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NPEOUCIOBUE

YuefiHoe nocobMe HOAreTOBJEHO B COOTBETCTEHM ¢ IpOrpam-
Mo JHCHHONIHHEE +¢JECHOMHKO-MATEMATHYECKHEe MeTOIEl W
NpHEIAMHEIE MOTeIH#, VTBepaiiendoll Hayuno-MeroqudecKunM
coperoM BeepoccHilcKoro saouyHoTo (PHHAHCOBO-3KOHOMHUECKOTO
HHOTHTYTA JAA chelHalkHOocTed «PHHEAHCHE W KpeguTs, «Byx-
ralTepcKH  y4eT H ayoure, <MemegmmenTs, «MapxerHars,
«'ocymapeTEEHHOE H MYHHIMIANLHOE YIpaBieHHes, ¢ JHOHOMH-
K8 H COLHOJOIHS TpyJas Ha OCHOBE lNocynapersendbix obpaso-
EATENBHBEIX CTAHIADTOB.

Kpyr ponpocor, paccMarpiBaeMeIy B yuebHOM NocobHH, BKIH-
yaeT B cebi OCcHOBHBIE TeMBl TAKHMX HIVUAeMEBIX paHee IHCITHII-
JauH, kak < HeclegosaHne omepamdil B SKOHOMHKE?, +JKOHOMM-
KO-MATeMATHYECKHEe MeTOIkl M MolenMs, «+PHAAHCOBAA MAaTeMa-
Turas». JCHOBHOE COJERMAHHMe STHX TeM SaKNKUaeTcHA E pac-
KPBITHH IMOHATHH H MeTOJOE MATEMATHUYECKOTO MOIETHPOBAHHA
COUMATBHO-SKOHOMHUECKHX CHOTeM H IpPOLECcCoE; OPH 3TOM B
nocofiH paccMATPHEBAKTCA Ipe:Ie Bcero obIecHoTeMHBIE TIPH-
KJIAOHEIE SKOHOMHEO-MATEMATHYECKHEe MOIeAH, oDIIHe JJIA BCEX
[IepedHcJAeHHBIX CHelHalbHOCTel: ONTHMAJBHEIE MOJENH, B
NepByio odepelh MOJedH JHHeliHOro NporpaMMHDOBAHHA;, TPeH-
JOBBIe MOJelH SKOHOMNYecKOoH AMHAMHKM HA OCHOBE OTHOMED-
HEIX BpeMeHHBIX PANOB; GAIaHCOBLIe MOOENH B CTATHYECKOH H
OHHAMHYECKOH [IoCTAHOBEE; JKOHOMETDHYecKHNe MHorodaxTop-
HEle MOJe]H, TIABHEIM ofpagoM JNHHelHBle MOTenH TapHOR o
MHOMEReCcTEeHHol perpeccun. Hpome Toro, B y4ebiioe mocodme B
COOTEETCTEHH ¢ TpefoBaHMAMH o0pA30BATENBHBIX CTAHIAPTOR
BHJIIOUEHBI TAKHE NPHEIATHBIE MOIZETH, KAk MOJejd clipoca M
noTpedaeHNA, VIPABJISHHA 3AMACAMIH, CHCTEM MaccoBoro obeiay-
JHHMBAHWA, TEOPHHM HUID.

BrigenedHeld EPYD BOUPOCOB ONpeNelfdeT CTPYETYRY IIOCO-
6HMA B cofep:KaHHe ero OTAeNbHBIX TaaB. B raase 1 «OcHoBHBIE
IOHATHA MATEMATHMECHODD MOIeIHPOBAHHA CONMANTBHO-9HOHO-
MHUECKHX CHCTEM? PACKpBIBAIOTCA obnide MOHATHA CHCTEMHOIO
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Ilpeducnogue 5

AHaJH3A | MGJIGJIHPGEBHHSI CHCTEM H oponeccoBR B JHOHOMEIKE,
PaccMarpiHBaeTes cYIMHOCTE OCHOBHEIX JTANCE BKOHOMHEO-MATE-
MATHYECKOro MOAENHPOBAHHA, IPHBONUTCA KpaTHas KuaccHdgm-
KanHAa SHOHOMHEO-MATeMATHUYECKITX MEeTOJO0B 11 MO,]IEJ'IBfI.

B rnase 2 «OcHopnl mHEElHOrO IpOTPAMMHDOBAHHAS AIOT-
CA OPHMEDPE! 9KOHOMHYECKHX 3aj(ay, KOTOPhIe B NpOlecce aKOHO-
MHEO-MATEMATHYIECKOI0 MONE/JHPOBAHHA CBOOATCH K 2a1auam
JMHEHHOro NpPOrpaAMMHADPOBAHHNA. IIpMBOgATCA OCHOBHEIE CBEIPHIA
0 MaTeMaTHUYeCKOM AallapaTe JHHEHHOro NIPOrpaMMHDOBAHMS.
Hanaraercs reoMerpuuecknii MeTon DelIeHHEA NPOCTeHIINY 3a-
Aad NHHeHHoro NporpaMMupopanms. OCHOBHOE BHUMANHE yVie-
JIEHO H3NOMKeHHIO AJTOPHTMOB CHMIJIEKCHOTO METOJa peIleHMs
Jagayu JIHHEﬁHDFD HPDFPEMMHPDESHHH, BHEJIIOYAA GHMH.‘IERCHLIﬁ
METOJ ¢ HCKYCCTBeHHBIM OGasmcom. PaccMmaTpusaenmuie MeTome!l M
ANMTODHTMEBL HJ’I.JII'UGTPHP}"IDTEH HAa KDHRPETHHK SJHOHOMHUUYSCHKHX
aamauax.

I'naea 8 «OnTHMANEHEIE BKOHOMHEKO-MATEMATHIECKHE MOTe s
NOCBANTEHA BDHPGEBM OIpHMeHeHHA MeTOOOB MAaTeMATHYMeCHOro
HPOPIIHME'PGHEIHHEI JLJIA PeIIeHMA paEga DHT‘I’IMHB&HHDHHEIX
SKOHOMHYeCKHX samad. B § 3.1 pacemaTtpusaiorea Bonpocs
NpHMEeHeHHA TeopHH NBOHCTEOHHOOTH JIMEeNHOro IpoTpaMMEpo-
BAHHA [NNA AHANH3A ONTHMANLHEIX pemreHHd. B § 3.2 mayuaiorea
CIeUMAIBHEIE Safauyl JHHeHHONC NpOTPAMMMPOBAHHA HA IpH-
Mepe OTKDPBITEIX B 2aKPBITHIX TPaAHCIODPTHRIX 3ajgtw. OTheliLHLIe
naparpadpl DOCEAUEHRE! METOLAM JHCKDETHOTO (menomeTennoro)
NporpaMMHpPOBAHN, 3aJavaM MHOTOKPHTeDHEAILHOL (BerTODHOIT)
OOTHMHIANHH, OCHOBHEIM NOHATHAM HelMHeHHOTO H IHHAMAYe-
CIOIO NPOrPAMMMPOBAHNA, CETEBBIM MOZeNAM yopasmenwus. [Ipn-
BOAMTCHA TAKKEe DAN CBeNeHWH o MeTojjaX HMMHTANHOHHOIO Moge-
JHPOBAHHAA,

B raase 4 «MeTosbl 1 MOfenn aHANMSA TUHAMHKY 9KOHOMM-
UeoHX OpoIeCcCcoBy H3Y4aXTCH OCHOEHERIE NNOHATHA EPpeMeHHBIXY
PAOSOE SKOHOMHYECKHEX HGH&BETEJIEﬁ HAa HIpHMeDe G,JIE[DMEPHL!J{
BpeMeHHBIX PaICH, P&GGM&TPHBE[I'DTEH MeTOIOBI BRIABICHHMA I
YCTPaHeEHdA aHOMANLHBIX HabmoZeHWH, MeTOAR ONpejoleHKd
HANHYHA TPEHAA BO EPeMEHHEIX SKOHOMHYecKHX pamax. Heene-
AYIOTCA METOOLI MEXAHHUECKOTO CIVIAMHEBAHHA PANOEB, BRIIOUAN
METOR SHCIOHEeHOMATRHOTO criaxupanud. [IpHBomATeA dopuy-
1Bl M PHMEPhl pacueTa OCHOBHLIX IoKAdaTedell SHHAMMKH pas-

BUTHA sKoHoMHYeckMX cHceTeM. Ocofoe BHEMaHHWe yieleHO
AHAMH3Y Ce30HHOCTH B SKOHOMMYECKHX Npoleccax, a TAK:ke He-
cledoBAHHIO SBJIeHHA ABTOKODDENAIMH BO BDEMEHHEIX SHOHO-
MHYECKHX psjax.

B rnape 5 ¢IlporHosHpoBaHMEe SHOHOMHYECKHX IpDOOECCOB?
PACCMATPHEAIOTCA METONONOTHYEeCKHe BOIPOCHL SKOHOMHYECKOTO
NPOrHOSHPOBAHNA, B TOM YHCAe TAKHMe OPHHIHNEL paspaborTxy
IIPOTHO30B, KAK CHCTEMHOCTh, 8JeKBATHOOTE M abTePHATHEHOCTE.
Heenegyiores npobleMbl SHOHOMHYECHOIO IIDOTHOZHDOBAHHA HA
oCHOBE NMPHHIMIOE SKCTPANOIANHEN ¢ HCIONEE0BAHHEM HKDHMBEIX
pocTa; IPH 8TOM AHANMSUDYIOTCH OCHOBHEIE THNRI KDHMBRIX DOCTA,
MeToAbl BRIGOPA HAWIVYINHX H3 HHUX, ONHCEIBASTCA NMODANOH OI-
pelie/leHHA NapaAMeTpOE KDHBEIX DOCTA HA OCHOEE OOHOMEDHBIX
BPeMeHHEIX DANOB PKOHOMHYECKMX moKasareneii. Ocoboe BHH-
MAaHHe VIeleHO OIeHKe ATeHKBATHOCTH H TOHHOCTH TPeHAOBRIX
Mofenell Ha ocHOBE KpMBRIX pocra. OrmensEenl nmaparpad mo-
CBAINGH BONPOCAM COCTABNEHHHA TOUeUHEIX H HETEDEAMBHBIX
NporHosoE SHOHOMHYecKoH IHMHAMHKH Ha Oaze paccMAaTpHEBAE-
MBIX TPeHAOBEIX MofeneH. IIpHBOIATCA TAKIKE OCHOBHBIG CBENSHHA
off agAITHBHEIX METOJAX H MOIeIAX NPOrHOSHPOBAHHA.

TI'nasa 6 «+BajaHcoBRIle MOZenus IOCEAIIeHA OpobiemMe IIpH-
MeHeHHH GaJaHCOBEIX METOIOB B SHOHOMHMKO-MATEMATHHECHKOM
ModenHuposaHEHE. PaccMoTpensl ocHOBHEIE MoHATHA GanaHcoBOID
METOMA B IKOHOMMHYECKIX HCCHeI0BAHNAY, OMHCAHA MPHHITHITHA Th-
HAS cXemMa MelKoTpacieBoro 6anaHca. Hayuaerca SKOHOMHEKO-
MaTeMaTHYecKasd MOJeNL Me:xoTpacieporo Gananca B craTHue-
CKoll MOCTAHOBK®, ONHCBIBASTCH NOPAAOK DacdeTa HA e OCHOBE
woaddHIHeHETOR NPAMBIX, KOCBSHHEIXY M IONHEBIX MATeDHAABHEIX
aarpar. IIpHBOJATCS OPHMEpPL! HCOONLEOBAHHA DAJAHCOBLIX Mome-
el ANA aHANHSA SHOHOMHUSCKMY TOKAZATeNeH, 4 Tale KPATHO
ofoyHIaTeA BOOPOCE! paspaboTH M ODpUMeHeHHS [(HHAMMYeCHHX
MEHOTPACHeBEIX DANAHCOBLRIX MOJEdeH.

B raoape 7 «OKoHOMETpHUECKHE MOZes» DACCMOTDeHEI obIrHe
MOHATHA 06 IKOHOMETDHUECKHX MofelAx, DAPAMETDEl KOTOPBIX
OIEHHMEBAIOTCH ¢ [TOMOITBI) METONOE MATEMATHYECKOH CTATHCTHIH.
Hayuarorea Takve Haubolee pACOpOCTPAHEHHBIE IKOHOMETDHYE-
CKHe MOJelH, KAk perpeccHoHHBIe (harTopHBle Momenn. OnwcaH
INOPATOK PeIIeHHMA OCHOBHBEIX 3ajad perpecCHOHHOrO AHANH3A
(veranonnenue (POPME] CEASH PESYNLTATHBHOTO TIPHIHAKA ¢ BIMAI-
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mHMH daxTopaMi, onpejiejieHHe TecHOTH! 2Tofl CBAAM, AHAIH3
BIMAHAA OT/ENBHEIX DAKTOPOB) Ha NpPHMEepRe NHHEHHEX MOgeaIelt.
PaccMoTpeHR KOHKPETHLRIE NPHMEepPEl pellleHMH 3THX 3ajay ¢ He-
NONEIOBAHHEM JIMHeHHBIX Mojejaed mapHoll M MHOM(eCTEBeHHOH
perpeccHH,

I'maga 8 «HewroTopkle OpHENafHbIe MOJEAH SKOHOMITUSCHHX
[IpOIeccoBr TOCEAINEHA DACCMOTPEHHID DALA NPHEJIAJHBIX 38144
MapKeTHHTa, MeHeKMEeHTa ¥ ApYrux obnacreil YHDaB/ieHHA B
SHOHOMHEE: MOoAeNHPOBAHHE COpoca H moTpebleHMd, HAYIHOE
VIpapJeHHe 3aTACAMH, AHATHTHYECHOe MOJSIHDOBAHME CHCOTEM
MACCOBOTO ODCIHVHHBAHHA, NPHHATHE PellleHMH Ha OCHOBE TeO-
DHH HID.

I'maga 9 «IIpuMeHenne OOTHMANBHEIY PKOHOMHKO-MATEMATH-
YecHHX Mojeneil ANA DellleHHA NPOMABONCTEEHHBIX 3aTads HI-
paeT polk npuaodkeHEndA. Ha npoMepe paspaGoTHH SKOHOMHEO-
MATEMATHYECKHX MoJeled oITHMHIAOHM IIAHHDOBAHHA OPra-
HHUZANMOHHO-TEXHHYeCKHE MeDONMpHATHEHE 110 SKOHOMHH pPACKOIA
MATEPHAJOE B MAIIHHOCTPOSHMHM PACKEDBIRAETCH KOHKDETHOE
COmEPIKAHMe 2TATIOR M MEeTOI0BE PROHOMHKO-MATEMATHUECKOTO Mo-
JeHPOBAHNN, DACCMOTPEHHEIX B NPeJLAVIIHY IJIABAX JAHHOTO
nocobua.

YyebHoe nocobie MOATOTORISHO ABTODCKHM HOJNJISKTHEOM B
cOCTABE NpelofakaTeneil xadeiphl aKOHOMHKO-MATEMATHYECHKHX
MeToZoE M mogeneill BeepoccHiicKoro asaouHoro dQHHAHCORO-
SHOHOMHYECKOI0 HHCTHTYTA!

B. B. ®edocees, pon. — riu. 1, 3 (kpome § 3.1, 3.5), 4 (xpome

§ 4.4), b (xpome § 5.4), 6, 7, 8;

A. H. 'apmaw, gon. — ra. 2, § 8.5;

H. M. Taitum@ezos, npod. — ra. 9;

H. B. Opaosa, npop. — § 3.1, 5.4;

B. A. Honosruxos, mpod. — § 4.4

maea l

OCHOBHBIE NMOHATUA
MATEMATWYECKOIO MOOENWPOBAHWA
EEHHAHBHO—SKOHOMHHECKHX CUCTEM

o COUMANbHO-3KOHOMMYECKME CUCTEMBI, METOA WX MCCNEA0BAHNA
¥ MOAENMPOBaRMA

o 3Tansl AKOHOMMKO-MATEMATHYECKOr0 MOABMNPOBAHNA

o KnaccudMraLma SKOHOMUKO-MaTEMATUHECKUX METOAOB | MOZeneit

I.I. CoumanbHo-aKOHOMUYECKHE CUCTEMbI, METOABI
WX MccneJoBaHus ¥ MOAENMPORaHNS

Menonb3oBanue B JaHHoM yduebHOM nocoDHH TePMHHA ¢CO-
OHANEHO-IKOHOMMYECKAS CHCTEMAs Tpebyer, CTPOTO FOBOPH, He-
KOTOPOro NpefBapHTeILHOTO o0CYHASHAA. Feam ODOHATHE «3HO-
HOMHUYecKas cHeTeMas Oojlee MAM MeHee CIIOMHIOCH M B IIHPO-
KOM eMBICIe TPAKTYeTCH Kak cHeTeMa ofmIecTBEHHOTO IIPOMa-
BOMCTES M moTpebllenHs MATePHANBHEBIX faar, ToO COMHANLHLIE
ACcHeKTHI JKHM3HHM oObIIecTBA BechbMa MHOTOIDAHHEI H HE BCeria
MOCTYIHEL JIA AeTATRHOTO aHAJH3A, MOME/MPOBAHMA I IIporHo-
SUPOBAHMA.

BuecTe ¢ TeM HeROTOPRIE COITHATBHLIE npobieMel ABIAINTCA
oFLexTOM HCCAeNOBAHUA [ NpaKTHYeCKWY PaboTHMKOB TeX
coengHadbHOCTEH PHHEHAHCOBO-IKOHOMHYECKOTO npodias, Ha Ko-
TOpLIE OPHEeHTHPOBAHO 3TO yuyefigoe mocobme. B KadecTBe NpH-
Mepa MojKHOo NpHBecTH npobiieMy aHAJH3A M NpOrHosApoBaHRA
NOKyIATeILCKOro clipoca B MAapKeTHHIe, 3ajady aHaJlHZaA Pac-
npefiesieHnd paboTHHKOE MO YPOBHIO aapaboTHOH IAATEI B 3HKO-
HOMHEE M COIMOJOTHM Tpyana u jAp. MHorme Ha Takoro pofa
npobiaeM MoryT OHITh PelleHbl ¢ MCMONB30BAHMEM AKOHOMHKO-
MATEMATAYECKHY MeTOJOB M Mojeneil, H HMeHHO TAKHe mpobIeMEL
MMeIOT B BEMIY ABTOPHI NocobMA, HCTIOAB3YH TEPMHH ¢COIHATBHO-
SEOHOMMYECKAR cHOTEMAY.
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PaccMoTpuM psAj OCHOBHBEIX I[OHATHI, CBASAHHBIX C CHCTEM-
HEIM AOHATHIOM H MOIedHPDOBAHHEM COOHANBHO-IKOHOMMHHYeCHKIIX
eHeTeM, YTOoDEl ¢ MX [NOMOIORE Gojles [IOJHO PacKpRITE CVThH TAKOTO
HIIOYeBoro IIOHATHA, KaK SHOHOMHEO-MaTeMaTHYecKHEe MeTONEBI.
Tepvun sxonomuno-Mamemamuneckue Memodsl NOHEMaeTed B
CBON0 ouepefb Kak obobmaiies HasEaHHEe KOMIJIEKCA JKOHOMH-
HECKHX H MATEMATHYECHHX HAVUHBIX IJHCIIHINHH, 0DBeIHHeHHEIX
ANA H3YYeHHA COLHANEHO-SKOHOMHYECKHMY CHCTEM W IIPOLEcCOoB.

llom coyuaavno-sxonomuneckot cucmemoil GygeM NOHMMATE

CACMEHYI0 BEDOATHOCTHYIO THHAMHYECKVIO CHCTEMY, OXBATEIBALD-

Y10 MNpoOecck] NPOMEBOJACTBA, obBMeHA, pacOpefejleHHT M II0-

TpeblieHHs MATeDHANBHBIX H Apyrux 6Gaar. OHa orTHocHTCA K

Kaaccy EHOeDHETHHECKHX cHCTEM, T. €. cHeTeM VIPABIAeMEIX.

PaceMoTpHM Ipesfie BCero IOHSTHS, CBI3AHHBIE ¢ TAKHMH CHC-

TEMAMH M MeTOZaMH MX HCCiIeJoBaHNA.

IenTpantHEIM ToHATHeM KHOSPHETHKH SEIAETCH ITOHATHE
scHeTeMas . ERHHEOro onpejefeHEA TOTO MOHATIA HeT; BO3MOM{-
Ha TaKad (QOpPMYJIHPOBKA: CUCIEMOL HASLIBAETCS KOMILIEKC
BIAMMOCEASAHHLIX SJIeMeHTOR BMECTE ¢ OTHOIIEHHSMH MEARIY
BNeMeHTAMHE M MeXJy HX arpubyramu. Heenmenyemoe MHoMeoT-
BO 3MeMeHTOE MOX(HO DACCMATPHMBATh KAK CHCTEMY, C/IH BRIAE-
JeHEI ¢l VIONTHe YeThipe NpHZHAKA;

* HNelocTHOCTE CHCTEMBI, T. 8. OPHHOHITHAJIBHAA HECBOAHMOCTE
CBOHCTE CHCTEMBI K CYMMeE CBOHCTE COCTABIAIOIINX e¢ 2iIe-
MeHTOB;

® HANHYHME UeJH H KPHTepHA Hec/leJoBaHHA TARHOTD MHOMNE-
CTEL 3JIeMEeHTOB,

* HauHuMe Oonee KPYNHOH, BHellHeii mo OTHOMIEHWIO K NaH-
HOM, CHCTEME], HASHBAEMOH +¢cpefoiis;

& BOGMOMHOCTE BREIIEJEHHA B ,Il,aHHOﬁ CHCTeEMe B3aMMOCEAIAH-
HBIX YacTed (mofcmcTent).

OCHOBHEIM MeToZOM HCClEOBAHHA CHCTeM SBIAeTes Me-
mod modeauposanus, T. €. clocob TeopeTHUECKOTO AHANH3A W
NPAKTHYECKOrO [eHCTBHA, HANIPABIEHHEIH Ha paspaboTKyY M Hc-
loae3oBaHMe MogeneH. IIpu atoM mopg modeawio OBymem momu-
MaTk ofpas peainHoro ofkeKTa (mpolecca) B MaTepHATRHOMN
HIH MjeanbHoH diopMe (T. €. olMCAHHEIN SHAKOBLIMIT cpecTEA-
MH Ha HAKOM-THOO H3BIKe), OTPasKAWIOHH CcyIecTEeHHBIE cROIL-
CTBA MofeldHpyeMoro obkexTa (mpolecca) U saMelIalOUIHil ero B

(ICHOBHBIE MOHATMLR MAMEMIMULCCKOI0 MOJeIUPOSaHLLA 9

xome HMCCAeJOBAHMA H ynpaBleHmsa. MeTon MofelHpoBAHHA
OCHOBBIBASTCHA HA 'JIPHHII,HITE AHAMOTHH, T. €. BOBMOMI{HOCTH HayHe-
HHA pealibHOTO 00beKTa He HENOCPeNCTBEHHO, A Yepe3 PaccMoT-
perue nojobHoro eMy H bolee HOCTYIHOTO o' LeKTA, eT0 MOTETH.
B naneHeiimeM el 6yeM TOBOPHTE TOJBKO 06 SKOHOMHKO-MATEMAa-
THYECKOM MOIE/IHDOBAHHH, T. €. o0 onMcaHHH 3HAHOBBEIMH MATe-
MATHISCKITMH CPeICTEAMI COIIMATEHO-3KOHOMHUECKHX CHOTEM.

H?EIRTH‘-IECKH.MH 3agadamMi IKOHOMHAKO-MATEMATHHECKOT'D
?-IG,I[EJIHPDEE.HHH ABJIAIOTCH:

& AHAJH3 SKOHOMHYeCKHX o0 BEKTOE M nponeccoB;
s aKOHOMAUeCKOe I[IPOTHOZHpOBAHWE, NpeIBHIeHHEe DASBHTHA

AHOHOMHAYECKHX NPOIeccOB; ?
¢ BEIpafoTHa YOpABJeHYECKHX DelleHHH HA BeeX YPOBHAX

xoafiicTEeHHOH HWepapXHH.

Cnenyer, ogHAKO, HMETh B BHIY, YTO JANEKO He BO BCEX CIY-
aAx MAHHBIE, MOJYYEHHEIE B Pesy bTATE BHOHOMHKO-MATEMATH-
yeCcKO'o MOZeJIHPOBAHMA, MOIYT HCeIoAR30BATRCA HelloCcpelcT-
PEHHO KAK TOTOBBIe VIpaBieHdecKHe pemmenus. OHH cKOpee MoO-
ryr OBITE pAcCMOTPEHBl KAK ¢KOHCYJbTHPYIOINMe» CpeficTEa.
IIprEATH:e YOpPABTeHYECHKHX pemmeHMil ocTAeTCA 34 YeNOBEHOM.
Taxum ofpasoM, sHOHOMHKO-MaTeMaTHUecKoe MOAeIHDOBAHHE
ABIAETCA THITH ONHWM HI KOMIMOHEHTOE (IYCTE OYeHb BaXHKHBIM)
B HeloBeKO-MAIMMHEEIX CHCTeMAX NIAHHPOBAHHA M YIPABIeHHHA
SEOHOMHMYSCHHMHE CHCTeMAaMH.

BaskHeHIIHM MoOHATHEM IIPH SKOHOMHKO-MATEMATHYECHKOM
MOJeTHPOBAHMH, KAK H IIPH BCAKOM MOJIEJHPOBAHWM, ABJIAETCH
HoHATHe adexgamHocmi mModery, T. e. COOTBETCTBHA MOIEMH MO-
AeTHpyeMoMy OBEKTY MM Nponeccy. ANEKBATHOCTE MOJENH — B
KAKOI-TO Mepe YCIOBHOE ITOHATHE, TAK KaK MOJHOro COOTBETCTBHA
MOIe s pealbHOMY 0OhReKTy GBITh He MOMET, HTO XapaKTepHO M A
IKOHOMHEO-MATEMATHYecKOro MojenupoBanud. Ilpm mopgennpo-
BAEHH HMeeTosd B BHIY He TPOCTO AJeKBATHOCTE, HO COOTEETCTEHE
oo TemM CBDﬁGTEﬂM, KOoTOpBIE CYHHTAKTCH C}TIHECT'EIEHHI:H'-IH AA AC-
caepopaAna. I[lposepka aJeKBATHOCTH SKOHOMMKO-MaTeMaTHYE-
CKMX Mofeneil ABJAETCA BechMa cephesHoil mpoGnenoi, Tem Gosee,
uTo ee OCIOEHAET TPYIHOCTh HaMeDeHHA IKOHOMIYeCKHX BelIHTHH.
Onuaxo Ges Taxoil mpoBepKH NPHMeHeHHE Pe3yILTATOB MOJE/IH-
pOBAHHA B YIPABIeHYECKHX PeIDeHHMAN MOMET He 'I’*D"JII:I{O oHa-
ZATRCA MAMD IOJEe3HBIM, HO H OPHHeCTH CYIIeCTEBEHHBIH Bpen.
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ConHaneHo-9KOHOMNYECKHe CHOTeMEI OTHOCATCH, Kak IPABKIO,

K TAK HASBIBAEMEIM CAONHBLY cucmemam. CA0EHEBE cHOTEMLI B

SKOHOMMKe obIanalor pagoM  croilcTe, KOTOPBIE HeobXoIHMo

YUHTHEIBATE [IPH HX MOIeTHPOBAHHH, HHAYE HEBOIMOMHO TOBO-

DHTE 00 4/IEKBATHOCTH MOCTPOEHHOH JKOHOMHYECKoil MOJeN.

Baxcneiimme us arux crofiers:

¢ OMEepPIKEHTHOCT: KaK NpoABJIeHHe B Hambosee Apoit dopme
CBOICTBA [eJOCTHOCTH CHCTEME], T.¢. HATHYHE Y dKOHOMHAYE-
CKOH CHCTEeMBI TAKHX CBOHCTE, KOTODEIE He NPHCeVIOH HHE Of-
HOMY 13 COCTABIAIINHX CHCTEMY SJI€MEHTOR, B3STOMY B OT-
ASNLHOCTH, BHE CHCTeMBI. OMEPAEeHTHOCTh eCTh PesyIRTAT
BOSHHKHOBEHHA MEMIY SJleMeHTAMH CHETEMBI TAK HASLIBAE-
MBIX CHHEPTHYECKHX CBAZei, KOTOpEIe 06ECIeunBAIOT VBeIH-
HdeHue obuero ahderra 1o BenUUHHE, Gosbineit, yem cymma
adiperTOB ITEMEHTOR CHETEMEI, JeHCTEVIOUIHY HesaBHCHMO.
TlooroMy conmanbHO-9KOHOMUUECKHe CHCTEME HeobX oMo
HCCNEeNOBATE H MOZEMHPOEATE B HEJXOM:

® MAcCOBEIH XApaKTeD SKOHOMHYecKHX SBIeHME H HpoLeccos.
JaKOHOMEDHOCTH SKOHOMHYECKHX MpPOIECCOR He obHapyHH-
BAlOTes Ha OCHOBAHHH HeboJjbIIoro ymcaa Habmogenwii. Tlo-
ITOMY MOAENHPOBAHME B SKOHOMHKE JOJIKHO ONHPATRCH Ha
MACCOBRIe HADMIONeHHS;

® AHHAMHYHOCThH IKOHOMMHYECKHX IIPOIECCOE, a&:mmuémmazca
B HIMEHEHHH [aPAMETDOE H CTPYKTYPEl SKOHOMITUECKHX
CHCTEM IIOf BAHAHMEM cDejbl (BHeIHMX (PAKTOPOB);

® CAYYAWHOCTE H HEONPEeJeIeHHOCT:E B DAIBHTHH 9KOHOMHUE-
CHMX ABNeHnH. [losToMy sxoHOMHYecKHe HBAeHHS I Ipo-
LECCEl HOCAT B OCHOBHOM BepPOATHOCTHEIN XapakTep, H Lid
HX H3YHEHHA HeoDXOAHMO NpHMeHeHMEe KOHOMHKO-MATEMA-
THHEeCKHX Mofenell Ha Gage TeopmM BepoaTHOCTeH 1 mMare-
MAaTHYeCKoll CTaTHOTHKI

® HEBOSMOMHOCTE HB0JHPOBATE MPOTEKAIOIIHE B SKOHOMITIE-
CHHUX CHCTEMAX ABNEHMA H NPONECCH OT OKPYHAIMEi cpe-
ABL, YTODEL HAOMIONATE M MCCNE[0BATE HX B YHCTOM EBH[e;

¢ HKTHEHAA peakniaA HA NOABIAINMecH HOBbIe (DaKTOPEI, cho-
CODHOCTE CONMANLHO-IKOHOMHUECKMX CHCTEM K AKTHEHBIM,
HE BCETHA NpelcKAa3yeMbIM AeilcTBHAM B 3aBHCHMOCTH OT

OTHOIIEHHS CHCTeMBI K 9THM (axTopaM, crocobaM M meTo-
JaM HMX BO3NeiloTEHSH.

BrineneHHBe CEOHCTEA CONHANBRHO-3KOHOMHYECKHX CHCTeM,
eeTECTReHHO, OCHOMMHAKT Opomece HX MOJeTHpOBAHKMHA, OJHAKO
5TH CROICTEA clelyeT NOCTOAHHD HMeThL B BHAY IPH PACCMOTDEHHH
pasIHYHBIX AclIerTOR BI{DHGMHKO-M&TEM&TH‘IBGIFQ]‘G MOTelHPO-
BAHHS, HAYHHAA C BHEDPEJ. THIIA MOAenH H KOoH4Yafg BONOPpOCAMM
NPAKRTHUYECKOro HeNONB30BAHHA Pe3yIRTATOR MOISTHPOBAHIA.

1.2. 3rans! 3KOHOMKMKO-MaTEMaTHYECKOro MOAeIMPOBaHUA

Ilponecc MOAENHpPOEAHHA, B TOM UHCIe M JKOHOMHHEO-MATE-
MATHUYECKOID, BENHUaeT B cebfd TPH CTDYHTYVDPHBIX SJIeMEeHTA:
o6 BEKT HecAefoBaHNA; cyiLeKkT (HCCHeNoBATENE); MOJeNb, OO~
CPeAYIONYIO OTHOIEHHS MeXAy MO3HAKINHM cyOhexkToM U Io-
ZHABASMEBIM obbeKToM. PaccMorpum oflIyio cxemy NOpomecca
MoIeAHPOBAHAA, COCTOHILYIO H3 UeTHIPEX 3TAIOR.

Myers HEMeeTcH HeKOTOPEIH oOBEKT, KOTOPBIH MEI XOTHM
HeeNeloBATE MerojoM MojennpoBanus. Ha mepeom arTa-
[Ie MBI KOHCTPYHDPYeM (MIH HaXoJMM B DealbHOM MHpe) ApPY-
roii oBBEKT — MOJEeNIh MCXO[Horo ofbeKTa-opHUIHHANA. ODTAN
OOCTPOSHHUA MOTENH OpefroiaraeT HATHYAES olpeleleHHBIX CBE-
nenuit of obwexTe-opuriHaNe. llosHapaTe/EHBIE BOIMOMKHOCTH
MOJeId ONpefeldiorci TeM, UTO Moje]s oTobDpamaer JHIIE He-
KOTOPEIE CYIIGCTBEHHEIE HepThl HCXONHOrO 00BEeKTa, MO3TOMY
aobad Mojelk SaMelIaeT OPHI'MHAJ E CTpPOro OrpaHHYUeHHOM
cveicae. Ha sToro caegyer, 4YTo ONA OJHOMo obbeKTA MOMKET
BBITH MOCTPOSHO HECKOJNLKO MoJeJel, OTPAYKAKIIHE OIIpele/IeH-
HEIe CTOPOHEI MeclefyeMoro obheKTa HIH XapakTepHIYIOIMHX
ero ¢ pA3HON CTeleHBID JeTajiHsallHH.

HasropoM aTamne HOpolecca MOAeNHPOBAHHA MOAESNE
BEICTYIIAEGT KAK CAMOCTOATENBHEIH obnexT HccenemoraHma. Ha-
npuMep, oJHY H3 GOpM TaKoro HeclefOBAHMA COCTARIAET MPO-
BeIeHHE MOJelBHEIX SKCIePHMeHTOB, IIPH KOTODHRIX IeJleH:-
IpPABRIEHHO HAMEeHAIOTCA YC/NOBHA (YWHEOHOHHPOBAHHA MOIE/IH
M CHCTEMATH3HDYIOTCH [aHHEIE o ee smoBefeHnH». KoHeunbrmM
pesysJbTATOM 3TOIO 3Tana HBIAeTCH COBOKYIIHOCTL 3HAHHMH O
MOJEeTH B OTHOIIGHHH CVINECTBeHHLIX CTODOH o0beKTa-OpHIHHATA,
KOTODEIe OTPAXN(EHE]l B JaHHOH Mojesu.

TpeTu#H 2Tall saxioyaeTcd B IepeHoce SHAHHH C MO-
OelHd HA OPUIHHAN, B PeavabTare Yero Mbl (pOPMHPYEM MHOME-
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CTBO 3HAHHH 00 MCXOZHOM ODBEKTe M IIPH BTOM nepexonumMm o

A3BIKA MOJMENH HA A3BIK OPHIHHaAa. C HOCTATOMHEIM OCHOBAHH-

&M [IepeHOCHTh KaKoi-1nbo pesyanTaT ¢ MogemH Ha OPHTHHAT

MOMARHO JHINE B TOM caydae, eclIH 3To0T peaviaLTaT ED(}TBETGTBYET

OpHSHAKAM CXOACTBA OPHIHHANA M MOJeNH (IpPYTHMM CIOBAMH,

OPHIHAKAM ANeKBATHOCTH).

Ha yeTBeprom srame OCYINECTENAIOTCA IpaKTHYe-
CHAS NPOBepKa DOXYYeHHEIX ¢ IOMOIMLE) MOTelM aHaHHH o HX
HCHONB3OBAHHE KAK JNA HocTpoenua obobimaminelt Teopuu
PeanBHOrC obBeKTa, TaK M OIA ero neJeHANPABIEHHOrD IIpeoh-
PAZ0EAHMA HIH YIpaBleHHA HM. B nrTore Mul cHoOBa BOIBpAIa-
eMcA K npobreMaTike obheKTa-opHrHHaza.

Mopenuposanue upescrapmder coboif DUKIHIeCKMil mpo-
oecc, T. e. 3a IMepPBLIM HeThIPEXITATHBIM ITHEJIOM MOMEST ITOCIIe-
JOBATE BTOPOH, TpeTHil M T. 1. [Ipu sroM zHAHHA 06 HCCTIe IVEMOM
oBerTe pACIOHDHIOTCA H ¥TOUHAIOTCH, a4 NePROHAYANLBHO TOCTPO-
€HHAA MOJeJB MOCTeNeHHO coBepencTByeres. Takum obpazom,
B METOLOJOIMH MOJENHPOBAHMA 3AJ0KeHEl DoNLINHe BOSMOIKHO-
CTH caMOCOBEDINeHCTEOBAHMA.

Ilepeiigen Tellepr HelloCpeleTREHHO K NPOLEceY 3HKOHOMMKO-
MaTeMATHHYECKOTO MOLEAHPOBAHHA, T. e. ONMHMCAHHA SKOHOMMHYe-
CKHX M COUHAMEHBIX CHCTEM H ODOLECCOB B BHOS 3KOHOMIKO-
MaTeMATHHECKHX Mojlenel. JTa pPasHOBHIHOCTE MOZeNHPOBAHMSA
obIaziaeT DAJOM CYIIECTBeHHEIX ocobenHocTel, CBASAHHRIN Kak
¢ 00BEKTOM MOJEIHPOBAHMA, TAK M ¢ I PHMeHASMBIMH AllIIapa-
TOM H CPe[CTBAMH MOfelHpoBaHHA. [losToMy memecooBpasHo Ho-
Jiee TeTaldbLHO NPpoAHANMHIHPOBATE nocIeloBATeNBHOOTE H 'E‘.D}.IEP—
FKaHHMe JTAIOR IKOHOMHKO-MATEMATHUECKOTO MOJe/MPOBAHMS,
BRIIEJIME CIEAVIOIIHE IIecTh 3TAINOE! IIOCTAHOBKA SKOHOMIYe-
ckoil npobleMel, ee KAYeCTEeHHLI AHANTHE; DOCTPOEHHE MaTe-
MATHYECKOH MOZENH; MATEMAaTHYeCKHH AHATHI MOJeJH; ToAro-
TOBKA MCXOAHOH WHMDOPMAINKN; JHC/IeHHOE pelleHHe; AHAINA
‘-[HEJIEHHMX PESYIBTATOE H HX NpuMeHenHe. PaceMoTpHM mag-
AbIH M2 2Tanos Hogee mogpobmHo.

1. HDETHJIGBICB, IKOHOMHYECKOH mpolieMBEl H ee KadecTBeH-
HEIM ananud. Ha atom asrane Tpebyerca chopMyIHPOBATE
CYIMHOCTE IPODIeMEl, IPHHUMAEMBIe OPeJHOCELIKH | IOIY-
meHHA. Heobxogumoe BbITenuTs amueiimue HepThl M cBROfi-
CTEA MO[elHpyeMoro obbeKTa, H3Y4YHTL ero CTRVETYPY H

B3AMMOCBA3E €ro JJeMeHTOB, XorTd Obl NpeABapHTENLHO
chopMyIHPOBATE THIOTESH], OUBIACHAIONINE IMMOoBeleHHe H
PASEMTHE ODLEHTA.

2. IlocTpoeENHEe MATEMATHIECKOH MoOJeNH. JTo BTan (opMa-
3alHH PKOHOMHYMecKod opobaeMEI, T. e. BHIDAKEHHA ee B
BM/Ie KOHKPETHBIX MATEMATHYECKHX 3aEmcumMocTeid (dymHi-
oW, YpaBHeHWil, HepaseHcTE H Jp.). Ilocrpoernre Momenu
ODoOpasgenseTcd B CBOK oOUepedk HA HECKOJNEKO CTaJHii.
CHauara ompemeldseTcd THI SKOHOMHKO-MATEMATHUECKOH
MO, HAVIAIOTCH BOSMOMHOCTH €e IPHMeHeHHA B JaHHOH
spjiade, YTOYHAKTCA KOHKPETHEIH OepeueHEL epeMeHHEIX H
napaMeTpos H (opma cBazei. AT HeHOTODEIX CHOMHEIX
06 BeKTOE HelecoobpasHo CTPOHTE HECKONLKO DasHOACIEeKT-
HEIX MOJeNel; OpH 8TOM KOHIAA MoJelbh BBIJEIAeT JHIIL
HEeKOTODEIE CTOPOHBI 00BeKTA, A ADYTHE CTOPOHBI YUHTHIBA-
I0TCH ATPerHpoBAHED ¥ Opmimenmo. Onpaenano cTpemie-
HHe IOCTPORTE MOJENE, OTHOCANIYIOCH ¥ XOPOINo H3y4YeHHOMY
KIACCY MATeMATHYECKHX 3ajiay, YTO MoMeT norpefoBath He-
KOTOPOTO VIPOIMEHHS HCXONHEIX OpPefIOcHIIOE MoJelH, He
HeKa®mawiers oOcHOBHBIX HepT MoIelIHpyeMoro obLeKTa.
Opnaako BO3MOMKHA M TAKAA CHTYALHA, KOTZa (opMamrmsa-
OHA OpobieMbl NPHBOIHT K HeH3BECTHOH pAHEe MATEMATH-
YecHOH CTPVHTYDE.

3. Maremarnueckuii aHanHa momenan. Ha sTom sTame umeTo
MaTeMATHYSCKHMHE IPHeMAMH HCCIeJOBAHAA BBIABIANTCA
obmue ceoMeTEAa MOJedH M ee pemcHMH. B YacTHooTH, BasK-
HEIM MOMEHTOM HBIAETCHA TOKAZATENRCTBO CYIIECTROBAHMA
pemenna copMynTHpoEaEHol zagauwn. [Ipr aEamwTHYecKoM
MOCAeIOBAHHH BEIACHAETCH, eJHHCTESHHO JTH pellleHHe, Ka-
KMe NepeMeHHbIe MOTYT BXOAMTE B PelleHHEe, B KAKHX Ipe-
Aelax oHH M3MeHATeH, KAKOBEl TeHIeHIIHM HX HIMeHeHHA
HT. A OpHako Mofemd cIOMHBIX IKOHOMHYeCKHX obben-

TOBE ¢ DONBIDWMM TPYOOM NOANAKTCA AHATHTHUYECHOMY M-
CleJOBAHHIO; B TAKMX CIVUAAX NePeXofAT K YHCIeHHBIM
METOIAM HecIeSOBAHHA.

4. TMogrorosxa mexogmod wmopmanuu. B sxomomiruecnmx
safadax 9To, HAK OpaBHA0, HaAbojlee TPYIoeMEHRH 3Tam Mo-
JeHpoBaHds, TAK KAK Jei1o He CBOJHTCA K IACCHEHOMY
chopy AanHbix. MaTemaruyeckoe MOJeMHPOBAHNE IIPEILIB-



i4 Frasa 1

(JeHOoBHbBLE MOHAMUR MamMeMamULecKozo Modeluposanua i5

JAeT HecTKHe TpefopaHHA K cHeTeMe HMHGODMAIHH; IpH
YTOM HANO NPUHHMATE BO BHHMAHWE He TOJNLBKG TIDHHIHITHA L.
HYH) BOIMOEHOCTE ITOATOTOBKH HHEQODMAMM TpebyeMoro
KadecTsa, HO H 3ATPaThl Ha NoATOTOBEY HHGOPMAIIHOHHEIX
mMaccHBOE. B nponecce mojroronky MHGOPMAIIHE HCIOIbAY-
IOTCA MeTO/(bl TEOPHH BePOATHOCTEH, TeODeTHYeCKOH M Ma-
TeMATHYECKOH CTATHCTHKM AN OPraHH3AIlHH BEIGODPOUHBIX
obicienoBanuil, ONEHKH MOCTOBEPHOCTH JIAHHEIX M T.7. Ilpn
CHCTEMHOM 2JKOHOMHKO-MATEMATHYECKOM MOJeIHPOBAHHH
pe3yneTarsl (YHKIHOHHPOBAHMA OHHX MOgeleill ciyixar
HMCXOOHOH WHhopManmed IIs Apyrux.

5. "YUncaenHoe pemenme. JTOT BTAN BKJIIOYAET paspaboTKy aj-
FOPHTMOE YHCNEHHOrO pemleHus 3ajaqH, MOATOTOBKY MIpO-
rpamM Ha JBM n HemocpeJcTBeHHOe NpOBeNeHHE PACYETOR;
IpH 3ToM 3HAUHTENBHBIE TDYAHOCTH BBISLIBAIOTCA GONBINON
PasMepHOCTEI0 SKOHOMHYecKHX 3afiad. OOki4Ho pacuern! Ha
OCHOBE 3HOHOMHEO-MATEMATHYSCKOH MOJENM HOCAT MHOIO-
BAPDHAHTHEIH XapaxTep. MHorounclIeHHEIe Mojle/ILHBIE DEC-
NePHMEeHTE], H3Y4YeHHe IOBelleHHs MOIENH NPH DasJIHTHEIX
YCAOBHAX BO3MOMCHO NPOBONHTE DJArofapd BRICOKOMY OBI-
CTPOJEHCTEBHI0 coBpeMeHHEIX DBM. Yncaemmoe PeleHe
CYINecTEEHHO JONOMHAET pPe3yIRTATHEl AHATHTHULCKOTD MHO-
CHAeIOBAHMA, & [IIA MHOTHX Mojieneil ABIAETCH eIHHCTBEH-
HO BOSMOMHEBIM.

6. AHANIN3 YHCIEHHEIX Pe3yJbTATOR H HX npuMerenne. Ha
9TOM aTalle Dpe[e BCero pemaeTcs BasKHeHIIHI Bonpoc o
OPABHIBHOCTH H IOJHOTE Pe3yJALTATOE MOJMETHDOBAHHMSA M
NPHMEHHMOCTH HMX KaKk B NPAKTHYecKOH JeATelsHOCTH,
TAK M B IENAX YCOBEDHICHCTBOBAHHMA Mojgenn. Iloaromy B
HOepEyI0 ovepenb NOJIKHA OnITE IpoBejeHA NPOBEPKA AJEK-
BATHOCTH MOJI&IH II0 TEM CBOMCTEAM, KOTOpPLIE BEIGDaHBI B
Ka4ecTBe CYLIEeCTBeHHBIX (APYIrHMH CIOBAMH, NOJMMHE] GRITL
NPOH3BE/ieHbl BePHGHKANNA M Bamuganus mopgenu)t. ITpu-
MeHeHHe YHCNeHHBIX PeaylbTATOE MOIelHPOBAHHSA B SKO-
HOMHKe HalpaBleHO HA pelleHde NOPaKTHUECKHMX 3a1au
(aHanms 2sKOHOMHYECKHX ofLeKTOR, SKOHOMITIECKOe mpo-

1

Bepugurayua Mojens — nposepra ODABHALHOCTH CTPYKTYDED (MoruH)
MONEIN; Saiudays Mogens — [IPOBEPKA CODTBETCTREMA HaHHEIX, MOJIVUOH-
HBIX HA OCHORE MOIENH, PeANBHOMY IpOIecey.

FHOGHPOBAHHE PAIBHTHA XO03AHCTBeHHBIX M CONHANBHBIX
IpoleccoE, BRIpaboTHA VIPABIeHUeCKHX PellleHHI Ha Boex
VPOBHAX X0O3AHCTEEHHOH HepapXxIH).

IlepeunciedHBle BTAOE] IKOHOMHKO-MATEMATHYECKOTO MOJe-
NWpPOBAHHA HAXOJATCH B TeCHOH BIAMMOCBASH, B TACTHOCTH, MO-
VT HMETE MECTO BO3EDATHEIE CBASH aTamos. Tax, Ha dTANe I0-
CTPOSHHA MOJENH MoXeT BEIACHHTLCH, HTO NOCTAHOBKA 3aladvH
HAH [pOTHEOPEUNEA, HIIH OPHBOJHT K CIHIIKOM CHoMHoll Ma-
TeMATHYeCKOH MOTenH; B 2TOM Clydas MceXONHad NOCTAHOBKA
saflauy foipxHa OBITE croppeKTHpobama. Hambonee wacTo Heol-
XOJMMOCTE BOSEPATA K IPelIIecTRYIONIMM JTAlaM MoIelHpoBa-
HHS BOSHWKAST HA 2Tale MOITOTORKH MeXofHoH HHGMpOPDMAIHH.
Ecnn Heobxonumas HEGOPMAIHA OTCYTCTEYeT HIH 3aATDATEl HA
£e MOJATOTOBKY CIHITKOM BeJHKH, IPHXOJHTCH BO3BPAIIATHCHA K
STAIIAM [IOCTAHOBKH 38Ja4YH H ee (opMaIM3anuy, dTobel IpH-
cnocobUTECH K JOCTYOHOH HCCNIeNoBATENH) MHPODMAIINH.

Brime y3e cEA3aHO 0 LUMKIHYeCKOM XapakTepe Opolecca
mogenuposamnda. Hegocrariy, KoTopele He YIAeTcHd HelPaBHTE
Ha TeX MIH HHBIX 2TANAX MOJelIHpOBAHNHA, VOTPAHANTCA B IIO-
cAeIVIOMIHY HHKIax. OTHAKD pedyAbTATREl KAMIOT0e MHEIA HMe-
0T ¥ BOOJMHEe caMocToATeaAkHoe sHaveAwe. Hawas necnepopBaHie
¢ TOCTPOEHNA NpocToil MOAelH, MOMKHO NOJAYYHTE NMOJe3HEe pe-
SYALTATHI, & 3aTeM MepeiiTH K cosmammio Gojee cJoXHOH H Gonee
COBePIIEHHOH MoTenH, BKIIOUAIOINSH B cebda HOBRIE VCJIOBHA H
bojee ToYHEIE MATEMATHYECKME 3ABHCHMOCTH.

1.3. Knaccndukauuma 3KOHOMHKO-MaTeMaTHYECKUX METOL0B
W Mopienel

CyTek SKOHOMHKO-MATEMATHYECKOTD MOIeIHPOBAHHA 38KITI0-
yaeTesd B ONHCAHHH COOHANRHO-8HOHOMHUYSCKHX cHCTEM H IIpo-
IECCOR B BHAE SHOHOMHEO-MATeMaTHuecKHX mojgenei., B § 1.1
EPATED PACCMOTPEH CMEICH TIOHATHH <¢METOL MOJeIHDOBAHHA?
# «Mofenbs. Hexogas Ha aToro sKoHOMHKO-MATeMATHYSCKHE Me-
TOABL clelyeT MOHHMATE KaK HHCTDYMeHT, 8 3KOHOMHKO-MaTe-
MATHYeCKHe MONENH — KAaK IIPOJAYKT NPOOects IKOHOMHKO-Ma-
TeMaTHYecKoTo MOgeIHpoBAHMA.

PaceMoTpHM BOTIpocHl KJACCH(IHEATDHNE SKOHOMHKO-MATEMA-
THYeCHKHY MeTOJOR. OTH MeTOAbI, KaKk OTMedYeHo BRIMe, IIPei-
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CTABIAIT coboH kKoMILTeke IKOHOMHKO-MATeMATHYECKMX  IHe-

HHITHE, ABIAIIUXCSH CIIABOM 3KOHOMHKH, MaTeMATHEH H KH-

Geprernru. Iloaromy KAacCH(pMKALNA 9KOHOMHKO-MaTeMaTHYe-

CKHX METONOB CBOAWTCH K KIaccHpHKAIHM HAYYHEIX JHCITHTI-

JIHH, BXOMAIIHX B HX cocTaB. XoTq ofINenpuEATAS Exacerdgi-

EalOHA 3THX THCHHINHE NMoKa He BrIpafioTaHa, ¢ H3BeCcTHOI cTe-

IeHR NpUOAHKEHTT B cocTaBe SHOHOMHKO-MATEMATHUSCK X

METOIOB MOHO BBIJIEJHTE CleyIONTHe pasmensr:

¢ OFHOHOMUXECKAR KulepHemuica: CHCTEMHBIN aHATHI SKOHO-
MHEH, TeODHHA SKOHOMHYecKoH HHDOPMALMH M Teopus
YOPaBAAKIME CHETENM;

® MAMEMAMULECKA CMOMLCILIED: SHOHOMHYeCHHe NPHIO-
HCeHHA ,t[[lHEIDﬁ AUCLHHIIHHEL — BEIGOPOYHBI MeTOMN, HMc-
TIEPCHOEHBIM aHANHA, KOpPpPe AmHOHHELH AHATHI, pETpeccH-
OHHBIH AHAINS, MHOTOMEPHBIH CTATHCTHYecKHil aHaHs3
thakTopHEI anamus, TEOPH#H WHIEKCOB H Jp.; i

® MAMEMAMUYECKIR IHOHOMUR T H3YHaIIAA Te e BOMPOCH
€ HOJHYEeCTBeHHOH c¢TopoHED IKOHOMEMPUA: TEODHA SKOHO-
MIYMECKOTO  pOCTA, TeOPHA IIPOMABOJCTREHHBIX yHRITHE
MeicoTpacieBsle GaJIAHCE, HAHOHANLEHEE cueTa, ﬂHﬂJ‘IHE’
Cpoca M DOTPeGNeHHA, DerHoOHaABHEIR u NPOCTPAHCTERH-
HEIIL aHAINS, rMOGANBHOE MOARNHpOBAHME I ap.;

®  Memodbl NPUHAMUR ONMUMALLHbLY PeuteHull, B ToM unche
HCeaeloBARMe omepanuil B sKoHoMuKe. Do Hanbojee ofh-
EMHBLIH pasfiell, BKIIOYAIOMHI B ceba CHeAYIOITHE HOeIHT-
JTHHBI B MeTOIE: ONTHMAILHOS (MareMaTHueckoe) nporpanm-
MHpPOBAHNe, B TOM 9HCTE METOILI BETBCH It TPAHHI, CeTeRbBIe
MeTONbl ILTAHHDOBAHMS I ¥OpaBRIeHHH, NPOrpaMMHO-IoIe-
EBIE MeTONL] MIAHNDOBAHKA U YIOPaBIeHHH, TEOPHID H MeTao-
ARl YIPAB/JIeHAA BANACAMH, TEODHIO MACCOROrD obcaysxmnea-
HHHA, TEOPHIO HID, TEOPHMIO H METOOLI TDHHATHA DelmeHwii
TEOPHIO pacnucaHuii. B omrmmannmoe {Maremamqmnaej;
OporpaMMHPOBAHME BXOIAT B CEOIG OYepenk NHHeHHOe Ipo-
rpaMMHDOBAHNE, HelNHeHHGe OporpaMMHpOBAHNE, THHAMI-
HecKoe OpOorpaMMHPOBaHNE, AHCHDETHOS [IIEJIDIIHCHEHHGE]
HpOrpaMMHpOBaHMe, JpobHO-IHHEeiiHOE NporpaMMHEpOBaHEE
HapamMeTpideckoe NPOTPaMMHpOBaHHe, cemapabeJnHoe Il'po-'
TPaMMHPOBAHHE, CTOXACTHYECKOe OporpaMMHpOBAHNE, Teg-
MEeTPHYeCKOe NPOrpaMMHpoBAHMe; ’

o mMemodbl U JUCUUNAUHBL, CREyu@uikble OmJenbHo KaK 0as
UEHMPARUIOGANHO NAAHUDPYEMRON IKOHOMUKL, MAK 1L 018 Dbl
HouHOlL [woHKypeHmuOoL) IxoHomuku. K IIePBBRIM  MOMHO
OTHECTH TeODHH) ONTHMAJNBHOTO QyHHIHOHHDOBAHHA SKOHO-
MHEHN, OUTHMaJIRHCOE IINAHHpPOBAHME, TEODHI ONTHMAIBHOTO
eHO00DPASOBAHNA, MOJeIH MATEPHAIBHO-TeXHHYECKoTo cHab-
MeHHA U Op. Ko BTopelM — MeToIRI, NMOSEOJHSIOIIHE paszpa-
foTATE MOgeNH cBoOOJHOH KOHKYDEHITHMH, MoJeld Kanura-
AHCTHUECKOTo THEJIA, MOTEJH MOHOUOMMH, MOJSNH HHIHKA-
THBHOTD IIIAHHPOBAHWA, MOJeIH TeopHH (hHPMBI H T. 1.
Muorne na MeTo[oEB, pazpaloTaHHBIX IAA UeHTPAJIHIOBAHHO
IIAHNPYeMOH SKOHOMHEM, MOTYT OKA3aThCA MOJEe3HBIMH H
OpH SKOHOMHKO-MATEMATHUSCKOM MOIEJHPOBAHMH B YeJo-
BHAX PRIHOYHOH DHOHOMMKH;

o memodbl IKCMEPUMEHMANEHOZ0 UIYUCHUR IKOHOMUNECKILY
Raaenuii, K HEM OTHOCAT, KAK OPaBHIO, MATEMATHYECKHEe
MeTOoNbLI AHATHMEA H OAAHUDOEAHMHA SKOHOMHYeCKHX aKCIeDH-
MeHTOE, METO/Bl MAMIMHHON HMHTAIHRN (HMHTAIIMOHHOE MO-
OeqvipoBaHHe), Jeaopble HTpel. Cloga MOMKHO OTHECTH TaKie
H MeTONLI JKCHOEPTHRIX OLEHOK, pAZpaboTaAHHEIE ATA OLUeHKH
SIBJIEHHH, He NoIgai0lniEXca HellocpeaeTREHEHOMY HEMePeHHI.
TlepefiiemM Temeph K BONpocaM KIaccH(ZHKAITHE 3KOHOMIED-

MAaTeMATHYECHHX MoJeldel, JPYTHMH cI0BAMM, MATEMATHUISCKHX

MOmenedl CONMANRHO-3KOHOMHMUecKHMX CHCTEM ¢ IpOIeccos.

EguHoli cHcoTeMel KnaccHPHKAIHMHE TAKHX Moieleii B HacTodA-

Iee BPeMA TAKMEe HEe CVIOecTBYeT, OJHAKO ODBRITHO BRIJEIAIT

Bojee OecATH OCHOBHLIX IIPHSHAKOB HX KIaccHOHKATHM, MM

EnacempHIEaIMORHEEIY  pyOpHEK. PaccMoTpHEM  HEKOTOPRIE H3

aTHX PYOpHEK.

IIp obmemy UeneBOMY HAa3HAYEeHHIO SHOHO-
MHKO-MATEMATHUYSCKHe MOJedl JelATCH HA MEeopermiio-aHail-
MuLeckue, HeloIbayeMble IpH HAVUIeHHH oDIIHX CcBOHCTE M 24-
KOHOMepHOocTell SKOHOMMYECKHX [pOOeccoB, M npuiaradHble,
NpHMMeHAeMEIE B POINeHHMH KOHKDeTHBIX SHOHOMWUYECKHX 3amat
aHaNza, NPOrHOZHPOBAHHA W yOpapieHHd. Pasamunnie THIOR
OPHKIATHEIYX SHOHOMHKO-MATEMATHYECKHX Moleleld KaK pas ¢
pacCMATPHBAKTCH B JaEHOM yuebHoM IocoDHH.

IllocTeneun® arperApoBaHHA o00beKTOEB Mo-
JeAHPORAHMA MOJENIH DA3fendIorcd Ha MAKPOIKOHOMUYECKUEe H
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(eHoBHBIE MOHAMUR HAMEMAMUNECKOZ0 MOFeAUPOSANUR

MUKDOIKOHOMUYECKIE, NOTH MemIy HHMMH M HeT YeTHOTO DPas-
rpaHAYeHMd, K NePBRIM M3 HUX OTHOCAT MOJENH, oTParmamiine
hYHEOHOHHPOBAENE SKOHOMUKE Kak eJHHOIO [ENoro, B TO BpeMs
KAK MHEDOSKOHOMPYECHHe MOZeTH CBASAHE], KAK IIPABWIO, ¢ Ta-
KHMH 3BeHBAMH JKOHOMHEH, KAK IpPeINPHATHA H (QIHPMEL.

o xoEEpeTHoMY IDpeJfHA3HAUYEeHHID,T. 8 IO
eJH cO3JaHNA M OpMMeHeHHT, BEIGASINT JaIaHco8ble MOTelH,
BRIpAXAIOMMe TpeboBaHHe COOTEETCTBHMA HANWYHMA pecypcoB H
HX MCIOABIOBAHHA; MpeHIosble MONeIH, B KOTODHIX PasBUTHE
MoJeaUpVeMoil PHOHOMHYecKO CHCTEMEI OTDAMKASTCH Uepes
TpeHT (AIMTENEHYI0 TEHASHIIHI) eeé OCHOBHBIX IoKasaTedel; on-
MUMUAGULONHBE MoOlein, IpejHasHadel Ele JIA BROOpA Hau-
JyyOrero BAPHAHTA H3 OlIpeleleHHOTo YHCJIA BADHAHTOE IPON3-
BOACTEA, pAcHpeleleHHMA HJIM DoTpeDIeHHA; UMUMAUUOHHbLE
MOZeaH, NpefHASHANMEHHBIE NJIA HCOOJLIOBAHHSA B Opolecce Ma-
IMHHHOE MMHTATWH MIYYAeMBIX CHCTEM WM MPOLeccob W Ap.

Il Tiny wmEbOpMauH¥, HCOOIRIYEMOM B MONeNH,
PHOHOMHKO-MaTeMaTHYeCcKHe MOJeJH OelATCA HO SHOIUMLYec
Kue, NocTpoEHHEIE Ha anpyopHOH #nudopMmammi, W udermudi-
YUpYEeMbLE, TIOCTPOSHHEIS HA ANOCTEPHODHOH HHEGODMAIIHH,

Ilo yuery GakKTopa BpeMeHH MOIeNH IoIpasie-
THIOTCA HA CHMAMUYEcKUe, B KOTOPEIX BCe SABHCHMOCTH OTHeCe-
Hbl E OQHOMY MOMEHTY BpeMeHH, I JUuHAMULYLECKUE, OIHCBIBAID-
IIHe JKOHOMHYeCKHe CHCTEMEB! B DASBHTHH.

Ilo yaery darnTopa HeonmpefeleHHOCTH Mo-
JenH pacHnafamTeA Ha JemepMuHuposdHHble, ecIH B HHX De-
3YNETATE] HA BEIXOHe OJHOSHAYHO OIDeeqATeH VIIDABIAIONH-
MH BO3JeHCTBHAMH, H cmoxacmuieckie (BePOATHOCTHEIR), CIH
OpH 3afaHMK Ha BXOOe MOJENH onpeleleHHoll COBOKVIIHOCTH
3HAYeHWH Ha ee BRIXOJE MOTYT MOJVYATHCH PASAMYHLIC Deiyib-
TATHI B 3aBHCHMOCTH OT JefcTBHA caydaiimoro darTopa.

JHOHOMHKO-MaTeMATHYECKe MOJeSH MoOryT KjiaccH(GHIHpo-
BATBCA TAHME M0 XAPAKTEPHCTHEE MATEMATHYE-
CEHX 00DBelToB, BEAWYeHHELIY B MojeNnb, OPYIHMH CI0-
BAMH, [0 THOY MaAaTeMaTHHUEeCKOTO aAODIDTapara,
Henmonssyemoro B Mofenan. Ilo stomMy UpmaHaxky MOTyT SBIThH
BEIMENEHEl MAMPUYLHble MOTEIH, MOTeIN AuHeIHO20 W HEAUHEL-
HOZ0 TPOZPAMMUDOSAHUR, KOPPEAAUUOHHO-DEZPECCUOHHbLE MOJIRITH,

20
MOZeJdH Meopull Maccosdzo of caydULBanUR, MOLENH Cemeso

NAGHUPOBAHUS U YNPAGIEHUR, Mopmeny meopul uzp u T.j. )
Hagomem, Mo THOy Noaxozxa K Hzyuaem i
GGEHHHBHD-ERDHGMI{‘IBEEHM CHETEMl_fI: v
NeATIOT JecKpUnmueHble H Hopmamuerble Mopead. LpH I 3
[HIITHBHOM (ommecaTenpHOM) TOAXOLE MOIVIATCS M[it‘_:KI;
HpEﬂHEﬂH&‘IEHHHE IS onmHcaHHA H Oﬁ'}:ﬁCHEHHﬂ @MT\I:IHH :
HaBIoJaeMbIX ABJEHHE MAH AL MPOrHo2a ATHK HEJIII ‘Hng;'rv{
gavecTRe TIPHMEPa JeCKPUITHBHEIX MogeIed Momni-:rl P e ;m-
HasBAHHEIE paHee HamaHcoBble M TPEHAOBEIE mogenn. IIpr qu.}Ha
THBHOM IIOAXO[e MHTepecyloTeA He TEM, xaKuM obpasoM '_W.‘Ti-i ?;Ha
{ pAasBUBAETCH AKOHOMIYECKAT “(:PICT&ME)., a Kake mﬂan noue_m{‘
OBEITH }’GTPDEH& W Hak IoJAaHA4 ,I{EH{:TBDBE!.TI: B CMEICTE O P:;i};eqn
HBIX KpHTepHes. B 9acTHOCTH, BCE OTITHMHIAMHOHHELE Mﬂr_ ?T
OTHOCHTCH K THITY HODMATHBHBIX; APYIHM npuMeponM 5
CIIVIKHTE HOPMATHBHEIE MOJle/IH YPOBHS HHU3HH.

" PacoMOTpHM B KadecTBe ITpHMEpa BKDHDMHECEMEG S
CKYIO MOJIETE MEeKOTPACTIeBoro famaHca [E'MMﬂ MOB). 1,:“{ i
NpHUBEEHHBIX BEILIE knacCH(DHKAIMOHHEIX DYOPHK aTO ngfm.. 43
Hag, MAKPOIKOHOMHYECKAT, AHAANTHIECKAT, ;Lecm:fnm?;mamm, e
TepMHEHHPOBAHHAA, BaTAHCOBAA, MATPITMHAR Moﬁemza, ﬁfa o y
[ECTBYIOT KAK CTATIHMecKUe, A W HHAMITHeCKHE :

TeMATHHE-

Bonpock! 4 3aAaHud

1. B yeM 3aKni04AETCH CMBICN CUCTEMHOTO MOAX0AA K aHANW3Y COUMANEHO-
4 7
IKOHOMUYECKIMX CUCTEM W NPOLIECCOB:
2. ChopMynupyiTe NOHATUR «MOAENL? U aMETOA MOAENUPOBAHUA™. ;
3. Kakob BaXHeie OCOBEHHOCTH COLMANBHO-3KOHOMUHECKH
: 7
cycTeM kak 0BLEKTOB MOAENHPOBAHUA: :
4. [laiite xapaKTepUCTUKY 3Tancs JKOHOMUKO-MATEMATHHECKOrD MOAE
AIMPOBAHUA.
5. YxaxuTe OCHOBHGLIE HAYyHble AUCUMMAMHGL W METOAB, BXOJAWME B
B.
COCTAR 3KOHOMUKO-MATEMATUYECKUX METOAC }
6. HazoBuTe OCHOBHBIE KNACCHQUKALIMOHHDIE MPHIHAKN amgum.mu;
MaTEMATUHECKUX MOAENel W NpUBEMTE NPUMEDE MOpenen, BXOR
WL B TY MMM MHYIO KNACCHOMKAUMORHYIO pyopUKY.
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Oenoast AUHETHROZ0 NPOZPAMMUDOGANUL

= =

e [IpuHUMN ONTUMANBHOCTY B MNAHWPOBAHMM 1 ynpasnexuw, oblas
3afia4a ONTMMANLHOTO NPOrpaMMUPOBaHKS

o DOpMb 3aNMUCH 33034 IHUHEIHOD NPOrpamMMUPOBaHUR W ee FKOHO-
MUYECKaR MHTEPMPeTaums

 Maremaruyeckwii annapar
l'eOMeTpHYECKan HHTEpNpeTaUMA 3a0aun

o CUMNNEKCHBIH METOZ pellierns 3amayu

2.1. MpuHUMN onTMManbHOCTH B NaHUPOBaHKW 1 YNPABNeHUM,
obuwan 3afaya onTuManbHoro NporpaMM1pOBaHHus

Juneiinoe npozpammuposanie — sro UACTHRIA pasfes OOTH-
MAJEHOTO NPOTPAMMHPOBAHEA. B enoio OYMepelE ONMUMIIBHOES
(Mamemamuuecioe ) MPpOZpaMMUPOSIHIE — Dazfell NPHKIATHOHN
MATEMATHKH, HIYIAIOIIHH 3a7a4H  yeaoBHOM ONTHMHIANHE. B
OKOHOMMKE TAKNe 38/AUH BOSHWKAIOT NPH NpaKTHYeCKOH peaTH.
4aIlHH NPHHIANA ONTHMATBHOCTH B TLIAHAPOBANME 1 YIPaBIeHHH.

Heobxomumeme YCIOBHEM HCOONLIOBAHMH ONTHMANTBHOID
moaXona K IUIAHHDOBAHMIO M YIPaBJEHHIO (IPHEIHNA OOTH-
MAaIbHOCTH) ABASETCH IMIOKOCTS, ANbTePHATHEHOCTE OpOHaBOICT-
BEHHO-XO03AMCTREHHEIX CHTYanuil, B yenoBmax HKOTODEIX IIPHXO-
AWTCA NPUHHMATE [LIAHOBO-YIIPABIEHYeCKHe pemmenua. Mmeno
TAKHE CHTYAlMH, KAK NPaBHI0, H COCTOBNAOT NOBCETHeBHYIO
IPAKTHKY X03AHCTRYIOIMEro cyfhexTa (se1fop mpomsBomcTBeN-
HOH TIPOTPaMMBI, IPHKPEILIe e & IOCTABIIMKAM, MaPIIDYTH3A-
s, PACKPOH MaTepHAJIOR, IPHTOTORNEHTe caecell i1 i i )

IPHHOHTIA ONTHMANEHOCTH COCTOMT B CTPEMJTCHHH BEIGpATE
TaKoe NIAHOBO-YIPABJeHYeCKoe PelmeHte X = (X1, o)., %), THE
x, (f =1,n) — ero KOMOOHEHTEI, KOTOPOE HAWTYYIINM ofpason

YHHTBIBAIO OBl BHYTDEeHHHe BOIMOMKHOCTH M BHEIIHHE VCIOBHA
OPOH3BEOACTEEHHOH JegTe LHOCTH XoaafeTEyIONiero cyiberTa.

Ciopa ¢HAMIYUIIHM 00pasoMs S[AECh 03HAHAOT BRIGOD H;I;Z:
TOPOTO KPHTepHA OOTHMANBHOCTH, T.e. HeKmopGI;@::l;ﬂTl;D;;me
CKOTO MOKABATeNIH, NOSBOJNAIIIETO CPABHABATE 3G el
TeX HAH MHEBIX ILJIAHOBO-YIDPABICHYECKHX pemEHHIE.Lm fu. )
oHHEBIe KPHTEDPHH ONTHMANEHOCTH: ¢MAKCHMYM HDH 2
HHEMYM 3A4TDAT?, ¢ MAKCHMYM peHTAGEIBHOCTH? H AD. T

CioBa «yHHTHIBANO GEI BHYTpeHHIe Bosmumnnu-rgqm i
HUe YCeIoBHS NPOHSBOIACTEEHHOH ,::emmmocm; o:;:; ennai o
HA BEIGOD IJIAHOBO-YIPABJEHYECKOTO PEIIeHH (IoBei %
KIAnBEIBAETCH PAJ yoloBMii, T.e. seibop X ucmee:;j::;:%a -
HeKoTOpoH  ODJACTH BO3MOMHBIX (monyeTHMBIX ) pH G s
aTy 0bjacTh HA3LIBAIOT TaKKe 067acThI0 OMpeleeHH a,; il

TaxuM oO0pasoM, PEANHIOBATE HA NPAKTHKE npanm:mHT i
MAJNBHOCTH B IJIAHHDOBAHHM U YOPABJEHWH — 3TO 3H p
IMHTEL SHCTPEMANBHEYIO 3ajlady BHIA:

max{min)f{j‘{} ) (2.1)
XeD, (2.2)
e f(f) . MaTeMATHYECKAA 3AMHCH KDHTEDHA ONTHMANL-

HOCTH — IefeBad QYHKIHA. Sagaqy YCNOBHOH OITHMH3ALHH
(2.1), (2.2) obBIYHO 3AIMMCHIBAIOT B BAE:

HaiiTy MAKCHMYM HIH MAHEMYM GQYHKITHHA

(2.3)
f{f) = f(x1, X2, ...s Xn)
npm orpamudeRHax  03(%1, X2, ..., Xn) {52} 01
palxy, X35 -1 Xn) {S, = 2} b, (2.4)

Ton =
x;20,j=Ln. (2.5)

X OIH-

Vemosme (2.5) HeobssaTenpHo, HO €70 BCETZA NPH meoab ,u;:t'I
MoeTH MoHO nobnThed. ObosHadvenne {E.:,-‘z} FOBOPHT © TOM,
yTo B KOHKDETHOM OTpAHMYEHHH BO3MOMKEH OJHH H3 3HAKOB:

< = WIH . Bojes KOMOAKTHAR 3aTIHCH:
; =
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max(min)f(xq, Xz, ..., Xz), (2.6)
oilers 29, ooy x) {5, =2 0 L =1 m, 2.7

x;2.0,j=1n. (2.8)

dagaua (2.6)—(2.8) — ofman sajgaya ODTHMAILHOIG {Mare-
MaTH4eCKOro) NporpaAMMHDOBAHMA, HMHAYE — MAaTEeMATHYecKad
MOJeIE 38884l ONTHMANBHOTO IIPOrpaMMHPOBAHHA, B OCHOBE
nocTpoeHMa (paspafoTku) KoTOpoll NeKaT NUPHHOHIED OITH-
MAJBHOCTH H CHCTeMHOCTH.

Bexrop X (Hafop ynpaBaAmomux NepeMeHHBIX I i f =1_,_r€}
HASBIBAETCA JONYCTHMEIM DPelIeHHeM, HIH [IAHOM 3JANaTH OI-
THMAaJBHOTO IIPOrPAMMHDOBAHUHA, €U OH YAOBJETBOPAET CHCTe-
Me n_:rr*pa:mqennfi. A ror mnar X (jonycrmmoe pemeHue), KoTo-
PEIIf [lOCTABIAGT MAKCHMMYM M/IH MHHHMYM MeTeBoil (yHimm
flxy, X3, ..., x;), HA3LIBAETCH ONTHMANBHBIM ILIAHOM (ONTHMATE-
HBIM MOOBeIeHHeM, HAH IDOCTO DelleHHeM) SaTAYH OOTHMAIBHO-
r'o NporpaMMHpPOBAHIIA.

Taxum ofpasom, BEIGOD ONTHMATEHOTO VIPARIEHIECKOTO 110-
BelleHNA B KOHKDETHOH MIDOH3BOJCTEEHHOH CHTVALMH CBA3aH o
OpoBeleHHeM ¢ HDOo3HIMH CHCTeMHOCTH M OOTHMANBHOCTH BEO-
HOMHKO-MATEMATHYECKOTO MOJENHPOBAHUA H DPelleHHeM aajaqn
ONTHMAJNBHOTO IIPOIPAMMMPOBAHMA.

Sajlaun ONTHMANBHOIO IPOTPAMMHPOBAHHA B Haubolee 06-
IeM BHIe KEAACCHMQHIMDYIOT o elefVIOIMHAM NpHaHAKAM.

1. o xXxapakTepy B3aHMOCBHSZH MeEMIY
NepeMeHHEBMMHA —

a) THHeHHLIe,

0) HenHHeHHETE.

B cnyuae a) Bce dyHKIMOHANBHEIE CBA3H B CHCTEMe OrpaHH-
T-IEHI'IIZI H OYHKIHA Held — IuHeiiHble GYHKIHH; HAUTHYHe He-
JAMHEHHOCTH XOT# BBl B OQHOM M3 YIOMAHYTHIX 3JeMeHTOB [IpH-
BOOHT K eayHam 6).

2. o xXxapakKTepy HEMeHeHHA HepeEMEH -
HEI X —

a) HeOpepRIBHBLE,

0) AMCHpeTHbIE,
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B ciyuae a) SHAUEHMH KayKAoH H3 YIPABIAIIHX IIeDeMeH-
HEIX MOTYT SalolHATH CIUIOME HeKOTOpYH obnacTs neilcTBH-
TelBHBIX UHCET; B cjiydae §) Boce MM XoTA OBl ojjHa NepeMeHHAH
MOTYT NPHHEAMATE TOJABKC OeJoYHc/IeHHble SHAYeHH.

3.Iloc yuery tharTopa BpeMeHH —

a) craTH4eCcKHE,

0} rTHHAMHYEeCHHE.

B sazayax a) MOIeJHMpOBAHHe H NPHHATHE PelleHHH ocylle-
CTEIAIOTCH B OpeAOoNosieHHN O HesaBHCHMMOCTH OT BpeMeHH
aTeMEHTOR MOZETH B TeyeHHe TepHOoZa BPeMeHH, HA KOTOPBIH
TPUHMMAETCA [JIAHOBO-YIPABIeHYECKOe DelleHHe. B cayuae 6)
TAKOe TPeIloIo:KeHHe JOCTATOYHO APIYMEHTHDOBAHHO NPHHATO
HE MOYEET OBITE W HeoOXoIHMO VUHTHIBATE (JAKTOD BPeMeHH.

4. Tlo parnunio HMHGOpPMAODMH © HepeMeH-
AR X —

a) 3ajavyd B YCHOBHMAX HONHOH onpegeleHHOCTH (AeTepMH-

HUpOBAHHLIE),

6) saga4uy B YCIOBHAX HeNoJHON HHMOPMAINH,

B) 3ajJaYH B VCIOBHAX HeollpeeleHHOCTH.

B aagauax 6) oTHelbHBIe 3JeMeHTHL ABIAIOTCA EEPOATHOCT-
HBIMH BEeTHUMHAMM, OJHAKC M3BECTHEI MIH JOIONHHTeILHBIMH
CTATHOTHYECKHMH HeoIefOBAHAAME MOUYyT OBITE YCTAHOBJIEHEI
HX 3AKOHBI pacmpefeieHHA. B ciyuae B) MOMHO cHejaTh npen-
OOoNoKenMe 0 BOBMOMKHBIX HCXOZAX CHIyYaHHBIX 3MeMeHTOR, HO
HeT BOSMOMKHOCTH cleJATE BEIBOJ O BEpPOSTHOCTAX MCOXOIOE.

5.Ilo yHeNly EPHTepPpHeB OODEeHKH ANBTEP-
HATHE —

a) npocThle, OOHOKPHTePHANBHEIE 3aJa4H,

6) cioMHBIe, MHOTOKDHATEDHANLHBIE 38/IA%H.

B zamauax a) sKoHOMHYECKH IpPHeMIIeMO HCHOJE2O0BAHHE OI-
HOMO KPHTEepHA OINTHMANRHOCTH HJIH YHaeTcd clelHalbHBEIMH
TponeypaMu (HarpUMep, ¢B3BelIMBAHMEM TIPHOPUTETOE») CBe-
0TH MHOTOKPHTePHAJBHEIH IIOHCK K OJHOKDHTePHANBHOMY; IIPH-
Mephl MHOTOKPHTEPHATLHEIX 3a/jad DACCMOTPEHSI B I 3.

CoueTapue IpHsHAKOE 1—5 mosBojfer PYNOHPoOBATH (KiIac-
cHHIMPOBATE) B camMoM oflieM Buje 3afjaud M METO[Bl OITH-
MAJBHOTO IpOrpaMMApoBaHMA, Hanpumep: la)2a)3a)da)5a) —
gajauM ¥ MeTojbl JWHeliHoro nporpaMmuposanus, 16)2a)3a)
4a)5a) — 3afadM H MeTOALI He/IMHeHHOTO INPOrPAMMHPOBAHNA,
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1a)26)3a)4a)5a) — asamaun H MeTomBI LeNloMHCIeHHOTo (muc-
KEPeTHOT0) THHEeHHOro NpOrpaMMEpPOBAHAA W T.1.

PaccmoTpuM mpuMep 3afaus OOTHMATEHOTO OporpaMMHEpDO-
BAHHA.

A Mocranoexa sagaus. Ilpepnaraerca n MHBECTHITHOHHBIX poekK-
TOB Py, Py, ..., P}, ..., Py, TImaTensHAA SKOHOMMUYeCKan npopaGoT-
KA HOTODEIX MOBBOJNAET NONYHHTE AJNA KaMIOT0 U3 [IPOSKTOR P
AOCTATOYHO ybemHTeNbHEIE IKOHOMHYECKHE OIEHKH OMHIAEMOTo
athdeKTa OT ero pealHIanHH C; m HeobxoauMoill BeTHUNHBI
HANHTANOBNOKeHHH g;. O6muil ofheM BOBMOMKHEIX HMHBECTH-
OuH orpamMyYen BemHumuoil (7. Heobxommmo Tak PACTIOPALHTE-
CH MMEeIOIMHMHCH (PHHAHCOBBIMH DeCYPCaMH, UToBEl MakcHMHusH-
pPOoBaThL cyMMapHuIH 3¢deKT oT HHBeCTHIINI.

Maremarnaeckans sanmes aamaum (Monmens). Beemem B pac-
CMOTPeHHe YODABNAIOMIHE NepeMeHHEIe, VCTh:

e 1, ecnmr mpoekt P cnetyer MHBecTHPOBATE,
710, ecnu me enenyer.

C yuerom aTHX obosHaueHHH aamaua o KDHTEDHI0 «MAaKCoH-
MYM JHEOHOMHYECHOI'O 3fiperTas MaTEMATHHUECKH SaTHIIeTcs
CHefVIOmHM obpasom:

max f(x1, %2, ... %) =) C;;

n
D 8;%; <G,
i=1

x; {01} j=1,n. y
Ipusenennan aagaya ABITeToR 3aladedl OHCKPETHODO JHHel-
HOTO NPOTPAMMHMPOBAHMA ¢ OYJNEBEIMH IlepeMeHHEIMH (IIepeMes-
HBl€, KOTOpbIE MOTYT NPHHHMATL TONEKO ABa sHaueHHs: 1 u 0,
T.e. <4Nas MIH +HET»), T.e. OTHOCHTEA K Kiaccy 3ajay
1a)26)3a)4a)5a). Ora samaya mMoser GuITh pellleHa, HATPHMep
HIBECTHEIM MeTonoM Bamama,
BriGopy Meroma pemmeHmMs KOHKpeTHOH 3a7AYM ONTHMATLHO-
F'c OpOrpaMMHDOBAHHA NpeAllecTBYeT ee KiIaccHPHEAIHA, T.o,
OTHeCEHHE K ONHOMY M2 KIACCOB ONTHMH3AIMOHHBIX 3afgau, Ha-
UHHAA C NPHBEJEHERIX caMbiX obIuX IpHAHAKOR (Hanpumep,

;]
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aa)AUa THCKDETHOrO JHHEeHHOrO NPOTpAMMEPOBAHHA ¢ OyJIeBLIME
nepeMeHHEIMH).

PaseuTHe ¥ COBEPINeHCTEOBAHMe MeTOJNOB DeIleHHA 3axad
OIITHMAJNLHOTO NPOTPAMMHPOBAHHA WIET OT CAYUASE THIA A) K
cAydaAM THIa ), B).

HaunGomee mayueHs! 3a1a4H JTHHeHHOro IpPOrpAMMHDOBAHHEA,
g8 KOTOPBIX paspafoTaH YHUEEDCANLHLIH MeToZ PemieHHd —
MeTo[ HocHefoBATellbHOID YIYUINeHMS OaaHa (cHMINexc-Me-
Tod), T.e. Awbad sajada JHEelHOrO NPOIrPAMMHPOBAHMSA DelllasTes
(peanmayercsa) aTHM MeTomoM. FiMeHHo 5TH 3ajauy B jansHeiiem
[ACCMATDHEAIOTCA B DAHHOH ToaBe.

2.2, Dopmbl 3anKCK 320341 NMHEHHOTO NPOrpaMMUpOBaHKua
W ee 3KOHOMW4YecKan WHTepnpeTauus
Far orMedeHc Beiilie, cpefH IIHPOKOrO Kjacca safad OIITH-
MAJBHOTO NPOrpAMMHUPOBAHNA HMEOTCH BAXKHEIE NOAKIACCEI 34-
Iad, OIA HKOTOPEIX paspaboTadsl athdeKTHEHBEE MeTOIRl pelle-
uua. Hambomee nayueHERIM TIOOKJIACCOM Sajfad ABAANTCH 3afld-
4 JIHHeHHOro MporpaMMHPOBAHIH.

B samade amHeiimoro mporpammuposBapdsa (SJIII) TpebGyercs
HARTH 2KCTPeMyM (MAKCHMYM HIN MHHHMYM) nuHelinofi nese-

BOH (PYVHEIOIHN fia:
mazx{min) f(f) = ¢1x1 + €axa + ... + Cpx, (2.9)

IpH OTPAHHYeHHAX (YeJXOBHAN):
@11X1 + dy0Xs + .+ AypX, {5.=,2} b1,
dz1x) + @gaxs + ...+ Qopx, {i,=,2'}b2, (2.10)

xj 0;j=1n, (2.11)

roe @y, by, ¢j (i =1,m ; j =1,n) — safaHHBe TNOCTORHHEIE BOTHHHHBL.
Tar zanpcrpaercs obiiag sagada JHHeHHOrO IPOTPAMMHEPO-
BAHMA B PASBEDPHYTON dQopMe; anar-:{::.:,?i} OSHAYAET, YT0 B KOH-
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kperHoil 3JIII BosmomxHO orpaHWueHHe THIA DABEHCTBA WM
HepaBeHCTEa (B TY HIH MHYIO CTOPOHY).

Cueremy orpanmuenuii (2.10) HaZEBAKOT GYHKIHOHATBHBI-
MH orpaEuYenuamu 3JIII, a orpannyennsa (2.11) — npaMeiMu.

Bexrop X = (xy, X3, ..., X;,), VAOBJAETBOPAIOINNIT cHCTeMe or-
pamrmuenmit (2.10), (2.11), asriBaerca donyemumsiy peuleHues,
win naanom 3JIII, 1.e. orparnuenns (2.10), (2.11) onpegensamor
obracmb JOnycMuUMsLX pewenuil, NI RAGHOS 3aJauM JHHe-
HOTO OporpaMMuposanns (ofaacme onpedenenia IJIII).

Ilnanm (monmycritMoe pemnenme), KOTOPEIH JocTaBIAET MAaKCHMYM
HIH MHHHMYM HeleBoli dyvEroud (2.9), mHaswiBaeTcs onmi-
MAABHBLM nadHoM (onmumanbibiy peweruen) 3JII1.

Kanonmueckoit dopmoit sammen zajauyn auHeiiHOrO Iporpan-
mupopanus (K3JIII) maseisaor sagauy Buma (3anuck ¢ HeIoas-
20BAHHEM JHAKOB CYMMHDOBAHMH):

It
Hafri max f(X) = ¢z (2.12)
i=1
n
IpPH OTPAHHYSHHAX Za,-jxj = by, i =ﬁ, (2.13)
j=1
220,002 0,i=1m,; j=1,n. (2.14)

Bexropuasa dopma sanucn K3JI mueer BH]I:
Haiiti max f(f } = CX
OpH OrpaHMveHHEAX A1x) + Agxs + ... + 4, x, = B, x = 0,

TAE L= (21, Ca, ..ij cphy X = (x4, X9y 1oay Xp),
CX — cranapHoe IpOH3BejeHHe BerTopoe C,X;
Aju B — BeRTOD-CTONGIILL:

ayq ayn i, by

s a3 a; b
A]:' ?AE_ ¥ r-A.ra.= izﬂ |B= 2

aml Dz n IE}m

MarpmuHaa dopma sanucn KSJIII:

max f[f) =X

[IpH YCIOBHAXK AX =B, Xz0.

Baeck C = (¢1, C2,.--, €y) — BexTOp-cTpoxa; A = (2;) — maTpH-
4 PASMEpPHOCTH M7, CTONGIAaMH KOTODOHl HBAAITCA BEKTOD-
cTonbne Aj

* by
Xa bz

X =| "° | — BerTop-cronbern, B =| | — BeKTOp-CcTONDEN.
= by

HHorga MeHodbayeTea crangapraan gopma samuen 3JII1:

max({min) [ (f) = CX,

IIpu srom samues X = 0 MOHMMAOT Kak BEKTOD (MJH BeK-
Top-cronfel] B 3aBHCHMOCTH OT KOHTEKCTa), ¥ KOTOPOTO Bee KOM-
MOHEHTEI (2IeMeHTH) HeOTPHIIATEIBHEL

TIpusegenue 3JIII K KAHOHHYECKOMY BMIY OCYIIECTBAASTCH
BEEeHHEM B JEBVID YacTh COOTEETCTEVIONIErO OTPAHMYEHHA BHAA
(2.10) k-t momoNHWUTENLHOH NepeMeHHOH Xpip =0 co smaxom —
B cayduae orpaHEMYeHMA THIA = H 3HAKOM + B cIy4ae orpaHide-
HHA THIIA =.

Ecnad Ha HEKOTOPYID NMepeMeHHYID X, He HaKIalbIBAeTcHd Yo-
JI0BHE HeOoTPHIOATeILHOCTH, TO [elaiT 34MeHY NepeMeHHEIX
¥, =x.-x, x.20, x20. B npeobpasoBaHHOH 3aja4ye Bee
TepeMeHHbI¢ HeoTpHuarenphele. Ilepexon K 2afade Ha MaKcH-
MVYM [OCTHTaeTes M3MeHeHMeM B ciyuae HeoOXOIHMocTH SHAKA
v HeneBol (GyHRIIHH,

E mMaremaTHUecKHM 3ajaudaM IHHeHHOTD IIporpaMMHpOEA-
HHA OPHBOJAT MCCIefOBAHNA KOHKDeTHBIX IPOM3BOJCTBEHHO-
¥03AHCTEBEHHBIX CHTYAIIHHE, KOTODEle B TOM HIH HHOM BHJE HH-
TepOPeTHPYIOTCA Kak 3agaun of oNTHMAINEHOM HMCIONB30BA-
HHH OrpaHAYeHHEIX pecypcoB (3amada o DACKpoe, CMeCHAX, HHE-
T™® M T.A.)-
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L Mpumep 1 (sagaua o cmecax). Crammaprom Ope/[yCMOTPEHD,
UTO OKTAHOBOE YHCIO aBToMobuipHoro GeHauHa A-T6 momsHo
ELITL_ He HH:Ke 76, a cofepaHMe cepel B HeM — He Oolee
0,3%. Jlns weroroBgeHNA Takoro GeH3HHA HA 3ABOJE HCIOIB3Y-
ercd CMech 13 YeThipeX KoMIoHenToB. amHBIe 0 pecypcax cme-
IMTHBAEMBIX KOMIIOHEHTOR, HX cefecTOHMMOCTH H HX OKTAHOEOM
Uncie, a TaKiKe O COJePIKaHiH cePEl NPMBeNeHE! B Tabnune

Xapargmepucmuxa Romnonenm  asmomobuasiozo Gensiia
M1 Ne 2 e 3 Ne 4
OxramoBoe 4HcIo 68 72 " 80 g0
Conepsxtanme ceprl, % 0,85 0,35 0,3 0.2
Pecyper, 1 700 600 500 300
CeGecTonMOCTE, NeH.ef. /T 40 45 60 a0

Tpebyerca onpefennTs, CKONBKO TOHH KAMKIOIG KOMIOHEHTA
CIeAyeT HCIOJAB30BATE ANA moayderusg 1000 T arTomMobHIBHOTO
Gemauna A-76, utobr ero cefecTonMoeTs GRLIA MEHIMATLHOMN.,

Pemernue. [Ina pemenusa sroit zagaumn chopMynupyen
et 9KOHOMMKO-MATEMATHYECKYIO MOJielib, T.¢. chOopPMYIHpYeM
sagauy maresmMarHdeckH. Bpegem HeobxommMele ofosHavemmm:
nyere ¥ (j = 1,2,3,4) — KonuvecTso B cMecH KOMIOHEHTA o
HoMepoMm j. C yueToM aTHX obosHauenmii wWmeeM safgady (kpn-
TEPHH ONTHMAIBHOCTH — ¢MHHHMYM cebecTOMMOCTH )

min f(X)= 40x; + 45x; + 60x5 + 90xy,
x4 xp+ xg+ xy = 1000, (1)
68x1 + T2x3 + 80x3 + 90x4 = 76-1000, (2)

0,35x; + 0,35x, + 0,8x3 + 0,2x4 < 0,3-1000, (3)
x; = 700,
xp = 600,
xz = 500,
x4 = 300,
%2 0,j=1,2,3,4.
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dyernHoHANEHOe orpanmdende (1) orpamaer HeobxoaH-
MOCTE TIOJYIeHHA 3ajanHoro KomudecTea emecn (1 000 1), (2) m
(3) — orpaHMYeHHA [0 OKTAHOROMY HHCJIY H CONEPHAHNI0 CEepPEI
B CMEcH, oCcTANbHBEIE — OrDAHHYeHHS HA HMelomuecs obbeMEl
COOTBETCTRYIOIWX pecypeos (Kommonenrtor). Ilpamele orpans-
yeHHA OYEBHIHBI, HO NPHHINNIEATLHO BAYKHBEI AIA BeIOOpa Me-
TOJA PelIeHHHA.

IMony4yeEHas MaTeMaTHUecKad 3ajada — 3afa4ua JHHEHHOTO
nporpamyupoBannsa. OHa MoXeT GLITE pelleHa CHMILIEKC-MeTO-
I0M, KOTODEI paccMOTpeH B JaHHOH riase mike. B peayabra-
Te pelIeHH:A NoJYyYaeTed ollTHMAIRHOS DellleHHe

X" = {x;,x;,x;,x;}l ;x;’_—, 571 T,
x;=0, x3=143 v, x;= 286 T.

