CAHKT-NETEPBYPITCKUN

FOCYAAPCTBEHHbIW

3KOHOMUYECKUU YHUBEPCUTET

- PEMEHHbIe PsA0bl 8 9KOHOMempu4ecKux

uccsiedoeaHuUsIX

Cneundurka BpeMEHHOro psiia Kak MICTOMHMKA AaHHbIX B
9KOHOMETPUYECKOM MOOENNPOBAHNN

ABTOKOppenaunda ypoBHen psga n ee nocrnencrang
MogenunpoBaHne TEHAEHLUUA BPEMEHHOIO psiga
icnonb3oBaHMe TpeHO0BbIX Moaenen Ansa NporHo3npoBaHns
MopgenupoBaHue nepmoanyecknx konedaHmnm

MogenunpoBaHne B3aMMOCBA3eN No BpeMeHHbIM pagam. MeTtoabl
NCKMNKYEeHNAa TeHOeHL NN

ABTOKOppensuusa B octatkax. Kputepun dapbuHa-YoTcoHa

O600LLEHHbIN METOA HAUMEHBLLMX KBaAPAaTOB NPW NOCTPOEHNN
MOLENN perpeccum no BpEMEHHbIM paaam

Ce30HHbIe KonebaHust nx yyeT rnpu NOCTPOEHNUN SIKOHOMETPUYECKNX
Moaerneun

MOﬂ,eﬂl/l C JlaroBbimun nepemMeHHbIMN. MeTOD, MHCTPYMEHTAl1bHbIX
nepemeHHbIx. MeTtog AnMoH e
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CAHKT-NETEPBYPTCKUN
FOCYAAPCTBEHHbIN
SKOHOMUYECKUN YHUBEPCMUTET
Jlodesiu Ha ocCHoee psidoe QUHaMUKU

 Mogenu N30JINPOBaHHOIO ANHaAaMWNYECKOIo pAdaa

* Moaenun cuctemMbl B3aMOCBS3aHHbIX PS40B
OVNHAMUKU

 Mogenu aBTperpeccum

 Moaenu c pacnpeneneHHbIM flarom




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

KomMrnoHeHmbI epeMeHHO020 psida
 TeHaeHuuns (T)

 [lepunogunyeckue konedanus (P)

« CnyvanHble konebanus (E)

y, = f(T,P,E)




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

’510 6e3 meHJeHyuU U nepuoou4ecKux
KosiebaHull (cmayuoHapHbIU psio)

y
35

30

25

20

15

10

5

0




CAHKT-NMETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUN YHUBEPCUTET
990 ¢ meHOeHyueu

ot

[ B B
12 3 4 56 7 89 10

v, =f(T)+E




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

PsiObI ¢ nepuodu4yeckumu konebaHussmu

Pan ¢ nepuoanyeckumm 1 criyqamHbiMm «  Pdg c TeHOeHUMEN, NepUOANYECKMU U
konebaHusmu criyyariHbIMy KonebaHnsamu

y, = /(P,E) y, = f(I,P,E)




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

ALOVNTUBHAA Modenb MynbTUNANKATUBHAsSA MOAESb

y,=T+P+E y, =TxPxE




CAHKT-NETEPBYPITCKUM

FOCYAAPCTBEHHbIW

3KOHOMUYECKUU YHUBEPCUTET
Aemokoppernsyusi yposHeu psioa

KoppensiumoHHasi 3aBUCUMOCTb MeXAy
nocnegoBartenbHbIMY 3HAYEHNSIMU YPOBHEN
BPEMEHHOIO psija Ha3bIBAETCH
asmoKopperisyueud ypoBHeN psaa

_ YViVia =V, Vi

Gyt Gyt—l

V
ViVl




CAHKT-NETEPBYPITCKUN

rOCYAAPCTBEHHbIN

SKOHOMUYECKUU YHUBEPCUTET
pumep

Vimeromcsi OaHHbIe 0 pacxodax Ha KOHEYHOoe
nompebrieHue u yposHe doxooa 3a 7
NPOMEXYMKO8 8peMEHU 8 O.€. y, - Pacxoobl Ha
rompebrnexue, x- 00X0O0bI




CAHKT-NMETEPBYPICKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET




CAHKT-NMETEPBYPITCKUN

FOCYAAPCTBEHHbIW

KOHOMUNECKUU YHUREPCUTET
Dodesiu meHOeHyuu

(ypasHeHUsI mpeHOa)

Bbibop matemaTnyeckomn oyHKLNN, ONUChIBAIOLLIEN
TeHOEHUUIO

OueHka napameTpoB Moaenu

[TlpoBepKa agekBaTHOCTM BbIOPAHHOM PYHKLUN U
OLEeHKa TOYHOCTN Modenwu

Pac4eT To4e4yHoro un NMHTEPBAJIbHOIO NMPOrHo30B
-




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

Budbl MamemMmamuyeckux coyHKuuUU,
onuckisaroWUXx meHOeHUUro

e QYHKUMM C MOHOTOHHbLIM XapaKTepoMm BO3pacTaHus
(yOblBaHUSA) 1 OTCYTCTBUEM NPeaenoB pocTa (CHMKEHNS)

* KpVIBbIe C HacbllWWeHNneM, T. €. YCTaHaBJIMBAETCA HUXKHAA
NN BEPXHAA rpaHmnua USMEHEHUA ypOBHeVI pAaaa

