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BBEOEHUE

Lens Haykn — onucaHusi, OOBSICHEHHE M TpEJCKa3aHUe SBICHUN Jeii-
CTBUTEIBHOCTH Ha OCHOBE YCTAHOBJICHHBIX 3aKOHOB, YTO I0O3BOJIIET HaXoO-
JIUTh PEIICHUs B TUITUYHBIX CUTYaIUSIX.

B ocHOBe Hay4yHBIX 3HaHWH JEXHUT HaOmomeHwe. s oOHapykeHUS
o01meit 3aKOHOMEPHOCTH, KOTOPOH MOAYMHSAETCS SBJICHUE, HEOOXOIMMO MHO-
TOKPaTHO €ro HaOII0JaTh B OANHAKOBBIX yCIOBHSX.

MHorue sBIEeHUS OKPY’KaIOLIET0 MHpa B3aMMOCBSI3aHbI U BIUSAIOT OJHO
Ha npyroe. IIpocneauTts Bce CBA3M U ONPEAETUTH BIMSHUE KAKIOr0 M3 HUX
Ha sBJICHHME HE Bcerjga BO3MOXHO. I103TOMy OrpaHHMYMBAIOTCS U3yUEHHEM
BIMSIHUSA JIMIIb OCHOBHBIX ()aKTOPOB, ONIPEACIAIOMHNX TeueHue siBieHus. [log
OJMHAKOBBIMHU yCIIOBHAMH HAOOACHUH U TIOHUMAETCSI COOTIOCHNE BO BCEX
HaOTIOJCHUSX IPAKTUYECKH OJJMHAKOBBIX 3HAYCHUI OCHOBHBIX (DAKTOPOB.

B pesynbrare HaOMIOACHUH M PETHCTPALME MAaCCOBBIX CITy4aiHBIX SIBJICHUH
MOTY4alOTCs CTATUCTHYECKHUE JaHHbIE MIIH CTAaTUCTHYECKUI MaTepuail.

Ecnu nHaGmomaemas BeIMYMHA €CTh CIydaiHas BEIWYMHA, TO OHA U3Y-
4aeTcss METOJAaMH TEOPHUU BEPOSTHOCTEH. JI1s MOHMMaHUs XapakTepa 3TOH
CIy4aiiHO! BEIMYHMHBI HYXKHO 3HaTh €€ 3aKOH pacnpeaencHus. OnpenencHue
3aKOHOB PACHpENeNeHHs PacCMaTPpUBAEMBIX BEIUYMH U OLEHKA 3HAYEHHH
IapaMeTpoB pacIpeAeICHUs HA OCHOBAaHUU HAOJIIOJCHHBIX 3HAUeHUIl — 3a1a-
ya MaTeMaTHYECKOW CTATUCTHUKH.

Eme onHOM 3ajadell MaTeMaTUYECKOM CTATUCTUKM SIBISIETCS CO3JaHUE
METO/I0B 00pabOTKH M aHalM3a CTATHCTHYECKOTO MaTepHaia C IIEIbI0 MOJTy-
YEHUsI OTIPEAEICHHBIX BHIBOZOB HEOOXOANMBIX JUIS OPTaHM3aIMN ONTHMAITb-
HOTO IpoIiecca, KOTOPBII ONKMCHIBAET PACCMATPHUBAEMBIEC BETMIHHEI.

CoBpeMeHHasi JKOHOMHKA CYIIECTBEHHO MOBBIIIAET TPEOOBAHUS K Kaue-
CTBY MOJTOTOBKH BBITyCKHUKOB YKOHOMHYECKHX By30B. /111 3TOr0 HEeoOXxo-
MO BJIaJIETh COBPEMEHHBIM MHCTPYMEHTapHeM MaTeMaTHKO-CTaTUCTHYEC-
Koro aHanusa aaHHbIX. [IpemmaraemMoe ydeOHOE 1MocoOMe 3HAKOMHT CTYICH-
TOB C OJHUM BaXXHBIM Pa3[eIOM MaTeMaTHYECKOW CTaTHCTHKU — TEOpHUEH
KOPpEISILUY U €€ IPUMEHEHHEM.

Jl1s Bcex OCHOBHBIX THIIOB 33]ad, KOTOPbIe MOXHO PELINTh Ha Oa3e m3-
JIO)KEHHOTO TEOPETHYECKOI0 MaTepHaia, MPUBEICHB METOAUKH UX PEIIeHUs,
MO3BOJISIIOIME HE TOJBKO JaTh «PEIENThI» JUIs MONy4YeHHs OTBETOB, HO,
IIPEXkJIe BCEro, IOMOTAlOT CTyA€HTaM JIEJIaTh BBIBOABI IIPU PELICHUU Pa3Iny-
HBIX 337124 M3 00JaCTH MPaKTHYECKOH nesrenbHocTH. OHM YBHIAT, YTO IO-
JIy4eHHBIH pe3yJIbTaT He MPOCTO YUCIIO, & CKOHIEHTPUPOBAHHOE BBIPAKEHHE
TOTO0, YTO UCXO/HBIE JaHHBIE HECYT B ceOe 00 U3y4aeMoM SBICHHU.

s Toro uToOBI Mponecc 00y4eHHs HOCHI aKTUBHBIA XapakKTep, TEKCTHI
3a1a4 NpUOIKEHBI K pealbHbIM CUTYAIHAM M3 00JIaCTH 3KOHOMUKH. PenieHne
HX TOMOXET MOHATh YHUBEPCAILHOCTh CTATUCTUYECKOTO aHAIN3a, KaK UHCTPY-
MEHTA peleHs MPo0ieM, CBI3aHHBIX C PUCKOM U HEOIIPEIEIICHHOCTHIO.

B nocobun nprBezieHa TadimmIia MaTeMaTHIeCKON CTATHUCTHKH, HEOOX0quMast
T perens 3anad ([ IprnoskeHne), a Taroke CIIMCOK PeKOMEHTyeMOU JTINTePaTyphL.
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1. CTATUCTUYHECKUE 3ABUCUMOCTHU

Bonpioit npakTH4yecKkuit HHTEpEC NPEICTABIAET U3YyUYEHUE CTAaTUCTHUYE-
CKHX COBOKYITHOCTEH 00BEKTOB OJHOBPEMEHHO IO ABYM KaKHM-HHOYZb IPH-
3HaKaM X n Y.

B3anmocs3p Mexxay BenmuanHamMu X 1 Y OBIBaeT ABYX BUIOB:

1. TouHast (hyHKIMOHAIbHAST 3aBUCHMOCTB, KOT/Ia K)KAOMY 3HAUCHHIO X
BeNMYMHBI X COOTBETCTBYET BIIOJIHE ONPE/ICIICHHOE 3HaYEHNE Y BEJIMIMHBL Y.

2. PacnibiBuaTast craTucTH4ecKast, WM KOPPEIAMOHHAs, 3aBUCUMOCTbD,
KOTZla OJJHOMY M TOMY K€ 3HAUCHHIO BEIMYUHBI X MOXET COOTBETCTBOBATH
Liesasi CTaTUCTUYECKasi COBOKYITHOCTh 3HaUCHHUH BEJMYMHBI Y CO CBOUM 3a-
KOHOM pacIipeiesieHus, n3Menstomumcs ¢ namenenueM X. Ipu cratuctude-
CKOW 3aBHCHUMOCTH pacIUIbIBUaTasi CBs3b, WM Koppemamus, Mexay X u Y
MOJKeT OBITh O0JIee TeCHOH, T.e. OoJee OM3KOI K PYHKIHMOHAIHHOM, 1 MCHEe
TECHOM, BIUIOTH JO MOTHOTO €€ OTCYTCTBUSI.

Paznen maTemaTH4ecKoW CTAaTHCTHKH, H3YYalOIMH CTaTHCTHYECKHE
(KOppeTsInnOHHbIE) 3aBUCHMOCTH, Ha3bIBACTCSI TEOPHEH KOPPEISALIIH.

PaznmuaroT fBa BUJa KOPPEISAIMU — HEMOJIHYIO U MOJIHYIO, B 3aBUCUMO-
CTH OT TOTO, KaK CTAaBUTCSI IKCIICPUMEHT.

HenonHoit Ha3pIBaeTCs KOPpENAIMs, KOrjJa OJHOMY W3 NPU3HAKOB, Ha-
npumep X JAI0TCs T WM HHble QUKCHPOBAHHBIC 3HAYCHUS X1, Xp,. .., Xk U IS
KaXI0TO M3 HUX IyTeM JKCIEPHUMEHTa HaXOAAT COBOKYMHOCTh 3HAYEHU y
Ipu3HaKa Y.

[onHo¥ Ha3bIBaeTCS KOPPEISIIUs, KOTAA KaXIbli M3 OTOOPAaHHBIX 3Je-
MEHTOB CTAaTHCTHYECKOW COBOKYITHOCTH OOBEKTOB HCIIBITHIBACTCS Cpasy MO
nByM npuzHakam X u Y.

B Teopun koppensiuy pa3pemaoTcs 1B OCHOBHBIE 3a/1a4H:

1. O popme KOpperAnnOHHON CBs3M MeXay X U Y B BHAE HEKOTOPOI
(YHKIIMOHAIEHON 3aBUCHMOCTH, KOTOpast XOTsI OBl MPUOIMKEHHO N300paxka-
JIa pacIIbIBYATYIO KOPPEIALHOHHYIO 3aBHCUMOCTb.

2. OO0 oreHKE TECHOTHI KOPPEIAIHMOHHON CBA3M Mexay X U Y, T.e. 0
CTETIeHU OJIM30CTH KOPPENAIHOHHON 3aBUCUMOCTH K (PYHKIIMOHAIBHOM.



2. PETPECCUN. SMINMUPUYECKUE ®OPMYIJIbI

3aga4a o hopMe KOPPEIALMOHHON CBSA3U PEIIAETCS C TIOMOILBIO perpec-
cuil.

Perpeccueit Y ot X Ha3pBaeTcs (HYHKIIMOHAIBHAS 3aBUCHMOCTD MEXKIY
3HAQUEHUAMH X U COOTBETCTBYIOIIMMH YCIOBHBIMH CPEIHHMH 3HAYCHUSIMHU

y(x) .

B ciy4yae monmHO# KOppeNmsiuE CyLIECTBYeT Takxke perpeccus X ot Y
KaK (yHKLMOHAIbHAS 3aBHCHMOCTb Mexkay Y 1 X(Y) .

Perpeccurt MOXKHO HPEJCTABUTH TEOMETPUUYECKH B BHJIE JIOMAHHBIX JIU-
HUM, COETUHAIOMUX WK TOUKH A(X; §(x) ), WIH TOYKH B(;(y) 1Y), OtH nu-

HUM HAa3bIBAIOTCSl SMIIMPUYECKUMHU (TIOMYYEHHBIMU M3 OTBITA) JOMaHBIMU
JIMHHUSAMH PETPECCUMU.

Perpeccun, norydeHHbIC B BH/E TAOIHI] MM JIOMAHbIX JINHHUHN, XapaKTe-
PU3YIOT (popMy KOPPEIAMOHHON 3aBUCHMOCTH MEX Iy X U Y JIUIIb JUIS BbI-
OOpOYHBIX COBOKYIHOCTEH. J{JIsl reHepabHOM e COBOKYITHOCTH OHH AAlOT
NPUOJIMKEHHYIO KapTHHY 3TOW 3aBHCUMOCTH. O4eBUIHO, MPUOIIKeHNE OY-
JIeT TeM TOYHee, ueM 0oJblie 00beM BBIOOPKH N U YeM MEHBIIE OpaTh 4acT-
Hble uHTepBaibl AX u Ay. [Ipu 3ToM OMaHas TUHUS perpeccun OyneT mpu-
OMmKaThCsl K HEKOTOPO# Tu1aBHO# KpuBoii. [IpaBna, Takyto MIaBHYIO KPUBYIO
MOKHO MOIYYHTh M MHA4€, — €CIH JOMaHYIO JIMHUIO PETPECCUU «CTIAIUTh
MTOCPEICTBOM KaKOW-T00 M3BECTHOW JWHUM (TIPSMOM, apaboIbl, THIepoo-
JIBI | T.11.).

YpaBHEHHUE CIIaKUBAIOLIEH JTMHIH JAcT XOTSA U MPUOIMKEHHO, HO aHa-
JUTHYECKOE — B BHJIE (OpMyIbl — BeIpaxeHHe perpeccuu. IlomoOHbIE dop-
MyJIBI Ha3bIBAIOT SMIUPUYECKUMU.

U3 cka3aHHOTO ClIelyeT, YTO 3a/1a4a OTHICKaHUS SMIUPHYECKOi popmy-
JIBI pacmaaeTcs Ha JBe:

1. Beibop Tuma nWHWM, BHIPABHUBAIOLIEH JIOMaHHYIO PErpeccuu, T.e.
TUMA JIMHUM, OKOJO KOTOPOH TPYNIHUPYIOTCA IKCIEPUMEHTAJbHbIE TOYKH

A(X; y(X) ) umm B(X(Y) ;y).

2. OnpeneneHre MapaMeTpoOB, BXOMIINX B YpaBHCHHE JIMHUHM BHIOpaH-
HOro Tuiia, Takum 06p330M, ‘IT06LI N3 MHOXCCTBaA J'II/IHI/II7[ 5TOT0 THUIIA B3i4ATHb
Ty, KOTOpaiI Han60nee 6J‘II/13KO HpOXO,Z[I/IT OKOJIO TOYCK J'IOMaHOﬁ perpeccm/l.



3. BbIBOP TUMA JIUHUWN, BbIPABHUBAIOLLIEN
JIOMAHYIO JIMHUIO PETPECCUA

s BeIOOpa THNA JMHUM, BHIPABHUBAIOLICH JOMaHYIO JIMHUIO perpec-
CUH, HEOOXOJMMO XOPOIIO 3HATH TPOCTEHIIINE BU/BI IMHUI U UX YPaBHEHHUS.

Ilpamasn, npoxodawiaa uepes Hauano Koopounam. YpaBHEHHE 3TOH
IIPSIMOU

y = ax (3.1)

VmeeM 3aBUCHUMOCTD MPSIMOIT MPONOPIIMOHATIBHOCTH MEXIY Y U X.

JluHuM TaKkoTO TUMA BBHIOMPAIOT B TEX CiIydasx, Korna npu X = 0 3Haye-
HHe Y Takxke paBHO ( U DKCIIEPUMEHTAJIbHBIE TOUYKH PACIoJIaraloTcs NpuoIu-
3UTENBHO BJIOJIb IPSIMOK.

®opmymna (3.1) comepKuT IHUITH OAWH MapaMeTp a.

IIpamas, ne npoxooauias uepe3 Havyano Koopounam. Y paBHEHUE 3TOU
psIMOH

Y=ax+b,b#0. (3.2)

HMmeem nuHENHHYIO 3aBUCUMOCTB Y OT X.

Dopmyina (3.2) comepxur aBa napamerpa —a u b.

Hapabonwt c éepuiunoii 6 nauaue KOOpOUHam, CuMMempuiHvie 00HOU
u3 oceii Koopounam. VIX ypaBHeHUS

y=aJx,a#0 (3.3)

y=ax a £0. (34)

31echk OlHA U3 BEJIMYMH X WX Y IPONOPIHOHATIbHA KBaIpaTy APYTOMH.

®@opmyst (3.3) u (3.4) cogepkaT OAWH apameTp a.

Ilapabona, cummempuunas npamoiu, napanneavnoii ocu OY. Ee
ypaBHEHHE

Y=ax,+bx+c,a#0. (3.5)
WITH, YTO TO XK€ camoe,
2_

(x—=m)"=2p(y —n), p #0, (3:6)
rae M v N— KOOpJAMHATHI BEpIUMHBI mapabosibl. ViMeeM KBajpaTHUHYIO
¢byukuuro. HanpaieHue BBIMTYKIOCTH 3aBHCHT OT 3HaKa KoddduuuneHra a
(pu & < 0 BRITYKIJIOCTH HAlpaBlieHa BBEpX, IpH a > 0 — BHUB).

JIMHMY 3TOrO THIA BHIOUPAIOT B TEX CIIy4asxX, KOrJa UMEeTCs OJIMH MakK-
CHMYM HJIM OJJIH MUHUMYM ¥ KPHUBBIE CHMMETPHYHBI OTHOCUTEIBEHO MPAMOiA,

napanensHoit ocu OY.
DopMyIIbI COAEPKAT TPH apamerpa —a, b u € mwrm m, N u p.



Tunepbona, acumnmomuuecku npuoOAUNHCAIOUAACA K OCAM KOOPOU-
Ham. YpaBHEHUE

y=2 azo0. 3.7)
X

Hmeem 3aBECHMOCTE 0OpPaTHOH MPOTIOPIMOHATBHOCTH MEXITY X U Y.

®opmymna (3.7) comepKUT oUH mapaMeTp a.

T'unepbona, acumnmomuuecku npudIUNCAIOWAACA K NPAMBIM, NA-
DANEbHBIM 0CAM KOOPpOUHam. Y paBHEHNUE

y=—"_1+b,a%0. (3.8)
X—a
Dopmyna CoOmepIKUT TPpH apameTpa a, b u ¢, mpudem mapamerpsi a u b —
3TO KOOp,Z[I/IHaTI:I TOYKH HepecequI/IH ACHUMIITOT. 3HaK napaMeTpa C 3aBHUCHUT
oT paCHOHO)I(CHI/Iﬂ FI/IHep6O.TIbI OTHOCHTECJIIBHO ACUMIITOT.
06mue CmeneHHsvle Kpuﬁble. TaKI/IMI/I KpI/IBBIMI/I Ha3bIBAKOTCS KpI/IBBIC,
HMCHOIIUEC ypaBHeHI/Iﬂ BHOa

y=bx* b#0, (3.9)

rae & MOXET OBITh IMOJOXKUTEIBHBIM HWIM OTPHLATEIBHBIM, LEJbIM HIH
JIpOOHBIM, TPaBUIILHOW WM HENPaBWIBHON IpoOblo. B wacTHOCTH, CTeneH-
HBIMH KPHUBBIMH ABISIOTCS mapaboisl (popmynsl (3.3) u (3.4)) mpu a =2 u
a=1/2, u runepooinsl (popmymna (3.7)) mpu a = 1.

Dopmyna (3.9) comepxut nBa napamerpa a u b; moITOMYy ee MOXKXHO Hc-
OJIb30BaTh OoJIee MUPOKO, ueM Gopmyisl (3.3), (3.4) u (3.7).

Oxcnonenyuanvusle (nokazamenvhole) Kpugvle. Y paBHEHHS ITUX KPU-
BBIX

y=be®™ b#£0 (3.10)
y=b(1-e™),b#0 (3.11)

Kpusast (3.10) acumnToTHYeCKH HpUOIIDKaeTcs K ocu X, MepeceKaeT
ock Y u mipu b > 0 Beimykiia BHE3. KpuBasi, BeipaxkeHHast ypaBaeHuem (3.11),
ACHMIITOTUYECKH TPHONIIDKAeTCs K IMPSAMOH, MapauienbHOil ocu X, W Impu
b>0 Beimykia BBepx. DKCHOHEHIHATbHBIME (QyHKIMAME Tuna (3.10) u
(3.11) xopomro n300paxkaroTcs pa3IMyYHbIEC MPOLECCHI, 3aTyXaloIINue BO Bpe-
MEHH.

Kpuevie I'aycca. YpaBHEHUs 3THX KPUBBIX, KOTOpHIE HIPalOT 0co00
BaXXHYIO POJIb B MAaTEMAaTHYECKOI CTaTUCTHKE, UMEET BUJL

y=e", (3.12)
y=ce """ c#0. (3.13)



Kpusas, ypaBaenue kotopoil (3.12), cuMMeTpHUUHa OTHOCHUTENBHO OCHU
OY u umeetr makcumyMm Y(max) = 1 npu X = 0. Kpuasi, ypaBHEHHE KOTOPOi
(3.13), siBnsiercst BBITSHYTOM (MM CKaTOM) B BEPTHKAJIBHOM M FOPH30HTAIIb-
HOM HalpaBJICHUSX ¥ CMELICHHOH Ha BeJIH4MHY, a oT ocu OY.

OTMeTHM, ITO BBIOOp THIA JIMHWU HA OCHOBE PE3YJIbTATOB HCIIBITAHUN
SIBISIETCSI B OOJBILIEH MEpE MTPOU3BOJIBHBIM.

