ColcTBeHHBIE UHCJA T), To H T3, BHIYHC/JAEHHBIE B 3TOM IpHMepe,
paBuel coomsercTBenno 0,0705, 5,176 u 6,811, Odas oxonuaTeabHOM
TNPOBEPKH MOJKHO HCIIOJNb30BaTh CyMMY COOCTBEHHLIX YHCENX, KOTO-
pas npHOAH3HTENbLHO NOJKHA  paBHATbCH oObemy BuGopku N.
Ouenkn co6CTBEHHBIX YHCE H COOCTBEHHLIX BEKTOPOB reHepalibHOI
COBOKYIHOCTH MOTYT OBITb HCHIOJIb30BaHBI B Tpex acrnektax. Bo-nep-
BbIX, CpaBHeHHe TOJyYeHHbIX COOCTBEHHBIX YHCeJ C YKa3aHHBIMH B
Tabs. 9.3 noATBepHKAALT, 4TO 3Ta BEHIOOPKA, BEPOATHO, H3BJeUeHA H3
reHepasbHON COBOKYMHOCTH, HMeloUeil MosicHOoe pacnpenenenne. Bo-
TOPHIX, MOJKHO COOGCTBEHHble BEKTOPHl  HAHECTH Ha MPOEKIHIO
(puc. 9.9) u, ecau Hajgo, npoBecTH uepea BekTopH 1, u 13 anmpokcu-
HpylouHi Goablioi kKpyr. B-tperbux, urto nanbojee moJe3HO, BO-
pyr BekTopa t;, SABJAAIONIErocs  MOJMIOCOM  ANMPOKCHMHPYIOMETo
OJIBLIIOTO KPYra, MOMKHO TIOCTPOHTH JOBEPHTENbHBIH KOHYC.

9.5.3. osepureabrble KOHYcobl. B CBA3H ¢ TeM 4TO pacmpejene-
He Bunrxema oORIYHO HMeeT OPTOPOMOHUECKYIO, a He KPYroBYIO
CHMMETPHIO, CeUeHHs JOBEPHTEJNbHLIX KOHYCOB 3JUIHITHYECKHe, a HE
KPYTOBBIE; CNEN0OBATeNbHO, d — MOJOBHHA YIia IpH BeplIHHe KOHY-
€a — 3aBHCHT OT MepHAHOHAJbHOro yria m (puc. 9.10). Hdasa xony-
‘€a BOKPYT TJaBHOH ocu ) MOJOBHHA yria MIpH BepIIHHE ONpeleJs-
€TCs caelyolny 06pasom:

sintd =z, X (@™ — 1)/(x, xcos*m 4, Xsin*m —=,), (9.12)
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Puc. 9.10. OcuHoBa nocTpoenus S/UIHNTHYECKHX JIOBEPHTEbHBIX KOHYCOB, NOJY-
YAOMAUXCA NpH HCMNOJbLIOBaHUW pacnpenetenusi Bunrxema. Peakas wmrpuxoBka
COOTBETCTBYET IJIaBHOM IJIOCKOCTH, coaepxkamtei ocu ty u . [lonoxkenme rycro-
3aIITPHXOBAHHOIl [JIOCKOCTH, TPOXOAsUIeH uepes och fj, onpeaeasercs MepHIHO-
HAJLHBIM YTJOM M, H3MepsieMbIM oT ocH fz g0 ocn t3 mo wacosoii crpeske. B aroit
ImJIockoeTH OT ocH t; m3MepseTcs yrodt d — noJOBHEHA yraa NpH BEpIUHHE KOHyca.
Jns moBepHTENBHOrO KOHyca BOKpyr ocn f; menseMm mectamu ocH t; u ts

rae (l—a) — Tpebyemplii AoBepUTENbHBI ypoBenb, CleLoBaTebHo,
T yIOGHBIX 3HAUCHHIT 71 MOMKHO BBIMHCJIMTL 3HAUeHHS d.

Ha puc. 9.10 noxasano, Kak yrasl d B m MOryT ObiTh CBA3albl
¢ ocamu ty, ty u t3, KoTOpHIE CJYKAT CHCTEMON KOOpAMHAT [Jf [10-
CTPOEHHS! J0BepHTebHBIX KOHYCOB Ha cepHyeckoil npoexkuud. B Ha-
mieM TIpHMEpPe MOCTPOeH AOBEPUTENbHBI  kouyce yposua 0,95
(puc. 9.9). Tak Kak sHaueHHst T M 13 GJAH3KH MeXAy coGoil, sTOY
KOHyC TIpHOJKIKAETCss K KPYrOBOMY, YV KOTOpPOTO NOJOBHHA yraa d
MpH BepIIHHE COCTABJsACT 0KOm0 6°

Hdas pacnpefeneHuit «MOMIOCHOTO» HJH «IBYXIOJIOCHOrO» THIIA,
BEpOATHO, 0oJiee TMOJE3HO MOCTPOSHHE AOBEPHTEJBIOrD KOHyCa BO-
Kpyr t3 — rJaBHOH OCH, COOTBETCTBYIOLIell MaKcHMaJbHOMY coOcCT-
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BCHHDM}’ HHCIAY H, CJel0oBaTeJdbHO, MAKCHMAJBLHOH MIOTHOCTH OpH-
€HTHPOBOK. TOT KOHYC onpefesercs Gopmyaoil

sin?d = — 3 X (@™ — 1)/(x, xcos? m + 7, Xsinm —x,), (9.13)

rae (l—a) — tpeGyeMulii 1OBepHTENLHBIH YpoBeHb. Tenepb 0ChIO
KOHyca ABJAsAETC BeKTOp ts, a yrosa m u3MepsieTcs B HampaB/eHHH
or BexTopa t; K BekTopy t,.
Boopy:KHBIIHCL cPeACTBAMH BBIYHC/ICHHS HOBEPHTEJbHBLIX KOHY-
COB, JIECKO NOCTPOHTH KPUTEPHH COTJIacHs 0AHOro BrIGOPOYHOro pac-
| mpefesnenuss ¢ TeoperHueCKHMH Mozeasamu. Kak nokasano B pabo-
Te | 14], MOXKHO TaKke MOCTPOHTH KPHTEPHH AJsi ABYX BHOOPOK, UTO
o0ecneduT BO3MOMKHOCTh MPOBEPKH MHOMXKECTBA THMOTE3, MMEIONINX
OTHOLIEHHE K OPHEHTHPOBKAM OCeH B TPeXMEpHOM ITIPOCTPAHCTBE B
TeX cayuasx, KOria yjenasi THIOTe3a yTBEpHKIaer, T0 JBe BEIGOP-
KH H3BJEKAITCA H3 OJHOH H TOH Ke HCXOAHO reuepanbﬂou COBO-
| KynuocTn. Bosiee TPYAHBIMH ABJSIOTCH TE NPHMEPHI, B KOTOPLIX MOXK-
f HO NIPEANONOKHTb, 4TO JBe BHIGOPKH H3BJACKAIOTCSH M3 FeHepasbHbiX
COBOKYMHOCTelf ¢ pacnpefeseRuaMH BHHrXeMa, HMEIOIHMH ABHO
PasauuHbIe XAPAKTEPHCTHKH, W JIf KOTOPHIX TOJNBKO Tpebyercs
‘CPaBHUTHL KOHKpPeTHHIE mapaMerpbl. $ mMei B BHAY Takyio 3ajaauy,
B KOTOpOil Ha/lo MpPOBEPHTb, COBNAJAeT WJIH HeT OPHCHTHPOBKA JIH-
- HeHHLIX CTPYKTYPHHIX 3JeMeHTOB, 00pasylollux ojaHy BuOOpPKY,
‘OPHEHTHPOBKOI OCH mosica, MOJydeHHO# o APYyrod BeiGOpKe, HANPH-
Mep TPOBePUTH NAPaANeNbHOCTb JHHEHHOCTH H OPHEHTHPOBOK IJaB-
HBIX WAPHHPOB CKJaafok. 10 Ta ob6aacTh, B KOTOPOH AajbHeilne
- NccaedoBanus ObIH OB BeCbMa MOJe3HH.




I'nasa 10

'Mnore3bl, BLIOOPKU M pelleHus

ITpeanonoxum, 4To reoJor, NpHMEHAIOUWHA «Ha MeCTe» CTaTHC-
THYECKHE METO/Ibl, JeJaeT 3TO AJsl TOro, 4To0u AOTOJHHTb WMH APY-
rHe cpejcTBa H CrnocoGel HCCAEAOBAHMS, H YTO CTATHCTHYECKHE METO-
Il He SIBASIOTCS CPEACTBOM OKOHUATEJNbHOro pellends. Passutue
MHOTHX HAYYHLIX HCCJIEJ0BAHHIl H NMOBBIIEHHE HX AOCTOBEPHOCTH 10
HEKOTOPOI':l CTENMEHH MPOHCXOAAT UHKJAHYECKH, IIPH 3TOM paHee Bbl-
CcKasauuble HjeH IepecMaTPHBAIOTCH 110 Mepe MOCTYMJEeHHsI HOBBIX
JaHHBIX — TaK IPOHCXOAHT C MPOCTEHLUIHMHU [eO0JOTHYECKHMH HCcae-
JOBAHHSMH, KOTODblE OXBATBIBAIOT JHIIL MaJyi0 4aCTb Te0JOTHH.
Ecan ojHO# M3 IIaBHBIX LeJell H3yueHHS siBAseTCs BbIpaboTKa 06b-
eKTHBHOTO TNOJIOKEHHS, TO JJIsi TOro, 4To6s MPOBOAHMOMY HHiKe 006-
CYKIACHHIO METOAHK COIIyTCTBOBaJa YyCHex, HX CJeayer paaﬁm'b Ha
LHKJIHYeCKH cBsizaHHBle aTamsl (puc. 10.1).

10.1. Bo3MoXHbIe NYTH K O0BEKTHBHOCTH

Ha srane | npumenenuss MeToAHKH HeOoOXOJHMO OCO3HAThb 06-
JIACTh M3YUYEHHS H NPeJBAPHTEJIbHO C HEH 03HAKOMHTBCS (T. €. 3aHH-
TepecoBaTbCsl 3THM HecaeldoBanHeM). Takum o0pasoM, MOCTAHOBKA
3ajaun WJIH pa3paboTKa MpoeKTa HCcJAeZ0BaHHil OCyLIeCTBAAETCS MO
JIHYHOH HHHLUHATHBE HJIH B pe3yJbTaTe pAaCNOPAXKEHHA pPYKOBOISA-
IIHX OpraioB, MPHYeM NepBHE YCHAHWs HanpasasioTces Ha cbop Hu-
¢opMauHH 1O JUTEPATYPHBIM HCTOUHHKAM, TPH JHYHOM OOGILEHHH,
MyTeM TPOBELeHHS ONbITHHIX HCCJAENOBAHMIl M T. N. AJs NpeABapH-
TEJBHOro ONHCaHHA. DTO onHcaHHe GyJAeT B JaJibHEHIIEM CTHMYJIU-
poBaTh H ONpejeaATh BO3MOXKHbBIE NMYTH HCCJEAOBaHHi, HampaBass
HX HJH BO3/eiicTBYSl Ha HHX APYIHMH crnocofaMH.

Ha srane 2 Heo6XxoAHMO HaBeCTH NOPAAOK B MOSBHBUIMXCS pa-
Hee HHTYHTHBHHIX JOrajKax, T. €. MpeBpaTHTh «OJjecTslHe HIEH» B
«HaJeXKHble IHNOTE3b». 31eCh, BEPOATHO, JYUUIHM MOMOIIHHKOM BY-
JIeT coeguHenue H300peTaTeNbHOCTH C y:Ke HMelomuMcs (HAH MpH-
obperaeMbiM) onbiToM. [asi Toro 4ToOB HHTYHUHMIO HCCJEAOBATENSA
MOAHATL Ha YPOBEHb NPOBepAeMOii CTATHCTHYECKOH TIHIIOTE3BI, CJe-
JAYET OmpeieaHTb CTAaTHCTHYECKYI0 MOJeJb, a HMEHHO BLIJENHTL H
NEePEeYHCJHTh PPYNNY B3aHMOCBA3AHHBIX MOHATHI, KOTOpPbLIE, KAK MBL
HajeeMmcs, TMO3BOJIAT KOJHYECTBEHHO OMHCATh YacTb HJH BCIO 00-



THIMOTE3bI, BBIBOPKM M PEWEHHSA 145

(=)

< Lunomedbl

1 2 Cozdaem modens !
Mpedecpumensroe | ° p Boibupaem
gau&ngmneﬂue [7777| \ QopMynupyem }////// Kpumepud

- = Z
. 2 2. 7
: e _
W _
e -
3 § Z .
Ofiockasang  Hem Seanemen nu | 2 Nposepgieva nu
npunumaem padosye V24 pesysmam | . fa 2unomesa. ?
Ezémﬂu;n]fsg”ieﬁﬂem : coMumeAbHbIM ? 22222

Puc. 10.1. Cxema IHKJHYECKOro 1ojxoza K pelenHid CTaTHCTHYECKHX 3ajaad,

Jacth uayyenus. Ilpoute roops, peub, BepOATHO, HALT O TOM, YTOOLE
VKa3aTb THNB H YHCJAO MepeMeHHBIX, KOTOPble MOXKHO H3MEPHTb, H
BbICKA3aTh HEKOTOPHIE YTBePIKAeHHs OTHOCHTENLHO NPeAnojaraeMuix
reHepajibiblX coBokynHocreil. Hanpumep, usyuenne pasmepa, ¢op-
Mbl M COCTaBa MPHOPEKHBIX rajex MOrIo Obl OCHOBBIBATLCS Ha Tpex
nepeMeHHbIX: JJHHe, OKaTaHHocTH M Tune nopox. CuaenoBano Gbl
yKaszaTh WKaJdy H cnocof uaMepenHs Kaxaoii nepeMennoii. Xesaa-
TEJAbHO Oblj0 Obl MEPEeYHCTUTD Jio0ble MPeAnooxKeHHs, Kacaoluiie-
€l pacnpejesieHHss 3THX TEPEeMeHHLIX B reHepaJbHBIX COBOKYIHOC-
Tax. Caenyomeii cynmecTBesHol COCTaBAsIONIeH CTATHCTHYECKOH MO--
Jean 0JKHO OBITh TOYHOe omucanue cnocoba Bubopa HabaogeHui
H3 reHepaJbHOH COBOKYMHOCTH; BHIGOp HabJI0AeHHH ABIAETCA CTOJb-
BaKHBIM MOMEHTOM, 4TO ero Gojiee mMoaHOe OGCYyK[ACHKE 4 TPHBELY
B caeayiomem pasgene. Hakoneu, ytoOnl Ha 3Tane (GopMHpOBaHHUS
CTaTHCTHYECKOH MoJeaH co3laTh 3pdext obpaTHoll CBA3H, 4TO HA
puc. 10.1 moxasano neryei 2—»3—4—-2, orpanu4yuBaercsi HaGop H3-

.BECTHBIX HCC/JIEJOBATE/IO CTATHCTHYECKHX KDPHTEpHEeB. OJIHaKO, Kak

OBl TLIATEJHHO HH COCTAB/ASJIACh HCXOJAHAs MOJE/b, ONLIT, NpHOGpe-
TeHHHBI{I Ha 3Tane BHIPaGOTKH KPHTEPHEB, MOXKET NPHBECTH K He0O-
XOAMMOCTH YacTO MOBEPXHOCTHOrO, a HHOT/A H CYLIECTBEHHOTO H3-
MeHeHHs MojeaH. MHOrHe MojJe/H, TpeAJoKeHHbe B HauyalbHOMH
CTafiuH, B AasibHEHIIeM CTAHOBATCS HEIPHIOJHBIMH JJ5 TECTHPOBA-
HHS; MO03TOMY HCKYCCTRY MOICAMPOBAHKA M TEPNEHHIO HCCIAEL0BA-
Teqb GoJblie BCEro YYHTCA B XOAe PAaHHHX NMOMBITOK INPHJIOKEHHS
MoJeJei.

Kak ToabKo cjaenanbl OCHOBOMOJaraioliie NpelnofioXeHns, Bbli-
6op uaH co3laHHe COOTBETCTBYIOUIErO CTATHCTHUECKOTO KPHTEPHA Ha-
srane 3 He mpeicraBiser TpyAHocreidi. OOLIYHO yXKe ACHO, Kakoii
KpuTepuil HeoOXOAUM: AJs1 OJMHOH HJH A5 ABYX BbIGOPOK, OAHOCTO-
pouuuit nau ABycropounuii. Koria KoHkpernasi cHTyalHs M03BOJSET
ciesiaTh BHIOOD MeXKAy NMapaMeTpPHUYECKHMH H HemapaMeTpHYECKHMI
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KPHTEPHAMH, HCCJAe]0BaTe] b He JOJKeH 3a6biBaTh O TOM, YTO mapa-
MeTpHUecKHe KpuTepHH obnaznatot GoJbliieil MOUHOCTLIO, HO TpedyioT
TIpH 3TOM BoJiee CTPOrHX JOMYLIeHHI, 6ojee TOUHBIX KA H3MEPEeHHs
n Gouaee TO‘IthKBbIﬁOpO‘IlIth IIJ1IAHOB, HEKEJH IpHMEeHeHHe 3KBHBA-
JEeHTHBIX HM HenapaMeTpuyeckux kpurepues. Takum o6paszoMm, BEHOH-
pas aubo OBLICTPO NPHMEHHMBI HenapaMeTpHYecKH il KpHTepHIl, OCHO-
BaHHBIH Ha BEIOOpKE MaJoro o6beMa, HeTOYHOI IKaJe H3MepeHHil u
npoctoMm crnocobe orbopa nab.aonenuii, aubo 6ojee cTporuii u Gomee
TPYAOEMKHI MapaMeTpHYecKnili KpHTEpHii, HCCAELOBATENI0 XOTEJA0Ch
6b1 3HATL, MOMKHO JIK CUHTATh NPHBOAHMEIE HM pabOTHl «IpeaBapH-
TEJBHBIMH» WJIH «OKOHUATEALHBIMH», B CBA3H ¢ TeM 3HadeHHEeM, KO-
TOpPOe MOMKET HMEThL SKOHOMHSI BPeMCHH H 3aTPauHBAaeMbLIX YCHJHI,
HCC/e0BaTe b NOJKEH CTPOro OUEHHTL TPYAOeMKOCTb oTb6opa Hab-
JIOMEHKH M H3MepeHHil OTHOCHTeLHO BCEX MPOYHX lesefl Hecaeno-
BAHHA. 321‘?{6-.“ H3MEpAThH JJIHRY ]\'El)l\'llOI"JI ‘U3 COTEH raJeKk <€ TOYHO-
CTLI0 A0 MHJIJIHMETPA, €C/IH A0CTATOYHO YHOPANOYHTL TPH LHOACHHBI
raJieK 1o BO3pacTaHHIO HX AJHHEI?

JInmp na stane 4 HecaeAoBATENb  MO-HACTOSILEMY CTapaeTcs
«caenarb» HeYTO MPaKTHUECKOE. Ha sranax 2 u 3 OCYULECTBAACTCSH
MJIAaHHPOBAHHe, W 3/leCh BO3MOXKHLL elle HekoTopele ynymienns, Ka-
KHM OBl ONBITHBIM HH ObL1 HCCI@L0BATeNb, HO HHa 3Tane 4 mepex HUM
nen3be:RHO BO3HUKHYT npobaembl. Koraa ais nposepku mpendo-
JKEHHOH MM MOIeJdH HCCaeloBaTe/lb HaYHHACT NPHUMEHATDH 'Bbl6pall-
UL KpHTEepHil, TO HE3aBHCHMO OT TOTO, C NPOCTOH HJAH CAOXHOH CH-
TyalHel OH CTAJKHBACTCH, JEMKO MOTYT 00HAPYIKHTLCS HELOCTATKH
B JIOFHYECKOM MOCTPOCHHH MOAECJ]H HJH HCKOTOpasdg HECOBMECTHMOCTDL
ee ¢ KpurepueM. dtan 4 1aeT peadbHyI0 BO3MOMKHOCTL YOELHTHCH B
TOM, YTO BCe B INOPAAKE, T. €. NyTeM MPOBepKH I0Ka3aTb, YTO B OC-
HOBY NPEeAJNOKEeHHOTO MOJAX0/Aa 10/J0KeHbl 3/paBble HAeH, 4TO ITOMY
TIOAXOLY COOTBETCTBYET MeToAHKa orbopa nabuioldeHnii, 4yTo npea-
nojaraeMblii 06beM BHIOOPKH J0CTATOUHO BEJNHK HJIH He OYeHb Be-
JIMK H 4TO LIKaJbl H3MepeHHil, Kotopuie TpedyeTcs BLIMOJAHHTL Hal
IJeMeHTaMH BBIGOPKH, COOTBETCTBYIOT TpPelOBAHHAM, 3aJ0KEHHBIM
B KpPUTEpHsX.