Ilogcrapaad HaHJeHHoe peOleHHe B IeJeBy0 (DYHRKIHIO,
HMeaM

}"[F) =40-571 + 45-0 + 60-143 + 90- 286 =57 160,0 (mem. ex.).

Taxum ofpasoM, OOTHMATEHOMY pelleHHI0 X" 6yger ore- J
UaTE MEHHMATLEAR cebecTonmoct: B B7160,0 nen. en.

L Mpumep 2 (Mcmonb30BAHME OrpAHHYEHHEIX pecypcog).

Ha vyuacTox crpoameiica jopor# HeoOXOZHMO BEIEE3TH
20 000 wmM® mamMeHHRIX MaTepHANoB. B palioHe CTPOMTENRCTBA
MMeloTes TPH Kaphepa ¢ aamacami 8 000 m3, 9 000 m® 1 10 000 M3,
Ins moTpyskH MaTePHANOE HOMOLIVIOTCH JHCKABATODEL, HMEHIHe
nponseogurensaocts 250 M3 B cMeny B Kapeepax 1 u 2 1 500 n?
B CMeHY B Kapbepe 3.

AT Kaphepsl ofecleUNBAIOT KaMeHHBIMH MATepHATAMH TaK-
e pAJ APYTHX cTpoAmuxcd ofbexroB. Ha morpysxy MarepHa-
JOE /IS paccMATDHEAEMOrO Y4ACTKA BEITENeH JNA JKCHaBaTo-
poB ofmmit mummT 60 MaIIMHO-cMEH ¢ IPABOM MCNOJIB30OBAHHA
£T0 TI0 YCMOTPRHHIO CTpOMTened.

TpaucHopTHEE 3ATPATEH HA MepeR03KY MATeDHANOR XapaKTe-
puayioTes moxasarensamu: aaf mepesosku 10 000 m® marepua-
Joe M3 Kapeepa 1 Tpebyerca 1 000 aBromobuie-cmeH, U3 Kapb-
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epie 4 — 1 3560, u3 wapeepa 3 — 1 700 asromobnie-cMen. Tpe-
Gvercd dafiTH OOTHMANLHEIN I[IJIAH OepeRo3ck, obecleuHBaio-
[T MIHHMATLHEIE TPAHCIODTHRIE 3ATPATHL

Pemwenne. ChopMylMpyeM SHOHOMHKO-MATEMATHYECKYID
Mofent 3ajgaud. IIpHMeM 3a efMHHOY HIMEpPeHHHd KOAHYEecTBa
maTepuanos 10 000 3.

OfosmauuM depea xy ofbeM N0DBIYH MaTepHAJIOE B Kapbepe
1, x» — B naprepe 2, x3 — B wapeepe 3. HeoBxoguMo MHHUMH-
SMPOEATE TPAHCHOPTHRIE 3aTPATHIL

min f(X) =1 000x; + 1 350z, + 1 700x3,

OpH OTPAHWMEHHAX 1) + xs + xg3= 2,0, (1)
40x; 4+ 40x5 + 20x3 < 60, (2)

0 <x;=0,8, (3)

0 <x;20,9, (4)

0 <x3=1,0. (5)

Yenosue (1) orpaskaer moTpebHooTs B MaTepuanax, (2) — or-
PaHHYeHHe I0 HANWYHIO pecypea «honm paboderc BpeMeHH SKe-
KaBaropops (MBI He MOMGEM HCOONL3OBATL Bojblle TOro, 4TO ¥
Hac B Haauywu). ¥Yeaoeusa (3)-(5) orpapanT Tor $akr, 4To Jo-
GrlYa MATEDHANOE HAST B VCIOBHAY OIPAHWUYEHHOCTH 3AlIACOR
MATEPHAJIOB B COOTBETCTBYIOIIHX Kapkepax. Ilomyuennasa sagna-
ya — asajgaya JIII; pemHE ee cHMILIexc-meTogom (oM. HIKe),
HaljleM oITHMaiIbBHEIN IINaH (peinexne)

K= [x;,x;,;r;] 1x, = 0,8 (8 000M3);
x,= 0,2 (2 000m?); x;= 1,0 (10 000 m3).
TaxnaM obpasoM, H3 Kapbepa 1 caepyer seiseatn 8 000 m?
MaTepHasoB, #3 Kapeepa 2 — 2 000 m3, na kaprepa 3 — 10 000 n2.

ato VIIpABIeHUeCK e PelllcHe EY,I[ET CBA3AHO ¢ MHHHMOIBHEIMHA
TPAHCIOPTHREIMHA 3ATPATAMK

f(X*)=1000-0,8 +1350-0,2 + 1 700-1,0 = 2 770 4
(aBToMoGHIe-cMeH).

2.3. Maremartuyeckui annapar

HE}H{EHHE H INOHHMaHHEe COBDEMeHHBIX 3KOHOMHHKO-MaTeMa-
THHeCHHX MeTONOE IpelllodaraeT HOoCTATOUHO Ccephe3HYH) MaTe-
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MATHUECKYIO NOATOTOBKY 2KOHOMMCTOB. [lna ocBOBHHA 3amav M
MeTOJIOB B Ipefiefiax NAHHON TIJNaBbl HeoOXOMMMBI 3HAHHA OC-
HOBHBIX HOHATHI M 2meMeHTOR BEICINeil MATEMATHEH, MATDHY-
Hoif ¥ BexkTopHoH amrebpsl. Hexoroprie neoOXofuMEule cBefie-
HAA B3 9THX pasielloB MATEMATHKH IpDHBeJeHB HHXE.

Mampuyst u onpederument

PaceMoTpuM  mom geficTBUTENBHEIX YHCE], SANMCAHHBIX B
BHjle NIPAMOYTONbHON TabIMOE 13 M CTPOK M 1 CTONBNOR!

ay 4 Gy 8y,
a a s CLETRG ¥ |
21 a8 23 Zn
A= 2
a i a i

ml m2 ma

Napnas TabIuima upces HASEIBAETCHA YUCN080U Mampuyel
(B mansHelimem — npocTo mampuyeii). Unena a;, KoTOphie
BXOIAT B MATPHIY, HA3LIBaWTCH ee axemenmanmu. Hanexce i u
j smemeHTa @; YKashHIBAIOT COOTBETCTBEHHO HOMepa CTPOKH H
cronfila, B KOTODHIX pacloloikeH anemeHT a;;. Marpuny, cofep-
AITYIO OJHY CTPOKY (MJAM ofMH cToNbel), HASHIBAIOT TAKKE
BREKTOP-CTPOKOI (MMM BeKTOp-cTONGIIOM).

MaTpuua, Bee ®JIeMeHTEl KOTOPOH paBHBI HYJIH0, HASBIBAETCH
Hyaeaol. Jlpe mMarpuubl HASBIBAIOTCH PREHbLMIE, €CNIH HHCIA
CTPOE H oTOADIOB ofHON M3 HMX PABHEI COOTBETCTBEHHO UHC-
JaM CcTPOK ¥ cTOIOOOB JPYroil M ajleMeHTHI 3THX MAaTPHI], pac-
[IoJIojKeHHEIe HA COOTBETCTEYIOIIHY MecTAX, PABHEIL.

Marpuneil, mpancnoHuposantoli K MaTrpulle A, HaselBaeTCH
MATPHIIA BHAA:

@y Gy o Gy
s Qg Ggp LY :
EI’1.-1 a$u B a’mn
T. 8. — CTPOKAMH MATPHIL A' SABIA0TCH croabner, a croabna-

MH — CTPOKH MATPHIEL A.
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Ecam uncio ¢TPpOK PABHO YHCAY cToabmoe (m = n), MaTpunoy

HASLIBAIOT KeadpamHol mampuyel Dopagka n.

DIEeMEHTEL d11, d272, @33s..., py 00PA3YVIOT TAKE HAILIBAEMYIO

IJIABHYIO JHATOHANE KEAADATHOH MATDHIILI; 3/IeMEHTB &1, 2,1,
ceny @y — MOBOYEYI MHATOHANL KBAJPATHOH MATDHITEI.

PaceMoTprM HeKoTOPEIE OeHCTBHA Haj MaTpHITAMH.
1. TIponaBeeHEMeM MATPHIE A HA umeao A (MAH, 4T0 TO He
camMoe, YMcla A Ha MaTpHOy A) HasplBEaeTCcA MATPHIA

Ay Agyp o A,
Aa Adga -+ Ag

A o[ Ao 22 o |
Mm‘l Mmz s j“anm

moaviawInagca Ha A IyreM VMHOMCHMA Ka)dIoro ee ajleMeHTA
HA YHCIo A.

2. Ilog cyMMol ABYX MATDHIL

an 4z a4, byl g e by,

i {a LTI b b Eraaid
| a2 L 2n

Cml Epy e iy bml bm.2 T bmn

NOHHMAESTCH MaTPHILA

ayy +byy a4 by an + byy

aay + b Qoo + B g, + b
A+ B= 21 21 22 22 2n n ;

Gy + bm.l Ty + bmz Gy + bmn

BJleMeHTE! KOTOPoH pPaBHBL CYMMAM COOTBETCTEVIOIONX BJIeMeH-
ToB MarpHn A ® B. Ilpx sroMm nDojpasyMeBaeTcH, UTO UHCIO
cTpoE (cTonbooB) MaTpHOel A paBHO yHedy coTpok (cToabBmos)
maTpuier B. [Mogobaeiv e obpasoM onpefgensercd H DASHOCTE
A - B marpuy 4 u B.

S—_
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Jlmmeiiple ONepPAIIMH Haj MATPHOAMM NOAUYHHAKTCA OOBIY-
HLIM 3AKOHAM apHOMeTHKH, HAIpHMep:
A+B=B+A, A+0=4
(Bce amemenThl MaTpHnsl 0 — HymH),

A(A+B)y=24+3B, 0:A=0(L=0).

3. IlpoussefeanieM MaTPHIL A H3 m ¢TPOK M 7 cToAbIOB Ha
marpuny B u3 n crpok M k cTonbloB HaselBaeTcA MarpHua C =
AB, uMelomaa m cTpox u k cronbuos, anement Cj; KoTopoii, pac-
MOJ0MKeHHEIH B i-H cTpoke H j-M cTonbile, pageH cyMMe IpoHaBe-
JeHRl 2/MeMeHTOB i-if CTPOKHM MATDHIEI A HA COOTEETCTBYIOIIHE
2JleMeHTHI j-ro cronfna maTpuusl B, T.e. HaXoiuTed IO thopmyie
CKAJAPHOTO IPOM3BEIeHH i-H BeKTOD-CTPOKH g MATPHITE! A Ha j-i
BeKTOp-cTONGen MaTpHIlE Bt

Cyj = anby; + agbgj +...+ ainbyj.

B coyuae KBaJPATHEIX MATPHI] MOMKHO COCTABHTE HAK ODOM3-
pegenne AB, Tax u nporseegenne BA. B ofmem cmyuae AB = BA,
1.8, OepeMecTHTE/EHEIH BAKOH [l MATPHO He BRINOMHAETCH.

IIna mpouabBeleHHA MATPHI| OCTAIOTCA B CHIe clefyiolHe
FAKOoHEl ADHEMeTHREH:

1. Pacnpepenarensaeni saxod (A + B)C = AC + BC,C (A + B) =
=CA + CB,

2. Couerarensubrii saxon (AB) C = A (BC).

Cpenn xBaJpaTHEIX MaTpHll ocobyio pojibk HIPaeT MaTpHia

i M
01 -« 0
E= ;
i T

Bee 9JIeMEeHTEl KOTODOi, paclolo#eHHsle HA IIABHOH JIHATOHAJM,
paBHE! EIMHAIE, & ocTAJAbHEIE — Hymo. MoMHO OpoBepHTE, YTO
nua mooGoit matpunel A: AE = EA = A, Marpuna E HazrisaeTcs
eOUHUEHON.,

Marpuna B HaseiBaeTes 00pamHoil JANA MATpPHIB! A, ecnn
AB = BA = E. Marpunua B, obparaas marprie A, obosnayaercd
wepea A1,

C maxgioil KBAJDATHON MATpHIeil onpefelleHHBIM 0bpasoM
CBSIBAHO HEKOTOPOe Mo, HashlBaeMoe ee onpedenumenes.

e T TP o
MATE MUTHNEEKIEE METRLL
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Jna BeraMcieRNs ompefeNuTens MOGOrC MOPANEA HeoGXOIHMO
3HAHME er'0 CBOHCTE M TEOPEMBl O PA3J0XKeHHH OIIpejle/IUTeNs.

IlpuBesem ocHOBHEIe cEoicTma ompefenuTeneit.

1. Ilpn TpaHCHOHMpOBAHMA MATDHOEL ee oOpefelHTe b He
MeHAeTed. JTO CBOHCTBO CBHETENLCTBYET O [IOJHOM PaBHOOpA-
EHH CTPOK M cTOJA0IOB OmpejlenuTensd. CieloBaTenbio, eciim He-
KOTOpoe YyTEepH/IeHHe COPABE/IMBO OTHOCHTENLHO CTOIOIOE Ofl-
PeleIHTeNd, TO AHAIOIHYHOE YTES[NKISHHe CIpaBe/JIMBO B LA
ero CTPOK.

2. Ecim Bee ajleMeHTHI Kakoro-mubo cToabna (cTpokm) onpege-
JINTeNA PABHBL HYJIO, TO M CAM ONpefe/lMTe]b PABEH HYIIIO.

3. Ilpn nepecranoBke ABYX MIOBLIX, CTOMGIOR (cTpox) onpe-
ASIHTEIA €ro SHAK MeHAeTCH HA OPOTHBONONOMHLIN, a abco-
ANTHAA BeIHUMHA ocTAeTeH HeHsMeHHOM.

4. OnpefennTens ¢ IBYMA OQMHAKOBBIMH cToabamMe (eTpoa-
MH) DaBeH HYJIH.

5. Ecan j-it croabey (crpoxa) Aj onpepennTtens I apnaercs
JuHeliHol womMbHHAmMel

A;=AB + nuC

ABYX NPOMSBOABHBEIX cToAGLOB (cTpok) B u C, 1o u cam onmpeje-
JIATENE OKA3BIBAETCA NHHeHOH KoMOMHAnHeil

D = D{(AB + uC) = AD{B) + uD/(C)
onpegenureneii Di(B) u Di(C).

Saecs DY(B) u D{C) — onpegemmrens D, B Koropom cTosabers,
(cTpoka) j 3aMeHeH COOTBeTCTEEHHO HA cTonben (crpoky) B m
C. OcraneHEle cTOIGHED (cTpoku) coxpaneHs! 6es MIMeHeHHH.

6. IIpn ymHoxeEHH mobore cronba (cTpokm) onpegenurTens
Ha NPOMSBONIBHOE YHCAO A caM oOpejesuTeNh YMHOMAETCH HA
aTo e YHCIo.

7. BEenn xanoii-nmibo cronbern (crpoka) OHpelelHTeqd ABIH-
eTci MHHeHHoH# KomMOGHHAIIMEN IpYrHX ero cToaGIOB (erpok), To
OOpe/ie/INTe/lk PAREH HYITIO.

8. Onpesenurens He H3AMEHHTCH, ECJAH K 3JIeMEHTAM IHG0TO
ero croaboa (erporH) npubABATE COOTBETCTEYIOMIHE SJICMeHTEI

Apyroro crombua (cTpokm), NpeJBapHTeNBHO YMHOMKEHHbIE HA
OAHO H TO 3Ke YHCIIO0.
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PaccMoTpHM OIpejeIUTeNb 71-TO MOpAnKa:

L AU § I
Qg @g9 - Qg5 0 G2
D=1. . z ¢ ’
(g, - Gy sity GENEE Sin
a1 @nz 7 O Apn
BohigenruM B HeM HEKOTODEIH JJIeMeHT, HEI[]]HME]]: ;{;fmpB:;

wepRHeM B olpelenHTe/le i-10 cTPOKY H j-ii cronbei, RORER:
PACTIONOKEH BhIjeIeHHbIH 3MeMEHT dij. B peaybTaTe oc e
onpefeanTent (n — 1)-ro MopAgKa. SToT ocTABMKMHCH uupzﬂﬂ 3
Tedkh HAZLIBASTCH MHH.DPUM IeMeHTa E.Ijj B DHPE}.’,{EJEHTBJI

obosnauaerca M;. 4
HiM zefpauveckum 0o
Benwumny Aj;; = (—1)"/M;; HasnBawT arze0p

JH B COOTBETCT-
noameHlueM aJeMeHTa &; B OolpelenuTels D (n

i x e).
EVIOMell KBajJipATHOM MAaTpHIL ]
% Teopema 0 Pa3jIOEEHHH ONPeIeNATEN . OmpejieTATENH MﬂrTg
pUILEI A paBeH cyMMe POH3Be/IeHNIl BeeX ANeMeHTOR HEKOTOPO

cronboa (cTPOKH) Ha HX anrebpamyecKe JOTOTHEHIA:
£ " n
D=|A| =Y a4y = 3 a4 .
j=1 =1

PaccMOTPEM TPHMepHl BEIMHCHEHHA oNpeleinTe/len (npexn-
TONIATASTCs SHAHHE TPABH] BEMHC/EHNA olpefelHTelel BTOpPOro

HopAgKa).
1. BriuHcouTe onpejelRTelb
23 1
D=4 2 -1.
32 6 2

PaznoxumM oOpeje/HTelk D oo aneMeHTAM EBTOROTO CTOJIBIIA:
D= SAH + 2455 + DAzp. Tlepexofia K MHHOPAM, HMEEM.

2
d

2

4. -1 242
-1
+ 2(-1) 3

2
- _3:11+2-1-5-(-6) =-1

1 242
P T {ad o 5(-1) 3
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2. BBIYHCIHTH OlipefelUTENEs UeTBEPTOro ITOPSIKA:

3
D

L R - B -
0 bo s

1
i |2 4
K] 1
4 2
Henoaraya coificTea onpenenurenedi, moayqum elHHUYHYIO

NepBYI0 CTPOKY M DAsNiolKMM Mo HeH omnpefejurens [ azamo-

THYHO MOCTYIHM ¢ OepEsM cToabloM IpeobpasoeagHOro ompe-
JeJIHTeJId,

1.2 & dsieite! " o

SO e | S B
IR B0 LT e He SR
P R | ST R

-1 =2 =7 1 B R 1 =42 7
=i{~IPH-2 U8 —10m =2 8 100 40 g
-7 =10 =13 Wit o 1L | 0 -4 -36

i I T L
= (-1 ’] sigegle 1
-1 -8 1 9

= _16(-9-1)=16-10 = 160

2]
Pewenune cucmem nuneinvix ypasnenui

PaceMorpum cucTeMy M3 n IHHeliHBIX ypaBHeHMIl ¢ n Hema-

BECTHEIMM (TAKHEe CHCTEMBI JHHEHHLIX YDABHEHHH HASLIBAKOTCH
onpedenernblmw):

ay1%] + E1oXg + ..., tapx, = bl!

ﬂ21x1 + ﬂzzxz - +a'2ﬂx?’l- = bzt {2 15}

. - . . - * & N & &

Gni¥y +@upXy +...ta,,x, = by

Onpegemurens A, cocTaBmeRHBIT u3 Ko3(pUIHeATOR IpH
HeH3BeCTHRIX, HASRIBAIT OllpeflenTedeM cHeTeMsl (2.15):
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11 %42 7
A= A
@n1 @nz ' Gpn

PemuTek cucreMy ypasHeHHHE (2.15) MOMHO pasiHUHBIME
METONAMH, B YacTHOCTH, MeTofom Kpamepa. B ocHoBe pemmeHHs
cucTeMBl ypasHeHH# (2.15) merogom HKpamepa JeHT CHELYI0-

1as TeopeMa.
Teopema Kpamepa. Ecmu ompefenuTen: A CHCTeMBI (2.15)

oTIMYeH OT HyJd, TO CHCTéMa COBMECTHA H HMeeT eHHCTBEHHO®
pelIeHHe, KOTOPOoe MOMKHO HAHTH 110 dopmy.e:

b=y j'—‘]-:‘_n-

B aroii copmyie A; siBaAeTcs ONpefeHTeNeM, Oy IeHHEIM
H3 OUpefelnTe/]s cHeTeMBl A OyTeM 3aMeHbl cronbia j eroud-
now cBoOOJHEIX 4IeHOE.

CuereMy n JHHeHHBIX YPABHeHHH ¢ /I HEM3BEeCTHBIMM {2.15)
MOJKHO 3afMcaTh B MaTpuuHOM BMAe: AX = B, rje A — xsaj-
paTHAS MATPHIlA IOPAAKA 7, COCTABJEHHAsA H3 KodpEUINEHTOB
IpH HEHM3BECTHBIX; X — BeKTop-cTosfell M3 HEeH3BECTHBIX; B —
pekTOR-cToNGel cRODOIHBIX YISHOB:

a1 Gz v Gy by xy
a a S ] T
A = s & e ’ H= .2 [ X = .-2-
ayy dpy t Bpy bn Xy
Ecnnm A — HeBLIDOUKJeHHAA MaTpUla, T.e. ee OONpefe/HTelb

|A| # 0, To mMoxkHO onpegenuts A7l C yueToM 3TOro MMEKT Me-

CTO MATPHYHEIE COOTHOUMSHIH:

A1-AX=A1-B E:X=A"1-B, X=A"1-B. (2.186)

ObpaTHAa MaTpHIa MoyKeT OniTe ompejeneHa Ha Dase cie-
Oyiomeil TeopeMEL.
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Teopema. Ecnn onpegenurens MaTpHnel A He paBeH HYIWO,
To MaTpuna A umeer ofpaTHyI0 Marpuny A”!, KoTopas HaXoguTeA
o thopmyae

A= iﬁ . Toe A — MaTpHIa, npucoeduHer A & MaTpume A.

Marpuna A cocTaBigeres M@ anrebpawyecKHx TOMOTHEHHH
K BIeMeHTAM TPAHCTIOHHPOBAHHON MATPHITEL:

Ay Ay o Ay
| A= o Ang .

Aln AZn Aﬂn

Taxmm obpazoM, coorHolmernne (2.16) Te:XHT B oCHOBe pelme-
HHA cHcTeMBl ypapHeHHH (2.15) MeTtomom ofpaTHoH MaTpHOBL.

PaceMoTpHM cHMoTeMy mt JIHHeHHEIX VDABHeHHH ¢ n Hema-
BECTHREIMM (OIPW M < 71 TAKHe CHCTeMBl HASBIBEAIOTCH Heonpeﬂe-
AEHHBIMIL):

d11%) + @uoXy + ... T ax, = by,
G91X) + @opXp + ... T g, X, = by, (2.17)

. s + [l " i " - . *

A%y + Qoo + oo Fapa%, = by
HJH B EEENPHGﬁ SAMMHMCIH:

Ayt Agxat.. + Ayx, =B,

agy a3 a1 by
gy Q33 a by

Toe Al = : i AZ = ; ket An = ?“ 4 B= ; el
L] Oz - Dy by,

COOTBETCTEVIOINNE BeKTOP-CTONOIEL,

BanmuneM PAcUpPeHHY0 MATPHILY 3TOH CHCTEMBI B BHe:
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Ay A BRI R
of
X @y G v 4, | B
A=la; ay - o, |b
Qo1 Dy " Gpp b

Saemenmaphsnu npeobpazoaanuamy cueremsl (2.17) (unu

maTpunbl A) HaspBalTCH CAEAYIOIHe TpeobpasoBaHUA:

» MepecTAHOBKA MIOOBIX ABYX YpaBHEeHMHH;

¢ yMHOJMKeHHe ofemx uacTell OJHOTO H3 ypapHeHHWH Ha mioboe
OTJIHUYHOE OT HYJA 4HCIo;

s mnpubaBleHHe ¥ obepM YacTAM OJHOIO YpPaBHEHHA COOTBET-
CTBYIOIOMX uacTell ApYroro, yMHOMeHHBIX Ha moboe 4uclo,
OT/IHTHOS OT HYJIA;

¢ BEIUEDKHBAHHE HYJeBoil cTPOKH (YpaBHeHHA € HYJeBBIMH
roadUIMeHTAMA B cBOOOJHBIM YMeHOM, paBHbIM U).
MoskHO MOKAZATE, 4TO SJeMeHTADHBIE HpeobpasoBaAHMA Mepe-

BOJAT MAHHVIO CHCTeMY VDABHeHHH B SKBMBAJEHTHYIO CHCTEMY.

Ilpe cHeTeMBl THHeHHRIX YPABHeHHH HASLIBAWTCA SKGUGAIEHT-

HBLMIL, MM PAGHOCUIBHBLMIL, €cllM KaMJoe pelleHHe IepBOH

cueTeMsBl (eCIH OHHM CYIIECTBYIOT) ABIHeTcd PelleHHeM BTOPOH,

1 HaobopoTr. CoOTBeTCTEYIONMIME PACIIHPEHHBIE MATPHUB! TAKMe

HABEIBAIOTCH PKBHEATeHTHBIMH.

IIpu mpakTHYecKoM pelleHHH CHCTeMBI JHHeifHEIX ypaBHe-
uuit memodom Mopdana—Iayeca moclefoBATENBHO HAJ| CTPOKA-

MM MATPHIH 4 BRINONHAKT 3J/JeMeHTADHBIE npeobpasoBAHUA,
TaKk 4To HeKoTOopoe HeHaBeCcTHOe HCEJAKYaeTCHd H3 BCeX YVpaBHEe-
HHH, KpoMe OIHOrD, T.e. B COCTABE PACIIMPEHHOH MAaTPHILBL
thopMEpYeTed eITHHHNYHAA MATPHIA.

B nponecce pemeHHs MoryT BCTPETHTHCA CJIe/lyIomie ey an.

1. Byjer nonyuena marpuna A', skBuBaNeHTHaA MaTpuie A, B
JeBOM YACTH HEKOTODOH CTPOKH ee CTOAT HYJIH, A B IpaBoH —
YKo, OTIHYHEOE OT HYJIHA, YTO COOTBETCTEYET VPABHEHHIO!

O0xy + Oxg + ... +0x,= b/, (b) 20).

9ro IpHsHAK HecosMecTHocTH cuereMmil (2.17), T.e. emerema
He MMeeT pelreHmii.
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2. B peaysbrate npeopasopanuit momywiiack Matpuna A Buja:

1.0 . 0 ¥
R 110
A =

000, 2+ 1 bt

B aToM cayuae cuerema (2.17) coemectHa, ollpefeleHHAA H

MMeeT efMHCTEEHHOe DellleHue: xy = b, x3 = b}, ..., x, = b.,.

3. Ha meroropoM srame mosyumiacs PaclHpeHHAS MATpHIIA BHOA

1 ﬂ £ ﬂ a’;rll- i, a’{n b;_
o OF1EE--0 " gl s at. | &
O 1) ko al, | b

Crcrema coBMecTHA M HMeeT GecYHCTeHHOEe MHOMECTEO pe-
meHud. O6yee pewelite CHCTEMBl MOMKHO BAITHCATE B BIHOe:

xl = b]r: 77 ﬂir ;.jxr-.'.]_ A T ainxn
xg = b5 - Aop41%Xps] —or as,x,
X = b —aj %~ A Xy,

IIpujasan wammol mua CTOALIHY B NPABEIX YACTAX DABEHCTE
HEPEMEHHBIX Xpy), Xrt2y +..y X, IPOMIBOILHEIE SHAUEHMs, GYIem
OOIVYATE LACTMHBIE PELLEHILA CHeTeME,

HewmasectHrie xq, Xg,..,%, HA3BIBAKOTCH Gas3ucHblML, HIN oc-
HOGHBLMIL, OHH COOTBETCTBYIOT JIHHEeHHO-HE3ABMCHMEIM BeKTO-
pant A]_, - TS

Takum obpasom, m06ele r mepeMeHHRIX HASEIBAIOTCH Basme-
HEIMYM (OCHOBHBIMH), €CJIH OIpeXelHTe/lh MATPHITEL KoadhdHim-
CHTOE IIPH HUX OTIHYEH OT HYJIA, A 0CTATBHBIE (n — r) mepemen-
HEIX HA3BIBAIOTCH CBOG00HBLMUL, WIH HEOCHOSMBIMUL. Basuelbin
PeltenteM cHCTeMbl VDAEHeHHH HAJBIBAeTCH YacTHoe pelleHHe,
B KOTOPOM HEOCHOBHEIE IIePeMeHHbIE HMeIOT HYJeBbie sHawe-
Husa. KampgoMmMy pasfueHHIo Ha ocHOBHbBI® H HEeOCHOEHLIE IIepe-
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MeHHEBIE EDGTBETGTE}’ET OJHO fasncHOR pellleHHe, 4 KOJHHECTBO
crrocofios pasfHeHus He NPeRBIIIAST BelHUHHBI

nl
mlin — m)

m
"

Femi Boe KOMIOHEHTH! GASMCHOrO DEIleHHA HEOTPHUATENBHEL,
TO TaKoe pellleHHe HASRIBASTCH ONODHbLM.

b Mpumep 3. Hccnemorare cucTemMy ypaBHeHHil MeTofoM
Hopnana-T'aycca

X — 2% + 3xz - 4xq4 + 2x = 4
Eplo—h g A4 Wiy dx;, = -3

x; + Bxs - 3xy =

Xy ek e e By Ba=2 - 1.

3amumeM paciIMPeHHYI0 MATDHIY CHCTeMBI YPABHEHHH M
NocIeNoBATENRHD NpendpasyVeM ee SIEeMeHTAPHEIMM Npecfpaso-

BAHHAMHA

1 -2 8 4 2] 4 1 -2 3 -4 2| 4
0 1 -1 1 4|3 . W R DL s Bk
1. 8 00 =800, 0 § -3 1 -2|-3
1 1 3 3 0 v3o=Z20 53 1|3
10 1 -2 10|-2 10 T =2"-10/-2
- - 01 =114l 4 |-3
5 1 N e R | 4|-3 B 1
00 2 -4 -22|12 0o Q0 0 0| 0
00 1 -2 -11| 6 0.0 ee=2 =11 | &
I TR B¢ e £iatyy =018
—* 0 1 ﬂ "'1 _? 3,, xz = x'; ) TIE = 3
00 1 -8 -11 6 X = 2.':4 = llxﬁ =

Taxum obpasoM, cHcTEeMA COBMECTHA, HMeeT BecuHcIeHHOS
MuodecTRo pelrednii. Obfimee pemeHMe ZATMCBIEASTCA B BHE
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x1=—3=21x5,

xz3 =6+ 2x4 + 11x5.

Jioboe uacTHOEe pemeHMe NoJaydYaeTcA M3 obINero myTeM
IPHIAHNA KOHKPETHRIX 3HaYeHWH cBODOTHEIM NepeMeHHEIM X4
u x5. Haopumep, (-8;4;8;1;0) — uactHOe pemenme. OgHo ua Ga-
SHCHBIX DellleHHit momyyaem npm x4 = x5 = 0, T.e. (—8;3;6;0;0).
Hneno GAIMCHEIX PellleRuit He NpeBOCXOLHT r:r;? = 10. ITepeiinem
K jpyroMy 06asMcHOMY peIlleHWI0, B3AB B PACIINPeHHON MaTpHIE
B KadecTBe BasvcHBIX BeKTopnl A, A, Ay; Npu aTOM NepeMeH-
HBIE X1, X3, X4 OymyT GasHcHBIME, a ¥z, X5 — cBoBogubivu, [le-

pexof oT ofHOro basuca K IPYroMy ocylleeTEMM meTomoM Hloppa-
Ha—T'aycea, T.e. HCNOMB3YA 3IeMeHTAPHEIS IPeobpaASOBAHIIA:

fe g L@l ig 1|-8 T D0 21 =8
01 0 =17 I3 Sa 1 ey ot B e
0 01 =aeE e 0 0 -05 1 55|-3

10 00 | #2158
-0 1 -05 0 -1,5| 0
040 =05 1 . 65|-3

Taxum ofpasoM, monyyeHo ellje ogHO GasHcHOE pPeIIeHMe:
(=8;0;0;-3;0) u 1.1, BameTum, aTo 06a MONYIEHHEIX GAIHCHBIX
PelleHHs He ABJIANTCA ONOPHEIMH PelIeHM . J

Juneinvie 6exmoprsie npocmpancmea

Ompenenenwe 1. VmopagoueHHas cHereMa M3 N feficTBH-
TeJBHEIX THCEJ &), @g,...,d, HASLIBAETCHA N-MEPHEIM BEKTODOM
u obosHauaercs @ = A = (a,,4a,,...,4,). Yncna a; (j=1,2,....,n)
HAZRIBAIOTCA KOMIIOHEHTAMH BeETOpa @ = A .

Onpepenenne 2. COBOKYIHOCTE ECEROAMOMCHEBIX n-MepHEBIX

E@KTOPOB ¢ BEGAGHHBIMH HA HeH ONepanuaMH CJHOMEHHS M VM-

HOMEHHA HA YHC/I0 HASHIBAETCA N-MEPHBIM BeKTODHBIM IIpo-
CTPAHCTEOM.
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p——

B MaTpHIle H3 il CTPOK H T eTonBIIOE CTPOKH ABNAKTCA 1-
MEPHEIMH BEKTOPaMH, CTONGIIEl — M-MEPHBIMM BEKTODAMM H T.JI.

BexTop @ = {al,ag,...,an) 1 BexTop b ={by,by,...,b,) pas-
MBI, CJIH COBIANAIOT HX KOMIOHEHTHI, CTOALIHE HA O AHAKOBBIX
MeeTax, T.e. ecau a; = b; mpH j=1,2,...,n. e s

Cymmoit BexTOpoB @ W b HasbiBaeTcd BeKTOp @+ b=
= (@, + by, aq + byy..., 8, +b,) . Pous HyNA UTpacT HYJISEOH BEKTOD

0 = (0,0,..-,0). 4
[TpoTHBOIIOMOMKHEIM BEKTOPY & HAJLIBAETCH BEKTOD
= (—y,~@gs-- =, ) ; OIEBHIHO, 4YTO ag+(-a)=0.

PaaHoeTh BekTOpoB @ — b = a + (=b).
[pousBefeHHeM BEKTODA & HA UMCIO 7. HASLIBAETCH BEKTOD
AT = (May, Mg, ... AL ) Mz aroro ompejeleHHS BHEITEKAKOT CJe-

IVIOIHe BajKHBEIe CBOHCTBA!

M@ +b) =0T £ b,
(k+ M@ = ki + A&,
B(0.T) = (kA)E.

CJeNcTEHAMA 9THX CBOMCTE ABJNAIOTCS CASYIOIHE CBOMCTEA:
0@ =0,(-1)&@ = —@, h* 0 = 0. CxanapHsIM MPOUIBENEHHEM [BYX
pexTopoB @ H b (A u B) HaseBaeTcH melicTBHTENRHOE THCIO,
paBHOE CYMMe IPOMSEBENEeHMI COOTBETCTRYIOIIMX KOMIIOHEHT
ATHUX BEHTOPOB:

AB = a by + aoba + ... + aply.
HanpumMep, neBas 4acThk JMHeiiHOTO YpaBHEHHA aj¥; + @gXz +
+ ... + a,x, = b moxeT ObITE IpeJCTABNCHA B BHAE CHAIAPHOTO
IpousBefeHnA BeKTOPoB A ° X, roe A = (@1,89,...485), X =
e o e 7 e <

BerTop B HasplBaeTcH AuHelHol KomMOuHAyuel BEfTOED;
Ay, Ag,..., Ap, BCTH CYIIECTBYIOT TaKHe HHCIA A, 121 A T p+
KOTOPHIX BEINONHAETCH COOTHOIIEHHE B = WAy + hpds m{,ﬂ
+ ApA,. CHcTeMa BEKTOPOB Ay, Agy..., Ap (r = 2) HaspiBaeT
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JAUHENHO-3A8UCUMOL, 8CTIH XoTA GBI OJHMH M3 BEKTOPOE CHCTEMBI
ABAAeTCA NHHelHoN KoMOMHanMell OCTANBHBIX, W JUHelHO-He-
ageucumoill — B NpoTHWEHOM cinyyae. Mosxuo edopuymHpoBaTs
CIegVIOMle PABHOCHIBHBIE CKASAHHOMY OIpeIeNleHId.

Cucrema BerTopoB Ay, Ado,..., 4, — nHHelHO-3aBHCHMARA, eClIH
CYIMECTEYIOT TakWe 4YHcaa Aq, Az,..., A, HE BCE DABHEIE HYJIIO,
TP KOTOPEIX MMEeT MeCTO PABEHCTEO Apd; + hads + ...+ A4, =0.

Heonm noclaenHee COOTHOIIEHHME BOSMOMHO JHIOBR B clydae,

Korga Boe l}- =0 (j= 1,_3" ), TO CHCTEMA BEKTOPOB HASLIBAESTCH JIH-
HeltHo-Hesapucumoii. Hanpusmep, cucrema sexTopos 4; = (2,4,3),
Ap = (2,3,1), Az = (5,3.2), As=(1,7,3) muneitno-sasmcrma: A; +
+ 2:'-12 ~ Az — Ay =10.
Panzom cucmemsl gexmopos Ay = (811,819,---,41, ),
.A.z = {ﬂzl,ﬂzz,...,ﬂ-zn],

Ay =1y Gmassvis Cmn )

Ha3BIBAETCH MAKCHMAJABHOE HCIC JHHeHHO-HeZABHCHMEIX BeHK-
TOPOB 3Toil cHeTeMBI. PaHr cHeTeMBl BEKTODOR DAaBeH DPAHZY
Mampuybt A, cocTaBNIeHHOH W3 KOMIIOHEHT REEKTODOR aToil coMe-
TeMEl, T.¢. HAWBBICIDEMY IODAAKY MHHODA MaTPHOBL A, oTaIH4-
HOT'O OT HYJIH.
L Npumep 4. OnpenennTs, ABNASTCA AH CHCTeMa BeKTODOB

Ay = (5,4,3,2), 45 = (3,3,2,2), Az = (8,1,8,—4) nuneitio-aa-
BHCHMOMN; eciy oHA JAHHelHO-3ABHCHMA, TO HAHTH ee MAaKCcH-
MANTEHVI) NTHHelHO-He3aBHCHMYIO MoIcHCTeMY.

Pemenmne. CocTaBHM MaTPHIY M3 KOMIOHEHT BEKTOPOB
W HafifeM ee paHr.

bsgesg LB
Hreem A=13 82
8 1 3 -4
MuHop BTOpOro mopAfKa 3 ;'] =320
|

PacemoTpHyM [ABa MMHOPA TpPeThero MOPAMKA, KOTODhIE &I'0
OKAHMIAIOT:

OeHosbl TUHELHOZ0 NPOZPIMMUPOSAHUA 45
F 4 3 5 L
I3 3 2/=118-118=0, (38 8 2/=2(59-59)=0.
B 13 By

Parr mMaTpuubl A paBeH 2, I03TOMY CHCTEMA BEKTOPOB ABJIAETCA
saBHcHMOil. B MaTpHOax, coCTABJEHHBIX H3 KOMIOHEHT JOOBIX
IBYX BEeKTODOB JAHHOH cHCTeMBbl, COOEPHATCA MHHODE BTOPOTC
nopAgKa, OTJAMYHEIE OT HY/IA, HATPHMED,

5 4

=-27=0.
8 3 1

5 ﬂ

3
=320,
8

[ToaroMy MaKcHMAaJbHAS JTHHEHHO-HE3aBHCHMASH TOJCHCTEMA
COCTOWMT W3 ABYX JIODBIX BEKTOPOB, & TPETHH BeKTOP ABIAETCH
u¥ JUHeHHOR KoMOMHAIHe. J

BaaucoM -MepHOrc BEKTODHOTO NpPOCTPAHCTBA HASKIBAETCH
T0fad COBOKYIHOCTE 7 JHHEHHO-He3aBHCHMEIX BeKTOPOE 3TOr0
e NpoCTPAHCTEA.

Teopema. Jlw6oif BeKTOp n-MepHOrc BEKTOPHOrO IPOCTPaH-
CTEA MOKHO NpPEJCTABATL KAK JWHeHHYH KOMOMHAIHIO BEKTO-
pop GasHca, IPpUTOM €JHHCTBEHHBIM obpasoM.

Onme 3 GasHCcoB N-MepHOTD BeKTOPHOTO ITpocTpaHeTRa ofpa-

EyeTr cHoTeMa eIMHHYHBIX BEKTOPORE
E;=(1,0,...,0)
EE & (ﬂ,]_,.“,ﬂ]

E,=(0,0,...,1).

KommomenTsl mioboro f-MepHOTO BEKTOPA MOMHO CHHTATE
KOOPAHHATAMM 9TOTO BEKTOPA B eNMHHYHOM Oasmce.

IlyeTs 3ajaHo n-MepHOe JHHeiHOe NPOCTPAHCTED Em,

Onpemenenne. Muoxecrpo X HasriBaeTeHd BBEINYKJIBIM, eC/IH
AMeCTe ¢ JIOOGEIMH TOYKAMH X; ¥ ¥y MHOMECTEY NpHHATIeXAaT
Touxn (oTpesok) Axs + (1-A)x; npm Beex 0 <A < 1.

Muomecrso ma pue. 2.1a Bmmyk’goe, Ha pmre. 2.16 —
HeBLIIYII0E.
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el x;_} Xy e

a) 6)
Puc. 2.1
Onpenenenne. Dymrmas f{)_{'], BAJAHHAA Ha EBBIIVEIOM

mHoxecree X — E", HaselBaeTcA BBINYKIIOH, eclIH OIA MHOOBIX
OBYX ToYeK X1 M x3 M3 X m moboro umena 0 £ A < 1 BrimonHsA-

eTcA COOTHOIIEHHE
flhaeg + (1-R)x1] < Af(xg) + (1-A)f(x1)-

Onpenenenne. Qymrnma f(X), sajaHHAA Ha BREIOYKIOM
MHOEecTEe X, HA3EIBAeTCA BOTHYTOMH, ecliM And Nw0bBIX OBYX TO-

uer xq M xs #3 X 1 moboro unena 0 € A £ 1 BRITONHASTCA COOT-

HOIIEHHE
flhxg + (1=A)x1] = Af(x0) + (1-A)f(x1).

Ecnn nmpusejieHHEBle HePABSHCTEA CUHTATE CTPOTHMH H OHM
peinongawTes opu 0 < A < 1, To dyHKIEA f(X) — crporo BEI-
OyKJIad (BOTHYTAA). d

MosHO NOKASATE, 4TO eclH f(X) — BRIDVKIAA QYHKIHHA, TO
dyHKIIHA — f{f ) — BOTHYTaH, H HaoBOpOT.

Ha puc. 2.2a ¢pyuxuus f(X) — srnykinas, Ha pue. 2.26 —
BOTHYTAA.

fX) . f(X)
/ /‘T"
2 ' ; :
: ‘ il :
iR cerh M X o+ -—i-[j > x
a) B)
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CrpapeIHBEl CIEAYIOINHE YTBeD:EAeHHA OTHOCHTENLHO BBI-
MYEJIBIX MHOMECTE M (hyHKITHH,

1. Ilepeceyenne BEINVKJIBIX MHOMECTE eCTh BEIIVHJIOE MHO-
HaeoTRO.

2. CymMa BOTHYTEIX (BBIOYK/IBIX) QYHKIMH ecTh BOHYTAR
(BRImyKNas) hyHRIHA.

3. Eemn f(X) — Bmnyrnas dbyuxknus opr X =0, To MHOMe-
CTBO BCEX TOYEK, YNOBIETBODAIOMMX VolaoBMaM f(X)< b, X = 0,
BEIOYKIO (ec/IH oHo He oycToe; b — mocroannasn).

4. Ilyere f(X)— Bemykiaas (BormyTas) dyHKINL, agaHHas

HA 3AMKEBYTOM BRIIYKIOM MHOXecTee X — E", torma mmofoit
JNOKANBHEIEN MHHHMYM (Makcumywm) f(X) Ha X sBasercs H rio-
OaTbHBIM.

IlpusenemM nHeobxomumMoe M JOCTATOUHOE YCIOEHE BEINYKJIO-
CTH  (QYHKIOHH MHOTMX HepeMeHHEIX. Ilyers dyHEDUA
fIX) = flx;,%;,...,X,) HMeeT Bce YACTHRIe IPOH3BOIHBIE BTODOTO

nopsaaKa, o0pasywoinHe MaTpPHIIY

gkl =l v on i)
dxf  Oxyoxy 8 Ox,
i Ofsi=y 0%t 8’ f
Q(X) = dx; 025 E'xg 0x90x,
i o i
\ Oxpdx;  Ox,0xp .3xn J

JTa YHKIHA ABIAeTcs BBRINYKJI0N B obnacru X Torma o
TONBKO TOTOA, Korga Marpuma & nag mwoboil Touxm m3 aToil of-
TacTH ABNAETCH HEOTPHUIATENBHO (MOMOMWTENBHO) oupememeH-
Hoit. HamoMemM, uto xBagpateas matpuna Q=((;),x. HashIBa-
eTCA HEOMPUUAMEAbHO (NOAOKUMEALHO) onpederenHoll, ecnn
BCe ONIPeIeTHTE N



48 Muaea 2

(s 49
Oenodst ALHENIN020 NPOEPAMMUDOSIHUA

11 iz " din
o1 G2z - Yop
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11 12

Ay =g, 43 =
d21 oz

|qn1 Tz ' Qun

T.e. BCe TIJaBHBle MHHODBI MATPHIOE & HeoTpHIATEIBHE
(monosuTENLHEL).

Mpumep 5. Iloxazars, uro ¢yarnus f(X) =2z +x, -6
ABNAEeTCA BRINYKNOH mpw xq = 0.
CocTaBHM MATPHIY M3 YACTHEIX [POM3BOJHEIX BTOPOTC IO-

pamgka ana f(X): Q{:f}=(12[f‘ EJ Haiiem onpegennTeas

Ay = 12x;, Ag = 0. Tax wav Aj 20, As = 0 mpt x; 2 0, TO
(BWVHEIUS SBASIeTCH BEITYKION. _A
Hanum onpegeneHite MIOBATEHOTD M JOKANTEHOTO MAKCHMYMOR.
Dyuriaa f(¥) mocTHraeT Ha 2aMEHYTOM (T.e. BEJIYAIOIEM
CROID I'PAHMIY) MHOMecTBe X TVIODANBHEIN MAKCHMyM B ToUKe
= T P
X , ecaH AnA moboH TouKM, NpuHagmekamed X{(x = X), epmoa-
HAeTcA yeaosne (%) < f(X).
Oyarnua f(¥) JocTHraeT HA 3AMKHYTOM MHOKeCTEe X JI0-

KaJbHOTO MakcHMyMa B Touke xU, ecnm cymgecrsyer HeKOTOpAR
OKPeCcTHOOTE 9TOH TOUKH, I8 KAKIOH TOUKH KoTopoil BEITON-

HAETCA Veaosne f(X) = f{fu].

Onpepenenus JOKANLHOTO H  II0BANBHOTD MHHHMYMA
hopMYIHDYIOTCH AHATOIHYHO,

f(x}T 0
; Ha puec. 2.3 x4y — Toura
; : JOKANBHOMO MHHMMYMA; ff—
: ; : | : rIoGaNsHOro MUHIMYMA;
L e : ! S o, X0 — TOUKH JOKATBHOIO
o ot xl o B ¥ makcumyMma; [} — Touxa rio-

BAMLHOTD MAKCHMYMA.
Pue, 2.3

HeoBXoMMEIe YCIOBHA BHCTPeMyMa (MaKcHMyMa, MHHHMYMA).
Ecim B TouKe X' .EX@!}G{HU,HH FIE) = f(xy Xgyee-2 %, ) WMEET
AKCTPEeMYM, TO YacTHBIE HPOH3IBOAHBIE mepBEOro IOPASKA PABHEI
H],.’JIID B 3TOH TOUYEE:

E") _ g

ax i

!.rl=l:ln"

TocTaToUHEIe YCIOBHA CYIIECTBOBAHMI SKCTPEMYMA aOeck He
(hopMYIHPYIOTCH. O caMoM CYLOECTBOBAHHH TOHUEH robAIEEOTD
MHHAMYyMA H MAKCHMYMA TOBOPHT CcAeIyIOMan TEEIJEME..

Teopema Beiiepmrpacea. Ecmm (pyHKOUA f(x) omupepenena
1 HelpepLIEHA B orpagndeHHOH aMKEHYTON obIacTH i&' , TO OHA
nocTHraeT B Hell CBOMX TOYHBIX nepx!jei'i M HMMHeH TI'DAaHHI]
(rrofaibHEN MAKCHMYM H IIoGaibHBEIM MHHHMYM).

[IpuBefenible YIBEPHICHUA OTHOCHTE/ILHO BBEIOVEJRIX MHO-
sgecTs M QYHKIHI, VCIOBHMIH CYI[ECTEOBAHIA IKCTPEMYMA oa-
BOJIAKOT AENATH BHIBOALI O CBOHCTBAX TeX ILIM MHBIX 38/t OIITH-
MAJBHOTO NPOrpAMMHPOBAHIA, YTO ABIAETCH OCHOBOH paspafoThH
W NPHMeHEHHA MATEMATHHYECKHX METOJOB MX DerleHHd. Hanpu-
Mep, CHMILJIeKC-MeToH pellenHsd 3anati MHHeHHOID TpOorpaMME-
pOBAHMSA HCHOJNB3VeT, B HACTHOCTH, 4oRoilcTEO BBEITYKIOCTH?
5TOH sajadM: He cyIIecTBYET JOKATBHOIC SKCTpEMYMA, OTHAHNI-
HOTO OT TI0OANEHOTO.

2.4, FeoMeTpu4ecKkan WHTEpNpeTauua sanaqu

Pacemorpum sagauy JIII B crasmaprHoil (popMe SalHCH:

max(min) f(X)= e1x; + ca%a + ... T CpXy {2.18)

[IpH OrpaHWUeHMAX a11X) + 12X T... T 1p%n = by A
apixy + @zpXz + ... + G2n¥n = B2
X1 4+ @noXs + .o+ Bmn¥n S Oy

Om1¥1 m2a mn¥n (2.20)

20,7 = 1,21
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Pacemorpum  ary 3871y HA IIOCKOCTH, T.e. nNpH n = 2.

ITyets enereMa mepaBencrs (2.19), (2.20) coBmecTna (nMeer xoTA
OBI ofHO pemenwe):

a11x1 + aygxs < by,

@21%1 + agpxs < by,

Am1%y + Apoxs < by,
x120; x50,
Kaxmoe nepasenceTro atojt CHCTEMBI TeoMeTp

HY&CHH OIIpene-
MHET TOJYILIOCKOCTE ¢ IPAHNYHON IpaMoji A1xy + axe = by,

i=1,m. Venopns HeoTpHnaTenbHoCTH ONPEJeIAIT NOXYILIoC-
KOCTH COOTBETCTBEHHO C IDAHMYHLIMH NPAMEIMU % =0,x = 0.
Cucrema cosMecTHa, NOTOMY NOJIYIIOCKOCTH, Ka
MHOKECTBA, HepeceKancs, obpasyior obmyio HAcTh, KOTOpas #AB-
JIACTCA BRINMYKIBIM MHOMKECTBOM ¥ IIPEJCTABAAET coBON COBO-
EYITHOCTE TOYEK, KOODAMHATE! KAXKION M3 KOTODBLIX COCTABIAIOT

PellieHe faHHOR CHETEMLL. CoBOKYIIHOCTE aTHX Toues HAZRIBAIOT

MHOZOYZORBHILKOM peleHLil. DTo MoMeT SLITE TOYKA, OTPE3OK,
Ayd, BAMKHYTRI MHOTOYrONBHHMK, HeOrpaHHIEHHA: MHOTO-
¥roneHAA 66IACTE. -

Ecmi B cucreme orpammuenmii (2.19) — (2.20) n =
A0e HEDABEHCTBO IeOMETDHUSCKH

TPeXMEepPHOr0 IpocTpAHCTBA, I
@11 + @iaxs + ajzxy

K BEIIVKIBIE

3, To mam-
PEJICTABIAET MOJYIPOCTPAHCTHD
PAHHYHAA ILIOCKOCTE KOTODPOI'o
= by, a venosms HeOTPHIUATEILHOOTH — Tio-
AYIPOCTPAHCTEA € IPAHMYHEIMH ILIOCKOCTSIMH COOTEBETCTEEHHO
x; = 0 (j=1,2,8). Ecan cucrema OTpaHHYeHHE CcOBMecTHa, To
BTH no.wyupoc'rpnﬂcr{m, KAK EBRIIYKJIbIe MHOMKECTBA, Nepeceka-
Ak, OOPASYIOT B TpeXMepHoM HpocTpaHeTBe obmyo yacrs, Ko-
TOpadA HASKIBACTCA MHOZ0ZDAHHLIOM Detieri,

ITyeTs B cHerTeme (2.19) - (2.20) n > 3,

TOTAA KaxIoe Hepa-
EeHCTRO GH[}E,E[E'J'IHET HDJIFIIDDCTP\E.HGTBG H—M'EIJH'DI'G OIpCCTPAHCTREA
C IPAHHMYHOH I'MIepPJIoCKOCTRIO 211%1 + Baxp + ...+ @ipx, = b

i 2l i L]
i=1,m,a yenosus HEOTPHIATENEHOCTH — MOJYNPOCTPAHCTES ¢

IPAHHYHEIMH THOSDIIOCKOCTIMEL 2,=0,j=1,n.

Ecmm encrema orpammuenmii COBMECTHR, TC [0 AHAMOTHH o
TPEXMEDHBIM NpPOCTPAHCTBOM oHA ofpasyer ofmyio uactn n-

51
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HASEIBAEMYI) MHOTOTPAHHHKOM pelle-

OCTRAHCTES
MepHOTO HPOCTP z ro TOYKM SBJIAIOTCH pelle-

Hpil, TAK KaK KOODAMHATEI KAMIAOH €

HHE'}"‘E;EHM ofpasoM, TeoMeTPHYecKH 3JII1 (2.19)-(2.20) npen-

craBIAeT cofoil MOMCK TAKOH TOUKH MHGI‘QDI‘P?HHHK& pemeg:li;:j
KOOPAHHATEL KOTOPOH JMOCTABIAIOT JIHHeNHOH :byﬂxﬂ::: firs
fonbmiee (HauMeHbIIee) sHAHUEHHEe, TIPHIeM JOTLY CTHMEL)
[eHHAMH ABJIAKTCA BCe TOUKH MHOTOTPAHHHKA pemeﬂnn.c e
Eenu & 3JII1 orpaurueHnd 38/aHbl B BJe HEPABEHCTE % i_
M#A NepeMeHHBIMH, 0Ha MOMET HRITL pPEIIeHA rpu@nqecm;.a : f‘g
pudecknil MeToj pelleHHa 311 cocToHT U3 cﬁegymmma e c;'
Sman 1. CHavana Ha KOODAMHATHON IUIOCKOCTH X1UX3 p
Wred OONVCTHMAA MHOTOYTOJBHAA obmacTe (0bGaACTE Hfznii;[;_
MBIX pelleHHH, 06IacTb onpefeneHus), COOTBETCTEYIOMA o
auyenusam. Jlanee cTpouTes BEeKTOP-TRAIHMEnT JIHHEHHGE{
MM f(X) B KaKoli-AUOYAL TOUKE Xy . OPHHAIeKAIIEH JOIYC-

MO obDIacTH:

Oman 2. Ipaman ¢yx;+caxe=f(Xg) , NepPHeHANKY . IAPHAA BeK-
TOpY-TpagHeHTy, NepejIBUraeTci B HampapjeHHH 3TOTO BEKTODA
B cnyuae Maxcumusanmm [(X) po Tex mop, moKa He noxnue:;
NpemeioR MHOTOYTONLHON o6nacTr. IlpegenpHAd TOHKA L;::{‘
rTouKy) 0BIACTH IPH JTOM NBIDHKEHHH M ABRIAETCA TOHKOH
?th]tz;(i}ﬂﬂﬂ HAXOMIeHHAA HOoOpoIHHAT TOYKI MﬂRﬂHMYMErl
[OCTATOYHO DeIlHTh ABA YPABHEHHS IPAMBIX, [oaydaeMbeIx ‘H;
COOTEETCTRVIOUTHX orpamwermﬁ_n A B r:epeceqennu
ToUKY MaKcHMYyMa. SHavueHHe f(X), naiijeEHOe B MOJy4YaeMOH
ToYKe, ABAAETCH MAKCHMATILHBIM. ¥

B cayuae murrMuzanum f(X) mpaMyio €1%) + e9xg = [(¥Xp)
ﬁa.:m IBMraTh B HANPABICHHH, IPOTHBEOMOIOHOM BEKTODY-Ipa-

IIo-
amenTy. flcHo, 4To ecaH IpAMAs OpH cCROEM JI,B!-IH:EEHHH cEl[f <
KHJaeT JonyeTHMOoH o6JAacTH, TO COOTBETCTEYIOIIME MAKCHMY

WM MMHHEMYM f[f ) He CYLIECTBYET.
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A Mpumep 6. Pemnts rpadmdeckiv MeTomom cnexyromyr 3JIIT:
max f(X)= 30x; + 60x,
xy+ EIZ <21
8x; + 2x, 5 21
321+ x:2 18
Xy 22 0.

[IpsiMble oTpaHMYeHHA OIHAYAIOT, YTO obJACTE pemenuii GygeT
fleaTh B NMepeoH 4YeTBePTH JeKAPTOBOIl CHCTEeMEl KOODAMHAT;
OTMETHM IITPHXOBKOH 2Ty obNacTh Ha pue. 2.4,

Jman 1. Onpeflen¥M MHOMKECTBO pellemrit NepBOrc Hepa-
BeHCTBA. OHO COCTOMT M3 pelleHMs YDABHEHHS H cTPOI'Oro He-
papeHcTBa. PemenweM ypasHeHHs cIOYKAT TOUKH npsMoi
x1 + 3x3 — 21=0. ITocTponM NpAMYIO MO ABYM TouKaM (0 T,
(21; 0), xoTopsle Merko MoAYYHTE B PeayIbTATe NOCIe0BATE h-
HOTO OOHYJIEHHA OfHOH M3 mepeMenEsrx. Ha PHCYHEe obo3HAYHM
ee nudpoit 1.

MroscecTBO pemenuit cTpororo HepaBeHCTBA — OJHA M3 HO-
JYNAOCKOCTel, Ha KOTOPYIO [IeJIHT MJIOCKOCTh NOCTPOSHHAS nps-
maa. Kaxas mz nanx apngercs HCKOMOH, MOMKHO BBIACHHTE NpPH
NOMOIOH OJHOH KOHTpOALHOH Touxm. Eenm B MpOH3BOILEC BEA-
Toil TouKe, He NPWHAJJMe)xamel npaMoil, HEPaBEHCTEO BEIIOJ-
HAeTCH, TO OHO BREINONHAETCH W BO BCeX TOYKAX TOH NOJyIaoc-
KOCTH, KOTOPOH NpPHHAJJIEHKHT KOHTPOABHAH TOYKA, H He BBI-
NOMHAETCHA BO BeeX TOUKAX APYrod noaymiaocKoeTH. B xadyecrTme
TaKoH TouKH ynobHO 6paTh Hauyano koopammar. Hogcrasmm Ko-
opauHaTk! (0; 0) B HepaBeneTEo, noayunM —21 < 0, T.e. 0HO BBI-
HONHAETCH. ChaegoparensHo, ofnacThio PellieHHMA HepAREHCTRA
CAYVHHT HIAHAA TOAVILIOCKOCTE.

Ananorrunniv obpaszom [ocTpoMM OfIacTH pelleHHA JBYX
ODYIHX HepPaBeHCTB

3x1+ 2x3 - 21 =0; x; =0, x5 = 10,5;
Xai= 0, X = T
(1a pucyHke npamasn I1):

3x;+2x2- 21 <0 opn x; = x,=0, — 21 <0 BRmON-
HAeTeHd, GepeTca HIHHAA NoMyTLIOCKOCTE.

Ociosbt AuTeiiHoz0 nPozpAMMUDOSARIL

—

b 26— 18 = 0; x7= 0;x3 = 15;
: 'z x2=l‘.},x1=ﬁ.

(Ha pHCYHKe IpAMAad IIT);
3I1+.’1’!2—18{G]IPHI

OCTh.
fepeTcd HIMMHAA MOIVILIOCHK :
PBﬂ.LHTpnyem obmyio obaacTs JIJIA Becex HePABEHCTE, obosHA

yHEM BePINHHBL MHOIOVIOAEHHEL JIATHHCKHMHE E}"RE&MH H ::Pi-
JeJHEM HX KOOPAMHATEI, pelrnasd cHeTeMy ypaBHeHHH ,u;nyz:ﬂ gie-
CEeHAIDIIMXCS COOTBETCTEYIOMMUX MPAMBIX. HEHEHMEP,E ceqpeﬂnﬂ
IHM KOOpAHHATH ToukH C, ABIAIOMEHCHA TOUKOH mnep

BTOpOH W TpeTheil NpAMOM:

{3x1 +2x, =21, x=38,x =5,

1= x3= 0, 18 < 0 BEIONHAETCH,

8, 4+ x5 = 18.

BoiudcanM sHadeHHe neleBoll (QYHKIHH B 3TOH TOMKE:

f(X)=80x; + 60x, = 150 + 180 = 330.

AHATOMMYHO HOCTYIIHM TJHA APYTHX TOHEeK, mmanm&ac;ja ng%
MAHAMHE 3aMEHYTOTC BEIIIVEJIOTO nmoruymm;:;i:;i mmT_'
npefcTaRIAIomero coboif OBNACTE HOTYCTHMEIX pe i p it
pueaemoit 3JIII. Koop{HHATEL dTHX BepIIHH HD{EE'IGT cDel,:tgm
spagernsa: T. 0(0;0), T. A(0;7), T. B(3;6), 7- C(5;3), T. ;0 .Be_

9man 2. IlpupaBEaeM NeneByl0 QYHKIMIO NOCTOAHHOH

e a: 30xy + 60xg = a.
ng{:u ypasnelrme ARAAeTCH MHOJHECTBOM TO4UekK, IT:I r:l:;?g::;{_
mesepad QYHKIHA NPHHAMAET 3HA4eHHE, paeHOe d. NMe e
qeHHME @, MOJYYHM ceMeHcTBO MapaijieflbHBIX npnMLi:EI, ¥ i
W3 KOTOPHIX HA3BIBAETCA JAuHUed YPOSHA. Ilycrs a=0, B e
IHM HKOOpJAWHATEL ABYX ToHekK, Y,EI;DBJIETBQPHIGHIHX {!Dﬂgﬁ i
Bylomemy ypasHenuwo 30x; + 60xs = 0. B rauecTBe OfL it
STHE ToueK yOoDHO B3ATE TOMKY 0(0;0), a TaK Hax ng:::_”;
xy=—1, TO B KayecTBe BTOPOH TOYKM BO3bMEM TOUKY G{2;-1).

Uepes 9TH ABE TOMKH IPOBETeM JIMHMIO YPOBHA f(X)=30x; +
+ 60xy = 0 (nyHKTHpHAA OPAMAad Ha PHC. 2.4).
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L= 10;20)

e

—ll-‘l"-i\_s AT 8 1l 13 1617 19 2T 2a.35  x,
{;{21"‘er

Oman 3. [lna onpefeleHHs HANPABIEHWS NBHIKeHHA K OII-
THMYMY IIOCTPOHM BeKTOD-rpafuenT V, KOODAHHATHEL KOTOPOro

ABJNAIOTCA YACTHBIMH IIDOM3BOTHBIMH (PYHKIIHH ,f{:f ), T.e.
V = (e1,e3) = (30;60). YTo6H 1mOCTPOMTE 9TOT BEKTOP, HYHHO
coefHEUTE Touky (30;60) ¢ mavamom woopmumar. Ilpm Makcu-
MH3AOHH Nenesoll GYVHEONH HeolXOIMMO IBHTATECS B HATIDAR-
JeHMH BEKTODA-TPANHEHTA, 4 OPH MMHMMH3AHE — B HPOTHEO-
NONOMHEOM HanpasimeHEMH. Jlna yxoficTBa MOMHO CTPOMTE BeK-
TOpP, NPOIOPIHMOHANBHEIN BexkTOpy V. Tax, ma pue. 2.4 uaobpa-
#eH BexTop 1/3 V = (10;20).

B namem cnyuyae IBM:KeHWe THMHHH YPoBHA OyOeM ocyImect-
BJIATE 00 ee HepecedeHHA c rTouroll B; namee oHa BRIXODHT MA3
obiacTH MomyeTHMEIX pemmernit. CiegoBEaTeNsHO, HMEHHO B 9TOM
TOUKE BOCTHIASTCA MaKcHMyM meneBoH dwakuuu. OTciofxa mer-
KO sanucaTh pemenne Hexonuoit 3JIII: max f(X) =450 u nocru-
raeTes npH x;=3; xo=f.

Eenu mocTaEnTs 3afadyy MHHEMMIATHHA (BYHEIINH f()? )=
= 30x, + 60x; OpE Tex e orpaHAYEHMAX, THHHWIO YPOBHA He-
obXoMUMO cMenlaTsE ODapailelbHo caMoil cefie B HampapieHHH,
OPOTHROMONOMHOM BeKTOopY-rpagwenty V. Karx sro sMmmo ma
puc. 2.4, MHUHUMYM IemeBoll (YHKHHH TOCTHTASTCA B TOYKe
0(0;0), cnegosaTensHO, MosHO sanucaTk min f(X)= 0 m gocTH-

rasTed OpH, xi= 0; xo= 0. 4

IMpu pemenns HexoToprix 3JIT1 rpadgmyeckn™M MerofoMm Mo-
#eT BCTPETHThCA CJIyHai, HOrja JHHHA YVDPOBHA NapalieJbHa
OJHOH M3 CTOROH BHIOYKJIONO MHOTDYTONBHHKA IOIVCTHMEIX
pelmTeHyil, NpUYeM 3Ta CTODOHA DPACTIONOMEeHA B HATPABIEHHH
cMelleHHA THHHH YPOBHA OPH CTDEeMJEHHH Helepoil dyHKIMH
K CBROCMY onTHMYyMY. B aToM ciayuae OINTHMAILHOS ZHAUeHHe
tenesoll PYHKOWH JOCTHraeTcs He B OFHONM, & B JBYX YIUOBLIX
ToUKAX (BepINMHAX) MHOTOYTONBHMKA PeIleHWH M, clefloRaTEIbHO,
BEC BoeX TOYHaX OTPeIKa, COSNHHAMIMEro ITH BepPIIHHEL, T. .
sagaia OygeT HMeTs DecuHclIeHHOe MHOMECTED pPelleHHIl.

Econ ofmacTs HONYCTHMBIX pelleHHM SBISAETCS HelaMKHYTHIM
EBRIMIVKJABIM MHOMOVIOJABHHKOM B HANPABNIeHWH ONTHMHIAIIHHE
neneroil dyHKIEH, To ODeleBad dyHKINA OVIeT HeorpaHHYeHHOH
1 3JIII re GyjeT UMeTh: PeNIeHHMI; B 3TOM CAVHYAe VCIOBHO MOMHO
3aMHMCATE, YTO, HAOPHMep, max f(X ) = +mo.

Ovesmpro Taksxe, uro 3101 He Symer MMeTh pemremnni B crygas,
Korga obmacTh JONYOTHMBIX PeOIeHWI ecTh NYycToe MHOMECTEO,
T. e. cHcTeMa orpaAndennit 3JIII cogepmWT MpoTHROpEYHBEIE
HepAReHCOTRA, H Ha HOODAWHATHON IJIOCHOCTH HeT HH OfHOH
TOUKH, VAOBISTROPAIOINEH 3THM OTDAHHYCHHAM.

2.5. CumnnekcHblid MeTOR pelleHns 3aaaum

Cpenn yHHBepcalbHBIX METOJOB pPeINeHHA 3ajau IHHeitHoro
NpOrpAMMHPOBAHHA Hanbolee paclIPOCTPAHEH CUMNACKCHBLE
smemod (MmH cumnaexc-smemod), paspaboTaHHEIH aMepHKAHCKHM
vaersiM JIxx., Oaanmurom. CyTh aToro MeToga 3axkmioyaeTcsa B
TOM, YUTO BHAYMAJE IIOAYYAIOT AOIYCTHMEIH BADHAHT, YOBIETEO-
pAIOMINI BeeM OTpPaHHYeHHAM, HO Heo0A3aTeNbHO ONTHMANEHEIH
(Tax HasHBaeMoe HAYAALHOE ONOPHOE DEULEHLE); ONTHMAIEHOCTE
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JAOCTHrAeTCA [OcHefoBATeNBHBIM YIVUIIEHHeM MCXOTHOTO

EAPHAHTA 3a olpefeieHHOE YHMoI0 3TANOE (mrepanuit). Haxom.

AeHie HATANTBHOTO ONOPHOIO PellleHUA M HepPeXof K cie yIomeMy

ONOPHOMY PpellleHHI0 MPOBOAATCS HA OCHOBE NPHMeHeHHd pac-

CMOTpPeHHOro Brllle Meroma Mloppmana—Tayecca ans cHoTeMBI

THHeIHBIX ypaBHeHHI! B KaHOHWYecKoil dopme, B KOTOPOH

AoMKHA OBITH NpeABADUTENHHO 3aNHMCAHA MCXOJHAS SHI1; na-

NpaBleHHe Nepexofa OT OJHOTO OIOPHOrO PeIIeHHA K JPYIoMY

BRIGMPARTCA NPH 9TOM Ha OCHOBE KDHTEDHS ONTHMANLHOCTH

(meneroit yEERNNHN) HcxomHOH a3agaym. CHMnIeKe-MeToI OCHO-

BAH HA clelYIOMIHX cRodcreax 3JIT1:

1. He cymecTsyeT JOKANBHOTO BKCTPEMYMA, OTAMYHOTO OT
racbansHoro. JIDYIrMMHE CAOBAMHM, 8ClIH BKCTPEMYM ecThb, To
OH e[MHCTBReHHEI,

2. MuomecTBO BceX IJIAHOB 3amaud JNHHeHHOTO IporpaMMEpO-
BAHMHSA BBIUTYKIO.

3. Ilexnepas dynxiuua 3JII1 focTHIaeT CBOEro MaKCHMATLHOIO
(MMHEMMOTEHOTO)| 3HAYMEHNA B YIVIOBOH Toule MHOTOTDAHHM-
KEa pemeHHii (B ero sepmmune). Ecnm uenemas dvHKIMA
OPHHUMAET CEOE ONTHMANBHOE 3HAUEHHe Dojee UeM B of-
HOIl VYIJI0BOH TOYKe, TO OHA JIOCTHTAET TOro Ke 3HAYEHWUST B
JA060H TouKe, ABNAIONCHCA BEINYKIOH JHHEHHOH HOMGH-
HalHel aTHX TOYeK.

4. Raxcnolt yrmoBodt TouKe MHOrorpaHHHKA permemmil oTBeuaeT
onopabiil mwrax 3JII1.

PaccMoTpuM [gBe DasHOBHMIHOCTH CHMILTEKCHOTO MeToja:
CHMILIEKC-MeTO/l C eCTeCTEEHHEIM 6aZHcoM M CHMILTEKC-MeTo[ ¢
HCKYCCTBeHHBIM Gasmcom (uMum M-meron).

Cummirexc-meTon ¢ ecTecTReHHEIM GaiHcoM. g npumene-
Hu#A a1oro Metoga SJII1 momsma 6mTh chopMynHpoBaHA B KaHO-
Hugeckod dopme (2.12) — (2.14), npuueM MarpHma cHcTeMsl
VPaBHeHHH [0JKHA CONEP/KATh efMHHUHYIO OOJMATPHIOY pas-
MePHOCTEIO M x m. B aroM emxyuse oueBRHIeH HAYAJLHEIN OTIop-
HElf 1uaH (HeoTpHOaTedbHoe HasHcHoe pemieHHe).

Jna onpegeneHHOCTH NpemmoNoiKHM, YTO IepPBLEIE M BeK-
TOPOB MATPHLLI CHCTEMEl COCTABIAIOT eLHHHUHYI0 MATDHINY.
Tora oueEHieH NepBROHAYAMBHBIH ONOPHEBIR nnas: (by,bs,...,
b, 0,...,0).

(eHoghl AUREDHOZ0 APOEPAMMUDOSRHIUR a7

[TpoBepxa Ha ONTHMANBHOCTE OMOPHOTO ILIAHA IPOXOINHT C
[OMOIIBID KPHTePHA ONTHMAIBHOCTH, [IepeXo] K APYroMy omop-
oMy IJaHY — C IoMolnslo npeofpasosanmit Hloppana—Tayeca
i ¢ HCIIOJb30BAHHEeM KDPHTEPHA oITHMANBHOCTH.

Iloay4enHElil OOOpHBIN IIAH CHOBA IPOBeDAETCA HA OUTH-
MANLHOCTE ¥ T. 1. [lpollece 3aKAHYHBASTCH 34 KOHeYWHOE HHEJIO
[IaroB, IpHYeM Ha NoclefHeM mare nubo BEIABIHeTCH Hepaa-
pelllHMOCTE 3aAa4 (KOHEeUHOro ONTHMYMAa "et), Aubo HoIyda-
wred OOTHMANLHBIH ONDOPHBIH [JIaH H COOTBETCTHYIONIEE eMy
OITHMANLHOE 3HAUeHHe mejaeroil GyHKOHH.

MpisHAK ONTHMANBHOCTH SaKJHNUAeTCA B CASJVIOIIHX IBYX
TeopeMax.

Teopema 1. Ecap fid HeKOTODOTO BEKTODA, He BXONAINErD B
Baaic, BEIOONHASTCH YCIOBHE

m e —
Aj=z;— ¢ < 0, roe zj = Zc,—aif, qi=iln,
i=1

TO MOMKHO IMONYUYHTE HOBRIN OMNODHREIH ILIAH, JJs KOTOPOTO 3HA-
ypHHe OeleBol GyvHKUWH Oyier Gonbime HMCeXOJHOTO; OPH 3TOM
MOTYT GBEITE ABA CJYYAH!

a) ecaM Bee KOODAHHATEL BeKTopa, NOJIedallerc BROJY B
fasHe, HeroNoxHTensHEEL, To 3JI1] He MMeeT pellleHHA;

B) eclld WMeeTcA XOTH DLl OJHA [MONOMHTENBHAA KOODIHHEATA
Vv BEKTOpPA, MOAJMeMAIers BBOLY B DazHc, TO MOMHO OOIYVIHTB
HOBBEIfl OODOpPHBIH ILJIAH.

Teopema 2. Ecan gaa BceX EeKTODOR BRINOJHAETCH YCJIOBHE
Aj=z; = ¢; 2 0, To MOMYUEHHEIN IJIAH ABJIAETCA OUTHMANLHEIM.

Ha ocHopaHMi DpHsHAKA ONTHMANLHOCTH B DasMc BROIMTCH
EerTop Ap, IABIIHE MHHMMANRHYIO OTPHIATENBHYID BeNHYUHHY
CHMILTEKC-PAIHOCTH:

2 — cp = min(z; - ¢;).
Yrobkl BEIIOAHANOCH YCAOBHE HEOTPHOATENBHOCTH 3HAYeHHET

OTIOPHOTO IJIAHA, BRIBOJIHTCA U3 Oasuca BeKTOp A, KOTODEIT jaeT
MHHHMAIEHOS TOJI0EATENEHOS OTHOEHHE

r

o :
@ =min—=—""-; au>0,i=1m.
i g dpg
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Crpora A, HaselBaeTcd Hanpaeaawowel, cronbel, A, u ame-
MEHT Oy, — HARPABIANWUML (DoclefHHH HASLIBAIOT TaK:He
PA3PEULaULM ITeMEHTOM).

OneMeHTH BBOAMMON = CTDOKM, COOTBETCTEYIOIMEH HANpAB-
JIAIMe cTpoKe, B HOBOH CHMILIeKC-TADIMIle BEIUMCIANTCS II0
dopmyIanm

Ay

'a-r.li oy ! j:]-!nl
T

A PAeMeHTH! J1060H »pyroii i-if cTPOKH IDepecUHTHIBAIOTCH IO
hopMyaanm:

Gy tdy =a.,'a J—

ﬂE.=Lr_*__u|l= rm;j=1:-n-
! ﬂ,k
T

dHaueHHA DasHCHBIX NepeMeHHBIX HOBOTO ONODHONO ILIaHA
(moxasaresu rpadrl «IJAH*) PACCUHTHIBAIOTCH IO GOpPMyIaM:
b, ; L7 St
b;‘ = pi ol AnA i = r; l‘."; = bi rk " ik
gy ey

Jd=1,m gng i =T,

Ecam mauMeHblllee sHaueHHe ) mDocTHraeTcd I8 HECKOb-
ENY OAa3MCHBIX BEHTOPOB, TO UTODBl HCKJIOHMHTE BOSMOMCHOCTE
3AMUKIHBAHMA (DOBTOPeHMA Oasmca), MOMHO DPHMEHHTE cile-
AVIOOIHHE cliocob. :

BriuMcnamwTea 4acTHEIE, OoaydeHHEIE OT JelleHHA BoeX 3Je-
MeHTOB CTPOK, JABIIMX OJHHAKOBOE MHHHMATBRHOE 3HAYeHHe (J,
HE CBOM HANPABIAWIIHE 371eMeHTEl. lloayueHHBIE UAcTHEIE CO-
TNOCTABAAIOTCA MO cTonNOIaM caepa HaIpaso, IpH 3TOM YYHTEI-
BAIOTCH M HYJ/eBEle, H OTPHIATENLHEIE 3HAYeHHA. B mpoitecce
OpoCMOTPa OTOPACEIBANTCH CTPOKH, B KOTODRIN HMEeHTea GOJB-
e OTHOINEeHMA, H H3 0asdca BEIBOOHTCA BEKTOP, COOTBETCT-
BVIOLIHE CTPOKe, B KOTOPoH paneine ofHApYHTCHA MeHBIIeo
YacTHOE. :

Haa menonbsoBaHMA NPHEeJeHHON BhINe NPOLEAYPHl CHM-

ILIeKC-MeToda K MEHHMH3ANHNE JHHeAHoH (opMbl f{f Jcaegver
MCKAaTE MaxeHMym oyHERDHE f(X) = —f(X), sateM moayuen-

HBEI MAKCHMYM B3HTE C IPOTHBONOJOKHBIM 3HAKOM. DTo M By-
JleT HCHOMEIH MHHHMYM Hoxopuoit 3JITT,
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PaccMOTPHM AJNTOPHTMBI CHMILIEK

sajave.
b Mpumep 7. [laa mpouSBOACTEA npopysau Tana II; IIg

® o E
npefiIpUATHE HCIONB3YeT ABA BHA cuipps: Cp m Cg. JlanHEIE O
yCIOBHAX IPHBENeHBI B Taba. 2.1.

c-MeTona HA KOHKDeTHOH

Taénuua 2.1
Paexod cupbi Ha eduniyl
Coipee npodyrcyui, Ke/ed. Koauvecmeo
I I, ChiPbA, KE
1
& 1 3 300
0y 1 1 150
TIpHBELIL, THIC. : \
pvi. fem. npol. 2
CoeTaBHTE IUIAH TPOH3BONCTEA IID KPHTEPHIO ¢MAKCHMYM
OpHOELIH? .

Pemenne. OGozgaumm o0BeM [IPOMBEOACTEA npaﬁ;};
man [T, yepes xp, HPOLYKIMH I15-yepes xg. C }ﬂ{e'mm‘
ofosHAYEHHI MaTeMaTHYecKad MOJeNb 3ajatn uMeeT BHI:

max f(X) = 2x; + 3%g
X1 + 312 < EUD,

OpH orpaHAYeHHAX
R x; + xp < 150,

2 20; 202 0.

IIpusegeM 2Ty 3ama4yy K KAHOHAUECKOMY BHIY, BEBel# AOTION-

HETelLHBle IepeMeHHBIE X3 H Xy

max ﬂ:f} ) 2.',131 + 3xq ot ﬂxg 4+ 0xy
A, A A, B

1 31 1 0 _[3-:31}]
[ x1+bx2+nx3+lx4-15ﬂ,

man x; + 3xp + x3 = 300,
X+ Xp T XL = 150,

szﬂ,_f-=1,4+
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Sajada obJafaer HCXONHLIM OINOPHBIM ILIAHOM (0,0,300,150),
H €8 MOKHO DEeIINTH CHMILIeKC-METOo oM, pPellleHNEe BelNeTCHd B

cHMILTeKc-Tabaunax (tabna. 2.2).

Tabnuua 2.2
Homep g; | Tran 2 3 0 0
cumnaere | Basue B )
madayb £ Ay Ag Ay Ay
— Ay 0 300 I P 0 100
0 Ay 0 150 1 1 1 150
A=z i} -2 -3 0 0
—> Ay 3 100 | 1/3 1 1/8 0 300
I — 4y 0 50 |[Z781] o |-158|" 1 75
A -~ 300 | -1 0 1 0
Ag 3 75 : 1 0,56 | -0,6
I - A 2 75 0 -0,5 | 1,5
A - 375 0 0 05| 1,5

B Mcxopmoil cHMINeKc-Tafaume ¢TpoKa omeHOK A Vi ek =t
onpefelndeTcd [0 NpHBe/leHHON Boime dopmynre

A=2z1—-¢c1=0"1 +0-1-2=-2,

Ag=23—¢3=0-3+0-1 - 3=-3.

Hexonueift onopreid maaw (0,0,300,150) He sengercs onry-
MaJbHEIM, TAK KAk cpefM OLEHOK A; MMeTCA OTpHOATENbHLIe.
Ilepexon x HoBoMy ONMOPHOMY NJIAHY OCYINECTEMM, BEENA B Gaguc
BEKTOD Ag, MMEOHUHE MHHHMAILHYI0 OTPHIATEILHYIO OIEHKY.
OnpepenaeM BexTOp, BRIXOZAINMIT U3 Gasmca:

o min[annlluu
3 3l

T.e. BeKTOD Aj crefiyer BRIBeCTH M3 Gazmca. | JITaBHEIM Hampas-
JSIOWMEM  9IeMeHTOM HBIAETCHA 413 = 3 (BeIeJNeH paMo4Koii).

Ilepexon k caeayomed cummrerc-tabrmme CCYIOecTEIAEM € IIo-
MomE0 npeobpasopannii Hopmama-Taycea.

] = 100,
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Bropoii omopmeut maas (0,100, 0,50) He onTHMANLHELH; me-
pexof K ClefyiolmeMy ONOPHOMY ILIAHY OCYII[eCTBHM, BBOAA B
fasHe BerTOD Ay ¥ BRIROZA BexTop 44. B peaynnTare moydaeMm
onTEMaibHB nmas (75,75,0,0), T.e. npepmpHATHe MNOJYUHT,
MaKcuMyM npubsinn B pasmepe 375,0 Thic. py6., ecam BhInyc-
T 7O eMMHHI IPOLVEIMNE NepBOT0 BHAA ¥ 70 eIHHHI IPOIVH-
[HH BTOPOTC BHAA.

CHMniexc-MeTol ¢ HCKycCeTEeHmsIM Oasmcom (M-meron).
IIpuMeHAeTcs B TeX CHyYasx, KOTAA SATPYJHHTENBHO HAWTH
NepBOHAYANLHLIA OHOPHEBIH ILMaH Hexommoit aanaww JIIL, aamm-
capuoil B KaHoHMYecKoii gopme.

M-MeToqn saxjiouaerTci B IPHMeHeHHH NPABHMA CHMILIEHC-
Merofa K Tak HaseiBaemoili M-zadawe. OmHa monydaerca H3 Hc-
xogHOR nobaBneHEMeM K JeBOH YACTH CHCTeME! VDABHeHHH B
KaHoHHYeckoll dopme mHexogHol B3JIII TAKHX HCKYCCTBEHHBIX
eIMHHYTHEIX BEEeKTOPOE C COOTBETCTBYIOINHMHE HeoTPHUIATeIbHEIMH
HCKVCCTBEHHBIMHE MepPeMeHHEIME, uTofbl BHOBE NONYyYeHHAR
MATPHIA COIepiaia cHCTEMY eJHHHYHBIX JHHeHHO-HeaaBHCH-
MEIX BeKTOpoB. B JHHelHYW dopMy HexopHoll samaum modas-
nAeTcH B Qiydyae ee MAKCHMHS3AIMH claraeMoe, NpPejcTaABIAIO-
mee coboll npoHssegeHme umcaa (—M) HA cyMMY MCKYCCTHeHHBIX
mepeMeHHEIX, e M — pocraTouno Goablloe TOJIOMHTEILHOE
YOO,

B monyueHHol sagaye NePBOHAYANBLHBIN ONOPHBIH ILIAH
ouepnged. [IpM npumeHeHHH K 2TOH 3ajade CHMIUIEKC-Merojga
OleHKH A; Temeps OyAyT 3aBHCETE OT ¢OYKBBI M». Ina cpashe-
HHA OIEHOK HYIKHO IIOMHHUTE, 4To M — mocTarodyHo Gonbmoe mo-
JIOEHTeNEHOE YHeIo, oSTOMY M3 Dasmca 6YAYT BEIBOJHTECH B
[epByl0 oYepelb HCKYCCTEEHHEIE epeMeHHBIe.

B mpouecce peimmenna M-zagaum caefyeT BBEIUEPKHEBATE B
CHMONeKc-TabJHIe HCKYCCTBEHHBIE BeKTODBI IO Mepe HX BEI-
xoja ua basgica. Ecau Bee MCKYCCTBeHHEIE BeKTODEI BRILIIM W3
fGasmea, TO modyuaesM HeXOJHYID sagauy. Ecln onTHMalkHoe
pemrere M-zagauH comep:KHT HCHYCCTEEHHBIE BEKTOPRI MIIH
M-angaua HepaspemIHMa, TO HCXOJHAA 3a7jaua TaKMe Hepaspe-
IIMMa.

IIyrem npeobpasoBaHMI MHMCJ0 BEOJMMEIX HepeMeéHHBIX, co-
CTABJAAIONINX MCKVCCTBeHHEIN 6GasHc, MoMeT OBITH YMEHBIIEHO
oo ofHOH.
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A NMpumep 8. Hajiti MaxcuMyMm neneBol QyHKIMH: max F(X) =
= 3x, + 2%, + x, IpPH YCIOBHAX
2x;+ x9= 8,
xp+ xz+ x3=06,
120,220, x320.

Pemernwne. Marpupoa VeloBHH CONED:KHT TOMBKO OJHH
eIMHUUHEIH BeKTOp, MODABHM elle OHH HCKYCCTEEHHBIH BeKTOD
(HoKyCCTREHHVID HeoTPHIATEJRHYID OepPeMEeHHYH Iy B IepBoe

OrpaHHYeHHE )
1
o)
g

IMonyyum chlenyviomyi M-sagady: HalTH MaKCHMYM Oele-
ot yERIEH max f(X) = 3x, + 2x, + x, — My, OpH yenoBRAX
2xy + x5 + 1y = 8,
x1+ x5+ x3=06,
%20,x3=20,x320, 5y 2 0.

M-zagauy pemmaesM cHMIIeKc-MeTogomM. HavansHerni omop-

et mnam (0,0,6,8), petrenne opoBogEM B CHMILTeKc-TabmIHIIax
(rabn. 2.3).

Tabnnua 2.3
Homep cum- w Ba- B 3 2 1 —M 0
naexe-madaugst | e sue Ay Ao Az | By
=M | =P 8 TR 0 [ e ¢
0 1 Ay 6 1 1 1 0 (&
- & |-8M+6|-2M-2|-M-1| 0o | 0 | -
3 —d, 4 1 0,56 ]
I 1 Ay 2 0 0,5 1
5 &y 14 0 0 0
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e

B HayajpHOH Tabiule HaMMeHbIIee A; COOTBETCTBYET BEKTO-
py A1 — OH BBOAHTCA B GasHe, A MCKyCCTBeHHEIH BexTop P M3
Hasrca BEIBOJZMTCH, TAK KaAK &MY OTBEYAET HaWMeHBIIee @
Cronbell, cooTBeTeTRYIOIIKMH Py, H3 JanpHeHIINX CHMILIEKCHBIX
tafJHuI BEMepKHBASTCH,

HD.-‘I}"-IEHHLII?I HOBBEIN OOOpPHBEIH IaH SBIHETCH OUODHBIM
[IIAHOM HCXOoOHOoH sajaun. [aa Hero Bce Aj 2 0, nosromy oH

ARIAETCH W ONTUMANEHRIM. TakumM obpazoM HoiyVHeH OOTHMAIL-
HEI maad HexonHol samaun (4,0,2), # MaxkcHMANEHOe SHaMeHMe

megaeBoil (QVHKITHH fIX 9'] =14. A

b MpumMep 9. Pemmrs 3JIII: minf(X) = 10x; — 5x, upu yesio-
BHAX:

2xy — x9 = 3,
X+ xp 22,
xy +2xs 21,
e 0.
Hpueegenm 3JIII ¥ xaHoHHYecKoMY BHIY, Depelima x aagaie
¢HA MAKCHMYM# ! nmx_fl{f ) = —10x; + BHxs OpH YCHNOBHMAX:
2.1‘1-.1‘2—x3=3,
xpt 29— x4~ 2,
) 222 + X5 = 1,
£5 0= 15,
L1 Hax o AeHHda OMOpPHOTO ILIAHA Iepexogum ® M-zajgaue:
max g(X,Y) = -10x; + bxy — M(y1 + y2) mpu yenoBuax:

2xy — xz T X3+ if1 = 3,
Xy + Xg—xy+ ya=2,
—x1— 2xq + x5 =1,
x1,2,34520,¥1220.

JaneHellllee pemrenue NPOROJUM B CHMILIeKC-Tabaumax
(rabu. 2.4).
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Tabnuua 2.4
R 3]
SR -10 5 0 0 o |-M|-M
gg% Basuc| B Q
mEE e Ay Ap Ag Ay | As | P | Pe
-M|ler | 8 | E]| a1 -1 o'lo| 1] 0|8z
0 -M| Py 2 1 1 0 el R e el B
0| As 1 =1 =g 0 ] R S I R
23 ~ sy | —smr | -ansm| -6 M M |lo|o|o
-10| =41 | 3.2 1 -1/2 | -1/2 (] 0 o |-
1 -M | +Fa| 172 0 1/2 -1 |0 >< 113
0| A4 | 5.2 0 -5/2 | -1/2 0 1 0
= - | & |-mMeBl o |-BMs2|-Mass| M| o 0
10| A; | 58 1 0 -1/3 |-1/3| o
I B | 242 | 1/3 0 1 1/ -2/81 0 >< ><
As | 10/3 o 0 0 -5/81 1
i S .Y -15 0 0 5 0 0

B cavmmnexc-rabaune 11 moaydeH ollopHEIH DAAH HeXOTHOMH
3JII1; mockoabKy Boe oteHKM A; = 0, j= 1,_5, TG 3TOT IJIAH HABJIA-
eTcd B ONTHMANBHEIM, T.€. x, = §/8, x; = /3 (HcXoOHLIe IepeMeH-
Hble), x5 =10/8, x; =0, x; =0 (JoNOAHWTENBEHEIe TepeMeHHEIE),

npu srom min f(X) = —max f;(X) = —(-15) = 15 . A

Bonpocel ¥ 3agaHus

1. B yeM cyTb MPUHLMNG ONTUMANEHOCTH B MNaHWPOBAHWK W YNPaBAEHM?
2. Chopmynupyiite oBLIYI0 NOCTAHOBKY 3a0a4y NMHEAHOMD NporpamMMupo-
BaHMA. Kakosel 0COBEHHOCTY KBHOHMHECKOR OPMLI 3aMMCH STONR 3anayu?
3. [aitte ofwyio xapakrepucTuky metoga Koppasa-Taycca Mccnenoea-
HWS CUCTEM NMHERHBIX YPABHEHWA.

4, B yem 3aKnioyaeTcH reOMeTpMYeckas MHTepnpeTalus 3a0a4M NiuHeiRHo-
r0 NPOrpaMMUpoBaHUA?

5. Kax0Bbl OCHOBHEIE STank! rpaduyeckoro METOAA PELUEHUA 3a0a4 NUHEH-
HOrO NporpaMMupPoBaHua?
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6. B uem cyTh cimnnexc-Metona? Ha kakix CBOMCTBaX 3ajay JIMHERHOTD

NPOrpamMMUpoBaHNA CH OCHOBaH? >
7. CchopmynupyidTe NocNef0BaTeNEHOCTL 3TAn0B NpaKTMHEcKDid peanwaa-

LMW ANFOPUTMOB CMMNNEKG-METOAA NPU pelueHui 3aaa4 NHHERHOrD

NpOrpamM1poBaHms.
8. Korna BO3HWKAET HEODX0AMMOCTL MCTONL30BAHUA CUMIIEKC-METONA C

WCKyYCCTREHHLIM Baancom (M-metoga)? B yem cyTb 3TOW MOAMDUKALIMN
cuMnaekc-metopa?

YnpaxHeHus

1. Hecnenosars MerogoM +Hoppara-Taycea cucreMy JTMHEHHBIX
ypaBHeHnil; B CIy4Yae COBMECTHOCTH CHCTEMEI HaiTH ofimee pe-
mIeHMe, HEKOTOpOe YacTHoe He(GasHcHOe pelleHHe, Bee BasHcHLIE
pelleHus, YKA3AB [IPH 3TOM ONOPHBIE PEIIeHMA:

a) 4xy — xp + 2x3 — x4 = 2 6) x; + Xz — X3 + 2x4 = 2
2I1+3I2—I3+x4=5 —x1+x2—3x3—x4=1 .
x1—4x3-'.—3x3—-4x4=—3; 8x; — xo + 5xg + 4x4 = 35

B) X+ 2xp+ x5+ x4 — Bx5=4
395.1+4I2_ 2.1:3',?54+15=ﬁ
—xy + 4x3 + 3x4 — Txs=2
2x;+ Bxpg— X3+ X5 = 6.