* S-obpasHble KpuBbIE, T. €. KPUBbIE C HACbILEHNEM,
NMetoLLne ToUKy nepernba
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CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

YpaeHeHuUs1 mpeHoos

e juHeiiHas: VY — 4 + bt

2
o mapabosmueckas: Y =d+bt +ct

b
e crenenuas: Y =dal

e runepbona: ¥ =9F

t
e nokazarenpHas: J — 4 -b

e sxcrnonenta: J — €




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

JluHeUHbIU MpeHO
Yy, =a+bt

Y =a+bt Ayz = Vi = Via

a+b
a+2b

a+3b
a+4b




CAHKT-NETEPBYPTCKUU

FOCYAAPCTBEHHbIN

SKOHOMUYECKUN YHUBEPCUTET
lMapabosa 2-20 nopsioka

y, =a+bt+ct’

y, =a+ bt + ct? CxkopocTb YckopeHue
1 _ "_
Ayt_yt_yt—l At_At_At—l

a+b+ - -

a+2b+4

a+3b+9c

a+4b+16c¢




CAHKT-NETEPBYPTCKUN

rOCYAAPCTBEHHbIH

SKOHOMUYECKUN YHUBEPCMUTET
DRA3dMeITbHAss (byHKUUsI

Vi =a-b'

y,=a-b'




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

CmeneHHOU mpeHO

yzatb

b~ - BasncHbIN kKoaddULUMeHT poCTa

- CpeaHNN KO3 MPULIMEHT pOCTa 3a
nepuoa




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

/IcCloNTb308aHUe mMbeHdJdoebIx mooesnel ons
npPo2HoO3UpoB8aHUs!
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CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

lemoObI UCKITIOYeHUsI meHOeHyuu npu
ModesiupoeaHuu e3aumocesizeu rno
8peMeHHbIM psidam

 MemoO omkrnoHeHUU om mpeHoa
 MemooO rnnocriedosamerbHbIX pazHocmeu

* BKriroyeHue 8 MoOerib peapeccuu rno 8peMeHHbIM
psi0am ghakmopa epemMeHU
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CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

MemoO omkrioHeHUU om mpeHoa

e)’t:yt_yt




CAHKT-NMETEPBYPICKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

(yt _j>t) :b(xt _)%t)

Vi :j}t +b(xt _')%t)




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

Y p - MPOrHO3HOE 3HaYeHUNe Y,

JA’t:p - NPOrHO3 y NO TpeHAy Npu t=p

X, - NPOrHO3HOE 3HaveHwe X,

xf:P - MPOIrHO3 Xt NcxXoaAd U3 ypaBHEHUA

TpeHaa npu t=p




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

Memo0d nocrie0oeamersibHbIX pa3Hocmel

Ayt = Vi = Via




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

(yz _yt—l) — a+b(xt _xt—l)

Ve = Vi, +a+b(xt _xt—l)

y,=y,ta+bx, —x,)




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

- MPOTrHO3HOE 3HaYeHne YPOBHS PAaa,

Y, - KOHEYHbIN YpOBEHb AUHAMMYECKOTO pPAaa,

X, N x - TOXKe O PpALy X,




CAHKT-NMETEPBYPITCKUN

rocyAAPCTBEHHb_m

SKCHOMUYFCKUA VHUBEPCITFT 4 pezpeccuu no
epeMeHHbIM psidaM ¢ghbaKkmopa epemMeHU

y, =a+bx +ct

P=aK"L”e"
InP=Ina+b6,InK+b,InL+ct

~— & 2O



lpumep
UcknroyeHue meHOeHyUU MeMOOOM OMKJIOHEeHUU om mpeHoa

Pacxopn, 20 x=1,1071t+ 11,143
bl Ha 18 R2=0,91
noTpeb | Joxoabl 16 1
Fogbl | Nenve | (yenpe aio] —
ToBapa| Hea.) £10 "
(yCJ'I D,e & 8 e [IHEMHAA (P RO T )|
' 6
H.ed.) 4
t vt Xt 2
! Z 12 ’ 1 2 3 4 5 . 6 7
2 8 13 Foam
3 10 16
4 9 15
5 11 16 16 y=1,0714t+ 5,8571
g R2=0,9221
6 12 18 14
512
7 14 19 %10
E‘ 5 — Do
: 6 e [THEFHAAR (P AQT )
X
3 4
g 2
So
1 2 3 4 5 6 7
FoAawbl




e

4

14 12 0,071429 -0,25
8 13 0 -0,35714
10 16 0,928571 1,535714
9 15 -1,14286 -0,57143
11 16 -0,21429 -0,67857
12 18 -0,28571 0,214286
14 19 0,642857 0,107143




BbIBOO UTOTOB

YECCUOHHas cmamucmuka
MHOxecTB 0,729664
R-kBagpat 0,53241
Hopmupos 0,438892
CraHgap™ 0,50382
HaénogeH 7

JucnepcuoHHbIA aHamns

df SS MS F
Perpeccus 1 1,4457113 1,445113 5,693128
OcTatoK 5 1,269173 0,253835
Ntoro 6 2,714286