Ha mpakTiKke MOMKeT CJAYYHTLCA Tak, UTO y reoJjiora, onHpaslie-
TOCS Ha TMpPeJBAapHTEJNbHOE ONMHCaHHe, KOTOpoe OBLIO COCTABJIEHO
Ha 3Tane 1, CJOXKHJIHCHL KOHKPETHBIE MPeICcTaBJeHHS W OH BuiGpa.
METOAHKY NPOBEPKH THMOTE3, (OPMaibHO HIAH TEOPETHUECKH COOT-
BETCTBYIOLLYIO €ro MOJCI, JHIIb Js1 TOro, YToOB 06HAPYKHTDL CY-
LIECTBOBAHHE HEKOil MPHUYHHBL, 10 KOTOPOH HAMEYEH b 9KCTIepHMEeHT
He MOXKeT ObTh Beimoanen. Hanpumep, MoxKeT okazaTbes, 4TO cxe-
Ma orbopa HabmiofeHHll HelpHMeHHMa H3-3a TPyAHOCTeil B moJjyue-
HHH Npo0, WAH H3-3a TOro, uTo 06beM BMGOPKH, chOPMHPOBAHHOI
H3 0TOGpaHHBIX HaGMIOEHHIl, HelOCTATOUeH, HJIH TOTOMY, YTO Hal-
JIONEHHS He COTJIACYIOTCS € TEOPETHUECCKHM YACTOTHLIM pacmpejede-
HueMm # 1. 1. Ilpuetynath K ocyllecTBJACHHIO MeTOAMK oTbopa HaG-
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JIOACHHH M M3MepeHHH cJaelyer JHIIL B TOM CJAyuae, ecaH Bbl VBe-
peHbl B HX ocyllecTBHMOCTH. IIpHuHHA OTpHLATENBLHBIX OTBETOB HA
BOINPOCHI, BOZHHKAIONIHe Ha 3Tane 4, o6bIYHO COCTOHT B TOM, 4TO HY-
JeBaAd H aJAbTepHATHBHAS FHIOTE3bl YEPECUyp CJAOKHBI, UTO ILIKAJEI
u3Mepenuit u o6beMbl BLIGOPOK He YAOBJACTBOPSAIOT TpeGoBaHHAM
KPHTEPHS H UTO NPEANON0KEeHHA OTHOCHTEJNbHO reHepajbHBIX COBO-
KYNMHOCTEH, Mo CylecTsy, He npueMjaeMbl. TpyAHOCTH, KaK NMpaBHJoO,
yAaercst yCTPaHHUTb, ecjH, BePHYBUIMCH K sTamy 2, 3aHOBO Ompeje-
JUTh CTATHCTHYECKYIO MOJeNb, JHOO VIIPOCTHTL THHOTE3H, 6o cae-
JaTh B TO U Jpyroe.

OcymiecTBuB BbIOOPOUHBIN MJAaH H MPUMEHHB KPHTEpHil, mepexo-
AMM K sTany 5. 31ech HanGoJee TPpyAHAsA 3ajavya BO3HHKAET B TOM
caydae, ec/li 3HAUeHHEe CTATHCTHKH KPHTePHsI OKasblBaeTcs GJH3KHM
K KpHTHUeCKOMY 3HaueHH10. Koneuno, onpejeseHie KPHTHICCKOH 00-
nacTH Ha Itane 5 MeTOAMKH NpoBepkH rumore3d (pasa. 2.3.5) aaer
OCHOBAaHHA AJsl TPOCTOrO OTBeTa: HalbJlojaeMoe 3HavyeHHe CTaTHC-
THKH KpHTepHsi nub0 nonadaer B KpHTHYECKYIO obmaacts, Janbo He
nonadaer, ¥, cael0BaTebHO, HYJAeBast THIOTE3a COOTBETCTBEHHO JIH-
60 orsepeaerca, nnbo npurumaerca. OaHako Aawe npodeccHoHa b-
HbI CTATHCTHK €4Ba JIH JIOCTHTHET yCliexa B CTOJIb HeonpeaeneHHoM
CHTYalMH, TAK KAK OH BBLIOMpaeT caM TOYHOE IOJOMKEHHe T'paHHLEL
KpHUTHHeCKOH obaactu 1 cobeTBenHas OLEHKA PHCKA OWHOHThEA (CM.
obcyxaenHe B pasiA. 2.4) CAYKHT eMy €IHHCTBEHHBIM PYKOBOJCT-
BoM. CuaejoBaTeqbHo, eciH OH ofecrloKoeH TaKoro poja Heompeje-
JEHHOCTBIO, €r0, BEPOATHO, He YAOBJETBOPHT Pe3yaLTAT NPHMEHEHHS
MeTOAHKH npoBepkH runote3. Ecan 6u1 310 OBI0O CAyuaiiHOCTBIO, TO
B TEOPHH BBIXOJ NPOCT: HYKHO YBEJHYHTb MOUIHOCTb KDHTEpHS.
910 pocturaercs asyms cnocobamu. TlepBoiit U3 HHX COCTOHMT B yBe-
auuennn o0wema Boibopkn N, Bropoii — B BEOOpe Kpurtepus, Gojee
MolHoro no cymectsy. Kak nmokasano B pasi. 2.4, MOIIHOCTb JaH-
HOTO KpUTepHsl BO3pacraeT ¢ yBeJnueHHeM o0neMa BHIOOPKH, NpH
stom BepoarTHoCcTh omubok I u IT poxa ymenbuwaerca. Ecin ysean-
yeHHe oObeMa BHIOOPKH HeNPaKTHYHO, MOKHO 0OpaTHThbCA K Oojee
momuoMy kputepuio. Ilpn 3ToMm, oanako, Bo3HHKalOT Heyao6CTBa,
CBA3aHHBIE C TeM, UTO Takue KpHTepuHn Tpebyior 0Gojee CTPOTOro
Boibopoutoro miaana H GoJee TOUHBIX IIKaJ H3MmepeHus. B mobom
caydae cjeiyer BepHyTbest K atany 2 (puc. 10.1).

Ha stane 6 wuccaenosartens monydaer YAOBJACTBOPHTeNLHHIH pe-

. 3yJbTaT NpuMeHeHHd KpuTepus, [IpunArHe HyJIeBOH HAH albTepHa-

THBHOMH THIOTE3B! TIPH YCJIOBHH, YTO MOJKET OBITh BBIUHCJIEHA BEpPOAT-
HOCTB coBepluennsi ownbxu, ABAsercs ero yiadeil. Kopoue rosops:,
OH MOKeT 3aJaHHYI0 BEPOSITHOCTb CBA3LIBATH ¢ HCTHHHOCTLIO 3ajlaH-
Hoit rumotesbl. CopmyiHpoBaHHbBe TakKUM 00pa3oM BepOATHOCTh H
FHIIOTE3d, a TaKyKe HTOTH NPeABapHTEJIbHOrO 03HAKOMJIEHHS H OIH-
CaHWe CTATHCTHUECKOil MoJenaH, BHIOOPOYHOro ImJaHa H CChIJIKA Ha
BLIOpaHHBIl cTATHCTHUECKH{T KPHTEPHI MOTYT NpPEICTABJATH pealib-
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HOE JOCTHKEHHe, O KOTOPOM HCCJef0BaTe/qb MOMKET rOBOPHTH BNOJ-
He 0GOCHOBAHHO H KOTOPOE BIOCACACTBHH MOKeT OblTh HCMOJIb30BA-
HO TIpH pa3paboTKe OKOHYATEbHON HHTEPNpeTalHH.

10.2. NpoGaema BbIOOpa: BBeJeHHE M NOYYHUTEJbLHAS HCTOPHSA

I'pybo rosops, Bce, 4To ocTaeTcs clenaTbh, 3T0 A006aBHTL He-
CKOJIBKO KOMMEHTApHEeB K 3aJa4yaM BLIOOpa, XOTsl S H OTJONKHI 3Ty
naubonee emKyw npobremy Ha caMmbiii KoHell. BuiGopounslit mian
ABJsAeTcA (PYHAAMEHTAJbHOH YacThbi0 H3YyUeHHsi He3aBHCHMO OT TO-
ro, ¢ Kakoif 1eJbid Mbl NPHMEHsieM CTaTHCTHUecKHe MeTojsl. PaHee
npuBeAeHHbIH npuMep (pasd. 6.7) mokasaJu, YTO HCNOJAL3OBAHHE He-
MPOAYMAHHOH MeTOJLMKH BHIGOPA MOMKeT NpHBECTH K POPMHPOBAHHIO
HenpejcTaBHTeNbHOH BLIOODKH H MOCJAeAYIOLleMYy HCKaXKeHHIO pe-
3yJIbTaTOB TPHMEHeHHs CTaTHCTHYECKHX KpuTepueB. Takoe mcKame-
HHE MOXKeT OBbITh MOJHOCTBIO CKPBITO KaK OT CaMOTO HOCJIeA0BaTe s,
TaK H OT uHTaTeJedl ero oryera. 310 0COGEHHO BEPHO, KaK YKa3hiBa-
J0Cb, B OTHOLUEHHH HauOoJjiee MOUIHBIX TTApAMETPHYECKHX CTATHC-
THUECKHX KpHTepueB. Bo Bcex MpHI0KEHHAX, 0COOEHHO B HCIOIB3YIO-
UIMX MOMUIHBIE KPHTEPHH, BeCcbMa CyLleCTBeHHO, YToObl 86100pKa, Ha-
CKOABKO 3TO B03MO¥CHO, Oblaa npedcrasuresbHoll.

Hayny Bce-TakH ¢ KpaTKOH NMOYYHTEJIbHOH HCTOPHH, YTOOBI MOKa-
3aTh, KaK He3aMeTHO MOTYT BO3HHKaTh NpobJjeMbl BelOopa. ['pynma
reosoros B ¢espaie 1976 r. (Bo BpeMs TONAUBHOTO KPH3WCa) BO3-
BpALIAIACh H3 IKCKYPCHH K BOCTOKY oT dauHOypra. Kenas ysenu-
YHTh CBOH BKJaJ B pellleHHe TOIMJIHBHOM NpoGJeMbl, OHH Peuny,
HeCMOTpSl Ha TMOYTH HYJEBYIO TeMMepaTypy H MOJHYI0 TEMHOTY, OC-
TaHOBHTBCA B paiione AGepsenu-Beit, uTo6sl cobpaTh yueGHBIH Ma-
Tepuan. [loneBas mamuHa 3aexana Ha NUIsK, H JABa  Y4acCTHHKA
rpynnsl («CLL» u «kKPI'») ornpaBuauch ¢ MEWIKAMH COGHPATDH IaJb-
k., M Gbino gano sapanue cobparh «caydaiiHbiM 006pasoM» ¢ yua-
CTKa MJsizKa, ocBellenHoro (apamu aBToMOOHJISI, MPHOJH3HTEIbHO
0 coTHE raJjek. BepuyBIIHCh B MAUUHY, OHK TIPOKJANHAJH OTBPATH-
TEJBbHYIO TOTOAY H TOBOPHJIH, YTO MHOrHE TaJbKH HAKPENKO BMEP3JH
B TPYHT.

B naGopatopun Gbiia uaMepena AjauHa (T. €. MaKCHMAaJbHBI
pasMep) Bcex rajexk B KamJOH M3 JBYX BHIGODOK H pPe3YJbTaThl
npeAcTaBieHsl B BHIe I'PAQHKOB HHTErpaibHBIX (DYHKIHIT pacnpe/e-
Jenus (puc. 10.2), Ha ToM oCHOBaHHH, YTO MEIIOK C IaJbKaMH, cob-
panbivi «KPTI'», 661 3HauntensHo Taxenee memka «Cll», 6blio
clenaHo MPeATOoJoXKeHHe 0 HelmpeacTaBHTe/IbHOCTH BhIOOpa, a cMe-
menune kpusoit «KPT's ortuocuresnsiio xpusoit «Cli» ma puc. 10.2
MOIIO CBHAETEJbCTBOBATH B MOJB3Yy Toro, 910 raibkn «KPT'» B
cpeaneM kpymdee. Henonbays nocnejsee npeinofoikeHue B Kaue-
CTBE aJbTePHATHBHOH DPHIIOTE3B!, MPHMEHHJIH OAHOCTOPOHHHH KpHTe-
puit Konmoroposa — CMHpHOBa AJs ABYX BHIOOPOK, HTO TPHBENO K
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Puc. 10.2. Hurerpanbunie PyHKUNE pacnpeneteHHA JIHH rajek, o06pasylommx
- iBe BRIGOpKI, COGpANHBIE C OJHOTO W TOro jKe yuactka mas:ka., OGcyzKieHine 3THX
®PHBBIX cM. B TekcTe. [HHA BepTHKAJLHOTO OTPe3Kd COOTBETCTBYET KPHTHue-
CcKOMY 3Havennio cratuctuky D kpurtepus Koamoropopa — CMHpHOBA It ABYX
BbLIGOPOK.

OTBEPIKEHHIO HYJEBOH THIOTe3bl A5l KpHTHYeCKOH 06sacTH pasme-
pom 0,01. Oxnako, HeCMOTPS Ha TAKOH pe3yabTaT, BOCeMb CBHJETE-
Jieil Bujend, 4to o6a KojaJaekropa onpoGoBaad B TOYHOCTH OLHH H
TOT K€ yyacTok mJusaxa. Hampaummsaicsi BBIBOJA, YTO MPOCTOE YCT-
HOE YKa3aHHe «IPOM3BOAHTL BBIGOP caydaiiHbiM 06pa3oM» BOCIHpPH-
HHMaJI0Ch MO-pPa3HOMY M 4TO B Npouecc pyyHoro Bbibopa OblIO BHE-
CceHo cuabHOoe nckaxenwe. HempeacTaBuTeabHOCTL BBIOOPA B ITOM
c/yyae 4YaCTHUIHO MOXKeT GbiTh OObsCHEHa Pa3/HYHEeM B TeJoc]oxe-
HH Kojuiektopos: «Cli» — xpynkoro cuaoxenns (poct 5 ¢yros
awiima); «KPI'» — kpenkuit my:xyuna (poct 6 ¢pyToB 7 A10HMOB),
pyka y «KPI'» coorBeTCTBEHHO CHJ/bHee,

Hurepeciasi 0oco6eHHOCTb 3THX ABYX BBIGOPOK COCTOHT TaKiKe B
OM, UTO, XOTSl OHH CHJILHO CMeLIeHBl B OTHOIIEHWHH ATULBL, KaZAylo
3 HHX B OTAEJbHOCTH MOXKHO CPaBHHTB ¢ pacnpexpetenuem [aycca.
ocJle IPUMEHEHHsT KPHTEPHs XH-KBaApAT K TaKOMY SBJEHHIO HYJle-
Bas THIOTE3a MOXKeT OBITL NPHHATA AJs KpHTHYecKoH objacTH pas-
epom 0,01, Tak 4ro oka3anoch, 4to o6e BHIOOPKH B OT/JEJbHOCTH
JLOBIETBOPUTENbHO aNMpOKCAMUPYIOTCS pacnpefenenneMm I'aycca.
JIe10BaTe/IbHO, MOMKHO IPHMEHHTh MapaMeTpHYecKHe KPHTEePHH, 110-
obnbie f-kpuTepuio CTLIOACHTA, ANA Pa3INUMA ABYX CPEAHHX, UTO
PHBOJHT K OTBEP;KeHHIO HYJeBOil THMNOTe3bl O PaBeHCTBE CPeAHHX
J5 KpuTHueckoii o6aactu pasmepom 0,001,

0.3. Mpodaema BuiGOpa: BOIMONKHbLIE PelieHHA

CTaTHCTHKH, 3aHHMalOUIHeCs NMPaKTHIECKHMH HCCJIeI0BaHHAMH,
aapaboTaji MHOMKECTBO CXeM BhIOopa, MpHUEM HEeKOTOphle M3 HHX
TMeyeHbl OOJbIIOH H300pPeTaTeNLHOCTbIO; BCe OHH TpeAHa3Haveisl
JISl KOHKPeTHBIX Heaed. ['eonori MOryT BOCHOJIB30BATHCH ITHMH CXe-
MaMH, 0HaKO TPYyAHble ycJaoBHS cOopa reojorayeckoi uHpopmanuu
CJIOKHOCTh BBHIIOJIHEHUSI TeoNOTHUecKkux HabaioaeHnit MOTYT Bbi3-
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BaTh onpejenenusie saTpyanenus, [lelicTBHTeNbHO, CTATHCTHK, Cle-
UHAJAH3HpYIOUHiics B GoJiee «I0OMallHHX» 0ONACTAX HAYKH, TaKux,
KaK GHOMEeTPHS HJIH COILHOJIOTHSA, 0ObIYHOMCIBITHIBACT MEHbIIE TPY 1-
poctefi npyu BeGope H yBeauueHud obbeMa BBIOOPKH IyTeM MOHCKA
JONOJHATEIBHBIX CAYYACB WM NyTeM BuipaliiyBanus 60AbIIOro Ko-
JguyecTsa Kaprodgeas. I'eojior, HANPOTHB, UaCTO BHIHYKLAEH H3BJe-
KaTb CBOM 0Dpasibl H3 KpPernxo CUHeMEeHTHPOBAHHON MaTepHHCKO
HOPOABl ¥ MPOBOLUTE HAOMIOAEHWS B TPYANBIX, HHOTAA NOJHBIX pHC-
Ka yCJOBHAX, a BBIOOPKH HePeAKO OKa3blBAIOTCA KaK MaJjoro abbe-
Ma, TaKk H HeJAOCTATOUYHO MPEeACTAaBHTEJIbHBIMH. JIyuuiee, 4To MO#KeT
clesaTh re0Jor, 3T¢ ObiTh OAMTENBHBIM K BO3MOKHEIM HCTOYHHKAM
HPHCTPACTHOCTH TPH BEIGOpE H CTAPATbCA HANTH KaKOH-11uG0 cnocold
VMeHbIIEHHS H JaKe TMOJHOro McKJawdenus storo apdexra. Curya-
LHH, B KOTOPHLIX MOMKET NPOHCXOAHTH HENpeACTaBHTEJbHBIA BHIGOD
reoJIOrHYecKoro MaTepHana, CToJb MHOTOYHCASHHEB B TPAKTHYRCKOII
pabote, yto OBIIO OBl HEPA3YMHO NEePeYHCAATH HX 3Jech: «lepeio-
BYIO JIUHHKIO 000pOHbI» (NPOTHB HEMpeACTaBUTEJALHOCTH BEIOOpA) 00-
pasyioT octpas HabMIOAATEbHOCTE H CO0GPA3NTEAbHOCTD  KOJJIEK-
TOpa.

10.3.1 Ieau ¢popmuposarus goiGopok. BriGopka momker ObITh
H3BJIeUeHA H3 I'eHepaJbHOH COBOKYNHOCTH MCKJAIOUHTENbHO B lesx
ONHCAHMSA, NMPH ITOM Hal HAOJIONEHHAMH BHINOJAHSIOTCS H3MEPEHHS,
a ux pedyabrarhl Oe3 jaapHeieil oOpaborkn naobpaxkaloTcs B BH-
ae TabaHIL HaH TPAdUKOB, NOCKOJIbKY OHH ONHCHIBAIOT H NPEeICTaB-
JAIT HCXOAHYIO TeHepajbuylo cosokynuoctb. JliobGoe mpucrpactie,
JOTyLieHHOe NPH BhIGOpe, MPHBOAHT K HCKaKeHHOMY HPeACTaBJeHHIO
0 reHepanHol COBOKYIHOCTH.

Kaxnas renepanbias COBOKYNHOCTb MOZKET XapaKTepH30BaTLCH
KaKHM-THO0 mapaMeTpoM, OTHOWEHHeM, MPONOpIHel HIH KaKofi-Hi-
OyAb ApPYroH UHCAOBON XapaKTePHCTHKO, 3HAUEHHE KOTOPOH OLEHH-
BaeTcs Mo BEIOOPOUHLIM H3MepenusaM. Taxk kak BuOopKa, N0 KOTO-
POl jejaiTcs TakHe OUEHKH, MozxeT ObITb Manoil 4acThio rexe-
panpHoli COBOKYNHOCTH, KpHTHUecKuit nHabatoparensb Oyger nodu-
BATHCH MPEACTABHTENLHOCTH BbIGOPA 1 € TIOMOUIBIO 3aaBAEMOro 10-
BEPHUTE/IbHOTO0 HHTEPBAJIA MPEAYCMOTPHT HEKHE PaMKH TOUHOCTH OLle-
HHBAGMOTO NapaMerpa, OTHOUIEHHS M T. 1. BoJbliag 4acTh Teopui
BEIOOpa Kacaercsi cnoco0OB OUEHWBAHHSA ¥ MX TounocTH. Yacruumo
sTa npobaema paccMOTpena noJ pyOpHKOH «10BepHTeJLHBIe HHTED-
BaJbl»,

Hagorer, MHOTO BpeMEHH Mbl YASAHIN METOAHKAM MPOBEPKH TIi-
nore3. TH MeTOAHKH Ga3HPYyOTCS Ha BHIGOPKAX, H HENPABHIALHOC
nposeneHue BuGoOpa MOKET NPHBECTH K OWIHOOUHBIM peuteHHsaM. Ta-
KuM 00pasom, Leau seiGopa B obuiem MOryT ObITh KaK OnHCaTe bHb! -
MH, TaK U aHaJHTHYECKHMH.