2. PemuTh rpadruecKdM MeTOLOM CJIeAYIOIlHe 3ajat Jit-
HelHoro NpoTPpaMMHPOBAHIIAL

H.:i max f{f] = £1+3I2

—-x1+ x3 = 3

6) min f(X)= —6x; + 9xy
o | + 312 =9

2y + %3 <7 —9x)+x3 £ 5
3x;+x2 215 le_gngﬂ
x1, x22 05 x, %3205

B) minf(X) = 2x1-x;
2%y + 3x3 = 12
x1— % =1
0sx;=6
xe = 0,
3. PemuTE CHMILIEKCHEIM METONOM ClejyiolmHe 3agady Jii-
HeHHOro OporpaMMHPOBAHMA!

3 HEeannused-
spTesMaTHNECK RS METaIH
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a) max f(X)= —x; + x, 6) min f(X)= —2x; — 3xs

x1+ 8x3< '
£256 Rl 3 ONTUMANBHBIE 3KOHOMMUKO-
x1,%22 0 r1, 725 0 | MATEMATUYECKUE MOAENH o

B) min f(X)=2x; — 3x,
22y - Xg—x3 =38
Y1 —xp+taxg=2
X1, Xz, x3 = 0.
4, Jlna seinycka HeThIpeX BHACE OPOAYKOHH TPebyoTcH aa-

TPATEI CHIPBA, pafioYero BpeMeHH H 06O
PYOOBAHEA,
MaHHEle NPUBeTeHE B Tabanne: A A, Hexonmere

o TeOpWA ABOMCTEEHHOCTH B BHANM3E OMTUMANbHBIX PEeLUEHMI 3KOHOMN-
YackWx 3anad

= TpaHCnopTHas 3ana4a

e L|enoyncneHHoe NporpaMMupoBaHie

o 3anayit MHOTOKPUTEPHANEHOM ONTUMU3ALIMM

» HenuHelHoe ¥ JMHamMuyeckoe nporpaMMupoBaHie, NoHATHe 06 umu-

i Hopmut sampam pecypcoe TAUMOHHOM MOAENWPOBAHUK
qis Ha edunuyy npodyruuu Hanuyue o Mozenu CeTesorn nAaHMPOBAHNA M YNPaBNeHUs
. pecypea 1 2 3 3 sk
BIPEE 3 5 -
PaGouece spens 22 ;4 123 4 60 3.1. Teopus ABOICTBEHHOGTH B aHanW3e onNTHManbHbIX
OBopyzosasue 10 % % ‘:’2 ‘1‘23 pelLeHMii BKOHOMMHECKHX 3aAaY
IIpubnire =2a enmn-
HMIyY npmwmi 30 5i PaceMoTpPHM OCHOBHEIE NOHATHA M BBIBOABI CHEHANBHOTO
8 16 pasjiena JMHEHHOTO IPOrpaMMHUpOBAHNSA — TEOPHIO IBOHCTBEH-

Copuympons soeTH. B ruo. 2 mokasaHo, 4ro JM0BYH 3ajady JMHeHHOro Ipo-
HPOBATE 9KOHOMHKO-MATEMATHYECKYIO MOfle/lb 3aNaun rpaMMHPOBAHMA MOJKHO 3allHCaTk CAeIyIOIM ofpasoM:

HA MAKCHMYM NPHOEIIN ¥ HallTH ONTHMANLELH Liag BRIDVCKA

HPOAYKIMH. Ll
f{X}:ch $x; — max, (3.1)
=1
I S
>ayxpsbpi=1m, (3.2)
j=1
x;20;j=1n O )

B arofi rnape gnA Gojbmedl HATAAAHOCTH HENONbB3YIOTCA
samuen  Tuna (X)) — max(min), JsKBHBANEHTHEIE 3aTHCAM

max(min)f(X).

C mascmoit sagaueil nuHelHoro NporpAMMHMPOBAHHA TeCHO
CEAZAHA IpYradg JHHeHHAA 3ajada, HasklBaeMAT deollcmaeHHOL;
nMepBoHAYANLHAA 3ajaud HAIEIBAETCH uexodioll HAW OpAMOH.

3*
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Cease HMexofHOH M OBOHCTBeHHOH aajauy SaK/IIOYAETCH, B HACT-
HOCTH, B TOM, 4T0 pellleHie OOHOH H3 HHX MoMKeT BRITE J:;u:ryqenn
HemocpeAcTBeHHO M3 PellleHMA NpVIoi.

Xopomo paspaboTaHHBIN MaTeMaTHUeCKHH anmapar JTUHeH-
HOT'O MPOrpPAMMIDOBAHHA II03BOJHET He TOIBKC IOJYUATh € INO-
:_EEBH; j?;d)enqmm BEMUHCIHTEARHLIX NPOIeIyD OUTHMANRHET

: fleNaTs PAY SKOHOMHYECKH CO/IePIKATENBHEIX BBIBOJIOB
OCHOBAHHEIX Ha CcBOMCTBAX sajayl, JBolCTBEHHOH K ncxn,qnoﬁ,
3JIII. IlepeMeHHEIe NBOHCTBEHHOH saJaYH J; HASLIBAKT 00BeK-
MUAHO 00YCA08REHHbLMYE OYeNKeMU, HIH O80llcmaeHHbIMIL OUEH-
xamu. Mogens fBolicTBeHHOH 3afaum MMeeT BHA: %

g(Y) = b +y - min, (3.4)
i=1
& hEei=ln, (3.5)
i=1
y20i=1m. (3.6)

Kaxnasa us safay gpolicTBeHHONH mapsl (haxTHUeCKH SBIfAeTCH
COMOCTOATENBHOH 3afadeil nHHefHOro NPOrpAMMHDOBAHMA
MosxeT OBITE DeIleHA HesaBHCHMO oT Apyroil. Opmaxo opH on “
JeleHMY CHMILIEKCHBIM MeTofoM ONTHMANLHOTO ILJIAHA u,r:zopf‘i
13 381 HAXOMUTCA PelleHue i APyroH sagadH.

IsoiicTBeHHAA 3a7aya II0 OTHOINEHMIO K HMCXOINHOH cocTaB-
Jdfercs COTJIACHO CAeYIOIMM IpABHIAM: :

1) meneeas dyHKOHMA HeXofHol sagaun (3.1)—(3.3) dopmymm-
pyercA HA MaKCHMYM, A IeleBas (QYHEIHUA IBolicTBeHHOMH
aagaun (3.4)—(3. 6) — Ha MEEEMYM, OIDH 3TOM B Bajade Ha
MAKCHMYM BCE HepaBeHCTEA B (PVHKIMOHAJILHEIX OrPaHHYe-
HHMAX MMEIT BHJ <, a4 B 3a7a4e HA MHHHMYM — BHI =;

oo b B E IS

2) Mmarpuma A= fdar oz, 5asten
L

Gp1 Gpma * Gpp
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cocTABIeHHAR B3 K02(DOUIHeHTOB IPH HEH3BECTHRIX B CHC-
reme orpaEmueHumit (3.2) HexofHECH SamauM, W aHAlOrHH-
HAA MATPHIA

ay; G217 Gml
ﬂ ame ﬂ_
AT _|*12 daz m2 |
&yp Ggp Qmn
B jBolicTBeHHOI 3ajave MOJAYyYAIOTCH APYT H3 Ipyra TpaHe-
NOHHPOBAHMEM;

3) uucmo NMepeMeHHBIX B nBoiicTBeHHOH 3ajadye PABHO uHcay
(YHKITHOHAIBHEIX orpaHMYeHHH (3.2) mcxopHoil sana4d, a
yHeJIO OTPAHNMYEHH B CHCTEME (3.5) nBpolicTBEHHOH 3amayd —
yHeNy NepeMeHHEBIX B mexogHoil aamade;

4) xosdpUIHeHTAMH [IPH HEM3BECTHRIX B meneBoll QYHEOHH
(3.4) meoficTBeHHON 3ajauM ABIAIOTCH crobomuble YJIEHEl B
cmerene (3.2) orpaHMYeHMIl MCXOJHOM zamayuM, A IIPABBEIMH
wqacraMm B orpaHEYeHHAX (3.5) mEOMCTReHHOH 3aJauM —
KoodunenTE NP HENIEBECTHRIX B nenepoit yurnmEy (3.1)
MCeXONHOH 3aJatH;

5) KaXKAOMY OrpaHHYEHHIO ofHOH 3aJaYH COOTBETCTBYET HEpe-
MeHHAR IPYCOM 2ajayi: HOMep mepeMeHHOI coBOajaeT ¢
HOMEepOM OTPaHWIeHHA; NPH 3TOM OrpaHNYEeHHIO, SAIHCAH-
HOMY B BHJe HepaBeHCTEA <, COOTBETCTBYET IlepeMeHHaHd,
CEHZaHHAA YCJIOBHEM HEOTPHIaTelbHOCTH. Ecaon &yHRIIHO-
HaILHOS OTpAHHYEHHE ucxofHEON 3agauM SBJATETCH PABEHCT-
BOM, TO COOTBETCTBYIOIAs NepeMeHHAA nBojicTEeHHOI 3ama-
4y MOKeT MPHUHEMATE KaK MOJIOKHTeNbHBIE, TAK I OTPHIA-
TelbHEIE 3HAYeHNHA.

MaremaTHyeckne MOIENH Iaphl neolicTEBEHHEIX 3a7a4 MOTYT
fLITH CHMMETPHUYHBIMM H HECHMMETPHYHBIME. B recummempuy-
HbLX IBOHMCTEEHHBIX 3ajadax cHCTeMa orpaEMdeHHH HeXOJHOH
sajayy sajaeTcd B BH[e PABEHCTE, & asolicTBeHMO| — B BHlE
HepABEHCTE, IIpHYeM B pocnmenueil mepeMeHHBIE MOTYT OEITE H
OTPHIATEEHEIMH. B cumMempuiHblx 3afadax CHCTeMAa orpaHmM-
qeHri Hay HeXOZHOH, TAK H ABoiicTBEHHON 3ajAYM 3A[AeTCH
HepABeHCTBAMHM, IpHYeM HA nBoiicTBeHHbIE IepeMeHHBIe HAIA-
raeTcd yeloBHe HeoTpPHIATENbHOCTH. B nanemefimmeMm Mbi Gynen
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HCC
P M&TpHBﬂE‘L TONBKO CHMMeTPHUYHELe E3aMMOIBOHE TR HHLIe
san;tm JIHHEHHOTO [IPOrpaMMHpOBAHHS,

5 ﬂﬁmgj]}:;:-rmcnn TEOPHH JAHHeHHOTO NpOTPAMMHPOBAHM a-
5 j%}} S (;Hﬁgf '53.1]—{3.3] COOTBETCTBYeT jABoMcTBeHHAn oif
+ \S-T9.0). UcHoBHBIE yTRepmaenna o paam i

MOMBOHCTEEH-
HBEIX 3ajiadax cofgepskartcs m ABYX CleIyIOmINX Teopemax.

I1 IBOHCTR CTH
il é}?ﬁ_[an TEopemMa HCTBEHHOCTH, Haz BI3aHMOABROHOTRE -~
p E H.I\'IEEET MeCcTO OIHH M3 E-SH.H'I\IDHGI{JII'D‘IE.H}DIHX CJI}"‘I&E‘B'
T HpAMOH K AROICTEeHHOLH 3AAYAX HMeHYTCH DIITI-I'M&J]I:-HI:IE
Pellenua, opy sTom SHAYEHWA LedeBEIX GYEROHI Ha on
: by &
. BHMMLHI:IX PeIIeHHAX COBNAAAIOT: max f{X) = min g(? }
5 IIEH]}HMDH 38 Taya ,HDH}'DTHI‘-IDE MHGHCECTBG He IycTo, a oe
> 2
X Bafd DYHKIOHA HA 9ToM MHOM(eCTEe He Or'DaHMYens CBEDXY
bH aroM ¥y aBolicTRennait 3amavi 6yaeT nyeroe ;
MOE MHOM{ECTRO, QRENS
3. B meo %)
neienifﬂ;};gf 3aliave NoNycrHMoe MHOMECTED He nyero, a
UHA HAa 3ToM MHOMeCcTRe ;
i He OPPB.HI-I‘-IEHﬁ
CH 5 I
usy. Ilpn srom ¥ npamol sagaum ACOYCTHMOe MHEOEeCT
BO OKASRIBAETCA IyCTEIM. :

4. OBe ua pa
. CCMAaTPHBAEMEIX 3ajay
a1ay HMeio
MBIE MHOECTRA, T HycTHe Jomycrn-

Hesmee X =
THOCTH). Ilyery, X = B S P AOHYCTHMOE Dele-

HUe npsamoit sagaum (3.1)-(3.8),a ¥ = (¥ ¥2, s 4p) — Homye-

ZIE?; Eg[segne IBOHCTREHHOMH 3amaun (3.4)-(3.6) Hrg rora
BIAH OUTHMANBHEIMHM DeIleHH sy ecm.

; The =

THX B3AMMOABOHCTBeHARIX 2agay (3.1)-(3.3) u {3.4}—[;%1]13 He-

obxomumo u focra
TOYHO, YTOORI BEL
Holltenma- ONHANHCE CASAYVIOIIHE cooT-

y;(éauxj -b)=0ii=1m (3.7
e
xjfZai”,-yi e C}.j = 'D, j. = : (38]
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Venosua (3.7) 1 (3.8) mossonaior, 3HAY ONTHMANEHOE DelleHHE
oEHOM H2 BaaMMoJBOHCTEeHHBIX 3agad, HAlTH ONTHMANRHOE pe-
IIeHHEe APYTOH saladn,

PaccMoTpiM eIme oZHY TeoDeMYy, BBIBOOEL KoTopolt O6ymyT
HCIOJE3IDBAHEL B JATLHEHIIEM.

Teopema of omeHkax. SHaUeHHs NepeMeHHEIX J; B ONTH-
MAJBHOM pelleHHH ABOHCTBEHHON 3ajaum NpefcTABIAIOT cobol
GLEHKH BIMAHHA cBOOOJHLIX HiAeHOB by cHMeTeMbl orpadideHiid —

HePABeHCTB OpAMOl sagadd Ha Bemmuuny Af(X):
AF(X) = Aby;. (3.9)

Pemas 3JIII cuMmieKcHEIM MeTONOM, MEI OJHOBPEMEHHO pe-
wraeM grodcTeennyo 3JII. BHaueRns nepeMeHHEBIX JBOMCTBEH-
woll aamauym y; B ONTHMAJBHOM IJIAHe HAIRIBAKIOT, KAK EBEIIIE
Vie OTMedeHD, obheKTHEHO obYCJAOBJSHHBIME, WIH JIBOHCTESH-
HBIMH CIEHKAMH.

PaceMoTpuM  9KOHOMHYECKYH) HHTEPOPETAIHI) IROHCTEEH-
HOll 3aIaYH HA cAefyIoleM OIpHMepe.

A Mpumep 1. (Bagaua onTHMaNBHOrO HCIONL3OBAHHA pecyp-
coB). Ilyers pnna BREIYeKa UYeTHIpex BHJIOE Opoavkuum Py, Po,
Pq, Py Ha npejIpHATHH HCIONBLAYIOT TPH BHIA CHIDBA S, S; u
S3. Obmembl BHIJEJEHHOIO CHIDhLS, HOPMEI PACXOJAa CHIPLA H
DpUGHIIE HA efHHHIY IPOAYEIHMY OPH HWATOTOBICHHH KaiKIora
BHIa NPoAVEIHHE IpHRefeHEl B Taba. 3.1. Tpebyerca onpeme-
JINTEH OIAH BRIOVCKA NPOAYEIMH, ofecnedHBAONTHH Haubogb-
Iy NTpHORIIL.

CocTaBHM IKOHOMHEKC-MATEMATHUCCKYIO MOAeTh 38JJa4l OI-
TUMANEHOTO HCHONLIOBAHNA DECYDCOB HA MAKCHMYM NPHOBITH.
B kavecTBe HeMSBRCTHRIX OpPHEMeM ofbeM BRITVCKA DPOIYKITHH

j-ro eupa x; (j = 1,2,3,4).

Tabnuua 3.1
Bud Janacet Bud npodynyun
ChiPbR Chi bR Py P, P P,
5 36 4 2 2 3
S, 30 1 1 2
5 40 3 1 2 1
IIpuGRIE 14 10 14 11
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Mogems samaum: f(X)= 14x; + 10xy + 14x3 + 11x4 — max
4x; + 2xg+ 2x3+ 32, < 35
X1+ xp+ 2x5 + Jx4 = 30
3x; + xp + 2xz + x4 <40
%20,j=1,2,8,4.

y mTenepL chopMyTHPYeM [BOHCTBeHHYIO zajauy. [lyeTs mexasn
ré} IIHH:IEIH;HH pPemnIa 3aKYIHTE Bee DecYPChl PACCMATDHBASMO-
MMBPE}.IHPHHTHH. IIpr sToM HeobXoIHMO YCTAHOBHTEL ONTH-
HYI0 NeHy HA npHobperaeMbie pecYPCEl Yy, Iz, I3 HEXOMH H3
c_;IEIIJ',,‘_i,-’IOLIIHX OOBERTHBHBIX VCIORHIT: :
) HOKYIamnmas opraga F
3aIudA CTAPAETCA MHH
. Y10 ¢CTOHMOCTE PECYPCOR; i s
]f.;:;ﬂ{ﬂmpr BH[ pmyycun Hajo YOJIaTHTE He MeHee Tolf
Ey EI, KOTOPYIO XO3AHCTEO MOMeT BRIDYYHTE IDPH Hepepa
CDTHE CEIDEA B I'OTOBYVI NROAVEIIHID. Gl
o
% JIaCHO HePBOMY YCIOBHIO obIasd CTOMMOCTE CHIPES BHIpA
HTCA B i = i
o GJIH'-I'IEHOH g(Y) = 35y; + 30y, + 40y; — min. Cornacuo
Borgu:::y TPEQOBAHHIO BBOAATCA OIPAHHYEHMA: Ha efHHHIY Oep
PEQFPGEHEEHEEER%;HHHH pacxofdyiorcd YeThkIpe eIHHHNOL! IepPEOTO
1: O0HA eJHHHIA BTOPOro pecype %
TPH eQHEHIIE! TPETBEETO pec i R
ypea OeHoH . Crommoct
s ; CTE BCEX pe-
Hﬁﬂy}:ﬂpﬁ;xgiizr:b;x Hf npnngm,r[c'ma SIHHHOE TepROro Brfqa
s Y1t Yo + difg ¥ HOoARHA CcooT
an -
Hee 14, T. e. 4y; + y5 + 3yz = 14. T
B
Pe3yIIETATE AHAMOTHYHBIX DACCYH(IEHHH OTHOCHTENBHO TNPO-

H3BOACTEA BTOpDOro, T
» TPETEETO W YeTBEpPTOI'C BH
[ojay4aeM CHCTEMY HepPABEHCTE: - GBSy

4y + yg + Byy = 14,
2 + ya + ys = 10,
2y; + 2yp + 2y = 14,
3y1+ 3yz + yy = 11,

I1
0 IKOHOMHYECKOMY CMBICNTY LeHEl HEOTPHIATEIEHEIC:

y120,y220,y32 0.
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TloJIyHIH CHMMETPIHHYIO0 Iapy BRAMMOIEOHCTBEHHEEIX 2a7a4.
B peayinTaTe pemeHus NAHHOH SajayH CHMILISKCHBIM METOIOM
fonyyeH omrTHManpHEl naaH X = (0;5;12,5:;0); Y = (3:4;0).

ORoHOMWUSCKHH CMEBICI nepBoil TeopeMEl IBOHCTBEHHOCTH
enenyiomuit. [lnas npousBoOACTEA X 1 mafop OIeHOK DECYPCOB
Y oKASLIBAKTCA OOTHMAIBHEIMH TOIJA H ToIBKO TOTOA, KOTIA
npubLUIE OT PealH3alin NpojAYKIMH, onpefe/eHHas IpPH na-
secTHEIX 3apaHee IeHAX IPOAVHEIHH Cp, €3, ...Cn, PABHA 3aTpa-
TaM Ha pecypchl [0 4«BHYTREHHHM? (onpenenAeMEIM TOALKO H3
pemIeHHs samaum) UeHaM PpecypeoB Ui, Y2,--:lm- Tins BCeX e
OPYTHX [IaHOB ¥ m Y obenx sagay NpHOBLIL OT HPOLYKILITH
peerga MeHBIIEe (MR paBHA) CTOMMOCTH 3aTpateHHBIX pecypcoB:
f(X) < g(Y),T. e. meHHOCTH Beel BLUTYIEHHOH IPOAYKIHH He
MpEBOCKOTHT cyMMAapHOH OIEHKH HMeIIHXcA PecypeoB. SHA-
UUT BEJIHIHHA g(‘i_’] = f{J_f] XapaKTepuayer NPOH3EO/ICTEEHHEIE
IoTepH B SABHCHMOCTH OT paccmammaeum‘& [IpOM3BOACTBEHHOH
IporpaMMel ¥ BEIDDAHHBIX OlEHOK pecypcoB.

¥z nepsoil TeopeMEbl nBoiicTEEHHOCTH ClAelyeT, uTo IpH OI-
THMAIBHEIX u‘puﬂanﬂ,uc-rnenuoﬁ nporpaMme H BeKTOpe OHMEHOK

pecypcoB TIPOMIBOACTBEHHEIE TIOTEPH pPABHEI HYJIO.
JKOHOMMMECKHH CMBICT [epBoH TeopeMEl nBOHCTEEHHOCTH

MOJMKHO MHTepIPeTHPOBATH M TAK! IPeAIPHATHIO BespasnaHIHO,
[1POMABOAMTE M NPOdYKYUI0 110 ONTHMANTEHOMY IIaHY X u no-
TYHUTE MAKCHMAILHYIO IpHGLLTL 60 IPOJATE Pecypesl 1o OIl-
THMANLHEIM I[eHAM ¥ ¥ BosMecTHTH OT IIPOJAKH DABHELE el

MHERMAILHEE 3ATPATEI HA pecypCEl.
Ha propoit TeEOpEeMEI NBOHCTEEHHOCTH B AAHHOM coy4yae clie-

jyior raxue TpefopaHMA HA ONTHMAJBHYI [IPON3BOACTBEHHYIO
IporpamMMy X =(X1,X0,05Xp) H OITHMANBHEIT BEKTOP ONEHOK

Y = [HTI syzr*-:ym}:

I3
ecrm y; > 0,70 a5 ;% = by i=1m (3.10)
j=1
i e
ecIn Za,-,}-xr-«: b,to y; =0, =1,m;
j=1
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[

m il
ecan x; > 0, Tnz.uuyl =¢cp J=Lm
i=1
: (3.11)

3 Ths

k.

m
BOI Zai1jyi} Cj,m xf- =D‘ j =
i=1

Yenoers (3.10) moxuo HHTEPHNPETHPOBATE TAK: eclIH oNeHKA
Yi eAMHALBL pecypca [-To BHAA NONOKHTENBHA, TO NPH OITH-
MAaNEHON NpOH3IBOICTEEHHOMN HpoTrpaMMe 9TOT pecypc Hononhay-
ETCA TOJHOCTEIO; CNIN e Pecypc MCIIONB3YeTes He NoJHOCTLIO,
TO €ro ONeHKa PARHA HYIH.

Wa yemoemsa (3.11) cnemyer, uto ecan j-# Bun mpogyemuM
BOIIEN B ONTHMAMBHBIH IINAH, T0O OH B ONTHMANBHBIX ONEHKAX
He yOLITOYEH; €CHH e j-H BuL OpOOYENHYN yORITOYeH, To OH He
BOHZeT B IIAH, He GyeT BRITYCKATHCH.

Kpome Haxomjenus omrumanbHOro PeIeHAd JoJMHO OBITE
ofiecrieyeHo TOMYYeHHWE NOMONHHUTETLHOMN HMHDOPMADHH 0 Boa-
MOKHEIX MIMEHEHHAX DelleHHS IPH HAMEeHEeHHH IapaMeTpoR
CHCTEMBI. JTY YACTh MCCAeNOBAHMSA OGLIMHO HASLIBAIOT AHAIHIOM
MOAeN Ha MyBeTBHTeNbHOCTh. OH HeobXommm, HAIDHMED, B Tex
CAyMasx, KOrjia HeKOTOPhIE XAPAKTEDHCTHKHA HeclaeayeMoil cHe-
TeMEl He NOOTAKYTCA TOUHOH onenie.

JKOHOMHKO-MATEMATHYOCKHH  aHAIHUI PelleEHH  ocyImecTE-
JAETCHA B JIBYX OCHOBHBIX HAIDPABNEHHAX: B BHIE BAPUAHTHEIX
PACMETOR 110 MOJEJIAM C CONOCTABMCHWEM DadTMYHEIX BAPHAHNTOR
NIaHa H B BHJle AHAMH3A KaX/I0T0 H3 DONYYeHHBIX peimenuit o
TIOMOINBI0 NBOHCTBEHHEIX OlleHoK, BapmanThbie PacueTEl MoryT
OCYMECTBIATECH NPH HEeH3MeHHOH CTPYKTYpPe camoi MOJEIH
(mocTosinnoM cocTape HEHM3BECTHERIX, ciioco00R NIpOHaBoAcTEA, Or-
PAHHYEHMH 3a0aud M OZHHAKOBOM KPHTEPHH ONTHMH3AMHAM),
HO C HSMEHeHHEM YHCJEHHOH BelWYHHLI KOHKPETHHIX ToKaza-
Teael Mogfenyu. BapuaHTHEIE pacuerr MOTYT OPOBOTHTRECH TAKME
IPH BAPEHPOBAHNH 3MIEMEHTOB caMoil MOJIeNH: MaMeHeHUH KpH-
TepHA ONTHMHIAUNHE, A00ABNEHHH HOBBIX OTpaHMYeHHMi Ha pe-
CYPCHI HIIH Ha clocobEl OIPOHMSROZCTEA WX HCIONBI0OBAHTA, Pac-
IIAPEHISN MEOMeCTBA BADHAHTOR M T.1.

Onuo ns sdperrnBaBIX CpemcTs SHOHOMHEO-MATEMATHISCHOID
AHANH3A — HMCHOAL30BaHHE 00LeKTHBHO O6YCI0BIEHHEIX OIEHOK

75

orrEMansHoro miaHa. Takoro poja apanus Gasupyercd Ha gnu;;
crpax JBOHCTBeHHBIX oOleHOK. Brlme MBI YCTAHOBMJIH O ::11{&
MaTeMATHYCCHKHES (:BOf[GTBﬂ ,ILBUEBTBEHHH}{ OLeHOK OJIH E&,E&OMH-
onTHMYM J060H SKOHOMHYECKOH NPHDOJEL. Onaako aKuHEHHD
yecKAd HHTePIPeTAN: 3THX OUEHOK MOJHeT BEITH COBERIN

azIMHMHOH DIfA pasHbBIX 3ajad.
4 TlepeiijeM K paccMOTPeHHK0 KOHKPETHLIX IKOHOMHUECHHX

CIHM
cBOICTE ONEHOK I ouTHMAanpHOTO Ilana. CEayama nepemr:HHMH
oTH CBOMCTEA, & 3aTeM IPOHLIKCTPHPYeM HX KOHKDe

IpHMEPaMH.,
Capitemeo |, OpeErn xax Mepa fAedHUOHTHOCTH PeCypcoB H

NpoSyHKITHA. )
Caoiiemeo 2. OmeHKH KAy Mepa BIMAHHA OTPAHHYEeHHH HA

PYHERIITMOHLL. ]

Ceoitemeo 3. OmeHKH Kak WMHOTDYMeHT onpenencHus shdex
B.

THEHOCTH OTAeIbHEIX BAPHAHTO ;

Cooiiemao 4. OneHKH KAk MHCTPYMeHT GalaHCHPOBAHMUA CYM

MapHBIX 2aTpaT M pesyibTaTob.

b nMpumep 2. (3amaua o nuAHMPOBAHMH BBIIYCKA Tle.HEH}:
[lvere mexoTopas dabpHKa BRINYCHaes? TPH BHIA THAHEH, Eﬁ)p};
e cyToUHOE MIAHOBOE 3a/laHHie COCTABJIAET He MEHee
TraHe mepsoro BHEA, T0 M — BTOpOro H 60 M — TpeThETO.
Cyrousle pecypesl caefgyioue: T80 emnam nponano,tmm}f;i:;rlf
ofiopynopanm:, 850 equHEMI| chIpbs B 790 eguHAL wxenTgoaa g :
PACXOI KOTOPBIX HA OJ[HH MeTp TKAHH NpeIcTABICH B TAbJI. &.4.

Tabnuua 3.2
Tranu

Besopent 1 1I I

4

OBopyLoBaRe 2 3 :
4

Cripne 1 ;
DIeXTPORHEPTH 3 4

[Mema aa ofMH MeTP THAHM BHIA 1 paema 80 ,H,EEE:—RHI:I}I:_
eauEnmam, [ — 70 gemexHBIM eJHWHHLEM, IIT — 60 geue

HEIM eJHHMIIIAM.
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HeobxoaumMo onpefeidTh, CKOMLKO METPOB TKAHH KOMKIOTO
BHJA clefyeT BRINIYCTHTH, HT0OR 0DIMaA CTOHMOCTE BBIOYCHKAE-
MOH TpPOIYVHIWA OBLIA MAKCHMAIEHOH,

CocTaBuM Mojiens aafayn. Beegem chnemymongue obosmaue-
HHA. HeMaBecTHRIMH B 3aflaye ARIATCH 00BEeMEI BRIOVCKA THA-
HH ELEIOTO BHIA:

*] — HOJHYECTEO METPOB THaHH BHIa I;

X9 —— KONIMYeCTBO METDOE THAHH BHIa II;

X3 — KOJHYeCTEO MeTpoB TKaHH BHua III,

n
f(X) = c;x; - max,
Tax
s
> % <b,i=1m,
=1

I
=

xj

Xj

'!jEL_'n:

(%
e

C yyeToM HMEeIOIIHXCA TAHHEIX MOJeds: IPHMeT BHT:
F(X)=80x;+ TOxs + 60x3_s max

2x; +3xy +4x3 = T80

¥y +4x, +5x3 = 850 ; Orpanmgenns oo pecypcam

xy = 70; IlnamoBoe samanue
Xq =60

B peaynerare pemieHHMA 3amauM CHMILIEKCHBIM  METOIOM
noay4eH cAefyHINHH{ ONTHMATBHEIN ILJIAH! MAKCHMyM obmer
crouMocTn mpoxyknuu f(X)= 19075 upn

x1=112,5 M — onTHMMaNLHLI ILIaH BEINYCKA TKaHd BHga
xp=T0 M — oNTHMAILHEI N/JAH BRITYCKA THAHH BHIA I11;
x3= 86,25 M — onTHMaTEHEN! TUIAH BRIIVCKA THaHEW Buna I

OnmMUMAREHELE IKOHOMUKO-MAMEMAMULECKLE modens 77

—

Penerie ABOHCTBEHHOM 3aAYH MOJYIHM € HCIOIBIOBAHMEM
TeopeM JABOHCTBEHHOCTH. Bregem ofosHadeHHA! j
y; — ABOlCTBEHHAS OIlEHKAa pecypea «0bOpVIOBAHHE
Y3 — ABOMCTEEHHAA OIEHKA pecypca 4CEIPRES; .
y3 — ABOMCTBEHHAA ONEHKA pecypea «2JIEKTPOSHEPTHA;
y4 — ABOlicTBEHHAS OleHKA TKAHH BHIA I;
ys — ABOMCTBEHHAA ONEHKA TKAHH BHAA 1I;
yq — ABOCTBEHHAA OLEHKA THAHN BIA I11.
Mopens jBoiicTBEHHOH 2ajadyl MMeeT BHJ: .
g(¥) = T80y, + 850y, + T90yz + 90y4 + T0y5 + 60y — min
2y; + yg + Bys + y4 2 80,
3yy + 4y + 4ys + y5 2 70,
411 + Sy + 2ya+ ya 2 60,
¥1,2,32 0, y4,56=0.
M2 cooTHOMeHHH BTOPOil TeopeMbl ABOHCTBEHHOCTH BBITE-
KAaWwT clAeIyIoiie YCJIoBHA:
nnda Kamjgoro pecypca:

n
emuz.ﬂuxj <bj,Toy = 0;
j=1

3
ecnu y; > 0, TO Zahjxj =b;;
Sk _||-_'1
nns 3afaHMA N0 BREIOYCKY NpOoAYEKILHHE:
eclH Xj = T, To Ym+j = 0; (aL15)
ECHH Umsj = 0, T0x;=T;. p
Ilna Hamero ONpHMepa B 3THX coOTHOIMeHUAX mM=3 (Kojnmue-

¢TBO THIIOB PECYPCOB).
TloncTaBuM BHAYEHWA X = 112,5, xop = T0n x3 = 86,25 B

orpaHHYeHHs NpAMOH 3ajaui:
2.112,5 + 3-70 + 4-86,25 = 780,
112,5 + 4-70 + 5-86,25 = 823,75 < 850,

3-112,5 + 4+ 70 + 2-86,25 = 790,
112500,
"0 = T0,
86,25 = 60.
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.C}FTD‘JHLIE Pecypchl o oBopyAOBAHRIO § ANeKTPOIHEPIHHE He-
loJaesoBanbl NMoaHoCTEH. ChIphe HCMONE3YETOH He NOJHOCTLIO
HMeeTCA OCTATOK B pasmepe 850 — 823,75 = 26,25 (xr) HJ‘I&H’
BRINIYVCKA TI0 THAHAM BHAA In IIl neperrinonses. .

Ha Bropoit Teopener ABOHCTBEHHOCTH BEITEKAET, UTO Y2, g4 W
Ys paBHE Byn0. Ocraeres HaliTH sHavenmg Y1, Y3 H Ys. Ta}pcdrcarc
zq, .I'EUH Xz — bonblie HYJAd, To Bee TPH OTDAHHMYEHUs NROMCT-
BEHHOH 3a/1aMH BEITONHAIOTCH KAK DABEHCTEA:

2y1 + ya + Byz + yy = 80,
3y1 + dyg + dy; + ys = 70,
4y + Sys + 2ys + s = 60,

YUHTRIBAA, YTO Yyg = V4 =Yg =0, uneem:

2y1 + 3y3 = 80,
3y1 + dyz + y5 = 70,
4y, + 2y3 = 60,

OTEYAa Yy = 2,5; yg = 25; ys = —37,5.
EDHBTHBHF SHAUEHHSI HEeHM3BECTHBIX B I(e/IeRVIO hyHEIH
ABOHCTREHHON 3afady, NMPOBEPUM, BLITONHFETCH JH ycloBHe

(X)) = g(Y) ana ooruManssore nnana: g(Y)=780-2,5 + 850- 0+
+790-25 +90.0 — 70-37,5 + 60-0 = 19075

) :

Venosue TEePBOH  TeopeMbl IEolcTEEHHOCTH BEIIOTHARTCH, Jle-

AOBATRIIEHD, DACCMOTDEHHEIN 11nam BEIIYCHA THAHEH M COOTBETET-

nmoé.uaa EMY CHCTEMA OIEHOK PecypcoR H OPOOVENHH OIITHMAILHL]
FKOHOMHUIECKOE MCTONKOBAHNE OLEHOK ecTh HHTepNpeTaHa

uX obuiux SHOHOMHEO-MATEMATHYECKHX CHONCTE IPHMEeHWTEIE-
HO K KOHKDeTHOMY COAeDMAHMIO 3amaum. Ilo yemopumo (3.10) me
HCOOMB3OBAHHEIH MOJHOCTRK B ONTHMANBHOM ILTAHE Pecype o-
;IT}‘TIRET Hynesywo onenxy. Hyneras omenka Pecypea cBHMOeTENb-
¢ rgy}n::ﬂ: €TI0 HeaedHIHTHOCTH, Pecype HegehMIIHTEH He H3-33
PAHMYEHHEIX 2ANACOB (OHH orpaHHYeHbs BEXHUHHOH b,)

8 H3-31 HeBOSMOKHOCTH ero NoJHOID HCIONBAORAHHA B on'm::-,
;«:eac.z;m;im mnase, T:az-; KAK CYMMapHEIH pacxol HeledmmuTHoro
pca MeHpIe ero ofmero KOJIHYecTBa, TO INaH NPoM3BOICT-

BA MM He muMHATHpyercs. [lamnmij pPecype He mpenarermyer m
AAIBILE MAKCHMHUINPOBATE HeIeBYI0 dyHKkumo f(X )

OnmumMEIbHbEE FHOHOMURO-MAMEMIMULECKEE MoTen 79
OrpaHEMYHBAIOT NENeBVI0 (PYHKOHIO BepHOUTHEIE PecypChl, B
mAaHHEOM OpHMepe — obOpYAOBaHHWE M ajdexTposHeprma. OHM nog-
HOCTEI) HCOOJNB3OBAHBI B ONTHMANRHoM [iaHe. [lo yeloBHIo
(3.10) oueHKa TAKWX pecypcoR MoNodwTenbHa (1 = 2,5; yz = 25).
PaccMoTpuM Tenepk NOHATHE TeMIMTHOCTH NPOAYKITHH.
Ilo yenoeuio (3.12) myneeyio omenky (yq4 = 0, yg = 0) noayuaer
HpORYEIAA, IANAHMA II0 BBEIOYVCKY KOTOPOH B OITHMANBHOM
iaHe NepepklmonHAwTed. OdeBHOHO, NepeBREIONHEeHHE ILIaHA
nejgecoobpasdo mo BEIToAHoH npoxykmuy (rxamm I m IIT Bmgos),
T, &, TAKOH, NPOH3BOACTBO KOTOPOH CHocoDOTEYET DOCTHIHeHHIO
MAKCHMYMA KPHTEDHA ONTHMANRHOCTH. PasMeps! DpPOH3BOICTEA
TAKOH BEITOJHOH NpOIVKIRH olpefelddl0Tcs He BeIWYHHOH 3a-
manua Ha Bemyck (T) (B onTHMadLHOM ILIAHEe OHH MEpEeKPEITEHL),
A OrPAHHYEHHOCTEHI) MNeGHIHUTHEIX PECYPCOB. ITYV NDPOTYVKIIHID
BRINYCKAIOT KAK MOMHO GOMbIle, MOKA XBATAT PECYPCOB.
Brinyck BHIMOAHOH TPOAYEIHH JMMHTHDPYETEA He TOJLHO
harToM OTPAHWUYEHHOCTH [edHINTHBIX DPECYPCOB, HO M TEM, UTO
4acTh AedHIHUTHEX PecypeoB Thebyercd BLIEMHTLE Ha obecmete-
HHe BRIOTYCKA HeBRITOZHOH OpPOIVEIMH B COOTEETCTEBHH C ILTAHO-
BpiMH BagaEnaMi. [To yemorwo (3.12) oTpHOaTensHYH OLEHRY
(ys = —37,5) momyvyaeT OIpoIyKONA, 3aJaHHS N0 BRINYCKHY KOTOpPOi
He mepeBeImoiEAOTcA. Tak rax mo yenoemio safaum (x; = TY)
MIIAHOBBIE SATAHMA TOMKHE] OLITE 00A28TeJBHO BREINOJHEHEI, TO
OpoAVEOHA DelWrcH HA BeirogEyio (Bamel I  III rxamm) o He-
eeirogHyo (Bug 1 Tramm).
Ecnu B orpamiyeRne ABOHCTEEHHON 3aJaYH, OTHOCAINEECH K
Bany II Teasm:

3y +dyp + dyat ys 2 70

NOJCTABMTE IIOAVYeHHBIE S3HAYSHWH [JBOHCTEeHHEIX OLEHOK, TO
Ioay4asm

3-2,5+4-0 +4-25 - 37,5 = 70,
107,5 - 87,5 = 70,

T. . CTOHMOCTE pecypcosB, s3aTpadyeHHBIX Ha OJHH MeTp THAHH
Buga I, coctapaaer 107,58 peHexmHBIX e{HHHMI U 270 Ha 37,5 jJe-
HEMHBIX eIHHMIL 604‘11:]]18 OeHbI OJHOMD MeTRA ‘I:RﬂHI'I IToro
enga. Takum obpasom, Bupg Il Tkaum ybmiTouen jana dabpurn:
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OnmuMaibibLE SROHOMIICO-MEM MM UYL CCHLUE Modenit

HA KAMJAOM BEIIVIIeHHOM MeTpe THEAHH 3Toro BHAa dabpmia
repaeT 37,5 OeHeRHBIX efHHHIL.

B COOTBETCTBHH ¢ KpUTEPHEM ONTHMAJALHOCTH IJAHA, B 34-
EMCHMOCTH OT TOTO, MePeBBINOAHAETCHA [IIAH BEINTVCKA HIAH HeT,
BRIIVCK THaHEH BHAa Il moraomaer 4acTe DedHIINTHRIX pecyD-
COB, HeM COepHHBAET POCT BHINVCKA BRITOAHON OpPOIVEIINH, A
TeM CAMBIM M POCT OeJeBoll yHKIIHN.

Onenka pecypca MOKASBIBAET, HA CKOJNBKO H3MEHHMTCHA KDHTE-
puil OONTHMANBHOCTH IPH M3MeHeHHH KOJHYecTBA JaHHOTO pe-
cypea Ha eguHMny. Jns HemedHOMTHOTO pecypea OlleHKA paBHA
HYJI10, IO3TOMY H3MeHEeHHe ero BeIHYHHE! He MORINAET HA KDH-
Tepuit onTumaneHocTH. [ledHMunMTHOCTE pecypea HsMepAeTcA
BEJAAJOM eQHHHOEI pecypea B HaMeHeHHe HeleBoil dvHRIIHIT.

Bruanue orpaHddeHHil Mo BRIIYCKY NPOIVKIIHHE HA KPHTepHil
OOTHMANBHCOCTH NPOTHBOMNOMOHHEO BIMAHUIO OFPAHHYEHHH Mo pe-
cypeaM. Eenm mpopyknusa Heswiroga (Bug II Teamm, ys = —37,5),
TO YBeJHYeHHe NJIAHOBBIX 3aJaHMI 10 ee BRIOVCKY BeleT K
¥MEHBIISHHID BBIIIYCKA EBRITOOHON NPOAVKIIHH W yXyIIIaer
naan. HaoGopor, yMeHbIIeHHe NIAHOBEIX 3afaHuil 10 HEBRIFOJ-
HOH NPOIYyKOMM NO3BOJAEST CHH3HTEL ee BHINYCH, nepefpocHTh
COROHOMJIEHHBIE PecyPCHl HA JONOJHHTEIRHEIl CEeDXIINAHOBEI
BBITYCE BRIFOJHBIX BHIOE OPOAVKIIHIM, YTO VEEIHUYHEAET 3HAUCHUE
nenesod QyERUME. HsMeHeHNe ITAHOBBIX 3afaHMi o BEIrOgHOM
OPOAYKIHE He H3MeHAeT 3HAYeHHA NeleBol yHRIINH.

Ilepeiinem ® aHANHAY MOJENM HA UVBCTBHTENLHOOTE.

A Mpumep 3. Ha ocHoBaHMM HMHGOPMAIIHH, TPHBEJEHHON B
Tabn. 3.3, cocTABMTE NJIAH MPOM3BOJICTEA, MAKCHMMIHDYIOIHRK
obBeM NpHOLLTH.

Tabnuua 3.3
Sampamst pecypeoa
Pecypent Ha edunuyl npodyruin Hanuviue
A E pecypeoa
Tpva 2 4 2000
Cripre 4 1 1400
Obopygonanie 2 1 300
ITpubeas Ha eXMHHIY
IPOIYEITHE 40 31]

p—

DK OHOMHKO-MATEMATHYECKASA MO 3a/atH Gymer WMeThL BELT:

#(X)= 40x; + 60xy — max;
2%, + 4xy < 2000,
dxy+xp = 1400,
2xy + x3 = 800,
Xjg e 0.
B pesyibTare PEUISHNA 3aJadH CHMIICKCHBIM METOIOM

GRLI MOAYYeH cielyIONHii OITHMATBHEIH Onas:

X = (200; 400; 0; 200; o,
f(X) = 40x; + 60x, = 40-200 + 60-400 = 32000,
Y = (40/3; 0; 20/3),

g(¥)= 2000y, + 1400y, + 800y; = 2000-40/3 + 800-20/3 =
32000.

[loce TOro Kax ONTHMAalbHOe DelleHHe IOIYHeHO, BHLLARIHA-
eTCH ero YYBCTBUTENBHOCTH K OOPEJeleHHEIM MaMeHeHHAM HeC-
xomHoil Mofenn. B Hamreii 3agave, HalpAMED, MOEeT Opem-
cTABWTE HHTepec TO, KAK MOBIHAET HA ONTHMANLHOE pelIeHHe
MaMeHeHMe 3AMACOB CHIPhA M H3MeHeHHEe npnﬁr;ffm OT eI

. B cenau c 9THM JIOTHYHO BEIACHHTE:

Hf.u ﬁ{?’l;:::qenne ofLeMOE KAKOTo BHAA pecypcoB Haubomee BEI-
2. gjifammﬂ MOACHO VBE/HHHMTE 3amac CBIPBA AJ1H }F.TIFT-III[EH'H{.H

MONYYeHHOTo DNTHMAJBHOTO SHAYEHHA meneroil GyHRIHH
3. HKakop jMANA3CH HM3MeHEHHA TOT'O HIH HHOTO woatdHINeH-
Ta mejeBoil (YHKIHM, IPH KOTOPOM He IPOMCXOMHT MaMe-
HEHs ONTUMAIBPHOTO permernus?
4. IlemecooBpasHocTh BEIIOUEHHA B
[locrapaemMes HMOCTHef0BATENEHO OTBETHT
1OTIPOCEL.
”mi IlennocTE PecypcoB. B npumepe 3 06LeKTHBHO fﬁy;ﬂgs.-
JeHHLIe OIEHKH pecypca «TpPYHs DABHEI 40/3 (1 i 42 uf 3]}.
scuipres — 0 (yo = O) 4+0bOpyIORAHHE — EG{S {ys = 20/3).
MeduuuTHBIE pecype, MOIHOCTRIO MCOOAB3IVEMEIH B OOTHMANEB-
mom mname (3 a;,%; =b), UMEET NONOKUTENLHYIO OMEeHKY

[LIAH HOBEIX Hamemanii.
L Ha Bee IOCTABIEHHEBIE
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(y; = 0); EepedHIETHEIN, He TONHOCTHIO HCIOMb3YeMEIH pecype
(nna xoroporo Y a, %, < b;), MeeT HY/NeBYI0 OHEHKY (vy,=0).B
npHMepe «ChHIPhes He ABNAETCH NedHIMTHEIM DecypeOM: |

4x) + x5 < 1400,

4-200 + 400 = 1200 < 1400 = bs,
ya = 0;
a «TpyAs u «o6opyZoBaHHer — JedHMIHTHBIE pecypesl:

2x; + 4x5 < 2000,

2-200 + 4:400 = 2000 = by, y; = 40/3;
2xq + x2 = 800,

2-200 + 400 = 800 = b, ys = 20/3.

Hem Brpimme BeJHYHHA OIEHKH J;, TeM ocTpee AedHOHTHOCTE
i-ro pecypea.

B opumepe e¢Tpyas Gonee HedHIHTEH, YeM «obopyjoBanHes:
40/3>20/3. Haubonee BEITOJHO yBeNHueHHe OFLEMOR pecypea
TPYAA.

SaMeTHM, UTO UeHHOCTE DPA3THYHBIX BHAOB CEIPEA HeNL3d
OTOMIECTBNATE € NeHCTBHTENEHBIMY IEHAMH, [0 KOTOPHIM ocy-
MEecTBIAETCA ero 3axkynka. B namsOM ciayuae peus muer o He-
KOTOpOH Mepe, HMerIeit SKOHOMHYECKYIO NPHPOAY, KoTopas
XApaKTepH3yeT ILEHHOCTE CHIPBS TOMBKO OTHOCHTENLHO MOJTy-
YeHHOT'O ONTHMAJNLHOIO DellleHHs.

2. YyBCTEHTENEHOCT: PeIenns K MIMEHEHMIO 3aIacoR CEIPLA,
ITpepnonosnm, aTo 3anac celpha pecypea ¢TpyO» MaMOHAICH Ha
12 egmumI, T. €. Temeps oH coctanAer 2000 + 12 = 2012 emeamm.
Ha reopemer o6 omemkax Af(X) =y, *Ab, H3BecTHO, uTo Kojefa-
HHE BeNHYHHEI by ODHBOOHT K VBeIHUeHMIO HIH YMEeHEIITEeHHED
fIX). Omo onpenelsercd BeNWYHHON Iy B ciaydae, KOrga IIpH
H3MEHeHHH BeJINIWH b; 3HAUEHMA NEPEMEeHHBIX Iy B ONTHMATD-
HOM ILIaHe COOTEeTCTEBYIOMIeH jBoicTEeHHOH Bafaul ocTaloTes
HeHdMeHHBIMH. [losroMy Heobxommmo maiiTH Takme HHTEDBAJEL
MSMEHeHHA KAMJ0r0 M3 CBOGOAHEIX Y/IEHOB CHCTEME! OrpaHMwe-

HAl mcxopmoit 3JII1, B KOTOPHIX ONTHMATBHLIE 8K geoiior-
BeHHON JagauM He MeHMATcH GEI.

a3
e
OnmumaIbHbLE SOHOMILICO-MANLEMAMUNECIKUE Mod
—

BN A
Ilas neolicTEeHHEIX OIEHOK OTTHMAIEHOTO n;{:anaa ;;-:::Tep
, HbL X 1
HMeeT HX NDpegelb
eoTReHHOe SHAYESHHE By
cy?ﬂoi‘{ Mepoil BIHAHWA orpaHMYeHnH Ha qWHK:ma;inmEgﬂm
T}D{ ARJIAIOTCH JHIIE OpPH MAJTOM HpHpﬂlﬂEHHHqHII;E;I st
v i BelH 3 :
He MeHAKT CBOEH

BeCTHO, UTO DI_I,EI—H{H RS
Iizﬂﬂe’mﬂi Habop BEKTODOB, BXONANIHX B ﬁa:ami: uanHHH R

: naHa, TOTOA KAl WHETeHCHBHOCTH 9THX BeKTOPOB (2HA

1L s

BCH.
oTEEIX) B DIAHE MOTYT MeHHT e AL
Emrl;’{am:dmpnm MojielIb MCXOofHOH 3ajaun (3.1)-(3.3)

pu4HOM (opme:

f[:‘f}=C-X—>max,

A-X =B,
X =0,
= . BeHTOp HeHMdIBeCTHBIX;
e X =(x1,x2 ...,xn} Eon
i C = I!_:cllgcg,‘ ,Cp) — BeKTOp KOAPHUIMEHTOR mpH HeH
oo E wam

HBEIX B neleBoil (QYHKITFAH;

B = (by,ba,...,by) — BEKTOP cBOBOMHAIX YJIEHOE OrpaHNYeHH
= A01:085 %0

MCXKOMHON 3ajadH;

g3 G2 - G
A agy @22 " % | yogpuma Kos(UOMEHTOB B
Ami 8mz " %ma

cHcTeMe OrpaiHuYeHHH.
ﬂ_
IpupefeM 3sagady K KaHOHHUECKOH (OPME, gBEIEM ML [T
oNHHTEIBHAX TepeMeHHBIX. 3ajaua NpUMeT BH/L:

f(X)=C+X — max,

A-X =B,

Xz0,

HMeTh
rine BeRTOR HeHsBeCcTHBIX HE[JEMEHHBT_X X 5?,[[13"1‘ Tzﬂ:g;EHHTCH
pasMepHOoCTh 7-+i. PaaMepHOCTh MATPHIBL A TAKIK

1 6ygeT paBHa m* (n-tm).
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ITyers mapecTen onTmmManeHsrdt mian. Pazofbem Bextop X

Ha xea mogeextopa: X > Owu X0 = 0. B mepeeiit BKIIOUEHEI
HEeHIBeCTHEIE, ROIOeqIIHe B Daspc oNTHMAILHOTO pellleHH#: (T. €.
HeHyJeBLle B ONTHMAABHOM njaHe). CooTBeTcTReHHO MaTpHIY
A pazobrem Ha npe mogmarpumsi: A’ (pasMepHocTs mxm) m A°
(pasmeprocT: mxn). [lepeyio Ha HEX chOPMHDYIOT Te CTOMBIIEI
MATPHOB! A, KOTODEIE COOTBETCTBYIOT HEHYJNEBHM HEHIBECTHEIM
B onTMMamsHoM mnaHe, Torma A X + A°X" = B. Tax wxax
A’X°=0,10 A*X" = B. Ymuomus obe uactn Hoc/HeIHerD paBeH-
CTBA Ha MATpHIY, ofpaTEyio matpmme A”, momymme ATIATXY =
=A"'B.Tak xax A" 'A" = E, rne E — eguuuusas MaTpHua,

o X = A"1B. Ofosmaumm A" uyepes D, torna X = DB.

Marpuua D xapakTepHayeT BIMAHNE DECYPCOB HA BeJIMUMHY
BRIMyCKA Opofykuuu X. HaMenuM pasMep BBIJAeNAeMEIX Decyp-
coB, T. €. JaiumM npHpamesye AB sextopy B. Torma

X +AX = D(B + AB) = DB + DAB.

C yuerom X = DB MoxtHO 3a0HCATE
AX = DAB.

JTO COOTHOINEHHe ONpefelseT BENHYHHY CTPYVHTYPHEIX
COABHTOE B BBIIYCKE NPOAVEIMH IDH H3MeHeHHMH OTDAHHYeHITH
ucxoiHoH aagaun. Ma coorHomenwnit BTopoit TeopeMrr meoficT-
BeHHOCTH BHIHO, YTO [ABOHCTEEHHBIE ONEHKH (IepeMeHHLIe
AEOHCTBEHHBIE 3aa4H) TeCHBIM obpa3oM CBHSAHEI ¢ ONTHMEAIE-
HBIM IIAHOM NpocTolf 3amaun. BeAxoe MaMeHeHHe MCXOMHBIX
JAHHBIX OpAMOi 3afail MOMKeT OKA3ATE BIMAHHE KaK HA ee
onTHMANEHEIH nuaH (AX = DAB), Tak ¥ Ha CHCTEMY ONTHMATL-
HEIX NEOHCTBEHHEIX olleHOK. [loaToMy 9TOGHI MPOBOMHTL 3KOHG-
MUYeCKWiH aHAAH2 ¢ HCIONLIOBAHMEM [BOHCTBEHHBIX OIEHOK,
HYAHO 3HATE HX HHTEPBAJ YCTOHUHMBOCTH.

Bropoe cpoiicTBo ABoliCTBEHHEIX ONEHOK 03HAYAET, UTO HM3Me-
HeHHe 3HAYEHWH BeNNYMHE! b; OPHBOAMT K VBelMUeHHIO WIH

ymenrImeHH0 f(X) . OTo MaMeHeHHe, KaK BHINE Y:Ke OTMeueHOD,
onpefefdeTcA BeAMYHHON Iy ¥ MoxeT OBITH olipefefeHO JHINE
Torga, KOTAA NPHM H3IMeHeHHH BeJHYHH by sHaveHHMA nepeMeH-

B5
OnmuMaILHbLE SKONOMUKO-HATEMAMULECKLE Mmodeau

2ol
HBEIX Y; B ONTHMANBHOM IIJAHE mume‘rcmwﬂmeﬁﬁmui;?zi:
goil 3ajayd OCTATeA HeH3MEHHBIMH. IToaToMy HEO xr;:;; Sl
pejieJIETh TAKIe HHTEPBALLL M3MeHeHHs Ha}!{:EEDI‘D ua cnﬂ mi o
GIeHOB CHCTEMBI THHEHHEIX YPABHEHHH AX=RB, B KoTOp o
THMANBHEI ILIAH geoiicTBeHEHOH samadH He MEHHE';_GI;-{ e
pMEeeT MecTo TOTAa, Korja cpell KOMIOHEHT BEKTOD .

HeT OTPHIIATEILHEIX. i
Vcxoaa s 8TOTO IonydaeMm cIefyOmAe OmeHKH HHMEHAX

pEPXHHMX TPEJeloB YCTONYHEBOCTH nBoiCTREHHBIX uueli_{fmg !.;;I:;
[Ma3MeHeHWH KamIoro orpaHHYeHHA B OTHeTEHOCTH. I; ,u;{k 1
yMeHBIIeHHA (HIXHAA rpaHHIa) GHPE,IIEJIH'.EGTUH. oo TeM Xp
1,.., m), 48 KOTOPRIX COOTBETCTBYIOMIHE dy =08

AbS) = min{xy /dy} Ana dy >0 (3.14)

TIpemens! yBelIHueHUA {BePXHAL rpaHnIa) onpejendiorcs 1o
TeM j, LIS KOTOPBIX df, <0:

mna dy <0. (3.15)

A = Lmax{ xp [y |

Ocnabienfe Kakoro-auGo i-ro OrpaHIMEHHA IPHBOIHT K TOMY,
uTo C DHPEJI'EJIEHHDI‘D MOMEHTA OKAZRIBAETCH BO3MOMCHEIM eHg:IEK
HATH CTPYKTYDPY (Habop peKTOpoB) B Gasuce mjaH4, qT‘:&‘ B ,;mn 5
cKayKo0GPAIHOMY YMEHBIIEHMNI0 BEJHHUHHEL OILEHKH. aI{T BIE.E!T
noIAEETCA Jo Tex Iop, moxa i-ii  pecypc BoobIme Nepec
BeITE OedHIUTHEIM H erc anem-:? ofpaTHTCH Bu HYJE. 158

OnpefgennM HHTePBAJIEL YCTOMMHABOCTH TBEOHCTBEHHBIX 0L
B mpumepe 3. Marpuna A uMeeT BHL
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C HeHYJeBBEIMH 3HAYSHHAMMK B ONTHMATLHEBLIH IIJIaH BOILIHE

x; = 200, x; =400 u x: = 200, crnegoraTensrHo, MATPHIA i

GyaeT cocTABTeHA W3 MePBOTO, BTOPOTC H YeTBepTOrO CTOJIGIOB

MATPHIE A:

A=

[T~ N o
e
[ B SR

Jlna BEMMCIeHMs HHTePBANOB YCTOHYMBOCTH HeoBXOXMMO
Haiith marpuny D= A""! (npasmna serumcnenwa ofipaTHOH
MATPHIOL! NPUBEAeHEl B I, 2):

-1/6 0 2/3 -0,166 0 0,333
D=| 1/3 0 -1/3|=| 0,333 0 -0,333].
/3 1 -7/3 0333719 933

[Ipm BRIUMCIEHMH MHTEPBANIOE YCTOHYHBOCTH N0 (hopMyIan

(8.14) u (3.15) mpumem x; = 200 = xpq, x; = 400 = x4p ¥

L
x4 = 200 = xp_3. Hareprane: yeroluusocTn mepeoro pecypea —
4TPYR»:

Abf)i= miﬂ{xzfdzlixafdﬁl} Ly

= min{400/0, 3333 ; 200/0, 3333} = min{1200 ; 600} = 600;
Abf™ = |z, [dy| = [200/-0,16667] = 1200;

by = |by — AW By 4 ﬁb{ﬂJ = {2000 - 600; 2000 + 1200} = {1400;3200}.

IIpyu M3MeHeHHMH 3allACOB Pecypea «TPyAs B Ipepenax ot 1400 go
3200 epuuun gepoiicTEeHHAN OIEHKA €0 He HaMeHMTCH.

HeTepBamer yeTolYHBOCTH ETOPOIO pecypca — «ChIPbes! aTOT
pecy¥ypc B ONTHMAJBHOM IIJIaHe HCTIOJIB3YETCH He ITOJAHOOTBHD H
MO3TOMY He HMMeeT BepXHell I'DaHHIE HHTEDBAIOB YCTOHYMBO-
CTH; HILEHASN IPaHiNa onpelleideTcda cleayiomuay obpasom:

ABY) = xg [dy; = 200/1 = 200;

O LMALBILbLE OHOMUICO-MAMEMATIUNECKUE MoTeL a7

——

by = by - A57; b5 = {1400 - 200; 1400} = {1200; 1400},

WurepBansl yeToiiUMBOCTH TPeThero pecypea — «obopyno-
BAHHE .

AbSY = {x; /d;5 | = 200/0,6687 = 300;

AB) = [max{xy fdya s % /da || = [max{400/-0,3333; 200/-2,3333}| =
= |max{-1200; - 85,7144}| = |-85,7144| = 85,7144;

by = {aa _ ab{); by + A6} = (800 - 800,800 + 85,7144} =

= {5&0;885,'?144},

B pamenM TpHMepe ONpefelHM BelHYNHY H3MEeHEHHA ofnema
npubEIIH OT pealM3anuy MPONyKIHH TIpH YEeTHUYeHHH pecypca
eTpymy Ha 12 efuHEHN, ITH H3MeHeHHH HAXONATCH B WHTEePBATax
VeTOHYMBOCTH JIBOHCTBEHHEIX ONEHOK, [O2TOMY MOMHHO BOCIIOJNbL-
soBaThCA TeopeMoll ob omeHKAX:

Af(X) =12-40/3'=160.

Ofmem npubnimm ysemmunTes Ha 160 eguru.

Taxoil e OTBET MBI MOJYYHJIN OBI, eciH 6Bl peIOMNIN CHM-
ITeKCHEIM MeToIoM 3afady ¢ HOBLIMH OTPAHMYEHIAMH IO Pe-
cypey «Tpyas. HoBsit ONTHMANLHEIN ILIaH!

x; =198,
x5 = 404,
f(X) = 32160,
AF(X) = 32160 — 32000 = 160.
CTpyKTYDHEIX CBHIOB B MpOrpaMme He IPOH3OLILIO, HO 3HA-
weHMA IepeMeHHEIX B IIIAHE HM3MEHMIHCH: HPOAYKIHH BHJIA
A MOKeT BHITH BRINYIIeHo Ha 2 efHHAINL MeHbINe, a NpooVEIHNT

muga B — Ha 4 Bojeime. JHAUEHHE penesoil (PYHKINH OpH HO-
BLIX OTpAHHUEHHAX VBeIWYHTCH Ha 160 epgpHEAL.

3. UyBCTEMTEILHOCTE PEIIEHHI K H3MEHEHHIO roxphHIHeRTOR
nenepoii ysEEmMH. Tax Kak mobere MaMeHeHRA Kos(hduiHeRTOR
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NedeBo l'lJ}"HRI[HH OKA3BIBAICT BIMAHWHE HA ONTHMANBHOCTL

HOJNYy4YeHHOTO DaHee pellleHHA, TO HAIla Iel: — HAWTH Takue
AHANASOHE] M3MEHEeHMA KOdQOHIMEHTOR B OeldeBoif (VHKOMM
(pacemarpusas kasmaeii ua Koa(phHIHeATOB OTAENbHO), IPH Ko-
TOPEIX OUTHMAJAbHEIEC 3HAYEHHA NEPeMeHHEIX OCTAOTed HEHs-
MeHHEIMH. [lonyeTHMBle (HATA30HH HIMEHeHNS roahdunen-
TOB B IEJEBOH (DYHKIUH ONpefenaTcHd H3 COOTHOIMTeHMI:

Ael = min{ykfdm} ansa dg = 0;
Acft = lmax{y;,fd[-k}l nasA dy, < 0.

Henoneaya st coorHOmenns paccMaTpHBaeMol  aagaue,
HOMYYHM

AJs nepBoro xoadibHIHeHTa HeleRol (hYHKITHHE:
Ael™ = yy fdyg = 20/3:2/3 = 10,
Ae = o fdyy| = |40/3: (-1/6) = 80,

¢; = ["-’1 - ﬂ.c;:_’:ci + -:JM] = {40 ~10: 40 + Sﬂ}» = {30;12{]};
ANA BTOPOro KoadhuimenTa:

Ac§) =y, [dyy = 40/3:1/3 = 40,
A = s fdys| = [20/3:(-1/3)| = 20,
€3 = o = Acse; + ef?} = {60 - 40;60 + 20 - {20; 80},

Taxum ofpazom, maitneHEnil onTrMaTbHLIR OJAH BEIIVCEA
OPOAVENNH He OYAeT MEHATheA NpH HiMeHeHHH IPUGEINH Ha
EMHHALY OPOAYKOMH A B nuanascme or 30 go 120 1 npubELTH
Ha equHnNy BTOpOll mpoayknum 5 B guanazome ot 20 ao 80,

4. IlenecooGpasnocrs BEmIOYenHs 3 naam HOBBIX HANEaANH.
Ilyers B paceMaTpusaeMol mHawmm aaliade OpPeIUPHATHE GLLTH
IpefnosieHbl Ha EwbOp TPH HOBRIR H3QeNHA, 38 CUeT HOTOPBIX
MO¥HD BrImo BRI PaciuHpPHTE HOMEHEJATVDY REIIVCKaeMoll npo-
AVKUMM [IPH TeX e sanacax pecypcor. Hopmur 3aTPAT pecypeop
H IpHGEITE OT peanmaanun SOHHHOE! OPOAYHHHNN I8 3THX

padendil OpencraBieHsl B Tadn. 3.4, Ompemennm M3 NpefioiKeH-
HEIX BHIOB H3Ie]Hil BRIMOTHEE IS OpeflpHATHA ¢ 9KOHOMHYE-
ckoil TOUYKH 3peHHA.

DTy 3aauy MOKHO PeIlNTh HA OCHOBAHWK CBOHCTBa 3 JIBOM-
CTEEHHBIX OIEHOK: B ONTHMAJBHEIN [JAH 3a0aYl Ha NolydeHHe
MAKCHMYMa NPHOLLTH MoskeT OBITE BKJYEH JHIOE TOT BAPHAHT,
A KOToporo HpHbEUIL, HeJolody4yeHHasA He-0a OTBJeUeHMA Jedm-

m
IMTHBIX PECYDCOE, T. €. BeIUYHHA E%!ﬁ , HORPLIBAETCH TIONY-
I=1
ueHHOH npuOBUIED ¢j. Takum obpasoM, XapaKTepHCTHKOH Toro
M WHOTO BADHAHTA CIYMKHT DASHOCTE
m
Ay =Y ey - ¢
i=1

npu aToM ecan A; £ 0, To BapHaHT BHITOLEH; ecan A; > 0,To He-
BRITOOEH.

Tabnuua 3.4
Ofsermusn Jampamet pecypeos
Pecypeol ofyCA0aAEHHbLE Ha odHo uadeaue

OUEHEL pecypeos B I i g
Tpyx 40/8 6 4 2
Criphe 0 2 1 ]
ObopypoBaHMe 20/3 8 1 2
[pufpine Ha ogHO
Hagenue an 70 45

st permmeHHsA 3aMa4 BOCIOABSYEMER COUTHOIIEHTEM
A, = Yauy - €
U paccuMTAeM XADAKTePHCTHKN HOBBIX MaJesHi.
Tina magenna B:
Ap=16-40/3 +0-2 + 20/3-3 - 80 = 20.

Tlocroneky Ag= 100 — 80 = 20 > 0, 1o jgejaeM BEIBOJ, UTO H3-
Ieme B HeBRITOAHO ANA BRAKNMeHUA B INIAH, TAK KAaK 3aTDaTh
He ero UsrOTOBRJIEHWEe He TOKDPBIBAKTCA MOIyYaeMol NPHOBLIBIO.
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AnamoruyHo INA Hagenna I

Ap=4-40/3 + 20/3 — 70 = 160/3 — 20/3-T0 =
= 180/3-70 = 60-70 = —-10 < 0 — Brirogso;

oA magenas

Agp=2-40/3 + 20/3-2 — 45 = 80/3 + 40/3 — 45 =
=40 — 45 = -5 < 0 — BrRIrOOHO. y

B paccMOTpeHHBIX BRIIOE 3agaydax JMeTANBHO HAYYEHBRI TDH
MepPERIX CBOHCTEA OBOHCTBEHHLIX OMEHOK M HCoJb30BAHHE 3THX
CcREOMETE OpH aHAAH3e OONTHMAILHBIX DElIeHMH SHOHOMHYSCHHX
sagad: OUeHKH KAK MEPEl AedHIMTHOCTH DecypPCOR, ONeHEH KAK
Mephl BAMAHHS orpasEudedHil Ha (YEKIHOHAN, OLEHKH Kak
HHCTPYMEHT olpeleleHHA »(gheKTHBHOCTH OTAeAbHBIX BapHaH-
ToB. UBoHeTBo 4 — ONEHEM Kaxk HMHCTPYMeHT OalaHcHpOBAHHA
CYMMAPHBIX 3ATPAT H PesyiLTATOE — BhITeKaeT H3 IepBOH
TeopeMEl ABOHCTBEHHOCTH, B RoTopoll VeTaHaBAHBaeTCdA CBA3L
Meday (DYHKIHOHANAMHE OpAMoi H ABoHCTBEHHOH 3agad:
max f(X) = ming(Y). B KoOHKpDEeTHEIX 3AJAYAX TAKOIO pPOJA CO-
OTHOIIEHHA ¢3ATPATEI — Pe3yILTATEI#, T. €. PABHOBECHe 3ATPAT
M peayibBTATOE B TOUKE OITHMYMA, MOTYT HMeTh DA3IHYHOS 3KO-
HOMHWUYeCKOe cOJepiAaHne.

B paccMaTpHBAEMEIX HAMH 3agadaX SKOHOMHYECKHH CMBIC/
paBeHCTEA QYHEOHOHANOE NpAMoil H ABoHCTBeHHOH sajad co-
CTOMT B TOM, 4YT0 MaKCHMyM npHEBIIH MoeT OBITE obecneueH
JHINE IPpH MHHHEMYMe HeJoToNyueHHOH NIpHOBLIH OT HCIONBIO-
EaHHAA NehHIITATHEIY PEeCcYPCoE.

3.2. TpaHcnopTHaq 3ajaya

Kax moxasaHo BEINE, MHOTHE IIPHKIATHLEIE MOLETH B BKOHO-
MHKe CBONATCH K 3AJaYaM JIHHeHHOTO OpPOrpAMMHADOBAHMA.
IpaxTHyecKkH Boe safadd JAHEHHOTO HpPOrpaMMHBPOBAHHA MOHCHO
PEIIUTh, HCIOIR3YH TY HJIH HHYVI0 MOTHDHKAIHIO cCHMILIEKCHOTO
merTona. Opnako cymecTeyoT Gojee adieKTHEHEIE BEMUHCIHTENE-
Hble TIDOLEAVDhl DelleHMs HeKoTOPRIX THIIOB 3afad JIHMHelHOTO

& OnmuMEIbHbE SROHOMUKO-MATEMAMUYECKLE MOFert a1

—

porpaMMHPOBAHHUA, OCHOBAHHEIE HA criennduKke orpaHwYeHui
pTHx Bafgay. PaceMOTDHM Tak HASHIBAEMYIO MPAHCTOPMHYIO
safauy NO KPUMEPUD CMOUMOCTUL, KOTOPYIO MOMKHO chopMy -
pOBATE CIELYHITHM oBpazoM.

B m nyExTax ornpanieHHs Aj, As, ..., Ay, KOTOPEE B AAJIL-
geitmeM GyeM HasblBATE TMOCTABIIHKAMY, COCPEOTOYMEHO OIp-
AeneHHOe KOIHIeCTED eIHHHDI HeKOoTOporo DJIHGPD,ILHGI‘EF opo-
nykTa, Koropoe ofozmaumM @; (I = 1, 2, ..., m). lagHEIH TIpO-
AVKT moTpebaAeTes B 1 IYHKTAX By, Bs, ..., B,, kKOTOpEIE oy em
HA3RIBATE ToTpeGuTenaMu; obeem MOTpebreHus obozHaunM b,
(j = 1, 2, ..., n). MssecTHB pacxofl HA MEpeBOIKY eqHHHIE
NpogyKTa B3 NYHKTA A; B OYHKT Bj, koropele paBHEI €;j ¥ IIPH-
pefeHbl B MATPHIE TPAHCIIOPTHBIX PACXOJOB C = (cip)-

TpeGyeTcit COCTABHTE TAKON ILIAH NPHKPENIeHHHA noTpebn-
reqeil ¥ TOCTABIIMKAM, T.e. ILIai IIEPEBO30K, OpPH KOTOPOM
BECh MPOLVET BRIBOZHTCA H3 OYHETOB A; B myHKTH B; B cOOTBET-
eTEMH ¢ ToTpefHOCTEI0 W obMaA BeJNMYHHA TPAHCHOPTHBIX H3-
AepxeK OyIeT MHHHMATLHOM.

OfozHATHM KONWYecTRO IPOAYETA, IePeBOSHMOT0 H3 IIYHETA
A; B nyEKT Bj, uepea Xjj. CoBoKYOHOCTE BeeX MepeMeHHBIX Xjj
JIA KpaTkocTH obosHawMM X , TOrfa IefleBad (YHEINA 3amauu
BvaoeT MMETE BH]I

m n
i=1 j:l

A OTpAHMUYSHHUA BBRITIAMAT CHeAYIOMHM obpazon:

i=1
Zx” =ﬂi;i=1,_m, [3.18]
i=1

x; 20,

Yenorua (3.17) osHauaoT ToNHOE YAOBIETBOPEHHE CIIPOCA
B0 Beex DOVHKTAX morTpebmeHnsd; YCHIOBHA (3.18) onpegensoT
[MOMHBLIN EBIBO3 NPOIYHIHH OT BeeX NOCTABIIHEOR.
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]

HeobxoguMEIM ¥ HOCTATOMHEIM YCJIOBMeM PA3peITHMOCTH
sanaun (3.16) — (3.18) sBnsercs yerosue Garanca:

[z

a, = Yb;. (3.19)

i= f=1

Tpancunopraas sajgava, B KOTOPOH HMEeT MecTO PABEHCTED
(3.19), HaswIBaeTCA saKpbiMoi M MoMeT GBITE pemIeHa, KAK 34-
Aaya JTHHeHHOTo NpOIPAMMHPOBAHNSA ¢ HOMOMILI0 CHMILIEKCHOTO

mMerofa. Onnaxo Grarojaps ocobeHHOCTAM NepeMEHELIX aaaun
H CHCTeMBI OrpaHivYeHH# paspaboTaHbl chnenuMaikLHEIE, MeHee

rpoMO3[IKie MeToIbI ee pemmeHnsa. Hanbonee npuMeHEAeMEIM Me-
TOIOM HABJAAETCH Memod NOMeHYUA08, IPH KOTOPOM KasKmoH i-
H crpoke (I-My NOCTABIMKY) YCTAHABIMBAETCHA IOTeHIMAN i,
KOTOPEI MOMHO HHTEPHDETHPOBATh KAK NEHY NPofyKTa B
OYHKTE LMOCTABUIMKA, & KaMAOMY cTonbmy j (j-my morpeburemo)
YCTAHABIMBASTCA UOTEHIUHAN U, KOTODEIH MOMHO IPHHATE yC-
JIOBHO 3a LeHY NPOAYKTa B NYVHKTe moTpeburens. B mpocreii-
meM ciyude HeHA OPOAYKTA B NYHKTE NoTpebUTens papHA ero
OeHe B OYHKTE MOCTABIIHKA IUIOC TPAHCIODTHEIE Dacxofbl HA
ero IHOCTABKY, T.e.

Uy =iy + ey (3.20)

ANTOpETM MeToZa HOTeHINANOB IS SaKPBITOR TpaHcnoprEoil
3A7atH IPTAJILHO ONMCAH B paje yyebubix nocobumil (cM., Hampimep,
[6]). llepreiM aTamom sToro anropuTMa ABISETCH COCTAR-
JIEHHE HAYAILHOTO pacnpe/e/leHus (HAUAIBHOIO ILIAHA NePeBO30K);
A7 PeAlM3aNiH 3TOTO HAYANLHOIO 3TAIIA MMEeTCH B CBOIO OYepe/Ih
PAL METOAOB: CeBepO-3ANA/[HOTO YIJIA, HAMMEHBIINX CTOMMocTell,
anupoxkcnMauuit Porena E Ap. Brope M sramom CAYHEAT
[OCTPORHME CHCTEMBI IOTEHIHANOB HA OCHOBEe DABEHCTEA (3.20)
M TNpOBEPKA HAYANRHOIO INaHA HA ONTHMANLHOCTE; B CIyuae
€ro HeOoNTHMANBLHOCTH NePeXOJAT K TPeTbeMy aTany, cogep-
HAHHE KOTOPOTO 3AKNI0YAETCH B PealHIAIMH TAK HASKIBABMLIX
OHKI0B IepepacnpejeleHus (KOPPeKTHPOBKA IUIAHA NPHKDEN-
JeHus noTpebuTened K IocTaBIIMKEAM), IIOCHe dero nepexogar
onATE Ko Bropomy srany. CosoxynHOCTs Dpomeayp TpeThero m
BTOPOr'o aranoB ofpasyer ofHY HTEPAIHID; 3TH HTEDAIIHYE HOBTO-

OnmUMALbHbE FHOHOMUKO-MAMEMAMULEcKUs Modeau a3
palOTesH, TIOKA IUIAH NePeBO3OK He OKaMeTesd ONTHMAJBHEIM II0
gpuTepuio (3.16). -

Ecnu banance (3.19) He BpilonEdeTcH, To orpaHmdenna (3.17)
unu (3.18) MMeroT BMI HepABEHCTE THIA <MeHEIIe HJIH paBHO»;
TpaHCIIOPTHAS 3a/iada B TAKOM CJIyvae HASHIBAETCA OMKPLIMOIL.
Jina pemesus OTKPBITOH TPAHCHODPTHONW 3ajaYH MeTONOM IlO-
TeHIMANOB €6 CBONAT K 3aKpPHRITOH 3ajade OYTeM BBOLA MIH
(MKTHBHOI'c TmoTpeOHTensd, ec/iH B HepaBeHCTRA NPEBPAINAIOTCH
yenosus (3.18), nan pHKTHEHOIO NOCTABIMKA — B CIydae mpe-
BpAIIeHAA B HepABeHCTBA orpaHmueHmit (3.17).

PaceMorpRn 2TANE pealAsalidii MeToma NOTeHIHANOB IS
ZAKPBITOI TPAHCIOPTHOH sajgaum Golee moppobino. Ilpexge Beero
cHAeflyeT oTMeTHTE, YTO IpH YeloBHR Ganamca (3.19) pasr cHe-
TeMBl NHHEHHBIX ypasnesmit (3.17), (3.18) pager m + n — 1;
TakHM oOpasoM M3 oOM[ero uMea Mo X i HeHSBeCTHEIX DasMcHBIX
HEeM3BeCTHEIX GymeT m + n — 1. Benejersre aroro mpw Niobom
DoUyeTHMOM DaspcHOM pachpeleéHHH B MATDHIE IeDEBO3OK
(rabnune mocTaBoK), OpejAcTABIeHHOH B ofmem BHIe B Tabi.
3.5, 6yfer saHsTO poBHO M + n — 1 KAeTOK, KoTOpEIe GygeM HAJbI-
BATE 0Q3ucHbLML B OTHAYHE OT OCTANIBHBEIX C80000HLIY KIIeTOK;
JANATEIe KJIeTEH OyieM OTMEYATH OHATCHANLHON wWeproil.

Tabnuua 3.5

Mowrocmu Mowgnocmy nrompefumeneil
RACMEBLLRILOE by by et b,
@y 1 Cip e C1n
1 e I ¥in
dz Ca €z3 €2n
e Xay Xon Xon
oy Conl Cmz = cm.r:
Xm1 L Lrin

Jman 1. llepsoEagansHoe 3akpenneHsHe mnorpeburenei 3a
nocrapmuarami. PaceMoTpaM JBa MeTofa HONyHeHHSA HAYANL-
HOTO pachpeje/leEnd (HAYAJBHOTO ONODHOTC ILIAHA): MeTOJ
CeBepo-3aNALHOIO YIJA H MeTo[ HaMMeHBUIHX CTOHMOCTEH.
Ilpn kammoM K3 3THX MeTO[OB IpH BAIOJHEHHH HEKOTODPOM
KJeTKH, KpoMe TocHe[HeH, BeIUeDKHBAETCA MM TOJNBKC CTPOKA
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MATPHITE] TEPEBOSOK, MM TOMBKO cTonben; JHINE PH 3alolHEHHH

nmocjelHeH KJIeTHM BRIYeDKHBAIOTCA H cTpoOKa, W cToxben. Tawoi

noaxo[ DyneT rapaHTHPOBATE, YTo DA3HCHBIX KJeTok ByleT poBHO

m + n — 1. Ecou npu sanonHEeERH HeKoTOpo# (He DociaenHeitr)
KISTEH OJHOBPEMEHHO YIOBAETBOPANTEH MOMIHOCTH H [IOCTAB-
MHIKa, H noTpeburTels, TO BHUEDKHBASTCH, HAIPHMED, TOJABKO
CTPOKEA, 4 B COOTEETCTEVIONIEM cTonble salolHAeTed HeaaHATAN
KIeTHA TAK HasbIEaeMoil «HYNIepBoll DocTaeKoifs, Hoclle 4Yero
BHIMepEHBaeTCA B cronben. [Ina HaeETHOHEATHME EIeTKH o0BIU-
HO B cKobKax yHAIBIBAIOTCHA HOMEDA €8 CTPOKH H cToJI0Ha.

B meTome cepepo-3amafHOTO YIJIA BCETHA B IeDBYIC OUepenk 3a-
nojgHAeTcHd KAETKA (M3 YHCIA HEBEMEeDKHYTHIX), CTOAINAA B
BEPXHEM JIeBOM (CEBEPO-3AIIANHOM) YIIYy MATPHIE TePeBO3DK.
ITpumep cocTaBIeHNS HAYANRHOIO paclpejeleHnd JaHHBIM METO-
moM TokasaH B Tabn. 3.6: samomHAered KieTka (1;1) B BRIYeDKH-
BOeTCA NePBMHE cTonaben, sanoaHAeTcs KieTHa (1;2) W BRidep-

KHBaeTCA MMePEAR CTpPOKA; BamolHfAeTes KiaeTka (2;2) M BRIYepKH-

BAETCH BTOPOH CTONMOEIN; 3amonHAeTcd EaeTra (2;3) H BEIMepHH-
BAeTeH BTODAH CTPOKA; aanoJHdercd Kiertka (3;3) H BEUEDKHEA-
eTcHA TPeTHI cToNDell; HAKoHell, sanonndgercs Kaetka (3:4) 1 Brmep-
KHEAIOTCA HocHefHHe cTpoka M croaben. Ymc/io 3aHATBEIX KJISTOK
papgom +n—1=3+4 — 1 = 6. CyMMapHBIe 3aTPATEl HA DeaH-
3AIIHMI0 JAHHOTO O4HA NePeBOs0K COUTABAT -

f(X) =4-30 +5-30 +3-70 + 6-30 + 7-10 + 4-110 = 1170.

Tabnuua 3.6
Mownocmu Moulnoemuy nompedunenei
ROCHLAL IS 30 100 40 : 110
60 4 b 2 3
a0 30

100 1 3 3] 2

T0 30

120 G 2 7. 4
10 110

HemoerarTkoM J@HHOINO METONA ABIAETCH TO, UTO OH HE VUHTHI-
BAET 3HAYEHHA JJIEMEHTOB Cjj MATPHIb! TPAHCHOPTHLIX PACXOIOB,

OnmMUMILIEHELE IKOLOMUKO-MAMEMAMUYECKLE Moderi 935

e

p PESyNLTATE Yero MONy4eHHOE STHM MeTOJOM HAHaJIbHOoe pac-
ppeneienne (HAaUaNLHBIA ONOPHBIH miaH MepeBn3oK) MOMEeT
FEITE AOCTATOHUHO JATEHO OT ONTHMANBHOTO.

B pasTMyHBIX MOZHOHKAIMAX MeTofa HAWMEHBIINX CTOHMO-
crelt BamoJHeHHe KJIeTOK MATDHIBI NePeBOOK IPOBOJHTCH ©
yyeToM SHaUeHMit BeNWYMH Cj. TaK, B MOAHGHKAIIMH ¢TBOHHO-
0 IIIJEJIHG‘:[TEH[‘LH* OTMEeYAI0T KJIeTHH ¢ HANMeHBIIAMHA CTOHMO-
cTAMH IePeBO30K CHAYAJA IO Ka) ol CTPOKe, a 3aTeM IO Ka-
gomy croabiy. KieTku, mmeiomyue JBe OTMETKH, SANOIHAIOT B
[epBYI0 OUEpE/lb, 3aTeM 3aIIOJHANT KJETKH ¢ OJHOH OTMETHOH,
a JAaHHBIE O HEP&GHPE,E[BJIEHHGM Ipyae 3alIHCREIBAIOT B HEOTMEe-
yeHHBIE KJETEH ¢ HapMeHBImMMH cromMocTamu. [Ipmn sToM mH3
IBYX KJIETOK ¢ OfHHAKOBOH CTOMMOCTEIO MEPEBOJ0K IpejnovTe-
HHE OTJAaeTcH KJeTHe, Ueped KOTODYVID OCYINEeCcTBJIAETCH D0JIkb-
muii ofweM Nnepekozok. BrrdMepKHEAHHE CTPOK H cToIOIOB IIPH
AAMOIHeHHN KIeTOK HFDBG,EI,HTCH oo ONHMCAHHBIM BERIINIEe NPaBRH-
mam. IIpHMep HaAnLHOIO paclpefejedds MeTOLOM HAHMEHDb-
IIHX CTOMMOCTeH OAA Tex e MeXoJHBIX NAHHEIX, UTO M paHee,
npeneragied B Tabn. 3.7.

Tabnuya 3.7
Mowgrnocmiu Mownoemu nompedumeneil
MOCMAEULLILOE 30 100 40 110
60 4 5 2 3
40 20
100 1 3 6 2
30 70
120 G 2 T 4
100 20

Mopsagok samonmenus kaerox: (2;1), (3;2), (1;3), (2;4), (1;4),
(3;4). CyMmapHBie 3aTpaTel HA IePeBO3KH, HpeJICTABJIEHHEE B
Tabna. 2.7, coCTABJIAIOT

f(X) =1-30 +2-100 + 2-40 +2-70 + 3-20 + 4-20 = 590,

ChaepoBaTelbHO, OAHHBIH ILTAH DepPeBOZ0E IHAYHTE/ILHO
Bmmxe X ONTHMANBEHOMY, YoM IIIAH, COCTABIEHHEIN IO MeToLy
CeRepo-3ANANHOT YIIA. .
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dman 2. IIpoBepka OOTHMAJIBHOCTH NOJIYYEHHOrO ILTAHA
nepeposok. BeeleM chnenHaneHEBIe NOKa3aTelH Uy OAA KaXJ0H
CTPOKH MATPHOB NepeBO30oK (KaMOoro mnocTasliMKa), Ige

i=1,m, 1 DOKA3ATENIM U; AN KAMKIOTO cronbna (Kamgoro Io-

TpebuTenf), roe j=1,n. ITH mokasaTelH HASRIBAITCA NOMEH-
yuarasmi MNOCTABLIMKOR M morpebmrenei, mx yaolHO HHTepIpe-
THPOBATE KAK HeHEl IPOAYKTA B COOTBETCTBYIOIHY IIYHKTAX [IO-
CTABOIHKOE H moTpebuTenei. [loTeHUMANR! DOAOHPAIOTCH TAKHM
obpasoM, YTeORl JNA SanoJHeHHoH KIeTHH (i;j} BEIDOAHAICOCh
paBereTeo (3.20). Coeorynmocts ypasmenmit Biga (3.20), co-
CTARNEHHEIX JJIA BCeX 3aloMHeHHBIX KJIeToK (Beex GasHMCHBIX
HeH3EeCTHBIX), obpasyer cucreMy m + n — 1 TMHeHHEIX ypaB-
HEeHHI € m-+7n HEMaBeCTHBRIMM u; M Uj. JTa cHcTeMa Beerja co-
BMecTHA, NpHUYeM 3HaueHHe OJHOTO HE HEHMIBECTHEIX MOYEHO
sanaBaTh NPOH3BONBHO (Hanpumep, u; = 0), Torjga sHaYeHUA
OCTANBHEIX HeHSBECTHEIX HAXOJATCA H3 CHCTEMBI OJHOIHAYTHO.
PaccMoTpuM IIpolece HAXOKIEHHA MOTEHIHANOB I8 Oasme-
HOTO HAYAALHOTO pPAcCIpefeleHud 10 MeToAy CeBepo-3anajHoro.
VIUIa, IpegcTaEnepHoro B tabn. 3.6. Bagae uy = 0 M HCOOJIB3YH
thopmyay (3.20) gaa sanonnennsx xaeror (1;1) m (1;2), maxo-
auM vy= 4 1 v = 5. 3HaA v,, o samoaHeHHOH KaeTke (2;2)
HaXoOHM s = 2, a 3HAA Ug, Mo 3ATONHeHHoH meTke (2:3) Ha-
XoaumM vz= 8. 3Ha# vg, 0 SaNoIHeHHoOH KaeTHe (3;3) HaxoauM
iz = 1, a saTeM 110 salofHeHHOH KmeTke (3;4) Haxopum vy = 5.
PeayapTaTel NOpefcTaBieHBl B Tabn. 3.8, rje DoTeHIHANEl IIO-
CTABIMIHKOE MOPHEEOeHE! B MNOCTeIHEeM oToa0Ie, a HTOTeHOHAIEL

norpebrTenell — B NOcHeJHEH CcTpoKe.
Tabnu ya 3.8

Mowrocmu Mowneemu nompetiumeneil "
ROCMABULIOE 30 100 40 110 :
il 4 TR T . RSN o 0

30 30 |
100 1 a3 %] 6_ i [ 12 2

+ 70 a0
120 f 2 7 4 1
10 110
vy 4 5 8 5

OnMUMAILHbIE FCOHOMUKO-MATEMAMULECKUE Moden 97
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CMBICS MPAMOYTOJBHOTO KOHTYDA, IPOBEIEHHOT0 IYHKTHPOM
p Tabm. 3.8, H 3HAKOB TMPH €ro BeDIIMHAX MOJACHEH [aliee IIpPH
SMACAHHM 9TAMA 3 MeToIA IOTEHIHATIOR.

AHANOTHUYHBIE Pe3yALTATHI I HAYAILHOIO pacupejiefeHnd 1o
MeTOmY HAHMEeHBITHX crommocTeil, mpueefensoro B Tabmr. 3.7,
npencrapaeHs B Tabn. 3.9.

Tabnuua 3.9
[ Mouwgnocmu Mownocmy nompedimenel 1,
[LOCTIAEUUKDS 30 100 40 110

60 4 a 2 3 0
40 20

100 1 3 6 2 1
a0 70

120 6. 2 7 4 =1
100 20

Ypobel ONEHHTE ONTHMAIBHOCTE paclpeleeHus, AIA BCEX
gaeror (i;f) MaATpHIBl NePeBO3OK ONPee/AIOTCH HX OUeHKL, KO-
rophle ofosHauuM depes d;j, M0 (opaye:

d” =l:i,£i +ﬂij —UJ-. [321}

Wcnonsays paHee NPHHATYI0 HMHTEDPIPETAllNIO, BEIDAZKEHHE
(4; +€¢;j) MOMKHO TPAKTOBATH KAK CyMMY meHbl OIpogyKTa ¥ TIO-

CTABOIMKA H CTOMMOCTH II€DEBOSKH; aTa CYyMMAa IIyTEM ERIYHTA-
HUf CpABHHBAeTCA ¢ IEHOH IPOAYKTA Y COOTBETCTEYIOLIETO
norpebuTena v;. OUeBHHO, OLEHKH saloJHEeHHBX KIeTOK paB-
HLl HYN0 (meHa ToTpefuUTeNd NOKDEIBAT HeHY NMOCTABIMKA M
cTOMMOCTE Iepesoaox). Taxm obpasom, o0 ONTHMATLHOCTH
pacHpe/leleHHA MOXKHO CYFHTH N0 BedHYMHAM OLEHOK cpoboja-
Huix greTor. Eclm oneHKa HEKOTOpOl cBODOMHOH KIeTKHM OT-
PHIATeTLHA, BT0 MOMKHO HHTePIPeTHPOBATE TAK: LeHa, HpefIa-
raeMas COOTBETCTBYIOIHM MoTpebuTesieM, Gojblle cyMMEL IEeHbI
HOCTABMIMKA M CTOMMOCTH IIEPEBOZKH, T.e. eCli Onl aTa KIeTHA
BLIIa 3aHATA, TO MOMKHO OBIIO 6Bl MONYYHTE AOMOJNHHTEILHBIH
spoHoMHHeckHil addpexT. ClefloBaTenbHO, YCA08UEM ORMUMANE
HOCmMU pacnpedeleliuA CAYMUM YCaosie HEOMPUYAMERBHOCTLL
OuenOK cE0BO0THBIX KAEMOK MAMPUYLL NEPEGOIOK.