KoachebuyueHndapmHas o:mamucmuiwkrue 95%epxrue 95%
Y-nepecey 4,69E-16 0,190426 2,46E-15 -0,48951 0,489506
ex 0,652632 0,273522 2,386028 -0,05048 1,355743

e, =0,

Yr




lpumep

UcknroyeHue meHOeHyUuuU MemooOoM rnepebix pasHocmeu

Pacxoapl
Ha
notpebne
[oppl Hue (wﬁﬁﬁ:n )
ToBapa
(yenpeH.e
A)
t Yt X Ay AX
1 7 12
2 8 13 1 1
3 10 16 2 3
4 9 15 -1 -1
5 11 16 2 1
6 12 18 1 2
7 14 19 2 1
Peepecc uonrnas cmamucmuxa
MuoxeceenHbiit R 0,750824
R-keappar 0,563737 Ay=0, 39+0, 66A,
JMcnepCUOHHbLIN aHaNu3
of SS MS F
Perpeccua 1 3,852201258 3,852201258 5,168776
OcTatok 4 2,981132075 0,745283019
WToro 5 6,833333333

Koachchuyuerntmandapmuas ouiubk {-cmamucmuxa
Y -nepeceyeHue 0,396226 0,48893051 0,810394129
[TepemenHas X1 0,660377 0,290468006 2,273494309




lpumep
UcknroyeHue meHOeHUuU MemoOOM BKJTHOYEHUSI 8 Moderib
pezpeccuu rno epeMeHHbIM psidaM ¢ghakmopa epeMeHU

PegpeccuoHHass cmamucmuka
MHoecT: 0,981626
R-kBagpaT 0,963589
Hopmupos: 0,945384
CraHpaptH 0,563288
HabnroaeH 7

AdncnepcMOHHbIA aHanus

df SS MS F
Perpeccus 2 33,58797 16,79398 52,92891
OcTaToK 4 1,269173 0,317293
NToro 6 34,85714

KoagpchuyueHtdapmHas ormamucmu’-SHayeHue
Y-nepecey -1,41504 3,44066 -0,41127 0,701956
X 0,652632 0,305807 2,134128 0,099744
t 0,348872 0,354913 0,98298 0,38127

ve-1,4154+0,653x+0, 349t



CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

AemokKoppesisiyusi 8 ocmamkax
Kpumepuii JapbuHa-YomcoHa

 KoaghgpuuyueHm asmokoppersisyuu e
ocmamekax

n
Z €€
=2
o n
2
Z €
=1

r

de




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

Kpumepuii JapbuHa-YomcoHa




CAHKT-NMETEPBYPICKUM
I'OCYAAPCTBEHHEM
SKOHOMUYECKUN VI VB PLV[: @ p yt

(er €. )2

6,928571 | 0,071429 - 0,005102

8 0 0,071429 | -0,07143 | 0,005102 0

9,071429 | 0,928571 0 0,928571 | 0,862245 | 0,862245

10,14286 | -1,14286 | 0,928571 | -2,07143 | 4,290816 [ 1,306122

11,21429 | -0,21429 | -1,14286 | 0928571 | 0,862245 | 0,045918

12,28571 | -0,28571 -0,21429 | -0,07143 | 0,005102 | 0,081633

13,35714 | 0,642857 | -0,28571 | 0,928571 | 0,862245 | 0,413265

X X X X 6,887755 | 2,714286

g_2le-e.) 63888

= =2,538
Ye 2,714




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

J— Z(et — € )2

6,388

2
2.

ecTb a/K

2714

= 2,538

ecTb a/K




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMMYECKUU YHUBEPCUTET
eadpamos rpu nocmpoeHuu

Modesiu pezpeccuu rno epemMeHHbIM psidam (OMHK )

Anzopumm OMHK

[Tpeobpa3oBaHne NCXOOHbIX

* %
NnepemMeHHbIX X, =X —IX,_, Y, =V, —rY,,4

[TpumeHeHne obbiyHoro MHK
K ypaBHEHWIO 1 onpeaeneHne
a*n b

*

t

=a +bx, +V

PacueTt napametpa a

[lepexod K ucxoOHoMmy
ypasHeHUuto

®

& 20O




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

lonpaeka lNpauca-BuHcmeHa

_ 2
X —xl-\/l—re

2 :yl'\/l_JVe2




CAHKT-NMETEPBYPICKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET




lpumep

[Mlo gaHHbIM 3a 1995-2003 rr. no TamboBckom obracTn paccMaTpuBaeTCs
3aBMCMMOCTb NOTpebneHnsa pacTUTENbHOro Macna Ha aywy HaceneHus (y, Kr) ot
noTpebneHnst oBoLLEN (X, Kr)

Loyer Vi Xy ¢ €1 Yy ;k x;k

1 2 3 4 5 6 7
1995 7.2 100 -0,272 - 5,97 82,916
1996 7.5 101 -0,108 -0.2772 11,525 156.9
1997 7,9 103 0,021 0,108 12,093 159,46
1998 8.6 105 0.450 0,021 13.016 162,578
1999 9.5 121 -0,818 0,450 14,307 179,696
2000 10,9 121 0,582 -0.818 16,210 188,64
2001 10,3 120 0,117 0,582 16,393 187,64
2002 10,1 119 0,053 0,117 15.858 186,081
2003 10,7 124 -0,025 0,053 16.346 190,522
Yy, =— 1+0,1
Y, 6,079 O, 355x R2 — 099188 F = 79’2
. -3,5 +8,9

o2 26 =034 g

TN 1314



CAHKT-NMETEPBYPITCKUN
FOCYAAPCTBEHHbIW
3KOHOMUYECKUU YHUBEPCUTET
~acdyem nnpeoopal3oB8aHHbIX 3Ha4YeHuu

¥ =7,241-(=0,559)> =5,97

x, =1004/1—(=0,559)? = 82,916
y, =7,5-(-0,559)7,2 =11,525
x, =101-(~0,559)100 =156,9

*UT.0O.