10.3.2. 'enepaasHele cOBOKYNHOCTU: u3y4aemas « onpobyemas,
GeckoredHan i KoHeungn. HeoTbeMaeMbIM HAYAALHBIM 9TANOM Bbl-
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GOpouHOro niaana ABAACTCA ompeesensie (HHOTZA Crporoe) Tex
CBOIICTB, KOTOPLIC AOJKHB GHTL 0OOHAPYXKeHb B HaGMOAEHHH, UTO-
Obl BKIIOYHTH €T0 B HHTEPECYIOILYIO HAC FeHepadbHYIo COBOKYIHOCTD.
Caenatb 370 Heserko, Hanpuvep B ciyuae onpoGOBaHHS «IPAHHUTOB»
1Hd TEPPHTOPHH PAIBUTHA MUTMATHTOB, TJle NPHCYTCTBYET MHOMKECT-
BO NepexXoAHbIX THIOB MOPOJ, YaCTh KOTOPHIX B CTPOrOM CMBIC/AE He

| ABJAIOTCA «rpaHATaMu». B ApPYyrHX CHTYaumsx 3Ty 3aj1auy MOMKHO
| PEILHTL HENOCPeACTBeHHO, HaNpHMep OnpoboBaHHeM AaeK, BHEAPHB-
| wixes B ocajouneie nopoAel. Kpome Ttoro, reonor mofixen Tiia-

—— e

TEeJAbHO YCTaHOBHTBL, BCs JIH ornpeneJsieHHas HM regepanpnaf CoOBO-
KYNHoCeTh (hakTuyeckn aoctynna ans Bubopa. Kokpen [4] ucnonbay-
eT TepMHHLI «H3yyaemas» H <«onpoOyeMasi» reHepajbHbie COBOKYII-
HOCTH, KOTOPLIC B H/JeaJbHOM caydae coBnmajiaioT. OnHako Ha npak-
THEE OTHECTH MX K TOMY HJAM HHOMY THOY TPYZHO H He Bcerja BO3-
Mozxkuo. Hanmpumep, dopmanun mopox MOryT 3aneratb TIyGOKo H
Jdake MepexpLBATLCS HECOTJacHO JeXallEMH Ha HHX (GoJee MoJo-
ABIMY 0CAaA0YHBIMH OTJIOKeHHaAMH. Takue q:’O]J.‘r!a].l'I’lI{ TEXHHYECKH J0-

- CTYNHBL, HalIpEMeD ¢ NOMOULBIO aJAMA3HOrO 6'_\'])EHHH. OJHaKO rpaHH-

1Bl onpoOyemoil regepajbHod COBOKYNHOCTH OVIYT ONpedeNaThes
€TonMocTbio BypoBbiX paGor. CXoaHhIM e 06pa3oM He AOCTYIHHL
Habaojenuo Te yacTy opmauufi, XoTopHe HHHE 3DOAHPOBAHBI.
CregoBare/bHO, B KamkJI0M ciydae HeoOXOAMMO TLIATEJNLHO —pac-
CMOTpeTh CTeleHb MepPeKpBITHA «H3ydaeMoii» H «onpoldyeMoH» COBO-
KynHocTeit u oueuuth npobiemsl, BOZHHKAIOMHE B TOM CJaydae, ec-
JIH 3TO TIePeKPBITHE MaJIo.

Jlo CHX NOP MBI CYHTA/H, YTO «TeHepasibHAs COBOKYIHOCTb» CO-

 CTOKT #3 GECKOHeYHOro MHOMKecTBa Hal/mofeHuii HAM MHAMBHAYY-

MoB. OfHAKO Takoe HpejcTaBienne He Beeria obocuosanuo. [lpn-
MEPOM TOMY MOIKET CJYKHTb COBOKYMTHOCTh IJIaCTOB HecCHalyka B
KaMenuoyroapusX nopoaax Llenrpanbnoii Hlotnananu, rie nasect-
HO KOHCUHOE YHCJO TakuxX mnactoB. ClefoBaTeNbHO, HYXKHO pasjH-
4aTh «BecKOHEYHbIE» H «KOHEUHBIe» reHepadbHble copokynnoctd. Ha
NPAKTHKEe TPAHHIA MEKAY HHMH YCTaHABJAHBACTCH NPOH3BOJBLHO.
IToka namwa BuGopka coctasaser ue Gousee ![p oObeMa KOHEUHOM
reHepasibHOR COBOKYMHOCTH, MBI CIOKOHHO MOKeM CYHTATL MOCHAeN-
HI010 BecKkoHeYHOH.

Fenons3oRranue KOHKPETHHIX cXeM BhOOpa B KOHKPETHLIX LEJAX
MOZKET TMOBJeYb 3a co00il onmpejeleHHbIe TPYIHOCTH, O HX PACCMOT-
pPeHHe BLIXOJHT 3a paMKu Hawell kHurd. BepositHo, oud OyAyT HH-
TEPECHBl HCC/CAOBATENAM HJH TEON0TaM, HMEeUIHM Y3KOoCnenHab-
HOe 3afanue, W uM OyJeT I0Je3HO O3HaKOMUThes ¢ pabortoii Kok-
pena [4].

10.3.3. OcHosHbie npunyunbl RAARUPOBARUA cxem 8oihopa. Pas-

- paGorano MHOTO cXeM BbIGOpA, CYNIECTBEHHBIM 3AEMEHTOM KOTOPHIX

ABJAETCA YHCTasd cnyqaﬁnocm IIpH IBbIﬁOpe HHAUBHAYMOB HJIH Hab-
Jonennii. Ilo Takum cxemam NMOCTPOEHbI METOIHKH «BEPOATHOCTHOrO»
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BbIOOpa B NPOTHBONOJOMKHOCTh «HEBEPOSITHOCTHBIM» METOIHKAM, Ta-
KHM, KaK pyunoii BoiGop Hiau cyObekTHBHBIH BHOOD «THONHYHBLIX»
Habmiogenuit. [Tocaeanne aBa BoIGOpa He MOIYT HCMOJb30BATLCS
AJS TOJYYEHHS XOTb PGF.a:KOﬁ-TO Mepe 00BEeKTHBHBIX OLIEHOK IeHe-
palbHbIX COBOKYITHOCTEH.

OnpefesinB obmue LeJH HCCAEL0BAaHHA H YeTKO yKa3aB TpaHH-
1Bl renepaibHoil COBOKYTHOCTH, KOTOPYIO cieayer onpoboBaTh, npH-
HUMaeM pelleHie o0 OMOPHOIT ce€TH, O KOTOpoit nabmiodenus GyayT
oTOHpaTLCA H3 reHepaabHOIl coBOKymHocTH. Bo mMHOTHX cayuasx Ha-
bnloaenns orbupaiorca TakuM oOpa3oM, 4ToOn OHH OoJee HJAH Me-
Hee PaBHOMEpPHO NMOKPLIBAJH BCIO TeHEepPaJbHYIO COBOKYNHOCTH: 00-
pasubl rpaHuTa OYAYT MOKPHIBATL OOHAMEHWE TPAHHTOB € paBHO-
" MEPHO#H IIJIOTHOCTb1O, 00pasipl rabbpo U3 paccloeHHOH cepHH cJe-
JAyer orbupath Tax, YTOOGB OHH NOKPBIBAJH BCIO €€ MOUIHOCTDL C paB-
HoMepHo# naoTHoCThI0. OJHAKO B APYLHX clydasX Habaoledus 6y-
JYT pacnoJarathcsi HepaBHOMEPHO 110 MAOLIAAH HJH [0 HEKOTOPOMY
HallpaBJEHHI0 Jaze IPH pPaBHOMEDHOM MOKPLITHH BCelt TeHepalbHol
coBokynuoctH. Tak Gyler, HanpHMep, B TOM clydae, KOrjla HHTepe-
cylollasi Hac nepeMeHHasi CBfi3aHa ¢ PaccTOsHHEM JO TpaHHUbl 00-
HaKeHUus, WMeIoNero GoOpMy OKPYKHOCTH, HJIH cO cTpaTurpaduuec-
KOH MOLLHOCTBIO pa3pe3a, CMATOro B Jexayde ckJaagkd. Cleiosa-
TeJbHO, HYXKHO TIpefcTaBiATh cebe, 4TO B mpejenax TeHepa/bHOIl
COBOKYMHOCTH C IOMOILLIO «BeX» HJIH HHEIM crnocobom pasburta onop-
Haa ceTb. PopManbHO T4 ONEpPalHsA COCTOHT B pacuJeHeHHH TeHe-
paJibHOil COBOKYNHOCTH HA PAA B3aWMHO HCKAOHAlOUHX eAHHHIL,
Mo aeil HIH NpHpalleHHi, GpH3nYecKHe pasMephl KOTOPHIX MOTyT
ObITh Pa3IMYHBIMH B PasHbIX YaCTSIX FeHepasbHON COBOKYMHOCTH.
B mHBIX cayyasx sra omepalys MOMKeT 3aK/JI049aThes B IOCTPOEHHH
OMOPHBIX OCEil, B HANPaBJCHHH KOTOPBIX €AHHHILI H3MepeHus OyayT
pasmmuathes. [IpuBoaumoe uuke o6CyKAeHEE HEKOTOPHIX NPUMEPOB
(pasa. 10.3.4) mpoHJJIOCTPHPYET T€ MOMEHTBHI, KOTOpHE KaMKyTCs
HEIOHSA THBIMH.

ITocneanuM H BaXKHBIM ITANOM: siBJAseTC OUueHKa tpeGyeMoll cre-
MEeHH TOYHOCTH (B OMHCATENBLHBIX MPHIOMKEHHSIX, Te OLeHHBAIOTCHA
napaMeTphbl) HMJIH OLEHKA pa3Mepa KpHTHUeCKoil obnactd (B anaau-
THYECKOM TIPHJIOKEHHH, IJle MPOBEPAIOTC THNOTE3bl). 34ech Caely-
eT paccMOTpeTh Takue (GakTopbl, Kak WIKaja H3MepeHHs HHTepecy-
woulel Hac nepeMennoil n obulHe 3aTpaThl WM PEaNbHAS CTOMMOCTD
pabor. [IpuuaTHio MOROOHBIX pelleHuH CYIIeCTBEHHO MoMOTaer npeji-
(IECTBYIOUIHI ONBIT, KOTOPHIl pekoMeHAyeT G0 MpHMeHeHHe «npej-
BApPHTEJNLHOrO KPHTEPHA», JHOO MpOBeAeHHEe «NPelBAapHIEILHOTO HC-
caefoBaHus» (/10 BEIMOJHEHHS OCHOBHOTO o6bema pabor).

10.34. Hexotopele cneyuaarshvie cxemor soifopa. Kak yxe oTve-
4aJI0Ch, CyLIeCTBEHHBIM 3JI€MEHTOM MHOTHX METO/OB SIBJSETCS 4uc-
Tad caydaiinoctb BeiGopa nalGmiofenui, ofHAKO YKa3blBajloCh TakK-
e, 4to paspaboTaHO MHOXKeCTBO IOAOGHBIX METONMK HJH CXeM.
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OcHOBHAA NPHIHHA TAKOTO pasdHoolpasust sak/ioyaeTes B HeobXo-
JHUMOCTH JOCTHYbL MAaKCHMaJbHOH 3((eKTHBHOCTH M TOYHOCTH B yC-
JIOBHSIX OrpaHHyYeHuii o TaKuM napaMeTrpam, KaK CTOHMOCTb, BpeMd,
TPYAOBblE 3aTpaTel, AOCTYNHAA anmapartypa, KBaJau(pHKALHA HCMIOJ-
HHTeJeH, focTynHOCTL HabGaloAeHHiH H T. . B CBS3M ¢ 3THM Hccde-
N0BATe/b MOMKET CTOJNKHYTbCcA ¢ OO0eCKYpaKHBAOUWIKM BuiGOpOM.
OanaKo, TBepA0 MOMHS, YTO 1{€Jb PACCMATPHBAEMEIX 3/€Ch METOAHK
COCTOHT B TOM, 4TOObLl MX MOAHO OBIIO MPHMEHATh HEMOCPEACTBEHHO
| «Ha MECTe» H KaK MOXKHO 'MeHblIe NPH 3TOM 3aHHMATbCA COGHCTH-
KOH, PACCMOTPHM JIHIIEL HeboJblIoe YHCA0 cXeM BLIbopa.

Ilpocrod cayuatineid s8oi6op. DTOT MeTOA BLIGOpPA COOTBETCTBYET
OOJLUIHHCTBY NPHJIOKEHHH, BbIONHAEMBIX «HA MeCTe», W [I0YTH
BCEM MPHJIOKEHHSM, NpelHasHayeHHbIM 1A nmpoBepKH rumores. Ero
MOXKHO HpencTaBHTb cele Kak TPuCBOeHHe CoOCTBEHHOro HAeHTHDH-
LIHPYIOILEero HOMepa KaxAoMy HalJI0feHHI0 B reHepaabHOH coBo-
KYIHOCTH, a AJast (popMupoBanus BeOOpkH TpebyeMoro ofbema reHe-
pupyercs Habop paBHOMEPHO pacnpefe/eHHbIX CaAydYaiiHblX —YHCen
(T. e. umHceJ, HMEIOUIHX PaBHbLIE BEPOSITHOCTH TOSBJEHHS B Ipeje-
Jax saganHoro nutepsana). Ilpeanonoxum, Hanpumep, 4TO MBI XO-
THM cOcTaBHTb BbIGOpKY M3 30 rajex, oTo6paHHbIX Ha T/ISKe HJH
8 pycae pexd. Oaun u3 cnocobos Mor Gel COCTOSITh B TOM, 4YTOOH
fIPOTAHYTb MO OPAMOH JIHHHH PyJerTky, Jonyctim, Ha 36 sipaoB
(auraMACKHM MepaM JJIHHBL OTJAAHO NpeLNouTeHHEe mepej MeTpHuec-
KHMH B CBfI3H C TE€M, YTO TAKOH OTPE3OK [erde pasfeiinTh HECKOIb-
KO pa3 Ha wecTh 4yacTeil). UroOwl creHepHpoOBaTh Cayuaiinble YHcaa,
MOMKHO BOCMOJb30BaThcs TabauumaMu, B H30bITKe HMEOUIHMHCA B
CTaHAAPTHBIX PYKOBOACTBAX MO CTATHCTHKE (HAanpuMep, B TPEXTOM-
HOM pykoBojictBe [25] Maccoit 1,25 kr uan B MoHorpaduu [16] mac-
coit 1,16 kr).OaHaKo 6OMBIIMHCTBO MOUX NpeAnoJaraeMbiX uuTaTe-
Jeif okazajuch Gbl NPaKTHYHBIMH JIIOABMH, ecaH Obl HMeJH IpH
cebe urpaspHble KocTH (Maccoit 20 r) ais 3amMONHEHHS TEepPHOLOB
«TE0JIOTHYECKOTO Desgenbs», XapakTepHbiX IS JIOOBX TOJEBLIX pa-
6oT. Kaxaofi TpaHH KOCTH MOXKHO CONOCTABHTDL LeJI0€ YHCJIO B HH-
TepBane 1—6 BKIOUHTENBHO, a Gpocasi KOCTh, OVAeM MOJydaTh CJY-
YaliieiM 00pa3oM OAHO H3 3THX uHceJ. DTo cJydaiiHoe YHCIO MO-
JKEeT ObITh CONOCTABJEHO C OAHHM H3 6-ApJA0BBIX HHTEPBAJIOB, HA KO-
TOPHIE MOMKHO pasAenuTb nauly 36-apaosyio pyJaeTky. bpocanue BTo-
Poil KoCTH yKaxkeT l-ApAoBbIi MHTEepBaJ B MpeAenax 3aJaHHOro
6-s1p10BOrO HHTEpBada H T. ., Ae/S KaxAblii MeHbLLHI HHTepBaJa Ha
1eCTb yacTell CTONLKO pas, ckoabko HyxXKio. Iajabka, nomagaioniasn
#Ha 3TOT HHTepBaJ, BKao4Yaerca B BhGopKy. Takum obpasom, nocie-
JoBaTeibHOCTD uncen 1, 3, 6, 4, moayuendas B pesyabTate Opocanns
KOCTH, yKaxeT rajbKy, HaXOASILYIoCd Ha paccTofHun 2 saiapa
33 awiima ot nauaaa pyaerkH. ITpocras cayuaiinas BeiGopka o0be-
MoMm 30 wabmogeHuii, noJaydeHHas TakuM crnocofoM, NMoKasaHa Ha
puc. 10.3.
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Oxna us npoGaeM, KoTopasi MOKeT BO3HHKATh BpeMs OT Bpeme-
HH, COCTOHT B TOM, YTO OAHO H TO Ke HabJaiogense ordupaercs 6o/b-
e oAanoro pasa. B ¢BA3m ¢ 3THM MBI onpejensieM BbIGOpP ¢ BO3Bpa-
illedHeM 1 BLIGOp Oe3 Bo3BpalleHHs B 3aBHCHMOCTH OT TOTO, BO3Bpa-
nfaeM Jii Mbl Ha Mecto y:ke oro0paunoe nabuaiofenue, fepen Tem
KaK HDpoJ0MKHTb 0TGop. MoKeT NokasaTbesi H3JIHIIHAM, YTOGHE 01-
Ho H TO e Habmolenne ObLIO MpejacTaB/ieno B BuGopke Gojee 01-
HOTO pasa, HO HAa TO HMEIOTCH BeCKHE CTATHCTHYECKHe mpHuHHBL. Ha
NpaKkTHKe, N0ka BHOOPKA ocTaeTcst MeHblle '/yy KOHEUHOI renepab-
HOi COBOKYNHOCTH, Pasjauuyde NpejcTaB/iser YHCTO aKaJleMHUYeCKHi
nurepec.

Paccaoennsiii cayuaiinbli 8otbop. Y HEKOTOPHIX HecdegoBaTee
MOI'VT BO3HHKHYTL TPYAHOCTH B CBSA3H C TeM, 4T0 (POPMHPOBAHHE Bbi-
GOpKH nmyTeM TPOCTOro CJAy4YaiiHOrO BHIOOPA MOMKET NMPHBOAHT Kak
K rpynnupoBke nabaiofenufl na yactu onpoOyemoro marepuana u
06pa3oBanfio mMycToT B APYTHX MecTax, Tak H K cayuaiHomy ayGmau-
poBanuio Habm0IeHuiT, ec/lH NPOH3BOAHTCA BLIGOD C BO3BpAIEHUEM.
Cnoco6 yMeHbIleHHs] 9TOro sIBJACHHS COCTOHT B [AEJMEHHH TeHepailb-
HOfl COBOKYNHOCTH Ha PsiJl B3aUMOHCKIIOUAIOUIHX «I0ACOBOKYMHOC-
Tei» HJIH «CJ0eB» B Npejetax HHTEpecylllero Hac HHTepBala H B
NpUMEHeHHH OPOCTOro cayuaiinoro BeiGopa mooyepeino K KaxKaomy
caoto. Ha puc. 10.3 moka3zano, kak B HallleM THIOTETHUECKOM MpH-
Mepe c orbopoM npHOpexHLIX rajgex B npereaax 36-spAoBOro ui-
TepBaJia paclpeieqsiioTcss N0 NATh HabaiodeHuili BHYTPH Kax10ro
6-51p 10BOTO CAG. .

Yacro, ogHako, ecTh Oojee Becomas NpuuMHHA NPUMEHEHHS CcXe-
Mbl CJy4ailHOro paccjoeHHOro BnOOpa, 4 HMEHHO MOBBHILIeHHe TOu-
HOCTH OLEHKH HeKOTOPHIX NapaMeTpoB reHepajibHOl COBOKYMHOCTH.
I'paduuecknil npuMep CTPOHTCH Ha OCHOBE JaHHBIX, HCMOJbL30BaH-
HbIX B puc. 9.9. Ilean coctosyia B ToM, 4TO0L COBMECTHO OLLEHUTDL

Mpocmod Cyyaixsil
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Puc. 10.3. 30 touek, oTo0pannbpX HA HETepBaJe AauHOH 36 ApJoB Mo cxeme 0po-
CTOrO CaAyuaiiHoro BHGOPA, PACCAOEHHOro CaywaifHOro BhOOpa (B KOTOPON Kai-
ABlE caoit nmeer gumny 6 ApRoB) H cucTeMaTHYECKOro BhiGopa.
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HanpasJieHe ocH CKJAaAKH I €ro AoBepuTe abublil Konyc. as storo
BLIOOP OB CMIAHUPOBAH TaK, UTOOH NOAYUHTH NPHOAH3UTEALHO
‘paBHOMEpHOe pacnpejesieHie TOUeK BJAOJbL llosica (Ha NpoeKuHH),
T. €. TeHepaJibHasi COBOKYMHOCTh Oblia paccioeHa B COOTBETCTBHH ¢
oplenTuposkoii. B peayabrate moayumics J0OBepHTENBHBIH KOHYC,
OJU3KHH K KPYroBoMy, XOTA M3yuaemasl CKJajlka HMEET IpPOTAMKEH-
Hbl€, TIOYTH NpsMble KPblAbs 1 y3kuit wapuup. [Ipoctoii cayuaiinbtii
BbIOOD, NpUMEHEHHBI B TaKOil CTPYKType, Aaa Gbl oTueT/nBoe GUMO-
JlaJibHOe pacnpejesieHlie TOUeK B Npejesax 1ofica, COOTBETCTBYIONIee
KPBLILAM CKJIaJKH, a JOBEPHTEJNBHBII KOHYC JJ5 OLEHKH OCEBOro

- nanpasaennsi 6ula1 Ob 3aannTa4eckuM. [logoGHble npuMeps, Kacaio-
nuHecs OMEHOK CPeAHUX W JAPYrHX mapaMmeTrpor, o0cyKAaWTCA B pa-
corte [4].

Cucremaruueckuii soibop. TlpuMeneHne 3toro cnoco6a, Tak xe
KaK 1l npuMeHeHIe pacc/loeHHOro BuiGopa, Tpedyer, uTo6H reHepasnn-
Has COBOKyNmHOCTb Oblja paccioeHa (pasGura Ha cJOH), HO CJOEB
TIPH 3TOM J0JKHO OHTH CTOJBKO, CKOJIbKO HabJioaeHnit B BhGOpKe.