+ Do
ERATEMATHUCEKNG ST
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Omenxyn xnerox mo dopmyse (3.21) yaobue mpegerasirs ;
BIAE Mampuybl oyexox. Jlna panee paccMATPHBAEMOrO pace
npefeseHHsa, NOAYYeHHOrO MeTOJOM CeBepo-3amajHOro YIua
(cM. Tabma. 3.8), MaTpuIa OIEHOK KJIETOK HMeeT BHT

0 0 -6 -2
@)={-1 0 o0 -1 (8.22)
8 -2 0 0

Hanwuue Oojbllero umela OTPHIATENLHLIX ONEHOK ceobog-
HEIX KJIETOK CBH/ETEIbCTBYET O TOM, YTO AAHHLIA ILTAH IEPEEOZOK
Aalle OT ONTHMAJNBHOIO (HANOMHMM, HYTO CyMMADHEIE 3aTPATEL
Ha OepPeE03KY M0 3TOMY IUlaHy pasHEl 1170). _

Ilna pacmpepeneHns, monyueHHOro MeTOROM HAMMEHBITHX
croumocTeii (Tabm. 3.9), MaTpHIA ONEHOK KIeTOK MMeeT BHA:

2 400
(d;)=|0 3 5 0|
3 0 4 0

Tax ®ax Bce oOUEHKH HeOTPHIOATEALHE, TO He HMeeTcd
BOSMOMKHOCTH YIYVYIIHTE NAHHBIH [1/aH IepeBO30K, T.e. OH OM-
THMaNeH (cyMMapHBIE 3aTpaThl HAa NMepeBOaKY M0 3TOMY ILIAHY
paeHel 590). Kpome Toro, crenyer oTMeTHTE, uro B OAHHOM CJIY-
1ae OLEHKH BCeX CBODOAHBLIX KIETOK CTporo Godklre HYJIHA, T.0.
JI000H ApPYroil IIAH, NpPeiyCMATPHBAIOMINII 3aHATHE XOTH GhL
ONHOM M3 9THX KIeToK, OymeT MeHee onTHMAIeH. DTo TOBOPHT O
TOM, UTO HAHJeHHBIH ONTHMaNLHBIR IJIAH ABIZETCH efuHCm-
gennbiam. Hanwune HyNeBRIX OlEHOK CBOGOOHEIX KJETOK B ONTH-

MAJBHOM IIIaHe HEPEBDEUK, HEDEDPDT, BBK,I[ETE.]’II:CTBYET ]
HeeOUHCMEEHHOCMIL ONTHMATEHOTO TIIAHA.

dman 3. ¥aydmmenue HeoNTHMAJIBHOIO NAAHA HepeE03oK

(nmMKnEr mepepacnpexenenms), Yrobn VIVUINHTE HeOODTHMANLHEL
IJI6H NepeBO3OK, BRIGHPAETCH KJETKA MATPHILI TTEDEBOIOK ¢ OT-
PHIATEILHOH ONEHKOH; EC/IM TAKHX KJIETOK HECKOTBKO, TO OBLIYHO
(Ho HeobAsaTemnHO) BRIGMpaeTcH KeTKA ¢ HAWBOMLINEH no abeo-
MOTHON BeJIMYHHE OTPHIATeNbHOH oneHkoit. Hampumep, LA pac-
Lpefe/ieHHd, OIPencTABTEHHOrO B Tabin, 3.8, Taxol KIeTKOH MoeT
caysuTh Kaetka (1;3) (em. marprny ouenox (3.22)).

s BRIGpaHECH EIeTKH CcTpoMTea 2AMKHYTAA JTMHAA (KOHmMyp),

HadaleHAA BeDINHHA KOTopoif NesknT B BRIOpAHHO KIeTHKe, a

o9
OnmuMARBHBIE FNOHOMUNIO-MATIEMAMUNECKILE Jode

—

BCE oCoTANBHEIE BEDIITHHELI HAXOIATCHA B SAHATEIX KJISTHAX NP
JTOM HAMPARIEHHH OTAENBHEIX OTPESKOB KOHTYPA MOTyT BLIThH TONE-
Ko TODH3OHTANBHBIMH H EBeDTHKANBHEIMH. Bepmuuoil KOHTYDA,
gpoMe Ieproil, ABNAETCH SAHATAA KJIETKa, I/ie OTPe3KH KOHTYpa
oBpasyioT OJHMH NPAMOH yroi (Hembss paccMATPHBATE KAk Bep-
[IMHE] KJIETEYM, e IOPH3OHTATBHBIE M BEeDTHKAJBHEIE OTPe3KH
KkoHTYpa mepecekarorcs). OueBHHO, YHCAO OTPe3KOB KOHTYDA,
pAK W ero BeplIuH, 6yieT 4YeTHHIM. B BepmimHax KOHTYPA pac-
CTABISIOTCH TIOOUepefHo 3HAKH «+» M ¢—», HAUMHAA CO 3HAKA
«+» B BRIOpaHHOi cpobommol Kmerxe. IIpuMep mpoCTOro KOHTYPA
moKasaH OYHKTHpoM B Tabia. 3.8, XoTA BHJ KOHTYPa MOMKET BBEITE
CAMBIM pa3HOOGPASHBIM (CM., HAIDHMED, KOHTYD B Tabir. 3.11).

BenmunHa mepepaclpe/ieifeMoil IOCTABKH ONpefeigeTcs Kak
HAaMeHBIIAA H3 BeIHYHH MOCTAROK B BEPIIHHAX KOHTYPO GO 2HA-
KoM ¢—#%, ¥ HA 9TV BeIHYHHY VBEEIMHYHMBAIOTCHA [MOCTABHH B BeDIIIN-
HAX O SHAKOM ++& H VMeHBIIAWTCH NOCTABKHA B BeplIMHAX CO 3HA-
KOM 4—%. DTO NPaBHJO TAPAHTHDYeT, UTo B BePHOINHAX KOHTYpA He
[IOABMTCH OTPHIATE/IBHBIX [IOCTABOK, HAYAILHAA BEIODAHHAA KJIeTHA
OHOMMETCA SAHATONH, B TO BDEMA KaK OJHA M3 SAHATRIX RJISTOK IIPH
oToM  obAsaTensHo ocBoBomures. Ecoam BelIriMHA Oepepacrpefesrde-
Moit TIOCTABKM paBHA IIOCTABKAM He B OJHOM, & B HECKOJIBKHMX Bep-
IIMHAX KOHTYPA CO 3HAKOM <¢—» (3T0 KAk pas MMeeT MecTo B KOHTYDe
nepepacnpeieenna B Tafu. 3.8), To ocsoboipaeTcA TONBKO ONHA
wieTea, oBBRMHO ¢ HAMOONBINEH CTOMMOCTBIO negeucarm, aum:e
IpYyTHe TAKHEe KJIeTHIH 0CTAITCH SAHATHIME ¢ HYJIEBOI HOCTABKOM,

PesynbTar VEASAHHBIX OIEpDANMEA [jiA OPeAcTaBleHHOrO B
raba. 3.8 pacnpeieneHHs NOCTABOK NOKa3aH B Tabjg. 3.10. Cym-
MapHBIE BEITPB_TE-I HA [MepeBo3KH o sToMY ILISHY CoOCTABJIAINT
f(X)=4-30 +5:0 +2-30 +3-100 + 7-10 + 4110 = 990,
wro SHAYATEILHO MeHBIIe Npeleyinedl cymmel sarpar 1170,
XoT# TIaH HepeBodok B Tabn. 3.10 eme He ARIACTCH ONTHMANLHBIM.
0f aToM CBHIETENLCTEVET HAMWYHe OTPHOATENBHBIX 3HAYEGHHH
B MATPHIE ONeHOK KJeTOK 2TOro mJaHa (cooTBeTCTEYIHE I0-
TeHIMAJEL I; ¥ Uj HaifleHsl crocofoM, M3JI0KeHEEIM TP OnHcA-
Hirit aTana 2):

0 00 4
(dy)=|-1 0 6 5|
-3 -8 00
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Tpancmopreele 2ajjaun, B GasHcHOM MJaHe IEPeBO3OK KOTO-
DPEIX MMEIOT MECTO 3aHATHIE KJIeTKH ¢ HYJIeBOH NocTaBKOM (HMaH
B OEpPEOHAYAJIBHOM pacOpefeleHMH, WIH B Ipolecce HTepa-

M), HAILIBAKOTCA GLIPOMCTEHHbLMI; TPHUMep Takoll 3ajaym,

npencraBied B Tabia. 3.10. B enyuae BrIposijenHoll TpaHemopT-

Holl Bagauy CYIOECTBYET ONACHOOTh FMULKAUGANUR, T.6. DecKo-

HeYHOro MOBTOpPeHNA uTepanuii (Geckoneunoro mepefopa ofHUX

M Tex e OasMCHBIX KoMOmHanmil 3aHATEIX Kjerok). Kar mopa-
BUJIO, B IPAKTHYECKHX 3a0aYaX TPAHCIIOPTHOTD THIIA 3AI[HEJIH-

BaHHe He BCTPeYAeTCH; TeM He MeHee CARIYeT 3HATE, UTO cyle-
CTBYIOT CHeOHAJIBHBIE IIPABHIA, NOSBONAWIMINE BBRIATH M3 K-
j1a, eC/iM SAOHKIHEAHHE Bee ke mpoHsoiiger. Ilpu orcyvreremm

BRIDOMJIEHNA MeTOJ HOTeHIHANI0B KoHedeH M IPHBOAHT K ONTH-
MATRHOMY ILJIAHY NePeB030K 5& KOHe4YHOe MHCJIO IIATOE.

L Mpu Mep 4. Pemmm MeTojoM NOTeHI[HAJIOB SAKPBITYVH) TDAHC-
OOPTHYI 3afaqy, sagaHHyio & tabn. 3.11, B KoTopyio yixe BHece-
HO HEKOTOpoe momyeTHMoe GasucHoe pacnpefieneHue. CyMmapHEBIe
TPAHCIIOPTHBIE DACXOABRl COCTABJAIOT OPH 3ToM ILIaHe [EepeBo-

ok f(X)=8-5+2-25+1:20 +2-25+ 1-15 4+ 4-20 = 230.
[Morenrumane: no gopmysie (3.20) HaxoguM cregyiomyM ofpason:
safapas u; = 0, saxomum no kaerke (1;1) vy = 3, mo Kierke
(1;2) v = 2, a mo raerke (1;4) wy = 1; sarem mo xxeTxe (2;1)
HaxonuMm uz = 1 u mo uuerre (2;3) vy = 2; HakoHeN, No KJIeTHe
(3;3) maxomum g = —2.

OnmUMARbIbLE FROHOMUKO- MATEMT muecKUe MOdenu

——

Ta6nuua 3.10
Mownocmu Meownoemy nompefumeneil u, '
nocmasgiiuKxos a0 100 40 110
0 4 b 2 3 0
30 A 30
100 o 3 6 2 2
100

120 [ 2 7 4 -5
10 110 —|
Uy 4 B 2 =1 ]
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Tabnuya 3.11
MougHocmy - ‘Mougrocmu nompegdumednel i
RoCMaauEed 30 25 85 20 -
a0 3 + 12 =" 4 1
5 | 25 20
' 1
40 R | Sy b
— 25 | 1 16
20 3 g L =2
-|L A a0

Marpua OOeHOK KIETOK A ITOrO [1aHa PACCYHTHEIBAETCH
no opmyme (3.21):

O 0080
{dij}s [ ki g
R G b

Hanguume OTPUUATENBHEIX OLEHOK CBHETENLCTEYET o TOM,
yro TuiaH HeonTHmManeH. IloeTpoMM KOHTYP nepepacnpmenen;z;,
HAIPHMED, AN KIeTKH (3;2); & Tabn. 3.11 oH IOKA3aH urf:rc
poM H ero BepUIMHAM I[IPHCBOEHEI COOTBETCTBYIOLIHE SHAKH. f
Hanmenplmas MOCTABKA B BepUINHE KOHTYPA CO SHAKOM «—%
papHa 20, moaToMy HpoBejeM nepepacupefeieHie [OCTABOK,
yMeHBIIHS TOCTABKH B KJETKAX CO JHAKOM =% ua 20 ‘1{ }"'ﬂ»@.i'l:-l"-ﬂ-::}
oCTABKHM B KJSTKEX CO SHAKOM ¢+» TaKXe Ha 204 np};I aT:,:ﬁ
wrerKa (3;2) samoJHsAeTcs, a KJIEeTKA (3;3) ocBobo:gaeTcH. HoB
crapined B Tabm. 3.12; cooTBeTCTBYIOIIHE SHAHEHMA

onag Oopej
fme M CcTPOKE.
HITHMANOB ITOKA3AHEL B [IOCHeJHHX cTOJ
e Tabnuua 3.12
Motugnocmu Mowgnocmy nompefumetel i
nocmaeuuKes a0 2h a5 20 —
50 3 2 4 _ /
25 5 20

20

40 2 3 1 B b
5 a5
3
3
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MaTprila oIleHOK KJIETOE aToro pacopefeNleHMA He cofepDiuT
OTPHIATEILHBIX 3HAYEHMIT:

00 2.0
@j)=/0 2 o 5,
002 3

Cle/JOBATeIBEHO, [AHHBIH I1IAH NEPEBOROK ABIAETCH OITHMATh-

HEIM. CToMMOCTE NepeBEo2oK 1Mo ITOMY ILJI&HY PAEHA

f(X) =3:-25+2-5+1-20+2-5+1-35+2-20 = 180.

Hanuune myneBoll oleHKH HesaHATOH HIeTi (3;1) romo-
PHT O TOM, UTO ONTHMANBHEIH ILIAH HE ABIAETCS eIWHCTBEH-
HeiM. MojHO oTMETHTE TaKice, UTO IPHMEHAR IS HAYATEHOIO
baclpelleleNHa B 9ToH TpaHCmOpTHON aagaue MogHbHKAIHIO
ABOHHOTO IIPeJIOUTEHHA METoja HAHMMEHBIIMXK CTOMMOCTRIH, MBI
Cpasy e IoJAVYHIH OBl OOTHMANLHOE paclnpemeleHHe, mpem-
cTaBneHHoe B Taba. 8.12.

3.3. LienouucnenHoe nporpaMMupoBaHie

IJenouucnennvin (Mroraa ero HasLIBAIOT TaKKEe JUCHpenHbLA)
OpOTpAMMHDOBAHMEM  HAZLIBRETCH pasfed MaTeMATHYECKODO
MPOTPAMMUDPOBAHMSI, M3YUAIOUTMH SKCTPeMANLHLIE 3ajauu, B
KOTODBIX Ha JMCKOMEIE NepeMeHHEIe HAKIAJLIBAETCH VCIOBHE
LeJOuMCIeHHOCTH, & OBJACTE JONYCTHMEIX pelIeHHN KOHeuHa.
Hayuenue aroro pasgena e Kypce «IKOHOMMKO-MATEMATHYECK He
METOIBI M NPHKNAJHbIE MOJe]H+ BEISBIBAETCHA TeM, YTO OIDOMHOE
KOMHIECTEO DKOHOMHYECKHX 3aja4 HOCHT SHMCKDETHSIH, ware
BCETO IEJOUNCIEHHBIH XADAKTED, UTO CBASAHO, KAK MpaBEMIAG, ¢
(HINYeCKOH HeZEeAHMOCTBI0 MHOIMMX 3JIeMEHTOB pacyeTa: Ha-
puMep, Helb3d NOCTPOHTE ABA ¢ INOJOBHHON 3ABOJA, KVIIHTE
IoATOPA ABTOMOOHIA M T.4. B pame cnyyaes Taxwue sagadH permna-
10TeA 00EMHEIME MeTojaMH, HANPHMED, CUMILTEKCHBIM MEeTOIoM,
€ MOCHEYIOIHM OKPYTAeHHeM [0 HeJslX yncex. OfHaKo Taxoit
IIOAXOM ONpPaBaH, KOTAA OTAeNEHAS eIHHHNA COCTABIAET OUeHE
MAIyI0 4YacTk Beero obbeMa (HAIPHMED, TOBAPHBIX 3allACOR); B
OPOTHBHOM cCIyvae OH MOMKeT BHECTH SHAMHTENBHbBIE HCKAMKeHWT
B [IHCTBHTENEHO ONTHMAIEHOS pewenue. IToaromy paspaBorann:
CIHEUHANLHEIE METOAbl PEIeHMs NeJOYHCIeHHEIX 3aaY, CpPemIH
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e
KOTOPBEIX MOMHO BEIIENHTE JIBa Eanpa;aneﬂnﬂ: MeTOABl OTCewd
pHA (OTCERAIONHY mrockocTeil) # KoMOHHATODHBIE METO/ALL.
Memod omcexawuux NJAOCKOCMel COCTOMT B IOCTPOSHHMH
OHOJHHTEIBHEIX OFPAHMYEHHH H NpMMeHeHHH IBOHCTBEHHOTO
gnmn.rxerccﬁum merToga. llpegcTaBleHHE © ma.uﬁuuamupuh:;
wemodax Oaer IMHPOKC HCNONB3yeMbId HA IPAKTHKE Mem

geil 1 2panuy.
ﬂemPachﬂfpnM foxee nogpobHO OOMH HE METOAORB c}gcenamm;i
nTockocTeH, HeBecTHRIH Kak memod lomopu. Meron I'omopm g
nuHeHHEIX 3amad uenoqncﬂennom“nparpammHPOEH.HHH OCHOBAH
Ha TOHATHH KOHZpYawmHuocmi JedCTBHTE/IBHEIX THCEL. Jhﬂﬁ:&n
nefcTBHTeNbHOE UMCIO. MOKHO IPEe[CTABHTE B BHJE CYMMBI iﬁ 4
mesoit u gpobHoit uacreit: x = [x] + {x}, 'le KBagpaTHBIE CK
K¥ O3HAYAIOT LEIYK 4acTh, & GUrypHbe — IpoBHYIO. H{jﬁ[:{nr::eg:
7.5 =[7,5] + {7,5} = 7 + 0,5. HeoTpuuaTe/lbHpie THCIA p
eTOTHI MBI GYleM DACCMATDHBATE TOJBKO MX) HASEIBAKOTCA KOHTPY-
SHTHAIMH, ECJIH paBHEl HX ApoDHEIE YACTH. Ecma Dﬁﬂg%@ﬁagﬁjzn%:
IPYDHTHOCTE YHCEI CHMBOJIOM =, TO, HATPHMED, 7.5 =0,5; 8= 2,3;
B YACTHOCTH, Bee [efIble MHCIa KOHIPYSHTHE! HYIIO, nﬂa::i:-r-ay VOIIOBHE
Le/IOYHCTIeHHOCTH [ePeMeHHON X; MOJKHO 3alHcaTh: X = U.

Tlo merony I'omMopm mepBEIf STAN PelleHMA [EJOHMHCIeHHBIX
aamgad He OTIHYAeTcH OT c:ﬁmqngm pacdeTa Mo cmnnemcn;;n.:f
anropuTMy. Eciu cpefy sHAaUeHWI MepeMEeHHBIX B ONTHMANL i
[IIaHE ecTh ApoGHEIE, TO COCTABIAETCS NOMNONEUTE/NLHOE OTDaH
yeHHe, OTCeKAloNee APOBHYI0 UacTh PeIleHHd, HO OCTARIANOIES
B CcHIe BCe [IDOYHE YBJIGBH-‘FI, KOTODBIM MOJSHeH }",I[OEJIE’I‘BDPHTI:
OOTHMAJNBHEIR [JAH. DT0 OONONHUTeNRHOE OrpaHHYeHHe np:;—
coeMHAETCH K WCXOJHBIM OrPAHMYMEHHAM 3ajatn, 1 EHOI?‘I: np];
MeHAeTcA [poOenypa CHMILTEHCHOIO MEeTOIA. Agropara Domop
[103BOJIAET TPUATH K ONTHMAIBEHOMY IeJoYHCIeHHOMY DElIeHHIO
58 HOHEUHOE YUMo HIATOE.

A Mpumep 5. Iyere mns npuobpeTeHHA oﬁupyn;nauns{, paar.ie:
jaeMoro Ha DpOMABOACTEEHHOH NIOmaii 38 m<, hupma BLI:D',E-
naer 20 mas. py6. HMewores epnHUOb 000pYHOBAHMA ABYX TH
moB: THNa A cToOMMOCTBIO b MIH. pyb., Tpebyioinee I[]JDHS;OJ;L‘T-
BeHHYIO ILIOMajkL 8 M2 M MMeoIOee TPOMSBE0HTEAEHOCTD ; ::II;
eTUHMIL HPD,EL}"I{D;HH 34 CMeHY, H "JE‘I‘IH& B — cToMMOCTRED 3 THB.
py6., BaHRMaIee Iomajh 4 M* ¥ faiollee 34 CMeHy %
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EOIMHEHDI NPoAyKIHH. TpefyercA paccudTaTh OOTHMANTLHEIH Ba-
PHaHT NpHobperennsa obopyAOBAHMH, OBeCIEUHBAIOIMAN MAKCH-
MYM OPOH3BOAMTENEHOCTH y4acTHA.

CopumynnpyeM SKOHOMHKO-MaTeMATHUECKYIO MOIEIh saga-
ui. IIyers X1, x5 — Konmuecrso mpHOGpeTAeMEIX MAINMH THIA

7.5 =1x5 - 23(:3 + 1,25x4,

OTHYIA
x;=17,6 + 2x3 —1,25x,.

A m tuna B coorsercrsenso. Torma menesas DVHKINA 3alaup
6yoer uMeTh BILI:

max f(X) = Tx; + 8x»
IIPH OTDAHUYEeHHAX!
axy + 2xa < 20;
8x1 + 4xy < 38;
X1,220; 21,2 0.

CopMynnpoBana safiaua JHHEHHOTO IIeTOUHCIIEOHIOTO Ipo-
rpaMMHDOBAHMH,

Beepem jpomonHHTen:Hble mepeMeHHEIe X3, X4, C IOMOIOBIO
KOTOPBEIX HCXO/IHEIE HepaseHCTBA NIpeofpasyloTca B paBeHcTRA:

Sxy + 2x0 + xg = 20;
Bx1 + dxo + x4 = B8,

H3 KOTODEIX clefyer, UTO NepPeMeHHEIe X3, Xy MOLYT IPHHHMATE
TONBKO HeOTPHIATeNbHbIE NeJoYHcIeHHBle sHaueHHA. Opar-

MEHT CHMINEKCHOM TabiMIEl Ha HocHegHel Hrepauuu (bea
YHeTa nedodYHCIeHHOCTH) HMeeT BH

Tabnuua 3.13
Bazucuble nepeyenmnste IMran | x4 g X X,
4
X 1 1 0 1 ~-0,5
X3 7.5 0 1 -2 1,25
AmZ -y 29,5 0 0 1 0,25

Orciofa BHOHO, YTO B ONTUMANEHOM ILiaHe ¥1=1l;x2=95m
]

MaKCHMYM Lenepol GYHKINM papen f(K_'] =7-1+3-7.5 =295,

Hna meuenoumciennoff mnepemenmHoit X3 COCTABIAEM M3
IPHBeNeHHEOH cHMILIeKcHoH Tafn. 3.13 ypasHenue:

Tak kax Xp — I[EJI0e YHCIO, TO LeJ0H NONIEHA OBITE B TpABAA
gacTh IOCHeNHer0 YPABHeHUS (= eCTh CHMBOJ KOHTPY3HTHOCTH):

7.5 + 2x3 — 1,25%, = 0;
OTCHIA MOAHO HDJIF‘{HTE-, uTo
0,25x, = 0,5,

r.e. Bupakenue 0,25x4 momer 6mITe paBmo 0,5, maum 1,5, nmn
2.5 u 7.0. ClnemoBarensiio, MOABIASTCH JOIOIHHTEIBHOE OTPA-
anyenne: 0,25x4 = 0,5, KoTopoe NyTeM BBOJA AOTIOMHATeABHOH
HEeOTPHIATEJBHOH IleloYHC/IeH ol TepeMeHHOH X3 npecbpasy-
eTcH B PABEHCTEO, TAK YTO CHCTeMA OrPAHMYEHHH HCXOfHOH 3a-
fayy B KAHOHHYECKOM BHJE COJICPKHT TDH ypPaBHeHH:

53:1 + 2:::2 + Xg = Eﬂ:
8x; + 4xg + x4 = 38;
0,252 — x5 = 0,5.

TlopropHe Opollecc PellleHHA CHMIUIEKCHBIM MeTONOM IJIA
nagHON pacmMpeHHoil cHeTeMbl OrpaHWYeHMH, MOJYUHM HO-
BRIl ONTHMANBHEIE IIIAH, B KOTOpOM IepeMeHHEBI®, BXOIAMNIHE
B 6asHc, IPHHUMAIOT HeJnle SHaYeHHA: X; = 2; X = 5; x4 = 2.
Taxum obpasoM, mpHofpeTeHHe IBYX MallMH THOA A H IIATH
MaImHH THHAa B obecOeuMEAST MAKCHMYM NPOH3BOIHTEIBHOCTH
vyAaCTKA, PABHEIR 29 Thlc. eguHMN NPOAVKIHM B cMeHy. SaMe-
THM, UTO eclH Obl B KaduecTBe IaHa OrLm BRIGpAH BApHAaHT, IO-
Ty4yaeMEll B Pe3yJbTATE OKPYIVIEHHS I[IepBOHAUANLHOIO pelle-
HIUS 3a/laUH CHMILIEKCHBIM MeTogoM (xy; = 1; x9 = 7), TO CYM-
MapHaA TpPOM3BOAHTeNIbHocTh OhlMa OB paBHA JHINE 28 TrRIC.
elMHNL OIPOTVEITHH.

PaccMoTpuM Jlajlee DAL CHelHaJbHBIX ONTHMHIAIIHOHHBIX 3a-
oau, CcBOOAINMXCA E 3agauaM JHHeHHOro UelTOuHcAeHHOTo IIpo-
rpamMupoBaHna. OgHofi M3 TakMx sajady ABIfercA sadaia o
HOZHAUEHILAY, ¢ TOMOIIBI0 KoTopoil MOMKHO [OJYYHTE OTEET HA
BOIIPOCE] THIIA! KAK paclpefelnuTh pabouMx [0 CTAHKAM, uToGEL
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jpHEH¥eM X;; paBHo Jubo 0, mubo 1 (Tax HaseBaeMble Oynesbl ne-

Ho lagea §

obmaa Beipaborka 6plaa HambGojbliell MM 3aTpaThl HA zapabor-

HYI0 OJIaTy HAWMeHLIINMH; KAK HAMJIYYIIAM ofpasoM pachpe-
JelNTE SKHNAMNN CAMOJIETOR; KaK HAJHAUMTE JIOfel Ha pasmmy-
HEI® JOJDKHOCTH (OTCIONA M HadBaHHWe 3aJa4u) W T.J.

MaTemarnuecky Takue 3ajayyM OTHOCATCH K TOMY e THITY
PacnpefeUTeNBHBIX 3a7a4, UTO ¥ pacemorpeHHad B § 8.2 Tpame-
IopTHAA 3ajaya, ¢ Tol ocofeHHOCTRIO, YTO B HHX oFBeMbl Ha-
AHIHEIX ¥ TPe0yIOIIMXCA pPecypcoB AAA BHINOJHEHHS Kaikaoi
paGoThsl PABHEI efIMHANE (@; = b; = 1), a Boe mepeMeHHBIE Xy nubo
PaBHBI ENHHHLE, eciM (- paboTHUK HAasHaueH Ha j-10 pabory,
60 PABHE! HYJIIO B APYIHX cayuaax. MexXoQHele JaHHEIe aagaum
0 HasHaAYeHHAX IPYIIHUPYIOTCA B TAbiMIle, KOTopad HASHIBAETCH
Mampuyeil 0YeHoK, a PesyILTaThl — B MAMPULE HAIHAYEHLIL.

3ajlaya 0 HASHAYEHHAX B 0BINEM BHOE MOMKeT GBITH clopMy-
nHpoBana credyiomiuM ofpazom. Umeerca n pafornnkor, xoro-
PEI& MOTYT EBRINDOJNHATE 72 paboT, OpHYeM Heldojik3oBaHHe i-ro
paboTHMKa Ha j-i pabore, HanpuMep, IPHHOCHT HOXOT ¢yp- Tpe-
OyeTcA MOPYYHTE KaXKAOMY H3 paGoTHMKOB BEINONHEHHe OIHOLN
BIIDJIHE ONpejieleHHoH paboTel, YTo6R MAKCHMH3HPOBATL B LaH-
HOM COyuYae cyMMAapPHEIN Joxom.

Bpemem nepemenHble:

SR 1, ecom i-ii paboTHWK BHIIOIHAET J-10 paboTy
) 0 B npoTHBHOM oiyuae.

i

damada cCOCTOMT B ToM, UTOBR HaHTH pacnopefefeHne
K= (x;;) pabormmkor mo paforam (T. e. HaifiTh MaTpHIly Ha-

3HAYEHMIT), KOTOpOE MAaKCHMH3HDPYyeT HeTeBVI yVHKITHID

f(X) = Zicﬁxﬁ - max (3.23)

f=1j=1
npH OrPAHHYSHHAX

Yiag=1,4=1n; (8.24)
j=1

n —_—
Zx:'; =L ji=1n; (3.25)

pesmentbie) NIA BeeX =1

Orpannuenus (3.24) oTpaaiT ycioBde TOro, ¥To 34 Hﬂéﬂ-
neIM PaboTHHKOM MOMeT GBITE SAKpeleHa TOJEKO OJHA pabo-
ra, a orpagrgenud (3.25) oaHayaloT, UTO LI BBIMOJHEHHNA KaX-
noif paboTsl MoMXeT GRITE Bbljje/IleH TOAEKO OLHH paboTHHK. 1

Ecap B 2agade o HasHAYEHHAX JJIeMEHTLI MaTPHOBL OIEHOK
[IpejicTABNAKT coboil, HanpUMep, BPeMA BRIIOTHEHHHA K?&MEIM_
pafoTHHKoM mioBoll u3 paboT, TO NeleBas dVHKINA 3T0 aat,rm
up Gyger MuHMMHaHpopaThed. Cleayer 3aMeTHTR TAKIKE, 1T0
Py pelIeHWH 3a/@UN 0 HA3HAYEHHAX YACTO HCTIONBIYIOTCH aJ-
FOPHTMBI M MeTOJbl PelleHHd TPAHCIOPTHBIX 3agAd, B YACTHO-

CTH, MeTO, NoTeHIHAJOE. )
:T_[pyruﬁ samaueil mogobHOTO DpOJA ABIAETCH gadava o KoM

MuBOANCEDPE, KOTOPAA MOXeT OpTh COPMYNHPOBAHA CJAERYIO-

mum obpasom. HMeerca n ropofos, TPOHYMEDOBAHHEIX YHCHAME

or 1 o n. KoMMuBossep, Brleaxan U3 I'opoia 1, momxen nuﬁmm‘r’z

B KAMJOM TOpPOJie POBHO OfHH DA3 M BEPHYTBCA B HCXOJAHEIN

nyEKT. Ilyers HM3BecTHBI DACCTOAHMA Cj MEXIY rOPOIaMEH

(i, j =1,n; i # ). Tpebyerca HaifiTH caMBIH KOPOTHHH MApPIIPYT.
Beegem mepenMeHHEIE:

1, ecny B MAPIIPYT BXOIAT Hepeed]
H3 Topoja i B ropol j

Xy = L
4 0 = mporreHoM caydae (i, j=1,n51 % j).

TpefopaHite OAHOKPATHOrO Bhedjia M Bhie3sa B ropofia salli-
ercA B BHe cAeIVIOMINX orpaHMYeHAH:

Yz =1 i=1Ln, o
f=1

n P
inj=1;i=1|n.
j=1

Opuaxo orpanudenus (3.26) mMomHOCTRIO He OMpEJENIAIOT
DOMyeTHMbIE MApPUIPYTHI, TAK KAK He HCHIIOHAKINT BO3MOMKHOCTH
paspeIBa TYTH, T. €. NOABNEHH] HECKONBLKHX He CBA3AHHBELIX
Mexny coboll [OAMADPHIPYTOB JUIA HAacTH TOpOAOE. TloaTomy
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CliefyeT BBeCTH [ONOTHMTENBHO n IepeMeHHBIX i (i =1,n)
" ]

NPHHUMAIOIINX TOJBKO Hellble HeOTPHIATedbHEIe 3HAYEHHA, H
3aNHCATh INIA HHX CIEelHATbLHEIe OrPAHMYOHHA:

Uy—ujtn-x;<n-—1; i,jzﬂ,_n;ia&j. (3.27)

Obmee umeno Takux orpanmuenuii passo (n — 1)-(n — 2ymn
OHH, He MCKIIOYAA NONYCTHMEN MapiipyT, HcEJIYAIOT BOs-
MOMHOCTE CYINECTEOBAHMS ITOIMAPIIPYTOR.

Taxum o6paszom, 3ajaya 0 KOMMHBOSIKEPE COCTOHT B MHHH-
MH3aIHH Hedesoll QyHRITHN:

[
f{xtn} = Z Zcﬁx{f —>Inil’1
i=1 =1

npu yeaoeusax (3.26), (3.27), rue nmepemenssbie Xyj, Wy IPHHHMA-
KT TONBKO HeoTPHIATEILHEBIE Helble JHATEHAA.

K aagavam memoumcienHoro mporpaMMHpOBaHMS NPHBOIAT
Tarie MHOrHe ONTHMATBHBIE 3afaduil mMeopuUu pacnucanuil, B
KOTOPOH pPaccMATDPHBAIOTCH METONE! ONTHMIIAIIHH anepamn;m-
KaJIeHIAPHOrO MJIAHHPOBAHHA. B KauvecTBe npumepa Taxux samau
MOFKHO IPHEBECTH 384Ty ONpe/leleHHA ONTHMATLHOH OYepeqHOCTH
obpaboTKN M3feNHii HA PASIMYHEIX CTAHKAX HMIIH IpYyTHX paboux
MECTAX, 3allay COCTABJIEHHUSA NPOTPaAMMEl «THCIIeTYeDs ATA YIIPAB-
merna paboroii IBM B MyJbTHODOrDAMMHOM pPEXHMe M Op.

3.4. 3apaun MHOroKpUTEpHanbHO ONTUMU3ALIUK

B nmpaxTuueckoll meATenbHoCTH uacTo BCTPEYAIOTCH 38084y
SAKJIIOYAIOIHecs] B MOHCKE JIyymiero (ONTHMAaJBHOTO) DEDIEHHF;
IPH HAMHYMH Das/IHYHEIX HECBOAMMEIX ADYT K APYTY KPHTepHeB
OnTHMAJNRHOCTH. Haupumep, DpuHATHe pemenus o CTROHTEILCTEE
JOpoTH B ofhean ropoia IOMEHO YIHTHIEATE TAEHe (PaKTopsl
KAK BEIHIPBEIIOD TOpoJa B HeloM Mo coofpa)eHMax BI{GJIDI‘HH’
NPOUTPEINI OTAETBHBIX NPeIUPHATHH B QHDM, RaTpHMe]p na-as:
YMEHI:II[EH“HH NpoesHAINY Yepes Topog IIG"I‘EH]IHHJIEHI—-;':I{ no-
Kyliarelel M MHOTHe Jpyr#e. Ecnu raxoro poja sagawn peima-
IOTCH MeTOZAME MATeMATHYECKOTO IPOrPAMMMPOBAHWS, TO TOBO
0 gadauax MHOzOKpPUMEPLANLHO OfMUMUIALLL, éTH :m,qrﬁ?;
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MOTYT HOCHTH KAK JHMHeHHBIH, TAK M HeIHHeWHEIN XapakTep.
[locKOJBEKY MeTOfbl PeIleHHs TAKHX 3afay MaNaraloTed HIHe
AR TpMMepe JHHeHBIX MHOIOKPHTePHANPHEIX ONTHMHIATHOHHBIX
gana4, aTo ofkACHAET pACCMOTDeHHE arToif TEMBEI B JAHHOH TIJAEE
yuefHOTO TocODHA.

Bagauyy MHOTOKPHTEDHATRHOH ONTHMH3AIHM BOZHHKAIT B
Tex cAYIAHX, KOTAA HMeeTcA HeCKONMbKO IeeH, KoTophle He MOryT
GLITH OTpAsKeHBl OJHAM KpuTepHeM (HAIpHMep, CTOHMMOCTEH
uapesHEocTs). Tpefyerca HaliTh Touxky o6TacTH AOMYCTHMEIX
pellleHHH, KoTropad MHHHMHIHDPYET HJIM MAKCHMHZHpYeT BCe
rarne KpuTepun. Ecau B nogobroro pofia saga4ax peHdb HIET HE
0 PA3HODORHKIX KPHTEPHAX HEKOTOPOH CHCTEMEI, & O CONOCTAB-
MeHHH ONHOPONHEIX KDHTEDHEE PasHBIX ee IoJCcHCTeM (EampHMeD,
oTpAc/N, TPYNIEl HACEJeHUA | T.IL.), TO 9TH aadaui HOILLEANMCA
FadaraMy SeXMOPHOIL ONMUMUSAYLL.

OBoamavum i-if uacTHEN xpurepuii uepes Z,(X), rme X —
JIONMYCTHMOe pemedne, a obgacTh [AOOYCTHMBIX pelleHHH —
uepes @. Ecin yuecTs, 4TO H3MeHeHMeM SHAKA (DYHKIWNI Beeria
MOMHO CReCTH 3ajgaduy MHHAMHZAIHE K 3ajlade MAKCHMH3IAIIHH,
To KpaTKO 3ajayy MHOTOKPHTEPHaJBHON ONTHMH3ALMH MOKHO
¢diopMyTHPOBATE CIEAYIOMIHM ofpasomM:

Z(X) = (Zﬂf}: Zz[f},-.-,zm{f},>—}m&x, (3.29)
X eq. (3.30)

HekoToprle yacTHBIE KPHTEPHH MOTYT TPOTHBOPEHMHTE APYT
ADYIY, APYTHEe AelcTBYIOT B OJHOM HANDPABIEHHH, TPETHH — HH-
nuhdrepenTHE, GespadiHYHEl APYT K ADVTY. TloaToMy IIpOIEce
PellleHHA MHOTOKPHTeDHANBHEIX Ja e HEHBEB:’KHG CcBA3AH C
JKCIePTHRIMH OIeHKAMM KAK CAMHX KPHUTeDHEB, TaK H B3aHMO-
OTHOMEHHI Mexgy Hump. HasecTen paj MeTONOB pelleHHA 3a-
Jla4 MHOTOKPHTEPHANBHOE ONTHMH3AMN:

» ONTHMMSALNA OJHOTO IPH3HAHHOrO Haubojee BAXMHBIM KPH-
TepHA, OCTANbHBIE KPHTEPHH IPH 8TOM MTPAIOT Poik AOTIOJ-
HETeILHBIX OTpaHuueHnit;

& YIOPAIOUeHHE SAJTAHHOTO MHOMECTER KpHTepHeR H nocjaego-
BATeNbHAA ONTHMH3AINA TI0 KAMAOMY M3 HHX (3TOT IOAXOX
paccMOTPEH HIDKe HA IpuMepe Memoda nocaedosanmenvibly

yemynoi);
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¢ CBelleHHe MHOI'MX KPHTEPHEE K OJIHOMY BBeJeHHEeM aKCIIepT- .
HBIX BECOBRIX KosMDHMITHeHTOB [IA# KAKIOTO M3 KEPHTEDHER
TaikHM obpasoM, uro bojee BaKHBIL KpHTepHit OOIyUaeT 6o |
Ilee BRICOKHMH Bec. ]
Bosepamasecs ¥ sajjade MEOroKpHTEPHANLHOM DIITHMHSATIAIT

B obmelt nocranoere (3.29), (3.30), oTMerHM, YTO B HAeaTLHOM

CAYVHAE MOM(HO BECTH HOMCH TAKOQTO PellleHHH, HOTOpOe OpHHEAn-

JAHT HNepeceqeHHIo MHOMEeCTE ONTHMAMLHEIX DPelleHHi BCEX
OAHOK PUTEPHANBHBIX 3agau. OaHaKO Takoe ImepecedeHHe obbINHO :
OEASBIBAETCH ITYCTBEIM MHOM(ECTBOM, IOSTOMY [IPHXOLHTCA pacemar-
PHEATL TAK HASEIBAEMOE <¢IEDETOBODHOEs MHOMECTED athher-
MueHbLY pewenuil (onmumarsiblx no Tapemao). Kpurepmii on-
THMATEHOCTH HTANBAHCKOro axoHomucra B. Ilapero mpusensercs
HpH pellleHHH TaKWX 3aJay, KOrJia ONTHMHSANHA O3HAYAeT yayd- |

IIeHNe OAHHX IIOHABATENeH UPH VCAOBMH, YTOGH APYIHe He yxXyn-
IIIAaITHCE.

Ompepenenue. Bexrop X €@ HasmBaerca 3ddeKTHERBIM
(onTumaneEEM 1o [laperto) pemyermen samaun (3.29), (3.30),
ECIH He cYIIecTBYeT TAKOID BeKTopa X =@, uro

Z;(X)2 2,(X"),i=1,m, (3.31)

npudYeM XoTd GBI ONA OJHOrO 3HAYSHMS | MMEeT MeeTo CTPOTOE
HEDABEHCTEO,

MuosecTBO  fonyceTHMEIX PeIleHnii, Jifs KOTOPEIX HeBO3-
MOFHO CGIHOBPeMeHHO VIVHOINTE BCE UACTHERIE MOKA3LTEIH a-
theKTHBHOCTH (T.€. YAVUINHTE XoTH Gl OHH H3Z HHX, HE VXVI-
IAA OCTANBHEIX), OPHEATO HAIERIBATE O004CHBIO ITapemo, wan
00RACMbID KOMIPOMUCEDS, A OpHHagIexamae el pemeRms —
IPpermusHbLMIL, WM ORMUMALLHBLML 7O ITapemao,

B ofmem cayuae adiexturmie PelIeHHA He SKBHBATEHTHL]
APYT IOPVTY, TAK UTO OPO ABEA ONTHMANEHBIX IO IMapero pemmenus
HEeJIL3A CKA2aTh, KaKoe M3 Hux syume. IMosromy OpH pPeileHHR
MHOTOKPHTEDHANBHBIX 3889 HeoOXO0JHMO JOMOIHHTEIEHOS nay-
UeHHe 3QPeKTHBHLIX pemeHmii. J[1a 8Toro MOMKHO GBUO Bar
ehOpMYNIMPOBATE HEKOTODEIH KEPpUTepHi H ONTHMH3HDOBATEH €ro
Ha MHOKeCTBe HpheKTHBHEX pemenuii. OTHAKO NPH 9TOM Bo3HM-
Kal0T JHAYHTENbHEIe TDYAHOCTH B CBASH ¢ TEM, UTO, KAK IPABHIO,
obJIacTh KOMIDOMHMCCOB HE SBISETCH BEINYKJI0H, H OONVYeHHAR
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aamayn B oﬁmem clydaae ﬁy,ﬂ;ET 3&,]1&"—1&171 HeBERIOYHE.TOID I;fﬂﬂ;el]:;;
mppoBaHpa. OGHMHBIN MOJX0J 3aKITIOYAETCH B ﬂTup ki
¢CBEPHYTh# YACTHBIE KPUTEPHH B ONHH ofobmieHHEH mlp;-
eIl KpPWTepHil, ONTHMH3IAIHA KOTOPOre OPHECGAHT K OITHM e
HOMY PelreHH0 3ajaYd B IejIon. ‘t‘ﬂpM}TJIH'EIDDKﬂ HD,EI,KOJIHII;HD-
obobieEHEOTO KPUTEDHA B 3aBHCHMOCTH OT ItDHRpETHLIX“}" il
gMil Kaxk pas H ABJAETCH OCHOBHEIM BONPOCOM, KOTOPEIM W3V
yaeTeAd B MHOTOKPHTEPHANBHOH ONTHMH3AUHH.

P HexoTOPBIX CIVUAAX BMECTO OJHOID ﬂﬁﬂﬁI.U,EHHDr'Du KpHTEPHA H
peneHIs OfHOH COOTBETCTRYIOLIEH 3a/jauM CRATAPHOK omuaai
iy IpejIaraeTcA PACCMATDPHBATE IIOC/EA0BATEILHOCTE me;_
HBIX KpPUTepHeE H IIOC/IE/IOBATE/IBHOCTE 3AMaY CKANAPHOH Gmoa_
sanud. I codkasieHH0, MHOTHE H3 OIIMCAHHBIX B JHTEPATYDPE IO
HBIX MpOIeAypP He BeeTfia IPHBOAAT K s(ipeKTHBHEIM DeIleHHAM.

PaccMoTpHM ONHH M3 TAKHX METONOB PelleHHA MHOTOKPHTE-
PUANBHBIX 3ajad: Memod nociedosdmenbHbly YCmynow,

Meroj mHociefOBaTeJBEHEIX YCTYNOK PelieHHs 3ajay 1«1141-::11»:-&—L
KpUTePHANLHOH ONTHMM3ALKN TNPHMEHETCA B CIyYae, K[}I‘,ﬂ_
yaeTHEIE KPHTEPHH MOTYT OBITE YHODAZOHEHHL B MOpsAIe yOBI
BAHTA HX BampocTH. llpefmoios M, 4To Bee YACTHBE KPHTEPHH
MAKCHMHIHPYIOTCA H NPOHYMEPOBAHEl B NOpPALKE yORIBAHHAA HX

*
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BAHOCTH RPHTE‘PHH B UﬁﬂﬂﬂTH OOy OCTHMBLX pelieHHH noyremM
DelmeHHa D}IHDKD]:'ITEPH,B.HLH{E'I JaaaH
Zy (X)) — max,

X X =0: )

BaTeM, HCX0/A U3 NPaKTHYECKHX coobpayXeHHH M NPHHATOH

ToYyHOCTH, HadHa4YaeTCH EeIHYHHA ToOyCcTHMOIO GTKJIOHE;HH

8; > 0 (sxoHOMHYeCKM ONpABLAHHOI YOTYIKH) KpATepHA Z; H

*
HaxoJuTcA MAKCHMAILEHOE 3HAYEHHe BTOPOTO KPHTepHA Zj IPH

VCJIOBHH, YTO 3HAUEHHe MEepBOro KDHUTEPHSA He JOJMKHO OTKJIO-
HATECH OT CEOEN0 MAKCHMAJBHOTO dHaueHHA Oojee Yem Ha Be-
THYHHY ZOMYCTHMOH YoTYIKH,T. e. pellaercsd sagada:

Zz{f] —» ITAX,
Z*l{f} = z; o E'ln
T eQ:
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CHoBa HasHauaeTcs BeJNWYHHA YCTYNKM &g > 0 mo Bropomy
KPHTepPHIO, KOTOPad BMecTe ¢ IepPBoH VOTYIHOH HelonbpayeTcH ;l,JI-‘FIII
HAaX O IeHAA VCI0BHOTO MAKCHMVMA TPETRETO TACTHOTG l{prI'I"EpHH:'

Za(jf} —» max,
Z,(X) = %, -5y,
Z(X) = Zg = 8y,
X e

Ananoruunbie TPOLEAYPh NOBTOPAIOTCA A0 TeX MOp, MOKA He
6ymeT BRIABIEHO MAKCHMANbHOE 3HAYCHHE HOCAEQHEro 1o Ba-

HOCTH KPHTePHA Z,, NPH YCJIOBHH, UTo SHAYEHHe KAaXKIOTO M3 Iep-

BBIX /M — 1 UaCTHBIX KPHTEDHER OTJIHYAETCH OT COOTRETCTBYIOIIEro
VOJIOBHOTO MAKECHMYMa He Dojlee WeM Ha BeNHUHHY A0NVCTHMONR
YCTYHOKH II0 AaHHOMY KpuTepur. Ilonyuennoe Ha mochenmem
aTame pelleHHe CUHTAETCA ONTHMAIRHBIM. Clemver saMeTHTH
HUTO 3TOT MEeTO[H He Beerjia NPHBOIHT K adibeK THBHOMY pellleHMIo.

]

A Mpumep 6. Pemenne sagaun MHOTOKDHTEDPHANBHON OITHMHE-
SAIHH MeTONOM NOC/IeJ0BATelbHEIY YOTYIOK.

IIyers 3agaua TPeXKPHTEPHANTLHON ONTHMH3AIHH HMeeT BHI:

Zy = —x1 + 2x3 > max (3.32)
Zy = 2x) + x2 — max (3.33)
Zz = xy = 3xa — max (3.54)
o T
l<x <3 ;. (3.35)
l<x,<4

daMeTHM, UTo Tak Kak KoadhbHIMEeHTE IPH OJHUX M TeX e
NePEMEHHBIX B AAHHBIX YAcTHHIX KDPHTEPHAX HMET paZHEBIE
3HAKH, TO B 3ajJlaHHOH OBJACTH JONYCTHMEIX peleHHH HeBo3-
MOJKHO ONHOBPEMEHHO YIYUINHTE BCe MACTHEIE KPHTEPHH, T. €.
B paccMaTpPHBAEMOM ciydae oblacTh HoMOpoMHceon {ofracTs
Ilapero) copnmagaeT ¢ 061acTLI0 JOMYCTHMBIX PelIeHmil (2.35).
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Jlna onupefe/leHHOCTH OymeMm cUHTATh, MTO R?F%’?TEHI.E&:;’ ayu_
CVIKH 10 [epBhiM IBYM KPHTepHAM 3JajaHbl: By= 3; do= 5/3.
h MaxcumuasupyeM GYHEIHIO Z7 B obnacTH AGHFCT};MHQE%E}_
nIeHui, T. €. PelIaeM OJHOKPHTePHATBHYIO 3a/aty (3.32), (3. M.
Oro HecHoWKHo cAeJaTk paccMOTPeHHEIM B DL 2 rpadHyecKH y
MeTogoM pelleHHA 3agad AWHeNHOr0 IPOTpaAMMHDOBAHH

(cm. puc. 3.1).

Puc. 3.1

MaxerMmym (PYHEKIHH £ OpPHA YCIOBHAX {3.35) pmocrHraeTcd
5 Touke A obracta @ c koopaumaramu (1 :4), TaK 4TO B JAHHOM

CIy4as
xf =1; x5 =4 maxZ, = Z; =Z,(A) =T.

MepexogaM K MAKCHMHIAIHH dynkoun Zg IPH YCIOBHAX
(3.85) ¥ DONOMHUTEIBHOM OIpPAHITIEHHEH, 1103BOJ AIIIEM E}.ﬂm;:;,
yro mo KpHTepHIO £ Hels3d YCTymaTh fiojlee deM Ha dp.

* - 3
Kak B Hamem npeMepe Z; —06; = 4, To AONMOJHHTEJIERHOE OTPa
HHYyeHHe OyIeT WMeThL BHI:

-x, +2x, = 4. (3.36)

Banauy (3.33), (3.35), (3.36) raxxe pellaen rpadHuecKkH
(puc. 3.2).
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|
;i 1
2 i !
| I
1"----L'_' - —
: |
ol |
Oy pa T
Puc. 3.2

ITonyuyaeM, 9To mMakcHm [
: ¥YM  dyYHEOHE £s 1upn
(3.35), (3.36) noctHraercs B rouke B uacTH 4 ﬂénaczn QY":I'J;;B::;DK

Wk wE
x =8/3; x" =10/3; maxZ, =z} = Z,(B) - 26/3.
Tenepr ycTymaem mno xpurepmio Z» ma BENMMYHEY VOTYIIRHN

g =
2 = 5/3 u nonyuaem BTOPOE [ONONHUTEIBHOS OrpaHHYeHHe:

2x +x, 27,

{3.37)

MaxcumuanpyeMm dyarmne Zy npH yexoeusax (3.35), (3.36)

H ( = }- PE‘TJ.].&HHE B’I‘Dﬁ a3 T EI 1b (W) -

Pue. 3.3

Ta
pHBaef:i:; nﬁpaaum_nﬂnyuaem ONTHMANLHOE PeIleHHe PACCMAT-
TPEXKpUTEPHANLHOH 3afaun (Touka C Ha pue. 3.3):
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x1=2;x3 =3.

CooTBETCTBYIOIIME SHAUEHHS YacTHRIX KPHTEpHER NpPH 3TOM
COCTARTIAOT:

Fro7a SoEns A

3.5. HenuHeitHoe ¥ AMHaMKWYECKOe NporpaMMHpoBaHKe;
noHaTHe 06 MMUTALMOHHOM MOENMpPOBaHIH

Badava HeAUMelH020 RPOZPAMMUPOSAHUA (DOPMYITHPYETCH
Tax e, kak # ofmam safada ONTHMANLHOTO NporpaMMHpoBa-
uus, T.e. B Buje (3.38) — (3.40), co coepyromgMm TpeboBaHHAMMK
¥ meneroil (GYHKIMHM H JOIYCTHMOIL objiacTi: TejeBad (QYHK-

nua f(X) = f(xy, X2,.-., X, ) HIH (#) xora OB ogHaA H3 hyHEI A

gi(x1, Xg,ee s Xy )y i =1, M ABRAITCH HeIHHeHHBIMH:

max(min)f(xy, Xa,---2 %, )s (3.38)
gi(xy, %9, Xp) {ﬂ.s,z}bi, = 1,_n;, (3.39)
x; 20, j=1n. (3.40)

i

HamompuM, 4To [JA 3aja4 JHHeHOro MpOrpaMMHpPOBAHEA
XapaKTePHO cJAeyinee:
» MpuoecTRO AONMYCTHMBIX pelleHHii BBIIYKJIO. 9T0 BRINYKIOE
MHOMECTEO MMeeT KOHEUHOE YHMCJAO BepIOnH, HASLIBAEMLIX
oBLIMHO KpaiiHUMH (YTJIOBEIME) TOUKAMH.

¢ MHOKeCTBED BCeX TOUEK [x1,. ey :r,,] n-MepHoro IpocTpaHcTEa, B

KoTopLix IeneBad GYHEIHA OPHHEAMAET ZANAHHOE IHAYEHMNE,
eCTh FHIEePIIOCKOCTs (IHHENA) YPOBHA. Kpome roro, rHmep-
[LIOCEKOCTH, COOTBETCTEYIONUIHE DABHRIM SHAMEHHAM mexeBoi
pYVHEDHNH, TAPALIEIBHEL.

s JloxannHEIH max HIH mMin ABAASTCA TAKMe robaibHEIM
IMAX WJIA Min OefeBoi (GYHKIHH HA MHOMECTBe JONYCTHMEIX
pelnenwyii, T. e. He CYINECTBYET NOKANLHOTO ONTHMYMA IeNeRoi
GVERIIHH, OTTHIHOrS OT raobaILHoro ONTHMYMA.
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¢ Fomm onraManbHoe sHaueHWe memesoil GYHEOHE olpaHmJeHo,

TO OO KpaiiHell Mepe ogHAa KpaliHfs ToYKa MHOMKECTEA Jo-

NYCTHMEIX DeIIeHHH ABIASTCH OITHMANBIBIM PelneHHeM.
Kpome Toro, mauas o [IPOMBRONLHOH BepINHHEL MHOMCECTEA
HOUYCTHMEIX DeIleHHH, MOMKHO MOCTHYE ONTHMYMA 33 KoHeud-
HOS YHCTO IIaroe, IIpHYeM HA HAMIOM IDare COoBepIIaAeTeHd Ie-
- PEXOA TOMBKO B cocefHIOW BepmEHY. OKOHYATENBHO JaHHAR
BEPIMTHHA ABIASTCH ONTHMANLHOH TOTHA I TOMEBIO TOLHA, KoTga
SHAYMEeHHEe IeNeBoll (dyHEKuuM B Helf mo Kpaiimeit Mepe He
MEHBINe, YeM SHAUeHHMA HeleBolt QYHKIMH BO BeexX IpPHMEI-
KAIONIMX BEPIIHHAX.
¥ nmpomseoneHolt sagaun menmHeiinoro NpPOrpaAMMHPOBAHMA
HEKOTOPBEIE HJIH BCe NpHBeJeHHBIE BRIMle cBoHeTsa SJIIT OTCYT-
CTBYIOT. Benegereme sroro zafjaum HemmmeiiHoro nporpaMMepo-
BAHWHA HeCPABHEHHO cioykHee aagod JITI u mna mHux me C¥IecT-
ByeT o6IIEro VHHBepCalhHOTO MEeTONA PellleHHA (AHATOTHYHOTO
CHMIIEKCHOMY MeToay).

A Mpumep 7. Hatirn max ¥ min dyrxmm Z = f(xy, x5) = xf + x3
npH OrpaHHYeHHAX

’xl'xzﬂf-i

X +x 25

-
X9 2 6

%1 20, x;, 20,

Jluuuu yposms memesolf dymkmmn (£ = const) npegcrapnmor
coboll OKDYKHOCTH ¢ IEHTPOM B Hauage KOODIMHAT; ofracTh
ACUYCTHMBEIX pemleHMH He ABNAeTCA BRHINYKJION ¥ COCTOHT 13
OBYX OTHeNEHRIX uacrell (Ha puc. 3.4 ate wacrw AAMTPHXOBA-
HBL, THHMI YPOBHA TOKA3AHE! MyHKTHpoM). MuHMMaThHOe 3HA-
deHne QyHKuun Z = 17 pocturaercs B Touyxax A(1;4) u L(4;1).
DYyHKONA Z HMeeT ABa MOKANBHLIX MAKCHMYMAa: B Touke

D(2/8;6), roe dyuroua Z(D) = E;% » B B Touxe M(T;4/7), B xo-

Topolt dwynkmua Z(M) = 2417/49.

—

Toura M — Touka raobamrsHoro Makcumyma (puc. 3.4).

Puc. 3.4 4

Ocofoe MecTO 3AHMMANIT SajauH THIA
max(min}Z = f(x1, Xg,---2 Xy ) (3.41)
g{{xllel"-rxn]=ﬂ:i=19m: (3.42]

I/ pelreHHA KOTOPBIX MOXKHO BOCHOJNB30BATHCA macmmecmum‘;
memodon onmumusayuy Jlazpauyca, unu memodon paspeu;amf
wux muoxumenel. Ilpm sroM OpegmojiaramTt, HTo dyERIH

u g; (i =1,m) HenpepHIBHEI BMecTe cO CEOHMH IT€PBEIMH YacT-

HEIMH IIPOHIBOIHEIME.
Tlns pelmenus 3aJau COCTABIMIOT PyHiyuio Jazpauma

F(Xgyeens Xy hpaeers ) = flEy oy, ) +

iy
+) " Ry Xy, Xas s Xy
=1
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OOpefellAI0T YACTHBIE NPOM3BOJHEIE 3T0H QVHKIHMM OO0 mepe-
MeHHBIM X; (j=1,n) u mHomurenam Jlarpamza %; (i=1,m )
NpHPaBHHBAIOT HX HYJIIO M IOAYYAKT CHOTEMY VPABHeHHH:

2 i i
3 =i+Z:‘"~£ ger =0,j=1n,
i=]

5_::; dx; E}j
oF (3.43)
Eﬁ_li = gi{xlmxg,...,xn} =0,i=1,m.

B ocHore meroga Jlarpam:za pemmenms KiaccHYecKoll sagaum
ontuMHsanuu (3.41), (3.42) nemuT yrBepEIeHHe, uTe ecaH

A, w0

Z=flx),%9,...,x,) B Touxe X :{xf,xg..“.xﬂ}nmeetr aKC-

TPeMYM, TO CYIIECTEYET TAKOH BeKTOD {Iﬂ.ﬂ, l‘}, i i 3'..?“] , UTO TOU-
0 .0 0 40 40 50

Ka (X],X3,..., X, Ay, Agy.ey by, ) ABIAETCH pElICHHEM CHCTEMBI

(3.43). CrepmorarenpHo, pemas cucremy (3.43), moayuaem MHo-
JEeCTBO CTALMOHADHBIX TOYeK, B KOTODHIX DYHEOHA 7 MOMmeT
HMeTE aKCTpeMalbHEIe 3HaueHuA. IIpw aTom, xax mpaswuno, He-
H3BecTeH cllocofl ompeflefleHHMA TodeK NMIOBANLHOTO MaKeHMyMa
Wiy MHHEMYMa. OJHAKO eclH pelIeHHA CHCTeMBI HaiifeHBI, To
A7d onpeleqeHHA IIODANEHOTO MAKCHMYMA HIH MHHHMYMA Joc-
TATOUHO HAWTH 3HAUeHHMA QYHKINH B CODTBETCTBYIOLIHX TOUKAX
OBJIACTH Ompe/le e,

L Npumep 8. Haiitk akcTpemym hYHKIHE Z = X%y + XaXyg

Xy + Xy = 2‘
IpPH OIrpaHHYeHHAX
xz + x3 =5

Pemenue. CocraBrsem dynxumio Jlarpamka
F{Il, Ko, Xy, ?..1, ?-.2} = X1Xa + XoXg +

33 ‘I{Il +x2 _2}+ :‘hzixz + xg —2],

AucepeHIHpYEM ee [0 NepeMeHHEIM X1, Xo, X, A, Ay H TIOTY-
HEeHHBIE BRIDMMIEHHA NMDHPABHEEAEM HYIIO:
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onmi
:'ll..l +x2=ﬂ',
Xy + X3 +}Ll+?l.2=ﬂ1.
Iz *;ILE =ﬂ,

X +x5-2=0,
Xa +Ia—'2-_—'ﬂ,

M3 nepeoro M TPETHETO ypaBHeHHH CIemyeT, 4T¢ 4, = A3 = —¥a
Mo3TOMY
x) —2xy +x3 =0,
X1 + x5 = 2,
Xq + x3 = 2,

=% . TlockoaeKy, HANPHMED,
nacti u B Heit Z =0,
roura raodankHOTO

0 LoLprs 0
oTHYIA x{}:xg =x3=1 n Z
rouwxa (0;2;0) TpHHAATIEHHET gomyeTHMO 06
To jenaeM BBIBOJ, UTO TOHKA (1:1:1) —
MAKCHMYMA.

K kiaccy sajau HeTHHeHOTo OpOrpaAMMHpPOBAHMA, M3YIEH-
HoMy HapboNee OCHOBATEJNLHO, OTHOCATCA 3agauH ¢ THHeHHBIMH

OrpaHMYeHUAMH H wenmHeiHoil nenepoil yHKnMeii. B obmenm

BHe TaKAad sagaqa 3anHCHIBASTCH CIeyEOIHM GEPE.GGM:

o max(min)Z = fxy, Xz, -2 %p T

n r—

xjaﬁ,jﬁi,—f_t.

OrMeTHM, YTO gake [JIA 3afgaH ¢ MIHHeHHBIMH BI‘pﬂHHHEHH::—
M BRIYMCIHTEIBHEIE MeTOIBL paspaforaHsl THIOE B TeX -::jiytt
A%, Korja MHedeBas (QYHKIHA HMe&T onpejeleHHBIe CBOHMCTER,

k)
mampaMep, HyHEOHA Z cenapafeisiaq, T.e.

Z = f(x, %5000 %) = fil¥1) + fa (g )+e oty (20)-
AMUS ONTHMAJIBHOTO

TEICK
Yrofel rapaHTHPOBATL BO3MOMKHOCTE O
: b HajomeHBl foba-

pelmerysd, Ha (QYHKIHH f;{xj] monHED OBIT
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BOMHBIE OTpaHHYeHHA. [[pyTHM DpHMepOM MOTYT CIVIKHTE 34-
Ia4uy, B KOTODBIX IeleBad (PYHKOHA MoeT ORITE 3aHcAHA KaK
cymMMa AUHeHHo# M XBAIPATHYHOH (OPM, TAK TTO

[ n n
3=f{xl,x2,...,xn}—'ZGJII+ZZ£I”I£1:J; =
i=1 i=]j=1

= : 2 2
= Xy CoXo heetCpXy b 0 2]+ dyoXyp gy oy oAl v

Taxne HemuHeliHble 3afauyl HA3RIBAKOTCA 3ajadaMH Keadpd-
muwiozo npozpammuposanul. ITo0k OMTH VBePEHHEIM, YTO OII-
THMAIRHOR DEIIeHHe W B 5TOM clydae MoieT BeITE HalifeHo, Ha
BeJTHUHHEI d;j cleflyeT HANOMHTE HeKOTOPEIe OTPAHHYEHHA.

Hmemorea goctaTouHo sdieKTHRHEIE MeTO/IEl PeIleHHA 3aIaUH
GbLNYII020 NPOZPAMMUPOSAHILA, T.€. 3a0aYd MHHHMHEAOHH He-
JHHeHHOH, HO TVIAAKOH BEINYKIOH (DYHKIIMH IPH OTpAHHYeHHAX,
3a/JAHHBIX HeJHHeiHEIMH HepDABSHCTBAMM, ONpeIe ldI0NIHMH BhI-
NYKI08 MHOKECTED NepeMeHHEIX!

min iz, ..., x,), (3.44)
gi(x), 25, %) S by, i=1,m, (3.45)
x;20,j=1n. (3.46)

B ciydae MaKCHMHSAUMM B TAKHX 3ajauaxX Helepas GyHE-
OUA TOM:KHA DEITE BOTHYTOH. CHMNOMekCHBIH alropHTM OA#A pe-
mrenua ofmeit aagauu JIII mpegcraenser cobol HTepaTHBHYVIO
npoueaypy, ¢ NOMOIEI0 KoTopoll TOYHOE ONTHMAJRHOE pPellleHHe
MoeT OBITH MOJAYVYeHO 33 KOHeuYHoe YMclo Imaros. llna aamau
He/THHeiiHOTo IporpaMMHPORAHMA BEMMHCAHTENLHEIN MeToj, Kamo-
MMl ToYHOE ONTHMATBHOE DelleHHe 38 KOHeUHOe YUHMCNo IIATOB,
yAaeTcd TOCTPOMTH He Bcerga. 3jechk 4acTo MPHXOIHTCA COrja-
AThCA HA HCNOMbLI0BAHHE METONOB, JANINHX TONLKO IPHOIH-
JMeHHOe pellleHMe WM TPeGyIOIINX I8 cXOJHMOCTH DecKoHeUHOTo
YHCJIA LIATOE.

Opue us Haubodee MOINHBIX MeTOJOB PeINeHUA 34094 HelH-
HelHOTO MPOTPAMMHPOBAHHA COCTOMT B NPeoDpPA3OBAHHH 3aTauM
KakMM-THOo ofpasoM K BHIY, JOOYVCHAKIOeMY NPHMEHeHHe CHM-
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[LIEKCHOTO AJTOpHTMA. Ipupoga ﬂIpE.‘{iﬁpa:iDBEiHHHs-, £ TOMOIIBE
goTOpOro HelHHeiiHad 3a/iaua MOXKET DBITH npuBejeHa K QopMe,
AOTYCKAIMeH IpHMeHeHHe CHMILTEKCHOTO METOIa, OUeHb CHIABRHO
JaBHCHT OT THIa 3afaun. B HeKOTOPBIX cayuanx He TpebyercH
HHKAKOH IIpeJBApHTENLHOH ANNpOKCHMAIMH, B JPYTHX ANIpoK-
cpMana HyxEa. OfHAKO 9Ta allTPOKCHMATIA MOMKeT DLITE coeAaHa
¢i0JIb YTOIMHO TouHOM (UeHOoH YBelHHeHHT ofbeMa BEIYHCIEHHI).

Ilupoko NpHMeHAETCH zpaduenmHubLi memunﬂ, O= npefcTas-
1seT coboil MTepaTMBHYIO NpOLEeAypYy, B KOTOPOH [EpeXOAAT IIar
a4 MIATOM OT OIHOTO JOOYCTHMOTO pelleHHH K ApyroMy Tak, 4TO
sHAYeHHe HeleBoil (QyHKOHM yIayqlIIaercid. OgHaxo B OTANYHE
or cumMmiercHoroe Meroga JIII B HeM He HCHIONB3YeTCH Hepexo
oT OFHOH BepIIHHBI K APYroi. Boobige ropopd, A cm;mfmcrm
K PeIneHHIo alech Tpebyercd GeckoHeUHOR YHCIO HWTeRalHH.

B nociejHee BpeMs IMHPOKOe NPHMEHEHHE HAITLIH METO/E]
mrpabusx QyHKnui H baphLepos. Memod mmpaq’zm:fx yHKyLl
ANMPOKCHMHDYeT 3afiady ¢ OrpaHHYEHHAMH 3aTaqel Bes orpa-
HuueHni o hvEKNMe, KoTopad Hajaraer mTpad 3a BRIXON M3

oif objacTH.
Honf—ﬁ:::rmmmnaa fapvepos AHANOTHYHA METOLY mrrpadHBLIX QYHE-
i, OHAKO ANNPOKCHMAIMA 31eCh OCYIIeCTBAAETCA H3HYTPHY
nomycTHMOH 06JIACcTH.

BecbMa HOMedHEIM BEMHCTHTENBHBIM METONOM /717 peliieHns
HeKOTOPBIX THIIOB 3ajlau HEIHHEHHOTO [IpOrpaAMMUPOBAHMIA AB-
IFeTeH METON OUHAMUYECK020 NpPozPaAMMUDOSAHUR (i), lpu
pellleHMH 3afayd 2THM MEeTONOM MPOLECe pelleHHa pacteHAeTes
Ha 9TANE, pellaeMbie HNOCHef0BATeNLHO BO BpeMeHH H NPHBOJIA-
e B KOHEYHOM cueTe K HCKOMOMY permero. THIHBE ocobeH-
HOCTH MHOIOSTATTHBIX (MHOTOMIATOBBIX ) 3884, PEIIAEMBIX METONOM
AMHAMHYECKOro IPorpaMMupoBamnis, COCTOAT B CIIe/yIotIen:

» Ilpomecc Iepexofa MpPOH3BOCTBEHHO-3KOHOMWHECKOH CHCTeMEL

M3 OJHOTO COCTOSHHA B ApYroe [HOJIEH ORITE MAPKOBCEHM

(mpomeccoM ¢ OTCYTCTBHEM nocaefeiicTERA). ITO SHAYHT, 4TO

v |
ec/H cHcTeMa HAXOAMTCH B HEKOTOPOM COCTOAHHH S" e8,,
To JANEBHeiiIee PasBUTHE MPOLECCA 3aBUCHT TOJILKO OT JIAHHOIO
COCTOAHHA H He 3aBHCHT OT TOIO, KAaKMM IIyredM CcHCeTeMa IpH-

EefgHA B 9T0 COCTOAHHE.
» Tlpomecc ATHTCH OIpefeleHHOE YACIO [IAros N. Ha wampoMm

n
Hare oCVIecTBiAfeTcA RBIfOp ORHOTO ynpasieHEs 4, 0Oj
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BO3JeHCTEHEM KOTODPOro CHCTeMA NepeXoJHT HE OJHOTO COo-

croauua S B xpyroe S°tl: g” E; §"!, TlockoNBKY Ipolece

MapkoBckmii, To u" =u"(S")saBucur TOmBEKO OT TeKyImero
COCTOHHHA.

¢ Hamperii mar (erifop odepefHoro pellleHHA) CEASAH ¢ OOpe-
IeneHHERIM adberToM, KOTODEIH 2aBHCHT OF TeKVIIero co-

CTOAHHUA W IPHHATOro pemmeHus: ¢, (S",u").

o (Obmuit addert (goxon) saa N maros enaraeTcA H3 JOXOIOE

HA OTAeNLHGLIX -IIATAX, T.2. KPHTEPHH OOTHMAIBHOCTH JOJI-
#ieH ObITh ANIMTHEBHBIM (HIH OPHBOIAIIMMCA K HEMY).

TpebyeTca HAUTH Taxoe pelleHHe i nna Hamporo Imara

(n =1, 2, 8, ..., N), r.e. nocaegosarenssocts (ul, ..., uV), urobnt
NONYVUHTE MAaKcHMANEHBIH sdbert (goxon) aa N maros.

JIobad BOBMOMHAA DONYVCTHMAA OOCNeJOBATETEHOCTE DeIle T
(tel, ..., u¥) uaswigaerca empamezueli ynpasnrenus. Crpareras

YIIPpABNeHHA, JOCTABIAKINAA MAECHMYM HKDHTePHI) ONTHMATR-

HOCTH, HASRIBAETCA ORMUMEAEHOIL.,

B ochope obined wouuenuus smeroga I nemur npunyun
oRmumaaIbocmy Berrmana:

OnTuManeHaf cTpaTernda oblafjaer TaKHM CcBoHcTBOM, 4TO
HE3ABHCHMO OT TOTO, HAKHM obpasoM cHeTeMa OKAZANACE B DAC-
CMATPHEASMOM KOHKDETHOM COCTOAHHE, HOCHSIVIOMME DelleHHA
AOJHHBL COCTABJAATE ONTHMANBHYI CTPATErHK, IPHEASEIBAD-
mywed ¥ aToMy cocTofgHuio. MaremMaTHYyecKH 3TOT OpPHHITHII
3alnMceIBAETCA B BHe PeKyppeHmuozo coomuowenus JIT (BITIT ):

£,(S") = max{qanw". u") + foa (8" uM),

u® eu™(8™), 8" €89,,

rae u"(S") — Bce momycTHMble YIpaBIeHMA IPH YCAOBHH, UTO
cHCTeMAa HAXONWUTCH B COCTOAHME S7;

@, (8", u") — apderr or npunATHA pemeHHA u";

f,(8") — adberr aa ocraBmMecs n ATOB.
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Brarojapa TPUHIMIY ONTHMANBHOCTH YAaeTecd TPH MOCTIe-
IYIOIIMX TepexofaxX MCIBITEIBATE HE BCE EBO3MOAHEIE BADHAHTEI,
o awmms onTHMATbHEe Bhixozsl. PIIL noaBojiioT 3aMeHHTh TPY-
joeMKOe BRIUMC/IeHHe ONTHMYMA Io N EEPEMEHH&H‘I B HCXOJHOH
sagade pemendeM N aagad, B KAMLOH Hi HOTOPEIX ONTHMYM
HAXOMHATCH JHIOL 10 ogHOH NepeMeHHOH.

Mmeercs oueHb MHOTO IPAKTHYECKH BAMHBIX 3alat, KOTO-
phic CTABATCH M DeINaldTCH KAK aamaan JII1 (sagays o 3aMeHe
ofopyAOBAHAA, 0 PAHOE, pacnpe/eleHus pecypcoB H T.1.)

B xauecThe IPHMepa NOCTPOEHMIA PJIII paccMoTpHM HCIoJh-
aOBAHNE MPHHITHIIR ONTHMANBHOCTH A PEEJI'FIBEIHHPI MATEeMATH-
yecKoll MOAeIH 3afadd ONTHMAIBHOrD pacnpefejieHHA HEKOTO-
poro pecypeca B obmeMe x:

max [y (x;) + 9z (axz)+ A x (xy)}
X+ Xot Xy =X

Y

jzﬂ;f'—‘ﬁm

¥ f= OM;
roe x; — KOMMUIeCTRO pecypea, HCeIonL3yeMoe J-M crocobon;

¢;(x;) — Aoxox oT npumMenenua crocoba j, j =1, N .

PexyppeHTHbIE COOTHOINEHHA, © IOMOIIEI0 KOTOPEIX HAXO0-
nuTeA pelleHHe 9TOH 3agaty, HMenT BHI:

() = max{o, (%)},
4 N g o
£.(x) = max{o, () + foa (¥ — 2 7 = 2,N,
0sx,=x
b Mpumep 3.9, HaiiTn MaxcuMym QyHKIHHN
F(X) = 8xF — 4xy + 32)
IpH OrpAHHIeHHAX

x; 2 0, x; — neible; j=1,2,3.
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Pemenne. Ilenresas dyaxuua sagaun [f(X) sBisercs
AIHTHEHOH, TAK KAK €8 MOM(HO OpPeJCTABHTL B BHOE CYMMBI
hyHEIHIE fj-{xj], Kampmad HE HOTOPEIX SABHCHT TOJABKO OT Of-

HOH IlepeMeHHOH Xj:

f(X) = Fi(x) + falxg) + 3 (x5),
rae fi(xy) =3xf;  fylxg) = —dxg;  fylxg) = 35,

Haxomam fi(A) = max 3z> . IlocKoNLKY Ha mepeMeHHBIE ¥;
1 1 N P i

HAKJIAILIBAIOTCA VCIOBMA MeI0UHCIEHHOCTH B HeoTPHIATE/ILHOCTH,
A
100 = x; = [Z} (anax [ ] o003HAYAET MEeIYI0 YACTE YHCNIA, T.€.

HaubomblOes llefoe YHCAQ, He IIPeBOCHKOIAINEe AAHHOE); TAKHM
obpasomM, x; E{ﬂ, 1, 2}. s wasigoro PpHKCHPOBAHHOTO SHAYe-

HHMA A BEIUMCNAeM 3HayeHHe byHKnu fi(L) 1 BEIGHpaeM cpean

HHY MAKCHMANBHOE, IPH 3TOM B COOTBETCTBHH C OrpAHHAYEeHH A-
MH 3aga4H A MOMeT OPHHHMATE Bee Iennle suadennd or 0 mo 8.

Hanee BeIUMCIAeM:
f2(A) = max{—4x, + (A - 3x,)],

ana seex 0 < xp <

Wi

f3(8) = max{Exg + fa(8 — 2.'1:3]]

ang eeex 0 £ x5 < | =

Bee puiumciennA OpHBelNeHEl B Tabx. 3.14.

Taxun ofpasom, max f(X) = maxfz()) = f;{S] =192, OnTu-
MANBHYIO CTPATErHI0 HAXOMAHM clefyrmem ofpasom. CHauama

VOTAHABJIHBAEM, YTO x; =4 (cooTBeTCTBYET MAKCHMAILHOMY SHA-
*

yernio 192). 3navenne xy = 0 HAXOAHUM M3 COOTBETCTBYIOIIHX

rpadp Tabn. 3.14 qna A =8-2x3 =8-2-4=0 (f(A)=/(0)=0

npH :x:;r = 0).

& * EoH
Ianee HaXOfHM 3HAYEHHE X; = 0 gna A=8-2x3-3xy =

_8-9.4-38-0=0 (f;(A) = f,(0) = 0 mpu x; = 0). Taxum obpa-
30M, ONTHMANEHAS CTPATETHSA HMeeT BHA {(0; 0; 4).

Tabnuua 3.14
(%) fa () fa(h)
¥ x1=0 1 =1 ‘ 1'1-2 xg=0 ] x3=1 i Xg=3 I&ﬂﬂ ! x5=1 l xg=2 I Ig‘“ﬂ- |xﬁ“’4
1] 0 0
1 0 0
2 0 0
3 o 0 —4
4 0 3 0 -4
] ] 3 0 —4
6 0 a3 0 =4 =8
T 0 3 0 =1 -8 :
8 0 a 12 0 =1 =8 12 G 27 g1 192

4

PaccMoTpHM jajiee pAjl OCHOBHEIX [IOHATHI, CBASAHHBIX C LLAML-
MAYUOHHBLM MOOEAUPOSAHUEM. Bo Beex paccMATDHEAEMBIX BBIIIE
ONTHMANBHEIX MOIeJIHX TAK HJIH HHaYE HPE‘}J,IIGJ'IE.I"EJI&CI; BO3MOH-
HII}GTI; HeIoAR3I0BAHMA AHAMHTHYECKHX MeTOHO0B pelneHMst, D,IE,HE.KHD
File: | MHOIHX 3arad aHalH3a H Y.I.'ipﬂ.BJIEHHH B SHOHOMHES TAHOH
BOGMOKHOCTH He cyllecTeyeT. Eem iayuaeMele Mpolecchl UMeloT
ABHO HeMHeMHEIl XapaxTep M IIDH 3T0OM OCJOKHEHEI PAZHOrG Po-
/ia BEPOATHOCTHBIMH XapaKTepHCTHKAMH, TO O MpaKTHYECKH I10J1e3-
HOoM AHAJAUTHYECKOM pelmeHWH He MOseT GRITE H peuiL. B sTHX
CIyuAAX MOTYT GBITE IPMMEHEHBI METONEI MAULULHHOL LML,
r.¢. MeTOABl PKCIEPHMEHTAJRHOIC HAYYEHHH CONHMANBHO-IKOHO-
MEgecKHx cHereM c momompo OBM. MarmmmHHAA HMHTAIHA IpH-
MeHgeTea TOTa, KOrjia PealbHblil SKOHOMMYeCKMi SHCTIEDHMEHT
o KARMM-THG0 IPHUHHAM HEBO3MOJKEH, H TOTAA HMHTAIIHA BbI-
cTYIIAaeT B KadecTBe 3aMEHEI PeanabHOro sgcnepuMedTa JH00 B
KouecTRe NPeIBapHTENRHOTC JTaNa, [03BO/AIOINEro NpHHATE Donee
ofocHOBAHHOE PelIeHHe 0 IPOBeAeHIH TAKOro SKCIepPUMEHTA.




126 Faaea 3

ITprn mamuaHOH HMHATATHH (QOpMHPYETCH TAK HAZLIBASMAS
UMUMAYHOHKAA CUCEemnd, B KOTOPYI BXOIAT UMUMOUUOHHESR
Modeas, HMHTHPYIOWIAS MecleIVeMeli npoiece, ¥ Habop anro-
PHITMOE ¥ IDPOCpaMM, NPejlHASHAYEHHRY KAk 118 obecledeHHd
muatora degopera H JBM (snympennee mamemamuieckoe obec-
nRewerue), TAK W A pellleHHy 3ajiad THIOA BEOLA H BLIBOJA HH-
tdhopmanny, GopMHpoBaHKMS Basnl MAHHBIX W T.[. (SHeUHEEe Ma-
memamuyecrkoe ofecneverue), Muuranonnas Mojieib NPH 5ToM
CcaMa #ABIATCHA CEoero poga nporpavmod gma 3BM. Ilpaxtiie-
CHOE IPHMeHeHHe TOH MOJelH 3axIUaeTcd B HabMOeHHH 3a
pesyILTATAME BeckMA MHOTOBADHAHTHEIX PACHUeTOB II0 TAKOMH
OpoTrpaMMe OPH PASIMYHBIY 300BaeMBIX SHAUCHHAX BEOJMMBIX
IHBOTEHHHX NepeMeHHpx. B npoliecce AHANNSA 3THX DPEaVIBTA-
TOR MODYT OBRITE CHENAHEI BBRIBOJBI O IOBeJeHHWH cHcTeMEl Oed ee
NOCTPOERHNWA, ec/IH 3Ta CHCeTeMa TOJNRKC IPOeKTHDPYeTcd, Ge3 EMe-
MATeNLCTEL B €8 PYHKOIHOHHDOBAHHE, €clH 3Te JeHceTBYIOIIAR
cHCeTeMa, M 0e3 ee pASpPYIIeHHA, €CIHM Ielbl0 SKCIIepPHMEeHTA AB-
nAeTcA ONpeleNeHHe TPeJel]oE BO3IeHCTENA Ha cHeTeMy. Taxum
obpasoM MoryT BLITh HOCTHIHYTHD IEAH JHOHOMMHKO-MATEMATH-
YecKor'o MOJedHpPOBAHHA B TeX clydaiX, Korja analuTHYecKos
pellleHHe HeBOIMOMHO.

[Ipomece mocaefoBATRIEHOH paspaloTHA HMHATANHOHHOH MO-
IenH HAMHHASTCA ¢ CO3TAHMA IpocTol Mogeld, KoTopad 3aTeM IIo-
CTETEHHD YCAMKHASTCH B COOTEETCTBHH ¢ IpPelBABIAEMEIMH pe-
imaemoil npobaenmoi TpefopammAnmE. B KaKIoM IHEIe HMMHTA-
MHOHHOTG MOJEIHPOBAHMA MOMHO BRLISINTE CAeIVIOIINe STAIIEI:

1. DopMynIHpOEAHMe DpodleMbl; ONHMCAHHe HecdelyeMoil mpo-
BuremMbl H onpegeneHMe eJed HocleIoBAHHA.

2. Paspaborka MogeJH: [OCHKO-MATEMATHYECKOE OIHCAHHE
MOJeIHDYeMOH CHCTEMBl B CODTBETCTBHH ¢ (POPMYIHDPOBKOMH
npobaeMEl.

3. llogrororksa DaHHBIX: HAeHTHOUKANWA, clelwdHranms ©
chop DAHHEBIX.

4, Tpamcnsuma MOmelM: IepeBol MOJEIH ©0 CHeOHATLHEIX
HMHTAIMOHHLIX H3LIKOB, HCOONBR3YeMEIX Ha arame 2 (CHI-
M¥JIA, CITAM u ap.), Ha HablK, OPHEMIEMEBIH /8 HCOIOIh-
ayenoit JBM.

5. BepudHxamusa:; yeTaHOBIeHHe NPABHIBHOCTH MANITMHHEIX
IpoTpaMM.
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6. Banmmpmauusa: omenxa Tpebyemoit TOYHOCTH H aNeKBATHOCTH
MMHTAIIHOHAGH *MOJEIH.

7. [InarppopaHye: ompejejeHHe yCIOBHH NPOBefeHHA MAlIHH-
HOTO SKCOepPHMEHTA © HMMHETANHOHHONE MOIeIbi.

8. DKCNepHMEeHTHPOBAHNE: MHOTOKDATHBIH ITPOTOH MMHTAIHOEHOH
monenu Ha DBM paa nonyuennsa Tpefyemoil HEODMAIMH.

9. Auanu3 pe3yILTATOB: M3ydeHHe PeayabTATOB HMHTAIMOH-
HOTo 9KcIepHMeHTA 1A IOATOTOBKH BEIBOJOB H DPEKOMEH-
AU 10 PemIeHHIO I1PobIeMBbl.

10. Peanuzaliia ¥ IOKYMeHTHPOBAHHE: DeANH3allHd PeKoMeH-
naiuii, NONYYeHHLIX HA OCHOBE MMUTAIIHH, ¥ COCTABJIeHHE
DOKVMEHTALIHH 10 MOJelH H ee HCINOAb30BAHHIO,

3.6. Mopenu ceTeBoro NnaHMpoBaHus W yNpaBnieHus

Cemeaoii modeavio (IpYTHe HASBAHMA: CEMEBOl zpagui, cemb)
HAZRIBAETCA JKOHOMHKO-MATEMATHMeCKAR MOek, OTPAMAaIOUIaA
xoMmIexe pabor (omepaiuii) 1 cobplTHIl, CBASAHHBEIX C peajidaa-
nueil HEKOTOpOre HpoeKTa (HayuyHO-HCC/eJ0BATENbCKOro, IIpPO-
H3BOJCTECHHOTO M fp.), B MX JIOTHYECKOH M TeXHOJOTHUeCKOH
moCTe0BaTe ILHOCTH ¥ CBA3H. AHANHA ceTeBoil MOJeNH, Hpej-
crapneHHol B rpadudeckoll Wi TabmuyHoll (MarpudHoi) dopwme,
1103BOJIAET, BO-TIEPBEIX, Oo/lee YeTKO BLIABMTH B3AMMOCBA3H JTAlOB
peanu3aliiy [IPOEKTa M, BO-BTOPBIX, ONpPefenTh Hanbojee OITH-
MATbHBI TOPANOK BHIIOMHEHHA STHX ITANOB B IENAX, HATIPHMED,
COKPALEHH CPOKOB BHIOMHEHHA BCEro KOMILIeKea pador. Taxwm
ofpasoM, MeTOIb! CETEBOTO MOJENHPOBAHMSA OTHOCATCH K METOjaM
NPUHATHA ONTUMAILHBIX PeIleHnii, 4TO ONPABJBIBAET PACCMOT-
peHHMe 3TOro THIA Mofejeil B OaHHOH rinase.

MareMarTHueckuit ATNApDAT CeTeBEIX MofleNeli GasHpyeTcH
Ha Teopun rpagos. I'pagom HA3LIBAETCSH COBOKYIHOCTE ABYX KO-
HewHEI¥X MHOM(ECTE: MHOJKECTBA TOYEH, KOTODEIE HA3LIBAIOTCA
fepwuHaMU, ¥ MHOMKECTBA MApP BePIIMH, KOTODBIe HASBIBAIOTCH
peGpamu. Eemn paccMaTpHBAeMble NAaphl BEPIIHH HABNAKOTCA
YIOPAACYeHHEIMH, T. €. Ha KamJoM pebpe safgaeTcHd HANDPABIE-
Hie, To rpady HAILIBASTCA OPUEHIMUPOSAHHbLIM; B IPOTHBHOM
ciyuae — HeopueHmuposanHsiy. [locneloBATENBHOCT: HEIIOBTO-
paomuxes pebep, BeAVINAA OT HEKOTOPOH BePUIHHbBI K ApyToii,
ofpasyer nymb. I'pah HaspIBAETCH CEAIHbLM, ECIH JIH Ji06BRIx
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ABYX €ro BepOIHH CYIIecTBYeT IIyThk, HX COeAMHAINHN; B NPO-
THEHOM clyyae Tpad HasbiBagTCH HECERIHBLM. B E}KOHOMHHE:
Yallle Beelo HCMONBAVIOTCA JBa BHAa rpadoB: JepeBo H ceTh,

Hepeso npejerasnger coboll cBasHell rpad 6e3 IHKIOB, HMEH-
MU MCXOAHYIO BePIIHMHY (KopeHs) M KpaiiHHe BepIIHHEL; IVTH
OT HMCXOJHOH BEpPIIMHBI K KpaiHMM BepIIMHAM HAIBIBAIOTCH
gemeansit. Cemb — 9T0 OPHEHTHPOBAHHBIH KOHeUHEIH CEA3HEIH
rpad, MMeIqHE HATAIEHYI0 BePIIHHY (LCMOYHLK) H KOHetumf

eepinuay (cmok). TakuM obpasomM, ceTeBad Mofelh IPEICTABIAST

coboil rpad BHOA «CETH».
B skoHOMMYeCKMX HcclefoBAHHAX ceTeBhIle MoJelH BO3HH-

EawT OpH MOoASeJHPDOBAHMK HOHOMHYeCHHX IpPOIleccOB METDI[EMH-

cemesozo naanuposarua u ynpasiesus (CITY).

Obberrom YOPABISHHA B CHCTEMAX CETEEOTO ILIAHMPOBAHMA
H yOpaBjeHHA ABIHNTCA KONLIEKTHBEL HMCIOJIHUTeNell, pacmosna-
FAOINHX oNpeleleHHBIMH DecypCaMy B BBRIIONHAIIOHX oIpefe-
JeHHBIH KOMILIeKC oNepanuil, HoTopeili npHasan ofecmedHTh

AocTH)HeHHe HAMedeHHOH IeNH, HAIIpDHMeD, paspaboTKy HOBOro

H3[eJIiH, CTPOUTEeNLCTEA 06BeRTa H T.10, :
Ocuosoit CIIY aexserca ceresas mogens (CM), B Koropoi
MOJeTHpYeTed COBOKYIIHOCTE BEAHMMOCEBABAHHEIN paboT M cobbITHH,
OTOOpasKAKINAX [IPOIece MOCTHKeHHA ONpefeleHHOH Irejw.
Ona Mo:xeT GBITE NPeACTABIEHA B BHAe rpadHKa MIH TabaIumsl.

Ocnopuble noEaTua CM: cobririe, pafora u nyre. Ha pue. 3.5
rpacdugecku npegcrasrena CM, coctosamas na 11 cobpiTmit m

16 pafor, TpoJOAHHTENEHOCTE BHIMONHEHHS KOTOPHRIX YHKAasAHA
Hay paboTan.

Pafioma xapaxrepHsyeT MaTepHanbHoe [eiicTEHe, Tpebyioniee
HCIOAB30BAHAA DECYDCOE, MAM JIoTHUEeCKOe, TPeOVIOINee JTHIIE
BaauMocpAsH cobBITHH. IIpw rpadmdeckoM OpefcTAEIeHHH pa-
Bora uaodpax;aeTed CTPeNKoH, KOoTopas CcoeIMHAET IBA CODBITHA.
Ona obosHauaeTca Napoil 3aKMOYeHHEX B crobku umcen (i), nie i —
HOMep coBBITHHA, U3 KOTOPOTO paboTa BRIXGANT, a | — HOMEpP co-
OeITHA, B KOTOpoe oHa BXoguT. Pafora He MosKeT HaYaAThCH pPAHEL-
e, 4eM CBepIIHTcA cobkITHe, M3 KOTODOTO OHA BRIXOOHT. Ham-
fag paboTa HMMeeT ONpefeleHHVIO NPOROJIMKHTeIsHOCTH t (i,7).
Hanpumep, aanuck ¢ (2,5) = 4 oanavaer, uro pabora (2,5) Hveer
OPOIOJKATeNbHOCTE 5 eguani. K paforaM orHocATed TaKEe
TaKkHe Mpollecchkl, KOTOPEe He TPeGYIOT HH pecypcon, HH BpeMeHH
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gRIMTOJIHEHHA. OHE 2aKNIOYA0TCH B YCTB.HDB.‘IEHHH JorH4ecHOoH
p3AMMOCEASH paboT M MOKAIBIBAIOT, UTO OLHA M3 HMX Hellocpesn-
CTBEHHO SABMCHT OT APYTOil; Takue paboTEl HASLIBAKOTCH chuicmiLe-

ybipt W Ha TpaduKe M30OPAMANTCA MYHKTHPHBIMH cTpelKaMHi

(cw. pabory (B L0

Pue. 3.5. Cemesas modenb

Cobbimuanmy HASHBAIOTCS PeayibTATbl BRIIONHEHHA oo
r. OHH He WMeKT IPOTAMEHHOCTH BO
epemenu. CoBEIre cBepIIAETCH B TOT MOMEHT, KOT/a O AHIH-
paeTCA TocjenHAA ua paboT, BXojAmas B HErO. CobrrTua 06o-
BHAUAIOTCH ONHHM YHCIOM M IIPH rpaLquEEHmm mpejicTaBIe-
pun CM Haohpa:aioTed KPYKEOM (nin MHOH IeOMeTPHUECKOM
durypoit), BHYTPH KOTOPOro IPOCTABIAETCH €ero TOpAAKOBELI
Homep (i = 1, 2, w, N). B CM mnmeerca HaualsHOS coBBITHE
{c Homepom 1), H3 KOTOPOI'Q paboTel TONBKO BEIXOJAAT, M KOHEHHOE
cobprTie (c Homepom N), B KOTOpOE paboTH TOJIBKO BXOAAT.
IMyms — 8TO LEHOYKA CHEAYIOIUX APYT 3a gapyrom pabor,
coeMHAIIIAX HAUATLHYIO H KOHEUHYIO BepUIHHE, HAMPHME], B

§ RO R
aATEMATHEECKKE METOLE

HIH HecKoJLKHX Dpabo
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NPHBEICHHON BRINIE Mofemy IyTaMu seamores Ly = (1, 2, 3, i

10, 11), Ly = (1, 2, 4, 6, 11) 1 ap. IpoaoKHTeTEHOCTD OYVTH

onpejenseTcs CYMMOH NPOJO/IKHTENBHOCTEH COCTABIAIONIHX.

ero pabor. IlyTh, HMEIOIMAH MAKCHMATEHYIO OIHEY, HAILIBAIOT
KpUmMULeckiuy 1 obDosHauAT Lypy & €ro IpojoNKATenbHOCTD —
typ- PaboTel, npuEAjICeKAIME KPUTHIECKOMY ITYTH, HABBIBAIOTCH
puTHdeckuMe. Hy neceoeBpeMennoe BRINONHeHMo BEIET K CPLIBY

CPOKOB BCErD KOMOMeKca pabor.

