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BBEJAEHHUE

Marepuai, U3J10KEHHBIM B Y4eOHOM IMOCOOHH, COOTBETCTBYET (peaepaibHOMY
roCcyJapCTBEHHOMY 00pa30BaTeIbHOMY CTaHIAPTY BBICIIETO 0Opa30BaHMS JTUCIIH-
IJIMHBI  «JlOTIOJIHUTENbHBIE TJIABhI MaTeMaTHUKH (B TOM YHCJIE OINTHMM3AIINA)»,
M3y4yaeMOM CTYyJICHTaMU-MarucTpaHTaMH, OOyJarolUMHUCS 110 HaNpaBJICHUIO TOJ-
rotoBkH 13.04.02 «DaeKTpo3HEPreTHKA U JIEKTPOTEXHUKAY.

VYueOHoe nmocobue CoaepKUT TCOPETUUECKUE CBEACHUS U METOIUYECKHUE yKa-
3aHUSl K BBIMOJHEHUIO JIA0OPATOPHO-MIPAKTUYECKUX paldOT MO TemaM: NapHas pe-
rpeccusi 1 KOppessilnsl, MHOKECTBEHHAsI PETPECCUSl U KOPPETSALNS B HAYUYHBIX HC-
CJIEIOBAHUSAX, A TAK)KE KOHTPOJIBHBIE BOMPOCHI MO U3YyYa€MbIM pazjiesaM, IoMora-
IOIME YCBOUTH U 3aKPEIMUTh M3y4yaeMbli MaTepuall U 3aIaHUs I CaMOCTOSATEIIb-
HOT'O BBITIOJTHEHUS.

YuebHoe mocoOre MOXKET OBITh MOJIE3HO KaK MPEroaBaTeisiM Mpyu MpoBeie-
HUU 3aHATUI CO CTyJICHTaMHU, OOYyJarOUIMMHUCS IO YKa3aHHOMY HalpaBJICHUIO, TaK
U CTYJEHTaM JUIsl CaMOCTOATENIBHOTO M3YYEHHs] COOTBETCTBYIOIIErO MaTepuaia u
ABJIsIeTCs 0a30M JIJIsl MOJATOTOBKY K 3a4eTy.

VYyebHoe mocodue CrocoOCTBYET (POPMUPOBAHUIO Y CTYJAEHTOB, OOydaro-
IIMXCS M0 HamnpapiaeHuo moAroToBkHU 13.04.02 «neKkTpol’HEpreTuka M dJIEeKTpo-
TEXHUKAY:

— 3HaHUH METO0B KOJIMYCCTBEHHOT0 aHainu3a u MojenupoBanus (OK-3);

— 0a30BBIX MaTEMAaTUUYCCKUX U dKOoHOMHYecKnX mozeien (OIIK-2);

— YMEHUM TPUMEHSITh METOJbl MOJCIUPOBAHUSA B MPOo(ecCHOHaNbHON mesi-
TEIbHOCTH, AHAJU3UPOBaTh M OLIEHHBATh COIMAIbHO-DKOHOMUYECKHUE SIBIICHUS,
coObITus, nporecchl (OK-3);

— aIafnTUPOBATh OCHOBHBIE MAaTEMAaTUYECKUE MOJEIN K KOHKPETHBIM 3a/ladyaM
ynpasnenus (OI1K-2);

— BJIAJICHUN HaBBIKAMU HUCTIOJIb30BAHUSI OCHOBHBIX METOJOB KOJUYECTBEHHOTO

aHaJln3a U MOACIUPOBAHHA, TCOPCTHUUCCKOI'O M SKCIICPUMCHTAJIBHOI'O HCCICI0BA-

Hus (OK-3);



— HaBbIKaMM pa3pabOTKM SKOHOMUKO-MAaTEMATHUYECKUX MOJENEN COLMaIbHO-
HPKOHOMHUYECKHUX MPOLIECCOB U SIBJEHUN U CIIOCOOHOCTBHIO aJalTUPOBATh UX K KOH-
KpeTHbIM 3a7auam yrpasienus (OIIK-2).

N3ydeHne KoppessairoOHHO-PErPECCUOHHOIO aHaAJIN3a O3BOJIUT 00Yy4arOIIUM-
csl IpUOOpECTH HEOOXOANMbIE HABBIKH, TpeOyeMble IJsl JallbHEUIIero o0y4ueHus;
Pa3BUTh CIIOCOOHOCTh K CAMOPa3BUTHUIO, CAMOpPEaIN3allii, HCIOJb30BAHUIO TBOP-
YeCKOro MOTEHIMAala, aHAINU3Y U BOCHPUIATHIO MH(POPMAIUH, IOCTAHOBKE LENH U
BBIOOpY MyTEH €€ JTOCTUKEHUS, a TAKKE CHOCOOHOCTh MPUMEHATH COBPEMEHHbBIE
METO/Ibl HUCCIIEA0BAHUS B COOTBETCTBUM C IIOCTABJICHHOM 3a/a4eii, aHAIN3UPOBATH,
OLICHMBATh U MPEACTABIATH PE3YJIbTaThl BBIIOJHEHHON padOThl U 0OOCHOBBIBAThH
MOJIy4Y€HHBIE BHIBOIBI.

Bcé 310 moHamoOuTCs uisl ycnemHol padoThl U OpUEHTAalMM B OyAyliei

po¢eCCUOHATIBHON JIEATEIIbHOCTH.



HHPEAUCJIOBHUE
OcCHOBHBIC IOHATHS MOACTUPOBAHNUSA U KOPPEJIALMOHHO-PErPecCHOHHOI0

aHaJ/In3a

B pasnene «JlomomHUTENBHBIC TJIaBBI MATEMATUKI» MBI OyJIeM M3y4aTh KOH-
KpPETHBIE KOJIMYECTBEHHBIE U KAYE€CTBEHHbBIE B3aMMOCBSI3H O0OBEKTOB U MIPOLIECCOB C
MTOMOIIBI0 MATEMATUYECKUX U CTATUCTUYECKUX METOJIOB U MOJIETIEH.

I nasnotl 3a0aueii NccienoBaHUs SIBISETCS KOJWYECTBEHHAs OLICHKAa MMEI0-
HIUXCS B3aUMOCBSI3€M MEXKAY U3y4aeMbIMU SIBIICHUSIMU U IPOLECCAMM.

OcHogHbIM npedMemom U3VYeHUsi ABISIETCS MoOellb HEKOTOPOro OOBEeKTa.
B ocHoBe 1100010 Hay4HOTO MCCJIEAOBAHUSA JICKUT MOCTPOCHUE MOJIEIH, aJIeKBaT-
HOM M3y4a€MbIM PEaJIbHBIM SBJICHUSM U MIPOLECCAM.

Onpenenenue. Mamemamuueckas mooenb — 3TO NPUOIMKEHHOE OMUCAHUE
KaKoro-JM00 KJlacca SBJICHUM BHEITHET0 MUPA, BRIPAXKEHHOE C MOMOIIIbI0 MaTeMa-
TUYECKON CUMBOJIUKHM. Yaiie BCero 3To ypaBHEHUS U (WUJIM) HEPABEHCTBA MEKIY
MoKa3aTeysiMHu (MEPEMEHHBIMU), XapaKTEPU3YIOMKUMHU (DYHKIIMOHUPOBAHUE MO/IE-
JMPYEMOU pEATBHON CUCTEMBI.

Onpenenenue. Beposmunocmuas mooelb — 3TO MaTeMaTHYeCKas MOJEIb,
MMUTHUPYIOIIAsT MEXaHU3M (DYHKIIMOHUPOBAHUS TUMOTETUYECKOTO (HE KOHKPETHO-
r0) peaybHOTO SIBJCHUS (MM CUCTEMBI) CTAXOCTHUECKOM MIJIU BEPOSTHOCTHOU MpPH-
POJIBL.

Onpenenenue. Beposmnocmuo-cmamucmuyeckas mooeilb — HTO BEPOAT-
HOCTHAasi MOJIeJIb, 3HAYEHUS OTIEIbHBIX XapaKTEPUCTUK (MapamMeTpoB) KOTOPOMH
OIICHUBAIOTCS MO pe3yJibTaTaM HaOJI0ICHHUH, TO €CTh 110 UMEIOIITUMCSI CTATUCTHY E-
CKHM JIaHHBIM.

Onpenenenue. BeposTHOCTHO-CTaTUCTHUYECKAsT MOJIEIb, OMUCKHIBAOIIAS Me-
XaHU3M (YHKIIMOHUPOBAHUS PEAThHO CYIECTBYIONMIEH SKOHOMUYECKON HIIA COIIH-
ATHbHO-IKOHOMHUYECKON CHCTEMBI, HA3BIBACTCS 9KOHOMEMPULECKOU MOOETbIO.

OCHOBHBIM UHCTPYMEHTOM, HCIIOJIB3YEMbBIM JIJIsl TIOCTPOCHUSI IKOHOMETpHUYE-

CKHUX Moz[eneﬁ, SIBIISIFOTCST Memoobl KOpPPpEIAYUOHHO20 U pecpeCCUOHRO20 AHAIU3A.



KoppensunoHHbIN aHaIu3 CTaBUT CBOEH LIENBIO MTPOBEPKY HAIUYMUS U 3HAUH-
MOCTH 3aBUCUMOCTH MEXY MePEeMEHHBIMU O€3 pa3/iesieHHs IEPEMEHHBIX Ha 3aBH-
cuMbIe U 00BbsicHAIoNMe. OTBET HA 3TU BOMPOCHI JAETCS C MOMOIIBIO BRIYUCIICHUS
nokaszaresnei (kodphUIMEHTOR) KOPPEISALIHIH.

PerpeccroHHBIN aHanW3 HANPABJIEH HA BBIPAXKECHUE U3YyYa€MOW 3aBUCUMOCTH
B BU/JIC aHAJTUTUYECKON (POPMYIIBI C TIPEIBAPUTETHHBIM BbIJICJICHUEM 3aBUCUMBIX U
OOBSACHSIONINX MTEPEMEHHBIX.

Onpenenenue. QakmopHvimu npusnakamu (paxmopamu) Ha3bIBAIOTCS MPHU-
3HAKU, OOYCIOBJIMBAIONIME M3MEHEHHUS APYTHUX, CBS3AHHBIX C HUMH IMPU3HAKOB.
DaxkmopHvle TIPU3HAKN HA3BIBAIOTCS TaAKKE HE3ABUCUMBIMU WA 00BACHAIOWUMU U
0003HayarTCA

X = (X1, X0,..., Xp).

Omnpenenienue. Pe3yromamugnvlmy Ha3bIBAIOTCA MPU3HAKH, U3MEHSIOUIUECS
noJ fieicTBUEeM (PaKTOPHBIX MPU3HAKOB.

Pe3ynbpTaTUBHBIE PU3HAKU HA3BIBAIOTCS TaKKE 3A6UCUMBIMU WU 00bACHSe-
MbIMU AT 8bIXOOHLIMU NepeMeHHbIMU U 0003HAYaI0TCA

Y= 1 Y25e-5 Yn)-

Onpenenenue. Koppenayuonnou Ha3bIBACTCS CBSA3b, NMPU KOTOPOM HW3MEHE-
HUE CPEIHEr0 3HAYCeHMs Pe3yJbTaTUBHOTO TMpHU3HAKa OOYCIOBIEHO W3MEHEHHEM
(baKTOPHBIX TPU3HAKOB.

Onpenenenue. YpaBHEHUE KOPPESLMOHHOW CBSI3U MEXIy (akTopom x u
pPE3YABTATUBOM Y, BEIPAXKEHHOE B BHJIE MAaTEMaTUYECKOW 3aBUCUMOCTH, HA3bIBAET-
Csl ypasHeHuem pez2peccuu.

B 060011ieHHol (opMe IKOHOMETpUUECKasi MOJIEJb, OMKMCHIBAIOIIASI B3aUMO-
CBSI3U MEXKJYy SIBJICHUSAMM WM 3aKOHOMEPHOCTH UX PA3BUTHS, MPEICTABISETCSA C
MOMOILbIO COOTHOILICHUS:

y=fla, x) +e¢, (1)
rae fla, x) — QyHKIMOHAJ, BRIPAXKAIOIINUNA BUJT U CTPYKTYPY B3aUMOCBS3EH;

BCIIMYMHA Yy — 3aBUCHUMaAsd IICPEMCHHAA UIIN p€SYHBTaTHBHBIﬁ IIPU3HAK;



BEJIMYMHA X = (X1, X2,..., X,) — BEKTOp 3HAYCHUN HE3aBUCHUMbBIX IEPEMEHHBIX X;
WK (PaKTOPHBIX MPU3HAKOB ((aKTOPOB);
a = (ay, a1, az,. .., A,) — BEKTOP HEKOTOPBIX MPOU3BOJIbHBIX KOHCTAHT,
Ha3bIBAEMBIX MTapaMeTpaMu MO/JICIIH;

& — OIMOKa MOJICIIH.

Omubka MOACNIM & XapaKTepU3yeT OTIWYHME HAOMI0JaeMbIX (IKCIIEPUMEH-
TaJIbHBIX ) 3HAYEHUW TIEPEMEHHOM ); OT BBIYMCIIEHHBIX COTJIACHO COOTHOIIEHHUIO (1)
IIPY KOHKPETHBIX 3HAYCHUSX TMEPEMEHHBIX (DAKTOPOB X; M pacCMaTpPUBACTCS Kak
ClIy4aiiHasi BeJIMYUHA, TO €CTh

&= Yi—Yis
rae y;= fla, x;) — 3HAYEHUS PE3yIbTATUBHOIO IIPHU3HAKA, BEIYMCICHHBIE COTJIACHO
cooTHomeHus (1) Ipu KOHKPETHBIX 3HAYCHUSAX TIEPEMEHHBIX (PaKTOPOB X;.

J{nst pacuera YMCICHHBIX 3HAYCHUM MapaMeTpoB d, d, dy,..., d, UCTIOJIb3YyET-
Csl CTATUCTUYECKUH (PKCIEPUMEHTAJIbHBIN) MAacCUB HAOJIOJICHUN 32 COBMECTHBIM
MPOSIBICHUEM M3y4aeMOTIo Mpollecca U paccMaTpUBaeMbIX (DaKTOPOB.

B 3aBucuMoOCTH OT Konu4ecTBa (hakTOpOB, BKJIIOUECHHBIX B YpPaBHEHHUE pe-

rpeccu, MPUHATO PA3INYaTh HPOCMYIO (NAPHYI0) U MHONCECTBEHHYI0 PETPECCHIO.

Onpeneaenue. /lapnoi peepeccueri Ha3bIBACTCS MOJEIb, BhIpaXaromas 3a-
BUCHUMOCTb CPEIHETO 3HAUYECHUSI 3aBUCUMOM IIEPEMEHHOM Y OT OJTHOW HE3aBUCUMOU
IIEPEMEHHOM X, TO €CTh 3TO MOJIENIb BUA

y = fx), 2)
r7ie y — 3aBUCUMas IiepeMeHHas (pe3yIbTaTUBHBIN MPU3HAK);

X — He3aBUCUMas, 0OBbsACHsONIas nepeMeHHas ((akTOpHbINA MPU3HAK).
[To Buny aHAJIMTUYECKON 3aBUCHUMOCTH Pa3INYalOT JIUHElHble U HeUHElHble
perpeccum.

Jlunetinas napuas peepeccus OIMMCbIBACTCA YPABHCHHUCM:

¥ =ay+arx. (3)



Ecnu Mexay u3y4aeMbIMU SIBIICHUSMH CYIIECTBYIOT HEJIMHENHBIE COOTHOILIE-
HUs, TO OHU BBIPAXKAIOTCS C IOMOILBI0 YPABHEHUH HEJIMHENHON PETPECCHH.
[Tpumepsl HanboJIee YacTO UCIOJIb3YEMbIX HEJIMHEMHBIX PErPECCUI:

L4 Hapa60JII/I‘{€CKa}I

Y=ag+ arx+ ayx’ 4)
e runepbornuecKas
y=a,+2, 5)
X
e ToNynorapupmMuuecKast
y=a,+a, -lnx, (6)
® CTeleHHas
)A’ =dy x", (7
® TI0Ka3aTesIbHas
y=a,-a. (8)

Onpeneaenue. Muoowcecmeennou pecpeccueli Ha3bIBAIOT MOJEINb, BhIpaXKa-
IOIIYI0 3aBUCHUMOCTh CPEJHEr0 3HAUCHUSI 3aBHCUMOM MEPEMEHHON y OT HECKOJIb-

KHUX HC3aBUCHUMBIX IICPCMCHHBIX X, Xy, ..., X5, TO €CTh MOJCIIb B A

Y = flxn Xo e, Xp)- 9)

3ameuanue. [lapHas perpeccusi NpUMEHSETCS, €CIM UMEETCS JOMHHHUPYIO-

il pakTop, 00yCIaBIUBAIOIIMKN OONBIIYIO OO U3MEHEHUS U3ydyaeMor oObsc-

HSIEMOW TIEPEMEHHOM, KOTOPBIM U UCTIOIB3YETCSl B KaUeCTBE OOBSCHSIONICH mepe-
MEHHOM.

MHoXecTBEHHasl perpeccus NPUMEHSIETCSl B CUTyalusiX, KOI/la U3 MHOXECTBA
(GakTOpOB, BAMSIONIMX HA pe3yJIbTaTUBHBIA MPHU3HAK, HEJb3S BBIAEIUTH OJUH J10-
MUHUPYIOIMIUA (AaKTOp U HEOOXOJMMO YUYUTHIBATH OJHOBPEMEHHOE BIIUSHUE He-
CKOJIBKUX (PaKTOPOB.

dakTUYECKHE 3HAYEHUS PE3YIbTATUBHOIO MTPU3HAKA y OTIMYAOTCS OT TEOpE-

TUYECKUX, PACCYMTAHHBIX 110 YPABHEHUIO PEIPECCHH, TO €CTh Yy . UeM MEHBIIIE ITH

OTJIN4YusA, TEM OmKe TCOPCTUUCCKUEC 3HAYCHUA K OMIIMPUYCCKHM JaHHBLIM, TEM

JIydImc Ka4eCTBO MOICIIN.
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Bennuuna OTKIIOHEHUH (DAKTUYECKUX U PACUETHBIX 3HAYEHUN pe3yJIbTaTHB-
HOTO TPHU3HAKA 0 KaXJAO0MY HaOMoAeHHIO (V; — ;) MPEACTaBIsIET CO00M owuobKy
annpoKCcCuMayuu.

[TockonbKy (y; — ¥;) MOXKET ObITh BETUYMHON KaK MOJIOKUTEIBHOU, TaK U OT-
pUIATEIHHONW, OIMMOKMA aNMpPOKCUMAIIUU I KaKI0TO HAOTIONECHUS TPHHSITO
OTIPEENATh B IPOLIEHTAX M0 MOAYJIIO.

Otknonenus (y; — J;) MOXHO paccMaTpuUBaTh KaK aOCONIOMHYI0 OUUOKY an-

npokcumayuuL, a u ‘100 — KaK omHoOCUmMenbHY10 OUWUOKY ANNPOKCUMAYUU.
Vi
s Toro 4ToOBI UMETh O0IIee CY)KJICHHE O KadyeCTBE MOJICNIU, U3 OTHOCH-
TEJbHBIX OTKJIOHEHUN MO KaXXJ0My HAOIOJECHUIO HAXOMST CPeOHIO OUUOKY an-

npoxkcumayuu.

A=l ¢ %5009, (10)

noE oy,

Ommbka anmpokcuManuu B mpeaenax 5—7% CBUIETENBCTBYET O XOPOUIEM
0J100pe MOJIENIN K UCXOJHBIM JaHHBIM.

B SKOHOMHYECKHMX HCCIEIOBAHUSX HIMPOKOE MPUMEHEHUE HAXOJIUT TaKOH
NOKa3aTelnb, KaK Koaghguyuenm snacmuynocmu.

Ecnu 3aBUCUMOCTD MEXy MEPEMEHHBIMU X U Yy UMEET BUI Yy = f (X) , TO KO-

agpuyuenm snacmuunocmu 3 BeIMUCISAETCS IO PopMyIie

, X
O=f"(x)—, (11)
y
rae f'( x )— mepBas MpOW3BOIHAS, XapaKTEPHU3YOIIas COOTHOIICHUE TPUPOCTOB

pe3ynbTata v pakTopa sl COOTBETCTBYIOLIEH (DOPMBI CBSI3U.
Kosppuyuenm snacmuynocmu O TIOKa3bIBA€T HA CKOJIBKO MPOLICHTOB B
CpElHEM W3MEHUTCS PEe3yIbTATHUBHBIN MPU3HAK y MPU W3MEHEHUU (akTopa X Ha
1% OoT cBOEro HOMUHAJIBHOTO 3HAYCHMUSI.
[Tapnast perpeccusi MOXKET JaTh XOPOILIWW PE3YJIbTAT IMPU MOAECIUPOBAHUH,
€CJIM BIIUSHUEM JIPYTruX (aKTOPOB, BO3ACUCTBYIOIMMX HA OOBEKT HUCCIEIOBAHUS,

MO>KHO TTpeHeOpeYb.
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Ecnu sxe 3TUM BIMSAHHEM MpeHeOpeyb HeMb3sl, TO B 3TOM CJy4ae CleayeT Mo-
MIBITAThCS BBISIBUTH BIUSHUE IPYTuX (aKTOPOB, BBENIS MX B MOJAECHb, TO €CTh IO-
CTPOUTH YPABHEHUE MHOKECTBEHHON perpeccuut

¥ = flx1, xo .o, Xp),
I Yy — 3aBUCHMas IepeMeHHas (pe3yJIbTaTUBHBIN MTPU3HAK),

X; — HE3aBUCUMBIE, UM OOBSCHAIONINE, TIEpEeMEHHBIE (TPU3HAKU-(AKTOPHI).

MHoOXXecTBEHHasi perpeccusi IHUPOKO MCIOIB3YETCS B PEIICHUH MpoOJIeM
CIpoca, JOXOIHOCTH aKIWW, IPH U3ydeHUH (PYHKITMU U3JEPKEK MPOU3BOJICTBA, B
MaKpO3KOHOMUYECKHX PACUETaxX U IEJIOM PsJI€ IPYTUX BOIMPOCOB SKOHOMETPHUKHU.

B nacTosimiee BpeMsi MHOKECTBEHHAsl perpeccusi — OJIMH U3 HauboJiee pac-
MPOCTPAHEHHBIX METOJOB B AKOHOMeTpuKe. OCHOBHAs €I MHOXKECTBEHHOHU pe-
IPECCUU — TOCTPOUTH MOJIEIH C OOJBIIUM YHUCIOM (PAKTOPOB, OIIPEIEIUB IIPU ITOM
BIIMSIHUE KaXKJIOTO U3 HUX B OTJCIBHOCTH, a TAK)KE€ COBOKYITHOE X BO3/ICHCTBUE HA

MOIIGHpreMBIﬁ IIOKAa3aTCJIb.

KOHTpOJIbHLIe BOIIPOCHI

1. Jlalite ompenesieHuEe MAaTE€MaTHYECKOW MOJENM, BEPOSATHOCTHON MOJENH,
BEPOSITHOCTHO-CTATUCTUYECKOW MOJIEIIH, SKOHOMETPUYECKON MOJIETH.

2. Kakue 3a1aun permaroT KOPPEJSIIUOHHBIN U pETPECCUOHHBIN aHATIU3bI?

3. Kakue npusHaku Ha3bIBAIOTCS (PaKTOPHBIMU, & KaKUE — PE3yIbTaTUBHBIMU?

4. Kakas cBsI3b Ha3bIBACTCS KOPPEISIIUOHHON?

5. JlaitTe onpeneneHne ypaBHEHUS! PETPECCHUM.

6. Kakue BUbI aHAIUTUUECKUX 3aBUCUMOCTEN Han0oJiee 4acTO UCTOJIb3YIOT-
Csl ITPY TOCTPOCHUH MOJEIIEN?

7. OOBSICHUTE MOHSITHUS TAPHON M MHOKECTBEHHOM pPEerpeCcCHH.

8. [laiite onpeneneHue cpeaHeit OMMOKY ampoOKCUMAaIIUH.

9. Jlatite onpeneneHue KodhHUIMEHTA STACTUIHOCTH.

10. B kakux cnydasx NPUMEHSIIOT MOJIENIb MAPHOW PErpeccuu, a B KaKUX

MHOKECTBEHHOI?
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JIABOPATOPHO-ITIPAKTUYECKHUE 3AHATHUSA Ne 1, 2

Tema: YpaBHeHue napHoi JuHEHOW perpeccun. OUEHKAa TECHOTHI CBA3U
MEXIy ITapaMeTpaMH.

Heab padorbi: [103HaKOMHUTBCS C ypaBHEHUSMU MMAPHOM JTUHEHHOW perpec-
CUH, HAYYNUTHCS HAXOAUTh ITapaMeTpbl YPABHEHUS JINHEWHON PErPECCUU C UCTIOJb-
30BaHueM Excel u cpenHor0 OmMOKY anpoOKCUMALUU, BBIYUCIATH JIMHEHHBIA KO-
3¢ GUIUEHT KOPPETAIUH, ACTePMUHAIMHM, HHTEPIPETUPOBATh MOTyYEHHBIE pe-

3yJbTAaThI.

1. IMocrpoeHue ypaBHeHUsI NAPHO# JIMHEIHOH perpeccuu

[To uMeronuMcest TaHHBIM 7 HAOJIIOJICHUM 32 COBMECTHBIM M3MEHEHHUEM JIBYX
NMEepEeMEHHBIX ToKazatened x u y {(xi,yi), i=1,2,....n} HEOOXOAMMO OINPEICTUTH
aHAJUTUYECKYIO 3aBUCHUMOCTbD ¥ = f(X), HAWIYUYIITUM 00pa30M OMHUCHIBAIOIIYIO JaH-
HbIE HAOIIOACHUHN.

Pe3ynbraThl HaOMIOACHUN YIOOHO IPEACTABISATh B BUJIE TAOTHIbI:

Ta6auma 1 — JlaHHBIC HAOIIOICHUI

Xi Vi
1 X1 V2
2 X? y3
3 X3 3
n Xn y i

Kaxxnas crpoka Tabmuipl MpeAcTaBiIsieT co00i pe3ynbTaT OJHOTO HabIoIe-
HuUs (xi, yi).

[TosicHuM MOHSATHE 3aBUCUMOCTH y = f(X), HAMJIy4lIUM 00pa3oM OIMCHIBAIO-
el JaHHble HaOMeHUN. 3HAYCHUS X;, V; U3 KQXKI0M CTPOKHU MOXKHO pacCMaTpH-
BaTh KaK KOOPJAUHATHI TOUKH (X;, y;) HA KOOPAUHATHOM TIIOCKOCTH OXY.

