OCHOBHBIE TOJIOKEHUS IABOPATOPHOM PABOTHI
Llenb paGoThI

Ilenpto pabOTHI SABISETCS MPUOOPETEHHE HABBIKOB HCIOJIb30BaHUS
OCHOBHBIX MTPUEMOB 00pPaOOTKH SKCIIEPUMEHTAIBHBIX CTATUCTUYCCKUX JTaHHBIX,
MOCTPOCHUE SKOHOMETPUYCCKUX MOJICICH M WX pemieHue B cperme Microsoft
Excel, OCYIIIECTBIICHHUE IKOHOMETPHUUECKOTO aHaJM3a UCXOTHOH
HYKOHOMHYCCKOM 3aaYH.

PyKOBOJICTBO K BBIIOJIHEHUIO JIA0OPATOPHOM pabOThI

J1J1s1 BBITIOJTHEHHMSI JTA0OPAaTOPHON PabOThI KaXIbIi CTYIEHT 00sI3aH:

1) MOBTOPUTH TEOPETHUYSCKHH MaTepHay, OTHOCSIIMICI K JaHHOMY
3aHSTHIO;

2) W3yYHUTh TEXHOJOTHIO peIIeHHWS 3aga4 ¢ mnomomblo Excel,
PYKOBOJICTBO K JabOpaTOpHOW paboTe, YSACHUTh OCHOBHYIO 3aJ1ady 3aHSATHS,
METOJUKY ¥ TIOPSIOK €€ BBITIOJTHEHUS;

3) mo HOMepy CBOEro BapuaHTa BHIOpPATh dKOHOMHUYECKYIO 3ajady H,
COTJIaCHO PAaCCMOTPEHHBIM 3ajia4aM, IIPOBECTH SYKOHOMETPUUYCCKHUI aHAIIN3,

4) B mpouecce pabOThl JOJDKEH PYKOBOJCTBOBATHCS OMUCAHUEM
1a00paTOpPHOM pabOTHI, CTPOTO MPUICPIKUBASICH PEKOMEHIOBAHHOTO TOPSJIKA €€
MIPOBEJICHHUSI;

5) mocie BBHINIOJHEHHS OMPENCIeHHOr0 o0beMa padoThl, IJOJDKEH
CaMOCTOSITEIILHO BBIMIOJHUTH MPEIIOKCHHOE MY 3aU4ETHOE 3aJJaHue U CIaTh €ro
B pacleyaTaHHOM BHUIE C IMOAPOOHBIM HSKOHOMETPHUCCKHUM  aHAIU30M
MPETo1aBaTelio.

ITiman 1adopaTopHBIX 3aHITHI

Tema KoJ-Bo gacos

Jlaboparopnas padota Ne 1 | IIpocreiimas 00paboTka JAHHBIX. 2
Jluneitnas ~ perpeccus.  Koadduuuent
KOPPEISIIuU

Jlaboparopnas padota Ne 2 | [IpoBepka kadecTBa ypaBHEHHS JIMHEHHOU 2
perpeccuu

Jlaboparopnas pabota Ne 3 | Henuneitapie  momenu.  Koaddunmert 3
JeTepMUHAITUT

Jlaboparopnas padota Ne 4 | IIporHo3upoBanue Ha OCHOBAHUU 2
JIMHEWHOU perpeccuu

Jlaboparopnas padota Ne 5 | MHorodakropHass JuHEHHas perpeccus. 2
MYyJIbTHKOJUINHEAPHOCTh

Jlaboparopnas padota Ne 6 | [Toctpoenue JIUHEWHOTO, 2
JIorapu(MUIECKOro,  MOJMHOMHUAIBHOTO,
CTETIEHHOTO ¥ 9KCITIOHCHIIMAIILHOTO TPEHIOB

Jlaboparopnas padota Ne 7 | ABTOKOpPpETSAIMs YPOBHEH BPEMEHHOTO 2
psiZa U BBISIBICHUE €0 CTPYKTYPHI

Jlaboparopnas padota Ne § | AHanu3 C€30HHBIX KoJieOaHUH 2




JlaGoparopHuasi pabora Nel

Ilpocmenimasn oopadomka oannvix. Jluneiinan pezpeccus.
Koagppuuuenm xoppenayuu. Ezo 3nauumocmeo

Heab: HayuyuThCsI HAXOAUTHh KOIPOUIIMEHT KOPPENSIUU U ONPEeaesiTh
€ro 3HAaYMMOCTh; HAXOJUTh KO3(P(UIIMEHTHI PErPecCUr U CTPOUTH ypaBHEHUE
perpeccumu.

OcHOBHBIE CBEICHUSI
[TapHas perpeccusi — ’To ypaBHEHHE CBS3U JIBYX IEPEMEHHBIX ) U X:
y=fx),
rje  y — 3aBUCUMas nepeMeHHas (pe3yabTaT, OTKIUK);
X — He3aBHCHUMas1, 00BSICHSIONIAs TepeMeHHas (haxkTop).
Paznuuarot aunelnvie u HeauHetinble PETPECCUM.

A
Jluneiinas perpeccust: y =a+b-x.

ITocTpoeHne ypaBHEHHUS PErPECCHUU CBOAMUTCS K OLICHKE €€ IapaMeTpOB.
JIns OLleHKM MapaMeTpoB PErpecCHil, JUHENHBIX 10 IapaMeTpaM, UCIOIb3YIOT
memoo Haumenvuwiux xeaopamos (MHK). MHK mno3Bosiser moay4uTh Takue
OLICHKM IIapaMETpOB, NpPU KOTOPbIX CyMMa KBaJpaTOB OTKJIOHEHUM
(aKkTHUeCKHX 3HAYEHHUI pe3yJbTaTUBHOIO MPU3HAKA } OT TEOPETUUYECKUX Yy
MHUHHMMAaJbHa.

JIns MUHEWHBIX U HEJIMHEWHBIX YPAaBHEHUM, NPUBOAUMMBIX K JIMHEHHBIM,
pelaeTcs cileayrlas CUCTEMa OTHOCUTENBHO a U 6:

a-n +b-2x :Zy;
a-2x+b-2x222x-y.

Mo0HO BOCIIOJIB30BaTHCS TOTOBBIMH (hOPMYJIAMHU, KOTOPHIE BBITCKAIOT U3
3TOW CUCTEMBI:

a=y-b-x, b:COV(f’y):COV(x’y)
o) var(x)

X

Tac

1< —
cov(x,y) = —Z(xl. —X)(y, —Y)=Xxy—X-y — KOBapHalUsi IPU3HAKOB X U ),

i=1

2 2 =2
O, = X" — X — JIACHEPCHUs IPU3HAKaA X U

_ I X +x, o+ x, 1L YWy, +. Y
X =— xi: Vl’y:_ i: }’l,
nig n n-ig n
— 1 — 1 )
X=—) y-x, X =—) X
DL yex, X ==
n 1 n R

>(x-%) =x’-F =0, var(y)=— (y,-7) =y’ -5 =0,

i=l1 i=1

S | =



[Tapametrp b HaswiBaeTCs Ko3pPuyuenmom peepeccuu. Ero BenumunHa
MOKa3bIBAE€T CPE/IHEe U3MEHEHHME Pe3yJibTaTa C U3MEHEHUEM (pakTopa Ha OAHY
EAUHULLY.

TecHOTY CBSI3M U3y4aeMbIX SIBJICHUN OLEHUBAET JMHEHHBIN KO3PPULIUEHT
NapHOW KOPPENALKH 7, UL IMHeHHO# perpecenn (—1<r,, <1):

o_p e cov(ny)  om-Xy  cov(ny)
o o, O 2 _ 22V _ 52 \/V'arx var(y)
v x Py \/(x -x)y' -y) (x) var(y)

TecHoTa TUHEHHON CBSA3M MKy NMEPEMEHHBIMU MOXKET OBbITh OLICHEHA Ha

OCHOBAaHUU MIKaJIbI Yenoka:

TecHota cBs3u 3HadyeHue kodppuireHTa Koppeasauu npu
HAJTUYHHN

IIpsimoi1 cBsI3H OO6patHo# CBSA3U
Cna0Oas 0,1-0,3 (-0,3)—~(-0,1)
YMepenHas 0,3-0,5 (-0,5)—(-0,3)
3ameTHas 0,5-0,7 (-0,7)—~(-0,5)
Bricokas 0,7-0,9 (-0,9)—(-0,7)

Becwsma BbicOKast 0,9-1 (=1)—(=0,9)

[lonoxuTenbHoe 3HayeHUE KOIPIUIHUEHTa KOPPEISUUU TOBOPUT O
MOJIOKUTEJIbHON CBS3M MEXKIY X M Y, KOTJla C POCTOM OJIHOM M3 MEePEMEHHBIX
apyras toxe pacrer. OTpuliatenbHOe 3HayeHUE KOd(P( UIMEHTa KOppeNsauu
O3HAYaeT, C POCTOM OJHOW U3 MEPEMEHHBIX JApyras yObIBaeT, ¢ yObIBaHHUEM
OJIHOM U3 NMEePEeMEHHOM JIpyrasi pacTer.

OueHKy CTaTUCTHYECKOM 3HAaYUMOCTH Kod(h(dUIMEeHTa KOppeusiuu
MpOBOIAT ¢ momoibto f-kputepust CrtbrogeHTta. BeinBuraror rumoresy Hp o
CTAaTUCTHUYECKH HE3HAYMMOM OTJIWYMU Kodpduuuenta ot Hymad. OrneHka
3HAYUMOCTH KO3 UILIMEHTa KOPpeIsiuuu ¢ MoMouIbto f-kputepusi CTbrofieHTa
MPOBOJUTCSL MYTEM COIOCTABJICHUS €ro 3HAYEHHUS C BEIUYMHOW CllydailHOM
OLLIMOKHU:

t,=r/m,.

CranpaptHas  (ciydvaitHasi) omuOka KO3(p(ULIHMEHTa  KOPPENSIU

ornpenensercs no popMmyie:

CpaBHuBas ¢akTuyeckoe W Ta0auyHOe (KPUTHUYECKOE) 3HAYCHUS
{-CTATUCTUKU — {, _ W {,  — IPUHUMAET WU OTBEpraem runore3y Hp.

maobn gaxm




Ecmn ¢
KOppeJsLiMY HE Clly4alHO oTiandaercs ot. Eciu ¢

OTKJIOHSIETCA M MpU3HAETCs ciiy4yaiiHas npupoja GopmupoBanus Kod3pduirenTa

t

maobn gaxm >

KOppeTsuu.

IIo BaHaHHOﬁ BBI60pKC HCCIICAO0BATL 3aBUCHUMOCTL pE3yjabTaTa ) OT

To rtunore3a H, oTknonsercs, kodhdUIMEHT

> 1

maobn gaxm >

IHopsinok BeINOTHEHNsI pa0OTHI.

dakropa x. [{ns aToro

1. Co3narb Tabnuily JaHHBIX.
2. Haiitu cpenau X,y 3] S?.8?
) peaHue 3HaueHus X,y, BbIOOpOYHBIC jucrepcud  S.,S),

HCIIPABJICHHBIC CPCAHUC KBAAPATUICCKNUC OTKIIOHCHUA SX,S

O os W

B Tab6n. 1.1 mpuBenensl naHHble 00 00BEME MPOU3BOJCTBA V (THIC.€/.) B

ye

Haiitu koadduireHT Koppensiuu U NpoOBEPUTH €r0 3HAYUMOCTb.
Haiitu xoadpuireHTs TMHEHHOTO YpaBHEHUS PErPECCUH.
. IocTpouts rpaduk npsiMoii perpeccum.

IIpuMep BbINOJIHEHUSA JTA00PATOPHON PadOTHI.

3aBUCHUMOCTH OT YHUCJIICHHOCTH 3aHATHIX X (TBIC.‘ICJI.) HCKOTOpOﬁ (1)I/IpMBI.

Tabnwuua 1.1.

I/ICXOIIHBIC JaHHBIC

x |11 | 13 | 15

18

20 | 22 | 24 | 25 | 27

y |15 ] 17 ] 21

20

28 | 33 | 34|32 | 29

1. B nnamazone B3:C11 nmoaroroBuM MCXOIHEIE TaHHEIE.
2. BBonaum cienyromue GopMyJb:

Aygenika | Popmyna IIpumeyanue

D3 =B3*C3 Konupyewm B nnanazon D3:D11

E3 =B3*B3 Komnpyewm B nnanazon E3:E11

F3 =C3*C3 Konupyem B nnanazon F3:F11

B12 =CP3HAY(B3:B11) Konupyem B nnanazon B12:F12

Al7 =E12-B12*B12 Bri6opounas cpenssisi hakTopa

B17 =F12-C12*C12 Bri6opouHas cpenHsis pe3ynbTaTa

A20 =CTAHJOTKJIOH(B3:B11) | UcnipaBnenHoe cpeaHee
KBa/IpaTUYECKOE OTKIIOHEHUE
dhaxTopa

B20 =CTAHJOTKIJIOH(C3:C11) | UcnipaBneHHoe cpeaHee

KBaJpaTUYECKOE OTKIOHEHHUE
pe3ynbTaTa

[onyuum crnenytouiue pe3yabratsl (cM. puc. 1.1).

To runore3a Hy He




A B | C | b | E | F |
1 |MpocTedwan obpavoTKa NaHHBLIX
2 X ¥ Hy 3 'a
3 1 11 25 275 121 B25
4 2 13 27 351 165 729
5 3 15 31 465 225 861
4] 4 18 30 540 324 500
! 5 20 33 7B0 400 1444
&) 5] 22 43 245 454 1544
5 ! 24 44 1056 576 19356
10 g 25 42 1050 B25 1764
11 5 27 45 1323 729 2401
CpefHes
12 |zHayveHue 19 44 36 56 /51,78 | 40588 | 140100
13
14
15 |BelbopoyHbIe cpefHHe
S 5
17 2780 b4 BY

HcnpaeneHHsle

cpenHHe

KBajpaTHYECKHEe
18 OTKNOHEeHHA
14 ancnp Syucnp
20 555 8,53
21

Puc. 1.1. Pe3ynbTaThl npocTeiiiieit o0paboTKH JaHHBIX

3. I[JISI OIIpCACICHUA KOG)(i)(i)I/ILII/ICHTa Koppesinunu BOCIIOJIB3YyCMC:
px—x-y
VOE =)0 - 7)

BBOJIUM (POPMYITY
=(D12-B12*C12)/KOPEHb(A17*B17)
N3 pacueroB cnenyetr, uro koddduiuent koppensuuu 1=0,97. D10
CBUACTCILCTBYCT O TOM, YTO CBA3b MCKIAY 00BEMOM BBIITYCKAa IIPOAYKIHU U
YUCJICHHOCTBIO 3aHATHIX BECbMA BBICOKAA U IMOJIOKUTEIIbHAA.

4. Jlns TpoBepKM 3HAYUMOCTH KOd(DPUIMEHTa KOPPENSIUN BBEIAEM
BCIIOMOTaTEIbHBIE JAHHBIE!

dopmysoit 7, = . na sroro B sueriky E16

Sueiiku
K16 9 YUCIIO TIPEANIPUATHI;
K17 0,05 YPOBEHb 3HAUUMOCTH.

5. Jlanee BBoaMM cieayromue GopMyJbL:



H19 | =KOPEHb((1-E16*E16)/(K16-2)) CrannaprtHas
omunoKa

H20 |=E16/H19 t-cTaTuCTHKA

H21 | =CTBhIOAPACIIOBP(K17;K16-2) Kputnueckoe
3Ha4YCHUE
t-CTaTUCTUKU

H22 | =ECJIM(ABS(H20)>H21;"3nauum";"He3nauum") | BeiBog

Takum 06pa30M, IMOJTYYUM HAHHBIC, IPCACTABJICHHBIC HA PHUC. 1.2.

C | o | E | F | 6 | H L0 K
13
14
15 KoadppnuneHT Koppenaumu BecnoMorarensHele BaHHbIe
16 ¢ o027 n g9
17 YPOEEHE SHAYHMOCTH 0,05
Mpoeepka sHaYHMOCTH Ko3dppuunenTa
18 KOppenAauHi
19 CTAHAAPATHAA owKbka 0,10
20 t-CTAaTMCTHES 99
1 KpUTHYECKOE SHAYEHHE -CTATUCTHRM 236
22 Brieog, AHAYHM
23

Puc. 1.2. Ananu3 3Ha4uMOCTH K03(PPUIIMEeHTa KOPpEeIsiuun

6. [ns onpenencHuss kKodpPUIMEHTOB ypaBHEHHUS JIMHCWHON perpeccuu Ha
ocHOBe (hopmyIl

2 =2
X —X

cienyet B stueiiku 13, 14 BBecTH COOTBETCTBEHHO ClEAYIOIIME (POPMYIIbIL:
=(D12-B12*C12)/A17;
=C12-13*B12.

VYpaBnenue perpeccuu y=7,9+1,47x.

3nauenue korpduiuenta b=1,47 roBopUT O TOM, UTO MPHU YBEIUUYECHUU
YUCJIICHHOCTH 3aHATBIX Ha 1 ThIc.4yel. 00beM MPOAYKUMU YBEIMYUTCA Ha
1,74 ThIC.CI.

Pe3ynbTaThl pacyeToB NpuBEIEHBI HA puc.1.3.



A | B8 [ ¢ [ b | E [ F [ 6 [ H | v [ J | K |

MpocTeiiwan obpadoTKa BaHHBIX

2 2

1

2 b ¥ Wy K ¥ KoadppHumeHTI perpeccun

3 1 11 25 275 11 F25 B 147

4 2 13 27 341 169 729 a 7o0

5 3 15 k]l 465 225 961

5} 4 18 an a40 324 900

7 ] 20 i 760 400 1444

B f 22 43 946 484 1849

g 7 24 44 1056 576 1936

10 a 25 42 1050 f25 1764

11 9 7 49 1323 729 2401

cpegHes

12 |zHaueHue 19,44 36 A6 75178 | 40589 | 140100
13 |

14

15 |BeibopoyHble cpegHne Koadypnument koppenaumun BcnomoratencHele gaHHble
AN n :
17 27 .80 54 B9 YPOBEHE SHEYMMOCTH 0,05

Wenpaeneuusie
cpegHHe
KBagpaTHYecKHe Mpoeepka HAYHMOCTH Ko ppHunenTa

15 OTKNOHEHHA KOppenAaunn

19 Syenp Symenp CTaHAapaTHan owurbka 0,10

20 559 853 -CTATUCTHES 9.9
21| KpMTHYECKOE 2HAYEHHE t-CTATMCTHEW 2,36

22 Brieog, ZHAYHM

Puc. 1.3. Pe3ynpTaThl pacueToB

7. Hdna moctpoenus rpaduka Bbeigenum auanazoH B3:C11. Bsizosem

Macrep aumarpamm. UYtoObl OCh oOTpaxkana (akTUUECKUE ITaHHBIE,
BbiOepeM Tun nuarpammbl Todeunasi. Ilocne dvero HaxmeM KHOIIKY
I'otoBo. Ha mnocTtpoenHoil auarpamMme BblaeauM rpaduk (yHKLIUH,
IIEJIKHYB 10 HEMY JICBOM KHOINKOW MbIU. Beimenenue o0Go3Hauvaercs
CBETJILIMU Mapkepamu Ha ¢GyHKuMM. HakaB mpaByl0 KHOIKY MBIIIIH,
BBIBEJIEM KOHTEKCTHO-3aBUCHMMOE MEHIO, B KOTOPOM BBIOEPEM OINIHUIO
Jlo0aBuTh JuHUI0 TpeHaa. B oxne JlmHusi TpeHaa no Bkiaake Tum
BeiOepeM Tun (ynkuuu JluHeiinasi, a Bo Bkiangke Ilapamerpnr —
YCTaHOBUM (pJIakKOK MNOKAa3bIBATh YypaBHeHHWe Ha auarpamme. B
pe3yjibTaTe Ha JAuarpaMMe IOSIBUTbCS BHJ TEOPETUYECKOM KPUBOM —
TpeHaa u ee ypaBHenue (puc.l.4).
NUHEAHAEA perpeccuA

y=1,4738x+ 78983
&0

a0 4

40

_‘_‘5.'
—— [THHEHAHEIA ()

30

20 4

(O Ler NpoH3BOOCTEA V (THIC.20.)

0 ] 10 15 20 25 30

UHCNeHHOCTE 3AaHATEIX X (ThIC.YEeN.)
Puc. 1.4. I'paduku pakTUYECKUX AAHHBIX U IOCTPOCHHON PErpeccuu
10



8. Bbluucinenne mnapamMeTpoB PpPETPecCMd € TOMOUIBI0 CTATUCTHYECKUX
¢bynkuuii Excel:

KOPPEJI(maccuBl;MaccuB2) BbUMCIACT KOIPPUUMEHT KOPPEISIIUU
MEXAYy JBYMsI TI€pEMEHHBIMHU; 3HAUYE€HHUS TEPBOM M3 HUX NpPUBEACHBI B
auana3zoHe MaccuBl, 3HaueHUs: BTOpOM — B IMana3oHe MacCcuB2;

HAKJIOH(u3BecTHBIC 3HAYeHHUS_Yy;U3BECTHbIC 3HAYEHMS_X) CIYKHUT
U1 omipeniesienus ko puimenta b;

OTPE3OK(u3BecTHbIC 3HAYCHHUS_Y;U3BECTHbIC 3HAYCHUS_X)
CITYXKUT JJIsl ompeiesieHus: Ko puilnenra a.

BBonum popmyisr:
C27 | =KOPPEJI(B3:B11;C3:Cl11) Koaddunment xoppensiiuu

C28 | =HAKJIOH(C3:C11;B3:B11) Koadpunuent b
C29 | =OTPE30K(C3:C11;B3:B11) Koaddunuent a

BcerpoenHas — cratuctideckas — ¢ymkmus  JIMHEMH  onpenenser
[apaMmeTpsl JIMHEMHOW perpeccuu. [1opsIoK BEIYMCICHUN CIIEIYOIIUM:

1) BeimenuTe 00JaCTh MyCTHIX sUeeK SX2 (5 cTpok, 2 cToabIa) ¢ LENIbIo
BBIBOJIA PE3YIBTATOB PErPECCUOHHOM cTaTUCTUKU (A27:B3);

2) B r1aBHOM MeHI0 BbiOepuTe BeraBka/@yHkums;

3) B ctpoke Karteropus (puc.1.5) BeiOepure CTaTHCTHYECKHE, B OKHE
DyHKIHUA — JII/IHEﬁH lenxuure OK.

Mactep yHKumH - war 1 1a 2

(oMck dyHELHK:

T _— - -
EEeAWTe KpaTKOe ONMHCAHKE AEMCTEMA, KOTOPOE HY¥HO Hanth

BRINOMNHMTE, M HE¥MHMTE KHONEY "HakT"

KaTeropua: | CTaTHCTHHECKHE W

BribeprTe dvHELMHD:

MIMHEKH ~
NSrHOPMOER =
NarHOPMPACT

MARIC

MAFCA

MEAINAHS
B |

l'IHHEFIH{H3BEETH|:|E_3HaqEHHﬂ_y;b-ﬁﬁEcTthe_3Ha'-|EHHH_H;...}

BosEpalllaeT NapaMeTpel NHHERHOM D I'IIZIHEJ'IHH{E-'HHH no MeTo4Y HAMMEHBLWKX
KE3APaTOE,

CNpaBka No 3Tor PvHELFF | O | | CITHEHS |

Puc. 1.5. JInanororoe okHo «Mactep pyHKIIHI»

11



4) 3anonHute apryMeHThl QyHkimu (puc.1.6.):

U3zeecmuvle 3nauenuss y ~ —  JWAIa3oH, CoJepKallluii  JTaHHBIC
Pe3yIbTaTUBHOTO MPU3HAKA;

H3zeecmuvle 3nauenuss X — JWANA30H, COACpXKAIIMK JaHHbIE (PAKTOPOB
HE3aBUCUMOTO IIPU3HAKA;

Koncmanma — noruyeckoe 3Ha4Y€HHE, KOTOPOE YKa3bIBaeT Ha HaJIUYHE
WJIM Ha OTCYTCTBHE CBOOOJHOTO Wi€Ha B ypaBHEeHUH; eciiu Koncmauma = 1, TO
CBOOOJIHBIN YJIEH PAacCCUUTHIBAETCS OOBIYHBIM 00pa3oM, eciiu Koncmanma = 0,
TO CBOOOIHBIN 4iieH paBeH ().

Cmamucmuka — JIOTUYECKOE 3HAYEHUE, KOTOPOE YKa3bIBA€T BBIBOJHUTH
JOTIOJIHUTENIbHYI0 HH(GOPMAIIUIO TI0 PErPEeCCHOHHOMY aHAIM3Y WM HeT. Ecnu
Cmamucmuxka = 1, TO JONOJHHUTENIbHAsE WHGPOPMAIUS BBIBOAUTCS, €CIU

Cmamucmuka = 0, TO BBIBOJUTCS TOJBKO OILICHKU MapamMeTpPOB YpPaBHCHHS.
Hanee OK.