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

*

y =-2,8156+0,0984x"

R* =0,961 F=1723

a=a /(1-r)=-1,806

y =-1,806+0,0984x

R? =0,845 r,=0,239




CAHKT-NMETEPBYPITCKUN
FOCYAAPCTBEHHbIW
3KOHOMUYECKUU YHUBEPCUTET
jjogesiuposaHue nepuoou4ecKux KosiebaHul

* Psagbl MOryT cogepxaTb TOMbKO Nepuognyeckme
KonebaHus

« Pagbl MmoryT cogepkatb 1 nepnogmnyeckmne KonedaHmns u
TEeHOEeHUUIO

®




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

SKOHOMUYECKUU YHUBEPCUTET

e [1N9 BbISBNEHNA U3MEPEHUS
nepmuoamn4eckmnx kornebdaHmm Bo BpEMEHHbIX
psaax MOXHO MCMNOMb30BaTb METO/,
rapMOHMYECKOro aHanusa psaga

* CyLHOCTb METOAA COCTOUT B

npegcraBneHUN PYHKLUMN B BUAE CYMMbI
rapMOHMNYECKUX KoredbaHnn




CAHKT-NMETEPBYPICKUM
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

Psi0 ®ypbe

* Psg0 @ypbe -ognH U3 MeTO40B MOAENNPOBaHUSA
BPEMEHHOro psia ¢ nepnoandecknmm KonedbaHnssmm

Ero nocTtpoeHne 3aBUCUT OT HANWUYUSA UNN OTCYTCTBUS
TeHAeHUUn B psay AnHamukn. Npm oTcyTcTBUM
TeHAeHUnn MeTouKa NocTpoerHus psaga dypbe
NMPUMEHSIETCA HENOCPEACTBEHHO K YPOBHAM
OANHaMU4eckoro psga

Ecnu e B psay AnHamukm HabniogaeTca TeHOeHUUS, TO
psag Pypbe NPUMEHSIETCA K OTKIOHEHNAM OT TEHAEHLNN

®

w DOUHDK




CAHKT-NMETEPBYPITCKUN
FOCYAAPCTBEHHbIW
3KOHOMUYECKUU YHUBEPCUTET
/10C eJsiupoeaHue rnnepuoou4yecKux KosniebaHuu

* Pag ®dypbe MOXHO onucaTtb B BUAE PYHKLNMN:

y, =a, +a,cost+b, sint+a, cos2t+b, sin 2t

« JTO0 psg c AByMS rapMOHMKamu. MoryT ObITe 1 3 U 4 TaPMOHUKMN.
Yawe Bcero ucnosnbasyetcs psg Pypbe He bonee yem c 4
EP(S)MOHI/IKaMI/I.

. - cpegHee 3Ha4eHue psaa

« [lapameTpbl onpegenstTca ¢ nomoubio MHK

.
~— & 2O




CAHKT-NMETEPBYPITCKUN

FOCYAAPCTBEHHbIW

. 9KOHOMMUYECKUA YHUBEPCUTET
SESONHOCEFAPEYFIOCMpoeHUU Mmoodesu

peapeccuu

y,=a+bx, +cz +c,z, +c,z,

* z, = 1-[nsd nepBoro KkeapTtana,
* 0— ON4a OCTanbHbIX;

* z,=1—[ndA BTOPOro KBaptarna,
 0— ONA ocTalnbHbIX;

* z,=1-[nd TpeTbero KkBaprana,
* 0 — ONngd ocTalribHbIX.




CAHKT-NMETEPBYPITCKUN
FOCYAAPCTBEHHbIW
. %, PONOMYYUECY )i YHUBEPCUTET eHUS K YpasHEHUSsIM
3a KaxxdblUu Keapmairs

« ANS | KBapTana y, =(a+c)+bx,

vy, =(a+c,)+bx,
« Ons Il kBapTana i

y, =(a+cy)+bx,
e ANA KBapTana

« ANA IV KBapTana




CAHKT-NETEPBYPTCKUN
FOCYAAPCTBEHHbIN
SKOHOMUYECKUN YHUBEPCMUTET
oumep. O6beM ripodak moeapa ¢pupmodu (y — mbic. ed.)
uccriedyemcsi 8 3agucumMocmu om obbema npoodaxk e2o 004YepPHUM
npeonpusimueM (X — mbic. €0.) No 0aHHbIM 3a 5 silem

KsapTansl Hroro
['oabr 11 111

2006
2007
2008
2009
2010

Hrtoro
B

CpEeJaHCM

~— & 2O




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

KBapTan
1

1
2
3
4
5
6
7
8
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CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

BbIBOJMTOTOB »,=8,896+0,319x, —1,227z, + 3,464z, — 4,789z,

DECCUOHHAs CT at UCT uKa
Muoxectee 0,977311
R-kBagpat 0,955137
Hopmupos: 0,943173
Ctanpaptt 0,865054
Ha6nwopeH 20

JMcnepcuoHHbIN aHanu3

df SS MS F fauuMocCT b F
Perpeccus 4 238,9752 59,74381 79,83739 6,32E-10
OcTaTtok 15 11,22478 0,748319
NToro 19 250,2