Omnpenenenue. COBOKyITHOCTh BCEX TOUEK (X;, y;) HA KOOPJUHATHOM IJIOCKO-

ctu Oxy Ha3bIBAIOT nojiem Koppenayuu (PUCyHOK 1):
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=y

Pucynox 1 — ITone koppensiiuu

3aBUCUMOCTH ) = f(X) COOTBETCTBYET HEKOTOpasi KpUBasi Ha MIOCKOCTU. Yem
OJKke JTaHHasi KpUBasi MOAXOJUT KO BCEM TOYKaM MOJIsi KOPPESALUMA, TEM JIydIle
3aBUCHUMOCTH ) = f{X) ONUCHIBAET UCXOAHBIC JTAHHBIC.

Ha pucyHnke 2 nzo0pakeHa nydias JMHEHas perpeccusi.

A

y

v

X
Pucynok 2 — Jlyuinas nuHeiiHast perpeccust

JIuHeliHas mapHas perpeccusi ONMChIBAETCS YPABHEHUEM
y=ap+arx. (12)
[TocTpoeHne MMHENHON PETPECCUM CBOAMUTCS K OLIEHKE €€ IapaMeTpPOB dy U d.
Knaccruecknil moaxo K OINPENEIICHUI0 MapaMeTpoOB JIMHEMHOW PErpeccuu
OCHOBaH Ha Mmemode Haumenvuux keaopamos (MHK). Cyth ero 3akirodaercs B
TOM, YTOOBI CyMMa KBaJIpaTOB OTKJIOHEHUH (PaKTUUECKHX 3HAYEHUMN pe3yJbTaTHB-

HOTO MPHU3HAKa ) OT PACUCTHHIX (TCOPETHUSCKHUX) y ObLIa MUHUMAJIBHOM:
n
A 2 .
S=Zi(yi—yi) —> min, (13)
=

rae y; — (pakTuyeckoe 3HaueHue;
y, — TEOPETUYECKOEe WIIM MPOTHO3UPYEMOE 3HAYeHHue: y,= ¢ (X ao, a;).
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C ydetoMm Buja JIMHEHHON mapHOM perpeccuu (12) BenuuuHa S sBISETCS

(yHKLMEH HEU3BECTHBIX NTApaMETPOB dy U a;:
n
2 .
S(ao,al):zl(yl.—ao—alxi) —> min. (14)
=
W3 maTeMaTn4ecKkoro aHaiau3a M3BECTHO, YTO 33/1a4a Ha HaXOKICHUE MUHU-

MyMa (YHKIIUM OTHOCHUTCS K KJacCy SKCTpeMallbHbIX. Tak Kak B JaHHOW 3ajaue

HCU3BCCTHLI dg U A, TO H€06XOI[I/IMO HAWTH YaCTHBIC IMPOU3BOAHBIC:

a
' (15)
B o
oa,

Bremmonnss COOTBCTCTBYIOIIHMC BBIYUCJIICHUS, ITOJTYYHUM JIsI OIMPCACIICHUA I1a-

PaMETPOB dy U @, CACAYIOUIYI0 CUCTEMY YPaBHEHUM:

2(—§jyi+§ja0+§ja1xi)=0 /:2
i=1 i=1 i=1

(16)
n n n 2
2(—Zlyixi+zlaoxi+;a1xi )=0 /:2
= 1= 1=
PaznenuB kaxaoe ypaBHeHue cuctemsl (17) Ha 2, moaydum:
n n n
>y, +Xa,+Xax; =0
i=1 i=1 i=1
(17)
n n n 2
—Yyx, +X>a.x, +>ax; =0
i=1 i=1 i=1
PaccmoTpum BTOpOE ciiaraeMoe repBoro ypaBHeHus: cuctemsl (18):
n
Ya,=a,+a,+..+a,=ayn. (18)
i=1

n pas
Toraa OKOHYATENBPHO MOJYYUM CUCTEMY YPABHEHUH JJISI OLCHKH NTapaMeTPOB
agp N ap.
n n
an+ayx. =3y,
i=1 i=1
(19)

n n 2 n
aozlxi + alzlxi = _lel.y,.
= 1= =

Jliist perienust ykazanHou cucteMsl (19) ucnonbszyem dhopmynsl Kpamepa:
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Aa, _ Aa, (20)

n 2 X
(21)

Aa, n Aa, — onpenenuTeny, noiryyaemsle U3 A 3aMeHoM 1-rou 2-ro cronbna

COOTBCTCTBCHHO Ha CTOH6€H CBO60I[HI>IX YJICHOB (HpaBI)IX yacTen

YpaBHEHUI CUCTEMBI):

i_ilyi éxi
g = | (22)
by b
n if:lyi
Aa, = : (23)
i X ;_Zl:lxi Yi

i=1
Jlnst Toro 9To0bl UMETh 00IIIee CYKJICHHE O Ka4eCTBE MOJICIH, HAXOIAT cpeo-
HIOI0 OWUOKY ANNPOKCUMAYUU:
(24)

A:l.fu.mo%.
no=y,;

Ommbka anmpokcuManuu B mpeaenax 5—7% CBUICTENBCTBYET O XOPOIIEM

HOI[60p€ MOJACIN K HCXOAHBIM JAaHHBIM.

2. Ilpumep nocTpoeHNsi ypaBHEHHs JIMHEHHOH perpeccun
NwmeroTest nanHble 00 MU3MEHEHMHU pacxoia TorimBa Q (JI/kM) aBTOMOOWJIS

IPY U3MEHEHUHU CKOPOCTH ero JBIKeHus V (km/4) (Tabnuia 2).
3aBUCUMOCTD

[TonyuuTh ypaBHEHHE JIMHEMHOW PErpecCUM, OTPaXKarollee

pacxopaa ToruBa OT ckopoctu aBToMOOMIs Q(V). OneHuTh KauecTBO MOJIEIHU C

ITOMOIIIBIO CPETHEH OITMOKH arpOKCHMAIIIH.



16

Taomuna 2 — cxoquele JaHHBIE 3a0a4U

Ne V(km/4) Q(1/4)
1 33 0,15
2 36 0,18
3 54 0,26
4 56 0,29
5 79 0,45
6 57 0,29
7 68 0,42
8 73 0,41
9 57 0,28
10 48 0,26
11 61 0,34
12 59 0,32
13 65 0,37
14 47 0,23
15 58 0,31

st onpeneneHust KO3OPUITUEHTOB TUHEHHOM perpeccuu U CpeaHel OmmnOKu
annpokcumanuu B Excel HeoOXoaumo paccuuTarh TaONMILy CIEIYIOUIEro BUIA

(Tabauua 3):

Ta6nuna 3 — Jlanublie 118 onpeneneHust Ko3hPUIMEHTOB TUHEHHOM
perpeccuu u cpeHel OMmMOKY anmpoOKCUMaIUuK

Yi— i

Ne X=V | Y=0 X XY y v,
1 33 0.15 1089 4,950

2 36 0,18 1296 6,480

3 54 0.26 2916 14,040

4 56 0,29 3136 16,240

5 79 045 6241 35,550

6 57 0,29 3249 16,530

7 68 0,42 4624 28,560

8 73 041 5329 29,930

9 57 0,28 3249 15,960

10 48 0,26 2304 12,480

11 61 0,34 3721 20,740

12 59 0,32 3481 18,880

13 65 0,37 4225 24,050

14 47 0,23 2209 10,810

15 58 0,31 3364 17,980

z 851 4,56 50433 273,18
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JIBe mocneaHWEe KOJOHKH TaOJHMIIBI 3alOJIHAM TIOCIE TOTO, KaK IOJYyYduM
YPaBHEHUE JINHENHON PETPECCHH.

Brruncinum onpenenurenu (21)—(23):
n X.

Z ‘|15 851

= =32294;
" Lo, (851 5043

;yl’ 2% 1456 258

Aa, = - =-2501,7;
Sy Ta2| PTHIS 1467

i=1 i=1

" ;y" 15 456
Aa, = - =217,14.

| 851 2731
in inyi
i=1

i=1

Ha pucynke 3 uzo0paxken ¢parment nucra Excel mpu BeIYUCICHUH Ompejie-

JIATEJIEN.
fL B C i E = iz H
7 5 7o | 045 624 1 35350
& i 57 | 028 1245 15530
g 7 68 | 0,42 4624 28 560
10 i 73 | D41 A3240 29,4930
Bl u AT | 02 3245 15960
12 11 14 0,26 2304 12,4840
1a 11 il | .34 3721 200,744
14 T2 S0 na2 34 E] T1E. RED
15 132 a5 | AT 4225 244050
16 14 47 | 023 220% 10810
17 15 S8 | 031 1364 17980
18 3 ESL 000l 4580 50433] 273 180
19 Cpeapee| 56.733] 0304 3362.2] 18212

24

21 15 851

33 h= 851 50433 = 1
23

24 4,56 RS =

75 fab= 2TILIE 50433

26

37 Bal= 15 4,56 =

26 E51. 273 1E

Pucynok 3 — ®@parment nucra Excel
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3ameuanmne. /{15 BeruncieHus onpenenurenei B Excel Heo6XxoauMo ucoib-
30BaTh ¢pynkiuio MOIIPE/L.

Hanpumep, eciii Bbl XOTUTE BBIYUCIUTD ONPEACIUTENL A, TOCTaBTE KypCOp
B MYCTYIO KJIETKY IIpaBee ONpeeNuTeNs, Kak ToKa3aHo Ha pUCYHKe 3, U BeIOepUTe

koMaHay @opmyiibl — BcraBuTh QyHKIMIO HA TTaHENIW B BEPXHEH YACTH JIMCTA

Excel (pucyHnoxk 4):
‘ SHTBUITT S M i
/MR Y, Pomsniopuatin  Sszimw | lowae  Propoqueses  foy ot
ﬂ T e ..‘:'N!W!' o Lo iz [:'1— e FRiwneny teu fﬁ.‘amc::q.u ] '—’] 3
ﬁlknwn uwcm-'i&""nn’:' o K one et cepuny fﬂntm‘o Yok b"pqu«n»uu’n’. L -
Lt A 4 'ﬂl‘ o, g IR ; [Daoreapoeice ‘:zwn:.o
e B Sresie L1 Larsv e Lt AT 2\ B e rpemetir faaues i &M'-"lmw,‘-? OREREE DR
Reltan v e Cqu;;u L ",“"‘,"‘_"7’,‘ !.:w,-z |(n’.‘:)l_
LS
VI S U A 5 20 S S Y NV S SN N L1 [ N )

——— g

Pucynox 4 — Boi6op komane1 ®opmyiel — BetaBuTh hyHKIIHIO

Be1 Bonmui B Mactep dyHKIniA (PUCYHOK 5):
[ MacTep diyiak L - iar i_m mrm

Dok dyHEuMn
HAMTS KPETKOR CMCRHIE NERITRMA, KETOROS IR _ﬁ;;m
| BENONHATE, M HESREMTE KHONRY "Hafe" —

Karercpua: | MaTepaTutene |T|

BrGEHTE iy HELIMH:
KOIPEHBL

MOGR

MOMAPEO ‘&
{ MY TIETHAC | ==
MYMHCH
HEHE |
HEed i
MONMPER(Maccue)

HOARELART CAPERenETEns SETREE (METRHUR XPaHRTOR E MACCHEE).

S [ o || ome

Pucynox 5 — Mento Macrtepa ¢hynkuumii Excel
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Haiinure cpenu Matematnyeckux ¢pynkuuit dpynkuuro MOIIPE/L, noarsep-

JIMTE BBIOOD, HAXKAB |I|, MOSIBUTCSI OKHO (PUCYHOK 6):

AprysaeHTBHEYHELHA

MOTPER

IHduEHwR

MaccHe

MaccHe  1MCI0EDR MECCHE C POEHLT EONHYISCTEOM CTHOK Ccronfuae, AHAanazol A'esK

|

1]
-
e

CozppawsdeT ONpegennTais MalpHus |:r-'I|=i|.|HLI.d KHaHH IS & h'IEILLHE'-'E}.

HWIH MALCAb,

88

| | LiTmeHa

Pucynok 6 — Oxno ¢ynkiun MOITPE/]

BBII[GJ'II/ITG BBIUMCIISIEMBII OIIPpCACINTCIIb, KaK ITIOKAa3aHO Ha PUCYHKC 7, u 11oa-

TBCPAUTC, HAKAB lIl , OIIPCACIINTCIIb 6y)1eT ITIOCYUHTAaH.

TR e =ONPLA BT

Bl )|
& i 1y o E F o] | H | i K L L1 H ] I
T ™ BAS 6D | 35550 — | i
3 A 5N e | &M sl G o
g ' i 1R LR 2 2k
I ¥ 2
w8 Al M | 9 T L : ;
| 0 5T N 0 Sk Mintms [R5 H BEEE R T AR
ol 1 b2e 334 L2450 M
= H a1 f3d 373 I0T40 T 1A TR TR VAT AT STRHIT M b AT RR
4 (7 sl TS e L& sy PRICCHD MPCro00d WCTHT - (00T KO MG EIR ST £ H ST B0 D, J42rACH e
z i ; - . i HPH P2
w13 45 .37 4215 050
B 13 | 4 0% a0 | (00 ot A
s 1E S 131 3364 L7 sl ;
sa | ase s T T e
19 Cpodwes| 0733 030d 33412 JRZLZ . T |
;J:l -------------------------
H | EES T
b= 851 SiM3di- 1L
k!
i 150 #i] -
5 dad= THLIE O AN4IE
Tn
7 dal= 13 ST
T EALATR

Pucynoxk 7 — ®@parment nucta Excel
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Beruncium HeusBecTHbIE KOI(DPUIIMEHTHI YpaBHEHUS JIMHEHHOW perpeccuu

o ¢popmymam (20):

a, =

Aa,  -2501,7
A 32294
_Aay 217,14
A 32294

=-0,077;

=0,007.

[Tonyuennsle 3Ha4YEHUS ap U @) TOJCTABUM B YpaBHEHUE JIMHEMHOU perpec-

CHU.

Haiinennoe ypaBHeHue perpeccun 0yeT UMETh BU/L:

y =-0,077 + 0,007x.

(25)

UToOBI MPOBEPUTH KAYECTBO MOJTYYECHHOTO YPAaBHEHHUSI JIMHEWHON perpeccuu,

3aII0JTHUM JIBE TTOCJICAHUE KOJIOHKH TAOJUIIBI 3, TIOJCTABUB B ) 3HAYCHHUS o U ;.

3ameuanue. [Ipy noactaHoBKe B TaONMIYy 3HAYEHUH dop U a; 3aKPENHUTH B

CCBUIKAaX ajpeca KJICTOK, I/Ie HaXOMATCS 3HAYCHHUS do U dj, MCIOJIb3ys CUMBOI $

(pucyHoOK 8):
F3 - fr| =5B$30+3B531%83
AT B T D E F G
1 Npaman (nMHefAHan perpeccHa)
2 Ne X Y X Xy ¥ [(Y-¥)Y]
3 1 33 Q.15 1089 4. 950 0. 144
4 P 36 0.18 1296 f, 480
5 3 54 0,26 2916 14,040
& 1 36 0,29 3136 16,240
T 5 79 0.45 6241 35.550
-] ] 57 0,29 3249 16,530
g 7 aE 0,42 4624 2E.560
10 8 73 .41 5329 29,930
11 9 57 028 3245 15,960
12 10 48 0,26 2304 12,480
13 11 al 0,34 3721 20.740
14 2 59 0,32 3481 18, 880
15 12 a5 Q.37 4225 24050
16 14 47 0,23 22009 10,810
17 15 38 0,31 3364 17,980
18 3 851, 00H) 4560 50433 273,180
1% CpenHes 36,733 0,304 336272 18212

Pucynoxk 8 — @parment nucra Excel
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Berancnute ocraBmmecs 3HaueHus y (tabmuma 4). Haiigure cymmy y o

yOeuTeCh, YTO

Yy=2Xy.

Tabnuna 4 — BerancieHue 3Ha4eHuil y

Yi = Vi
Mo X=V Y =Q XY X’ y v
1 33 0,15 1089 4,950 0,144
2 36 0,18 1296 6,480 0,165
3 54 0,26 2916 14,040 0,286
4 56 0,29 3136 16,240 0,299
5 79 0,45 6241 35,550 0,454
6 57 0,29 3249 16,530 0,306
7 68 0,42 4624 28,560 0,380
8 73 0,41 5329 29,930 0,413
9 57 0,28 3249 15,960 0,306
10 48 0,26 2304 12,480 0,245
11 61 0,34 3721 20,740 0,333
12 59 0,32 3481 18,880 0,319
13 65 0,37 4225 24,050 0,360
14 47 0,23 2209 10,810 0,239
15 58 0,31 3364 17,980 0,313
z 851,000 | 4,560 50433 273,180 4,560

JInst OlIEeHKM KadecTBa MOJIENIM HaWJIeM CPEHIOI0 OIIMOKY anmpoKCUMAaIuu

o ¢opmyiie (24):

n

A:l.z
n .

i=1

M{-IOO%.
Vi

A

Vi~ )i
Vi

J{71s1 TOTO 3aMOJHUM MOCIICTHIOI0 KOJIOHKY TaOJUIIbI, BEIYUCIIUB

3ameuanue. UToObl BBIUKUCIUTH MOOY/Ib, BOCHONB3yHTECh (yHKIMEeH ABS
(HaiiTi €€ MOXKHO cpenr Marematnyeckux (QyHKIHM, BEIOpaB koMany MopmyJibl

— BeraButh pynknuio B meHto Excel) — pucyHok 9.
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~ — .
Maciep doygpmkepai - a1 e 2 L——— J&“

[ostox gy HELEANS

| BReypn e KpaTROe orraHne RPACTENA, KT By
| BENICNHNTE, K HEMMUTS shoney "HaRTu”

Kareropws: Maremarnueckue |i= |

Brafiepmre div KL

[t
AT05H
A5IM
AETHMH
T
ATANZ

Hadatm |

| »

ABS{uymCno)
BoappainzseT MmogyAs (abcomoTIY I BERHYHITY ) YHCHE.

B Ty HEE e | (] ] OTMEHE

Pucynok 9 — Be13oB ¢pynkiuun ABS

w5 (BT IHE [k S =22 e B [15 e LR L P A s
Byipep e pwatr Buinzcinzi e Ilhcaa . (i BT Fegapend
5 - Ky B ABS(CIYC)
4 g L 0 E f & f | £ . L M N [ F . o}
1 Nowan [nwwsfivan perpeccn) ; !
ae [x vyl e Twl i [y | e -
31 B0l I [ a0 =ABCHTY |
SEEER A He
AENEE AT e (13 H3C3 8] = e
i 4 S N29 | 336 [ 16240 0299 | = D7iETE
7 3 ™ [}.ﬁ B340 3 Sjﬁﬂ [|.F-i B8 ol el (RO KITH R0 ER0H4HHY, .
i 0 i1 n29 | 3249 [ 16330 0300 | e s, LSRR SRR B cpen ) et L ng.
g 7 | & 0| M | %[ om0
I O R T PR YN IR ikt (057
w0 | sl | 3 (15060 | 030 e e | o |
1z W 18 026 | 3 [ 12480 ] 0243
a1l &l 034 | 370 (2070 | 0333
w12 50 133 | MEL [ 1EEE0 | 0310
15 13 B3 037 | 4225 | 24080 | 0340
L T O O s T 0 1 1 A
w18 bt 31 | 3360 | 17080 | 0313

Pucynoxk 10 — ®parment nmcra Excel

OkoHYaTeNbHBIN BUJ TAOJIUIIBI IPUBEACH HUXKE (Tabiuia 5).
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Tabnura 5 — Berauciaenue 3HaYeHUNA Y ; Yi

yi— Y

No X=V Y =0 Xy X y Vi
1 33 0,15 1089 4,950 0,144 0,037
2 36 0,18 1296 6,480 0,165 0,086
3 54 0,26 2916 14,040 0,286 0,099
4 56 0,29 3136 16,240 0,299 0,031
5 79 0,45 6241 35,550 0,454 0,008
6 57 0,29 3249 16,530 0,306 0,054
7 68 0,42 4624 28,560 0,380 0,096
8 73 0,41 5329 29,930 0,413 0,008
9 57 0,28 3249 15,960 0,306 0,092
10 48 0,26 2304 12,480 0,245 0,057
11 61 0,34 3721 20,740 0,333 0,022
12 59 0,32 3481 18,880 0,319 0,002
13 65 0,37 4225 24,050 0,360 0,028
14 47 0,23 2209 10,810 0,239 0,037
15 58 0,31 3364 17,980 0,313 0,008
b 851,000 4,560 50433 273,180 4,560 0,665

Torna cpenusst ommOKa anmpoKCUMAIIMU PaBHA:

A= L .0665100% = 4,44%.
15

Omumbka anmnpokcumaluu MeHbine 7%, 4TO TOBOPUT O XOpOIIeM Moa00pe
MO/IENIN JINHENHOW PErpeCCUM K HCXOIHBIM JTaHHBIM.

[TocTtpouM Temneps none Kopperayuu N epagux NOAY4eHHO2O YPAGHEHUs. Jil-
HEUHOU pecpeccull.

Jliist aToro BeenuM ctonoubl X, Y, y, Beioepem B MeHIo Excel BeraBka —
Toueunas (pucynok 11).
W3 npemyiaraembix (opmatoB rpa@uKoB BbIOMpaeM NEPBBIA (COCTOSIIMNA U3

TOYEK).
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_3'.'-"I 1 a=s|=Ain Hirseen | =ACiemrcA CTpasa s s REE ] Vi SHAHF M= H ia
e . —_— Elal - —T " E l— 1 .
b ] HEDE e oM O @
AEDAHET abauice . FRomMaR K Qurp Gmarktel | | veicnoasis ipades Kpymoss ke Adatag L lageunsn  Lopne TeETTE
TERAHUS = DUEECTIMA - - e -
LERLIIOT Fasmotpanyey AT A | ToardiHaE | H]
Fa - I‘. =LBZ30+58531 83 5 s, :
W~ Smalivea 0 I - H v | |l L
1 Mparsan | neueHEEaA parpeocua) 1
2 | Mo X ¥ W Xy ki [ %1y o
3 1 33 0,15 1ED A.950 0144 0037 £
a 2 6 i, 1f 290 G.480 0,165 0,056 -
5 3 54 ] 2916 14,040 L25G oLy J
-5 50 020 3136 | 16,240 0,294 0031 ;
7 E 79 0,45 621 15,330 0454 0,005 [l Bez muneranzrpaun
o R 02% 3249 | 16530 | 0306 | 0054 |
o] fi [i5] 042 4624 28560 0. 3Ed 006G
“ap £ o el 5329 | 29930 0,413 0,005
it | o 57 028 A2 15960 (1,308 TN
a2 - 10 4 026 2304 12,440 0.245 0457
3l 11 | 61 [ o3 | 371|200 | TG3E | 0022 |
14 B2 59 naz Adil 15,550 (31% .00z
i e 03 0.37 422% 24,050 0.340 0nAdd
R 17 033 2209 10810 0,239 0.037
T RE 55 L 3564 17,980 0313 .05

Pucynoxk 11 — ®parment noctpoenus rpadurika B Excel

Ha sxpane mosiButcs rpaduk Buaa (pucyHok 12):

.5

0,45 n
0.4 *m

35 .-

P,

.25 ‘ * # Pagl
0.z M FPagl

0,15 ..

1
0,05

Pucynok 12 — ®parment noctpoenus rpaguka B Excel

3neck Pan 1 — nosie koppensiiuu (€ro Tak U OCTaBJIsIeM B BUJIE TOYEK), a Psi 2
— TpaduK ypaBHEHHUs JMHEHHOW perpeccuu (ero HeoOXOoauMO Mpeodpa3oBaTh).

BriOupaem Touky u3 Psna 2, «ménkaem» Mo Heil mpaBoil KHOMKOM MBIIIIH.
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B nosiBuBmemcst meHto (pucyHok 13) Beioupaem «M3MeHMTH THII AUATPAM-

MBI»:
0,5
.45 o
0,4 *m
0,35
0,3
| D25 ‘—. # Panl
| o2 W Pan
0,15 i’ FAAMTE
0,1 BT Bocianuss s Soprastpusssie oo
0,05 :ﬂ, IR | e NN LS et Al EE
a - Hh Braspam aanmar,.
0 a0 | 1ionopaT oELEHON DTy B |
| AofanuTe MOANHAS DaHHLE -
AoBABN | Oreue Tpes .
? Wopraar peaa AAHHB.

Pucynox 13 — ®parment noctpoenus rpaduka B Excel

U 13 npearaeMblx TouyeuHbIX rpadukoB BeIOMpaeM TpeTul (riagkas Kpusas 0e3

MapKepoB):
|0 \tafnoan R e — - — o
' wToe : = _BE= i i
EFM“:“' !§;-|J—_-|ﬂu:1|g|i
|¢ ':- e ':-... _ﬁ-... i g il : i iig |
| B Manedivaran |‘:_- el | |$F£ | = }E pg_‘
o [:F‘i . ofnacrsme [
| ki Touewiar :} | g -
[ Empmocsan = =
el MosepasiooT [ N
@ Honn
$ B uwhm]HMM!]
i 'ﬁ" NenecTwopas
] oo ] | |
[:_ s * 5 |.r=1 ____|.:’:‘?‘L |f“"‘#. _':
T | mpﬂnmem | | CASNATE CTaHARRTHIN ] | Otmena | !

Pucynok 14 — ®parment noctpoenus rpaduka B Excel
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OxoHyaTenbHO IrpaduK OyJET BBITISAETh CIEAYIOUUM 00pa3oM:

0,5
0,45
0.4
0,35
0,3
0,25 * + Paal

0.2 PaaZ

15
1
105

Pucynox 15 — Ilone koppensuuu u rpa@uk ypaBHEHUS JIMHEMHON perpeccuu

3. OneHka TeCHOTHI CBA3M MEXK1y MapaMeTpaMu

CoBpeMeHHas HayKa UCXOJUT U3 B3aUMOCBS3U BCEX SBJICHUI MPUPOBI U 00-
niecTBa. HEeBO3MOXKHO ymnpaBiiATh SBIEHUSIMU, MPEJCKA3bIBaTh UX pa3BUTHE O€3
M3YYCHUS XapaKTepa, CUJIbl U APYTUX OCOOEHHOCTEH CBS3EH.

[To cune cBsi3u MeXly IEpEMEHHBIMU PA3IUYAIOT C1abble U CUTbHbIE CBS3H.

3amaun KOPPEISLMOHHOTO aHaln3a CBOJATCA K M3YUYEHUIO TECHOTHI CBSA3U
MEXK]ly BapbUPYIOIIMMU MNPHU3HAKAMHU, OIPEICICHUI0 HEU3BECTHBIX MNPUYHMHHBIX
CBSA3€H M OLEHKE (PaKTOPOB, OKA3bIBAIOMIMX HAMOOJbIIEE BIMSHUE Ha pe3yibTa-
THUBHBIN NPU3HAK.