Apryme HTbI YHRLIMH
MWHEIH

M3BECTHLIE_3HAYEHWA Y C3C1 1. ; = 2527131303543
MzEECTHREIE_SHAYEHMA_X 583:811 =1135s18:20:22
Kamer |1 g = vemima
CTATHCTHES | 1 ..=|~=:= HMCTIAHA

= {1,47380106571936;7,8"
BI:I3B|:IEILIJ.EIET NapaMeTpEl J'IHHEﬁHI:IFEI HDHEHHH{EHHH na MeToay HauMeHELWHX KE3APATOE,

CTATUCTHKA NOMMUYECKOE SHAYEHME, KOTOPOS YEASEIBIET, TPeOYETCA MM BEPHYTE
AOMNOAHMTENEHYHD CTATHCTHIEY N0 perpeccki (MCTIHAY MoK Toneko
KoathMUMEHTEI M M KOHCTaHTY b (NOME MoK oTCY TCTEME SHAYEHHA].

_Npagka No 3ToA fyHELHH FHaqeHHe: 1 473801066 [ Ok ] [ OTHMEHS ]

Puc.1.6. Jluanorosoe okHO BBOza apryMenToB dynkmun JUHEWH

5) B neBoil BepxHel sueiike BBIJEICHHOW 00JIACTH TOSIBUTCS TEPBBI
AJIEMEHT HUTOroBOM Tabmuibl. UTOOBI pacKpbhITh BCIO TaOJIMIly, HAXMHUTE Ha
kinapuiny F2, a 3arem — Ha komOunamuio kinaBuili CTRL+SHIFT+ENTER.
JlononHUTENbHAS PErpeccCuOHHasl CTaTHUCTHKA OyAEeT BBIBOJUTHCS B TOPSIKE,
YKa3aHHOM B CJIEIYIOILIEH CXEME:

3nauenue koduimenta b 3nadenue kodhpuimeHTa a
CpennekBaipaTuiueckoe oTkiIoHeHUe b | CpelIHeKBaApaTUYECKOe OTKIOHEHHE d
KooddummenT nerepMuHanuy R CpenHeKBaIpaTHUECKOe OTKIIOHCHHE Y
F-ctatuctuka Yucio crereHer cBOOOIbI
Perpeccuonnas cymma KBaJpaToB OcTtarouHas cymma KBaJpaToB.

PCBYJIBTaTBI PETPCCCUOHHOTO aHAJIN3a IMPCACTABIICHBI HA PUC. 1.7.
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A,

| B

25
26
27
28
28
30
31

e

Nuuein
14738011 789331261
01486756 299532023
09335011 235181208

93 264591

7

543 50508 38,7171403

097 koaddMyMenT KoppenAumM

147 b
750 .

Puc. 1.7.Pe3yabTaThl perpeccCHOHHOTO aHaIN3a

NuauBuayajabHoe 3a1aHKe K JadopaTopHoi padore

[lo mnpeanpusATUsAM JIETKOM NPOMBILIJIEHHOCTH PEruoHa IOJIy4YeHa
uH(popMaIms, XapaKTepru3yolasi 3aBUCUMOCTb 00beMa BBIITYCKa MPOAYKIHH (),

MJIH. py0.) OT 00BbeMa KamuTaJIOBIOXKEHHH (X, MJIH. py0.)

No 1 2 3 4 5 6 7 8 9 10
1 X 66 | 58 | 73 82 | 81 84 | 55 | 67 81 59
y 133 | 107 | 145 | 162 | 163 | 170 | 104 | 132 | 159 | 116

2 X 72 | 52 | 73 74 | 76 | 79 | 54 | 68 | 73 64
y 121 | 84 | 119 | 117 | 129 | 128 | 102 | 111 | 112 | 98

3 X 38 | 28 | 27 | 37 | 46 | 27 | 4l 39 | 28 | 44
y 69 | 52 | 46 | 63 | 73 | 48 | 67 | 62 | 47 | 67

4 X 36 | 28 | 43 52 | 51 54 | 25 | 37 | 51 29
y 104 | 77 | 117 | 137 | 143 | 144 | 82 | 101 | 132 | 77

5 X 31 23 38 | 47 | 46 | 49 | 20 | 32 | 46 | 24
y 38 | 26 | 40 | 45 | 51 49 | 34 | 35 | 42 | 24

6 X 33 17 | 23 17 | 36 | 25 | 39 | 20 13 12
y 43 | 27 | 32 | 29 | 45 | 35 | 47 | 32 | 22 | 24

7 X 36 | 28 | 43 52 | 51 54 | 25 | 37 | 51 29
y 85 | 60 | 99 | 117 | 118 | 125 | 56 | 86 | 115 | 68

8 X 17 | 22 10 7 12 | 21 14 7 20 3
y 26 | 27 | 22 19 | 21 26 | 20 15 | 30 13

9 X 12 4 18 | 27 | 26 | 29 1 13 | 26 5
y 21 10 | 26 | 33 | 34 | 37 9 21 32 14

10 X 26 18 | 33 | 42 | 41 44 15 | 27 | 41 19
y 43 | 28 | 51 62 | 63 67 | 26 | 43 61 33

SRR ol N

OTt4eT mo s1abopaTopHoil padore

. 3anumuTe YPaBHCHUC JIMHEHHOM napHoﬁ perpeCCrun Ajrs1 CBOCTO BapUaHTa U
MMOACHUTC SKOHOMHUYCCKYIO CYIIHOCTD IIApaMCTPOB YPABHCHU.

Uto sBisieTcs moka3aresieM TECHOTHI CBSI3U B TAPHOM JIMHEWHOM perpeccun?
KakoBo 3HaueHune korpuiineHTa Koppensum?
KakoBo 3HaueHune ko PuiiueHTa 1eTepMUHAIIUUA U YTO OH XapaKTePHU3yeT?
Kak oneHuBaeTcst 3HaUMMOCTh KOd(pduUlieHTa KOPPEIISIIIT ?
SABnsiercst 1 K03POUITMEHT KOPPEJSIITUHU JIJIs1 BAaIlIeTO BapuaHTa 3HAYUMBIM U

noyemy?

13




JlaGopaTopHasi pabGora Ne2
Ilposepka kauecmea ypagneHnus TUHEUHOU pezpeccuu

Henab:  HayuyuTbCs  OPOBEPATh  CTATUCTUYECKYID  3HAYUMOCTh
K03 (PUIIMEHTOB U 00IIET0 KayecTBa ypaBHEHUS JIMHEMHON perpeccuu.
OcHoBHbIE CBeleHUS
OueHky KadecTBa MOCTPOCHHOW MoAenu JaeT KodDPUIMEHT (MHIEKC)

2 2
JICTCPMUHALIN 7, ( ny) , @ TAK)KE CPEIHsIS OIMMOKa alpOKCUMAIINH.

Cpeonsia owubka annpoxcumayuu — CpeIHEe OTKIOHEHHE PaCUETHBIX
3HAYCHHUH OT (PAKTUUYECKHUX:

A=L3272 100%,
n Y
JlomycTuMBbIi Tipejien 3HAYeHU cpeHel OmMOKU anmpoKCUMaIlMK — HE
6omaee 8—10%.
CoriacHO OCHOBHOM WHJie€ IHUCIEPCHOHHOTO aHajau3a, o0mas cymma
KBaJpaTOB OTKIOHEHWM TEPEMEHHOM Y OT CpPENHEro 3HAa4YeHus

paCKJIaI[BIBaCTCH Ha ABC 4aCTHU — «O6’BHCHCHHYIO» U «HCO6T>$ICHCHHYI'O»:
. N B 2 N 2
S-7)=>ly-7| +Dly-».1.
2 A 2
rje Z( y—¥) —o0was cyMMa KBaJpaToB OTKIOHCHHIA; Z( V.- )7) — cyMMa
KBaJpaTOB OTKJIOHEHUU, OOBsSCHEHHass perpeccueit (wim ¢dakTopHas cymMma

2
A
KBaaApaToOB OTKJIOHCHHﬁ); Z(y — yxj — O0CTaTO4YHaA CyMMa KBaJpaTOB

OTKHOHeHHﬁ, XapaKTCpU3yromas BIMAHUC HCYUYTCHHBIX B MOICIN q)aKTOPOB.
2

2
=\2 2. A 2 p2 2. 2, " 2 2
Z(y—y) =no,; (yx—yj =no,R” =b"no;; Z(y—yx) =no,(1-R").
Onpenenenue JuUCHEpPCUM Ha OJIHY CTENEeHb CBOOOABI MPUBOAUT
aucnepcuu K cpaBHUMOMY Buay. ComocTaBisisi (akTOPHYIO M OCTATOYHYIO
JUCIEPCUM B pacyeTe Ha OJHY CTENEHb CBOOOJbI, MOJIYyYUM BEJIMYUHY F -
kpurepus duiepa:
S2
_ “akr
F= 7

oCcT

daktuyeckoe 3HaueHue F -xkputepus @umepa (1.9) cpaBHuBaercs c
TaOJIMYHBIM 3HaUeHUEM F (a; ki kz) IIPU YPOBHE 3HAYUMOCTH (¢ U CTEIEHSX

TadI

cBoOonbl k,=m u k,=n—m—1. Ilpu 3TOM, eciau (akTHUUECKOE 3HAUEHUE

F -xputepust 6oiiblie TaOIMYHOTO, TO MPU3HAETCS CTATUCTUYECKAs] 3HAUUMOCTD
YPaBHEHUS B LIEJIOM.
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JIns mapHO# JIMHEHOM perpeccun m =1, mo3ToMy

A

F= S%” = Z(yx—?jz (n-2).
= 3()

Bemuuuna F -KpUTCpPUA CBA3aHA C KOB(i)(i)I/IHI/ICHTOM ACTCPMUHAILINN

Voo U

€€ MOKHO paccuuTaTh o cleayomei Gpopmyie:
2

r
F=—" -(n—Z).

— rxy

B mapHOM JNMHENHOW pErpeccud OLECHUBACTCS 3HAYMMOCTb HE TOJBKO
YpaBHEHUS B 1I€JIOM, HO W OTAEIBHBIX €ro mapameTpoB. C 3TOH 1LEIbIO MO
Ka)JIOMY M3 I1apaMeTPOB OINPEENIETCs €r0 CTaHAapTHas omuOKa: m, U m, .

CranmaptHas omuoOka Kodh(UIMEHTa perpeccu OMpeaeseTcss o

bopmyie:

N 2
Z(y—yxj
n—2

Benmuuuna crangapTHOM OMIMOKM COBMECTHO C [ -paclpejeiecHueM
CrplofileHTa Tmpu n—2 CTENEHSAX CBOOOJBI TPUMEHSIETCS [JIsi TMPOBEPKU
CYIIECTBEHHOCTH KO3 (dUIIMEHTa perpeccud © IS pacuera  ero
JIOBEPUTEIILHOIO UHTEPBAJIA.

JIJ1s1 OLIEHKH CYIIECTBEHHOCTH KO3 (UIIMEHTa perpeccuu ero Belu4YrHa
CpPaBHUBAETCS C €r0 CTaHJAPTHOW OIIMOKOM, T.e. ompenensiercs (hakTHYECKOe

b

3HAYCHHUEC [ -KPpUTCPUsI CTBIOIICHTal tb =—— KOTOpOC 3aTCM CPABHUBACTCA C
m
b

TaOJIMYHBIM 3HAUEHUEM IPU OIPENEICHHOM YPOBHE 3HAUMMOCTH ¢f U 4YHCIE
CTeneHel CcBOOObI (n—Z). JloBepuTenbHBIM HMHTEpBaN s Kod(dulreHTa

2
Tac SOCT = — OCTAaTO4YHad JUCIICPCUA Ha OHY CTCIICHb CBO6OI[BI.

perpeccuu onpeaensiercsa kKak bt . -m,.

Tab

CrangapTHas ommOKa napameTpa a omnpenesnsercs rno hopmysne:

g2 . sz _g \/ﬁ

m

a: ocT n-Z(x—f)z ocT O'x‘l’l

IIpouenypa oOLEHUMBAaHUS CYLIECTBEHHOCTH JAHHOIO IIapaMeTrpa He
OTJIMYAeTCsl OT PACCMOTPEHHOM BbIe [ KO3(p(UIMEHTa PErpeccuu.

. a
Beruucinsiercs ¢ -kpuTepuid: f, =—, €ro BeJIMYNHA CPABHUBACTCS C TAOIMYHBIM

a
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3HAYCHUEM MpU 7 —2 CTENeHsAX CBOOObI. JlOBEpHUTENIBHBIM WHTEpPBA IS
k03¢ punnenTa perpeccun onpeaenseTca Kak a = ¢ . -m, .

Ecium B rpaHuIel J0BEPUTETBHOTO HWHTEpBAJa TMOMAJaeT HOJMb, T.€.
HIDKHSSI TPaHUIIA OTPHUIIATENIbHA, @ BEPXHSIS MOJIOKHUTEIbHA, TO OLICHUBAEMbIH
napaMeTp MPUHUMAETCSI HYJIEBBIM, T.K. OH HE MOXKET OJTHOBPEMEHHO MPUHUMATH

U IMOJIOKUTCIIBHOC, H OTPULATCIIbHOC 3HAYCHU .

IHopsinok BeINOTHEHNS JIa0OPATOPHOH PadOTHI
Ucnonb3ys naHHble K jdabopaTopHoil pabote Nel, HaliTu ypaBHEeHUE
JIMHEWHOW PErpeCcCUU U MPOBEPUTH:
I. 3naunmocts kodhurmenta b. st ITOro HaAO HANTH:
1. Cymmy KBaipaToB OCTAaTKOB:

dYe=>-»).

2. Haiitu cymMmMy KBaJpaToB OTKJIOHEHUI:

Z(x -X)’.
3. CtangapTHyO OIIMOKY apamerpa b:

m = D (y-») |

(n— 2)2()6 —-x)°

4. HaGmonaeMoil 3HaueHe ~-CTaTUCTUKHU TTapameTpa b:
ty=b/my.

5. Yucno creneneit cBo00Abl k=n—2 U KpUTHYECKOE 3HAUYCHHE [, . =1

mabn ~ “azk *
< |tb
nmapamMeTp perpeccun b crarucTruuecku 3Ha4YMM, a B IIPOTHBHOM ClIy4dac
CTAaTUCTUYCCKHU HC3HAYNM.

6. CnenaTh BBIBOJ O 3HAYUMOCTH Koddduiuenrta b: eciu ¢ , TO

mabn

II. 3naunmocTs ko3 dunrenTa a. Jis 3Toro Ha10 HAUTH:
1. Cymmy KBaapartoB:
2
e

2. CtaHapTHYIO OIIMOKY MapaMeTpa a:

3. HaGmrogaemoii 3HaUCHHE ~-CTATUCTUKY TTapamMeTpa da:
t,=a/my.

4. Cnenatb BBIBOJI O 3HAUYMMOCTH KO3 dUIIMEHTa a: eclu ¢ < ‘ta

nmapamMeTp PperpeccMd «@ CTaTUCTHYCCKHM 3HAYMM, a B IIPOTUBHOM Cllydac

CTATUCTUYECKU HEZHAYNM.

, TO

mabn

II1. O61ee kauecTBO ypaBHEHUS perpeccuu. st 3Toro Haj10 HATH:
1. CymMy KBaapaToB OTKIOHEHUM:

16



D -y,
2. KoaddunueHT feTepMUHaLIUN:

PO X

ACEIDN
3. Ha6JIIOI[aeMOC 3gaueHue F-ctatucTuku:
R2
F, = _.(n-2).
gaxm 1_ R2 ( )

4. Yucno creneneit cBo6os1 kpurepus Ouiepa-CHenexopa:

k1=1; ky= n—2 v KpUTHUECKOE 3HAUYCHUE ITOTO KPUTEPUS F)yy5,= Fa; kicky

5. CaenaTtb BBIBOJ, O 3HAYMMOCTH YPaBHEHMS PETPECCUU: €CIU Fyuen >
F a2, TO ypAaBHEHHE PEIPECCUM CTATUCTUYECKH 3HAYMMO M HAZIEIKHO, €CIU Fipyam
< Flq6; TPU3HAETCS CTATUCTUUECKAsT HE3HAYMMOCTh, HEHAJIE)KHOCTh YPABHEHHUS
perpeccum.

IV. OO6mee kayecTBO YypaBHEHHUSI PETPECCHMU C IOMOIIBIO CpeaHen
omuOKy anmpokcumanuu. s 3Toro Hago HalTH:
1. OTKJIIOHEHUA:

y - yx *
2. A,':
4 = Y7 Vxl 100%.
y
3. CpeHIOI0 OMHOKY ANPOKCUMAIHH A :
- 1
A=—-> A.
n Z l

4. CpenaTh BBIBOJI O KauecTBE YpaBHEHHUs perpeccuu: eciu A He
npeBbIIaeT npeaena 3nadeHu 8-10%, To Ka4ecTBO MOJENIN XOPOIIIEE.

V. IlpencraButh pe3ysibTaThl C MOMOIIBI0 HHCTPYMEHTA aHANM3a JaHHBIX
Perpeccus IIITII Excel.

IIpumep BbINOJIHEHUS J1A00PATOPHOM PAdOTHI
1. B nnamazone A2:C11 noaAroTroBUTH UCXOIHEIE.
2. BBeneMm BcrioMorarteiabHbIC JaHHBIE:

Sueiika | Dopmyiia [Tpumeuanue

Cl6 9 Yucno npeanpusTui

C17 0,05 YpoBEHb 3HAUMMOCTHU

C18 =0OTPE30K(C3:C11;B3:B11) | Koaddunuenr a

C19 =HAKJIOH(C3:C11;B3:B11) | Koadduuuenr b

C20 =CP3HAY(B3:Bl11) Cpennee 3naueHue pakropa
C21 =CP3HAY(C3:Cl11) CpenHee 3HaueHUE pe3ysIbTara
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IIpoBepka 3HaunMocTH KO3 (pPpunuenra b.
1) [ns pacueToB CyMM KBaJpaTOB OTKJIOHEHUH BBeJeM (POPMYIIbI:

Aygenika | Popmyna IIpumeyanue

D3 =$C$18+$C$19*B3 Kommpyewm B nuamazon D3:D11
E3 =(C3-D3)"2 Konupyem B nuanazon E3:E11

F3 =(B3-$C$20)"2 Konupyewm B nuanazon F3:F11

E12 =CYMM(E3:E11) Zef :Z(y_yx)z

F12 =CYMM(F3:F11) Z(x_f)z

2) CranpapTHas omnbOka rnapamerpa b onpenensiercs o popmyiie:

. d-»)
R (CE) NEEEI

MOATOMY BBeJieM B siueiiky D24 dhopmyny:

=(E12/((C16-2)*F12))"0,5.

3) B sueiike D25 paccuurtaHa f-CTaTUCTHKA MapaMeTpa b Kak OTHOILICHHE
BEJIMYMHBI 3TOTO MapaMeTpa K €ro CTaHJapTHON OIIHUOKe:

=C19/D24.

4) Kputnueckoe 3HaYeHHE {-CTATUCTUKUA oOmpeaenuM B sdeilke D26 ¢
nomompto  ¢ynkuuun  CTBIOJIPACIIOBP, y kotopoii mnepBbIM
apryMEHTOM SIBIIIETCSl IOPOrOBasi 3HAYMMOCTh WJIA BEPOSITHOCTH (B
HameMm ciydae npumeM ee paBHoit 0,05), a BTOpbIM — YHCIIO CTENEHEH
cB0OOBl (n—2=9-2=7). Takum oOpa3om, (opmyna, BBeaeHHas B D26,
JOJKHA UMETh BUL:

=CTBIOAPACIIOBP($C$17;$C$16-2).

5) Anst Toro 4toObl aBTOMAaTHYECKH ObUI MOJYYEH BBIBOJ O 3HAYUMOCTH
napameTpa b noctpouM B siueiike D27 popmyny:

=ECJ/IN(ABS(D25)>D26;"3naunm" ;"' Heznauum").

6) [ns pacuyera JOBEpUTENLHOTO HMHTEpBaia OMNpeaeisieM MpeaeabHYyI0
omnbOKy B siueiike D28:

=D26*D24.

7) Huxusast rpaHuiia 10BepUTENBHOTO HHTEpBaa B aueiike D29: =C19-D28.

8) BepxHss rpaHuiia JOBEpUTEIbHOIO HHTEpBaa B siueiike D30):

=C19+D28.
Takum o0OpazoM, JOBEpUTENBHBIM WHTEpBajl Mapamerpa b uMeeT BUJ

(1,12; 1,83).

IIpoBepka 3HauNMOCTH KOIPPULUEHTA a.
BBonum opmyisr:
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Syerika | @opmyiia IIpumeyanue
G3 =B3*B3 Konupyem B
nuana3od G3:G11
GI12 =CYMM(E3:EI11) Z X’
D33 =D24*KOPEHb(G12/C16) \/ﬁ
m, =m, :
n
D34 =C18/D33 -CTaTHCTHKA
napameTpa a
D35 =CTBIOJIPACIIOBP($C$17;$C$16-2) Kpurnueckoe
3HaYEHUe
[-CTAaTUCTHKH
D36 =ECJIM(ABS(D34)>D35;"3nauyum";"Heznauum")
D37 =D35*D33 [IpenenpHas
omunoKa
D38 =C18-D37 Huwxnsis rpanuna
JOBEPUTETBHOTO
MHTEpBaIa
D39 =C18+D37 Bepxusis rpanuna
JOBEPUTETBHOTO
MHTEpBaIa
IIpoBepka o0mero kadecTBa ypaBHEHHSl perpecCMd ¢ NOMOIIbIO
F-recra.
BBonum popmysr:
Ayerika | Popmyna IIpumeyanue
D42 =(KOPPEJI(B3:B11;C3:C11)"2) Koadumment
JETepMHUHALINH
D43 =D42*(C16-2)/(1-D42) F-cratuctuka
D44 =FPACIIOBP(C17;1;C16-2) Kputnueckoe
3HaYEHUe
F-cratuctuxku
D45 =ECJIN(D43>D44;"3naunmo";"Heznaunmo")

Pe3ynbTaThl pacyeToB NIpUBEIEHBI HA puc. 1.2.
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A | B8 | ¢ | o | E | F | 6 |
1 |MpoBepka KavecTEa yPaBHeHWA perpeccHH
ko
2 | npeanpuATHA % ¥ i & (- nep)? %
3 1 11 25 24 110 0792 71,309 121
4 2 13 27 27 053 0,003 41 531 169
5 3 15 31 30,005 0939 18,753 225
& 4 18 30 34 427 19 505 2 085 324
7 5 20 38 37,374 0,391 0,309 400
g G X2 43 40,322 7172 G531 434
9 7 24 44 43,270 0534 20,753 a76
10 a 25 42 44 743 7526 30,564 625
11 =) 27 49 47 691 1714 57 006 729
12 CYMMA 38717 | 250,222 | 3653,000
13
14
15 |BecnomoraTensHele AaHHbIe
16 n )
17 | ypOEEHE ZHAYUMOCTM 0,05
18 a .80
19 b 147
20 Hop 19,44
21 Vap 36 A6
22
23 [3HauMmocTe b
24 |cTaHgapTHaA owunbea 01487
26 [t-CTAaTMCTHEA 9129
26 |KpHuTM4eCKkDe 2HAYEHME 1-CTATHCTHEM 23646
27 |Brigon, IHAYMM
28 |npepencHaA owwbka 035
29 |H¥CKHAA rpaHuUa 112
30 |eepxHAA rpaHyua 183
31
32 |3HauMMMocCTb a
33 |cTaHgapTHAA owwnbea 2 9953
34 [t-cTatMcTHRa 2 B3RY
35 |KpHTHYECKOR 3HAYEHME t-CTAaTHCTHEN 2 3646
36 |Brieog, IHAMHM
37 |npenencHan owubka 7 08
38 |HH:KHAA rpaHnUE as2
39 |eepxHAA rpaHlLa 14 98
40
41 |3HAaYMMOCTE YPaBHEHHA PEIPECCHH
42 ko3P GHUMEHT NETEPMUHALMH 09335
43 |F-cTatMcTHk: 038 2645
44 |KputM4eckoe 2HaYEHWE {-CTATHCTHEM 55914
45 |Buigon, AHANHMO
AR

Puc. 1.2. Ananu3 3HaUMMOCTH YpaBHEHHUS PETPECCUU

IIpoBepka o0mero kayecTsa yYpPaBHEHHMsI PerpecCMd € IOMOIUbIO
cpeaHeil OMMUOKH ANNMPOKCUMALUM.
BBonum opmyisr:

Agerika | opmyia IIpumeyanue

H3 =C3-D3

I3 =ABS(H3/C3)*100

112 =CP3HAY(I3:111) CpenHsist omuOKa anmpoKCUMAaIUU
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B cpennem pacueTHble 3HaU€HUS OTKJIOHSAIOTCS OT pakTuueckux Ha 4,5%.
KauecTtBO mocTpoeHHON MOJIENM OLEHMBAETCS Kak XOpollee, TaK KaK CpeIHss
omrOKa anmnpokcuManuu He npesbiimaet 8-10% (cm. puc. 2.2).

