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BBEAEHUE

JIrobast nesATenbHOCTh YKOHOMHYECKON CUCTEMBI B arpONPOMBIIUICHHOM
KOMILIIEKCE, OCOOCHHO B YCIIOBHUSAX PA3BUTHUS PHIHOYHBIX OTHOIICHHH, OIpe-
nensiercss 3QQEKTUBHBIM HCIONB30BAHUEM HWMCIOIIUXCS MAaTCPUATBHBIX,
TPYAOBBIX, JHEPTETHYCCKUX, (DUHAHCOBBIX M HMH()OPMAIIMOHHBIX PECYPCOB.
CoBpeMEHHBIN 3Tall 3KOHOMHYECCKOTO Pa3BUTHS CTPaHBI MPEIBSBISCT K
CIIEITUAIACTY BBICOKHE TPEOOBaHUS IO HCIIOIH30BAHUIO HOBEHINHUX JTOCTH-
JKEHUI HAyKW JJIsl OTIEPATHBHOTO U JIOCTOBEPHOT'O aHAIN3a, TUTAHUPOBAHHS
Y TIPOTHO3UPOBAHMSI.

B kypce nexiuii u3maratoTcsi OCHOBHBIC TIOHATHS M MPUHITUIIBI TIOCTPO-
€HUS SKOHOMETPUIECKUX MOJIENICH, MPUHATHUS PEeIIeHUH O crienuuKaIiy u
UACHTU(DUKAIIMA MOJICIH, BBHIOOpAa METOJIA OICHKH MapaMeTPOB MOJCIIH,
UHTEPIPETANUU PE3yIbTATOB, MOIYYCHHUS MPOTHO3HBIX PE3YJIbTATOB, YME-
HUS J]aBaTh CTATHCTUYECKYIO OIICHKY 3HAYMMOCTH TaKHX HCKaKAIOIIMX
3¢ (eKTOB, KaK TeTePOCKEAACTHYHOCTh OCTATKOB 3aBUCHMOMN MEPEMEHHOM,
MYJIbTHKOJUTHHEAPHOCTD OOBSICHSIONIUX TIEPEMCHHBIX, aBTOKOPPEIISAIIUH.

Takke XapakTepu3yeTcs HCIOIb30BaHUE JIMHEHHOTO MPOTpaMMUpPOBa-
Hus B s5koHOMUKe AIIK, nmokaseiBaeTcs IpUMEHEHUE alropuTMa CUMILIEKC-
HOTO METOJa, CYITHOCTh JIBOMCTBEHHBIX OIICHOK Ha OCHOBE COCTAaBJICHUS
JIBOMCTBEHHOH KOHOMHKO-MaTEeMaTH4eCKO# 3amadm, oOpamaercs BHUMa-
HHUE Ha POJIb METO/IA TIOTCHIINAJIOB TIPH MTOCTAHOBKE TPAHCIIOPTHBIX 3a/1ad.

3HAYNTENBHOE KOJMYECTBO TEM ITOCBAIICHO HanOoliee pa3pabOoTaHHBIM
1 3QPEKTUBHO MPUMEHSAEMBIM Ha MPAKTHKE SKOHOMHKO-MAaTEMaTHICCKUM
MOJICJISIM MEXOTPACJICBOTr0 OallaHca, MacCOBOTO OOCITY)KUBAHUSI, YIpaBic-
HUS 3a1acaMu, TCOPUH UIP, aHATHM3Y U OLeHKE 3P PEKTUBHOCTU MHBECTHUIIH-
OHHBIX MPOCKTOB, CETCBOMY IUIAHMPOBAHUIO U YIPABJICHUIO. TeMbl JeKIui
PACIIOJIOKEHBI C YYETOM Pa3BUTHUS MPOLECCOB B arpOIPOMBIILICHHOM KOM-
IUIEKCE HAIICH CTPaHBI.

Takum o0pa3oM, MpeACTaBICHHBIN JCKIIMOHHBIN MaTepuall HalpaBlicH
Ha OBJIQJICHWE CTYIESHTAMH METOIOJOTHYECKHUMH aclleKTaMH HaydyHOW pa-
OOTBI, KOTOPBIE OJKHBI HAWTH OTpaKeHHE B CcrieN(hUKe KOHKPETHBIX KO-
HOMHYECKHX UCCIIEJIOBaHUN U ()OPMHUPOBATH HABBIKK K UX MTPOBEICHUIO.

VIMeHHO M3 3TUX MPUHIUITHAIBHBIX MMO3UIAN U TPEAIaraeTcs Kype JeK-
i « 9KOHOMETPHUKA U SKOHOMHUKO-MaTEMaTHIECKHE METOABI 1 MOJICTN, B
KOTOPOM H3YyYarOTCs OCHOBBI ONTHMAJBHOTO TMPHHSATHUS YIPaBICHYCCKHX
peleHuit.



1. TEOPETUYECKHE OCHOBBI D KOHOMETPUYECKOI'O
N 3KOHOMUKO-MATEMATHYECKOI'O
MOJEJIUPOBAHUA

1.1. ITonsATHE YKOHOMETPUKH H YKOHOMETPHIECKOTO MOJETHPOBAHNA,
IKOHOMHKO-MaTeMAaTHYECKHEe METOABLI M MOJIeJIH
s ontummzanuu B AIIK

Ha3Banue «3koHOMETpHKa» OBLIO BBEJACHO B 1926 T. HOPBEKCKUM KO-
HOMHCTOM W CTaTUCTHKOM Parrmapom @pwurieMm (MMEIOTCS CBEACHHS, UTO
AHHBIA TepMHH mosiBrUIcS eme B 1910 r. Ha oCHOBaHMM JPYTOW KOHIIETI-
un). DopManbHO «IKOHOMETPHKA)» 03HAYACT «M3MEPEHHUS B YKOHOMHKE).

DKonomempuxka — 3mo Hayka, Komopas Ha 6aze CMAMucCmu4ecKux
OaHHBIX Oaem KOJIUYeCMEEHHYI0 XAPAKMEPUCMUKY 63AUMO3ABUCUMBIM IKO-
HOMUYECKUM ABIEHUSIM U NPOYECCaM.

CIoBO «IKOHOMETPHKA» MPOU30LUIO OT JABYX CJIOB: «IKOHOMHKa» U
«MeTpuKa» (0T Tped. «KMETPOH» — MPABUIIO ONPEEICHUS PACCTOSHHS MEX-
Iy IBYMSI TOYKAMH B TIPOCTPAHCTBE, «KMETPHSD» — H3MEPCHHE).

3apokaeHre SKOHOMETPUKHU SBISIETCS CIIEACTBUEM MEXAWCIUILTHHAP-
HOTO TOJX0Aa K M3YYCHHIO YKOHOMHKH. DKOHOMETPHKA MPEICTaBISICT CO-
0ol coueTaHme mpex HayK:

1) sKOHOMHYECKOH TeOpHH;

2) MaTeMaTU4YeCKOH U SKOHOMUYECKON CTAaTUCTHKH,

3) MaTeMaTHKH.

Ha coBpeMeHHOM »3Tame pa3BUTHS HAYKH HEOTHEMJIEMBIM (PaKTOPOM
Pa3BUTHS SKOHOMETPHUKH SIBISIETCS Pa3BUTHE KOMITBIOTEPHBIX TEXHOJIOTUN U
CTIEIUATBHBIX MTAKETOB MPUKIIATHBIX MPOTPAMM.

OCHOBHBIM NPEOMEemoM UCCe008aHUST IKOHOMEMPUKY SBISIFOTCS Mac-
COBBIC SKOHOMHUYECKHUE SIBJICHUS U MPOIIECCHI.

DKOHOMETPUKA CTABHUT CBOESH IEIhI0 KOJTMUECTBEHHO 0XapaKTepH30BaTh
T€ YKOHOMHYCECKUE 3aKOHOMEPHOCTH, KOTOPhIC 3KOHOMUYECKAasi TCOPHUS BbI-
SIBIISICT U OTIPEJISIISICT JIUIIE B O0IIEM.

AHanu3 YKOHOMHYECKHX IMPOILECCOB U SBICHUN B SKOHOMETPHUKE OCY-
IIECTBJISIETCS. C MOMOINBI0 MAaTEeMAaTHYECKUX MOJEJCH, MOCTPOCHHBIX Ha
SKOHOMETPHUYECKUX MOICTBIIMPUUCCKUX HaHHBIX. [IpakTH4eckd Bce KO-
HOMETPUIECKUE METOJBI U TPHUEMbI U3yUeHHS SKOHOMHUECKHUX 3aKOHOMEp-
HOCTEH 3aMMCTBOBAaHBI U3 MaTeMaTHYeCKOW cTaTUCTHKHU. Crienuduka mnpu-
MEHEHHSI METOJIOB MaTeMaTHYECKOH CTATUCTUKH B DKOHOMETPHKE 3aKITI0da-
€TCS B TOM, YTO MPAKTHYECKU BCE DKOHOMUYCCKHE IMMOKA3aTeNH SBISIOTCS



BEJIMYMHAMH CIIyYailHBIMH, a HE Pe3ylIbTaTaMH KOHTPOJIHPYEMOTO 3KCIIe-
pHUMeHTa.

IToaTOMy CyIIECTBYIOT ONpEAEICHHbIE YCOBEPUIEHCTBOBAHUS U JIOMOJI-
HEHHUSI METO/IOB, KOTOPBIE B MaTeMaTHUECKOH CTaTUCTUKE HE MCIOJIB3YIOT-
csi. Hepenko skoHOMHUUECKHE TaHHBIE CO/IEPKAT OIIMOKH H3MEPEHHUS.

B axoHOMeTpuke pa3pabaThIBalOTCs CHENUAIBHBIE METOJbl aHajH3a,
MO3BOJISIIOINNE YCTPAHUTh MJIM CHU3UTH BIMSHHE 3THUX OMIMOOK Ha pe3yib-
TaThl HKCTIIEPUMEHTOB. TakuM 00pa3oM, SKOHOMETPHKA Yepe3 MaTeMaTHde-
CKHE M CTAaTHCTHYECKHUE METOJIbI aHATU3UPYET SIKOHOMHUYECKHE 3aKOHOMEP-
HOCTH, JOKa3aHHbIE YKOHOMHYECKON TEOPHUEIL.

K ocnosubim 3a0auam sxkoHoMempuku OMHOCAMCL:

* IOCTPOEHHE HKOHOMHYECKHX MOJENIEH B MaTeMaTHuecKod Qopme,
yIOOHOH 111 3KOHOMETPUUECKOT0 MOJEIBIMPHUUECKOTo aHanu3a (mpoobie-
Ma crenu(uKanum);

* OTIpesieTICHNE TapaMeTPOB ypaBHEHUS (3Tall apaMeTpU3alIin);

* IPOBEpKa KauecTBa HallIEHHBIX MapaMeTpPOB MOJENN U CaMOM MOJEIH
B 11e710M (Bepudukanms);

¢ UCIIOJIB30BAHUC TMOCTPOCHHBIX MOI[eHeﬁ JUIA 00BsACHEHHUS IIOBCACHU S
nccIeyeMbIX SKOHOMHUYECKHX TTOKa3aTeei, MpOrHO3NPOBaHUS U TpeJCcKa-
3aHHS, OCMBICJICHHOTO ITPOBEJICHNS] SKOHOMUIECKOW TOJINTHKH.

[ToBenenne n 3HaUCHHWE YKOHOMHYECKHX ITOKa3aTeNe 3aBUCIT OT Oec-
KOHEYHOTro uucia ¢axTopoB. OOBIYHO JIMIIL OTPAaHMYCHHOE KOJIMYECTBO
(haKTOpOB AEHCTBUTEIHHO CYIIECTBEHHO BIMAET Ha MCCIEIYeMbIH 3KOHO-
MHUYECKHH TOKa3aTenb. DKOHOMUYECKass TEOpHsl BBISBMIIA M HCCIIEIOBANA
SHAYUTCIIBHOC YHUCJIO YCTOABIINXCA U CTaOMIIBHBIX CBSI3Ei MCXKIY pasjany-
HBIMH ITIOKA3aTCIISIMHU. Haan/IMep, XOpOoI1I0 M3YyYCHHBIMU ABJIAIOTCA 3aBUCH-
MOCTH CIIPOCa WU MOTPEOICHNS OT YPOBHS JOXOA U IIeH Ha TOBAphI; 3aBH-
CHUMOCTh MEXIY YPOBHIMH 0e3paboTHIBI U HHOIISINAN; 3aBHCUMOCTh 00Be-
Ma TIPOM3BOJICTBA OT IENOTO psaa (akToOpoB (pa3Mepa OCHOBHBIX (POHIOB,
UX BO3pacTa, KauecTBa MEpPCOHaNa U T. J.); 3aBUCHMOCTh MEXIY IPOU3BO-
JIUTEJILHOCTBIO TPY/a M YPOBHEM MEXaHU3AIMH, a TAK)KEe MHOTHE JIpyTHe.

OpHAaKoO B pealbHBIX CUTYalMsAX Ja’ke YCTOSBIIHECS 3aBHCHUMOCTH MO-
T'YT NPOSIBISITECS 1MO-pasHoMy. Eme Goiiee CII0KHOM sBIsIeTCs 3ajja4a aHa-
7132 MaJION3yYCHHBIX U HECTAOMJIBHBIX 3aBUCHMOCTEH, IIOCTPOCHUE MOJIe-
Jed KOTOpBIX SIBJISETCS 3ajadeldl SKOHOMETPUKU. Takue SKOHOMHYECKHE
MOJIETI HEBO3MOXKHO CTPOUTH, IPOBEPSITH M COBEPIICHCTBOBATH O€3 CTATH-
CTHYECKOTO aHAJIN3a BXOISIINX B HHUX INEPEMEHHBIX C HCIIOJIb30BAaHHEM
peanbHBIX CTATUCTHUCCKUX NAHHBIX. VIHCTpyMEHTapHeM Takoro aHalIHu3a
SIBISTFOTCSI METOBI CTATHCTHKH M SKOHOMETPHKH, B YACTHOCTH PErpecCHOH-



HOTO M KOPPEISIIMOHHOTO aHanu3a. CieqyeT UMeTh B BHIY, YTO CTATHCTH-
YEeCKUil aHaJM3 3aBUCUMOCTEI caM 110 cebe He BCKPBIBAET CYIIECTBO IIPH-
YHHHBIX CBSI3€l MEXAy SBICHUSMH, T. €. HE PelIaeT BONpoca, B CUITy KaKHX
IPUYMH OJ{HA NEPEMEHHasl BIMsET Ha Apyryo. Pemenue takoil 3agauu sB-
JSIeTCsl Pe3yIbTaTOM KaueCTBEHHOTO (COIepKaTeIbHOr0) 3yYeHNUs CBSI3eH,
KOTOpO€ 00sI3aTeNIbHO JIOJDKHO JIMOO IMPEeNIecTBOBATh CTATHCTHYECKOMY
aHaJM3Yy, 1100 COMPOBOXKAATH €TO.

Cymb peepeccuonnoeo ananusa. B cirydae GpyHKIHOHAIBHOMN 3aBHCHMO-
CTH Ka)KJIOMY 3HAYE€HHUIO OJHOM NEPEMEHHON COOTBETCTBYET €IUHCTBEHHOE
3HaueHue Apyrod. OJHAKO MEXAY SKOHOMUYECKHMH TEPEMEHHBIMHU TaKHX
3aBHCUMOCTeN HeT. Hanpumep, HET CTPOroi 3aBUCHMOCTH MEXIY JO0XOJ0M
U TIOTpeOJICHHEeM, LIEHOH U CIIPOCOM, MPOU3BOAUTEIBHOCTBIO TPYAA U CTa-
’KeM paboThI U T. 1. ITO CBSI3aHO C LEJBIM PSAOM MPUYKH. Bo-niepBhIxX, npu
aHaINU3€ BIMSHUS OJHOM IIEPEMEHHOM Ha APYryH HE YUUTBIBACTCS LIEJIBIH
psn Apyrux (GakTopoB, BIUSIIONIMX HA HEE; BO-BTOPHIX, 3TO BIHSIHUE MOXKET
OBITH HE MpPSIMBIM, a MPOSBIITECS uepe3 IENoYKy APYrHX (akTopos;
B-TPEThUX, MHOTHE TaKUE BO3JEHCTBUS HOCAT CIy4ailHbIA XapakTep u T. [I.

[TosTOMY B 9KOHOMHKE TOBOPAT HE 0 (DYHKIMOHAIIBHBIX, & 0 KOppeasiyu-
OHMbIX, MO0 cmamucmuyeckux, 3aBUCUMOCTIX. HaxoxxaeHue, oneHka u
aHaJIM3 TaKMX 3aBUCUMOCTEH, MOCTpoeHHEe POPMYJI 3aBUCUMOCTEH 1 OIIeHKa
HX MapaMeTPOB ABISAIOTCS OJHUM M3 BaXXHEUIINX pa3fenoB SKOHOMETPHUKH.

Cmamucmuyeckot Ha3bIBAlOT 3aBUCHMOCTb, IIPH KOTOPOH HM3MEHEHHE
OJIHOW U3 BEIMYHH BJIeYET U3MEHEHUE PACIPEAEICHUS IPYrOM.

Koppensayuonnan 3asucumocmv — 4YaCTHBIM Cclay4yaill CTaTHCTUYECKOU
CBSI3H, IIPY KOTOPOM Pa3HbIM 3HAUCHUSIM NEPEMEHHON COOTBETCTBYIOT Pa3-
JINYHBIE CPEJIHUE 3HAUCHUS APYTrOl IMepeMEHHOM.

MoxHO yka3zaTh JBa BapHaHTa PAacCMOTPEHMS B3aUMOCBS3EH MEXIY
nByMs niepeMeHHBIME X 1 Y. B mepBoM cirygae o0e mepeMeHHBIe CUUTAIOTCS
PaBHOLICHHBIMH B TOM CMBICJIE, YTO OHHM HE IOJPA3JEIAIOTCS Ha MEpBHY-
HYIO ¥ BTOPHYHYIO (HE3aBUCHMYIO U 3aBUCHMYIO) IEPEMEHHBIE.

OCHOBHBIM B 3TOM CIy4ae SBJISETCS BOIPOC O HATUYMK U CUJIE B3aUMO-
CBSI3U MEXIY DTUMH IEepEeMEHHbIMH (HampuUMep, MEXAy LEeHOH ToBapa u
00bEMOM cCIIpoca Ha HEro, MeXIy ypojkaeM Kaprodens M ypokaeM 3epHa,
MEXy UHTEHCUBHOCTBIO JIBUXKEHUS TPAHCIIOPTA U YUCIIOM aBapHif).

IIpu uccnenoBaHUM CUIBI TUHEHHONW 3aBHCHMOCTU MEXIY TaKUMU Ie-
PEMEHHBIMH 00paIIAOTCs K KOPPEISINOHHOMY aHAJIN3y, OCHOBHOM Mepoi
KOTOpOro sBiseTCs KOI()(OUINEHT KOppensiluy. BrHonHe BEpOATHO, YTO
CBSI3b B 3TOM ClIydae BOOOIIE HE HOCHT HaNpaBJIeHHOTo Xapakrepa. Hampu-
Mep, YPOKalHOCTb KapToQens 1 36pPHOBBIX OOBITHO M3MEHSIETCSI B OMHOM U



TOM K€ HaNpaBICHUH, OJHAKO OYECBUAHO, YTO HU OFHA M3 3THUX HEpPEMEH-
HBIX HE SIBJISICTCS ONPEICIISIONICH.

Jlpyroii BapuaHT pacCMOTPEHHsI B3aMMOCBSI3€H BBIAEISIET OJHY M3 Be-
JUYMH KaK HE3aBUCUMYIO (OOBACHSIONIYIO), a APYIYI0 Kak 3aBUCHMYIO
(oOBsicHsieMyt0). B aTOM ciyuae n3aMeHeHHE NEpBOI W3 HUX MOXET CIIy-
KHUTh NPUYNHON 1J1s1 n3MeHeHus Apyroi. Hampumep, poct moxozna Bener K
YBEJIMYEHUIO NMOTPEOJICHNS; POCT LIEHBl — K CHIKEHHIO CIPOCA; CHIDKCHHE
MPOLEHTHON CTaBKH YBEIMYMBACT WHBECTHINH; yBEIHMICHHE OOMEHHOTO
Kypca BaJIIOTBI COKPAIAET 00BEM YHCTOTO HKCIIOPTA U T. 1.

OpHako Takasi 3aBUCHMOCTD HE SIBIISIETCS OHO3HauHOH. Kaxknomy KoH-
KPETHOMY 3HAUCHHUIO OOBACHSIOMEH MepeMeHHO# (Habopy OOBSICHSIOIIX
MIEPEMEHHBIX) MOXET COOTBETCTBOBATh HE OJHO, 2 MHOKECTBO 3HauCHHH
3aBUCHMOM NEpEeMEHHOU. [[pyruMu ciioBamu, KaxxJoMy KOHKPETHOMY 3Ha-
YEHUIO OOBSICHAIONICH NepeMeHHON (Ha0opy OOBACHAIOMIMX MEPEMEHHBIX)
COOTBETCTBYET HEKOTOPOE BEPOSITHOCTHOE paclpe/eiieHne 3aBUCUMOM Tie-
peMeHHOM (paccMaTpuBaeMoi Kak cilydaifHas BenuuuHa). [losTomy aHamm-
3UPYIOT, Kak 0ObsicHstomas (0OBICHSOIINE) NmepeMeHHas (IlepeMEHHBIE)
BiusieT (BIUSIIOT) Ha 3aBUCUMYIO IEPEMEHHYIO B CPEHEM.

UroObl HAWTH JIydIINEe BapHAHTHI OPTAHU3ALUH IPOLECCOB MM (PyHK-
LHOHUPOBAHMS OOBEKTOB B 3THX YCIOBHAX HEOOXOAMMBI CIICIHATbHBIE
METO/IbI, CIIOCOOHBIE YIeCTh 0COOEHHOCTH PA3BUTHS MPOIIECCOB M OOBEKTOB
BO BPEMEHH M MPOCTPAHCTBE NPH MUHUMAJIBHOM pPacXOJOBaHWU MaTEpH-
aNbHBIX U ACHEKHBIX CPE/ICTB, & TAKXKE BPEMEHH. TakMMH METOZaMHU MOTYT
OBITP MaTeMaTH4ECKHE, KOTOPBIC MPUMEHHUTENHHO INPEUMYIIECTBEHHO K
HSKOHOMHYECKMM 00bEKTaM (Ha HayalbHOW CTaAMU UX pa3pabOTKU M NpH-
MEHEHHS) MMOJIyYHIM Ha3BaHUE IKOHOMHKO-MaTEMaTHYECKHUX.

DKonomuko-mamemamuueckue mMemoosbl — 3TO IPOrpaMma BbIYHCIIE-
HUH, oOecrieunBarollas HaXOXKICHHE ONTHMAIBLHOTO BapUaHTa PpEIICHUS
3aga4yn. Ee ycnoBus 3amucaHbl B BUi€ ypaBHEHUI U HEPaBEHCTB, KOTOPBIE
B3aMMOCBSI3aHbl U, KaK CJIEACTBHE, 00pa3yloT CUCTEMY, IIe PElIeHHEe IOA-
YMHEHO MOCTIDKCHUIO EIM WM LENCBOM (YHKIWHM, 3alMCAaHHOW B BHUIE
YpaBHEHHUS.

TakuM 00pa3oM, HaXOKAECHUE ONTHMAIBLHOTO BapHaHTA Pa3BUTHS IPO-
necca wiu 0o0beKTa TpeOyeT Hanu4usi CHCTEMBl YPaBHEHHH M HEPABEHCTB,
OTMCHIBAIONINX TMOBEACHUE WM (PyHKIMOHUPOBAHHE OOBEKTA, IMOJIMHECH-
HOE OIIPEeIeIEHHON 1IeTIH.

B cBoto ouepenp cucrema ypaBHEHHH M HEPaBEHCTB SIBIISICTCS MaTeMa-
TUYECKMM aHAIOTOM OOBEKTa, YUNTHIBAIOIINM BCE Ba)KHEHIINE CTOPOHBI U
0CcOOCHHOCTH ero (pyHKIMOHMPOBAHMS, IO KOTOPOMY MOKHO HaiiTh



HAWTYy4YIIAH BapHaHT Pa3BUTHS 3TOTO 00BekTa. OYEeBHIHO, YTO 4YeM Je-
TaJIbHEE Mbl IIOHMMAaeM CYIIHOCTh M COJEp)KaHHE OOBEKTa, B3aUMOCBSI3H
€ro JIEMEHTOB M WX BIUSHHE HAa KOHEYHBIH Pe3yibTaT ACATEIHHOCTH N
(GyHKIMOHMpOBaHUWE O0BEKTa, TeM Oojee TOYHBIM U HPUEMIIEMBIM IS
MIPUMEHECHHS W peann3aliil Ha MPaKTHKE MOJTYIHUTCS perreHue. Takum 06-
pasoM, ONTUMAJbHOE pELICHHE MBI IMOJIyY4aeM B PaMKaxX COCTaBJICHHBIX
YpaBHEHHI U HEPaBEHCTB, T. €. OTPaHWYCHUN 3amaun. [Ipu 3ToM GopmMupo-
BaHHE M COZEP)KAHUE OIPAaHWYEHHH 3a/1a4u JOJDKHO MMOJUUHSATHCS TaKKe U
OTIpE/ICTICHHBIM TPEOOBAHMSAM, BBITCKAIOIIUM W3 TCOPHU OIpPEINCITUTENCH,
MaTpHL, BEKTOPHBIX IIPOCTPAHCTB, U3 OCOOCHHOCTEH M NPaBHJI COCTAaBIICHUS
YpaBHEHHI, HEPABCHCTB M WX cHcTeM. Hanbollee CyIecTBeHHbIE CBOWCTBA
peanbHOro 00BbeKTa (IPEeNNpUSITHS, €r0 TOAPA3IEICHUs, OTPACIU WU IIPO-
I[ecca) MOXHO OTPA3HUTh C TMOMOIIBIO0 MOJENH, KOTOPAas MMO3BOJISICT HMUTH-
pOBaTh IOBEJCHNE 00BEKTa B PA3IMYHBIX YCIOBHSX, BKJIIOYAs U TaKue, KO-
TOpBIE CBS3aHBI C OOJBIIUMHE 3aTPaTaMH PECYPCOB HITH PHCKOM.

B o61em cmbIcie ciioBa MOAENb — 3TO HEKOTOPBIN aHAJIOT TOW CHCTEMBI,
KOTOPOH MBI JOJDKHBI YIIPABIATH, TOTydas 3HAHUS M3 WCCIETOBAHUS JaH-
Horo aHajora. [Ipu 3ToM cienyer UMeTh B BHJLY, YTO CXOACTBO MEXIY MO-
JIENTBI0 ¥ OPUTHWHAJIOM HaONIoaeTcss B Hanboyiee CYIIeCTBEHHBIX YepTax ¢
TOYKH 3PEHUS LIEJIN UCCIICIOBAHUSL.

MareMaTHYeCKHEe MOJIENH, PUMEHSIEMBIE B SKOHOMUYECKHAX HCCIIEI0-
BaHMSX, MOJYYWJIM Ha3BaHUE «IKOHOMHKO-MaTeMaTrndeckux». OHHU SBIS-
10Tcs 9P (PEKTUBHBIM CPEACTBOM UTsI 0OOCHOBAaHUS ONTHMATBHBIX PEIICHUH.

DKoHomuko-mamemamuieckas mooenp — STO KOHIIEHTPUPOBAHHOE
BEIpaKEHHE HanOoJee CYIIECTBEHHBIX, BaXKHBIX CTOPOH MOJEIHPYEMOTO
o0bekTa MM Tpolecca, 3alUCaHHbIX B BHIE CUCTEMBbl OTpAaHMYEHHH, pa3-
JUYHBIX HEPABEHCTB, TOJYHMHEHHBIX I[eJICBON (DYHKIIHH.

Ilepemennbie (akTHdeckoro IudGpPoOBOro marepuana i MaTeMaTHue-
cKoif Monenu, pemrenue 3anad Ha [1K u BHeapeHue pe3ynbTaToB BBIYHCIIC-
HUS B IPOU3BOJICTBO HA3BIBACTCS MOOEIUPOGAHUEM.

OCHOBHOE Ha3HAYCHHE MOJICIH — CIY)KUTH CPEJCTBOM IO3HAHUS OpH-
ruHazia. [Ipu 3ToM ycTaHOBNIEHO, 4TO TpaduyecKkue, reoMeTpruIecKue 1 Gpu-
3MYECKHE MOJIENIA B SKOHOMHUKE PACIPOCTPAHEHBI HE TaK IMUPOKO, KaK Ma-
TeMaTH4YeCKHe. DTO CBSI3aHO CO CIEAYIOIIUMHU 00CTOSTEIbCTBAMHU:

a) UCTIOBb30BaHUE MATEeMaTHUYECKUX MoJeNell 00XOMUTCS 3HAYUTENIBHO
JIeIIeBIIe U TpeOyeT MEHBIIE 3aTPaT BPEMEHH. JTO SBCTBEHHO MPOSBIACTCS
[0 CPaBHEHUIO, HALIpUMEp, C IIPOBEACHUEM SKCIIEPUMEHTAIBHBIX CEBOO0O-
POTOB HJIM JKCHEPUMEHTAIBHBIX CHCTEM BEICHHS CEIILCKOTO XO3SHCTBA.
Hx ocBoeHue MMPOUCXOAUT B TECUHCHUEC MHOTHX JICT, Tpe6yeT 3HAYUTCIBbHBIX
(MHAHCOBBIX CPECTB, a 3()(HEKTUBHOCTH BHIHA YePe3 UIUTEIIbHBII IepHO;
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0) B MaTeMaTHIeCKOM MOJIENH JIF000€e SIBJICHHE, MTPOIIECC, 0OBEKT MOTYT
OBITh TIPE/ICTABJICHBI 0€3 BO3JECHCTBHS BHEITHUX (DAaKTOPOB, OCOOCHHO MpH-
POIHBIX, YTO HCKIOYAET BEPOSTHOCTh MOJYYCHHS HEMPEICKAa3yeMBIX pe-
3yJIbTATOB.

1.2. Knaccudukanusi 3IKOHOMHKO-MATEMATHIECKHX METO0OB,
IKOHOMHUKO-MATEMATHYECKAX H YKOHOMETPHIECKHX Mo/eei

[IpumensieMble SKOHOMHKO-MaTEMaTHYECKHE METOIBI MOXHO II0/pa3-
JIENTATH Ha JIBa BUAA:

a) onmumanvuvle. K MX YMCITy OTHOCSATCS CHMIUIEKCHBIH MeTox (BIiep-
BbIe omyOnIKoBaH B 1949 1. amepukanckuM ydeHbIM Jx. JlaHIiurom); me-
TOJI MOTCHITUANIOB (Y UCTOKOB ero pa3pabotku B 1940-¢ rr. ObLT cOBETCKHIA
yuensrii JI. B. KanrtopoBuu); nensra-meron; meron auddepeHnnantbHbIX
peHT; BeHrepckuii Metoj (paspaboran B 1931 r. BEHrepCKUM YYCHBIM
b. Orepsapn) u ap.

0) Heonmumanvhsie. TIpuMEpoOM JTaHHOTO BHAA MOXKET SIBISITBCS METOJ
anmpoxcuMaruy, uiM Porens, Tak Kak OH MO3BOJISET MOTy4yaTh PEIICHHUS,
ONMM3KHE K ONITUMAIHHBIM.

ITo cBOMM BO3MOXKHOCTSAM MaTEMAaTHIECKHE METOABI MOXHO YCIOBHO
pa3nenuTh Ha TaKue TPYIIIIEL:

a) yHusepcanivhvle, KOTOPHIE TIO3BOJIIOT PeIlaTh 3aa4d JIOO0TO THIIA.
Hanpumep, cummiiekcHblil METOS;

0) cneyuanvbHble, KOTOPBIE TO3BOJSIOT PEIIATH 3ala4d OIPEACICHHOTO
Tuna. Tak, 3a1a4d TPAHCTIOPTHOTO XapaKTepa B OCHOBHOM PEIIAlOTCs pac-
MPeJeTUTENBHBIM WM METOJOM IOTEHIMAJOB, a 33jada O Ha3HAuYCHHIX
peanu3yeTcsi BeHI€pCKUM METOJIOM.

ITo Buny pa3nuuarOT ypaBHEHHUS:

a) JuHeliHble, KOTOPBIE TIO3BOJIAIOT peIIaTh 3aJadH, 3alllCaHHBIC B BUIC
JIMHEMHBIX YPABHEHUM U HEPABEHCTB.

0) HenunHelinble, KOTOPBIE IMO3BOJLIIOT PEIIaTh 3aJadd, 3alMCaHHEIC B
BUJIC HEJIMHEHHBIX YpaBHCHHH M HEPaBCHCTB (IIEPEMCHHAs CTOUT B CTEIe-
HH, OTJIMYHOM OT 1).

DKOHOMHKO-MaTeMaTHUECKHe MOJIENH SBISIFOTCS 3(eKTHBHBIM cpen-
CTBOM JIJIs1 0O0CHOBaHHMS ONTHMANIBHBIX PEIICHHH.

ITo nenu co3manusa U peanu3aluu MOJIETEH pa3inyaroT CIEIYIOUIUE OC-
HOBHBIC WX THIIBI.

1. Onmumusayuonnvie. OCHOBaHBI Ha METOJAX JTUHEHHOTO IMPOTpaM-
MHpOBaHHA. Takne MOIENH TPENCTaBISIOT co00i CHcTeMy MareMaTHhde-



CKHX ypaBHEHUH W HEPABEHCTB, 00bETUHEHHBIX IEJIEBOM (DYHKIIHEH.

Ilens paHHBIX MoJenel — HAXOXAEHUE ONTHUMAJIbHOTO BapuUaHTa U3
MHOKECTBAa BO3MOJKHBIX HalpaBJIEHUH HCIOJIb30BaHUS OIPAaHUYEHHBIX pe-
cypcoB. HacTo 3Tu MOZEIH Ha3bIBAIOT SKCTPEMAIbHBIMHU, IOTOMY YTO B HUX
HaXOJAAT MaKCUMaJIbHOE WIM MUHUMAaJIbHOE 3HAaYEHUE KPUTEPHs ONTUMMU3A-
UM (HampuMep, MakCUMyM INpPHOBUIM, MakCHMyM CTOMMOCTH TOBapHOW
MPOAYKIUH UIH MUHUMYM H3JIEPXKEK U T. [1.).

2. bBanancogwle. VIX CymHOCTD — B3aUMOYBSI3Ka PAa3MUIHBIX OTpacien
AIIK u ycTpaHeHue AUCHPONOPLMM B UX pa3BUTUHM. BaxHoe MecTo 31ecCh
3aHUMaeT MoJeNb MekoTpacieBoro Oamanca (MOB), mpencraBmusromas
co0Ol cHCTeMy YpaBHEHWH, KaXI0€ W3 KOTOPBIX BBIpaXKaeT TpeOOBaHHE
OamaHca B pa3pe3e KaxIOH OTPaciy MEXAY MPOU3BOJMMBIM KOJIHIECTBOM
NPOJXYKIUHK U COBOKYITHOM MOTPEOHOCTBIO B 3TOH mponykuuu. B Gamanco-
BBIX MOJIETISIX OTPaciib paccMaTpUBAaeTCs C JABYX MO3ULMN: a) MPOU3BOI-
miast; 0) morpedssromas. [l pemeHns TaKuX 3a1ad YCJIOBHs CBOIATCS B
IaxXMaTHBIC KBaAPATHBIC MaTPUIIbI.

3. Oxonomempuueckue. lHorna ux Ha3bIBalOT SKOHOMHUKO-CTATHCTH-
YeCKMMH, TaK KaK MOIIHBIM HHCTPYMEHTOM 3KOHOMETPHYECKUX HCCIEI0-
BaHWH SIBJISIETCS alapaT MaTeMaTHYeCKOW CTATHCTHKH. DKOHOMETpHYUe-
CKasi MOJICJIb OITMCHIBAET KOJIMYECTBEHHYIO 3aBHCHMOCTH pe3ysbTaTra OT
BIIMSIHHS Ha HETO OZHOTO MM HECKOJIBKUX (haKTOPOB.

OCHOBHBIE 33/1a4H, PELIaeMble IIPU MCTIOIB30BAHUH JAHHBIX MOJEICH:

- IOCTPOCHHE ypaBHEHHS MaTeMaTHYECKOW 3aBHCHUMOCTH (3Tall CHEelu-
¢duxamn);

- OIIEHKAa ITapaMeTPOB MOJIYICHHONW MOJIENH (3Tall HapaMeTPHU3aIlHn);

- IPOBEPKA KauecTBa HallICHHBIX MapaMeTPOB M CaMOW MOJIENH B IEJIOM
(3Tan Bepudukanmm);

- MPUMEHEHNEe MOEIH ISl aHaM3a U TutanupoBanus B AITK.

ITapameTpel SKOHOMETPHUYECKUX MOJENECH OLEHHBAIOTCA C IOMOIIBIO
METOJIOB MaTeMaTH4eCKOW cTaTucTuku. HamOomee pacmpocTpaHEHBI 9KO-
HOMETPHYECKHE MOJIENH, TPEICTABISIONINE COOOW CHUCTEMBI PErpecCHOH-
HBIX ypaBHEHMH. B 3THX ypaBHEHMAX OTpa)kaeTcs 3aBUCHUMOCTb JHJOTCH-
HBIX (3aBUCHMBIX) NEPEMEHHBIX OT HK30TCHHBIX (HE3aBHCHUMBIX) IEPEMEH-
HBIX. JlaHHAs 3aBHCHMOCTb B OCHOBHOM BBIpaXKaeTcs 4epe3 TpeHa (Iiu-
TENbHYI0 TEH/CHIIMIO) OCHOBHBIX IOKa3aTeNlell MOAENIUPYyeMOi IKOHOMUYE-
CKOH cHuCTeMBbl. DKOHOMETPHUYECKHE MOJEIN MCIONB3YIOTCS Ul aHAIN3a U
MIPOTHO3UPOBAHMS KOHKPETHBIX 3KOHOMHYECKHX IPOIECCOB C MCIOJIB30Ba-
HHEM peaJbHOM CTaTHCTHYECKOH HHPOPMAaLIHH.

4. Hmumayuonunsie. CymecTBYIOT pa3IUYHBIE TTOCTAHOBKH M KOMOH-
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HalW¥ JaHHOTO THUMA MOAEieH (MMHUTAIMOHHBIC 3KOHOMETPHUIECKUE, UMH-
TAllMOHHBIE ONTHUMHU3AIOHHBIE, UMHUTAllMOHHBIE OanaHncoBeie). [Ipu pacue-
Tax 00BIYHO TpeOyeTcst NpOBeeHUE OONBIIOT0 KOJINYECTBA TOBTOPSIFOLIUX-
csl AeficTBU Ui o0ecrieueHns JIUTENILHOTO TIepHojia MOJSIMPYEeMOH Tie-
pemenHoii. [ToaTromy Oonee ynoOHBIM 1 3 PEKTUBHBIM CIIOCOOOM peLIeHHs
MMHTAIMOHHON MOJENH SIBIISIETCS €€ peaiu3anus B BUIE NPOrpaMMBbl WIN
MaKeTa MPUKJIaJHbIX MporpaMm uist DBM.

5. Kpome Toro, B arpapHOi 5KOHOMHKE HaXOAAT HIMPOKOE pacIipocTpa-
HEHUE MO0enU UCCIe006anun Onepayuil:

a) uzpoegvie. B AIIK yacTo mpuMeHSIOTCS MOJENN B BHAC CTATHCTHYE-
ckux urp. Mx CymHOCTb — ompesesieHne UrpOKOM (HCCIeloBaTeIeM) mpa-
BWJIHOTO TOBeseHHs. Llenmb perreHust JaHHBIX 3a/lad — BBIOOpP ONTHMAib-
HOM cTparteruu ¢ Hawrydmei ¢yHkuuer Beurpbima s JIIIP, T. e. nuua,
MIPUHUMAIOIETO peIlICHUE;

0) modenu ynpasnenus 3anacamu. B KoMMepUecKOW IeATENHHOCTH
AIIK npencraBisieT HHTEpeC YIpaBiICHHE TOBAPHBIMH 3allacaMi TOPTOBOIO
IPEeANPUATHS Ha OCHOBE JAHHOIO TUIa Mozenel. X cymHocTs — onpene-
JICHWE TaKOW OPraHU3aIlNH ITOCTABOK, IPH KOTOPOH CyMMapHbIE 3aTpaThl Ha
JIOCTAaBKY U XpaHEHHE TOBAPOB ObUIM OBl MHHHMAJIBHBIE.

ITpn mocTaHOBKE 3a/1a4M YYUTHIBAIOT TOBAPHBIN 3arac, Crpoc, MOpsI0K
TIOTIOJTHEHMS 3araca, u3fepkku. Llenp Takux mozpenell — yMeHbIIEHHE 3a-
TpaT IO 3aBO3Y M XPAHEHHIO TOBAPOB C YAOBICTBOPEHHUEM CIIPOCA KaXKIOTO
MOKYTIATEeJIsL;

B) Modenu maccoeozo oocayycusanus (MO). Ix npuMeHeHne BHI3BAHO
TeM, 9Tto B AIIK nMeeTcst HEOOXOIMMOCTD YIIOPSJOYCHHS IPOLIECCOB, CBA-
3aHHBIX ¢ 00pa30BaHHEM ouepene (JIFoAW, MAIIMHBL, CTAHKHA B SKCIIIyaTa-
un). CymHocTs Mozener MO — omnperesieHie ONTHMAaJIbHOTO YHCa KaHa-
JI0B 00CTIyXHMBaHUA (IIPOAABIIOB, ABTO3AIPABOK U T. 1.), IPH KOTOPBIX CyM-
MapHbIE U3AEPKKH, 00yCIOBICHHbIE MPEObIBAHIEM B OYEPEIN U IIPOCTOEM
00CIy)KHUBaIOIUX JTUHUH, ObITM OBl MUHUMAaNbHBIE. [Ipy ocTaHOBKE 3a7a-
YM YYUTHIBAIOT TaKHE DJIEMEHTHI, Kak TpeOoBaHue (3asBKa), KaHAJIBI 00CITy-
JKUBaHUS;

T) cemegvie moodenu. C UX MOMOILBIO MOJETUPYETCS MPOLECC BBIMOI-
HEeHUsl KomIiekca paboT Juis JOCTIIKEHHUS! ONpeNeNIeHHOW 1enu. JTa Mo-
JIeITb SIBJISIETCSI OCHOBHBIM 3JIEMEHTOM CHCTEMBI CETEBOTO TUIAHMPOBAHHUS U
ynpasienus (CIIY). Peammsammsa 3amad OCYIIECTBIISIETCS HA OCHOBE IIO-
CTpOeHHMs ceTeBbIX IpadukoB. Hame Bcero TpeOyeTcs HX yIydIIeHHE C yde-
TOM CPOKOB BBIIIOJHEHHS PabOT M PallMOHAILHOTO MCIOIB30BaHUS MAaTEpPH-
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AIBHBIX, TPYIOBBIX W JACHEXHBIX pecypcoB. ONTHMHU3AIUA IPOCKTOB B Ta-
KOM CJIy4ae MOXKET OCYIIECTBIISITHCS IO BPEMEHHU, CTOUMOCTH U pECypcam.

BBIIEISIFOT TPU OCHOBHBIX KJIACCA 9KOHOMEMPUUECKUX MOOEel.

1. Moneab BpeMEeHHBIX PsI/IOB.

Mojens npencTaBiIseT co00l 3aBUCUMOCTh PE3yJIbTATUBHOIO MPHU3HAKA
OT MEePEeMEHHON BPEMEHU WJIM NMEPEMEHHBIX, OTHOCSIIUXCSI K JIPYTUM MO-
MEHTaM BPEMEHHU.

K MonmemssM BpeMEHHBIX PSIOB, B KOTOPBIX PE3YyNbTAaTHBHBIN MPHU3HAK
3aBHCHUT OT BPEMEHHU, OTHOCSTCS:

a) Modenv mpenoa (MOAETHh 3aBUCHUMOCTH PE3YJIbTATHBHOTO INPH3HAKA
OT TPEHAOBOW KOMIIOHECHTHI):

y(t) =T (t) +&(t), (1.2)

rae Y(t) — pe3yapTaTUBHBIN NIPHU3HAK;
T(t) — BpeMeHHON TpeHJ 3aJaHHOrO IapaMeTpHYecKoro Buaa (Ha-
MIpUMep, THHEIHbIN);
&(t) — cnyuaiiHas (cToxacTHYecKas) KOMIOHEHTA.
0) moodeny cezonnocmu (MOJENb 3aBUCUMOCTH PE3YJIbTaTUBHOIO IIPH-
3HaKa OT CE30HHOW KOMIIOHEHTHI):

y(t) = S(t) +&(D), (12)

rae Y(t) — pe3ynbTaTUBHbIA IPH3HAK;
S(t) — mepuoanyeckas (ce30HHAs) KOMIIOHEHTA;
g(t) — ciyuaiinas (croxacTUYeCcKast) KOMIIOHEHTA.
B) M0O0eib MPEHOA U CE30HHOCHU.

y(t) =T (1) +S(t) +&(t) (anmurusHas), (1.3)
y(t) =T (t)S(t) + &(t) (MyIBTUILIUKATUBHAS), (1.4)

rae Y(t) — pe3yapTaTUBHBIN NIPHU3HAK;
T(t) — BpeMeHHON TpeHI 3aJaHHOTO MapaMeTpUYecKoro Buga (Ha-
MIpUMep, JTUHEHHBIN);

S(t) — mepuoanyeckas (ce30HHAsT) KOMIIOHEHTA;

g(t) — ciyuaitnas (cToxacTHUeCKas) KOMIIOHEHTA.

K MomenssM BpeMEHHBIX PSIOB, B KOTOPBIX PE3YJIbTATHBHBIN MPH3HAK
3aBHCUT OT INEPEMEHHBIX, JATUPOBAHHBIX IPYTMMHU MOMEHTAMHU BPEMCHH,
OTHOCATCSI:

T) MoOdenu ¢ pacnpedesieHHbiM 1az20m, KOTOPbIe OOBACHIIOT H3MECHEHHUE
pPEe3yIBTATUBHOTO TPH3HAKA B 3aBHCHMOCTH OT NPEABIAYIINX 3HAYCHHHA
(aKTOPHBIX IEPEMECHHBIX;
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1) Modenu agmopezpeccuu, KOTOpble OOBICHIIOT H3MEHEHUE PE3YNbTa-
TUBHOTO IIPU3HAKa B 3aBUCHMOCTH OT NPEIBbIAYIIMX 3HaYCHUH pe3yibTa-
TUBHBIX IIEPEMEHHBIX;

e) Modenu odxcuoanus, OOBICHSIOIME BapUALMIO PE3yJIbTaTHBHOTO
NpU3HaKa B 3aBUCUMOCTH OT OyAyIIMX 3HaYeHUI (DAaKTOPHBIX WIIN pe3yib-
TaTHBHBIX IEPEMEHHBIX.

2. PerpeccuoHHbIe MO/IETIH € OAHUM YPaBHEHHEM.

ITo uncmy GakTOpHBIX NPU3HAKOB PETPECCHOHHBIE MOJEIHU IMOApa3ze-
JSFOTCS!

a) Ha napusle (¢ OTHAM (QaKTOPHBIM IIPU3HAKOM Y; = 8, + &, X, ) ;

0) mnoxycecmeennsle (c 1ByMsi u Oosee (pakTOPHBIMU TPHU3HAKAMH —

Y, =8, +a X +a,X, +...+8,X,).

B 3aBucnMoCTH OT BUa yPaBHEHHUS MOJIENH JEISITCS HA!

a) Ha unednvie (Y, =a,+a X +a,X, +...+a,X, );

0) nenuneinvie (Y, =a, + ai\/xj+ x> +..+a X, ).

3. CucreMbl OJHOBPEMEHHBIX YPABHEHUIA.

JlaHHBIC MOJZIENIN ONKCBIBAIOTCA CHCTEMaMH B3aMMO3aBUCHMBIX PETpec-
CHOHHBIX ypaBHEHHH. CHCTEMBI MOTYT COCTOSITh M3 TOXKIECTB M PETPECcCH-
OHHBIX YPaBHEHHH, KaX/[0€ 3 KOTOPHIX MOJKET BKJIIOUYATh B c€0s HE TOINBKO
(hakTOpHBIE MEPEMEHHbBIE, HO M PE3yIbTaTHBHBIC NEPEMEHHBIE M3 IPYTHX
YPaBHEHUH CUCTEMBI.

JIJIst TOXKZIECTB XapaKTEPHO TO, YTO UX BHI M 3HAYCHUS MApaMETPOB H3-
BECTHBI. PerpeccHoOHHbIE ypaBHEHUS, U3 KOTOPBIX COCTOUT CHUCTEMa, Ha3bl-
BAIOTCSl TOBE/JICHUSCKHMMH YPaBHEHMSMH. B TOBeIEeHUECKHX YpaBHEHUSIX
3HA4YCHUA MMapaMETPOB ABJIAIOTCA HEU3BCCTHLBIMU U TTOJICKAT OLICHUBAHUIO.

[TpumepoM MOXET CIyXUTh MOJIENIb CIIPOCa W IPEUIOKEHHUS, TPHBE-
neHHast Hwke. CHCTEMBI OJHOBPEMEHHBIX YpaBHEHUI TpeOYIOT OTHOCH-
TEJILHO OoJiee CIIOXKHBIH MaremarhHdeckuil annapar. OHM MOTYT MCIOJIB30-
BaThCs JJIA MOJIeJIel CTpPaHOBOM SKOHOMUKH H JIp.

Hpumep. Modens cnpoca u npednoscenus. Mycts QP — crpoc Ha ToBap

B MOMeHT BpeMenH t; Q° — mpeyoxkenue ToBapa B MOMEHT BpeMeHH t; Py —

1cHa ToOBapa B MOMCHT BPEMCHU t; Yt — A0X0J4 B MOMCHT BpEMCHU t. Cocra-
BUM CJICAYIOLIYIO CUCTEMY ypaBHeHI/Iﬁ «CIIPOC — NPCIATIOKCHHUCH:

Q° =a, +0,P, +a,P_, +¢&, (IIPEIOKEHHE),
QID =B, +B,R +BsY ., + U, (crpoc),
Q°’=qQP (paBHOBecHE).
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lena ToBapa P, u cnpoc Ha ToBap Q, =Q° =Q ONPeAENsIOTCs 13

YpaBHEHHH MOJENH, T. €. SBIIAIOTCS SHAOTEHHBIMHU IepeMeHHBIMU. [Ipen-
OMpENENCHHbIMA EPEMEHHBIMI B IAHHOH MOJENH ABJAOTCS IOXOH Y, H

3HA4YCHUC LICHBI TOBApa B npe,m,mymm‘/i MOMCHT BPEMCHU Pt—l .

Knaccugurayus 61006 sxonomempuyeckux nepemesHvix u munog OaH-
HbIX. B 9KOHOMETpPHYECKMX HMCCIIEOBAHUSIX, KaK MPaBUIIO, HCHOIB3YIOTCS
JIBa TUIA BHIOOPOYHBIX JTaHHBIX:

1) npocmpancmesennvie dannwvie (crosssectional data);

2) epemennvie oannvie (timeseries data).

ITox mpOCTpaHCTBEHHBIMH HAaHHBIMH NOHHMAeTCS COBOKYIHOCTH KO-
HOMHYECKO MH(pOpMaUH, OTHOCAIIEHCA K pa3HbIM OOBEKTaM, MOJy4YeH-
HOI1 32 OMH W TOT XK€ MEePHOJ WM MOMEHT BpeMeHH. [IpocTpaHCcTBeHHbIE
JaHHbIE MPEICTABIIIOT cO00H BEIOOPOYHYIO COBOKYITHOCTH M3 HEKOTOPOM
TeHepaJIbHOM COBOKYNHOCTH. B KadecTBe IpuMepa NPOCTPaHCTBEHHBIX
JIAHHBIX MOJKHO TIPUBECTH COBOKYITHOCTb DPAa3iIM4YHON HH(pOpPMALMK MO
KaKOMY-JIM0O MPeNIpHUATHIO (YUCIEHHOCTh PA0OTHHUKOB, 00BEM MPOU3BO/I-
CTBa, pa3Mep OCHOBHBIX (DOHIIOB), 00 0ObeMax MOTPEONICHUS MPOTYKIIMU
OIPEeTICHHOT O BU/A U T. [I.

ITox BpeMEHHBIMH NAQHHBIMH ITOHHUMAETCS COBOKYITHOCTH SKOHOMHYE-
CKOM HH(MOPMAIWY, XapaKTepU3YIOLMIeH OUH M TOT k€ 00BEKT, HO 3a pas-
HbIEe TIepUoAbl BpeMeHH. [1o aHanoruu ¢ nmpocTPaHCTBEHHON BBIOOPKOM OT-
JeTIBHO B3STHIA BPEMEHHOM PsIJi MOYKHO CUUTATh BBIOOPKOI M3 OECKOHEYHO-
o psiia 3HAUCHHMI MOKa3aTeneil Bo BpeMeHU. B kauecTBe nmpuMmepa BpeMeH-
HBIX JJaHHBIX MOXKHO NPUBECTH JAHHBIC O TMHAMUKE HHICKCA MOTPEOUTEIIb-
CKHUX IICH, eKeIHEBHbIE OOMEHHBIE KypChl BaoT. BpemenHas nndopmanms
€CTECTBEHHBIM 00pa30M yMopsI0YeHa BO BPEMEHH B OTIMYHE OT IPOCTPaH-
CTBEHHBIX JIAHHBIX.

DKOHOMHUYECKHE TIePEeMEHHBIE, YIacTBYIONIHE B JTI000H SKOHOMETpHUe-
CKOM MOJIeNH, NEJISITCSl Ha YeThIpe BUa!

1) sx302ennvle (He3aBUCUMBIE) — TIEPEMEHHBIC, 3HAYCHHUS KOTOPBIX 3a-
Jal0TCs U3BHE. JIaHHbIE IEPEMEHHBIE SBISIOTCS YIIPABIAEMBIMHE (X);

2) 9HOOz2eHHble (3aBUCHMBIC) — IIEPEMEHHBIC, 3HAUYCHHUSI KOTOPBIX OIpe-
JETSI0TCS BHYTPU MOJCIH, UK B3aUMO3aBHCHMBIE (Y);

3) naeoebie — IK30TCHHBIC WITH 3HIOTCHHBIC MEPEMEHHBIC B 3KOHOMET-
pPHYECKOH MOJIENH, OTHOCAIIMECS K TMPEIbIAYIIMM MOMEHTAM BpPEMEHH H
HaXOJSIIIUECs] B YPaBHEHUH C IEPEMEHHBIMH, OTHOCSIIUMHUCS K TEKYIIEMY
MOMEHTY BpeMeHH. Hampmmep, X; , Jlaropas 5K30reHHas MepeMeHHas,

Y;_, — J1aroBas SHAOTC€HHas NEPEMEHHAs;
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4) npedonpeodenennvie (00BACHAIOIINE IEPEMEHHBIE) — JaroBble ( X, ; ) U

TEKYIIHC (X) OK30T'€HHbBIC NIEPEMCHHBIC, 4 TAKKE JIAarOBbIC SHIAOTCHHLIC I1€-
PEMCHHBIC (yi—l)‘ JTrobas OKOHOMCTPHUYCCKAasA MOJCJIb MpeAHasHauYCHa IJid

O0OBSCHCHHUS 3HAYCHUMN OJTHOM WIJIM HECKOJIBKHUX TEKYINUX DHAOI'CHHBIX IIC-
PEMCHHBIX B 3aBUCUMOCTH OT 3HAYCHHH npeaonpeaAcICHHbIX NMIEPEMEHHBIX.

1.3. O6urue cBeieHUsT 00 IKOHOMETPHIECKHX MOEJISAX
M 3Tanbl UX MOCTPOEHHUSI

[lpu ympaBieHHH TPOW3BOACTBOM IIOCTOSHHO BO3HHKAeT HEOOXOIH-
MOCTb BBISICHUTH B3aMMOCBSI3U MOKa3aTeNel, BIUSHIE U3MEHEHUI OJTHUX U3
HUX Ha M3MEHEHHE OPYTUX. DTH HCCIEIOBAaHUS OCYIIECTBISIOT MPH IIO-
CTPOEHUU TPyNNUpoBOK. Ho rpynnupoBKu He MO3BOJIAIOT OMpPENENsiTh TeC-
HOTY CBSI3M MHOXKECTBA IIOKa3aTeNiei, 4To SABISAETCA MPEAMETOM METoja
Koppensauuid. YToObl OOBSCHUTH BIMSHHE KOJIMYECTBEHHOTO W3MEHCHUS
OJIHOTO TIOKa3aTesisi Ha W3MEHEHHE JAPYroro, HCIONB3YIOTCS PETPECCHH.
Hannume B3anMOCBS3M TOKa3aTeleH SBISCTCS OCHOBAHWUEM IUIA MOCTPOE-
HHUS MaTeMaTH4YeCKHX aHaJoroB WM Moaeined. Ecimm Bce mapamerpsl, Ha
OCHOBE KOTOPBIX ITOCTPOCHA MOJICINb, SBISIOTCS CIICACTBUEM TOYHBIX H3ME-
pEeHHI U SKCIIEPUMEHTOB, TO OHa OyIeT perpeccuoHHoi. Ecim cpenu moka-
3areneil UMEI0TCs CTATHCTHYECKUE JaHHBIC, TO MOITy4eHHas Ha UX OCHOBE
MOJIEJNb SBJISIETCS] IKOHOMETPHUIECKOI.

DKonomempuueckan mooenb — Mo MamemMamuyeckoe eblpajceHue 6
8Ude YPAGHEeHUs, KOMopoe Ompajicaem KOIUYeCmeeHHYI0 83AUMOCEA3b pe-
3YIbMAMUBHO20 NOKA3AMENsL ¢ OOHUM UNU HECKOTbKUMU (DAKMOPHLIMU NO-
Kasamensimu.

Ha3BaHue «9KOHOMETpHYECKash MOJIENbY SIBJISETCS 00Jiee TOYHBIM, TaK
KaK MOJIENb JaeT YCPEIHEHHYI0 OIEeHKY d()()eKTUBHOCTH (PaKTOpOB (B TOM
YHCIIe CTATUCTUYECKHX). B obmieM Buae oqHO(aKkTOpHas JHHEHHAS SKOHO-
MeTpuieckas MOJIETh UMEEeT BHJ

Yx =g T apX, (1.5)

rac y,— 0KuaacMoe€ 3HAYCHHMC PE3YJIbTATUBHOI'O IIOKa3aTesd, KOTOpLIﬁ

(bopmupyercs o Bo3zeiicTBreM BekTopa ((akropa x);

ap — W3BECTHAs BeJIMYUHA (CBOOOHBIN YICH), KOTOpasi MOKa3bIBACT, HA
CKOJIBKO M3MEHHTCS pe3yJbTaTHBHBIN MOKa3aTeNb (eciu «+» yBe-
JUYUTCS, CCIIA «—» YMEHBIIUTCS) €r0 CAWHUI] M3MEPCHHS IMPHU
BIIMSHUMA HEYYTEHHBIX (DAKTOPOB U €CIHU Y4YTCHHbIE (HaKTOPBI
HEU3MCHHEI,
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a; — koahunmeHT perpeccun unu dpdexTuBHOCTE dakropa. OH Mmoka-
3BIBACT, HA CKOJBKO EIMHUI] BO3pactaeT (IPU 3HAKE «+») HIH
yMeHbInaercst (MpH 3HAKe «—») Pe3yJIbTATUBHBIN MOKA3aTeb €ro
SIMHUI] U3MEPCHUs, eCli (PAKTOPHBIN MOKA3aTelb YBEIUYHUTCS HA
OJIHY €T0 CIUHHUILY U3MEPCHUS;

X — (aKTOPHBIN TIOKA3ATEb.

Hpumep. Bruio uccre0BaHO BIMSHUE OCHOBHBIX (PAKTOPOB Ha cebe-
CTOMMOCTH | 1] 36pHOBBIX KYJBTYP, KaK OJHOI'O U3 BOKHEUIINX MOKa3aTe-
neit 3¢ (HeKTUBHOCTH MPOU3BOJICTBA, C MOMOIIBI0 IKOHOMETPUIECKOIO aHa-
nu3a. B pe3ynbTate pacdeToB, MOCHE YAAICHHS HE CYIIECTBEHHO BIIHSIO-
mux HaKTOpOB IKOHOMETPHIECKAST MOJIEIb MOJIYUHIIa CISTYIOIINN BHI:

Y= 23,3 + 0,03x; + 0,03x; — 0,40x;— 0,09x, + 0,09x5 + 0,07,
R=0,75, D = 58,5 %, F = 33,3,

r71e Yy — ce0ECTOMMOCTD 36pHOBBIX, pyO/II;

X1 — 3aTpaThl Ha ynoOpenwus, pyo/ra;

X, — 3aTpaThl HA COJIepP’KaHNEe OCHOBHBIX CPEICTB, py0/Ta;

X3 — YPOXKAHHOCTH 3€PHOBBIX, 1/T4a;

X4 — OaJuI mamHu, o0a,

Xs — OIUIaTa Tpyjaa, pyo/den.-u;

Xg — 3aTPaThl TPYa, YeIl.-u/Ta.

AHanmu3upys k03O OUIUCHTHI PETPECCUr, MOXKHO OTMETUTh, YTO:

ap = 23,3 — 3Ha4NT, ceO0ECTOMMOCTh 3€PHOBBIX yBENMUHTCS Ha 23,3 pyo/nl
[P BIMSIHUM HEYYTEHHBIX (DAKTOPOB, €CIM YUTEHHbBIE HEU3MEHHBI;

a; = 0,03 — 3HaumuT, cebecronMocTh 3epHOBBIX yBenmuutcs Ha 0,03 pyo/,
€CJIM 3aTpaThl Ha yoOpeHus yBenndarcs Ha 1 py6/ra;

a, = 0,03 — 3HaunT, cebecTONMOCTh 3epHOBBIX yBeamuutcs Ha 0,03 pyo/i,
€CITH 3aTpaThl Ha COJiepKaHIe OCHOBHBIX CPEJICTB yBenu4vatcs Ha 1 pyo/ra;

a3 =-0,40 - 3HaumT, CEeOCCTOMMOCTH 3CPHOBBIX YMEHBIIHWTCS Ha
0,40 py6/11, eciu yposkaifHOCTh yBeaudurcs Ha 1 1/ra.

PeanbHble 3HaueHUs 3aBUCUMOM IEPEMEHHOM HE BCErJa COBIAJAIOT C €€
YCIOBHBIMH MAaTEMAaTHYECKUMU OXKHIAHUSIMH M MOTYT OBbITh Pa3UuHBIMH
MPHU OJTHOM ¥ TOM K€ 3HAUYCHUU OOBACHSIOIICH MepeMeHHOU (Habope 00b-
SCHSIOIIMX MEPEeMEHHBIX), MO3TOMY (pakTHuecKkas 3aBHCUMOCTH JOJDKHA
OBITH JOTIONIHEHA HEKOTOPBIM CllaracéMbIM, KOTOPOE SIBISICTCS CIIydaiHOW
BEJIMYNHOM.

PaccMOTpUM OCHOBHBIE MPUYMHBI 00SI3aTENHLHOTO MPUCYTCTBUS B pe-
TPECCHOHHBIX MOJEIAX CIIydaifHOTO (pakTopa (OTKIOHEHHS) €.

1. Heskarouenue 6 moodensv 6cex 00viacHAOWUX nepemernnbix. JIrobas pe-
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rpeccuoHHasi (B YaCTHOCTH, SKOHOMETpUYECKas) MOJEIb SIBISIETCS YIpO-
[IeHHEM peabHOM cuTyarmu. [locienHssi Bcerja NpeacTaBisieT coboi
CIIOKHEHIIIee MeperUieTeHHe Pa3InuHbIX (HaKTOPOB, MHOTHE M3 KOTOPHIX B
MOJICSIM HE YYHMTBIBAIOTCS, YTO MOPOXKIAET OTKIOHEHHE PEabHBIX 3HaYe-
HUI 3aBHCUMOU MEPEMEHHON OT €€ MOJICTIbHBIX 3HAUCHH.

2. Henpasunvholil 6b100p pyHKkyuoHaieHou gopmul modenu. U3-3a cna-
00l M3yYEeHHOCTH HCCIEIYeMOro mpoliecca 00 M3-3a ero MmepeMeHYHBO-
CTH MOXET OBITh HeBEpHO Iomo0paHa MoAenupyomas ero GpyHKws. JTo,
0€3yCIIOBHO, CKa)KETCsl Ha OTKJIOHEHUH MOJEIH OT PEeajbHOCTH, YTO OTpa-
3UTCS Ha BENMYHMHE CilydaiHoro wieHa. Kpome TOro, HEBEpHBIM MOXKET
OBITH TOI00P OOBACHSIONINX EPEMEHHBIX.

3. Azpezuposanue nepemennvix. Bo MHOruX MOJEISIX PACCMATPUBAIOTCS
3aBHCHUMOCTH MEXIy (pakTopamu, KOTOpbIE CaMH MPEICTABIAIOT CIOKHYIO
KOMOHMHAIIMIO IPYTUX, 00JIee MPOCTHIX TIEPEMEHHBIX. DTO MOXKET OKa3aThCs
HpPI‘-IPIHOﬁ OTKJIOHCHUSA pCaJIbHBIX 3HAYE€HHUH OT MO/JCJIbHBIX.

4. Owubru usmepenut. Kakoit Obl KaueCTBCHHOH HH ObLIa MOJICIb,
OIHI/I6KI/I H3MepeHHﬁ TMCPEMECHHBIX OTpPa3dATCd Ha HCCOOTBETCTBUU MOJCIIb-
HBIX 3HAYEeHUH OKOHOMETPHUYCCKUM OMIIUPUYCCKUM HOAaHHBIM, YTO TaK¥XKE
OTPa3UTCs Ha BEJIMUMHE CIYYalHOrO YIeHa.

5. Ozpanuuennocms cmamucmuueckux OauHbX. 3a4acTyl0 CTPOSITCS
MO/ICIH, BBIpaXKaeMble HENpepbIBHBIMEU (PyHKIMsAME. Ho A7st 3TOro MCmoib-
3yercst HabOp MAHHBIX, UMEIOIINX JAUCKPETHYIO CTPYKTYPY.

DTO HECOOTBETCTBHE HAXOJHUT CBOE BBIPAXKEHHE B CIy4allHOM OTKJIOHE-
HUH.

6. Henpedckazyemocms uenosevecko2o ¢pakmopa. Ira NpUUNHA MOXKET
CHUCTIOPTUTH» CaMyYI0 KAaYC€CTBCHHYIO MOJCJIb, TaK KaK HCBO3MOXHO CIIPO-
THO3UPOBATH MMOBECACHNE KAXKIOT0 MHANBUIYYMaA.

Ji mocTpoeHHs SKOHOMETPHUYECKOW MOJAETH TpeOyeTcsl BBIOIHUTH
5 amanoe:

NEPBbIil — meopemuyueckuil, B Xone KOTOPOro (hopMynupyeTcs: Leib
WCCJICIOBaHMs, OINpEICsIeTCs] KPYr YYacTBYIOI[MX B MOJENH 3KOHO-
MHYECKHX XapaKTePHUCTHK, OMpENeNsieTcs, yTo Oymer Y (pe3yibTaTHBHBIMH
[OKa3aTelb), a 4To OyaeT X ((haKTOpHBIHA [TOKa3aTeNb);

BTOPOii — uHGOpMayuonHslii, KOTAa OCYIIECTBISIOTCS MOUCK Tpe-
OyeMbIX [IaHHBIX, HEOOXOIMMbIC IIEPECUEeThl, HCIOJB3YIOTCS  IIPO-
CTPAHCTBEHHbBIC U BPEMEHHbIC JIAHHbIC,

TpeTuii — cneyuguxayus modenu, KOrna yCTaHABIUBAIOTCS CBS3U H
COOTHOUIEHHUSI, T. €. BBIOOP (POPMYIIbI CBSI3M MEPEMEHHBIX (M CaMHX Iepe-
MEHHBIX, BKJIIOYaEMbIX B ypaBHeHHe). B ciyuae mapHoii perpeccun BbIOOD
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(hopMyITBI OOBIYHO OCYIIECTBIISIETCS 1O TpadUIecKoMy H300paKEHHUIO pe-
AJBHBIX CTaTUCTUYECKUX JIAaHHBIX B BHJE TOUYEK B JICKAPTOBOW CHUCTEME KO-
OpAMHAT, KOTOPOE HA3bIBAETCSI KOPPEISILIMOHHBIM I10JIeM (AHarpaMmmoit pac-
CeSIHUS);

YeTBePThIH — uoeHmugukayua moodeau, T.e€. BBISBICHHE YCIOBHI
KOPPEKTHOTO OLICHMBAHUS MapaMEeTPOB MOJEJIM Ha OCHOBE COOTHOILCHMS
KOJINYECTBA MEPEMEHHBIX M CBS3€H MEXAy HUMHM; OLIEHKA IMapaMeTpoB
Mozenn (pacCUMTHIBAIOTCS TAapaMeTpbl SKOHOMETPHUYECKOW MOJENu:
ay,8,,dy, . d,);

NATHIA — éepugpukayus modenu, T. €. IPOBEPKa aJEKBATHOCTU MOJIEIH,
JIeNlaeTcs BBIBOJ] O TOM, KAKOBAa TOYHOCTh PAcu€TOB Ha OCHOBE MOJIEIH, I10-
JIy4aeMbIX IPOTHO3HBIX OIIEHOK (T.€. PacCUMTBHIBAIOTCS XapaKTEPHCTHKH
9KOHOMETPHIECKOI MOICNTH U (PaKTOPHBIX MOKa3aTeei).

1-i1 3man cambiii TpyIHBIN, TaK KaK BEIOOp PE3yIBTATHBHOTO M (PaKTOP-
HBIX TOKa3aTeJIel OCYIIECTBISIETCS TOJIBKO C TOMOINBIO JMYHBIX 3HAHUH 1
COOCTBEHHBIX JIOTHMECKHUX PpACCYKICHHHA, 0e3 NPUMEHEHUs KaKOTo-IHOO
MaTeMaTHYECKOTO anmapara.

B cBs13u ¢ 3TUM 1Ipu 00OCHOBAaHUM PE3YIBTATUBHOTO U (PAaKTOPHBIX MO-
KazaTeneld He0OX0IMMO PYKOBOACTBOBATHCS CIEAYIOIINMHI TOIOKCHUSIMHU:

a) pe3yﬂbTaTI/IBHLII‘/II MoKa3aTtejib B ICIMOYKE MPUYHMHHO-CICACTBEHHBIX
CBsI3eil BCEr/la HaXOIUTCsl Ha Oosiee BHICOKOM YPOBHE, KOTOPBII OIlpeaes-
10T Ha OCHOBE JIOTHYECKUX PACCYXJCHUH, a TaK)Ke 3HAHUH O TOM, KaKkue U3
paccMaTprUBACMBIX rokazarejeil SBIISIOTCS NCPBUYHBIMHU Y BTOPHUYHBIMH.
Hampumep: y, — ce0eCTOMMOCTS, X — yPOXKAaHHOCTS;

0) B YKOHOMETPHUYECKYIO MOJETH CIEAyeT BKIOYATh (aKTOpbI, KOTO-
pBIE OKa3BIBAIOT HETIOCPEACTBEHHOE BIMSHUE Ha Pe3yJIbTaTUBHBIN MOKa3a-
TeNb, a HE ONOCPEICTBEHHOE.

Hanpumep: ynoit Ha 1 kopoBy (Y — pe3yJbTaTUBHBIN ITOKa3aTelb), pac-
X0[ KopMa (X;), Kitaccuueckasi My3bika (Xp);

B) B 9KOHOMETPHUECKYIO MOJIENb HEJb3s1 BKIIOYaTh (pakTopsl, Ipeodpa-
30BaHME KOTOPBIX AACT pe3yIbTaTUBHBINA OKA3aTeNb.

Hanpumep: y, — pe3yIbTaTHBHBIN IOKa3aTenb (YpoxkaiHOCTB), a (hakTo-
PBI: X; — BaJIOBOH cOOp; X, — TIOMIAIs 3€pPHOBBIX; X3 — 3aTPaThl TPYAA; X4 —
0aJu1 maniHu,

) €CIM Pe3yJIbTaTUBHBINA NOKA3aTelb SBISETCS CHHTETUYECKHM (CI0XK-
HBIM), TO U ()aKTOPHBIE TIOKA3aTENHN IOJDKHBI OBITh TAKMMU KE.

Hanpumep: cTouMocTh BaJIoBOH MPOAYKIMH — 3TO TIOKa3aTeNb CUHTETU-
YeCcKUH, KOTOPBIM XapakTepu3yeT Xo3siicTBo B IeiloM. B cBorwo odepens
OCTaJbHBIC TTOKA3aTENH TAKXKE SBIAIOTCS CHHTETHUSCKUMH W CIOKHBIMU.
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Jlst aToro BBOAMM (akTophl: X3 — cTouMocTh OIID, ThiC. pyo.; X, — CTOU-
MOCTb 00OpPOTHBIX (POHJIOB, THIC. PY0.; X3 — IUIOMIAAb CEILCKOXO3SHCTBEH-
HBIX YTOJMH, Ta; X4 — YUCICHHOCTh PA0OOTHUKOB, Yell. U T. 1.,

1) Eciu pesynbraTHBHBIN IOKa3zaTesb SIBISETCS OTHOCHTENILHBIM, TO H
(bakTOpHBIE OKA3aTEH JOJIKHBI OBITH TAKUMH K€ (110 BO3MOKHOCTH).

Hanpumep: pe3ysibTaTUBHBIN 1TOKa3aTeslb — 3T0 YPOBEHb POMU3BOJICTBA,
KOTOpBIH PaBeH OTHOLICHUIO CTOMMOCTH BaJIOBOH NMPOAYKIMHU K ILIOIIAAN
CeNbCKOXO3SHUCTBeHHBIX yroauit (3 pacuera 100 ra). 3HaumT, BCe OCTAJb-
HBIE TIOKA3aTeNX JOJDKHBI OBITH B3SATH B pacdere Ha 100 ra cempckoxo3stii-
CTBEHHBIX YTOAWH, 32 HCKIIIOYEHUEM TEX, COJCP)KaHNE KOTOPBIX OT KOJIHIe-
CTBA I'EKTapOB HE MEHsETCs (K MpuMepy, 0aJll CeNbCKOX03SHCTBEHHBIX YTO-
aui);

€) eCJIM MCCIIIOBAHUsI MTOKA3bIBAIOT, YTO YBEJINYEHHE KAaKOI'0-TO IMOKa-
3aTesisl CBEPX OINPEJENICHHOTO YPOBHS IpeIoaraeT nojiydeHue JOMOTHH-
TeNnbHOTO 3(dekra, TO ITOT MoKa3aTeab MOXKET OBITh YUTEH JBAXKJbI, YTO
BBITEKAET U3 3aKOHa IPEBPAILCHHUs KOJINYECTBa B KAYECTBO.

Hanpumep: ycTaHOBJIEHO, YTO €CJIM CTOMMOCTb KOPMOB B H3JEPXKKax
npesbimaer 28 %, 1o 3(dexkTHBHOCTH 00OPOTHBIX (GOHIOB BO3paACTaer.
YroOs! nocuutath 3h(HEKTUBHOCTH NPEBBINICHUS POHIOB cBepX 28 %, BBO-
JIIM JIOTIOJTHUTENBHBIA (PakTop (CTOMMOCTh KOPMOB CBEpX 28 % B cTOMMO-
CTH OOOPOTHBIX (DOHAOB), YTO MO3BOJIUT OINPEACINUTH €r0 BIMSIHHE Ha pe-
3yJIbTaTUBHBIN ITOKa3aTelb.

Jlsl OLEHKHM Ka4yeCTBEHHBIX IPHU3HAKOB CIEIYeT PYKOBOJICTBOBATHCS
MOJIO)KEHUSMH O TOM, YTO BCE KAUECTBEHHbBIC NPU3HAKH MOXKHO Pa3IeiHNTh
Ha JIBe TPYIIIbL: a1biepHamueHble U Hapacmarouue.

Anbmepnamuenvie TIPU3HAKN XapaKTEPU3YIOTCSI TEM, YTO OHHU WIIU TPHU-
CYTCTBYIOT, UJIK OTCYTCTBYIOT.

HpI/IMepOM AIBTCPHATUBHOTO KAYECTBCHHOT'O INPHU3HAKa ABJISACTCA COPT
pacTeHM, KOTOPbII MPUCYTCTBYET MM OTCYTCTBYET B IIOCEBAX, NOPOJIBI
JKUBOTHBIX U T. AO. HH;{ KOJIMYECTBEHHOM XapaKTCPpUCTUKH OTUX NPU3HAKOB
ucronb3yercs aABa mapamerpa (1 u 0).

Ipumep. donyctum, yto depMep BO3JENBIBAET KapTOdeib, HO TaHHBIC
00 3¢ exkTuBHOCTH €ro COpTOB OTCYTCTBYIOT. C MOMOIIBI0 3KOHOMETPUYEC-
CKOW MOZeNnn MMeeTCss BO3MOXKHOCTh ClieNlaTh HOJOOHYIO OLEHKY, T. €.
OIIpEeJIeINTh, KakoBa 3 (EKTHBHOCTH cOpTa (B LIEHTHEPaX AOMOJIHUTEILHON
MIPOTYKITHH).

CTpouM >KOHOMETPHYECKYI0 MOJAENb (OPMHPOBAHUS YPOKAWHOCTH.
ITpu sTOM yunThIBaeM (hakTOpsl, KOTOPEIE (POPMHUPYIOT YPOKAHHOCTD Kap-
todemnst (tabm. 1.1).
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Ta6auna 1.1. 3navenust pakTopos, popMUPYIOIMINX ypPoxKaHOCTH KapTodest

DaKTopbl SKOHOMETPUYECKON CopTa KyJabTypbl
YpoxaitHoCTb, 1/Ta
mozenu ( x,, ..., xzs) Temn Jlacynok
1 X1 X2 X3 e X25 X29 X30
| ommbIT, 210 4.8 2,6 40,0 3,0 0
Il ombiT, 190 4,6 2,4 35,0 2,8 1 0

B pesynbraTe penieHHs MOIENU ¢ aIbTEPHATUBHBIMH Ka4eCTBEHHBIMH
NPU3HAKaMHU MOJY4YaloT KOA(PQUIMUEHTH PErpeccuy, KOTOpble MOMOTYT
OIIPEJEIIUTh IOMOIHUTEIbHBIA 3 (EKT OT MCIIOIB30BaHUS COPTOB.

Hapacmatowue — n3meHstoTcs (BO3pacTaroT OT KaKOW-TO BEJIMYMHBI).

Crneunguka X COCTOMT B TOM, YTO OHH (DOPMHPYIOTCS HOJ BIHUSHHEM
HECKOJIBKMX DJIEMEHTOB, B3aWMOCBS3aHHBIX MeXay coboil. Bzammocssizb
9JIEMEHTOB OOBIYHO HE SIBISIETCS JIMHEWHOM, IMOTOMY BBIBECTH 3aKOH WU
(GOpMyJIBI OLICHKH HapacTAIOIIEro KayeCTBEHHOI'O IPU3HAKA OYEHb CJIOXKHO,
XOTS B YCJIOBHSIX PBIHOYHOM CHCTEMBI XO3SHCTBOBAHUS POJIb KAYECTBEHHBIX
NPU3HAKOB B pe3yJbTaTax XO3sSHCTBOBAHUS IOCTOSHHO Bo3pactaer. [Ipu-
MEpOM HapacTaloIEero Ka4YeCTBEHHOTO MPU3HAKa MOXKET ObITh KBalIn(HKa-
mus crnennanucta. Ee anementamu sBisitores (1 — oOpasoBaHue, 2 — CTax
paboTshl, 3 — "epra xapakrepa u Ip.).

[TpUMEHUTENBHO K KaXIOMY CIICLHAJINCTY BIMSHUE 3THUX MapaMeTpoB
Ha ero KBaM(uKanuio ObIBaeT pa3HbIM. [103TOMY OlleHKa KBaTH(UKAIMK B
Oastax, Kak MpOM3BOJHAsE OT 00pa30BaHMs U CTaxka pabOoThl CIELHANINCTA,
He Bcerna TouHa. Orcioa, ¢ OJHOW CTOPOHBI, HEOOXOAWMO YYHUTHIBATH
BJIMSHME KBaJU(DUKAILMK HA PE3yJbTaThl X035iCTBOBaHUS, C IPYroil CTOpPO-
HBI, UCKAaTh METOJbl IPAaBWJILHON OLEHKH 3JIEMEHTOB, (DOPMHPYIOIIUX
HapacTaloIMi Ka4eCTBEHHBIA mNpu3Hak. KBamudukanuio pabOTHHKOB B
KOPPEISIIMOHHONH MOJENM YacTO BBIPAXKAKOT 4Yepe3 YUCIO PaOOTHHKOB ¢
BBICIIMM 00pa30BaHHEM, C OTPEACICHHBIMH Pa3psiaMH UM CTaXeM paboT.
OnHako NOAOOHBIN MOJAX0/ HE OTIMYASTCS JOCTATOYHONW TOYHOCTBIO.

KauecTBeHHBIC PU3HAKK HCIOJIB3YIOTCSA B 9KOHOMETPHYCSCKHX MOJCIISAX
CO CTPYKTYPHBIMU H3MCHEHUSMH.

2-11 3man. Heo6XoanMMO, YTOOBI YHCJIO ONMBITOB MU XO3SHMCTB, IO JaH-
HBIM KOTOPBIX CTPOMM 3KOHOMETPHYECKYI0 MOAENb, ObUI0 He MeHbIne 20
(n > 20). Eciu Momens MHOTO(akTOpHast, TO TPeOYeTCs BBIAEPKATH COOT-
HOIIIEHHE MEXIY YKCIOM OnbITOB (N) 1 uncioM dakropos (K); gmciio omsi-
TOB (XO35HCTB) JTOJDKHO OBITH B 2,5 pa3a 0oJbiie yrciia GakToOpoB, BKIIOYAs
U pe3yapTatuBHbiid (N > 2,5 k).

K cobpanHOMY MaTepHuaiy NpebsBIIsIOTCS CIEAYIOIUE TPeOOBaHUS:
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1. MadopMmanust nopKHA OOECIeUunBaTh OOHOPOOHOCHb WCCIIEITyeMOU
COBOKYITHOCTH, T. €. B OJIHYy COBOKYITHOCTb HEJIb3sl BKJIIOYaTh OOBEKTHI, Xa-
paKkTep M YCJIOBHUS MPOU3BOJCTBA KOTOPBIX PE3KO OTIMYAIOTCS (Hampumep,
JIapeK U CylepMapKer).

2. Indopmanus 10/DKHA OBITh penpe3eHmamugHoil, T. €. UMEThb Te XKe
XapaKTEePUCTUKH, YTO U FeHepaibHasi COBOKYIHOCTb.

3. Uudopmanust 10JDKHA OBITH 00CHIO08EPHOIL, T. €. HE JIOJDKHA COMEp-
KAaTh OIIMOOK.

OxoHOMHYecKas HHYOPMALUS B OCHOBHOM OTBEYAeT 3aKOHY HOPMAaJlb-
HOro pacnpeneneHus. s ee IPOBEPKH HCHOJIB3yeM IPABUIIO 3 CHIM:

|xi —§|s3<sx, (1.6)

rae X, — (akTuyeckoe 3HaUEHUE NPU3HAKA;

X — cpeaHee 3HAUCHUE NTPU3HAKA,;

G, — CpeiHee KBaJpaTHYECKOE OTKIOHEHHUE.

CpenHee KBaJpaTHYECKOE OTKIOHEHHUE ONPENEISIIOT IO OJHOH U3 (op-
MyT

1.7)

IMocne npoBepku HHGBOPMAIMK HA OJHOPOJHOCTD, PEIPE3CHTATHBHOCTH
U JIOCTOBEPHOCTH JaHHBIC MOXHO TOABEPIraTh KOJUYCCTBCHHOMY aHAJH3Y.
Hapyienue BBIMICH3IIO0KEHHBIX TPEOOBAHUIA MPUBOIUT K HUCKAKECHUIO pe-
3yJbTAaTOB YKOHOMUYECKHUX HCCIICIOBAHMI.

3-i1 a3man. Ha nanHOM 3Tame BUI SKOHOMETPHUYCCKONW MOJIENN OTIpesie-
JSETCS CIEAYIOMIMH CIIOCOOaMMU:

a) 102UUecK020 analu3d,

6) epaguxos;

B) QHAIUMUYECKO20 NpUemMd.

Croco0 JIOTHYECKOT0 aHAIKM3a OCHOBAH HA JIOTHYECKUX PACCYKICHUIX
0 B3aMMOCBSI3M 3aBHCUMOM IIEPEMECHHOW M Ka)XI0¥ B OTACIHHOCTH HE3aBH-
CUMOH MepEMEHHOMN.

I'papuueckuii METOA OCHOBaH Ha TOCTPOCHUM TOYCYHBIX TPAPUKOB
(moie Koppensuun).

B ciydae eciu peusr uaetr 00 omHOPAKTOPHOW IKOHOMETPUIECKON MO-
JIENTH, BBIBOJI O XapaKTepe CBSA3H Y M X JICTAI0T Ha OCHOBAaHWH OJTHOTO Tpa-
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¢uka. [Insg 3TOr0 CTPOMM KOPPENSIHMOHHOE T0JIE€ U 10 PACHOJIOKCHUIO B
HEM TOYEK HaXxOJuM mpeobiagaroiyto TeHaeHuumo (puc. 1.1, a u 1.1, 6).

yA y A

v
v

Puc. 1.1. TTone xoppemnsum:
a — JIMHEHHOM 3aBUCUMOCTH; O — CTEIIEHHON 3aBUCUMOCTH

U3 B3anMMOCBS3U Y U X, IIOKa3aHHOW Ha puc. 11, a, cJIeayeT, 4To 3KOHO-
METpHu4eCKas MOACIb UMCCT BUI V =d, +a,x. B CjIy4dac, MOKa3aHHOM Ha

puc. 1.1, 6, xapakTep CBsI3M HIMECT BUA y, = apx“*.

Ecimm KoppersuoHHoe 1oJIe OTIIMYaeTCsl HEOMPEAeICHHOCTRIO, TO BITH-
stHAE (PaKTOPa X, YIUTHIBACM KaK JTMHEHHOE, T. €. daXy.

AHanUTHUYECKU NpHeM OCHOBAaH Ha MOCTPOCHUU TOJS KOPPENsLUUU
MEXIy PE3YJIbTATHBHBIM M KaXIbIM (PAKTOPHBIM HPU3HAKOM B OTIEJIBHO-
CTM M HAJOXXEHHUS Ha HEro JUHUM TpeHJa pa3IMYHBIX MaTeMaTUYECKUX
(GyHKIUH, pacyeTa BEIMYHHBI JOCTOBEPHOCTH allpOKCHMAIK. Brioupaet-
Csl Ta 3aBUCHMOCTD, TJIC JaHHAs BEJIMYMHA [IPUHUMACT HAHOOJbIEe 3HAYC-
HUE.

Takum oOpa3zom, Ha OCHOBaHHH T'paMKOB, HHTYHUIINH, OIBITA, C TOMO-
mpto [1IK MOoXkHO omnpeaenuTs BUA KOPPEISIIUOHHON MOIETH.

4-i1 sman. [na onpeneneHus dyg, ..., d, OOBIYHO HCIONB3YETCS METOX
HaMMEHBIIINX KBAIPATOB, a TAK)KE METOJ MOMEHTOB, KOTOPBIA IPUMEHSIETCS
3HAYUTEIBHO PeKe.

CymHOCTs METOZ]a HANMEHBITNX KBAIPATOB 3aKIFOYAETCS B TOM, YTOOBI
HAWTHU TaKue 3HAYCHUs a,,da, ..., d,, NPH KOTOPLIX CyMMa KBaJpaToOB pa3-

HOCTEH pacueTHBIX U (PaKTHUECKUX 3HAYCHUHN PE3y/IbTATHBHOTO ITOKA3aTEIIs
Obu1a OBl MMHUMAJIBHOM, T. €.
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> (v, —v,) —min, (1.8)

rae Y, — hakTHueckoe 3HaYCHHUE PE3yNIbTaTUBHOTO IPU3HAKA;
Y, — pacdeTHOE 3HaUCHNE Pe3yIbTATHBHOTO MPU3HAKA.

PacuerHoe 3HaueHME pe3yNbTATUBHOIO MpPHU3HAKA MOIY4arOT IIyTeM
MOJICTAHOBKH B 3KOHOMETPUYECKYI0 MOJENb COOTBETCTBYIOUIUX 3HAYEHUN
(haKTOPOB MO KAKAOMY IIPEATIPHUATHIO B OTIEILHOCTH.

BrisiBlIeHHE JydInero BapHaHTa SKOHOMETPHUYECKON MOJIENH OOBIYHO
OCYILECTBJIIETCSI CPAaBHEHHEM COOTBETCTBYIOIIMX MM KAadyeCTBEHHBIX Xa-
PaKTEepUCTHUK, KOTOpPhIE MOXHO PAacCUMTaThb Ha OCHOBE HCXOJHOW CTaTH-
CTHYECKOW HH(OpPMAIINH, COMEpIKAIIeiics B BEKTOPE Y, MaTPHIIE X, U HOBOH
pacueTHON MH(POPMALNH, TOSBISAIOMIEHCS MOCIe TOCTPOCHUH KaXIOTO U3
BapHaHTOB Mozenu. JIornka B PEmIeHHH STOr0 BOIPOCAa JOCTATOYHO TIPO-
cTast: JydIIeMy BapHaHTY MOJIETH B OOIIEeM Cirydae OJDKHBI COOTBETCTBO-
BaTh W JIy4IINE 3HAYCHUS XapaKTEPHUCTHK €T0 KayecTBa.

Xapakmepucmuxu IKOHOMemMPUUECKOIl MOOeU.

OTMeTUM OCHOBHBIE KPUTEPUHU OIEHKH «KauecCTBa» SKOHOMETPUYECKHUX
MOJEICH:

1. Koagppuyuenmuor mecnomet ceéasu.

a) Jlns nuHeHOM 0IHO(AKTOPHON YIKOHOMETPHIECKOM MOJIEITH PACCUH-
TBIBAIOT K0Ihpuyuenm napnoii koppenayuu (r):

XY (1.9)

rxy ’

Oydx

rlie Xy — CpeHee Mpou3BeICHUE X 1 Y,

Xy — IPOW3BEIeHNE CPETHUX X U Y;
8X5y — IPOU3BENIEHUE CPEAHEKBAAPATUUECKUX OTKIOHEHH COOTBET-

CTBEHHO (DAaKTOPHOMY U pE3yIbTaTUBHOMY ITOKa3aTeNIsM.

Koapuunent napHoit koppensiuuu u3MeHsiercst B npepenax —1 <r <1
U TIOKa3bIBAET CHIIY W HAIPABIICHHUE CBSI3U MEKAY PE3yJIbTaTHBHBIM M (pak-
TOPHBIM HOKa3aTeIAMH.

Ecmu «+» — cBs3b mpsiMast (yposKaifHOCTb — MUHEpaIbHBIE YAOOpeHMHs),
T. €. 4eM OoubIe (HaKTOPHBII IMOKa3aTelb, TeM OOJIbINE Pe3yIbTATHBHBIMN.

Ecmu «—» — oOpatHas (ypoxalHOCTb — 3aMOPO3KH), 4eM Ooibiie dak-
TOPHBIH TOKa3aTelb, TEM MEHbIIE Pe3yIbTaTHBHBIN.

Ecmu 0 < ‘r‘ < 0,3, TO CYUMTAIOT, YTO CBSI3b MEXIY PE3YJIbTATUBHBIM H
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BKJIIOUYCHHBIMH B MOZENb (aKTOPHBIMH TIOKa3aTeIssMU cjabas, eciu
0,3< ‘r‘ <0,7 — 1o cpennss, ecmu 0,7 < \r‘ < 1,0 — cunpHas.

0) Ecim skoHOMeTpHYecKass MOJeTh MHOTO(AKTOpHAs JIMHEWHAs, TO
OIIPENENSIOT KO puuuenm mnoxcecmeennoii koppenayuu (R).

O6mas popmyna kKodpGUITEHTa MHOKECTBEHHOW KOppeIsuu (Koppe-
JSILIMOHHOTO OTHOLICHUS):

: (1.10)

rae Y, — pacueTHOE 3HAUCHUE PE3YNbTaTUBHOIO OKA3aTeIs;
Yy, — bakTHueckoe 3HaUE€HKE PE3yIbTATUBHOIO I10KA3ATENs;
Y — cpenHee 3HaYCHUE (PAKTHYECKOTO PE3YJIbTATHBHOTO ITOKA3aTesl.

3HadeHusT K03PPUIIMECHTa MHOKECTBEHHOW KOPPEISINKM U KOPPEIISIIN-
OHHOT'O OTHOIIEHUs U3MeHstoTCs B npepenax 0 < R < 1 u orpakaroT cuiry
BIMSIHASL YYTEHHBIX B MOJIEH (paKTOPHBIX NMPU3HAKOB HA PE3yIIbTATHBHBIMN.
Yem Ommoke mokasareib K 1, TeM ¢Bs3b cuibHee. Eciu 0 < R < 0,3 cuwmraror,
YTO CBSA3b MEXIY PE3yJIbTaTHBHBIM U BKIFOUEHHBIMH B MOZEH (PaKTOPHBIMH
nokasaternsimu crabasi, eciu 0,3 < R < 0,7 — To cpennsis, ecnu 0,7 <R < 1,0 -
CHITbHAS.

B) Ecnu sxoHOMeTpHYecKkas MOAeNb HEeIHMHEHHAs, onpedeisiiom Koppe-
asyuonnoe omuowenue (). JlanHas XapakTepUCTHKA MTOKA3bIBAET TO Ke U
paccuuThIBaeTCs TaK ke Kak I, R.

2. Tak xak K03(Q(QUIUCHTHI TECHOTHI CBSI3U BEIUYMHBI BEPOSITHOCTHEIC,
X HEOOXOJMMO NPOBEPUTH Ha CYLIECTBEHHOCTb, T. €. ONPEACIUTH KOI(h-
duyuenm cywecmeennocmu KoIhppuuyuenma muoscecmeenHou (nap-
HOIL) Koppenayuu, uiu KoppensyuoHHo20 OMHOWECHUA.

i R T (1.11)

R~ r
H’R(n) Hr

TAC [, g, = COOTBETCTBEHHO OLIMOKA KO3(UUHMECHTA NAPHOH, MHOXe-

CTBCHHOM KOppeIIun (KOPPEISIIIHOHHOTO OTHOIIICHHS).
Ommbka ko3 dunueHTa napHO, MHOKECTBEHHOW KOppEISuu (Koppe-
JISIIIMOHHOTO OTHOIIEHUST) HAXOAUTCS 110 hopmyiie
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N EL G S T S
R h—k-1""" Jn-1’

rae K — koimaecTBo (hakTopOB MOZICIH;

N — KOJIMYECTBO OIBITOB.

Ecmu koaddummenT cymiecTBeHHOCTH K03 duimerTa mapHoi, MHOXKe-
CTBEHHOH Koppeisauuu (KOppeNsiMOHHOTO OTHOLICHUs) OoJibllie ero Tad-
JMYHOTO 3Ha4YeHus (2,48), To KOA(PUIUEHT NapHOH, MHOKECTBEHHOI KOp-
pensunu (KOppeNsOHHOE OTHOIICHHE) CYIIECTBEHEH, U MOJEIb, ISl KO-
TOPOH OH PACCUUTaH, MOXKHO NIPUMEHSTh B JAIIHEHIINX pacueTax.

Ecnu xe nonyunm HeOombIIie 3HaUSHUST KOI(QPHUIIUEHTOB TECHOTHI CBSI-
31, 00b1yHO HIKe 0,7, U KOA(OHUIMEHT CYIIECTBEHHOCTH KOA(QQUIIEHTOB
TECHOTHI CBSI3M HIDKE, YEM €ro TaOJIMYHOE 3HauYeHHE, TO HEOOXOIMMO BEp-
HYThCA K HIEPBOMY JTaIly IMOCTPOECHUS MOAENH, T. €. K BBIOOPY (haKTOpOB,
HaWTH HEyYTEHHbIE B MOJENHM, HO CYIIECTBEHHO BIMSIOIINE HA PE3YJIbTAT
(haKTOpHI, BBECTH MX B ypPaBHEHHE M TOBTOPHUTH PACUETHI.

3. Kpome k03 puIMeHTOB TECHOTHI CBSI3M PACCUUTHIBAIOT U KOIPghu-
yuenm oemepmunayuu (D):

(1.12)

D =r?100%; D =R2(12)100 %. (1.13)

Kos¢ppuunenr nerepMuHanMM TOKa3bIBaeT, Ha CKOJIKO IPOIIEHTOB
yUYTEHHbIE B MOZelH (pakTopbl OOBSCHSIOT Bapualnio (UI3MEHEHHE) pe3yJlb-
TaTHBHOTO [1OKA3aTellsl.

Hanpuwmep: D = 0,948 - 100 % = 89,9, T. e. Ha 89,9 % BbIGpaHHbIC hak-
TOPBI OOBSICHSIOT Bapuanuio pesynbrata. A Ha 100 % — 89,9 % = 10,1 % na
U3MEHEHHE Pe3yJIbTaTHBHOTO NPU3HAKA OKA3hIBAIOT BIMSHUE HEYYTCHHBIC B
MOJETH (PaKTOPHI.

4. Ckoppexmuposanuslit KoIpguyuenm oemepmuHayuyu paBeH:.

n-1

_— 1.14
n-m-1 ( )

D=1-(1-R?)

rzie N — Yucio HaOJIIOICHHIA,

M — 9uciio (pakTOpOB ypaBHEHUS, BKIIFOYAs PE3YIIbTaTHBHBII.

[MonmyyeHHOE BBIpaKCHHE CBS3BIBACT JIBA MMOKA3aTEIsl TECHOTHI CBS3U —
CKOPPCKTHPOBAaHHBIH U HECKOPPCKTUPOBAHHBIA KOA(PPUIMEHTH JeTep-
MuHaIU. CKOPPEKTUPOBAHHBIA KOI(DPHUIMEHT NeTepPMUHAIIMHA MPUMEHSIET-
sl ISl pellieHust IBYX 3a/a4:

- OLICHKH PEaIbHOI TECHOTBI CBSI3M MEXK/AY PE3YJIbTATOM U (haKTOPaMH;

- CpaBHEHUSI MOJICIICH C Pa3HBIM YUCIIOM MapaMeTPOB.
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B mepBoMm ciydae oOpamiaroT BHUMaHHE Ha OJIM30CTh CKOPPEKTUPOBAH-
HOTO U HECKOPPEKTUPOBAHHOTO KOA((GHUINEHTOB feTepMuHanuu. Eciu atn
MIOKa3aTeNM BEJUKU M PA3JIMYaroTCsl HE3HAYMTENbHO, MOJENb CUHTACTCS
XOpoIIeH.

[Tpu cpaBHeHHM pa3HBIX MOAENEH HPENNOYTEHHE NPU MPOYUX PaBHBIX
YCJIOBHSIX OT/AAETCSl TOM, Y KOTOPOH OOJIbIlIe CKOPPEKTUPOBAHHBIN KOd(p(u-
LUEHT JeTepMHUHAIHH.

CrieryeT OTMETHTB, YTO 00JIaCTh MPUMEHEHHS CKOPPEKTHPOBAHHOI'O KO-
s duuneHTa JeTepMUHALNHA OTPAHUYMBACTCS TOJNBKO 3THMU 3agayamu. Ero
HENb3s WCIIONIb30BaTh B (popMmynax, rae TMpUMEHsSeTCs OOBIYHBIN K03(-
¢unenT aerepMuHanuy. CKOPPEKTHPOBAHHBIA KOIDOUIHMEHT ACTEPMH-
HallWM HeJb3s UHTEPIPETHPOBATh KaK JOJII0 BapHaLUK pe3yibTaTa, 00bsc-
HEHHYIO BapHanuei (akTopoB, BKIIIOYEHHBIX B MOJIEIIb PETPECCHH.

Mpumep. OT™MeETHM, YTO BCE MOJIENIM MMEIOT PABHOE YHCIIO TIapaMeTPOB
U MO3TOMY KOI(QHIMEHTH NETEPMUHAIMHA COTMOCTAaBUMBI MEXAY COOOMH
(tabm. 1.2).

Ta6nuuma 1.2. CkoppeKTHpPOBaHHbIE KOI((UINEHTHI 1eTePMUHALMH

Mognens R? RZcxopp

30-1

y = 225,68 + 29,21x; + 0,21x; 0,747 1-(1-0,747) —— = ~0,728
30-2-—
30-1

y = 474,09 + 30,08x, + 2,16x, 0,803 1-(1-0,803) -~ ~0,788
30-2-—
30-1

y=37,46 x,°x5"* 0,802 1-(1-0,801) -~ ~0,786
30-2-—

CKOppEeKTUPOBaHHBIC KOI(PQPUITUSHTH JETePMUHAIMU ONHM3KH K He-
CKOPPEKTHPOBAHHBIM (MCXOJHBIM), YTO CBHICTENBCTBYET O XOPOIIEeM Kade-
CTBE paccMaTPUBACMBIX MOJENCH, HO Jydineil OyJeT BTOpas MOJEb, Tak
KaK pa3HUIA MEXIY CKOPPEKTUPOBAHHBIM U OOBIYHBIM KO3 (GUIIHMEHTOM
nerepMuHanun — Haumensiias (0,015).

5. JInst onpeneneHns HEHHOCTH MOJIENH B 1I€JIOM HCIOJB3YIOT Kpumie-
puit Quwepa, unu F-Kpumepuii, KOTOPHIi paBeH OTHOIICHUIO OOIICH
JIACTIEPCUU K OCTaTOYHOM:

52 RZ n-m-1
F=—00uw- p= , 1.15
52 1-R? m ( )

ocT
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rae N — 9KiciIo HaOJIIoAEHHUI;

M — 9uciio (pakTOpoB ypaBHCHUS, BKIFOYAs PE3YIIbTaTHBHEII.

IMonmyuenHoe 3HaueHue KpUTEPUs (Fyucq) CPABHUBAIOT C KPUTHYECKUM
(taban4HbIM) (Fi46,) VIS IPUHATOTO YPOBHS 3HAYMMOCTH (OU) M YHUCIa CTe-
neHew ceo0oabl (V1 =M — 11 v, =N —m, rae N — 9uciIo HAOIACHU, M —
4yrcao (aKTOPOB ypaBHEHWs, BKJIIOYAs pPe3ylbTaTUBHBIN). Ecim oHO Oka-
XKeTcsi OOJIbIIIE COOTBETCTBYIOMIErO TaOMUYHOro 3HaveHus (1,5), To gaHHOE
ypaBHCHHE CTATHCTHYCCKU 3HAYMMO, T. €. JOJISI BapHalluH, O0OYCIOBICHHAS
perpeccuel, HAMHOTO MPEBhIIAET CTy4ailHyr0 OmMOKy. Eciu xe Fpaca < Fragm,
TO MOJIE/Ib HEaJeKBATHO OMHUCHIBAET PEaNIbHBIN MPOLIECC U €€ UCIIOIb30BaTh
JUlsl aHalli3a M IUIAHUPOBAHHS HENb3s, HYXKHO MEPEeCMOTPETh BhIOOP (ak-
TOPHBIX MTOKa3aTeseH.

