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Pa3paboTyuk MeTOAUYECKUX YKAZAHUH

Tomoxonnukos JI.A., mpodeccop kad. [IMull, 1.¢.-m.H., mpodeccop gﬁ? ~

(DPHUO, donxcHocmy, yueHas cmeneHs, yueHoe 36anue) (noonucwv)



[Ipennaraemple HUXKE 3a4a4M NPEIHA3HAYECHBI JUIA PEIICHUA HA MPAKTUYECKUX
3aHATUAX M 3aKPEIUICHUS MaTepuasna, M3y4aeMOro CaMOCTOSTEIBHO IO COOTBET-
CTBYIOIIIUM TEMAM.

Ha mpakTryeckux 3aHsATHSX MOTYT OOCYKIAThbCS M PacCMATPUBATHCS TaKkKe
341444 U IPUMEPBI U3 IPYTUX JIATEPATYPHBIX NCTOYHUKOB.

TEMA
«BAJTAHCOBBIE MOJIEJIM 9dKOHOMUKN»

3agaua 1. PaccMOTpUM 3KOHOMHYECKYIO CUCTEMY, COCTOSIIIYIO U3 JBYX O0b-
€KTOB. 3a NPEIIIECTBYIONMN MEepPHOJl UCIIONIHEHHE OallaHCca XapaKTepu3yeTcs JaH-
HBIMH, TIpeICcTaBICHHBIMU B Ta0n. 1. [Ipu 3TOM B crucTeMe MCIONB30BaHbI CIEIYIO-
e GakTopsl: TPy (B YEIOBEKO—Yacax) U KaluTaJIOBIOKEHUS (B ThICSYax pyOJeit).
TpeOyeTcst COCTaBUTh MaTPHIIBI IPSAMBIX U TIOJHBIX 3aTPaT SKOHOMUYECKON CUCTEMBI.

Ta6nuna 1
Ucnonnenne Oananca npou3BOACTBA
dakTop Howmep oO6bekTa [ToTpebnenue Banossiii
u (akTopa 1 2 BBIITYCK
ITpousBoaCTBO 1 100 160 500
2 275 40 400
Tpyn 1 250 80 -
KanuranoBnoxeHus 2 750 800 —
Pemrenue.
Ucnonb3yss  popmyny ompeaeneHus KodQOUIIMEHTOB TPSIMBIX — 3aTpaT
aij — 4 , BBIUHCISIEM
)
100 160
allz—=0,2; a12:—20,4;
500 400
275 40
3.21:—20,55; 322:—2 ’
500 400

AHnanoruyHo ompezenseM KodhOUIMeHTh NPSMbIX 3aTpaT (GaKTOpOB, UCXOS

U3 TOTO, 4TO KOd(huImeHT bkj npsMbIX 3atpat K —ro dakropa ;I j —ro 06beKTa

PaBEH OTHONICHHIO 3aTpaT 3TOro ¢akropa 0ObEKTOM K MOJHOMY BBIIMYCKY MPOIYK-
LMW ATUM OOBEKTOM, B3SITHIM 32 MPOIIEAIINNA TEPUO/I;



500 400

750 800
Sy by, = —— =2,

217500 27 400

Takum 06pazom, uMeeM
0,2 04 0,5 0,2
A= . B=
0,55 0.1 L5 2 )°
Jlanee BbIUMCIIIEM MATPHUILY S.

o [08 04
Taxk kak = _055 09

S=%E—M1=F£O$)

] , det(E — A) = 0,5, TO

11 16

Berancnum matpuity ko3(h(OUIIMEHTOB MOTHBIX 3aTpaT (PaKkTOpPOB:
o 0,5 0,218 0,8 B 1,12 0,72
s 2 \LLe) (49 44 )
3afaBas 3HaYEHHE BEKTOpa KOHEYHOH mpoaykimu Y , mo dopmymam (2.5) u

(2.8) Mo>xeM HalTH MOKa3aTeIu TUIaHa: BaJOBYIO MPOIYKIIMIO M CyMMapHY0 OoTpeo-
HOCTh CHCTEMBI B (PaKTOpax.

Ilycts, HarpuMep, 3a/1aH BEKTOP
480
Y = _
170
Tornpa

¥ 1,8 0,8 480 1000 7 1,12 0,72\ 480 660
(1 Lefa70) (800 )0 T 149 44 170 ) (3100 )
Orcroza 3aKiII0OYacM, YTO 3aIUIAHUPOBAHHBIM BBITYCK KOHEYHOIO IMPOIYKTa
MOKET OBITh JOCTHIHYT IPH BaJOBOM BbIycke 00bekToB X; =1000 u X, =800

Ipu CyMMapHbIX 3atpatax Tpyaa Z; =660 u mpu 3arparax KanmuTanoBIOKEHHUI

3agaua 2.

33BOI[ COCTOUT M3 ABYX OCHOBHBIX ICXOB U OJHOTO BCIIOMOI'aTCIIbHOI'O, KaiK-
I[I)Iﬁ M3 KOTOPBIX BBIITYCKACT OAWH BUJI IIPOAYKIIUU.



Tabmura 2.
Hcxonusle maHHbBIE 3a0a4YU

I B Koneunsrit
PSAMBIE 3aTPATHI dijj
Llexa MPOAYKT Y
| 1 i
| 0 0,2 0 200
I 0,2 0 0,1 100
i 0 0,1 0,2 300

W3BectHbI (Tab11.2) pacxoaHbie KOAPGUIUEHTHI (IPSMBIE 3aTpaThl) djj €AUHUIL
NPOAYKIUU I-TO IeXa, UCHOJb3yeMble KaK “Chipbe” (“IPOMEXYTOYHBIA MPOIYKT )
JUTSL BBIITYCKA €UHMIIBI MMPOAYKIIUU J—TO 11eXa, a TAaKXKe KOJMYECTBO SIUHUIL )i MPO-
AYKIUY I-TO 1eXa, MpeTHa3HAYCHHBIX [T pean3aiiu (KOHSYHBIN MPOIYKT).

Onpeneaurs:

1) ko3 PUITMEHTHI TTOJHBIX 3aTPaT;

2) BaJIOBO# BHIMTYCK (TUIAH) JJIST KQKIOTO 11eXa;

3) IpOU3BOACTBEHHYIO ITPOrPAMMY 1IEXOB;

4) k03P dUIIMEHTHI KOCBEHHBIX 3aTpar.

Pemenne.

O0603HaYMM MPOU3BOJICTBEHHYIO MPOrpaMMy 3aBojia uepe3 X = (x1, X2, X3), TIe
Xi €CTh BaJIOBOH BBIITYyCK MPOMYKIMU I-TO II€Xa, a TUIAH BBIITyCKa TOBAPHOM MPOIYyK-
i — depe3 Y = (Y1, V2, V3).

Kpome Toro, BBenem Matpuiy 4 = ||aij|| pacxoansix koaddumenTos, ykazaH-
HBIX B TaOJMIIE.

Torma mpon3BOACTBEHHBIE B3aMMOCBS3HM 3aBOJ[a MOTYT OBITh MPEICTaBICHBI
CIEYIOIIEH CUCTEMOM TPEX YPABHEHUN:

xi— (@iXi + aiXe + aisxs) =i ; (i=1,2,3),
WJIM B MaTpUYHOU (opme
X—-AX=Y.
Pemenue 3Toro ypaBHeHuUs 3alUILIETCS Yepe3 OOpaTHYIO MaTpUILy:
X = (E-A)?Y,
rae E — eguHMYHAs MaTpULA TPETHEro MopsaKa.

Dnementsl Matpuibl (£ — 4)~ ! = ||sj|| npeacranstor coboii uckoMbie KO-
(pMuMeHTHI NOJHBIX BHYTPUIIPOU3BOACTBEHHBIX 3aTPAaT.

BEImomHUB HEOOXOAMMBIE PACUYETHI, MTOTYIHM

1,04 021 0,03
(E-4)"=|021 1,06 0,13
0,03 013 1,27

Takum o0pa3oM, Hanpumep, AJs Beimycka eauuuubl npoaykuuu I, 11 u I 1e-
XOB HEOOXOIMMO 3aTPaTUTh MPOoayKIuu 1-To 1exa coorBerctBeHHo 1,04; 0,21 u 0,03
EIUHULL



JIns1 onpeiesieHus: BaJIOBOTO BBINYCKa IPOAYKLIHMH LEXOB BOCIIOJIb3YEMCS
PaBEHCTBOM

1,04 0,21 0,03)200) (238
X=(E-A)'Y=|021 1,06 0,13 100 |=|187
0,03 0,13 1,27 300/ (400

CnengoBaTenbHO,

x1 =238, x, =187 u x3 =400.
[Ipon3BOACTBEHHYIO IPOTPAMMY KaKJIOIO0 M3 LEXOB MOXKHO ONPENEIIUTH W3
COOTHOILICHHUA
Xij = aijX; (J =1,2,31=1, 2, 3).

B pesynbTaTe noaydum cieayronryto Ta0auIry (C OKpYTICHUEM):

BHYTPHIPOH3BO/ICTBEHHOC Hroro | Koneunsrii Banosou
[lexa OTPEOJICHHUE Xij
I T T 2Xij OPOAYKT Yi | BBIMYCK Xj
I 0 38 0 38 200 238
I 47 0 40 87 100 187
11 0 19 80 99 300 400

KoadunmenTsl KOCBEHHBIX 3aTpaT HailieM Kak pa3sHOCTh MEXAY Sij U ajj WIH
B MaTpUYHOU popme

104 001 0,03
(E-A)'-A=|001 1,06 0,03|
0,03 0,03 1,07

3apaua 3.

JIOMOJIHUTENBHO K JJAHHBIM MpuMepa 2 B CleayIolled Tabyuile yKa3aHbl pac-
XOJHBIE HOPMBI JBYX BHUJIOB CHIpbS W TOIUIMBA HA €IWHUILY MPOIYKIMA COOTBET-
CTBYIOILIETO 11€Xa, TPYJOEMKOCTh MPOAYKIHUH B YEIIOBEKO—YacaX Ha €IUHHUILY MIPO-
IYKIUW, CTOUMOCTb €IMHUIIBI COOTBETCTBYIOILIETO MaTepHUaia 1 orJiara 3a lyen.—yac.

Hopwmsl pacxona CroumocTs,
| I 1 pyo.
CoIpbe «a» 1,4 2,4 0,8 5
CrIpbe «O» — 0,6 1,6 12
TonauBo 2,0 1,8 2,2 2
TpynoeMKoCTh 10 20 20 1,2

Onpeneaurs:



1) cymmapHBIii pacxo ChIpbsl, TOILUIMBA U TPYAOBBIX PECYPCOB Ha BHIIIOJHEHUE
IIPOU3BOJICTBEHHOM ITPOTPaMMBI;

2) k03 pUIMEHTHI TPAMBIX 3aTPaT CHIPbS TOIUIMBA U TpyJa Ha €AUHHILY KO-
HEYHOM MPOJYKIMH KaXJI0Tr0 LEXa;

3) pacxon ChIpbs, TOILUIMBA U TPYJIOBBIX PECYPCOB IO LIEXaM;

4) mpou3BOICTBEHHBIE 3aTPAThl B PyOJIsIX MO 1I€XaM M Ha BCIO MMPOU3BOJCTBEH-
HYIO0 [IPOrpamMmy 3aBOJa;

5) Npou3BOACTBEHHBIE 3aTPAThl HA EAVMHUILY KOHEUHOU MPOIYKIUH.

Pemenne.

CyMMapHBIil pacxo] ChIpbsl «@» MOXHO IMOJIyYUTh, YMHOKUB COOTBETCTBYIO-
1y 1-10 CTPOKY UCXOIHOM TaOIUIbI Ha BEKTOp X , T.€.

238
b X =(1,4; 2,4; 08) 187 | =1102
400

AHaIOru4HO MOKHO IIOJIYYUTD paCXOod ChIpb:A «o» " T.AO.
Bce ato0 y,Z[O6HO 3aIlIKMCaTb B BUJAC IIPOU3BCIACHUA

1,4 24 0,8 238 1102 coipve A
0 06 L6 752

20 18 22| 17| 1692 e 0

’ ’ s 400 monjiueo

10 20 20 14120 Yen068eK0 —uacos.