Jljisg u3MepeHust TECHOTHI CBSI3U MEXY (pakTopaMu MPUMEHSETCS] HECKOJIBKO

IoKa3aTeJen.

Juneiinolit Koaghpuyuenm Koppenayuu

ypaBHeHI/IC perpeccun BCCraa MAOMOJHACTCA ITOKA3aTCJIEM TCCHOTLI CBA3U.

[Ipu ncnoJIb30BaHNN JTMHEMHOM PETPECCUU B KQUECTBE TAKOIO IMOKA3aTENs BBICTY-
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NAeT JIUHElHbLU KO puyuenm koppenayuu. VIHOTIA ero Ha3bIBAIOT JIUHEUHbIU KO-
aghpuyuenm napHotl Koppeniyuu.

JIuneiHbIi K03 PUIMEHT KOPPETSIIMA MOXKET OBITH BRIUMCIICH IO POpMyJIie

Iy =

—y (26)

y—X
Oy O'

rac x — CpcaHecC 3HAYCHUC (b&KTOpHOFO ITPU3HAKA X; ,

x == (27)

y == (28)

Xy — cpeaHee 3HaueHue MPOU3BEACHUN X; Y;,

o nyl
xy =5 (29)

n

O, — Cpe/iHee KBaJpaTHUeCKOe OTKIIOHEHUE (PAKTOPHOTO IMpHU3HAKA X;

OT o01el cpeaHen x,

x*—x%; (30)

(o) y = CpeaHCC KBAJIPATHUICCKOC OTKIIOHCHUC PC3YJIbTATUBHOTO IIPHU3HAKA V;

OT o01Iel cpeaHei ;,

Yy -y, (31)
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JInneinbli K03()GUIMEHT KOPPEISLMH 7'y, IPUHAMACT 3HAYEHHS B TNAIIa30HE

—-1<ry,<1.
Yem Oupke BeNUYHMHA |ry,| K €IMHMIE, TEM TECHEE JIMHCHHAs CBS3b M TEM
JydIIie JIMHeWHAs 3aBUCUMOCTD COTJIACYeTCsI C IAaHHBIMU HAOJTFOICHHM.
IIpu r,, > 0 cBA3b ABISAETCS NPAMOI, IPU Iy, < O — 06pamHou.
IIpu |r,| = 1 cB3b cTaHOBHUTCA (PYHKIIMOHATBEHOM.

JI1s1 OIIEHKH TECHOTBI CBSI3M MPUMEHSIOT IKany Yennoka (tadnuia 6).

Taomumua 6 — lIkana Yegnoxa

llokazamenu Xapaxkmepucmuka
0,1-0,3 ciabast
0,3-0,5 yMepeHHast
0,5-0,7 3aMeTHas
0,7-0,9 BEICOKAs
0,9-99 BECbMa BBICOKAs

OpHako crnemyeT MMETh B BUAY, YTO BEJIMYMHA JUHEHHOTO KOd(hdummeHTa
KOPPEJISAILUUA OIICHUBAET TECHOTY CBSI3UM PACCMAaTPUBAEMBIX ITPU3HAKOB B €€ JIUHell-
Hoti ¢oopme. TloaTOMy OJIM30CTH K HYJIO BEJIMYHUHBI JUHEHHOTO Ko3(duimenrta
KOPPEJSIIAY €IlIe He 03HAYAET OMmcymcemaue c6a3u MexAy npuzHakamu. [Ipu nHon
crienuUKaIu MOJIETTU CBSI3b MEXKIY MPU3HAKAMU MOXKET OKa3aThCs JTOCTATOYHO

TECHOM.

Koaghpuuyuenm oemepmunayuu

JI71s1 O1leHKHW KadyecTBa Moa0opa JUHEHHOW MOJIeNIM BBIUMCIISIETCSl KBaIpaT JIK-

. 2
HEHHOT0 KO3 (HIMEHTA KOPPEIALHH Ty,

Ha3bIBa€MbIN K0aghhuyuenmom demep-
MUHAYUU.

KoadduureHt nerepMuHalui XapaKTEpHU3yeT AOJI0 JAUCIEPCUU DPE3yibTa-
TUBHOTO TPU3HAKA Yy, OOBACHIEMYIO perpeccuei, B oOIIel TUCTIepCUH Pe3yibTa-

TUBHOTI'O IIpU3HAKa.
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NupiMu clioBamu, Koaghguyuenm oemepmunayuu TMOKa3bIBACT, KaKas 4acTh
oOmielt Bapuanuy Pe3yJIbTATUBHOTO TPU3HAKA Y OOBSICHACTCS BIMSHUEM H3ydae-

Moro (axropa x.

COOTBETCTBEHHO BeNUYMHA 1— 7

, XapakTepu3yeT J0J0 IUCIEPCHH Y, BbI-

3BAHHYIO BIMSHUEM OCTAJIbHBIX HE YUYTCHHBIX B MOJAETHU (haKTOPOB.
H >,=0,96
anpumep, eciu r,,=0,96, To ypaBHeHHEM perpeccuu (M3y4aeMbIM (aKTo-

poM x) oObscHseTcsa 96% nucnepcuu pe3yabTaTUBHOTO MPU3HAKA Y, @ HA JOJIO
npounx (aKkTOpoB (HE BKIIOUEHHBIX B YpaBHEHHE perpeccun) mpuxoautcs 4% ee

JUCTICPCHH.
Ouenka 3HauuMocmu JTUHENH020 KOIpuyuenma Koppenayuu

[TokazaTenu TECHOTHI CBA3W, BBIYMCICHHBIE O JAaHHBIM CPAaBHUTEIBHO HeE-
OOJNBIION CTATUCTUYECKOM COBOKYITHOCTH, MOTYT HUCKa)XXaTbCsl MO JIEHCTBHEM
CIIy4yalHbIX TMPUYUH. DTO BBI3BIBAET HEOOXOJUMOCTh MPOBEPKU UX CYIIECTBEHHO-
CTH.

JI1sl OLIEeHKU 3HAYMMOCTH JITHEMHOTO KO3 (PHULIUEHTA KOPPEIALHNH 7y, IIPUME-
HseTcA t-Kputepuil CTbIOJICHTA, COIJIACHO KOTOPOMY BBIJABUTAETCS «HYJIEBAS» TH-
note3a Hy 0 CTaTUCTUYECKON HE3HAYUMOCTH KO3 UIlMeHTa JTUHEHHON Koppes-
10518

DTa TUIoTe3a OTBEPraeTcs MPU BHIIOJIHEHUH YCIOBUS

I > thuma

rae t,— paktuyeckoe 3HaueHue -kputepusi CThIOICHTa, ONPEEISIETCS KaK

: (32)

t}’ :rxy'

2
1=rg

tipum — KPUTHUECKOE (TAOIMYHOE) 3HAUCHUE, ONPENEIAETCS U3 TAOIULBI
3HaueHui f-kputepusi CThroJIeHTa (MpuiioxkeHue 3) ¢ y4ETOM 3a/1aHHO-

ro YPOBHS 3HAUUMOCTH « W YHUCJIa CTeNeHel cBOOOIbI k = n — 2.
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Onpenenenue. Yposuem 3nauumocmu (0003HaYaeTCS ) B CTATUCTHYECKUX
TUIIOTE3aX HA3bIBACTCSI BEPOATHOCTh OTBEPTHYTh BEPHYIO TUIOTE3Y (3TO TaK Ha3bl-
BaeMas ommOKa MepBOTO pojaa). YPOBEHb 3HAYMMOCTH 0L OOBIYHO MPUHUMAET 3HA-
yerus 0,05 u 0,01, 9TO0 COOTBETCTBYET BEPOSTHOCTH COBEPIICHUS OIIMOKH IEPBO-

ro pona 5% u 1%.

Taxum oOpazom, BeaucieHHoe 1o Gopmysie (32) 3HaueHue ¢, CPaBHUBACTCS C

tkpum'

Ecim

ty > t}cpum7

TO BEJIMYMHA JIMHEUHOTO KOA(PULIMEHTa KOPPEISILIUU TPU3HAETCS CYIIECTBEHHOM
(cmamucmuyecku 3HAYUMOI).

CoOTBETCTBEHHO, €CJI1
tr < thum’
TO MOATBEPKAAETCS HyJeBas runoresza Hy o cmamucmuueckol He3HauuMocmu Ko-
s dunrieHTa TMHEHHON KOPPETSIUU.
3ameuanue. [IpoBepka runoTe3bl 0 3HAYMMOCTH JIMHEWHOTO KO3 PUIIMEeHTa

KOppeIouKu paBHOCHUIIbHA ITPOBCPKEC I'MIIOTC3bI O 3HAYMMOCTH YPABHCHUA JINHE M-

HOM pPErpeccum.
4. IllpuMep BbIYUCIEHHUS JUHEHHOT0 K03 GuiiueHTa Koppeasiuuu

Hcnonb3yst JaHHBIE PAacCMOTPEHHOTO B IMyHKTE 2 mpumepa (Tabmuima 2,

cTp. 16), BBIYMCINM JTHMHEHHBIA KO3()(OUIUEHT KOPPEIALMH 7'y, KOODPHULIUEHT Je-
TEpMUHALUN rxzy. OneHnM 3HAYUMOCTH JIMHEMHOTO KO3(PPUIIMEHTa KOppesIuu

Iy C IOMOLIBIO f-KpuTEepUst CTHIONEHTA.

YroObl BBIYUCINTH JIMHEHHBIH KOIPOHULUEHT KOPPEIALUH 74y, IOMOJIHUM

tabnuiy 5 (cTp. 22) KONMOHKOH Y ‘u CTPOKOMW CpeHUX 3HAYEHUH, TIOTyIUM TabIIu-

uy 7.
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Cpennue 3HaueHus, ¢ yuetom popmyi (27)—(29), onpenenstorcsi Kak cymma,
neneHHas Ha n = 20.

Brerancnum BHauaze o ¢opmyne (30) cpenHee KBaapaTuyecKoe OTKIOHEHHUE

(dbakTOpHOrO MpHU3HAKa X; OT 00IIel CpeaHe x

o, =x" - € =/3362,2-56,733" =11980

u o popmyne (31) cpemnee KBagpaTHUIECKOE OTKIOHEHHE PE3yJIbTaTUBHOTO TIPH-

3HaKa y; OT oOllel cpeHen y
o, =y’ - € =1/0,099-0304> = 0,082.

Tabnuua 7 — JlaHHbIe 115 ONpeeICeHHs] IMHEWHHOTO Kod(DPUuImeHTa Koppesiuu

N X=V | Y=0 X’ Xy y yyy Y’
1 33 0,15 1089 4,950 0,144 0,037 0,023
2 36 0,18 1296 6,480 0,165 0,086 0,032
3 54 0,26 2916 14,040 0,286 0,099 0,068
4 56 0,29 3136 16,240 0,299 0,031 0,084
5 79 0,45 6241 35,550 0,454 0,008 0,203
6 57 0,29 3249 16,530 0,306 0,054 0,084
7 68 0,42 4624 28,560 0,380 0,096 0,176
8 73 0,41 5329 29,930 0,413 0,008 0,168
9 57 0,28 3249 15,960 0,306 0,092 0,078
10 48 0,26 2304 12,480 0,245 0,057 0,068
11 61 0,34 3721 20,740 0,333 0,022 0,116
12 59 0,32 3481 18,880 0,319 0,002 0,102
13 65 0,37 4225 24,050 0,360 0,028 0,137
14 47 0,23 2209 10,810 0,239 0,037 0,053
15 58 0,31 3364 17,980 0,313 0,008 0,096
Cymma
b)) 851,000 | 4,560 50433 273,180 4,560 0,665 2,203
Cpeonee
)
n 56,733 0,304 3362,2 18,212 0,304 0,044 0,099




32

KoadduiuenT Koppensuun 1y, BBIYUCIUM 110 (popmyie (26):

x-y _18212-56,733-0304
o, 11,980-0,082

=0,98.

Fry a
o,
[To mxane Yegnoka (mpuioxkeHue 2) CBI3b MEXIy EPEMEHHbBIMU BEChMa BblI-
COKasl.
Tak kak r,, > 0, TO cBA3b MeXkAy (PAKTOPOM X U PE3YJILTATUBOM Y NPAMAA.
To ecTh, ¢ yBeIMUYEHUEM CKOPOCTH aBTOMOOWIIS V yBEJIMYUBAETCA PacXoj TOTUIM-

Ba Q.

Koaddumment nerepmunanvu paBeH:
rfy =098 =096,

TO ecTh 96% Bapualnuu pe3yJbTaTUBHOTO MPU3HAKA y (pacxojia TOIJIMBA) 00bsIC-
HSETCS BKJIFOUCHHBIM B ypaBHEHHUE JUHEHHOU perpeccuu (25) pakropom x (u3me-
HEHHEM CKOPOCTH aBTOMOOWUJIA), a 4% MPUXOAUTCS HA OO0 (DAKTOPOB, HE BKIIO-
YEHHBIX B YPaBHEHHE PETPECCHUM.

OneHuM 3HaYMMOCTH JIMHEHHOTO KOd(QUIMEHTa KOPPEIALUHH 7y, C IOMO-
uipto f-kputepus CterogenTa. s storo no gopmyne (32) Haiinem dakTuyeckoe

3HaueHue 7-kpurepus CThIOAEHTA:

098 15—_26 _17.73.

)

OmnpenesumMm KpUTHYECKOE 3HAYCHUE 1y, 10 TAOIMIE 3HAYCHUH t-KPHUTEPUS
CrrronenTa (npusioxenue 3) ¢ yuétom ypoBHs 3Haunmoctu « =0,05 u dncna cre-

neHen cBooonpl k=n-2=15-2=13
tipum = 2,16.

Tak kak 17,73 > 2,16 (¢, > tpum), TO BEIUYMHA JTUHEHHOTO KOd(PPHUINEHTA
KOppEJSIUU MPU3HAETCS CyllecTBeHHOU. Ce0BaTeIbHO, U YPAaBHEHUE JTUHEHHON

perpeccuu (25) cTaTUCTUYECKU 3HAYUMO.
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S. 3amaHus 1 CAaMOCTOATEIBLHOM PadoThI

1. Ilonmyuuts y mnpemnopaBareiis WHIUBHIYaJIbHbIE 3aJaHUs (IKCIEPUMEH-
TaJIbHBIE IaHHBIC X, V) — IPUJIOKEHHE 1.
2. PyKOBOJCTBYSICh PAaCCMOTPEHHBIM MPUMEPOM U B COOTBETCTBUHU CO CBOUM

3aJlaHUEM 3alO0JHUTh TaOHIly (Y KaXJI0ro CTyJIeHTa CBOM BapUaHT):

Yi _)A}i
Vi

Ne X Y XY X’ y

3. Bemuaucouth apu a;, COCTaBUTh YPABHEHUE JIMHEUHOW PETPECCUN
y =ap+ aX.

4. BpIUUCIUTH CPEIHIO OLMIMOKY allpOKCUMAIUU U ClIeJaTh BBIBOJ O Kaye-
CTBE YPaBHEHMS JTUHEUHON PETPECCUM.

5. TlocTpouTts mosie KOppeasiuuu U rpaduk MOIy4eHHOrO YpaBHEHUS JUHEH-
HOM PETpECCUM.

6. BpruucnuTh TMHENHHBIA KOA)PUIIMEHT KOPPEIALHNH, OLIEHUTh TECHOTY CBS-
34 1O wKaie Yeanoxa.

7. Bpraucauth K03(QQGUUUEHT NeTepMUHALMU, UHTEPIPETUPOBATH MOJTYYEH-
HBIM pe3yJIbTaT.

8. OLIEHUTh 3HAYUMOCTh JJUHEHHOTO KO3(PUIMEeHTa KOppelsilud U ypaBHe-

HHUS TMHEWUHOMN PErpecCru ¢ MOMOIIbI0 Kputepusi CThIOAEHTA.

9. CocTaBuTh OTUET IO JIAOOPATOPHOU pabdoTe.

6. Coagep:xanue oTyera
OTyeT JOJIKEH COAepKaTh:

1. Omnpenenenus u GoOpMyIbl, U3TO0KEHHBIE B TEOPETUIECKON YacTu Jadbopa-
TOPHOM pabOTHI.

2. I/ICXO,Z[HBIG JAHHBIC W PE3YJIbTAaTbl BBIITOJIHACMBIX BaﬂaHHﬁ.
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KoHTpoJibHBIE BONPOCHI

1. JlaiiTe onpeneneHne mnous KOppensiuuu.

2. 3anuinTe ypaBHEHUE NAPHOU JIMHEHON pETPECCHH.

3. O0bsacHUTE CYyTh METO/]a HANMEHBIIUX KBaIPATOB.

4. IlpuBenure cuCTEMY JUJIsI HAXOXKAECHUS [MApaMETPOB JINHEWMHOW pETPECCHUMN.

5. Ilpuseaute dhopmynsl Kpamepa u hopmyssl onpeaenuteneit 1jsi BIYUCIIe-
HUs IAPAMETPOB JINHEMHON PETPECCHH.

6. IlpuBenutre Qopmyiy cpeaHell OIMMOKH anmpOKCUMAIMM W TOSCHUTE
CMBICJI 3TOW BEJIUYUHBI.

7. O0bsicHUTE, Kak B Excel moctpouts rpapuku.

8. JlaifTe onpeeneHre TMHEHHOTO KO3 GUIIMEHTa KOPPEISILIUU.

9. Kakue 3HaueHuss MOXKET NPUHUMATh JUHEHHBIM KO3(P(PULIUEHT KOppes-
an?

10. /I yero npumeHsroT mkany Yemgoka?

11. [Jaiite onpeneneHue kodpduirieHTa JeTEpMUHALIUH.

12. Kak OIleHUTh 3HAYMMOCTh JIMHEHHOTO KOd(DQUIIMEHTa KOpPENsiuu U
YPaBHEHMS JIMHENHOM perpeccuu’?

13. Onpenenure NOHATHE «KYPOBEHb 3HAUUMOCTH.

14. Onpenennute NOHATHE «IUCIIO CTENeHEelH cBOOOIbI» B KpuTepuu CThIOICH-

Ta.
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JIABOPATOPHO-ITIPAKTUYECKHUE 3AHATHUSA Ne 3, 4

Tema: YpaBHeHus napHoi HenuHeHHOW perpeccuu. IlapaGonuueckasi, ru-
nepOomyecKas perpeccusi.

Henab padorsi: [l03HAKOMUTECA C ypaBHEHUSMH NapHOW HEIMHEHMHOW pe-
IPECCUM — YpaBHEHUSMHU  MapabOIMUYECKOM, THIEpOOIMYECKON pErpeccuH,
HAYYUThCS HAXOIUTh MapaMeTPbl ypaBHEHUN NapaOdOoIMdecKol, runepOoaIndecKon
perpeccur ¢ ucnoiip3oBaHueM Excel M COOTBETCTBYIOIIME UM CpPEIHHE OIMIMOKU

alIIIpOKCUMAaIluH.

1. llocTpoenne ypaBHeHUs NapadoIM4yecKoii perpeccuu

Ecnu mexny sIBICHHSMM CYLIECTBYIOT HEJIMHEHHBIE COOTHOILEHHMS, TO OHHU
BBIPAKAIOTCS C MOMOIIBIO COOTBETCTBYIOUIMX HEIMHEHHBIX (DYHKLMIA: mapaldoisl,
runepoosbl, Jorapu@MUUecKor, CTENEHHON, M0Ka3aTeIbHOU, 3KCIOHEHIIUAIbHOMI
(GyHKLIHH.

Ecnu npu paBHOMEpHOM BO3pacTaHUM X 3HAYEHUs Yy BO3PACTAIOT WIIM YOBbI-
BalOT YCKOPEHHO, TO Yallle BCErO B 3TOM CIIy4ae 3aBUCUMOCTb MEXKIY KOPpPEIupy-

E€MBIMH BEJIMUMHAMH MOXET OBITh BEIPAKEHA B BUJIC IMTAPaOOJTBI
. 2
Y=ap+ arx+ ayx’, (33)

IapaMmeTpbl KOTOPOM HAXOJAT IIyTEM PELIEHUS] CUCTEMbl HOPMAJIbHBIX YPABHEHUM:

n n n
a0n+a12xi +a22xi2 = Zyi
il i-1 i-1

n n n n
DI IEARTIDIAED IEA U (34)
i=1 i=1 i=1 i=1

n n n n
LaOZ;xiz +alz;xl.3 +azz;xf = Z}:xizyi
i= i= i= i=

Pemmuts cuctemy (34) OTHOCHUTENBHO MapamMeTpOB dy, d;, d» MOXKHO METO-

noM Kpamepa:



Aa,
a, = » a4
A

Aa,

= H a2: H

A

rae A — omnpeaenuTtenb OCHOBHOW MaTpPHUIbl CUCTEMbI ypaBHEHHUH (34):

n n
n Z 'xi Z 'xi2
i=1 i=1

-

n n
PIEADIEY
i=1 i=1

n n n
Se e T
i=1 i=1 i=1

(35)

(36)

a Aa,, Aa,, Aa, — ONpeneNIATENN, TOTy4aeMble U3 A 3ameHol 1-ro, 2-ro u 3-ro

CTOJIOI[a COOTBETCTBEHHO Ha CTOJIOEI] CBOOOJHBIX UJIEHOB (IIPABBIX YACTEH ypaB-

HEeHUM cucteMsl (34)):

Z}yi in Z'xiz

L
<[

I
e
=

M
=
=
g
Rl

(37)

(38)

(39)
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IToncrasiss HaliiCHHBIE BEJIUYUHBI 4, d,, a4, B ypaBHeHue (33), nonydum

HMCKOMOE YpaBHEHHE MMapadoIMYECKON perpeccumu.

2. Ilpumep nocTpoeHusi ypaBHeHHUsI NapadoIu4YecKoil perpeccuu

NmeroTcst nanHble 00 MU3MEHEHMH pacxoia TorimBa Q (JI/KM) aBTOMOOWJIS

IIPY U3MEHEHUH CKOPOCTH ero ABMxkeHus V (km/4) (tabmuma 2, mabopaTopHas pa-

oora 1, ctp. 17).

Heo6xo1uMo MmojayduTh ypaBHEHHUE MapaOOIMYeCKONW pPerpeccuu, OTpaxaro-
nee 3aBHCHUMOCTh pacxoja TOIUMBa OT CKOpocTH aBToMoOmiIs Q(V). OueHuthb

Ka4CCTBO MOACIIN C IIOMOIIBIO cpez[Heﬁ OIINOKH allIIpOKCHUMalu. HOCTpOI/ITB I10-

Jie KOppesiuuu U rpaduk NoJydeHHON napaboanvecKor 3aBUCUMOCTH J(x).

st onpenenenust kKodPpPUIuEeHTOB MapaboIMIECKON perpeccun U CpeaHeu

omuOku annpokcuMmanuu B Excel HeoOxoaumMo paccuutath Tabiauily 8 cliieayrolie-

o BHUaa:

Tabnuua 8 — Jlanusie 17151 onpeneneHus Ko3pGUIMEHTOB MapadoIudecKon
pErpeccuu U CPeTHEH OITMOKHU anmpOKCUMAaITUN

Vi~ Vi
M | X=V|Y=0| X X’ X Xy X’y y v,
1| 33 [ 015108 | 35937 | 1185921 | 495 | 16335
2| 36 | 018 | 1296 | 46656 | 1679616 | 648 | 23328
3| 54 |026 2916 | 157464 | 8503056 | 14,04 | 758,16
41 56 | 029 | 3136 | 175616 | 9834496 | 1624 | 909,44
5| 79 | 045 | 6241 | 493039 | 38950081 | 35,55 | 2808.45
6 | 57 | 029 | 3249 | 185193 | 10556001 | 16,53 | 94221
7| 68 | 042 | 4624 | 314432 | 21381376 | 28,56 | 1942,08
8 | 73 | 041 | 5329 | 389017 | 28398241 | 29,93 | 2184,89
9| 57 | 028 | 3249 | 185193 | 10556001 | 1596 | 909,72
10| 48 | 026 | 2304 | 110592 | 5308416 | 12,48 [ 599,04
11| 61 | 034 | 3721 | 226981 | 13845841 | 20,74 | 1265,14
12 59 | 032 | 3481 | 205379 | 12117361 | 18,83 | 111392
13| 65 | 037 | 4225 | 274625 | 17850625 | 24,05 | 1563,25
14| 47 [ 023 | 2209 | 103823 | 4879681 | 10,81 | 508,07
15| 58 | 031 | 3364 | 195112 | 11316496 | 17,98 | 104284
X | 851 | 456 | 50433 | 3099059 | 196363209 | 273,18 | 16943,84




ypaBHEHHE MapaOdOIMIECKi perpeccuu.

Aa,

Aa,

Aa,

n n n
PIEEDIEANDIEA
i=1 i=1 i=1
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Brrunciaum onpenenurenu (36)—(39):

n n 5
Br £
i= i=

n n n 2
le Vi le X; le X
i= i= i=

'21: X Vi 21: X 21: X
i= i= i=

n n n
Sty T 3
i= i= i=

n n 2
n Z Vi Z Xi
in1 i-1
n n n 3
Z X Z XY Z X
i=1 i=1 io1
n 2 n 2 n 4
Z X Z X Vi Z X;
in1 i-1 in1
n n
n Z i Z Yi
i-1 i-1
n n 2 n
Z X Z X X Vi

15

ixf Zn:xf = 851
i=1 i=1

50433 3099059 196363209

851

4,56

= 273,18

15

= 851

15

=851

50433

50433

851

50433
16943,84 3099059 196363209

4,56

27318
50433 16943,84 196363209

851
50433

50433 3099059 16943,84

3099059

I[BG INOCJICAHUEC KOJIOHKH Ta6J'II/II_II>I 3aIl10JIHUM IIOCJIE TOI'0, KaK IIOJYy4YHUM

50433
3099059

50433
3099059

4,56

27318 |=422933.8.

= 16970671488,

= - 86064954 4,

= 67388267,88,
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3ameuanmne. /{15 BeruucieHus onpenenurenei B Excel Heo6XxoauMo nCosib-

30BaTh ¢pynkiuio MOIIPE/L.

Brruucianm HemsBecTHbIE KOA((DHUIMEHTH ypaBHEHHS NapaOOIHYecKol pe-

rpeccuu 1o dhopmyinam (35):

Ha pucynke 16 m3zo0paxkeH ¢pparMeHT JHcTa

o = Aa, _ -860649544 _ 0.0051:
A 16970671488
L Aa, 6738826788 0
" A 16970671488
‘- Aa, 4229338  _ 0.000025.
A 16970671488

METPOB YpaBHEHHS NapaboINIeCcKON perpecCu.