Ha mpakTike mpy HaHECEHWH TOYEK, COOTBETCTBYIOIIMX SKCIIEPHMEH-
TaJILHBIM JTAaHHBIM, OTJEIbHBIC TOYKH WJIN TPYIIBI TOYEK HHOTIA BBIXOIAT U3
o0mero «cTpost». OCOOEHHOCTh MX TIOJIOKEHHUS 3aCTaBiAET HpEAIosararb
omuOKy B HaOmoaeHUAX. [109TOMy IpH OTBICKaHUH SMIIUPUYECKONH HOpMYy-
JIbI TTOJIOOHBIE TOUKH BHIOPACKHIBAIOT.



4. METOO CPEAHUX, METO/A MNPOB,
METOA BbIPOBHEHHbIX TOYEK,
METOA HAMMEHbBLLUUX KBALIPATOB

Jnst onpeneneHus mapaMeTpoB B YpaBHCHUM BBHIPAaBHUBAIOIICH JIMHUU
BBIOPaHHOTO THIIA CYIIECTBYET HECKOJIBKO METONOB: METO/ CPeIHUX, MeTO/
1pod, MeTOJ BHIDOBHEHHBIX TOYEK H METO/l HAUMEHBIIHUX KBAIPATOB.

Memoo cpeoHux TMPUMEHSIOT B TeX CIIy4asx, KOT/Ia BHIOpAHHBIA THII
ypaBHEHHsI BBHIPABHHBAIOILECH JIMHUU COAEPKHUT JIMIIb OAWH napamerp. Me-
TOJI COCTOHMT B TOM, YTO IapaMeTp HAaXOASAT KaK CPEIHIOI B3BEILCHHYIO U3
Pa3IMyYHBIX 3HAYEHUH, BBIYUCICHHBIX IO BBHIOpaHHOH (opMyiie mocie Hoa-

CTaHOBOK B HEC BMECTO X U Y YHCIIOBBIX 3HAYCHHUH X U Y, 13 COOTBETCT-

BYIOIIIEH TaOJIUIBI PErPECCHU.

Memoo npob MCTIONB3YIOT, KOTJa BRIOpaHHast (GopMyiia CONEPKHUT He-
CKOJIBKO MapameTpoB, HampuMmep aBa — a u b. OH 3aKio4aercst B TOM, 49TO
BCEM IapaMeTpaM, KpoMe Kakoro-HUOyIb OJHOTo (Hanbojee HEICHOro), a-
10T OPUEHTHPOBOYHBIC YHCIIOBEIC 3HAYCHUS, & 3HAYCHUE OCTaBLIECrOCs HEOI-
PEIETICHHOTO MapaMeTpa HaXoIsIT METOJOM CPEIHUX. 3aTeM MOXKHO BHECTH
KOPPEKTHBBI, (PUKCHPOBAB 3TOT HOCIEIHUI MapameTp, U ONpEeIeIUTh METO-
JIOM CpeIHMX HOBOE 3HaueHHEe JPYroro mapamerpa, KOTOPOMY paHee JaBa-
JIOCh OPUEHTHPOBOYHOE 3HAUCHUE.

Memoo eviposHennvix (unu 6v10pantbIX) TOYEK COCTOUT B BHIOOpE IO
YepTexKy HECKOJIbKUX TOUeK (HE 00s3aTeNIbHO COBMAAAIOIINX C TOYKAMH JIH-
HUM PErpeccur), yepe3 KOTOPhIC MPOBOAAT BHIPABHHUBAIOIIYIO JIMHUIO U OTI-
PEHeISI0T e ypaBHEHHE [0 KOOPIMHATAM 3THX BEIOPaHHBIX TOYEK.

Tak, ecitit ToMaHast JTMHHS PETPECCHU pacIoiaraeTcsi BOIU3U HEKOTOPOii
TpsMOM, He MPOXOIAIIel Yepe3 Hayalno KOOPAHHAT, TO SMIUPHUYECKYIO Hop-
MyJIy MOXXHO HAWTH KaK ypaBHEHHE HPSIMOM, NMPOXOAALICH Yepe3 KakHue-To
nse Toukn Mq(mM; n) u My(K; I), 6im3kue Kk ToUKkaMm JOMaHOM.

Hckomas hopmyna OyaeT UMeTh BU

y-n_x-m
l-n k-m’

(4.1)

PazperimB 310 ypaBHEHHE OTHOCHUTENBHO Y, MOXKHO IIOJIYYHTh IMIIUPH-
4eckyto (GopMylly B SIBHOM BHUJIE
y=ax+b
Ecnu nomaHas nIMHHMSA perpeccud pacroiaraercs BOIHM3M mapaboJibl,
CUMMETPHYHOI NpsSMOH, KoTopas napajuiesibHa OCH OpPJIMHAT, TO dMIIHUPUYE-
ckas popmyna umetcs B Buae (3.5) mwin (3.6). B aTom cirydae MeTo[1 BEIpOB-

HEHHBIX TOYEK 3aKirovaercst B Bbibope Tpex Touek Mi(m; n), My(k; I) u
Mjs(r, S), B TpexXKpaTHO# MOACTaHOBKE KOOPAWHAT YKa3aHHBIX TOYeK B (op-
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myny (3.5) (wiu (3.6)) 1 B OTHICKAaHHU TPEX HEM3BECTHBIX MapameTpoB a, b u
C (Wi M, N ¥ P) U3 NOJTYYEHHBIX TPEX ypaBHEHHH.

Memoo naumenvuux K6adpamog CIy>KUT AJIsL OLIEHKU HEU3BECTHBIX Be-
JIMYUH 110 pe3ybTaTaM U3MEPEHUH, CoepKalllUM CIydaiHble IOIPEIIHOCTH.

[Ipomecc BbIpa’keHMS ONBITHBIX JAHHBIX (DYHKIMOHAIBHOW 3aBHCHMO-
CTBIO C TOMOIIBIO METO/Ia HANMEHBIINX KBAJPaTOB COCTOUT M3 JIBYX HTAIOB!
Ha IIEPBOM BBIOMPAIOT BHJ HCKOMOW (OPMyIBI, a Ha BTOPOM OISl JAHHOM
(hopMyIBI TIOAOMPAIOT TTAPaMETPEI.

B cooTtBercTBHU ¢ naeeil MeToqa HAMMEHBIINX KBAaJpaToB HEOOXOIUMO
MHUHHAMH3HPOBATh CYMMY

5= (/06)-¥.)" *2)

T X, Yi — 3HAUCHHS OIBITHBIX JJaHHBIX;

Y(X,) — 3HaueHHe QYHKLNH, B3SITOC U3 IMIUPHICCKON 3aBUCUMOCTHU B
TOUKE X; ;

N — YHCIIO OIBITOB.

B cnydae nuHeitHOM sMnupuyeckoil popMynsl cymma (4.2) mpuHUMaeT
BUJL

S(a;b) =Y (ax, +b-y,)*, (4.3)
i=1
a B Clly4yae KBaJIpaTHYEeCKOIl 3aBUCUMOCTH — CJITyIOLIUN BHI;
S(a;b;c) = > (ax} +bx, +c-y,)’ . (4.4)
i=l

Munumym ¢yHkimu (4.3) u (4.4) UMEIOT B TeX TOYKaX, B KOTOPBIX Ya-
CTHBIE MPOM3BOJHBIE OT S Mo mapamerpaM a, b, C obpaimarorcs B HylIb. B
pesynbrare AupGepeHInpOBaHUs U 3JIEMEHTapHBIX MpeoOpa3oBaHuid JUis
OTIpEJIeTICHUs] TapaMeTPOB TOJYYalOT HOPMAJbHYIO CHUCTEMY JIMHEHHBIX
ypaBHeHuii. B cinyvae nuHelHO# smnupudeckoii 3aBucumoctu (Y = ax + b)
COCTaBIISIFOT HOPMAJIBHYIO CHCTEMY JIBYX YPaBHEHHH C IBYMsI HEHM3BECTHBIMHU
aub:

(4.5)

aixi2 erixi :ixiyi

n

B ciyuae kBaapaTHueckoif 3aBucuMocTH (Y = ax’ + bx + C) HopMaibHas
CUCTEMA COCTOUT U3 TPEX YPAaBHEHUM C TPeMsl HEU3BECTHBIMHU:

10



azn:x;‘+bzn:xf+czn:xf =Zn:xfyi,

i=1 i=1 i=l i=1
azn:xf +bzn:xf +czn:xi :Zn:xiyi’ (4.6)
aixf+bixi +cn :iyi

B ciyuae runmepGonuueckoit 3aBucumoctu (Y = a + b/X) cucrema Hop-
MAaJIbHBIX YPaBHCHUI UMEET BUJI

na+bixi=iyi,

] &l &y
a;X—+b;xf:;%

4.7

B cnyuae norapudmuueckoii 3aucumoctu (Y = a - Igx + b) cucrema s
ompenesieHus a U b uMeeT BUa

a¥ (lgx,): +bY Igx, =y, -lgx,
i=1 i=1 i=1

azn: lgx, +bn= Zn:yi.
i=1 i=1

Ecimn 0603HaunTh IgX = X, TO moiayduM JIMHEHHYIO QYHKLIHIO OTHOCHU-
TenmbHO y: Y = ax + b. Torma cuctema ais onpesesneHus a u b GyaeT umMeTsh
Bup (4.5), mpu yenosun, uto X; = 1g X .

B cnydae mokasatenbHOH 3aBucuMoctH Y = ba* ynoGuee cHauana QpyHk-
o 3anucath B Buje Ig = X - Iga + Igh. Ecnu o603naunts Igy = Y, lga= A u
Igb = B, To moiyunM suHEHHYIO GYHKIHIO OTHOCHTENBHO X: Y = AX + B.
Toraa cuctema i onpezencHus A u B, a 3atem a u b OymeT uMeTh BHI
(4.5) npu ycnosuw, uto Y; = Igy;.

(4.8)
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5. OLUEHKA TECHOTbI KOPPEJNIALMOHHON
3ABUCUMOCTH

3ameuanue. s ynoOCTBa 3alMCH 3/1€Ch U Jajee NMPUMEM CIEAyIolee
o0o3HaueHWe Ui YCIOBHOW CpemHed YX,, BBIUHCICHHON mpum X = X;:
Yi=Yi:

JI71s1 OLIEHKH TECHOTHI KOPPEISIIMOHHOM 3aBUCUMOCTH CITYXHT KOPPEIsi-
IIHOHHOE OTHOILCHHUE:

=
_ (o7 (y.)
n= 2 1
c'(y)
rae o°(Y) — BEIOOpOYHAs AUCHEPCHs CAydaiHON BenMYHHBI Y, BBIYHCIEH-
Hasl 110 BCel Tabmule;
o’(y,) — Aucmepcus yCIOBHBIX CPEIHHX OTHOCHTENBHO OOIIEH cpe-

Heﬁ, TaK Ha3bIBa€Masl BHCHIHAA AUCIICPCU:
— 1 n_ — — — 1 n__
2 2 2 2
6" (¥,) =Ou =szi —(y)*, rme yzﬁzyu :
i=1 i=1

Boi6opounas gucniepcus o°(Yy) ciaydaiiHOM BenuuHBI Y MOXKET OBITH
MIPEACTaBICHA KaK CyMMa JIBYX IUCIIEPCHH: YK€ YIOMSHYTOH BHEIIHEH Iuc-
2 2
aido 2i600

nepcun o n BHyTpCHHeﬁ AucCrepcun © KOTOpAast BBIYUCIIACTCA IYTCM

YCPCAHCHUA BHYTPUTPYIIIIOBBIX ancnepcnﬁ BCIIMYMHBI Y, BBIYHUCJICHHBIX IJIA
Ka)Xa0ro 3Ha4€HUsI BEJIUYUHEI X;.

1 n
G;io’ba = HZG.Z ),
=

1 & _ 1 —
rae Gf(y) :Ez(yij_yi)z nin G.Z(y) :Ezyﬁ_y, .
=1 =1

2
aide

GZ

ai600 >

YauTeiBas, 4To Gz = O KOPPpECIAIMOHHOC OTHOIICHHEC
2

MOXHO 3aIrcaTh B CJICAYIOUIEM BUJIE:

2
aidg

+0?

4600

2
Géiéa
Orcrona cnenyert, uto 0 <n < 1.
Ecin n =1, 10 6%, = 0, BHyTPEHHHE AMCTIEPCHH PABHBI HyJIIO, pacces-

HUE BHYTPHU TPYIIIBI OTCYTCTBYET, NpPU KaxaoM 3HadeHuH X 3HadeHHe Y
OTIpeNeNsIeTCs] OAHO3HAYHO, 3aBUCUMOCTE Y OT X (yHKIMOHAIbHAS.
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IIpu n = 1 pa3bpoc BHYTpH IpyIIBI OTHOCHTEILHO Maj, 3aBUCUMOCTb
6n13Ka K (YHKIMOHAIBEHOH (TecHast).

?4% = 0, pa30poc yCIOBHBIX CPEIHUX OTCYTCTBYET, TO

aidg

Ecrun=0, o
€CTh BCE YCIIOBHBIE CpeIHHE PaBHBI MEXIy COOOW U paBHBI OOLIEMY CpeHe-
My Y, =Y. B arom ciayuae c usmenennem X cpenHee 3HaueHue Y HE MEHs-

eTcs, TO €CTh BeIM4rHa Y KOPPEISIIHOHHO He 3aBHCHUT OT X.

IIpr n = 0 BHeWwHSSA AUCIEPCUs] Majia MO CPAaBHEHHIO C BHYTPEHHEH
aucnepcueit, naMeHeHue X MpakTUYECKH HE BBI3BIBAET U3MEHEHUs CPEHET0
3HaueHHs Y, KOPPEISIMOHHAs 3aBUCUMOCTh MPAKTHYECKU OTCYTCTBYET.

Boobmie, yem OGimoke 1 K 1, TeM TecHee KOppeIsLUOHHas 3aBUCHMOCTb;
yeM Onmke 1 K 0, TeM KOppeNsIHOHHAs 3aBUCUMOCTS ciabee.

B cnydae nuHelHON KOppeNsIMN KOPPENISIIMOHHOE OTHOLICHHUE 1] U BbI-
60pouHBIA K03()(DUITMECHT KOPPETAINH I, COBIATAIOT.
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6. NTPOBEPKA ALEKBATHOCTU YPABHEHUA

KoppenainoHHoe OTHOIICHNE CITy’KUT TOJIBKO OLIEHKOH TECHOTHI KOP-
PEIAIMOHHON 3aBUCHIMOCTH M HHKAaK HE CBszaHO ¢ ee (opmoil. [IpoBepka
TOTO, XOPOIIO JI COTJIaCyeTCs MOoJ00paHHasl TeOpeTHIeCcKast JTUHHUS perpec-
CHH C 9KCIEPUMEHTAIFHBIMH JaHHBIMH, Ha3bIBACTCS MMPOBEPKOH a/ICKBATHO-
CTH ypaBHEHUS PETPECCHH.

VYpaBHEHHE perpeccuu CUYUTaeTcs aeKBATHBIM, €CIM PACX0XKICHUE Me-
Ky SMIUPUYECKON M TEOPETHYECKOH JIMHHUSAMHU PErpecCCHU MOXHO 00BsiC-
HUTBH OUIMOKaMH B ONPE/ICJICHUN YCIOBHBIX CPETHHUX, BBI3BAHHBIX PazopocoM
(mucniepcueit) ciry4aiHbIX pe3yIbTaTOB SKCIEPHUMEHTA.

J11s1 mpoBepKY aIeKBaTHOCTH YCIIOBUSI HCHIONIB3YeTcs KpuTepuil durepa:

2

O...
— 1no
Far =—"
GéTﬁla.ﬁB‘
1 no_ A
2 2 .
Tae O, = — E (y,—VY,)" —ocrarounas gucnepcus;

i=l

| —urcino K03 HUIHEHTOB B ypaBHEHUH PETPECCHH;

Y, — OpAWHAaTa JUHUU PETrPECCUU B TOUKE Xj;

Gimons — AMCIEPCHsS. BOCIPOM3BOAMMOCTH CDEIHHX, PaBHas MCIPAaB-

JICHHOM BHYTPEHHEH NUCIEepCUH, ACICHHONW Ha YUCIIO 3KCIEPUMEHTOB m, 10

KOTOPBIM BBIYHCIIAINACH YCIOBHBIC CpEOHHUE Y, ©

2 1_m 2 1 2

Oz .ie. — E m-1 ’

ai600. m * Gaisos.

Bemuuna F,,, umeer pacnpenesnenne Oumiepa ¢ k; =n—1b k; = n(m - 1)
YHUCJIAMH CTENeHeil CBOOOBI (N — YHCIO 33aBaeMbIX JKCIEPHUMEHTATOPOM
3HAYEHHUH BEMMUYHHBI X, M — YUCIO MPOBOJUMBIX OMBITOB, | — YHCIO KOAD-
(HUIHMEHTOB B YpaBHEHUH PErPECCHUH).

[To 3amanHOMY ypoBHIO 3HaUMMOCTH 0. = 0.05 1 4nciaam creneHeil cBo-
60161 Ky =N —1 bk, =n(m — 1) u3 tabnumpl KPUTHUECKUX TOYEK pachpejie-
nennsa Ouiepa HaxomuM Figpyr.

Ecmn Fyy < Fipur, YPABHEHHE PETPECCHU aJIEKBATHO.

Ecmn Fo > Fipyr pacXoxieHue MEXTy TEOPETUIECKOH M SMIIMPHUECKOH
JIUHUSMU PETPEeCCHH 3HAYUMO, ypPAaBHCHHE HE aJCKBATHO, CJICIyeT B3SITh
MHOTOYIEH 00JIee BHICOKOTO MOPS/IKA.
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7. TIMHEUHAA KOPPENAUUA

W3 Bcex KOpPPETAMOHHBIX 3aBUCHMOCTEH Hago 0co00 BBIIEIUTH JIH-
HEWHYI0 KOPPEILSIIUIO, T.€. TaKyl0, KOTJa TOYKH PETPECCHH PacIoyIararoTcs
BOJIM3M HEKOTOPOU MPSMOM JIMHUH.

B cnydae mosHON JIMHEHHOW KOppENsLUU MPUXOIUTCS UMETh AENO C
JBYMS BUIaMU PETPECCUU:

1) perpeccus Y Ha X B BuIe (YHKIMOHAIBHOH 3aBHCUMOCTH

Y, =p,X+b;
2) perpeccuss X Ha Y B Bujae (YHKIHOHAIBHOW 3aBHCHMOCTH
Xy =p,y+d.

Yrn0Boii K03phHUINEHT pyy (Pyy) IpsAMOii nuHUM perpeccur Y Ha X (X
Ha Y) Ha3bIBalOT BBIOOPOYHBIM KO3(h¢uumenrtom perpeccun Y Ha X (X Ha
Y), OH sIBIIsIETCS OLIEHKOH Koa(h(unmeHTa perpeccuu.

st onpezienieHus mapaMeTpoB YpaBHEHHS IPSIMOM JIMHUH perpeccud Y
Ha X ¢ MOMOIIBIO METOIa HAMMEHBIIHNX KBAIPATOB MOTy4YaeTcsl CUCTeMA!

P X DY X =D Xy,
= i-1 =

pyxixl +bn=>"y,

(7.1)

B NPEATONIOKECHHH, YTO 3HAUeHUs X M COOTBETCTBYIOLIME UM 3Ha4eHHs Y
HaOJIOAaJHCh IO OXHOMY pasy. 3amuireM cucteMy (7.1) Tak, 94ToOBI OHA OT-
pakaia JaHHbIe KOPPELHOHHOM TabaHIbl. Bocmonp3yeMces ToKAeCTBaMu:

n
. _ DR
in =nX (coeacTBue U3 X = -+—),
i-1 n

DY

zyi = n;/ (cnencTBue U3 y = i=1n ),
i=1

n - — i
x? =nx? (cnencreue w3 X° =-2—),

= n

i=1

Z:Xiyi :anyxy (yureHo, 4to mapa ymcen (X, Y) Habmopamach Ny
i=1

pas).
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IoxcraBuB mpaBbie YacTH TOXASCTB B cuctemy (7.1) u cokpaTuB obe
YacTH BTOPOTO ypaBHEHUS HA N, MOIYYHM:

nx? +bnx = >'n
pyx_ - xyxy (7l2)
WX+b=y

Pemm 5Ty cucteMy, HaiieM IapaMeTpsl pyx U b U, cienoBaTensHo, He-
Komoe ypasHenue Y, =p, X+b. LlenecoobpasHo, BBest HOBYIO BEIMUYUHY —
BBIOOPOUHBIN KOA((PUIMEHT KOPPEISIMH, HATNCATh YPaBHEHUE PErPECCHU B

uHoM Bujte. Haiinem u3 Broporo ypasnenus cuctemsl (7.2) b=y—p  x . Tlon-
CTaBUB IIPaBYIO YacTh ITOTO PAaBEHCTBA B YpaBHEHHUE 3_/x = pyx; +b , momyunm
Y —Y =P, (X—X). (7.3)

Haiinem u3 cucremsl (7.1) k03(GHULUUEHT perpeccuu, y4uTHIBas, 4YTO

X2 —(x)’ =o’:

Zn —neXy > Xy -n-x-y

Pr nf-x?_ no?