- Toaoxkenne nepBoro waGuaiofennsi, BHIOHPAEMOro H3 NMEPBOrO CJOS,
onpejeJsercs cjaydaineiM o6pasoMm, a Bce mocJeiyioutie Habuione-

I HHisl OTOHpaloTesd H3 TAKOro e MecTa B COOTBETCTBYIOUIHX HM CJIO-
s1ix. Takoe pacnoJokenne HaGaioxeHnii nokazaHo wa puc. 10.3.

! Cucremarnueckuii BLIOOp NpHBJIEKaTeJleH TeM, YTO OH coKpalna-
©T TPyLOBhIe 3aTPAaThl Ha OCYILECTBJeHHe O0TGOpa, HO OLEHKH, MoJy-
yalollHecst Ha ero OocHoBe, OOLIYHO XapaKTepH3YIOTCs MeHblieli Tou-
HOCTBIO MO CPABHEHHIO € JLPYTHMH cocofaMu.

[Tocaedosareavroli soibop. Tnapuasi 3ajava, pelnaemasi 3THM
¢nocoG6oM BEI6OPA, COCTOHT B TOM, Y4TOOBl MHHHMI3HPOBATL 00beM
BbLIOOPKH, corJacyiouiiniicss ¢ NocTaBJeHHOH LeJblo, T. €. B JIOCTHIKe-
HHH 3a/aHHBIX YpoBHell TouxocTH. Kaxawiii pas o06beMm BHIOOPKI
yBenynBaercs Ha 0AHO Hab/oLeHue, 1T TTOcJae Kax/aoro A06aBaeHis
Hccae10BaTeNib pellaer: NPHHATEH JiI HYJEBYH THNMOTe3y, ajbTepHa-
THBHYIO UAH TIPOAOMKNTL BHOop. Habmonenns moryr orbnpartncs
1m0 M1060ii H3 BHILIEYNOMSIHYTHIX cXeM. DTOT BBIOOp IpHUMEHHM B
MHoecTBe cuTyanui [20].

anIMEHQHHe 3TOI CXeMbl B eQJioruu NepPCuerTHBHO NpH OUEHH-
BAHMI COOTHOLIEHHIT, KOTOpbie OBYIYT HCNOJb30BATLCA B KJIACCH(H-
Kalll, HAmpHEMEp MpPH pellleHHH Bompoca o ToM, GoJblie HJIH MeHb-
we 20% xeapua or oGbeMa MOPOAH COAEPIKUTCS B TPO3PAYHOM IILTH-
e 1 MOXKHO Jif, CJel0BATEJbHO, CHHTATL 3TY MOPOAY «rpaHuTOM>»
HJIH «KBaplieBbIM CHEHHTOM», B nosesbix YCJIOBHAX 3Ty CXeMy MOK-
HO NPHUMEHHTh, HANPHMEpP, IJA TOro, YTOOLI PELIHTDL, A0CTATOYHA JIH
KOHLLEHTpAI sl PYAHOrO0 MiHepaJa JJs ero HpOMBILIJIEHHOI pa3spa-
COTKII, YKa34p [IpH 3TOM Te COOTHOINeHNA, KOTOPEle MOTYT OLITh Olle-
HeHbl cnocofoM «ToueuHoro mojcuera». Cxema mpocTa B MpHMeHe-
HIH, eCAH TOCTPOMTH TAKYID HOMOTpaMMy, KoTopas n3obpaikena Ha
puc. 10.4.




156 I'JIABA 10

& 00

=

e

= aem
o oy Q“\qﬁﬂ

=] UM EE o W

E e 095 omaop Rynes

ik 2 a0
!\"’KQ:;‘\“\:\U‘-\ e
W

=]
=

I
K muny, nodnexcawemy ombopy

Yueno Habnwodenu

0 100 200 300 400
Yucno wabnrodenud, ve omHocAWUXCA K muny, nodnexcawemy ombopy

Puc. 10.4. Homorpamma, mosBosisiioliasi NPOBEPHTh, COCTABJSIOT JH OTOGPaHHLIE
naGmonenns 20% renepannuoft coBokynHoeTH. [lpexae ueM JAeMOHCTPHPOBATE
NpHMEHEHHEe TaKOf HOMOTPaMMBI, HMCCJeA0BaTe]h JOJMKEeH INPH3HATh, UTO HEBO3-
MOJKHO OMpeAe]nTb, COCTABJACT JH 10d oT6Hpaemux nabmonennfi Goabwie uan
menbme Touro 20% rewepaavHoil coBokynuocTH, Ha npakThKe caeayer npHHATb,
YTO HCTHHHAS A0, Aonycrum, Gosabwe 21% wuam menbme 199%, waum xe npojod-
KHTh BeGop. Homorpamma npumensiercs caegylomuMm obpasoM: HauuHasi ¢ HyJad,
HCCJIEIOBATENL TIPOBOAHT MOC/IEI0BATENBHOCTh NPAMOJHHEHHBHIX OTPE3KOR, MapaJ-
JeNLHBIX OcAM (10 OAHOMY AJs Kaxjaoro orGupaemoro nabmoienns). Ecan ua-
Gaiozenne OTHOCHTCS K THIY, KOTOPHI NOAJeKHT oTOOpYy (Hanpumep, mpH Hoa-
cueTe 110 TOYKaM NONAjAeT Ha <«KBapl»), TO OTPEIOK IPOBOJAHTCS BEPTHKAMLHO
sBepx. Ecan HabumioJeHHe OTHOCHTCH K THNY, He noanexkaulemy orbopy (Hanpu-
Mep, Hé Nonajaer Ha <«KBapl»), TO OTPe30K NPOBOAMTCH FOPH3OHTAJbHO BIPAaBO.
Kak Ttoabko <«Bepxymka» cTyneHyaTtoro rpamka, MOCTPOEHHOro TakuM ofpasom,
BHIXOAUT W3 30HLl Npojokennsa orGopa, MoxerT GuTh NpHHATA ojAla H3 ABYX
rianote3. M3 pucyeka BuaHO, uTo B OOLIEM BHAE HOMOrpaMma COCTOMT H3 06Ja-
creil, pazfleseHHbLIX npAMbIMH. [TonsaTHO, YTO HAa HOMOTrpamMe MOMKHO H306pa3HThH
GoJibllie YeM OAHY Napy TAKHX OPAMLIX M, CJeIOBATeJbHO, HCMNOJb30BaTh €€ B
3ajaye MHOrOBAPHAHTHOH KJacCH(HKaII.
Ofuee ypaBueHne 3THX NPAMBX HMEeT BHJ

_ 4 togl(l—a)/a] { p }x
L b ’
log (p1/po) l'~p
rae l—a — JOBEepHTE/IbHLIH HHTEPBaJ, P H Py-— COOTBETCTBEHHO BEPXHHAN ¥ HHK-
WA TPANHILl OTHOMIEHHH, p— NpoBEpseMoe OTHOWeNHe H X — FopH30HTa/bHAs
KOOpAHHATA, NPHHHMAIONLAS 1CJIOYHCICHHbIE 3HAYCHHS.

10.3.5. Ilpumep: npobaemol Gopmuposanus 86l60pPOK 8 pAlioHe
Cenr-boadped — Kpeiida. dror paiion (2°35" B. ., 56°01° c. ur)
npejacrasiser co00H HEBHICOKYIO BO3BBILIEHHOCTb Ha BOJIHOMPHGQIl-
noil naardopme 10xkHOro nodepexnbs @épr-ogp-Dopr, B 10ro-BOCTOU-
noit IHormanaun (puc. 10.5). Buixoa KaMmeHHOyrosnbHbeIX 0asansro-
BLIX NOPQUPHTOB HA TIOBEPXHOCTh, HMeWIHil B nyane dopmy, 6aus-
Kylo K okpyxHuocti jAnamerpoMm 200 M, OKpyzKeH HHKHEKaMEHHO-
YTOJBHBIMI OCAAOYHBEIMH NOPOAAaMH, cpell KOTOPHIX NpeobJaiainT
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Puc. 10.5. Cxemaruueckasi reojornyeckas Kapra okpecTHocteii Cent-Bomapen—
Kpeiian (Mer-Jlotnan, Wlotaanaus). HesamTpuxoBanuse o6/acTH He 06GHAMKCHEL.
I — popmanisi MapKkHPYIOUIHX necuaHukop; 2— Ga3zanbToBble HOPGHPHTEH; J—
araoMeparthl; 4 — NpeHMYLIECTBeHHO aprH/UIHTOBLIE TNOPOJLI; J — paspHIBHBE Ha-
gymeuua; 6 — rpanuua NPHAHBA; 7 — NPOC/AKEHHbiE TEeOJOTHYECKHe TpPaHHIb;
— npejanonaraéMbplie reéoJIOrTHY€CKHE TpaHHILH.

06J10MOYHBle Pa3HOCTH, HMEIOLHe TI0JOrHe Yribl NajieHHst CJoHC-
TOCTH, 32 HCKJIOUeHHeM o0JacTH KOHTakTa ¢ 6a3ajbTOBHIMH nopdu-
puTaMHu, rje CJOHCTOCTb KOHIEHTPHYECKH MajaeT K leHTpy 6asalb-
TOBOro BhIXojia moi yraamu 10 40° Ilo rpannmam Beixojaa 06a3aJbTOB
MecTaMH PasBUTHI arjoMmepaTtoBrle mopoxbl. [Ipn jperansHoMm H3yue-
HHI 3TOH TepPHTOPHH BO3HNIK PAA MpodjeMm, cBA3aHHLIX ¢ BHIGOPOM
HadnoeHunii.
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Puc. 10.6. O6naxenne, umewulee (GopMy OKPYIKHOCTH H pasjieeHlioe Ha IecAThb
yacrtelf. CiieBa OOHAKEHHE pas/esieHO OKPYMKHOCTSAME, PagMyChl KOTOPHLIX pasiu-
YAWTCA HAa OAHY H Ty XK€ KOHCTanTty, cnpana OKPYKHOCTH NMPOBOAATCH TakK, 4TO
mIoWand 06pasyloIlHXcs KoJel, oguHakosbl, s Toro uroful BeOOpKa, mepece-
Kalomas obnakKemne mo Anamerpy, Oulia npejctaBiTeJbHolt JAas Beeil nmiomanu
obHaxkeHUs, NYHKTH OTGOpa HAGMIOACHI AOJAHL GBITh pacloJOKenbl 1Mo Cet,
1300paxKeHnHoil Ha NpaBoM pPHCYHKe.

Bo-nepebiX, B TOHKO3EPHHCTOH OCHOBHOII Macce (a3ajibTop 3a-
KJI0UeHbl KOMIIOHEHTHI, JErko onpejesseMble KOJHYeCTBEHHO B TO-
JIeBBIX YCJOBHSIX. DTO MHHAAJHHLI H BKpamJeHHHUKH, NpejcTaBJeH-
Hble aBruToM H oJuBHHOM. OJHBHH YaCTHYHO 3aMellleH HIIHHICHTOM.
[Ha ocuHoBe CyOBEKTHBHOrO BH3YaJbIOr0 CpPaBHEHHS MOMXKHO 3a-
KJIOYHTh, 4TO COOTHOLIEHNe COCTAaBHBIX vacTeil 0a3aJbTOB, MO-BHIH-
MOMY, MeHsIeTCsl OT TOUKH K TOYKe B Npejesax uX Beixofa. B pawm-
KaxX reoJorHyeckod Moje/H, npeanojaralouieii, uTo CcOoOTHOUIeHHe
BKPAMJIEHHIKOB Pas3JIUHOro cOCTaBa M JPYriX KOMMOHEHTOB 3aBii-
CHT OT paccTOSIHMSA 10 TPaHuIlLl Bbixo1a 0a3ajbToB, KOTOPLIE 1O Kpaii-
Hell Mepe 4acTHYHO NpPeJCcTaB/SIOTCA MHTPY3HBHBEIMU, cXema BbiOopa
NOJMMKHA VUHTHIBATL OKPYrJayvio ¢opmy ooHaxkenns. Ecau npunsth
cxXeMy cHcTeMaTtHyecKoro BeiGOpa, To, Kak mokaszano Ha puc. 10.6,
ceTb oThopa HabJ0AeH il clelyeT CTPOHTh ¢ OCTOPOKHOCTLIO, YTOOLI
LeHTpaJibHble YacTH BhIXoJa 0asajibToB He OBLIH upe3MepHO Mpeji-
cTasJienbl B obbeMe BuOOpEH, Tak, HabJ0eHs, OTOHpaeMble BAOL
JHaMerpa, flepeceKalomero Buxoa 6asa/ibToB, Aaxe B cjayyae cHcTe-
MATHYeCKOro Buibopa GyAeT pacnonaraTbest He Ha PaBHLIX HHTEpPBa-
Jax ApYr oT Apyra, uTo, KaK yKasa#o B pasi. 10.3.3, cBugereancTBy-
€T O BaXKHOCTH onpejeseniis cetn ordopa. Ecan neobxonnmo pasHo-
MepHO OmpoOoBaTh Y4acTKH PABHOIl IJOULail, TO PpAaccTOSHHA OT
HeHTpa o0HaKeHua 10 ToueK HaGmoAeHns A0JAKHL OLITL pacmpele-
JeHsl HepasHomepro. Ha pue. 10.7 mokasano, Kak Takme paccTosi-
HUSL MOMKHO NOAYHHTH caydaiinbiv o0pasoM Aaf CXeMBl NpOCTOro
cayuaiiHoro Bei6opa. dtor cnocol cayuaiinoro Beibopa HabJa01eHH i
13 HepaBHOMEPHO paclpeieseHHoii COBOKYNHOCTH sBAAeTCs ajanTa-
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Puc. 10.7. Cayuaiinoe rexepnpopakiie paccTOsHuil OT TOYEK HaGMOIEHHS A0 LeH-

Tpa ofuamkenus, a—vactora naGmojennil xak (QYHKUHA HX paccTosiHHil r OT

LEHTpa OKpYraoro no ¢opme obHakeHHA MPONOPUHOHAABHA JITHHE OKPYZKHOCTH

=2nr, ManuM suauennsiM r COOTBETCTBYIOT HeGoJpliHe uucsaa Habuoeuuit,
MOTOMY 4TO MaJjla AJHHA OKpPYKHOCTH, BXOJL KOTOpOH OHH pacnojoxens. Hawu-
GoJbliiee ynea0 HaGaiofennii 1af 3a1aHHOrO 7 COCPEAOTOYEHO Ha rpanpie obHa-
JKeHHA; § — HHTErpanbHOe pacnpefenchye nioniain odnamenns A Kak Qynxuns
OT r, nojyuaeMoe CJ0XKeuHeM 3HaueHHii Boiuenpupefentoil dynkuun. Joboe
cayyaiinoe 3nadeHHe HACTH IIOUIAAH, TOJyvaeMoe H3 PaBHOMEPHOrO pacmpejele-
1A, GYyAeT COOTBETCTBOBATh 3HAYEHHIO r B HepaBHOMepHOM pacnpeienennd. Cuae-
JOBaTeALHO, cayyaiino otobpanHbie Touknm (cBeTsible KPYXKKH), paBHOMEPHO pac-
npejeiennble N0 IJOMAAH, MOTYT GLITh DPACHONOMEHH HA MECTHOCTH B COOTBET-
CTBHH C MX DAcCTOsiHHEM OT lLienTpa obHamkeHHd (YepHLe TOUKH),

uueit cnoco6a, paspadorantoro Meiiepom [16]. IIpn HeoGxoAHMOCTH
NMOAOGHLIM e cnocof0M MOXKHO NOJYIHTE HaGop 4Hces U3 reHepalib-
HEIX COBOKYIIHOCTeil, HMelUnX pacnpejeienne [aycca nam Kakoe-
HIOYAL Apyroe.

Bosppamasic X §6asaabTaM, OTMETHM, 4UTO ¢ MOMOULLIO cnocoba
«TOYEYHOro nojcyera» JerKo OIeHHBAITCHA o0beMHble A0J1 MHHJA-
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JUH (M1 BKpanJeHHHKOB), NpuHHaAJIexkamux ABym ¢dasam, U 1aior-
csi npHOJHIKeHHBIE OLEHKH JA0BepHTeJbHLIX HHTepBasoB. Ecau sti
cooTHOMeHHA GyAyT HCHOJAB30BATLCH B Kaxoi-HuOyAb Kaaccuduka-
uni (HanpuMep, NOPOALI, B KOTOPHIX Menee 5% OJIHHOBBLIX BKpail/ieH-
HHKOB 3aMeNeHO M/UIHHICHTOM, KJaccuuuHpYIOTeS Kak «caabous-
MeHeHHBle», a NOoPO/bI, colepiKaulie fosee 5% TaKHX BKPaIJeHHU-
KOB, — KaK «CpeiHeH3MeHeHHble»), TO BO3MOXKHO NMOCTPOEHHE HOMO-
rpaMMbl 1nocJie/loBaTesbHoro Beidopa.

Hakoner, o6naxenusi 6a3aabToB pa3bHUTHl  3aMeTHBIMH TpelLy-
Hamu. CosmgaeTcd BTeYaTJeHHe, UTO 3TH TPELIHHB NMPOSBJAIOTCA B
BHJe cepHH cyOmapaJieJbHBIX Pa3pHIBOB, MPHYEM JJISI KaXKA0ro 0b-
HaXKeHHs THINHYHO MPHCYTCTBHE TpexX B3aHMHO NepneHIHKyJspHEIX
cepuit Takux TpewmwuH. a5 TOro 4tobb yCTaHOBHTH, YTO OPHEHTH-
POBKH 3THX CHCTEM TPCHIHH MEHSIOTCS OT TOYKH K TOUKe, JIOCTaTOY-
HO (parMeHTapHBIX HadM0AeH i, OAHAKO TPY/AHOI npobaeMoil ABAsA-
ercsi GecrnpucrpacTHblii BoiGop Hab/ogenuii. OueBHAHO, «pyuHOIl
BEIGOP» MOBEpPXHOCTell TPeuuH AJisi NocjeAyoUHX 3aMepoB HX OopH-
€HTHPOBOK CONPSMNKEH ¢ ONAaCHOCTLIO CHALHOTO HCKAaMKEHHS MoJay4daio-
neiicss HeBepOATHOCTHOI BHIOOPKH oOLLeli OPHEHTHPOBKOH MOBepX-
HOCTH OOHaKeHHH, YTO BeleT K 00pa30BAHHIO JIOMHBEIX NPeANOuTII-
TeJbHLIX OPHeHTHPOBOK. CXeMy MOJAH(HIMPOBAHHOTO cHCTeMaTHuye-
CKOro BLIOOpa MOXKHO TIPHMEHHTh caenyromuM obpasom. [Ipefcrarnm
cefe HaGop (PUKCHDOBAHHBIX B3aHMHO MNepIeHIHKYJSPHBIX KOOp-
JINHATHBIX OCeH, TNPHMBIKAWOUWIHX K OOGHaXKEHHIO, MpHYEeM Kaxaas
ocb MMeeT eanHHuHYIO Aauuy (fonyctum 1 M). Mamepsiem opuenti-
POBKH TOJBKO TE€X TPeLLii, KOTOPhie NMpil MPOLOJIMKEHHH NepeceKaJi
66 KoopauHaTHEIE och. [TpumMeneHnne mMeTpoBoil JnHeliki 1 ¢ortorpa-
(huyeckoro wmTatTnHBa a5 ee YKpenJeHus jAeJaer 3TOT cnocob yiu-
BUTEJNLHO 3((peKTHBHEIM NpH (PopMupoBanui BLIGOPOK, COBEPIIEHHO
HEe CMEN[EeHHBEIX OTHOCHT@JBHO OPHEHTHPOBKH I INIOTHOCTH pasMere-
HU5I MOBEPXHOCTEl TPELLH B NPOCTPaHCTBE.

Marepuuckue mopoabl, K KOTOPBIM MNpuypoueHsl §azanbTsl, caa-
raloT MOUIHBIH pa3pes, NMpejicTaBJeHHBIH B OCHOBHOM OGJOMOYHBIMH
pasHoCTAMH OCaf0YHEIX nopod. [IBe (opmanui MapKHPYOUHX mec-
YaHUKOB pasjieneHsl (opmaiueii, B KoTopoii npeo6aagaioT apriJuii-
TH. Ha puc. 10.8 nokasan ¢parMeHT BepxHeil yacTn o0HaxKamero-
cs paspesa. $lcHO, UTO TaKne NOCJOHHLIE OMHCAHHS Pa3pe3oB AaBa-
au 6wl orBer Ha 000l craTnHcTHueckH oOocHOBaHHBIN BOmpoc,
KOTOPBIHT MOKHO OBlIO OBI 3alaTh, HO HX MOCTPOEHIe SIBJSIETCS [0-
porocrosiuieit M AJANTeJALHON onepauueil. s peuieHnst KOHKPeTHBIX
BONPOCOB NOYTH BCerja MoxHo paspabGorath cxemy BhiGopa HabJi0-
nennil. BonpocH, Ha KoTopble HeoGXOAUMO OTBETHTL MpPH H3yueHHH
cTpaTH(NIHPOBAHHKIX pPa3pe3oB (HEe3aBHCHMO OT TOrO, CJOMKEHHI JH
OHI OCaJ0YHLIMH, MarMaTHYECKHMH IJH MeTaMOp(HuecKHMH MOpo-
pamu), Beerga OyayT BK/AOUATH B cefst TpefoBaHue THIATENLHON pas-
paGoTki cxembl BbiGopa mabmogenuii. ByAyr am saemMeHTHl 3TOi
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ent-Boaapen—Kpeiiagn (Hcr-Jlotnan, Hlotnangns).

