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BBEAEHHUE

DKCIEpUMEHTAJIbHBIE UCCIIEOBAHUS IIMPOKO MPUMEHSIOTCS Ha BCEX
CTaIUsAX pa3pabOTKH, MTPOU3BOACTBA M IKCIUIyaTallMU Pa3IMYHBIX TEXHU-
YECKHX OOBEKTOB, B UaCTHOCTU CPEACTB ABTOMATHKU U MHPOPMAIIMOHHO-
MU3MEPUTENIbHOW TeXHUKU. [Ipyu cOo3qaHUM 3JEKTPOHHBIX U 3JEKTPOTEXHHU-
YECKHUX YCTPOMCTB OCHOBHBIE 3aTPAThl MPUXOIATCS HAa UX HACTPOUKY U HC-
MIBITAHUS.

Teopust miIaHUPOBAHUS SKCIIEPUMEHTA (POPMYIHPYET TPUEMBI U CIIO-
coOBbl ONTHUMAJILHON OpraHU3alMy HCCIIEN0BAaTENbCKOM padoTsl. OBiaje-
HHE€ OCHOBAMM TE€OPHH IKCIEPUMEHTA U MPAKTUUECKUMH ITPUEMAMU €€ UC-
MOJIb30BAHUSI MOBBIIAET 3PPEKTUBHOCTH pabOThI UCCIEA0BATENS, MTO3BO-
JS€T ¢ HAaMMEHBIIUMHM 3aTpaTaMd pelaTh MHOTHE MPAKTUYECKHA BAKHBIC
MCCIIEIOBATENbCKUAE 3aa4d: MMOCTPOCHUE MO ONBITHBIM JTAHHBIM MaTeMa-
TUYECKOM MOJENIN OOBEKTOB, ONTHUMM3AIMI IPOLECCOB, MPOBEPKY pas-
JUYHBIX MPEANIOI0KEHUH.

Paboune mporecchl yCTpOMCTB aBTOMAaTUKU MPOTEKAIOT B HW3MEHSIO-
IIUXCS YCIIOBUSAX, CIE0BATENIbHO, 3aBUCAT OT OOJIBLIOrO YHCia IepEMEH-
HbIX. OnucaHue TakuX MPOLECCOB aHATMTUYECKUMHU METOJAMH HE BCErJa
BO3MOXXHO. [loaTomy npu mccnenoBanuu pabodnx MPOLIECCOB YCTPOMCTB
HEO0OXOUMO NPUMEHSATh METO/IbI MNIAHUPOBAHUS SKCIIEPUMEHTA, KOTOPHIE
MO3BOJIAIIOT MPOBOJUTH UCCJIEAOBaHUS, OJHOBPEMEHHO BapbuUpys BCE
Baustomnre ¢aktopsl. [1o s3xcriepuMeHTanbHbIM JaHHBIM (hOpMUpPYETCS Ma-
TEMaTU4ecKasi MOJIENb UCCIETyeMoro oobekTa. MareMatnyeckoe omnuca-
HUE€ YCTPOMCTB U MPOILIECCOB MO3BOJIAET MCCIENOBATh U ONTUMHU3UPOBATH
WX TIapaMEeTpBhl.

B yueOHOM mOCOOMM M3JI0KEHBI 3JEMEHTHl TEOPUU TUIAHUPOBAHUS
DKCIIEPUMEHTA U PACCMOTPEHO INPUMEHEHUE JHCIIEPCUOHHOIO, KOppEes-
LIUOHHO-PETPECCUOHHOTO aHAJIM3a, a TakKe IJJAaHOB IIEPBOrO MOpPsAKa
MHOT'O(aKTOPHOTO SKCIEPUMEHTA MPU PEIICHUH PA3TUYHBIX MHKEHEPHBIX
3a11a4.



1. HOHATHUE O IIVIAHE DKCIIEPUMEHTA

[IpuHsTHE MPOEKTHBIX PEIICHUI B JTI000M OTpaCIy NPOMBIIIJIEHHOCTH
M OIIEHKa UX Ka4ecTBa B OCHOBHOM OCYIIECTBJISIIOTCSI HA OCHOBAHUU JIaH-
HBIX KCTIEPUMEHTA.

JKCNepPMMEHTOM HA3bIBAIOT IICJICHANPABIICHHOE BO3JICHCTBHE HA O0b-
€KT UCCJICIOBAHMSI C 11EJIbI0 MOTyYEHUs O HEM JIOCTOBEPHOM MH(POpMAIIUK.

ILnanupoBaHMe IKCIIEPUMEHTA — 3TO CPEICTBO MTOCTPOCHUSI MaTeMaTH-
YECKUX MOJICJICH PA3IMYHBIX MPOIECCOB C IEIbI0 MOBBIIICHUS 3(PPEKTUBHO-
CTH SKCIIEPUMEHTAIBHBIX UCCIICIOBAHUI: COKPAIIICHHSI BPEMEHU U CPEJICTB Ha
MIPOBEICHUE AKCIIEPUMEHTA, MOBBIIIEHUS JJOCTOBEPHOCTH PE3YJIHTATOB HCCIIC-
JTIOBAHMS.

OCHOBOI TeOpUU TUIAHUPOBAHUS IKCIIEPUMEHTA SBJISIETCS MaTeMaTH-
YyecKasi CTaTUCTHKA, TaK KakK pe3yJIbTaThl SKCIIEPUMEHTa MOT'YT paccMaTpH-
BaThCA KaK ClIydalHbIEC BEJIMUMHBI UJIA CITydailHbIE TTPOIECCHI.

1.1. Kimaccudukanus 3kcnepuMeHTOB

OKCIIEPUMEHTHI KIaCCU(PULIMPYIOT MO CTPYKTYpE Ha:

— HaTypaJlbHbIE — CPEACTBAa JKCIEPUMEHTAIIBHOIO HCCIIEIOBAHUS
B3aUMOJICHCTBYIOT HEITOCPEACTBEHHO C 00BEKTOM HCCIIEAOBAHUS;

— MOJENbHBIE — KCIIEPUMEHTUPYIOT HE C CaMUM OOBEKTOM, a C €ro
MOJEJbIO;

— MOJICJIbBHO-KMOEpHETHYECKHEe (MAaIlMHHbBIE) — Pa3HOBUHOCTU MO-
JEIBHOTO 3KCIIEPUMEHTA, MPU KOTOPOM COOTBETCTBYIOIIUE XaPAKTEPUCTHU-
KM U3y4aeMOro 00ObEKTa BBIYUCISIOTCS C OMOIIBIO0 aliropuT™Ma Ha DBM.

[o cragny HayYHBIX UCCIEIOBAHUN pa3INYatOT:

e 1a0OPATOPHBIE SIKCIEPUMEHTHI U1 U3yUEHHUs OOIMIMX 3aKOHOMEPHO-
CTEM pa3IMYHbBIX SIBJICHUW U MPOILIECCOB MPU MPOBEPKE HAYYHBIX THUIIOTE3 U
TEOPUH;

® CTEHJIOBBIC SKCIIEPUMEHTHI, KOTOPHIC MPOBOJATCS MPU HEOOXOUMO-
CTH U3YYUTh KOHKPETHBIN MPOLECC, MPOTEKAIOUINI B UCCIEAYEMOM OOBEKTE,
ornpeeneHueM (pU3NUEeCKUX, XMMUYECKUX U APYTUX CBOMCTB;

® [POMBIIIUICHHBIE AKCIIEPUMEHTBI, KOTOpbIE 00S3aTeNbHbI MPU BHE-
JPEHUU HOBOT'O M3JIENHS WU MPOILIECCa, MPU ONTHUMH3ALNU JACHCTBYIOIIETO



Ipolecca, P MPOBEACHUN KOHTPOJIbHO-BEIOOPOYHBIX UCIIBITAHU KauecTBa
BBIITYCKAEMOM MPOTYKIIMH.

[lo xapakTepy MOCTaHOBKM 3a/1aud JUIs OMNpPENETICHUS MOJEIM OObEKTa
AKCIIEPUMEHTHI OBIBAIOT:

— YYUTBHIBAIOIINE HAJTMYUE HEOJHOPOIHOCTEN Pa3IMuHOro BUa (COCTaB
Marepuasa, i3MEHEHUE BO BPEMEHU U T.11.);

— pacCUMTAHHBIE Ha BBISBICHHUE MEXaHW3Ma SIBJICHUS (MCCIICIOBAHUS
XOpOILIO OpraHU30BaHHBIX OOBEKTOB MPU AOCTATOYHO BBICOKOM YPOBHE HC-
XOIHOW MH(OpMALIUN);

— YUYUTBIBAIOIIME JOKAILHYIO 00JIACTh MPOCTPAHCTBA MapaMeTPOB O0b-
€KTa, COOTBETCTBYIOIIYIO SKCTPEMYMY HEKOTOPOIO KPUTEPHUS ONTUMAIILHOCTH
MIPU HAJTMYMKU BPEMEHHOI'O U3MEHEHUS! I1apaMETPOB;

— YUYUTBIBAIOIIME JOKATLHYIO 00JIaCTh MPOCTPAHCTBA MApaMETPOB O0b-
€KTa, COOTBETCTBYIOIIYIO SKCTPEMYMY HEKOTOPOIO KPUTEPHS ONTUMATIBHOCTH
IIPU OTCYTCTBUU BPEMEHHOI'O M3MEHEHNS TAPAMETPOB;

— YYUTBHIBAIOIINE CTETICHB BIMSHUS BXOJIHBIX IEPEMEHHBIX HA BBIXOIHBIC
MIEPEMEHHBIE;

— TIO3BOJISIIOIIME MTPE0Opa3oBaTh HAOOP MEPEMEHHBIX 0OBEKTA UCCIIENO-
BaHUS,;

— paccuMTaHHbIE HAa MPOTHO3UPOBAHUE IMOBENCHUS OOBEKTa HUCCIEN0BA-
HYISL

Io criocoOy npoBeIeHNS PA3ITMYALOT:

® TIaCCUBHBIM DJKCIIEPUMEHT, KOTOPBIM OCHOBAaH Ha PETUCTPALUHU
BXOJIHBIX M BBIXOAHBIX MApaMETPOB, XapaKTEPUIYIOIIMX OOBEKT UCCIIEN0BA-
Husl, 03 BMEIIATEIbCTBA B AKCIIEPUMEHT B Mpoliecce ero nposeaeHus. O0-
paboTKa SKCIEPUMEHTAITBHBIX JJaHHBIX OCYILIECTBIISIETCS TOJBKO MOCIIE OKOH-
YaHUsI SKCIIEPUMEHTA,;

® AKTUBHBIN 3KcriepuMeHT. [Ipy uCnoiab30BaHMM METOJOB AKTHBHOTO
AKCIEPUMEHTa MATEMAaTUYeCKOE OMHCAHUE CTPOUTCS B BUIE COBOKYITHOCTU
CTaTUYECKUX U TUHAMHYECKUX BBIXOJHBIX XapPAKTEPUCTUK O0BEKTA, KOTOPHIE
PETUCTPUPYIOTCS MPHU MOJAYE HA €r0 BXOJbI CHELMAIBLHBIX BO3MYIIAFOIINX
BO3JICVCTBHI T10 3apaHee CITIAHUPOBAHHOW MPOTPAMME.

AKTHUBHBIN 3KCHEPUMEHT MO3BOJISIET OBICTPO YCTAHABIMBATH 3aKOHO-
MEpPHOCTH, HAaXOJIUTh ONTHUMAJIbHbIE PEKUMbI (PYHKIIMOHUPOBAHUS OOBEK-
Ta, HO €ro OOBIYHO U TPYJIHEE OCYIIECTBUTh. BMEIIATeNbCTBO B TEXHONO-
TMYECKUN TPOLIECC MOKET MIPUBECTU K CHMXKEHUIO TPOU3BOAUTENBHOCTH U
BBIITYCKY OpakOBaHHOM Mpoaykuuu. MHoraa, Hampumep, Ipu acTpOHOMHU-
YECKHUX HaOIIOJEHUAX aKTUBHBIN 3KCIIEPUMEHT BOOOIIIE HEBO3MOXKEH.
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1.2. MaTemaTn4yecKkasi MoJeJb 00LEKTAa UCCJIe10BAHNSA

B o011iem BHie 0OBEKT UCCIEA0BAHUS MOYKHO MPEJICTABUTH CTPYKTYPHOM
cxeMmoM, npuBeieHHOoM Ha puc. 1.1. CocTosiHue 00bEKTa UCCIIEI0BAHMS MOYKHO
MIPEJCTaBUTh 3aBUCUMOCTBEO

Y= f(X;U;2), (1.1)
rjie X:(xl,xz,...,xk) — HE3aBHUCHU-
MbIE€ YIPaBJIAIOMIME (BXOJIHBIC) IIe-

pPEMEHHBIE, KOTOpbIE B MPOIIECCE
l l l AKCIIEPUMEHTAa MOYKHO ILIEJICHAIIpaB-

) —» 7' eHHO U3MeHATH (IHMTAKOImiee Ha-
X, T Obvexm ~ > Y2 mpsKeHME, TEXHONOTUYECKHE DEXH-
e — 7y, MBI U T. I1.); U:(ul,uz,...,um)—KOH-
T T T TPOJIMPYEMBIE BO3MYIIAIOIINE BO3-
NEUCTBUS, KOTOPBIE HE JOIYCKArOT

Z] Zn Zy

ICJICHAIPABICHHOTO W3MCHCHUS B

Puic.1.1. CrpykrypHas cxema ofbexra ~ XOAC  HCCIICAOBAHNA (Temneparypa
HCCIIEOBAHHS OKPYKaloIel Cpefipl, OCBEIEHUE U

r); Z =(z,,z,,...,2,) — HEKOHTPO-

JHpyeMbIe U HEYINPAaBJIIEMbIC BO3MYIICHHUS, HEHU3BECTHBIC HCCIICIOBATEIIO,
MEJICHHO  M3MCHSIONIMECS  BO  BPEMEHHM  CIy4allHBIM  00pasoMm;
Y =(9,,755--»Vn) — KOHTPOIUPYEMBIE W BHIUUCIIAEMbIE TAPAMETPBI, Xapak-

TEPU3YIOIIME COCTOSIHUE OOBEKTA.

Takoe npencrapiieHre o0bekTa (puc. 1.1) OCHOBaHO Ha HMIMPOKO KCIOJIh-
3yEMOM B TEXHHUKE IMPHUHITUIE «YEPHOTO SIITUKAY, T.€. CHCTEMbI, CTPYKTYpa KO-
TOpPOW CKpBITAa OT HAOJIOJATENS, a CY>KIeHHE 00 ee (YHKIIMOHUPOBAHUM CO3-
JaeTcs TOJMBKO HA OCHOBAaHMM BHEIIHUX BO3/ICHCTBUII M OTBETCTBYIOIIUX MM
peakiusix cucrembl. CrienoBaTesbHO, OTHON U3 OCHOBHBIX 33/1a4 SKCIIEPHUMEH-
Ta SBJSICTCS] BBISIBJICHHE B3aMMOCBS3EH MEXITy BXOJHBIMU M BBIXOJHBIMH T1a-
pameTrpamu 0OBEKTa M TIPEACTABIICHHUE MX B KOJIMYECTBEHHOH (hopMe B BUJIE
MaTreMaTH4eckoii Mofeau. Takas MOJENb SIBIISICTCS MAaTEMAaTHYECKHM OTO-
OpakeHHeM HamOoJiee CYIECTBEHHBIX B3aMMOCBS3EH MEXIY MapaMeTpamu
o0bekTa. OHa npeacTaBiIsgeT co00i COBOKYITHOCTh YPaBHEHUI, YCIOBUM U aJl-
TOPUTMUYECKUX TMPABUIJ M TIO3BOJISIET MOMYYNTh MH(OPMAIUIO O TMPOIIECCaXx,
MPOTEKAIOIINX B OOBEKTE, KOTOpasi MOXKET ObITh MCIIONB30BaHA ISl YIIpaBJie-
HUSI MOJICIIUPYEMBbIM OOBEKTOM C IIEJbI0 TIOMCKA ONTUMAJIbHBIX YCIIOBUH, a
TaKKe aHAJTM3UPOBATH U MIPOSKTUPOBATH CUCTEMBIL.
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BxonHble napameTpbl, KOTOPbIE OKA3bIBAIOT BIUSHUE HA OOBEKT U MOTYT
OBITh M3MEPEHBI, HA3BIBAIOT (pakTOpaMu. Tak, HarIpUMep, MPU UCCIIETOBAHUN
M3MEPUTEIHLHOrO IIpeoOpa3oBatess ¢ UEIbIO MOTYYEeHUs €0 MAaTEMaTUYECKOU
MOJIETH B KauecTBe (DAKTOPOB MOTYT BBICTYNATh U3MEpsieMasi BEJIMYMHA, TEM-
neparypa OKpy>Karolllel Cpelibl, HalpsbKEHUE NUTaHus U T.11. O4eBUIHO, YTO
IpU TJIAHUPOBAHUU AKTUBHOI'O S3KCIEPUMEHTa (PAKTOPBI TOJKHBI OBITh
YIpaBJIsiEMbIMU U HE3aBUCUMBIMU.

Kaxnpiii pakTop mmeer o0nacTe onpeaeneHusi, KoTopas J0JDKHA ObITh
YCTaHOBJIEHA J0 MPOBEACHUS IKciepuMeHTa. OHa MOXKET OBITh HENPEPHIBHOM
WIH JTUCKPETHOM, IPUYEM NPU HEMPEPHIBHOM 00JaCTU OOBIMHO MPOU3BOISAT
€€ MCKYCCTBEHHYIO NUCKpeTH3alnio. CUnTaroT, YTO KaXAbIA U3 MapaMeTPOB
MOJKET U3MEHSTHCS B HEKOTOPBIX MpeJIeIiax:

Xy SX; <X (i :1,2,...,k);
U SU;SU g (j=1,2,...,m); (1.2)

Szg<z (g = 1,2,...,h).

ZgH =

Boixon XoTst Obl OTHOTO TapaMeTpa 3a 3TH NpeJIeibl TPUBOJIUT K Hapy-
IIEHUI0O HOPMAJIbHOW pabOThl YCTPOWCTBA (UM HOPMAJILHOI'O MPOTEKAHUS
mpoiiecca). 3agada UCCaeIoBaTelIs 3aKIII0YacTcs B TOM, YTOObI MpH (PUKCHUPO-
BaHHBIX [apaMeTpax z, =const M u;=const BbIOPATh TaKWe 3HAYCHMUS

x; = var (TaKyro pabO4yro TOUKy B 007aCTH pabOTOCIIOCOOHOCTH), IIPU KOTO-

PBIX BBIXOAHOM (WJIM ONTUMHU3UPYEMBIN) MapameTp 00bEKTa Y JOCTUTAET Oll-
TUMAJIbHOW BENMMYUHBL J[pyruMu cioBaMu, HEOOXOIMMO ONTUMHU3UPOBATH
¢yHKIIMIO Y= f (xi = var; u; =const; z, = const) B 00JacTu oOIpeaesieHus

X;.

Kaxnayro KOHKpEeTHYI0 KOMOMHaIU0 (DaKTOPOB MOXKHO paccMaTpu-
BaTh KaK TOYKY B MHOTOMEPHOM (pakTopHOM IpocTtpaHcTBe. O0nacTh BO3-
MOYHBIX KOMOMHaIMK (PaKkTOpOB, MOCTPOCHHAsI B MHOTOMEPHOM (haKTop-
HOM IIPOCTPAHCTBE, HA3bIBAIOT 00/1ACTHIO IVIAHOB IKCIIEPUMEHTA.

[Ipy nmaHUPOBAHUM SKCIIEPUMEHTA C LEIbI0 HAXOXKACHUS ONTHMAaJlb-
HBIX YCJIOBHI B Ka4€CTBE €JUHCTBEHHOW BBIXOJIHOW BEIMYMHBI paccMart-
pPUBAETCSI KPUTEPHU ONTUMAIBHOCTU (MMapaMeTp ONTUMHU3AIMH), 3aBUCA-
IIMA OT BBIXOJIHBIX MApaMETPOB 00bEKTA. ITY (PYHKIMIO pacCMaTPUBAIOT
KaK OTKJIMK OOBEKTa Ha YKa3aHHYI0 KOMOHWHAIMI0 ()aKTOPOB M HA3BIBAIOT
¢pyHkumen oTkianka. ['eomerpuyeckuii 00pa3 B pakTOPHOM MPOCTPAHCTBE
COOTBETCTBYIOLIEN (PYHKIMU OTKJIMKA HA3bIBAIOT MOBEPXHOCTHIO OTKJIM-
Ka.
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B 3aBucuMOCTM OT MCTOYHMKA MH(GOpPMAIMU, UCIIONB3YEMOIrO IpU IO-
CTPOCHHMM MaTE€MaTHYeCKOW MOJICNH, Pa3M4aloT (u3ndecKkue (aHaIuTHde-
CKHE) U CTAaTUCTUYECKUE (AMIIMPUIECKUEC) MOJICITH.

Pu3n4eCcKre MOAEIH MPEICTABISIFOT B BUJIE CIIOKHBIX CUCTEM YPaBHEHUI
(anrebpanyeckux, U depeHINaTbHBIX, HHTETPaIbHbIX WK TuddepeHim-
IbHO-UHTErPAJIbHBIX), MO3BOJSIONIMX OYEHb TOYHO OIMCAaTh MPOLECCHI,
MIPOTEKAIOIINE B OOBEKTE, U JOIMYCKAIOIINUX AKCTPAMOJISALMIO B TOUKH (Pak-
TOPHOT'O MPOCTPAHCTBA, B KOTOPBHIX HEBO3MOKHO HEMOCPEJICTBEHHOE HAOJIO-
JICHUE 3THX MPOIIECCOB.

CrartucTryeckue MOJIENM TOy4YatoT B PE3yJIbTaTe CTaTUCTUYECKOM 00-
pabOTKH AKCIIEPUMEHTAIILHOM HH(pOpMAIMK, COOpaHHOW 00 HCCiIeTyeMoM
00BbEKTE. DTU MOJAEIM UMEIOT OTHOCUTEIBHO MPOCTYIO CTPYKTYPY M 4YacCTO
MPEACTABISIIOTCS B BUIE MOJMHOMOB. O0IacTh MX NPUMEHEHUS] OrpaHU4HBA-
ercst OmbKaiiield OKpeCTHOCThIO pabOuMX TOYEK, B KOTOPBIX MPOBOIATCA
AKCIIEPUMEHTHL. BO MHOrMX Cily4asiX MOCTPOEHHE TaKMX MOJEIEH MOXKHO
BBIIIOJTHUTH IPU CPABHUTEIBHO HEOOJIBIIIMX 3aTpaTax BPEMEHH U CPECTB.

[IpuHATO TarKke pa3Myarh CTAMOHAPHBIE M JUHAMHYECKUE MOJIEIIN.
[lepBble U3 HUX NPEACTABIAIOT HEU3MEHSIOIIUECS BO BPEMEHU COOTHOILIEHMS,
BTOpBIE OIKCHIBAIOT MEPEXOJHBIE MPOLECCHI, T.€. HECTAIIMOHAPHBIE COCTOS-
HUSL.

1.3. OcHOBHBIE ITANbI IPOBEACHUA IKCIIEPHUMEHTAJIbHBIX
HUCCJIeI0OBAHUM

B o6mem ciydae miaHUpOBaHME M OpraHU3AIMs IKCIEPUMEHTA
BKJIFOUAIOT B c€0s1 CIIEIYIONINE MOCIIEA0BATEIHHO BBITOIHAEMBIEC ITAIIbI:

— MOCTaHOBKA 3a/1a4yu (ompeesieHne 1eIu YKCIIEPUMEHTA, BhISIBICHHE
MCXOJTHOM CHTYyaIluH, OLICHKA JOMYCTUMBIX 3aTpaT BPEMEHHU U CPEJICTB, yC-
TAHOBJICHUE THUIIA 3a]]a4H );

— cOop amnpuopHoil uHpopMaru 00 HcciIeayeMOM OOBEKTe (H3yue-
HUE JIUTEPATYPhl, ONPOC CHCIHMAIMCTOB U T.I1.);

— BBIOOp cIoco0a pelieHuss U CTpaTeruy €ro peanu3auuu (YCTaHOB-
JICHUE THUIIA MOJIEJH, BBISIBJICHHE BO3MOXKHBIX BIUSIONIMX (DAKTOPOB, BHI-
ABJICHUE ApPAMETPOB, BHIOOP LENEBBIX (PYHKIUN);

— MpOBEpKa BBIOPAHHOIO criocoda pemeHus 3aaadu (peaBapuTeb-
HBIE PKCIIEPUMEHTHI C IEJIbIO TPOBEPKH AKCIIEPUMEHTATBHON YCTAHOBKU U
METO/IUKH, a TAKXKE MPEIBAPUTEIHHON OLIEHKH KadyeCTBa MOJIEIN);
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— peanuzanus BBIOpAHHOTO croco0a pemieHus 3afadu (yTOYHEHHE
TUIA 3KCHEPUMEHTAIBHOM YCTAaHOBKH, OIPEIECICHUE 3HAYCHHUS IIEJIEBOM
¢yHKIMHA U HAKTOPOB, 00BEMOB BBIOOPKH, KPATHOCTH MTOBTOPEHUS OIBITOB
U T. JI.; 3aBEPIIACTCS ATal HPOBEICHUEM SKCIIEPUMEHTOB);

— aHAJIU3 U UHTEpHpETalusl pe3yJbTaToB, UX MpeACTaBiIeHUE (ITOTy-
YEHUE OLIEHOK MHTEPECYIOUIMX SKCHEPUMEHTATOpa BEJIUYHMH U OIpeJee-
HUE€ CTENEHHU JJOCTOBEPHOCTH 3TUX OLIEHOK, BBIPAKEHUE PE3YJIbTAaTOB aHa-
JM3a B TEPMUHAX U MOHATUSX TOM 00JIaCTH HAYKU WIIM TEXHUKH, B UHTEpE-
cax KOTOpOM ObLJI MPOBEIEH SKCIIEPUMEHT).

1.4. Knaccudukanus 3a1a4 3KCIIEPUMEHTA

MOXHO BBIJIEIUTH HECKOJBKO TUIWYHBIX 33/1a4, PEIIaeMbIX 3KCIIEpH-
MEHTATOPOM. ITO:

— OILICHKA OIPEACICHHBIX XapaKTEPUCTUK U3y4aeMOro 00beKTa, Mpo-
ABJISIIOLIMX C€0sl CTATUCTUYECKH, a TAK)KE MPOBEPKAa HEKOTOPBIX TMIIOTE3,
Kacaroluuxcsl 3TUX XapakTepucTUK. Takas 3a7adya OTHOCUTCA K HU3MepPH-
TeJbHBIM MPoLeccaM;

— BBISIBJICHUE BO3JCHCTBUA HA BBIXOJHYIO BEJIMYHMHY TE€X WM MHBIX
(haKTOpOB; PE3yJABTATOM 3TOT0 SKCHEPUMEHTA JOJKHO OBITh OJHO U3 YT-
BEPKACHUN: «J1a» WA «HET», HAIPUMEP, BIUSAET JIM JOOABKA HEKOTOPOTO
KOMIIOHEHTa Ha NPOYHOCTh OeToHa W T.N. COOTBETCTBYIOLIAS SKCIEpPHU-
MEHTAJIbHAS POLEYpPa Ha3bIBACTCS JUCIIEPCHOHHBIM AHAJIM30M;

— YCTaHOBJICHHE ()YHKIIMH OTKJIUKA, T.€. CTATUCTUYECKU JOCTOBEPHOM
3aBUCHUMOCTH, CBSA3BIBAIOLEH OTKJIUK C (haKTOpaMH; JIPYTMMH CIIOBAMH,
MIOCTPOCHHE MATEMaTUYECKOM MOJEITU HM3y4aeMoro oObEeKTa. JTO 3ajaya
PerpeccCMOHHOI0 AHAJIN3A;

— OIpeNeICHUE CTENEeHN B3aMMHOM CTaTUCTUYECKOM CBSI3U JIBYX BEJIH-
YUH, HAIlPUMEp, 3aTpaT HA U3YUYECHUE TEXHUYECKOW MH(OpMAIUU U KOJIHMYe-
CTBO M300peTeHnit u T.1. OnpesesieHue CTENEeH! MOA00HON CBSI3U SIBIISICTCS
MPEIMETOM KOPPEJIAIHOHHOI0 AHAJIN3A;

— HaXOXKJEHUE ONTHUMAJIbHBIX YCIOBUW MPOTEKaHUs IMpoIecca, T.€. Oll-
peleneHne 3HaueHuil (PakTopoB, MPU KOTOPBIX OTKJIMK SIBJISIETCS MaKCHMaJlb-
HbIM (WJIM MUHUMAJIbHBIM). JTa 3aJa4a peuiaeTcsi B X0/ BBIIOJIHEHHS IKC-
TPEMAaJIbHOI'0 IKCIIEPUMEHTA.
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1.5. ITapameTpsl ONTUMHU3ALUHT

Br10op mapameTpoB ontumuzaliy (KpUTEPUEB ONTUMHU3ALUM) SBISIETCS
OJTHUM M3 TJIaBHBIX ATANOB pabOThl HA CTAJUU NPEIBAPUTEIHHOIO U3YUEHUS
00BEKTA UCCIIEIOBAHUSL.

[log mapaMeTpoM ONTHMM3ALMH TOHUMAIOT XapaKTEPUCTUKY LIEIH,
3a/IaHHYI0 KOJM4YecTBeHHO. [lapamerp onTuMu3aiuu SBISIETCS OTKIIMKOM
Ha BO3/ICHCTBHE (PAKTOPOB, KOTOPBIE OMPENENAIOT MOBEICHUE UCCIEIYEMOM
cucrtembl. Kaknpiii peasibHbIi OOBEKT MOMKET XapaKTEpU30BATHCS HECKOJIb-
KHMH WA OJIHUM [TapaMeTPOM ONTHUMH3ALUH.

[TapameTp onTummu3ai HEOOXOAMMO BBIOMPATh C YYETOM KOMILIEKCA
TpeboBaHuii. OH JTOIKEH:

— OBITh KOJIMYECTBEHHBIM, T.€. UMETh YUCIIOBYIO OLICHKY;

— 00y1a1aTh OJJHO3HAYHOCTBIO B CTAaTHUCTUYECKOM CMBICIE. 33JaHHOMY
HaOOpy 3Ha4eHUH (HAaKTOPOB JOHKHO COOTBETCTBOBAThH OJIHO 3HAYEHHE Tapa-
METpa ONTHUMHU3ALINY, TIPH 3TOM OOpPATHOE YTBEPXKIICHUE HEBEPHO: OJJHOMY U
TOMY K€ 3HAUEHUIO MapamMeTpa MOTyT COOTBETCTBOBAThH Pa3Hble HAOOPHI 3HA-
YeHul (PakTopoB;

— OBITh YHHMBEpPCAJIbHBIM M BCECTOPOHHE OTpa)kaTb XapaKTEPUCTHKHU
00BEKTa, TPOLIecca, SBJICHUS. YHUBEPCATBHBIMUA OOBIYHO SIBIISTFOTCSI SKOHO-
MHUYECKUE M TEXHUKO-DKOHOMUYECKHE TMapaMeTpbl (CeO0ECTOMMOCTh, HaJCK-
HOCTb U JIp.);

— ObITh 3(D(PEKTUBHBIM KaK C TOUYKU 3PEHUS JOCTHMKEHUS LM, TaK U B
CTaTUCTUYECKOM cMbIciie. Eciu, Hanmpumep, 3a mapaMeTp ONTUMU3ALMA [pH-
HSATh C€0ECTOMMOCTh BOCCTAaHOBJIEHUS JIETAM, TO OH HE OyJIeT XapaKTepu-
30BaTh HAJEKHOCTh €€ padoThl. [lo3TOMYy B KauecTBe mapamerpa ONTHMHU3A-
UM LEIECO00Pa3HO BBIOMPATH CEOECTOMMOCTh MPU JOIYCTUMON H3HOCO-
CTOMKOCTH WJIM U3HOCOCTOMKOCTB MPH JOITyCTUMOM cedectonmoctu. CraTu-
CTHYECKU A(D(PEKTUBHBIM MTAPaMETPOM ONTUMU3ALINHU SIBJIIETCS TOT, KOTOPBIi
MMEET HAaUMEHBIIINE OIIMOKN U3MEPEHU;

— AMETh SICHBIN (DPM3UYECKUI CMBICI. DTO TpeOOBaHUE HE TOJBKO OIpe-
JEJISIET 1IeJIb UCCIIEIOBAHUS, HO U O0JIEr4aeT MHTEPHPETALMIO MOTYYEHHBIX
PE3yIBTATOB SKCIIEPUMEHTA.

3ajaun C OJHUM BBIXOJHBIM MApPAMETPOM HMMEIOT OUYEBHUIHBIC MpE-
umymiecTBa. Ho Ha npakTuke yaiie BCero NpuxoJuTcs yYUThIBaTh HECKOIBKO
BBIXO/IHBIX MapameTpoB. MHorna ux 4mcio AOBOJBHO BEIMKO. Tak, Hampu-
Mep, MPHU MPOU3BOJICTBE PE3MHOBBIX U IJIACTMACCOBBIX M3JIENUN MTPUXOTUTCS
YUUTBIBaTh (PU3UKO-MEXAHUUECKUE, TEXHOJIOTMYECKHUE, SKOHOMUUECKUE, XY-

15



J0>KECTBEHHO-ICTETUYECKUE U JIPYTHe MapaMeTpbl. MaTteMaTudeckue MOJIeNn
MO>KHO TIOCTPOHTSD ISl K&KIOTO U3 TapaMeTpoB, HO OJTHOBPEMEHHO ONTHUMU-
3UPOBATh HECKOJILKO (DYHKIIUH HEBO3MOXKHO.

OOBIYHO ONTUMU3UPYETCS OAHA (PYHKIUS, HAauOoJee BaKHASA C TOUYKU
3pEHHS UCCIIEAOBAHUS, 13 MHOXKECTBA BBIXOJIHBIX MTapaMeTPOB BhIOUpaeTCs
OJIMH B Ka4eCTBE MapameTpa ONTHUMU3AIIMH, & OCTAILHBIC CITy>KaT OrpaHuye-
HUsIMU. VICTIob3yst KOPPENSILMOHHBIN aHAJIM3, UCCIIEIYETCS TAKKE BO3MOXK-
HOCTh YMEHBIIICHHUS YHCIIa BEIXOHBIX MapameTpoB. Kpome Toro, mis Beidopa
€IMHOTO TIapaMeTpa ONTUMH3AIMY TTPUMEHSIOTCS MaTeMaTHYeCKue mpeoodpa-
30BaHUs, TIEPEXO0J] OT HECKOIBKUX MTapaMETPOB ONTUMU3AIUHN K 0000IIICHHOMY.

[lycth uccnemyeMblii OOBEKT XapaKTEpPU3YIOT 7 YaCTHBIX OTKJIMKOB
vy, (u =1,2,.. .,n), KOKIBIM M3 3TUX OTKIMKOB HMMEET CBOW (DU3MYECKUI
CMBICIT U, Yallle BCET0, Pa3HyI0 pa3MEepPHOCTh U u3Mmepsiercs B N ombitax. To-
rJa y,; — 3TO 3HaYEHUE 1-TO OTKJIMKA B i-M OIIbITE (i =12,...,.N ) YT10o06B1 00BE-
JMHUTH OTKJIMKH, HEOOXOAMMO BBECTH JUT KaXKJIOTO M3 HUX HEKOTOpYIO 0e3-
pasMEpHYIO IIKaITy, KOTOpasi JOJDKHA ObITh OHOTUITHOM AJIs1 BCEX O0OBhEeuHsIe-
MBIX OTKJIMKOB. ECii Kak7joMy y,; TIPUCBOUTB TOJIBKO JBa 3HadeHUs: 0 — He-
YIIOBJICTBOPUTENBHBIA PE3ybTaT, 1 - yAOBIECTBOPUTEIBHBIA pE3yibTar, TO
TaKUM 00pa3oM MOYKHO CTaHJAPTU30BATh IIKATY YaCTHBIX OTKIMKOB. O000-
HICHHBIN OTKJIMK B 9TOM CIlly4ae TakXe JODKEH NMPUHUMATh OJHO W3 ITHX
JIBYX BO3MOKHBIX 3HAYCHHH, IPHUUEM TaK, YTOOBI 3HAUEHHE 1 MMEI0 MecTo,
€CIIM BCE YACTHBIC OTKJIMKH B 3TOM OIBITE MpUHsSUM 3HadeHue 1, u 0, ecnm
XOTs1 OBl OJIMH U3 OTKIMKOB oOpatwiics B 0. Torma nnst moctpoeHus: 0000-
IIEHHOT'0 OTKJIMKA YI0OHO BOCIIONB30BATHCS (POPMYJIOi

Vo=l (1.3)

e Y, — 0000IIEeHHBIH OTKIIMK B i-M OIbITe; [T — MPOM3BEIEHNE YaCTHBIX OT-
KITAKOB V,» Vajs s Vi -

Ecin Uil KaKJ0ro M3 YacTHBIX OTKIMKOB M3BECTEH «HACAD y, , —
HAHITYdIIIee 3HAYCHHE U-TO OTKIMKA, TOIJA MOJYIIb PA3HOCTH |y, — ,,o| MOX-

HO paccMaTpuBaTh Kak HEKOTOPYIO Mepy ONMM30CTH K uaeairy. UtoOsl nepen-
TH K 0€3pa3MepHBIM 3HAUYEHUSAM, TOCTATOYHO MOAYJIb PA3HOCTH PA3JAEIUTh HA
HKEJACMOE 3HAUCHUE |V, = V, 0|/ V,.0 - [IPH COBIIA/ICHHH C HIEATTOM BCEX 4aCT-
HBIX OTKJIMKOB B HEKOTOPOM OIBITE Y, paBHO HYJIO. JTO U €CTh TO 3HAUe-
HUE, K KOTOPOMY HEOOXOIMMO CTPEMUTHCSL.

HenmocrarkoM Takoul OLIEHKH ABJISETCS TO, YTO BCE YACTHBIE OTKIUKH
BXOJST B 00OOIIEHHBIN OTKJIMK Ha paBHBIX HpaBax. Ha mpakrtuke xe pas-
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JUYHBIE TTOKa3aTelIu OBIBAIOT JAJEKO HEPABHOIIPABHBI. Y CTPAHUTH ATOT
HEJIOCTaTOK MOKHO BBEJACHUEM HEKOTOPOIO Beca a,, .

2
Y, = fau(—y‘”'_y““] : (1.4)
yuO

n
npudem Y a, =1 u a, >0. YUToObl NPOPAHKUPOBATH OTKIMKHU IO CTEIIECHU
u=l

BOXHOCTH U HANTH COOTBETCTBYIOIIHE BECa, MOKHO BOCTIOJIb30BATHCS IKC-
MIEPTHBIMH OIICHKAMH.

BwmecTto mikanel ¢ nByms kimaccamu 0 1 1, MOXKHO, HCIIOIB3Ys OTHO-
IIEHUST MPEINOYTCHHS, TOJyYUTh OoJiee COACP)KATEIbHYIO IIMKaIy JKella-
TenpbHOCTH. [llKkanma skemareTbHOCTH OTHOCHUTCS K TICUXO(DM3UYECKUM IIIKa-
naMm. Ee Ha3HadyeHWE — yCTAaHOBIICHHE COOTBETCTBUS MEXKIY (pU3NUecKUMU
U TICUXOJOTHYEeCKUMHU mapameTpamu. [lox dusnyueckumu mapameTpamu
MMOHUMAFOTCSl BCEBO3MOIKHBIE OTKIIMKH, XapaKTepU3yromue GyHKIIMOHUPO-
BaHHWE MCCJICAYEeMOTro O0BEKTa, a MO/ TCHUXOJOTHUYSCKHUMH IMapaMeTpaMu
MMOHUMAOTCSl CYOBEKTHBHBIC OIEHKH JKCICPUMEHTATOpa JKeJIaTeIbHOCTH
TOT'0 WJIM HHOTO 3HAYCHUS OTKJIMKA.

UYToObI MOMYYNTH IIKATYy >KEIATEIbHOCTH, MOYKHO BOCTIOJB30BAaThCS
TOTOBBIMH TAOJUIIAMHA COOTBETCTBHS MEXKIY OTHOIICHUSAMH MPEAITOUTCHHUSI
B SMIIUPUYECKON U YUCIOBOU cucTeMax (Taodm. 1.1).

Taomuna 1.1
CraHaapTHble OTMETKH Ha IIKAJIe KeJIaTeJbHOCTH

KenareapHocts |OTMETKH Ha IIKAJIE JKEJIATEIILHOCTH
OueHb XOpOo1Io 1,00-0,80
Xopomio 0,80-0,63
Y 10OBJIETBOPUTEIBLHO 0,63-0,37
ITnoxo 0,37-0,20
OueHsp MI0X0 0,20-0,00

B Tabn. 1.1 mpencraBiieHbl 4yucia, COOTBETCTBYIOIIME HEKOTOPHIM
ToykamM  kKpuBoil  (puc. 1.2), Koropas 3agaercsi  ypaBHCHHEM
d = exp[—exp(— y)], rae exp — npuHATOE 0003HAUEHNE DKCIIOHEHTHL. Ha ocn
OpJIMHAT HAHECEHBI 3HAYEHUS KEIATEIbHOCTH, U3MeHstomuecs ot 0 go 1.
[lo ocu abcuucc yka3zaHbl 3HAYEHHUS! OTKJIMKA, 3alMCAHHBIE B YCJIOBHOM
Macirtade. KpuByto xenareibHOCTH OOBIYHO UCIONB3YIOT KaK HOMOIpaMm-
My. ['paHuIIbl JOMYCTUMBIX 3HAYEHHUN IS YACTHBIX OTKJIMKOB MOTYT OBITh
OJHOCTODOHHMMH B BHJAEC J,; >V, . WU JBYCTODOHHUMH B BHJE
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Vimin < Vui < Vmax> TIPAYEM y . COOTBETCTBYCT OTMETKE Ha IIKaJe Kesa-

tenbHOCTH d, =0,37, 3HaUYe€HUE V,,, YCTAHABJIMBAETCS HA OCHOBAHHHU

CJIOKUBIICICS CUTyaIluH U OIbITA UCCIIeI0OBATENS.
[IpeoOpa3oBaB YacCTHbIE OTKJIUKH B
YacTHBIE (PYHKIIMH KEJIaTeTbHOCTH, TPH-
CTyHalOT K IIOCTPOCHUIO O00O0OIIEHHOM 1
¢yHKIMK xKenarenbHocTH. O000maoT o

dbopmye

dA

(1.5 O

ui

D, =y ﬁd
u=1

rae D; - o0oOmieHHas >KenaTeabHOCTD;
d ,; - YaCTHBIE JKEJIATEIbHOCTH.