Py = : : (7.4)

0O003Ha4MM TpaByrO 4acTh paBeHCTBa (7.4) yepes f, U HA30BEM €€ BbI-
OGOpOYHBIM KOA(DPHUIUEHTOM KOPPEJSIUK, KOTOPBIN SIBISIETCS OLIEHKON KO-
a¢GurreHTa KOpPEIAIHH:

_ anyxy—n&—;/

n-c,-oc,

G
Hoxcrasum 1, B (7.4): p, -—= =1, , oTcroma p;, = —L . TloacraBum B
y GX
(7.3), OKOHYATENHHO MOJYYHUM BHIOOPOYHOE ypaBHEHHE MPSIMOM JIMHUU per-
peccun Y Ha X BHIa

a

Y-y =12 (x-X). (7.5)
(e}

X
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3ameuanue.
1. AHaIIOTUYHO HAaXOJMM BBIOOPOYHOE ypaBHEHHUE MPSMOU JIMHUHU per-
peccun X Ha Y BHJa:

X, —X =1, 2 (y-y), (7.6)

o,

GX
rie ré-c =P,y -
y
2. KoapduuumeHnt koppensunu 3akiarouer Mexxay —1 u 1: =1 <r, <I.
Ecnu nanneie HaOmonenuit Hax npusHakamu X u Y 3a7aHbl B BHJE KOP-
PEISIMOHHON TaOIMIBI C PABHOOTCTOSIIMMH BapHaHTaMH, TO Iiejecoobpas-
HO TIEPEUTH K YCIIOBHBIM BapHaHTaM:
Ui _ Xi_Cl , V_:yJ_CZ
h ! h

1 2

rne C;— «IoXkHBIA HyJb» BapuanT X (HOBOE Ha4ajo OTCYETa): B KauecTBE
JIO)KHOT'O HyJIsl yJJOOHO NPUHSTH BAPUAHTY, KOTOpPasi pacroioxeHa MpHUMEpHO
B CepeaMHE BAapUAI[MOHHOTO DPsifa, MMEIOIIYI0 HaubONbIIyio Yactoty; hy —
1ar, TO €CTh Pa3HOCTh MEXAY JIBYMs coceqHuMH Bapuantamu X; C, — «iox-
HBIA Hynb» BapuaHT Y, h, — mar BapuadT Y. B 3TOoM ciyyae BEIOOpPOYHBIH
KOX(PHUIHUEHT KOPPEIISAIIHH:

BenuuuHer U,V,0,,6, MOTYT OBITh HalJeHbl MO0 METOIOM TIPOU3BE-
JeHui (pu OOJBIIIOM YHKCIIC AaHHBIX ), THOO0 1Mo GopMynam:

a:Znuu e vavl
n n
5, = Ul = ()7, &, =4V —(V)? .

3Has 3TH BEJNUYMHBI, MOXKHO OIPENISNIUTh BXOJSIINE B YPaBHCHUS per-
peccuu (7.5) u (7.6) BenuuuHEI 110 GopMymam:

x=u-h,+C, y=v-h,+C,

c,=6,-h, o, =0,-h,
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8. IMHEUHbIW PETPECCUOHHbIA AHANN3

TIpumeHuM JTUMHEHHBIN perpecCUOHHBIN aHANHU3 JUIsl HAXOXKEHHUs Mapa-
MeTpoB A U o TIpom3BoACTBeHHOM (yHKmu Kob66a-/lyrmaca:

Y=A-K*-L*, (8.1)

rne K- 3arparel kanurana, L— oObem TpynmoBbix 3arpar. OO0o03HauMB
K
y =L HH/ICKC MMPOU3BOJUTENBHOCTH TpyaAa, K = T HHIEKC (HOHIOBO-

OpYKEHHOCTH U IOJIeTHB paBeHCTBO (8.1) Ha L, momydamm:
o 1~
Y_a KL
L

crendero pasenctBa: INny=INA+o-Ink. Mcnonp3yss MeTon HaMMEHBLINX

wtn Yy = A-K”. Ilponorapupmupyem o0e yacT Imo-

KBaJIPATOB, TIOJYYNM CHCTEMY YpaBHCHHM Ut HaxoxaeHus INAu o
INnA+Ink-a=Iny
P — H
Ink-InA+(Ink)’-a=Ink-Iny

n

— 1 — 1Y — 1
e Ink==» Ink, (Ink)>’==) (Ink)?, Ink-Iny== Ink, -
I nZ IS ng( ) y nz
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9. AHAJIIN3 BPEMEHHbIX PAOOB

YucioBbIe JaHHBIC, OMUCHIBAIOIINE H3MCHEHUE IOKA3aTeIIsl BO BPEMCHH,
00pa3yloT BpEeMEHHOHW psin. 3HaueHHWE X; OTOOpa)kaeMoro IMoKa3aTems IJis
Ka)KI0TO BBIOPAHHOTO 3HAYCHUs tj MOMEHTa BPEMEHH HA3bIBAaETCS i-M YPOB-
HEM psfa.

JIJis IpaKTHYECKOTO MUCIOJIB30BaHUS YaCTO JJOCTATOYHO 3HATH JIUIIb HE-
KOTOPBIC OCHOBHBIC YHCJIOBBIC XapaKTEPUCTUKHU psifa. XapakTep U3MCHECHUS
YPOBHEH psijia CO BPEMEHEM OIMUCHIBAIOT CICTYIONIUE OCHOBHBIC MIOKA3ATEIH.

AOGCOJIOTHBIC TIPUPOCTHI: 0A3UCHBIN AXjs= Xj — X1, HETTHOH AXjy — Xj — Xi_1.

Temmner pocta: 6a3ucHbd T, = ﬁ-100%, nenHou T, = X 100%.
X, Xy

Temnsl npupocra:
AX;,
Gasncrerit AT, =~ .100% = (T, ~100)%,
X

1

AX .,
nenuoit AT, = —-100% = (T,, —100)% .

1-6

— X =X AX
Cpeanuii aGCOMIOTHBINA mpupocT A = -1 ——L = W
P PP n-1 n-1
Xi
Cpenuuii Temn pocra T, = —=—-100%.
Sx
i=1

Cpennnii Temn npupocta AT, = (T, — 100)%.
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10. PELLEHUE TUNOBbIX 3A0AY

3amaga 1. JIms yCTaHOBIEHHUS KOPPEISIIMOHHON 3aBUCHMOCTH MEXITY
BemunHaMu X 1 Y (rme Y — ciydaiiHas BennanHa, X — HeCTyJalHas BEJH-
YHMHA) POBE/ICHBI SKCIIEPUMEHTBI, Pe3yJIbTaThl KOTOPBIX 3alMCaHbI B Ta0II. 1.

Tpedyercs:

|. HaiiTi yciiOBHBIE CpelHHE Y, W IOCTPOHUTH SMIIUPUYECKYIO JIMHUIO

perpeccun Y mo X (JJOMaHyI0).
1. Haittu ypaBHeHne perpeccuu Y mo X METOJOM HaMMEHBIIUX KBaJl-
paToB, NPHMHUMAs B Ka4eCTBE CITIAXKHUBAIOLICH JTMHUHU apaboiry

n

y, =ax’+bx+c (10.1)

W 3aTe€M HOCTPOUTBH €€ Ha OJHOM YepTexke ¢ SMIMPUYECKON JTHHHEH perpec-
CHH.
I1l. OeHUTH TECHOTY KOPPEISINOHHON 3aBUCUMOCTH Y TIO X.

[IpoBepuTh aeKBaTHOCTE ypaBHEHHUS perpeccuu Y 1o X.

Tabnuua 1
HcxoaHblie JaHHDbIE
X; X;=1 Xo=2 X3=3 Xs=4 Xs=5 Xg=6
10 10 19 30 45 79
9 16 21 28 44 75
Yii 11 15 18 31 42 80
12 13 20 28 48 73
10 14 18 33 43 82
Pewenue:
|. YcnoBHbIe cpeiHUE BBIYUCIUM TI0 (hopmyIie
— 1 5
V==Y, (10.2)
5 j1
- 1
Hanpumep, Y, = € (10+9+11+12+10)=10,4
Pe3ysbTaThl BEIYMCICHHI NPEICTAaBICHBI B Ta0. 2.
Tabnwuua 2
YcnoBHbIe cpeanue )_/i
Xi 1 2 3 4 5 6
g,_ 104 13.6 19.2 30.0 44 .4 77.8
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ITo Toukam (X;; Y, )CTPOMUM SMIHPHUECKYIO (JIOMaHYIO) JMHHIO perpec-
cuu (puc. 10.1).

Il. TeopeTnueckoe ypaBHeHue perpeccurt Y mo X OyaeM UCKaTh B BHIE
(10.1). HemsBecTHbic TapameTpsl &, b, C OymeM HaXOOWTh M3 CHCTEMBI JIH-
HEeHHBIX ypaBHeHHH (4.6), B KOTOpOo# N = 6. s onpeneneHus Ko3hduiueH-
TOB 3TOM CHCTEMBI COCTaBHM pPAacdeTHYIO Tabi. 3, Tae B MOCIeTHEH CTpoke
3aMMCaHbl CYMMEI 3JIEMEHTOB COOTBETCTBYIOIINX CTOJIOIIOB.

Hcnonp3ys mociae HIon CTpoKy Tadi. 3, nMeeM:

6 6 —
D o x{=2275; > x}y, =46284 ut.n
i=1 i=1

Tabnuua 3
Pacuernas Tabauna
I T A I R O AV 3
1 1 10.4 1 1 1 104 104
2 2 13.6 4 8 16 27.2 54.4
3 3 19.2 9 27 81 57.6 172.8
4 4 30.0 16 64 256 120.0 480.0
5 5 44.4 25 125 625 222.0 1110.0
6 6 77.8 36 216 1296 466.8 2800.8
> 21 195.4 91 441 2275 904 4628.4
B pe3ynprate moryduM cUCTeMy:
2275a +441b +91c = 46284,
(10.3)

441a +91b +21c =904,
9la +21b+ 6c =1954.

Cucremy pemraem meronoM ['aycca. [lepeoe ypaBaerue cuctems (10.3) me-
yrM Ha 2275. Tomyunm ypasrerue (*). Bropoe ypaBrenue cuctemsl (10.3) pasme-
MM Ha 441, ¥ U3 MOJNYYeHHOTO pe3yibrara BblMTeM ypaBHenwue (¥). [Tomyunm
ypasHerue (¥¥). Tperbe ypaBuenue cucremsl (10.3) pasgenim Ha 91, u U3 nony-
YEHHOTO pe3yJibTara BerTeM ypaBHenue (¥). ViMeem JiMHeiiHyto cucteMy:

a+0.193846b  + 0.04c =2.034461, (*)
0.01250325 + 0.007619047¢ = 0.0154256, (%)
0.03692323b + 0.02593406¢ = 0.1127917. (%)
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Teneps ypaBuenue (**) pazmenum na 0.0125032. Ilomyunmm ypaBHe-
nue (o). YpaBuenue (***) pazgenum Ha 0.03692323, 1 U3 MOIY4EHHOTO pe-
3ynbTaTa BeIYTeM ypaBHeHue (o). [Tomyunum ypaaenue (). Imeem cucremy
JIMHEHHBIX ypaBHEHHM:

a+0.193846b + 0.04c=2.034461, (%)
b+0.609364c = 1233732, ()
0.09301282¢ = 1.821033. (B

U3 ypasuenus () Haxomaum C. [Toacrasisist ero B (o), u3 ypaBHeHus (0t
naxojuM b. Tloncrasnss naiinennsie b u ¢ B (¥), Haxoaum a:

c=19.57830~19.578;
b=-10.69659 ~ —10,697;
a =332482 ~3325.

Haiinennsie a, b, ¢ moacrasmsiem B (10.1), momyuuM TeopeTHUIECKOE
YpaBHEHHE PETPECCHH:

v, =3325x> —10.697x +19.578. (10.4)

BrruncinB OpIuHATEI TEOPETHUYECKON JIMHUU PETPEeCcCHH IO (opMyde
(10.4) mnsa 3HaueHwit X, 3aaHHBIX B TaOJIHIlE UCXOMHBIX JAHHBIX (3T OpAU-
HATHI 3alHCaHbl B TaON. 4), CTPOMM TEOPETHYECKYIO JIMHHIO PETPECcCHH Ha
OJTHOM YepTexe ¢ IMIUpUIECKO TuHuel perpeccuu (puc. 10.1).

Tabnuua 4
OpauHaThl TEOPeTHYeCKOl TUHUM perpeccuu
X 1 2 3 4 5 6
;/i 12.207 11.484 17.411 30.000 49.216 75.093

HarnsgHo yOexxaaemcsi, 4TO TEOpeTHYecKas JIMHUSL PErPECCHU XOPOLIO
CTIaXHUBACT AMITUPHUUECKYIO JIMHUIO PETPECCHH, YeM ITOJTBEP)KAACTCS, UTO
cucreMa (10.3) cocraBneHa U pemieHa BEpHO.

I1l. OeHNM TECHOTY KOPPEISIUOHHON 3aBUCUMOCTH.

a) HaxouM of1ee cpenHee o hopmyre:

6
y= lzyi = l(10.4 + .. + 778)=3257.
65 6
31ech 3HaUYEHUS ;/i B3STHI U3 Ta0II. 2.
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y
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JIAHUS
40 perpeccun
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eopeThvecKast TMHUS
20 perpeccun
10
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Puc. 10.1. Dmnupuueckas JoMaHasi U TeOpeTHUECKas TMHUH PETPECCUH

2
aiag . "

6) HaXOUM BHEIIHIOKO JUCIEPCUI0 ©

15 —2 1
ol ==Y yl-y ==(10,4% +..77,8%) - 32,57 =537
. =5 E yi -y 6( )

B) [ HAXOXK/IEHWs YCPEIHEHHOM BHYTpEHHEl NUCHepcun G.,,, CHayasa
BBIYMCIIIEM BHYTPEHHHUE JIUCTIEPCUHU G- ISl KaXJI0r0 X;, Te M = 5:
13 -2
2 2
G; :_Zyij —VYi (10.5)
5 =1

i=1,234/5,6.
Jlnst mpuMepa BBIYHCIMM G, COCTABUB MPEIBAPUTEIHHO PACUETHYIO
Tabnuity (Tadi. 5).

Tabnuua 5
Pacuernasi Tabiuna o’
Y 10 9 11 12 10
Yi 100 81 121 144 100 >'y: =546
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I 21 2
o :EZyH -y, :5-546—10,4 =1,04
j=1

3HaYEHNs BCEX BHYTPEHHMX IUCTIEPCHI G IS K&XKOTO X; MPENCTaB-
JIEHBI B TA01. 6.

Tabnuua 6
3HavyeHust AUCHEePCHil G’
Xi 1 2 3 4 5 6
ciz 1,04 4,24 1,36 3,60 4,24 10,26

VYcpenHeHHast BHYTPEHHSIS TUCIIEPCHS
1 1
Chw = 2.0, =—(L04+4,24+...+10,26) = 4,24
&i603. 6 o i 6 ( )

T') BBIYUCIIIEM KOPPENIALHUOHHOE OTHOLICHHUE:

n — > Géiéﬂ > — 537 — 0,996
0., +0O; 537 +4,24

aidg 4i600.

BrIBOA: KOppENSIIMOHHAS 3aBUCUMOCTh — TECHAsI.
IV. IlpoBepsieM aieKBaTHOCTh YPaBHEHUS PETPECCHH.
a) BBIYUCIIIEM «OCTAaTOYHYIO TUCTIEPCUION:

1 no_ A
Gizﬁc‘a :_Z(yi _yi)2 =
n-1=
_ (10,4-12,207)* + (13,6 —11,484)* +...+ (77,8 - 75,093)* _
6-3

= —31521 =10,40

3neck N (uncino 3Hadenuit X) paBHO 6, | — KONHYECTBO mMapaMeTpoB

ypaBHeHus perpeccuu (10.4) — paBHO 3, 3HAUeHUS Y, B3ATHI U3 TaOM. 2, 3Ha-

4eHMs Y, B3SATHI U3 TalI. 4;

6) BBIYHCITIAEM «AUCIICPCUIO BOCTIPOU3ZBOAUMOCTU CPEAHUX !
2 1 2 1

Gy =—— O. .. =——-424=106;
&ifio .fo m-— 1 4600 5 _ 1
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B) BBIYHCIISIEM BeIHYHHY .\, 10 popmyire:

o, 1040, ,.
F, =—m _19%qg
G 1,06

affiio .Ao

r) HaxonuM F.,,, mipm ypore 3HagmmocTH o = 0.05.

£0e0.

B namewm ciygae n (uucio 3HadeHnit X) paBHO 6, M (YnCIIO 3HAYCHUN
Y) B kaxaom cronbue Tabi. 1) paBHo 5, | (ducno mapameTpoB ypaBHEHHS
perpeccuu (10.4)) paBro 3. CrieioBaTeNIbHO, YHUCIA CTEIIEHEH CBOOOIBI COOT-
BeTcTBeHHO paBHBI Ky =n—1=6-3=3, K, =n(m-1) =6-4 =24 . Ilo Tab-
JUIE KPUTHYECKUX Todek pactpenenenus @umepa gt o = 0.05, Ky = 3,
Kz =24 naxonum Fy,, = 3,01

Tak xak 9.8 > 3.01, 10 Fopy > Fipr,

BriBoa: TeopeTueckoe ypaBHEHHE perpeccuy HealekBaTHo. B kauecr-
BE YPaBHEHUS perpeccuy HeOOXOAMMO MPUHATH MHOTOWICH 3-i CTEeNeHH

y=a+bx*+cx+d

U BCE pacyeTsl cAeaTh 3aHOBO.

(B nabopatopHoii paboTe mepecuera aAenaaTh HE HAZO).

3amada 2. B mpuiaraemoii Tabnuie IpuUBEACHBI JaHHBIE 3aMEpPOB 00-
xBarta rpyau X (B cM) 1 pocta Y (B cM) y 20 My)KYUH HEKOTOPOTO Topoa.

X 90 95 97 99 92 96 100 | 100 97 101

Y 155 | 169 | 162 | 168 | 164 | 164 | 165 | 169 | 159 | 170

X 97 95 102 98 101 99 103 | 104 | 106 | 103

Y 171 | 165 | 171 | 166 | 172 | 175 | 170 | 181 | 185 | 175

Haiitu npubmmkeHHy0 3aBUCHMOCTE Y OT X.

3T0 — mepBOHadYalbHas TAONMUIA BHIOOPOUYHBIX 3HAYCHUH IByMEpHOI
ciay4aitHor BenmuuHbl (X; Y). [ig Hee mpexie BCero COCTABISIOT TaOJHUILY
pacripezienieHlss 4acToT, KOTOpasi Has3bIBaeTCs KOPPEISILHOHHOW Talnuien
gacToT (Tabn. 7). ns Toro, 4TOOBl COCTAaBUTH KOPPENAIMOHHYIO TaOIHILY,
HE00XO0IUMO:

1. BeIsBUT IO TIEpBOHAYATIBHOMN TabIuIle HAHOOJbIIEEe U HAaUMEHbIIIEe
3HAYCHUS MpH3Haka X W Mpu3Haka Y W ONpeAeiUTh OOIIUI WHTEepPBaI H3Me-
HEHUS [IPU3HAKa B TaHHOU BRIOOpPKE:

mpmsHak X: 106 — 90 = 16 (cm), mpusHak Y: 185 — 155 =30 (cm).
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2. Pazpenuts oOmmii nHTEpBad Ha K YacTHBIX MHTEpBaJIOB AX — IpH-
3Haka X, Ay — npusHaka Y (uucio K 3aBucut ot o0beMa N BEIOOPKH):

n 40-60 60-100 100-200 200-500

K 5-7 7-10 10-14 14-17

MIOJTyYeHHBIE YaCTHBIE MHTEPBAJIBI U MX CEPEIHHBI BHECTH B COCTaBIIIEMYIO
16 . 30 .

tabuiy: npusHak X: h, = - 4(fAi ) , mpusHak Y: h, = == 6(fil ) .