CXeMbl NpeJicTaBJeHbl cjoAMH (HJAH nmjacTamu), au6Go cTparurpadu-
eCKHM HJH CTPYKTYPHBIM IIpEeBLIIIEHHEM HajJd HEeKOTOPEIM MapKH-
VIOIHM TOPH30HTOM, J1OO HEKOTOpo# rpymnoi dauuii u 7. n.? Ha
a3pese, npuseJeHHoM Ha puc. 10.8, oTHOUIeHHEe MecyaHHKOB K ap-
HJIJIHTaM JOJKHO OBITh Pas3/HYHLIM B 3aBHCHMOCTH OT TOTO, fBJf-
Tcsl JIH 371eMeHTaMH cXeMbl BhIOopa HabJI0leHHH «CJIoH» HJIH «CTpa-
urpaguyeckne MOLUIHOCTH».

760
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10.3.6. 3akarouuresvnble 3ameqanus. I1lpn (OpMHPOBAHHH BHI-
GOpOK TeoJOrHYecKHX AAHHBEIX TPYAHOCTH MOTYT BO3HHKATh Haxe
NpH NONbLITKaX OTBETHTh Ha mpocTeiilrne Bompockl. PasnooGpasue
TOPOJi, MHHEPAJOB, HCKOMAeMBEX H CTPYKTYP CTOJL BeJHKO, UTO Ja-
BAaTh KakHe-1H00 YKasalns B OTHOLIEHHH 0GIIero nogxoaa Obiio Owl
HeBHINOJHHMOMH 3azaueil. inTepecHoe obcyx/ieHHe 3THX BOIIPOCOB H
npHMepPH KOHKDETHHIX cXeM mpuBeaeHs B paborax [12, 10]. Oxnako,
HOKa CepLbe3HoMy HCCAeLOBATENI0 He NOBe3eT HAHTH yXKe TOTOBHII
MeTO[, OH BIOJHE MOXKeT 00paTHThCH K HAYaJbHEIM MOHATHAM, H3-
JlIaraloniuMcst B NPOCTHX PYKOBOACTBAaX, TakHX, Kak KHura Kokpe-
ua [4].



[Ipunoxkenne A

CaoBapp TepMHHOB MO MaTPUYHOM
M BEKTOPHO#H aJireope

[Ipu nonbsoBaluM STHM CJIOBAPeM MOZKET BOSHMKHYTb HeobXoau-
MOCTb B MHOIOYHCJEHHLIX TIEpeKpecTHhX cchliKax. Bosee noanoe
npejcrasjiende 00 HHTepecyiOniuxX Bac TePMHHAX MOXKHO HaHTH B
pa6orax [6, 7]. [Tocreansss M3 HHX — OTJIHYHBIA CIIPABOYHHK, HO BO
MHOrHX, foJiee COBpPEMEHHBIX NOCOOMAX MO CTATHCTHKE MMEETCH HH-
(opmamus Ha TY JKe Temy.

Bekrop. ®usnueckuii napamerp, BeJHYHHA KOTOPOrO CBsizaHa C
HalpaBsjJeHHeM, HalpHMepP CKOPOCTb BOAHOTO MOTOKA. KoMmoHeHTHI
BEKTOpa — 3TO €ro MNpOoeKUHH Ha JBe HJH TPH KOOpAHHATHBIE OCH
(B 3aBHCHMOCTH OT TOro, ABJAETCA JH pellaeMas 3ajavya AByMep-
HOH HWJH TpexMepHOH#), 4To mokaszaHo Ha puc. A.l. KomnoneHtsl
BEKTOpPa MOMKHO MpeACTaBHTb KaK 3JEeMEeHThl MaTpHUbI-CTOAOUA HIIH,
4TO GoJiee NPHHATO, — MATPUUBI-CTPOKH. BekTop, MjiHHA KOTOPOro
paBHa |, Ha3bIBaeTCs eAMHHYHLIM BEKTOPOM.

Cioxkenne BeKTOPOB COCTOHT B NMpPHCOEAHHEHHH Hayaja OJHOTO
BEKTOpa K KOHIY Apyroro 6e3 uX BpallleHHA M B HaXO0XKAeHHH Bek-
TOpa, KOTOpPhIH COeAMHseT HaYaJo MepBOro BeKTopa € KOHLOM IHoc-
JEIHEro. JTOT BEKTOP HA3LIBAETCs! Pe3Y/AbTHPYIOUIHM, @ ero KOMIo-

HEeHTBl R, H R ABJASKOTCA CYMMaMH KOMIIOHEHT BEKTOPOB cJarae-
Mmbix 1, u l;:

B =ilcoos X,y 1 % cos X g,
R, = L xcos X, + Iy X cos X,

riae Xy, — yroJ, obpasyemnlii BektopoM || ¢ 0cbio, HanpasJenHoil Ha
«CeBep», U T. A.

IF'nasuas nuaronanab. /lmaroHase, cocrodllasi H3 3JeMeHTOB MaT-
puust (Tyy, Te, Tss, ...), NepBLIfi U3 KOTOpPHIX pacnojaraercd B ee
JIEBOM BepXHEM YTay.

Juaronans, Psj sneMEHTOB MaTpHLB, pacnoJarailiuxca oT
BEPXHEro JIeBOro yria K MpaBoMy HHKHeMmy yray Matpuubl (7T,

- Tag, Ty, ...), uan JuoGoit mapajnenbHblii eMy Psii 3JEMEHTOB.

Enunnynan matpuua. Matpuunblii 5KBUBAJIeHT YHCIa, paBHoro I.
KsanpatHas martpuua, 371eMEHTAMH [AABHOW JAMaroHaim KoTopoil
ABJASIIOTCA €AHHHIB, @ BCe JPYrue 3JeMeHTbl paBHbl HYJIO.
Enunnunas matpuua o6o3uauaercs nponucHoii Gyxksoit 1. Caenona-

Gt
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Cesep
4
._T_ ........................ :
< :
> ™ 3
g i
~ ¢
Xn :
1]
Ae ! Puc. A.1. TIpoeKuus ABYMEDHOrO BeK-
i TOpa Ha B3aHMHO HEPHEHI[HKYJTHPHHE
BOCMOK KoopAuHaTHhie ocH. KoMmnoneHTamu
LeosXe Bektopa  seasorcs [ X cosXn ®m
{ X cos Xe.

TeJbHO, e/IMHMYHAS MATPHIA TMOPAAKA 3X3 uMeeT caeAyIOmuil BHA:

1550070
f=10"1"9
9.0 "1

KesagpatHas marpuua. MaTpHia, B KOTOPOH YHCJIO CTPOK PaBHO
YHCAY CTOJBLOB.

KomnoHenrta. Diement BekTopa.

Marpuua. MHOXecTBO BeJIHYHH, PACNOJOXKeHHHX B BHae Tab./u-
Ubl ¥ HAJENCHHHIX PAAOM CBONHCTB. DJeMEHTaMH MaTPHIBL MOTYT
6HITh KaK HEH3BeCTHHIE MepeMeHHble HJaH (QYHKIUHH, TakK H YHCIA,

HanpHMep:
siny 0 —I1
e { 10 e 7}'

B npakTu4eckux WccaeROBanuAX OONBIIMHCTBO MATPUIL KBAJAPATHHIE,

Munop, raasubiii MuHOp. MHHOP — 3TO MaTpHua, MNoJyuaemas
H3 HCXOJHOH MaTPHLBLl NMyTeM BbIYEPKHBAHHA OJHOH MJAH Gonee map
CTPOK M cTon6uoB. Ecim mapa crpoka — croadel, Cofep:Kur 3Je-
MEHT, pacloJOXKeHHbIH HA FJIaBHOH NHATOHAJM HCXOJHOH MaTPHILH,
TO MHHOD Ha3blBaencs rIaBHBIM MHHOPOM.

HopmupoBka (Bekropa). [lnuHa BekTopa paBHa KBaJApaTHOMY
KODHIO H3 CYyMMHI KBaApaToB ero KommoseHT. CienoBaTesbHO, Ha-
npuMep, AJAHHA BEKTOpa ¢ KoMmmoHeHTaMH 5,447, —4,086 m 0,490
paBHa 6,827. ['oBopaT, YTO BeKTOP HOPMHPOBAH, KOTJa Kajaasd KOM-
[oHenTa BEKTOpa JAGMTCS HAa €ro JAJUHY, Tak 4TO AJWHA HOPMHPO-
BAHHOro BEKTOpa paBHa 1.
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O6parnas matpuua. Jaa Kaxaofl maTpuusl, uMeouleil onpexe-
JHTe]b, He PABHBIH HYJI0, CYlIECTBYET COOTBETCTBYIOUlas eii o6-
paTHas maTpHua, Takas, YTO MPOH3BEJEHHE MaTPHIbl Ha o6paTHyIO
effl sABJIAeTCS eAMHHYHOH Martpuuei. Boiuncienune o6paTHBIX MaTpHIL
CJIOXKHO; MPOCTOH cmocob npuseieH B paGore [6]..

Oxkaitmaenne, Onepauust A06aBjieHHsT K MaTpHIle CTPOK, HJH
CTOAGUOB, HJIH TOTO W JPYroro BMeCTe, YBeJHUHBAIONlAs MOPAAOK
MAaTPHILEL,

Onpegeaurens. GyHKIUA MATPULBI, BHIpAKaeMast OLHHM THCIOM.
Onpeneantens KBaapaTHOH# MATpHUB nNopsAka 3X3 BuuHCAseTCA
creaywomum obpa3oM: 3anmkceiBaeM MAaTPUUY, 4 CpaBa OT Hee eumle
pas 3anucbiBaeM [Ba €e MmepBblX cTos61a:

~ s/ 1/"
S
AN
~ ~a bk

ITepemHoxkas TPOHKH YHCEJ, PACMNOJOXKEHHBlE Ha KaxKIoH M3 Tpex
CTPeJIOK, HamnpaBJeHHbIX BHH3, noayyaeM 48, 7 u 32. CknaasiBasi 5TH
Tp® umncaa, noaydaem 87. TloBTopsis Te e ONepauluH AJs CTPEJIOK,
HalnpaBJeHHBIX BBEpX, moJayyaeM 16, 168 u 4, a ux cymma pasna 188,
BriunTas M3 cyMMBl AJ1A CTPeJIOK, HalnpaBJieHHbIX BHH3, CYMMY AJf
CTPEJIOK, HAMPABNEHHEIX BBepX, noayiaem —101, uro u asasercs uc-
KOMbIM 3HaueHHeM omnpejenurens. [ BBIYHCAEHHS ONpemeauTe s
KBaJpaTHOH MATPHIB NMOPAAKa 2X 2 JeHcTByeM NOYTH Tak XKe.

IMopsipok. Cnoco6 BuIpaxKenus pasmepa matpuusl. Tax, MaTpuia
nopsiika PX Q coctouT u3 P ¢tpok u Q cronbuos.

Pa36uenne. B onpejeneHHEIX MaTPHUHHIX ONepaluaX HeoOXoxH-
MO BBIAEJATL TPYNNBI CTPOK MJH CTONOLOB. DTO JeHCTBHe Ha3LIBa-
ercsl pasbueHueM.

CummerpHyecKas martpuua. MaTtpHlla, CHMMETpHYHAsA OTHOCH-
TeJbHO TJIABHOH AMATOHAJM, TAK 4YTO 9JeMeHT [;; paBeH 3JIeMEeHTY
Tj. Hanpuwmep,

Wt
_1/ ‘ ><2_

1 3 5
3 0o —11.
5 —1 6

Caen marpuus. CyMMa 3/M€MEHTOB MaTpHIb, CTOSLKX Ha rJaas-
HO#t amaronaau. Tax, cael  BhllllenpHBeJeHHOH MAaTpPHLUB paBeH
14+046=7.
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Cnoxenne. CKIaABIBATL MOKHO TOJbKO MATPHIB OJHONO MOPSA-
ka. Ecan cymmoii asyx matpuil A u B sBaserca Mmatpuuna C, To
C=A+B=B+A. dnemenrnt MaTpui, A, B u C oBsI3aHbl MeXay co-
6oii caenywomnm obpazom: Cij=A;;+ Bi.

CoGcreenHble yueaa, cobcTBeHHble BeKTOpbl. C KBaApaTHOH Mart-
puueii nopaaka PXP cBsseiBaerca P coGCTBeHHBIX YHCEN, C Kaxk-
ABIM H3 KOTOPHIX B CBOIO O4Yepelb CBA3LIBAeTCH COOCTBEHHBIH BEK-
TOp, COCTOAIIMIT 3 P koMnoHeHT. B ToM ciyuae, xorga MarpHua
CHMMETPHYeCKas, BCe 3JIEMEHTH, CTOsIMe HA TFJAAaBHOH JHATOHAJIHM,
MOJIOKHTENbHBI H MOPALOK MaTPHIlLI paBeH 3X 3, TO ee MOXKHO Npes-
CTaBHTb rpauueckd B BHAe ajaunconjpa. Torjga coGCTBeHHble BeK-
TOPBl COOTBETCTBYIOT TVIABHBIM OCSIM IJIIHICOHZA, @ COGCTBEHHBIE
gHcaa — JJHHAM TJIaBHBIX oceil. Brruncaenne coGCTBEHHBIX YHCEJ H
COOCTBEHHALIX BEKTOPOB AJIs MaTPHLbLI Topsiaka 3X3 B cHCTeMe KO-
OPAMHAT, OCH KOTOPOil HAMmpaBJeHBl Ha «ceBep», Ha «BOCTOK» H
«BHH3», moka3aHo B Tabua. A.l1'. ¥Yraul, o6pasyeMblec BeKTOpamMH ¢
3THMH OCSIMH, 00603HAYalOTCA COOTBETCTBEHHO Xpn, Xe, Xq H H3Meps-
IOTCS OT MOJIOKHTEJNbHBIX KOHLOB 3THX ocell. I[TepBHM BhIYHC/AsETCS
COGCTBEHHBIN BEKTOD, CBA3aHHBI € MAaKCHMAaJbHHIM COOGCTBEHHBIM
yuciaom [taba. A.l (a)]. Ilepsoit B TaGanumy nomemaem Matpuuy T.
3areMm cieBa moMellaeM Yriibel, o6pasyemele HauaJabHBIM HpHOIHKe-
HHEM K HCKOMOMY COGCTBEHHOMY BEKTOPY C OCSIMH, HalpaB/eHHBIMH
Ha «CeBep», Ha «BOCTOK» M «BHH3». IToCKoabKY 3TOT cnocob B Ko-
HEYyHOM HTOre BCErja CXOMMTCA K HCKOMOMY pelIeHHI0, HeBaxkKHO,
HACKOJILKO TOYHBIM SIBJASCTCH HadaapHoe mnpuOaHKenue. Ommnako,
YyeM OHO Jyuylue, TeM ObICTpee peuaeTcs 3ajada. 3anuChiBaeM B
TabjMly 3HavYeHHs KocHHycoB 3mux yraos: +0,809, —0,588 u
+0,087; ouu sBAAIOTCS KOMMOHEHTAMM BEKTOPa, KOTOPHIA HCMOJIbL-
ayeTcsi B Kauecrse npubaukenHoro peiledus. Teneph yMHOKaem
matpuuy T creBa Ha MATPHUY-CTPOKY, COCTOSILLYI0 H3 KOMIIOHEHT
npu6IHKEHHOTO PelIeHHs, moayuas B pesynabrarte + 5,447, —4,086,
+0,490. 9TH ypcaa ABAAIOTCH KOMIOHEHTAMH HOBOro Bektopa. Hop-
MHPYEM KOMIOHEeHTHl H TIOMEIIaeM HX B CJeAYIOULYI0 CTPOKY TabJiu-
usl caesa. Oun pasubr +0,798, —0,598 1 +0,072, a mocko/bKY OHH
HOPMHPOBaHBI, TO ABJSIOTCS HANPAaBAAIOUIHMH KOCHHYCAMH BeKTOopa,
KOTOPBIH 9VTh GJHIKEe K HCKOMOMY COOCTBEHHOMY BEKTOPY, YeM Halle

! Cnoco6 Bbiunc/aeHHs cOGCTBEHHBIX YHceN H COOGCTBEHHBIX BEKTOPOB, MpeLo-
wenuptit P. @, YunH, opHeHTHpOBaH HA KOHKPETHYIO 3ajauy ONpefeeHHs [pei-
MOUTHTEIbHOH OpPHeATHPOBKH H, Ha HAall B3rjsj, He OTHOCHTCS K 4HcaAy Haubogee
npocThiX. YtoOLl y HE OueHb HCKYMIEHHOTO YHTaTe/s He C03/aJoch BNeYaT/eHHd,
4TO 3Ta MpoOlLeAypa ecTKO CBA3aHA C TPHTOHOMETPHYECKHMH BeJHYHHaMH, cJje-
AyeT NOAYEPKHYTb, YTO COGCTBEHHBIE YHC/MA H COGCTBeHHbLIE BEKTOPHI MOKHO BHI-
YHCAATH JAJS MATpHI, COCTABJEHHHX H3 JI0OBIX UHC/JOBBIX BEJHYHH, a AJs 3HA-
KoMcTBa ¢ Gojiee MPOCTHIM, MO HAWIEMY MHEHHIO, COCOGOM BLIYHCJACHHS MOMKHO
pexomenaoBath paGory [5]. Kpome Toro, B Hactosulee BpeMs Man0 KTO 3aHH-
MaeTcs TAKUMH BLMUCJHCHHSMH BpPYYHYIO, TpPEANouWTas AenaTh 3T0 ¢ HAOMOLULLIO
3BM. — ITpum. nepes.



Tabauna A.l. Stanyl BhuHCAEHHS COOCTBEHHHIX YHCEA H

COOCTBEHHKIX BEKTOPOB

(a)

Hauanvhoe npuGammenne
Hrepauns 1
Hrepauus 2
OxoHuaTeNbHOE pelleHHe

©

Havanbhoe npHGJIHKEHHe
I/i;-epauuﬂ 1
Hrepauus 2
Hrepauus 3

OkoHYaresbHOE pelleHHe

Xn
36°
37
38
38

Xn
112°
113
113
113
113

Marpma T =
cos Xg X
+0,809  12¢°
-0,798 127
-+0,791 128
10,785 128
T—tr(MX1=
cos X, Xe
—0,375 123°
—0,388 119
—0,390 117
—0,388 115
—0,387 115

cos Xe

—0,588
—0,598
—0,609
—0,617

cos X

—0,545
—0,480
—0,447
—0,430
—0,421

Xq
85°
86
86
87

Xy
41°
38
36
36
35

cos Xy

-+0,087
0,072
~+-0,063
~+0,056

cos Xy

0,755
-+0,787
10,805
0,814
-+0,820

+5,378
—1,616
-+1,680

45,447
+5,379
+5,344
45,313
—6,622
—1,616
+1,680

+4,632
4,667
4,657
-+4.632
—0,023

—1,616
-+4,980
+1,721

—4,086
—4,144
—4,203
—4,245
—1,616
—7,020
41,721

-+5,731
+5,351
+5,154
5,047
—0,060

41,680
1,721
41,641

40,490
+0,430
40,384
+0,349
41,680
+1,721
—10,359

—9,389
—9,630
—9,763
—9,8%4
—0,029




168 [PUJIOKEHHE A

HayaJjbHoe npubauKerue. YroObl 3aBepLINTh NEPBYI0 HTEPALUIO, HA-
XOJLHM YIJIbl, COOTBETCTBYIOIIHE 3THM HANPaBJAIOLHAM KOCHHYCAM, H
noMemaem ux B Tabauny: 37, 127 u 86°. Uto6n BBHIMOJHHTH BTOPYIO
ATepalHio, MOBTOPSEM 3TOT LHKJ BHIYHC/IEHHH, OTMeYas, 4TO 3Haye-
Hue yrna Xg To Ke, 4TO M Ha nepBoil urepanuu. Elle pa3 noBrops-
eM 3TOT LHKJ H noaydaeM yriul 38, 128 u 87°, Ilepsuie aBa yraa mo-
BTOPAIOT 3HAYCHNS, TOJNYYEHNLIE Ha BTODOH UTepalHH; TPETHH yroJa
cJIerka OT/IHYaeTCs, HO ero SHAa4YeHHs Ha IepBOit HBTOPOH HTepalHaX
coBnafanu. [lockonbky B OONLUIMHCTBE NPAKTHUSCKHMX 3ajad TOU-
HOCTh B 1° cunTaercs yAOBJETBOPHTENBHOH, 3aKaHYHBAEM IIOCJIE0-
BaTeJbHOCTb BLIYHCJEHHH H TPETbIO HTepalHi0 NPHHHMAEM B Kaue-
CTBe pelleHHs JJs HCKOMOro coOcTBeHHoro BekTopa. UTo6ul BEIYHC-
JHTH COOTBETCTBYIOIlee COOCTBEHHOE YHCJIO0, yMHOKaem Matpumy T
c/eBa Ha KOMIOHEHTB HaliJeHHOr0 COGCTBEHHOTO BEKTOPa H IOJy-
yaeM B pesyabTate: +5,313, —4,245, +0,349. Hckomoe coberpeH-
HOE 4HCJI0 fBJAsETCA JJIHHOH 3TOrO BEKTOpa, BHIYHCAAEMOH Kak
KBaJApaTHblff KOPeHb M3 CYMMBI KBAaJApPaToB TpPeX €ro KOMIOHEHT.
CrenoBare/ibHO, MakCHMalibioe coOCTBEHHOE YHCAO T3 paBHseTCA
V/5,313%+4,2452+0,349°=6,810.