A | 8 | ¢ [ 0o | E | F | & [ H | |
1 [MpoBepka Ka4ecTBa ypaBHEHHA perpeccHH

M2
2 | npennpuATHA ¥ ¥ Vi g (x-}{u:pjz e Y-Yy A
3 1 11 25 24 110 0,792 71,308 121 0850 386
4 2 13 27 27 058 0,003 41 531 165 -0,058 021
5 3 15 31 30,005 0,989 19,753 225 05995 321
G 4 18 a0 34 427 19 596 2 086 324 -4 42T 14 76
7 5 20 38 37,374 0,391 0,309 400 0 E2R 1 BA
g B 22 43 40,322 772 B 531 484 2 B78 523
g 7 24 44 43,270 0534 20,753 576 0730 1 BE
10 = 25 42 44 743 7 526 30,864 B25 -2.743 b 53
11 = 27 49 47 B9 1,714 57 08k 729 1.309 267

| 12 | CyMMA 38,717 | 250,222 | 3653,000 4,50

13

Puc. 2.2. Ananu3z o611ero ypaBHeHHUs PErpecCri ¢ MOMOIIBI0 OITHOKH
annpoKcUMaIuu

[IpencraBum pe3ynbTaThl C MOMOIIBI0 WHCTPYMEHTA aHaiu3a JaHHBIX
Perpeccus I1ITII Excel.

Jli1st aTOTO:

B rnaBHOM MmeHto BbiOepuTe CepBuc — AHam3 JaHHbIX — Perpeccusi — OK.

3anoJHUTh JUAJIOrOBOE€ OKHO BBOJIa JIAHHBIX U MapaMeTPOB BhIBOJA (CM.
puc. 3.2).

Perpeccus g|
BxogHEIE 43HHBIE
— o3
Bx0AHOH HHTEPEAN Y} Fod25TH11 n
Bx0AHOMA MHTEpEaN X B4 $B411
Cnpaeka

i D HKOHETaHTa - HoNE
|:| ¥POEEHE HAAEWHOCTH! | o

MapaMeTpel BEIBOLE
() BeIX0AHOM HHTEPBAN! _5".::
(%) HoBt/H patioumi oHeT:
() Hosan pafioyad kHHra
QCTaTEH
OCTATEH |:| CpadkK 0CTaTKOE
[J cranaaptvzoeantee octatikn [ Mpadwi noafiopa
HopraneHan EepoATHOCTE
[ ] rpadwic HopMansHof BEpOATHOCTH

Puc. 3.2. Oxno Perpeccus
Bxoonoti  ummepsan Y —  nwmana3son, coAep Kalllu  JaHHBIE

PE3YIAbBTATUBHOI'O IIPU3HAKA,

Bxoomnou ummepsan X — nuama3oH, cojep)Kallluid JaHHbIE (PaKTOPOB

HC3aBUCUMOT'O IIPU3HAKA,

Memxu — (1).1121)1(01(, KOTOpBIﬁ YKa3bIBACT, COACPIKUT JIK IICpBasd CTPOKaA

Ha3BaHUE CTOJIOLIOB WM HET;
21



Koncmanma — Hone — (naxok, YKa3bpIBalOUMNA Ha HaJU4Me WA
OTCYTCTBHE CBOOOJIHOTO YJIeHA B YPaBHEHUHU;
Bvixoomnoii unmepean — NOCTATOYHO YKa3aThb JIEBYIO BEPXHIO SUYEHKY
OyayllIero quarna3oHa;
Hosbiii pabouuii aucm — MOXHO 33aTh MPOU3BOJIBLHOE UMSI HOBOTO JIUCTA.
Ha HOBOM paboueM JucTe MosIBISIOTCS JaHHBIE PErPECCMOHHOIO aHaln3a

(cM. puc. 4.2.)

BbIBOM MTOroB

PE'EIDE'CCUOHHEH CIREMUICTINEG

hHokecTEEHHEI R
R-keampat

CraHgapTHanA owubra
Hafnwgenua

HopmupoeanHei R-keanpat

0266176604
0933501095
0924001251
2,3518120¢7

9

of

58

Ms

F

Suauumocme F

B

9
10 | OWCnepcHoHHEIR aHaNH:
11

112 |

Perpeccua
Octatok
Wroro

1
7
g

4435050519
38,71714032
5022222222

543 5050819
5 531020046

98 ,2643591

2 26642E-05

Koaghhuuuerme:

Crmandapmuan owubia

t-cmamucinuka

F-Sravexue

Husmue 95%

Bepxuue 95%

Husnue 95, 0%

Bemanue 95 0%

=

7 898312611
1,473801066

2995320227
0148675552

2 63668421
90128645924

0033575093
2, 26B42E-05

0,815505763
1122239154

1498111946
1,825362977

0815505763
1122239154

1498111946
1,825362977

14|
15
16
| 17 | Y-nepeceyeqve
18
RER

BbIBOM OCTATEA

Habmoderue

Mpedcrazantoe i

Qcmamiy

W00 o e L =

24 11012433
27 05772647

300053286
34 42673179
37 37433393
40 32193608
43 26953819
44 74333925
47 F9094139

0 559575666
-0.0577 26465
0994671403
-4 426731794
0 625666075
2 B780583943
0730461512
-2, 743338254
1, 3090656145

wo =

Puc. 4.2. Pe3ynpTaThl perpecCHOHHOIO aHAIN3a
OTt4eT mo s1abopaTopHoii padore

3anumuTe ypaBHEHHE JIMHEWHOM MapHOW pErpecCrH sl CBOETO BapUAHTA.
Kak oneHnBaeTCsi 3HaUMMOCTh [TAPAMETPOB YPaBHEHUS PETPECCUU?
SIBNAIOTCSA JIM MapaMeTpbl YPaBHEHUs PETPECCUM MJI Balllero BapUaHTa
3HAYMMBIMU U TTOYEMY?
3anumuTe JOBEPUTEIbHBIE HHTEPBAJIbI
perpeccuu JJisl Ballero BapuaHTa.
Kakum oOpa3oM ocyuiecTBisieTcsi IpoBepKa 3HAYMMOCTH YpaBHEHUS B
L(EJIOM.
3HAYMMO JIM YPAaBHEHHUE PETPECCHUHU JJIs BAIIETO BAPUAHTA U MIOYEMY?
Kakum o06pa3zom ocymiecTBisieTCss MpPOBEpPKa KadecTBa  ypaBHEHUS
perpeccun?
B dem cmbicn cpeHelt omMOKM anMmpoOKCUMAIIUKA U KaKOBO €€ 3HaUEHUE IS
BallIETO BapuaHTa?
CpaBHUTh TOJIyYEHHBIE
MHCTpyMeHTa Perpeccus.

Ul TIapaMETpOB  YpaBHEHUS

pe3ysbTaThl € pe3ysibTaTaMu PUMEHEHHS
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JlaGopaTopHnasi pabora Ne3
Henuneiinovie mooenu. Koragpgpuyuenm oemepmunayuu

Henab: HayuuThcsl CTPOUTH HEIMHEHHbIE MOJEIM M HaXOAUTh

KO3 (PUIMEHT TeTepMUHALUH.
OcHoOBHBIE CBeICHUA

Ecnu mexny >KOHOMMYECKHMMH SBJICHHSIMU CYIIECTBYIOT HEJIMHEWHbIE
COOTHOILIEHUS, TO OHHU BBIPAKAIOTCA C TOMOIIBIO COOTBETCTBYIOIINX
HEJIMHEHHBIX (YHKIIHA.

Pasnuuaror nBa Kinacca HEITMHEWHBIX PETPECCHIL:

1. Perpeccumn, HeNMHEIHBIE OTHOCHUTEIBHO BKIIOYEHHBIX B aHAJU3
OOBSACHAIOMIMX TEPEMEHHBIX, HO JIMHEHHBbIE 1O OIEHUBAEMbIM IapaMeTpam,
Harpumep

A

o 2
— MOJIMHOMBI Pa3JINYHBIX cTeNeHeil — y =a+b-x+c-x7;
— PaBHOCTOPOHHSIA runepbona — y_ =a + b/ x;

— nosynorapudmudeckas pyHkuus — y =a+b-Inx.
2. Perpeccuu, HeJIMHENHBIE 110 OLICHUBAEMBIM MMapamMeTpam, HalpuMep

b
— CICIICHHAA — Y, =d - X ;

— IOKa3aTeNnbHast — y =a-b";
— SKCIIOHCHIMAIBHAS — y=ae™.

Perpeccun HenmuHeNHbIE MO BKJIIOYEHHBIM MEPEMEHHBIM NPUBOIATCS K
JUHEHHOMY BHUJY MPOCTOM 3aMEHOW NEpPEMEHHBIX, a JajbHelInas OlLeHKa
napamMeTpoB MPOU3BOAUTCS C TOMOUIBIO METO/1a HAMMEHBIINX KBaIPATOB.

Heckonpko uHaue OOCTOUT €10 C PErpeccUsiMU HEIMHEHHBIMHU 110
OLICHMBAEMBbIM MapaMeTpaM, KOTOpbIE [ENATCSA Ha JiBa TUMA: HEJIUHEHHbIE
MOJIeJId BHYTPEHHE JUHEHHBbIC (MPUBOJATCA K JMHEHHOMY BUAY C MOMOIIBIO
COOTBETCTBYIOIIMX MpeoOpa3oBaHU, Hampumep, JorapupMUpOBaHUEM) U
HEJIMHEHble MOJeNIM BHYTPEHHE HeNuHeWHble (K JMHEHHOMY BHIY He
MPUBOJSTCS).

K BHyTpeHHE JMHEWHBIM MOJENSAM OTHOCSTCS, HalpuMep, CTeNeHHas

b
GyHKINS — y =a-Xx , TOKa3aTenbHas — ) =a-b", SKCHOHEHIMaNbHAas —
~ bx - 1
Yy, =a-e’,obpaTtHasg — y =——.
a+b-x
K BHyTpeHHE HCIMHEWHBIM MOJICISAM MOYKHO, HAIpHUMEp, OTHECTH
yo=athox,y =af1-—"

cIeIyroIlue MoAenu: y =a+b-x°, y =a- R

[lpuBenem ¢dopMynsl ans pacuera IapaMeTpoB Haumbojee 4YacTo
UCIIOJIb3yEeMbIX TUIOB ypaBHEHUM perpeccuu (tadm. 1.3):
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Tabmuna 1.3

ITapameTpsnl Hckomoe
p p
Bun dynkuum, y Jluneapuzanus YPaBHCHIA YPABHCHHC
perpeccuu
X=ln, ,_IX-YX y=e'a
Cmenennas Y=Iny, 52 oo
y=axb A=Ina, X_ ()9
B=b A=Y -bX
X=x, L GTx | O
Iloxazamenvuasn Y=Iny, - el (_)2
y=ab" B=Inb, _ 2
A=Ina, A=Y -Bx
Obpamnast =X, b= —Y-x y= !
Y=1/ 5 D) —\2 .
1 Y _ a+b-x
y= A=a ¥~
a+b-x B=b a=Y —bx
X=Inx, b_y_X_;.} y=a+b-Inx
Tonynoecapugpmuueckas Y=y, 32 X
y=a+b-Inx A=a, __(_)
B=b a=y-bX
X=1/x, WX -3-X | y=a+b/x
I'unepbonuueckas Y=y, b= X2 _(X)
y=a+b/x A=a, _(_)
B=b a= _)_/ —-bX
X=x, BT | e
DKCnoHeHyuanbHas Y=Iny, - 2 (;)z
y=aebx A=Ina, _

B ciaydac HEJIMHEWHOW 3aBUCUMOCTH TCCHOTY CBA3U MCXKAY BCIIMYHMHAMHU
OLOCHUBAIOT 11O BCJIIMYUHC KOPPCIHIITUOHHOIO OTHOIICHUS
2
2
_ I_Z(y_yx) _ I_Gocm
pxy - - 2 M

Z(y_J_’)z o,

NurepBan u3MeHeHHUs KOPPEISILIMOHHOTO oTHOWeHust 0< p <1,

o 2
OI_ICHKy Ka4qCCTBA IMOCTPOCHHOU MOJACIIN AACT HHACKC ACTCPMHUHAITNU ,Oxy .

ROQ uyuerm Oeme MUHAUUU R2= _ KBaJapaT HHACKCAa KO CIsIOUA —
pyunay Py p pp

XapaKTepu3yeT JOdK0 JUCIEepPCUH, OOBACHIEMYIO perpeccueil, B oOIiei
JUCIIEPCUU PE3YJIbTaTUBHOTO MPU3HAKA ).
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20—y
Y-y
Yem Omke KOIPQGUIMEHT IeTepMUHAIMM K 1, TEM BBIIIE KAa4eCTBO

ypaBHEHUS perpeccuu, TeM B OOJbIIeH Mepe OHO OOBSICHIET TMOBEICHUE
OTKJIMKA.

2_

IHopsinok BeINOTHEHNsI pa0OTHI.

Ucnonb3ys nanHble gabopaTopHoil paboThl Nel, mocTpouTh JUHEHHYIO,
CTENIEHHYIO0, T0Ka3aTEebHYI0, SKCIOHEHIIMAIbHYIO, MOIYJI0TrapupMUUYECKYIO,
runepOoIMYecKyt0 ¥ oOpaTHYI0 MOJEIM M C TOMOLIbI0 KO3 (dULIMEeHTa
JETepPMHUHALIMKM CPABHUTH 3T MoAed. st uero Heo6XoAuMO:

1. HaiiTu ypaBHEHHE pPETPECCHUM.

2. Haiitu oOuryro cymMMy KBaJpaTOB OTKJIOHEHUH UM OCTATOYHYIO CYMMY
KBaJpaTOB OTKJIOHEHUH.

Haiitu kordunrieHT nerepMuHanum.
Haiitu mapameTpbl perpeccuu ¢ MOMOIIbIO0 CTATUCTUYECKON (pyHKIMU
JIMHEH.
IIpumep BbInOJHEHHS J1Aa0OPATOPHOM PadoTHI.
Co3naauM HOBYIO pab04yr0 KHUT'Y C CEMBIO JIUCTAMH.

W

HaszBanue nucra Hasznauenue
Jlunennas Jns aHanu3a JTMHEWHOW MOIeNn
CrenenHas Jns ananu3a CTEreHHO MOICIN
IlokazarensHas Jns anany3a mokazarenbHONM MOJICITN
ObpaTHas Jliig ananu3za oOpaTHOI Moenu
[Tonynorapupmuyeckas Jliig aHanu3a noaynorapu@Muueckoil Moaenu
['unepbonnueckast Jliig ananu3a runepOoInyecKoil Moaenu
DKCITOHCHITHATIbHAS Jns ananu3a 3KCIIOHEHITUAIBHON MOIeTTH

Bynem ncnonb3oBaTh 1aHHbIE U3 1abopaTopHOU padoThl Nel.

1. Jluct JIuneitnas o
A | B ]

Kak MokaszaHo Ha puc.l.3:

OpMHM,
¢c | o | E | F | & [ H |

MpocTeiiwan obpaboTka faHHBLIX

Pacuetsl CYMH

¥r iy- )"cp)2 (Y'Yt)j (yr )"cp)2

24110 133,531 0792 154 889

27 058 91,309 0,003 90,209

30,005 30,564 0,559 42 905

34 427 42875 19,556 4532

37 374 2,086 0,391 0570

40,322 41,531 7172 14,186

(.DD:I\-IDTUWJLL\JI\J|—\

43270 55,420 0,534 45,078

00 = | O [ ) e [ DD [ ) =

44 743 29 542 7526 67,040

=
oW

47 BN 154 864 1714 123,997

CpenHee
IHAYEHKWE

~a

Cymma
KEAApaToE

582,222 38,717 543,505

Lo

14|

a_ |
ET

47|

|"'\-JD'.lU"|

ax)

NMuneitn
14738011 789831261
01486756 2 99532023

w0

]
[}

OBLACHEHHAA

Ofwan  |OcTatovHaA | perpeccued

KosdppuumnenTsl perpeccun

LHEHT BeTepl 11 093

|N|

09335011

235181208

]
ka2

98,264891 7
54350808 387171403

M 4 v W[\ JuHeiinan { CTenennan £ Mowasatenedan 4 Ofpath: | <

Puc. 1.3. JIuct JInnerinas
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Ha »sTom nucte k03(pPUIUEHTH JIMHEHMHOW PErpeccuu ONMpenesstoTcs C
MTOMOIIIBIO CTATUCTUYECKUX (DYHKIUHN (CM. TabopaTtopHyto padoty Nel).

Jns  pacdyera CyMM, KOTOpble MOHAAOOATCS TpU  OMNpeleTeHUU
kod(ppunMeHTa AeTepMUHALIMY (M TIPU BBIIOJHEHUU CJICIYIOINIEH J1abopaToOpHO
paboThl), BBEIEM (POPMYIIBIL:

Syerika dopmyna IIpumeyanue

E3 =$A$16+$§BS16*B3 | Pacuer TteopeTHyecKkux 3HAYCHUU
pe3yabTaTa yy,.
Konupyewm B nnanazon E3:E11

F3 =(C3-$CS$12)"2 Konupyem B nuanazon F3:F11

G3 =(C3-E3)"2 Konupyem B nnanazon G3:G11

H3 =(E3-$C§12)"2 Konupyem B nuanazon H3:H11

F12 =CYMM(F3:F11) Konupyewm B nnanazon F12:H12

3ameuanue. B npuBeneHHbIXx (QopMyrax HEOJHOKPATHO HCIOIb3YETCS
abcomoTHas ajxpecanusi, cogepxamias 3HaK «$». ITo HEOOXOAMMO AJIs TOTO,
YTOOBl MPU KONUPOBaHUHM (OPMYN JaHHBIA aapec He u3MeHsuics. [ns Toro
9TOOBl TPEBpPATUTh OTHOCHTENBHBIA anpec Al6 B abcomotHbil ($A$16),
JOCTAaTOYHO Ha)xaTh KiaBulmly F4 B TO Bpems, KOorja Kypcop HaXxOOUTCS Ha
aueiike Al6.

Jnst Beruncnenus kosdduirenta aerepMuHanuu B siueiiky H15 BBegem
bopmyny:

=1-G12/F12.

2. Perpeccusi B BHAE CTETICHHON (QYHKIIMH HMEET BHI: y=ax .

JUts HAaXOXKICHHS MAPAMETPOB PErPEcCHH y=ax’ HEOOXOMMMO MPOBECTH
€€ JIMHEeapU3aLuIo:

Y=A+bX,

rae Y=Iny, X=In x, A=In a.

CocrapisieM BCIIOMOTraTeabHYyI0 TabJUIly AJig MpeoOpa30BaHHbBIX JTAHHBIX
(puc. 2.3):
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A B | C ' o [ E [ F [ 6 [ H | | ] K [ L |
| 1 [Mpocreman o0padoTka NAHHBIX PacueTbl cyum
2 ® ¥ i ® WK x ¥ (Y'ch)z (Y'YT)2 (YI'YGP)Z
3 1 11 25 322 | 240 | 772 | 575 24 034 133,831 0,9324 156,780
4 2 13 27 330 | 256 | 845 | 658 privery 91,309 0,0487 87,141
5 3 15 Ell 343 | 271 930 | 733 30,284 30 864 05129 39,334
5 4 18 30 340 | 289 | 983 | B3 34 5N 42975 22 0080 3476
7 3 20 38 364 | 300 [ 1090 | BY9Y 3755 2,086 0,2260 0539
a8 5 22 43 376 | 309 | MBI | 955 40,287 41531 73617 13522
9 7 24 44 378 | 348 [1203 | 1010 42 986 55420 1,0291 41 345
10 g 25 42 374 | 322 [ 1203 | 1036 44,313 29 542 65,3514 B0,183
1 9 i 49 389 | 330 [ 1283 | 1086 46,529 154,864 4,2888 107 510
CpEeaHeR Cymma
12 |2HayeHue 19,44 35,56 357 | 2593 | 1052 | BES keagpatoe | 582,2222 | 41,7569 510,7302
DBEACHEHHEAA
|13 | OBwaa  OctatouHan |perpeccued
14 |Ko3dp huunenTsl perpeccin
15 A [ h KoadydpuunenT petepunHaunn I 09253 _l
16 1,33 [ 078
17 MoTeHUHpoBaHHE
18 a [ b
19 4028 | 0745
20
| 21| Nuueiin
| 22 | 07452067 1,39255734
| 23 | 00778674 022910222
| 24 | 0,9289641 006662054
| 25 | 91541681 7
| 26 | 0,4310533 0,03296174
TR % MiHedran b Creneqnan  MokasatensHas £ ObpatHas 4 Nonynorapudee | < >
FoTosn M
Puc. 2.3 Jluct Ctenennast
Broaum dhopmyisr:
Sluenika dopmyJia IIpumeuanue
D3 =LN(C3) Y=lny
Konupyewm B nnanazon D3:D11
E3 =LN(B3) X=Inx
Konupyewm B nnanaszon E3:E11
F3 =D3*E3 Konupyem B nnanazon F3:F11
G3 =E3"2 Komnpyem B nnanazon G3:G11
D12 =CP3HAY(D3:D11) | Konupyem B nuanazon D12:G12

Jnst BerumciieHus: KOA(DQPUIIMEHTOB PErpeccud BBEAEM CIEAYIOIIUE
bopmybl

Syerika dopmyna IIpumeyanue
Bl16 =(F12-E12*D12)/(G12-E12"2) | b
Al6 =D12-B16*E12 A

Ilocne IMOTCHOUPOBAHWA HAXOOAUM NCKOMBIC KOC—)(i)(i)I/ILII/ICHTBI perpeCcCuun:

Syerika dopmyna IIpumeyanue
Al9 =EXP(A16) a
B19 =BI16 b

Torna ypaBHeHue perpeccun Oyaet umers Buj: y=4,02x"".
Jliis pacueTa CyMM BBeZIEM (POPMYJIbI:
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Sueiika dopmyJia IIpumeuanue

I3 =$A$19*B37$B$19 | Pacuer TteopeTnyeckux 3HAYCHUU
pe3yabTaTa yy,.
Konupyewm B nnanazon 13:111

J3 =(C3-$C$12)"2 Konupyewm B nuanazon J3:J11

K3 =(C3-E3)"2 Konupyem B nnanazon K3:K11

L3 =(E3-$C§12)"2 Konupyem B nuanazon L3:L11

J12 =CYMM(J3:J11) Konupyem B nnanazon J12:L12

Jlnst Berumciienus koddduuuenta nerepmuHanuu B siueiiky L15 BBegem

bopmyny:
=1-K12/J12.

IIpoBeneM pacyeTsl mapaMeTpoOB PErpecCuu C MOMOIIBI0 CTATUCTUYECKON
dyrkoumn JUHEWH.

Breinenum nuamazon A22:B26. BBenem Gopmyny

=JIMHEUH(D3:D11;E3:E11;1;1).

B neBoil BepxHeil sueiike BbIJICIEHHONW 00JIaCTU TOSBUTCA TEPBbIN
AJIEMEHT HUTOroBOM Tabmuubl. UTOOBI pacKpbITh BCIO TaOJIMIly, HAXMHUTE Ha
kinapuiny F2, a 3atem — Ha komOuHanuio kinapuin CTRL+SHIFT+ENTER.

3. PacyeTsl Ha OCTaJbHBIX JIUICTAX BO MHOIOM IOBTOPSIOT PACUETHI,
npou3BeneHHble Ha Jincte CTemeHHAasi, MMOATOMY OCTaJbHbBIE JHUCTHI JIyYIlE
BCET0 MOJIYYUTh KONUpOBaHUEM JiicTa CTeneHHas .

J1J1st 3T0T0 HEOOXOIUMO:

e Haxoasch Ha Jmcte CTemeHHasi, BBIICIUTh €0 IOJHOCTBIO,
HIEJIKHYB MBIIIBIO HA MEPECeYEeHUN Ha3BaHUM CTOJIOLOB U CTPOK; C

nomomipio KHonku = (KonmposaTts) cxonuposath 1ucT B Bydep
o0MeHa;
® [IEPEUTH Ha CIEAYIOIIMI JIMCT U BBIIEIUB S4YEHKY Al,IIENKHYTH

MBIIIIBIO TI0 KHOTIKE |4 (BcTaBuTS).