Excel nipu BbIYUCIIEHUM Tapa-

H 1 |

Pucynoxk 16 — ®parment nmcra Excel

-:l_ L L3 E F Iz
T = v a¥ %" x* £ =y i [(w-0w |
1 k] 13 1039 15097 1185321 495 163 35 |
y A 1,14 1200 L] 1472516 48 233128 |
3 | s+ 0,26 e L5 g4 ss030se | 1404 | fssle | . ]
i | se | oz | 31se 175616 IEIHIG 1624 | 00944 |
5 = 0.43 G241 194139 IReHE] 15,55 IRBEAS |
4 57 a2e 1ras 155157 10256001 LG655 o e |
i (i a4l 4024 L4432 21381378 1554 184208
B 3 oAl 533m JESOLT ZEIFEI4] 1993 218489
o 57 0.28 1142 185153 0= 5001 L= 246 By, 72
1] 43 02 T | 10552 SIELTE 1 =48 S04 04 |
ti i1 1,54 I 235091 15845841 20,74 1248 14 |
Iz h1h 0,53 JaEE 205379 121717341 LEEE 111382 i
L3 ] 0.537 f225 2T RS 17E506ES 2405 1533.25 |
[+ 47 21 FEe Y ek 4RT581 1081 S0 07
is 54 151 1ie4 1¢5112 11314454 L7398 142 8
£ axl 4.5 0453 J0EHISH [Sa363208 | 213,18 16543, 854 .
| cpEgmes 6.733 B304 5611 20E503.535 130908805 18312 1119 5B%
A= I5 B3l 20433
bxl 0433 SEErEMEED = 1620 /DG 1488 al= - H0A1
50433 MeR05R [R03G320%
Aal= 4356 E51 0433
2318 433 SUEHHEES = -Behauna al= bR
1054324 3005 LAGIG320
1al= (13 356 pl e ar= 02
B3t 273148 ISR = GTER2ETEE
33 & 10543, 54 LRG3
2 | Aal= I & E5| 4 %8
B31 30453 M8 = 4225358
SMEE MR EE Ll ]



CKOU pErpecCcuu.
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HOJIy‘IGHHble 3HA4YCHUA ap , d; U dp NIOACTABUM B YPaBHCHHUC Hapa60m/1qe-

Haiinennoe ypaBHeHHe mapaboInueckoit perpeccuu OyaeT UMeTh BU:

A

y:

-0,0051 + 0,004-x +0,000025-x>.

(40)

YToOBl MPOBEPUTH KAYECTBO MOJYYEHHOIO ypaBHEHHUS NapaOolIMYecKou pe-

rpecCun, 3all0JJHUM JIBC ITOCJICIHHNC KOJIOHKH Ta6JII/IIIBI 6, IIoaACTaBHNB B 57 3Ha4cC-

HUA ag, dp U a.

3ameuanue. [Ipu mnojcTraHoBke B TaONMIy 3HAUYCHUM ag, d; U dr 3aKpe-

IIMTb B CCBUIKAaX ajape€ca KICTOK, I'’IC HAXOAATCA 3HAYCHUA Ao , A1 U dy, UCIIOJIB3Y:

cumBo $ (pucyHok 17):

Budicsritimcial (RITEN Bl inbs fali ier s CTHM
12 - S| =SIE21451525 B G152 0D
A B G ¥ E F i3 H | J

1 M X ¥ x? X % A 'y R

z 1 13 013 UL 13037 1183021 493 16333 0,133

3 2 36 1% 1250 46636 LET0E10 6,45 23328

g 3 il 0,26 2810 137404 BA03050 14,44 710

5 q 30 2o 3130 173610 2534490 14,24 Qe.ad

& 5 o .43 6241 d9305% 5030081 1555 W08 45

7 fi 57 N2 3249 1831%5 10336001 16,53 94221

g 7 5 042 424 314432 21381370 2850 184208

9 & 73 041 3329 JER01Y 2E30E241 2993 215489

{1 57 028 3249 1831593 10336001 1595 Q0w 72

i 10 48 026 2304 110582 SI0EALE 1245 356,04

12 11 fil 034 372l 226081 13843841 20704 126514

i i I b 9 032 3481 203370 12117361 1888 111392

W 13| 6 | 031 4 274625 | 17830625 2405 156325

s W47 |03 o loss | 4goesl 1081 0807

16 13 3B 03l 3304 193112 11316450 1798 104284

.| I B3l 1.36 20433 J0ganis 196363200 27318 16943,84

18 cpemree 36,733 0,204 KXT 200003,932 | 130908E06  LEZ12 1120330

ybenurech, 4To

Pucynok 17 — ®parment nmcra Excel

Beruucnure ocraBmmecs 3HadueHust y (tabnwma 9). Haiigure cymmy y u

Yy=2Xy.
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I[JISI OIICHKH Kady€CTBa MOACIIU HaﬁﬂeM CpE€AHIOIO OIIII/I6Ky AIIIIpoOKCUMaIun

o dopmyiie (24):
M% 100%.
Yi

acly
n =

A

i i

Vi

I[JI?I 9TOI0 3aII0JIHUM ITOCJICAHIOIO KOJIOHKY Ta6J'II/IHI>I 9, BBIYHMCJIIMB

3ameuanue. UToObl BBIUKUCIUTH MOOY/1b, BOCHONB3yHTeCh (yHKIMEeH ABS
(Haiitu e€ MOXHO cpenn MatemaTuueckux QyHKIUH, BBIOpaB KoMaH1y @opMyJibl

— BeraButh Qpynkumio B meHio Excel)

Tabnuua 9 — Beruncienue 3Ha4eHU y U

A
-
Yi

Vi

=
p
I
<

Y=0| X X’ Xt XY X’y y

33 0,15 | 1089 | 35937 1185921 4,95 163,35 | 0,153 | 0,021
36 0,18 | 1296 | 46656 1679616 6,48 233,28 | 0,170 | 0,055
54 0,26 | 2916 | 157464 | 8503056 | 14,04 758,16 | 0,282 | 0,085
56 0,29 | 3136 | 175616 | 9834496 | 16,24 909,44 | 0,295 | 0,019
0,45 | 6241 | 493039 | 38950081 | 35,55 | 2808,45 | 0,464 | 0,031
57 0,29 | 3249 | 185193 | 10556001 | 16,53 942,21 | 0,302 | 0,042
68 0,42 | 4624 | 314432 | 21381376 | 28,56 | 1942,08 | 0,380 | 0,095
73 0,41 | 5329 | 389017 | 28398241 | 29,93 | 2184,89 | 0,418 | 0,019
57 0,28 | 3249 | 185193 | 10556001 | 15,96 909,72 1 0,302 | 0,079

O 0| | O] | K| W N =
~J
=}

10| 48 0,26 | 2304 | 110592 5308416 | 12,48 599,04 | 0,243 | 0,066
11| 6l 0,34 | 3721 | 226981 | 13845841 | 20,74 | 1265,14 | 0,330 | 0,030
12| 59 0,32 | 3481 | 205379 | 12117361 | 18,88 | 1113,92 | 0,316 | 0,013
13| 65 0,37 | 4225 | 274625 | 17850625 | 24,05 | 1563,25 | 0,358 | 0,032
14| 47 0,23 | 2209 | 103823 4879681 10,81 508,07 | 0,237 | 0,029
15| 58 0,31 | 3364 | 195112 | 11316496 | 17,98 | 1042,84 | 0,309 | 0,003
2| 851 | 4,56 | 50433 | 3099059 | 196363209 | 273,18 | 16943,84 | 4,56 | 0,616
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Torz:a cpeanssa omubKa AIlIIPOKCUMAIIM paBHA:

A= L.0616-100% =4.11%.
15

Ommbka anmpokcUManuu MeHbIe 7%, 94TO TOBOPUT O XOPOIIEM MOa00pe
MO/ISJIN TapaboIMIECKON PErpPeCCHH K UCXOIHBIM JTAaHHBIM.

[loctpoum Temeps nose Koppersyuu WM 2pagux NOIYUEHHO2O VPABHEeHUs!
napabonuueckoll pecpeccuu.

Jis aToro BeaenuM cronbubl X, Y, y, Beioepem B MeHio Excel BeraBka —
Toueunasn. 13 npennaraembix (opmMaroB rpaukoB BeIOMpaeM MHEpBbIH (COCTOS-
YN U3 TOYEK).

Ha skpane nosiButcst rpaduk Bua

01,5

4z '

0,35 ‘ #Pagl

0.z B Pag2

0,1
0,05

B 20 40 GO = a0

Pucynox 18 — ®parment noctpoenus rpaduka B Excel

3neck Pan 1 — nosie koppensiiuu (€ro Tak U OCTaBJIsIeM B BUJIe TOYEK), a Psi 2
— rpaduK ypaBHEHUS MapabONMUecKoi perpeccuu (ero HeoOXoauMo mpeodpaszo-

BaTh). BeiOupaem Touky u3 Psna 2, «ménkaem» 1o Hel mpaBod KHOIKON MBIIIIH.
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B nosBuBmemcs MeHi BblOMpaeM «H3MEeHHTH THI AHATPAMMBIDY U U3
npearaeMbeix TouedHbIX TpaduKOB BEIOMpaeM TpeTuid (Tiiajakas kpusas 06e3 map-
KEpOB).

OxoHyaTeNnbHO TpaduK OYJET BBITIISAETh CIEAYIOUUM 00pa3oM:

035

0,45 %
b .4/
04

0ah

1]
0,35 o + Fagl

- e, 1112

0 1z 0 0 20 &0 i a0 oo

(R
L)

Pucynox 19 — Ilone koppensuuu u rpa@uk ypaBHEHUS

napaboJu4YecKoil perpeccuu
3. IlocTpoeHue ypaBHeHUs1 THNEPOOJINYECKOil perpeccun

OOparHast 3aBUCUMOCTb MEXK/Ty ABYMs BeTUYMHAMU (KOT/Ia C YBETUUCHUEM X

YMEHBIIAETCS ) MOXET BbIPAXKaThCA YPABHEHUEM THUIIEPOOIIBI

5 =ag+ L, (41)
X

rapaMeTpbl KOTOPOTO HaXOJAT, peulasi CUCTEMY YPaBHEHUI

n 1 n
an+a,X—=2xYy,
=X, =

42)
n 1 n 1l ny
aoz_+alz_zzz_

=l X, i=lx;  iElX
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s peuienue cuctembl (42) OTHOCUTENBHO HEU3BECTHBIX @y, d; TaKXKe BOC-

noae3yemcs merogoM Kpamepa:

Aa, Aa,
a,=—, a=—-, 43
0=, 1= (43)
rae A — omnpeaenuTens OCHOBHOW MaTpUIbl CHCTEMbl yYpaBHEHHM (42)
n |
n > —
=1 X,
A= , (44)
n 1 n 1
X2— X—
i=1 xl i=1 xl

a Aa, M Aa, — ONpPENEINTENH, [TOJIydaeMble U3 A 3ameHold 1-ro m 2-ro crtond-

11a COOTBETCTBEHHO HA CTOJIOEI] CBOOOJHBIX WICHOB (MPaBbIX YacTel ypaBHEHUI

cuctemsl (44)), TO eCTh

n n 1
z y,- z -
i=1 i=1 xi
Aa, = ; (45)
n . n 1
IELI
i=1 'xi i=1 'xi
n i} Yi
Aa = . (46)
n 1 n yi
2— X
i=1 'xi i=l1 'xi

[ToncraBiisist HaICHHBIE BEJIMUUHBI @, @ B ypaBHEeHHE (41), mOITyduM UCKO-

MO€ YpaBHEHHE TUIIEPOOTHUECKON PErPEeCCUH.

4. TlpuMep nocTpoeHusi ypaBHeHUs rUNepooJIN4ecKoil perpeccuu

NmeroTcst nanHbie 00 M3MEHEHHMH pacxonaa ToruBa Q (J1/kM) aBTOMOOWIISA
MIpU U3MEHEHUU CKOPOCTH ero JBrkeHus: V (km/4) (maboparopHas padorta 1, cTp.

17, Tabmnmna 2).
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Heo0xoaumMo TOMYyYUTh ypaBHEHHE THUNEPOOIMYECKOM perpeccuu, OTpaka-
I0IlI€€ 3aBUCUMOCTbH pacxojia ToIiuBa OT ckopocTu aBToMoOuist Q(V). OueHuthb
Ka4eCTBO MOJICIIM C TIOMOIIIBIO CPeIHEH OMMUOKY anmpokcuMaiuu. Iloctponuts 1o-
JIe KOPPEISAIUU U rpaduK MOTydeHHONW TUIepOOTNIeCcKOi 3aBUCUMOCTH J(X).

Jlnst onipenenennst K03 GUITMEHTOB THIEPOOTHMIESCKON PErPECCUr U CPEaHEH
omubOku anmpokcuMmaruu B Excel HeoOxoaumo paccuutath Tabnumy 10 crnemyro-

IIETO BUJA:

Ta6muma 10 — Jlanusie ajis onpeaeneHus ko3 GUirmeHToB

runepO0IMYECKON PErpecCrur U CpeIHEN OMMOKHU annpoOKCUMAaIiu

1 RS Y Y=

M | X=V Y =0 X X2 X y Vi
1 33 0,15 0,0303 0,0009 0,0045

2 36 0,18 0,0278 0,0008 0,005

3 47 0,23 0,0213 0,0005 0,0049

4 48 0,26 0,0208 0,0004 0,0054

5 54 0,26 0,0185 0,0003 0,0048

6 56 0,29 0,0179 0,0003 0,0052

7 57 0,29 0,0175 0,0003 0,0051

8 57 0,28 0,0175 0,0003 0,0049

9 58 0,31 0,0172 0,0003 0,0053

10 59 0,32 0,0169 0,0003 0,0054

11 61 0,34 0,0164 0,0003 0,0056

12 65 0,37 0,0154 0,0002 | 0,0057

13 68 0,42 0,0147 0,0002 | 0,0062

14 73 0,41 0,0137 0,0002 | 0,0056

15 79 0,45 0,0127 0,0002 | 0,0057

b 851 4,56 0,2787 0,0055 0,0794

I[Be IIOCICOAHHUC KOJIOHKH Ta6JII/II_U:oI 3aI10JIHUM IIOCJIC TOI'0, KaK IIOJYy4YHUM

ypaBHEHUE NTapaboTMIECKOM PErPeCCUH.
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Brruncnum onpenenurenu (44)—(46):

L
-1 X, 15 0,279
A= _ = 0,00496,
»1 211 10279 00055
>— Y—
i=1 xi i=1 )Cl
i yi i -
i1 i1 X, 456 0,279
Aao = = = 0,003,
vy, 2 1| 10,0794 00055
IEA i
i=1 'xi i=1 'xz
TRV s 0279
Aa, = = = -0,080.
n 1 $Yi| 0279 00055
i=1 'xi i=1 'xz

3ameuaHnue. I[J'ISI BBIYHMCJIICHHUA OHpeIIGJIHTeJIGP'I B Excel H€06XOI[I/IMO HCIIOJb-

30Bath PyHkuuo MOITPE/L.
Boruncnum HeusBecTHbIE KOA(PPUIIMEHTH ypaBHEHUSI THUIEPOOIMUECKON pe-

rpeccuu 1o ¢popmynam (43):
4 = Aa, _ 0,003 — 0.605:
A4 0,00496

a1=A“1= “0080 6185
A 0,00496

[TonyueHHbIe 3HAYEHUS 4y U @) TOJICTABUM B YpaBHEHUE THUMNEPOOTUYECKON

perpeccum.
Hailinennoe ypaBHeHre runepO0IMuecKoi perpeccuu 0y1eT UMETh BU/L:
. 16,1
y =0,605 - 6185 . (47)
X

YToOBl MPOBEPUTH KAYECTBO MOJIYYEHHOTO YpaBHEHUS TUNEpOOIMYECcKOM pe-

rpeCcCuu, 3a110JIHUM ABC IMOCICIHUC KOJIOHKH Ta6J'II/II_ILI 10, ImoaACTaBHUB B )A/ 3HAa4C-

HUS apU a; .
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3ameuanue. [Ipu mnojacraHoBKe B TaONMIy 3HAYEHUU ayp U @, 3aKPENUThH B

CChbIIKax ajgpcca KJICTOK, I'’/IC HAXOAATCA 3HAYCHUA dg , d1, HCIIOJIB3YySA CUMBOJI $

Beraucnute ocraBmmecs 3HadeHus y (tabmuna 11). Haliaure cymmy y u
yOeuTeCh, 4TO

Yy=Xy.

I[JI?I OLCHKHN KadcCTBa MOACIIN HaﬁILCM CPCAHIOIO OHIH6Ky AIIIIpOKCUMaAInn

o ¢opmyiie (24):

A= li M%IOO%.
noi=t| Yy,
JI71s1 5TOTO 3aMOJHUM MOCIIETHIOI KOJIOHKY TaOJIUIIbI, BEIYUCIIUB %
Ta6bmuna 11 — Beruncnenve 3Ha4eHUi y U 2% ; i

1 1 Y Y=Y

N | X=V|Y= X X2 X y Yi
1 33 0,15 | 0,0303 | 0,0009 0,0045 0,11 0,24
2 36 0,18 | 0,0278 | 0,0008 0,005 0,16 0,14
3 47 0,23 |0,0213 | 0,0005 0,0049 0,26 0,13
4 48 0,26 | 0,0208 | 0,0004 0,0054 0,27 0,03
5 54 0,26 | 0,0185 | 0,0003 0,0048 0,30 0,17
6 56 0,29 |0,0179 | 0,0003 0,0052 0,32 0,09
7 57 0,29 |0,0175| 0,0003 0,0051 0,32 0,11
8 57 0,28 |0,0175| 0,0003 0,0049 0,32 0,15
9 58 0,31 |0,0172 | 0,0003 0,0053 0,33 0,05
10 59 0,32 | 0,0169 | 0,0003 0,0054 0,33 0,03
11 61 0,34 | 0,0164 | 0,0003 0,0056 0,34 0,00
12 65 0,37 |0,0154 | 0,0002 0,0057 0,36 0,04
13 68 0,42 |0,0147 | 0,0002 0,0062 0,37 0,13
14 73 0,41 |0,0137 | 0,0002 0,0056 0,38 0,07
15 79 0,45 10,0127 | 0,0002 0,0057 0,40 0,11
2 | 851 4,56 |0,2787 | 0,0055 0,0794 4,56 1,48
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3ameuanue. UToObl BBIUKUCIUTH MOOY/1b, BOCHONB3yHTECh (yHKIMeH ABS
(HaiiTn e€ MOXHO cpeau MartemaTuueckux (QyHKUMHA, BBIOpaB kKomaHay Dop-

myJibl — BeraButh pyHkuuio B MeHro Excel).

Torz[a CpCaHAA omnbOka AIlIIPpOKCUMAII paBHA:

1 148:100% = 9.86%.
15

Ommbka anmpokcumaruu 6ombine 7%, 9To TOBOPUT O TUIOXOM MOAOOPE MO-
JIeJTU TUIEPOOTNYECKON PerpecCu K HCXOIHBIM JaHHBIM.

[loctpoum Teneps nosne Koppenayuu WM 2papux Noay4eHHO2O YPAGHEeHUs
2UNepoOIUYECKOll pecpeccull.

Jis aToro BeenuM ctonormsl X, Y, y, BeioepeMm B MeHiO Excel BeraBka —
Toueunasn. 13 npennaraembix (popMaroB rpadukoB BeIOMpaeM IEpBBIN (COCTOS-
IIUH U3 TOYEK).

Ha skpane nosiBuTcs rpadguk Bua

5
0,45
4

_ L
H +

0,35

0.3
0,25 | #Paal

&2 WFaa?
015
&1

TR

0,05

0 20 A fall Bl 100

Pucynox 20 — ®parmenT nocrpoenus rpaguka B Excel
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3neck Psan 1 — none koppensaiuu (€ro Tak ¥ OCTaBjsieEM B BUJE TOUeK), a Psn 2
— rpaduk ypaBHEHHs mapaboIndYecKoil perpeccur (ero HeoOXoAuMo mpeoldpa3o-
BaTh). BeiOupaem Touky u3 Psana 2, «ménkaem» 1mo Hel mpaBoil KHOITKOW MBIIITH.

B nosBuBmeMcs MeHO BblOMpaeM «M3MeHMTH THII JMarpaMMbl» U U3
npearaeMeix TouedHbIX TpaduKOB BeIOMpaeM TpeTuid (TiiajaKas kpusas 6e3 map-

KEpOB).

OxoHyaTeNnbHO TpaduK OyJET BBITIISAETh CIEIYIONUM 00pa3oM:

0,25 L #+ Faagl
0,2 —Panl

(s

0 20 40 i a0 100

Pucynok 21 — Ilone xoppensiuuu u rpaduk ypaBHEHHS

napaboJIMYEeCKON perpeccuu

S. 3aganus AJ151 CAMOCTOATEJIbHOU PadoThI

1. Mcnonb3yiiTe Te K€ UCXOAHbIEC JIAHHBIC, UTO U JJI1 YPABHEHUS JIMHEHHOU
perpeccuu (mpuiioxeHue 1).
2. PyKkoBOACTBYACH pACCMOTPEHHBIM PUMEPOM U B COOTBETCTBUU CO CBOUM

3a/ITaHUEM 3aIOJIHUTE TaOJIUILY:
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yi— Y
Vi

3. Beruucnure ay, a;, a,, COCTaBbTE YpaBHEHHUE MapabOINUYECKON perpeccuut

A

2
y=aygt+arx+aryx.
4. BpruuciuTe CpeAHIO OIIMOKY annpOKCUMAIMU U CAEJIaiTe BBIBOJ O Kaye-

CTBE ypaBHEHHS Mapad0IMueCKON PErpecCu.

5. IocTpoiite moje Koppeasauuu U rpaduk MOTy4YeHHOTO YpaBHEHUS mapado-

JIMYECKOMN PETPECCHUU.

6. PYKOBOIICTBYSICB PaCcCMOTPCHHBIM IIPUMCPOM U B COOTBCTCTBUU CO CBOHUM

3aJaHUECM 3aI10JTHUTC Ta6J'II/II_[y1

1 1 Y B yi_j;i
M| X=V|Y=Q| X 5% y Y,
1
2
3
15
2

7. Beraucnure ag, a;, COCTaBbTE YPaBHEHUE TUTIEPOOIHMUECKON PETPeCcCUu

. a,
y=ap+ —.
X

8. Beluucnure cpeHIo0 OMKOKY alpoKCUMAIlMU U CAeNaiTe BBIBOJ O Kaye-
CTBE YpaBHEHHUsI TUNIEPOOINYECKON PErpecCcui.

9. Iloctpoiite moJie KOppessiiuu U rpaduk MOJIYYEHHOIO0 YPAaBHEHMs TUIIEp-
OO0JIMYECKOI perpeccum.

10. CoctaBbTe OTYET MO JabOpaTOPHOI padorTe.
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6. Coagep:xanme oT4yera
OT4eT J0JKEH coepKaTh:
1. Onpenenenust u HOpPMyIIbI, H3ITOKEHHBIE B TEOPETHUECKON YacTu Jiabopa-
TOPHOM pabOTHI.

2. UcxonHble JaHHBIE U PE3YIbTATHl BBIMOJIHSAECMbBIX 33JaHHM.

KoHTpoJibHBIE BONIPOCHI

1. 3anumuTe ypaBHEHHE MTApaOOTUICCKON PETrPECCHH.

2. [lpuBeauTe cucteMmy AJi HAaXOXJEHHUS MapaMeTpoB MapabOIUYECKON pe-
TPECCUM.

3. IlpuBenute dhopmyinsl Kpamepa u ¢hopmysibl onpeaeauTeNnei 1jisi BbIYUCTe-
HUS TTapaMeTPOB MapadOINYECKON PerpecCcum.

4. 3anumuTe ypaBHEHUE MapaboIMUYeCKON perpeccum.

5. 3anuimmTe ypaBHEHHUE TUIIEPOOIMUECKON PErPEeCcCUu.

6. [IpuBenuTe cuctemy Il HAXOXKICHUS TTapaMETPOB THIEPOOTIMUECKON pe-
TPECCUM.

7. lpuenute dhopmyisl Kpamepa u hopmyssl onpeaenuteneit 1jisi BIYUCIIe-

HUS TAPAMETPOB TUNEPOOTUIECKON PErPEeCcCUH.
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JIABOPATOPHO-ITIPAKTUYECKHUE 3AHATHUSA Ne S, 6

Tema: Koppensauusa mis nenuneinoit perpeccuu. Koadduument snactuano-
CTH.

Heab padoTbi: [103HAKOMUTBCA C KOppEALUEn 1JIs1 HEIMHEHHOW perpeccuy,
HAay4YUTHCSA BBIYUCIATH UHACKC AETEPMUHALIMM, UHIECKC KOPPEISALNN Il HEJIMHEH-
HOW perpeccuu, K03()PHUIMEHTHI 31aCTUYHOCTH, UHTEPIPETUPOBATH MOTyYCHHbBIC

pe3ynbTaThl.

1. Koppeasiuus 1Jis HeJIMHEIHOM perpeccum.

Nuaexc nerepMuHAIMHU

I[J'ISI CTaTUCTUYCCKOM OLICHKH TCCHOTHI CBs3HU B O6H.[€M CJIydac IpUMCHAIOTCA

CICAYIOMIMUE IMOKA3aTCJIM Baprualru.

1. Obwas oucnepcus pe3ybTaTUBHOTO MpU3HAKA 05

> €~y
y=E (48)
n

o)

0TOOpakaroIasi COBOKYITHOE BIIMSTHUE BCEX (PaKTOPOB.

Orknonenne €; —y 0OyCIOBICHO T€M, YTO COYETaHHE 3HAUYCHUH (haKTOpOB,

BIUSIIOIINX HAa BapHAIMIO TPU3HAKA V, JJIA KKIION eIUHUIIBI aHATH3UPYEMOH CO-
BOKYIHOCTH Pa3IUYHO.
31ech y —CpelHee 3HaUCHHE pe3yJIbTaTUBA

n

Zl)’i
.
Y n

2. @akmopHas oucnepcus pe3yabTaTUBHOTO MIPU3HAKA 0'5
> €-5>
2LVi—Y

==, (49)

n

o)

1N

O0TOOpa’KaroIasi BApUAIIMIO Y TOJIBKO OT BO3JICUCTBUS M3ydaeMoro (pakropa X.
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Otknonenust €; —y  XapakTepu3yroT pa30poc 3HAYCHHIl )); OTHOCHTEIHHO
CpellHEel BEJIMYUHBI y .

3. Ocmamounas oucnepcus o,

> €5
, =i Vi
o=t (50)
n
OTOOpa’karolias BApHaIMIO Pe3yIbTaTHBHOIO MPU3HAKA ) OT BCEX NPOYMX, KPOME

X, paKToOpoB.