Yrolsl MOAYYRTL COOCTBOHHBI BEKTOP, COOTBETCTBYIOULH MHHH-
MaJbHOMY COOCTBeHHOMY 4HcJay, BbiuHcasem marpuuy T—ir(T) X1,
rae tr(T) — caen marpuunt T, a I — elHHHYHAas MaTpUUA NOPAAKA
3% 3. ITomemaem sty marpuny 8 taba. A.l1 (6). BeinoauseMm Bbi-
YHCJEeHHS, aHAJOTHYHBIE BBHIILEOMHCAHHBIM, H 3aKaHYHBAeM HX, KOT-
Ja pe3yabTaThl HTEpalMii HAYHHAIOT MNOBTOPATbCcH. EcTb, 0AHAKO,
JABa BaKHLIX pasiuyns. Bo-mepBblx, BEKTOpbl, NOJydaeMble YMHO-
KEeHHEM MATPHIE, NMOMeLeHHON B Bepxueli yacth Taba. A.l (0), Ha
BEKTOPbI, HCMOJMb3yeMble B KaUecTBe HAaYaJbHHX NpHOIHKeHHH, HMe-
10T OTPHIATENBHYIO TPeTblo Kommonenty (—9,389). Ilpu Hopmupos-
Ke 3THX BEKTOPOB yMHOXKaeM MX Ha —I, TaK YTO TPeTbs KOMIOHEH-
T4 HOPMHPOBAHHOTO BEKTOPA BCErAa MOJOXKUTeNbHA, a X, caenosa-
TeJIbHO, BCErjla pacmoJaraercs Ha HHxKHeH noaycdepe crepeorpadu-
yeckod npoekuud. Bropoe pasiuyue 3aKIOUAETCA B BbHIYUCACHHU
MHHHMa/IbHOTO cOGCTBEHHOTO yHeaa 1;. Kak TolbKo noaydeHno peue-
HHE Aasi cOOCTBEHHOrO BeKTopa, Hcxoanas MaTpuua T ponxHa GbiTh
YMHOJKEeHa cJeBa Ha KOMIIOHEHTHI 3TOr0 BEKTOpa, YTO oOmnpejae/ser
nocjaeaune saements Ta6u. A.l (6): —0,023, —0,060, —0,029. Tor-
Jla MHHMMAaJbHOe coDCTBEHHOe YHCJO PaBHSEeTCH KBAJApPATHOMY KOP-
HIO H3 CYMMBI KBaJApaToB 3THX TpexX uncea: 1,=0,0705.

CoGeTBenbifi BEKTOP, COOTBETCTBYIOUIHH NPOMERYTOUHOMY c00-
CTBEHHOMY YHCJY, OPHEHTHPOBAH TIePNEeHAHKYJIAPHO ABYM YiKe Hail-
JeHHBIM COOCTBEHHEIM BeKTOpaM (KOTOpHI, KAK Mbl HajleeMmcd, CaMH
B3aHMHO mepneHAHKyJaspHbl). CienoBaTeqbHO, €ro Jerko HaHTH
IpPOCTEIM TpadHYecKHM MOCTPOEHHeM Ha cTepeorpadHuecKoii mpoek-
uuH, 4to jaer Xn=61° Xe.=48° u Xq=55"; coomBercTByoIIHe HAI-
paBJAIOLIHEe KOCHHYCH (HJAH KOMIOHEHTH BeKTopa) paBHbl: + 0,482,
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+0,665, +0,569. Torma mpomexyTouHoe coBCTBEHHOE UHCAO MOJY-
Yaercs yMHOMEHHeM MaTpuiibi T cjeBa Ha KOMIOHEHTHl 3TOTO Bek-
TOpa, YTO AaeT mpousselnenHa: + 2,473, +3,512, 42,888, u mas.e-
YCHHEM KBaJpaTHOTO KOPHS M3 CYMMBI KBaJpPaTOB 3THX TpPeX uncel,
UTO yie Jenaajock panee: tp=95,176. [as okonuaTeabHOH NPOBEPKH
NPaBHIBHOCTH apH(MeTHUYeCKHX AeHCTBHIl HCNOJb3VeM OnpefeneHue
cjefla MaTpHILH:

Ty + 1+ 1= tr (D).

Croabeu, marpuuna-croabeu. Exuncreennnii croiben 2JeMeHTOB
maTpuubl. Marpuua nopaaka P 1, rae P — nenoe 4HCJo.
~Crpoka, maTpuua-crpoka. Exnncrsennas crpoka 91€MeHTOB MaT-
puust. Matpuua nopsiaka | X Q, rae Q — uenoe uncdo.
Tpancnonuposanue, Tpancnonnposanue T marpuubl T AoctHra-
eTcs TeM, 4TO croqlus Matpuusl T sanuchBaloTcss B BHIAE CTPOK
matpuusl T, CrenoBartebHo, ecaH

L Lo i
=‘-57,T0T=37.

YMHOxeHHe. MaTpHIbLI MOMKHO YMHOMKAaTh Ha KOHCTAHTH HJH Ha
Apyrue MatpHubl. IIpn yMHOXeHHH Ha KOHCTAHTY KayKAbli 9J€MeHT
MaTpHUBl YMHOXaeTcs Ha koHcrauty. CregoBaresbHO, INPOH3BeJe-
HHEe elMHHYHOH MATpHUbI mopsaaka 33 ua uucio 12 pasHAeTcA

LU, 12 S0l
Rel=12XIa"r*0t=%¢10" 19 '@
g .0 :1}) @00 . 12

Ecte aBa BaxHBIX TpaBHJa YMHOXEHUS OJAHOH MaTpHLBl Ha
apyryto. ITepBoe mpaBuao yCcTaHaBAMBAET CBA3b MEKJAY NMOPAAKAMH
MaTpHI, COMHOMKHTEJIel # MAaTPHILbl IPOH3BefeHHs. DT CBA3b COCTO-
HT B TOM, 4TO eCJH Nopslok marpuusl A pasen PXQ, To 1as BH-
nosHenusi paseHctBa C=AXB marpuna B go/mkna ObTh TIOpSAKa
QXR, a matpuua npoussenenuss C 6yger Torga mopsanka PXR.
Bropoe mpasuio ynpas/ser BhUHCIEHHEM 2JeMeHTOB MaTPHLE IPO-
H3BeJleHHs ¥ AJs HayaJja HAJIOCTPHPYETCs cjydaem, KOria P=R=
=1, Q=2, 1. e. XOrAa MaTpHUA-CTPOKA YMHOXKaeTcd Ha MaTpHILY-

cronberr:
3
B = dols

A=l giih=e¢

B stom npuMepe npoH3BefeHHEM, MOJydYaiouiuMcs MPH YMHOXKe-
nuM Matpuubl A Ha MatTpuny B, sBasiercs marpuna C nopaaka 1X
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X 1, T. e. unca0. 70 YHCJO onpeneaseTcs Mo caeayiolleMy MpaBHay:
1X3+2X4=11, 1. e. OTAEIBHO NEPEMHOKAIOTCA NePBble 3JIeMEeHTb
MaTpHU A H B H BTOpBIE 3JeMEHTHl 3THX JKe MaTPHI, a NOJy4YeHHBle
NPOH3BEIEHHA CKJIAABIBAIOTCH.

310 npocToe NpaBHAO YMHOMKEHHs] PACIHPOCTpaHAETCH HA MaTpPH-
bl Gosnee BHICOKHX MOPAAKOB CJAeAYIOUHM 06pa3oM:

-3

oA

SnemenTsl Matpuubl C moayyawTcs YMHOMXEHHeM COOTBETCTBY-
IOleH CTPOKH MaTpHUBl A Ha COOTBETCTBYIOWHMI cTONGEL, MaTPHILL
B. O6pamaem BHHMaHHe Ha TO, 4TO MPH YMHOMEHHH KBAAPATHBIX
MATPHL, BaXKHA [0CJAEA0BATEJbHOCTh INePeMHOMKEHHS COMHOMKHTe-
neii. B stom npumepe marpuiia B ymHOXKaJsach ceBa Ha MaTpHLY
A (unm, HaoGopor, MaTpulla A yMHOXKaJjack CIpaBa HA MaTPHILY
B). Ecan #3MeHHTh NMOCJIeL0BATEBHOCTL COMHOMKHTENEH, TO TIPOH3-
BeJleHHe, BoOGIle roBops, GyeT ApyTuM:

A=[o 1]

n=[ of[4 o]0

Caenosatenbno, AX B He pasno BXA.

daemMent. DTOT TEPMHH OTHOCHTCA K Ji00OH H3 BeJNHUHH, H3 KO-
TOPBIX COCTOHT MaTpHua. Yao6HuM crnocofoM 0603HAYEHHA ITEMeH-
TOB MaTpHIbI ABJASETCH yKasaHue HOMepa CTPOKH H HoMepa cTonl-
Ha B BHJe MOJCTPOUHBIX HHAeKcoB. Haupumep, Trc — 370 37€MeHT,
pacnoJioxeHHblll B r-ii cTpoKe H B c-M croabue matpuupl T. Ilpuua-
TO, 4TO Nepshifi Hijexc obosnavaer HOMED CTPOKH, a BTOPOH — HO-
mep cronibna. Takum ob6pasoM, Ty, ABJIsSETCHA 3JEMEHTOM, HaXOA-
IEMCS B MEepBOH CTPOKe H BO BTOPOM CTOJIONE, H UYATAaeTcs Kak
«T — onnH-1Ba>».
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[Tpunoxenne B

JlonoinuTebHbIE yNpaXKHeHHs

B texcre xuurn (ocoGeHHO B HAaYaJbHBIX €€ IJ1aBax) NPHBOAHTCS
PAL ynpaxHeHHH, npeiHa3sHaYeHHBIX AJIA TOTO, YTOOB 3aKpPenuThb
NOHHMaHHe KOHKDPeTHLIX MeToaHK. B 3ToM npuioxenun gana HeGOMb-
Wwas noAbopKa L0NOJHUTEAbHBIX YipaMXHeHHil; i3 HHX OJHO HJH JABa
NpeacTaBasiioT cofoif paclIHpeHHBIH BapHAHT yKe BCTpPEeUYaBLIHXCs
paHee ynpayKHEHHil , a oOCTaJbHLle OXBATHIBAIOT TeMbl ABYX HJIH
Gosee riaB, Ha KOTOPHle KHHFa MCKYCCTBEHHO MOAEJEHA B CHIY
HeOOXOAHMOCTH. YNpaXKHeHHs] NOCTPOEHB TaK, 4ToGH HX MOXKHO
6bly10 Hcmoab30BaTh B NpaKkTHYecKoit paGoTe, W UATATENIO NMpeasaara-
€TCsl OTHICKaTh PasHble MyTH HX PEIIEHHS, YacTb KOTOPHLIX, sl AOMyC-
Kaio, NpHBEAET K He BNOJIHE Y/IOBJETBOPHTENBHOMY Ppe3yJbTaTy,
HO B J06oM caydae J0JKHEI ObITh HenpoOoeaubl, Ha nene ke s Ha-
ZIeI0Ch, UTO NBLITJIMBBIH M ONBITHBIA YHTaTeab HalijeT 3acayXKuBalo-
ILHMH BHHMAHHA T€ NyTH PeuieHus, KoTopwe A nporasjgen. W xors
00beM 3THX yNpa)KHeHHH HEBENHK, UHTATETH, Y¥Ke HMEIlHe Mo
Kpaiinelt Mepe HeGOJBIION OMBIT B Te0JIOTHH HJIH CBSI3aHHBIX C HeH
o6JaacTsx, BCKope o0Hapysar, YTO MHOTHE 3a/1a4l, CToAlHe nepes
HHMH, BeLyT K 3THM NPOCTEHIUHM CTATHCTHYECKHM METOJHKAM.

b.1. Mopdupobaacrtel ampuGosa B MYCKOBHTOBOM cAanie

OG6HaxeHHe ITOrO THHA MOPOA OCBelllaeTcsl KOCHIMH JydYamu
connua. SIcHo pasauuaercs JHHeHHas TeKCcTypa, o006ycJoBJeH-
Has MPeANoYTHTENbHOH OPHEHTHPOBKON KPHCTAMIOB MYCKOBHTA
(cpennnii pasmep ux oxono 0,5 mm). Hs-3a Kocoro coJHeyHOro
ocBeilienns nophupobaactel ambpuboaa (zauHoi o 30 MM) Takxe
CO31a10T 8nevariedue MNpeAmOYTHTEJBHOH ODPHEHTHPOBKH, mnapan-
JIeJIbHOH OpHEHTHPOBKE KPHCTAJJIOB MYCKOBHTA, HO ropasjio MeHee
CHJIBHO Pa3BHTOM, XOTS BKpamjienHukn ampubona WHPOKO Pa3BHTH
Ha NJIOCKOCTH pacianueBaHus. B T1aba. B.1 npusefeHsl yribl MeXAy
JHHEHHOCTBI0 KPHCTAJIOB MycKoBHTa H 63 nopdupobaacramu am-
tdhubosa. ITo 3aMephLl THIIA OCEH; CJAEL0BATENLHO, OHH NPUBOASTCH B
cootBercTBHe 1o Moxyaio 180° Urobul npoBepHTb, CyulecTByeT JH
Ha caMoM Jelle KaMyuiascs TNpeAnouTHTeNbHAass OpPHEHTHPOBKa
KpHcra/uioB ampubosa, cHayana CTPOMM KpPYroBylo AHarpaMmmy, a
3aTeM TpPHMEHSIeM OIHH HJIH HECKOJbKO KpPHTepHeB PaBHOMEPHOCTH.
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Tabnuna B.1. OpHeHTHPOBKH ATHHHBIX oceil nopduGaacToB ampuGoIa B IJIOCKOCTH
pacciaHieBaHHs B MYCKOBHTOBLIX CJAHIAX, H3MEpPeHHBIE MO 4acOBOl CTpeJKe OT APKO
BLIDAXKEHHOTO Harnpas/eHust JHHEHHOCTH, Pa3BHTON B claHuUEBATON Macce

000 010 026 045 064 094 129 145 164
001 010 027 046 068 095 129 147 164
002 012 033 050 071 109 133 149 168
005 016 035 051 075 111 134 150 169
006 019 036 051 076 113 136 151 171
009 021 042 054 088 116 139 161 174
009 022 044 055 090 119 143 161 7

B.2. OpueHTHPOBKA TPHJAOGHTOB

[Tnockocery namnacroBauusi (u3oOpaxeHue KOTOPOI NOMELLEHO
Ha objoxke Kuuru Kiapkcouna [3]) nepemnosneHa ocTaTKamMu TPHJO-
6uToB. JInmip Heckoabko ocobell CoXpaHHJHCH IeJHKOM; OoJbliee
HX YHCJO NpeAcTaBieHo rpyinuM (thorax) m ronosubiM (cephalon)
HJIH TPYAHBIM H XBOCTOBHIM (pygidium) ormenamu ckesera, HO mpe-
oGnagaioniasi Macca — OTJeJbHBIe 4YacTH cKesera. Ha mepswiii
B3IVISIJ OPHEHTHPOBKA IOJHBIX H HEMOJHLEIX OCTATKOB ocobei coBep-
mieHHo xaornuna. OjHako BNevaT/eHHe TaKoro copra scezda CTOHT
npoBepsATb. [TosToMy, Henoab3ys Aannbe Taba. 5.2, noareepaum uiu
onpoBepriem 3710 Bnedaraense. OTMeTHM, YTO 3TH OPHEHTHPOBKH fB-
JAI0TCS HAMPABJEHHAMH, 3HaK KOTOPHIX oONpejeisercs nepeaHei
4acThi0 CKejJera ocoOH, M, CJIEJOBATENbHO, OHH NPHBOAATCA B COOT-
BeTCTBHE Mo MoayJaio 360°. beuto 6B mosesHo, OAHAKO, C MOMOIILIO
COOTBETCTBYOLLEro npeofpazoBaHus o6pabaThiBaTh 3TH OPHEHTH-
POBKH KaK oci (cjef0BaTeJbHO, IPHBOJHMEIE B COOTBETCTBHE MO MO-
aymo 180°). Ctpoum KPYrosyio AMarpamMmy, npuMeHsieM KpHTepHii
pPaBHOMEDPHOCTH M, €CJH Hajo, OIlEHHBAEM NapaMeTpsl pacrnpejene-
uusi hon Museca (cpepnee HampaBJeHHE W KOHHUEHTPALHIO ¢ yKasa-

Tabanna B.2. Hanpasmenus oceit ABYCTOPOHHelH CHMMETPHH PAKOBHH TPHIOGHTOB
(coXpaHHBIIKXCS B TJIOCKOCTH HAMJIACTOBAHHA), H3MEDEHHBIE MO YaCcOBOH CTpeNKe OT
NPOH3BOJBHO BHIGPAHHOTO Hanpasienns, K3mepssuch HAanpasieHdHs TeX KOHIOB oceil
CHMMETPHH , KOTOPEIE HAMpaBReHHl K nepepseil yacTH cxesieta ocobn

002 02] 061 120 188 205 227 340
007 023 074 151 192 214 236 353
014 028 087 163 194 215 299 354

021 047 098 165 196 216 337
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HHEM [OBEPUTE/NbHBLIX HHTepBasoB). BoaMomHO, y Bac mMOSABHTCH

Kesanne nogaHTasHpoBaTh 0 MaJe03IKONOTHIECKOM 3HAUYCHHH TOJY-
YEeHHBIX pe3yJabTaToB!

b.3. Crparurpaduueckue paspessl. Yacts |

B rabn. B.3 nokasan HCKyccTBeHHO C(OPMHPOBAHMBLT CTPATH-
rpaduyeckuit paspes, COCTOSULHA H3 TPpeX THIOB MOPOA: leCUYaHHKA,
H3BECTHSKA H aprujyinTa. B 3ToM nukie, OZHAKO, MHOTO NPONYCKOB,
No3TOMy HeOoGXOAMMA CTATHCTHYECKAs! OlEHKA.

Paccmarpusaem Tabnauiy CONPSKEHHOCTH, HMEIONLYIO BH/I, NMOKa-
sanublii na puc. B.1. Ecan 6bl mepexoasl OT OAHOTO THIA MOPOABI K
APYroMy NpPOHCXOAHJIH CJAYHAiiHO, OMKHIAEeMEIE YacTOTHl B JIOGOM
crojibue 6buH Gbl TPONOPIHOHANBHEL COOTBETCTBYIONINM CyMMaM 1o
CTPOKAM HJIH, Ha000pPOT, OXKHAaeMble YacTOTH B J1I000I CTpoKe OLIIH
6Bl NPONOPUHOHA/bHL COOTBETCTBYIOLIHM CyMMam MO CTOJA6LAEM.
B moGom caydae oxupaeMasi 4actora Ji06oro Kiacca onpenesser-
¢l CyMMOIl 10 CTOA0LY, YMHOMXKEHHOH Ha CyMMY IO CTPOKe H Ae/eH-
HOit Ha noJaHblii o6bem BeIOOpKH. [locrpofitTe Tabauiy conpsKeHHO-

Ta6awua B.3. Mckycersenno chOpMHPOBAHHEIR CTpaTHrpadHueckHii paspe3, cocTo-
AHi 13 caoes aprunauta (A), ussectHska (MH) u mecuaunka (TTITIT)L

Kpoeas [t HH
TII1 5151 TIIIT
15151 A HH
A A A
Tt TIIT [ITI1
TIIIIT HA 2151
WU A A

A 15151 A
TIIT 15141 Tt
A A HH
A uigts TTIT
Irrt 15141 MU
5151 5151 A

A A A

A 91810 TIIITT
TI11T WK T
HH A TIIIIT
A I II1I1

K caegyiomemy cronbuy K chexylomemy croaGiy [Mofowsa

! P.d. Ypnn Hcnonn3osan OAHY, Be H TPH OJHHAKOBHE GYKBE B OGOINAMEHMAX CHOEB pas-
HOro cocTaBa ansi Gosiee HArafAHOrO BH3YANLHOro MpejcTaB/eHHsl NOC/E/OBATENLHOCTH CJoes B
paspese. — llpun. nepes.
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A anm m Cymma

anm

nmm

Cymma.

Puc. B.1. TaGanua conpskeHHOCTH, NOKa3hBaloulas 4acTOTH MOSBJIEHH Mepexo-
JOB OT THIA MOPOJb, 0003HAYEHHOr0 CJIeBa, K THIY NOpoas, 0603HAaUEHHOMY HaI
Bepxneil pamxoii Tabaunu, NpH ABHXKEHHH BBepx NO paspesy. B cronbue «cymma»
NOKAa3aHO YHCJIO MepexoAoB K JaHHOMY THNY NOpOALI;, B CTPOKE «CyMMa®» — YHCJO
nepexo.qon OT JaHHOrO THNA NOpPOJbI.