Pacxon ceipbsi «@» Ha €IUHUILY KOHEYHOU NpoAyKuuu | niexa Haiiiem u3 BbI-
paxenus 1,4S11 + 2,4551 + 0,883;.

CrnenoBaTelbHO, COOTBETCTBYIONIME KOA(D(GUIIMEHTHI MOJHBIX 3aTpaT ChIPbs,
TOIUIMBA U TPyJa Ha KOKAYI €IMHUIYY KOHEYHOIO MPOAYKTa MOJyYUM M3 MPOU3BE-
JICHUST MAaTPHUIL;

1,98

2,94 1,37

1,4 24 08
s 02n 003y | T copee 4
2,0 1,8 2,2 021 106 0.13)= 2’52 2,61 3’09 e 0
s s s 0,03 0513 1,27 ’ ’ s monjiueo
10 20 20 1520 24,80 28,30) mpyo.

Taxkum oOpazoM, HarpuMep, JUTsl U3TOTOBJICHHS V1 = | HEOOXOAMMO 3aTPaTUTh
1,98 en. ceipbs «a», 0,17 en. chipbs «O», 2,52 exn. TormBa u 15,2 dem.—.

Pacxop ceipbsi, TOIJIMBA U T.JI. TI0 K&XKJIOMY U3 1IEXOB MOJYYUM U3 YMHOXKEHUS
HX PacXOJHBIX HOPM Ha COOTBETCTBYIOIIME BAJIOBBIC BBIITYCKH IO II€XaM.

B pesynbraTe nojiyduM MaTpuily MOJIHBIX PACX0JI0B:



1,4 24 08 333 449 320 \copve a

238 0 O
0 06 L6 0187 0 |- 0 112 640 |copre 6
20 18 22 0 0 400 476 337 880 | moniuso
10 20 20 2380 3740 8000) mpyo.

[Ipon3BOACTBEHHBIE PACXO/IbI IO I[€XaM MOXHO MOJYYUTh ITyTEM YMHOXKEHUS
cjeBa CTpoOKU croumocteit (5; 12; 2; 1,2) Ha MOCHIETHIOI MaTPHILY:

333 449 320
0 112 640
476 337 880
2380 3740 8000

HaxkoHen, mpou3BOJACTBEHHbIE 3aTpaThl HAa €AMHUIYY KOHEYHOW MPOAYKIIUH,
HEOOXOIUMBIC JJISI OMPEACIICHUS ce0CCTOMMOCTH MPOAYKIIMH, MOKEM HaWTH IyTeM
YMHOEHHUS CTPOKH IIEH Ha MaTpHUIly KOd(P(PHUIIMEHTOB MOJIHBIX 3aTparT:

1,98 2,94 137
0,17 084 211
2,52 2,61 3,09
152 248 283

Takum 00pa3oM BHYTPHUITPOW3BOACTBEHHBIC 3aTpaThl HA CIWHUITY TOBAPHOU
npoaykiuu I, 1T u 111 nexoB COOTBETCTBEHHO COCTaBIAIOT: 35,2 py0., 59,6 pyd. u
72,3 py0.

(5 12; 2; 1,2) =(5473, 8751, 20640).

(5, 12; 2; 1,2) =(35,2; 59.6; 72.3).

TEMA
«MOJIEJIJMPOBAHUE YKOHOMHWYECKOM JJUHAMUKW»

3agaua 1.

%
PaccmoTpumM pemienue 3ajadd pacyera paBHOBECHOMW IIEHBI P Ha KOHKpET-
HOM IIpUMEPE.
Hcxoanbie TaHHBIE UMEIOT CIIEAYIOIIAN BUI:

a=36
A=09

b=4
B=05 TUTSL IPEJIOKEHUS S;

} i ciipoca D;

Fy =4 nepronauanbnas 1eHa.
Pemenue.

*
Pacuer paBHoBecHON iensl P mpencrasien B Tadm. 1.



Taomuma 1

Pacuér paBHOBECHOM IIEHBI

t Pt_l St =b+BPt_l Dt :Sf ])t
1 P, S, =b+ BP, = D, =S -D _
0 1 0 L=l pl:a 1 _ 36 6:33,33
=4+054=6 A 9
=4 +0,5:33,33 = 20,67 P4 0.9 ’
3| A Sy=b+BP, = Dy=8 | p_azDy 361252 ¢
=4+ 0,5-17,03 = 12,52 4 0.9
4 P, S,=b+BP, = D,=S, &:a—D4:36—17,05:21,06
=4+ 0,5-26,09 = 17,05 A 0,9
= 4+ 0,5-21,06 = 14,53 4 0.9
6 | P S, =b+BP; = D, =S, p - @~Ds _36-1593 o
= 4 + 0,5-23,86 = 15,93 A 0.9
7| PR S, =b+BR, = Dp=57 | p _a=Dr _36-1515 55,
=4 +0,5-22,30 = 15,15 4 0.9
=4+ 0,5-23,17 = 15,59 4 0.9 ’
9 | 7 Sg =b+ BP; = Dy=S8y | p _a=Dy 36-1534 ) o
= 4 + 0,5-22,68 = 15,34 4 0,9
10 P9 S10:b+BP9 = D10:S10 P :Cl_Dlo :36—15,48:22 30
=4+ 0,5-22,96 = 15,48 Y4 0,9 ’
11 Pl() S11:b+B1)10 = D11:S11 PH:a—Dll :36_15’40:22,89
= 4 + 0,5-22,80 = 15,40 4 0.9
12 B, S, =b+BRF, = Dy, =8, P, = a-Dy, _36-1545 =22,83
= 4 + 0,5-22,89 = 15,45 A
13 Py Si3=b+BR, = D3 =83 P. = a-Di; _ 36-1542 _ 287
=4 +0,5-22,83 = 15,42 B4 0,9 ’
14 Py S,y =b+BP; = Dy, =S4 N :a—D14:36—15,44:2284
= 4+ 0,5.22,87 = 15,44 Y4 0,9 ’
15 | Py Sis=b+BP, = Dis =515 B _amhis 362158 o)
5 - - - b
= 4+ 0,5-22,84 = 15,42 4 0.9

22,84 + 22,87

PacueTr paBHOBECHOM 1IEHBI MOKHO 3aKOHYMUTH Ha 14—ii utepauuu:

P =P3=hy~

~ 22,86

AHajormyHoOe 3HauCHHE mojry4acMm M 110 COOTHOICHHIO



ov_a-b _ 36-4

= = =22,86.
A+B 09+05
PaBHOBECHOE KOJIMUECTBO CHIEJIOK (MPEJIOKEHUH)
S" =15,4.
TEMA

«CUCTEMBI 1 MOJAEJIN MACCOBOI'O OBCJIYKUBAHUSA»

3agaua 1. B marasun npuxoast nokynarenu (ta6n. 1). Onpeaenurs cTeneHb
NpUOTIKEHUST BXOJHOTO MOTOKA K MPOCTEUIIIEMY.

Pemenue.

Becs nepuon Bpemenn HaOmoaenus B 200 muH. pa3aened Ha 100 1ByxMuHyT-

HBIX HHTCPBAJIOB.

B KaXXI0OM HMHTCPBAJIC OIIPCACIIACTCA YHUCIIO0 HOKyHaTeJIeﬁ, IMpUXOAAIIUX B Ma-

Tra3vH.

[ToToM rpyIIIUAPYIOTCS MHTEPBANIBI, B KOTOPBIX OBLIO OJIMHAKOBOE YHCIIO TIPH-
HIEIIINAX MOKYAaTeJIeH.
Pesynbrarel HaOMIOIEHUI TIPEACTABICHBI B Ta0I. 1.

Tabmuma 1

P€3YJII>T3TI)I HCCICAOBAHU IIOTOKA HOKYH&TGHGﬁ B MarasmH

Yucno nokynare- | Yuciio HHTEpBAIIOB BeposAtHOoCTh MaremaTnyeckoe 0Xu-
JIEW B UHTEPBAJE | C OJUHAKOBBIM qucia JAHE UHTEPBAJIOB C
BPEMEHHU YUCIIOM NOKyIaTe- NOKYyIaTeJIen 3aJaHHBIM YHUCJIOM I10-
At = 2MuH. nen B UHTEPBAJIC KyIiaTeyeu
ai n; D/ nf =n-p;
0 0 0,010 1
1 5 0,046 4,6
2 11 0,106 10,6
3 13 0,163 16,3
4 22 0,187 18,7
5 18 0,172 17,2
6 14 0,132 13,2
7 9 0,087 8,7
8 4 0,050 5,0
9 2 0,026 2,6
10 1 0,012 1,2
11 1 0,005 0,5
12 0 0,002 0,2
13 0 0,002 0,2




OnpenenuM MaTeMaTHYeCKOE OXUAAHUE YMCIIa MOKyNaTenael B TeUeHue Npu-
HaToro unrepsaga Al = 2 mun:

13
2.ain;
g = i=0

13
2N,
i=0

Ilo 3navenmto & =4,6 B TpeTnii cTONGEN TAGIUIBI BHOCATCS BEIMYMHBI BEPO-

=46 MTOKYIIATEA.

ATHOCTEH YMCIIA MOKYIIaTeJIed IIPU IIyaCCOHOBCKOM PAaCIIPENEIICHUH, a B YETBEPTHII
CTOJIOELl — MATEMAaTUYECKOE OKUAAHNUE YHCIIa UHTEPBAJIOB, B TEUEHHE KOTOPBIX MPH-
IO OJJMHAKOBOE YHUCJIO IIOKYTIATEIIEH.

JUtst momy4yeHust BBIBOJIA O TOM, YTO MPHUHSATHIN MPOIECC C JOCTAaTOYHOW BEpO-
ATHOCTBIO OIHCHIBAETCA MOJYYEHHBIM ITyaCCOHOBCKUM paclpeiesieHueM, Onpeens-
€M BEJIUUYUHY

13 (n . nT )2
2 i i
2=y =384
i=0 nl
[1o yucny creneneit cBOOObI (UMCIIO NHTEPBAJIOB MUHYC J1Ba) 12 U 3HAYEHUIO

2 2
" =384 no tabnune }° — pacnpeeneHus onpejenseM BEPOSTHOCTh TOTO, 4TO

SKCIIEPMMEHTAIBHOE PACIIpeieeHne apiseTcs myacconosekum: P = 0,99,

3HaUYeHHUE ATOM BCPOATHOCTHU BCIIMKO, YTO I'OBOPHUT O BCCbMa XOPOHIECM COOT-
BCTCTBUHU IKCIICPUMCHTAJIbHOI'O PpACIIPCACIICHUA PACIIPCACIICHUIO HyaCCOHa.

3agaya 2. Ha cTaHIMIO TEKYIErO PEMOHTa aBTOMAIIWH MOCTYHAaeT MPOCTEei-
1M TIOTOK 3as1BOK ¢ uHTeHcuBHoCcThI0 A = 0,5 Mammmb! B yac.

NmeeTcst oaHO MOMEILIEHUE IS PEMOHTA.

Bo nBope cTtaHuuMu MOTYyT OJHOBPEMEHHO HaXOJUTHCS, OKUJIasi B OUEPEIH, HE
OoJiee Tpex MalIuH.

CpenHee Bpemsi pEMOHTa OJIHOW MaIIUHBI 2 4.

Jlist ymydiieHust o0Cay>KUBaHUs ObLITH CIETIaHbI JIBa MPEIOKCHUS:

1) TONONIHUTENBHO NOCTPOUTH OJHO MOMEIIEHUE ISl PEMOHTA;

2) IOMOTHUTEIBHO TOCTPOUTH JIBa MOMEIICHUS JJIs1 PEMOHTA.

CTpouTenbCTBO OJTHOTO MOMEIIEHHUS ISl peMOHTa aBToMalliH cToUT 200 ThIC.
pyo.

[ToTepu oT 0TKa3a B CBOEBPEMEHHOM OOCITY>KUBAaHUU OJHOM MAaIlIMHBI COCTAB-
nsr0T 400 py6./ron.