Koa @ uimeHnapT Has oLT at UCT uiP-3Hayenucimxkane 95%epxHue 959
Y-nepecey 8,895575 1,072979 8,290537 5,53E-07 6,608574 11,18258
xt 0,318584 0,090983 3,501588 0,003213 0,124659 0,512509
Z1 -1,22655 0,571093 -2,14772 0,048484 -2,44381 -0,00929
z2 3,463717 0,547411 6,327455 1,36E-05 2,296938 4,630495
Z3 -4,78938 0,647194 -7,40023 2,22E-06 -6,16884 -3,40992

1THODK




CAHKT-NETEPBYPICKUN
rOCVAAPCTBEHHbIN
) AYPOISIITUDOGaHUEe Ce30HHbBIX

KonebaHuu

AddumueHasi Modesb i =T+S+E
MynbmunnukamueHasi MOO€esib y.=T-S-E

[MpnbnunanTenbHO paBHas ce3oHHas Bapuayus
yKa3blBaEeT Ha CyLLeCTBOBaHME aaaANnTUBHOW MOAENN.

YcuneHue ce3oHHOM BapuaLunm ¢ Bo3pacTaHUeM TpeHaa

yKa3blBaeT Ha CYLLEeCTBOBAHMNE MYNbTUMINKATUBHOWN
MoOEenMu.

®

w DOUHDK




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

ocmpoeHue addumuesHol modesu

. HaxoxkaeHme CrimakeHHBIX YPOBHEH AMHAMUYECKOTO PsAAa METOIAOM
CKOJIB3AIIUX CPEIHUX

. O1rieHKa CE30HHOM KOMIIOHCHTBI M €€ KOPPCKTHPOBKA,

. DJUMUAHHUPOBAHUC CC30HHOM KOMITOHCHTBI M3 WCXOJHBIX MAHHBIX BPC-
MCHHOTO P54,

. IlocTpoeHue ypaBHEHUS JTUHCHHOTO TPEHAA IO VPOBHAM PsAda C IIMMHU-
HUPOBAHUECM CE30HHOCTH,

. PacueT BBIpOBHCHHBIX 3HAYCHUM TPCHIOBOM COCTABILAIOICH,

. PacueT TeopeTuieckux ypoBHEH pAda C YICTOM CE30HHOCTH,

. PacueT ciydyaliHOM KOMITOHCHTBI, TIO3BOISIONIUN OLICHUTh KA4YCCTBO IIO-
CTPOCHHOM MOJCITH.

®

2 G




lpumep

KonuuecTBo mpoJaHHOM IIPOAYKIIMHM B TEUEHHUE IIOCIIEAHUX 13 KBapTalloB

[on KBapTan O6Lem npopas,
TbIC. WIT
1 239
2 201
3 182
4 297
1 324
1 2 278
3 257
4 384
1 401
1 2 360
3 335
4 462
\' 1 481

Tabmuma 1



600
500
400

200
100

O6bem npogax TbiC. WIT.
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(@]
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0 6beM npogax

2 3 45 6 7 8 91011 12 13

KeapTan

—e— 0 6beM Npogax




Pacyem ce30HHOU KOMMOHEeHMbI 8 a00umueHoU

Modoesnu
O6bem
MPOJaK Cronbsaulaa LleHTpupoBaHHas OueHka 5
lon KeapTtan ThiC. wr cpedHaa 3a 4| ckonb3sulas Ce 30HHON
Y, KBapTana cpenHas KOMMOHEHTbI
1 2 3 4 5 6=3-5
1 239
2 201 -
229,75
I 3 182 240,4 -58,4
251
4 297 260,6 36,4
270,25
1 324 279,6 44,4
289
Il 2 278 299,9 -21,9
310,75
3 257 320,4 -63,4
330
4 384 340,3 43,8
350,5
1 401 360,3 40,8
370
" 2 360 379,8 -19,8
389,5
3 335 399,5 -64,5
409,5
4 462 -
v 1 481




Pacyem cpeOHuUX 3Ha4YeHuUU ce30HHOoU
KOMMoHeHmMbI 8 a00umueHoU modesiu

lopn, KeapTan
1 2 3 4
I -58,4 36,4
Il 44,4 -21,9 -63,4 43,8
11 40,8 -19,8 -64,5
UToro 85,2 -41,7 -186,3 80,2
CpepHee 3HayeHue
(oueHKa ce30HHOM 42,6 -20,8 -62,1 40,1 Cymma = -0,2
KOMMOHEHTbI)
CKOppeKTUpoOBaHHas
Ce30HHas
KOMMOHEHTa S 42,65 -20,55 -62,15 40,05 Cymma = 0

Jliist onpesiesieHUs1 CKOPPEKTUPOBAHHOM CE30HHOM KOMIIOHEHTHI CYMMY CPEIHHUX
3HAYCHUN HaJ0 pa3esuTh Ha 4 kBapTana (-0,2 : 4 = - 0,05). 3aTeM U3 KaXKJA0TO CPEHETO

3HAYCHUS CE30HHOM KOMITOHEHTHI BBIUMTAEM ATO YHCJI0 (Hanpumep, 42,6- (-0,05)=42,65).