6. [y 0o6o0mmatomniei ONeHKH MOAEIH PACCUUTHIBAIOT II0KA3aTeNb cpeod-
Hell OMHOCUMENbHOU OWUOKU annpoKcumayuu €, TOKA3bIBAIOUINI

CpeaHee OTKJIIOHCHUEC pPaCUYCTHBIX 3HAYCHUH 3aBHUCHMOI HepeMeHHOﬁ oT
COOTBETCTBYIOIIUX UCKOMBIX BCJIUYNH:

zzﬁzuloo%, (1.16)

1
rae N — 9KiciIo HaOJIIoAEHUI;

Y, — pakTHueckoe 3HaUEeHHE PE3yIbTATUBHOIO IIPU3HAKA;

Y, — (paKkTHYecKoe 3HaYEHUE PE3yIbTATUBHOIO IIPH3HAKA.

Mopaenb uMeeT BBICOKYIO TOUHOCTb, eclii € He npeBbimaeT 10 %. Eciau
€ Oosree 10 % u menee 20 %, MoJeNb HMEET JOMYCTUMYIO TOYHOCTh B MO-
JKeT OBITh UCTIONB30BaHa NI aHanu3a U nporHo3a. Ecou € 6ombme 20 %,
MOJIeJIb UMEET HEeJIOITyCTUMYIO TOYHOCTD.

Xapaxmepucmuku paxmopHusix noxazameinei.

1. Kpome mpoBEpKH IEHHOCTH SKOHOMETPHUYECKOW MOJEIH B IEIOM
MIPOBEPSAIOT HAa CYMIECTBEHHOCTh M KaXKIBIH KO3(PPHUIIMEHT perpeccru, 9To
JIeNaloT ¢ MOMOLIBIO Kodghduyuenma cyujecmeennocmu KoIgpguyuenma
peepeccuu, inu t-kpumepus Cmorodenma:

t =—, (1.17)

rae t, — KOOQQUUUEHT CyEeCTBEHHOCTH KO3 dULMeHTa perpeccuy a; ;
]

Mo, = omuOKa ko3 duunenTa perpeccun a; .
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Ommbka ko3 dunmenrta perpeccun onpeaeseTcs mo Gopmyse

S,
H, =, (1.18)

j SX\/H

rac 6y»y — CPCAHCKBAAPATUYCCKOC OTKIIOHCHUEC 11O JaHHBIM YPABHCHUS,

6)( — CPCAHCKBAAPATUYCCKOC OTKIIOHCHUE (baKTopa Xj;

N — 4KciI0 HaOIIO IEHUH.
CpenHeKBaIpaTHYSCKOE OTKIOHCHHUE M0 TAHHBIM YPAaBHCHHS OpEIes-
ercst o hopmyie

Z(yX_ yi)2
= (1.19)

Pacuernbie 3Hauenus t-kputepuss CThIOJICHTa CPABHUBAIOT C KPUTHYE-
CKHUMH, KOTOPBIE OMPEJENSAIOT MO TAOJIUIE C y4EeTOM MPUHSTOTO YPOBHS
sHaynmoctd (o = 0,10; o = 0,05 mm o = 0,01) u uncna creneneii CBOOOIBI
v=n-m-1 (rae N — 9ucio HaOIOIeHNH; M — guciio (HaKTOPOB ypaBHE-
Hust). [TapameTp nMpu3HAETCS 3HAYMMBIM, €CIH lpueq > trysy (MHOTHA TPHHM-
Mmatot 1,96).

HexkoTopble ucciieoBaTesiu IpUAEP KUBAIOTCS MHEHUS, 4TO KOd(durm-
€HTBI PErPECCHH:

1) OTHOCHTENIEHO 3HAYUMBI, ecii 1< ‘ta ‘< 2

i
2) 3HAYUMBI, ecIi 2 < ‘ta ‘ <3;
1

3) CHJIBHO 3HAYHMBI, €CITH >3.

taj

Ecnu ecth KO3 QUIHEHT perpeccuu, Ajsi KOTOPOro YCIOBHE HE BBITIOJN-
HSETCS, TO U3 YPaBHEHUS HCKIIOYAIOT TOT (aKTOp, IpU KOTOPOM KO3 hH-
[HUEHT HE3HAUYUM M MMeeT HauMeHbliiee 3HaueHue t-xpurepus. [Tocne storo
ypaBHEHHE PETPECCUU CTPOUTCS Oe3 MCKIFOUeHHOTro (pakTopa u CHOBa Ipo-
BepsIeTCs 3HAYMMOCTh KO3(h(UIMEeHTOB perpeccuu. Takol mporecc JUIUTCs
JI0 TEX T0p, ITO0Ka Bce KO3 HUIIMEHTHI perpeccuil He OKaXyTCsl 3HAYMMBIMHU,
YTO CBUAETENLCTBYET O HAIWYMU B YPaBHEHHH TOJIBKO CYIIECTBEHHBIX
(IeHCTBUTENIFHO BIUSIIONIMX HA Pe3YJIbTATUBHBIHM MOKa3aTesb) (akTopOB.

2. Ko ummentsr perpeccuu mMoKasbBarOT 3()(QEKTUBHOCTH KaXIOTO
pecypca. Ho, Tak kak (akTopHbIE MMOKa3aTeIH YKOHOMETPHUYECKOH MOIeH
HUMEIOT Pa3IMYHbIe €JAWHMIBI U3MepeHus, KodQQUIHEHThI perpeccuu He-
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CpaBHHMBI Mexy co0oil. Bmecte ¢ Tem uyacto TpeOyeTcs OLEHHUTb POJib
(dakTOpHBIX MOKa3aTencii B (HOPMUPOBAHHMM pe3yibTaTa U CPaBHUTH HX
MeXIy co00ii. I 3TOTO UCTIONB3YIOTCS Kodhpuyuenmeol Inacmuunocmu
(3},j ), KOTOpBIE ONPEAEISAIOTCS TI0 hopmyIie

X
D =a -, (1.20)
y

e a;— Kod(pQUUHMEHT perpeccuu Ipu j-M GakTOPHOM NPHU3HAKE;
X; — cpeaHee apupMeTHYECKOe 3HaUCHHE (PAKTOPHOTO NPU3HAKA,

7— cpeaHee apI/IqJMeTI/I"ICCKOG 3HAUCHUC PE3YyJIbTATUBHOI'O IPpHU3HAKA.

KoaddunueHT 31aCcTUYHOCTH MOKA3bIBAET, HA CKOJBKO MPOIICHTOB H3-
MEHHTCSI Pe3yIbTaTUBHBIN MOKA3aTeNb, eCIi (DaKTOPHBIN MMOKAa3aTeIbh U3ME-
Hutes Ha 1 %. HemoctaTok MaHHOTO TMOKAa3aTelis 3aKI0YaeTcsl B TOM, YTO
OH IIPUMEHSETCS TOIBKO TPH NMPHOIM3UTEIBHO OAWHAKOBON BapHaIiy (ak-
TOPOB.

KoaddumneHTs 371aCTUIHOCTH UMEIOT HEOCTAaTOK, KOTOPBIH COCTOHT B
TOM, 9TO OHH NPHEMJIEMBI, €CJIM Bapuanuy (HaKTOPOB OJWHAKOBHI HIIH II0-

gt oauHakoBel. JlomyctuMm, x, =20 H3MEHseTCSs B J{MAla3’oHe
(xlm'” :19) <x < (xlmax = 22) , X, =40 uW3MeHAeTCs B JIMala30HE

(g™ = 25)< x, < (xg" =70).

Bapuarus niepBoro (h)akTOpHOTO 3HAYEHUS. MEHBIIE, YEM BTOPOrO. ITO
3HA4YUT, 4TO HepBLIﬁ (baKTOp B MEHbBIIECH CTeHNEHU OOBACHIET U3MEHEHHE
PE3YJIbTATUBHOI'O IMMOKAa3aTEIA, UEM BTOpOﬁ.

3. Eciu Bapuanus (baKTOpOB OTJIMYACTCA CYIIECTBECHHO, TO IJIA 00BsIC-
HEHHUS POJIH OTHAENBHBIX (PAKTOPOB B (POPMHUPOBAHMH PE3YIIBTATHBHOTO II0-
KaszaTels HCIOJNB3YIOTCA Oema Kodpuuuenmsl, uiu cmanoapmusupo-
sannsvie Ko3ppuyuenme pecpeccuu (B, ):

B, =a,,-c" . (1.21)

rae & — Ko3(QUIHUEHT PErpecCHH IPH j-M (HaKTOPHOM IIPH3HAKE;
G,,~ CTaHIapTHOE (cpeaHee KBaApaTHYECKOE) OTKIOHEHHE j-TO (ak-
TOPHOTO IPU3HAKA;
G, — CTaHJapTHOE (CpeJHee KBAaJPATHYECKOE) OTKIOHEHHE pe3ysbTa-
THUBHOTO IIPU3HAKA.
OH 1oKa3bIBaeT, Ha KaKylo 4acTh CTAaHJapTHOI'O OTKJIOHEHUSI U3MEHSET-
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csl 3aBHCHMasi TIEPEMCHHAsi OTHOCHTEIBHO CBOETO CPEIHETO 3HAYCHHS, C
u3MeHeHneM (axkTopa Xj Ha BETMYMHY CBOErO CTaHJAPTHOTO OTKIOHEHHS,
OTHOCHTEJIEHO €r0 CPE/IHETO 3HAYECHUSL.

Ecmu Bce B-koaddumneHTs CyMMHIpOBaTh U cyMMa OyneT 6oibiie 1, To
9TO O3HAYaeT, YTO 3HAYEHHE Pe3yJbTaTHBHOTO IOKa3aTeis yBEIMYHBACTCS
Oostee OBICTPBIMU TEMIIAMH, YEM TIPOUCXOAMT NpUpocCT paxTopoB. Eciu sxe
JlaHHasi CyMMa MEHbILE eIMHMIIBI, TO IIPUPOCT PE3yIbTATHBHOIO [TOKa3aTe-
JIs1 OTCTAeT OT TEMIIOB IpupocTta (GakTopoB. Brinien3noxxeHHOE KacaeTcs U
KOX(PHUIIEHTOB JIACTUIHOCTH.

4.Tlo paccuutanHbIM [-kodd¢unuentam u kodhPHUUHEHTAM MapHOU
KOPPEIALNHA MOXHO OLEHUTh HHANBUILYaTbHBIN BKIA] KaXkKA0ro (hakTopHO-
ro nokaszaTelsis B BapHalMIO 3aBUCUMOM mepeMeHHOW. s aroil uenu uc-
TIOJIb3YIOTCSL HOKA3amenu Yacmuoil 0emepmMuHayuu.

d, =B, (1.22)

riae BXJ — B-xo3ddunueHT hakTOpHOro noxasaTens Xj;

Iy — KOOQOUUMEHT NapHOH KOPPEISIMH MEKIY PE3yNbTaTUBHBIM M

(haKTOPHBIM MOKA3aTEISIMU.
CymMa mokazaTesieil 9acTHOM JeTepMUHAIMK paBHA KO UIHEHTY Je-

TEPMHUHALHH. (de = Rz). Hanpumep: ecnn mocrpoeHHass MOAEIb 00b-
]

scHseT 89,9 % oOeit Bapuanuy nepeMeHHoH y, Ha Joimo (akropa x; npu-
xomures 44,0 % (d, = 0,504 - 0,873 = 0,440); ¢axropa x, — 37,3 % (d, =

=0,432-0,863=0,373) uT. 1.

KoMOuHupyst (akTopbI-pecypCchl MPOU3BOJICTBA PA3IHUYHBIM 00pa3oM,
MOKHO 00€ECIICUNTh BBICOKHI YPOBEHb pe3ynbTaToB. [IprueM B ompeeseH-
HBIX MPEIesiaX HMEETCS BO3MOKHOCTD 3aMEIICHHUSI OJJHOTO pecypca IPYTUM.
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2. 9)KOHOMETPUYECKHWU AHAJIN3 TP HAPYIIEHUH
KJIACCHYECKHUX MOJEJIBHBIX NPEAITIOJOKEHUU

2.1. CsoiicrBa MHK-ounenox

Teopus CTaTUCTHUECKOTO OLIEHUBAHUS ONpeeNseT KaueCTBO OLEHOK IO
CBOHCTBaM HECMEIIEHHOCTH, 3()(HEKTUBHOCTH, COCTOSATEILHOCTH U HEKOTO-
PBIM OPYTHM.

1. Onenka sBISIETCSI HecMeujenHOll, €CI UCTUHHOE 3HAYCHUE Mapa-
METpa MOXHO PACCMaTPUBATh KaK €€ MaTEMaTHIECKOE OXKUIAHHUE:

Mla]=0a. (2.1)

Ecian 370 He Tak, TO OIEHKA HA3bIBACTCS CMEWeHHOU, a PA3HOCTh
M [a ]-a; — cMewmennem.

HecMereHHOCTh 03HAYAET, YTO B CPEAHEM HaIlla OIIEHKA COOTBETCTBYET
napameTpy. Bo3aMOXHO, 4TO OJIydeHHOe 3HaueHHe 8, OyZeT yaaleHo OT .
Ilpu yBenuueHun obbeMa BBHIOOPKH N AMCHEPCHS X YMEHbBIIAETCS, I0-
ckonbKy Var(x) = o?/ n M, COOTBETCTBEHHO, CTAHOBHTCS MEHBIIE TIPABJIO-
nox00ue Toro, 4To @; OYJET yAaleHo OT ;.

YacTo cBOICTBO HECMEIICHHOCTH BBIMOJIHAETCS JIMIIb C HEKOTOPOH cTe-
NEHBIO MPUOIM3UTEIILHOCTH MIPH JJOCTATOYHO OOJIBIINX 00beMax BBIOOpOU-
HBIX JIAaHHBIX (Ipu GoJbIIOM uucie u3Mepenui 1), B nmpenene npu 7 — oo.
B 3ToM ciiyyae roBOpST, YTO OLEHKH SIBISIFOTCS ACUMHMIOMUYECKU He-
CMeuyeHHbIMU.

2. Eciiu MBI OyzieM cpaBHHUBATH JBE UCCIIEIyeMble OIICHKH, TO MBI 00pa-
TUMCS K UX 3G HEKTUBHOCTH, OCHOBAHHOW Ha COOTHOILICHUHU MX JUCIIEPCHIA.
Ta u3 OLIEHOK, KOTOPasi KIMEET MEHBILYIO AUCIIEPCHUIO, sBIIseTCs Ooiee 3¢-
(eKTHBHOM. JTO CBOMCTBO MOKa3aHO Ha puc. 2.1.

OreHka paccMaTpuBaeTcs Kak 2¢hhexmusnan, eci oHa XapaKTepusy-
eTcsl HauMeHbIIeH ucnepcreit (aucnepcust OMMOKKM OLEHKH MUHMMAaJIbHA)
Cpean BCeX JPYI'MX aHAJOTMYHBIX OLEHOK, NMOJYYEHHBIX Pa3IMYHBIMU Me-
TOJAMH, CIIOCOOAMH.

CHCHES min(c? (a)), (2.2)

rme c?(ai) — IIMCTIEPCHS ONCHKH, TTOJYYCHHON C MCIIOIb30BAHHEM |-TO Me-

TOJa OICHUBaHMU.
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[IpennonoxuM, 9TO UMCIOTCS JABE OLICHKH MapamMeTpa Oly, PACCYUTAHHEIC
Ha OCHOBE OJHOM W To# ke mHpopMmaruu (puc. 2.1). Ouenka 4 sABISIETCS
6onee 2 pexTUBHOMN, YeM OTleHKa B.

floo) 4

v

Puc. 2.1. Onenku napamerpa oo

O0e onenku A U B SIBAAIOTCS HECMEIIEHHBIMH OLIEHKAMHU O, OJHAKO
oreHKa A sBisieTcst 6onee 3 (HEKTUBHON OLICHKOW: OHA MMEET JHUCIICPCHUI0
MEHBIIIE 110 CPABHECHUIO C TUCTIepCcHeH s B.

IIpu mocraTo4HO OONBIIMX 00BEMaxX BHIOOPOYHBIX HAHHBIX, B IpEACIC
mpu T — co. B 3TOM Citydae TOBOPST, YTO OLCHKH SIBIISTIOTCS ACUMRIOMU-
yecku Ihhexkmuenvimu.

3. Eme ogHuM acMMIOTOTHYECKHM CBOMCTBOM SIBJIIETCS COCHIOAME/b-
Hocmp. COCTOSATCILHON HA3bIBACTCS TaKas OLIEHKA, KOTOpas AaeT TOYHOE
3HAa4YCHHE JIs1 OOJIBIION BBHIOOPKHM HE3aBUCHMO OT BXOMSIIMX B HEE KOH-
KPETHBIX HAONIOJICHHA. DTO CBOMCTBO 3aIMCHIBACTCS CICAYIOIIAM 00pa3oM:

plim@@™) =a,, (2.3)

rJie P — BEPOATHOCTD COOBITHSI, 3aKITFOUEHHOTO B (PUTYPHBIE CKOOKH.

Ha puc. 2.2 nokaszaHo, Kak IpH Pa3IiYHOM OOBEME BBIOOPKH MOXKET
BBIDJISIICTh PACIPEACICHUE BEPOSTHOCTEH (COCTOSATENBHAS OILICHKA, CME-
LICHHAS Ha MaJIOW BBIOOPKE).

OpHaKo CleyeT MPOSIBISATH OIPEACICHHYIO OCTOPOXHOCTh. [leno B
TOM, YTO IPU KOHEYHBIX 00bEMaxX BBHIOOPKHM MHTYHUTHBHO IMPEIINOIAracTCs:
4yem Ooibliie 3HaYeHHE T, TeM OJrbKe MOJYYCHHAs OLCHKA MapaMeTpa K ero
HCTHHHOMY 3HAYEHHIO M TeM MeHblie ee ommnbOka. Ho yBennueHune odbema
BBIOOPKH BEIET K YMEHBUICHUIO BEJIMYMHBI CMEUICHHUS TOJIBKO B TOM CITy-
Yae, eclM 3aKOHOMEPHOCTH PAaCCMAaTPUBAEMbBIX MPOIECCOB HA «CTAPOM» U
«I00aBJICHHOM» BPEMEHHBIX HMHTEPBAJax MOJHOCTBIO HMIACHTHYHBI (OIHO-
pozHas BEIOOpKA) M, TAKUM 00pa3oM, TIOCTPOSHHBIE Ha COOTBETCTBYIOIICH
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STHM MHTEpBaJIaM HH(GOPMAITHHA MOJETH OyIyT MaIOpa3THIUMBI.

n =1000

f(oo)

Puc. 2.2. Pacnpenenenue BepoOSITHOCTEH IPH pa3InIHOM 00BbeMe BEIOOPKH

B »KOHOMETpHKE 4acTO MPUXOAUTCS CTAIKUBATHCS C TAKOHM CUTyallueH,
KOTJla Ha OTICNIbHBIX BPEMCHHBIX y4YacTKaxX 3aKOHOMEPHOCTH IMPOLIECCOB
pa3IuYarTCsa. ITO MOXKET OBITh BBI3BAHO, HAITPUMEP, HAYABIIHUMCS BO3JICH-
CTBHEM Ha 3aBUCHMYIO MEPEMCHHYIO y HOBOTO (PaKTOpa, U3MCHCHHEM Xa-
pakTepa B3aMMOCBSI3Ci MEXKIy pacCMaTPUBACMbIMU TIEPEMCHHBIMU B CBSI3H
C U3MCHCHUEM UX MAcIITaboB (IEHCTBHE JUATCKTHYCCKOTO 3aKOHA TIePeX0-
Jla «KOJIMYECTBA» B «KAYCCTBO») M 10 APYrHMM NpHYHWHAM. B 3TOM ciyuae
YBEJIMYCHUE YHC/Ia U3MEPEHHH HE BEAET K aBTOMATHIECKOMY «POCTY Kade-
CTBa» OILICHOK MMapaMETPOB MOJICIIH.

Cocmosmenvhocmy a61semcs «boaee yOoOubIM» NPU AHATU3E CEOUCHI-
60M, HeM ACUMNMOMUHECKAS] HeCMEWEHHOCMb, NOCKOIbKY OHO HACMO dé-
MOMAMU4eCcKy COXPAHACMCS NPU Npeodpaso8anusx paccMampusaemvix
NEePEeMEHHbIX U HEKOMOPbIX ONEPAYUSX C HUMIL.

2.2. O600meHHas perpecCHOHHAsI MO/ieJIb

JIyist moTy4YeHus: HeCMEIIEHHBIX, Y3(P(PEKTHUBHBIX U COCTOSITEIBHBIX Olle-
HOK TTapaMeTPOB MOJAEIH HEOOXOIUMO BHITIOJIHECHHE CICAYIOMIHNX IIPEIO-
CBIJIOK:

1. Ocrarku ¢; (i = 1,2, ...,N) ecTb BeIMYHMHA ClydYaiiHas, a (HAKTOPHI
X1, X2, ..., Xp — BEJIMYMHB] HECITyYakHble. DTO 03HAYAET, YTO BEKTOP € — CIIy-
YaHBIA BEKTOp, a MaTPHUIla 3HAYCHUH (PAKTOPOB X — HeCIywdalHas (merep-
MUHUPOBaHHAas).

2. MaremaTnyeckoe OXXHIaHUE CITy4aifHOTO OCTaTKa PABHO HYIIIO:

M(e)=0 (i=1,2,...,n). (2.4)
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3. Jlucniepcust CIIy4ailHOrO OCTAaTKa OJMHAKOBa [UIS BCEX HAOJIOICHMIA
pe3ynbrara Y:

o*(E))=0*(E;)=c”=const (i=1,2,...,n). (2.5)

DTO yCIOBHE HA3BIBACTCS YCIOBUEM 2omocKedacmuunocmu. Hampo-
TUB, €CIIK 3Ta JUCICPCUS HE MOCTOSHHA, TO TAKOC SBJICHUC HA3BIBAIOT 2e-
mepocKeoacmuyHoCmvI0 OCMAMmKo8.

BeinosiHeHHe 3TO# MPEANOChUIKA MOXET MPOBEPATHCS Pa3HBIMH METO-
namu. Huke paccMoTpeHa mporenypa HpOBEPKH MPEANOCHUIKH METOA0M
Tonadensaa — KBanara.

4. Bo3MymieHHsT HE KOPPEIUPOBAaHHHBI (HE 3aBHUCAT APYT OT APYyra) MeExk-
Iy co0oit. ITO 03HAYAET, 4TO KOBAPHAIMS MEXIY OTACIbHBIMH BO3MYII(E-
HUSAMU e; U ¢ (1 # | ) paBHa HyJIIO:

r, =0. (2.6)

e,el
IMpoBepka BBINONHEHHUS NPEANOCHUTKH 4 ¢ MOMOIIBIO (-CTaTUCTHKU
Jlapbuna — YoTcoHa paccMOTpeHa HIDKE.
5. Ciry4aiiHble OCTaTKU €j €CTh HOPMAJIBHO PAaCIpEeSiCHHAs CilydaiHas
BEJIMYMHA, @ BEKTOP € — HOPMAJIbHO PaclpeieIeHHbIN CIIydaliHbli BEKTOP:

e~N_(0;621 ). 2.7)

e'n

OO60CHOBaHMEM TAKOTO JOMYIICHUS CIYXHUT HEHTpaTbHAs MpeaesbHas
TeopeMa TEOPHH BEPOSTHOCTEH, COTJIACHO KOTOPOH cyMMa OOJBIIOT0 YHCIa
CTydalHBIX BENIMYWH HMeEeT NPHOIMKEHHO HOPMAaJbHOE pacIpeelieHue
HE3aBUCHMO OT WHIMBUAYAILHOTO pacIlpeesieHus ciaraeMbix. OTKIOHE-
HUe (DaKTUYECKUX 3HAYCHUHN pe3ynbTaTta Y OT TCOPETUUCCKUX BBI3BIBACTCS,
KaK MPaBUJIO, MHOKECTBOM CIYYaWHBIX W HCYYTCHHBIX (DAKTOPOB, KaXKIBIN
U3 KOTOPBHIX HE OKa3bIBAaCT JOMHUHHUPYIOMIETO BIUsSHHA. [103TOMY HOpMaih-
HOE paclpeIeiCHUE SIBISCTCS MPUEMIIEMON MOICTBI0 CYMMAapHOH MOrper-
HOCTH, T. €. BO3MYIIICHUSI.

ITepBbie yeThIpe ycii0BHsI H3BECTHBI Kak ycioBus ['aycca — Mapkoga.

Teopema TI'aycca — MapkoBa. Eciu pezpeccuonnas mooenb y0oeie-
meopsiem npeonocvlikam 1-4, mo oyenku a,,a,, ..., a, umelom HaumeHb-

uyro ()ucnepcuio 8 Klacce 8cex JUHelHbIX HECMEWEHHbIX OYEHOK U Mooenb
cuumaemcs Kiaccudeckoll.

Taxum 06p330M, OLICHKHA ao,al, ..., d, B OIPECIACICHHOM CMBICIIC SIBJISI-

p
oTca HaubOojee o¢gexmusnbiMu JTHHEHHBIMU OIEHKAMH TapaMeTpOB
gy Oy, eeey Oy
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IIpu MOAENMPOBAHUU pPEATBHBIX YKOHOMHUYCCKUX IMPOLECCOB HEPEIKO
CTaJIKMBAEMCA C CUTYallUsIMH, B KOTOPBIX YCJIOBUS KJIACCUYECKOM TMHEWHOU
MOJICJIA PETPECCHUH OKa3bIBAIOTCS HAPYIICHHBIMH. B 4acTHOCTH, MOTYT HE
BBITIOJIHATBCS TIPEIIOCHUIKA 3 U 4 0 TOM, YTO CiydaifHble OCTATKH MOJIENIN
HUMCIOT MTOCTOSIHHYIO TUCTICPCHIO U HE KOPPEITUPOBAHEI MEXTY COOOI.

B omauuue om knaccuueckot, 8 0600wenHol Moodenu Kogapuayuu u
ducnepcuu 06bﬂCHﬂ}0u/;ux NEPEMEHHBIX MOcym 6blmb npou360JIbHbIMU.

B atom cocTout cyTh 00001IEHUS pETrPECCHOHHON MOIEINH.

2.3. TecThl reTepocKeAACTHYHOCTH: rpaduUecKHil aHATN3 0CTATKOB,
TecT Nonndenna — Kyanara, Tect Yaiita

Ha npaktuke rerepockelacTUYHOCTh HE Tak Yy W penka. Ha puc. 2.3
TIPUBEICHEI JIBa MpUMEpa JIMHEHHOW PErpeccry — 3aBUCHMOCTH TOTpebIe-
nusa Cor noxona I: C=a,+a,l +e.

Ca Ca

Puc. 2.3. 3aBucumocts notpebdienus C ot goxona |

B ob6oux ciydasx ¢ pocTOM JOXOAa pacTeT CpeAHee 3HAUYeHHE II0-
Tpebnenus. Ho ecnm Ha puc. 2.3, a nucnepcus moTpeOIeHUs OCTaeTcs Of-
HOU W TOM ke JJIs pa3iIUYHbIX YPOBHEW A0X0Ja, TO Ha puc. 2.3, 6 pu aHa-
JIOTHYHOW 3aBUCHMOCTH CPEIHErO IMOTPEOJICHHS OT J0XO0Ja JAUCICPCHS IO-
TpeOIeHNsT HE OCTAeTCs IOCTOSHHOM, a YBEIMYUBACTCA C POCTOM J0XOJA.
®DakTHYECKH 3TO 03HAYACT, YTO BO BTOPOM CIIydae CYOBEKTBI C OOINBIINM
JIOXOJIOM B CpEIHEM TOTPEOIIAIOT OOJbINe, YeM CYOBEKThl C MEHBIIUM J0-
X0J/I0M, ¥, KpOME TOr0, pa3dpoc B UX noTpebieHnn Ooliee CyIIeCTBEHEH IS
Oonpmiero ypoBHS goxona. QakTHYECKH JIIOOM C OONBIIMMH JOXOJaMHU
HUMCIOT OOJIBIIMIA TMPOCTOP JJIs PaclpelesiecHUus] CBOEro aoxoja. Peamu-
CTUYHOCTh JAaHHOW CHUTYyallMM HE BBI3BIBACT COMHEHHH. Pa3z0Opoc 3HaueHMit
moTpeOIeHUs BBI3BIBACT Pa30pOC TOUCK HAOIIOJCHUS OTHOCUTEIBHO JTHHUU
PErpeccum, 4To U OIPEeIsieT TUCTIEPCHIO CITyIaifHBIX OTKIIOHEHHI.
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Buowvl cemepockedacmuunocmu.

1. Ucmunnas eemepockedacmuyHocmb BBI3BIBACTCS HEMOCTOSHCTBOM
JUCTIEPCUU CITy4YailHOH KOMIIOHCHTBI, €€ 3aBHCHUMOCTBIO OT pa3IMYHBIX
¢daktopoB. Haumbonee pacmpoCTpaHEHHBIH CiIy4ali HCTHHHOW TeTepo-
CKEJIACTUYHOCTH: TUCIICPCHSI PACTET C POCTOM OJHOTO M3 (DAKTOPOB.

2. Jlooicnasi 2cemepockedacmuiyHoCms BBI3BIBACTCS OIMIMOOYHOM CreIu-
(uKamme Mo perpeccu.

Iocreocmeust 2emepockedacmuiHocmu.

[Ipu rerepockemacTUIHOCTH TocheAcTBUs npuMmenenns MHK Oymyt
CIIEAYIOUMHU:

1. OueHku KO3 PUITUSHTOB MO-TIPEKHEMY OCTAIOTCS HECMEIIEHHBIMHU U
JMHEHHBIMA, HO HEe OynayT 3(QQeKkTUBHBIMH (T.€. OHM HE OyAyT UMETh
HAMMEHBIIIYIO JHUCICPCHIO 10 CPABHECHHUIO C IPYTUMU OICHKAMHU JaHHOTO
napamMmeTpa). YBEIUUCHHUE AUCIICPCUHU OIICHOK CHMIKACT BEPOSTHOCTH IOITY-
YCHUSI MAKCHMAIBHO TOYHBIX OICHOK.

2. Jlucniepcun OLIEHOK OYyT PACCUUTHIBATHCS CO CMCIICHUCM.

3. BenenctBre BBINIECKA3aHHOTO BCE BBIBOBI, TOy4aeMbIC HA OCHOBE
COOTBETCTBYIOIIUX t- 1 F-CTaTUCTHK, a TaK)Ke UHTEPBAJIbHBIC OLICHKH OYIyT
HeHaZexKHbIMU. ClIeZ0BaTENIbHO, CTATUCTUYECKHE BBIBObBI, MOJy4aeMble
NPU CTaHJAPTHBIX MPOBEPKAX KAauecTBa OLEHOK MOTYT ObITh OIIHOOYHBIMU
Y TIPUBOJIMTH K HEBEPHBIM 3aKJIFOUCHHUSIM I10 MMOCTPOCHHOH Moenu. Brosne
BEpOSITHO, YTO CTAHIAPTHBIE OMMOKH KOA(PPUITUEHTOB OYIyT 3aHWKECHBI, a
ClIeIoBaTeNIbHO, t-CTATHCTHKKM OyIyT 3aBBILICHBL. DTO MOXET MPHUBECTH K
NPU3HAHUIO CTATUCTHYECKH 3HAYMMBIMH KO3(D(HUIMEHTOB, TAaKOBBIMH Ha
CaMOM JIeJIC HE SIBIISOIIMUCS.

Obnapysicenue 2emepockedacmuiHoCmu.

B psanme cnyyaeB Ha 0Oa3e 3HAHMU XapaKTepa AAHHBIX IOSIBICHUE MPO-
OJIEMBI TeTCPOCKETACTUYHOCTH MOXHO IPEABHICTh U MONBITATHECSA yCTpa-
HUTH 3TOT HEJOCTATOK ellle Ha 3tane crerudukanud. OTHAKO 3HAYUTECIHHO
yame 3Ty NpoOJieMy MPHUXOJUTCSA PemiaTh IMOCIE IMOCTPOCHUS YpPaBHEHUS
perpeccun. EcTecTBEHHO, HE CyLIECTBYET KaKOro-JIMOO OJHO3HAYHOIO Me-
TOJIa OIIPEACIICHUsI reTepoCcKeacTHIHOCTH. OJHAKO K HACTOSILEMY BpeMe-
HH [l TAKOW TMPOBEPKU pa3paboTaHO JOBOJILHO OOJBIIOE YKCIO TECTOB U
KpUTEpUeB IS HUX. PaccMOoTpuM Haubosiee MOMYJNSPHbIC U HATJISIHBIC:
rpadudecknii aHaau3 OTKIOHeHUH, Tect [onndenna — Kyannara, Tect Yaiira.

TI'paguueckuii ananuz ocmamros.

Hcnonp3oBanue rpahu4eckoro MpeiICcTaBICHUsS OTKIIOHCHUH MMO3BOJISCT
OTIPE/ICITUTRLCS C HATMYUEM T'eTEPOCKEIACTHYHOCTH. B 3TOM cityyae mo ocu
a0CIUCC OTKJIAIBIBACTCS OOBSICHAIONIAS MepeMeHHas x (aubo IuHeHHas

36



KOMOMHAIMs OOBACHAIOIIUX MEPEMEHHBIX Y =a,+aX +...+a,X,, a Io

OCH OpAMHAT OO OTKIIOHEHUS €j, JINOO UX KBAIPaTHI.
IIpumeps! Takux rpaduKOB MPUBEACHBI HA puc. 2.4.

2 0

Puic. 2.4. ToueuHslit rpah¥k 3aBHCHMOCTH KBaJ[paTa OCTATKOB €
0T OOBSICHAIOILEH TIEPEMEHHOI X

Ha puc. 2.4, a Bce OTKIOHEHUS € HAXOJATCS BHYTPH TOJYMONOCH TIO-

CTOSIHHOW HIMPUHBI, TapaJlIeIbHON OCH aOCIHCC, T. €. B 3TOM CIIy4ac MbI
HAXOJIUMCS B YCIIOBHSX TOMOCKEIACTHYHOCTH.

Curyanuy, IpeICTaBICHHbIE HA puc. 2.4, 6—0, OTPaXKaloT OOJBIIYIO Be-
POSITHOCTh HAJMYUS T€TEPOCKEIACTUYHOCTH JJISI PACCMATPHBAEMBIX CTATH-
CTHYECKUX JAHHBIX.

OtMmeTuM, 9T0 TpadUIeCcKUil aHaTN3 OTKJIOHCHUU SBISIETCS YAOOHBIM U
JIOCTaTOYHO HAJEKHBIM B Cillydae NapHoi perpeccuu. IIpu MHOXKECTBEHHOM
perpeccuu rpadUUecKnil aHATH3 BO3MOXKEH I KOKIOW M3 OOBACHIIOIINX
HEepeMEHHBIX X; oTaenbHo. Takoif aHanu3 Haubollee 1ienecooOpazeH NpH

0OJILLIOM KOJIMYECTBE 06’L${CHHIOIIII/IX NEPEMCHHBIX.
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Tecm I'onogenoa — Kyanoma.

Tecr N'onndenna — Kyanara cocrout B ciiepyroniem:

1. Bce N ocTaTkoB ymnopsi04MBAIOTCS 110 BO3PACTAHHUIO 3HAUYECHHH (ak-
TOpA Xj.

2. B ynopsimoueHHOM psiny BeIOHparoT K mepBeix u K mociaeaHux ocrart-
KOB, IIPH 3TOM K J0/KHO OBITH GObIle yKcia (pakTOPOB, BKIIOYCHHBIX B
Mmozens. O6prdHO mpuHUMaoT K ~n/3. lleHTpanbHbIE OCTATKH, TAKUM
00pazoM, UCKITIOYAIOTCS U3 PACCMOTPEHHS.

3. ITo kax0¥ M3 rpyIn BEIOPAHHBIX OCTATKOB ONPENEIIETCS CyMMa MX
KBaJpaTOB

SS, =6’ +e+...+e’u SS, =67, +e , ,+..+€. (2.8)

4. PaccunteiBaetcs F-cratucrixa ®dumepa mo dopmyne F =SS, /SS,,
eciu SS; > SS;, mwimn 1o popmyne F =SS, /SS,, ecim SS; > SS;.

5. CratucTudeckasl THUIOTe3a 00 OJAMHAKOBOW TUCTIEPCHUU BO3MYIICHUI
HE OTKJIOHsIETCs, eciiu F-cratucTrka He mpeBbllaeT TabINYHOE 3HAUYCHHE
F-xpurepus ®umepa A NIPUHATOTO YPOBHS 3HAYUMOCTH O M YHCEN CTe-
IeHeH cBOOOIBI YUCIMTENS U 3HAMEHATENSA V, = Vo = K—m — 1.

6. Ecn Fuwen>Fo=F 4 ,, To rumoresa o6 orcyrcrsun rerepo-

CKEeJaCTHYHOCTH OTKIIOHSACTCS.

EcrecTBEHHBIM SBIISIETCS BONIPOC, KAKMMH JOJDKHBI OBITH pa3Mepsl HOJ-
BBIOOPOK JUIsl IPUHATHS 00OCHOBaHHBIX perieHuid. [yt mapHOW perpeccun
Tonndenn u Kyanar npemnararor crienyroiue mpomnopiun: h = 32, k = 11;
n =60,k =22.

Tecm Vaiima.

Tect Yaiita COCTOUT B CIEAYIOIIEM:

1. Crpourcst ypaBHeHue perpeccuut: ¥, = b, +b,x, +b,x,, +b., u Beramc-

JAI0TCA OcTaTku € =Y, — Y, i1=1n.

2. Ctpoutcst KBajgpaTH4yHash (QYHKIMS, BKIIOYAlOmas Bce (QakTophl,
a TaKKe UX MONAapHbIC IPOU3BEICHUS:

87 = 0y + 0y Xy + 0L, X, + 0 X,q + 0, XA + 0 XDy + 0 X5 + 0L X Xy + 2.9)
+ 0 Xy Xz + 0o X5 Xj5 + 1.

Ilpu mpoBepke mo Tecty YalTa TreTepOCKEAACTUYHOCTb CIIyHailHBIX
OCTaTKOB MMeeTCs, ecii Besl GyHKIus (2.9) 3naunma o F-xpurepuio ®Ou-
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mepa. Ecin dakTrueckoe 3HaYeHWE KpHUTEpHsS OOblle TaOJIUIHOTO, TO
TUIIOTE3a O FTOMOCKEJACTUYHOCTH OCTATKOB OTKJIOHSAETCSL.

Obobwennviii (636ewennviil) MHK.

Ilpn HamMuuM reTepocKeJacTHYHOCTH HCIIOJB3YIOT 00O0OIEHHBINH
(B3Bemiennbiit) MHK. CyTp MeTona 3akitouaercsi B yMEHBIICHUH BKJIaza
HaOJII0ICHUH, IMEIOIUX OOJIBIIYIO TUCTIEPCHIO B PE3YJIbTAThl pacyeTa.

JJii SKOHOMHYECKUX MaHHBIX G YacTO INPOIOPIMOHATbHA 3HAYCHISIM
0OBsICHSIIOIIEH epeMEHHOIT x, oaToMy orieHnBaercst 00braHbiM MHK mpe-
obpasoBanHast Mozmenb: Y/X=o,/X+a, +&/X. Koabduuuent npu 1/x

OyneTr 3(h(}EeKTHBHONW OIEHKOW O, a TMOCTOSHHBIN wWieH — 3(h(eKkTHBHON
oueHkoit oy. Ilpu nmpumenenun B3pemenHoro MHK onenku napamerpon
OyAyT HECMEIICHHBIMH, KpOME TOTO, MMETh MEHBIIYIO TUCIIEPCHIO, YeM
HEB3BCILICHHBIC OIICHKH.

2.4. JxoHOMeTpHYecKast MOJe/]Ib ¢ ABTOKOPPEIHPOBAHHBIMHA
omudKaMH. AHAJIU3 ABTOKOPPe/ISUHA OIIH0OK HA OCHOBE
CTATHCTUKHU U TecTa lapOuna — YorcoHa.
IIpouenypa Koxpeiina — Opkarra

ABTOKOppeIANNs BO3MYIICHHN OBIBACT IIOJIOKUTCITFHONH WIIM OTPHIIA-
TENBHOM.

Tonosicumenvras agmokoppenayus NPOSBIAETCS B TOM, YTO 3aBBIIICH-
HBI€ 3HAYCHHUS BOSMYLICHUH NMPEabIAyIINX HaOmoAeHn pe3ynbTara Y mpu-
BOJMT K 3aBBIIICHUIO BO3MYIIEHHH mociexyromux Habmronennit. Ha rpa-
(brKe BpEMEHHOTO psiJja OCTaTKOB PErPecCHU 3TO BHIPAXKAETCs, HAIPUMED, B
YepeIOBaHUH 30H MOJOKHUTEIBHBIX M OTPHIATEIBHBIX OCTATKOB (pHC. 2.5).
I'padmuecky moaoxuTeIbHAS aBTOKOPPEIIALUS BEIPAXKACTCs B YePEIOBAHUN
30H, I7¢ HaOJrofaeMble 3HAUEHHs OKAa3bIBAIOTCSA BHINIE OOBSACHEHHBIX
(IpenckazaHHbIX), ¥ 30H, 1€ HAOJI0JaeMble 3HAUCHHUST HIKE.

Puc. 2.5. Mopenb perpeccru ¢ NOJIOKUTENBHOI aBTOKOPPENLMeH BO3MYILICHHUN
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[Ipu ompuyamenvuoii aemorxoppensiyuu, Ha000POT, 3aBBINICHHBIE 3HA-
YeHUsl BO3MYILCHHUH MPEIBbIAYIINX HAOIIOJACHUN 3aHMKAKT BO3MYIICHUS
MOCTICTYIONUX HAOIIOACHUM, a OCTATKH PErPECCUU «CIIHIITKOM YacTo» Me-
HSIOT 3HaK (puc. 2.6). ['paduuecku 3T0 BRIpaXkaeTcsi B TOM, UTO PE3yIbTATHI
HAOJIOICHU Vi «CIIHIIIKOM YacTO» IIEPECKAKUBAIOT» Yepe3 rpaduk 00bsic-
HEHHOMH yacTu t.

€t

3
® >¢
=
© >
0<::‘>‘>‘
e
’<94

Puc. 2.6. Mopnenb perpeccuy ¢ OTPHLATEIbHOH aBTOKOPPEISIIUEH BO3MYILICHHI

Cpenn OCHOBHBIX NMPWYHH, BBI3BIBAIOMINX IOSBICHHE aBTOKOPPEIIAINY,
MOJKHO BBIJICIIUTHh OMIUOKH CTICHU(BUKAINH, HHEPIHIO B H3MCHEHUH 3KOHO-
MHUYECKUX MOKa3aTeseil, 3pPeKT nayTUHbI, CrIIAKHUBAHUC TAHHBIX.

1. Owubru cneyugpuxayuu. Heydet B MoJeiun Kako#-1100 BaXHON 00b-
SICHSIFONICH TIEPEMEHHOM JINOO HEMPaBUIIBHBIA BBIOOP (OPMBI 3aBUCIMOCTH
OOBIYHO TPUBOJUT K CHCTEMHBIM OTKIIOHCHUSIM TOYCK HAOIIOJCHUN OT JIH-
HHUH PETPECCUH, YTO MOXKET IIPUBECTH K aBTOKOPPEIISAIIHH.

[IpomnntocTpupyeM 3TO CIEAYIOIIMM NpUMEPOM. AHaIM3UpyeTCs 3a-
BHCHMOCTb TIpenedbHbIX u3aepkek MC ot oopema Boimycka Q. Ecnm mms
ee ONHUCAHUSA BMECTO peanbHOM KBaJpaTUYHON MO

MC =B, +B,Q +B,Q° +¢ BbIOpars nuueiinyo mogenms MC =B +B,Q +e,

TO coBepuIaeTcs ommbOka crnenudukamuu. Ee MoXHO paccmarpuBaTh Kak
HeNpaBWIBHBINA BBIOOP (POPMBI MOZENIN WIIM KaK OTOpachblBaHUE 3HAYMMOU
NepeMEHHOM NIpH JIMHeapu3alnuu yka3aHHbIX Mojened. [locnexcTBus nan-
HOHM OIIMOKHU BBIPA3sTCS B CUCTEMHOM OTKJIOHEHHH TOYEK HaOJIIOACHHH OT
psiMOii perpeccun (puc. 2.7) U CyIECTBEHHOM NPeOOIIafaHuH MOCIIeI0Ba-
TENBHBIX OTKJIOHEHUH OJMHAKOBOTO 3HAKa HaJ COCEIHUMHU OTKIOHEHHSIMH
MPOTHBOIIOJIOKHEIX 3HaKOB. HainIo THIMYHAs KapTUHA, XapakTepHas s
HIOJIOXKHTEIIEHOM aBTOKOPPEIISLUH.
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Puc. 2.7. 3aBUCUMOCTB H3EPIKEK OT 00bEMa BBITyCKa

2. Unepyus. MHOTHE SKOHOMHYECCKUE TOKa3atenu (Hampumep, UHpIs-
s, 6e3padotuna, BHIT u 1. 11.) 06magaroT onpeaeneHHON UKIHIHOCTHIO,
CBSI3aHHOW C BOJIHOOOPA3HOCTHIO JIEJIOBOM aKTUBHOCTH. JIeHCTBUTENBHO,
SKOHOMHYECKUH MOIBEM MPHUBOAMUT K POCTY 3aHATOCTH, COKPAIICHHUIO HH-
Gy, yBenmaenuto BHIT u T. 1. 3TOT pocT nmpoaomkaeTcs A0 TeX Mop,
IOKa W3MEHEHHE KOHBIOHKTYPHI PHIHKA W PAga SKOHOMHYECKHX XapakTe-
PHUCTHK HE TPHUBEICT K 3aMEIJICHHIO POCTa, 3aT€M OCTAaHOBKE W JIBHIKCHHIO
BCIISITh pacCMaTPUBACMBIX MOKa3aTelneil. B mobom ciyuae sta Tpancdop-
MaIys MPOUCXOJUT HE MIHOBEHHO, a O0JalaeT ONpEeICIICHHONH HHEPTHO-
CTBIO.

3. Dpdexm naymunvl. Bo MHOTHX cepax IKOHOMHKH SKOHOMHUYCCKUEC
[OKa3aTeay pearupyroT Ha MU3MEHEHHE SKOHOMUYECKUX YCIOBUH C 3amas-
npiBaHueM. Hampumep, npeuiokeHne CenbCKOXO35MCTBEHHOW NPOAYKLIMH
pearupyeT Ha W3MEHEHHE IICHBI C 3ala3/bIBaHWEM (PaBHBIM IIEPHOIY CO-
3peBaHMs ypo’kas). bompimas IeHa celnbCKOXO3SHCTBEHHOW MPOIAYKIHUH B
MIPOIIJIOM TOAY BBI3OBET (CKOpEE BCEr0) €€ MEepenpOM3BOACTBO B TEKYIIEM
TOIy, a CJIeIOBATENbHO, IICHA Ha HEee CHU3UTCS W T. 1. B 3Toil curyanmun
HEJB3S MPEANoiaraTb CIIy4aifHOCTh OTKJIIOHEHUH IPYT OT ApyTa.

4. Cenasicusanue Oannwix. HYacTo IaHHBIE MO HEKOTOPOMY IPOJIOII-
JKUTEJIbHOMY BPEMEHHOMY IMEPHOJY MONYYaroT YCPEAHEHHEM JAHHBIX MO
COCTAaBIISIIOIIUM €r0 MOABIHTEPBAaM. JTO MOKET MPHUBECTU K OINpeaeseH-
HOMY CIJIZXXHBAaHHUIO KOJICOAHUH, KOTOPBIC HMMEIHCh BHYTPH pPaccMaTpH-
BaeMOro MepuoJia, YTO, B CBOIO OYEPEb, MOXKET MOCIYKUTh NPUIUHON aB-
TOKOPPEISILIUHU.

IHocnedcmeus asmokoppenayuu.

[TocnencTBusl aBTOKOPPEISIIMA CXOOHBI C MOCIENCTBHAMH T€Tepo-
CKEIaCTUIHOCTH.
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Ob6Hapysicenue agmokoppersyuu.

PaccMOTpHUM BO3MOIKHBIE METO/BI ONPEICTICHUSI ABTOKOPPEIISLIHH.

TIpaguueckuii memoo.

CyliecTByeT HECKOJbKO BapHaHTOB TIpa)UuecKoro OMpe/AeieHHs aB-
Tokoppessiiui. OUH U3 HUX, YBA3BIBAIOUIMN OTKIIOHEHHUS €, C MOMEHTaMH {
HX THOJIydeHus (MX IOPSAAKOBBIMH HOMEPAMH 1), TIPUBEIEH Ha puc. 2.8.

e,

Puc. 2.8. Toueunblii rpaduk 3aBUCMMOCTH OTKJIOHCHHE €, OT BpeMeHH t

DTO Tak Ha3bIBaEMbIC IMOCIECIOBATEIBHO-BPEMCHHBIC rpaduku. B aTom
cilydae mo OCH a0CHUCC OOBIYHO OTKIIAABIBAIOTCS JIMOO MOMEHT HOJIYYCHHUS
CTaTUCTHYCCKUX JaHHBIX, JIUOO MOPSIKOBEIA HOMEp HAOIIOJACHUS, a IO OCH
OpJMHAT — OTKJIOHEHHUS €, , TMOO OLEHKH OTKIOHEHUH €.

EcTecTBeHHO TpenNoONOKNTh, 4TO HA puc. 2.8, 6, 8 UMEIOTCA OTpe-
JICTICHHBIE CBSI3M MEXJIY OTKIOHEHHUSMH, T. €. aBTOKOPPEIALUS UMEET Me-
cto. OTCyTCTBUE 3aBHUCUMOCTH Ha puc. 2.8, a, CKopee BCEro, CBUIETEIb-
CTBYET 00 OTCYTCTBHHU aBTOKOPPEIISLIIH.

Kpumepuii /lapbuna — Yomcona.

Hawnbonee n3BeCTHBIM KpUTEpHEM OOHAapYKEHUsI aBTOKOPPEISLNHU TIep-
BOro MopsaKa sBisercs kpurepuit Jlapouna — Yorcona. Cratuctuka Jlap-
6una — Yorcona (DW) mpuBOmUTCs BO BCeX IKOHOMETPHUYECKHX MaKETaxX
KAaK Ba)KHEHIIas XapaKTepUCTHKA KAauecTBa PErpecCUOHHON Monenu. Tect
Jlap6muHa — YOoTCOHa OCHOBAaH Ha MPOCTON HEe: eCIH KOPPEISIUs OMNUO0K
perpeccuu HE paBHA HYJIO, TO OHAa MPUCYTCTBYET M B OCTaTKax perpec-
CHHM €;, TIOJy4JalolINXCs B peE3ynbTaTe NPUMEHEHHS OOBIYHOTO MeEToxa
HauMEHBINX KBaapaTtoB. B tecte JlapbuHa — YOoTCOHaA aJisl OLIEHKHA KOppe-
JSIIUY UCTIONIB3YETCS CTaTHCTHKA BUA

T
Z(e[ _et—l)z
DW =d =2 ~2(1-r,,). (2.10)
2
2
t=1

42



Takum o6pazom, 0 < DW < 4 u ero 3HaueHHS MOTYT YKa3bIBaTh Ha
Hajmuyue JHM00 OTCYTCTBHE aBTOKOppesiIMHU. JIeWCTBHTENBHO, €Cin
~0 (aBroxoppemsiuus orcyrcrsyer), o DW =~ 2. Ecom 1, , ~1

retx914
(monoxurenbHas arokoppesiius), o DW= 0. Ecmu 1, ,  ~-1 (orpuua-

TeJIbHask aBTOKoppessiuus), To DW = 4.

st 6osee TOYHOro ompenesieHus, kakoe 3HaueHune DW cBupetensct-
ByeT 00 OTCYTCTBHUH aBTOKOPPEJALMH, a Kakoe 00 ee HaluyuH, ObLia TO0-
CTpoeHa TabJiLa KPUTHYECKUX TOYeK pacrpeaenenus Japbuna — YoTcoHa.
ITo He#t 1 3aJaHHOTO YPOBHSI 3HAYMMOCTH Cl, YUCJIa HAOTIOACHMA N U KO-
JMYECTBA OOBACHSAIOIINX MEPEMEHHBIX M ONPEACNISAIOTCS [Ba 3HAUYCHUSL:
dy — HIDKHSIA rpaHuna B dg — BEPXHsIS TPAHUIIA.

Obwas cxema kpumepus Japouna — Yomcona 6ydem cnedyroueni.

1.Tlo mOCTPOCHHOMY JKOHOMETPHYECKOMY YPaBHEHHIO pPErpeccuu
Yy, =b, +bx, +...+ b, X,, OLPENeISIOTCS 3HAYCHHS OTKIOHCHHH €, =Y, — ¥,

Kaxmoro HaomroneHus t,t = 1,_T

2. ITo popmyue (2.10) paccuursiBaercst cratuctuka DW.

3. ITo Tabnuie KpuTH4IeCKUX TOoYeK J[apOruHa — YOTCOHA OMpeaesFOTCs
nBa uncia dy v dg ¥ OCYIIECTBIAIOTCS BBIBOIBI IO CIEAYIOMIEH cXeme:

0 < DW < dy; — cymiecTByeT MOJI0KUTEIBHAS aBTOKOPPEIISALIHSL

dy < DW < dg — BBIBOJI O HAJIMYUH aBTOKOPPEILMH HE ONPEIETIEH;

dg < DW < 4 — dg — aBTOKOppEJIALHS OTCYTCTBYET;

4 — dg < DW < 4 — dy; — BBIBOJ O HAJIMYKHU aBTOKOPPEJISLIUH HE OIpPELIe-
JIeH;

4 — dy < DW < 4 — cymiecTByeT OTpULATEeIbHAS AaBTOKOPPEIISLIHSL.

N306pazum pesynsrat Japobuna — Yorcona rpaduuecku (puc. 2.9).

H, oteepra- H, otsepra-
ercA (nono- Hes;;[:c- H, npunnmacres Hg::;c_ {oTpHua-
Xurenbkag o {OTCYTCTBHL aeneH- TeAbHaA
aBTOKOp- HOCTH ABTOKOPPENAIHH) HOCTH ABTOKOp=
pensaunn) N PensUHA) N
. . ¢ ‘ >
0 dy ds 2 4-dg  4-dy 4

Puc. 2.9. I'padmdeckas uHTEpIpeTanys pe3yabTaToB kpurepus Japouna — Yorcona
Tl d-cratucTuKU HAXOJST BepxHIOK (g M HIDKHIOW Oy rpaHWIBl HA

ypoBHsx 3Haunmoctu o = 0,01; 0,025 u 0,05 (nopmarus). HenocraTtkamu
kpurepust Jlapouna — YorcoHa sBisieTcsl HaNM4KMe 00JIaCTH HEOoIpeeleH-
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HOCTH KPHTEpHsl, a TaKkkKe TO, YTO KPUTHUCCKUE 3HAYCHUs (-CTaTUCTHKU
orpeJesieHsl Uit 00beMoB BbIOOpKH He MeHee 15. Tem He meHee Tect Jlap-
OuHa — YoTcoHa siBisieTcsi Hanbosiee yoTpeOIsieMbIM.

Memoousl ycmpanenus asmoxoppensiyuu.

[Tpouenypa, KOTOPYIO ciledyeT NPUHATH Ul YCTPAHEHUS! aBTOKOPPEIs-
M, OyJeT 3aBHCETh OT XapaKTepa 3aBUCHMOCTH MEX1y 3HauUCHHSIMH CITy-
yaiiHOTO 4ieHa. HanbGosnbiiee BHUMaHME ylensieTcsl TaKk Ha3bIBaeMOW aBTO-
PErpECCHOHHOM CXEeME MEPBOTO MOPSIIKA, TaK KaK OHA HHTYHUTUBHO TPaBJIO-
moo0Ha, HO IS TOTO, 9TOOBI OBLIO IIeIeco0Opa3HBIM ee NCIOIh30BaHUE B
0oJ1ee CIOKHBIX MOJIEIISIX, OCHOBAHWM OOBIYHO HE XBaTaeT.

Memoo Koxpeuina — Opkamma sBIseTcs UTepalnoHHBIM. Kaxknast ure-
panusi JaeT JydIIyio OLEHKY P, YeM MPEabIAyIas.

1. Ha nepBoM 3Tarme ¢ MoMoIlbI0 METO/Ia HAUMEHBIINX KBaAPAaTOB OLie-
HHBAIOTCS [IapaMeTpbl IPOCTOM IMHENHOM perpeccun: Y, = a+pX, +¢,.

2. Boluncnsarorcst  OcTaTKY, IONy4YeHHBIE M3 9TOr0  YpaBHEHUS,
e =Y, -Y,.

3. OueHuBaeTCs perpecCHOHHas 3aBUCUMOCTh €, OT €,_;, ¥ Ko3dduuu-
eHT IIpU €, ; IpeJCTaBIieT COOOH OLIEHKY p, T. €. UCIOIb3YIOTCS JJIs OLEH-

KH TTapaMeTpOB MOIEIN
e =pg,_, +&,. (2.11)

OueHka, MOJIyueHHAss METOJIOM HAaMMEHBIIUX KBaJpaToB, SBISETCS
HavyaJbHOU OLIEHKOU 3HAYEHUS P!

Zetet—l
p =12 ]
2
t=1
4. C aroit oneHkoit p ypasuenue (2.11) nmpeobpasyercs B (2.12), oreHu-

BAaHHUEC KOTOPOT'O MO3BOJIACT MOJYYUTHh NEPECMOTPCHHLIC OLICHKU O, B, T. €.
9Ta OLCHKAa AAaJIbIIC HCIOJb3YCTCA I HAXOXKIACHUSA O606HICHHI)IX pasHo-

(2.12)

creit: Y/, =Y, -pY, ,, X',=X,—pX, ,. Jdna npeobpasopanHoii Moznenu
Y/ =a(l-p)+PX’ +¢, mnpoBomMTCS perpeccHOHHBIH aHaTM3, AAMOMMiA

YTOYHEHHBIC OLICHKM O M [3 HaKjIoHa W cBOGOAHOro wicHa. Ha sToM mep-
Basi UTEpalUs 3aKaHYUBACTCS.
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5. YTouHEHHBIE OLEHKM M3 MEPBOM MWTEpaIlMH IIOACTAaBIAIOTCA B
HayajpHOe ypaBHeHue Y, =[3,+ [, X, U3 KOTOPOro HaXoJUM HOBbIE 3Haue-
HHSI OCTAaTKOB €, ¥ BO3BPAINAIOTCS K dTamy 3.

HoBbie ocTaTku MOACTABIAIOTCS B ypaBHeHHE (2.12), BEIYHCIAETCS HO-
Bas OLEHKAa p M TNPOJOIDKAEM HTEpaluu Jajblie. JTOT Hpolecc 3a-
KaHYMBACTCS, KOTJ]a OYePEeHON LIar He JaeT CYIIECTBEHHOT0 W3MEHEHMs
BEJIUYMHBIL P.

[Toce 3aBeprieHHs WTepanuii IS OKOHYATEIHHO MpPeoOpa3oBaHHOM
mozenu (ypaBHeHue (2.12)) MOXXHO MPOBECTH CTaHIAPTHBIN PErpecCHOH-
HBIIl aHaNW3 W CHeNaTh BBIBOABI O CBSI3M MeXIy BennunHamMu Y U X.
HaiinenHyto MoJeb TakkKe MOXKHO HCIIONB30BaTh IS MPOTrHO3a OYAyLIHX
3HaueHMH Y MO M3BECTHHIM BEJIMUMHAM X.

2.5. MyAbTHKOJJIMHEAPHOCTh (aKTOPOB: NPUYUHBI M 3 PeKThI

Eme onHol cephe3HOM MpoOi1eMoll IpH IIOCTPOCHUH MOJIEJICH MHOXe-
cTBeHHOM jmHeWHo#l perpeccun 1o MHK  saBmsercs myremu-
KONIuHeaprocmy — JIMHEHHAs B3aMOCBA3b IBYX WM HECKOJBKHX OOBsIC-
HSIONIMX NIepeMeHHBIX. Eciu 00bsICHSIONIIE IepeMEHHbIE CBA3aHbI CTPOron
(YHKIIMOHANBHON 3aBUCHMOCTBIO, TO TOBOPAT O COBEPUICHHOU MYIbIMUKOI-
auneaprocmu. Ha TIpakTHKe MOKHO CTOJIKHYTBCSI C OYEHb BBICOKOW (TN
ONMM3KOM K HeW) MYJIbTUKOJUIMHEApHOCTBIO — CHJIBHOM KOPPESILMOHHOM
3aBUCHMOCTBIO MEXKY OOBSICHSIOIMMH TIEPEMEHHBIMH.

MynbTHKOIIIMHEAPHOCTE MOXET OBITH MPOOJIEMON JHIIb B CIydae
MHOXXECTBEHHOI1 perpeccuu. B cirydae MyJIbTHKOIIMHEAPHOCTH BBIBOJIBI TI0
K03(h(puLHEeHTaM U caMOMy YPaBHEHHUIO perpeccuu Oy yT HeHae)KHBIMU.

CoBepuieHHasl ~ MYJbTHKOJUIMHEAPHOCTh  SIBIAETCA  CKOpEEe  Teo-
peTuuecKkuM IpuMepoM. PeanmbHa >Ke CHTyalus, KOTAa MEXIy 00b-
SICHSIOIIMMHU TIEPEMEHHBIMH  CYLIECTBYET JOBOJBHO CHIbHAs Koppe-
JSIIMOHHAs 3aBHCHUMOCTB, a HE cTporas (DyHKIMOHaiIbHas. Takas 3aBHCH-
MOCTb HAa3bIBACTCSI HECOBEPULEHHOU MYNbMUKOIIUHeapHocmblo. OHa Xapak-
TEpU3yeTCs BBICOKUM KOA(PQPHUIMEHTOM KOPPESILUU MEXIY COOTBETCTBY-
IOIMIUMH OOBSACHAIOIINME TEPEMEHHBIMU. [IprdeM, ecii ero 3HaueHHE IO
a0COIOTHON BENMUMHE OJIM3KO K CIUHHMIIE, TO TOBOPST O TOYTH COBEPILCH-
HOH MYJIBTUKOJUIMHEAPHOCTH. B 11000M cilydae MyJbTHKOJUIMHEAPHOCTh
3aTpyJHSET pa3zeeHUE BIUSHUS OOBACHAIOMMX (PaKTOPOB Ha IOBEICHHE
3aBUCHMON TIEPEMEHHONW M J[eJNaeT OLECHKH KOI((HIMEHTOB PETPEcCHU
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HEeHaJeKHbIMU. J[aHHBIA BBIBOJ HAIJISIHO TMOJTBEPIKIAETCS C HMOMOIIBIO
nuarpammel Benna (puc. 2.10).

Puc. 2.10. Tnarpamma Benna

Ha puc. 2.10, a KoppenupoBaHHOCTbh MEXIY OOBSICHAIOIMIUMH TIepEMEH-
HBIMH X; ¥ X, OTCYTCTBYET U BIUSIHUE KXI0H M3 HUX Ha Y HaXOJHUT OTpa-
KEHUE B HAJIOKeHNH KpyroB X; u X, Ha kpyr Y. [lo Mepe ycuieHus auHen-
HOHN 3aBHCHUMOCTH MEXHy X; U X, COOTBETCTBYIOIIHME KPYI'H Bce Ooublie
HaKJI/IBIBAIOTCS APYT Ha Jpyra. 3aliTpUXOBaHHast 001acTb OTpa)kaeT COB-
najaroniie yactu BiausHus Ha Y. Ha puc. 2.10, 6 npu coBepiieHHOIH MyJib-
THUKOJUTMHEAPHOCTH HEBO3MOXKHO Pa3rpaHUIUTh CTENEHN HHANBUYaIbHOTO
BIIMSIHUS OOBSICHSIOIINX NepEMEHHbIX X; U X, Ha 3aBUCHMYIO IIepeMEHHYIO Y.

Konuuecmsennvie mepor mynomuxonnuneaprocmu. Kak u3BectHo, mpu
BBITIOJTHEHUU orpeesneHHbIxX npennocsuiok MHK naer nammyumme nunei-
HBIE HECMEIIEHHBIE OLEHKU. [IprdyemM CBOMCTBO HECMEMIEHHOCTH U 3(dek-
TUBHOCTHU OLICHOK OCTAaeTCs B CHJIE, JJa’Ke €CIM HECKOJIBKO KO (HHIUCHTOB
perpeccuy OKa3bIBAIOTCS CTATHCTHUYECKM He3HauMMbIMH. OmHAKO HecMe-
IIEHHOCTh (DaKTHMYECKH O3HAYAET JIMIIb TO, YTO P MHOTOKPATHOM IIOBTO-
peHun HaOIONeHMH (IIPU HOCTOSIHHBIX 00beMax BBIOOPOK) 3a HCCiedye-
MBIMH BEJIMYMHAMH CPEAHUC 3HAUCHUS OILIEHOK CTPEMATCA K MX UCTHHHBIM
3HaueHusAM. K coxkaneHuro, MOBTOPSTh HAONIOACHUS B OIMHAKOBBIX YCIIO-
BUSIX B 9KOHOMHKE MPAKTUYECKH HEBO3MOXKHO. [ToaTOMY 3TO CBOHCTBO HH-
Yero He rapaHTUpyeT B KaXKIOM KOHKPETHOM ciydae. Haumenbiias BO3-
MOJKHAs IUCTIEPCHs BOBCE HE 03HAYAET, YTO JUCIIEPCHS OLIEHOK OyzaeT Mana
110 CPaBHEHUIO C CAMUMHM OLIEHKaMHU. B psizie ciydaeB Takas Tucriepcus J10-
CTaTOYHO BEJHMKA, YTOOBI OLEHKH KO3((UIMEHTOB CTalM CTaTHCTHYECKU
HE3HAYHMBIMH.
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OOBIYHO  BBINEIAIOT — CICAYIOIIHE  NOCAeOCMBUA  MYIbIMUKOLIU-
HeapHoCcmu.

1) Gonbuire mucniepcun (CTaHAAPTHBIE OMIMOKK) OLEHOK. DTO 3aTpy-
HSCT HAXOXKICHUEC MCTUHHBIX 3HAUCHUI OINPEICIIACMBIX BEJIHMYMH U PACIIU-
pseT MHTEPBAIHHBIC OIICHKH, YXY/IIAas HX TOYHOCTE;

2) yMeHbInaroTcs t-ctaTucTuku Ko3QHUIMEHTOB, YTO MOKET NPUBECTH
K HEOIPABJIaHHOMY BBIBOJY O CYIIECCTBCHHOCTH BJIHMSHHUS COOTBETCTBYIO-
el 0ObSICHAIONIEH IEpEeMEHHOM Ha 3aBUCHMYIO TIEPEMEHHYIO;

3) ouenku ko3¢ ¢unuentoB mo MHK u ux cranpapTHbie OMUOKU CTa-
HOBSITCSI OYE€Hb YYBCTBUTEIBHBIMHU K MAJICUIIINM M3MCHCHUSM JaHHBIX, T. €.
OHHM CTaHOBSITCS HEYCTOWYHBBIMU;

4) 3aTpyaHsieTCs ONpeeeHne BKIIaaa KakI0i n3 0ObACHSIONINX Tepe-
MCHHBIX B OOBSCHSCMYIO YPaBHCHHEM PErPECCHUU TUCIICPCHIO 3aBHCUMOMN
IIEPEMEHHON;

5) BO3MOYKHO IOJIyYEHHE HEBEPHOI'O 3HAKa Y KO3 QHUIIHEHTA PErPECCHUH.

CyniecTBYeT HECKOJIIBKO NPUSHAKOS, NO KOMOPbIM Modcem Obimb ycma-
HOBJIEeHO HAuYUe MYTbIMUKOTIUHeAPHOCU:

1) ko3 duuuenT gerepMuHanud R? 10CTaTOYHO BBICOK, HO HE KOTOpBIE
13 KO3(PPHUINEHTOB pPerpeccun CTaTUCTUIECKH HE3HAYNUMEBI, T. €. OHH UMe-
10T HU3KHUE {-CTaTUCTHKMY;

2) TapHasi KOPPEISIHsI MKy MaJO3HAYUMBIMA OOBSICHSIIONMMHE TIepe-
MEHHBIMH JOCTaTOYHO BBICOKA.

OpHako NaHHBIN MPU3HAK OYNET HAJCKHBIM JIUIIb B Cly4ac ABYX OOb-
SICHSIONIUX TepeMeHHbBIX. [Ipn GoyblieM WX KOJHM4YecTBe Ooliee Ienecood-
Pa3HBIM SBISCTCSA NCTIOIB30BAaHIE YaCTHBIX KOA(PPHUIINEHTOB KOPPEISAIHH;

3) BBICOKHME YacTHBIC KO3()(DHLUHUCSHTBI KOPPEISLIHH.

Yacmuvle kodpuyuenmol Koppensiyuy ONIPENEISIOT CUILY JMHEHHOW
3aBHCHUMOCTH MEXIY JABYMs IIEPEMEHHBIMHU 0€3 ydeTa BIUSHUS Ha HUX JPY-
rux nepeMeHHbIX. OJHAKO MPH W3yYCHHM MHOTOMEPHBIX CBsI3Ci B psje
cilydacB mapHbele KO3()(UIUCHTH KOPPESIMA MOTYT JaBaTh COBEPIICHHO
HEBEPHBIC TIPEACTABICHUS O XapaKTepe CBA3H MEXITy IByMS MePEMCHHBIMH.
Hampumep, Mexay aABymst mepeMeHHBIMUA X U Y MOXET ObITh BBICOKHI ITO-
JIOKUTEIBHBIN KOI(DOUIMEHT KOPPEIIUA HE MOTOMY, YTO OJHA M3 HUX
CTUMYJHPYET U3MEHEHHE IPYTOH, a OTTOro, 9T0 00€ 3TH MepEeMEHHbBIC H3-
MEHSIOTCS B OZHOM HAIIPaBJICHUH O] BIMSHUEM IPYTHUX MEPEMEHHBIX Kak
YUYTCHHBIX B MOJICJIY, TaK M, BO3MOXHO, HCYYTCHHBIX. [l03TOMY HEOOXO011-
MO U3MEPSTh NEUCTBUTENIBHYIO CHIIY JIMHEHHOM CBSI3M MEXIY IBYyMsl Iepe-
MEHHBIMH, OCBOOOKICHHYIO OT BIMSHUS HA pacCMaTpHUBAaEMYIO Iapy mepe-
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MEHHBIX ApyTux (akTopoB. KosdduimeHT Koppensnuu MexIy IByMs Tie-
PEMEHHBIMH, OCBOOOXICHHBIH OT BIMSHHS JAPYTMX MEPEMEHHBIX, HA3bI-
BACTCS YaACMHbIM KOIDPuyuenmom Koppenayuu,
4) cunbHasI BCIOMOTaTesbHas (JOIOTHUTEIbHAS) PErPECCHsl.
MynbTHKOIIIMHEAPHOCTh MOJKET UMETh MECTO BCIIEACTBHE TOTO, UYTO
Kakas-mM00 M3 OOBICHSIOIMX IEPEMEHHBIX SIBISETCS JIMHEHHOW (min
OJIM3KOH K JTMHEHHOW) KOMOMHAIMEH NPYTrUX OOBSICHSIOMNX TIEPEMEHHBIX.

2.6. MeToabI MOCTPOEHNS IKOHOMETPHYIECKHX MO/IeJIell B YCJTOBHSIX
MYJIbTHKOJJIHHEAPHOCTH (GaKTOPOB

IIpexae dYeM yka3aTh OCHOBHBIE METO/AbI YCTPAaHEHUS MYJIbTH-
KOJUIMHEAPHOCTH, OTMETHM, YTO B PSJE CIy4aeB MYJIbTHKOJUIMHEAPHOCTh
HE SIBJISIETCS TAKUM YK CEPbE3HBIM «3JI0M», YTOOBI MPHUJIAraTh CYIIECTBEH-
HBIE YCHJIHS [0 €€ BBISIBICHUIO M YCTPaHEHHIO. B OCHOBHOM BCE 3aBHCHT OT
Leneu ucciaenoBaHusl.

Eciu ocHOBHast 3ajaua MOJICIM — NPOTHO3 OYAYIIUX 3HAYCHUI 3aBHCH-
MO MEPEMEHHOM, TO MPHU JTOCTATOYHO OOJBIIOM KOA(h(GUIIHMCHTE IETePMHU-
narmu R? > 0,9 Hanmume MyJThTHKOJUTMHEAPHOCTH OOBIYHO HE CKA3BIBAET-
Cs Ha TPOTHO3HBIX KadecTBax Mmojenu. XOTs 3TO yTBEpKAeHHE Oyaer
000CHOBaHHBIM JIMILIb B TOM Clly4ae, €Clid M B OyAyleM MEXAy KOppeiu-
POBaHHBIMU MEPEMEHHBIMHU OYIYT COXPAHATHCS TEC KE OTHOILICHHS, YTO H
panee.

Eciu ke 1enbro UCCICIOBaHUS SIBIIICTCS ONPEICIICHUE CTCIICHH BIIUS-
HUS KaQXIOU U3 OOBICHSIONINX NEPEMCHHBIX Ha 3aBHCHMYKO MEPEMEHHYIO,
TO HAJIUYUEC MYJIbTHKOJIMHCAPHOCTH, MPHUBOASIICE K YBEIMYCHUIO CTaH-
JAPTHBIX OMIMOOK, CKOpEEe BCErO, MCKA3UT UCTUHHBIC 3aBUCHMOCTH MEXKIY
MepeMEeHHbIMU. B 3TOW cHTyallMd MyJbTHKOJUIMHEAPHOCTH SIBIISIETCS CEPb-
€3HOH TPOOIEMOIA.

OTMeTHM, YTO €MHOr0 METOJa YCTPaHECHHUsI MYJIbTHKOJIMHEAPHOCTH,
TOJIHOTO B JIOOOM Clly4yae, He CYLIECTBYET. DTO CBS3aHO C TEM, YTO MPHYH-
HBI U MOCJEACTBHS MYJIbTHKOJUIMHEAPHOCTH HEOJHO3HAYHBI U BO MHOTOM
3aBUCAT OT PE3YJIbTATOB BHIOOPKH.

Hckmouenue nepemennoil (nepemennsix) uz Mooenu.

[IpocTeduM METOOM YCTPAHECHUS MYJIbTHKOJUTUHCAPHOCTH SIBIICTCS
UCKJIFOUCHHE U3 MOJICITU OJHOM WK Psijia KOPPEIUPOBAHHBIX MIEPEMCHHBIX.

OpnHako HEOOXOMMa OIpeeIeHHAas: OCMOTPUTEILHOCTh MPU MPUMEHE-
HUM JaHHOT'O METoJia. B 3TOW cHTyalu BO3MOXKHBI OLIHMOKK crieiuduka-
LHH.
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Hanpumep, npu ucciie0BaHnU CIpOca Ha HEKOTOpOoe 0Jaro B KauecTBe
OOBSICHSIIOIIMX TIEPEMEHHBIX MOYKHO HCIOJIB30BaTh IIEHY JAHHOTO Ojara u
LICHBI 3aMCHUTEJICH TAaHHOTO 0Jiara, KOTOPhIC 3a4aCTYI0 KOPPEIUPYIOT JAPYT
¢ npyrom. VCKIIIOYMB M3 MOJENM IIEHBI 3aMCHHTENICH, MBI, CKOPEE BCETO,
JIONyCTHM OUIMOKY crenudukaimuy. BenencTsue 3Toro MOXXHO HOJY4YHUTh
CMEIIICHHBIC OIICHKH U CIICNIaTh HCOOOCHOBAHHBIC BHIBOJIBI.

Takum 00pa3oM, B NPUKIATHBIX ISKOHOMETPHYCCKUX MOJCIAX IKela-
TEJIbHO HE MCKIIOYaTh OOBSCHSIONINE IEPEMEHHBIE 10 TeX MOp, MOKa KOJ-
JINHEAPHOCTh HE CTAHET CEPhE3HOU MPOOIEMOIi.

Tonyuenue 0oOnorHUmMeNbHBIX OGHHBIX ULU HOBOTL 8bIOOPKIL.

[ToCKONBbKY MYJIBTHKOJUIMHEAPHOCTh HANPSMYIO 3aBHCHUT OT BBIOODKH,
TO, BO3MOXHO, MPHU JIPYroi BHIOOPKE MYJIbTHKOJUIMHEAPHOCTH HE Oyner
100 OHa He OYAET CTOJIb CEPHE3HOM.

WHoraa aisi yMEHbILIEHUs] MYJIbTHKOJUIMHEAPHOCTH JOCTATOYHO YBEJIH-
YUTHh 00HbEM BBIOOPKH.

Hanpumep, npu UCIONB30BAaHUM €KETOIHBIX JaHHBIX MOXKHO MEPEHTH K
MOKBapTaIbHBIM JIAHHBIM. YBEJIMYCHHE KOJIMYECTBa JAaHHBIX COKpalaer
qcriepcrn Ko3(O(GUIMEHTOB PErPecCHy U TEM CaMbIM YBEJIMYHBACT UX CTa-
TUCTHYECKYIO 3HAYUMOCTb.

OfHAaKO MOyYeHUE HOBOM BRIOOPKH WIIH PACHIMPEHHUE CTApO HE BCeraa
BO3MOXKHO HJIM CBSI3aHO C Cepbe3HbIMH H3lepkkamu. Kpome Toro, Takoi
MOJIX0/T MOXKET YCHIIUTh aBTOKOPPEISIIUI0. DTH MPOOJIEMBI OTPAHUYHBAIOT
BO3MOKHOCTh HCIIOJIb30BAHUS JAHHOTO METOJIA.

HM3menenue cneyughuxayuu mooenu.

B psine cinydaeB npoGiieMa MyJIbTHKOUTMHEAPHOCTH MOXKET OBITh pelie-
Ha IyTeM WU3MCHCHHUS CHeUU(UKAIMA MOJCIH: JTH00 U3MeHeHseTcs popma
MoJeny, Ju00 T00aBIAIOTCS OOBACHSIONINE TIEPEMECHHBIC, HE YITCHHBIC B
MepBOHAYAILHON MOJIEIIH, HO CYIIECTBEHHO BIHSIONINE HA 3aBUCHMYIO Tie-
PEMEHHYIO.

Ecnu gaHHbI METOJ MMEET OCHOBAHUSI, TO €r0 HCIOJIb30BAHUE YMEHb-
LIaeT CYyMMY KBaJpaToOB OTKIOHEHUH, TEM CaMbIM COKpallasi CTaHAapTHYIO
OIIUOKY perpeccud. DTO MPUBOIMUT K YMCHBIICHHIO CTAHJAPTHBIX OMIUOOK
K03(h(pULMECHTOB.

Hcnonvzosanue npeosapumenvholl ungopmayuy 0 HEKOMOpPuIX napa-
Mempax.

WHorna npu mocTpOSHUM MOJCITH MHOXXECTBEHHON PErpecCHd MOXKHO
BOCIIOJIb30BAThCS MPEABAPUTENHHON HH(OpPMALIEH, B YaCTHOCTH, U3BECT-
HBIMHU 3HAYCHUSIMH HEKOTOPBIX KOA(PPUIIMECHTOB perpeccuu. BrioiHe Bepo-
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SITHO, 9TO 3HaYeHUs Kod()PHUIMEHTOB, pacCUMTaHHBIC IJIS KAKUX-THOO
MIPEeABAPUTENLHBIX (0OBITHO 0oJiee IPOCTHIX) MOJENIEH JTMOO IS aHAIOTHY-
HOW MOJENH IO paHee IMOJYyYCHHOH BBIOOPKE, MOTYT OBITH HCIIOJIb30BaHBI
TS pa3pabaThiBaEMOi B JAHHBIA MOMEHT MOJICITH.

Hanpumep, crpourcs perpeccust Buga: Y =f,+,X,+p,X,+e&.
[Ipenmonoxum, 4to mepeMeHHble X; U X, KoppenupoBaHHBL [l paHee
MIOCTPOEHHON MoJeNu MmapHoil perpeccun X, =y, +7v, X, +V Obl1 onpene-

J€H CTaTHUCTMYECKH 3HAYMMBbIH KOd(duuueHt vy, (a1i onpeneIeHHOCTH
nycts v, = 0,8), cesa3piBaromuii Y ¢ X;. Eciu ecTh 0OCHOBaHMS CUMTATh, YTO

CBsI3b MEKIY Y M X{ OCTAHETCSI HEM3MEHHOM, TO MOYKHO ITPEAIOI0KHUTE, 4TO
v,= B, =0,8. Torma »sxoHOMeTpuueckas MOAEIb  INPUMET  BHUJ
Y =B,+0,8X,+B,X,+&¢ =Y -0,8X, =B, +B,X, +¢.

JanHoe ypaBHeHHE (DAaKTHUECKHU SIBIICTCS YPaBHEHHEM HapHOU perpec-
CHUH, JJI1 KOTOPOTO MPobiieMa MyJIbTHKOJUTMHEAPHOCTH HE CYIIECTBYET.

OrpaHMYeHHOCTh HCIIOJB30BAHUS JAHHOTO METO/a OOYCIIOBIICHA TEM,
4TO, 60-NEpsbiX, MOMYyYCHNUE MPEABAPUTEIBHON HHGBOPMAIMKA HEPEIKO 3a-
TPYAHUTEILHO, & 80-8MOPbIX, BEPOSTHOCTh TOTO, YTO BBIICICHHBIN KO3(-
(GUIMEHT perpeccuu OYIET OJHUM M TEM XK€ JJIS Pa3IMIHBIX MOJCICH, He-
BBICOKA.

IIpeobpaszosaniue nepemennvix.

B pspe cnyuacB MUHEMU3UPOBATh JTUOO BOOOIIE YCTPAHUTH HpoOIeMy
MYJIbTHKOUTMHEAPHOCTH MOYKHO C ITOMOIINBIO IPEOOpa3OBaHMs IEPEMEH-
HbIX. Hampumep, mycTh 3KOHOMETPHYECKOE YPaBHEHHE PErPECCHH HUMEET

Bun Y = b, + b, X, +b,X,, mpuuem X; n X, — KoppeIMpOBaHHBIEC TI€pEMEH-

Hele. B atoit CUTyallUl MOKHO HOIIBITATLCA OIPCACIUTL PErpeCCUOHHBIC

Y X, Y X,
3aBHCHMOCTH OTHOCUTEINIBHBIX BemunH: — =by +b —*, —=b, +b —.
Xl Xl X2 XZ
BriostHe BEpOsITHO, YTO B 3TUX MOJEISIX MPOOJIeMa MYJbTHKOJUIMHEAP-
HOCTH OYJeT OTCYTCTBOBaTh. BO3MOXHBI U Apyrue mpeodpazoBaHus, Oim3-
KHe 10 CBOel CyTH K BbIlIeoNucanHbIM. Hamnpumep, eciiu B ypaBHEHUH pac-
CMATPUBAIOTCS B3aUMOCBS3M HOMHMHAJIBHBIX YKOHOMHYCCKUX IMMOKA3aTEICH,
TO JJISI CHHDKCHHUSI MYJIbTHKOJUIMHEAPHOCTH MOYKHO HOMBITATHCS NEPEUTH K
peabHbIM [MOKA3aTeIsIM U T. II.
Kackaonvni koppensyuonnwlil ananus.
UtoOb! n30€XKaTh UCKAXKCHUS KOIPPHUIIUECHTOB PETPECCUH B KOPPEIISAIIH-
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OHHOM MOJENH C MYJIbTHKOJUIMHEAPHBIMH (PAKTOPaMHU, HUCIIOJIB3YeTCs Kac-
KaIHBIA KOPPEJISIIITUOHHBINA aHAIU3.

CyIIHOCTh KacKaJIHOI'O KOPPEISAIMOHHOTO aHalu3a 3aKIYaeTcs B Clie-
JIYIOIIEM:

1) BoiOMpaeM pe3yJbTATHBHBEIA W (paKTOPHBIE MOKA3ATENH, MPOBEPSEM
HH(POPMALIUIO CTONOIOB HAa IOCTOBEPHOCT;

2) BbIsACHSIEM maphl (PAaKTOPOB, TECHO CBSI3aHHBIX IPYT C APYroM, T. €.
KOppENMpyeMbIX (HapuMep B 3KOHOMETPUIECKOH Moxenu (GopMHpPOBAHHUS
CTOMMOCTH BaJIOBOH HPOJIYKIMH — OCHOBHBIC MPOU3BOJCTBCHHBIC H 000-
poTHBIE (OH/IBI);

3) ompezensieM, Kakue U3 (HAKTOPOB TECHO CBSI3aHHBIX IMAp SIBISIFOTCS
BEIyIIUMHU (OMPENESIONIMME). DTH OMpeaensonue (GakTopbl Ha30BeM
MIPOMEKYTOYHBIMU PE3YJIbTATHBHBIMU;

4) cTpONM TAPHYIO0 KOPPEISIIHOHHYI0 MOJIENb B3aUMOCBS3H KaXKIOM T1a-
pbl GakTOpOB, HANPUMEp: Y, =&,+a,X;, TAC Yy — CTOUMOCTH 0OOPOTHBIX
(OHIIOB; X; — CTOMMOCTh OCHOBHBIX MPOU3BOJICTBCHHBIX (OHIOB. [Tpu 3TOM
PACCUUTHIBACM BCE OCTAIILHBIC XapaKTEPUCTHKH;

5) paccunraeM pa3sHOCTh (PAKTHYECKMX M PACUYETHBIX 3HAYEHHUM (DaKTO-
pa, TECHO CBS3aHHOTO € APYTUM MM APYTUMH: X, — Y, = AX,.

B xoppesanuoHHOM Mojenu BMecTo (hakTopa X, CTaBUM CToa0en AX,,

OIIPENCISIIONIMN BEJIMYMHY OTKJIOHEHMS! (DaKTHYECKOro 3HadeHus (axTopa
OT CpE/IHEro ypOBH, U cuMTaeM napameTpsl Mozaenu. Koadduuuentsr pe-
rpeccud mpu AX, MOKaXyT BIUSHUE Ha Pe3yJIbTaTUBHBIN IOKa3aTeNb HO-
BOro (paktopa mpu ero OTKIOHEHWH OT CPEAHETo YpoBHA. B 3TOoM cimydae
ynaercsi n30eXaTh MCKa)KCHHs, IMEIOIIET0 MECTO B KOPPEJSIIMOHHOW MO-
JIeITY ¢ TECHO KOPPEIUpyeMbIMU (pakTopaMu.
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3. MOAEJUPOBAHUE BPEMEHHBIX PSI/1OB
3.1. O6mue cBeeHNs1 0 BpeMEHHBIX PSAAX U UX KIaccupuranus

[Ipu ananm3e MHOTMX SKOHOMHYECKHX MOKa3aTelIei 9acTo MCIOIB3YIOT
©XKETOJHbIe, eXEeKBapTalbHBIE, €XKEMECSIHbIe, eXXCIHECBHBIC IaHHBIC.
Hanpumep, ato Moryt ObITh rogoBsle aanusie o BHII, BBII, nndusiun
U T. 1., MECSIYHBIC JaHHBIC MO 00BEMY MPOAAXH MPOIYKIUH, CIKEITHCBHBIC
00BEMBI BBIITYCKa KAaKOTO-THO0 mpennpusaTis. i palioHAIEHOTO aHAIu3a
HEOOXOIMMO CHCTEMATH3HPOBATh MOMCHTHI MOJYYCHHS COOTBETCTBYHOLIUX
CTaTUCTHUYCCKUX JAHHBIX.

B »TOM ciydae ciemyer ynopsIounTh JaHHBIE TI0 BPEMEHH UX IIOJIyde-
HUS M IOCTPOUTD TaK HAa3BIBACMBIC 8peMeHHble PAObI.

ITycth mccnemyercst mokasarenb Y. Ero 3HaueHWe B TEKYIIMA MOMEHT
BpeMeHH t 0003HaYaloT Yy; 3Ha4YeHUs Y B TMOCJIEIYIONINEe MOMEHTH 0003Ha-
JatOTCA Yi+ 1, Yi+2s -y Yt + k 3HAUCHUS Y B MPEABIAYIIIHE MOMEHTHI 0003Ha-
qarwTed Yi-1, Yi-2, --os Y-k

HeTpynHO MOHATH, YTO MPH HM3YYCHUH 3aBUCHMOCTEH MEXKIY TaKUMH
MoKa3aTesIMKH JINOO IPH aHaJIM3€¢ MX Pa3BUTHS BO BPEMEHH B Ka4yeCTBE
OOBSICHAIONINX MEPEMECHHBIX UCIIONB3YIOTCS HE TOJNBKO TEKYIIHE 3HAYCHUS
MIEPEMEHHBIX, HO ¥ HEKOTOPBIC MPEABITYIIIE 0 BPEMCHU 3HAUCHHUS, a TaK-
xKe camo BpeMs T. MoJienn 1aHHOTO THIIa HAa3bIBAIOT OUHAMUYECKUMU.

B cBow ouepenp mepeMEHHBIC, BIHMSHHAC KOTOPBIX XapaKTEPH3YyeTCs
OTIpE/ICIICHHBIM 3alla3/IbIBAHIEM, Ha3bIBAIOTCA J1IA208bIMU NEPEMEHHbIMU.

JnHaMpudeckne MOAENH WCHONB3YIOTCS OCTaTOYHO IIMPOKO. JTO
BITOJTHE €CTECTBEHHO, TaK KaK BO MHOTHX CITydasX BO3JIEHCTBHE OJHUX KO-
HOMHYECKHX (DaKTOPOB Ha JPYTHE OCYIIECTBIACTCS HE MTHOBEHHO, a C He-
KOTOPBIM BPEMEHHBIM 3ala3fbIBaHHEM — JIaroM. [IpryuH Hanu4us J1aros B
9KOHOMHKE JOCTATOYHO MHOTO, W CPEAM HUX MOXHO BBIJCIUTH CIICIYIO-
ue.

Tcuxonocuueckue npuuunbl BEIPAXKAIOTCS Y€PE3 MHEPLHIO B MOBEACHUH
moaei. Hanpumep, nroau TpaTsT CBOW JOXOJ MOCTEICHHO, & HE MIHOBCH-
Ho. [IpuBBIUKa K ompenencHHOMY 00pa3y KH3HH MPHBOJHUT K TOMY, YTO
JIOM TIpHOOpeTaroT Te e Oylara B T€YEHHE HEKOTOPOrO BPEMEHHU Jaaxe
mocyie MaJeHus pearbHOro J0X0/1a.

Texnonocuueckue npuuunsl. Hampumep, M300peTeHHE IE€PCOHAIBHBIX
KOMIBIOTEPOB HE TPUBEIO K MTHOBCHHOMY BBITECHCHHIO UMM OOJBIINX
OBM B cuiry HEOOXOAMMOCTH 3aMEHBI COOTBETCTBYIOLIETO MPOrPaMMHOTO
obecrieueHusi, KOTOpoe MOTPeOOBAIO MPOIODKUTEIIEHOTO BPEMEHH.
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Hnucmumyyuonansuoie npuyunsl. Hanmpumep, KOHTPaKTB MeXAy ¢up-
MaMHU, TPYIOBEIC JOTOBOPBI TPEOYIOT ONPEACICHHOrO MTOCTOSHCTBA B TEYC-
HUE BPEMEHHU JeHCTBUS KOHTpaKTa (0roBopa).

Mexanusmol popmuposanusi sKoHoMmudeckux noxasameneu. Hampumep,
UHQISAIUS BO MHOTOM SIBJISCTCS WHEPIHOHHBIM MPOIIECCOM; JCHEKHBIN
MYJbTHILTUKATOP (CO3JAaHUC JCHET B OAHKOBCKOW CHCTEME) TAKXKE IPOSIB-
JsieT ce0s Ha ONPECICHHOM BPEMCHHOM PSIIIC | T. [I.

Bpemennvim psoom Ha3BIBAIOT TOCIEAOBATEIHLHOCTh HAOIIOICHMIA,
0OBIYHO YIIOPSAOYCHHYIO BO BPEMEHH (XOTSI BO3MOKHO YHOPSIOYEHHE U IO
KakoMy-ibo npyromy mapamerpy). OCHOBHO# 4epTOH, BBIACISIONESH aHa-
JU3 BPEMEHHBIX PSAAOB CPEAH JAPYTHX BHIOB CTATUCTHYECKOTO aHAJM3a,
SIBIISICTCA CYIICCTBEHHOCTH IOPSIKA, B KOTOPOM IPOM3BOMSATCS HAOIIOIC-
HUSL.

B skoHOMETpUHM MPUHSATO MOAETUPOBATH BPEMEHHOMN psI KakK Cryyaii-
Hblll npoyecc, HA3bIBAEMBIH TAKXKE CMOXACMUYECKUM Npoyeccom, TOoH Ko-
TOPBIM MMOHUMAETCSI CTATUCTUUYECKOE SIBJICHHUE, PA3BUBAIOIIEECs BO BPEMEHH
COTJIACHO 3aKOHAaM TeOopuu BeposTHocTel. CiaydyailHblii mpolecc — 3TO CIIy-
yaiiHasl MOCIeI0BaTeIbHOCTD.

Wtak, mpu NOCTPOCHWH BPEMEHHOTO Pslla €r0 pa3ZeisioT Ha COCTABIs-
FOIIHE YaCTH

Y(0) = f(t) + s(t) + u(t) + e(t), (3.1)

rae f(t) — dbynkuuns tpenna;

S(t) — ce30HHAs KOMIIOHEHTA,;

u(t) — uukIYecKas KOMIIOHEHTa;

e(t) — ocTaToYHas KOMIIOHEHTA.

OxapakTepu3yeM ux Oosee moapoOHO.

Tpenoom XapakTepU3yIOT NOJITOBPEMEHHYIO TEHICHIMIO PAa3BUTHS He-
KoToporo sineHus. Ilpu 3ToM OHa BBIpa)kaeTCsi HEKOTOPOM MOHOTOHHOM
¢dyHkouell. B kauecTBe mpuMepa TPEHIOB MOXXKHO yKa3aTh M3MEHEHHE Jie-
MorpaYecKiX XapaKTePUCTHK, POCT YKOHOMUYECKUX MOKasarenel, pocT
MOTpeOICHUS.

Ce30HHast KOMNOHeHmMA XapakTepu3yeT Bo3JeiicTBie (HaKTOpOB, BO3HHU-
KaloIUX C ONpEeJNeNICHHOW NepHoaAndHOCThI0. OCOOEHHOCTBIO SBJISIETCS TO,
YTO MX JEWCTBHE 3aKaHUMBAaeTCad B TeueHHe roja. Hampumep, 3arpyxeHn-
HOCTh TpPacchl B TEUCHHE CYTOK, MOBBINICHHE CIpOCa HAa TOBaphl IS
IIKOJIBHUKOB B KOHIIE aBTyCTa.

Luxnuueckas xomnonewma — 3T0 (PyHKIMS, ONHCHIBAIOIIAS SBICHUE,
JEHCTBYIOIIEE C JUTUTENILHBIM Nepro oM. OCOOCHHOCTBIO SBISETCS TO, YTO
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JUISL BBISBIICHUSI LIMKJINYECKOH KOMIIOHEHTHI OOBIYHO HEZOCTATOYHO TOJBKO
HaOII0IaeMBbIX JaHHBIX, a TpeOyeTcs aHanu3 oOIIel, IKOHOMHUYECKOH, COo-
LMaJbHOW M Jayke McTopHieckor cutyauuii. Hanpumep, nemorpaduueckne
SIMBI.

Ocmamounas komnonenma BbIPaXaeT BO3JIEHCTBUE CIydaiHbIX (akTo-
POB ¥ IIpU M3YYEHHH 3TOW KOMIIOHEHTHI TpeOyeTcs U3y4eHUE CTaTHCTHYe-
CKOTO M BEpOSITHOTO aHAJIH30B. B 3aBUCHMOCTH OT XapakTepa B3aMOCBS3U
BBIICIISIOT: «OCNBIH LIyM», aBTOPETPECCHIO0, CKOIb3SMIee CPEeaHEe H CMe-
MIAHHYIO CTy4allHyI0 KOMIIOHEHTY.

BpeMeHHON psx MOXHO CUMTaThb COCTOSIIMM M3 JBYX 4YacTeil
(tabm. 3.1).

Ta6nunma 3.1. CocraBiasiionue 4acTH BPEMEHHOT'0 psiia

BpemenHnoii psn

1. JlerepMUHUPOBAHHAsI COCTABJISAIOIIAS 2. Cnyuaiinas cocrasisiromas e(t)
ABTO-
Hukmuueckas | Ce3oHHas . Ckoutb- CMmeraHHast
Tpenn «benplit | perpec

f(t) KOMIIOHCHTA KOMIIO- 3A10CC cnyqaﬁHasI

ym» rpec-
u(t) uenTa S(t) ™ Epm cpemHee | KOMIIOHEHTa

Ha puc. 3.1 nmokasan rpadyk BpeMEHHOTO pPsiia, HA KOTOPOM MPOCIEXKH-
BAaIOTCS BCE TPU AETEPMUHUPOBAHHBIE COCTABIISIOIINE.

o 0 20 Y w0 2 20
Puc. 3.1. BpemenHoit psin
OcHoBHas 3aJa4a 3KOHOMETPHUUICCKOT0O HMCCIICJOBAaHUS OTACIbHOTO Bpe-

MEHHOI'O psla — BbISIBUTH U MPUAATH KOJIMYECTBEHHOC BLIPAKCHUEC Ka)K,HOﬁ
13 NCPCUNCIICHHBIX BBINIC KOMIIOHEHT, C TEM YTOOBI UCIOJIB30BAThH ToJry-
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YEHHYI0 MH(GOPMAIMIO I NPOTHO3MPOBaHUS OyaymnX 3HAYCHHH psiia
WIN TIPY TTOCTPOCHUM MOJIeNIe B3aUMOCBSI3H JIBYX WM OoJyiee BPEMEHHBIX
PpSIOB.

PaznnyaroT 1Ba BUa BpeMEHHBIX PSI0B:

1) nenpepuisnvie;

2) ouckpemnmvie.

V3mepeHne HEKOTOPHIX BEJIMYUH (TEMIIEPaTyphl, HANPSDKEHHUS U T. 1.)
MIPOU3BOJUTCSl HETIPEPBIBHO, MO KpallHEH Mmepe, Teoperndecku. [Ipu atom
HaOIIOIeHNsT MOXHO (puKCcHpoBaTh B BUAe rpaduka. Ho naxe B Tom cimydae,
KOTZIa M3ydaeMble BEJIMYHHBI PErHCTPUPYIOTCA (WIM MOTYT PErHCTPHPO-
BaThCsl) HENPEPBIBHO, NPAKTHYECKH NPH HMX 0OpabOTKE HCHONB3YIOTCS
TOJIBKO T€ 3HAYEHMS, KOTOPHIE COOTBETCTBYIOT JANCKPETHOMY MHOXECTBY
MOMEHTOB BPpEMECHU.

Ecnu Bpemst ¢pukcupyercst AUCKPETHO (T. €. uepe3 PUKCUPOBAHHbBII MH-
TepBaJl BPEMEHU), TO BPEeMEHHOH psin ouckpemer (Y, Yy, ..., Yy, TaK 4TO

MHTepBall (t,t+1) SBICTCS HOCTOSHHBIM). B nanbHeiimem mbr Oyaem

HUMETh JIEJI0 TOJIBKO C TUCKPETHBIMH BPEMEHHBIMH PSIIAMH.

B 3aBHCHMOCTH OT BH/Ia HCXOJHBIX JAHHBIX BPEMEHHBIE PSIIIbI ICIISTCS:

1) Ha demepmunuposannwvie,

2) cayuatinvle.

JleTepMUHUPOBAaHHBIM Ha3bIBAIOT MPOIIECC, KOTOPBI MPUHUMACT 3aJaH-
HOE 3HAYCHUE C BEPOATHOCTHIO equHmna. Korma ke Mbl OyIeM TOBOPHUTH O
CIy4allHOM TpOIleCCe W CIy4YailHOM BPEMEHHOM psilie, TO, KaK MPaBHIIO,
OyzneM ToJpa3yMeBaTh, YTO OH CYIICCTBCHHO CIy4YacH, T. €. HE SBJISICTCS
JIETCPMHUHUPOBAHHBIM.

ITo COOTBETCTBHIO CBOUM CBOWCTBAM BPEMEHHBIC PSbI JCIISATCS:

1) Ha cmayuonapHvie;

2) HecmayuonapHule.

BpeMeHHOI psiji SIBIISIETCS CTAIIMOHAPHBIM, €CITH OH HAaXOIUTCS B OIpe-
JICICHHOM CMBICJIC B CTATHCTHYECKOM PAaBHOBECHH, T. €. €r0 CBOMCTBA ¢
BEPOSITHOCTHOW TOYKH 3pEHUs He 3aBHCAT OT BpeMeHH. [Ipouecc necmayu-
OHapeH, eCIIM 3TU YCIOBUS HApyIIaloTCsl.

3.2. CTannoHapHBIi BPeMEeHHOH PSIA H €ro XapaKTepHuCTHKHA
JluHeiHbIe MOENM BPEMEHHBIX PSIOB MIPUMEHSIOTCS, KaK IPaBHIIO, JUIS
OIIMCAHMS CTAIMOHAPHBIX TIPOLECCOB: Y, =0, +0,Y, ;+...+ Y,  +&,

t=1T, raoe Y,,¥, 1+ Y, — 3HAUEHHS IIEPEMEHHOM B COOTBETCTBYIOLIUE
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MOMEHTBI BPEMEHH; 0, ..., 0, — HapaMeTpbl MOJAEIH WU KO3()(DHULUEHTHI

T
Mofeny, g — cilydaiiHas omuOKa, Uil «Oemblid IryMm».

Ha mpakTuke npy U3y4eHUH CIyY9allHBIX MPOIIECCOB TOBOPSAT O C1abotl
CMAayuoOHapHOCMuU U CMpo20ti CMAYUOHAPHOCMU NPOYECCO8.

Psin HaswiBaeTCSA cmpozo cmayuonapHvim (WA CIMAYUOHAPHBIM 8 Y3KOM
cMbiciie), eCI ero CBOMCTBA HE MEHSIOTCS NP H3MEHEHHUH Havyaja OTCYeTa
BpPEMEHU.

YacTo HCIONIb3yeTcsl MOHATHE ¢1adoll cmayuonapHocmu (WU cmayu-
OHAPHOCMU 8 WUPOKOM CMbiCae), KOTOPOE COCTOMT B TOM, YTO CpeIHee,
JIMCTIEPCHST M KOBapHAIlNK Y; HE 3aBUCAT OT MOMeHTa Bpemenn t: M(y,) = u,
D(Yn) = Yo, cOV(Yt, Y t-0) = Y-

B nmanpHelimeM IoJ CTAIIMOHAPHOCTBHIO OyAEeM IMOHMMAaTh CIadyio cra-
LIMOHAPHOCTb. BpeMeHHON psA, HE YIOBIETBOPSIOIIMM NEPEYUCICHHBIM
BBIIIIE CBOMCTBAaM, Ha3bIBACTCS HECNAYUOHAPHBIM BPEMEHHBIM PSIOM.