»
| o

Crioco0 3aaHus 000011IEHHON Y

(YHKIIUHU KeIaTeIbHOCTH TaKOB, 4TO ec-  Puc.1.2. Kpusas xenarensHoctn
JM XOTs OBl O/IHA JKeNaTenbHOCTh d,; =0,

TO 0000IIeHHass pyHKIUA Oyner paBHa Hymo. C apyroi ctoponsl, D; = 1
TOJILKO TOr'Ja, Koraa Bce d,; =1.

Hampumep, mpu ycTaHOBJICHHH MPUTOJHOCTH Marepuajia ¢ JaHHBIM
Ha0OpOM CBOKMCTB M B 3aJaHHBIX YCJIOBHUSAX MCIOJb30BAHUS, €CIIH XOTS OBI
OJIMH YAaCTHBIM OTKJIMK HE YJIOBJIETBOPSET TPeOOBAaHWSM, TO MaTepHal
CUMTACTCSl HETIPUTOIHBIM. Ecm mpu ompeeneHHbIX TeMIieparypax mare-
pHaj CTAHOBHUTCS XPYIKHM M pa3pyllaeTcs, TO, Kak Obl HU OBLIM XOPOIITH
JIpyTue CBOMCTBA, 3TOT MaTepHasl HE MOKET OBITh IPUMEHUM 110 Ha3Hade-
HHIO.

O6o06meHHast (QYHKIMS >KEJIATeIbHOCTH SBJISETCS KOJIUYECTBEHHBIM,
OJTHO3HAYHBIM, €IMHBIM M YHHBEPCAIbHBIM ITOKa3aTelieM KadecTBa MCCIIe-
IyeMOoro o0beKkTa M 00JiaJlaeT TaKMMH CBOMCTBaMH, KakK aJIeKBaTHOCT,
3¢ PEKTUBHOCTD, CTATUCTUYECKAs] YYBCTBUTEIHLHOCTh, M MO3TOMY MOJKET
WCIIOJIh30BaThCS B KAUE€CTBE KPUTEPHSI ONITHMH3AITIH.

1.6. @axkrTopsbI

ITon dakTopomM MOHMMAaIOT BEJIWYMHY, BO3JCHCTBYIOIIYIO Ha HCCIIE-
JyeMBbIN TIPOIECC U MPUHUMAIOIIYIO B HEKOTOPBIA MOMEHT OIPECICHHOE
3HayeHue. PaKTop CUUTAETCA 3aJaHHBIM, €CIIM BMECTE C €ro Ha3BaHHUEM
yKa3bIBaeTCs 00J1acTh €ro onpenesieHus. [loa o6nacTeio onpeneneHus mo-
HHUMAEeTCS COBOKYIHOCTb BCEX 3HAUYCHUH, KOTOPHIE MOXXET IPUHUMAaTh
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naHHbIl (akTop. OONacTh ONpEeAeTeHUs] MOXET OBITh HENPEPHIBHOW H
auckpetHod. [lpu mnaHUpOBaHMM SKCIIEPUMEHTA 3HA4YeHUs (PaKTOpOB
MPUHUMAIOTCSL JUCKPETHBIMU. B mpakThuueckux 3ajadax o0JacTH orpene-
neHus (HaKTOpOB UMEIOT OTPAHUYEHUS, KOTOPbIE HOCAT JMOO0 MPUHIUIIU-
aJIbHBIN, TMOO0 TEXHUYECKHUM XapaKTep.

PaznuuaroT kauecTBEHHbIE M KOJIMYECTBEHHBIE (hakTopbl. KauecTBeH-
HbIe (DAKTOPBI PEKOMEHIYETCSl YUUTHIBATH HA IEPBOM CTAJUU HKCIIEPUMEH-
Ta (Mapka Matepuaia, TUIl 00opyaoBaHus U T.1.). K KoJIM4eCTBEHHBIM OT-
HOCSITCA T€ (PAKTOPBL, KOTOPHIE MOKHO U3MEPSTh.

[Ipu BIOOpE (HaKTOPOB HEOOXOIMMO YUUTHIBAThH CIEAYIOIIME TPEOO-
BaHMUS:

— ynpasisieMocTs. [log ynpaBiasieMOCThIO TOHUMAETCA BO3MOYKHOCTh
npuaaBath (pakTopy 000l ypOBEHb B 00JIACTU €r0 ONPENEICHUs U MOJ-
JEP>KUBATh ATOT YPOBEHb OCTOSIHHBIM B TEUEHHE BCErO ONBITA;

— 01HO3HAYHOCTh. DaKTOp HE MOJKEH ObITh (DYHKIMEH Apyrux Qak-
TOPOB.

[Ipy mIaHMpOBAaHMM SKCIEPUMEHTA OOBIYHO OJHOBPEMEHHO HU3MEHS-
IOTCSI HECKOJIBKO (hakTopoB. [1oaToMy cymiecTBytoT TpeOOBaHMs, TPEAbSIB-
JISIEMBbI€ K COBOKYITHOCTH (DaKTOPOB:

® COBMECTHOCTb. Kaxnplii (pakTop MOXKET OBITh YCTAHOBJIEH Ha JIIO-
OOM ypOBHE BHE 3aBUCUMOCTHU OT 3HAYEHUH YpOBHEW JIpyrux (GakTopoB;

® He3aBUCUMOCTh. OTCYTCTBUE KOppesiuu Mexay (pakropamu (T.e.
CBSI3b MEXIYy (pakTopaMu HE AOJKHA OBITh JTUHEHUHON );

e TOYHOCTh. CTEeNEeHb TOYHOCTH OMPEIESAETCA AUANa30HOM H3MEHE-
HUus (pakropoB. TodyHOCTh (hHKCalMKU YpOBHEW (PAKTOPOB TOJKHA OBITH
3HAQUUTEIILHO BBIIIE, YeEM TOYHOCTh U3MEPEHUS MTapaMeTpa ONTUMHU3ALINH.

[Ipu BBIOOpE OOJIaCTH oOmpeneraeHuss HEOOXOIUMO YUYUTHIBATH Clie-
IOYIOIINE OTpaHUYCHUS:

O NPUHIMIHAIBHBIE OTPAHUYEHUA Ul 3HAUCHHUI (DAKTOPOB, KOTOPHIE
HE MOTYT OBbITh HapylIE€Hbl HU NPHU KAKUX OOCTOSITENIbCTBAX (HAIpUMED,
MHUHHMAaJIbHOE TEMIIEPATYPHOE 3HAUEHHE — a0COJIFOTHBIN HOJIb);

O TEXHHUKO-3KOHOMHYECKUE OrpaHUYECHUS (HalpuMep, CTOUMOCTD Chl-
ps);

O OrpaHUYeHMs], OINpEeNsIEMble KOHKPETHBIMH YCIOBHSIMHU TPOBEJIE-
HUS Mpolecca (Hanpumep, BO3MOKHOCTU CPEACTB U3MEPEHHUS).

[Iponieaypa Be1OOpa 00J1aCTH HKCIIEPUMEHTA BKIIFOUAET JBA JTala:

— BBIOOP OCHOBHOTO (HYJIEBOI'O) YPOBHS;

— BbIOOp MHTEPBaja BApbUPOBAHUSI.
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BriOpanHble 17151 SKCIIEPUMEHTA KOJIMYECTBEHHbIC I KAYECTBEHHbBIE
coCcTOSIHUS (haKTOpa HA3bIBAIOTCSA YPOBHAMM (paKTOpa.

B kauecTBe Hyn€BON TOYKH BBIOMPAIOT TAKOE COCTOSIHUE OOBEKTA HC-
CIENOBAaHNM, KOTOPOE MPUHUMAETCS 32 UCXOIHOE MPHU MOUCKE ONTHUMYyMa.
OnTrMu3anys CBA3aHa C YIYYIIEHUEM COCTOSHHUS 0OBEKTa 110 CPABHEHUIO
C €ro COCTOSIHUEM B HYJIEBOM TOYKE. ECIM NMPOBENECHUIO DKCIIEPUMEHTA
IIPEALIECTBOBAIM JIPYyTUE UCCIEN0BAaHUs B TOM ke 00JIaCTH, TO 3a HyJe-
BYIO IIPUHUMAETCS TOYKA, B KOTOPOW MApAMETP ONTHUMHU3ALMMA UMEET HAU-
Jdydylllee 3HAaYeHHE, YCTAaHOBJIEHHOE B pe3yibTaTe (OpMalM3aluy arpuop-
HON mH(popMmanuu. B 3ToM citydae HyJIEBBIMU YPOBHSIMH (DaKTOPOB SIBJISI-
FOTCSL T€ 3HAYEHHUSI, COYETAHUSI KOTOPBIX COOTBETCTBYIOT KOOPAMHATAM HY-
JIEBOU TOYKH.

HNuTepBasiom BapbHpoBaHHMs (PAKTOPOB HA3bIBACTCA HEKOTOPOE
quCio (CBOE ISl KAKIOTro (pakTopa), mpudaBjIeHUE KOTOPOTrO K OCHOBHOMY
YPOBHIO JITa€T BEpXHUM, & BBIYUTAHUE — HWKHUN YpOBHH (akTopoB. py-
TUMH CJIOBaMH, UHTEPBAJI BAPBUPOBAHUS — 3TO PACCTOSIHUE HA KOOPAUHAT-
HOM OCH MEXIYy OCHOBHBIM (HYJIEBBIM) M BEPXHUM YPOBHSIMH, MEXIY OC-
HOBHBIM U HKHUM YPOBHSIMU.

HwxHuii ypoBeHb — 3TO 3HaU€HUE (PaKTOpa, OTKIIAIBIBAEMOE B OTPHU-
LIaTE€JIbHOM HANPaBJIECHUH OCU KOOPAUHAT. BepXHU ypOBEHB — 3TO 3HAYe-
HUE (akTopa, OTKIAAbIBAEMOE B MOJOKUTEIHHOM HAIPABICHUU OCH KOOP-
nuHaT. BepxHuil ypoBeHb MPUHATO 0003HAYaTh «1», HUKHHUA YPOBEHb —
«“».

Ha BbIOOp MHTEpBaIa BAPbUPOBAHUS HAKIAABIBAIOTCSA OTPAHUYECHUS

— CHHU3Y OH HE MOXET OBbITh MEHbIIE OIMOKHA (PUKCUPOBAHUSI YPOBHS
bakTopa;

— CBEpPXY BEPXHUM WJIM HW)KHUKA YPOBEHb HE JOJDKEH BBIXOJIHUTH 3a
00J1acTh ONpeICIICHUSI.

Kpowme toro, upe3mepHoe yBenn4YeHNE BEIMUYUHBI NHTEPBAJIOB BapPbU-
pPOBaHUS HEXEJIATENbHO, T.K. 3TO MOXET MPUBECTH K CHIKEHHUIO 3 (dek-
TUBHOCTH TMOWUCKa ontumyma. OUeHb MaJIbli MHTEPBAI BapbUPOBAHUS
YMEHBIIAET 00JIaCTh KCIEPUMEHTA, UTO 3aMEJIAET ITOMCK ONTUMYMA.

[Ipu BpIOOpEe MHTEpBala BapbUPOBAHUS 1I€JIECOO0OpPA3HO YUUTHIBATS,
€CJIM 3TO BO3MOXKHO, YUCJIO YPOBHEN BapbUpOBaHUA (PAKTOPOB B 00JIaCTU
skcniepuMenTa. OT 4duciia ypOBHEHW 3aBUCAT O0OBEM SKCHEpUMEHTA U (-
(PEKTUBHOCTH ONTUMU3ALINH.

3aBUCHUMOCTD YHUCJIa OIBITOB OT YUCJa YPOBHEN (DAKTOPOB UMEET BUJ
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rae N — 4uCIO0 OIBITOB; p — YUCJIO ypoBHEN (DaKTOpOB; k — uucio (pakTo-
pOB.

B kaxIoM OTAENbHOM cllydyae YHCIIO YPOBHEHM BBHIOMPAIOT C YYETOM
YCIIOBUHM 3aJlaydl M TPEANojaraeéMblX METOJOB IJIAHUPOBAHUS IKCIIEPH-
MeHTa. ['eoMmeTpudeckoil mHTEpIpeTaIyeil 0o6aactu onpenencHus Gpaxrto-
POB SIBJISIETCSl TIOBEPXHOCTh OTKJIHMKA. B cimyuyae nByx (akTOpoB HMeeM
AByxMepHoe npoctpaHcTBo (puc. 1.3). Eciau pakTopsl cOBMECTHBI, TO rpa-
HUIBI 00pa3yl0T Ha IUIOCKOCTH HEKOTOPBIA MPsIMOYTONbHUK. JlJig yucnia
(bakTopoB OoJiee ABYX MPOCTPAHCTBO MHOTOMEPHOE U T€OMETpUYecKas Ha-
TJITHOCTh TEPSETCS.

A
Y llosepxnocms
X1 A
OMKIUKAa
Ximax T —— i
| ———
Ximin [~ X2nin X2max
| | o 7 >

v

| | X1min s 7 X,
| 1 -+ —
X1max
X2min X2max X2 X -k

Puc. 1.3. O6nacte onpezaenenus ¢pakTopoB. [[0BepXHOCTH OTKIIHKA:
T'PaHUIIBI COBMECTUMOCTH (haKTOPOB
———-  TpaHHIIBI OTIpeaeIICHUs (PaKTOPOB

IIpocTpaHCcTBO, B KOTOPOM CTPOUTCS MOBEPXHOCTH OTKJIMKA, HA3bIBA-
ercs (aKkTOpPHBLIM NMPOCTPAHCTBOM. OHO 331a€TCS KOOPJAUHATHBIMHA OCSI-
MH, IO KOTOPBIM OTKJIQJIbIBAIOTCS 3HAYCHUS (DAKTOPOB U MapameTpOB OIl-
TUMU3ALNH.

Bonpocsl aJist caMONIOAr0TOBKHA

1. JlaiTe onpeneneHnue 3KCIEepUMEHTA.

2. Kakwue BOIpOCH! pemaeT njIaHuPOBaHUE KCIIEPUMEHTA?

3. Kraccuduxkanus 3kCiepumMeHTOB.

4. Jlaifte ompeaeneHue MaTeMaTHYECKOW MOJCIN 00BbEKTa UCCIIEI0-
BAHUSL.

5. Yro Ha3bIBAIOT (pakTOpamMu, 00JIACTIO orpeaeneHus (pakTopoB?
6. Urto Ha3bIBaOT (QYHKIUEN OTKIMKA U TOBEPXHOCTHIO OTKJIUKA?
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Buarsl MaTeMaTHueCcKUX MOJEIIEN.
[lepeuncnure Tanbl MPOBEICHUS YKCIIEPUMEHTAIBHBIX UCCIIEO0-

¢ 90 N

BaHUI.

9. Tllepeuncnnure OCHOBHBIE 33]1a4U IKCIIEPUMEHTA.

10. [aiirte ornpeneneHre nmapameTrpa ONTUMHA3ALNHN.

11. Ilepeuncnure TpeOOBaHUS, NPEIBABIAEMbIE K MMapaMETPy OMNTH-
MHU3ALUU.

12. Yro Ha3bIBaIOT OOOOIIEHHBIM [TAPAMETPOM ONTUMM3ALNN?

13. Ha3HaueHue mKabl )KENaTeabHOCTH.

14. N3o0Opa3uTe KPUBYIO KENATEIHLHOCTH.

15. TpeOGoBanus, npeIbsABIIEMbIE K (paKTOpaM.

16. Uro Ha3pBalOT ypoBHSAMU (HPAaKTOPOB M MHTEPBAIIOM BapbUPOBa-
HUs PaKkTopoB?

17. Kakue orpaHuyeHusi HEOOXOJUMO YUHMTHIBaTh MpPU BBIOOpE WH-
TE€pBaJia BAPbUPOBAHUS !

18. Kak 3aBHCUT KOJWYECTBO OIBITOB B SKCIIEPUMEHTE OT YHCIa
ypoBHE# (hakTOpoB?

19. Jlaiite onpenenenre pakTOPHOro MPOCTPAHCTRA.
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2. ABMEPEHUE ®U3NYECKUX BEJIMYUH

2.1. Du3nyecKue BeJNYHUHbI

dusnyeckas BeJHINHA — 3TO CBOMCTBO, 00IIee B KAYSCTBEHHOM OT-
HOIIEHUM JJIsI MHOTUX (DU3NUYECKUX OOBEKTOB, HO MHJUBHUIyaJIbHOE JIJIs
Ka)XJI0T0 U3 HUX B KOJUYECTBEHHOM OTHOIIICHUHU.

KauecTBeHHas cropoHa NOHATUS «(U3NUECKas BEJIMUYMHAY» OINPEIes-
€T «pOJ» BEIWYUHBI (HAIpUMEP, AJIEKTPUUECKOE COMPOTUBIICHHE KaK 00-
1iee CBOWCTBO MPOBOJHUKOB), @ KOJUYECTBEHHAs — €€ «pa3Mep» (compo-
THUBJICHUE KOHKPETHOI'O HCCIIEyeMOro MpoBOAHUKA). HIMBUAYaIbHOCTh
B KOJMYECTBEHHOM OTHOIIEHUM MOHUMAIOT B TOM CMBICJIE, YTO CBOMCTBO
MOXET OBbITh JIJISI OTHOTO OOBEKTA B OMPECICHHOE YUCIIO pa3 OOJIbIIIEC UIU
MEHBIIIE, YeM JJIsl APYTOro.

Breigensitor uzmepsiemble (PU3MUECKHE BEJIMYMHBI, KOTOPHIE MOTYT
OBITh BBIPAXKEHBI KOJIMUECTBEHHO B BHJIE OINPEJCICHHOTO YUCJa YCTAHOB-
JICHHBIX €VHUIl U3MEPEHUS, U OIICHUBAEMbIC BEJIUUUHBI, JIJI1 KOTOPBIX IO
KaKUM-JINOO MPUUUHAM HE MOXET OBbITh BBEJICHA €/IMHUIIA U3MEPEHUSL.

Knaccudukanus ¢pusndeckux BeIUYUH NpUBeAeHa Ha puc. 2.1.

Du3zuyeckue eeauYUHbBL

Onepeemuueckue Bewecmesennvie Xapakmepusyrowue
(axmusenuvie) (naccusmvie) B8DPEMEHHBLE NPOUECChL
IIpocmpancm- Mexanuvecxkue |  Onexmpuueckue, Du3suxo- Ceemogvie u Amomnoii u
6EHHO- u menjoessvle MaACHUMHbLE U Xxumudeckue UOHU3Upyrowux ﬂdepHoﬁ ¢u—
8peMEHHble aKycmudeckue u3’]ly'-l€Huuv SUKU
OcHosnule Ilpouzeoonvie JlononnumenvHoie
Paszmepnvie bespaszmepnole

Puc. 2.1. Knaccuduxaimsa hu3zndecknx BeIHUYNH
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[lo Bugam siBieHUN (PU3NUECKUE BEIMYMHBI JIETATCA Ha CIEIYIOLIUE
TPYIIIBL:

— JHEPreTUYecKre (aKTUBHBIE), T.€. BEJIMYMHBI, ONMKUCHIBAIOLIUE SHEP-
reTUYECKHUE XAPAaKTEPUCTHKU NPOLIECCOB MpeoOpa3oBaHus, Mepenadyud U
WCIIOJIb30BAHMS SHEPTUH; K HUM OTHOCSTCSI TOK, HANPSIKEHNUE, MOITHOCTb,
SHEPTHUsL, 3aps/l; OHU MOTYT OBITh MPEOOPa30BaHbl B CUTHAJIBI U3MEPUTEIb-
HOM uH(poOpManuu 0e3 HUCHOJIb30BAHUSA BCIOMOIaTENbHBIX HCTOYHUKOB
DHEPIUH;

— BEULIECTBEHHbIE (IACCUBHBIE), T.€. BEJIMYMHBI, ONUCHIBaOIINE (HU3U-
yeckre M (PU3MKO-XMMHUYECKHME CBOWMCTBA BEUIECTB, MATEPUATIOB; NI UX
U3MEPEHUS] HEOOXOIUM BCIIOMOTAaTEIbHBIM MCTOYHUK IHEPTUH, C MOMO-
IIBI0 KOTOPOro (POPMUPYETCS] CUTHAT U3MEPUTEIILHONM MH(POpPMAaLIUK; TIPU
ATOM MACCHUBHBIE (PU3HUECKUE BEJIUUMHBI TPEOOPa3yIOTCsl B aKTUBHBIE, KO-
TOPBIE U U3MEPSIIOTCS;

— XapaKTEpU3YIOIIUE BPEMEHHBIE MPOLECCHI; K 3TOM IPyNIe OTHOCST-
Cs Pa3JINYHOI'O BHJA CIEKTPAJIbHBIE U MOJAPU3ALHOHHBIE XapaKTEPUCTH-
KU, KOPPEISMOHHBIE PYHKIUU U Jp.

[To mpuHAINEKHOCTH K PA3IMYHBIM rpynnam (pU3n4ecKuX NpoLecCcoB
MPAaKTHYECKH BCE YKa3aHHbIE (DU3NYECKHUE BEIMYMHBI JEIATCA Ha MpO-
CTPAaHCTBEHHO-BPEMEHHBIE, MEXAHUYECKHUE, TEIUIOBBIE, JJIEKTPUUYECKUE,
MarHuTHBIE, AKyCTHYECKUE, (PU3UKO-XUMHUYECKUE, CBETOBBIE, HOHU3U-
PYIOIIUX U3TyYEHU, aTOMHOM U SIACPHON (PU3UKH.

Ilo crenenn ycioOBHOW HE3aBUCMMOCTH OT APYIMX BEJIWYUH JAHHOU
IPYIIbl PU3NYECKUE BEIUUYUHBI MOTYT ObITh OCHOBHBIMHU, TPOU3BOJHBIMU
Y TOIIOJIHUTEIbHBIMU.

[lo HanmMuMO pa3MepHOCTH (U3UMYECKUE BEITUUYMHBI JEISATCS Ha pas-
MEpHbIC U Oe3pa3MEpPHbIC.

3HaueHue GU3MYECKO BEeJUYMHBI — OLICHKA pa3mepa (HPU3n4ecKon
BEJINYMHBI B BUJIE HEKOTOPOT'O YHCJIA MIPUHATHIX ISl HEE €AMHULL U3MEpe-
HUSL.

HceTuHHBIM 3HAYeHHEM (PU3HYECKON BeJIMYMHBI HA3bIBACTCS 3HA-
yeHue (PU3NYECKOM BEIIMYMHBI, KOTOPOE HACATBHBIM O00pa3oM OTPaKalo
Obl B KQYECTBEHHOM M KOJMYECTBEHHOM OTHOIIEHWH COOTBETCTBYIOILIEE
CBOMCTBO 00BekTa. OnpenennuTh 3SKCIEPUMEHTAIBHO €ro HEBO3MOXKHO
BCJIEJICTBAE HEU30EKHBIX TTOTPEIIHOCTEN N3MEPEHUSL.

JleiicTBUTEJNbHBIM 3HAYEHHEM (PU3MYECKON BeJIMYMHBI HA3BIBACT-
Cs 3HAYEHUE (PU3NYECKOW BEIUUYMHBI, HAUJAEHHOE HKCIEPUMEHTAIbHBIM
MyTEM U HACTOJIbKO MPUOJIMKAIOIIEECS K NICTUHHOMY 3HAY€HHUIO, YTO IS
JAHHOM 1€ MOXKET OBITh UCIOJIb30BAaHO BMECTO HETO.
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Ennanna ¢usuveckoil BeJuuuHbl — pU3nyeckas BeIMYUHA (PUKCH-
POBaHHOI'0 pa3mepa, KOTOPOW, IO OIPEACICHUIO, YCIOBHO MPUCBOECHO
CTaHJIAPTHOE YHUCIIOBOE 3HA4YEHWE, paBHOE eauHuie. OHa MpPUMEHSETCS
JUTSL KOJIMYECTBEHHOTO BBIPAKEHUS OJTHOPOIHBIX (PU3NYECKUX BEJIUYMH.

Eaununpl (GU3MYECKUX BEJIMYMH MOJPA3JEsAIOTCS Ha OCHOBHBIE U
MIPOU3BOJHBIE U OOBEAUHSIOTCS B COOTBETCTBUU C MPHUHATHIMU MPUHIIM-
MIaMH B CUCTEMBI €IMHUIL] PU3NUECKUX BEIMYHH.

PU3NYECKUE BEIUYMHBL, BCTPEYAIOLIUECS B DKCIIEPUMEHTE, OTHOCAT K
CJIEAYIOIIUM OCHOBHBIM THUIIAM:

— caydaiiHas Bejau4yMHAa. Takas u3nueckas BeJIMYMHA CBSI3aHA CO
CIy4alHBIMU MPOLIECCAMU, IIOITOMY PE3YJIbTAT OTACIBHOIO U3MEPEHUS HE
MOXET OBITh OJJHO3HAYHO MpE/ICKa3aH 3apaHee. BMecte ¢ TeM npoBeneHue
JOCTAaTOYHO OOJBIIOr0 KOJUYECTBA UBMEPEHHUM CITy4ailHOW BETMYUHBI T10-
3BOJISIET YCTAHOBHUTH, UYTO PE3YJIBTATHI U3MEPEHUN OTBEYAIOT OIPEIACIICH-
HBIM CTAaTUCTUYECKUM 3aKOHOMEPHOCTAM. X BBIABIECHHE, U3yYECHUE U
YYET COCTaBJISIIOT HEOThEMJIEMYIO YaCTh JIFO0OOT0 SKCIEPUMEHTA;

— NOCTOSIHHAS BeJiM4uHA. K TakuM BeJMuMHaM JOJKHBI ObITh OTHE-
CeHbl (DU3MYECKHe IMOCTOSIHHBIE, HAIPUMEpP, 3apsii JIEKTPOHA, CKOPOCTh
CBETa B BaKyyme U T.I. MOXHO CUHUTATh IOCTOSIHHBIMU BEJIUYMHAMU TaK-
K€ HEKOTOpPbIE XAPAKTEPUCTUKHA KOHKPETHOTO OOBEKTa, HaXOIALIErocCs
pu (PUKCHUPOBAHHBIX YCJIOBHUSAX. DTOT TUI (PU3MYECKUX BEIMYMH YaIlle
BCEr0 BCTPEYAECTCS B DKCIEPUMEHTAX, HAIIPUMED, IIPU ONPEAEICHUUN JUJIU-
HbI 00pa3ia, ero Macchl U T.1. OJHAKO MHOTOKPATHBIE U3MEPEHMUSI OCTO-
STHHOW BEJIMYHUHBI MOT'YT JaTh HEOJUHAKOBBIE PE3YJIbTATh], TAK KaK pPe3yib-
TaTbl U3MEPEHUN NTOABEPKEHBI HEKOHTPOJIMPYEMBIM BIIMSAHUAM MHOTOYMC-
JIEHHBIX BO3JCMCTBHM BHEIIHEW CpPEABL, BKIIOYAs HEKOHTPOJIUPYEMBIE
MPOLIECCHl B HCCIEAYEMbIX OOBEKTaX W MCIHOJIb3YEMbIX H3MEPUTEIIbHBIX
npudopax. Beiencreue 3Toro mocTosiHHAas BEJIMUKMHA 3a4aCTYIO MPOSIBIISET
ce0sl Kak ciayyaiiHas BEJIMYMHA, a Pe3yJbTaThl €€ U3MEPEHHUI OTpakaroT
CIIyYalHYO HMPUPOY BO3AEUCTBUNA U OTBEYAIOT ONPEIEIICHHBIM CTaTUCTU-
YECKHUM 3aKOHOMEPHOCTSIM;

— U3MEHAINAsACH BeJIMYuHa. Takas BeIWYMHA 3aKOHOMEPHO MEHs-
€TCsl C TEYCHUEM BPEMEHU BCIIEACTBUE IIPOLIECCOB, IIPOXOAALIMX B UCCIIE-
IyeMOM OOBEKTE, HalpUMEpP, CKOPOCTh CIOXKHON XMMHUYECKOW pEaKIUu.
N3mepenusi, NpoBOJUMBIE B pa3IMYHbIE MOMEHTHI BPEMEHHU, (PUKCUPYIOT
BEJIMYMHY B HOBBIX ycioBUsiX. Habop pe3ynbTaToB OJTHOKPATHBIX U3MEpe-
HUW TpeNCTaBisieT cOOOM pe3ysibTaThl MPUHUMIIAAIBHO HEMOBTOPUMBIX
U3MEPEHUN;
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— HeCcTa0MW/IbHAA BeJIMYMHA. Takas BEJIMUYWHA U3MEHSIETCS C TEYEHHU-
€M BpEMEHHU, 0e3 Kakux Obl TO HU OBLUIO CTATHCTHYECKUX 3aKOHOMEPHO-
ctedl. K OCHOBHOW XapaKTEpUCTUKE HECTAOMIBbHOW BEJIMUUHBI CIEIYET OT-
HECTU OTCYTCTBHE y SKCIEpPUMEHTaTOpa MH(OpPMALUU O €€ 3aBUCHUMOCTH
oT BpeMeHH. M3MepeHus: Takol BEJIMYMHBI JAaI0T HA0Op JaHHBIX, HE HECY-
IIUX CKOJBKO-HUOYIb MOJIE3HBIX CBeJeHUH. BMecTe ¢ TeM HecTaOWIbHas
BEJIMYMHA MOXET OBbITh NEpPEBEJICHA B pa3psi M3MEHSIOIIUXCA BEJIHYHH,
€CIIA DKCIEPUMEHTAIIBHO WIIM TEOPETUYECKU YCTAHOBJIEHA 3aKOHOMEp-
HOCTb U3MEHEHUS €€ BO BPEMEHU.

2.2. OcHOBHBIE IOHATHUS TEOPUU U3MEPECHUM

N3mepennemM Ha3bIBacTCAd MPOLECC HAXOXKJICHUS 3HAYCHUA (Puznye-
CKOM BEJIMYUHBI ONBITHBIM ITyTEM C MOMOIIBIO CHIEIUATbHBIX TEXHUYECKUX
CPEACTB.

[Tonyyaemass mpu U3MEpeHUSIX (U3MUECKUX BEIMYMH HHPOpMALIUS
Ha3bIBACTCS M3MEPHUTENbHOM. 3auacTyro nHpopmaiusa o6 00beKTe U3Me-
pEHUS M3BECTHA JI0 MPOBEJCHUs ucclienoBaHui. Takyro uHbopMaiuo 00
00BEKTE U3MEPEHUS HA3bIBAIOT anpuopHoi uHGopmauuei. [Ipu noxHom
OTCYTCTBHUM 3TOM MH(OPMAIMU U3MEPEHHE B MPUHIIUIE HEBO3MOXKHO, TaK
KaK HEM3BECTHO, YTO K€ HEOOXOAUMO U3MEPHUTh, a CIIEIOBATEIILHO, HEIb3S
BBIOpATh HYXHBIE CpelCcTBAa M3MepeHuil. Ilpu Hamuuum anpuopHOl HH-
dbopmanu 00 00OBEKTE B MOJHOM OOBEME, T.€. TP U3BECTHOM 3HAYEHUU
MU3MEPSIEMOIl BEJIMYMHBI, W3MEPEHUSI TOMPOCTY HE HYXHBI. ANpUOpHas
nH(popMaLus onpenensieT TOCTHRKUMYI0 TOYHOCTh M3MEPEHUN U HX 3(-
(EeKTUBHOCT.

Pe3yabTaT ndmepennid Gpu3NUECKON BETUUMHBI — 3TO 3HAUCHHE (U-
3UYECKOI BEJIMYHMHBI, TOJIYYEHHOE MYTEM €€ N3MEPEHUSI.

IpuHun u3MepeHuii — COBOKYITHOCTh (PU3NYECKUX SBJICHUM, HA KO-
TOPBIX OCHOBAaHbI U3MEPEHUSL.

CpencrBo u3mMepeHuil — 3TO TEXHUYECKOE CPEACTBO, ITPEAHA3ZHAYECH-
HOE JUIsl U3MEPEHUI, UMEIOIee HOPMUPOBAHHBIE METPOJIOTMUECKHUE XapaK-
TEPUCTUKH, BOCIPOU3BOSIICE U (WJIM) XpaHSIIEe €AUHUILY (PU3MUECKOU
BEJIMYUHBI, pa3Mep KOTOPOW MPUHUMAETCA HEU3MEHHBIM B TEUCHUE W3-
BECTHOI'O UHTEpPBAJIa BPEMEHH.

Metoa u3MepeHuilt — COBOKYITHOCTh ITPUEMOB HCIOJIb30BAHUS ITPUH-
LIUIIOB U CPEJCTB U3MEPEHUM.
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CxoauMocTh pe3yabTATOB HM3MEPEHUM XapaKTepHU3yeT KadeCTBO
U3MEPEHUH, OTpaXkarolee OJIM30CTh IPYT K APYTY pe3yJIbTaTOB U3MEPEHUI
OTHOW W TOW K€ BEJIMYMHBI, BBITOJHAEMBIX TOBTOPHO OJJHUMHU U TEMU XKE
METOJIaMH U CPEACTBAMHU U3MEPEHUM B OJJHUX U TEX KE YCIOBUSX.

Bocnpon3BoaumMocTh pe3yJibTATOB M3MEPEHUI — XapaKTEPUCTHKA
KauyecTBa M3MEpeHUN (U3MYECKOM BEJIMYMHBI, OTpaxarouias OJIM30CTh
OPYT K IPYTY Pe3yibTaTOB U3MEPEHUN OJHOW W TOM K€ BEJIMYUHBI, MOJIY-
YEHHBIX B Pa3HBIX MECTAX, Pa3HBIMU METOJIAMHU U CPEACTBAMHU W3MEPEHHUM,
Pa3HBIMU ONlEpaTOpamu, HO IPUBEICHHBIX K OJTHUM U TEM K€ YCIOBUSIM.

2.3. MeToabl u3MepeHuii

Metoasl U3MEpEeHHit ONpenesaoTCs PU3NUECKUM XapaKTepoOM H3Me-
ps€eMOM BEJMYMHBI, TPEOyeMOW TOYHOCTBIO HM3MEPEHUN, HEOOXOIUMOMN
CKOPOCTbIO M3MEPEHHUS, YCIOBUAMU U 1p. Hamboubliiee pactpocTpaHeHne
noJlyymyia Kiaccupukauss mo OOIIUM MpUEMaM IOJYYEHUs PE3yJIbTaToB
n3MepeHnil. CorimacHO 3TOMY IPU3HAKY, U3MEPEHUS JIEIATCS Ha MPSMBIE,
KOCBEHHBIE, COBMECTHBIE U COBOKYITHBIE.

Haunbonee yacto mpuUMEHSIOTCS NMPAMbIe M3MeEpPeHHsl, COCTOSIIUE B
TOM, YTO UICKOMOE€ 3HAYEHUE BEJIUYMHBI HAXOIAT U3 ONBITHBIX JAaHHBIX ITy-
TEM DKCIEPUMEHTAIBHOIO CpaBHEHUs. MaremaTnudecku npsiMble U3Mepe-
HUSI MOXKHO OXapakTepH30BaTh 3jieMeHTapHou (opmyrnoit A=x. Yacro
IO MPSIMBIMUA TOHUMAIOTCA TaKUE U3MEPEHUS, TP KOTOPBIX HE MPOU3BO-
JUTCS TPOMEXKYTOUHBIX TPEOOPA30BAHUIA.

Ecimu nckoMoe 3HaueHUE BEJMYUHBI HAXOAAT HA OCHOBAHUU HU3BECT-
HOM 3aKOHOMEPHOCTH MEXIY dTOM BEIUYMHOM U BEJIMYMHAMU, HAWUJICHHBI-
MH NPSIMBIMU W3MEPEHUSIMHU, TO ITOT METOJ MU3MEPEHUM HA3BIBAIOT KOC-
BE€HHBIM. YPaBHEHUE KOCBEHHOIO U3MEpEeHUs A = [ (xl,xz,...,xn), rae X; —

pEe3yJIbTaT i-r0 NMPSAMOTO U3MEPEHUS.

CoBokynHbIE H3MEPEHUA OCYLIECTBIIAIOTCS IIyTEM OJHOBPEMEHHOTO
M3MEPEHUS] HECKOIBKUX OJHOMMEHHBIX BEJMYHMH, UCKOMOE 3HAYEHUE IIPHU
ATOM HAXOJAT PELICHUEM CHUCTEMBI YPABHEHUH, MTOJTYyYAEMBIX B PE3YJIbTATE
MPSMBIX U3MEPEHUN PA3JIMYHBIX COUYETAHUM ITUX BennuuH. [Ipu 3TOM MO-
I'YT U3MEPATHCA HECKOJIbKO KOMOMHAIIMI 3HAYECHUI BEJIMYHH.

CoBMeCTHBIMHM Ha3bIBAIOT OJHOBPEMEHHO NPOBOJAMMBIE U3MEPEHHS
IBYX U 00Jiee HEOJHOUMEHHBIX BEJIUYHUH C LEIbI0O HAX0XKACHHUS (PYyHKIHO-
HAJIBHOW CBSI3U MEXK1Y STUMH BEJIUUYNHAMM.

27



KocBeHHBIE, COBMECTHBIC U COBOKYIHBIE M3MEPEHUSI OOBEIUHSIOTCS
OJIHUM IPUHIUNHAIBLHO BAXKHBIM OOIIMM CBOMCTBOM: MX PE3YJIbTAThl pac-
CUUTBHIBAIOTCS IO M3BECTHBIM (DYHKIIMOHAIBHBIM 3aBUCHUMOCTIM MEXITY
W3MEPSIEMBbIMU BEJIMYMHAMU U BEJIMYMHAMU, OINPEICICHHBIMU ITyTEM TIps-
MbIX U3MEPEHUM.

2.4. [lorpemrtHOCTH M3MEPEHUH

IHorpemtHOCTHI0 HM3MEpPEeHMs HA3bIBACTCs OTKJIOHEHUE pe3yJibTara
M3MEPEHUS] OT UCTUHHOTO 3HAYECHUS U3MEPSAEMOM BENMYMHBI. T.K. UCTHUH-
HOE€ 3HAYEHHUE U3MEPSIEMOM BEIUYMHBI HEU3BECTHO, TO MPHU KOJIUYECTBEH-
HOM OIIEHKE MOTPEIIHOCTH MOJIb3YIOTCS JIEUCTBUTEIBHBIM 3HaUYEHUEM (PU-
3UYECKOM BEITUYUHBI.

ITorpemHoCTh pe3yapTaTa U3MEPEHUS MOXKHO OLIEHUTH C Pa3HOU TOY-
HOCTBHIO Ha OCHOBAaHUHM PA3IMYHON MCXOAHOW MHpopmarmu. B coorBerct-
BUU C 3TUM Pa3JIMYalOT U3MEPEHHUSI C TOUHOM, NPpUOIMKEHHON U TIpeABapu-
TEJIbHOM OLIEHKOM IorpemHocrTer. IIpu u3mepeHusx ¢ TOYHOU OLEHKOU
IOrPELIHOCTH YYUTBHIBAIOT MHAUBUAYAJIbHBIE METPOJIOrMYECKUE CBOMCTBA
Y XapaKTEPUCTUKHA KaXJOTO M3 IPUMEHEHHBIX CPEJICTB M3MEPECHUM, aHa-
JIU3APYIOT METOJ M3MEPEHUN, KOHTPOIUPYIOT YCIOBUS U3MEPEHUU C lie-
JbIO y4€Ta UX BIIMSAHUSA HA pe3yJbTaT u3MepeHus. Eciu u3mepeHus Beayr
C NpUOTMKEHHON OLIEHKOW MOTrPEIHOCTH, TO YYUTHIBAIOT JIUIIb METPOJIO-
TMYECKUE XapaKTEPUCTUKU CPEACTBA UBMEPEHUN U OLICHUBAIOT BIIMSHUE HA
PE3YJIbTAT TOJILKO OTKJIOHEHUS YCJIOBHUM U3MEPEHUs OT HOpMaJbHbIX. M3-
MEPEHUs C MNPEABAPUTEIBLHONW OLIEHKOW MOTPELIHOCTH BBIMOJHAOTCA I10
TUIOBBIM METOJAMKAM, PErJIAMEHTUPOBAHHBIM HOPMATUBHBIMU JOKYMEH-
TaMH, B KOTOPBIX YKAa3aHbl METOJIbI U YCJIOBUS MU3MEPEHH, TUTIBI TTOTPEIII-
HOCTEH U T.J., U HA OCHOBE OTUX JAaHHBIX 3apaHee OLICHEHA BO3MOXKHAS I10-
IPELIHOCTh PE3yJIbTaTa.

[To ¢dopMe KOIMUYECTBEHHOTO BBIPAXKEHUS MOTPELIHOCTH HW3MEPEHUS
pa3leNsAoTCs Ha A0COMIOTHBIE, OTHOCUTEIbHBIC U TPUBECHHBIE.

AOCOJIIOTHO NMOTrPEelIHOCTBIO, BHIPAXKAEMOM B €IMHUIAX U3MEpPse-
MOW BEJMYUHBI, HA3bIBACTCS OTKJIOHEHHUE pe3yJIbTara U3MEpPEHUs OT MC-
TUHHOI'O 3HAYECHUS

A=Y(x)—x. (2.1)

AOCOIIOTHAs MOTPEIIHOCTh XapaKTePU3yeT BEIMYMHY U 3HAK MONIY-

YEHHOM IOrPElIHOCTH, HO HE OIpEeleisIeT KayeCTBO CaMOI'0 U3MEpPEHMUS.
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YT00BI UMETH BO3MOKHOCTh CPABHMBATh KAaUY€CTBO U3MEPEHMI, UCIIOIb3Y-
FOT OTHOCHUTENBHYIO MMOTPEMTHOCTD.