CM umeoT paj XapaKTepHCTHK, KOTODHE IIO3BOJIHIOT onpe-
AEIITE CTelleHh HAPAMKeHHOCTH BhINOJHeHHA OT/e/sHEIX pabor,

a4 TAKMKE BCEr0 HX KOMIUIeKCA M NPHHATL PellleHHe o mepepac-
npefeleHHH pecypcoB. OgHaxo mepejn pacietom COM craenyer
yOequTRCA, UTO OHA Y/OBNETBOPAET CAGAVIOMHM OCHOBHBIM
TpefoBAHIAM:

1. CobBITHA NPABMILHO NPOHYMEPOBAHE, T. €. s KasmoH
paborst (i, f) i <f {(cM. ma pme. 3.6 paGorer (4,3) 1 (3,2)). IIpn

HEeBEIIONHEHHH $T0T0 TpeboBaHMA HeoBXOZHMMO HCNONLIOBATL

AATOPHTM [epeHYVMepanun cobhITHA, KOTODET 3aKIOYaeTcH B
CJAeIVIOIIEeM:

HyMepanus#i cobRITHH HaYHHAETCHA ¢ MCXOLHOTO cOBLITHA, KO-
TOPOMY IpHCBansaeTcH Ne 1;

H3 MCXOJHOTO COOBITHA BRIYEDKHBAIOT BCE MCXONALME M3 He-
ro paborel (eTpenxu), H HAa ocTaBRIMelca ceTH HAXOOAT cobeITHe,
B KOTOpOE He BXOMHT HM ojua pabora, eMy H OpuceamBaior Ne 2;

daTeM BEIMEPKHBAIOT paboTel, BRIXOAANME U3 cobniTua Ne 2,
1 BHOBL HAXOAAT cobbITHE, B KOTOPOE He BXOJHT HH OfHA pabo-
Ta, H eMy npHeeawBaior N 3, H Tak NpojosIKaeTes jo 3aBep-
LIAIOMETO cOBLITHA, HOMEP KOTOPOro A0JNEeH GBLITEH PABEH KOJH-
uecTBY cOBBITHH B ceTeBoM rpadmke;

€C/H IPH OYepeHOM EhiMePKHBaHHH paboT oJHOBpeMeHHO
HECKOJbLKO COGRITHII He MMewT BXOAALIMX B HHX pafor, To HX
HYMEpYIOT OUepej(HhIMH HOMEPaMH B NPOH3BOIBLHOM IIODHIKE.

2. OTCyTCTBYIOT TYIHKOEBIC COBBITHS (xpoMe zameprmaiomero),
T. e. TakHe, 3a KOTOPEIMH He ciaefyeT XoTa Oul ofHa pabora
(cobeiTHe 5);

8. OreyrersynoT cobniTia (za MoxmOUYeHHeM HCXOHOTO),
EOTOPEIM He Hpe/mecTByer XoTd Ol ojua pabora (cobrrtie 7);

4. OreyTeTBYIOT IHKIEL, T. e. BAMKHYTEIE IIVTH, COeIHHAIONHE
cobEITHe ¢ HAM e caMum (M. nyTe (2,4,3)).

ML A AL HEE AEOHOMURO-MITMEMAMUMECHUE Modenit
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Puc. 3.6. Hpumepst owiulox
npu necmpoenuu cemeaot. nooen

TIpH HeBRINOJHEHHHM YHEASAHHBIX Tpeﬁonaﬂnifiﬁﬁeccymc;n;ur;n::
NPHCTYOATE K BREIMHCISHHAM xupauwrepac-mx co I:I'I‘HH;{pxﬂ e
kpHTHYecKoro myTH. Jlna cnﬁm‘?‘nn pPACCHUTEIBAIOT TI::EE.ITHI; 5
TepHCTHKM: PAHHHH M TO3JHMH CPOK COBEPINEHHA C© 7

TAHM e eT0 pes3epB. :
Pannuii cpox cBepIIeHHA coOBITHA ONpeAeNAeTCH BeJIHHH

ol Hapbolee JNHTENBHOTD OTPE3KA IIYTH OT chogﬂcfutgo&g}f_
cMATPHBAEMOTO coBBITHA, IPHYeM i, (1) = 0,a £, (N) = typ (L):

tp () = max {tp ()t (D) =2 N - (8.47)

Moadnuii cpox cBepIIEHNA coOBLITHA XAPAKTEPH3YET caMBIH
MO3AHME AONYCTHMEIH CPOK, K KOTOpOMY HOJIAHO cunepmm'mﬂi
coBLITHE, He BBEI3LIBAA IIPH 9TOM CpPLIBA CPOKA CBEPIIEHHMHA K

¥

HEYHOTO CODEITHAL

£, (1) = min{t; () — t (L)) i =2,N -1, (3.48)
]

DroT moKasaTeNk OmpejendeTcd «00pPATHBIM XOA0M3?, I_ia‘f-I}'E;;l_JH
¢ 3aBepPIIAIOIero cobLITHA, ¢ YIeTOM COOTHOIIEHMHA ty (N) =tp ’
Bee coBBITHA, 28 HCKIIOUEHHeM CODBITHI, DPHHALIEHAIIX

KPHTHUECKOMY IIVTH, HMeIOT pe3eps R{i):

5
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R(i) = tu(i) — tp(i).

Pesepr HokaselBaer, HA Kakoll TpesesbHO AONYCTHMELL  CpOk

MOHO 38JepiaTE HACTYILIEHHe Toro COOBITHA, He BhISLIBAR pH
TOM YBelIHYeHH: ¢

POA BRINOJIHEHNA BCErO KOMILIeKea paGor.
HMna Beex pabor (i,7) Ha ocnope PAHHHX H DO3/IHMX CPOKOE cRep-
[IEHNA BeeX cOOBITHIl MOMHO ompexesuTs MOKAZATEIH:

Pannnii cpox mavana

= ) =t,(0), (3.50)

Panuwil cpok oxonyanus vt L {34 =t (I} +2(i,), (3.51)
IMoammuit CROK OKOHYAHNHA & — taeli =2, 01), {3.52)
Moaguuit epor navana — L=t — #i,0, (3.53)
ITonspi PEICDE BpemMeni — Ry(i,j) =t,(j) - tpl) — KL, J), (3.54)
Heaasmenmerit pelepm — R{i, ) =max{0; Ll — (i)~ 21 ) = (3.55)
= max {0; R (i, j)~Rit)y-R(j). {3.56)

Hornwi peseps apesmenu HOKASLIBACT, HA CKOIBKO MOMKHG
YEENHUUHTE BDEeMHA BEIIOMHEHH S KOHKPeTHOH pafoThl
UT0 CPOK BLIMOMHEHMS BCETO KOMILISKea pa

Hesaeucumwiii Pe3eps spexmenn COOTBETCTBYET CJIyuai0, Korjaa
BCe NPefUISCTBYIONME PAGOTL! SAKAHYHBAIOTCA B IOSjHMeE CRokM,
4 bee TOCJHeAYIOIHE — HAYHHAIOTCH B 2!

aHHHe cpokn. Hemonmao-
BaHpe TOr0 pesepsa He BiuAer Ha BOIHYHHY De3epBEOB BpeMeHH
ADPYTHX paboT. !

ITIyre xaparrepusyerca ABYMA HOKABATENAMYN — [IPOXOIIKHE-
TeILHOCTEIO H pe3epBoM. l'lpu,c[uﬂxl:n'renalmam OyTH onpegellg-
eTCA CYMMOH NDOMOIKHTE NbHoCTel COCTABIAINHX ero pador.
Peaepr onpegensercs wax PASHOCTE MeXAY MIHHAMM KDPHTHYe-
CROI'0 1 pacemaTpusaemoro myrtel, Ha 3TOr0 oNpefeleHHa cle-
AYET, UTO padoTkl, Jesxangue Ha KPHTHYECKOM ITyTH, W CAM KDHTH-
HeCKHH NVTE MMeloT HYJIEBOH Desepn BpeMemm. Pezeps spemennu
UYTH MOKAILIBAET, HA CKOJNBKO Mojer YBeIMUHTLCH TDPOAOIN-

» COCTABMAIOIIMX AAHHEIR IyTh, Gea H3MeHEeHH A
fposonzuTensHoeTH 66mero cpoica BEINOJIHEHNSA BCeX pabor,

Mepeuncirennnie ERIILIE XapakTepHeTHiRU CM MOTYT GEITE mo-
AIYIEHBl HA OCHOBE NPHBEeNeHHEIX QHATHTHYECKHX (opMys, a
Hponece BRIMHCIEHHE oTobpaxien HeNocpeIcTReHHED Ha 'paginre,
mHb0 B MaTpHie (paameprocTu NxN), mubo n Tabaune. Pacemor-
PHM DNOCHeNHHH YKA3aHHBIE cloco And paciera CM, xoropag

UPefictisiieda Ha pue. 3.5 Pe3yJILTATEI pacyera puBefeHnI B
Tabma. 3.15,

60T He HaMeHMTeH.

[pH yermoBMm,
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Ilepevers paboT W HX NPOJOIMKHTENBHOCTE Eﬁepenecem BO
] OTEl cJegyeT
; Bl Tabu. 3.15. ITpu sTom p
RTODVIO M TDeTEH) Tpad ; St
mocAeoBATeNbBHO 3alHCEIBATE B I'D. 2: coepBa HAYHHAIOLN]
poMepa 1, 3areM c Homepa 2 T

Tabnuua 3.15. PacueT ocHOBHbIX NOKa3arTeneil CeTerol MoAEnK

Hop | D) | 20D |talbl= | tpoliad) | unlial) rn_.,i:,,r‘:_= By R R
= () = t,()
._1 2 a q b=4+3 | 6=T-3 T a8 ] 10
4 i 6 0 6 0 6 0 ahrey
1 (2,3) b i 11 12 17 G 0 0,67
1 (2,4) 3 & 9 G 9 i? E 1
1 (2,5) 4 G 10 11 ib6 ] a8 044
1 3,7) 1 11 12 17 18 [i] 0 0,67
1 {4,5) i 9 156 a 15 L] i
1 (4,6) 4 9 13 1T 21 8 0 ﬂ,d_-’;’
1 (4.9 T g 16 14 21 7] 0 0,68
2 (5,8) 3 16 18 17 20 2 4 ARRRE | g
2 (5,10} a 15 24 15 24 4] 0 1 !
1 (6,9) 0 13 13 21 21 a ] D.BE
1 {6,11) B 13 18 28 23 i5 ‘? ﬂj,_,
1 (7,10) G 12 18 18 24 [+ L) D,E;
L0 (810 A iaABaseety | 20 et ol e 0.
2 (9,100 a 16 19 21 24 b 0 0,67
4 (10,11} 9 24 23 24 a3 ] sl

B mepsoit rpadge nocrasmm umenao Hyp, XapakTepuaymolnee
KONHYecTBOo pabor, HENOCpeACTBeHHCO NOpeJIIecTBYIONIHY corggi‘-
THIO, ¢ KOTOPOTO HAYHHAETCH paccMarpusaemad paboTa. ,J_:JEH paHET,

; Ll 3
HAYMHAIOIIAXCA ¢ HoMepa <l¢, NpenmecTBYROIHX pabol i
IIna paborel, HAYWHAIOI(eiCA HA HomMep «k%, HpoCMATPHEBAID

i AT

BCEe BeDxHHe CcTPoOUKH BTopol rpadisl TabIMIBl H GTH:;R"HBE
CTPOKH, CRAHYHBAIONIHECA HA 2T0T HoMep. Ho/imyecTro Hady, Hfmxma
pafoT 3aaMHCHIBASTCH BO BCE CTPOYKH, HAUHHAONIHECHT © HOMEP; :
TaAK
Hanpumep, ana paborst (5,8) B rp. 1 nocraBum .unéhg}rn (.4 B
KaK B rp. 2 Ha HoMep 5 okaHuMBmOTCA ABe paborsl: (2,5) .5).



HAYA)a ]
i Bpif,mé Hra pador, UMeINNX UHMDY ¢HOmL» B mepEoif
o - = TakM¥e aaHOcATCH HYIM, a uX suavenue p 3 i
G B PERVALTATE CYMMUDORAH T rp. 3u 4 (cm dio b 5
: HallleM ecraydae Tapyy PaboT ronnko w.ma. ?;'IF ;}Y .
OTRETCTR i varn il
10 Viomes eif crpoge npocrarum (),

Hna zsanonmenys CHEAVIOHX CTPoK Ip.4
HAOIHXCA ¢ HoMepa 2, IpoCMAaTDHRAIOT, 7
rp. &, ConepiKamme pab 2
HOMeD, # MaKcHMATLHOe

+ T. 2. CTPOK, Hayn-
3al0NHEHHEe cTpo

KM

OTBI, KOTODhIR OKaHYHBAIOTCH Ha aror

SHaYeHHe HepeHOCHTCH B . 4 obpabn

HOM @ :

M exyuae Takas paborta JHUIE OjiHA

- Ungpy 6 ua rp. 5 Oepe-

» HAUHHAYIMHY e o HOMeDpa 2, 1. a

(5] el 3

» 3), (2, 4), (2, 5)

oY it il

HX pabor myrem CYMMHDOBAHBS 1%

PMHDYEM SHAvenye Irp.o.:

tpo (2,5) = 446 = 10,

ITOT mponece OOBTOpAETEH g0

oA TeX Hop, moka me Bymer aa-

B ;émm CTPOKA TabImms,
Ay le FBIMOAHAIOTCR o 0f
Esilincata TO npocMarTpisag
o ;P;rg:rxsm CODRITHA, 11 3a rp. 5 BRIGHpaeTesn MAKCH
i DH&HHHB;J;CGTDP&H SAIMCHIBARTEH B p. 7 po ncer-r-
{GM' q}opM‘YnY ; {‘N} g LI PERIC s Ha HGMEP‘ IIG(:JIE,E[HEI‘D CCIﬁMT
olN) = 2,(N)). B namen chydae (V) = 33. 31;:?

TEM I

HG::.T]:I :Ie?:-:,‘;r;: Cr'lgmt[;]{ HB.3XU,£[HTL‘H CoRepxuMOe Ip. 6 kagk pas
3 H ' 3

tpo(10,11) = 33 — g — 94 (car. - doparyay (3.53)). Hmeem:

PATHEINM RD,E[UM#, T. e. CHH-’I}"
CH CTOOEH, {JKHH'-IHHHI-DIIEHEGH

WAKITeMY cobuITHIO (10).
(paborsr (5,10), (7,10), }(sfuﬂ

10 3
CTPOMER Ip. 6, nesxamme w Sl e e

HWAHE M HaunHaomueey o Homepa 10
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B rp. O cpegy HUX BRIGHpaeTCd MMHMMATLHAN BeJIWUHHA, KOTODAR
mepeHocHTCA B rp. 7 oo obpabarkiBaeMeIM crpoukam. B Hamem
cnydyae oHa omAa — (10,11}, mooToMy saHOCHM BO BCE CTPOKH
yKasaHHEIX pabor umdpy ¢24¢. Ilponecc mosTopsAeTcA 0 TeX NOD,
[MoKa He ByAYT samojJHeHE] Bee cTpoky mo rp. 6 u 7.

Conepsxumoe rp. 8 papHo pasEoeTH rp. 6 m 4 mow p. T 6
{cra. dopnyay (3.49)). I'p. 8 mpome DOMY4HTE, BOCIONB30BABIINCE
thopmyoit (3.566).

VYHTRIBAA, MTO HYJEB0H De3epB EpeMeHH HMeT ToOJBKO co-
friTHA B pafoThl, KOTOPEIE OPHHLINEHAT KPHTHUCCKOMY IYTH,
TONYUAEM, YTO KPHTHYECKHM HBIAeTCHA MyTh Ly, = (1,2,4,5,10,11),
a by, = 33 pHA.

Ias onTUMHIAIIME ceTeBoll MojelH, BRIpasxawnmeiica B me-
pepaclipefeneHdH PecyDPCoB ¢ HEHAIDAMEHHEMX pabor Ha KPHTH-
yecKHe A YCKOPEHHA WX BRINOMHEHHT, HeobX0oQHMO KAK MOMKHO
fosiee TOYHO OOEHHTE CTEIeHL TPYIHOCTH CBOEBPEMEHHOIO BBINOJ-
HeHHA Bcex paboT, & TAKMEe slelouers OyTH. Bofee TOYHEBEIM
HHCTPYMEHTOM pPelleHHd 3Toll 3afadd 00 CPABHEHUID ¢ IOJAHBIM
pesdepBOoM ABIAETCH Kosupunuenm HORDANCEHHOCTL, KOTOPBIR
MOET BEITh BLIYHCAEH OJHHM HE JBYX CHoCco0OE 110 TIPHEBOSHMOMR
HIDKe dopMye:

L -t i
K, (i) = e s —F =1~ ——-—R“("{} ! (3.57)
Ry t‘xp l.'lt_'p 3 rKD
rie H(Lyay) — DPOAOGKHTENEHOCTE MAKCHMANILHOTO OVTH, Hpo-

XofAnEero depes paboty (i,/);
tip — VPONOIKHTENBHOCTE OTPEIKA PACCMATPHBAEMOTO IIYTH,

COBIAJIAIONIETO ¢ KPHTHUYECHHM IIVTEM.
KoaddHnuenT HANPAKEEHOCTH HAMEHAETCH OT HYJIA Jo e)(H-

HHIIEI, OpHYeM dYeM oH ONHMe K eJHHHIE, TéM olo:KHee BEI-

OONHHATHE AaHEVH) paboTy B YCTaHOBIeHHBIN cpok., CaMeIMM Ha-

UPSHeHHBIMHE ABNAIOTCA PAGOTEL KDHTHYECKOTD [IYTH, QI8 HOTOPBIX

on paseH 1. Ha ocHoBe atoro woagepmumenTa mee paborsr CM

MoryT DEITE pasfencHBl HA TPH I'DYIDEL

o panpmxenHsie (Hy(i,j) > 0,8);

» nmoaepuTHYeckue (0,6 < K (i,j) < 0,8);

e pesepBusle (K,{i,/) < 0,6).
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B pes
GHMMF; Hs"’H'T:IT{E NepepacnpesieleHHA PECYPCOB CTAPAIOTCA MAK-
i i’;’ln ;;;:Tb 00IIYI0 TPOAOIKATEIBHOCTE paoT, uro
BOJE Beex paGoT B I
IIpu pac €PBYI0 TPYIy.
PH pacieTe oTHX NokasaTeneil IlelecooBpasHO [T0MBI0BATH-

e rpadgmrom CM. Hrak
- » 4751 paboT
(2:4), (4,5),(6,10),(10,11) Ky=1. flxa apyrams pasion: - 2]

;‘{fuii,si* =1-1(6:(33-(6+9)=1-0,33 = 0.67
w(4,9) = 1 - (5: (33 — (6 + 3+ 9)) = 1 - 0,33 = 0,67

HH{E?'B] =1—-{(2: LLs

B
TaﬂLH:IioTszgz:nnﬁn ¢ PeaylbTaTaMH BeIYMcaeHmit K, mna oc-
i Mnm;m GTGEHE HOpefcTapjleHbl B IoclefHeli rpade
it e CHET?TBB PH#AATE, uTo onTHMusatma CM sosmoscHa
o nﬂanupini:; pesepBHEIX pabor: (6,11) u (2,5).
Mo e i mpos HE E YCIOBHAX HEONpeIeleHHOCTH,
o e bI]IDJIHEHIEH paboT wacTo TpymHO sagaThs
Gt PAKTHYeCKOH paboTe BMecTo ojjHOTG ymoia
B ;ﬁ;ﬂ:uexma,} SAMAI0TCA JBe OOeHKN — MHHKH-
eyl xﬂpﬂfc'liil:];::z Mrfnnmanhﬁaa (onTHMHCTIIECKAN)
el ‘PH3YET NPOSONMKHTENRHOCTE BRINO/IHS-
s oNee GIaTONPHATHEIX 0BeTo
e ;aJILHaﬂ {neccnmuﬂ'rmrecrmaj t
" ;

pﬂccMaTpEr;:::ﬂa;xl;:;lcpmonﬂimenmocm PafioTEl B 8roM ciyuae
e :nrmnuaa BeJHYHHA, KOTOPAA B De3yJih-
o L GHEHTRHPHHHTI:- moboe sHaYenne 3ATAHHOM
Ry 1 HA3LIBAIOTCS BEPOATHOCTHEIMM (ciry-
S MABMOE 3HAYEHHE f,., OUEeHHBARTCH NO (hop-

A-pAcOpeleNeHHH ILIOTHOMTH BEPOATHOCTH): &

t ATEIBCTEAX, O
min{i,j) — UpH HauGonee

s J) =(Btin(i,f) + sl i) 5. (3.58)

J.'I,Jum XAPaKTePHCTHKHE CTelleHH pasbpoca
TEeHHH BOKDYT OMX{MI0eMOT0
Aucnepenn S2:

BOSMOMHEIX 3Ha-
YPOBHH HCIONL3VeTCeH NOoKAZATENR

Sz{i:j] o [t]TIE.K{i?j.} =) tmin{igj}}z : 52 =

T ﬂ*n‘i{tnmx(irfl} i t:n'll'iﬁ!jnz' [3'59]
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Ha oGHOBe STHX ONEHOK MOMKHO PACCUHMTATE BCe XaparTepi-
erird CM, ofHaxo oM OyAyT MMeTh HHYI NPHPOLY, OyAYT BBI-
CTYIATH KAK CPeHHe XapaKTepHCTHEH. IIpu mocraTouHo GOMB-
jmoM KomwdgecTBe pafoT MOMHO yTEEpPHIATH (a mpH MajgoM —
AMINE NPeANoIaraTs), 9To ofimad MpogeIKHTe/IEHOCTE mwoboro,
5 TOM YMCIe H KPHTHUECKOTO, IVTH HMEeeT HOPMANBHEIH 3aKOH
pacipejeNeHus co CPefHUM 3HAYEHHEM, PABHRIM CYMME Cpe-
HHX SHAUYEHHH OIPoJoIAiHTe/IbHOCTH cOCTARIAIOIAY ero pador,
| jAHclepcHeli, paBHOH cyMMe nuenepenii TUX e paboT.

KpoMe ODBMMHEBEIX XapaKTepHCTHK CM, npH BepOATHOCTHOM
FagaHMH MpPoJoIKHTeIBHOCTH paboT MOJMKHO PemnTh JIBe JOIO0I-
HUTEIRHEIE 3a7au:

1) onpegelHTH BEpPOATHOCTE TOTO, WTO NPOROIHHTENEHOCTE
EPUTHYECKOTO IYTH iy, He TIPeBBLICHT 3aIAHHOI'O NHPEKTHRHOIO
vpoeHa T

2) onpefeliATL MAKCHMANLHEIN CpPOK BHIIOMHEHHA BCETO
koMITerca pabor T npH 2afaHHOM YPOBHE BEPOATHOCTH .

[lepBas aajada pellaeTcs Ha OCHOBE HHTErpaja EEPOATHO-
creit Jlamnaca @(z) memonbiopaHneM (OPMYJIBL:

P (tep < T) = 0,5+ 0,5 &(2), (3.60)

rje 2 — HOPpMHPOBAHHOE OTKJIOHEHHE cAyYaiHOH REIHYHHEL

2=(T - txp}frsxp;
S“-F — CcpegHes HBMP&TH“EGKGE OTHJIOHEeHHE, BREIMHCIAASMOE
kaK KOpEHbL KBaJpATHEI M3 AucIepPcHH MPOAOIKHTENLHOCTH

KPpHMTHYeCcKord Iy TH.
CooTBeToTBHE MedHIy 2 H CHMMEeTDHYHRIM HHTerpanoM Be-

poATHOCTEH OpPHBENEHD B Tabx. 5.16. Bojaes TOUHO COOTEETCTEHE
MeJKIY STHMH BeJHUMHAMH (KOTZa 2 BRIMHCIASTCH folee UeM ©
oIHHM SHAKOM B opobHOM HYacTH) MOMKHO HATH B clelHATLHOH
cTATHCTHNECKOH JHTepaType.

[Ipu mocrarouHo GOMLIIOH DOJyYeHHOH BeJIMUHLEe BePOATHOCTH
(Gonee 0,8) MOIKHO ¢ BRICOKOH CTENEHBIO VBEPeHHOCTH TIPe/o/araTk
¢BOERPEMEHHOCTD BBIMOJHEHHA BCEro KOMILIEKCA paboT.

Jlna pemieHHs RTOpoH 3agatH HCMONL3YETCH thopMyIa

T =t Lup) + 2 % Sp (8.61)

Bee noxasaTely B Hell yixe onpefie/ieHbl BRIIIE.
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Tabnuua 3.16. Oparment Tabnuus! cTaHAapTHOrO
HOpMansHoro pacnpegencHus

S T B T T S R
0 0,0000 1,0 0,6827 2,0 0,9643
0,1 0,0797 ke 0,7287 241 0,9722
0,2 0,1585 1,2 0,7689 2,2 0,9786
0.3 0,2358 1,3 0,8064 2,3 0,9836
0,4 0,3108 1.4 0,8385 2,4 0,9876
0,5 0,3820 1,5 0,8664 2,5 0,9907
0,6 0,4515 1,6 0,8904 2,6 0,9931
0,7 0,5161 1,7 0,9104 9.7 0,9949
0,8 0,5763 1,8 0,9281 2,8 0,9963
0,9 0,6319 1,9 0,9545 2,9 0,9073

Kpome onmcanzoro seimre ympomeHmoro cmocoba pacuera
ceTeif ¢ NeTepPMHHHPOBAHHON CTPYKTYPOil M BepOATHOCTHLIME
OLIEHKAMH IPOMOMKHTENbHOCTH BBINONHEHWA pPaboT, HCOIL3Y-
ercd MeTo] CTATHCTHYECKHX HCIbITaAHHE (MeTon Morrte-Kapno).
B cooreercteun ¢ uuM Ha IBM mMHorokparHo MOAeTHPVIOTeA
IPOAOIMKHTENEHOCTH BEIIONHEHHA BeeX PaboT M pACCUHTRIBAIOTCH
OCHOBHBEIE XapakTepHeTnkn CM. Boanmoift ofkhem wmemsrrammit

no3poaderT Dojlee TOUHO BLIABHTE BAKOHOMEDHOCTH MOJelHpye-
MOoH cerTH.

A Mpumep 10. Crpyxrypa cereBoil Mojpenu m omeHKH IpOgo-

JHHTENBHOCTH pabor (B cyTKax) aagamsr B Taba. 3.17. Tpebyerca:
a) TONYYHTE Bee XapakTepHernikn CM;

6) OLIEHHTH BePOATHOCTH BEIIOJHEHHA BCETO KOMILIEKCA pa-
GoT sa 35 gHeit, an 30 gHeit;

B) OLEHHTE MAKCHMAIEHO BO3MOMKHGLIH CpPOK BHITOJHEHMS
BCEIO KoMmUlekca paboT ¢ HamgexHocTso 95% (1. e. p = 0,95).

Tpu meperie rpader Tabr. 3.17 comepmar McxomHbIe JaH-
Hble, a ABe IOcHefHHe I'pabl — pPesyanTaThl PACYETOE Mo ¢op-

mynam (3.58) u (3.59). Tak, manpuwmep,
tow(1,2) = (3-5 +2- 7.5): 5 =6;

tou(2,3)=(8-4+2:6,5): 5=5wur. 1.
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S§2(1,2) = (7,6 — B)%: 256 = 0,25;
§%(2,8) = (6,5 —4)2: 26 = 0,25 m . A

Tabnuua 3.17. BepoaTHOCTHbIE OLEHKH NPOROIKHTENBHOCTH pabot

ki AU Oxcudaemad
Pafioma Infzg.zf:;:f:;b npodoaxumelbHOCTb i uc:ep_cm
(1) b0l | Bk (7). tawl(Li) Sﬂr;.éj
(1,2) & 7.5 6 {;'25
(2,3) 4 6,5 5 02
(2,4) 3 il 3 3,25
(2,8) 1 5,6 4 x . 22
(3.7) 0.6 3,5 1 028
{4,5) o i 6 0,25
(4,6) 3 5,0 4 1,09
(4,9 ] 10 T 0,25
(5,8) 2 4.5 3 1109
(5,100 T 12 9 5 .m]
(6,9) 0 0 0 l,m
(6,11) 3 8 51 Ifﬂﬂ
(7,10} 4 9 G 1'{];]
(8,10) 3 7 4 1’00
(9,10) 1 6 3 :}125
(10,11) 8 10,5 9 ;

Taxpm obpasoM, He TOJBKO CTPYRTYPA CM (cm. puc. 3|;§I]:
HO ¥ UHMCIOELIe 3HAYEHHA IIPOLOJIHHTeNEHOCTH omnn&emar:mme
ronHeHMA pafoT COBIANH € ONEHKAMM PaACCMOTDEHHOTO Sl
mpumepa. Oro mabaeager Hac OT HeobXoIUMOCTH HDJE[}E&EOM_
KoMMeHTAPHs Xoja pacyeTa XApAKTePHCTHE —Mufeéli.ﬁ e
HHM, YT0 KPUTHUSCKHM SBJIAETCH MYTh: Lyp = (1,2,4,5,10,11),
A ero MPojoJLAKHTENEHOCTE PABHA tp= fox— 33 .,J.'];HH.

Iucnepens KPUTHIECKOTO IYTH COCTARAAST!

S2,, = 82(1,2) + S%(2,4) + 8%(4,5) + §2(5,10) + §2(10,11) =
— 0,25 + 1,00 + 0,25 + 1,00 + 0,25 = 2,75.

Ias menoab3oBaHHA (DOPMYJIEL {3.59) HeobxouMO Hme::}
cpejHee KBagpaTHUecKoe OTKJIOHEHME, BRIYACAHEMOe TYVTE
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H3BJIe4eHHA H3 3HAYEHWA JAUCIepPCHH KBANDATHOrO KODHA, T. e.
Sxp = 1,66. Torga nmeem:

P(ty, <33) = 0,5 + 0,5 P{(35 — 33)1,66} =
=0,5+0,59(1,2)=0,5+0,5-0,77T = 0,885:

P(t.p <80) = 0,5 + 0,5 ®{(30 — 33)/1,66} =
=0,56 - 0,5¢(1,8) = 0,5 — 0,5 - 0,95 = 0,085.

Taxum obpazom, BePOATHOCTE TOTO, UTO BeCch KOMILIEKe paboT
Oyner BeImonHeH He Gojee ueM 3a 35 gHeil, cocraBnser 88,5%,
E TO BPEMA KAK BeDOATHOCTE ero BeINoIHeHHA sa 30 gHelt —
Beero 3,5% .

s pelenns Bropoil (o cymmecTRY ofpaTHoI) aagaun mpexie
Becero B Tabn. 3.16 malitem sHadeHme apryMenTta 2z, KoTopoe
COOTBETCTEYET 33/IaHHOH BepoarHocTH 95% . B rpage &O(z) man-
Bonee Bamnaioe spavenue (0,9545 - 100%) &k mHell cooTBeTCTBYET
z = 1,9. B aroii cBasu B dopmyse (3.61) 6ymeM Hemons3oBaTh
HMEHHO 3TO (He coBceM TouHoe) 3HadueHMe. Torja momyuamm:

T = tow(Lyp) + 2 Syp = 83 + 1,9+1,66 = 36,2 1n.

CrnenoparepHO, MaKCHMANBLHEIN CPOK BBIOJHEHHS BCero
KoMIInexca paboT NpPH safaHHOM VDOBHEe BepoATHocTH p = 95%
cocTaBaAeT 36,2 gHa. y |

Bonpock! U 3aganug
T

1. Yro Takoe jBoifcTBeHHAH 3ajaya B JHHEHHOM NPOrpaMMa-
pGBEHHH? CihopmynupyfiTe oCHOBHEIE TeOpeMBI TeOpHH
JABOHCTEEHHOCTH.

2. IloscHuTe IJKOHOMMYeCKHI CMBICT TeopeM JBOMCTREHHO-
CTH, BAHTe BKOHOMMYECKYIO HHTeDIPeTAIHIO CBOHCTE JBOf-
CTBEHHEIX OIIeHOK.

3. Omuumre 3KOHOMMKO-MATEMATHYECKVIO MO TPAHCTIODTHOH
aagaun. Kaxne Merojsl pemmenms TPAHCITIOPTHEIX 38784 BhI
aHaeTe?

4. Tajire 9KOHOMHYECKYI0 MHTEPIPETAIINIO METOMA MOTeHIHUANOR
pellleHHA TpaHCopTHO! aamasm.
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5. Yro Takoe 3agadH IeJOUYMCIEHHOrO IPOTPAMMHPOBAHMAT
[IpusenuTe NpuMepsl TAKHX Zajgad ¥ HASOBHTE H3BeCTHBIE
BAM MeTOIBI HX DelleHHA.

6. B uem cymHocTh 38784 MHOTOKDHTEPHANBHOH ONTHMH3a-
mun? JajiTe XapaxTepHCTHEY MeTofa NOCTeNoBATENbHBIX
VOTYIIOK.

7. Onmmure obIIyH MOCTAHOBKY 3ajadyf HeJHHeHHOTO MOpo-
rpammupopaEna. B sem eyrs merona JlarpaHsxka pemreHHs
EJaccHyeckoll oOTHMH3ANMOHHON samadn’

8. JaiiTe KPATKYIO XapaKTepHCTHKY 3agad JHHAMHYECKOTO
OporpaMMHPOBAHMA I MeTO[0B HX DellleHHA.

9. PackpoiiTe oCcHOBHEIE MOHATHA HMHTAIHOHHOTO MOIEIHPO-
BAHHA M NepedHCHIHTe 3TANEl MAIDHHHOH HMHTALIHH Kak
SKCIEPHMeHTAIBHOTO MeTOJA HIyUeHHA SKOHOMHKH,

10. B ueM cyTh METOMOE CETEBOTO IJIAHMPOBAHHA M YIpaBie-
mgurat? JajiTe cofepaTelbHYI0 XapaKTEeDHCTHKY BJeMeHTOB
ceTeBoro rpadika.

11, Kaxpe pagawfl peinalTcd Ha OCHOBE CeTeBBIX Mojeje?
PackpoliTe cYIHOCTE CETEBOTO MJAHHDOBAHHA B YCIOBHAX
HeoOpeaeeHHOCTH.

YnpaxHeHus

1. CthopryIHpoBATE ABoHCTBEHHEIE 3AMAYMH JITA 24147 JHHeH-
HOTO MpPOrPAMMMPOBAHIH, IPHBEIEHHBIX B YIPAKHEHHMAX K IJI. 2.

2. IIpn pemreHWH 3aJaYH ONTHMAaJILHOTO HCIO/IL3OBAHHA pe-
CYDCOB HAa MAKCAMYM TPHORIIM, MEXONHBIE JaHHBIE KOTOPOH
npUBeeHsl B Tabaune, GBI IOMyHeH ONTAMATBHBIH IUIaH: Xy =
40; x5 = 40; x5 = 0.

Tun Hopawt aampam pecypcos Harunue
pecypea na edunuyy npodyryuu pecypeos
N 3
Tpyn 1 4 3 200
Cripne 1 1 2 80
Ofopyropanme 1 2 2 130
ILlens egmHHOE TPOIYEIIHE 40 60 20
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a) CdopMynIUpoBaTE NPAMYI0 ONTHMHSALHOHHYIO 3aady,

VEA3ATE ONTHMANBHYE [IPOH3BOACTEEHHYIO IPOrPAMMY.

6) ChopMynHpoBaTh JBOHCTBeHHYIO 3aJa4y H HAHTH ee OI-

THMANRHBIH ILTaH HA OCHORE TEOpeM ABOIICTEeHHOCTH.
B) [IpoaHAMHEHPOBATE MCTIOILE0BAHHE PECYPCOB B OITHMAILHOM

[LIaHe, HalfTH HOPMY OTHOCHTeNbHON &AMEHSeMOoCTH JeHMIIMTHEIX

pecypeos,
r) OnpegennTs, KAk HAMeHHTCH MAKCHMYM obImeil eToMMocTH

- IPOSYKOHH M IJaH BBEIIYyCKA OPH YBeJIHUeHHH 3aMAcOB CBIPBS

Ha 9 el. M OJHOBPEMEHHOM VMeHEBIIeHHH TDPYIOBEIX DeCcypCoR
Ha 3 emd.

) OneHHTE HelecoobpaiHOCTh BKIIOUEHHMA B IINIAH NPOIYH-
UMK YeTBEPTOTC BHAA, eC/H LeHA eJHHHOBI 3TOH OPOIVEIHH CO-

cragnger 70 ex., a Ha ee npoM3BojcTBO pacxogyercs mo 2 ex.

Kamiloro THIIA pecypCoB.

3. PellHTE clefyiolilife TpPAHCIODPTHEIE 3afaul (afiech 4 —
BeKTOD MOIMHOCTEH IMOCTABNIHKOE, B — BeKTop MoOLIHOCTeR IIO-
TpefuTeneit, C — MATPHOA TPAHCTIOPTHRIX H3JepPKeK HA eIHHHILY
rpysa):

[ LA AR T
a) A=(100; 150; 50), C=(1 2 5 86|
& 10 20 1
B= (75; 80; 60; 85),
CUlb i R
6) A = (300; 350; 150; 200), C = e :
. 1t48: 1
1 4 3

B = (400; 400; 200),

E) A= (20; 80; 40; 20), C =

Lo W = b
- = B3 OO
= DD

B = (40; 40; 20),
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4. HajiTu memouHcIeHHBE DeIEHHA CHefyIOUHX 3ajad JTH-
HeifHOro MpOrpaMMHPOBAHMA METOAOM I‘nmapE:
a) max f(X) = 8x; + 3xy, 6) max f(X) = 3x; + 4x3,
Keqi = 3;‘(&'2 2 ﬁ, 3.‘.!21 =+ 2272 < 8,
33:1 + ZIE = 3'5, e 43‘:2 < 1{],
:tz513, xl,xzzﬂ. II,xzzﬂ.

5. C momoigeio Metofa Jlarpauska HaiTH YCHOBHEIH JKCTPE-

wyM yHxnuoHama Z:
a) £ = x1%xg
; ; by 2+ xq? = 2;
PH X, £ r
E} Z= xla + _‘1‘:23
opu x; + x3 =2,
X1, X2 P {]!
B) Z =x + %
mpu 1/x; + 1/x3 = 1.
6. Cerepoll rpathui ¢ YVHAGAHHEM mpoJo/UEHTeIEHOCTH pa-
GoT B OHAX OpHBefeH HA DHOYHEE!

TpetyeTca:
a) IIponymepoBaTs COGBITHA. .
6) BeiiernTh KPHTHYECKHI IYTH i HAMTH €ro IIHHY.
5) OnpemeniTE pesepBEl BpeMeHH KAMKI0TO coBBITH.
r) Onpeme/IMTE TIOJHEIe PedepBLI BpeMeHH HeKPHTIMecKHX paboT.
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METOAbL! U MOOENN

AHAINU3A OUHAMUKN
IKOHOMUYECKUX NMPOLIECCOB

e [loHATHA SKOHOMUHECK WX, PAOCE AWHAMMEM

e [IpeaeapuTencHeli aHanua U crnaxusanme BPEMEHHLIX DANOE 3KOHOD-

MWYECKMX noKazaTench

. ?HC'-IET NOKAZATENEN JUHAMUEKN PEIBUTUA FKOHOMUYECKMY npoueccos
& |PEHO-CEea0HHLIE SKOHOMWYeCKHe NPOLECCH W MX aHanuz

4.1. ToHATMA SKOHOMUYECKIX PAAOE AUHAMUKY

I[HH&MH‘:IECHHE nponecest, HPOHCXOOAIHe B AHEOHOMHYSCKHY

CHCTEMAX, Yallle BCETO NPOARISIOTCH B BHAE Dfjia OoCcIenoBa-
Te.uvmo PACTIOVIOMEHHBIX B XPOHONOIHYeCKOM IOPANKe sHAate-
HHH TOTrO MJNH HHOrO IOKA3aTe€s, KOTOPEIH B CBOMX WaMeHeHd-
AX OTPayKaer XOI PasBUTHA HIyUaeMoro HABJIEHHA B SREOHOMHKE
JTH 3Hauenus, B UACTHOCTH, MOTYT CHVHTE I cﬁocHnBaHm;
(nmn oTpunanua) pasmmamerx Mojlenlell CONMANBbHO-9KOHOMITIe-
g«:ﬁx CHCTEM, B TOM YHCJe H3YUeHHBIX B IPeABIAVINNY IIABaX
HH CHYMAT TaK:Ke OCHOBOI pguna Paspadorrn HPHRJIMHI;I.
MOfeneH ocoboro BHAa, HASLIBREMLIX TDEHAOBBIMHE MOTe .
KOTOpLIe paccMATPHBAIOTCH B ., 5. e
Huml:ipzi::gimiieg‘;ﬁa?ﬂm pax onpememenwmii. IlocaegomaTens.-
o AHOTO MoKasaTens (upuaHaia), VIIopamo-
bt oy mama:;umucm OT TOCHeJOBATENBHO BOZPACTAIONIHX
iy ﬁ‘um SHAYeHHH JDYroro moKasaTens (npuanaxa),
Hamuveckum padom, unm padon Gunamury. Eemn

;H z;;;ifeeml;rpugﬂam, B 3ABHCHMOCTH OT KOTOPOrO NpOMCXONHT

e, Oe ) i

b H;‘nggfxzspirga, mTfrm-;oH AHHAMHYeCKHE pag
sieis pacos. Tak Kak B sKOHOMHYecKMX
S ::1;1} z:qi:ﬂl;flannnu, yOopajoyenHne IPOHCXOAHT B COOTBET-
) » TO IIPH M3YMeHHH OC/e[0BATe ThHIX Habmo-
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geHRil  DKOHOMHYECKHMX IoKasaTeled Bce TPH NDHBENeHHBIX
phIIIe TePMHHA MCHOOJBAYIOTCA KAK paBHO3HAYHBle. CoCTABHLIMHE
aMeMEeHTAMM PAAOE JHHAMMKH ABISIOTCA, TAKMM ob6pazoM, nud-
poBEIE 3HAHMEGHHA MOKA3ATENH, HASKIBAEMEIC YPOSHAMY STHX PAXOR,
1 MOMEHTEl HJIH HHTEDBANE] BPEMeHH, K KOTOPHIM OTHOCHTCH
YDOBHH.

BpemerHEsle pajsl, oDpasoBaHHLIE MOKASATENANMIH, XapaKTe-
PHSVIOIMMH SKOHOMHUYECKCOe fBIeHHe HA ONpejelleHHLIE MO-
MEHTBl BpeMeHH, HAZRIBAIOTCH MOMEHMHBbLME, HPHMep TAKODO

pAna IpegcTasie” B Taba.4.1.
Tabnuua 4.1, CnncoyHan YuCnEHHOCTE paBounx npeanpUATHA

Hama g | oam Lamml] aav | osoay

ChnxcoNHEas YHeHeHHEOCTh
pabfounx

4100 4400 4200 4600 4800

Ecan ypoBHM EpeMeHHOro paja odpasyloTced IyTeM arperu-
DOBAHHUA 34 OOpefedeHHBIH NPoMeXyTOR (HMHTepBAN) BpEMEHH,
TO TaAKHe DAL HASBIBAKOTCH UHMEPSEAbHBLMI BPEMEeRHEIMI PH-

[aMH; OpHMeD mpuBegeHd B Tabm. 4.2.
Tabnuua 4.2. Goup 3apaboTHoit naarTel paboyux npegnpuaTHs
Mecay J A usap?r Deapait ]—M’apm_[ Anpens

Doug sapaboTHol OAATED
padouux, Thic, pyi.

87187,5 3B270,0 39380,0 42535,0

Bpemennsie paakl MOUYT OBITE ODPAZOBAREI HAK M3 ADCOJMOT-
HbIX 3HaYeHHH SKOHOMMYECKHX IOKasaTejell, TAK M U3 CPeHHX
HMP OTHOCHTEARHLEIX BEeJHYWH — 3TO HPDHEBO,H,HHE PHaOLL, IIPHMED

TAKOro pAfa fau B Tadn. 4.3.
Ta6nuua 4.3. Cpegnemecaynaa 3apaboThan nnata paboyuux npeanpusTHs
Mecay TE HEapy ]—-ii'espa.n Mapm [ Anpeas

Cpegnasa sapaboTHad NaTA
pabounx, pyb.

8750 8900 8950 4050

Ilon daunoll EpeMeHEHONO DAAA TOHHMAIOT BpeMdA, IpoIne/iiee
o7 HAYaJABHOIO MOMeHTa HADMIOJZeHHA M0 KOHeUHOTo; TAKHM
ofipasoM, JAMHA BCeX NPHEBEIEHHEIX BLINIE BpPeMeHHEIX PAIOR
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paBHa 4eTklpeM MecsinaM. Yacto guMHOH DAJA HASHIBAKT KO-
MHYECTEG YPOBHeH, BXOJMAINAX BO BPeMeHHoH psj; ATHHA DAga

u3 Tabn. 4.1 papEa naTty, a Tabm. 4.2 ¥ rabg. 4.3 — YETHIPEM.
Ecam Bo BpeMenHOM PALY ONPOABIAETCH NIHTeNbHAR (4BeKO-
Bafi») TeHIEHNIHA H3MEHEHHS DKOHOMMYECKOrO NOKASATENH, TO
POBODAT, UTO HMeeT MecTo TpeH/. Taxum ofpasom, mom mpendon
HOHMMAeTC W3MeHeHHe, ONpefelAllee oblee HANpABIEeHHe

PA3BHTHHA, OCHOEHYIO TeHJEHIIHIO BPDeMeHHEIX pAfoB. B cBasm ¢

STHM  OKOHOMHKO-MaTeMaTideckad AWHAMHYECKAA MOIENb, B
KOTOPOM pasBATHE MoJelHpyeMoH BSKOHOMHUecHOl cHoTeMEBI
OTPasAeTCs Yepes TPEHJ ee OCHOEHEIX IOKAasaTesell, HA3LIBaeTes
mpendoaoil modeavio. Ilna BriapjIeHHS TpeHma BoO EPEMeHHEIX
PAlax, a TaKKe 1A DOCTPOSHHA M AHAIH3A TPEHJOBBIX Mojeseit
HCIONTBEVETCHA AUTIAPAT TeopPHH BEDOATHOCTEH M MaTeMaTHUecHoil
CTATHCTHKH, pPA3pabOTAHHEIN A4 OPOCTHIX CTATHCTHUECKHX

n T
OBOKyIHOCTEl. OTIHYMe BpeMeHHLIX SKOHOMHYECKUX DAIOB OT

TOPOCTEIX CTATHCTHIECKMX COBOKYIIHOCTEH BaRIIOMASTCA NpeIe
BCEro B TOM, WTO MOCHejoBaTeNbHEIE 3HAYEHHs YpoBHell Bpe-
MEHHOI'c pAfa 8aBHCAT ApPYr or gpyra. Ilostomy npuMmeHeHHe
BRIBOJOB M (POPMYN TEODHH EepoATHOCTell u MaTeMaTHuecKoit
CTATHCTHEH TPeOYeT WM3BecTHOH OCTOPOMHOCTH OpH aHATH3e
BPEMEHHLIX PAAOE, 0COGEHHO [IPH SKOHOMITMECKOH HHTepIpeTATHi
PesyILTATOR AHATMAA.

ITpepnmonoxnm, HMeeTes BpeMemmoit PAA, COCTOAMWIMI 13 n
VPOBHEeH:

Vis Has Ygseroy Upne

“ B camom obfmem onyuse Bpemenmoilf PAL SHOHOMHYIECKHX
oKasaTedell MOMEHO pasmoEHThL Ha HeThile CTPYKTYPHO ofpa-

SVIONIHX SJleMeHTAa:

® TPeHJ, COCTABMAIONINE KOTOporo GygeM ofozmauars U,

SRR ’

CEe30HHAA KOMNOHeHTAa, obosnauaemasn yepes Vy, t = i e

UMKIHYecKad KOMIIOHeHTa, obosHauaeman yepea (),

t=1,2.....n;

¢ cayualiHad KOMIOHEHTA, KOTOPYIO GyaeM o6osHagYaTh 4,
t=1,3..5m. :
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Tlon TpeHAOM, KAK Ve OTMeuajJoch BEIIIE, MOHUMaeTci yo-
Tuﬁ"-IHBDE cHeTeMATHYeCKOE H3MeHeHHMe Ipoiecca B TeYcHHEe
IpOACIAHTENEHOTO BPEMEeHH.

Bo BpeMeHHBIX pfZax IJKOHOMHYECKHX IIPONEeccoB MOTYT
AMETH MecTo Gojiee WTH MeHee DeryiadpHeie KodeGamms. Hemm
oHH HOCAT CTPOre IepHONMYEecKHH uaM OMHsKHE K Hemy Xa-
paKTep H 3aBePIIAIOTCA B TeUeHHEe OfHOTO Tofid, TO HX HABRIBAIOT
reFORMBIMLE Korefanuany, B Tex cayuadx, HOTAa NMepHom Kojae-
Fanmil COCTABNAET HeCcKOJBKCO JIET, TO NOBOPAT, YTO BO EpeMeH-
HOM PAOE NpHCYTCTEYET YuKALLEC KA KOMMOHEH T,

Tpeny, cesoHHas ¥ IHKIHYeCKad KOMIOHEHTH! HA3BIBAIOTCA
pe?yu‘l.ﬂ_piibi.ﬁu, HIH CcHCoTeMATHUYSCKMME KOMIIOHEHTAMH BpeMer-
yoro psna. CocTagHAA UACTh BPeMEHHOIo pPAXA, OCTAIIIAACH MO~
cle BRITeNCHWA B3 Hero PeryJAPHBEIY HOMIIOHeHT, IpelCcTaBIAeT
coboit cayuainyo, HepeTYIAPHVI0 KOMIIOHEHTY. Ona ABnAeTCH
oBasaTelLHON CcOCTABHOH YAcTBI n0bOre BPeMEHHOro psja B
IKOHOMHMKE, TaK KaK cayuaiiHEe OTKJOHeHHA HeHs0erHo comyT-
CTRYIOT MOOOMY SKOHOMHMYECKOMY sBJeHHIO. ECIH cHMeTeMaTH-
yecKHe KOMIIOHEHTH BpPeMeHHOTO D#Afa onpejeleHbl [IPABHIBHO,
UTO KAK PA3S M COCTABJIAET OJHY M2 MIABHBIX nmeneil NpH paspa-
foTKe TPEHIOBRIX MOJENel, TO OCTAIOMAACH TIOC/e BhIeNens 13
BPEMEHHOT'0 PAJA 3THX KOMIIOHEHT Tak HajbiBAEMAA OCHamoHas
nocaedosamensruocms (pAf ocTaTios) bymer cayuaiiHoil KoMmo-
HeHTOH pAga, T.e. ByaeT obiafaTs claenyioiHMH CcBOMCTBAMH!

¢ cayuaitHOCTHIO KoMebanwil ypoBHell ocTATOYHOH IIOcjejoBa-
TelbHOCTH;

s COOTBETCTEHEM pacHpefeleHHA CIy4aHHOH KOMIOHeHTE
HOPMANBLHOMY 38KOHY DacnpejieleHHd;

* DABEHCTBOM MATEMATHYECKOrD CHMHIGHHA caydailHo® HoM-
NOHEHTEL HY I,

* He3aBMCHMOCTHI) SHAMeHMH ypoBHeH cayuadHoil mocliefo-
BATENLHOCTH, TO E€CTh OTCYTCTEMEM CYIecTBeHHOI ABTO-
KOPPelAlHH.

[IpoEepKa AleKBATHOCTH TPeHIOBBIX MojeseH ocHopaHA Ha
NpoRepKe BBIIOAHASMOCTH ¥ OCTATOYHOH IIOCTIe0BATEBHOCTH
VHABAHHLIX YeThIpex ciodeTe. Eciu He BRINONHAETCHA XOTH BBl
OTHO M3 HHX, MOJeah NPHIHAETCS HeaJeKBATHOMN; IIDH BREINOJIHE-
HMHM BeeX UeThIpeX CBOMCTB Mojens agexsarTHa. [laHHAS npoBep-




148 Trosa 4

KA OCYINEeCTBJIAETCH C HCIONLIOBAHHEM pAJA CTATHCTHYECKHX

KPHTepueB K paccMoTpena Goiee noxpobuo Hume, OTMeTHM, uTo
B JanbHeHIleM MEl He GyZeM pacCMATDHBATE NHKIHUECKYIO
KOMIOHEHTY BPEMEHHEIX DOJOB; YKAMKEM TONBKO, YTO AIA MO-
AelHPOBAHHA o OpOTrHOSHPOBAHHA Ce30HHLBIX H OHEIHYeCHKHX ;

SKOHOMHYECKHX NPOOeccOB HCOOMBIVIOTCH CHeNHANLHEIE METO-.
OBl (MHAGKCHEI! M CIHeKTpaNbHEIH AHANUSEHL, BEIPABHHMBAHHE TIO

pany Pypee u ap.). MeToxs: aHATH3a CE30HHOCTH u TpeHT-Ce-

SOHHEIX JKOHOMHYECKHX NPOlleccoB paceMaTpHBaoTes B § 4.4.

4.2. NpeasapuTeNbHbIN aHANK3 U CrNAXNUBaHUE BPEMEHHbIX
PANOB 3KOHOMUYECKWX NnoKasarenei

IlpegeapuTentHBIl  aHATHS BREMeHHBIX DPAIOE SKOHOMITUE-
CKHX IIOKa3aTejed 3aK/iouaeTcs B OCHOBHOM B BEIABICHHH W
YCTPAHEHWH AHOMAJBHEIX 3HAWMeHHH ypoBHeH p#apma, a TaKie B
onpefelleHUH HAXHYAA TPEHAA B HCXOHOM EDeMeHHOM pHIe.
Pacemorpum sti omepanun Gomee nogpobHO.

o anomansubim yposHem MonHMaeTes OTHe/LHOE 3HAUEHHa
YPOBHA BPeMeHHOro pfAla, KOTOpoe He OTBeYaeT NOTeHIHANL-
HEIM BOSMOMHOCTAM HCCHelyeMoll SKOHOMWYECKOH CHOTEMEBI H
KkoTopoe, ocTABAACE B KAYMecTBe YPOBHA DAZNA, OKASLIBAET CyINe-
CTBEHHOE BIMAHHE HA 3HAYEHHWS OCHOBHBIX XapaKTePHCTHK Bpe-
MEHHOT'O pANa, B TOM YHC/e HA COOTBETCTBYIOINYIO TPEHIOBYIO
Mofgens. JlpmumHaME aBoOManhHEIX HADM0AEHHUH Moryr GEIThH
OIIMEKH TeXHHYECKOTO NODAJAKA, HAR owubiu nepaozo  poda:
OIMHOKH MpPH ATPETHPOBAHMH H Ae3ArDeTHDOBAHHMHE NMoKA3ATeNel,
Opy nepejave WHOOPMANHN W ADYrHe TeXHHYeCKHe IIPHIHHEL.
Omnbry nmepsoro pofa MONNEXAT BLIABICHMIO It VCTDAHEeHHIO.
Kpome Toro, anomaneuete yponmu Bo BPEMEHHEIX DAJAX MOTYT
BOZHHKATL H3-3a BO3JeHCTBHA (haKTOPOB, MMEIOIMNK 00BEeKTHE-
HBIH XapaxTep, HO HpPOABNSIOITHNCA BIUHI0AHYeCKH, OUeHb pej-
KO — ounlKu emopozo poda; oHN YCTPAHEHHIO He OoATesar.

JItA BHIABJEHHA AHOMANBHLIX YposHell BpeMeHHEBIX PANOB
HCTONBIYIOTCA MeTOMb, DACCUHTAHHBIE JIIA CTATHCTHUSCKMX CO-
BOKVIHOCTEI!.

Meron Hpswsa, manpumep, npeamonaraer HCIIOML3OBAHME
chAeIyIomen QopMy B

Memodst u modentt ananusa GuHamuKu sKoHoMUNeCKUX npoyeccos 149

—

:-.,t=|""‘—_5"“—1-|; pe, B, (4.1)
Oy
rae Gpﬂ,ﬁHEKBﬂﬂpaﬂmecRGB OTHJIOHEHHS Gy pﬂuu‘-IHTLIBaETcH. B

CBOI0 OUepeNb © HCNoJk3oBaHHeM (opMyT:

f

Yy -9°

t=]1 .
n-1
PacueTHble SHAYEHHA Ag, Ag H T, A. CPABHHBAKTCA ¢ Tabmaud-

HBIMH SHAYEHMAMM KpuTepus UpBuHA Ay, M €CTH OKAIBIBAIOTCH

GonbOle TAOAHYHBIX, TO COOTBETCTBYIOUIEE 3HAYEHHe If; YDPOBHA

pAda CUMTASTCH AHOMAJBHEIM. OSHAYeHHMH KDHTeDHA Hpnnnﬁa
AMA ypoBHA sHaunMocTH o = 0,05, r.e. ¢ 5%-molt ommbxroH,

npuBefeHE! B Tabx. 4.4.

Tabnuua 4.4

n 2 3 10 20 30 50 100
A 2,8 2,3 1,5 1,3 1,2 1.1 1,0

[Mocne BRIABIEHHA aHOMAJBHEIX YPOBHeH pAma obAsaTelbHO
onpefieleENe NPHYHHE HX BOSHHKHOBeHMA. Heam TOYHO YCTAHOB-
JeHO, YTO OHH BHIZBAHKI OIIHGKAMM DepBOro poja, TO OHH yerpa-
HAKTCA AHO0 3aMeHoll AHOMAJNBHEIX YPOBHeH NpocToi cpeameit
apudmeTyecKoll JRYX coceSHHX ypoBHeH psagna, mubo saMeHOM
AHOMAALHEIX YPOBHeH COOTBETCTBYIONIMMH JHAUEHHAMH IO
KpHUBOi, ANNDPOKCHMHDYIOMeH JaHHEIT BpeMenuoit pajg. Ilopsa-
AOK HAXOMKISHHHA TAKON KpHBOH, T.e. TpeHAoBOH MogenH, pac-
CMATPHBASTCH B IV 5. 4

Nina ompemeleHHA HaAAU4UA mMpeHda B HCXOAHOM BpeMeH-
HOM DALY OPHMEHAEeTCH HECKOMBKO MEeTOLOE; DACCMOTDHM IBA
M3 HHX. .

Merton nposepkH pasHocTel cpegEHMX ypoeHe#. Peamuzanus
3TOT0 METOAA COCTOMT M3 YeThIpeX 3TAIoB.

HaomepeoM #TaNe HCXOAHBEIH BpeMeHHOI paf

Y1, Y2, Y3y --ea U
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pasbuBaeTcA HA JBe IPHMeDHO DAEHEIE IO YHCIY YPOBHeH HAac-
TH: B NepPBOIHl “acTH 7 NEePBBIX YPoBHEH WCXOQHOrO pAAa, BO

BTOpol — 7o OoCTANBHEIX YpoRHed (ny + ng = n).

HaeTopoM 3TaIe AnNg KamJod M3 »TMX yacredl BRI-

YHCHAKTCA cpelHHe 3HAMEHHA H THCIOEeDCHH:

y

iy! : z{.{d‘: —ﬁz}d
e . 63 = t=1 J
I = 1 n'l' __1' 7

n n st

v 2. —52)

o .!-nl-ﬂ. - Gz iid i'—.rl:1+1
H-z ) 2 ng -1

Tperu# »TAaD 3aKIOUAETCA B NPOBEPHE DPABEHCTEA
(opHOpONHOCTH) mHcOepeHil ofeHx uacTell pAja ¢ ToMomen F-
KpuTepua Ouniepa, KOTOPAA OCHOBAHA HA CPAEHEHHH DACYETHO-
I'o SHAYEHH 9TOr0 KPHTePHH:

2 2
e {yfﬁg%, eClIH Oy = O

Fefr g
Uz)"“].s BCITH G% «::ﬂ'%

¢ TADIWUHEIM (KPHTHUECKHM) 3HAYeHHeM KpHTepHAa DPumepa

Fy ¢ sajlanHbIM yposHes 3Hasumocmi (yposHeM omubrH) . B

KadecTBe o uame Beero Gepyr spauenms 0,1 (10% -sas ommbia),

0,05 (5% -mag omwubra), 0,01 (1% -man ommbra). Berwupna 1 — o

HasplBaeTcA dosepumenbHoll sepoamuocmsio, ;
Eenu pacuerdos sHadveHue F meusmre tabamumoro Fy, TO TH-,
[OTe3d O DABEHCTEe AHCIeDCHH [PHEMMASTCA H IePeXoidT K
yersepromy atany. Ecam F Gonpme wmam pasHO Fj, rHOoTesa o
paBeHCTEE AHMCHEPCHE OTKIOHAETCA H HelaeTcH BEIBOM, UTO QAH-
HEIH MeTol ANA onpefeleHWs HAJTAYHS TPEHIA OTBETA He IAET.
HaueTeepToM oTane NpoBepAeTcd THIOTE3a 00 OT-
CYTCTEHH TpPeHJIa ¢ MchoikioBaHMeM f-KpHTepHa CreromenTa.

dna aroro onpefjensercd pacyerHoe sHadeHHe Kpurepug CrTeio-
OeHTa 0 QopMyIe:
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e

(4.2)

e o — cperHeKEAIPATHYECHOD OTEIOHEHWE PA3HOCTH cpeqHHX:

(ny - Do} + (np — o3
ny+ng—2

Ecnu pacyeTHOe SHaueHHe ! MeHbIIE TabJIHUHOTO JHAHEHHH
craTHeTHEA CTHIOJEHTA fo C 3a[AHHRIM YDOBHEM 2HAUHMOCTH (L,
rUMoTeaa MPHHEMaeTcd, T.e. TPeHfa HeT, B MPOTHBHOM CJIyHAE
TpeHy ecTh. 3aMeTHM, YTO B JIaHHOM CaOyHae rabIHYHOE inatze-
e ty GepeTcd JUIA WHCIA CTeTleHeH cBobogel, paBHEOro nitna—2,
Ipu STOM JIAHHEIH METOJ NPHMEHHM TOIBLKO JJIA PANOR ¢ MOHO-
TOHHOH TeHgeHIeii. ;

Merox @octepa—CTEI0apTa. 10T MeTO/ 00NA/AET BONBIIIHMY
RO3MOJKHOCTAMHE H maeT Oojee HaleiKHEE Pe3yNBTATEL IO CPaB-
HeHMIo ¢ mpeasyyMM. Kpone Tpenja caMoro pana {xax roRopAT,
TpeHfia B cpefHeM), OH MO3BOJACT YCTAHOBUTE HAJIMMHE TPEHAA
[HcTIepcH¥ BPEMeHHOTO DSfial ecllH TPeHja JMCIePCHH HEeT, TO
pasGpoc ypoBHeil psja TOCTOAHEH; eciy THCHEPCHA YBeXHInEa-
eTes, TO PAJl «pACKAYHMEBAETCHA» H T. JI.

Peanmaanus MeTOIa TAKME COJEPHHT HeThIpe 2TAMA.

HanmepBomM 2Tale OPOM3BOAUTCHA CPABHEHHE KaXA0TO
VPOBHA MCXOJHOTO BPEMEHHOTO Psjia, HAUMHAA CO BTOPOTO YPOBIA,
o BCEMM IpeSLIAYIINMA, IIPH 9TOM ONpPE/IeNIAITCH IBe UHCIOBLIE
NoCIeOBATe I EHOCTH !

A {1, ecan y; GoNbie Beex NMPefBIIYIIAX YDOBHEH;
t. -

0, B MpOTHEHOM cCJydae,

{1, ecli lfy MEHBIe BCeX MpefblyIiuX YpPOBHEH;
Iy =

0, B OpoTHBHOM cIydae
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Ha BTO POoM 3Talle BRHMHCIAIOICH BEJHYMHB § H da:

i3
5= Z(}.:; +1LY
tud

i
d=" (k- L)
i=2
Herpynro aaMeTHTE, yTo BelMYMHA 5, XapaKTepHIVIOIIAA Ha-
MeHGHHe BpPeMeHHOTO psaAJa, NPHHHMaeT sHayenus or 0 (Bce
YPOBHH DpAfia PaBHBI Mexay coboit) o n—1 (pag MoHOTOHHRIH).
Bemmuwaa d XapakTepuiyeT HiaMeHeHHe JHCIIEDCHH YDOBHeH
BEPEMEHHOTO pPAJA H HMaMeHAercH oT —(n—1) (pag mMonoTomnmo
yoripaeT) go (n-1) (pag MoHOTOHHO BoapacTaer).
Tperwit aTan 3akIoUYaeTcA B IPOBEPKEe TI'HIOTe3:
MOSKHO JTH CHHUTATE CAVUANHBIME
1) orTKnoHeHHe BEJIMUMHEI § OT BEJINYHHEBI || — MATeMaTHIe-
CKOI'O OMKHIAHHA BeNIHYHMHBI § j0d pAfAa, B KOTOPOM VDOBHH
pacmoiodkeHsl coyaaiineM ofpason,
2) oTKIOHeHMEe BeNNUMHLI d oT HYIA. i
JTa npoBepra MPOBONMTCH ¢ HCHONB3OBAHWEM DACHETHLIX 3HA-
uennit t-kpurepna CTelomeHTa ANA cPpefHeld W AIA THCIEDCHH: |

|s —u ;
I, =—; o1 =+2lnr-34253; ;
o] =
Id . |

ty = 3 Og = J2Inn - 0,8456,
Ty a

=

rAe || — MaTeMaTHYeCKOe OJKHAAHNHEe BeIHUWHEI S, ONpeIeIeHHON |

AN pAfa, B KOTOPOM YPOEHM PACIOIOMEeHEl cIyIaiHEIM obpa-:
30M;

0] — CPeIHEKBANDATHYECKOR OTHJIOHEHWE A BeAWUMHE §;
Tg — CPeNHEeKBAJIPATHYECKOS OTKIOHeHHE [JIH BeJHYNHEE d.

1 |

Ina yaobersa MmeroTess TabyIHPOBAHHBIE SHAYCHHA BETHIHH
U, 01 M Og; dparMenT »THX 3HAYEHHMIT NpejcTaBNeH B Tadm. 4.5.

-
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Tabnuua 4.5
f t 10 | | 30 | 40
u 3,858 5,195 5,990 6,557
o 1,288 1,677 1,882 2,019
s 1,964 2,279 2,447 2,561

Ha uerpeprom oTaDe pacideTHRIE 3HAYeHHMA §; U iy
cpaBHMBAIOTCA C TAGAHYHBIM JsHavyeHuweM (-kpurepus CroiogeH-
Ta ¢ SAJAHHEIM VDOBHeM sHauMMOCTH t,. EcaM pacyerHoe zHa-
qelMe MeHBOIe TAGTHYHOro, TO THOOTe3a 06 OTCYTCTEHME COOTEET-
CTHYVIOIOEro TpeHOA OpPHHHUMAeTcH; B IIDOTHEHOM CIyUae TPeH]
ecTh. Hanpamep, ecai ¢, Gonbime TabouyHOTO sHadeHHA Ly, a iy
MeHEOE f,, TO OO OJAaHHOIO BDeMeHHOrO DAJa HMeeTcd TPeH B
cpenHeM, 4 TPeHIA mHcHepcuy yposHell paga HeT. Ilpumep on-
peleleHdA HATHUYMA TpeHga wmerojoMm  Pocrepa—Crnioapra
npuseneH B § 4.4.

Ilepeiigem I Bonpocy CTJaKHBAHHA BEPEMEHHBIX PHIOB 3KO-
HOMMUeCKHX IoKazaTedeii. OueHL HacTo YPOBHH 3KOHOMMYE-
CHHY DANOB JHHAMHKH KoJebaiorcs, NpH 9TOM TeHIeHIHA pas-
BHTHA SKOHOMHYECKOTO HABJeHHH BO BPeMeHH CEDBITA CIVMaH-
HEIMH OTEJIOHEHHAMH YPOBHel B Ty HIK HHEYIO cTopoHy. C me-
aei0 Golee HETKO BHIABHTE TeHJEHIHK DPAIBHTHA HccAelyeMoro
npoHecca, B ToM 4dHclle N8 JANTBHeHINero OpHMeHeHHA MeToqos
IpOrHOZHPOBAHHA Ha OCHOBE TREHJOBBRIX Molelell, IDOMSBOIAT
CZaaMueaHue {ebipasiitediue ) BpeMeHHEIX DALOB.

MeTofEl CIUIaKHEBAHHMA BReMeHHBIX DiJOB JefifTcAd Ha [Be
OCHOEHEIE TDYIIIEL:

1} apanHTHYecKoe BHPABHHBAHHE ¢ HCOONBIOBAHHMEM KPH-
BOH, OPOBEMeHHON Med oy KOHKPeTHEIMH VPOBHAME pRALA TAK,
uTobnl OHA oTobpaskana TeHIeHIHI), OPHOVINYIO DAXY, H oJHO-
EpeMeHHO ocRODOMJANA er0 OT He3HAYHTeNLHBIX KoNeDaHmi;

2) MexaHHYeCcKOe BEIDABHMBAHHE OTAeNLHBIX YporHell Bpe-
MeHHOro pPfAfa ¢ HCToABZ0BAHHeM (DaKTHUSCKHX ZHAYeHHH co-
CeTHHX YpoBHeIL,

MeToIbl AHATHTHYECKOIO BRIPABHHBAHHA HA OCHOBE KPHBERIX
pPocTa pacemMaTpHBaiTeR B M. 5. CyTe MeTOOoB MeXaHHYeCHOIo
CrKHBAHMA 3aKiiodaerTci B cAegyiomeMm. Bepercs HecHOIBKO
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czaaxcuearHus. JIna HUX ToNbHpaeTcd IOJWHOM, CTeleHb KO
poro jomxHa GBITE MEHEIIE YHCIA YPORHE!, BXONAIUX B MHTeD-
BA CIMIIAMCHEBAHHA; ¢ HOMOIOBI) IOJHHOMA onpe,r[e.lmmfrca

cruaskpeangaa. [lamee HETepBal CTIAMKHBAHHMA CABHTASTCA Ha
OJHH YPOBeHE DHAA BIPaBo, BEMUHCIAETCH CJIEVIOIIes nmm}:en
HOoe 3HAYeHHE H T. 1.

U&MBM npocThliM MeTOJOM MEXaHHYeCcHOD CIaxKHBAH
ABJIAETCA METO[N HMPOCTOH CcrONL3AMEH cpemmeit. CHauama fJ
BpeMeHHOID pAja

Yis Y2y ¥3: -os U

onpefenfeTcd MHTEPBAN crAasHBanuAa m (m < n). Econ #eocd-
XOOMMO CrIafHTE MelKHe DeclopAfodYHEle KoneDaHMS, TO WH-
TePBAJl CrAAMHBAHHA DePYT MO0 BOSMOMKHOCTH DONBIINM; HHTED-

Menkue kouaebanua. IIpH OpoYHX paBHBIX YCJIOEHAX HHTEDES
CTIastHBAHMA peKoMeHOyeTcH Gpare HeueTHEIM. [[n# nmeprrix
ypoBHell BpeMeHHOI'® Psjla BRIUHCAAETCA HMX cpejiHAA apHpMe-
THUECKAR; 2T0 DyJeT crIaKeHHOe sHAMeHHEe VDOBHSA DAAA, HAXO-
OADIETOCH B cePefHe MHTePBAJIA CrJIAMKHBAHHA. 3aTeM MHTep-
BAJI CTJIAMKHBAHAA COBHIAeTCA HA OJHMH YPOBEHB BIPABO, IOBTO-
pHeTCcH BRIYHCIeHHe cpenHed apudMerHuecxoii wu T.m. Jag
ERIUHCASHHA crilakeHHRIX YPOBHeH pAfa I, NpHMeHAeTcH Gop-

Myna:
t+p
Zye
L t={—
Yo=—=, t>p,
m
m—1 : '
roe p= (npu HedeTHOM m); AJAA YeTHRIX m QopMyra yo-
TMOMHAETCH. :

B pesynbraTe Takoit npolegypsl DonyuaioTes n — m + 1
criaajeHHbIX 3HAYeHWH ypOBHeH psja; NPH 8TOM IIepBEle p H
nocleqHHe p YposHeldl pAfa TepAamwTea (He CrALKABAIOTCH).
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[lpyToit HeOCTATOK MeTofa B TOM, UTO OH NPUMEHHM JHIOE JJIS
pANOB, HMEIIMHX JTHHEeHHYI0 TeHAeHIHIO.

MeTog BamemenHOH CHOIB3IAMEH cpelHed OoTIHUABTCH OT
npe/iBIAVINETO MeTo/ia CrIaXKHEAHHA TeM, YTO YDOBHH, BXOJs-
mHe B HETePBaj CIUVIAMCHBAHNA, CYMMHDYIOTCA ¢ DASHEIMH Beca-
MH. JTO CBH3AHO ¢ TeM, UTO ANNPOKCHMAIIMA DAJA B Opemeliax
MHTEDPBANA CIVIAMKHBAHWA OCYINECTEAAETCH ¢ HCIOIL3IOBAHHEM
noIMHOMA He lepBoii cTemeHmM, KAK B OPejBIAVINEM Caydae, a
cTelenH, HAYHHAA co BTopoi. Menonsayercs qopMmysa cpenmeii
apuMeTAYecKol BIBeIIeHHON !

i+ p

Zpryf

= f=i—p
tip

ZP!

{=i-p

IpHYEM Beca py ONpeAeldloTeds ¢ MoOMOIOBEI MeTOoJa HAaHMeHb-
MY KBAJDATOB. DTH BecA PACCUNTAHEL A8 PARJNHUHEIX CTelle-
Hell ANNPOKCHMHPYIOIIEro HOMHHOMA H PA3NHYHEIX HHTEDBOJIOB
croasxusannd. Tak, A0 DOJIHHOMOB BTOPOINO M TPETLETO HMOPHAJ-
KOB YHCIOBAA NOCASOBATEIRHOCTH ReECOB NPH HHTeDBAIEC Crja-
HHRAHMA M = D uMeer suy: {—3; 12; 17; 12; 3}, aopa m = 7
umeeT BrO: {—2; 3; 6; T; 6; 3; —2}. Jlna noMHHOMOE MeTBepToi
H nAToi cTemeHedl ¥ IPH WHTEDBANe CLI&MHBAHHA m = 7 Oo-
CeL0BATENBHOCTE BECOB ERITMIAONT CAeVIONIHM obpazonm: {5; —
30; 7h; 131; 75; —30; 5}.

K asroit e rpynne meroloB BEIPABHHBAHMSA BPEMeHHEIX DH-
A0 IPHMBIKAST MET0] IHCIOHCHIHANRHOTD craaxusanun. Ero
0coDeHHOCTE 3AKIOYAETCA B TOM, 4T0 B NpONeIVPe HAXOMISHAA
CrIAMeHHOTD YVPOBHS WCNONB3YIOTCH 3HAYEHHMA TOJIbBHC Ipeie-
CrEVIIIHMX YPoRHel paAfga, E3ATEIC ¢ ollpe/elleHHBEIM BecDM, IpH-
MeM Bec HADMIOJMeHHA YMeHBIIASTCH [I0 Mepe VIANGHHMA ero or
MOMEHTA BpEMeHH, IIA KoTopolo olpelelfseTcd ClilaeHHOe
SHayeHHe YPOBHA papa. Eoam I MCXOTHOTO BpeMeHHOTO PALA

1y o yﬂi vy .y.l'l-
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uepes S;, t = 1,2, ..., n, TO IKCHOHEHIHMANLHOE CTIAKHEAH
OCYIeCTEIASTCA Oo hopMye:

S = ay; + (1 ~ W)Se_1, (4.8);

Thoe o — napaxemp czramusanun (0 < o < 1); Beanunna 1 — a
HABEIBABTCA KOMPHUYLEHMOM JUCKORMUPOSAHILA.

Hcnonraya npusejleEHoe BRI PEKYPPEHTHOE COOTHOIIEHHE
I BCeX YpoBHel pAJa, HauuHad ¢ IepBOTO W KOHYAA MOMEHTOM
BpeMeHH [, MOMHO NOAY4YMTh, YTO 3KCIOHEHUWANLHAA CpeJHASH,
T.2. CTJIAeHHOe NAHHBIM MeToIOoM JHAYGHHWE YDOBHA PAIA, AB-
JAeTCA BiBelleHHOI cpefHeH Beex UpelIecTBVIONTHX ypoBHe:

i=1
= aZ{l —a) gy + (1 u]tS{,;

i=0

afeck Sp— BelIMUUHA, XAPAKTEPHAYIONIAH HAYAIbHEIE VCIOBMA. 4

B mpaxTHuyeckux samadax obpaboTHM SKOHOMHMECKHX BpeMeH-
HBIX DAACE pexoMeHAyeTcH (HeoDOCHOBAHHO) BRIGMPATL BENMUYIHY
MapaMeTpa criayHBanusa B wHTepBare ot 0,1 go 0,3. [pyrux tou-
HEIX peKoMeHjaumii Ana BrIfOpa ONTHMANBHON BeNHUMHEI Dapa-
MeTpa o mokxa HeT. B ormenmeHeix cayuanx P. Bpaye npeanaraer
ONPefeNaTh BEIHYHAY O HOXOOA M3 [IHAL] CITTKHEAEMOTD DIIas

2

o= %
n+1

Hro Kacaercs HawaNBHOro napamerpa Sp, TO B KOHKPETHEIX
safayax ero GepyT HIH DABHEIM SHAYEHMIO [EPEOI0 YDOBHA DALA
Y1, WM PABHEIM CpefiHeH apudMeTHYecKOH HeCKONLKHX NepBRIX
UNeHOB PALA, HANPHMED, YIeHOB i1, Yo, Ya:

%:m+?+w_

VKazanpplll BRI NOpAZOK BLIGOPE BeSIHYHHEL Sy obecoe-
UHBAET XOpoNlee ¢OIVIACOBAHME CIVIAMEHHOTD H MCXOQHOTO pi-
AOB INdA IMepBbIX ypoBHeH. Ecim npu mogxome x npasoMy KoHOy
BReMEHHOIO PHAA CrJIaMeHHBle ITHM MeTOLCM SHAYEHWS HpH
BEIOPAHHOM NapaMerpe ¢ HAUHHAIT 3HEUMTENLHO OTIHYAThCH |
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oT COOTBETCTBYHIINMX 3HAYeHHI MHcxogHoro psja, HeobXoiHMo
nepeiiTi Ha APYVroH OapaMmeTD cTUIAMWUBAHAA. 3AMeTHM, HTO NDH
aToM MeTooe CrJaXHBAHWA He TEPHM’TC‘-H HH HaAYaMbHBIE, HH KO-
HedHbe YPOEHK cIUAXKHBASMOTO BDEMeHHOTO DATA.

4.3, Pacuer noxasarenei JUHAMHKN pa3BuTHg
3KOHOMMYECKNX NPOLECCOB

Sror pacder OpPOBOAWTCH HA OCHOBE CTATHOTHYECKODO AHANH-
a0 OJHOMEDHLIX BpeMeHHBIX DAJCE HOHOMHYECHOH IHHAMHEH.
Ilng eTaTHCTHYECKOIG AHANHIA OJHOMEDHEIX BPeMeHHBIX DAJOB
AKOHOMMYECHHX OoKaA3aTelel BHIA

Y1, Mo, ¥ay - Un

afcoMIOTHEIE YDPOBHH MOMEHTHRIX H HHTEPBANBHBIX PAJOE
(cam. paa npumepa Tadn. 4.1 1 4.2), a Tax:e YPOBHH H3 CpefHHX
peararH (eM. Tadm. 4.3) gomuHs! GRITH Npecbpas0OBAHBI B OTHO-
CcHTeABHElE BedWuynHbl. Mx MOXHO NDOIVUMTE COOTHECERHHEM
ypoBHeH pALa ¢ ofHEM M TeM e YPOBHeM, BafTEIM 3a Dasy
(2a Gazy cpaBHeHHA uAllle BCEeTO NPHHHAMANT HAYAIBHEIH Yypo-
BeHL BPeMeHHoTo paga yi), AH60 mociHefioBATeNILHEIMHE COMOCTAE-
JeHHAMH ¢ NPefbIoyINHM VPoRHenm. B meppoM cayuae MOTYUaioT
fazucHbIe MOKASATENH, BO BTOPOM — UenHble.

BpemenHo#l psj Torfa IPABHIRHO OTpaskaeT o6heKTHBHBIH
Npomece pPASEHTHA SKOHOMHYEcKOID HBJIeHHA, KOIZa YPOBHK
3TOTO pPAJE COCTOAT M3 OJHOPOAHBIX, CONOCMAGUMbIY BeJHUMH.
Jl1a HeconocTaBHMBIY BeTHYHE BeCcTH pacueT PaccMATDPHEABMBIX
HMKE CTATHOTHMYECKHX TOKAZaTe/ el AHHAMHKM HelpaBOMEeDHO.
[MpruuHL HecoOMOCTABMMOCTH  YPOBHEH BpeMeHHOTO pPijga MOTYT
GRITE pAsIHYHEIMM. B sHOHOMHEe Ualle BCETO TAKHMH OpHYH-
HOMH HBJIAETCH HECONOCTABHMOCTE:

& [0 TepPHTOPHY BBHAY H3MeHeHHH I'DAHHKIL DETHOHA, 110 KOTO-
poMYy coGMPAOTCH CTATHCTHYECKHe GAHHBIE;

* @O0 KPYI'Y OXBATRIBAEMBIX U’G"BEE.TDB no IMogdHHeHHED HJIH
topMe cobDCTBEHHOCTH BEMAY HNepexXofa, HanpHMep, 4acTH
apejnpHATHH [JAaHHOTO obRefMHeHNdA B IpyToe ofbelHHeHNe;

®* [0 BpeMeHHBIM [MepHojaM, KOUOA, HANDPHMep, HaHHLBIE 3@ Das-
JAHYHEIE TOABL NPHBEAeHBI 10 COCTOAHHID Ha PA3HBIE TATHI;
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¢ YpoBHeil, BEIYHCISHHEIX B DASNHUYHOM MaciuTabe H3MepeHHA;
e YpoBHeH DAL H3-34 PARIHUHE B CTPYVETYPE COBOKYIHOCTH,
ATA KOTOpOH OHH BHIMHCIeHE. Hampumep, DaHHEE O POMK-
JaenocTH HaceleHHs SABHCAT He TOJNBKO OT Ha3MeHeHHH WHCIH
POSHMEBINHXCH H UHCISHHOCTH HACeNeHMHA, HO H OT H3MeHeHHA
EOSPACTHOTO COCTABA HACEIeHHA B TeUeHMe NepHoma HaGMH-
JeHHA.
BoaMosHuel 1 ApyIMe IPHYHHE HECONOOTABHMOCTH.
IMpi anaaWas BEpeMeHHBIX PAJOB IJA olipefefeHHA HiMeHe-
HEH, IPOHCXOQAIIHY B JaHHOM ABJIEHUH, NPex e BCero BEIYHC-
JAKT cKOPOCTh PA3BHUTHA 8T0IC ARNeHMA Bo BpemeHd. Ilokasa-
TEJIeM CHOPOCTH CHAYMENT afcomomisli npupocm, BEMHC/TIAEMEIR
o thopMyiae

AYi = Yilips (4.4)

roe y; — - yp::-nm{m BpeMenHoro pama (i = 2,3, ..., 1n); HHEOeKE
k= 1,2, .., n—]1 onpegenAeT HAUANRHBIN VDOBEHB H MOMKET
OBITE BRIOpAH JIODBIM E 3aBHCHMOCTH OT HeJel HecleJoBAHHH!
npu kB = 1 moay4aioTcd [elHble OOKAsATeNH, Ipd k& = i—1
OOIVIAKTeA DasHeHBIe [IoKAasaTeld © HAYAILHBIM VDOBHEM
pPHEIA B KauecTEe HDAZHCHOTO W T. .
ABcomoTHEIH OPHPOCT BREIDAMKAST BEJMUNHY HaEMeHeHHS Mo-
KAZATE A 34 HHTePBAJ BPeMeHH MeXIV CDABHHBAEMBIMH NepPHO-
gamu. Eean mogxomurs Gojee ¢TpOro, TO CEODOCTREH) HASBIBAKT
OpHPOCT B eHHHUIY BpeMeHH; 9Ta BelHYMHA HOCHT HAa3BaHHE
cpedHez0 afconnmHnz0 npuLpocm:

i

i - W — Uik z (45}

Ay 5

B uacraoctH, cpegianit aScoMmOTHEIA OpHpPOCT 3a Bech NMepHO
HaOMIOAeHHA JA8 JaHHON BpeMeHHOTO DANA DaBeH

E‘!;:yn =

n-1 ¢3

o

H XaPaxkTepHayeT cCpelHIK CEODOCTE HMEMeHeHHA RpeMeHHOrD pAJA.
Hoa onpefe/ieHnd OTHOCHTEIEHOH CHODOCTH HEMEHeHHs Hay-
YAEMOTO ABICHAA B eIMHUITY BPEMeHH HCHONB3VEOT OTHOCHTEILHEIS
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e

moxasaTens: HoaddHIMeHTE pocTa M HpHpocra (ecld aTH I110-
#A3ATelH BEIpAX{eHEl B IpPOLEHTaX, TO HX Ha3LIBAIOT COOTBET-
cTEEHHO TeMIaMH DOCTA M IpHpocTa). 3aMeTHM, 4YTO BO BeeX
mocAedVIRINEX dopMylax HHIeKC HAUAJNLHOTO YPOBHA, OO OT-
HOLIEHHIO0 K KOTODOMY OCYIOEecTBEIAeTCA cONOCTABJIeHME, oUpeje-
JfeTcH TOYHO TAK Me ¢ DOMOIIEI MHJIeKca &, Kaxk H paHee
0JIA NoKasarenda abco/FOTHOTO IPHPOCTA.

Koagpuyuenm pocma gaa i-ro OepHoga BhYHCOIAETCA IO

fopMyIe

L]
Kyp = __,!: (4.7

Kipy = 1, ecin yposeHs Hoewimaerci; Kyp,) < 1, ecnn ypoeeHs
nonmiaercd; npu K;p) =1 yposens He MeHseTcs.
Koagduyuenm npupocma paseH

Kifup)y= Kigpy~1
HIH
Ui —Hi g
Yk .

Kl{up} = (48}

Ha opaxTHke yallle OPHMEHSIOT HOKASATENH MEMNE POCA
M MeMnd npupocm;

Tipy = —2—+100%, (4.9)
ik
rae Ty — TeMn OpHpocTa I i-To IepHofa;
T!{ﬂrl,}= Ti[p} - 100%
HJIH
T oy = Seni<h 1 00% (4.10)

Yik

I'me Tygp) — TeMI OpHpocTa A4 i-To HepHoja.

Temn npupoora NOKASRIBAET, HA CKOJBKO IPOOeHTOE VPO-
BeHb OOHOCO MepHONA VEEAHYHICA (VMeHBIIHICH) II0 CPABHeHHIO
C YpOBHEM JOpyroro IepHoja, T.2. 3TOT OOKA3ATENhR BLIpax.aeT
OTHOCHTENBEHYI) BeJMYHHY IpHpoctra B nponedrax. CpasHeHue
abeoIITHOTO MPHPOCTA H TeMIIA IIPHPOCTA 38 OfHM M Te e npo-
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MEXRYTKHM BDEeMeHM NOKAZBIBAST, YTO B DEANBHBIX IKOHOMHUYSCKHX
OpOoMeccax saMegieHHe TeMOa HpHPocTa HacTo He collPOBOAIA-
erca yMeHbBIIeHNeM adcolTHEK IPHPOCTOR. :

AGCORMHE0e FHAYEHUIE 0FH0Z0 NPoYeHme npupocma onpeje-
IfAeTed KAK OTHOIDeHHe abcollloTHOro OpHpocoTa AY; K TeMI r
npupocta B npoteHTax Tigp. ]

Cpenmio cKOPOCTE M3MeHeHHA MaydasMore SBJIeHHA 38 DAc-
CMATPHEASMEBIH [1eDHOL XAPAKTEDHIYeT TaKKe cpedHuil MeMn
pocma. OBBIMHO 0H PACCYWTHEIBaeTCA Io (opMmysie cpefHeid reo
MEeTpHYecKOoH:

petl v BLT i ! ..
T}F‘} = I %'IIT]_{pj s TE[P} I"'.Tﬂ'(p} = r U—n Iﬂﬂt‘;"’u ¥ {4.11

T{I:Ip} = TT‘“TT}] _lﬂﬂu.-"'ll'l . (4-12}

IMokxasaTess cpegHerc TeMId POCTA, PACCUHTHIBAEMEIR O

TOYHBIE YPORHH BO BHMMAaHHe He NPHHMMAOTeA. B ciyuyae ennb-
HOli KomeGmemocTH YpOBHeH MCIONL30BAHHE IJIA CTATHCTHYE-

NHPHEECTH K Ccelhe3HbIM IIpOocHeTaM B De3yiakTare HOKAKeHHA

pPeaANBHON TeHJISHIIHH BPEMeHHOrD PAIA.
B nacroamee BpeMs NpejUIoyKeHEl OpYIHe cHocoBel pacyerd

cpefiHero TeMIa pocTa, B ToH HIM HHOK Mepe ITHINeHHbIE He-

JIOCTATKOB cpegHeil reoMerpHueckod. Hanpwmep, npejnaraeTcd
MCNIOAB3I0BATE OJIH pacueTa cpefHero TemIila pocTa QopMyy:

i i
ol = {ﬁ? 1 (4.13)

rie If; U I, — CriaskeHHBIe TI0 YPABHEHWIO TpeHia (YpaRHeHHIO
KPHBOH pocTa) HAYANBHEIL M KOHeUHBIH YPOBHM BpeMeHHOTO
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paga. Ilopagox nonyyeHHs ypaBHeHMA TpeH#Oa, T.e. IOPALOK
nocTpoeHMS TPeHNoBOH MOJeNnH paccMOTpeH B L. b. Tpez,quﬁaf
MOZeNE YUHTHIBaeT, KomeGieMOCTs NPOMERKYTOYHEIX YPOBHEH
ppeMeHHOIG DAZA, HOITOMY BEIMHCIEHHBIE IO Hell sHAYMEHHA U
i U,,a CIeJOBATeIbHO, H cpefHUIl TEMI POCTA, BEIYHCIAEMBIH
o mocieaHeit ¢opmyme, Syayr Gojee TOMHO XAPAKTEPHIOBATH
paMeHeHAA M3Y4AeMOro JKOHOMHYECKOTO #ABIeHHA 3a paccmMart-
puBaeMblil HHTEPBAJ BPEMEHH.

BamHol xapaxkTepucTHKOH BpeMeHHOTO pdAja ABAASTCH
raKe cpednuil yposens pada. B MHTePBANLHOM DALY NHHAME-
KH ¢ PABHOOTCTOANIMMH BO BPeMeHH YPOBHAMI pacqflr cpejiHero
YPOBHA pAja TPOH3BONUTCH MO thopmyile NOPOCTOH cpeljHEeH
apHdMeTHHecKoH (3Zeck M Janee CyMMHPOBAHHE BeleTcd o
geem TepuofaM HablomeHHA):

T Lﬁi_ (4.14)
n

Ecnn MHTepBAJNBHBEIH DAJ MMeeT HEPABHOOTCTOAINHE BO Bpe-
MeHH YpOBHH, TO cPelHHH YpOBeHB PAa (rax HAZHIBAEMAaA
cpegHAA XPOHOJNOTHUecKasd) BEIMHMCIAETCA IO thopMynae B3Be-
mepHol apudMerHueckol cpefHed, rje pojib BecoB HUrpaet
NIpoAoKMTeTILHOCTE BpeMeHH (HANPHMED, KOIHYECTBO ner), B
TeyeHHe KOTOPOro ypoBeHb MOCTOAHEH:

i Yt
H=EET’ (4.15)

rie { — uMCAO MepHoJoB BpeMeHH, OPH KOTOPBIX 3HAUEHHE
VPOBHA J; He H3MeHASTCH.

T MOMEeHTHOTO PAJA ¢ PABHOOTCTOAIIMME YDOEHAMMI Cpel-
Hif XPoHoloTrHYecKad PaccUMTLIEASTCH IO hopmye:

e 12y, + Ya + Ya+ - HUp + 120, : (4.16)
n—1

rie n — 4YHMCIO YPOBHEH pana.