CTH MO AAHHBIM, NPHBeAeHHBIM B TabJ. B.3, BLIUHC/AHTE 0XKHIaeMble
4acTOThl H NPHMEHHTEe KpHTEpHil XH-KBagpat. BeposiTHocTh nepexoaa
OT OJIHOTO THNA NMOPOJBI £ APYroMy (BO3MOKEH nepexoj H K TOMYy ke
CaMOMY THNY MOPOJbI) HA3BIBAE€TCH BEPOATHOCTHIO nepexona. Ouenkn
TaKHX BEPOSATHOCTEH MOKHO MOJYUHTh JeJieHHeM YacToT B Tabauue
CONpPSAKEHHOCTH HA COOTBETCTBYIOILHE HM CyMMBI IO cTpokam. K co-
JKaJIeHHI0, BEpPOSAATHOCTL CJy4Yasi Nepexoja K OJHOMY THNY HOPOJb!
Oor Apyroro (BO3MOKHO, TOTO K€ CaMOro) Takike fIBJseTcsi BeposT-
HOCTbIO Mepexoaa, Ho B «o6paTHOH», a He B «INpsMoii» [ocjejfoBa-
TeJbHOCTH. ITH BEPOSITHOCTH Iepexoja B «obpaTHOl» rnocieaosa-
TENLHOCTH OUEHNBAIOTCH ACJEeHHEeM 4acTOT Ha COOTBETCTBYIOULHE UM
cyMMbl o crosnfuam.

Jep:ka B yme pe3ysbTaT NPHMEHEHHS KPHTepHS XH-KBaJpar, 10-
JIYUEHHBI BbIlIE, OLEHATE ITH BEPOSITHOCTH H PELUUTe, MOATBEPKAAI0T
JIH OHH TPEANOJOKEHHE O HHKJHYHOCTH 0CaAKOHAKONJIeHH .

Bb.4. Crparurpatuueckne paspesnl. Yacts 11

B rta6a. B.4 npuBejeH BTOPOil HCKYyCCTBEHHO C(HOPMUPOBAHHBIIT
crpaturpaduueckiii paspes, coCcTOALIHH H3 CJ0eB aprujuiuTa, nec-
YaHHKa H H3BecTHsKa. BO3MOXKHO, 3/leCb HeT CKOJIbKO-HHOY/b BHIpa-
JEHHOH PEryaspHOCTH B MOCEAOBATEbHOCTH CJIOeB, HO Takue
NocJe0BaTeNbHOCTH, KaXKyllnecs Hepery/JAspHLIMH, Bcerja sacay-
AKHBAIOT NPOBePKH — ee pesyabTaT uTo-HHOYAL Aa osuadaer! He-



Ta6awua B.4, MckyccTBeHHO CcOPMHPOBAHHEN cTpaTurpadiieckuit paspes, cocTos-
muilt 13 naacros apruaanra (A), wussectiska (MH) u necvanuka (ITIIT), as kax-
JIOTO CJI0SI YKA3AHA €ro MOUIHOCTH (B METpax)

Kpoens
0,110 MK 0,120 UK 0,014 A 0,115 UK
0,668 TIIIIT 0,528 TIIIIT 0,532 TIIITI 0,693 ITIIT
0,100 M4 0,094 MU 0,424 TIIIM1 0,528 ITIIIT
0,019 A 0,014 A 0,113 UK 0,649 I
0,118 UK 0,256 IIII1 0,459 TIITT 0,105 HH
0,213 IIII1 0,093 WU 0,018 A 0,367 III1
0,536 TIII1 0,132 UK 0,006 A 0,090 MK
0,014 A 0,137 MU 0,506 TITII1 0,015 A
0,345 TIIIIT 0,013 A 0,123 UH 0,507 IIIIIT
0,107 1 0,661 TIII1 0,575 TIIIT 0,012 A
0,528 TIIIIT 0,008 A 0,498 III1M1 0,089 UU
0,544 TII1 0,493 III1 0,122 UK 0,121 UK
0,076 MU 0,093 MU 0, 156 IIIII1 0,015 A
0,013 A 0,372 T 0,112 UK 0,007 A
0,510 I 0,519 I 0,605 TN 0,634 T
0,104 WM 0,142 U4 0,102 U4 0,013 A
0,424 TIIIIT 0,457 IIII1 0,014 A 0,585 IIIIT
0,008 A 0,608 TIITIT 0,022 A 0,660 ITII1
0,600 TIIT 0,094 U1 0,505 I 0,015 A
0,295 M1 0,014 A 0,017 A 0,110 UK
0,086 MU 0,015 A 0,012 A 0,437 I
0,016 A 0,121 UH 0,112 UM 0,313 MM
0,211 TIIIT 0,093 UM 0,016 A 0,018 A
0,098 MU 0,172 TIIII1 0,470 TIIIT 0,368 IIII1
0,481 TIMII 0,095 UHU 0,833 IIIIIT 0,160 TIIIIT
0,134 UK 0,582 T 0,016 A 0,110 MM
0,132 UM 0,011 A 0,077 UK 0,085 WA
0,014 A 0,094 UK 0,380 IIIIT 0,516 III1
0,101 UM 0,013 A 0,016 A 0,013 A
0,638 TIII 0,742 IIIT 0,015 A 0,807 I
0,127 UK 0,122 UK 0,074 MU 0,102 UK
0,419 IIIII 0,013 A 0,017 A 0,013 A
0,395 TIIT 0,066 IIII1 0,121 UK 0,085 UM
0,356 TIIT 0,096 MU 0,014 A 0,050 TIII1
0,095 U1 0,365 IIIIT 0,109 UK 0,116 U1
0,428 TIIIT 0,078 HHU 0,609 I 0,010 A
0,722 1IN0 0,562 TIIIT 0,018 A 0,014 A
0,300 ITIIIT
K crezyiomemy K caexyiomemy K caenyiomenmy Togowsa

cronbuy

cTonbny

croabuy
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N0Jb3ysl METOAHKY MoC/JeiHero IpHMepa, NpPHMEHHTe KpPHTepHi
XH-KBajpar K nepexojam Mexay caMbiMH HHXKHHMH 50 cioamu. 3a-
TeM NPHMEHHTe TOT e KPUTepHil K nepexogam Mexay CambiMH
BepXHHMH 50 C/l0AMH H CPABHHTE Pe3yJbTaThl.

Jas cioeB TakiKe yKasana MX Moumnocts, Ilo Kaxjaomy THmy
NOpOJibl MPOBepLbTe Pe3y/bTaThl ITHX H3MEPEHHII HAa HOPMAaJbHOCTH
pacnpejesaeHns H, eCliH TaKOe COOTBETCTBHE OY/eT yCTaHOBJIEHO, Olle-
HHTE CPEIHIO MOLIHOCTh H CONYTCTBYIOUIHHA el J10BepHUTEeNbHBIIN HH-
TepBaJ,

B.5. Paamepbl u (GopMa HEKOTOPHIX MCKOMAEMBIX OCTATKOB

B rat6a. B.5 npHBefeHb! AJHHEI H BBLICOTH PAKOBHH MOJLIIOCKOB
poaa Gryphaea B pByx Bhibopkax. Utolbl moKasath pacnpejeienue
3THX BeJHYHH, NMOCTPOiiTe AHArpaMMbl pPaccesiHHs; 3aTeM MNOCTPOITe
Tabauua B.5. TliHHE H BBICOTH PAKOBHH JBYCTBOpHAaTHIX MOJIIOCKOB poga Gryphaea
B ABYX BBIGOpKax (pasmepnl HaHEl B MHJJIHMETpAXx)

JHauua Bricora Hamna Buicota Hnuna Beicora

INeppas BHGOpKa

9] 86 78 74 85 79
75 66 63 52 71 69
56 49 68 54 85 75
36 34 60 62 87 86
84 80 53 45 101 97
36 32 55 52 84 85
52 49 55 50 42 49
48 48 58 49 95 85
53 39 41 37 64 50
39 37 54 43 21 ; 2]
53 46 42 45 34 34
38 29 39 35 109 108
48 39 23 16 87 78
36 30 99 16 62 52
35 31 80 7}
36 33 Bropas BmGopka 72 66
68 62 98 9] 34 33

98 90 32 30

K caeayomemy K caeayiomemy
cTondiy cTonbuy
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KPHTEPHI HJIH HECKOJIbKO KPHTEpPHEB AJMA TOro, 4ToOH CPaBHHTH
pacnpeneneHHs AJHH B ABYX BBIOOPKAax, T. €. BbISICHHTb, MOTYT JIH
PAKOBHHBL ¥3 OANON BLIOOPKE OLITH B L@JOM KpyIHee, YeM paKOBHHLI
H3 ApPYyroii BLIGOPKH?

Ornouenne BLHICOTH K AJIHHE MOMKET CAYKHTH KOJHYECTBEHHOI
XapakTepHCTHKONH «(OpMbl» PaKOBHHBL. BeMHCIHTE 3TO OTHOIICHHE
AJIS BceX PaKOBHH B 06eHX BHIGOPKAX M JJIs TOro, 4To6bl MPOBEPHTH
CyLlecTBOBaHHe Pa3JHYUil MEXKAY FeHepPaJbHBIMH COBOKYNHOCTHAMH,
H3 KOTOPBIX H3BJIEKAIOTCHA 3TH BbIOOPKH, NPHMEHHTE KPHTEPHIl cepHil
u U-xputepuit Manna — Yurtun. Buumarteabno npoanannsupyiite
Pe3yJbTaThl H NPOKOMMEHTHPYITE HX.

b.6. MNMopdupobaacTel rpanarta u GHOTHTA

Hcnonbsys o6o3naueHns ri. 4, 4acTOTH NOABJEHHA TOPHHPO-
6aactop rpanara u GHOTHTA, paccMOTPeHHbIe B Hell, 0603HAYHM
crenyomum o6pasom: (BG)=7, (Bg)=26, (bG)=26 n (bg)=31.
H3yuure cBsi3b 3THX BHAOB nop¢upo6IacTOB H, B YaCTHOCTH, CPaB-
HUTE Pe3yAbTaThi, NOJYYEHHBIE M1 KPHTHYECKHX objacreil paaMepom
0,05 u 0,01. KakoBa 3Ha4uMOCTb CHMMETPHH TaGJHLLI CONPSIKEHHO-
CTH OTHOCHTEJLHO €e AHATOHAJH, eCJH Takash CHMMETpHS HMeeTcs?

b.7. JluneiiHocTh B CKIanyaThiX KBApuMTax

Cksaaka, paamax KphlJIbeB KOTopoil npubianxaercs K 1 KM, pas-
BHTa B npejeiax (OpMauny MeTA0CAAOUHBIX KBAPIHTOB, B KOTODHIX
COXPaHHJIHCh OCAJI0YHBIE TEKCTYPb. IDTH TEKCTYPBI YKa3biBAlOT HA
TO, 4TO CTpaTurpatpnueckn ODosee JpeBHHe IOPOILI PacCHOJararTCs
B sipe CKJAAAKH, onpeielsis ee KaK aHTHKJIHHAJbHYIO. YIJHHEHHS
3epeH KBapla, cjaralollHX KBapUHTH, HMeIOT 00Llyl0 OPHEHTHDOB-
Ky, Co3/aBasg, TAKHM 00pa3oM, BUAHMYIO JHHEHHYIO CTPYKTYPY HIAW
JHHEeHHOCTh B HMewomuxcs obpasuax nopoasl. B ta6a. B.6 mpuso-

Ta6auga B.6, OpHeHTHPOBKH JIHHEHHBIX CTPYKTYPHEIX SJEMEHTOB H CJOHCTOCTH B:
CKaaguaroil (opManHH KBapIHTOB

Yroa norpy:KeHus/HanpapJeHHe NOTPYMKeHHS (MO YacOBOil CTPeNKe OT <«CeBepay)
JHHEHHBIX CTPYKTYPHBIX 3J€MEHTOB:

32/325 38/337 45/316 36/300 32/293 50/304
42/290 30/269 60/254 .

VYroa magenus/HanpasiieHHe najenHsi (MO YacoBOH CTpeJKe OT «CeRepa») CJIOHCTOCTH:
65/181 73/193 80/206 53/197 85/225 48/196-
59/214 49/210 52/223 49/230 49/232 62/251
36/264 45/265 48/268 43/269 49/280 39/290
30/304 30/312 34/001 73/053 64/028 69/030

78/011
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JIATCST OPHEHTHPOBKH JIHHEHHOCTH B psi/ie NYHKTOB HabJIOAeHHs, pac-
TOJOKEHHBIX B Npeaesax CKIafAKH, H OPHEHTHPOBKH CJOHCTOCTH B
HECKOJIbKO OGoJibllleM YHCJe NYHKTOB HabJaiogeHHs,

ITocTpoiiTe crepeorpauuecKyio NPOEKIHIO MO 3THM 3aMepam
‘ocelf, KOTOPBIE ABJSIOTCSA HOPMAJSAMH K CJOHCTOCTH, HATIPaBJIEHHBIMH
BHH3. Jlns Toro 4tobGml HaiiTH cpeiHee HampaBJeHHE JHHEHHOCTH
(T. e. BekTOp t3) M rsaBHBIE OCH pacnpejesieHHsl HopMaJeHd K CIOHC-
TOCTH, NPHMEHHTE METOAHKH MOJYYeHHS OLEHOK, CBSI3AHHBIE C pac-
npenenennem bunrxema. B caasu ¢ onpenesienneM riaaBHbIX oceli pac-
npefeseHHsa BLIYHCAHTE H TMOCTPOiiTe Ha cTepeorpadHYecKoil Mpoek-
IIHH J0BepHTeNbHBI KOoHyc ypoBHs 0,95 mas Bextopa t, T. e. npas
Jiyyiiel OlEeHKH HampasJjenus ocu ckaanxu. CnpaBeginBo JH mpen-
MoJIo¥KeHHe O TOM, YTO JHHEAHOCTh pPa3BHBAETCH MapaJjieJbHO LIap-
HHPY aHTHKJIHHAJIH?



[Ipunoxenue B

TouyHoCTh ¥ OWIMOKH BBIYMUCJIEHUH

Ilpencrasbre cefe, yTo B npHMepe, paccMaTpPHBaBuIeMesl B pas-
JeJie, npejilIecTBOBABIIEM BBeJeHHIO «3aMeyaHus O BLIYHCJIEHHSX
no dopmysam», YuCJIO HA AHCIJIEe KalbKyastopa Haobpaxaercs ¢
NOJHBIM JONYyCTHMBIM HabopoMm AeCATHYHBIX 3HAKoB, Toraga d=
=1,335802972 A.

Yacte atux undp, KoHeuno, HeBepua. Bompoc cocTonT B TOM,
CKOJIbKO HEBepHHIX Lupp B 3ToM uHcae? OTBer raacuTt: Bce HHOPHI,
33 MCKJIIOYEHHEeM JBYX, HeBepHBle. ITO 0ObsCHAETCH HHIKE.

Iecsituunble yncaa, KOTOPLIE Mbl MOJACTaBJAsieM B QOPMYJIbl, PEAKO:
ObiBalT abCOMIOTHO TOYHBIMH, MOTOMY YTO JIHGO OHH «OKPYTJIEHBI»,
Ja160 coaepxkat B cebe morpemnocTs skcnepumenra. CieaoBaresbHo,
y4acTBYsl B HECKOJILKHX 3Tanax BBIYHCJEHHH, 3TH HETOYHOCTH MOTYT
HaKanauBaTbCs [0 TaKOH CTemeHH, YTO OKOHYATEJbLHHIl pe3y/bTaT
OKa3sbiBaeTcs coBepuienno GeccmblcaeHHbIM. Llenb 3Toro npunoxexus
COCTOHT B TOM, uTOObl BKPAaTile M10Ka3aTh, KAK MOMXHO OKpPYIJAThb
YHCJIA, KAK MOUYT BO3PACTATh BHITEKAIOMIME M3 3TOTO HETOUHOCTH W
KaK LfoxceT OBITH OlleHeHAa TOYHOCTH OKOHYAaTeJbHOT0 pesyJbTara
(em. [17]).

B.1. JlecaTHuHble 3HAKM H 3HayYauHe uudpol

Uucao uugpp, caeayouux mnocae AecaTHYHOH 3amaTol, BKAOUAT
HYJIH, H3BECTHO KAaK YHCJO «JecATHYHBIX 3HaKoB». Hanpumep, mpu-
BOJAA XHMHYECKHH aHAJH3 MOPOMABI, NPHHATO KOHIEHTPAIHH OKHCJOB
rJIaBHBIX 3JIEMEHTOB JaBaTh C TOYHOCTbIO [0 ABYX JAecHTHYHBHIX 3Ha-
koB, nanpumep [CaO]=12,08%.

Uueno «3Havamux» undpy — 3T0 MoJHOE KOJHYECTBO UHPP B
yicae, KOTOpble cuuTalorTcsl BepubiMH. Takum o6pasom, KOHLEHTpa-
uusi CaO, npeacraBaennas kak 12,08%, mozaa Gvl GBITH BepHOH C
TOYHOCTLIO [0 YeThHpex 3HavaumiHXx uudp, HO 3TO 3aBHCHT OT NpH-
MeHsIBIIeHCSH MeTOAHKH aHaJjHu3a.

B mo6om pesyJabTaTe H3-3a HEONPEJEJEHHOCTH, BO3HHKAOMIEH
NpH MOSABJEHHH B 3aMHCH YHCJAa HE3HAUALIHX HYJe, HCNOJAb3YEeMBIX
NPOCTO AJS yKasaHHA MOJIOKEeHHS JecsTHYHOH 3ansitofi, Bceraa cJje-
IyeT sicHO YKa3bBaTh uuca0 sHavamux nudp. Hanpumep, [CaO] =
=12,08% (uervipe snavamue nuédpu). B Tol XKe camoit mnopojse
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TPABWIbHAA KOHIEHTPALHA pPacCesiHHOrO 3JeMeHTa, HamnpHMep
[Ba] =1200 r/t, morsnia Gbl GbiTh 3asaHa TpeMsi 3HavalMMH uHppa-
mu. Hanpumep: ([Ba] = 1200 r/r (rpn 3navamme wugps),
[Ba] =0,001209% (tpu 3nauamue ungps). BuHMareqbHO H3yYHTe
3TH npejcTtapienns (ocobGeHHO BTOpOE): Kakue HyJH 3Havaulpe, a
KakHe Her?

Moxno n3bexath HeompeneNeHHOCTe ¢ HYJMAMH, €CJOH HCHOJb-
30BaTh MPEeACTABIEHHE YHCAA B BHAE MAHTHCCH H MOpsigka (MJH
Tak HasblBaeMblii Hay4yHblif crnoco® mnpexcrasiaennss umncsaa). Ha-
npumep, [Ba]=1,20-10° r/r, [Ba]=1,20-10-39%. [Ipuusto cuntats,
qT0 Bce HH(PHI, yKaspiBaeMble B MaHTHCCe, 3HAYalllHe.

B.2. OgpyrJaenue

[TpunsAB peurenne o TOM, CKOJbKO 3HAYalluX LUHGP HIH CKOJIbKO
JecsiTHYHBIX 3HAKOB OyJeT colepiKaTh pe3yJbTaT, MBI MOXKEM OT-
GpocuTh Jiobble TU(PLL CBEPX 3aTaHHLIX YHCEN MYTEM «OKPYIJICHHS»,
IlpaBusio OKpyrJaeHHs TAKOBO: YTOOLI BLIMOJHHTb OKPYIJICHHE O 7
sHavamux uudp (HaM AeCATHYHBIX 3HAKOB), COXPaHAeM B NpeacTas-
JIeHHH pe3yJbTaTa n 3HavallHX LH(P, a ocTajgbHble OTOpachBaeM.
Ecau or6GpacuiBaeMbie UH(PLI COCTABAAIOT MEHbIIE MOJOBHHBI €/H-
HHIBI B 71-M JECATHYHOM 3HaKe, TO n-10 UH(PY ocTaBaseMm Oe3 Hame-
Henus. Ecau orGpacwiBaemas ungpa 6oJblle MOJOBHHBI €IHHHILI B
n-M JecATHYHOM 3HAKe, TO K n-My 3Haky npHGas/asem exunuiy. Ecan
orbpacuiBaemas undpa paBHa NOJOBHHE €IHHULLL, TO OKpyrienue
NpOH3BOAHTCS A0 OJmkaiimeill werwod uugpe. ILleabs mnocaepnero
npHemMa COCTOHT B TOM, YTOOBI HCKJIIOYHTh CHCTEMATHYECKOE CMerle-
HHE, T. €. B CpefHeM uucaa OyayT OKpPYyrasThes «C  H3OLITKOM»
CTOJIb € 4acTo, KaK H «¢ HegocrarkoM». Hanmpumep, okpyraesne
ypesaa d=1,335802972 1o nocsnenoBaTeIbHO YMEHbIIAWIEr0CH YHCIa
JeCSITHUYHBIX 3HAKOB JAeT TMOC/eA0BaTe/bHOCTh:

1,3358
1,336
1.34
1,3

Ecau Ha Bawmem KaJbKyJsaTOpe ecTh PexHM aBTOMATHYECKOTO OKPYyT-
JIEHHSI, IOCMOTPHTE, JAeT JH OH TY K€ CaMyl NocJaef0BaTeIbHOCTD.

B.3. AGcoaoTHBIe OMMOKH: CJO0MXKEHHe M BblUMTaHHe

AGcontoTnoil omnOKOH uHCAa ABJASETCA PasHOCTb MeXAY €ro
HCTHHHBIM H NPHOJHIKEHHBIM 3HAYEHHFAMH. CaenoBaTelbHO, MBI HH-
KOrja He MOMeM 3HaTh HCTHHHOrO 3Hauenns adcoaioTHON omuOKH,
HO MOZKEM OLEHHTh €eé MaKCHMaJibHOE€ 3HaAUYeHHE, MAKCHMAaJbHYIO ab-
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comoTHyto oHOKy. Hanpumep, onpenensis d=1,34 (¢ tpems sxada-
WHUMH nHGpaMH), MBI YTBEPIKAAEM, UTO WCTHHHOE 3HaueHue d 3a-
Kmovyeno mexay 1,344999...999 u 1,335000...001. D10 xe Mbl MOIJH
6l nokasarh unaue: d=1,34+0,005, rae Mmakcumanbuas abconoThan
omwnbka pasusiercs 0,005.