3. IIpocMmoTpeTs Bee cirydaiiible BennauHb (X; Y) TaOIUIIBl B TIOPSIKE
UX 3aliCH M ONPENEIUTh NPUHAIICKHOCTh KaXJOr0 M3 HUX K TOMY WIH
MHOMY YaCTHOMY MHTEPBAIy.

4. HaliTi 4acToThI Ny, Ny CIy4allHBIX BETMYMH, NIPUXOJAIIMNXCA HA Kak-
JIbI MHTEpBAJL.

Tabnuua 7
X
v Ax [90; 94] (94; 98] | (98;102] | (102; 106]
X

Ay y X1 = 92 Xo= 96 X3:100 X4:104 ny
[155; 161] | y;=158 1 1 2
(161; 167] | y,=164 1 4 1 6
(167;173] | y,=170 2 5 1 8
173;179] | v.=176 1 1 2
(179; 185] | ys=182 2 2

Ny 2 7 7 4 n=20

CocTtaBuM KOppEJISLHMOHHYIO TaONHUIy B YCIOBHBIX BapHaHTaX, BEIOpaB
B KauecTBe JIoHBIX Hynei C; = 100 u C, = 170 (xakaas U3 3THX BapUaHT
pacriojiokeHa B CepeIMHE COOTBETCTBYIOLIETO BAPHALIMOHHOTO PsiJia).

Ykazanus k cocmaesnenuro maobnauyst 8.

ITpousBenenue 4acToThl Ny, HAa BapHaHTy U, T.. N -U 3aIUCHIBAIOT B

IIPaBOM BEPXHEM YTIIy KJIETKH, COZEpXKalllell 4YacToTy; HalpuMmep, B IPaBbIX
BEPXHUX yIJaX KIETOK TepBOW CTPOKM 3alMCaHbl IPOU3BEICHUS
1-(-2)=-2; 1-(-)=-1;

— CKJIQJIBIBAIOT BCE YMCIIA, IIOMENICHHBIE B MPABBIX BEPXHUX yriax Of-
HOHM CTPOKH, ¥ UX CYMMY IIOMEIIAIOT B KJIETKY 3TOH CTPOKH «cTondna Uy;
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— YMHOXKaroT Bapuanty V Ha U U MOJly4eHHOE MPOU3BEICHHUE 3aAIUCHI-
BAaIOT B COOTBETCTBYIOIIYIO KJIETKY «cTojiba VUy; Hanpumep, B EpBOit cTpo-
ke Tabmuiet V = -2, U = -3, cneposarensho, VU = (-2). (-3) = 6;

— CIOXHB BCe uuclia «cTonbma VUy», TONydaroT —CyMMy:

> vU=>"n,u-v=17.

Jlist KOHTpOJIsl pacyera aHATOTMYHbIE BBIYMCICHHS MPOU3BOIAT MO
cTOoJIOLAM.

Tabnuua 8
u
-2 -1 0 1 ny U=>n, u vU
\"
2 i 2 -3 6
2 2
1 12] a4l 109 6 -6 6
1 L4 1
0 of2] 5P ] 1R[] 8 1 0
0 D D
1 0] k] 2 1 1
i 18
2 2B] 2 2 4
U
n, 2 7 7 4 | n=20
v=sn,v | -3 -6 0 5 YvU=17
ny, 6 6 0 5 TuV=17
Haiinem Uuv:
— n -u (= (- . .
G2 U 2(DAT(D 470441 o
n 20
- n -v (= (= . . .
SNV 2:(-)+6 1)228 0+2:142:2_ o,
n

—2 -2
HaﬁZ[GM BCIIOMOI'aTeJbHbIE BEJIUYMUHBI U U V !

=0,95,

o DN, U 2.447.147.0+4.1
n 20
27



2NV 2:446148:042:142:4
2 20

o, =y/U” - (U) = /095~ (-0,35)" ~ 0,91
5, = V2 —(v)* = 12— (-0,2)? ~1,08.

Haiinem nckombIii BRIOOPOYHBIH K03()(PHUIIHEHT KOPPETIAIIIH:

o _2n,uv-n UV 17-20-(-035)-(-0,2)
’ n-c,-o, 20-0,91-1,08

12

Haiinem

~0,79.

Haiizem X u ;, yuutsiBas, uro C; = 100, C, = 170, h; =4, h, = 6:
X =uh, +C, = —0,35-4+100 = 98,6,
y=vh,+C, =-0,2-6+170=1688.
Haiinem 6, u !
o,=h,-0,=4-0,91=364,
c,=h,-c,=6-1,08=6,48.
[MoncTaBuM HaliieHHbIC BETHMYMHBI B ypaBHEHHUE (7.5), MOIyINM HCKO-

MO€ ypaBHEHHUE NpsAMOil TuHUM perpeccun Y Ha X:

y, -1688=0,79 648 (x —98,6),
3,64

y, —168,8 =1,41(x — 98,6).
W okoHUaTENBHO:
y =1,41x-29,77.

3amaua 3. Ha ocHOBaHMU CIEYIONIMX JAHHBIX MOCTPOUTH IPOU3BOICT-
Bennyto ¢yukimo Ko66a-/yrmaca (n = 10):

Ton 1987 1988 1989 1990 1991
Yi 349 366 375 397 417
Ki 661 721 784 847 911
Li 90,6 92 93,4 94,5 95,6
T'on 1992 1993 1994 1995 1996
Yi 438 450 474 498 535
Ki 979 1051 1124 1201 1281
Li 96,8 97,6 98,1 99 99,7
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3nmeck Yi— TpOU3BOJCTBEHHBIN HAINMOHAIBHBIN 10X0x (Mipa pyo.),
Ki— cpenHeromoBbie OCHOBHBbIE MPOW3BOJCTBEHHBbIE (GOHABI (MIpA pyo.),
Li — cpeanHerosoBas YMCIIEHHOCTh 3aHSTBIX B MAaTEPHATLHOM IMPOHM3BOJICTBE
(mmH wen.). Mmeercst mporno3 Ha 1997 roa: OCHOBHBIX MPOHM3BOJCTBEHHBIX
¢ounos 1361 miH py0. u TpynoBEIX pecypcoB 100,4 MiH e

Ha ocHOBaHWM MONy4eHHON MPOW3BOACTBEHHON (YHKIHHU CHIENaTh TO-
YEYHBII IPOTHO3 HALIMOHAIBHOTO A0xoaa Ha 1997 ron.

Pemenne. BeraucnuM HyXHBIE 3HAUYEHUS, TSI 9€r0 COCTABUM pacyeT-
HYIO TaOmmIy.

Vi Iny; ki Ink; In%k; Ink,-Iny,
3,8521 1,3486 7,2958 1,9873 3,9494 2,6801
3,9783 1,3808 7,8370 2,0589 4,2389 2,8430
40150 | 1,3900 8,3940 2,1275 4,5263 2,9573
42011 | 14353 8,9630 2,1931 4,8097 3,1478
43619 | 14729 9,5293 2,2544 5,0822 3,3205
45248 | 15096 | 101136 | 2,3139 5,3541 3,4930
46107 | 15284 | 10,7684 | 2,3766 5,6483 3,6324
4,8318 1,5752 11,4577 2,4387 5,9471 3,8414
50303 | 16155 | 121313 | 2,4958 6,2290 4,0319
53661 | 16801 | 128485 | 2,5532 6,5190 4,2897
Cymma: | 14,9364 22,7994 | 52,3038 34,2371

Iny= 14,9365 1 4937, Ink = 227998 _ 5 5709,
7k = 223038 _ 59304 ,Ink-Iny = % =3,4237 .

CocraBisieTcst cucTeMa:
InA+2,2799- o =1,4937
2,2799-In A +5,2304 - o = 3,4237

Iny-Ink=Iny-Ink

W3 CUCTEMBI OL = — =0,5663,
(INk)? —In’k
INA=Iny-Ink-a=t=0,2025,
A =e'=1,2245,
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Samumem QyHkumio B Buae Y =A-K*-L'® u cuenaeM Iporsos, moj-
craBuB B popmyny K = Kigg7 1 L = Lgg7.

Husa K= 1361 u L =100,4 moryuum Y = 538,034

3amada 4. VIMmeroTcss HaHHBIE, XapaKTEPH3YIOUINE MPHOBUIH MPOMBIII-
JICHHOTO MPENPUSTHS 3 ICBATh KBApTAJIOB:

Tox 1995 1996 1997
Ksapran 1 2 3 4 1 2 3 4 !
TpuGuims, |53 | 951 | 265 | 270 | 282 | 299 | 327 | 343 | 355
THIC. PYO.

Tpebyetcs: 1. PaccunTtarhs XapakTepHCTHKH CKOPOCTH M WHTCHCHUBHO-
CTH M3MEHEHUs psja: 0a3uCHBIC W LIETHbIE a0COJIIOTHBIE MPUPOCTHI, Oa3uc-
HBIE U LIEMTHBIE TEMIIBI POCTa U IPUPOCTA.

2. BplYHMCIUTE CpelHHE XapaKTePUCTHKH MU3MEHEHMs NMPHOBUIN: Cpel-
HUH aOCONIOTHBIN MPUPOCT, CPEAHUIA TEMIT POCTa, CPETHUN TEMIT IPUPOCTA.

3. BeABUHYTH 'HIIOTE3Y O HAJHMYUM TPEHJa B UCXOIHOM psay. IIpu mo-
CTPOGHHH TPEHAOBOH MOJENM HEoOXOAMMO BBHIOpPATh JBa PErpeCcCHOHHBIX
YpaBHEHUsI U3 MPEICTABICHHOTO HIKE Habopa (yHKIMOHAIBHBIX 3aBUCHMO-
CTEH U HaliTH METOJOM HaHMMEHBIINX KBAaPaTOB OLIEHKH UX NapaMeTPOB:

X(t)=a,+a,-t; X(t)=a,+a,-t+a, -t*; X(t):a0+% ,

X(t)=a,-e"; X(t)=a,-t".

4. Ilo IMOJIYYCHHBIM TPCHAOBBIM MOJCJIAM BbIYMCIIUTL 3HAYCHUS aHAJIU-
3UpPYEMOr0 IMOKa3aTess 3a paccMaTpUBaeMblil mepuoj BpeMeHu. Haiitu oc-

taTku |; = X(t) — X;, AUCTIEpCcHIO 0CTaTKOB G’ . BEIOGPATH TPEHIOBYIO MOJETH,

HAMITYy4IIAM 00pa3oM OTPAKAIOIIYIO TCHICHIINU TTOKa3aTeleH.

5. C moMoIIp0 TPEHIOBOH MOIENH IONyYUTH MPOTHO3HBIC 3HAUCHUS
npuObsUH Ha 2 1 3 kBapTansl 1999 rona.

XapaKkTepuCTHKA PsAfa MPEACTABICHBl B TAOJMHMYHOM BHIE: Xj— IPHOBLIb;
AXis— 0a3ucHbIe, AXj, — LIeMHbIe abCOMOTHBIE MPUPOCTHI; Tig— OasuchHble, Ti, —
LienHbIe TeMITbl pocTa; ATjs — 6a3ucHsle, ATj, — IIEITHbIE TEMITbI IPUPOCTA.

Xi AXig AXiy Tis AT Tiy ATy
243
251 8 8 103,29% 3,29% 103,29% 3,29%
265 22 14 109,05% 9,05% 103,29% 3,29%
270 27 5 111,11% 11,11% 101,89% 1,89%
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282 39 12 116,05% | 16,05% | 104,44% 4,44%
299 56 17 123,05% | 23,05% | 106,03% 6,03%
327 84 28 13457% | 34,57% | 109,36% 9,36%
343 100 16 141,15% | 41,15% | 104,89% 4,89%
355 112 12 146,09% | 46,09% | 103,50% 3,50%

Cpennuit abconroTHblil mpupoct cocraBisier A =13,25, cpennumii
temn pocta Tg, = 104,49%, cpennnii temn npupocrta AT, = 4,49%.

BeiOepeM 3a eAMHHUIY BpEMEHH KBapTall, a 32 HAa4yallo OTCYETa MEepBbIi
kBapTan 1995 roga. V3 BBIYMCICHHBIX XapaKTEPUCTHK PsAa BHAHO, YTO C
TEYCHHUEM BPEMEHHU MPUOBLIb MPEIIPHUATHS OBICTPO YBEIMYUBACTCS, TOITO-
MY B Ka4eCTBE TPECHIOBOW MOJEIH BbIOEpEM KBAJAPaTUYECKOE U IKCIIOHCHIIU-
abHOE YPaBHEHUSI PErPECCHHL.

Ilo mMerony HauMeHbUIMX KBaJpaTOB MapaMETpbl KBaJpaTUYHOMN per-

peccun X(t)=a,+a,-t+a,-t* HAXOaATCS U3 CUCTEMBI ypABHEHHIA:

a,+i-a,+t-a,=X
t-a,+t*-a, +t*-a, =tX
t'-a,+t'-a +t'-a, =t°X
rae t_kzlzt:( ,(k=1,2,3,4);
n g

W:%Ztr X, (k=0,1,2);t,=i, (i=1,...n,).

B 3agaue n=9,torma t=1, 2, 3,4, 5,6, 7, 8, 9.
Boruncnu k03¢ GHIMEHTBI, 3aITUIIEM CUCTEMY:

a,+5-a, +31,667-a, =292,777
5.a,+31,667-a, +225-a, =1561,333
31667 -a, +225-a, +1703,667 -a, =10277,333

Pewmus cucremy, noiny4uM ypaBHEHHE PETPECCUU:
X(t)=236,574+5,408t+0,9200t?
I[anee HaxXoJuM 3HAa4YCHUA HpI/I6bIJ'II/I 10 YPAaBHCHUIO PErpeCcCru:
X(1) = 242,9029, X(2) = 251,0736, X(3) = 261,0861,
X(4) = 272,9404, X(5)=286,6365, X(6) = 302,1744,
X(7) = 319,5541, X(8) = 338,7756, X(9)=359,8389.
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BrruuciauM OTKIIOHEHUS HpI/I6LI.HI/I oT 3Ha‘-IeHPIﬁ, MOJYYCHHBIX IO ypaB-

nenuio perpeccu: |; = X(t;) — X;,

[,=-0,0971, 1,= 0,0736, I5=-3,9139, I,= 2,9404,
Is= 4,6365, lg= 3,1744, 1;= -7,4459, lg= 4,2244,

lo=4,8389.
t Xt Xt X(t) I
1 243 243 242,9029 -0,0971
2 502 1004 251,0736 0,0736
3 795 2385 261,0861 -3,9139
4 1080 4320 272,9404 2,9404
5 1410 7050 286,6365 4,6365
6 1794 10764 302,1744 3,1744
7 2289 16023 319,5541 -7,4459
8 2744 21952 338,7756 -4,2244
9 3195 28755 359,8389 4,8389
45 14052 92496 2634,983 -0,0175
Jucriepcust OCTaTKOB BEIUHUCISETCS IO (OpMyIIe:
18 18
SE==DP—(=)1).
] n IZ:l: i (n ; |)
B manHOM citydae muCTIEpCHS COCTaBIISACT SI2 =19,0319.
Koaddrmmentsr 9KCITIOHEHI[MAJIBLHOTO YpaBHEHUS perpeccun

X(t)=a,-e*" onpenensroTcs U3 CUCTEMBI YPABHEHHIA:

Ina, +t-a,=InX
t-lna, +t*-a, =t-InX

- 1 n 1 n
rie InX==>»InX , t-InX==> t-InX, .

HO}]CTaBI/IB COOTBETCTBYIOIIUEC 3HAYCHU S, UMCEM!

Ina, +5-a, = 567098
5-Ina, +31,667-a, = 28,6855
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Pewms cucremy, noiyuum ypasHenue perpeccun: X(t) = 236,5-%%7*

AHANOrM4YHO HAXOJAWM 3HAYEHUS TPHOBUIM 110 yPABHEHWMIO PETPECCUM
X(t), ocrarku |;;

©
© 3 © 8 o ™~ T} < ©
N < bre) < 2 © — ~ S
Y i %) © © ©
— %) ¢ N @ ™ © o >
X(t) 1 i ™ 5 ) ) ) 2

~ o ) (=}
") ! o < = < o © 2]
I¢) [=} Q L Q o) I 1) L0
I3\ 0 N ™ ™ ™ ™

<2} <
[Te) — ] 7o) ~ < [ee] < <
N Yo} N o) I~ < < © N
~ L0 — NG © N~ [} N o)
| N~ <o) < ~ ~ © ™ ™ ™
Q. Qo S ™ ™ ] @ < o
Y| S| S| e | e | G| 9| €|
T )

u ux aucnepeuto: S’ = 32,4562.

Jlucriepcusi OCTaTKOB KBaJpPAaTUYHOTO YPaBHEHUS PErpecCUd MEHbINe
JUCTIEPCUU OCTATKOB 3KCIIOHEHIMAILHOTO YpPaBHEHMS PETPECCHH, MOITOMY
BBIOMpaeM IepBoe ypaBHEHHUE, Kak HanOoJiee aJIeKBATHO OTpaXkarolee 3aBH-
CHUMOCTH NIPHOBUIN MPEANPHSATHS OT BPEMEHH.

[ockoneky 2 u 3-i1 kBapTansl 1998 rona cOOTBETCTBYIOT 3HAYEHHIO BpeE-
Meru t = 14 u 15, To mporHO3upyemasi pUOBLTH, BEIMUCICHHAS 10 KBapaTHY-
HOMY YpaBHEHHIO perpeccur, paBHa 492,7 u 524,9 MiH py0. COOTBETCTBEHHO.

3anaya 5:MHOeCTBEHHAs! KOPPENIALHUS.

IIpennonaraercs, YT0O OCHOBHBIMHU IOKA3aTeIsIMU, BIMSIOMIUMHI Ha Be-
JIMYUHY TPUOBLIM NPEANPUSITHS, SBISIFOTCS BIIOXKCHHBIE CPEJCTBA U YUCIIO
pabouux. [IpuBoasTcs naHHbie 32 7 KBapTAJIOB:

Ton 1995 1996
KsapTan 1 2 3 4 1 2 3
Bio-

xennsie | 128,15 140,25 135,85 142,45 154,55 157,85 | 155,65
cpencTea

;{;‘ggfm 66 72 72 78 84 96 102

Cpenne-
rojioBast
HOpMa
puObI-
JIM TIpen-
PUATHS,
%

29,7 43,6 37,8 473 64,2 73 66,4

33



Tpebyercs:

1. Haiitu Bce k03(pPHUIMCHTH MApHOW KOPpENSAIHU Fyy, Fyz, Fxz U
IIPOAHATU3UPOBATh TECHOTY JIMHECHHOW 3aBUCHMOCTH MEXIY BCEMH IapaMu
NepeMEHHBIX.

2. BpIIBUHYTH TMIOTE3BI O BUJE CTATHCTHYCCKOH 3aBUCUMOCTH HOPMBI
mpuOsUH Z OT KOoJMM4YecTBa pabounx Y U BIOKEeHHBIX cpenctB X. [Ipemmara-
eTcs BBEIOPAThH clieTyIoIye (YHKIIMOHATIbHBIE 3aBHCUMOCTH:
Z=a+b-X+c-Y - nunelinyro, Z=e""" —  JKCIOHEHIHATBHYIO,
Z=a-X" — creneHHyl0. METO/IOM HAMMEHBIIMX KBAJAPATOB HAHTH OLEHKH
HEU3BECTHBIX [TAPAMETPOB YPABHEHUH PETPECCUM.

3. CpaBHHBas CpeIHEKBAaIApPAaTHYECKHE OTKJIOHEHUS CITy4allHBIX BO3-
MyIIeHH 1 KodQuuueHTs nerepMuHaun Ryy, Ryz, Rxz, BeIOpaTs per-
PECCHOHHYIO MOJeib, Hauboiee aJeKBaTHO OTOOPaKAaIOIIyI0 3aBHCHMOCTb
HOPMBI IPUOBLTH OT pacCMaTPHUBaEMBIX (DaKTOPOB.