Orknonenust €, —y; XapakTepu3yloT KOJIeOJIeMOCTh SMIHUpHYecKux (dak-

TUYECKUX ) 3HAYEHUH pe3yJbTaTUBHOIO MPU3HAKA V; OT UX BEIPABHEHHBIX 3HAYECHUN

A

Vi
Obwas Oucnepcus CKIAIbIBACTCS U3 CYMMBbI ¢pakmopHot (0OBSICHEHHON
YpPaBHEHUEM PETPECCUU) AUCHEPCUU U ocmamouHot (00YCIOBICHHOW HEYy4TCH-

HBIMH (paKTOpamM) JTUCIIEPCUU:

2 2 o
o, =0;+0,. (51)

dopmyny (51) HA3BIBAIOT «HPABULOM CLONHCEHUS OUCNEPCULL.
CootHomieHue Mexay (pakTopHOW W OOIIEH IUCTIEPCUSMU XapaKTepPU3yeT

Mepy TECHOTBI CBS3U MEXy TPU3HAKAMU X H ).
2
(o2 ); 5
— = R (52)
(Ty

Tokasatens R® HasbiBaeTcs unoexcom Oemepmunayuu. OH BHIPAXKAET OO
(bakTopHOIl AUCcTepcuu B OOIIEH AUCIIEPCHH, TO €CTh XapaKTepu3yeT, KaKkas 4acTb
oO1ieil Bapuany pe3ybTaTUBHOTO MpPU3HAKA Y OOBSICHSIETCS U3y4aeMbIM (pakTo-
POM Xx.

N3 «mipaBuna cnoxenus aucnepcuin» (51) M0oKHO BBIPa3UTh
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Torna
2 2
=
y
WIH
o2
R=1--%. (53)
Oy
Takum oOpaszoM, uroexc oemepmuHayuu MOXKET ObITh PACCUUTAH TAKXKE IO
dbopmyie (53).

Taxoke u3 popmyisl (52) ¢ yauetom Gopmyi (48) u (49) MOKHO TOJIYUUTD €I111€

oJHY (hOpMyITy JUIsl pacyeTa uHOeKca OemepMuHayuu.

o'g Z‘/l_yf
R= — ==l : (54)
Ty Z@i‘yf

~
Il
—_

3ameuanme. [Ipu QyHKIMOHAIBHON CBSI3M 3HAYEHMs y; MOJIHOCTBIO COBIIA-

Aar0T € COOTBCTCTBYIOIIMMH MHAWBUAYAJILHBIMU 3HAYCHUSAMHA V. TOFI[EI Gg = 0.

2
p

B sTom ciyuae O'yg =02, a [IPU HAUTUYUU KOPPEIISIIUOHHON CBA3U O'yg <o

2. Unaekc koppeasinuu

YpaBHEHUE HEIIMHEWHOW PErPECCUU, TAK K€ KaK U B JUHEMHON 3aBUCUMOCTH,
JONOJHAETCS OKA3aTeNIeM TECHOTBI CBA3H, & UMEHHO UHOEKCOM Koppenayuu R,.

Ha ocroBanuu Qopmyisl (52) onpenensercs unoekc koppenayuu R,y

(55)

Xy —

=
I
qt\) ‘ %?N

<

Taxoxe nnHgekc Koppensaiuu ¢ yaeroM Gopmyi (53) u (54) MoxkeT ObITh BbI-

quCJeH 1o ¢popmysiam
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R.,= [1--£ (56)

N

i
\ ob

M=
a8
I
<

(57)

M=
\ ob

~
Il
—_

I
<

3ameuanue. [lo aGcomOTHON BeIMYMHE JIMHEUHBIH KOA(PPUIIMEHT KOppes-
UUH 7, PaBEH MHIEKCY KOppelsauud R,, TOJIBKO IpHU NPSAMONMUHEHHON (opme
CBSI3H.

I/IHIIGKC KOppCiinuu ny IIPUHUMACT 3HAYCHUA B IHUAIIA30HC

0<R,<l.

Yewm Onmke BenuMuuHa R,, K €IUHULE, TEM TECHEE CBS3b MEXIY IIE€PEMEHHBI-
MU U TEM JIy4Ill€ YPABHEHUE PETPECCUU COTIIACYETCA C JAHHBIMU HAOJIOICHUN.

ITpu R,, = 1 cBs3b cTaHOBUTCA (YHKIIMOHAIBHOM.

s XapakTepUCTUKU TECHOTHI CBSI3U, KaK U B ClIy4ae JIMHEWHOW 3aBUCUMO-

CTH, IPUMEHSIOT IIKany Yennoka (mpuiioxxeHue 2).

3. IIpoBepka kKauecTBa ypaBHeHUsI HEJIMHEIHOM perpeccuu.

F-xkpurepuii @uiiepa

WHaeke aetepMUHALHH R’ UCIIOJB3YETCs Uil NMPOBEPKU CTATHCTHYECKON
3HAYMMOCTH B LIE€JIOM YpaBHEHUs HEIIMHEWHOW perpeccuu no F-xpurepuro dDuiie-
pa.

CornacHo F-kputeputro duirepa, BbIIBUraeTcs «HyJeBas» rumnoresa Hy o
CTATUCTUYECKON HE3HAYMMOCTH YPaBHEHUS PErPECCUU. DTa TUIIOTE3a OTBEPraeTCs
IIPY BBIIIOJIHEHUH YCIIOBUSA

FR > kaum>
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rae Fu, onpeaenderca no tabnuuam F-xputepus @umepa (punoxeHue 4) npu
qyciax CTEHeHeW CBOOObI
ki=m, ky=n-m-1
Y 33JJaHHOMY YPOBHIO 3HAYUMOCTH 0.
371eCh M — YNCIIO0 ITApAaMETPOB MPH ITEPEMEHHBIX X.

dakTryeckoe 3HaueHNuEe KpuTepus Fi onpenensercs mo Gopmyiie

(58)

BennunHa Fr CpaBHUBAETCS ¢ KPUTUYECKUM 3HAUEHUEM F )y

Ecma Fr > Fipum, TO «HyIEBas» THIIOTE3a O CTATHCTUYECKOM HE3HAYMMOCTH
YPaBHEHUSI PETPECCUU OTBEPTacTCA, U YPABHEHMSI PErPECCHUU NMPU3HACTCA CTaTH-
CTHYCCKHU 3HAYMMBIM C HaJCKHOCTEIO 1 — ¢

B nporuBHOM ciy4vae, ecid Fg < Fypy, TPUHUMAETCS TUIIOTE3a O CTATUCTH-

YECKOM HE3HAYMMOCTH YPaBHEHHUS PErPECCUMU.

4. IIpumep BbIYHCICHNS HHAECKCOB KOPPEJISIIUU U JeTePMHHALIUH
JJIS HEJIMHEHHOM pPerpeccuy U OLEHKH Ka4eCTBA YPaBHEHH S

HeJIMHENMHOM perpeccuu no kKpurepuro Ouuiepa

HNmeroTcst nanHbie 00 M3MEHEHWH pacxona TormBa Q (JI/kM) aBTOMOOWIIS
MIPU U3MEHEHUH CKOPOCTH ero ABWKeHus V (km/4) (ctp. 17, Tabnuna 2).

[Tonmy4yeHo ypaBHEHHE TUIIEPOOIMYECKON PErpeccuu, OTpa)karoniee 3aBHCH-
MOCTb pacxojia TorimBa ot ckopoctu apTomoousia Q(V) (ctp. 44):

16,186
—

¥ = 0,605 —

Haiitu oOuryto, pakTopHyto U ocTaTOYHYIO nucnepcuu. [IpoBepuths npaBuiio
CIIOXEHHS JUCIEpCHi. BEIUMCINTD MHIEKC JETEPMHHALMK R’, MHIEKC KOppels-

uu R,,.
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OueHUTh CTaTUCTHYECKYI0 3HAYMMOCTh YpaBHEHHUS THUIEPOOIMYECKON pe-

rpeccuu 1o F-xpureputo Ouiepa.

Jiis BerurcneHus: obmei, (akTOpHOM U OCTaTOYHOM Aucriepcuu Tadnuiy 11

JIOTIOJTHUM TpeMsI HOBBIMU KOJIOHKaMu (Tabmnuia 12):

Ta6muna 12 — Jlanuble 171 BIUUCICHUS 001Iel, (haKToOpHOM

1 OCTaTOYHOM AUCIICPCHUHN

r 1 r VI (=Y )| (5= | (v 0 )
M| X | Y | x X2 X y Vi
1 33 | 0,15 0,0303 | 0,0009 | 0,0045 | 0,11 0,24 0,023716 | 0,036006 | 0,001278
21 36 | 0,18 | 0,0278 | 0,0008 | 0,005 | 0,16 0,14 0,015376 | 0,022166 | 0,000619
31 47 10,23 10,0213 | 0,0005 | 0,0049 | 0,26 0,13 0,005476 | 0,001906 | 0,000921
4 | 48 | 0,26 | 0,0208 | 0,0004 | 0,0054 | 0,27 0,03 0,001936 | 0,001331 | 5,65E-05
5 54 10,26 | 0,0185 | 0,0003 | 0,0048 | 0,30 0,17 0,001936 | 9,59E-07 | 0,002023
6 56 | 0,29 | 0,0179 | 0,0003 | 0,0052 | 0,32 0,09 0,000196 | 0,000137 0,00066
71 57 (0,29 | 0,0175 | 0,0003 | 0,0051 | 0,32 0,11 0,000196 | 0,000281 | 0,000946
8 | 57 | 0,28 |0,0175| 0,0003 | 0,0049 | 0,32 0,15 0,000576 | 0,000281 | 0,001661
9 | 58 |0,31|0,0172 | 0,0003 | 0,0053 | 0,33 0,05 3,6E-05 | 0,000469 | 0,000245
10| 59 | 0,32 | 0,0169 | 0,0003 | 0,0054 | 0,33 0,03 0,000256 | 0,000696 | 0,000108
11| 61 | 0,34 | 0,0164 | 0,0003 | 0,0056 | 0,34 0,00 0,001296 | 0,001251 | 3,92E-07
121 65 | 0,37 | 0,0154 | 0,0002 | 0,0057 | 0,36 0,04 0,004356 | 0,002673 | 0,000204
13 ] 68 | 0,42 | 0,0147 | 0,0002 | 0,0062 | 0,37 0,13 0,013456 0,00393 | 0,002842
141 73 | 0,41 | 0,0137 | 0,0002 | 0,0056 | 0,38 0,07 0,011236 | 0,006239 0,00073
151 79 | 0,45 | 0,0127 | 0,0002 | 0,0057 | 0,40 0,11 0,021316 | 0,009183 | 0,002517
2 | 851 | 4,56 | 0,2787 | 0,0055 | 0,0794 | 4,56 1,48 0,10136 0,08655 0,01481

OO6mryro aucrepcuro o2

(6

y

2 =

y

L _"2
294.-5_ 10136

BBIYUCTUM 110 hopmyiie (48):

n

= 0,006757.
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DaKkTOPHYIO THUCIIEPCUIO 05 BBIUUCTUM 110 hopMmyiie (49):

i &i - yj
o2 =1 = QO89S _ ) h0577.

n
OcTaTo4HyI0 TUCTIEPCHUIO . BhIUUCIUM 110 hopmyite (50):
B > €7, _ 001481

2
Gs

= 0,000987.

n

[IpoBepuM npaBumiio cioxeHus: gucnepcuit (hopmyna (51):

2 2 2
O-y—O-J}+GS.

0,00577 + 0,000987 = 0,006757.
[IpaBUiIO CI0KEHUSI TUCIIEPCUI BBIIIOJIHSECH.

VHeKe AeTepMUHALNN R’ BerauciuM mo dpopmyie (52):

»_ G, _ 0,00577

o’ 0006757

)

To ectb 85,4% oOmieli Bapualuy pe3yJIbTATUBHOTO MpU3HaKa y (pacxona
TOIUIMBA) OOBACHSIETCS M3ydyaeMbIM (PAKTOPOM X (M3MEHEHHUEM CKOPOCTH JIBHKE-
HUs aBTOMOOWJIs), a 14,6% — HEeyYTCHHBIMH B YPaBHEHUU TUTIEPOOTIMUECKON pe-
rpeccuu (pakTopamu.

NHnexc koppessiiuu BerauciauM 1o gopmyiie (55):

=0,854 = 0,924.

‘Q
=N N

[To mkane Yennoka (mpusaokeHue 2) CBs3b MEXK]y NMPU3HAKAMU X U Y BEChMa
BBICOKASI.
JIJ1st OLIEHKHM CTaTHUCTHYECKOW 3HAYMMOCTU YpaBHEHUS THIEPOOINUECKON pe-

rpeccun npuMeHuM F-kpurepun Oumepa.
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dakTruyeckoe 3HaueHue Kpurepus Fy onpenenum no Gopmyiie (58):

rae m =1 —4ucino napaMeTpoB IpH MEPEMEHHOM X.

_ 0854 15-1-1

= =75,97.
1-0,854 1

R

3nauenue F,,, ompenesum mno Tabimune F-xputepus @umiepa (IpHIIOKe-

Hue 4) ¢ yuérom ypoBHs 3HauuMocTu « = 0,05 u umcen creneHel cBOOOIbI
ki=m=1, ky=n-m—-1=15-1-1=13.
Fopum = 4,67.

Tak xak 75,97 > 4,67 (Fr > F,(pum), TO ypaBHEHHUE THIEPOOTUUECKOMN perpec-

CUHU MPU3HAETCA CTATUCTUYECKU 3HAUMMBIM C HAZAEKHOCTHIO 95%.

S. Koo puumeHT 3J1aCTUYHOCTH

B 3KOHOMHUYECKMX MCCIIEIOBAHUSAX IIUPOKOE MPUMEHEHHE HaXOJUT TaKOM
nokaszareib, Kak Koagguyuenm snacmuynocmu.
Ecnu 3aBUCMMOCTH MEXIy MEPEMEHHBIMU X W Yy UMEET BUI Y = f(X) , TO

Koahuyuenm snacmuynocmu D BeIYUCISAETCA 110 hopMmyie
, X
3=f(X)-;, (39)

rae f'( x )— mepBasi MPOU3BOIHAS, XapaKTEPHU3YIOIIasi COOTHOIIICHUE IPUPOCTOB

pesynbTata u paxTopa Jisi COOTBETCTBYIOMIEH (DOPMBI CBSI3H.
Koagpgpuyuenm snacmuunocmu D TOKa3bpIBaeT, HA CKOJBKO MPOIEHTOB B
CpEIHEM W3MEHUTCS PEe3yNbTAaTHBHBIN TpPHU3HAK y MPU M3MEHEHUH (aKTopa X Ha

1% oT cBOETO HOMUHAJIBHOI'O 3HAYCHHUS.



60

Koaddumment snactuyHoctr D B 00111eM cilydae 3aBUCUT OT BEJIUYHUHBI X U

ABJISICTCS. BEJIMYMHOW MTEPEMEHHOM.

YToObl MCKIIOUUTH 3Ty 3aBUCUMOCTb IMPUMEHSETCA CpeoHull Kodgguyuenm

ajlacmudHocmu

3=f(x)

KOTOPBIN YK€ SBJISIETCS BEJIMYNHON IMOCTOSHHOU.

< | =l

(60)

Cpeanuit K03PGUIUEHT TACTUYHOCTH D TOKA3bIBAET, HA CKOJBKO MPOIEH-

TOB B CPEIHEM IO COBOKYIHOCTH 3HA4€HMI (paKTOpa X U3MEHHUTCS PE3yJIbTaTHB-

HBIN MpU3HAK y TpU u3MeHeHuu (aktopa x Ha 1%.

B TaGaume 13 npuBeneHbl KOADPHUIMEHTH 3JaCTUYHOCTH I Pa3IMYHBIX

BHJIOB YPAaBHEHUM PETPECCHH.

Tabmuua 13 — KoadhuumeHTsl 31acTUYHOCTH JIJ1S psiia YPABHEHUN PErPECCU.

Buo pezpeccuu Ilepsasa npouszeoonasn Kosppuyuenm
y fi(x)=y lacmuunocmu
2= f(x)=
y
JIuneitnas fl(x)=a 5o @X
y=ag +a x ag+a;-x

[TapaGonuyeckas

A 2
y=ap+a; X+ ayx

fl(x)=a,+2-a,-x

2

@ t2-a,x x

['unepOonnueckas
. a,
y=ag+—

X

ao +a1‘x+a2‘x2
—da
J=—""1
ao'x+al

6. lIpumep BbIYHCIeHUS KOI(PPULIMEHTA JTACTUIHOCTH

HNmeroTcst nanHbie 00 M3MEHEHHMH pacxonaa ToruBa Q (J1/kM) aBTOMOOWIISA

MIPU U3MEHEHUHU CKOPOCTHU ero ABuxkeHus V (kM/4) (ctp. 17, Tabnuia 2).
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Breruucnuth cpeaHuit k03GUITMEHT 3JaCTUYHOCTU ISl YPaBHEHHUM JTUHEH-

HOM, TapaboIUYeCcKOl U TUIIEPOOTNYECKOI PErpecCuu U MOSICHUTH €T0 CMBICIL.

Breraucnum cpegauit KodhPUITMEHT JIaCTUYHOCTH ISl YPaBHEHUH JIMHEHHOM

perpeccuu (25):
y =-0,077 + 0,007x.

N3 tabmunpt 7 (ctp. 30) Bo3bMeM 3HaueHHe X = 56,733.
Bocmnone3yemcst hopmyrioit cpearero kodh@uimenTa 31acTUIHOCTH IS JIH-

HeWHOU perpeccuu u3 Tabauiel 13:

a,-x 0,007 -56,733

3 = — = =
a,+a,-x —0077+0007 56,733

1,255.

CrnenoBatesbHO, IPU YBEIMYEHUU CKOPOCTH JBHKEHUS aBToMOOMIs V Ha 1%
pacxon toruBa Q B cpegHeM yBennuutes Ha 1,255%.
Bbruncnum Teneps cpeaHuil Kod()PUIMEHT 3JIaCTUYHOCTH JUIsl YpaBHEHHM

napabosimueckoit perpeccuu (40):
y =-0,0051 +0,004-x +0,000025-x".

Bocnonb3yemcst popmysioit cpeaHero kodgpduiimeHTa 3JacTUYHOCTH IS Ma-

pabosinueckoit perpeccuu U3 TadauIs! 13:

@ +2-a,-x.x _ (0004+2-0,000025-56,733)-56,733 1284

)
a,+a -x+a, x —00051+0,004-56,733+0,000025 56,733’

CrnenoBatesbHO, IPU YBEIMYEHUU CKOPOCTU JIBHKEHUS aBToMOOMIs V Ha 1%
pacxon toruBa Q B cpegHeM yBenuuutces Ha 1,284%.

Boeruucium tenepb cpeaHuil KO3POUIMEHT AIACTUYHOCTH MJIsi ypaBHEHUI
runepoosmueckoit perpeccuu (47):

§ =0,605- 1215
X
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Bocmonbs3yemcst popMynoi cpemaHero KodpQuImueHTa 3IacTUIHOCTH IS TH-
nepOoIMYecKOi perpeccuu u3 Tadbuuusl 13:

—a, —(-16,185)

3 = — = =
a,-x+a, 0,605-56,733-16,185

0,893.

CrnenoBaTenbHO, IPY YBEJIIMYECHUH CKOPOCTH JBHKEHHS aBToMoouns V Ha 1%

pacxon toruBa Q B cpegHeM yBennuutces Ha 0,893%.

7. 3apaHus AJ151 CAMOCTOSITEIbHON padoThI

1. Ilo HaiiieHHOMY paHee ypaBHEHMIO MapaOOIMYECKOl perpeccuu paccyu-
TaTh: OOIIYI0, (PAKTOPHYIO, OCTATOUHYIO AUcHepcHd. [IpoBepUTh MpaBUio Cioxe-
HUS TUCIIEPCUU.

2. Jlna ypaBHEeHHs TapabOIMYECKON perpecCuu BIYUCIUTh HHAEKC AETEPMHU-
HallMU, UHAECKC Koppensuuu. J[aTh HHTEPIPETAILUIO TOJYYEHHBIM pe3ybTaTaM.

3. C nomoupto kputepust duiiepa OLEHUTh 3HAYUMOCTh YpaBHEHUs mapado-
JINYECKOU PETPECCUMN.

4. Ilo HaliieHHOMY paHee YpaBHEHMIO TMIEpOOIMYECKON perpeccuu paccuu-
TaTh: OOIIYI0, PAaKTOPHYIO, OCTATOUHYIO Aucniepcuu. [IpoBepuTh MpaBuiio clioxe-
HUS JUCTIEPCUH.

5. Jlnsg ypaBHEeHUS THNEPOOIMYECKONW PEerpecCHH BBIYHCIUTh UHACKC JETep-
MUHALUW, UHAEKC KOppessauuu. [JaTe nHTEepnpeTaluno noay4YeHHbIM pe3yJbTaTaM.

6. C nomompro kputepuss Puiiepa OUEHUTh 3HAYMMOCTh YpaBHEHHUs THIIEP-
OOJIMYECKOI perpeccum.

7. BeIUMCIUTh CpeHui KO3(P(ULUUEHT 3JIaCTUYHOCTH AJI1 YPABHEHUSI JTUHEM-
HOM perpeccun. OOBSICHUTDH NOTYYEHHBINA PEe3yJIbTaT.

8. Brruncnuth cpeqHuil KO3PGUUIMEHT 3JIaCTUYHOCTH AJIS YpAaBHEHMS Mapa-
oommueckoil perpeccunt. OOBACHUTD MOTYYEHHBIN PE3ynbTar.

9. Beruucauth cpenHuil K03QPUIMEHT 3TaCTUYHOCTH I ypaBHEHUS TUIIEp-
oommueckoil perpeccun. OOBACHUTD MOTYYEHHBIN PE3yNbTar.

10. CocraButh 0TYET 1O TaOOpATOPHOI padoTe.
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8. Coaep:xanme oTyera
OT4eT J0JKEH CoepKaTh:

1. Ompenenenust u HOpMyIbI, H3ITOKEHHBIE B TEOPETUYECKON YacTH J1abopa-
TOPHON pabOTHI.

2. I/ICXOI[HI)IC JAaHHBIC U PC3YJIbTAThI BLIITOJIHACMBIX SaﬂaHHﬁ.

KoHTpoJibHBIE BONIPOCHI

1. Jlaiite onpenenenue oo1miei, GakTOPHON U OCTATOYHOM TUCTIEPCHIA.

2. B 4eM COCTOMT «IIpaBUIIO CIOKEHHUS TUCIIEPCUIIN?

3. Onpenennre NOHATHS UHIICKCA IETEPMUHALUU.

4. JlaiiTe onpenesieHue HHAEKCA KOPPETSALMU.

5. Kak npoBepsieTcsi 3Ha4MMOCTh YPaBHEHHsI HEJIMHEWHOM perpeccun?

6. Kak BbrumcIieTCs 1 Kak MHTEPIPETUPYETCS KOAPDUIIMEHT 31aCTUYHOCTH ?
7. IlpuBenure (QopMyibl Ui BbIYUCICHUS KO3()PHUIMEHTOB 3JIaCTUYHOCTH

JUISL TMHEHHOM, TapaboInuecKoil U TUepO0IMYeCKON PErpecCui.
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JIABOPATOPHO-ITPAKTUYECKHUE 3AHATUA Ne 7,8

Tema: CunrtesupoBaHue MojieJiell MHOKECTBEHHOM PEerpeccuu.

Hean padorbl: [lo3HAaKOMUTHCS C YpaBHEHUSIMU MHOKECTBEHHOM pEerpeccHi.
Hayautbcst BBIYUCIATE KOI(PDHUIIMEHTHI MHOXECTBEHHON PErpecCHH, OIICHHBATh
TECHOTY CBSI3M MEXKIYy NEPEMEHHBIMH, OLIECHUBATh KA4€CTBO MOJYYEHHOI'O YpaBHe-
HUS Y 3HAYUMOCThH BXOJSIIMX B Hero (aktopoB. Hayuntbest BeUUCATh Ko3hdu-
IUEHTHI AJACTUYHOCTHU JIJI1 MHOKECTBEHHOM PErpeccHH W MHTEPIPETUPOBATH UX

3Ha4YCHHUC.

1. Cnennduxanus moaean. Oréop ¢pakTopoB Npu NOCTPOCHUHU

YPaBHEHHsI MHOKECTBEHHOIi perpeccun

[TocTpoeHue ypaBHEHUSI MHOXKECTBEHHOW PETPECCUN HAUMHAETCS C PEIICHHUS
Bompoca o crneunpukanuu Moaenu. OH BKIIIOYaeT B ce0s 1Ba Kpyra BOIIPOCOB: OT-
60p ¢GakTopoB U BHIOOP BHJIa YpaBHEHUS PETPECCUM.

®dakTophl, BKIIOYaeMble BO MHOXKECTBEHHYIO PErpecCHIo, MOJIKHBI OTBEYAThH
CJIEIYIOUTUM TPEOOBAHUSIM:

1. dakTopbl OOJIKHBI OBITH KOJIMYECTBEHHO M3MepuUMbl. Eciaum HeoOXoammo
BKIIFOUYUTH B MOJIETIb Ka4eCTBEHHBIN (DaKTOpP, HE UMEIOUINI KOJTUYECTBEHHOTO W3-
MEpPEHHUs, TO EMYy HYKHO IPUJATh KOJMYECTBEHHYIO ONPEEIEHHOCTb.

2. ®axTophl HE JOKHBI OBITH KOPPEITUPOBAHHBI MEXKIY COO0U (uHmepKop-
penuposanusl) U TeM 00Jiee HAXOAUTHCSA B TOUHON (DYHKLIMOHAILHOM CBSI3U.

Ecnu mexnay daxTopamu CymiecTByeT BbICOKas KOPPEISAIHs, TO HENb3sI OTpe-
JICTATh WX W30JUPOBAHHOE BIIMSHUE HA PE3yIbTATUBHBIN MOKA3aTeNb U MapaMeT-
PBI YPAaBHEHUS PETPECCUN OKA3bIBAIOTCS HEMHTEPIIPETUPYEMBIMH.

Hacwpimenune Moaenu muirHUMH (pakTopamMu He TOJIBKO HE CHIKAET BETTUYUHY
OCTAaTOYHOW AMCIIEPCUH U HE YBEIMYMBAET MOKA3aTesb JETEPMUHALIMHU, HO U MPHU-
BOJIUT K CTATUCTHUUYECKON HE3HAUUMOCTH IapaMeTPOB PErPecCuu.

Takum 00pazoMm, XOTS TEOPETHUECKH PErPECCHOHHAs MOENb IMO3BOJISIET

y4ecTh J1000€ 9nciio GaKTOPOB, MPAKTUUECKH B ITOM HET HEOOXOUMOCTH.
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CuuTaercs, 4To JIBE MEPEMEHHBIC SIBHO KOLIUHEAPHbL, T.C. HAXOIATCI MEKITY
c000l B TMHEHHOM 3aBUCUMOCTH, €CIIU

r.. >20,7.