A s
MATEMATHYECKIE METOLE
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Cpenuas XpOHOJNOIMYecKasd [AJAf MOMEHTHOIO BPeMEeHHO )
PHEIA ¢ PASHOOTCTOAINHMY BO BpeMeHH YVDOBHAMH BhIYHCJIAE N
o thopMyie:

£_||' = {EI"1 +yz:|t1 + [y:z A ysﬁz"‘---"“:yn-l T yn}tm—l
2y ¢ \

3feck N — YHCJIO YPOBHEH psijia, at; — HepHo] BPeMeHW, OTqe-
nsoluil {-if ypoBeHEB pAfa ot (i+1)-ro yposHa. ‘ 1

Ilpu craTucrHYeckoM aHalH3e BPeMEeHHBIX pPHIOE Uac u'
BOZHHEAET HeoOXOJMMOCTE, KPOMe ONpejeleHNA OCHOBHEIX xa’.
PAKTEDHCTHE pPS/ia, OMPHHTE 3ABHCHMOCTE H3YUAEMOTO nm{aaa:
TeNA Yy OT ero SHa4eHWil, paccMaTPHBAEMEIX ¢ HEKOTODBIM 3a-
a3/ [EIBAHHEM BO BpPeMeHH. JaBHCHMOCTh SHAYEHMIH FpﬂBH&ﬁ::
BPeMEHHOIO psafa OT Npeinayiiux (cABHr Ha 1), npeanpensl-
Ayvmux (cABMr Ha 2) U Tak jajee ypoBHeH TOro e BPeMEHHOTO
PAfA HASEIBASTCH @EMOKOpPPeAAyLUel Bo BpeMeHHoM pany. Jas
OOAyYeHHS YHCIOBOH XADAKTEDHCTHKH Takol BHYTDeHHell
3ABHMCHMOCTH BEIYHCIAIOT BIAHMHYI0 KOPPelNALMOHHYID (GYHK-
M0 MeMIY HCXOJAHBIM DANOM ¥; M 3THM JKe DANOM, CABHHY-
TEIM BO BpeMeHH Ha Benuunny 1. Taxas GyHKIHA HA3EIBAETCH
A8MOKOPPEARYUOHHOIL, OHA XADAKTEDPHAYET BHYTPEHHIOW CTDYE-
TYPY BPeMeHHOTO DASA H COCTOHT M3 MHOJKECTEA Kuanb:]munen-:
;E‘;Ellj ;;Ez:lmppenzunn (HemMKAHYeCKHX), PACCUUTHIBACMEIX IIO

(4.17)

=T n=1t Rm-T
{R_f}ZthHr 73 zyt ZH:H

rf. ok t=1 =1 =1
— (4.18).

H=T 3 n-r n-r f-r 2
{”_T}Z Bt - Zer '{E—T}z .{l"t2+r_(zyl+rJ
- t=1 =1 t=1

r=]

dajlaBaf pasIHYHBIe 3HadYeHHd T = 1, 2, 3,..., HonyIaeM IO-
C/Ie/IOBATEIEHOCTh 3HAYEHHH Iy, 'y, I'y,.... Ha IpakTHKe pexo- .
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I'pagur ABTOKOPPEJANMOHHON (QYHKIMH HASBIBACTCA KOPPE:
I0ZPAMMOM M TIOKABEIBAET BEJHUHHY ganasjkIBAHNA, ¢ KOTOPEIM
paMeHeHHe TOKasaTeNd l; CKAIBIBAETCH HA €ro TOCTIEMY IOIMHX
spageHMAX. BenmunHAa cABHra T, KOTODOMY COOTBETCTEYET HAOM-
GonpImmit Koa(hMUINEHT ABTOKODPENANHNH, HAShIBASTCH apeMen-
HiblM AIZ0M.

B paje ciayd4aeB MCIOABEYETCH yopoleHHad GopMyna AL
BEIYMCTIeHAA KoadHIHeHTa ABTOKOPPEeIAIIHM:

1=
- —Z{Eﬂ'; “E}w\t-ﬁ-r -4
n-1

ro= t=1 i

1 2
= W =¥
Ly

roe § — cpegHHil ypoBeHE pPAAA (cm. dopmyny (4.14)).

(4.18")

4.4, TpeHp-ce30HHbIe SKOHOMHYECKHE NPOLecChbl
M WX aHanu3

PacemorpaM psj OpoblieM M OCHOBHEIX MOHATHI, CEASAHALIX
¢ HecJedoBaHHeM Ce30HHBIX komebapuit B axoHoMuke. CesoH-
HOOTH, KAK IPARMIO, CEA3BIBAETCH HCHIYHTEIBHO O CMeHO
I PUPOIHO-KIHMATHYeCKHX yCIOEHI B paMKax OrpAHHYEHHOTO
NpoMe;KyTKa BpPeMeHH — TOJ0BOTO nepuoga. Haubonee ApKo
2Ta CEAZH BHIHA TAM, Tjle HeclefyeMblie MPOIEcchl MPAMO CEA3AHE]
t eoTeCTBeHHEIMM 0cOGEHHOCTSMI TOTO HIH MHOIG BPeMEeHH rojas:
B cRIBCKOM XosgiicTee, JoOBIBAIOINMXY OTPACIAX, oTpacaax JeTKo
NpoOMBIIIIEHHOCTH, ofipafaTheBaIOHX cellLCKOX03aCTReHHYED
IPOAYKITHK, H IP. OpEaxo ce3oHHEIE KojdeDaHHA thopPMHPYIOTCH
He TOORKO II0J BAHAHHEeM [NPHPOLHO-KIHMATHIECKHX thar TOpOB,
HO ¥, IYCTE B MeHbIIeH Mepe, O] BANAHIEM WHBLX ocobenHoCTeH
cHeTeMBI, VXOJMAIMX KOPHAMH B 3KOHOMHKY.

BausHHEe Ce30HHOCTH HA 9SKOHOMHMKY BrONHe OYeBHIHO i
NpOABJIAETCH B APUTMIH TPOHSBOACTEEHHELL M IpYTHX OpPOIEccos:
HeJorpysKa MPOM3EOICTEEHHBIX MomgocTeH B ONHH IePHOJEI
roga ¥ Gojiee HHTEHCHEHOE HX HCIIOJIBIOBAHIE B ApYyTHe; HeDAB-
HoMepHOEe paclpelelieHie BHYTPH PaMOIC roga ofBEMOB IPY30-
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obopora ® TopapooBopora u T.4. He BO BreX clovyagy CesoH-
HOCTE #ABIAETOH CASICTBHEM OeHCTBHHA HEVIDARNAEMBIX HJIH
HOYTH HeynpasiseMblx (axropor. Uamie Beero oHH HOIJAIOTCR
pervaupoeannio. Ho gasme B B TeX cAydafdx, KOTja IpAMOE BO3-
IelicTEHE Ha Ipoliecckl, ELISLIBAIOIINE Ce30HHEIe KolelaHn, Ha-_.
BOSMOKHC, HeoOXOoARMO VUHTREIBATE HX OeHCTBEHe IpH caBepmen.e"
CTBOBAHMH TeXHONIOTHUYSCHKHX, ODIAaHM3AUHOHHO-2KOHOMHYECKHX
NpolneccoB W OpOOeccoB yopaeieuus. as Toro uTobfnl MOMHO
BRIfI0 HeJeHAIPABIEHHO BAMATE HA Ce30HHOCTE, HeoGXOIHMO
YMETE M3MePATE H AHANHAWPOBATE CE30HHOCTL, YMETE npemm,ueﬂ}
PASBHTHE [IPOIECCOR, MOSBEDeHHBIX Ce30HHLIM KoJedanmuaM.

Ilom cesoMubiMu KonefaHUAMY [IOHHMAIOT PervIApHEIE, Ie-
PHOOMYeCcKHe HACTVILIEHHA BHYTPHTOOOBREIX NOAREMOB M CIIAZOB
IpoM3EQACTEA, TPY300o0opoTa M ToBapoobopora W T. 1., CBA3AH-
HBIX C0 CMeHOH BpeMeHM I'ofia, 4 IO0J CesoHHOCmbY — OrpaHH-
YeHHOCTE MOJOBOTO lepHoia paboT Do BIMAHHMeM TOro e IIPH-
ponHOro daxTopa. .

Karx orMedeHO BRIDe, VIODAZOUeHHAA BO EPeMeHH NOCIeIo-
BATEARHOCTE HADMIONSHHH SHOHOMHYECKOTD IIPOIecca HABLIBA-
eTci BEPeMeHHEIM PAJOM, H eCjH Opolect NoJBepieH NepHOLH-
HeCKUM KoefaHHAM, MMEIOIHM ONpefeleHHEH H OOCTOMAH-
HBIH @epHoi], PABHEIN TOJOBOMY IIPOMEMYTHKY, TO MLI HMeeM
Aeso ¢ TAK HASEIBAEMEBIM MpPeHd-cea0NHbLM BPeMeHHBLIM DHIOM
(cespHHEIM BpeMeHHBIM DHIOM).

ITowry Belomy, e He OroBOPEHO CHOEDHANIBHO, DyJeM pac-

CMATPHBATE TDeH)[-Ce30HHEIH BpeMeHHOH pajg {Yi}, t= ﬁ, no- 4

PO OgaeMbelH ATIHTHEHBIM OJI__VT-IEI‘:IHBIM MPpOITeCCOn:

Yz =Uf +Vr+511 t:]_,_fr_, {‘1'19}

rae U, — Tpenn;

Vi — cesoHHAA KOMIIOHeHTA;

gp — caydaiiHas KOMOOHeHTA;

T — uneno ypoeHeH HabIonenund.

Oraocrressio U, npegmonaraercs, UTO 270 HeKOTODam TJIANKAad
(QyHEINA, CTeNeNb IMAIKOCTH KOTopoi snpaHee HewapectTHa. CesoH-
Haf koMmnoHeHT2 V; umeer meprorn Ty Vt-l-T., =Vi(Ty = 12 pna psa-

J& MecAYHBIX MaHHbIX; Ty = 4 — 1A pajs KBADTAIBHBIX JaHHEIN).
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Kpome TOro, H3BECTHO, YTO Ty naueno gexur T', T.e. T =mxTy,
m — nemoe yueno. OueBHAHO, ClIH Ty — HHMCHO MeCAles WIH
KBAPTAJIOB B TOAY, TO MM — HHCIO JeT, npencTaBIeHHEIX BO Bpe-
menHOoM paxay {Y:). Yacro mexojHElE NaHHBIE TpeH-Ce30HHOIO
ppeMeHHOTO PAfa NpecTaBIAITCA B BHIEe MaTPHIBI {Yij} pas-
mepa [m=Tp]. B aToM ciyuae BEIpazieHHe {4.19) mepenuineTcH
o yHEeTOM BBEeJeHHA ABoiiHoil HHIEKCAHM:

}J‘”—:U!j "'I':”'-FE”, ]:.=11.m, j-:-!.,Tu. [4-2{}}
JamuineM COoOTHOIIeHWH, YGT&HHBHHBEEMHE CBA3R MeHIY

pHpexcaMu ¢t i (1,]):

ii= —-t-'- +1
Ty

j=f—{i—'1}XTg

eV YacTh

ol ]{}EHH.'LIB.E'T, KaK H BBIIIE, J
(4.21)

IlocTapaemMcs BEIZENMTE H KPATHO oXapakTepH30BATE 387A-
uM, BOSHMKAIOIIHE IIPH HCCIe(0BAHNH Ce30HHOCTH poobine u ce-
30HHBIX BPeMEHHBIX DANOB B YACTHOCTH. [Ipobrema aHATHSE Ce-
GOHHOCTH 3AKIIOYASTCH B HCCIeNOBAHIH coBCcTBEHHO Ce30HHBIX
komeBauKii ¥ B MAYUeHHH TOTO BHEINHEro IMKIHYECKOro Mexa-
HuaMa, KOTOpblii WX BeiapiBaer. Jlua HCcIeOBAHKMS Ce30HHBIX
KoneBaHWil BHe CBAZM ¢ MPHYHMHAMMN, HX IIOPOMKAIOIIMMH, 0He-
BHAHO, HeobxoguMo OTGHILTPOBATE M3 BpeMeHHOI'o DPAfA Y,
cesOHHYID KOMIIOHeHTY V), H 3aTeM yile AHATH3HPORATE ee JH-
paMUEY. BoJBMHHCTBO METOJOB (PHIBTPALIMI NoCTPOSHD TAKHM
oBpason, YTO MpeiiBapUTe TbHO BRIASIACTCH TpeHf, & 3aTeM YiKe
cesonHAR KomMpnoHeHTa. Tpempg B uHeTOM BHE HeobxoIuMm H
1A aHANH3a THHAMHKHN ce30HHOH BOJHEL.

Ilpn HeclefOBAHHH cesoEHOI Boauel V) uallle Beero mOpen-
HoJIATEeTes, YTO OHA He UaMeHdeTcd rof oT roja, T.e. Viy= Viek,p»
i+ k < m. Ha camoM e jelle TaAKOe NpeAIONIOKeHIIe NATEK0 oT
HelicTEMTENBHOCTH, IO KpaiHeil Mepe JIA GoNBIIMHCTEA KOHO-
MHYecKHX mpoueccoB. Jlus cpa0HHON BONHEl XapakTepHO H3Me-
HeHHMe cO BpeMeHeM Kak ee pasMaxa, Taxk H thopmer. B peaynsb-
TaTe BOSHMEAeT HeobXOoJHMOCTE B AHANH3E M IpPeJCKA3ARHN
HaMeHeHH ce3pHHOH BOIHELL
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[MepeyrcnuM Teleph SAfaqMH, KOTOpBIe BOSHUKAKT NDH

HeCHIeTOBAHHN Ce30HHBIX BPeMeHHBIX DHIOB:

1) onpejeneHHMe HalMyHA B0 BPeMeHHOM DALY TPeHIa H

onpefelieHne CTEIleHH ert DIATEOCTH,

2) BBIABAEHHe HaAJIWYMMA BO EpeMeHHOM DALY Ce30HHBIX
KOJetarui;

3) duARTPANME KOMIOHEHT PAJA;
4) aHATHE JHHAMHEHN Ce30HHOH EBOJIHEL;

D) HecmepoBaHMe PAKTOPOR, ONPEIe/IAIINX Ce30HHBIE Kojie-
BaruA;

6) nporHosHpoBAHHEe TPeHI-CE30HHBIX IPOIECCcon,
OBBACHUM CYTh HEKOTOPBRIX HOHATHH M TaiunM KPATKVI

NAPAKTEPHCTHRY HKaxxgoro nyveeTa. Ioj cTemeHBH I'NajfKoCTH

TpeHia MBI OVIeM IOHHMATh MHHHMATBHYVH) CTeNeHE IT0JIMHOME,
AJEKBATHO CIVIAMHEBAIIEro KoMIoHenty U,. Bror DVHKT He-

HOABAVETCS B HeKOTOPEIX MTepPALHOHHBIX alropHTMax (HIbsTpa-
MM OpH Bhijle/IleHHH M3 BPeMeHHOI'o pAma {Y;| eroc KOMIIOHEHT

Ug, Vs, e

BrigEneHde HATHUYHA B0 BPEMeHHOM pPAIY Ce30HHBIX HoJe-
BaHMil CBOTHTCA K NPOEeDHEe HA cIydUaiiHoeThH OCTATOYHOTO DAJA:

{l}; Ly=Y, - Us

Ilop uapTpanuel KOMIOHeHT pAZL [IOHUMAeTCA BRIgIeHIHE
Ha paga {Y,} ero cocrapnawmux Uy, Vy, &
AHATHZ THHAMHEM, UIH SBOJIOIHHE, CE30HHOH BOIHBI MOMKET
PaceMATPHEATRCH HaK I[polece PelleHHA TpeX B3aHNMOCEAIAH-
HEIX 3aga4:
1. Anannz JUMHAMHENE aMIIIHTYIE! CE30HHON BOMHBl B Hakm-
JoM Mecdlle (KBaApTale, Hegele).
2. Anpanvs JHHAMHKM TOUEH dKCTPEMYMA CE30HHOHN BOJIHEL
3. Hecnemonanne HaMeHeHHi ¢opMEI BOJHEL
Ha puc 4.1 npuBefeHa VHPYOHEHHAA CXeMa HCCIeNOBAHMA
Ce30HHBIX BpeMenHuix pafos., CxenMa He onpelensieT MeTOIOR
PeLTeHNA Kadgoll 3aTaud, MeToIbl MOTYT Ha3MeHATLCA, COReD-
1IeHCTEORATBCA CO BpeMeHeM, HO oHA olNpefelfdeT COBOKYIHOCTE
¥ HoGIefOBATENRHOCTL BONPOCOB, KOTOPBIE JOJIMHEL ORITL penle-
HBI IJA ODOJHOTS HeoefoBaHHA ce30HHoT0 BpEMeHHOTO paja.

d

o

Bbimme yiKe OTMEYAIoch, UTO B KAKHX Gbl popniax HH ITI;?_::I::;
JIAIACE CE30HHOCTE, B mofoM clydae ee NeHCTEHE *::Tpnuatb —
cKAsbIBASTCH HA pesyibTarax TeATeTEHOCTH r:pe,u.rrpnmm,m ::E_I'I}i{,-,
oTpACH, SKOHOMHKH B IIe/I0oNM. YrpapieHHe ceaaunnc::ﬂ g
HO OIHPATECH Ha 3HAHHE AAHOHOB ee ABOJIFOIIHMH, Hi ﬂl'Icca iy
pell cpefsl, B KOTOPOI ngéoncmnm- passUTHE Ipolecca,

; HEIM KoJXeDaHHAM.

£EH§;;:MceﬁitchpupnBaTh OT/leIbHEIE BONPOCEL anam;:la; 1::::
SOHHOCTH B OKOHOMMWYECKMX Tpoleccax HA KOHEPETHBIX iﬁwmoé
B Tabn. 4.6 npusefieH BpeMeHHOH DAl ememecﬂqmi:m e
nepenoaor{ I‘p}ﬂSDB MOPCEHAM T‘IJ&I‘I'CIIGPWM B Y(‘.JIﬁDBILbI e
max. Ha puc. 4.2 mpejcTaBeHEl pieMecAUHEIE ODEE i
sox aa 1-it, 4-i, 7-i, 10-ii m 13-if rogsl, T.e. ¢ JHCKPE 3
TEH TOMA. BuayaseHo HETPYAHO 3aMETHTE, HTO nccni,u,::;a il
pALY NPHCYIN BO3pACTAIOIIHA TPeHN H nonmpammnec.m i
B TOJ NOTLEMBL H CHALEL ofLeMoB TIepeBod0K B nnunﬁnamm e
pHOABL TOHA, T. €. Ce3OHHEBIE konebapua. TakMM 001:;1{ o{;}{'TﬂH %
necc,xapawrepﬁayemmﬁ aTHM BpeMeHHbBIM pﬂ;ﬁomﬁna SR
TpeH-Ce30HHBIM AKOHOMHYLCKIM npcue_m:ia;.é.

paga Tp =12, m = 18, rax aro T = mxTy = :

Cmanm

1 | celoHHoCTH |

I

| 5a

(npepenesme | =

CTENEHN MAX0CTH I Yypynnenssi |
TpEHAA N ananua
2 £RI0HHON
4 aoiHs

WooneaosaHWe
BrAgneH1E DHNLTPELMA e

56

fraKTopos
CEATHHOCTH

KOMNAQHEHT papa

AHanua
SEORKLAH
3 R20HHOR
BONHS 1
CrnasHEEHHE | o pﬁﬂﬁ;a :
paga 1

|

Puc, 4.1. Cxema KOMNAEKCHOZ0 uecAedneaHLLA
mpeHd-ce30HHbLX BPEMEHNBLY pados
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Iuaaa 4

CratTvernueck e METOIL! OHpefelleHHA HAMIUHE TPeHTa pac-

OpHMeHeHHE MeToma DocTepa—

CPeIHEM H JHCIepCHH:

t: = 5,847; t; = 5,778.
IIpu yporre SHaunMoeTs o = 0,05, 7. g, ¢ JOBeDHTeNRHOH
BepoATHOCTEO 0,95, u Np¥ YMcne cTemeHei

cBODOIBI m—2=13—
~2=11 Tabmunce SHaveHne KpuTepus Creiogenta paBHO [y = 2.2,
Tak kar £, > t, u tg > ty,

TO 'HOOTe3El 06 OTCYTCTBUM TeHIeH-
LNH KAK B cpejlHeM TRV

M JHAYeHWH DAfA, TAK W B fHenep-
CHH OTBERTAKTCA, T. &, B JAAHHOM BDEMERHOM pajy IpHCYTeT-
BYIOT TDeHJ U TeHAeHIHH R AMCIIeDCHE paga.

Pacemorpum Ipene Beero HeKOTODbIe TEOpeTHYeCKIe BO-
TPOCEl BEIABNEHWS W (DHABTpanNR cezorHOi KOMIIOHEHTBI Bpe-
MEHHOTO0 3KOHOMHYeCKoro psaja. To-npesxnemy ByneM pacemar-
PHBATL BpeMeHHEIe pajl, HopoXaaeMble aggHTHERRIM CUYYan-

HBIM IIpOUeccon (4.19). Onpenenusm momarasa CIIAMHBAHHMA |
duasTpanuu. IMog CERANUBAHILEM TPEHZ-CE30HHOIO BpeMeHHOTo

pPana GyneMm mommmarTy Hpoliece NOAYYeHHA oueHOK (I’;*t + ff,),
a Imox duasmpayueii xoMooneny — Hponece NonyuYeRnsa oneroK
U ¥ m e B HAacToAlllee Bpemst pa

HALIPABIEHNS DUABTPAINH KoMIOHekT BPeMEeHHOro pafga Buja
(4.19): PeTPecCHOHHBIE, CIeKTPATLHEL

& H urepannoHnse. Hirge
MBI paceMOTpHM Golee OOApPOBHO HTepATHOHHLIe.

Tabnuua 4.6, 0fuembl NepEBo30K rpy3oB Mopckum TpaHcnopToM
B YC/OBHbIX eMHMLaX {I’H, i=113, ;= ITE}

Mecay
Tod Iendame: T aes e B
1 7.62 6,580 9,02 9,67 10,76 11,48
2 8,50 8,11 58,83 10,70 11,24 11,98
3 9,40 8,00 11,44 11,78 18,05 13,09
4 8,84 10,18 11,64 12,49 13,28 13,68
5 9.15 8,02 10,87 12,01 13,96 14,39
] 10,8 10,24 12,63 13,50 15,038 15,33

J’-} k=

MNpogonxeqme rabauys 4.6

Mecay
Tod Fr e[ T TR T 0 N I;:;l
7 T BT Dl 5 o T 71 5 L T Y et 1 1 G o
8 10,84 11,55 13,31 14,78 16,08 16, g
9 12,19, 7 1248 . 1484 1565  :16,85 -~ 1733
10 13,21 1246 = 15,83 16,40 17,44 1;,?:
11 14,08° 1319 15,26 16,30 17,?&5 19,28
12 14,73 18,66 17,59 '17.74 m'g; 19:38
13 14.0000°14.82 ' 1765008 Wi8:10. . 1952 b7l
1 1148000 1168 1120000057 9,3§ ﬂ.ﬁg
2 12,88 ,,.12.78 11,84°0119.19 . 10,97 /1 93
3 13,74 13,74 1241 12,69 10,68 13.;
4 13,88 1382 1311 1296 ' 12,01 12,{:||r
5 14,41 14,46 18,56 18,89 12,40 1{},3;
6 15,24 15,02 - 14,51 /14,12 13,08 :‘00
7 15,22 1588 1546 14,83 13,03 14’75
8 16,41 16,72 16,65 15,68 = 14,67 14'1?
9 17,60 17,62 16,39 16,87 15,19 i
10 17,80 17,76 16,97 16,85 15,78 i;,‘”
11 18.8Y .00 J1B.T) 0, 18,25 o TR0 1887 1047
12 19,44, 19,05 1968 1828 1741 1;3;5
18 19,94 2094 19,96 19,31 18,52 7,
13-it rom 10-ft rog T-# rog

251 EI’S;::J:HGK

201

15

-
o

10

Mecame
| il ] I v kY] Wil Wil 1% X X pill

Pue 4.2. O6sembt nepesodok pysoa
MOpCHUM MPAHCTIOPTIOM 6 YCROBHBLY OUHUYAX
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qeTy WHGOPMAIMHE Ha KOHIAX BPeMEHHOTOo pana. Hampu-
g | MCIOJB3YETC CKOJLEAlas CpefiHAA BUAA (4.22), To
74 emlmi xoHIe paga Tepsercs 1o To/2 ero 4ieHOB.
__B:Hile ‘pﬁcCMDTPHM JBa PIQTI’EPHMHDHHHK meTona: YerpepHEOBA

— DJH3eHOpeCcCa F

'::nlﬁlilemepnuuia. 1,[le~annpnuec1cm”{ pagn {Y,;} BuIpaBHH-
¢ cKONLaAIEH cpefHel (4.22) ¢ mepHOZOM  CKOJBAEHHHA
geperca (To+l) 4ieHOB MCXOAHOTO PAAA, H3 KOTODBIX
1 mocaefEMil GepyTcs ¢ MOJOBHHHEIM BECOM: @ gy =

= 1/2 . Brinagaloniie Ty/2 unenoB pAga ¢ o6oMX ero KOHIOB
Tt 4 :

BOCCTAHABINBAIOTCS SKCTPATIONHPOBAHHEM BBIPABHEHHOI'O
1. 160 OCTAIOTCA B CTOPOHE IPH NOCNeIVIONIEH CTAIMI pabor.
lonyyalorcd OpéiEapUTeIbHAA OLeHKa TPEHA

Y, =U;

Hrepannonnsie meronst dunprpamuun. IIpu Brige
((huneTpanyy) KOMICHEHT BPeMEeHHOTO PaAfa TIOMOI
HIH HMHEIX MeToJoE HeH3leiHHO BCTAST BOIpPOC O 4y
hHAERTPAIHHA, T.e. BONQPOC O CTeleny GIMI00TH OLEeHOK [
HX HCTHHHEIM aHadeHHAM Uy, V. Cioegyver oTMeTHTE, uTo g
HH OIHH M3 H3BECTHHIX METOJ0B He oflecnmeunBaeT HeobXomm
CTEIEHH MHCTOTH! (PHALBTPAIMM [JI8 BPeMeHHEIX PAJOB
HOH CTPYKTYDEHL. f

Hrepannonable MeTOAbM (HILTPAIAH COCTABIAIOIHX
MEHHOTO PfAfa MOABMIHCE B CBOE BpeMA KAK Pe3yNLTAT IIPF
HEBOSMOMHHOCTH BLITeNeHWH KOMIOHEHT PAJA NpPAMBIMA
Aamia. OcHoBHAA HIed HTEePANMOHHBIX MPOHeNVp 3AKJIIOYE
-MHOTOKPATHOM NIPHMeHEHHM CHOJLIAMeH cpexHeii:

Y, ¥
—z;ﬂﬁ +Yp gt A Y g ey + bt

e 2 i
e To ot JIOHEeHMA SMIHMPHUeCKOro piajia oT BhRIPABHEHHOTO

|!-I=Y:—Y=r, t=1,T

e
Bﬁ!ﬁ

M OJHOBDEMEHHOH OIeHKe Ce30HHOH KOMIOHeHTEI B K

OpOUeAypEl K APYTOMY MOMET CONPOBOMTATHCH MIMeH
napaMeTpoR CKONb3RMIelt cpegHeil. Eeawm dopmyny ans
gAIMed cpefHeH ZANMCATE B BHIE

q
Z ']‘r-Yr+r

1 T=—4q
ASmer

L =Y -Y (@=Lm; j=1To) (4.24)

32 Mns kamIoro rofa [ BRUYHCAASTCH O — cpe/HeKBAPATH-
OB OTHIOHEHME, HA KoTopoe W NelaTed saTed o'r,ueﬂmmf:
SUHBIe (KBAPTAMBHEE) OTKJIOHEHHA COOTBETCTEYIOLIEro rofa.

L= bj (4.25)

i
[
TO IPH Nepexoge oT oJHoH HTepamMH K Apyrod MoMKeT I
XOMNTE H3aMeHeHHe LNHHEI Y4acTKA cKolbienus T' H
H3MeHEeHHA BecOBRIX Koahdunuentos o . B HexoropEX H j Ty 2 1o ;‘
OHOHHBIX MeToJaX, KPOMe TOro, MCHoJp3yeTca perpeccrd (Ka ZIU & EI‘J‘ /To
NpaBHiIo, JHHeitHa") HCXOAHOro paga Y, Ha mpeobpasopal ! j=1 i / (4.26)
B mepEoM ware pag Y, = U,

- 2 [ 2

i
Ty -1
HrepanmorHsle MeTOIEl OTAHYAET OpocToTa M YAOBJET
TeJEHAA «YHCTOTAs (PHABTPAONH HOMIOHEHT PpPHIA. 0,
BCEM HM NPHCYVII H BeCchEMA CYVIIECTEEHHBIH HeJoCTATOK.
MeHeHMe cKoJbaameil cpemmei (4.22) u (4.23) npusogy

3. M3 «HopMupoBaHHBIX» TAKMM NYMEH OTKIOHEHWH BEI-
SClgeTcy npegpapHTe LHAA CPeHAA CR30HHAN BOTHA
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fa : (4.27)

4. Cpesuad mpefBapHTeNLHAA CE30HHAH BOJNHA VMHOMAETCH
Ha cpefHeKBaIpaTHUYeCKOe OTHJIOHEHHES KAM(IOro rofd W BREIYH-
TaeTCHd H3 aMIHPHYeCKOTO pAja:

1 1

5. IMoayuwaomufica TakuM ofpasoM paAj, JHIOIEHHBIH Tpej-
BAPHTENBHOH cesoHHOH BOJNHEL, BHOBL CIULAMKHBASTCA CHOMLIAMIEH
cpenHeH (INIA MecAYHRIX NAHHEIX MO IATH WX coMY TOYEKAM B
SABHCHMOCTH OT HHTEHCHBHOCTH MENEHXY KOHBHHETYPHBIX HOIe-
DaHui ¥ NpoNOMEHTeNRHOCTH OoNee KEpYOHEIX). B pesyianraTe

OONYUIAeTCH HOBAA OLEHKA TPeHga U;[z} 4
6. Orxionenns sMOHpHYeckoro paga Y; or paga U}Z} » TOJIY-
YeHHOTO B I1.5

W=y, -uf?, (4.29)

EHOBB II0/IBEDralOTeA AHATOrHYHOH ofpafoTre mo m. 2 m 8 gna
BEIABNIEHHS OKOHYATENLHOM cpelHel cedoHHOH BOJHEL

7. Hermouenue oKoHYATENBHOH CE30HHONH BOJHEI IPOMBEO-
AHTCA MOCHe YMHOMKEHHMA cpeiHeil cesoHHOH BomHel, Ha B —
KoapPHOIHeRT HAUPAAKEHHOCTH CeR0HHON BOJIHLL:

lTl'l-
(2
ZH;%
=1

ki = T— 1 {4.3&}
U
2
>.e}
j=1
2 o
roe 4!!{}] — BLIpOBHEHHBIE daHAYeHHA pALa, E”' — CAYHAHHAA

HOMITOHEeHTA:

2 2
Efj‘ = E:}_} Y VJ{ }.
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e

Omseanyeri Meron 6suT paspaboran ‘leTBepHKOBBIM B 1928 r.
i B OTAH4YHe OT paspaoTaHHBIX panee MeTONOB npocToil cpefHeH,
wetoja [lepconca M APYTHX MO3BOJSAI HCKJIIOMATE ENUAHHE CE30H-
HEIX BOJH TepeMeHHOH CTPYKTYPBI.

Merox IMuckuna—Jizennpecea. B merofuie
Ditzennpecca, KPoMe CKOIbaAINEH cpeameit (4.22), Ha BTOPOM H
[OCTeIVIOIMIHY STANAX WTepAlMoHHON MpOIEAyPEl TPHMEHAIOTCH
fGonee cA0MKHEIE IATHALUATH- H NBEAIIATHOIHOTOHETHEIE fll:m‘:u:.a—
pue Croencepa. OHH HMEIOT COOTBETCTBEHHO ceMyIOmui BHI:

MiscErHA—

_3Y,., 6, ¢ - 5Y, 5 +8Y, 4 +21¥, 5 +46Y, 5 + 6T¥, 1 +

+T4Y, + 67Y,,, + 46Y,,5 + 2175 + 3Y,.4 — 55 — 66 ~ 30y .
i 320

'
12T

(4.31)
~Y;_y0 - 8Y;_g =5, g ~ 5Y;_7 — 2¥;_g +6Yp5 +18Y; 4+
133Y,_y + AT, + 5TY;_y +60Y; +57Yyy + 470 +
+33Y,,g +18Y;,.4 + 6Y,.5 — 2¥iup — B¥pu7 — 5%hus = 3¥ii0 ~ Yrar0
350

A B nadponoit sanmen Kempanna:

1
Yy = ﬁa[ai]z[ﬁ][—s,a,az,a,-a], (4.32)

g, = =[5 [7]-101.2} (4.33)

B (4.32) n (4.38) cumpome [N] osuayaior Bmpmja’mmanne paAA
exonpagmeil cpegHeii. Tax, HanpuMep, eI N =5, 10

Y, 2+Y 1+ 1 + Yy Yn-z_‘
5
Crmsox [N]2 osnauaeT JBOHHOE TOC/EAOBATEILHOS BLIPABHHBA-
ue pafa |Y,} ofgHolt M Tolf e CKONBAAIMIEH CPEJHEH, T.&. ecH
N = 5, To cHAuaa MOTYy4aeM BLIDABHEHHLIEC OIEHKH Y/ mo (4.34),
saTeM K HMM IpPMMeHAeM TY jKe CKOJIBIAINIYIO CPELHION (4.34):

(4.34)

Y
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Tuaca ¢

P . ]
Yoo Yo + Y 4 W+ ¥y + W
: ;

o
Ecmn pacemarpunaercs ABANIATHOAHOTOYEYHAS CKOMBAATIAN

cpequan (4.31), To aarem M ACIKHEL BLLNM OB NpHMeHHTE
€lle OJiH0 BLIDABHHEAHHE 110 CeMM TOUKAM: '

il i T it . i 4
Yoo Dt + Vil + VG + VP Y 4 VY, 2t Yia
S |

H B zarmouenne

(114 »
vV o Xt Y2 + 250" Vi + Y
5 —==

B pesynerare mer gomxnn: GyneM moTyumTE Bpipayiense (4.31).

Yem BrIzBanO OpPHMEHEeHUe CKOMBIAIMMY CPeHUX CreHcepa
B merone Ilneckuna—ODitaennpecea? Hemo B ToM, yro crombas-
Mad Cpeanas ¢ CHMMeTPHYHO-DABHEIMM Becan BHAa (4.22) no-
SBOIACT BLIIEIHTE JHINE JMHeHHELINE Tpenn. Boom wme TREH Ha
CAMOM Aelle HeAHHEeH, TO Cr/iaKHBamMe BPEMEGHHOTO DAMA, Coflep-
JKAILETe HeNMHEMHEIH TpeHj, aaer HCKaMeHHLIe eTo snz:qemm
Cronpagman cpenuas Cllercepa mozponmer HNONVYaTs Tntm:sn;
OLEHKH TPeH/Ja, BRIDAMKeHHOTO Mo/ IHHOMAMH A0 TPeTHEH CTemeHy
EKJIOYHTEILHO. :
Epei'jx;.cmumnm Telleéph cobeTBeHHO MeTog UInecxuna—Diizen-

1. Hexogantit papy 1Y} meIpasuunaeTca CRONESAIMEH cpegHeli
(4.22). Menaerca aro, xak u » Metofie Herpepnrosa, ¢ 1oif Hemnio
49TOBEI He MeKA3NTE CE30HHYI0 KoMnonenty V,. Eeay 61 MLIJ HC—’
HONBIOBANH CHONBIALYIO CPEHIOND ¢ ADYIrHM TIeDHOJOM CHROJIE-
HEHUS, TO 3TO NPHBENO 6Bl K HIMeHEHMID Kaik AMILTHTY X
H (hOPMBI CE30HHONH BOIHLL. o

2. Paccunrrieaores OCTATOUHEIE 3HATEHMS:
EI i Yé' £ !l:
HIH

by = ¥ - Y.

Memoder w Modeay anaau3n GURLMUNL JROMOMUSeckuy npoyeccos 175

BrruncnamwTea cpefune SHAYEHMA OCTATOUHOrD PATA B IeIoM
no pARy ! n no mecanam (kpapranam) l;:

i, (4.35)

3. HaxopuTes npelBapuTelbHad oOeHKA CpenHeil ce30HHOMH
BOJTHEL

e
Vh=l -1 (4.36)

H CTPOHTCA HOBEIH PAN, OTHOCHTENLHO CBODOTHEIN OT ceaoHHOH
KOMIIOHEHTE]

0} = ¥, - V1. (4.37)

4. K papy U;; npumensercd CrIMKMBAHHE CHONL3AIIEH
cpeagHeli Cnemcepa:

. 1 2 -
02 = 5 [8][7]-1.0.1.2,1,0,-1]U; . (4.38)

5. HaxoguTea yIyUIIeHHAS OLEHKA CesoHHOM KOMIIOHEHTEI:

o na
> W - U
vi=ll (4.39)
nm
A Mpumep 1. Ilpumennm meron YeTeepruKoBa 018 BRIOe/eHAA

KOMIOOHEHT BPEMeHHOTD DANA, OIpHBeIeHHOrO B Tabm. 4.6.
1. IlposeenM BRIpABHUBAHME aMOHpHUecKoro paja {Y,)c me-

NONBIOBAHHEM IeHTPHPOBAHHOH CHOoNL3AMel cpejHeil © nmepHo-
nom crnaxxpeanns T,

IoxyueHHAYI0 TPeIBADMTENLHYI) OUEHKY TpeHla Y, = U Bhl-
HUTASM H3 HCXOIHOPO SMIHPHYECKOTo DPAga
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4. TIpefBapHTeNLHYH CDEHION Ce30HHYI0 BOJHY
wtaeM HA cpeIHeKBAIpATHUecKOe OTKIOHEHHE K0T rojia G

M BEIUHTAEM M3 HCXOAHOTO AMOHDHYeCcKOTO PALAS
| 1
Uij = 1/',_} = V}' Gl .

B pesyirTaTe HOIydaeM P, AnMIeHHLI TPeBapHTe I BHOH
ceaoHHON BONMHE (Tabun. 4.8).

5. Bpemennoil pan, nuineHHbIH TIpe/iBAPUTEILHO
HOH BOJNHBI, CIIIAYKHEBAEM ¢ MCHOJB30BAHMEM IIPOCTOM CHOIRAA-
meil cpejHeil ¢ WHTePBAJIOM CITIAKHBAHHA, PARIBIM oATH, H

i1 ceaoH-

2}
moJiyiaes HOBYIO OLgHKY TPeHJa U[-[J,- (Tabn. 4.9).
: 2
6. BriumcasieM oTHJICHeHHT DHIA Ufj) OT HOXOMHODD 3MITH-
pHYecKoro pAga Y
@ _y _py®
Li" = Yy - U

[losyueHHbIe OTKJOHEHHUSA MOABEPraeM ofpafoTke B COOTBET-
CTBHM © OO, 2 M 8 mif BRIABIEHHS HOBLIX SHAHUCHHH CE30HHOM

ponHEL. Ilonyuaem clelyOLUIHe 3HAUSHHA
2 3 4 3 3] i & g 140 11 I3

£ I

v® |1 54|-1.81|-0,48| 0,08 |0,82| 0,93 1,01 [1,00]0,63 | 0,41|-0,40|-0,72
j

2

Ilpe cpapHeHHMH asgauenuil KosgdHIHEHTOR cedoHHOH BOJ-
HEL, IOJVHEHHEIX Ha mepBoil ¥ BTOpoll HMTEPallHAX, T. . aHade-
My V@ gerpynmo 3aMeTHTh, UTO OHM HESHAHHTEIBHO

i i

OTAHYAKTCS IPYT OT OPYra.
7. IlponaBoAMM BEIYHMCIEHHE roaddUIHeHTa HAllPAXKEHHO-

oTH cesoHHOE BOJHBL B CHeNVIDINeM HOpAIKE: IO dopmye

Huit 1

g, =112 —VJ,-{E]' (hakTHYECKH IoAydaeM SHAYEHHHA cayualiHoR
i ij

KOMIOHEHTH, HOTOPBle IJM# HAIIEro IIpHMepa npHBSIEHB B
Tadn. 4.10. C Henoisp3oBAHMEM COOTHOLIEHHA
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onpeneaseM BelHYHHEI KoaddHIHeHTa HANDAKEeHHOCTH K; nnst
HAMAOrC roja, KpoMe Hepeoro W HochefHerco. las IepBoro H
OoCTelHero rojos sHAYeHHe Koa(pQHIMeHTa Hanpa/KeHHOCTH He
BEMHCIAKTCA, TaK KAK [0CIe DOBTOPHOTO CTIAMHEAHMSA B HIK 0C-
TAIOCE JIHITE N0 YeTblpe HADMOZEHHA, H WX HCHOJBI0OBAHHE HOKa-
HAeT IpH pacieTax cpefHHe XapaKTePHCTHKH BCero psja.
SHaYeHnA Koa(pHITHeHTA HATIDAMEHHOCTH ces0NHOMN BOJIHEL

¢ 2 & q & (4 7 & a | 1r | 12
K 3,02(2,47(2,44(2,09] 2,48 2,48 2,41( 2,10 2,84 2,08(1,79

8. Henonnoya koathdumuent HANPAMFeHHOCTH K, Bhiumoamen
OKOHYATELHBIE SHAYEHHA CEe30HHOH KOMIIOHEHTEl BPeMEHHOID

pajga (raba. 4.11): Vy = Vj{m - K. A

Ilepefinem ® paceMoTpeHHIO cTATHCTHYECKMX METOLOE OLEHKH
YPOBHA ce30HHOCTH. o ¢HX Mop MBI B OCHOBHOM HCIOIB30BANH
AITHTHREHOS OnpencTaB/IeHHE: MOAenH Ce3oHHOTO BReMeHHOTO pAEOA
(4.19). Ognaxo He menee PABYMHOI, KaK CUMTAIOT MHOIMe Cle-
IHMAJHCTE], ABNASTCH M MYALTHIIHEATHEHAL MOTENR:

Y'lj = U;II, + E:ff" {4,4{}]
roe Uy, — «rogosasm» COCTARIAIOMAA (TpeH);
I; — mocToAHHAS TpoONOPIHMOHANLHOCTH OIA J-To Mecsia

(xBaprana), He MenswOmanca or roja K rogy.
[Tockonsky mnocrosmmaz IpOIOPUHOHAIBHOCTH feapasmep-

Had W He MeHAGTCH OT roja K TOAY, TO e2 MOMEHO HCIOJNb3ORATE
AA OpefleleHHA YPORHH Ce30HHOCTH BO BpPeMeHHOM pALY.

Tabnuua 4,11. CeaoHnas KoMnoHenTa Bpementoro paga v, = V% - K,

12
=2,17
-1,78
-1,76
-1,50
-1,78
=179
-1,74

11
-1,21
-0,99
-0,96

10
1,24
1,01
1,00
0,86
1,02
1,02
0,99

1,90
1,66
1,62
1,25
1,56
1,56
1,62
1,32
1,47
1,31
1,13

3,20
2,69
2,66
2,28
2,70
2,70
2,68
2,29
2,55
2,27
1,85

3,06
2,49
2,46
2,11
2,50
2,51
2,43
2,12
2,36
2,10
1.81

2,81
2,30
2,27
1,94
2,81
2,31
2,24
1,95
2,18
1,93
1,66

2,48
2,03

2,

0,24
0,20
0,20
0,17
0,20
0,20
0,19
0,17
0,19
0,17
0,14

-1,30
-1,01
-1,04
—0,90
-1,07
-1,07
—1,04
-0,90
-1,01
—-0,89
0,77

—5,47
—-4,47
-4,42
-3,78
—4,49
—-4,49
—4,36
-3,80
—4,24
-3,76
-3.24

—4,65
-3,80
-3,76
—3,22
-3,82
-3,82

-0,84
0,99
—0,99
—0,96
-0,84
-0,94
—0,83
-0,72

1,71
2,03
2,03
1,98
1,72
1,92
1,71
1.47

3,71
-3,23
3,60
-3.20
-2.76

~1.51
=1,68

0,86
0,96
0,85

-1,50
-1,29

0,73
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HOCTH MOTYT ORITE IIOMYIEHE] cﬂenmmnm obpazoMm

iy
>y

L=t (4.41
I
roe
Tl}
Ay
i L S T el g (4.42)
1 Y, i Ty i

Eenn ussectnnl sHavenus TpeHfa Uy W cesoHHOI kommo-

HeHTH! Vj; B apauTHBHON MomenH, To I;j MoxHO ODEHHUTE H fio-

Jee TOYHO:

(4.43)
if

HDCJ’IE;[HEE FOBOPHT O BOGMOMCHOCTH OII2HEHM YDOBRHA Ce30H-
HOCTH He3aBHCHMO OT TOor'o, HaKad pacCMaTpDHBAETCH MOOelb.
(4.19) mnn (4.40). Onenxn I; mo dopmymne (4.41) unorpa Hasel-
BAIOT ellle UHIeKCaME Ce30HHOCTNIL.

Yame, ogHAKO, PACCMATPHBAIOT HEe MPOCTO PAN W3 OTHOCH-
TelbHBIX BeAMYuH I}, a pAj NpoleHToB:

m
qu'
Iy ==—.100%. (4.44)
Ha (4.44) c yuerom (4.43) MoKHO 3aK/II0MHTE, 4TO HHAEKCHL
Ce30HHOCTH [j XapaKTePHU3YIOT CTeNeHb OTKIOHEHHT YDOBHA ce-
J0HHOTO BPeMeHHOI'0 DAJAa oT pAfa cpefHux Y; (TpeHpa) WM,
MHaAYe TOBOQRA, CTeNeHb KojeblemoeTs orHocHTensHo 100%, Tax
rax ecnn Yy = Uy, 1o I; =100%. '
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=

b Npumep 2. Hajigem omeHKH YPOBHA CE30HHOCTH BPeMeHHO-
ro pAfa, OpejcTABJIeHHOTO B Tabja. 4.6, yepes MHASKCR] Ce30HHO-
¢TH, IpoBOJA pacueT [;; no dopmyre {4 43). Ima aroro BOCHOIb-
ayemest Tabm. 4.9, 4.11, B KOTOPBIX NpHBEIeHEl SHAYEHHA TPEH-

na U:.EF]'H cesoHHON KoMIoHeHTEl V. B pesymbrarte monyuum

rabi. 4.12, cocrosuiyio Ha Koaddunmenror Ij;.

B npeamocrenHeii crpoxe taba. 4.12 npusemensl cyMMEel [y
no cTonbuaM, B moclenHeit cTpoke — HHAEKCHI ce30HHOCTH [;.

Takum obpasom, B 1-M, 2-M, 3-m 1 11-M, 12-M Mecanax ypo-
BeHEL BPEMEHHOIO DAfA MeHbIle SHAYEHMH TpeHAa, a B 4-M —
10-M aTOT ypoBeHB OoJibllle SHAUYEHHH TPEHIA.

Taxum uﬁpasum, B HM3y4aeMOM OKOHOMHYECKOM #ABIEHHH
(ofbeM IlepeBO30K MODPCKHM TPAHCIOPTOM) #BHO IDHCYTCTBYET
ceaOHHAA COCTABJIAIOMIAA ¢ MMKOM B JeTHHe Mecamel. Kommde-
CTEEHHYIO XapPaKTepDHCTHKY 9ToH Ce30HHOCTH JaeT cesoHHAd
BOJNHA B BHJE COBOKYIHOCTH HHIEKCOB CE30HHOCTH, NpelcTas-
NeHHBIX B IocAenHedl crpoke Tadua. 4. 12, Ecam OTMETHTE IOTY-
uenHble snavenns Tj(% ) Ha KoOpAMHATHOH IJIOCKOCTH, TO MO~
HO TmoayYATh rpadmuyeckos HaoldpayeHMe HecaeqyeMoll celoH-
HoH BomHEI (pHc. 4.3), KoTopad ACCTATOYHO afleKBATHO BOCIPO-
HABOQHT (PAKTHYeCKOe MIMeHeHWe [Opollecca B TeUeHHe TIoia,
orofpazennoe Ha puc. 4.2,

Hugexce: 120 1

CEIOHHOCTH, Fh
100 +

BU S

E
B0 +
40 1
20 1

y Mecams
X

il + + - - 3 3 4 - -~
(RSN | | | [ R VA R | B || R i S 1 |

Pue. 4.3. Ceaonnar eoana ofzena nepesoson 2pysos
MOPCIUM MPAHCHOPMOM




Tabnuua 4.12,

12
0,81
0,85
0,85
0,39
0,87
0,88
0,89
0,90
0,90
0,91
0,94

11
12,90 18,04 12,15 11,77 10,26 9,69

0,89
0,19

0,92

Mecay

Iod

1,11
1,09
1,08
1,07

1

1,17
1,13
1,12
1,10
112
1,10
1,10
1,08
1,00
1,08
1,06

1,29
1,23
1,22
1,18
1,20
1,19
1,18

1,28
1,21
1,20
1. 1%
1,18
1,18
1,16
1,14
1,16
1,18
1,10

1,26
1,19
1,19
1,16
1,17
1,16
1,15
1,12
1,14
1,12
1,00

1,238
1,17
1,16
1.14
1,15
1,14
1,14
1,11
1,12
1,10
1,08

1,02
1,02
1,02
1,01
1,01
1,01
1,01
1,01
1,01
1,01
1,01

1,88
0,91
0,91
0,92
0,92
0,92
0,93
0,94
0,94
0,95
0,96

0,48 -
0,62
0,63
0,68
0,66
0,67
0,70
0,75
0,73
0,77
0,82
7,51

0,658
0,68
0,73
0.71
0,72
0,74
0,79
0,77
0,80
0,84
8,01

0,94
0,938
0,93
0,94
0,95
0,94
0,95
0,96

1,07

o

1.

1,06
1,06
1,05
1,04

1,05
1,16
1,13
1,11

10
11

12

2

10,18 11,14 1264 I2.%5

i

5%

93,8 88,1

107,0

117,83 118,56 110,5

114,0 1159

72,80 68,30 92,50 101,3
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Bonpockl U 3apaHus

IaiiTe ompegeienye BPeMeHHOID KOHOMHYECKOrO pPALa H
XapaKTepPHCTHKY €ro cTPYETYPHO 00pasyioliuX aJleMeHTOB.
Yro Takoe aHOMANBHEIH YpoBeHh BpeMeHHoro paga? Haxwe
MeTo[Bl OBHAPYKEHNA U YeTPAHEHHA AHOMATLHBIX YPOBHEH
BEl sHaeTe?

TepeuncauTe OCHOBHEIE JTANBl M3YUEHHBIX METOMOB OIIpe-
OeleHMA HANMYHA TPeHIA.

[[oscHUTE CYTE METOJ0E MeXaHHYecKoro criaiKHBAHMUA Bpe-
MeHHBIX paAgoB. lalite cpaBHHTENLHYIO XapaKTepHCTHEY
BTHX MEeTONOB. p
HasosuTe OCHOBHBIC MOKASATEIH JHOHOMHUECKOH JHHAMH-
KH, PACCUHTEIBAEMEIe Ha OCHOBE BPeMeHHEBIX DANOEB.

P uenm CVYIIHOCTE ABIEHHA ARTOKOPPeNAIHH RO EPeMeHHEBIX
panax? Yro raxoe BpeMenHoil jar?

IafiTe xapaKTepHCTHKY ABIeHUA CE30HHOCTH B BKOHOMMYE-
cKMX nponeccax. Kakue MeTONBI BBIABJIEHHUA M (UILTDA-
MM Ce30HHON KOMIIOHEHTE! BpeMeHHOro PANA Bl 3HaeTe?
TlosicHHTe CYTEH CTATHCTHUECKHMY MeTONOB aAHANHM3A Ce30HHO-
eri. YTo Taxoe cezoHHAR BoJMHAT

¥npaxHeHus

1. B Tabaume NpUBeleHEl TOJIOBEIE JAHHBIE O TPYAOEMKOCTH

IpPOMBEOICTREA 1 T HeMeHTa (HOPMO-cMeH).

Texymuil HoMep 1 2 3
roga (t)

4 3 ] T 8 9 |10

Tpynoemkoets 11| o gl g o |75 |60 72|65 |58|4,9]51 |44

nemenTa (1,)

OnpefeMTsE HATHYHe TPeHIA BO BpeMeHHOM pAmY:
a) MeToJIOM TPOBEPKH PASHOCTH CPej(HHX YPOBHEM;
6) wmerogom Docrepa—Creoapra (TabNHUHEIE SHAUEHHA

crarieTHy Oreionenta W DHineps NPHHATE DABHEIMH Iy = 2,28;
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F, = 3,07; npyrue HeobXogumele TablHYHbIe JaHHLIE IpHBele-
Hel B Taba. 4.5). ]

2. CrnagnTs BpeMeHHOH DA, IpHEedeHHBI B yop. 1, Mero-
oM OpoCToi cROIB3AINEH cpefgHeil. PesyibsTarsl MoKasaATh Hﬂ:
rpadHKe.

3. Crnagure BpeMeHHoH pAf, OpHBefeHHEIH B yup. 1, Mero-
OoM SECIOHEHIHANBHODO CLIAKHEAHHA, NPHHAB NapaMerp o
IHCIOOHEHIIHANLHOIG orlauBanna pasHeiM: a) 0,1; 6) 0,3. Or-
Pa3HTE Pe3yIbTATE] CIVIAMKHBAHHA HAa rpadmire. BHsyanerHo OII-
PefleINTE, KAKOE M3 STHX BHAUEHHH o Haubolee COOTBETCTBYET
IKOHOMHYECKOMY Opolecey, 3aJaHHoOMY BPEMEeHHBIM pPHAIOM.

4, s noxasarTend, 3a0aHHOT0 BpeMeHHBIM pijioM B yop. 1,
OTpemelTHTh:

a) cpeHHI abcoNIOTHEI IPHPOCT;

0) cpegHHe TeMIBI POCTA M IIPUPOCTA;

B) CpeOIHHEH VDOBeHBL DPHJA

) cpeIHeKBATDATHYECKOE OTKJIOHEHHe M AHCIepCHD.

5. Jlna BpeMesHoro psga B ymnp. 1 paceuurarsh HECKOJBKO
NepBblX KoaQpHIIMEHTOB ABTOKOPPeNALNHK Mo dopmyae (4.18") u

[ocTPORTE rpadHEK aBToKoppenannoanol PyERnHE. Haiitn me-
JHYHUHY BpeMeHHOTO JIara.

naBa 5
MOLOEINW NPOrHO3UPOBAHWUA
SKOHOMWUYECKUX MPOLIECCOB

¢ TPEHAOBLIE MOZBNW HA OCHOBE KDMBLIX POCTA

o OLieHKa a/IeKBaTHOCTH 1 TOYHOCTH TPEHAOBLIX MOENeH

o [IPOrHO3UPOBAHME FKOHOMMYECKOW [MHAMWKM Ha OCHOBE TDEHAOBbIX
MOAEnei

o AnanTMBHEIE MORENW NPOrHO3UPOBAHUA

5.1. TpenjoBLie MOfieN Ha OCHOBE KPHUBLIX pocTa

OcHOBHASL LIelTh CO3JMAHWA TPEeHJOBBIX Mojejieil SKOHOMMYE-
cKOf OUHAMWKH — HA WX OCHOBE CIeNaTk OMPOTHO3 O PASBHTHH
HayuaeMoro Ipolecca HA NpejcToAlHil DPOMEKYTOK BpeMeHH.
[IporroampoBanie Ha OCHOBe EPEMEHOTO PANA SKOHOMHYECKHX
nokasaTenell oTHOCHTCH K OJHOMEDHBIM MeToiaM IDOTHO3HPO-
EAHKMHA, DASHPVIOIIHMCH HA SKCTPANOIAONH, T.e. HA MPOILISHHI
Ha Gygyiiee TeHIeHIWH, Habmojaglmelicad B IPOLLIOM. IIpu Ta-
KOM IONXofe TpeloIaraeTcH, UTO IPOTHOSHPYeMbI IIoKaza-
rTens GopMHpYeTcA IIOJ BO3HeHCTBHEM GONBINOro KOJHYecTEA
aKTOpOE, EEIIeIUTE KOTOPLIE NHO0 HEBOIMONCHO, amfio Mo KOTO-
pPEIM OTCYTCTBYeT MHbopmMarus. B srom ciayuae Xofl HIMeHEHHA
NAHHOTO IOKASATE]A CBA3LIBAIOT He ¢ PaKTOpaMH, a ¢ TeUeHHeM
EpeMeHH, 4TO IposBifercd B 06pasoBaHHWH OJHOMEPHEIX Bpe-
MeHHBIX pANOB. PaccMoTpHM MeTo[| SKCTPAIOAANHH HA OCHOBE
TAK HASKIBAEMEBIX KPHBEIX POCTA BKOHOMHYECKOH NHHAMHKH.

HemonkzoeaHHe MeTOJa SKCTPATIONANMH HE OCHOBE KDPHBBIX
pocTa AJf MporHOo3MpoBRAHHA GasupyeTca HA ABYX Ipefnofioxe-
HHAX!

* BpeMeHHOH pAJ SKOHOMHYECKOTD MOKa3aTeNd HeHCTEHTENE-

HO HMeeT TPeH]l, T.e. NpeobIaganIyo TeHAeHIHID;

e ofmue ycJOBMA, ONpelieJABIINe pasBHTHe IIOKA3ATeNd B

OpOILIOM, 0cTaHYTCH fed cylmecTBeHHBIX HiMeHeHHI B Tede-

HHEe NepHoja VIPeM eHHA.




190 Taasa 5‘

B macroamee Bpens HACUHTHIBAETCH OGONBINOE KOJIHUECTEO
THIOE HDHBEIX POCTA I8 DKOHOMMYECKHX NpoleccoB. YTobmr
OPABHIBHO MOJ0DpPATL HAMAYYLIVIO KPHBYID POCTA IIH MONETH-
POBAHMA W HPOPHOSMPOBAHUA SKOHOMHYECKOTO ABISHHH, Heob-
XOAMMO 3HATE 0CODEHI0CTH KaskJoro BuAa KpuBwx. Hauboiee
HacrTo B SKOHOMMKe HCEIONREVIOTCA NOJHHOMHAIBHEIE, DKCIIO-
HEHI[HAIbHEIR B S-00pasHele Kpussie poera. [Ipocreiimpe momn-
HOMHANLHLIE KPHERE POCTA MMERT BAN:

Yy = ap + a;l (MonuHOM NepBoil cTemeHwu)
Uy = ag +ayt + aztz (IOMHHOM BTOpPOH cTeneHwH)
Uy =g +agt + a2t2 + aats (nonuHoM TpeThell cremenn)

H T4

Ilapamerp a; HasLIBAIOT JUHELHBLK npupocilom, rapaMeTrp
Gz — Yckoperuen pocma, MApAMETD Qg — U3MEHEHUEM YCKOpe-
MILA POCTLA.

Tl nmonnHoMa HepREOH CTENEHH XapaKTepeH NOCTONHHEBIN
sakoH pocra. Eeny paceunrare nmepshie npHpocthl no dopMye.
Uy =Yy ~ Y1, t = 2, 8, ..., n, TO OHK GYAYT [OCTOAHHON BeH-
uMHOoll M PABHEI ai.

Eenu meperie IpHMpOCTHl PACCYMTATE A MOTIHOMA BTOPOiT
CTEIIEHH, TO OHM OYAYT HMeTh NMHeHHVI0 3aBHCHMOLTE OT Bpe-
MEHH M PAN M3 TIEPBBIX NPHPOCTOR Uy, Ug,.. HA rpaduke 6yvaer

IpefcTaENeH IpAMOH nuHMel. Broprle npupocrh u}gj =y — Uy g
IJIA IOJMHHOMA BTOPOH CTeleHl §YIVT MoCToAHHEL

Has monumomMa TpeThell cTemeHM IepBEIe OpHpOCTE GyIyT
HONMHOMAMY BTOPOH CTeIeHM, BTOPLIe NPHPOCTEI OYIVT THHeHHOMH

thyEKOHMedl EBpeMmeHH, a TpeThH HPHPOCTEI, PACCYHTHBAEMEIE 110

(2)

}3]' = u.t[p‘] = U, "7, O¥OYT DOCTOAHHOH BeamuHHOIL.

topuyviae u

Ha ocHoBe ckasagHOTC MoMHO oTMeETHTE CASHVIONHe CEOHCT-

LA IMOJHHOMHANBHEIY KDPHBBIX pocTa:
®  OT INOJOHHOMA BEICOKOTD DOpAOKA MOMEHO IVTEM pacuera IIo-

CHefoBATeNBHEIX pasHocTell (OPUPOCTOB) mepeHTH K monH-
HOMY 00J1ee HH3KOTO MOPAIKA;

® 3HAYEHHH MPHPOCTOB AA MOJIMHOMOB KOO0TO0 MOPALKA HE

3ABHCAT OT 3HAUeHHH camoil dyHKIMM 7, .
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Taxum ofpaszomM, NDOTHHOMHANLBHEIE HKPHEEIE DOCTA MOMHO
HCIIONB20BATE JIA ANNpOKCHMALMK (IpMOIMKeHHA) M IPOTHO-
3UPOBAHUA JKOHOMHMMECKHMX MPOLECCOB, B KOTODBEIX INOCHENYIO-
m{ee PA3BHTHE He ZABHCHT OT JOCTHIHYTOID YPOBHA.

B ornHuMe oOT HCOONLIOBAHHA NOJHHOMHAJNEHBIX KDPHMBEIX
HCIIONB3OBAHHE IKCHOHEHUIHANRHEIX HKPHEBLIX DOCTA npennoJIa-
raeT, dTO ,EI;E.JII:HEI';IHIBE PA3dBHTHEe 3aBHCHT OT JOCTHIHYTOrC YpoB-
H#, HAIPHMED, IPHPOCT 3aBHCHT OT 3HAYEHWUA GYHKUUH. B axo-
HOMHEKEe HAIOe BCel'v NPHMeHAWTCH AZBe DPASHOBMIHOCTH 2HKCIIO-
HEeHIIMAJNBHEIX ([IOKAZSATENLHEIN) KPHBBIX: IpocTad SHCIOHEHTA
¥ MOZH(PHIHEPOBAHHAR 3HCIOHEHTA.

ITpocmad axenoHeRma NPeICTABIASTCH B BAIe PYHKIUH

g, = abt, (5.1)

rne @ B b — mosouTeNbHBIE UMCHA, NPH 3ToM ecan b Goneme
eqMHHIBI, TO (QYHHIHA BO3DACTAST C POCTOM BpeMeHH I, ec/id
b MeHBIIe eIHHENAIEB — DYHKIUA VORIBRET.

MoxHO 3aMeTHTE, 4TO OPIMHaTA JaHHON GVHKIHH HaMe-
HAETCA ¢ MOCTOAHHBIM TeMIOoM IpHpocTa. Kell B3ATL OTHO-
IIeHHe NPHPOCTA K camMol OpAMHATE, 0HO OVIeT NOCTOAHHOH
BeTHYMHOIN:

Y 4y

[MposorapudMupyeM BRIpAReHHe NI TaHHCH (QYHEIHH HoO
NH0BOMY OCHOBAHHID: -

Y =¥ 4 1
b

logg, = loga + tlogh.

Oreciofa MOYKHO 3aMeTHTE, UTO JorapHdMEl 0pIMHAT IpocToi
SHCMOHEeHTH JIMHeHHO 38BHCAT OT BpeMeHIH.
Moduduyuposanian IxCROHEH A HMEeT BH

j; = k + ab’, (5.2)

rge NOCTOAHHBIE BeJMYMHEBI: ¢ MeHLIle HYJIA, I DOX0MHTEeALHA
H MeHLINe eAHHHIOEI, & KOHCTAHTA § HOCHT HA3RAHHE ACHMIITOTEI
aTol (QYVHKONH, T.e. SHAMeHWA (QVHKIWH HeorpPAHHYEHHO IIpH-
tupxarores (cEMay) K pemramee B, MoryT 6LITE IpVIHe BAPHAHTEHL
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MOOHQHIAPOEAHHON SHKCIOHEHTE], HO HA IpAKTHKe Haubolee
YacTo BeTpeuaeTed YVHAZAHHAH BRINIe (DVHHEITHA.

Eenu npororapadMIpoBaTE MepBEle IPHPOCTEL TaHHOM (yme-
OHH, TO TOIVIHTCH (PYHKONA, THHeIlHO JaBHCANIAA 0T BpeMeHH,
A eclOH B3ATH OTHOIIEHNE ABYX IOCASIOBATENLHBIX IPHPOCTOR,
TO 0OHO DYAeT NocToSHEOH BenuunHOH!

Hedeb Sl S Y-t 6 g
2oy

Yy ez

B sxoHomMHEe A0CTATOMHO PACHPOCTPAHEHL! Hpollgcekl, KOTO-
pBle cHAYaNa DACTYT Me[JleHHO, 3aTeM VCHODHAIOTCH, 84 ZATeM
CHOBA BAMEIIAIT CEOM pocT, CTPEMACE K KAKOMY-THO0 Ipeleiy.
B kauecTBe IpHMepa MOMKHO MPHEBECTH IpPOIECC BEOOA HEKOTOPOTO.
00BEKTA B OPOMEINIIEHHYI) SKCIMVATAIIHIO, IPOIece HEAMeHEHHA
CIIpoca Ha TOBADEI, 00JIATAIIIHE CIO0CODHOCTEIO TOCTHTATE HEKO-
TOPOI'G YPORHSA HACHIIeHHMT, u ap. ax momenupopanus TaKHX
IPOMNECCOE HCIOAL3VIOTCA TAK HA3hIBaeMEIe S-00paiibie Kpueble
pocma, cpefH KOTODBIX BBRIZENAKT KpPHEVIO [oMoepma B JToTH-
CTHHECKYIO EPHBYIO. '

Kpusaa Nomnepya MMeeT AHATHTHYECKOE BRIDAXKEHHE

s = ka®, (5.8)

rie @, b — nNonosHTENbHbIE IApAMETDBI, NpHieM b MeHbIOe
BAMHHUILI; DapaMeTp & — acHMITOTa QVHEIIHH.

B rwpusoit ToMuepna BeIeasioTeA HeThIPE YYACTKA: HA Hep-
BOM — OpHpocT (PYHKIHHA HesHAuYMTeleH, HA BTOPOM — TIpH-
POCT VESIHYHEBASTCH, HA TPeTheM VUACTHe IPHPOCT IpHMepHO
MOCTONHSH, HA MeTBePTOM — OPOHCXOTHT 3aMelIeHHe TeMIIOB
UpHpocTa W GYVHKIHA HEOrpAHHYCHHO NRHOAHKAeTed K 3HAUe-
Hu k. B pesyiasrare xoHndHrypamHs KEDPHBOH HaToMHHAST
JATHHCKYIO BYKEY 5. i

Jorapudm gangoll GYHKIHKE ABNHAeTCH SKCIOHeHOHANRHON
KpHEOH; JorapudmM oTHOMIEHHS NepBOT0 NPHPOCTA K caMol op-
IHHaTe (hYHKOUH — JHHelHAS (VHKIHA BpeMenH. ;

Ha ocmosammn kpueoit ToMmnepna onMobIBASTCH, HATIPHMEp,
JHHAMMKA II0KA3ATeNeH YPOBHA MHIHH; MOAHMGHKAINH sToll

KPHEBOH HCIIOABIVIOTCH B JeMoTpaddH A MolelHpOBAHMH [10-
®azareneil cMepTHOOTH H T. I.
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Jozucmuveckan kpusas, i xpusaa Ilepna—Puga — Bos-
pACTAIOMIAL PYHKITHA, mapboiiee YacTo BEIpAMAaeMad B BHAE

4 k
L ——
¢ 1+ae'“

(5.4)

[APYyrHe BHIEI 3TOH KPHBOH:

2t o e
R 14109

B srux BRIpAHKeHHAX & H b — [MONOMKHTeIBHBIE NAPAMETPEL;
k — mpepensHoe 3HAYeHHe (GYHKIHH NPH DecKOHEMHOM BO3DAC-
TAHWM BpPeMeHH.

Eenun B3ATH NPOHM3BOTHYI0 TaHHOH (YHKOMN, TO MOMHO YBH-
NeTh, UTO CKOPOCTH BO3PACTAHMI JOTHCTHYECKOH KPHBOH B Ka-
STEIH MOMEHT BpeMeHH [IPONopPOHoHAJNBHA JOCTHTHYTOMY YPOB-
m10 (bYHKI[AN H PasHOCTH Mesjly NpefiefbHLIM 3HaveHHeM &k M
nocturayTEIM ypoeHeM. Jlorapudgm oTHOIIEHHA HepBoro IpH-
pocTa GYHKIHE K KBaJpPaTy ee 3HaueHHsd (OPAHHATHI) ecTh JIH-
HeliHad GVHKOHA OT BpeMeHH.

Kondurypamus rpadHka JOrHcTHYeCKOH KDPHBOH vﬁnntma
rpaduKy KpusoH ['oMIlepra, HO B OTJIHYHE OT IOCHeIHEH JOIH-
erHYecKAd KPHEAA MMeeT TOUKY CHMMETPHH, COBIAJAIOUIYID C
ToUKOH meperuba.

PaccmorpuM  npoGieMmy IIpejBapuTelNbHOTO BEIBOpA BHAA
KPHBOI pOCTA JJ% KOHKpPeTHoro BpemeHHoro paja. IlomyerHm,
HMeeTCH BpeMeHHOH PAJ Ui, VosWgy-eosln-

Jlns BrIGopa BMja MONHHOMHMANRHONW KpuEBOI pocTa HaH-
fiojiee pacIpocTPaHEHHEIM MeTO/0M ABIAETCA MeTO] KOHeHHBIX
pasmocteii (Meron TurTHepa). DTOT Merof MoieT OBITE HC-
Nonb3oBaH AJA [peIBapHTelbHOro BeIOODA MOIHHOMHANBHOH
KDHBOIH, eciiy, Bo-IePBLIX, YPOBHH BPEMEHHOTO PAja COCTOAT
TOILKO M3 JIBYX KOMIOHeHT: TPeHJ M CHYUAMHAA KOMIOHeHTa,
M BO-BTOPEIX, TPeH] SBIAETCA [OCTATOUHO IIAJKHM, 4TOOH!
6ro MOMCHO GBLIT0 ANNPOKCHMMPOBATH MONHHOMOM HEKOTOpOI
CTeNeHH.

Ha mepBoM aramne 5TOTO MeTOJd BBIYUCIAITCA PasHOCTH
(mpHpocTRI) KO A-To TODSAKA BKIIOYHTENBHO:

T Tk
WATEMATIECKHE MOTON
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0 =M Vo

2 _ il .
“4 Tk Uy 1s

(k) _ (k=) . (E=])
u™ =u, L il

OnA anupoKcHMANAM SKOHOMMYECHKHY NpoljeccoB obOEIYHO
BEIYHCIAAIOT KOHeUHbIe PASHOCTH J0 YeTBEPTOrD IOPATKA.

JaTeM A0d HEXOTHOTO DATA B JJOA Kadqoro pasHooTHOTC DA-

Ia BEIMHCIAANIOTCA JUCHepDCHR 110 cle/VInuM dopMyaanm:
LI HCXOOHOTO PAXA

T 1 n &
I Py
& i=1 =1
Ty

n-1
IJIA pasHoCTHOTO paga k-ro mopagka (R =1, 2, ...)
1 2

k

u
2 )

=kl . C,, — GHHOMHANBHEIH KosddunueHT.
(n- .f:)ﬁ'g,,

IIpouseoauTes cpAaBHeHHEe OTHIOHEHHH Kad(JoH [IociIeIyio-
el DHCHepCcHH OT MpeibliyIinedl, T.e. BEIUHCIAKNTCA BellHYHHEL

b g
|'3.i.! = n';:..1|=

M ecHIH JNA Kakoro-nubo k oTa BeIHUYMHA He NPEBOCKOAHT HEKO:

TOpoH Hamepel 2aJaHHOH [OJOMHTENBHOH BelMUMHEI, T.e.
JHCHepPeHH oSHOTO IOPAJHKA, TO CreélleHb aANNpoRCHMHDYIOIEro
IOIMHOMA JONAEH4 BeITE paBHa k — 1.
Bonee yEHBepcanbHEIM MeTOJOM NOpeJBapHTelLHOTO BRIGOpA
KPHERIX pocTa, OO3BOMAKIIHM EBREPATE KPHEYIO H3 MIHDPOKOTO
KIacca KPHBBLIX pocTa, ABAAETCA METO[ XADAKTEDHCTHE IIpH-
" pocra: OH OCHOBaH HA MCHOJMLIOBAHHH OTHEALHBIX XAPAKTEPHLIX
cBoficTE KDHEBIX, DACCMOTPEHHEIX Beime. IIpm aroM MeTomge
HCXOOHEL EpeMeHHOH p#J OpeIBADHTENLHO CIJIaXHBaeTcsH
MEeTOAOM TpocTOH cHoN3AMEH cpenHeil. Hampimep, gas wH-
TepPBAJIA CTIAMHEAHMS M = 3 CIVIAMKeHHEBIE YVPOBHM PACCUNTLIBA-
WTeH 0o GopMyne
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T T (gl R E
Y = 3

opideM 4robel He IOTEPATE OePERIH M nmoclegHUH VPOBHH, HX
CTAAMCHEBANT OO0 (POPMYJIaM

— _ 5y +2ys — s
il o g

= | Tlgeet 2Yp-1 + Oy
o = G s

BaTeM BEIMHCIAKTCA NepPERIe cPefHHe NPHPOCTHL

g =L V-1 58 dn-1;
. 2

BTOPEIE CPEJHAE IIPHPOCTEL

E{{E] N Rl §
2

4 TaK;e pA NIPOoM3BCIHBEIX BEJIHYHH, CBAZAHHBIY C BRIYHCJIEH-
HEIMY CpeJHHMHM NPHPOCTAMM H CTAAEeHHBIMI YPOB.HHMH paga

i log@ log =t 1-:-g__”32-_
Hy Yy Ui

B cooTBeTCTEHH C XAPAKTEPOM HaMeHeHHS CPelHHX IIpH-
POCTOBR M INPOHIBOIHBEIX nokasaTeneil BRIGHpAeTCH BHI KPHEOM
poOCTA JJIH MCXOHOTO BPeMeHHOTo pPAja, IPH 3TOM HCIOAB3YeTCH
rabx. 5.1.

Ha mpaxTiie NPH MpeiBapHTensHoM BeiGope oTOMpaoT 0OBIY-
HO JIBe-TPH KPHEBIE pocTa JAMIA JainbHeHIIEro HCCHeJ0BAHHA M
MocTpoeHUA TPEHJOBOH MOJed JaHHOr0 BPEMEHHOro pana.

PacemMorpHM MeTojkl OIpefe/leHHA IapaMeTpoR oToOpPAHHELX
KpHuBBIX pocra. IlapaMeTpPEI HMOJIMHOMHAJNBHBEIX KDHBBIX ONEHH-
EAIOTCA, HAK NPABAIO, METOAOM HaHMEHBIIHX KBAXPATOE, CYTh
KOTOPOTe 3aKJiYaeTesa B TOM, YTOOBI cyMMa KBAJIPATOB OTHJIO-
HeHMii (arTHYecKHX ypoBHell pafja oT COOTEETCTBYHOIIHX Bbj—
PABHEHHEIX 10 KPHBO pocTa 3HaweHHH OBIIA HAMMEHBINEH.
SToT MeToJ IPHBOANUT K CHCTeMe TAK HA3bIBAEMBIX HOPMATBHLIX

=4

]
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YPABHEHHH [UIA olpe/ie/leHiis HeM3BECTHLIX TIAPAMETPOR oToBpAH-
HEIX KPHEBEIX.

Tabnuya 5.1
Bud
KEpUSel pocrta

IMonunom nepzoro
nopajka (npaMast)

HMoxazamear Xapaxmep usmenenus

NOWIZIAMENR 60 SPCMEHIL

[Mepeerii cpeguuit

npMpoCT Uy [punmepito ofHHAKODLT

To me

Hamenawores onnelino  IoamHoM sBToporo

nopagka (mapafona)
Tleanson Tpetnero
nopanxa (KyoHdeckan

Bropoit epemnnii
=(2)

OPHPOCT IMEHHTOH it
PHD iy Wamensiores nuneiino napaGoasa)
ES
7, Ilpumepno ofraakopst  [IpocTan skcmoHeHTa
logu, Hamensioren auueiino  MOAMPHIMpoBannan
IRCTIOHEHTA
by
log — Hamenmorea munelivo  Kpusan Tomnepua
i
ﬁt
IGEE HamenawTea nuneiine JlorserHueckan
[2h KpHBag

A TolnHOMA nepBoil cTemeHH
é}t = ﬂu =+ a-lt

CHCTeMa HODMANLBHEIX }?PELBHE‘HHﬁ HMeeT BHI!:

&7 +alzt = EH:
By 1+ doy e N,
The 3HAK CYMMHDOBAHHA DACOPOCTPAHAETCH HA DBCe MOMEHTEL

Habmoflennd (Bee ypoBHN) HCXOTHOTO BpeMeHHOIo PHIA.
AHANOMMYHAS CHCTeMa JJIS NOMHHOMA BTOPOH CTemeHH

(5.5)

§r = ag + a;t + ast?

HMeeT BILY
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g +,a1-Zt + agz 1 = Ey,,
dop t+a Y £+ a9t =3 yt,
ﬂDth +a ) eyt =Yyt

(5.6)

Ins monuHOMA TPETEel cTeleHH
. 2 a
Yy = dg + it + agt” +agt

CHCTEMA HOPMAJMBHBIX YPABHeHHMH 3AOHCBIBAETCA CJeJVIOLLHM
obpa3oM:

Go + oy t+ayy trag et =Yy,

Gy t+ay tf e,y £ +ay tt =3y,
%Zfz +a Y P ray tthay tt =Y ptt
Gyt + @t + a3 10 a3t = Tyt

(5.7)

[TapaMerps! SHCOOHEHIIMATEHEIX M S-00pOSHBIX KPHBRIX Ha-
xomATes Gojes cACMKHBIMHE MeTogaMu. 714 pocToll aKcNOHEHTE

-I}i = abt

NpefBapHTelbHO MorapHdMHEPYIOT BEIDAKeHHe 00 HeKOTOPOMY
OCHOBAHNE (HAIPpHMMED, NecATHUYHOMY HIH HaTypalbHOMY):

log i, =loga+tlogh,

.. GAA JorapadMa GVHEKINH HodydaioT JHHeHHoe BeIpaskeHdie, &
3aTeM [Jd HeHM3BeCcTHEIX mapaMeTpoB logan log bcocraBmaior
Ha OCHOBE METOJA HAHMEHBIDHX KEAPATOB CHETEeMY HODMAJIBHEIX
VpABHEHHNH, SHANOIHYHYI CcHoTeMe OaA [oOJHHOMa MNepBOH
creleHd. Pellas a1y cHeTeMYy, HAXOIAT NorapudMel napaMeTpos,
o 3aTeM M cAMM HaPAMETDLI MOJMeJH.

[pu ompegeneHNM DapaMETPOE KPHBBIX DOCTH, HMEIOLIHX
acuMnToTsl (MoIHGHOIUPOEANHAT SHCIOHEeHT], KpueaA I'oMnoepna,
JIorHeTHdecKad KPHEBAR), PAJINUAIOT ABa clyuad. HellH sHadeHHe
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ACHMIITOTE R MSBeCTHO 3apaHee, TO OYTEM HeclTo:KHON MOJH-
dHEanHy GopMyIbE M I0CASLVIOMETD TOTapHgMHDOBAHN nnpe-:_.-
leleHHe MapaMeTpos CBOAAT K PeINeHHI0 CHeTEMEBI HODPMANIRHEIX
VPABHEeHMI, HeM3BeCTHBRIMH HOTOPOH ABIAKTCA JoTapHdMEL
OapaMeTpPOE KPHEOH.

Eenn sHadeHHe acHMIITOTHI 3apaHes HeHIBECTHO, TO JJIg
HAXOHIEHHA DAPAMETDOR VHASAHHLIX ERINE KPHBBIX POCTA He-
NOJNEYIOTCA TPHOIHASHHEIE METO/BI: MeTo]] TPeX TOUeK, METOJ
TpeX cyMM H Ip. .

Takum obpazoM, OpH MOZeIHDOBAHHHM 3KOHOMHYECKOR IH-
HaMHEH, 3ajfiaHH0il BpeMeHHEIM pAIOM, IIVIEM CIJIAKHBAHHSA
HCXOOHOTO DAja, onpefjeleHid HATHYHA TpeHfa, orfopa ofHoH |
HJIH HeCKONBEHY KDPHBBIX POCTA H ONpefeleHHA HX IapaMeTpoB
B cayHae HATHYHA TPeH[a NOIYHAIOT OTHY HIH HeCKOIRKO TPeH-
DOBRIX Mojgenel INA HCXOJHOrO BpeMeHHoTo pAma. BerasT mo-
Opoc, HACKONBKO 3TH MOSeNH GIHEKH K 9KOHOMHYecKOH peainh-
HOCTH, OTPAXKEHHON Bo BpeMeHHOM [y, HACKOJIBKO oOOCHOBAHO
OpHMeHeHHe 3THX Mojeneil IAA aHAIHWZA M IIPOTHO3UPOBAHHA
H3YHAeMOTO SKOHOMHYECKOTO ABNeHHA. JTOT EONPOC PACCMATDH-
BaeTcs B clelyIolMeM HDaparpade.

9.2, OueHka afeKBaTHOCTH W TOYHOCTH TPEHAOBLIX Mogened

He{mBHcHEm oT BHA& H chocofa HNOCTPOERHMA SHOHOMHEO-MA-
TeMATHYeCHOH MOIETH BONPOC 0 BO3IMOMEHOCTH &8 INpHAMeHEeHHA
B HOeJdx aHaJdH3a H OpOTHOSHPOBAHHA JIHCOHOMHYSCHKODD HBJe-
HHA MOEET DRITH pelleH TOABKG IIOCIe YCTAHOEJIEHMHA aderaan-
HOCML, T.e. COOTBETCTEHA MOJMENH HCCASIYeMOMY [IDOIIecCY HIH
obwexTy. Tak Kak IOJHOTO COOTEETCTBHA MOJENH pealbHOMY
nporeccy HIH obkekTy ObITE He MoMeT, AeKBATHOCTE — B Ka-
KOi-To Mepe ycaorHoe nonsTHe. [IpH MOJeJIMPOBAHHH MMeETCS
B BHAY AfeKBATHOCTE He BooDIOe, a 0o TeM CcBOHOTBAM MOZEIH
KOTOPEIE CHHTAIOTCA CYINEeCTEEHHBEIMHE 1A HeCIeIoBaHMA. ’

Tpengosas mMozens y; KOHKPETHOTO BPeMEHHOTD PAJA Y, CHH-

TAeTCS AJIGKBATHOH, ecii IPABHARHO OTPAMKAeT CHCTeMATHMEe-
CEHe KOMIIOHEeHTE! BpeMeHHOro paga. 3To TpefoBanue akpiBa-
JEeHTHO TpeGoBAHNIO, YTOBEL OCTATOYHAA KOMIOHEHTA &, =y, — Uj

(t =1, 2, .., n) yoorneTBopsaia cBOMCTBAM cayIaiiHodl KoOMIIIo-
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[eHTHI BpeMeHHOTO PAJA, YEASAHHBIM B § 4.1: cayuaifHOCTE KO-
qeBaHMil YPOEHeH OCTATOYHON IoCHe/0BATelBHOCTH, COOTEETCT-
Bie pacOpejieleHHH caydaiiHoll KOMIIOHEHTH! HOPMaJIbLHOMY 3a-
KOHY pacOpeie/eHHA, DAaBeHCTED MATEMATHUECKOTO OMHTAHNIA
cayuaiinoil KOMIOHeHTBl HYIO, HE3ABHCHMOCTD gHaueHMil YPOB-
peft cayuaiiHoit KoMmoHeHTH. PaceMOTPHM, KAEHM obpasoM-
peyIMecTR/IReTed OROBePKA BTHX cBOICTE OCTATOUHOH IOCTENo-
paTedEHOCTH.

Tlposepka caydaiBHOCTH Konebanmit ypoBHE OCTATOYHOI
[OCAeTOBATENBHOCTH O3HAUAET [IPOBEPKY FANOTE3Rl O IPABIIL-
HoeTH BeiBopa BHAa Tpexga. [lid HecmemoBaHms Cay4aifHOCTH
oTKJIOHeHHIT or TPeHAA MBI pacrojaraem HabopoM pasHocTell

Ep = U — E"n,: (t=1,2, .1

¥apakTep 9THX OTKIOHeHM{ H3aydyaeTcd ¢ HOMOUIRIO paIA
HellapaMeTpHYecKHX KPHTepHes. OnuuM W3 TAKHX KPHUTepHEE
ABTAETCH Kpumeplil cepuil, OCHOBAHHBIN Ha Me/HAHE BRIGODEH.

Pap w3 BelMuMH €, paclollaraiot B IOPAAKe BOSpacTanH#A HX

apaAYeHHH W HAXOOAT MeIHAHY £, NOJYIeHHOTrO BapHANHOHHOIO
pAfa, T.e. cpejMHHOE 3HAUeHHe NPH HEYETHOM M HIH cpeIHIOW
apudMeTHUECKYIO M3 IBYX CPelHHHBIX apadeHnit IIpH 71 YeTHOM.
Bosepamiadch K HMCXONHOM IOC/He[OBATENBHOCTH £, H CpPABHH-
pag SHAMeHHMT STON NOCIej0BATENLHOCTH C &4 . ByeM CTABHTE
aHAK 4[III0CH, eCAH 3HAYeHHMEe £, [PEBOCKOMHT MefHany, H SHAK
«MHHYC?, €CJH OHO MeHBIIe MeJHaHB, B CIYHAe DABEHCTBA
CpABHMBAEMBIX BeTWHUHH COOTBETCTBYIOMEE 3HANEHHEe & OIye-
waeres, Taxmm oOpasoM, MojyuaeTcs TOCHEROBATENLHOCTD,
cocTOANAS M3 IUIOCOB M MHHYCOB, obllee 4HCIO KOTOPBIX He
nperoexoaut n. IocrefoBaTelbHOCTE TMOAPAL MAYIIMX ILJIECOE
WA MMEYCOB HashiBaeTcs cepueil. Jlna Toro qrobbl TIOCIEHOBEA-
TeNLHOCTE €, OLUIA cTydaiiHoil BHIOOPKO, IPOTAMEHHOCTS canmoi
JUTHHHOH cepuy He DOJMCHA BEITE COMINEOM O0JBIN0I, a obmjee

UHCID CepHH — CHIHIIKOM MEJIRIM.
OBogHauMM TPOTHEHHOCTE caMOH IAIHHHOH CepHH Hepes

K,.. .8 ofimee uucio cepuii — Hepes V. Brifopra OpHIHASTCH
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c1y4afiHOi, eclTH BBIMONHANITCA CAENYIOUME HEPABEHCTEA ik ¥:
5% -Horo YpOBHA 3HAYMMOCTH:

Bl «‘:[3,3(1;; n+ 1}]; (5.8)

v ::—[% (u Tt [ l,ﬁﬁ-\.’}ﬁ]],

The KBaZpaTHble cKoOKH, Kak oGBIYHO, 03HAYAIOT HEIVI0 YacTh
THCITA.

Eeny xora 66! ogHO M3 2THX HepaBeHCTs HADYIIAETCH, TO I'H-
oTesa o ciAyIaHHOM XapakKTepe OTKJIOHeHHH YpoBHei BpeMeH-
HOI'O pAfA OT TPeHfd OTEepraeTcd H, CAeJOBATENLHO, TPEHIOBAN
MOJedh TPHAHASTCA HeadeKBATHOH,

ApyrEM KpHTepHeM IIA AamHOM NPOBEDKH MOMHET CAVIHHTE
Kpumepuil nuxos (nosopommuux mowei). YpoBeHE Noc/eIoBa-

TEJALHOCTH & CUHTAETCA MAaKCHMYMOM, ecllM oH GobINe ABYX
PANOM CTOAINMX YPOBHeH, T.e. &,_; < g, > Ep+ls H MHHHMYMOM,
SCJIH OH MeHbIlte 06OMX cOcefiHHX YDOBHell, T.e. £, ; > £ < 550
B ofoux cayuasx &, cumraerca MOBOPOTHON TOYKOH; ofnjee wume-

JI0 MOBOPOTHBIX TOYEK [[JIA OCTATOMHON MOCIeN0BATENLHOCTH £
0D03HAYHM Yepea p.
B coyuaiinoii srifopke MaTeMaTHUecKoe OEHIAHME YHCIa To-

: 2
€K 1IoBOpOTA p M AHCTIePeHMs O, BRIpAXKAIOTCH (opMyIaMu:

__E Hoah 2_15?1—29
P_B(n 2}: UF——Q'E]—-.

Kpurepnem cayuaitmoctn ¢ 5% -Hpim YPOBHEM SHAYHMOCTH,
T.e. ¢ NOBePHUTeNbHOH BepoATHoCTEI0 95% , ABNAETCA BBINOIHEHMe

HepABeHETRA
P :{ﬁ— I,QEE-]. (5.9)

Tfe KBagpaTHble cKODKH, KAK H paHee, 03HATAIOT LIENVH) 4acTh
uncta. Eeau sro Hepapemerno He BEIMONIHACTCH, TPeHIORAN MO-
{eIb CUNTASTCH HealeKBATHOM.

[IpoBepKa COOTEBETCTBHA pacnpeeleHHA CayuanHol KoM-
NOHEeHTH HOPMANLHOMY 3AKOHY pachpeleleHHs MoKeT OBITH
NpoMaBeJeHa JIHINE OPHOIMMEHHO ¢ IMOMOINBIO HCC/Ie/[OBAHHA
nokasaTeneit acummempui (yy) H sxcyecca (yz),TaK Kax BpeMeHHBIE
PAORL, HaK IpaBEuio, He OHeHb BEIHHKH. HPH HOpMAanInHOM pPac-
npeneleHHH TOKASATENH ACHMMETDHH M 8Kclecca HEKOTODOH
r'eHepAILHOH COBOKYIHOCTH PABHEI HYJII. _MLI IpeanoIaraeM, 4To
OTEIOHEHHS OT TPeHMa MpecTABJIAIT cofoil BERIGOPKY ME I'eHepAb-
HOH COBOKYITHOCTH, TIO3TOMY MOJKHO ONpeNelHTh TOJBKO BeIGOpOU-
HBIe XAPAKTEPHCTHEH acHMMETDHH H akcheccen H HX OTMHORH:

6n-2)
{n. + 1}{n - 3}’

(5.10)

o o [Py
' s {n + 1]2{n + 3}[!1 - 5]

B arux dopMyiax ¥, — BeIfOpOUHAA XApPaKTEePHCTHKA ACHM-
MeTpHH; Y,— BEIGOpOYHAS XapaKTepPHCTHKA SKCIecca; o; H

Ty = COOTBETCTEVIOLIIIE cpelHeKBaIpaTHYECHHE OIMHAGKHE.
&

Ecan ogHoppeMeHHO BRIIOMHATCH CJIeJVIOINIe NepaBeHCTEAL

< 15o:

I'F1| < 1,50’.“; ¥a?

n+ﬁ
T2 n+1

TO PHIOTEsA 0 HOPMAILHOM XaparTepe paclpefleTeHHA cayHaiHoH
KOMIIOHeHTEl OpUHKMASTCA.
Eenw prinonrsercd XoTH OBl 0HO W3 HEPABEHCTE

o 3]
Tz +

fi|2 2033 2 204,
||I ¥1? n+1 2

TO THIOTE3a 0 HOPMAJBHOM XapakTepe paclpe/eeHiA OTBEPra-
eTcs, TPEHZOBAR Mojlels IpH3HaeTcs HealeksarHoil. [lpyrue
enyual TpebyioT HONONHHTEILHOH NPOBePKH ¢ HoMollkio Gomee

CHOMHHBIX KPHTEDHER.
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Kpome paceMorpeHHOro MeToga magecTen DAD IPYTHY MeTOI0OB
NpPOBEPKH HODMANBHOCTH 34KOHA DaclpefiefleHHa cayvdaigoi
BeIHUMHEL: MeTox Becreprapsa, RS-xpurepmii m 1. it. Pacemor-
pPEM Haubo/ice IpocToil M3 HHX, OCHOBAHHEIN Ha RS-gpurepun.
ITOT KDHTEPHHl YHMCTEHHO DABeH OTHOMISHIO pasMaxa BapHa-
OWH clyYaiiuol Bermumas B CTAHTARTHOMY OTKJICHeHHIO S,

B mamem cnyuseR=g,, - Emin:@ S =8; = 1.'}: sf_fn —1. BEL-

UHC/IeHHOe 3HAYEHAe S-KPUTepHA cPaBHMBACTCA ¢ TAGIMYHEIM
(KEpuTHYecKMMH) HHmHed nu BEpXHell TIpaHMOAMM JaHHOTO
OTHOIIEHHA, 3 €C/IH 9TO 3HAYEHNHE HE NMOTATACT B MHTEPRAI MeXIy
KPHTHYECKHMI I'DAHILAMH, TO ¢ 34 AHHEIM VDOBHEM SHAUTHMOCTH
FHIIOTE3a O HOPMAJNLHOCTH paclpe/ie/IeHUA OTBEDPraeTed; B npo-
THEHOM CJIyWae 8Ta M'MOOTesa NpHHMMaeTcd. JIMa MLIocTpamm
NPHBENEM HECKONBLKO map 3HAYEHN KPHTHUECKMX panHn [S-
KPUTEPHA NJd YPOBHA 3HaumMoet o = 0,05: npu n = 10 mmx-
HAs rpadMIa pasua 2,67, a Bepxuas papma 3,685; npi n o= 20 atn
HHCIIA COCTARMIAIOT coOTBeTcTEeHHo 3,18 1 4,49; npu n = 30 ofn
papner 3,47 1 4,89,

Ilpopepka paBeHCTBA MaTeMATHYECKOTO OEHIAHMA CIIy-
TAHHON KOMIOHEHTE! HYJII0, €COH OHA pacnipefileneHa 1o Hop-
MalLHOMY 3aKOHY, OCYIIeCTBIHeTCH HA OCHOBE t-EpHTEDHR
Creionerta. PacueTHoe amauemme aroro KPHTEPHA 3aJAeTCH
dopmyaoil

i ) (5.11)
SE
rile € — cpejnee apubMeTHYECKOe BHAUEHME VPOBHeH ooraTod-
HOH NOC/Ief0BATEIEHOCTH E,;

S, — cTaHgaprHoe (GPE,EHEHDMPQMIIEGRDB] OTHEJIOHEHHEe 118
aToi MocleloRATe ILHOCTIH.