4. MeTro10M HaMMEHBIINX KBaJPAaTOB HAWTH OLCHKHM HEM3BECTHBIX Ia-

paMeTpoB TpeHAOBBIX Mogeneii: X =a+b-t — nuneitnas, X =a-t" — cre-
b b

neHHast, Y =a-+— — runepbonmdeckas, Y =a-e ' — JKCIIOHCHIHAJIbHAs.
t

CpaBHMBasi AUCTIEPCUH CITyYaiiHOW OIIMOKH, BHIOPATh T€ TPEHIOBBIE MOJIEIH,
KOTOpbIe HauboJjee ajeKBaTHO OTpaXkaroT 3aBrcuMocTd X or t m Y ot t.
Haiitu nmporno3usie 3HaueHus A X U Y Ha nepBbld kBapTan 1997 rona.

5. Ha ocHoBe BBIOpaHHOH B MyHKTE 3 PErpeCCHOHHON MOJIETH HAWTH
IIPOTHO3HOE 3HA4YE€HHE HOPMBI NPHOBUN Z TPH BO3MOXKHBIX 3HaYCHUSIX X U
Y B mepBoM kBaptaie 1997 rona.

Koa¢ppunnents: mapHOil KOppemsiiuM BEYHUCISIIOTCS 10 (opmyrte:

. _XY-X-Y n
*s8..S, n-1

BBIOOPOUHBIX jaucnepcuii Si, S2, KoTopble BBHMHCHAIOTCS 1O (OpPMYJIE:

z (Xi - i) ’
2 — i=1 .
n-1
XY =11922,9, X =144,9643, Y =81,42857, S =113, S,=13,4. Ioxcra-

BUM 3T 3HAUEHUs B (POPMYITY M BEIYUCIIUM Iyy. AHAJIOTMYHO BBIYMCIIAIOTCA Iyz,

, Te Sx, Sy — KOpeHb KBaJpaTHBIN M3 HCIPaBICHHBIX

Ixz. Ko duumentsl getepmunanmu Ryy=r2, ,Ryz =12, ,Ryz=T2%, .

Ucnonb3yss [aHHble W3 YCIOBUS 33jJa4d, [OJAYYHM 3HAUYCHHUS
rxy = 0,9174, ryz=0,9258, ryz= 0,9945. ITockonbKy Bce 3HaUCHHS KOAPU-
IUEHTOB MAPHOU KOPPEISIIUU SIBISIFOTCS OJIM3KUMH K SIUHHUIIE, TO MOMKHO
MPEANOI0KUTh, YTO MEXIY MEPEMEHHBIMU CYIIECTBYET JIMHEHHAS 3aBUCH-
MOCTb.
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HO MeTOILy HAUMCHBIINX KBaIlpaTOB KO3(1)(1)I/II_II/IGHTLI MHO)KeCTBeHHOﬁ
J'II/IHGI7[H0171 perpeccnn OHpeILeJ‘IHIOTCH N3 CUCTCMbI ypaBHeHHﬁ:
a+X-b+Y-c=2Z
X-a+X?-b+XY-c=XZ
Y-a+XY-b+Y2-c=YZ

IloncraBur COOTBETCTBYIOIINE 3HAYCHUS, ITOITYUNUM:

a+144,96428-b +81,42857 - ¢ =51,71423,
144,96428-a +2112,13679-b +11922,9 - ¢ = 7653,47,
81,4285-a+11922,9-b + 6783,42857 - ¢ = 4383,42857.

W3 mepBoro ypaBHEHHUS CHCTEMBI BEIpAa3UM @ M IOJICTaBHM €ro B JIBa
IpYTUX:
a=51,71486 —144,96429 - b — 81,42857 - c,
144,9642 - (51,71486 —144,96429-b — 81,4287 -c) +
+21124,13679-b+1192,9-c = 7653,47,
81,42857(51,71486 —144,96429 - b —81,42857 - ¢) +
+11922,9-b +6783,42857 - ¢ = 4383,42587;

a =51,71486 —144,96429 - b —81,42857 - c,
109,492656 - b +118,66531- ¢ =156,74551,
118,66531-b +152,1816 - ¢ =172,408

YMHO)HUM BTOpOe ypaBHeHue Ha 118,6653, a Tpetbe Ha 109,9265 u BHI-
4TeM TpeThe U3 Broporo. [lomyunm:

-2650,81:c = -277,733, orcrona ¢ = 0,0456. IToacTaBuM 5TO 3HAUYEHHE
BO BTOpOoe ypaBHeHue, mnonyunMm b = 1,31824,a u3 mnepBoro Haiijgem
a=-147,8978.

[omyueHHbIe 3HaYESHUS MTOJCTABUM B JIMHEHHOE ypaBHEHHE:

Z=-147,8978 + 1,31824-X +0,10456-Y.

Brruncionm 3HadueHMS HOPMBI HpI/I6bIJ'II/I 10 YpaBHCHHUIO PErpeCcCuu, OIl-
peaeianm OIIMOKHU:

Z, 27,935616|44,51368 (38,71342 |48,04117 |64,61923 |70,22414 (67,95138

Z —Z., |1,764384 |-0,91368 |-0,91342 |-0,74117 |-0,41923 |[2,775856 |-1,55138

(Zi—Zia)2 3,1130509 (0,834811 |0,834343 |0,54933 [0,175755 |7,705377 |(2,406767
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Haiimem cpeaHekBaapaTHYECKOEe OTKIOHCHHME OMHOOK 1o (opmyie

S= (Zi_zia)2
V' n-1

S;=1,61346.
Koa¢uuneHTsl  5KCHOHEHIMAIBHOTO  YPaBHEHHS  PErpeccuu

Z __ pa+b-X v
=e OIIPEACIIAOTCA U3 CUCTEMBI YPABHECHUU

a+X-b=Inz
X-a+X>-b=XInZ'

- 1< - ]_ n
raie NnZ==»Inz,, XInZ==>» X,-InZ, .
nz‘ ' n;

Xi 128,15 | 140,25 | 135,85 | 142,45 | 154,55 | 157,85 155,65

Z; 29,7 43,6 37,8 47,3 64,2 73 66,4

InZ; 3,391147 | 3,775057 | 3,632309 | 3,85651 | 4,162003 | 4,290459 | 4,195697056

Xi-InZ, | 4345755 | 5294518 | 49,4492 | 5493599 | 643,2376 | 677,249 |653,0602468

Hcnonp3ys AaHHBIC W3 TaONMIBI, BBIYUCIAEM XInz =568,59143,
InZ=3,90023, X =144,96425, X = 2112413679
[NoscTaBUB 3HAYEHNS B CHCTEMY YPaBHEHUH, TIOMYUHM:
a+144,96428-b = 3,90023,
{144,96428-&1 + 2112413679:b = 568,626178;

a =3,90023 -144,96428 - b,

144,96428(3,90023 —144,96428 - b,) + 21124,13679:b = 568,626178;
a =3,90023 -144,96428 - b,

565,3940338 — 21014,64248 - b + 21124,13679-b = 568,626178;

b =0,0295188,
a =-0,378946.

BrruncinB ko3 GUIHEHTHI, TOTYYUM ypaBHEHHE PErpecCHH:

Z _ éfo ,378946+0,0295188-6
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Zy 30,0808 42,9942 37,7574 | 4587898 | 6557435 | 72,28355 | 67,7389

Zi—Zi, -0,3808 060578 | 0042543 | 142102 | -1,374345 | 0,7164499 | -1,33853

(Z-2Z.)? | 0145034 | 0366968 | 0,0018099 | 2,019298 | 1,888825 | 0513301 | 1,791675

HcnpaBieHHOE CPEIHEKBAPATHIECKOE OTKIOHEHHE OIIMOOK /s JaH-
Horo ypaBHenus S; = 1,0588
Cuctema ypaBHEHHH A OmpeneieHus Ko3(h(QHUIMEHTOB CTEICHHOTO

ypaBHeHus perpeccun Z=a- X" UMEET BUIL:

Ina+InX-b=Inz
InX-a+(InX)*-b=IX-InZ’

—_— 1 n 1 n
e (INX)’==)» (InX,)*, nX:-InZ==>» InX,-InZ,.
(InX) n;( ) nZ

Xi 140,25 128,15 | 135,85 | 142,45 | 154,55 | 157,85 155,65

Zi 43,6 29,7 37,8 47,3 64,2 73 66,4

InX; 4,943427 | 4,853201 | 4,911551 | 4,958991 | 5,040518 | 5,061645| 5,047609897

(InXi)® | 24,43747 | 23,55356 | 24,12334 | 24,59159 | 25,40682 | 25,62025 | 25,47836567

InZ; 3,775057 | 3,391147 | 3,632309 | 3,85651 | 4,162003 | 4,290459 | 4,195697056

InX;-InZ, | 18,66172 | 16,45792 | 17,84027 | 19,1244 | 20,97865 | 21,71678 | 21,17824199

[ToacraBuB BBIYHCIIEHHBIE B TaOJHIE JaHHBIE B (DOPMYIIBI, IOIYYHM:
(InX)? =24,74449, InX-InZ =19,42142, In X =4,9738

HO}]CTaBJ’IﬂH BbIYMCJICHHBIC 3HAYCHUS, ITOJTYUYUM CUCTEMY!

Ina+4,97385-b = 3,90023,

{4,97385 -Ina+24,74449 -b =19,42142,
Ina=3,90023-4,97385-b

{4,97385(3,90023 —4,97385-b) +24,74449 - b =19,42142;
Ina =3,90023-4,97385-b

{19,3992 —24,73915-b +24,74449 - b =19,42142;

Ina =3,90023-4,97385-b,

{b =4,161049;

b = 4161049,

{In a=-16,7962;
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a=5,078-10".
OmnpenennB KO PHUIUEHTHI, TOTYINM YpaBHEHHE PErPECCHU:

7=5078-10" - 0"

{b = 4161049,

Brruncimm Z mo HaliieHHOH GopMyIie i HaiineM OmmOKu:

Ziy 29,9105857| 43,53841 | 38,1303 | 4645147 | 6521206 | 71,20458 | 67,16521757

Zi—Zi, (0,04434636| 0,003794 | 0,109097 | 0,719996 | 1,024264 | 1,79542 | 0,58555793

(Zi- Zi)*| 00019666 | 144E-05 | 0,011902 | 0518395 | 1,049116 3,2235 0,34287809

VcnpaBneHHoe cpenHEKBaApaTHIECKOE OTKIIOHEHHE OMMOOK IS JdaH-
Horo ypaBHeHHs: S3=0,92626.

KoadummenTtsr  meTepMUHAIMKA ~ COCTABISIOT Rxy=  0,8416,
Ryz=0,8571, Ryz= 0,989.

ITockonbky camoe OOJIbIIIOE 3HAUCHHE MPUHUMAET Ryz, TO MOXKHO CUH-
TaTh, YTO HA HOpPMY IpuObUIM Z OOJibIlice BIMSHUE OKa3biBaeT GakTop X —
BJIOXKCHHBIC CpE/ICTBA, a (pakTop Y — KOJHUYECTBO PabOYMX HE3HAUUTEIHHO
BiMseT Ha Z. DTO BUAHO U U3 JIMHEHHOTO ypaBHEHHs perpeccuu: koadduru-
eHT 1pu Y OJIM30K K HYJIIO, IIOATOMY MOXKHO BHIOpaTh ypaBHEHUE PErPECCHH,
CBsI3BIBarOIee TOJBKO mepeMeHHble X U Z. Tak Kak y 3KCIIOHEHITHATBFHOTO
YpaBHEHHsI HCIIPABICHHOE CPETHEKBAAPATHICCKOE OTKIOHEHHE OMIMOOK S,
OopIne, 4eM y CTEIEHHOTO Sz, TO BBIOMpacM IIOCIEAHES ypaBHEHHE, Kak
HamOoJlee afeKBaTHO OTpakalollee 3aBUCUMOCTh HOPMBI MPHOBLTH OT pac-
CMaTpUBAEMBIX (PaKTOPOB.

CI/ICTGMLI ypaBHeHHﬁ, HOJ'Iy‘IeHHI:-Ie 110 MeTOL[y HAUMCHBIINX KBa):[pa-
TOB, JJIs IAPaMETPOB TPEHOBBIX MOJENIEH UMEIOT BUJ;

a-t-b=X
a) st uHeliHod X =a+b-t: { — R

=13 Foive tx=1vt.
e t—n;ti,t_n;ti,tx n;ti X, .

[Tapamertp tj npuHIMaeT neible 3HaYeHus ot 1 o 7.

X 128,15 | 140,25 | 135,85 | 142,45 | 154,55 | 157,85 | 155,65

t, 1 2 3 4 5 6 7
t? 1 4 9 16 25 36 49

t-X, | 128,15 | 280,5 | 407,55 | 569,8 | 772,75 | 947,1 |1089,55
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[oncraBnss ganHbIe TaOIUIBI B HOPMYIIBI, BEIYUCINM: t = 4,
t- X =599,34285.
[MoacraBiisisi BBIYUCICHHBIC 3HAUYCHHS, TOIYYaeM CHCTEMY':
a+4-b=144,96429,
{4 -a+20-b =599,34285;
a=144,96429-4-b,
{4(144,96429 —4-b)+20-b=599,34285;
a=144,96429 -4 b,
{579,85716 —16-b =599,34285;
b=4,87142,
{a =125,4786.
Ina+Int-b=InX
Int-na+(nt)*>-b=Int-In X’

0) mns crenenHoit X =a-t: {

P 1 n 1 n 1 n
e Int==>) Int,, (Int)>=="> (Int)?, Int-InX==> Int,-InX, .
nZ (Int) n;( ) nZ

Xi 28,115 140,25 135,85 142,45 154,55 157,85 155,65

Int; | 4,853201 | 4,943427 | 4,911551 | 4,958991 | 5,040518 | 5,061645 | 5,047609897

t 1 2 3 4 5 6

7

Inti

0,693147 | 1,098612 | 1,386294 | 1,609438 | 1,791759 | 1,945910149

IntiInt;

0
(Int;)? 0 0,480453 | 1,206949 | 1,921812 | 2,59029 | 3,210402 | 3,786566308
0 3,426522 | 5,395891 | 6,874621 | 8,1124 | 9,069251 | 9,822195327

IToncTaBuM HaHHBIE U3 TAOIUIIB! B (OPMYIIBL, TOIYIHM:

Int=1,21788, (Int)’=1,8852, Int-InX =6,09967. ToxcTaBmis 5Tu

3HAa4YCHUS, NOJTYUUM CUCTCMY:
Ina+1,21788-b = 4,9738,
{1,21788 -Ina+1,8852-b =6,09967;
Ina=4,9738-1,21788 - b,
{1,21788(4,9738 —-1,21788-b) +1,8852- b = 6,09967;
Ina=4,9738-1,21788-b
{6,05749 —1,4832-b +1,8852-b = 6,09967;
b =0,149,
{In a=4,9738-1,21788-0,1049;
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b = 0,149,
a=127,23.

a+ 1j-b:V
. b. t
B) 1yist runepOomuueckoir Y =a+—: {— — -,
t 1 1 Y
Zla+ - .b: —
t t t
(1) 11 (1) 11 (Y) 1&Y
e |Z|==) =, | |==) >, |—|==) —,
e F)2e (F)2s
% 1| 05 0333333 | 025 | 02 | 0166667 | 0,142857143
%2 1 0,25 | 0,111111 | 0,0625 | 0,04 0,027778 0,020408163
Y/t | 66 | 36 24 195 | 16,8 16 14,57142857

[MoacraBuM BhIYMCIICHHBIE 3HaYeHUs B hopMyJbl. [Toxydnm:

i

1

j =0,37041, (t—zj =0,21597, (T

j = 27,55306, Toraa cucrema npu-

MET BUA:
{a + 0,37041b = 81,42857,

0,37041:a + 0,21597-b = 27,55306;

a =81,42857 —0,37041D,

{0,37041(81,42857 —-0,37041:b) +0,21597-b = 27,55306;
a =81,42857 - 0,37041:b,

{30,16196 —-01372:b +0,21597-b = 27,55306;

b =-33,12048,

{a =93,69673.

Ina+t-b=InY

I') ISt SKCIIOHEHIMaIbHOH Y =a-e”': < _ = —_—
t-lna+t*-b=t-InY
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Yi 66 72 72 78 84 96 102

InY; |[4,189655 | 4,276666 | 4,276666 | 4,356709 | 4,430817 | 4,564348 | 4,624972813

t;-InY, | 4,189655 | 8,553332 | 12,83 |17,42684|22,15408 [ 27,38609 | 32,37480969

[logcraBuM — BBIYMCIIEHHBIE 3HAa4YeHHS B (OPMYJBI,  IOIYYHM:
InY =4,38855, t-InY =17,84497, t=4, t* =20 . Cucrema MPUMET BU;
Ina + 4b = 4,38855,
{4- Ina + 20b = 17,84497,
In a =4,38855-4b,
{4- (4,38855 — 4-b) + 20-b =17,84497;
{In a =4,38855 - 4b,

17,5542 —-16-b + 20-b =17,84497,;

b =0,07269,
In a=4,09778;
b =0.07269,
{a =60.20631

OmnpenenyB k03()(GUINUEHTH CUCTEM U PEIINB HX, TOJYYUM ypaBHEHHS
TPEHJIOBBIX MOJIENEH:

X, =125,4786 + 4,87142:t, X, =127,23-t*'*°,

Y1 =93,69673 — M , Y, =60,2- o026t

I[EUICC BBIYUCIIAIOTCS 3HAYCHUA TPEHAOBBIX Moueneﬁ U OTKJIOHCHHUA Ha-
6.]'IIOZ(aCMLIX 3HAYCHUH OT BBIYHCICHHBIX. I/ICHpaBHCHHHe AUCIICpCUUN CITy-
YalHBIX  OTKJIOHCHHM TPEHAOBBIX MOHGJ’IGﬁ PpaBHbl  COOTBETCTBCHHO

o, = 16,9976, o, = 19,43697, o, = 77,4867, o, = 6.718. BriGupaem Te

MOJICNIH, Y KOTOPBIX MeHbIue auctiepcur: X; u Y. [1o 3TUM ypaBHEHHSIM
OTpe/eIM MPOTHO3HBIC 3HAYCHUS KOJNMYeCcTBA pabounx Y M BIIOKCHHBIX
cpencte X. Ilepsomy kBaptamy 1997 roga coorBeTcTByeT 3Hadenue t = 9.
IMoayanm X31(9) = 169,32%, Y,(9) = 115,8%. Ilo nuHelHOMY ypaBHEHHIO
MHOKECTBEHHOU PErpecCHy OMPeNeIuM MPOTHO3HOE 3HAYCHHE HOPMBI TP H-
obutn peanpuatus Z = 95,1%.
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11. BAPUAHTDI 3A‘EI,AHVII7I
AnA CAMOCTOATEJIbHOU PABOTbI

3amanue 1. s ycTaHOBICHUS KOPPEISLUOHHON 3aBUCHUMOCTH MEXIY
BenmmunHaMu X u Y (rne Y — ciyyaiiHas BenuuuHa, X — HecllydaliHasi BeJu-
YHMHA) TPOBEAEHBI DKCIIEPUMEHTHI, PE3YJIbTaThl KOTOPBIX IPEACTAaBICHHI B
Tabnune.

Tpebyercs:

|. Haiitu ycioBHbIe cpenHHe Y; W MOCTPOUTH IMIUPHUUECKYIO JTUHUIO

perpeccun Y mo X (JOMaHyI0).

1. Hafitin ypaBHeHne perpeccun Y mo X METOAOM HaMMEHBIINX KBaJ-
paToB W 3aTeM IOCTPOHUTH €€ Ha OJHOM YEPTeKE C IMITUPHUCCKOHN JIMHHCH
perpeccuu.

I11.O1eHUTH TECHOTY KOppESILMOHHOI 3aBucuMocTH Y 110 X,

IV.IIpoBeputs afgekBaTHOCTH ypaBHEeHUs perpeccuu Y 1o X.