[ToTepu oT mpocTosi OAHOTO OMeIeHUs (KaHasa) cocTaBisitoT 20 py0./4.

N3 Tpex BO3MOXKHBIX BAPUAHTOB CUCTEMBI (OJIHO, B, TPU MOMEIIEHHUS) HEOO-
XOJIMMO BBIOpaTh JYYIIMH MO KPUTECPUIO MHUHHUMAJIBHBIX TPHBEACHHBIX 3aTpaT



Pemenue. Bce BenmuMHbBI MpUBENIEM K TOJOBOMY NEpHOay BpeMeHu. Mmeem
0,5 nmoctynienuil (3asBOK) B 4ac, CIEI0BATEIBHO, 3a CYTKH ux Oyner 24-0,5 =12, a
3arox 12-365 = 4380.

Nmeem CMO cMeliaHHOTo TUMa ¢ OTPAaHUYEHUEM TI0 IJIMHE OYEPEan.

E€ xapakrepucTuku: A=0,5 H= 05a=Im=1Ln=1,
1. Onpenenum BEPOATHOCTH OTKA30B B PACCMATPUBAEMBIX CIIydasx:

-1
n m( o, k no s
a) N=1: B =By =a—(z) {Za—wﬂ—Z(zj } ! 0,2;

T 1+1+3

n! \ n i—o k! n! S\ n
116 1
O)N=2: Tome = F248 =1 0 10 144184116 47
B N=3:P =P,,= 1162 L 00022,

1+1+ 12+ 16 +16(U3+19+127) 445
2. Onpenenum MpoCTOU CUCTEMBI:
ay N=1:
n K N m s
a o o
oy r| 3 8] g

ko KI' n! S\n
IIpoctou 3a roa coctaBiat 8760-0,2 = 1752 u.
6) N=2.
31ech MPOCTOU MOMEIIEHUM 3a ToJ OyIyT CKJIAIbIBATHCS CIEIYIOMUM O0Opa-
30M:

Umeem P = % =0,34; P, = % P, =0,34; T, =365-24=8760 4.

[Torepu 3a rog cocTaBsT
8760-(2-0,34 + 0,34) = 8760-1,02 = 8935 u.
B) N=3.
[IpocTou 3a rox B 3TOM ciiydyae OyayT paBHBI
T,, = (BFy + 2P, + P,)8760 u.
Nmeem

162 o 162
= —, Pl = — 0 = —,
445 1 445
3.162 2-162 81 j_ 891-8760

+ + = =17540.
445 445 445 445

o

2
_%p -3 Tnp=8760-(
20 % 445

KoHneunsble pe3ynbTaThl pac4€ToB cBeAEM B Ta0II. 2.



Pesynbratel pemienus 3amaun

Tabmuma 2

Kon—Bo| Beposat- | IIpocton| Komm- | Ilorepu | Ilortepu | Homos- | Ilpuse-
oMe- | HOCTh | MOMEINIEe-| YeCTBO | OT OTKa- | OT NpO- | HUTENb- | JICHHbBIC
HICHUI | OTKa3a B | HHIi 32 | OTKa30B | 30B 3a CTOEB, | HBIE 3a- | 3arpa-
IS pe- | oOcII. roja, 4. | 3aroja | rofu, pyo. pyo. TpaThl, THI,
MOHTA pyo. pyo.

1 0,20 1752 876 350400 35040 0 385440
2 0,021 8935 93 37200 178700 | 200000 | 255900
3 0,0022 17540 9,64 3856 350800 | 400000 | 434656

BriBon;: uenecoo6pa3H0 HMCTD J1Ba IOMCHICHUA OJISI PCMOHTA.

IIpumep 3. XKeneznonopokHas kacca 10 MpoJjiaxe OMIETOB € IBYMsI OKOLIKa-
MU IpeacTaBiseT co0oil aByxkaHanbHyto CMO ¢ HeorpaHMYEHHOM OYepebIo, yCTa-
HAaBJIMBAEMOW cpa3y K JBYM OKOLIKaM (€cid OJHO OKOIIKO OCBOOOKIaercs, Onu-
AWMl B ouepen maccaxxup ero 3annmMaet). Kacca npogaér OuneTsl B 1Ba MyHKTA:
A u B. IHTeHCUBHOCTD MTOTOKA 3asBOK (IIaCCA’KUPOB, KENAIOIMNX KyIUTh OUJIET) 1is
oboux nyHkToB A u B ogunakoBa: A, = Ag =0,45 (maccaxupoB B MUHYTY), a B

CyMME OHH 00pa3yloT OOIIMi MOTOK 3asBOK C MHTEHCUBHOCTBIO A + Ag =0,9. Kac-

CUp TPaTUT Ha OOCITYKMBAHHE MMACCAKMPA B CPETHEM 2 MUHYTHI.

OnBIT MOKA3bIBAET, YTO KOI/IA Yy KAacChbl 00pa3yeTcsi ouepeib, NacCaXuphbl Ka-
JYIOTCSI Ha MEUIMTEIBHOCTh oOciyxuBanus. llocTynuiio pamnmoHanu3aTopckoe
MPEeUIOKEHHE: BMECTO OJTHOM KacChl, IoAaroe OuieTsl 1 B A, U B B, co3math nBe
CHeuaIu3upOBaHHbIE KacChl (10 OJHOMY OKOILIKY B KaXKZbIi), IpOJAIoIue OUIeThl
OJIHa — TOJIbKO B MYHKT A, a Apyrasi — ToJbko B MyHKT B. IIpoBeputs appexTuBHOCTD
NPEIJIOKEHNS PACUETOM.

Pemenne. 1. /{151 cyniecTByIOmIEH CUCTEMBI UMEEM CIIEAYIOIINE MapamMeTPhI:

1=0,9; u=0,5 azi:1,8; n=2;
MU

-1
n k n+1
p=| 3% + & =0,0525;
ko k! n(n-a)

an+1PO

-3

2. Jlnga mpennaraeMoro BapuaHTa HAAO PAacCMOTPETh JABE OJHOKAaHAJbHbBIC

N — NO‘I

o4

=8,54 muH .

5 =7,68; t.=

CMO (nBa crienUaIM3UPOBAHHBIX OKOIIIKA).



st kaxaon umeeM napametpsl 4 =0,45; u4=05 - «a=0,9.

Cpennsis nnuHa ouepenu K onHoMy okomky N, = 105_ =81.
-«
C N,, 81
Cpennee Bpems oxunaHus B ouepenu t,, = 7 " 045 18 MuH .

Takum o0Opa3om, cpefHss JJIMHA OYepEeqr U CPEIHEE BpEeMs OXKHIAHMS B HEU
3HAUUTEIHHO YBEJIUYMWINCH, TO €CTh MpeAJiaraeMblii BApHaHT Xy’Ke MepBOHAYAIbHO-
ro. [Ipousonuio 3To moTomy, 4TO B EPBOM BapHAHTE MEHBIIE CPEIHSS J0JI1 Bpeme-
HU, KOTOPYIO IPOCTAaMBAET KaXK]Iblil U3 JABYX KaCCHPOB: €CJIHM OH HE 3aHAT 00CIyXKU-
BaHUEM IaCcCaXHpa, MOKYMAIOMIET0 OUIET B MyHKT A, TO OH MOXXET 3aHSAThCS 00CTy-
’KUBAHHUEM MacCakupa, MOKyHaroero OuieT B myHkT B, u Haobopot. Bo BTOpoM Ba-
pUAHTE TaKOM B3aMMO3aMEHSIEMOCTH HET.

TEMA
«MOIEJIMPOBAHUE CITPOCA U IOTPEBJIEHUSA»

3agaua 1.
ITycTe uMeroTcs Tpu KOHKypupyromux usgenus X, X,, X5. C nensto omnpe-

JEJICHHUST CIIpoca Ha 3TH u3Aenus npousBenieH onpoc 100 denosek. Okas3anock, 4To
usgenmme X, nokynaer 50 gyenosek, usgenue X, — 20 genosek, a X3 — 30 yenosek.

[Ipenmnonoxxum, 4TOo MOBEJAECHUE TMOKyMNaTened B KaxIblk cleayrouuid mecsi o0y-
CJIOBJICHO TOJIbKO MX MOBEJICHUEM B MPEbIAYIINNA MecsI] (TaKuM 00pa3oM, UCCIeTy-
eTcs mpocTas uenb Mapkosa).

[To nucTteueHnn Mecsia 0Ka3aaoch, 4To U3 50 4YeIOBEK, MOKYIMABIINX HU3/EIINE
X1, 45 4enoBek MpOAOIDKAIOT €ro NMOKyNaTh, 4 4eJloBeKa CTalau IOKyIaTh U3Jeiue

X, n 1 —wusnemne X5. U3 20 yenosek, MOKyNaBIUX U3Aeaue X,, 6 4EIOBEK IPO-
JOJIKAIOT €ro MOKyINaTh, 8 CTaldM MOKyNaTh uzaenue X, 6 — uzgenue X5. 13 30 ue-
JIOBEK, IMOKyIaBUIMX U3Jenne X, 6 4elloBeK MPOJOJDKAIOT €ro MOoKynaTs, 21 yerno-
BEK CTaJl IOKynarth uzaenue X, 3 —uznenue X,.

Tpebyercs ompeaenuTh, Kakoe H3aeane OyIST IMOJIb30BaThCS HaHWOOJIBIITNM
cripocoM 1o uctedeHun mecsna? Yepes 2 mecsia? Yepes roa?
Pemenue.

Ecmu Py (ty) — BeposTHOCTB TIOTpeGHOCTH B M3enuu X | B MoMeHT fy, To
R (ty) = (0,5; 02; 0,3).

HepeXOILHBIe BCPOATHOCTU ONPCACIIAIOTCA U3 YCJIOBUSA 3aaa49M:

45 4 1

Py=—=09; P,=—=008; P3=—=002;
1175 12 =g, 13~ ¢
8 6 6

Pyy=—=04; P =—=03; Py=—=03;
217 50 2 =54 28 =54



21 3 6
Py =—==07; Pyp=—=01; Pyp=—=

HckoMble BEpOATHOCTH MOJYYAIOTCS YMHOKEHUEM BEKTOPa BEPOSTHOCTEHN CO-
CTOSIHUS 1lenu MapkoBa Ha Mepexo/IHyI0 MaTpUIly BeposTHocTel (puc.5S.1):

P; (k) = ia(k—l)a,-k,
i=1

0.2,

k . .
rac P” — BEPOATHOCTH IIEPEX0aa CUCTEMBI U3 |I-TO COCTOSAHUA B |—€ Ha k—m mare.

HonyqaeM BCPOATHOCTH CIIPOCa I/IS,HGJII/IfI I IICPBOT'O MECALA:

09 008 0,02
P(t) = P(to)|Py| = (05,02, 03)0.4 03 03|=(0,74;013; 0.13).
07 01 0,2

TaxkuM 06pa3oM, depe3 MecsI] HanOOIBIIIM CIIPOCOM OyIeT MOIb30BAThCA H3-
nemme X7.

Ecin IpeamonokuTh, 4TO IIOBEICHHE MOKyNaTelel co BpeMEHEM He MEeHSeTCs,
T.€. YTO IETh OJHOPOIHA IO BPEMEHHU, TO AaHAIOTHYHO MOKHO OIPENEIHTbh, KaKoe
m3enre OyIeT Mob30BaThCS HANOONBIIAM CIIPOCOM IO MCTEUEHUH IBYX, TPEX T.I.
MECSIIIEB.

BeposTHOCTH CIpoca M3/IeNINii depes Ba MecsIa:

0,9 0,08 0,02
P(t,) = P(t))|P;|= (0,74, 0,13,0,13)[0,4 0,3 0,3|=(0,809; 0,111; 0,080).
07 01 02

Rs

Puc. 1. I'pad nepexoa0B 1 COCTOSHUN CHCTEMBI

OnpenenuM, Kakoe u3aenne OyAeT MOIb30BAThCS HAMOOJBIIMM CIPOCOM TIO
HMCTEYEHUHU JIOCTATOYHO MPOJIOIKUTEIIHHOTO Meproa (rox).