Jlecesona

JIT3HPOBa
CKOppeKT HHBI
MpOBaHHA O6’b€M
ObpeM g PO K,
npoz[aﬁc cesoHHadg | ThIC.IOT.
TBIC. IIIT |KOMITOHeH| Yt - S=1+ —
[og |Keaptran| vy, Ta S E T T+S | Byt(T+S) | E (= 7)
1 2 3 4 5=3-4 6 |7=6+4  [8=37 9 10
1 239 265 | 19635 | 199998 242,648 3,648 13310[  7081.896
2 201 2055 | 22155 | 219977| 199427 1,573 2.473| 14921.,600
3 182 6215 | 24415 | 239957| 177.807 4193]  17.585| 19924.452
4 297 40,05 | 25695 | 259.936| 299.986 2986|8914 684,032
1 324 265 | 28135 | 279915 322.565 1.435 2.060 0,716
I 2 278 2055 | 29855 | 299.894| 279344 -1.344 1.806]  2038.884
3 257 6215 | 31915 | 319873| 257.723 0,723 0,523 4376352
4 384 4005 | 34395 | 339852 379.902 4098 16792 3702236
1 401 265 | 35835 | 359831 402.481 -1,481 2194 6060,000
" 2 360 2055 | 38055 | 379810 359260 0,740 0547 1357.628
3 335 6215 | 39715 | 399.790| 337.640 2640 6967] 140328
4 462 4005 | 42195 | 419769 459819 2181 4.758] 19278212
\% 1 481 D65 | 43835 | 439748 482398 -1,398 1.954| 24915360
79,884  104481,692
2 = 79,884 0,9992

104481692




lMpumep 1 (npo2HO3uUpo8aHuUe Ha OCHOBe

adodumueHoU modesu)
y = 19,979t + 180,02
500 ;
£ 150 R? = 0,9989
= 400 —e— JlecesoHanuamp
3 msp OBaHHbIiA
k= o6beM npogax
¥ 300
& 250 o
2 200 - JIMHENHbIN
= 150 (JecesoHanusu
= e POBaHHbIiA
= o6beM npoaax)
© 50
0 | | | | | | | [ [ I
1T 3 5 7 9 11 13
KBapTtan




[TpornosupoBaHue 1Mo TpeHAY ¢ YUETOM CE30HHON KOMIIOHEHTBI

[MporHos ¢
. | CkoppektpoBaHHas
TpeHaoBbINA yyeTOM
loa | Keaptan Ce30HHas .
NporHo3 CE30HHOM
KOMMOHeHTa S
KOMMOHEHTDI
1 2 3 4 5=3+4
1 438,35 42,65 481,00
v 2 460,20 -20,55 439,65
3 480,20 -62,15 418,05
4 500,20 40,05 540,25




lpumep 2
[TocmpoeHue mynbmuniaukamueHoU modesiu

KomnuecTBo mpogaHHO#M MPOAYKIMH B TeUeHHE MOCIeHUX 13 KBapTajioB

[on KBapTan O6beM NpoAaXxT ThiC.
wr Y
1 2 3
1 70
2 66
I 3 65
4 71
1 79
[l 2 66
3 67
4 82
1 84
1l 2 69
3 72
4 87
v 1 94




100

O6bem npopax, Tbic. WWIT.

O6beM npofax Toic. WT

—e— O 6beM npogax

TbiC. WIT

S 7 9 11 13

KeapTtan




PacueT 3HaueHWUN CE30HHOM KOMMOHEHTbI

O6beM Cronbsawasa | LleHtpupoBaHHasn
r npoaax Koadh ¢ numeHT
of | Keapran cpefHas 3a 4 CKOMb3ALLasn
ThiC. WIT CE30HHOCTH
Y, KBapTana cpepHas S
1 2 3 4 5 6=3.5
1 70
2 66
68
| 3 65 69,13 0,940
70,25
4 71 70,25 1,011
70,25
1 79 70,50 1,121
70,75
Il 2 66 72,13 0,915
73,5
3 67 74,13 0,904
74,75
4 82 7513 1,092
755
1 84 76,13 1,103
76,75
1} 2 69 77,38 0,892
78
3 72 79,25 0,909
80,5
4 87
v 1 94




Pac4yeT cpejHMUX 3HaYeHUN CE€30HHON KOMIMOHEHThI

lfon KeapTan
1 2 3 4
I 0,94 1,011
I 1.121 0,915 0,904 1,092
1l 1,103 0,892 0,909
WToro 2,224 1,807 2,753 2,103
CpeAHee 3HayeHWe Cymma =
(oueHKa cesoHHOM | 2,224:2=1,112 | 1,807:2=0,903 | 2,753:3=0,918 | 2,103:2=1,051 3984
KOMMOHEHTHI) '
C koppeKTMpoBaHHa
1 Ce30HHas
KOMMOHeHTa S 1,116 0,907 0,922 1,055 | Cymma = 4

k=4/3,984 =1,004




Ckoppek

THpOBaH | JlecezoHam
OobeM Has 3UPOBAHHBI
MPOJaKT | CE30HHAA [ ¥ 0ObeM
TBIC. IIT | KOMIIOHE [ IIpOJak, E=y/(T*
T'ox KBapran Y, HTa S TBIC.IIIT. T T*S S)
1 2 3 4 5=3:4 6 7=6%4 8=3/7
1 70 1,116 62,7 65,933 73,581 0,951
2 66 0,907 72,8 67,2967 61,038 1,081
1 3 65 0,922 70,5 68.6604 63,305 1,027
4 71 1,055 67.3 70,0242 73.876 0,961
1 79 1,116 70,8 71,3879 79,669 0,992
11 2 66 0,907 72.8 72,7516 65,986 1,000
3 67 0,922 72,7 74,1154 68,334 0,980
4 82 1,055 77,7 75,4791 79,630 1,030
1 84 1,116 75.3 76,8429 85,757 0,980
111 2 69 0,907 76,1 78,2066 70,933 0,973
3 72 0,922 78.1 79,5703 73,364 0,981
4 87 1,055 82.5 80,9341 85,385 1,019
v 1 94 1,116 84.2 82,2978 91,844 1,023
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y = 1,3634t + 64,562
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KBapTan bHble 06beMbl PO AaAXK KOMIMaHUN