Ne 1

Xi 10 20 30 40 50
212 258 282 316 370
220 258 290 330 330

Yii 251 285 325 334 350
270 314 326 361 375
292 325 343 370 380

Ne 2

X; 11 1,2 13 14 15
187 208 225 255 295
150 192 225 245 988

Yii 162 208 234 265 270
210 238 266 295 320
234 278 300 332 321

Ne 3

X; 1 2 3 4 5
30,6 55 10,89 11,39 11,39
49,2 55 11,43 12,62 14,19
30,6 55 9,65 11,06 14,80

Yi 49,2 55 9,65 10,16 15,01
30,6 35 10,94 12,35 15,07
49,2 35 11,23 13,53 14,01
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X, 1 2 3 4 5
30,6 55 11,06 9,65 8,01
49,2 55 10,16 9,65 8,10
) 30,6 35 12,35 10,94 9,13
Yi 49,2 35 13,53 11,23 10,90
30,6 35 10,79 9.40 8,70
492 35 10,24 9.13 8,10
Ne 5
X; 1 2 3 4 5
0,27 0,23 0,31 0,32 0,81
0,25 0,25 0,27 0,29 0,65
Vi 0,21 0,30 0,26 0,33 0,50
0,33 0,31 0,24 0,32 0,63
0,24 0,37 0,22 0,33 0.60
Ne 6
X; 1 2 3 4 5
0,23 0,25 0,33 0,81 1,33
0,25 0,30 0,32 0,65 1,40
Vi 0,28 0,31 0,32 0,50 0,95
0,28 0,27 0,32 0,63 1,42
0,29 0,27 0,28 0,62 0,96
Ne 7
X; 1 2 3 4 5 6
12 11 6 6 11 15
12 11 8 4 12 13
Vi 10 12 6 6 10 16
14 12 6 3 10 14
13 9 7 6 11 14
Ne 8
X, 5 7 10 12 15
92,7 53 42 81 92,7
__ 91,5 62 51 823 81,8
Yi 88,7 32 64 75 88,7
88,4 37 97 71 93,4
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X; 1 2 3 4 5
9,83 4,16 9,16 75 9,16
5,0 5,83 3,33 9,16 10,0
Vi 3,33 6,33 10,0 4,16 75
3,16 6,66 8,33 8,33 8.4
1,83 45 8,33 5,83 7.8
Ne 10
X, 1 2 3 4 5
146,9 98,44 4355 2778 16,82
) 129,59 67,53 67,53 16,82 13,38
Yi 132,57 84,0 50,02 13,38 18,33
169,18 86,75 33,80 13,14 13,14
Ne 1l
X, 12 14 16 18 20
06 1,28 4,18 6,57 4,56
) 0,44 1,01 511 6,87 4,41
Yi 0,93 1,58 5,76 6,78 4,04
0,52 0,93 6,57 7.42 4,89
Ne 12
X; 11 13 15 17 19
4,56 3,32 1,89 1,28 1,02
) 4,89 2,07 1,71 1,87 1,08
Yi 4,57 223 1,28 1,04 1,09
4,59 3,76 1,28 1,58 0,91
Ne 13
X; 90 100 110 120 130
17 1,9 2.1 22 31
1,54 1,73 1,91 2.0 42
Vi 1,1 1,22 1,35 1,42 58
2.0 222 247 2,58 2,9
1,78 2.0 221 231 3.2

44



Ne 14

X; 90 100 110 120 130
2,0 2,22 247 2,58 2,58
1,78 2.0 221 2,31 2,31
) 1,26 1,41 1,56 1,63 2,10
Yi 1,41 1,58 1,74 1,83 2,02
1,31 1,46 1,62 1,69 1,93
1,06 1,19 1,31 1,37 1,72
Ne 15
X, ) 100 110 120 130
118 9.4 8,0 73 7.8
) 143 111 83 7.8 7.3
Yi 23,7 19,2 16,9 145 11,0
10,3 8.8 55 57 5,0
Ne 16
X; 90 100 110 120 130
10,3 8.8 55 57 7.7
128 10,6 9,6 6,4 67
Vi 21,0 153 121 10,2 8.8
18,8 143 11,0 9.8 9.8
22,0 20,9 143 121 10,01
No 17
X; 1 2 3 4 5 6
75 75 90 110 100 120
75 75 90 120 110 130
Vi 90 99 100 130 120 140
100 99 100 150 140 150
100 100 110 150 150 170
No 18
X, 1 2 3 4 5 6
6.8 9.8 136 11,9 14,2 16,3
) 33 41 93 6.4 11,2 16,2
Yi 5.4 56 174 10,1 17,3 22,0
13,3 147 246 18,4 225 32,7
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Ne 19

X; 1 2 3 4 5 6
142 20,3 271 18,8 282 20,6
) 96 134 17,9 124 19,2 153
Yi 7.4 10,2 13,6 9.6 14,8 14,2
6,1 8.1 10,8 75 12,1 11,1
Ne 20
X; 8 10 14 16 20 24
139 203 271 18,8 277 15,9
__ 95 134 17,9 124 19,0 14,2
Yi 73 10,2 13,6 9.4 14,7 12,9
6,0 8.1 10,8 75 12,1 10,4
No 21
X; 1 2 3 10 12
0,95 0,81 1,26 315 20,6
0,95 0,84 1,55 256 242
) 0,95 0,89 1,65 20,6 202
Yi 0,95 0,90 1,94 194 198
0,77 0,79 1,46 36,6 18,7
0,77 08 15 248 16,1
No 22
X; 1 2 3 12 15
0,77 0,89 1,68 21,0 15,0
0,77 0,9 2,04 204 146
__ 07 0,68 1,23 30,7 171
Yi 07 0,7 1,63 26,9 132
07 072 1,81 227 171
07 0,73 1,97 197 12,0
No 23
X; 30 40 50 60 70
12 11 11 1,0 09
) 23 2,0 18 15 08
Yij 3,0 25 18 1,6 0,7
0,9 0,9 0,9 0,9 07
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Ne 24

Xi 10 20 30 40 50
1,2 1,1 1,1 1,0 0,9
) 2,0 1,7 1,4 1,1 0,9
Yii 2,2 2,0 1,6 1,4 0,8
0,9 0,9 0,9 0,9 0,7
Ne 25
Xi 20 40 60 80 100
1,2 1,1 1,1 1,0 1,0
) 2,0 1,6 1,2 1,1 1,1
Yi 25 18 13 12 0.8
0,9 0,9 0,9 1,0 0,9
Ne 26
X; 1 2 3 4 5
0,65 0,9 0,92 0,99 0,7
0,7 0,9 0,97 0,86 0,75
Vi 0,75 0,9 0,98 0,93 0,80
0,81 0,9 0,99 0,96 0,85
0,7 0,9 0,86 0,97 0,7
Ne 27
Xi 1 2 3 4 5
14,9 18,1 18,8 13,4 8,8
12,2 15,4 16,4 28,8 16,6
Yi 10,0 13,6 30,9 227 12,8
8,6 10,1 23,6 18,3 10,4
16,9 15,2 19,7 16,2 8,8
Ne 28
Xi 2 4 6 8 10
0,8 0,9 0,96 2,5 3,4
0,85 0,9 0,98 1,8 3,2
i 0,9 0,9 0,99 1,6 2,8
! 0,95 1,8 0,97 3,0 35
0,8 1,6 0,98 2,8 2,5
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Ne 29

Xi 10 15 20 25 30
4,6 115 20,1 115 8,9
58 14,5 19,2 14,5 9,9
Yii 5,8 145 18,2 13,5 7,2
4,6 115 20,1 14,5 6,2
50 12,0 20,1 13,5 7,8
Ne 30
Xi 1 2 3 4 5
0,17 1,22 1,35 2,5 6,7
0,15 1,0 1,40 2,4 6,0
Yii 0,14 1,21 1,58 2,3 7,0
0,17 12 1,40 25 7,0
0,16 0,9 1,58 2,3 6,8
3aganmue 2.
Haiitu BeIOOpOYHOE ypaBHEHHE MPsIMOi THHAM perpeccun Y Ha X.
Ne 1
X Y X Y X Y X Y
67 -201 82 - 237 78 - 226 90 - 269
68 -199 70 - 209 75 -218 95 - 279
70 - 206 83 - 243 82 - 245 88 - 259
76 -221 80 - 239 85 - 247 86 - 251
80 - 238 76 -221 68 -201 71 - 207
87. - 256 81 - 238 72 - 215 87 - 257
75 -222 80 - 238 71 - 209 77 - 227
79 -230 76 -223 72 -212 73 -214
79 -234 70 - 207 68 - 203 82 - 243
73 -217 79 - 237 86 - 252 74 -214
86 - 253 74 -216 85 -251 67 - 196
78 -228 77 -228 71 - 206 82 -239
79 -230 65 -193 72 -214 72 -210
67 -201 80 -234 76 - 227 74 -221
79 -237 79 -229
Ne 2
X Y X Y X Y X Y
48 99 61 128 52 112 50 105
40 83 42 88 32 67 49 99
52 106 55 117 48 97 54 113
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50 107 52 110 40 82 45 99
39 79 44 94 40 81 36 75
47 100 41 82 46 92 41 91
38 80 47 97 41 90 46 101
46 96 43 91 54 110 38 83
47 98 55 118 48 96 44 89
44 97 43 87 53 110 35 79
45 92 49 104 47 97 47 99
44 90 42 89 50 102 44 93
53 108. 31 71 46 101 57 120
52 107 40 86 56 112 53 107
45 96 47 97 42 93 51 108
42 86 43 89 41 84 48 100
45 98 48 101 55 112 46 92
45 97 44 93 40 80 43 89
No 3
X Y X Y X Y X Y
90 192 92 186 95 195 92 189
83 171 79 158 97 207 81 169
81 162 82 176 83 182 92 201
83 175 103 211 97 208 93 196
86 178 93 188 79 161 108 229
87 185 89 194 91 193 78 169
90 185 93 188 85 186 98 201
85 189 91 186 90 187 99 210
99 214 83 174 89 185 90 191
91 192 104 211 91 193 93 193
92 189 95 199 80 169 92 195
98 201 97 204 86 190 76 169
87 178 100 204 90 199 90 193
89 179 92 187 91 192 90 190
108 225 92 184 90 193 87 177
82 180 84 175 92 191 85 186
79 159 93 205 84 174 88 185
93 200 98 197 77 156 103 211
91 195 97 199 88 190 91 190
98 203 104 218 89 183 94 200
90 182 84 177
Ne 4

X Y X Y X Y X Y
16 96 13 75 12 66 1414 86
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16 86 16 80 15 84 16 86
16 96 15 92 14 71 16 80
13 68 17 86 16 86 15 80
16 92 15 77 14 85 15 88
10 54 16 99 13 78 13 74
16 81 17 94 13 75 17 86
15 89 17 104 17 97 14 80
14 78 16 86 12 67 13 79
13 71 12 74 15 83 15 92
12 77 13 75 13 74 14 77
13 79 13 84 15 93 14 81
15 81 14 88 19 109 16 87
14 81 12 67 17 99 11 71
13 66 14 78 15 76. 13 81
14 85 16 87 15 77 15 76
17 92 13 74 14 70 13 7
13 68 19 107 16 92 16 95
18 104 14 76 15 79 15 78
15 83 17 102 17 101 16 99
13 81 13 79 15 93 15 78
17 102 16 86 13 74 15 94
15 92 11 70

Ne 5

X Y X Y X Y X Y
39 242 34, 215 27 165 29 181
36 235 31 198 31 196 32 206
35 228 34 209 2.8 183 31 205
20 136 36 225 30 196 27 174
31 204 19 132 38 229 41 252
41 249 34 218 34 205 44 274
24 160 28 174 35 221 22 142
22 140 30 197 22 143 33 200
38 229 24 162 38 242 38 236
35 213 17 104 28 181 30 184
26 172 27 175 30 199 30 186
34 207 29 176 36 225 31 205
16 98 33 203 32 201 28 178
35 225 32 210 26 159 27 166
22 141 30 188 26 163
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X Y X Y X Y X Y
93 298 83 251 90 279 87 261
88 281 87 273 89 270 88 271
91 283 91 284 81 261 85 270
83 254 87 266 87 276 83 268
89 271 87 265 88 266 88 266
86 260 91 280 89 278 88 282
85 262 86 274 89 268 89 273
88 275 93 286 82 265 92 284
85 265 89 278 86 276 88 267
87 277 85 269 84 262 90 274
82 256 87 268 86 258 91 288
91 280 87 269 92 295 84 264
86 263 88 264 92 280 82 261
86 264 84 263 80 243 83 263
87 279

Ne 7

X Y X Y X Y X Y
89 542 89 544 88 536 90 546
89 549 91 564 90 549 92 568
89 550 88 535 90 542 90 555
90 556 90 559 91 546 90 544
89 550 91 564 88 545 86 519 -
90 540 90 555 90 556 90 550
91 553 88 545 88 546 89 550
88 544 89 535 87 527 89 537
89 541 89 543 92 559 88 528
90 556 90 554 89 545 90 553
89 541 89 548 88 530 90 551
90 552 91 553 90 542 90 553
89 548 89 536 89 547 88 535
89 534 90 553

Ne 8

X Y X Y X Y X Y
32 177 40 212 34 180 35 181
40 201 39 208 34 180 34 187
36 189 28 142 33 177 42 218
40 213 39 196 31 159 27 145
36 180 28 143 33 182 41 206
34 185 32 162 42 223 40 204
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33 177 40 200 26 130 32 172
35 175 37 191 43 224 40 219
36 189 30 163 38 205 36 197
43 229 32 177 40 205 32 173
29 153 34 187 33 181 40 211
41 208 40 208 29 147 33 177
44 221 40 213 38 202 36 187
36 186 36 196 39 210 32 179
37 185 36 199

Ne 9

X Y X Y X Y X Y
70 702 70 715 72 721 72 729
72 739 73 730 7 788 78 785
75 760 71 712 75 755 76 777
68 699 71 716 70 719 71 711
68 688 69 700 72 434 78 780
71 713 71 722 72 725 77 784
69 700 66 662 70 717 74 755
71 719 74 752 76 779 67 684
69 706 76 765 80 800 70 706
68 696 78 798 65 662 75 756
68 696 74 746 70 710 67 678
69 703 79 797 70 718 79 808
75 755 78 787 70 702 75 756
83 838 72 737 80 804 67 683
73 748 70 708 65 655 74 741
71 715 75 753 72 739 69 696
82 831 77 775 70 707 70 705
69 709 68 695 75 752 71 719
73 734 68 697 69 702 74 751
73 736 71 713 73 747 68 682
72 736 72 730 73 744

Ne 10

X Y X Y X Y X Y
58 122 63 133 62 138 72 151
62 138 68 148 62 137 61 137
65 137 64 144 66 141 58 1.31
61 133 70 154 73 160 63 128
66 132 63 140 70 151 65 148
67 143 67 153 64 131 70 151
67 137 65 148 69 141 58 130
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65 131 71 150 70 157 62 138
62 142 64 145 59 121 66 140
68 138 62 124 65 145 64 137
64 143 64 135 65 149 64 137
55 114 72 160 64 137 64 140
68 136 66 135 64 130 64 147
64 130 63 139 63 144 67 148
63 143 67 151 68 148 64 140
64 137 59 123 67 145 65 145
67 138 69 139 63 131 67 149
69 140 67 134 63 143 75 158
70 153 69 148 68 145 63 130
68 152 64 129 77 158 60 137
69 153 64 130 62 138 73 159
68 149 65 144 59 123 73 150
70 158 65 147 67 152 66 138
63 126 61 128 63 139

Ne 11

X Y X Y X Y X Y
37 159 41 182 4S 176 40 169
39 174 31 127 39 173 35 147
30 133 44 191 34 138 24 115
32 137 38 159 36 154 37 160
40 173 28 126 31 133 42 168
34 145 42 181 29 125 38 153
33 150 31 132 41 182 35 159
40 162 26 116 27 109 38 162
38 157 32 140 27 124 32 146
35 140 31 143 37 154 38 154
37 157 40 163 38 157 37 167
35 149 31 126 47 198 41 182
26 114 34 139 40 176 33 139
29 118 45 185 33 149 32 128
37 166 36 161 36 154 42 178
31 134 38 153 36 150 28 129
38 154 35 150 41 179 44 178
38 159 32 129 41 172 42 180
33 151 37 157 35 150 35 142
36 144 40 161 39 169 33 136
37 158 31 134 33 133 35 141
48 202
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Ne 12

X Y X Y X Y X Y
17 117 15 9.7 16 107 16 110
16 103 18 112 16 113 17 121
17 108 16 98 16 111 16 96
16 102 18 114 17 120 18 112
15 o1 18 113 18 127 15 98
17 110 15 99 16 100 16 111
17 111 18 121 17 110 17 120
16 111 17 103 14 86 19 128
17 109 18 120 17 110 15 99
16 96 15 95 15 101 16 98
16 96 17 116 18 110 15 95
18 108 17 116 17 112 18 127
15 97 16 112 16 99 15 96
16 108 18 117 18 108 16 106
16 102 16 104 15 90 15 108
17 109 18 121

Ne 13

X Y X Y X Y X Y
28 208 29 308 27 270 30 301
29 201 30 310 30 304 32 338
30 301 30 308 29 295 31 318
28 283 32 326 28 293 30 216
2 337 30 305 30 307 30 306
31 311 30 316 32 332 30 318
29 306 29 308 30 302 30 304
30 307 31 328 30 300 31 320
28 293 30 300 29 303 30 306
29 201 29 299 30. 303 29 294
29 307 29 290 27 283 30 305
30 306 29 293 32 324 30 312
29 298 30 303 30 303 29 304
30 310 29 303 29 297 29 300
29 292 28 294 31 310 28 284
30 311 29 300 29 300 30 304
28 208 29 302 30 303 30 303
30 315 27 286 29 299 30 307
29 303 27 274 30 303 29 304
31 329 28 289 29 293 30 316
29 300 32 336 31 328 29 307
30 306 29 297 31 310 28 289
29 292 31 327 30 315 30 301
29 297 33 343 30 306 29 297
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Neld

X Y X Y X Y X Y

a7 482 52 529 56 576 50 510
49 504 a7 479 48 487 55 556
50 513 53 532 52 522 50 506
50 500 57 580 50 507 49 494
52 526 48 491 51 521 53 541
49 493 51 516 51 527 52 521
49 505 46 465 53 540 55 561
54 552 57 578 49 506 51 519
50 503 50 507 50 515 54 556
52 529 53 539 51 511 50 503
54 546 51 510 59 598 56 563
58 590 55 566 52 522 54 547
55 550 53 533 51 515 50 516
49 491 51 528 52 521 48 496
55 567 54 549 51 527 54 548
50 512 53 537 52 524 59 606
51 512 48 492 51 526 52 534
56 564 54 546 52 531 57 586
50 515 51 527 47 486 54 554
53 538 50 500 54 558 52 537-
49 492 55 559

No 15

X Y X Y X Y X Y

42 299 41 295 34 247 45 316
52 373 41 289 53 374 41 295
46 325 36 254 41 296 30 216
39 277 39 273 50 354 43 302
54 383 32 224 21 148 45 322
41 291 45 320 51 359 57 399
47 331 46 331 40 284 35 254
34 240 36 260 46 323 48 345
62 435 40 281 50 355 58 408
46 327 52 373 48 337 34 239
35 251 36 252 28 198 39 279
43 310 56 401 55 386 52 372
21 152 41 288 60 420 42 298
44 310 41 296 48 342 40 287
28 198 37 265 45 320 49 343
52 365 52 371 a7 329 42 302
59 416 43 306 40 283 33 240
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59 413 41 296 58 414 45 322
50 353 42 294 57 400 52 369
57 404 53 377 35 252 38 273
58 409 41 293 34 238 43 302
41 288 24 174 43 301 45 323
41 288 48 337 33 239 38 272
43 310 48 340 33 233 41 287
Ne 16

X Y X Y X Y X Y
13. 71 17 87 13 60 20 96
11 62 16 70 16 78 15 64
18 91 17 80 15 65 16 74
13 60 16 67 22 95 16 69
15 79 17 68 14 69 10 40
21 85 13 67 15 77 15 61
17 79 18 86 12 49 23 102
13 54 14 57 12 62 15 63
16 71 13 67 11 49 17 70
13 67 11 48 16 76 17 83
19 90 15 60 17 70 17 76
17 81 10 51 15 7 19 86
15 61 15 63 14 72 16 73
12 54 14 67 13 57 11 52
17 77 9 54 17 70 13 5?
20 82 19 85 15 64 17 87
17 72 18 87 14 61 20 88
18 91 15 61 12 67 19 85
17 81 15 71 12 51

Ne 17

X Y X Y X Y X Y
25 233 49 443 43 392 52 473
47 432 22 201 27 245 43 392
42 385 48 440 49 445 49 442
38 347 30 274 35 323 39 356
30 274 29 261 36 331 42 386
30 276 29 270 15 140 37 338
32 294 38 345 33 303 30 277
38 348 37 334 27 247 27 247
34 315 55 498 43 387 18 170
34 307 38 342 47 426 42 380
41 377 27 250 33 304 24 221
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37 338 44 403 28 257 31 287
39 353 48 434 41 377 27 244
36 332 35 320 59 535 34 313
34 307 35 318 23 208 24 219
29 264 28 256 39 357 43 392
31 285 39 358 37 337 46 415
41 377 38 347 49 447 37 341
15 137 35 318 26 238 35 321
27 245 40 369 20 182 28 255
46 421 44 400 48 437 22 206
34 313 30 277 32 292 35 324
39 359 43 395