Bce aneMeHThl MaTpullbl EPEX0a MOJ0KUTENbHBI, T.€. YCIOBUE IPTOAUYHO-
CTHU BBIIIOJIHSIETCS, CII€A0BATEIbHO, IIPEAECIbHBIE BEPOITHOCTH Pl, Pz, P3 noTpeOe-
HUS u3aeaui X 1r X 25 X 3 CYILECTBYIOT.
CucTteMa ypaBHEHHU B JTaHHOM CJTy4ae UMEET BU/I
" P, =0,9P,+0,4P, +0,7P;
P; = _ZlF’i Pi, re. {P,=0,08P, +0,3P,+0,1P;
| P =0,02P, +0,3P, +0,2P,
Cucrtema TMHEHHO 3aBUCHMA.

3aMeHss TpeThe ypaBHEHHe cucTeMsl ypaBHermem ) + Py +P3 =1 mony-
YUM CHUCTEMY

P, =0,9P,+0,4P, +0,7P;
P, =0,08P; +0,3P, +0,1P;
P +P,+Py=1
Pemenue cucremsr: P =084; P, =0]10; P; =0,06.

TEMA
«MOJAEJIUPOBAHHUE IIOTPEBUTEJIbBCKOI'O BBIBOPA)>

3amava 1.
[TycTs neneBas QyHKIMA MOTPEOUTENS 3aBUCUT OT JIBYX Oyiar X| u X, ce-
IYIOIIUM 00pa3oM:
U (X, Xy ) = XX, — max.
ITycth mensl 61ar paBHBI, cOOTBeTCTBEeHHO, 10 1 2, a noxoa morpedurens — 60.
Torna, coryiacHo noiaydeHHou Gopmyre GyHKIUHU Crpoca,

60 60
X\ =—-=3 X,=——=15; U'=45,
2-10 2-2
ITycts Teneps Po mensercs ¢ 2 1o 7. KakoB HEOOXOMMBIA pa3Mep KOMIICH-
canuu’?
Pemenne.

UtoOsl TpHOOPECTH MPEXKHUN ONTUMATLHBIN Ha00p, TOTPEOUTENI0 HEOOXO -
MO n0moJHUTENbHO (7 — 2) - 15 = 75 neHeXHbIX eAUHUIIL.

OnHako IpexHss CTPYKTypa MOTpedsieHus He OyAeT ONTUMAIbLHON MPY HOBBIX
IIeHaX, 1 MUHUMaJbHasg HE0OXoAuMas KoMIIeHcalus Oy/1eT MEHbIIIE, 4eM /9.

[Iycts moTpebuTens mojiydaeT AOMOJHUTENBHO KoJudecTBO aeHer M. Torma
MIPU HOBBIX IIEHAX €T0 CIIPOC Ha MEPBOE U BTOpOe Ojiara OyJeT paBeH:

C60+M 60+ M

X, = ; X, =
L7 2.0 2 7.2



(60+ M)’

X1X,) O A 7 o4
LeneBas Qynkuust (X;X,) Oyner paBHa 10-7-4

y 1 3TO BBIPAXKCHHUC

JIOJKHO paBHATHCA HadansHoMy U’ = 45,

Otcroma M = 52,25, 9T0 CyImecCTBEHHO MEHBIIE, 4eM /5.
Teneps pemmm 3agauy B 0oJiee 001IEM BHIE.

[ycts no-npexnemy U (Xl, X2) = XiXo — MaX ; nens! Oyar paBHel P, U
D5, anoxoxn D . OueBunno, uT0

D OX; D oJx 1 OX;

L 2p; 29 2p; A 2p; Ip;

[Tycts Temeps nieHa p; BwIpocia B K pa3 (K > 1), u npu 3ToOM moTpeOUTENb

0,

MOJIy4aeT HEOOXOIUMYIO0 KOMITCHCAIIHIO.
HoBelii pasmep poxona o6o3HaunM yepe3 D , cripoc — X1, Xo.

@) X D D¢ b
YEBUJHO, X1 = . 2=
2Kp 2p,

D*  D°
4Kpip2  4pips
_ _ X _
Orcrona D = D\/?, Xl = T:'(, X2 = Xz\/K_

Wrak, cpoc Ha HepBLIA TOBAp B cilydae ¢ KOMIIeHcanueil cokparurca B + K

1 YCJIOBUC KOMIICHCAIIUU:

pa3 (a He B K pas3, kak 6€3 Hee), a CIIpoc Ha BTOPOM TOBap B \/R pa3 BBIPACTET.

B ciywyae pocra 11ieHbl BTOPOro ToBapa cUTyalus OyAeT MOJHOCTHIO CUMMET-
PUYHOM.

Ixi
é)pj comp

WNuaexc comp o3HavaeT, 4To MEepPEeKpecTHass YacTHasi MPOU3BOAHASI CIIpOca pac-
CUHMTBIBACTCS MIPU HEOOXOIUMOM IS TOICPIKAHUS TIPEKHETO YPOBHSI 071arococTosi-
HUS KOMITCHCAIINH JI0X0/1a.

YcnoBue xommeHncanuu cHuMaeT "ddext moxoma", octaBiuss aumib "dddekTt
3aMeHbI", 9YTO TIO3BOJIIET OOJIEe TOYHO OMPEACIUTh MOHATHE B3aUMO3aMEHIEMOCTH U
B3aMMO/IOTIOJIHSIEMOCTH OJ1ar U OIIEHUBATh 3TH XaPAKTCPUCTUKH.

bnara I 1 | Ha3pIBAtOTCS B3aUMO3aMEHSIEMBIMH, €CITH

ox;
ﬁpj

KU B3aUMOAOIIOJIHACMBIMH, €CJIN

Taxum oGpazom, >0 ppui=1, j=2 um j=1,i=2.

ox
>0 u [—] >0 (7Tu 1Ba yCIOBUSA PaBHOCUIILHEI),

2 p;

comp comp




. ox .
axl <0 un (—]j <0_
op; o p;

comp comp

Paccuutaem TCIICPb 3TU YACTHBIC ITPOU3BOAHBIC JIA paCCManI/IBaeMOﬁ 3ajJa-

4y, Koraa P pacrer B K pas.
B sTom ciyuae npupaieHue

A === X5 M =KX, =X Ap = Kp, —p;.

Tk pVK(K-1) - k- pVKWKH)| T 2p ap?

xz(ﬁ—l) : Xo X D
=1m = |lim = = .

OP1 Joomp KL PIVK(K-L) ko1 pv/K(K+1)  2p,  4pyp,

[TocmenHss BEMMYMHA TOJOKUTEIBHA, YTO CBUACTEIBCTBYET O B3aUMO3aMCHSI-
€MOCTH OJIar B paccMaTpHUBaeMOH 3a1ade.

[&j ~ lim xl(\/f—l) L X xx D

3apaua 2. Ha ocHOBaHMM TaHHBIX O TOTPEOJICHIY B3aMMO3aMECHIEMBIX U B3a-
MIMOJIOTIOTHAEMBIX IIPOAYKTOB X1 U X2 B PA3IMIHOM COYETaHHH I, ux ieHe P, u P,,

nosneznoctu U u OromkeTe (Toxomax) morpedutens D mocTpouts KpuByro 6e3pasiu-
YUs ¥ ONPEACIUTh ONTUMAIbHBIN TIJ1aH OTpeOIeHUs] Ha3BaHHBIX MPOTYKTOB.
Mcxonnpie TaHHBIC HMCIOT BUJ!

[ X1i I X2i
1 2,9 1 13,5
2 3,0 2 12,0
3 5,0 3 7,5
4 7,0 4 6,0
5 10,0 5 50
6 12,0 6 4,5
7 12,3 7 4,6

u=18; P;=5; P,=10,3; D=100.

Pemenue.

B namieit 3aiaue npoayKThl X1 U X2 BJISAIOTCS B3aMMO3aMEHSIEMbIMHU U B3aUMO-
JOTIOJTHSIEMBIMHU, T.€. (QDYHKIIMS CMEIIaHHAs.

[ToaToMy MO’KHO BOCHOJIB30BaThCSI MOJENBIO HEOKJIACCUUECKON (PYHKIMU T10-
JIE3HOCTH, KOTOpasi UMEET BU/T

b
U=x""X2% rrely <1 b, <1.
UtoOB1 yOEenuThCSI B IPABUIIBHOCTH MPEATIONOKEHUS O (hOPME CBSI3H, CIETYET

rpaduyecky u300pa3uTh N3y4aeMyro 3aBUCIMOCTh B CUCTEME KOOPAMHAT IO TaHHBIM
0 MOTPeOJEHUU POTYKTOB X1 U X2.

by



[To Bumy rpaduika MOXKHO MPEINOI0XKUTh, YTO 3aBUCUMOCTb MEKAY X1 H X2
umeet Bug U = lel . X2b2 mpu by <1; b, <1.

PerieHre 3aa4u Mo MOCTPOCHUIO KPUBOM O€3pa3iuuusi 3aKJII0YaeTCs B OIpe-
JeJIeHUH TlapaMeTpoB GyHKIuU by u by.

[MapameTpsl kpuBoOi Oe3pazmmums D1 u D, OTpakaloT CTENEHb MOJE3HOCTH
Ka)KJIOTO M3 MIPOIYKTOB X1 H Xa.

Ompenenus napametpsl by u Dy, 3Has OZHY U3 MEPEMEHHBIX — KOJIMYECTBO I0-
TpeOJICHHsI TPOJYKTa X1, BCETAa MOXHO OIPENENIUTh BTOPYIO IMEPEMEHHYIO Xp TaK,

yTOOBI  00ECIEUHTH MaKCHUMYM  IIOJIC3HOCTH  OT HOTpC6J'I€HI/ISI IMPOOYKTOB
1

U |k
by

X2 —
X1

b b
Jlnst pacuera napamerpos dyrkuuun U =X1 1+ Xy % nenecoobpasHo ee JmHe-

4APHU30BaTh IMMOCPCACTBOM JIOFapH(i)MHpOBaHH}I.
Mmeem INU =D, In X, + by In X,

O6osznaunm INX; =Vy;; INX, =Y, uzanumem

INU =byy; +byy,.

InU b,
Orcroma Yy = —— — =Y.
b by
InU b
OG603HAYNB =A;, —2=B, moxuo sammcars Y; = A— BY,.

by

Hns onpenenenus koddpduuueHtoB A u B 0OOBIUHO NPUMEHSIOT METOJ
HaWMEHBIINX KBaJApPaTOB:

n n n n n
> Vi =An—BY yy; > Yii¥ai = ANY ¥y — BY yai;
i=1 i=1 =1 =1 =1
n n n _ n
_Zl)’n _ZlY2i _Zl)ﬁi Yoi — hzlki
A==—+B= =y, + By,; B=15 .
0 0 Y1 +BY> T o n
Yo 2. Yoi — 2 Yai
i=1 i=1
VyureiBas, uro A = In—U; B = b—2 OTPEACISAIOT
by by
InU

bl:T ub,=bB.

[IpoBepsAIOT NPaBUIBHOCTH PACYETOB UCCIIEYEMBIX 3aBUCUMOCTEN

U :lel)(zbz; InU =bl|nX2 +b2|nX2

U OTIPEAETSIOT PACUETHYIO KPUBYIO O€3pa3inyus



OTpaXKaroMyr0 OTHOLICHUA IPCAINIOYTCHUSA, XaPAKTCPHBIC IJIsI OTACIbHOI0O MHAWBHU-

ayyMma.
Ha rpaduke onTumanbHbIi M1aH MOTPEOIECHUS COOTBETCTBYET TOUKE KACAHMS

OI0IPKETHOM TIPSIMON U KPUBOU O€3pa3inyusl.
Ee xoopauHaThl, T.€. 3HAYCHUS (Xf : Xg), ONPEACIIAIOTCS IMTyTEM HaXOKICHUS
YJaCTHBIX TIPOU3BOIHBIX (PYHKITHI

ITocne HeCIOKHBIX HpCO6pa3OBaHHﬁ HNMEEM
D b D b
B b +b, P, b +b,

0o 0
Honyuennsie dynximn (X7, X5) u ectb PpyHKIME crpoca.