CraioHapHBIA TpolecC OyIeT XapaKTepU30BATHCSA CICIYHOIUMHU
CBOWCTBaMU:

1) nocmosnnoe mamemamuueckoe odicudaHue CTAMOHAPHOTO PSIA,
T. €. CpefHee 3HAaYCHHE BPEMEHHOTO pPsiia, BOKPYT KOTOPOTO M3MEHSIOTCA
YPOBHH, SIBJSIETCS BEJIMUYMHONW Hem3MmeHHo#: M(Yy) = p = const; rue

1 T
n= ?2 yt — OLICHKA CPEAHECI0 3HAYCHUS,
t=1

2) nocmosnnas Oucnepcus CTAMOHAPHOTO Psifia, OTMPEIesomas pas-
Max ero KoJeOaHWi OTHOCHUTENFHO CPEIHEr0 3HAUCHHS:

T
— 2_ 2 — 21 2
D(y) = M(y; — w)°= o°(y) =const; o :?Z(yt —|)” — OueHKa JwcIiep-
t=1
cuu;
3) nocmosmHas aémoxosapuayus CTALMOHAPHOTO psfa. Jns crauuo-
HApHBIX PAJ0B aBTOKOBAPHALMS 3ABHCHUT TONBKO OT BEJIUUMHEI 1, mo3TOMY

¥(0) = D(y) = 6°(y).
Aemoxosapuayuonnasn @yuxyus y(t). 3HaUCHUST aBTOKOBAPUAIIUMOHHOMN

(GYHKIMM CTATUCTUYECKH OLCHHBAIOTCS IO HMMEIOLIMMCS HaOJIOCHUSIM
BPEMEHHOTO psizia 1mo Gpopmyiie

1 T-1
Y(T):T _T;)’(yt —u)(yl,r—u) ytnet=1,...,T-1
win y(t)=cov(YY,_)- (3.2)
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BaxHoil XapakTepuCTHKON BPEMEHHOIO psAJlla ABISIETCS ABMOKOpPpes-
Yusl.

[Tpn HanU4YMK TEHASHIMU W LUKIMYECKUX KOJIeOaHUi 3HaUE€HHS KaxII0-
IO MOCJEAYIOIIEr0 YPOBHS psijia 3aBUCST OT MPEbLIyIINX 3HaueHuH. Kop-
PESILIMOHHYIO 3aBUCHMOCTDh MEXAY II0CIIEOBATEIbHBIMU YPOBHSMH Bpe-
MEHHOT'0 Psijia Ha3bIBAIOT d8MOKoppensyuetl ypogrell psaod.

KonmuecTBEHHO ee MOKHO U3MEPHUTH C TIOMOIIBIO JIMHEHHOTO K03 hu-
IIMEHTa KOPPEIALMH MEXIY YPOBHSIMH HCXOAHOTO BPEMEHHOTO psAna U
YPOBHSIMH 3TOTO psifia, CIBUHYTHIMH Ha HECKOJIBKO IIaros Bo BpemeHu. Ko-
3¢ GUIMEHT aBTOKOPPEIIHNK TMOPSAKa ompeAensercs Kak Kod(h( UIMeHT
KOPPEIALNH MEXIY PIJaMu Yy, Y ¢ 1.

> (v =) (Ve ¥r)

r, = —=t== . , (33)
DY) Y Y = V)

t=1+1 t=1+1

A€ T — BCJIWYKWHA CABUIA, HA3bIBAEMA J1d2OM, OTIPEACIIACT IMOPAOOK K03(1)-
n n

v _ Y(v)

¢uunenTa aBrokoppensuuy, Y, ==H—  y, =t
n-t n-t

Koa¢p¢puunenTsl aBTOKOppeIsIUy pa3HbIX MOPSIKOB NPUHATO 0003HA-
4aTh Kax Iy, Iy, ..., I, rae 1, 2, ..., N yKa3pIBalOT Ha HOMEp MOpsiaAKa Kodh-
(unreHTa aBTOKOPPEIISLIIH.

OTMeTHM J1Ba BOXKHBIX CBOWCTBA KO((HIINEHTa aBTOKOPPEIISLIIH.

Bo-nepebix, OH CTPOUTCS 10 AHATOTUH C JUHEHHBIM KO3(h(UINECHTOM
KOPPEIALUN U, TAKUM 00pa3oM, XapaKTepu3yeT TECHOTY TOJIBKO JIMHEHHON
CBSI3U TEKYIIETO U MpeApIAymero ypoBHer paga. Ilosromy mo xoaddumm-
€HTY aBTOKOPPEIANNN MOKHO CYIUTh O HAJHYUH JIMHEHHON (WK Onm3Kon
K JUHEHHON) TeHAeHIH. [ HEeKOTOPHIX BPEMEHHBIX PSAOB, MMEIOIINX
CHIIbHYIO HEJIMHEHHYIO TEHICHLUIO (HarpuMmep, nmapadoiay BTOPOTO MOpsA-
Ka WU 9KCIOHEHTY), KO3()(DUIMEHT aBTOKOPPEISILIMM YPOBHEH HCXOIHOTO
psiia MOKET IPHOIMIKATBCS K HYJTIO.

Bo-emopwix, 10 3HaKy K03(h(HUIHCHTA aBTOKOPPEISAIMHA HEIb3s JICIaTh
BBIBOJI O BO3pacTarolieil Wiu yObIBarollel TEHAEHIWU B YPOBHSX pAla.
BonpmuHCcTBO BPCMCHHBIX PAJ0B 3KOHOMHUYCCKUX HJaHHBIX COJACPIKAT IO-
JIOKUTEIbHYI0 aBTOKOPPEJALUIO YPOBHEH, OJHAKO NPH 3TOM OHU MOTYT
MUMETh YOBIBAIOIIYIO TEHICHIIHIO.
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[TocnenoBarensHOCTE KO3 (DUIIMEHTOB aBTOKOPPEISILIMHU TIEPBOTO, BTO-
poro u 6oJee BHICOKHMX MOPSIAKOB HA3BIBACTCS A8MOKOPPENAYUOHHOU DYHK-
yueii (AK®) epemennozo psoa.

I'paduk 3aBUCUMOCTH €€ 3HAYCHHWI OT BEJIWYHHEI Jiara (Mopsaka Kodg-
(unmeHTa aBTOKOPPEISIIINN) Ha3bIBACTCS Kopperozpammoit (puc. 3.2).

F(n
I 3

2
s

1 u 3 L] 5 !

Puc. 3.2. Koppenorpamma

ABTOKOPPEISIIHOHHYI0 (QYHKINIO OOBIYHO HCIIONB3YIOT JAJIS BBISBICHUS
BO BPEMEHHOM pAJ€ HAJIU4YUSI WIN OTCYTCTBHSI TPEHIOBOM U CE30HHON KOM-
[IOHEHT:

* ecnu HamOoJsiee BBICOKMM OKaszaics KO3(D(UIMEHT aBTOKOPPEISILUU
MIEPBOTO TOPSIKA, TO UCCIETYEMBII PSI COAEPIKUT TONBKO TEHICHIINIO,

* eciu HamOoJiee BBICOKHM OKa3aics K03()HIMEHT aBTOKOppEISIHH
mopsiAKa T > 1, TO P COAEPIKUT Ce30HHbBIE KONEOaHNs C IEPHOIOM T,

* CCJIM HH OJUH U3 K03()(OUIIMCHTOB aBTOKOPPEIIIUN HE SBISCTCS 3HA-
YUMBIM, TO JIHOO PSA HE COMACPKUT TEHICHIMU M CE30HHBIX KoJeOaHHI,
00 P CONCPKUT CHIBHYIO HEIMHCHHYIO TEHACHITHIO, IS BBISIBIICHHUS
KOTOPOH HYKHO IIPOBECTH JOIOJHUTEIIbHbIN aHAIN3;

4) yacmuas agmoKopPerYUoOHHAA PYHKYUS Pyaer(T). Hapsay ¢ aBTOKOp-
perAuoHHON (QYHKIMEH HpH HMCCIEJOBAaHUM CTAIIMOHAPHBIX BPEMEHHBIX
PSIIOB paccMaTPUBACTCS YacTHAS ABTOKOPPEISIMHOHHAS (DYHKUHUS Fyer(7)
(UAK®D). C nomorupro YAK®D usmepsieTcss KOppEsAiys MEKIY YPOBHIMHU
pAAa y; U Y; - 1, Pa3[CICHHBIMU T BPEMEHHBIMU TaKTaMU, MPU UCKIIOUEHUU
BIMSHUS Ha 3Ty B3aMMOCBS3b BCEX IPOMEKYTOUHBIX YPOBHEH psaa
V-1 Vt-2y oy Vi—t+1-

YacTHast aBTOKOPPEIAIHA 1-TO mOpsiaKa MOXKET OBITh MOJCUNUTAHA C HC-
MOJIb30BAHUEM COOTHOLICHUS

58



rw(Z):r(yt,ytz|yt1=§)=%, (34)

YAK® Taroke noikHa ObICTPO YOBIBATH JJISl CTAIIMOHAPHOTO TIpoIiecca.

Ilposepka na cmayuonapuocms.

Ilepgoe, 9TO CIEAyET ClENaTh, — IIOCTPOUTH rpadviKk BPEMEHHOTO pPsAa.

I'paduk MoxeT comepaTh OUEBHIHBIA HA TJ1a3 TPEH] WIIM CE30HHYIO
KOMITOHEHTY. Taxke BO3MOXKHO, YTO paz0dpoc HaOMOAEHUH BO3pACcTacT WiIn
yOBIBaET CO BpeMEHEM. DTO MOKET CIY)XUTh YKa3aHHEM Ha 3aBUCHMOCTb
CPEHEro WIIM JUCIIEPCUH OT BPEMEHH, T. €. psiji OyJeT, ckopee BCero, He-
CTalMOHAPHBIM.

Bmopoe — noctpouts rpadux Beidopounoir AK® mnm xoppenorpaMmsl
r(t), SIBISIFOLIEHCS] CTATUCTUYECKON OIIEHKOM I(T).

KoppenorpaMma cTanmoHapHOTO BPEMEHHOTO psiia OBICTPO YOBIBAaeT C
POCTOM T TOCJ€ HECKOJBKHX NepBhIX 3HaueHWi. Ecnm rpaduk yOsiBaer
JIOCTATOYHO MEJICHHO, €CTh OCHOBAHHUE IPE/IIIOJIOKHTh HECTAIIMOHAPHOCTh
psna.

Kpome Bei6opouHoit AK® M0kHO Takxke HOCTpOUTh rpaduk BEIOOPOU-
HOit YAK® r,(t), KoTOpas TakKe AOHKHA OBICTPO YOBIBATh AJIS CTALIMOHAP-
HOTO TIpoIiecca.

Tpembe — MOXHO HCHONIB30BAaTh TECTHI HA HAJIMYUE SAMHUYHOTO KOPHSL.

Hanpumep, paccmorpum mporece asroperpeccun AR(2): yy = —0,9y;_ 1 —
- O,Zyt_z + &

XalaaKTepHcmquKoe ypaBHeHue npurAMaet Bux 1 + 0,9z + 0,22° = 0,

wwm z© + 452 + 5 = 0. IIpu srom ero kopHu 23 = -2,5 u 7, = =2
—b++/b?—4ac y
(2,, =——————) 10 abCoMIOTHOH BeMuMHE OOJIbIIE €IUHHIIBI, ClIE-

2a
JIOBaTeNIbHO MPOLIECC CTAllMOHAPHBIH.

IIponecchl, y KOTOpBIX |Z|:1, HAa3bIBAIOTCSL Npoyeccamu eOuUHUUHO20

KOpHA N ABJIAIOTCA HeCmayuoHapHbIMU.

Bonbioe 3HaueHNEe B aHAIIN3E BPEMCHHBIX PAA0B UMCIOT CTAllMOHAPHBIC
BPEMCHHBIC PAABI, BEPOATHOCTHBIC CBOICTBa KOTOPBIX HE U3MCHSAIOTCIA BO
BpPEMCHH. D710 00BIACHIETCSA TEM, YTO MHOI'I€ BPEMCHHBLIC PSAJAbl MOTYT OBITH
MPUBCJICHBI K CTAIIMOHAPHOMY PAAY ITOCJIE BBIACICHUA U YAAJICHUA U3 HUX
TpeHAaa, CE30HHOM KOMIIOHEHTEI WX B3STHS pa3HOCTCI>i. Kak npaBuiio, psaa
OIINOOK SIBJISIETCS CTallMOHAPHBIM PAIOM.

Hawnbonee pacnpoCTpaHCHHbIMHU MOACISAMU CTAlIMOHAPHBIX PAAOB AB-
JITFOTCSL MOOenu aesmopezcpeccuu n Mmooenu CKOJIb3AULe20 cpedﬂeeo.
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3.3. OnpenesieHue u cBoiicTBa Moaean aproperpeccun AR(p), AR(1),
MO CKOJIb3sero cpeanero MA(m), MA(L).
Moaeas ARMA(p, M): cBoiicTBa, METOABI MOCTPOEHHS M TECTHPOBAHHA

Mooeny asmopezpeccuu nopsaoxa p — AR(p).
IlycTs nmeercst BpeMEHHOH PAA Yy, Yy, ... Y, , vy, (t=12,..,n),
rae Y, — TeKyllee 3Ha4YCHHUE yPOBHSL

OCHOBHOE TPEATIONIOKEHNE COCTOUT B TOM, YTO TEKYHIEEC 3HAUYCHUEC
YpaBHCHUA pdaaa yl SIBIIICTCS JIMHEHHOMI KOM6I/IHaHI/IeI71 p OpeabiaAynux

3HAYCHUH U CITy9aifHON OIIHOKH.
Obwas modenb agmopezpeccus AMEET BUT

Ve =0 Y it oY ot toyY &, (3:5)

rie p<tu a,,.., 0, —IapaMeTpbl MOJIENH,
€, — Clly4aiiHas OIIMOKa, MU «OEIbIH Iy M».
IMpocreiimum npumepoM siBisiercss Moneinb AR(1), win mapkoeckuii
npouyecc:
Y, =y, ,+&. (3.6)

VYcnosue cranmoHapHoctd pspa mias AR(1) onpepensercs ycioBueM
|a < 1|, WIH, YTO TO KE CaMOe€, KOPCHb XapaKTePHCTUYCCKOT0 YpPaBHCHHS
1 — 0z = 0 momKeH OBITH IO A0COJIIOTHOM BETWYHMHE OOJIbIIIE |Z| >1.

Takum 00pa3om, MEXaHU3M TOPOXKICHHSI TIOCIIEA0BATEILHBIX HaOIrO Ie-
HUH 00pa3yeT cTalMoHapHBINH BpeMEeHHOH psi (puc. 3.3).

4

»yeel 3 9

Puc. 3.3. Ilpouecc aBroperpeccun nepsoro nopsiaka AR(1)
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B o6miem ciydae s nporuecca AR(p) BBITEKAIOT CIEXYIOLIME NPaAKimi-

yeckue peKoOMeHOayuu no ux UOeHMupuKayuu:
* 3HaueHust kod(durmenro AKD 3KCIMOHEHIIUATBHO 3aTYXaloT, JIHOO

MOHOTOHHO, JTH0O0 MOTIEPEMEHHO MeHss 3HaK (puc. 3.4, a u 3.4, 6);

1 i 1
0,8 08
0,6 0,6
0.4 0.4 -
02 0,2

0 ”ﬂﬂﬂﬂﬂﬂnmu“ 0 e,
0.2 Nark -0,2 Hark
0.4 0,4
0,6 -0,6
0.8 -0,8

-1 -1

a 6

Puc. 3.4. Koppenorpamma mportecca AR(1):
a-o0,>0; 60, <0

* 3HaueHus k03P PunueHToB YAK®D nmeroT BEIOPOCH (TIMKH) Ha MEPBBIX
p-larax, a 3HauYeHUs KOA(PQPUIMECHTOB JJIs JIATOB, OOJBIINX MOPSIKA aBTO-
perpeccuu, CTaTUCTHYCCKU He3HAaYMMEI (puc. 3.5, a, 6).

1 | 1
0,8 4 0.8
s
5 0,4
0,2 ! ” 0.2
o 4 1] 7
0.2 fMar k 0,2 NMark
-0,4 0,4
-0,8 -0,6
-0,8 -0.8
-1 -1
a [

Puc. 3.5. YactHas aBrokoppensinuoHHas pyHkims npouecca AR(1):
a-o0;>0; 6— 0, <0
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Mooenu cxonvzauezo cpeonezo MA(m).

DTHU MOJENH CTPOSIT HA OCHOBAHHMU NPEIIOJIOKEHUS O TOM, YTO TEKY-
Iiee 3HaYCHHWE YPOBHS psilia MPEICTaBIsACTCS B BHIC JIMHCHHON KOMOWHa-
UM TEKYIICH U MPONUIBIX 3HAYCHUH OIIUOKH, T. €.

Ve=€+PBg 1B o Bugm> (3.7)

rae B;,B,, ..., B, — IapaMeTpbl MOAEIH;

€, — TIpoLiecc «OeIoTo IyMa.

HasBanue «ckoub3siee cpepHee» 00bSICHSIETCS TEM, YTO TEKyllee 3Ha-
YeHHe CJIy4aifHOro mporecca OINpEASNseTCsS B3BELICHHBIM CpeIHHM M
NpeAbIIYIINX 3HAYCHUI «Oesoro mrymay». [Ipoueaypy CKONb3sIIero cpea-
HEero 4acTo HUCMOJb3YIOT Uil TOrO, YTOOBI CIUIAJUTh NaHHBIE, KOTOpBIC
CHIIBHO KOJIEOIIOTCSL.

Modens ckonvzauezo cpeonezo MA(L).

OHa peCTaBIsACTCS CICAYIOIINM BBIPAKCHUCM:

Yo =& +Pg - (3.8)

Ha puc. 3.6 npencrasneHo rpapudeckoe nzodbpaxenue moaean MA(L).

Puc. 3.6. IIpouecc ckomp3siuero cpextero MA(1)

B o6imem ciyuae st tiporiecca MA(() BBITEKAIOT CIAEAYIOUINE APAKIMU-
yecKkue pekomernoayuy 1o X UIeHTUPUKALIUH:

* aBTOKOPPEJIALUOHHAS (PYHKIHMSI HMEET BEIOPOCHI HA TIEPBbIX J-Jarax, a
OCTaJlIbHbIE 3HAYEHHMS CTATUCTHYECKH HE3HAYUMBI (puc. 3.7, a, 6);
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1 | 1
0,8 { 0.8 ‘
0.6 i 06
0.4 k ” 0,4 |
0,2 i 0,2 }

o H 0 T
-0,2 Mark 0,2 IJ NMark
-0,4 4,4
-0,8 -0,6
-0,8 -0,8

-1 -1

a 9

Puc. 3.7. Koppemnorpamma mporiecca MA(1):
a—[31< 0; 6—ﬁ1>0

* YacTHasl aBTOKOPPEJSIHMOHHAS (QYHKIUS HKCIIOHEHINAIBHO 3aTyXaeT
(1160 MOHOTOHHO, JTMOO OCLMILTHPYS, T. €. MEHsist 3Hak (puc. 3.8, a, 6)).

1
0.8 0,8
0,6 0,6
0.4 0.4 -
0,2 0.2
o nﬂﬂ.ﬂil&nnnm.a 0
-0.2 Nark -0,2 Nark
-0.4 0,4
-0,6 -0.6
-0.8 -0,8
-1 -1
a 7]

Puc. 3.8. Yacrtrast aBTOKOppersinuonHas Gpyukust mpomecca MA(1):
G—B1<O; 5—B1>0

Moodenu ARMA(p, m) — modentu asmopezpeccuu — CKOAb3AULe20 Cpeo-
Hezo.

OTH MOAETN OCHOBaHBI Ha MPEIIIOJIIOKEHHH O TOM, YTO TEKYIIHi ypo-
BEHb psjia Y, SBIAETCS JIMHEHHOM KoMOuHanueil K cBOMX mpemplayInux
YPOBHEW M M CBOMX Mpeablaynmx omubok. [Ipu uaeHTUGUKAIIME MOJICITN
ARMA (p, M) MONB3YIOTCSI TEM, YTO WX aBTOKOPPEIAIIMOHHbBIE QYHKIMN 3a-
TYXalOT IDIABHO 110 SKCIIOHEHTE WA CHHYCOHUJIE.
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Mogenb uMeeT OOIINA BUI:
Ye=0Y 1+ 0,y ot oY gt —Bie =B o~ —Brg (3.9)

THE O, .. Oy s Pys ones By, — KOODDHUIIMEHTBI MOJIEITH;
P — TOPSJIOK aBTOPErPECCHUM;
m — TOPSIOK CKOJIB3SIIETO CPEIHETO.
3ameTrM, 4TO MoAeIb (3.9) MokeT OBITH ITpeoOpa3oBaHa JUO0 B MOJIEITH
asroperpeccun AR(p), 6o B Momens CKOMB3AIIETO cpeauero — MA(m).
Paccmorpum mporiecc ARMA(L, 1):

Yo=Y 1 t& P ;- (3.10)

Ha puc.3.9 mnpencraBneHo rpaguyeckoe H300pakeHHE MOJEIN
ARMA(L, 1).

Puc. 3.9. [Ipouecc aBroperpeccun — ckonp3siero cpeasero ARMA(L, 1)

OOBIYHO YHMCIIO TTAPAMETPOB p WK (| He ObIBaeT OobImie 2. JIJist mporec-
ca ARMA(p, Q) BBITEKAOT CIIEAYIOIINE MPAKTHIECKAE PEKOMEHIAIINH TI0 UX
AJACHTH(PUKAIUH:

* ARMA(1, 0): AK® skcnoHeHnuanbHo 3atyxaet, HYAKD umeer Boidopoc
Ha jare 1;

* ARMA(2, 0): AK® umeer popmy 3aTyxaromieil CHHyCOUAAIBHON BOJI-
Hbl, YAK® umeet BbIOpOCH! Ha Jarax 1 u 2;

* ARMA(O, 1): AK® umeer BoiOpoc Ha gare 1, YAK® skcrmoHEeHIHATb-
HO 3aTYXaer;

* ARMA(O, 2): AK® umeer BoiOpocs! ajist naroB 1 u 2, YAK®D umeer
(dbopmMy 3aTyxaromieil CHHYCOUIAILHON BOJIHBI HUITH KCIIOHEHIIHAILHO 3aTy-
XaerT;
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* ARMA(1, 1);: AK® sKcrnoHeHOHanbHO 3aryxaeT oT 3HaueHus r(1),
YAK® skcrioHeHIMansHo yobiBaeT oT 3HayeHus I, (1).

M3 paccMOTpeHHBIX COOTHOIICHHI BBITEKAET Ba)KHBIN BBIBOJ: HA MPAK-
muke MONCHO n000Opams MoOelb ¢ MUHUMATLHLIM YUCIOM NAPAMEmpos,
KOmopas onucwvleaem 8pemeHHol pao Vy, AGIAIOWUNCA CINAYUOHAPHBIM NPO-
yeccom 8mopo2o NopaoKa, «He Xyocey, yem opyaue 8apuanmsi mooeuel ¢
boabuwium yuciom napamempos. ObbIuHO NOHAMUE «He XYJHce» C8A3bleaen-
€A ¢ MUHUMATBbHOU Oucnepcuell Mooenu u Omcymcmeuem agmoKoppersiyuu
6 ps0y ee OuUOKU.

[IpakTHyeckas I[IEHHOCTh 3TOTO BBIBOJAA COCTOMT B CIICAYIOIICM.
[pu mocTpoeHUN MOJENCH BPEMEHHBIX PSIOB HYKHO CTPEMHTHCS K MUHH-
MU3aIIH YUCIIA UX NTAPAMETPOB, a CICIOBATEIBHO, U MOPSIKA CaMON MOJIe-
mu. JIeno B TOM, YTO mapaMeTphl TAKMX MOJEICH OLICHUBAIOTCS HA OCHOBE
K03((DHUIIHEHTOB aBTOKOPPEISAIIMN UCXOTHOTO mporecca ). C yBelMIeHHEM
TOpSAKa MOJIENH JUISI OTIPENIeNICHUs 3HAUYCHUI €€ apaMeTpoB HE0OXOIUMO
HCTIONBE30BaTh B KAUYECTBE MCXOAHBIX NAHHBIX M OOJIBIIEE YHCIO BHIOOPOU-
HbIX Kod(dunmenToB aBToKOppesimuu (¢ OonbmuMu HOMepamu). Tod-
HOCTB UX OIICHKH C POCTOM C/IBUTA TaJaeT, Aa U X aOCONOTHBIC 3HAUCHUS
MO0 CTPEMSATCS K HYJIIO, JINOO TOMAaAaroT B 00JaCTh OBBIIIEHHON HEOTIpe-
JIEJICHHOCTH. M3-32 3TOr0 CHUXKAETCS HAJIC)KHOCTh OIICHOK KO3 (PHUIIMCHTOB
MoJieNiell BPEMEHHBIX PSJOB BBICOKHX MOPSJIKOB, KaK M KaueCTBO CaMHX
Mozeneii. Bee 3T0 U 3acTaBisieT SKOHOMETPUKOB UCKATh JJIsl OMHCAHUS pe-
aNBHBIX TPOILIECCOB MOJEIH BPEMCHHBIX PSAIOB C MHUHUMAIBHBIM YHCIOM
apaMeTPOB.

3.4. Moaenu 1 MeTOabI aHAJIHN3a HECTAIIMOHAPHBLIX BPEMEHHBIX PHA/10B

Ecnu BpemMeHHO psifi COAEPKUT, HAIPUMED, HEKOTOPBIA TPEHI, TO Tpe-
OOBaHNE MOCTOSHCTBA AUCIIEPCHUH, CPEIHETO W KOBAapHAIIMH HApyIIaeTcs, U
MBI IMEEM [IeJI0 C HECTAIIMOHAPHBIM TIPOLIECCOM, WM TPOLECCOM CITydaii-
HOro Omyxknanus. Ha mpakThke BPEMEHHOH PN Y, MOXKHO CyOBEKTMBHO

OTIPE/ICTUTh KaK HECTAMOHAPHBIN MPU MOMOIIY rpadrka BpEMEHHOTO psiia
U ero koppenorpamMm. Eciin Ha HUX 0OHApYIKHUBAIOTCSL:

1) Tpenm;

2) NeTepMUHUCTHYECKASI IEPUOTUTHOCTD;

3) reTepoCKeTaCTUIHOCTb;

4) U3MCHSIOMIAsACST ABTOKOPPEISALHS, TO HWMEIOTCS BECKHC TPHINHBI
MpeANoarath, YTO JISKAI[MH B OCHOBE MPOLECC SIBJSIETCS HECTAI[MOHAP-
HbIM. TeopeTHyYeckr OH HECTAI[OHAPEH, CCIU CPEIHEE WM IUCIICPCHS,
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WA KOBapHAIWsl CIy4YaifHOTO MpoIecca, CTeHEPHUPOBABIIETO ATOT BPEMEH-
HOW PSiJl, U3BMEHSIOTCS BO BPEMCHH.

Kak mpaBuio, BpEMCHHBIC PSIbI, XapaKTCPHU3YIOLIHNEC SKOHOMHUYCCKUEC
SIBIICHHSI, OTJMYAIOTCS HECTAIIMOHAPHOCTBIO. DTO CBS3aHO C HEKOTOPBIMH
CBOMCTBAMH 3KOHOMUYECKUX BPEMCHHBIX PSIIOB, MPEXKAC BCETO C HAIUYUEM
mpenoa. OYEBUIIHO, YTO TPU HAIUYHUU TPCHAOBOW KOMIIOHEHTHI CIIOKHO
YTBEPKIaTh, UTO CPEAHEE 3HAUCHHE PSJa, @ TAKKE €ro ITUCIICPCHS U aBTO-
KOBapHaImys He 3aBHCAT OT BPEMEHH, CJIEIOBATEIBHO, P HECTAIIMOHAPECH.
BpeMeHHbIe psaBl MOTYT UMETHh KaK CTPOTO Bo3pacTaromuii (yObIBAIOIIHHA)
TpEH/I, TaK U 3aMeTHhIe KoyieObaHus Ha ¢oHe obmero tpeHna. [TomodbHoe
MOBEJICHNE XapakTepHo i nokaszatene BBII, a takke ana mokasarenei
UHQISIIUIT 1 TPOIIEHTHOH CTaBKH.

JIJis HEKOTOPBIX HECTAIMOHAPHBIX BPEMEHHBIX PSJOB XapaKTEPHO C/Iy-
yaiinoe Onyscoanue. OOBIYHO TaKWE BPEMEHHBIC DPSNI HE BBIKA3BIBAIOT
TEH/ICHIIMM HU K BO3PACTAHUIO, HU K yOBIBaHUIO. BpeMEHHOW psif MOXKET
BO3pacTaTh WIK yOBIBATH CO BPEMEHEM U HE COXPAHSTh

Emie onHOW W3 MPUYKH, BBI3BIBAIOIIMX HECTAI[HOHAPHOCTh BPEMEHHBIX
PSIIOB, SIBIACTCS 6bICOKAS UHEPYUOHHOCHb 6HE3ANHO20 B030€UCmEust (Uo-
Ka) Ha BpeMeHHOH psa. Bo BpeMs 3KOHOMHYECKOro cmajna Wim Oyma oc-
HOBHBIC MaKpOSKOHOMHYECKHE MOKA3aTeNN MPETePIIeBAIOT CHIBHBIC H3Me-
HEHHS M OCTAl0TCS Ha HOBOM YPOBHE B T€UCHHE [UTMTEIHHOTO TIPOMEXKYTKA
BPEMEHH, HE BO3BpAIIasiCh K CBOEMY IPEXKHEMY MOJOXKECHHIO. THIHMIHBIM
MIPUMEPOM MOXKET CITy)KUTh TUHAMHKAa OOMEHHOTO Kypca IoJuiapa BO BpeMs
(hMHAHCOBOTO KpH3HCA.

OTHOCHUTEIBHO JUIMHHBIC BpPEMEHHBIC pPsAbI, XapaKTEePHU3YIOIIHE,
HATpUMEp, TPOLECCH MHQIIAUN WU YPOBEHb WHBECTHUIIHMMA, B HEKOTOPHIX
ClIydasix MOKHO 0XapaKTepPH30BaTh KaK YCIOBHO FeTePOCKEIACTUYHBIC. DTO
03HAYACT, YTO B JIOJTOCPOYHOM MEepHOe (Ha MPOTSIKCHUN HECKOJIBKUX JIc-
CATKOB JIET) JUCIIEPCUs PsAfa MOCTOSHHA, HO B paMKax IAHHOTO IMEpuoja
UMECIOTCS 00JIee KOPOTKHE OTPE3KH BpeMeHH (IPOJIOJIKUTEIBHOCTRIO B HE-
CKOJIBKO JIET), Ha TPOTSHKCHUN KOTOPBIX AUCIEPCHS SBICHUS OTHOCUTEIBHO
BBICOKA.

Wnentudukanms psaaoB, OCHOBaHHAs Ha MPOBEPKE MOCTOSHCTBA Cpe.-
HETO0, TUCIIEPCUX U KOBapHAaIllH, HEBO3MO)KHA, TaK KaK alpHoOpH CTPYKTypa
psia HEeM3BECTHA.

Jis mostydeHusl KpUTEpHs, KOTOPBI MOXHO OBUIO OBl MCIOJIB30BaTh
JUTS BBISIBIICHHS HECTAI[MOHAPHOCTH PSJIOB, PACCMOTPHM aBTOPETPECCHOH-
HBIH IIpoliecc Y, HEepBOro NopsaKa:
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Y, =0, +0,Y, ; +E,. (3.11)
He cnoxxHo npoBepuTh, 4TO MIpU |al| <1 ycioBus BBITOJHAIOTCS, a TIPU
|(11| =1 — HC BBIIIOJIHAIOTCH, T. €. B HepBOM cnyqae MOKXHO I‘OBOpI/ITL O CTa-

IIMOHAPHOM, a BO BTOPOM CITydae — O HECTAaI[MOHAPHOM Iporecce Y, , To-

STOMY HECTAaLlMOHAPHBIE MPOLIECCHl HA3BIBAIOT TaKXe MpoleccaMy eAUHUY-
HOTO KOPHSI.

Mexny CTalMOHAPHBIMU M HECTALlMOHAPHBIMH BPEMEHHBIMH PSIaMHU
HMMEETCs CYIIECTBEHHOE OTinYKe. EnuHOBpeMeHHOE IIOKOBOE BO3/CIICTBHE
Ha CTAllMOHAPHBIN PsJl HOCUT BpeMeHHBIN xapakrep. Co BpemeneM 3ddekr
pacceuBaeTcs, M 3HAUCHHUS BPEMEHHOTO PsAa BO3BPAIIAIOTCS K CBOEMY J0JI-
TOCPOYHOMY cpenHeMmy 3HadeHH0. CienoBaTeNbHO, JONTOCPOYHBIA IPO-
THO3 CTallHOHAPHOTO Psifia CXOIUTCS K OE3yCIIOBHOMY CpETHEMY.

HecranmonapHsie psiibl 00s3aTeIbHO NMEIOT MTOCTOSTHHYIO KOMITOHEHTY,
cpennee W (WIM) IMCTICPCHS 3aBHCAT OT BPEeMEHH. [lepedmCIiCHHbIC HIUKE
CBOHCTBa IIOMOTYT MACHTU(PHUIIUPOBATh HECTAIIMOHAPHBIC BPEMEHHBIC PSIbIL.

1. B 1oarocpoyHOM MEpHOJAE HE CYIIESCTBYET IMOCTOSIHHOTO CPEIHErO
3HAYEHUS], K KOTOPOMY BO3BPAILAIOTCS 3HAYSHUS] BPEMEHHOTO PAJa.

2. Jlucniepcusi 3aBUCHT OT BPEMEHH M [0 MEPE YBEIMUYCHHS BPECMCHH
pacreT 10 OECKOHEYHOCTH.

3. Teoperuueckasi aBTOKOPPEISIIKSA HE COKpAIAeTCs, HO Ui HaOJroIe-
HUM, OTpaHUYIEHHBIX HEKOTOPBIMH IpeaeTIaMH, MEIUICHHO 3aTyXaeT.

B ocHOBy TecTOB Ha WACHTH(UKAIMIO BPEMEHHBIX DPSIOB IOJIOKEHA
[IPOBEpPKa YCJIOBUS PAaBEHCTBAa WMJIM HEPAaBEHCTBA MapaMeTpa Oy EIUHHIIC.
3TO Tak Ha3bIBAEMBIE TECTHI €AMHUIHOTO KOPHSL.

Memoo paznocmeii u uHmezpupyemocme.

C omHOW CTOPOHBI, OOJBIITMHCTBO SKOHOMHYECKHX BPEMEHHBIX DSIOB
HECTAllMOHAPHBL, a C APYTOi CTOPOHBI, MHOTHE METO/ABI U MOJAEIH OCHOBA-
HbI Ha IPEINOJIOKEHUN O CTAIUOHAPHOCTU BPEMEHHBIX PSIOB.

Bo MHoOrux ciydasx B3siTUE Pa3HOCTEHl BPEMEHHBIX PSAOB MO3BOJSET
[OJIYYUTh CTALIMOHAPHBIC BPEMEHHBIE PSIbL.

[TepBbie pa3HOCTH CTOXACTHUECKOTO MpOLEcca UMEIOT BUJT

(1-L)Y, =AY, =Y, =Y, 4 (3.12)

Ecimm IMCPBLIC PAa3HOCTU psAda Y CTallMOHApHBI, TO PAL yt Ha3bIBaCTCs

HHTETPHUPYEMBIM IIEPBOTO TOPSIIKA.
B npoTtuBHOM ciydae ganpHeIIee B3sTHE pa3HOCTEH MPUBEIET KO BTO-
PBIM pa3HOCTSIM:
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(1-L)°y, =A%, = Ay, ~AY,_,. (3.13)

Ecmu stot paA CTalMOHApPCH, TO Pia y‘ Ha3bIBACTCA MHTCTPUPYCMbIM

BTOpOro nopsaka. Eciu Mbl mosyuaem mepBblii CTaLIMOHAPHBIN psij MOCie
K-kpaTHOTO B3ATHS Pa3HOCTEH, MPOLECC HA3BIBACTCS HHTETPHUPYEMBIM K-ro
nopsiaka. BpeMeHHOH psij, creHepupOBaHHBIN ClIydaliHBIM MPOLECCOM, UH-
TerpupyeMbiM K-ro mopsiika, Takke Ha3blBaCTCS MHTErpHpyeMbiM K-ro mo-
pszka.

3.5. Onpenenenue u coiicrBa mogeau ARIMA, nmocTpoenue,
TeCTHPOBAaHHUE U MPOrHO3UPOBaHHUE

HecranmonapHsie BpeMEHHbBIE PSOBl MOTYT OBITH CBEICHBI K CTaIlHO-
HapHBIM C TIOMOIIBIO OTIEpaTOpa MOCIEI0BATEIFHON Pa3HOCTH.
ITycTs BpeMeHHOH psiJi Y, mocie nmpuMeHeHust Kk Hemy d pa3 omeparopa

TOCJIE/I0BATENLHON PA3sHOCTH CTal CTAMOHAPHBIM psom Ay, , ymose-

tBopsirorM ARMA(p, g)-mozmenu. B atom ciydae mponecc Y, HPHHATO

Ha3bIBaTh UHMESPUPOBAHHBIM NPOYECCOM ABMOPESPECCUU U CKONb3SAUE20
cpeonezo, umn ARIMA(p, d, Q). B criermansHo# nuTepaType — 3TO MOJIENb
boxkca — J[>xeHkuHCa.

Mogens ARIMA obnamaer Tpems mapameTpaMu: p — TOPSIOK aBTOpe-
rpeccun AR; d — TIOpsIOK MOCIIeIOBATENFHBIX PA3HOCTEN YPOBHEH BpeMeH-
HBIX PSZIOB, OOECIICUYNBAIONINN CTAIIMOHAPHOCTD PAAA; (| — MOPSIIOK CKOJb-
3ament cpenneit MA. U3 momenu ans pspa Ay, MOXKHO IOIY4YHTh MOJENIb
JUIsl ICXO/IHOT'O PAZa Yy, HCIIOJIb3Ysl COOTHOLIEHHE Y, = Y, ; + AY,.

Hampumep, mozmens ARMA(2,1): vy, =12y, ,-0,2y, ,+¢,—0,5¢, _,
nMeer ULt AR-vacTn XapaKTepUCTUYECKOE ypaBHEHHE
1-1,22+0,22* = (1-0,2z)(1-2z) =0, xopuu KoToporo z; =5, z, = 1.

IMockonbky ouH U3 KOpHei paseH 1, To mporecc ARMA(2, 1) siBnsiercst
HecTanuoHapHbIM. OnepaTop aBTOPETPECCHH 3TOTO MPoIiecca MOXKHO Mpe-
CTaBUThH B cliefyromeM Buae: (1-0,2L)(1-L) =(@1-0,2L)A.

Beenem obo3nauenue Ay, =Y, +Ay, ,. Ilomydennsiii nponecc Ay sB-
nsieTest crannoHapHbM mporeccoM ARMA (1, 1), 3anaBaeMbIM ypaBHEHHEM:
Ay, =0,2Ay, ,+¢,—0,5¢,_,, Ipu 3TOM HCXOAHBIH PsI Y; ABIAETCA PAIOM

ARIMA(L, 1, 1), uiu pouHTErpUpOBaHHEIM TepBoro nopsaka ARMA(L, 1)-
pAzoM.
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Metononorust bokca — JIxenkunca nogdopa ARIMA-moznenu ajist onmca-
HUSI ¥ IPOTHO3UPOBAHUS BPEMEHHOTO Psiia BKJIFOYAET CIICIYIOIINE ITAITBI:

1-1 sman — uoenmuurayus mooenu,

2-1 s5man — oyeHusanue MoOenU U NposepKa ee adek8amHoCmu,

3-1 sman — npocHo3uposarue.

1-1 sman. JlnarHoctuka, T. €. IPOBEPKa BPEMEHHOI'O Psijia HA CTAIUO-
HApPHOCTH!

* m3y4eHue rpaduka BpeMEHHOTO Psa;

* TECT Ha CAUHUYHBIN KOPEHb.

B ciiygae HecTanmmoHapHOCTH HEOOXOAMMO MPOM3BECTH B3ATHE PA3HO-
CTe! U MOBTOP TECTOB.

Jlamee mpoBOAWTCS OICHWBAaHUE AWATHOCTUYECKUX (YHKIWH, TaKHX,
KaK aBTOKOPPEJIALUOHHAS, U UCCICIOBAHUE HX IPA(QUKOB.

3areM cleAyeT BHIOOP THUIIOB BO3MOJXKHBIX IPOLIECCOB, CTCHEPUPOBAB-
IIMX 3TOT BPEMEHHOM psifl, TAK Ha3bIBacMasi MACHTU(PHUKALINS MOJICITH.

B pe3ynbraTte MOJHKHBI OBITH MOJYYEHBI TPH OCHOBHBIX mapamerpa: d —
MOPSIOK UHTETPUPYEMOCTH, p U ( — MOpsaku koMrnoHeHT AR u MA coot-
BETCTBCHHO.

B miporiecce muarnocTuky napameTp d Jerko onpeenseTcs Kak Koaude-
CTBO B3ATBHIX pa3HOCTEH, HEOOXOOMMOE IS TMOJYYCHHS CTAI[IOHApHOTO
nporiecca. JIIss SKOHOMHYECKMX BPEMEHHBIX PsioB mapamerp  oOBIYHO
paBeH 1, HO WHOTA OH MOXeT ObITh paBeH 0 wim 2.

Bonee croxxeH BeIOOp mapamMeTpoB p U (. OOBIYHO P BBIOOPE ITUX TTa-
PaMeTpPOB TONIArafoTCs Ha Pe3yIbTaThl UCCIIETOBAHNS aBTOKOPPEIIIHOHHON
¢ynkiuun (AK®), uactHoi aBTOKOppensimuoHHoH ¢(yHkuun (YAKD).
B ciydae comMHEeHU# clienyeT Mpuaep KUBaThCs MPaBHia BEIOOpa MOJCIH C
HAMMECHBIIIMM BO3MOXHBIM YHCIIOM apaMeTPOB.

2-11 sman. OUCHUBAaHUE MAPAMETPOB IS BCEX BO3MOXKHBIX BEPCUH MO-
JIEJTA TIOAXOSIIAMYU CTATUCTUYCCKAMU METOJIAMH, TAKHUMH, KaK:

* OOBIYHBIA METOJI HAMMCHBIIIUX KBAJIPATOB;

* METOJ] MAaKCHMAJIBHOTO TIPaBIOIION00uS;

3-11 sman. Bp10op HanboJI€€ TOAXOIAIICH MOICIH CPEIU OIICHEHHBIX

* IPOBEPKa MOJICIIH;

* aHAJIN3 OCTATKOB, KOTOPBIE JOJDKHBI MMETh CBOHCTBA «OEJI0TO0 IIyMa;

* PacCCMOTpPEHHE MOEIH, HAWIY4IINM 00pa3oM BOCIIPOU3BOIAIICH KOH-
KPETHBIA BPEMEHHOH s, U e¢ Hanbojee SKOHOMUYHOTO C TOYKH 3PCHUS
KoJIM4yecTBa mnapaMerpa. Vcxons W3 CpaBHEHHS KPHUTEPHUEB BBHIOMpACTCS
ONTUMAJIbHAS MOJIENIb M Ha €€ OCHOBE MOKHO MPOU3BOAUTH MPOrHO3UPOBA-
HUE.
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3.6. Mojesin BpeMeHHBIX PSII0B C YCJIOBHOI reTepocKe1acTHYHOCTHIO.
Omnpenenenue u coiicrBa mogeineiit ARCH u GARCH

B 2003 r. amepukanen Pobept Durne noxydnn HobeneBckyto npemuto
3a pa3pabOTKy METOJa aHajIu3a YKOHOMHUYECKHX BPEMEHHBIX PsJIOB Ha OC-
HOBE MAaTeMaTH4YeCKONH MOJENH C aBTOPErPEeCCHOHHON YCIOBHOM rerepo-
ckenactnuHocThio (ARCH). JlaHHass Mozenb MO3BOJSET NMPOTHO3UPOBATH
TEHICHIIMY W3MEHECHUS (MHAHCOBBIX WHAECKCOB, Takux kak BBII, morpebu-
TEJILCKHUE LIEHBI, POIICHTHBIE CTaBKH, OMP KEBBbIE KypCHI U Ap., KAK Ha OJu-
JKalIIKUK JeHb, TaK U Ha HEJIENIO U JaXKe roJl BIEpeN.

OKOHOMUYECKHE JaHHbIE OOBIYHO MPEACTABICHBI B BUJIE BPEMEHHBIX
pSOB, T. €. TOCIEIOBATEIHHOCTH HAOIIONCHUH B XPOHOJIOTHYECKOM II0-
psanke. Hanpumep, Benuunnbl BBII 3a pasnuuHble ToAbl, LIEHB HA TOBAp B
pa3iIu4Hble AHU Mecsla U T. A. Takue psiAbl MOXKHO NPEJICTaBUTh B BUAE
CYMMBI JIByX KOMIIOHEHTOB, OJMH M3 KOTOPBIX M3MEHSETCS CIy4alHBIM
o0pazom, a Ipyroi NOAYMHSAETCS ONPE/ICTICHHOMY 3aKOHY.

Ha ¢uHaHCOBBIX pBIHKAX CiTydailHble OTKJIOHEHHUS BEJIWYMHBI OT I1OCTO-
SIHHOTO 3HAY€HHs C TCYCHHWEM BpeMeHHU (TaK Ha3blBacMasi KoJeOJIEeMOCTh)
0COOEHHO Ba)KHBI, IIOCKOJIbKY CTOMMOCTB aKIIMH, ONMIUOHOB M OPYrux Qu-
HAHCOBBIX MHCTPYMEHTOB 3aBHCHUT OT YpOBHs HX pHcKOB. Konebanus MoryT
3HAYUTEIBHO MEHSTHCS BO BPEMEHH: NMEPHOABI CHIBHBIX M3MECHEHHH CMe-
HSIOTCSl TIEpHOAAMH HE3HAUNTENbHBIX OTKIOHeHMH. HecMoTpst Ha MeHsIo-
HIyrocs Kojae6JIeMOoCTh, SKOHOMUCTBI MPUMEHSUIN CTAaTUCTUYECKHUE METOJB,
B KOTOPBIX MPEIOIATranoch, YTO KOIEeOIEeMOCTh TOCTOSHHA.

Ho B 1982 r. PoGept DHriie 00HapyXuil, YTO aBTOPErPECCHOHHAs TeTe-
pockenacTudeckas (T. €. IpeAroiararmomas U3MEHEHHe BO BPEMEHH) MO-
JIeJIb OYeHb TOYHO OINMCBHIBA€T MHOXKECTBO BPEMEHHBIX PSAOB, BCTpEUaro-
Mxcs B 9KoHOMUKe. Ero Meton B HacTosimiee BpeMsi CTOUT Ha BOOPY>KCHUH
(DMHAHCOBBIX aHAIUTHKOB, ucnonb3ypumx ARCH s oneHku crouMocTH
AKTHUBOB U PUCKOB MOPT(EIEHBIX HHBECTHLINH.

Kose61eMoCTh 0OBIYHO H3MEpSAETCs AUCIepcHeil G° BpeMEHHOTO Psiia,
WJIN CTOXaCTHIECKOTO Ipolecca.

Ycnognaa zemepockedacmuunocms 03Ha4acT, YTO YCIOBHAS AMCIEP-
cHsl OIIMOKH, T. €. IUCTIEPCHUsI TIPH YCIOBUH M3BECTHOM MH(OPMAINH, 3aBH-
cut oT BpeMeHH. OHa MOXKET MpOSIBISITBCS, HECMOTPS HA 00Wyl0 20-
MOCKedaCmuyHoOCmb (0€3yCr106HYI10).

Jlucnepeus ommGOK MOJIENH €, UMEET BU Var(e,) =o-.
Ho ycnoBHas nucnepcus B COOTBETCTBUU C UMEIOLIEHCS Ha MOCIeIHUI

MOMEHT UH(pOpManuel onpeaesercs kak var(e, |8171)~
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Mooenu ARCHIGARCH.

1. ARCH-mo0ens. B ARCH(p)-mozaenu, nmpemnoxenHoi P. Durie, npea-
noJiaraeTcs, 4To JUCIEPCHs SIBISETCS JHMHEWHOW (yHKUHMeH KBaapaTtoB
NPEIIIECTBYIONIMX 3HAYCHHH HAOII01aeMOM BETHYUHBIL:

p
Gl=0y+ Y oyl . (3.14)
t=1

Jliist Toro 9TOOBI 3Ta BEJIMYMHA OCTABAIaCh ITOJOKHUTEIBHON C BEPOST-
HOCTBI0, paBHOH eauHHUIE, TpedyeTcs, 4Todsl o, >0, a, 20.

B pamkax ARCH-monenu ctamo BO3MOXHBIM OOBSICHUTH TaKo# (eHO-
MeH (pUHAHCOBBIX BPEMEHHBIX PSJIOB, KaK KJIACTEPHOCTh, KOTOPBIHA COCTOUT
B TOM, 4TO OOJIbIME (Majibie) 3HaUeHUS Y. BiekyT 3a coboit 6onpmue (Ma-
JIbIe) TIOCIIeYIOIIHE 3HAYCHUSI, HO HENPEICKa3yeMOro 3HaKa.

U3 (3.14) BUAHO, YTO BENMYUHBI G- SBIAIOTCS QYHKIMSAMH OT TPEIIIE-
CTBYIOLUMX 3HAYCHHUH Y, ..., Y, -

Takum o6paszom, cyts momenu ARCH coctouT B TOM, 4T0 eciu abco-
JIFOTHAsI BENUYUHA Yy, SIBJISICTCS OOJIBLION, TO 3TO MPHUBOIUT K MOBBIIICHHUIO
YCIIOBHOM JIUCTIEPCUH B MOCIEIYIOIINE IEpHO/ibl. B CBOIO o4epe/s MpH Bbl-
COKOH YCIIOBHOH mqucriepcun 0oiiee BEpOSATHO MOSBICHUE OONBIIUX (10 ab-
COJIFOTHOHM BENMYMHE) 3HaUYCHUH Y,. 11 Ha000pOoT, eclii 3HA4YCHHUS Y, B TeUe-
HUE HECKOJBKHX MEPUOJIOB OJM3KU K HYJIO, TO 3TO HMPUBOJIUT K MOHMKE-
HHUIO YCJIOBHOM JHMCIIEPCHUHM B MOCJIEAYIONIME NEPUOABI MPAKTHYECKH 0
YpOBHS 0. B cBOIO ouepens mpm HHM3KOH yCIOBHOW AWCIIEpcHH Oolee Be-
POSITHBI TOSIBJICHUS MaNbIX (IO aOCONIOTHOW BEJNMYMHE) 3HAYCHUi Y,. Ta-
kuM obOpazom, ARCH-mporiecc xapakrepusyeTcss HHEPIUOHHOCTBIO YCIIOB-
HOH JUcriepcuH (Kiactepusanuei Kone0ieMocTn).

D ekt kactepuzanmy Kojae0JeMOCTH OTMEUEH JJIsi MHOTHX BBICOKO-
YACTOTHBIX Ps/IOB, TAKUX KaK W3MCHCHHC IICH aKIM{, BAJIOTHBIX KYpPCOB,
JIOXOJTHOCTH CTIEKYJISITUBHBIX aKTHBOB.

Camas poctasi ARCH-mozmens pu p = 1, ARCH(1) BeIrsaaut Tax:

Y, =0, , O.=0,+0,Y ;. (3.15)

2. GARCH-mo0ens. VicTopuuecku OTHUM U3 NEpBBIX 00001IeHNI Moe-
1 ARCH(p) crana o606mmennas ARCH-monens, uimn GARCH, npeoxen-
nast T. BomnepciieBoM. Jta MoJIeb XapakTepu3yeTcs AByMsl IIapaMeTpamu
p u q u obosnauaercs GARCH(p, (). B aroii mogenn, kak u ARCH(p)-
MOJeNH, Y, =0,€,, HO OTHOCUTEIILHO (hOPMHPOBAaHHs KOJIEOJIEMOCTH G,
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p q
TPEINONIAraeTcs, 4To G- = 0, + Z(xi Yo+ ZBjcﬁf
i1 )

OcuoBHbiM mpenmymiectBoMm GARCH(p, q)-mozeneit mepen ARCH(p)-
MOJIETIBIO SIBJISIETCS TO, YTO IPH TIOATOHKE CTATUCTHUECKHX TaHHBIX MOJe-
asm ARCH(p) yacto mpuxoautcs o0pamaTbesi K CIUIIKOM OOJBIINM 3Ha-
4yeHusiM ), B TO BpeMsi kak mpu nojronke GARCH(p, q)-monensiM MOKHO
OrpaHNUYHMBATHCS JUIIb HEOOIBIINMHU 3HAUYCHUSIMH P U (.

B mpocreiitem Bapuante GARCH(1, 1) umeem:

i

Gp =g+ 0, Yn 4 +Bon ;- (3.16)

Kak u B mMoxenu ARCH, o CIyKHT yCIOBHOI mucriepcreii mporecca

Y, yn71|. O6o0mmennast aBTopedeccHoHHass MOJENIb C YCJIOBHOH TeTepo-

ckenactuaHocThio GARCH(p, () onmceiBaeT mpomece, B KOTOPOM YCIIOBHAS
JIUCTIEPCHST OMIMOKN HAXOJUTCS B 3aBUCHMOCTH OT BCEH JOCTYITHOH B MO-
MEHT BpemeHH t uHpopmaruu.

4. UI3YYEHUE B3AUMOCBSI3EIl HA OCHOBE BPEMEHHBIX
PSIIOB

4.1. Oco0eHHOCTH HU3y4eHHsI B3aUMOCBSI3aHHBIX BPEMEHHBIX PSAJ0B

W3yyeHne NPUYMHHO-CICJCTBEHHBIX 3aBUCHUMOCTEH  IEPEMEHHBIX,
MPE/CTABICHHBIX B (JOPME BPEMEHHBIX PSIIOB, SIBISIETCS OJHOW M3 CaMbIX
CJIOKHBIX 3a/1a4 SKOHOMETPUUYECKOTr0 MOieiupoBanus. [[puMeHeHne B 3THX
LEsX TPAAUIHOHHBIX METOJI0B KOPPEISIIIMOHHO-PETPECCUOHHOIO aHaIn3a
MOJKET HPUBECTH K PSIy CEPhE3HBIX MPOOJIeM, BO3HUKAMOIIUX KaK HA ITAre
MOCTPOEHMS, TaK M Ha OTale aHajiu3a HKOHOMETPHYECKUX MOJIEIICH.
B mepByto ouepenp 3TH MpOOJIEMBbI CBS3aHBI CO CHCIM(UKON BPEMEHHBIX
PAMOB KaK MCTOYHHMKA JAHHBIX B SKOHOMETPHUYCCKOM MOJCIHUpOBaHUU. 13-
BECTHO, YTO KaXIblii YPOBCHb BPEMEHHOTO Psiia COACPIKUT TPH OCHOBHBIC
KOMITOHEHTBI: TEH/CHIIMIO, IUKIUYECKHE, WM CE30HHbIE, KOJCOaHus W
CIIy4aiHyl0 KOMIOHEHTY. PaccMOTpuM, KakuM 00pa3oM HaJudue I3THX
KOMITOHEHT CKa3bIBA€TCS HA Pe3yJIbTaTaX KOPPEISIIIUOHHO-PErPECCHOHHOTO
aHaJM3a BPEMEHHBIX PSIOB TaHHBIX.

[peaBapuTenbHBIA 3TAll TAKOrO aHANM3a 3aK/II0YAETCS B BBISBICHHU
CTPYKTYPBhI U3y4aeMbIX BPEMEHHBIX Psi0B. ECiiu Ha 3TOM 3Tare ObUIO BbI-
SIBICHO, YTO BPEMEHHBIC PSIBI COJACPXKAT CC30HHBIC, WU MUKIHYCCKHUE,
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Koye0aHus, TO Tepel MPOBEACHHEM MaJbHEUIIEr0 MCCIEOBAHUS B3aUMO-
CBSI3M HEOOXOJMMO YCTPAHUTH CE30HHYIO, MM HUKIMYCCKYI0, KOMIIOHEHTY
13 YPOBHEH KaXKJO0ro psiia, IOCKOJIbKY €€ HaJInYie MPUBEJET K 3aBHIICHUIO
HWCTUHHBIX IOKa3zaTejeil CUiIbl U TECHOTHI CBS3M H3Y4aeMbIX BPEMEHHBIX
PAIOB B ciydae, eclid 00a psijia CoAepKaT [IMKINICCKUC KOJICOaHUs OIMHA-
KOBOW TMEPUOJMYHOCTH, MO0 K 3aHIKCHHUIO ITHX IMOKa3aTelici B ciyyae,
©CJIM CC30HHBIC, WU IUKIMYCCKHE, KOJNCOaHUs COJCPKAT TOJIBKO OJUH U3
PSAIOB WU €CJH NEPHOTUIHOCTh KOJIeOaHMH B pacCMaTPHBAEMBIX BPEMEH-
HBIX PSax pa3IndHa.

VYcerpaHeHrne Ce30HHOM KOMIIOHEHThI U3 YPOBHEW BPEMEHHBIX PSAIOB
MOJKHO TIPOBOIHTEH B COOTBETCTBHH C METOIUKOW TIOCTPOCHUS aIIUTHBHON
YU MYJIbTUIUIMKaTUBHOM Mojenel. Ilpu nanpHeiiieM H3710)KEHUHM METOOB
aHanu3a B3aUMOCBSI3eH MPHUMEM IIPEATNOJIOKEHHE, YTO U3yuyaeMble BpEMEH-
HBIC PSBI HE COMEPKAT MEPUOTUUCCKUX KOJICOAHUIA.

JomycTum, 4TO M3ydaercs 3aBUCUMOCTb MEXKAY psnamu x U ). g Ko-
JINYECTBEHHOW XapaKTEPUCTUKH ITOW 3aBUCHUMOCTH MCIOJIb3YETCs JIMHEH-
HbI kodddurment koppemsiuuu. Eciu paccmarpruBaeMblie BpeMEHHBIE PSiJibl
HUMEIOT TEHJICHLIUIO, KOA(POHUIUESHT KOPPEIALUH 110 aOCOIIOTHON BEJTMYHHE
Oynet BeicOknM. OHAKO W3 3TOTO €Ile Helb3s JAeNaTh BBIBOA O TOM, YTO X
MIPUYHHA ) WIH HA000poT. BEICOKHH KO3 PHUIIMEHT KOPPENSAINH B TaHHOM
ciIydae — 3TO pe3yNbTaT TOrO, YTO X U ) 3aBHUCAT OT BPEMEHH, WIIH COACPIKAT
TeHACHIMIO. [Ipy 3TOM OIMHAKOBYIO WJIHM IPOTHBOIIOJIOKHYIO TCHICHIUIO
MOTYT UMETh PSIJIbI, COBEPIICHHO HE CBSA3aHHEBIC APYT C IPYroM MPUIHMHHO-
CIIEICTBEHHOW 3aBUCHUMOCTBIO. Hampumep, ko3(hGUIMEHT Koppeisuun
MECXKITY YHUCICHHOCTBIO BBIITYCKHHUKOB BY30B M YHCJIOM JOMOB OT/JbIXa CO-
crasuia 0,8. D10, ecTeCTBEHHO, HE 0O3HAYAET, UYTO YBEIWYCHHE KOJIUIECTBA
JIOMOB OTJIBIXa CIIOCOOCTBYET POCTY HYHCIA BBIIYCKHHKOB BY30B U yBE-
JIMYCHHUE YHCIIa TIOCTETHUX CTUMYJIPYET CIPOC Ha JIoMa OTAbIXA.

JIst Toro 94TOOBI MOJIYYIHTh KOAPGUITUSHTH KOPPEISALNUN, XapaKTepu3y-
IOIIHe IPHYUHHO-CIICICTBEHHYIO CBSI3b MEXy M3YYaeMBIMU PsIaMH, CJe-
IyeT u30aBUTHCS OT TaK HA3BIBAEMOM JIOKHOW KOPPEINSAIMH, BBI3BAHHOW
HAJIMYHEM TCHICHIMA B KXAOM psae. OOBIYHO 3TO OCYHICCTBISIIOT C I0-
MOIIBIO OJTHOI'O U3 METO/I0B UCKIIOUECHHSI TEHCHIIHH.

[IpenmnonoxuM, 4To MO JABYM BPEMEHHBIM PsijiaM X M )y CTPOUTCS ypaB-
HEHHE MMapHOH JIMHENHON perpeccuu Buaa

y, =a+bx, +e,. (4.2)

Hanuune TCHACHINU B KaXJAOM M3 3THUX BPEMCHHBLIX PAAOB O3HAYacCT,
YTO Ha 3aBUCHUMYIO )y U HE3aBUCHUMYIO X; ICPCMCHHBIC MOACIN OKa3bIBACT
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Bo3zeiicTBUE (DAaKTOp BPEMEHH, KOTOPBIH HEMOCPEACTBEHHO B MOJCIH HE
yuTeH. Bnusnue ¢axTopa BpeMeHH OyIeT BBIPAKEHO B KOPPEISIIMOHHON
3aBUCUMOCTH MEX/y 3HAYEHUAMM OCTATKOB g, 3a TEKYIIUH U IPEabIIyILUe

MOMEHTBI BPEMEHH, KOTOpasi NOJIyYuIia Ha3BaHHe aBTOKOPPEIISIMS B OCTaT-
Kax.

ABTOKOppensAIMa B OCTaTKaXx — 3TO HApyIIEHHE OJHOW M3 OCHOBHBIX
npeanocsnok MHK-npeanoceuiku o ciy4yailHOCTH OCTAaTKOB, MOIYYEHHBIX
0 ypaBHEeHHIO perpeccnd. OnMH W3 BO3MOXHBIX ITyTEH pPEIICHHUsS 3TOH
mpoOJIeMBI COCTOMT B HpuMeHeHnn oOobmennoro MHK k omenke mapa-
MeTpoB Mozenu. [Ipyu mocTpoeHnn ypaBHEHHSI MHOXXECTBEHHON PETPEcCHU
[0 BPEeMEHHBIM PsJiaM JaHHbBIX, IOMUMO JBYX BBIIICHA3BaHHBIX MPOOJIEM,
BO3HMKAET TaKKe NpodiieMa MyJIbTHKOJJIMHEAPHOCTH (haKTOPOB, BXOISIINX
B YpaBHEHHE PErpeccuy, B ciydae, eclid 3TH (aKTOpbl COJEPIKAT TEHJECH-
LIHO.

Jist  MCKIIOYEHHMs TEHJAEHIMH CYIIECTBYET HECKOJBKO METOJIOB.
VX CyIHOCTD 3aKIII0YaeTcsi B TOM, YTOOBI YCTPaHUTh WIH 3a()UKCHPOBATh
Bo3xeiicTBUE (hakTOpa BpeMEeHH Ha (OpPMUpPOBAHUE ypoBHEH psima. OCHOB-
HBIE METO/bI UCKIIOUEHHS TEHACHIIMN MOKHO Pa3AeINTh Ha JIBE TPYIIIIbL:

* METO/bI, OCHOBaHHBIC Ha ITPe00pa30BaHNK yPOBHEH UCXOJHOTO psijia B
HOBBIE NEpEeMEHHbIE, HE cojepXaline TeHAeHIHHU. [lorydeHHble mepeMeH-
HBIE MCHOJIB3YIOTCS Aajee AJIsl aHaJlu3a B3aHMMOCBS3M M3Y4aeMbIX BPEMEH-
HBIX PSJIOB. OTH METOABI MPEIIONIaraloT HENOCPEICTBEHHOE YCTpaHEHHE
TPEHI0BOM KOMIIOHEHTHI 1’ U3 Ka)KIOro ypOBHS BPEMEHHOTO psaja. JIBa oc-
HOBHBIX METO/Ia B JAHHOM TPYIIIE — 3TO Memo0 NOCLe008AMENbHbIX PAZHO-
cmeti i Memoo OMKIOHEHUL Om MpPeHoos;

* METOJIbl, OCHOBAHHbIE HA W3YyYCHUH B3aWMOCBSI3M UCXOIHBIX YPOBHEIl
BPEMEHHBIX PSIOB NPU AITUMHUHHUPOBAHUM BO3JEHCTBUS (hakTOpa BpEMEHH
Ha 3aBHCHMYIO M HE3aBHCHMYIO MepeMEHHbIe MOJiesii. B nepByto ouepens —
3TO MEMOO BKIOUEHUS 8 MOOENb PecPeccul NO 8PEMEHHbIM PAOAM Qaxmo-
pa epemenu.

4.2. MeToj OTKJIOHEHHS OT TPEHAA

[TycTs mMeIOTCS 1Ba BPEMEHHBIX psAfa X; U )i, KaXAbIi U3 KOTOPBIX CO-
JICPKAT TPEHIOBYIO KOMIIOHEHTY T M CIy4aiiHyI0O KOMIIOHEHTY &€,. AHalu-

THYECKOE BBIPABHHBAHUE KaXKJOTO M3 ITHX PAIOB IO3BOJISIET HAWTH Iapa-
METPBHl COOTBETCTBYIOIMX YPaBHEHUH TPEHIOB M ONPENCITUTH pPacueTHBIC
IO TPEHIy YPOBHH X, U ¥, COOTBETCTBCHHO. JTU PACUCTHBIC 3HAYCHMUI

MOXXHO MPUHATH 3a OLICHKY TpeHL[OBOﬁ KOMITIOHEHTBI T Kaxxaoro psnaa. IIo-
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3TOMY BIMSHHE TCHACHIMH MOKHO YCTPAHWTh ITyTEM BBIYHTAHHS PacyeT-
HBIX 3HAYCHUH YPOBHEH psia U3 (BakTudecKux. ITy HpOLEaypy HPOAEIIbI-
BAIOT ISl KQXIOT0 BPEMEHHOTo psifa B Mojenu. JlanpHemuii aHamm3 B3a-
HMOCBSI3H PSZIOB IPOBOIAT C HMCIOJIB30BAaHHEM HE HUCXOIHBIX YPOBHEH, a
OTKJIOHCHHWiT OT TpeHma X, —X, ¥ Y, — Y, NPH YCIOBHH, 4TO MOCICIHHUE HE

collepKat TCHICHIINH.

CopeprxaTenpHast HHTEPE3yAbTaTHBHAS ITOKa3aTeIbPETAIHS TapaMETPOB
9TOH MOJENH 3aTpyIHUTEIbHA, OJHAKO €€ MOKHO HCIOIB30BaTh JJIS IPO-
THO3UpOBaHUs. J[J1s1 3TOr0 HEOOXOIUMO OMPEICITUTh TPEHIOBOC 3HAYCHHE

(axTopHOTO TIpH3HaKa X, W C MOMOIIBIO OXHOTO M3 METOMOB OLICHWTH Be-

JUYUHY TPEANoIaraeMoro OTKJIOHEHHS (DaKTHYEeCKOTO 3HAYEHHUS OT TPEH-
nmoBoro. Jlamee mo ypaBHEHHMIO TpeHJAA U Pe3yJIbTaTUBHOTO MpH3HAKA
OMpeNeNSIIOT TPEHAOBOE 3HAYCHHE ¥, , a 110 YPAaBHEHHIO PErpPeccuu Mo OT-

KIIOHCHUAM OT TPCHIAOB HAXOAAT BCIWMYHUHY OTKIIOHCHUA yt_yt‘ 3aTem

PACCUUTHIBAIOT TOUCHHBLI IPOrHO3 (haKTHUECKOro 3HaYCHUs Y, 10 hopmy-

me: Y, = 91 +(yt - 9t)
4.3. MeToa noc/1eI0BaTeIbHBIX Pa3HoCTel

Ecnu BpeMeHHOH psiA COAEPKUT SPKO BBIPAKCHHYIO JTHHEHHYIO TEH-
JEHLIUIO, €€ MOXHO YCTPaHUThb IIyTeM 3aMEHBl MCXOAHBIX YpOBHEH psna
LETTHBIMH a0COJIIOTHBIMH IIPUPOCTAMH (TIEPBBIMHU Pa3HOCTSIMH).

ITycts

Y=Y, +¢&, 4.2)
rage g, — clydaiinHas omuOka;
y, =a+bt. 4.3)
Torna
A =Y,—Y, ,=a+bt+g —(a+b(t-1)+¢,_)=b+(e,—¢_,). (44)

Koappunuenr b — koHcraHta, KOTOpas HE 3aBHCUT OT BPEMEHH.
ITpn HayM4MY CUIIBHOM JTMHEHHON TEHAEHLIMHU OCTATKHM €, HOCTATOYHO Ma-

JIbl ¥ B COOTBETCTBUU ¢ nipeanocbuikaMu MHK HocsT ciiyualiHbIi XapakTep.
ITosTOMy mEpBEIC Pa3HOCTH YPOBHEH psna A, HE 3aBHCAT OT IIEPEMEHHOMN

BPEMEHH, X MOXHO HUCIIOJIB30BATh IJIsA JaTbHEUIIEero aHaIn3a.
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Ecnu BpeMeHHOM psif COAEPXKUT TEHACHIHNIO B (hopMe napaboibl BTOPO-
ro HopsiiKa, TO AN €€ YCTPaHEHHsS MOYKHO 3aMEHHTb UCXOJHBIE YPOBHU
psiia Ha BTOPBIE Pa3HOCTH.

[TycTb umMeeT MecTo cooTHolIeHue (4.2), oaHaKo

J,=a+bt+bt’. (4.5)
Torma

A =Y, —Y,_=a+bt+bt’ +e —(a+b(t-1)+b,(t-1) +¢,_,)=

(4.6)
=b b, +2b,t+ (e, —¢,_,).

Kak mokaspiBaeT 3TO COOTHOLICHUEC, MEPBBIC PAa3HOCTU At HEIoCpCa-

CTBEHHO 3aBUCST OT (hakTopa BpeMeHH 1 U, Cliel0BaTeIbHO, CO/IEPKAT TEH-
JICHLHIO.
OrnpeeTuM BTOPBIC Pa3HOCTH:

A=A ~A_ =b b, +2bt+(g, —g,_,)— (b —b, +2b,(t-1)+

4.7)
+(St—1_81—2)) :2bz +(81 _281—1+81-2)'

O‘IGBI/I,HHO, YTO BTOPLIC pa3HOCTU AH[ HC CoACpiKAT TCHACHIIUU, ITOITO-

My IpHY HaJIMYHU B HCXOIHBIX YPOBHIX TPEHA B (hopMe mapaboibl BTOPOTO
MOpsAAKa UX MOXKHO UCIIONB30BaTh Ui JanbHeiimero ananusa. Ecnu Ten-
JICHIIMA BPEMEHHOTO pPsia COOTBETCTBYET 3KCIIOHCHUIMANBHBIM, WM CTe-
MEHHOH, TPEeHJ, METOJ] IOCJIe0BaTeIbHBIX PA3HOCTEH cielyeT IPUMEHSTh
HE K UCXOZHBIM YPOBHSM PsAa, a K UX Jorapupmam.

IIpu Bceii cBoelt MPOCTOTE METOA MOCHIEA0BATENbHBIX PA3HOCTEH UMeEeT
JIBa CyIIECTBEHHBIX HEJJOCTATKA.

Bo-nepevix, ero npuMeHeHHE CBS3aHO C COKpAalleHHEM 4HCla Tap
HaOIOZICHUH, 1O KOTOPBIM CTPOUTCS ypaBHEHHE PETPECcCHH, a ClIeA0Ba-
TEeNbHO, C TIOTepeil yncia cTenexeil cBo0oabI.

Bo-emopbix, UCcNoIb30BaHUE BMECTO HCXOIHBIX YPOBHEH BPEMEHHBIX
PSIOB MX TIPHPOCTOB, WM YCKOPEHHH, NIPUBOAMT K IMoTepe MH(OpMALUH,
coaepmameﬁca B UCXOOHBIX TAHHBIX.

4.4. Bkaouenne B MoJeJib perpeccuu (pakTopa BpeMeHHn

B xoppensnuoHHO-perpecCHOHHOM aHaJIN3€ MOYKHO YCTPAaHHUTH BO3JEH-
CTBHE Kakoro-muoo ¢akropa, eciam 3aQUKCHPOBATH BO3ICHCTBHE STOTO
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(akTopa Ha pe3yibTaT U IPyTHe BKIOYCHHBIE B MOJENb (hakTOphl. JlaHHBIN
MIpUeM HIMPOKO MPUMEHSETCS B aHAJM3€ BPEMEHHBIX PAJOB, KOT/Ia TeHIEH-
mus GUKCUpyeTcs depe3 BKIIOYeHHE (pakTopa BpeMEHH B MOJETH B Kade-
CTBE HE3aBUCHUMOI1 nepeMeHHoi. Mojenb Buaa

y, =a+bx +bt+e, (4.8)

OTHOCHTCS K TPyIIE MOAETCH, BKIIOYaomuX GakTop BpeMeHn. O4eBHIHO,
YTO YHCIIO HE3aBHCHUMBIX IIEPEMEHHBIX B TAKOH MOJEIN MOXXET OBITH 0OJb-
e euHUIBL. KpoMe Toro, 3To MOTYT OBITh HE TOJIKO TEKYIIHE, HO H JIaro-
BbI€ 3HAUEHUS HE3aBHUCUMOM U PE3yJIbTaTUBHOMN MepEMEHHBIX.
[IpeumymiecTBO AaHHON MOJENU Tepes] METOJAaMHU OTKJIOHEHHH OT
TPEH/IOB U MOCIEA0BATEIbHBIX PA3HOCTEN COCTOUT B TOM, UTO OHA MO3BOJISI-
€T y4ecTh BCHO HH(OPMAIIHMIO, COJACPKAUIYIOCS B MCXOJTHBIX JaHHBIX, IO-
CKOJIBKY 3HA4YEHUS X; M J; — 3TO YPOBHU UCXOTHBIX BPEMEHHBIX psnoB. Kpo-
M€ TOTO, MOJIENIb CTPOUTCS TI0 BCE COBOKYITHOCTH JaHHBIX 33 PaccMaTpH-
BaeMBIH MEPHO] B OTJIMYHE OT METOJa IOCIeT0BaTEeIbHBIX Pa3HOCTEH, KO-
TOPHBII NPUBOAMT K TOTEPE urciaa HaOmoaenuid. [Tlapamerpsr @ u b Moenu
¢ BKITIOUEHUEM (aKTopa BPEeMEHH ompeAesiroTes oobraapM MHK.
Hpumep. JomycTuM MOCTPOCHO YpaBHEHHE PETPECCHH, OMHCHIBAIOIICE
3aBHCHUMOCTh PacX0JIOB Ha KOHEYHOE MOTPEOJICHUE Yy OT COBOKYITHOIO JIO-
X0JIa Xy, ¥ B TAaHHYIO MOJEIb BKJIO4aeM (akTop Bpemenu. [locne pacyera
o0b1unbiM MHK nonryyena mozens Buga Y, =1,15+0,49x, +0,63t.

WuTepe3ynpTaTUBHAS MOKa3aTEIbpETAMS IApaMeTPOB ATOTO ypaBHe-
Hus cnenyromias. [lapamerp b; = 0,49 xapaktepHusyert, 9TO IPH YBEITHUCHAH
COBOKYITHOTO JI0X0/a Ha | 1. e. pacxoAsl HA KOHEYHOE MOTpEOIeHHE BO3-
pactyT B cpennem Ha 0,49 n. e. B YCIOBHSX CYIIECTBOBaHMS HEH3MEHHOMN
tergennun. [lapamerp b, = 0,63 o3nauaer, uro Bo3jeiicTBHE BCex (akTo-
POB, KpOME COBOKYITHOTO JI0X0Ja, Ha PacxoJibl Ha KOHEYHOE MOTpelieHue
MPUBEJICT K €r0 CPEIHEr0I0BOMY a0COIOTHOMY mpupocty Ha 0,63 1. e.

4.5. Konnrerpanusi BpeMeHHbIX psaaoB. Kpurepnii Juria — I'pankepa

OO6muMii HEZOCTATOK METOIOB HMCKIIOUEHUS TEHIACHIIMHM 3aKJII0YaeTcsl B
TOM, YTO 3TH METOJBI MPEIONaratoT HEKOTOPYH MOJTU(PHUKAIMAIO MOJC-
mu (4.1) BcmepcTBHEe THOO 3aMEHBI MEPEMEHHBIX, OO0 HOOaBICHHUS B ATy
Mozenb ¢akropa BpeMeHH. OHaKO OOJBIIAs YaCTh COOTHOIICHUH, MOCTY-
JUPYEMBIX SKOHOMUYECKOH TECOopHe, BepUPUKAIMEH KOTOPHIX 3aHUMACTCS
HKOHOMETPHKA, CHOPMYIMPOBAaHA B TEPMUHAX YPOBHEH BPEMEHHBIX PSJIOB,
a HE UX MOCJEJOBATEIbHBIX PA3HOCTEW WIM OTKIOHEHHH OT TPEHAOB U
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MpEeAToNaraeT M3MEpPEHHE B3aMMOCBSI3M IEPEMCHHBIX O€3 BKIIOYCHHS B
MOJIENb KaKUX-JTHOO JOTIOJHUTENLHBIX (DaKTOPOB (HAIIpUMEp, EPEMEHHOMN
BpPEMEHH).

B psge ciyuaeB Hamuuue B OJHOM U3 BPEMEHHBIX DPSJIOB TEHACHIUU
MOXeET OBITh CIIEZCTBHEM MMEHHO TOTO (paKTa, 4TO APYTOil psj, BKIIOUCH-
HBIH B MOJIEJIb, TOKE COACPKUT TEHACHIINIO, a HE IPOCTO ABJSIETCS Pe3yib-
TaTOM IIPOYUX ciryyailHbIX npuuuH. [Io3ToMy oMHAKOBas WM MPOTUBOIIO-
JIO’)KHAsl HANpPaBJICHHOCTh TEHACHLUMH pSAOOB MOXKET HMEThb YCTOWYMBBIM
XapakTep ¥ HaONIOAaThCs Ha MPOTSHKCHUH JUTUTENBEHOTO NMPOMEXKYTKa Bpe-
MEHH, a KOA(PQULIHMEHT KOPPEISUH, PACCUUTAHHBIA 10 YPOBHSM BpEMEH-
HBIX PAZOB, MOXET COOTBETCTBEHHO HE COJIEPIKATh JIOKHON KOPPEISIIUU 1
XapaKTepU30BaTh UCTUHHYIO MPHUYMHHO-CIIEICTBEHHYIO 3aBHCHMOCTh MEX-
Iy HAMH.

OTH NpeAIIoNoKeHNs ObUIH TI0JI0KEHBI B OCHOBY HOBOM TEOPHH O KOMH-
TETpaly BPeMEHHBIX psoB. [lon xounmezpayueti moHUMaeTCs IPUINHHO-
CJIeJICTBEHHAs] 3aBUCHUMOCTh B YPOBHAX IBYX (WM OoJiee) BPEMEHHBIX pPsi-
JI0B, KOTOpasi BHIPAKACTCS B COBIIQACHHH WJIM NMPOTHBOIIOIOXKHONW Harpas-
JICHHOCTH MX TCHICHIUH U CIIy4aifHOH KOJIe0IeMOoCTH.

B cooTBeTcTBHM C 3TOH TeopHel MeXAy IByMs BPEMEHHBIMH pPsIaMH
KOMHTErpalysi CyLIIeCTBYeT B Cilydae, €ClIM JIMHeWHas KOMOWHauusi Bpe-
MEHHBIX PSIOB — 3TO CTALMOHAPHBIM BPEMEHHOHU psix (T. €. psifa, copepxa-
LU TOJIBKO CIIy4allHy}0 KOMIIOHEHTY U MMEIOIIUN IOCTOSIHHYIO AUCIEp-
CHIO Ha JITUTEIIFHOM IIPOMEXKYTKE BPEMECHH).

PaccmoTpuM ypaBHeHHE perpeccu Buaa Y, =a+bx, +¢,. Ocratku ¢, B
3TOM YPaBHEHHH MNPEACTABISIIOT COOOH JTMHEHHYI0O KOMOWHALMIO PAIOB X
H Yt

g, =Y, —a—bx. (4.9)
OnHMM U3 METOIOB TECTHUPOBAHUS TMIIOTE3bl O KOMHTErpallid BPEMEH-
HBIX PSAOB X; U ) ABIsieTca Kputepuil DHrna — ['panmxepa.
AJNTOPUTM MIPUMEHEHHSI 3TOTO KPUTEPHUS CIETYIOLTUH.
1. BoiaBuraercst HyseBasi Tunore3a 00 OTCYTCTBHHM KOMHTETPALIMH MEX-

Iy psiiaMu Xt U r.
2. PaccunThIBaIOT MapaMeTphbl ypaBHEHHS PErPECCUH BUIA

Ag, =a+beg,_, (4.10)

rae Ag, — IepBble pa3HOCTH OCTaTKOB, IIOJYUYEHHBIX U3 COOTHOLIEHHU: (4.9).
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3. OnpenenstoT ¢pakTrdeckoe 3HaUeHUE t-KpuTepus isa KodphuiueHTa
perpeccuu a B ypasHeHuu (4.10).

4. CpaBHMBAIOT IIOJIyYCHHOE 3HaYE€HHE C KPUTHYECKUM 3HAUYEHHEM CTa-
TUCTHKH T. KpuTHueckune 3Ha4eHUS T, pacCUUTaHHBIE DHTIIOM U [ paHmKe-
poM anst ypoBHs 3HauMMOcTH 1, 5 u 10 %, COCTaBIAIOT COOTBETCTBEHHO
2,5899, 1,9439 u 1,6177. Eciu dakTudeckoe 3HaucHue t O0NbIIEe KpUTHYC-
CKOTO 3HAYCHUS T JJIS 33JaHHOTO YPOBHS 3HAYMMOCTH OL, TO MEXIY pAAaMU
Xt X yt €CTh KOUHTerpanus. B mpoTuBHOM ciaydae — OTCYyTCTBYET.

KowuHTerpauus AByX BpeMEHHBIX PSJ0B 3HAUUTEIBHO YIPOIIAET Mpolie-
Jypbl ¥ METOJIbl, MCHOJb3yeMbIe B LEJSIX MX aHaJU3a, MOCKOJIBKY B 3TOM
ciydae MOXKHO CTPOWTH YpPaBHEHHE PETPECCHH M OIPENeNITh IT0Ka3aTeln
KOPPEJSIUN, TTPUMEHSSI B Ka4eCTBE MCXOIHBIX JAaHHBIX HETOCPEICTBEHHO
YPOBHH HM3y9aeMBIX DPSIOB, YUHTHIBAasS TEM CaMbIM HH(OpMAIO, comep-
KAIyIocs B UCXOMHBIX JAaHHBIX, B TOJHOM oObeMe. OIHAKO MOCKOJIBKY
KOMHTETpaIlys 03HaYaeT COBMAJCHUE THHAMHUKH BPEMEHHBIX PSIIOB B TEUe-
HHUE JJIUTENBHOTO MPOMEXKYTKa BPEMEHHU, TO cama 3Ta KOHLEIIUS IpuMe-
HUMa TOJIBKO K BPEMEHHBIM psIaM, OXBAaTHIBAIOIIUM CPAaBHUTEIbHO MJIH-
TeNbHbIe (HAaIpuUMep, B HECKOJIBKO NEeCATWIETHH) NMPOMEXYyTKH BpPEMEHH.
[Tpn HaNMMUMM KOPOTKUX BPEMEHHBIX PSJIOB AaHHBIX, JaKke eciiu (hopmaib-
HbI€ KPUTEPHUH IMOKa3aly MPUCYTCTBUE UX KOMHTErpPAINH, MOJCIUPOBaHHE
B3aMMOCBSI3€H 10 YPOBHAM 3THUX PSAAOB MOXKET NPHUBECTH K HEBEPHBIM pe-
3yJNbTaTaM BBUAY HAPYUICHUS MPEAIOCHUIOK TEOPUH KOWHTETPALINH.

5. CACTEMA OJJTHOBPEMEHHBIX YPABHEHUI
5.1. CTpykTypHas u npuBeaeHHas GopMBbI ypaBHeHHId

CucteMHbIM NOAXOJ B SKOHOMHUYECKOM aHAJIM3€ MPEAINOIaraeT CIOoX-
HYIO CTPYKTYpY B3aHMOCBsI3€il MKy HpU3HAKaMH, Korjaa 3QpQeKTHBHOCTh
JIESITETBHOCTH HKOHOMHYECKOTO OOBEKTa XapaKTepU3yeTcs HECKOJIbKHUMHU
MOKa3aTe/sIMU. B 3TOM cityuae 0JHOr0 perpecCHOHHOTO YPaBHEHUSI MOXKET
OBITh HEJJOCTATOYHO M I OTIMCAHUS SIBJICHUS FIIH TIpoIiecca MOXKET IoTpe-
00BaThCA CUCTEMA YPaBHEHHUI U TOXKIIECTB.

CuctemMa OJHOBPEMEHHBIX YpPaBHEHHMH TOIy4MIa HA3BaHUE TaKXKe
CTPYKTYpHO# (hopMbl Mozenu. CmpyKkmypHoii gopmoii modenu (CUCTEMOi
OJJHOBPEMEHHBIX YpaBHEHHI) Ha3bIBACTCS CHCTEMa YPaBHEHHH, B KaXXIOM
N3 KOTOPBIX apryMEHTHl, IOMHMO OOBSCHSIOIUX HEPEMEHHbBIX, MOTYT
BKJIIOUYaTh B ce0s Takke 0ObsICHSIEMbIE IEPEMEHHbBIE U3 JPYTHX ypaBHEHHH
CHCTEMBI.

79



YpaBHEHUS, COCTABISIONINE HCXOTHYIO MOJEINb, HA3bIBAIOTCS CHIPYK-
TMYPHBIMU YPAGHEHUAMU MOOEIU.
[pocteiitias cTpyKTypHas popMa MOJIEIIU HUMEET BHT

Y1 =0y + By, Hog X o, X, e (5.1)
Yo =0y 4By Yy + 0y Xy + 0, X, + £y,

r7e Y ¥ X — 3aBUCHMas ¥ HE3aBUCHMasl IEPEMEHHBIE;
€,,€, — Clly4aliHbIE YJICHBI,
a, B — mapaMeTpsl MOAENH.

[MapamMeTpsl CTPYKTYPHO# OPMBI MOJIETH HA3BIBAXOTCS CIPYKINYDHbIMU
Koagppuyuenmamu.

CrpykrypHas popma Moaenu OOBIYHO BKIIIOYAET B CUCTEMY HE TOJBKO
YpaBHEHHs, OTPAXKAIOIINE B3aMMOCBS3H MEXIY OTACIHHBIMH NEPEMEHHBI-
MH, HO ¥ YPaBHCHHS, OTPAXKAIOIINE TCHACHIINIO Pa3BUTHUS SBICHUS, a TAKKe
pa3HOTO poJa ypaBHEHHS-TOXKACCTBA. TOXKIECTBA HE COACPKAT KaKUX-IH00
MOIeKAMUX OIICHKE ITapaMeTPoOB, a TAaKKe HEe BKIIOYAIOT CIIy9aliHOTO
YJICHA.

B npouecce onieHUBaHMs IApaMETPOB OJJHOBPEMEHHBIX YPABHEHUM Clle-
AYCT pas3jinvyarb OHAOICHHBIC U SK30I'CHHBIC NEPEMEHHBIC. le/ICTaBKI/I «3H-
JI0» U «9K30» 03HAYAIOT COOTBETCTBEHHO BHYTPEHHEE U BHEIITHEE.

OnoocennviMu CIUTAIOTCS NEPEMEHHBIE, 3HAUCHHS KOTOPBIX OMperens-
I0TCS 6HYmMpU MOOenu U ABISIOTCS 3aBUCUMBIMU ITEPEMEHHBIMU.

OK302eHHbIMY CAUTAIOTCS TIEPEMEHHBIC, 3HAYCHUS KOTOPBIX OMpeeis-
IOTCS 6He MoOeu N ABISIOTCS He3aBUCHUMBIMHU MTEPEMEHHBIMHL.

B kadecTBe 9K30TCHHBIX MEPEMEHHBIX MOTYT PacCMaTpUBATHCS 3HAUe-
HUS SHIOTEHHBIX ITEPEeMEHHBIX 3a MPEIISCCTBYIONINIA TEPHOa BpeMeHH (J1a-
TOBEIC TICPEMCHHEIE).

[Ipennonaraercsi, 9T0 B KaXXJOM YpaBHEHHH IK30TCHHEBIC MEPEMCHHEIC
HEKOPPETMPOBAHBI CO CITy4alfHBIM YJICHOM.

B obmem ciydae 3HAOTEHHBIE MEpEeMEHHbIE KOPPETHPOBAHHEI CO CIIy-
YaHBIM WICHOM, o3TOMy mpuMeHernne MHK k cTpykrypHoi#t dopme mo-
JIENIA TIPUBOJUT K CMeujeHHbiM U HecOCmOosamenbHblM OLCHKaM CTPYKTYp-
HBIX KO3 HUIIHEHTOB.

Jis onpenencHus CTPYKTYpHBIX K03 dumueHToB cTpykTypHas ¢opma
MOJIENU TIpeo0pasyeTcs B IPUBEACHHYIO (hopMy.

Ilpueedennoit popmoii modenu Ha3bIBAETCSl CUCTEMa ypaBHEHUH, B
KaXJIOM W3 KOTOPBIX JHIIOTCHHEIC MEPEMEHHBIC BBIPAXKCHBI TOIBKO depes
9K30TCHHBIC TIEPEMCHHBIC U CITyYallHBIC COCTABIIAIOIINE.
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Hampumep, npuBeneHHas popma UCXOTHON MO UMEET BH/T

/ I ! .
Yi =00 F 0 X 00X, + Vg
, , ) (5.2)
Yo =00, H 05X + 005X, +Vs,

rie o — mapameTpsl IPUBEIEHHOH HOPMBI;
V,,V, — CllydaiiHble 4JeHbI.

[TapameTpsl MpUBeACHHON (QOPMBI MOAETH HA3BIBAIOTCS KOdghuyuen-
mamu npusedenHotl popmut (IPUBEICHHBIME KO3 pHIIeHTaM1).

Koaddunmentsr npuBenenHo Gopmbl oreHHBaroTCs 00baHBIM MHK,
MOCKOJIBKY K30T€HHBIE IEpPEMEHHBIE HEKOPPETUPOBAHBI CO CIIyYalHBIM
YJICHOM.

OrneHeHHBIE KOY(QPUIUESHTHI TPUBEACHHOI (GOPMBI MOTYT OBITH HCIIOJb-
30BaHbl /ISl OLEHMBAaHWS CTPYKTYPHBIX Kod(h¢uunenros. Takoil crmocob
OIICHUBAHMS CTPYKTYPHBIX K03(D(HUIIMEHTOB Ha3bIBaeTCs koceeHHbvimM MHK.

[TpuBenennas GopMa MOAENM AHAIUTHYECKH YCTYIAeT CTPYKTYpHOMH
dopMme Mozeny, Tak Kak B HEH OTCYTCTBYIOT OLIGHKH B3aHMOCBSI3H MEKIY
9HIOTCHHBIMHU ITEPEMEHHBIMH.

I[pu mepexoze OT NPHBEACHHON (OPMBI MOJIEIH y CTPYKTYPHOI BO3HHU-
KaeT npooireMa HICHTU(UKAIIHH.

Hoenmuguxayus — 3T0 eNUHCTBEHHOCTh COOTBETCTBHS MEXIY NpUBE-
JICHHOH M CTPYKTYpPHOH opMaMH MOJICITH.

ToT nnm MHOW CTPYKTYPHBIH KOI(GHULIUEHT MOXKET JIMOO OJHO3HAYHO
BBIP@XKAThCs Yepe3 MpHBeeHHbIe KOI(GHUINUEHTHI, TH00 UMETh HECKOJIBKO
Pa3HbIX OIIEHOK, JIN0O COBCEM HE BBIPAXKATHCS YEpe3 HUX.

CrpyKTypHBIil KO3((GHUINEHT HA3BIBACTCS UOCHMUDUYUDYEMBIM, €CITU
€ro MOXHO BBIYHCIIMTh HA OCHOBE MPUBEICHHBIX KOI(GHULINEHTOB, IPUIEM
MOYHO udeHmuuyupyemvim, €CII OH SIUHCTBCHEH, U c8epXUdeHmupuyu-
PpyemblM, €CIIM UIMEET HECKOJIBKO Pa3sHBIX OLCHOK; B MIPOTUBHOM CJydyae OH
HA3BIBACTCS HEUOCHMUPDUYUDYEMBIM.

Kaxoe-nmnbo CTpyKTypHOE ypaBHEHHE Ha3bIBacTCsS HWACHTH(ULIUpYe-
MBIM, €CiIM HAEHTH(UIHMpYeMbl Bce ero koadduumeHtsl. Ecmu xotst Ob
OJIMH CTPYKTYpPHBIH K03 uIeHT HenHanpuumupyem, To 1 BCe ypaBHEHHE
SIBJISICTCS HEUACHTU(UIIMPYEMBIM.

Mopnenb cunTaeTcsi MACHTU(QHUIUPYEMOH, €CIH KaXIOoe ee ypaBHCHHUE
unerTudunupyemo. Ecian XoTs Obl 0HO M3 ypaBHEHUH CHCTEMbI HEHIEH-
TAQHUIIPYEMO, TO BCSI MOJIENIb HEMHAUPHUITpYEeMa.
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5.2. MeTo/ibl OLIeHUBAHUSI CTPYKTYPHBIX YPaBHEHHUIH

PaccMoTpuM pa3nuyHbIe BUIBI CTPYKTYPHBIX YPaBHCHUIA.

Tounas uoenmuguyupyemocms.

Jomyctum, TpeOyercs OICHUTh MapaMeTpbl YpaBHCHHs (PYHKIUHU MO-
TpebieHus B npocToit mojaenu Kelinca popMupoBaHus J0X0I0B:

C, = a+BY, +¢&,(dyuxyus nompebrenusn), (53)
Y, =C, + |, (moocoecmeo ooxooa), '

rae Cy, Yy, |y — 00beM moTpebiieHns, COBOKYIHBIN TOXOA U MHBECTUIIUU CO-
OTBETCTBEHHO;

& — CIIy4alHBIN YJICH.

CrpykrypHbIii K03(h(dUIeHT B XapakTepu3yeT NpeACTbHYI CKIOH-
HOCTh K IOTPEOJICHHIO, T. €. U3 KAXKJI0H CIUHUIIBI BAJOBOTO BHYTPEHHETO
MPOAYKTa PACcXOyeTcs 3 eMUHUII HA KOHEYHOE MOTPEOJICHUE.

B nannoii monenu Cy, Yy — SHIOTCHHBIC IEPEMEHHBIC, a |; — SK30reHHasl.

HenocpenctBeHHOE OICHUBAHUE MAPaMETPOB 0O, [ B CTPYKTYPHOM
ypaBHEHNH (QYHKIMN TOTPEOJICHUS TaeT cMeujeHHble U HeCOCmosamenbHble
OIICHKH, TaK KaK OOBSACHSIONIAs TIepeMeHHas Y SBISIETCS SHIAOTCHHOM.

Pa3pemasi CTpyKTYpHYIO CHCTEMY OTHOCHTEIBHO SHIOTEHHBIX Iepe-
MEHHBIX, TIOJIY9UM TPUBEICHHYIO CHCTEMY:

C, = * . B I+ g
1-B 1-p 1-B
Y, = * 4 ! I, + S
1-p 1= 1-P

(5.4)

B npuBenenHo# cucteme K03(QQUITMSHTHI MIPH TiepeMeHHo# |;, paBHbBIE
MC=B/(1-B)uMY=1/(1-PB)— uneecmuyuonnvie MyrbmuniuKamopbl
nompebnenus U 00x00a COOTBETCTBEHHO. DTO 3HAYHT, YTO €CJIM 00BEM UH-
BECTHUI[MH BO3PACTAET HA CIUHHUILY, TO 00BEM MOTPEOIICHHS YBEITUUUTCS HA
B/ (1 - B) enunnw, a coBokynHbiit foxox — Ha 1 / (1 — B) exunui.

Koceennuvtii memoo naumeHbuiux K6aopamoe.

Vpasuenue s C; B mpuBeIeHHON (OpME MOKHO TAKKE MPEJCTABUThH B
BUJIC

C.=d +B'l, +¢, (5.5)
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o ;B/: B ;8{2 & '
1-B 1-B 1-B

rac U.l =

B 3TOM ypaBHEHHMH 3K30re¢HHas NEpeMeHHas |y HeKOppenupoBaHa CO
CITy4JalHEIM WICHOM &, MO3TOMY JUisl oleHkH napamerpos (o ,B') MoxHO
ncTonb30BaTh 00braHEI MHK.

Ouenennoe ypasHeHue C, =a +B/It, MOJIYICHHOE TI0 BBIOOPOYHBIM

JaHHBIM C IIOMOIIBIO MHK, JaC€T HecMmeuleHHbvle U cocmosmelbHble OICHKA

apaMeTpoB.
/

ITockonbky omeHkH (a,) CTPYKTYpPHBIX KO3(POHUIMEHTOB 0 = m ,
B/ = B_/
1-p

K03(h(pUIIMEHTOB, TO CTPYKTYPHOE ypaBHEHHE (DYHKIMU TOTPEOICHUS SBIS-
€TCSI MOYHO UOCHMUDPUYUDYEMBIM.

Takum 00pa3om, I pelleHNs] TOYHO UACHTH(OUIIMPYEMOTo ypaBHEHHUS
MIPUMEHSIETCS] KOCBEHHBIH MeTo1 HanMeHbInX kBajaparos (KMHK).

[Ipouenypa KMHK nmpou3BoauTcsi B HECKOJIBKO 3TaIlOB.

1. CtpykTypHas MOAems Mpeodpa3yercs B MPUBEICHHYIO GOpMYy.

2. Insg Kaxporo npuBelneHHOTO ypaBHeHHs oObpraHIM MHK omenuBa-
FOTCS TIPUBEIEHHBIE KOA(POUITHCHTHL.

3. OneHKH TPUBEICHHBIX KO3 (HUIHEHTOB IPeoOpa3yloTCcs B OICHKH
rapamMeTpOB CTPYKTYPHBIX ypaBHEHHH.

CaepxuaeHTHGUIHMPOBAHHOCTD. J8yX11a208blil MemMOO HAUMEHLUIUX
keaopamoe (/IMHK).

PaccmorpuM cremyronnyro mpoctyo mozaenb KeiiHca ¢opmupoBaHust
JIOXOJIOB:

OJJHO3HAYHO BBIPAKAIOTCS 4epe3 OLEHKU (o, p') NMPUBEJEHHBIX

C, = a+PY, +¢,(pynxyus nompebnenus); (56)
Y, =C, + |, + G, (moorcoecmeso doxooa), '

rae Gy — 00beM rocy1apCTBEHHBIX PACXO/IOB.

B ucxomuoit mogenu Cy, Yy — sHmOreHHBIC epeMenHbIe, a l;, Gy — sx30-
reansie. O6e dk30reHHBIE TepeMeHHbIe |, Gy HE MPUCYTCTBYIOT B CTPYK-
TypHOM YpaBHEHUH (YHKIMH MOTPEOJCHUS U MOTYT UCIOJIb30BATHCSA KaK
HHCTPYMEHTAIbHBIE JIsl SHAOTEHHOM TIepeMeHHOM Y.

CTpyKTypHOE YpaBHEHUE MOJICNIH, B KOTOPOH YUCIIO IK30TEHHBIX Hepe-
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MEHHBIX, KOTOpPBIE MOTYT HCIIOJB30BAThCA KaK WHCTPYMEHTAIBHBIE, 00Jb-
11e, 4eM He0OXO0IMMO, SIBIISETCS C8ePXUICHMUDPUYUPYEMBIM.

Hawnnydmmm penieHueM B JaHHOM cilydae SIBJISICTCS PUMEHEHUE 08)x-
wae08020 memoda Haumenvwux keaopamoe ([IMHK) n nocrpoeHne WH-
CTpYMEHTAIILHOI NepeMeHHOi1, KoTopas sBisieTcss KomOuHanuei |y, Gt.

[Ipouenypa IMHK npousBoauTcsi B HECKOJIBKO ITAIOB.

1. Ha ocHoBe npuBeneHHON (OPMBI MOJIEIH MOTYYAIOT JJISI CBEPXHUICH-
TU(UIIMPOBAHHOTO ypPaBHEHUS TEOPETHUECKHE (pacdeTHBIE) 3HAYCHHS DH-
JOTCHHBIX TIEPEMEHHBIX, COJCPIKAIIIXCS B IPABOM YaCTH ypaBHEHUSI.

2. IloxcraBisist TEOpETHUYECKHE 3HAYCHHS HHAOTEHHBIX IT€PEMEHHBIX
BMECTO UX (PaKTHUECKUX 3HAYCHUN B CBEPXUACHTUPHUIHPYEMOE YpaBHCHHE
u npumeHss o0sraabii MHK, onpenensrot ero ctpykrypHble K03} duitnen-
TBI.

JAMHK MoxHO paccMaTpuBaTh Kak CIIOCOO KOHCTPYHUPOBAHUS HaWIIyd-
1Ied U3 BO3MOXKHBIX KOMOMHAINI MHCTPYMEHTAIBHBIX IEPEMEHHBIX B CITy-
Yae, KOrjia B ypaBHEHUH MMeeTcs] M30BITOK SK30T€HHBIX MEPEMEHHBIX, KO-
TOpBIE MOKHO HCHOJIb30BAaTh KaK MHCTPYMEHTAJbHBIC JJIsI OOBSICHSIONIEH
SHIOICHHOU IIEPEMEHHOM.

6. COJIEPKAHUE, CYIIIHOCTD
YKOHOMHUKO-MATEMATHYECKHAX METOJIOB U MOJIEJIEN

6.1. O0beKTHBHAS HEO0XOAMMOCTH CHCTEMHOI'0 IMOAX04a
MPH MOAETNPOBAHUH YKOHOMUYECKHUX SIBJICHHIT

CHCTeMHBIH MOAX0 K U3yUCHHIO TOTO MM MHOTO SIBJICHUSI OTHOCHUTCS K
oOmieHayyHbpIM MeTofaM ucciienoBanus. OH mpearnosiaraeT paccCMOTpEHHE
J000T0 M3y4aeMoro SIBJICHHUS KaK ONpPeNelIeHHON CHCTEMBI COCTABIISIOIINX
€ro B3aUMOJCUCTBYIOLIUX 3JIEMEHTOB. Takoil MOAXOJ MNpOSBISIETCA Kak
COOTBETCTBYIOIIMH CIIOCOO HAYYHOTO MBINIICHHS, COCTOSIIIUN Tpexe BCe-
T'O B TOM, YTOOBI 3a)IKCHPOBATH OCHOBHBIC AIIEMEHTHI H3Y4aEeMOTO SBICHUS
WJIM TIPOLIECCa U UCCIIE0BATh UX B3aUMOJICHCTBUSL.