Ilpu cooKeHHH WJIH BHIYHTAHHH YHCeJ MaKCHMaJabHAf aBcoior-
Has omuOKa pe3yJbTaTa PaBHACTCSA CyMMe MAKCHMAIbHLIX abcomioT-
HBIX OIIHOOK YHCEJ, YYacTBYIOLIHX B ONEpaIHu.

[pumep. YyuTniBasi B 3THX YHCJIAX 3HavaulHe UHQPLI, Onpesessie-
Mble 3aJaHHOH TOYHOCTBIO, HAHAHTE HX CYMMY:

Yneno Makcumabhas aGeosioTHas OWHGKa
15,9 0,05
13,444 0,0005
10,7246 0,00005
Cymma 40,0686 0,05055

Takum o6pa3om, ¢ TOYHOCTBIO JI0 3HAYAUIHX LHPDP Pe3yJ/bTaT paBeH
40,1. Teepao 3amoMHHTE, YTO OKPYIJAATH A0 CYMMHPOBAHHS HEJb3S
(monpoGyiite caenath 3T0, H BL MofiMere, MOYEMY 3TO TaK).

B.4. OrHocuTesbHble OWMOKH: YMHOMKEHHE W JleeHUe

Ornocurenbhas omu6ka — 3T0 OTHOUIEHHE aGCOMIOTHOM OMHGKH
K MCTHHHOMY 3HAYEHHIO uucia, Mul CHOBAZ He MOXKEM BBIUHCIHTH ee
TOYHO, HO MOMKEM OLEHHTb MaKCHMAaJbHYIO OTHOCHTEJLHYIO OLIHOKY
KaK OTHOLIEHHe MaKCHMAaJbHOH aGCcoMOTHONH OMMOKN K NPHOJHKEH-
HOMY 3HaueHHio yHcaa. Hanpumep, ecin d=1,34, To MmakcHMaJbHas
oTHOCHTeJbHasa omubKa cocrapaser okosao 0,005/1,34=0,0037 (uro
TAKXKe COJEPXKHT ellle MeHbIIyK OWHOKY, KOTOPOH MOMKHO IpeHe-
6peub).

Kaxk npn yMHOMXKeHHH, TaK H NPH JAeJeHHH MaKCHMaJbHash OTHOCH-
TeJbHas oMIMOKA pe3yJbTaTa PAaBHAETCS CYmae MaKCHMAJIbHBIX OT-
HOCHTEJIbHBIX OMIKOOK OTAeJNbHBX YHCeJ, YUacTBYIOLUHX B 3THX Ome-
paumnsx.

Hpumep. Yemy paBHo 3unayenwe d*, ecan d=1,34 (rpu 3naua-
mue nudpe)? MakcumaabHas OTHOCHTeNbHas owHOKka d pasHa
0,0037 (cm. BhiLIE); c/IeAOBATENBHO, MAKCHMANAbLHAA OTHOCHTENbHAA

ownOKa d° paBHAETCAd MAKCHMAJBHOH  OTHOCHTeNbHOI OUIHOKE
. d, ymnoxenHo#i Ha 3, T. e. pasusierca 0,0111. d® pasuserca 1,34X
XK1,34x1,34=2,406104. Yr0oGH OLEHHTH MAKCHMAJbHYIO @bOCOAIOT-
HYto oMUGKY d® YMHOKHM ero 3HaveHHe Ha MaKCHMaJbHYIO OTHO-



182 NPUJIOXEHHE B

cHTenbHyo omnbry: 2,406104¢0,0111=0,027=0,03 (npubauxen-
Ho). Takum o6pasom, d® onpenensiercsi ¢ owWHOKOi 43 eIHHHIL BO
BTOPOM JIECATHUHOM 3HAKE, W BEPHLIMH SIBASIOTCHA TONBKO JBE 3HA-
yaurue ungpoi: d*=24.

B.5. OwHGKH npH BHYHCAEHHH QYHKUHH

B nepeuncasiBmmxcs (opmyaax CoaepiKaTcsi TakHe QYHKIHH,
kak log(x), sin(x) u ap. «AprymenT» ()yHKUHH (X¥) MOxKer ObITh
onpeaesen ¢ ownbkoit. Yemy xe torga pasna omwnOKa QYHKIHH?
B kauecrtBe mpHeMaeMOro MPHOIHIKEHHSA MOMKHO TIPHHATH, YTO H3Me-
HEHHE 3HAYeHHUd X Ha BeJHYHHY OX BbI3bIBAEeT MIMEHEHHE 3HAUEHUS
¢ynkuun f(x), pasuoe ['(x)dx, rae ['(x) — nepBas mPOU3BOAHAS
¢yHkunn f(x) mo x. B nantioM kKoHTekcTe 6x ABASETCA MaKCHMAalb-
Hoit abconioTHof owAbkoil x. CNIHCOK NepBHX NPOH3BOAHBIX st
Bcex Haubojee pacnpocTpaHeHHbIX (YHKUHI Bb HAfaeTe B JI00BIX
MaTeMaTHYeCKHX CNpaBOYHHKAX, COJeplKallnX pasfel, MOCBSILLeH-
HBIH BHIYHC/IEHHSAM.

[Tpumep. 3amep yraa x pasen 35,2° ¢ TOYHOCTBIO JO BCeX YKa-
3aHHBIX 3Havawux uuep. UYemy pasen sin(x) ¢ TOYHOCTBIO MO Mak-
CHMaJBbHOrO YHCJa 3HAYauX undp?

dyukuusa f(x) pasua sin(x), mosromy [’(x)=cos(x). Caenosa-
TeNbHO, MaKcHManbHas abconortnas owubka sin(x) pasHsercs
cos (Xx), YMHOKeHHOMY Ha MaKCHMaJbHYI0 a6GCoJIOTHYIO OWHOKY X.
B stom npumepe sin35,2°=0,576432315 no maHHbIM 3JEKTPOHHOrO
KaJabkyaatopa. MakcumasnbHas aGcostotHas ommbGka x pasHa 0,05;
caefioBaTeNIbHo, MakcHMaJbHas abconioTHas ownbka sin(x) pasHs-
erca ¢0s35,2°, ymuoxennomy sa 0,05, n gocrarouno Gauska k 0,04.
Takum 06pa3om, 3T0 3HaueHHe (PYHKIHH COAEPKHT OMIHOKY =4 ean-
HHLBI BO BTOPOM AECATHUHOM 3HAKE, H €ro ClejlyeT OnpelesuTb Kak
sind5,2°=10.6.

B.6. BbiBOAbI

MoKHO JIerko OleHUTh OWWOKY, BO3HNKAIDILINE M3-38 OTpaHHYeH-
HOH TOUYHOCTH JECATHYHBIX YHOeJ, HeoGXOZHMOCTb MX OKpYIVIEHH
H TPOAHAJH3HPOBAThL TOT MYTh, KOTOPHIM 3TH OWWOKW paspacraior-
¢Sl IPH BHIYHCJIEHHAX TIO opMy.JIe.

IIpumep. B dopmyne 3akoua DBperra, mnpuBeleHHOH B mepBoM
absale 3TOro MPUJIOMKEHHS, MaKCHMAJbHAS OTHOCHTeJbHAasA OLIHGKA
upcanteas A pasua 0,005/1,54=0,0032. MaxcumanbHasi OTHOCHTeJb-
nas ownbka 3Hamenarens 2sin35,2° pasua 0,04/sin35,2°=0,071.
Torja MakcHMa/ bHasi OTHOCHTEIbHAA OLIKOKA YACTHOrO NPUGAHKeH-
Ho pasia 0,0032+0,071=0,074, a wmaxcumaabHass abcomoTHAs
omn6Ka cocrasaser 0,074 1,335802972=0,099. CuepoBaTresbHO,
d=1,34-0,1, uTo MPOTHBOPEUUT Pe3yAbTATY, NOAYYEHHOMY Ha IJAEK-
TPOHHOM KajbKyasTope (d=1,335802972).
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B.7. OmmGKH OKPYrJAeHHS NPH MALIMHHBIX BbIYMCAEHHSAX

Pasnple MO/eH KOMNBIOTEDOB H TPOrPAMMHPYEMBIX KaJbKyJs-
TOPOB CHJIBHO Pa3JHYAIOTCA «TOYHOCTBLIO» XPaHSIHXCA B HHX YHCEJ
H crocoGaMu BBIMOJHEHHS HMH OCHOBHBIX apH(METHYEeCKHX OIepa-
uni. InaBHBIM orpaHnyuBaomuM akTopoM HBASETCS YHCAO ABO-
HYHLIX pa3psijloB, H3 KOTOPHIX COCTOMT OTHeJbHas siyeiika TMaMATH,
OrpaHuYHBAIOILAA YHCJIO 3HAYAUHX UH(P, KOTOpPHE TepegaroTes OT
OAHOrO 3Tamna BbIYHCJAEHHH K JApyromy. B AJMHMHHBIX BBIYHCJAEHHSAX
KamAblll MPOMEKYTOYHBIH Pe3yabTaT OKPYIJSeTcs A0 TOr0 4HCIa
JeCATHUHBIX 3HAKOB, KOTOpOe NpHCYIle MaHHOH BBIYHCAHTENBHOH
MallliHe, H IO3TOMY OWIHOKH OKPYTJEeHHSI MOTyT HaKallJHBaThCA.
B mamuHax ¢ OrpaHAYeHHOl TOMHOCTBIO YHCIO AECATHUHBIX HHOP,
nepefaBaeMblX TAKHM CIoco60M, MOXKeT GLITE PABHO AEBATH HJIH
MmeHbllle, BeneAcTBHE 3TOr0 AJHHHLIE BBIUKHCACHWSA, TakHe, Kak Bhl-
gucjeHHss mo ¢opmynam (5.3a) — (5.38) mau mo Qopmynam
Taba. 9.4, MOTYT HMeTh TEHJEHIHIO K CEPbe3HOH BhIYUCTHTEALHOH
HEYCTOHYHBOCTH. AKKypaTHBIA MPOrpaMMHCT, NMepel TeM KaK MpH-
CTYNMHTh K COCTABJEHHIO KOHKPETHOH TIPOrpAMMBI, BCEerJAa NMPOBEPHT
TeXHHYECKHE XapaKTePHCTHKH MallHHBI H IPOAHAJU3NPYeT BepoAT-
HOEe NoBe/leHHe BbIpaxKeHHii, M0 KOTOPBIM TPOH3BOAATCS BHIYHCJIEHHS.



[Ipunoxenue I'

0Q603HayeHus

A — naomanb Kpyrosoil rHCTOrPaMMbl

a — pa3Mep KpuTHueckoit obaacTi; BeposiTHOCTh OWHOKH I po-
Jla; KOHCTaHTa PerpeccHH

B — npucyrcrBie 6HoTHTA

b — orcyTcTBHe GuoTuTa; BepoaTHOCTh ominbku 11 pona; kom-
CTaHTa perpeccHH

C — 4HC/I0 KNACCOB B KJaCCH(PHKALHH

C — apudmeTHUecKOe CpejiHee KOCHHYCOB
€ — HanpapJAKIHA KOCHHYC; CBOGOAHBIH uJeH ypaBHEHH:
perpeccHH (OTPe30K PerpeccHH)
€ — eIHHHYHDbIi BEKTOP
%2 — (rpeueckasi OyKBa «XH») CTATHCTHKA KPHTEpHS XH-KBaj-
par
D — cramncruka xpurepus Koamoroposa — CMHupHOBa
d — ToJIOBMHA yTJ1a TIPH BEpLIHHE CEKTOpa HJH KOHyca
d — noacTpouHblf HHAeKc, 0O003HaAualOUMii  HampapJeHHe
«BHH3» (down) (cm. X)
E — oxupaemasn uacrora
e —uncao 2,718 ..., ABadwllleeca OCHOBaHHeM HaTypaJbHbIX
jgorapuMoB (umHorza Aas o0o3HayeHHs HATypaJbHOI'O
Jorapud)Ma HCIOAb3yeTcss B KauecTse NOACTPOYHOTO MH-
JeKca B (QyHKUMH log); MOACTPOYHHIA HHAeKC, 0003Ha-
yajomuil HampaBJeHHe Ha «BOCTOK» (east) (em. X)
F — cratHcTHKa AHCNEpCHOHHOrO oTHolleHHs Duuiepa
F(x) — nurerpanbnas ¢ynkuus pacnperenenns (MPP)
f — uacrora; yacroTa Kaacca
f(x) — ¢pyskuaa naorHoctn BepostHoctH (PIIB) or x
H — cratucTuka xputepus Kpyckana — VYoaauca; npucyrcr-
BHE pOroBoii 0OMaHKH
Ho, — nynesas rumnoresa
H; — anpTepHaTHBHAS THMOTE3a
h — oTcyrcTBHE PpOroBoit 0OMaHKH
i — NOACTPOUHBIN HHAeKC, 0003HaYaoUMil OTAe/ bHbIe HAGIIO-
JleHHs], KJacchl HJIH BbIGOPKH
K — MaTpuia KoHUEHTpalui
k — napameTp KOHIEHTpPaIHH
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| — equHHYHBIT BEKTOP Cpe/Hero HanpasJieHus
M—wareMaTiyecKoe 0KHIAHHE

M— Bri6OpouHas oleHKa MaTeMaTHYECKOro OKHAaHus (cped-
HeapHpMeTHYIECKOE)

M;, M; — ouenxu MaTeMaTHUeCKHX OKHAaHHII B IBYX BHIGOpPKAxX
M, — meanana
m — MepHAMOHAJBHBIA yros; craTHCTHKA KpuTepHa XolKeca—
Afine; HAKIOH NHHWH PErpeccHu
N — o6bem BEHOOPKH
N,, N; — o6bembl BHIOOPOK B 3afadax ¢ ABYMs BEHOOpKaMH
N — NOACTPOYHHIH HHZEKC, 0GO3HAUAOUMi HanpapieHHe Ha
«ceBep» (north) (cm. X)
O — nabniogaemast yacrora
7 — OTHOLUEHHe JJHHE OKPYXKHOCTH K AHaMeTpPy kpyra (m=
=3,14159...)
R — uncsio «repGoB»; cyMMa paHros

R — cpennsisi pesy/ibTHpyIOUas AJIHHA
r — pajlyC CeKTOpa KPYroBOH THCTOrPaMMBI; YHCJIO CepHH;
ko3 puunent koppeasauun IMupcouna
§ — uncsio BHIGOPOK HIIH NOABBIGOPOK
S — cpeaneapudmerHuecKoe CHHYCOB
§ — cTaHMapTHOE OTKJOHEHHE TeHepaJbHOH COBOKYNHOCTH
§ — BLIOOpOUYHAS OLEHKA CTaHAaPTHOrO OTKJIOHEHHS
3 — cumBOA cymMuponanua [cMm. gopmyast (1.2) wau (4.2) u
(43)]
{—t-cratneruka CTblofeHTa
t — COBMECTHO ¢ TOJACTPOYHBIM HHAeKcOM ofo3Havaer TrJaaBs-
HYI0 OCh pacrnpefenenus Buurxema
T — paHroBulii Ko ouiHent koppeasuun Kenpaana; cober-
REHHOE YHCJO B pacnpeienetud buHrxema
U — nopsiikoBasi CraTHCTHKA KpHTepHss Manna — YHTHH H
pa3MHYHLIX KPHTEPHEB pacrpeiejeHuii Ha OKPYXKHOCTH
Vn — crarucruka xputepus Kyunepa
v — 4uCio cTeneneil cBoBOAB
W — MIIpHHA KJacca
X — cayuaiinasi mepeMeHHas; COBMECTHO C MOACTPOYHBIMH HH<
nekcaMu n, e  d ofo3nauaer yrasl € KOOPAHHATHHIMH
OCAMH, HampaB/JAeHHBIMH COOTBETCTBEHHO Ha «ceBep», HA
«BOCTOK» H «BHH3»
Xo — cpeanee HanpaBsJeHHe B TeHepaJbHON COBOKYMHOCTH

Xo — OlleHKA CpeHEro HanpaBIeHHs
X — OTKJIOHEHHEe OT CPe/IHEero; nepeMeHHas
2 — CTaHAAPTH30BaHHOE OTKJIOHeHHE

7
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HKaracrpodsr u weropusi 3emam.  Hosernt yandopmusm:
IIep. ¢ anea./llog pep. ¥. BEPTTPEHA u JIx. Ban HAYBE-
PHHTA. — 30 4., un. — B nep.: 4 p.. 80 k.

Kuura cocromt n3 cmenmalibHO JIepepaloTammBIX I
IAHHOTO M3JAHUA MORIAOB IBYX CUMUO3AYMOB B Bynexom-
cKOM OKeaHorpafmYecKOM WHCTHTyTe, TAE COCPEOTOYCHEL
JIydIllHe CHJIBI Te0JOroB, MAJEOHTONON0B U OKeaHojoros. Oma
ABJIAETCA OTBETOM HA KapAHHANLHGI M NOCTOSHHEIE BOIIPOC
re0JOTHN — KaK IPOMCXOAT PasBHTHe 3eMIH M HaceIsille-
TO ee JKUBOTO Mupa. B Heit oGofmaerca HoBEII danTHIeCKnit
Marepuan;, oco0eHHo N0 WCTOPHH OKEeAHOB, NOKAa3bIBAION{WIL
KpailHiol0 HepaBHOMEPHOCTH PA3BUTHA, B KOTOPOM 9TAMBL I0-
CTEMeHHOT0 ABOMIONAONAPOBANNA CMeHAKTCA OBICTPHIME Ka-
TacTpoHuecKuMI CODBRITHAME,

Jias reojorop IMpoKoro TpoduiaA, IMMAaJeOHTOJOrOB H
OKeaHoJIOTOB,
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HHUROJIOB T. oaruii nyts suanun: Hep. ¢ 6oaz. — 15 a.,
ux. — B nep.: I p. 10 k.

B xuHTe B yBIeraTenwHoii (opMe paccKasmiBaeTca o
BOSHMKHOBENHH W pasputnn ;xusny na Jemiae. Iloxasano ye-
J0}KHeHHe opranusanun opM KHIHH, LOCTETENNoe 3aBOEBA-
HHe JKMBBIMH cymiectBaMm Bce Gojee OOmHMPHBIX MecT 00m-
ramua. Kuura ocrapiser rayGokoe yOeskfenme, 4T0 3RH3HB
#m ee pasymubie (OPMBI DPOILIM YPE3BBIMANHO CHOAKHBIL W
JJHHHBND OyTh pa3BuTHA. (MKEBIAIT KHATY MHOrOTHCIEH-
HBI¢ DKCKYPCHI aBTOpa B pasawunbie 001acTH KyJAbTYpHI: JH-
TepaTypy, T0D3WI0, JKUBOIHCE,

Jlis TeonoroB BeeX CHENHAJNLNOCTEH W IIMPOKOro Kpyra
uYHTATeNEll, NHTepeCYWIuXCA HCTOpPHeil Kusnn Ha Jemie.
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Hep. ¢ anea. — 25 a., ua. — B nep.: 4 p. 10 &.

Monorpadusa mOCBAImEHA ONMCAHUI0 MHUHEPATOB W TOpP-
HBIX IOPOJ), OTHOCAIIHXCA K HEMeTAIMICCKHM  IIOJIE3HLIM
nexonaeMeM (acbect, rpaduT, coun, CHOLE I Ap.) H HME0-
mux 0onblIoe sHAYeHWe JUIA HAPOJHOrO Xosdiictea, B Heil
PACCMATPHBAKOTCA BONPOCKHL T€HE3NCA TIPOMBIIIIEHHEIX MECTO0-
POEJIeHHIT MIHEpasoB W IOPOJ, MPHBOSHTCHA ONICAHHE DTHX
MEeCTOPOKJEHNUI, a TaKkKe METOMI0B WX IONCKOB I DPa3BeKM.
B xnmre mpHBOAMTCSA MIOTO MOBLIX (AKTOB 1O 3apyOeiKILIM
MECTOPOAACHMAM, 0c00eHH0 IOAPO0HO 0XapAKTePH30BAHEL
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TAJUIOTEHUCTOB, PASBEJYHKOB, OKOHOMHCTOB, 4 Tarme JJIA
1PEeNofaBaTe el M CTY/EHTOR Ie0JOrHYeCKAX BYBOB,
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| CTATUCTUYECKUE
METO/IbI
B CEOJIOT U

B cpoelt kunre Ymini gaer TilaTensno
pa3obpandbie | IPHMEPL - peilienisa pasni-
HBIX TeOJIOTHUYECKHX 3ajad C HOMOIIsIO
CTATHCTHYECKHX METOL0B, KOTOpLIE TpHMe-
HHEMBl Kak B aGOpaToOpH | 38 MHKPOCKO-
[IOM, TaxK H. B! noje Ha o0uazxeuni, Iaas-
HO8 BHHMAHHE TDH 9TOM yiensiercd TaKHM
CTATHCTHYECKHM METOAaM, BLIYHCJCHHH IO
KOTOPUM MOFYT YMECTHTLCA «HA |00part-
HOJ} CTOpOHE NOYTOBOrO KOHBEpTa». Bhep-
Bh¢, MOXAJAYH, B JIMTepaType Mo MaTema-
THYeCKOft FEONOTHH INABHLIA aKUEHT  He-
JIAGTCS Ha| HenapaMeTpHYECKHe MeTOMIL,