OTHOCHUTE/ILHOI MOrPeNIHOCTBI0 HA3bIBAETCSl OTHOLIEHUE a0COIOT-
HOM TOTPEMIHOCTH PE3YNbTaTa U3MEPEHHS K HICTUHHOMY 3HAYEHUIO U3MeE-
PSIEMOU BEJIMYMHBI

A
5=2. (2.2)

Mepoil TOUHOCTH U3MEPEHU CITYKHUT MOKa3aTellb, 00OPaTHBINA MOIYIIIO
OTHOCUTEJILHOU ITOTPELIHOCTH
k=

9]

IlpuBegeHHON MNOrPEeIIHOCTBIO, BBIPAKAIOIIECH MTOTCHIIUAIBHYIO
TOYHOCTb U3MEPEHUI, HA3bIBAETCSA OTHOIIEHUE a0COIIOTHON MOTPEITHOCTH
K HEKOTOPOMY HOPMHPYIOIIEMY 3HAUYEHUIO (Hampumep, KOHEYHOE 3Haye-
HUE Kbl IpuOopa, npeaea u3MepeHui)

y =XA100%. (2.4)
N

ITo xapakTepy mpOSIBIIEHHS MOTPENTHOCTH U3MEPEHUM TTOIPA3IEIISIOT-
Ci Ha TPU OCHOBHBIX KJacca: CUCTEMaTUYECKHE, CIydailHble U TpyOble
(mpoMaxm).

CucremMaTuyeckue MOrPEMIHOCTH — COCTABIIIOUIME IOTPEIIHOCTH
M3MEPEHUM, OCTAIOIINECS ITOCTOSHHBIMYA WM 3aKOHOMEPHO M3MEHSIOIIME-
Cs IIPU MHOTOKPATHBIX U3MEPEHUAX OJHOM U TOM K€ BEJIMYUHBI B OJTHUX U
TEX K€ YCIOBUSIX.

Cayuaiinble MOTPEeIIHOCTH — COCTABJISIIONIME TTOTPEITHOCTH U3MEpe-
HUM, U3MEHSIOIINECS CIIy4ailHbIM 00pa3oM IO 3HAYEHHUIO U MO 3HAaKy MpH
MTOBTOPHBIX M3MEPEHUSIX OJHOM U TOM ke (PU3MUECKON BETUYUHBI B OJHUX
U TeX e ycnoBusx. [IpakTuuecku ciaydailHble MOTPENTHOCTH HEU30EKHHBI,
HEYCTPAaHHMBbI U BCETJa UMEIOT MECTO B pe3ynbTare m3mepeHus. OmHaKo
UX MOXHO YMEHBIIUTh MyTEM MHOTI'OKPaTHOTO HU3MEpEHMs (DU3NUeCKOM
BEJIMYUHBI U TOCIEIYIOMICH CTaTUCTUYECKON 00pabOTKOM MOMy4eHHBIX
pEe3yJbTaTOB.

I'pyOble morpemHocTH (IpoMaxu) — MOTPEMIHOCTH, CYIIECTBEHHO
MIPEBBIIAIOIINE OKUAAEMbIE TPU JIAaHHBIX YCIOBUSAX U3MepeHus. ['pyoOnie
MOTPEIIHOCTH BO3HUKAIOT M3-32 OIIMOOK Omeparopa WM HEYYTEHHBIX
BHEIIHUX BO3JCHCTBUI. B ciiydae ogHOKpAaTHOrO M3MEpPEHHs MpoMax 00-
HAPYXUTh HENb3s. [Ipr MHOTOKpAaTHBIX U3MEPEHUSX MPOMaX| BBISBIISIIOT B
nporecce 00pabOTKU pe3yJIbTaTOB M UCKIIOYAIOT U3 PACCMOTPEHHUS, MOJIb-
3yACh ONPEAECIECHHBIMHA ITPABUIIAMU.

(2.3)
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Takum 00pa3om, €ciu HEe YYUTHIBATH IPOMAaxXH, aDCOIIOTHAS MOrpeL-
HOCTbh U3MEPEHHS UMEET CUCTEMATUYECKYIO U CIyYaHYIO COCTABJISIONIHUE:
A = Acucm + ACJZ * (2‘5)

[lo mpuyrHAM BO3HUKHOBEHHMSI MOTPEITHOCTH WU3MEPEHHUs MOJApa3Jie-
JSIIOTCSL HA METOJIMYECKUE, MHCTPYMEHTAJIbHbIE, BHEITHUE U CYyOBEKTHUB-
HbIE (JIMYHBIC).

MeToauyeckne NMOrPelIHOCTH BO3HUKAIOT M3-32 HECOBEPIIEHCTBA
METOJia U3MEPEHU, HEKOPPEKTHOCTU AITOPUTMOB WM (POPMYII, IO KOTO-
PBIM MIPOU3BOJIATCS BBIYUCICHHS PE3YIbTATOB U3MEPEHUM, OTINYHS IPHU-
HATOM MOJIET O0BbEKTAa UBMEPEHHUS OT TOM, KOTOpasi MPaBWJIbHO ONMKChIBA-
€T €ro CBOMCTBO, OIPEACIIIEMOE IyTEM M3MEPEHUS, a TAKKE H3-3a BIIHS-
HUS BBIOPAHHOT'O CPEJICTBA U3MEPEHUI HAa U3MEpsEMbIE ITapaMeTphbl CUTHA-
JIOB.

HNucTpymMenTanbHbIe (IPUOOPHBIE) MOTPEIIHOCTH BO3HUKAIOT M3-3a
HECOBEPILIEHCTBA CPEICTB U3MEPEHUN. MICTOUHUKaMU WHCTPYMEHTAJIbHBIX
MOTPEUIHOCTEN MOTYT OBITh, HAIIPUMEP, HETOUHAsI TPaAyHpOBKa pudopa u
CMEUIEHUE HYJIA, BapUallMM MOKa3aHW MpuOopa B MPOIECCe IKCILTyara-
117178

BHemHssA NOrpemHoCcTb — COCTABIIAIONIAS OTPEIIHOCTA U3MEPEHUS,
CBSI3aHHAs C OTKJIOHEHUEM OJHOW WJIM HECKOJIBKUX BIMUSIOIIUX BETUYUH OT
HOPMAaJIbHBIX 3HAYEHUN WJIM BBIXOJOM 3a MpeAeiabl HOPMAJIBLHON 00JacTH
(BIQXXHOCTb, TEMIIEPATYPA, HECTAOUIILHOCTh UCTOYHUKOB MTUTAHUS).

Cy0beKkTHBHbBIE NMOTPEIIHOCTH BBI3BIBAIOTCS OMIMOKaMHU omeparopa
MIpU OTCUETE MTOKA3aHUN CPEACTB UBMEPEHHS.

[To xapakTepy MOBEICHHS U3MEPSIEMON BEIMYHMHBI B TPOLIECCE H3ME-
pEHUI pa3IMyaroT CTaTUYECKUE U TMHAMUYECKUE TOTPEITHOCTH.

Craruyeckne NOrpPemIHOCTH BO3HUKAIOT NMPU U3MEPEHUH YCTaHO-
BUBILIETOCS 3HAYCHUS U3MEpsAeMOr (PU3NUECKON BEIMYUHBI.

JIluHaMu4YecKHe MOrPelHOCTH HWMEIOT MECTO MHpU JAUHAMUYECKUX
MU3MEPEHUSIX, KOT/a M3MepsAeMas BEeIMYMHA M3MEHSETCS BO BPEMEHU H
TpeOyeTcsl yCTAHOBUTD 3aKOH €€ U3MEHEHUSI.

[IpnunHa nosiBJIEHUST AMHAMUYECKUX MOTPEIIHOCTEM COCTOUT B HECO-
OTBETCTBUU CKOPOCTHBIX (BPEMEHHBIX) XapaKTEPUCTUK MPHUOOpa U CKOPO-
CTH U3MEHEHUS U3MEPSIEMON BEIUYHHBI.

[To ycrnoBusIM 3KCILTyaTalldd CPEICTB U3MEPEHUN Pa3InyaloT OCHOB-
HYIO U JJOTIOJHUTEIBHYIO MOTPEIIHOCTH.

OcHOBHasi MOrPelIHOCTb CPEACTBA U3MEPEHH MMEET MECTO IpHu
HOPMAaJIbHBIX YCJIOBUSX 3KCIUIyaTallMl, OTOBOPEHHBIX B PETJIaMEHTUPYIO-
IIUX IOKYMEHTaX.
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JlonmoJiHUTEIbHAS MOTPEIHOCTH BO3HUKAET BCIEACTBUE BBIXOAA Ka-
KOW-TMOO0 M3 BIUSAIONIMX BEJIWYUH 3a Mpeebl HOPMAJIbHOM 00J1acTH 3Ha-
YeHUU.

2.5. MaremaTu4eckas moaesab GopMUPOBaHMs pPe3yJIbTATA
U MOTPELIHOCTH U3MEePEeHUs

Pesynbrar m3MepeHuss NpPEACTABISIET COOOM CIydallHyIH0 BEIUYHHY
CJIEIYIOLLIEN CTPYKTYPBI:

Y(x)=kx+kF +H, (2.6)
rae kx — MyJbTUILUIMKATUBHAS COCTABIISIIONIAs pe3ysibTara u3MepeHus (kK —
KO3(ppuIMEHT YyBCTBUTEILHOCTU cpeacTBa usmepenui CHN); kF' — annu-
THUBHAs CIy4yaiiHas COCTaBJISIOIIAsl pe3yJibTaTa M3MEPEHUs, OOYCIOBJICH-
Has BO3MYIIEHUEM, JEHCTBYIOIINM Ha U3MEPSIEMYIO BEJIMUMHY X Ha BXOJE
CpeAcTBa U3MepeHu; H — aJauTUBHAsS COCTAaBIAIONIAs, O0YCIOBICHHAS
BO3MYIIECHHUEM, JEHCTBYIOIIMM HAa M3MEPSEMYIO BEJIMUMHY X Ha BBIXOJIE
CpEICTBAa U3MEPEHUM [OKpyTJIeHUE (KBAaHTOBAHUE) PE3YIbTaTa U3MEPEHUSI,
CyOBEKTUBHBIE OIIUOKH OIEPaTOPa, BHITOIHSIIOUIETO U3MEPEHUE].

@opMHpPOBAHUE pE3yJIbTaTa U3MEPEHUS, MPEIACTABICHHOTO BBIpaXe-
HueM (2.6), MOXKHO M300pa3uTh B BUJE CTPYKTYPHOU cxeMmsbl (puc. 2.2).

lF cHu H

—..—»(j)—» k Y*!XQ @ Y(x) C E(x)
f

Puc. 2.2. CtpykrypHas cxema GopMHpOBaHUs pe3yibTaTa U
MIOTPELIHOCTH U3MEPEHHUS

ITorpemtHocTh pe3yibTrara u3mMepeHusi, chOpMUPOBAHHOTO IO BhIpa-
xeHuto (2.6), paBHa
EX)=Y(x)-x=kx+kF + H—x=(k—1)x+kF + H, (2.7)
rae (k—l)x — MYJbTUIUIMKATUBHAS COCTABJISIONIAS] MOTPEIIHOCTH; kF —
aJIUTHBHAs CllydaliHasi COCTaBJIAIOIIAs, OOYCJIOBJICHHAs CIIy4YallHbIM BO3-
MYILICHUEM, JECUCTBYIOIIMM Ha BXOJE CpEICTBAa M3MeEpeHuul; H — anau-
THUBHAsl COCTaBJISIIOINAsL, OOYCIIOBJICHHAS CIIy4allHbIM BO3MYIIICHUEM, JCH-
CTBYIOIIAM Ha BBIXOJIE CPEACTBA U3MEPECHUN.
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I'maBHast 0COOEHHOCTh MYJIBTUIIIMKATUBHOW MOTPEIIHOCTH COCTOUT B
TOM, YTO OHA 3aBHUCUT OT 3HAYEHUS U3MepsAeMor BenuuuHbl. [Ipuunna ee
MOSIBJIEHUS] COCTOUT B TOM, YTO Pa3sMEp €IUHUIBI BEJMYUHBI, BOCIIPOU3BO-
JUMOM CPEJACTBOM U3MEPEHUM, HE PABEH EIUHUILIE.

OCOOEHHOCTH AJIIMTUBHBIX COCTABJISIONIMX IMOTPEITHOCTH COCTOSIT B
TOM, YTO OHM HE 3aBUCAT OT U3MEPAEMON Beau4uHbl. [IpuumHamu ux mo-
SIBJICHUS ABJIAIOTCA aNUTUBHBIC BO3MYILUECHUS, JECUCTBYIOIIME HA BXOJE U
BBIXOJIC CpeACcTBa M3MepeHUil. OHM BCELENIO ONPEACISAIOTCS A IUTHBHBIMU
COCTAaBJISIFOIIMMU PE3YJIbTATA U3MEPEHUS.

2.6. IIpaBuia u ¢popmbl NpeACTABJICHUA Pe3yJbTATOB U3MEPEHMI

JIro0as m3mepurenbHass UHPOPMALIMS — PE3yJIbTAThl U MOTPEIIHOCTH
WU3MEPEHUH, SMITUPUYECKUE 3aBUCUMOCTH U T.JI. — JIOJKHA COMPOBOXKIATh-
Csl MOKa3aTeasiIMA TOYHOCTH M3MepeHuid. B nensx eauHooOpasus oTpaxe-
HUS PE3yJbTaTOB M IMOTPEUIHOCTEN M3MEPEHUN HEOOXOAUMO MPUMEHATH
OJIHOTHUITHBIE TTOKA3aTENIN TOYHOCTH U3MEPEHUN U (OpMBbI MPEIACTABICHUS
pPE3YJIbTATOB U3MEPEHUM.

PacnpocTpaneHHO#l OMIMOKON MpHU OLEHUWBAHUM PE3YJIbTATOB U IIO-
IPEIIHOCTEN U3MEPEHUN SIBJIAETCS BBIUMCIEHUE MX U 3alUCh C OOJIBIIUM
YUCJIOM 3Havanmx nudp. 9ToMy COCOOCTBYET HCIOJIB30BAHUE ISl pac-
YETOB BBIUMCIUTEIbHON TEXHHKH, MO3BOJSIONICH MOIYy4YaTh PE3YIbTaThl
pacyeTa ¢ 4eThlpbMs U Oosiee 3HayamuMu nu@pamu. OJHAKO MOTPENIHO-
CTH M3MEPEHUI He Bcerjaa TpeOyeTcsa 3HaTh C OY€Hb BHICOKOM TOYHOCTBIO.
JIs TEXHUYECKUX U3MEPEHUN JTOIMYCTUMOW CYUTAETCS IMOTPELIHOCTD Olie-
HHUBaHUA norpemHoct 15 — 20%. Hanpumep, nmorpemnocts 0,4359 i
pesynbrara 12,7254. ImeeT 1y CMBICH 3alIMChIBATH PE3YIBTAT C TAKOM IO-
IPEIIHOCTBIO, €CJIM JOCTOBEPHOCTh PE3YJIbTAaTa XAPAKTEPU3YETCs JECATHI-
MU goiiaMu? Bxian mocnenyrommx 3Hadamux HUGP B OLEHEHHYIO IIO-
IPEIIHOCTh OYJET BCE MEHEE BECOM M HUYEro He J00aBUT K UH(POpMALIUU
00 u3mMmepsemor BenuuuHe. [103TOMy HEOOXOIMMO OrpaHUYMBATH YHUCIIO
3HaYaIUX HUdp B 3aIMCH pe3ysibTaTa U3MEPEHUI.

B yucieHHBIX mOKa3aTesnsiX TOYHOCTH M3MEpEHUW (B TOM 4YHCIE U B
MOTPEUIHOCTH) JOJKHO ObITh HE Oojee NByx 3Hayvammx uudp. Tak, npu
3alMCH HAaMMEHBILINUE Pa3ps/ibl YUCIOBBIX 3HAYEHUU pe3yjbTaTa U3MeEpe-
HUSI U YUCJIEHHBIX IOKa3aTeJIel TOYHOCTH JOJLKHBI ObITh OJIMHAKOBHL. B
MPUBEJICHHOM MPUMEPE OLIEHKA MOTPEIIHOCTH JOJKHA OBITh 3alIMCaHa Kak
0,44 vim 0,4, a pesynbrar usMepenus — 12,73 unu 12,7 cOOTBETCTBEHHO.
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[lorpemHocTs OKpYIrJi€HUs MOTPEUIHOCTH B TIEPBOM CIIy4ae COCTABIISET
1,4%, Bo BTOpOM — 8,2%.

CymiecTByIOT Clenyloliie MpaBuiia OKPYIJIEHUS PE3YyIbTAaTOB U IO-
IPELIHOCTEN U3MEPEHUN:

1. Pe3ynbTaT u3MepeHus OKpYriasieTcsa J0 TOro K€ JECATUYHOrO 3Ha-
Ka, KOTOPbIM OKaHYMBAETCA OKPYTJIEHHOE 3HAUEHUE a0COIFOTHOM MOrpem-
HOCTH. JIunHne nudpsl B UEIbIX YUCIAX 3aMEHSIOTCS HyJIaMu. Ecnu necs-
TUYHas ApoOb B YMCJIOBOM 3HAUEHUU pe3yJIbTaTa U3MEPECHHS] OKAaHYNBAET-
Csl HYJISIMH, TO HYJIM OTOpachIBalOTCA JO TOTO pa3psiaa, KOTOPbIA COOTBET-
CTBYET pa3psily YHMCIOBOrO 3HAU€HHMs norpemnoctd. Hanpumep, pesynb-
tat 4,08000, norpemnocts 0,003 ; pesynbraTr okpyrisitoT 10 4,080.

2. Ecmm uudpa crapmiero u3 orOpachlBa€MbIX pa3psioB MEHbIIE S,
TO OCTaJbHbIE HMU(PPHI YUCIA HE U3MEHAIOTCS. JIumHue tudphl B LENbIX
yucaax 3aMEHSI0TCS HYJISIMU, B IECATUYHBIX Jpo0sx oTOpackiBatoTca. Ha-
npumep, uucio 174437 npu coxpaHEHUU YEThIpEX 3HAYaIIUX UU(p AOIK-
HO OBbITH OKpyrieHo a0 174400, uucno 174,437 — no 174,4.

3. Ecnm nudpa crapiiero u3 oTopachiBa€MbIX pa3psioB OOJIbIIIE WU
paBHA 5 M 3a HEH CIIEYIOT OTIUYHBIE OT HYJS HU(PBI, TO MOCIETHIOK CO-
XpaHEHHYI0 IU(py yBEIMUMBAIOT Ha eauHully. Hampumep, npu coxpane-
HUM Tpex 3Hayammx uu@p uucino 12567 oxpyrmsitor go 12600, yucio
12,567 — no 12,6.

4. Ecnu orOpackiBaemasi nudpa 5, a caeayromue 3a Held [udpbl He-
M3BECTHBI WJIM HYJIH, TO MOCIIEIHIO COXpPaHAEMYIO HU(PPY HE U3MEHSIOT,
€CJIM OHA YE€THasA, U YBEJIMYMBAIOT HA €IMHHUILY, €Clii OHAa HedyeTHas. Ha-
npuMep, uuciio 232,5 mpu COXpaHEHUU TPEX 3HAYallux IU(p OKpYIriIstoT
1o 232, agucio 233,5 — no 234.

5. ITlorpemHocTs pe3ysibTaTa U3MEPEHUsS YKa3bIBAeTCs IBYyMs 3Hayda-
MU IM(paMu, eciiu TiepBas U3 HUX paBHA | wim 2, U OgHOW 3HAYalleu
uudpoi, ecnu neppas udpa pasHa 3 u doee.

6. OkpyrieHrue Npou3BOIAT JIMIIL B OKOHYATEILHOM OTBETE, a BCE
MpEeABAPUTEIBHBIE BBIUMCICHUS MPOBOAAT C OJHUM WM JBYMSI JIMIIHUMHU
3HaKaMH.

[IpenenbHas MOrpenIHOCTb, O0YCIOBIECHHAs OKPYIJICHHEM, paBHA I0-
JIOBUHE €JIMHULIBI MOCJIEIHEr0 pa3psiga YUCIOBOIO 3HAUEHUS pe3yibTaTa
MU3MEPECHMUSL.
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Bonpocsl aJ1st caMONIOAr0TOBKHA

1. Jlaiite onpenenenne pu3NUE€CKON BEIMUYHUHBIL.

2. Ilepeuucnute OCHOBHBIE TUIIBI (PU3HUECKUX BeIUUUH. [aliTe xa-
PAKTEPUCTUKY KAXKIOMY THITY.

3. Ilepeuncnure MeTOABI U3MEPEHUN. [[aliTe XapaKTEPUCTHUKY KaxkK-
JOMY METOJTY.

4. UYto Ha3BIBAIOT MOTPEMIHOCTHIO U3MEPEHUM ?

5. Krnaccuduxkanus norpemrHocret mo ¢popmMe KOJIMUECTBEHHOTO
BBIPAKECHMUSI.

6. Kraccuduxkanys norpenHocTel o Xxapakrepy ux moBeIeHHs BO
BPEMEHH.

7. Krnaccuduxkanuys norpenrHocTel no NnpuirHe BO3SHUKHOBEHMUSI.

8. Maremarnueckas MOJEIb Pe3yJIbTaTa U3MEPEHUS.

9. Maremarnyeckast MOJI€Nb MTOTPEUTHOCTH U3MEPEHUSL.

10. OcoOGeHHOCTH aAANTUBHON U MYJbTUILIMKATUBHONU COCTABJISIO-
IIUX MOTPEIIHOCTH U3MEPEHUSI.

11. Kak npaBuibHO JOJDKEH ObITh NMPEJICTABIICH PE3YIbTAT U3MEPE-
HU?

12. Chopmynupyiite npaBuiia OKPYTJICHUS YUCIOBBIX 3HAUYEHUM pe-
3yJbTaTa U3MEPEHUSI.
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3. 3JIEMEHTbBI MATEMATUYECKOW CTATUCTUKHA

3.1. CayyaiiHble BeJIMYMHBI U MX XaPAKTEPUCTUKH

BBuay Toro, 4ro pe3yapTar U3MEpPEHUss B OOIIEM CiIydae SBIISIETCS
CJIy4allHOW BEJIMYMHOM, €ro OMUCHIBAIOT U OLIEHUBAIOT C IIOMOIIBIO amma-
pata TEOpUHM BEPOSITHOCTEM M MaTeMaThyeckou craructukud. HamOonee
oOlIel XapaKTEPUCTUKON CIy4allHON BEIMYMHBI SIBJISIETCS 3aKOH €€ pac-

IIpELICIICHUSL.
ITyctp ciayyarHas ~ BeqMyMHa X TIPUHAMAET  3HAYCHUA
X(3Xy5eesXjseres X, . OTHOLIEHHE YKMCIIA OIBITOB /1, NIPHU MPOBEICHUU KOTO-

PBIX CilydaliHas BeIM4YUHA X NIPUHSUIA 3HAYCHUS X, K OOIIEMY YHCIY OIIbI-

TOB 71 Ha3bIBAETCS YaCTOTOM MOBTOPEHUS COObITHA. HacToTa m/n sIBISETCS
CIIyYaliHOW BEJIMYUHON U U3MEHSETCA B 3aBUCUMOCTHU OT YKCJIa IPOBEJICH-
HBIX ONBITOB. [Ipy GOJIBIIIOM YHUCIIE ONBITOB OHA UMEET TEHJICHIIUIO CTA0u-
JU3UPOBATHECS OKOJIO HEKOTOPOro 3HadeHHs P, Ha3bIBAEMOr0 BEPOSITHO-

¢TI0 co0bITUsI. CyMMa BEPOSATHOCTEM BCEX BO3MOYKHBIX 3HAUYECHUH OUC-
KPETHOU CIIyYaliHOW BEJIMYUHBI PaBHA €AWHULIE, TAK KAK BEPOATHOCTH TO-
ro, YTO CIIy4alHasl BEJIMYMHA B PE3YJIBTATE OINBITA IPUMET OAHO U3 CBOUX
3HAYEHMI, €CTh IOCTOBEPHOE COOBITHE.

BeposrHocTs coObITHa X < X,

P(X <x;)=F(x) (3.1)
Ha3bIBACTCS (PyHKIMEH pacnpeae/ieHusl CIIyYaliHON BEJIMYUHBI.

I11oTHOCTHIO pacnpee/ieHus BEPOSITHOCTEN CIYy4alHOW BEJIMYMHBI

X Ha3bIBaeTCs QyHKLHUS

dF(x
ploe)=4E0) (3.2)

Ces3p MexIy (GYyHKIUCH pacmpenenacHuss F(x) ¥ IJIOTHOCTBIO pac-
IpEIENICHNS ONPEIEISETCS BEIPaKEHHEM

F(x)zP(—ooSXSx)z_)j;p(x)dx. (3.3)

Onrcanue Ciy4yalHbIX BEJIMYMH C MIOMOLIBIO 3aKOHOB PaCIpEICIICHAS
p(x) sBasiercss HanOoJIee MOJIHBIM, HO 3KCIICPUMEHTAIBLHOE OIPEICIICHUE
ATUX 3aKOHOB TpeOyeT BecbMa 0OJbIINX 3aTpaT BpeMeHu. OIHaKO BO MHO-
IUX MPAKTHUECKUX CIIydasX HET HEOOXOJUMOCTH OMHCHIBATH CIIYHYAMHYIO
BEJIMUMHY MOJHOCTBIO, JOCTATOYHO OXapaKTePU30BaTh YMCIAMH JIUIIb OT-
JICNIbHBIE €€ CBOMCTBA. Takue YMCIIOBBIE XapaKTEPUCTUKU B TEOPUU BEPO-
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STHOCTEM U MaTE€MaTHUYECKON CTaTUCTUKE Ha3bIBalOT MOMeHTaMHu. Haunbo-
jlee YacTo MPH aHaJIM3€e 3aKOHOB paclpeieeHust p(x) UCIOIb3YIOTCA MO-
MEHTHI 1-T0 U 2-r0 TOPSIKOB.

HauanbHbiii MOMEHT 1-ro mopsiaka (MaTeMaTHyecKoe OKHAaHUe
CIIyJaliHOW BEJMYMHBI) XapaKTepPU3yeT LEHTP pacmupencieHus p(x) u orm-

pEeNENAeTC BBIPAKEHUEM
m, = _j xp(x)dx . (3.4)

LleHTpanbHbII MOMEHT 2-r0 MOpsAAKa (AUCHepCcus CIy4ailHOW Beln-
YUHBI) XapaKTEPU3YET PACCESTHUE CIy4YallHOW BEJIMYMHBI U BBIYHUCIIACTCS
Kak

D =jj:o(x—m1)2p(x)dx. (3.5)

Tak kak aucriepcuss UMEET pa3sMEPHOCTh KBaJpara CIIy4YalhHOU BEJU-
YUHBI, TO OOBIYHO HUCMOJB3YETCS CPelHee KBaJApaTu4eckoe OTKJIOHEHUe

(CKO) o =+/D , uMeroniee pa3MepHOCTb CIIy4alHOW BEJIMYMHBI.
3.2. 3aKoHBbI pacupeaeJeHUs CJOyYAUHBIX BeJIUYUH

B Teopun nnaHMpOBaHMS JKCIIEPUMEHTA BAXKHYIO POJIb UTPAOT ClIe-
IYIOLIHAE 3aKOHBI PACIIPEICIICHHUS.
1. HopMabHbIN 3aK0H pacnpeae/ieHus CJIy4ailHOM BeJIUYHHbI.
Cnyyaiinas BenuurHa X pacripe/iesieHa o HOpMaJbHOMY 3aKOHY (MU
3akoHy ["aycca), eciiv ee JI0OTHOCTh BEPOSITHOCTH UMEET BU/T
p(x)z#-exp[— (x—m, P /(202)]. (3.6)
o221

OOBIYHO BBOJIAT CIYYaliHYIO BEJIUYUHY ¢

_XxX—m
t= o (3.7)
MOJICTAHOBKA KOTOPOH B (3.6) MO3BOJISIET MPEJICTABUTD €€ B BU/JIC
plt)= (\/271 )_1 exp(— t? /2). (3.8)

KpuBas HopmasbHOTO pacnpeaenetus [rpaduk GyHkimu p(t)] mpen-
craBiieHa Ha puc. 3.1. [IpousBeneHHoe MpeoOpa3oOBaHUE COXPAHSIET HOP-
MaJIbHBIM 3aKOH pachpeieseHus], HO IPUBOINUT €ro K YaCTHOMY BHIY, CO-
OTBETCTBYyIOIEMy ciydato m, =0 u o =1. 'oBOpAT, YTO IIOTHOCTH HOP-

MaJIbHOTO pacrpeneiicHuss p(t) sBISETCS HOPMHPOBAHHOM [ILIOIIAIb MO
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KPHMBO# p(t) paBHa eauHHIE], [EHTPUPOBAHHON (MAaKCHMyM HaXOIUTCS
npu ¢t =0), crangapTuzoBanHou (o =1).

+ pe)

v

~

Puc. 3.1. KpuBas mioTHOCTH HOPMaJIbHOIO
pacnpeneneHus
2. Pacnpenenenue Iupcona ( y2- pacupenesnenne).
PaccMOTpuM 7 HE3aBUCHMBIX CIIyYalHBIX BEIUYUH U,,...,U,, KaXKaasd

U3 KOTOpBIX pacmpeneneHa HopMmaibHO ¢ mapamerpamu (0,1). Cymma
KBa/IPATOB 3TUX CIIyYaiiHBIX BEIMYMH HA3BIBACTCS ¥ J% - CyMMOW:

2 _x,,2 2
rp=3ur (0<z2 <o) (3.9)
1=
_ . 2
rae f =n — 4uCio CTENeHe cBo0oaAbl - .
®ynkuus y? 00NazaeT pacupeneneHueM, KOTOPOE B CHITy HOPMHPO-
BAaHHOCTH U; 3aBUCHMT TOJBKO OT f . [IMOTHOCTH y?-pacmpeneneHus, xa-

paKkTepu3yomas BEpPOSATHOCTh OOHApy)KEHUs 3HAYEHUH B HHTEpBaie
[;(2, 22 +d;(2J, MMEET BUJT

2
plr?)=—L exp(—%}, (3.10)
2 r(f]
2
rae /' — raMMma-pyHKIus.
KpuBble IJIOTHOCTH 2 -pacrpeieieHus 11 PasAu4YHbIX [ HpHBEJe-
HbI Ha puc. 3.2. CornacHo (3.10), ml(zz)zf; D(Z2)=2f. IIpu f >1 pac-

MMpCACICHUC IICPEXOANT B HOPMAJIBHOC.
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0,15

0,10 4

0,05

0 5 5 25 35 2°

Puc. 3.2. ;(2 -pacnpeaeneHue sl pa3InuHbIX [

F A
p(F) (10.)
Lo T (10,50)
08 1 N\ (10.10)

/>

06 1 .-,\\\\‘ \ (10,4)
0,4 + ,'/ \\‘\
02 1 I,’, 5:\:‘\7;_.;‘.__~

o 1 2 3 4 F

Puc. 3.4. KpuBble MIIOTHOCTH f-pacipeaeaeHus
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3. Pacnpenenenue @umepa (F-pacnpenesienue).
PaccMmotpum citydaliHyHO BETUYUHY

2 2
F(fl,fz)zﬂj‘)1 9}2 (0<F <) 3.11)

rae 9612,2 onpeaestorcs corjacHo popmyrnam (3.9) u (3.10).

[InotHOCTL pacnpenenenus p(F) omuckiBaercs cooTHomeHreM Du-

f1+f2]
I h
P

= 2 —.
F{Q}F{%} - (f,+ le)ﬁz—f2

KpuBble I0THOCTU F-pacnpenenenus Ui pasinubblX f; U f, npen-

nepa

-1

plF) (3.12)

craBieHbl Ha puc. 3.3. CormacHo (3.12), cpenHee 3HauyeHHUE

F=1,/f,~2),ecm f,>2.

4. Pacnpenenenue CTbl0AeHTA (f-pacnpeaesieHue).
CiyyaiiHas BeJIM4YnHA

t=u/x>/f (~o<t<wo), (3.13)
rae u U y* onpenensiorcs cornacHo (3.9), (3.10), umeer pacnpeeneHne

CrpIOZIEHTA
F( f+1 4l
1

NI

KOTOPOE MOXET OBbITh MOJYYEHO HerocpenacTBeHHo u3 (3.12) mpeobpazo-

plt)=

BarueM ¢ =+,F(l, ), rue t-pacupeneneHne CHMMETPUYHO OTHOCHTEIBHO

Hyms. [Ipu f — oo pacnpenenenne CTpeMHUTCs K HOPMaJILHOMY C TTapameT-
pamu (0,1) (puc. 3.4).

3.3. Bbi0opKa 1 ee XapaKTepUCTHUKH

[Tonubiid HAOOp BCEX BO3MOXKHBIX 3HAYEHHM, KOTOPHIE MOXKET MPUHHU-
MaTh Cily4alHas BEJIMYMHA B XOJ€ IKCIIEPUMEHTA, HAa3bIBACTCS I'eHepaib-
HOHM COBOKYNMHOCTBHIO. OHa MOXET ObITh KOHEYHOH U pEAIbHO CYIIECT-
BYIOLLEH WM OECKOHEUHOW, THIIOTETUYECKOM. |'eHepanbHas COBOKYIMHOCTb
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00J1ajaeT HEKOTOPBIMH HECTYyYalHBIMU CBOMCTBAMHU, KOTOPBIE MOTYT OBITh
BBISIBJIEHBI B PE3YJIBTATE SKCIIEPUMEHTA.
PaccMoTrpenHbie PYHKIMK pacrpeae/icHus p(x) OMUCHIBAIOT MOBEE-

HME TEHEPAIbHON COBOKYMHOCTH. OHAKO PEealbHOE YUCIIO 71 HAOIIOJCHHI
(pU3UYECKOl BEIMYMHBI BCETa OTPAHUYEHO, TIOOTOMY PE3YJIbTaThl HAaOIIO-
JEHHUI JIOIyCTHMO CYMTATh BEIMYMHAMM JUCKPETHBIMHU. HexoTophli Ha-
6Op 3HAYCHMI CIIy4ailHOM BEIMYHHEI (X ,X,,X;,...,X,) HAa3bIBAIOT BHIGOP-

KO#. YKCiio momydeHHbIX SKCTIEPUMEHTAIBHBIX PE3YyJIbTaTOB 71 Ha3bIBACTCA
00bemMoM BbIOOpKHM. OCHOBHAs 3a7jaya MaTEMATHYECKOM CTAaTUCTHKH 3a-
KJIFOUAETCsl B TOM, YTOOBI IO pe3ysIbTaTaM dKCIepuMeHTa (M0 TaHHBIM BbI-
OOpKH) BBICKa3aTh OOOCHOBAaHHOE CYXXJCHHUE O CBOWCTBaxX T'€HEpaIbHOMN
COBOKYITHOCTH.

Bri6opka 10mKHa 1OCTATOYHO TOJTHO XapaKTepU30BaTh reHEPAbHYIO
COBOKYIIHOCTb, T.€. OHa JIOJDKHA OBITh MpeACcTaBUTENbHOM. UTOOBI 0Oecte-
YUTh TMPECTABUTEIBHOCTh BBIOOPKH, HEOOXOJUMO BBHIMOJHUTH JBa BaXK-
HBIX YCJIOBHS: BO-TIEPBBIX, BCE DJEMEHTHI T'€HEPAIbHONW COBOKYITHOCTU
JOJDKHBI TIOSIBIISAITECS. B BBIOOPKE C OJMHAKOBOW BEPOSITHOCTHIO; BO-
BTOPBIX, HAOIIOJACHUS JAODKHBI ObITh HE3aBUCUMBIMH, T.€. MOSBIICHUE Ka-
KJOT0 W3 JIEMEHTOB BBIOOPKH HE JOJIKHO BIIMATH HA BEPOSITHOCTH TOSIB-
JICHUSI IpYTUX 3JEMEHTOB. Tak Kak 3JIEMEHTHI BHIOOPKU CITy4ailHbIe, BCE
3aKJIFOYCHUSI U PE3YJIbTATHI, MOTYyYEHHBIC HA OCHOBE BHIOOPOUHBIX JaHHBIX,
HOCSIT BEPOSTHOCTHBIN XapakTep.

Br16opka coepKUT JIUIIb YaCcTh TeHEePAIbHON COBOKYITHOCTH, 1O KO-
TOPO MOXKHO TONBITaThCS OLIEHUTh YUCIIOBBIE XapaKTEPUCTUKH BCEH Te-
HEPAIBHOM COBOKYMHOCTH. CyIIECTBYET JIBa TUIA OLIEHOK — TOUYCYHBIC U
WHTEPBAJIbHBIC.

ITon TOYe4YHOW OUEHKOM TMOHUMAECTCS OTIEIBHOE YHCIO, KOTOpPOE
HCIIOJIb3YETCS B KAYeCTBE OLIEHKH IMapaMeTpa reHepaibHOM COBOKYITHOCTH.
Hanpumep, BEIOOpOUHOE CpeHee

_ 1l
X==>x (3.15)
ni=1
€CTh TOUCYHAA OIICHKA MAaTEMATHUUYCCKOI'O OXKXUIAaHUA m1 , TOUCYHAas OLCHKA
THUCIIEPCHUU
Il =& —
S2=—12(xi—x)2. (3.16)

B03MOXHBI pa3inyHble OLICHKA OJHOW M TOM K€ YMCIOBOW XapakTe-
PUCTUKH, HAPUMED, I MATEMATUUYECKOTO OXKHUIAAHUSA OLIEHKAMU MOTYT
CIIY>KUTh BBIOOPOUYHOE CpejiHee, BRIOOpOUHasi MeauaHa u T.I. YToObl orle-
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HUTh KQYECTBO OIICHKHU B CTATUCTUYECKOM aHAJIU3€, pACCMaTPUBAIOTCS Ye-
ThIPE KPUTEPHS:

— HeCMeNIeHHOCTh. OlIeHKAa HAa3bIBAECTCSI HECMEILIEHHOM, €CIIM BCE BbI-
OOpOYHBIE 3HAYCHUS PACMOJIAralOTCs CUMMETPUYHO OTHOCUTEJIBHO UCTHUH-
HOT'O0 3HAYEHMS OlleHHBaeMoro mnapamerpa. CoryiacHO IEHTpaIbHOM Ipe-
JEILHOM TeopeMe, pacipeieiieHue BbIOOPOUHBIX CPEAHUX SIBIISETCS HOP-
MaJIbHBIM, a 3HAYUT, CHMMETPUYHBIM;

— 3(pdextuBHOCTh. D PexkTrBHAS OlleHKa 00JaJaeT HauMEHbIIEH
JUCIIEPCUEH IO CPABHEHUIO C JIPYTMMHU OLIEHKAMH JAHHOM YMCIIOBOM Xa-
paktepucTuku. OTHOCUTENBHO BBIOOpOYHOTrO cpeaHero nucnepeus u CKO
0071a/1a10T CBOMCTBAMH MUHUMAIbHOCTH;

— COCTOATEJIBHOCTh. ['0BOPAT, YTO OlICHKA MCTUHHOI'O 3HAYCHUS Ta-
paMeTpa SBJISIETCS COCTOSITEILHOM, €CJIM M0 Mepe YBEIMYEHUsI 00beMa BbI-
OOpKH ee 3HaUeHHE NMPUOIIMIKACTCS K ICTUHHOMY 3HAaYCHUIO IapameTpa;

— 10CTaTOoYHOCTh. OIleHKa SIBJISAETCS JOCTAaTOYHOM, €CJIM MPU €€ BbI-
YUCJICHUH UCIIOJIB3YETCSI BCA COJIEpKaIIascsi B BHIOOpKE UH(pOpMaIIHs.

Takum o0pa3oM, BBIOOPOYHOE CpEJHEE SIBISETCS HAWIY4IICH OIEH-
KOM MaTEeMaTHYE€CKOI0 OXHUJAHUs, TaK KaK OHa YJOBJIETBOPSAECT BCEM 4e-
TBIPEM KPUTEPUSIM.

B kadecTBe HMHTEpPBAJIbHON OLWEHKH HCIOJb3YIOT JIOBEPUTEIBHBIN
uHTEepBal. JloBepuTEeIbHBIA HHTEPBAJ — 3TO OTPE30K, [IEHTPOM KOTOPOTO
SBJISICTCS] TOYEYHAsl OLICHKA YMCIIOBOM XapaKTEPUCTUKH, BKIIFOUAIOIIUM HC-
THUHHOE 3HAYEHUE JAHHOM YHMCIOBOW XapaKTEPUCTUKU C 3aJAHHON BEPOST-
HOCTbIO. JTa BEPOSTHOCTh HA3bIBACTCS JOBEPUTEJIbHON BEPOSITHOCTBHIO.
Takum 00pa3oM, UHTEpBaJ SIBJIAETCS MEPON TOUHOCTH OILICHKH, a JIOBEPHU-
TeJIbHAsi BEPOSITHOCTh XapaKTepU3yeT JOCTOBEPHOCTh OIEHKHU. Pasmep no-
BEPUTEIIBHOTO MHTEpBajia 3aBUCUT OT TOr0, KaKUM 3HAYE€HHUEM JOBEPH-
TEJIbHOW BEPOATHOCTH 3aJaJICs AKCIEpUMEHTATOop. UeMm BbIllle JOBEPHU-
TeJIbHAsi BEPOSITHOCTh, TEM IIHUPE JOJKEH ObITh MHTEPBAJI, YTOOBI C 3a]1aH-
HOM BEPOSATHOCTHIO BKJIIOUATh B C€0s MCTUHHOE 3HAYCHHE YMCIIOBOM Xa-
pakTepucTUKU. YacTo BBIOMPAIOT 3HAUYECHUE JIOBEPUTEIIHHON BEPOSITHOCTH
P=0,95, Tonpko UHOTA, B Cllydae OTBETCTBEHHBIX U OYEHb OTBETCTBEHHBIX
ucciaenoBanui, mogararoT P=0,99 u 0,999 cooTBETCTBEHHO.

IIponienypa mocTpoeHUs: JOBEPUTEIHLHOIO MHTEPBAJIA BKIIFOYAET B CE-
0s1 ABa dTana:

— 3aMKUCBHIBACTCS] BEPOSITHOCTHOE YTBEPKJICHHE OTHOCUTEIIBHO HEKO-
TOPOM CITydailHON (PyHKIMH, BKJIFOYAIOIIEH B ce0sl pa3HOCTh WJIM OTHOIIIE-
HUE OICHKW YUCJIOBON XapaKTEPUCTUKU U €€ UCTUHHOTO 3HaueHus. Takas
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GyHKIMS HeceT MH(POPMAIMIO O CTENEHU OJM30CTH 3THX BelmuuH. Heoo-
XOJIUMO, YTOOBI 3aKOH pacipeaesieHus 3ToN (PYHKIIMU ObLIT U3BECTEH;

— BEPOATHOCTHOE YTBEPKACHUE MPeoOpa3yercs K BULY, IPU KOTOPOM
IPAHMIIBl JOBEPUTEIBHOIO HWHTEpPBAJIAa YUCIOBOW XapaKTEPUCTUKH MPENI-
CTaBJICHBI B IBHOM BH/IE.