Ecan pacuernoe aHaueHMe ¢ MeHEBIIE TAbJIMYHOrO SHaYeHHA f,
CTATHCTHKY CTLIOZEHTA ¢ 3aaHHLIM YPOBHEM BHAUMMOCTH o H
HHCIOM cTeleHed cBofojgbl n—1, To rumoTeaa o PaBeHCTBE HVIIHD
MATEMATHYECKOTO OMMAAHHMA cAyualHON moCTeNoBATENLHOCTH

NpHEAMASTCH; B IPOTHEHOM CIyYae 5Ta IHIOTesn aTBeprasTea
H MOJeNs CUHTAeToH HeaTeKBATHOM,
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Ilposepka He3aBMCHMOCTH 3HAMEHHH YpPOBHEH cn:,:uaﬁnon
KOMIOHEHTRl, T.2. HpPOBEPKA OTCYTCTBHA CYIIECTBEHHOH ABTO-
KOPPEeNsiHA B OCTATOYHOH MOCIefoBATENLHOCTH MOET oCylne-
CTBIATHECA TI0 PAAY KpHTepHes, Haubonee PﬂﬂnpﬁﬂTpaHEHH};ﬂM
w3 KoTopwix apnserca d-kpurepmii [lapfuna—Yorcoma. Pac-
yeTHoe sHAUSHHE 3TOTO KPHTEPHA ompejeldeTcd o dopuyne

o

z{“: W Er—L]2

d=1i=2 ! (5.12)

"
5ot

t=1

BaMeTHM, YTO pacUeTHOe 3HAYEHHe KPHTeDHH ,T_T,apﬁuﬂa—‘éfc"r_-
coHAa B MHTepEaje oT 2 o 4 ceujeTensCTBYeT 0b OTPHIATENBHOH
CBASH: B 3TOM cJydae ero Hajo npeobpascBaTe [0 ?mpmyﬂe
d' = 4 — d ¥ B ganbHeiilIeM HCIIOAL3OBATE 3HadYeHue d'.

Pacuernoe sHavenHe xpuTepHA d (nmm d') cpaBHHBaeTCA ©
pepxHUM dp ¥ HUKHHM dj KPHTHUYECKMMI 3HAUEHHIAMH CTA-
rieruxy Japbuna—YorcoHa, ¢parMeHT TabIHYHLIX 3HAYEHHH
KOTOPEIX JUIA DASJIMYHOTO UHC/a YPOBHEH pAja n u uHeIa olpe-
DeNfeMEIX [IApAMETDOE MOJelH R IMpefcTABIeH A HarlAJHOCTH
B Tabn. 5.2 (yposeRb sHAYMMOCTH 5% ).

Tabnuua 5.2
fe=1 k=2 fi=3
T ‘; e T 5 dy- | di . |iida
15 1,08 1,36 0,95 1,64 0,82 1,75
20 1,20 1,41 1,10 1,54 1,00 1,68
30 1,35 1,49 1,28 1,567 1,21 1.65.

Ecnn pacyerHoe sHaueHwe Epurepua d Gomblle BepXHETo
TaBIHYHOre 3naYeHud dp, TO THIOTE3a O HE3ABHCHMMOCTH YPOB-
Hell ocTaToOYHOH MHOCIeZOBATeILHOCTH, T.e. 00 OTCYTCTBHH B
Heil ABTOKOPPeNAIMH, IpHHNMaeTes. Ecan sHauenune d MeHbIIE
HMcHETD TabIMuHOre sHayeHHA dq, TO 974 THIIOTE3a OTBEPTAaeTCH
¥ MOJENL HeaJleKRaTHA. Eeiu sHaveHHe d HAXOJUTCA Meiy
SHAUYSHMAMH d) ¥ da, BKIIOUAH CAMH 3TH 3HaYeHHHA, TO CHHTAETCH,
UTO HeT NOCTATOUHBIX QCHOBAHHN CJelaTh TOT MM HHOH BRIBOJ
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¥ HeobXoIHMBL JadbHelIHe HecldeJOoBAHNHA, HATPHMED, M0 G0Jb-
meMy UHCIY HaOMIHOIeHHH.

Brisog of ATeKBATHOCTH TPeHIOBOH MOIENH IeAAeTed, eciiH
4C€ YKA3aHHBIE BHIIE YeThIPe NpPOBEPKH CBOHCTE OCTATOUHON
NoCHeJOBATENBHOCTH AAI0T IONOKUTeIBHEI pesyaerar. s
AJeKBATHERIX Mofelell HMeeT cMBICH CTABHTE 3afaduy ONEHKH HX
mourocmi. ToUuHOCTE MONeNH XapaKTepHSyeTcd BeIHUYWHOH
OTKJIOHEHHS BEIX0IA MOIENH OT PealbHOTO 3HAYeHHA MOJIETH-
pyeMoii mnepeMeHHO# (?KoHOMMYecKoro Ioxasartens}. s no-

Ka3aTeNd, IPeIcTaRMeHHOID BPEeMEHHEIM DSIOM, TOHHOCTH OlIpe-

Aefderest Kak PasHOCTh MeMIy fHaueHWeM (AKTHUECKOTO YDOBHA

EpeMeHHOr? pDATA H ero GH;E'HI{Di:I, TIUJ'I}"T-IEHHDﬁ pPacueTHEBEIM

oyreM ¢ HCIONBIOBAHHEM MOOeIH, IDH 2TOM B KaYeLTEe CTATH-

CTHYECHKHX HDKﬂaﬂTﬁﬂEﬁ TOUYHOOTH NPMMEHAIOTCA CIAedYIOmHe:
cpefHee KBAJpaTHYECKO: OTKIOHEHHR

f I & 2
Faie i 5.13
r. J TR E[y t y{}l ( )
cCpelHAd OTHOCHTEILHAA oImTHOKA AIINPORCHMAITHH
l i w - !;r:

LY
KoathdMOHeHT CcXOAMMOCTH

-100%, (5.14)

Eopn =

4 Z{y: x Q:}z
e (5.15)

E(!s"r —ﬁ}z

=1

-

Koa(pUIHeHT JeTePMHHAIHHA

R =1-¢? (5.16)
M APYIHe DOKAZATENH; B HNPHEeIeHHEIX (QopMyIax n — HKoJHYe-
cTBo ypoBHeH pana, £ — 4YMcido onpeleifcMBIX IADAMETDOB

MOJeIH, Y, — OlleHKa YPOBHeH pAfja IO MogelH, J — CpejiHee
apHdMeTHYSCKO: 3HAYEHHE YPOBHeH paza.
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e
=

Ha ocHOBAHHMF VKA3AHHEIX IOKA3aTeleHd MOMHO clelaTh
pEIGOp M3 HECKONBEHX aJeKBATHBEIX TPeHAOBBIX Mogeaeii SKOHO-
MHUecKkoil IHHAMHKM Hambolee TOUHOH, XOTA MOMET BCTpe-
rHTBCH CAY4ail, KOrja 1o HeKOTOPOMY NOKasaTelio Oonee TOUHA
oj{HA MOJels, a o ApYroMy — Apyrad. i

JlaHHBIe TOKA3ATENHM TOYHOCTH Mofejent pacCHHTRIBAIOTC
4a OCHOBE BceX YPOBHel BpPeMeHHOro psAna U MOaTOMY OTPasKaroT
AMIOE TOYHOCTH ANOPOKCHMAamuM. [aa ONeHKH NpPOrHOSHBIX
cpoOIiCcTE MOZesaH IelecoobpA3HO UCIONB30BATE TAK HA3EIBASMEIH
pHTpDGHEKTHEIthﬁ nporHosd — MOAXO0M, ocHﬂljaﬂHhIﬁ HA BELOE-
JeHMH VUACTKA H3 psja IocjiefHHX YPOBHEH HCXOLHOrO BRE-
MEHHOTD PAIA B KOJIMMECTEE, HOTIYCTHM, fg ypoeHell B KAUeCTEE
NPOBEPOYHOrO, & caMy TPeHJOBYIO MOJEls B aToM Caydae caenyerT
CTPORTE (10 MePBBIM TOMKAM, KOJHIECTBO I{ﬂf‘ﬂp‘bﬂ{ ByageT paBHO
ny = n — ng. Torga gns pacuera MOKASATENEN TOUHOCTH MOZenan
o peTpocHeKTHEHOMY NMPOTHO8Y NpPUMEHANTCH Te ke thopMy AEL,
HO CYMMHPOBAHHE B HHX OyjeT BecTHCh He I0 BCEM HabII0/1e-
HHAM, & JHIIL II0 NoCIeIHWM fig wabmonennam. Halpuamep,
thopMysa JUIA CpejHero KBaJApariyecroro OoTKJOHeHNA OymeT
HMeTE BHJ:

o L i[!ﬁ —5"“1}2’

Mg = k t=my+1

Tlle §j, — GSHaueHHMA YPOBHEH pAjia MO MOJENIH, nocTpoeHHO AnA

MepBLIX 11 VPOBHEH.

OnmenyBaHHE TPOTHOIHBIX cEOICTE MoJlelH HA PeTpochneKTHE-
HOM VUACTHE peckMAa [IOJIe3HO, DGOEEHHU apH COTIOCTARIeHMM
pPasIMYHEIX MoJened NPOTHO3HPOBAHMA H3 HHCIA AERBATHLIX.
Onuako HAMO TOMHNTE, MTO ONEHKH PeTPOIPOrHosa — JFIIE
npuSIMKeHHAS Mepa TOYHOCTH MPOTHO3a H MOAeld B HeIoM,
TaK KAK NPOTHO3 HA IepHOJ VIpeXjeHHd AeIaeTcd Io MOTETH,
nocTpoenHoil mo BeeM YPOBHAM pAja.

A MNpumep 1. Jlna BpeMeHHOTO PAJA, MPEACTABJIEHHOro B IIEP-
BBIX JByX rpadax rafn. 5.3, mocrpoeHa TPEHAOBAA MOAEIR B EN-
fie HoaMHOMA IepBoit cTenmeHu (TuHeHHAA MOJeNE):

g, = 87,8 - 3,4¢.
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Tpefyerca OIeHHTE AJeKBATHOCTE M TOUHOCTE NOCTPOeHHO
MOJeaH.

Ilpesne Beero chopMupyeM OCTATOMHYIO NOCHeIOBATETLHOCTS
(psm ocraTios), Aus wero M3 QAKTHUeCKHX 3HAYEHMI VpoBHeil pa-
Aa BEIMTeM COOTBETCTBYIOINME pacueTHhIe 3HAYEHHA IO MoAelH:
OCTATOMHAN [10CIeN0BATEILHOCTE IPHESIEHA B I'p. 4 Tabn. 5.3.

Tabnuua 5.3
t |dawmud Pac- | Omere- |Towsu ]
ueckoe MEmHOe | Henue | nlod 5 2 feufo
i i E, 7 g~y | (B -] | w100
1 55 84,4 0,6 = 0,36 = - 0,71
2 81 81,0 0,0 1 0,00 -0.6 0,36 0,00
3 78 77,6 0,4 1 0,16 0,4 0,16 0,49
4 73 T4.1 -2.1 1 4,41 =25 6,25 2,69
5] 69 0.7 -1.7 0 2,80 0,4 0,16 2,46
6 70 67,3 2.7 1 7,29 4.4 19,36 3,86
SN I TN 6,25 0,81
5 61 60,4 0.6 1 0,36 0,4 0,16 0,88
9 o av,0 =1,0 - 1,00 -1.6 2,56 1,79
45 636 636,38 -0,3 6 1481 35,26 13,20

ITposepxy cayuafiHOCTH YpOBHEH pAmA OCTATHOB IpoBedeM Ha
OCHOB® KPHTEeDHA ODHEOCB (IOBOpOTHBIX Touer). Touxm muxor or.
MEYeHEl B IP. 5 Tabi. 5.3; MX KOJHYeCTEO PABHO IMecTH (p = 6).
Ilpasan wacre HepameHeTBa (5.9) pasHsercs B DAaHHOM caydae
ABYM, T.e. 8TO HEPABEHCTEO BHINoNHAeTcd. ClefopaTennHo,
MOMHO CHEIATE BRIBOJ, YTO cBOHCTEBO CAVYAfHOCTH paga ocrar-
KOB NOITEEDEIASTCH.

Pesyarrartel npegeigymeii NPOBEPKH AAI0T BEOSMOMKHOCTE IPO-
BECTH HNPOBEPKY COOTBETCTBHA OCTATOYHON IOCIeoBaTelbHOCTH
HOPMAJBHOMY 3aKOHY pacnpejeleHusa. Bocmoneayemcs RS-
kpurepueM. B Hamem coyuae pasmax sapmammm R = A T

=27 —{—2, }.= 48, & cpeiHee KBAJpPATHUECKOe OTKIIOHEHHE

Sg = ,”lﬁf:(n - 1} = 415,51:8 = 1,39, Caemoparensno, mpurepmit

RS = 4,8:1,39 = 3,45, u aro aHavenme NONajaceT B MHTePBAT
MeXIY HHKHEH M BepxHel rpaEWIaMy TAGIMYHBIX 3HAYEHMI
AAHHOTO KPHTEPHA (3TH rpanuuel 4aa n = 10 B ypoBRHA sHaum-
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moctr o = 0,05 cocrapnmior cooreerereenno 2,7 1 3,7). ITo mo-
aBOJAET CHENATE BEIBOM, YTO CEOMCTBO HOPMAIBHOCTH PacIpefie-
neHMA BRINOIHASTCA,

Ilepexopst ¥ mpoBepke paBeHcTBa (6aMsocTH) HYMIO MaTeMa-
THHECKOTD DyHIAHAA DA OCTATHOB, 3aMeTHM, 4To 0 Peayilb-
TATAM ELIYHCIeHHH B Tabm. 5.3 aTo mareMaTHYUecKoe OMMAA-
ame pasgo (—0,3): 8 = —0,03 u, cnegoEaTeNsHO, MOKHO IIOATEED-
IUTE BEITOJNHeHHe JAHHOTO cBOHCTEA, He npHberas K CTATHCTHHE
CrerogeHTa.

Jlna mpoBepKH HEBABHCHMOCTH VPOBHeH pAma ocTaTKoB (OTCYT-
CTBHA ABTOKOPPENAINHE) BRIYMCIAM 3HaueHHe Kpurepusa [Hap-
Guaa— Yorcora, PacueTmr no gopmynae (5.12), npegcrasleHHEE
e rp. 6, 7, 8 Tabn. 5.3, pair crenyiomlee sHaAYeHHEe 3TOr0 KDHTE-
pua: d = 35,26 : 15,51 = 2,27. 3ra BenuuuHa npespimaer 2,
YTO CRAJETeNLCTBYET 06 OTPHIATETBHOH ABTOKODPPENAIIHH,
nosroMy Kpurepuit Jlapfura—VYorcoEa Heobxomumo mpeobpa-
soBaTh: d' =4 —d =4 - 2,27 = 1,73. [lagHoe 3HAYeHHe CPABHH-
BAEM ¢ [OBYVMA KPHTHUecKMMH TAOAMYHEIMM aSHAYEHMAMA
KPUTepHH, KOTOPLe AAA JauHeiiHoH MOJelH B HallleM clydae
MOJKHO MPHHATE paBasiMu dp =1,08 u d; = 1,36. Tax xak pac-
YeTHOE 3HAYeHHe IONANAeT B MHTepBan oT ds o 2, To jgena-
£TCA BHIROJ 0 He3ABMCHMOCTH VPOBHeH oCTATOYHOH NHoclenopa-
TeLHOCTH.

Mz crkasagHoro BREINIE clledyeT, YTO OCTATOMHAS IMocleloBa-
TenpHOCTE VIORJETEORAET BeeM cBoileTBaM caydaiimoll xomno-
HEeHTHI BpeMeHHOro pajia, CIefloBaTeIEHO, IOCTPOSHHAS THHEHHAR
MOMETh ABAXETCH ANeKBATHON.

Nlna XApAKTEPHCTHEH TOYHOCTH MOfeNH BOCMOIb3YeMCH II0-
KagaTeleM cpefHeH OTHOCHTENBEHON OMIHOKH anIpoKcHMamdH,

KOTOPHIT paccumThIBaeTcA 10 hopmyse (5.14): £,.,= 13,29 : 9 =
= 1,48 (%). TMonyuenioe 3HaYeHMe CDefHEH OTHOCHTENHHOM
oImUOKH TOBOPHT 0 [JOCTATOYHO BHEICOKOM YPOBHE TOYHOCTH IIO-

cTpoeHHOH mofenu (ommbxa MeHee 5% cBHuerenbeTByeT 06
VIOOBIETEOPUTENLHOM YpPOBHe TouHocTH; ommbia B 10 u Gomee

NPoIeHTOE CUNTAETCA OYeHb Ooablioil).
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5.3. MNporHo3upoeanne 3KOHOMHYECKO AUHAMWUKM
Ha OCHOBE TPEHOOBLIX Mogenei

IIpornosMpoBaHHe DHKOHOMHYECKHX INoKasaTeleH Ha OCHOBe
TPEHJOBEIX MoJelel, KaK H DOMBITMHCTEG ADYTHX METOAOE 3KO-
HOMHYeCKOro IPOTHOSHPOBAHMA, 0CHOBAHO HA HAee dKCTPAIIOIA-
nu#. Hai yide cresaHo BRIIe, NoJ SKCTPATIONANHEeH oBBIUHG
DOHUMAKT PAcHpoCTPAHEHHe 3aKOHOMEePHOCTEH, CcBH3eH H cooT-
HOLIEHHAI, MeifcTEYIONINX B H3y4aeMoM IepHojie, 3a ero npememsl.
B Gomee mmpoKoM cMBIC/Ie CIOBA ee PACCMATDPHBAIOT KaK IIOJY-
UeHHE n}:ne;[c*raBJIEHHﬁ o DygyimeM HA ocHOBe MHMOPMAILINM, OT-
HOCAINEHCHA K OPONLIOMY M HacToAmeMy. B nponecce nocrposmms
IPOrHOSHEIX MoJes el B MX CTPYETYDPY HHOTOR SaKIANBIBAIOTCS
9JleMeHTEI OyAYIIeTo IpeAloJaraeMoro COCTOSHHA obbeKTa MM
ARJEHWHA, HO B IEIOM 5TH MOJAeNM OTPAMAIOT 3aKOHOMEDHOOTH,
HabIolaeMple B IPOLLIOM H HACTOAINEM, HOATOMY JOCTOREDHEIH
IPOTHOZ BOAMOMEH JIHUIIL OTHOCHTENBHO TAKHX 00LEKTOE B AB-
JeHHH, HOTOPBIG B 3HAYHTENBHOH cTelleHH JeTepMHHHDYIOTCH
NPOILIEIM H HACTOAIIHMM,

. CymecTsyroT ABe ocHOBHBIE (OPMEI JeTeDPMWHALMH: BHYT-
PeHHHA M BHeIIHAA. BHYTpeHHNS NeTepMHHAITNA, HIH CAMOJIETED-
MHHANHA, Gojlee YCTOHYMHEA, ee Npollle HIeHTH(GHIHPOBATE ¢ HC-
IOAB3CEAHHEM SHOHOMHKO-MATEMATHYECKHX Mogeneid. BHemaan
AeTePMHHANHA onpejefderca GodbIIHM uHeloM (hakTopos, Io-
3TOMY yHecTb HX Bee NPAKTHYeCKH HeBoaMoxHo. Eciu HekoToprle
MeTo[kl MOJelIHPOBAHHA, HANPHMED AJANTHEHEIE, OTPAMKAIOT 0b-
miee COBOKYNHOe BAHNAHHE Ha MKOHOMHYECKYID CHCTEMY BHELI-
HHX GaKTopoE, T.e. OTPaRaloT BHeIIHION AeTeDMMHAINID, TO Me-
TOAEI, DasupylolHeca Ha MCIOJL30BAHHH TPEHJOBBIX Momeieii
PKOHOMMYECKHX MPOLECCOE, MNpPEeJCTABIEHHEIX OJHOMEPHBIMH
BPeMeHHEIMH pAJaAMH, OTPAMKAKT BHYTPEHHIOW AeTelMHHAIHIO
o0 BEKTOBE M SBICHHH.

IIpu sKeTPaNONANMOHHOM TPOrHOSUPOBAHNI SKOHOMHYECKOIT |
AMHAMHKH HA OCHOBE BPEMEHHBIX PAJOE ¢ MCIIONL30OBAHHEM TpeH-
JOBBIX MoOjenell BBRIIONHANTCA CIeIVIONIHE OCHOBHEIE STATIERL:

1) npepBapuTenbHEBIH aHAIH3 JAHHBIX;

2) copmuporanme Halopa mMogeneil (Hanpumep, Habopa KpH-
BEIX DocTa), HASHIBAEMBIX QYHKIIHAMH-KaHIHAATAMM:

3) uMcleHHOe OIleHHBAHME NAPAMeTPOB Mofeleii;
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4) onpefenenve afeKBaTHOCTH Momgeaeit;

5) OlIEHKA TOYHOCTH aJleKBATHBIX Mogenei;

f) srifop Ayulled MOJe]H;

7) MoAyYeHHe TOUEYHOro M HWHTEDPBAILHOIO IIPOTHO30R;

8) pepruduUKAITAA IPOTHO3A.

TMopsAmoK peanHsallMyi TEPBELIX [IECTH JTANOB M3 MEpe-iciIeH-
HEIX OMICcaH B IpefsAyIIHX naparpadax jgaHHOM raassl. Pacemor-
pum Gosee MoAPofHO ABa 3aKTIOMHTENBHEIX JTANA.

TlporHo2 Ha OCHOBAHHH TPEHJOBRIX Mogeneil (KpPHMBBIX pocra)
CONEPHECAT JIBA JIeMEHTA: TOYeUHBI H HHTepBATEHLIH [IPOTHO3EIL.
TouewHblil NPoZHO3 — 2TO MPOTHO3, KOTOPLIM HA3LIBAGTCHA S[MHCT-
peHHOe aHAYEHHEe IPOrHO3HPYEMOrO MOoKasaTend. 970 3HAYEHWE OIl-
penesifeTcs NOACTAHOBKOH B ypaBHeHHe BRIOpaHHOH KpHBOH poc-
Ta BeJWYHMHEI BpeMeHH i, COOTEETCTEVIOMER MepHOLY YIDeRIeHH:
t=n+1;t=n+ 2 uT. g Taxoi NpPOrHO3 HASEIBABTCH TOHEH-
HEIM, TAK KAk Ha rpaduKe ero MoKHO H306DasuTh B BHIe TOUKH.

OueBHHO, UTO TOYHOE coBHajleHie QAKTHHECKHX MaHHBIX B
ByyIIeM ¥ NPOTHOCTHUECKMX TOUEHHBIX OIEHOK MAJOBEPOATHO.
[TosToMy TOYeUHEIH IIPOTHO2 NONMKEH CONPOBOMAATHCH OBVOTO-
pOHHMMM TDAHHIAMH, T.e. YKasaHHeM HHTepBama aHaveHMH, B
xoTOpOM € AOCTATO4HON Aonell YBePeHHOCTH MOMKHO OMHIATE
NosiBTeHMA TPOTHOSHPYEMOll BelH4YHHBL. YCTAHOBIEHHE TAKOTO
HHTepRANA HASLIBASTCH UHMEPBAILHLLM NIPOZHOIOM.

HMaTepBaNEHEIH [IPOTHO3 HAa faze TPEHIOBBIX MOJENeH OCY-y
IIecTBAAETCH IIyTeM pacueTa 006epumenbHOZ0 UHMepeand —
TAKOTO MHTEPBEAIA, B KOTOPOM C OnpefeleHHOH BepOATHOCTHIO
MOSHO OKHUIATE NOABIeHNs QaKTHUECKOT0 3HAYEHHA ITPOTHOSH-
pyveMoro SKOHOMHUECKOro MHOKasaTeld. Pacuer A0BEpHTELHBIX
HHTePBAIOE IIPH NPOFHOZMPOBAHMH ¢ MCIOAB30OBAHHEM KPHEBRIX
pocTa ONHpaeTes HA BbIBOAEI H (POPMYJEl TEODHH perpeccHii.
IlepeHeceHHe BHIBOJOB TEOPHM perpeccHii Ha BpeMeHHBIe 9KOHO-
MMYecKHe pAfEl He COBCeM [PABOMEDHO, Tk Kak IHHAMIUe-

cKyte DAL, KAK BBIIIE YiKe OTMeHajH, OTIWYAKTCA OT CTaTH-
cTHuecKH® coBorynHocTeil. Iloaromy K OUNEHHMBAHHIO IOBEPH-
TeNLHEIX HWHTEPBAJIOB A KPHBHEIX pOCTa clefyeT MOAXOAHTE C
HaBecTHOH goneil OCTOpPOKHOCTH.

Merose:, paspaboTaHHEIE AAA CTATHCTHUECKHX COBOKYIHO-
crell, NOSBOIAKT ONpEelHTE NOBEPHTENBHEIH HMHTepPBAN, 3ABH-
camuil oT cTaHfapTHON# OmMHUOKH OIEHKH NPOrHOZMPYEMOTO I10-
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:;EEEEJEH, OT BPeMEeHM VIpeXJeHMA IPOTHO34, OT KOJMMYecTREs

&H BO EPEMEHHOM DALY H oT VDPOBHZ 3H 6K )
al

i ¥p YHMOCTH (0 ]

Crangapraas (cpegEas KBAZpATHYeCKAA) oluuOKa oleHER

IPOTHOSHPYE g

r Pyenoro mokasatend S; ompefesserca 1o (GopMye:

PR T
3_ e Z(F: oy ye]
| (5.17)
rje y, — (]I'JEIKTH"-IEGI{OE dHAYEHHEe YVPOBHA BREeMenHOr PAISA 0iE
BpPeMeHI f; ¥, — PpacHeTHas oOlleHKA COOTBETCTEVIOLIErD MOKASA-
Tend IIo MOogelTH [I’IE.]“IPHMEP, IIC YPaBHEHHR l{pH‘BOﬁ pOGT&]; R —
HOMHYECTEDY YVPOBHEH B HCXOTHOM PAJY, R — HHCIO DapamMer 1

POB MOZETH.
B THHEH reBHO-
, 2 HHEC;I}”I&E TIRANMO, SHHOT' TheHga A pacueTa AOBEDH! HO-
PEATA MOMKHO HCIONB3OBATE AHAJIOTHIHYIO thopuyay ,u;.rm.'

napHOH perpeccuM, TakHM obpasom AOBEPHMTeILHBIH HHTeDBaI
nporsosa Uy B a1oM ciy4ae 6yger nMeTs mu ;

2
U, = fnor £ 4S; /:l+ 8(n + 2L - 1)
) fig ’

rae L — mepmon ynpesgeHms; Unpp — TOUEUHEI OporHoa o
MUJ.IB“JIH Ha (n+L)-ii MOMEHT BpeMeHH; N — KOJIMYeCTBO HB.E.JIE‘.I-. i
AEHHH BO BpeMEHHOM DAIV: S;, — CTAHTADPTHAN OIIHOKA DII;EHHL"; L
NPOTHOSHPYEMOTO NMOKA3aTe I, PACCYHTAHHAA IO paHee I i
MeHHON (opMyJIe NJIf YHCIA HapaMeTpos MOJIEIH, PABHOTO ;: b
f, — mabauvHoe 3HAYeHWe kpurepma CreiogeHTa LIS :,rpm:::

Ls
SHAYHMOCTH O ¥ I8 YHCeIa cTededeli cBobO/ LI, pARHOTO 71—2 '
Ecam sripasenne :

(5.18) |

Irz' 1+lL3{H+2L—1}|2

n n(nz —1)
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oBosHaunTs Yepes K, To dopMynla fas JOBePHTEEHOTO HHTEDEA-
jia NpHMeT BIT 1

U, =t S;K. (5.19)

SuaueHMA BeauynHEl K [JIf OIEHKM JOBEePHTeNBHBEIX HHTED-
BAJIOB TIPOTHOSA OTHOCHTENBHO JHHEHHOro TpeH/a TabyIMpoBaHel.
bparMenT TAXOH TABNMIEL AN YPOBHA SHAMHMOCTH O = 0,20 npen-
cTaBdeH OIA WITIOCTPanuy B Tabil. 5.4.

Tabnuua 5.4
Tieao ypoaHel Mepuod ynpeswdenun L
a pady (n) i e ke
Vil 1,932 2,106 2,300 2,610 2,733 2,965
10 1,692 1,774 1,865 1,964 2,069 2,180
13 1,681 1,629 1,682 1,738 1,799 1,863
15 1,536 1,572 1,611 1,653 1,697 1,745

Wiorna mis pacviera JOBePHTeJBHBIX MHTEDBAJIOE IIPOTHOZA
OTHOCHTENLHO JHHeHOro Tpenja IPHMEHAIT IPHBEJEHHYIO
pRiTe (POPMYNY B HeCKOIBKO NPeoSpasoBaHHOM BHIe:

=y 2
1 (%
[ L S
\ " X9
3neck t — NOPALKOBBIH HOMEp VPOBHA paAfa {(t=1, 2, .., n}
= n + [ — ppeMs, AjiA KOTOPOro JeJaeTcd IPOTHO3; I —

U, = fas £ 1.5 (5.20)

37

BPEM#A, COOTEETCTEVIOIlee cepelHHe MepHofa HabmogeHui AIA
HCXOAHOTO pHia, Hanpumep, t = (n + 1):2; cyMMHpoOBaHHE
BejleTcH IO BeeM HabIIoNeHHAM. )

DTy GOPMYIY MOMKHO YHPOCTHTBH, €CHIH, KAK HMACTO JeIaeTcH
Ha NpaKTHKe, TePeHECTH HAYAMO OTCYeTA BPEMEHH Ha Cepefiiny

nepofa Habmogenuit (= 0):

Ao
A S W

dopmMyIa A5 pacdeTa JOBePUTENBHEIX HHTEPBATIOB IMPOTHO3A
OTHOCHTEILHO TPeHAa, MMEOIero BHI IOJHHOMA BTOPOTO MM
TpeThero IOPHAIKA, BEINIAAHT CAeAYIONmM obpasoM:

(5.21)




212

T 2 1 f
U, yn,{_rasy1+l+ PEESBNE sl . (5.22)

4 DIy v S -(%e)
AnamorMdHO BEMMHCIAKTCA JOREDHTENLHBIE HHTEPBANLI LIA
SHCIOHEHIHANEHOH KDPHBOH pocTa, a TAKMKE [Aif KPHBLIX pocTa,
HMeWIHX acHMiToTy (MogndHOHpOBAHHAA SKCIOHEHTA, KDHBAT
loMnoepna, JorderHyeckas KPHEBAS), eclIH SHAUSHHE ACHMIITOTED
H3BEeCTHO.

Taxmm obpasom, dopmMynsl pacHeTa LOBEPHTENBHOTO WHTEp-
BAJA JAA TPeHAOBRIX Mofesniell PasHOTO KIACCA DASNTHYHEI, HO
KaMJasd M3 HHX OTPAXKAeT JHHAMMYECKHH AcCHeKT NpOrHOZHpPO-
EAaHHA, T.e. YBeJIHYeHHe HeolOpeJelIeHHOCTH MNPOTHOZHDPYEMOTO
Oporecea ¢ PocToM TepHOLA YOPeXIeHdd NPofdRIdeTcd B MOCTO-
AHHOM pacOIHPeHNH NOBePHTEILHOTO HHTEDRAJA,

HecmoTpa Ha rpoMo3KocTE HEKOTOPEIX (OPMYJI, pacdeT ToYew-
HEIX ¥ MHTeDPBAJLHBIX IIPOTHOZ0B HA OCHOBE TDEHAOBRIX MOmemei
B (popMe KPHERIX POCTa TEXHHYECKH ABIASTCA JOCTATOYHO HpOCTOil
nponexypoit. OgEaxo He crefyer oBoNBIMATHECA TeXHHYeCKOH
npoeToToi NpPOIEAYPEl SKCTPANONANHHE H OLITATLCH 3ATVIAHYTH
CHHIMKOM JAaNeKo, #To HeHobe:RHo NpHBeNeT K rpybelM omAbikaM.
OnraMaibHAS [JUIMHA TePHONA YIPeXIeHNs ONpeIeIseTcs OTHeNb-
HO IJIH KAEA0T0 SKOHOMHYECKOTO ABJISHHA ¢ VHETOM CTATHCTH-
Yeckol KonefIeMOCTH H3yYyaeMBIX NAHHBIX HA OCHOBE COZEPIKA-
TeIBHOIO CYH(IEHHA 0 cTADHILHOCTH ABIeHHA. JTa ANHHa, KAK
IpPABHIIO, He MPEBLILIAET [JA DANOR FOJoBLIX HabIOOeHW omHOMN
TPeTH o0beMa NAHHEIX, & N7 KBAPTANEHEIX H MECHYHBIX PANOB —

ABYX JET,
' IIpn BHIpABHHEAHMH BPEMeHHEIX PAJOE ¢ HCIONbIOBAHHEM
KPHBEIX POCTA NPHXOAHTCHA PeliaTh BOMPOC O TOM, KAKOH IIHHBI
OonskeH ObITh pAJN, BEIGHMpAeMEIH [IA HOporHosnpoBanms. Oue-
EAJHO, YTO eclH NepHof DA SHOHOMMYEeCKOH AHHAMMKH CAHII-
KOM KODOTKHI, MOEHO He o6HADY:KHTE TeHACHIHIO ero PAsBEHTHA.
C mpyroii cTOpoHEI, OYEHB [INMTEe/NLHEIH BPEMeHHOH pAJ MOMeT
OXBATHIBATE DePHOAE! ¢ PAZNMYHBIMHE TPeHIAMH M ero ONHCAHHEe
¢ IOMOHILI0 ONHONH KDHBOH pocTa He OACT MONOMHTENLHEIX pe-
ayneraTok. llosToMy peKOMeHJyeTcs MOCTYIATE CHENYIOIHM
ofpaszom. Ecnu Her HHKakuMX coofpasenuii KadecTEBeHHOTO IO-
pAfka, cnegyer GpaTh BoIMOXHO GONMBINMII TPOMEIKYTOK BDeMeHH.
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FcJiH pasBATHe ODHADYX{HBAET HHKIMYECKHIl XapakTep, clelyeT
GpaTk IIEPHOL OT cepeMHLl MepPBOTO [0 cepejiHHBl IIOCIeJHEro
nmepuojia OHEIA. EcaM pAjg OXBATRIBAET IEPHOJBI ¢ PASHBIMH
TpEeHJAMH, Jy4ile COKPATHTR pAL, oT6pocHB Hapbonee paHHHe
yPOBHM, KOTOPBIE OTHOCATCA K MepHOAY ¢ HHOH TeHJeHIIHeH
PASBHUTHA.

TIpu sRCTPATIONANAOHHOM IIPOTHOSHPOBAHMH sxoHOMIYecKol
IMHAMHMEM ¢ WCIONL30BAHHEM TPeHJOBLIX Mojlellell BechMa Ba-
SKHEIM HBAAETCH SaKJI0YHTeNbHLIH artan — Bepuduranng
nporuosa. Bepuduranus mobbix JecKPHITHBHBIX Mofenel, K
KOTOPBLIM OTHOCATCH TPEHJOBEIe MOJIENH, CEOJHTCHA K CONOCTAB-
JeHHI0 pacdeTHEIX DPEeEYIAETATOE 110 MOJelH ¢ COOTBeTCTBYIONUIH-
MY JAHHBIMH JeHcTBHTeNLHOCTH — MACCOBBIMH (QaxTaMH H 3a-
KOHOMEPHOCTAMH  SKOHOMHYecKoro passETHA. BepudHranns
NPOTHOZHON Mogead npefcTaBiAer cofioM COBOKYIIHOCTE KDHTE-
pHeRn, cliocoBoB H NPoLEeAyp, Ho3BOIAIIIHNK Hi 0CHOREe MHOTOCTO-
pOHHETO AHANHMAA ONeHHMBATH KAUECTEO MOJYHaeMOoro IPOrHO3A.
Oneaxo wallle BCeTO HA JTalle BepHOHKAUHH B Donemel creleHH
OCyHIecTBIAAeTeA OlleHKA MeTofa NPOrHOZHPOBAHWA, € MOMOIILIO
KoTOporo DELT MoJy4YeH Pe3ysIbTaT, YeM ONeHKA KauecTBA CAMOTO
peayneTaTA. JTO CRAZAHO C TEM, UTO OO CHX IOp He Hapgero adg-
theXTHBHOTO MOAXOJAA K OIEHKeé KAUecTBA IPOTHO3a A0 ero pea-
NHBAIHH.

Ilaxce B TeX CIVYAAX, KOIjla MPOTHO3 He ONPABAAJNICH, HeNb3d
EATErOpHYecKH VTBeP#IaTk, UT0 oH Onli DeclioneseH, NOCKOJBKY
[MOIEIOBATENE, ECIM 0H XOTA Ol YacTHUYHO KOHTDOIHPYeT XOof
cOBBITHI 1 MOMET BO3IeHCTBOBATE HA IKOHOMMYUECHHII Npoliecc,
MOMET HCIOJb3OEATE NPOTHOSHVID HHQOPMAITHIO IJKeJagMBIM
nna ceba obpasom. Tawx, NOJYUHE IPOTHOS cODREITHH, ONpeleIan-
MUY HeelaTelbHOs HANpABIeHHe MepPCIeKTHBHOIC PasBHTHA,
OIBIOBATENL MOMKeT NPHHATE Mepsl, YTobBl IPOTHO3 He OI-
paBgajcs; TAKoH IIPOTHOZ HASHIBAeTCH CAMOJECMpPYKMUEHBLM.
Eeau nporfos npejckasal Xof cobnITHH, VCTPAHBAKIMHAK T0JIh-
ZOBATENT, TO OH MOMET HCMOoIb3I0BATL CBOM BOIMOMHOCTH AJIH
VEeJIHUeHHH REPOATHOCTH IPABMIBHOIC TPOTHO34; nogobHbIH
NporHos HasEIBAeTCH camopezyrupyrouusn. Tarum obpasoM, No-
KasareleM [eHHOCTH IIPOrHO3a ABIAeTCA He TOABKG €U0 noc-
TOBEPHOCTH, HO H I0Je3HOCTh JJIA TI0AE30EATENe,
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O ToUHOCTH MpOTHOZA IPHHATO CYAMTEL 0 BEJHMHHE OIIHG.
KM OpPOTHO34 — DASHOCTH MedtIy (GaKTHYeCKHM 3HaYeHHeM He
CHeyeMOoro MOKASATeld W ero IporifoiHelM 3HaveHHeM. Oues
BHAHOC, YTO OOpefelHTE VHAZAHHYI) PAJHOCTE MOMHO JHINE B
ABYX cJyHasx: IHOO ecH NepHoj YHOPEKISHHA YIKe OKOHYIICT
H MSBECTHO paNTHYecKOoe FHAUYEHHEe TPOTHOSHPYEMOro noKasaTe-
na (H2BecTHA o0 peaNH3ANHA), OHOD eclH npmﬂuﬂnpos&m{e
OCYINECTBJIANOCEH Ji/Ifi HEKOTOPOTO MOMEHTA EPeMeHM B IIpo-
LLTOM, LI KOTOPOrs M3RECTHEl (DAKTHUeCKHe JAHHEIE.

Bo mTopoM M3 HasBaHHBIX ciyyaes MHGOPMAINA NeJUTCH Ha
Aee vacru. Yacts, oxBaTeIRainan Golee paHHHe JaHHEIE, CIY-
FHT JUIA OUEHHBAHHA HapaMeTpoB NPOrHOCTHYECKOH KDHBOH
poera, Apyrasd, Gojee MO3IHAA, PACCMATPHBAETCA KAK DeaylH3a-
nuA nporaosa. [loayuennele Takum o0bpasom OMMOKH Iporxosa
B EAKOH-TO Mepe XapaKTepHayvIoT TOYHOCTH NPMMeHSeMoH MeTo-
JHMKH OpPOrHOZHPOBAHMA. !

IIpopepra TOMHOCTH oJHOrO NPOTHO3A HESOCTATOYHA ,mn:
OMeHKH KavYecTBa NPOTHOSHPOBAHMA, TAK KAK OHA MOMEET GBITH
pesyIbTATOM cly4aiiHoro coenameHus. HauGosee npocroit Mepoit -
KAYECTEA IPOTHOZOE [IPH YOIOBHH, UTO HMEOTCHA AaHHbie ob HX :
peainzannH, ABMIAETCA OTHULIENHe HUHcIA cAy4Yaes, Korga dax-
THYeCKaN PenlH3aniud OXBAThIBAIACE WHTEPBAIBHEIM [[POrHO30M,
K oDIOeMy YMciy IPoTHO30E. JTaHHVID Mepy KadecTBa NPOrHosos,
k MOMHO BLIYHCIHTE I0 gopMyie

k=L

Ptq
rge p — 4YHCI0 DPOTHO30R, NOATBEPXEIeHHEBIX (AKTHYECHKHMIT
AAHHBIMH,  — WHCIO IPOTHOI0OE, He ToITEeD:IeHHBIX (haKTH-

UeCHHMH JaHHBIMM.
Opnako B npakTHYeckoll pabore mpobieMy KadecTBa mpo-
FHOZ0B Yallle TIPHXOAHTCH DPelllaTh, KOTIA NEpHOM VIDeHIoHHS
elle He 3aKOHYHICA H QakTHYecKoe sHAYEHHEe NDPOrHOSHPYEMOTO
noKazaTenda HeHMapgecTHO. B aToM cnyuae Gomee TouHo#E cumra-
eTCH MOJieNs, Aaroulasn Bollee yskHe NOBePHTeNLHLIC HHTEPBAJEL
mporHosa. Ha mpakTuke He Bcerpa yaaercs c¢pasy NOCTPOHTE
JOCTATOUHO XOPOIIVIO MOMelh NPOTHOZHPOBAHHA, NOSTOMY OIH-
CAHHBIE B JAHHOII TIJIABe 3TANLI IIOCTPOCHHA TPEHJOBBIX Moje-
JeH DKOHOMHYeCKoH AHHAMHEH BHINONHAIOTCA HEOTHOKPATHO.
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PaccmoTprM TOpHMep pacueTa TOUeMHOr0 H HHTePBAIBHOTO

NpPOTHO3a HAa OCHOBE TPEHIOBBIX Mogeneil, HCIONLIYA AanHLIE

gafAuH, peluaeMoil B MpegsIayINeM naparpade gamHOH TIaBhL

L Mpumep 2. Hycrs Ana BpeMeHHOTO PAXA, MPECTABIIEH-
goro B Tabn. 5.3, rpefyerca naTh NPOrHO3 Ha ABa HIara Buepef
(t = 10 u t = 11) Ha ocHoBe AJEKBATHON JAMHeHHOH Mogenn
i, = 87,8 ~3,4¢.

ToueuHEIe IIPOrHOSEI TONVUHM, DONCTABIAA B YPABHeHHE
mogemn apavenna ¢ = 10 n £ = 11:

-l}lﬂ = 8?,3 - 3,4 +10 = 53,8;
y"u = ET,B —3,4 11 = 5'.'},4.

IIpu pacueTe NOBEDHTEILHBIX HHTePBANOB NPOTHOZA YHTEM,
yTo B Ipolecce pelleHus YIOMAHYTOH 3aja4M NpenbiiyIiero
naparpada OsUIo HaijeHo sHa4YeHHe cpepHeil KBagpaTHIECKOM
oIMMBKY OUEHKHM MPOTHOZMPYEMOro MOKA3aTeNs S, = 1,39, a

suauenns Benmuudrl K B dopuyae (5.17) nna pazga B3 AeBATH
ypoBHell MOKHO IDOIYHMTE NPH YPOBRHe 3HAYHMMOCTH O = 0,20
w3 Tabfr. 5.4 nyrem JMHefinofi HHTePIOJANNH NPHEEIEHHLIX
anauenwit mia n =7 un=10 pnat=10(L=1)K =1 i
mna t = 11 (L = 2) K = 1,88. PeayarraTsl pacyera mo (opmyne
(5.17) mpencrapneHsl B Taba. 5.5.

Tabnuua 5.5
= -
Bpema ITa: Towey bt HMosepumeasrbti
(t) (L) RPOZHOT UNmEpERt NPOZIO3a
(* ) Huwisi z2pa- | DBepxuas
Ynet L Zpanuya
10 1 53,8 51,3 h6,3
11 2 50,4 47,8 53.0

Tar Kax MoAeih, HA OCHOBe KOTOpPOH OCYINECTBIANCH IpO-
r'HO3, NPHSHAHA ANlEKBATHOM, TO ¢ NPHHATRIM YPOBHEM 3HANMH-
smocti 0,20, ApYrHEMH CJIOBAMH, C NOBEPHTENLHOHR BepPOATHOCTRIO
0,80 [HJ!H 80% ) MOMXHO YTEEPH(aTh, YTO NPH COXPAHEHHH CJIO-
SHBIIHNCH 3AKOHOMEPHOUTEH PasBHTHA NPOTHOIHPYeMAd BRJIH-
uHA MONMATeT B MHTEPBAN, o6pAfOBAHHBIR HEmHEH H BepXHei

IpaHAIAMH.
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l'rasa §
9.4. ApanTueHble MOZenW NPOrHo3NpoBaHKua

KHaw vite BhIlNle 0TMEYEHO, B OCHOBE SKCTPAICIALIMOHHEIX Me-
TOJOB TPOTHOZWPOBAHUS JEKHUT NPEANONoKeHNe O TOM, YTO OCs
HOBHEIEe (MaKTOPEI B TeHAEHIHH, MMEBIIHe MECTO B IPOIILIOM,
coxpanAamwTea B OyayvmeMm. CoxpaHeHHe 3THX TeHAeHIHH — Hes
npeMeHHOe VelAoBHMe YCOeITHOTo OpOrHoSHpoRaHMA. IIpH arom)
HeoOXoaumMo, 4TobkEl YIUTEIBATHCE JTHINE Te TeHJeHITHH, KOTophie
ellle He yoTApe M M A0 CHX 0P OKA3BIBAIOT BIAHAHHWE HE H3yHaes

MBIl Ipollece. )

TIp1 KpaTKocpoYHOM NPOTHOSHPOBAHWM, 4 TAKMKe NPH Npos.
THOSHPORAHHHE B CHTYAIIHH HIMeHEHHS BHeITHHX VeloBHH, Ko=
raa HauGojdee BAyKHBIMH HBIAIOTCA MOCTefHHe DealM3AIlMH HCs |
clAeyeMoro IIpollecca, HanbGomee adeHTHEHEIMHA OKASBIBAIOTCH
ATalNTHEHEIe MeTo/bl, VIHTHIBAIONIHEe HEPABHOMEHHOCTE YPOEHeH,
BpeMeHHOTO paga.

Adanmusnbie Modeal NPoOZHOIUPOGAHUA — 3TO MOJENH JIHCH
KOHTHPOBAHHA [aHHBIX, chlocofHsle OnieTpo npucnmocabIHEATE
CBOK CTPYKTYPY M IAPAMETDEI K HaMeHeHWI0 yveaosui. HueTpys
MEHTOM IpPOrHO3a B AJANTHMBHEIX MOJeNfAX, KAK M B KPHBBIX
pocTa, ABIAeTCA MATEMATHYECKAR MOJEIb C eIHHCTEeHHBIM hai-
TOPOM ¢BpeMs.

TIpu oneHke NapaMeTpPoB AJAlTHEHBIX Mojelell B OTIHUYME,
OT paccMaTPHBABMBIX paHee MofgeleH ¢KPHBRIX pocTas HabIHOIes
HiHAM (YpOBHAM pANA) NPHCRAHBAIOTCH PASAHYHBIE Beca B 384
BHCHMOCTH 0T TOTO, HACKONEKO CHJILHEIM NDHIHASTCHA WX BIIHMSAH
HHEe Ha TeXyuiuil ypoBeHb. DTo MOZBEOMAET YUHTHIBATE HaMe:
HEHHA B TeHJeHINH, & Tak:xe Mobble KojeDAHHA, B KOTODEIE
OPOCIeXHEAETCA 3aKOHOMEepDHOCTh. Bee ajanTHBHEIS MOTeIH
basupyITCA Ha JIBYX cXeMax: cKolbasamero cpefuero (CC—mox
Jgens) 1 aproperpeceni (AP-mogem). ¥

CorniacHo cxeMe CKONBSSIIEN0 CPeIHErD, ONEHKOH TeKymend:
VPOBHS SBJISETCH B3IBENICHHOE CPejiHee BeeX NpeJIecTBYIOIIHX
VpOBHeH, npudeM Beca OPH HaOMwieHHAX yORIBAIOT MO0 Mepe
VIANeHHS oT [MocJefHero YpoeHA, T. e. HEdoOpMAaIHOHHAR IeH-
HOCTE Habmiojennit npusHaeTca Tem Gonbmeil, yenm GIMKe OHH
K KOHIOY HHTepeala Habawgennii. Taxwe MoJel Xopoloo ﬂTpﬁ-_’_
MAIOT HAMeHeHHs, NPOMeXoNAIOHE B TeHLEHIWH, HO B YHCTOM

BHIE He TDO3BOAAINT OTPANKATE KoaebDannda. ' ri
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Peaxnna Ha omudiy NPOrHE3a i JHCKOHTHPOBAHHE YpOBHEH
ppEeMEHHOTO pAJA B MOJENIAX, Gasupyomuaxea Ha cxeme CC,
ompefienseTcs ¢ IIOMOMIbIO NAPAMETPOB CIIaH HBAHITH {(apamTammin),
JHAUEHHA KOTOPEIX MOIYT H3MEHAThCH OT HYIA A0 eXHHHIEL.
BilcoKoe 3HAYEHHe 9THX IIapaMeTPoB (CBEIIE 0,5) caHauaeT NpH-
panpe GoJbllero Beca IOCHE[HMM YPOBHAM pila, a HIBKO®
(mexee 0,5) — NpeANIecTBYIOIIHM pabmoneEnaM. [epeLii ciTy4au
COOTBETCTEYET GHICTPOH3MEHAIOIMUMEH NHHAMMYHBIM IPOLECCn,
gropoit — Gosee CcTAOHILHBIM.

B apTOperpeccHoHHOH cXeme OIEHKOH TeKYINero ypoBHA
CIVAHT E3BellleHHAA CYMMa He BoeX, a HeCcKOJBKHX IpelmecT-
BYIOLIMX YPOBHeil, IPH 9TOM BecoBble KOAQQUMIHERTE! NP HabI0-
neHHAX He pamxupopankl. MudopManioHHAA IEHHOCTE Habwo-
AeHE onpefendeTcd He wx GJM30CTRIO0 K MOAEIHPYeMOMY YPOBHEQ,
4 TecHOTOH CBA3IH MeMIy HIMH. i

Ofmas cXema [IOCTDOBHHMA ANANTHBHEIX MOJeNeH MOMET
fRITE TIPEJCTABACHA CHEIYIONM 00pasoM. o HeckomBEKMM IEp-
BEIM YPOBHAM p#ja OLEHHEAIOTCH 3HAYEHHA IapaMerpos MOLEe-
an. Ilo mMewomedics MOTenH CTPOHTCA IIPOTHO3 Ha OfHH ar
Brepef, IPWUYeM ero OTKIOHEHHE OT (PaKTHIeCKHX ypoBHeH DAIA
paceHHBASTCA KAK OIMMOKA IPOrHOSHPOBAHMSA, KOTOpAd YHIITEL
BaeTcH B COOTESTCTBHH C NPUHATOH cXeMod HOPPeKTHPOBEH MO-
genw. Jlamee mo MOAeH O CKOPPeKTHPOBAHHBIMH HEEEJEETPHMH
PHCCYMTHIBAGTCA TPOTHO3HAA OLEHKA HA CIEAYIOMHM MOMEHT
EpeMeHH H T.J. TakuMm ofpazoM, Mojelk OOCTOAHHO ¢BIIMTEI-
paeT+ HOBYID HMHQOPMANMIO H K KOHOY HNepHOoLa oby4yeHHA oTpa-
sgpeT TEeHTeHIINI0 PasBHTHA Ipollecca, CYMECTBYIOUIYIO B IAaH-

HBEIH MOMEHT.
B mpaxTHKe CTATHCTHYECKOrD NPOTrHOZHPOBAHHA Hanbojes
yapro Memoskayiorca ase basopeie CC-mopenn — Bpayna =

Xonpra, UepBAd W3 HHUX HBJIHETCH YACTHBIM CHIYIAEM BTOPOH.
ATH MojejH IpPefCTABIAIOT Npolece PAZBHTHA KAK JIHHEHHYIO
TeHAeHI[HI0 ¢ TOCTOAHHO H3IMeHAIIHMACA TapaMeTpany.

Mopens Bpayna (Mojens 3KCIOHEHITHANBHOTO CITAHBANMA).
Mogens Bpaymua moxeT oTofpamars passHTHE HE TOJILKO B BH/IE
nuHeiiHoll TeHIEHINH, HO TAK)Ke B BHAe CAYUaHHOrO mponecca,
He HMeero TeHIeHIIHH, a TAKEe B BHIAE H3IMeHAKIMeHeHd 8-
pafonuueckoii TeHgeHiyH. CooTBeTCTBEHHO PasJHUAI0T MOMEIH .

Bpayna:
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BOepel OCYIONecTRASeTed coraacHo (opmyne Y(i+k) =
Tarasa MOOenb TAKYNE HA3RBAeTCH ¢«HaHBHOI» («Oymer, -»_
Br1mow);

o nepeozo nopadra (Y(t+k)= Ag +A k). KoapdunmerTt Ag
sHadeHne, bAMAKoe K nNociejHeMY YPOBHIO, H NpelcTABIAST
KaK Bhl 3aKOHOMEDHYI) COCTABNAINYI 3TOr0 YPOBHA. B'.oa:ir
tunmenT 4; onpegenser npupocr, chopMHPOBABINHHCH B 0C-
HOBHOM K KOHDY IepHogs HaGNomeHHN, HO OTDasKAIONImil
rTarxe (Mpasia, B MeHbIOel CTeleHH) CKOPOCTE pocTa Ha Gojee
PAHHWY STAIIAX;

MHIeCHK o TEH,:[eHuHH C HIMEHAIIHMHCH ¢CKODOCTHIOH
syeropernems. Oma mMeer TpH mapaMeTpa (4 — ome

nfAeTcA no gopMmyne: Y(i+k) =45 + Alk + Agk?.

[lopamor Momgenw obRMMHO onpefeasioT aubo ANPHOPHO
OCHOBE BHEVAJILHOIO AHANM3A rpadHka npolecca (ecTs nM TPeHT
H BapzoK IH OH K JAHHelimo# (VHKIMH), 3HAHWI 2aK0HOE paa-
BHTHA XADAKTEepA H3MEeHeHHS HecllefYeMoro SAEBIeHHs, nHH0
MeTomoM Opof, CPDABHHBAA CTATHCTHUYECKHE xapm-:.mpnc:r-nxh-
Mofefieif PA3IMYHOrO MOPAAKA HA yYACTKe PeTpOCHeKTHBHOIO
NPOTHO3HPORAHHA. o

PacemoTpeM  2TanBl NOCTPOSHHS JHHEHHOH afalTHBHOH
mogenn Bpayaa. =

Iman I. [Io DepBEIM OATH TOYKAM BPEMEHHOIO DALA OIE-
HHEBAIOTCA HAYAJIbHBIE 3HAYeHHA Ag u A] DapaMeTpoBR MoZenH €
OOMOINEH MeToJa HAWMEHBIUMX KBAJDPATOR M8 JHHeiinod aml-
OPOKCHMAIIWH: ;

Yoty =dg + At (=1, 2, L8l

A
dman 2. C Henols30EaHHeM NapameTpoB Ay u Ay 0o MogejH
o |
BpayvHa HaxogusM OporHes #Ha ogua mar (kB = 1) i

Y,(t,k) = Ao(t) + A (2)k.
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Sman 3. PacuerHoe snaderne Y (f,k) sKROHOMHMECKOTO OKA-
gaTe)A CPABHMBAIOT ¢ GaxTHyeckuM Y() M BRIYHCIAETCHA BeJH-
uypHA MX pacxompenus (omubxu). Ipn k = | umeem:

e(t + 1) = Y(t + 1) - Yy(¢,1).

Sman 4. B cooTEETCTEMH ¢ 3TOH BelMuMHoli KOPPEKTHPYHOTCA
papaMerpsl Momenu. B mogenn Bpayna monuduranii ocyIiecT-
RIACTCH CASTVIOMHM obpason:

Aglt) = Aot — 1) + Ayt — 1) + (1 — P)Pe(?);
Ay(t) = Ay(t — 1) + (1 = B)Pe(), :

roe B — xoaddHuHeRT IHCKOHTHPOBAHHA AAHHBIX, HaMEeHHH-
muiica B opegenax or 0 go 1 (o0 + f = 1), XAPAKTEPHIYIOIAH
ofecleHeHHe [AHHBIX 3a eIHHHOY BpeMeHH H OTPAMAIONIHIT
crenenn nopepHs Godee moagHuM HabmiofeHuAM. OnTHMalsHOR
sHaueHHWe [} HAXOAHMTCA MTEPATHBHBIM IIyTeM, T. €. MHOTOKpaT-

HEIM TIOCTPOEHHeM MOjeld IIPH PasHbIX B u BHIfOpoM HAKITYY-
mreil, HIH no opMyiae:

B=N-3/N-1,

roe N — JjAMHA BpeMeHHOTO pajia, ¢t — [apaMeTp CTIMKHBAHHA
(e =1-—f)%
e(t) — omubEa TPOrHOBHPOBAHMA YPOBHA Y(%), BBIUMC-

JeHHAR B MOMeHT BpemMeHH (t — 1) Ha ogHH I0ar BIIePemd.

Sman 5. Ilo Momeny co CKOPPEKTHDOEAHHBIMHE IapaMeTpPAMH
Ap rm A; HaxolAT IpPOrHOo3 Ha cAeAYIONHHE MOMEHT BpeMeHMN.
BoaepaT Ha NYHKT 3, ecau £ < N.

Eemu ¢ = N, To NMOCTPOEHEYE MOZelb MOMHO MCHOJL3OBATH
I OporHosupoBaHHA Ha byayloee.

Iman & VUnrepsaibHbl [POTHO3 CTPOHTCA KaK LA JHHeH-
HOoH Momeid EPHEOH pooTa.

A Npumep 3. IlocTpoum TPOTHO3 110 nuHeitHo# mMopemn Bpayua
Kypca HemelnkoH mMapkw sa mait 1997 r.

Wexonaelii BpeMeHHOH paj cofepmar 19 ypoEHell HabIo-
IeHHs JAHEOTD T0KASATENA
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Y(t): 3333 3337 3354 3364 3418 3392 3380 3406 3394 34!‘.}9'
3410 3425 3409 3415 3416 3402 3387 3391 3390.

Hayaneuele omeHKH DapaMeTPOB HOJYYHM [0 [€PBRIM I[IATH
rouraM (Tabu. 5.6) opu momormmu MHE mo dopmymanm:

A = z[(t i tap) il 27 Y“P]/E(t

Ap =Y, -4y

t,) =197/10 =197,

tep =3361,2-19,7-3 = 3302,1,

rae fy,p, — cpeiHee jHaYeHHe QAKTOPA ¢BPeMAR; Y¢P — cpejlHee
SHAYeHHWe Hccaenyemorc moxasarend (Yo, = 16806:5 = 3361,2,

tep = 8)

Tabmwua 5.6. Ouenka HayasnbHbIX 3HAYEHWIA NapaMeTpoB MOJENH

¢ ¥ie) (-t (t—tp) | YiEr-Yop t—tay | (E-tp)-(Y(t)-Yep) 8
1 3333 4.0 -28,2 -2 a6,4
2 3337 1,0 —24,2 -1 24,2
3 3354 0,0 =7.2 L] 0
4 3864 1,0 2,8 1 2.8
il 3418 4,0 66,3 2 113.,6
15 16806 10,0 0 0 197

Bosrmem £ = 1, a2 mapamerp crnaMBaHus pasHsim 0,4,

B rabx. 5.7 npHpejeHsl PACUeTH NAPAMETPOB MojedaH BpayHa
Ha Haxfgom mare. Ha nocjsemHenM Iare HodydHeHa MoJelb
Y (N + k) = 33829,8— 1,5k, IlporeoaHsle OmeHKH IO BTOMH
MoIenHd DOoAy4YaloTced HOACTAHOBEKOH B Hee gHaueHHll k=1 H
k = 2, o UETepBANLHEIE — TO thopMyIe: .

Uk) = S;t, fl ¢ l/N [{N s tnp}zfz{r 2 rcp)g

rhe, xaxk u B gopmyxne (5.18), S; — cpegmee kBagpaTHYecKoe

orgnonenue (CKO) annpoxenmamun, t, — TabiuyHoe 3HaUeHHe
kpuTepua CreogenTa ¢ SAfAHEEIM YPOBHEM 3IHAUHMMOCTH (L.
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Ha pmc. 5.1 npejcTaBIeHbl Pe3yJBTATE ANMPOKCHMALNY H
IpOrHOSHPOBAHMA 0 BToif Mogenn. Pap 1 coorseTcrByeT dak-
rHYECKHM HaHHBIM, pan 2 — pacyeTHRIM JAHHBIM [0 MOJENH
BpayHa, IPH 9TOM YKA3AHbI TOYeUHBIe NPOTHO3LI HA OBa IIara
poepen. HaTepBaibHEIe NPOrHOSEI MOMKHO TIOJNYYHTh, HCIIONB3Y A
npuBegeHHsle B Tabun. 5.7 smavenns U(1) n U(2).

Tabnuya 5.7. OueHka napameTpos mopenu BpayHa

B O T T T T T G
0 3302,1 19,7
1 9333 3331,2 21,5 3321,8 11,2
9 3337 3339,56 19,0 3352,7 ~15,7
3 3354 3354,7 18,3 3358,5 -4,5
4 3364 3365,4 16,8 8373,0 -9,0
5 3418 3412,3 22,5 3382,3 85,7
6 3302 3308,9 15,7 94348  -42,8
7 3380 3385,5 10,2 8414,5 = —34,5
8 3406 3404,4 11,8 3305,7 10,3
9 3394 3397,6 8,3 3416,2 -22.2
10 3400 3408,5 8,8 3405,8 8,2
11 3410 3411,2 7,6 5417,3 -7.3
12 3425 3424,0 8,6 3418,8 6,2
13 3400 3412,8 4,8 3432,6 -23,6
14 3415 3416,4 4,4 3417,6 -2.6
16 3416 3416,6 3,8 9419,8 -3,8
16 3402 9404,9 0,9 3420,4 ~18,4
17 3387 3390,0 -2,2 3405,8 -18,8
18 3391 4390,5 5, | 3387,0 3,1
19 3390 3380,8 -1,6 3388,8 1,2
20 3388,3
21 3386,9

U(1) = 86,31, U(2) = 36,86.
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[lporEcanpoBanAe KYpea HeMOeniol Mapru no mogeax Bpayea

B4l

420 1

3380

A360

Eype geMeukol Mapxi

3340 1

2520

3300 t—————— : R —
1 B 5 2T T AR (TR YRS ST TE TR TIRT
Bpemsa
Pue. 5.1, Peayavmamsl annpokcumayuy
I npozHO3uposanua no adanmusenoii moderu Bpayma

i
(napamemp czaaxusanus pagen 0,4) J:

B mopenax Bpayua u XonbTa mapaMeTps! oliiatHBANIE xapmn::- -
TePH3YIOT CTeleHb aaNTANMH MOJEdH K HaMeHeHMIO paja Habiio-
neauit OHM oNpefeNAlOT CKOPOCTE PeaKI[HM MOJelH HA H3MeHEe-
HH#A, NTpoHcXogamue B passuTuu. Yem onm Gonsme, TeM 6bier-
Pee peargpyer Mofe/b Ha HameHeEnsa., O0nIuHo 1A ycmﬁqnnm{‘ _'
PHATOE X BeJIHYiHA GOIBIIAA, a JIA HeVOTOMMHBEIX — MATEHBKAT.
B pasnuuHEIX MeToJaX INPOTHOSHDPOBAHHA MCIIOJb3YETCH paa- :
JYHBIE TIOfX0[ K MX ompefefeHHio. MX MOKHO B3fATh dbUKCHpO-
BAHHBIMM, 8 HAMTYYIIee SHAUCGHHE oOpelelMTE MeTOJOM mNogbopa,
4106k OIIMGKA [IPOrHO3a Ha OOHH IIAT Blepej ObLIA HAMMEHBImeir.
IIpu menoAR30BAHME KOMIBIOTEPA 3TO He NpefCTABIAET TPYIA.

AJBTEDHATHBY 9TOMY IOIXOAY COCTABISET AHHAMHUECKOS
HBMeHEHHE DAPAMETPOR CIUIAMKHBAHHA. B Merosax sBONIOOHH B
CHMILTeKC-ILTAHKMPOBAHNA DApPAMETPRl ATANTAITHH OOCTOSHHO
MEeHAKTCA Ha KamJoM mare, Jl18 KaEmgoro mapaMeTpa criiagcHs
BAHHA MOPMHUDYeTes HecKOMLKO 3HaYeHMit,

Mopgenu u MeTomel aBTOpErpeccHM. B ABTODErPECCHOHHBIX
(AP) momemax Texyulee 3HAaUeHHe NpOLECCA [PeJCTABIASTCH

KaKk NnHeHHad KOMOHHANMSA [PeIBIIVIOUX ero sHAYEHMH H CITV- 4
YAHHOH KOMIIOHEHTEL.
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HUnenrudnranus AP(p) Mogeln coCTOMT B OHpefeieHHH ee
nopanka p. OfHOHE H3 IpefIOCELIOR MOCTPOEHHA MOJENH 3TOro
THOA #ABAfeTcH NPHMeHeHHe HX K CTANMOHAPDHOMY IpoLeccy.
Ilosromy B Golee MMPOKOM CMEICTe HMABHTH(OHKAIHA MOJEIH
BRJIIOYAET TAK:Ke BbIOOp cHocoba TpaHchODMANMH HCXOJHOTO
pAna Hafmonenui, KAK [PABHJIO, MMEIOL[Ero HEKOTOPYO TeH-
JEHIAI0, B CTAIHOHADHLIE (unm Oamaxmit K Hemy) pag. OguH
i3 Hanbojee PACIPOCTPAHEHHBIX CHOCOGOB pellleHMA 3TOH mpo-
faeMBl — IlocHeJ0oBATENLHOE B3ATHE pasHocTel, T.e. Iepexoj oT
HCXOAHOTO PAJA K PALY MePBBIX, & 3aTeM M BTOPRIX pasHOCTEM.

«YHeTEIe ¢ ABTOPErpPECCHOHHEIE IPOLEcchl HMeHT IJIABHO 3a-
TYXAKWIYI ABTOKOPpPeNAnuHoHHYW (yEKmHI0 (AKD). B sroM
cayuae B KadecTEe NOPANKA MoJe/M BRIOMpaeTcs Jiar, Mocle Ko-
ToOporo Bee 4YacTHRIE aBToKoppendnuonHble ¢yHxkuun (LAKD)
HMeIOT HedHAUYHTEIBHYVIO BelmuuHy. OnHaxo Ha NPAKTHEE pef-
KO BCTpEYalnTed Opollecchl, KOTODEIE JerKo ObLIo OBl HAPHTH(H-
nuposaTs. IloaToMy HOPANOK MoIeldH oDBIYHO ONpefeldeTcd Me-
TogoM Opof M3 HeCHOIBKHX aJLTePHATHE. B uicio KAHEHIATOB
BKJIIOYAIOTCS MOJENH, ¥ KOTOPhIX HopAnok coorsercTByer TAKD,
npeRmImawIned craggapraoe orijoHerme 1/N. Ilpu obpaborie
PASHOCTHLIX DAJOB MHOTAa OpHeHTHpylorcs Ha AKD, snibupas
MOgedH, ¥ KOTOPBIX ITOPANOK COOTBETCTEVET MAKCHMAIBHOMY €€
GHAYSHHID, TIDH YCJI0BHH, 4WTO OHO OpeBRIUIAET CTAHOAPTHOD oT-
KiIoHeHHe.

Panul Ges TeHeHIUH, KAK OPABII0, He OPeNCcTABIAKT HHTe-
peca muA axoHoMucToB. AP-mogenu Boobime He IIpejHA3HAUEHEI
IIA OOHCAHMA NPOleccoB ¢ TeHASHIIWeH, ofHAKO OHH XOPOIIO
OOMCHIBAIOT KoJebaHMA, 4TO BechbMa BaykHO ANA oTofpamKeHHH
PAsSBUTHA HeVCTONYMBRIX IOKABATENIGH.

Urobel cpeiarTh BOSMOMHBIM NpHMeHeHHe AP-Mojeneil
mopolleccam ¢ TeHJeHIHeil, HA [NepBoM aTame (POPMHPYIOT CTa-
UHOHADHBIA P&, T. €. HCHKINYAIT TeHJeHTHI0 OYTeM NepexXoga
OT HEXOAHOTO BpeMEeHHOTo pAZa K pagy Z(t) (t = 1, 2, ..., N-d)
HepBEIX MJIH BTOpblX pasHoctedl (d = 1 mmm 2).

Z(t)y = Y1), t=1
Z(t) = Y(141) - Y(8), t=1,2,. ,N
Z(t) = Z(t+1) — Z(1), t=1

e
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IPHPOCTOE, T. €. MOCJASHOBATeNEHEIM BEIMHTAHHEM [IBYX COCETHHX
yposueit, C yuerom atoro AP(p) — Mogens mopafgka p MMeeT BHI:

Z(t)=Ag + A1 Z(t — 1) + A2-2(t - 2) + .. + Ap* Z(t — p).

IlapameTprr stoii Mogenw errupcasiorea no MHK ¢ yuerom
CAOHHOCTH MoZenw nufo MeToZoM ATANTHBHON GHILTPAIME
(MAD). B ofioux cayuaax HeoOXoIHMO IpelBaPHTE&NILHO HJEH-
THPHIHPOBATE MOAENE, T. e, [PaBHABHO OlpejelHTh TOPS/IOK
PasHOCTHOIO pAma d M DOPAJOK MOJeNH p.

ITpocrefiim  crocofioM onpefeleHus HAaHOOIee OOIXOIAINEr0
PA3HOCTHOTO PAfA ABIAETCHA BHIYHCIEHHe IAA KaMIoro paga
(d = 0, 1,2) ero nucnepcun, T. e. ycpeRHeHHOH CYMMEI KBAIDATOR
pacxXoxieHNi ero ypoBHell co cpefiHMM sHaueHWeM Z,. s
manbHeitmeit ofpafoTku BRIGMpaeTCA PAN, ¥ KOTOPOTO BeTHYMHHA
aTOro MOKAZATE A MHHHMAILHE, 3

Hns spneptrduKalny DopAIKa Mode/ll obBbIYHO HCIIONB3YeTeHS
ABTOKODPENANMOHHAR DYHKINA, SHAYEHWs KOTOpPOHl ollpefemnd-
10TcA To GopMyIe: '

- m ;]
rm = (@0 - 2,z - m - 2,)) /3 (20 - 2,)
=1 i=1
rfe n — KOJHYecTBO YpoBHeit crammomapHoro pana (n = N-d);
m — HoMep Koa(pdHIIHeHTa ABTOKOppeasnuH (m < n/3). _
B Kauecree Mopajka MofelH NpHHMMAeTCH HoMeD KoadidH- |
OHEeHTA ABTOKOPPeNANMM r(m), MMeOIIero MaKCHMAILHYIO Be-
JudUHEy. CrnefoBaTelbHo, B MOZENH MCIONB3VIOTCE [ YDOBHEH,

KOTOpPBIE OKASBIBAIOT HA TeRyIIHi ypoBeHb HanGOIbIIee BIHAHHE.
B cooreercrenu ¢ MHK dopMupyeresa cHeTeMa M3 p YpaBHeHHH,
KOTOPAA B KOMOAKTHOH (OopMe MMeeT BHI:

Zzif = I}[EE#} Z AZ(t - I}J

tmpa]
Hanpumep, g p = 2 cHcTeMa OpUHEMAEST BHJI:

A2 -1 + Ay Z(t -DZ(t - 2) = Y Z(t - 1)Z(1),
A ZE-DZ(t-2)+ A, Z(E - 2)° =Y Z(t - 2)Z(2).
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B meit cyMMupOBaHye [IPOBOJHMTCA 1o t B HpejieNax oT 3 Jo
n=N-—d.

PemMB 5TY CHCTeMY YpaBHEeHHI, Mogy4yaloT 4Hc/I0BOe 3HAYE-
uue Ay, Ag,..., Ap. Onenka cBoGofHOTO UieHA MOJYIALTCH M3 CO-

OTHOLIeHHA:
Ay = Zep [l — (A + Az + .. + A

Ha ocHoBe nocTpoeHHOI MOIEIH BRIYHCAAT NDOrHOSHOE
spavYeHHe pasHocTHoro paga Z(n+k) Ha k waroB Bmepei, & or
Hero MepexofiAT K NPOrHo3Hoi oOlleHKe HCXO[IHOTO PAAa.

Tak, gax d = 1 Eneem:

Y(N+1) = Y(N) + Z(n+1)
Y(N+2) = Y(N+1) + Z(n+2) mpn k = 2.

CinemoBaTenpHo, IPOrHOSHBIE OLEHKM OasHpylored Kak Ha
(pAKTHYECKHX, TAK ¥ HA MOJYYeHHEX NPOrHOSHEIX YPOBHAX PAJA.
IosepaTensHBIi HHTEpPBAJ NPOTHOSA PACCUMTHIBAETCA HA OCHOBE
TOYeUHOTD IPOrHOSa:

BepXHAH rpanuna mporxosa = Z(N+k) + Ulk),

HuKHAL Tpanuia nporHosda = Z(N+k) — U(k).

Bemmumaa U(k) paccuHTHIBagTCH HO (GopMYyTIe:

k-1
U(k) = S;t,.| > C()*,
J=0

opu B =1,

rge S; — CKO, BEIYHCJIEHHOE ¢ YHeTOM CJOKHOCTH APFP(p})

momenu; f, — KoadbdHUIHEHT, COOTBETCTEVIOLIMH TabInHYHOMY

' apaueHMio cTaTHoTHER CThHIOOEHTA © BRIOPAHHEIM YDOEHeM 3HA-

HMMOCTH (1 Koa(hdHIIHeHT H0J KEAJPATHBRIM KODHeM paccHHThI-
BAeTCH PeKyppeHTHO, npudeM Hpu j = 0 BeamumHa cio)y =1,
a npu j=0

C(j) = A - 1) + ApC(j — 2.+ A, = P) -

B MeTojie afanTHBHON (QHIBTPALMH HCMOMEIVeTeH ﬁP(p}:nfune.rm
fes epoborHoro uiena. Fe napaMerpsl KOPPeKTHPYIOTCA HA J-H HTe-
PaIfHH B KAXKALHI MOMEHT BPEMEeHH f ClIe(yIOmHM obpasom:

2 DROHCMERD-
MATEMATICICERAE METORN
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A(t,0) = A(t-1,1) ~ 2we(t)Z(t-i),

rae A(t,Q) m A(t-1,i) — BeKTOpPH HOBBIX M CTAPEIX 3HAYEHMH
DapaMeTpoR (BecoB) MoJesTH: '
W — ROHCTAHTA oGyYeHH:, ONPefeNAI0MAR CKOPOCTS 8 ANTAITA
napamMeTpoB Mofend (w=0);
e(t) — omubra nporHO3NpOBANIIST vpoBHa Y(t).
ANIOPUTM IOCTPOEHMS MopeaH [IPOTHOSHDOBAHHA COCTOMT B
crenyiomem. Ha neproit mrepanmm (i = 1) ua ocHoBe HavanbHO-
ro Habopa BecoB M NEPBEIX p ypoBHeit pana BeuHcaAeTcH Zy(t)
H ero pacxoxjeHHe ¢ (aKTHYeCKHM YDOBHeM, T.e. e(t}=2’q‘§}—"
Zp(t), t=p+1. MogcTasnss BeJUTMHHY OIMUOKH B YPaBHEeHHe KOp-
PEKTHPOBKH BECOB, IOIYYAKT HOBEIH Habop Beco® mum CIIenyI0-
ero MOMeHTa BpeMeHH t = p+2. Ilanee ara npollelypa OOBTO-
piAerca  AAA  clMeAyWOINMX  p-HaGopoB Z(t-1) ' (i=1,.. o
t=p+2,..,n), KxABII M3 KoTOpEIX oBpascsan us npegm,r:yrqen::i
HCHIIIOUEHMEM NepBOre W JofaBNeHMeM OZHOTO HOBOI'O ypunnﬁf
Paja. Ecan ma urepanun j ontumansue Becs me TOIYIeHET, To;
HA cllefyIOmeil HTEPAIlMM Halo BepHYTLCH K nepeoMy Habopy
YPoBHelt paga Z(p+1-i) (i=1,.., P), HO Ve ¢ HOBHEIMH HAYATL-
HEIMH BECAMH, B3ATEIMH OT NPeblIyieif WTepammy.
Onpegenenne naYanLHEIX Becow OCYLIECTRBAAETCA OYTeM pe-
Lrenun ypaBHeHHA IOna—Yokepa, cocraBiennoro ma OCHOBE KO-
sppuIIMenTOR aBToKoppenauuun. Ilponeaypa Ruppenmrpmamf
[ApaMeTpOB  3aKAHYMBAETCH, KOILA CPeNHEKBAJDATHYOCKAS
omHbKA IepecTaeT CyMleCTECHHO Y6BIBATE HIIH IIPH JOCTHIKOHUM
38JaHHOT0 MAKCHMAARHOTO KOTHYerTEa HTePAITHH.

A I'IEHMEp 4. Pacemorpum OOCTpoeHHE [IPOTHO3A HA OCHOBE MO-
Aenen aBroperpecens. Huse B Tabn. 5.8 4 5.0 OPHEEEHE] DAC-
YEThl IIOCTPOSHHA IIPOTHOSA Kypea HeMenKoit MADKY, BBINIOJI-
HEHHBIE C HCIOIb3OBAHHEM I[IPOTPAMMEI OJIUMII; opn sTom B .
KAYMECTEE JYYIeH MONEIH H3 BCETO KIACCA AJAITHBHEIX Moge-
JIel, PeaNH30BAHHBIX E NporpamMme, BeIGpaHa aBTOperpeccHoH-
Hasa mogens. Ha puc. 5.2 npeperannens: Pe3yIBTATE] ANITDOKCH-
MAUMH 1 IPOTHOSHPOBAHMA 110 9TOH Moges.
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Tabnuua 5.8. Mogens epemenHoro pana «Hemeuxas mapkas

Jiyqwas mogens AP(1,1)

Mogens Ay j Ay
AP(1,1) 3,088 -0,248
Tabnuua octatkos
Homep P m Pacyem Owubra OuinGica
afcolmMELs | omHocUmensHog

3 2354,000 2360,699 =15,699 -0,468

4 a364,000 3412,840 —48,840 -1,452

H 3418,000 3480, 226 —-71,226 2,084

3] 3392,000 3519,000 =127,090 —3,747

T 3380,000 3274,064 105,936 3.134

a8 3406,000 3381,204 24,706 0,725

9 3394,000 3448,631 =54,631 -1,610

10 3408,000 3373,294 35,706 1,047

11 3410,000 3443,665 -383,665 -0,987

12 3425 000 3429,435 =4.435 -0,129

13 3409,000 3425,665 -16,665 -0,489

14 3415,000 3357,042 a7,058 1,671

15 3416,000 3421,874 -5,874 -0,172

16 3402,000 3377,435 24 565 0,722

1 3387,000 3315,118 71,882 2,128

18 3391,000 3335,030 55,970 1,651

19 3390,000 33587,.609 2,301 0,068

XapaKkTepuCTHKW OCTATKOB
2 Xapakmepuemuica i SHavenue

Cpejiee sHAYCHHE 0,000
Hucnepcus 3151,668
Cpegruil MOIVIL OCTATROR 44,485
OTHOCHTETRHAH OIIHOKa 1,310
Kpwtepuit apbuna—¥orcoHa 1,801
Koot nenT AeTepMUHaIun 1,000
F-snauenwe (ny = 1, ny=135) 54932 906

YpPARHEHHE 3HAMHMO C BEPOATHOCTHH) 0,95

2
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3. ViakuTe MeTOfnl IpelBAPHTeNbHOro BhiGopa KpHBOH poe-
I METpPHI 3THX KPUBEIX?
TaBnuua 5.9. Tabnuua npordo3soe (p = 80%) ra. Kax BaxogaTcd NApaMeTp: P

4. Kaxkum o6pazsoM MpPOBOJMTCA OIEHKA aNeKBATHOCTH TpeH-
R T i e i noBbIx wmojeneii? Kakxue cTaTHCTHHUECKHE KpPHTEepHH OpH
- el ena 2450508 3TOM HeIoAB3yIoTea?
: il 00 Eeir,a0 5. HaszopuTe CTATHCTHHUECHKHE KDHTeDHHM OLEHKN TOUHOCTH
- LRt et fa85, 254 Monesiell TpOrHOBHPOBAHWUA B SKOHOMMKE.

6. IlepeuncauTe OCHOBHBIE 2TAINLI NPOTHOZHPOBAHMA 3KOHOMH-
geckoll MHHAMMKH Ha OCHOBe OAHOMEPHEIX BPeMEHHBIX PHA-
0B ¢ HCOOAhL3OBAHMEM TPEHIOBBIX MomIenei.

7. OOMIIHTe NOPSI0K DONY4eHHA TOUETHOTO H HHTEDPBAJABHOTO
IpPOTHO3A SKOHOMHYECKOro [OKASATENd Ha OCHOBE TPEHJOBEIX

IIporHo3HpoOBRAHNe KYpCa HeMeIIKol MapHH IO ABTOPerpec-
cHOHHON MOJe/IH:

3620 mopeneii. OT Kaxkux (AKTOPOB 3aBHCHT IIMPHHA JoBepH-
TeJBHOTO MHTEpBaja mporxosa?l
i : 8. Tlogcuure CYTh ANANTHEHEIX MeTOINOB OpPOrHOZHPOBAHHA.
f Bapxman > i
3520 ® " " rpamema Kakie THOH &JalTHBHBIX MOJeleH BhI auaere’ .
T POt g, ViasKWTe JTANEl IOCTPOSHHA H HCIONB3OBAHHA AJATITHEHOH
oty L mojenu Bpayma, Kax Bimser napameTp CrIaKHUBAHMA Ha
= " rpampma

CKOpOCTh AJAITAIME Mojejeil aToro THIA K MaMeHeHHIM
B Opol'HOSHPYeMOM rnpomecce?

10. lajiTe KpaTKyl© XapakTepHCTHKY ABTOPEIPECCHOHERIX
Mogieseit npormosupoBaHna. JIMA KAKHX OKOHOMHMHECKHX
NpoIeccoB IPUMEHHMBl METO/BI aproperpeccHn?

3420 G DaRT
G370

3820

3270 1 4 + + - + E .
3 5 T ] 11 13 14 17 149 21

YnpaiHeHua
Pue. 5.2. Pesyavmamael annporcumaiiu P
I MPOZHO3UPOBAHUSA N0 asmopezpeccuonnoi modeau (1,1) A

1. BpemeHHoH pAj 3a/laH B rabrame:

t |1|2|3]4[5!ﬁ|?]3[9|1n
Bonpock! 1 3aganua U, 43 47 60 48 54 57 .61 50 65 62
mesromom . ;
it 5 i i+ H
1. B ueM c¢yTh HPOrHOSHPOBAHHA SKOHOMMYECKHX OpOIectoB Cpenaiire [TpefBapHTe/ILHEL BHﬁGP HaWJTyHIeH 'Kpnﬂﬂﬁ poc
Ha CCHOBE MEeTOJA SKCTPaNoIAnHN? a) MeTOlOM KOHEUHBIX PasHOCTeH (TmaTHEPA);
2. [Haiite XapakTepHCTHKY OCHOBHEIX THIIOB KPHBBIX DocTa 6) MeTOj[oM XapaKTePUCTHK IPHPOCTa. I
L) ; m
HanboJee YacTo HClONbIYeMEIX IPH IOCTPOSHHH TPeHJIOBBIX 92, Jlna paja, IpHBeJeHHOTO B yNp. 1, HOCTPOMTE JIMHEMIY

Mogellell IporHosSHpoBAHHA. Mogens i, = ap + ait, oupefie/iME ee IapaMeTpEl MeTOILOM HAM-

MEHBIIHY KBAIPATOB.
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3. llna speMenHoro paja u3 ymp. 1 HocTPoHTh aTanTHBH
momens Bpayvua c napaMerpom criaxueapud o = 0,4 w o = 0,75
BRIOpATE Hamayumryo mogens BpayHa g(k) = ag + a1k, roe B —
nepHol YIOpeXIeHnsa (KoaH4YecTro IATOR BIEpe).

4, OneHHTEL AJeKBATHOCTE Mojelell, ToCTPOSHHERIX B ¥OpP. 2 H
3, Ha OCHOBe HCCle0BaHHA: '

a) GMH30CTH MATEeMATHYEeCKOTo OMHIAHWHA OCTATOMHON HOM-
IOHEHTEl HYJI0; KPUTHYeCKoe sHAUeHHe cTaTHeTHEKM UrelogeRTa
NpPHHEATE ty = 1,09 (ana nopepurentHoit BepoaTrocTH (,70);

0) cayuaHHOCTH OTKJOHEHHH OCTATOMHOH KOMIOHeHTE! IO
KPHTePHIO NHKOE (IIOBOPOTHEIX TOUEK); pacHeThl BLINONHATE Ha
oCHOBe cooTHoumeHus (5.9);

B) HedaBHCHMOCTH (OTCYTCTEHA ABTOKODPEIAINH) VPORHEel pA-
A8 ocTaTHoE NMHO0 mo Kpurepmio lapbuia—V¥YoTcoHa (B KauecTBe
KPHTHYeCKWY HCOoMesyHTe ypoeHA di = 1,08 1 d, = 1,36), mmabo
00 MepBoMy Koa(Q(HIHeHTY ABTOKODPPEeNANMH (KPHTHYeCKHH
YPOBEHL IPHHATE pasHeIM 1 = 0,36);

T) HODMATEHOCTH ZAKOHA PACOpeiefeHHs ocTaTouHol HoM-
IHOHEHTE! Ha ocHoBe RS-KpHTepHA (B KauecTBe KDUTHYECKUX
YpoBHeH OpUHATE HHETepBan 2,7-3,7). -

5. OueHHTHE TOYUHOCTE MOje/eil, NOCTPOEHHBIX B yop. 2 1 3,
HCIOAbL3YA TOKAIATEAH CPeJHET0 KBAJDATHUSCKOTO OTHIOHeHHS
M cpejHell oTHOCHTeNBHOH omubEH ANNpOKCHMAITHH. ]

6. Ha ocHoEe cpaABHHTENLHOID aHATHAa AEKBATHOCTH H TOY-
HOCTH MoJenell To pesyasraraM vyop. 4 ¥ 5 seiipars JyUIIyVE
MOJeNk, TI0 KOTOpoil NOCTPOMTE ToOYeYHBIH M HHTepDRANEHEINR
OpOrHO3BI Ha OBa Imara Bnepep (t, = 1,09). Pesyasrarel npo-
THOGHPOBAHKA OTPASHTE rpadmyecki.

aBsa 6
BAJTAHCOBbLIE MOOENA

o BanancoBil MeTos, MpUHLMNMANLHAR CXEMa MEXTPOAYKTOBOTO banaxca

o DKOHOMMKO-MATEMATUHECKAR MOZENb MEXOTPacneroro banauca

e Ko3thdUUHEHTE MPSMBIX W NOMHLIX MATEPUANbHEX 3aTpaT

e MexoTpacnessle Ganancosbie MOAEAN B aHANK3E IKOHOMUHECKHX
nokazarenei

o [JMHaMU4ecKkas MexoTpacnesas bHanaHcosas MOAENb

6.1. BanaHcoBblid Metopd,. MpuHUMNUanbLHas cxema
MeXnpoayKToBoro 6anaxca

BanaHeoBRIe MONENH, KAk CTATHCTHYeCKHe, TAK H JHHAMHYE-
cEHWe, IIMPOKO NPHMeHATeA NPH IKOHOMHKO-MaTeMaTHYeCKOM
MOZeAMPOBAHAK SKOHOMHYECKHX cHCTeM M IIPONeccos. B ocHO-
Be coalaHHA 9THX Mojeiell mexuT DalaHCOBBIN MeTO[, T.e. Me-
TOM BIAMMHONO COODOCTABIEHHA HMeIIHXCH MﬂTEPH&JILHhIX,
TPYIOBEIX ¥ (HHAHCOERIX pecypPcoB H norpebuocreil B Hux, Ecmm
OIMHMCHIEATE SKOHOMMUYECKVIO CHCTEMY B LIeJI0M, TO IO bagaHcOBOH
Momesapi0 TOHMMAETCA CHCTeMA YPaBHeHMI, Kakxjoe H3 KOTODEIX
BrIpasiaer Tpebosanue BGajaHca MeMy MPOMABOINHMMBIM OTHENL-
HEIMM SEOHOMHUYecHHMH o0BeKTAMH KOJIHYeCTEOM IPOAYEINH
H COBOKYIHOH HOTpeOHOCTBIO B 3TOH IPOAYKIIHMH. IIpu Taxom
[OJXO0je PACCMATPHBAEMAA CHCTEMA COCTOMT M3 dKOHOMHHMECKHX
OOEEKTOR, KAMILEIA M3 HOTOPBIX BRIOyCKAeT HeKOTODBIH I[IpO-
AVKT, 4ACTh ero morpebisercd APYrEMH OOBEKTAMMH CHCTEMEI, 4
Apyrasg uacTh BHIBOAHTCA 3a Npeflel:l CHCTEMBI B KauecTBe ee
KOHEWHOTO NpoAyKTa. Ecim BMecTo DOHATHA O P oY KT BBECTH
Gonee ofmee NOHATHE pecy p ¢, TO IOJ Oarancosol mModenvio
crenyer TOHAMATE CHCTeMY VDABHeHMI, KOTOPhle YIOBIeTEOPHAIOT
TpeGOBAHHAM COOTEETCTBHA HANHYHMA pecypca H ero HCIIOI B30~
panua. Kpome mpmBejeHHOro Beiile TPeGOBAHIMA COOTBETCTEBHA
IPOH3BOACTEA KAMJ0I0 NPoIyKTa H noTpefHOCTH B HeM, MOMHO
VHA3aTh TAKHe NPHMeDEBI PAMAHCOBOTO COOTEETCTBHA, KAK CODOT-
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BeTCTBHE HaJH4YHA paboueil cmiel n Komwuecrsa paboumx MECT,
ILIaTexecnocobHOTo CIpoca HACENEeHHA o OpefioKeHHd TOBAPOR
H yenyr U T. 4. Ilpm aToM cooTBeTeTEHe moHHMaeTcs GO KAk

PaBeHeTBO, IHGO MeHee JKeCTKO — KaK J0CTATOYHOCTE pecypcoR

ANf NOKPLITHA NOTPeOHOCTH H, CAEOBATENHHO, HANHUHE HEKO-
TOpPOTo pesepEBa.
Baxxmeiiimme Buel BaTaHCOBRIR MOTeneit:

® HacTHBIE MaTepHATbHLIE, TPYAOBLIEe H (PMHAHCOBEIE BANAHCEL

AJIA HAPOJIHOI'O XO03AMCTBA H OT/IeNLHEIX OTpacieii;
e MeXOoTpacleBble DANAHCED;

MAaTPHIHEIE TeXTPOMMHHNNAHE! IDeSIPHATHIE W GupM.

BanaHcoBeIfi MeTON M cosmaBaeMhbie HAa €To OCHORE BanaHco-
BBIE MOJENH CIY:HaT OCHOBHBIM HHCTDYMEHTOM ITONIepHanus
OPONOPOMif B HADONHOM XoasiicTBe. BajIaHCOBEIE MOOenH Ha
bDaze orueTHmix BamaHcon XApaKTePHIYIOT CIOMKHBINHeCH NpPO-
HOPIHH, B HHX pecypcHas 4acTk Beerjga paBHa pacxopmoii. Jlns
BEIABNEHHA THCIDONOPIHE HMCOONLSYIOTEA BAajiaHCORLIe MOIEeNH,
B KOTOPBIX (haKTHYECKHe PecypPChl CONOCTABNHIHMCE GBI He ¢ MX
daxTHyecKHM noTpebleHHeM, a ¢ IoTPebHOCTREID B HHX. B cBasn
C 3THM HeoOXOMMO OTMETHMTE, YTO HAIaHCOBLIE MOZedH He Co-
AEPHAT KAKOTo-1H00 MeXaHH3Ma CPABHEHMS OTAEeNBLHBIX BADH-
AHTOB 3KOHOMHYECKHX DelleHHil W He IpejycMATDHBAIOT Baay-
MOSAMEHACMOCTH PAsHEIX DPECYPCOB, YTO He MO3BOMAET CHeNaTh
BEIBOD ONTHMANLHOIO BAPHAHTA PAZSBHTHA SHOHOMHYeCKOH CcHe-
TeMEL. JTHM ONpefelAeTcs OrpaRMYeHHOCTE GATAHCOBEIX nMomge-
Jel H GajiaEcoBOro METONA B HeXoM.