XX
Ecnu ¢aktopsl SIBHO KOJTTMHEAPHBI, TO OHU IYOJUPYIOT APYT Apyra U OJuH
13 HUX PEKOMEHIYETCS UCKIIOYUTD U3 YPAaBHEHHSI MHOKECTBEHHOU PETrPECCHUMN.
BxiroueHue B Mojiesib KOJUTMHEAPHBIX (PAaKTOPOB HEKENATEIbHO B CUITY Clie-
JYIOIINX MOCHEACTBUM:
1. 3arpyaHsieTcss WMHTEpIpeTalnusl MapaMeTPOB MHOKECTBEHHOW pPETPEeCcCHU
KaK XapaKTEepUCTUK JEUCTBUS (DAKTOPOB B «UUCTOM» BUAE, HOO (PakTOphl Koppe-
JIMPOBAHBI; NTAPAMETPhI JIMHEMHON PETPECCUH TEPSIIOT SIKOHOMHUYECKUAN CMBICIL.
2. O1eHKHM TapaMeTpOB HEHAJIEKHbBI, 0OHAPYKHUBAIOT OOJIBIINE CTAHJAPTHHIC
OIIMOKM M MEHSIOTCS ¢ M3MEHEHHEM oObeMma HaOIroJeHUN (He TOJBKO IO BEJH-
YUHE, HO U MO 3HAKY), YTO JEJIaeT MOJENb HEMPUTOJIHOM JUIsl aHAJIM3a U TPOTHO3H-

POBAaHHA.

2. OneHka nmapaMeTpoB YpaBHeHHUsI MHOKeCTBEHHOM JIMHEITHOM perpeccuu
Memoo naumenvuiux keaopamos (MHK)

PaccMOTpuM MOIEITh MHOKECTBEHHOM PEerpeccui ¢ IByMs (pakTopaMu:
Y= ap+arx; + ayx, . 61

JIns HaXOXKIOEHUs apaMeTpPoB d, A, d; TMHEWHOTO YPaBHEHUS! MHO>KECTBEH-
HOU perpeccuu IBYX(aKTOPHOW MOJEINM HEOOXOJAUMO PEUIUTh CUCTEMY JIUHEU-
HBIX YPaBHEHUI

n n n
ag N+a LX; +ay 2 X = _Zl)’i
= l:

i= i=1

n n 2 n n
1o XXy T XXty XXX = XYt Xy (62)
: : ~ i=1

l:1 l=1 l:1

n n n 2 n
ay - ,lezi tap - ,leu Xy tay '.le2i = _Zl)’i "Xy
1= 1= 1= 1=
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[IpuBenem dhopmynbsl Kpamepa niis perenus cucteM (62):

riae A — onpeaeuTeh OCHOBHOM MaTPHIbl CUCTEMBI ypaBHEHUH (62)

n n
n 2N X

i=1 i=1

-

n n o) n
A=1Dx1i 20X X2
i=1 =l =l

n n n o)
200 2 X *2i 2 X0i
i=1 i=1 i=1

(63)

(64)

a Aa,, Aa,, Aa, — onpeaenuTenu, noixydaemele u3 A 3ameHon 1-ro, 2-ro u 3-ro

CTOJIOI[a COOTBETCTBEHHO Ha CTOJIOEI] CBOOOJHBIX UJIEHOB (IIPABBIX YACTEH ypaB-

HeHuM cuctemsl (62)), To ecTh

n n n
>y DA DX

i=l1 i=l1 i=1

n n 2 n
Agg =|20i0 X 22%;  22%2i % |,
i=1 i=1 =l

n n n 2
2Vit X2 2NN 2%
i=1 =1 =1

n n
n Vi DX

i=1 i=1

n n n
Agy =|20x1 2%, X2 X |
i=1 =l i=1

n n n 2
DX Vi Xy
i=l =l i=1

(65)

(66)
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n n
n 2 Xy DR
i-1 i-1
n n 2 n
A, =12x;  Zx; ZyitXx;
i-1 i-1 i-1
n n n
X Xp; Xij X 2t Xy
i-1 i i-1

(67)

3. IIpumep cocTaB/ieHusI ypaBHeHHsI MHOKECTBEHHOM JIMHEHHO perpeccun

HCCHGI{YGTCH 3aBUCHUMOCTDb IIPOU3BOAUTCIbHOCTH aBTOMOOMJIS Q OT CKOpPO-

CTU aBTOMOOUJISL V U ero rpy30noabeMHOCTH ( (Tabnuna 14).

Tabmuua 14 — Mcxoaable JaHHBIE

No V(km/4) | q(T) Q(T*KM/9)
1 28 0,57 15,96
2 29 0,73 21,17
3 32 0,6 19,2
4 33 0,51 16,83
5 36 0,73 26,28
6 37 0,62 22,94
7 39 0,79 30,81
8 40 0,48 19,2
9 44 0,85 374
10 46 0,94 43,24
11 47 0,79 37,13
12 49 0,6 294
13 53 0,53 28,09
14 54 0,61 32,94
15 55 0,75 41,25
16 55 0,8 44
17 57 0,62 35,34
18 57 0,62 35,34
19 59 0,58 34,22
20 61 0,49 29,89
21 63 0,54 34,02
22 66 0,39 25,74
23 66 0,69 45,54
24 66 0,58 38,28
25 68 0,75 51
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CocTaBUTh ypaBHEHHE MHOXKECTBEHHOM JIMHEHHOW perpeccuu, oTpaxarouiee

YKa3aHHYIO 3aBUCHUMOCTD, UCITIOJIb3Ys MCTOJ HAMMCHBIINX KBAAPATOB.

[TocTpoum nuHEHHOE ypaBHEHHE MHOXKECTBEHHOW pErpeccuu, oToOpakaro-

niee 3aBucumoctb Q(V,q), 0603HAYMB MPOU3BOAUTENBHOCTE (Q Uepe3 y, CKOPOCTh

V uepes x1, [py30MOABEMHOCTD ( Yepe3 Xy:

A

y=aptarx,+ayx;.

st onpeneneHust KOdQPUIMEHTOB ay a;, a, HEOOXOAUMO pacyuTaTh Taod-

JIAIY 3HAYCHUU:

Tabnuua 15 — Mcxoanas undopmarus i onpeneneHus KodhPuimeHTon

YPaBHEHUSI MHOXECTBEHHON PETPECCHA

No | V=x1| g=x2| Q=y X3 X3 | XX ¥oxy | ¥ox )3 y;yy "100 »?
1 28 0,57 15,96 784 0,325 15,96 446,88 9,097 14,66 8,161 254,72
2 29 0,73 21,17 841 0,533 | 21,17 613,93 | 15,454| 23,26 9,850 448,17
3 32 0,6 19,2 1024 0,36 19,2 6144 11,52 18,62 2,999 368,64
4 33 0,51 16,83 1089 0,260 | 16,83 555,39 | 8,583 14,75 12,341 283,25
5 36 0,73 26,28 1296 0,533 26,28 946,08 | 19,184 | 27,58 4,941 690,64
6 37 0,62 | 22,94 1369 0,384 | 22,94 848,78 | 14,223 | 22,71 1,003 526,24
7 39 0,79 30,81 1521 0,624 | 30,81 1201,59 | 24,340| 32,42 5,238 949,26
8 40 0,48 19,2 1600 | 0,230 19,2 768 9,216 17,58 8,438 368,64
9 44 0,85 37,4 1936 0,723 37,4 1645,6 31,79 38,51 2,954 1398,76
10 46 0,94 | 4324 2116 0,884 | 43,24 | 1989,04 | 40,646| 44,23 2,286 1869,70
11 47 0,79 37,13 2209 0,624 | 37,13 1745,11 | 29,333 | 37,37 0,632 1378,64
12 49 0,6 29,4 2401 0,36 29,4 1440,6 17,64 | 29,12 0,940 864,36
13 53 0,53 28,09 2809 0,281 28,09 1488,77 | 14,888 | 28,10 0,045 789,05
14 54 0,61 32,94 2916 0,372 | 3294 | 1778,76 | 20,093 | 32,71 0,697 1085,04
15 55 0,75 41,25 3025 0,563 | 41,25 | 2268,75 | 30,938 | 40,31 2,277 1701,56
16 55 0,8 44 3025 0,64 44 2420 35,2 42,80 2,717 1936
17 57 0,62 | 35,34 3249 0,384 | 35,34 | 2014,38 | 21,911 | 35,06 0,787 1248,92
18 57 0,62 | 35,34 3249 0,384 | 35,34 | 2014,38 | 21,911 | 35,06 0,787 1248,92
19 59 0,58 34,22 3481 0,336 | 34,22 | 2018,98 | 19,848 | 34,30 0,241 1171,01
20 61 0,49 | 29,89 3721 0,240 | 29,89 | 1823,29 | 14,646| 31,05 3,876 893,41
21 63 0,54 34,02 3969 0,292 | 34,02 | 2143,26 | 18,371 | 34,78 2,227 1157,36
22 66 0,39 | 25,74 4356 0,152 | 25,74 | 1698,84 | 10,039| 29,15 13,244 662,55
23 66 0,69 | 45,54 4356 0,476 | 45,54 | 3005,64 | 31,423 | 44,11 3,136 2073,89
24 66 0,58 | 38,28 4356 0,336 | 38,28 | 252648 | 22,202 | 38,63 0,902 1465,36
25 68 0,75 51 4624 0,563 51 3468 38,25 | 48,34 5,217 2601
z 1240 | 16,16 | 795,21 | 65322 | 10,86 | 795,21 | 41484,93| 530,74 | 795,21 95,94 27435,08
Cpen.| 49,6 | 0,646| 31,808 | 2612,88| 0,434 | 31,808 | 1659,397| 21,230| 14,66 8,161 1097,40
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n n n
Agy =220 20ix; 2% X

n n
n DI TR I Y,

i=1 i=1 i=1

=1 =1

i=1 i=1

n n o) n
2N 2N 2 X0 X

n
2 Xi lel X Zx2,

n n n
>y IS TR IS,

i=1 i=1 i=1

n

n n 7
=12y X 2N X0t M

i=1 i=1 i=1

Z)’z X2i lel 20 szl

i=1 i=1

n n
n Vi DX
i=1 i=1

i=1 i=1 i=1

szl Z)’l X2i Zle

i=1 i=1
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Ucnons3ys meton Kpamepa (dbopmynst 63), Hailném ap a; u a; :

Aa
w4

Aa,
a=—-,

A

Aa
“T

25 1240 16,16

= 1240 65322 79521/=38475,37,

1616 795,21 10,86

795,21 1240 16,16
=141484,93 65322 795,21=-1195233,16,
530,74 79521 10,86

25 795,21 16,16
= 1240 4148493 795,21|=23762,73,
1616 530,74 10,86
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n n
n lei Zyl

i=1 i=1

25 1240 79521
n n 2 n
A =|Z¥ DA LYY | =11240 65322 4148493 = 1919000.66.

1= 1= 1=
n " . 1616 79521 530,74
Xy XXXy LYt Xy
i=1 i=1 i=1

gg = A0 _~119523316 _ 5 00
A 3847537

Aay _ 2376273 _,
A 3847537

9 b

a1=

gy =002 191900066 _ 10 o
A 3847537

Takum 00pa3oMm, MCKOMOE ypaBHEHHUE MHOXKECTBEHHOW perpeccun Oyner
UMETh BU/I;
¥ =-31,065+0,618x; +49,876-x;, (68)
UJIn

Q(V,q) =-31,065+0,618-V + 49,876-q.

4. YpaBHeHHUEe B CTAHAAPTU3MPOBAHHOM MacIITade

[Tapamerpsl ay, @y, a, B INHENHOW MHOXECTBEHHOW PETPECCUU HA3BIBAKOTCS

KO3 pULIMEHTaMU «YLUCmOoti» PETPECCUH, & CAMO YPaBHEHUE

A

y=aptarx;+dayx;
HA3bIBAIOT YPABHCHUEM B HAMYPAIbHOM Macuimade TIePeMEHHBIX.
B03MOX€H U MHOM TOJIXO/ K ONPEACIICHUIO TapaMETPOB MHOKECTBEHHOU pe-
Ipeccuu, Korja Ha OCHOBE MAaTpHIIbl MapHbIX KOAG(PUIIMEHTOB KOPPEISLUU CTPO-

HUTCA YPpaBHCHHC PCTPCCCUU B cmandapmwupoeaHHOM macwmaoe:

t)’ = Bltxl + thXZ ’ (69)
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rae t,, txl , txz — CTAaHAAPTHU30BAHHLBIC IICPEMCHHEBIC, PACCUUTBIBACMBIC

o dhopmysiam:

f; — cTaHIapTU30BaHHbIE KOI(D(DUIIMEHTHI pErpeCcCun.

(70)

CTaHI[apTI/I?)OBaHHLIG KOB(b(bI/IHI/ICHTLI perpeCCun IIOKA3bIBAKOT, HAa CKOJIBKO

eIMHUIl U3MEHUTCS B CPEHEM pE3yNbTaT, €CIIM COOTBETCTBYIOMUN (AKTOp X; U3-

MEHHUTCS Ha OJHY €AUHUITY TP HEU3MEHHOM CPEIHEM YPOBHE APYTUX (HaKTOPOB.

KOB(l)(l)HI_II/IGHTBI «UYHUCTOM» perpeCcCun dai, d, CBA3aHbI CO CTAHAAPTHU30BAH-

HBIMH KO3((PULIUEHTAMH PETPECCUU f; CIETYIOUTUM 00pa3oM:

ai= 22, (i=1,2).
O

B, = Ty — 7 yx22 "3 ,
1=rg

B, = "yxy ry);I Taxy
I=rg

[Tapametp a, onpenensiercst U3 ypaBHEHUS

Qo= Y-arX -ayXx,.

(71)

(72)

(73)

(74)

S. IIpoBepka CyleCTBEHHOCTH (PAKTOPOB M MOKA3aTeJIM Ka4eCTBAa perpeccuu

Jluneitnvle Ko3ghpuuuenmovl napnoit Koppenayuu

HanoMuuM, 4T0o NHHENHBIA KOADPUIMEHT KOPPEISAIUU TOKA3BIBAET TECHOTY

CBA3HU MCXKAY NEPEMCHHBIMU U MOKCT OBITh BBIYMCIICH 11O (bOpMy.]'IC

Xy—X-+Yy
Txy ’
O'x'O'y
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r7ie X — CpelHee 3HaueHue (PaKTOpHOro MpU3HaKa Xx;;

Yy — CpellHee 3HAaYEHUE PE3yJIbTaTUBHOTO IIPU3HAKA V),
g/ — CpeJIHEE 3HAUEHUE MPOU3BEACHUN X; V;;
O, — Cpe/iHee KBaJpaTHUeCKOe OTKIIOHEHUE (PAaKTOPHOTO IpHU3HAKA X;
oT 00LIeH CpeHeH X :
o, =4 X —X";
O, — CpeliHee KBA/[PATUYCCKOC OTKIOHCHHUE PE3YIbTATUBHOIO MPU3HAKA

oT o01el cpeaHent y :
O, =NDY —Y
J1J1s1 OLIEHKH TECHOTHI CBSI3M MPUMEHSIOT Kany Yeanoka (mpuiioxxXeHue 2).

Bo MHOXXECTBEHHOU perpeccuu napHvie Ko3@@uyueHmvl KOppeisiyuu pacc-

YHUTBIBAIOTCA 110 aHAJIOTMYHBIM (1)OpMy.TIaM:

:xly_xl'y. (75)
Xy le Gy ’
7 :xzy—xz-y. (76)
X2y ze Gy ’
_ XXy — X1 " Xy (77)
e O-xl O-xz ,
rac
o, =\x —(x), (78)
G, =V —(x,), (79)
o, =y —(y). (80)

3ameqanue: KoohduuneHTs! KOPPEISILUN 7, XapaKTEPU3YIOT TECHOTY CBs-

y

31 MEeXAy (aKTOpOM X; U PE3yJbTaTUBOM y, a KOIDPUIIUEHTHI Fyx, — TECHOTY

CBA3H MEXy (QaKTOpaMH X; U X;.
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Kak yxe roBopuioch paHee, ABE IIEPEMEHHBIE SIBHO KOJLIUHEAPHbl, €CIA
HaXOJATCA MEXKIy COOOM B IMHEWHON 3aBUCUMOCTH. DTO MPOUCXOAMT, KOTAA

r.. 207.

Xl'.Xj
Ecnu (akTopbl IBHO KOJUIMHEAPHBI, TO OHU JYOJUPYIOT APYr APyra U OJUH

N3 HUX PCKOMCHAYCTCS NCKIIFOUUTDb U3 YPABHCHUA MHO>XECTBEHHOM perpeccun.

6. IlpuMmep BbIYUCIEHUS TUHEHHBIX KO3 PUIIHEHTOB
napHoii koppeasuuu. CocraBjieHUs1 YypABHEHHSI MHOKeCTBEHHOM perpeccun

C HCIOJIb30BaHUEM KO3(P(PHUMEHTOB B CTAHAAPTU3HPOBAHHOM MacITade

Hccnenyercs 3aBUCUMOCTb MPOU3BOJIUTEIBHOCTH aBTOMOOMIIE (Q OT CKOpoO-
CTH aBTOMOOMJIS V U €ro Tpy30MoIbeMHOCTH q (Tabiuia 16).

1. CoctaBuTh ypaBHEHHUE JIMHEWHON MHOKECTBEHHOW PErpecCUU B CTaHAAP-
TU3UPOBAHHOM MacllTtade, OTpaxaroliee yKa3aHHY0 3aBUCUMOCTb.

2. Beiuncnute KO3QOUIMEHTBl «YuCmol» PErpecCcud W 3alucaTh COOTBET-

CTBEHHOE YPaBHEHUE B HAMYPANbHOM Macuimabe epeMEHHBIX.

Tabanma 16 — McxoaHble faHHBIE

Ne V(km/4) q(T) Q(T°kM/4)
1 33 2,47 81,51
2 36 1,65 59,40
3 54 1,84 99,36
4 56 2,37 132,72
5 79 2,13 168,27
6 57 1,09 62,13
7 68 2,4 163,20
8 73 1,92 140,16
9 57 1,35 76,95
10 48 1,78 85,44
11 61 1,49 90,89
12 59 1,76 103,84
13 65 2,31 150,15
14 47 1,67 78,49
15 58 2,24 129,92
16 77 1,79 137,83
17 62 2,28 141,36
18 61 2,50 152,50
19 74 2,38 176,12
20 56 2,31 129,36
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1. BplunciuM CTaHAAPTU3UPOBAHHBIE KOA(QQGUIMEHTH f; 10 (QopmynaMm

(72)~(73):

B = Ty " Taxg
2 b
1- Taxy

B, = "y, Ty " axg

2 b
1_’"x1x2
rae
X1y =Xy
v =
Mo o
X y
Xpy—Xp* )y
ryxz o
Oy, "0,
XXy — X X
rx1x2 ’
Oy O,
2, T2
O-xl == .xl _(.xl) .

o, =y —(y).

Heobxoaumbie ayis JaHHBIX (GOPMYIT 3HAUYCHUS yIOOHO pacyMTaTh B TaOJIHUIIC

(Tabmuma 17).

Ncnonws3yst nanubie Tadauibl 17 u popmyisl (78)—(80), BEIUUCIUM:

oy =\x —(x ) = 1/3626,95 59,052 =/140,048 = 11,834,
Gy =X —(x; )2 =4105-1987% = /0,159 = 0,399,
o, :V?-(} 2~ \J15197,57 117,982 = \[1278,29 = 35,75.
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Ta6muna 17 — Madopmanus aist onpenenenus kodhuimeHTon
YpaBHCHUS MHOXCCTBEHHOM perpecCHH

Ne V=x, | q=x, | W=y X1y X2y X1* Xz X X y
1 33 2,47 81,51 2689,83 201,33 81,51 1089 6,101 | 6643.88
2 36 1,65 59,4 2138,4 98,01 59,4 1296 2,723 | 3528,36
3 54 1,84 99,36 5365,44 182,82 99,36 2916 3,386 | 9872,41
4 56 2,37 132,72 7432,32 314,55 132,72 3136 5,617 | 17614,60
5 79 2,13 168,27 13293,33 358,42 168,27 6241 4,537 | 28314,79
6 57 1,09 62,13 354141 67,72 62,13 3249 1,188 | 3860,14
7 68 2,4 163,2 11097,6 391,68 163,2 4624 5,760 | 26634,24
8 73 1,92 140,16 | 10231,68 269,11 140,16 5329 3,686 | 19644,83
9 57 1,35 76,95 4386,15 103,88 76,95 3249 1,823 | 5921,30
10 48 1,78 85,44 4101,12 152,08 85,44 2304 3,168 | 7299,99
11 61 1,49 90,89 5544,29 135,43 90,89 3721 2,220 | 8260,99
12 59 1,76 103,84 6126,56 182,76 103,84 3481 3,098 | 10782,75
13 65 2,31 150,15 9759,75 346,85 150,15 4225 5,336 | 22545,02
14 47 1,67 78,49 3689,03 131,08 78,49 2209 2,789 | 6160,68
15 58 2,24 129,92 7535,36 291,02 129,92 3364 5,018 | 16879,21
16 77 1,79 137,83 10612,91 246,72 137,83 5929 3,204 | 18997,11
17 62 2,28 141,36 8764,32 322,30 141,36 3844 5,198 | 19982,65
18 61 2,5 152,5 9302,5 381,25 152,5 3721 6,250 | 23256,25
19 74 2,38 176,12 13032,88 419,17 176,12 5476 5,664 | 31018,25
20 56 2,31 129,36 724416 298,82 129,36 3136 5,336 | 16734,01
CymmMma 1181 39,73 | 2359,6 | 145889,04 | 489498 | 2359,6 72539 82,10 | 303951,46
Cpennee | 59,05 1,987 | 117,98 | 7294,452 24475 117,98 | 362695 | 4,105 | 15197,57

Tak >xe, ucnonb3ysa gaHHbie Tabmuiel 17 u dopmynsl (75)—~(77), Beraucaum

napHbie KO3()PUIUEHTHI KOPPEISILIIU:

L Xy —x; -y 7294,452-59,05-117,98

M6y, oy 11,834-35,75

=0,775,

L _%y-x-y _24475-1987-11798

yx = 0,728,
2 o. O 0,399-35,75
X2 y
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XX =X X, 117,98-59,05-1987
Oy Oy, 11,834-0,399

X1X2

=0,144.

Torma

ﬁl Ty “yxy, Txx, 0,775-0,728-0,144

= = =0,684,
1-rl, 1-0,144>
Ty, =Ty “Tax, 0,728 —0,775-0,144
B = y"21 M ——=0,630.
—re 1-0,144

2. IlocTpouM NHMHENHOE ypaBHEHHE MHOMXECTBEHHON PErpEeCcCHU B Hamy-

PATIbHOM macwumade IMECPEMCHHBIX!

Yy =d,+ a Xy +ax- x.

Jlnst HaxoxkaeHus: KodOPUIUEHTOB a; U a, puMeHuM Gopmybl (71), cBs3bI-

BaroIKe KO3(QPUIMEHTBI «4uUCmOoL» PErPECCUH U CTaHIapTU3UPOBaHHBIE KO3 (DU-
LUEHTHI:

a- g2 (i=1,2).

X

[Toyuaem:

o}
— =0,684-

X1 ’

35,75

alzﬂl- 4:2,0679

(o
ar- By -—2=0,630- 35,75

ze 5

=56,53.

[TapameTp a, ompenenum u3 ypaBHeHus (74):

A, =Y —a1Xy —ayXxy |

[Tomyuaem

ap= 117,98 —2,067-59,05 — 56,53-1,987 = -116,4.
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Takum oOpa3zoM, TUHEHHOE ypaBHEHUE MHOXECTBEHHON PErpeccuu B Hamy-
PpanbHoM macuimabe NEPEMEHHBIX UMEET BU/L:
y =-116,40 + 2,07 -x; + 56,53 - x,
W

Q(V, q) =-116,40+2,07 - V+56,53 - q.

7. HacTHble KO3((PUIHMEHTHI KOPPeJIIun

Hapsiny ¢ nuHeHbIMU KO3 (ULIHMEHTaMH KOPPEISLNU, XapaKTepU3YIOLIUMU
TECHOTY CBSI3M MEXAY IEPEMEHHBIMU, BO MHOKECTBEHHOW PErpECCHH IIUPOKO HC-
HIOJIB3YIOTCS YaCmHble T0KA3aTENH KOPPEIALIMH.

Yacmuwvie kos¢ghpuyuenmol kKoppenayuu XapakKTepU3yrT TECHOTY CBA3H MEXK-
Iy pe3yJbTaTOM U COOTBETCTBYIOIIMM (PAKTOPOM MPU YCTPAHEHUU BIUSHUS JIPY-
rux (GakToOpoB, BKJIIOUEHHBIX B YPaBHEHHUE PETPECCUU.

Tak, Hanpumep, B MOJIETHU ¢ ABYMS (paKTOpaMH YaCTHBIA KO3(PPUIUEHT KOP-

pemsuun ry, o (WIK 1y, ) XapaKTEPU3YeT TECHOTY CBS3H MEHKIY PE3y/IbTaToM y

U (paKTOpoM X; MpPU YCTPAHEHUM BIUSHUSA (PaKTOpa X,, @ YACTHBIA KOIPPUIUEHT

KOPPENSAIHN 7y (v Fyxy- x1) XapaKTepU3yeT TECHOTY CBSA3U MEXIY Pe3yJibTa-

TOM Yy U (PaKTOPOM X, MPU YCTPAHEHUHU BIUSHUS (PaKTOpa X;.
Yactable KO3 DULMEHTHI KOPPETALUHA BBIYUCISIOT MO (POPMYIIaMm:

T

YX rxlxz (8 1 )

yx1 X2 \/( (
B yx2 N xlxz -

—I"

X rxlxz (82)

yx2 X1 \/( (
- yxl / - Xlxz -

8. CoBokynHbIN KO3 PUUMEHT KOPpeasilun

[IpakTHueckasi 3HAUMMOCTh YPaBHEHHUS] MHOKECTBEHHON PETrpPeCCUU OLICHUBA-

€TCSl C TIOMOILBIO TTOKAa3aTelsd MHOKECTBEHHOM Koppeisioun 1 €TI0 KBaJpara — I10-
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KazaTens AeTepMHuHanMK. [lokazarenb MHOXKECTBEHHON KOPPENALMH XapaKTepu3y-
€T TECHOTY CBSI3M paccMaTpuBaeMoro Habopa (akTOpOB C HCCIEAYEeMbIM MpU3HA-
KOM WJIA, MHA4Ye, OIEHUBACT TECHOTY COBMECTHOTO BIUSHUSA ()aKTOPOB HA PE3YJIb-
TaT.

[Ipu nunetinoi 3asucumocmu MpU3HAKOB GOpMyIa WHIEKCA MHOKECTBEHHON

KOppeCJLIIUuU MOKCT OBITH MpCaACTaBjICHA CICAYIOIINM BBIPAKCHHUCM:

Ryx1x2 = \/ryxl 'ﬂl + Fyx, 'ﬂZ : (83)

@opmyna MHAEKCA MHOMXECTBEHHON KOPPETSUUH ISl JIUHEUHOU pecpecCuu
NOJIyYHJIa HA3BAHUE JTUHEUHO20 KOIPOUUUEHMA MHONCECMEEHHOU KOpperayuu,
WJIH, YTO TO K€ CAMOE, COBOKYNHO20 KO uyuenma Koppeiyuu.