[TocTpouM AOBEpUTENBHBIA UHTEPBAN AJII MAaTEMAaTUYECKOTO OXKHIa-
HUS NIPY U3BECTHOM Aucnepcuu. BeposTHOCTHAs GyHKUIHS B 3TOM Cllydae
MMEET BUJI

_x—m

o/n

U paclpeziesieHa HopMaabHO. [ MOCTpOoeHus: JOBEPUTENBHOIO HHTEPBAIIA
MO>HO HCIIOJb30BaTh COOTBETCTBYIOIIYIO Ta0JIMIly HOPMAJIBHOTO pacipe-
JEJICHN U1 ONIPENIEeNICHUs 3HaUY€Hus f, , TAKOT0, YTO 3a MpeaesiaMu —f, U

(3.17)

+¢, OcTaercs 4acTh IUIONIAIM, paBHAs « , TOT/AA Kak B npeaenax [—t, ,+¢, |
3aKJIFOYE€HA YacTh IJIOIIaau, paBHas 1—a (puc. 3.5).

plt)

Inowaow 1—a

ITnowaow o /2 IInowaoe a/?2

- +1, t

lo

Puc. 3.5. KpuBas HOpManbHOTO pacupeneacHus

CrnenoBarenpHO, MOYKHO 3alMcarh CIEIYIOIIEE BEPOSTHOCTHOE YT-
BEPKICHUE:

X—m
Pl-t, <———1<t, t=1-a. 3.18
{ o/n } (3-18)
[IpeoOpa3yem BeIpakeHHE B CKOOKaX:
_ o — c
P{x—taﬁﬁml £x+taﬁ}:1—a. (3.19)
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Bennuuna 1—-o = P — noBepHuTeNbHAS BEPOATHOCTB. 1Ipn 5TOH nOBE-

PHUTEIILHOW BEPOSATHOCTH JTIOBEPUTEIBHBIN UHTEPBAJ ISl MATEMATUYECKOT O

— o o
OXKHUIAHUA m, 3a0ACTCA MPEACTIAMHA | X — 1, ——; X + 1, —— |.
\n \n
o .
Bemnunna A; =1, 7 =1,S TPEICTABIAET CIy4alHyIO OIIMOKY Ha-

OJIr0ICHUS.
3.4. IIpoBepka cTaTUCTHYECKUX TMIIOTE3

CratucTuyeckod Trumore3ol /[ Ha3bIBACTCA MPEANOJIOKEHUE O
CBOMCTBE T'€HEPAIbHOM COBOKYITHOCTH, KOTOPOE MOXHO MPOBEPUTH, OIH-
pasch Ha JaHHbIE BHIOOpKHU. ['MIOTE3BI O MapaMeTpax reHepalibHOM COBO-
KYITHOCTH Ha3bIBAIOTCS MapaMETPUUECKUMU, O PACTIPEICIICHUIX — Helapa-
METPUYECKUMH.

JIro0as runore3a hopmMyaupyeTcst 0 ONbITa U MPOBEPSAETCS Ha OCHOBE
nocuenyromero skcnepumenta. OcHoBHas runore3a H, 0ObIYHO BBHICKa-

3pIBacTCAd B (popmMe, OTpHUIIAIONICH HaIM4Me KaKUX-TUO0O0 BUIAMMBIX OTJIW-
4pi, MOJTOMY Tunore3a H, HaspiBaercs HyJaeBoil. OQHOBpEMEHHO (op-

MYJIMPYETCs albTepHATUBHAA runoresa H, .

[IpoBepka runoTe3bl OCYIIECTBISETCA Ha OCHOBE BBISIBJICHUS COTJIA-
COBAaHHOCTH SMITUPUYECKHUX (PKCIIEPUMEHTAIBHBIX ) JAHHBIX C TUIIOTETHUYE-
CKUMH (TeopeTmyeckumu). Ecimm pacxoxaeHue MeXy CpaBHUBAEMBIMU
BEJIMYMHAMU HE BBIXOJUT 3a MPEJIeIbl CIIy4ailHbIX OIIMOOK, TUIIOTE3Y MpH-
HuMatoT. [Ipu 3TOM He fAenaercss HUKaKUX 3aKJIIOYEHU O MpPaBUIbHOCTH
caMOM TUNOTE3bl, pe€Yb HWAET JIMIIb O COTJACOBAHHOCTH CPaBHHUBAEMBIX
naHHbIX. HyneBas runore3a oTBepraercst Toraa, Korja no BeIOOpKE MOJTy-
Y4aeTCsl PE3YyIAbTAT, KOTOPBIA ITPU HCTUHHOCTY BBIABUHYTOM HYJIEBOM THIIO-
T€3bl MAJIOBEPOSTEH. ['paHuilel HEBO3MOXHOTO WM MaJOBEPOSTHOTO
00byHO cuntTaroT o =0,05, wm 0,01, nwam 0,001 1 Ha3pIBalOT YpOBHEM
3HAYMMOCTH.

[Iponieaypa mpoBepKH TUNOTE3bl NPOU3BOAUTCS NPHU MOMOIUIU CTATH-
CTHYEeCKOr0 KpPUTEepPHUs — MPABUIIA, ONMPEAEISIONIEr0 YCIOBUS, IPU KOTO-
POM TPOBEPSEMYIO HYJIEBYIO THUIOTE3Y CIeAyeT JIMOO MPUHSTH, TUOO OT-
KJIOHUTh. KpuTepuid npencrapisier coOol ciaydailHyro (QYHKIUIO pe3yiib-
TaTOB HAOJIONEHUS C M3BECTHBIM 3aKOHOM pacmpeneneHus (t-, F-, y?-

Kputepuii). B cooTBETCTBHM € XapaKTepOM pacrlpeieNieHUs: OAHU 3HAYEHUS
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KpUTEPUS SBJISIIOTCS 00Jiee BEPOSITHBIMU, Apyrue — MeHee. Takum oOpa-
30M, 00J1aCTh BO3MOKHBIX 3HAUCHUH JIeuTCs Ha JiBe yacTu. O1Ha Ha3bIBa-
eTcsi 00J1aCThI0 NMPUHSTHA THUNOTE3bl, Jpyras (Tje TuIoTe3a J0JDKHA
OBITh OTBEPrHYTA) — KPUTHUECKOH 00J1aCTHI0. UTOOBI TPOBEPUTH TUIIOTE-
3y, HEOOXOJUMO BBIYMCIIUTh KPUTEPUM U MOCMOTPETh, B KaKyr 00JIaCTh
TI0I1a/1a€T BBIUUCICHHOE 3HAUYCHHUE.

IIpoBepka CTaTUCTUYECKUX THUIIOTE3 CKIAJBIBACTCS W3 CIEAYIOLIUX
ATaIOB:

— ¢opMyIHpyeTCsl B BUJE CTAaTUCTHYECKOM THIOTE3bl 3ajada HCClie-
JIOBAHMUS;

— BBIOMPAETCS CTATUCTUYECKAsl XapaKTEPUCTUKA TUIIOTE3bI;

— BBIOMparoTCs HyneBas H  u anbTepHATUBHASA [ TMIIOTE3BI HA OCHO-

BE€ aHAJIM3a BO3MOXKHBIX OIIMOOYHBIX PEIICHUN U UX MOCJIE/ICTBHIA;
— BBIOHMpaETCs MPUEMIIEMBII YPOBEHb 3HAUMMOCTH . ;
— BBIOMPAETC KPUTEPUIA IIPOBEPKU TUIIOTE3BI H );

— BBIUKCISAETCS (PAKTUUECKOE 3HAUEHHE CTATUCTUYECKOTO KPUTEPU S,

— ONpEAeNsIieTCs KPUTUUECKOE 3HAUYEHHE CTATHCTHYECKOTO KPUTEpHs
110 COOTBETCTBYIONIEH TaOJHUIIE;

— MpOBEpsIETCS HyJIEBasi TUIIOTE3a HA OCHOBE CPABHEHUS (PAKTHUUECKO-
ro ¥ KpUTHYECKOrO 3HAYEHUIN KPUTEpHs, B 3aBUCHUMOCTHU OT PE3YyJbTATOB
MIPOBEPKHU TUNOTE3a MO0 OTKIOHSETCS, JINOO HE OTKIOHSETCS.

[Ipu mpoBepke THMNOTE3 MO OAHOMY W3 KPUTEPUEB BO3MOXKHBI JBa
OIIMOOYHBIX PEIICHHUS:

® HENPaBWILHOE OTKJIOHEHUE HYJIEBOW TMIIOTE3bl — OMIMOKA MEPBOTO
pona;

® HENPaBWILHOE NMPUHATHE HYJIEBOW TUIIOTE3bl — OLIMOKA BTOPOTO
pona.

Bo3moxxHbI€ pelieHus puBeieHbl B Ta0. 3.1. BeposTHOCTh OIIMOKU
MIEPBOI0 poJa paBHA YPOBHIO 3HAUYMMOCTH ¢ . BEpOSITHOCTh HE COBEPIINUTH
omuOKy BTOporo poaa (1— ) Ha3bIBAIOT MOMIHOCTHIO KpuTepus. OOBIYHO

3aJa0T ¢ H IIBITAIOTCA CACIATh IB BO3MOXXHO MaJIbIM.

Tabnuna 3.1
Bo3moxkHbIe BBIBO/bI IPH POBEPKE rHIOTE3
Pemenue no kpurepuro DaKTUYECKU
H, BepHa H ,He BepHa
H, oTKiIOHSETCS Ommmbka rmepBoro poaa [IpaBunbpHOE pelieHne
H, He OTKIIOHSETCSI [IpaBuiibHOE penieHne Ommrbka BTOpOro poja
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3.4.1. Ilposepka eunome3swvi 0 3aKOHE pacnpeoeneHus.

['unoTe3sl 0 pacnpeeIeHUAX 3aKII0YatOTCSl B TOM, YTO BBIJIBUTACTCS
MPEIIOI0KEHUE O TOM, YTO pacipeecHue B TeHEpaIbHON COBOKYITHOCTH
MOJYUHACTCS KaKOMY-TO OIpeeICHHOMY 3akoHy. lIpu mniaHupoBaHuu
AKCIEPUMEHTA BaXKHO, YTOOBI HAOJI0/1aeMble 3HAUEHUSI (PU3NUECKUX BEIIH-
YUH MOJYUHSIIMCh HOPMAJIBHOMY 3aKOHY pacrtipenenenus. [loatomy Hye-
Bas Tunore3a H . pe3ynbrarhl HAOIIOAECHUI MOJYMHAIOTCA HOPMAIbHOMY

3aKOHY pacIpeNeNieHNs; albTepPHAaTHBHAsA [ : pe3ynabTaThl HAOJIIOJECHUI

HE MOJUYUHAIOTCS HOPMAIIbHOMY 3aKOHY PACIIPEACIIEHHUS.

B xauecTBE CTaTUCTUYECKUX XaPAKTEPUCTUK T'MIIOTE3bI O 3aKOHE pac-
NpeAeTIeHUs MPUHUMAIOTCS OLICHKU MapaMeTpoB pacupenenenus. [Ipenmno-
JIO’)KUM, YTO TIPH BBITTOJTHEHUU 7 HAOJIIOJEHUM OJTHOM M TOM K€ BEJIUYUHBI
MOCTOSIHHASI CUCTEMATUYECKas MOTPEIIHOCTh MOJHOCTBIO UCKI0YeHa. To-
ra pe3yspTaT i-r0 HaOMIONEHUS X; = X,., + /A, HaXOIUTCA C HEKOTOPOM

aOCOJIFOTHOH CITy4allHOM MOTPEHIHOCTBIO A, = X; — X, .

[Ipr HOPMAJIIBHOM 3aKOHE PACIpPENEIEHUs CIIyYalHOW IMOTPEITHOCTH
A, 3a UCTUHHYIO BEJIMYUHY X, =M, IPUHUMAIOT €€ ONTHUMAaJIbHYIO OLEH-

KY, PaBHYIO OLIEHKE MaTeMaTu4yeckoro oxuaanus (3.15).
3areM BBIUMCIIAIOT A0COTIOTHYIO MOTPEIIHOCTh KaXI0T0 U3 71 HA0JI0-
JICHUU
A =x;—-X . (3.20)
Hanee HaxoasT omneHky CKO naOmroneHuit S, XapakTepHu3YIOIIYHO
TOYHOCTh METOJ1a U3MEPEHHUIA:

1 & .5
= [— YA, 21
S n—l;Al (3.21)

Ecnu yucno Habmonenuit n > 20, CTpOUTCS MHTEPBAJIbHBIA BapUaln-
oHHBIN psia. [Ipu ero mocrpoeHuu B MEpBOil rpade OTAENbHbIE 3HAYCHUS
MPU3HAKA YKA3bIBAIOTCS B MHTEPBAJaxX «OT — JI0», BO BTOPOM rpade — yuc-
JIEHHOCTh €IMHUII, BXOISAIINX B MHTEpBaJ. BelndnHa MHTEpBAJIA OIpeEie-
asietcs o popmyiie

i=R/m, (3.22)
riae R —pasmax BapbUPOBaHMS IPU3HAKA, R = X, — X, . ; M — YUCIIO
IpyII, KOTOpOe MPUOJMKEHHO orpeensiercs no ¢popmye Creppkecca

m=1+3321gn. (3.23)
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[TonyyeHHyto 1Mo 3TOH (opmyJsie BEIMYHUHY OKPYTJSIOT J0 LEJIOro
Oonpiiero yucia. HukHIOW rpaHUIly MEpBOrO MHTEPBAIA OMPENECIIAIOT,
BBIYMTAs U3 X _. TIOJOBUHY ITOCJIEIHETO paspsa.

OreHKa MaTeMaTHYECKOTO OXKHJIAHHMS B OTOM Clydae OIpeAesieTcs
o hopmyiie
>x Lf*
—_ A
X=—-, (3.24)
rje x'; — cepelHa MHTepBaa; f , —4acToTa IOIajlaHus Pe3yIbTaToB Ha-

OJIXOJEHMS X; B 3alaHHBII UHTEPBAJ; j — HOMEpP UHTEpBaJa.
Onenka CKO

S —xf s,
S= |2 S (3.25)
j;fj

BriOupaercs npuemiemMsblii ypoBeHb 3HaUUMOCTH, 00b14HO o =0,05.

[IpoBepka rumnores3sbl COCTOMT B TOM, YTOOBbI HA OCHOBAaHUU CPABHEHUS
AMIIUPUYECKHUX ((PAKTUYECKHX) YACTOT C MPEANoaraéMbiMHU (TeOopeTuyde-
CKMMH) CJIeJIaTh BBIBOJ O COOTBETCTBUHU IMIIMPUUYECKOIO paclpeiesieHus
rUnoTeTudeckomy. s mpoBepku OJM30CTH TEOPETHUECKOTrO M 3MIIUPU-
YECKOT'0 PaCIpEACIIEHUN UCIOIB3YIOTCS CIIENNAIbHbIE [T0KA3aTeNn, Ha3bl-
BaeMble KpuTtepusamu coriacusi. Hanbonee pacnpocTpaHEHHBIM SIBIISETCS
kpurepuii [Tupcona y 2, BBIUMCIAEMSBII 110 (opMyIIe

(f f )l (3.26)

k
rae f; — SMIMPUYECKHE YACTOTHI B MHTEpBAIE; [, — TEOPETHICCKUE Jac-

x° Z

TOTBI B UHTEpPBAJIE.
Ecnn Bce sMmMpryecKre 4acTOThl paBHbI COOTBETCTBYIOIIMM TEOpE-
THYECKMM 4acTOTaM, TO y 2 paBHO Hy/0. OUEBUIHO, YTO 9eM OOIBIIE OT-

JIMYAIOTCS SMINPHIECKUE U TEOPETUUECKHE YaCTOTEL, TeM x> GOJbIIE; ec-

JIM PacX0KJICHUE HECYIIECTBEHHO, TO ;(2 JTOJKHO OBITh MAaJIBbIM.

Teopernueckas 4acToTa B JAHHOM TPYIIE BIYUCISAETCS KaK MPOU3Be-
JieHre 00beMa COBOKYITHOCTH (4Uuciia HaOJI0ACHUI) Ha BEPOSTHOCTD TOTa-
JAHUS B JAHHBIA UHTEpBal. TeopeTHYeCcKrue 4acTOThl HOPMAJIBHOI'O pac-
MpEeAEIICHUS ONPENENAoTCs Mo (hopmylie
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j}-—‘g\/___exp( 2 /2), (3.27)

rac fj — HOPMHUPOBAHHOC OTKJIOHCHHUC

t,=—1_". (3.28)

Benmuuuna p(t)= («/ 2r )_1 exp(—t2 / 2) — Tabam4yHoe 3HaYeHue (mpui. 1),
no3Tomy (hopmyiy (3.27) MOKHO nepenucarb B BUIE

1y ="l (3.29)
ITpu pacuere kputepus [lupcona Heo6xoaUMO COOMIOATH YCIOBHUS:
— YUCI0 HAOMIOAEHHH JOKHO OBITH JOCTATOYHO BETUKO (1> 50);
— TEOPETUUYECKUE YaCTOThl B HHTEPBAJIE JOJKHBI ObITh Oosblie 5. Ec-

JAU TCOPCTHUYCCKUC YACTOThI B HCKOTOPLIX HMHTCPBAJIAX MCHBIIIC 5, TO CO-
CCAHHUC MHTCPBAJIbI 06I>CI[I/IH$IIOT.

KpuTHuecKkoe 3HAYEHHE ¥4 ONPENEIAETCS M0 TabIIMIE PACTIPEIEeHHUs]
ITupcona (mpui. 2) B COOTBETCTBUHU C YUCJIOM CTENeHed cBoOoAbid.f. U

YPOBHEM 3HAYUMOCTH X .
Yucno creneHeir cBOOOIbI pacCUMTHIBAETCA TaK: €CIIM AMIUPUYECKUN
pAI pacrpeiesieHus UMeeT k KaTeropuil (4ucio MHTEPBAJIOB C YYETOM

00bearHEeHNs), TO kK SMIMPHYECKUX YACTOT [, f, ..., f; JOJKHBI OBITH
CBSI3aHBI CIIEAYIOIIMM COOTHOIICHUEM: 21 f =n. Ecnu nmapameTrpsl Teope-
TUYECKOr0 paclpeleseHuss U3BECTHbIL, TO TOJIbKO (k—1) wacror moryt
MPUHUMATh IIPOU3BOJIbHBIE 3HAUCHUS, a MOCIEAHSS YacTOTa MOXKET OBITh
HaliJIeHa U3 yKa3aHHOro cooTHoueHud. [lo3ToMy roBopsT, 4To cUcTEMA U3
k yactot Onarojapsi HAJIMYKIO OJTHOM CBSI3U TEPSIET OJIHY CTENEHb CBOOObI
1 UMeeT TOJbKO (k —1) cTeneneit cBoOoabl. KpoMe Toro, eciu rnpu Haxox-
JICHUU TEOPETUYECKUX YacTOT p MapaMeTPOB TEOPETHUYECKOTO pacrpeie-
JICHUS HEU3BECTHBI, TO OHU JOJKHBI OBITh HAWICHBI MO JAHHBIM SMITUPH-
YECKOro psjia. ITO HAKJIAJIBIBAET HA SMIIUPUYECKHE YACTOTHI €IIE€ p CBs-
3eH, Onarojaps 4yeMy CUCTEeMa TepsieT €llle p CTeneHeil cBoboanl. Takum

00pa3oM, 4MCI0 CBOOOJHO BapbUPYEMBIX YACTOT (@ 3HAYUT, U YUCIIO CTe-
TeHe# CBOOObI) CTAHOBUTCS PABHBIM

d.f.=k—(p+1). (3.30)
2 2
Ecmn y° < y7, To runoresa H, 0 HOpMajabHOM 3aKOHE pacIpezese-
HHA SDMIIMPHYCCKUX JaHHBIX IIPUMHHUMACTCA.
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3.4.2. Ilpumep nposepxu eunomesvl 0 HOPMATLHOM 3AKOHE PACNPEOeIeHUs]
IKCNEePUMEHMATLHLIX OAHHBIX

B Ta6n. 3.2 npuBeneHbI JaHHBIE O 3aTpaTaXx BPEMEHH Ha MPOU3BOJICT-
BO E€IMHHUIIBI TMPOAYKIUHU. YCTAaHOBUTb, MOXHO JIH C BEpPOATHOCTHIO
P, =095 cuntath 3aKOH PaCIPE/CICHUS SKCICPHUMCHTaIbHBIX NTaHHBIX

HOPpMAaJIbHBIM.

Tabmuma 3.2

3aTpaTbl BpeMeHH Ha IPOU3BOJACTBO eAMHUIBI IPOAYKIIHHU

Homep OnepaninoHHOE BpEMs, MUH
u3aenus
1-10 9 9 11 9 9 11 9 7 9 6
11-20 9 6 9 11 9 7 9 7 10 7
21-30 9 10 6 10 8 6 9 8 8 8
31-40 8 7 8 7 9 8 9 11 9 9
41-50 8 10 9 8 10 8 8 9 11 9

OcnoBnas rumnore3a H . pe3yabTaTbl HAOIIOACHHN ITOJUUHSIOTCS

HOPMAaJILHOMY 3aKOHY PacIlpeIeIeHHUSI.
Onpenenum YKCIOBBIE OLIEHKH MapaMeTpOB HOPMAJHHOTO pacIpejie-
aenus x, S. OO000HMM TaHHBIE B BUJIC BapUaIllMOHHOIO psjaa (Tadi. 3.3).

Pasmax R =X, — X

m

o =11-6=35 (Mun).
Yucno unrtepBanoB m=1+3,321gn=1+3,321g50~6.

Bennuuna unrepBana i = R/m=5/6=0,8 mun. [Ilpumem i =1 mu=.
Cpennee 3HaueHue onpenaesieM 1o popmyne (3.24): x =8,6 MuH.

Ouenky CKO Bpruucisiem no ¢opmyne (3.25): S =13 muH.

Tabmuma 3.3
Psig SMIMPHYECKOro pacnpenaeeHust
WuTepBan 55— 6,5 — 7,5 — 8,5 — 9,5 - 10,5 —
TPYIIUPOBKU 6,5 7,5 8,5 9,5 10,5 11,5
Cepenuna
UHTEpBaa x;. 6 7 8 9 10 1
Yactora f; 4 6 11 19 5 5
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OrnpenensaeM TEOPETUUECKUE YACTOTHI pactipeneneHus (taom. 3.4) no

Cni 501 Lo.. .  X;—86
dopmyne (3.29): T_l,—3_38’5’ t =3

ny plt;) onpenensem mo mpwu. 1.

5 fj =38,5-p(tj); BEJIINYHU-

Tabnuma 3.4
BcenomoraresibHasi Ta0uIa AJI1 pacyeTa TeOPeTHYECKUX YaCTOT HOPMAJILHOI 0
pacnpeneaeHust
NutepBan 5,5 6,5 — 7,5 — 8,5 — 9,5 - 10,5 —
TPYIIIUPOBKHU 6,5 7,5 8,5 9,5 10,5 11,5
Cepenuna
WHTepBATa xrj 6 7 8 9 10 11
Hopmuposannoe
OTKIOHEHME f . -2,00 -1,23 -0,46 0,31 1,08 1,85
J
P(tj) 0,0540 0,1874 0,3588 0,3802 0,2227 | 0,0721
Yacrora Tteope-
THYecKas fj 2,08 7,21 13,81 14,64 8,57 2,78
Yacrora »Mnu-
* 4 6 11 19 5 5

puyeckas f;

Tak xak 1y ucnosib3oBaHus Kpurepus Ilupcona teopernyeckas yac-
TOTa J0JHKHA OBITH Oouibllle 5, 00BEUHSAEM MEPBBIA U BTOPOM U IATHIM U

1IeCTOM UHTEpBaJbI (Tadm. 3.5).
Tabnuma 3.5
BapuauuoHHbIii psia ¢ y4eTOM 00beAMHEHUS HHTEPBAJIOB

WNuTepBan rpynnupoBKu 55-17,5 7,5-8,5 8,5-9,5 9,5-11,5
Yacrora TeopeTudeckas f f 9,29 13,81 14,64 11,35
Yacrora smnupuueckas f j* 10 11 19 10

PaccuuteiBaeM y2-kputepuii: y2 =Y

o (fj* _fj)l

J=1 fj

=2,08.

Onpenensem yuuciio creneHend cBoOoawl o gopmyne (3.30): k=4 —
YHCJIO MHTEPBAJIOB, OCTABIIUXCS MOC]Ie O0bEAUHEHUS;, p =2, T.K. CpEIHEee

sgaueHne u CKO wHaiigeHsl

d.f.=4-(1+2)=1.
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Tabnmuunoe 3HaueHue kpurepus misi d.f.=1 U ypoBHS 3HAYUMOCTH
a=0,05; y?=3841. y? < y%. CienoBarenbHO, THIIOTE3a O HOPMAIHLHOM
3aKOHE pacHpeIeTICHUs SMITUPUICCKUX JTAaHHBIX TPUHUMACTCA.

3.4.3. Ilposepka napamempuueckux cunomes

K mapameTpudeckruM OTHOCATCSI THUIIOTE3bl O YHUCJIOBBIX XapaKTEpH-
CTUKaX 3aKOHA PaclpeIeNICHU.

OCHOBHBIE TUIIOTE3bI O CPEHUX BEIIMYMHAX CIEAYIOIINE:

— TUIOTE3a O PABEHCTBE MATEMATHUYECKOTO OXHUJAHUS HEKOTOPOMY
YUCITy TIPU U3BECTHOM JUCIIEPCUU UM TIPU HEU3BECTHOU IUCTIEPCUU;

— TUIOTE3a O PABEHCTBE CPEIHUX 3HAYEHUI HOPMalbHO pacmlpeje-
JIEHHBIX COBOKYITHOCTEH IPHU W3BECTHBIX TUCIEPCHUSX, MPU HEU3BECTHBIX
PaBHBIX UCIIEPCUSX, IPU HEU3BECTHBIX HEPABHBIX JTUCIICPCUSX.

IlepBas 3amaua 4aie BCEro pemraeTcs Npu HEU3BECTHOW JUCIICPCHUMU.
Wcneityemast runoresa H . m, =a. 1IpoBepKy THUIOTE3bI IPOBOIAT C II0-
MouIbto t-Kputepus. [Ipu OosbioM ynciae HaOI0eHN KPpUTHIECKOE 3Ha-
YEeHUE KpUTEpHUsl ONPENENSAIOT IO TalNMIEe HHTErpajia BEPOSITHOCTEH
(npun. 3), Opu Manom yucie Habmonenuii (1 <20) — 1o Tabnuue pacmpe-
nenenust CteroneHTa (mpuil. 4) s 3aJJ]aHHOTO YPOBHS 3HAUMMOCTH M YHC-
Ja creneHen ceobonsl d.f.=n—1.

DaKTUYECKOE 3HAYCHUE KPUTEPUS MPEJICTABISET OTHOIICHUE

_X—a
=55 (3.31)

rae S — BO3MOXKHAs OIIMOKa BBIOOPOYHOTO CPEIHETO.

[Ipu mamnoii BEIOOpKE

S.=_5 | (3.32)
n—1
pu OOJIBIION BBIOOPKE
S
S =2, 3.33
= (3.33)

Bridbopounoe CKO § onpenensiercs no ¢popmynam (3.21) uimu (3.25) B
3aBUCUMOCTH OT 00beMa BEIOOPKH.
Ecmn t <t,, runore3za H , IpuHUMAETCS.

['unoTre3a 0 paBEHCTBE CPEIAHMX BBIIBUTAETCS, KOrja HEOOXOIUMO
ONPEACIUTD, CYIIIECTBEHHO JIM PACXO0XKJACHUE MEXAY JIByMsI BLIOOPOUYHBIMU
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cpeaHuMHU. [[7s1 TpOBEPKHU 3TOM THIIOTE3bI OMPEACISIOT CPE/IHIOW (CTaH-
JapTHYIO) CIy4aiHyl0 OIIMOKY pa3sHOCTH JABYX BBIOOPOYHBIX CPEIHHX S .

JI1s IByX HE3aBHCHUMBIX BRIOOPOK OHA OompejesieTcs mo gopmyre

(3.34)

e Sl2 u 522 — BBIOOPOYHBIE TUCIIEPCUN COOTBETCTBEHHO B MEPBOM U BTO-
poil BEIOOpKax.

’ -\ ! —\2
92 ZZ(X _xl) I S2 ZZ(X _xz) / (3.35)
! n—-1 772 n,—1 - '
dakTUYecKoe 3HAUCHUE KPUTEPUS
_"_Cl _fz‘
=g (3.36)

Kputndeckoe 3Ha4€HHUE ¢, ONPEIEIHIIOT IO TAaOJMUIE pacIpeAcIcHUs

Cthro/ieHTa 7151 33/IaHHOTO YPOBHSI 3HAYUMOCTH M YHCJIa CTEeTIeHel CBOOO-
nel d.f.=n +n,—2. Ecim t<t,, HyneBad runoresa npuauMaercs. Cie-

JOBaTEIbHO, MOKHO CUMTATh, YTO MAaTEMAaTHUYECKUE OXUIAHUSA B IBYX
MOATPYNIax OJMHAKOBBI, 3TH MOArPYNIBI MOXHO OOBEIWHUTH B OJHY
IPYIIY U XapaKTepU30BaTh MOCIEIHIOI0 OOIIUM CPETHUM.

[Ipu mpoBepke MapaMEeTPUUYECKUX TUIOTE3 MOXKHO TAaKKE BBIIBUTH
HaJu4yue rpyObIX MOTPEIIHOCTEN (TPOMAXOB) B AKCHEPUMEHTAIBHBIX JaH-
HbIX. Ecniu B omy4eHHOM rpynie pe3ybTaToB HAOMI0ACHUN OJTHO WM J1Ba
CYILLIECTBEHHO OTJIMYAIOTCA OT OCTaJbHBIX, & HAJIW4YUS OIIMOKUA B CHATHUH
MOKA3aHUM, OMHUCKU U JPYTUX MPOMAxoB He OOHAPYKEHO, TO HEOOXOAUMO
MIPOBEPUTH, HE SIBJISIIOTCS JIM OHU TPYOBIMU MOTPEIIHOCTAMHU, TOAJIEKAIH-
MU UCKJIIOYEHUIO0. Pelrienre 3Tol 3a1a4n BBIMOIHAETCS OOIKUMHU METOIAMHU
MIPOBEPKU CTATUCTUUYECKUX TUIOTE3 B MPEANOJIOKEHUN HOPMAILHOIO pac-
IIpeeNeHus pe3yabTaToB HaOmoneHui. [IpoBepsemast ruroresa coCTOUT B
YTBEPXKACHUU, YTO PE3YJbTAT i-TO HAONIONEHUS X; HE COIEPKUT rpyOoil

MOTPEIIHOCTH, T.€. SABJIACTCS OJHUM U3 3HAYCHUI M3MEpsIeMON BEJIMUMHBI.
[Tonb3ysch OMpENEICHHBIMU CTAaTUCTUUYECKUMHU KPUTEPUSIMH, TBITAIOTCS
ONPOBEPTHYTH BBIIBUHYTYIO TUIOTe3y. Eciaum 3T0 ynmaercsi, To pe3ynbTar
HaOJII0JIEHUs pacCMAaTPUBAIOT Kak rpyOyr0 MOrPEmIHOCTh U €r0 MCKIIIoYa-
IOT.

Kpumepuii oyenku anopmanvHocmu pe3yibmamos Habao0eHuti npu
neuzgsecmuom CKOQO. Ilpu UCKIIOUEHUH TIO 3TOMY KPUTEPHUIO IPyObIX IO-
IPELIHOCTEN U3 PEe3ysbTaTOB HAOIIOJEHUI MPOBOJAT CIEAYIOIIHE Olepa-
107078
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— pe3yJIbTaThl TPYIIIbI U3 7 HAOJIIOJEHUN YIIOPSI0YMBAIOT 10 BO3pac-
TaHUIO X, <X, <..<Xx,. Beyienaior npeamonaracMele IIPOMaxH, OOBIYHO

UMM MOTYT OKa3aThbCs PE3YJILTAThl X, U X,,;

— BBIUMCJISIFOT OILIEHKM MareMarnyeckoro oxumanusa x u CKO §'.
3Ha4yeHMs X U S BBIYMCIAIOT 0€3 ydeTa SKCTPEMAIBHBIX 3HAYEHUH X, ;

— JUIsl TIPEIIOJIaraéMbIX MPOMAxoB MPOBOAAT pacyeT Kod(duimen-
TOB:

P . A,y == - A, (3.37)
3a/IaI0TCS. YPOBHEM 3HAUYMMOCTU KpUTEpHsl OMMOKH ¢ . OYEeBHIHO, ATOT
YPOBEHb JOJKEH ObITh JOCTATOYHO MAJIbIM, YTOOBI BEPOSTHOCTH OIIMOKHU
obuta HeBenuka. [lo 3agaHHBIM mapamMeTpaM o , 1 HaXOASIT KPUTHYECKOE
3HaYeHue ¢, u3 Tabmuu i1 pacnpenencHus CrerogeHra  (n<20)

l, =

(nput. 4) nubo HOpMasibHOTO pactpeaeneHus (n>20) (cm. npud. 3);

— BBIIOJIHSIIOT CpaBHEHHUE KO3(P(PUIMEHTOB, ONpPENENICHHbIX MO (op-
MmynaMm (3.37), ¢ KpUTUUECKMMU 3HAYCHUSIMU. ECIIH BBIOJTHAIOTCS YCIOBUS
{, >ty A 1, >1;, TO pE3yJIbTATbl X; U X, OTHOCAT K MPpOMaxam M HUCKJroYa-

I0T U3 pe3ynbTaToB HaOmo/eHui. [Ipouenypy npoBepKu MOBTOPSIOT AJIS
Xy, X, | M T.J., IOKa BCE IPOMAaxXH He OyIyT HCKIIIOYEHBI U3 BLIOOPKHU.

Kpumepuii «mpex cuemy». JlaHHBIA KpUTEpUN TPUMEHSETCS IS pe-
3yJIbTaTOB U3MEPEHUM, pacipeieIeHHIX 110 HOPMaJIbHOMY 3aKOHY, OJHUM
U3 IpaHUYHBIX napaMeTpoB ciiykUT olleHka CKO um3mepenuit S . Ilo sto-
My KPUTEPUIO CUUTAETCS, UYTO PEe3yibTaT, MOITYYCHHBIA C BEPOSITHOCTHIO
a <0,003, mamoBEepoOATEH, W €ro MOXHO CUHATaTh MPOMAXOM, €CJIH
lx; —x|>3S . [lanHbI# KpUTepHii JOCTATOYHO XOPOIIO pabOTaeT IPH JHCIe

n3Mepennit n > 20...50.
Bomnpocsl a1t caMONIOAr0TOBKHA

1. UYrto Ha3biBatOT (PYHKIMEW W TJIOTHOCTBIO paCHpe/ICTICHUs CIIy-
YalHOW BEJIMYUHBI?

2. JlauTe ompeneneHue MATEeMaTUYECKOTO OXXKUIAHUA U THCIEPCUU
CIIy4YaliHOW BEJINYUHBI.

3. OCHOBHBIE 3aKOHBI PACIPEAECICHUS CIyYalHOW BEIIMYWHBIL, IPHU-
MEHSIEMbIEC NPU TUIAHUPOBAHUU JKCIIEpUMEHTA. UMCIIOBBIE XapaKTEPUCTH-
KM 3THX 3aKOHOB.
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JlaliTe onpenieneHus: reHEPAIbHOW COBOKYITHOCTH, BBIOOPKH.
XapakTEPUCTUKUA TOUEUHOUN OLIEHKU U KPUTEPUU €€ KayeCTBa.
HNuTepBanbHas ONEHKA U TOBEPUTEIIbHBIN UHTEPBAJL.

7. Uro Ha3bpIBAIOT cTaTUCTHYECKOW TunoTe3on? [lapamerpuueckne n
HEMapaMETPUYECKUE TUIIOTESBI.

8. IloueMy OCHOBHYIO TMITOTE3Y HA3BIBAIOT HYJIEBOM ?

9. UYto Ha3BIBAIOT YPOBHEM 3HAYMMOCTU U OOJACTHIO MPUHSTHUS TH-
ITOTE3bI?

10. [aiite onpeneneHnue CTaTUCTUYECKOTO KpUTEpHs. UTO HAa3bIBAOT
MOIIHOCTBIO KpUTEPHS?

11. Ilepeuncnure sTambl IPOBEPKH THIIOTESBI.

12. YTo oTHOCAT K OmMOKaM MEPBOro U BTOPOrO Pojia M KaKOBA Be-
POSITHOCTh KX COBEPILIUTH?

13. 3apaua, pemracMmas mpy NPOBEPKE THUIIOTE3bI O 3aKOHE paclpesie-
JICHUSL.

14. Ponb xputepus [InpcoHa npu mpoBEpKe TUNOTE3BI O 3aKOHE pac-
MIPEIEITICHUS.

15. Kakue craructuyeckue KpUTEPUM NPUMEHSAIOTCS IIPU MPOBEPKE
MMapaMETPUUECKUX TUIIOTES?

16. OcHOBHBIE TUIIOTE3bI O BHIOOPOUHBIX CPEIHUX, MOPAJIOK UX MPO-
BEPKHU.

17. BoisgBiaeHue rpyObIX MOrPEMIHOCTEN C UCIIOIB30BAHUEM TapaAMET-
PHAYECKUX THUIIOTES.

AR
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4. 9JJEMEHTbBI JTUCIHHEPCUOHHOI'O AHAJIU3A
4.1. O01mue cBeaeHus

JIucniepCMOHHBIA aHANU3 SIBJISETCS OJHUM M3 METOJIOB HM3Yy4YECHUS
BJIUSIHUSL OJJHOTO WJIM HECKOJIBKUX (DaKTOPOB Ha Pe3yJbTaT HAOIIOJCHUI
(oTkiuk). Eciim pe3ynbTaThl HAOMIOAEHUS 3aBUCAT OT HEKOTOPBIX HE3aBU-
CUMBIX (PaKTOPOB, TO BO3MOXKHO Pa3ACNIUTh BKJIAJbI 3THX (PAKTOpOB, aHa-
JU3HUPYS. COOTHOLIECHUSI MEXIY UX AUcHepcusiMu. Takum oOpa3om, oOrmias
JUCIIEpCUsl OTKJIMKA PACKJIAJbIBACTCS HA HE3aBUCHUMBbIC CIy4allHbIE clia-
raeMble, 00yCIIOBJIEHHBIE JIECTBUEM HE3aBUCUMBIX (DAKTOPOB, U OCTATOY-
HYIO JUCIEPCHIO, CBA3AHHYIO C OIIMOKaMHU dKCIepuMeHTa. Peenue o cy-
IIECTBEHHOCTHU BJIMSIHUSL HEKOTOPOTO (paKkTopa Ha MCXOJ SKCIIEPUMEHTA 3a-
BHUCHUT OT TOTO, HACKOJBKO 3HAUMMOM SIBJISIETCS COCTABIIAIONIAS JUCTIEPCHH,
0o0ycoBJIE€HHAs! ’TUM (PaKTOPOM, MO CPAaBHEHUIO C JAUCIIEPCHE, 00yCIIOB-
JIEHHOM OIIMOKOM 3KcrnepuMeHTa. B 3aBUCMMOCTH OT KOJUYecTBa (PakTo-
POB BBIIEISAIOT OJHO(PAKTOPHBIN M MHOTO(DAKTOPHBIA JTMCIIEPCHUOHHBIMI
aHaJus3.

Haunbonee mpocTbiM sIBIsIETCA Cily4ai, KOrja MpoBepsieTCs JEeNCTBUE
TOJIBKO OAHOro (hakTopa. s MOATBEpKIACHUS HAIUYUSA CBA3U MEXKIY
MPU3HAKOM, TOJIOKEHHBIM B OCHOBY TPYNIIUPOBKH, W PE3yJbTATUBHBIM
MPU3HAKOM HEOOXOJUMO MPOBEPUTH TUIOTE3Y O CYHIECTBEHHOCTH PaCXo-
AKIEHUS HECKOJIbKUX CPEHUX BEIUYMH.

ITycTh Bce n HaOmOAeHUI pa3oUThI Ha k Tpyt. Bapuaiuio, o0ycioB-
JIEHHYIO BIIMSIHUEM (DaKTOpa, MOJIOKEHHOTO B OCHOBY T'PYNIIMPOBKH, Xa-
paKTepHU3yeT MEKIpynmnoBas aucnepeusi 5°. OHa ABIAETCS MEPOM Ba-
pralKy YaCTHBIX CPEJHMX IO IPYIIaM X ; BOKPYT OOLIEro CPEeHEro X,,.

O1ieHKa MEKTPYIIIIOBOM TUCIIEPCUH OIpeaesieTcs mo Gopmyiie
k(. _
, j;(% _xo)lfj
S5 = F—1 ) (4 1)

rae f ; — YMCIIO €IMHHII B j-H IPYIIIE; X, — YACTHOE CPEIHEe IO j-i IpyI-

1e; X, — oOlee cpesHee M0 COBOKYITHOCTH €/JUHHII

Bapuanuto, o0OyClIOBI€HHYIO BIMSHHUEM MPOYMX (PAKTOPOB, XapaKTe-
pHU3YET B KaXI0M IpyIie BHYTPUTPYNIIOBAS JUCIIEPCUAA O ]2 , €€ OLICHKa
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OueHka cpefHedl M3 BHYTPHUIPYIIIOBBIX JUCIEPCHH G2 — CpEIHEE
CKO.

(4.2)

(4.3)

Mexny oOieil nucnepcuei 03 , CPEAHEN U3 BHYTPUIPYIIIIOBBIX JAUC-

IEPCHI G > M MEXIPYIIIOBOM JUCIEPCHER §2 CyIECTBYET COOTHOLIEHUE
2_=2_52
Oy=0,;+0". (4.4)

Ecnu daktop, 1Mojg0KeHHbIII B OCHOBY TPYNIIUPOBKH, HE OKa3bhIBAET
BJIMSTHUSL HA BapHUALUIO0 M3Yy4aeMOro IMPU3HAKA, TO AUCIEPCUS TPYIIOBBIX
cpeaHux OyJeT OoTpakaTh BIWAHHE MPOYUX (haKTOPOB, KOTOPHIE OMpEje-
JISIFOT BapUAIMIO BHYTPU TPYIII, a MO3TOMY OTHOIIIEHUE AUCIIepCcUil OyaeT
OJIN3KO K €AVHUIIC WM OTJIMYAThCA OT HEE B CUJIy IMPUCYTCTBUS Clydaii-
HBIX KOJIEOaHUH.