OcCHOGHbIE NOHAMUSL CUCMEMHO20 No0X00d. cucmema, QYHKYus,
CMPYKMypa, d1eMeHm, IKOHOMeMPUIecKas MOOebePONCeHMHOCHIb.

Cucmema — 3TO MHOXKECTBO B3aUMOCBSI3aHHBIX JJIEMEHTOB, KOTOPBHIM
IIpUCYLIE HOBOE Kau€CTBO, OTCYTCTBYIOLIEE Y OTAEIBHBIX JJIEMEHTOB.

Dnemenm — 3TO HEPa3IOKUMBIA B JaHHOW CHCTEME KOMIIOHEHT CIIOXK-
HBIX 0OBEKTOB M MPOIIECCOB.
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Cmpyxkmypa — OTHOCHTENBHO yCTOHYMBAs (UKcAIMs CBs3EH MEXIy
9JIEMEHTaMH CHUCTEMBbI, HEM3MeHseMasi B OTHOILIEHUU BHEIIHHUX MpeoOpa3o-
BaHUIL.

Llenocmnocms cucmemvl — 3TO €€ OTHOCUTENbHAsl HE3aBUCUMOCTh OT
BHEIIIHEH cpeibl U APYTUX CUCTEM.

Dkonomempuueckas MOOeNbePONCEHMHOCMb — 3TO HECBOJIUMOCTH
CBOMCTB CHCTEMBI K CBOMCTBAM €€ 2JIEMEHTOB.

Ilapamemp — 3TO ONEPATUBHO BBIPAKCHHBIH 3JIEMEHT HCCIIEIOBAHUA
CHCTEMBI, CITy>amuii (GopMoil JIOKaIM3alui WHPOPMALIUU O CBOMCTBaX U
[IpU3HAKax 3TOH CUCTEMBI.

@Dynkyus — 3TO BUJ ICHCTBUS MOACUCTEMBI, 00€CTIEYMBAIOIINI [ENOCT-
HOCTH JaHHOM CHCTEMBI.

OCHOBBI CHCTEMHOTO aHaIM3a 3aJ0Xuiu Tpynsl Jloasura ¢oH bepra-
nanbu u Ywiesima Pocca Dmibu, a Takxke pabOThl aMEPHKAHCKHX YYEHBIX
Hop6epta Bunepa u Anatons PanonopTa. Bce oHu B TOM MiId UHOM cTere-
HHU ONHPAJNCh Ha TEKTOJOTHI0 («BceoOllyro opraHU3alMOHHYIO HAyKy»)
pycckoro ydeHoro u ¢unocoda Anexcanapa Anekcannposuya borganosa
(ManuHOBCKOrO).

Jlocuueckue 0CHOGbI CUCEMHO20 AHAU3A.

CHCTeMHBIH aHaIn3, TMPEACTABIAS cOOOW OTpeNeIeHHBIN CIIoco0 Hayd-
HOTO MBIIIJICHUS], UMEET JIOTMYECKHUE OCHOBBI: IOHUMAaHHE CHUCTEMBI, T. €.
TOTO, YTO OHA COOOH NpEACTABISCT; HAYYHBIEC NPEJICTABICHH O XapaKTepe
1 MeXaHH3Max (yHKIMOHUPOBAHHS CHCTEM; ydeT UX pa3HOOOpasus W BbI-
JIeTICHUE OTACNBHBIX WX BHIOB; Hay4HBIC 3HAHHMA 00 HBOIOIUH CHCTEM
u 1p. PazymeeTcs, K JJOTHYECKMM OCHOBaM CHCTEMHOTO aHAIN3a OTHOCHUTCS
U cucmema NOHAMUL, B paMKaX KOTOPOH OCMBICIMBAIOTCS CYIIHOCTB, CO-
nepxanue, QyHKIIMOHUPOBaHNE M pa3BUTHE cucTeM. Cleayronmi Jorude-
CKH{ TPUHIMIT CHCTEMHOTO WMCCIIEOBAHUS — 8blAGleHUe UCHOYHUKO8 PA3-
sumus uzyuaemoli cucmemsl (BHyTPEHHUX M BHEIIHUX), YTO, B YACTHOCTH,
MPEeAIoaraeT UCCIeI0BaHIE MEXaHU3Ma BOCIPOU3BOICTBA JTaHHOW CHCTe-
MBI, €€ CTPYKTYpHl M (DYHKIUH, a Takke MEXaHU3Ma €€ Pa3BUTHs, MOSIBIIC-
HUSI Y Hee HOBBIX CBOWCTB M COOTBETCTBYIOIIMX CIOCOOOB ajanTaluu K
BHEIIIHEH cpefe — NpUpOAHON U conuanbHOM. HakoHern, BakHBIM joruye-
CKMM OCHOBaHHEM U B TO K€ BpeMs METOAOJIOIMYECKMM MPUHIMIIOM CH-
CTEMHOTO aHaW3a SIBISIETCS yuem MHO2000pa3us Cucmem, B TOM YHCIIE
COLIMAJIBHBIX, BBIZICTICHUE OCHOBHBIX MX BHJIOB 10 Pa3HBIM OCHOBAaHUSAM.

Lleau cucmemnozo ananuza ONPENENIOTCS TOHUMAHUEM €0 CYTH U CO-
JepkaHus, 00yCIOBICHBI €ro JOTHIECKUMH OCHOBAaMM M 3aKIIOYAOTCSA B
TOM, YTOOBI BEISIBUTh M U3YyIUTh OCHOBHBIE BJIEMEHTHI HCCIEAYEMOTO SIBIIC-
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HUS WIK TIpoliecca KaK OMpPeIeNIeHHON CUCTEMBI. DTO JOCTUTaeTcs ¢ IOMO-
IIBI0 aHAJIN3a JAHHOTO SIBJICHUS, MBICICHHOTO pa3/ielieHHs] ero Ha 3JeMeH-
THI ¥ UX U3y4eHUs. [Ipu 3TOM yUUTHIBACTCS, YTO JAHHBIC JIEMEHTHI TIPOSIB-
JISIFOT ce0s1 TOJIBKO B X CBS35IX M B3aMMOJCHCTBHSAX, 33JaHHBIX TIPUPOJION U
XapakTepoM JaHHOW cucteMbl. OTclofa Jpyrasi Lejib: HCCIeIOBaHHE CO-
JIep)KaHusl THX CBs3€il M B3aMMOJAEHCTBUI M NpEACTAaBICHUE HA YPOBHE
Haykd (YHKIMOHMPOBAHUS W Pa3BUTHS PacCMaTpUBAEMOTO SIBJICHUS Kak
LEJIOCTHOM CHCTEMBI. JIOCTHTaeTCs 3TO C MMOMOIIBIO0 TAKOTO OOMICHAYIHOTO
MeTOJIa HCCIIeOBaHMs, Kak cuHTe3. braromaps eMy, Kak yxe yIIOMHHAIOCH,
BBISBITIOTCS. SKOHOMETPHYIECKHE MOJENbEPKSHTHBIE CBOHCTBA CHCTEMEL,
OTCYTCTBYIOIIIE y €€ 3JEMEHTOB, HO BO3HHKAIOIUINE B IpOIecce X B3aH-
MOJIEHCTBHS, — TEM CaMbIM JTOCTUTAETCS €Ile OJHA IeNb CUCTEMHOTO aHa-
Jm3a spieHull. [loHATHE «aHaIu3» TOJNKYETCS B JAaHHOM CIly4ae pacLIMpu-
TEJIbHO, N0O BKIIIOYAET B CE0sl U CHHTE3: MOJ0OHOE pacUIMpHUTENILHOE TOJI-
KOBaHHE METO/a aHaln3a HePEeIKO BCTPEUaeTCsl B JIMTEPATYPE MO CHCTEM-
HOMY aHaJH3y.

Kak npaBuiio, CHCTEMHOE HCCIIEIOBaHHE Pa3IMYHBIX SIBICHUN U IpO-
LIECCOB IIPECIIEyeT U JIpyrue 1eiu: oOHapyKEeHHWEe BHYTPEHHUX HUCTOYHH-
KOB UX (h)YHKIIMOHHPOBAHHS, OCHOBHBIX HAIIPABICHHOCTEH Pa3BUTHS SBIIC-
HUH U MPOIEecCcOB, OOBEKTHBHBIX H CYOBEKTUBHBIX CTOPOH HX CYIIECTBOBA-
HUS ¥ pa3BUTHA U Ap. [Ipu 3TOM Kakas-To Ieib SBISIETCS OCHOBHOM U TIO3TO-
My OyIIeT onpeemsiTh OCHOBHYO HAIIPABJICHHOCT JaHHOTO MCCIICJOBaHMS.

B xoHEYHOM cUeTe B MpoIiecce CUCTEMHOTO UCCIICAOBAHUS (hOPMUPYET-
sl IeNask CUCTEMa ero IelieH, MPUHUMAIOIIAs B[ TaK HAa3bIBAEMOTO JIepeBa
nenei.

Ilymu u cnocobuvl npogedenus uccied08anuil.

B Hawane uccienoBaHusi HaJO0 COCTaBUTH OOJiee WIIM MEHEE IOJIHOE
NpeBapUTEIbHOE NPEJICTABICHHE 00 M3yuyaeMOM SIBICHHH WJIHM Tpoliecce
Ha OCHOBE MMEIOIIEHCs HHPOPMAIUU O HHUX, TIPEXIC BCEro HaAyYHOH. ITO
MTO3BOJINT SICHEE CPOPMYIIMPOBATH OCHOBHBIE M BBHITCKAIONINE W3 HUX WHBIC
LIEITN UCCIIEJOBAHMS M IIPU HEOOXOMMOCTH OCTPOUTD «ZEPEBO LIENEH».

3areM HEOOXOIUMO BBIJECIUTH OCHOBHBIE DJEMEHTHI M3Y4aeMbIX sBIE-
HUHA M TIPOLECCOB M MCCIICA0OBATh UX B3aMMOCBSI3M, YTOOBI COCTaBUTH Iie-
JIOCTHOE TpEJACTaBICHHE 00 AITUX sIBIEHMAX M mpoueccax. Cremyromuii
9Tal — BBISIBJIICHHE OCHOBOIIOJIATalONIMX (AKTOPOB MX (YHKIHMOHHPOBAHUS
1 oO0HapyXeHHE BHYTPEHHHUX W BHEUTHHX MCTOYHHWKOB WX pa3BuTus. Haxo-
Hell, He0OXOIMMO HayJHO OOBSICHUTH MECTO W POJIb JAHHOTO SBJICHUS TN
mporecca B (yHKIMOHUPOBAHUH U Pa3BUTUHU TOHM WM WHOW cepbl odmie-
CTBEHHOM JKI3HH U OOIIIECTBA B IEJIOM.
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BhIaesIFOT pa3iuyHbIC 3Tabl CHCTEMHOTO MCCIICAOBAHUS IIPUPOIHBIX U
CONMANBHBIX SBJICHUH, HA KaXKJOM M3 KOTOPBIX PEIIAIOTCS ONpEACICHHBIC
3amaun. UTo KacaeTcs cnoco606 CUCTEMHOI'O aHAW3a, TO OHH CBOJSATCS B
OCHOBHOM K IPHUMCHEHHUIO OOIIEHAYYHBIX METOJOB HCCIEOBAaHUS, B TOM
YyclIe aHAJHW3a M CHHTE3a, HHAYKIUU U NEAYKIUHU, SKCIICPHUMEHTA, aHAIO-
MU, MOJICITUPOBAHHUS U JIP.

3adauu cucmemnozo nooxooa.

1) ompeneneHe CI0KHOCTH OOBEKTA,;

2) onpenenieHne Leneil uccae0BaHus;

3) KOJIMYECTBEHHOE OTIPEICIICHUE U3MEHSIEMBIX CBA3CIH;

4) 06001ieHre u HOPMUPOBAHHE PAIMOHATIBHBIX METOJOB HCCIIEI0BA-
HUS,

5) pa3paboTka anropurMa NOCTPOEHHUSI CUCTEM;

6) uccieoBaHNe MEXaHM3Ma OIICHKU CHCTEM;

7) BbIpabOTKA OPraHU3AlMOHHBIX METOJOB B MPOSKTHPOBAHUU U TIO-
CTPOCHHH CUCTEM;

8) ananu3 MHPOPMAIIMOHHBIX MTPOIIECCOB;

9) opranusanust coopa, 06pabOTKH U yrpaBieHUe HHHOpMAIIUEIf;

10) mraHupoBaHKE IESATEILHOCTH U PACIIPE/ICIICHHE TTOTHOMOYHH.

Kak yxe oTmedanoch, MOJEIMPOBAaHME SBJICHUH M MPOLIECCOB Mpea-
CTaBIIIET COOOW WX MCKYCCTBEHHOE BOCIIPOM3BEICHHE B MOJEIH, OTpaXka-
IOIIEH X OCHOBHBIE CBOMCTBA. AHaJM3 CaMHX TaKUX MOJeJel HarpaBieH
Ha M3y4YeHHE C WX MMOMOINBI0 JAaHHOTO SIBJICHUS WM IpoIecca B IIEJIOM, a
TAKXKE MEXaHU3MOB UX (DYHKI[MOHHPOBAHUS U Pa3BUTHSL.

Mopenu CHUCTEMHBIX HCCIEIOBAaHHN COIMAJIbHBIX IIPOILIECCOB MOXKHO
KJIaccu(UIMPOBaTh MO Pa3HBIM OCHOBAHMSM: MOJIENHU, BOCIIPOM3BOASAIINE
MIPUYIHHHO-CJIECTBEHHBIE CBS3U 3JICMEHTOB AKOHOMHYECKOTO U ITOJINTH-
YEeCKOro Mpoliecca; MOJETH )KU3HEHHOTO [UKIIA, (PUKCHPYIOIINE OCHOBHBIC
9Tambl Pa3BUTH TOTO WM HMHOTO COIMAIbHOTO 0OBeKTa ((PUPMBI, aKIHO-
HEpPHOTO OOILIECTBa U T. A., BIUIOTh J0 XU3HEHHBIX IIMKJIOB CYIIECTBOBAHUS
Pa3IMYHbBIX [MBUIIM3AIINI); MOJIEIN BOJIHOBOW JIMHAMHKH Pa3BUTHSI IKOHO-
MUKH H Ip.

CHCTEeMHOE MOJICIHPOBAHUEC YKOHOMUYECKUX, MOJUTUICCKUX M PYTUX
MPOLIECCOB OOIIECTBEHHOI'O Pa3BUTHUS OCYIIECTBISIETCS] B BUAE UCAbHBIX
MOJIeJNIeH, JIOTHYECKH BOCIIPOHM3BOISIINX OCHOBHBIC ITAPaMETPHI U CBOMCTBA
YKa3aHHBIX IPOLECCOB. Takhe MOJEIH MOTYT ObITh BBIPXXEHBI B BHJE
cxeM, rpadukoB, TaOIHUI, MAaTEMAaTHYCCKUX (POPMYI, a TaKkKe OOBICHSIO-
HIAX UX TEOPETUUECKUX KOHIICHIINI.

Awmepukanckue ydensle JDx. b. Manreiim n P. K. Puu nepeuncisror
9Tanbl M3YyYEHHUs! MOJUTHUYECKUX IPOIIECCOB C MOMOIIBI0 UX MaTeMaTH4e-
CKOTO MOJICITHPOBAHUS.

87



IlepBbiii 3Tanm MOCTPOEHUA MOJEIN CHUCTEMHOTO aHajiu3a — MHIYKTHB-
HBIA: OTOOP HAOIIOACHUH, OTHOCSIIUXCS K MPOILECCY, KOTOPBIA MPEICTOUT
MOJEIUPOBATH.

Bropoii 3tan — nmepexoj; 0T onpeAeIcHUs MPOOJIeMbl K TIOCTPOCHHUIO He-
(dbopMabHOW MOJIENH, TPEACTABISIIONIEH CO00H HabOp «HHCTPYMEHTOB)
(momyieHwiA, MPUHIUIIOB aHAIKH3a), KOTOPhIC TO3BOJITIOT OOBSCHUTH OTO-
OpaHHBIC HAOJIOJICHUS; UCCIICAOBATCIN CTPOSAT HECKOJIBKO He(OpMaTbHBIX
MoJieNell ¥ TBITAIOTCS OTIPENIeNINTh, KaKasi U3 HUX JIydIlle 0TOOpakaeT u3y-
4aeMyIo pooIiemy.

Tperuii 3Tanm — mepexoa oT HepOPMATBHBIX MOAEeH K (POpMaNTbHBIM, B
KOTOPBIX BCE OMYIIEHHS c(hOPMYIHPOBAHEI B MaTEMaTHIECKOH (hopMe.

UYeTBepTHIif ATAIl — 3TAll MaTEMaTHIECKOH 00paboTKH (hopMambHONW MO-
JIeH, KOTOPBIU SIBJISIETCS pElIAOIMM B MAaTEMAaTUYECKOM MOJAEIUPOBAHUY.
MaremaTuueckuil aHajau3 3TOM MOJENM NPEANOoJaraeT BBISBICHUE ClE-
CTBHI NEHCTBUS MOJENHMPYEMOro MpoIiecca; OH MpeiCTaBiseT coOoH me-
JIYKTUBHOE SIIPO, MAaTEMATHYECKOTO MOJICITMPOBAHUS COIMANBHBIX MPOLIeCc-
COB, 3aKJIIOYAIOIIECCs B TIOUCKE HETPUBUAJIBHBIX U HCIPEABUACHHBIX BbIBO-
JIOB U3 MPaBONOTOOHBIX JOMYIICHUH.

Jlanee cienyeT BepHYThCS K TIEpBOHAYATIBHOUW CTaJAMH MOICITUPOBAHUS,
9TOOBI IPOBEPUTH, COOTBETCTBYIOT JIU IOTyYeHHBIE BEIBOJBI TOMY, UTO H3-
HayaJbHO 0’KHJAJIOCH OT MOJIENH, UMEIOT JIU 3TH BBIBOJIBI CMBICI B CBETE
HSKOHOMETPHYECKON MOJIEIH SMINPHUUSCKUX HAOIIOICHAN, MOXKHO JIH ITOITY-
YUTh C MOMOIIBIO JaHHOM MOJENH Ipyrue MMEIOIIMe Hay4dHOE 3HAaueHHE
BBIBOJIBI, MOYKHO JTH 3Ty MOJIENb CAeTaTh Oosee oOImieH, 9ToOBI MccaeIoBaTh
C ee MOMOIIBI0 OoJee MUPOKUI KPYT COIMAIBbHBIX SBICHUH.

W3 310KEHHOT0 MOXHO CJIENaTh BHIBOJ: HE MIEPEOIeHUBAsT POIU MOJIe-
JIeW CUCTEMHOTO aHaliu3a B MCCIICIOBAHUM OOIIECTBEHHBIX SIBJICHUH, C UX
MTOMOIIBI0 MOYKHO TIOJTYYUTh JIOCTATOYHO COIEPKATEIbHYI0 HHPOPMAIIHIO O
CTPYKType ¥ (QYHKIIMOHHUPOBAHUH YKA3aHHBIX SIBJICHUM, B TOM YHUCIIE COITHU-
AJIBHO-OKOHOMHWYECKUX U TMOJIUTHYCCKUX IMPOHECCOB, HOCANINX KaK yCTOﬁ-
YUBBINA, TAK U HEYCTOWYMUBBIM, a TAK)KE BIIOJIHE ONPEACIICHHBIN WM KE Be-
POSITHOCTHBIN XapakTep.

6.2. AITOPUTM CHMILIEKCHOTO MeTO/1a

CHUMILICKCHBIN MCTOA ABJACTCA YHUBCPCAJIBHBIM JKOHOMHUKO-MATC-
MAaTUYCCKHUM MCTOJO0M. I[J'IH €T0 HUCIIO0Jb30BaHUA YCJIOBUSA 3adaqun HE00X0-
JAUMO TIPpEACTaBUTL B BUIC ypaBHeHI/Ifl 1 HCPABCHCTB, KOJIMYCCTBCHHO OIIA-
ChIBAIOIIUX 0COOEHHOCTH q)yHKIII/IOHI/IPOBaHI/IH n3ydaceMoro 00BeKTa.

CyIIIeCTBeHHI)IM JAOCTOUHCTBOM METOAA ABJIACTCA €ro YHUBCPCAJIbHOCTD,
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T. €. BO3MOXXHOCTb HCIHOJIB30BAHUS IS PELICHUS JIIOOBIX 3a/ad, yCIOBHA
KOTOPBIX 3aIlMCaHbl B BUJIE CHCTEMBI YpaBHEHUH M HepaBeHCTB. Hapsny c
9THM CHMIUIEKC-METOJ 00JIalaeT TeM JOCTOMHCTBOM, YTO IPH NpPUOIHKE-
HUM TOJYHNPOCTPAHCTBA, BBIPAKAIOIIETO LEJIEBYI0 (YHKIMIO, K 3IKCTpe-
MalbHOW KpaiHe#l yrioBoi TOUYKe, OH MO3BOJISET MPOMYCKATh LENbIH P
MIPOMEXKYTOYHBIX KPAaHHUX YIJIOBBIX TOYEK.

Metoa noay4us cBO€ Ha3BaHUE U3 FEOMETPUUECKON MHTepe3yIbTaTUB-
HOH MOKa3aTeIbpeTaluu yCIOBUH 3agaun. OHHU MO3BOJISIOT MOIYYUTh MHO-
TOTPAHHHUK PEIICHUH WIN CHUMIUIEKC, KpalHssA YIJoBas TOYKa KOTOPOTO,
OyIydu paBHOI 3HAUCHMSAM MEPEMEHHBIX, MpeBpaIacT (GyHKINIO B MAKCH-
MYM HJIH MHHUMYM.

HmeeTcs HECKONBKO BapHAHTOB AJTOPUTMAa CHMIUIEKC-METOAA: OOBIU-
HBIN, M-MeTOA (MCKYCCTBEHHOTO Oasuca) u Ip.

PaccMoTpuM BapuaHT, MO3BOJISIIOMIMI OCYIIECTBISTH Hauboiee mpo-
CTBIC BBIYHMCIICHHS.

ANropuT™M CUMILIEKC-METO/Ia BKJIIOUAET HECKOIBKO ATAIOB:

1) nmoaroTtoBka uHpopManKHu (BKIHOYAET BBEJCHHE MEPEMEHHBIX U (HOp-
MUpPOBaHHUE OTrPaHUUEHHHN);

2) npeobpa3oBaHHe OTPAaHUYCHHI U 3alIUCh HX B MATPHILY;

3) IOMCK OMOPHOIo PELIEHNS;

4) MOWCK ONTHMAJIBHOTO PEILICHHSI.

K npumMepy, nMeeM clIeayronyo 3KOHOMHKO-MaTeMaTHIECKYIO 3a/1ady:

apXy +a,X, +ax, ..+ ax, <A
Ay Xy + AppXy + ApeXy + .+ Ay X, S Ay

Ay Xy + gy Xy + gy Xy +..+ay X, < A

A Xy + A oX, A X+t ag X, < A

mn*'n —

F =Ax +A,x, +Xx; +...+ A x, = max.

Ipeobpa3zoBanne OrpaHHUYCHHI CBA3aHO, B TIEPBYIO OUEpeb, C IPeBpa-
IIICHAEM HEPaBEHCTB B ypaBHEeHUs. ECIM MPH 3TOM OTpaHWUYCHHs TIPUBE/IE-
HBl K TUMY <, TO TPOIEAypa BBYUCICHHHA 3HAYUTEIHHO YIPOIIACTCS.
J1Jist 9TOrO OrpaHUUYeHuUs TUIIA > YMHOKUM Ha (—1).

[MpeBpaliieHre HEPABEHCTB B YPABHEHHUS CBSI3aHO C BBEIACHUEM JOIOJI-
HUTEJbHBIX MEPEMEHHBIX. B OrpaHHYeHHUsIX THIA < JOMOJHUTEIbHBIC TIepe-
MEHHBIE 0003HAYAIOT BEJIMUNHY HEJOUCIONb30BAHKS PECYPCOB, B OTPaHH-
YEHUsIX THIA > — BEJIMYMHY NPEBBIIMICHUS PECYPCOB HAJ MUHHUMYMOM I10-
TpeOHOCTH B HUX.
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B ypaBHEHUs IONOTHUTEIBHBIE IEPEMEHHBIE HE BBOAATCS (MM BBOIST-
sl paBHBIMH HYJIIO):

ayX; +apx, tagx, +..tax, +y, < A4;
Ay Xy + gy Xy + ApgXg + .o F Ay X, + Y, S Ay

Gy Xy — UgpXy = AggXy = oo = gy Xy + Y3 S —A;

Ay Xy + AppXy + Xy oo+ ag X, + Y, <A

IIpu 3TOM BCSKOE pEIICHHUE OCYIIECTBIIACTCS W3 JOMYINCHHS, YTO
X; =0, Torma

Yi=A;

Y. = A

Ys = Ay
Y, =0, 0=A,.

Pemenue nmoixydaeM MONCKOM OIIOPHOTO U ONTHMAJIBHOTO PEIICHUI.

Onoproe peuienue TIOTYYUM IIPU 3HAYCHHUAX IIEPEMEHHBIX, KOTAA Orpa-
HUYEHHS 3aladl BBIIOJNHAIOTCS. IIpU3HAKOM BBINONHEHUS OTPaHUYCHUH
ABysgeTCs 0TcyTcTBHE 0-3Ha4eHHH cpeay Ga3sUCHBIX EPEeMEHHbIX U OTpHUIa-
TENBHBIX CBOOOHBIX YICHOB.

ITpn >TOM mEepeMeHHbIE, UCXOAS M3 3HAYCHUI KOTOPBHIX HAUMHAEM pe-
LIeHue, OyayT 6a3uCHBIMH.

B nepBoii cumIutexkcHoit Tabnuue (tado. 6.1) Takumu 6a3ucHBIMU OyITyT
JIOTIOJTHUTEJIbHBIE NIEPEMEHHBIE, T. €. BEKTOp JOMOJHHUTENILHBIX NepeMeH-
HbIX. OcrasibHble NepeMeHHble, 0003HAyYaloIe BEKTOP-CTOJIONBI, OyIyT
HeOa3ucHbIMU. B Tabn. 6.1 HeOa3ucHbBIME OYAyT OCHOBHBIC IICPECMCHHBIC.

Ta6numa 6.1. CummiekcHas tadauma Ne 1

baszucusre CBoboaHbIe HebazucHble nepeMeHHbIe
TepEMEHHBIC YIICHBI X1 X2 X3 Xn
Y1 Ay an a1 a3 ain
Y2 Az axn ax azs azn
VE] —As —aa —az —aan
0 An aAm1 Am2 Amn
0 -\ )2 Ay,
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Ecnu B crosOIie JOMONHUTEIBHBIX MEpeMEeHHbIX ecTh 0, TO 3TO CBH-
JIETEJILCTBYET 00 MCKa)KEHHOCTH 0a3uca, T. €. OTCYTCTBHU OIOPHOTO pellie-
nust. Takum oOpa3om, rosrydeHHas 3anuch 1pu xj = 0 CBUIETENLCTBYET, YTO
0a3zncHOE pelIeHre OTCYTCTBYET MO IBYM IIPU3HAKaM, a IMEHHO:

- UIMEIOTCSI OTpULATENIbHBIE CBOOOHBIC YICHBI;

- umetorcst 0-3HaueHMs cpey Oa3MCHBIX TIEPEMEHHBIX.

Bcro ungopmanuio npu gomnyiieHud, 4yto xj = 0 3aHocuM B TaOIUILy.

Tabxn. 6.1 cogepsxut m + 2 cTpoK (Tae m — YHUCIO0 CTPOK OrPaHMICHUN)
un + 2 cTos010B (T1e 7 — YUCII0 HeOA3UCHBIX MIEPEMEHHBIX ).

KoadhpunmenTsr neneBoit pyHkuu B TadJ. 6.1 3aMMUCHIBAIOTCS C MIPOTH-
BOIIOJIOXKHBIM 3HAKOM.

Haxox/eHne OnopHOro pelIeHHs MpeArnoaraeT 3aMeHy 0a3uCHbBIX Iie-
PEMEHHBIX HeOa3NCHBIMU MJIM IOMCK HOBOTO 0a3zuca. YToOb! nckimounts 0 ¢
BEKTOpa 0a3MCHBIX MEPEMEHHBIX HE00X0auMO B 0-CTpoKe HAWTH TaKoil KO-
G QUIUEHT, OT JelieHHs Ha KOTOpbIH Kodpduumenra Ay MOIYyIUM
HaMMEHbLIEE IOJOXKUTEIbHOE YacTHoe. [ 3Toro BekTOp-cTONIOel CBO-
0O/HBIX WICHOB JIEIUM Ha COOTBETCTBYIOIIME KOA(P(UIIMEHTHI CTOIOIOB X7,
X2, X3, .., X,. JlONMyCTHM, 4TO TpH JAeNeHMH Ha KO3(D(UIMEHTH IEPBOTO

A A A
cToJIoIa, T. €. 3, OTHOLICHHE _ DT0 03HAYaeT, 4TO TpeOOBAHHUE HE

il ml 21
An o P

A
BbIIONHACTC. B pyrom ciywae (npu ) 5 >, . Jlonyctum, 4to npu
i2 m2 21

A An N
JCJIICHUN ? OTHOLUCHUC ai MCHbBILIC BCEX APYTUX 3HAYCHUU.
n

mn

Torna ko3 duiueHr a,,, MOXKHO MPHUHATH 32 Pa3peLIArOLIHi.

OH yka3bpIBaeT Ha TO, 4To 0-3HaueHHE U KOIDMUIUCHT X, TOMEHSIIOTCS
MeCTaMHu. DTa 3aMeHa O3Hayaer, yTo IeneBas (QyHKIusS (WM MONyHpo-
cTpancTBo F) mepemecTuiach mapajiiesbHO caMoii cebe U modITOMy 3Hade-
HUEe KO2((DHUIIMEHTOB U3MEHSAETCs. 3aMeHa 3HaYeHU TpeOyeT BRIYHCIICHUH,
KOTOpBIE BCErJa OCYLISCTBIISIOTCS TI0 OJHUM U TEM XKe IpaBHIIaM.

Jlst 3ammcu opmyIt, M0 KOTOPBIM ONPEAEISIOTCs Ko (DHUIIMEHTBI HO-
BOW CHMITJICKCHOW TaOmuIlp! (Tabu. 6.2), BBEAEM yCIOBHBIE 0003HAUEHUS, B
9aCTHOCTH, dij — KO3 GUIUEHT, CTOSIIHIA B cTpoKe | u cTonbue j. [Tpu aTom
F-crpoka Gymer umeTh 3HaYeHue i + 1, a cronder cBoGOAHBIX wieHOB j = 0.

Homyctum, 9yTo K03QPUIIUCHT ap — pa3pelaromuii, T. €. CTOUT B CTPOKE
r u cronbue K mpu r €,k € j. Tlpu nenenun 3HaueHuii ctonbIa CBOOOIHBIX

YJICHOB Ha COOTBETCTBYMOMIME KO3(duimeHTsl ctonba K yactHoe ot Jere-
HUS Aj Ha ayk ObLTO HAUMEHBIITHM.
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Ta6numa 6.2. CumiuiekcHas Tadauma Ne 2

Basuchbie CBOOOAHBIC YICHBI HeGa3ucHble nepeMeHHbIe
TIepPEMCHHBIC B; X1 X2 X3 0
Y1 By b1y b1» bi3 b1n
Y2 B, b2y b2, bas ban
Y3 -Bs —ba; —bs, —bas —ban
Xn Bm bml bm2 bm3 bmn
F Fl —Z; ) —73 —Zn

YcmoBuMces, 9T0 KO3 GHUIMEHT cleayiomeil Tabnuisr Oyaem o603Ha-
4aTh CO MITPUXOM, T. €. ai’j.

Ilpasuna:
1. HoBrlit k03¢ uiinerT (BMECTO pa3pemaromnero) paBeH 00paTHOMY OT

, 1 1
Hero, T. e. a;, =—(a, #0) i B 1aHHOM cilyyae —.
Tk mn
2. HoBeie k03(h(UIMEHTH CTOJOMA pa3pellaroiero 3jJeMEHTa PaBHBI
Kod(pHUIHEHTaM TpenbIAyIIel TaONHIBl, ACJICHHBIM Ha pa3pernaromunii
K03((DHUIIMEHT C MPOTUBOIOJIOKHBIM 3HAUCHUEM

’

a .
a), =—% (mpm i#r),
rk

in

T. €. B IJAHHOM CJ1y4ac

opy i #m.
mn
3. HoBbie K03 GUIMEHTHI CTPOKU pa3peliaronIero JJIEMEHTa PaBHBI KO-
a¢¢urreHTaM npeAbAyINeH TaOIUIBI 3TOH CTPOKH, JCJICHHBIM Ha pa3pe-
HIAFOIIUH KO3 PUIUEHT:

a'—ﬁ(nﬂ .ik)I/IHI/IhHI/I j#n
G pu J a pu | .

Tk mn

4. OcranbHbIe KO3(D(GUIIUEHTHI, HE CTOAIINE B CTPOKE M CTOJOIE pa3pe-
LIAIOIIET0 AJIEMEHTA, ONPEACISIOTCS [0 NPaBHIY HPSMOYrONbHHUKA, T. €. B
YHUCIUTENEe OT MPOM3BEACHUS KOA(DHUIUCHTOB INIABHOW THATOHAIH, CPean
KOTOPBIX HAXOIWUTCS Pa3pellarolii, BEIYUTAEM MPOHU3BEJICHUE MOOOYHON
JIMAaroHaJIK U Pe3yJIbTAT JICIUM Ha pa3pellaronii Ko3QQHUIueHT:

iy — A Qi a ay a.

_ Yij%rk rj%ik _ “ij%rk rj%ik ik _ '

= = - =8jj — 8y = & + &y
Ak

’

]

Ak Ay Ak
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WM 3, —iaik =a;+aja,, (mpu i=r,j=k) a, #0.
rk

[TepedpocuB 0-3HaueHMsI W3 OA3UCHBIX 3HAYCHHUN B HEOA3HCHBIE, MOJTY-
YUM B N-MEPHOM IPOCTPAHCTBE /7 HE3aBUCHUMBIX BEKTOPOB. 3aT€M BEIUEP-
kuBaeM 0-CTONOECI], KOTOPBIH B JAIBHCHIINX pacyeTax y4acTHs HE HPUHH-
MaeT. [IpocmaTpuBas ctonber; CBOOOTHBIX UYJICHOB, HAXOJUM CPEIH HHUX
OTPUIIATEIIbHBIC WICHBL. UTOOBI MOMYYUTh OMOPHOE PEIICHUE, MPEBpaIaeM
OTPUIIATEIIEHBIC CBOOOHBIC YIICHBI B MOJOXHUTEIbHEIC. [ 3TOrO Oasuc-
HBIC TICPEMCHHBIC C OTPHLATCIBFHBIMU CBOOOJIHBIMH WICHAMH HEOOXOIUMO
nepeBecTr B HebasucHbie. [Ipw 3TOM JnemaeM CTONBKO ImaroB (TabJuIn),
CKOJIPKO MMEETCSI OTPHUIIATEIBHBIX CBOOOIHBIX WIEHOB. 3a OCHOBY IPWHH-
MaeM I00YI0 CTPOKY C OTPHIATEIbHBIM CBOOOJHBIM wWieHOM. Jlydmmm
BapHaHTOM SIBJLIETCS Ta CTPOKa, cpenu Kod((UIIMEHTOB KOTOPOH MMeeTCs
0oJIbIlIe eNUHUI] WK [eNbIX guces. Cirydaercs, 9To BCe CBOOOTHBIC YICHBI
SIBIISIIOTCSI OTPUIATEIBHBIMA W MM COOTBETCTBYIOT OTPHIIATEIBbHBIE KOA(]-
(UIMEHTH B KAKOM-TO U3 CTOJOLOB. B 3TOM ciyyae omopHOe peuicHue
MOJKHO MOJYYHThH 32 OJIMH IIIar, B3sSB B KAYCCTBE Pa3pelIaromiero Kodpgu-
LUCHTA OTPULIATEIILHBIA KOA(PPUIIMEHT, OT JACJICHUS HA KOTOPBIH IMOIydacT-
cs1 HauOOJbBIIee MOJOKUTEIBHOE YacTHOE. TakuM 00pa3oM, 3a OIUH IIar
BCC OTPHIATEIbHBIC CBOOOJHBIC WICHBI OYAyT MPEBPAIICHBI B MOJOXKH-
TEJBHBIC.

C TOUYKHM 3peHHS T€OMETPHUUECKON MHTEpEe3yIbTaTHBHOW MOKa3aTebpe-
Tanuu (BBIMYKIBIX MHOXECTB) 3TO OyAeT 03Ha4aTh, YTO U3 MHAMOTO MHO-
TOTpaHHMKA PEIICHU MBI IEPEMECTIIINCH Ha PeabHBI MHOTOTPaHHHUK, HO
HaxOoJHMMCS HE B CAMOM JIy4IIIeH BBIMYKJIONW YIJIOBOM TOUKE.

Uto0B! HAlTH pa3pemnraromuii Ko3PGUITUSHT, JeIUM 3HAYSHHS CTOJIONA
CBOOOTHBIX YJIEHOB Ha COOTBETCTBYIOIIHE KOAPPHUITUEHTHI CTOJIOIOB Heba-
3HCHBIX ITEPEMCHHBIX.

-B .
Ecmm 2 = mink , TO TIOJIy4YUM MEHbBIIEEC 3HAUEHHUE, YEM OT JCICHHSA
M

B -B
IPYTHX YaCTHBIX —->—2 JIOIyCTUM, 49TO B JAHHOM CIy4ac 9YacCTHOE

i1 _b31

3

MeHbIIe Beex Apyrux. CiaemoBarenbHo, koddduiuenT (—by; ) sBser-
31

Csl pa3pelIaroInM.
MensieM MecTaM# X; M V3, TOCJIE YEro MpOBOJUM PacyeThl MO MpHUBE-

JICHHBIM BBIIIE YETHIPEM NpaBmiam (Tadi. 6.3).
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Tao6numa 6.3. CummiekcHas Tadauma Ne 3

Basucubie HeGa3ucHble nepeMeHHbIe
CBOOO/IHBIC YJICHBI
TIepPEMCHHBIC V3 X2 X3
Y1 G cu c1 Ci3
Y2 G, Co1 C2 C23
X1 Cs ca &) c33
Xn Cn Cm Cm2 Cm3
F Fz —Z; —Z —73

B oroit Tabnuie comepkutrcs omopHoe pemeHHe. OHO TMOIYYEHO TPH
CJIEYIOINX 3HAUCHUSX IEPCMCHHBIX:

n=C,y,=Cx =C4,x,=C,,y,=0,x,=0,x;=0.

[Tocite Toro kak ObLTO TIOIYYEHO OMOPHOE perieHue (T. €. BCe OrpaHu-
YEHUsI BBITIOJIHSIOTCS ), HAXOMM ONTHMAIbHOE, PU3HAKOM KOTOPOTO SIBJISI-
€TCsl HATMIKE TMOJIOKUTEIHHBIX 3HAYCHUH KO3 PHUITMEHTOB TeJIeBOH (PyHK-
LMK TP €€ PELICHUH Ha MAKCUMYM M OTPHUIATENIbHBIX — HA MUHHUMYM.

UroObl HAliTH ONTUMAJIBHOE PEIICHHE, BBIOMPAaEM pa3pellaroniiii cTo-
6en. M Oyzer tot, B F-cTpoke KOTOpOro cTOMT HauOOJbLIEE 10 MOJYJIO
OTpHLATEIFHOE 3HAYEHHE TPU PELICHUH 3a/1a4i Ha MaKCUMyM M HauOOJIb-
1Iee MOJIOXKUTEIBHOE — HA MUHUMYM.

Jomyctum, 4to |—Zz|>|—zl,—z3|. CrentoBatebHO, BEKTOpP-CTONOECH] —Z,

SIBJISIETCsI pasperiaroiumM. [Ipu 3ToM paspeliariiuM 3JeMeHTOM SIBIISETCS
TOT KO3(QPUITUESHT, OT AETCHUS CBOOOIHOTO WieHa Ha KOTOPBIA OyIeT mo-

JIy4eHO HauMEHBIIIEE MOJIOKUTEIbHOE YaCTHOE, T. €. & minKk.
Ci2

JlomycTrm, 4TO OT AETEHUs c3 Ha C3p OBLIO MOTYYEHO HAMMEHBIIEE I10-
JOXKNTENbHOE YacTHOEe. CIIeJ0BaTEeIbHO, X2 U X1 MEHSIOTCSI MECTAMH, U MBI
HaxXOJ¥M HOBOE PEIICHUE MO YETHIPEM MIPABUIIAM.

Beruncienust 6yaem mpomoikaTh 4O TeX Iop, Hoka B F-ctpoke He mo-
JY4UM TIOJIOXKHUTEJIbHBIC 3HA4YeHMs (IPH pEIeHUH 3aJaddl Ha MaKCUMYM)
WIN OTpHLATEIbHbIE (IPU PEIICHNH 3371a4l HA MUHUMYM).

3areM 1enecooOpa3Ho MPOBEPHUTH BBHIIIOIHEHNE TPEOOBAaHUH KaXKI0TO U3
orpaHudeHuil. [l 3TOro nepeMeHHsle MOJCTABISAIOTCS B KaXKA0OE U3 Orpa-
HuueHuil. Ecau HapylleHus OTCYTCTBYIOT, TO pacueThl BEpHBI, €CIIU MpH-
CYTCTBYIOT — MMEETCsl OIIMOKA B apU(hMETHUECKHX JICHCTBHAX.
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6.3. MeToanKa KOPPEKTHPOBKH ONITUMAJILHOIO PeLIeHUs 10 0a3HCHBIM
U He0A3MCHBIM NMepeMeHHbIM

[TockonbKy SKOHOMUYECKHE OOBEKTHI OTIIMYAIOTCS JUHAMHYHOCTBIO, TO
N3MEHSICTCS. M COOTBETCTBYIOINAs HMHGpOpManus (M3MEHSIOTCS pecypcehl,
TEXHOJIOTUH M, CJIEJOBATEIbHO, OKYIIaeMOCTh pecypcoB). B cBs3m ¢ stum
MOJYYEHHOE paHee ONTUMAIBHOE PEIICHHE MOXET YK€ He ObITh TAKOBBIM U
MOTpeOOBaTh HOBOI'O PEIICHUS, T. €. YBEIHYUTh WM YMEHBIIUTh Pa3Mepbl
0Tpaciv, BBECTH HOBbIE WIIM UCKIIOUUTH paHee BBITOJHBIE 0Tpaciu. UToObl
n30exaTh MOBTOPHOIO PELICHHUS 3a/lauH, JOCTATOYHO MPOM3BECTH KOPPEK-
TUPOBKY €€ MPEKHEr0 ONTUMAJIBHOrO peuieHus. it 3TOro MCHoib3yem
“H(OPMAIIHIO TTOCIIEHEN CUMITTICKCHOW TaOmuIel. B Helt Ha ocHOBE KO-
(DMLMEHTOB MPONOPIMOHAIBLHOCTH CJIEAYET IPON3BECTH HEOOXOIMMBIE U3-
MmeHeHus. [Ipu 3ToM KO3 dHIMEHTaMH NPONOPLHOHAIBHOCTH HA3bIBAIOT
K03(h(PUIMEHTHI CUMILIEKC-Ta0MHIbl (HaYMHAsL CO BTOPOMH), KOTOpasi KOJH-
YECTBEHHO BBIPAXKAET B3aMMOCBS3H IIEPEMEHHBIX MEX1Y COO0OH U ¢ pecyp-
CaMH.

OOpaTuMCs K TOCIICHEN CUMIDICKCHOH Tabm. 6.4.

Tab6numa 6.4. [Hociiequsisi CHMILIEKCHAS TA0J M LA

basucueie CsoboaHbIe Heba3ucHble nepeMeHHbIC
TepeMEHHBIC uJjieHsl, B Y1 Y2 X3 Va
X1 800 2 —0,066 0,66 0,026
X2 200 -1 0,066 0,34 -4,4
Y3 2000 -300 -50 -100 0,032
X4 420 0,56 -0,017 -0,85 0,02
F 780000 200 26,7 136 9,3

KoppeKkTHpOBKY ONTUMAIHHOTO PEIICHUS OCYIIECTBIsIEM 10 (hopMyJie
K (K
Xj(yi ):Xj(yi)_aijAXj(Ayi)! (6.1)

rme le( (yik) — 3HAYEHHS] OCHOBHBIX (HOMOJIHHUTENHHBIX) MEPEMEHHBIX TOCIEe

KOPPEKTUPOBKH;
X;j(Y;) — 3Ha4EHNs1 OCHOBHBIX (IOTIOJIHHUTENLHBIX) IEPEMEHHBIX 10 KOP-

PEKTUPOBKH;
Jj — HOMep cTOJI011a, YIACTBYIOIIETO B KOPPEKTUPOBKE;
ajj — KO3 UIMEHTHI MPONOPIMOHANEHOCTH (BEKTOP-CTONIONA, ydacT-

BYIOIIIETO B KOPPEKTHUPOBKE);
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AX; (Ay;) — BenmmuMHa KOPPEKTHPOBKH 110 OCHOBHOM WIIM JOTIONHHUTEIIb-

HOW EpEMEHHOM.

KoppekTrpoBka MOXET HPOU3BOIUTHCS 10 HEOa3HCHBIM M 0a3HCHBIM
NIEpEeMEHHBIM, a CPe/IM HUX — [0 OCHOBHBIM U JIONIOJIHUTEILHBIM IIEPEMEH-
HBIM.

Koppexmupoexa no ne6asucnvim nepemensim.

Koppexmuposxka no ocnognvim nebasucHvim nepemenuvim (IepeMeH-
Hble, He BOIIEAIINE B IUIaH, B JAHHOM ClIydae Xx3). [Ipy H3MeHeHNH LeH WIH
TEXHOJIOT Uil He BOIIEIINE B IUIaH (T. €. HeBBITOIHbIE) OTPACIH MOTYT CTATh
BBITOIHBIMH M MX CJIELyeT BBECTH B 0Oa3uc. BBemeHne nepeMeHHBIX Ipen-
rojaraeT M3MEHEHHE pa3MEpoB JPYIMX OTpaciieil, HCIOJIB30BaHUE PECyp-
COB ¥ YKOHOMHUECKHX PE3EPBOB.

Memoouka KoppekmuposKu ONmMuUManrbHO20 peuleHus.

1. I3 HeGa3uCHBIX OCHOBHBIX MEPEMEHHBIX BBIOMPAaEM T€, 10 KOTOPHIM
HaMeTHJIOCh HauOojbliee Bo3pactanue 3¢h¢dexTa nnm Hamboiee cymie-
CTBEHHBIC U3MEHEHUS B TEXHOJIOTUH.

2. HaxomuMm MakcMMalbHYIO BEIHMYMHY KOPPEKTUPOBKU IO (opmyie

A

max AX; = min—-, rae MaxX AX; — MHHMUMAaJIbHOE MOJIOKUTEIBHOE YaCTHOE
ij

OT JIeTICHUSI CBOOOHBIX WICHOB Ha KOA(PPHUITUEHTHI MPOMOPIMOHAIEHOCTH
cTosb1a, Mo KOTOPOMY JeJlaeM KOPPEKTHPOBKY.

3. llpunaem Benmunne AX; 3Ha4Y€HHME, HE NPEBBIIAIOIEE MAKCHMATEHO
JIOMyCTUMYIO BEJMYMHY, T. €. AX; < min ﬁ

ij

4. TTo obmieit popmyre HaXOTUM HOBOE pelIeHHE.

B manHOM mpmMepe cpenu HeOa3MCHBIX MMEETCs OJHA OCHOBHAs Iepe-
MEHHag x3. Torga

800 _ 1200

max Ax, = min 2’00 =600.
——=600
0,34

JlonmycTuM, 9TO BO3MOXKHOCTU XO3SHCTBA, MCXOIS M3 HAJIHYMS CEMSIH,
MOTPEOHOCTH PBIHKA WIJIM HOBBIX JOTOBOPHBIX ITOCTABOK TAKOBBI, 4TO AX3
JIOJDKHO OBITH paBHO 100.

Toraa HOBOE pellieHHE COOTBETCTBEHHO OYIECT UMETh BUJI
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AX, = X, =100;
X, =800-0,66-100 = 734;
X; =200-0,34-100 = 766;
x5 = 2000 - (-100)-100 = 12000;
Xi =420-(-0,86)-100 = 506;
F' =780000-136-100 = 766400.

Ecii npoBepuTh €ro 1o OrpaHAYeHusIM, TO HOIYYHUTCS, YTO 00BEMBI pe-
CYPCOB HCIIOJIB3YIOTCS OIHOCTBIO.

Koppexmupoeka no HnebazsucHvim OONOIHUMENbHLIM —NEPEMeH-
nom (p;).

Pecypcel ymenbinatores, ecnu Ay, = Y, > 0. Hanpumep, umeem orpanu-
9JeHHE 110 MCIIONIb30BAaHMIO MAIIHK X1 + X, + x3 = 1000. Z)cl,xz,xa Obl1a

MakcuMaibHOH 1 paBuserca 1000, mpu atom y, =0. Eciu y; Bospacrai, To

BEJIMYMHA CIPaBa M CJIeBa OT HETO YMEHBIINIIACH, T. €. PECYPC YMEHBIITUIICS.

Memoouka KoppexmuposKu peuieHusl.

1. BeiOupaeM JONOJHUTEIBHYO TEPEMCHHYIO, CTOSINYI0 B OIpaHH-
YCHUU TI0 UCIIOJIB30BAHUIO TOTO Pecypca, KOTOPBIH YMEHBIITUICS WK OyAeT
YMEHBIIIATHCS.

[IpuyrHaMU YMEHBIICHUS PeCypca MOTYT OBITh: Pa3roCydapCTBICHHE U
MIPHUBATHU3AIMS, BCICICTBUE YEr0 PECYpPCHI MAIIHU U (POHIOB OBIBILEIO XO-
3sTACTBA YMEHBIIAIOTCS; CO3MaHne (pepMepCKUX XO3SICTB B paMKax MHOTO-
OTpacieBBIX XO3SHCTB; BBIACICHHE (EPMEPCKHX XO3SICTB M3 KOOIEpaTH-
BOB, aKIIMOHEPHBIX MPEATIPUIATHH.

2. MakcuMalbHyI0 BEIMYHHY OIpelelisieM TaK jke, Kak W B Ipe[bl-
IIyIIeM cirydae.

3. B pamkax BO3MOXHOIo Ay; MpHIacM 3HAYCHHE, KOTOPOE OIpPEACSIET
BEJIMYUHY YMEHBIICHHS pecypca.

4. HoBoe perieHue onpeaessieM 1o OCHOBHOW ()OpMyJie KOPPEKTHPOBKH.

Jomyctum, 4to co3maetcs (GpepMepcKoe XO3sHUCTBO IwIomansio 150 ra,
T. €. Ay; = y; = 150. Torna B koomnepatuBe ¢ miomanso namxu 1000 ra
IIPOMCXOUT YMEHBLIEHUE pecypca.

Pecypcsl yBenmuuBarorcs, eciu Ay = 3; < 0.

[IpuurHaMU YBEIWYEHUS PECYPCOB SBISIOTCA: OOBEIUHEHHE HECKOJIb-
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KX KOOTIEpaTHUBOB (KOOTIEpaTHUB IPHOOpET POHBI); YBEIMIMWIACH TIJIOMIAIb
3eMJICTIONIF30BaHUS (DEPMEPCKUX XO3SHUCTB; YBEIMYHIACH YUCICHHOCTh Pa-
OOTHHKOB U T. [I.

MeToarka KOPPEKTHPOBKH CIICIYIOIIAS:

1) HaxomUM pecypc, 0 KOTOPOMY BO3MOXKHO YBEIHUCHUE,

2) HaxoUM MaKCHUMAaIIbHYIO BEJIMYUHY KOPPEKTHPOBKH
max Ay, = min _A .

L]

OnHa paBHa MHHUMAaJIBHOMY MO MOJYJIO OTPULATEILHOMY YaCTHOMY OT
JIelieHusT CBOOOJHBIX WICHOB Ha KOA(M(OUIIMEHTH MPOMOPIHOHATLHOCTH
CTOJNIOMIA, [T0 KOTOPOMY JIeNIaeM KOPPEKTHPOBKY;

3) mpumaem Ay; 3HaUYCHHE KOPPEKTUPOBKH CO 3HAKOM «—», MEHBIIIEE TI0
MOJIYJIIO, YeM MaKCHMAaJIbHO BO3MOKHAS BEIMYHHA;

4) UCIOJB3ys OCHOBHYIO (hOPMYJTY, OCYIIECTBIISIEM KOPPEKTUPOBKY.

JlomyctuM, 94TO B KOOMEPATHBE MOXKET YBEIUYUTHCS TUIONIAAb MAIIHY,
T.e. y1 < O @=400, @=—200, @=—6,6, ﬂ=750,

2 -1 -300 0,56
max Ay, = —6,6.

JlonmycTuMm Taxke, 4To (epMepCcKoe XO3SIMCTBO B3SO B apeHay 5 ra
namHu. Torma Ay; = -5.

3HAYCHUST OCTAJbHBIX MEPEMEHHBIX IMOJIyY4aeM MO H3JIOKCHHOHN BBIIIC
METOJIUKE, T. €. OACTABIISI 3HAUeHHuE Ay; = y; = 5.

Koppexmupoexa no 6a3ucnvim nepemennbim.

1. Onpenensem HeOa3UCHBIE TEPEMEHHBIE, KOTOPBIE OYAYT y4acTBOBATh
B KOppEKTHpOBKe. BriOnpaeM OCHOBHBIE NEpEeMEHHBIE B CIy4ae, KOTAa B
pe3ybpTaTe KOPPEKTUPOBKH HE TOJHKHO MPOU3ONTH YMEHBIIIEHHE KaKOTO-TO
pecypca.

Heo0xonnMocTs KOPPEKTHPOBKH IO Oa3MCHBIM TIEPEMEHHBIM MOXKET
JUKTOBATHCS T€M, YTO M3MCEHAIOTCS paHee OTpabOTaHHBIE TEXHOJIOTHH WIIH
MOJXOMBI K Pa3BUTHIO OTJENIBHBIX OTpacieil.

Hanpumep, panee pabornuku AIIK opueHTHMpoBanuch Ha TO, 4TOOBI
IUIOLIA (b 3e€PHOBBIX He TpeBbliana 50 %, a 4acTb 3epHa IIPU 3TOM 3aKyTaH.

[ToTpeOHOCTD B BAJIIOTE BBIHYK/IAET HApalIMBaTh U0 CEHOKOCOB U
nacTOMI JUIsl YBEJIUYCHHS! NPOM3BOACTBA KOPMOB, @ OCTABLIYIOCS YacTh
namHu (10 10 %) ucrnons30BaTh Ui IPOU3BOICTBA 3EPHA.

Jlpyroii mpumep — HEOOXOIUMOCTh COOJFONECHHUS JKOJOTHYECKOH 0e3-
omacHOCTH. [T0CKONBKY TEXHONOTHS OYHCTKH OTXOJOB KMBOTHOBOTUECKIX
KOMIUIEKCOB JlajleKa OT COBEPIIEHCTBA, TO BMECTO BO3BEICHHSA KPYITHBIX
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KHMBOTHOBOJYECKHX KOMIUIEKCOB MPEATIOYTEHHE OTAAIOT CTPOUTENBCTBY
CpeaHuX. DTOMY CHOCOOCTBYET U TO OOCTOSTENBCTBO, YTO KUBOTHOBOJICTBO
HAaJI0 Pa3BUBaTh Ha OCHOBE COOCTBEHHBIX KOPMOB.

OpHAKO MPH 3TOM MOXKET MOTPEOOBATHCS YBEJINYEHHE IUIOIIAN 3€PHO-
BBIX WJIM YMEHBIICHHE TTOTOJIOBbS >KUBOTHBIX.

2.1lo nanHbIM OOmEH (OPMYJIBl KOPPEKTHPOBKM HAXOIUM, KaKOM
OOoKHAa ObITh BenuuuHa AXj(Ay) ¢ TeM, 4TOObl Oa3WCHasi MepeMeHHast

X'j( (yik) nproOpena HOBOE 3HAUCHHE: X'j‘(yik) =X;(y,) —a;A%;(Ay;) , j=1.
3agaeM 3Ha4YEHHE X'; (y¥) u onpenensiem Bemuunny AX i (Ay):

X)X 00

a;

AX] (Ayi ) =

3. HaxoanM MakCHMAaJbHYIO BEIMYHHY KOPPEKTHPOBKH MO HEOA3HCHON

TIepeMEeHHOH 10 (hopmyIie
max Ax} (Ay;) = min—.
a

Torpa:

a) ecimu AX|(Ay[) > AX;(Ay;), T. €. MAKCHMaILHO BO3MOXHAs BENIMYHHA
npesbimaet Tpebyemyro AX;(Ay;), TO KOPPEKTHPOBKY OCYLIECTBIISIOT, HC-
TIOJIE3YST OJIUH CTOJIOCIT;

0) ecin AX](Ay;) < AX;(AyY;) , T. €. MAKCMMAIBLHO BO3MOXKHOE 3HAYECHHE
MEHbIIIE TpeOyeMOol BEIMYHHbI, TO B KOPPEKTUPOBKE HCIOIB3YIOT HE MEHEE
JBYX BEKTODP-CTOJIOLIOB IOMOJTHUTEIBHBIX IEPEMEHHBIX.

Ipu 5Tom Ha mepBom oTane AX;(Ay;) npunumaroT B pasmepe AX| (AY)),
Ax;(Ay;) = A (AY;) -

Hampumep,  KOpPEKTHPOBKY  HEOOXOAMMO  MPOBECTH,  YTOOBI
X’j‘ =X; =700. Hcrnonb3ys HEOa3HMCHYIO INEPEMEHHYIO Xy, MOXKEM OCY-

LIECTBISITH KOPPEKTHPOBKY, IOCIE KOTOPOW Xj MOXET NPHHATH 3HauCHHE
650, 1. e. x; = 650 .

Ha crenytomem stane GepeM HOBYIO HEOA3HUCHYIO IEPEMEHHYIO, 32 CUET
KOTOpoO# obecrieynM npupamnienue xj Ha 50 exuHum,.
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6.4. JIBoiicTBEHHbIE OLIEHKH

B ycnoBusx caMOOKymaeMOCTH B caMO(DUHAHCUPOBAHHS KaXI0€ Mpe/-
MPUATUE CTPEMUTCSA K MPHOOPETCHUIO PECYPCOB, 0OCCIICYMBAIONINX Hapa-
IIMBAHUE TEMIIOB MPOU3BOJICTBA U BBICOKYIO OKYIIACMOCTh U3JICPIKCK.

3arpatrhl Ha MPUOOPETCHUE PECYPCOB MPEINPUATUE OyICT CPABHUBATH C
pe3yabTaTaMu OT MCIOJIb30BAHUSA ATHX pecypcoB. OHAKO B KaXKIOM HpPE/-
npusiTHU (B CHJIy B3aMMO3aMEHSIEMOCTH PECYPCOB M Pa3JIUuUil B TEXHOJIO-
rusix) 00beM OTICNbHBIX BHUAOB PECYpPCOB, HEOOXOJUMBIX ISl HONTYUCHHUS
€IMHULIBI TIPOJIYKIMH, HE OJNHAKOB.

JIJist yCHEIIHOTO JOCTHXKEHUS! KOHEUHBIX PEe3yJbTaTOB HEOOXOIUMO, B
MEPBYIO O4epe/lb, 00ECIEYNTh BHICOKYIO OKYNaeMOCTh JINMUTUPOBAHHBIX U
HE3aMCHHUMBIX PECYPCOB.

CrnenoBatenabHO, C TOYKU 3PCHHS JOCTHKCHUS KOHEYHBIX PE3yJIbTATOB
(mpuOBLTH) OKYIAaeMOCTh OTACIBHBIX PECYPCOB MO XO3SMCTBY B CTOMMOCTH
MIPOU3BEACHHOW MPOIYKIUU OYyIeT pa3ianyHOW. Pecypchl, BBITOJHBIC st
pUOOPETECHUS OTHUM TPEANPHUITHAM, OYAYT HE BBITOIHBI ApyruM. [1o3ro-
My (epMEepCKHM XO3SHCTBaM, KOOMEPATHBAM U JIp. HEOOXOIUMO BIAICTh
HHCTPYMEHTOM OOBEKTUBHOM OIIEHKH PECYpCOB B KOHKPETHBIX YCIOBHSIX
(YHKITMOHHPOBaHMS 00BEKTA, YTO MO3BOJIHMT COOTBETCTBYIOIIUM PabOTHH-
KaM MMPUHUMATh B3BEIICHHbIC PELICHHS.

TakvM MHCTPYMEHTOM SIBJSIFOTCSI IBOHCTBEHHBIC MM OOBEKTHBHO 00Y-
CJIOBIICHHBIE OLICHKHU. [IBOHCTBEHHbIEC OLICHKH, PACCYMTAHHBIC TI0 PETHOHAM,
€CTh ONTHMAaIIbHBIC IIEHBl Ha PECYPChl B YCJOBHSX PaBHOBECHUs CIpoca U
npeiokeHust. TakuM 00pa3oM, JBOHCTBEHHBIC OIICHKH B YCIIOBHSIX PBIHKA
MOTYT CTaTh BAYKHCHIIIUM WHCTPYMEHTOM TOCYIApCTBa Ui SIKOHOMHUYECKO-
r'0 BMCIIATEIBCTBA B MEXAaHH3M XO035CTBOBAHUSI.

HenyneBbie 1BONCTBEHHBIC OIICHKH UMEIOT PECYPCHI, KOTOPBIC IUMHUTH-
pOBaHBI, He M30BITOYHBL. Eciu pecypc W30BITOUCH, TO OH 3aMOPaKUBACT
JICHE)KHBIE CPECTBA MPEANPUATHS U HMEET HYJICBYIO JBOHCTBEHHYIO OICH-
KY, XOTsI XO3SHCTBEHHAsI ICHHOCTh TOr0 pecypca B MEPBYIO OYepeab s
NPEANPUATHH, HCHBITHIBAIOIINX MOTPEOHOCTh B HEM, 3HAYHMTEJIbHA.
[Tpu U3MEeHEeHUH TEXHOJIOTHH, LICHOBBIX U APYIHX XapaKTEPUCTUK BO3MOXK-
HO HM3MEHEHHE MOTPEOHOCTH B MOJOOHOM pecypce M €ro 3amachl MOTYT
OBITh MOJHOCTHIO MCIIOJIBb30BAHBI, & JBONCTBEHHAS OLIEHKA MPUMET HEHYJIe-
BOC 3HAYCHUE.

JIBOWICTBCHHBIC OIICHKH UMEIOT Ty )K€ CAWHUIY U3MEPEHUS, YTO H IIelIe-
Bas (yHKuus 3amaun. [losTomy rneneBas (QyHKIHsSI, HA OCHOBE KOTOPOM
OTIPENICISIOTCS JIBOWCTBCHHBIC OIICHKH, JOJDKHA COOTBETCTBOBATH LICISAM
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paboTHI MPEeaNpPUATHIA B YCIOBHAX CAMOOKYIIAeMOCTH W CaMO(pHUHAHCUPO-
BaHUsI.

JIBOMCTBEHHBIE OLEHKH IOJIYYalOT Kak IPU pElIeHUH OOBIYHOH (TIpsi-
MOH) 3a7aud, TaK W MpU PEUICHUH CIEUHUaJbHOW, IBOMCTBEHHON WIH
TPaHCIIOHUPOBAHHOM 3amauu. OJHAKO MPH COCTABICHHHM W PEUICHUU Mpsi-
MO 3a/1a4¥ TJIaBHAS 1IeJh, KOTOPYEO MBI IPECIIEAYEM, COCTOUT B OIpeaeic-
HUM 3HAYCHUN MEPEMCHHBIX 3amauyd. [103TOMYy OrpaHHYCHHs 3aJadd Co-
CTaBIIIIOT TaKMM 00pa3oM, YTOOBI KOJMYECTBEHHO OMMCATH BCE YCIOBHA,
OKa3bIBaIOIUE BIMSHUE HAa (QYHKIIMOHUPOBAHUE KaXI0H TiepeMeHHoi (000-
3HAYaIoNIe OTpacib u T. 1.).

[Ipu cocraBieHUH MPSAMON 3aa4M BO3MOXKHO OOBEIUHEHHE PECYpPCOB
(Hammpumep, TPy TOJOBOW M B TOM YHUCIIE TPYJ MEXaHH3aTOPOB), HOO TaKoe
00BEIMHCHHE Yallle BCErO HE OKA3bIBACT BIUSHHUE HA PE3yJbTAThl PEIICHUS
3amaun. [lomyyeHHas NpU pEIICHUH NPSIMOW 3aJa4d TBOWCTBEHHAS OLICHKA
SIBIIICTCS JIOTIOJTHUTEIBHON KOJMUYCCTBCHHOW XapaKTCPUCTHKON ONMTHMAJb-
HOTO TUIaHA.

Ipu onpenencHUU ABONCTBEHHBIX OLICHOK HA OCHOBE JIBOMCTBEHHOM 3a-
Jla4¥  TPEABSABISIOTCS 0Oojee CTporue TpeOOBaHUS K OTPAHUYCHUSIM.
Hanpumep, mpu 3amucn orpaHWYeHAN 1O TPYAY CIIEAYyeT OTICNIBHO 3aIlH-
caThb OTPAaHWYCHHSA IO PYYHOMY TPYLy W TPYLy MEXaHH3UPOBAHHOMY.
OrpannyeHns TBOMCTBEHHOH 3a7adyl JOJDKHBI KaK MOYKHO IIOJTHEE XapakTe-
pU30BaTh HCIOJB30BaHUE BCEX (MM TIOYTH BCEX) PECypcoB, (aKTOPOB,
B3aMMOCBSI3€H, OMPEENAIONHNX Mpoliece GYHKIHMOHUPOBAHUS N3YdaeMOTO
00BeKTA.

Memoouka obocnosanus u UCHONBL3OGAHUA OBOICHIBEHHBIX IKOHOMU-
Ko-mMamemamuueckux OyeHoK.

O00CHOBaHUE JBONCTBEHHBIX OLICHOK OCYIICCTBISIOT B JBOWCTBCHHOM
WIH TPAHCIIOHMPOBAHHOMW 3a71a4e, KOTOPYIO MOJIYYalOT Ha OCHOBE MPSIMOIA.

JomyctuMm, 4TO MMeeM 3a7ady WIM 3KOHOMHKO-MAaTEMAaTHYECKYI0 MO-
JIeITb

X +a,X, +o.Fa X, <A;

Ay Xy F X, +o Ay X, S A,

Ay Xy 8, X, oA X, <

mn°n —

Frac = MX F A%+ A X .

B 06HICM BH/JIC €€ MOXKEM 3aIucCaTh:
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Dax, <A, i=1..,m,

jedy

Fro = ZMXJ- [mpu x; > 0].

iedo

Jlis mocTpoeHus ABOMCTBCHHOM 3a/1a4il BBOJATCS IBONHCTBEHHBIC OIICH-
ku. VIX OyIeT CTOJBKO ke, CKOJIBKO OrpaHuYeHuit (uq, Uy, U,,). 3MECh Uy MO-
Ka3bIBACT, HA CKOJIbKO CIUHHMII BO3PACTET IieyieBas (QYHKIMS, SCIIU MEePBBIA
pecypc YBENHYHUTCS Ha CIMHHITY CBEPX BENHUMHBI A;. Takum obpazom,
JIBOMCTBEHHAs OIEHKA II0 CMBICIOBOMY COJEP)KaHHIO IMPOTHBOMOJIOXKHA
3HaKy orpaHudeHus. Ecim 3HaK «<», TO OHa IpeAroIaraeT npuoaBKy (yBe-
muaenne) F-3HadeHus (eciim pecypc BO3pacTacT Ha €IUHUILY CBEPX BEIIH-
quHbl A;j). Ecny jke 3HaK OTpaHWdYCHHUS «>» U pecypc Aj YMEHBIIUTCS Ha
€IMHUILY, TO TBOMCTBEHHAS OICHKA CBUIICTCIBCTBYET 00 yMEHBIICHUH 3HA-
yenwus F.

Memoouka nocmpoenus 060iicmeeHHOIl 3a0auu.

1. Koo unmenramu cTpoku ABOWCTBEHHOH 3a/a4n CTAHOBSATCS KO-
(GUIHMEHTHI cTONOIA NpsMoii 3a1aun. [Ipyu 3TOM 3HAKK OTpaHHYCHHUN MCHSI-
€M Ha TPOTHUBOIOJIOKHBIC. ECu B mpsMO#l 3ajaye OrpaHHYCHHS HMCIOT
pa3HbIe 3HAKH, TO CIEAYET MPUBECTH UX K OMHUM (TeM, KOTOPBIX OOJIbIIIE).

2. CBOOOMHBIMH YJICHAMH IBOWCTBCHHOM 3amaud SIBITIOTCS KOA(-
¢durmenTs F-cTpoky mpsMoii 3a1aumn.

3. Koo durmmenramu F-cTpoku IBOMCTBEHHOW 3aqadd SBJSIFOTCS CBO-
0omHBIC YeHBl TPsAMON 3amadu. [Ipu 3TOM IeNb pemieHusT TBOHCTBEHHOM
3a/1a4¥ MPOTHUBOIIOJIOKHA TIeJIH TIPSIMOH 3ajadn. JIBolcTBeHHas 3amada Oy-
JIET UMETh BUJ

aul; +a,U, +...+a, U, >A;
AU +a,U, ..+ 8,X, = Ay;

U, +a,, U, +...+a,,u, =\ ;

mn—m —
F.n =AU +Au,+...+AuU.;
u>0; u,>20; ...,u, >0.

B o6mmem Buge Z:aijui /N =N P S :ZAui.

icly iciy
IIepBoe OrpaHUYCHHUC 0603HaqaeT TO, YTO pacxoJ NEepBOTro pecypca dajg
Ha CAUHUILY OTpacCIn X1, yMHO)KeHHLIﬁ Ha OLICHKY MNEpPBOIro pecypca, Mmjiroc
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pacxo]; BTOpOTo pecypca Ha E€OUHHMILY MEepBOI OTpacii, YMHOKEHHBI Ha
OLICHKY BTOPOTO pecypca uy, U T. A., IUIIOC pacxo] M-ro pecypca Ha eIuHU-
Iy MEpBOM OTpPAaCIIi, YMHOXKCHHBIN Ha OLIEHKY M-TO pecypca i, OyAyT He
MeHbIIe K03 UIMEeHTA IeNeBOl (PYHKIMH HA SUHUILY IEPBOM OTPACIH X;.

JIBOMiCTBEeHHbBIE OLIEHKH OIpPENEsIOT 3HaUeHHE KaKJOoro pecypca B KO-
HEYHBIX PE3yNbTaTax MPeIIpUATHs, 0003HAYCHHBIX IIEJICBON (PYHKIUCH.

CopnepkaHue OBONCTBEHHBIX OLICHOK BBITEKA€T W3 OCHOBHBIX TEOPEM
JIBOMCTBEHHOCTH.

U3 nepeoii meopemwl 08oticmgeenHocmy CIeyeT, YTO MAKCHMYM IIeJie-
BOH (hYHKIIMU TPSIMOM 3aJladl paBeH MUHUMYMY LIEJIeBOW (QPYHKIIMH TBOW-
CTBEHHOM 3aJa4H, T. €.

max< > A X; »=min Y AU,

jedg iely

DTO 03HAYAET, YTO OIICHKA BCEH MPOAYKIMH NPSIMOW 3aJa4yd B JBOH-
CTBCHHO# 3aj1aye paBHA OOIICH OI[CHKE PECYpPCOB, 3aTPAYCHHBIX HA €€ TPO-
u3BoACTBO. OTCYTCTBHE TaKOTO PAaBEHCTBA CBUJCTCIHLCTBYET O TOM, YTO
JIaHHBIN IIJ1aH HE ONTHMAJIEH.

U3 emopoii meopemvl 08olicmeeHHOCMU BBITEKAIOT CICAYIOIIUE TPeOo-
BaHUS:

ecim U, >0, TO Zaijxj =A,iel,
jedo
ecan Z:aijxi <A, T0U, =0,iel,
ij€do

T. €. €CJIM OLIEHKA eJMHMIBI PeCypca BH/A | MOJIOKUTENbHA, TO IPU OITH-
MaJIbHO# MPOU3BOJCTBEHHOM MPOrpaMMe 3TOT Pecypc HCIOJb3YeTCs MOJl-
HOCTBIO, €CJIM )K€ OIIeHKa PaBHa HYJIIO, TO HCIOJIb3YETCsl HE MOIHOCTHIO:

eciu X; >0, To Zaiiui =L, j€d,
iely
ecin Z:aijui >L;, T0X; =0, je],

icly

T. €. €CIIM OTPAacib BKJIIOYCHA B ONTHMAJBHBINA IIJIaH, TO IIPOMU3BOJICTBO €€
MIPOAYKITMH TI0 OLIEHKaM OIPaBIaHO, TaK Kak OOIIMA pacxo] pecypcoB Ha
€IMHUILY TPOAYKINU OTPACTH B OLIEHKAaX ONTHMAJIBHOTO TJIaHA paBeH IICHE
MIPOAYKTA OTPACIIH.
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Ecmm xe ortpacnp yOBITOYHA, TO OHa OTCYTCTBYET B ONTHMAaJIbHOM
IUTaHE, TAK KaK OIICHKA PECYPCOB, 3aTPaYMBACMBIX HA CAMHUILY IPOTYKIIHU
oTpaciy, OONBIIE [EHBI TPOIYKIMH SAUHUIIBI OTPACIIH.

WHorna mMoxet OBITH paccyMTaH TAKOW ILIaH, B KoTopoM Xj = 0, a cooT-
BETCTBYIOLIEE OrpaHUYEHUE ABOMCTBEHHOM 3a/lauM BBIMOJIHIETCS KaK CTPO-
roe paBeHcTBO. [lomyyaeTcsi, YTO BUJ MPOIYKUUU HE BOLIEN B ONTUMAaJlb-
HBbIM IUTaH, a MO €ro OLEHKaM MPOU3BOJACTBO JAHHOTO BUAA MPOILYKIHH
peHTabenbHO. DTO BO3MOXKHO IPH HAJWYUH abTCPHATHBHBIX BapHaHTOB
IUTaHa. 3HAYCHHE TIeNIeBON (PYHKINHU MIPHU STOM HE H3MEHSIETCH.

N3 paccMOTpeHHBIX TOJIOKEHUN BBITEKAIOT OCHOBHBIE CBOMCTBA JIBOM-
CTBEHHBIX OLICHOK.

Ilepsoe ceolicmeéo NBOWCTBEHHBIX OIIGHOK CBS3aHO C Mepod aedu-
LUTHOCTU PECYPCOB, MPOAYKTOB. CYIIHOCTh €r0 COCTOUT B TOM, YTO €CJIH
OTPaHMYCHHUC BBITIONHACTCS KAaK CTPOroe PaBEHCTBO, TO OIICHKA OyjaeT
HEHyJIeBast; €CJIM )K€ KaK HEpaBEeHCTBO TUMA >, < — HyJIeBasl.

Bmopoe ceoticmeo cBsi3aHO ¢ YCTOWYHBOCTBIO OIICHOK. Eciu ObI OIICHKH
ObUTM HCYCTOWYMBBI, T. €. MCHSUIMCh C U3MCHCHHEM KaXKIOTO IapamMmeTpa
3aJ1a4ud, TO OHH HE MPEJICTABISUIH Obl 3KOHOMUYECKOTO UHTEPECa U MOTepsi-
JIM CBOE 3HAYCHHE B KAUECTBE CPEACTBA YKOHOMHKO-MAaTEMaTHIECKOTO aHa-
nn3a. Ho nj1st ABOMCTBEHHBIX OLIGHOK XapaKTepHa ONpeAeNieHHAasl YCTONYH-
BOCTH K U3MEHEHHIO MTapaMeTPOB MIPAaBOIl 4aCcTH MOIETH M HEYCTOHYNBOCTh
K M3MEHEHHIO TEXHUKO-ODKOHOMHUYECKHX KOI(PQOUIUEHTOB M KO3 (UIIHEH-
TOB TIEJICBOH (DYHKITHH.

Tpemve ceoticméo TBOWCTBEHHBIX OIIEHOK CBS3aHO C MEPOW BIIMSHUS
OTpaHUYCHUS Ha (YHKIIMOHAI.

OKOHOMUYECKOE COJCpKAHUE OLEHOK OIpeaenseTcd COAepKAHUEM
KPUTEpHsI ONTHUMAJIBHOCTH M TOTO (haKTOpa MPOU3BOACTBA (MU YCIOBUS
BBIyCKa TMPOJYKIIMU), KOTOPOE OHHU OICHWBAIOT. EJNMHUIlY H3MEpeHUs
OIICHKH UMEIOT TY K€, YTO U (DYHKIIMOHAIL.

HyneBble oueHkH MO pecypcam WM MPOIYKTaM CBUAETEILCTBYIOT O
TOM, YTO M3MEHEHHE 00beMa OTpaHMUYCHHS Ha UX AWHUILY HE MOBIHUICT Ha
3Ha4YeHHE (PYHKIHNOHANA, TAK KaK PeCypc 10 ONTHMAIBHOMY IUTaHy UMEETCS
B U30BITKE, a MPOAYKT NMPOW3BEICH CBEPX IIaHA. HeHyJeBble OICHKH IO
pecypcaM MOKa3bIBalOT TO, HACKOJIBKO YBEIWIHBACTCS (WIM YMEHBIIACTCS)
(yHKIMOHAJ TPH YBEIMYEHUH FIIH YMEHBIICHUH pecypca, MPUXOISIIIErocs
HA CIUHHMILY TPOAYKIIUH.

Takum 00pa3oM, TBOWCTBCHHBIC OICHKH MO3BOJSIOT OIPEIACIUTh KO-
HEYHBIA PQPEKT OT MPHUHATUSA TOTO WM WHOTO PEHICHUS MO U3MCHCHHUIO
HCXOJHBIX YCIOBUU 3aJauH.

104



Yemeepmoe c601icmao CBSI3aHO C B3aMMO3aMEHSIEMOCTBIO PECYPCOB HIIN
npoaykroB. Ilpu 3TOM wucmomb3yeTcs He aOCONIOTHAas B3auMo3a-
MEHSEMOCTb, & OTHOCUTEIIbHAS, T. €. Ta, KOTOPAasl BIUSACT HA 3HAYCHUC KPH-
TepHs ONTHUMAIbHOCTH. B3anM03aMEHsEeMOCTh OIPEIENIACTCS MO COOTHO-
IICHUIO JIBONCTBEHHBIX OICHOK.

Ilsmoe ceoticmeo CBS3aHO C MEPO PEHTA0CIHLHOCTH OTACIBHBIX CIIOCO-
00B 3aTpaTr pecypcoB. ITO 03HAYAET, YTO MO CIOCcOo0aM, BOIICIIIAM B OII-
TUMAJIbHBIN IUIaH, 3aTPAThl PECYPCOB B OL[CHKAX ONTUMAJIBHOTO IIaHA PaB-
HBI 3aIUIaHUPOBAaHHOMY 3 (heKTy.

Ha ocnoge pewienus 080iicmeenHol 3a0a4u MONCHO NOLYUUND PeuleHue
npAMOU 3a0ayu.

IIpu sToMm:

1. F7 pasuo F;, uHao6opor.

2. HebGa3ucHsle JAOTIOJIHUTCIIbHBIC NEPEMCHHBIC yIT TPAaHCIIOHUPOBAH-

HOW 3a/1a4M MPUPABHUBACM K OCHOBHBIM ITIEPEMEHHBIM MPSMO 3a1a4uil Ipu
YCIOBUH, YTO | = ] W 3TH 3HAYCHUS PaBHBI MOJOKHUTEIbHBIM K03 duIreH-

TaMm A, IOCeAHEH TabnuIpl
T _ Il _ 3T
yi =X i = +A i

y, =X =937,5T. e. y; nBoilcTBeHHO (TpaHCIOHMPOBAHHOM) 3a1aun
PaBHO X; IPSAMOH U T. 1.

y, =X, =112,5; y; =X, =562,5.

3. JIBOICTBEHHBIE OLIEHKU INPUPABHUBAIOTCS K JOMOIHUTENIBHBIM HEpe-
MCHHBIM TpPSIMOH 3afa4d NpPU 1= ] W OTH 3HAYCHHS PAaBHBI MOJO-

KUTENbHBIM KodduLuenTam A, mnocienHeit TaGIuLBbL:

U=y =+, i=]j.

B namewm ciyuae U, = yi' =275, u, = y;' =37,5.
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7. MOJEJUN MEXKOTPACJIEBOI'O BAJIAHCA (MOB)
7.1. CymHoctb u popmaauzauusa MOb

TeopeTnveckrue OCHOBBI PacCMaTPUBACMOI0 METOJa B O(QOPMICHHOM
Bujie ObUIHM BIIEPBBIC MPEICTABICHBI AMEPUKAHCKUM SKOHOMHCTOM PYCCKO-
ro MPOUCXOXJcHHS Bacuiuem JICOHTBEBBIM TOJ] HA3BaHUEM METOJA «3a-
TpaThl — BbIMYyCK». [10g00HBIE MOJETM HA3bIBAIOT Takxke Mmojensmu Jle-
OHTHCBA, @ B COBCTCKOM JHTEpaType UX ObLIO MPUHITO HA3BIBATH MEXKOT-
pacieBbIMH MOJCISIMU HIIH MEKOTPACIICBBIMH OaaHCaMHu.

B ananm3e «3atpaThl — BBIIYCK» YIOpP JEJIACTCS HA KOJIUYECTBCHHBIC
CBSI3U B DKOHOMHKE. JTO «TE€XHOJOTHYECKHIA CPE3» CIOKHUBILIETOCS B JIaH-
HBI MOMEHT COCTOSTHHSI OOIIEero 3KOHOMUYECKOro paBHOBecHs. Kak mucan
B. JleontbeB B cBoeli padote: «Ceii cKkpoMHbLL MPyO ORUCHIBAEH HONBINKY
NPUMEHUMb IKOHOMUHECKYIO Meopuio 00uje20 pasHosecust K IKOHOMempu-
YECKOMY MOOCTbNUPUYECKOMY UYHEHUIO G3AUMOCES3U MENCOY PA3TUYHBIMU
ompacnaMu HapoOHO20 XO3AUCMEA, NPOSAGIAIOWENCS 6 KOBapuayuu YyeH,
00beM08 NPOU3B00CMBA, KANUMALOBIONCEHUN U 00X0008).

Ilpu naHHOM MOIXOJE BCS IKOHOMHKA pa3OMBAcTCS Ha Psf OTpaciieit
(JTeonTtseB BeimemsiT 44 OTPACIH, B COBPEMEHHBIX MOZIEIAX UX 3HAUYHUTEIHHO
00JIBIIC), MEXKIy KOTOPBIMH JBHXKYTCS IMOTOKU PECYPCOB, POMEKYTOUHOM
W rOTOBO# npoayKuuu. [TocinencTBrs K3MEHEHHUS] B KOHEYHOM CIPOCE MM B
YCIIOBHSIX MPOU3BOJCTBA B OJHOM OTPACIU M3YYarOTCS 4epe3 MPOCIICIKUBA-
HHE KOJMYECTBEHHON peaKliy BCeX B3aMMOCBS3aHHBIX OTpaciei.

Ochognbie npeonocyLIKY AHAIU3A THAKOBbL:

1. B 2KOHOMHYECKO# CHCTeME MPOU3BOISTCS, MOTPEOISIOTCS U MHBE-
CTHPYIOTCS 7 TUIIOB IPOJYKTOB (TOBApOB).

2. Kaxxnas oTpacip sSBISETCS «YUCTON», T. €. MPOU3BOIUT TOJIBKO OJMH
THUI MPOAYKTA. PaznuuHble OTPACIId MPOU3BOIAT PA3IMUHBIC THIIbI TPOIYK-
ToB. TakuM 0Opa3om, n OTpacieil U n THIIOB MPOJYKTOB HAXOISTCSA BO B3a-
HMMHO OJTHO3HAYHOM COOTBETCTBHUHU.

3. OCHOBHBIM 3JIEMEHTOM MOJICIIU SIBISICTCS KBaIpaTHAS MAMpUya mex-
HoNo2UYeCcKux Kod(guyuenmos (WM Mampuya RPIMbIX 3ampam) pasMep-
HOCTH 11 X 1! A = (ajj)nxn- Yucna aj; (koopguyuenmot npsimoix 3ampam) no-
Ka3BIBAIOT, CKOJBKO MPOIYKIMU OTPaciu | HeoOXOAWMO 3aTpaTuTh st
MPOM3BOJICTBA EAUHHMIIBI TIPOAYKIMU OTPACIIH |.

OCHOBHOE JIOMYIIEHUE MOJEIH 3aKJIF0YaeTCs B TOM, YTO OTH KO3 hu-
LUCHTHI OCTAIOTCS IOCTOSHHBIMH BHE 3aBUCHMOCTH OT Maciutaba Mpowu3-
BOJICTBA, T. €. [IPE/IIIONIAraeTCsl MOCTOSIHHAS AP PEKTUBHOCT OT YKPYITHEHUS
Maciurada npousBoacTBa. KpoMe Toro, B mporecce Mpou3BOACTBA UCKITIO-
YaeTcs B3aMMO3aMEHSIEMOCTh PECYPCOB, OHH JIOJDKHBI HAXOJHUTHCS B CTPO-
roif MPOMOPIHH.
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Kak yxe oTMeuanoch paHee, 3a UCKIFOUCHHEM PEIKO BCTPEYAFOIIETOCS
ciydyast abOCOJIIOTHOHM He3aMelaeMOCTH OJHOro (akropa MPOU3BOJCTBA
JIPYTUM, CAMH TEXHOJIOTHYECKHE KOI((DHUIUEHTHI €CTh PE3YJIbTAT IKOHOMH-
YECKOTO BBIOOpA ¥ 3aBUCAT OT meH. OONINii paBHOBECHBIN aHAJN3 MTOKa3bI-
BAeT, 4TO JII000e M3MEHEHHE MOTPEOHOCTEH TN TEXHOJIOTHU IPOU3BOJICTBA
Kakoro-Jin0o ToBapa H3MEHHUT CTPYKTYpY OTHOCHTENbHBIX PaBHOBECHBIX
LIEH U TEM CaMbIM IPHUBEAET K U3MEHEHUIO TEXHOJIOIMYECKUX K03 duLneH-
TOB.

Takkxe MOXHO pacCYMTaTh MO MEXKOTPACICBOMY OallaHCy KO3 dUIIHCH-
THl TIONMHBIX 3arpar. Kosgguyuenmovr noanvix 3ampam XapakTepPU3YIOT
CyMMapHEIC 3aTpaThl KOHKPETHOTO pecypca Ha eIUHHITY MPOYKIINU aHAIH-
3HPYEMO OTPaCIi, KOTOPBIC OBUTH HA BCEX CTAAUAX IPOU3BOACTBA €€ TPO-
JYKIUH.

Beemem o6osnauenus. [TycTs X;j — BBITYCK I-TO MPOAYKTa B CIUHHILY
BpEMEHHU, HalpuMep 3a roj. JTa BeJH4YMHA HPEICTaBiIsIeT co00il BajJoBON
BBITIyCcK (BanoBoi mpoaykrt). OH pacragaeTcs Ha JBE YacTH: MPOW3BOJ-
CTBEHHOE MOTPEOJICHHE BO BCEX OTPACsiX M KOHEUHOe (HEMPOM3BOACTBEH-
HOE) MOTpeOdIIeHHE.

ITpon3BOACTBEHHOE TIOTPEOIICHHE I-T0 TPOIYKTa BCEMU OTPACIISIMH PaB-

n
HO Zaijx ;- Torna koneunoe notpeGnenue i-ro NPoyKTa 0603HAYNM Ci.
i1
[Monyuennas cucrema ypaBHeHHH 1 npescTasiser coboit MOB:

X; :Zaijx,-+ci,i :m' 7.1

j=1

Ee MoxHO mpencraButh B MaTpuuHO# (opme. st aToro BBEnem cie-
Jyrolue 0003HaAYCHMS:

X — BEKTOP BAJIOBOT'O BBIITYCKa;

¢ — BEKTOp KOHEYHOT'O NOTpeOIeHUs (YUCTOTO BBIIYCKA);

A — MaTpHLa OPSIMBIX 3aTPaT.

Xl Cl
X2 CZ
X, |[-——————— c,
Xn Cn
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a‘ll a'12 e a'.ln

A A, 8y e a,,
anl an2 ann
Tor,ua MOKHO 3aIliucaThb
X = AX +C. (7.2)

Pasznosuonocmu mampuunvix 6a1ancosvix mooesei.

BenuuuHbl X, ajj ¥ ¢j MOTYT ObITh IPECTaBIECHBI B HATYPAIbHBIX HIIH
CTOMMOCTHBIX CAMHHUIAX U3MEPEHUS, B COOTBETCTBHH C 3TUM PA3IHYAIOT:

1) namypanvnwtit MOF;

2) cmoumocmuwiiit MOB.

Hannvie mooenu mMo2ym npumeHsmvbcs KaxK Ha YypoeHe HapOOHO20 XO03Ali-
cmea, mak u Ha yposHe 0moeibHO020 NPeonpUsMuUs.

B 3aBucuMocTH OT 00BEKTA UCCIICAOBAHHS PA3INIAIOT:

1) MaTpUUHYIO MOJIENIb HAPOJHOTO XO3SHCTBA B IEJOM (TOCYyIapcTBa,
peciryOnukn);

2) MaTpUYHYI0  MOJENb  MeKpernoHansHoro Gamanca  (Cesepo-
BOCTOUHBI! PErHOH);

3) GayaHCOBbIE MOJIEIH HA YPOBHE OTIACIBHBIX MPEANPUATHH (MATpHU-
HBIE MOJICTH TeXNPOM(HUHITIAHA).

Hx mooicno paccuumams ucxoos uz 6apuaHmos:

1. Korna 3amaercst ypoBeHb BajOBOW MPOAYKIHH, TO PACCUUTHIBAIOTCS
BCE TEXHOJOTHYECKHE KOA(POHUIMEHTH MO MPOU3BOMAIINM H MOTPEOIIIIO-
LIAM OTPaCIsM.

2. Korpna 3amaercst ypoBeHb KOHEUHOM MPOAYKIMHU (BEKTOP), PACCUUTHIBA-
€TCsI BEKTOP BaJIOBOW MPOAYKIIMH M BCE TEXHOIOTHUECKIE KOAPPHUITUCHTEI.

OTMeTHM BaXXHYI0 OCOOCHHOCTH CHCTEMBI, BBITEKAIONIYIO0 M3 MPUKIA[-
HOTO XapakTepa 3ajauu: gce onemenmul mampuyvl A u eexmopoe X u C
00JIXHCHBL ObIMb HEOMPUYAM ETLHBIMIL.

Takue, MaTpHIIBI ¥ BEKTOPHI OyieM Ha3bIBaTh Heompuyamenvhvimu. Ec-
JIM 5K BCE JIEMEHTHI MAaTPHIIBI (BEKTOPA) HEOTPHULIATEIILHBI U XOTs OBI OJIHH
13 HUX TOJIOKHUTEJICH, TO TaKyI0 MaTpHUIly (BeKTOp) OyaeM Ha3bIBaTh 10.10-
JHCUTENBHOI.
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7.2. IIpoaykruBHOCTH Moaeau MOB

MOB npencraiser coboi cucteMy N JMHEHHBIX ypaBHEHHUH ¢ N HEeH3-
BECTHBIMH, KOTOpasi SIBJSIETCSI XOPOIIO M3Yy4YEHHBIM OOBEKTOM JIMHEHHOU
anreOpsl. OIHAKO O1HA 0COOEHHOCTh ITOM CHCTEMBI BBI3BIBAET HHTEPEC CO
CTOPOHBI MaTEMaTHKOB.

ITo o4eBHAHBIM SKOHOMHUYECKUM COOOpPKEHHSM M KOI(P(GHULIMECHTHI, U
MOB nomxHBI OBITH HEOTpHUIIATENbHBIMU. OTCIO/Ia BOZHHKAET BOIPOC: Ka-
KOBBI YCJIOBHS CYIIECTBOBAHHUS HEOTPUIIATENBHOTO pemieHus (x; > 0) mpu
3agaHHbIX ¢ > 0 # gjj > 0. C 3KOHOMHYECKOH TOUKH 3PEHHS Pa3peIInMOCTh
CHCTEMBI B HEOTPHIATENFHBIX BEIMYMHAX O3HA4YaeT PabOTOCIIOCOOHOCTH
W poryKTuBHOCTH MOB.

Onpeoenenue 1. Matpuily A Ha3bIBaIOT nPOOYKMUGHOU, CCITH:

1) oHa HeoTpULATENbHA;

2) ms moboro HeoTpuuatenbHoro Bekropa C ypaBaernue MOB (¢ aToi
Mmarpuleit A) IMeeT HeOTpULIATEeNbHOE peleHUe X.

B takom ciiydae u MOB Ha3BIBaIOT npo0yKmueHol.

Just ypaBaenuss MOB pa3paborana Teopus MCCIICIOBAaHUS PELICHHUS H
€ro 0COOEHHOCTEH. YKakeM HEKOTOPBIC €€ OCHOBHBIE MOMEHTHI.

[IpuBenem Oe3 moka3aTEeIHCTBA BAXKHYIO TEOPEMY, ITO3BOJISIONIYIO yCTa-
HaBJIMBATh MIPOIYKTHBHOCTH MATPHIIBI.

Teopema 1. Tlycts A — HeoTpunatenbHas mMatpuria. Enu XoTs Obl aus
OJIHOTO TOJOXHTENbHOT0 BekTopa C ypaBHeHHE JIeOHTBEBa MIMEET IOJIO-
KUTEILHOE pelieHne X, To MaTpuia 4 IpoAyKTHBHA.

VHpIMK cliOBaMHM, €CJIM BCE DJIEMEHTHI MATPUIBl HEOTPULATEIbHBI, TO
JIOCTaTOYHO YCTAHOBUTH HAJMYHE IIOJIOKUTEIBHOTO PEIICHUS! CHCTEMBI
XOTs OBl JUISl OJTHOTO TIOJIOXKHUTEJIBLHOTO BekTopa C, 4To0bI MaTpuna 4 Obuia
IPOAYKTUBHOM.

[IpeoOpa3yem cucreMmy ypaBHeHHH OajaHca B MaTpH4HOH (opme, Hc-
NOJIBb3YS €AMHUYHYIO MaTpuLy £

X=AX+C s EX=AX+C
S EX-AX=C
< (E-A)X =C.
Ecmm matpuna E — A oOpatuma (T. €. CyIIeCTByeT oOpaTHas MaTpHIla
(E- A)™), 1o mnst moGoro C CymecTBYeT eIMHCTBEHHOE pelreHmne X mo-

CJIEIHETO YPaBHEHHUS, IIOJ[y4aeMOE YMHOXXKEHHEM O0enMX dYacTed 3Toro
ypaBHEHHMS clieBa Ha Marpuny (£ — A)_l:
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X =(E-A)'C. (7.3)

Matpuny (E — A)_1 Ha3bIBAIOT Mampuyel HOJIHbIX 3ampamn.

Eciu 06031aunts Matpuiy (E — A)™" = B, To ee aneMeHTHI 65 OyayT
UMETh CIeAYIOIIYI0 SKOHOMHYECKYIO HHTEPE3yJIbTATHBHYIO TIOKa3aTeIbpe-
TAIMIO: €CJIH BBIMYCK KOHCYHOTO MPOXYKTa | HYKHO YBENHUYHUTH Ha 1, TO
BAJIOBBIN BBIIYCK MPOAYKTa | TOJDKEH OBITh yBenuueH Ha 6. Hampuwmep,
U YBEIMYICHHUS MIPOM3BOJICTBA aBTOMOOMIICH HEOOXOAMMO YBEIHMYHUTH pac-
X071 3eKTpo3Heprun. Ho B To ke Bpemst Jisi 3TOro Tpedyercs u OoibIie
CTaiy, JUIS MPOU3BOJICTBA KOTOPOH TakKe HY)KHA DIICKTPOIHEPTHs, W T. JI.
To ecTh MPOUCXOIUT LETTHAS PEAKLHs, KOTOPYIO U XapaKTePHU3YIOT 6jj.

CyIecTByeT HECKOJIBKO KPUTCPUCB MPOAYKTHBHOCTH Matpuil. IIpuse-
JIEM JIBA U3 HUX.

Tlepeviii Kpumepuii NPOOYKMUGHOCHU.

HeorpunatensHast MaTpuiia A MpoAyKTUBHA TOTZA M TOJBKO TOTA, KO-
ria marpuna (E — A) ™ cywecmayem u neompuyamenshas.

Bmopoii kxpumepuii npodyxmuenocmu. Matpunia A ¢ HEOTPHUIIATEIHHBI-
MH 3JIEMEHTaMH TPOIYKTHBHA, €CIM CyMMa 3JEMEHTOB IO JIIOOOMY ee
CTOJNIOITY (CTPOKE) HE TMPEBOCXOTUT €IMHHUIIBI, IPHYEM XOTS OBbI JJIST OJJHOTO
cTosbma (CTPOKH) 3Ta CyMMa CTPOTO MCHBIIIE CAUHUIIBL.

7.3. Tadimmunoe npeacrasiaenune MOb

Ocoboe MecTo B 0aJaHCOBOM METOJC 3aHUMACT MeNHCOmpaciedol ba-
nanc. OH TIpeJCTaBIIsieT MaXMaTHYI0 TalJuIly, B KOTOPOH B OCHOBHOMW 4a-
CTH CTPOKaMH SIBJIAIOTCS OTPACIU NMPOM3BOACTBA NMPOAYKIUH, a CTOJIOIA-
MH — T€ € OTPaciH, HO KOTOPbIE PACCMATPUBAIOTCS yXKE MOTPEOISIONIMHA
MIPOAYKITHIO BCeX oTpacield. B kaxmpiii TakuM 0Opa3oM oOpazyeMblil KBal-
PaHT 3aHOCATCS BEIMYMHBI, KOTOPBIE, €CIM PacCMaTpPHBATh IO CTPOKE, Xa-
PaKTepu3yIOT NMPOM3BOACTBO M PACIpPEACICHHE 10 OTPACIAM HPOIYKIHH
TIPU UCTIONB30BAHUH ONPENECICHHOTO KOJIMYECTBA MPOILYKINH CBOEH OTpac-
JU M Ipyrux otpacneil. Ecau paccMarpuBaTh maxMaTKy MO CTOJNOIAM, TO
Ka)k[ast BeJIMYMHA B OT/EJIILHOCTH U B KOMIUIEKCE BBIpaXkaeT B aOCOJIIOTHOM
U OTHOCHUTCJIIBHOM HCYHCJIICHHUU IMPOLECC MPOU3BOACTBA U HCIHOJIB30BaAHUA
MIPOU3BENCHHON MPOAYKIUH.

Ecte mpuMeps! pa3pabOTKH MEXOTpacieBoro OanaHca Ha MakpOIKOHO-
MHYECKOM YypOBHE, OXBaThIBaromero 17 otpacmeit um 14 cdep ycuyr.
B Hacrosimee Bpems Takod OanmaHC HWHOTZA HA3bIBACTCS CUMMEMPUUHOU
mabnuyei «3ampamvl — 6bINYCK», B KOTOPOH OOBEMBI NPOU3BOACTBA U
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00BEeMBI TOTPEOICHNS TPUBOIATCS B CTOMMOCTHOM BBIPQKCHHH, XOTS IO
HAPOJHOMY XO3SHCTBY MEPHOAMYECCKH pa3pabaTHIBAIKUCh MEKOTPACIICBBIC
0anaHChl B CTOMMOCTHOM, HATypaJIbHOM M YCJIOBHO-HATYPajJbHOM BBIpaXKe-
HUH.

PaccmoTpuM TabmuuHOE TpEICTABICHUE MOJCIH MEKOTpaciaeBoro Oa-
naHca. J[s ynpoieHus mpeacTaBacHus WHPOPMAIUU BBEAEM CICAYIOIICEe
obo3HaueHue: X; = a;X;, i=1Ln, j=1n.

BenmuunHa xj; MoKasbiBaeT 00bEM MPOAYKLUHUH i-i OTpaciH, UCHONb3ye-
MBIi j-if oTpacipio. C yd4eToM MPHHATHIX 0003HAYEHHI IPUBEIEM TaOIHUIY
MEXOTpacJIeBOTO OajaHCca B CTOMMOCTHOM BhIpakeHuH (Tabdm. 7.1).

Kaxmast cTpoka B MeXOTpacieBoM OaiaHce MPEACTaBIsieT OalaHCOBOE
ypaBHeHHe. B onHOIT wacTu (TepBHI KBagpaHT) paclpeneieHne mpom3Be-
JIEHHOH TIPOIAYKIWHU TI0 OTPAciH, B MPaBOW YacTH (BTOPOM KBaJgpaHTE) —
KOHEYHOE TOTpebiieHre MpoAyKIuK. Eciiu unciio oTpaciel, mponu3BoIsIX
MPOAYKIUIO, U KOJIMYECTBO OTPACIICH, MOTPEOIIIOMUX MPOIYKIIUIO, OyAeT
n(i=12,...,n), To 6bamaHcel OyayT CICAYIOIIHUE:

Xig + X+ X5+t Xy = X, =Gy

X + Xgp + et Xgj oo+ Xpy = X, —Cy;

(7.4)
Xop + Xpg ot X+ + X = X, = Cp,

roe X1, X, ..., Xy — 00bEM IPOM3BOJCTBA MPOIYKIIMA COOTBETCTBEHHO B
MEePBOM, BTOPOH, ..., N-i OTpacisix;

¢1, €2, ..., Cyp — KOHEUHOE TOTPEOJICHHE MPOIYKIMH COOTBETCTBCHHO
MIEPBOM, BTOPOH, ..., N-i oTpaciei;

xjj — oObeM motpebnenus i-i npoxykuuu (i-if cTpoku), B j-i oTpaciu
(j-ro cTombma) (N = m).

B cronbmax MexoTpacieBoro GagaHca OTpaxkaeTcsi CTPYKTypa MaTepH-
AIBHBIX 3aTpaT M YHCTOW MPOTYKIHNK KakIon oTpaciu. Homyctum, 1-1 oT-
paciie — 9TO MPOM3BOJCTBO Msica, 2-s1 — MepepabaThIBAIONIast MPOMBIILICH-
HOCTB. TOT/Ia BEIMYIHHA X11 TIOKAa3bIBAET CTOMMOCTE MSICa, H3PACXOI0BAHHO-
r0 BHYTpH 1-#f oTpaciu /it COOCTBEHHBIX TIPOM3BOICTBEHHBIX HY /1. Benu-
YHUHA X1p OTPaKaeT 3aTpaThl B MPOU3BOACTBE Msca. B menom xe cronben
X11, X21, X31, .., Xp1 XapaKTEPH3YeT CTPYKTYPY MAaTepHaJbHBIX 3aTpaT
1-ii oTpaciu 3a OTYETHBIN IO/ B pa3pe3e OTPACIeH-MOCTABIIUKOB.