3Has yacTHble KOA(Q(UIHMEHTHl KOPPEJSILIMU, MOKHO ONpPENEIUTh COBOKYII-

HBIN KOA(DPUIUEHT KOppEeIauu o Gpopmyrie

Ryx1x2 - \/1 B (_ ryle ;(_ ryzxzyxl —- (84)

50)0%1

R)’xlxz = \/1 N (_ ry2x2 _ (_ ry2x1 Xy Lt (85)

Jlnst nuHEelHOM Monenu ¢ AByMsl (pakTopaMu COBOKYMHBIA KOA(P(GUIIUECHT

KOPPEJAIUN TaKKe MOKET OBITh BRIUUCIICH 11O (popMyIie

I Y
yXq yXo yXp oYXy - XjXp (86)
1—r2

X1X2

yX1 X2

9. KoagppuumeHT MHOKEeCTBEHHOM eTePMUHAIIUN

2

1xix, HA3BIBAETCS KOO~

KBaapar coBokynmHoro koadduirmenta Koppeusiaun R

¢ML;M€HMOM MHOCECMBEHHOU 0emepmunat;uu.
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KoadduimenT MHOKECTBEHHON JIE€TEpMHUHAIIUU TTOKA3bIBAET, KaKas J0Jis Ba-

pHuaIuu pe3yJbTaTUBHOTO MPU3HAKA Y O0BSICHACTCS (paKTopaMu, BKIFOYCHHBIMU B

ypaBHEHHE MHOXECTBEHHOUN perpeccuu, a BeauyuHa | — Rmxz— JOJIIO0 BIUSIHUS

MIPOYUX, HE YUTEHHBIX MOJIEIBIO, (DAKTOPOB.

10. ITpumep BbIYKMCIAEHHS YACTHBIX KO3I()(UUNEHTOB KOPPeIsiliuM,
COBOKYITHOI'0 KO3(p(PpUIHEHTA KOPPeJIsALHH,

K03(ppuuueHTa MHOKECTBEHHOM JIeTEPMUHALU A

Hcnonp3ys naHHbIE PEABIAYLIETro npuMepa (IyHKT 6, cTp. 73), BBIUUCIUTD:
1) yacTHbIe KO3 PULIMEHTHI KOPPEIALUY;
2) COBOKYITHBIN KO3()(PUIIMEHT KOPPESILINY;

3) k03P HULIMEHT MHOKECTBEHHOU I€TepMUHAINH.

B mpeapiaymem npumepe (ctp. 75-76) ObUIM BBIYKMCICHBI JTUHEHHBIE KOA(]-

(bUIIMEHTHI TapHON KOPPETSAIUU:

=0,144,

27 X1 Xp

Ty, = 0,775, Ty, = =0,728,r
a TaKXe CTaHJIapTU3UPOBAHHBIE KOIPPULIUEHTHI:
£, =0,684, £, =0,630.

1. Beruncnum yacTHbie KOI(POUIMUEHTH KOPPEISLUU, UCTIONB3YS (HOPMYJIbI

(81)—(82):

_ryx2 rxlxz _ 0,775-0,728-0,144 00988
yx1x2 2
J(— 2 -r2 - J€-07287 S€-01442
—ryxl rxlxz _ 07807750044 _ oo

P \/( 2 -r2 - €07552 S(-01447
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CpaBHuBass 4acTHble KOY(DPUIMEHTH KOPPETSAUU, BUAUM, YTO (AKTOp X
(ckopocTh V) mMeeT OOJbIIYI0 TECHOTY CBSI3M C pe3yJdbTaTHUBHOW (pyHKUMEH y
(mpou3BOAUTEIHLHOCTEIO aBTOMOOWIT W), ueM (akTop X, (Macca MEpeBO3UMOTO

Irpy3a q), a 3HAYMT OKa3bIBACT HA HEe OOJIbIIICE BIMSIHHUEC.

2. Beraucinum coBOKYITHBINA KO3 GUIIMEHT Koppesiuu 1o dpopmyre (83):

Ry =Ty B+ Ty B2 = 0,775-0,684+0,728-0,630 = /0,989 = 0,994

BeluncnuMm Tenepb COBOKYNMHBIA KO3(P(MUUUEHT KOPPENALHH, HCHOIb3Ys

dbopmybl (84):

Ry, =1- €12 02 =1 €-0775% S €-0950> =0994,

3ateM popmyiy (85):

~

Ry, =1- €2, S r2  =31-€-07287 -€-0988% ~0994

U, HaKoHell, popmyiy (86):

2 2
\/rwq +ryxz 2 "yx Ty, "o —

yxixp T 2
1- Ty

2 2 J— - - -
_ \/0,775 +0,7287 ~2-0,775-0.728-0144 _ 001

1-0,144°

O4eBuHO, YTO PE3yJbTATHI, MOTyUeHHbIE 0 hopmynam (83)—(86) — onuna-
KOBBI. [I03TOMY BBl MOXKETE UCIIOJIH30BATh JIOOYIO U3 HUX B CBOMX pacyueTax.
3. Boruucaum k03¢hGUIMEHT MHOXECTBEHHOUN JEeTepMUHAIIUU, BO3BEAS B

KBaJIpaT COBOKYMHBIA KOAPPUIIUEHT KOppEAIHUU:

R>  =0989.

yX1x2
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3aBUCUMOCTh y OT X; M X, XapaKTepHU3yeTcs Kak BecbMa BbICOKas, B KOTO-
poit 98,9% Bapuanuu MpoU3BOIUTEIILHOCTH aBTOMOOMISI W ompeiensercs: Bapua-
Med YYTEHHBIX B MOJENN (DaKTOPOB: CPEIHEH CKOPOCTHU U CPEJIHEH MacChl mepe-
BO3MMOTIO I'py3a.

[Ipoune gaxTopsl, HE BKIOYEHHBIE B MOJIENb, COCTaBIAOT Beero 1,1%.

11. KoappuumeHT 371aCTHYHOCTH

B HayyHBIX HCCIIEIOBAHUSX IIMPOKOE MPUMEHEHUE HAXOIUT TAKXKE TaKOU
MoKa3artellb, Kak Ko3gguyuenm 31acmuyHoCmu.

B auneunou mmnoscecmeennoii pecpeccuu nisi XapaKTEPUCTUKA OTHOCUTEIb-
HOM CHJIBI BIUSIHUS (DAKTOPOB X| U X, HA PE3YJIbTATUB Y PACCUUTHIBAIOTCS CpeoHUe

KO3¢hhuyuermol 31aCMUYHOCIU:

a, - X (i=1.n). (87)
y

2

YXi

BennunHa cpepHero Kodd@HUMEHTa 31aCTHYHOCTH Iy, IIOKa3bIBacT, Ha

CKOJIbKO TPOLIEHTOB B CPEIHEM U3MEHUTCS PEe3yJbTaTUB y, €CIIU 3HaueHue (akTo-
pa x; u3amenutcs Ha 1%.

Ilpuyem, eciu kospduumnent snacruanoct I, >0, T0 ¢ yBenuicHHEeM
hakTOpa x; pe3yNBTATUB y TAKXKe yBenuduBaercs, a ecan I, <0, To ¢ yBemuye-

HUEM (haKTopa X; pe3yJbTaTUB y, HAPOTUB, YMEHBIIACTCS.
12. Ilpumep BbIuncjaeHUs KO3GPUIMEHTOB FJIACTUYHOCTH
JJIS1 MHO’KE€CTBEHHOM perpeccum

Hcnone3ys ganueie npuMmepa (IyHKT 6, cTp. 73—76), BBIYUCIUTD CPEAHUE KO-

>QQUUHCHTBI STaCTHIHOCTH Iy, B I, .
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B tabmuie 17 (ctp. 75) onpeneneHsl cpeaHue 3Ha4eHUsT (AKTOPOB X U X, U

pe3ynbTaTuBa y:
x, =59,05, x,=1,987, y=11798.
Ha CTp. 76 BBEIYMCIIEHEI 3HAUEHUS BEINUYNH a; .
a; =2.067, q,=56,53.

Beraucianm  cpenane  K03QOUIHUEHTH 3IACTHYHOCTH O, M I, TI0 dbop-

mysam (87):
Dy = 4y =2,067- 222~ 1036,
y 117,98
Oy, =a, 72 256,53 1987 _ 0,952.
y 117,98

CnenoBatesibHO, C YBEJIIMYEHUEM CpesiHel ckopocTu V (x1) Ha 1% ot ee cpen-
HETO YypOBHS, CPEIHSS TMPOU3BOAUTEIBHOCTH aBTOMOOWIS W yBEeIMYUTCA Ha
1,036% (mmpy HEM3MEHHOM Macce MEePEeBO3UMOro rpy3a); a Npu YBEIUYEHUHU CpEll-
HEW Macchl MEPEBO3UMOrO rpy3a (q (x;) Ha 1%, cpeaHsis npou3BOAUTEIBLHOCTD aB-
TomoOuns yBennuuaercs Ha 0,952% oT cBoero cpeHero ypoBHs (IIpU HEM3MEH-

HOM CKOpPOCTH).

Ou4eBHIHO, YTO HEMHOTO OOJIbIIIEE BO3JCHCTBHEC HA CPEAHIOI IPOM3BO-
JUTENHOCTh aBTOMOOUIST W (TO €CTh y) OKa3bIBaeT pa3Mep CPEIHEN CKOPOCTU

V (x1), 4TO NOATBEPKIAET pAHEE MOJTYUEHHBIE PE3YJIbTATHI.

13. Ouenka napaMmeTpoB MHOKeCTBEHHOM perpeccuu

Ouelma 3Hauumocmu ypaeHenun MHONCECMBEHHOU pezpeccuu

3HAYMMOCTbD YpaBHCHHA MHO>KECTBEHHOM perpecCcruu B ICJIOM TaK KE, KaK U B

IIAPHOW perpeccuu, OLEHUBAETCS € NMOMOILIBIO F-Kkputepus Puiepa.
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CornacHo F-kputeputo Duiepa, BbIIBUraeTcs «HyJeBas» rumnore3a H, o
CTaTUCTUYECKOW HE3HAUYMMOCTH YPaBHEHHS MHOXECTBEHHON perpeccuu. JTa I'd-

IIOTEC3a OTBCPIracTCs IIPHU BBIIIOJIHCHUHN YCIIOBUA

FR > kaum’

rae Fyp,, onpenensercs mo tabnuuam F-kpurepusa Pumiepa (mpuioxeHue 4) npu

quCciIaxX CTEIEHEH CBOOOIBI:
ki=m, ky=n-m-1

H 3aITaHHOMY YPOBHIO 3HAYUMOCTH (.
31ech m—9uCiIo MmapaMeTPOoB MPH MTEPEMEHHBIX X, 1 — YUCII0 HAOIIOCHUH.
CDaKTI/I‘-ICCKOC 3HAYCHUC KPUTCPUA FR OIIpCACIIACTCA 110 (bopMyHe

2
Ryx1x2 . n-m-1

Fro=
ZR? m

yX1Xp

; (88)

2
yX|x2

rae R . —kxo3(hUIMEeHT MHOXKECTBCHHOM JeTePMUHAIIUH;

Mm—YUCJIO TTapaMeTPOB MPU NIEPEMEHHBIX X (B JIMHEWHON perpeccuu
COBIAJAET C YMCJIOM BKJIIOUYEHHBIX B MOJEJIb MHOKECTBEHHOM PETpECCUu
(dhakTopoB);

1 —4UCII0 HAOIIOCHUH.

Bennunna Fr cpaBHMBAETCS ¢ KpUTHUECKUM 3HAYEHUEM Fypypp.

Ecma Fr > Fipum, TO «HyJI€Bass» TUIOTE3a O CTATUCTHYECKONW HE3HAYMMOCTH
YPaBHEHHUSI PETPECCUU OTBEPTAECTCA, U YPABHEHHE PETPECCUU MPUZHAECTCA CTATH-
CTUYECKH 3HAYMMBbIM C HAJIE)KHOCTHIO 1 — .

B nporusnom ciyuae, ecinu Fr < F,,, IPUHAMAETCS TUIIOTE3A O CTATHCTU-

YECKOW HE3HAYUMOCTH YPaBHEHUSI PETPECCHH.
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Ouemca 3Hauumocmu t])akmopa, 6KJIIOY€HHO020 6 ypaeHeHnue

MHOHCECMBEHHOU pezpeccuu

JUIs1 MHOXXECTBEHHOM PETrpeCCUM OLIEHUBAETCS 3HAYMMOCTh HE TOJIBKO ypaB-
HEHUS B IEJIOM, HO U KaXJ0TO (pakTopa, JOMOJHUTEIHHO BKIIOYEHHOTO B perpec-
CUOHHYIO MOJEJb.

HeoOxoaumMocTh Takoil OLIEHKM CBsi3aHa C TEM, YTO HE KaXKIblil (pakTop, BO-
HISIIINI B MOJIENIb, MOYKET CYIIECTBEHHO YBEJIUYUBATH JI0JII0 OOBICHEHHOW Bapu-
alMy Pe3yJIbTaTUBHOTO MIPU3HAKA.

Kpome Toro, npu Hanu4uu B MOJENIN HECKOJIBKUX (PAKTOPOB OHM MOTYT BBO-
JIUTHCSI B MOZENb B PA3HOU MOCIEN0BATEIBHOCTH.

BBuay koppemauun Mexay (pakTopamMu 3HAYMMOCTb OJHOTO U TOTO K€ (pak-
TOpa MOKET OBITh Pa3HOM B 3aBUCHMOCTH OT IOCJIEI0BATEIbHOCTH €TI0 BBEJCHUS B
MOJEIb.

Mepoii 171 OLIEHKM BKJIIOYEHHS (AaKTOpa B MOJENb CIYKUT YaCTHBIN

F-kpurepuii, TO €CThb F, -

YacTHblii F-kpuTepuil IOCTPOEH HA CpPaBHEHUU TMpHUpPOCcTa (HAKTOPHOU AuC-
nepcuu, oOyCJIOBJIECHHOTO BIMSHHUEM JIOMOJHUTEIBLHO BKIIIOYEHHOTO (hakTopa, C
OCTATOYHOU JMCIepCHEl Ha OAHY CTENIEHb CBOOOBI IO PETPECCHOHHON MOJIENHU B
L[ETIOM.

dakTUYeCKOe 3HAYCHUE YaCTHOTO F-KpuTepusi CpaBHUBACTCSA C TaOJIUYHBIM
Fpum IPY yPOBHE 3HAYMMOCTH 0. M YUCIIE CTETIEHEH CBOOOIBI:

ki=1, ky=n-m-1.

Ecii pakrrdeckoe 3HaYCHHE F_ NMPEBBINIACT TAOINYHOE
i

in > kauma

TO AOITIOJHHUTCIBHOC BKJIIOUYCHHC (baKTopa X; B MOACJIb CTaTUCTUYCCKH OIIpaBAaHO

1 KO3 (DUITMEHT «IUCTOM» PETPECCUU @; IPU (HAKTOPE X; CTATUCTUYECKHA 3HAYHUM.
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Eciint ke (akTuieckoe 3HaYCHUE F MCHBbIIE TaOIHMIHOTO
l

F x; <F Kpum»

TO JIOTIOJIHUTEIBHOE BKJIIOYEHHE B MOJENb (DakTopa X; HE YBEIMUYMBAET CyIIle-
CTBEHHO JI0JII0 0OBSICHEHHOW BapHalllK MPU3HAKa y, CJIEe0BATEIbHO, HEIIeIec000-
Pa3HO €ro BKIIIOUEHHE B MOJIEIb; KOADPUIIMEHT «YUCTOM» perpeccuu a; mpu JaH-
HOM (paKTOPE B 3TOM CITy4dae CTATUCTUICCKU HE3HAUNM.

Jl1st 1Byx(aKTOPHOTO YpaBHEHUsI YaCTHbIE F-KPUTEPUU UMEIOT BUI:

R: 2 o
F, = o BEHE (89)
1_Ry)ﬁxz 1
2 2
Ryvv, ~ Iy n-m—1 90
F - ’ ( )
R%) 1_R2 1
YX1 X2

2
YX1Xp

rone R — K03 (DUITMEHT MHOXKECTBEHHOM JETEPMUHALINH;

2 . .
Fyx, ~ KO3 (D PUIIMEHTHI TAPHON KOPPEIISIIIY;

1 — YHCJI0 HAOIIOEHUM;

m — 9ucio (paKTOpoOB, BKIFOYCHHBIX B MOJIEIh MHOKECTBEHHOW pPETpecCHH

(m=2).

C moMOIIIbI0 YaCTHOTO F-KPUTEPHS MOXKHO MPOBEPUTH 3HAYMMOCTH BCEX KO-
3G OUIMEHTOB PErpeccuy B TMPEANOJIOKEHUH, YTO KaXKIbI COOTBETCTBYIOITHIA

(dbakTop X; BBOAWICS B ypaBHEHHE MHOKECTBEHHOU PErPECCUU TTOCIICIHUM.

14. Ilpumep oLeHKHN 3HAYMMOCTH YPABHEHUS MHOKECTBEHHOM perpeccuu

U (GaKTOPOB, BKIIYECHHBIX B YPABHCHUE

Wcnonb3ys nanHble npuMepa (MyHKT 6, cTp. 73), OLIEHUTh 3HAYUMOCTH I1O-
CTPOEHHOTO YpaBHEHUSI MHOXECTBEHHON perpeccuu U (pakTopoB, BKIIOUYEHHBIX B

ypaBHEHUE.
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B npumepe (ctp. 73—77) 3aBUCUMOCTb MTPOU3BOJAUTEIIBHOCTH aBTOMOOWIIS Q
OT CKOPOCTH aBTOMOOMJIA V U €ro rpy30lnogbeMHOCTH ( ObLIA ONKCAaHa YpaBHEHHU-

€M JINHEMHOW MHO>KECTBEHHOW PETPECCUMU:
y =-116,40 + 2,07 -x; + 56,53 - x,
W
QVV,q)=-116,40+2,07 - V+ 56,53 - q.

31ech x| — CKOPpOCTh aBTOMOOMIIS V, X, — TPY30MIOABEMHOCTH (.
3HAYMMOCTh YPaBHEHUSI MHOKECTBEHHOW PETPECCUU B LIEJIOM OLIEHHM C I0-
Moo F-kputepus Ouiiepa.

Paccuntaem (paktrueckoe 3HaueHue kputepus mno dhopmyie (88):

Rix, n-m—-1_ 0989 20-2-1

FR = ) = - 765,25 5
1-R m 1-0,989 2
YX1 X2
rac R;Cl X KOB(I)(I)I/IIII/ICHT MHO>KECTBEHHON ACTCPMHUHAILINH, BBIYMCJICHHBIN

B ipumepe (myHkT 10, ctp. 79-80);
N — YKUCJI0 HAOIIOJCHUH;
m — 9UCJIo (HaKTOPOB, BKIFOUEHHBIX B MOJIEIb.
Hailinennoe ¢daxktuyeckoe 3HaueHUE F-KpUTEpUs CPaBHUM C TaOJIWYHBIM
(kpuTHUYECKUM) 3HaUCHUEM (TTPUIIOKEHHUE 4).
Tabnuunoe (kputudeckoe) 3HaueHue F-kpurepus Duinepa HAXOAUTCS IS
3agannbIX 3HaueHni k1, k2 m o, T0o ectb  Fpy (0 k15 k2),
rae k1l =m =2 — 4ncno crencHeil CBOOOIHI;
k2=n-m-1=20-2-1=17 — 4ucio creneHeir CBOOOILI;
0. — YPOBEHb 3HAYUMOCTH (JOMYCTUMOCTh OIIMOKH).
[Tpumem a = 0,05, To ectb 5%.
Torna o Tabnuile (mpuiioxeHue 4) onpenesnsem:

Frpum (003 K15 K2)= Frp (0,05; 2; 17) = 3,59.
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YpaBHeHUE CUYUTAETCS CTAaTUCTHMYECKU 3HAUYMMBIM Ha YpPOBHE 3HAYMMOCTH
I-o B TOM ciydae, ecnu (akTHUecKoe 3HaueHue Fj TPEBBIIAET KPUTHUECKOE
Fopum (au; k15 k2).

[Tomy4daem, 4to
Fr=176525> Fu, =3,59.

CnenoBaresibHO, ¢ BepoATHOCThIO 0,95% nenmaem 3akiItOU4€HUE O CTATUCTHU-

YECKOM 3HAYMMOCTHU YpPaBHCHUA B LCJIOM U IIOKA3aTCJIsA TCCHOTHI CBA3U R , KO-

yx1 X2
TOpbIE CHOPMHUPOBAIUCH TIOJT HECTYyYalHBIM BO3JEHCTBUEM (DAKTOPOB X| U X;.

OHGHI/IM 3HAYUMOCTH (bﬂKTOpOB, BKIIFOYCHHBIX B MOJCJIb, IIOCKOJIBKY KaiK-
Il (haKTOp, BOLIECAIINI B MOJEIb, MOKET CYIIECTBEHHO MOBIMITH HA Kaue€CTBO
MOJCIIN.

Yacrtaeie F -KpUTCPHUU F X un F X OOCHHUBAIOT CTATUCTHUYCCKYIO 3HAYUMOCTD

NpUCYTCTBHS (PAaKTOPOB X; U X, B YPABHEHUU MHOKECTBEHHOU perpeccuu,
OLIEHUBAIOT 11€JIECO00PAa3HOCTh BKJIIOUYEHUS B YpPaBHEHHE OJHOrO (hakTopa mocie

Apyroro (akrtopa, To ecTh F\ OLCHUBACT LENCCO0OPA3HOCT BKIIOYCHUS B ypaB-

HeHue ¢akTopa x| MoClie TOTro, Kak B HEro ObLI BKIOUEH (akTop X, CooTBeT-

CTBCHHO F, yKa3bIBaeT Ha IIEIECOO0PasHOCTh BKIIOYCHUS B MOJEIb (akTopa x)

nocie (pakropa x;.

Hacrusie F-xputepun F, u F,  BbrducanM no popmyaam (89), (90):

Riuw =T, n—m—1_0989-0,728> 20-2-1

P o= —=709.4
X 1— Rixm 1 1-0,989 1
R> _ —r? 1 0989-0,775% 20—2—1
Fo=_2an T h—m—1_Y767—Y, T —600,22.
Xy 1— R§x1x2 1 1-0,989 1

dakTuueckne 3HaueHUEe F-KpuTepusi CcpaBHUM C TaOIWYHBIM Tipu 5%
ypoBHe 3HauumoctH (o=0,05) m uuciax creneHe CBOOOIBI:

kl=1, kK=n-m-1=20-2-1=17.
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[To Tabnure (mpuioxenue 4) onpenesemM
Fopum (05 kK15 K2) = Fipp, (0,055 15 17) = 4,45.
[Tomy4uaem, 4to

F, =7094 > Fypup=445.

CrnenoBaTenbHO, TPUXOIUM K BBIBOAY O 11€JIeCO00Pa3HOCTH BKIIOUYEHUS B MO-
nenb pakTopa x; MOCie TOoro, Kak GakTtop x, yke ObLI BKIIOUCH, U KOADPUIIUCHT
a, Tpu QaKkTope X; CTATUCTUYECKH 3HAYUM.

s haxkTopa x;:

F,, =600,22> F=445.

[To3TOMy 1ONOSHUTENBHOE BKIIIOUEHUE B MOJIENb (haKTopa X, Mocie ¢gakropa
X| CTaTHCTHYECKH ONpPAaBJIAHO, U KOADPUIMEHT a, TpH (aKTope X, CTaTUCTUYE-
CKU 3HAYHM.

15. 3aganusa 1J151 CaMOCTOATEIbHON padoThI

1. ITosyunte y mpenojaBaresnss UCXOJHbBIE JAHHBIE JUIsI MHOXKECTBEHHOU pe-
rpeccuu (punoxxenue 1).

2. IlocTpoliTe ypaBHEHHE MHOXKECTBEHHOW JINHEMHON PETPECCUH, UCTIOb3YS
MHK.

3. Beiuucnute napHsie K03(pGUUMEHTH Koppensauuu. MHTepnperupyiite mo-
JIy4ECHHbBIE 3HAYECHUS.

4. ITocTpoiiTe ypaBHEHUE MHOXKECTBEHHOM JIMHEHHON PErpeccuul, UCIOJIb3ysl
KO3 PUIIMEHTHI B CTaHIAPTU3UPOBAHHOM MacIlITade.

5. Beruncnure gactHpie KO3(QGUIIUEHTHI Koppensiiun. HTeprnpeTupyiTe mo-
Jy4YE€HHbIE 3HAYEHUS.

6. Beruuciaure coBOoKynHbIA Ko3(puimeHT xoppensiuuu. UHTepnperupyiire

MMOJIYYCHHOC 3HAaYCHHC.
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7. Berunciute ko3hGUIMEHT MHOKECTBEHHOHN AeTepMuHanuu. MHTepnpeTu-
PYWUTE NOJIy4YEHHOE 3HAUYCHUE.

8. Berauciure kod(pPUIMEHTH 3IaCTUYHOCTH. MHTEpnpeTupynTe MmomydeH-
HbIE 3HAYCHHUS.

9. C nomoipto kputepusi Ouiepa OLEHUTE 3HAYUMOCTh YPAaBHEHUSI MHOXE-
CTBEHHOU perpeccuu 1 Kaxaoro (pakropa, BKIIOUEHHOTO B ypaBHEHUE.

10. CocraBbTe OTYET 10 J1abOpaTopHO padoTe.

16. Conep:kanue oT4yera

OT4eT JOJDKEH conepKaTh:
1. Onpenenenust 1 GopMyIbl, U3T0KEHHBIE B TEOPETUUECKOM yacTH J1abopa-
TOPHON pabOTHI.

2. I/ICXOI[HI)IC JaHHBIC X PC3YJIbTAThl BBIIIOJHACMBIX 3aHaHHﬁ.

KonTposabHbIE BONPOCHI

1. Kakue MeTosl onpeneneHus napaMeTpoB ypaBHEHUSI MHOKECTBEHHOM pe-
I'PECCUU BBI 3HAETE?

2. llpuBenure hopMyibl METOJA HAMMEHBIINX KBAJPATOB.

3. OOBsicHUTE TOHATHE «KOIDPHUITUECHTHI YUCTOU PErpecCcun.

4. Kakoe ypaBHEHHE Ha3bIBalOT YpaBHEHHWEM B HAaTypaJbHOM MacuiTabe me-
PEMEHHBIX ?

5. [IpuBenuTe ypaBHEHHE B CTaHIapTU3UPOBAHHOM MacITade.