[Tonyuum cnenyromue pe3yabrarsl (puc. 3.3-7.3):

28



A | B | & ' o | E | F | & | H | | ] K | L
| 1 |MpocTeiiman o0patoTKa JaHHLIX Pacuetsl cyum
2 " y Y x| vk | ¥ tr Wy | Grwf (r-¥ep)”
3 1 1 25 322 [ 1100 | 3541 [ 121,00 25 056 133531 0,0031 132,250
4 2 13 27 3,30 [ 13,00 | 42,85 | 165,00 27237 91,309 0,0562 56,533
5 3 15 31 343 [ 1500 | 21,51 | 225,00 29 509 30,564 19356 48,258
5 4 18 30 340 [ 18,00 | 51,22 | 324,00 33559 42 575 12 6652 5,980
7 5 20 35 364 [ 2000 | V275 | 400,00 36,481 2,086 23079 0,006
g 5 22 43 376 [ 2200 | 8275 | 484,00 39 ES7 41 531 11,1740 9E2
9 7 24 44 375 [ 2400 | 90,52 | 576,00 43,110 55,420 07917 42 5654
10 g 25 42 374 [ 2500 | 93,44 | 625,00 44 943 29 542 56902 70,432
1 9 27 49 3,59 [ 27.00 |105,08 | 725,00 48 562 154 564 00192 151,438
CpefHeR Cymma
12 |zHayeHue 19,44 36 56 357 [ 15,44 | FOB5 | 40589 keagpatoe | 582,2222 | 37.6430 550,7818
CIBBACHEHHAA
113 | DfBwaa DoTaToqHaA  perpecced
14 |Koadp puumneHTEl perpeccun
15 A B Koadp puunenT netepuniauun 09353
16 276 0,04
17 NMoTeHUHpoBaHNE
18 a b
19 15,53 1,04
| 20|
21| NMuueiin
| 22| 00417435 2 7R191623
| 23| 0003998 0,03054714
| 24 | 059396628 006324267
| 25| 10901471 7
| 26 | 04360177 002799736
030 N MHeinas / CTeneHHan Y MokazaTenbHan { OfnatHas 4 MNomynorapadma | € >
Puc. 3.3. Jluct Iloka3aTeibHasi
A B | & ' o | E [ F | 6 [ H | | [ d ] K L
_1 [Mpocreiiman 00patoTKa JAHHBIX Pacuersl cymm
2 X y ¥ X Ve | x ¥r Oveed | Gy’ {ir-Yop)”
3 1 11 25 004 | 1100 | 044 12100 25 F08 133,531 03695 119,853
4 2 13 e 004 | 1300 | 048 | 169,00 27 306 91,309 0,0939 85,5645
& 3 15 k)l 003 | 1500 | 048 |22500 29,245 30,864 30748 53422
5 4 18 30 003 | 1800 | 060 | 32400 32,735 42 575 7 4504 14,596
7 ] 20 35 003 | 2000 | 053 | 40000 35,563 2,086 59389 0955
g 5 22 43 002 | 2200 | 051 | 48400 385926 41,531 16,5950 5518
2 7 24 44 002 | 2400 | 055 | 576,00 42 991 55420 10181 4,415
10 g 25 42 002 | 2500 | 0B0 |B2500 45 350 29 542 11,2865 77 510
1 9 7 43 002 | 2700 | 055 | 72900 505977 154,564 39067 207 965
CpedHes Cymma
12 |zHa4eHue 19,44 36 .56 003 | 1944 | 053 | 40589 keagpatoe | 582,2222 | 49,7678 606,9100
OBBACHEHHEA
13| Obwaa  OcTaTodHan  perpeccued
14 |Koadp puunenTel perpeccun
15 A B Ko3drpHuUHEHT BeTepMHHALMK 09145
16| 00524 40,0012
17 MoTeHunpoBanne
18 a b
19| 00524 -0,0012
20
21| Nuueitn
22 -00012146 ) 0,05241122
23| 00001213 000244362
24| 059347494 0,00151864
26| 10027871 7
26| 00003691 2 576EE-05

aT
M 4 v M|{ CrenenHan £ MokasarensHan b OBpatHana ¢ Momynorapudmueckas £ T | <€

Puc. 4.3. Jluct O6paTHas
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A B [ C | D E F G H | [ [ 0 ] K | L

1 |MpocTeiliwan odpadoTka AAHHLIX PacueTkl cymu

2 x Y Y L N ¥ ool | (yyef (r-Yop)”
3 1 11 25 2500 | 240 [ 5985 | 575 22,769 133,531 45780 190,073
4 2 13 27 00| 256 [ 6925 | G5B 27,124 91,309 0,01583 83,959
5 3 15 Ell 3100 271 [ 8385 | 733 30,554 30,564 0,0213 32,506
B 4 13 30 3000 | 289 [B671 | 835 35 507 42575 31,4391 0900
7 5 20 35 3500 | 300 [11384| 897 38,354 2086 0,1251 3233
8 B 22 43 4300 | 309 [13291] 955 40,538 41 531 45731 18,342
9 7 24 44 4400 | 318 [13983 | 10,10 43,107 55420 0,7983 428915
10 &) 25 42 4200 | 322 [13519] 10,36 44 171 29642 47120 57 991
11 9 27 45 4900 | 330 |16150) 10,86 46,177 154 564 7 5694 92572

CpeaHER Cymma
12 |3HaYeHHE 1944 36,56 3656 | 253 [10924] 8BS keadpatoe | 582,2222 | 54,7315 5274907
OBEACHERHAA

13 OBwas  OcTaTouHaA  perpeccHel
14 |KoadppHuHEHTEI perpeccHi

15 A B KoadpdpumenT neTepruHHaLHH 09050
16| -3974 26 07

17 NoTeHuynpoBaHue

18 a b

19 -3874 26 07
20|
21 Nuuenn
22| 26068659 -39,741061
23| 31738096 933561316
24| 0,2059955) 2 79520874
25| B7 464555 7
2B | 527 49074 54 7314833

TR % MNonynorapuavueckan { TUNepBonvUeckan { SKonoHeHuMansHas /€ 3

Puc. 5.3. Jluct Ilonyaorapugmudeckas
A B | & ' o | E |l F ] & | H | I [0 ] K [ L

| 1 |MpocTeliman oopadoTKa AAHHBIX PacueTbl cymn

2 s ¥ ki z Y Z Wr (Y‘chf (3"'3"1)2 (YT'ch)g
3 1 11 25 2500 | 009 | 227 | 00 21,702 133,531 10,6500 220 643
4 2 13 27 2700 008 | 208 | 0O 27 B57 91,309 04312 79,190
5 3 15 Ell 300 | 007 [ 207 [ 000 32024 30 564 1,0452 20,537
G 4 15 30 3000 | 006 [ 167 [ 000 36,755 42975 45 B281 0,040

7 5 20 35 3800 | 005 [ 190 [ 000 35,120 2086 1,2653 6,578
g G 22 43 4300 | 005 [ 195 [ 000 41,056 41,531 37799 20,252
9 7 24 44 4400 | 004 [ 183 [ 000 42 BB9 55420 1,7724 37 370
10 g 25 42 4200 | 004 [ 168 [ 000 43,378 29 642 1,8998 46 550
11 9 27 49 4900 | 004 | 181 0,00 44 540 154 564 19,0101 65,357

CpELHEE Cymma
12 |3HayeHuHe 1944 36 56 3656 | 006 [ 192 [ 000 keagpatoe | 582,2222 | 85,7050 496,5172
OBeACHEHHAA

| 13 | OBwaa OcTaToyHaA | perpeccHed
14 |KoappuuneHTl perpeccun

15 A B KoadppuneHT BeTepMHHauuu 08528
16| BO41 -425 79

17 MoTeHuHpoBaHne

13 a b

19| B0 -425 7945

| 20 |

2| Muuein

| 22 | 42579454 B0 4101097

| 23| BBBE3162 392330032
| 24| 08527968 3499081
| 25| 40553314 7
2B | 49651725 857049745

W4y M| OBpathas 4 Nonynorapuceueckas s Minepbonuueckan /. JkcnoHequma, | < 3

Puc. 6.3. JIuct I'unepdonnueckas
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A 5] | C | b | ElT F | 6 | H | [ | J ] K | L

_1 |MpocTeiiman odpadoTka NaHHBIX Pacuersl cymm

2 ® ¥ b ® W # W (Y'ch)z (Y'YT)Z (YT'}"OP)Z
3 1 11 25 322 | 11,00 | 3541 (121,00 25 056 133,531 0,0031 132 250
4 2 13 27 330 | 13,00 | 4285 [ 169,00 27,237 91,309 00562 85,833
5 3 15 Ell 343 | 1500 | 5151 (22500 29 603 30,864 1 5356 45 2558
5 4 18 30 340 | 18,00 | 61,22 (324,00 33,559 42 975 12 BB52 8,580

7 5 20 35 364 | 2000 | 7275 (40000 36,481 2 086 23079 0,008

g 5 22 43 376 | 2200 | 5275 (48400 359 657 41,531 11,1740 9621

9 7 24 44 378 | 2400 | 9032 [576,00 43,110 55420 07917 42 964
10 g 25 42 374 | 2500 | 9344 [625,00 44 945 29 642 g,p902 70,432
1 9 27 49 389 | 27,00 |10508 [ 729,00 45 862 154 864 00192 151,438

CpEfHER Cymma
12 |3HayeHue 19,44 365 56 357 | 1944 | 7065 [ 40589 kEanpatoe | 582,2222 | 37,6430 550,7818
CIBEACHEHHAA

13 Ofwaa  OctatouHas  perpeccued
14 |KoadppHumeHTl perpeccun

15 A h Koadpipnupent getepuniauun 059353
16 276 0,04

17 NMoTeHUHpoBaHHE

18 a b

19 1583 00417

20

il Muueiin

22| 00417435 276191628

23| 0003998 008054714

24| 09396628 006324257
25| 10901471 7
26| 04360177 002799736

a7

M 4 » M[{ Nonynoraprdmitueckan { TunepfBonueckan ' SkcnoHeHUWanbHas (¢ 3

Puc. 7.3. JIuct IkcnoHeHIIHAJIbHAS

BreibepeM Hammydmryr0o MOJENb, ISl 4Yero OOBEAMHHM PpEe3YJbTATHI
MOCTPOEHUS APHBIX perpeccuil B ogHoM Tabauue (Tadm. 2.1).

Bce ypaBHeHUs1 perpeccuu JOCTaTOYHO XOPOIIO OIMHUCHIBAIOT MCXOJHBIC
nanaple. HekoTopoe mpeamouTeHHMEe MOXXHO OTAaTh TOKAa3aTeIbHON WU
OKCMIOHCHIIMATBHOW ~ (YHKIWHU, IJs KOTOPBIX 3HadYeHHe KOdPHUIeHTa
JeTepMUHAIIMKM HAauOOoJIbIIIee.

Koadpunuent

Bun perpeccun VYpaBHeHHE perpeccuu S ——
JInneitnas y=7,9+1,47x 0,9335
CreneHnast y=4,03x"" 0,9283
ITokasarenbHas y=15,83-1,04" 0,9353
OO6parHas y=1/(0,05-0,0012x) 0,9145
[Tonynorapudmuaeckas =—39,74+26,07Inx 0,9060
['mnepOonmyeckas y=60,41-425,79/x 0,8528
DKCIOHEHIHATbHAS y=15,83¢""17 0,9353

OTt4eT mo s1abopaTopHoil padore

1. 3anumure Bce BHIABI MOJEICH, HEIUHEHMHBIX OTHOCHUTEIBLHO
BKJIIOYAEMBIX NIEPEMEHHBIX U OLICHUBAEMBIX TAPaMETPOB.

2. Kak ocyuiecTBisieTcs: JuHeapu3aius MOICIIN?

3. HazoBure nokazatenu KOppesdiuu, UCIOIb3yeMbIE MPU HETUHEHHBIX
COOTHOIIIEHUAX PACCMAaTPUBAEMbBIX MPU3HAKOB.

4. 3anucamuTe ypaBHEHUS JIMHEWHOW, CTENEHHOW, II0Ka3aTelIbHOM,
AKCTIOHCHITMATBHOM, TOIYJI0orapu(PMUUYECKOM, THUMEePOOIUIECKON U
oOpaTHOW Mojenel u ¢ moMomblo Kod(h@uIMeHTa aeTepMUHALUN
CpPaBHUTH 3TU MOJEIIH.
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JlaGoparopHuasi paGora Ne4
Ilpozno3uposanue na ocnosanuu TUHEIHOU pezpeccuu

Meab: HayuuTbCsd  NOPOTHO3UPOBATH  WHAUBHAYAIbHBIE  3HAYCHUS
3aBUCMMOM TEPEMEHHOM HAa OCHOBAaHWM JIMHEMHOW PErpeccur; yMEThb
ONPENENISATh TOYHOCTh ITPOTHO3A.

Kpatkue TeopeTnueckune cBeIeHHUs.

[TycTh 1o 3aaHHOM BBIOOpKE 00beMa # HallIeHO BHIOOPOYHOE YpaBHEHUE

JIMHEMHOMN perpeccuu
y=a+bx

C nomomBI 3TOr0 YpaBHEHHS MOKHO IPOTHO3HPOBATH 3HAYEHUE
pe3yJIbTaTa ), IpU ONPENEICHHOM IIPOrHO3HOM 3HAYEHHUHU (PAKTOPA X,

IIpocnosnoe 3nauenue y, ONPENEAAETCs IyTEM IOJCTAHOBKH B yPaBHEHUE
perpeccuu y=a-+bx COOTBETCTBYIOILETO TPOrHO3HOTO 3HAYCHUS X,

TouHOE ypaBHEHHE PErpPECCUU HaM HEU3BECTHO. I103TOMY MBI HE MOXKEM
clenaTb TOYHBIM IPOrHO3. MOXKHO TOJBKO YTBEpXKIaTh, YTO IIPOIHO3HOE
3HAYCHWE pe3ylibTata ), IPH JaHHOM X, C BEPOATHOCTHIO ) TOMAiET B
JOBEPUTENLHLIM ~ MHTEPBAI  Y,. BEpOATHOCTE y  HA3bIBAETCS  YPOBHEM
HAJI)KHOCTH.

Ommbka mporHo3a coCTaBIIsET:

_ 1 (xp_)_c)2

mp_S1+;+§j;:5?’

G 2yi-a) y=byxy > (r-y)
n—72 n—2

onnoOkKa perpeccuun (JII/ICHCpCI/IH OIIMOKHU WJIM OCTaTOYHAas L[chepcm{).
HpeIICJIBHaSI omunoOKa IMPpOrHo3a, COCTaBUT:

Tac — CTaHdapTHaA

Ap =1 agn "M,
JloBEpUTEIIBHBIN UHTEPBAJI IPOrHO3A:
=y +
Vp=YVp* Ap‘

ToyHOCTH MPOrHO3a MOXKHO OIEHUTH C TMOMOIIBIO OTHOCHUTEIHHOM
OLIMOKU MPOTHO3a:

A
§,="-100%
V|
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N =

Ilopsinok BeINOIHEHNsI pA0OTHI.
Hcnone3ys nannele k 1adopaTopHoi padore Nel mpu x,=20:

. HANTH ypaBHEHUE PETPECCUMU;
. paccunTaTh TOBEPUTENIBLHBIM MHTEPBAJ MPOTHO3a NPH 3HAYCHUSIX YPOBHS

Haaexxnoctu 80%, 90%, 95%;

W

HaWTHU OTHOCUTEIBHYIO OIUOKY MPOTHO34;

4, IMOCTPOUTD I‘pa(i)I/IKI/I JIMHUU PETPCCCHUU C TOBCPUTCIIBHBIMU I'PAaHUITIAMU.

IIpumep BbINOJIHEHHS J1Aa00OPATOPHOM PadoTHI.
PacyeTsl Ay Kaxaoro M3 YpOBHEH HAJEKHOCTH IMPOU3BOAUTH Ha
OT/EJIBHBIX JINCTAX, KOTOPHIE Ha30BEM , COOTBETCTBEHHO: 80%, 90%, 95%.
I. JIuct 80%.
9. B nmmamnazone A2:C11 noaroroBUM UCXOIHBIC JaHHEIE.
10.B sueiiky B12 3anumem 3HaueHue x,=15,5, 114 KOTOPOro HEOOXOIMMO
CIIPOTHO3MPOBATH 3HAYEHUE PE3YILTATA V.
11.BBoaum cienyromye GopMyJb:

Aueiika | Dopmysia IIpumeuanue

Cl6 =0OTPE30OK(C3:C11;B3:B11) Onpenensiem K03 PULIEHTB

C17 =HAKJIOH(C3:C11;B3:B11) perpeccun

C18 =CP3HAY(B3:B11) X

C19 =CTOIIYX(C3:C11;B3:B11) CrangapTHas ommOKa perpeccuu

C20 9 KonmuecTBo npennpustuii

C21 =80/100 YPpOoBEHD HAJIE)KHOCTU

C22 =1-C21 YPpOBEHBb 3HAUUMOCTH

C23 =C20—2 Yuciio creneHeii cBOOOIbI

C24 =CTBIOJJPACIIOBP(C22;C23) | kpuTHYECKOE 3HAYEHHE t-
CTaTUCTUKU

D3 =(B3-$C$18)"2 dopMmyily CKONUpYeM BHH3 10
DI11

D12 =CYMM(D3:D11) Haxomiy Z (x - )—C)z

C27 =C19*KOPEHb(1+1/C20+(B12- | CrangapTHas ommOKa Mpor1o3a

C18)"2/D12)

C28 =C24*C27 [IpenenbHas ommbka Nporyosa

C29 =C16+C17*B12 IIporuo3noe 3HAYEHUE
pe3ynbTaTa

C30 =C29-C28 Hwxusas rpaHuLa
JOBEPUTEILHOTO MHTEpBAJIA

C31 =C29+C28 Bepxuss rpaHuna
JOBEPUTETILHOTO MHTEpBAJIa

C32 =C28*100/C29 OTtHocuTenbHas omunoka
MPOrHO3a
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12.JIna rpaduueckoro mpeacTaBieHUs MOJYISHHBIX Pe3yJIbTaTOB:
e Bgoaum cneayromue Gopmys:

E3 =$CS$16+$C$17*B3 Konupyewm BHU3 10 E11

F3 =$C$19*KOPEHb(1+1/$C$20+(B3- | Konupyem Buu3 10 F11
$CS$18)"2/$DS$12)

G3 =F3*$C$24 Konupyewm BHU3 10 G11

H3 =E3-G3 Konupyem BHu3 no HI 1

13 =E3+G3 Konnpyem B3 110 111

Takum 06pa30M MMOJTYYUM OAaHHBIC, IPCACTABJICHHBIC HA PUC. 1.4.

e Brigenum opHoBpemeHHo auanaszonel B2:CI11, E2:E11, H2:I11
(TOCKOJIBKY 3TH JWaria3oHbl HECMEXKHbBIC, TPU ATOM JIOJHKHA OBITh
Haxkata kiasuia Ctrl);

e Broizosem Mactep mmarpamm. UtoObl och oTpaxkana (akTHUECKue
JlaHHbIE, BEIOEpEeM TUTl AuarpamMmbl TouedHasi;

e Jlns nmoGaBimeHuss Ha JOUarpaMMy TPOTHO3UPYEMBIX 3HAYCHUH B
MacTtepe auarpamMm Ha miare 2 nepeiieM Ha Bkiaaaky Psa (puc. 2.4).
[Ilenkuem no kHomnke J[00aBUTH U BBEJEM C MOMOIIBIO JIEBOM KHOMKH
Mmbiid: Umsa — Ilpornos, 3navyenus X — B12, 3navenns Y — C29.
[IlenknyB 1o kHOnKe I'0TOBO, MOy4YrM AUarpaMmy, NpeaCTaBICHHYIO
Ha pUCyHKe 3.4.

Ordopmatupyem aumarpammy. s 3TOTO IIENIKHEM JIBaXIbl 0 (QOoHY U
BBIOEpEM 3aJIMBKY MPO3PayHas, 3aTeM IIEJIKHEM JBaXK]IbI 110 JIMHUU PETPECCUU
1 BbIOEPEM THUII JIUHUH, I[IBET U TOJNIIHUHY, a TIEPEKII0UaTeb Mapkepa MOCTaBUM
B TIOJIOKCHHE OTCYTCTBYET. AHAJIOTUYHBIM 00pa3oM (hOopMaTUPYIOTCS JIMHUM,
MPEACTABISAIONINE  TPAHUIIBI  JOBEPUTEJbHBIX  HWHTEPBAJIOB, U  TOYKH,
oToOpakarolie MpPOrHO3UpyEMbIe 3HAaYeHUs. B uTOre momayuum auarpammy,
MPEJICTaBICHHYIO Ha puc. 4.4.

II. JInct 90% u 95%.

YtoObl MOMYyYUTHh pacueThl Mg ypoBHeW HazaexxHoctH 90% u 95%,
NO0CTaTOYHO ckonupoBarh JUCT 80% Ha nucThl 90% 1 95% u BBeCcTH Ha HHX B
aueiiky C21 cootBercTBeHHO 3HaueHuss 0,9 u 0,95. Ilpu sTOM OUAarpammel,
MOJIyYEHHbIE MPU TaKOM KOMUPOBAHUHU, CIEAYET YJIaTUTh U MOCTPOUTH 3aHOBO
Ha OCHOBE PacyeToB, MoJy4eHHbIX Ha ucTtax 90% u 95% (puc. 5.4 u 6.4).
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e e e e | [

1 iI-Icm,u;[me JAHHBIEe

CranpaptHad | [lpemesas
Me [porHozHOE oumfa oumifa Hicxnaz Bepzmaa

2 | TpEIpHATHL x ¥ x -x,_.p)2 JHAHEHHE IIPOHODIA [IpOrHOZa I'paHMIA TPaHHITA

3 1 11 25 71,3086 24,110 2,779 3,932 20,178 25,042

q 2 13 a7 41,5309 27058 2,858 3,781 23,297 30,318

5 3 15 31 19,7531 30,005 2,588 3,630 26,375 33,835

& 4 13 30 2,0864 34,427 2,488 3,521 30,906 37,948

7 5 20 38 0,3086 37,374 2,480 3,510 33,865 40,584

g f 22 43 65,5309 40,322 2,508 3,549 36,773 43,871

= 7 24 44 20,7551 43,270 2,570 3,638 30,633 46,206
10 3 25 42 30,5641 44,743 2,613 3,607 41,046 48,441
11 9 7 409 57,0864 47,691 2,732 3,851 43,540 51,542
12 | 15,5 | Cymmma [250,2222
|
Bk

15 |BcrmoMoraTe TEHEIE JAHHEIE

16 a T,E083

= & 14733 YpoBeHs HafexHocTH 80%

18 i 19,444 -

19 & 23518 a >

20 ! 9 i® a

21|  YpOBEHE HAOEKHOCTH 0.8 E 0 = ’/-"/ :J:???:ZBFBHM

22|  YpOBEHD 3HATMOCTH 0,2 = / """ R S

23 | MHMCJI0 CTEMEHER cEobojme 7 E ‘/"/ S A Befuaan maniua

KNHTHYECKOE SHAYEHHE i- § @ b S

24 CTRTHCTHEH 1,4149 Z
25 g

26 | 3ABEPIUAIOIIHE TAHHBIS 2 o oz o &

27 Mp 2,54?4 YMENeHHOCTE 33HATED X [Telc Hen. ]

3 By 35,6044

o] Fp 30,742

20 HITKHAA [PaHIA 27,138

31 BEPEHAT IPEHIA 34,347

32 fp 11,725
33
| 24 |
35 |
38
37 |
£l
El

40

W4 r M[\B0% {TncT2 £ Tvcrs /

[oToEo

Puc. 1.4. IIlporao3upoBanrie Ha OCHOBaHUHU JJUHEWHOW MOJIEIU IIPU YPOBHE
HazaexHocTH 80%
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Mactep auarpams [war 2 ma 4); HCTOMHHK OAHHBIX OHA. .. E]E]

AranazoH AaHHe! Paa
&0
20 [ 3
@ r 5 -
3 5
" L] |'||IIIIE=3IC¢ FIMe 112
= e HEEaa paniya
»
L] Beponan maniua
]
= [Iparics:
0]
0 ' & . '
] 5 1o 15 m = =
Paa
v WA MpoorHos E.3
[ MPOrHOZHOE SHAYEHE :
| HH®HAR rpaHuua 3HaYeHHA ¥ | ="80%'1$B$12 %,
| BEpXHAA rpaHMLa P :
T | e i [=50%1$C$2) =
[,ﬂ,uﬁgﬁmb] [E,ﬂ.aJ'IHTb ]
l OTHEHE l [ < Hazaa “ fanee = ] [ [oToED

Puc. 2.4. lllar 2 Mactepa nuarpamMmm

| | |
B0
a0 *
.I
40 2 " Y.
& i B MpoMHOSHOE SHAYEHKME
30 S HikHAA maHHLE
» |
[ ] BepxHaa maHuug
20 # [Mpomos
10
l:l T T 1 T T
b 10 15 20 25 an
|| &

Puc. 3.4. Ilnarpamma, nocrpoeHna ¢ nomouipio Macrepa
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G0

YpoBeHb HagexHocTH 80%

ald

40

30

20

10

(o bel NPOHIBOACTEA Y (ThIC.e0,)

10

20

30

YHCNEHHOCTE 3AHATLIX X (ThIC.Men.)