OHM OTpaXxaroT ONTUMAJIbHBIN pa3Mep NOoTpedsIeHns IPOAYKTOB, OOecrieurnBa-
IOLUI MaKCUMYyM TOJIE3HOCTH B paMKaX OIO/PKETHOTO OTpaHUuYEHUs MPH 3aJaHHbIX
L[CHaX.

[Ipu pacuere BenuuuH A u B MOXXHO BOCIONB30BaThCsA TaOIMLEH BCIOMOra-
TEJIbHBIX PaCUETOB.

Huxe npuBoaaTcst pacyeTsl JUisl UMEIOLIUXCS TaHHbIX.

Tabmuma 2.1
Pacuet ¢pynkumn 6e3paznuuus

| x| Inxg =Yy | N X5 = Yai yiiyai yai®

1 2,9 1,065 13,5 2,603 2,172 6,776
2 3,0 1,099 12,0 2,485 2,731 6,175
3 50 1,609 7,5 2,015 3,242 4,060
4 7,0 1,946 6,0 1,792 3,487 3,211
5 | 10,0 2,303 50 1,609 3,706 2,589
6 | 12,0 2,485 4,5 1,504 3,137 2,262
7 1123 2,509 4,6 1,526 3,829 2,329

2.y, =13016 2. Y, =13534 | > y1y, =23,504 > y22 = 27,402

Omnpenenum kodpdunnentsr A u B ¢ ucnonszoBanuem MHK:



>y, _ 13,016 _ 1850: g, = >y, _ 13534
n 7 n
Yy, —YiXY, 23,504 —1,859 13,534

=1,933;

Y1 =

A=y +B-y; B 2 - ~1,334;
Voo Vo — 2V, 1,933.13,534 — 27,402
A=1859+1334.1933=4438: b =1 - N18 _ 4651,
A 4,438
b, =b,B =0,651-1,334 = 0,868.
b
U =18 =2800; "9 =339, L =075
b, b,
Tabmuma 2.2
Omnpenenenre pacueTHON KpUBOM Oe3pa3naus
b, rerINU - Iy pacy

i g Xy Yai = K - E Yai Xai Xy
1 0,799 2,53 12,569 2,9
2 0,824 2,505 12,253 3,0
3 1,207 2,122 8,354 50
4 1,459 1,87 6,491 7,0
5 1,727 1,602 4,967 10,0
6 1,864 1,465 4,333 12,0
7 1,882 1,447 4,253 12,3

OKOHYATENbHO MOJTYYaeM:
xO—B- b 100 0,651 B
! 7R b+b, 5 0,651+0,868
D b, 100 0,868

P, b+b, 10,3 0,651+0,868

8,571

=5,548.

X3 =

TEMA
«KOHOMETPUYECKOE MOAEJIMPOBAHUE»

3apaua 1. 3BecTHBI pacxo/ibl HA KOHEUHOE OTPEOJICHHE U COBOKYITHBIH J10-
xon (yci. enl.) ceMeit 3a 9 ner.

Pacxompt Ha notpebnenne: Y, : 34; 35; 35; 37; 38; 39; 41; 43; 44.
Cosokynubiii oxon X : 37; 39; 38; 39; 41; 42; 44; 47; 45.

Tpebyercs uccnenoBaThb TECHOTY M CHIIy CBSI3M MEXAY 3THUMU BPEMEHHBIMU
psAIaMH.



Pemenmne.
KoppensimmoHHO—perpecCHOHHBIN aHAIU3, MPOBEACHHBIM IO WCXOJIHBIM JIaH-
HBIM PSIIOB, IPUBOJIUT K CIEIYIOIIUM PE3yJIbTaTaM:

Vi =—3,62+1,02%; r, =0,967; rg, =0,934.
KoadduureHT aBToKoppesiuu MepBoro mopsjaka mno psjay pacxojaoB Ha KO-

HevHoe notpebnenue Fyyr) = 0,932,

Ananornunblii Ko>phUIHEHT psisa COBOKYIHOTO 10X0Ma Fyy[1] = 0,938 .

MOXHO MNpPEAnoJIOKNUTh, YTO IOJYYEHHBIE PE3YIbTATHI COJEPKAT JIOKHYIO
KOPPEJAIUIO BBHUIY HAIWYWS B KaXJAOM W3 PSIOB JUHEHHOW (WIM ONHM3KON K
JIMHEHHON) TeHICHIIUH.

[IpumeHnM MeTOA yCTpaHECHUSI TEHACHIMU PAla O OTKJIOHEHUAM OT TPEHJA.
PesynbpraTel pacueTta TMHEWHBIX TPEHAOB 110 KaXIAOMY Py AAlOT YPaBHEHUS:

Vi =31,94+1,3t; 13 =0,973;
X, =35,42+118t; r2 =0,894.

[To >TUM TpeHJIaM OIpEACIMM pacuCTHBIC 3HAYCHHMS U OTKJIOHCHHS OT TPCH-
0B (Tadn.7.1).

[TpoBepHM MOTYUYEHHBIC OTKIIOHCHUS OT TPEHIOB Ha aBTOKOPPEIISITHIO.

KosddurmeHTsl aBTOKOPpEIAIMA IIEPBOTO TOPSAIKA I10 OTKIOHEHUSM OT
TPEHIOB COCTABJISIOT:

Caxanq] = —0:082; Fyyaypy = 0,275.

CrnenoBaTenbHO, BPEMEHHBIE PSIIbI OTKJIOHEHHUH OT TPEHIOB MOXKHO MCIOIB30-
BaTh I TOJIy49CeHHUs KOJIMYECTBEHHOW XapaKTEPUCTHKU TECHOTHI CBS3M HMCXOJHBIX
BPEMEHHBIX PSAJI0OB PACX0/I0B Ha KOHEUHOE MOTpedIeHre U 00UIero J0XoAa.

Koa¢¢puuueHT Koppemsiiun 110 OTKIOHEHUSIM OT TPEHI0B  axAy = 0,34 (xo-

> uureHT KOPPENSALMK [0 HCXOAHBIM YPOBHSM PANOB Iy = 0,967),

BaKJ'HO‘-IaeM, YTO CBA3b MCIKAY paCcXodaMH Ha HOTpe6J'IeHI/Ie N COBOKYIIHBIM O0-
X04OO0M IIpsAMad U TCCHad.

Taomuna 1
TpeHmoBass KOMIIOHEHTA U OIMMOKAa BPEMCHHBIX PSIIOB
Bpems, t | Yy X Vi X Yi — Yt X — %t
1 34 37 33,24 36,60 0,76 0,40
2 35 39 34,54 37,78 0,46 1,22
3 35 38 35,84 38,97 -0,84 -0,97
4 37 39 37,14 40,15 -0,14 -1,15
5 38 41 38,44 4133 -0,44 -0,33




6 39 42 39,74 42,52 0,74 0,52
7 41 44 41,04 43,70 0,04 0,30
8 43 47 42,34 44,88 0,66 212
9 44 45 43,64 46,07 0,36 1,07

Pe3ynbpTaThl MOCTPOCHHUS MOJIETN PErpecCHy MO OTKIOHEHUSM OT TPEHIOB
cleAyIoIIue:

Vi — Vi) =-5,19-10" +0,3372(% — % ); 2y =0,402.
t — Yt t — %t AXAY

CopnepxarenpHasi MHTEpIPETALUS apaMeTPOB ATON MOJIENH 3aTpyAHUTENIbHA,
OJIHAaKO MOJIEJIb MOYHO HMCIIOJIb30BaTh JIJIsl IPOrHO3UPOBAHMS,
Jlis 3TOr0 HE0OXOAUMO OIpPENEIUTh TPEHI0BOE 3HaueHUE (HPaKTOPHOTO MPHU-

3HaKa Xt U C IOMOIOBIO OJHOI'0 U3 MCTOAOB OLCHHUTH BCIMYHHY ITPCAIIOIAracmMoro

OTKJIOHEHHS (PAKTUYECKOTO 3HAYEHUS OT TPEHIOBOTO (Xt - X )
Jlanee mo ypaBHEHHMIO TpeHAA JJIA Pe3yJbTaTUBHOIO MPHU3HAKA ONPEAEISIIOT
TPEHIIOBOE 3HAYEHUE Yt , a [0 YPABHEHHIO PETPECCHH MO OTKIOHEHHUSIM OT TPEHIOB

HAXOZAT BEJIINYMHY OTKIIOHEHHS ( Yi — Vi ) :

o np
Toueunblit IIPOrHO3 @aKTH‘{eCKOI‘O 3HAa4YCHUA yt I10 (bOpMYJ'IG

it =V +(¥t - V).

3agauya 2.

[Ipoananu3upoBaTh 3aBUCUMOCTb MEXIY psSAaMu W3 Ipumepa 1, UCmonb3ys
JUTS 9TOTO TIEPBBIE PA3HOCTH.

Pemenne.

Boeruncinm nepBbie pa3HOCTH BPEMEHHBIX psiioB (Tabi.7.2).

ITomyuennsie psaasl Ay; u AX; HE COAEPKAT aBTOKOPPEIIALMU.

Nx OyaeM MCHOb30BaTh BMECTO MCXOJIHBIX JAHHBIX ISl U3MEPEHUS 3aBUCH-
MOCTHU MEX]Iy pacxoJlaMHi Ha KOHEYHOE MOTPEOJIEHUE U COBOKYITHBIM JJOXOJIOM.
KoadgdunmeHT Koppesiiuy 3TUX PSAI0B IO IMEPBBIM PA3HOCTSIM COCTaBIISCT Be-

munHy axay = 0,598,

DT0 MoATBEp)KIaeT BHIBOJA O HATMYMKM TECHOM MPSMOMN CBS3U MEXKIY pacxojia-
MU Ha TIOTPEOJICHUE U COBOKYITHBIM JIOXOJIOM.
Tabmanma 2
[TepBbic pa3HOCTH BPEMEHHBIX PSIOB
pacxoI0B Ha KOHEYHOE MOTPEOICHUE M COBOKYITHOTO J0X0a

Bpewms, t Y Xi Ay AX

1 34 37 — _




2 35 39 1 2
3 35 38 0 -1
4 37 39 2 1
5 38 41 1 2
6 39 42 1 1
7 41 44 2 2
8 43 47 2 3
9 44 45 1 —2
KoadduumeHT aBToKOppeIIsIIuy epBoro mopsijakKa -0,167 -0,412

[TocTpoeHue ypaBHEHHSI PErpecCUU 3aBUCUMOCTH PACXO0JI0B HA KOHEYHOE MO-
TpeOJeHUEe OT COBOKYMHOIO JI0XO0Ja MO MEPBBIMU PA3HOCTAM MPHUBOJUT K CIEIYIO-
IEMY YPaBHEHUIO PEIPECCHUH:

Ay; =1+0,25Ax; R?=0,357.

[TapameTpam JaHHOTO YpaBHEHUSA (B OTIMYUE OT YPABHEHUSI PETPECCUU TIO OT-
KJIOHCHHSIM OT TPEH/1a) JIETKO JaTh UHTEPIPETALIHIO.

[Ipu u3mMeHeHuu npupocTa Aoxoaa Ha 1 j.e. IpUPOCT MOTPEOIICHUS U3MEHSIET-
csa B cpeanem Ha 0,25 n.e.

Mertop nocienoBaTeIbHBIX PA3HOCTEH UMEET JIBa CYIIECTBEHHBIX HEIOCTATKA!

1) mpuMeHEHHE METOJIa CBSA3aHO C COKpAIllCHUEM YHCja IMap HaOIIOACHHM, 110
KOTOPBIM CTPOUTCSI YPaBHEHHUE PETPECCUU, U, CIIeIOBATEIBHO, C TOTEPEH Unciia cre-
TIeHEH CBOOO/IBI,

2) UCIIOJIb30BaHUE BMECTO MCXOIHBIX YPOBHEH PSIOB UX MPUPOCTOB MIIH YCKO-
pEeHUl IPUBOJUT K MOTEPEe MHPOPMAIIUU, CONECPKAIICHCST B MCXOIHBIX JAHHBIX.