6. IIpuBeaure HopMyIibl, CBSI3BIBAIOIINE «UUCTHIEY» KOIPDUIIUEHTHI CO CTaH-
JapTU3UPOBAHHBIMU.

7. Jlaiite ompenenenvie U npuBeauTe (Gopmyibl MapHbIX KO3PHUIMEHTOB
KOPPEJSLHUU.

8. UTo xapakTepu3yroT napHbie KOAPGUIIUESHTH KOPPEISIUN U KaKue 3Havye-

HUSI MOTYT IPUHUMATH?
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9. Kak BBIYUCISIIOTCS M YTO XapaKTEPU3YIOT YaCTHbIE KOA(PPUIIMEHTHI KOppe-
TSN ?

10. IlpuBeaute (OpMyabl UIsi BBIYUCICHHUS COBOKYITHOTO KO3((HUIIMECHTA
KOPPEJISIUU.

11. Jlatite onpenencHue ko3 uirenTa MHOKECTBEHHON JeTepPMUHAIIH.

12. Yto nokasbiBaeT KO3OPUIIMEHT MHOKECTBEHHOU JETEPMUHAIM?

13. daiite onpenenenue ko uiieHTa 31acTHYHOCTH.

14. Kak BbUucisieTcsl CpeqHUl KOOPPUIMEHT dTaCTUYHOCTU ISl JIMHEHHOM
MHO>KECTBEHHOU perpeccun?

15. Yro noka3pIiBaeT BEIUYMHA CPEIHErO KOA(PPUIIMEHTa 31aCTUIHOCTH ?

16. Yto moka3bIBaeT 3HAK CPEIHET0 KOIPPUIMEHTA FIMACTUYHOCTH ?

17. Kakoil KpuTepHii MPUMEHSIOT JJI1 OLEHKH 3HAaYMMOCTH YPaBHEHHUS MHO-
’KECTBEHHOM perpeccun?

18. IlpuBenute (popmyiny BbIUHUCIACHHUS (PAKTUUECKOIO 3HAYEHMS] KPUTEPUS
durepa.

19. Kak onpenenuts Kputudeckoe 3HaueHue F-kputepust Puiepa?

20. IIpy KakOM yCJIIOBHM YPAaBHEHHE MHOKECTBEHHOW PErpeCCHH CTaTHUCTHYE-
CKH 3HaYUMO?

21. [Ins yero npuMeHSIIOT YacTHbIN Kputepuii Guiepa?

22. IIpuBenure HopmMyibl BRIUUCICHUS YACTHBIX 3HAYeHHUM F-kputepus Du-

mepa F, M F, JUIA ypaBHEHHUS € IByMs (dakTopamu.
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IMPUJIOKEHHUE 1

BAPUAHTBI 3AJAHUM JJISI CAMOCTOSITEJIBHOM PABOTHI

Bapuanm 1

Y
13,9
23,9
26,5
22,7
27,7
24,1

29
29
36,5
34
32,8
37,8
30,2
27,7
31,5

X1
37,8
52,92
64,26
60,48
53,93
60,48
69.3
54,18
66,02
56,7
70,56
57,96
66,78
75,6
71,82

X2
65,52
79,38

69,3
80,64
64,26
84,42
66,78

81,9

88,2
76,86
68,04

75,6
70,56
86,94
73,08

Bapuaum 5

Y
9,01
7,51
6,38
9,48
10,5
8,29
8,74
8,61
8,35
9,51
4,83

10
6,72

12,35
9,21

X1
4,59
6,17
5,31

2,8
3,16
5,23

4,1
6,02
3,23
3,87
5,02
4,11
4,11
1,86
5,01

X2
2,35
3,24
5,61
2,31
8,64
5,21
6,45
7,36
9,01
5,21
3,65
4,56
8,95
4,32
7,23

Bapuanm 2

Y
13,4
15,8
14,2
16,8
15,2
13,7
16,4
14,5
11,3
10,8
9,05
8,14
17,8
19,1
12,1

X1
1,22
0,34
0,61
0,48
0,92
1,14
1,58
1,61
2,01
2,02
2,11
2,15
0,14
0,19
1,17

X2
3,44
4,51
2,13
3,14
2,17
6,14
8,72
3,44
4,59
721
8,01
6,51
421
3,45
2,15

Bapuanm 6

Y
10,7
9,01
8,97
9,28
4,56
5,98
9,87
6,87
7,98
8,59
7,89
5,39
3,84
2,91
4,89

X1
0,21
0,64
0,97
0,45
1,31
1,44
0,57
0,87
0,35
0,76
0,69
0,64
1,09
1,76
1,55

X2
4,98
6,38
2,35
4,68
5,26
7,65
8,94
1,23
7,56
8,64
4,25
8,32
4,21
6,38
8,21

Bapuanm 3

Y
6,16
6,77
8,96
2,46
3,71
5,77
4,92
3,76
8,51
7,98
5,36
4,46
8,71
9,54
6,14

X1
0,42
0,54
0,86
0,45
0,52
0,49
0,42
0,54
0,48
0,82
0,67
0,34
0,59
0,73
0,64

X2
2,14
3,16
0,87
0,64
1,54
2,87
3,15
4,52
7,81
2,13
4,88
5,24
6,75
4,33
2,36

Bapuanm 7

Y
21,05
28,31

40,5
38,14
41,25
65,34
57,31
80,14
44,21
30,21
29,43
46,21
20,46
60,15
50,21

X1
1,11
1,39
2,84
5,91
4,38
9,75
6,28
7,98
5,21
3,64
1,59
2,78
0,98
4,56
5,02

X2
0,54
0,98
0,36
1,25
0,57
0,98
0,45

1,2
1,35
1,71
0,45
1,68
1,36
4,57
0,98

Bapuanm 4

Y
7,42
4,12
3,59
4,35
6,54
2,69
6,17
3,11
3,41
4,51
5,82
5,79
1,69
4,22
4,17

X1
2,16
3,45
2,96
3,15
1,98
4,55
1,88
2,78
2,41
2,67
3,54
1,69
4,02
3,61
3,55

X2
6,78
5,41
5,21
6,48
2,15
3,45
6,21
3,24
1,97
5,42
4,25
6,12
7,02
8,21
9,23

Bapuanm 8

Y
22,1
34,6
294
68,1
98,2
34,5
28,1
20,4
76,4
88,1
79,9
19,3
57,3
68,3
79,5

X1
2,31
5,61
4,86
6,45

10,35
4,84
3,64
2,01
9,12

10,54

12,02
2,05
4,39
5,27
8,12

X2
0,31
0,98
0,14
0,65
0,87
0,25
0,64
0,12
0,39
0,54
0,89
0,78
0,65
0,26
0,98
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Bapuanm 9

Y
27
24.4
19,5
243
20,7
23,5
21,5
22,1
21,7
26
25,9
25,7
25
25
25,3

X1
1,01
1,58
1,99
1,64
1,91
1,67
1,87
1,68
1,73
1,22
1,34
1,45
1,54
1,31
1,46

X2
4,32
5,14
8,13
4,03
9,21
8,54
7,13
0,35
4,28
6,74
1,25
6,04
8,25

9,1
5,11

Bapuanm 13

Y
5,02
6,01
4,97
3,51
4,38

6,2
6,73
5,44
4,89
6,04
5,78
5,12
4,96
3,75
5,11

X1
0,24
0,34
0,65
0,12
0,46
0,31
0,76
0,64
0,11
0,56
0,49
0,32
0,46
0,21
0,17

X2
1,54
2,94
4,38
5,65
2,31
4,68
5,24
2,64

4,9
6,14
7,25
1,32
7,95
2,35
4,65

Bapuanm 10

Y
28,1
23
25,8
27,9
26,5
29,2
26,4
30,1
32
29,8
28,8
28,6
29,3
27
29,2

X1
16,02
14,53
15,33

17,7
15,37
17,56
16,44

23,5
23,41
22,05
21,53
22,47
20,54
19,44
18,16

X2
1,25
2,54
3,61
4,21
2,01
9,54
4,25
7,52
2,01
3,02
6,12

8,1
7,02
6,14
0,54

Bapuaum 14

Y
6,12
34
5,31
3,72
4,65
6,42
3,98
8,1
2,99
34
6,57
5,96
7,03
6,81
5,99

X1
0,48
0,21
0,64
0,31
0,15
0,82
0,71
0,93
0,11
0,13
0,24
0,41
0,51
0,81
0,29

X2
6,54
4,82
4,12
5,01
9,22
4,21
8,47
2,35
6,48
9,41
2,17
3,54
9,25

8,1
5,31
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Bapuanm 11
Y X1 X2
29,02 9,56 0,32
20,81 16,08 0,15
25,64 14,06 0,64
26,14 14,87 0,37
25,67 14,8 0,18
24,89 15,06 0,15
23,59 15,78 0,96
26,71 13,54 0,42
26,72 13,61 0,57
27,02 12,778 0,12
24,11 13,47 0,64
28,64 11,15 0,28
28,73 11,06 091
29,64 859 0,18
29,15 10,37 0,24

Bapuanm 15
Y X1 X2
7,58 1,02 5,64
691 1,65 2,15
438 1,74 7091
7,59 1,69 5,24
8,64 1,35 7,96
529 098 1,35
10,11 0,92 4,82
11,02 047 8,21
7,61 1,54 4,36
491 1,67 7,54
5,64 1,35 9,31
7,86 0,87 1,25
6,31 1,43 1,84
5,84 1,15 2,64
9,62 0,69 9,01

Bapuanm 12

Y X1 X2
30,08 3,54 4,57
31,22 8,14 5,14
30,71 5,61 3,78
30,79 6,79 5,14
3142 7,56 6,24
39,01 10,12 8,12
32,41 941 9,23
33,04 8,53 045
33,89 9,57 0,54
35,87 897 1,23
36,12 10,08 8,14
37,14 9,75 6,12
38,61 11,24 4,21
37,52 10,18 5,03
38,42 9,67 4,57

Bapuanm 16
Y X1 X2
8,16 2,57 495
9.1 2,69 1,25
5,2 1,68 8,34
8,99 5,15 5,03
8,24 298 4,31
12,3 4,46 8,9
3,73 1,98 7,21
9,13 2,06 6,81
10,45 2,78 6,33
6,53 346 4,63
10,8 4,58 9,14
11,88 3,78 7,21
12,64 597 2,13
5,68 2,49 4,03
11,88 7,02 7,09
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Bapuanm 17

Y
23,9
68,3
54,2
99,8
77,1
65,2
87,2
89,1
46,3
78,6
95,3
99,9
87,9
67.9
89,7

X1
3,05
9,64
4,87

13,57
10,8
5,57
6,04
8,64
3,47
9,57
12,8

11,34
10,5
8,64
7,54

X2
0,54
0,39
0,25
0,48
0,75
0,39
0,57
0,21
0,87
0,64
0,12
0,56
0,45
0,36
0,18

Bapuanm 21

Y
31,47
30,46
30,78
39,45
38,12
37,99
36,75
36,12
35,23
32,15
33,41
34,11
35,47
33,78
36,08

X1
11,54
10,27
11,51
17,84
16,73
17,41
16,45
15,42
14,64
12,47
13,57
12,91
12,89
13,01
14,01

X2
1,41
2,04
3,45
4,02

2,1
5,41
6,41
8,01
7,31
1,23
2,45
9,12
4,12
5,61
7,84
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Bapuanm 18

Y
24,2
25,9
19,8
20,7
15,4
12,1
10,5

9.7
15,3
16,8
17,9
13,8
17,9
15,3
21,9

X1
4,68
4,01
6,97
5,87
10,9
14,3
11,9
10,7
8,91

7,1

6.9

8,3

9.4

6,7

5.9

X2
0,65
0,47
0,98
0,14
0,56
0,45
0,75
0,35
0,54
0,98
0,12
0,21
0,54
0,75
0,64

Bapuanm 22

Y
32,15
41,51
32,71
40,78
40,17
39,57
34,12
35,76
36,21
36,72
37,05
37,51
37,46
38,04
38,97

X1
16,1
9.8
15,7
10
10,4
10,8
15,1
14,3
14
14
12,8
12,6
12,8
12
10,6

X2
0,21
0,84
1,11
1,54
0,97
1,23
0,84
0,97
1,87
1,12
1,36
0,94
0,57
1,02
1,15

Bapuanm 19

Y
25,61
24,78
21,45

17,8
20,58
22,37

25

15
22,06
27,51
27,95
25,17
23,16
26,31
24,58

X1
2,16
4,58
8,01
7,45
9,34
6,48
6,89
9,98
5,71
4,32
0,51
1,67
3,04
2,89
3,09

X2
6,15
1,26
5,34
7,84
0,58
1,56
7,15
9,32
5,12
4,32
8,95
4,25
1,29
2,37
1,02

Bapuanm 23

Y
33,07
34,12
33,21
34,02
35,74
36,24
36,98
36,41
37,15
42,78
38,02
39,47
38,14
40,54
41,81

X1
7,64
7,05
5,74
4,42
4,11
3,91
2,97
2,41
1,97
0,54
1,74
1,62
0,94
1,21
0,63

X2
4,51
1,21
6,31
2,15

4,1
2,11
7,51
8,12
6,31
5,32
9,01
5,03
4,21
7,11
6,81

Bapuanm 20

Y
26,4
25,1
21,8
20,7
21,5
20,4
22,3
21,5
27,8
26,5
28,9
25,4
243
23,5
25,1

X1
16,4
17,8
134
10,2
10,5
11,6
12,1
12,8
19,1
184
17,3
17,6
15,8
14,7
16,7

X2
0,14
2,64
1,35
8,91
2,14
3,21
4,75
6,45
2,14
5,64
7,82
6,54
9,21
0,59
4,31

Bapuanm 24

Y
34,01
43,51
42,38
35,21
34,87
41,37
36,51
34,61
37,21
37,05
37,77
38,01
38,98
42,71
41,15

X1
0,12
7,48
6,54
1,78
0,67
5,98
1,28
2,06
2,78
3,08
3,17
3,54
4,61
5,55
6,41

X2
5,41
6,34
1,28
7,36
5,12
4,67
1,25
5,31
4,91
1,08
1,12
7,45
3,12
2,54
1,91
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IMPUJIOKEHHUE 2

IIkana Yeggoka (XapaKTepuMCTHKA CBSA3M)

Hokazamenu Xapakmepucmuka
0,1-0,3 ciabast CBS3b
0,3-0,5 YMEPEHHAsI CBA3b
0,5-0,7 3aMETHas CBS3b
0,7-0,9 BBICOKAs CBSI3b

0,9 - 0,99 BECHbMa BBICOKAS CBS3b
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IMPUJIO)KEHUE 3

Ta6auua 3Hayenuii i-kpurepusi CTbr0eHTA

Ha ypoBHsX 3Hayumoctu 0,105 0,05; 0,01

o o
0,10 0,05 0,01 k 0,10 0,05 0,01
1| 6,3138 12,706 | 63,657 18| 1,7341 | 2,1009 | 2,8784
2] 29200 | 4,3027 | 9,9248 19 | 1,7291 | 2,0930 | 2,8609
3] 2,3534 | 3,1825 | 5,8409 20| 1,7247 | 2,0860 | 2,8453
41 2,1318 | 2,7764 | 4,6041 21| 1,7207 | 2,0796 | 2,8314
51 2,0150 | 2,5706 | 4,0321 221 1,7171 | 2,0739 | 2,8188
6| 19432 | 2,4469 | 3,7074 23| 1,7139 | 2,0687 | 2,8073
7] 1,8946 | 2,3646 | 3,4995 24| 1,7109 | 2,0639 | 2,7969
8] 1,8595 | 2,3060 | 3,3554 25| 1,7081 | 2,0595 2,7874
9] 1,8331 2,2622 | 3,2498 26 | 1,7056 | 2,0555 2,7787
10| 1,8125 | 2,2281 3,1693 27| 1,7033 | 2,0518 | 2,7707
11| 1,7959 | 2,2010 | 3,1058 28 | 1,7011 | 2,0484 | 2,7633
12| 1,7823 | 2,1788 3,0545 29 | 1,6991 | 2,0452 | 2,7564
13 1,7709 | 2,1604 | 3,0123 30| 1,6973 | 2,0423 2,7500
14| 1,7613 | 2,1448 | 2,9768 40 | 1,6839 | 2,0211 2,7045
15| 1,7530 | 2,1315 | 2,9467 60 | 1,6707 | 2,0003 2,6603
16 | 1,7459 | 2,1199 | 2,9208 120 | 1,6577 | 1,9799 | 2,6174
171 1,7396 | 2,1098 | 2,8982 oo | 1,6449 | 1,9600 | 2,5758
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Ta6nauua 3Hayenuil F-kpurepus @uinepa

Ha ypoBHe 3HauuMocTH o = 0,05

=
R

0 1 2 3 4 5 6 8 12 24 o0

1]161,45| 199,50 | 215,72 | 224,57 | 230,17 | 233,97 | 238,89 | 243,91 | 249,04 | 254,32

2| 18,51 | 19,00 | 19,16 | 19,25 | 19,30 | 19,33 | 19,37 | 1941 | 19,45 | 19,50
31 10,13 | 9,55 9,28 9,12 9,01 8,94 8,84 8,74 8,64 8,53
41 7,71 6,94 6,59 6,39 6,26 6,16 6,04 5,91 5,77 5,63
5| 6,61 5,79 5,41 5,19 5,05 4,95 4,82 4,68 4,53 4,36
6| 599 5,14 4,76 4,53 4,39 4,28 4,15 4,00 3,84 3,67
71 559 4,74 4,35 4,12 3,97 3,87 3,73 3,57 341 3,23
8| 5,32 4,46 4,07 3,84 3,69 3,58 344 3,28 3,12 2,93
91 512 4,26 3,86 3,63 3,48 3,37 3,23 3,07 2,90 2,71
10| 4,96 4,10 3,71 3,48 3,33 3,22 3,07 2,91 2,74 2,54
11| 4,84 3,98 3,59 3,36 3,20 3,09 2,95 2,79 2,61 2,40
12 | 4,75 3,88 3,49 3,26 3,11 3,00 2,85 2,69 2,50 2,30
13| 4,67 3,80 341 3,18 3,02 2,92 2,77 2,60 2,42 2,21
14 | 4,60 3,74 3,34 3,11 2,96 2,85 2,70 2,53 2,35 2,13
15| 4,54 3,68 3,29 3,06 2,90 2,79 2,64 2,48 2,29 2,07
16 | 4,49 3,63 3,24 3,01 2,85 2,74 2,59 2,42 2,24 2,01
17| 445 3,59 3,20 2,96 2,81 2,70 2,55 2,38 2,19 1,96
18| 441 3,55 3,16 2,93 2,77 2,66 2,51 2,34 2,15 1,92
19| 4,38 3,52 3,13 2,90 2,74 2,63 2,48 2,31 2,11 1,88
20| 4,35 3,49 3,10 2,87 2,71 2,60 2,45 2,28 2,08 1,84
21| 432 347 3,07 2,84 2,68 2,57 2,42 2,25 2,05 1,81
22 | 4,30 3,44 3,05 2,82 2,66 2,55 2,40 2,23 2,03 1,78
23 | 4,28 3,42 3,03 2,80 2,64 2,53 2,38 2,20 2,00 1,76
24| 4,26 3,40 3,01 2,78 2,62 2,51 2,36 2,18 1,98 1,73
25| 4,24 3,38 2,99 2,76 2,60 2,49 2,34 2,16 1,96 1,71
26 | 4,22 3,37 2,98 2,74 2,59 2,47 2,32 2,15 1,95 1,69
27| 4,21 3,35 2,96 2,73 2,57 2,46 2,30 2,13 1,93 1,67
28 | 4,20 3,34 2,95 2,71 2,56 2,44 2,29 2,12 1,91 1,65
29 | 4,18 3,33 2,93 2,70 2,54 2,43 2,28 2,10 1,90 1,64
30| 4,17 3,32 2,92 2,69 2,53 2,42 2,27 2,09 1,89 1,62
35| 4,12 3,26 2,87 2,64 2,48 2,37 2,22 2,04 1,83 1,57
40| 4,08 3,23 2,84 2,61 2,45 2,34 2,18 2,00 1,79 1,51
45 | 4,06 3,21 2,81 2,58 2,42 2,31 2,15 1,97 1,76 1,48
50| 4,03 3,18 2,79 2,56 2,40 2,29 2,13 1,95 1,74 1,44
60 | 4,00 3,15 2,76 2,52 2,37 2,25 2,10 1,92 1,70 1,39
70| 3,98 3,13 2,74 2,50 2,35 2,23 2,07 1,89 1,67 1,35
80 | 3,96 3,11 2,72 2,49 2,33 2,21 2,06 1,88 1,65 1,31
90 | 3,95 3,10 2,71 2,47 2,32 2,20 2,04 1,86 1,64 1,28
100 | 3,94 3,09 2,70 2,46 2,30 2,19 2,03 1,85 1,63 1,26
125 | 3,92 3,07 2,68 2,44 2,29 2,17 2,01 1,83 1,60 1,21
150 | 3,90 3,06 2,66 2,43 2,27 2,16 2,00 1,82 1,59 1,18
200 | 3,89 3,04 2,65 2,42 2,26 2,14 1,98 1,80 1,57 1,14
300 | 3,87 3,03 2,64 2,41 2,25 2,13 1,97 1,79 1,55 1,10
400 | 3,86 3,02 2,63 2,40 2,24 2,12 1,96 1,78 1,54 1,07
500 | 3,86 3,01 2,62 2,39 2,23 2,11 1,96 1,77 1,54 1,06
1000 | 3,85 3,00 2,61 2,38 2,22 2,10 1,95 1,76 1,53 1,03
o | 3,84 2,99 2,60 2,37 2,21 2,09 1,94 1,75 1,52 1,00
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IMPUJIOKEHHUE 5

MNPUMEPHBIN BAPUAHT KOHTPOJIbHOM PABOTHI

W3ydaercst 3aBUCUMOCTD MMOTPEOICHUS dIIEKTPOIHEPTUH (ThIC. KBT/4) OT mpo-
M3BOJICTBA MPOAYKIMU (THIC. €/1.) U YpOoBHA Mexanuzauuu tpyzaa (%). st atoro no
10 mpou3BOICTBEHHBIM KOMIIAHUM, BBITYCKAIOIIUM OJHOUMEHHYIO MPOTYKITUIO,

ObLIN IMOJYUYCHBI CJICAYIOIHUC JAHHBIC:

Horpebnene 120 | 130 | 185 | 195 | 200 | 260 | 400 | 450 | 470 | 370
QJICKTPOHCPIUHU, ¥

IIpousBoacTBo 121161191 22123126 | 38 | 41 | 45 | 39
MNPpOAYKIHWH, X;

YpOBeHb 19 | 25 | 28 | 30 | 35 | 47 | 58 | 60 | 65 | 53
MCXaHM3alluu TpyJa, X,

1. CocTaBUTh ypaBHEHUE JUHEHHOM 3aBUCUMOCTH MOTPEOJICHUS BJIEKTPO-
DHEPIUU OT MPOU3BOJCTBA ITPOIYKIIHH.

2. Haiitu ommOKy anmnpoKCUMAIIHUH.

3. Haitti k03¢ (pULIMEHT 3JIaCTUYHOCTH U MOSICHUTD €r0 3HaYCHHUE.

4. Paccuntath K03 HUIIMEHT TUHEHHON KOPPETSAIUU U OIIECHUTh TECHOTY CBSI-
31 MEKy MIEpEMEHHBIMU 1O 1IKase Yenaoxa.

5. Haiitu uHzeKC eTepMUHAIIMU U OOBSICHUTD €ro 3HAaUCHHE.

6. IIpoBepUTh CTATUCTUYECKYIO 3HAUYUMOCTH KOA((PHUIMEHTOB C MOMOIIBIO
kpurepusi CTbIOJEHTA.

7. CocTaBuUTh ypaBHEHHE TUNEPOOIMYECKON 3aBHUCHUMOCTH MOTPEOICHHUS
AIIEKTPOIHEPTUH OT YPOBHS MEXaHU3ALUU TPY/A.

8. HaiiTu ommOKy anmpoKCcuMaIiuu.

9. Haiit K03(pPpUIIMEHT 371aCTUYHOCTH U MOSICHUTD €r0 3HAYCHHE.

10. Haiitu oO1uryto, pakTOpHYIO U OCTAaTOYHYIO TUCTIEPCUU U TIPOBEPUTH Ipa-
BUJIO CIIOKECHUS JTUCTIEPCUN.

11. Haiftu unaekc nerepMuHaiuu (0ObSICHUTh €r0 3HAYCHUE).

12. PaccunTaTh HHJIEKC KOPPEJSILIMA U OLICHUTh TECHOTY CBSI3U MEXAY Mepe-

MEHHBIMH 110 mIKaje Yemgoka.
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13. IIpoBEpHUTH CTATUCTUYECKYIO 3HAYMMOCTh MHAEKCA KOPPEJSALUU C IIOMO-
1Ipk0 KpuTepus duiepa.

14. TlocTpouTh ypaBHEHHE MHOXKECTBEHHON PErpeccud 3aBUCHUMOCTH I10-
TpeOJICHUS 3JIEKTPOIHEPTUU OT MPOU3BOACTBA MPOAYKIIMHU U OT YPOBHS MEXaHU3a-
UM TPY/A.

15. HaifTu norpemHocTp anmnpoKCUMallN, CJIENATh BbIBOI.

16. Haiitn k03¢ (PUIIMEHTBI 2IaCTUYHOCTH U OOBSICHUTH UX CMBICII.

17. Paccuntath K03(pGUIIUEHTHI TAPHON M YaCTHOU KOPPESAIUU U OOBSICHUTD
UX CMBICIL.

18. Paccuurtarh KO3(PGUIMEHTH YaCTHOM JIETEPMUHAIMU, OOBSICHUTH HUX
CMBICII.

19. Haittu coBoKymHBIN KOA(DPUIIMEHT MHOKECTBEHHON Koppeisinuu R, 00b-
SICHUTB €r0 CMBICIL.

20. Haiitu ko3 duiMeHT MHOXKECTBEHHON ACTEPMHUHALIUH R’ ¥ 0OBSCHHUTS
€r0 CMBICIL.

21. OueHUTh CTATUCTUYECKYIO 3HAYMMOCTh YPaBHEHHsS MHOYKECTBEHHOM pe-
I'PECCUM.

22. O1eHUTh CTAaTUCTUYECKYIO 3HAUUMOCTb KaXJA0r0 hakTopa Xx;, X;.



KonteBa Huna AJjiekceeBHA
JIOKTOP TEXHUYECKHUX HayK, podeccop

Yaunnosa Hagexaa MuxanjioBHa
KaHJWJIaT TEXHUYECKUX HAYK, JOLECHT

JOINOJIHUTEJBHBIE I''TABBI MATEMATUKHA
Yacrsp 1:
KoppeasimnoHHO-perpecCHOHHBINA aHAJIN3
B HAYYHBIX HCCJIEOBAHUAX
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