B OanaHce oTpa)KeHbI He TOJNBKO MaTepHAlIbHBIC 3aTPAThl, HO M YHCTAas
npoaykuusi orpacneit. Tak, yncras mpoayKuus 1-ii oTpaciu xapakTepHusy-
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eTCsl Vi — YUCTBIM JOXO0JOM (TpHOBLIBI0). MITOr MaTepHallbHBIX 3aTpaT U
YHCTOTO JI0XOJa PABEH, OYEBHIHO, BAJOBOW MPOIYKIIMU OTpaciiu (Hampu-
Mep, [utst 1-if OTpaciiu — BeIU4KHE X1).

Tab6nuuma 7.1. Tabauna Me:koTpaciieBoro 6ajanca

Otpacnu- Ortpaciu-noTpeduTenn IIpomexy- . N
D P & P uy Koneunsrii BasoBoit
MOCTAaBIIIH- TOYHBIH
1 2...n crpoc BBIIYCK
KH crpoc
n
1 X11 X12 ... X1n 'Zl Xy C1 X1
i=
n
2 X21 X22 ... Xon '21 Xy C2 X2
i=
n
n Xn1 Xn2 .. Xnn _21 an Cn Xn
j=
Marepu- n n n n n
bHEIS 2 Xy X% L Xin L XX
3aTpaThl =1 =L i ==
YucThlit d L
Vi V2.V Xvi=2g
JI0X0T j=1 i
Barnosoii J J
X1 Xp...Xn 2 X =2 X
BBIITYCK j=1 i=1
Taxum 06pa30M, MOXKHO 3aIucaThb.
n
X1 =xp1txrtxg1+ . Fxpp VL= ZXil+Vi. (75)

i=1

To ke COOTHOIIEHHUE I IF0OOH OTPACIU UMEET CIIEAyIOIHi BH:
n
X=X V). (7.6)
i=1

Ecnm paccmaTpuBaTh MOJIEINb 10 CTPOKAM MeEKOTpaciaeBoro 6anaHca, TO
31IeCh MPEJICTABICHO PaCIPEICIEHUE r0JOBOro 00bheMa MPOAYKIIUN KaXKI0U
OTpacyii MaTEPUAIBHOIO MPOU3BOACTBA X1 = X11 + Xpo+ X313+ ... + x5+ 1 =

n
= z Xy + Cy, TOT A ISt J000W MPOU3BOAIICH OTpaciu:
j=L
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X=X+ (7.7)
=l

Ecnmm cpaBHUTH TpaByto W JieByI0 4actu ypaBHenuid (7.6) um (7.7), TO
MOKHO OTMETHTb, YTO y HUX NPUCYTCTBYeT OOImuiA 4ieH xjj. Toraa MoxHO
3aIicaTh BBIPAKCHUE

Zvi = Zci. (7.8)

Bripakenune (7.8) moka3bpIBaeT, YTO B MEXKOTpPACIEBOM OanaHce coOro-
JlaeTcsl BOKHEWIIMH NPUHLIMI — 3TO €JMHCTBO MaTepHalbHOTrO OajaHca,
NPENCTaBICHHOTO BBIPQKCHNUEM, KaK €IMHCTBA BELIECTBEHHOTO U CTOH-
MOCTHOT'0 COCTaBa HAI[HOHAJILHOTO JIOX0/1a.

Tabnuia-maxmMaTka COCTOUT U3 TPeX YacTeil (KBaIpaHTOB), Pa3HIHBIX
10 CBOEMY 9KOHOMHYECKOMY COAEPKAaHHMIO.

KBanpant | — npoMexxyTodHast MpOAYKIHs, IIOKAa3bIBACT PACIIPEACIICHUE
MaTepHallbHbIX 3aTPaT 110 BCEM MPOMU3BOISIINM OTPACIISIM.

KBaznpanT Il — koHeuHast MpoAyKIHs, KOTOpasi BBIIIUIA U3 Chepbl IpOn3-
BOJICTBA M Tomaina B cdepy cObiTa. B pasBepHyTOM BHAE ee MOXKHO Tpe-
CTaBUTh KaK MPOAYKIHIO, WAYLIYIO Ha JIMYHOE IMOTpebJjeHue, Ha oOlie-
CTBEHHBIEC HYXK/IbI, @ TAK)KE Ha BOCIIOJIHEHHUE PECYPCOB M DKCIIOPT.

Ksagpant III — xapakrepusyeT HallMOHAJIBHBIN AOXO0J CO CTOPOHBI €r0
CTOMMOCTHOT'O COCTaBa Kak CyMMY YMCTOTO JI0X0Jia BCEX OTpacieil MaTepu-
aIBHOTO MPOM3BOJCTBA. JlaHHBIE 3TOr0 KBajJpaHTa HEOOXOAMMBI UIS TIIy-
0GOKOTr0 IKOHOMUYECKOTO aHAJIH3A.

KBanpanr IV — oTpakeHHe KOHEYHOTO pACIpe/eNICHUs] M UCIIOIb30Ba-
HUSI HalMOHaJbHOro Jaoxoxa. OH HaXoIMTCs Ha IepeceueHHH CTOJIOIIOB
KOHEYHOH MPOAYKIMH U CTPOK HALMOHAIBHOTO TOXO0/Ia.

B 1enmoM monens orpaxaer GajaHCHI OTpaciell MaTepUabHOTO MPOU3-
BOJICTBa, OaJaHC BCETO OOIIECTBCHHOTO MPOIYKTa, OaTaHChl HAITHOHAIBHO-
ro J10X0/a, (PMHAHCOBBIN OayaHc, OajJaHC OXOJOB M PAacXO/0B HACEICHHUS.
B Ganance oTpaxxeHO €IMHCTBO MaTepHAIBEHO-BEIECTBEHHOTO U CTOUMOCT-
HOTO COCTaBa HallMOHAJILHOTO JI0XOJIA.
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8. METOIbI © MOIEJIN MACCOBOI'O OBCJIY KUBAHUS
8.1. O61me cBeneHun

Teopus MaccoBoro OOCITyXHBaHHS H3y4aeT MPOIECCH, B KOTOPHIX, C
OJTHOW CTOPOHBI, TIOCTOSTHHO BO3HUKAIOT 3allPOCHI HA BEITIOJHEHUE KaKHX-
00 padoT, a ¢ IPYroil — MPOUCXOIUT MOCTOSIHHOE YIOBICTBOPCHUE 3TUX
3anpocoB. COBOKYIHOCTh OOCIY>KHBAIOIIEH W OOCITYy)XKMBacMOW CHUCTEM
COCTaBJISCT CHUCTEMY MaccoBoro obcmykuanus (CMO).

Cucmema maccoeozo ooécaymcusanus (CMQO) — >T0 COBOKYIHOCTH
TEXHUKHU, KAHAJIOB, OPY/IHA, JTUIl OOCITY)KUBAHHMS, HA KOTOPBIC B CIyJYaiiHbIC
WIH JeTePMUHUPOBAHHBEIE MOMEHTHI BPEMEHH IIOCTYIAIOT 3asBKH Ha 00-
cinyxuBanue. Hampumep, MeXaHU3aTOPEI, TOAPKH, pabodne JIMHUN MOJIOKO-
3aBoja.

OntuMuzanus u oneHka dpdexruBHOCTH CMO COCTOUT B HAXOXKICHIH
CpemHHX CyMMAapHBIX 3aTpaT Ha OOCITy)KMBaHHME KaKIOH 3asBKH M HAXOX-
JICHUE CPEIHUX CYMMAapPHBIX IOTEPb OT HEOOCTYKCHHBIX 3asBOK.

CMO cocToHT M3 ONpPEeNeIeHHOr0 Ynciia 00CTyKUBAIONINX KaHAJIOB H
MpeIHa3HAYCHA JJIs BBITIOJIHEHUS 3aIBOK C Pa3HBIM XapaKTepOM pacipese-
JICHHUSI MOMEHTA BPEMEHHU Ha 00CITy)KHBaHHE.

MopenupoBarne CMO mpenmnomnaraer:

1) mocTpoeHre 3KOHOMETPUUECKUX MOJENEH, CBA3BIBAIOININX IapaMeT-
pst CMO (4ucno KaHaJIOB, UX HMPOU3BOIAUTEIBHOCTh H T. I.) C MOKA3aTeNs-
MU 3¢ dekTuBHOCTH;

2) ONTUMH3AIHMIO JAHHBIX [OKA3aTelieil ¢ LENbI0 TOJYyYeHUSI MAaKCH-
MaJIbHOH 3 PEeKTHBHOCTH.

PaccmoTpum otnenbHblie s5emenTs CMO.

Tpebosanue (3asn6Kka, Kiuenn) — 3TO KKIBIN OTACIBHBIN 3aIpOC HA BbI-
MOJIHEHUE KaKOH-Tn00 pabotel B Teopuu MO. TpeboBaHUs MOCTYMAOT B
CHUCTEMY OOCITY>KHBaHHS M3 MCTOYHMKA. BEIoNHEHHE paboTHI 10 yIOBIIe-
TBOPEHHIO TIOCTYIHBIIETO TpeOOBaHUS Ha3bIBaeTCs 00cmyxknBaHueM. O0b-
€KTBI, 3aHIMAIOIINECS ITHMHU OIEpaIusiIMU, — 3TO OOCITy)KHBAIOIIKE amia-
patel (pubOpHI, YyCTPOWCTBA, KaHAJbI, cepBUC U T. 1.). Kaxmas CMO co-
CTOWUT W3 HEKOTOPOTO dYHCia KaHaJoB OOCTyXHBaHUS (OJHOTO WM He-
CKOJIBKUX).

Bpems obcnysicusanus — 310 iepuol1, B Te4€HHE KOTOPOTO YAOBIIETBO-
pseTcs TpeboBaHUE Ha 00CITy)KUBaHUE (BpeMsl OT Havyalia 0OCITyKUBAHHS JI0
ero 3aBepiieHus). [leproa OT MOMEHTa MOCTYIUICHHUS TPEOOBAHMS B CHUCTE-
My U JI0 Hayajia OOCIYXUBaHHS — 3TO BPEMs OXHAAHUS OOCITYKHUBAHHS.
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CrnenoBatenbHO, BpeMs OKUIaHUS 0OCITY)KHBaHUS B COBOKYITHOCTH CO Bpe-
MEHEM O0O0CITy)KMBAaHHsI COCTaBJIAET BpeMs NpeObIBaHUSI TPeOOBaHUS B CH-
cTeme.

MakcumanbpHOe 4HCiIO0 TpeOOBaHHMH, KOTOPbIE MOTYT OOCIYKHBAThCS
OJTHOBPEMEHHO, OIPEACISAET HPONYCKHYIO CHOCOOHOCHb CcUCmeMbl 00CHy-
orcusanusi. Ecin oHa paBHa eamHUIE — 3TO oxHoiuHeiHas CMO, Ooinblie
eMHHLBI — MHOTONMHEIHas. [ToToK TpeOoBaHuil, MOCTYNAIONIMX Ha CHCTE-
My OOCITy>)KWBaHUS, — BXOJSAIINA; TIOTOK TPeOOBaHHIA, IMOKHAAAIONNX 00-
CITY>KABAIOIIYIO CHCTEMY, — BBIXOISIIUI.

Takum 00pas3oM, MPEIMETOM TEOPHH MAacCOBOTO OOCITY)KHBaHUS SBIIS-
eTCsl TIOCTPOCHHE MAaTeMAaTHYECKHX MOJEJCH, CBA3BIBAIOMINX 3aJaHHBIC
YCIIOBHS pabOTHl CHCTEMBI (YHCIIO KaHAJIOB, MX IPOW3BOAMTENBHOCTD, Xa-
pakTep NOTOKa 3asBOK) C MMoKa3aressiMu 3G QeKTHBHOCTH 00CITyKUBaHHUS.

Uzyyenune ouepeneit B CMO 1O3BOJISIET ONPENeTUTh KPUTEPUU (YHK-
LIMOHUPOBaHUS 00CITY)KHBAIOIIEH CHCTEMBI, CpeI KOTOPBIX Haubojee 3Ha-
YHUMBIMU SABJIIOTCA CPEAHCC BPEMA OKUIAAHUA B OUCPEAN U CPECOAHAA NJIMHA
ouepenu. [laHHBIE MOKa3aTeNId MCHOJIB3YIOTCS 3aTeM sl BbIOOpa Hajje-
XKAIEero YPOBHS 00CTyKMBaHUS.

MOHO TOCTPOUTH MHOXECTBO MOJIENICH CHCTEM MacCOBOTO OOCITYKH-
BaHU, BapbUPYS PA3TUYHBIMA ONIEPATMOHHBIMHU XapaKTEPHCTHKAMH.

o yucny xananos oocayscusarnus CMO oeramcsi:

a) Ha OJJTHOKaHAJILHBIC;

0) MHOTOKaHaJIbHBIC.

OmHUM U3 KIACCU(UKAIMOHHBIX MPHU3HAKOB SBISCTCS MMOBEACHUE TpE-
6OBaHI/I$[, TMOCTYNMBIIETO Ha BXOJ CHCTEMbI, KOrJla BCC KaHaJIbl 3aHATHI.
B cootBerctBuu ¢ 3tM CMO OBIBaIOT:

a) CHCTEMBI C OTKa3aMH (IIOTEPSIMH);

0) CHCTEMBI C OKUJAHUEM (0UePENbIO).

B CMO c oTtkazamu TpeOOBaHUs, MOCTYMAIONINE B MOMEHT, KOT/Ia BCE
KaHalbl OOCITY)KMBAHMS 3aHATHL, IMOJNYYAalOT OTKa3, MOKHIOAIOT CHCTEMY
HeoOCTy>KeHHBIMH U TepstoTcs. Cpean CHCTEM C OXHJaHWEM pPa3IndaroT
YHUCTHIC M cMemanHble (¢ orpanndeHreM). CMO ¢ oxXuaHueM Ha3bIBAaeTCs
YHCTOM, Korja TpeOoBaHKe, 3aCTaB BCe OOCIYKHMBAIOIINE KaHAJIBI 3aHSTHI-
MU, CTAHOBUTCSI B O4Yepellb U OXKMAAET, TI0Ka He 0CBOOOJUTCS OJUH U3 00-
CIIy’)KMBAIOIIMX KaHaJoB. B j1aHHOM citydae Bpemst NpeObIBaHUS B Ouepean
WJIH CHCTEME, a TAKKe JUTHHA OYepear He OTPaHUIHBAIOTCS.

Cwmemranasie CMO MOTyT OBITH CIETYIONINX BHIOB:

a) C OTpaHWYCHHON UIMHOW odepenn (T. €. JOIMYCKAIOIIHe Ouepeb, HO C
OTpaHWYEHHBIM YHCIIOM TPpeOOBaHMII B HEH);
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0) ¢ orpaHMYEHHBIM BpEMEHEM OXKUIAHUS (T. €. TOMYyCKAIOIIHe ouepeb,
HO C OTPaHHYECHHBIM CPOKOM IIPEOBIBAHMS KaXKA0T0 TpeOOBaHMs B HEl);

B) C OrpaHUYEHHEM Ha odlee BpeMst NpeObIBaHus TpeOOBaHUN B HUX;

') C OrpaHMYECHUEM Ha JUIMHY OYepear U BpeMs NpeObIBaHMs B OUepean
(31ech TpeboBaHUE MOKHUIAET CUCTEMY, €CIIM OHO 3aCTallo BCE KaHajbl 3aHs-
TBIMH M OYepe]lb MaKCHMAaJIbHO JOITYyCTUMOM JUIMHBI, a TakXke, €CIM OHO
MIOCTOSUIO B OYEPE/IM B CPETHEM JIOJIbIIIE HEKOTOPOH BEJIMUUHBI);

II) ¢ OTpaHUYEHUEM Ha JUTHHY O4epend W BpeMs NpeObIBaHUs TpeGoBa-
HUI B CUCTEME.

CrnenyromnM Ipru3HAKOM KITacCH(PHUKAINNA CHCTEM MacCOBOTO OOCITYKH-
BaHWA SBIAETCS OpPraHU3alus MOTOKa TpeOOBaHWH (WM KOIMYECTBO HC-
TOYHUKOB TpeboBaHuii). B aTom cxydae CMO OrIBaIoT:

a) Pa3OMKHYTBIE (KOT/Ia MCTOYHHMK TPeOOBAaHMUsS HAXOIWTCS BHE CHCTE-
Mbl). [lo-apyromy ux Ha3bIBalOT C HEOTPAHMYEHHBIM BXOJSIIUM ITOTOKOM
WJIN C HEOTPaHMYEHHBIM YHCIIOM HCTOYHHKOB TPEOOBAHHH.

0) 3aMKHYTBIE (KOT'/Ia HCTOYHUK HAXOAMTCS B camMoil cucreme). Mx ee
Ha3bIBAIOT CHCTEMaMU C OrPaHMYEHHBIM MOTOKOM TpeOOBaHUW WM C Orpa-
HUYEHHBIM YHCJIOM HUCTOYHHUKOB TpeOOBaHHUIA.

CrnenyromuM NpU3HAKOM KJIACCH(HKAIMK SBISCTCS TUCHUIUIMHA 00-
CITy’)KHBaHUS, T. €. NIPAaBUJIO 0TOOpa TPeOOBAHMH, MOCTYHAIONINX B KaHAJIBI
oOcmyxuBaHus. [[pyruMH CJIOBaMH, 3TO CIIOCO0 3aHATHS KaHalla 0OCITyXKH-
BaHMs WIn crocod BbIOOpa TpeboBanms u3 odepenu. [lo sTomy npusHaky
CMO pensrcst Ha cUCTEMBI O3 IPHOPHUTETA M CUCTEMBI C TIPHOPUTETAMHU.

CucteMbl MacCOBOTO 00CITYKUBaHUS O€3 IPUOPUTETA MOTYT OBITH:

a) Cc yrnopsiaoueHHbIM oOciykuBaHueM. Hanbosee pacrpocTpaHeHHBIM
sIBJIsIeTCsI BBIOOp TpeOOBaHMM B MOPSIIKE UX MOCTYIICHUS B OYEPe/lb: «IIep-
BBIM TIpHIIEN — MEPBBIM 00CIyXuBaeubcs», T. €. FIFO — or anrawmiickoro
first in, first out. uoraa tpeboBaHus MOCTYIAIOT B KAHATIBI 0OCITYKHBAHHUSI
B COOTBETCTBUH C MPABUIIOM: IIOCJICTHUM MPUILEN — IIEPBBIM 00CITyKHBa-
embes», T. €. LIFO — ot aaramiickoro last in, first out;

0) ¢ HeymOpAIOYCHHBIM O0CTy)XKHBaHHEM. B Takoil cucteme IeHCTByeT
CITy4aiHBIN BEIOODP TpeOOBaHUI Ha 0OCTYKUBAHUE.

CucteMbl MacCOBOTO OOCITY>KMBaHHS C IPHOPUTETOM OBIBAIOT:

a) ¢ aOCOJIOTHBIM HPUOPUTETOM (OOCITy)KMBAaHHE OJHOTO TPEeOOBaHMUS
MOXET MPEPBATHCS MIPU ITOCTYIUIEHUH JPYToro, 00JaJaroiero npenMyie-
CTBaMH B 00CIIy)KHBaHHN);

0) C OTHOCUTENIbHBIM TIPUOPUTETOM (HadaBiIeecs OOCTy)KWBaHUE HE
MOJKET OBITh TIPEPBAHO JIO €0 OKOHYAHUS).

Ha ocnose Mozeneit MaccoBOro o0CITyKUBaHUSI MOKHO pa3pabaThIBaTh
SKOHOMHYECKHE peKoMeHAanun no peopranuzanud CMO 1t MOBBIIICHUS
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3¢ pexTHBHOCTH MX pabOTHI, a TAKXKE OMPEILIATh ONTHMAIILHBIC TTOKa3aTe-
JI1 BHOBB CO3/[aBAEMBIX CHCTEM MAacCOBOTO O0CITYKUBaHUSL.

8.2. Moaean MaccoBOro 00CaIy:KMBAHHS B IPUHATHH pPelleHHIi

B cucreme maccoBoro o0CIyXMBaHHS Pa3iIM4aloT JIBa MOTOKA — IIOTOK
3asBOK U ITOTOK OOCITY)KMBaHUSI — CO CJICIYIOIIMMH XapaKTEPUCTHKAMMU:

A — MHTEHCHBHOCTH BXOJSIIEr0 IOTOKA, T. €. CPEeIHEee YMCIo TpeboBa-
HUH, NOCTYyHAIOIIMX B CUCTEMY B €JUHMIY BpeMeHHU. J[aHHBII mapamerp
onpenenseT CKOPOCTh, ¢ KOTOPOH MPUXOMAT 3asBKH;

L — MHTEHCHBHOCTb O0CITY’)KWBaHMUS 3asBOK OJHMM KaHAJIOM IpH Hempe-
PBIBHOIA eTo paborTe.

B nacrosee Bpemst TeopeTHueckd Hanbosee pa3padoTaHbl U yIOOHBI B
MPaKTHYECKUX MPWIOKEHUSIX Meronsl pemenus takux CMO, mpormecc
(YHKIIMOHNPOBAHUS KOTOPHIX SBISIETCSI MapKOBCKUM. Pedb uaer o Tom, 4To
BCE TTOTOKHM COOBITHH, IEPEBOMSIINE CUCTEMY W3 COCTOSHHSA B COCTOSHHE,
ABJSIFOTCS pocteiimuMu. [Ipocreiinmii TOTOK ciay4alHbIX cOOBITHI 00Ja-
JlaeT TpeMsl CBOWCTBaMHU:

- OPAMHAPHOCTD. [IpakTHYecKH 3TO O3HAYaeT HEBO3MOXKHOCTh OIHO-
BPEMEHHOI'O TOCTYIUICHUS JBYX U OoJjiee TpeOOBaHUH, T.e. TpeOOBaHMs
noctynaioT B CMO He3aBHCHMO APYT OT APYTa;

- cTallMOHapHOCTb. CyThb 3TOTO CBOMCTBA COCTOMT B TOM, YTO BEPOST-
HOCTHBIE XapaKTEPUCTUKH CTAI[MOHAPHOTO MOTOKA TPeOOBAaHWH HE HM3Me-
HSIIOTCSI CO BPEMEHEM;

- OTCYTCTBHUE MOCIEAECUCTBHSI, KOTOPOE COOTBETCTBYET TOMY, YTO MOSB-
JICHWE B TIOTOKE OYEPEIHOTO COOBITHS HE 3aBHCHUT OT TOTO, KOT/A ITOSIBIIS-
JIMCh B HEM MPEAIIECCTBYIOINE COOBITHSI.

MareMaTH4YeCKH J0Ka3aHO, YTO MPOCTEHIINN MOTOK TpeOOBaHUH ¢ M3-
BECTHBIM  IapaMeTpoM A  omuceiBaeTcs  3akoHoM  [lyaccona:

k
Pk(t)z (kktl) e™ t>0, rne Py (t)— BEPOSITHOCTh TOTO, YTO Ha MPOU3-

BOJIHO BBIOD@aHHOM y4acTKE BPEMEHH IPOJOJDKHTENBHOCTHIO T MOCTYIHT
poBHO K TpeboBaHwuil.

Ha puc. 8.1 cxemarnyecku npezacTaBieHa ClCIMAIN3UPOBAHHAS CHCTE-
Ma 00CIy)XMBaHHUS IIyaCCOHOBCKOT'O THIIA, B KOTOPOW MapajulebHO (yHK-
LHOHHUPYIOT HECKOJILKO UICHTUYHBIX CPEJICTB 00CITYKMBaHHS.

Ha puc. 8.1 BugHO, 9TO OXXMAaromiee TpeOOBaHWE BBIOMpaeTCs W3 OUe-
penu mis oOCITy)XKMBaHUS Ha IEpBOM CBOOOTHOM KaHaie. Yucimo tpeboBa-
HUH, HaXOSIIIMXCS B CHCTEMe OOCITy)KHBaHHUS, BKIIOYAET Te, KOTOPhIE yxKe
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00CITyXHBaIOTCA, U T€, YTO HAXOATCS B OUEPEAN.

Baxmneiinel xapakTepHCTHKOM, ONpeAeNsIonell MpoIycKHY0 CIoco0-
HocTh CMO, siBisieTcs Bpemsi 00CITyKMBaHHS, KOTOPOE, KaK IPaBuJIo, CIIy-
yaiiHas BeiMuMHa. HawmOosbliee pacnpocTpaHeHHE B TEOPHM IPUHSITHS
pelleHNH MOMy4usT AKCIOHEHLMANbHBIM 3aKOH pacHpefeiieHUs BpPEeMEHU
oOcmyxuBanusi. OyHKUMS pacrnpeneneHus JIs 3TOr0 3aKOHa MMEET BUIL:

F(t)=1-e™, . e. BEPOATHOCTb TOrO, YTO BpEMsi OOCITYKUBAHHs HE Mpe-

BOCXOJIMT HEKOTOPOU BETMIHMHEI , onpeenseTcs JaHHOH (GOpMYIIOH.

<4— Cucrema 06CITyKUBaHUSA EE——

<4— Ouepenp —>|4— Cpencrsa —p

00CITy)KUBaHUS

BxoaHoit N
HOTOK €

—p —>
MHTEHCHB-

HOCTBIO A O O_._..____O

Brixognoit

!
> MOTOK MHTCH-
K —> CHBHOCTBIO [l
G
4

Puc. 8.1. Cxema mHorokanansHoii CMO

[Ipu 5TOM WHTEHCHUBHOCTH OOCIYXMBAHHS | SIBISIETCS BEITMYNHOU, 00-
paTHOM CpeHeMy BPeMEHH 00CITyKHBAaHHS T :

_1
T

Tunnunas nocraHoBka 3agaud CMO 00BIYHO BKIIIOYAET 3aJaHHBINA BXO-
JIIIANA MOTOK TPeOOBAaHUM, U3BECTHBIC JUCIUILIUHY OOCITY)XKMBaHUS U 3a-
KOH pacmpeziefieHns BpeMeHH oOcimyxuBaHus. [Ipn paccMoTpeHHn oOmmx
CHCTEM MAacCOBOTO OOCTYXMBAHUS IPEAIoNaraeTcs, 4To cucreMa (QpyHKIH-
OHHPYET B TEUEHHE IOCTATOYHO OONBIIOr0 WHTEpBANa BPEMEHH, IO HCTE-
YeHWU KOTOPOTO B €e padoTe HACTYIAeT CTAIlMOHAPHBIN pexuM. Teoperu-
YECKU YCTAHOBUBIIMICS PEXUM HAcTymaeT mpu t—> oo, a BEpOSTHOCTHBIE

xapakTtepuctuku Takoi CMO yxe He 3aBUCAT OT BpeMmeHU. Iloatomy cu-
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cTeMa 3Ha4eHHI BEPOATHOCTENW COCTOSIHMI, COOTBETCTBYIOIIMX CTAI[MOHApP-
HOMY pexxumy padotsl CMO, Ha3biBaeTcst pUHAIBLHBIMU BEPOSTHOCTSIMH.

Jnst oueHkH 3(GQGEKTUBHOCTH 0OCITYy)KMBAaHUSI B 3aBUCHUMOCTH OT YCIIO-
BUH 3314y U HAMEUEHHBIX LieJIel UCTIONIb3YIOTCS pa3JInYHbIe MOKAa3aTeIH:

- CpejiHee KOJIMUecTBO TpeOoBaHui, KoTopoe MoxeT obciayxuts CMO B
€IMHUILY BpEMEHH;

- BEPOSITHOCTb TOT0, YTO BCE KaHaJIbI CBOOOHBI WIIN 3aHSTHI;

- CpeAHss [UITMHA OYEePEIH U CPEIHEE BPEMS OXKUIAHS;

- KO3 PHUIHUEHTHI 3arpy3KH U MPOCTOS KaHAIOB 00CTYKHBAHNUS;

- BEpOSITHOCTh MMETh B OUYEpeir B JAaHHBI MOMEHT He Oonee ompese-
JICHHOTO YHcIa TpeOOBaHUH U 1.

[Ipu ompenenenun ontumalbHbIX napameTpoB CMO B KauecTBE Bbl-
OpaHHOTO KpuTepus 3()(PEKTUBHOCTH MOTYT OBITh: KOJHUYECTBO KaHAJIOB
o0cIy)KUBaHUs, IPUOPUTET B OOCITY>KUBAHUH 3asBOK M T. 1. YacTto nmpume-
HSIETCSL U CTOMMOCTHOM KPUTEPUH, OTPa’KAIOLUI BEIUUUHY U3JEPIKEK, CBSI-
3aHHBIX ¢ (YHKIMOHMPOBAHHWEM CHCTEMbI B SIUHHUILY BpeMeHH. M3meHss
ycnoBus pynkunonuposanuss CMO, mensiercss 1 QyHKUUS u3lepkek (s
HCCIIeI0BATENsI BAKHO HAWTH ee HalMEHbIIIee 3HaUCHHe).

AHanmm3 xapakTepucTuk padotel CMO pa3nuaHOTO BHIA MOXKET OBITh
IIPOBEJICH Ha OCHOBE PacyueTa BEPOSITHOCTEH COCTOSTHUI CHCTEMBI MacCOBO-
ro 00CITy)KUBaHUSL.

8.3. 3agaun CMO c oTrka3amu (HoTepsiMu)

CucTeMbl MaccoBOTO OOCITY)KMBaHHS C OTKa3aMHU WJIH TOTEPSIMH pac-
MIPOCTPAHEHBI TOCTATOYHO IMIMPOKO. OCOOEHHOCThIO MX (PYHKIIMOHHpPOBA-
HHUA ABJISICTCA TO, YTO BCAKOC TpeGOBaHI/Ie, TMOCTYNIMBIIEC B CUCTEMY B HEKO-
TOPBI MOMEHT BPEMEHH, 00 cpa3y 00CITyKUBaeTCA, THOO0 TEPSETCs, eCIH
B MOMCHT €10 IOCTYIIJICHUSA BCE OGCJ’Iy)KI/IBaIOHH/Ie KaHaJIbI 3aHATHI.

PaccmoTtpum npumep. MHpopMaImonHas ciy>x6a TOproBOro Mpeanpusi-
THS TAaeT CIPaBKH MO TEICPOHHON JMHUK O HAUYUAU (PYKTOB, MTOCTYITHB-
mmx u3 Monaossl. B cpeanem 3a 1 MuH mpoucxomaT 3 3ampoca, a cpenHss
MPOJOJDKUTEIBHOCTE OJHOTO pa3roBopa coctapuser 0,25 mun. Tpebyercs
OonpeaenuTh BakHeue xapakrtepuctuku CMO, cunTast Bce MOTOKH Hpo-
CTEHIINMHU.

MaremaTHuecKol MOJeINbIo Tele()OHHONW JTMHUU TOPTOBOTO MPEATIPHs-
T sABseTcs: onHokaHanbHas CMO ¢ otkazamu. [lapamerpsl qaHHOH CH-
CTEMBI CIIeTyTOIIHE:

MHTCHCUBHOCTh BXOJIAIIETO TOTOKA A = 3; cpeqHee BpeMs 0OCITyKuBa-
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- 1
Hua t, = 0,25; MHTEHCUBHOCTb IIOTOKAa OOCIIY>KHBaHUS uzt_—=4.
06

Haiinem BeposiTHOCTB OTKa3a 3ampoca mo hopmyie

=3 20,420, wm 42,9 %,
A+p 3+4

3HAuUT, B YCTAHOBUBLIEMCS MpEAEIbHOM pexxkuMme u3 kaxieix 100 3a-
IIPOCOB B cpefHeM 43 mony4aroT oTka3. BeposTHOCTh TOro, 4To KaHaj CBO-
6oxeH, coctaBnseT 0,57, a BEpOITHOCTH TOTO, YTO KaHan 3aHsiT, — 0,43. D10
CBSI3aHO C TE€M, YTO MHTCHCHBHOCTh BXOJISIIET0 IOTOKA MEHBIIIE NHTCHCUB-
HOCTH 00CTyXHBaHUs (MPOU3BOJAUTEIILHOCTH KaHaa).

Janee naiinem:

- OTHOCHTEINbHAS MPOITycKHas crocodHOoCcTE CMO

Q=1-P, =1-0,429=0,571,

- abcoroTHast mporyckHas crocooHocts CMO
A=2Q =3-0,571=1,713.

W3 pacyera cnemyer, 9TO CIy4aidHbBIH XapakTep NOCTYIICHUs TeaedoH-
HBIX 3BOHKOB M CITy4allHBII XapakTep JUIMTEIbHOCTH Pa3rOBOPOB IPHUBEIH K
TaKOW CUTYyalllH, 4TO abCONIOTHAs MpOIycKHas crocodHocts (1,713 pasro-
Bopa B 1 MuH) mouTH B 2,3 pa3a MeHbLIE IPOU3BOIUTENLHOCTH HH(OpMa-
LIMOHHOW CITYKOBI.

Paccmotpum cnenyromuii mpumep. OfHa U3 KOHCYIBTAIIMOHHBIX (hrupm
MpeAnaraeT 4acTHBIM MPEANPUHUMATEISIM CBOM YCIYTHU IO IIPaBIIIBHOMY
BEICHUIO AKCIIOPTHO-UMITOPTHBIX orepanuii. B ¢upme moctossHHO padoTa-
10T 4 koHCynbTaHTa. [Ipy 3TOM cOOMIONAEeTCs CIEAYIOIIEE YCIOBHE: €CIIN
MPEANPUHIMATENb 3aXOAUT B KOHCYIbTAalIMOHHBIN OT/EIN, KOTAa Bce paboT-
HUKH 3aHATHI, TO OH CPa3y YXOJWUT B KOHKYPHPYIOIIYIO (GUPMY, HE OKUAAST
oOciyxuBanus. CpejiHee YHCIIO KIMEHTOB, 0OpAlIAIOINX B KOHCYJIbTAIH-
OHHBIN 1IeHTp 3a 1 4, cocTaBnser 6 yenoBek. CpenHee Bpemsi, 3aTpaynBae-
MO€ KOHCYJIbTAaHTOM Ha 0OCITy>)KUBaHUE OJHOTO MpPEANPUHUMATENs, COCTaB-
nsier 20 muH. Heo6XxouMo onpeenuTs OCHOBHBIE XapaKTePUCTHKU (yHK-
nunonupoBanust CMO.

MareMaTH4ecKOi MOAENBI0 KOHCYJIBTAIMOHHOW (DMPMBI SIBJISICTCS MHO-
roka"anpHass CMO c otkazamu. IIpuBeneM HCXOJHBIE NAaHHBIE 33Ja4d K
€IMHOH CHCTEeMHOW eJJMHUIIE BPEMEHH (3/1eCh BO3bMEM | 49) M paccMOTpUM
napaMeTpbl UMeIoIIeiics MOAeNH:
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- o0IIIee YKCII0 KaHaJIoB 00CIyKuBaHus N = 4;

- HHTEHCUBHOCTH BXOAILETO ITOTOKA A = 6 4ejL.-d;
- cpezHee BpeMst obcyxkuBanus {, =20 mu, mwm 0,33 q;

1 1
- HHTEHCUBHOCTH ITOTOKA OOCTY)KUBAHHAA |l = — = ——
t. 033

L6
- UHTEHCUBHOCTb HAarpy3KU CHUCTEMBI TPeOOBaHUSA p=—= 3° 2 (cpexn-
n

=3 yen.-y;

HEE YHUCIIO 3asiBOK, IPUXOIAIICECS HA CPEeIHEE BpEeMsI 0OCTYKHUBaHUS OTHON
3asBKN);

- KOJIMYECTBO 3aHATHIX KAHAJIOB K.

[Momyunm BBIpaXeHHS U BEPOSTHOCTEH JIOOBIX COCTOSHUI CHCTEMEI,
CBA3BIBAS MX C KOJIMYECTBOM TpeOOBaHMM K (YMCIIOM 3aHATHIX KaHAJOB).
IMockoNBKY cHcTeMa ¢ TIOTEPSMH, TO K < N, a 9HCiio BceX BO3MOKHBIX CO-
crosiuit paBHo N+1. IlpenenbHble BEPOSTHOCTH COCTOSIHUH CHCTEMBI
(popmyier Dpmanra) st qarao CMO MMEIOT CIIeAYIOMHN BU:

n L

2 k
P, = 1424 P P R ;
2! k! n!

k

P
R=l Pulsksn

Hcnonp3ys uX, MOJNyYUM 3HAYCHUS ISl BBIUMCICHHUS XapaKTCPUCTHK
s pexrrBHOCTH CMO C MOTEpsSIMH.
HWTak, BeposSTHOCTh OTCYTCTBHUS TPEOOBAHHUN B CHCTEME
2 22 2 27" 1
Py=|1+—+—+—+—| ==-=0,143.
1 21 31 41 7

Oto o3Hawaer, uto B cpenHeM 14,3 % Bcero BpemeHH pabOTHI Bce
4 KOHCYJIbTaHTa OJTHOBPEMEHHO OYyIyT CBOOOIHEI.
[aiee ompeneniM BepOsTHOCT OTKa3a:

n 4
P, :2_.0,143:ﬂ-0,143:0,095.
41 1.2.3-4

)

P:

OTK

2 |

BepoaTHOCTB TOTO, UTO KJIMEHT TONYYWI OTKAa3, paBHAa BEPOATHOCTH TO-
TO, 9TO BCE YETHIPE KOHCYIbTaHTa (pUPMBI 3aHATHI. [[aHHAS BeNMYMHA TTOKA-
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3bIBaET, 4TO U3 Kaxaeix 100 moceruteneit 9,5 momydat otkas (T. €. 9,5 %
MOTEHIMAJIBHBIX KIMEHTOB YXOJAT M3-32 OrPaHMYEHHOI0 KOJMYECTBa KOH-
CyJIbTAHTOB).

OTHOCHUTENbHAs MPOIYCKHAsI CIIOCOOHOCTh CHUCTEMBI (MIIM BEPOSITHOCTH
oOcyxuBaHus TpeOOBaHMs) paBHa:

Q=1-P

OTK

=1-0,095=0,905,

T. €. u3 100 obpamaronuxcs npennpuaumareneii 90 6yayT o0CITyKeHsl.
AGcostoTHas MPOITYCKHAs CIOCOOHOCTh COCTaBUT:

A=2Q =6-0,905 = 5,43 obcryxuBaHuii B 4ac.

CpenHee 4uCIIO 3aHATHIX KAHAIOB HAXOAUM IO GopMyJie

N,=2-0,905=1,81.

JIOTIOJTHUTENBHO PACCUMTHIBAIOTCS TAKUE MOKA3aTENH, KaK Kod(puiu-
eHTHl ncnonb3oBanms Kananos (K, ), mpocros kamamo (K ), cpennee

YHUCJIO MPOCTANBAIOIINX KaHAIOB (Nn) o gpopmynam

K, :&;K =1-K,;N =n-N..
n n m
1,81 N
Hrak, K, :T:0,453, T. €. B CPEIHEM KaXKIblii KOHCYJIBTAHT OyIeT
saHAT 45,3 % pabowero Bpemenw; K, = 1 - 0,453 = 0,547,

N =4-181=219.

8.4. OgnoxananbHasgs CMO c ouepeanio (0KUIaHUEM)

IMocraHOBKa 3a7a4u CBOJUTCSI K TOMY, YTO B KaHaJ OOCIYKHBaHUSA IO~
CTyIaeT NPOCTEHIINH MOTOK TpeOOBaHWU C OIpelNelleHHOW HHTEHCHBHO-
cteio. Eciim B MOMEHT TIOCTYIUIEHHUS! TPeOOBAaHUS CPEACTBO OOCTYKMBAaHUS
cB0oOOHO, HaunmHaeTcs oOciykuBaHWe. Ecnm ke kKaHanm 3aHSAT, TO BHOBb
mpuOBIBIIEe TpeOOBaHME CTAHOBHTCS B OdYepelb 3a TEMH, KOTOPHIE ITOCTY-
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[IWJIM paHble M elle He Hayaju oOCIyKuBaThcs. JIUTEIBHOCTE 00CITYXU-
BaHMs NPEJICTABISIET CIy4YalHYI0 BEJIMYMHY, PACIpEeNICHHYIO MO AKCIIOo-
HEHLMAJIbHOMY 3aKOHY.

Paccmotpum npumep. Mosio4HbIiT KOMOMHAT OTKPBLT HECKOJIBKO TOPro-
BBIX TOYEK JUIS MPOJaKH KOHEYHBIX MPOIAYKTOB COOCTBEHHOI'O M3TOTOBIIE-
HUs. BBeneHHBIN B aKcIutyaraimio MarasuH «bypeHka» (B cocejHeM peru-
OHAJIIFHOM LICHTPE) UMEET OJMH KacCOBBIM ammapar. YCTaHOBJICHO, 4YTO B
TeYeHHE Yaca OTKPBIBIIYIOCS TOPTOBYIO TOYKY HOCEIIAroT 24 dYejoBeka.
3HaYNT, HHTEHCUBHOCTH BXOJIHOTO TOTOKA MOKymaTenel paBHa A = 0,4 ge-
JoBeka B 1 MUH, IpHYEM IOTOK cyuTaeM mpocredimnM. CpelHee Bpems
0OCITy)XMBaHHSl TOKYyINaTessl IMOJYMHEHO OSKCIOHEHIUAJIBHOMY 3aKOHY H

cocrasmsiet 0,5 MuH (t_06 = 0,5). OnpenenyM BaKHEHIIINE XapaKTePUCTHKU

CMO.
MaTemaTHuecKOl MOJEJBI0 paccMaTpUBaeMOMN 3aJayu SBISETCS OIHO-
ka"anpHast CMO c oxupganuem (ouepensto). Haiinem cienyromue mapa-
METPBL:
1 1
- HHTCHCUBHOCTh OOCITYKUBaHHS |l = t__ = 0— =2;
00 !

5
LA 0,4
- HHTEHCUBHOCTb HAarpy3KU CUCTEMBI p = — = Tl 0,2.

B cirygae oHOKaHAIBHOM CHCTEMBI YCIOBHE, IPH KOTOPOM OuYepeh He
BO3pacTaeT OECKOHEYHO, UMeeT BUJ p <1 uiam A <y, T. €., 4TOOBI ouepesb

He pocia OeCKOHEeYHO, HE00X0JUMO, YTOOBI HHTCHCUBHOCTH 00CITY )KHBaHUS
Obla BBIIIIE MHTEHCUBHOCTH BXOJISIIETO TIOTOKA.

Paccunraem xapakrepuctuku addexrusaoctd CMO npu HeorpaHuueH-
HOM BXOJSIIEM NOTOKE:

- BEPOSITHOCTb TOT0, YTO 0OCITY’KHBAIOIINHA KaHAJ CBOOOIEH COCTaBIISET

Py=1-p=1-0,2=0,8.

DTOT MoKazaTenb onpeaessseT Kodp(OUIMEHT MPOCTOS KacCOBOTO arma-
pata, 1. e. B cpeqaeM 80 % BpeMeHH IpoAaBell HEe 3aHAT O0OCITy>KUBaHHEM
[IOKynaTesei;

- cpefHee uMcIO TpeGOBAaHMH, HAXOAAMMXCS B cucteme, N = 1p -
-P
0,2 5
=102 =0,25 mnokynarenell mpoayKkToB (B O4Yepend M Ha OOCITy>KHMBa-
HUN);
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2

p
1-p
= N_c -p; T=0,25-0,2=0,05 nokynaresneil B ouepelu 3a INOKYIKaMH

- CpelHee YUCIIO TPeOOBaHMMU, HAXOAIIUXCS B o4epenu T =

W

(cpenssis UIMHA oYepenu);
- cpexHee BpeMsi peObIBaHus TpeOOBaHMs B ouepean (MM BpeMsl OXKH-

nauus obcmyxkuBaHus) t, = P__.¢ = 0,2 =0,12 muH B cpex-

p(l-p)" ™ 2(1-02)
HEM MOKYNaTeIb HAXOOUTCS B OUYCPCIHU,

- 1
- cpeqHee BpeMs NpeOblBaHMsA TpeboBaHua B cucteme t —=———
u(i-p)
wm t,. =%, +1,; T, =012+0,5=0,62 mMuH noKymareiap HaXOAUTCS B
nanHoit CMO.

TakuMm 00pa3oM, B JaHHOH CHCTEME MacCOBOr0 OOCIY)KUBaHUS HaOIIIO-
JlaeTCsl He3HAYUTENILHOE BpeMsl OKuAaHus B ouepeu. OJTHaKO pyKOBOACTBO
Mara3uHa yCTaHOBHJIO, YTO B OJiDKaiiieM OyaymieM B pailoHe pacrioyioxke-
HUSI TOPrOBOM TOYKH OyJeT CIjaH B 9KCIUTyaTaluIo XHUJIOH JOM, YTO MOXET
CHOCOOCTBOBaTh HPUTOKY ITOKymarened. Hu3kuil ypoBeHb 00CITYKUBaHUS
IIPU HAJIMYUH KOHKYPEHTOB MOJKET NPHUBECTH K TOTEPE NMOTEHIMAIBHBIX
MOKyTIaTeJNeH, a MO3TOMY IIOCTaBJICHa 3a/ladya O BO3MOXHOCTH YCTaHOBIIC-
HUSI JPYTOTro KacCOBOTO allapaTra B Mara3uHe, €CIIM CPeHEE BPEMs OXKHIA-
HUSI OOCITy’KMBaHUS TpeBbICUT 5 MuH. HeoOxomuMo ompenenuts, Kak
JIOJDKHA M3MEHUTHCSI HHTEHCHBHOCTH BXO/IHOTO ITOTOKA MOKYyNaTelel, ITo-
OBl BO3HHKJIA TaKas HEOOXO0AUMOCTb.

3uas, uro t =5 MuH, TO NOACTaBUM JaHHbIC B (opMmyiy

5= P , Tak Kak | =2. Iloxyuum p:g:&. Cneno-
u

t - p -
0K 1

n(1-p)  2(1-p)
BAaTCJIbHO, MHTCHCUBHOCTh BXOIHOI'O ITOTOKAa HOKyHaTeHCﬁ JOJIKHaA 6BITB

paBHa A =pp=2 % ~ 1,8 uenoBeka B 1 MMH, 4TOOBI CpeaHEE BPEMS OXKH-

JaHuss JOCTUTIIO 5 muH. Ecin CpeaHssa CKOPOCTb BXOJSAIICTO IMOTOKA Mpe-
BBICUT 1,8, TO € Y4YE€TOM 3apaHCC YCTAaHOBJICHHOI'O Ka4Y€CTBa 06CJ'Iy)KI/IBaHI/I${

(t. <5) B MarasuHe HEOGXOAMMO YCTAHOBUTB BTOPOIi KACCOBBIIA allapar.
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9. MOJIEJIA YIIPABJIEHUS 3AITACAMMA
9.1. O0mme cBeIeHUS

B Hay4HBIX HCCIENOBaHMSAX arpapHOH AKOHOMHKH 0CO00O€ BHHMaHHE
YIEISIeTCs] TAKOMY acIeKTy IOBBIIEHHS d(QEKTUBHOCTH PaOOThI MPEIpH-
SATHH, KaK TPaMOTHOE yIpaBlieHHE MMEIOIMMUCS 3arnacaMu. Bo Bcex coe-
pax AIIK Ba)kHO moAiepKUBaTh pallMOHAIHHBIN YPOBEHB 3a1acoB (CBHIPHS,
mony(aOpuKaToOB, TOTOBBIX W3JENUil). 3aTpaThl Ha XpaHEHHE CIHIIKOM
60JIBIINX 3aI1aCOB YMEHBIIAIOT MPHOBUIEHOCTD OPTaHU3AINH; OAJEP)KAHHE
3a[1acoB Ha CIIMIIKOM HU3KOM YPOBHE CBSI3aHO C PHCKOM BO3HHUKHOBCHHS
neduITa ¥ OCTAaHOBKOH NMPOM3BOACTBA. {711 KOMIIPOMHCCHOTO PEIICHHS
JAHHOH NMPOOIEMBI IPUMEHSIOT MAaTEMAaTHIECKHE METOABI ¥ MOAEIHN TEOPHU
yIIpaBJIeHUs 3aracaMH.

3armac — 3T0 BCe TO, Ha YTO MMEETCSI CIIPOC U YTO BBIKJIIOUYEHO BPEMEHHO
u3 notpebnieHus. B HapoIHOM XO3siCTBE pa3ivuaroT: a) 3amachl CPEeICTB
NIPOM3BOJICTBA (IIPOM3BOJICTBEHHBIE, TOCPE3EPBbI, HE3aBEPLIEHHOE NPOU3-
BOJICTBO); 0) 3amackl NIpeIMeToB NOTpeOieHHs (TOBapHbIE, rOCpPE3epBBI
u 1p.). Ecau paccmaTpuBaTh COBOKYIHBIE 3allachl Ha IyTH TEXHOJIOTHYeE-
CKOW IIEMH «ITOCTAaBIIUK — MOTPEOUTEINbY, TO UX MOXKHO Pa3[elUTh Ha JIBE
OCHOBHBIE YaCTH: TOBAapPHBIC W IPONU3BOJICTBEHHBIC.

ToBapHBIE — 3TO YacTh COBOKYIIHBIX 3aIlacOB, KOTOPBIC HAXOAATCS B
coepe obpamenns. OHU GOPMHUPYIOTCS B PA3IHYHBIX 3BEHBSIX ONTOBOW M
PO3HUYHOHM TOPTOBIH, Ha CKJagax IPEeIIpUATHH-U3rOTOBHUTENCH, Ha CHAO-
KCHYCCKUX H C6I)ITOBI)IX 6a3ax. K MMPONU3BOACTBECHHBIM OTHOCHUTCA YaCTb
COBOKYITHBIX 3aIlaCcoOB, HaXOAAMIasACsaA B pyKax HpOH3BOI[HTeJ'IefI " BCTYIIUB-
mast (WIM TOTOBast BCTYIHTBH) B TNPOIECC HEMOCPEICTBEHHOTO IPOU3BO-
CTBa. HOH HHUMH MoJApa3zyMeBacTCsA MMPpOAYKIIUA MMPONU3BOJACTBCHHO-
TEXHUYECKOTO Ha3HAYCHHUSI.

OCHOBHBIC PUYUHBI CO3/IaHHS ONTUMAILHOTO 00beMa 3a1acoB ISl JII0-
601t opranm3anuu AIIK TakoBbl: a) HEOOXOAMMO OOECICUNUTH HEMPEPHIB-
HOCTbH U OecniepeOOHHOCTh MPOLECCOB IIPOU3BOJICTBA; 0) CYIIECTBYET IIEpH-
OJMYHOCTB BBIIMYCKa PAa3IMYHBIX BUAOB IIPOIYKINH MOCTABIINKAMM, & TaK-
’KE MX TPAHCIIOPTHPOBKA K MOTPEOWTENIO MapTUSAMH; B) B OOJBIIMHCTBE
00BEKTOB MPOHUCXOIUT HECOBIAZEHUE PUTMa ITPOM3BOJACTBA C PUTMOM II0-
TpeOIeHus.

CienoBaTesbHO, TOBAPHBIE U MPOU3BOJICTBEHHBIC 3aI1achl SBJISIOTCS He-
00XOAMMBIM YCIIOBHEM HOPMAaJbHOM pabOTHI KaXIOW OpraHM3alliH, a UX
TEKYIIUH YPOBEHb MOXET OKa3aThCsl OJHUM W3 pemarmux (GakTopos
YCIIEIIHOH AESTENbHOCTU PEAIPHATHSL.
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CymiecTByeT psifi 00CTOATEIHCTB, IO KOTOPBIM 3armachl Kak HEM30e)KHbIE
U3JICPKKHU CO3TAIOTCSA B MUHUMAIEHOM KOJIMYECTBE:

- U3-3a COKpAILCHHS 3aTPAT Ha UX COJICPIKAHNUC;

- U3-32 YIYIIEHHOTO J0X0/a, KOTOPBIA MOT OBl OBITh MOJIYYCH MPU BJIO-
JKCHHH «OMEPTBJICHHBIX» B 3arace (PMHAHCOBBIX CPEJACTB B pa3BUTHE 00b-
eKTa.

B camom pene, 3aTpaThl Ha XpaHCHHUE CIUIIKOM OOJIBIIHMX 3alacoOB MO-
TYT CBECTH K MUHIMYMY JTOXOTHOCTb, TaK KaK I NX (PHHAHCHPOBAHUS U3
000poTa OTBIEKAIOTCS EHEKHBIE pecypchl. PasMep »THX 3arpar, cBs3aH-
HBIX C «OMEPTBIICHHEM» KalHTaja, MPEIIOJI0XKHUTEIbHO pPaBeH CpemaHei
PBIHOYHON CTaBKE CCYAHOTO IMpoLEeHTa. TakoW MpOLEHT 32 MHBECTUPOBAH-
HBIA KamuTajl IUIATHT OPTaHU3aINsL, €CJIA UCIIONb3YeT OAaHKOBCKHH KPEIHUT
U1 (pUHAHCHpPOBAaHMA 3amacoB. Ecim ke 3amac (uHaHCHpyeTcs 3a CYeT
CO6CTBeHHbIX CpC€ACTB, TO NPCAINPUATUE HECECT B TAKOM KC O6"beMe noTepu
MOTEHLHAJIBHOTO JJ0X0J1a, KOTOPBIH OHO MOTJIO OBl MOJY4HTh, €CJIU OBl CCY-
JIMJIO BJIOYKEHHBIE B 3a11ac JICHE)KHbIE CPE/ICTBA MO/ MPOLIEHTEI.

B 10 xe Bpemsl moaepiKaHue 3amacoB Ha CIHMIIKOM HH3KOM ypOBHE Be-
JIeT K npo0yeMaM cpbiBa IPOU3BOJICTBA, & TAK)KE BBINOJHEHUS 3aKa30B I10-
KylaTeJIel U KIMEHTOB.

CrnenoBatenbHO, BaXHO HAWTH HAWIIydIIee COOTHOIICHHE MEXIY Clie-
IYIOIMMH TpeOOBaHUSMU: a) C OXHOW CTOPOHBI, MUHUMHU3AIUS OOIINX W3-
JIEPXKEK, CBSA3aHHBIX C JOCTaBKOW M XpaHEHHEM 3aIlacoB; 0) ¢ ApPYyroi cro-
POHBI, HafexHOe oOecreYeHne CIpoca Ha XpaHUMBIH 3amac. [loatomy B
o0mIeM acrieKTe 3a7ada yrpaBlieHHs 3aIacaMi JOJDKHA OTBEYATh Ha CIEIy-
IOIIHe JIBa BOMpoca: 1) Kakoe KOJMYECTBO XPAaHMMOTO 3alaca 3aKkasbIBaTh?;
2) KoTJa 3aKa3bIBaTh?

COBOKyHHOCTI) IpaBuJi, MO KOTOPBIM IPUHHUMAKOTCA OTU PCIICHUA, U
€CTh CTpaTErus yrpaBJICHUA 3allacaMy, OIITUMU3ALINA KOTOpOI\/’I OCHOBAHa Ha
HCIOJIb30BAHUN PA3JIUYHBIX MAaTEMaTUYCCKUX MO}ICJ’IGﬁ. x cocraBneHue
MpeArnoaraeT Halu4nue Takod HHPOPMaIHH:

- 0 3aTpaTax CUCTEMBI YIIPABIICHU 3allacaMu;

- 0 XapaKTepe CIpoca;

- 0 TIOPSAJIKE TTOTIOTHEHUS 3araca;

- 0 KPUTEPUHU ONTHMU3AIUH.

CyIecTBYIOT YeThIpEe OCHOBHBIX BHJA 3aTpar, KOTOPBIC OKAa3BIBAOT
BIIMSIHHC Ha BBIOOP PEIICHUS IO YIIPABJICHUIO 3aIacaMu:

1) na npuobpemenue;

2) Ha ogopmnenue 3akaza;

3) na xpanenue 3anacos;

4) scnredcmeue deuyuma (nexeamxu 3anacos).
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3ampamuvl na npuobpemenue ONPEAETAIOTCS IICHONW €IUHUIBI TIPHOOpE-
TaeMOH MPOIYKIMH (XpaHUMOTO 3araca). JTa I[eHa MOXKeT OBITh ITOCTOSH-
HOW WJIM CO CKHIKOW, KOTOpas 3aBHCUT OT BEJIMYMHBI napthu (oObema
3aKasa).

3ampamer na ogopmaenue 3axaza (HakinagHble pacXoAbl) MPEACTaBII-
10T cO00¥ MOCTOSIHHBIE M3JIEPKKU Ha TTOArOTOBKY OJHOTO 3aka3a. Cuuraer-
csl, YTO OHU HE 3aBHCST OT 00beMa 3aKa3a W CBS3aHBI C PAcXOJaMH IO CO-
JIepKaHUIO TEPCOHANA, 3aHUMAIOIIETOCs ONpe/eTIeHHeM MOTPEOHOCTH, 3a-
KJIFOUSHHUEM JIOTOBOPOB Ha IMOCTABKY, HEMOCPEICTBEHHOH 3aKyMKOW HEoO-
XO/IMMBIX 3anacoB. K 9Toii jke TpyIe pacxo/0B clIeyeT OTHECTH MTOYTOBO-
TenerpadHble, KaHIEIIPCKUE, KOMaHIUPOBOYHbBIE 3aTPAThl, yIUTHIBACMBIC
NpU pa3MEIICHHH 3aKa3a, a TAK)Ke TPAHCIIOPTHBIC PACXO/IbI, HE 3aBUCSIINE
oT pa3Mmepa naptuu. VIHOTja B JaHHYIO KaTerOpHIO BKIIIOYAIOT U3JIEPIKKH 110
nepeHanazke 00OpyIOBaHMs MEpe] BBITYCKOM OuYepelHON MapTHU TOBapa
(TIpH YCJIOBHHM CEPUHHOTO MPOM3BOJCTBA OJJHOPOJHOM MPOIYKLIUH).

3ampamur na xpanenue 3anacog 0OBIYHO NPEICTABILIIOT COO0H PacxoIbl
[0 COJAEPXKaHMIO CKIAACKUX momemeHnid. K HUM oTHOcsATCS: orulata 00-
CIIy’)KMBAIOLIETO IIEPCOHANA; apeH/ia, aMOPTH3aLHUs U COJCpKaHHUEe 3[aHU,
COOpYXKEHHIA, 000pyI0BaHHsI; PACXO/IbI HA OTOILUICHHE, OCBELICHHE, BEHTH-
JSIIMI0 U YCTAHOBKY CIEIMANBHBIX YCTAHOBOK, OOECIEYMBAIOIUX HOP-
MAallbHBIA PeXHUM XpaHeHus. B 3Ty rpymmy H3epKeK BXOIAT PacXojbl IO
yYeTy ¥ WHBCHTApHU3AIMH, 3aTPaThl 10 HEIOCTaue, HM3-32 €CTECTBEHHOM
yOBLIM TPH XPaHEHUH U T. 1. PaccMaTpuBaemast KaTeropust 3aTpar 3aBHCHUT
OT BEITUYUHBI 3aM1ACOB M PACCUUTHIBACTCS KAK CYMMa U3CPKEK HA SIUHUILY
TOBapa 3a OMpelesIeHHBIN meprnon BpeMeHH. OOBIYHO 00Ime CKIIQJACKHe
H3JEPKKH MOTYT COCTaBJATh nopsiaka 25-50 % CTOMMOCTH XpaHUMBIX Ma-
TEpHUaJIoB.

3ampamwl credcmesue deuyuma — 3TO Pacxoibl, 00YCIOBICHHBIE OT-
CYTCTBHEM 3araca HeoOXOAMMOU MPOAYKIUHU (BO3MOXKHO M3-32 HECBOEBpE-
MEHHBIX MOCTaBOK). OHU BKITIOYAIOT KaK NOTCHIMAJIbHBIE MIOTEPU NPHOBLIH,
TaKk ¥ Ooyiee CyObEKTHBHYIO CTOMMOCTb, CBSI3aHHYIO C yTpaTOW JOBEpHA
kiaueHToB. [IpuObne opraHuzamuu npu AeduITe MOXKET CHH3HUTHCS 32
CYET MPOCTOSI NMPOM3BOACTBEHHBIX MOLIHOCTEH U TPYJOBBIX PECYpCOB; Iie-
PEeHaJaIKM POU3BOCTBEHHOTO IIPOLIECcCca; 3aMEHB! Ie(UIUTHBIX MaTepua-
JIOB ApPYrMMH, OoJjiee JOpOI'MMH; BBIIYCKa NPOAYKIMH B CBEPXYypOUYHOE
BpeMs [I0CIe JTUKBHIAIME TPUYUHBI IPOCTOS; mTpada 3a HapylUIeHHe Cpo-
KOB ITOCTaBKH.

Baxubim paktopom, onpeaenstomuM GOpMYIUPOBKY U pEIlIeHHE 3aja-
YH YOpaBJICHHS 3alacaMu, SBISETCS MOTPEOHOCTh B MaTepUaIbHBIX Pecyp-
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cax, mim xapakrep crpoca. Ilox cpocoM moOHMMAaeTcst COBOKYIHOCTh Tpe-
OoBaHuil Ha ToBapbl. OH MOXET OBITH JIETEPMHUHUPOBAHHBIM (JJOCTOBEPHO
N3BECTHBIM) WJIM BEPOSITHOCTHBIM (ONMCAHHBIM BEPOSITHOCTHBIM pacripesie-
JICHUEM), YTO IPUBOJUT K ITOCTAHOBKE JIETEPMHUHUPOBAHHBIX U CTOXAaCTHYE-
CKHX MOJIENEH.

Cpenu pa3HOBHIHOCTEH JETEPMHUHHPOBAHHBIX MOJENEH pa3iInyaroT:
a) crarnyeckre (00beM crpoca Ha XpaHUMYIO MPOAYKIMIO WIN 3amac siBJIs-
€TCsI IOCTOSTHHBIM BO BpeMeHH); 0) AuHaMm4deckue (00beM CIpoca sSBISIeTCS
¢yHkumeit Bpemenn). Kpome Toro, MCXoIs W3 XapakTepa IOTpeOHOCTH,
BO3MO)XKHA PEAIN3alMsl TAaKUX CTOXACTHYECKUX MOJENEH yNpaBIeHHUs 3ama-
caMH, B KOTOPBIX CIIPOC 32 PACCMaTPUBAEMBIH MEPHO JHOO SIBISIETCS He-
TIPEePBIBHON CITy9aifHON BEMYHHOW, JTHOO TUCKPETHOH (T. €. OMHICHIBAETCS
JIMCKPETHOM IUIOTHOCTBIO PACTIPENICIICHHUS).

Ocoboe BHUMaHKE TPH PEIIEHUU JAaHHOTO Kilacca 3a/1ad yAeNseTcs Mo-
PSAIKY MOMOJHEHHS 3a1acoB (MJIM CPOKY BBINIOJHEHU 3aKka3a). Peus uaer 06
MHTEpBaJle BPEMEHU MEXIY MOMEHTOM pa3MelICHHs 3aKa3a M ero MocTaB-
KoH. M3yuaemblif mpoiiecc OCYIIECTBISETCS MO pa3HbIM BapuanTtaMm. OaHUM
H3 HUX SABJIACTCA MTHOBEHHAA, T. €. OKCTPCHHAs, ITOCTABKA. Ecmu xe B cu-
CTeMe yNpaBJICHHUS 3aracaMy MpeaycMaTpUBaeTCs CPOK BBHITIOIHEHHMS 3aKa-
3a, TO 33/1a4a Ha3bIBAETCS MOJENBIO C 3aJepP>KKOH ITOCTaBOK OTHOCHTEIILHO
MOMEHTA 110/1auu TpeOoBaHMs. B 3TOM citydae HOBBIE 3aKa3bl Pa3MEIAOTCs
TOT/Ia, KOTJja X YPOBEHb OILyCKaeTCs JI0 3apaHee OIPEesICHHOrO 3Hade-
HUSI, HA3bIBAEMOT'0 TOUKOH 3aKa3a ToBapa.

Kpurepuii OonTHManbHOCTH SIBJISETCS HHTETPUPYIONIMM IOKa3aTeIeM
JUIA OTITUMM3AINHN JII000H CHCTeMBI yIpaBieHus 3amacamu. [loaTomy B Ka-
YECTBEC ueneBoﬁ (byHKLII/II/I B MAaTE€MaTH4YCCKHUX MOJACIIIX 4Yallle BCEro HC-
[I0JIb3YIOT MUHUMYM CYMMapHBbIX 3aTpaT, CBA3aHHBIX C 3arOTOBKOH M CO-
Jiepy)KaHHEM 3aIlacoB.

9.2. MojeJib ONITHMAJIBLHOTO pa3Mepa 3aKa3a

JIrobast sKOHOMHYECKasi 3ajjada YIpaBJICHHs 3aracaMi — 3TO COBOKYII-
HOCTh MaTeMaTHYECKUX COOTHOIICHHWH M ypaBHEHHH, OIMCHIBAIOIINX pac-
CMaTpHBaeMbI TpoLecc MPU TeX WM HMHBIX JomylieHusx. CymecTByIOT
pas3JIMuHbIE CUCTEMBI PEryJTUPOBAaHMS 3aM1acOB B 3aBUCUMOCTH OT MCXO/IHBIX
napamMeTpoB. PaccMOTpHM KIIACCHYECKYIO 3a/lady YKOHOMHYHOIO pa3Mepa
3aKa3a, KOTOPYIO Ha3bIBAIOT MOJIENBIO ONTUMAILHOM mapTuu nmocraBku. OHa
UCTIONBb3yeTCsT U OLIGHKM oObeMa 3aka3a Ha OIpEACJICHHBI ToBap W
BKJIFOUYAET B ce0s CIEeAYIOUIYI0 CUCTEMY TPEIIIONI0KEHU:
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a) CIpOC Ha TOBAP U3BECTEH M SIBIISICTCS MOCTOSHHBIM, T. €. ONPEeIeH-
HBIM, JeTepMUHUPOBaHHBIM. [1ycTh L — crpoc (MOTPeOHOCTE), T. €. 00Ut
00beM MMOCTaBOK TOBapa 3a mepuon t;

0) HyJIeBOW LUKJ 3aKa3a MPEIoaracT, YTO TOBAPhl OyIyT MOCTABJICHEI
0e3 3aJIepKKH, T. €. 3aKa3 BBIMOJIHACTCS IKCTPEHHO. [Ipr 3TOM OTKIOHEHUS
B Ty WJIM UHYIO CTOPOHY B IOCTYIUICHHU 33aKa3aHHOM MapTHH HEIOMYCTH-
MBI, @ BpEMsI IOCTABKU MPUHUMACTCS HYJICBOC;

B) YPOBEHB 3aIacOB CHIIKACTCS PABHOMEPHO B COOTBETCTBUH C PaBHO-
MEpHO MOCTymarmumMu TpeboBanusmu. Korma Bce 3amachl HUCUYepIaHbl,
MIPOUCXOTUT TIOCTaBKa HOBOW mapTtuu ToBapa. Ilycte Q — oOwpem 3akaza
(KOJIMIECTBO SMHHII);

') HEM3MEHHOCTh [ICHBI IPUOOPETEHUsI, T. €. PACXO/IbI HA TIPUOOpETEHHE
€/IMHUIIBI TOBApa [TOCTOSHHBI, 0003HAYUM uX P;

1) neduiut HepomyctuM. ToBap A0KEH ObITh BCErIa B HAMYUH H T10-
TPeOHOCTH MOKYIATEeH HEMEJICHHO yIOBICTBOPSIFOTCS.

Wcxonst U3 ONMCaHHBIX MPEINOChUIOK, Ipa)MuecKu MpPeJICTaBUM H3Me-
HEHHue ypoBHsI 3amacoB | koHkpeTHOTO TOBapa (puc. 9.1).

Ha rpaduke mokazaHo, yTo ypOBCHb 3amaca CHIKACTCS C MMOCTOSIHHOM
ckopocthio oT Q 1o 0. Koraa oH mocTuraer HyJeBOW OTMETKH, MTHOBEHHO
MPOUCXOIUT MOCTYIJICHHE HOBOW MapTHH TOBapa W YPOBEHH 3allacoB He-
MEJUIEHHO BOCCTaHaBIMBaeTCs A0 BenuuuHbl Q. Jlamee ypoBeHb 3amacoB
OISATh BCE BPEMsI CHMYKACTCsI, U IIMKI CHOBa moBTopsieTcs. Ha rpaduke BbI-
JIeNICH CPeIHUI yPOBEHb 3aI1acoB JAHHOTO TOBapa |, KOTOPBIN paBeH MOJIO0-

BHUHC pa3Mepa 3aKa3a (' :%j Taxoxe mokaszaHa JiIuHA nukia t, T. e. uH-

TepBaJl BPEMEHH MEKIY TIOCTaBKaMH (t = gj
v

| A

v

0 t t, ts ty t

Puc. 9.1. I[HH&MPIK& H3MCHECHHS 3al1aCOB BO BPEMEHHU
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s mocTpoenus QyHKIMH 3aTpaT TpeOyeTcs BBECTH 1Ba CTOMMOCTHBIX
mapameTpa: K — 3arparel Ha oopMiIcHUE, CBSI3aHHBIC C pa3MEIICHHUCM 3a-
Ka3a (CTOMMOCTPB 3aKa3a OJTHOW MapTHUW TOBapa); S — 3aTpaThl HA XPaHCHHE
(M3EPKKU HA SAMHUILY CKIATUPyEeMOU POAYKIIUH B €AMHUILY BPEMEHH).

Paccmompum npumep. CrpourtensHas ¢upma noiydmna 3aka3 Ha BO3-
BeJIeHHE psijia 00BEKTOB B arponpoMbIIUIeHHOH cdepe. Vcxons n3 oovema
MPEACTOSAIUX PaboT moTpeOHOCTh B IieMeHTe coctaBuT 4000 11 B roj
(L =4000). 3arparsl Ha oQopMIEHHE OIHONW TAPTHH IIEMCHTa PaBHbI
80 y. n. e. B BUie aqMUHHUCTPATUBHBIX PAaCcXOJ0B HE3aBUCHUMO OT 3aKa3aH-
Horo konmgectBa (K = 80). Exxeronnsie 3aTpaThl Ha XpaHEeHHUE, IO pacyeTaM
TUTAHOBO-3KOHOMUYECKOTO OT/eNa, OyayT cocTaBiATh 4 y. 1. €. Ha | 11 11e-
MeHTta (S = 4). JlaHHBII MOKa3aTeNlb CHEIUAINCTH ONPEISIIN CIEIyI0-
muM obpaszom. Iena nokynku 1 11 iemenra cocrasisier 16 y. . e. (P = 16),
a 3aTpaThl Ha XpaHEHNE SIUHUIIBI 3TOTO TOBapa, 10 OIIEHKAM YKOHOMHCTOB,
paBHbI 25 % B TOJ OT CTOMMOCTH 3amacoB B o0beme 1 11 iementa (i = 0,25).
Takum 00pa3oM, exxeroubie 3atpaThl S = iP. TpebyeTrcst onpenenuTs or-
TUMAJbHYIO CTPATETHIO 3aKa3a IIEMEHTa.

Pewrenne 3anaun CBSI3aHO C MOCTPOCHUEM MOJIENH, TJIE ONUCHIBAOTCS
o01ue 3atpaThl B cUcTeMe yrpasieHus 3anacamu. OHU CKIIAJIBIBAIOTCS U3
CTOMMOCTH Ha MPHOOPETEHNE TOBapa, PAacX0J0B Ha OPTaHU3AIMIO 33aKa3a U
xpaHeHHe 3arnacoB. C TOYKH 3pEeHUS aHaJH3a OCHOBHOW MOIENH YIpaBlie-
HUS 3allacaMyd Hac HE HMHTEPECYIOT 3aTpaThl Ha MPHOOPETEHHE, KOTOpHIC
MTOCTOSIHHBI (Ha ONTUMAJIBHBIN pa3Mep 3aKkaza OHH He MOBIUAIOT). [loaTomy
MpOaHATH3UPyEeM T¢ CyMMAapHBIC H3ICPKKH, KOTOPBIC CKIAIBIBAIOTCS W3
3aTpar Ha oQOpMIICHHE 3aKa3a B CIUHHIY BPEMCHH U 3aTpaT Ha XpaHCHHE
3amaca B €JHMHHUIy BpeMEHU. B naHHOM mpuMepe Mbl BbIOEpeM IEpHO,
paBHBIA OHOMY TOJTY.

Exeromnasi cromMocTh OGOpMIICHHsI 3aKa3a 3aBHCHUT OT 3arpaT Ha
odpopminenne ogHoi maptuu (K) 1 gucia (N) moCTaBOK WM 3aKa30B 32 aHa-

o v
JIM3UPYEMBIM epruon | N :6 . E)KeFOZ[Ha}I CTOMMOCTh XPaHCHHA 3aI11aCOB

OTpeJessieTCsl 3aTpaTaMi Ha XpaHEHWE eJMHMIBI MPOAYKIMU B To1 (S) u
cpenauM pasmepoM 3amaca (2 ). Y3 3T0ro ciieyer, 4To neneByro GyHKIHIO
2

Q

v .

MOJICJIA MOXHO 3aIucaTh ciaeayrmum oopasom: C =| K —+E — min.
Takum ob6pa3om, A TOTO, YTOOBI OMpPENETUTh ONTUMAIBHBIA pazMep
3aKa3a, He0OXOIMUMO TOJIKO CPaBHHTH 3aTpaThl, CBA3aHHBIC C OpraHU3aIH-

el 1 XpaHEHHEM 3aKa3a.
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Puc. 9.2. U3aepxku 3a11acoB B 3aBUCUMOCTH OT pa3Mepa 3aKasa

Ha rpa¢uxe, npeacraBieHHOM Ha puc. 9.2, BUIHO, KaK U3MEHSIOTCS U3-
JEPKKH B 3aBHCHMOCTH OT pa3Mepa 3akas3a: 1) pacxonsl Ha XpaHEHHE Ips-
MO TIPOIOPLMOHATBHBI BEJIWYHMHE IIapTHH IIOCTaBKU (pa3Mepy 3akasa);
2) pacxopl HA OPraHU3aIUI0 0OPATHO MPOMOPLUOHAIBHBI BEIHYHHE T1ap-
THUU TIOCTaBKH (pazMepy 3aka3a). MHUHUMalbHOE 3HaYeHHE OOIMMX 3aTpar
HaXOJIUTCS NPU PaBEHCTBE 3TUX JIBYX BUIOB H3JEPKEK (TOUKA MepeceyeHus
WX Ha rpa)uke COOTBETCTBYET ONTHMAIBHOMY pa3Mepy 3aKaza).

HertpynHo 3amMeTHTh, 4TO €CiM pa3Mep 3aKa3a HEBEJIHK, TO PacXoJbl Ha
OpraHM3aIMIO SBISIOTCS JOMUHHUPYIOIIMMH — B 9TOM Clly4ae 3aKasbl Moja-
I0TCS 4acTo, HO Ha HeOOJIbIIOe KOJIMYecTBO npoaykiuu. Eciau pasmep 3aka-
3a SIBJISIETCS JOCTATOYHO OOJBLIMM, OCHOBHOM KOMIIOHEHTOH CTaHOBSTCS
U3/IeP>KKU XPaHEHUs — JieslaeTcsa HeOOJIbIIoe YUCIO 3aKa30B, pa3zMep KOTo-
PBIX JIOCTAaTOYHO BEJIHK.

3HayeHNe ONTHMAJBHOTO pa3Mepa 3akasa, KOTOpoe ONpeielsuIoch ¢ Mo-
MOIIBIO Ipaduueckoro MeTosa, MOKHO pacCUMTaTh M 10 MaTeMaTHYECKO
dopmyne. CrangapTHblid MeToq AU(dEpEeHINATEHOTO HCUYUCICHHS O3B0~
JSIeT ONpPEACNIATh MCKOMYIO BEIMYMHY W3 paHee INPHBEACHHOM LEeNIeBOM
¢GyHkuuu. JI8 3TOro NpHpaBHAEM K HYNIO NEPBYIO HPOU3BOAHYIO MO
Q (HE00X0TUMBIH IPU3HAK IKCTPEMYMA):

dC_ Kv S _

— =
Q Q° 2
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OTcrozia ONTUMAIIBHBIH pa3Mep MapTUH 3aKa3a paBeH

[
Q=5

> >0 (1ocTaTOuHBIA MpPHU3HAK 3KCTPEMyMa) s BCEX

2

Tak kak

Q >0, To 3Havenne Q  MOCTABIACT (BYHKIMH aBCONIOTHBIH MUHHMYM.

Jnst namreit 3agaun: Q° = /w =400. INomydeHHBIH pe3yabTaT

TOBOPHUT O TOM, YTO Ui MHHHMH3AI[HK 3aTPaT pa3Mep 3akasa JOJDKCH CO-
craButh 400 1 mementa. OUTHMAaNbHBIA WHTEPBal MEXIY ITOCTaBKaMHU

JIOJDKEH OBITH paBeH t* = Q— (B 3amaue t* :ﬂ =0,1 roma). YunteiBas,
) 4000

4TO B Toxy 365 nHeH, BpeMs Mex1y 3aka3zaMH NapTHU LEMEHTa OyJeT co-
CTaBJIATh PUMEPHO 37 THEH.

o :tl*.I[n;{ 3agaun N* =10, 3To
TOBOPUT O TOM, 4TO MEPHOJUIHOCTH MMOCTABOK LIEMEHTA JOJDKHA OBITh PaB-
Ha 10 pa3 B rox.

IIpy 5TOM MHHMMAJbHBIA Pa3sMeP CyMMAapHBIX 3aTpPaT HPH ONTHMAJIb-
HBIX IapaMeTPax CHCTEMBI YIIPABIEHHs OJHOHOMEHKIATYPHBIMHU 3aIlacaMu
COCTABUT:

OnTUMAaIbHOE YMCIIO TOCTAaBOK: N° =

cr - Ko .S 2K“ =/2KSv = SQ".
2Kv 2
\'s

B paccmarpuBaemom mpumepe C,. =+/2-80-4-4000 =1600, wiu
C,., =4-400=1600.

JIto6oe oTkoHEHHE 00BbEMa ITOCTaBKH IIEMEHTa OT ONTHMAaJIbHON BeNH-
YUHBI BEJET K YBEJIMUEHMIO 3aTpar. Hanmpumep, npu neicTByroLeil cucteme
(akTHYecKas IOCTaBKa MapTHU LIEMEHTa CTPOUTENbHOH pupMe cocTasisiia

100 11 (Q = 100). 3nHauuT, rogoBHIe 3aTPaTH M0 (HOPMHUPOBAHUIO TIOCTABOK U

colieprKaHuio 3amnacoB ObutH paBHBL C =80- %+% 4=3400 y. m. e.
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Ecnu cpaBHHUTH UX C MONyYEHHBIMH NPH PabOTE CHCTEMBI YNPABICHUS 3a-
nacamu B ontuMainbHoM pexume (3400—-1600), To MOXKHO cenaTh BHIBOA O
TOM, YTO IPHHSATHE ONTHMAIILHOI CTpaTeruyu MpHHECET PUPME IKOHOMHIO B
konuuectse 1800 y. 1. e.

Kpome Toro, Hy)KHO MHOTJIa YUUTHIBATh U TOT (PaKT, YTO B peaIbHON CH-
Tyallud ONTUMAJIbHBIA MOKa3aTelb CIYXUT B KaueCTBE OpPUEHTUpA TOrO,
Kakoil pa3mep 3aka3a Haubojee skoHOMHueH. [Ipyn 3TOM OKOHYaTeNmbHAS
MapTHA TOCTABKH MOJXET OIPEAETATHCS C YU4ETOM W JPYTrux (akTOpOB.
Hanpumep, mepeBo3Kka OCYHIECTBIAETCS IIEMEHTOBO3aMH, TI'PY30HOABEM-
HOCTH KOTOPBIX paBHa 7 T IEMEHTA B pacueTe Ha OJMH aBTOMOOMIb. Vcxo-
ISl U3 3TOTO, HEOOXOAMMO IUIsi TIOCTAaBKM IIEMEHTA 3aKa3aTh 6 MaIluH.
B sToM cimydyae Hambomnee skoHOMHYHAas maptust OymeT coctaBisaTh 420 11
(6 - 70).

9.3. MoaeJib ¢ onpejiesieHHeM TOYKH 3aKa3a

B peaﬂbelX HpOI/ISBOﬂCTBeHHbIX CI/ITyaHI/IHX IIOIIOJTHCHHUE 3ariaca B
6OJI]>1HI/IHCTBe cnyqaeB HC MOXET HpOH3OI>iTH MI'HOBCHHO B MOMCHT pa3Me-
IICHUS 3aKa3a, Kak Mmpejmnonaranock panee. s odecnieueHus OecriepeOoii-
HOTO CHAOXEHHsI CJIEAYeT TAKXKE yYHTHIBATH CPOK BBIMIOJIHCHHUS 3aka3a L
(T. €. BpeMsi OT MOMEHTa pPa3MEIleHUs 3aKa3a JI0 MOMEHTA MOSIBJICHHS TOBa-
pa 'y nmotpeburensi). Bo MHOTMX 3a1a4ax CyHIECTBYET MOJ0XKUTEIBHBINA CPOK
BBIMIOJIHEHHS 3aKa3a (BpEMEHHOE 3ama3jpiBanue). B 3Toil cuTyanuu Touka
BO300HOBIICHHUS 3aKa3a MMEET MECTO, KOT/Ia YPOBEHD 3araca OMyCcKaeTcs 10
Lv emunuui. CremoBarellbHO, TOYKA 33aKa3a €CTh MHUHMMAJbHBIH yPOBEHb
HAJIMYHBIX 3aMacoB, MPH KOTOPOM HEOOXOIMMO Pa3MECTHTh HOBBIM 3aKa3,
9TOOBI N30€XKaTh JIeUIIUTA.

[MpuBeneHHbIC AOMYIICHUS TPEANONIATalOT, YTO CPOK BHIMIOJHEHUS 3aKa-
3a L MeHbIle mpoo/DKUTENbHOCTH IUKJIA 3aKa3a (ONTUMAJIbHOIO HWHTEPBa-
J1a BPEMEHHU MEXIy MOCTaBKaMM) t', 9T0 B OGIIEM BBITIONHSETCS HE BCET/IA.
B mpoTtuBHOM citydae HaxoIsT 3(PQPEKTHUBHEIA CPOK L, BRIOTHEHUS 3aKa3a
CIIEAYIOIUM 00pa3oM:

L,=L-mt,
L
rge m— HauOOoJIbIIIEE 1eJI0€, HC MPCBLIIIAIOICCe t_*

CrpaTerus ynpaBJICHHs! 3arlacaMi IIpH 3TOM (DOpMYIIUpYyeTCsl Clenylo-
MM 06pa3oM: 3aKasbiBaTh Q  eIMHMII MPOMYKIUH, KAK TOJIbKO YPOBEHb

3amaca CHMXaeTCA 10 Lel) CIAUHMUII.
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Paccmotpum mpuMep. 3aBOJ MPOM3BOANUT CENbCKOXO3IHCTBEHHYIO TEX-
HUKY JJIsl TIOCTaBOK Ha PBIHKM OJMKHEro 3apyOexbs. s oTux ueneid oH
nUMeeT MOTPeOHOCTh B KOMIUIEKTYIOIMX M3JENUsIX B KonmdectBe 90 mr. B
nenb. [lonpasznenenue, 3aHuMaroleecs KOMMEPUECKHMH OIIEpalUsIMH, 3a-
Ka3blBaeT 3TH WM3JACIHS C ONpPENENICHHOW NepuoAMYHOCThI0. CTOMMOCTH
pa3MelleHNs 3aKa3a Ha MOCTaBKy KOMIUIEKTYIOIUX cocTaBister 90 y. a. e.
Pacxonbl Ha xpaHeHMe u3Aenuil Ha ckiange oueHusarorcs B 0,02 y. 1. e. B
neHb. CpoK BBITIOTHEHHS 3aKa3a OT MOMEHTA €T0 Pa3MEIIeHHs 10 peabHON
moctaBku paBeH 17 gaed. TpeOyercss ompenenuTh ONTUMAIBHYIO CTpaTe-
THIO 3aKa3a KOMIUIEKTYIOIINX U3AETHH.

Ha ocHOBaHMM NpHUBEJCHHBIX AAaHHBIX MMeeM: L = 90 WT. B JEHB;
K=90y. n. e. 3a 3aka3; S= 0,02 y. 1. e. 32 XpaHEHHE OJHOTO W3JEIHS B
nens; L =17 nneii.

IMpocreiimmass Mozenb € ONpENeNCHHEM TOYKH 3aKa3a IpeArnojaraet
MIPOBE/ICHHUE ONpPE/IEICHHBIX PAacUeTOB.

1. Haxox/eHne onTHMaIBHOTO pa3Mepa MapTHU MOCTaBKH 10 (opMyJie
yI/IJICOHa (Q") u pacuer onTumansHoOro HETepBana ().

JIAaHHOW  3ajaye ONTUMAJbHBIH 00BEM  3aka3a  COCTaBMT:

Q \/ 2Kv \/ 2: 09(())290 =900, a cooTBeTCTBYyIOMAs JIUHA [UKIA Oyaer

paBHa: t' == =" :10.
v 90

2. Pacuer Touku pasmereHus 3akasa (r).

B nmanHoii 3amadye cpok BeIMoaHEeHHS 3aka3za (L = 17 gHei) mpeBsImaeT
NPOJIOIDKUTEIBHOCT: [UKAA t = 14 JHEH, MOSTOMY HEOOXOZMMO
BBIYHCIUTD L. UMCIIO 1LeNbIX LUKIOB, 3aKiO4eHHbIX B L, paBHO:

m = (HanbobIIee 1eIoe StL*) = (mamboJpIiee 1enoe < %) =1.

Taxum obpasom: Le= L —mt =17 — 1 - 10 = 7 gueii. [HosTomy Touka
MIOBTOPHOTO 3aKa3a MMEET MECTO IpH ypoBHe 3anaca: Leu = 7 - 90 = 630 u3-
JIeNui.

B obmem Bune 11 HAXOXKACHHUS TOYKH Pa3MEIICHHS 3aKa3a UCIOIb3Y-

10T ¥ TaKyto Gpopmyiry:
r=_Lv- LE*}Q*,

L
rae [t_* — 1enas 4acTh YHACIA.
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B 3agaue: r :17~90—[%}-900 =1530-1-900 = 630.

OnTuManbHas CTpaTerusi 3aKa3a KOMIUICKTYIOIIUX W3ICITHA MOXKET
OBITH COpPMYIIUPOBAHA TaK: HEOOXOAMMO 3aka3zaTh 900 U3menuii, KaK TOJb-
KO YpOBEHb UX 3amaca yMeHblnaercs 10 630 mrt.

3. HaxosxneHne MMHMMabHOTO HavyanbsHoro 3anaca (| ).

B nmanHoii 3amave s obecriedeHus Oe3neUIMTHON paboThl HEOOXO-
IUMO HWMETh MHHUMAJIbHBIA Ha4YaJlbHBIA 3amac, BEIHMYHMHA KOTOPOTO
I, =Lv=1530.

4. PacueT MUHUMAIBHBIX CyMMAapHBIX H3aepskek cuctemst (C).

B nmanHOI1 3a1aue THEBHBIC PACXOMbI, CBI3aHHBIC C COAEPIKaHUEM 3armaca
B COOTBETCTBHH C ONITUMAJIbHOW CTpaTETrvel, paBHbI:

C:. =5Q"=0,02-900=18 y. 1. e.

9.4. PenreHue 3a1a4u ynpaBjeHUs 3aMacaMHi €O CKUAKOI
Ha KOJIUYeCTBO

B HEekOTOpBIX citydasix IIleHa Ha KaKoW-JIMOO TOBap He SIBJISETCS ITOCTO-
SIHHOM M MOJKET 3aBUCETh OT 00beMa MOKYIKH (IIPpU SPMapOYHOi TOPToBIe,
MEXAYHapOIHBIX ayKIMOHaX) WM Pa3MEIIeHHOro 3aka3a. MHorue mo-
CTaBUIMKHU IPEJIararoT OIpe/elICHHbIe CKUAKH Ha OOJbLIMe 3aKa3bl, T. €.
IIPY ONTOBBIX 3aKyIKax LIEHbI CHWKAKOTCA. Peub umer o Tom, 4To MpoayK-
st MOXeT OBbITh MPUOOpETEHa CO CKUIKOH, eciii 00beM 3aka3a Q mpeBbI-
IIaeT HEKOTOPbIH (PUKCUPOBaHHBII ypoBeHb J. Takum 00pa3oM, CTOUMOCTb
SIMHUIEI TPOAYKIUH P (IIpU IBYXYPOBHEBOM CHCTEME CKHJIIOK) ONpPEAeIs-
eTcsl Kak

p,ecmmQ<g,

p,,ecmu Q> g,

rae p, > p,.

ITpu penreHny 3aJa4yd U PpacCMOTPEHHH BOIPOCA O TOM, HOJIB30BATHCS
WM HET IpeJularaeéMbIMH CKHIKaMH, HEOOXOAUMO PacCUUTaTh CBA3aHHBIE C
9TUM JOIOJHUTEINILHBIE 3aTPaThl M BOSMOXKHYIO SKOHOMHMIO. 3aKa3bl Ha 00-
Jiee KPYIHBIE IAPTHH NPOLYKIUH MOTYT:

a) C OIHOH CTOPOHEI, MOBJIEYb 32 COOOM YBEIMYEHHE CTOMMOCTH 3alla-
COB (CTOMMOCTD 3aKa30B M U3AEPKKU XpaHEHHS);
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0) ¢ Opyroit CTOPOHBI, IPOUCXOJUT CBOETO POAa KOMIICHCANNS 3aTpaT 3a
CYET CHIIKCHUSI 3aKyIIOUHOM LIEHBI.

OOmye 3aTparsl B €IMHUILY BpEeMEHH (T. €. CTOMMOCTh IPUOOpETeHHs,
M3EP)KKU Ha MOATOTOBKY 3aKa30B M PacXojbl HA XpaHEHHE) PacCUUTHIBA-
I0TCS CJIEIYIOLTHM 00pa3oM:

Q

C 1_ S )
Q)= vp+Q+ Q<g

CQ)= 0
C,(Q) =vp, + Q+ S,Q>g.

Paccmorpum npumep. Kommepueckast Toprosast pupma UMeeT yCTOH4IH-
BbIif cripoc Ha 900 UMIOPTHBIX KaJIbKYISTOPOB B roJ. CTOMMOCTh MOKYIKU
€IMHMIBI TOBapa COCTaBJIseT § y. 1. €., a 3aTpaThl Ha XPaHEHUE €MHUIIBI
n37eNHs, 110 OLIEHKaM 3KOHOMHCTOB, paBHbI 15 % oT cpeaHeil croumocTn
3aracoB roji. 3aTpaThl Ha pa3MelleHHe OJJHOTO 3aKa3a B BUJE aJMHUHUCTPA-
THUBHBIX PacxoJoB cocTaBisiioT 10 y. n. e. (HE3aBUCHMO OT 3aKa3aHHOTO
KOJNMYecTBa). 3apyOesKHBIA MOCTABIIHK MIPEIAaraeT, YTo [eHa Ha KaIbKYJIs-
TOp MOXeET ObITh CHIDKeHa Ha 6 % (1o 7,5 y. A. €.) IpH TOCTaBKE KPYITHOH
napTuM ToBapa. B naHHOM ciiydae ckuaka Bo3MoxHa npH 3akase 300 ex. u
6onee. TpebyeTcst ONpeeNuTh ONTUMANBHYIO CTPATETHIO YIPaBJICHHS 3a-
acamH.

Nmeem: v = 900; K=10; S=8-0,15=1,2; p,=8; p.= 7,5, g = 300.
Bbruncianm onTUManbHBIA pa3Mep 3aKaza MpH MEepPBOHAYAIBHOW IIEHE MO-
KYIIKH TOBapa:

\/21@ \/2 10-900 _ oy

T'ooBbIe 3aTpaThl MPU TAKOM pazMepe 3aKasza CKIIAIbIBAIOTCS U3 CTOH-
MOCTH ITPUOOPETEeHUsI, PACXO/I0B HA XpaHEHHE U Ha MOJTrOTOBKY 3aka3oB C;

(Q): 900- 8+1§3 1,2+10- %~7200+74+74 7348.

CpeHeroIoBbIC M3/ICPIKKUA PaOOTHl CHUCTEMBI MOXKHO TaK)Ke HAWTH IO
dopmyne
L' = p+iQ"),
rae | — koapduireHT u3epxex xpaHenus 3amacos: 8(900 + 0,15 - 123) ~
~ 7348.

136



Tak kak nmoxydeHHoe 3HadeHne Q = 123 MeHbIle, 4eM HIKHSS TpaHUIa

HHTEpBaJla MpeAoCTaBlIeHNs NepBoHavanbHOU ckuaxu (g = 300), To pac-
CYMTaeM 3aTpathl NpH YCIOBHM pa3MelleHus 3aka3oB Ha 300 ex. ToBapa
pu 6%-HO! CKUJKE Ha LIEHY MOKYIKU:

- cToMMOCTh nproOpeTenust: vp, = 900 - 7,5 = 6750;

- pacxoJIpl Ha XpaHCHHE: %S = i;O -7,5-0,15=169;

- pacxoJpl Ha OJrOTOBKY 3aka3oB: K 2 10- ﬂ =30.
Q 300

O6mme romoBsie 3aTpaThl OyayT paBHbl 6750 + 169 + 30 = 6949. Cire-
JIOBaTeJIbHO, ONTUMAJIbHAS CTpPATErusl yIpaBJCHHs 3amacamMy IMpearoara-
€T, 4TO 3aTpaTbl GpUpMbl OyAyT MHHUMH3MPOBAHBI [IPU Pa3MEIICHUH 3aKa-
30B B pazMepe 300 mT. KambKyISATOPOB M MOJYYCHHUH TPH TOM 6%-HOH
CKHUJIKH.

9.5. Moaean ynpaB/ieHHUsl 3al1acaMHU PH BEPOSITHOCTHOM CIIpoce

Bce paccMoTpeHHBIe paHee MOJENN OCHOBBIBAIUCH HA MPENTOI0KEHUN,
YTO CIPOC SABISAETCSA MOCTOSHHBIM. OJTHAKO HEKOTOPBIE CHCTEMBI YIIpaBie-
HUS 3aracaMM COJep KaT 3JEMEHT HEeOIpeAesIeHHOCTH, TaK KakK CIpPOC H3-
MEHSETCS BO BPEMEHH, T. €. €0 CpeJHee 3HaueHHe KoJeOJeTcs B TeueHHe
roja. Y4eT BepOATHOCTHOW NPHUPOMBI CIIPOCA TPEIIONaraeT CyIecTBOBa-
HHE MOCTOSHHOTO pe3epBHOro (OydepHOro) 3amaca Ha MPOTSDKEHUH BCETO
IUIaHOBOTO Teproaa. Ero pasmep ycTaHaBiuBaeTcst TAKUM 00pa3oM, YTOOBI
obecrieuuTh KoJIe0IeMOCTh Cpoca U TpeOyeMblil ypOBEHb OOCITYKHBAaHHUS.
ITpu 3TOM HCXOAAT U3 TOTO, YTO BEPOATHOCTH HCTOIICHHS 3amaca B TCUCHHE
Mepro/ia BBITMTOJHEHUS 3aKa3a (MHTEepBajla MEXIy MOMEHTOM DPa3MEIICHHS
3aKa3a M ero IOCTaBKOW) He JIOJKHA MPEBBIIATh HANepe] 3alaHHOM BelH-
YHHBI.

Jna maHHON MOJENnu 3KOHOMUYHOTO pa3Mepa 3aka3za C y4eTOM BeposT-
HOCTHOM TIPUPOJIBI CIIpOCa BBEEM 0003HAUCHHS:

L — cpok BbImosHeHHs 3aKa3a; X| — ciaydaliHas BeIUYMHA, IPEACTaBIs-
I01las BEJIMYMHY CIIPOCa HA NMPOTSHKEHWHM CPOKA BBINOJIHEHMS 3aKasa; |, —

CpeaHssA BEINYHHA CIIPOCA HA NMPOTSLKCHUHM CPOKa BBIIIOJIHCHHUA 3aKa3a, o —

CPEIHEKBAIPATHYECKOE OTKIOHEHHE BEJIMYHMHBI CHPOCAa HA MPOTSHKECHHN
CpoOKa BBINIOJHEHHMS 3aka3a; B — pa3Mep pe3epBHOrO 3amaca; o —
MaKCHMAallbHO BO3MOXKHOE 3HAUCHHE BEPOSTHOCTH HEXBATKH WIJIM HCTOIIE-
HUs 3anaca (1eunnTa) Ha MPOTHKEHUH CPOKa BBHITOJIHEHHUS 3aKa3a.
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OCHOBHBIM MIPEANOIOXKEHUEM TIPU MTOCTPOCHUN MOACIN ABJIACTCA TO,
YTO BCJIMYMUHA CIIpOCa X|_ Ha MPOTAKCHHUU CPOKA BBIMIOJTHCHUA 3aKa3a L sB-

JsIeTCsl paclpeielIeHHOW CIy4aifHOM BEJMYMHON CO CPeJHHMM |, M CTaH-
JapTHBIM OTKJIOHEHHEM G, . Ilpu sToM L noimkHO ObITH paBHO hQeKTHB-

HOMY BPEMEHH BBINIOJTHEHHS 3aKa3a (Lg).
BeposiTHOCTHOE yC0BHE, KOTOPOE OIpPEAEIAET pasMep PE3EPBHOIO 3a-

naca B, umeer Bux: P{X >B+p }<a.

[Tpu 3TOM BaXXHO 3HATH, YTO JIOOYI0 HOPMAJBHO pacIpeieIeHHYIO CITy-
JalHYI0 BETMYNHY MOKHO IIPUBECTH K CTAHJAPTHOMY BHIY ITyTE€M 3aMEHBI:

7 = XL_ML.

GL
BennmunHa cripoca Ha IPOTSKEHNU CPOKA BBIMOJIHEHNUS 3aKa3a L oObraHO
OTIMCHIBAETCS TNIOTHOCTBIO PACHPENENICHUS BEPOSTHOCTEH, OTHECEHHOH K
€ANHHLE BPEMEHHU. B yacTHOCTH, €CIH CIIpOC 3a €UHUILY BPEMEHH SIBIISCT-
Cs. HOPMAJIBHO pacHpeAeNeHHON ciyuailHOM BenW4YMHOM co cpeiHuM v U
CTaHAAPTHBIM OTKJIOHEHHEM G, TO OOIIMI CIpPOC Ha NMPOTSHKEHUH CPOKa
BBINIONHCHNS 3aKasa L Oymer mmers pacmpenenenne N (p .o, ), rae

p, =vl, u 6, =c’L, (dbopmyna mis G, MomyueHa HA OCHOBAHMHU TOTO,

YTO 3HaUCHHE L SBISICTCS LETBIM YMCIOM HIIH K€ OKPYIJICHO JI0 LENIOT0).

PaccmoTpum mpumep. JIHEBHOH CHpOC HA UMIIOPTHOE THBO B (prpMeH-
Hom Mmarasmae AIIK sBisercs HOpMalbHO paclpeneNeHHON CiydaifHON
BEJIMYUHON C MaTeMaTHYCCKUM OxuIaHueM L = 50 OyTBUIOK U CpeHe-
KBaJ[PaTUYCCKUM OTKJIOHCHHEM G = 5 OyThUIOK. CTOMMOCTH XpaHeHUs Oy-
TBUIKM TMBa B MarasmHe coctasisier S = 0,05 y. a. e. B neHs. Pa3memenne
HOBOTO 3aKa3a KaXIBId pa3 OOXOOUTCA TOPrOBOMY IPEINPUSTHIO B
K=45y. 1. e. IlocTaBmuk 0OBYHO yCTAHABINBACT BOCHMHUIHEBHBII CPOK
ISl BBITIOJTHCHMS 3aKa3a.

Heo6xonnmo pa3zpaboTaTh ONTUMATIBHYIO CTPATETHIO YIIPABICHHUS 3ara-
caMy JJisl MarasvHa, MpeArnojaras, 4To BEPOSTHOCTh HCTOILIEHUS 3amaca
MTBa Ha IPOTSHKCHUU CPOKA BEHITIONHEHU 3aKa3a He mpessimaetr o = 0,05.

Brauaite HalinemM onTUMalIbHEIN 00BEM 3aKa3a:

Q" :\/ZKD _ [2:45-30 =300 OyThLIOK.
S 0,05
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. * 300 N
JlnuHa nukna cocraBisieT. t = Q— = E =6 mueit. CpoK BBITIOTHECHUS
)

3aKa3a paBCH 8 JAHAM U OPEBBIIACT MPOAOJLKUTCIIBHOCTD HUKIIA (6 ﬂHeﬁ),
MO3TOMY BBIYUCINM 3(1)(1)6KTI/IBHOC BPEMs BBITIOJIHEHU S 3aKa3a.

L=L-mt" =8-1-6=2 nus.
CrenoBaTenbHO:

p, =vl, =50-2=100 mwr.

o, =4/0’L, =52 =7,07 en.

Mo Tabuuie HOpMaIBHOTO pacnpeaeneHus Haxoaum (o = 0,05):

g Xemme X =100 o
o, 7,07

Janee nomyyaem X, = 1,64 - 7,07 + 100 = 111,59. Pa3zmep pezepBHOro
3amaca BbUHCIsieTcss Tak: B >7,07-1,64~12 OyTbuiok. 3HAYUT, ONTH-
MaJlbHasl TIOJINTHKA YIIpaBJIECHHs 3amacaMHu MarasiHa ¢ oObeMOM pesepBa
B =12 cocrour B 3akaze 300 OyThUIOK NuBa, Kak TOJILKO 00bEM 3araca
yMeHbIaercs 1o 112 mr.

10. CETEBOE IIVTAHUPOBAHMUE U YIIPABJIEHUE
10.1. O0mue cBeaeHUs

[InaHUpOBaHUE CIIOKHBIX IIPOLIECCOB B arpONPOMBILIICHHOM KOMILIEKCE
HPUBOIUT K OOJNBIIOMY KOJMYECTBY MPAKTHYCCKHX 3a]a4, KOTOPBIC MOXHO
copMyITHpOBaTh U PEIINTh KaK ceTeBble Moxenu. Ha ocHoBe Takux mope-
Jel pa3paboTaHO MHOXKECTBO METOJIOB CETEBOrO IIAHUPOBAaHHS M YIpaB-
nenus (CIIY), koTopble MO3BONAIOT COCTABUThH PALIMOHATBHBIN IUIaH pelle-
HUsI IPOM3BOJICTBEHHOI 3a7a4y B KpaTyailine CPOKM U C MUHUMAJIbHBIMU
norepsiMu. KaxkJplit U3 METOJIOB 1aeT BO3MOXKHOCTh CBOEBPEMEHHO OLIEHH-
BaTh Y3KHE MECTa U BHOCUTh HEOOXOAMMBIE KOPPEKTUBBI B YIIPaBICHYECKHE
pewenust. OHn 6a3UpyIOTCS HA MPUMEHEHHH CIIEIYIOIINX aJlTOPUTMOB:

- ANITOPHUTM HaXOXICHUSI MUHIMAIIbHOTO OCTOBHOTO JICpEeBa;

- ANTOPHUTM HaXOXKICHUS KpaTJauIero myTy;

- QNITOPHUTM ONpeeTIeHH MaKCHMAJIBHOTO MTOTOKA;
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- aJNTOPUTM MHUHUMH3AIHNA CTOMMOCTH IOTOKA B CETH C OTPAaHUYCHHON
MIPOIYCKHOM CIIOCOOHOCTBIO;

- JITOPUTM HAaXO0XKJECHUS KPUTHYECKOTO IyTH.