3apaua 3. IlocTpouTh ypaBHEHUE PETPECCHU, OMHUCHIBAIONIEE 3aBUCHUMOCTh
pacxomoB Ha KOHEYHOE NOTpediieHne Y; OT COBOKyMHOro noxona X; u (axrtopa

BpeMeHH u3 npumepa 1.

Pemenne.

JUis pacdera napaMeTpOB YpPAaBHEHUS PETPECCUU MOYKHO BOCIOJIB30BATHCS
OOBIYHBIM METOJIOM HAaUMEHBIINX KBAJIPaTOB U PEIINTh COOTBETCTBYIOILLYIO CUCTEMY
JIMHEWHBIX YPABHEHUM.

B pe3ynbpTaTe pacueToB ypaBHEHHE PErPECCUM TPUMET BU/T

yt :20+0’4Xt +0,90t+gt

NuTtepnperanus napaMeTpoB 3TOTO YPaBHEHHUSI CIEAYIOIIasl.

[Tapametp b1 = 0,34 yka3sIBaeT Ha TO, YTO MIPH YBEIMICHUH COBOKYITHOTO JI0XO-
na Ha 1 j1.e. pacxo/ibl HA KOHEYHOE TTOTpeOsIeHre BO3pacTyT B cpenneM Ha 0,34 1.e. B
YCJIOBHUSAX CYIIECTBOBAHUS HEM3MEHHOW TEH/ICHIINH.

[Tapamerp b, = 0,90 o3nauaet, uTo BO3aAEHCTBUE BCeX (PAKTOPOB (KpOME COBO-
KYITHOTO JI0X0J1a) Ha pacXo/ibl HA KOHEUYHOE MOTpeOIeHUE MPUBEIET K €ro CpeHEro-
n0BOMY abcosroTHOMY npupocty Ha 0,90 1.e.



3agaua 4.

[IpoBepuTh THNOTE3Y O HAIMYMHU ABTOKOPPEISILIMM B OCTATKaX JJII MOJIEIH 3a-
BUCHMOCTH Pacxo0J0B Ha KOHEYHOE MOTPEOJIEHHE OT COBOKYITHOTO J0XO0Ja, MOCTPO-
€HHOM I10 IEPBBIM Pa3HOCTSIM MCXOJHBIX IIOKA3aTENEN B IpUMeEpeE 2.

Pemenne.

B npumepe 7.2 ObLI0 TOJYYEHO CIEYIONIEE YPABHEHUE PETPECCHUU:

Ay; =1+0,25 Ax;.

Pacuet xputepus Jlapouna — YoTcoHa AJi1 MOJEH 3aBUCUMOCTH TTOTPEOICHUS
OT JI0X0JIa TPECTaBICHBI B Ta0.7.2.

daxTuueckoe 3HaueHue kpurepus JlapOuna — YOTCOHa i 3TOW MOJAENHU CO-
craBisieT BenmuuHy: Dy = 4,625/2,25 = 2,06.

Cdopmynupyem rurnoTesb:

Hg — B ocTaTkax HeT aBTOKOPpEISAIHY;

H 1 — B OCTAaTKaX €CTb IIOJIOKUTCIIbHAA aBTOKOPPEIIALM,

%
Hq — B ocTaTKax ecTh OTpHUIIATENbHAS aBTOKOPPEIIIIHS.
3amanuMm ypoBeHb 3HaunMoctu & = 0,05.
[To Tabnuuam 3Hauenuii kpurepus lapouna — YorcoHa onpeaenum (i uucia
HaOJt0IeHUH n = 8 U YKcia HE3aBUCUMBIX IIEPEMEHHBIX MOJIe M = 1) KpUTHUECKHE
snadenus: D,,1 =0,700 u D, > =1,356.

Tab6ania 4
Pacuer xputepus Jlapouna — YoTtcona
Bpems, t | Ay, Ax; Zyt &t & — &1 (gt - &4 )2 gtz
1 _ _ _ _ _ _
2 1 2 1,50 —0,50 — — 0,2500
3 0 -1 0,75 0,75 —-0,25 0,0625 0,5625
4 2 1 1,25 0,75 1,50 2,2500 0,5625
5 1 2 1,50 -0,5 -1,25 1,5625 0,2500
6 1 1 1,25 0,25 0,25 0,0625 0,0625
7 2 2 1,50 0,50 0,75 0,5625 0,2500
8 2 3 1,75 0,25 —0,25 0,0625 0,0625
9 1 —2 0,50 0,50 0,25 0,0625 0,2500
Cymma 10 8 10 0 1 4,6250 2,2500

dakTnueckoe 3HAUCHHUE DH = 2,06 monagaer B MpOMEKYTOK OT Dsz bi (o)
4 — Dsz .



CJ'ICI[OB&TCJILHO, HET OCHOBAHUH OTKJIOHSTH TUII0TE3Y HO 00 OTCYTCTBHUHU aAB-

TOKOPPEJSLNU B OCTaTKaX.

Cyl1ecTBYIOT ClIEAyIOIIME OTPaHUYeHusl Ha IpuMeHeHue kpurepust JapOuna
— YorcoHa.

1. Kputepuii lap6buna — YoTcoHa HENPUMEHUM K MOJEISM, BKIIIOYAIOLIUM B
KayeCTBE HE3aBUCHMBIX IIEPEMEHHBIX JIarOBbIC 3HAYEHMsI PE3YJIbTaATHBHOIO IPU3HAKA
(To ecTh kK MopensM aBToperpeccun). s TecTUpoBaHUS Ha aBTOKOPPEISALUIO
OCTaTKOB MOJIEJIeH aBTOPETPECCHH UCTIONB3yeTcs kpuTepuii h lapOuHa.

2. Meronuka pacuera W HUCMOJb30BaHuA Kpurtepus [lapouna — VYorcona
HaIlpaBJ€Ha TOJbKO HAa BBISBICHUE ABTOKOPPEISLUUU OCTATKOB IEPBOIO MOPSIKA.
[Ipun mpoBepke OCTAaTKOB Ha aBTOKOPPEISLHUIO 00Jiee BBICOKHX IOPSAKOB CIEAYET
MPUMEHSTH JPYTUE METOBI.

3. Kputepuii [JapOuna — YoTcoHa JaeT JOCTOBEPHBIE PE3YIbTAThl TOJBKO IS
00JBIINX BBIOOPOK.

B 3TOM cMbIci€e pe3ysbTaThl IpuMepa 4 Hellb3sl CYUTaTh JOCTOBEPHBIMU BBULY
MaJjioro 4ucia HaOJoAeHUH 7 = 8, IO KOTOPBIM MOCTPOEHA MOJEIb PETPECCUU.

3agaua 5.

NwmeroTcs 1Ba BpEMEHHBIX psilia Xiu Y (t =1n ).

HccnenoBath B3aMMOCBSA3b ATUX psiioB. Heobxoaumo:

1. CKIII0YUTh TEHICHIIMIO BPEMEHHBIX PSAJIOB, UCMOJIb3YS: METO OTKJIOHEHUS
OT TPEH/IA; METOJI MOCJEIOBATEIBHBIX PAa3HOCTEW; METOJ BKIIFOUCHUS B MOJENb pe-
rpeccuu (haKkTopa BPEMEHH.

2. OueHUTh aBTOKOPPEIALIMIO B OCTATKAX.

3. [IpoBepuTh TMIOTE3Y O KOMHTETPALIMU UCCIIEIYyEMBIX PSJIOB.

n
4. BBINOJHUTE MPOTHO3 psifa Y, npu ypoBHeE psga X " =12x,.
Mcxomuble JaHHBIE 334 IPUBEIEHBI HIKE B TAOIULIE:

y, | 37|38 |40 |41 44 147 | 49|52 |54 |57 |60 61|69 73|74 76

X, 10,3/10,8|11,3|11,4(12,312,4{12,9|13,1|13,6/13,8/14,3|15,4|15,5|15,8| 18 |18,5

Pemenmue.
KoppensimoHHO—perpecCHOHHBIN aHAIN3, MPOBEACHHBIN MO WCXOJIHBIM JaH-
HBIM PSIIOB, TPUBOJIUT K CIEIYIOUIMM PE3yIbTaTaMm:

y, =—18,67+5,34x,: I, =0973; r *=0948.

My xy

1. Mckar0ounM TEHAEHIMI0 BPEMEHHBIX PSIOB, UCIOJIB3YSI METOM OTKIOHCHHUS
oT TpeHaa (Tadn.5.1).

[TonyurM ypaBHEHHS PETPECCUU OT BPEMECHH:

y, =31,03+2,76t. r;=0979,
X =95+05t. r;=095




PaccunTanHble 10 ypaBHEHUSIM 3HaYSHHS 3aHeceM B Tabi.7.5.1
KoaddurmeHTs! aBTOKOPPENSALUU B OCTaTKaX MEPBOTO MOPsIAKa

Vgt = 0,46

Veyeya]

=0,95,

ABTOKOppeILMs B OCTaTKax NEPBOr0 MOPSAJKAa MPEIIOJIaraeT, 4To KaKJbIid

CJICYIOIIUI YPOBEHBL OCTATKOB €; 3aBHCHT OT MPEABLIYIIEro YpoBHA &4 (Ta06:1.5.1)

Haiinem ypaBHeHHE perpeccuu MEXTy OTKIIOHEHUSMHU:

£, =0014+0972,; T

exey

0,076

X

r =0,276

OTO CBUJAETEIBCTBYET O TOM, CBS3b 3HauuMMasi, 0€3 JI0)KHOW KOoppesiuuu (He

y4YUTBhIBaeM (PakToOp BpEMEHH).

Tabmura 5.1
PacueT ypaBHEHHS perpecCHH METOJOM OTKIIOHEHUH OT TPEH/IA.

t Xt Yt Y, X, Ex =YY | &x =X X
1 10,3 37 33,79 10 3,21 0,3

2 10,8 38 36,55 10,5 1,45 0,3

3 11,3 40 39,31 11 0,69 0,3

4 11,4 41 42,07 11,5 -1,07 -0,1

5 12,3 44 44,83 12 -0,83 0,3

6 12,4 47 47,59 12,5 -0,59 -0,1

7 12,9 49 50,35 13 -1,35 -0,1

8 13,1 52 53,11 13,5 -1,11 -0,4

9 13,6 54 55,87 14 -1,87 -0,4

10 13,8 57 58,63 14,5 -1,63 -0,7

11 14,3 60 61,39 15 -1,39 -0,7

12 15,4 61 64,15 15,5 -3,15 -0,1

13 15,5 69 66,91 16 2,09 -0,5

14 15,8 73 69,67 16,5 3,33 -0,7

15 18 74 72,43 17 1,57 1

16 18,5 76 75,19 17,5 0,81 1

W CKITI0YMM TEHICHIINIO BPEMEHHBIX PSAIOB, UCIOJB3Ys METO/] IOCIEA0BATEIIb-
HBIX Pa3HOCTEN.

Ecnu psii COMEP)KUT JIMHEHHYIO TEHICHIIUIO, TO €€ MOXKHO YCTPaHHTb, B3SB
nepBbIe Pa3HOCTH psja (Tad.5.2):

Ayt =¥ — Y.

Torna noxxHast Koppemnsiius OyJeT yCTpaHEeHa, €Clid B PErpecCuu paccMaTpu-
BaTh 3TU Pa3HOCTHU.
ABTOKOPpEJISILMS IEPBBIX PA3HOCTEN PSAOB COCTABUT BEIUUUHY:

r, ~0,058: Ty = 0,21,

yAy[1] —
OTO 03HAYAET, YTO ABTOKOPPENSLUS MPAKTUIECKH OTCYTCTBYET.



[Tonmyyaem ypaBHEHHE PETPECCUM:

Ay, =337 -14AX, .
B nannom ypaBHeHuu koddduiument — 1,4 mokaspiBaeT M3MEHEHHE Ayt 3a

cuer AX,, a kosddurment 3,37 nokassBaeT u3MeHenne AY 3a cueT mpounx dakTo-

pOB.

KoaddumuenT nerepMuHanum 1aHHOTO ypaBHeHUs paseH 0,2.