Ne 18

X Y X Y X Y X Y
76 304 89 364 81 326 80 325
85 340 78 318 84 338 85 344
77 315 87 353 80 326 77 312
74 303 83 332 83 338 85 340
83 341 82 331 88 361 77 313
73 297 83 332 79 317 93 373
77 316 84 341 81 325 78 313
78 318 81 324 81 332 74 298
85 348 91 364 83 339 78 312
82 329 85 343 90 368 86 351
81 325 80 320 73 300 75 307
85 349 86 345 80 323 79 317
79 320 84 345 75 303 93 372
83 337 88 355 77 313 84 339
81 330 87 356 80 320 82 337
87. 357 82 333 85 341 85 343
84 337 85 347 83 338 80 328
80 321 77 310 90 362 75 305
81 328 79 320 84 343 83 341
81 324 81 329 78 315 75 309
74 303 90 366 76 303 71 284
Ne 19

X Y X Y X Y X Y
59 420. 61. 435 63 460 62 444
71 509 63 457 65 462 62 437
61 435 59 422 64 456 64 458
67 469 64 454 68 485 64 453
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62 449 63 458 70 490 62 443
62 450 62 449 57 409 56 410
61 437 68 486 65 472 65 473
59 422 65 468 69 502 66 464
65 463 68 478 62 436 64 458
63 455 65 463 65 457 61 431
65 472 62 441 66 475 62 434
62 448 68 491 66 474 69 486
62 443 64 450 62 452 65 465
65 462 60 432 60 435 62 439
67 484 64 453 64 465 66 466
63 442 67 478 60 431 63 453
58 419 68 481 60 432 57 408
64 456 62 438 63 446 55 396
64 451 67 487

No 20

X Y X Y X Y X Y
48 200 52 216 65 269 60 246
46 188 65 261 70 281 54 224
62 249 65 265 58 232 67 277
63 261 49 196 70 287 57 237
51 213 69 276 63 258 66 265
61 253 55 229 60 249 58 236
62 252 47 192 7 311 63 261
56 230 61 246 63 261 58 234
50 204 53 212 49 199 70 282
54 225 58 237 59 242 59 239
53 220 68 273 65 262 62 255
a7 192 48 192 65 267 51 204
66 273 52 214 61 244 61 245
58 236 52 212 64 260 71 286
Ne 21

X Y X Y X Y X Y
40 209 40 212 41 224 40 219
40 201 39 204 40 213 40 204
42 214 41 224 41 216 41 205
41 222 42 223 40 213 40 217
42 210 41 215 41 209 41 217
41 219 42 214 42 225 40 202
40 208 40 2i0 42 219 41 219
41 208 41 207 40 215 39 213
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41 206 42 215 40 214 41 219
39 200 40 203 41 223 41 208
38 209 41 207 40 209 40 201
39 202 40 212 41 220 41 216
42 212 42 226 41 205 39 212
40 206 40 204 40 212 41 217
40 216 42 221 41 218 40 216
41 220 41 220 39 210
Ne 22
X v X Y X Y X Y
7 23 6 19 6 20 11 42
11 38 5 18 10 37 9 35
10 34 10 31 14 47 12 45
4 16 10 31 12 42 10 32
11 42 13 43 6 25 7 30
12 44 15 49 6 22 8 32
9 33 6 26 8 28 9 30
5 18 11 42 6 26 9 34
8 29 10 31 6 25 11 36
13. 42 14 45 13 46 13 42
12 39 8 28 11 42 9 27
10 36 14 49 9 32 9 29
9 27 6 23 10 36 10 38
9 30 16 57 8 31 13 41
11 36 8 29 12 43 7 21
9 31 6 23 14 44 9 32
10 38 8 25 14 49 8 27
10 35 8 32 7 28 16 53
13 45 7 25 16 50 12 42
15 48 8 29 11 34 15 50
4 18 10 36 11 40 13 39
9 30 12 39 12 42 11 37
14 50
Ne 23
X Y X Y X Y X Y
72 152 69 140 71 149 75 159
72 152 70 145 73 148 73 152
73 155 73 155 69 139 75 152
68 144 68 140 73 147 80 164
71 145 70 144 68 139 71 151
77 155 69 145 67 135 75 158
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74 154 71 150 69 139 79 164
67 136 71 142 80 168 76 153
68 142 71 142 77 157 73 152
71 147 65 139 74 149 65 137
74 153 67 137 78 161 70 141
69 145 68 144 68 137 66 141
69 143 66 139 73 153 68 143
81 168 71 144 64 131 74 156
68 143 72 148 67 139 74 151
67 134 66 134 67 143 71 149
76 152 72 151 70 144 70 140
67 139 73 150 67 142 73 146
68 141 67 134 67 137 70 147
69 146 75 155 74 153 75 157
70 146 66 139 66 139 63 130
69 142 73 150 65 136 68 136
Ne 24

X Y X Y X Y X Y

46 279 57 342 56 338 68 415
40 245 45 274 48 297 47 282
58 354 55 336 44 268 40 242
35 212 46 277 49 294 35 210
58 323 53 320 50 309 60 360
47 285 45 278 46 284 37 227
40 240 43 266 46 276 41 248
60 361 48 294 47 289 46 284
39 235 50 308 39 234 46 278
41 246 44, 271 49 298 53 320
58 357 38 228 44 264 43 260
59 361 68 414 49 302 53 321
57 343 54 325 53 323 54 328
65 390 57 348 44 272 50 304
34 208 34 211 47 284 45 278
50 301 59 356 51 315 50 303
45 277 57 350 56 340 25 159
50 306 57 350 39 236 44 266
55 334 49 301 46 285 54 331
No 25

X Y X Y X Y X Y

45 -177 38 -145 53 -204 41 -162
38 -146 34 -135 29 -110 40 -151
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58 -226 44 -172 40 -152 30 -111
46 -184 a7 -181 41 -161 38 -143
40 -152 65 -259 44 -167 51 -201
41 -155 34 -133 28 -109 45 -180
58 -230 42 -161 48 -186 43 -167
41 -155 48 -189 53 -203 44 -176
51 -199 54 -208 26 -99 46 176
59 -227 55 -220 43 -168 59 -234
62 -244 50 -191 42 -159 42 -163
44 -172 37 -141 68 -266 43 -166
47 -184 43 -163 42 -159 49 -188
43 -170 47 -188 60 -237 34 -130
47 -183 44 -170 56 -222 54 -215
55 -218 51 -203 39 -147 49 -191
61 -240 51 -204 a7 -188 44 -176
47 -180 48 -186 55 -211 43 -170
58 -232 43 -172 35 -138 42 -161
40 -158 64 -255 41 -157 59 -232
47 -183 53 -207 47 -183 42 -163
46 -184 43 -168 56 -217 39 -150
42 -162 45 -174 42 -167 33 -123
50 -198 43 -172 53 -208 64 -256
45 -171

Ne 26

X Y X Y X Y X Y

67 207 75 225 62 195 68 208
57 171 68 207 71 220 71 220
82 246 65 201 67 205 76 231
62 191 80 241 66 207 77 234
57 172 71 219 67 201 73 225
83 255 61 183 70 215 65 198
69 213 77 239 64 197 70 217
86 261 69 209 66 206 74 225
66 203 64 201 78 241 73 224
79 242 68 208 65 197 77 237
82 248 52 159 63 196 77 236
73 221 59 183 69 216 49 154
65 195 63 197 59 180 63 189
55 172 56 176 71 214 71 222
61 186 62 192 59 185 69 214
64 197 67 204 64 196 52 160
59 182
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Ne 27

X Y X Y X Y X Y
46 50 59 59 56 62 58 62
55 57 57 60 52 58 57 57
57 61 48 52 42 46 46 49
55 58 41 a7 48 50 54 63
51 51 57 57 60 63 67 72
62 70 50 57 62 64 60 64
43 43 64 67 46 47 53 53
64 71 43 45 51 59 57 65
56 64 57 62 69 76 41 45
65 67 54 56 60 60 58 61
56 63 50 51 57 61 43 45
51 58 59 66 62 65 55 57
58 60 48 51 58 66 40 43
42 47 45 54 54 60 67 74
4)5 54 51 53 57 63 57 57
54 60 40 41 44 45 48 54
62 67 59 65 55 62 56 57
57 58 46 54 50 54 57 65
68 68 47 52 63 67 73 79
47 56 55 59 44 48 54 56
69. 74 49 55 51 60 57 66
65 72 64 70 47 55 63 67
No 28
X Y X Y X Y X Y
77 619 74 605 67 549 72 583
76 626 77 632 69 568 66 529
62 505 69 554 66 530 80 647
83 680 72 594 71 568 72 585
83 673 76 612 71 574 68 561
79 637 69 556 77 628 76 619
77 629 84 679 78 631 81 667
81 649 77 629 77 631 69 567
71 568 72 582 67 542 83 667
83 669 76 611 73 587 77 634
73 591 78 626 67 542 69 565
81 648 87 703 83 681 81 664
82 663 79 650 67 544 65 528
77 616 80 655 76 616 71 579
82 672 70 577 71 579 69 564
83 677 80 657 74 604 85 688
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80 655 75 613 73 594 81 656
77 619 69 557 75 601 72 578
69 568 77 619 80 659 84 675
78 624

Ne 29
X Y X Y X Y X Y
73 -291 57 -219 61 -241 68 -264
69 -270 71 -281 62 -243 62 -240
72 -279 66 -262 63 -245 70 =277
72 -282 76 -302 71 -282 70 -279
65 -254 70 -275 65 -252 65 -253
67 -264 68 -267 70 -276 70 -275
56 -216 74 -290 70 -276 63 -248
70 -276 68 -266 63 -246 63 -243
63 -248 69 -270 73 -284 67 -264
64 -253 71 -283 68 -271 68 -267
70 -276 60 -237 59 -227 55 -213
67 -262 56 -222 64 -256 56 -218
60 -234 71 -281 79 -309 58 -223
63 -243 68 -269 77 -300 70 -278
80 -313 66 -257 78 -310 59 -236
71 -278 60 -235 66 -255 68 -263
74 -292 70 -275 63 -252 69 -268
68 -271 69 -276 69 -274 63 -243
65 -256 72 -282 74 -291 70 -271
73 -291 70 =277

Ne 30
X Y X Y X Y X Y
31 318 23 231 28 284 31 316
28 280 28 288 26 265 25 251
30 305 26 269 29 298 27 278
23 234 26 267 26 264 26 268
25 255 28 284 23 232 27 273
25 258 27 277 27 272 28 280
25 258 25 253 29 292 24 244
27 272 26 268 24 245 24 243
31 317 27 270 27 274 26 269
25 252 28 289 25 256 25 255
28 280 27 278 29 291 22 229
25 258 29 295 29 290 27 272
30 304 24 246 25 257 26 263
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28 289 23 238 25 258 24 249
28 288 27 279 30 309 25 252
31 317 27 273 25 257 22 229

3ananue 3. Ha ocHOBaHMHM CIIEIYIOIINX JAHHBIX HOCTPOUTH IIPOU3BO/I-
cTBeHHYI0 QyHKIHI0 Ko6ba-/lyrnaca:

Nel
~ © o)) o = o ™ < [Te) ©
To o] '] @ [ @ o o2} 2] <2} [}
1 o)) o)) )] <] <] o)} o)} <2} <2} [}
— — — — — — — — — —

Yi 124 | 130 | 133 | 141 | 148 | 156 | 160 | 168 | 177 | 190

Ki | 235 | 256 | 279 | 301 | 324 | 348 | 373 | 399 | 427 | 455

Li | 322 | 32,7 | 332 | 336 | 340 | 34,4 | 347 | 349 | 352 | 354

Ne 3
N~ [e0] [e)] o — N [92] <t n (e}
l"o [e 0] [ee] [ee] (o2} (o2} (o2} (o2} (o)) (o)) (o))
Ji| (o] (o] (o] o o o (o)} (o)) (o)) (o))
— — — — — — — — — —

Ki 244 | 267 | 290 | 313 | 337 | 362 | 388 | 415 | 444 | 473

Li 335 | 340 | 345 | 349 | 353 | 358 | 36,1 | 36,3 | 36,6 | 36,9

No 4
~ o 2] o — ] ™ <t [Te) ©
r o) ') @ o o) o) o)} o)) o)} 2]
o )} )} [} <2} <2} <2} )] » » »
— — — — — — — — — —

Yi 148 | 155 | 159 | 168 | 177 | 186 | 191 | 201 | 211 | 227

Ki 280 | 306 | 332 | 359 | 386 | 415 | 446 | 477 | 509 | 543

Li 384 | 390 | 396 | 401 | 405 | 410 | 414 | 416 | 420 | 423
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Ne 10

9667 | 3 |8 | %67 S |2 | & 9667 |8 |5 | R 96T 55 |8 | S 9667 |8 | & | &
s66T (S ¥ | o se66T |3 |G | @ s66T | S (3 |2 66T 3 | ¥ | & s66T| B (3 |
v661 | S | S | S ve6T [ |2 | S ve6T | | |8 ve6t| | S |2 vesT| 3 (8|S
£66T |8 |3 | g66T |8 |5 | 8667 |5 |5 | £66T| 5 | § | @ e66T| S | B | S
2661 |S|8 | S z661 |8 || 2 661 | |8 || o618 (8|2 261 |33 | 3
1661 |3 8 | & 661 | & |8 | o6t | ||| (weeT| S | |S 1667 | S |13 | @
0667 |3 [ |3 o661 |33 |3 0667 |5 |2 |3 0661 & | & | o 0667 8 | |2
6861 | & % | 3 6367 |3 |2 | & 6o6T |3 |8 3|  [6867| S |B | 3 6867 | 2 |3 |
8867 | & (¥ | 8967 | |2 | @ ge6T |2 (& || [sser| B |8 |3 8867 3 |2 | g
w61 |5 |F g | | oor || 5] o 86T BB |G| ofser §|8 2| o|seT|B|E|B
2 a 2 B
slslels| g Islels| BB Islela] PlElslels] Bl ool
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Ne 15
N~ o0} ()] o - N (a2} <t n ©
Ton | & S S S S S > S S S
— — — — — — — — — —
Yi 267 280 | 287 304 | 319 335 | 344 | 363 | 381 | 409
Ki 506 552 600 648 697 749 804 860 919 980
Li 693 | 704 | 715 | 723 | 731 | 741 | 74,7 | 751 | 757 | 76,3
Ne 16
N~ o0} ()] o — N ™ < [Te] [{e]
Tox | & > 3 S S S > S S S
— i i i — i — — — —
Yi 275 288 295 313 329 345 355 373 392 422
Ki 521 568 618 667 718 771 828 886 | 946 | 1009
Li 714 | 725 | 736 | 745 | 753 | 76,3 | 76,9 | 77,3 | 78,0 | 78,6
Ne 17
N~ o0} (o)) o — N ™ < L [{e]
Ton | & > S S S S > S S S
— — — — — — — — — —
Yi 283 297 304 | 322 338 355 | 365 384 | 404 | 434
Ki 536 585 636 687 739 794 | 852 911 974 | 1039
Li 735 | 746 | 75,7 | 7166 | 775 | 785 | 79,1 | 79,5 | 80,3 | 80,8
Ne 18
N~ o0} (o)) o — N ™ < L [{e]
Tox | & > S S S S > S S S
— — — — — — — — — —
Yi 296 | 310 | 318 337 354 | 371 382 | 402 422 | 454
Ki 561 612 665 718 773 830 891 953 | 1019 | 1086
Li 76,8 | 78,0 | 79,2 | 80,1 | 81,1 | 82,1 | 82,8 | 83,2 | 84,0 | 84,6
Ne 19
N~ [e 0] ()] o - N ™ < [Te] [{e]
Fon | & & 3 4 S S > S S S
— — — — — — — — — —
Yi 305 320 328 347 364 383 | 393 | 414 435 468
Ki 578 630 685 740 796 856 | 918 | 982 | 1050 | 1119
Li 79,2 | 80,4 | 816 | 826 | 835 | 846 | 853 | 857 | 85 | 87,1
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Ne 20
N~ o0} ()] o - N (a2} <t n ©
Ton | & S S S S S > S S S
— — — — — — — — — —
Yi 312 | 327 | 335 35 373 | 392 | 402 | 424 | 445 | 478
Ki 591 645 701 757 814 875 940 | 1005 | 1074 | 1145
Li 81,0 | 822 | 835 | 845 | 855 | 86,5 | 87,3 | 87,7 | 88,5 | 89,1
Ne 21
N~ [e 0] ()] o — N ™ < L [{e]
Ton | & & 3 S S S > S S X
— — i i i i — — — —
Yi 326 | 342 | 350 | 371 | 390 | 409 | 420 | 443 | 465 | 500
Ki 617 673 732 791 851 914 982 | 1050 | 1122 | 1197
Li 84,6 | 859 | 87,2 | 88,3 | 89,3 | 90,4 | 91,2 | 91,6 | 92,5 | 93,1
Ne 22
N~ o] (o)) o — N ™ < o [{e]
Ton | & > S S S S > S S S
— — — — — — — — — —
Yi 334 | 350 | 359 | 380 | 399 | 419 | 431 | 454 | 477 | 512
Ki 633 | 690 | 750 | 811 | 872 | 937 | 1006 | 1076 | 1149 | 1226
Li 86,7 | 88,0 | 89,4 | 90,4 | 91,5 | 92,6 | 93,4 | 93,9 | 94,7 | 95,4
Ne 23
N~ [e0] [e)] o - N ™ <t [Te] [{e]
Tox | & S S b2 S S > S S S
— — — — — — — — — —
Yi 3 358 | 366 | 388 | 407 | 428 | 440 | 463 | 487 | 523
Ki 646 704 766 828 890 957 | 1027 | 1098 | 1173 | 1252
Li 88,5 (899 | 913 | 923 | 93,4 | 946 | 954 | 959 | 96,7 | 97,4
Ne 24
N~ [ee] [e2] o — N [s2] <t 0 [{e]
Fox | & S S S S S S S S S
— — — — — — — — — —
Yi 353 370 379 | 402 422 443 455 479 504 541
Ki 669 | 729 | 793 | 857 | 921 | 990 | 1063 | 1137 | 1215 | 12%
Li 916 | 93,1 | 945 | 956 | 96,7 | 97,9 | 98,7 | 99,2 | 1001 | 1008
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N~ [oo} (o2} o b N ™ < Lo O

Tox | 8 | & | 3|33 |38 |3 |3 | & | & | 3

— — — — — — — — — —
Yi | 400 | 419 | 430 | 455 | 478 | 502 | 516 | 543 | 571 | 613
Ki | 758 | 826 | 899 | 971 | 1044 | 1122 | 1205 | 1288 | 1377 | 1468
Li | 1038 | 1054 | 1070 | 1083 | 1096 | 1109 | 1119 | 1124 | 1135 | 1143

3meck Yi— NpOU3BOJCTBEHHBIM HANMOHAIBHBIN 10X0x (Miapa pyo.),
Ki— cpemHeromoBbie OCHOBHBbIE MPOW3BOJCTBEHHBIE (GOHABI (MIpA pyo.),
Li — cpeaHeromoBas YMCIEHHOCTh 3aHSITBIX B MAaTEPHATBHOM IMPOM3BOJICTBE
(miH wen.). Umeercs mporHo3 Ha 1997 rox: OCHOBHBIX IPOHM3BOJCTBEHHBIX
¢ounoB Kigoe:l,0N MiH py0. m TpyHmoBEIX pecypcoB Ljgeeel,0N, rme N=01,
02, ..., 30 (momep a) miH 4en. Ha ocHOBaHMH TOTYYEHHOW TPOU3BOICTBEH-
HOW (YHKIUHM CHeNaTh TOYEYHBIM IPOTHO3 HAIMOHAIBHOTO J0XOJa Ha

1997 ron.