MsI paccmotpuM Hambosee uzBecTHbie MeToabl CITY: MeTon kpuTHue-
ckoro mytH (cokpameHHo CPM) W MeToja OLEHKH M 0030pa IpOorpaMMBbI
(coxpamenno PERT). /lnana3oH ux mpuMeHEHUs BeChMa IIMPOK: OT 3aad,
KacarolUxcs JEsTeNbHOCTH OTHAENbHBIX JIMI, O INPOEKTOB, B KOTOPBIX
Y9acTBYIOT MHOTHE OpTaHU3aIud. J{Is Toro 9ToObl COCTaBUTH IUIaH padoT
10 OCYLIECTBIICHHIO JII000H 3aa4y WM IPOEKTa, HEOOXO0AUMO OIUCATh €ro
C MOMOUIBI0 HEKOTOPOM MaTeMaTH4ecKoi Mozenu. Takoi sBiseTcs ceTeBas
MOJIeJNb, pean3aIisl KOTOPOH BKITFOUAET CIICTYIOIIHE ITAITBL:

- pacwiIcHEHHE IPOCKTa Ha P OTAEIBHBIX paboT (mporeccoB, omepa-
LMi1), UX OTHOLIGHUS MPEIIIECTBOBAHMS, a TAK)KE OLIEHKA MPOIOJDKUTENb-
HOCTH BBITIOJTHEHUS KaKJOH paOOTHI;

- COCTaBJICHHE CETEBOTO TpaduKa MPOEKTa;

- CeTeBOM aHaNIM3 sl BO3MOXKHOTO IepecMOTpa IIaHa BBINOJHEHUS pa-
00T ¢ TIETBIO €TO0 ONTUMH3AIIHH.

Takum o0pa3om, B ceTeBO MOJENN MPOUCXOTUT MOICTHUPOBAHNE COBO-
KYITHOCTH B3aHMMOCBSI3aHHBIX Pa0OT M COOBITHI, OTOOpa)KaIOMWIMX IPOLECC
JIOCTHIKEHUsI onpeseieHHoi 1einn. Ee ocHOBHbIE MOHATHS: paboTa, COObI-
THE, IyTh.

Pabota — 3TO BBIIOJHEHHWE HEKOTOPOTO MEPOIPUATHS (HAIPUMED,
OIpE/CICHHON TEXHOJOTUYECKOW, TPAaHCHMOPTHOW WJIM CKJIAJCKOM ormepa-
un). K BX 9uciry OTHOCSITCS CIIEAYIOIINE BU/IBL:

- IeWicTBUTENbHAs paboTa (CBsi3aHA C 3aTpaTaMy BPEMEHU U PacXoioM
pecypcoB, Hanpumep, cOopKa H3eIns);

- oxumaHue (mporecc, He TPEeOYIOUIMIA 3aTpaT Tpyaa, HalpuMep, CyIIKa
U3 TIOCIIE TIOKPACKH);

- ¢ukTHBHAs paboTa (He TpebyeT BPEMEHH W PECYPCOB, @ JIUIIb YKa3bl-
BaeT Ha TO, YTO BO3MOXKHOCTh OJHOM pabOTHI HEMOCPEACTBEHHO 3aBHCHUT OT
Pe3yJIbTaTOB APYroii).

Ilpu rpaduveckoM mpeACTaBICHUH paboTa H300paXKaeTCs CTPEIKOH,
KOTOpas coeAnHseT aABa coObITHA. OHa 0003HaYaeTcs Mapoi 3aKIIOYCHHBIX
B ckobOku uncen (i, j), rae | — HOMep COOBITHS, U3 KOTOPOro paboTa BBIXO-
JINT, a ] — HOMep COOBITHS, B KOTOpoe OoHa BxoauT. Kakmas pabora nmeer
OIpe/IeNICHHYI0 TPOAOKUTENBHOCTD t (i, j). TIpOMOIKUTETBHOCTS HUKTHB-
HOW paOOTHI paBHA HYIIO W H300pakaeTcs Ha TpauKe MYyHKTUPHBIMU
CTpeJIKaMH.
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CoObITHAMH HA3BIBAIOTCS HAYaJIbHBIE W KOHEYHBIE TOYKHA PaOOTHI
(Hampumep, HAYAlO WJIM OKOHYaHWE MPOW3BOJCTBEHHOW omeparuu). OHH
HE MMEIOT NPOTSHKEHHOCTH BO BPEMEHH, 0003HAYaIOTCS OAHUM YHCIOM U
npu rpapUUecKOM MPEACTABICHUU U300paxaroTcs KPyxKKoM. OOBIYHO BbI-
JIEJISIOT MCXOJHOE, TPOMEXXYTOUHOE U 3aBepIIIaromniee COOBITHS.

CerteBast MOJIeNIb 00J1a1a€T CIIeTYIOIINMH OCHOBHBIMH CBOHCTBAMH:

- HU OJTHO COOBITHE HE MOXKET MPOUCXOJUTH 10 TEX I0p, NOKa He OyAyT
3aKOHYEHBI BCE BXOJIAIINE B HETO PaOOTHI;

- HU OfiHa pa0boTa, BBIXO/AIIAS U3 TAaHHOTO COOBITUS, HE MOXKET HAYaTh-
sl JI0 TeX Mop, TI0Ka He MTPOU30MIeT JaHHOE COOBITHE;

- HU OfIHA TOCNenyromas paboTa He MOXKET HA4aThCS paHbIIe, YeM Oy-
IIyT 3aKOHYCHBI BCE MPEIISCTBYIONIHE €if pabOTHI.

IIyTe — 3TO HEMOYKa CICAYIOIIUX APYT 3a apyrom pador. Ocodoe BHU-
MaHHe YIEsIeTCs MOJIHOMY IYTH, T. €. JF000i HeTpephIBHOHN TEXHOIOTHYE-
CKOI1 ITOCIIeTOBaTEILHOCTH PaboT OT HCXOJHOTO COOBITHS 10 3aBEpIIAOIIe-
ro. B cereBoii MoenH X MOXET ObITh HECKOJIBKO. JIJTMHOW MyTH SIBIISIETCS
CyMMa TIPOJIOJDKHATENEHOCTH COCTaBILIOIIUX ero padot. IlyTh, nmerommuit
MaKCHMaJlbHyIO JJIHHY, Ha3bIBAIOT KPUTHUECKUM (L), €ro mpoaoinKuTen-
HOCTb — ty,.

10.2. CereBoii rpaduk npoexkra

CeTeByro MOJeNb B rpadMueckoM H300paKEHHH HA3BIBAIOT CETEBBIM
rpaduroM. UTOOBI cOCTaBUTH ceTeBOW rpaduk, HEOOXOIUMO UMETH CIIeIy-
IOITYI0 HHPOPMAIIHIO:

a) nepeyeHb TpeOyeMbIX MEPONPHUSTHI;

0) B3aMO3aBHCHMOCTh MEPOTIPHATHH, T. €. KX 0YePEIHOCTE;

B) MIPOAOJKUTENHHOCT KKIOTO MEPOTIPHATHS, TpeOyeMOro B COOTBET-
CTBHH C TIPOEKTOM.

Paccmorpum mpumep. OcBoeHHe PHIHKOB cTpaH bimkHero Bocroka mo-
Kasajo, 4TO 3aBOJ{ aBTOCENbXO3Malla NOIDKCH 3aHSTHCS M3TOTOBICHHEM
HOBOI'0O BHUJa MpOAYKIUU JJId €TI0 SKCHOPTHBIX MOCTAaBOK. HJ’ISI BBIITOJIHCHU A
JIAaHHOT'O MpoeKTa OyIyT 3aJeliCTBOBaHBbI J1Ba (hHUiIHaIa MPEANpUsITHS, KOTO-
pBle JOJDKHBI BHIIOJIHUTH Clieayrone Meponpustus. IIpexxae Bcero B ¢u-
JiMajlaxX OAHOBPEMEHHO IMPOBOASAT HeO6XO[lI/IMbIe IIOATOTOBUTCIILHBIC OIIC-
panuu. 3ateM ToOJpa3zefieHUs] BBIMOJHAIOT TMEPBOHAYAIBHBIE MPOU3BOI-
CTBEHHBIE TEXHOJOTHYECKHE paboThl HE3aBUCHMO Apyr oT apyra. Ilocie
OKOHYaHUA NMPEABAPUTECIbHBIX TEXHOJIOTHYCCKUX pa60T npeaycmarpuBacT-
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Cs, 9TO BTOPOH (MIHAN MPOJOIDKAET paboTy, a MEPBBIA (QHIHAN, TPEKIe
4eM ee MPOAOJIKUTh, HepeacT BTOPOMY (GHIIHATy 4YacTh M3TOTOBJICHHBIX
y3110B. Bo BTopoM (unanie OHH COSAMHSAIOTCS C Y3JIaMH, TOATOTOBICHHBI-
MH 371€Ch K 3TOMY BPEMCHH.

IMocne coearHEeHUsT y3JI0B YacTh W3 HUX TPAaHCIIOPTHUPYETCS B MEPBbIN
¢dwualn, rae npou3BOJUTCS 3aBepIIcHUE oneparuu. Bropoi ¢umuan B 310
BpeMsl BBIMOJIHACT 3aBepiicHue cBoeil pabothl. [1o okoHuaHMM paboOT Bce
Y3JIbl CEIBCKOXO3SIMCTBEHHOTO M3CNHs TOCTABISIFOTCS K MECTY COOpKH H
COCITUHSIFOTCS B KOHCUHBIA FOTOBBIA MPOAYKT. Ha OCHOBaHUHM CXEMBI BBI-
MOJTHCHUSI TPOCKTa COCTABISIEM IMEPEUYCHb PadOT, a TAKKE UX IMPOIOJIKH-
TeNnsHOCTD (Tad. 10.1).

Ta6numa 10.1. [Ipoxo/KHTETLHOCTH PA0OT NPHU peaTH3aLUH POEKTA
N0 BBIMYCKY HOBOT'0 BH/Ja MPOTYKINH

Pa IIpenme- IIponon-
6ota (@i, )) Copepixanue paboThl CTBYIOILHE KHTENb-
paboTsI HOCTb, 4

IloaroroButensHble onepauuu B 1-M u 2-M

Ax 1,2 - 5
(unmanax
TIpeaBapuTenbHas TEXHOJOTHYECKAs Omepa-

4, | (2,3) | 'porsap P A 9
uus B 1-m Qunmane
TIpeaBapuTenbHas TEXHOJOTHYECKAs Orepa-

A; | (2,4) | 'PorBap P A 5
1us B 2-M Qunmaie
Tlepenaya 4YacTH W3rOTOBJICHHBIX Y3JIOB

A, | 35| P ! y A 13
w3genus u3 1-ro ¢pummana Bo 2-if pumman
BeinonHeHne MOCIEAYIOMUX TEXHOIOTHYC-

As (3,6) o Az 5
CKHX onepauuii B 1-M ¢punmnane
BeInosHeHHe MOCIEAYOIUX TEXHOJIOrHYe-

4s | (4,5) ! Y A; 25
CKHX omepanuii B 2-M ¢unmane
Tlepemaua 9acTM W3TOTOBICHHBIX  Y3JIOB

4, | 56| P ! ¥ Ay, As 5
n3nenus u3 2-ro ¢uimana B 1-i Gpumman
BrinonHenye 3aBepriaromel TEXHOJIOTHYe-

4 | 6.7 " P As, As 5
cKoit onepauuu B 1-M punmane
BrinonHenre 3aBepriaromell TEXHOIOTHYe-

4 | (67 ! P As, A7 9
CKOi1 onepanuu B 2-M (unmnane
JlocTaBka M3rOTOBJICHHBIX Y3IIOB M3IEIUS K

A1 (7,8) | mecty cOOpKH, €ro KOMIUICKTALMS M IIPO- Asg, Aoy 5
BEpKa TOTOBOTO M3IEIIHSI

CeteBoit rpaduK, COCTABICHHBIN 110 3TUM MEPONPHATHSIM, MOKa3aH Ha
puc. 10.1.
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Puc. 10.1. CereBoii rpaduk BEITyCKa HOBOTO BH/A IPOLYKIIUH

Ha Hem pabotbl, 0003HauEHHBIE CTPEIKaMH, UMEIOT OyKBEeHHOE 0003Ha-
YeHHe, IpUYeM yKa3aHa IPOJOIDKUTENBHOCTh KaKA0ro Meponpusitus. Mc-
XOJ/IHBIM COOBITHEM SIBIISIETCS 1, CTaBst 3TO YUCIIO B JIEBYIO YacTh rpaduka (B
KPYXOK), a TIoclielHee COOBITHE 8 CTaBMM B KpalHWN IPaBBIH KPYXKOK,
pa3MecTHB MeXIy HAMH IPOMEXYTOYHbIe coObITHA. Hymeparms kpyKKoB
oYTH Tpon3BosibHA. OMHAKO ceTeBOil rpaduk MOKEH OBITH YHOPSIOYCH.
[TosToMy TpH NPUCBOCHHH HOMEPOB KPYXKKaM COONIONAIOT IMPAaBHIIO: IO
KaX1oil paboTe HOMep KpyKKa, 0003HAYAOMIETO e¢ Ha4ajo, TOJDKEeH OBITh
MEHbIIIe HOMEpa OKOHYaHUs paboThl. J{pyriuMu clioBaMH, B YHOPSI0YSHHOM
ceTeBOM Tpaduke Bce pabOTHI-CTPEIKM HANpPABJIEHbI CIEBAa HAIIPaBO — OT
COOBITHH C MEHBIIUMH HOMEPAaMH K COOBITHSM C OOJIBIIUMH HOMEPaMH.

PaccMoTpuM pa3nuyHbIe TOJIHBIE MYTH A@HHOTO Tpaduka, TIe Havyaio
COBIAAaeT C HUCXOAHBIM COOBITHEM CETH, a KOHEIL[ — C 3aBepIIAIOIIUM.
B atom mpoekre ux 5 (tabun. 10.2).

Tao6numa 10.2. HoaHble MyTH ceTeBOro rpaduka

Howmep Hamnpasnenue mytu IIpoOmKUTETBHOCTD, 4
L(1) 1-2-3-6-7-8 33
L(2) 1-2-3-5-6-7-8 46
L(3) 1-2-3-5-7-8 37
L(4) 1-2-4-5-6-7-8 54
L(5) 1-2-4-5-7-8 45

MosxHO yOenuTscsi B TOM, 4TO NyTh L(4) nMeer HanGoIbIIyI0 IPOIOI-
XKUTEIBHOCTb, I03TOMY U siBIsiercst kpurndeckuM (L(4) = L), a Ha rpadu-
Ke OH 0003HaYaeTCs KUPHOH JIMHUEH. Ero mpoIomKuTeIbHOCTh COCTaBISIET
54 4, 1. e. ANMA TMPOBEACHHUS KOMIUIEKCa padOT IO BEIONHEHHWIO MPOEKTa
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noHanoourcs 54 4. BrICTpee KOMILIEKC BBINOJIHHUTH HEIb3s, TAK KaK IS
JIOCTHXKEHUSI 3aBEPIIAIONIEr0 COOBITHS KPUTHUECKHU MyTh HAA0 MPOUTH
00s13aTeLHO.

10.3. MeToa KpUTHYECKOI0 MyTH

AHanmu3 METoJJOM KPUTHYECKOTO ITyTH 3aKJIF0YaeTCsl B ONPEEICHUH TO-
TO MapmipyTa B CETEBOM TpaduKe, KOTOPHIA 0COOBIM 00pa3oM BIHAET Ha
00IIYI0 TPOTOIHKUTENEHOCTE. PabOThI KPUTHYIECKOTO ITyTH HE MMEIOT TH0-
KOCTH, €CJIM MPOEKT JOJDKEH 3aKOHYUTHCS B CPOK. 3HAYMT, YTOOBI 3aBep-
IIUTH BECh IPOEKT COIVIACHO TIpaduKy, KPUTHYECKHE PAaOOTHI JOJKHBI
Ha4YMHATBHCS BOBPEMS M 3aKaHYHMBATBHCS B NPeENeaxX OTBEACHHOI'O BPEMEHH.
JIto0ble OTKJIOHEHUs] HEM30€XKHO MOBJIUSIOT HAa OOMIYI0 IIPOJOJDKUTENb-
HOCTb.

[Tpn ananuze cereBoro rpaduka paccMOTPUM TaKHe BPEMEHHBIE Iapa-
MeTpsl (Tabn. 10.3), kak CpoOKM CBEpIIECHHH M pe3epBHI COOBITHH, a TaKxke
CPOKH BBINIOJIHEHHS Pa0OT U UX PE3ePBbl BPEMEHHU.

W3yuum cojiepkaHue U pacyeT yKa3aHHBIX rmapamerpoB. Kak yxe otme-
4ajock, COOBITHE HE MOXKET HACTYIHTh MPEXkIe, YeM CBEpIIaTCs BCe Hpel-
ILICCTBYIOIIE eMy COOBITHS U He OyIyT BBITIOJHEHBI BCE MPEALICCTBYIOIIUE
paboTEL.

Ta6numa 10.3. BpemeHHbIe HapaMeTPhI CeTEBOro rpaguka

DJIEMEHT CCTH,
. VYcnosroe 0603Ha-
XapaKTepu3yeMblii HaumeHoBanue napamerpa
YeHHe napamerpa
napamMeTpoM
PaHHUII CPOK CBEpILIEHUsI COOBITHSI (i)
CobsrTHe i IMo3mHuMiT CPOK CBEPIICHHS COOBITHS ta(i)
Pe3epB BpeMeHH COOBITHS R(i)
Pannwuii cpok Hadanga paboThI tou(i, J)
PaHHUIT CPOK OKOHYAHHSI pabOThI too(l, J)
Pa6ora (i, j) IMo3mHuit cpok Havanma pabOTEI tu(i, J)
To3aHuit cpok OKOHUAHUS PAOOTHI tuo(i, §)
[losHbli pe3epB BpeMeHH paboThl R.(i, j)
Tpoctoi (j) CBoOOHEIIH Pe3epB BpeMenn paboThI Rc(i_, J)
HesaBucuMslit pe3epB BpeMeHH paboThl Ru(i, )

PaHHUIT CPOK HCXOIHOTO COOBITHS paBeH Hyo: {,(1) = 0. Pannuii cpok
CBEpIIEHHS TTOCIEIYIOIEro COOBITUS OIpeJessieTcsl Kak CyMMa paHHEro
CpOKa CBEPIIEHHMS IIPEIBIAYIIET0 COOBITUS M TIPOJOIDKUTELHOCTH paboThI:
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t,(§)=t,(i)+t(i, j). (10.1)

Eciu kakoMy-TO COOBITHIO j MPE/LISCTBYET CBEPIICHHE HECKOIBKUX CO-
OBITHIA i, TO paHHUIT CPOK CBEPIICHHUS COOBITHUS | HAXOAAT IO opMyIie

t,(j)= max[ (i)+t(i.§)]- (10.2)

CrieoBaTeIbHO, TP ONPEAEICHHA PAHHUX CPOKOB CBEPIIEHUS COOBI-
THH CJIEIyeT IBUTaThCs MO CETEBOMY IpaHKy CeBa HAIPABO U MCIOJB30-
BaTh Gopmyist (10.1) u (10.2).

HMrax, msi=11,(1) =0. T i =2 t,(2) = t(1) +t(1,2) =0+ 5 =5 (1ax
KaK Il COOBITHS 2 CYIIECTBYET TONBKO ofHO coObithe). [l i = 3 t,(3) =
=t(2)+1(2,3)=5+9=14. JTnai=41,(4) =t,(2) +1(2,4)=5+5=10.

Tak Kak Uit COOBITHSI 5 UMeEeTCs JBa MPEIIIECTBYIONNX eMy COOBITHS,
T. €. JIBa MIPEAIECTBYIONIHUX MYTH, TO:

to(5) = max{t,(3) + t(3, 5); t,(4) + t(4, 5)} = max{14 + 13; 10 + 25} = 35.
AHaJIOrM4HO:

tp(6) = max{t,(3) + t(3, 6); t,(5) + t(5, 6)} = max{14 + 5; 35 + 5} = 40.
to(7) = max{ty(5) + t(5, 7); t,(6) + t(6, 7)} = max{35 + 5; 40 + 9}.
B wurore t,(8) = t,(7) + t(7, 8) = 49 + 5 = 54, 1. e. nNMHA KPUTHIECKOTO
MIyTH paBHA PaHHEMY CPOKY CBEPIIECHHS 3aBEPIIAONIETO COOBITHS 8.

tep = 15(8) = 54 u.

I[J'IH pacydeTa no3AHUX CPOKOB CBCPILICHUA COOBITHIT HCOGXOZII/IMO JABH-
raThCs I10 CCTU B OGpaTHOM HampaBJICHUHU, T. €. CIIpaBa HAJICBO.

I[J'IH 3aBCPLIAIOLICTO COOBITHS HO3HHI/Iﬁ CPOK CBEpILICHUS COOBITHS J0JI-
JKCH PABHATBHCA €0 paHHEMY CPOKY:

tpy=1,(8) =54 u.

HO3L[HI/II>1 CPOK CBCpHICHUA NPCABLAYIICTO COOBITHS 6yH€T OIMpCACIIATh-
Cs KaK pasHOCTb MNO3JHEro CpOKa CBEPIICHUSA MOCICAYHOLIETO COOBITHS U
MMPOAOJIKUTCIIBHOCTH pa6OTI)II

ta(i) = t.() - t(i, J)- (10.3)

Ecau HECKOIBKHM COOBITHSIM j MpeAMECTBYCT CBEPIICHUE OAHOIO CO-
ObITHS i, TO HOS,HHI/Iﬁ CPOK CBEpIICHUA CcOOBITHSA | HaxXoJuM Tak:
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ta(1) = min[t.(j) - t(i, )] (10.4)
i j

Ucnone3ys popmyasi (10.3) u (10.4), Haiigem:

Hdust i =7 t,(7) = t,(8) — t(7, 8) = 54 — 5 = 49, tak kak aust coObITHS 7
CYIIECTBYET OJTHO MOCIIEYIOMIee COOBITHE.

Jus i =6 1,(6) =t,(7) - t(6, 7) =49 -9 = 40.

Jus i =5 t,(5) = min{t,(6) — t(5, 6); t,(7) — t(5, 7)} = min{40 - 5; 49 -
—5} = 35, Tak KaKk 115 COOBITHS 5 CYHIECTBYET J(BA MOCEIYIOIINX COObI-
THSL.

Hus i =41,(4) =t,(5) - t(4, 5) = 35 - 25 = 10.

T i = 3 1,(3) = min{t,(5) — t(3, 5); t.(6) — t(3, 6)} = min{35 - 13; 40 -

_5}=22.
Tois i = 2 ,(2) = min{ta(3) - t(2, 3); t.(4) — t(2, 4)} = min{22 - 9; 10 —
_5}=5,

Hdusti=1t,(1) =t,(2)-1(1,2)=5-5=0.

Pe3epB BpeMeHM COOBITHS ONpENessieTCsl Kak pa3HOCTh MEXIY MO3JHUM
¥ paHHUM cpokamu ero csepienust: R(i) = t,(i) — ty(i).

Buecem nonyuennsie qanHble B Tadu. 10.4.

PesepB Bpemenu coObitust R(3) = 8 o3Hauaer, 4yTo BpeMsl CBEpLICHUS
coObITHSL 3 MOXeET OBITh 33ep’KaHo Ha 8 u Oe3 yBeIM4YeHHUs OOIIEero Cpoka
BBITIOJTHEHUS TTPOeKTa. AHANMM3Upys Tabm. 10.4, BUOUM, 9YTO HE UMEIOT pe-
3epBOB BpeMeHH COOBITHA 1, 2,4, 5, 6, 7 1 §, KOTOpBIE U 00pPa3yIOT KPUTH-
geckuid myTh (cM. puc. 10.1).

Ta6numa 10.4. Bpemennsle mapaMeTpsl COOLITHII 1151 ceTeBOro rpadguka

Homep CpokH cBeplIeHHs COOBITHS, 1 Pesepe BpemeHH
COOBITHS pannuii ty(i) no3uui t,(i) R(i)
1 0 0 0
2 5 5 0
3 14 22 8
4 10 10 0
5 35 35 0
6 40 40 0
7 49 49 0
8 54 54 0

Takum 00pa3oM, /I TOrO YTOOBI ONPEACIUTD [UIMHY KPUTHYECKOTO ITy-
TH, BOBCE He 00s13aTe]bHO NepeOupaTh BCe TOJIHBIE ITYTH CETEBOr0O rpadu-
ka. J{7s 9TOro MOXHO HalTH paHHUI CPOK HACTYIUICHHs 3aBEpILAIOIIEro
COOBITHS CETEBOTO IpaduKa.
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Tenepp nepelizieM k mapameTpaM padoT. PaHHWII cpok Haydana pabOThI
COBIIAJIACT C PAHHUM CPOKOM HACTYIUICHHS HAYaJILHOTO (IIPEIIICCTBYIOIIC-

ro) coGerrus, T. e.: t, (i, )=t (i).

Torma  panmHMii  CpOK  OKOHYaHUsS  paboThl  Oyder  paBeH:
t, (i, )=t () +t(i, j).

Ha ocHoBe mnepeyuciaeHHbIX aHAJUTHYeCKHX (OpMys BHeceM paccyu-
TaHHbIE MTOKazarenu B Ta0m. 10.5 (kononku 4 u 5).

Tao6nuial0.5. BpemeHHble mapamMeTpbl padoT s ceTeBOro rpaguka

CpoKH Hayana ¥ OKOHYAHHsI Pe3epBbl BpeMeHH
1n t a00ThI aboT
pasora | T |1 T o ol o R R TR
@0 | Qg |G| G |G ] (J) | @)

Ay 1,2) 5 0 5 0 5 0 0 0 1
A (2,3) 9 5 14 13 22 8 0 0 0,73
A3 (2, 4) 5 5 10 5 10 0 0 0 1
Ay (3,5) 13 14 27 22 35 8 8 0 0,73
As (3, 6) 5 14 19 35 40 21 21 13 | 0,40
Ag (4,5) 25 10 35 10 35 0 0 0 1
A7 (5, 6) 5 35 40 35 40 0 0 0 1
Ag (5,7) 5 35 40 44 49 9 9 9 0,36
Ay 6,7) 9 40 49 40 49 0 0 0 1
Ao (7,8) 5 49 54 49 54 0 0 0 1

3anonHeHWe TaOJIUIBI HAYUHAETCS ¢ KOoHKH 4. st paboT, HaumHAIO-
mmxcs cCoObITHEM |, HUKakas npyras paboTa He IpEAIIeCTBYEeT H Hanboee
paHHee BpeMs Hadana pasHo 0. B 1aHHOM mpoekTe Takasi padOTa TOJBKO
onHa — (1, 2), m03TOMY B KOJIOHKY 4 B COOTBETCTBYIOULIYIO €if CTPOKY Mpo-
ctaBuM 0, a B KOJIOHKY 5 ctaBum 0 + 5 =5,

Jyist 3aroHeHus ClIeTyIOIUX CTPOK KOJIOHKH 4, T. €. CTPOK, HaYMHAI0-
IIKXCsl ¢ HOMepa 2, MPOCMaTpUBAaEM 3aIlOJIHEHUE CTPOKHM KOJOHKH 5, Co-
Jiepkaime padboThl, KOTOpbIe OKaHYMBAIOTCS HA ATOT HOMEp (MaKCHMallb-
HOE 3HaYeHHE TEePEHOCHUTCS B KOJIOHKY 4 oOpabaThiBaeMBIX cTpok). Llud-
PY 5 U3 KOJOHKH 5 MEPEHOCHM B KOJIOHKY 4 JuIsl BceX paboT, HAUNHAIOIINX-
cs C HOMepa 2, T. €. B IB€ TOCIIeAYIOIIHe CTPoKH ¢ udpamu (2, 3), (2, 4).

Janee mist KaxXa0# U3 3THX PadOT ITyTeM CyMMHPOBAHMS MX 3HAYCHHH
10 KOJIOHKaM 3 U 4 HaiiieM 3HaueHUe KOJIOHKH 5:

tpo(2,3) = 9 + 5 = 14;
tpo(2,4) =5 + 5 = 10.
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AHaJIOTHYHO HAaXOIMM JaHHBIE JUIS BCEX OCTaJbHBIX CTPOK. [lamee mo-
Ka)keM, KaK PacCYMTHIBACTCS MO3JHUII CPOK OKOHYAHHS paboThl: tyo(i, J) =
= t4(j), T. e. MO3AHMI CPOK OKOHYAHHS 3aBEPLIAOIICH PabOTHI COBMAAACT C
PaHHMM CPOKOM OKOHYaHUs 3aBepliaoiell paboThl U paBEeH KPUTHUECKOMY
MyTH.

[Mo3nuuii cpok Havana pabOTHI ONpENENsieTcsl Kak pPa3HOCTh MEXIY
MO3JIHUM CPOKOM OKOHYAHHsI PabOThI U €€ MPOJOKUTEINBHOCTBIO:! tyy(i, J) =
= () - t@, J)-

Jnst pacyera 9THX HapaMeTpoB HEOOXOIUMO 3allOJIHUTH KOJOHKH 7 U 6
TaOJIMIBI, JBHTasch CHH3Y BBepX. BHawaie mpocMaTpuBalOTCs CTpPOKH,
OKaHYMBAIOIIMECS Ha HOMEP IMOCIJIETHEro COOBITHSA, U U3 KOJIOHKH 5 BBIOU-
paeTcsi MaKCHMalbHasl BeJIM4KHA (B HalIeH 3aJa4e OHa CTPOKA M 3Ta BENH-
yuHa paBHa 54). JlaHHas udpa 3anucHBacTCS B KOJIOHKY 7 110 BCEM CTpO-
KaM, OKaHYMBAIOIIMMCSI HA HOMEp TOCIIeTHEr0 COOBITHS. 3aTeM HaXOJSTCs
MOKa3aTey JUIsl KOJOHKH 6, T. e. uMeeM t,(7, 8) = 54 — 5 = 49. Jlanee npo-
CMaTpHBAIOTCsl CTPOKH, OKaHYMBAIOIIMECS Ha HOMEp COOBITHs, KOTOpOe
HEMOCPEJCTBEHHO IIPEIIECTBYET 3aBepliaronieMy coOsithio (T.e. 7).
Jst onpenienieHust KOJIOHKH 7 3TUX ¢Tpok (pabotsl (6, 7), (5, 7)) usydarorcs
BCEC CTPOKH KOJIOHKHM 0, JIeXallue HIDKe W HadMHAIOIIUecs ¢ HoMmepa 7.
Cpenn HUX BEIOMpAeTCsi MUHUMaNbHAsl BEIMYUHA, KOTOPAsk MEPEHOCUTCS B
KOJIOHKY 7 10 oOpabaTriBaeMBIM cTpokaM. B Hamem mpoexre oHa oxHa (7,
8), Mo’TOMY 3aHOCHM BO BCE CTPOKH yKa3aHHBIX paboT uncio 49. PacueTs
JUISL OCTAJIBHBIX CTPOK IPOBOASATCS aHAJIOTUYHO.

Cpenu pe3epBOB BpeMEHH paboT BBLACIHSIOT CIEAYIOIINE Pa3sHOBHUIHO-
ctu. [TonHBIN pe3epB BpeMEHHU MOKa3bIBAET, Ha CKOJILKO MOXKHO YBEIHYHUTh
BpeMsi BBITIOJIHEHHUS IAHHOM PabOThI MPH YCIOBUH, YTO CPOK BBITIOJIHEHUS
KOMIUIEKCa paboT HE U3MEHUTCSI:

Ru(i, 1) = () — t(i) — (i, J).

CopeprkaHie KOJIOHKH 8 MOYHO TaK)Ke MOJYyYHTh HaXOIs PasHOCTh KO-
JIOHOK 6 u 4 i 7 u 5.

CBOOOHEII pe3epB BPEMEHH — 3TO 3aac BPEMEHH, HAa KOTOPBIA MOKHO
YBEIUYUTh MPOJIOJDKUTEILHOCTh PAa00THI, HE M3MEHUB MPH 3TOM pPaHHETO
CpoOKa e¢ KOHEYHOTo coObITHA. CBOOOIHBIM PE3EPBOM BPEMCHH MOMKHO
MOJIb30BATHCS IS TPEAOTBPAIICHUS CIy4aiHOCTEH, KOTOPhIE MOTYT BO3-
HUKHYTH B XOJI€ BBITIOJTHEHUS paboT. [Toka3arenb pacCUUTHIBACTCS TaK:

Re(i, J) = t3) — (1) — (i, J).

Hanpumep, cBoGoHBIN pe3epB BpeMeHH paboThl (3, 6) HaieM Tak:
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Ry(3, 6) = t,(6) — t,(3) - t(3, 6) = 40 - 14 — 5 = 21,

T. €. TIPU COXPaHEHUHU OOIIEro CPOKa BBIMOJHEHUS MPOeKTa Ha 21 9 MOXKeT
OBITH 3a/iep)KaHO BBITIONHEHUE PaboThl (3, 6) M MPEIIIeCTBYIONINX e pa-
60T.

He3aBucumblii pe3epB BpeMEHU — 3TO 3a1ac BPEMEHMU, MMOITYUYEHHBIN ISt
ciTydasi, KOTJla BCE IpEeAIeCTBYIOMKE paboThl 3aKaHUYMBAIOTCS B TIO3HHE
CPOKH, a BCE MOCIEeAYIOINe padOTH HAaUWHAIOTCS B paHHIE cpoku. HezaBu-
CHUMBIH pe3epB BPEMCHU MOXKET OBITh HCIIOJB30BAH JJIS YBEITHUUCHHS TPO-
JTOJDKUTEIIEHOCTH TOJILKO TAHHOM pabOThI M PaCCUUTHIBACTCS TaK:

Ru(i, J) = t0) - ta(i) - t(i, J)
win Ry (i, J) = Ru(i, j) - R() - R().

Hampumep, He3aBHCHMBIN pe3epB BpeMeHH paboThl (3, 6) ompemenum
CIIEAYIOMM 00pa3oM:

Ru(3, 6) = t(6) — t,(3) — (3, 6) = 40 - 22 - 5 = 13,

T. €. Ha 13 94 MOXeT ObITh yBeJWYeHA MPOJAOKUTEILHOCTh TaHHOW pabOThI
0e3 M3MEHEHUS pe3ePBOB BPEMEHH BCEX OCTaIbHBIX paboT. Takum obpazom,
paboThI, JIeXKAIINE HA KPUTHIECKOM IIYTH, PE3ePBOB BpPEMEHU HE UMEIOT (OH
PaBeH AJIS HAX HYITIO).

U Haoboport, momyctum, i padboThl (5, 7) Bce BUIBI pe3epBa BPEMEHHU
OJIMHAKOBEHI (9 9), UYTO TOBOPHUT O TOM, YTO MPOJIODKUTEIBHOCTH 3TOM pado-
Thl MO’KHO YBEJIMYHUTH 110 9 4 Oe3 ymiepba A o0IIUX CPOKOB MPOCKTa, a
TaKXKe CPOKOB IPYTHX paboT.

ﬂOHOJ’lHl/ITeﬂLHLIM I10Ka3aTCJICM, KOTOpblﬁ MOXHO HOpOCYUTATh Jid
JTAHHOT'O CETEBOr0 rpaduka, SABIIeTCs KOIGUIIHECHT HAIPSHDKEHHOCTH

Rn(I'J)
t -t~

Kp Kp

K, (i.j)=1-

rae t‘ip — OPOAOJDKUTCIBHOCTL OTPE3Ka pacCMaTpuBacMOro nyTv, COBIa-

JIAfOIIET0 C KPUTHYECKUM ITyTEM.
s pabot xputuaeckoro mytu K;; = 1. [l apyrux pabot:

Ku2,3)=1-[8:(54-(5+5+9+5)]=073;
Ku(3,5)=1-[8: (54— (5+5+9+5)]=073;
K.(3,6)=1-[21: (54— (5+9 +5)] = 0,40;
Ku(5,7)=1-1[9: (54— (5 +5+ 25 +5)] =0,36.
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Koadduuuenr HanpspkeHHocTH u3Mmensiercss or 0 mo 1, mpuuem dem
OnmKe OH K 1, TEM CIIOXKHEE BBINOJHUTH PAbOTy B YCTAHOBIEHHBIH CPOK.
VuuTeiBas 3TOT TOKa3aTelb, BCe PabOTHl MOTYT OBITH pasjielicHbl Ha
3 TpyIIIBL:

- manpspxennsie (K, (i, j) > 0,8;

- noakpurnueckue (0,6 < K, (i, j) < 0,8;

- pesepsusie (K, (i, j) < 0,6.

Ciie10BaTebHO, ONTUMU3ALHS CETEBOrO rpaduka OyIeT BHIPaKaThCs B
nepepacrpeielieHiy PeCypCoB ¢ HEHAIPSDKEHHBIX paboT HA KPUTHYECKHUE C
LEJIBI0 YCKOPEHHS MX BBIMONHEHUS. TeM caMbIM IPOJOJDKUTEILHOCTD KPH-
THYECKOTO IMYTH, & 3HAUUT, M BPEMs BBLIMOJHEHHUs MPOEKTa B IEJIOM OYIyT
COKpaieHsl. TakuM 06pa3oM, MOKHO YTBEp)KIaTh, YTO B paccMaTphBae-
MOM CETEBOM TpaMKe ONTHMH3AIMS TPOCKTa BO3MOXKHA B OCHOBHOM 3a
CUeT JIBYX pe3epBHBIX pabor: (3, 6) u (5, 7).

11. MOJIEJIX TEOPHUHA UT'P
11.1. O61ue cBegeHUs ¥ OCHOBHEIE MIOHATHS

Mopenupyst pa3iuyHbIC TPOLIECCH B HApOJHOM XO34HCTBE, YacTo
BCTPEYAIOTCS CIIydaH, KOTJla MHTEPEChl YU4aCTBYIOUINX CTOPOH NPOTUBOIIO-
NoXHBL. Takue CUTyallMu Ha3bIBalOT KOH(IMKTHBIMH. [loaTOMY mpu pere-
HUH 3a/1a4 NPUXOTUTCA HCIOJIB30BATh MaAmeMamuiecKkue memoosvt U mo-
oenu meopuu uzp.

Bo3HMKHOBEHHE JaHHOTO HANPAaBJICHHUS HAYYHBIX HCCIIEIOBAHMH OTHO-
cutes K 1944 r., xoraa BeInIa B cBeT MoHOTpadust JxoHa ¢pon Helimana u
Ockapa MoprenmrepHa «Teopus urp u 3KOHOMHUYECKOe MoBefeHue». W3-
BECTHO, YTO UTPOBYIO CXEMY MOKHO MPHJAaTh MHOTUM CHTYAIHsIM B 9KOHO-
MHKE arpolpOoMBIIUICHHOTO KOMIUIeKca. MaremaTndeckast T€OpUsi Urp 3a-
HUMAaeTCsl BBIPAOOTKONW PEKOMEHJAIMH 10 palroHAIbHOMY 00pa3y Jeil-
CTBHH B YCIOBHUSIX KOH(DIMKTHBIX CHUTyallni (KOTAA CTAJIKHUBAIOTCS MHTEpE-
CBI KOHKYPHUPYIOIX CTOPOH). B mrore pa3pabaThiBaloTCs MpeIokeHus Mo
HAWIy4YIINM BapHaHTaM MOBEAEHHs, KOTOpBIE obecrednBany Obl ONTHMAIb-
HBIH pe3ynpTaT. B KadecTBe BBIMIPHINIA MOTYT BBICTYHATh 3((HEKTHBHOCTD
UCTIONB30BaHMs IEQUIINTHBIX PECYPCOB, CEOECTONMOCTb, IIPHOBLIb U T. 1.

PaccMoTpuM OCHOBHBIE KaTErOpHH NMPUMEHSAEMBIX MoAenen. Mepa — 310
COBOKYIIHOCTb MEPOIpPHUATHUM, cocTosmas U3 psAfa HAEUCTBUHA CTOPOH.
VY4acTByolIe CTOPOHBI SABISAIOTCS uepokamu. Cmpamezuss — 3TO CBOJ Mpa-
BIJI, OIHO3HAYHO OMNPENENIONUX MOCIEeI0BATENbHOCTD JEHCTBUI UTPOKa B
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KOKJI0W KOHKPETHOW CUTyallud B 3aBHUCHMOCTH OT CIIOXKHUBIIEHCs oOcTa-
HOBKHU.

Pemenre 5KOHOMHKO-MaTeMaTHUECKHX 3aJad TpeOyeT COOJroJeHUs
MpaBWJI UIPbI, T. €. CUCTEMBbI YCIIOBUH, PETIaMEHTHUPYIOIIUX BO3MOXKHbIE
BapUaHTHI ACHCTBUI CTOpOH. Mrpa cOCTOUT M3 3TAamoB WK XOJOB, 3aKIIO-
YaIOUIMXCS B BBIOOpE UTPOKOM OJHOTO M3 IPEIyCMOTPEHHBIX MpaBHJIaMHU
BapuaHTOB MoBeneHus. OUYeBUAHO, YTO, BRIOMpPAs Ty WM HHYIO CTPATETHIO,
KaXXIbI 3 UTPOKOB CTPEMHUTCS YIOBICTBOPUTH CBOM MHTEPECHI: IEPBhIA —
obecrnieunTh cebe MaKCHMalIbHO BO3MOXKHBIA BBIMTPHIII, @ BTOPO — MUHH-
MaJIEHO BO3MO>KHBIN IIPOUTPHIIIL.

Ecimm B mpomecce WTpel UTPOK TIPHMEHSET IOTIEPEMEHHO HECKOJIBKO
CTpaTeruii, TO Takas CTpaTerHs Ha3bIBaeTCS CMEIIAHHOH, a ee JIEMEHTHI —
YUCTBHIMU CTpaTerusMu. JpyruMu cjIoBaMM, CMEIIaHHAs CTPATETHsl €CTh
KOMOMHAIIMS YACTBIX CTPATETHid, B3SATHIX B CIIy4aiHOM MOPSAKE C HEKOTO-
PBIMH BEPOSITHOCTSIMHU.

Pe3ynbTaToM Urphl SBISETCS] BBIMTPHIII WK MPOUTPHIII OAHOTO U3 HI-
POKOB, BBIpa)KEHHBII B KOJIN4eCTBEHHOI popme. OnTUMasbHOW cTparerueii
OyzmeT Ta, KOTOpas MPH MHOTOKPATHOM ITOBTOPEHUH HIPHI 00ECIIeYHBaET
JTAHHOM CTOPOHE MaKCHMAJIbHO BO3MOXKHBIA BBIMTPBIIII.

CrnenoBarenbHO, KaKaast (OpMaTN30BaHHAS UT'Pa XapaKTePU3yeTCs:

1) KoM4ecTBOM CYOBEKTOB, KOTOPHIC HA3BIBAIOTCS UTPOKAMU;

2) BO3MOKHBIM JIJIsI KQXKJIOTO M3 UTPOKOB Ha0OPOM NeiCTBU, Ha3bIBae-
MBIX CTPATETHAMU;

3) GyHKIMAME BBIMTPHIIIA, OTPAKAIOUIMMHU CTEIEHb YIOBICTBOPCHUS
HHTEPECOB KK0TO U3 UTPOKOB,;

4) pe3yJbTaTOM WIPbI, K KOTOPOMY TNPHUBOJIAT BHIOpAHHBIE HIPOKAMH
CTpaTerum.

CymecTByIOT pasziauyHBIE BHIBI 3aj7ad, KIACCH(OHUIUPOBATH KOTOpHIC
MOJKHO C YYE€TOM CIEAYIOINX IMPU3HAKOB. B urpe MOryT cTankuBaThCs MH-
Tepechl ABYX (Wrpa mapHas) Wi HECKOJbKHX (MTpa MHOXKECTBEHHAS) MPO-
TUBHHUKOB. B 3aBHCHMOCTH OT B3aMMOOTHOILLIEHUN YYaCTHUKOB Pa3inyaroT-
Csl HTPHI OECKOATUITUOHHBIC (HCKOOTICPATHBHEIC) H KOATUIIMOHHEIC (KOOTIe-
patuBHbIe). [To XapakTepy BBIMTPHINICH pPa3TUYAIOT UTPHL. a) C HYJICBOU
CyMMOI1; 0) ¢ HEHyJIeBOW CyMMOW. B 3aBUCHMOCTH OT KOJMYECTBA CTpaTe-
THi UTPBI OBIBAIOT KOHEUHBIC WM OeckoHeuHble. [To Buay QyHKIMM BIUT-
pBIIIa MOKHO BBIACIUTH MaTpHUYHBIE, OMMAaTpUYHBIC, HENPEPHIBHBIC, BBI-
MyKIIBIe, cemapalenbHple Urphl. 110 KOMMYecTBY XOAOB WTPHI ACTATCA Ha
OJTHOXOJIOBEIE (BBIMTPHINI PACIpeeseTCs MOCIe OJHOTO X0/1a) 1 MHOTOXO-
JTOBBIE, KOTOPHIE B CBOIO OUYepeb OBIBAIOT MO3UITHOHHBIE, CTOXaCTHUECKHE,
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nuddepeHraNbHbIe U Ap. B 3aBucHMOCTH OT 00BeMa uMeronieiicst nHpop-
Malliy pa3jIMyaroT UrPhI C TOJHOHM U HENOJIHON MH(pOpMAaIHEH.

B HEKoTOpBIX UrPOBBIX 33/1a4ax B cepe SKOHOMUKH IIPUXOAUTCS TIPH-
HUMAaTh pElIeHHs B YCIOBUSAX, KOIJa OJHA CTOPOHA HE ABISETCA CO3Ha-
TEJILHO JIeHCTBYIONINM NMPOTHBHUKOM. B OZOOHBIX CUTYyaIUsIX, BEI3BAHHBIX
HECO3HATENbHBIM MPOTUBOACHCTBUEM NPOTUBOINOJIOKHOTO UIPOKA, MPUHS-
THE ONTUMANBHBIX YIPaBICHYECKUX PEKOMEHAALUN OCHOBBIBAETCS Ha TEO-
pUM CTaTUCTHUECKHMX pelieHud. [103ToMy Urpel, rae B KayecTBE OJHOTO
WUI'POKa BBICTYNAET NPUPOLA, HA3BIBAIOTCS CTATUCTUYECKUMU.

XOTs CyIIEeCTBYEeT NOCTATOYHO OOJBIIOE KOJMYECTBO 3a7ad HTPOBOTO
MOJEJIMPOBaHUs, BHaYaje PacCMOTPUM HX XOJ PELICHHS Ha MPUMEpPE KO-
HEYHOW MapHOW aHTarOHWCTHYECKOW UTPHI (Kak HamOojee MPOCTOH M Teo-
peTryecku paspaboTtanHoit). Crenuduka momgo0HONW TUMUYHOW 3a7a4yl B
TOM, YTO 37I€Ch UMEETCS Urpa JBYX JIUI C HYJIEBOW CyMMOM, B KOTOPOH Of-
Ha CTOPOHA IPOUTPHIBAET CTOJIBKO, CKOJIBKO BBIUTPHIBACT ApyTasl.

11.2. Ilapnasa MaTpU4Has UTPa

N3y4anm noppoOHee mapHyto Urpy, IuIsl IOCTaHOBKH KOTOPOH TpeOyeTcst:

a) HEKOTOpast OIepalys WK LieJeHaIpaBIeHHOE NeHCTBHE, B KOTOPBIX
Y4YacTBYIOT /IB€ CTOPOHBI 4 ¥ B ¢ IPOTHBOIOJIOKHBIMU HHTEPECAMH;

0) mpaBuiIa UTPHI, PErTIAMEHTUPYIOIINE PE3YJIbTAThl, K KOTOPBIM MPHBO-
JIIT BO3MO>KHBIE BapUaHTHI ICHCTBUI CTOPOH;

B) pe3yJbTaThl JEHCTBUH CTOPOH (BBIMIPHIIIN), BBIPAKAIOIIUECS B KO-
JMYECTBEHHOH (opMe ajj (MaTeMaTHYEeCKOE OKHIAHHME BBIMIPHIIIA CTOPO-
HBI A, cienaBiueit cBoit X0/ i pH j-M xo1e CTOPOHbI B).

VY Kaxka0ro U3 ABYX UrpOKOB A U B MMeeTcss KOHEUHOE YUCJIO BO3MOXK-
HBIX JEHCTBUH (YUCTBIX CTpaTeruil) ¢ 4MCIOM M U N COOTBETCTBEHHO.
YcnoBue Urphl 3aIichIBalOT B (hopMe IUIAaTe)KHOW MaTpHUIBI (a2 UIPy Ha3bl-
BaIOT NMPSIMOYTOJBHOM, Wi MaTpuyHoii). [IpencraBum ee B odmielt popme B
Tabm. 11.1.

Taonuma 11.1. Cxema miiaTe;xHOil MAaTPUIbI

B.

A i
By B, B,
A an ay amn
A an azn aon
Am ami amz amn
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Taxoe mpeacraBieHUe MAaTPUYHOM WIPhI O3HAYAET, YTO €CIM UTPOK A
HCIIONB3YET CTPATETHIO I, @ UTPOK B — CTPATETHIO j, TO MIAaTekK UIPOKY A 3a
CYeT B COCTaBHT gjj. BHIMIpBIIIM MOTYT BBIpaXXaThCs M OTPULIATENbHBIMU
uncnamu. [pu ajj < 0 urpox A niaTut urpoky B cymmy | ajj | . 910 03Haua-
€T, 4TO B I0JIOOHOM clty4ae (paKTHU4ECKH BBIMTPBIBAET UI'POK B.

CymecTByeT psj METOAOB pelleHus MaTpuuHbIx urp. Ecim MaTtpuna
UTPBI UIMEET OHY U3 Pa3MEpPHOCTEH, paBHYIO ABYM (2XN uimu Mx2), To pe-
IICHHEe MOXeT OBITh IMoJNydeHo rpaduueckd. He BmaBasich B moapoOHOCTH
€ro OIMCAHUs, PACCMOTPHM JPYToi crocol.

Lenblo y9acTHHKOB JIFO0OH MaTPUYHOHN WIPHI SBJSETCS BBHIOOp HAamMOO-
Jiee BBITOAHBIX CTPATETHH, TOCTABISIIONINX UTPOKY A MaKCHMaJIbHBIH BBINT-
pBILI, a UTPOKY B — MUHUMAaNbHBIA Opourpeil. IlosToMy cTparerust urpo-
Ka A Ha3bIBaeTCsl ONTUMAJIBHON, €CJIU MpU €€ MPUMEHEHUHU €ro BBIMIPHIII
HE yMEHbIIAeTCsl, KAKUMHU OblI CTpaTerusiMM He IoJb30BaJics Urpok B. Om-
TUMaJBHOW JJIsl UTPOKa B OyZeT cTpaTterusi, NpXU MCHOJIB30BAHUK KOTOPOM
€ro IPOUTPHINI HE YBEJIWYMBAETCS, KaKHe Obl CTpPAaTeTHH HE NMPUMEHSJI UT-
pok A. M3BecTHO, 4TO B TEOPUH UIP OCHOBOMNOJATAIOIIHUM SBIISIETCS NPHUH-
LU OCTOPO’KHOCTH, B COOTBETCTBUU C KOTOPBIM KaXXIBIM WUIPOK, CUHTas
CBOETO MapTHEPa 10 UIPE Pa3yMHBIM NMPOTHBHUKOM, BBIOMPAET CBOM CTpa-
TETUN MCXOMS W3 IPEAIOJOKEHHsS, YTO CONEPHUK HE YIYCTHT HHU E€JHUHOU
BO3MOXKHOCTH HMCIIOJIb30BATh JIIOOYIO €ro OIMOKY B CBOMX MHTEpECcax.

Pemenne 3amaun takoBo. [Ipeamonoxum, 9To UTPpOKy A HaIJIEKHUT Cre-
nath CBOW BBIOOpP. AHAMU3MPYs IJIATEXKHYIO Matpuily (cMm. Tabm. 11.1),
HY>KHO HaliTH 11 KaXJ0il 4MCTOH cTpaTeruy MHUHUMAJIbHOE 3Ha4EHHE O

OKMJIaMOT0 BBIMTPBIIIA, @ 3aTeM WU3 BCEX HAWJEHHBIX 3HAYeHUH —
HambombIee (a TakKe COOTBETCTBYIOIIYIO €My YHCTYyIO crpareruio). Ee
Ha3bIBAIOT MAaKCUMHHHOM, ITOCKOJIBKY TaKasi CTPaTErus OTBEYAET CIIEAYIO-
e BEIUYHHE:

o= max min ajj.
! J

JlanHas BeIMYMHA HA3BIBACTCS HUKHEH YMCTOW LEHOM WIPBI, MU MakK-
CHMHHOM.

B cBoro ouepens Urpok B, CTpeMsich MUHUMH3UPOBAThH MPOUTPHIII, TIPH
BbIOOpe HamboJiee MPEeAMOYTHTENFHON CTPATEerHy MOCTYMaeT TaK: CHaJaia
JUISL KaKIOW YUCTOM CTPATErHH HAXOAUTCS MAKCHUMAJIBHO BO3MOXKHBIHN MIPO-
WTPHIII, a 3aTEM CPEIU 3TUX 3HAUCHHUI BBIOMpACTCS MUHIMAJIBHOE, KOTOPOE
U YKaXeT NMpHEeMJIEMYIO CTpaTernio. B maHHOM ciydae BEepXHSS YHCTAs Iie-
Ha UTPBI, LI MUHAMAKC, PaBeH:
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B = min max aj.
j i

CrnenoBarenbHO, MAKCUMUH MOKAa3bIBA€T, KaKOl MHHUMAaJIbHBINA BBIMI-
PBILT MOXET MOJYYUTh UTPOK A, MIPAaBUIBHO MPUMEHSSI CBOM YHUCThIE CTpa-
TEruy NpHU JIOOBIX JIeHcTBUAX urpoka B. C npyroil cTOpOHBI, MHHHUMAaKC
MTOKa3bIBAaeT, KAKOH MaKCHMAaJbHBIM MPOUTPHIII MOXKET OBITh y WTpoka B
IpU MPaBHIBHOM BBIOOPE MM CBOMX YHCTBIX CTpAaTernil HE3aBHCHMO OT
JIeHCTBUM Urpoka 4.

TakuM 00pa3oM, MPaBHIBHO HCIIOIB3YS YHCTHIE CTPATETHH, UTPOK A
obecrieunT cebe BHIMIPHIII HE MEHEE O, @ UTPOK B B pe3ysbTare IpaBUilb-
HOTO NIPUMEHEHHSI CBOMX YHCTBIX CTPATEIHi HE MO3BOIHUT UTPOKY A BBIUI-
patb Oounbiie, yeM B. Ecian oo = B To Takas urpa MMeeT CeIJIOBYIO TOUKY, a
€c peIICHHE JIEKHUT B OONACTH YHCTBHIX CTPATETHH: ONTHUMAJIbHBIMHU OyIyT

MaKCUMHUHHasg 1 MUHHUMAaKCHas CTpaTeruu, a 1(S35(0)78 UT'PBI (D) — CeIOBOM

9JIEMEHT IUIaTeXXKHON MaTpulbl. Eciu urpok B OTKIOHUTCS OT CBOEH MUHH-
MaKCHOHM CTPaTeruy, €ro MpOUTPHIII MOXET TOJbKO YBEJIUYUTHCS. AHAO-
TUYHO OTKJIOHEHUE UIpOKa A OT CBOEM MaKCHUMHHHOWM CTpaTeruu BEIET K
YMEHBIIICHHUIO €r0 BBIUTPHIIA. 3HAYUT, HAUOOJIee PEANOYTUTEIBHEIC CTpa-
TETMA B UTPE C CEIJIOBOI TOYKOW OO0JIQalOT CBOMCTBOM YCTOYHBOCTH,
CO3/al0T CUTyaluio paBHOBecus. OHa MOKET BO3HHKHYTH B HIPE TOTAA,
KOTIa KaKABIA M3 UTPOKOB BHIOMPACT CBOIO ONTHUMAJBHYIO CTPATETHIO U IT0-
Jy9aeT COOTBETCTBEHHO MaKCHUMAJIbHBIN FAPAHTHPOBAHHBIA BBIMTPHIIT U MU-
HUMAJIBHBIN TapaHTUPOBAHHEIN POUTPHIII, BETMIHHBI KOTOPHIX COBIIAIAIOT.

11.3. CraTucTHYeCKHE UTPBI

Yare Bcero Mmpu perieHur YdKOHOMHUECKUX 3a/1a4 CyILIecTByeT Ipooie-
Ma BbIOOpa ONTHMAIIBHOTO PELICHUSI B YCIOBHAX HEONPEIEICHHOCTH U B
yCIOBUAX pucKa. [Ipu 3ToM MozaenupyeTcst CUTyalus B BHJIE UI'POBOH cxe-
MBI, T/I€ CYIIECTBYET HEM3BECTHOCTh MTOBEICHHS MPOTHUBOIIONIOXHONW CTOPO-
HBl TIOZ BIMSIHUEM CIydYaiHBIX (akTopoB. Takue cHTyanun Ha3bIBAIOTCS
UTpaMHU C NPUPOJOH (MM CTATHCTHYECKUMH MI'paMHM). 31ech IBa MIPOKa:
a) MpUpoa, T. €. BCS COBOKYIHOCTh BHEIIHMX OOCTOSITENHCTB, Oe3pa3innd-
Hasl K Pe3yJIbTaTy Urphl; 0) CTAaTUCTHK, KaK CO3HATENbHBIH Urpok. TepmuH
«IPUPOAA» MOXKET NMPHOOpETaTh pasMyHOC HAINOJHEHHE: KIMMAaTHYECKHE
YCIIOBUSI IIPU BBIOOpE ITOCEBA CEITLCKOXO3SIMCTBEHHBIX KYIbTYp Ha OIpesie-
JICHHBIX y4YacTKaX; YPOBEHb CIIpOCa IPH OINpEeICHHH BBIBO3a IMPOIYKTOB
Ha TIPOJIOBOJICTBEHHBIC PHIHKH; CTEIICHh 00ECTICUCHHOCTH PECYpCaMHt U JIp.
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CraTucTU4ecKue Urphl SBIAIOTCS YaCTHBIM BHJIOM ITAPHBIX MaTPHUYHBIX
urp. Urpok 4 MoxeT HCIoab30BaTh M cTpaTeruil: Ay, Ay, ..., An. Ilpupona
Takke obmamaer MHOXecTBoM coctostaui: [y, I, ..., I, U3 mpexuHero
OTIBITA CTATHCTHKY MOTYT OBITh M3BECTHBI BO3MOXKHBIE COCTOSIHUSI PHPO-
JIIbl, @ HHOT/Ia ¥ BEPOATHOCTH Qj, ¢ KOTOPBIMH IPHPOJA PEATU3YET UX.

Pemenne craTucTU4ecKOW HIPhl MOXET HAaXOJUTHCS JTHOO B CMEIIaH-
HBIX CTpPATETHsIX, JIMOO B YUCTHIX (MX MBI pacCMOTpUM OoJiee JETAIBHO).
IMockonbky mpupoja He SBISIETCS 3aMHTEPECOBAHHOW CTOPOHOH, MMeeTcs
BO3MOKHOCTh OLIEHUThH IOCIEACTBUS NPUMEHEHHUS CBOEH YMCTOH cTpaTe-
run 4; B 3aBUCHUMOCTH OT 11060r0 cocTosHus mpuposl 1. Takum oGpasom,
At kaxnjoil maper crpareruit (4i; II)) MOXHO paccuMTaTh BBIMIPBILIH &

UTpOKa A, a BCe MOKAa3aTeIN UIPHI 3aITUCATh B BU/IE TUIATS)KHONW MATPHIIBL.
Ha ocHOBaHWMM miaTeXHON MaTpPHWIBI COCTABISIETCS MaTpPHIA PHCKOB,
KOTOpast TIO3BOJIUT 00JIee YETKO BBISIBUTH MPEUMYIIECTBO OJHON CTpAaTETuH
[0 CPaBHEHHIO C JPYTOH IpW TAaHHOM COCTOSIHWU NpHponsl. Ecnm craTu-
CTHK TOJIb3YETCSl YUCTOM cTpaTerueit Aj mpu coCcTostHUU Mpupoas! 11, To ero
PHCKOM [jj HA3bIBACTCSl  PA3HOCTh  MEXKJAY MAKCHMAIbHBIM  BBIAIPBILLIEM

(mfax @), KOTOPBIi OH MOT OBl MOJIY4HTh, IOCTOBEPHO 3HAS, YTO NIPUPOJO

6y;[eT pcain30BaHO UMCHHO COCTOSIHUC H', U TEM BBIMI'PBILICM ai]., KOTO-

PBIf OH MOJTy4YHT, UCTIONB3Ys CTPATETUIO Aj, HE 3Has, KaKoe U3 cocTosHmi I1;
MIPUPOJA pean3yerT.

[Ipu permenun 3amad pa3nuyaroT JBE CUTYalUU: a) €CIIH BEPOATHOCTH
COCTOSIHUH TIPHPOIBI HEU3BECTHHI, TO pPedb HAET O MpodiieMe BeIOOpa B
YCIIOBHSIX HEOTPEACTICHHOCTH; 0) €ClI BEPOSTHOCTH COCTOSIHWUH TIPUPOJIBI
M3BECTHBI, TO COOTBETCTBEHHO — B YCJIOBMAX pHucka. JlJi Kaxmoil u3 curya-
Ui CYyIIECTBYIOT CBOM KPHUTCPHH, T. €. MATEMAaTHUECKOE OOOCHOBAHUC BhI-
00opa HaWIy4YIIeH CTpaTeruu.

Ecnu B 3amaue orcyTcTByeT MH(OPMALUSI O BEPOSITHOCTSIX, C KOTOPBIMU
peanu3yroTcs CTpaTeruy IpUpoOIbl, TO, UMESI CUTYalLlUI0 HEOIPEAEICHHOCTH,
UCTIONB3YIOT CIEAYIOIINE KPUTEPUN.

Kpumepuit /lannaca onvpaercsl Ha IPUHINI HEJOCTATOYHOTO OCHOBA-
HUS 1 OCHOBaH Ha THIIOTE3¢ PaBHOBEPOATHOCTH. COTIIACHO eMy CUHTACTCH,
YTO, TMOCKOJIBKY pacIpeeiecHue BEPOATHOCTEH COCTOSTHUN MPUPOIBI HEH3-
BECTHO, HET MPUYUHBI CYUTATh MX pa3nuIHbIMH. ClleOBaTEIBFHO, BEPOST-
HOCTH BCEX COCTOSHHI IPUPOABI paBHBI MEXKIY CO00i:

Q1=Q=..=Q,= l
n
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OnTtuManpHOM o Kpureputo Jlammaca cymWTaeTcss 4ucTas CTpaTerws,
oOecrieynBaroIas MaKCUMaJbHBIA CPETHUNA BBIUTPHIII CTATHCTUKA MPH pa-
BEHCTBE BCEX alPUOPHBIX BEPOSTHOCTEH:

-1 X
maxa ==max » a.
| .
[El

Kpumepuii Banvoa — 5T0 MaKCUMHHHBIM KPUTEPUM KpalHEro rneccu-
Mu3Ma. OCHOBaH Ha KOHCEPBATHBHOM OCTOPOYKHOM ITOBEICHUN CTATHCTHKA,
MIPUHUMAIOIIETO pEIIeHNe, ¥ CBOIUTCS K BBIOOPY HAWIYYIIESH anbTepHATH-
BBl U3 HauxyAwux. Peub uper o ToM, 4TO U3BJIEKAETCS CaMblii MaJC€HbKUI
pesysbTaT @j; M3 KaX10# CTPOKH TaOJIUIBI U BEIOMpAETCs Ta U3 HUX, B KO-

TOPOW HAXOAWUTCS HAWOOJbBIEe W3 ITHUX YHceld. VcXoas W3 3TOro, Urpok
BBIOMpACT TaKyl YHCTYIO CTpaTeruio Aj, IpU KOTOpoW obecreynBaeTcs
MaKCUMYM MHUHUMAJIBHOTO BBIMIPHIIIA, T.€. MAaKCUMHHHYIO CTpaTeruio,
P KOTOPO# BEIMTPHIII — HIDKHSS YUCTAS [IEHA UTPHI:

a= mgx mjin ;-

Kpumepuiit Caeuoiica, xak v peAbIAyIIANA, IBISETCS KPUTEPHEM Kpaii-
HEro MeccUMu3Ma, MOTOMY YTO CTATHCTUK HCXOAMUT W3 MPEATONIONKESHHUS,
YTO MPHUPOJA PEaTU3yeT CaMble HEONArOMPUSATHBIC Ui HErO COCTOSHUS.
Kputepuii CaBumxa CTpeMHUTCS CMSTYUTh KOHCEPBATU3M MaKCUMUHHOTO
kputepus Banpaa myTem 3aMeHbl TUIATEKHOW MATpULIBI MaTPULIEH pUCKa U
PEKOMEHAYEeT B KAuyeCTBE ONTHMAIBLHOW BBIOUpPATh Ty YHCTYH) CTpaTe-
THIO Aj, TPU KOTOPOH MUHUMU3UPYETCS BEIMYMHA MAKCUMAJILHOTO PUCKA:

r=minmaxr;.
! J
Peub maeT 0 TOM, YTO, ONIPENETNB MaKCUMAIILHBIN BBIMTPHIII, HEOC3bIH-
TEPECHO 3HATH PA3HOCTH MECKIAY MAKCUMAJIbHO BO3MOHBIM BBIMT'PBIIIEM
TIPH TAHHOM COCTOSIHMM NMPHUPOIBI M BBIMTPHINIEM MPU BBIOPAaHHOHN CTpaTe-

ruu. DTy pa3sHOCTh HA3bIBAIOT PUCKOM. PHCK CTaTHCTHKA MpPU MPUMEHEHHN
UM CTpaTeruu A npu cocrosuuu npupoas I1; pasen:

rij :Bj _aija

Bj = max a;,

Haxonada MaKCUMAaJIbHBIN 3JIEMEHT j-FO CTO.]'I6IIa.
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Kpumepuit I'ypeuya 0xXBaTbIBacT P pa3lNIHBIX MMOJXOJOB K IPHHS-
TUIO pElIeHHH — OT HanboJyiee ONTHMHCTHYHOIO J0 Hamboliee IeCCHMU-
ctuyHOro. Mcxons u3 CyOBEKTHBHBIX COOOpaKeHWH, B AaHHBIH KpUTEPHN
BBOJUTCSI HEKOTOPBIH KodhdummeHT A. B obmacT 9UCTBIX cTpaTeTuii om-
TUMaJbHOU 1o ['ypBHUIly cunTaeTcs ctpaTerys, HallIeHHas! U3 yCIIOBHS

maxl:km_inaij +(1-2)max aij:|,
i j i

rne0<A<1.

IMIpu A = 1 kpurepuii ['ypBuna mnpespamaercs B kpurepuid Bambna
(xpaitHero meccummsma). Ecnm A = 0, To mosrydaeM KpUTepH KpaiiHero
ONTHMHU3Ma, UOO PACCUUTHIBAEM HAa HAWIYYIIECE M3 HAMIYUIINX YCIOBHH.
Ecnu A npuHsTh 611M3K0H K 1, TO 3TO TO3BOJISIET TOBOPUTH O JKEJIAHWH IO/~
CTPaxoBaThCsl B JAHHOM CHUTYaIlUH, KOT/Ia O COCTOSIHUH NIPUPOABI HUYETO HE
M3BECTHO.

12. MOJEJIN 1 METO/Ibl AHAJIM3A U OHEHKH
NHBECTUIIMOHHBIX TIPOEKTOB

12.1. Ananu3 3p¢GeKTUBHOCTH HHBECTHIHOHHBIX IPOEKTOB

JleHexHbIe CpelcTBa CHAYa a BKIABIBAIOTCS B MPEIIPUHIMATEIBCKYIO
JIESITEILHOCTD, a 3aTEM BO3BPAILIAIOTCS, IPUHOCS HHBECTOPY ONPEICICHHYIO
puObLTE. B rpymiy oCHOBHBIX TOKa3aTelieli KoMMepueckoi 3G ¢heKTUBHO-
CTH WHBECTHIUH, T/Ie MCIIONB3YIOT BPEMEHHOU (haKTOp, BXOIAT TaKue, KaKk
YpcTas TeKyIlas CTOMMOCTh, BHYTPEHHSAS HOpPMa JTOXOJHOCTH, MHICKC JI0-
XOJHOCTH, MIPOCTOM U AMHAMUYECKHA CPOK OKyraemocTu npoekta. [Ipume-
HSEMBIE MapaMeTpsl UMEIOT OJHY BaKHYIO OCOOCHHOCTH — HCIOJb3yEeMBbIC
MPU MX PacyeTe PacXoMbl U JOXOABI PacCPEIOTOYCHBI BO BPEMCHH, a IO-
9TOMY HEOOXOIMMO MPUBOAUTH UX K OnHOMY (0azoBoMy) momeHty. [Ipu-
YHMHA 3aKJII0YACTCS B HCOJUHAKOBOM IICHHOCTH JICHEXKHBIX CPEICTB BO BpE-
MEHH, T. €. pyOJib, BIOXKCHHBIA CETOJHS B WHBCCTUIMH, HE TOXICCTBCHCH
pyOutto yepes rox, JBa u T. 1. Pa3Hoe OTHOILICHHUE K OJTHOW U TOM K€ JCHEXK-
HOW CyMME BBI3BaHO HE CTOJIbKO BO3MOXXHBIMH HHQ)JISIIIMOHHBIMH IIPOIICC-
caMH, CKOJIBKO TeM, YTO BIOKEHHBIN B JTI000€ KOMMEPUYECKOe MPEAIPHUSITHE
pyOIIb, BKIIFOYAS U IMOMEIICHUE €T0 Ha JICTTO3UTHBIN cUeT B OaHKe, CIOCOOCH
Yepe3 ONpeAETICHHBIA MEePHOI BPEMEHH NPEBPATUTHCS B OOJIBIIYI0 CYMMY
3a CYET MOJYICHHOTO J0X0/a (MPOIICHTOR).

Takum 00pa3oM, 3aTpavyeHHBIN CeromHs pyOiIb CTOUT AOPOXKE, YEM Ue-
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pe3 roxa (T. e. B OynymieM), 1moa BO3ACHCTBHEM Takux (DaKTOpPOB, Kak WH-
(usAnus, TPOLUEHTHBIN OXOJ M PUCK (HAIPUMED, KPESIUTOP MOMKET HE BbI-
MOJTHUTH CBOETO 0053aTENLCTBA WM MPOCKT MO PSAAY MPUYHMH OKa3aJCcs HE
HACTOJILKO 3(P(PEKTUBHBIM, KaK 3TO OXHIAIOCH). [ u3MepeHus Tekyen
U OyAylied CTOUMOCTH MPOEKTa MCIOJIB3YIOT CIICHUANBHBINA PUEM, HA3bI-
BacMbIll JAMCKOHTHPOBaHUEM. METOa TUCKOHTHUPOBAHHUS ICHEKHBIX MOTO-
KOB WHBECTHUIMOHHOTO MPOCKTA IOJYYMI IIUPOKOE PACIPOCTPAHCHUC B
PBIHOYHOM YKOHOMHKE, T/Ie AUCKOHTHPYIOTCS TaK Ha3bIBaeMBbIE CBOOOHBIC
JICHE)KHBIE TIOTOKH.

Haurem u37105KeHHE 3TOTO MeToMa ¢ GAHKOBCKHX JEMO3UTOB. ITycTh | —
s exTrBHAsT OGaHKOBCKas MPOICHTHAS CTaBKa JUIS TepHOJa KaluTajn3a-
muu. Ecom P — 3TO HadanbHBIA KalWTal, MOJIOKESHHBIM B OaHK TpH TPO-
[IEHTHOH CTaBKe i, TO B KOHIIE MEPUO/Ia KAMTAIN3AIMN HApAIlleHHAsT CyMMa
coctaBut P (1 + ).

Hanpumep, HauanpHbiil kanuTan coctaBiaseT 1500 y. 1. e., a IpoLEHT-
Has CTaBKa Juii nepuoja kanutanuzauuu paBHa 11 %. Torma xamuran B
KOHIIC IEepPHOJa KANHWTAIU3aluu (HAaYaJbHBIA KalUTal IUTFOC HAPOCIIMA
nporeHt) cocrasut 1500 (1 +0,11)=1665y. 1. e.

Ecmu B Hayasme BTOpOTO IeproAa KaUTAIU3aINK HAPAIIEHHYI0 CyMMY
OTIATH TOJIOKUTH B OaHK MPHU TOH K€ IMPOIEHTHOH CTaBKe, YTO U B IIEPBOM
MeproJie KamuTaTu3alliid, TO B KOHIIE BTOPOTO MEPHOAa KamHTaIH3aIUuN

HapaIlleHHas CyMMa COCTaBHUT [P(1+ i)](1+ i) =P(1+i)%

Hampumep, eciim 1500 y. 1. €. MoIoKeHbI B 0aHK Ha TPH Tojia IPH TOI0-
BOIl npoueHTHoi craBke 11 %, To cymma, HapalieHHas K KOHIYy TPEThEro
roza, cocrasut 1500 (1 +0,11)°=2051,45y. 1. e.

Ecnu 0603HaunM cyMMmy, HapalleHHYIO 3a N MEepUOJ0B KalluTaln3alHH,
CHUMBOJIOM S, TO UMeeT MecTo (opMyJia

S=P(L+i) (12.1)

B dopmyne (12.1) koddduument akkymymnsimun (1 + )" noxassiBaer ne-
HEKHYI0 CYMMY, HApacCTAIOIIYyI 3a N TCPUOJOB KAlUTAIU3AIMKA TPU
HadasbHOM KanuTtaie 1 y. a. e. O603HaYMM €ro CUMBOJIOM O.. B mpenbimy-
mpx pacderax o = (1 + 0,11)° = 1,36763. D10 3HAUKT, YTO TPU TOXOBOI
3¢ G exTHBHON TporieHTHOU cTaBke 11 % ¢ OHOW NICHE)KHOW CMHUIIBI, [O-
JIOXKCHHOU B OaHK, 3a Tpu roja Hapacraet 1,36763 y. 1. e.

U3 dopmymsl (12.1) BeiTexaer, uto P =S/ (1 +i)", 1. e., 114 Toro, uro-
Obl CymMMa, HapalieHHas 4Yepe3 N TEepUOJOB KalUTAIU3al[iH, COCTaBHIIA
Sy. . e., HykHO nonosxkuth B 6ank S/ (1 +1i)"y. 1. e. B Hauane cpoka. Ta-
KOW Ha4YaJbHBIN KamlMTajd Ha3bIBAETCS TEKYIIeW IICHHOCThIO (MU IpHBE-
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JICHHON CTOMMOCTBIO) CyMMBI S. O003HAYMM ero cuMBojioM PV:

s (12.2)

Hanpumep, a1 Toro 4ro0Obl cymMMa, HapalieHHas 3a 4eThIpe roja Ipu
ros0Boi 3¢ pekTuBHOI poueHTHOH craBke 11 %, cocrauna 1500 y. 1. e. B
HayaJle CpoKa, Hy>KHO IOJIOKHUTh B OaHK:

PV = 1500/ (1 + 0,11)* = 988,096 y. 1. e.

[Mporiecc HAXOXKACHHS TEKYIIEH [IEHHOCTH Ha3bIBACTCS TUCKOHTHUPOBA-
uuem. U3 dopmyisr (12.2) BerTekaet, 4to K03(G(HUIUEHT TUCKOHTHPOBAHUS
(1 + i)™ (0603HAUNM €T0 CHMBOJIOM &) MOKA3BIBAET, KAKYIO CYMMY HYXKHO
MOJIOKUTh B OaHK IJIsl TOro, 4ToObl 4Yepe3 N MEepHOAOB KalUTAIW3AMN
HapaleHHas cyMMa coctaBuia 1 y. 1. e. B paccMoTpeHHOM Bbllle pHUMeEpe
§=(1+0,11)"=0,65873.

12.2. DxoHOMMKO-MaTeMaTHYeCcKas Moeab (popMupoBaHus
ONTHUMAJIBHOTO NOPTeJisi HHBECTHIHOHHBIX IPOEKTOB

Yacto npu BbIOOpE MHBECTHUIIMOHHBIX IPOEKTOB y PYKOBOIMTENEH Op-
rann3anuii AIIK Bo3HMKaOT pasnuuHble 3aaa4u. [lepBelii TUI 33734 — 3TO
BEIOOp BapHaHTOB BIOXKCHHUU U DOCTIDKCHHS OJHOW M TOW Ke IeNH —
JTy4IIero 3KOHOMHUYIECKOTo P dekTa. B Taknx 3amagax MOTYT OBITH pa3inmd-
HbIC MHBECTHUIIMOHHBIC BIJIOKCHUS, OOECIICUMBAIONINE PAa3HBIC PE3YJIbTATHI
pu QYHKIMOHUPOBAHUM MpoeKTa. BTopoii Tun 3aga4y — 310 BEIOOp BapuaH-
TOB MHBECTHUPOBAHUS JUIA JOCTHKCHUS PA3IMYHBIX IIeJeH, y KaxIoH u3
KOTOPBIX MMEETCSl CBOSI MOTPEOHOCTh B WHBECTHLMOHHBIX BIOXKEHHAX WU
CBOU BO3MOKHOCTHU NOJTYUYCHUA TUBUACHOIOB, 10X0O0B, HpPI6I)IH€I>II H 1p.

B meronuueckom mnaHe o0e 3a1aul MPaKTUYECKH OJMHAKOBBI C TOUKU
3peHust 0TOOpa JIydllero BapuaHTa BiokeHuid. [lo cBoeMy Xapakrepy OHHU
OTHOCSITCS K 3ajlayaM CpPaBHHUTEIbHOM HDKOHOMHYECKOH 3¢ QEeKTHBHOCTH
BJIO)KCHHMH, INPH PEUIEHUH KOTOPHIX M3 MHOXECTBA BapHaHTOB HYXKHO
0T00paTh VIS peaNnu3aliy TONbKO OANH, 00Tl HAMTyYIINMH TTOKa-
3atemsiMA 3((EKTUBHOCTH C IO3WIMH WHTEPEecOB HMHBecTopa. IIpm 3ToM
MOCTAaHOBKA HEKOTOPBIX 3KOHOMUKO-MAaTEMAaTHYECKHUX 3a7ad CBA3aHa C HC-
MOJIb30BAaHNEM OTAEIBHBIX OTPAaHUICHHBIX PECYPCOB.

Hanpumep, nmeercss BO3MOXXKHOCTB peanu3anudl N HWHBECTHIMOHHBIX
npoekToB. DHHEKTHBHOCTD i-r0 MHBECTHIIMOHHOTO MPOEKTa XapaKTepu3y-
TCs YMCTOM TeKyIeil croumoctsio npoekra NPV; (i = 1, n). Ilepponayais-
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HbIC WHBECTHIHMH, HCOOXOAMMBIC TSl PEATH3ALUH i-TO0 MHBECTHIOHHOTO
NPOEKTa, COCTABIAOT |} (i =1,n). Pasmep umerommxcs B pacnopsikeHuu

(bUHAHCOBBIX pecypcoB paseH | .

HYCTL Xj — pC€LICHUE O peanu3alnuu JM00 OTKJIIOHEHUH i-To HWHBCCTHUIIU-
OHHOTI'O IMPOCKTAa, MPUHUMAIOIICC CICAYIOUINEC 3HAUCHUA:

0, ecnu  i-il MHBECTUI[MOHHBIA MPOEKT OTKIOHSETCS;

" |1, ecnu i-if ”HBECTULMOHHEIN MPOEKT peaTu3yercs.

TakuM 00pa3oMm, CTPYKTypHas HSKOHOMHKO-MaTeMaTHYecKas MOJEIb
(bOpMUPOBaHUS ONTUMAIBHOTO MOPTQENs HHBECTHIIMOHHBIX POEKTOB MO-
JKeT ObITh chOpMyIIHpOBaHA B CIIEAYIONIEM BUJIC:

MaKCHUMYM JIOXOJHOCTH MOPT(eIisi UHBECTUIIMOHHBIX IPOCKTOB —

F =) NPV,x, > max;

i=1

I[P OTPaHUYEHUH HA (MHAHCOBEIE PECYPCHI —

n .
I .
Dl <1
i=1
IIpU OTPAHNYCHUHN HA 3HAYCHUA IICPEMEHHBIX —
x, =0uli=1n.

B ciydae paccMOTpeHHsT KOHKPETHON CHTYallMd CHCTEMa OTPaHUYCHUI
MOKET OBITh pacIIupeHa.

Bo-nepBbiX, NPy HCHOJIB30BAHUH JIOMOJHUTEIBHBIX PECYPCOB IS pea-
JIM3alUH UHBECTUI[HOHHBIX MPOCKTOB MaTEMaTHYECKOE BBIPAKEHHE JAHHO-
IO TUIA OTPAaHUYCHUI aHAJIOIMYHO OTPAHMYCHHUIO MO (PUHAHCOBBIM peCcyp-
cam.

Bo-BTOpBIX, B Cllydae MCKIIOUYEHUS! OJHOBPEMEHHON peasln3alni HeKO-
TOPBIX MHBECTUIIMOHHBIX MPOEKTOB (HAIPUMED, IJIS MIPOEKTOB 1 u 2) Mare-
MaTHYECKOE BBIPAKCHHE, OMUCHIBAIOIICE 3TO YCIOBHE, OYICT HMETh BHT

X1+XZ§1.
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13. 3BKOHOMUKO-MATEMATUYECKUE METO/Ibl U MOJEJIN
B COEPE ®UHAHCOBOM U KPEJUTHOM JESTEJIBHOCTH
OPIAHM3ALIMI

13.1. IlonsiTHe KPE€AUTHOI'O pUCKaA. Moaean 1 MeTOAbI €ro OLlEHKHN

B mo6oii cdepe mesTenbHOCTH Hapsay C BO3MOXHOCTBIO IOJYYHTH
pHUOBUT BCETa CYIMIECTBYET OMACHOCTH MOTeph (prck). Cucrema OaHKOB-
CKHX PHCKOB BKJIIOYAET 3HAYUTEIBHOE YHCIIO UX BUIOB, MPEICTABICHHOE B
pasnuuHbIX Kiaccupuranusx. OCHOBHBIM OaHKOBCKHM DPUCKOM SIBIISETCS
KPEIUTHBIIN PHCK.

Kpeoumnuiii puck — 3T0 prUCK HeBO3BpaTa (HEIUIaTeXka) WIN MPOCPOUKH
iaTe)ka Mo OaHKOBCKOH ccyze. YTpaBJIeHHE 3TUM PUCKOM — KITFOUCBOU
¢axrop, onpenensrommii 3¢ HeKTUBHOCTh AesTeabHOCTH OaHka. Ha Benu-
YUHY KpPEAUTHOI'O pHUCKa MOT'YT OKa3bIBaTb BJIMSAHHC KaK MAaKpoO-, TaK H
MHUKpPOIKOHOMHUYECKHE (hakTopbl. OCOOEHHO BaXKHO MMETH I (HEKTUBHYIO
CHUCTEMY YNPAaBJICHUS KPEAUTHBIM PHCKOM B YCIIOBHUAX (MHAHCOBOTO KPH-
31Ca, JKECTKOM KOHKYPEHLIUU CPEAM MHOXKECTBA KPEAUTHBIX YUPEKACHUN U
0aHKOBCKHX NPOAYKTOB, a TAK)K€ HECTAOWILHOCTH U HECOBEPILCHCTBA OaH-
KOBCKOTO 3aKOHO/IaTEIbCTBA.

ITo ncroynrkamM BO3HHMKHOBEHUS KPEIUTHBIA PUCK MOKHO Pa3feinTh Ha
2 TpyYIIBL:

o gnewnull puck (0OyCIOBICH HAJEKHOCTHIO KOHTpAareHra) — PHCK
KOHTpPAareHTa, CTpaHOBOH PUCK, PUCK KOHIIEHTPALUH NOPTQEs;

o guympennull puck (PUCK KPEJAUTHOTO TPOAYKTA) — PHCK HEBBIILIATHI
OCHOBHOI1 CYMMBI J10JITa U IPOLCHTOB IO HEMY, PUCK 3aMCIICHUA 3aCMIIIN-
Ka, PUCK 00eCTIeYeHns KPEeauTa.

OCHOBHBIMU IIpUYUHAMU BO3HMKHOBCHHSA PUCKA HEBO3BpaTa CCyHbl SIB-
JSIFOTCS: GAHKPOTCTBO; HEILIATEKECTIOCOOHOCTD; PECTPYKTYpHU3aIHs 331011~
JKeHHOCTH; OTKa3 OT YIUIaThl J0JITa; OTKAa3; JOCPOYHOE HACTYIIEHHE CPOKa
UCTIONTHEHUSI 00513aTeNbCTBA; Ae(OIT O OOIUralusIM.

ITo mpeamery ucciieOBaHUS BBLICNSIOT JIBA OCHOBHBIX aJIbTEPHATHB-
HBIX TIOAXO/2 K OLICHKE M YIPABJICHHIO KPEIUTHBIMH PUCKAMHU:

«8HYMpPeHHUI» N00X00, B KOTOPOM OaHK Ha OCHOBE COOCTBEHHBIX METO-
JIMK OLIEHMBAET KaK O’KMJIaeMOe 3HaueHWEe, TaK M BOJATHILHOCTH OYyIyIINX
MOTEPH BCIIEACTBUE KPEAUTHOTO PHCKA,;

«PbIHOUMBILY NOOX00, KOTOPBIH HAlleJICH HA OMPEAENEHHE CTOMMOCTH
KpPEIUTHOTO PUCKA, yCTaHABINBAaeMOH (pHMHAHCOBBIM pHIHKOM. OOBIYHO 3Ta
OILICHKA BBIPAXKAETCS B BHUJE PAa3HUIBI B JOXOTHOCTH (KPEIUTHOTO CIIPEna)
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M0 MHCTPYMEHTaM, CBSI3aHHBIM C KPEIUTHBIM PHUCKOM, MO CPAaBHEHHUIO C
JIOXOJTHOCTBEO TI0 OE3PUCKOBBIM (TOCYIAPCTBEHHBIM) OOJIUTALUSAM WA 3aii-
Mam.

«Brympennuily MOIX0M TPEAMONATaeT, YTO OKUAACMbIC TOTCPHU SIBIIS-
1oTcsl QYHKIMEH BEpOSTHOCTH Ae(oiTa, CTOMMOCTH MPOAYKTA WIA HHCTPY-
MEHTA, MMOJIBEPIKCHHOTO PUCKY Ne(ONTa, U TOM 4aCTH 3TOH CTOUMOCTH, KO-
Topasi Oyzmer Oe3BO3BpaTHO MOTepsiHa B ciayvae aedonra. B Toii mepe, B
Kakoil oxwuJaembie (CpeiHHUe) MOTEPH SIBISIFOTCS MPOTHO3MPYEMBbIMH, OHU
JIOJDKHBI PACCMATPUBATHCSI KAK HOPMaJIbHbIC, PETYJISIPHO OBTOPSIOIINECS
M3ACPIKKU JaHHOTO BHJA JEATEIBHOCTH M HAIPSMYIO OTHOCHTBHCS Ha ee
ce0eCTOUMOCTb, T. €. IOJDKHBI BKIIIOYATHCS B LIEHY KPEAUTHOTO MPOIYKTA.

OCOOCHHOCTBIO «PbIHOYHO20» TIOAXOJA SIBISIETCS TO, YTO KPEIUTHBIN
cmpe]l BKJIIOYACT B ceOsl yKa3aHHBIC BHINIC COCTABIIIOUINE KPEIAUTHOTO
pHUCKa, T. €. B HEM MPOOJEMATUYHO BBIICIHUTH Ty 4aCTh, KOTOpPas COOTBET-
CTBYET OXHJACMBIM TIOTEPSAM, M OCTABLIYIOCSA YaCTh, KOTOpas B3UMACTCs
KaK KOMIICHCAIHSI BOJIATHIILHOCTH MOTePb. CTOMb XKE 3aTPYAHUTCILHO BbI-
JICJIATh B BEIMYHMHE KPEAUTHOTO CIIPEa «BKJIAb1», BHOCUMBIC B HEE BEPO-
SITHOCTBIO JiehosiTa ¥ YpOBHEM OE3BO3BPATHBIX MOTEPh B ciiydae jaedoira.
V3meHeHHs pHIHOYHOTO CIpe/ia B paMKax 3TOro MOAX0a MPOrHO3UPYIOTCS
Ha JIOBOJIbHO KOPOTKHE MEPHOAbI BpEeMEHU (JIHU WM HEJeNH). Y4eT mopT-
(denpHBIX () PEKTOB OCYIIECTBIAECTCS 10 AHAIOTHH C OI[CHKOW PHIHOYHOTO
pucKa B BHJe TIoka3aTens VaR — mo Ha0Iro1aeMbIM Ha PhIHKE KOPPETSIHIM
MEXAY KPeOUTHBIMH cripenamu. Pazmep Kamurana Ioj MOKPBITHE MOTEPh
BCJIC/ICTBHE KPEIUTHOIO PHCKa OMNpEACISICTCS aHAJOTHYHO PHIHOYHOMY
PHCKY.

JIJs. KOJTMYECTBEHHOW OICHKH KPEIUTOCIIOCOOHOCTH CYIIECTBYET MHO-
JKECTBO METOJIOB, KOTOPBIC YYHTBHIBAIOT PSJI KIFOYECBBIX KOA(D(HUIMESHTOB,
PACKPBIBAIOIIUX CTPYKTYPY KamuTaja, TEKYIIYi0, OBICTPYIO M aOCOIIOTHYIO
JIUKBUJAHOCTA W TO3BOJIAIOT OIICHUTH BEPOSATHOCTH JedoyiTa KOMITAHUH.
Tak, KOJTHMYECTBEHHBIC METOJIbI OIICHKU PUCKA PA3JICIIIOT:

a) Ha KOod(h(PUIIMEHTHBIN aHAH3;

0) HelipoceTeBOE MOICITUPOBAHUE;

B) PEUTHHIOBBIE CUCTEMBI;

I') KOMIUIEKCHYIO OLIEHKY PUCKa;

n) cratuctudeckre moaenu (1 — mapamerpudeckwe MoOJeNnd; 2 — CKO-
PHUHTOBBIC MOJICIIH);

€) 9KCIICPTHBIC METOIBL;

) POYUE METOJIbI OLICHKU KPESIUTHOTO PHCKA.

Bce BhIICnIEpeYnCIIEHHBIC METOBI MO3BOJISIOT OLCHHUTH MEPCIICKTUB-
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HYIO CTEHEHb KPEJAUTOCIIOCOOHOCTH KOMIIAHWH — BEPOSITHOCTh HACTYILJIC-
Hus nedonta. Ho HU OIMH METOJT HE COBEPIICHEH — Y KaXKIOr0 €CTh CBOU
MPEeUMYIIEeCTBa U HEAOCTATKH, ONUCaHHbIe B Ta0m. 13.1.

Ta6auma 13.1. OcobeHHOCTH METO/IOB OLIEHKH PUCKA GAHKPOTCTBA

HasBanue METOOa

CyuHoctb
OLICHKH PUCKa IIpeumymiectsa Henocrarku
MeToja
6aHKpOTCTBA
1 2 3 4
HeiipocereBoe MatemaTrueckast HezaBucumoctb CI0XXHOCTb IOCTPOE-
MOJETMPOBAHUE MO/IEIb, TIOCTPO- HEHPOHHBIX CeTei HUS CETH I KOH-

(Neural Networks)

€HHas 110 NPHH-
LIUITy OpTraHu3a-
uuH ¥ QyHKIHO-
HUpOBaHUs OHO-
JIOTHYECKHX
HEHPOHHBIX CETeH,
T. €. BBIIOJHACTCS
o0yueHue
HEHpPOHHBIX ceTel
Ha TPEHUPOBOY-
HBIX IPUMeEpax u
HaxXoJsTCs KO-
(ULUEHTHI CBA3H
MeXy HEHpOoHa-
MH

OT CBOHCTB BXOJHBIX
JIaHHBIX;

IIPOCTOTA MOJIEMH-
pOBaHUS;
OTCYTCTBHE IPO-
OJIeMBI pa3MepHO-
CTH — HEUPOHHbIE
CETH MOTYT BBISIB-
JISATH 3aBHCUMOCTH
Jiake Ipu GOJIBLIIOM
KOJINYECTBE Iepe-
MEHHBIX

KPETHOM 3a1auul — HEeT
CTaHIAPTHOM CXEMBI,
9TO BBIHY)K/IACT B
Ka)XKIIOM CITy4ae BbI-
TIOJTHSTH KOHCTPYHPO-
BaHME CHaAvaa,
CIIO)KHOCTb HHTEpIIpE-
TalUH Pe3yIbTaTOB
00y4YCHUsSI BCIEACTBHE
HEBO3MOXKHOCTH 00b-
SICHCHUS! 3HAUYCHUH I1a-
paMeTpoB 3JIEMEHTOB
CeTH B TEpMHUHAX pe-
[aeMoi 3a1a4u

Koadpduunent-
HBI aHaIM3
(Ratio Analysis)

JlaHHBII MeTOx
Gazupyercs Ha
JTAHHBIX (PHMHAHCO-
BOM OTYETHOCTH U
BKJIIOYAET B ce0s
pacder oOiHOTO
HJIA HECKOJIbKUX
roka3zatesen

Ipocrora u onepa-
THBHOCTb aHAJIN3a;
BBISIBIICHHE TCHJICH-
LIUH B U3MEHEHUHU
(hHHAHCOBOTO CO-
CTOSIHHSL KOMITAHUN

MHOXeCTBEHHOCTb
HpezIaraeMbIx Habo-
PoB K02 PUIHEHTOB;
BBICOKAsl UyBCTBH-
TEIBHOCTb K KaUeCTBY
AQHAIM3UPYCMbIX JaH-
HBIX;

OTIIMYHE METOJ0JIO-
THil, HCIIOIb3yeMBIX
pu GpopMHUpOBAHUK
OyXranTepckoit oT4eT-
HOCTH, B YaCTHOCTH
Pa3IYHBIC METOIbI
OLICHKHU aKTHBOB 00y~
CIIOBJIUBAIOT Pa3IHd-
HbIE 3Ha4YCHUs (QHHAH-
COBBIX TTOKa3aTelei
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Oxkonuanue tabma. 13.1

1 2 3 4
Peiitunroseie Peiitunr kpenuro- | KoMmuiekcHbli u HecBoeBpeMeHHOCTD
cucremsl (Rating CIOCOOHOCTH CHCTEMHBIH NOAXOA | PEHTUHIOBOTO aHAJIH-
Systems) COCTOMT U3 psifia K OLICHKE BEPOSITHO- | 3a, TaK KaK PEHTHHT

KOMITOHEHTOB ctu gedponta 61aro- | COCTABILSIETCS MOCIE
(MHOT 1A MHTe- J1apsl TIIATEITbHOMY myOnvKanuu Oyxrai-
IPaJIbHBIX), IIOTy- | W3YYECHUIO KOMIIa- TEPCKOH OTYETHOCTH
YEHHBIX IKCIIEPT- HHH BO BCEX aCIEK- HPEATIPUATHS X HTOTO-
HBIM ITyTEM JIHO0 Tax I03BOJISIET JIeT- BOE MHEHHE 3KCIIEPT-
C IMOMOIIBIO TPO- KO CpaBHHBATh HOT'O areHTCTBA BBIHO-
CTEHIINX MaTeMa- | MEXAy CO00i KOM- CHUTCsI yepe3 ompee-
THYECKHUX OIepa- [aHWUH, KOTOPBIM JICHHOE BpeMst
LM HaJ{ TAHHBIMH | TIPHCBOEH PEHTHHT (34 mec);
OTYETHOCTH CyOBEKTHBHU3M IIOTY-
JaeMOMH OLIEHKHU B
pe3ynbTaTe MUPOKO
[PAKTHKYEMOTO 3KC-
HEPTHOTO MOAX0/a
IIpH NIepeBoJie Kaue-
CTBCHHBIX XapaKTepH-
CTHK B KOJIMYECTBEH-
HBIE ¥ IIPH NIPUCBOC-
HHH BECOB KPUTEPHSIM
B peiiTuHroBoi Qop-
Myie
CratucTudueckue PaspabatsiBatorcst | Brlcokas TouHOCTB 3aBHCHMOCTH TOY-
MO/IEITH C MOMOIIBIO MTPH- HPOTHO3UPOBAHMUS; HOCTb ITPOTHO3a OT
(Statistical MEHEHHsS pa3ind- | MPOCTOTa MHTeprpe- | BbIOOpa Hanboee
models) HBIX CTATHCTHYC- TalHU Pe3yIbTaTOB JIECKPHUITHBHBIX IIe-
CKHMX METOJIOB aHaIM3a peMeHHbIX — QHHaH-
KJIaccuuKanuu COBBIX KO3 HUIIHEH-
(AMCKPUMUHAHT- TOB;
HbII aHaIN3, CHIDKEHUE CTaTHCTHU-
JIOTUT/TIPOOHT YeCcKOH Hale)KHOCTU
MOJEINH, perpec- [IPOTHO3UPOBAHUS
CHOHHBIN aHAIN3 OTHOCHTEIIBHO OT/a-
UT. J1.) JICHHOTO OyayIero
DKcHepTHbIE DkcnepTaMmu BosmoxknocTh CyOBbeKTHBHOCTD
metonsl (Expert BBIOMpaeTcs co- OLICHKHU HE TOJIBKO aHaIlN3a;
Methods) BOKYITHOCTb YacT- | BEpPOSTHOCTH OaHK- MHO)KECTBEHHOCTb

HBIX KPHTEPHUEB,
XapaKkTepHu3yo-
IIUX pa3InyHbIe
aCTeKThl (puHaH-
COBOM ycTOWYH-
BOCTH

POTCTBA MPEATpHs-
THS, HO ¥ B LIEJIOM
(hrHAHCOBOTO 10~
JI0)KEHUsI KOMITAHUH;
HPOCTOTA U Orepa-
THBHOCTb aHAJIM3a

IpeaIaraeMsIx Habo-
POB K03 PUIHEHTOB
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13.2. Mope/i1 OlIEHKH KPETUTHOr0 pUcKa (CKOPMHTOBBIE MO/IEIH)

Haubonee monmyssipHbIMH B MPaKTUKE MPOTHO3MPOBAHUS OAHKPOTCTBA
SIBJISIFOTCSI CKOPMHTOBBIE MOJIENM OJ1arofapst BBICOKO TOYHOCTH IPOTHO3H-
POBaHMs ¥ IPOCTOTE MHTENPETALIMH PE3yIbTATOB.

CKOpUHT TMpeAcTaBisieT co0OH MaTeMaTH4YecKylo (CTaTHCTHYECKYIO)
MO/IETIb, C TIOMOILBIO KOTOPOH Ha 0a3e KpeIUTHON UCTOPHHU YXKE UMEIOIINX-
csl KIIMEHTOB OaHK OIpeNeNsIeT BEPOSTHOCTh BO3BpaTa KpeanTa B Ha3HAYCH-
HBIA cpoK. CKOPHHT BBIACITSET T€ XapaKTEPUCTHKH, KOTOPBIE ONPEAEIISIOT
CTETIeHb HAJI)KHOCTH MOTCHIHAIBHOTO KIIMEHTA.

CKOpWHTOBBIE MOJIEIM XOPOIIH CBOEH OOBEKTUBHOCTHIO (MUHHMAIb-
HBIM BIIMSHHEM YEJIOBEYECKOTO (hakTopa Ha MPHUHATHE PEIICHHS), BEICOKON
CTEIICHbI0 aBTOMAaTH3alMK (BO3MOXHOCTHIO 00pabOTKH OOJBIIOr0o MOTOKA
3asBOK B PEXXHUME PEUTLHOT0 BPEMEHH) U aJIallTUPYEMOCTBHIO.

MHorue y4eHble 3aHUMAJINCh Pa3BUTHEM METOAMKH pacyeTa BEpOsITHO-
cTH OAHKPOTCTB Ha OCHOBE aHaiu3a (PMHAHCOBBIX IIOKa3aTeJel KOMITaHHH.
Ot1o0 Takue uccinenonareny, kak Y. JI. Mepsun, B. b. Xukman, 3. U. AnbT-
MmaH, P. Moiiep, P. Tadduep, I'. Tumoy u ap. Onnumu n3 Haubosee u3-
BECTHBIX W IMOJYYHBIIUX OOJBIIOE PACIPOCTPAHEHHE SBISIOTCS METOIUKH
MIPOTHO3UPOBaHUST OAHKPOTCTBA, MpPEACTAaBIEHHBIE B paboTax DaBapiaa
Anpt™mana u [xeiimca Oncona, onmyonmukoBannbie B 1968 r. u 1980 1. coot-
BETCTBEHHO. J[aHHBIE Y4EHBIE pa3paboOTall MOJENIH OLEHKH BEPOSITHOCTH
nedonTa MpPennpruaTHsI ¢ MOMOIIBI0 MHOXKECTBEHHOT'O TUCKPUMHUHAHTHOTO
aHaJIN3a ¥ JIOTHCTUIECKOTO PETPECCHOHHOTO aHaJIH3a.

Mooenv Doeapoa Anemmana.

AnprmaH paspaboran Ha 0a3e MHOXKECTBEHHOI'O JIHCKPHUMHUHAHTHOTO
aHaJM3a MOJIENIb OLIEHKH KpeauTocrocoOHocTH. B obmem Buae 3to Obuia
nepBasi CKOpUHIOBasi MOZEJ b, KOTOpasi ONHpajiach Ha IOIX0/, OCHOBAaHHBIN
Ha OINpEJENICHUN «PacCTOSIHUS 110 AedonTa», N3BECTHBI B MHOCTPaHHOU
muteparype kak «distance to default approachy.

OCHOBBIBasCh Ha JaHHBIX YCIICIIHO ACHCTBYIOMINX M 00aHKPOTUBIIIHXCS
npeanpusaTuii CIIIA, amMepukaHCKH YKOHOMHUCT paccuuTan KodpQGUITUEHT
BEPOSATHOCTH OaHKPOTCTBA Z. JlaHHBIA TOKa3aTeNb ITO3BOJISIET Pa3/ieiHTh
XO3AUCTBYIONTNE CYOBEKTHI HA HOPMAIBHO (YHKIMOHHWPYIOUINE W TOTEH-
UadbHBIe OAHKPOTHI. DaBapa AJIbTMAH IMOCTPOMII ABYX(HaKTOPHYIO, TISATH-
¢axTopHylo U cemupakTopHyo Monenu. Hanbonee momyssipHOit siBisieTcst
mATH()AKTOPHAS MOCTb.