JIUCrIepCMOHHOE OTHOLLIEHUE UMEET BUJL

52
nimn
S2
F zg—i. (4.6)

Ecnu BepHa HyneBas rumote3a (paBEHCTBO CPEIHHUX B JBYX BBIOOp-
Kax), TO MOXKHO OXKHMJaTh CPAaBHUTEIBLHO HEOOJIBIIOE pa3IM4YUe BHIOOPOU-
HBIX CPEIHUX M3-3a YUCTO CIy4alHON M3MeHYnMBOCTH. [loaTOMY npu Hyne-
BOM THUIIOTE3€ BHYTPUIPYNIOBAsl IUCIEpCUs OyJIeT MPaKTUYECKH COBIMa-
JaTh ¢ OOIIel AUCIIepCUen, MOJCYMTAHHOW 0e3 ydeTa rpyninoBOr NpuHa/I-
JICKHOCTH.

JIist TpoBEpKU 3HAYMMOCTH pe3yJibTaTta (T.€. CIy4allHOCTH WJIU He-
CIIy4allHOCTH OTKJIOHEHHSI JBYX JMCIEPCHUI) YUUTBHIBAETCS YUCIIO CTElle-
Hel cBoOonbl. JlJig pacyera MEXTpyNIoBOW NUCIEPCUU YUCIO CTEIEHEU
CBOOOABI paBHO d.f, =k—1, a 1a pacyera BHYTPUIPYIIIOBON JUCIIEPCUU

d.f,=n—k. IlpenenpHplii pasMep OTKIOHEHHMH BHYTPHUIPYIIIIOBOW JIMC-

MEepCUU OT OOIlIEN YCTaHABIMBAIOT MO Tabnuuam F-pactipenenenus Ourie-
pa (mpuit. 5). Uucna B Tabnuiie @umiepa 0osbiie 1, mo3ToMy KpuTHYECKas
00J1acTh BCEr/1a MPABOCTOPOHHSIS, U TIPU BBIYUCICHUH DKCIIEPUMEHTAIEHO-
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ro 3HaueHus F OOJNBIIYIO TUCIEPCUIO JEISAT Ha MEHBIIYIO, YTOOBI MOJIY-
YUTh 3HaUCHUE Ooublie 1.
Ecim F > F., TO ¢ 3aJaHHON BEPOATHOCTHIO MOYKHO YTBEPK/aTh, YTO

MeX1y (PaKTOPHBIM M PE3YyJIbTATUBHBIM MPHU3HAKOM CYILECTBYET B3aUMO-
CBSI3b.

4.2. [Ipumep npuMeHeHUs1 OAHOPAKTOPHOI0 JUCIICPCUOHHOI0 AHAJIN3A

N3BecTHBI pe3yapTaThl BHIOOPOYHOTO OOCIeAOBaHUs IpoOera aBTo-
MOOWJIBHBIX IIWH HOBOTO THUIA B PAa3IMYHBIX YCJIOBUSIX SKCILTyaTalllH
(Tadma. 4.1). YcraHOBUTH, CYHIECTBYET JIM 3aBUCUMOCTb MEXK]1y YCIOBHUSIMU
AKCILTyaTalliyd U BEJIMUYMHON TpoOera MuH, TapaHTUpys pe3yibTaT ¢ Bepo-
ATHOCTRIO 0,95.

Tabmuma 4.1
IIpoGer miuH B pa3auyHbIX YCJIOBHSX IKCILTyaTAUMU
Ycnosus
[IpoGer muH, THIC. KM / j
IKCIUTyaTalluu
I'oponckue 70,5; 71,8; 69,8; 58,9; 68,7; 72,1; 70,3; 69,1; 72,0; | 11
58,7; 66,2
CMemaHHbBIe 58.9; 59,1; 60,1; 62,2; 60,5; 58,4; 59,0; 61,8 8
3aropoaHblie 54,2; 58.8; 56,6; 55,0; 56,4 5

@aKTOPHBIN NMPU3HAK — YCIOBUSA IKCILTyaTALUU.
Pe3ynbTaTuBHBIN NpU3HAK — BEIMYMHA TpoOera IIHH.
JI71s1 Kak10M TPYMIIBI ONpEIeIIieM CPEAHUM MPOOET IINH:

11
B Zixil
TOPOACKHUE YCIOBHUS X, = "11 = 68,0 ThIC. KM;
8
3 Zixiz
CMEIIAHHBIE YCIIOBUS X, =& g = 60,0 TBIC. KM;
5
XX
3arOpPOJIHBIE YCIOBUS X, =121 = 56,2 ThIC. KM.
24
_ 2%
OoOmzee cpeaHee X = ’=214 =62,9 TBHIC. KM.

[TonyyeHHbIE cpelHUE BETUYMHBI ITpoOera MIHUH ISl Pa3HbIX YCIOBUU
AKCIUTyaTalliyd OTJIMYAIOTCS ApYr OT Apyra. J[jist Toro 4ro0bl YCTaHOBUTS,
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SBJIICTCS JIU 3TO PA3JIMYKE CYIECTBEHHBIM U BBI3BAHO PA3IMYHBIMH yCIIO-
BUSIMU SKCILTyaTalllK, ONpeAesieTcsl AUCIEPCUOHHOE OTHOLIeHuE (4.6).

2 2 2
52 - (68,0-62,9)* -11+(60,0 ; f%9) -8+(56,2-62,9) -5 _ 28892 ThIC KM:
_ ll(xil_)_Cl)2+§(xi2_)_62)2+§(xi3_f3)2 5
2 _i=l =1 =1 _ .
S = A3 =12,5 TBIC KM
28892
F = s = 23.11.

ITpu BepostHocTM 0,95 M uwmcie cremeHe cBodoabl d.f,=2;
d.f, =21 nmo tabmuue F-pacnpeaenenus (npun. 5) Fp=3,467. F>F,,

CJIEIOBATEIIBHO, YCIOBUS DKCIUIYyaTallMM OKa3bIBAOT CYLECTBEHHOE BIIHSI-
HU€ Ha BEJIMYMHY NpoOera MInH.

Bomnpocsl a5t caMONIOAr0TOBKHA

1. 3agauu, penraemple B IUCIIEPCUOHHOM aHAJIU3E.

2. JlanuTe XapakTepUCTHUKY MEXIPYIIIIOBOW W BHYTPUIPYIIIOBON
IVCTIEPCUH.

3. Uewm oOycioBiieHa BapHalys TPYIIOBBIX CPETHUX BOKPYT OOIIETO
CpenHero?

4. Kakas napaMeTpryeckas TMrnore3a NPUHUMAETCSl B KAYECTBE HY-
JIEBOW MPH TUCTIEPCUOHHOM aHamn3e? [1opsAI0K MPOBEPKU ITOM TUIIOTESBI.

5. UYro Ha3BIBAIOT IUCTIEPCUOHHBIM OTHOLIECHUEM?

6. Kakoe BEpOATHOCTHOE pacnpenesIeHUE MTPUMEHSIOT JJIsl TPOBEPKH
TUIIOTE3bl B JUCHEPCUOHHOM aHanu3e? Ilepedncinre €ro 4uciaoBBIE Xa-
PAKTEPUCTHUKHU.

57



5. KOPPEJIALIUOHHBIA U PETPECCUOHHBIN AHAJIN3
5.1. [lonsATHE O CTATUCTUYECKOH U KOPPEJISIIUOHHON CBA3M

BaxxHyro 4acTh METONOJIOTMM HAYYHOI'O0 MCCIEAOBAHUS COCTABISIOT
METO/Ibl BBIABJICHHUS M MU3MEPEHUS CBSI3ed MEXIy (PU3MUYECKUMU BEIUYU-
Hamu. PaznuyaroT ABa Tmna cBa3el: QyHKIIMOHAIBHYIO U CTATUCTHYECKYIO.

Ecnu ¢ nu3meHeHnem 3HayeHUs OJHOW M3 MEPEMEHHBIX BTOPAS M3MeE-
HAETCSI CTPOr0 ONPEACIICHHBIM 00pa3oM, T.€. 3HAYEHUIO OJIHOW MEepeMEH-
HON 00s13aTE€bHO COOTBETCTBYET OJHO WJIM HECKOJIBKO TOYHO 3aJIaHHBIX
3HAYEHUN APYroM MEPEMEHHOW, CBSI3b MEXK]Y HUMHU SIBISIETCA (yHKIUO-
HAJIbHOM.

Ecnu ¢ u3amMeHeHnem 3Ha4YeHHUsT ONHOW W3 NMEPEMEHHBIX BTOPAs MOXKET
B OMNpPEJICICHHBIX Mpeesiax MPUHUMATh JIOO0bIE 3HAYEHUS! C HEKOTOPBIMU
BEPOSTHOCTSMU, HO €€ CpPeIHEE 3HAUYCHUE WM MHbIE CTATUCTUYECKUE Xa-
PAKTEPUCTUKU U3MEHSAIOTCS [0 ONPEACICHHOMY 3aKOHY, CBA3b SIBIIICTCS
CTATHCTUYECKOM.

KoppeasinnoHHo# CBA3bI0 HA3BIBAIOT YACTHBIMA CIIy4ald CTaTHCTHUYE-
CKOM CBfI3U, COCTOSILIIMKA B TOM, YTO Pa3HbIM 3HAYEHUSM OJHOU NEPEMEH-
HOM COOTBETCTBYIOT Pa3JIMYHbIE CPEIHHE 3HAUYCHUS Apyrou. C n3MeHEeHU-
€M 3HAUYEeHHUS MPU3HAKA X 3aKOHOMEPHBIM OOpa3oM H3MEHSETCS CpellHEee
3HaYCHUE NPU3HAKaA y; B TO BPEMs KaK B KaXJIOM OTAECIBHOM CIIy4yae 3Ha-

YeHUE MpHU3HaKa ) (C pa3IMuYHBIMU BEPOATHOCTSIMU) MOXKET NMPUHUMATh
MHOECTBO 3HAUCHUM.

X 6)

Puc. 5.1. KoppendimonHbie 3aBUCUMOCTH

v

v

Koppensauronnas cBsi3b MEXIY NPU3HAKAMH MOKET BOZHMKATh U3-34:

— NPUYUHHOW 3aBUCHUMOCTH PE3YJbTATUBHOTO NpH3HaKa (OTKIIMKA)
WJIM €r0 Bapualliy OT Bapualuu (PaKTOPHOTO MPU3HAKA;

— CBJA3H MCXKAY ABYMA CICACTBUAMU 06]].[6171 ITPUYNHEI;
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— B3aMMOCBSI3M IIPU3HAKOB, KAXKJbIM U3 KOTOPBIX U IPUYHMHA U CIEN-
CTBUE.

[To xapakTepy KOppEsSLUOHHBIE CBA3U MOTYT OBITh IMPSMOJIMHEIHBI-
MU U KPUBOJIMHEWHBIMU. [IpsAMOIMHENHON HA3BIBA€TCA TaKask KOPPEIIALH-
OHHAas CBA3b, KOIJa PaBHBIM U3MEHEHUAM OJHOW MEPEMEHHOU COOTBETCT-
BYIOT paBHbIC U3MEHEHUs JPYyrou nepeMenHou (puc. 5.1, a, 6). B cinydae
KPUBOJIMHENHOW KOPPEJSALMU PAaBHBIM HM3MEHEHUSAM OJHOW NEPEMEHHOU
MOTYT COOTBETCTBOBAaTh JIIOOBIE W3MEHEHHUs JApPYroM MEepeMEHHOM
(puc. 5.1, 8). Ha puc. 5.1, 2 npeacTaBiieH ciydail, KOrja MEexay epeMeH-
HBIMU OTCYTCTBYET CBSI3b (HET KOPPEJISLINH).

5.2. YciaoBus npuMeHeHHs U 32124941 KOPPeIsiIMOHHO-PErpecCuOHHOI0
aHaJImM3a

[TockonbKy KOppesiuMOHHAsl CBSI3b SIBJISETCA CTATHCTHYECKOM, Mep-
BBIM YCIIOBUEM BO3MOKHOCTHU €€ M3YyUEHHUS SIBIsIeTCs o0llee yclIoBUE BCs-
KOrO CTaTUCTUYECKOI'0 MCCIICIOBAHUS: HAJIMYKME JAHHBIX MO JOCTATOYHO
0OJIBIIION COBOKYIHOCTH SIBJICHUMH. UHCIIO HAOIIOICHUM, 10CTaTOYHOE IS
aHaJau3a KOPPEJSIMOHHOW CBS3M, 3aBUCHUT OT LEJIM aHajau3a, TpeOyeMoun
TOYHOCTU U HAJACKHOCTU MAPaMETPOB CBSI3H, OT yucia (PaKTOpoB, Koppe-
JSALUS ¢ KOTOPhIMU M3ydaeTcsi. OOBIYHO CUMTAIOT, YTO YUCIIO HAOIOICHUIN
JIOJDKHO OBITh HE MEHEe ueM B 5 — 6, a jyudiie He MeHee 4eM B 10 pas
OoJpLIE YKciIa (PaKTOPOB.

BTopeiM yciioBUEM 3aKOHOMEPHOI'O MPOSIBICHHS KOPPEISLIMOHHON
CBSI3U CIIYXKHUT YCJIOBHE, 00ECIIEUNBAIOIIECE HA/IEKHOE BBIPAKEHHUE 3aKOHO-
MEpPHOCTH B cpeAHeil BeaumunHe. Kpome OonbIIoro uucia €IuHULl COBO-
KYITHOCTU JUIsl 3TOr0 HEOOXOJMMa JOCTaTOYHO KayeCTBEHHAs OJIHOPOI-
HOCTh COBOKYIHOCTH. MHOrga Kak ycjaoBUE KOPPEJALMOHHOIO aHalu3a
BBIJIBUTAIOT HEOOXOJMMOCTh MOAYMHEHUS! Paclpe/iesieHHs] COBOKYITHOCTU
10 pe3yJIbTaTUBHOMY U (DAKTOPHBIM MNpPHU3HAKAM HOPMAJIbHOMY 3aKOHY
pacrpeesnieHs] BEpOATHOCTEN. DTO yCIOBHUE CBSI3aHO C IPUMEHEHUEM Me-
TOJa HAUMEHBIIMX KBAAPATOB IPU pacyeTe NapaMeTpOB KOPPEISALIHHU:
TOJIBKO MPU HOPMAJIbHOM PACHPEICIICHUN METOJ] HaMMEHBIINX KBaJIpaTOB
JAeT OLEHKY I[apaMeTpPOB, OTBEYAIONIYIO MPUHIIMIIAM MaKCHMaJIbHOTO
MPaBI0NOI00USI.

KoppensairoHHo-perpecCuOHHbIA aHAJIN3 YYUTHIBAET MEK(PaKTOpHbIE
CBSI3U, CJIEIOBATEIbHO, AAeT 0o0Jiee MOJHOE HM3MEPEHUE POIM KaXKIOoro
(akTopa: mpsAMoe, HEMOCPEJACTBEHHOE €ro BIMSHHE HA PE3YyJIbTaTUBHBIN
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MIPU3HAK; KOCBEHHOE BIMSHUE (PaKkTOpa uepe3 ero BIUSHUE HA JIPYyrue
(akTOopbI; BAUSHUE BCeX (DAKTOPOB HA PE3YJIbTATUBHBIN IPU3HAK.

B cooTBeTCTBUHM C CYIIHOCTBIO KOPPEISALMOHHOW CBSI3H €€ M3y4YCHUE
VMMEET JBE LEIIN:

— ONpEJETICHUE TECHOTHI CBSI3U JIBYX (MM OOJBILIEro 4Kcia) Npu3Ha-
KOB MEX]Ty COOOM;

— ONPENETIEHNE NapaMETPOB YPABHEHHS, BBIPAKAIOIIETO CBSA3b CPEll-
HHUX 3HAYEHUW 3aBUCUMOM MEPEMEHHOM CO 3HAYECHUSIMHU HE3aBUCHMOM Ie-
PEMEHHOM (3aBUCUMOCTD CPEHUX BEJIMYMH PE3YJbTATUBHOIO MTPU3HAKA OT
3HAQUYEHHUI OJTHOTO MJIM HECKOIBKHUX (DAKTOPHBIX MPU3HAKOB).

OCHOBHBIM METOJIOM HaXOXJEHUS MMApaMETPOB YPaBHEHUS CBSI3H SIB-
asiercss meToa HauMeHbux kBaapaTroB (MHK), pa3zpabortanusbiii I'ayc-
coM. OH COCTOUT B MUHUMH3ALIMA CYMMbI KBaJpPaTOB OTKJIOHEHUHN (PaKTH-
YECKU U3MEPEHHBIX 3HAYECHHUM 3aBUCUMOM IEPEMEHHOM V OT €€ 3HAYCHUH,
BBIYHMCJICHHBIX IO YPaBHEHUIO CBA3U C (PaKTOPHBIM MPU3HAKOM (MHOTUMU
MIPU3HAKAMH) X.

KoppenaumoHHO-pErpeCCHOHHBIA  aHAIU3  ITO3BOJISIET  PA3ACIUTh
BIUSHUE KOMIUIEKCA (DAKTOPHBIX MPU3HAKOB, aHAIU3UPOBATH Pa3IUYHBIC
CTOPOHBI B3aUMOCBSI3EN.

5.3. [lapHas JiMHeliHAs KOPPpeJasauus

IIpocrenmieir CUCTEMON KOPPEISALMOHHON CBSI3U SIBJISIETCS JIMHEWHAS
CBSI3b MEXKIY ABYMs NPHU3HAKAMU — MapHas JUHEWHas koppessius. [Ipak-
TAYECKOE €€ 3HAYEHUE COCTOUT B TOM, YTO CYIIECTBYIOT CHCTEMBI, B KOTO-
pBIX cpean BceX (aKTOpPOB, BIMSIOIIMX HA PE3YIbTATUBHBINA MPU3HAK, BbI-
JENSIeTCS OJUH BaKHEUIIM (hakTop, KOTOPBIA B OCHOBHOM OIPEACIISAET
BAPUALIMIO PE3YJBTATUBHOIO MpHU3HAaKa. M3MepeHne nmapHbIX KOppEIsauni
COCTaBJISIET HEOOXOJIUMBIN 3Tall B U3YYEHUHU CIIOKHBIX MHOTO()aKTOPHBIX
cBs3ei. PaccMoTpeHne TMHENHBIX CBSI3ed OOBSICHSETCS OrpaHUYEHHOM Ba-
puanyend NepeMEeHHbIX U TeM, YTO B OOJBUIMHCTBE CIYy4YaeB HEJIUHEHHBIE
(opMBbI CBsI3€l ISl BBINOJHEHUSI PAacUyeTOB MPEOOpPa3yIOTCsS B JUHEHHYIO
bopmy.

[lIo obmiemy HanpaBJIEHUIO CBSI3U MOTYT OBITh MPSIMbIE U OOpaTHBIE.
[Ipy mpsAMBIX CBA3SX C YBEIWYECHHEM NPU3HAKA X YBEIMYMBACTCS WU IIPU-
3HaK y, MpyU OOpPaTHBIX C YBEJIMUECHUEM MPU3HAKa X NMPU3HAK ) YMEHbIIAET-
csa. 3ydenne mapHOM KOPPEISALHUHA OCYLIECTBISIETCSA MIPA COBMECTHOM W3-
MEpPEHUHU JBYX (PU3NUECKUX BEJIHYHH.
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YpaBHEHrE TIApHOW JIMHEMHOW KOPPEISLHUOHHOW CBSI3M HA3bIBACTCS
YpPaBHEHUEM IIAPHON PErpecCuu U UMEET BU

y=a+bx, (5.1)

r7ie Y — cpelHee 3HaueHUe Pe3yJbTaTUBHOIO MPU3HAKA y TIPU ONpeiesicH-

HOM 3Ha4€HUU (PAKTOPHOTO MPHU3HAKA X; @ — CBOOOIHBIN YJI€H YpaBHEHUS;
b — ko3 (p(puIHEHT perpeccun, UIMEPSIONIUNA CPeTHEE OTHOIIEHUE OTKJIIO-
HEHUS PE3YJIbTATUBHOI'O IPU3HAKA OT €r0 CPEIHEN BEJIMYUHBI K OTKIIOHE-
HUIO (PaKTOPHOTO MPHU3HAKA OT €r0 CPpeIHEN BEIIMYMHBI HA OJHY €ANHUILY
€ro u3MepeHus (Bapuauus y, IpuXos1ascs Ha eIMHULLY BapUaALIUH X).
IToka3zaresnieM TECHOTHI IMAPHOM JIMHEWHOU KOPPEISALIMOHHOU CBA3U
ABJIAETCS KOI(PPUIMEHT KOPPEISAUMH 7, . ITOT IIOKA3aTENb IPEICTABIIA-

€T co0oil CTaHAAPTU30BAaHHBIN KOI(DPUIMEHT perpeccud, T.e. Kodhduim-
€HT, BBIPAKEHHBIA HE B a0COJIIOTHBIX €IWHHUIIAX U3MEPEHHS MPU3HAKOB, A
B noisix CKO pe3ynbTatMBHOrO pHU3HAKa:
o
Vo =b—%. (5.2)
o
y
HNutepnperanus kKod(huimeHTa KOppensiuiuyd TakoBa: OTKIOHEHUE
npu3HaKa-(pakTopa oT ero cpeAaHero 3HayeHus Ha BenuunHy CKO B cpen-
HEM [0 COBOKYIMHOCTH MPHUBOJMUT K OTKJIOHEHHIO PE3YJIbTaTUBHOIO IPU-

3HaKa OT CBOETO CPEeIHEro sHayeHus Ha r,, ero CKO. B oriamyme oT Ko-

adpunmenTa perpeccurt b KoOAOPUIUEHT KOPPEIAIMU HE 3aBUCUT OT TIPH-
HATBIX €IWHHI] I3MEPEHUS MPU3HAKOB U CPABHUM JIJIS JTFOOBIX MMPU3HAKOB.

5.4. CraTucruvyeckoe usydyeHue KOppeJsiiMOHHON CBSA3HU

[lenpt0 CTaTUCTUYECKOTO MCCIICOBAHUS SBISIETCS TOTyUYeHUE MOJIEIN
3aBUCHMOCTH Pe3yJbTaTHBHOTO MpH3HAKa OT Mpu3Haka-pakTtopa s ee
MPAKTUYECKOTO HCMOJIb30BaHuA. PelieHue 3ToM 3aauMl OCYIIECTBIISAETCA
CIHEAYIOIUM 00pa3oM.

5.4.1. Coop nepeuunoti ungopmayuu, nposepra ee Ha 0OHOPOOHOCHIb
U HOPMAILHOCMb pacnpeoeieHus

Y CTaHaBIMBAKOTCS PE3YJIbTATUBHBIM MOKA3aTENb ) U BIMAIOIIMKA HA
ero u3MeHeHue GpakTop x.
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s oyenxku oOHopooOHoCcmu cO80KYNHOCMU UCTIONB3YeTC KO3 huim-

€HT Bapualuu 1o (akTOpHOMY NPU3HAKY

S

= 22-100%, (5.3)

rae x, S, —BbiOopouHoe cpenHee u oneHka CKO ¢akTopHOro npusHaka
COOTBETCTBEHHO, ormpeaensembie 1o ¢opmyinam (3.15), (3.21), (3.24),
(3.25) B 3aBUCUMOCTH OT 00OBEMa BEIOOPKH.

COBOKYITHOCTh CUMTAETCSl OJHOPOJHOM, €ciau KO3(P(PUIHUEHT Bapua-
unu V He npespimaet 33%.

IIposepka nopmanvHocmu pacnpeodeneHus UCCAENyEeMbIX (DAKTOPHBIX
MIPU3HAKOB ITPOBOAUTCA IO METOAMKE, U3JIOKEHHOU B paszzaene 3.4.1. lns
YIPOIICHHS MPOIEAYPhl IPOBEPKHU MOXKHO BOCIIOIB30BaThCs Ta0I. 5.1,

Tabnuna 5.1
IIpoBepka npusHaka-paKkTopa Ha HOPMAJIBHOCTH

V nenbHBIN Bec
CJIMHUII, BXOASIIHNX
B MHTEPBAJI, PU
HOPMaJIbHOM pac-
npeneaeHuu, %

V nenbHBIN Bec
SJIMHUII, BXOISIINX
B MHTEpBaI, %

Yucno eauHuIl,
BXOJSIIIIUX B UH-
TepBai

WNurepsaisl 3Haye-
HUM (akTopa

1 2 3 4

(x-5)-(F+S,)

68,3

(x-25,)-(x+28,)

95.4

(x-3S,)-(x+35,)

99,7

ComnocraBnenue JaHHbIX rpad 3 U 4 MO3BOJISET CYIUTh O HAJIUYUHU
WM OTCYTCTBUM HOPMAJIBHOCTH pachpejaesieHus. Ha mpakTtuke yacto
BCTPEYAIOTCA CIydyad OTKJIOHEHUsS 3aKOHa pacrpeneieHus (GakTopoB OT
HOPMAaJIbHOTO, OJTHAKO 3TO HE 03HAYaeT, 4TO CIEAYeT OTKa3aTbCA OT IMpH-
MEHEHHS KOPPEISLIMOHHOTO aHAJIN3a.

5.4.2. Hcknrouenue uz maccuea nepsudHol uHpopmayuy npomaxos

OnpenensroTcs U UCKIIOYAIOTCS MIPOMaxu B COOTBETCTBUHU C METOU-
KOM, W3JI0KEHHOU B pazjene 3.4.3. [l ynpolneHus aHam3a TPUMEHSETCS
KPUTEPUIN «TPEX CUTM»: OMPEACIISIOTCS 3HaueHUsl (pakTopa X, HE MOIMaB-
IIME B MOCIETHIOK CTPOKY Ta0. 5.1, OHU SABIIAIOTCS MPOMaxaMu U UCKIIIO-
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yaroTcs U3 BBIOOpKU. s mocnenyromiero aHanu3a GOpMHPYETCsS HOBBIM
MacCHB.

5.4.3. Yemanoenenue pakma nanuuus u Hanpagnenusi KOpperayuoHHouU
3A8UCUMOCTIU MEHCOY Pe3VTbIMAMUSHBIM U (DAKMOPHLIM NPUSHAKAMU

JIns yCTaHOBIIEHUSI HANMYUS KOPPEISUUOHHON CBSI3M HCHOJIb3YKOTCS
METO/Ibl: APAJUIEIBLHOTO COIMOCTABIICHUS PSIOB PE3YJIbTATUBHOTO U (haK-
TOPHOTO MpPH3HAKA, rpadUUecKoro M300paKeHUs: (PaKTUYECKUX JaHHBIX C
MTOMOIIIBIO TTOJISI KOPPESALUUU, TOCTPOECHUS KOPPETIIUOHHON TaOIUIIBIL.

OCHOBHBIM METOJOM BBIABICHUS HAJIUYMUS KOPPEISILIMOHHOM CBS3H
ABJISICTCS. METOJ AaHAIUTHYECKON TPYNIIUPOBKYU U ONPEAEIICHUS TPYIIIOBBIX
cpeannx. OH 3aKJII0YAEeTCsl B TOM, YTO BCE €IMHUIIBI COBOKYITHOCTH pa3ou-
BAIOTCSl HA TPYMIBI 110 BETMYMHE NpU3HAKa-PaKkTopa U IS KaXJI0i rpyIi-
Il ONIPEAEISETCA CPEIHsS BEIIMYMHA PE3yJIbTaTUBHOrO Ipu3Haka. Ha oc-
HOBE JJAHHBIX aHAJTMTUYECKOW TPYNIIMPOBKHU CTPOUTCS TpaduK dMIIUpUIE-
CKOW JIMHUHU CBSI3U (JIMHUS PErPECCHU), BUJ KOTOPOH HE TOJIBKO MO3BOJISIET
CYyIUTh O BO3MOKHOM HAaJIW4MH CBSI3H, HO U JAE€T HEKOTOPOE IMPECTaBIIE-
HUE 0 (hopMe KOPpPEISITMOHHON CBs3u. Ecnu smnupuueckas JIUHUS CBS3U
10 CBOEMY BHUJY IPHUOJIMKAETCS K NPSIMOM JIMHUHU, TO MOYKHO IMPEIIOJIO-
KUATh HAIAYME MPSIMOJIMHENHON KOPPEISILIMOHHON CBS3H; €CIU SMIUpPUYE-
CKasi IMHUS MPUOIKAETCS K KaKOM-IM0O KPUBOM, TO 3TO CBSI3aHO C HAJIU-
YUEeM KPUBOJIMHENHON CBSA3U.

5.4.4. H3mepenue cmenenu mecHomul C643U, OYEHKA ee CYWeCcmeeHHoCmu

{51 onipeniesieHuss CTENEHU TECHOTHI MTAPHOW JIMHEWMHOW 3aBUCUMOCTH
CIIY>KUT JIMHENHBIN K03dPuiineHT koppeasiuuu ». CTeneHb TECHOTHI CBSI3U
npu J1ir000# popme 3aBUCUMOCTH (JIMHEHHOMN, KPUBOJMHEWHOM) OIleHUBA-
IOT C IIOMOIIBIO SMITUPUYECKOT0 KOPPEISIIITUOHHOTO OTHOILLICHUS 1] .

PacueT nuneitHOTO KO3(pduULeHTa KOPPEISIUU 110 HECTPYIITUPOBAH-
HBIM JIAaHHBIM OCYIIECTBIISIETCSA 1O (popMyIie

X
>y =N2Y Zy
r= . (5.4)
2 (Z ) 2 (Z J’)
2XT = XY
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JIuneinHpiil K03QOUIMEHT KOPPETALIUA MOXKET TPUHUMATh 3HAYCHHS B
npenenax ot —1 go +1. Yem Oirke OH 1Mo aOCOJIFOTHOM BEIMYMHE K 1, TeM
TE€CHEE CBsI3b. 3HAK IMpHU KOIPDUIMEHTE YKA3bIBACT HAIIPABIICHUE CBSI3U:
3HaK «1+» COOTBETCTBYET MPSIMOU 3aBUCUMOCTH, 3HaK «—» — oOpaTHoil. Ec-
1 K03 (HULIMEHT KOPPEJSIIUU PABEH HYIIIO, TO CBSA3M MEXIY MPHU3HAKAMU
HET; €CJId OH PaBEH €IMHHUIIE, TO MEXKIYy IMPU3HAKAMHU CYHIECTBYET (DYHK-
LMOHAJIbHAS CBS3b.

OueHka CyHIECTBEHHOCTH JIMHEWHOro KO3((UIIMEHTa KOppensuuu
MIPOBOJIUTCS C UCTOJb30BaHUEM f-KpuTepusi CThroJieHTa 10 (hopMyIIe

t= ﬂ , (5.5)
Si"
rae S, — cpenHss KBaapaTuuyeckas omuoka KodhPuiimeHTa Koppesiuu.
[Ipu 60ab110M 00BEME BBIOOPKH (CBBIIIE S0)
s ==
n—1
[Ipu HegOoCTaTOUHO OOJIBIIOM 00BEME BEIOOPKH
s —Vl=r* (5.7)
n—2
Kputndeckoe 3HaueHHe ¢, ONPENCIACTCA 110 TAOINIE paCIpEACICHUS

(5.6)

Cthro/ieHTa 17151 33/IaHHOTO YPOBHSI 3HAYUMOCTH M YHCJIa CTEeTIeHel CBOOO-
el d.f.=n—1 wmm d.f.=n—2(B 3aBUCUMOCTH OT 00beMa BbIOOpKH). Ec-

JH t >1;, TO CIIEAYET TOBOPHUTH O CYIIECTBEHHOCTH KOd(pGHUIMEHTa KOppe-

JISIOUNA.
KOppeJBII_II/IOHHOG OTHOICHHUC OIIPCACIIACTCA 110 (1)0pMy.He
S2
Sy
n= o2 (5 8)
Sy

rac S2 — MCXK IIoBass OUCIICPCUA PE3YIIBTATHUBHOI'O IIPU3HAKA, BBI-
oy )

3BaHHAs BIMSHUEM Tpu3HaKa-hakTopa; S2 — o0mas AUCIEPCHs Pe3yIIbTa-
y

THUBHOI'O IIPHU3HAKa.

S;yzz(yjz_:;?)lfj; (5.9)

>y -7, F
2 0
Sy == (5.10)
TAe y; — cpeliHee 3HaYCHUE Pe3yIbTaTUBHOIO NPU3HAKA B COOTBETCTBYIO-

KX TPYIIaX, BHICIECHHBIX 10 BEIMYMHE NpU3HaKa-(pakTopa; y, — oomas
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CpCaHsiAd OJIA BCEU COBOKYIIHOCTH;, fj — YHCJIO CAWHHL B COOTBCTCTBYIO-

HIMX TPYIIIAX.
Brluncnenue KOpPENSIIMOHHOTO OTHOHIEHUS TpeOyeT TOCTaTOYHO

0oJibIIoro 0obeMa uHMOpMaIMKU, KOTopas J0JKHA OBITh MPEJICTaBICHA B
(dopme rpynInoBoi TadIUIBI WK B POopMe KOPPETAIUOHHON TaOIUIbI, T.€.
00s13aTENIbHBIM YCJIOBHEM SIBIISIETCSl TPYNIHUPOBKA JTaHHBIX MO MPU3HAKY-

bakTopy.

5.4.5. [locmpoenue mooenu cesazu

Tun mMoaenu BeIOMpaeTCss HA OCHOBE COYETAHUS TEOPETUYECKOTO aHa-
JM3a U UCCJEAOBAHUS SMIMPUUECKUX JAHHBIX MOCPEACTBOM IMOCTPOCHHUS
AMIIMPHUUYECKON JTUHUM perpeccuu. Harie BCero uCnoiib3yrTcs CIEAYyOIne
THUIBI (QYHKIIHI:

JTUHEWHAsI y,=a+bx;
- 1
TUIIepOOIMYECcKast y,=a+b—;
X
~ 2.
napadonyeckas Ve =a+bx+cx;
MoKa3aTeIbHas v, =ab*.

JInsi mpoBEpKH BO3MOYKHOCTH HCHOJIb30BAaHUS JIMHEHHON (DyHKIUU

OnpeenseTcs MOLYIIb Pa3HOCTH ‘172 —r2|; ecim ona menee 0,1, To cumura-

€TCs BO3MOKHBIM IPUMEHEHHE JIMHEWHON (DYHKIIUH.

Cucrema ypaBHEHUI JUIsl ONIPEACIICHHs TAPAMETPOB a@ U b ypaBHEHUS
MPSMOJIMHEMHON KOPPETALMOHHON CBSI3U (11 HECTPYNIIUPOBAHHBIX JaH-
HBIX) UMEET BU/]I

=an+bd x;
2y=an+bx (5.11)
Y yx=aY x+bY x.
[TapameTphl @ ¥ b MOXKHO OIPENEIUTH [0 (OPMYJIAM:
a=y—bx; b="ZWT2X2Y (5.12)

ny x> —(Xx)

B kagecTBe Mepbl JOCTOBEPHOCTH YPABHEHUS KOPPEISALMOHHON 3aBU-
CUMOCTH HCHOJIB3YETCA IPOLUEHTHOE OTHOIIEHUE CPEAHEW KBaJpaTuye-
CKOW OLIMOKHM YpaBHEHHS S, K CPEJHEMY YPOBHIO PE3YJIbTaTUBHOIO IMpPH-
3HAKa y:
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S—f-lOO%;
y

rae y — ¢akTuyecKue 3HA4eHUs pe3yJbTaTUBHOTO MPHU3HAKa; y — 3Hade-

(5.13)

HUS PE3YJIbTATUBHOI'O MPHU3HAKA, PACCUMTAHHBIE MO YPABHEHUIO perpec-
CHHU; g — YUCJIO MAPAMETPOB YPABHEHUS PETPECCUMU.

Ecmu 310 oTtHOMmIEeHNE He nipeBbimaet 10 — 15%, To cienyer cunrars,
YTO YpPaBHEHUE PErPECCUU JOCTATOUYHO XOPOIIO OTOOpaKaeT M3y4aeMylo
B3aHMOCBSI3b.

JI71s1 pe3ybTaTUBHOIO MPH3HAKA OMPECIIAIOTCS TOBEPUTEIIbHBIE Tpa-
HUIIBI, B TIpeJieiaX KOTOPBIX C 3aJIaHHOW JOBEPUTEIHLHOW BEPOSTHOCTHIO
OyJleT HaXOJMUThCS TEOPETUUECKOEe 3HaUeHUE ). JloBepUTEIbHbBIE TPAHUIIBI
pE3yIbTaTUBHOIO NPHU3HAKA Y IPU 3HAYEHUM (DAKTOPHOrO NPU3HAKA X,

OTIPENETISIOTCS CIEAYIONTIM 00pa3oM:

rze t, OmpeieseTcss B COOTBETCTBUU C YPOBHEM 3HaYMMOCTH IO pacrpe-
nenenuto CThIOJIEHTA JUIs YKciia cTereneid ceoooanl d.f.=n—1.

5.4.6. llpumep npumeneHnus KopperiyuoHHO-pecpecCUOHH020 AHAIU3A

B 1abn. 5.2 npuBeieHbl TaHHBIE UCCIEAOBAHNS 3aBUCUMOCTH 00beMa
BBIIIYCKAEMON MNPOAYKLHUU OT YPOBHS aBTOMATHU3aLIMU IOTOYHBIX JIMHUM.
IIpoBecT Ha OCHOBE NPUBEACHHBIX JAHHBIX HCCIIEIOBAHUE B3aUMOCBS3U
0o0beMa BBITYCKAEMOW MPOAYKIIMU OT YPOBHS aBTOMATH3aLMU MOTOYHBIX
TuHUK. Pe3ynbTaTuBHBIN NpU3HAK — 00bEM NPOAYyKUUH Y. DaKTOPHBIN
[IPU3HAK — YPOBEHb aBTOMATU3ALUU IOTOYHOU JIMHUH X.

[lepBuuHas nHpoOpMaLKs NPOBEPAETCS HA OJHOPOAHOCTH IO MPU3HA-
Ky-(haKkTopy ¢ HOMOIbIO KO3 pUIleHTa Bapuauu.

-100=5,4 %.

=\2
f=ZXo735 0 S, =2 Y g1 po 4l
n n 73,5

V' <33%, cienoBarenbHO, COBOKYITHOCTh MOYKHO CYUTATh OJHOPO-
HOWU.

[IpoBepka nepBu4HONW MHGOPMAIMU HA HOPMAJIBHOCThH pacIpeselie-
HUS IPOBOJIUTCA C MOMOIIBIO NpaBuja «Tpex curm» (tadin. 5.3). MoxHo
CUUTaTh, YTO 3HAYEHUS (haKTOpa MOJUMHSIOTCS 3aKOHY HOPMAaJIbHOTO pac-
MpEACIICHHUSL.
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Tabnuia 5.2
JanHble NI aHAIM3a

YpoBeHsb aB- O6bem npo- YpoBeHsb aB- O6bem mpo-
Homep Howmep
TOMAaTH3aI1H, TYKITHH, TOMAaTH3aI1H, TYKITHH,
JTUHUU o \ITH PY6 JTUHUT o \ITH PY6
. y0.
1 77,8 18,5 11 69,6 17,5
2 69,0 18,2 12 79,2 21,8
3 76,5 20,4 13 70,8 16,5
4 80,7 21,8 14 72,3 16,8
5 72,0 16,8 15 79,2 21,0
6 77,1 20,8 16 73,5 16,8
7 64,0 14,2 17 71,1 16,5
8 72,0 17,0 18 69,9 17,0
9 75,9 18,4 19 70,5 17,5
10 73,2 19,5 20 75,0 20,9
Tabnuma 5.3

IIpoBepka npusHaka-paKkTopa Ha HOPMAJIBHOCTH

WNurepsaisl 3Haye-
HuM (akTopa

Yucno eauHuIl,
BXOJSIIIIUX B UH-

V nenbHBIN Bec
SJIMHUII, BXOISIIHNX
B MHTEpBaJ, B 00-

V nenbHBIN Bec
SJIMHUII, BXOISIINX
B MHTEPBAJI, IPH

TepBaj 1em x wmce, % HOPMaJIbHOM p(E)lC—
npeaeneHun, %o

69,4 — 77,6 14 70,0 68,3

65,3 — 81,7 19 95,0 95,4

61,2 — 85,8 20 100 99,7

Bce 3HaueHus (pakTOpHOro mpu3HAKA IOMNANAI0T B MHTEPBAN «TPHU
curMa» 61,2<x, <858, ciemnoBaTeibHO, IPyOBIX OIIMOOK (IIPOMAaxoB) B

MEepBUYHON MH(OpMAIUU HET.
JIst yCTaHOBJIEHUS HAJIWYHs CBSA3U )(X) MPOM3BOAUTCS aHAIUTHYC-

CKasi TpyNIUpOBKa 110 (PaKTOPHOMY MpU3HAKY. [ pynnmupoBKa BBITOIHSAETCA
[P PABHBIX MHTEPBAJIAX U YUCIIE TPYNN m=S. BenuunHa uHTepBaia

X -X .
j = —max min

_ 80,7640

m

5

=34 %.