WckmiounM TEHJIEHIIMIO BPEMEHHBIX PSIIOB, UCIOJIb3Ys METO] BKIIIOUEHUS B
MOJEIb perpeccuu (pakTopa BPEMEHHU.

[To maHHBIM TpeX CTOJOLOB 3HAYEHU: {, X;, Y MOTYUYUM CIEAYIOIIee ypaBHe-
HHUE MHO>KECTBCHHOM JINHEWHOMN PETPECCUU:

y, =21,79+0,97x, + 2,28t

Tabmanma 5.2
Pacuer nepBeIX pazHoCTEN PAAOB

t Xt Vi Ay, AX,
1 10,3 37 — —

2 10,8 38 1 0,5
3 11,3 40 2 0,5
4 11,4 41 1 0,1
5 12,3 44 3 0,9
6 12,4 47 3 0,1
/ 12,9 49 2 0,5
8 13,1 52 3 0,2
9 13,6 o4 2 0,5
10 13,8 S5/ 3 0,2
11 14,3 60 3 0,5
12 15,4 61 1 1,1
13 15,5 69 8 0,1
14 15,8 73 4 0,3
15 18 74 1 2,2
16 18,5 76 2 0,5

Moem caenatb BBIBOJI, UTO 3aBUCUMOCTD 3HAUYCHUH Yt OT 3HAYECHHM Xi, XapaK-
tepusyercs kodpduruentom 0,97, a ot 3HaueHut t — kodpdunuentom 2,28.

daxTop BpeMEeHH OKa3bIBaeT OOJIbIlIEE BO3ICHCTBIE HA U3MEHEHHE Y, ueM (hak-
TOP X.

2. O1ieHUM aBTOKOPPEIIAIINIO B ocTaTKax (Tadi.5.3).

ABTOKOppeJISLMs B OCTaTKax MEPBOro MOpsAJKa MPEIoyaraeT, 4To KaKJbIid

CJICTYIOIIUNA YPOBEHb OCTAaTKOB &£; 3aBHCHUT OT MPEABIAYIIEro ypoBHS &¢3. Bo Bpe-

MCHHBIX pAaaax 4acTo Ha6J'IIO)IaCTC$[ ABTOKOppCALNHMA B OCTAaTKax, 4YTO MCKaXXacT MO-
ACJIb B3AUMOCBS3H.



Jlyis ompejelieHnss aBTOKOPPEIAIMU B OCTaTKaxX HCIOJIb3yeM Kputepuit Jlap-
OuHa—Y 0TCOHA.

DH ~ 2(1_ rgz[l]) .
0<D, <4

BriaBunem runoresy Hy: aBTokoppensanus pasHa 0.
[IpoBepuM rumnoTe3y 0 HAIMYUU aBTOKOPPEISALIMU B OCTATKaxX Uil YPABHEHHUS

A, =337 -LAAX,.

Tabnuma 5.3
Pacuet kpuTepusi aBTOKOPPEISAILUU B OCTATKAX PSAIOB

t Ayt AX, Ay, & = Ay, — Ay,
1 — — _ _

2 1 0,5 2,67 —1,67

3 2 0,5 2,67 —0,67

4 1 0,1 3,23 —2,23

5 3 0,9 2,11 0,89

6 3 0,1 3,23 —0,23

7 2 0,5 2,67 —0,67

8 3 0,2 3,09 —0,09

9 2 0,5 2,67 —0,67

10 3 0,2 3,09 —0,09

11 3 0,5 2,67 0,33

12 1 1,1 1,83 —0,83

13 8 0,1 3,23 477

14 4 0,3 2,95 1,05

15 1 2,2 0,29 0,71

16 2 0,5 2,67 —0,67

Brruuciennbiii koodpumuent Dy = 1,81 = Ty = 0,095,

[To TaGnumam 3naueHuit kputepus apOuna—YoTcoHa ompeneaum (s yucia
HaOmroaeHuit N = 16 — 1 = 15 u yncna HE3aBUCUMBIX MEPEMEHHBIX M = 1) Kputuye-
CKH€ 3HAYCHMUS:

D,, =108 4y D

dakTHuueckoe 3Hauenne D

, =136

momnagaeT B npoMexytok D,,, 1o 2.

Kp

"
CrnenoBarenbHO, OTKIOHSIEM TUIIOTE3Y Hp U, ClIeI0BaTENbHO, aBTOKOPPEIIALIUS
OTCYTCTBYET.
3. IIpoBepuM runore3y 0 KOMHTErPALMKU UCCIIEAYEMBIX PSIOB.
[Ipumenum kputepuit DHrens—I panrepa st TPOBEPKU TMIOTE3bI O KOMHTE-

rpaiy BpeMEeHHBIX psifoB Xy u Y (Tabm. 5.4).



BeinBenem runoresy Ho: KOMHTETpaluy BpeMEHHBIX psiioB X; U Y, Her.
PaccmoTpum ypaBHEHUE PErpecCUM BUIA:

y, =—18,67 +5,34x, .

Tabmmma 5.4
[IpoBepKa TUIOTE3BI O KOMHTErPALMU MCCIENYEMBIX PSATOB
t Xt Yt Y & =YY Ag, =& — &4
1 10,3 37 36,332 0,668 -
2 10,8 38 39,002 -1,002 -1,67
3 11,3 40 41,672 -1,672 -0,67
4 11,4 41 42,206 -1,206 0,466
5 12,3 44 47,012 -3,012 -1,806
6 12,4 47 47,546 -0,546 2,466
7 12,9 49 50,216 -1,216 -0,67
8 13,1 52 51,284 0,716 1,932
9 13,6 54 53,954 0,046 -0,67
10 13,8 57 55,022 1,978 1,932
11 14,3 60 57,692 2,308 0,33
12 15,4 61 63,566 -2,566 -4.874
13 15,5 69 64,1 49 7,466
14 15,8 73 65,702 7,298 2,398
15 18 74 177,45 -3,45 -10,748
16 18,5 76 80,12 -4,12 -0,67

Bocronb3oBaBiimch pe3yiibTaTaMy TaHHOW TaOJHIlbI, IOJTYYUM YpaBHEHUE pe-

I'peCCUU OCTATKOB & .
As, =—0,231+0,86¢, ;.
b

dakTH4ecKOe 3HAaUeHUE 1—KpUTEpUs (T wo o ), paCCYUTAHHOE TIO JTAHHBIM
b

YpPaBHEHUS PETPECCHU, PABHO

0,86

T = =
" 0,258

Tak kak nony4eHHoOe (PaKTUYECKOE 3HAUEHUE MO aOCOIIOTHOW BEIMYMHE IIpe-

BBIIIACT KPUTHIECKOE 3HAUCHUE T 2r(0,05) — 1,9439 1o ¢ BEPOSITHOCTHIO 95% MOXKHO

OTKJIOHUTDb THIIOTC3Y H() H CACJIaTh BBIBOJ O KOMHTCIPpAIUMK BPCMCHHBIX PAAOB Xt "

Y.

np
4. BBIIIOIHUM TIPOTHO3 psiia Y,  MpuU 3aJaHHOM YPOBHE UCXOJIHOTO psJia



X™® =12x =12-185=22,2.

[lo ypaBHEHHMIO, TOJIyYEHHOMY METOJIOM BKIIIOUEHHUS B MOJI€NIb PETPECCHU
(dakTOpa BpeMeHH,

y, =21,79+0,97x, + 2,28t
nipu t = 17 cienaeM nporHos paga Y,

y,” =2179+0,97-22,2+2,28-17 = 82,084 .

3agaua 6.

N3BecTHBI pacxoabl HA KOHCYHOC HOTpC6JICHI/I€ y, U COBOKYHHBIﬁ JO0XO0I Xt

(TeIC. pYO.) cemeit 3a 15 nmer. [IpoBeputh rumoTe3sy 0 HATMYUU ABTOKOPPEISIIIMUA B
ocTaTKax Ui MOJEIH 3aBUCUMOCTH Pacxo/I0B Ha KOHEYHOe MOoTpelseHne OT COBO-
KYITHOTO JTI0OXO0/a.

Pacxomer (Y): 54; 58; 58; 60; 61; 62; 64; 66; 67; 69; 70; 70; 73; 74, 74.
Hoxonsl ( X,): 58; 61; 61; 62; 64; 64; 67; 70; 71; 72; 74; 76; 80; 81, 84.
Pemenne.

KoppensimoHHO—perpecCHOHHBIN aHAIN3, MPOBEICHHBIN M0 UCXOJHBIM JaH-
HBIM PsII0B, IPUBOJIUT K CICIYIOLIMM PE3yJIbTaTaMm:

y, =11,38+0,77x,; I, =0,983; r* =0,967
KoaddunreHT aBToKOppesaiuy B 0OcTaTkax NepBOTo MopsaKa
o = 0,63
ABTOKOppeNSmus B OCTaTKax MEPBOTO TMOPSAKA MPEArosaraet, 4YTo Kax bl
CIICAYIOIINI YPOBEHb OCTATKOB &; 3aBUCHUT OT MPEABIIYIIEro YPOBHSA &4 (Tabdu. 6.1)

Tabwnia 6.1
PacueTsl I OLIEHKH aBTOKOPPEISIMU B OCTaTKaX

t Xt Yt Yi & =Y Y, Ag, =& —& 4
1 58 54 56,04 —2,04 —

2 61 58 58,35 -0,35 1,69

3 61 58 58,35 0,35 0

4 62 60 59,12 0,88 1,23

5 64 61 60,66 0,34 -0,54

6 65 62 61,43 0,57 0,23

7 67 64 62,97 1,03 0,46

8 70 66 65,28 0,72 -0,31

9 71 67 66,05 0,95 0,23

10 72 69 66,82 2,18 1,23

11 74 70 68,36 1,64 -0,54

12 76 70 69,9 0,1 -1,54




13 80 73 | 72,98 0,02 —0,08

14 81 74 | 73,75 0,25 0,23

15 84 74 | 76,06 —2,06 —2,31

[TpeoOpasyem ucxoausie mepemernbie X; u Y; k Buay (1a6:1.6.2):
X =X = Xig - Tepp
Yi =Y = Y Vepp

YpaBHEHHUE perpeccuy NPUMET BUL:
y, =a +bx, +¢,.

YPaBHCHI/Ie HC COACPKUT aBTOKOPPCILIINUU U IIPCAIIOJIAracTrcsia, 4To HE COACP-

JKUT TPpCHAOB.

CrnenoBatenbHO, 111 HOBBIX MepeMeHHbIX X; U Y, o0brunbiM MHK Haitnem

kodpdunmentel & u b.

* *
3HaveHus MpeoOpa3oOBaHHbIX MepeMeHHbIX X; U Yt .

Tabaunia 6.2

t X; Yi

1 _ _

2 24,38388 23,90913
3 22,48995 21,38388
4 23,48995 23,38388
5 24,85863 23,12126
6 24,59601 23,48995
7 25,9647 24,85863
8 27,70207 25,59601
9 26,80813 25,33338
10 27,17682 26,70207
11 28,54551 26,43945
12 29,28288 25,80813
13 32,02026 28,80813
14 30,49501 27,9142
15 32,8637 27,28288

Wcxonas u3 NaHHBIX TaOJIHIIBI, TTOTydYaeM KO3 PUITMEeHTHI
a’ =876ub=06L.
Torna: yt* =8,76 + 0,61Xt* + 8:.

[Tepecuntaem kodpdurmeHt a mo hopmyre:



a-_ & _ 876 .04
-1, 1-0,63

Torna ypaBHeHHE perpeccuu NpuMeT BUJI:
y, = 23,68+ 0,61x, + 6‘: _

KoadduumeHT nerepMuHanum 1js 3Toro ypaBHenus pases 0,863.
PerpeccroHHbI aHaIU3 3aBUCUMOCTH PACX0/I0B Ha KOHEUHOE MOTPEeOIEHHE OT
J0X0/1a TO3BOJIJI IOJYYNUTh YPABHEHUE PETPECCUU B BUJIE:

Y, =11,38+0,77X, + &,.

[IpumenuMm kputepuii DHrens—I panrepa [uisi MPOBEPKU THIIOTE3bl O KOWHTE-

rpaiuy BpeMEHHBIX psoB X, u Y.