MpomMosHoe
HIHEHME

Hu#HAA maHuuE

+  [poomMos

BepxHaa maHuua

Puc. 4.4. IToroBblii BUJ quarpaMMbl Ipu ypoBHE HaaekHOCTH 80%

P

W4 v W] B0% Y,00% / 05% { Muet2 £ Tacra /

Puc. 5.4. IIlporao3upoBaHrie Ha OCHOBaHUHU JIMHEWHOW MOJIETU IIPU YPOBHE

Haaexuocta 90%
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A | B ] D E F G | H
1 |HcXoIHRIE JaHHBLIE
CranmapTHad | IlpermsHad
M IIporHOZHOE omHbKa OIIHOKA HirxHas Bepxxag

2 | npepnpHATHA 2 ¥ (x -xcj)2 SHageHHe MpoHosa MpoTHO3E jyskisicit:y jyskiziziit)
3 1 11 25 71,3086 24110 27979 5265 18845 29375
4 i 13 27 41,5309 27,058 2,698 5,035 22,022 32,093
5 3 15 31 197531 30,005 2,566 4,861 25,145 34,866
6 4 18 30 2 0884 34427 2488 4714 29712 39,141
7 i 20 3z 03086 37,374 2480 4,699 32,675 42 074
a & 22 43 65,5309 40,322 2,508 4752 35,570 45073
9 7 24 44 20,7531 43,270 2,570 4,869 38401 48,138
10 2 it 42 30,8642 A4 743 2613 4,951 32793 49 694
11 9 27 49 57,0864 47,691 i 5,156 42,535 52,847
L] 155 Cynmva | 250,2222
11
14,

15 | BeroMoraTe TbHBIE JAHHEIE

18 a 77,8983

17 e 1,4? 33 Yl)OBeHb HagekHOCTH a90%

18 % 19,444 o

14 5 23518

20 n 9 50

21 YpoBeHb HAf &¥HOCTH 0.9 f

22 YpoBeHb SHAUMMOCTH 0,1 % 40 .

23 | yMeIIo cTeneHel ceobonb! 7 E T e

KPHIHYeCKOS SHaueHHe t- % M—_— . e L . HutstHAA L

24 CTATHCTHEM 1,8946 E ------ BepxHAA MaHuLE

25 % a0 *  Mpomos

26 | 3aBepIlaIfie JaHHLIE §

7 m, 2,5474 310

28 Ay 48263

28 Yo 30,742 0 T - - - .

£t HAAHAT P AL 25 ’91 5 / 'Llucner::om m:limn( X lfflc.uen.jzs ”

3 BepxHAA Tparila 35,569

32 8 15,699




A \ B | ¢ | o | E | F | G H [ 4 | &k |
HexoHEIe JaHHEBIe

CranpapTHas | IIpemmHad
e IIporaostoe omubKa omubia HiTsHaa Beprrag
2 | NpennpuATHA x ¥ Go-x cj)z sHAYeHHe MpoHO3A NpOTHOSA rparHia rparia
3 1 11 25 71,3086 24110 2,379 5,571 17,539 30,681
4 2 13 27 41,5309 27,058 2,658 6,285 20,773 33,342
5 3 15 31 19,7531 30,005 2,566 6,067 23,939 36,072
B 4 18 30 2,0864| 34427 2488 5,884 28,543 40,311
7 5 20 38 03086 37374 2,450 5865 31,509 43,240
8 5 22 43 65,5309 40322 2,508 5,930 34,392 46,252
g 7 24 44 20,7531 43,270 2,570 6,077 37,193 49346
10 g 25 42 30,8642 | 44743 2613 6,179 38,565 50,922
11 9 27 43 57,0864 47,691 2722 5436 41,255 54,127
|12 | 153 Cynmga | 250,2232

15 | BcrmoMoraTesIbHBIe TaHHEIE

16 a 78983

17 5 14738 YpoBeHb HaneKHOCTH 95%

18 ¥ 19,444 o

19 g 23518 i

20 n 9 50 -

21|  YpOBSHL HATNERHOCTH 0,95 E V/

2|  YpOEEHE SHAHHMOCTH 0,05 £an — e

23 | gHeno cTeneHeit ceobofb 7 E / M :;pmnm“”mw

KpPHTHY&CKoe JHAUeHHE - 5 an g HixHaa rpannua

24 CTATHCTIIH 23646 g / ------ Bepxhan rpannua
E E- 26 L7 * MNporxos

26 | 3ap epILIAOIIHE JAHHbIE é

27 My 2,5474 10

28 Ay 65,0238

29 Yo 30,742 g i i T T T

a 5 10 15 20 25 30

30 HITEHAA TPAriilla 2'4=? 18 HHCASHHOGTE SEHATE X % [T e .Hen.) OONACTE AWarpamiel
Ell EEPHHAL [PAHHIA 36,766 —y_‘
37 By 19,554

W4y W B0% /D07 5 95% / Tuct2 £ Tcr3 / <

FoToE0

Puc. 6.4. [IporHo3upoBaHyie Ha OCHOBaHUM JIMHEHHONW MOJENN MPU YPOBHE
HaJeXHOCTH 95%
CpaBHUM OTHOCHUTENIbHbIE MOTPEIIHOCTA IPOTHO30B MPHU PA3ITUUYHBIX
YPOBHSIX HaIE)KHOCTH, 11 X,=15,5:

YpOBEHb HAJIEKHOCTH 80% 90% 95%
OtHocutenpHas norpemHocts | 11,7% | 15,7% | 19,6%
IToBbiieHue ypoBHs HajexxHOCTU ¢ 80% 10 95% cHMXKAET TOUHOCTH MPOTHO3a B

19,6/11,7=1,68 pa3a.
OTt4eT mo s1abopaTopHoii padore
1. 3anummuTe 3aBeplIalOlIMEe JaHHBIC: MPOTHO3HOE 3HAYEHUE pE3yJbTara,
CTaHJapTHAas W TpelielbHas OIMIMOKU MPOTHO3a, IOBEPUTENIbHBIA HWHTEpBal
MPOrHO3a, OTHOCUTENbHAS OTPEIIHOCTh TPOTHO3a.
2. CpaBHUTb OTHOCHUTENbHBIE MOTPEHIHOCTH NPOTHO30B TPHU  PA3THUUHBIX
YPOBHSIX HaJIC)KHOCTH, HAIIpUMep, i x,=20.
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JlaGoparopHasi paGora NeS
Muozoghaxkmopnan nuneiinas pecpeccus. MynomuKkoaiuneapHocmas

IIe.m,: HaY4YUTBCA IIPOBECPATH q)aKTOPI::I Ha MYJIbTUKOJUIMHCAPHOCTD,
HaXOIUTh YpPaBHCHHUC MHOFO(i)aKTOpHOﬁ JIMHEHNHOU perpeccuun, IMpoBECPATH Cro
Ka49CCTBO, HAXOIUTb CPCOAHUC KOC—)(i)(I)I/ILII/IeHTBI 3JIaCTUYHOCTH.

KpaTkue TeopeTHueckue cBeIeHHUsI.

Mnooicecmseennas peepeccusi — YpaBHEHUS CBS3H C HECKOJBKHMHU

HE3aBUCHUMBIMH TTIEPEMEHHBIMU:
y=f(x,x,0X,),
rIe y — 3aBHCHMAas epeMeHHast (pe3yIbTaTUBHBINA IPU3HAK);

X1, X2,..., X, — HE3aBUCHMBIE TIEPEMEHHBIE ((PAKTOPHI).

JUss  OIIEHKM TMapaMeTpOB YypaBHEHUS MHOXKECTBEHHOW perpeccHu
MIPUMEHSIIOT Memo0 HaumeHvuiux keaopamos (MHK).

JluneliHoe ypaBHEHHE pEeTrpeccun UMEET BUl: y=bx|+byx,ta.

Cpeonuii kosppuyuenm snacmuuynocmu 3 TOKA3bIBAET, HA CKOJBKO
NPOIEHTOB B CPEJHEM IO COBOKYMHOCTH HM3MEHHUTCS pPe3yNbTaT y OT CBOCH
CpelHEll BEIMYUHBI NpH M3MEHeHMH (akTopa X; Ha 1% OT CBOEro cpenHero
3HayeHust. Cpenaue KOIPPUIMEHTHl 3JACTHYHOCTH ISl IMHEHHOW perpeccuu
PacCUUTHIBAIOTCS TIO OpMYyIIe:

=bH.

»x; J

< |

KauectBo mocTpoeHHOM MOJenM B 1EJIOM OLIEHUBAeT KOA(POUIHEHT
(MHACKC) NeTepMUHALINY:
2.e
R =1-=2"—

D (=)’

F-mecm — oneHuBaHUME KauecTBa YpaBHEHHS PErpecCUU — COCTOUT B
npoBepke rumnore3sl Hy o cmamucmuueckoii ueznauumocmu ypasHeHus
pezcpeccuu u nokazameJs mecHomol c653u. J{7s 3TOT0 BBITIOJHIETCS CPAaBHCHHE
(GaKTHIECKOTO Fjym U KPUTUUECKOTO(TAOINYHOTO) Fy05, 3HAUEHUN F-KpUumepus
Quwepa. Fpgo, ONpENENnseTcs W3 COOTHOUICHUS 3HAYCHHUH (QAKTOPDHOW M
OCTaTOYHOM JUCIIEPCUI, pACCUNTAHHBIX HA OJHY CTETIEHb CBOOO/IbBI:

R? n—-m-—1
1-R? m
Yucno crenenerr cBobonbr kputepus Dumepa-Cuenekopa: ki=m;

F =

k,= n—m—1 u KpUTHYECKOE 3HAYCHHUE ITOTO KpUTePHst Fi= Fop i .

Ecmu Fyaom > Fasr, TO THIIOTE3A Hp 0 Cltydalinol pUpOE OLIEHUBAEMBIX
XapaKTEPUCTUK OTKJIOHAETCS U MPU3HACTCS UX CTATUCTUYECKAas 3HAYMMOCTh U

39



HaNEeKHOCTh. Ecin Fyuon < Fipasr, TO TUIIOTE3a Hy HE OTKIOHAETCSA U IPU3HAECTCS
CTaTUCTUYECKAs HE3HAYUMOCTh, HEHAJIEKHOCTh YPABHEHUS PETPECCHUM.

OreHka 3HaYMMOCTH KO3(P(HUITMEHTOB PErPECCUU C TIOMOIIBIO {-KPUTEPUS
CTbI0/ICHTA CBOJMTCS K BBIYMCIICHHIO HA0II0Oa€EMOT0 3HAUCHUS {-CTATUCTHKU:

t _b

Jj Habn

rae
m, — cpenHss KBaJpaThdeckas ommbka koadduuuenra perpeccun b,

OHa MOXeET OBbITh OTpeIeNieHa 1o cienyolei Gopmyre:

2
m, = Gy'm 1
" le- .\/1_R2x,—x1‘..xp \/n_m—l '

m, — cpeqHsis KBajpaTuyeckas omuoka ko3 GuimeHTa perpeccuu da.

Kputnueckoe 3HaueHUE ¢-CTATUCTUKU: Lop=lon-m-1 THOE k=n—m—1 — 4aucio
CTerneHe cBoOO kI, m — 4nciio (aKTOPOB;
Ecnn >t , TO KOOQPUIMEHT perpeccur CTaTUCTHYECKH 3HAYWM; B

Lot o
MMPOTUBHOM CJIy4a€ — CTATUCTUYECKU HE3HAYUM.

I[Ipy mnoOCTpo€HUM ypaBHEHUHW MHOMXKECTBEHHOM PpETPECCHUU MOMKET
BO3HUKHYTh MpoOieMa MyrvmuxojiiuneapHocmu (HaKTOpoB, HUX TECHOU
JIMHEHMHOM CBSI3aHHOCTH.

CuuTasi, 4TO JIBE MEPEMEHHBIC SABHO KOMLIUHEAPHBI, TO €CTh HAXOISTCS
MEXTy CO0O0M B IMHEHHOM 3aBUCUMOCTH, €Cli 7, . = 0,7.
"

Cratuctiyeckas gpynkuus JAHENH
Ananu3z MHorogaktopHsix Mozenei B Excel ynoOHO mnpoBoauth c
MOMOIIbIO CTATUCTUYECKON (DYHKIIUU JIMHEWH, kotopas Ha ocHoBe MHK
pacCUMThIBA€T MAaCCHB JIaHHBIX, ONMCHIBAOIINX YPABHEHHE JIMHEWHOM
MHOTO(aKTOPHOU perpeccuut y=>bx;+b,x,ta.

Cunrakcuc

JIMHENH(u3BeCcTHBIC 3HAYECHUS_Y;U3BECTHbIC 3HAYEHHS_X;KOHCT;CTATHCTHKA)

N3BecTHBIE 3HAYEHUsI Yy — MHOXKECTBO 3HAUCHU .

N3BecTHBIE 3HAYE€HUs] X — IMANA30H U3BECTHBIX 3HAYCHUN (HaKTOPOB.

Koner — nmormueckoe 3Ha4YeHHWE, KOTOpOE YKas3bIBaeT, TpeOyercs Iy,
4TOOBI KOHCTaHTa (CBOOOIHBIN ujieH) a Obl1a paBHa 0.

Ecnmn xoHCT mMmeeT 3HaueHWEe | WM OMYMIEHO, TO @ BBIYUCISICTCS
OOBIYHBIM 00pa30M.
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Ecnu aprymeHT KOHCT wumeeT 3HaueHwe 0, TO CBOOOAHBIA 4JIEH
10J1araeTCsl PaBHBIM HYJIIO.

CraTucTHKa — TOTHYECKOe 3HAaUeHUE, KOTOPOE YKa3bIBAET, TPeOyeTCs JH
BEPHYTH JONOJHUTEIBbHYI CTATUCTUKY IO PETPECCUH.

Ecnu aprymeHT craructuka mMeer 3HaueHue 1 To QyHKuus JIMHEMH
BO3BpAILAET JOIOJHUTEIBHYI PErPECCUOHHYIO CTATUCTHUKY.

Ecnu aprymeHnT cratuctuka umeer 3HaueHue 0 win onyiieH, To0 QyHKIus
JIMHEWH ne BO3BpAIlA€T JOIMOJHUTEIBHYI PETPECCUOHHYIO CTATUCTUKY.

B cnydae, korma 3HaueHWEe aprymMeHTa craT paBHo 1, Tabnuna
PE3YJIbTATOB, BHIBOAUMBIX (hYHKIIHEH JIMHEMH nmeer Bux:

b2 b] a

Mp mMp1 mg

R S

F Haon k

S haxm Socmam
Beanuuna Omucanue

myy; mp; M, ||CTaHgapTHBIE 3HaUYCHUSI OMUOOK JJIs1 KO3 HUITMEHTOB.

2
R Koadunment nerepmunanuu.
S CranmaptHas omulOKa perpeccum.

F-cTaTUCTHUKA, WIH F-nabnonaemoe 3HauYEHUE.

F-ctaTuCcTHKA HUCIIOJIB3YCTCA  MJIA  OHIPCHACICHUA  TOTO,

Fuan SIBJIICTCS JIM HaOJIto1aeMasi B3aUMOCBSI3b MEKIY 3aBHCHMOU
Y HE3aBUCHUMOM MEPEMEHHBIMU CIIYYalHOW WJIU HET.
k Crenenu cBoOObI. k=n—m—1.
Spaxm Perpeccruonnasi cyMmma KBaJpaToB.
Socmam OcrtaTtouHasi cyMMa KBaJIpaToB.

Perpeccus u Excel

Excel mo3Bosnsier mpu MOCTPOSHWU YpaBHEHUsI JMHEHMHOW perpeccuu
OoJbIIyI0 4YacTh paboThl clenaTh O4YeHb ObIcTpo. BakHO TmMOHATH, Kak
MHTEPNPETUPOBATH MOJYUYEHHBIE pPE3yJbTaThl. Bocnonb3dyeMcs HaACTpPONKOM
llakem ananusza.

Cepsuc — Ananuz oannvix — Peepeccuss — OK. TlosiBnseTcss AUaIOroBoe
OKHO, KOTOPO€ HY>KHO 3alofHUTh. B rpade Bxoownoii unmepean Y: ykaspiBaeTcs
CChUIKA Ha AYEMKH, COJEprKalllMe 3HAYCHUSl PEe3yJIbTaTUBHOrO MNpuU3Haka y. B
rpadpe Bxoowoti unmepsan X: yKa3blBaeTCsl CChUIKa Ha SYEUKH, cojlepiKallue
3Ha4YeHUs! (aKTOPOB X1, ..., X, (M < 16). Eciam mepBeie U3 siUeeK coAepKaT
MOSICHUTENIBHBIA TEKCT, TO PSIJIOM CO CJIOBOM MemKku HYXHO TOCTaBUTH
«ranouky». Yposeenv HaoexcHocmu  (IOBepUTENbHAas BEPOATHOCTH) IO
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YMOJIYaHUIO TIpeanoaraeTcs paBHbIM 95%. Ecnu uccienoBaTens 3T0 3HaYCHHE
HE YCTPaMBaET, TO PSAAOM CO CIOBaMU YposeHb HadescHocmu HYKHO MOCTAaBUTD
«rajoyky» W ykazaTtb TpeOyemMoe 3HaueHue. [IoCTaBUB «Tallouky» psioM CO
CJIOBOM KOHCMAHMA-HOAb, UCCheoBaTelb noaydut a = 0 no ymondanuto. Ecnu
HY>KHBI 3HAYEHHUsI OCTAaTKOB e, U UX TpaduK, TO HYKHO MOCTABUTH «TAJOYKH
psanom co cioBamu Ocmamku u I pagpux ocmamrxos. OK. TlosiBIs€TCS UTOTOBOE
OKHO.

Ecamu wucno B rpade 3nauumocms F mnpeBwimiaer 1 — Vposewns
HadexcHocmu, TO IPUHAMAeTCst TuIoTe3a R = 0. Haue mpHHAMAETCS THIIOTe3a
R*#0.

P-3nauenue — 310 3HaY€HUS YPOBHEW 3HAYUMOCTH, COOTBETCTBYIOIIUE
BBIYMCJICHHBIM /-CTATUCTHKAM.

Huorcnue 95% u Bepxnue 95% — 3TO HWKHUE U BepXHHUE rpaHuUllbl 95%
JIOBEPUTEIBLHBIX MHTEPBAJIOB I KOA()PUIIUEHTOB TEOPETUUECKOT'0 ypaBHEHUS
JIMHEWHON perpeccuu. Eciaym uccnenoBaTellb COrJIACUiICS € MNPUHATBIM 110
YMOJIYaHUIO 3HAYCHUEM JIOBEPUTEIILHOU BeposiTHOCTH 95%, TO mocieaHue JBa
cTonbma OyayT nyoaupoBaTh ABa MpeAblaylux cToibma. Ecnu uccnegosarensb
BBOJIUJI CBOE 3HAYEHHE JOBEPUTEIHLHON BEPOSITHOCTH p, TO TOCJIECIHHUE JIBa
cTOJIOIIa COJepKaT 3HAYCHUS COOTBETCTBEHHO HIDKHEW W BEpXHEW TpaHUIIbI
Pp-TIPOLICHTHBIX TOBEPUTEIbHBIX HHTEPBAJIOB.

IMopsanok BbINOJIHEHUS] pAdOTHI.

1. IIpoBeputh GaKTOPHI HA MYJbTHKOJJIMHEAPHOCTD. [I0CKONBKY MX
BCEro JBa, TO CJEAYyeT MPOBEPUTh HX Ha KOJUIMHEAPHOCTb IO 3HAYEHUIO
napHoro ko3 dunuenrta koppensiuuu. [loatomy HE0OX0IUMO:

1) Haiitu ko puimeHT Koppenasiuuu Mexay paxkropamu 7;.
2) IlpoBeputh CTaTUCTUYECKYIO 3HAYUMOCTb IIOJIyYEHHOTO
koapunrenta koppensiuu npu 0=0,05. s storo:
e HailTu HaO/I01aeMOe 3HaUYEHUE t-CTATUCTHKU:
n—2

t =71, :

Habn 2

1-r5

® HAWTU KPUTHYECKOE 3HAYCHME (-CTATUCTUKU: Iy,~lq, 2 TIE
K=n—2 — 4UCJIO CTENEHEH CBOOOIbI;

e cJleNaTh BBIBOJ O 3HAYMMOCTH KO3(P(hHUIIMEHTAa KOPPEISIUuu

r12 1, 3HAYUT O HAJIUYUEC KOJUIMHCAPHOCTHU: CCIIA | >th , TO

Haon
KOOPQOUIIUEHT KOPPENSIUU  CTAaTUCTUYECKH 3HAYUM U
(bakTopbl KOJUTMHEAPHBI; B MPOTUBHOM CiIy4ae — (haKTOpPHI
HEKOJIJTMHEAPHHBI.
2. Haiitu JuHeilHOe YpaBHeHHMe perpeccuu y=bix;+b,x;ta u
NMPOBEPHUTH €ro KayecTBo. /[y 3TOr0 HEOOXOIUMO:
1) Haiitu ko uimenTsl ypaBuenus by, by, a.
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2) JIns TpOBEpPKHM CTATHCTHYECKOW 3HAYUMOCTH KO3(DPUIIMEHTOB
ypaBHeHus by, b,, a mpu a=0,05 He0OX0UMO:

HaWTHU Ha6JIIOIIaCMBIC 3HAYCHUA [-CTaTUCTHK:

—_J .
t -

Jj Habn

ta wabn . *
a
HalTH KPUTUYECKOE 3HAUYEHME t-CTATUCTHUKHU: t; =gy m-1 TAE
k=n—m—1 — 4ucno crenenen cBOOOIbI, m — YUCIIO (GAKTOPOB;
C/IeTIaTh BBIBOJ O 3HAYMMOCTH Ka)J0Tro U3 Kod()(PHUIIMEeHTOB

b, by, a: ecnm |t |>t,, TO KO3hQHUUMEHT pErpeccuu

Haon
CTaTUCTHUUYCCKU 3HA4YUM, B MMPOTUBHOM ciaydac —
CTATUCTHUYCCKU HC3HAYN M.

3) [ns mpoBepku 0011IeT0 KauyecTBa YpPaBHEHUS PETPECCUU NMPOBEPUTH
3HAYUMOCTh K03 dulrenTa nerepmuHanuu. s storo:

HalTU KOAPOUIMEHT IeTepMUHALIUY;
HalTH HabJt01aeMoe 3HaUeHue F-CTaTUCTUKU
R2

F(pakm = 1—R2 (n_z);
HAalTH KpUTHYECKOe 3HaueHue F-cratuctuku. Yucnio
creneneli cBoGoasl kputepus Dumepa-Cuenexopa: ki=1;
ky= n—m-1 ¥ KpUTUYECKOE 3HAYEHHE OSTOTO KPHTEPHS
Fxpz Fvoc;kl;k2 .

CIeNaTh BBIBOJ O 3HAUYUMOCTH YPaBHEHUS PETPECCUU: €CIIH
Fyaom > Fip, TO ypaBHEHME DEIPECCUMM CTATHCTUYECKH
3HAYMMO W HAJEKHO, ecid Fyupm < F,, NIpHU3HaeTCH
CTaTUCTUYECKAsd HE3HAYUMOCTb, HEHAJEKHOCTh YpaBHEHUS

perpeccumu.

3. Haiitu cpeanue kK03GPUUUEHTHI 3JIACTUYHOCTH 10 TIEPEMEHHBIM X|

U x; 1o opmyire:

9, =b,

Xj J

<l |

IIpumep BbInoJIHeHHS JJA00PaTOPHOI padoThI
JlaHna 3aBUCHMOCTH 00OBbEMa BBIMTYCKAEMOM MPOAYKIMH (MJIH. JIEH. €1.) OT
COOTBETCTBYIOIIMX 3aTpaTax Ha paOouyro cuiy x; (MJIH. I€H. €1.) U CPEICTB
IIPOU3BOACTBA X, (MJIH. JIEH. €]1.) AJIs IeCATH PErnoHOB cTpaHbl. Heobxonumo B

COOTBCTCTBHU CO

C(i)OpMy.HI/IpOBaHHBIM BbBIIONC 3aJaHHUCM IIOCTPOUTHL H

MPOAHATN3UPOBATH JIMHEHHYIO ABYX(AKTOPHYIO MOJIEIb.
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Neo/m| x X y

1 1,83 | 1,41 | 12,2
1,41 | 1,43 | 7,89
1,31 | 1,16 | 8,36
0,83 | 1,54 | 6,9
0,86 | 1,01 | 5,74
1,18 | 1,84 | 9,77
1,75 | 1,78 | 10,99
1,13 | 1,16 | 6,95
9 0,951 1,99 | 9,97
10 1,4 | 1,68 | 9,16

R[N | |WN

I. IIpoBepka ¢pakTOPpOB HA MYJIbLTHKOVIMHEAPHOCTH
1. IToaroTOBUM UCXOJIHBIE TAaHHBIE, KaK MOKa3aHo Ha puc 1.5.
2. BRogum cnenyromye GopMyIibl:

Syerika dopmyna IIpumeyanue
B15 =KOPPEJI(B3:B12;C3:C12) Koadumment xoppensiiuu
Mexay hakTopamu
B16 | =B15*((A12-2)/(1-B15*B15))"0,5 | HaGmtogaemoe 3HaUeHUE -
CTaTUCTHKHU Kod(pduirieHTa
KOppesiuuu
B17 =CTBIOJJPACIIOBP(0,05;A12-2) | Kpurtnueckoe 3HaUYCHHUE I-
CTaTUCTUKHU KodduireHTa
KOppesiuuu
B18 | =ECJIM(ABS(B16)>B17;"paktopsl | BbiBoABI O IpoBEpKE Ha

MYJIBTUKOJUTMHEAPHBI"; " paKkTophl MYJIbTUKOJUIMHEAPHOCTh

HE MYJIbTUKOJUTMHEPHBI'")

A | B | ¢ | o | E

| F

JliHe HAA MHOT 0 (paKTOPHAA PerpeccHdA

1

2 | Nemmm X1 X7 ¥

3 1 1.83 141 122
4 2 1.41 1.43 7.89
5 3 1.31 1.16 8.36
6 4 0,83 1.54 6.9

7 5 0,56 1.01 5,74
8 5} 1.18 1.84 977
g 7 1,75 1.78 | 10,99
10 8 1.13 1.16 6,95
11 9 0,95 1.99 9,97
12 10 1.4 1.68 9.16

14 |IIpoBepK A MY IbTHE 0/LIHHE APHO CTH

159 |F 12 0,1261
16 | i 0,3595
17 |t 2,306

18 |BplROJ | (paKTOPEI He MyIIbTHKOITHHEPHbI

Puc. 1.5. TIpoBepka MyJIbTUKOJUIMHEAPHOCTH
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I1. YpaBHeHue JIMHETHOU perpeccun
l. Haiimem MaccuB JaHHBIX, OINKCBHIBAIOUIMX YPAaBHEHUE JIMHEUHOM
MHOTo(aKTOpHOH perpeccuu (cm. puc. 2.5). Jlns storo:

e BBIJICJIMM MBIIIBIO Bech auana3zon C22:E26;

® BbI30BEM (YHKIIHMIO JIMHEMH, B oxne KOTOPOM BBEIEM CIEAYIOLIUE
3HaueHus napametpoB: 3B _3Hau_y — D3:D12, U3B_3nau_x — B3:Cl12,
Koncr — 1, CraTuctuka — 1;

e 10ciie BBojaa napameTpoB BMecTo kKHOmkn OK HaxMem OJHOBPEMEHHO
Tpu KnaBuiu: <Shift>+<Ctrl>+<Enter>.