PacueTsl mpuBeaeHsl B Ta0d. 5.4, 5.5. Kak BUJHO U3 TaHHBIX TPYIIIO-

BOM TaOJIMIIBI, C YBEJIMUEHUEM YPOBHS aBTOMATH3aLMHU MOTOYHBIX JIMHUMA
00beM BBIITYCKaeMOI Ha HUX Ipoaykimu pacrer. Ha puc. 5.2 npencrasiien
rpaguk CBsI3U. OMIHUPUYECKAs JIMHUS CBSI3U MPUOIKAETCS K NPSIMOU JTU-
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Hu. Clie10oBaTeIbHO, MOXHO TMPEIIOIararb HaJu4yue MPSIMOIUHEHHON

KOPPEJISIINH.
TabOmuma 5.4
BcenomorarenbHas Ta0auua AJ15 3aM0JHEHUS TPYNIIOBOI TA0UIbI
x, % 64,0-674 |674-70,8 |70,8—-74,2 |74,2-77,6 |77,6—-81,0
Howmep nmunun 7 1’9 » 13; 14;16; |3;6;9;20 1;4;12; 15
17
. .| 16,8;17,0;
MULH DVG 14.2 ig’(z)f i;’g’ 19,5; 16,5; |20,4;20,8; |18,5;21,8;
J» MAH PY : 0 16.8,16,8; | 18,4;20,9 | 21,8; 21,0
16,5
Tabnuma 5.5
I'pynnoBas Tadimua
x, % x', % fi Zyl;,- ¥;» MJIH py0.
64,0 - 674 65,7 1 14,2 14,2
67,4 —-170,8 69,1 4 70,2 17,6
70,8 — 74,2 72,5 7 119,9 17,1
74,2 - 77,6 75,9 4 80,5 20,1
77,6 — 81,0 79,3 4 83,1 20,8
25
b2
MIH py6
” e
* /
/ .
15 '/
X3
10

65,7

69,1

72,5 75,9

79,3

, %

Puc. 5.2. 3aBucumocTts 00beMa BbITYyCKaeMON MPOTYKIIUU
OT YPOBHSI aBTOMATU3ALIMH MOTOYHBIX JIMHUHA
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JInst u3MepeHust CTENIEHH TECHOTHI CBSI3M BBIYMCIISIEM JIMHCHHBIA KO-
adpunmeHT koppensaiuu (5.4).
Jliig pacdera r ucoyib30BaHa BCrioMorareibHas Tadi. 5.6
1469,3-367,9
- 27173,1—- 20 1453

B 2 2\ 1682
\/[108274,1—1469’3 ]-[6852,8—367’9 ]

0,86.

20 20

3HavyeHUe JIMHEUHOTO KO3 (DUIIMEHTa KOPPETSLNUN CBUAETEIbCTBYET O
HaJIMYUH OPSIMOM U IOCTATOYHO TECHOM CBA3H.
Cpenusas kBagpaTuieckas ommoka KodppuuuenTa Koppesiiuu

_A1=r? _1-086> o | _086_
S = - —0,12; 1 =11 =990 _ 7467
\/n—2 \/20—2 Sr 0912
KpI/ITI/IquKOe 3Ha4YEHHUeE 1 OIIpCACIIACM 110 Ta6HI/IHe pacupCaciaCHuA

Crerogenra g o =0,05 u d.f.=18. t. =1734. t>¢,, cienoBarenbHo,

MOHO YTBEPXKIaTh CYIIECTBEHHOCTh KO3 (DUILIEHTA KOPPEISALUU.

Ta0muma 5.6
JlanHble U1 pacdyeTa K03 PUIIHEeHTA KOPPEJAIUN U YPABHEHHS CBS3H

Howmep X, Y, 2 2 ~ _ ~)2
JTUHUU % MJIH pyo o Y * d y=3 | -)
1 77,8 18,5 6052,8 342,3 | 1439,3 20,3 -1,8 3,21
2 69,0 18,2 4761,0 331,2 | 1255,8 16,4 1,8 3,17
3 76,5 20,4 5852,3 416,2 | 1560,6 19,7 0,7 0,46
4 80,7 21,8 6512,5 475,2 | 1759,3 21,6 0,2 0,05
5 72,0 16,8 5184,0 | 2822 | 1209,6 17,7 -0,9 0,88
6 77,1 20,8 59444 | 432,6 | 1603,7 20,0 0,8 0,67
7 64,0 14,2 4096,0 | 201,6 908,8 14,2 0,0 0,00
8 72,0 17,0 5184,0 | 289,0 | 1224,0 17,7 -0,7 0,55
9 75,9 18,4 5760,8 | 338,6 | 1396,6 19,5 -1,1 1,12
10 73,2 19,5 5358,2 380,3 | 14274 18,3 1,2 1,52
11 69,6 17,5 4844,2 306,3 | 1218,0 16,7 0,8 0,67
12 79,2 21,8 6272,6 | 4752 | 1726,6 20,9 0,9 0,80
13 70,8 16,5 5012,6 | 272,3 | 1168,2 17,2 -0,7 0,51
14 72,3 16,8 52273 | 2822 | 12146 | 17,9 1,1 1,15
15 79,2 21,0 6272,6 | 441,0 | 16632 20,9 0,1 0,01
16 73,5 16,8 5402,3 282,2 | 1234,8 18,4 -1,6 2,56
17 71,1 16,5 5055,2 | 272,3 | 11732 17,3 -0,8 0,71
18 69,9 17,0 4886,0 | 289,0 | 1188,3 16,8 0,2 0,03
19 70,5 17,5 4970,3 306,3 | 1233,8 17,1 0,4 0,18
20 75,0 20,9 5625,0 | 436,8 | 1567,5 19,1 1,8 3,39
z 1469,3 367,9 108274,1 | 6852,8 | 27173,1 — — 21,62
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Onpeoenenue modenu auretinou cesazu. IIpoBepsieM BO3MOXXHOCTh HC-
MOJIb30BAHUS JINHEUHOW (DYHKIUU.
— 3679
Y0720

=18,4 M py6.; S§, =332 M py6.%; S,* =4,26 mMiH py6.’;

(i3 o

Tak Kak ‘172 —r2‘<0,l, IpUMEHEHNE JUHERHON (YHKIMU CYMTAETCS

0,882 —0,862\ =0,04.

BO3MOXXHBIM. MoJiesb TUHEIHOM cBsA3U ) = a + bx . Koaddummentsr ypas-
HEHUSI PErPECCUM OTIPEAEIsIEM, UCII0JIb3Ys IaHHbIE Ta0M. 5.6.
p=TXVT2YDY 044, g=F-br=184-044-735=—1394.
ny x> —(Xx)
[Tonyuniu cienyronryro Mojeb CBsI3U (YpaBHEHUE PETPECCUM ):
y=-1394+0,44x.
CpenHss KBaJpaTU4ecKasi OIMOKa ypaBHEHUS

_ |=b-5F _ 2162 _
S, = g 20_2—1,10 MJIH pYO.

3HavYeHUS Y, pacCUYMTAHHBIC 0 YPABHEHUIO PETPECCUH, TIPEICTABIIC-
HBI B Ta0JI1. 5.6.

S 110
—-<-100% ==
y 18,4
[Tonyuennoe otHomenue MeHbe 10%, mosToMy nosy4eHHass MOJEIb
JOCTAaTOYHO XOPOILIO OTOOpaXkaeT B3aMMOCBS3b JBYX MPU3HAKOB U MOXKET

OBITh UCITOJIb30BaHa B MPAKTUUYECKOMN padoTe.

-100% =6%.

Bomnpocsl a1t caMoONIOAr0TOBKHU

1. JaliTe onpeneneHue CTaTUCTUYECKON U (DYHKIIMOHAIBHOW CBSI3H.

2.  YTO0 Ha3bIBAIOT KOPPEISIUUOHHOMN CBA3bIO?

3. Ilepeuucnure nMpuYMHBI BOBHUKHOBEHHUS KOPPEISLIMOHHON CBS3U
MEXy MPU3HAKAMH.

4. Kakue 33124 pemaeT KOppensiiuOHHO-PErPECCUOHHBIN aHaN3?
B 4em 3akmrouaercs CyTh METOJIa HAMMEHBIIINX KBAJIPAaTOB?
IIpakTyeckoe 3HaYEHHUE NAPHOU JIMHEMHOU KOPPEISALMU.
UYTo Ha3bIBAIOT YpAaBHEHUEM PETPECCUN?
Jalite onpenenenre kodhGuimenTa Koppesiuu.
[lepeuucnure OCHOBHBIE ATallbl U3YUYEHUS KOPPEJALMOHHOM 3a-
Bucumoctd. Kakue 3a1aun pemarorcsa Ha KaxxaoM sramne?

S NS
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6. MHOI'O®AKTOPHBIE OKCITEPUMEHTbBI
6.1. [TosHbIM (PaKTOPHBIN IKCIIEPUMEHT
6.1.1. Obwue ceedenust

B npaktuke HaydHBIX MCCJIEAOBAaHWM MapamMeTp ONTUMM3ALMNU OObIU-
HO 3aBUCHUT OT HECKOJIbKUX (PakTOpoB. MHOro(akTOpHbIC IKCIEPUMEHTHI
MPOBOJATCA ISl IOCTPOCHUS JIMHEUHBIX MOJMHOMHUAIBHBIX MOAEeU. Buyg
MOJIMHOMA 33J1a€TCs 3apaHee, a €ro MmapaMeTpsl ONPEAEIAIOTCS MO JKCIIe-
PUMEHTAIIbHBIM HJaHHBIM. [IIMpokoe pacnupoCTpaHEHUE MOJIMHOMHUAIBHBIX
MoJieNield OOBACHSETCSI TEM, UYTO MCCIEAYyeMyr0 (YHKIIMIO MHOTHX Iepe-
MEHHBIX [ (xl,xz,...,xk) B OTPaHUYCHHOM O0JIACTH AKCIEPUMEHTa OOBIYHO

MOKHO Pa3JIOKUTH B psa Tenmnopa.
Hanpumep, GpyHKIMS ABYX MEPEMEHHBIX [ (xl,xz), Pa3JI0KEHHAs B Psil

Telinopa B okpectHoCcTH 1ieHTpa TuIaHa x; =0; x, =0, umeer BUI

8f(x1,x2) 8f(x1,x2)

flex)= 1o+ 8—x1xl+Tx2 +
2 2 2
+l 0 f(xl,xz)x12+28 f(x1’x2)x1x2+a f(xl’xz)xzz +5,
2 8x12 Ox,0x, 8x22

re O — cllaraéMble TPEThEro U 0osiee BHICOKOrO MOpsIAKa.
BBens ob6o3nauenus f (xl,xz): Vs fo=Bo>

af(xpxz):ﬁ l@zf(xl,xz):ﬂ (=1,2); azf(xlaxz):ﬂ
Ox, w2 ol w27 Ox 0, 127
TOJTyIUM
2 2
y=,80+;,8uxu +Zi,8uux5+,812x1x2+5. (6.1)

B MMPAKTUYICCKHUX 3a/ladax BCCrAda MOKHO OI'paHHYIUTLCA ITIOJIMHOMAMU,
BKJIIOYAIOMKUMHU IICPBBIC CTCIICHU IICPCMCHHBIX X, WU UX PA3JIMYHLIC IIPOU3-

BEJICHUS WIN MEPBBIE U BTOPBIE CTENEHU NEPEMEHHBIX U KPAWHE PEAKO —
Oosnee BbICOKHME cTeneHW. Ecimu mnepeMeHHass B MOJEIM HMEET CTENEHb
p—1, TO B 3KCIIEpUMEHTE OHA JIOJHKHA IPUHUMATh HE MEHEE p 3HAYEHUMU

WJIA YPOBHEM.

71



Hoanblii pakropublii 3kcnepumenT (I1DD) — 3TO BKCHIEPUMEHT, B
KOTOPOM PEaJIM3YIOTCS BCE BO3MOXKHBIE, HEMIOBTOPSIOIIMECS KOMOWHAIINU
ypoBHEH (HaKTOPOB.

Yucno onbiToB B 1D onpenensercs B coorBeTcTBUM € (1.6). OObIU-
HO BCTPEYalOTCs IUIaHBI SKCIIEpUMEHTa THna 25 (1Ba ypoBHs BapbUpOBa-
Hust GaxTopoB), pexe 3* u oueHb penKo mpu p >3 B CBA3M C PE3KMM POC-

TOM YHMCJIa He3aBUCUMBIX OIBITOB (Tad. 6.1).

Tabmuna 6.1
Yucuao onbiToB N = pk
k 2 3 4
p
2 4 8 16
3 9 27 81
4 16 64 256

[1PD, B KOTOpOM KaxAbli (DAKTOp MPUHUMAET TOJIBKO JBA 3HAUCHUS
(YpOBHS1), IPUMEHSIETCS MJIs OTHICKAHUS MapaMeTPOB IMOJUHOMHUAIBHBIX
Mojienel 06e3 ydera KBajaparoB (akTopoB. TeopeTHyeckoe ypaBHEHUE Ta-
KOW MOJIEH B OOILEM CITydyae UMEET BU

k k k
y=P3,+ Z;,Buxu + u;jﬂujxuxj + u;tqﬂ“qu“xfxq +...+ ,Buj._'kxuxj X, (6.2)
u=

rae B, — cBoOoaHbI 4ieH; f3,, ,Buj, ,Bujq — KO3(PPULIUEHTHI, YUUTHIBAIO-

1[Ye JIMHENHOE BIMSHUE HA OTKJIMK, B3aUMOJECHCTBUS (PaKTOPOB MEPBOTO,
BTOpOro u T.1. nopsiakoB. [locnenHee ciaraeMoe y4yuTHIBA€T BIMSHUE HA
OTKJIMK MPOU3BEACHHS BCEX (PAKTOPOB.
[Io maHHBIM 3KCHIEPUMEHTA MOTYT OBITh ONPEACIICHBI TOJIBKO OLIEHKU
[ -k03(pPULIHEHTOB, KOTOPHIE ABJISIOTCS HECITYYalHBIMU BEIUYMHAMU WIIN
KOHCTAHTaMH. [[711 OTBICKAHUS HECMEILEHHBIX M COCTOSITEIBHBIX OLEHOK
[ -kK03(pPUIIMEHTOB MPUMEHSIETCSI PETPECCUOHHBIA aHaIM3, B OCHOBE KO-
TOPOro JIEKHUT METOJ HAUMEHBIINX KBaApaTroB. B cooTBeTcTBUU C MOJe-
7610 (6.2) ypaBHEHUE PErPECCUr UMEET BUJL
k k k
y=by+>bx,+Yb,x,x;+ Y b,x,xx, +..tb, XXX (6.3)
u=1 U#j U# j#q
DTanel INIAHUPOBAHUS U peasmn3annu [ 1P3:
— BBIOOp MapaMeTpOB ONTUMHU3AIMHU U YPOBHEN UX BapbUPOBAHUS;
— KOJHMPOBaHHE (PaKTOPOB;
— COCTAaBJICHHE MaTPHUIIbl IUIAHUPOBAHUS HKCIIEPUMEHTA;
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— paHJAOMM3AIUS OIBITOB;

— peanu3anus riaHa 3KCIEepUMEHTa;

— MpOBEPKa OJHOPOJHOCTH JUCIEPCUN MapasuIeIbHBIX OMBITOB, BOC-
MIPOU3BOAUMOCTH PE3YJIbTATOB;

— pacuetr Ko3()PUIIMEHTOB ypaBHEHUSI PErPECCUU, UX OIMIMOOK U 3Ha-
YUMOCTHU,;

— MpOBEpKa aICKBaTHOCTU MOJEIIN.

6.1.2. Koouposanue paxmoposg

KoaupoBanue — 310 nepeBo]i HaTypajJbHbIX 3HAYEHUN YpOBHEHN (ak-
TOPOB B KOJOBBIE O€3pa3MEpHbIE BEJIMYMHBI C IEbI0 MMOCTPOCHUS CTaH-
JApTHOW MATPUILIbI IKCIIEPUMEHTA.

Jlst (hakTOpOB ¢ HENMPEPHIBHOM 00IACTHIO OMPEAECICHHS KOJUPOBAHUE
OCYILECTBIISIOT 110 hopmyJie

_ Xy =X,
u Axu >
rae X, — KOJOBOE€ 3HayeHue u-ro (akropa; X, — HaTypallbHOE TEKYIlee

X (6.4)

3HAYEHUE u-ro (axkropa; X, , — HadalbHbIH (HyJIEBOH) ypoBEHb (haKTopa,
Ax,, — MHTEpBaJl BApbUPOBaHUA U-T0 (akTopa.

xu max u min
Ax, = 5 . (6.5)

[locne koaupoBaHusi ypOoBHU (PAKTOpPOB MPUHUMAIOT 3HAuUeHUs: +1 —
BEPXHUW YPOBEHb; —| — HWKHHI YpOBeHb; 0 — HyJIEBOM ypOBEHb. B Kaye-
CTBE HYJIEBOI'O YPOBHS IPUHUMAIOT LIEHTP MHTEPBAIA, B KOTOPOM ITPEAIIO-
Jlaraercsl MpOBOJAUTH DKCIEPUMEHT. Hampumep, pe3yapTar KOIUPOBAHUS
ABYX (aKTOPOB X; U X, MOXHO IIPEACTaBUTh Ta0II. 6.2.

Tabnuna 6.2
Konuposanue ¢paxkropos
@PakTopsl X, X, X, X,
WNurepBan BappupoBaHus 0,75 1 1 1
BepxHuii ypoBeHb 2,5 +1 3 +1
HwxHuii ypoBeHb 1 -1 1 -1
OCHOBHOU ypPOBEHb 1,75 0 2 0
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: 32,5 . .
o5 | (12Y) (529 L5 LELED| 1D
I bl

175 p==p=1- 175 >
S 7 R R S

(11 ks ‘ 1:-1) | (H15-1)

1 2 3 X2 1 2 3
a) 0)

Puc. 6.1. KogupoBanue ¢pakTopoB

Ha puc. 6.1 npeacraBieHo (HakTOpHOE TPOCTPAHCTBO U YPOBHU (Pak-
TOPOB J0 KOAUPOBaAHUSI (a) U TOCIE KOAUPOBaHUS (0).

6.1.3. Mampuywvl naanuposanus 3Kcnepumenma

YcaoBust sKcriepuMeHTa 0OBIYHO 3aUCHIBAIOT B BUJIE MAaTPHI] TIJIaHU-
poBaHuA 3KcrniepuMeHTa (Tadn. 6.3), re CTPOKM COOTBETCTBYIOT pa3iidy-
HBIM HE3aBHCHUMBIM OIIbITaM, a CTOJIOIBI — 3HAYCHUSIM (YpPOBHSIM) (pakTo-
poB. Ha puc. 6.2 npencrasinena reomerpuueckas nuarepnperanus [1DO.

Tabmuma 6.3
MaTpHua IIaHHPOBAHKS YKCepHMenTa 22
Homep omnbiTa X X, y
1 -1 -1 V1
2 +1 -1 »
3 -1 +1 V3
4 +1 +1 V4

B o0mem ciaydae miaHbl Tuna 2% reomeTpudecku IpeicTaBIsIOT CO-
00l COBOKYIHOCTh TOYEK, PACIOJIOKEHHBIX B BEpPIIMHAX TMIEPKyOa, pas-
MEILIEHHOI'0 B MHOTOMEPHOM MpocTpaHcTBe. [IpocTpaHCcTBO, 3aKII0YEHHOE
BHYTPH TAINEepKy0a, sIBIAETCS 001aCThIO IJIAHUPOBAHUS SKCIIEPUMEHTA.

CymiecTByeT HECKOJIBKO CIIOCOOOB MOCTPOCHUSI MaTPHUILIbI MJIAHUPOBA-
HUs OosblION pazMepHOCTH. OMH U3 HUX OCHOBAaH Ha YepEeIOBAHHMM 3Ha-
KOB: B IIEPBOM CTOJIOI€ 3HAKHU MEHSIOTCS MOOYEPETHO, BO BTOPOM — Uepe3
1IBa, B TPETHEM — UEPE3 YETHIPE U T.1.
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X A

v

X / X1
] 4
1 ] 4 /
5

X3

a) 6)

Puc. 6.2. I'eomerpuueckas nareprperanus [1DI:
a — B ABYXMepHOM mpoctpancTse (N=2%); 6 — B TpexMepHOM mpocTpaHcTae (N=2")

B Ttabin. 6.4 mpexacrasnensl Matpuisl [IDD (22;23;24), mocTpoeHHBIE
M0 JIaHHOMY croco0y. BMecTo eauHuI] ¢ COOTBETCTBYIOIIMMH 3HAKaMH
yKa3aHbl TOJBKO 3Haku. Takoe 0003HaueHwe BO3MOXHO st [IDI, mo-
CTPOECHHOI'0 Ha JIBYX YPOBHSX (DAKTOPOB.

Tabnuua 6.4
Marpuua niianuposanus [P
Howmep onbiTa X X5 X; Xy
1 _ _ _ _
2 + - - -
3 — + - —
4 + + — -
5 — - + —
6 + - + —
7 — + + —
8 + + + —
9 — — - +
10 + — — +
11 — + _ +
12 + + _ +
13 - — - -
14 + - + +
15 - + + +
16 + + +

[IDS oTHOCUTCS K YMCIY TIJIAHOB, KOTOPBIC SIBIIAIOTCS HauOosee (-
(PeKTUBHBIMU MPU MOCTPOCHUU JTUHEHHBIX Mozesnen. DPPEeKTUBHOCTH JOC-
TUTAETCS 32 CYET CIEAYIOIINX CBOMCTB:

75




— CHUMMETPUYHOCTH OTHOCHUTEJIBHO IIEHTpa AKCIEpUMEHTa. AJreo-
panueckas CyMMa 3Ha4€HUH KaKJI0r0 U3 CTOJIOIOB MAaTPUIIbl paBHA HYJIIO:

S X, =0, (6.6)
i=1

rae u=1,2,3, ...,k — Homep daxkropa; i — Homep onbita; N — YUCJIO OIBITOB;
— ycnoBusi HOpMUpOBKHA. CyMMma KBaJpaToOB 3JEMEHTOB KaKIOTO
CTOJIOIIa MAaTPHUIIBI paBHA YHCITY OIBITOB:

N o2
SX,2=N. (6.7)
=

DTO SBASETCA CIEACTBUEM TOrO, YTO 3Ha4eHUs (PaKTOPOB B MaTpHIIEC 3a-
JarTCsA paBHbIMU +1 1 —1;

— oproroHaibHOCTU. CyMMa MOYIEHHBIX TPOU3BEJICHUN JIBYX CTOJIO-
IIOB MaTPUIbI paBHA HYJIIO:

g‘iXuini =0, u#gq; (6.8)

— poTaTadeabHOCTH. DKCIEPUMEHTAIbHBIE TOYKH B MaTpulle TUIaHU-
POBAaHMS PACTIOIATAOTCA TaK, YTO TOYHOCTh MPEACKA3AHUS IMAPAMETPA OIl-
TAMU3ALUU OJMHAKOBA HA PABHBIX PACCTOSHUSX OT LEHTPA IUIaHA U HE 3a-
BHCHUT OT HAIIPaBJICHHUS.

6.1.4. Panoomuzayus onvlmoe

YToOBl MCKJIIOYUTHh BIUSHUE CUCTEMAaTHYECKUX MOTPEIIHOCTEH, BbI-
3BaHHBIX BHEIIHUMHU YCJIOBHSMH, MPUMEHSETCS METOJ pPaHIOMHU3ALUU
(random — ciy4aiiHblii), KOTOPBIM OCHOBaH Ha MPHUHIIUIIE [IEPEBOJIA CUCTE-
MAaTUYECKUX TOTPEIIHOCTEN B clyyailHble. YMEHBIIICHUE CHCTeMaThuye-
CKOM TOTPEIIHOCTH JOCTUTaeTCs MPU H3MEHEHUHW CIy4YallHbIM 00pazoM
METO/JUKH M YCJIIOBUIA ITPOBEICHUS OIBITOB.

Hanpumep, eciy B IIIaHE SKCIIEPUMEHTa 2° IIPEAIoNaraeTcs Kaxoe
3HAYEHUE TapaMeTpa ONTUMU3AIIH ) ONIPEACIUTH MO JBYM MapauieIbHbIM
OTBITaM, TO BCEro HeoOXxoaumo 16 ombiToB. [y ompenencHus: mopsiaka
MIPOBEJICHUS OTBITOB MOXKHO BOCIIOJNB30BAThCS TAONMIICH CITy4allHBIX YH-
cen (mpuin. 7). BeiOpaHHyrO ciiydallHbIM OOpa3oM IOCJIE0BATEIbHOCTD
OTIBITOB HE PEKOMEHAYETCSl HapyIIaTh.

6.1.5. Ilposeodenue sxcnepumenma

[Ipn mpoBeaeHNN SKCIIEPUMEHTA U1l KAXKJAOTO NPUHATOTO COYETaHUS
(aKTOpOB M3MEPSIOT 3HAUEHUS MapaMmerpa ontumuzanuu. Crenyer y4du-
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THIBAaTh, YTO PE3YJIbTAThl KAXJIOTO OMbITA SIBJIAIOTCS CIyYallHBIMU BEJIWYH-
HaMM H3-3a MOTPEHIHOCTH U3MEPEHUN 3HaueHUM (HaKkTOpOB, CaMoro rapa-
METpa ONTUMH3AIMHU, BIUSHUS HEy4YTeHHbIX (¢akTopoB. [loatomy ecnu
BOCIIPOM3BECTH HECKOJIBKO Pa3 OMBIT IIPU OJHUX U TEX K€ 3HAYEHUsIX (hak-
TOPOB, TO KAKJIbIH pa3 3HaUCHUE MapaMeTpa ONTUMHU3AIMNU OYyJET pa3HbIM.
OOBIYHO CcTaparoTCs MPU KaXKJIOM COYETAaHUM 3HAYCHUM (haKTOpPOB (B KaxK-
JIOMl TOYKE) MPOBECTH HECKOJIbKO MOBTOPHBIX OIBITOB, KOTOPHIC HAa3bIBa-
I0TCSl MapajuiesibHbIMU  (AyOnupoBaHHbIMH). JlyOnupoBaHue MO3BOISET
MIPOBEPUTH BOCITPOU3BOIMMOCTh SKCIIEPUMEHTA.

6.1.6. [Iposepxka 00HOpoOHOCMU OUChepCcuU NapaileibHblX ONbINO0S,
80CNPOU3BOOUMOCIU IKCNEPUMEHMA

[IpoBepka OJHOPOAHOCTH NUCIEPCUH MAPATIIETBbHBIX OMBITOB MPOBO-
JIUTCS C LIEJIbI0 MOJTBEPXKICHUS HOPMAJIBHOIO 3aKOHA paclpeleieHus
OIIMOOK OTAENbHBIX OMBITOB. B MPOTHUBHOM Cily4yae HeNb3s MPUCTYIHUTh K
PErpECCMOHHOMY aHAJIN3Y — pacueTy KO3 (UIUEHTOB PETPECCUH, TTPOBEP-
K€ MX 3HAaYMMOCTH U IPOBEPKE aJIEKBATHOCTH MAaTEMATHYECKON MOJeNn
AKCIIEPUMEHTAIBHBIX JTAHHBIX.

[IpoBepKy OJHOPOJHOCTHM MPHU OJMHAKOBOM YHCIE MapaJIEIbHBIX
OMBITOB MPOBOAAT ¢ nomoibio kputepus Koxpena (G-xpurepuit). Ipo-
BEPKa COCTOUT B CIIEAYIOIIEM:

— OIPEAEIISIIOT AUCIIEPCUIO NTAPAIIJIENIBHBIX OIIBITOB

»_ 1 ¢ )
S ——12()’,'1 _yi) ) (6.9)
r—1j=
rae i=12,...,N; r — 4ACJIO NapaUICIbHBIX OMNBITOB, MPHU OJHOKPATHBIX
M3MEPEHUSIX MPUHUMAIOT 7 =2

— BBIYUCIISIIOT OTHOIIIEHWE MAaKCUMAJIbHOM UCIEPCHH K CyMME BCEX
nucnepcuit (kputepuit Koxpena):

G = Dmax . (6.10)

— ONPEAENAIOT YUCiIa CTenenen cBoooanl d.fi=r—-1un d.f, =N;

— BBIOMPAIOT YPOBEHb 3HAYNMOCTH;
HaXOJAT 110 Ta0JIMIaM KpUTHYECKOEe OTKIOHEHHE G, (TIpHiL. 6);

— cpaBHUBAIOT BeMMuMHBl G U G,. Ecmn G <G, T0 aucnepcus of-
HOpPOJHA.
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Ecnu sTa mpoBepka Jana OTpULATENbHBIN PE3YIBTAT, TO MTOTYYECHHBIN
AMIIUPUYECKHUI MaTepHUall UCIOIb30BaTh JJIsl alllIPOKCUMAIUK (PYHKIIMU HE
pekomenayerca. Crnenayer MOBTOPUTH DKCHEPUMEHT, YBEIWYHUB IPU 3TOM
YUCJIO IOBTOPEHUM Ul KaKIOTO OmbITa. B ciiydae OJHOPOJHOCTH IMC-
MEPCUN MAPAIUIETBHBIX ONBITOB PACCUUTBHIBAIOT JAUCIEPCUIO BOCIPOU3BO-
JUMOCTH M OLIMOKY BCETO SKCIIEPUMEHTA.

Jlucniepcuio BCEro dKCIEPUMEHTA [ IUCIIEPCUIO ITapaMeTpa ONTUMU3a-
uun S?(y)] moJIy4aroT B pe3ylbTare yCPEAHEHHS JUCIIEPCUI BCEX OIBITOB.

OTa xe AUCIICPCUA XaPaAKTCPHU3YCT U BOCIIPOU3BOAMMOCTDL 3KCIICPUMCHTA,
2 _ Q2
S (y ) - S eocnp *

4 =\
% i 52 ((=12,...N;I=12,....r). (611
(yv)= ) _N; ; i=12,....,N;[=12,...,r). (6.11)
®opmyioit (6.11) MOXKHO MOJIB30BAThCS B CiIy4asx, KOrja 4Mcio Ia-
pajUIebHBIX OIBITOB OJWHAKOBO BO Bced Marpuile. Ha mpaktuke dacro
MPUXOAUTCS CTAIKUBATHCS CO CIIydassMH, KOTJa YACIIO TIOBTOPHBIX OIBITOB
pa3IMyHO. DTO MPOUCXOJUT BCIEACTBUE OTOpOca rpyObIX HAOIIOACHUM,
HEYBEPEHHOCTH JKCIIEPUMEHTATOpa B MPABUIBHOCTH HEKOTOPBIX PE3ylb-
TaToB. Torga MONB3YIOTCS CPETHEB3BEIICHHBIM 3HAUYEHHUEM JIUCIICPCHH,

B3STHIM C YYETOM YHCJIa CTEIEHEN CBOOOIbI:

N
> f:S?
S2(y)=F—
2/

rjae f; —4UCIo CTEIEHER cBOOOMBI B i-M ombITe, f; =7, —1.

M=

(6.12)

OmmbOKa Bcero 3KCrepuMeHTa

S()=~52(v). (6.13)

6.1.7. Pacuem koa¢hghuyuenmos peepeccuu, npogepra ux 3HayumMocmu

3HaueHust KOOQPUIUCHTOB perpeccu b, U b,; MO3BOISIOT OLECHUTH

CTEMEeHb BIMAHUA (DAKTOPOB U MX B3aMMOJICHCTBUIN Ha MapameTp ONMTUMHU-
3aiu. Yem Oouibllie YMCIIOBOE 3HAaYeHUE Ko3(p¢ulMeHTa, TeM OoJbliee
BIMSIHME OKa3biBaeT (akrop. Ecian koshduuueHT nMeeTr 3HaK «+», TO C
YBEJIMUCHHUEM 3HA4CHUS (paKTopa MmapaMeTp ONTUMHU3AINK YBEITUIUBACTCS,
a ecmu «—» — yMeHbluaercs. Bemnunna kos¢d@uuueHTa COOTBETCTBYET
BKJIaJly JTAHHOTO (paKTOpa B BEIUYMHY MapaMeTpa ONTHMHU3AIMHU TIPH Tie-
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pexojie 3HaueHHs (akTopa C HYJEBOrO YPOBHSI HAa BEPXHUN WJIM HUKHUM.
NHorna onieHMBarOT JUHEUHBIN (TJ1aBHBIN) 3 ekt dhakTopa mpu nepexoje
€ro 3HaYEHUs1 C HUKHEro Ha BEpXHUU ypOBEHb. YHCIIEHHO OH paBeH yABO-
€HHOMY K03 (DULIMEHTY MTOTMHOMUAIBHOU MOJIeTH 2b,, .

N
b & 1.2,k 14
=T (=012,..k). (6.14)
Ecnu ypaBHeHUME perpeccun uMeeT BUJ
y=by+b X +b,X,, (6.15)

11 ojcyeTa KodpdunuenTa b, ucnonb3yror cronden X, a uig b, — X,.
Ecnu ypaBHenue (6.15) crnpaBeyiiBO, TO OHO BEPHO U JJISI CPETHUX
apu(PMETHYECKUX 3HAYEHUM INEPEMEHHBIX ) =D, +b1)? . +b2)? ,. B cuny
cBoiicTBa cummerpun X, =X, =0->3=5h,, b, — cpennee apudmeTnye-
CKO€ 3HA4YCHHE MapaMeTpa ONTUMHU3AIINH.
YtoObI mIpuBECTH MpOLEAYpPY pacuera KO3(P(UIIMEHTOB B COOTBETCT-

BUe ¢ popmyiont (6.14), B MmaTpuIly IJIaHUPOBAHUS BBOAST CTOJOEI] (UK-
THUBHOHM MEPEMEHHON X ), KOTOpas MPUHUMACT BO BCEX OIBITAX 3HAYCHUC

+1 (Tabmn. 6.5).

Tabnuma 6.5
Marpuua ninanuposanus 1P 22
Howmep ombiTa Xo X X5 y
1 + - - Vi
2 + + — V2
3 + — + V3
4 + + + V4

b, =[(=1)y, +(+ 1)y, +(=1)y; +(+1)y,1/4;
by =[=1y + (= 1)y + (- 1y +(+ 1y, 1/ 4 (6.16)
by =[(+ 1)y, +(+ 1)y, + 1)y, +(+1)y,1/4.

Ecnm ectb OCHOBaHUSA CUMTATh, YTO MOJIENIb HEJTMHENHA, TO €€ CIEedy-
€T yCI0XHUTh. OJIMH U3 4acTO BCTPEYAIOLIMXCS BUJIOB HETMHEMHOCTH CBSI-
3aH ¢ TeM, 4TO 3P(EKT 0JHOro (haKTopa 3aBUCHUT OT YPOBHS, HA KOTOPOM
HaxoauTcs apyrou daktop. B 3ToM citydae roBopsIT, 4TO CYLIECTBYET (-
ekt B3auMojencTBus IBYX (paktopoB. [IPD mo3BossIeT KOJIUYECTBEHHO
orleHUTh 3PGDEKT B3auMojaeucTBUs. i1 3TOro HEOOXOAUMO, MOJIB3YSCh
MPaBUJIOM MEPEMHOKEHHS CTOJIOIOB, MOJIYYUTh CTOJIOEI MPOU3BEICHUS
IByX (akTtopos (Tadi. 6.6).

79




Mopens 11g Takoro riaHa UMeEeT BUJT
vy =b, X, +b X, +b, X, +b,X X,;

6.17
b =l + -y + e ya. O

Tabnuua 6.6
Marpuna niianuposanus [P 22 ¢ y4eToM B3anMojaeicTBusi GpakTopoB

Howmep onbiTa Xo X X5 X1.X5 y
1 + — — + Vi
2 + + — — )
3 + — + — V3
4 + + + + V4

B I1®3 BcTrpeyaroTcs pa3anvHble YpOBHU B3aUMOAECUCTBUS (DAKTOPOB.

B Tab6n. 6.7 npeacTaBiieHbl TaKUE B3aUMOJICUCTBUSI.
Tabaua 6.7

Marpuua niianuposanus 1P 23 ¢ y4eToM B3anMojaeicTBusi GakTopoB

BoM Ty L x| | x| N | X | 6 | K|y
1 + - - - + - - — Vi
2 + + - - - - + + V2
3 + — + — — + — + V3
4 - - - - + - - - Vs
5 + - - + + — — - Vs
6 + + — + - + - - Ve
7 + - + + — — - — V7
8 + + + + + + + + Vg

IIpoussenenus X, X,, X, X;, X, X, npeacraBisior dsQpdexr B3aumo-
JAEUCTBUS MEPBOro mopsiaka, X, X, X, — Broporo.

UToObl HANTH YUCIO BO3MOXKHBIX B3aUMOJCHCTBUII HEKOTOPOI'O MO-

psAZIKa, MOYKHO BOCIOJIb30BaThCA OOBIYHOM (POPMYJION YMCIia COUETAHUM
k!
Ci ml(k —m)!’ (6.18)
rae k — uncio (hakTOpoOB; m — YUCIIO AJIEMEHTOB BO B3auMoJiecTBUU. Tak,
w1 miaHa 2% 4MciIo B3aMMOJEHCTBMI EpPBOro MOPsAKa PaBHO 6:

2 4
C; = 01— 6.
[IpoBepka 3HaYUMOCTH KOA(PPUIIMEHTOB PErPECCUU TPOBOJUTCS C Li€-

JIbIO YIPOIICHHA YpaBHCHHUS PCIrpCCCHUU ITYTEM HCKITOUCHUA CTATUCTHUYC-
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CKHM HE3HAYMMBbIX Ko3(huuueHToB. [IpoBepky MOXKHO OCYIIECTBIATH ABY-
Mg criocobamu: no f-Kkputeputo CThIOJEHTA WK IyTEM MOCTPOEHUS JOBE-
putenbHoro untepsana. [Jnsa 1P ommOku Bcex K03PPULMEHTOB ypaB-
HEHUS PETPECCUN OUHAKOBBI Sbo = Sbu = Sbuj , JOBEPUTEIILHBIE HHTEPBAJIBI

TU1s1 BceX KO3 (PUITMEHTOB paBHBI.
PacueT ommbok ko3 PuueHToB NPOU3BOAUTCS 10 hopmyJie
s, =S0) (6.19)
JVNr
Koa(dduument perpeccuili cumrtaercss 3HaYMMBbIM, €CJIM OH MO abCco-
JIOTHOW BEJIMYMHE OOJIbllle BEJIUYMHBI JOBEPUTEIILHOIO WHTEpBaja
b, >2Ab.
BennurHa 1OBEpUTENILHOIO MHTEPBAja PACCUUTHIBACTCS, KaK MPaBU-
710, TIpy TTomMoIu Kpurepust CThIOJICHTA.
Ab=+t,-S,. (6.20)
KpomMe Toro, mpoBepsTh 3HAYUMOCTh KOI(POUIMEHTOB MOXKHO IO
{-KpUTEPUIO CIETYIOIIUM 00Pa30M:
— HaxoAAT OIIMOKU ompeaenacHus kodgduimeHToB mo Qopmyse
(6.19);
— OIPEIETSAIOT OTHOIICHUS

t, = ‘b”‘ ; (6.21)
— HaXOJAT YHCIO cTemeHeil cBoboarl d.f = N(r—1), BeIOUpaoT ypo-
BEHb 3HAYUMOCTH ( ;
— 10 TabNuIe HaXOAAT KPUTUUECKOE 3HAUCHHUE 1, ;

— €CJIM PACCUUTAHHOE 3HAYEHUE OTHOILIEHHUS OOJbIIEe KPUTUUYECKOIO
t, >t;, TO Kod(QQUIUEHT b, NpPHU3HAETCS CTATHCTUYECKU 3HAYUMBIM, B
MIPOTUBHOM CJIy4ae — HE3HAYMMBIM.

He3naunmocts KO3(QUIMEHTOB MOXET OBbITh OOYCIIOBJIEHA PAIOM
MIPUYHH:

— (hakTOp, COOTBETCTBYIOIIUM HE3HAUUMOMY KO3h(PUIMEeHTYy, He
BIIUSAET Ha (DYHKIIUIO OTKJIMKA;

— HMeeT MecTo OouIbIas OmmnoKa;

— BBIOpaH MaJblil Iar BApbUPOBAHUS HE3aBUCUMOM NIEPEMEHHOM;

— 9KCTpeMyM (YHKIIUM 110 MEPEMEHHOM HAXOJMUTCS BOJM3U IEHTpa

IUIAaHUPOBAHUA b, = 4 (O’C(l)j(()""’o).
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Ecmn kakoi-mi0o ko3p(UUMEeHT He3HauuM, OH OoTOpachiBaeTcs 0Oe3
repecyuera BCeX OCTAbHBIX KO3 duimeHToB. [Ipexae 4eM UCKITIOUUTh KO-
3¢ PumeHT, HeoOXOUMO MPOAHAIU3UPOBATH MPUUYUHBI, BHI3BABIINE HE-
3HAYUMOCTb K03 puinenra.

6.1.8. Ilposepxa adexeamnocmu mooenu

JlaHHas mpoBepKa IPOBOJIUTCA C LEIBIO J0KA3aTeIbCTBA MPUTOIHO-
CTU MOJIYYEHHOI'0 YPAaBHEHUS PETPECCUU I OMUCAHUA DKCIIEPUMEHTAIb-
HBIX JAHHBIX C 33JJaHHOM TOYHOCTBIO. /{11 3TOrO OLIEHMBAIOT OTKIIOHEHUS
BBIYHCJICHHBIX IO YPaBHEHUSIM PETPECCUU 3HAYECHUW (PYHKIMU ONTUMU3A-
IIUX ) OT DKCIEPUMEHTAILHO YCTAaHOBJICHHBIX V. [ OIEHKH OTKIIOHE-
HUM UCNIOJIB3YIOT F-kputepuin Durepa.

IIpoBepKy aneKBaTHOCTH MATEMATUYECKON MOJENH BBITIOJIHSOT B HE-
CKOJIBKO JTaIlOB:

— HAXOJAT JUCIEPCUIO aI[eKBaTHOCTI/I'

S2, =—z (v -7), (6.22)

IZIe ¥; — YACJIO MAPAJUIENBHBIX OIBITOB B i-i CTPOYKE MATPUILIBI INIAHUPO-
BaHUA; ); — CpelHee apu(Merndyeckoe (PyHKIUHM OTKIWKA U3 7; Iapai-
JETIbHBIX OIBITOB; Y, — 3HaYeHHE (PYHKIMM OTKJIMKA, MPEACKA3aHHOE 10

YPABHEHHUIO B i-M ONBITE; g — YUCIIO 3HAUUMBIX KO3(D(PUIIMEHTOB B ypaBHE-
HUU perpeccun; N — YHUCIIO HE3aBUCUMBIX OIBITOB.

Ecnu Bce onbIThl OBTOPAIOTCS ¥ pa3, TO ¢popmyna (6.22) Oyner UMeTh
BU/T

N
S2=—"_SF-5); 6.23
ao N — g l;(yl yl) ( )
— HaxonAT 3HaueHus F-kputepus duirepa (AMCHepCUOHHOE OTHOLIE-
HUE):
2 2
— Sad — Sad . (6.24)

Q2 2(,)°
S@OCT’! S (y)
— ONPENENAT  YMClaa  CTeneHed  cBobomwl:d.fi=N-g ¥
d.f,=N (#—1); BEIOMPAIOT YPOBEHB 3HAYMMOCTH (X ;
— 10 3Ha4eHuAM d.f|; d.f,; o HaXOIAT KPUTHYECKOE 3HAYCHUE F .
Ecmm F <F,, TO MareMaTH4eCcKoe ONHMCaHHE (PYHKLIUHU OTKIIMKA ypaBHeE-
HUEM PErpPECCUM CUUTAETCS aICKBATHBIM.