IIpu noctpoennu Moaenu DABapA AIbTMaH UCCleA0Bal 22 aHAIUTHYe-
CKMX KOI(QQHIHMEHTa, XapaKTepU3YIOIMX (QHHAHCOBOE  COCTOSHHE
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33 00aHKPOTHBIIHNXCS aMEPHUKAHCKHAX MPOMBIINUICHHBIX (DUPM B MEPHOI C
1946 no 1965 rr., U cpaBHUI UX C TAKUMHU K€ MOKa3aTelsIMU 33 yCHelHo
paboTaromMX MPESANPUIATHN TEX KE OTpacicil U aHAJOTHYHBIX MacIITaOoB.
U3 »Tux mokasarenedd AinbTMaH otoOpan 5 Hanbojee 3HAYUMBIX JUIS TPO-
THO3UPOBAHMS BEPOSATHOCTECH OAHKPOTCTBA M MOCTPOMI NATH(AKTOPHYIO
MOJEJb, KOTOPasl LIUPOKO UCTONb3YETCS U B HACTOSIIIEE BpEMS:

z2=1,2%,+1,4x%,+3,3X; +0,6X, + X;, (13.1)

IJi¢ Z — NMCKPUMUHAHTHAS (DYHKIUS, 3HAYCHUS KOTOPOW IHATHOCTHPYIOT

HaJIM4Y1e KPU3UCHOM CUTYaINH;

X1 — OTHOILICHHE OOOPOTHOI'O KamUTalda K CyMME BCEX aKTHBOB IIpel-
OpUSITHS;

X, — YPOBEHb PEHTA0OCIILHOCTH aKTUBOB (OTHOIIIEHUE YHCTOW MPUOBLIH K
Cpe/iHel CyMMe UCIIOJIb3YEMbIX aKTHBOB);

X3 — YPOBEHb JOXOJHOCTH aKTHUBOB (OTHOILIEHWE YHCTOIO J0XOJa K
Cpe/HeH CyMMe UCTIOIb3YEMbIX aKTHBOB);

X4 — KOO(Q(QUIUEHT OTHOIICHUS COOCTBCHHOTO KamuTalda K 00beMy 3a-

€MHBIX CPE/CTB;

X5 — OTHOLIGHHE BBIPYYKM OT peasiM3aluy NPOIYKLUUH K CpelHel CTou-

MOCTH aKTHBOB.

B 3aBHCHMOCTH OT HOJIy4YEHHOTO 3HAYEHHS MHIEKCA KPEAUTOCIOCOOHO-
CTH Z NPOU3BOIUTCS OLCHKA BEPOSTHOCTH HACTYILICHHS OAHKPOTCTBA I10
OIpE/ICICHHOM IKaJe:

a) eci Z < 1,81, BEpOSITHOCTh HACTYIUICHHSI OAHKPOTCTBA OYCHB BEJIHKA,;

0)ecimm 1,81 < z < 2,675, BepOATHOCTh HACTYILICHHS OaHKPOTCTBA
CpemHss;

B) eciu 2,675 <z < 2,99, BEpOATHOCTh HACTYIJIEHUsI OAHKPOTCTBA HU3-
Kas;

r) ecan Z > 2,99, BepOsITHOCTD HACTYIUICHHUSI OAHKPOTCTBA HUYTOKHA.

Juckpumunanmmuvie mooenu ouenKu KpeOumHnozo pucka.

Mooenu, ocnosannvie na pecpeccuu. HaOmoneHus nensTcs Ha JBE

rpymmsl: ¢ aedontoM u 6e3 medonta. Ilokazaremro Z' i-ro HabmoxeHus
(i =1, N ) TpHcBauMBaeTCss HEKOTOpOE 3HaueHHe JJis HaOMOJAeHHiH c Je-
¢dontom (0THO W TO XK€ 3HAYUCHHE I BCeX HabOmoneHuit ¢ aedonrom) u
HEKOTOpOE PYroe 3HaueHue I HabmoaeHuit 6e3 aedonra (0gHO U TO ke

3HaueHUE JJIs BceX HaOmoneHuit 06e3 medosrra).
Takum obpazom,
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o a, B citydae aedonra;
b, B ciayuae orcyrcTBHs nedonra.

3ameuanue. Beibop 3Hauenwuii a u b He urpaer ponu.
[Ipennonaraercs, YTO UIMEET MECTO YPABHEHUE PETPECCUU:

zi:B0+k§‘,kaL+ai, i=1N, (13.2)

rae K — Bu mokasaTens;

[ i
X, — 3HadeHue K-ro mokasarens z i-ro HabmoIEHHS,
By, k=0,n —xo3ddumuents perpeccun;

i o
€ — CJIy4auHOC OTKJIOHCHHUC.

Y i i
C NOMOIIBI0 3HAYCHUUH Xk U Z METOAOM HAaMMEHBIINX KBaJApaToOB

ONPEIENAIOTCS OLIEHKH Bk/ ko3 duiuenTos B, (T. e. pemaercs 3anaya
N n . . 2

Z(BO +ZBKXL —27') — min.

i=1 k=1

i
3areM Ui KaXJO0r0 HAOMIOICHUS HAXOMSTCS MPOTHO3HBIC 3HAYCHUS Z
o opmyie

4 :BO+ZH:ka|i. (13.3)

O603naunM vepe3 N; konnuecTBo HaOmOAECHUH ¢ nedonrom, uepes |; —
MHOKECTBO MHAEKCOB | 171 HabmoaeHuit ¢ nedonrom, uepe3 N, — kosnde-
cTBO HabmomeHuit 6e3 medonra, depe3 |; — MHOXKECTBO HHACKCOB i IS
HaOmoieHni 6e3 nedonra.

B ka0 U3 ABYX IPYNII HAXOUATCSA CPEIHUE 3HAYEHMS Z; U Z, HpPO-

THO3HBIX 3HAYEHHH Z';

Z:%Zzi,lzl,_z. (13.4)

iel;

JI1s1 TOTEeHIMAILHOTO 3aeMIIMKA HAXOAUTCS MPOTHO3HOE 3HAYEHUE MO-
Kazarens Z o ¢popmyie
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2=+ Y B, (135)

rac Xk — 3gaueHue K-ro noxasaress NMOTCHIOHAJIBHOTO 3aCMIIINKa.

HOTGHHI/IaHLHOFO 3aCMIIUKa OTHOCAT K TOM Tpymie (C ,He(l)OJ'ITOM nim
oe3 Lleq)OHTa), I KOTOpOﬁ 3Ha4YC€HUE IOKasaTelsd Z MOTECHLHWAJIBHOTO 3a-

=
CMIIIMKa «OIIHKE» (B HECKOTOpOM CMLICJ'IG) K CpEIHEMY 3HAUYCHUIO Z TIpyIl-

_
nbl. [l onpeneneHus «OIU30CTH» Z K Z  MOXKET HCIOJIb30BATHCS, HAIPU-
Mep, CleIyromas Mepa:

D(z,Z,) =24, (13.6)

O

31ech o - BBI60pO‘-IHO€ CTAaHAAPTHOC OTKJIOHCHMEC IIOKasaTeid Z s

rpynmsl |, T. e.

(13.7)

Takum 06pazom, IOTEHITHATFHOTO 3a€MIIHKA OTHOCST K MIEPBOil TpyTIe

(c OONBIINM KPEAUTHBIM PHCKOM), €CIIN D(Z,Z=1) < D(Z,Z=2), a KO BTOpOH

rpymie (¢ MajabIM KPeJUTHBIM PHCKOM), €CITH D(Z,Z=l) > D(Z,Z=2).

I
Jnsa onpenenenus, K KAKOMY 3HAUCHUIO Z OMKe Z, yIoOHO HCIONB30-

BaTh TaK HAa3bIBACMOC I'PAaHUYHOC 3HAYCHUEC er mokasarejst Z. ITo 3Haye-

HUE «PABHOYJANEHO» OT Z; U Z,, T. €. OHO HAXOAHUTCH W3 CIENYIOMIEro
YpaBHCHHS:

D(z,,.,7,)=D(z,.7,). (13.8)

Ecmm, manpumep, ans ompeneneHus ONMM30CTH HCIONB3YyeTcs (GopMy-

na (13.6), rpaHYHOE 3HAYCHHE Z,, HAXOIHUTCA 11O bopmyine
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6,2, +6,Z
rng_ (13.9)
c,+0,

B cnyuae xorma Z; <7Z,, D(Z,Z_l) < D(Z,Z_z), TOrJa ¥ TOJIBKO TOT/a,

korga z<z_, a D(z,Z))>D(z,Z,) Torna u ToiBKO TOTHA, KOTAA Z>Z

Tp ! Tp !
MTOTEHIIMATHLHOTO 3aeMINHUKa OTHOCAT K TMEepBOU Tpymme (¢ OO0NbIIAM Kpe-
JUTHBIM pI/ICKOM), ecian Z< er’ a KO BTOpOU rpynre (C MaJIbIM KpE€AUTHBIM

PHCKOM), ecli Z>Z, .
B cnyuae xorma 7, >7,, D(z,Z,)<D(z,Z,), Toraa u Tombko Torma,

xorma z>2_, a D(z,Z,)>D(z,Z,) Torma u ToipKo TOrAa, Korxa Z < Z

p’ p’
MOTEHIMAJIBHOTO 3aEMIIHMKA OTHOCAT K MEpBOM rpymme (¢ OOoNbIINM Kpe-
JMTHBIM PHCKOM), €CIIM Z > Z,, & KO BTOPOM rpymme (¢ MaibiM KPEAUTHBIM

PHCKOM), ecin Z<Z, .

YacTHBIM ciyyaeM OMUCAHHOW BBILIE AUCKPUMUHAHTHOW MOJIEIH SIBIISI-
ercst Modenv Anbmmana. B 3TOl MOJeNn MPOTHO3HOE 3HAYCHHUE Z JJIS 10~
TEHIIMATBHOTO 3aeMIITUKa HAXOAUTCA 10 Gopmyie

z =1,2x, +1,4x%, + 3,3%, + 0,6, + 0,99x,. (13.10)

3nech Xiy ooy X5 CJIeaAyromue (bI/IHaHCOBLIe I10Ka3aTCJIu MMOTCHIMAJIbHOI'O

3aeMIIUKa:

X1 — OTHOILIEHHE OOOPOTHOro KamuTana K akTuBam (0OOPOTHBII Karti-
Ta — 3TO Pa3HHIA MEXIY KPATKOCPOYHBIMH aKTHBAMHU M KPAaTKOCPOYHBIMH
00s13aTeNbCTBAMU);

X — OTHOLICHHE HEepaclpe/eieHHON NPUOBUTM K aKTHBaM (Hepachpese-
JIeHHas! MPUOBLITB — 3TO MPUOBLIL 10 BBIIIATHI IUBUICHIOB);

X3 — OTHOLICHWE HPHUOBUIM O BBIIUIATHI HAJOTOB M MPOLCHTOB K aKTH-
BaM;

X4 — OTHOIICHHE PHIHOYHON CTOMMOCTH COOCTBCHHOTO KalHMTala yder-
HOI CTOMMOCTH JIOJITOCPOYHBIX 005I3aTEIbCTB;

X5— OTHOILICHHE BBIPYYKHU K aKTHBAM.

I'pannvHOE 3HAYCHUE Z,, B Mozemm AnpT™Mana pasuo 1,81. Eciu nipo-

THO3HOC 3HAYEHHUE Z JIJIS MOTCHIIMAIBHOrO 3aeMIlika MeHbIie 1,81, To mo-
TEHIIMAJIBHOTO 3aEeMIUKAa OTHOCAT K TPYIIE C BBICOKAM KPEAUTHBIM
PHUCKOM.
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13.3. BpeMeHHasi CTPYKTYpa KPeIHTHOr0 pucKa

KauectBo oOnuranuii ompenessieTcss KpeAUTHBIM PHCKOM. UeM BHIIIe
KPEIUTHBIN PUCK, TeM XYK€ KayeCTBO OOJHUraIif, U TeM BBIIIC JTOJDKHA
OBITH JOXOJHOCTH OOIUIaI[Hi.

IlycTte Ha pBIHKE MMeeTCs OCCKyINOHHAs OOJHraius ¢ HOMHHAIBHOMN
CTOMMOCTBIO F JICHEXKHBIX SAWHUIL [IpeArnoyoKuM, YTO HOMUHAI OOJIH-
raiuy au00 BBIIUIAYMBAETCS IIOJHOCTHLIO B MOMEHT IIOrallleHus, JIMOO He
BbIIUIaunBacTCsd HUKOrga. O003HAUYMM Yepe3 p BEPOSTHOCTH BBIILUIATHI HO-
muHama. Torga 1 — p — 3TO BEpOATHOCTD AedoiTa.

p F

1-p 0

Pa3zmep 0kunpaeMoro riatexa B MOMEHT TOTalleHHs O0JUraluy paBeH
pF.

[TycTs 1ieHa obnUranuy B TEKyIIuii MOMEHT BpeMeHH paBHa P. O0o3Ha-
M dYepe3 I 3PQPEeKTHBHYIO TOXOTHOCTh. D¢ (eKTUBHAS ITOXOMHOCTH I
HAXOJIUTCS U3 CICYIONIETO YPAaBHCHUS:

F -_—
1+r

CrnenoBarenbHo, = 5_1_ B pacuere Ha 1 1. €., BIOKEHHYIO B 00JHTa-
p

WY JaHHOTO BMa, OOEINAaHHBIN IUIATEK COCTAaBUT 1+ 1. €., a oxujae-
MbIA TIaTex — p(l+r) I. €.

[TycTe Ha pBIHKE TakXKe MMEIOTCS Oe3pHCKOBBIE OECKYTIOHHBIE 0OIHra-
UM C HOMUHAJILHOW CTOMMOCTBIO F, CpOK moraiieHus KOTOphIX COBHaaaeT
CO CPOKOM MOTaIIeHHs PACCMOTPEHHBIX BbIIe obnuranuii. Hanomunm, uto
0e3pUCKOBBIC OOIUraliK — 3TO OOJMIalMH, BEPOATHOCTh nedonra miare-
el KOTOPBIX paBHA HyJ0. J[is Takux oOauranuii 0XKHIaeMbIil [UIaTeX B
MOMEHT TIOTAIlICHHS COBMAJACT ¢ HOMUHAIOM F.

ITycts F — eHa 6e3puckoBOi OOIUTalliK B TEKYLINiT MOMEHT BPEMEHH.
0O603HaunuM uepe3 ' 3PPEKTHBHYIO JOXOJTHOCTh OC3PUCKOBBIX OOIHMTAIIHA.
D dexTrBHAS JOXOIHOCTD [ HAXOIUTCS U3 CIEAYIONIEr0 yPaBHEHHUSI:
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1+r
=
CnenoBarenbHo, F=—-—1.

OHpeZleJ'H/IM BEPOATHOCTDH ,He(l)OJlTa P ¢ moMoumbO ,HOXOL[HOCTeﬁ rmr.
I[J'IH MMpOCTOThI MPEAINOJI0KUM, YTO MHBECTOPLI HeﬁTpaJ'ILHLI 110 OTHOLIC-
HUIO K PUCKY, T. €. IJId HUX UMECT 3HAYCHUC TOJBKO padMep OXKUIAAEMOI'0
miarexa. B atom CJ1yda€ JOJIKHO BBITIOJHATHECA PABCHCTBO

pL+r)=1+r. (13.11)

JIeHCTBUTENBHO, €CIU p(l+r) >1+r, TO HEHTpalbHbIE K PUCKY UHBE-
CTOPHI OyAyT U30aBIATHCS OT OE3PUCKOBBIX OOIMTANI U MOKYNATh PUCKO-
BaHHbIE OONMTalyM, YTO NMPHUBEAET K CHIDKCHHUIO LIEHBI Ha OE3pHCKOBBIE
o0nuranyuy 1 yBEIWICHHUIO [ICHBl HA PUCKOBAHHbBIE OOJIUranuy, U, CIEeA0Ba-
TEJILHO, JOXOJHOCTH OE3PHCKOBBIX OOIUranuil yBETHIUTCS, 8 PUCKOBAHHBIX
obnuranuii — ymenbmutes. B ciaydae ecnmn p(l+r) <1l+r, Oyner nadmro-
natbest oOpaTHas kaptuHa. [103ToMy B KOHEYHOM cyeTe, JOXOJHOCTH I U

r IPUMYT 3HAYCHHS, JUIsl KOTOPBIX CIpaBeInBo paBeHcTBo (13.11).

W3 pasenctra (13.11) BeITEKaeT, 4To

_1+r (13.12)
1+r
Paccmotpum obmmii coy4aid. Iycts 1,1, ..., I, — BPEMECHHAs CTPYKTY-
pa YUCTHIX JOXOAHOCTEH PHCKOBAHHBIX OONMrauuii, a r,r,, ..., r, — Bpe-

MEHHas CTPYKTypa YUCTBIX TOXOTHOCTEH OE3pHCKOBBIX obnuramnuil. B pac-

yere Ha 1 /1. €., BIOXKCHHYIO B PUCKOBaHHBIC OCCKYIOHHBIC OOJHIalMU CO

CPOKOM TMorainieHust B KoHie nepuoga K, oOelaHHbIA MJIaTeX COCTABHUT
k . k

(1+1r)" n. e., aoxunaemerii marex cocraBut P, (1+ 1) 1. e, rme p, -

BEPOSITHOCTD BBITLIATHI B KOHIlEe niepronaa K. B pacuere Ha 1 1. e., BlIOKeH-
HYI0 B O€3pUCKOBBIC OECKYIIOHHBIC (BO3MOXKHO CHHTCTUYECKHE) OOJIUTallun
CO CPOKOM MoraiieHust B KoHIle nepuoaa K, oGenianHblii miaTex cOCTaABHUT

(1+1)¢ n.e. CnemosaTenbHo, B CIydae KOTIa MHBECTOPH HEHTPATbHBI K
PHCKY, CIIPaBEATINBO PABEHCTBO
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p A+ =@+r)" (13.13)
Orcroa clielyer, uto

K
_a+r) (13.14)
P =—""—""<c
@+r)
B ciyyae korma Ha phIHKE OTCYTCTBYIOT PHCKOBaHHbBIC OECKYIIOHHBIE
obmuranuu, Gopmyiy (13.14) MOXKHO NOJIYYUTH APYTHUM CHIOCOOOM.
[TycTb unMCTBIE JOXOMHOCTH PUCKOBAHHBIX OOJHMIanuii MOJy4YeHBbI C I10-
MOIIBIO N OOJIUranyii ¢ HEBBIPOXKICHHON MaTpPUIIEH MIaTexeit:

v C _pi o i=In. (13.15)
k:1(1+rk)k

i . . )
3mece C, — k-# ruratex obGmuranmu i-ro Buma, P' — meHa oGumranmun

i-ro BHzA.
B ciyuae, Korga MHBECTOPbI HEWTPaIbHbI K PUCKY, JOJDKHBI BBIIOJI-
HATBLCS CIEAYIONIME PABEHCTBA!

Z kak —=PR,i =1,n. (13.16)
{(l+r1,)

PaBencrBa (13.16) o3Ha4aroT, YTO IICHA WHBECTHIIMOHHOW CTPATEIHHU,
cocroseit B HOKYHKC U mpojiake OE3pHCKOBBIX OOJMIaluil U BhIIUIAYKBA-

}OIIIGI/[ IIaATCXKU pk k’ k = ]_ n, JOJDKHaA OBITH paBHOI/I CHC P PUCKOBAH-

HOM 00JUranuy i-ro BAA.

U3 ypasuenwuii (13.15) u (13.16) cnenytot paBenctsa (13.14). [leiicTBu-
TenmbHO, mojcTaBuB Gopmyisl (13.14) B pasernctsa (13.16), momydnm pa-
Berctia (13.15).

Haiinem ycioBHBIC BEPOSITHOCTH BBIILIATHI U jAedoiTa B mepuoe K mpu
YCIIOBHH, YTO IUIATC)KU OBUIM BBITUIAYCHBI BO BCEX MPEANICCTBYIOIIUX TIC-

prozax. O003HaYMM TaKyl0 YCJIOBHYIO BEPOSATHOCTB 4epe3 (. B cooTset-

CTBHH C ONPEIECICHHEM YCIOBHOW BEPOSATHOCTH, BEPOATHOCTH (|, paBHA

OTHOILIEHHUIO BEPOSATHOCTH BBIILIATHI IUIATEKEH B IEepHOJaX C MEPBOro MO
K-it K BepOsITHOCTH BBITUIATHI TIATEXKEH B epuoaax ¢ nepsoro mo (K — 1)-ii.

[pearnonoxum, 4T0 Uil PUCKOBAHHBIX OOJMIallMi IUIATEKH B KaXKJIOM
Nepro/ie MOTYT OBITh BBIIJIAYEHBI TOJBKO B TOM Cilydae, Korja ObLIM BbI-
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IUTIQYCHBI TUIATCKW BO BCEX NPCAIICCTBYIOIUX NMEPHOIAX. Torma BEPOAT-
HOCTbH BHIILIATHI ILIATEKEH B nepuoaax ¢ nepBoro 1o k-ii paBHa BEPOATHO-

CTH pk BBITJIATHI IJIATEXKa B IEPHUOJ k, a BEPOATHOCTDH BBITIIATHI IIaTeXxen

B mepuozax ¢ mepsoro no (K — 1)-i paBHa BepOATHOCTH P, _; BBIMIATHI

IJ1IaTeXa B repuoaec k-1. CHGHOB&TCHLHO, B 3TOM CJiy4yac

g, = P, (13.17)
Py

13.4. Teopnst HHBECTHIMOHHOTO MOPT(eIsi U ee HCMOJb30BaHHE
JJ151 OLEHKH KPEIUTHOTO0 PHCKa

dopMUpoBaHHEe WHBECTHUIIMOHHOTO TOPT(HENs CBSA3aHO C MOJAOOPOM
OTIPEICTICHHON COBOKYMHOCTH OOBEKTOB MHBECTUPOBAHUS VISl OCYIIECTB-
JICHUS] MHBECTUIMOHHOU aestenbHOCTH. CyTh MOpT(HENsHOr0 HHBECTHUPO-
BaHHs COCTOUT B yNYYIICHUH BO3MOXKHOCTEH MHBECTHPOBAHMS MTyTEM IIPH-
JAaHWST COBOKYIMHOCTH OOBCKTOB HMHBECTHPOBAHUS TEX HWHBECTUIIMOHHBIX
Ka4yeCTB, KOTOPBIC HEJAOCTIIKUMBI C TIO3HIIUHM OTICIBHO B3ATOTO OOBEKTA, a
BO3MOJKHBI JIAIIb NPH WX coueTaHuu. CTPYKTypa WHBECTHIMOHHOTO MOPT-
(enst oTpaxkaeT ONIpeNeNICHHOE COYeTaHHE WHTEPEecOoB MHBecTopa. Takum
00pa3oM, MHBECTUIIMOHHBIN MOPT(ENs BBHICTYNAET KaK MHCTPYMEHT, IO-
CPENICTBOM KOTOPOIO JIOCTUTAETCs TpeOyemast JOXOAHOCTh P MUHUMAJb-
HOM PHUCKE U OINPEICICHHOMN JTUKBUIHOCTH.

Coomnowenue pucka u 00oxooHocmu. JJOXOTHOCTb U PHUCK SIBIISIOTCS
B3aUMOCBSI3aHHBIME KaTeropusmu. Haunbouiee o01UME 3aKOHOMEPHOCTSIMH,
OTPaXAIOUIMMH B3aUMHYIO CBSI3b MEXIY MPUHUMAEMbBIM PUCKOM H OXHIa-
€MO#1 IOXOTHOCTBIO JICSITENIbHOCTH HHBECTOPA, SBJISIOTCS CIIEAYIOLIHE:

- boyiee PUCKOBAHHBIM BIJIOKEHHUSM, KaK MPAaBUIIO, MPUCYIIA Ooyiee BbI-
COKasi JIOXOHOCTb;

- IpH POCTE N0XO0Ja YMEHBIIAETCA BEPOSITHOCTH €TI0 IMOJIYYEHHS, B TO
BpeMsl KaK OIPECIICHHbIII MUHUMAJIbHO T'apaHTUPOBAHHBIA J0XOJ MOXKET
OBITh MOJIy4YEH MPAKTUYECKH Oe3 pHCcKa.

Mon uneecmuyuonnviv nopmeenem NOHUMAETCS LieNEHANIPABICHHO
chopMUpOBaHHas COBOKYITHOCTh BIIOXKCHUIH B WHBECTHUI[HOHHBIE OOBEKTHI,
COOTBETCTBYIOIIAsl OMPEACICHHON WHBECTUIIMOHHOM cTpaTteruu. B 3aBucH-
MOCTH OT HAMpPaBICHHOCTH H30PaHHON WHBECTHIIMOHHON MOJIUTHKH M OCO-
OEHHOCTE# OCYIIECTBICHNUSI HHBECTUIIMOHHON J€SATEIbHOCTH ONPEIeIsIeTCst
cUCTEeMa CIIeIU(PUIECKUX TeNIeH, B KaYeCTBE KOTOPHIX MOTYT BBICTYIIATH!
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- MAKCUMU3AIHS POCTa KalUTama,

- MaKCHMH3alLus pOCcTa JI0X0Aa;

- MUHUMH3aLUs] THBECTHIIMOHHBIX PUCKOB;

- obecrieueHre TpedyeMoii JIMKBUIHOCTH MHBECTHIIHOHHOTO HOPTQEIs.

Lenu gopmuposanus uneecmuyuonno2o nopmeensi B CyIeCTBEHHOH
CTETICHU SIBJISIOTCS aJIbTEPHATHBHBIMHU. POCT PBIHOYHOW CTOMMOCTH KalM-
TaJla CBSI3aH C ONPEJENICHHBIM CHIDKCHHUEM TEKYLIETO J0X0/a WHBECTHIH-
oHHOTO TIopTdens. [Ipupamenie KanmuTaabHOH CTOMMOCTH W YBEIHUYCHHE
JIOXO0Ja BEAYT K TOBBIIMICHUIO YPOBHS HHBECTHUIIMOHHBIX PHCKOB. 3agada
IOCTIDKEHUS TpeOyeMOoH TUKBUIHOCTH MOXKET IPEISITCTBOBATh BKIFOYCHUIO
B COCTaB WHBECTHIHOHHOTO MOPTQensi 00BEKTOB, KOTOPEIE 00ECIeUnBaIOT
POCT KanuTaJbHOW CTOMMOCTH WJIM TOJYYEHHE BBICOKOTO J0XOJAa, HO Xa-
paKTepU3yIOLIMXCs, KaK MMPaBUIJIO, BECbMa HU3KOM JIMKBUJIHOCTHIO. B cBs3u
C aJITEPHATHBHOCTHIO PACCMOTPEHHBIX 1IeJIeld MHBECTOp NpU (OpMUpPOBa-
HUU MHBECTHUIIMOHHOT'O HOpT(I)eJ'DI OIPEAC/IACT UX NPUOPUTETHI UJIIN TTPEAY-
cMarpuBaeT cOaJaHCHUPOBAHHOCTh OTAEJIBHBIX II€Jeld MCXOIS W3 HalpaB-
JIEHHOCTH pa3pa00TaHHON MHBECTUIIMOHHON TOJIUTHKH.

Yuer npuOpHUTETHBIX Uejed Hpu (OPMHPOBAHUH HHBECTHUIIMOHHOTO
MOPTQETs JSKUT B OCHOBE OIPEIEICHIs] COOTBETCTBYIONINX HOPMATHBHBIX
MoKa3arteJieid, KOTOPBIE CITYAaT KPUTEPHEM MPH 0TOOPE BIOKCHUHN IS MH-
BECTHIIMOHHOTO TOPT(dEens M ero oreHke. B 3aBHCHMOCTH OT NPHHSATHIX
MIPUOPUTETOB WHBECTOP MOXKET YCTAHOBHTH B Ka4eCTBE TAKOTO KPHUTEPHS,
HaTpuMep, MpeeTbHBIC 3HAYCHHS MIPUPOCTa KAMUTAIBHONH CTOMMOCTH, II0-
XOJla, YPOBHS JOITyCTUMBIX HHBECTHIMOHHBIX PUCKOB WU JIMKBHUIHOCTH.
Bwmecte ¢ TeM B cocTaBe MHBECTULIMOHHOTO MOPTQENS MOTYT COYETAThCS
00BEKTEI C Ppa3IMYHbIMU WMHBECTULIHUOHHBIMU Ka4€CTBAMH, YTO ITO3BOJIACT
TIOJIYYHUTh )IOCTaTO‘IHLIﬁ COBOKyHHBIﬁ J0XO0J ITPpHU KOHCOJIHUAallu pUCKa 1o
OTACJIIbHBIM 00BEKTAM BIIOKEHHUH.

[Moprdens 1eHHBIX OyMar XapakTepu3yeTcs psJIOM OCOOCHHOCTEH.
K monoXuTenpHbBIM MOKHO OTHECTH 00JIe€ BEICOKYIO CTEIICHD JIMKBUIHOCTH
W YNpaBISIEeMOCTH, K OTPHULATENbHBIM — OTCYTCTBHE B psijieé  CIy4aeB
BO3MOXKHOCTEH BO3IEHCTBHS Ha JOXOZHOCTb IOPT(ENs, IMOBBIILICHHBIC
MHQISIIUOHHBIE PUCKH.

B cooTBeTcTBHM C LienbI0 MHBECTHPOBaHUS (OPMUpPOBaHUE MOPTheEIs
LEHHBIX OyMmMar MOXKET OCYIIECTBISATHCS HAa OCHOBE Pa3IMYHOIO
COOTHOIIEHUS JOXOAa M pHCKa. B 3aBHCHMOCTH OT BBIOPaHHOTO
COOTHOIIICHHUS OCYIIECTBISIETCS OTOOp IICHHBIX OyMmar, 00JaJaroninx
COOTBETCTBYIOIIUMH WHBECTHIMOHHBIMHU cBoMCTBaMU. [lopTdenn meHHBIX
Oymar, TOCTPOCHHBIC IO MPHHIUINY IUBEPCH(PHUKANNHN, IIPEANONATAIOT

174



KOMOMHAIMIO M3 [JOCTATOYHO OOJNBIIOr0 KOJIWYECTBA IEHHBIX Oymar ¢
pa3sHOHANPABIEHHOW JUHAMHKON JIBWKEHHS KYpCOBOH  CTOMMOCTH
(moxona).

Cnenyer OTMETUTb, YTO IOCKOJBKY B peaJbHON XO3SHCTBEHHOM
NPaKTHKE MpeInpusTus QyHKIHOHUPYIOT B paMKax OJHOM XO03sHCTBEHHOU
CHUCTEMBI C NPUCYIIUMH €Il 3aKOHOMEPHOCTSIMH W B3aHUMOCBS3SIMH, IPU
MOJICIIUPOBAHUHM BO3MOXHO 0Oojiee Oe3pHUCKOBOr0 MOPTQENs CcieayeT
aHAJTM3UPOBATh HE TOIBKO Ka4eCTBA OTACIBHBIX BUAOB IEHHBIX OyMar, HO 1
KOPPEALMI0O MEKAY HUMH. [Ipu 3TOM B COOTBETCTBHH C TNOpTdhenbHON
TeopHeil HaWMEHBIIMH PHCK JOCTHUraeTcss B ciydae (OPMHUPOBAHUA
noprdens W3 aKkOui, JBIKEHHE KypCOB KOTOPBIX JIEMOHCTPUPYET
OTPHIATENIFHYIO KOPPEILIIHIO.

Dpdexmusnviii uneecmuyuonnvlli nopmeens — MOPTPETb, KOTOPBIH
o0nasiaeT MakCUMaIbHON 0XKHaeMOW JOXOJHOCTBIO NIPHU 33laHHOM YPOBHE
pucka. Ui HaoOOpoT: obecrieunBaeT MUHUMAJIbHBIA PUCK TPH 3aJaHHON
JIOXO/THOCTH.

Onmumanvuvii nopmeens — 3TO JIyUIIUHA sl UHBecTOpa NopTdels u3
HECKOJIbKUX 3 (HEKTUBHBIX NOPTQENe.

Tpunyunut hopmuposanusi UHGECMUYUOHHO20 NOPIIGDe.

- olIpezieIeHue IieJied MHBECTUPOBAHUS, CTPATETUH U TUIIA TIOPTQEIs;

- IOCTI)KEHHE TIPHEMJIEMOH [Tl HHBECTOpa JOXOIHOCTH;

- obecrieueHne JIMKBUIHOCTH;

- CTpaxoBaHME OT PUCKOB M CTAOMIIBHOCTB B MOJyYEHUH J0X0/1a;

- JOCTI)KEHHE ONTHUMAIBHOTO COOTHOLIEHUS MEXIY IOXOJHOCTHIO M
PHCKOM, B TOM YHCIIE MYTeM JUBEPCU(PHUKALUK U OOHOBJICHHS CTPYKTYPBI
mopTdens.

Hueepcughuxayus — Ucnonp30BaHNe B MHBECTUI[MOHHOM MopTderne He-
CKOJIBKHX JTOXOJHBIX (PHHAHCOBBIX HHCTPYMEHTOB.

O1eHKa MHBECTUIOHHBIX PEIICHUI MOXKET OCYIECTBIATHCSI HA OCHOBE
Pas3INYHBIX METOJ0B. BBIOOp TOro MM MHOrO METOJa OLEHKH MHBECTHIH-
OHHBIX OOBEKTOB M (HOPMHPOBAHUS WHBECTHLIMOHHOTO TOPTQENs orpese-
JsieTcsl KOHKPETHOM LieNieBOH ycTaHOBKOM nHBecTopa. ChopMUpoBaHHBIH ¢
y4ETOM BCEX PacCMOTPEHHBIX (PaKTOpoB MopTdens HEeHHBIX Oymar mojse-
JKUT COBOKYITHOW OLIEHKE MO KPUTEPHSIM JOXOJHOCTH, PHCKA M JIMKBHIHO-
CTH, KOTOpas JOJDKHA MOKa3aTh, COOTBETCTBYIOT JIM €r0 OCHOBHBIE Xapak-
TEPUCTUKH 33JaHHOMY THITy TopTdemns. [Ipu HeoOX0IUMOCTH yCHIIEHHS
LENEBOM HANpPaBICHHOCTH MOPTQEN MO OTAENbHBIM KPHUTEPUSIM B HETO
BHOCSITCSI OIIPE/ICIICHHBIE KOPPEKTHBBI.

Ombop 06vbeKmos UHEeCMUPOBAHUSA NO KPUMepPUo 00XO0OHOCHU UTPACT
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Hanboee CyHIECTBEHHYIO POJb B MPOLECCE MHBECTHUIIMOHHOTO aHAHN3a B
CBSI3U C BBICOKOW 3HAYMMOCTBIO O3TOro (hakTopa B CHCTEME OIIEHOK.
[Tpn mocraHoBKe 3ajauyy JIMHEHHOTO NPOrPAaMMUPOBAHUS ONTHMHU3ALNS
WHBECTHLIMOHHOTO MOpT(deNns CBOJUTCS K 3a/ade HaX0XICHUS TaKOH KOM-
OMHAaIMK HMHBECTUIIMOHHBIX OOBEKTOB, KOTOpas obecredwia Obl Makcu-
MaJIbHO BO3MOXXHBIH ypOBEHb JOXOJHOCTH NPH 3aJaHHBIX OrPaHUYCHHSX.
B kauecTBe KpUTEpHAIFHOTO IOKazaTessl JOXOJHOCTH, KOTOPBIH IOJKEH
OBITh MaKCHMH3MPOBAaH, CIEIyeT HCIIOIb30BaTh ITOKA3aTENIb CyMMAapHOTO
YUCTOTO NPHUBEJCHHOTO OXOAa WHBECTHUIIMOHHOTO MOpTdens, oTpaxaro-
I COBOKYITHBINA 3()(eKT MHBeCTUIMA. B KadecTBe orpaHMYEHHA MOTYT
OBITB 33/1aHBI HECTPOTHE HEPABCHCTBA:

- 00mmit 00beM MHBECTUIIMI 10 0OOBEKTaM B COCTABE WHBECTHIIMOHHOTO
noptgelst He OJDKEH HPEBBIIATh 00beM WHBECTHLHMOHHBIX PECYpPCOB, BbI-
JCJICHHBIX IJIA q)I/IHaHCI/IPOBaHI/I}I I/IHBCCTHL[Hﬁ;

- MUHUMAJIbHAas BHYTPCHHAA HOpMaA JOXOJHOCTH I10 06’BeKTaM B COCTaBC
MHBCCTUIITMOHHOT'O l'[OpT(I)eJ'IH JOJIDKHa 6I)ITI) HC MCHbIIC CTOUMOCTHU IIPCI-
ToJjlaracMbIX HHBCCTUIIMOHHBIX PECYPCOB WJIN yCTaHOBJ’IeHHOﬁ HWHBECCTOPOM
HOPMBI ITMCKOHTA;

- MakCHMaJIbHbIH CPOK OKYNAaeMOCTH IO OOBEKTaM B COCTaBE MHBECTHU-
IIMOHHOTO MOPT(eIs He TO0IDKEH OBITh OOJbIIE YCTAHOBIEHHOTO MPEIpHs-
THEM OTpaHUYCHHUS;

- IpOYHeE TTOKa3aTeNH, CyIIeCTBEeHHBIE ISl HHBECTOPA.

Ombop unBeCMUYUOHHBIX 00BEKMO8 NO KPUMEPUIO TUKEUOHOCTU OCY-
IIECTBISIETCS] UCXOS M3 OLCHKH JIBYX INapaMeTpoB: BpEMEHHU TpaHchopma-
MM WHBECTHUIMI B JIEHEXHBIC CPEICTBA W pa3Mepa (PUHAHCOBBIX TIOTEPHh
WHBECTOPA, CBA3AHHBIX C 3TOH TpaHchopmanueit. OTeHKa IUKBUIHOCTH IO
BpeMeHHU TpaHcPOpMaIi U3MePSeTCs, KaK MPaBHIO, KOJIMYECTBOM JHEH,
HeO6X0)II/IMBIX JJId pe€ain3dallii Ha PBIHKE TOTO WJIM MHOTO MHBECTUIHMOH-
HOTO 00BEKTA.

JIisl OLEHKM JNHMKBHUAHOCTH WHBECTHUIMOHHBIX OOBEKTOB IO BPEMEHH
TpaHcopManuy MHBECTHLHOHHOTO TOPTQEs B LEJIOM CIEIyeT OCyIle-
CTBHTH KJIACCU(HKAIINIO NHBECTHILIMH MO CTEIICHH JTMKBHIHOCTH, BBIZICIIHB:

- peasi3yeMble MHBECTHIMH, BKJIIOYAIOLIME OBICTpOpEaIu3yeMble U
CpeaHepean3yeMble HHBECTHIINH;

- cilabopeanu3yeMble MHBECTHIIMH, BKJIIOYAIOIINE MEIUICHHO peaslu3ye-
MBbI€ HHBECTHIINH U TPYAHO PEANTN3YEMbIC HHBECTHIIN.

OreHKa JMKBUIHOCTH IPOMU3BOJUTCS Ha OCHOBE pacyeTa JOJH JETKO-
peanu3yeMbIX HHBECTHINH B 00IIeM oObeMe WHBECTHUIINH, 10 ciaabopea-
JTN3yEeMBIX WHBECTHUIMH B OOIIeM 00BeMe MHBECTHLIWN M KodpduuneHTa
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COOTHOIIICHUS JIMKBUAHOCTH Pean3yeMbIX U CIadopean3yeMbIX HHBECTH-
LUH.

[pu GonbIIMX 3HAYCHUSAX JOJIH PEATU3yEeMbIX HHBECTUIUI B UX 00IIEM
o0beMe ¥ KO3(QQUIMEHTa COOTHONICHHS JIMKBUIHOCTH PEaIH3YEeMbIX M
c1abopeanu3yeMbIX WHBECTUIMA MHBCCTHIIMOHHBIH MOPTQENh CUUTACTCS
6osee MUKBUIHBIM. [10100p BHICOKOJHUKBUIHBIX OOBEKTOB HHBECTUPOBAHMUS
MPHU TPOYMX PABHBIX YCIOBUSIX OOCCICUMBACT HWHBECTOPY BO3MOXKHOCTH
TIOBHIIICHUS] THOKOCTH YIIPaBIICHUSI WHBECTHIIMOHHBIM TOpT(denaeM myTeM
PEMHBECTHPOBAHNUS CPEACTB B OoJiee BHITOIHBIC aKTHUBBI, BBIXOJa U3 HEd(]-
(DEeKTUBHBIX MIPOEKTOB U T. JI.

OreHKa HHBECTUIIHOHHOTO TTOPT(HENS 10 KPUTEPHIO PHCKA POU3BOINT-
¢S ¢ y4eToM KOX(PHUINEHTOB PUCKAa U 0OHEMOB BIIOKCHHH B COOTBETCTBY-
IoIIve BUABI MHBECTUINA. BHA"ase mo ka>kaoMy BUIY WHBECTUIMH paccyu-
THIBAIOTCS KOHKPETHBIC 3HAYCHUS TOKa3aTeliell PUCKa, 3aTeM PaCCUUTHIBA-
©TCsI COBOKYITHBIM PHCK MHBECTHIIMOHHOTO MOPTHEs.

WuBectuiimonsbie opThenbHbIC PUCKU ACSTCS Ha J[Ba BHIA!

1) cucmemamuueckuii (nedusepcugpuyupyemoiii) puck;

2) necucmemamuyeckuil (Ougepcuguyupyemulii) puck.

Cucmemamuyeckuil puck 00yCIOBIIEH BHEITHUMHA MaKPOCKOTIMYECKUMU
MPUYHHAMH, HE 3aBUCSIIAMHU OT KOHKPETHBIX IIeHHBIX Oymar. Cucremarn-
YeCKHid PHCK HEBO3MOXKHO YMCEHBIIHTH ITyTeM auBepcupukanuu. OCHOB-
HBIMH COCTABIISIONIMMHU CHCTEMATHIECKOTO PUCKA SBIISIOTCS:

- CTPAaHOBOU PHICK — PUCK BIIOXKCHHUS CPENICTB B CTPaHy C HEYCTOMUUBOM
HKOHOMHYECKON MOJTUTUKOW, HU3KUM HHBECTHIIMOHHBIM PEHTHHIOM;

- MUPOBBIC PbIHOYHBIC pHcku. [lageHue QOHIOBBIX MHICKCOB Ha KPYII-
HEHITUX MHUPOBBIX OMpPKaX MOXKET IMPUBECTH K MAJCHHUIO HAIMOHATBHBIX
OUPIKEBBIX UHICKCOB;

- DKOHOMHYECKUEe pUCKH. KosebaHue IICH Ha CHIPbEBBIC PECYPChI HIIH
BO3MOJKHBIC 3aTPYIHEHHS C WX PEaN3al[ieil BHI3BIBAIOT KPHU3HUCHBIC SBJIC-
HUS B 9KOHOMHKE CTPAHBI;

- PETHOHANBHBIA PUCK — PHCK BIIOKCHHS CPEICTB B PETHOHE C HU3KHM
MHBECTULMOHHBIM PEUTHUHIOM U HEYCTOMYMBOM SKOHOMMKOI;

- IPOIICHTHBIN PUCK — PUCK MOTEPh HHBECTOPOB B CBSI3U C M3MCHECHUECM
MPOIICHTHBIX CTABOK HA PHIHKC;

- MMOJIUTHYECKUI PUCK — PUCK MOJIUTHYCCKON HECTAOMITFHOCTH;

- BAITIOTHBIM PUCK — PUCK H3MECHEHUS Kypca MHOCTPAHHO BaJFOTHI;

- PHIHOYHBIE PUCKHU. Bragensllsl EHHBIX OyMar HeCyT PHCK yMEHbIIe-
HHSI CTOUMOCTH MX HHBECTULIMOHHBIX BIOYKEHHIH;

- OTICPAITMOHHBIN PUCK CBS3aH C MOTEPSIMH H3-3a cO0sl B HHPOPMAITOH-
HBIX CETSIX.
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Hecucmemamuueckuii puck — PHUCK, CBA3aHHBII C KOHKPETHBIMHU IICH-
HBIMHM OymaraMmu. DTOT BHJ pHCKa MOXKET OBITh CHIDKEH 3a CUET JUBEPCH-
(UKanuK, OH BKIIIOYAET:

- CEJIEKTHBHBII PUCK — PUCK HEBEPHOT'O BEIOOpA IIEHHBIX OyMar;

- PHCK JIMKBUIHOCTH — 3aTPYAHEHHE C pealn3alyeil HeHHbIX Oymar 1o
aJIcKBaTHOM IICHE;

- OT3BIBHOM PUCK — CBSI3aH C MPaBOM Ha OT3bIB OOJIUTaIHH;

- PACK SKOHOMETPHUYECKOH MOAEIBUTEHTHI — 3aBHCHUT OT (hPHHAHCOBOTO
COCTOSTHHSI 9KOHOMETPHUYECKHX MOJEIBUTEHTOB LICHHBIX OyMmar, BKJIIOUCH-
HBIX B TopTdens. CoxHBIN puck. B HEero BXomsr:

a) OmM3HEC — PHUCK, KOTOPBIH OTpa’kaeT HEONPEIENICHHOCTh OyIyIIero
MOTOKa JJOXO/IOB M3-32 HEOIPEAEICHHOCTH YKOHOMUYECKOTO U (PMHAHCOBO-
T'O MOJIOKEHHS KOMITAaHWH;

0) SKOHOMETpHYECKash MOJEJIBUTEHTa BCJICACTBHE M3MEHEHHs YCIIOBHUI
BesieHus Ou3Heca (1 HedTeoObIBaIOIIei KOMITAHMH — H3MEHYHBOCTD 1IEH
Ha He(Th) OTpaXkaeT HEONpPEJeIeHHOCTh, BO3HHUKAIOIIYI0 H3-3a CHOCO0a,
KOTOPBIM KOMIaHHsl (PUHAHCHPYET CBOM MHBECTHLINH;

B) BPEMEHHOW PUCK — HEMOAXO/sIIee BpeMs MOKYIKH (IIPOJaXku) IeH-
HOW Oymary;

T) TOPTQENIbHBIH PUCK — PUCK CYIIECTBEHHOTO YXYIIICHHS KadecTBa
mopTQens MeHHBIX OyMmar.

ITon moxogHOCTHIO I' GMHAHCOBOTO AKTHBA (MHBECTHUIMOHHOTO TOPTde-

751) B TEUCHHE HEKOTOpOTro nepuosa Bpemenn (t,,t;] Oynem nonumars
1 0
r:AJrPO’P . (13.18)
P
3nech Pg u P; — ppIHOYHBIE IIEHBI (PUHAHCOBOTO aKTHBAa COOTBETCTBEHHO

o o L1
B Ha4YaJIbHbBIN tO 1 KOHEYHBIM t° MOMEHTBI BPEMCHH,

A — cyMMapHBIi TUIaTeX, BHIIUIAYMBACMbIN (PMHAHCOBBIM aKTHBOM B Te-
YeHHEe NPOMEXKYTKa BpeMeHH (i, t].

3ameuanue 1. Ecnu (GWHAHCOBBIA aKTHUB — aKIUs, TO A — CyMMAapHBII
JIMBUJICH/, BBHIIUIAYMBAEMBIH aKIMeil B TeYeHHE MNPOMEXKYTKa BPEMEHU
(t,, t,]- Ecan punancoBelii akTtuB — obauranus, To A — CyMMapHblii KyIOH-

HBIA TUIATEXK, BHITIAYMBAEMbIH OOJIHTaIlMell B TEUCHHIE IPOMEXKYTKA BpeMe-
mn (t), 4],

3ameuanue 2. I3 popmyisr (13.18) cienyet, 4To JOXOAHOCTE I yIOBIIC-
TBOPSIET CICIYIOIIEMY YPaBHEHUIO:
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A+P
Pl

(13.19)
1+r

CrnenoBarenabHO, TOXOJHOCTh (PMHAHCOBOTO aKTHBA ' paBHA BHYTPEHHEH
JIOXOJTHOCTH MHBECTUIMOHHOTO MPOCKTA, KOTOPBIA COCTOUT:

- B IOKyIIKe (PUHAHCOBOTO aKTHBa 110 1eHe P’ B MOMEHT BpeMeHH to;

- IIOJTydeHMH TUIaTexa A ¥ poaXKe aKTHBA 10 LeHe P' B MOMEHT Bpe-
MeHu t;.

3ameuanue 3. 3 hopmynst (13.19) cinenyer, 4ro

A+P'=P°(1+r). (13.20)

CrnenoBarenbHO, TOXOJHOCTh (PMHAHCOBOTO aKTHBa I paBHAa OaHKOBCKO#
3¢ (G eKTUBHON MPOICHTHOW CTaBKe, TAKOMW, IIPH KOTOPOIl HAYaTbHBIN KaITH-
Ttan, paBHblii P’ B MOMEHT BpeMeHH ty, 0GeCIeYnBacT HapAICHHYI0 CyMMY,
paBHytO 4 + P', B MOMeHT BpeMeHU 1.

B GonpIIMHCTBE Cy4acB B HavajdbHBIII MOMEHT BpeMeHH fy lieHa ¢u-
HAHCOBOTO aKTHBa P (B KOHEUHBII MOMEHT BpeMeH ;) Hen3BecTHA. YacTo
TO ’K€ caMOe MOKHO CKa3atTh U o miarexe 4. CienoBaTenbHO, B TAKUX CITY-
4asx JOXOAHOCTh (PMHAHCOBOIO aKTHBA I' 32 MPOMEKYTOK BpeMeHH (t,,t,]

HEW3BECTHA B HAYAJILHBI MOMEHT BpEMEHH 1.

Cunraercst, uto P* A, a cliejoBaTenbHO, U I — CITyJaiiHble BETWMYUHBI B
TEOPETUKO-BEPOSTHOCTHOM CMBICJIE.

B Teopuu MHBECTUITMOHHOTO MOPTQEsi OCHOBHBIMH XapaKTePUCTUKAMU
(hUHAHCOBOTO aKTHBa (MHBECTUIIMOHHOTO MOPTQEs) SBIISIOTCS OKUIAaeMast
JIOXOJHOCTh T W CTaHAAPTHOE OTKJIOHEHHE G JTOXOJHOCTH (PUHAHCOBOTO
aKTHBa:

F=E[r], (13.21)

o =JE[(r—T)]- (13.22)

JanuM 000CHOBaHKE TOTO, YTO G MOYKHO HCIIOJIb30BaTh B KAUeCTBE Me-
pBI UHAHCOBOTO PHUCKA.

EcrecTBeHHO cuMTaTh, 4YTO (PUHAHCOBBIH PUCK OIHCHIBAECTCS] BEPOSITHO-
cteio P{r <T -5}, rae & — HEKOTOPOE MOJOXKHUTEIBHOE YHCIIO. B ciydae
KOTJIa JIOXOJHOCTh I' MOJYUHSETCS] HOPMAJIbHOMY 3aKOHY paclpeiesieHusl,
JIETKO TI0Ka3aTh, YTO BeposTHOCTh P{r < —3} yBenu4uBaercs mpu yBe-

mmueHuu 6. To ke camoe CHpPaBCAJINBO U IJId MIMPOKOTO KJlacCa APYTrux
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pacnpeeneHuii T0X0AHOCTH (PUHAHCOBOTO aKTHBA.

CrnenoBaresbHO, YeM OOJIbIIIEe 3HAYCHHUE G, TEM OOJIbIIE PHCKA Y AOXO-
HOCTH (DMHAHCOBOTO aKTHBA (MHBECTHUIIMOHHOTO TTOPTQEIS).

OfHUM W3 TOHSTHH, MCHOJNB3YEMBIX B M3MEPEHHH OTPACIIEBOIO PHCKa
(Tak ke Kak M pUCKa, CBI3aHHOTO C KOMIIAHWEH), SIBISIETCS cucmemamuye-
CKUtl pUCK, T. €. ypOBEHb KOJIeOaHUM, WM OTKJIOHEHHS, B pe3ylbTaTrax Jes-
TEJILHOCTU OTPAciH 110 OTHOIICHHWIO K pe3yibTaraM AEsSTeIbHOCTH PHIHKA
WIN BCEH SKOHOMMKH. DTa pa3HOBUAHOCTH PHCKa, 0003Ha4YaeMas B CTaTH-
CTHYECKOM aHajHM3e Ipedeckoil OykBoi Oera [, MOXeT OBITH OmpeneieHa
JUIsl KaXJIOW OTPAaciiv, COOTHOCS JIaHHbIE 00 WHIYCTPUHU C OJHOW WM He-
CKOJIbKMMH TIEPEMEHHBIMH BEJIMYMHAMU pbIHKA. OYEBUIHO, YTO 3TOT MPO-
mecc TpedyeT OOMMpPHOI M HAJeKHOH 0a3bl NaHHBIX, COOPAHHOW 3a 3HAYH-
TENIbHBIN nepuoj Bpemenu. Uuayctpus ¢ nokasateieM 3 = 1 uMeer koe-
OaHKe pe3yJabTaTOB, PABHOE PHIHOYHOMY, B TO BpEMsI KAK MEHEe U3MEHYH-
Basi OTpacib MOKaXeT pe3yabTar < 1, a 6osnee koaeomromasics > 1. OueBu-
HO, YTO, YEM BBIIIIC MMOKA3aTelb [3, TEM BBIIIC PHUCK, CBI3AHHBIN C 3TOM OT-
paciblo.

14. SODKOHOMHUKO-MATEMATHYECKHUE METO/IbI
M MOJIEJIM BO BHEIITHEKOHOMMWYECKOM
JAEATEJIBHOCTH

14.1. OcHoBHbBIE CBeJ€HHSI 0 BHEITHEIKOHOMHUYECKHX CBA3SX.
Mopeab BHEITHEIKOHOMHUYECKHUX CBA3ell U ee CBoiicTBA

Brewmnesxonomuueckue ceasu (BOC) mpemycMaTpuBaioT B3anMopeH-
CTBHE BCEX CEKTOPOB M OTpaciell SJKOHOMHKH, (a3 mporecca HallHOHaJIbHO-
T'O BOCIIPOM3BO/ICTBA, B 3HAYUTEIILHOM Mepe obecreunBas ero coaancupo-
BaHHOCTb ¥ 3((PEKTUBHOCTH, U B TO )K€ BpeMs IPEACTABISAIOT CO0O0It moJicH-
CTEMY MHPOBOTO XO3SIHCTBA.

OTO LeNnblii KOMIUIEKC Pa3IMYHBIX HampaBleHHH, (OpM, METOIO0B M
CPEACTB MEpPEMEIIEHNS MAaTePHAIbHBIX, (DMHAHCOBBIX M MHTEIUICKTYaJIbHBIX
pecypcoB Mexy cTpaHamMu. BOC sBISTIOTCS OHOM M3 Hanboee CIOXKHBIX
ctep SKOHOMUKH 000 CTpaHbl, 00eCTIeYNBAONICH €€ IPHOOIIEHHE K MH-
POBOI HayKe ¥ TEXHHUKE, IIPOMBIIIIEHHOCTH U KYJIbTYpE.

Cpenn Baxuedmmx ¢opm BIC ciemyer BBIIENINTh BHEITHIOIO TOPTOB-
JI10; KPEAUTHBIE B3aHMOOTHOMIICHHS; HAYYHO-TEXHHIECKOE COTPYIHHUYECTBO
¢ 3apyOeXHBIMH T'OCYIAapCTBAMM; MEXIOCYIapCTBEHHbIE CBA3M B cdepe
YCIIyT; BaJIOTHO-(DUHAHCOBBIE OIEPAIUU.
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I'maBHbIM HampaBiaeanem BOC sBnsiercss euewnsis mopeosis. OHa
BKJIIOYAET MPOJaKy TOBApOB JPYTMM CTpaHaM U IPHOOpETEHHE TaM HyX-
HBIX TOBapoB. K BHeIIHEll TOProsie OTHOCATCS M OIUIaYMBaeMble YCIYT'H B
CBSI3U C COBEPLIEHNEM BHEIIHETOPTOBBIX CAEIOK KYIUTH-NPOJIa’KH TOBApOB.
OObeM BHEIIHEW TOProBJIM IaHHOH CTpaHbl HPENCTABIAET COOOH CymMMmy
000pOTOB 110 FKCIOPTY (PEIKCIIOPTY) U UMIOPTY (PEUMIIOPTY).

Dkcnopm — npojaka U BBIBO3 TOBApOB 3a I'PAHHUILY JUIA IepeJadl ux B
COOCTBEHHOCTh HHOCTPAHHOMY KOHTPAreHTy. Pesxcnopm — BEIBO3 TOBapoOB,
paHee BBE3EHHBIX M3-3a TPAHUIIB], 0e3 UX IepepadoTKH.

Hmnopm — 3aKynKa ¥ BBO3 MHOCTPAHHBIX TOBapOB Ul MOCIEAYIONMEH
peanu3anyiy Ha BHYTPEHHEM PBIHKE CTpaHBI-UMIOpTepa. Peumnopm — BBO3
n3-3a TPaHMIBI OTEYECTBCHHBIX TOBAPOB, HE MIPOJAHHBIX HAa AyKIIMOHE, 3a-
OpaKkoBaHHBIX U T. [I., HE TIOIBEPTHYTHIX TaM MepepadoTKe.

IIpocHo3bl 6HEUIHEIKOHOMUYECKUX C653¢ell 3aHUMAalOT 0c000e MECTO B
CHUCTEME NPOTHO30B COLMAIBHO-?)KOHOMHYECKOTO pa3BUTHs cTpaHbl. llens
MPOTHO3UPOBAHMSI BHEIIHEH TOPTOBIIHM — ONpPEeICHUE BOZMOXKHBIX (OPM U
WHTEHCUBHOCTH Y4YacTHsl CTPaHbl B MEXAYHapOJHOM DPa3[elieHUH TpyAa u
OIIEHKE SKOHOMHYeCKHX rnocneactsuii BOC.

LleHTpaNbHOE MECTO 3aHUMAET NPOTHO3 BHEITHEH TOPTOBIIH, B IIpoOLiecce
KOTOPOT'O OIPENEIISIOTCS: COBOKYITHBIN 00h€M BHEITHETOPTOBOTO 000pPOTa;
00beM 1 TOBapHAs CTPYKTypa SKCIIOPTa M MMIIOPTA KaK IO BCEM, TaK H II0
OTIETBbHBIM CTPaHaM; CHPOC U NPEUIOKEHNE HA OTACNbHBIC TOBApHl M TO-
BapHBIC TPYIIBI HA KOHKPETHBIX PHIHKAX; AMHAMUKA U YPOBEHb IIEH MUPO-
BOTO PBIHKA B pa3pe3e TOBApPHOH HOMEHKJIATYpPHI, IPUHSATON JUIS IPOTHO33;
BHYTPEHHHUE M3JIEP)KKH Ha TOBAPBI, KOTOPHIC BOBIEKAIOTCS B CHepy MExIy-
HapoaHOoTo 000poTa.

[TporHo3upoBaHie BHEIIHEH TOPTOBIN MOXET ObITh MTACCHBHBIM (MHEP-
IIUOHHBIM) U aKTHBHBIM (IIEJIEBBIM).

Ilaccugnoe npocno3uposanue TIOTHOCTHIO OIMHMPAETCS HA CIOXKHBIINECS
B IPOIUIOM 3aKOHOMEPHOCTH Pa3BUTHS, U HA UX OCHOBE OINPEHEISFOTCS
Oyayuye TeHISHIMH U NPONOpIHY (POPMUPOBAHUS IPOU3BOCTBA U BHEIII-
HEll TOproBIIH.

Axmuenoe npoeno3uposanue W TUIAHUPOBAHUE IPEACTABISET COOO
000CHOBaHKE aNbTEPHATUBHBIX MYTEH IEPEeXo/1a OT CIOXKMBLIMXCS TEHJICH-
nuil k HOBbIM. OHO HCXOAUT U3 KOHKPETHBIX LieNel Pa3BUTHS BHEIIHEH
TOPTOBIIM W SKOHOMHKH B LIEJIOM, M3 OOBEKTHBHONH HEOOXOAMMOCTH HHTE-
Ipalyu B MUPOBOE XO35HCTBO.

[TporxHo3upoBaHue 1 IIIAHUPOBAHUE BHEITHEH TOPTOBIIN OCYIIECTBIISACT-
Cs1 Ha OCHOBE UTEPaTHBHBIX pacdeToB. Ha KaxaoM 3Tame ciemayeT yTouHATh
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MIPOTHO3HBIC TOKA3aTeIN Ha OCHOBE KOPPEKTHPOBKH W IONYUEHHS JOTON-
HUTEJIHLHON MH(POPMAINH, XapaKTepH3yIolleil pa3BUTHE OTpaciell HapoaHO-
IO XO3sIICTBa U UX CBsI3€l C MUPOBOM SKOHOMUKOM.

Ha nepeoii cmaouu popmupyrotes uenu paspurus BOC, ycraHaBiuBa-
eTcsl MOJYMHEHHOCTh LieNel, OMpeeNsSoTCsl LEeNU BEpXHEro U HUKHEro
YPOBHEN.

Ha eémopoii cmaduu pa3pabatbiBaeTcss HHEPLUOHHBIA NPOTHO3 /IS BbI-
SIBIICHUST TCHIACHIWH W TMPOMOPIHMH pa3BUTHS, DKCTPAIIOINPOBAHHBIX Ha
MEPCICKTHBY, a TaKXKe I IIONyYeHHUs aHAJIHTHYEeCKOTO MaTephana u
OLIEHKH peajbHOCTHU MOCTaBJIEHHBIX Lieneil B pazsutuu BOC.

Tpemssi cmadusa mpenanonaraeT KOHCTPYHPOBAHUE IEIEBOTO MPOTHO3A,
3amadeil KOTOPOTo ABISETCS pa3padoTKa pslda BapHAHTOB IEPCIIEKTHBHOTO
pasButust BOC, koTopbie obecrieunBaroT NOBBIIEHHE YPPEKTUBHOCTH 00-
LIECTBEHHOTO MPOMU3BOJCTBA NPH JIEHCTBMHM BHYTPEHHUX W BHEIIHHX (ak-
TOPOB.

IIpu mporunozupoBanuu BOC 1ienecooOpa3zHo MCHOIB30BaTh CHHTE3 WH-
TYUTHBHBIX U ()OPMAIU30BAHHBIX METO/IOB.

MeToabl HeOpPMATH30BAHHOTO aHAJIN3a U IPOTHO3a OCHOBHIBAIOTCS Ha
9KCIEPTHHIX OneHKaX. OHM HCMOJB3YIOTCSA KaK Ha HAYaJbHOW CTaINH pa3-
paboOTKH TPOTHO30B, TaK M HA 3aKIFOYUTEIBHBIX 3Tamax OINCHKH BO3MOXK-
HBIX BapuaHTOB pa3Butus BOC u BeIOOpa Hanboee JOCTOBEPHOTO BapHaH-
Ta IPOTHO3A.

[Ipu MaTeMaTHYECKOM OMHMCAHHUH IIPOIEcca Pa3BUTUS MEKIYHAPOIHBIX
SKOHOMHYECKUX CBS3CH YUUTHIBAIOTCS CICIYIOIIUC (akmopbl IKOHOMHYC-
CKOTO W COIMAIFHO-TIOJIMTHYECKOTO XapakTepa:

- KOJIMYECTBO M Ka4E€CTBO TPYAOBBIX PECYPCOB,;

- HAIMY#E TOIUIMBHO-YHEPTETUYECKHUX M CHIPBEBBIX PECYPCOB, MPOU3-
BO/JICTBEHHBIX MOIIIHOCTEN U MHBECTHUIUH;

- HAyYHO-TeXHUYECKHUI MOTEHIINAT,

- CTPYKTYpa HapOTHOXO3HCTBEHHBIX IOTPEOHOCTEIH;

- CTCTICHb Pa3BHUTHUS BHYTPUHAIIMOHATHHOTO Pa3JICICHUS TPYIa;

- COCTOSIHHME BHELTHUX TOPTOBBIX PBIHKOB;

- YPOBEHb U NMPOMOPINH LIEH MUPOBOTO PHIHKA,

- COOTHOILIEHHUE CIPOCA U MPEATI0KEHUS Ha BHEIIHUX PHIHKAX.

B MupoBoW mpakTHKe IS HPOTHO3HPOBAHUS SKCIOPTA U HMIIOPTA
HaIUTM IIHPOKOE MPHMEHEHHWE TPEHIIOBBIE MOJACHH; (YHKIHUH JKCIIOpTa U
uMnopra (MHOTO(AKTOPHBIE MOJEIH); KOMIUICKCHBIE 3KOHOMETPUYECKHE
MOJIENIN; MOJIENIA MEXOTPACIeBOTo OalaHCca; MaTPUIHBIE MOJIETH MEXIyHa-
POIHOM TOPTOBIIH; ONTUMHU3AIIOHHBIE MOJICIIH.
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B ruiaHax BHEIIHEW TOProOBJIM HAXOMASAT OTPaKEHHs 00beM, TOBapHas U
reorpaduueckas CTpyKTypa 3KCrmopra W uMmnopra. [lmaH skcrmopTa U UM-
MOpTa TOBAPOB BKIIFOYACT CIICAYIOIINE Pa3/ieibl: IUIaH IKCIopTa (MMITOpTa)
[0 CTpaHaM; IJIaH MOCTaBKH TOBAPOB JUISl SKCIIOPTA; TUIaH TOCTaBKU TOBA-
POB OTpacisiM HapOIHOTO XO3SIMCTBA M3 MMIIOPTHBIX TOCTYIUICHUH; IUIaH
MOCTABKU MO 3KCHOPTY U MMIIOPTY B CUET 00S3aTENBCTB MO JOTOBOPHBIM
coranieHusM. [IpeAnpusaTusM yCTaHABIUBACTCS TOCYIAPCTBCHHBIN 3aKa3
Ha MOCTAaBKH MPOJYKIUH Ha SKCIOPT (IO corjiaiieHusM). B ranax Boiie-
JISIFOTCS TTOCTABKH 110 9KCIOPTY M UMIIOPTY O CTPaHaM OJHKHEr0O W Jallb-
HETO 3apyOeKbs.

Tpenoosvie modeau (Y =a+Db, u op.) sSKCTpamonupyroT TCHACHINN H3-

MEHEHHs IT0Ka3aTeliel, BbISIBICHHBIC B MPOIUIOM M HACTOSIIEM, Ha Oyny-
mee. DTH MOJIENI UCIIOJB3YIOTCS Ha CTaJUM COCTaBJICHHUS WHEPIMOHHOTO
MIPOTHO3A.

Hepenko skcTpamomsinus TpeHAa OKa3bIBAaeTCsl EAMHCTBEHHBIM MaTeMa-
THYECKMM METOJOM IPOTHO3MPOBAHMS BHEITHEIKOHOMHUYECKHX ITOKA3aTe-
Jei. DTo MOXKET OBITH O0YCIIOBIIEHO IBYMsI OOCTOSITEILCTBAMU: HE3HAHHEM
XapakTepa MNPHYMHHO-CIECICTBEHHBIX CBS3€H MEKAY NPOTHO3MPYEMBIMU
napaMeTpamMu U (haKTopamu, ONPENESIOIUMH UX TUHAMUKY, OTCYTCTBHEM
nH}opManuK, Ha OCHOBE KOTOPOIl MOXXHO COCTaBHUTH IPOTHO3 HE3aBUCH-
MBIX MEPEMEHHBIX, IPEIONPEESIONNX OBEICHNE UCCIIeAYeMOro nokasa-
Tend. DKCTPanoNIupoBaTh MOKA3aTeNu MOXKHO JIMIIb TOTJa, KOT/1a eCTh yBe-
PEHHOCTH B TOM, YTO 3a()MKCUpOBaHHAsl B TPEHJIE TEHJCHLUS COXpaHSIETCS
B Oyayiem.

MerTo/ 3KCTpanoNsLUKA BPEMEHHOTO PsiJia C UCHOJIb30BaHUEM (PYHKIINO-
HAJIFHBIX YPaBHEHHA C OHOW HE3aBHCHMOW IEpEeMEHHOM t (BpeMs) mpuro-
JIeH sl KPaTKo- ¥ CPEIHECPOYHOrO MPOTHO3MPOBAHMS BHELIHETOPTOBBIX
napaMmeTpoB. Hawmmydmme pe3ynbTaTsl 3TOT METOA JaeT MpU MPOTHO3UPO-
BAaHWM arperuMpoBaHHBIX IOKa3areneil. Hame)XHOCTh NMPOTrHO3a YKpYyIHEH-
HBIX TIOKa3aTejel SKOHOMHCTHI OOBIYHO CBS3BIBAIOT C TEM, YTO B arperare
MPOMCXOIUT BBHIPABHUBAHME (B3aMMHOE IIOTAIICHWE OTKJIOHEHWil) pa3nnd-
HBIX TEHACHIIMH, ONPEICIISIFONIMX OOIIYIO JUHAMUKY [TOKa3aTells.

Hawubonee npuemiieMbIM JJIsl IPOTHO3MPOBAHMUS SKCIIOPTA M UMIIOPTA Ha
KPaTKOCPOUYHBIN MEpUO]| SBISETCS METOJ IKCIIOHEHIMAIBHOTO CriaKHBa-
HHSI C PETYJIMPYEMbIM TPEHIIOM.

Qyukyuu dKCnopma u umnopma (MHozopakmopuvie moodenu). ITH
(hYyHKIIMM MMPOKO IMPHMEHSIOTCS B 3apYOEXKHBIX CTpaHax JUIsi MPOTHO3UPO-
BaHMs KcHopTa ¥ uMIopta. OHU MIPOIUIN SKCIIEPUMEHTAIBHYIO U IPaKTH-
YECKyI0 NMpoBepKy. DYHKINHU OMHICHIBAIOT 3aBUCUMOCTH MEKITY TUHAMHUKON
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9KCHOpTa (MMIIOPTA) M MOKa3aTeISIMH MaTePHaIFHOTO MPOU3BOICTBA CTpa-
HbI, MUPOBOM TOPTOBJIM, MUPOBBIX LIEH U JIp.

B o0miem Buie pyHKIMIO SKCIOPTa (MMITIOPTAa) MOKHO MPEJICTABUTH KaK
(YHKIHUIO MHOTHX ITEPEMEHHBIX:

y = (X, X000y X)), (14.1)

rze y — 00beM dKCropTa (MMIIOpTa) TOBapOB;

X1, X2, +.., Xn — GAKTOPHI (HE3aBHUCHUMBIE TIEPEMEHHBIE), OT KOTOPBIX 3aBHU-
CHUT BEJMYMHA SKCHopTa (MUMIIOpPTA), T. €. 3HAYEHHE pac-
cMaTpUBaeMoil (yHKITHH.

KonkpeTrabie Gopmbl Mozeneii skcmopta (MMIOpTa) MPEACTABIISIOT CO-
6011 pasHOOOpa3HbIE MaTeMaTHUeCKHue (YHKIMH M MOTYT HCIOJIB30BATHCS
JUISl TIPOTHO3MPOBAHMS 3KCIOPTa (MMIIOPTA) B LIEJIOM, a TaKoKe JUIS IpecKa-
3aHHUA AWHAMUKA PAa3BUTHUs BHEIIHEH TOPTOBIH TPYIIAMH TOBapoOB M OT-
JenbHbBIMA ToBapamu. C MOMOIIbI0 (DYHKIMH MOXHO TIOJyYHTh KOJIHYE-
CTBEHHYI0 XapaKTEPUCTUKY 3aBUCUMOCTH BHEIIHEW TOPIOBIU OT LEJIOrO
psna ¢akTopoB: 00beMa MPOU3BOJACTBA MPOIYKLIUH, 00beMa WHBECTHLUM,
3¢ GEKTUBHOCTH 3KCIIOPTa (MMIIOPTA), COOTHOIICHHS CIIPOCa U MPEIIOKE-
HU HA BHCIIHEM PBIHKE U T. 1.

IIpoBeneHue NPOTHO3HBIX PAcCyEeTOB BHEIIHETOPIOBBIX IIOKA3aTENICH C
TIOMOIIBIO TAKOTO PO/Ia MOJIENICH BKITIOYAET CIEAYIOIINE ITAITBI:

1. Onpenenenne ToBapHO-TEOrpahpUIecKO HOMEHKIATYPBl BHEITHETOP-
TOBBIX TIOKa3aTeleH.

2. CocraBiieHHE ¥ aHATN3 IMHAMHYECKUX PSTOB ITOKA3aTeNeH.

3. [Tonbop m 3KOHOMHYECKHH aHaIu3 (PaKTOpPOB, BIMAIOIIMX HA HCCIIe-
JtyeMble TTOKa3aTeIH.

4. Pa3pabotka runote3 o Bujae (HyHKIHMOHAILHON 3aBUCUMOCTH, pacyer
rapaMeTpoB YpaBHEHMS] PErpeCCUU M SKOHOMMKO-CTATUCTHUUECKUN aHaIU3
IIOJIyYEHHBIX PE3YIIbTaTOB.

5. PacyeTr mporHO3HBIX 3HAYCHUH TIOKa3aTeNeH.

ToBapHast HOMEHKJIATypa BHEIIHEH TOPTOBIM MOXET OBITh Ipe/CTaBIIe-
Ha pa3IMuHBIMH [OKA3aTeJSIMU B 3aBUCHMOCTH OT LEJIeH MPOTHO3a: CBOA-
HBIMH TI0Ka3aTeNISIMH DKCIIOpTa (MMIIOPTA); MOKa3aTeJIsIMM BHEIIHEH TOop-
TOBJIM HA YPOBHE OTpAciH; IOKA3aTeIsIMH, OTHOCSIIMMHUCS K KaKOMY-In00
BHUJly TOBapa.

BaxxnpiM sTanom (GopMHUpOBaHHS MOJETH SBISIETCS 0TOOp (aKkTOpOB.
OHHM IOJDKHBI JOCTATOYHO MOJHO OOBSACHATh JUHAMHKY HCCIEIYyEeMOro I0o-
KazaTess. Mexnay ¢axkropamu, BKIIOYaE€MBIMH B MOZEJb, HE JOJDKHO OBITh
TECHOW CBSI3M — MYJbTHKOJUIMHEApHOCTH. 1Ipu mocTpoeHun (QyHKIUH SKC-
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TOpTa IS TOPTOBJIM MEXTy OTACIBHBIMH CTpaHAMH Hanboee aaeKBaTHBIM
Ha0OpoM (pakTOPOB SIBISIETCS CIIEAYIOIIUH:

* SKCTIOPTHBIE BO3MOXHOCTH CTpaHbI-3kcrioptepa (BBII, ecnu momemnu-
pyeTcst 00beM COBOKYITHOTO SKCIOPTa CTPaHbl; 00BEM BaJOBOH HMPOIYKIMH
OTIENBHBIX OTpaciell WM 00BEMBI MPOWU3BOJCTBA OTAEIHHOTO MPOIYKTA,
€CJIM MOJEIUPYETCs HIKCIOPT OTAEIHHON TOBApHOM I'PYMNIBI WIN OTJENBHO-
T'O TOBapa);

* CIIPOC Ha HKCHOPTUPYEMYIO MPOTYKIMIO HA MUPOBOM PBIHKE, T. €. MO-
TpeOHOCTH CTpPaH-UMIIOPTEPOB. [IpM 3TOM MOIDKEH YYHUTHIBATHCS OO0BEM
MIPOU3BOJICTBA TOBAPOB Yy HMIIOPTEPA, AHATOTUYHBIX AKCIOPTUPYEMBIM, U
00BeM MPOAaXK TAaHHBIX TOBAPOB Ha MEXKIYHAPOIHOM PBIHKE;

* KOHKYPEHTOCIIOCOOHOCTh HpPOAYKUMH (YpOBEHb KadecTBa TOBapa,
HampuMep, OIeHKa B Oaiax, [eHa, AWHAMEKA JOJIH JaHHOTO TOBapa B
IpymIe TOBapoB);

* 3()(eKTUBHOCTh PKCHOPTHPYEMBIX TOBapoB (IICHBI ITaHHOTO TOBapa
WM TOBAPHOM IPYyNIBI IIPU TOPrOBJIE HA TOM WM MHOM PBIHKE, KOTOPBIE
OTIPENICIIAIOT, BBITOAHO U HEBHITOTHO JIIS SKCIIOpTEpa IMPOIaBaTh TOBAp, a
JUIA UMIIOpTEpa — MOKYIATh €ro);

* KypC BaJOTHL.

Jng monmydyeHHMs HAAEKHBIX NPOTHO3HBIX PAacdeToB 3KCIIOpTa HEOOXOo-
UMO OCYIICCTBIATH MPOTHO3 (PAKTOPOB (BHEIIHETO CIIpOca HA TOBApHI,
9KCHOPTHBIX LIEH, IPEIJIOKEHIS U Jp.). BHEHMA cipoc Ha 3KCIOPT 3aBH-
CHUT OT BHEIIHHX JOXOJ0B M OTHOCUTEIBHBIX [IeH. DKCIOPTHBIC IIEHBI OCHO-
BBIBAIOTCA HA JUHAMHUKE I€H BHCIIHUX PBIHKOB, BHYTPEHHUC — Ha U3ACPK-
Kax IIPOM3BO/ICTBA. BO3MOXXKHBIE 00BEMBI SKCIIOPTa MOTYT OIIPEAEIIATHCS Ha
OCHOBE aHaJIN3a BHYTPEHHETO IMpeIoskeHus. [IporHo3HbIe pacueTsl BKIIO-
4aroT JBE CTaJUM: NMPOTHO3UPOBAHHE BHYTPEHHETO NMPOU3BOACTBA U OIpe-
JISJIEHNE TOM YacTH BBIMYCKa, KOTOpast OyAeT 3KCIOpTHPOBaThCs. LIeHOBEIE
CTHMYJIBI UTPAlOT Ba)KHYIO pOJib Ha oOenx cragusXx. COOTHOLIEHHE IIEHBI,
0 KOTOPO# TOBAapBl MOTYT OBITH NMPOJAHEI 332 TpaHHWIy (MHUpOBas I€HAa B
HalMOHAJILHONM BaNIOTE), U BHYTPEHHEH IIEHBI BIMSET Ha JIOJIO MPEIIoxKe-
HUS IPOYKIINHU, KOTOPast UAET Ha SKCIOPT.

OyHKIIMU UMIIOpTa cneluUIUPYIOTCS HHaYe. Posib IMIoOpTa B paMKax
HAIIMOHAJIFHOTO BOCIIPOM3BOJICTBEHHOTO IIpOIlecca 3aKIovaeTcs B odece-
YeHWU TOTPEOHOCTH HapOIHOTO XO3SICTBa B TOM HMJIM HHOM IIPOIAYKTE. DTO
00yCJIOBITMBAET €r0 MOJACIMPOBAaHUE B 3aBUCHMOCTH OT (DakTOpOB, OTpa-
KAIOIUX TWHAMHKY HAIlHOHAIBHOTO IMPOHM3BOJACTBA M €0 3(P(PEKTHBHOCTH.
K BaxHelmum (akTopam, KOTOpbIE JOJKHBI YYMTHIBATHCS MPU IOCTPOE-
HUM (QYHKIINH UMIIOPTA, CIEIyeT OTHECTH:

* IOTPEOHOCTH CTPaHbI B UMIIOPTUPYEMOH MPOAYKIIMH;
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* BHCIITHETOPT'OBBIE IICHBI HA MUMIIOPTHPYEMBIE TOBApHI, ONPEACIISIOIINE
JMHAMUKY 3(dektuBHOCTH uMmmnopTa. [Ipuuem nenecooOpa3HO y4HTHIBATH
HE 3HAu€HHE BHEIIHETOPTOBBIX LI€H, & UX COOTHOIIEHUE C BHYTPEHHUMU
LIEHaMH Ha BBO3UMBIE TOBapbl. DTO 00YCIIOBINBAETCS HEOOXOAUMOCTBIO HE
TOJIBKO y4YeTa UX BJIMSHUS Ha (POPMHUPOBAHUE TIOTOKOB, HO M OLIGHKH IieJie-
c000pa3HOCTH HapallMBaHUS MUMIIOPTA WM Pa3BUTHS HUMIIOPTO3aMellaro-
IIUX NOpou3BOACTB. LleHBl 3a UMMOPT (B MHOCTPAaHHON BaroOTe) JOJKHBI
OTIPENETISATECS Ha OCHOBE aHAJINM3a MHPOBOTO PHIHKA M TEHACHIWH B CTpa-
Hax, SBJIIOMINXCSA KOHKYPEHTHBIMH TOPTOBBIMH ITAPTHEPAMH;

* KypC BaJOTHI.

Ha ypoBeHp MMIoOpTa MOTYT OKa3bIBaTh BIMSHHE U Apyrue (pakTopsl:
JIOCTYIHOCTh KPEOHTa; KOJUYECTBEHHBIE OTPAHUUCHMS; Tapu(Bbl, BIUSIO-
IMMEC Ha ICHBI UMIIOPTUPYEMBIX TOBapOB; HaJIM4uec PIHOCTp&HHOIZ BaJIIOThI.

CyIecTBeHHBIM MOMEHTOM B IIPOTHO3HBIX pacueTax SBIISETCS BBIOOD
MaTeMAaTHYCCKOW (POPMBI CBSI3M MEXIY JKCIOPTOM (MMIIOPTOM) U BKIIO-
YCHHBIMU B MOJICTb (PAKTOPaMHU.

PereCCI/IOHHI)Ie YpaBHCHUA MOTYT UCIIOJIb30BATHCA AJIA OCYHICCTBICHUA
MIPOTHO3HBIX PAacyeTOB Ha MaKpO- M MUKpOYpoBHAX. Ha MakpoypoBHe mpo-
THO3MPYIOTCS CBOJHBIE TIOKA3aTEeIH SKCIOpTa M MMIIOPTa, arperupoBaHHbIE
TOKa3aTeJn Ha YpOBHE OTpaciiei, TOBApHBIX Ipynm Wwin crpaH. Ha Muxpo-
YPOBHE IIPOTHO3HUPYETCS SKCIOPT (MMITOPT) OTACIBHBIX TOBAPOB.

PaccMoTpyuM KOHKpeTHBIE ()OPMBI BHEIIHETOPTOBBIX (PYHKINH, HCIIOb-
3yEMBIX B 5)KOHOMHYECKOM aHAJIHM3€ U MPOTHO3E.

[Tnpoko u3BecTHa MOJEIb, MPETIOKEHHAS TOIIIAHACKAM 3KOHOMHCTOM
S. TunGeprenom, KoTtopasi ObUTa MPUMEHEHA JUIS ONPECIICHUS MTOTCHIH-
AITBHOM BEMTMYMHBI TOBapoobOopoTa rpymmsl ctpaH. Ilpu pacuere moTeHIH-
aIBHOTO 00beMa BHEIIHEH TOPTOBJIM HCIOIB30Baach CTENCHHAs (DYHKITHS,
B KOTOPOH 3KCIOPT W3 OJHOW CTpaHbl B IPYIyH0 CTaBWICS B 3aBUCUMOCTH
OT TpeX (haKTOPOB:

1) BaoBOTO HAIMOHATIBHOTO MPOAYKTA SKCIIOPTHPYIOIIEH CTPAHBI;

2) BaJIOBOTO HAIIMOHAJIBHOTO IPOYKTa CTPAHBI-UMIIOPTEPA;

3) paccTosTHHS MEXy CTpaHaMH.

Mojenb COCTOUT U3 OJJTHOTO YPaBHEHUS U UMEET CIEAYIOIIMNN BUA:

— v a;gas
E, = &Y, Y S, (14.2)
rae Ej; — COBOKYNHBIH dKCIIOPT U3 I-if CTPaHbI B J-10;

Y, — BHII i-it crpaHsr;
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Y; — BHII j-it crpansi;
S; — paccrosinue Mexay i-ii u j-i crpanamu;

ap — INOCTOsIHHAA,
a1 — J3JIaCTUYHOCTL JOKCIIOPTa B 3aBUCUMOCTU OT BHII CTpaHbI-

JKCIOPTEPA;

a; —3JACTUYHOCTh JKcmopta B 3aBucuMoctu ot BHII crpanbi-
HMIIOPTEPA;

a3 — DIMACTHYHOCTh HKCIOPTa B 3aBHCHMOCTH OT PACCTOSHHUS MEXIY
CTpaHaMH.

Komnnexcnvie sxonomempuyeckue moolenu OTPAXKAOT 3aBUCHMOCTB
MeXy U3MEHEHHEM MaKpOIKOHOMHYECKHX ITOKa3aTeleil BOCIIPOU3BOACTBA
(BBII, uHBecTHuuii) M BHEIIHETOProBHIM 000poTOM. OHHM TO3BOJISIOT
NPeABUACTh INHAMUKY BHEIIHEW TOPrOBIM B 3aBUCHMOCTH OT M3MEHEHUS
BHYTPUHALMOHAJIBHBIX MaKpO3KOHOMHYECKHX MOKazaTelaeld. DTH Mojenu
MOTYT HCIIOJIb30BaThCS JJIsl COCTABIICHUS LIEJIEBBIX POTHO30B B arperupo-
BaHHOM BHJIE.

Mooenu mescompacneeozo banarca O3BOISIOT YIUTHIBATE CBSI3b MEXK-
Iy M3MEHEHMsIMH B o0veMe m cTpykType BOC W pa3BUTHEM OTAEIHHBIX
oTpaciieil HaIlMOHAILHOTO IMPOU3BOJCTBA. MeKoTpacieBsle MOJEIH NAOT
BO3MO>KHOCTh COTJIACOBBIBAThH MporHo3 BOC ¢ oTpaciieBRIMH MPOTHO3aMH,
BBLICHATH OOECICUCHHOCTh PECypcaMy MPOEKTOB Pa3BHUTHUS BHEIIHEH TOp-
TOBJIM, MEXTOCYJapCTBEHHOW OTPACIICBOM CIICIIUANN3AIUH, KPEAUTHOTO
COTPYIHHUYECTBA, a TAaKXkKe MOTPEOHOCTh OTpacieif 3KOHOMUKH B UMIIOPTHOM
MPOLYKIINH.

Mampuunvie modenu mexncoyHapooHou mopeosnu. J{ns coriacoBaHus
MPOTHO3HBIX MOKa3aTelel, MONIyYeHHBIX C MOMOIIBIO PACCMOTPEHHBIX BbI-
1€ METOOB, MCIIOJIb3YETCsl MPUHIIMIT JBOHHOM MPONOPLUOHAIBLHOCTH (Me-
tox RAS). Pe3ynbTarhl mporao3a o0bemMa U CTPYKTYphI IKCIIOPTa U UMIIOP-
Ta TPYNIHUPYIOTCSA B CIEMUANBFHBIC MaTPHUIEL. MaTpiuaHbIe MOIETH MEXKITY-
HAPOJHBIX TOBAPHBIX IOTOKOB, MOJYYHBIIUC PACIPOCTPAHCHUE B ITOCIEH-
HUE TOJbI, OOBIYHO MCIIONB3YIOTCS IS Pa3paboTKH B3aUMOCBS3aHHBIX TIPO-
rHO30B pa3BuTHst BOC HECKOIBKHUX CTPaH TOPTOBBIX TAPTHEPOB.

B cTpokax MaTpHIbl YKa3bIBAIOTCS CTPAHBI-UMIIOPTEPEI, & B CTOJIOIAX —
MIPOTHO3UPYEMBIE TPYMIBI TOBApOB. TakuM 00pa3oM, B KaKIOH H3 CTPOK
MaTpUIIBI COZIepKaTCs MOKa3aTeNH PacIpeeeHus] SKCIopTa B CTPaHy IO
BCEM TOBAapHBIM TPYIIIaM, a B KaXXIOM U3 CTOJOIIOB MOKA3bIBACTCS pacipe-
JeNICHUEe HKCIOPTa TOBApOB OINpENeNeHHON Tpynmsl mo cTpaHaM. OxaiiM-
JISIONME BEKTOPHI (CTONOEI M CTPOKA) XapaKTEPHU3YIOT COOTBETCTBEHHO
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COBOKYITHBIM 3KCHOPT B CTPAaHy U COBOKYIHBIA 3KCHOPT OIpPEACICHHOU
TOBapHOM TPYIIBI BO BCE CTPAHbl. AHAJIOTHYHO CTPOUTCS] MaTPULIA UMIIOPTA.

CoBokymnHblii dkcropT i-if crpanel (E;) M COBOKyHNHBIH HMIOPT

J-# ctpanbl (M ;) B mepuon t onpenenstores no popmynam

E. = Eijt7i :l’n, (14.3)

it

M

I
[iN

=1

M, =D Ey, j=1m, (14.4)
j=

rae Ej, — akcnopt i-CTpaHbI B j-CTpaHy-UMIIOPTEP B rony t.

2N

Pa3paboTka MaTpuIl MPOTHO3a HKCIIOPTA M UMIIOPTa OCYILIECTBIAETCS B
HECKOJIBKO ATaIoB.

ITpu pacuerax u aHanIM3e pe3yIbTATOB HA KAXKIOM U3 3TAINOB HApsLy C
9KOHOMHKO-MaTEMaTHIECKUMH METOJAaMH  HCIIONB3YIOTCSI  SKCIEPTHBIE
OIICHKH.

Ha nepBom sTame cHadana NMPOTHO3UPYIOTCS OKAaNHMIISIOIINE BEKTOPEI
MaTpHIBl SKCIOPTa U UMIOPTa (CTOJIOEL U CTpPOKa), 3aTE€M JJIEMEHTHI Mat-
PHILBI, KOKABIH U3 KOTOPBIX MPEJCTaBISIET COOOH IOTOK TOBAPOB MEXKIY
CTpaHaMH.

B cBsi3u ¢ TeM YTO MPOTHO3 BEKTOPOB M BHYTPEHHHX 3JIEMEHTOB MaTpH-
16l OCYIIECTBIISIETCS] aBTOHOMHO JAPYT OT APYra, BOZHUKAeT HEOOXOIUMOCTh
COTJIaCOBAaHUSI KOHKPETHBIX dKCropToM (ummnoprom). [Ipomexypa cormaco-
BaHMS 3aKJII0YAETCSI B KOPPEKTHPOBKE JIEMEHTOB MaTPHUIIBI HA OCHOBE MPO-
THO3HBIX 3HAYCHUH OKalMIIAIOMMX BEKTOPOB. JlaHHBIN NMPHHIMI peann3y-
eTcs C IOMOIIBI0O MAaTeMaTHYECKOTO aJITrOPHTMA COTJIACOBAHUS METOJIOM
JIBOMHOM NPOMOPIIMOHATIBHOCTH (ITyTeM OJHOBPEMEHHOI'O0 HM3MEHEHMS CO-
BOKYTIHOTO 9KCIIOPTA ¥ UMIIOPTA MO BIUSHUEM CIPOCA U MPEII0KEHHUS).

CrnenyeTr 3aMeTUTh, YTO ITOT METOJ] MOKET JaTh HAWIY4IIHE Pe3ysbTa-
ThI IPU TPOTHO3UPOBAHHUM B TEX CIIy4yasiX, KOTJla pacCMaTpUBaeMble B MaT-
pHIle CTpaHBl UMEIOT HAJIAXKEHHBIE YCTOWYHBBIC TOPIOBbIE OTHOIIEHUS U B
paccMaTpHUBaeMOM NIEPHOJIE HE MIPEIBUANTCS CEPhE3HBIX AKOHOMHUYECKUX U
MOJUTHYECKUX M3MEHECHUH (CO3/aHMe HOBBIX TOPTrOBO-3KOHOMHYECKHX
TPYNIMPOBOK U T. A.). B HecTaOMibHONH 3KOHOMHYECKOW CHUTyallMd Mat-
PHYHbBIE MOAEIHN MEXIyHapOJHOM TOProBIM 1ENeco00pa3HO MCIOIb30BaTh
IIPU KPaTKOCPOYHOM ITPOTHO3MpOoBaHHH. [Ipuduem cremyer cocTaBiIiTh Mat-
punsl o rpynmne crpad (crpanst CHI 1 i1p.) ¢ BblIeieHHEM OCHOBHBIX TO-
BapHBIX IPYIIIL.
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MarpuiHble MOJETH MOTYT OBITH HCIIOJIb30BaHBI Ha MEPBOHAYAIBHBIX
JTanax MPOTHO3HPOBAHUSA C IEJbI0 MONyUCHHs arperupOBaHHBIX MOKa3aTe-
Jel MUpPOBOI TOProBIM U MPEABAPUTEIHLHOIO ONpEAETICHUs YKPYIHEHHOU
reorpaMuecKoil CTPYKTYpBI 9KCIOPTa U UIMIIOPTa CTPaH.

Onmumuszayuonnvie mooeny. B mpouecce ynpaBieHUs BHEIIHEIKOHO-
MUYECKUMU CBA3SIMU, UX NPOTHO3UPOBAHMS U IIAHUPOBAHMS BCTPEUAIOTCS
CUTYallUH, IPU KOTOPBIX JOJDKHO OBITH IMIPUHSITO CaMOe BBITOHOE PEIICHHE
C YYEeTOM pa3IUYHBIX KPUTEPHEB MU ONPENECIECHHBIX OTPAHUYMBAIONINX
YCIOBUM. DTH 3afa4M PELIaroTCsl C MCIOIb30BAaHWEM OITHMHU3AIMOHHBIX
Mozeneit. Ha ux ocHOBE co31aeTcsl BOBMOKHOCTh IPOBEIEHHS BAPUAHTHBIX
pacyeToB B CBA3HM C M3MEHEHHEM OTpaHMYEHHI MO pecypcam, CIBUTAMHU B
MPONOPLUHXAX Pa3BUTHs HAIMOHAIBHOTO MPOM3BOJACTBA U MUPOBOIO PHIHKA,
HN3MEHEHHEM IIeJIEW U TUIIOTE3 Pa3BUTUSI.

B kauecTBe KpUTEpHEB ONTUMAIBHOCTH MOTYT HCIIOJIb30BAThC:

* MAKCUMYM BaJIIOTHOW BBIPYUYKH (PUOBLIH);

* MAaKCHMYM HOKPBITUS UIMIIOPTHOH NMOTpeOHOCTH;

* MUHHUMYM 3aTpar.

OnTUMH3alMOHHBIE MOJAEIM MOTYT NPHUMEHATHCS JI NPOTHO3HPOBA-
HUS:

* pallMOHAIILHOM CTPYKTYPBI BHEIIHEN TOPTOBIIH;

* TOBapPHOWH M PETHOHAIBHOW CTPYKTYPHI 000pOTa MPENNPHUSTHIH, CIIO-
coOCTByIOIIEH MOBBILICHNIO PEHTAa0CIEHOCTH;

* ONITUMAJIBHOTO COOTHOMICHHUSI MEXIY COOCTBEHHBIM IIPOM3BOCTBOM,
9KCHOPTOM M UMIIOPTOM OTJENIBHBIX TOBAPOB.

B GonpmHCTBE CciydaeB B MEXIYHAPOIHBIX OTHOIIEHHUSIX PEedb MOXKET
UATH O TOBAapax U PErHOHAJBHOI CTPYKType BHEUIHEH TOPTOBIH, T. €. JOJ-
EH OBITh MOJYYeH OTBET Ha BOIPOC, KaKMe U B KaKyIO CTPaHYy IOJDKHBI
OBITh SKCIIOPTUPOBAHBI U UMIOPTUPOBaHbI ToBapbl. Ha ocHoBe atoro ¢op-
MHUPYIOTCS TIEpEeMEHHBIE BEIMYMHBI MOJETH. B 3aBHCUMOCTH OT CHUTyaruu
oTpeneNnsIeTcs OCHOBHOM KpuTepuil, KOTOPHI (opMHpyeTcss Kak IieneBas
¢yHKIMA. B kadecTBe OrpaHMYMBAIOIINX YCIOBHH HCIHOJB3YIOTCS IPOU3-
BOJICTBEHHBIE MOIIHOCTH, BO3MOYKHOCTH COBITA M 3aKyNKH HPOIYKIIMH U Jp.
C nmoMouIpio ONTHMHU3AIMOHHBIX MOJIENIeH pemaercsi nmpodiiemMa pa3mernie-
HUSI B TEPPUTOPHATILHOM aCIEKTe KCIIOpTa U OmpesesieHne Hanbosee Bbl-
TOJHBIX PHIHKOB 3aKyNOK UMIOPTHBIX TOBapOB.

B kauectBe 1eneBoil pyHKINU NMpUMEHSETCS MaKCHMH3alUs 3KOHOMH-
gecKoro 3¢ dexra oT 3KCTopTa ¥ UMIIOPTA PO TYKIHH:

ii(% —P)X, + ii(PBi —Pi) X, — max. (14.5)

1=1 i=1 1=1 =1
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CucteMa orpaHHYeHUH:

¢ OKCIIOPT U UMIIOPT i-ro TOBapa HE JOJDKHBI NPEBLIIIATL MOTCHIIUAIb-

HBIC BO3MOXXHOCTH:

(14.6)

(14.7)

¢ OKCHOPT U UMIOPT i-ro TOBapa HE JOJIKHBI IMPEBLIIATL CIIPOC U MPC-

JIOKECHHUE Ha BHCIIHEM PBIHKE!:

(14.8)

(14.9)

rae P, — BHEIIHETOProBas LieHa SKCIIOPTUPYEMOTO i-ro ToBapa Ha |-M pbIH-

Ke;
P
P

Ke;
X
X
Q,; — MOTeHUUANBbHBIH YKCIOPT i-TOBApa;

Q,; — MOTEHUMANBHBIA UMIIOPT i-T0 TOBapa;

Y, — CIpOC Ha HKCHOPTUPYEMBIi i-if ToBap Ha |-M phIHKE;

Z,, — npeuioeHue i-ro topapa Ha |-M pbIHKe.

. — LIeHa i-ro TOBapa Ha BHYTPEHHEM PbIHKE;

. — BHEIIHETOProBas IeHa i-ro UMIIOPTUPYEMOro ToBapa Ha |-M phIH-

,i — HCKOMO€ KOIIMYECTBO SKCIIOPTUPYEMOTO i-ro ToBapa Ha |-if ppIHOK;

i — ICKOMOE KOJIM4eCTBO UMIIOPTHPYEMOro i-ro ToBapa ¢ |-ro pbiHka;

Psan mapamerpoB, HCIOIB3yEMbIX B MOJENSX ONTUMHU3ALMUU (COCTOSHHE
CHpOCa U NPEAJIOKEHHUS, LIEHbl MUPOBBIX TOBAPHBIX PBIHKOB U JP.), JOKHBI
NIPOTHO3UPOBATHCS C IOMOLIBIO JAPYI'MX MoOAejed, Hampumep (QYHKIMN

BHEIITHEH TOPTOBJIA.

[Ipu mOATOCPOYHOM MPOTHO3UPOBAHMH YKPYIHCHHBIX IOKa3aTeei
BOC MoryT OBITH HCIIONB30BAHEI AUHAMIYECKHE ONTUMH3AIMOHHBIE MOJIC-
7, B KOTOPbBIC BBOAWTCS NEPHOA t M JOMOJHUTEIbHBIC OIPAaHUYCHHS IO

pecypcam.
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CreneHb arperupoBaHHOCTH IOKa3aTeleH, MOJy4aeMbIX C IHOMOIIBIO
9KOHOMHKO-MAaTeMaTHYECKINX MOJEJeH, 3aBUCHT OT UINTEIBHOCTH IEPHO-
Jla, Ha KOTOPBIH pa3pabaThIBaeTcst NPOrHO3. YeM JUIMHHEEe Mepuo IpOrHo-
3UpOBaHUS, TeM 00Jiee arpernpOBaHHBIE MTOKA3ATEIHN PACUETOB 110 MOJIEIISIM
MOTYT OBITh HOJTyYEHBI.

Ilpoenosuposanue BIJ] ma muxpoypoene. B PpPBIHOYHBIX YCIOBHUAX
MPEIIPUATHSI UMCIOT BO3MOXHOCTh CAMOCTOSTEIIEHO OCYIIECTBIISATh BHEIII-
HETOPIroBYIO JCATCIBHOCTH, YU4aCTBOBATH B MCKAYHApPOJIHBIX OKOHOMHYC-
CKHX U HAYYHO-TCXHUYCCKUX CBS3SIX.

[TporHo3Hble pacueThl MO3BOJSIIOT BbIpadaThIBaTh d3QPEKTUBHBIC BapH-
aHTHI TOCTHKCHUS [eJIeH UX Pa3BUTHUS.

Pe3ynbraToM mNporHo3a SIBJISIETCS COBOKYMHOCTh BHEIIHEOKOHOMHYE-
CKHX, TEXHHUECKUX MOKa3aTeJel U mokasateneil 3((ekTHBHOCTH (PyHKITH-
OHUPOBaHUA MPEANIPUATHSA.

Hanmnume HaydHO 0OOCHOBAHHBIX IMPOTHO30B Pa3BUTHs BHEITHETOPTO-
BOW JEATEIBHOCTH MNPEANPUSATHS, 3HAHHE KOHBIOHKTYPBHI, TPEOOBaHUH W
MIEPCIIEKTHB Pa3BUTHSA MEXIYHAPOIHBIX PHIHKOB, Y4E€T 3TOTO B IPOU3BOJ-
CTBEHHO-COBITOBOM JACATCIbHOCTHU NPEANIPUATUA TTO3BOJIAIOT IIYTCM MAaHCB-
pa pecypcamm OOECIICYNTh HAWTyYIIWE YCIOBHS BBIXOJAa HA PBIHOK MPH
9KCIIOPTE CBOEH MPOIYKIUH W HAaUOOJBLIYIO 3 (EKTHBHOCTh UMIIOPTA HE-
00x0auMBIX TOBapoB. IIporHO3 cOBITA — 3TO Ta OCh, BOKPYT KOTOPOH Bpa-
1aeTcs Bce IIaHNpOBaHue Ou3Heca. [1aBHast 3a/1aua — OnpeneNuThb, YTo U B
KaKOM KOJIMYECTBE MPENPHUATHE MOXKET IOCTABIISATH HA MUPOBOH PHIHOK.

Ha ocHOBe NpOrHO3HBIX pacyeToB ILIAHUPYIOTCS KBOTHI IPOJIAXK, OLle-
HUBAIOTCSI BO3MOXHOCTH CBOMX TEPPUTOPHH, ONIPeNeNsIeTcsi MOTpeOHOCTh B
paboueii cuiie, pacripenessieTcst COBITOBON OIOJKET MEKAY PEeKIaMou, mep-
COHAJIOM M TPOJIBIKCHHEM TOBApOB, OIMPEIEISIOTCS 00BbEMBI 3aKyIIOK Ma-
TEpUAJIbHBIX PECYPCOB U PEIIAIOTCS IPYTUe 3aJauH.

B 3apyOexxHBIX CTpaHax BapHaHTHI mporHo3a BOJI npennpustus dop-
MHPYIOTCSI C TOMOIIBIO METOJIOB SKCIIEPTHBIX OLIEHOK U (hOPMAIM30BaHHBIX
MeTo7I0B. Bribop Hambonee 3pPpeKTHBHOrO BapHaHTa MPOTHO3a OCYIIECTB-
JIieTCS Ha OCHOBE pacueToB AP (PEKTHBHOCTH.