100
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O6beM npogas TbicC. WIT.

0 | ! I F N N ) N D |
1T 2 3 45 6 7 8 910111213

KeapTan




lNpumep 2 (npo2HO3uUpoOBaHuUe Ha OCHOBe
MyJsibmurnsjiuKkamueHoUu MooeJsiu)

HpOI‘HOSHpOBaHI/IG I10 TpEeHAY € YUCTOM CE€30HHON KOMITOHEHTBI

[MporHos ¢
. | CkoppekTupoBaHHas
TpeHOoBbINA yyeTOM
lon KBapTan Ce30HHad .
NMpPOrHo3 CE30HHOM
KOMMOHeHTa S
KOMIMOHEHTDI
1 2 3 4 5=3*4
1 84,23 1,116 94,00
v 2 83,64 0,907 75,86
3 85 0,922 78,37
4 86,36 1,055 91,11




CAHKT-NETEPBYPITCKUM
FOCYAAPCTBEHHbIW
3KOHOMUYECKUU YHUBEPCUTET
Jodesiu c s1aco8bIMU NepeMeHHbIMU

* 1) Moaenu c naroBbiMn ODBACHSAOLWNMU NEPEMEHHBLIMUN NN UHAYE
MoQOeriu ¢ pacripederieHHbIMU flazaMu

y,=a+bx +bx_ +..+bx,_, +e

2) MOOEenu ¢ NaroBbIMU 3aBUCUMbIMU NEepeMeHHbIMU — MOOesIU
asmopezpeccuu

y,=a+bx,+cy, _ +..+cy,_, +e,
3) Moaesin C naropbimm 3aBMCMMbIMN U HE3ABNCUMbIMIA

NepeMeEHHbIMU, T. €. a8MopPe2pPECCUOHHbIE MOderiU ¢
pacripeoernieHHbIMU fla2amu

y,=a+by +..+by _, +cyx, +cx,_ +...+c.x_, +e

®




C AHK? nETEPByPrcguﬂ ———
(LCAPArI8=]HEN

9KOHOMMUYECKUWA YHUBEPCUTET

dcdMU

y,=a+byx, +bx,_ +bx,_,+bx,_,+bx,,

« [laHHaga moaenb 03HA4YaEeT, YTO UBMEHEHME BO BPEMEHMN t
0OBbACHALLEN NEPEMEHHBIV X OyOET BNUATL Ha
3HayeHunsa pe3ynsTaTUBHOIO NpU3HaKa y B TedeHune 4-X
cnegyrouwmx MOMEHTOB BpeEMEHN

®

w DOUHDK




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

SKOHOMUYECKUU YHUBEPCUTET

« KoadbdumumeH®D, - KpaTKoCpoUHbIn MynbTUNnukaTop. OH
XapaKkTepusyeTt cpegHee U3MeHeHne pesynbsrara y npu
N3MeHeHUN Ha 1 equHULY CBOEro MSMepeHua B
dOUKCUPOBAHHbLIN MOMEHT BPEMEHM t.

B MOMEHT BpeMeHU t+1 BO3OENCTBUE OOBSCHSIIOLLEN
NepeMeHHOW x Ha pe3ynkTaT y cocTaBud (+ b, )
eJVHNL], a B MOMEHT BPEMEHMU t+2 00LLee NBMEHEHMNE Y

CogTaBMTL h, | ) eanHnL,.

®

& 20O




CAHKT-NMETEPBYPITCKUN
FOCYAAPCTBEHHbIW
3KOHOMUYECKUU YHUBEPCUTET
POMEXYMOYHbIe MYyJIbMUIiJiuKamopbli

* Npun k=4

- UIBAMEeHeHne y B MOMEHT BpeMeHU t+1;
0 T 1 P

. bo + bl 4 bé N3MeHeHne y B MOMEHT BPEMEHU t+2;

¢ b + b + b + bI/I3MeHeHI/Ie y B MOMEHT BpeMeHu t+3.
0 1 2 3




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

k
« [10NMroCpOoYHbI MYTNLTUNNUKATOP > b,
J

J=0

* [1pn k=4 [ONrOCPOYHbLIN MYNLTUNSTINKATOP COCTABUT

by +b,+b,+b,+b,

* OH xapaktepunayet obLiee cpeaHee N3MEHEHME y Yepes 4
BPEMEHHbIX MHTEPBaNa rnpu yBernmy4eHnm x B MOMEHT
BPEMEHMU t HA 1 eanHULY

®

®




CAHKT-NETEPBYPICKUN
FOCYAAPCTBEHHbIN
SKOHOMUYECKUN YHUBEPCUTET
OmHocumernbHbIe KO3hpuyueHmMbI moderkl j
« XapakTepusyeT aonto obLero nsSMeHeHus

y B MOMEHT BPEMEHMU t+j.