82



Ecnu maremarnueckas mMojienb HeaJeKBaTHA JAHHBIM SKCIIEPUMEHTA,
TO HEOOXOJIUMO MEPEHTH K Oojee CIoXHOM (hopMe ypaBHEHUSI pErpeccuu
WM YMEHBIIUTHh UHTEPBAII BapbUpPOBaHUS (PaKTOPOB B dKcriepumenTe. Ha-
MpUMEp, €CJIM HeaJeKBaTHA JIMHEHAsT MOJIelb, TO CIEAYET €€ JOMOIHUTD,
BBeAs KO3 (UIIMEHTHI, COOTBETCTBYIOLIUE AP (PEeKTaM B3auMOECHCTBUSL.

6.2. IpoOHbIN (PAKTOPHBIN IKCIICPUMEHT
6.2.1. Obwue ceedenus

B cnyuae nByxypoBHEBOro A-(hakTOpHOTO SKCHEPUMEHTA Ha OCHOBE
OnBITOB B N TouKax (h)aKTOPHOTO MPOCTPAaHCTBA MOKHO Haiith N =2F xo-
s¢PumeHToB ypaBHeHusa perpeccuu. Ecim uncio daktopoB k>4, 3¢-
(beKThl B3aUMOJECHCTBUSI BBICOKOI'O TOPSJIKA CTAHOBSITCS CTaTUCTUYECKU
HE3HAYMMBIMU, T.€. BIUSHUE COMHOKUTENEH X, X, ... X Ha OTKIHK ) B3a-

MMHO KoMmmeHcupyercs. [IpakTuka skcrepuMeHTa IMO3BOJISIET alpHOPHO
CUUTaTh, YTO B YPABHEHUU PErPECCHU C OOJBIIUM YUCIOM (PaKTOPOB KO-
3 PUIMEHTHI BBICOKUX MOPSIKOB B3aUMOJACIHCTBUA paBHbI Hymo. Cieno-
BaTeNIbHO, MPU OOJBIIOM YHUCIE (PAKTOPOB MOKXHO CTPOUTH TAKHE IJIAHBI
AKCIIEPUMEHTA, KOTOPBIC MO3BOJSIOT ONPENENATh JHUHEHHBbIE 3((EKThI
dakTopoB, 3b(PeKThl UX MApPHBIX U MHOT/IA TPOWHBIX B3aUMOJICHCTBUM.
YMeHbIIIEHHE KOJTUYECTBA ONpPEEIsieMbIX KOA((UIIMEHTOB PErPECCUH TTO-
3BOJIIET COKPATUTh 3aTPaThl BPEMEHU U CPEACTB HA MPOBEIACHUE SKCIIEPU-
MEHTa U 00pabOTKy ero JaHHbIX. KOJIMYeCTBO OMBITHBIX TOYEK B TAKUX
AKCIIEPUMEHTAaX JIOJKHO OBITh YyTh OOJIBILIE WM PABHO KOJIMYECTBY IMOJI-
JIeXKAIMX OompeaeaeHu0 KodhOUIMEHTOB perpeccuu b. IToMy MOJIOKE-
HUIO YIOBJIETBOPAIOT yacTy (pemukn) [0 2% kpatusie 27, rae p — ne-
JI0€ MOJIOKUTEIBHOE YUCIIO.

Takue 3KCIIEpUMEHTHI Ha3bIBAIOTCS APOOHBIMH (AKTOPHBIMH JIKC-
nepumentamu (JIPD) 27 . KomuuectBo onbITHBIX Touek B DD 277 B
27 pa3 MeHbIne, yeM B [IOD 2%, Tak kak JIOD 277 —gacts 1D 25, 10
JA®DD Ha3pIBalOT TakkKe APOOHBIMHM PeNJIMKAMH TMOJHOTO (PAKTOPHOTO
skcriepumenta. Hanpumep, J1®D, o6pasyromuii nonosuny 11D 2%, 06o-
sHauaerca 2¢7! u HaseBaerca nomypemukoit II®D 2% ; IOD 2572 conep-
kUt 2K /22 = 2% /4 onbITHBIX TOYeK U HasbBaeTcs 1/4 pennukoii IIDD 2F u

T.1.
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6.2.2. llnanuposanue OpooHbIX PAKMOPHBIX IKCHEPUMEHMOB

Paccmorpum noctpoenne miana JdD 231, B AdD 23! mnan cocro-
UT M3 9ETBIPEX ONBITHBIX Touek N =231=22 =4 Sdnpom nnana seusercs
[1dD 22, Ha OCHOBE KOTOPOTO MOYKHO IOCTPOUTH YPABHEHHE PETPECCHH
y=bX,+bX +b,X,+b,X X,.

Ecnu B3aumopenicreue (paktopoB X, X, CTaTUCTHYECKH HE3HAYMMO,
TO HET HEOOXOAMMOCTH ONpeAenATs Kodpduuuent b, u B marpuie 110D
22 cronberr npousBefieHus X X, OKaKeTcs JMIIHUM. DTOT CTOJOEl Hc-
MONB3YIOT /Ui MocTpoerus miana JIOD 2°7, samenss X, =X, X,, T.e. B

IPOLECCE DKCIEPUMEHTA BapEUPYIOT X ; IO 3aKOHY M3MEHEHUS IPOU3BE-
nenus X, X, (tabm. 6.8).

Tabmuma 6.8
Marpuna mianuposanus 1@ 23!
HOMep OIIbITa XO X] X2 X3 :Xle y
1 + — — + Vi
2 + + — — W
3 + — + — V3
4 + + + + V4

Jpyro#i wian 0D 2°! MoxHO nonyunts, ecinu Gpakrop X, BBECTH C

MOMOIIBIO TOTO € IPOM3BEICHHS, B3SITOTO C OOpaTHBIM 3HAKOM
(Tabm. 6.9).

Tabnuua 6.9
Marpuua niianuposanus P 231
HOMep OIIbITa XO X] X2 X3 :—Xle y
1 + — — — Vi
2 + + — + )
3 + - + + V3
4 + + + — Va4

[Inanbl, mpeacTaBiieHHbIE Tabu. 6.8 U 6.9 obnagaroT cBoicTBaMuU
CUMMETPHH, HOPMHUPOBKH M OPTOTOHAILHOCTH. B 3aBUCHMOCTH OT yCJIO-
BUM WCTIBITAHWHA BRIOUPAIOT OJIMH U3 ATUX IUIAHOB, TaK KaK KaKJIBIH U3 HUX
COOTBETCTBYET Pa3IMIHBIM TOYKaM (PaKTOPHOTO MPOCTPAHCTBA, B KOTOPHIX
JOJKHBI TPOBOAUTHLCS HE3aBUCHUMBIE ONBITHL. O0a IMmiaHa Mo3BOJISIOT T10-
CTPOUTH JIMHEWHOE ypaBHEHUE PETPECCUU
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y=b,X,+bX +b,X,+bX;, (6.25)
KOTOPOE€ COJIEPKUT YEThIPE HEU3BECTHBIX b-Kod(pdunmenra. PaccMoTpen-
HbIE TUTaHBI XapakKTEPHbl TEM, YTO B HUX COJEPKUTCS HamOOJIbIlIEe BO3-
MOXHO€ KoJn4ecTBO (akrtopoB. Ha ocHOBe miiana, coaepikaiiero 4eTbipe
CTPOKH, HEJIb3sl ONPEACIUTh 00JIbllle YeThIpeX K03(h(OUIIMEHTOB — CBOOO/I-
HBIHA 4JIeH b, ¥ TpU IMHEHHBIX KO3 uImenTa perpeccuu by, b,, b, .
[1naH, B KOTOPOM KOJMYECTBO MEPEMEHHBIX Ha €IMHHIY MEHBIIIE KO-
JIMYECTBA CTPOK MJIM OIBITHBIX TOUEK, HA3bIBAECTCS] HACHIIIEHHBIM.
PaccMOTpUM IOCTpOEHHE APOOHBIX pErIKK Ha ocHoBe 11D 23, Tlna-
HEIL, SIPOM KOTOPHIX ABjsieTcs [IDD 23, comepkar BoceMb CTPOK WM BO-
ceMb HAa0OpOB MEPEMEHHBIX, IIPU KOTOPBIX OMPEAEISIIOTCA 3HAYEHUS OT-
xiauka. Ha ocuose [I®D 23 MOT'YT OBITh ITIOCTPOEHBI CIAEAYIONINUE APOOHbBIE
pemwmkn: JdD 24 — monyperuka IO 24; IDD 2°72 — 1/4 perumka
[IOD 2°; IdD 2°3 — 1/8 perumka [IDD 2°; 1dD 274 — 1/16 pennmka
[I®D 27. IMnan JA®D 27 gensercs HACBIIIEHHBIM, TaK KaK 4MCIO (GaKTo-
POB Ha €AVMHUILY MEHBIIIE YHUCIIA CTPOK.
Ha ocHose mana I1®D 23 MOXHO NOCTPOUTH ypaBHEHHE PErPECCUN
y=by+b X +b,X, +b. X, +b, X X, +b; X X, +
+by X, X, +b,, X X, X5, (6.26)
KOTOPOE COJICPKUT TPU MapHBIX (IIEPBOIro MOPsIAKA) U OAHO TPOlHOE (BTO-
poro mnopsijika) BzaumozencTBuil. Eciam kakoe-1mbo B3aUMOJICHCTBHE SIB-
JSE€TCA CTAaTUCTHYECKHM HE3HAYMMbBIM, MOHO TOCTPOHUTH MOJIYPEIUIHKY
J1DdD 241 Ecnm He3HAauMMBI JBa B3aMMOICHCTBHS, MOYKHO IIOCTPOUTH
1/4 penmaxy TI®D 2° wm DD 252 u T.4.
[TocTpoum, Hanipumep, 1/4 penmky A ciiydasi, KOr/ia He3HAYMMbIMU
ABJIAIOTCA KOO(GULUUEHTE! by U b),;. J[Ba n0onoNHUTENBHBIX (pakTopa X,

X s MOJKHO BBECTH C IIOMOIIBI0 COOTHOIICHHIM

X, =X, X,, X=X, X, X,, (6.27)
500051

X, ==X X, X, =X,X,X,, (6.28)
500051

X, =X Xy, X =—X, X, X,, (6.29)
500051

X, ==X X, X, =—X X, X,, (6.30)

KOTOPBIE HA3bIBAIOTCS I'€HEPUPYIOIIMMHU COOTHOILICHUSIMH WM TeHepa-
topamu. CocrasuM mian J®D 252, xorga TeHEpaTOpaMM SBISIOTCS
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X,=-XX;,X;=X,X,X,; (1abn. 6.10). Taxoi mian B NATU(PAKTOPHOM

IIPOCTPAHCTBE BBIAEIIECT BOCEMb TOYEK, B KOTOPBIX HOJDKEH U3MEPATHCS
OTKJIUK.
Tabmuna 6.10

Marpuua niianuposanus P 2572

HOMep XO X] X2 X3 X4: X5: y

OIIbITA = -X1X; | =X1 XX
1 + — — — — — Vi
2 + + — — + + Vs
3 + — + — - + 3
4 + + + - + - V4
5 + — — + + + Vs
6 + + — + - - Ve
7 + — + + + - V7
8 + + + + - + Vg

HpoOHble (pakTOpHBIE SKCIEPUMEHTHI MO3BOJISIIOT SKOHOMUTh BpEMS,
HO MPU TAaKOM IJIAHUPOBAHUHU MMEET MECTO HEXeNaTelbHbI 3Q(DEeKT cme-
IIMBAHMS OLEHOK [ -K03((PUITUEHTOB.

[Ipu BeruucieHUU b-K03(PPULIMEHTOB MO JAHHBIM MHOTO(aKTOPHOTO
AKCIEPUMEHTA MHOT'/IA TIOJIYYaOT HE OLICHKU OTJEIbHBIX KO3((DUIIMEHTOB,
a OLIEHKHU Pa3jIMYHBIX UX KOMOuHauuii. Hanpumep, Benuuuna b, sABseTcs

OLICHKOW HE TOIbKO f3, Monemu (6.2), HO U KO>(hGUIUEHTOB IIPU KBaJpa-
Tax ¢axkropos B, B,,,..., B, , KOTOpLIE B ypaBHeHHE (6.2) HE BXOIAT, HO

B JICKCTBUTEILHOCTH MOTYT HMETh MecTo. Ecimm Bce KodhHUIMEHTHI
B =1,2,....k), paBubI HyII0, TO b, aBngeTcsa oueHkou fB,. 910 momuo-

)KEHHE 3aIUCHIBACTCA CUMBOJIOM b, —> 3.
Ecnu HekoTOpBIE 3HAYCHUA [, OTIMYHEI OT HYNSA, TO b, OLCHUBAECT

B, ¥ BCce OTIMYHEIE OT HyNA S,

by = B, +f=lﬁm,. 6.31)

PaccMOTpHM siBJIEHHE CMEMIMBaHKs olleHOK B JI®D 237!, Jlng ananusa
SIBJICHUSI CMEIITMBAHUS OIICHOK COCTaBUM CTPYKTYPHYIO MaTpHIly, B KOTO-
POil yUUTBIBAIOTCS BCE B3auMoaecTBus (Tadim. 6.11).

N3 Tabn. 6.11 Bugwo, uyro X, =-X X, X,; X =-X,X;;
X,=-XX;; X;=-XX,. Crnenoparensno, b-kodpuiueHTsl ypaBHe-
Hus (6.25) NpencTaBisiOT OIIEHKH pa3HOCTUA KO3 (PUITMEHTOB perpecCui:
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by = By =Py b= Bi—PBys by > By =Py by —> By — P, (6.32)

Tabmuma 6.11

CTpyKkTypHasi MaTpuua s miana [P 23-1
I(_)IISI)II:/I[:E Xo %¢ X X3 XX XX XX | XXX
! + - - - + + n _
2 + + — + _ T — —
3 + — + + _ — T —
4 + + + — + _ . —

PaccMoTpenHas npolieaypa aHajiu3a CMEIIMBaHUS OIIEHOK MPU OO0JIb-
moM uucie paktopoB (k >3) oka3pIBaeTCsl CIUIIKOM TPOMO3JIKOM. AHa-
JIM3 CMEUIUBAHUS 3HAUYUTEJIBHO 00JIEr4aeTCsl, €CJIM MCII0Ib30BaTh T€HEPH-
PYIOIlI€€ COOTHOIIEHUE Y BBECTH MOHSATHE ONMpeaesiionero KOHTpacra.

Tl nana [I®D 2°7! reneparop X, =—X, X, Aaer onpenesstomuii
koHTpacT (OK)

_v2__
1=X; =-X X, X;. (6.33)

YMuoxas nocnenosarenbno ode yactu OK 1=-X X, X, na X, X,
X,, X;, HaxomuMm OKBHBaJeHTHOCTH X,=-X X X;; X, =-X,X;;
X,=-X,X;; X;=-X,X,, U3 KOTOPBIX CICIyIOT CHMBOJIMYECKHE BhHIpa-
xeHus (6.32). AHAJTOTMYHO MPOBOJUTCS aHAIM3 CMEIIMBAHUS OIICHOK U B
00mux ciydasx. PaccMoTpum cMemuBanue oneHok B D 272, rue uc-
NOJB3YI0TCs TeHepaTopel X, =—X X, X=X X, X;.

IIpu Hanmuuuu ABYX M 0o0Jiee T€HEPATOPOB OMPEACISIOT 00001IaK0-
mui onpenessiromuii koHTpact (OOK)

1 =1 =11 -1 =v2__ 1 w2
I=1,=1,=11,; , =X; =-X, X, X,; L, =X =X X, X, X.
O6o6maromuit OK B 1aHHOM clTydae UMEET BUJT
l=-X X, X,=X X, X; X, =-X,X,X,. (6.34)

Jlanmee ananmu3 cMmelniMBaHus OlLleHOK BeaeTcs Ha ocHoBe OOK (6.34).
PaccmorpumMm, Hanpumep, kakue 3PQGeKThl CMEIIUBAIOTCA B KO DULIEHTE
b, . s ororo Bee yactu (6.34) yMHOKUM Ha X |, IOJy4nUM

X, =X X, =X, XX, =-X X, X, X;.

CnenosarenbHo, KOOGOGUIMEHT b, ABIAETCA OUEHKON CyMMBI

by = By = Bsy + Byss — Brass-
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PaccMoTpeHHbII aHaJIM3 MPOBOAUTCS JJI TOTO, YTOOBI HE JTOMYCTUTH
HEeXeJaTeIbHBIX CMENIMBaHui. B yacTHOCTH, K OONBIIMM HMCKaKEHUSIM
MOXXET MPHUBECTU CMEIIMBAHUE JTUHEHHBIX 3(P(PEKTOB M MApHBIX B3aUMO-
JEHCTBUMH, TaK KaK 3TU KOA(DPHUIIMEHTH BO MHOTHX CITydasx UMEIOT OJIMH U
TOT ke MopsiioK. JKenarenbHO BBIOMpATh TaKHME TE€HEPATOpPbhI, B KOTOPHIX
nuHeiHbIe 3G (EKThl CMENIMBAIOTCS CO B3aUMOJICUCTBUSAMU BBICOKUX IIO-
psakoB. 3ajaya BeIOOpa MOAXOAIIMX T'€HEpaToOpoB He (opMaliv30BaHa U
OOBIYHO pelIaeTcs nepedopoM pa3InIHbIX BAPHAHTOB.

Oo6pabotka pesynbraroB JIdD ananorndyHa oOpabOTKE pe3yiabTaTOB
[1DD.

6.3. [Ipumep npumMeHeHM s MJIAHOB MEPBOr0 MOPSAAKA

[IycTp HEOOXOIMMO HCCIIEOBaTh BIMSHUE IMApaMETPOB IMpolecca
CYILIKH KEPaMUYECKOro MOpouKa (IUIMKEpa) Ha €ro BiIaXHOCTh. Ocraroy-
Hasl BJIAKHOCTD IIUIMKEPA MOCIIE CYIIKH JI0JKHA HAXOJUTHCS B ONIPEIEIIECH-
HBIX IPEIEax, OTKIOHEHUE OT KOTOPBIX MPUBOJUT K YXYAIIEHUIO KaYeCT-
Ba KEpAMUYECKUX m3Aenui. Ha oCHOBaHMM pe3ynbTaTOB NMPEABLIYIINX HC-
CJIEIOBAHUI OKA3aJIOCh, YTO HAUOO0JIEe TECHYIO CBA3b C BIAKHOCTHIO UMEET
TEMIIEpaTypa OTXOJAIIMX IPHU CYIIKE ra3oB, NMPUYEM NIPU YBEIUYCHUU
BJIAJKHOCTH TEMIIEpATypa CHHMKAETCA, & NPH YMEHBIICHUM BIIAXKHOCTH
TeMmneparypa noseimaerca. [lo3toMy B kadecTBe pe3yJbTaTUBHOTO NPH-
3HaKa BbIOpaHa TeMmIeparypa OTXOIALIMX MpHU CYyIIKe ra3oB. Bapeupye-
MBIMU (paKTOpamMu IPUHSATHL: PacXo]] HUIMKEpa M, PacXo]l raza v, 1aBJICHHUE

B cymuJike p (Tabmu. 6.12).
Tabmuua 6.12
Br100p ypoBHeii (pakTOopoB, KoAMpoOBaHHe (paKTOPOB

YpoBeHb BapbUPyEMBIX Konosoe 060- m, T/4 v, M /4 p, MIla
(haxkTOopoB 3HAYCHUEC X X5 X3
Hwxnuii ypoBeHb -1 1,25 0,76 0,13
BepxHuii ypoBeHb +1 1,79 1,24 0,15
OCHOBHOU YPOBEHb 0 1,52 1,00 0,14
HNnTepBan BappupoBaHus Ax, 0,27 0,24 0,01

I[J'DI OILICHKU BJINAHUA YKaBaHHBIX q)aKTOPOB U MaTeMaTHu4dYCcCKOI o Oorimu-
CaHUuiA HpOI.ICCC& I/ICHOHBSYCM MOJICIIb HCpBOFO HOpHI[Ka
y =b, +b X, +b, X, +b, X, +b, X\ X, +b X X, +
+b X, X, +0,, X X, X, (6.35)
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Marpuna miaruposanus [10D 2° ¢ ygetom BzammozeiicTBus (hakro-
pOB mpejcTaBiieHa Tabdiu. 6.7. [l onpeneneHus TeMiepaTypbl OTXOIAIIUX
MIPUA CYIIKE Ta30B IUIAHUPYETCS MPOBECTH TPU MAPAJUICIBHBIX OMbITa B Ka-
xJou crpoke marpuibl [IDD, Bcero 24. PangomMusanuio OMBITOB MPOBO-
UM C TIOMOIIBIO TaOJUIIBI COydyalHbIX 4yucen (cMm. npwi. 7). Hanpumep,
HauyMlHAas CO BTOPOTO CTOJIOA TaOauIlbl, 3anMchiBaeM uncia ¢ 1 1o 24, ot-
OpaceiBasg OoJibliie 24 W TMOBTOPSIIOIIMECS, TOrJa TaOJvIla MPOBEICHUS
ONBITOB MMeeT BUJ (Tad. 6.13).

Iopsinok nMpoBeAeHUs ONBITOB

Ta0muma 6.13

Howmep ombiTa 1o

MaTpHule IIIaHUPO- 1 2 3 4 5 6 7 8
BaHUS

Cinyyalinblid ops- 24 19 4 9 5 21 7 8
JIOK peanv3auuu 10 15 2 23 12 14 13 16
OTIBITOB 22 20 1 3 17 6 11 18

Pe3ynbTaThl UCOBITAaHUM, MPOBEACHHBIX B COOTBETCTBUU C MaTpUIIEH
IJIAHUPOBAHUSA U JaHHBIMU Ta0u1. 6.13, npencrasieHsl B Ta0. 6.14.

Pe3yabTarhl HCIIBITAHUI

Ta0muna 6.14

Homep Temneparypa, °C 2 -~
OIbITa V; v V. V. Vi Si (yi _)’i)
il i2 i3 i i

1 332 327 366 341,7 | 357,6 450,3 2533
2 665 674 693 677,3 | 6614 204,3 2533
3 825 886 895 868,7 | 8723 1450,3 13,4
4 777 725 832 778,0 | 774,3 2863,0 13,4
5 1076 1088 1029 | 1064,3 | 1068,0 972,3 13,4
6 1190 1183 1136 | 1169,7 | 1166,0 862.,3 13,4
7 1289 1236 1271 | 1265,3 | 1281,3 726,3 2533
8 993 991 996 9933 | 9774 6,3 2533

Jlucniepcuio mapajuiebHBIX OMBITOB ompejaessieM mo ¢gopmyse (6.9).
OHOPOTHOCTh AUCIIEPCUM TIPOBEpsieM C TMoMoInbio KpuTepus Koxpena

(6.10)

G=2

2ax 28630

52 75353
25,
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[Ipu ypoBHe 3HaumMoct o =0,05 u uMciax cTeneHerl CBOOOMBI
d.f,=2; d.f,=8 Ttabmmunoe 3HaueHume kpurepua G, =0,5157
(cm. put. 6).

PacuetHoe 3HaUeHNE KpUTEPHS MEHbIIE TAOJIUYHOTO, CJIEI0BATEIBHO,
IUCTIEPCUM TTAPAIJIENBHBIX ONBITOB OJHOPOIHBI, YTO SIBJISETCA NOATBEP-
XKIECHUEM HOPMAJIBHOTO 3aKOHA PACIpPEeIeHHUs OIIMOOK OTAEIbHBIX OIbI-

TOB.
Jlucniepcus Bcero sxkcnepumenta (6.11)

Sz(y)z%gsf —9419.

Boiuucnsiem ko3 punments! ypaBaenus (6.35)

— 2 .
by=Y,= 7 =895;

N _

2. X1V

N
_—341,7+677,3-868,7+778,0-1064,3+1169,7-12653+9933 _ 10
. —
U T.1I.

[locne pacuera Bcex korpduimeHToB ypaBHeHue (6.35) nmpuHUMaeT
BU]I
Y =895+10X,+82X, +228X, —100X,, =51X; =75X,; +6.X ;.

Omubka onpeaesieHus: Ko3phUuireHToB
g _ S(y) _ 30,7 _
"INt 83
JI1s1 BBISIBJICHUSI 3HAUUMOCTH KO3(P(UITMEHTOB YpaBHEHUS PErPECCUU
CTPOMM JIOBEPUTENIbHBIA HHTEPBAJ LLIUPUHOU
2Ab=1,8, =1,746-63=22.
Tabnuunoe 3HaueHue ¢-kpurepus CThIOJEHTa ONpeeNsieM sl ypOB-
HA 3HAYUMOCTH a =0,05 u yucia cTerneHen CBOOOIBI
d.f=N(r-1)=8-2=16.
Kosduumentsr b, u b,; OKa3aIuch CTATUCTUYECKU HE3HAUYUMBIMU,

6,3.

MO3TOMY YpaBHEHHE PErPECCUU UMEET BUJ
Y =895+82X, +228X, 100X, —=51X ; -75X ;. (6.36)

PacueTHbie 3HaueHus1 y TmpuBeACHBI B Ta0d. 6.14. AnekBaTHOCTD TO-

JYYEHHON MOJIEIU OonpeaeisieM ¢ ToMOIIb0 Kputepus Duiiepa (6.24).
Jucniepcus agexkBaTHocTd (6.23)
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Se 16007 _
S2(y) 9419

Jlns d.f,=8-6=2; d.f,=8(3-1)=16 u a=0,05 kputhueckoe 3Ha-
yeHue [, =3,64. Tak xak [ < F., To ypaBHeHHE (6.36) a1eKBaTHO OIUCHI-

Sj():ﬁ%@i—;i)zzmoo,ﬁ F= 1,70.
— 0=l

BaeT (PYHKIMIO OTKJIMKA.

Ha ocHoBaHWM TONYYEHHBIX PE3YyIbTATOB M aHAINW3a YpPaBHCHUS
(6.36) MOXXHO clI€JIaTh CJIEAYIOIIUE BHIBOIBI:

— pacxo] NMUIMKepa B YKa3aHHBIX MPEeiiax caM 1Mo cebe He BIUsIET Ha
TEMITEpaTypy OTXOISAIINX MPHU CYIIKE Ta30B, CIIEOBATEILHO, U HA BIaX-
HOCTb IIUTHKEPa;

— C YBEIIMYCHHEM pacxojia Ta3a W JaBJCHUS B CYIIWIIKE TeMIIepaTypa
OTXOJAIIMX I'a30B IOBBIIIAETCS, BIAXHOCTh — yMeHbIIaeTcd (T.K. b, >0 n

by, >0), npuueM HauOONbIIEE BIMAHUE OKA3bIBAET BEJIMYMHA JaBJICHHS B
CYIIWJIKE;

— HapsiAy C JUHEUHBIMU 3(PdeKTaMu 3HAYMMBIMU OKa3aJuCh TaKKe
dpdexrsr B3aumoneiicteuas X, X,, X, X;, X,X,, KOTOpbIE NPUBOAAT K

YMEHBIIICHUIO TEMIIEPATYPHI OTXOISIINX Ta30B.
Bonpocsl aJist caMONIOAr0TOBKHA

1. Kaxk 3aBUCHUT YHCIIO OIBITOB OT BHJIA TPUHUMAEMON MaTEMaTHYE-
CKOM Mozenn?

2. YeM MOXHO OOBSCHUTHh HMIMPOKOE PACIPOCTPAHEHUE MOIUHOMMU-
aJbHBIX MOJEIEH?

3. [aiiTe onpenesieHre MOJTHOTO (PaKTOPHOTO IKCIIEPUMEHTA.

4.  Yro xapaktepusyroT [ -ko3hPuIueHTbI?

5. Ilepeuucnure 3Tansl JIAHUPOBAHUS U peAIU3alUM TTOJTHOTO (Pak-
TOPHOT'O SKCIIEPUMEHTA.

6. Uto Ha3bpIBaIOT KOJMpOBaHUEM (DAKTOPOB? 3a4eM €ro mpoBOAST?

7. TeomeTpuyeckoe MpeJcTaBlIeHHe IIaHoB Tuma 2% .

8. Kak nmpoucxogut GopMupoBaHUs MaTpUllbl INIAHUPOBAHUS DKC-
nepuMenToB? I1ocTpoliTe MAaTPHIly IIIAHMPOBAHKS IS IUIaHOB 22;23;2%,

9. CpolicTBa MaTpullbl IIAHUPOBAHUS MOJHOTO (PAKTOPHOTO SKCIIE-
pUMEHTA.

10. Yto Ha3bpIBAIOT paHAOMU3ALMEN ONBITOB? 3a4e€M €€ MPOBOAAT?

11. Kaxune onbIThl Ha3bIBAIOT MAPAIUICITbHBIMHU ?
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12. Kak u 115 yero npoBOAUTCS MPOBEPKA OHOPOJHOCTH TUCIIEPCUH
MAPAIUICIIBHBIX ONBITOB?

13. Yrto 03Ha4aeT NOHATHUE BOCHPOU3BOJMMOCTH SKCIIEPUMEHTA?

14. Kak oleHUTh OIMOKY 3KCIIEpUMEHTA?

15. Kakoii MeTos nmpuMeEHsIETCs TIpU pacdere KO3 (UIIMEHTOB ypaB-
HeHUs perpeccun? 3anuiure Gopmyiy pacyera b-ko3pPuueHToB.

16. Uto Ha3bIBAIOT B3aUMOJACUCTBUEM (PAKTOPOB U KaK OHO yYUTHIBA-
€TCs MPH TUIAHUPOBAHHUH MTOJTHOTO (PaKTOPHOI'O AKCIIEPUMEHTA?

17. Uro Ha3pIBalOT B3aUMOJEHUCTBUEM IIEPBOTO, BTOPOTO, TPETHETO U
T.1. nopsaka? Kak omnpenensercs 4uciao BO3MOXKHBIX B3aMMOJICWCTBUM
(baxkTopoB?

18. CriocoObl IpOBEPKU 3HAUUMOCTU h-KO3(P(PULIMEHTOB.

19. Uem moxer ObITh OOYCIIOBJIEHA HE3HAYUMOCTh KO3(P(PUIIMEHTOB
YpaBHEHUS pErpeccun’?

20. Kak m i1 yero npoBOIUTCS MPOBEPKA aIEKBAaTHOCTH YPABHEHUS
perpeccun?

21. Yro Ha3bIBAIOT APOOHBIM (PAKTOPHBIM SKCIEPUMEHTOM?

22. Jlaiite ompezaeneHre IPOOHOM PEIUIMKK IOJHOrO (PaAaKTOpPHOTO
AKCIIEPUMEHTA.

23. llopsnok miaHupoBaHus IPOOHOrO (PAKTOPHOTO SKCIEPUMEHTA.

24. Kaxkue miIaHbl Ha3bIBAIOT HACKHIIICHHBIMU?

25. SlBneHue cMENIMBaHUS OLICHOK [3-KO3((PUIMEHTOB B APOOHOM

(haKTOPHOM IKCIIEPUMEHTE.
26. UYro Ha3pIBalOT I€HEPUPYIOIIMM COOTHOLUIEHHEM W OIPEIEISIO-
UM KOHTPAacToOM?
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7. ACCJIEJJOBAHUE YCTPOUCTB ABTOMATHUKHU

HccnenoBanre TeXHUYECKHUX OOBEKTOB OOBIYHO CBS3aHO C MX MarTe-
MaTUYECKUM OIMCAHUEM, KOTOPOE MO3BOJISIET BHIOPATh CTPYKTYPY M Iapa-
METpPhI YCTPOWCTBA HA CTaUU pa3pabOTKH, a TaKKe OpraHM30BaTh HauOo-
nee 3Q(EeKTUBHBIE PEKUMBbI (DYHKIIMOHHUPOBAHMS B MPOLIECCE AKCILTyaTa-
105158

s psina yeTpouCTB ITOCTPOCHUIO SMIIMPUYECKON MOAEIIN IPEAIIECT-
BYET MOJIyUeHHE TeopeTudeckor mojaenu. CpaBHEHUE pe3yJbTaTOB JKCIIe-
PUMEHTa C TEOPETUYECKOM 3aBUCUMOCTHIO MO3BOJSET OOBSICHUTH CMBICI
M3Yy4aeMOro SBJICHUS U MOKa3aTh MIPEUMYIIECTBA SKCIIEPUMEHTA.

B kaudectBe mpuMepa pacCMOTPUM YCUIIUTEIb C TMOJIOKUTEIBHOU U
OTPULIATENILHOM OOpaTHhIMU CBsI3AMH. CxeMa ycuiuTensi coOpaHa Ha WH-
TerpaibHOil MukpocxeMe cepun K140V]I6 (puc.7.1). BxomHoW curHan
Uz, TIOmaeTcs Ha MHBEPTUPYOMMK BXoA. OTpuniarenbHas o0OpaTHas CBA3b

CO3aeTCs C MOMOIILIO conpoTuBiacHui R, u R,. Conporusienus R,, R,

00pa3yroT MOJIOKUTEIBHYIO OOPATHYIO CBA3b, KOTOPAs MIPU ONPEIEIECHHBIX
COOTHOUIIEHUSAX MEXK]y CONPOTHUBJICHUSMHU MOBBIIAET KOIPPUIIMEHT yCH-
JIEHHS TIO HAIIPSDKEHUIO CXEMBI

Ky =Ugpx [Ugy - (7.1)

3ajlaya KCCIIEI0BAHUA COCTO-

R | R UT B TNOJIYyYCHUU U aHaU3€ KOd(-

o — ¢unuenra ycunenus K, Kak

UBX —> o

I, T (GYHKIIMYA COMPOTHUBJICHUNA OTpHUIIa-

T > ’ 5 TEILHOM M MOJI0KUTEILHOM 00paT-

Ussix HBIX cBsa3eil. HeoOxommmo Taxske

R; R, CPaBHUThH TEOPETUUYECKYIO U IMIIU-

_E|<— ) — I PHYECKYIO 3aBUCHUMOCTH K, OT
13 conpotuBnenuit R, R,, R;, R,.

Puc. 7.1. Ycumarenn [Ipu uccnenoBaHuu 1MOJO00HO-

C OTPHULIATENIBHOM U MOJIOKUTEILHOM r0 YCTPOWCTBA CIENYyET YUYUTHI-

0OpaTHBIMH CBS3SIMH BaTh, YTO B 3aBUCUMOCTHU OT Iia-

paMeTPOB OTPULATEIIBHOM U I10JI0-
JKUTEJIbHOM 00PaTHBIX CBA3EH KOX(P(PUUUEHT ycuneHuss K, n3MeHsercs B

IITUPOKUX TpejiesiaX, a MPU HEKOTOPBIX 3HAYCHUSIX CONMPOTHUBIICHHH cXema
MOXET 0Ka3aThCsl HEPaOOTOCITOCOOHOM.
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I[J'I}I PCLICHUA IMOCTABJICHHOU 3ala4ui MCCIICIOBAHUA ITOJIIYUHMM TCOPC-
THYCCKYIO U SMIITMPUUYCCKYIO MOJCIIM YCUIIUTCIIA, a4 3aTCM CPpAaBHUM HX.

7.1. Teoperu4eckast MOJe/Ib YCUITUTES

JInst cxeMbl, COOpaHHOW Ha ONEPALMOHHOM YCHWJIMTEIE, IPH BBIBOJE
3aBUCHUMOCTH K, = f (Rl,Rz,R3,R4) MPUHUMAIOTCA CIEAYIOIUE JOMYILe-
HUS: KOA()PUIIMEHT YCUJIEHUSI B PA30MKHYTOM COCTOSIHUU M €TI0 BXOJHOE
CONPOTHUBIICHHE OECKOHEYHO BeJHMKHU. Clie10BATENIbHO, TOTEHIIMAIIBI B TOY-
kax /, 3 (cMm. puc. 7.1) OAMHAKOBBI:

0 =05, (7.2)
a BXOJHOM TOK YCUJIUTEIIS PABEH HYJIIO.
Ha ocHoBanuu 3akoHa OMa MOXEM 3alACaTh YPABHEHUS

¢, =Upgy —1|R;; (7.3)

@3 =13R;. (7.4)
Toxku 1,, I, Taxxe onpenesisroTcs Ha OCHOBE 3aKkoHa Oma:

I, = (UBX —Uppix )/(Rl + Rz); (7.5)

Iy =Upyy (R3 + R4)' (7.6)

IToncraBnsst B ypaBHenust (7.3), (7.4) Bblpaxenust jjisi TOKoB (7.5),
(7.6), ¢ yuerom cootHomieHus (7.2) moiaydaeM ypaBHEHHE, CBSI3bIBAIOIICE

BBIXOJJHOC U BXOAHOC HAIIPAKCHU S

R R
UBbIX o RlTll% (UBX o UBbIX ) = R3T3R4 UBbIX . (7-7)

[Tocne npeoOpazoBanus cootHommeHus (7.7) noaydyum Gopmyay uist

Ko3(ppuumeHTa ycuneHus:

= Yssx _ I+ Ry /R,

v UBX (R3/R4)_(R1/R2).

Bripaxxenue (7.8) sBisieTcst 00IIMM, TaKk KaK U3 HETO MOTYT OBITH I0-
Jy4€HBbl U3BECTHBIE COOTHOIICHUSI KOA(P(OUIIMEHTOB YCUJICHHUS IO HaIpsi-
KEHUIO JIJII MHBEPTHUPYIOIIETO M HEUHBEPTUPYIOILIETO ycuiutenen. [lpu
R, =00 (pa30MKHYTa IIOJIOKUTENbHAsA 00paTHas CBA3b) HAXOAUM KO3 Pu-

(7.8)

[IUEHT YCUJICHUS I UHBEPTUPYIOIIETO YCUITUTEIS

K;=-R,/R,; (7.9)
npu R, =00 (pasoOMKHyTa OTpHMLATEIbHAsA OOpaTHas CBA3b) IOJIy4aeM KO-
3 PUIMEHT yCUIICHUS 1J11 HEUHBEPTUPYIOLIETO YCUITUTEIS:
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K5 =1+R, /R, . (7.10)
Yceunurens ycToM4MBO pabOTaeT MpU OTPULATEIBHBIX 3HAYEHUAX

K, , T.e. yclI0oBUE yCTOWYMBOW PAOOTHI ONPENENAETCS HEPABEHCTBOM
R /R, >R, /R, . (7.11)
KU A
JIns moBbIIIEHUS KOA(-
¢unuenra ycunenus K, xe-

3HaMeHatens ¢opmyinbl (7.8),

——————— R HO TIpU 3TOM HEOOXOJIUMO
| Ry/R,=R,/R, Ri/Ra YUYUTBIBATh, YTO MOJ ACHUCTBU-
| eM JeCTaOUITN3UPYIOIINX
: Ry/R>Ri/R: (akTOpOB WM CTaHIAPTHHIX
| OTKIIOHEHHH [apaMeTpoB CO-
MPOTUBIICHUN MOXET Hapy-

Puc.7.2. 3aBucumocTs KorppuiuenTa WAThCs  HepaseHcTBo (7.11).
YCHIIEHHS 110 HATPSKEHMIO Ha puc. 7.2 nokaszana 3aBucu-

OT MapaMeTPOB CXEMBI MOCTb K, OT OTHOIICHHM

R,/R, pu R, /R, =const.

|
|
|
|
R3/Rs<R1/R> | JaTebHbl MaJjible 3HAUYEHUS
|
|
|

S
—
y

Koadpuuument ycunenus npu

R /R,=R;/R, (7.12)
IPUHAMAET HEONPEIEIEHHOE 3HayeHne (+o0), T.e. MMEET MECTO pasphiB
Gynkun. B obmactu, rae K, <0, ¢ yMEHbIIEHHEM OTHOIIEHUS R, /R,
abcomoTHas BenumuMHa K, ymeHblnaercsa u npu R, /R, =0 momynb poc-

TUTAeT HAUMEHBIIEr0 3HAYEHUs, onpeneasieMoro BeipaxkenueM (7.9). 1pu
R, /R, >R, /R, ycunurenr HepaboTocmocodeH. IToaroMy 00macTh uccie-

JIOBaHMS 3a/1aeTcst HepaBeHCTBOM (7.11).
7.2. IMnupu4ecKasi MOAEJb yCHIUTEIIA

B kadecTBe BBIXOJHON BEIUYMHBI (OTKIMKA) IpUMEM KO3(DPUIUEHT
YCUJICHUS 110 HANPSKEHUIO, B KAYeCTBE (PAKTOPOB — COMPOTUBIIEHUS OTPU-
LAaTENILHOM M IOJIOXKUTENBHOM 00OpaTHEIX CBA3ed R, R,, R,, R,. U3 npy-

T'MX BO3MOXHBIX ()aKTOPOB Ha KOO(G(GUIMEHT ycuneHus K, MOXKET OKa3bl-
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BAaTh BJIMSIHUE HanpsbkeHue nurtanus E ==x15 B. [IpenBaputenbHblid O1-
HO(AKTOPHBIN 3KCIEPUMEHT MOKa3all, YTO MPU OTKIOHEHUSIX HANPSKEHUS
nutanus Ha +10% OT HOMHUHAJIBHOTO 3HAaYeHUs KO3(P(UIMEHT yCUIICHUS
IIPAKTUYECKU HE U3MEHSETCH.

Ilenro skcniepuMeHTa SBISAETCA ITOCTPOCHUE DKCIEPUMEHTAIBHON 3a-
BUCUMOCTH K, = f (Rl,Rz,R3,R4). ITomydyeHue Takou 3aBUCUMOCTH JUKTY-

€TCA TEM, YTO NPU MOCTPOCHHH TEOPETHYECKOM 3aBrcumocTH (7.8) mpu-
HUMAJOCh JOMYIIeHHe OO0 WIeaJTbHOCTH OIEPAIMOHHOTO YCHUJIUTEIS
K140V /16, Ha kOTOpOM COOpaH YCUJIUTENb HAIIPSKECHMUS.

[lo pe3ynabpTaTam 3KCHEPUMEHTAIHLHOTO HCCIIECTOBAHUS MOXHO OIIe-
HHTB, Ha CKOJIBKO PEaJIbHbIA KOY(QPUIMEHT ycuaeHus K, OTIMYaeTcs OT

TEOPETUYECKOTO U B KaKUX MpeJiesiax OH OyJIeT U3MEHSThCS MPU OTKJIOHE-
Huu Gakropos R, R,, R;, R, OT UX HOMUHAJILHBIX 3HAYEHUH.