Briasuraem runoresy Ho: Kounrerpanuu psagos X; u Yy Her.
Bocnosib30BaBIIKCH pe3yabTaTaMu PacueToOB, MOJIYYUM YPABHEHUE PETPECCUU
OCTaTKOB & .

Ae, =—0,238+0,559¢, ,.

dakTudeckoe 3HaueHHE 1 — KPUTEPHs, pACCIMTAHHOE 10 JaHHBIM YpaBHEHUS
perpeccuu, paBHO

= 9,559 =2,175.

H
'

Tak Kak monaydeHHOe (aKTHUECKOe 3HAYCHUE MO abCOMIOTHON BEIMUHMHE IIpe-
BBINIAET KPUTHUECKOE 3HaUeHUE [ 505 = L9439, To ¢ BeposTHOCTBIO 95% MOMKHO

OTKJIOHUTB TUIOTE3y Hy W caenarh BbIBOJ O KOMHTETPALMM BPEMEHHBIX PSAIOB JOXO-
Jla U pacxo/I0B Ha KOHEYHOE NoTpedIieHue.
DTOT ke BBIBOJ NOATBEPKAAETCS U KpuTepueM Japouna—Y oTcona.
dakTUYeCKOe 3HAYEHUE ISl 3TOTO KPUTEPHS COCTABIISIET:

D, =2(1—r,4)=2(1-0,63) =0,74.

[To Tabnumam 3naueHuit kputepus JapOuna—YoTcoHa ompeneaum (s yucia
HaOmoaeHuit N = 15 — 1 = 14 u yKcna HE3aBUCUMBIX MEPEMEHHBIX M = 1) Kputuye-
CKH€ 3HAYCHMUS:

kal 21,06 u DKpZ :1,35 }

dakTrnyeckoe 3HayeHue D, momajgaer B IpoMeKyTok oT 0 1o DKpl.

CrnenoBaTenbHO, OTKIIOHSIEM TUTIOTE3Y Ho U, ClieI0BaTeNbHO, BPEMEHHBIE PSIbI
J0X0/1a U MOTpeOJIeHUSI KOUHTETPUPYIOT.



TEMA
«MOJIEJIJMPOBAHUE ®UHAHCOBBIX OIEPAIIUI»

3amaua 1.

Breimana ccyna B 120 teicsiu pyoOuseit Ha 30 met mox 9% roxoBbix. JleOuTtop
(TomKHUK) 0053aH €KEMECIYHO BBIIJIAYUBATH PABHBIMH JOJSIMH JOJIT BMECTE C TIPO-
neHtamu. KakoBa cymma exxeMecsyHOro riarexa?

Pewmenue.

Mecsunbie poleHThl cocTaBisitoT 1/12 rogossix, T.€. (9/12) = 0,75%. Cymma

MCCAYHOI'O IIIaTCXKa SM€C PaCCYUTHIBACTCA U3 YCIOBUSA, UTO 4YUCTAA COBPCMCHHAA

BEJIMYMHA MTOTOKA IUIaTeXXel paBHa HYJIO, T.€. yKa3aHHas B JOrOBOpE CTaBKa JI0JKHA
COBMAJIaTh C MECAYHOM () (HEKTUBHON CTAaBKOM MOTOKA MJIATEKEH.
JIOJKHO BBIMONHSATHCS COOTHOIIEHNE
¥ 1 1—(1,0075) 3
S©0)=-120 + 5. S — 1 _g. g UZWOOTSITH 5
- ' 0,0075
(0 :

S e =965 pyOnei.

3agaua 2.
Ccyna B 10 ThICSIU pyOsiert Beimana nmon 12% romoBeix. TpeOyeTcs exemecsiu-

Has orviata no 130 py6. u BbIIIaTa ocTaTKa J0NTa S, B KoHIE cpoka B 10 mer. Ka-

KOB OCTAaTOK J0JIra IPUAETCS MIaTuTh yepe3 10 net?

Pemenne.

Tak kak cTaBka MOHUMAETCS Kak A((PEKTUBHAS, TO AOJKHO BBINOTHATHCS
YCIIOBHE PABEHCTBA HYJII0 YUCTOM COBPEMEHHOW BEJIWYMHBI IMOTOKA IJIATEKEH.
JIO>KHO BBITIOJHATHCA COOTHOILICHUE

120 l 1
S(0)=-10000 + S, 48, —==0;
o @d+r,,.) A+r,,.)
1—(1,01)7*%°

+S,(1,01) "% = 10000.

Nmeem cootHomenue 130

Yepes 10 net npuaercs 3amnatuts S, = 3099 py6ueil.

3agaua 3.
PaccunraTh mroparuu MOTOKOB INIATEKEH CO CTOPOHBI MHBECTOpA M JIeOUTOPA.
ITpoananu3upoBaTh NOJIYUYEHHBIE PE3YILTATHI IO CIICAYIONECH HHGOPMAIIIH:

JIH1 OKuaHus,

L 30 60 90 | 120 | 160 | 200 | 312 | 365 | 730 | 1460
[11aTexu,

ThiC. pY0., S; | 120| -85 | 98 | 95| 75| 80 | 50 | 120 | 140 | 250




Pemenmne. Jlroparuio noToka miaTexeid HaxoauM 1o ¢popmyiie:

35, (0}

_ =l
Dur i vE—

>.5i(0)
i=1
rae {; —Bpems oxupaHus i—To miaartexa,
S;(0) — npuBesieHHas K HYJI€BOMY MOMEHTY BPEMEHH BEJIMYMHA I-TO IJIaTexka:

S.

S;(0)= :
(©0) 1+t

Ipensapurenbro Boraucaus 3uadenus S;(0), momyunwm:

1. Miopamus st neduropa:
Dur, = (117,84:30 + 81,99-60 + 92,89-90 + 88,51-120 + 68,32-160)/
/(117,84 + 81,99 + 92,89 + 88,51 + 68,32) = 85 nueii.
2. {ropamus 1j1s1 ’HBECTOpA:
Dur, =(71,29-200 +41,99-312 + 98,36:365 + 96,81-730 + 132,12-1460)/
/(71,29 +41,99 + 98,36 + 96,81 + 132,12) = 741 nueit.
@opMaIbHO 3TO O3HAYAET, YTO BECH MOTOK IUIATEXKEH, MOITYUYEHHBIX 3aEMIIU-
KoM 3a nepuof ¢ 30—ro no 160 neHb ¢ Hayana IeUCTBUS KOHTPAKTa, PABHOCHIIEH T10
CBOMM YKOHOMHYECKUM IMOCIEJACTBUAM JIsl 3aéMIIMKA MOJTYYEHUIO UM BCEU CYMMBI
€IMHOBPEMEHHO, B 85—i1 ICHb JICVCTBUS KOHTPAKTA.
JInst mHBECTOpa BO3BPAT KPEAUTA U MPOIEHTOB 3aéMIIIMKOM PAaBHOCHJIEH TMOTY-
YEHUIO BCE CyMMBI B 741—i1 1eHb OT Havana JEMCTBUS KOHTPAKTA.

3anaua 4.

Cymmsr 20, 30 u 40 TbIC. pyO. TOJKHBI OBITH BHITUIAYE€HBI COOTBETCTBEHHO Ye-
pe3 50, 60 u 150 nueit. CTOPOHBI COrIaCUINCh 3aMEHHUTh UX OJIHUM IIJIATEXKOM B pa3-
Mepe 100 TeIC. py0. ¢ OTCpOUYKOM BBHITLIATHI Jojira. KakoB meproj OTCPOYKH, SCIU
OaHKoBCcKas cTaBka cocTaBisieT 10% ro/10BbIX MPOCTHIX?

Pemenne.

CoBpeMeHHasi CTOMMOCTh 3aMEHSIEMBbIX TUIATEXKEH COCTaBUT

-1 -1 -1
S(0) =20- l+ﬂ-0,1 +30- 1+ﬂ-0,1 +40- 1+@-0,1 = 87,7 eIC. PYO.
365 365 365

Torna

KOH

:i M—l zi &—l =1,404 rona = 512 nuei.
r,\S(0) 0,1\ 87,7



3agaua 5.

CroumocTts obopynoBanus cocrasisieT 45000 momtapos.

Cpok nu3unra — 30 mecsiies.

Mecsiunas Hopma noxoaHoctd — 1%.

PaccmaTpuBaroTcs 5 BapuaHTOB JIN3UHTA.

1. TlomHOE TOTaIIeHNE CTOMMOCTHA OOOPYIOBAaHUS OCYIIECTBISIETCS B KOHIIC
Ka)KJIOTO MECslla paBHBIMU CyMMaMH.

2. IlpenycMaTpuBaeTcsi YIBOCHHBIN IUIATEK B MEPBOM MECSIE U OCBOOOXKIe-
HUE OT IJIaTeXa B MOCTIEIHEM.

3. B Hauvasie cpoka JM3WHTra MPOU3BOJIUTCS aBaHCOBBIM muiaTex B cymme 6000
JI0JIJIapOB, OCTAJIbHBIE TUIATEKU — B KOHIIE KaXKJIOTO MECSIa PaBHBIMU CyMMAaMH.

4. ApeHpmatop MMeEeT IpaBO BBIKyNaTh UMYIIECTBO B KOHIIE CpPOKa IO IIEHE
7000 monmapoB. OcTanbHbIE MIIATEXKU B KOHIIE KAKIOTO MECsIla PaBHBIMU CyMMaMH.

5. IIpenycmarpuBaercst aBanc B cymme 6000 qoiutapoB U MpaBo BBIKYNA B KOH-
e cpoka nu3uHra no nese 7000 momnapos.

OnpenenuTs pa3Mep €XKEMECTUHBIX TUIATEKEN B KaXKIOM BapUaHTE.

Pemenne.

Bce mnaTexu — moCTHYMepaHIo0.

HNmeem napaMeTpsl JIM3UHTA:

S,e, =495000; n=T =30; r=0,05; A=6000;K,,, = 7000/45000=0,16; k =2.
1. BeruncnuMm K03 PUIMEHT pacCpOUYKH JIM3UHTOBBIX TUIATEKEN JIJIS TJIaTexeN
ITIOCTHYMEPAH/O:
r 0,01
Kpac - Tn T 30
1-(1+r) 1-(1,01)
Torna pasmep €XeMeCSYHOIO IJIaTeXa MOCTHYMEPAH10
S.) = Sy - Ko =45000-0,03875 =1743,75 siom.
Ecnu nnaTexu BHOCATCS BHauaje KaXI0ro Mecsia (MpeHyMepaHio), To:
1 1
K =—"1 =0,03875-—— =0,038366.
PO 1-A+r)™" Q1+ 01
S,, =45000-0,038366 =1726,47 nomn.
2. IIpu yIBOGHHOM IJIATEKE B IEPBBIN MECHII;

S o6y 45000

Sea:(K—l)V+a ol B 1
e (2_1).1,01+a29;1

B mepBeiit Mecsir Oynet mpormtadeHo 3454,12 nommapos.
3. IIpu aBance B 6000 nosutapos:

S,, = (S5 — 4)- K. = (45000 —6000) - 0,03875 = 1511, 25 gouu.

4. Ocrartouynas uexna B 7000 gomiapoB COOTBETCTBYET KO3(PPUIMEHTY OcTa-
tounoit croumoctu K, =0,16.

=0,03875.

=1727,06 mon.

obwy

Torz[a CKCMCCAYHDBIC INNIATCXKHN COCTABAT.



a 1+r

n;r

S 1- K . (1)”
obwy ocm 1+ r l n
Sed = So6u4 l_ Kocm ) (—j ) Kpac =

= 45000(1— 0,16 - (1,01)°) - 0,03875 = 1536, 75 nou.
5. Ilpu aBance B 6000 nomtapoB u ocratounoi croumoctu B 7000 momiapos
€KEMECSYHBIC MIATEKU COCTABSIT:

1 n
S _11-K | — 1| |[-A
oﬁm[ ocm (1+rj j

Se: =
0 a

n;r

= (45000 (1-0,16-(1,01)*)- 6000) .0,03875 =1304, 25 non.