A | B \ c | D | E |

19
| 20 | AHATIH3 YPABHEHHA Perpec it

21 bq by ]

22 Ko drampenTsr Mogem 3,177 4,042 -1,085

23 | Crangapreere onnifrr ko ddronerTos 0,930 0,885 1,710

24 R 5 0.840 0,909 #H/T

25 F-CTATHCTEEA I 18,397 7 =H:[

25 Syur & yerar 30,425 5,788 #HN,

erl

28 t-cramemEe KosdidenpesTos 3,382 4,569 0,635

29 IHATMOCTE KoodimmenTos SHATHM SHa1HM | HezHawHM

30 by 2,365

31 Fip 4,737

32 SHAUMMOCTE FPARHRRMA SHAMHMO

Puc. 2.5. Ananu3 ypaBHEHHS perpeccuu
W3 nony4deHHbIX JTaHHBIX CIENYET, YTO ypaBHEHUE JMHEHHOW perpeccuut
UMeeT BUJL:
v=4,042x,+3,177x,—1,085.
(0,885) (0,939) (1,71)

B CKOOKax YKa3aHbl CTaHAaPTHBIC OIINOKH COOTBCTCTBYIHOIIINX

K03 PUIIHEHTOB.
2. BBoguwMm crenyromye GopMysisl:
Syerika dopmyna IIpumeyanue
C28 =ABS(C22)/C23 {-CTaTHCTHKA
K03 PUIIHEHTOB.
Konmmpyewm no E28.
C30 =CTBIOAPACIIOBP(0,05;A12-2-1) Kputnueckoe 3HaueHue
[-CTaTUCTHKH
koappurenTa
KOPPEJISIITUY.
C31 =FPACIIOBP(0,05;A12-1-D25;D25) Kputnueckoe 3HaueHue

F-cTaTUCTHKW.

C29 | =ECJIN(C28>$C$30;"3naunm";"He3znauum") | BeIBOIbI O 3HAUMMOCTH
K03 PUIIHEHTOB.
Konmupyewm no E29.

C32 | =ECJIN(C25>C31;"3nauumo";"He3znaunmo") | BriBoa 0 3HAUMMOCTH
ypaBHEHUS PETPECcCUu
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II1. Cpennue k03¢ GuuMEHTHI JJIACTUIHOCTH
Beoaum cienyronie GopmyIsl:

Syerika dopmyna IIpumeyanue
A37 =CP3HAY(B3:B12) Cpennue 3HaueHus axkropa u
pesyabrata. Konupyem no C37.
A40 =D22*A37/C37 Cpennuit ko3pdumeHt
AIACTUYHOCTH JIJISL X
B40 =C22*B37/C37 Cpenuuii k03pduIueHT
AIACTUYHOCTH JIJIS X

Pe3ynbTaThl BBIYMCIEHUN NPEICTABIECHBI HA pUc. 5.3.

Puc. 3.5.

yBeJInuuTcs B cpeaHem Ha 0,542%.
IV. Perpeccus u Excel.

1. B rmaBHOM MeH10 BbiOepuTe CepBuc — AHAJAM3 JaHHBIX — Perpeccuu.

[lenxuute no kHonke OK.

2. 3amnojHuTe AUAJIOTOBOC OKHO BBOJAd JdHHBIX U IIapaMCTPOB BbIBOIA

(puc. 4.5):

PerpeccHs
ExoaHeIE AGHHEIE
Bx0aHOR MHTEpEEN Y
BixoAHON HHTEpESN X
MeTkH |:| FKOHCTAHT 2 - HONE
|:| ¥POEEHE HAAEHHOCTH! W

MNapaMeTpLl BEIEDAS

() Bblx0AHOM HHTEpEAN:

i

(%) HoBbWi palioumid oneT:
() Hoeaa pafiouas KHHra
QOCTaTER

|:| OCTATEM |:| Cpacik OCTATKOE
[[] cranaapTHzoeanHeie octamin [ Mpadwk noatopa

HopHtankHaA BEPOATHOCTE
[ rpadkic HopManbHOR BEPOATHOCTH

A | B | C |
34 (PactieT ROYPPINEEHTOR YIACTIHHOCTH
35 Bubopounsie cpedHile
36 I Xy I X 3 I ¥
a7 1,265 1.5 8,793
38 Cpedtitie xoadhuytiedimsl SnaciMUyHOCIL
39 I Xy i b2
40 0.581 0,542

Pacuer cpenuux Kko3hPUIMEHTOB 3J1aCTUYHOCTH

CrnenoBaTenbHO MPU YBETUUYCHUH 3aTpaT HA padouyto cuity Ha 1% o0beM
BBIITYCKAa€MOU MPOAYKIMU yBeIUUUTCs B cpeanem Ha 0,581%, npu yBenndeHuu
3aTpaT Ha CpeJCTBa Npou3BojACTBAa Ha 1% 00beM BBIYCKAEMOW MPOIYKLIHH

Puc. 4.5. JIlnanorosoe 0KHO BBOJA NIapaMeTpOB UHCTpyMeHTa Perpeccust
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3. Pe3ynbTaThl p
A

CTPCCCUOHHOTO aHaJIN3a IIPCACTABJICHBI HA PUC. 5.5.

| B

©

| D

| E

F

| 1 |BEIBOOHTOTOB

2

3 Paspeccuonbas crmamucmuia

| 4 |MuomectBerHLIE R 0,917
| 4 |R-smanpar 0,840
| 6 |Hopumupopanuui R-xeanpar 0,754
| 7 |CrangapTHAadA omubra 0,909

8 |Habmroperua 10
| 9

10 | dscne pcHOHHEBIN AHAITR

11 df piy MY & Srayusacmn
| 12 | Perpeccun 2 30,425 15,212 18,297 0,002
| 13 | OcTarok 7 5,788 0,827

14 Hrore 9 36,213

15

Fosgduyuen | Umandapmuaa £ P- Beprnue
15 bl oubRa cmammems | Suavenue | Humcnue D5% Q5%
| 17 | a -1,085 1,710 -0,635 0,546 -5,127 2,957
18 by 4,042 0,885 4,569 0,00% 1,950 6,134
19 by 31T 0,539 3,382 0,012 0,956 5,293
Puc. 5.5. PesynpraTr npuMeHenus uHcTpyMeHTa Perpeccus
NuauBuayajabHoe 3a1aHKe K JadopaTopHoi padore
I/ICCJICIIYCTCH 3aBUCUMOCTb MCXKOY CTOUMOCTBIO pr30BOﬁ

aBTOMOOMJIBHOM ITEPEBO3KHU, BECOM I'Py3a U PACCTOSIHUEM.

Ne CTouMOCTh Ipy30BOI ABTOMOOMIIBHOM MEPEBO3KH Y (THIC. pyo0.)
KoMIIa Ne BapuanTa

HUU 1 2 3 4 5 6 7 8 9 10
1 51,0 56,1 | 20,4 | 84,2 | 38,8 | 127,5| 71,4 | 182,2 | 83,8 | 89,8
2 16,0 17,6 | 64 | 26,4 | 12,2 | 40,0 | 224 | 57,2 | 26,3 | 28,2
3 74,0 | 81,4 | 29,6 | 122,1 | 56,2 | 185,0| 103,6 | 264,3 | 121,6 | 130,2
4 75| 83 3,0 | 124 | 5,7 | 18,8 | 10,5 | 26,8 | 12,3 | 13,2
5 33,0 36,3 | 13,2 | 54,5 | 25,1 | 82,5 | 46,2 | 117,9 | 54,2 | 58,1
6 26,0 28,6 | 104 | 42,9 | 19,8 | 65,0 | 36,4 | 92,9 | 42,7 | 45,8
7 11,5 12,7 | 4,6 | 19,0 | 87 | 28,8 | 16,1 | 41,1 | 18,9 | 20,2
8 52,0 57,2 | 20,8 | 85,8 | 39,5 | 130,0| 72,8 | 185,7 | 85,4 | 91,5
9 158|174 | 6,3 | 26,1 | 12,0 | 39,5 | 22,1 | 56,4 | 26,0 | 27,8
10 80| 88 | 32 | 132 | 6,1 | 20,0 | 11,2 | 28,6 | 13,1 | 14,1
11 ]126,0] 28,6 | 10,4 | 429 | 19,8 | 65,0 | 36,4 | 92,9 | 42,7 | 45,8
12 6,0 66 | 24 | 99 | 46 | 150 | 84 | 21,4 | 99 | 10,6
13 58| 64 | 23 96 | 44 | 145 | 8,1 | 20,7 | 9,5 | 10,2
14 |13,8] 152 | 55 | 22,8 | 10,5 | 34,5 | 193 | 493 | 22,7 | 243
15 6,2 | 68 | 25 | 10,2 | 47 | 155 | 87 | 22,1 | 10,2 | 10,9
16 79 | 87 | 3,2 | 13,0 | 6,0 | 198 | 11,1 | 28,2 | 13,0 | 13,9
17 54159 | 22 | 89 | 41 | 135] 7,6 | 193 | 89 | 95
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18 |56,0| 61,6 | 22,4 | 924 | 42,6 | 140,0 | 78,4 |200,0 | 92,0 | 98,6
19 [255] 28,1 | 10,2 | 42,1 | 19,4 | 63,8 | 35,7 | 91,1 | 41,9 | 449
20 7,1 | 7,8 28 | 11,7 | 54 | 17,8 | 9,9 | 254 | 11,7 | 12,5
Bec rpysa x; (ToHH)
No BapuanTa
1 2 3 4 5 6 7 8 9 10
1 35,0 45,5 | 14,0 | 54,6 | 26,6 | 91,0 | 54,6 | 125,0| 61,3 | 72,8
2 16,0 20,8 | 6,4 | 250 | 12,2 | 41,6 | 25,0 | 57,2 | 28,0 | 33,3
3 18,0 234 | 7,2 | 28,1 | 13,7 | 46,8 | 28,1 | 64,3 | 31,5 | 37,4
4 2,0 | 2,6 0,8 3,1 1,5 5,2 3,1 7,1 3,5 4,2
5 140 182 | 56 | 21,8 | 10,6 | 364 | 21,8 | 50,0 | 24,5 | 29,1
6 33,0| 429 | 13,2 | 51,5 | 25,1 | 85,8 | 51,5 | 117.9| 57,8 | 68,6
7 20,0 | 26,0 | 80 | 31,2 | 15,2 | 52,0 | 31,2 | 71,4 | 35,0 | 41,6
8 25,0 32,5 | 10,0 | 39,0 | 19,0 | 65,0 | 39,0 | 89,3 | 43,8 | 52,0
9 13,01 16,9 | 5,2 | 203 | 9,9 | 33,8 | 20,3 | 46,4 | 22,8 | 27,0
10 2,0 | 2,6 0,8 3,1 1,5 5,2 3,1 7,1 3,5 4,2
11 121,0] 27,3 | 84 | 32,8 | 16,0 | 54,6 | 32,8 | 75,0 | 36,8 | 43,7
12 11,0 143 | 44 | 172 | 84 | 28,6 | 17,2 | 39,3 | 19,3 | 22,9
13 3,0 | 3,9 1,2 4,7 2,3 7,8 4,7 | 10,7 | 5,3 6,2
14 3,5 | 4,6 1,4 5,5 2,7 9,1 55 | 12,5 | 6,1 7,3
15 2,8 | 3,6 1,1 4,4 2,1 7,3 44 | 10,0 | 4,9 5,8
16 [17,0] 22,1 | 6,8 | 26,5 | 12,9 | 442 | 26,5 | 60,7 | 29,8 | 35,4
17 34| 44 1,4 5,3 2,6 8,8 53 | 12,1 | 6,0 7,1
18 124,01 31,2 | 9,6 | 374 | 182 | 62,4 | 37,4 | 85,7 | 42,0 | 49,9
19 9,0 | 11,7 | 3,6 | 140 | 6,8 | 234 | 14,0 | 32,1 | 158 | 18,7
20 45| 5,9 1,8 7,0 34 | 11,7 7,0 | 16,1 | 7.9 9,4
Paccrosinue x; (ThIC. KM)
No BapuanTa
1 2 3 4 5 6 7 8 9 10
1 20 | 24 0,6 3,8 1,1 5,4 2,2 5,1 2,5 3,8
2 1,1 | 1,3 0,3 2,1 0,6 3,0 1,2 2,8 1,4 2,1
3 2,6 | 3,1 0,8 4,9 1,5 6,9 2,8 6,5 3,1 4,9
4 1,7 | 2,0 0,5 3,3 1,0 4,6 1,8 4,4 2,1 3,3
5 24 | 29 0,7 4,6 1,4 6,5 2,6 6,2 3,0 4,6
6 1,6 | 1.9 0,5 3,0 0,9 4,2 1,7 4,0 1,9 3,0
7 0,6 | 0,7 0,2 1,2 0,3 1,6 0,6 1,5 0,7 1,2
8 23| 2,8 0,7 4,4 1,3 6,2 2,5 5,9 2,8 4,4
9 1,4 | 1,7 0,4 2,7 0,8 3,8 1,5 3,6 1,7 2,7
10 2,1 | 25 0,6 4,0 1,2 5,7 2,3 5,4 2,6 4,0
11 1,3 | 1,6 0,4 2,5 0,7 3,5 1,4 3,3 1,6 2,5
12 04| 04 0,1 0,7 0,2 0,9 0,4 0,9 0,4 0,7
13 1,7 | 2,0 0,5 3,2 0,9 4,5 1,8 4,2 2,0 3,2

b
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14 291 3,5 0,9 5,6 1,7 7,8 3,1 7,4 3,6 5,6

15 0,8 | 0,9 0,2 1,4 0,4 2,0 0,8 1,9 0,9 1,4

b

16 0,6 | 0,7 0,2 1,2 0,3 1,6 0,6 1,5 0,7 1,2

b

17 0,9 | 1,1 0,3 1,7 0,5 2,4 1,0 2,3 1,1 1,7

b

18 2,51 3,0 0,8 4,8 1,4 6,8 2,7 6,4 3,1 4,8

19 2,2 | 2,6 0,7 4,2 1,3 5,9 2,4 5,6 2,7 4,2

b

20 1,0 | 1,1 0,3 1,8 0,5 2,6 1,0 2,4 1,2 1,8

7.

8.
9.

OTt4eT mo s1abopaTopHoil padore

. Chopmynupyiite TpeOoBaHUs, IPEABABIIEMBbIC K (DaKTOpaM sl BKITFOUEHUS

UX B MOJIEJIb MHOKECTBEHHOM PETPECCHUMN.
MynbTUKOIUTMHEAPHBI 11 (aKTOpPbI i Baiiero Bapranta? [louemy?

. 3anumuTe YpPaBHCHHC JIMHEHHOW MHO>XECTBECHHOM perpeccun mjisi Balliero

BApUAHTA U UHTEPHPETUPYNUTE OLIEHKU [TAPAMETPOB PETPECCUMU.
Kak oneHnBaeTCsi 3HAUMMOCTh [TAPAMETPOB YPaBHEHUS PETPECCUU?

. SIBnsAroTCs U MmapaMCTpbl YPAaBHCHUSA PCrpeCCUM JIs1 BAIICTO BAapHUAHTA

3HAYMMBIMU U TTOYEMY?

3anumuTe JOBEpPUTEIbHBIE MHTEPBAIbl JJIsI ApaMETPOB  YPaBHEHUS
perpeccuu i Ballero BapuaHTa.

Kakum oOpa3zoM ocyuiecTBisieTcss IpoBepKa 3HAYMMOCTH YpaBHEHUS B
L(EJIOM.

3HAYMMO JIM YPAaBHEHHUE PETPECCHUHM JJIs BAIIETO BAPUAHTA U MIOYEMY?

HaiiTi yacTHBIE YpaBHEHHS PETPECCUM.

10.Haiitu cpeanue kodpbuuneHTsl dmacTuyHOCTU. Cennath BhIBOIBI.
11.CpaBHuTEe TONYYECHHBIE PE3YJAbTAThl C PE3YyJbTaTaMH, IOJIYUYECHHBIMU C

IIOMOIIBIO UHCTPYMCHTA dHAJIN3a JAHHbBIX Perpeccml.

49




JlaGoparopHasi paGora Ne6

Hocmpoenue JluHeleOZO, JlOdelld)MlllleCKOZO, ROJTUHOMUAIBHOZ0,
CMENEHHO20 U IKCNOHEeRUUA/IbHO20 mpem)os

Ieab: HayuyuThCs MPOBOAUTH pacyeT NapaMeTpoB  JUHEWHOrO,
J0rapu(pMUYECKOT0, MOJIMHOMHAIBHOTO, CTENEHHOTO U 3KCIOHEHI[MATbHOTO
TPEH/IOB, CTPOUTHh TpapuKU psga AUHAMUKM U TPEHAOB. YMETh BBIOUMpaTh
HAaWIY4YIIMM BHJ TPEHJIOB HAa OCHOBAaHUU TpadUyecKOro H300paxeHus Hu
3HaueHus Kod(PuiueHTa AeTepMUHALINH.

IHopsinok BeINOTHEHNsI pa0OTHI.
1. IlpoBecTu pacyeT mapamMeTpoB JHHEHHOro, JOrapupMUYECcKOro,

MTOJIMHOMHUAJIBHOTO, CTEIIEHHOTO ¥ 3KCIIOHEHIMAJIBbHOIO TPEH/IOB;

2. Tloctpoutsb rpaduku psaa AMHAMUKA U TPEH/IOB;
3. BoiOparh Haunydmuid BUA TPEHAOB Ha OCHOBAaHUM TIpauuecKoro

M300pakeHUs U 3HaYeHUsI KOdPPULIMEeHTa JeTEPMUHAIIIH.

IIpumep BbInoJHeHHS JJA00PaTOPHO padoThI
JIlnHaMKKa BBIYCKAa MPOAYKIMH HEKOTOPOM CTpaHbl XapaKTEpU3yeTCs
JaHHBIMHU (YCIL. €]1.), IPEACTABICHHBIMU B TaOJIUIIE:

I'on Breimyck I'on Beimyck I'on Breiyck
POAYKIIMHU POAYKIIMHU POAYKIIMHU
1961 1054 1973 3837 1985 13617
1962 1104 1974 5490 1986 16356
1963 1149 1975 5502 1987 20037
1964 1291 1976 6342 1988 21748
1965 1427 1977 7665 1989 23298
1966 1505 1978 8570 1990 26570
1967 1513 1979 11172 1991 23080
1968 1635 1980 14150 1992 23981
1969 1987 1981 14004 1993 23446
1970 2306 1982 13088 1994 29658
1971 2367 1983 12518 1995 39573
1972 2913 1984 13471 1996 38435

B nuanazone A4:C39 (puc. 1.6) BBeieM UCXOIHbBIE JaHHBIE.

Jns  ompeneneHuss mapaMeTpoB JIMHEHMHOrO TpEHIa IO METOOYy
HAaUMEHBIIIUX  KBAJAPATOB  BOCIOJB3YEMCS  CTAaTUCTUYECKON  (YyHKIHEH
JIMHEHMH. B xauecTBe 3aBUCHMOI MIEPEMEHHON B IAHHOM ITPUMEPE BBICTYNAET
Bpems (¢ = 1, 2,..., n). Ilopsimok BbraMciaeHus ObUT pacCMOTpPEH B Ja00OpaTOpHOM
pabote Nel.
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Puc. 1.6 IcxonHble naHHbBIE

51

s | B C D E F
1 IlocTpoeHIIe TPeHIOB
2

Breomyck

3 [T'og, x |Bpewma, { | OpOSyELRIH, ¥
4 | 1961 1 1054
5| 1962 2 1104
6| 1963 3 1149 JIMHETH
7| 1964 4 1201 977.11982| -5969,5222
5| 1965 3 1427 60,6780848| 1287.4149
9 | 1966 6 1505 0.,88408467 | 3782.,05096
10| 1967 7 1513 259317553 34
11| 1968 3 1635 3709254808| 486332922
12| 1969 9 1957
13| 1970 10 2306
14| 1971 11 2367
15| 1972 2 2013
16| 1973 13 3837
17| 1974 14 5490
18| 1975 15 5502
19| 1976 16 6342
20| 1977 17 7665
21| 1978 15 8570
22| 1979 19 11172
23| 1980 20 14150
24| 1981 21 14004
25| 1982 22 13088
25| 1983 23 12518
27| 1984 24 13471
28| 1985 25 13617
28| 1986 26 16356
0| 1987 27 20037
31| 1988 28 21748
32| 1989 20 23298
33| 1990 30 26370
34| 1991 31 23080
35| 1992 32 23981
35| 1993 33 23446
7| 1994 34 20658
38| 1995 35 39573
39| 1996 3a 38435




3anuiieM ypaBHEHUS JIMHEHHOTO TPEHA, UCTO0JIb3Ys TaHHbIE puC.1.6:

v =-5969,52+977,12¢.

Brinennm nmana3zon A4:A39 u, naxas Ctrl, Beigenum nuamnaszon C4:C39,
BbIOpaB B Mactepe auarpamm tuil — I'paduk, moctponm rpaduk 3aBUCUMOCTH
BBINTyCKa MPOAYKIUHU OT BpeMEeHH (CM. puc. 2.6):

45000
40000
35000
30000
25000
20000
15000
10000
5000

O+ 77T T T T T T

N A Q > © 4 92 %) o) N
s \g@ A S GRS e S ,\@tab‘

lona, x

Puc.2.6. [luHaMuka BhITyCKa OPOTYKIUU.

Bbinyck npoaykumu, y ‘

B IIITIT MS Excel nunust TpeHga MoKeT ObITh J00aBJIeHa B AUArpaMMy C
00JlacTIMU TUCTOTpaMMBbl Uin B rpaduk. Jljis aToro:

1.

2.

BBIJICJIUTE 00JIaCTh TIOCTPOEHUSI JUarpaMMbl; B TJABHOM MEHIO
BbIOepuTe Jlnarpamma/ Jlo0aBUTH JIMHUIO TPEH/IA;

B TIOSIBUBIIEMCS JUAJOTOBOM OKHE (puc.3.6.) BBIOEpUTE BHJ JUHUU
TpeHJa W 3aJalTe  COOTBETCTBylHOIIME  mapamerpel.  Jlud
MOJIMHOMUAIBLHOTO  TpPeHJa  HE0OXOAWMO  3aJaTh  CTENEHb
anIMpOKCUMUPYIOIIETO TOJHMHOMA, Il  CKOJIB3AILIETO CPEIHEro —
KOJINYECTBO TOYEK YCPEAHEHHUS.

J/IvunA TpeHpa E]

| NapameTpel

MocTRoOEHKE NMHKK TPEHAS {aNNPOKCMMALMA M O NE¥HE aHHE)

= g

N

NrHERHaA NorapHMHYeckan OonMHOMHAanEHaA
T T 1 T |
CTEneHHanA SKCNOHEHUKMANEHAA  MMHERHAA dMNETpauma

MocTpoeH Ha paae:

[ OK ] [ OTHMEHA ]

Puc. 3.6. JIluanoroBoe OKHO TUIIOB JIMHUI TPEHA
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B kadecTBe IONOJHUTEIBLHOW WHPOPMAIMK Ha JUarpaMMe MOXHO
0TOOpa3uTh YpaBHEHHE PErpecCMd W 3HAYCHHE CPEAHEKBAAPATUICCKOTO
OTKJIOHEHUS, YCTAaHOBHUB COOTBETCTBYIOIIME 3HAYKH Ha 3akiangke [lapamerpsl
(puc.4.6.). lllenkuure no kaonke OK.