3ananue 4. VMerorcs naHHBIE, XapaKTEPU3YIOIIUE MPUOBUTH TPOMBIIII-
JICHHOTO MPEIIPUATHS 32 ICBITh KBAPTAJIOB:

Ton 1995 1996 1997
KB 1 2 3 4 1 2 3 4 1
1 243 | 251 | 265 | 270 | 282 | 299 | 327 | 343 355
2 234 | 241 | 255 | 261 | 272 | 288 | 315 | 330 342
3 247 | 255 | 269 | 274 | 287 | 304 | 332 | 348 361
4 298 | 308 | 325 | 331 | 346 | 366 | 401 | 421 435
5 231 | 238 | 252 | 256 | 268 | 284 | 311 | 326 337
6 212 | 219 | 231 | 235 | 246 | 261 | 285 | 299 310
7 221 | 228 | 241 | 245 | 256 | 271 | 297 | 312 323
8 263 | 272 | 287 | 292 | 305 | 323 | 354 | 371 384
9 226 | 233 | 246 | 251 | 262 | 278 | 304 | 319 330
10 | 229 | 236 | 250 | 254 | 266 | 282 | 308 | 323 335
11 | 268 | 277 | 292 | 297 | 311 | 329 | 360 | 378 391
12 | 203 | 209 | 221 | 225 | 235 | 249 | 273 | 286 296
13 | 207 | 214 | 225 | 230 | 240 | 254 | 278 | 292 302
14 | 237 | 245 | 258 | 263 | 275 | 291 | 319 | 334 346
15 | 239 | 247 | 260 | 265 | 277 | 294 | 321 | 337 349
16 | 245 | 253 | 267 | 272 | 284 | 301 | 329 | 345 358
17 | 251 | 259 | 273 | 279 | 291 | 309 | 337 | 354 366
18 | 254 | 262 | 277 | 282 | 294 | 312 | 341 | 358 371
19 | 258 | 266 | 281 | 286 | 299 | 317 | 347 | 364 377
20 | 265 | 273 | 289 | 294 | 307 | 326 | 356 | 374 387
21 | 216 | 223 | 235 | 240 | 250 | 265 | 290 | 304 315
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22 219 | 226 | 238 | 243 | 254 | 269 | 294 | 309 319
23 274 | 283 | 298 | 304 | 318 | 337 | 368 | 386 400
24 271 | 279 | 285 | 301 | 314 | 333 | 364 | 382 396
25 279 | 288 | 304 | 310 | 323 | 343 | 375 | 393 407
26 277 | 286 | 302 | 307 | 321 | 340 | 372 | 391 404
27 281 | 290 | 306 | 312 | 326 | 345 | 378 | 396 410
28 283 | 292 | 308 | 314 | 328 | 348 | 380 | 399 413
29 285 | 294 | 310 | 316 | 330 | 350 | 383 | 402 416
30 287 | 296 | 313 | 319 | 332 | 353 | 386 | 405 418
Tpedyercs:

1. ITocTpouTs rpad¥ik JaHHOTO BPEMEHHOTO PAJIa.

2. PaccunTarh XapakTepUCTUKH CKOPOCTU M HHTEHCUBHOCTH U3MEHEHUS
psina: O0a3ucHbIE M LENHbIE a0CONIOTHBIE NPHPOCTHI, OAa3UCHBIE W LIEHHBIC
TEMIIbI POCTA U IIPUPOCTA.

3. Byluncnuth cpeqHHe XapaKTEPUCTHKH M3MEHEHUS MPUOBLIN: Cpel-
HUl aOCONIOTHBINA IPUPOCT, CPEAHUI TEMII POCTa U IPUPOCTA.

4. BBIIBUHYTH THIIOTE3y O HAJIMUUU TPEH/A B HCXOAHOM paxy. IIpu mo-
CTPOEHHH TPEHAOBOH MOJENH HEOOXOAWMO BBHIOpPATh [Ba PErPECCHOHHBIX
ypaBHEHHS U3 MPEJCTABICHHOTO HM)Ke Habopa (GpyHKIMOHAIBHBIX 3aBUCHMO-
CTed ¥ HaliTU METOJOM HAaUMEHBIINX KBAaIPATOB OLICHKU UX I1apaMETPOB:

X(t)=a,+a,-t; X(t)=a,+a,-t+a,-t*; X(t):ao+%;

X(t)=a,-e*"; X(t)=a,-t".

5. Ilo mosy4eHHBIM TPEHIOBBIM MOJICNISIM BBIYMCIIUTH 3HAUCHUS aHAJIH-
3MpYEeMOro TIOKa3aTelisi 3a paccMaTpHBaeMbli mepuos BpeMmeHH. Haitn oc-

tatku li= X(t;) — X;, mucnepcuro octatkoB 7. BEIOpaTh TPEHIOBYIO MOJIED,
HAWTY4IIHM 00pa3oM OTPakaroLIYEO TSHACHIMH ITOKa3aTels.

6. C moMoIpto BEIOpaHHOH TPEHIOBOM MOJENN MOTYyYUTh MPOTHO3HbIE
3Ha4YeHus NpuobUH Ha 2 U 3-if kBapTansl 1999 rona.

3amanne 5. Ha ocHOBE npenBapuUTEIbHOTO aHAN3a B KAUECTBE OCHOB-
HBIX IOKa3aTeJiel, ONpeeNsIONINX BEIMYMHY TPHUOBUIH MPEANPUITHS, TPH-
HATHI BIIOKeHHBIE cpencTBa (X) u xonuuecTBo pabounx (YY), TaHHBIE MO KO-
TOpbIM 32 1995-1996 rr. npuBoasTes (Z — HOpMa NpHOBLTH, %):

=
S 1995 1996
No =
) 1 2 3 4 1 2 3
X | 244 266 258 270 292 208 294
- | Y | 120 130 130 140 150 170 180
z 9 13 11 14 18 21 19
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X | 2928 3192 309,6 324 3504 3576 3528
o~ Y 120 130 130 140 150 170 180
Z 11 15 13 16 22 25 23
X | 3172 3458 3354 351 3796 3874 3822
™ | Y 120 130 130 140 150 170 180
Z 1 16 14 18 24 27 24
X | 3416 3724 361,2 378 4088 4172 4116
< | Y 120 130 130 140 150 170 180
Z 12 18 15 19 26 29 26
X 366 399 387 405 438 447 441
w | Y 120 130 130 140 150 170 180
Z 13 19 17 21 27 31 28
X | 3904 4256 4128 432 467,2 4768 4704
o |Y 120 130 130 140 150 170 180
Z 14 20 18 22 29 33 30
~ | X | 4148 452,2 4386 459 4964 506,6 4998
Y 120 130 130 140 150 170 180
Z 8 11 10 12 16 18 16
X | 4392 47838 4644 486 5256 5364 5292
o | Y 120 130 130 140 150 170 180
Z 8 12 10 13 17 19 17
X | 4636 5054 490,2 513 5548 566,2 558,6
o | Y 120 130 130 140 150 170 180
Z 9 12 11 13 18 20 18
X 4838 532 516 540 584 59 583
S|y 120 130 130 140 150 170 180
Z 9 13 11 14 19 21 19
X | 5124 5586 5418 567 6132 62538 6174
a|lY 120 130 130 140 150 170 180
Z 10 14 12 15 20 22 20
X | 5368 5852 567,6 54 6424 655,6 6468
N1y 120 130 130 140 150 170 180
Z 10 14 13 15 20 23 21
X | 561,2 6118 5934 621 671,6 6854 676,2
31y 120 130 130 140 150 170 180
Z 11 15 13 16 21 24 22
X | 5856 6384 619,2 648 700,8 7152 705,6
S|y 120 130 130 140 150 170 180
Z 11 16 14 17 22 25 23
X | 610 665 645 675 730 745 735
S|y 120 130 130 140 150 170 180
Z 12 16 14 18 23 26 24
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X | 6344 6916 6708 702 759,2 7748 7644
S|y 120 130 130 140 150 170 180
Z 10 14 12 15 19 22 20
X | 6588 7182 696,6 729 7884 804,6 7938
S|Y 120 130 130 140 150 170 180
Z 10 14 12 15 20 23 21
X | 6832 7448 7224 756 8176 8344 8232
S|y 120 130 130 140 150 170 180
Z 10 15 13 16 21 24 22
X | 707,6 7714 7482 783 846,8 864,2 852,6
3|y 120 130 130 140 150 170 180
Z 11 15 13 16 22 24 22
X | 732 798 774 810 876 894 882
QIY 120 130 130 140 150 170 180
Z 11 16 14 17 22 25 23
X | 7564 8246 7998 837 905,2 9238 9114
Sy 120 130 130 140 150 170 180
Z 11 16 14 17 23 26 24
X | 7808 8512 825,6 864 9344 953,6 940,8
S]Y 120 130 130 140 150 170 180
Z 12 17 15 18 24 27 25
X | 8052 8778 8514 891 963,6 9834 970,2
QY 120 130 130 140 150 170 180
Z 12 17 15 18 25 28 25
X | 8296 9044 8772 918 992,8 1013,2 999,6
J|Y 120 130 130 140 150 170 180
Z 13 18 16 19 25 29 26
X | 8% 931 903 945 1022 1043 1029
QY 120 130 130 140 150 170 180
Z 13 18 16 20 26 29 27
X | 8784 957,6 928,8 972 1051,2 1072,8 10584
QY 120 130 130 140 150 170 180
Z 13 19 16 20 27 30 28
X | 90238 984,2 954,6 999 10804 1102,6 1087,8
N 120 130 130 140 150 170 180
Z 14 19 17 21 28 31 28
X | 9272 10108 9804 1026 1109,6 11324 11172
QY 120 130 130 140 150 170 180
Z 14 20 17 21 28 32 29
X | 9516 10374 1006,2 | 1053 11388 1162,2 1146,6
QY 120 130 130 140 150 170 180
Z 14 20 18 22 29 33 30
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X | 976 1064 1032 1080 1168 1192 1176
S| Y| 120 130 130 140 150 170 180
Z 15 21 18 22 30 34 31

Wcnonp3yst UCXoHbIE AaHHBIE M Ipenaronaras, 4YTo TEHACHIMU H3Me-
HeHHs MpUOBLIH, HameTuBImmecs B 1995-1996 rogax, B OCHOBHOM COXpaHST-
¢4 B OmKaifiiee moiryroaue, TpedyeTcs:

1. Haiitu Bce KOX(QQHUIMEHTH MapHOW KOPPEILUH: Fxy, Fyz, xz U
NPOAHAIN3NPOBATh TECHOTY JIMHEHHOW CBA3M MEXIY BCEMH IapaMu Iepe-
MEHHBIX.

2. Tloctpouts moss paccesHus HaOIIOOAeMBIX 3HAYCHHUH ITEPEeMEHHBIX
X, Y, Z Ha oCHOBE M3 BU3YaJILHOI'O aHAIN3a BBIJBHHYTH TMIIOTE3BI O BUAE
CTaTUCTUYECKOI 3aBUCMIMOCTH HOPMBI MPHOBUIN Z OT BIOXKEHHBIX cpencTB X
U KojudecTBa pabouux Y 3amicaTh UX B BHJE MaTeMaTHYeCKUX Mojesel. B
KayecTBe MaTeMaTHYECKMX MOJENeil mpesyaracTcsi BbIOpATh CleIyOLINe:
Z=a+b-X+c Y — muueiinas, Z=e*"*
CTETICHHAsI.

3. Ha ocnose MPUMEHCHUA METOJa HAUMCHBIINX KBAaJIpaTOB HaWTH TO-
YeYyHbIe OIEHKM HEW3BECTHBIX MapaMeTpoB Mojeneil. CpaBHHBas cpegHe-
KBaJIpaTHYCCKHE OTKJIOHCHHUS CIIy4alHBIX BO3MYIICHHH W KO3()(OHUIMEHTHI
JIeTePMHUHALIMY, BBIOPATh PErPECCHOHHYIO MOJIeNb, Hanboee aJeKBaTHO OT-
PpaxaroIyIo 3aBUCHMOCTh HOPMBI IPUOBUTH OT pacCMaTPHBaeMBIX (haKTOPOB.

4. MeTonoM HaMMEHBIIUX KBaJPaTOB HAWTH OLICHKH HEH3BECTHBIX I1a-

— SKCTOHeHIManbHast, Z=a- X"

PaMeTPOB TPEHOBBIX Mojesei: X =a+b-t — nuneiinas, X =a-t” — cre-
b bt

neHHast, Y =a+— — runepbonmyeckas, Y =a-€’ - 3KCIIOHCHINAJIbHAS.
t

CpaBHMBasi IMCHIEPCUU CIy4allHBIX OLIMOOK BHIOpATh T€ TPEHAOBBIE MOJIEIH,
KOTOpbIe HauboJjee ajeKBaTHO OTpaXkaroT 3aBucuMocTd X or t m Y ot t.
HaiiTu TodueuHbIii POrHO3 BEAMUUHBI X U BEIWYUHBI Y Ha TEpPBBIA KBapTam
1997 rona.

5. Ha ocHoBe BBIOpaHHOI B MyHKTE 3 PErpeCCHOHHON MOJENTN HAWTH
TOYCYHBIA TPOTHO3 M3MEHEHHsI HOPMBI PUOBLTH MPH BO3MOXKHBIX H3MEHE-
HusX BenmmduH X 1 Y B repBoM kBaprane 1997 rona.
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12. KOHTPOJIbHbIE BOMPOCHI
AnA CAMOCTOATEJIbHOU OLEHKU KAHECTBA
OCBOEHMUA ONCUUINMIUH

1. Yro Ha3pIBaeTCsa (QyHKIHOHATIHHOM 3aBHCHMOCTBIO?

2. Yto Ha3BIBaeTCA KOPPEIAHNOHHON 3aBICHMOCTHIO?

3. Yem oTiIM9aeTCs MOJTHASI KOPPEIAIUS OT HEMOTHOH?

4. OCHOBHBIC 331a49H TEOPHH KOPPEIIALIHH.

5. JlaTb onpeseneHue perpeccuu.

6. B Buzie 4ero MOXHO NPeCTaBUTh PEerpeccuto?

7. Ha kakue 3amadu pacmajfaeTcs 3ajaya OTBICKAHHMS IMIMPHUUECKOU
(bopmynb?

8. Ha3oBuTe TUIBI JTHMHUHN, BBIPABHUBAIOUINX JIOMAHYIO JINHUIO perpec-
CHH.

9. B ueMm 3aKkirouaeTcs METOI CPEeaHUX?

10. B wem 3aximogaercss MeTo mpoo?

11. B yem 3akirodaeTcsi METOJ, BBIDOBHEHHBIX TOUEK?

12. B yeM 3aKiro4aeTcsi METOJ, HAUMEHBLINX KBaJpaToB?

13. Kakoll BeIMYMHON OLICHUBAETCS TECHOTA KOPPEIALMOHHON 3aBUCH-
Moctu?

14. o xaxo# popmyIe BEIUUCISETCS] KOPPEISILIMOHHOE OTHOLIEHHE?

15. Kakue 3HaueHUs] MOXET MPUHUMATh KOPPEISIIUOHHOE OTHOIIIEHUE?

16. B uem 3axirogaercsi IpoBepKa aJieKBaTHOCTH ypaBHEHUS?

17. Yro HazpiBaeTcst KOOPPHUIUESHTOM KOPPESLUK?

18. Ilo kakoii popMysie BEIYUCISAETCS BEIOOPOUYHBIH KOI(PPHUIUESHT KOP-
penstuun?

19. Kakue 3HaUeHUS MOXKET IPUHUMATH KO OUIMESHT KOPPEIALIUU?

20. Kaxoi#i ¢opmymnoii onuceiBaeTcs Mpou3BoacTBeHHAs (QyHKums Koo-
6a-Jlyrmaca?

21. Yo Ha3bIBAaETCsl BPEMEHHBIM psiaoM?

22. Ilo kakuM (GopMysiaM BBIYUCIISIOTCS Oa3UCHBIE U IIETTHBIE a0COMOT-
HBIE IPUPOCTHI, TEMITBI POCTA, TEMITBI IPUpOCTa?

23. Tlo xakum (opmynam BBIYHCISIOTCS CpeAHHA aOCONIOTHBIA MpH-
pOCT, CpelHII TeMII POCTa, CPEAHUI TeMH pupocTa?

24. Tlo kakuM (GOpMyJaM BBIYUCISIOTCS KOI(GHUIMEHTHI MTapHOW KOp-
pemnsiim?

25. B yem cMbIcT KOA(PHUINEHTA AeTepMUHAIIAN?
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NMPUNOXEHUE

Kpurndeckue Touku pacnpenenenns Oumepa-Cuenexopa (K;— uncio crenenei
¢B0001bI 0oJbIIel qucnepcun, K; — uncio creneneii cBo60ab1 MeHbIIIEH TUCTIEPCHHT)

VYposens 3naunmoctu ¢=0,01

K

K, 1 2 3 4 5 6 7 8 9 10 11 12

1 4052 4999 5403 5625 5764 5889 5928 5981 6022 6056 6082 6106
2 98,49 99,01 90,17 99,25 99,33 99,30 99,34 99,36 99,36 99,40 99,41 99,42
3 34,12 38,81 29,46 28,71 28,24 27,91 27,67 27,49 27,34 27,23 27,13 27,05
4 21,20 18,00 16,69 15,98 15,52 15,21 14,96 14,80 14,66 14,54 14,45 14,37
5 16,26 13,27 12,06 11,39 10,97 10,67 10,45 10,27 10,15 10,05 9,96 9,89
6 13,74 10,92 9,78 9,15 8,75 8,47 8,26 8,10 7,98 7,87 7,79 7,72
7 12,25 9,55 8,45 7,85 7,46 7,19 7,00 6,84 6,71 6,62 6,54 6,47
8 11,26 8,65 7,59 7,01 6,63 6,37 6,19 6,03 5,91 5,82 5,74 5,67
9 10,56 8,02 6,99 6,42 6,06 5,80 5,62 5,47 5,35 5,26 5,18 511
10 10,04 7,56 6,55 5,99 5,64 5,39 5,21 5,06 4,95 4,85 4,78 4,71
11 9,86 7,20 6,22 5,67 5,32 5,07 4,88 4,72 4,63 4,54 4,46 4,40
12 9,33 6,93 5,95 5,41 5,06 4,82 4,65 4,50 4,39 4,30 4,22 4,16
13 9,07 6,70 5,74 5,20 4,86 4,62 4,44 4,30 4,19 4,10 4,02 3,96
14 8,86 6,51 5,56 5,03 4,69 4,46 4,28 4,14 4,03 3,94 3,86 3,80
15 8,68 6,36 5,42 4,89 4,56 4,32 4,14 4,00 3,89 3,80 3,73 3,67
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OkoH4yaHune NnpunoXxeHusa

16 8,53 6,23 5,29 4,77 4,44 4,20 4,03 3,89 3,78 3,69 3,61 3,55
17 8,40 6,11 5,18 4,67 4,44 4,10 3,93 3,79 3,68 3,59 3,52 3,45
Yposens 3Haunmoctu 0=0,05
K

K, 1 2 3 4 5 6 7 8 9 10 11 12

1 161 200 216 225 230 234 237 239 241 242 243 244
2 18,51 19,00 19,16 19,25 19,30 19,33 19,36 19,37 19,38 19,39 19,40 19,41
3 10,13 9,55 9,28 9,12 9,01 8,94 8,88 8,84 8,81 8,78 8,76 8,74
4 7,71 6,94 6,59 6,39 6,26 6,16 6,09 6,04 6,00 5,96 5,93 5,91
5 6,61 5,79 5,41 5,19 5,05 4,95 4,88 4,82 4,78 4,74 4,70 4,68
6 5,99 5,14 4,76 4,53 4,39 4,28 4,21 4,15 4,10 4,06 4,03 4,00
7 5,59 4,74 4,35 4,12 3,97 3,87 3,79 3,73 3,68 3,63 3,60 3,57
8 5,32 4,46 4,07 3,84 3,69 3,58 3,50 3,44 3,39 3,34 3,31 3,28
9 5,12 4,26 3,86 3,63 3,48 3,37 3,29 3,23 3,18 3,13 3,10 3,07
10 4,96 4,10 3,71 3,48 3,33 3,22 3,14 3,07 3,02 2,97 2,94 2,91
11 4,84 3,98 3,59 3,36 3,20 3,09 3,01 2,95 2,90 2,86 2,82 2,79
12 4,75 3,88 3,49 3,26 3,11 3,00 2,92 2,85 2,80 2,76 2,72 2,69
13 4,67 3,80 3,41 3,18 3,02 2,92 2,84 2,77 2,72 2,67 2,63 2,60
14 4,60 3,74 3,34 3,11 2,96 2,85 2,77 2,70 2,65 2,60 2,56 2,53
15 4,54 3,68 3,29 3,06 2,90 2,79 2,70 2,64 2,59 2,55 2,51 2,48
16 4,49 3,63 3,24 3,01 2,85 2,74 2,66 2,59 2,54 2,49 2,45 2,42
17 4,45 3,59 3,20 2,96 2,81 2,70 2,62 2,55 2,50 2,45 2,41 2,38
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