_ bj
<Y
0¢p (1
Z,szl




CAHKT-NETEPBYPITCKUM
rOCYAAPCTBEHHbIH
SKOHOMUYECKUU YHUBEPCHUTET
DEUHSS 88JTUYUHa J1iaz2a

 [lokasbiBaeT cpegHun WHTepBan BPEMEHW, B TEYEHUE KOTOPOro
bynetr npoucxoauTb W3MEHEHME 3aBUCUMOW NEPEMEHHOU y non
BO3ENCTBUEM U3MEHEHUA OOBSICHAOLWEN NEPEMEHHON X B MOMEHT
BPEMEHMN t.

UemMm MeHblle BenuymHa cpefHero rara, Tem bbicTpee pearnpyet
pesynesrat y Ha mameHeHne x. VI HaobOpOT, BbICOKOE 3HadeHue
cpedHero nara nokasblBaeT, 4YTO BO3AencTBME OObSCHAKLLEN
NepeMeHHOM Ha pesynebrar OyaeT cKkasbiBaTbCA C  TeYeHUeEM
ONUTENbHOIo NPOMeEXYyTKa BPpeMEHMN.

®

w DOUHDK




CAHKT-NETEPBYPITCKUN

rOCYAAPCTBEHHbIN

SKOHOMUYECKUW YHUBEPCUTET
fleCuaHHbIU naa

* TOT NEepunoa BpeEMEHU, B TEYEHNE KOTOPOIO C
MOMEHTa BPpEMEHU t ByaeT peann3oBaHa
nonoBmHa obLero apdekta BO3OeNCTBUA

OObsICHAOLLEN NEPEMEHHON X HA pe3ynLTaT y,.




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN
SKOHOMUYECKUU YHUBEPCUTET

Ol"

y,=0,840,7x,+1,0x,_ +1,5x,_,+0,6x,_,+0,2x,_,

* rae t — Bpems B rogax, y, - OCHOBHble
NPOn3BOACTBEHHbIE POHAbI ( MITH. py0.),

* X, - pasmep MHBECTULMI (MITH. pyo.)




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

PocT nuBectnuuii Ha 1 MnH. py0. B TEKyLLEM Nepuoae NpMBOANUT K
POCTY OCHOBHbIX NPOM3BOACTBEHHbLIX (POHOB:

- B TOM Xe nepuoge Ha 0,7 MIH. py6. (KpaTKOCPOYHbIN
MYnbTUNNNKATOP);

-yepes 1 rog Ha 0,7+1=1,7 MIH. py6.;
- yepes 2 roga Ha 0,7+1+1,5=3,2 MIH. py6.;

- yepes 3 roaa Ha 3,8 MIH. py0. (NPOMEXYTOYHbIN, KaK 1 NpeablayLine
ABa, MyNbTUMANKATOP);

- yepes 4 roga Ha 4 MITH. py6. (40NrOCPOYHbIN MYNETUNINKATOP).

®

®




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

SKOHOMUYECKUN YHUBEPCUTET
OTHOCUTENbHbIE KOIPDULMEHTBI MOOENN:
Bo =0,7/4=0,175;

B, =1/4=0,25;
B,=1,5/4=0,375;

B;= 0,6/4=0,15;
B.= 0,2/4=0,05.

B Tekywem rogy peanuayetcs 17,5% Bo3AeNcTBUS yBENNYEHUS
NHBECTULIMA Ha POCT OCHOBHbIX MPON3BOACTBEHHbIX OHA0B, a Yepes
rop ewe 25%. Yepes 2 roga — eue 37,5%, 4Yepes 3 roga — eLle 15% u
yepes 4 roga — eLle 5%.

DOUHDK




CAHKT-NETEPBYPITCKUN
rOCYAAPCTBEHHbIN

9KOHOMUYECKUWA YHUBEPCUTET

® j=0-0175+1-0,25+2-0,375+3-0,15+4-0,05 = 1,65 200a.

« (OcHoBHagda YacTb adpdeKkTa yBernmmiyeHna NHBECTULINI MPOSIBNAETCS
Yyepes 1,65 roga.

MeanaHHbIW Nar cocTaBnsEeT ABa roaa, T. €. YBENMYEeHUe NMHBECTULINI
B nepuod BpeMeHn t Ha 1 MnH. py6. npuBoAUT K POCTY pasmepa
OCHOBHbIX MPON3BOACTBEHHbIX OHAOB Yepes 2 roda Ha BENTUYNHY,
COCTaBMALLYO MONOBMHY OONTOCPOYHOro MynbTUNANKATOPA, T. €. Ha
2 MITH. py6.

®
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CAHKT-NETEPBYPTCKUM
FTOCYAAPCTBEHHbBIN
3KOHOMUYECKUA YHUBEPCHUTET
Mooenu asmopeepeccuu

yt :a_l_b()xt +Clyt—l+et

* napameTpp ~ XapakTepusyeT KpaTKOCPOYHOE N3MEHEH)E
BO3[ENCTBMEM UBMEHEHUAX Ha 1 eauHuLy.

* ,El,OJ'IFOCpOHHbIVI MYJIbTUMITNKATOP USMEHEHNA y:

p="10

®

®