JiIMHnA TpeHaa [§|

Tun | MapameTtpel |

HazEaHHe annpokCHMHMpyYHIWLER [CrNameHHoR) KpHEDFA
) aBToMaTHUECKOS!  THHERHEIR (BEINYCE NPOAYELHH, ¥)

%) apyroe: NMHHERHEIR TpeHAa,
MparHos

BNEpEA Ha: [ %= | meproaoe
Hasad Ha: |0 “ | neproaos

P —
[] nepeceqetme kpHeof © ockra ¥ & Touke: |0 |
NOKASEIEATE YPAEHEHHE HA AHMArDaMMEe

[“]inoMecTHTE Ha AHarpaMMy BENHYHHY AOCTOESPHOCTH SNNQOKCHMALULHH (R2)

[ O J [ OTHEHS ]

Puc. 4.6. Jlnanorooe 0OKHO apameTpoOB JIMHUU TPEHAA

Ha puc.5.6.— 9.6. npencraBineHsl pa3IMvHbIE BUJIbI TPEH/IOB, OMKUCHIBAIOIINE
HCXOJIHbIC JJAHHBIC 3a/1a4H.

50000

40000 - y = 977,12x - 5969,5
R? = 0,8841

30000 -

20000 -

07 1T T T T T T T T T T T

——Bubinyck npoaykuun, y ——JInHenHbIN TpeHa

Puc. 5.6. JIuneitnplil TpeH
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50000

40000
30000 . y = 9706,7Ln(x) - 13702
R? = 0,5886
20000 -
10000 -
0 T L I Y H B BN
-100 "é,é\ O 00 2 F PP P
%&) NN N - N AN\ N NN
-20000
lNop, x
‘ BbiNnyCcK NpoayKUNK, Y = Jlorapudpmmndeckumii TpeHg
Puc.6.6. Jlorapudmudeckuii TpeHI
50000 - y = 0,0003x°-0,0191x° + 0,4309x* - 2,206x> +
2
40000 - 9,3848x“ - 19,739x + 1159,6
R? = 0,9728
30000
20000 +
10000 +
O I L L L L L L e e e e e e e e e |
N X A Q M O 9O O H &P N (]
O O O A A A A DY O O QO O
NN N N N N N N N N N
lNoa, x
Bbinyck npoaykuum, y
——TllonuHoMunanbHbIN TpeHA 6-01 cTeneHn
Puc.7.6. IlonnHOMHAJIBHBIN TPEH]T
45000 -
40000 -
so000
i 2 _
25000 - R 0,847
20000 -
15000 -
10000 -
5000 -
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

N I
O O
RO NG

A Q > © ) ) %) > N (3
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NN N I DN DN MNC RN

Nopa, x

Bbinyck npogykuuu, y

CTteneHHON TpeHa

Puc.8.6. CreneHHOM TpeH]
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y = 901 ,6790'1106)(

60000 -
R? = 0,9647

50000 -
40000 +
30000 -
20000 -
10000 +

0 L L L L L L L e e B

Q)'\

> A QO A A0 O O H P
@ O O A% A0 A2 b P &
2° 0° O S IRC SR SR

N D
D" O
PGS Q7 O

N

lNoa, x

Bbinyck npoaykumu, y

OKCnoHeHUWanbHbIA TpeH

Puc.9.6. DxcnioHeHIMANbHBINA TPEH

CpaBHI/IM 3HAUYCHUA KOC—)(i)(I)I/ILII/IeHTOB ACTCPMHUHALIUKN TI0 PA3HBIM
YPAaBHCHUAM TPCHIAOB!

ITonnHOMMaNbHBIN 6-11 cTETICHN 0,9738;
OKCNOHEHITNAIbHBIN 0,9647;
JIMHEeHbBIN 0,8841;
CreneHnon 0,847;

Jlorapupmuueckuit 0,5886.

HcxonHple naHHBIE Jydllleé BCETO OMHCHIBACT IOJMHOM 6-i CTETEeHH.
CnenoBatenbHO, B paccMaTpuBaeMOM MpUMEpEe Jsi pacyeTa MPOrHO3HBIX
3HAYCHUH CJIeyeT UCTIOIb30BaTh MOJIMHOMUAILHOE YPaBHEHHE.

NuauBuayajabHoe 3a/1aHKMe K Ja0opaTopHoOi padore

No I'on

2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
1 25 27 30 29 30 35 33 40 40 42
2 294 | 23,5 | 26,2 | 48,5 | 73,4 | 56,6 77 78,4 | 81,2 82
3 | 183,5]153,5]|140,7|107,1| 87,5 | 68,3 | 83,1 | 84,2 | 79,6 80
4 1053 94,9 92 839 | 72,7 | 56,9 | 49,1 | 46,5 | 39,7 | 35,5
5 130 150 | 296 | 542 | 254 | 274 | 272 | 262 | 369 | 334
6 41 42 49 64 53 44 52 51 71 92
7 252 | 217 | 210 | 229 | 302 | 320 | 270 | 287 | 291 237
8 97 89 77 81 87 94 90 90 93 87
9 18,5 | 15,1 | 30,8 | 34,4 | 254 | 35,1 | 36,9 | 44,7 | 57,3 | 64,6
10 143 | 130,3 | 149,9 | 296.6 | 541,5 | 363,2 | 254,1 | 272,4 | 368,4 | 334,3

OTt4eT mo s1abopaTopHoii padore
1. 3anucathb ypaBHEHUS JIMHENHOTO, J0Trapu(pMUYECKOTO,
MOJINHOMHUAIBHOT0, CTETIEHHOT'O U SKCIIOHEHIIMAJIBHOT'O TPEH/I0B.
2. BpiOpaTp Hawnyymvii BUA TPEHIOB Ha OCHOBAaHWUU 3HAYCHUS
Koa(uLrieHTa 1eTepMUHaIUY.
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JlaGoparopHasi paGora Ne7
AemoKoppenayus ypoeHeii 8DeMEeHH020 PAOA U 8blAGICHUE €20 CIPYKMYPbl

IIe.m,: HaY4YUTHCS HAXOAHUTH KOC—)(i)(I)I/II_II/ICHTBI ABTOKOPppCIIIUNA.

KpaTkue TeopeTuueckue cBeIeHHUsI.

Mojenu, MOCTPOCHHBIE MO TaHHBIM, XapaKTEPU3YIOMIUM OJUH OOBEKT 3a
psAI  TIOCJIEAOBATEIbHBIX MOMEHTOB (TIEPUOJIOB), HA3BIBAIOTCS MOOenamu
BPEMEHHBIX PAO08.

Bpemennoti psi0 — 3T0 COBOKYIHOCTh 3HAYCHUN KAKOTO-JIMOO0 MOKa3aTesl
32 HECKOJIBKO MOCIIEI0BATEIHHBIX MOMEHTOB HUJIH TIEPUOIOB.

Kaxnpiii ypoBeHb BpemMeHHOro psiga (popmupyercs uz mpenoosou (T),
yuxknuueckotl (cezonnott) (S) u ciyqaitnoit (E) koMmoHeHT.

Aemokoppenayusi yposHeli psoa — 3TO KOPPEIALHUOHHAS 3aBHCUMOCTH
MEXKTy ITOCIIeIOBATEIbHBIMH YPOBHSMHU BPEMEHHOTO psijia:

S 0= F)s — )

h

Z(yz _yl)ZZ(yz—l _)_)2)2
=2 =2

yt Zyt—l
2

" 5 Vs =’:2—1—K03(1)(1)HL11/16HT ABTOKOPPEJSILIUM  YPOBHEH psifa
n— n—

ICPBOTO IMOPAAKA,

n

t=

rae y, =

S 0= F)0a =)

7. =

2 s
Z(yz _y3)22(yz—2 _)_)4)2
t=3 t=3

Z Vi Z Vi
= % Yy = t:3—2 — K03 QUIMEHT aBTOKOPPENALIMU YPOBHEH psaa
n— n—

BTOPOTO MOPSIAKA.

®opmynbl A pacuera Kod((UIMEHTOB aBTOKOPPENSLMH CTapIINX
MOPSAJIKOB  JIETKO TOJAY4YUTh U3 (GOpMYyJIbl JIMHEWHOro KO3 duineHTa
KOPPEJISILUY.

[locnenoBaTenbHOCTh  KOA(P(UIMEHTOB  aBTOKOPPENSAIMU  YPOBHEH
MEepPBOro, BTOPOTO M T.JI. OPSAJIKOB HA3bIBAIOT A8MOKOPPENAYUOHHOU (DYHKYUEl
BPEMEHHOTO psijia, a Ipa@uK 3aBUCUMOCTH €€ 3HAYeHH OT BEJIWYHMHBI Jara
(uucao  mepuogoB, MO  KOTOPHIM  pPAacCUMTHIBAETCs  KO3(PPUIUEHT
ABTOKOPPENSIIUHN ) — KOPPENocpammou.

rae y; =
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IHopsinok BeINOTHEHUsI pa0OTHI.
JU1 3aaHHOTO BPEMEHHOTO psija:
1. Haiitu ko3 PuImeHTsl aBTOKOPPEISIMH 10 TSTOTO MOPSIKA.
2. IlocTpouTts KOppENOrpaMmy.

IIpumep BbInoJHeHHS JJA00PaTOPHO padoThI
[IpencraBiieHbl MOKBapTalbHbIE JaHHBIE O BajJOBOM OOBEME MPOAAXK

(MJIH.H_IT.) 3d IIOCJICAHHC YCThIPC Iroaa:

KBapran I'on
| 2 3 4
I 6 7,2 8 9
11 4,4 4,8 5,6 6,6
111 5 6 6,4 7
IV 9 10 11 10,8

1. B nnanazone B6:E9 (puc. 1.7) BBegeM HCXOIHBIC TaHHBIC.

A [ 8 [ ¢ I o [ E T F ] G | H | J K [ L bt N
|1 |AHAITHE EPEMEHHOI0 Psla
| 2 |
3 HcexoaHbIe TaHHbBIE
BpemenHoi
. Ton .
4 | Ksapran Kpapran | Bpenms pAan Vi Ve Vi3 V4 Vi
5 1 2 3 4 I 1 6
G 1 6 72 8 0 i 2 1.4 6
7 i1 4.4 4.8 5.6 6,0 m 3 5 44 6
5 m 5 6 6,4 7 v 4 9 5 4.4 6
9 v 9 10 11| 108 I 5 7.2 9 5 44 6
10| I 6 4.8 7.2 9 5 4.4 6
11 | i 7 6 4.8 7.2 9 5 4.4
12 | Ko2(ppHIpIeHT ABTOK Opp e TIALNEIL IV § 10 [ 4.8 7.2 9 5
13 |1-ro mopaAnka | 0,1652 I 9 8 10 a 4.8 7.2 ]
14 |2-ro nopanka |-0,5669 i) 10 5.0 5 10 [ 4.8 7.2
15 |3-ro mopsAgka | 0,1136 m 11 6.4 5.0 8 10 a 4.8
16 |4-ro mopsagka | 0,9830 IV 12 11 6.4 5.6 b 10 [
17 |5-ro mopggka | 0,1187 | _l I 13 o 11 6.4 5.6 8 10
18 i 14 6,6 9 11 6,4 5.6 8
19 m 15 7 6,6 9 11 6.4 5.6
i v 16 10.8 7 6,6 9 11 6,4

Puc. 1.7. UcxonHble naHHbBIE

Jlns aHanmu3a BPEMEHHOIO psifia MEepenuiieM MOKBapTalbHbIC JTaHHBIC B
oauH croaoer. /s storo:

® B CTOJI6I_IC G 3anumem HOMCPA KBApPTAJIOB,

B ctoJione H 3amumniem uncia 1,2,...,16;
e YyTOOBI TIEPEHECTH JaHHBIC JUISI BPEMEHHOTO psijia, B CTOJIOLBI
3anuiieM (HopMyJIbl COTJIACHO TaOJIuUIIe:
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Aygerika | Gopmyia IIpumeyanue
I5 =B6 Konupyewm B nuanason 16:18
19 =C6 Konupyem B nnanazon 110:112
113 =D6 Konmpyem B nnanazon [14:116
117 =E6 Konupyewm B nnanazon 118:120

2. B cronbuax J, K, L, M, N noaroToBum cIBUHYTbIE COOTBETCTBEHHO 1,
2, 3,4, 5 ypoBHEN 3HaYEHUI BPEMEHHOTrO pAnaa. JlJis 3TOro 3anumeM B KaxkIyro
u3 siueek: J6, K7, L8, M9, N10 — onHy u Ty e Gpopmyny:
=I5,
KOTOPYIO 3aT€M CKOIUPYEM BHU3 10 CTpoku 20.
Haiinem k03 @UIMEHTH aBTOKOPPENIALMH € TOMOUIBIO CIEIYIOIIUX

bopmyi:
Sueiika dopmyJia Koaddunment aBrokoppensiuu
B13 =KOPPEJI(16:120;J6:J20) 1-ro nopsinka
Bl14 =KOPPEJI(17:120;K7:K20) 2-Tr0 nopsiJiKa
B15 =KOPPEJI(18:120;1.8:1.20) 3-ro nopsijka
B16 =KOPPEJI(19:120;M9:M20) 4-ro nopsaka
B17 | =KOPPEJI(110:120;N10:N20) 5-ro mopsiaka

3. Beinenum nuanason A13:B17 u, BeiOpaB B MacTepe 1uarpamm THIT —
I'mcTorpamma, noctpoum Koppenorpammy (puc. 2.7).

KoadhhuneHTel aBTOKOppenauun

1,2000

1,0000
0,5000

0,6000

0,4000

0,2000
0,0000 T T T T

1-ro nopagka 2-rp nopAgka 3-ro nopAgka 4-ro nopanka S-ro nopagka

.0,2000

-0,4000

-0,6000

-0,5000

Puc. 2.7. Koppenorpamma
Taxum oOpazom, K03 OUITMEHTHI ABTOKOPPEISAIIMNA BPEMEHHOTO psja:

Iopsimox 1 2 3 4 5
Koa¢popunuent | 0,1652 | —0,567 [0,1136 | 0,983 | 0,1187
aBTOKOPPEISIUU

HauGonpmee 3HayeHue umeeT KOIPGUIMEHT aBTOKOppEIsauuu 4-ro
nopsanka. ClenoBaTenbHO, BPEMEHHON psAJ MMEET TEHICHLMIO U CE30HHYIO
KOMIIOHEHTY C MIEPUOJIOM, PAaBHBIM YETHIPEM KBapTaJIaM.
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NuauBuayajabHoe 3a1aHKe K JadopaTopHoi padore

Bapuanr 1 Bapuanr 6
I'on I'on
KBapran 1 5 3 4 KBapran 1 5 3 4
I 6,0 8,5 9,5 5,7 I 8,3 5,9 9,9 6,7
II 5,8 5,3 8,6 6,2 II 7,5 7,5 6,3 7,0
III 8,5 5,3 5,9 6,8 III 8,8 5,4 8,5 6,6
1A% 9,9 7,9 9,7 7,0 |AY% 5,1 6,2 8,7 6,5
Bapuanr 2 Bapuanr 7
KBapran Lox KBapran Lox
1 2 3 4 1 2 3 4
I 6,6 5,7 7,5 9.4 I 6,3 7,0 5,5 9,5
II 9,8 8,6 8,3 8,2 II 8,2 9,8 5,3 8,0
III 7,8 5,2 5,1 6,7 III 8,1 6,8 8,0 8,3
|AY% 6,7 6,3 5,7 8,7 |AY% 6,0 5,2 5,4 8,5
Bapuant 3 Bapuant 8
I'on I'on
KBapran 1 5 3 4 KBapran 1 5 3 4
I 8,7 8,3 8,6 5,3 I 9,1 8,9 5,7 9,6
II 6,2 9,1 7,3 6,6 II 5,2 8,4 | 9,2 9,1
III 7,2 7,6 7,8 8,4 III 7,2 8,0 56 | 7.5
|AY% 7,0 9.4 8,6 | 9,6 |AY% 8,1 7,5 9,5 5,6
Bapuanr 4 Bapuant 9
Ton I'on
KBapran 1 5 3 A KBapran 1 5 3 A
I 5,5 8,2 9,1 8,5 I 8,9 5,6 8,8 7,6
II 5,7 8,0 | 9,7 7,5 II 6,9 6,6 | 9,2 8,3
III 5,5 6,6 5,9 8,7 III 5,4 6,9 8,1 6,6
|AY% 6,6 | 6,2 5,6 6,1 |AY% 5,0 8,0 8,0 | 9,8
Bapuanr 5 Bapuant 10
Ton I'on
KBapran 1 5 3 A KBapran 1 5 3 A
I 9,3 9.8 8,7 6,6 I 9,9 9,6 5,0 | 9,7
II 9,9 9,0 8,0 7,1 II 7,7 7,6 5,1 8,0
III 7,9 8,8 9,9 9,9 III 9,8 7,7 9,2 6,2
|AY% 7,5 6,1 5,7 8,0 |AY% 7,9 8,7 5,5 9,1

OTt4eT mo s1abopaTopHoil padore
1. Uto Takoe aBTOKOppENALMs YPOBHEM BpPEMEHHOIO psiia U Kak ee
MO>KHO OIIEHUTh KOJIMYECTBEHHO?
2. 3anucath 3HauYeHUs KOA(D(OUIMEHTOB aBTOKOPPEISLMU [0 MSITOro
nopsiaka. CaenaTh BHIBOI.
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JlaGoparopHasi paGora Ne§
AHanu3 ce3onHbIX KoleOanui

He.]'lbl HaY4YUTHCA CTPOUTH AAAUTUBHYIO U MYJIbTUINIMKATUBHYIO MOJCIIN
BPCMCHHBIX PAJOB.

Kpatkue TeopeTnueckne cBeeHuUsI.

Mopenu, TOCTpOEHHBIE TIO JaHHBIM, XapaKTEPU3YIOIMIUM OJIMH OOBEKT 3a
psAI  TIOCIEAOBATEIbHBIX MOMEHTOB (TIEPUOJOB), HA3bIBAIOTCSA MOOenamu
8DEMEHHBIX PSO08.

Bpemennou psio — 3T0 COBOKYIMHOCTb 3HAYEHHM KaKOro-iu0o mokasaress
32 HECKOJIBKO TMOCJIeA0BATEIbHBIX MOMEHTOB WJIU TIEPUOJIOB.

Kaxnplii ypoBeHb BpeMeHHOTO psina Gopmupyercs uz mpenoogoti (T),
yuxknuueckotl (cezonnott) (S) u ciyqaitnoit (E) koMmoHeHT.

Mogenu, B KOTOPBIX BpPEMEHHOW psJ TIPEACTaBI€H Kak CyMMma
MEPEUYUCICHHBIX KOMIIOHEHT, — adoumuenvie Mooenu, KaK TMPOU3BEICHUE —
MYTbMUNIUKAMUBHBLE MOOeNU BPEMEHHOTO PsJia.

AnnutuBHas Monelb uMeeT Bua: Y=1+S+E.

MynbTUIIIMKaTUBHAS MoAeNb: Y=T"S-E.

[TocTpoeHne agAUTUBHOM W MYJIBTUIUIMKATUBHOM MOJEJEH CBOIAUTCS K
pacuety 3HaueHuid T, S, u E s ka)Xa0ro ypoBHs psiaa.

[TocTpoeHnue Moenu BKIIIOYAET CASAYIOIINE [Iaru:

1) BeIpaBHUBAHHE Psijia METOJIOM CKOJIB3AIIEH CpeTHEH;

2) pacuer 3HaYCHUI CE30HHOU KOMIIOHEHTHI S;

3) ycTpaHeHHE CE30HHOW KOMIIOHEHTHI W3 MCXOIHBIX YPOBHEW psijga U
MOJIy4Ye€HHUE BBIPOBHEHHBIX AaHHBIX B ajautuBHON (T+E) wim B
MynbTuIIHKaTUBHOM (T-E) Monenu;

4) ananutnueckoe BbipaBHUBaHue ypoBHeH (T+E) unmu (T-E) m pacuer
3HaueHui T ¢ UCIOJIb30BaHKEM TIOJIYYEHHOTO YPaBHEHUS TPEH/IA;

5) pacdeT nosy4eHHbIX 1o Mojenu 3HaueHuit (T+S) unu (T-S);

6) pacyeT aOCOJIFOTHBIX U/WJIM OTHOCUTEIIBHBIX OIIHOOK.

Ilopsinok BeINOIHEHNsI pA0OTHI.

JI71s1 KaXKJ10TO U3 ABYX 3aJlaHHBIX BPEMEHHBIX PSIOB:

1. TlocTpouth rpaduk BpEMEHHOTO psija.

2. OnpenenuTs BUJI MOJETH U TIEPUOJ CE30HHBIX KOJICOaHUH.

3. IlpousBecTy BBIpaBHUBAHHE HCXOJHOTO Psijia METOJIOM CKOJB3SIICH
CpEIIHEN.

4. HaiiTu 3HaY€HUsI CE30HHON KOMITOHEHTHI S.

YcTpaHuTh CE30HHYIO KOMIIOHEHTY M3 MCXOJHBIX YpPOBHEW psiga u

MOJIyYUTh BBIPOBHEHHbIE JaHHble B aagutuBHOM (T+E) wim B

mynbTurinkaTuBHoM (T-E) monenu.

6. IlpousBectu ananutuyeckoe BoipaBHuBaHue ypoBHell (T+E) unu (T-E)
W paccuMTath 3HaueHuss T C HCIHOJIb30BAHHEM TOJYYEHHOTO
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ypaBHEHHS TPEH/A.
7. Tonyuuts pacuernblie 3HaueHus: (T+S) wnu (T-S).
8. Omnpenenutb aOCOTIOTHBIC U OTHOCUTEIbHBIC OIITMOKHU.
9. Haiitu nporHo3 AByX MOCJIEAYIOIIUX YPOBHEH BPEMEHHOTO psijia.
IIpumep BbInoJHeHHs J1A00PaTOPHO padoThI
[IpencraBiieHbl MOKBapTalbHbIE JaHHBIE O BajJOBOM OOBEME MPOAAXK
(MJIH.IIT.) 32 MOCJIEAHUE YEThIpe roja:

KBapran I'on
| 2 3 4
I 20 28 34 31
11 31 43 43 41
111 46 53 56 55
1\Y 52 64 66 70

I[JISI BBITIOJTHCHMU A na60paT0pH0ﬁ pa6OTBI BBIJICIIMM B pa60qel}’1 KHUI'C IBa
JJUCTAa:

HaszBanue sicra HasHnauenue
Ananus 1 JI1s1 aHanu3a BpeMeHHOoro psjaa 1
AHanu3s 2 JI1s1 aHanm3a BpEMEHHOTO psa 2

Bpemennoi psan 1.
1. B nnanazone B2:E5 (puc. 1.8) BBejeM UCXOAHBIC JTaHHBIC.

137 - b
A | E | ¢ | D | E |
1 MecAL, 2001 2002 2003 2004
2 1 keapman 20 28 34 M
3 2 Keapman M 43 43 41
4 3 Keapman 46 53 56 55
] 4 keapman 52 B4 BEG 70

Puc. 1.8. cxonHble naHHbBIE

Jlns aHanmu3a BPEMEHHOIO psifia TEpEenuileM TOKBapTalbHbIC JTaHHBIC B
oauH cronoern. /s aToro:
e B crToJIONE A 3anumieM uucia 1,2,...,16;
e YyTOOBI TIEPEHECTH JaHHBIC JUISI BPEMEHHOTO psijia, B CTOJIOIBI
3anuiieM (HoOpMyJIbl COTJIACHO TaOJIuUIIe:

Ayerika | Gopmyia IIpumeyanue
B8 =B2 Konnpyewm B nnanazon B9:B11
B12 =C2 Konnpyem B nnanazon B13:B15
Bl16 =D2 Konupyem B nnanazon B17:B19
B20 =E2 Konnpyem B nnanazon B21:B23
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2. I'o manspmM auanasona B8:B23 noctporM rpadwk BpemenHoro psifa 1 (puc. 2.8).

BpemeHHoM pag, 1

a0 4
704
B0 4
a0 4
40 4

a0+

Banoeblii 065 eM NpoaaK, MAH.WT.