B mporecce skcnepuMenTa Kod(PGUIIMEHT yCUJIEHUS OIpEeeseTcs
KaK OTHOIIIEHUE BBIXOJHOTO U BXOAHOTO HampsbkeHud mo dopmyne (7.2).
O6a HanpspKeHUsT U3MEPSIOTCS KOMOMHUPOBAHHBIM ITU(POBBIM IPUOOPOM
[114310. CorysacHo MacHOpPTHBIM JAaHHBIM OCHOBHAsl OTHOCHUTEJIbHAS II0-
IPEUIHOCTh O, H3MEPEHUS IIOCTOSHHOIO HANPSHKECHHS OINPENETISETCS B

IIPOLCHTAX BBIPAXKCHUCM

5, =+ o,5+o,5(ﬁ—1] , (7.13)
UX

rae U, —npenen usmepenns, U, — U3MEPEHHOE 3HAYECHUE.
Kpome 0CHOBHOI, MIMEET MECTO AOIOJIHUTEIbHAS TIOIPEUIHOCTD, 00Y-
CJIOBJIEHHAsI OTKJIOHEHUSMH TEMIIEPATYPhl U HANPSDKEHUS MMUTAHUSA OT HO-

MHHAJIbHBIX 3HAYEHUW. JlOMONHUTENBHASA MOIPEIIHOCTh HCIOJIb3YEMOIO
pruoOpa COracHO NacCHOPTHBIM JAHHBIM MOXKET COCTaBIIATh

6 =156;. (7.14)
Takum oOpa3om, o011ast MOTPEUIHOCTh CPEICTBA U3MEPEHUS
6=0y+6,. (7.15)

BxonHoe conpoTuBiieHHE Ry, NprOOpa NpH M3MEPSEMBIX HapsDKeE-
Husx 2 MB — 20 B R, 2100 MOM. BxonHoe HanpsbKeHUE ITOCTOSHHOIO
Ttoka Uy, =13 MB cHumaercs ¢ ucrounuka BCII-50. Benuunnbl Bapbu-

PYEMBIX COMPOTUBJICHUIN yCTAHABJIMBAIOTCS C TMOMOIIBI0 U3MEPHUTEIBHBIX
MarazuHoB cornpoTtusieHus P33 ¢ norpemnoctoio (%)

Sp=* O,2+6-10‘6(§—N—1] , (7.16)

X
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rae R, — HauOosbliee 3HadeHue conporusieHus marasuna (100xOwm);
R, — HOMHMHAJIBHOE 3HAYCHHUE BKIFOUYEHHOIO COIIPOTHUBIICHHUS.

Buvibop unmepeanos eapvuposanusi u koouposamue ¢haxkmopos. Vn-
TepBaJIbl BapbUPOBaHUS (HAKTOPOB OMNPEACIAIOTCS B IPEABAPUTEIHHOM
AKCIEPUMEHTE U3 yclioBUs cyiiecTBeHHOro (Ha 30 — 40%) u3sMeHeHus ot-
KJIMKa — KO3(ppuumeHTa ycuiaeHus. 3aJaHHOE U3MEHEHUE OTKIIMKA MMEET
MECTO NPHU U3MEHEHNHN CONPOTUBIEHUN puMepHO Ha 10% OT HOMHHAIB-
HOI'0 3Ha4eHUs. B KauecTBe HOMUHAJIOB CONPOTUBIICHUIN MPUHSATHI UX 3HA-
4yeHus, cooTBEeTCTBYIomMe K, =—92,5. HomuHanbHble 3Ha4€HHs (OCHOB-

HbIE YPOBHH) (PAKTOPOB M MHTEPBAIBI UX BAPbUPOBAHMS TPE/ICTABICHBI B
tabm. 7.1.

Tabmuna 7.1
YcaoBus IKCrIepuMeHTa
YpoBEHb BapbUPYEMBIX KomoBoe R, kOMm | Ry, kOM | R3, kKOM | R4, kOMm
(dakTopoB 0003HaUYEeHHE X X5 X3 X,

HwxHuii ypoBeHb -1 9,5 470 9 1000
BepxHuii ypoBeHb +1 10,5 530 11 1200
OCHOBHO! ypOBEHb 0 10 500 10 1100
WNurepBanm  BapbupoBa- AX, 0.5 30 1 100
HUs

IInan u pesynvmamol dxcnepumenma. B mpenBapuTeIbHOM SKCIIEPH-
MEHTE BBIACHEHO, YTO B3auMozencTeue pakropos X, X, X,, T.e. ko3dhu-

OUECHT bl3 45 ABJIAECTCA CTATUCTHUYCCKN HC3HAYUMBbBIM. HOBTOMY B Ka4C€CTBC

IJIaHa SKCIEPUMEHTA MOKHO IPUHATH Iwiadn JdD 2% ¢ renepupyrommm
cootHomeHueM X, =—-X, X, X,. Ilpu 3TOM OIpEnCIAIONMNA KOHTPACT
umeeT BuI 1=-X, X, X, X,. Takoii KOHTpAacT 00€CIIEUMBAET CMEIIUBAHUE
JTUHENHBIX 3P(eKToB ¢ AP (PeKTaMu TPOMHBIX B3aUMOJECHCTBUM U MapHBIX
B3aMMOJICUCTBUM MeXy coOoi. Tak kak TpOWHBIE B3aUMOJCHCTBUS
OOBIYHO CTATUCTHYECKH HE3HAYMMBI, TO IpuHuMaeMbii 1D 24! cnenyer
CYUTATh JONYCTUMBIM. IInaH W pe3yapTaTbl U3MEPEHUS OTKIIMKA
IK,|=y=Upgyy/Ugy mpencrapiensl B Tadm. 7.2.

Obpabomka pesyromamos JIPD 2%, PesynpraTel dKCIEPHMEHTA,
T.€. 3HaUeHUSI KO3P(UILIMEHTA YCUIICHHS, TTOTYUYEHbI JIEJICHUEM BBIXOAHOTO
HampspkeHus  (MOKa3aHWs  BOJIBTMETPA) HA BXOAHOE  HANpPSDKEHHE
U, =13MB. IloBTOpHBIE M3MEPEHUS NAIOT TOT XK€ PE3YJILTAT, I03TOMY B

KaXJ0M CTPOKE IJIaHa TPOBOJAUTCS OJTHO M3MEpPEHUE OTKIIMKA. Jlucnepcuro
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BOCIIPOM3BOJMMOCTH B TAKOM CJIy4ae CIEAYET ONPEAEIATh 0 METPOJIOTH-
YECKHM XapaKTepUCTHUKaM cpeacTBa u3MepeHus. OCHOBHYIO U JIONOJIHU-
TEJIbHYIO TOIPEeIHOCTH u3MepeHus BonbTMeTpa 114310 ompenensem 1o
dbopmynam (7.13) — (7.15). B axcniepruMeHTe BBIXOJIHOE HANPSHKEHUE U3MeE-
psutock Ha npenene U, =2 B u cocrasisano Uy, ~1+15 B. Caenosa-

TEJIBHO, OCHOBHAsS OTHOCHUTENbHAS IOrPEMIHOCTh Npudbopa o, =+1%, mo-
MMOJTHUTEIbHASL O 0= 1,56, =+1,5%, obmias nmorpemnocts 6 =2,5%.

Tabmuma 7.2
ILnan u pesyabrarsl 1P 241

I;Il_?sff: Xo X X X3 Xy | XiX5 | XX | X5X, y y y=y
1 + — + — — + — + 110,0 | 110,7 | -0,7
2 + + — — — — + + 73,8 | 74,1 | -0,3
3 + — — + — - - - 107,6 | 107,7 | -0,1
4 + + + + — + + — 112,3| 11,5 | 0,8
5 + — — — + + + - 77,7 | 76,5 1,2
6 + + + — + — — - 80,0 | 80,3 | -0,3
7 + — + + + — + + 113,8 [ 113,9 | -0,1
8 + + — + + — + 76,5 | 77,3 | -0,8
9 - 0 0 0 0 0 0 91,5 | 94,0 | -2,5

AOcomoTHas norpemHocTs u3Mepenuss AU =o6U ,, /100%, roe U, —
MaKCHMAaJIbHOE 3HAu€HHE BBIXOJHOTO HampsokeHus. B Hamem ciydae
AU =10,04B. [Ina noBepUTEIHLHONU BEPOSITHOCTH Pﬂ =0,95 BeanunHa 10-
BEPHUTENBHOrO HMHTepBana [AU|=2S,,, rae S, — ommbka BOCTIPOM3BOIH-
MOCTH pe3yjibTaTa W3MEPEHHs] BBIXOJHOTO Hampsbkenus. Otcrona
S, =0,02 B.

Koadduiment ycunenus ompenensercs KOCBEHHBIM METOJOM, IO-

3TOMY Cpe/IHee KBaJPAaTHUCCKOEC OTKJIOHEHHE pe3ysbTara H3MEpEHHS —
orriOKa SKcrepruMenTa S()) — BBIYUCIIAETCS 10 POopMyJIe

S S
Sy)=K) U _="U (7.17)
v UgbIX UBX

u cocrasisier S(y)~1,5.

3HadeHus Ko3(Q(PUIIMEHTOB YPaBHEHUS PErPECCUU
y=by+b X +b,X,+b. X, +b, X, +
+b, X\ Xy ++b,, X, X +b,, X X, (7.18)
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BbIUUCIISAIOTCA 10 (hopmyiie (6.14). PacdeTsl garot ciemyromime pe3yibTa-
THI:
b,=94, b =-82;, b,=101; b;=86;, b, =-70;
b, =015 b,,=044; b,, =-0,44.
Ommbka onpeneneHust KO3GPUIMEHTOB b, BBIYUCISIETCS IO GopMyIIe
(6.19) u cocraBiseT
S, =S(y)//N =1,5//8 05.
JlJis BBISABJICHUS 3HAYMMOCTH KOA(h(UIIMEHTOB YpaBHEHHS PEerpeccuu
CTPOMM JIOBEPUTENIbHBIA HHTEPBA LLIUPUHOU
2Ab=1,8, =186-0,5=0,93.
Tabnuunoe 3HaueHue ¢-kpurepus CThIOJEHTa ONpeessieM ISl ypOB-
Hs 3HaYuMocT o = 0,05 u uncna crenenei cBoooaw! d.f = N =8.

Koapuumentsl, xapakrepusyrolue B3auMOACHCTBUE (HaKTOPOB,
OKa3aJIUCh CTATUCTUYECKU HE3HAYMMBIMU, IIO3TOMY YPaBHEHHUE PErPeccUn
MMEET BUJI

y=94-82X, +10,1X, +8,6X,-7X,. (7.19)

N3 ypaBuenus (7.19) BuaHO, 4T0 KOAQ(UIMEHT yCUIEHUsT YObIBAET C
YBEIIMYCHUEM COIPOTUBJICHHH R, R, M BO3pacTaeT C yBEIMYCHHEM R,,
R, , 4TO COIJIacyeTcs ¢ TEOPETUIECKOM popmyioii (7.8).

[IpoBepuM aneKBATHOCTh IOJYYEHHOM MATEMaTUYECKOM MOMIEIU
(7.19) pesynpTaTamM 3KCIepuMeHTa. PacdeTHbIe 3HAUYCHHS ) W Pa3HOCTH

y—y mupuBeaeHsl B Tabi. 7.2. [lucnepcus agexkBatHoCcTH (6.23)
2 _ 1 Mo~y :
Saa - 8—4,;1(’)/" _yi) _0,85,
JUCTIEPCUs BOCITPOU3BOIUMOCTH
§2(y)=1,5%=225;
T.K. YUCJIOBOE 3HAYCHHE IUCIIEPCHUU BOCTIPOM3BOJUMOCTU OOJIBIIE YHCIIO-

BOI'0 3HAUCHUS TUCIEPCUM aJ€KBATHOCTH, PACUETHOE 3HAUCHUE KPUTECPUS
@umiepa onpezensercs no Gpopmyiie

Hna d.f,=8-4=4; d.f,=8 u a=0,05 xpuruueckoe 3HAYECHHUE
F,. =3838. Tak kak F' <F,, T0o ypaBHeHHe (7.19) aneKBaTHO ONMUCHIBACT

(YHKIHIO OTKJIMKA.
[lo mosny4yeHHON MoOAENIM MOTrYT OBITh BBIYMCIEHBI KO3(P(PULIHUECHTHI
BIUSHUS (4YBCTBUTEIBHOCTH) (PAKTOPOB HA KOAP(UIIMEHT YCUICHUS H
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OIPENIETICHBI YUCIIOBLIE XapaKTEPUCTUKU K, KaK CIy4alHON BEIUYHMHEI B

3aBUCUMOCTH OT pa30poca CONpPOTUBIEHUN pe3UCTOpoB. [l 3Toro B
ypaBHeHuu (7.19) HE0OXOAMMO MEPEUTH OT KOAUPOBAHHBIX (DAKTOPOB K
¢u3nueckuM repeMeHHbIM. Toraa
R —-R R,—R) R,—-R} _R,—R)}
4-82———+10]1 s A— .
Y =94-8, ARI 0, AR2 +38,6 AR3 -7 AR, (7.20)

rae R? — OCHOBHBIE yPOBHM (HOMHMHAJIBI) CONPOTHBICHUN; AR, — UX UH-

TEpBaJIbl BAPbUPOBAHMUSI.
IToncrasiss yncioBble 3HadeHus RY u AR, B ypaBnenue (7.20), no-
Jy4YUM
y =80,7-1640-10"°R, +33,7-10"°R, +860-10°R, —7-10"°R,, (7.21)
WUJIA B OOIIIEM BUE
y=a,+aR +a,R,+a,R, +a,R,. (7.22)
B nocnemHem ypaBHEeHUM a-KO3(DPUUMEHTHI B OTIAYHE OT
b-xordpunuentoB ypaBHeHus (7.19) sBIAIOTCS pa3MEpPHBIMU BEIUYMHAMMU
(Om™).
N3 ypaBHeHnus (7.21) BUAHO, 4TO HauOoOJbIIEe BIUSHUE HA KO3(PdU-
LUCHT YCUJICHUSI OKa3bIBAIOT CONPOTHBICHHS R,, R,. IIpakTWdecKuii nH-

TepeC MPEJCTABISIOT OTHOCHTEIbHBIC KOA(PMOUIMEHTHI BIUSHUS WIN IyB-
CTBUTEILHOCTH KOd(uIlMeHTa yCuIeHUsI K U3MEHEHUIO COMPOTHUBIICHUN
R, R,, R,, R,, KOTOpBIE BEIYUCIIAIOTCS 110 (POpMyIIe

Bu=(§7] (%]: G RO (4=1,2,3,4).
Yo R Yo

Jinst paccmatpuBaemoro mpumepa |Bj|=|B,|=2; |B;|=|B,|=1. Tlo
YPAaBHEHHUIO MOJEIIA MOYKHO HCCJIEN0BAaTh NapaMETPUYECKYIO0 HAJIEKHOCTh
U CTPOUTH JIONYCK Ha BBIXOJHOM MapameTp — KO3(PPUIUEHT yCUIEHUS 1O
HaIPSHKEHUI0. DMIIMPUYECKass MOJENb OOJbIIE COOTBETCTBYET PEalbHOM
JNEHCTBUTEIIBHOCTH, HO BBIBOJBI Ha OCHOBE TAaKOW MOJEIM CIPABEIJIMBBI
TOJIbKO B O0JIACTH 3KCIEPUMEHTA, 33JaBaeMOl MHTEpBajaMu BapbUpOBa-
HUS PaKTOPOB.
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OpanHaTHI HOPMAJIBHOT O pacnpe/ieieHUus

(«/E )_1 exp(— t2/2)

plt)=

[Ipunoxenune 1

3

4

5

6

0,0

0,3989

0,3989

0,3988

0,3987

0,3986

0,3984

0,3982

0,3979

0,3976

0,3973

0,1

0,3969

0,3965

0,3960

0,3955

0,3950

0,3944

0,3938

0,3932

0,3925

0,3918

0,2

0,3910

0,3902

0,3189

0,3885

0,3876

0,3866

0,3856

0,3846

0,3836

0,3825

0,3

0,3813

0,3802

0,3790

0,3778

0,3765

0,3752

0,3739

0,3725

0,3711

0,3697

0,4

0,3682

0,3667

0,3652

0,3637

0,3621

0,3605

0,3588

0,3572

0,3655

0,3538

0,5

0,3520

0,3502

0,3484

0,3466

0,3448

0,3429

0,3410

0,3391

0,3371

0,3352

0,6

0,3332

0,3312

0,3291

0,3271

0,3250

0,3229

0,3208

0,3187

0,3165

0,3144

0,7

0,3122

0,3100

0,3078

0,3056

0,3033

0,3011

0,2988

0,2965

0,2943

0,2920

0,8

0,2896

0,2873

0,2850

0,2826

0,2803

0,2779

0,2756

0,2732

0,2708

0,2684

0,9

0,2660

0,2636

0,2612

0,2588

0,2564

0,2540

0,2516

0,2492

0,2468

0,2443

1,0

0,2419

0,2395

0,2371

0,2347

0,2323

0,2299

0,2275

0,2251

0,2227

0,2203

1,1

0,2178

0,2154

0,2130

0,2106

0,2083

0,2059

0,2035

0,2012

0,1988

0,1965

1.2

0,1941

0,1918

0,1895

0,1874

0,1849

0,1826

0,1803

0,1781

0,1758

0,1736

1,3

0,1713

0,1691

0,1689

0,1647

0,1625

0,1603

0,1582

0,1560

0,1539

0,1518

1,4

0,1497

0,1476

0,1455

0,1435

0,1414

0,1394

0,1374

0,1354

0,1334

0,1314

1,5

0,1295

0,1275

0,1256

0,1237

0,1218

0,1200

0,1181

0,1163

0,1145

0,1127

1,6

0,1109

0,1091

0,1074

0,1056

0,1036

0,1022

0,1005

0,0989

0,0972

0,0956

1,7

0,0940

0,0924

0,0908

0,0893

0,0878

0,0862

0,0847

0,0832

0,0818

0,0804

1,8

0,0789

0,0775

0,0761

0,0747

0,0734

0,0721

0,0707

0,0694

0,0681

0,0669

1,9

0,0656

0,0644

0,0632

0,0615

0,0608

0,0596

0,0584

0,0573

0,0562

0,0551

2,0

0,0540

0,0529

0,0519

0,0508

0,0498

0,0488

0,0478

0,0468

0,0459

0,0450

2.1

0,0439

0,0430

0,0421

0,0413

0,0404

0,0396

0,0387

0,0379

0,0370

0,0363

22

0,0365

0,0347

0,0339

0,0332

0,0325

0,0317

0,0310

0,0303

0,0296

0,0290

2,3

0,0283

0,0277

0,0271

0,0264

0,0258

0,0252

0,0246

0,0240

0,0235

0,0229

2,4

0,0224

0,0219

0,0213

0,0208

0,0203

0,0198

0,0194

0,0188

0,0184

0,0180

2,5

0,0175

0,0171

0,0167

0,0163

0,0158

0,0154

0,0151

0,0147

0,0143

0,0139

2,6

0,0135

0,0132

0,0129

0,0126

0,0122

0,0119

0,0116

0,0113

0,0110

0,0107

2,7

0,0104

0,0101

0,0099

0,0096

0,0094

0,0091

0,0088

0,0086

0,0084

0,0081

2,8

0,0079

0,0077

0,0075

0,0073

0,0071

0,0069

0,0067

0,0065

0,0063

0,0061

2,9

0,0059

0,0058

0,0056

0,0054

0,0053

0,0051

0,0050

0,0048

0,0047

0,0046

3,0

0,0044

0,0043

0,0042

0,0041

0,0039

0,0038

0,0037

0,0036

0,0035

0,0034

3,1

0,0033

0,0032

0,0031

0,0030

0,0029

0,0028

0,0027

0,0026

0,0025

0,0025

3,2

0,0024

0,0023

0,0022

0,0022

0,0021

0,0020

0,0020

0,0019

0,0018

0,0018

3,3

0,0017

0,0017

0,0016

0,0016

0,0015

0,0015

0,0014

0,0014

0,0013

0,0013

3,4

0,0012

0,0012

0,0012

0,001

0,0011

0,0010

0,0010

0,0010

0,0009

0,0009

3,5

0,0009

0,0008

0,0008

0,0008

0,0008

0,0007

0,0007

0,0007

0,0007

0,0006

3,6

0,0006

0,0006

0,0006

0,0005

0,0005

0,0005

0,0005

0,0005

0,0005

0,0004

3,7

0,0004

0,0004

0,0004

0,0004

0,0004

0,0004

0,0003

0,0003

0,0003

0,0003

3.8

0,0003

0,0003

0,0003

0,0003

0,0003

0,0002

0,0002

0,0002

0,0002

0,0002

3,9

0,0002

0,0002

0,0002

0,0002

0,0002

0,0002

0,0002

0,0002

0,0001

0,0001
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[Ipunoxenue 2

3navenus kpurepus Iupcona ( ;(2 - KpUuTepus)

Hucno cre- YPpOBEHBb 3HAUUMOCTH ¢
IIEHEH CBO-

Gombl d.f 0,25 0,1 0,05 0,025 0,01 0,005
1 1,323 2,706 3,841 5,024 6,635 7,879
2 2,773 4,605 5,991 7,378 9,210 10,597
3 4,108 6,251 7,815 9,348 11,345 12,838
4 5,385 7,779 9,488 11,143 13,277 14,860
5 6,626 9,236 11,071 12,833 15,086 16,750
6 7,841 10,645 12,592 14,449 16,812 18,548
7 9,037 12,017 14,067 16,013 18,475 20,278
8 10,219 13,362 15,507 17,535 20,090 21,955
9 11,389 14,684 16,919 19,023 21,666 23,589
10 12,549 15,987 18,307 20,483 23,209 25,188
11 13,701 17,275 19,675 21,920 24,725 26,757
12 14,845 18,549 21,026 23,337 26,217 28,299
13 15,984 19,812 22,362 24,736 27,688 29,819
14 17,117 21,064 23,685 26,119 29,141 31,319
15 18,245 22,307 24,996 27,488 30,578 32,801
16 19,369 23,542 26,296 28,845 32,000 34,267
17 20,489 24,769 27,587 30,191 33,409 35,718
18 21,605 25,989 28,869 31,526 34,805 37,156
19 22,718 27,204 30,144 32,852 36,191 38,582
20 23,828 28,412 31,410 34,170 37,566 39,997
21 24,935 29,615 32,671 35,479 38,932 41,401
22 26,039 30,813 33,924 36,781 40,289 42,796
23 27,141 32,007 35,172 38,076 41,638 44,181
24 28,241 33,196 36,415 39,364 42,980 45,559
25 29,339 34,382 37,652 40,646 44,314 46,928
26 30,435 35,563 38,885 41,923 45,642 48,290
27 31,528 36,741 40,113 43,194 46,963 49,645
28 32,620 37,916 41,337 44,461 48,278 50,993
29 33,711 39,087 42,557 45,722 49,588 52,336
30 34,800 40,256 43,773 46,979 50,892 53,672
40 45,616 51,805 55,758 59,342 63,691 66,766
50 56,334 63,167 67,505 71,420 76,154 79,490
60 66,981 74,397 79,082 83,298 88,379 91,952
70 77,577 85,527 90,531 95,023 104,43 104,22
80 88,130 96,578 101,88 106,63 112,33 116,32
90 98,650 107,57 113,15 118,14 124,12 128,30
100 109,14 118,50 124,34 129,56 135,81 140,17
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HNuTrerpau BepossTHOCTEH
1t
o(t)=(2z )" [expl1?/2)dt
“t

Onpenenser BEpOATHOCTh MOMAJAHUS CIyYaWHOW BEJIWYUHBI f, MOJYUHEHHOU
HOPMAaIbHOMY 3aKOHY, B CHMMETPHMUHbII HHTepBan [—f; t].

[Ipunoxenune 3

¢

0

1

2

3

4

5

6

7

8

9

0,0

0,0000

0,0080

0,0159

0,0239

0,0319

0,0399

0,0478

0,0558

0,0638

0,0717

0,1

0,0797

0,0876

0,0955

0,1034

0,1113

0,1192

0,1271

0,1350

0,1428

0,1507

0,2

0,1585

0,1663

0,1741

0,1819

0,1897

0,1974

0,2051

0,2128

0,2205

0,2282

0,3

0,2358

0,2434

0,2510

0,2586

0,2661

0,2737

0,2812

0,2886

0,2960

0,3035

0,4

0,3108

0,3182

0,3255

0,3328

0,3401

0,3473

0,3545

0,3616

0,3688

0,3759

0,5

0,3829

0,3900

0,3969

0,4039

0,4108

0,4177

0,4245

0,4313

0,4381

0,4448

0,6

0,4515

0,4581

0,4647

0,4713

0,4778

0,4843

0,4908

0,4971

0,5035

0,5098

0,7

0,5161

0,5223

0,5285

0,5346

0,5407

0,5468

0,5527

0,5587

0,5646

0,5705

0,8

0,5763

0,5821

0,5878

0,5935

0,5991

0,6047

0,6102

0,6157

0,6211

0,6265

0,9

0,6319

0,6372

0,6424

0,6476

0,6528

0,6579

0,6629

0,6680

0,6729

0,6778

1,0

0,6827

0,6875

0,6923

0,6970

0,7017

0,7063

0,7109

0,7154

0,7199

0,7243

1,1

0,7287

0,7330

0,7373

0,7415

0,7457

0,7499

0,7539

0,7580

0,7620

0,7660

1.2

0,7699

0,7737

0,7775

0,7813

0,7850

0,7887

0,7923

0,7959

0,7994

0,8030

1,3

0,8064

0,8098

0,8132

0,8165

0,8197

0,8230

0,8262

0,8293

0,8324

0,8355

1,4

0,8385

0,8415

0,8444

0,8473

0,8501

0,8529

0,8557

0,8584

0,8611

0,8638

1,5

0,8664

0,8689

0,8715

0,8740

0,8764

0,8789

0,8812

0,8836

0,8859

0,8882

1,6

0,8904

0,8926

0,8948

0,8969

0,8990

0,9011

0,9031

0,9051

0,9070

0,9090

1,7

0,9109

0,9127

0,9146

0,9164

0,9178

0,9199

0,9216

0,9233

0,9249

0,9266

1,8

0,9281

0,9297

0,9312

0,9328

0,9342

0,9357

0,9371

0,9385

0,9399

0,9412

1,9

0,9426

0,9439

0,9451

0,9464

0,9476

0,9488

0,9500

0,9512

0,9523

0,9534

2,0

0,9545

0,9556

0,9566

0,9576

0,9586

0,9596

0,9606

0,9616

0,9625

0,9634

2.1

0,9643

0,9651

0,9660

0,9668

0,9676

0,9684

0,9692

0,9700

0,9707

0,9715

22

0,9722

0,9729

0,9736

0,9742

0,9749

0,9756

0,9762

0,9768

0,9774

0,9780

2,3

0,9786

0,9791

0,9797

0,9802

0,9807

0,9812

0,9817

0,9822

0,9827

0,9832

2,4

0,9836

0,9840

0,9845

0,9849

0,9853

0,9857

0,9861

0,9865

0,9869

0,9872

2,5

0,9876

0,9879

0,9883

0,9886

0,9890

0,9892

0,9895

0,9898

0,9901

0,9904

2,6

0,9907

0,9910

0,9912

0,9915

0,9917

0,9920

0,9922

0,9924

0,9926

0,9928

2,7

0,9931

0,9933

0,9935

0,9937

0,9939

0,9940

0,9942

0,9944

0,9946

0,9947

2,8

0,9949

0,9950

0,9952

0,9954

0,9955

0,9956

0,9958

0,9959

0,9960

0,9962

2,9

0,9963

0,9964

0,9965

0,9966

0,9967

0,9968

0,9969

0,9970

0,9971

0,9972

3,0

0,9973

0,9974

0,9975

0,9976

0,9976

0,9977

0,9978

0,9979

0,9979

0,9980
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[Ipunoxenune 4
3unavenus kpurepus CtbloaeHTa (-KpuTepus)

Hucno cre- YPpOBEHBb 3HAUUMOCTH ¢
IIEHEH CBO-

Gombl d.f 0,3 0,2 0,1 0,05 0,01 0,001
1 0,727 1,376 3,078 6,314 31,82 318,3
2 0,617 1,061 1,886 2,920 6,965 22,33
3 0,584 0,978 1,638 2,353 4,541 10,22
4 0,569 0,941 1,533 2,132 3,747 7,173
5 0,559 0,920 1,476 2,015 3,365 5,894
6 0,553 0,906 1,440 1,943 3,143 5,208
7 0,549 0,896 1,415 1,895 2,998 4,785
8 0,546 0,889 1,397 1,860 2,896 4,501
9 0,543 0,383 1,383 1,833 2,821 4,297
10 0,542 0,879 1,372 1,812 2,764 4,144
11 0,540 0,876 1,363 1,796 2,718 4,025
12 0,539 0,873 1,356 1,782 2,681 3,930
13 0,538 0,870 1,350 1,771 2,650 3,852
14 0,537 0,868 1,345 1,761 2,624 3,787
15 0,536 0,866 1,341 1,753 2,602 3,733
16 0,535 0,865 1,337 1,746 2,583 3,686
17 0,534 0,863 1,333 1,740 2,567 3,646
18 0,534 0,862 1,330 1,734 2,552 3,610
19 0,533 0,861 1,328 1,729 2,539 3,579
20 0,533 0,860 1,325 1,725 2,528 3,552
21 0,532 0,859 1,323 1,721 2,518 3,527
22 0,532 0,858 1,321 1,717 2,508 3,505
23 0,532 0,858 1,319 1,714 2,500 3,485
24 0,531 0,857 1,318 1,711 2,492 3,467
25 0,531 0,856 1,316 1,708 2,485 3,450
26 0,531 0,856 1,315 1,706 2,479 3,435
27 0,531 0,855 1,314 1,703 2,473 3,421
28 0,530 0,855 1,313 1,701 2,467 3,408
29 0,530 0,854 1,311 1,699 2,462 3,396
30 0,530 0,854 1,310 1,697 2,457 3,385
40 0,529 0,851 1,303 1,984 2,423 3,307
50 0,528 0,849 1,299 1,676 2,403 3,261
60 0,527 0,848 1,296 1,671 2,390 3,232
80 0,527 0,846 1,292 1,664 2,374 3,195

100 0,526 0,845 1,290 1,660 2,365 3,174
200 0,525 0,843 1,286 1,653 2,345 3,131
500 0,525 0,842 1,283 1,648 2,334 3,107
0 0,524 0,842 1,282 1,645 2,326 3,090
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3Ha4yeHUs MIPUBEICHBI 111 YpoBHs 3Haunmoctu o = 0,05 .

3navenus kpurepus @uuepa (F- kpurepus)

IIpunoxenne 5

d.f, d.f,

1 2 3 [ 4 [ 5 6 8 2 [ 24 | o
1| 161,4 | 199,5 | 215,7 | 224,6 | 230,2 | 234,0 | 238,9 | 243,9 | 249,0 | 254,3
2 [18,51 19,00 | 19,16 [ 19,25 | 19,30 | 19,33 | 19,37 | 19,41 | 19,45 | 19,50
3 10,139,557 | 9,277 | 9,117 | 9,013 | 8,941 | 8,845 | 8,744 | 8,638 | 8,526
47,709 | 6,944 | 6,591 | 6,388 | 6,256 | 6,163 | 6,041 | 5,912 | 5,774 | 5,628
5 16,608 5,786 | 5,409 | 5,192 | 5,050 | 4,950 | 4,818 | 4,678 | 4,527 | 4,365
6 | 5,987 | 5,143 | 4,757 | 4,534 | 4,387 | 4,284 | 4,147 | 4,000 | 3,841 | 3,669
7 [5,591 | 4,737 | 4,347 | 4,120 | 3,972 | 3,866 | 3,726 | 3,575 | 3,410 | 3,230
8 | 5,318 | 4,459 | 4,066 | 3,838 | 3,688 | 3,581 | 3,438 | 3,284 | 3,115 | 2,928
9 [5,117 [ 4,256 | 3,863 | 3,633 | 3,482 | 3,374 | 3,230 | 3,073 | 2,900 | 2,707
10 | 4,965 | 4,103 | 3,708 | 3,478 | 3,326 | 3,217 | 3,072 | 2,913 | 2,737 | 2,538
11| 4,844 | 3,982 | 3,587 | 3,357 | 3,204 | 3,095 | 2,948 | 2,788 | 2,609 | 2,404
12 | 4,747 | 3,885 | 3,490 | 3,259 | 3,106 | 2,996 | 2,849 | 2,687 | 2,505 | 2,296
13| 4,667 | 3,806 | 3,411 | 3,197 | 3,025 [ 2,915 | 2,767 | 2,604 | 2,420 | 2,206
14| 4,600 | 3,739 | 3,344 | 3,112 | 2,958 | 2,848 | 2,699 | 2,534 | 2,349 | 2,131
15 | 4,543 | 3,682 | 3,287 | 3,056 | 2,901 | 2,790 | 2,641 | 2,475 | 2,288 | 2,066
16 | 4,494 | 3,634 | 3,239 | 3,007 | 2,852 | 2,741 | 22,591 | 2,425 | 2,235 | 2,010
17 | 4,451 | 3,592 3,197 | 2,965 | 2,810 | 2,699 | 2,548 | 2,381 | 2,190 | 1,960
18 | 4,414 | 3,555 | 3,160 | 2,928 | 2,773 | 2,661 | 2,510 | 2,342 | 2,150 | 1,917
19 | 4,381 | 3,522 3,127 | 2,895 | 2,740 | 2,628 | 2,477 | 2,308 | 2,114 | 1,878
20 | 4,351 | 3,493 [ 3,098 | 2,866 | 2,711 | 2,599 | 2,447 | 2,278 | 2,082 | 1,843
21 | 4,325 | 3,467 | 3,077 | 2,840 | 2,685 | 2,573 | 2,420 | 2,250 | 2,054 | 1,811
22 4,301 | 3,443 [ 3,049 | 2,817 | 2,661 | 2,549 | 2,397 | 2,226 | 2,028 | 1,783
23 4,279 | 3,422 3,028 | 2,796 | 2,640 | 2,528 | 2,375 | 2,204 | 2,005 | 1,757
24 | 4,260 | 3,403 | 3,009 | 2,777 | 2,621 | 2,508 | 2,355 | 2,183 | 1,984 | 1,733
25 | 4,242 3,385 [ 2,991 | 2,759 | 2,603 | 2,490 | 2,337 | 2,165 | 1,964 | 1,711
26 | 4,225 | 3,369 | 2,975 | 2,743 | 2,587 | 2,474 | 2,321 | 2,148 | 1,946 | 1,691
27 | 4,210 | 3,354 | 2,960 | 2,728 | 2,572 | 2,459 | 2,305 | 2,132 | 1,930 | 1,672
28 | 4,196 | 3,340 | 2,947 | 2,714 | 2,558 | 2,445 | 2,291 | 2,118 | 1,915 | 1,654
29 [ 4,183 | 3,328 [ 2,934 | 2,701 | 2,545 | 2,432 | 2,278 | 2,104 | 1,901 | 1,638
30 | 4,171 3,316 | 2,922 [ 2,690 | 2,534 | 2,421 | 2,266 | 2,092 | 1,887 | 1,622
40 | 4,085 | 3,232 2,839 | 2,606 | 2,449 | 2,336 | 2,180 | 2,003 | 1,793 | 1,509
60 | 4,001 | 3,150 | 2,758 | 2,525 | 2,368 | 2,254 | 2,097 | 1,917 | 1,700 | 1,389
120 | 3,920 | 3,072 | 2,680 | 2,447 | 2,290 | 2,175 | 2,016 | 1,834 | 1,608 | 1,254
o | 3,841 2,996 | 2,605 | 2,372 | 2,214 | 2,098 | 1,938 | 1,752 | 1,517 | 1,000
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[Ipunoxenue 6

3nayenue kpurepus Koxpena (G-kpurepus)
3Ha4yeHUs MIPUBEICHBI 11 YpoBHs 3Haunmoctu o = 0,05 .

&
oS

d.f

1 2 3 4 5 6 7 8

0,9985 10,9750 |0,9392 |0,9057 |0,8772 |0,8534 |0,8332 |0,8159

0,9669 |0,8709 |0,7977 |0,7457 |0,7771 |0,6771 |0,6530 | 0,6333

0,9065 |0,7679 |0,7841 |0,6287 |0,5895 |0,5598 |0,5365 |0,5175

0,8412 10,6838 |0,5981 |0,5441 |0,5665 |0,4783 |0,4564 |0,4387

0,7808 |0,6161 |0,5321 |0,4803 |0,4447 |0,4184 |0,3980 |0,3817

0,7271 10,5612 | 0,4800 |0,4307 |0,3974 |0,3726 |0,3535 |0,3384

0,6798 |0,5157 |0,4377 |0,3910 |0,3595 |0,3362 |0,3185 | 0,3040

NelieJENE N NIV, § N QUSHE )

0,6385 10,4775 |0,4027 |0,3584 |0,3286 | 0,3067 | 0,2901 |0,2768

0,6020 |0,4450 |0,3733 |0,3311 |0,3029 |0,2823 |0,2666 |0,2541

— | —
\O ) Fan

0,5410 |0,3924 | 0,3264 | 0,28380 |0,2624 | 0,2439 | 0,2299 |0,2187

107




SOI

IIpunoxenue 7

@dparMeHT Ta0JUIbI CJAYYANHBIX YHCEJ
56 |66 |25 |32 [38 |64 |70 (26 |27 |67 |77 [40 |04 |34 |63 |98 |99 (89 |31 |16 |12 |90 |50 |28 |96
88 [40 |52 [02 |29 |82 |69 |34 [50 |21 |74 |00 [91 |27 |52 |98 [72 |03 |45 |65 |30 |8 |71 |45 |91
87 |63 |88 |23 |62 |51 |07 |69 [59 |02 |8 |49 |14 |98 |53 |41 [92 |36 |07 |76 |85 |37 |84 |37 |47
32 125 |21 |15 |08 |82 |34 |57 |57 |35 |22 |03 |33 |48 |84 |37 |37 (29 |38 [37 |89 |76 |25 |09 |69
44 |61 |88 |23 |13 |01 [59 |47 |64 (04 [99 |59 |96 |20 |30 |87 |31 [33 |69 |45 |58 |48 |00 |83 |48
94 |44 |08 |67 |79 |41 |61 [41 |15 |60 |11 |88 |83 |24 |82 |24 |07 |78 |61 |8 |42 |58 |88 |22 |16
13 |24 |40 |09 |00 |65 |46 |38 |61 |12 |90 |62 |41 |11 |59 |85 |18 [42 |61 |29 |88 |76 |04 |21 |80
78 |27 |8 |05 [99 |85 |75 |67 |8 |05 |57 [05 |71 |70 |31 [31 [99 |99 [06 |96 |53 [99 |25 |13 |63
42 |39 |30 [02 |34 |99 |46 |68 |45 |15 (19 |74 |15 |50 [17 |44 |80 [19 |8 |38 |40 |45 |82 |13 |44
04 |52 |43 |96 [38 |13 |83 [80 |72 |34 |20 |84 |56 |19 (49 |59 |14 |85 |42 |99 |71 |16 |34 |33 |79
82 |85 |77 |30 |16 |69 |32 |46 [46 |30 |84 |20 |68 |72 |98 |94 [62 |63 |59 [44 |00 |89 |06 |15 |87
38 |48 |84 |88 [24 |58 |46 [48 |60 |06 |90 [08 |83 |83 |98 [40 |90 |88 |25 |26 |85 |74 |55 |80 |85
91 |19 |05 |68 [22 |58 |04 |63 |21 |16 |23 (38 |25 |43 |32 [98 |94 |65 (35 |35 |16 [91 |07 |12 |43
54 |81 |87 |21 [31 |40 (46 [17 |62 |63 |99 |71 |14 |12 |64 |51 |68 |50 |60 |78 |22 |69 |51 |98 |37
65 |43 |75 |12 |91 |20 |36 |25 |57 [92 |33 [65 |95 |48 |75 [00 |06 |65 [25 |90 |16 [29 |34 |14 |43
49 |98 |71 |31 |80 |59 [57 |32 |43 (07 |85 |06 |64 |75 [27 |29 |17 |06 |11 |30 [78 |70 |97 |87 |21
03 |98 |68 |89 [39 |71 |87 (32 |14 |99 |42 |10 |25 |37 |30 |08 |27 |75 |43 |97 |54 |20 |69 |93 |50
56 {04 |21 |34 [92 |89 |81 [52 |15 |12 |84 |11 |12 |66 |87 |48 |21 |06 |8 |08 |35 |39 |52 |28 |09
48 |09 |36 |95 |20 |82 |95 |36 |53 |8 [92 |68 |50 |88 |[17 |37 |92 [02 |23 |43 |63 |24 |69 |80 |90
23 |97 |10 |96 |57 |74 |07 |95 |26 |44 [93 |08 |43 |30 [41 |8 |45 |74 |33 |78 |84 |33 |38 |76 |73
43 |97 |55 |45 |98 |35 |68 |45 |96 |80 (46 |36 |99 |96 |33 |60 |20 |73 |30 |79 |17 |19 |03 [47 |28
40 |05 |08 |50 |79 |89 |58 |19 |86 |48 (27 |98 [99 |24 |08 |94 |19 |15 |81 |29 |82 |14 |35 |8 |03
66 [97 |10 |69 [02 |25 |36 (43 |71 |76 |00 |67 |56 |12 |69 |07 |8 |55 |63 |31 |50 |72 |20 |33 |36
15 |62 |38 |72 [92 |03 |76 |09 |30 |75 |77 |80 |04 |24 |54 |67 |60 [10 |79 |26 |21 |60 |03 |48 |14
77 121 |15 |14 |47 |55 |24 [22 |20 |55 |36 |93 |67 |69 |37 |72 |22 |43 |46 |32 |56 |15 |75 |25 |12
18 |87 |05 |09 [96 |46 |14 |72 |41 |46 |12 |67 |46 |72 |08 |59 |06 |17 [49 |12 |73 |28 |23 |59 |48
08 |58 |53 |63 [13 |07 |04 [48 |71 |39 |07 [46 |96 |40 |20 |8 |79 |11 |81 |74 |11 |15 |23 |17 |45
16 |07 |79 |57 |61 |42 |19 |68 |15 |12 |60 |21 |59 |12 (07 |04 |99 |88 |22 |39 |75 |16 |69 |13 |84