Pa3zpaboTka HaleXHBIX NPOrHO30B TPeOyeT COOTBETCTBYIOIIETO HH-
(dbopmanmonnoro obecrnedenrs. OHO TOJDKHO BKIIIOYATh B ¢e€0S KOMILJIEKC
HCXOJHBIX JAaHHBIX, HCOOXOAMMBIX JJIs aHalM3a U BBIPAOOTKH PEIICHHIA,
chopmupoBaHHBIX B MHPOPMAIMOHHBIE MacCHBBI. B 3apyOeHBIX CTpaHax
nHpOpPMANUs XPAaHUTCI B CTATHCTUYCCKUAX (DUHAHCOBO-IKOHOMHYECKHIX
Oankax aaHHbIX. [IIMpokoe pacrnpocTpaHEHHE IMOJIy4alOT MOJHOTEKCTOBBIE
0aHKH TaHHBIX, COAEPIKAIINE OTYETHI 00 MCCIENOBAaHUSIX, MIPOTHO3BI U pe-
3ynbTaThl 00CIENOBAaHUII TOBAapPHBIX PBIHKOB, KOHBIOHKTYPBI OTAEIBHBIX
cTpaH 1 QUpPM.
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14.2. JxoHOMHUYeCKOe 000CHOBaHHE U I(P(PEeKTUBHOCTH MPUHUMAEMBbIX
pemeHuit

Ocoboe 3HaueHHE MMEET OleHKa ((PEKTUBHOCTH BHEIIHEOKOHOMHYE-
CKOH JIEATENIBHOCTH MPEATIPUATHS B COBPEMEHHBIX yCIOBHUSX, KOT/Ia XO35IH-
CTBEHHAsl CaMOCTOSITEIIbHOCTh M HE3aBUCHMOCTh HEM30€KHO JOJDKHBI TIPH-
BECTH K TOBBIIICHUIO OTBETCTBEHHOCTH M OOOCHOBAaHHOCTH NMPHHUMAEMBbIX
YIpaBJIEHYECKUX PEIICHUH.

DKOHOMHYECKOe OOOCHOBAaHWE NPHHUMAEMBIX PEIICHMI IO yIpaBie-
HUIO BHEITHEAKOHOMHUUYECKOH JESTeIbHOCTHIO NPEANPHATHH TPON3BOIUTCS
IyTEM pacyeTa Pa3IMYHBIX IOKa3aTesell SKOHOMUYECKON 3()(heKTHBHOCTH.
Bcro cuctemy nokasarenei sxkoHoMuueckoit a¢dextrnBHOCTH BDJl MOKHO
pa3zeNuTh Ha ABE TPYIIIBL.

1. [Toxazamenu >¢pghexma, onpenensemMple Kak aOCOIIOTHbIE BEIUYUHB,
BBIPAXKAIOTCSI B COOTBETCTBYIOIIMX JICHEXKHBIX CIMHUIAX KaK pa3HUIA MEX-
Iy pe3yIbTaTaMU U 3aTpaTaMH.

2. [loxazamenu >¢h¢pexmusnocmu, onpenesieMble HA OCHOBE OTHOIIIE-
HUA PpE3YJIbLTATOB K 3aTpaTaM, KaK MpaBUjIO, OTHOCUTECIILHBI U BBIPAXKAIOTCA
B OTHOCHTENBHBIX EIMHUNAX: %, pyO/py0., JOJUT/XOIL., TOAX €IUHHUIBI H JIp.

Ion 3ampamamu cnexyeT NOHUMATh ACHEXKHYIO, CTOMMOCTHYIO OLIEHKY
MIPUBJIEKAEMBIX TIPOU3BOJICTBEHHBIX PECYPCOB: CTOMMOCTh CBHIPbS, MaTepHa-
JIOB, HEPI'HH, TPYAOBBIX PECYPCOB, YCIYT CTOPOHHUX OpraHU3aluii, 00s3a-
TEJIbHBIE OTYHCIICHHS B Pa3JIM4YHbIE TOCYNapCTBEHHbIC (OHABI U IpyTrHe
3aTpathl, 6€3 KOTOPHIX CHeNKa, ornepanus Obljia OBl HE OCYIIECTBICHA.

IMon pesynvmamamu cnexyeT TOHUMAaTh IEHEKHYIO, CTOMMOCTHYIO
OLIEHKY TOJYYEHHOW BBITOIBI ISl MIPEANPUSTHS: JIEHEKHbIE CPEJCTBa 3a
MOCTABJICHHYIO IMPOJYKIHNIO, BBIIOJIHEHHBIE PabOTHl U YCIYT'H, CTOMMOCTh
HOJIy4eHHOTO TOBapa, paboT, yCJIyr U T. A.

[Tpn pacuere mokasareseil BaKHO COOJIOAATH CIENYIOIINE NPUHIUIIN-
aJbHBIE METOIOJIOTMYECKUE MOJT0KEHHUSI:

* IpUHIMI HanboJjee MOJIHOTO y4yeTa BCeX COCTABILIONINX 3aTpaT U pe-
3ynbTata. HemonmHbIH ydyeT 3aTpaT U MOJIyYEHHBIX PE3YJIbTATOB MOXKET HC-
Ka3uTh BBIBOABI 00 OICHKE 3((PEKTUBHOCTH TOTO I HHOT'O MEPOTIPHATHS,
peLIeHuS;

* IPUHIIMII CPaBHEHUsI ¢ 0a30BBIM BapuaHTOM. Bce mo3Haercs B cpaBHe-
HHUH, B TOM uuciie U 3(¢PeKTHBHOCT. 3a 0a30BbIH BapHaHT MOXET OBITh
MPUHSTO TIOJIOKEHUE JIeNI IO IPUHATHS PELICHUs], OAWH U3 BapUAHTOB IIPH-
HSATHS PELICHUs MM COCTOSIHUE JIeJl Ha PhIHKE, Y KOHKypeHTa. HempaBuiib-
HBII BBIOOp 0a3bl CPaBHEHUS TAKXKE MOJKET NPHUBECTH K MCKAKEHHIO OIle-
HOK;
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* IPUHIONN TPHUBEICHUS 3aTPaT M PE3YyNbTaTOB B COMOCTABHMBIN BHI.
CpaBHUBaeMbIe MOKA3aTeNHN AOJDKHBI OBITH cormoctaBuMbl. Hampumep, cie-
JIyeT MPUBOJHUTH UX B COIOCTaBUMBII BHJ 110 00BbEMY, Ka4eCTBY, IEPUOTY
BpPEMEHHU U APYT'HM MapamMeTpam;

* IPUHIMN TPUBEJCHUS PA3HOBPEMEHHBIX 3aTpaT U pe3ybTaToB K OJI-
HOMY MOMeHTY BpeMeHH. CoOuItoieHre JaHHOTO PUHIUIA — OJHO U3 BaXK-
HEWIINX TOJIOKEHUH TeopuH OLeHKH 3(h(eKTHBHOCTH. MeTo/bl IpHUBee-
HUSI Pa3HOBPEMECHHBIX 3aTpaT K OJHOMY MOMEHTY BPEMEHH IOCTaTOYHO
XOpOIIO pa3paboTaHbl B 9IKOHOMHKE.

KonkperHslit pacueT nmokazarenei 3¢ dexruBHOCTH OyIeT B 3HAUUTEIB-
HOHM CTENEHHU 3aBHCETh OT BHJA ONEPALMH HA BHEIIHEM PBIHKE, €¢ IIeJeH,
YCIIOBHH U APYTHX OCOOCHHOCTEH KOHKPETHOH clenkn. PaccMoTpum ob1rie
MOJIOKEHHsT M NPUMEpHI pacuera nokazareied 3(Q(GEeKTHBHOCTH NPUMEHH-
TCJIbHO K pa3jIMYHbIM BUAaM onepaunﬁ Ha BHCIIHEM PBIHKC.

Ixonomuueckan Ipgexmusnocmsy xkcnopma. Iloxazarens SKOHOMHU-
4yeckoro 3Q@ekra OoT IKCHOPTa TOBAPOB, MPOMYKIMU, PaObOT WM YCIyT
oIpesiesieTCs CIeAYIOMMIM 00pa3oM:

99skc = 0o + Bp = 3oxc, (14.10)

rie DDskc — HOoKa3aresnb 3KOHOMHYecKoro addekra sKcrnopTa, pyo.;
Ogg — pYOJICBEIN SKBUBAJICHT OTUYUCIICHUI B BAJIOTHBIA (DOH IIPEATIPH-
ATHSI, PACCUUTHIBAEMBIH I1€PECUETOM BAJIIOTHON BBIPYUYKH (32 BBI-
4eTOM IIoJUIeXkaleil 00s3aTeNbHOW NpoJake TrOCyAapCcTBY) B
pyOuH 1o Kypcy Ha JiaTy MOCTYIUICHHS BaJIFOTHL, pyo0.;
Bp — pyOunieBast BeIpyuka OT 00s3aTEIBHON MTPOJAXKH YacTH BaJIOTHI I'0O-
CyIapcTBy, pyo.;
35kc — TIOJHBIE 3aTPAThI IPEANPHUATHS HA SKCIIOPT, KOTOPBIE BKIIIOYAIOT:
3aTpaThl Ha MPOMU3BOJCTBO U PEANM3ALHUI0 MPOIYKIUH (peKiama,
MAapKEeTHHT, TPAHCIIOPT, CTPAXOBaHUE, MOIIIHHBI, COOPHI U 1. ).
ITo sKOHOMHUYECKOMY COAEPKAHUIO MOKa3aTesb 3(dexra cooTBETCTBYET
TTOHSTHIO TIPHUOBLITH.
INoka3arens sxoHoMuueckou dpghexmusnocmu dKcnopma PaccUUTbIBa-
eTcs CIIeLY0IUM 00pa3oM:

D, =—2—F (14.11)

rie Dyxc— MOKa3aTeNb dKOHOMIYeCKoH 3(pPeKTUBHOCTH 3KCIIopTa, pyo/pyo.
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DKOHOMHYECKHMIA CMBICT ToKa3zateis 3(h(OEKTHBHOCTH COCTOHUT B TOM,
YTO OH IIOKa3bIBAET, KAKOE KOJMYECTBO BBITOJBI, pe3yjbTaTa MMEETCsl Ha
KaxIpli py0sp 3arpar. HeoOxoanMbIM ycinoBreM 3G GEeKTHBHOCTH SKCIOp-
Ta SIBISIETCSI TO, YTOOBI 3TOT MOKa3aTelb ObLI > 1.

Jist npuHsTHS Gosiee 0OOCHOBAHHOIO PELICHUS IO IKCIIOPTY MPOIYK-
UM MTO0Ka3aTenb 3G HEeKTHBHOCTH 3KCIOPTa Jsic CPABHUBACTCS C NOKA3aTe-
JeM @ pekmueHocmu nPoU3800CmMea U pearusayuu npoOyKyuu Ha GHym-
peHHeM poitke Jpy:

gy - O ; (14.12)
C +3P_BH

T1.ake

rne Opy — Mokaszaresb 3(Q(EKTUBHOCTH NMPOM3BOACTBA M Pealn3aluu Ipo-
JYKIUH Ha BHYTPEHHEM PBIHKE, pyo/py0.;
Oskc — 00BbEeM IKCIOPTa BO BHYTPEHHHX LIEHAX, pyo.;
Cp1. 5kc — IPOU3BOJICTBEHHAsI CE0ECTOMMOCTh SKCHOPTHBIX TOBAapoOB (3a-
TpaThl Ha IPOU3BOJICTBO);
3p. gy — 3aTpaThl HA PeATHU3ALUIO SKCIOPTHON NPOAYKINH BHYTPHU CTpa-
HEL, pyO.
Heo6xonnmeiM yciioBreM 3¢ ()EeKTHBHOCTH IKCTIOPTa SBISETCS BBITION-
HEHHE COOTHOIICHHUS

Dske > pu > 1. (14.13)

IKonomuueckan IPpghexkmuenocmov umnopma. DKOHOMUYECKas d-
(eKTUBHOCTh MMIIOPTA PACCUUTHIBACTCS MO-Pa3HOMY B 3aBHCHUMOCTH OT
1eliel OCYIIECTBICHUSI UMITOPTA: Uil COOCTBEHHOTO MOTPEOJICHUS WIIH ISt
peanu3aluy Ha BHYTPEHHEM pPhIHKE.

Oxonomuueckuti sghpexm umnopma Ons 6HymMpeHHe20 NompeOieHUs.
(ucnonv308anusy) umMnopmupyemot npooykyuu, T. €. CaMUM TOKymaTejeMm,
MOXeET OBITh PaCCUUTAH CJIEIYIOINM 00pa3oM:

9OBumn 1 = 3u— W, (14.14)

rae Oy 1 — OKa3aTeNlb YKOHOMHYIECKOTO d(h(dekTa oT uMIopTa MpoIyK-
UM U1 COOCTBEHHOTO MCIIOIB30BaHMS, PYO.;
3y — MONHBIE 3aTPAThl Ha MPUOOpeTeHNe (M3rOTOBJICHHE) U TIOJh30BaHUE
MpOAyKIHKeH (aTbTepHATHBHON, UMIOPTHOM), pyo.;
IITymn — teHa noTpeOIeHUss UMIOPTHOTO ToBapa (MPOAYKIHHM), T. €.
BCE 3aTparhl 32 BECh NEPHOJ CIY>KObl MMIIOPTHOTO TOBapa,
IPOAYKIUH, PYO.
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3u=Un g+ Op. 5, (14.15)

rae L p — neHa nokynk# (3aTparsl Ha H3rOTOBJICHHE) NMPOAYKIIMH 110 0a30-
BOMY BapHaHTy (aJbTCpHATHBHOW MPOAYKIHU HIIA aHAJIOTHY-
HOW MMIOPTHOH), BKJIIOYAIOIIAsi BCE PacXObl, CBSI3aHHBIE C €€
npuoOpeTeHneM (M3roTOBJICHHEM), PYO.;

Op. p — IKCIUTyaTaIlMOHHBIE PACXOJBI 32 BECh MEPUOJ CIYKOBI IPOIYK-
1MUY, aJIbTEPHATUBHON WJIM aHAJIOTMYHOW UMIIOPTHOM, KOTOPHIE
BKITIOYAlOT CTOMMOCTH MOTPEOJIIEMOTO CBIPhS, MAaTEPHANIOB,
CTOMMOCTH TOIUTUBA W HEPTHUH, CTOUMOCTh PEMOHTOB, 3aMEHBI
3armgacTeil, 3apaboTHYIO TIAaTy pabodYMX CO BCEMH OTYHCICHH-
SIMH, 3aHSATBIX 00CITy)KUBaHUEM, U JAPYTHe aHAIOTUYHBIE PAcXo-
IIbl, pyO.

Iy = i + Op.u, (14.16)

rae g y — meHa mokynku (proOpeTeHwrs) UMIIOPTHOTO TOBapa, BKIOYA-
fomas Bce pacxoabl (IleHa KOHTPAKTa, IIONUIMHBEI, COOpHI,
TPaHCIOPT, CTPAXOBKA, OIJIaTa YCIYT MOCPEAHUKOB U JIp.), CBSI-
3aHHbIE C IPHOOPETEeHNEM TOBapa Ha BHEIIHEM pBIHKE, pYO.;
Op. 1 — IKCIUTyaTallMOHHBIE PACXOJBI 32 BECh IEPHOJ CIYKOBI UMIIOPT-
HOTo ToBapa (MPOIYKIHHN), KOTOPbIE BKJIIOYAIOT CTOMMOCTh HO-
TpeOIISIEMOTO CHIPhsI, MaTEPHAJIOB, CTOMMOCTh TOIUIMBA U DHEP-
T'MH, CTOMMOCTh PEMOHTOB M 3allacHBIX 4acTed, 3apaOOoTHYIO
IUIaTy paboduX CO BCEMH OTUHCICHHSIMU M APYTHE aHAJIOTHY-
HBIE PACXO/bl, CBA3aHHBIE C SKCIUTyaTalueH, pyo.
DKOHOMHYECKHH CMBICT TIOKa3aTelsi AKOHOMHYEcKoro 3¢ddexra, pac-
cunteiBaeMoro 1o ¢opmyne (14.14), B ToMm, 9TO OH TOKa3BIBACT, KAKYIO
npuOBUTE OyIeT MMETh UMIIOPTEpP, €CIIM MPHOOPETET UMIIOPTHYIO MPOTYK-
U0 BMECTO NpHOOpeTeHws (M3TOTOBICHHS) MPOAYKINH, aJbTepPHATHBHON
HAMIIOPTHOM.

Ecmu LIy > 3y, TO abCoII0OTHOE 3HAYEHUE ITOTO NOKA3aTe sl TOBOPHUT
0 TOW MPHOBUIM, KOTOPYIO MOXET MMETh HNOTEHIHAIbHBIH UMIOPTEP, €CIIN
OH BMECTO MMIIOPTHOW NPOAYKIMHU MPUOOpETET (M3rOTOBUT) MPOAYKIIHMIO,
aNbTEePHATHUBHYIO UMIIOPTHOM; WM, YTO TO K€ camoe, abCOJI0THOE 3Haye-
HHE 3TOTO IOKAa3aTels TOBOPUT O pa3Mepe yObITKa, KOTOPBIH OyneT UMETh
UMIIOPTEpP, €CIIM OH BCE K€ MPUOOPETET UMIOPTHYIO MPOAYKIHIO BMECTO
npuoOpeTeHus (M3rOTOBIICHHUS) IPOIYKINH, aHAIOTHIHON HMIIOPTHOM.

Tokaszamens 3KoHOMUYECKOU dPpexmusnocmuy umMnopma NPOSYKIIH

JUIsl COOCTBEHHOTO MCTIOJIb30BAHUS PACCUUTHIBACTCS CIIEILYIOMIMM 00pa3oM:
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M, = (14.17)

UMI2 —
HH HMIT

HeobxonumbiM yciioBreM 3 (PEeKTHBHOTO MMIIOpTa B 3TOM Cliy4yae sB-
ssiercst Oymr 2 > 1. DKOHOMUYECKHMI CMBICI JAaHHOTO TIOKa3aTels COCTOUT B
TOM, 4TO OH IOKAa3bIBAaET, BO CKOJIKO pa3 UMIIOPTHAs MPOAYKIHs (TOBap)
a¢deKTHBHEE TPOAYKIINH, ATbTEPHATHBHON HMIIOPTHOM.

Dronomuueckas gekmusHocmsb UMNOPMA C Yenblo NPooadNCu UM-
HOPMUPYeMo20 mosapa HA 6HYMPEHHEM DPblHKe MOXKET ObITh paccuMTaHa
cienyronmM oopa3oM:

Oumn s = Uy, — L. wy (14.18)

rae DOy 3 — MMOKa3areinb SKOHOMHUYECKOro 3¢ dhekra ummopra, pyo.;

L, 4 — meHa peanM3alMy UMIIOPTHBIX TOBAPOB 33 BHIYETOM DPAaCXOJOB,
CBSI3aHHBIX C peanu3aiueil (peknama, MapKeTHHI, TPaHCIOPT
H 71p.), pyo.;

Iy, y — neHa mokynku (MPUOOPETEHUsI) UMIIOPTHBIX TOBAPOB, BKITIOYA-
IolIasi BCE PAacXofbl, CBA3aHHBIC C MX MpHOOpeTeHHEeM (IieHa
KOHTpaKTa, MOIUUIMHBI, TPAHCIOPT, CTPaxXOBKa, OILIaTa yCIyT
MIOCPEIHUKOB U JIp.), pyO.

DKOHOMUYECKHIA CMBICT TOKaszarens 3(dekra OT HMIIOpTa TOBApOB,
paccuntbiBaemoro mo ¢popmyie (14.18), cocTouT B TOM, YTO OH MOKa3bIBA-
€T, KaKylo MPUOBLTH OyIET MMETh UMIIOPTEP OT 3aKYNKH U pealn3allui Ha
BHYTPEHHEM PBIHKE UMIIOPTHBIX TOBAPOB.

IMokazatenb sKoHOMUUECKOU dPhexmusnocmu uMnopma u peanu3ayuu
moeapa Ha GHYmMpeHHeM PbliKe PACCUUThIBAETCS 110 hopmyrie

I = h. (14.19)

L[H.H

DKOHOMHUYECKHH CMBICI NOKazaTeds dPGEKTUBHOCTH UMIIOPTA Dymr 4,
paccuutbiBaeMoro mo popmyse (14.19), cocTout B TOM, YTO OH MOKa3bIBa-
€T, CKOJIbKO pyOJiell BBIPYUKH IOJy4aeT UMIIOPTEp Ha KaxIblid pyOunb 3a-
TpaT, CBA3aHHBIX C UMIMOpToM. HeoOxoaumbiM ycioBueM 3ddexkTHBHOro
HAMITOPTA SBJSIETCSI COOTHOIICHUE Dypvrr 4 > 1.
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15. 9KOHOMHUKO-MATEMATHYECKHUE METO/IbI
N MOJEJIA B COEPE YCJIYI'

15.1. Onenka pe3yJIbTATHBHOCTH YNIPABJIEHHsI HA MPeINPUSTHIX
cepsbl yeayr B yca0BUSX HeCTaA0MIbHOI IKOHOMHYECKOI cpelbl

Hcxonst n3 npuHOUIIOB (YHKIMOHUPOBAHUS XO3IHCTBYIOUIMX CYObEK-
TOB M XapaKTePHBIX YePT Pa3BUTHSA YKOHOMHKH B COBPEMEHHBIX YCIOBHUSX
CTpaTerus ynpaBJieHUs IPEANPUITHEM JT0JDKHA OBITh BEICOKOA(PPEKTHBHOM,
T. €. IPUHOCUTH MaKCHUMAaJbHYIO MPHOBUT B pe3yibTaTe TOCTIDKCHHUS 3a-
IUTAHUPOBAHHBIX IIEJIeH 10 YAOBJICTBOPEHHIO MOTPEOHOCTEH oOIIecTBa B
MIPOU3BOIUMON TMPEIIPUATHEM NPOAYKIUH U TMPENOCTaBISIEMBIX YCIyrax
NPU MUHUMAQJIBHBIX M3JEpXKKax. AHaJIM3 YNpPaBICHUYECKOH JIMTEpaTyphl,
MOCBALICHHBIM BOMPOCY CTPAaTETHYECKOro YIpaBJIEHUs U IUIAHUPOBAHUS
XO3SIHCTBEHHOM JACATCIBbHOCTH, IIOKA3bIBACT TOT (l)aKT, 4YTO B ILICJIOM HET
JIOCTaTOYHO YETKO pa3paboTaHHOW METOJMKH BBIOOpA CTpAaTeruH, TaK Kak
NpEANPUSTHE JIOJDKHO CaMO BbIPa0aThIBATh KPUTEPUH BbIOOPA CTPATETHH.
Kaxnoe npeanpusitue, neifcTByomee B ppIHOYHOW 3KOHOMHUKE, YHUKAIBHO
[0 CBOMM XapakTepucTukaM. CIeloBaTeNbHO, W COACPIKAaHNE CTpaTermye-
CKOTO OW3HEC-TUIAHMPOBAHUS SBISETCS IPOLECCOM YHHKAIBHBIM, a €ro
(OpMBI U METOBI HE MOTYT OpaThCs B KAUECTBE 3TANOHA IS IPYTHX TIPE-
npustuii. Takum 00pa3oM, Kaxmoe MpEeANpHUATHE, HCIONB3YIONIee CTpaTe-
THYECKOE YIIPABICHHUE M CTPATErHMIecKoe INIAHUPOBAaHUE, UMEET CBOU TOA-
XOIBI K BEIOOPY CTPATETHH.

Bri6op onTuManbHOW CTpaTeruu CleayeT MPOBOAUTH C Y4E€TOM YCIIO-
BI/II‘/'I, B KOTOPBIX OHAa MOXCT pC€ajin30BaATHCH. B cBs3u ¢ 9TUM BO3HHKaeT
HE0OX0IMMOCTh aHajm3a 0COOCHHOCTEH (hopMHUpOBaHUS U BBIOOpA CTpaTe-
rud. Pe3ynbpTaTel MCcienoBaHMH 3TOTO IpoIecca MOKA3BIBAIOT, YTO CaM
IIpoIiecC MPEICTABIACT COO0 CIOKHOE TMHAMHUYIECKOE SBJICHNE, KOTOPOMY
IIpUCYLIe HaJIU4YuE€ HE TOJbKO CIy4yallHOW M JETEPMUHUPOBAHHOH COCTaB-
JISIOIINX, HO U COCTABIISIONICH, CBSI3aHHOM C HEONPEACICHHOCTRIO PA3BUTHUS
OKpPY’KaIOIIeH Cpebl aBTOTPAHCIIOPTHOTO MPEATIPHUSTHSL.

CBoe orpaxkeHHe (HaKTOp HEOINpPEJEJICHHOCTH HAaXOAWUT B N3MEHEHHH
HIPOAOJKUTEIBHOCTH U YPOBHSI JIEUCTBHUS CTpAaTETMH B 3aBHCHMOCTH OT
NPOTHO3a Pa3BUTHs OOCTAaHOBKM Ha TOT WMJM WHOH NEPHOA BPEMEHH, OT
SKOHOMHYECKOH M TOJUTHIECKOH 0OCTaHOBKH, KOjeOaHUH crpoca W mpej-
JIOKEHHS HA TOT WJIM WHOU BHJ YCIYTH, 00BbEMa MPEJOCTABIISIEMBIX YCIYT
TE€M WM WHBIM CyOBEKTOM, PEHTaOEIbHOCTH MPEANPHATHH, IPOTHBOICH-
CTBUS KOHKYPEHTOB, MEXIIMIHOCTHBIX OTHOIICHHI.

197



VYdeT yka3aHHBIX BBIIIE OCOOEHHOCTEH MPUBOIHUT K TOMY, YTO MaTema-
THUYECKOE OIMCaHME IpOolecca BhIOOpa CTPATETHMH JOJKHO OCHOBBIBATHCS
Ha MOJIEJISIX, YYUTHIBAIOIINX HEAOCTATOYHOCTh W HETOJHOTY MH(pOpPMaIlUn
0 PHIHOYHOM 00CTaHOBKE M HEOOXOIUMOCTH NPUHSTHUS PELICHHUS B YCIOBH-
X pPHCKa M HeompeaeiaeHHOCTH. Ero peanmsanms cBs3aHa ¢ pa3pabOTKOi
aZIeKBaTHOM JEeWCTBUTEIBHOCTH MOJICNH, YUYUTBIBAIOUIEH HOCTATOUHOE KO-
JIMYECTBO CYLIECTBEHHBIX M PA3JIMYHBIX 110 CBOEH mpupojae (GpakTopoB, BIU-
SFOIIMX Ha KOHEYHBIH pe3yIbTaT CTPATeTul.

B Teopuu NpUHATHS pEMICHNH Pa3INYalOT MpU OCHOBHbIX MUNA UHPOP-
MAYUOHHBIX CUMyayuii, KOTOpPbIe MOTYT BOSHUKHYTH IIPU BEIOOpE CTpaTernu
YIpaBICHUS MPEANPHATHEM:!

1. Ilpunamue pewenuii 6 yciosuax onpedeneHHocmu. ITH yCIOBUS Xa-
pPaKTepU3ylOTCAd HAJIMYHEM YETKOW, NeTePMHHUPOBAHHON CBS3U MEXIy
MIPUHATBIM PELICHHEM U IOJYyYeHHBIM pe3ysbTaToM. B 3ToM ciydae pe-
3YNbTUPYIOIIKI TTOKa3aTeNIb U OIPAaHUYCHUS 3aBUCAT TOJIBKO OT CTpPAaTeruu
NpeAnpUsITH U (HUKCUPOBAHHBIX 3HAUYEHHAX JETEPMUHHPOBAHHBIX (aKTO-
pOB.

2. [Ipunamue pewenuii 8 ycioguax pucka. B 3THX yCIOBHAX Kaxnjas
CTpaTernieckasl albTepPHAaTHBA MOXET NPUBECTH K OJHOMY M3 MHOXKECTBA
BO3MOXKHBIX HCXOJIOB, IPUUEM KaXKABIH W3 HUX MMEET ONPE/ICICHHYIO Be-
POSITHOCTH CBOETO MOSBICHHS. 3HAUCHHE PE3yJIbTUPYIOLIET0 MOKa3aTess B
9TOM CIIy4ae 3aBUCHT KaK OT CTPAaTeTHi W IETEPMUHHPOBAHHBIX (haKTOPOB,
TaK M OT CIy4aiHbIX (PaKTOPOB C U3BECTHHIMH 3aKOHAMHM PACIIPEICIICHNUSI.

3. [lpunamue pewenuil 6 ycioeusx HeonpeoeieHHocmuy. B TaHHOM CiTy-
4yae pe3yNbTHPYIONIMHA TO0Ka3aTeslb, KPOME CTpaTeTuil M (HUKCHPOBAHHBIX
IapaMeTpPOB, TaKXKe 3aBUCUT OT CIYYaWHBIX (PAKTOPOB C MOJHOCTHIO HEH3-
BECTHBIMH 3aKOHAMHU pAaCIpeieleHus] WIH BIHUSHHEM HEONPEAETICHHBIX
(akTOpOB, AT KOTOPBIX M3BECTHO JIMIIH MHOJKECTBO BO3MOXHBIX 3Hade-
HUH. B pe3ynbrare BIUsSHNA HEONPEAEICHHBIX (JaKTOPOB KaX/asi CTpaTerus
OKa3bIBACTCS CBSI3aHHOW C MHOKECTBOM BO3MOJKHBIX HCXOJIOB, BEPOSITHO-
CTH KOTOPBIX JIMOO HEM3BECTHBI, JIMOO HM3BECTHHI C HEJXOCTATOYHOM ISt
TIPUHSTHUS PELICHUS] TOYHOCTBIO, TM00 BOBCE HE MMEIOT CMBICIA.

15.2. TIpoueaypa nocTpoeHusi MoJeJ M OleHKH QYHKIUii ynpaBJieHus
KaK OCHOBBI CHCTEMHOI'0 MO/IEJIMPOBAHNS YIIPaBJIeHUSs
HA NPeANPUATHAX c(Pephl yCayr

KOHHCHTyaJ’ILHy}O OCHOBY B MOJACJIHMPOBAHUU COCTABJISICT MHpoUeaypa
OIIPEAC/ICHUA BHUJa U XapaKTepa CBA3U MCKAY UCCICAYyEMbIMU q)aKTOpaMI/I,
CTCIICHU BJIMAHHUA TOI'O0 HMJIKM MHOTO YIIPABJIACMOTO anKTopa Ha HCIOCPC-
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CTBEHHBIH pe3ynbTat (OIpeaeIeHHe TECHOTHI CBSI3H) U B HTOT'€ — OCYILECTB-
JICHUS] HOPMATUBHBIX PacyeTOB U OIpE/EICHUs] HOPMATHBHBIX MOKa3aTeeH
(haKTOpHBIX NPHU3HAKOB, KOTOPbIE HEOOXOJMMO HONYYUTH (IOCTHYB) IS
obecrieueHHst pocTa pe3yJbTATUBHOTO NMpPU3HAKa Ha 3aaHHYIO BEJIHYHHY.
[TpoBoanTCS MOCTPOGHUE M aHAIN3 MHOTO(AKTOPHBIX CTATUCTUYECKUX MO-
JieNield, BBIPAXKAIONIMX KOPPENSIIMOHHYI0 3aBUCHMOCTh 3KOHOMHYECKOTO
pe3ynbrata QYHKIMH yIpaBieHHs OT BHEIIHHX M BHYTPEHHUX (HaKTOpOB
(ycroBwmif), a Taxke oInpenensercs BKIa (pakTOPHBIX MPU3HAKOB B OOIMIN
YPOBEHB YIIPABICHHUS.

AHaIM3 KOPPEIAIMOHHEIX CBS3eH ITO3BOJISET ONPEIEIUTD T¢ BHEIIHHUE U
BHYTpPEHHHE (haKTOPBI, KOTOPbIE OKa3bIBAIOT HAaHOOJIee CYIIECTBEHHOE BIIU-
SHHE Ha YKOHOMHUYECKHUIl Pe3yJbTaT UCCIIELYyEeMOTo II0Ka3aTesl, HO3BOJISCT
OIIPE/ICNTUT BUJ CBA3M MEXIY HHMH M BBIOpAaTh HAWIYYLIMH W3 HUX, OLe-
HUTb TCCHOTY 3TOU CBA3U, T. €. YCTAHOBUTL CTCIICHL BJIMSAHHSA Ha U3MCHE-
HHUE PEe3yJIbTATUBHOTO MOKAa3aTelsl KaXJIOro OTOOpaHHOTO (akTopa U Bcei
HX COBOKYITHOCTH.

Jnst uccienoBaHusl KOPPEJSIIMOHHBIX CBs3ed MeXAy (DakTOPHBIMU U
pe3ylIbTaTUBHBIMM INPU3HAKAMHU CIIELYET MPHUMEHATH PETPECCHOHHO-
koppensuuonuslid aHanu3 (PKA), tak kak oH siBisieTcss TeM (hopMajbHbIM
METOJIOM, KOTOPBIN HanboJiee aIeKBaTeH 3a/1aue HCCIICIOBAHMS B3aHMOCBSI-
3eil 0 CTEeNeHN CBOCH NMPAaKTHYECKON pa3pabOTaHHOCTH M IIPOCTOTE.

[TpHOPUTETHOCT MPUMEHEHHS METOJa IKOHOMHKO-MATEMaTHYECKOTO
MOJICIUPOBaHUS OOBSCHSICTCS TEM, YTO B IPOLIECCE €ro HCIOJIb30BaHUS
copMHpyeTCs HCKYCCTBEHHBIH 00BEKT, H3yYeHHE KOTOPOTO BBISBISAET HO-
BYI0 MH(OpMAIMIO O CYNIECTBEHHBIX XapaKTEPUCTHKAX MPOIIECCOB U B3aH-
MOCBSI3€H 2JIEMEHTOB 00BEKTa.

B nienom mpoiiecc mocTpoeHus MOAEIH BKIIOYAET CIEAYIOIUE ATAIIbI:

- ONIpE/IeJICHUE COCTaBa IMOKazaTesel, XapaKTepPH3YIOIIUX COCTOSIHUE
GbyHKIMi 1 HHOPACTPYKTYPHBIX KOMIOHEHTOB YIPaBJICHHsI, U UX PacyerT;

- 0TO0p K03 GHIMEHTOB, HaANOOJIEe TECHO KOPPEIUPYIOLINX C U3MEHEe-
HHEM COCTOSIHUS (YHKUMHA U MHPPACTPYKTYPHBIX KOMIOHEHTOB YIpaBJie-
HUS B IPOCTPAHCTBE U BO BpeMeHH (Tadum. 15.1);

- pacyeT BECOBBIX MOKazaTeneil st Kaxaoro kodduuueHTa, KOTopbie
OTIPEEIISIOTCS 110 ABYM KPHUTEPHUSIM: BO3MOXHOCThH NpHUBEACHHS KOd(PH-
LUEHTOB K eIMHOMY MacuiTaly 3HaueHHH W CTENEHb KOPPEIILMU MEXIY
coctostHieM (QyHKUMi 1 MHPACTPYKTypHBIX KOMIOHEHTOB YNPaBJICHUS U
YpOoBHEM K03 PHUIINEHTOB;

- IOCTPOGHHE MOJEIH M OIpeeNieHHe KPUTEPUalbHBIX I1apaMeTpoB
(3KCTpeMabHBIX 3HAUCHUI) JIS €€ OIICHKH.
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Ta6numa 15.1. UuTerpajibHoe 3HaueHne K03 PUIHEHTOB, XapaKTePHU3YIOLIHX
(yHKIMU ynpaBiaeHns

Hurerpanbuble KOdQGUIUEHTHI

HHTerpupyeMsle NOKa3aTenu

1. Koo duuueHT crenenn cooTBeT-
CTBHSI yIPABICHYCCKUX PELICHUH
peanbHbIM yenoBusaM (K1)

1. Jlomnst ynpaBiieHUECKUX peLeHUi aleKBaTHBIX
BHEIIHHM YCJIOBHSIM B 00IIeM o0beMe yIpas-
JICHYECKUX PeLICHHUI

2. KoobdunuenT yrsepxaeHns
ynpasieHueckux pemenuit (K2)

2. Jlons yTBepKIaeMbIX YIPAaBICHIECKHX pele-
HUH B 00ImeM o0beMe pa3padaThIBaeMbIX yIpPaB-
JICHYECKUX PeLICHHUI

3. KosddunueHt ocHameHHOCTH
Tpy/a IPH OCYIIECTBICHUH yIpaBiie-
nus (K3)

3. Jlons pabo4ux MecT yIpaBIeHIeCKOro Iepco-
Hajla, OCHAICHHBIX BCEMH HEOOXOAUMBIMH IS
BBINONHEHUs (PyHKIMIT pecypcaMu B 001eM
00beMe pabourX MeCT, CBA3aHHBIX C YIPaBICHUEM

4. YpoBeHb 00ecriedeHHs ONTUMAlb-
HOT'O MOPAJIbHO-TICHXOJIOTHYECKOT0
KJIMMata B KOJUICKTUBE, PCATH3YIO-

mem GyHkImy ynpasneHus (K4)

4. Y nenbHBII BeC yIIPaBICHYECKOr0 IepcoHana,
peanu3yromero (GyHKIUH yIPaBICHHS, YI0BIIe-
TBOPEHHOT'0 MOPATbHO-IICUXOJIIOTMYECKUM KITH-
MAaTOM HPEANPUATHS, B OOIICH YHUCICHHOCTH
YHPABJICHYECKOTO IIepCoHaa

5. Koaddunuent parponansHOCTH
pa3zieleHus ¥ KOOIEPaLlU BBITONHS-
embIx pyHkumii ynpasnenus (KS)

5. COOTHOLICHNE YUCIA YIPABICHIECKOTO Iep-
COHAaJIa, IMEIOIIIET0 B JIOJDKHOCTHBIX HHCTPYKIIHU-
SIX YTBEPKACHHbIC (DYHKLIUH 10 YIPABICHUIO, U

0011ero Yrcia ynpaBaeHIECKOro NepcoHaa

6. Koo puuuenT ncromHuTenbHOM
JIMCLUIUIMHBI YIPaBJICHYECKOro Hep-
conana (K6)

6. Jlons 3a/1a4, HOCTABJICHHBIX M PEIICHHBIX IO
YHPABIICHHIO, K 00IIEMY 00beMY MOCTABICHHBIX
3ama4y

7. IToka3aresnb HEONPENEIEHHOCTH
JIeSITENIbHOCTH YIIpaBJIeHHs (peann3a-
LUK OTAENbHEIX QyHKimit) (K7)

7. OTHOIIECHHUE TTOKa3aTelsl HEPETYIHPYEMBIX
(yHKIHHA K 001IeMy KOMUIECTBY (YHKIUH, BBI-
MOJHSIEMBIX YIPABICHIECKUM HEePCOHAIOM

8. Koadpduument parronanbHOCTH
IPHMEHSEMBIX METO/IOB TPY/a P
OCYILECTBJICHHH yIpaBiIeHus (peau-
3auu oTAenbHBIX QyHKumii) (K8)

8. Jlonst paboT, CBA3aHHBIX C yIIpaBiIeHHEM (pea-
Jn3aLye OTAENbHBIX (DYHKIMIA), BBITOIHCHHBIX
C HCIOJIB30BAHUEM PALlOHATIBHBIX METOLOB
TpyZa, B 00mmeM oobeMe padoT Mo YIpaBICHHIO
(peanu3anyu OTACHbHBIX (PyHKIHI)

9. Kooddunuent maTepuaabHoOH
KOMIICHCAIINHY TPY/a COTPYIHHKOB
ymnpasieHueckoro nepcosana (K9)

9. VY ienbHblil BEC pean30BaHHbIX PEIIEHUH 110
MaTepHaIbHOMY CTUMYITHPOBAHHIO TPY/a CO-
TPYAHHKOB YIPABIEHIECKOI0 IEPCOHATA B 00-
1eM 00beMe YIPaBICHYECCKUX PELICHHUH 10
CTUMYJIMPOBAHUIO TPY/a COTPYAHUKOB YIIPaB-
JICHYECKOT0 IIepCoHana

10. Koo durmeHT MopaibHOi KOM-
HEHCALWH TPYAA COTPYAHUKOB YIIPaB-
JeHyeckoro nepconana (K10)

10. Y nenbHbIH Bec peanr30BaHHbIX PELICHHUH 1O
MOpPaJIbHOMY CTHMYJIMPOBAHUIO TPY/a COTPY/-
HHKOB YIIPaBJIEHIECKOTO IIEPCOHATA B 00IIEM
o0beMe pelIeHUH M0 CTUMYINPOBAHHIO TPy
COTPY/IHUKOB YIPABJIEHYECKOr0 NEpPCOHAA
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Oxkonuanue taba. 15.1

1

2

11. YpoBeHb yIOBIETBOPCHHOCTH
COTPYAHMKOB YIPABICHYECKOTO TIep-
COHaJIa PU3HAHUEM HX TPYZa BbIC-
M pykoBoncteoM (K11)

11. Y nenbHBII Bec 4nCIa COTPYIHHKOB yIPaB-
JIEHYECKOI'0 NIEPCOHANA, YI0BJIETBOPEHHOTO
MIPU3HAHUEM CBOETO TPY/ia PyKOBOJCTBOM, B

00II1eM KOJIHYECTBE COTPYIHHKOB YIIPaBICHIe-

CKOro TepcoHaJia

12. YpoBeHb yIOBIETBOPCHHOCTH
COTPYAHHKOB YIIPABICHYECKOTO TIep-
COHaJIa OOIIECTBEHHBIM IIPU3HAHUEM

ux nmuuHoctu (K12)

12. Y ienbHbIH BeC YyUciIa COTPYAHUKOB YIIpaB-
JIEHYECKOT0 IIePCOHANA, YIOBICTBOPEHHBIX 00-
IIECTBEHHBIM IIPU3HAHUEM CBOETO TPY/a, B 00-
1eM 00beMe COTPYIHUKOB YIIPaBICHYECKOTO
mepcoHana

13. Koo puimeHT KonnuecTBEHHOrO
KOHTPOJIS, CBA3aHHOTO C YIIPaBJICHH-
em (K13)

13. o151 KOHTPOJIMPYEMBIX PEIIECHUH 110 yIpaB-
JICHUIO, TOJUICXKAIINX KOIMYECTBEHHO! OICHKE, B
obmieM 00beMe pelIeHH il 0 YIIPaBICHHIO

14. Koo puuueHT ka4ecTBeHHOro
KOHTPOJISI, CBSI3aHHOTO C yIIPABIICHHU-
em (K14)

14. lonst KOHTPOJIMPYEMBIX PEIIEHUH 110 yIpaB-
JICHHIO, OUIEKAIINX KaueCTBEHHOH OLICHKE, B
obmieM 00beMe pelIeHH il [0 YIIPaBICHHIO

15. YpoBeHb CaMOKOHTPOIS IIEPCOHA-
na, cBsi3aHHOTO ¢ yrpasieHueM (K15)

15. Y nenbHbIN BeC pelIeHUH 110 yIIPaBIEHHUIO,
peaNn30BaHHBIX B paMKaX CAMOKOHTPOJIA, B
o61eM o0beMe PEeLICHHUH, TPEAIONIAraloImX

CaMOKOHTPOJIb

Jlyist yueta HOBBIX KOHOMHYECKUX TEHICHIMH PEKOMEH/IYeTCsl CHCTe-
MaTHYECKH YTOUHITh MOJIEIb HA OCHOBE MOHHTOPHHIa (HaKTHYECKH IIOITy-
YCHHBIX MMOKA3aTeNei U MepeMEHHBIX, TOOABISAS UX U 3aMEHSS UMU JIaH-
HBIC OIIEPATUBHBIC 0a3bl, HA OCHOBE KOTOPBIX CTPOUTCS MOJICIb.

CHCTEeMHOE MOJICTHPOBAHUE YIIPABJICHUS B CBOCH OCHOBE MPE/IIONIAracT
MOCTPOCHUE MOJICIM OICHKH YPOBHS B3aMMOCBSI3M (yHKIMA u wHDpa-
CTPYKTYPHBIX KOMIIOHCHTOB YIIPABJICHUS U MO3BOJISCT MPOBECTH ETAIHLHOE
U TOYHOC (HA OCHOBE MAaTEMAaTHYCCKUX PACUCTOB) HCCICIOBAHUE YPOBHS
peanu3yeMbix (YHKIMN yIpaBiICHUs, BbISBUTh HAIWYHUE HEJOCTATKOB HJIH
pe3epBOB B HH(DPACTPYKTYPHBIX KOMIOHEHTAX; C JPYrOd CTOPOHBI — MO3BO-
JSIET OIPENeNIuTh, €CTh JIM 3aBHCUMOCTh MEXIY YPOBHEM pealh3alliu
GyHKIME 1 00eCHEeYNBAIOIINX UX KOMIIOHEHTOB M CJCAYeT JH YYUTHIBATH
NpU MPOBECHUU aHaIKM3a BIUSHHUE WHPPACTPYKTYPHBIX KOMIOHEHTOB Ha
YPOBEHb peanun3anuu QpyHKIui yrnpaBiaeHus.

OnTHMaNbHBIA YPOBCHb peaiu3yeMbIX (YHKIWN yIpaBICHHUS HA MPE-
MPUATUSAX CPEephbl YCIYr MBI pacCMaTPUBAEM KaK CYMMHPYIOUIMHA MOKa3a-
TENb YPOBHEH 00ECIICUYMBAIONINX KOMIIOHCHTOB, COCTaBISIOIIUX HH(ppa-
CTPYKTYpPY MpoIlecca yIpaBlICHUs, CICIOBATEIbHO, U (DYHKIMIA ynpasie-
Hus. JleTanmu3upoBaHHOE BBIPAKCHHE 3aBUCHMOCTH IPEICTABHM B BUJIC
(hopmyITBl
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y = (K1, K2, ..., Kn), (15.1)

rae K1, K2, ..., Kn — unTerpanbHbic 3HAYCHUST KOMITOHEHTOB.

[TocTpoeHue Mozenn OLEHKH YPOBHSI B3aUMOCBSI3M (QYHKIMH M UH(Dpa-
CTPYKTYPHBIX KOMIIOHEHTOB YIpPAaBJICHUS TPeOYeT OonpeneNeHHs KoJude-
CTBEHHBIX 3HAUYEHWH yPOBHS OOECHEUYMBAIOIIMX KOMIIOHEHTOB Mpolecca
peammzanuu GyHKIUH ynpasineHus. OmnpeneieHHe NaHHBIX IOKa3aTeNeH
OCHOBAaHO Ha pacyeTe WHTETPAIBHBIX KOA((UIINEHTOB HHPPACTPYKTYPHBIX
KOMITOHCHTOB.

Heo6xoanMo OTMETHTH, YTO MPOBOJAWTH MOHUTOPHHT HA OCHOBE MOJCE-
JMPOBAHMS OLEHKH CIEIyeT KaKObIM KBapTal B TEUEHHE ToJla C IIEJIbI0
OCYIIECTBJICHHS] CBOEBPEMEHHBIX KOPPEKTUPYIOLIMX MEPONPUSTHII TIpoLec-
ca ynpasienus. [Ipu Manom yucie HaOOAEHUH, UCTIONB3YEMBIX JUIS TIPO-
Be/ICHHs KOPPEJSILIMOHHOTO aHalln3a, JOCTOBEPHOCTh BBIBOJIOB PE3KO CHH-
KaeTesl.

Jlns oneHKH ypoBHS peanusanuu GYHKIMNA YIPaBICHHS CICAYET pac-
CUNTHIBATh MHTETPAJbHBIC 3HAUYEHHS KO3((HUINCHTOB, XapaKTEPHU3YIOIINX
COCTOSTHHE KaKAOW (YHKIMH YNpPaBIECHUA B OTACIBHOCTH. [IpuMmeps! ko-
3¢ UIIEHTOB TIpeCcTaBICHEI B Ta0M. 15.1.

VYpoBenb peanmmzanuu (QyHKOWI yrnpaBieHUs, pacCUMTaHHBINA IKCIEPT-
HBIM IIyTE€M IO TpyMNIaM IoKa3aTelieil BHyTpH OJIOKOB C HCIIOJIb30BaHHEM
BECOBBIX K03()(IMIIMEHTOB, XapaKTepu3yeTcss KaKk CYMMAapHBI ypOBEHb HC-
MOJIb30BAHUS MOTEHIMANIA COCTABISIONIMX €ro KOMIOHEHTOB. [Ipu stom
HEOOXOJMMBIM YCIIOBUEM OCYIIECTBIICHHUS IIOCIEIOBATEIbHBIX PaCYETHBIX
orneparyii Npyu NOCTPOSHUH MOJICIIH SIBISIETCSI TIPEIBAPUTEIIBHOE OTpeese-
HUEC HAJIMYUA UIIU OTCYTCTBUA TpCHAA B AMHAMHUYCCKOM PAAYy MapaMeTpoOB,
XapaKTepU3yIOIINX YPOBCHb pean3anuy (YHKIUH yIpaBIeHUS B KaXKIOM
n3 0003Ha4YeHHbIX nepuo/ioB. CienoBaTenbHO, MO JaHHOW METOJHKE ciie-
JYIOIIAM 3TarioM B IOCTPOEGHHHM MOJENHM OLCHKH YPOBHSI B3aUMOCBS3H
GyHKIMHA W WHPPACTPYKTYPHBIX KOMIIOHEHTOB YIIPaBJICHHs, Ha Hall
B3N, Oy/AeT OompejeNeHWe HalW4usl TPeHAa W XapakTepa 3aBHCUMOCTH
MEXAY M3y49aeMbIMU MOKa3aTesIMU. BhIsBICHNE TEHACHIIMN OCHOBBIBACTCS
Ha UCIIOJIb30BaHUH METOJIa CPETHUX YPOBHEI.

Pa3paboTka MO/enN OICHKH YPOBHS B3aUMOCBSI3HM (YHKIWH W mH(Dpa-
CTPYKTYPHBIX KOMIIOHCHTOB YIPaBJICHUS TPEOyET ONPEACICHNUS BUIA 3aBH-
CHMOCTH MEXJy yPOBHEM peanu3aluu (yHKIWH B yIpPaBICHUH U COCTOS-
HHEM O00EecCTedYMBalOmnX KOMIOHEHTOB. /Iyl BbIOOpa BHAa 3aBHCHMOCTH
BOCIIOJIb3YEMCSI CIEAYIOIINME METOIaMH BbIOOpa (hopMBI KPHBOIL:

- BU3YallbHBIM (Ha OCHOBE Ipa)UuecKOoro OTOOpa’keHHs TaHHOW 3aBH-
CUMOCTH);
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- METOJIOM XapaKTEPHUCTHK MPUPOCTOB HUCCIEAYEMOTO TIOKa3aTes.

MeTtoa XapaKTepUCTHK NPHUPOCTOB IMOKa3aTeNneil ypoBHsS peanu3yeMoil
(YHKIMY B YIPaBJICHUH MPEATIOaraeT pacyeT UX abCOIOTHBIX ITPUPOCTOB.

OmnpeneneHue Xxapakrepa 3aBUCUMOCTH SIBJISIETCS. BTOPBIM ATAIllOM B I10-
WCKE MPUYMHHBIX CBs3ei Mexay siBieHusMHu. Ha ero ocHoBe cTposT dak-
TOPHYIO PErPECCHOHHYIO MOZEJb OLCHKH YPOBHS B3aUMOCBSI3U (DYHKIMH H
nH(PaCTPyKTYpHBIX KOMIIOHEHTOB YIpaBieHUs. PerpeccHOHHYI0 MOJENb
MIPEACTABHUM B BHJIE CIEIYIOIIEr0 YPaBHECHHS.

y=a,+aX +aX, +...+a,X, +t, (15.2)

rae Xp, Xy, ..., X, — MHTErpanbHble KOI(GQUIMEHTH 00€CeunBaIOIIUX KOM-

n
MIOHEHTOB Tpoliecca peaan3auuy QyHKIni ynpaBieHus,
ONpE/IeTICHHBIX HA OCHOBE DKOHOMETPUUYECKUX JaHHBIX;

t — BkiIrOyaeT B ce0s Bce HEYUYTEHHbIE (DaKTOPhI, MEHSIONINE CBOE 3HA-

YeHUe OT NepPHOoAa K NepUOY;

a,, &, ,, ..., &, — IapaMeTpbl.

[TapameTpsl MOJIENTM OLIGHKN YPOBHs B3aMMOCBsI3U (GYHKIMHA 1 UH(Dpa-
CTPYKTYPHBIX KOMIIOHEHTOB YNPaBJICHUS ONpPEIENA0T METOJJOM HauMEHb-
IIMX KBAIPATOB.

Jlyist OLleHKN poJM BIUSTHUS MH(QPACTPYKTYPHBIX KOMIIOHEHTOB Ha YpO-
BEHb PeaNu3yeMbIX (YHKIMH YIpaBlICHUS, a TAKXKE ONpPEAEICHH TECHOTHI
CBSI3U MEXAY AaHHBIMHM KaTErOpHsIMH LeJIECOO0pa3HO BOCIOIb30BATHCS
METOJIOM Pa3JI0KEHNS H3MEHIYMBOCTH 110 (DaKTOpam.

AHanu3 ypoBHsI pETPECCHHU MO3BOJINT HAM OLCHUTH POJIb HCCIEAYEMOTO
(akTopHOTO TpH3HAKa B (OPMUPOBAHUM pe3yIabTaTHBHOTrO. [y 3TOTO
OTIPENETISIIOT 100 (hakTopa B 0OImIeil H3MEHYNBOCTH Pe3yIbTaTHBHOTO I10-

Ka3aTels 4epe3 BhIUACIeHHe o0weil qucnepeun 62, :

2 Y. 2
(¢} = — , 15.3
o0t Z n YClZ) ( )

rie Z:Yi2 — cyMMa KBaJpaToB (paKTHUECKHX 3HAUEHHH YPOBHS peanu3ye-

MBIX (DYHKIUH yIpaBICHUS;
2 v
Y, — CpelHee 3HAYEHHE I0Ka3aTess ypOBHA peanusyembix (yHKuUui

yIpaBJICHUS;
N — 4KCII0 HAOJIFOAEHNHA.
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Bce BblmenpuBeCHHBIE CTATHCTHYECKHE B3aMMOCBS3M ITO3BOJISIOT
ONpPEAEIUTh JOCTOBEPHOCTh OLIEHOK UCIOJIBb3YEMbIX MOKa3aTeaeH.

Takum 06pa3om, NpescTaBIeHHAs SKOHOMUKO-MaTeMaTHYeCcKas MOJIEIb
OLIEHKH CTEIICHU B3aUMOCBSI3M (DYHKIMH M HHPPACTPYKTYPHBIX KOMIIOHEH-
TOB YIPaBJIEHUS COCTABISIET OCHOBY CHCTEMHOTO MOJEIUPOBAHUS YIIPaB-
JICHUS U IMO3BOJISET KOJMYECTBEHHO ONPEAETHTh YPOBEHb pealu3aliu OT-
JeTbHON (DYHKLIMH YIPaBICHHUS, a TAK)KE OLICHUTh CTEIIEHb MOJI0XKUTEIbHO-
IO ¥ HETaTUBHOTO BIMSHUS MH(PACTPYKTYpPHBIX KOMIIOHCHTOB YIPaBICHUS
Ha YpOBEHb peann3aliu uccieayemoil GpyHkuid. Mcmonp3oBanue mpemio-
KEHHOH MOJENH NPH MPOBEJCHUN KOMIUIEKCHON OLIEHKH YNpPaBICHUS M03-
BOJISIET ITOJTAITHO MCCIIEA0BATh MPOIECC YIPABICHHS, MAaKCUMAJILHO TOUYHO
OLIEHWBATh ypPOBEHb pealn3alvu (yHKUWI ynpaBIeHUs, CBOCBPEMEHHO
BBIABJIATH OTKJIOHCHUA M HCAOCTATKU B MPOLECCE YIIPABJICHUA, TTO3BOJIACT
OIPEJEIUTh HEOOXOAUMBIE KOPPEKTHUPYIOLIHE MEpPONpPHUSATHSI U OCHOBHBIE
HaTpaBJIeHUS COBEPIICHCTBOBAHMUS Ipoliecca yIpaBIeHuUs.
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	8. МЕТОДЫ И МОДЕЛИ МАССОВОГО ОБСЛУЖИВАНИЯ
	8.1. Общие сведения
	Теория массового обслуживания изучает процессы, в которых, с одной стороны, постоянно возникают запросы на выполнение каких-либо работ, а с другой – происходит постоянное удовлетворение этих запросов. Совокупность обслуживающей и обслуживаемой систем ...
	Время обслуживания – это период, в течение которого удовлетворяется требование на обслуживание (время от начала обслуживания до его завершения). Период от момента поступления требования в систему и до начала обслуживания – это время ожидания обслужива...
	Максимальное число требований, которые могут обслуживаться одновременно, определяет пропускную способность системы обслуживания. Если она равна единице – это однолинейная СМО, больше единицы – многолинейная. Поток требований, поступающих на систему об...
	Таким образом, предметом теории массового обслуживания является построение математических моделей, связывающих заданные условия работы системы (число каналов, их производительность, характер потока заявок) с показателями эффективности обслуживания.
	Изучение очередей в СМО позволяет определить критерии функционирования обслуживающей системы, среди которых наиболее значимыми являются среднее время ожидания в очереди и средняя длина очереди. Данные показатели используются затем для выбора надлежаще...
	Можно построить множество моделей систем массового обслуживания, варьируя различными операционными характеристиками.
	По числу каналов обслуживания СМО делятся:
	а) на одноканальные;
	б) многоканальные.
	Одним из классификационных признаков является поведение требования, поступившего на вход системы, когда все каналы заняты. В соответствии с этим СМО бывают:
	а) системы с отказами (потерями);
	б) системы с ожиданием (очередью).
	В СМО с отказами требования, поступающие в момент, когда все каналы обслуживания заняты, получают отказ, покидают систему необслуженными и теряются. Среди систем с ожиданием различают чистые и смешанные (с ограничением). СМО с ожиданием называется чис...
	Смешанные СМО могут быть следующих видов:
	а) с ограниченной длиной очереди (т. е. допускающие очередь, но с ограниченным числом требований в ней);
	б) с ограниченным временем ожидания (т. е. допускающие очередь, но с ограниченным сроком пребывания каждого требования в ней);
	в) с ограничением на общее время пребывания требований в них;
	г) с ограничением на длину очереди и время пребывания в очереди (здесь требование покидает систему, если оно застало все каналы занятыми и очередь максимально допустимой длины, а также, если оно постояло в очереди в среднем дольше некоторой величины);
	д) с ограничением на длину очереди и время пребывания требований в системе.
	Следующим признаком классификации систем массового обслуживания является организация потока требований (или количество источников требований). В этом случае СМО бывают:
	а) разомкнутые (когда источник требования находится вне системы). По-другому их называют с неограниченным входящим потоком или с неограниченным числом источников требований.
	б) замкнутые (когда источник находится в самой системе). Их еще называют системами с ограниченным потоком требований или с ограниченным числом источников требований.
	Следующим признаком классификации является дисциплина обслуживания, т. е. правило отбора требований, поступающих в каналы обслуживания. Другими словами, это способ занятия канала обслуживания или способ выбора требования из очереди. По этому признаку ...
	Системы массового обслуживания без приоритета могут быть:
	а) с упорядоченным обслуживанием. Наиболее распространенным является выбор требований в порядке их поступления в очередь: «первым пришел – первым обслуживаешься», т. е. FIFO – от английского first in, first out. Иногда требования поступают в каналы об...
	б) с неупорядоченным обслуживанием. В такой системе действует случайный выбор требований на обслуживание.
	Системы массового обслуживания с приоритетом бывают:
	а) с абсолютным приоритетом (обслуживание одного требования может прерваться при поступлении другого, обладающего преимуществами в обслуживании);
	б) с относительным приоритетом (начавшееся обслуживание не может быть прервано до его окончания).
	На основе моделей массового обслуживания можно разрабатывать экономические рекомендации по реорганизации СМО для повышения эффективности их работы, а также определять оптимальные показатели вновь создаваемых систем массового обслуживания.
	8.2. Модели массового обслуживания в принятии решений
	В системе массового обслуживания различают два потока – поток заявок и поток обслуживания – со следующими характеристиками:
	( – интенсивность входящего потока, т. е. среднее число требований, поступающих в систему в единицу времени. Данный параметр определяет скорость, с которой приходят заявки;
	( – интенсивность обслуживания заявок одним каналом при непрерывной его работе.
	В настоящее время теоретически наиболее разработаны и удобны в практических приложениях методы решения таких СМО, процесс функционирования которых является марковским. Речь идет о том, что все потоки событий, переводящие систему из состояния в состоян...
	- ординарность. Практически это означает невозможность одновременного поступления двух и более требований, т. е. требования поступают в СМО независимо друг от друга;
	- стационарность. Суть этого свойства состоит в том, что вероятностные характеристики стационарного потока требований не изменяются со временем;
	- отсутствие последействия, которое соответствует тому, что появление в потоке очередного события не зависит от того, когда появлялись в нем предшествующие события.
	Математически доказано, что простейший поток требований с известным параметром ( описывается законом Пуассона:  , где – вероятность того, что на произвольно выбранном участке времени продолжительностью t поступит ровно k требований.
	На рис. 8.1 схематически представлена специализированная система обслуживания пуассоновского типа, в которой параллельно функционируют несколько идентичных средств обслуживания.
	На рис. 8.1 видно, что ожидающее требование выбирается из очереди для обслуживания на первом свободном канале. Число требований, находящихся в системе обслуживания, включает те, которые уже обслуживаются, и те, что находятся в очереди.
	Важнейшей характеристикой, определяющей пропускную способность СМО, является время обслуживания, которое, как правило, случайная величина. Наибольшее распространение в теории принятия решений получил экспоненциальный закон распределения времени обслуж...
	Система обслуживания
	Очередь  Средства
	обслуживания
	Входной
	поток с
	интенсив-
	ностью (
	Рис. 8.1. Схема многоканальной СМО
	При этом интенсивность обслуживания ( является величиной, обратной среднему времени обслуживания :
	Для оценки эффективности обслуживания в зависимости от условий задачи и намеченных целей используются различные показатели:
	- среднее количество требований, которое может обслужить СМО в единицу времени;
	- вероятность того, что все каналы свободны или заняты;
	- средняя длина очереди и среднее время ожидания;
	- коэффициенты загрузки и простоя каналов обслуживания;
	- вероятность иметь в очереди в данный момент не более определенного числа требований и др.
	При определении оптимальных параметров СМО в качестве выбранного критерия эффективности могут быть: количество каналов обслуживания, приоритет в обслуживании заявок и т. д. Часто применяется и стоимостной критерий, отражающий величину издержек, связан...
	Анализ характеристик работы СМО различного вида может быть проведен на основе расчета вероятностей состояний системы массового обслуживания.
	8.3. Задачи СМО с отказами (потерями)
	Системы массового обслуживания с отказами или потерями распространены достаточно широко. Особенностью их функционирования является то, что всякое требование, поступившее в систему в некоторый момент времени, либо сразу обслуживается, либо теряется, ес...
	Рассмотрим пример. Информационная служба торгового предприятия дает справки по телефонной линии о наличии фруктов, поступивших из Молдовы. В среднем за 1 мин происходят 3 запроса, а средняя продолжительность одного разговора составляет 0,25 мин. Требу...
	Математической моделью телефонной линии торгового предприятия является одноканальная СМО с отказами. Параметры данной системы следующие:
	интенсивность входящего потока ( = 3; среднее время обслуживания  = 0,25; интенсивность потока обслуживания  Найдем вероятность отказа запроса по формуле
	или 42,9 %.
	Значит, в установившемся предельном режиме из каждых 100 запросов в среднем 43 получают отказ. Вероятность того, что канал свободен, составляет 0,57, а вероятность того, что канал занят, – 0,43. Это связано с тем, что интенсивность входящего потока ме...
	Далее найдем:
	- относительная пропускная способность СМО
	- абсолютная пропускная способность СМО
	Из расчета следует, что случайный характер поступления телефонных звонков и случайный характер длительности разговоров привели к такой ситуации, что абсолютная пропускная способность (1,713 разговора в 1 мин) почти в 2,3 раза меньше производительности...
	Рассмотрим следующий пример. Одна из консультационных фирм предлагает частным предпринимателям свои услуги по правильному ведению экспортно-импортных операций. В фирме постоянно работают 4 консультанта. При этом соблюдается следующее условие: если пре...
	Математической моделью консультационной фирмы является многоканальная СМО с отказами. Приведем исходные данные задачи к единой системной единице времени (здесь возьмем 1 ч) и рассмотрим параметры имеющейся модели:
	- общее число каналов обслуживания
	- интенсивность входящего потока ( = 6 чел.-ч;
	- среднее время обслуживания  мин, или 0,33 ч;
	- интенсивность потока обслуживания  чел.-ч;
	- интенсивность нагрузки системы требования  (среднее число заявок, приходящееся на среднее время обслуживания одной заявки);
	- количество занятых каналов k.
	Получим выражения для вероятностей любых состояний системы, связывая их с количеством требований k (числом занятых каналов). Поскольку система с потерями, то k ( , а число всех возможных состояний равно . Предельные вероятности состояний системы (форм...
	Используя их, получим значения для вычисления характеристик эффективности СМО с потерями.
	Итак, вероятность отсутствия требований в системе
	Это означает, что в среднем 14,3 % всего времени работы все 4 консультанта одновременно будут свободны.
	Далее определим вероятность отказа:
	Вероятность того, что клиент получил отказ, равна вероятности того, что все четыре консультанта фирмы заняты. Данная величина показывает, что из каждых 100 посетителей 9,5 получат отказ (т. е. 9,5 % потенциальных клиентов уходят из-за ограниченного ко...
	Относительная пропускная способность системы (или вероятность обслуживания требования) равна:
	т. е. из 100 обращающихся предпринимателей 90 будут обслужены.
	Среднее число занятых каналов находим по формуле
	Итак, т. е. в среднем каждый консультант будет занят 45,3 % рабочего времени;  = 1 – 0,453 = 0,547;
	8.4. Одноканальная СМО с очередью (ожиданием)
	Постановка задачи сводится к тому, что в канал обслуживания поступает простейший поток требований с определенной интенсивностью. Если в момент поступления требования средство обслуживания свободно, начинается обслуживание. Если же канал занят, то внов...
	Рассмотрим пример. Молочный комбинат открыл несколько торговых точек для продажи конечных продуктов собственного изготовления. Введенный в эксплуатацию магазин «Буренка» (в соседнем региональном центре) имеет один кассовый аппарат. Установлено, что в ...
	Математической моделью рассматриваемой задачи является одноканальная СМО с ожиданием (очередью). Найдем следующие параметры:
	- интенсивность обслуживания
	- интенсивность нагрузки системы
	В случае одноканальной системы условие, при котором очередь не возрастает бесконечно, имеет вид  или , т. е., чтобы очередь не росла бесконечно, необходимо, чтобы интенсивность обслуживания была выше интенсивности входящего потока.
	Рассчитаем характеристики эффективности СМО при неограниченном входящем потоке:
	- вероятность того, что обслуживающий канал свободен составляет
	Этот показатель определяет коэффициент простоя кассового аппарата, т. е. в среднем 80 % времени продавец не занят обслуживанием покупателей;
	- среднее число требований, находящихся в системе,   покупателей продуктов (в очереди и на обслуживании);
	- среднее число требований, находящихся в очереди  или  покупателей в очереди за покупками (средняя длина очереди);
	- среднее время пребывания требования в очереди (или время ожидания обслуживания)  мин в среднем покупатель находится в очереди;
	- среднее время пребывания требования в системе  или   мин покупатель находится в данной СМО.
	Таким образом, в данной системе массового обслуживания наблюдается незначительное время ожидания в очереди. Однако руководство магазина установило, что в ближайшем будущем в районе расположения торговой точки будет сдан в эксплуатацию жилой дом, что м...
	Зная, что  мин, то подставим данные в формулу   так как  Получим  Следовательно, интенсивность входного потока покупателей должна быть равна  человека в 1 мин, чтобы среднее время ожидания достигло 5 мин. Если средняя скорость входящего потока превыси...
	9. МОДЕЛИ УПРАВЛЕНИЯ ЗАПАСАМИ
	9.1. Общие сведения
	Существует ряд обстоятельств, по которым запасы как неизбежные издержки создаются в минимальном количестве:
	- из-за сокращения затрат на их содержание;
	- из-за упущенного дохода, который мог бы быть получен при вложении «омертвленных» в запасе финансовых средств в развитие объекта.
	В самом деле, затраты на хранение слишком больших запасов могут свести к минимуму доходность, так как для их финансирования из оборота отвлекаются денежные ресурсы. Размер этих затрат, связанных с «омертвлением» капитала, предположительно равен средне...
	В то же время поддержание запасов на слишком низком уровне ведет к проблемам срыва производства, а также выполнения заказов покупателей и клиентов.
	Следовательно, важно найти наилучшее соотношение между следующими требованиями: а) с одной стороны, минимизация общих издержек, связанных с доставкой и хранением запасов; б) с другой стороны, надежное обеспечение спроса на хранимый запас. Поэтому в об...
	Совокупность правил, по которым принимаются эти решения, и есть стратегия управления запасами, оптимизация которой основана на использовании различных математических моделей. Их составление предполагает наличие такой информации:
	- о затратах системы управления запасами;
	- о характере спроса;
	- о порядке пополнения запаса;
	- о критерии оптимизации.
	Существуют четыре основных вида затрат, которые оказывают влияние на выбор решения по управлению запасами:
	1) на приобретение;
	2) на оформление заказа;
	3) на хранение запасов;
	4) вследствие дефицита (нехватки запасов).
	Затраты на оформление заказа (накладные расходы) представляют собой постоянные издержки на подготовку одного заказа. Считается, что они не зависят от объема заказа и связаны с расходами по содержанию персонала, занимающегося определением потребности, ...
	Затраты на хранение запасов обычно представляют собой расходы по содержанию складских помещений. К ним относятся: оплата обслуживающего персонала; аренда, амортизация и содержание зданий, сооружений, оборудования; расходы на отопление, освещение, вент...
	Затраты вследствие дефицита – это расходы, обусловленные отсутствием запаса необходимой продукции (возможно из-за несвоевременных поставок). Они включают как потенциальные потери прибыли, так и более субъективную стоимость, связанную с утратой доверия...
	Важным фактором, определяющим формулировку и решение задачи управления запасами, является потребность в материальных ресурсах, или характер спроса. Под спросом понимается совокупность требований на товары. Он может быть детерминированным (достоверно и...
	Среди разновидностей детерминированных моделей различают: а) статические (объем спроса на хранимую продукцию или запас является постоянным во времени); б) динамические (объем спроса является функцией времени). Кроме того, исходя из характера потребнос...
	Особое внимание при решении данного класса задач уделяется порядку пополнения запасов (или сроку выполнения заказа). Речь идет об интервале времени между моментом размещения заказа и его поставкой. Изучаемый процесс  осуществляется по разным вариантам...
	Критерий оптимальности является интегрирующим показателем для оптимизации любой системы управления запасами. Поэтому в качестве целевой функции в математических моделях чаще всего используют минимум суммарных затрат, связанных с заготовкой и содержани...
	9.2. Модель оптимального размера заказа
	г) неизменность цены приобретения, т. е. расходы на приобретение единицы товара постоянны, обозначим их P;
	д) дефицит недопустим. Товар должен быть всегда в наличии и потребности покупателей немедленно удовлетворяются.
	Исходя из описанных предпосылок, графически представим изменение уровня запасов I конкретного товара (рис. 9.1).
	На графике показано, что уровень запаса снижается с постоянной скоростью от Q до 0. Когда он достигает нулевой отметки, мгновенно происходит поступление новой партии товара и уровень запасов немедленно восстанавливается до величины Q. Далее уровень за...
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	Рис. 9.1. Динамика изменения запасов во времени
	Рассмотрим пример. Строительная фирма получила заказ на возведение ряда объектов в агропромышленной сфере. Исходя из объема предстоящих работ потребность в цементе составит 4000 ц в год (( = 4000). Затраты на оформление одной партии цемента равны 80 у...
	Решение задачи связано с построением модели, где описываются общие затраты в системе управления запасами. Они складываются из стоимости на приобретение товара, расходов на организацию заказа и хранение запасов. С точки зрения анализа основной модели у...
	Ежегодная стоимость оформления заказа зависит от затрат на оформление одной партии (K) и числа (n) поставок или заказов за анализируемый период  Ежегодная стоимость хранения запасов определяется затратами на хранение единицы продукции в год (S) и сред...
	Таким образом, для того, чтобы определить оптимальный размер заказа, необходимо только сравнить затраты, связанные с организацией и хранением заказа.
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	Рис. 9.2. Издержки запасов в зависимости от размера заказа
	На графике, представленном на рис. 9.2, видно, как изменяются издержки в зависимости от размера заказа: 1) расходы на хранение прямо пропорциональны величине партии поставки (размеру заказа); 2) расходы на организацию обратно пропорциональны величине ...
	Значение оптимального размера заказа, которое определялось с помощью графического метода, можно рассчитать и по математической формуле. Стандартный метод дифференциального исчисления позволяет определять искомую величину из ранее приведенной целевой ф...
	Отсюда оптимальный размер партии заказа равен
	Так как  (достаточный признак экстремума) для всех  то значение  доставляет функции абсолютный минимум.
	Для нашей задачи:  Полученный результат говорит о том, что для минимизации затрат размер заказа должен составить 400 ц цемента. Оптимальный интервал между поставками должен быть равен  (в задаче  года). Учитывая, что в году 365 дней, время между заказ...
	Оптимальное число поставок: Для задачи  это говорит о том, что периодичность поставок цемента должна быть равна 10 раз в год.
	При этом минимальный размер суммарных затрат при оптимальных параметрах системы управления однономенклатурными запасами составит:
	В рассматриваемом примере , или
	Любое отклонение объема поставки цемента от оптимальной величины ведет к увеличению затрат. Например, при действующей системе фактическая поставка партии цемента строительной фирме составляла 100 ц (Q = 100). Значит, годовые затраты по формированию по...
	Кроме того, нужно иногда учитывать и тот факт, что в реальной ситуации оптимальный показатель служит в качестве ориентира того, какой размер заказа наиболее экономичен. При этом окончательная партия поставки может определяться с учетом и других фактор...
	9.3. Модель с определением точки заказа
	В реальных производственных ситуациях пополнение запаса в большинстве случаев не может произойти мгновенно в момент размещения заказа, как предполагалось ранее. Для обеспечения бесперебойного снабжения следует также учитывать срок выполнения заказа L ...
	Приведенные допущения предполагают, что срок выполнения заказа L меньше продолжительности цикла заказа (оптимального интервала времени между поставками) t*, что в общем выполняется не всегда. В противном случае находят эффективный срок Le выполнения з...
	где m – наибольшее целое, не превышающее
	Стратегия управления запасами при этом формулируется следующим образом: заказывать  единиц продукции, как только уровень запаса снижается до  единиц.
	Рассмотрим пример. Завод производит сельскохозяйственную технику для поставок на рынки ближнего зарубежья. Для этих целей он имеет потребность в комплектующих изделиях в количестве 90 шт. в день. Подразделение, занимающееся коммерческими операциями, з...
	На основании приведенных данных имеем: ( = 90 шт. в день;  K = 90 у. д. е. за заказ; S = 0,02 у. д. е. за хранение одного изделия в день; L = 17 дней.
	Простейшая модель с определением точки заказа предполагает проведение определенных расчетов.
	1. Нахождение оптимального размера партии поставки по формуле Уилсона (Q*) и расчет оптимального интервала (t*).
	В данной задаче оптимальный объем заказа составит:  а соответствующая длина цикла будет равна:
	2. Расчет точки размещения заказа (r).
	В данной задаче срок выполнения заказа (L = 17 дней) превышает продолжительность цикла t* = 14 дней, поэтому необходимо вычислить Le. Число целых циклов, заключенных в L, равно:  m = (наибольшее целое () = (наибольшее целое (
	Таким образом: Le = L – mt* = 17 – 1 ( 10 = 7 дней. Поэтому точка повторного заказа имеет место при уровне запаса: Le( = 7 ( 90 = 630 изделий.
	В общем виде для нахождения точки размещения заказа используют и такую формулу:
	где – целая часть числа.
	В задаче:  = 1530 – 1 ( 900 = 630.
	Оптимальная стратегия заказа комплектующих изделий может быть сформулирована так: необходимо заказать 900 изделий, как только уровень их запаса уменьшается до 630 шт.
	3. Нахождение минимального начального запаса ().
	В данной задаче для обеспечения бездефицитной работы необходимо иметь минимальный начальный запас, величина которого = 1530.
	4. Расчет минимальных суммарных издержек системы
	В данной задаче дневные расходы, связанные с содержанием запаса в соответствии с оптимальной стратегией, равны:
	у. д. е.
	9.4. Решение задачи управления запасами со скидкой
	на количество
	В некоторых случаях цена на какой-либо товар не является постоянной и может зависеть от объема покупки (при ярмарочной торговле, международных аукционах)  или размещенного заказа. Многие поставщики предлагают определенные скидки на большие заказы, т. ...
	где
	При решении задачи и рассмотрении вопроса о том, пользоваться или нет предлагаемыми скидками, необходимо рассчитать связанные с этим дополнительные затраты и возможную экономию. Заказы на более крупные партии продукции могут:
	а) с одной стороны, повлечь за собой увеличение стоимости запасов (стоимость заказов и издержки хранения);
	б) с другой стороны, происходит своего рода компенсация затрат за счет снижения закупочной цены.
	Общие затраты в единицу времени (т. е. стоимость приобретения, издержки на подготовку заказов и расходы на хранение) рассчитываются следующим образом:
	Рассмотрим пример. Коммерческая торговая фирма имеет устойчивый спрос на 900 импортных калькуляторов в год. Стоимость покупки единицы товара составляет 8 у. д. е., а затраты на хранение единицы изделия, по оценкам экономистов, равны 15 % от средней ст...
	Имеем: ( = 900; K = 10; S = 8 ( 0,15 = 1,2; p1 = 8; p2 = 7,5; g = 300. Вычислим оптимальный размер заказа при первоначальной цене покупки товара:
	Годовые затраты при таком размере заказа складываются из стоимости приобретения, расходов на хранение и на подготовку заказов C1 (Q):
	Среднегодовые издержки работы системы можно также найти по формуле
	где i – коэффициент издержек хранения запасов: 8(900 + 0,15   123) ( ( 7348.
	Так как полученное значение  = 123 меньше, чем нижняя граница интервала предоставления первоначальной скидки (g = 300), то рассчитаем затраты при условии размещения заказов на 300 ед. товара при 6%-ной скидке на цену покупки:
	- стоимость приобретения: (p2 = 900 ( 7,5 = 6750;
	- расходы на хранение:
	- расходы на подготовку заказов:
	Общие годовые затраты будут равны 6750 + 169 + 30 = 6949. Следовательно, оптимальная стратегия управления запасами предполагает, что затраты фирмы будут минимизированы при размещении заказов в размере 300 шт. калькуляторов и получении при этом 6%-ной ...
	9.5. Модель управления запасами при вероятностном спросе
	Все рассмотренные ранее модели основывались на предположении, что спрос является постоянным. Однако некоторые системы управления запасами содержат элемент неопределенности, так как спрос изменяется во времени, т. е. его среднее значение колеблется в т...
	Для данной модели экономичного размера заказа с учетом вероятностной природы спроса введем обозначения:
	L – срок выполнения заказа; ХL – случайная величина, представляющая величину спроса на протяжении срока выполнения заказа; – средняя величина спроса на протяжении срока выполнения заказа; – среднеквадратическое отклонение величины спроса на протяжении...
	Основным предположением при построении модели является то, что величина спроса ХL на протяжении срока выполнения заказа L является распределенной случайной величиной со средним  и стандартным отклонением  При этом L должно быть равно эффективному врем...
	Вероятностное условие, которое определяет размер резервного запаса имеет вид:
	При этом важно знать, что любую нормально распределенную случайную величину можно привести к стандартному виду путем замены:
	Величина спроса на протяжении срока выполнения заказа L обычно описывается плотностью распределения вероятностей, отнесенной к единице времени. В частности, если спрос за единицу времени является нормально распределенной случайной величиной со средним...
	Рассмотрим пример. Дневной спрос на импортное пиво в фирменном магазине АПК является нормально распределенной случайной величиной с математическим ожиданием ( = 50 бутылок и среднеквадратическим отклонением ( = 5 бутылок. Стоимость хранения бутылки пи...
	Необходимо разработать оптимальную стратегию управления запасами для магазина, предполагая, что вероятность истощения запаса пива на протяжении срока выполнения заказа не превышает
	Вначале найдем оптимальный объем заказа:
	бутылок.
	Длина цикла составляет:  дней. Срок выполнения заказа равен 8 дням и превышает продолжительность цикла (6 дней), поэтому вычислим эффективное время выполнения заказа.
	= 8 – 1 ( 6 = 2 дня.
	Следовательно:
	шт.
	ед.
	По таблице нормального распределения находим (( = 0,05):
	Далее получаем ХL = 1,64 ( 7,07 + 100 = 111,59. Размер резервного запаса вычисляется так:  бутылок. Значит, оптимальная политика управления запасами магазина с объемом резерва В = 12 состоит в заказе 300 бутылок пива, как только объем запаса уменьшает...
	10.1. Общие сведения
	Планирование сложных процессов в агропромышленном комплексе приводит к большому количеству практических задач, которые можно сформулировать и решить как сетевые модели. На основе таких моделей разработано множество методов сетевого планирования и упра...
	- алгоритм нахождения минимального остовного дерева;
	- алгоритм нахождения кратчайшего пути;
	- алгоритм определения максимального потока;
	- алгоритм минимизации стоимости потока в сети с ограниченной пропускной способностью;
	- алгоритм нахождения критического пути.
	Мы рассмотрим наиболее известные методы СПУ: метод критического пути (сокращенно СРМ) и метод оценки и обзора программы (сокращенно PERT). Диапазон их применения весьма широк: от задач, касающихся деятельности отдельных лиц, до проектов, в которых уча...
	- расчленение проекта на ряд отдельных работ (процессов, операций), их отношения предшествования, а также оценка продолжительности выполнения каждой работы;
	- составление сетевого графика проекта;
	- сетевой анализ для возможного пересмотра плана выполнения работ с целью его оптимизации.
	Таким образом, в сетевой модели происходит моделирование совокупности взаимосвязанных работ и событий, отображающих процесс достижения определенной цели. Ее основные понятия: работа, событие, путь.
	Работа – это выполнение некоторого мероприятия (например, определенной технологической, транспортной или складской операции). К их числу относятся следующие виды:
	- действительная работа (связана с затратами времени и расходом ресурсов, например, сборка изделия);
	- ожидание (процесс, не требующий затрат труда, например, сушка изделия после покраски);
	- фиктивная работа (не требует времени и ресурсов, а лишь указывает на то, что возможность одной работы непосредственно зависит от результатов другой).
	При графическом представлении работа изображается стрелкой, которая соединяет два события. Она обозначается парой заключенных в скобки чисел (i, j), где i – номер события, из которого работа выходит, а j – номер события, в которое она входит. Каждая р...
	Событиями называются начальные и конечные точки работы (например, начало или окончание производственной операции). Они не имеют протяженности во времени, обозначаются одним числом и при графическом представлении изображаются кружком. Обычно выделяют и...
	Сетевая модель обладает следующими основными свойствами:
	- ни одно событие не может происходить до тех пор, пока не будут закончены все входящие в него работы;
	- ни одна работа, выходящая из данного события, не может начаться до тех пор, пока не произойдет данное событие;
	- ни одна последующая работа не может начаться раньше, чем будут закончены все предшествующие ей работы.
	Путь – это цепочка следующих друг за другом работ. Особое внимание уделяется полному пути, т. е. любой непрерывной технологической последовательности работ от исходного события до завершающего. В сетевой модели их может быть несколько. Длиной пути явл...
	10.2. Сетевой график проекта
	Сетевую модель в графическом изображении называют сетевым графиком. Чтобы составить сетевой график, необходимо иметь следующую информацию:
	а) перечень требуемых мероприятий;
	б) взаимозависимость мероприятий, т. е. их очередность;
	в) продолжительность каждого мероприятия, требуемого в соответствии с проектом.
	Рассмотрим пример. Освоение рынков стран Ближнего Востока показало, что завод автосельхозмаша должен заняться изготовлением нового вида продукции для его экспортных поставок. Для выполнения данного проекта будут задействованы два филиала предприятия, ...
	После соединения узлов часть из них транспортируется в первый филиал, где производится завершение операции. Второй филиал в это время выполняет завершение своей работы. По окончании работ все узлы сельскохозяйственного изделия доставляются к месту сбо...
	Т а б л и ц а 10.1. Продолжительность работ при реализации проекта
	по выпуску нового вида продукции
	Сетевой график, составленный по этим мероприятиям, показан на рис. 10.1.
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	Рис. 10.1. Сетевой график выпуска нового вида продукции
	На нем работы, обозначенные стрелками, имеют буквенное обозначение, причем указана продолжительность каждого мероприятия. Исходным событием является 1, ставя это число в левую часть графика (в кружок), а последнее событие 8 ставим в крайний правый кру...
	Рассмотрим различные полные пути данного графика, где начало совпадает с исходным событием сети, а конец – с завершающим. В этом проекте их 5 (табл. 10.2).
	Т а б л и ц а 10.2. Полные пути сетевого графика
	Можно убедиться в том, что путь L(4) имеет наибольшую продолжительность, поэтому и является критическим (L(4) = Lкр), а на графике он обозначается жирной линией. Его продолжительность составляет 54 ч, т. е. для проведения комплекса работ по выполнению...
	10.3. Метод критического пути
	Анализ методом критического пути заключается в определении того маршрута в сетевом графике, который особым образом влияет на общую продолжительность. Работы критического пути не имеют гибкости, если проект должен закончиться в срок. Значит, чтобы заве...
	При анализе сетевого графика рассмотрим такие временные параметры (табл. 10.3), как сроки свершений и резервы событий, а также сроки выполнения работ и их резервы времени.
	Изучим содержание и расчет указанных параметров. Как уже отмечалось, событие не может наступить прежде, чем свершатся все предшествующие ему события и не будут выполнены все предшествующие работы.
	Т а б л и ц а 10.3. Временные параметры сетевого графика
	Ранний срок исходного события равен нулю: tp(1) = 0. Ранний срок свершения последующего события определяется как сумма раннего срока свершения предыдущего события и продолжительности работы:
	(10.1)
	Если какому-то событию j предшествует свершение нескольких событий i, то ранний срок свершения события j находят по формуле
	(10.2)
	Следовательно, при определении ранних сроков свершения событий следует двигаться по сетевому графику слева направо и использовать формулы (10.1) и (10.2).
	Итак,  для i = 1 tp(1) = 0. Для i = 2 tp(2) = tp(1) + t(1,2) = 0 + 5 = 5 (так как для события 2 существует только одно событие). Для i = 3 tp(3) = = tp(2) + t(2, 3) = 5 + 9 = 14.  Для i = 4 tp(4) = tp(2) + t(2, 4) = 5 + 5 = 10.
	Так как для события 5 имеется два предшествующих ему события, т. е. два предшествующих пути, то:
	tp(5) = max{tp(3) + t(3, 5); tp(4) + t(4, 5)} = max{14 + 13; 10 + 25} = 35.
	Аналогично:
	tp(6) = max{tp(3) + t(3, 6); tp(5) + t(5, 6)} = max{14 + 5; 35 + 5} = 40.
	tp(7) = max{tp(5) + t(5, 7); tp(6) + t(6, 7)} = max{35 + 5; 40 + 9}.
	В итоге tp(8) = tp(7) + t(7, 8) = 49 + 5 = 54, т. е. длина критического пути равна раннему сроку свершения завершающего события 8.
	tкр = tp(8) = 54 ч.
	Для расчета поздних сроков свершения событий необходимо двигаться по сети в обратном направлении, т. е.  справа налево.
	Для завершающего события поздний срок свершения события должен равняться его раннему сроку:
	tp = tп(8) = 54 ч.
	Поздний срок свершения предыдущего события будет определяться как разность позднего срока свершения последующего события и продолжительности работы:
	tп(i) = tп(j) –  t(i,  j).                                     (10.3)
	Если нескольким событиям j предшествует свершение одного события  i, то поздний срок свершения события i находим так:
	tп(i) = min[tп(j) –  t(i, j)].                                 (10.4)
	i, j
	Используя формулы (10.3) и (10.4), найдем:
	Для i = 7 tп(7) = tп(8) – t(7, 8) = 54 – 5 = 49, так как для события 7 существует одно последующее событие.
	Для i = 6 tп(6) = tп(7) – t(6, 7) = 49 – 9 = 40.
	Для i = 5 tп(5) = min{tп(6) – t(5, 6); tп(7) – t(5, 7)} = min{40 – 5; 49 –  – 5} = 35, так как для события 5 существует два последующих события.
	Для i = 4 tп(4) = tп(5) – t(4, 5) = 35 – 25 = 10.
	Для i = 3 tп(3) = min{tп(5) – t(3, 5); tп(6) – t(3, 6)} = min{35 – 13; 40 –  – 5} = 22.
	Для i = 2 tп(2) = min{tп(3) – t(2, 3); tп(4) – t(2, 4)} = min{22 – 9; 10 – – 5} = 5.
	Для i = 1 tп(1) = tп(2) – t(1, 2) = 5 – 5 = 0.
	Резерв времени события определяется как разность между поздним и ранним сроками его свершения:  R(i) = tп(i) –  tp(i).
	Внесем полученные данные в табл. 10.4.
	Резерв времени события R(3) = 8 означает, что время свершения события 3 может быть задержано на 8 ч без увеличения общего срока выполнения проекта. Анализируя табл. 10.4, видим, что не имеют резервов времени события 1, 2, 4, 5, 6, 7 и 8, которые и обр...
	Т а б л и ц а 10.4.  Временные параметры событий для сетевого графика
	Таким образом, для того чтобы определить длину критического пути, вовсе не обязательно перебирать все полные пути сетевого графика. Для этого можно найти ранний срок наступления завершающего события сетевого графика.
	Теперь перейдем к параметрам работ. Ранний срок начала работы совпадает с ранним сроком наступления начального (предшествующего) события, т. е.:
	Тогда ранний срок окончания работы будет равен:
	На основе перечисленных аналитических формул внесем рассчитанные показатели в табл. 10.5 (колонки 4 и 5).
	Т а б л и ц а 10.5. Временные параметры работ для сетевого графика
	Заполнение таблицы начинается с колонки 4. Для работ, начинающихся событием 1, никакая другая работа не предшествует и наиболее раннее время начала равно 0. В данном проекте такая работа только одна – (1, 2), поэтому в колонку 4 в соответствующую ей с...
	Для заполнения следующих строк колонки 4, т. е. строк, начинающихся с номера 2, просматриваем  заполнение строки колонки 5, содержащие работы, которые оканчиваются на этот номер (максимальное значение переносится в колонку 4 обрабатываемых строк). Циф...
	Аналогично находим данные для всех остальных строк. Далее покажем, как рассчитывается поздний срок окончания работы: tпo(i, j) = = tп(j), т. е. поздний срок окончания завершающей работы совпадает с ранним сроком окончания завершающей работы и равен кр...
	Поздний срок начала работы определяется как разность между поздним сроком окончания работы и ее продолжительностью: tпн(i, j) = = tп(j) – t(i, j).
	Для расчета этих параметров необходимо заполнить колонки 7 и 6 таблицы, двигаясь снизу вверх. Вначале просматриваются строки, оканчивающиеся на номер последнего события, и из колонки 5 выбирается максимальная величина (в нашей задаче одна строка и эта...
	Среди резервов времени работ выделяют следующие разновидности. Полный резерв времени показывает, на сколько можно увеличить время выполнения данной работы при условии, что срок выполнения комплекса работ не изменится:
	Rп(i, j) = tп(j) – tp(i) – t(i, j).
	Содержание колонки 8 можно также получить находя разность колонок 6 и 4 или 7 и 5.
	Свободный резерв времени – это запас времени, на который можно увеличить продолжительность работы, не изменив при этом раннего срока ее конечного события. Свободным резервом времени можно пользоваться для предотвращения случайностей, которые могут воз...
	Rc(i, j) = tp(j) – tp(i) – t(i, j).
	Например, свободный резерв времени работы (3, 6) найдем так:
	Rc(3, 6) = tp(6) – tp(3) – t(3, 6) = 40 – 14 – 5 = 21,
	т. е. при сохранении общего срока выполнения проекта на 21 ч может быть задержано выполнение работы (3, 6) и предшествующих ей работ.
	Независимый резерв времени – это запас времени, полученный для случая, когда все предшествующие работы заканчиваются в поздние сроки, а все последующие работы начинаются в ранние сроки. Независимый резерв времени может быть использован для увеличения ...
	Rн(i, j) = tp(j) – tп(i) – t(i, j)
	или Rн(i, j) = Rп(i, j) – R(i) – R(j).
	Например, независимый резерв времени работы (3, 6) определим следующим образом:
	Rн(3, 6) = tp(6) – tп(3) – t(3, 6) = 40 – 22 – 5 = 13,
	т. е. на 13 ч может быть увеличена продолжительность данной работы без изменения резервов времени всех остальных работ. Таким образом, работы, лежащие на критическом пути, резервов времени не имеют (он равен для них нулю).
	И наоборот, допустим, для работы (5, 7) все виды резерва времени одинаковы (9 ч), что говорит о том, что продолжительность этой работы можно увеличить до 9 ч без ущерба для общих сроков проекта, а также сроков других работ.
	Дополнительным показателем, который можно просчитать для данного сетевого графика, является коэффициент напряженности:
	где  – продолжительность отрезка рассматриваемого пути, совпадающего с критическим путем.
	Для работ критического пути Кн = 1. Для других работ:
	Кн(2, 3) = 1 – [8 ( (54 – (5 + 5 + 9 + 5)] = 0,73;
	Кн(3, 5) = 1 – [8 ( (54 – (5 + 5 + 9 + 5)] = 0,73;
	Кн(3, 6) = 1 – [21 ( (54 – (5 + 9 + 5)] = 0,40;
	Кн(5, 7) = 1 – [9 ( (54 – (5 + 5 + 25 + 5)] = 0,36.
	Коэффициент напряженности изменяется от 0 до 1, причем чем ближе он к 1, тем сложнее выполнить работу в установленный срок. Учитывая этот показатель, все работы могут быть разделены на 3 группы:
	- напряженные (Кн(i, j) ( 0,8;
	- подкритические (0,6 ( Кн(i, j) ( 0,8;
	- резервные (Кн(i, j) ( 0,6.
	Следовательно, оптимизация сетевого графика будет выражаться в перераспределении ресурсов с ненапряженных работ на критические с целью ускорения их выполнения. Тем самым продолжительность критического пути, а значит, и время выполнения проекта в целом...
	Моделируя различные процессы в народном хозяйстве, часто встречаются случаи, когда интересы участвующих сторон противоположны. Такие ситуации называют конфликтными. Поэтому при решении задач приходится использовать математические методы и модели теори...
	Возникновение данного направления научных исследований относится к 1944 г., когда вышла в свет монография Джона фон Неймана и   Оскара Моргенштерна «Теория игр и экономическое поведение». Известно, что игровую схему можно придать многим ситуациям в эк...
	Решение экономико-математических задач требует соблюдения правил игры, т. е. системы условий, регламентирующих возможные варианты действий сторон. Игра состоит из этапов или ходов, заключающихся в выборе игроком одного из предусмотренных правилами вар...
	Если в процессе игры игрок применяет попеременно несколько стратегий, то такая стратегия называется смешанной, а ее элементы – чистыми стратегиями. Другими словами, смешанная стратегия есть  комбинация чистых стратегий, взятых в случайном порядке с не...
	Результатом игры является выигрыш или проигрыш одного из игроков, выраженный в количественной форме. Оптимальной стратегией будет та, которая при многократном повторении игры обеспечивает данной стороне максимально возможный выигрыш.
	В некоторых игровых задачах в сфере экономики приходится принимать решения в условиях, когда одна сторона не является сознательно действующим противником. В подобных ситуациях, вызванных несознательным противодействием противоположного игрока, приняти...
	Хотя существует достаточно большое количество задач игрового моделирования, вначале рассмотрим их ход решения на примере конечной парной антагонистической игры (как наиболее простой и теоретически разработанной). Специфика подобной типичной задачи в т...
	а) некоторая операция или целенаправленное действие, в которых участвуют две стороны А и В с противоположными интересами;
	б) правила игры, регламентирующие результаты, к которым приводят возможные варианты действий сторон;
	в) результаты действий сторон (выигрыши), выражающиеся в количественной форме аij (математическое ожидание выигрыша стороны А, сделавшей свой ход i при j-м ходе стороны В).
	Т а б л и ц а  11.1. Схема платежной матрицы
	Такое представление матричной игры означает, что если игрок А использует стратегию i, а игрок В – стратегию j, то платеж игроку А за счет В составит аij. Выигрыши могут выражаться и отрицательными числами. При аij < 0 игрок А платит игроку В сумму │аi...
	Целью участников любой матричной игры является выбор наиболее выгодных стратегий, доставляющих игроку А максимальный выигрыш, а игроку В – минимальный проигрыш. Поэтому стратегия игрока А называется оптимальной, если при ее применении его выигрыш не у...
	Решение задачи таково. Предположим, что игроку А надлежит сделать свой выбор. Анализируя платежную матрицу (см. табл. 11.1), нужно найти для каждой чистой стратегии минимальное значение  ожидаемого выигрыша, а затем из всех найденных значений – наибол...
	( = max min aij.
	i         j
	Данная величина называется нижней чистой ценой игры, или максимином.
	В свою очередь игрок В, стремясь минимизировать проигрыш, при выборе наиболее предпочтительной стратегии поступает так: сначала для каждой чистой стратегии находится максимально возможный проигрыш, а затем среди этих значений выбирается минимальное, к...
	( = min max aij.
	j          i
	Следовательно, максимин показывает, какой минимальный выигрыш может получить игрок А, правильно применяя свои чистые стратегии при любых действиях игрока В. С другой стороны, минимакс показывает, какой максимальный проигрыш может быть у игрока В при п...
	Таким образом, правильно используя чистые стратегии, игрок А обеспечит себе выигрыш не менее (, а игрок В в результате правильного применения своих чистых стратегий не позволит игроку А выиграть больше, чем (. Если ( = ( то такая игра имеет седловую т...
	Статистические игры являются частным видом парных матричных игр. Игрок А может использоватьстратегий: А1, А2, ..., Аm. Природа также обладает множеством состояний: П1, П2, …, Пп. Из прежнего опыта статистику могут быть известны возможные состояния при...
	При решении задач различают две ситуации: а) если вероятности состояний природы неизвестны, то речь идет о проблеме выбора в условиях неопределенности; б) если  вероятности состояний природы известны, то соответственно – в условиях риска. Для каждой и...
	Критерий Лапласа опирается на принцип недостаточного основания и основан на гипотезе равновероятности. Согласно ему считается, что, поскольку распределение вероятностей состояний природы неизвестно, нет причины считать их различными. Следовательно, ве...
	Q1 = Q2 =…= Qn =
	Оптимальной по критерию Лапласа считается чистая стратегия, обеспечивающая максимальный средний выигрыш статистика при равенстве всех априорных вероятностей:
	Критерий Вальда – это максиминный критерий крайнего пессимизма. Основан на консервативном осторожном поведении статистика, принимающего решение, и сводится к выбору наилучшей альтернативы из наихудших. Речь идет о том, что извлекается самый маленький ...
	Критерий Сэвиджа, как и предыдущий, является критерием крайнего пессимизма, потому что статистик исходит из предположения, что природа реализует самые неблагоприятные для него состояния. Критерий Сэвиджа стремится смягчить консерватизм максиминного кр...
	Речь идет о том, что, определив максимальный выигрыш, небезынтересно знать разность между максимально возможным  выигрышем при данном состоянии природы и выигрышем при выбранной стратегии. Эту разность называют риском. Риск статистика при применении и...
	Критерий Гурвица охватывает ряд различных подходов к принятию решений – от наиболее оптимистичного до наиболее пессимистичного. Исходя из субъективных соображений, в данный критерий вводится некоторый коэффициент (. В области чистых стратегий оптималь...
	где 0 ( ( ( 1.
	При ( = 1 критерий Гурвица превращается в критерий Вальда (крайнего пессимизма). Если ( = 0, то получаем критерий крайнего оптимизма, ибо рассчитываем на наилучшее из наилучших условий. Если ( принять близкой к 1, то это позволяет говорить о желании п...
	СОДЕРЖАНИЕ
	введение 3
	1. Теоретические основы эконометрического
	и экономико-математического моделирования 4
	1.2. Классификация экономико-математических методов, экономико-математических и эконометрических моделей  9
	1.3. Общие сведения об эконометрических моделях и этапы их построения 15
	2.1. Свойства МНК-оценок  31
	2.2. Обобщенная регрессионная модель  33
	2.3. Тесты гетероскедастичности: графический анализ остатков, тест Голдфелда – Куандта, тест Уайта 35
	2.4. Эконометрическая модель с автокоррелированными ошибками.  Анализ автокорреляции ошибок на основе статистики и теста Дарбина – Уотсона. Процедура Кохрейна – Оркатта 39
	2.5. Мультиколлинеарность факторов: причины и эффекты 45
	3.2. Стационарный временной ряд и его характеристики 55
	3.3. Определение и свойства модели авторегрессии AR(р), AR(1), модели  скользящего среднего MA(m), МА(1). Модель ARMA(р, m): свойства,  методы построения и тестирования 60
	3.4. Модели и методы анализа нестационарных временных рядов 65
	3.6. Модели временных рядов с условной гетероскедастичностью. Определение  и свойства моделей ARCH и GARCH 70
	4. ИЗУЧЕНИЕ ВЗАИМОСВЯЗЕЙ НА ОСНОВЕ ВРЕМЕННЫХ РЯДОВ 72
	4.3. Метод последовательных разностей 75
	4.4. Включение в модель регрессии фактора времени 76
	4.5. Коинтеграция временных рядов. Критерий Энгла – Грэнджера 77
	5. СИСТЕМА ОДНОВРЕМЕННЫХ УРАВНЕНИЙ 79
	5.2. Методы оценивания структурных уравнений 82
	7.2. Продуктивность модели МОБ 109
	8. МЕТОДЫ И МОДЕЛИ МАССОВОГО ОБСЛУЖИВАНИЯ 114
	8.1. Общие сведения 114
	8.2. Модели массового обслуживания в принятии решений 117
	8.3. Задачи СМО с отказами (потерями) 119
	8.4. Одноканальная СМО с очередью (ожиданием) 122
	9. МОДЕЛИ УПРАВЛЕНИЯ ЗАПАСАМИ 125
	9.1. Общие сведения 125
	9.2. Модель оптимального размера заказа 128
	9.3. Модель с определением точки заказа 133
	9.4. Решение задачи управления запасами со скидкой на количество 135
	9.5. Модель управления запасами при вероятностном спросе 137
	10.1. Общие сведения 139
	10.2. Сетевой график проекта 141
	10.3. Метод критического пути 144
	11.3. Статистические игры 154
	12.2. Экономико-математическая модель формирования оптимального  портфеля инвестиционных проектов 159
	13.1. Понятие кредитного риска. Модели и методы его оценки 161
	14.2. Экономическое обоснование и эффективность принимаемых решений 192
	БИБЛИОГРАФИЧЕСКИЙ СПИСОК 205
	Сазонова Светлана Петровна