20 4

1 2 3 4 5 B 7 g8 9 10 11 12 13 14 15 16
Bpewua, kpapransi

Puc. 2.8. I'paduk BpemeHHoro psiaa 1

Kak cremyer u3 rpaduyeckoro mpeacTaBICHUs BPEMEHHOTO psja,
M300pakeH BO3paCTAIOLIUN TPEHI, COJIepKAIUNA CE30HHBIE KOJIeOaHus, Mepruo
KOTOpBIX paBeH udeTbipeM kBapTajaM. O0beM IpoJax BO BTOPOM IMOJIYTOAUH
(xBaptanel I, IV) 3HauutensHO BhImie, yeM B mepBoMm (kBaprtansl I, 11). C
yBEJIMUEHHUEM t HE MPOUCXOAUT 3aMETHOI'O YBEJIMYEHUSI CE30HHBIX KOJIEOAHM.
CremoBatenbHO, AJIs1 JTAaHHOTO BPEMEHHOIO pAZa Jydlle MOAXOANUT aaJuTUBHAS
MOJENb.

3. Ilpou3BeneM BbIpaBHUBAaHHE WMCXOAHBIX YPOBHEH psAga METOLOM
CKOJIB3silEeU cpenHen. it aToro:

a) Haiem ckoib3siue cpennue 3a 4 kBaptana (cronoer; C). C stoit
nensto B situeiiky C10 BBegeM popmyiy:

=CP3HAY(B8:B11),
KOTOPYIO 3aT€M CKOIUPYEM BHU3 10 CTpoku C22.

0) IOCKOJIbKY CKOJIB3AIIUE CpeHUE 3a 4 KBapTal CIeAYeT OTHOCUTEIBHO
CepelMHe MEXIY JBYMS KBapTaJllaMH, TO UX LIEHTPUPYIOT. i 3TOro B crosdue
D Haiinem cpegHue 3HAYEHUs I JIBYX ITOCJIEAOBATENBHBIX CKOJB3SIINX
CPEIIHUX, C 3TOH 1einbto B siueiiky D10 BBenem Gpopmyiy:

=CP3HAY(C10:C11),
KOTOPYIO 3aT€M CKOIHUPYEM BHU3 0 CTPOKU D22.

4. HailineM OLIECHKH CE30HHOM KOMIIOHEHThl KaK pa3HOCTH MEKIY
(aKTUYEeCKUMH YPOBHSIMU Psifia U LIEHTPUPOBAHHBIMU CKOJB3SIIUMH CPETHUMHU.
Jnist aroro B siueiiky E10 BBenem popmyny:

=B10-D10,
KOTOpYIO ckonupyeM B nuana3zoH E11:E21.
Jlist pacuera Ce30HHONW KOMIIOHEHTHI YAOOHO MepenucaTh MOJTyYEHHBIE
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OIICHKU B BUJIE TaOIHIlBI (puc. 3.8).

A | 8 [ ¢ [ o [ €E [ F | & [ H[w ] J | K [ L |M]

Pac4eT ce30HHOH KOMNOHEHTEI

HOMEp KBAPTANa B rogy
1 2 3 4

2001 775 11,26
2002 -15,13 -2.50 525 15,50
2003 -14,.88 -6.50 EE3 17,25 K=CYMMald -0,04
2004 17,38 i Sck=Scp-k

uToro 47,38 -16,75 1963 4400
CREOHAA OUEHKS CEZ0HHOR
KOMMOHEHTEl Scp -15.79 -5 58 554 14 57 -0,17 [cymma
CKOPPEKTHPOBAHHEA
36 |cez0HHAA KOMNOHEeHTa Sck -1575 -5 54 558 14,71 0,00]cymma
37

[55) O 00 O LD | Q0| B R B B R
m QR = OO0~ M

Puc. 3.8. PacyeTr ce30HHOU KOMITOHEHTHI

OmnpenenuM CcpeaHUE 3HAYEHUS] OIEHOK CE30HHOHW KOMIIOHEHTHI IO

KaXJIOMY KBapTaily, /Ui 3Toro B siueiiky C35 BBeneM Gpopmyiy:
=CP3HAY(C31:C33).
KOTOPYIO CKOIUpyeMm 10 ctonbna F35.

B Mogensix ¢ ce30HHONW KOMITOHEHTOM OOBIYHO MPEAIoJiaraercsi, 4To
CE30HHBIC BO3JICUCTBUS 3a MEPUOJ B3aUMOIIOTAIIAIOTCS. B adoumusHoi mooenu
MO BbIPANCAECMCA 8 MOM, YMO CYMMA 3HAYEHUU CE30HHOU KOMNOHEeHMbl NO
gcem mecayam 0oJdcHa 6bimb pasHa Hymo. JIis JaHHON MOJIeNI UMEEM:

—15,79-5,58+6,54+14,67=—0,17.

Onpenenum KoppekTupyromuii kodgduireHt B sueiike 132 ¢ moMmonpio

bopMybIL:
=CP3HAY(C35:F35).

B nuanazone C36:F36 HaiineM CKOppEKTHUPOBAHHbBIC 3HAUCHUSI CE30HHOM
KOMITOHEHTBI KaK pPa3HOCTH MEXJY COOTBETCTBYIOIIUMH CPEIHUMH OIICHKAMU U
KoppekTupyomuMm kodpdunuentom. [ns storo B sueiiky C36 BBemem
bopmyny:

=C35-$L$32,
KOTOpPYIO CKonupyeM B nuanazon D36:F36.

JInst IpoBEpKM YCJIOBUSI PAaBEHCTBAa HYJIIO CYMMbl 3HAYEHUU CE30HHOU
KOMITOHEHTHI B siueitke G36 BBegeM popmyiny

=CYMM(C36:F36).

3nauenne 0, noinyyeHHoe B sueiike (36, yka3piBaeT Ha TO, YTO
YIOMSIHYTO€ YCJIOBUE BBITTOJHSICTCS.

CKOppeKTUPOBaHHbIE 3HAYEHUSI CE30HHOW KOMIIOHEHTHI IEpPEeHEeCeM B
cronber F.

Jlnst rpadpudeckoro mpeAcTaBiIeHUs MOJTYUYCHHBIX PE3YJIbTaTOB BBIICIUM
nuana3zon B8:B23, comepikaiinii ypoBHH HCXOJHOT'O BPEMEHHOTO psAna v (MpH
Haxxaron knapuiie Ctrl) nuamazon F8:F23, conmepikamuii 3Ha4eHUSI CE30HHOM
KOMITOHEHTHI M BOCTIONIb3yeMcsi MacTepom auarpamm. PesynbsTaTt npeacraBiieH
Ha puc. 4.8.
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a0
70
B0
50
40
0

—4—EBpEMERHON pAg
—#— CE30HHEA KIMMOHEHTA

20

LA A A

-20

-30

Puc. 4.8. BpeMeHHOH psiJl U €r0 Ce30HHAsi KOMIIOHEHTA

5. YcTpanum BIMsSIHUME CE30HHOM KOMIIOHEHTHI, BBIUMTAsL €€ 3HAUCHUS U3
KaXJIOr0 YpOBHS HCXOJHOTO BpeMEHHoro psga. Jma storo B suelike G8
3anuiieM Gopmyy:

=B8-F8,
KOTOPYIO CKOIUPYEM BHU3 JI0 CTPOKH 24.

6. OmnpenenuM komnoHeHTy T nama gaHHoW Mozaenu. [nsg 3Toro
npousBeAeM aHaiuThyeckoe BbelpaBHUBaHue pspa (T+E) ¢  momoursio
JIMHEWHOTO TPEHAA.

Syerika dopmyna IIpumeyanue
K43 =0OTPE30K(G8:G23;A8:A23) | Kosddunment a
K44 =HAKJIOH(GS8:G23;A8:A23) Koaddunment b

Torpa ypaBHeHue TpeHa OyneT UMeTh BUI:

7=37,38+0,99¢.

Hailinem ypoBHM TpeHnaa miid Kaxxaoro keaprai. ns storo B sueiiky HS
BBeaeM hopmyny:

=$K$44* A8+$K$43,
KOTOPYIO CKOIUPYEM JI0 CTPOKH 24.

7. B cronbue I HailimemM 3HayeHHs YpOBHEH psiaa, MOJYy4YECHHBIE IO
aJAUTUBHOM Monenu. JlJIg 3TOro s Kakaoro KBapTajia HalWJleM CyMMY TpEHJIa
1 ce30HHOM KOMITOHEHTHI. C 3TOH 1ebt0 B siuelky I8 3anumem dhopmyny:

=F8+HS
KOTOPYIO CKOIUPYEM JI0 CTPOKH 24.

8. B cronbue J mpousBenem pacdyeT aOCOMIOTHBIX OomuOOK. JIjist 3TOrO B

sueiike J8 3anuiemM Gopmyy:
=B8-I8
KOTOPYIO CKOIUPYEM JI0 CTPOKH 24.
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OtHocuTenbHas oOmMOKa oOmNpeAenseTcss Kak OTHOIIEHHE CYyMMBbI
aOCOJIIOTHBIX OIMOOK K CyMME KBaJIpaTOB OTKJIOHEHUH YpPOBHEH pslia OT €ro
CPEIHErO 3HAYCHMUS:

2.
et

5= .
> (v, -y

Jlnst Toro, 4ToOBl BOCIOJIB30BATHCS 3TOH (POPMYJIOH, MOCIEAOBATEIHLHO
HaUJIEM:

Syerika dopmyna IIpumeyanue
K8 =B8—CP3HAUY($B$8:$B$23) | Konupyem B nuanazon K9:K23
K60 =CYMMKB(J8:J23) D e
K61 =CYMMKB(K8:K23) > -y
K62 =K60/K61*100 0

9. IlporHo3Hoe 3Ha4€HUE B aJIUTUBHON MOJAENH €CTh CyMMa TPEHIOBOMN
U CE30HHOM KOMITIOHEHT. Pacuer mporHos3HsiX 3HaueHuid B [ m II kBapramax
MIATOTO rojia BBITIOJHUM B cTpokax 60-61 (puc. 5.8).

A | 8 [ ¢ | © | E |
5 T S F
Al 17 5425 16,75 36,40
A1 18 £5.24 5 54 49,70

Puc. 5.8. IlomyueHne nporHo3HbIX 3HAYEHU N

g aToro B ctoibue B 3anumieM ouepenHble HOMepa KBapTayioB: 17 u
18, a B ocTanbHbIX CTOJIONAX HEOOXOAUMBIE (DOPMYJIBI:

Syerika dopmyna IIpumeyanue
C60 =$K$43+$K$44*B60 Kompyem B C61
D60 =C36
D61 =D36
E60 =C60+D60 Konmpyewm B E61

B utore 38,5 u 49,7 — nporuo3Hbie 3HaYEHUs BAJIOBOr0 00beMa MPoJIaK B
[ u Il kBapTanax msToro roxa.

Bpemennoi psax 2

HpeIICTaBJICHBI IMOKBAPTAJIBHBIC JAHHBIC O BaJIOBOM o0BeMe mpoaax
HCKOTOPOI'O IIPOAYKTA 3a IMOCJACIHHUC YCThIPC rojaa:
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KBapran I'on
| 2 3 4
I 27 39 46
11 18 24 29 33
111 31 38 46 59
IV 45 53 72

Ha nucte Anaau3 2 moAroToBUM HMCXOJHBIE JaHHBIC, KaK MMOKa3aHO Ha
puc. 6.8.

A | B | ¢ ] D | E |

1] AHanuz BpeMeHHOro pasa

2
| 3 | WcxopHble BaHHbIE
4 KBapTan 2001 2002 2003 2004
| 5 | 1 e 39 46
B | 2 18 24 29 33
| 7 3 31 35 45 59
8 | 4 45 53 72

2

Puc. 8.6. cxoqHble naHHbBIE HA JINCTE AHAJJIU3 2.

Ilepenuiiem HcxoaHbIE TaHHBIE B CTONOLBI A 1 B, Kak 1oka3aHo Ha puc. 7.8.

A B
Bpema BpemeHHoRA
pag

10
1 1
12 2 18
13 3 3
14 4 45
15 5 27
16 5 24
17 7 35
18 8 53
19 9 39
20 10 28
21 1 46
22 12 72
23 13 45
24 14 33
25 15 55
26 16
27

Puc. 7.8. JlanHble A5 pacuera MyJbTUIUIMKATUBHON MOJIENN

ITo mannpiM guamnazona B12:B25 moctpoum rpaduk BpeMEHHOTro psja
(puc. 8.8.).
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BpemeHHoW pag 2

80 q

704
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BanoBoi 0GL &M NPpOAXK, MAH.WT,

20 4

Puc. 8.8. I'paduk BpemeHHoro psija 2

Kak w B mpeablaymieM mpuMepe, BajloBOM 00beM  MPOAAX
paccMaTpUBaeMOro NpoAyKTa, MOJBEPKEH CE30HHBIM KOJICOaHUSIM U 3HAUYEHUS B
nepBoM nonyroguu (kBapranbl [-1I) 3HaunMTenbHO MeEHBIIE, YEM BO BTOPOM
nonyroguu (kBaptanbel [II-1V). Onnako pasmax Bapuauuu (aKTHUECKUX
3HAQYEHUI OTHOCHUTENIBHO JIMHUM TPEHJA ITOCTOSIHHO Bo3pacraer. K Ttakum
JAHHBIM CJIEAYET IPUMEHATH MOJEID ¢ MYJIbTUIUIMKATUBHON KOMIIOHEHTOM.

JIns BbIpaBHUBAaHUS MCXOJHBIX YPOBHEH psiZila METOAOM CKOJIb3SALIEH
CpellHel BBeieM (pOPMYIIbI:

Syerika dopmyna IIpumeyanue
Cl14 =CP3HAY(B12:B15) Kommpyewm B nnanazon C15:C24
D14 =CP3HAY(C14:C15) Konmpyem B nnanazon D15:D23
El4 =B14/D14 Konnpyem B nnanazon E15:E23

Haiinem 3HaueHUs! CE30HHON KOMITOHEHTHI.
[lepenuiem moxyyeHHbIE OLIEHKU B BUE Tabiuiibl (puc. 9.8).

1 2 3 4

2001 1,45
2002 0,43 0,70 1,03 1,35 K - KOPPEKTHPRYHILMA KoadidHupeHT
2003 096 0B 097 148 k=dicymmas 10001

2004 050 Sck=Scpe

CREAHAA OLEHKA CEI0HHOR
KOMMNOHEHTE Scp 11,8963 0 5764 00,9990 14277 39994 |cymma
CKOPPEKTHPOBSHHAA
35 |CER0HHEA KOMMNOHEHTS SCK 08964 0 E7BS 09991 14279 4 00]cymma

Puc. 9.8. Pacuer ce30HHON KOMIIOHEHTHI B MYJbTUILJIMKATUBHON MOJIENIN

(3] |0 | | [ |
= QAR | = ||| @

OnpenenuM cpelHWE 3HAYEHUS OLIEHOK CE30HHOM KOMIIOHEHTHI 10
KaKJOMY KBapTaiy, st 3Toro B stueiiky C34 BBenem GpopMmyiy:
=CP3HAY(C30:C33).
KOTOPYIO CKOIUpyeM 10 cTonona F34.
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B Mogensix ¢ ce30HHONH KOMIIOHEHTOM OOBIYHO MPEAIoJiaraercsi, 4To
CE30HHBIC BO3ICHCTBHSI 3a MIEPHUO/] B3aUMOTIOTAIIAIOTCS. B MyIbmuniukamugtot
MOOenu 2mo  8blpadcaemcs 6 moM, UMO CYMMA 3HAYEHUl CEe30HHOU
KOMNOHEHMbl NO 6CeM KBAPMANAM OOAHNCHA OblMb PABHA YUCTY NEepUoios
(cpednee apugpmemuueckoe ee 3HAUEHUL NO BCeM KBAPMALAM  OOJIHCHO
pasHamvcs eounuye). J1ns nanHon moaenu umeeM B siueiike G34:

0,8963+0,6764+0,999+1,4277=3,9994.

Onpenenum KoppekTupyromuii kodgduireHt B sueiike 132 ¢ moMmonpio
bopMybIL:

=4/G34.

B nuanazone C35:F35 HailneM CKOpPpEKTHUPOBAHHbBIC 3HAUYECHUSI CE30HHOM
KOMIOHEHTHI. [[71s1 aToro B sueiiky C35 BBenem dhopmyiy:

=C34*$L$32,
KOTOpPYIO cKonupyeM B nuanazon D35:F35.

JI71s1 IpOBEPKHU YCIIOBUSI pABEHCTBA YETHIPEM CYMMBI 3HAUYE€HUM CE30HHOM
KOMITOHEHTHI B siueitke G35 BBegeM popmyity

=CYMM(C35:F35).

3nauenne 4, noiydyeHHoe B sAueiike (G35, yka3piBaeT Ha TO, YTO
YIOMSIHYTO€ YCJIOBUE BBITTOJHSICTCS.

CKOppeKTUPOBaHHbIE 3HAYEHUSI CE30HHOW KOMIIOHEHTHI IEpEeHEeCeM B
ctonber F.

[IpuBenem uToroBoiit BUI GopMy:

Syerika dopmyna IIpumeyanue
G12 =B12/F12 Konupyem 110 ctpoku 26
E37 | =HAKJIOH(G12:G25;A12:A25) Koaddunment b
F37 | =0OTPE30K(G12:G25;A12:A25) Koaddunment a
H12 =$E$37*A12+SF$37 Kommpyewm 110 ctpoku 26
112 =F12*H12 Konupyem 110 ctpoku 26
J12 =B12-112 Konupyem 110 ctpoku 26
B40 16
B41 17
C40 =$F$37+SE$37*B40 Kommpyem BHI3
D40 =F35
D41 =C35
E40 =C40*D40 Konnpyem BHU3
J39 =CYMMKB(J12:J25) De
J40 =CYMMKB(K12:K25) > (=)
J41 =J39/J40*100 0

PesynbraTsl npeacrasiens! Ha puc.10.8.
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24 - &
A B C D E F G H J K L]
. | Croneza UewTpuposan OueHka
BpemeHHoi Had N
Bpema was CEIOHHOA
pan CKONBZALLAA
10 CREgHAA CpegHAn KOMMAOHEHTE! = IS T T= E=y-(TS) Y-Yep
1 1 020
12 2 18 0BG 2681 2640) 17,86 0,14 -22,00
13 3 31 100 3103 2863 2860 240 -9,00
14 4 45 30,25 31,00 145 143 31,51| 30,85 44,05 0,55 5,00
15 5 27 31,75 3263 0,33 090] 3012] 3307 2954 254 13,00
16 5] 24 33,50 34 .50 0,70 0BG  3547) 3529 2388 0,12 16,00
17 7 35 35,50 37,00 1.03 100 3803| 3751 37.48 0,52 2,00
18 g 53 35,50 39,13 1,35 143 57,12| 3874 5674 3,74 13,00
19 9 39 39.75 4075 0,56 090] 4351 4196 3761 1,39 1,00
20 10 29 41,75 4413 0,56 0BG 4287 44,18 2959 089 11,00
21 11 46 46,50 47 38 057 100 4604| 46400 46,36 0368 6,00
22 12 72 48,25 4875 148 143| E042| 4863 6943 257 32,00
23 13 46 49,25 50,58 0,50 090] 5132 50,85) 4558 0,42 6,00
24 14 33 52,50 0BG 4878) 5307 3550 -2.80 7,00 E
25 15 59 100 5905| 5529 5524 3,76 19,00
2% 16 [=H
e ]
=
29 1 2 3 4
| 30 | 2001 145
3 2002 083 070 1,03 1,35 K - KOPREKTHPYHILWLMA kosdic
|32 2003 086 0p6 057 145 k=dicymmas 71,0001
33 2004 0,90 SckEScpk
CPEAHAA OLEHKa CRe30HHOR
34 |KOMNOHEHTE Scp 0,859653 0 5764 00,9950 142771 359994 | cymma
CKOPREKTHROERHHAA
35 |cE20HHAA KOMNOHEHTE SCK 0.5964 06765 0,999 14279 4 .00] cymma
= YpagHeHUe mpenda
37 h 222 2196 a = 21,96 + 2,22 |t
2]

Puc. 10.8. torossie pacueTsl i MyJIbTUILIUKATUBHOW MOJIEIIN

IIporuo3Heie 3Ha4YeHUs IJs IBYX odepeaHblx KBapraioB (IV kBapran
2004 roma u 1 kmapran 2005 roma) B sueiikax E40 u E41. Omubka
npubamxeHus — B siueiike J41 (puc. 11.8).

M9 - ﬁr
A [ 8 [ ¢ | D | E F | o T e 1 T 4 ]
El T s F B0,0945
|40 16 a7 51 143 82,13 2816
41| 17| 8974 090 83 85 aLmka 213
42
Puc. 11.8. Ilporuo3nbie 3HaueHus U OMKMOKa IPOrHO3a
[TocTpoum rpaduk Ha OCHOBE JaHHBIX nuana3zoHoB: B12:B25 (ucxomaubrit
pan), HI12:H25 (tpenn), I112:125 (mpubmmkeHue psga ¢ MOMOIIBIO

MYJIBTUIUIUKATUBHON Mojienu) (puc. 12.8).
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BpemeHHONW pap 2
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Puc. 12.8. I'paduku BpeMeHHOTO psifia, TpeHJa U IpUOIMKEHHUS] BpeMEHHOTO
psla ¢ MOMOUIBI0 MYJIbTUILINKATUBHON MOJIENN

NuauBuayajabHoe 3a1aHKe K Ja0opaTopHoi padore
Bpemennoi psan 1.
Jns 10 mpeanpusTvii 1O JaHHBIM BHYTPEHHEH OTUETHOCTU TOJTYUYEHBI
JaHHBIE O KBAapTaJIbHBIX TOBApOOOOpOTax 3a 4 MOCIEIHUX TOJa B YCIOBHBIX
eAMHUIIAX.

KBapran Howmep BapuanTa
1 2 3 4 5 6 7 8 9 10
I 11 12 32 77 19 32 102 | 316 | 100 | 92
11 14 25 34 79 22 58 108 | 322 | 115 | 94

111 17 28 34 78 25 64 | 110 | 320 | 130 | 93

1\Y 14 32 29 73 21 71 93 | 300 | 113 | &8

I 16 40 26 66 23 87 8 | 270 | 123 | &8I

11 22 45 28 59 29 97 92 | 244 | 153 | 74

111 22 40 27 65 29 87 87 | 268 | 153 | 80

1\Y 21 40 23 62 28 88 77 | 254 | 148 | 77

I 23 47 21 55 31 101 | 69 | 228 | 160 | 70

11 27 50 22 55 34 | 108 | 72 | 226 | 178 | 70

111 28 44 22 60 36 96 72 | 246 | 185 | 75

1\Y 26 51 16 55 33 109 | 54 | 226 | 173 | 70

I 29 58 14 47 36 | 124 | 48 | 194 | 188 | 62

11 34 63 17 43 42 | 134 | 59 | 180 | 215 | 58

111 34 64 14 40 41 135 | 50 | 168 | 213 | 55

1\Y 32 62 11 27 40 | 132 | 41 116 | 205 | 42
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Bpemennoi psan 2.
[lo nanubIM BHYTpeHHEN oTueTHOCTH Uit 10 dupM monyyeHsl naHHbie 00
o0BbeMax 3aka3oB (GUPMBI 3a 4 MOCJIETHUX T'0Jla B YCIOBHBIX €IMHUIIAX.

KBapran Homep BapuanTa
1 2 3 4 5 6 7 8 9 10
I 413 | 1148 1213 | 146 581 | 313
11 728 | 1225 | 1086 2159 | 251 | 417 619 | 550

111 613 | 1504 | 913 | 2250 | 1813 | 213 | 510 | 313 | 759 | 463

IV 598 | 890 | 891 | 1329|1769 | 208 | 305 | 306 | 452 | 452

I 573 | 961 | 853 | 14351693 | 200 | 329 | 293 | 487 | 433

11 988 | 1022 | 1476 | 1527 | 2939 | 338 | 349 | 501 | 518 | 745

111 813 | 1248 | 1213 | 1866 | 2413 | 280 | 425 | 413 | 631 | 613

IV 778 | 733 | 1161 | 1093 | 2309 | 268 | 253 | 396 | 373 | 587

I 733 | 778 | 1093 | 1161 | 2173 | 253 | 268 | 373 | 396 | 553

11 1248 | 813 | 1866 | 1213 | 3719 | 425 | 280 | 631 | 413 | 940

111 1022 | 988 | 1527 | 1476 | 3041 | 349 | 338 | 518 | 501 | 770

IV 961 | 573 | 1435 | 853 | 2857 | 329 | 200 | 487 | 293 | 724

I 890 | 598 | 1329 | 891 | 2645 | 305 | 208 | 452 | 306 | 671

11 1504 | 613 | 2250 | 913 | 4487 | 510 | 213 | 759 | 313 | 1132

111 1225 1831 | 1086 | 3649 251 | 619 | 371

1\Y 1711 | 598 143 | 579

OTt4eT mo s1aboparTopHoii padore
Jist KaXK/10T0 U3 IBYX 3aJaHHBIX BPEMEHHBIX PSA0B:
1. 3anucaTe ypaBHEHHE TPEH]A.
2. Ha ocHOBe moyiy4yeHHOU MOJIENU ClIeNiaTh IPOrHO3 00beMa MpoJIaXx Ha
CJIEAYIOIINE 1BA KBapTajla C YYETOM BBISIBIEHHON CE30HHOCTH.
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