OcHoBY HMEGOPMANHOHEOrG ofeceyeHn DaNaHCOERIY Momemei
B 9KOHOMHKE COCTABIACT MaTpHNa KoadpHIHeHTOR 3aTpar pecyp-
COBE I10 KOHKPeTHRIM HAOPABNEHHAM WX HCIOJIb3OBARMS, Hanpu-
MEP, B MOJe/IH MesoTpaciesoro GajaHca TAKYIO Poib HIpaeT
TaK HaselBAEMAN MEXHONOZUNECKAR MAMPUYA — TabaHMIa Mek-
OoTpACHeRoro GaTaHes, COCTARNSHHAN M3 roafhuIenToR (Hop-
MATHEOR) OPAMEIX 3aTPaT Ha NPOH3BOJCTEO eJHHHIE] TIPOIVEIHN
B HATYPANBLHOM BhIpasenun. ITo MHOTHM npHUMHAM HCXOJHEIE
AAHHBIE DEANBHBIX XO3AHCTBEHHBIX 00BEKTOR He MOTYT GBITH He-
NOILI0BAHL] B DANAHCOBEIX MOTENNX HeIIOCPeACTEEHHO, IOaTOMY
TOJAroToBKa HH(ODMATAY /I8 BEOJA B MOJeNb ABIACTCS BechMa
cepbesHoil npobmemoii. Tax, mpm DOCTPOEHHMH MOJENH MeoT-
paciesoro Gajanca HCIOAB3YeTCs cHelHpHIecKoe TOHATHE WHo-

Eaaaucoasie smodei 233

ol (MJIHM TeXHOJOIWUYEcKO) OTPACIH, T.e. YCIOBHOH OTpACHH,
ofbeguHAIOMEH Bee NPOM3BOJACTBO JAHHOTO IPOAYKTAa He3aBH-
¢cHMO OT BeJOMCTEEHHOH (afMHUHHCTPATHRHOM) IO/ HHEHHOCTH
# dopM cobeTBEHHOCTH OpemupuATHi u ¢upm. Ilepexon or xossmi-
CTEGHHBIX OTpACTell K YHCTHRIM OTPACHAM TpedyeT clelHaabHOro
npeofpa30cBAHHA PealbHBIX NAHHEIX XO3AHCTBEHHBIX 00EBeKTOR,
HATPHME], ATPErHPOBAHHS OTDACHel, HCKIHeHAA BHYTPHOTRAC-
sneBoro ofopora ¥ JAp. B oTHX yeIoBHAX NMOHATHA «MEeKIPOIYK-
TORRIE DajaHc» M ¢MeHoTpacleBod Oamancs NpaKTHUeCKH MOeH-
PHYHEL, OTAMYHEe SaK/MI0YaeTed THINE B eJHHHIAX H3MeDeHHA aJe-
MeHTOB DajlaHCa.

Kar ormeueHo Brllle, GalancoBRle MOJENH CTPOATCA B BHIE
YHCAOBHIX MATPHII — IPAMOYroibHEIX Tabmun uxcel. B ceasm
¢ 9THM DAIAHCOBRIE MOZENH OTHOCATCA K TOMY THIY SKOHOMH-
KO-MATEMATHUECKHY Mojellell, KoTophie HABBIBAIOTCA  MATPHY-
HBIMH. B MAaTpHuHBIX MOJeJsfx GamaHCOBBIH MeTOJ MOAyYaeT
CTpOTOe MaTeMaTHYecKoe BeIpaxxenme. Tammm oﬁpaaoﬂm, MAT-
PHUHYIO CTPYKTYPY HMEIOT MeXoTpPacieBoil W MeXpaHOoHHBIH
faslaHe IPOMEBOJCTEA M PACIpene/ieHHA NPoIYKIIHHE B HADOJHOM
X03aHCTEE, MOIENH PA3BHTHA oTpaciell, MeXxoTpaciessle DalaHCk
[MPOHEBOICTEA W PACHpENeleHHs NPOJAVKIMHE OTASIBHBIX PEerHOHOE,
Mojlenu TpoMGHHILIAHOE NpefnpHATHH #H dupMm. HecMorpa HA
cnenuHKy ITHX Mojelell, Mx oObefMHSeT He TONBKO OGIMM
thopMannHBld  (MATPHYHEIH) NPHHOMI [MOCTPOEHHA H eIHHCTEO
CHETEMB! DACYSTOR, HO W AHANOTHYHOCTE PANA IKOHOMHYECHHX
XAPAKTEPHCTHK. DTO II0ZBONAET PACCMATPHMBATH CTPYKTYPY, CO-
mepykaHHe M OCHOBHEIE BABHCHMOCTH MAaTPAYHEIX Mojelaeil Ha
npEMepe OJHOM M3 HHMX, 4 HMeHHO HA IpPHMEDE MesKOTPACIeBOrO
famaHen OIPOMSBOJCTEA M pacpelefeHnd MPOLVEINH B HADOJHOM
xosaficree. Japaeit GamaHc oTpaykaer IIPOH3BOLCTEBO M paCIpEe-
meneine obIecTEEHHOTD NPOJAYKTA B OTPACHEBOM pa3DEde, MeM-
oTpacieBkle IPOH3BOJICTEEHHBIE CBASH, HCIONLIORAHHE MATeDHAb-
HBIX H TPVAOBEIX PecYPCOB, COZNAHMEe W pacnpefie/leHHe HaIlHO-
HAJBHOTO HOXO0I4.

IlpunnunuankHAA CXeMa MesKoTpacileBoro DajaHca HPOHS-
BOJCTRA W pacipeleledia coOBOKYIIHOM oDIMecTBeHHOTO IPOAYKTA
B CTOMMOCTHOM BRIPA:KeHHM NpHeefeHa B Tabm. 6.1. B ocHoBy
aToll ecXeMEl ITOJOMEHO PasfelleHHe COBOKVIIHOTO NIPOIVKTA Ha
JIBE UACTH: IPOMeXYTOYHEI ¥ KOHeUHBI TPOAYKT; Bee HAapomHOe
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X037HCTBO IPefCTARIEHO B BHAE COBOKYIHOCTH 1 oTpacieH

(uMeloTes B BHAY uHCTEHIE OTPACTH), IPH 5TOM KaXKAAd OTPACIE

durypupyer B GasaHce Kax TPOHSBONAMIAA ¥ KAk norpebnaomad.

Tabnuua 6.1. NMpusumnuaneHas cxema MEXO0TPaCcnesoro

6ananca (MOE)
Tpouseodaugue I,\' Hompetxgmougue OMPICAL Konewunit| Banoseoi
ompaeciy | 1 [ 2 [ 3 f | n | npodyxm | npodyem
1 G REEEEEAT B L T Yy X,
2 X1 ikgyl (Xgg e Xg, Yy €3
3 Xa1 Xza Xag i Xan Yy X
I II
" Tnl  Xpa Xpg an 1 Ay
AmopTusanus £y Cn (i A ,,
Onaara Tpyma Uy Uy Uy I v, v
Hnereit oxox my My My m,
Banowoi X X, Xq X ] g
npomyeT e ZX.: = L%

il =

Pacemorpum exemy MOB & padpese ero HPYOHBIX COCTAB-
HEIX yacTedl. Brigenmsores HEeTEIPE HACTH, HMEIHEe PASIHIHOS
JKOHOMHYIeCKOS CcofepsKaHHe, OHHM HAIBIBAIOTES KEBA,IDAHTAMIT
GamaHca 1 Ha £Xenme oBo3HAYEHE PHMCKHMIT ORPanH.

Heprni#t wBaapanr MOB — aro ImaxXMaTHa# Tab-
THIA MEKOTPACTEREIX MATEPHANLHEBIX CBA3er. IToxkasaremn, no-
Mcmfnnme Ha nepeceYeHMAN oTDOK H CTONGIOR, NPeICTABIAIT
cobol BEmHMUMHED MEROTPACNEBBIX NOTOKOR NPOJYKIHE U B 00ImeM
B nEEaHaqamTcﬂ Xij, THE [ M j — cOOTEETCTBeHHO HOMepa
OTpac/ies NpPOHSBOAAIMMX M HoTpebasiommx. Tax, BeNHTHHEA
L3z MOHHMASTCH KAaK CTOHMOOTE CPEACTE IPOMZBONCTEA, MPOHS-
BENEHHBIX B OTPACTH ¢ HOMEepPoM 3 M HOTpeGIeHHBIX B KauecTne
Mamppimmrx Sarpatr B OTpacnH c Homepom 2. Taxum opasom
TEPBEIM KBAAPAHT 1o GopMe NpeactapigeT coboii HBMPHTH}"H;
MATPHOY NOPAIKA 1, CYMMAa BCeX aIeMeHTOR KOTOPOH pagHfleTca
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rogoBoMy GOHAY BosMelleHM: 3aTpAT CPefcTBE NpPOH3BOACTEA B
MaTepHANEHOH cdepe.

Bo sTopoM KEREaIpaHTe OpPeICcTABNeHA KOHEYHAR
MpOAYVKIIHS BceX oTpacieil MaTepHambHOrO OPOM3BOACTEBA, OpPH
3TOM TION KOHEUHOH IIOHMMASTCH TTPOXVKINS, BEIKOAAMIAA 15 chephl
IPOM3BOACTRA B 0BjlacTh KOHEYHOTO HelloJk30BaHHA (Ha morpeb-
neHHe B HaxkonneRne). B Tabn. 6.1 sTor pagnen maH YHRPYIHeHHO
B BHAE ONHOIO C¢ToNGIA BellMUHH Y;; B DA3BeDHYTOH cXewme OGa-
JaHcA KOHeYHRIH DPOAYHT KaxJol oTpacnu DokasaH gudgdepeH-
IMPOBAHHO 10 HAIPABJIEHHAM HCIONL30BAHHA HA JHUYHOE I0Tped-
JeHHe Hacelenns, obllecTeenHoe NoTpebledne, HAa HAKOIIeHHE,
BOZMEINEHME TIOTEDE, SKemopT ¥ Ap. Mrak, BTopoll HBagpaHT Xapak-
TEPHIVET OTPACHeRYVI0 MATEPHATBHYI CTDYRTYRY HAOMOHAJNEHOTO
I0X0[8, 4 B PASEEPHYTOM BHIe — TaKMie pacnpefeleHHe HAIIHO-
HAJBHOTO IOX0ha Ha (oHI HAKOOIeHHAa u doHI norpebmeHmd,
CTOVRTYRY HoTPefIeHHs H HakKolLTeHHe 110 OTDACAHAM OpOHIBCACTEL
¥ HOTpPeDHTeIAM. ;

Tperuit wepagparTt MOB raxmke xapaxTepHayeT HA-
IHOHANBEEIH JIOXO0, HO €O CTOPOHBI €70 CTOMMOCTHOI'0 COCTABA
KAK CYMMY YHCTOH TPOMYHIH M AMODTH3AI[H; YHAcTad NMDOSVEITHA
[NOHEMAeTCS IPH 3T0M KAK cyMMa OILIaTEl TPYJA ¥ 4HCTOTO foXoma
orpacneii. Cymury amoprusammm (cj) w umerolt npopykmum (v; + my)
HexoropoH j-it oTpacnm BVAeM HA3EIBATE YCIOBHO duceroli mpo-
OyEnMed aToll oTpacnx ¥ ofosHa4arTk B JanbHeHImem Z;.

YeTEepTH# KBaJZpaHT balamca HAXOIHTCH HA Iepe-
CeYeHHN CcTOJNDHOE BTOPOro KBaApaHTa (KoHeUHOH NpOAYKIIHH) U
CTPOK TpeThel'c KBanpaHTa (YeJIOEHO YHeTOH IPOAYHIHK). STHM
onpemenseTcd colep:RaHHe KBANDAHTA: OH OTDAMKAET KOHeYHOE
pacopejeleHne W HCOOILIOBAHHE HAIHOHATLHOTO goxona. B pe-
IYILTATE HepepaclpegeleHAA NTePEOHAYAIEHO COBIAHNOIC HAIIHO-
HAJBHOI'O HoX0ja ofpasyiored KoHeYHRIe MOXONbI HACEHEHHWA, Ipe/l-
NPHATHIL, TocyJapeTBa. JAHHBIE YaTBEDTOre KBAODAHTA BAMHBI
JAJIA OTPaMKEHHA B Me)coTpacleBol mogedn DasaHca JOXOJOB H
pacXoNos HaceIeH#Hs, HCTOYHAKOE (DMHAHCHPORAHHA KAIWTAIO-
BIOMEHMH, TEKYIIHXY 3aTpaT HenpousBoJcTEeHHOH cdepsl, ga:a
aHAMMa3a OfMIeH CTPYKTYPEl KOHGYHBIX NOXOJOE Ho I'PYIIAM
noTpedbrTeneil. Dolee geTANBHO COCTABIAIUIHE 3JIeMEHTEL 3TOIO
KBAJPAHTA B JAHHOM [OCODHM He DacCMATPHEAIOTCH, OTHAKO
OYeHE BAXKHBIM ABIAGTCA TOT (baKT, UTO oflMHH HTOr UeTEERTOTO



236 I'zasa 6

KEBEAOPAHTA, TAK e KAK BTODOTO H TPETHETD, A0JKEH OLITE paBel
CO3MAHHOMY 3a I'ojl HAIMOHAALHOMY JOXOIY. _

Takwunm obpasom, B OeloM MexoTpacieBol GalaHc B DaMEAX
equHol MogenH obbelrHAeT OaJaHCHE oTpaciell MaTepHalEHOTO
NpoH3BofeTRa, falane coBOKyYOHOro obIOecTEeHHOIO IPONYKTA,
Gananchl HAOMOHANBHOMO jJoxoga, hAHaHCOBRIH, Daranc JOXON0B
H pacxomoB HaceleHHA. Chaeayer ocobo OTMETHTE, YTO XOTHA Ba-
J0BaA NPOAYKIIHA OTpacieil He BXOJHT B pacCMOTPeHHEIE BEI-
ile YeThipe KBaAPAHTA, OHA MPeACTABJIeHA HA OPHHIHOIHAILHON
cxeme MOB B nsyx sMecTax B BHAe cTobIA, PACIONOMEHHOrG
clIpaBa oT BTOPOre KBAJPAHTA, H B BHOES CTPOKH HHMKE TPETHETO
KBaApadTa. 27H cToabell M CTPOKA BAJOBOH IIPOIVEIIHH 3aMEI-
rawT cxemy MOB m mrpaior BaskHYIO PONbL KaK AAA IPOBEDKH
NPABHJIBHOCTH ZAMONHEHHT KBAJDAHTOB (T.e. NPOBePKH CAMOTO
fajanca), TAK H IAA paspaboTEH SKOHOMHKO-MAaTeMaTHYecKol
MOJes i MeaioTpaciaesoro Ganamca. Eoan, Kak NoxazaHo HA oXeMe,
of03HAYHTE BANOBOH NPOVET HeKoTopoH orpaciau Byxsoit X ¢
HUZKHUM HHJIEKCOM, DABHEIM HOMEDY JIAHHOH OTDACIH, TO MOXHO
ZAMMCATE JBA BKHEHIDHY CoOTHOMIeHHA, OTPRIKAIONIHX CVIO-
HocTk MOB 1 apnamimuxca ocHOBOH ero sKoHOMHEO-MATEMATH-
ueckKOH MogesrH.

Bo-nmepBeix, paccMarTpupad cxemy GamaEca mo cronGmam,
MOMKHC clelaTh OYeBHJHBIH BBIBOL, UTO HTOT MATEDHATRHBIX
sarpaTr nobol norpebfagwmmeif oTpacaH H ee VCeIOBHO UHeTOI
OPORYKIINH papeH BANOBOH IpoAVHNWHK aToi orpacin. JanmHbri
BBEIEOJ MOMEKHO 3alHcaTh B BHMOAe COOTHOIOEHHA:

a Lt A
Xpi= ¥ Gyt Zio j=mlin, (6.1)
=1
HamoMewM, uto BesMuMHA YCIOBHO WHeTOH npofykuun Zj
PaABHA CYMMe aMODPTH3AIHH, OILIATE TPYJAa W YHeToro Joxoma j-if
orpacii. CoorHomrenne (6.1) oxBaTeIBaeT cHeTeMy M3 1 ypaBHeHHI,
OTPAKAIINHY CTOMMOCTHRIH COCTAE NPOAVEIHH BCeX OTpAcTeit
MATepHANTRHOH chepsl.
Bo-sroperx, pacemarpueas cxemy MOB no orpokam mos scasscmost
NpOH3BOAAINEH OTPACHH, MOMKHO BHIETE, UTO BANOBAS NPOAVEOHA
TOH HWIH HHOH oTpaciM pPaBHA CYMMe MATEeDHANBHBIX 3aTPAT

NoTpeb/IsIoNnHx ee TPOAVKIHIO oTpaciell M KOHeYHOH NpONYEIMH
JAHHOH OTpacTH:
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i T

X, = ixu +in (6.2)

I=1

Mdopmyna (6.2) onmcelBaeT cHCTEMY M3 T ypaBpHeHHI, KOTO-
phle HASKIEAIOTCA YPABHEHWUAMM DaclpejleJeHHsA TPOAYKIHH oT-
pﬂﬂﬂﬂf{ MATEPHATBHOTO NpOH3ECICTER no HanpaBIeHFAM HC-

MO EIOBAHMA.
TlpocyMMEpYeM IIO BeeM OTpaciAM ypaBHeHHH (6.1), B pe-

AVIABTATE MOIYIHM

A

A
i}{’: xu+ZZ;.

"
j=1 j=11i=1 i=1

Amnamornuioe cyMMupoBaHue ypapHeHmii (6.2) paer:

n R R R
PIS.FEDIDIETED IR £
1=1 i=1 j=1 i=1
Tlepnie YacTH ODOMX PABEHCTE PABHEI, TAK Kak HpencTaBlAIT
cofoil mech BasioBoll obmmiecTBenuEbll mponykT. Ileperle cnarasMele
IpaBkIX UacTell 2THX DPABEHCTE TAKMKE DABHEIL, HX BeTHYHHA
paBHA WTOTY TePBOTO KBAIPAHTA. CrefoBaTeqkHO, AOTHHO cobI0-

IATHCA COOTHOIMEHMNE

n n

AP T

=1 i-1

(6.3)

Jlepas uacTk ypapHenus (6.3) ecth cyMMa TpeThero KBaj-
paHTa, 8 IIPaBad 4acTh — HMTOT BTOPOTO KEBAADAHTA. B menom
Jie 5TO ypaBHeHHe MOKAILIBAET, YTO B MeKOTPACICROM fGanaHce
cobrmpogaeTca Ba/KHeHIIHH NPHHIHI eTHHCTEA MATepHATLHOTO
¥ CTOMMOCTHOTD COCTABA HADHOHANBHOTO JOXOKA.

6.2. SkxoHOMMKO-MaTeMaTHYeCKasn Moaenb
mexoTpacnesoro banaxca

B § 6.1 orMeueno, 4TO OCHOBY WHGODPMANIOHHOIO obecreue-
HHA MOOeaIH ME}RDTPH[‘.JIEB'DI'G EB_J'IEHCB. COCTABIACT TeXHOJOTH-
yeckas MATDHIA, cofep:amas Koad@HUOMEeHTH NPAMBIX MaTe-
PUATBEHBIX 3aTPaT HA IPOMSBOACTEO eNWHWIEL HPOAYKIHH. OTa
MATPHIA ABIASTCS TAKMKE OCHOBOH SKOHOMHKO-MATEMATHIECK o




238 Tanaca

MOJENH MexoTpacaeBoro GamaHca. HPE,E(IIDJIEI‘EIETCH uTo 4

OPOHSBOJCTEA eNHHHIE NPOOYKIHH B j-H OoTpacin Tpeﬁ}re-mm

onpefeleHHOe KOJHYECTBO 3ATPAT NPOMEKYTOYHOH OPOIYVKIHE
i-# oTpacnu, pasnoe @;;. OHO He 3aBHCHT OT o0heMa IPOHEROL-

CTEA B OTPACHH M ABNAETCH JOBONBHO CTAGHILHOH BedWuWHOM

MBLX MAMEPUAALHBIX FAMPAMm H PACCUHTRIBAIOTCH c.r:e,z[ymm.rm:';
obpazoMm:

ay'= s ij=1Ln. (6.4)

Onpegenenne 1. KosdduuneHT NpAMBIX MaTepHANTEHEIX 3a-
TPAT IOKASBIBAST, KAKOE KOIHYECTBO NPONVEIHM i-if OTpacIH
HeoOX0oAuMo, ecllM YYMTHIBATL TOJBLKO NPAMEIE 3aTPATEHI, Jific; 8
OPOHEEONCTEA eIHHNIE] IPOIVKIHE j-il oTpaci.

C yuerom dopmynel (6.4) cucreMy ypaBHeHmii Gamanca (6. 2] i

MOAHO [epellHcaTs: B BHIOS

K= Zaqx +Y; i=1n (6.5)
=1
Ecnu BeecTH B paceMoTpenHe MaTpHLY KoshidHIMenTOR mpH-
MBIX MaTepHAJIRHBIX 3aTpar A = (a;;), BeKTOp-cTONGEN BANOROI
OPonyKNHH X M BeKTOp-cTonGel] KoHeuyHol NpogyKOouu Y:

X, ¥
x| y-| T
. Y

To cueTeMa ypasHenuit (6.5) B MaTpHuHOH dopme mpumer By
X=AX +Y. (6.6)

Crerema ypasmennii (6.5), mam B MaTpHumoli dopme (6.6),
HASEIBAETCH IHOMOMUKO-MAMEMAMULECKOl MOTeab0 MeNompac-

aes0z0 Gananca (moderwvio Jleonmveaa, modenviy «iampamvi—
einycky ). C moMoImnplo 8ToM MOJENM MOMKHO BEINONHATE TPH

EAPHAHTA pacHeToR:
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e BafaR B MOJeNH BeJHUMHE BAJNOBOM NPOAYEIHH KaXiToi
orpacian (X;), MoHO onpefenuTh o6LeMBbl KOHEUHOH Ipo-
AVKOHM Kaxmol orpacmm (Y):

Y =(E - AX. (6.7)

e Sajap BeMYNHEI KOHeuHoH NpoAYKIWH Beex orpacneit (Y;),
MOMHO ONpeJelHTh BeJHYHHEl BAJIOBOH TIPOAYKINH KX I0MH
oTpacan (X;):

X =(E - Ayly. (6.8)

s Jlnn pajga orpacieil 3amaB BeJWYHHBI BANOBOH NPORYHKIHH,
a OnA BceX OCTANBHBIX oTpaciell 2anae ofBeMbl KOHEUHOIH
OPOYKIIWH, MOKHO HAHTH BeJMUHHLI KOHEWHOH NPOAYKITHH
MepBeIX oTpacieil u ofheMbl BATOBOH IIPOAYKIHWH BTOPEIX, B
STOM BapHAaHTE pacyera yjaobHee MOMb3OBATHCA He MATDHYHOM
dopmoit mogenn (6.6), a cucremoit JnHelEEX ypapaenmi (6.5).
B thopmynax (6.7) u (6.8) E obosHataeT efHHAYHYID MATPHILY

n-ro nopagka, a (E — A)! obosmauaer marTpmiy, ofpaTEHyI K

marpuie (E — A). Eciu onpenenurens maTpunsl (E — A) He pasen

HYJNIO, T.e. 9TA MATPHMIA HeBBLIDOMKIeHHAaf, TO ofpaTHas K Hell

MATPHIA cym;e::TByeT OGoamaunm aTy oBpaTHYIO MATPHILY Yepes

B(E — A)1, Torjia cHeTEMY YPaBHeHHME B MATDHYHOMH ﬁ,‘mpme (6.8)

MOM(HO SANHCATE B BHE

X = BY. (6.8")

DnmemMeHTE MaTpHIlel B Gygem ofiosHatwaTh depes b;j, TOTAA H3
MATPHYHOTO YPABHEHHHA (6.33 Ina npbol i-H oTpackH MOMHO
MOJIVYHTE CASAYIONes COOTHOIIGHKE:

X Zh” i Limdne (6.9)
=1

Ha coorromenwii (6.9) cregyer, 4rTo BaJIOBAA NPOIYKIHA
BRICTYIAET KAK BaBellleHHAd CYMMa BeJYHMH KOHe4YHOH mpo-
OVKIIHH, IPHYeM BecaMH ABIAIOTcH KoaddunuenTs byj, KoTOpHIE
IIOKASRIBAIOT, CKOJBKO BCEro HYKHO HDOH3BECTH NMPONYKINH i-it
OTpACIIH IIA BRIIVCKA B cpeDy KOHEHHOI'0 HCHONb3OBAHHA E/{H-
HHIB! MPOJAYKIHK j-H oTpaciu. B ornmane or KoaddHIHEeHTOR
OpAMEIX sarTpaTr 4; xKoaddunuenTs! by HaseiBaioTeA roapguyi-
eHMAMU NOAHLLY MAMEPUAILHbLX 3AMpPan W BKIOUAIOT B ceda
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KAK NpAMble, TaK M KOCBEeHHEIE BATPATEI BceX HOpAAKOB. Femm
OpAMBIE 2ATPATEl OTPAYKAIOT KOJIHYECTBO CPejcTE IPOH3BOACTEA,
H3pACXOJOBAHHEIX HellOCPe[CTEEHHO IIPHM MAroTOBIeHHH TaHHOTO
OROIYKTa, TO KOCReHHEIE OTHOCATCA K OpPelINecTEVIOMM CTANAAM
MPOH3BOLACTEA H BXOJAT B NPOH3BOJCTEC OpPOOVHETA He NPAMO, 4
Mepes OPVIHe (IpoMeryTo4YHBIE) cpeIcTBA IpoHM3BofcTea. Bolee
[AETATLHC 3TOT BOIpoe pacenmarpnpaerca B § 6.3. -

Onpepenenne 2. KoahdHIMeET MONHEIX MaTePMATLHBIX 38-
Tpar by; mOKaskIRaeT, KAKOE KOMMYeCTBO OPOAYKIWH i-if oTpacin
HYJHHO TIPOH2BLCTH, UTODH ¢ y4eToM IPHMEBIX B KOCEEHHEIX 3aTpPaT
BTOH NPOAYKIMM MoJYYHTE eHHHUIY KOHeUHOH NpOAYKIMH j-i
OTPACH.

HoaddroreHTRl TOMHRIX MATEPHATEHELY SATPAT MOMHO [IpHMe-
HATE, KOTDa Heo0XogHMO ollpeielnTh, KAK CKa)KeTcH Ha BANOBOM
BEIYCKe HEKOTOPOl OTpaciH Npejliojiaraenoe HiMeHeHHe 0fHeMOB
HOHEeYHOH OpPOIVHI[HHE BCeX oTpac/le:

il
ARG =Y BUAY,, (6.10)
i=1
rae AX; u AY; — uasMeHeHHA (IPHPOCTEI) BeNHYMH BAJOBOH H
KoHeunoll OPOIVEIHHA COOTEETCTBEHHO.

6.3. KoadpuumeHTbl NPAMbIX 1 NONHBIX MaTepHanbHbIX 3aTpar

Tlepexona ¥ aHATHAY MOJeNH MeAKoTpAcleBoro Dajlanca, He-
obXOAHMO NpeXdIe BCerc DACCMOTPETE OCHOBHEIE CBOMCTBA MAaT-
PHIBL KoapDHOMeHTOR IPAMEIX MATEPHANBHEIX 3aTpar A. Koad-
pHOMeRETE NPAMBIX JATDAT [0 OUpeje/JeHHI0 ABIAIOTCA HeoTDH-
maTeibHBIMI, clleJOBATENEHO, MATPHOA A B IegoM MoyeTr ObITH
HasBaHA HeoTpHIaTenbHoil: 4 > 0. Tax rayk npoliecc ROCIIPOH3-

BOOCTEA Helban Opiie OBl OCYIIECTEIATE, ecOn OB OuA coforTaeH-
HOIO BOCHIDOMSEOJCTEA B OTPACAH 3ATPAUMEBANCCHL DOJLIIEE KOJH-
YeoTBO NPOIVETA, YeM COJABAIOCE, TO OYeBHIHO, YTo THATOHANE-
HEIe 3JIeMeHThl MATPHOEL A MeHBIIe eIHHHITR: dy < 1.

CHcreMa ypaBHeHHH MexoTpacjeBoro balaHca SBIAeTcs OT-
pRMHEHHMEM DealibHBIX SHOHOMHYECKHX IIPOIeccoB, B HKOTODBIX
COMEPIKATeNBHEIH CMEBICH MOTYT HMETE JHIOb HEOTPHIIATEILHEIS
SHAYeHWS BAMOBEIX EBIOYCKORB; TAKHM ofpasoM, BEKTOD BAJOBOH
IPOSYEIHM COCTOHT H3 HeOTPHIUATENLHBEIX HOMIOHEHTOR M HA-
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aLIBABTCH HeoTPHITATeIEHEIM X = 0. BeraeT Bollpoc, IPH KAKHX
?EHDBHH}{ AHOHOMHAYECHKAR CcHCTEMA CHOCGEHH obecIeUHTE ITOJ0-
SHHTeNbHEIH KOHEUHBIH BHIIYCK II0 BeeM OTPACIAM. OreeT Ha
4TOT BONPOC CBA3AH ¢ IOHATHEM IpOAYKTHEHOCTH MATPHIEL KO-

ah(pHIIHEHTOR TPEMBIX MATEPHANRHEIX 3ATPAT. H
BymeM HA3pIBATH HEOTPHIATENBHYIO MaTpHIy A npo&g..?c.-g:muuu,
M CYLIECTBYET TAaKoi HeoTpPHUATENbHBIH pexTop X =z 0, 4TO

X =AX. (6.11)

OuepHAHO, YTO YCIOBHE (6.11) osHauaer CYINeCTEOBAHHE IO-
O HTENBHON BEKTOPA KOHeYHOH TIPORVEINM Y = 0 gy Mogenn
veskoTpacaesoro 6amanca (6.6).

Jina moro uTobEl MATPHIA KoNpHIHeHTOB IPAMEIX MATEpPHAIb-
HEIN 3aTpaT A OBiIa IpoAVKTHBHOM, HeoDXO Mo M ,!IDGTE!.TD:—IHD
gTOBEI BBIMOIHANOCE OJHO H3 NepedyiCAeHHBIX HIE VCIOBHH:

1) matpuna (E — A) HeoOTPHIATEIEHO ofpaTHMa, T.€. CYIIEeCTBY-
er obparHas marpuua (E —A) 1>0;

a0
2) marpuuHel pag E + A+ A2+ A%+ = Z A* cxopures,
E=0

— Ayl
npHuemM ero cyMma papHa obpaTuoit mMarpune (E AV

3) maubokiee IO MOAYIIIO cobeTReHHDE 3HAYEHHEe A MaTPHIIEL
A, To ecTh pellleHHe XapaKTePHCTHHECKOTO VpaBHeHHA

hE - A| =0,

oTPOro MeHBIIe eIHHHITE, :
4) Bee rIABHBIE MHHOPHI MATPHIIBL (E— A), T.e. onpefenuTe

AW MaTpHI, o6pasoBaHHBIE 3JEMEHTAMH OepBREIX CTPOK H Hep-
BEIX CTOMBIOB TOH MATpPHOL, MOpAAKA OT 1 go rt, TOJOHHTENLHEL
Bomee TpPOCTEIM, HO TOJIBEO JOCTATOYHEIM TpHIHAKOM MpO-
TVETHBHOCTH MaTpPHIIBL A sBifeTca orpaHMUeHHE HA BEJIHUMHY
ge HOPMEI, T.e. Ha BeJHIHHY Hanﬁmmmeﬁ 3 CYMM aﬂjmcﬂﬁﬁ
MATPUITEL £ B KAMNIOM cronbie. Ecan HopMa MATPHIEL A CTPO
MeHBIIE eIHHHIBI, TO 3T4 MATpHLA IPOIyETHEHRS; rscmm:pnm,
YTO AAHHOEe YCJIOBHE SABIAETCH TOJNBKD HoCTATOYHEIM, H MATPHIA
A MosKeT 0KA3aThCA MPOAYKTHBHOR M B ciyHae, KOTAR ee HOPMA

DoNLIIe &fHHHIEL.




i laaea 6

Haubonmemuii mo Mogymo KopeHb XAPAKTEPHCTHUECKOTO ypae-
HeHNA, NIPHBEASHHOTO B YCJOBHH 3) NPORYKTHBHOCTH MATDHIEL 4
(oGosmaumm ero wepes L"), MomerT cIyHTL omeHKol obmerc’

YpoBHA X03DUIHEHTOB NPAMbIX MATEPHANLHLIX 3ATDAT, & CJIe-
JoBaTenbHO, BenuunHEa 1 — L* xapaxTepHayer ocraTok Moce 3a-

TPar, T.e. OPOAYKTHEHOCTs. Yem Goasme 1 — A, Tem Gonnme
BOBMOXHOCTH JOCTHIKeHHS APYIHX IeNell, KpoMe TeKYIero mpo-

H3BOACTEEHHOrO IoTpebneHua. [[pyruMH cloBaMH, YeM BhIIIe
obiuii ypoBeHb Kos(hdHUMEHTOR MATPHIE! A, TeM GoNbile HaM-

Gonbiee mo MoAyIi0 cobcTReHHoe sHaYeHMe L' o HEMe VPOEeHB
IPOAYKTHBHOCTH, H HaoGopoT, 4eM HHKe OBL[HI YDOEEHS Koad-
GHOMEeHTOR MATPHOEI A, TeM MeHBIIe HARGOILINES 10 MOV
cobcTBeHHOe 3HAUeHHEe M BBIINE NPOIYVKTHEHOCTE.

IlepeiimeM X aHamH3y MATPHIOE! KoathhHOHEHTOE TOTHEIX
MATEPHANBHEIX 3aTPaT, T.e. MaTpunel B = (E — A)"l. Cormnacuo
ompefeNeHHi0 2 M3 OpeneIAVIEro maparpacga xosdduIHeHT
8TOH MATPMIILI MOKASKIBAET, CEOMLKO BCETO HYHO IIDOM3BECTH
NPORYKOHN {-if oTpacaH, 4Tobs! MOJIYIHTE eIHHHIY KOHeYHOH
OPOAYKIMHK j-H oTpacam.

HMagmm spyroe onpefenenwe Kos(hDHLOMeHTA TONHEIX MaTe-
PHATLHEIX 3aTPAT HCXO[A H3 TOrO, YTO KPOMe NMpPAMBIX 3aTpaT
CYIIECTBYIOT KOCEEHHEIE 3ATPATE TOH MM HHOH NPOTVEOHM NpH
[TPOH3BOACTBE IIPOAYKIMH OAHHOH oTpaciu. Pacemorpum B xaue-
CTBE IpHMepa QOPMHUpPOBAHHME 3aTPAT 3JEKTPOSHEPIHH Ha BEITTYCE
CTANLHOTO [IPOKATA, [NPH 2TOM OTPAHHUYNMCH TeXHOJIOrITHecHoil
OeNOYKOH ¢ PyIa—IyTYH—CTAIL—TIPOKATS . BaTpaTsI BMeKTPOIHEPTIHH
[pH [IOMYIEHHH [MPOKATA M3 CTANM 6YIYT HAabIBATHCH TIPAMBIMHE
SaTpaTaMH, Te e 3aTPATHI IPH ITONTYYeHHH CTAINM M3 YyTVHA GYIyT
HASLIBATELCA KOCBEHHBIMH 3aTparaMH 1-ro mopsmka, a saTparsi
SIEKTPOSHEPTHH NPH IIOAYYEHHH WYTYHA M3 PyABl GVIVT Haahl-
BATRCA KOCBEHHBIMM 3ATPATAMH 3€KTPOJHEDTMM Ha BBIIVCK
CTAJFHOTO NPOKATA 2-r0 MOPAJKA M T. . B CBASH cO CHA3AHHBIM
BEILIE HMeeT MecTo clle[yiomee olpeIelcHHe,

Onpenenenne 3. KoadhdummenToM moTHLIY MATeDHATBHBIX
3ATPAT €;j HASBIBAETCH CYMMA TPAMBIX 34TPAT ¥ KOCBEHHEIX 3a-
TPAT NPOAYKNMHH -l OTPACIH /A MpoM3BOJCTEA eTHHIIEL Ipo-
AVKUHH j-H OTDACIHHM Yepea Bee MPOMEMHYTOWHEIE NPoIVHTEL HA
BCEX TPeAIIeCTBYIOIHX CTAZHAX HPOM3BOAcTBa. Eenm xoadiw-
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OHeHT KOCBEHHBIX MATepHANLHEIX 3aTpar k-ro nopanxa ofozHa-

YHTE Yepes a:ff’, TO HMeeT MecTo hopMyIa

2 (&) 19
ey = ay + aﬁj + af}-j+...+a” Fens (6.12)

4 ecI BBECTH B PACCMOTDeHHe MATDHIY KOa(hOHIHeHTOR Egg-
HBIX MaTepuaneHbix satpar C = (¢y) ¥ MaTPHIEI roahhu
TOE KOCBEHHBIX MATEPHATBHLIX 3ATPAT PA3JIHYHBIX IIOPATKOEB

AW = [ai[;’}'}, To moajeMenTHYO dopmyny (6.12) MoxmHO 3anH-

carTh B Gomee ofmmer MaTpHYHOM BHIE:

O Wy W g B BB (6.13)
Hexona s coOepyKATEIbHOTO CMBICTIA KoadpUITHeHTOR KOC-
BeHHEIMX ME.TBI}HE.IEBHHX EB.T]]ﬂT MOMHO IANHCATE PAL MATPHYHEIX

COOTHOIMeHHI:

AD = 44+ A% AP = 440 - a4% = 4%,

AW _ gaG-D _ g4k _ gkel

¢ HCIIOILIOBAHNEM KOTOPHIX MATPHYHAA (POPMYIa (6.13) momer
fpITH HMepelHcaHa B cAefyiolleM BHIe:

C=A+A%+ A%+ 4P 1= A% {6.14)
k=1

Ec/m MaTpuia Koa(dUIHeHTOB IPAMBIX MaTePHALLHBIX aaTpar
A sABIAeTCA OpOAYKTHBHON, TO H3 YCIOBHA 2) NpofyKTHBHOCTH

cymecrByer MaTpuua B = (E — A)l, gpasomanci cyMMOH cXo-
OAINerocH MATPHYHOTO paHIAL

B=(E-A)'=E+A+A*+ A%+ .= ;Eﬁ*. (6.15)

Mz conocrasmeHus cooTHomeHuil (6.14) u (6.158) veTanas-
nHEaeTcd cJeIVIOUAA CEASE MEeRIY ABYMA mMaTpHIaMy KoaddH-
UEeHTOB ITONHEIX MATepHAalbHLIX 3aTPAT:

B=E +C,

MM, B N0o2IeMeHTHOIl SallHCH:
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b Cijs eCIH i # J,
i =
1+Ci_,-, ecrIH i = f.

,I[HE‘H&H CEA3hL ONpPefeldeTl 3HOHOMHYeCKHH CMBICT PAZITHYHH
4

Mexny rosddunHeHRTaMH Matpunm B um C: B oTauume oT Koad-
E;f;i?? MaTpHOel C, YYHTHIBAIOIMIHX TOJLKO 3aTPATHI naé
ACTBO TPOAYKIIMM, Koa(pHIHEeHTE MATPHIEI B BRIIOYa-

0T B cefif KpoMe 3aTPAT TAK’Ke caMy eIHHNIY KOHeYHOH IIpo
nynlr::[nn, KOTOpas BEIXOZWT 3a cepy IPOH3BOACTBA. "
Eﬂnaqep;inie:;n:;nepb K BBIYHCJHTEJBLHEIM ACTIEKTAM pEIIeHHT
ioiity bl ;-m,r:emf MeoTpacaeroro Gananea. OcHoeHoM
0 3TOH MONEeNH CBASAH ¢ BRIYMCIeHHeM MAT-

PHIEI K02 (HUIHEeHTOR TONHEIX MATePHANLHEIX aaTpar B. Eemm

MaTpHIAa KoaGHIHEeHTOB NPAMEIX MATEDHANILHBIX 3aTpaT A 3a-

AaHa B ABIAETCA NPOAYKTHBHOIM, TO MATPHIY B MOMHO HAXOIUTE

g«lﬁr:ﬂ ::; m@;g;wzﬁafeﬁ OOpPAIeHHs MATDHII, PACCMATPHBAEMEIM B KVp-
gy : pEl (HeKoTOpBle H3 9THX GOPMYT DACCMOTDEHBI
- 2), mubo IpHOMUKeRHEIM chocobon, HCIIONTE2YA DAZIION

BE MATPHYHBIH pax (6.15). i
o IE:;?;;:F::;{ NepBHH cHoocol HAXOMIEHHA MATDHIIBI
s u;pmw (E — A), a 3aTem, OpHMeHAA ONHH H3 IPA-
o ko Af:_t;mannﬂ HERBIPOEIEHHBIX MOTDHO, BEIYHCIAIOT
i . UpgnuM 12 Hanbosdee ymoTpefHTeIBHEIX Me-
it .ET MeNHA MATPHD ABAAeTcA MeTon JHopmama. Yaecro
2 (414 TAKIKe Meron, OCHOBAHHBIH HA NpPHMeHeHHH dop-

YRl MATPHYHOH aarefprl W

_E-4)

il E-4°

(ﬁ.lﬁ]l

:ﬁzmz ::;J:::;:;m i:;m’rpnua, npHcoefHHeHHARA K M&Tpnne (£ — 4),
uximacied Mciznmrrgemem coboit n_mﬁpanemme IOTION-
o s TPAHCIOHMPOBAHHOH Marpuuesl (E — A), a
ria ﬂunnﬂneﬂ; onpefeauTeNh MaTpuubl (E — A). Anre6pamie-
i Eﬂnwamm;r B CBOK) OHepelE: NNA aJIeMeHTa ¢ HHIeKcaMu |

YMHOMKeHMeM Muo:muTens (—1)*/ ma mumop,
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[lpu BTOPOM CHOCO 6 e BHUHCISHHA MATDHIBI KOad-
hHOUEHTOB MOTHBIX MATePHANBHEIX 3aTPAT HenoAeayerca dop-
myna (6.15). OBszaTe bEBIM YCIOBHEM KOPPEKTHOCTH 3THX
pacyeToR ABJIAETCH YCJIOBHE OPOAYKTHBHOCTH MATPHILEL A, m npa
pacdeTax OrpaHHYMBAIOTCA YIETOM KOCBEHHEIX MATEPHANBHBIX
aaTpaT [0 HeKOTOPOTo HMOpANKA PR IOUHTENLHO, HAIPEMEpP 10 2-TO,
3-ro mopagxoe. B sToM emocobe MCIONLAYETCH ONpomenypa yMHO-
steHEA KBAJAPATHBIX MaTDHI| ¢ NX MOCTeAyIOmHIM cIAOMeHNENM, K
x0a(UITHEHTEl MOMHBIX MATEPHATLHBIX zaTpar IOJydamTed ¢

HaBecTHEIM TpubImmeRHeM (c HeJ0CTATHOM).

b Mpumep 1. Taa TpexoTpacIeBoi SKOHOMHUECKOH CHCTeMEI
3aNaHEl MATPHITA koathhHOHEeHTOE NPAMEIX MATEPHAIBHBIX
3aTpaT H BEKTOD KOHeHHOM NPOLYHITHH:

03 01 04 R0
A=(02 0,56 00]; Y=|1 0 0]
03 01 02 30 0

HafiTn 1oaddHIHeHTE TONHBX MATEPHATLHBIX 3aTpaT u
BEKTOP BANOBOH NPOLYHIUIH, BATOMHATE CXeMY MEeHOTPACIeRoTo

MaTepHaisHoro fajaHca.
1. Oopepenny MATPHIY roathbAEOHEeHTOR MOMHEIX MATEPHAIE-

HEIX SATPAT IO BTOPOMY (mpubIKeHHOMY) crocody, YIHTEIEAA
EOCReHHBIE MATEDHANBHBIE 3ATPATHEL A0 2.r0 MOpAAKA BEIHYH-
TeJbHO. JAOHITeM MATPHIY koadbHIHEeHTOR KOCBeHHEIX 3aTPAT

1-ro mopagkKa:
03 01 04) (0,3 01 04} (023 012 020
AD - 42 -|02 05 00[-/02 05 00} =1016 0,27 0,08,
03 01 02 03 01 0.2 0,17 0,10 0,16

MATPHIY Koa(QdHUIHeHTOB KOCBEHHBIX aaTpaT 2-To HOPALKA:

03 01 04) (0,23 012 0,20
A@ — 44® _ 0,2 05 00| 016 0,27 0,08|=
03 01 02/ l017 010 0,16
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0,153 0,103 0,132
={0,126 0,159 0,080].
0,11% 0,083 0,100

Takum obpasom, METPHUIA Ko3(p@HHUIHeHTOE HONHBEIX MATE-

DPHANBHEIX 3aTPAT NPHOIHHEeHHO PABHA

1,683 0,323 0,732
B=E+A+A%+ A% =|0,486 1,929 0,160
0,589 0,283 1.460

2. OmpemenuM MATPHIY KoadhHINEHTOB IOJHEIX MATEDHATR- !

HBIX 3aATPAT ¢ OOMOMBI0 (QopMYN 00pAlNEeHHA HeBRIPOM(ISHHEBIX
Marpun (nepselil cooco). 3

a) Haxogum matproy (E — A):

1 0 0 0,3 01 04 0,7 -0,1 -0,4
(E-4A)=|0 1 0|-|0,2 05 0,0|=|-02 0,5 =00]|
R B | 03 01 .02 -03 -01 0,8
_6) BrrunengeM onpefeldTeNb 9TOH MATPHIIEL:
0,7 -01 -0,4

|E- 4]=]-02 05 -0,0=0,196.
0,3 01 08

8) TpancnomnpyeM mMarpuny (E — A):

;7202 -0is g

(E-A4)=|-01 05 -01|
-04 00 08

r} Haxogum anrebpanyeckue JONOJIHEHHA I18 3IeMeHTOR
marpune (£ — A):

T
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a =t o0 4= ooz
= oo g =gl o
PNRTE s [T B L
A, = (-D)* _';’; '_{:]',31=n,1rf; Ag =[—1]“\_"‘:;; :‘;’jt:ﬁ.m;
A = (1° _E[;’: _?)’,:f 0,33.

Takpm obpasoM, IPHCOeJHHEHHAA K MaTpHIE (E — A) mat-
pHIla HMeeT BHI:
0,40 0,12 0,20
(E-A)=|0,16 0,44 0,08|.
0,17 0,10 0,33

1) Hcnonways GopMyny (6.16), HaXogHM MATPHIY woadihn-
IHEeHTOR TMOAHBIX MﬂTBpH&JII:HhIX 2OTPpAaT.

2041 0,612 1,020
B=(E-A)" =|0816 2245 0408]
0,867 0,510 1,684
Kar orMedeno BEIINE, 3MeMeHTL MATPHIEL B, paccuIaTAHHBIE
1o TouHBIM GopMyIaM obpalleHHs MATPHIL, FoJILIIE COOTBETCT-
BYIOIHX BJIeMeHTOB MATDHILEL paccuMTaHHOH MO BTOPOMY HpPH-
GmuenHoMy crocoby Gea ydyeTa KOCBEHHBIX MaTepPHATLHBIX 38-
TpPAT TIOPAAKA BBEIIE 2-TO. i ’
3. HajfimeM BeJHYHHBI BAJOBON IPORYKIMHE TPEX OTpacie
(exTop X), Hcnoibaya GopMyIy (6,8
2,041 0,612 1,020) (200 75,3
¥ - BY =| 0,816 2,245 0,408 .| 100 = 510,11.
0,867 0,610 1,684 300 729.6
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4. Ina onpegeneHna sTeMeHTOB NePBOro KBagpaHTa MaTepH-
AIBHOTO MeKoTpaciaeBoro OajaHca Bochoab3vemes dopMyNoik
BhITeKarommed u3 dopmyunt (6.4): x; = a;X;. Ha aroii thopmynn
caeiyeT, 4To ANA HOJXYYeHHA IIepBOro. cTondIla HepROro KBaj-
PaHTA HY:XHO aJIeMeHTH! IepBoro cToabma saflaguoll Marpuosr 4
YMHOMHTE Ha sennquny X, = 775,3; smeMeHTH BTOpOro cToI0NA
MaTpunel A ymmommTe Ha X = 510,1; amemenTnr TpeThero
croabita MATPHOE A YMHOKHTL Ha X3 = 729,6. ]

Cocrapnsaiomme TpeThRero KpajpanTa (}chIOB'HG yHeTas mpos
AYKOUA) HaXopaTea ¢ yaeroM opmynt (6.1) kax pasHoeTs MEKIY
obpeMaMH BallOBON IIPORYKIHH H CYMMAMH JJIEMEHTOE COOTEET-
CTEYIOIIHX CTONOI0R HAHTeHHOrO MepBROTrno KBaIpaHTA.

YeTsepTrIit KBaApaHT B HalleM NPUMeDe COCTOWT M3 OTHOTO
MOKA3ATeNd M CHYHMUT, B UACTHOCTH, /A KOHTPOIA TPABHITEHOCTH
pacHeTa: CyMMa 2JIEMeHTOB BTOPOTO KBAJDAHTA NONEHA B CTOH-.
MOCTHOM MAaTepHAalNkHOM 6anaHce COBHOAJNATH C CYMMON 3IeMeH-

TOE TPEeTHEIo KBagpaHTa. PesyapTaTel pacuera npefcTABISHE! B
Tabmr. 6.2.

Tabnuua 6.2. Mexotpacnegoii 6anakc npoussoncTea’
W pacnpefieneHua npoRyKuu

ITpouzeodauue [Tompeasmuie ompacau
OmMpaca 1 2 a Koueunasn Baaoeas
npodicyus | RPodicyus
1 232.6 al,0 201.8 200,0 775,38
2 165,1 258,0 0,0 100,0 510,1
a 232.6 51,0 145,9 3000 729,6
Yemonno ywetan
IPOTYIITHA 155,0 153,1 291.9 600,0
Banonan
OPOIVE LA 775,38 510,1 T20.6 2015,0

6.4. Mexorpacneesie 6anancossie Mogen
B aHanu3e aKOHOMMYECKHUX NoKasareneil

Pasnuubnle Mogauduranmn pPaceMOTpPeHHOH  BRIIIE MOIelH
MemoTpac/ienoro fajaHca IIPOMIBONCTEA M pachpefelieHMA npo-
AYEIHUH B HaPOAHOM XO3HHCTBe ITO3BOJAIOT PACIIHPHTH KDYT
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moxasaTeneli, OXBATHIBAEMEIX Moelibin. PaccMoTpuM NIpHMeHeHMe
MedtoTpacieBoro DANTAHCOBOTO METOJa IIf aHANTHIA TAKMX Bai-
HEIX SKOHOMMUeCHKHX NoKasaTexei, KaK TPy, doHibl ¥ HeHEI.

K uncay paxtHelIHX aHATHTHUECKHX BO3MOMHOCTeH OaH-
goro MeTOIa OTHOCHTCHA onpeleleHHe NPAMEBIX M IMONHEIX 3aTPAT
TpYAa Ha eAMHHIY TPOAYKIMM ¥ paspaboTika Ha BTOH OCHOBE
GATAHCOBBIX [POJYKTORO-TPYNOBLIX Mojeneli, McxoJHol Moge-
B0 IPH ITOM CHVMKHT OTUeTHBRIH MeXIOpoXyKTORBIH bamaHc B
HATYpalbHOM BbIpasKeHMH. B sroM OanaHce 10 CTPOKAM IIPEf-
CTABJEHO DpaclipeneneHMe Kamgore orieJdbHONO OpoIVICTR Ha
OPOMSBOJACTBO [APYIMX INPOAVETOB M KoHeuyHoe moTpeblieHue
(nepBBIE ¥ BTOpOH KBAJNPAHTEI cXeMbl MeXoTpacieBoro bajaHca).
OrpencHOH cTpOKOH jaeTcdA pacupefe/ieHHe 34TDAT MHBOIC TPYAA
B [POHMEBOJCTBE BCEX BHIOB MPOAYKUHM; NPefmolaraercd, uTo
TPYIOBLRIE 3ATPATE] BEIPAUKEHBI B eJMHHIAX TDYIA OLHHAKOBOH
CTeneHH CJOMHOCTH. .

OBozEAYMM SaTPATHE JKHEOID TPYA4 B OPOHIBOJACTEES j-I'0 IPO-
JYHTA Yepes L_,-, a oflbeM TPOH3BOJCTEA BTOTO OpoaykrTa (Bamo-
uol BRIOVCK), KAk M paHbme, uepes X; Torpna mpamble saTpaThl
TpY/a Ha efHHHIY j-I0 BHIA NPonyROMH (koagpuyuenm nparoi
mpydoemKocmiL) MOXHO 3aJaTh clelyiomel (opMynoi:

IS T e (6.17)

BeemeM MoHATHE AOAHBLY 3ompant mpyda ®Ray cyMMbl OPAMBIX
aaTpaT MHEBOTC TPYEA H JATPAT OBellecTBIeHHOIC TPYAA, Nepe-
HeceHHBIX Ha OPOOVET 4Yepesd H3PAcXofeBAHHEBIE cPelCTEA OPOHE-
eofcTea. Ecom ofoaHadMTh BeIMYHHY NOJHBIX 3ATRAT TPYA4 Ha
eHHHALY OPOAVKIHH j-To BUja yepes T'j, To NPOMEEEeHHA BHIA
ayT; oTpa:KaloT 3aTPaThl OBEINecTEASHHOr0 TPY/AA, NePeHECeHHOTO
Ha eJHUHHIY [-TO NpoAyKTa Yeped [-e cpefCcTE0 IIPOH3BECOCTEA;
OpH 5TOM IIPefIIojaraeTcd, YTo Koad@HIHeHTE OPAMEIX rMELTE--
PHaJIBHBIX 3ATDAT @;; BLIPAKEHBL B HATYPANLHBIX e[MHIIAX. Torma
IOIHEIE TPYAOBBIE BATPATH HA eNHHHIY J-TC BHJA NDOIYVEIIMH
(noa@purjuenm noanoit mpydoemkocmi) GyAyT paBHBI

7. =3aT +t; j=Ln (6.18)

i=1




"
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Mol TpyvaoceMKoctH t = (ty, f2,..., {;) H BEKTOD-CTPOKY Koaddm-
nuenToB nonsoli tpypoemxocta T = (T, Ta,..., T'h).

Torjia ¢ HCIONB3OBAHHEM YiKe PACCMATDHEAEMOH BBHIINE Maf
PHIIEI Koa(HUIMeHTOR NPAMBIX MaTepHAIbLHEIX 3aTpaT A (B Hat v
PaNLHOM BRIpasKeHHH) cHeTeMy ypasHenmit (6.18) moxzo mepe
OHcaTh B MATPHYHOM BHJe:

T =TA+1t. (6.19)

Ilponaeens oyeBnjHBIE MATPHYHEIC IPecOpPasoBaAHMA € HCIIO
SOBAHWEM eJHHHYHOH MaTpHIbD B

T—-TA=TE -TA=T{E —A)=1t,

IIOJIVIHM  CJAegyIOUIEe CODTHOINeHHe AIA BeKTOpa HKoadiime
OOJHON TRYIOeMEOCTH:

T=HE - AL

Marpuna (E — A) gaM v:xe sHaxoma, 370 marpuia B xoad-
thHNHeHTOB TTOJHEIX MATeDHATLHBIX 3aTpar, Tak 4To HocaeqHee:
[DABEHCTEBO MOKHO IEepelHcaTh B BHAE

T = tB (6.20)

OfosgaunM depes L BeJHUYHMHY COBOKYIHEIX 3aTpaT JKHABOTO

TpYOa [0 BeeM BHIAM HOPOOVEIIAHF, KOTOPad ¢ yHeToM (opmMy
{6.17) Bymer paBHA

L= ZLJ' = irixj = tX.

n !
(6.21)
] j=1 ;

Henoneava coornomenusa (6.21) (6.8") n» (6.201), npnxomﬂi"

K CAeyIIneMy DPaBeHCTEY:

tX =TY, (6.22)

afiech t 1 T — BEKTOP-CTPOKYM KodhdHIMEHTOR IpAMOi M ToTHOH
TpyaoeMuocTH, A X H Y — BerTop-cToabUbl BAIOBOH H KoHeuHoH
OPONVEIHHA COOTERTCTREHHO. 1
CGGTHG_H.IEHHE (6.22) npepcrasnser cobod ocHoBHOe DanaH:
COBDE PABEHCTEC B TEOPHH MeytoTpacieBoro GajaHca TpyAa:
B napHom cayyae ero KoHKpeTHOS SKOHOMHUECKOE COTEDIHAHMHE

BaaaHcossie Modent 251

saKTIOYASTCH B TOM, 9TO CTOMMOCTh KOHeYHOH INPOAYKIHH, One-
qeHHON o TOJMHEIM 3aTpaTaM TPyAa, PABHA COBOKYIHEIM 3a-
rpaTaM xuBoro Tpyga. ComocraBnad norpebuTenkckuil addent
pASTHYHEIX BaMMO3aMEHAEMAIX NPOIYKTOB C MOMHLIMH TPYAO-
BRIMM BATPATAMI HA HX BBIIYCK, MOMKHO CYJHTEL O cpaBHHTEILHOH
s(ppeKTHBHOCTH HX I1IPOH3BOJCTEA. C nomoImblo ToKazaTejei
HogHOHE TPYAoeMKocTH Gollee TIONMHO M TOYHO, UeM NPH HCMOJIR30-
BAHAW CYIIecTBYIONIAX CTOMMOCTHBIX mokasarTeneil, BEIABAASTCH
CTPYKTYPA 3aTpaT Ha BRINYCK PASNMUHBIX BHAOEB IMPOLYKIHMI H
npesIe BCEro COOTHOIIeHMe Mex¢1y 3aTpaTAMH JKNBOTO W OBEIe-
oTBISHHOTO TPYIa.

Ha ocHome koadbHIHeHTOB NPAMOI M MOXHOH TPYAOEMHKOCTH
soryT ObITE paspafoTaHbl Me:KOoTpacleBble H MEEIPOJYETORRIE
fajaHCLI SATPAT TPYAA M MCIOJB3OBAHHMA TPYAOBBIX Pecypcos.
CxeMaTHYeCKH aTH GaTanchl eTPoATCA Mo oBIIeMy THIY MaTpHY-
HBIX Momgeneil, ofHAKO Bee MOKAasaTeldM B HHX (mestoTpac/1eBLe
CRASH, KOHEUHEIH MPOAYKT, YCIOBHO UHCTAS NPOIYKIMA H op-)
BRIPAMKEHB] B TPYAOBBIX H3MEPHTENAX.

h Npumep 2. IlyeTs B gonoaHeHEHe K HCXOTHBIM OAHHBIM DOpH-
mepa 1 ua § 6.3 aamaHbl 3aTPATHl AHBOTO TPYIA (Tpy/oBEIE pe-
cypenr) B Tpex orpacnax: Ly = 1160, L, = 460, Ly = 875 B He-
KOTOPBIX eINMHHIAX HMaEMepeHHA TPYIOBBIX 3aTparT. TpebyercsH
onpefelnTh KoahuiHeHTEl npaMoii ¥ OOJHOH TPYAOeMKOCTH
1 COCTARMTE MescoTpacienoil fajnaHc aaTpar TPya.

1. BocrmonszoBapmvek dopMymoit  (6.17) m peayabTaTaM
npumMepa 1, HaXoIUM EOIQOHIHEHTE npAMoH TPYIOeMHEOCTI

46 5
15 cELaEED . giaci s AL

1160 _ i
4 B0 T 7206

T 71753
2. Tlo dopmyae (6.20'), B Koropoli B KadecTBe MATPHIIEI B
fepercd MaTpmia KoadduuueHTa MONHBIX MATEPHATLHBIX 38-

rpaT, HalileHHad B OpHMepe 1, vaxomuM EoahGHUIHeHTRl IIOJ-
HOH TRY/A0eMEOCTH!

‘2 041 0,612
T =(1,5; 0,9; 1,2)-| 0,816 2,245
0,867 0,510

ty

1,020
0,408 | = (4,84; 3,55; 3,92).
1,684,
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3. ¥MHOMAA NepBy10, BTOPYIO M TPeTHI0 CTPOKH IEepPBOTO H
BTOPOTo KBAIPAHTOB MeJKOTPACHEBoro MaTepualbHoro GamaHea,
IOCTPOEHHOrO B NpiMepe 1, Ha COOTBETCTBYIOMME KO3()HITHEHTEL
NpPSAMON TPY/I0EMKOCTH, TIOTYYaeM CXeMy MeMoTpacleBoro GasaH- -

ca Tpyaa (B TpYNoBRIX HaMepHTeanx) (rafx. 6.3). L
Ta6nuua 6.3. MexoTpacneeoi Ganauc 3atpar Tpypa

Ipouseo- Hompefagiowue ompaeni
dauue Mewompacaessie Jampamst Jampambt mpy-
OmpaciL FEMPALTLEL mpyda Ha fda @ ompacinx
naelécmateniozo mpyda KONy { mpydoasie
1 2 3 npodyyuLw peclipew )
1 348,09 76,5 4377 300,0 1163,0
2 139,6 | 229.5 0,0 90,0 459,1
3 278,1 61,2 175,1 360,0 875,5

HeanaunreabHple PACKOMACHHSA Med(IY SAHHBIMH TABIMITED

M MCXOJHBIMH JAHHBIMH BBISBAHEL IIOTPELIHOCTAMH OKDYIJICHMS
NIpH BEIYHCACHHAX. '
PazeuTHe ocHOEHOH MofielH Me)oTpacieBoro OajiaHca Jioc-
THTaeTcd TaKMKe [YTeM BRIOYeHHA B Hee Nokasaresed dongo-
eMHOCTH OpoIYHIMHA. B mpocrefimen enyuae Mofelib NOIONHA-
ercH OTAeJBHOH CTPOKOH, B KoTopoH YHAZAHEl B CTOMMOCTHOM
BBIpayKeHNH 00LeMEl IPOH3BOACTBEHHBIX (hoHJOE P, 3aHATEIC B
Kammoi j-ii orpacam. Ha ocHOBaHMH THX JIAaHHEIX W ofbeMoB
BAMOBOH OPOAVEOMH BeeX oTpaciell onpefensiorca xoagguui-
eHMmbl NPAMOL GoHdoeMKOCTLL NPOAYKIIMH [-H OTpPACIH:

& e

s =1, {6.23)

EoaddnomesT npamoil (GoHE0EMEOCTH HOKASRIBAST BRIMHTHOY
NpOHEROJCTEEHHEIX (DOHJ0B, HelOCDeNCTEEHHO 3AHATEIX B IHpO-
H3BOACTEE JAaHHOK oTpaciu, B paciueTe Ha eSHHHIY &€ BANTOBOMH
OpoAyKEOHH. B orimune oT 9T0r0 NoKasaTesd KoaddHIIHeHT modl-
HoH thoHzoeMiocTh F; orpamaer ofben (oHAOE, HeoGXOHMMBIX
BD BCEX OTPACHAX JNIf BRINYCKA eIHHHILI KOHETHOH OPOIVEIHH
j-# orpacan. Ecan ¢;; — xoapHOHeHT NPAMEIX MaTePHANLHBIX
saTpart, To Aad moaddmiHenta moaHoE POHIOEMKOCTH CIpABE-
JHBCO paBeHCTBO, adaloryyHoe paseHcTey (6.18) nna wosdubrrmes-
TA NOJNHOH TPYIOeMKOCTH!
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I e ]
'Fj = Zaﬁf‘i + fj; §.= Lo, (6.24)
i=1
Eca® BRecTH B paccMOTpeHHE BERTOD-CTPOKY KoadpH I HEHTOR
npsmoit dorpoesroetd f = (F1. f2,..0 fa) B BelTOP-CTROKY Koad-
(pUIHEHTOR TOJIHOH (OHI0eMKOCTH F = (Fy, }fz,“.,“Fn], TO CHCTEMY
ypasmenwii (6.24) MosKHO MepelucaTh B MATPHYHOM thopne:

F=FA+ [,

OTKWIA ¢ IIOMOIILIO npeobpazoBanuii, aHATOIHYHEIX NPHMEHAE-
MBIM BBIIIe IIf Koa(pdHIHeHTOB TPYAOEMKOCTH, MOMHO IOJY-
YNTE MATPHUHOS COOTHOIIEHHE

F = {B, (6.26)

rae B = (E — Ayl — marpuna koaddHIEeRToR HOTHEIX MATEPHAIE-
HBIX 3ATPAaT.

Ina Gomee ruyboxoro aHanaMsa HeobxomuMo JuddepeHONPO-
BaTh (QOHJ(EI Ha OCHOBHbIE M 0DOPOTHEIE, 8 B Ipefenax OCHOB-
HEIX — HA 3[8HWA, COOPYKeHHd, TPOHIB0NCTBERHOE obopyIoBAHME,
TpaHCIOPTHEIE CPECTEA H T.J1.

IlycTs B IleoM Bce NPOM3BOACTBEHHBIE thoHABL pas/eNeHk
pa m rpynn. Torga XapakTepHCTHKA 38HATBIX B HAPOOHOM XO0-
smiicTBe (DOHIOB sajaeTcd MaTpHIEH nuﬂaaamm’e_ﬁ &Py, OTPa-
HAIHX 06heM (oHOB k-0if TPYNILL, 3aHATRIX B j-it oTpacu:

(6.25)

@ Py Dy,

e L PP
(@) = 91 Pas . _.'an )

¢m1 ¢m2 d}mn

KoodpunuenTsl mpaMoi  GOHAOEMKOCTH Tak:ie obpasyoT
MATPHIY DPASMEDPHOCTH mxn, 2JNeMeHTE KoTopoll  onpelelIdnT

BeJUUHHY [IPOH3BOJCTBEHHLIX (POHJIO0B k-it rpynnsl, HeoocpemcT-
REHHO HMCMNOMb3YEMEIX IPH OPOM3BOJACTBE efHHMIEL MPOJYKIHH
j-H oTpacaH:
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Jlas wampoit j-if oTpachu MoryT 6BITH BRIYMCHEHB! Koaddu-
UHeHTR HNDIHOH (oHIOEMEOCTH Fp;, oTpamalommue noiHyo
noTpebHocTh B tongax k-l Ipynnobl ANA BRINVCEA eIMHHIE! KO-

HEMHOH HPOJYKIHHA 3Toil oTpacin:

n
Fyy = aiFy +fys k=1m; j=1n.
i=1

Pemenne cHerem OJAOHHEBEIX BTPH.EHEHHI'L‘:[ MOSBOIHET HPeICTABNTL

KOMDOUIMEHTRI TONHOH (GOHJOEMKEOCTH Mo KaMGoi Ha m Tpymm.

(hoHmOE KaK GYHROHIO Koa(pHIHeRTOB MPAMOIT hoHIOEMEOCTH:

n
Fij = D byf; k=1m; j=1,n
i=1

B atux dopMynax BelHUMHE a;; ¥ by — y:iie HIBeCTHEIE KO-
HpHHUITHEHTE TPAMEIX H HOAHBIX MATEPHAJBHBIX 3aTDAaT.

Kosddunpentsr dongoemroets B MemorpacieroM 6Gamaice
HNO3BOJIAKT YEARATH IUIAHUDYEMBI BBIIVCHE NPOJVKIIME ¢ HMEI0-
MUMHCA OPOHZBOACTECHHBIMH MoIMHoeTAMH. Tak, moTpeSHOCTE
B QYHEOHOHRMDYIOINUX GoHAaX k-# IDYONBL I8 HOCTHIKGHUS
sajaHHoro of’beMa MATEPHMAJBLHOTO IIPOM3BOACTBA X j IO Beem
OTPACTAM 3ajaeTced hopMyIo:

W
By=>f,X; k=1lm
i=1

6.5. [uHamuyeckas MexoTtpacnesas GanaHcosas mogens

Pacemorpennbie Bellle MexoTpacieBEle GAMAHCOBEIE MOJENH
ABNAIOTCH CINAMUYECKUMU, T. e. TAKMMH, B KOTOPHIX BCE 3aBM-
CHMOCTH OTHECEHE! K OJHOMY MOMEHTY BpPeMeHH. DTH MOJelIH.
MOTYT paspafaThIBaThCs JHINL A OTIEILHO B3ATHIX NepHOJOE,
IPHUEM B paMKaX JAHHBIX Mojeidedl He YCTAHABIHMBAETCH CBASb
C IPeAINecTRYIOIIUMI MM Tocae VoM meprogamu. Hapog-
HOXO3AHCTBEHHAA JMHAMHKA oTobpaskaeTcd, TAaKMM obpasoM,
PAAOM HE3ABHCHMO DACCYMTAHHBIX MOAesNel, UTo OYeBHIHO BHO-
CHT OIpefelleHHEIe YIPOIIEHUS M CY/KAET BOAMOMKHOCTH aHAIHAA.
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K uMeay TaxHx YOpPOIMEeHM Opexie BCero cliefVeT oTHEeCTH To,
YTO B CTATHUYSCKHMX MEeXOTDACHAeBRIX MOJeldX He aHATHIHPYVIOTCH
pacupefeneEde, HCNONLIOBAHME M NDOMIBOJcTEeHHAaA ddek-
THRHOCTE KAMMTANRHEIX BIC:KeHHI. HanuTaloBIodeEHA BEIHe-
ceHbl U3 cepsl OPOH3BOACTBA B cdepy KOHeYHOTO HCIOJNE30BA-
HHUA BMECTe ¢ OpefMeTanmy moTpebleHHsa B HellDOHABOICTBEHHEIMII
SATPATAMI, T.2. BKAIUYEHE] B KOHEUHEIH OPOJAYKET.

B oramuMe oT cTATHYecKHX JUMAMUYECKLE MOAeNH NPHIBAHE
OTPASHTE He COCTOAHNE, A NPOIect PASBMTHA SPHOHOMHKH, yoTa-
HOBHTh HellOCDeNCTEEHHYH) BI3AHMOCEHIE MEXEJY NpesIyITHMHE
H MocIeYIOIINMH 3TATAME DASBHTHA M TeM CAMEIM IpPHOIHIHTH
AHATHE HA OCHOBE 3KOHOMHEKO-MATEMATHUECKOH MoJelH K peallhb-
HEIM YCIOBHAM DA3SBHTHA SKOHOMHYECHOH CHCTEMEL

B paccMaTpuBaemoil sZeck OMHAMHYeCKOH MOJelH, ABIAIO-
mieties PASBHTHEM CTATHUYECKOW MeoTpacieroii MoIemH, npo-
HABOACTBEHHER KATWTANLELIE BJAOKEHNA BRIISAAITCA U3 cOCTABA
HOHeUHOl DPoIVEIHKE, MecleIVIOTCH WX CTPYVKTYDA M BINAHHe
HA pocT ofbemMa NpoHaBoAcTEA. B OcHOEe IMOCTDPOEHHA MOJeNH B
BHJe THHAMHYeCKOH CHCTeMBl VPABRHEHHWID JEMHT MATeMaTHYEe-
CKAA SABHCHMOCTE MEXIY BelHYMHON HAONTANBHEIX BIOMEHNH
i NpHpoCTOM OpoAyVEOHK, PelleHwe cHOTeMEl, KAK H B caydae
CTATHYECKDH MOIeNH, IPHEOLHT K oOpeleleHHI VPOBHEH Opo-
H3BOJCTEA, HO B IHHAMHUeCKOM BAPHAHTe B OTJHYHEe OT CTATH-
YecKOTo 9TH HCKOMBIE VPOBHH SABHCAT OT 0DBEMOE TPOH3BOJICTEA
B OpefINecTEYIINHY ODeDHO aX.

[IpuAEIUIHATEEAT cXeMa IeDBRIX ABYX KBANDAHTOB AMHAMH-
UeCKOI'C MedoTpacieBoro balanea npuBefeHa B Tabn. 6.4.

Tabnuua 6.4. NprHunnuansHan cxema JUHAMHYeckoro bananca
ITompedasouie ompacay

T Mexwompacaeaste Memompacaeante
pousan- 2 ;
drnue ROMOKL Mexyuux | nomoxit kanymais |Koneunsill] Barosoil
FOmpam HbLx ghoxenuil npodyxm | npodyrem
- OmpAcan
N O P T | R R UET
1 Xi3 Xjz e Xyp ﬁfpn ﬂ¢]2 ﬂ'ﬁ'lﬂ_ }"1 Xl
2 X9y Xag ... Xog .':'i¢3]_ ﬁdhgz ann ﬂ@gn Yé Xa
n KXol Xz e Lnn ﬁ¢n1 ﬁ#"hﬂ f"@nn Yr:. Xﬂ




Mojgens cONep:EHT JBe MATDHIIBI MeHOTPACIEBHIX IIOTOKOR,
MaTpHia TekyIOHX OPOM3BOLCTEEHHEIX 3ATPAT © ajleMeHTaMH :n:;{i
'COBIAAET € COOTBETCTBYIOIEH MAaTpHUed CraTHYecKoro BanaHca,
JIeMeHTEI BTOPOi MATPHIE Ad); IOKASEIBAIOT, KAKOES KOIITIeCTED
OPOIYKIHE - oTpaciy HaNpap/IeHO B TeKYIIeM OeDHoJe B j-io
OTpacik B KadecTBe ITPOM3BOJCTBEHHBLIX KAMHTANLHBEIX BIIOMKE-
HHH B ee ocHOBHEIE (ougsl. MaTepransHo 2T0 BEIDAMKAETCH B an’:
pocTe B MOTPeGIAIOMIMK OTPACAAX IPOMBBOACTEeHHOTO oGopyio-
BAHMS, COOPYIKeHMH, [POMSROJICTREHHEIX [LIOIIANel, TPAHCIIOPTHEIX |
cpelcTE B Ap.

B crarHuecxoM ©OamaHce OOTOKH KATHTANOBIOMEHHI He
muthdepeHIHPYIOTCA 0 OTPACAAM-IOTPECHTEIAM H OTDAIKAIOTCH
obmell BelHYRHOH B cocTaBe KOHEYHOH NPOIYVKINH Y; KajKIol
i-ii orpacis. B guHamMuuecKoH cxeMe KOHEYMHLIH NOPOgyVET Yj
EHJIIOUMAET OPOIVKIIHIO {-H oTpacin, HIVIODVI B JHYHoe M obme-
CTEeHHOe NoTpefyieHMe, HAKOILIEHHE HEeIPOM3IBONCTBeHHOH mbepm,‘,
npHpocT obopoTHRIX GOHJIOE, HesaBepIneHHOro choHTeﬂbﬂTnaj,-- -'
Ha sHcoopT. Toaxmm obpasoM, CyMMa TOTOKOE KANATAJIOBIOMEHHN '
M KOHEYHOTD NPOAVHTA AMHAMHYecKOoH MoIelH pABHA KOHeUHOH
NPOAYKIIHE CTATHYECKOTD GaJaHca:

mn
DA+ Y=Y,
71

Oo3TOMY YDaBHeHMEe paACNpeIelleHHA OpoIyvEOHH Buga (6.2) B
IHHAaMHUYecKoM DajaHce Npeodpasyercda B cIedyiOmee:

n

I
= x;+ ) AB;+Y5 i=1n
O

X;

MexoTpacneBble IOTOKH TEKYIIMX 3ATPAT MOMKHO BRIPASHTE,
KAK B CTATHUeCKOH MOJeNH, Yepesd BAJOBYIO NPOAYKIHIO oTpacie
¢ IOMOINEH KoahpHIIHeHTOR NPAMBX MATEPHANLHBIX 3ATPAT!

x; = ayX,.

B ornmure o NOTOKOR TEKYIOHY 3ATPAT Me:KOTDACIEERIE MO-
TOKH KaATIHTANBHBEIX BIACGHEHHH CBA3AHBI HE 0O BeeH BelHUMHOMN
BEIIYCKA MPOAYKIMYK, & 0OYCIOBIHBAIOT IPHPOCT HPOIVEINH;
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npHUeM B pACCMATDHBAEMOI MOJejH Npeimofiaraercsd, 4T IIpH-
poeT MPORYEIAH TeKkymero nepuoja obyciopiieH BJIOJKEHUAMH,
IpoMsBeleHHBEIMH B 9TOM jKe IepHoje. Ecnu TeKYIOHH IepHOJ
obosHaUMTE Uepes , To OPpHPOCT OPOAYKITHHE AX; paBeH pasHO-
oTH AGCOMIOTHBIX YpoBHefl HMpOM3BOLCTBA B IEPHOX ¢ M B Ipei-
nrecTeymonmi (¢ — 1)-i1 mepmon:

_ i) L pr(t=1)
AX; = X; X'j- ;

IMonarag, 4To OPHPOCT NPOLYKIMH TDOIODIHOHAICH MpHPOCTY
OpPOMBBONCTEEHHEIX (POHIOE, MOJKHO 3AITHCATE:

AD; = g;AX;; L= 1Ln. (6.28)

PacemorpaM B paserctse (6.28) xoadpHmueHTEl IPONIOPIHO-
nansHooTH (. [locKoasry
APy

) &Xj

TO BKOHOMHUECKMIl CMBICT 9THX K0d(hdHUIHEHTOB 3aKII0HaeTCd
B TOM, UTO OHH IIOKASLIBAIOT, KAKOE KOIHYECTBO NPOJYKIHIL i-M
OTPACIHA [OJIKHO GBITH BIOMKEHO B j-I0 OTPACHb IS YBEIMIeHH:A
[POHMBBOLCTEEHHOH MONIHOCTH j-if OTpaci¥ Ha ejHMHMILY ITpO-
nvemmi. IIpenmonaraeTcs, Yo [POH3BOJCTEEHHBIE MOIHOCTH HC-
MOMLAYIOTCHA TIOMHOCTEI0 M NPHPOCT NPOAYVKIHH PABEH IPHPOCTY
momaocTH. KoaddHuuueHTE! ¢ HASBIBAIOTCH roappuyLeHmaML
anoxceruit, Wil koaduyuenmanmi RPUPOCMHOIL drondoercocmit.

C noMompbio Koah(pUIIHEeHTOR IPAMBIX MaTePHAIBHBIX 3aTpaT
# KoabdHIHeHTOR BIOMKEHHH () CHCTEMY ypasaenmit (6.27) mMou-
HO TIPeICTABHTE B CJAGIYIONeM BHIe:

n n s
Xy = 2“&;-"?; % Z‘P:ﬁ’*x; +Y5 i=Lln. (6.29)

j=1 j=1

Cmerema (6.29) npegcraiaer coboil cHCTeMYy NHHESHHBIX
PA3HOCTHBIX YPABHEHWI{ IepBOT0 MOPAKA. Ee MoyHO OpHBeCcTH
K OORMMHOH cHeTeMme JHHeHHBIX YDABHEHMIT, ecid yJecTk, 4TO BCEe
oFBeMBl BATOBON W KoHeuHoH HOPOAVKIIHI OTHOCHATCH K HEROTO-

T DaHeMEkn-
WTEMATIFICERHE M TR
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poMy Hepuony i, a IPHPOCT BAJNOBOH
cpaBHeHHH ¢ (¢ — 1)-M gepuogom:

Ik n
(8 (t &
X7 = Elrﬂin;} + E ngj(X}'] —XF 1}']+"i"‘t"[’u.
=1 i1

Orerofa MoXHO 3aIIHCATE CleAYVIOMHe COOTHOMEHMA:

) n I

(I 12 t v ' B
= Jf=1

IIyers HamM HM3BeCTHBI YPOBHM BANOBOH NPOAVEIHH BCEX OT-

paciell B OpefeliynieM DepHofe (BeHYHHEL Xjr'l}} M KOHEUHBIN

HPOAYKT oTpachieii B f-M nepuoge. Torma oyeBHAHO, YTO COOT-
HOLIEHHA u(a.ao) opefeTapiawr coboll cHereMy n IHHeHHBIX
VPABHEHMH ¢ 71 HeH3BeCTHRIMH YVDOBHAMH IPOH3BOJCTEA 1-T0 IIe-
pne,z[a. Taxum obpasoM, peleHHe IHHAMHYECKON CHCTeMBbI JIH-
HEHHBIX YPaBHeHHH I03BONAET ONPENENHTE BHIMIYCK MPOJAYKIMN
B HocaefyiolleM MOePHOAE E 3aBMCHMOCTH OT YPOBHH, TOCTUIHY-
TOrc B OpeAbliymieM nepHoge. Cesash MeXAY NepPHONAMH yeTa-

HABJIHBACTCA Yepes KooHIMeHTE BIOMEHWIt ¢y, XapaKTepn-

aywuHe GOHL0EMKOCTE eIHHALE! IPHPOCTA TPOYKIHH.

Ilepexoma oT DHCKPETHOTO aHam
H3a K HelIpepEIE
(6.27) Gyaem umeTsn: P

i I
dP,;
Xi: .x.”:'I' d!f +}:—I.
i=1 i=1 ;
Bripaxcenue (6.28) B upenene gaer:
dd;, kL dX;
TR ST

OxonyarensHo Asi cyyas HeNPepPLIBHEIX HAMEHeHMl IOMyUMM
CAEIYIOLLYIO CHCTEMY COOTHOLIEH M

Il fl
N dX,
X =) ayX; + ) oy —
Tt Jal. ;

5 + ¥ i=1,n.

(6.30)

(6.31)
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Coorromenna (6.531) npeperapamor coboil cHeTeMy 1 JIHHEeH-
grrx muddepeHITHANRHEIX YPABHEHMH MEpEOTO MOPALKA € HOCTO-
aHHEBIME KooqdmunenTamu. [as ee pemmeHHA NOMHMO MATPHIL
woaddHIHenTOB NPAMEIX MATEPHAILHBIX TEKVIIKX 3aTpaT H KO-
a(pHUIHEeHTOE KANHTAIBHEIX 3aTpPaT (prosenwit) HeoOXomumMoO
4HATE YPOBHH BAJIOBOTO BRIIYCKA B HAUAARHEIN MOMEHT BpeMeHH
{ = 0 ¥ 2aK0H W3MeHeHHA BelMYMHBl KOHEYHOro MpoAyKTa, T.€.
mun dyuxoui Y)(f). Ha ocHoBe 3THX JaHHBIX IIYTEM pelneHHA

nonyuupnieiica sagayu Komm AmA CHCTEMBE nudpepeHITHATE-
werx ypasHeHni (6.31) MomHO HAHTH YPOBHM BAJOBOTO BLRINYCHA
rTeopeTHUecKH Aas Aboro MOMEeHTA BpeMeHH. IIpaKTHYECKH e
Goslee MIM MeHee JOCTOREPHOE OMHMCAHHE BATOBLIX H KOHEWUHBIX
BLITYCKOB KAK (YHKIHH BPeMEHH MOJKET BEITE MOAYUEHD JIHINE
[T OTHOCHTEIbLHO HeGOIBIIHX [IPOMeXNCYTKOE BPEMEHH.

B guHAMITIecKoH MOJeNH ocoBYVI0 POJb HIpaloT KoaduhHIHeHTER
npupocTHOH (DOHIOEMEOCTH @) Onn obpasyoT KBAJPATHYH MaT-
pHILY R-TO NOpAIKa

LIk fy e Ly B R Din

Pay Qaz v P2
(pg5) = e

Pn1 Pnz Prn

KAMKABIT  cronfel] KOTOPOH XapakTepHayeT A COOTBETCTBY -
meil j-il OTpaciM BelHYHHY M CTPYRTYPY thoH/10B, HeobXONUMEIX
NI VBeIWUeHHs HA eUHHIY ee IPOMSEOICTEEHHOM MOIMHOCTH
(eemycxa mpopyknmm). Marpuia HoathpHIHEHTOB TIPHPOCTHOH
thorgoeMEOCTH JAeT SHAUMMTENEHLIH MATEPHAT JAf 3HOHOMMETEe-
CEOTO AHAJIHSA B LIaHADOBAHHA KamHTAIBHEBEIX Eﬂﬂ:‘KEHHf{.
KoadpumueRTsl TpHPOCTHOH (QOHI0EMEOCTH (; ONPeAeIeHEIM
ofpasoM CBASAHEL ¢ BANOBLIME KoadhATTHeHTAMM npanoi  hoBK0-
eMHEOCTH ITPOAYKIIIN ﬁ,j, paccMOTPEHHLIME B MPefbIAVINEM Iapa-
rpade. KoaddunuenTs! fkj MOKAZEIEAIOT, CKONBKO Beero QoHAOB
MAHHOTO BUAA TPMXOAMTCHA HA eJMHHNY BaJOBOTO BRINYCEA po-
OVIUMH, 8 KoapHIMeRTE () OTPAKAIT NPHPOCT dhoEmoE Ha efi-
puiy mpupoera npopyrimn. Eenn GBI TEXHHYECKHH NOporpecc B
oTpacnax MPOH3BOJACTBA OTCYTCTEOBAI, TO Ha eJHHHIY OpHpOcTa
POAVEINK ToTpeboBanoch GBI CTOMBKO Jike HOBLIX hoHJIOR, CILOMBKO

e
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HX yKe SaHATO HA eJHHNIY BREITYcKAaeMOH OpPOIYKIMH, T.e. KO-
o dHIHMEHTE TPHPOCTHOH (DOHAOEMKOCTH M BAJTOBOH MNpAMOl
hoHIoEMKOCTH ORITH OBl paBHEl Memmy coboii. Takx wHak HoBLIg
KANHTALHEIE BJACKEHHA IPOMIBOSATCH HA HOBOM DoJlee BEICOKOM
TeXHHYECKOM YPOBHE MO CPABHEHHIO ¢ 00HEMOM H CTDYKTYDOH
IeHCTEVIOIMAE (POHIOB, TO HA ONPAKTHEE KOo3(h(hHNHeHTEl IPHpO-
cTHOH (GoHIOEMKCCTH M KoadUIMeHTR IpAMoil droEToeMEOCTI
pasmyaloTes no senHunse. OHAKO MeRIY 3THMH IBYMA IDYIIHA-
MM KoadHIHEeHTOE CYVIMecTEYeT BIIOJAHe OIpeljelleHHAA CBAIEL, H
aT0 HCIOIB3VeTed TIPH paspaloTHe THHAMMHMECKHX MoIeneH, oco-
OeHHO B CBASH C TeM, ITO JOCTOBEDHBIE JAHHEIE 0 (POHIOSMKOCTH
NPOIVEIRH IOJAVUHTE Jerde, MeM HeIoCcpeIcTEeHHO PAcCUHTATE
roapHIHeHTEl BIOXEHAH.

Kpome xoadduumenTor npaMoi dongoeMikocT Koaddmuom-
EHTBI BJIOKEeHHH CBASAHBI C JPYIMMH IMOKASATEIAMH, HAIPHMED ¢
COOTEETCTEVIONIHME KoadHIIMeaTAMME TeKVIINX 3aTPaT, OTPaza0- :_
LTHMHA HM3HOC OCHOBHBIX (POHIOB H DABHEIMH AMODTHSAIHH, IDH-
XoaAameiicAd Ha e JHHHIOY OPOIVHEI[HMH. _

B paccMoTpeHHOH IHHAMHYeCKON MOIeNH MeXOoTPACIeBOTO
faraHCA OPefIoJaATAeTCH, UTO OIPHPOCT OPoAYEOHH TeKyINero
nepuoja ofyeaoBieH KalHTATOBIOKeHHAMM, NDOMIBEIeHHBIMIE
B aToM e IDepuoge. I cpaBHWTeNLHO HODOTHWX NePHOJOE 3TO
OpeInoloMeHie MOMKeT OKA3ATECA HepealBHEIM, TAK KaK cylde-
CTEYIOT H3BECTHBIE, MHOIA JOBOJBHO ZHAYHTENLHEIE OTCTABAHHA
BO BpeMeHH (TaK HashIBAeMBle SPEMEHHBIE 1AZl) MeXAY BIOMKe-
HUEM CPEJICTE B IPOMBBOJCTEEHHEIE (DOHARI M IPHPOCTOM BEI- g
omycka Oponyveiue. Momenu, rax MM MHAYE YYHTHIBAKIHE Jar
KANHTAJLHEIX BIOMNIEHHI, o0pasyT ocobyo IDYINY JHHAMHAYE-
CHMX Mogeaed MesorTpaciesoro Gamamca. Ma TeopeTHuecHHX
sMofesell MEHHOTO THOA CJAeIVeT HaSBATL HpeXe BCETO JTHHeHYIO
JHHAMHYECKYI0 MEXKOTPACAEEYID Mogelb JIeOHETEBA, B KOTODOIT
KAMHTAMBHEIE BIOMEHHA OPelcTABISHBl B DHAEe TAK HASLIBAeMOTO
HHEBecTHIHOHHOTO Dnoka B dopMme JleonThesa. Maremarndeckum
obobmieHHeM 2TOH H pATa IPYTHAX IHHAMHYeCKHX Mojeieil AnR-
JfAeTcHd FHHAMHYEeCKAR MoJedb B MarpwuHoH dopue Helimana,
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OCHOBAHHAA HA MATEMATHYECKOH TeopHHM paBHOMEDHOIO Mpo- |
OOPOIUOHANEHOrD POCTA SKOHOMHMEM (TAK HASBIBAEMAH MAZUCTL-
PaALEHAL MEopPii).

Bonpocbl ¥ 3afaHus
= — Tl

1. B ueM cyTh 6ANAHCOBOTO METOAA HCCIeJOBAHIA COMUAIBHO-
IKOHOMMYECKHX cHCTeM? .

2. TlosicEMTe TPHHIMIHAIGHYIO CXEMY MeJKOTpac/IeBoro Ba-
JaHeA ¥ PACKpOiiTe SKOHOMAYECKOE COMIePIHaHHe ee PAs/eon.

3. Ommure SKOHOMMEO-MaTEMATHYECKYI0 MOIeNh CTATHHECKOro
MesoTpACHeRoro OajaHca M TOACHHTE 3KOHOMMHECHITH
¢MBICS BEXOOAINHY B Hee 3JIeMEHTOR.

4. Iajire onpefeleHHe Kkoad@UIIHeETOB NPAMBIX H NOJHBIX
MATEPHAIBHBIX 3ATPAT H YHAKHTE cnocofkl HX BEIYHCIEHHAH,

5. IlogcHwTe MOHATHE MPONYKTHEHOCTH MATPHIEL roathdHInen-
TOB NPAMBIX MATePHAIBHBIX 3aTpar.

6. Pacrpoiite SKOHOMITIECKHIH CMBICT KO3QHITHeHTOR npaMoil B
NOMHOH TPYHLOeMEOCTH H maifiTe oNMCAHNE IKOHOMHKO-MAaTE-
MaTHYecKoH MOAeIH MexoTpacieBoro bamaHca saTpar Tpynaa.

7. B yenm zapmodaeTcd 3KOHOMHYECKOE cOmepitaHHe woaddn-
NUEeHTOB NpAMOR M noaroit donacemrocTu? [loscEnTE
NIOpAMOK WX pacteTa Ha OCHOEE 3KOHOMHKO-MATeMATHIECKOH
momean MOB. .

8. PackpoiiTe cofep:Kare/bHbI CMBICT MPHHIHINIAIBHOM CXEMBI
AHHAMIECKOIO MeKOTPacIesoro banamea. Iafime XapaKTepHCTH-
Ky JMHAMHYECKOH MeskoTpacleEoil GanaHcoRoil MoJeNH.

{1

YnpamHeHu!s
——

1. Ha ocHoBaHWH NAHHBIX, IPHBEJEHHBIX B HHXKeCIENYIOIIHX
rabrunax, PACCYHTATE KO3(MOHIHEHTEl IPAMEIX H MOJIHEIX
MaTepHAlbHBIX 34TPAT.

a)

I pamsle Mexcompecledsie nOmord | HonedHad

Ompacab 1 1 9 '| 3 npodyryus
1 50 60 80 60
2 25 90 40 2B
3 25 60 40 a6
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Iraaa |
6)
e Hpamsle Mexcompaciessie nomokt | Koxeunan
1 | 2 | 3 npodykyus
1 40 18 25 21
2 16 a 25 16
B)
O Ipansie MENOMPACAEEHIE NOMOKY | KonetHan
1 | 2 3 npodyicyis
1 18 a6 25 1
e 90 25 20

2. B rafnmuax npuBenensl HoaddHIIMENTH TPAMEBIX MATEDH-

AJBHBIX 3ATPAT H ofbeMBl KOHEYHOH NPOIYKIIHH B MEMOT-
paciesoM GalnHce qIA TPeX oTpaciei:

a)
Ompacis Kosppunsienmet npsvvix sampam Konewnan
1 | T npodyrcyus
1 ‘],2 ﬂ.z u,l 5D
2 0,5 ﬂ,a ﬂ‘z 0
g 0.2 0’2 Gt4 a0
6)
Caais Kozaggugeenms apasmsy sampan Honeunas
1 | 2 | 3 npodyryua
: 0.3 0,4 0,2 20
2 0.2 0,1 0,3 15
3 ﬂ,l 0,5 0,2 10
Tpebyerca:

1) npoBepHTE TPOAVETHEHOCTE MATPHIIE KoadhdHIHEHTOR
... TIPAMBIX 3aTpAT;
g] paccynTaTh HOPMIIIMeRTE TIOMHEY MATEPHAILHEIX 3aTDAT;
3 ) HaliTh obbeMEl BATOBOH TPONVKIIMM OTpaciie,
. Ha ocHoBe mannbix TaBnui B yOP. 2 BOCCTAHOEHTE CXEMBLI MeXC-
OTPAaCIeBOr0 MATEPHANLHOTD HAJIAHCA.

MMABA7
3KOHOMETPUYECKUE MOJESA

o OBiLMe NOHATHS SKOHOMETPHYECKHX MOJenel

s 3aa44 JKOHOMUHECKOTD aHanuaa, PeLiaeMbIe Ha OCHOBE PErpecCHOHHBIX
IKOHOMETPHYECKUX MOpEnel

o OUEHKA KayecTBa 3KOHOMETPUYECKUX PErpecCHOHHBIX MOBENEH W
NPOrHO3WPOBAHNE HA WX OCHOBE

7.1. OBuKe NOHATHA SKOHOMETPUYECKNX Mopenei

[Ipy aHAnH3e IHOHOMMHECKHX ABIEHWIl HA OCHOBE SHOHOMMIKO-
MaTeMATHYeCKHX MeToZoB ocoboe MECTO SaHHMAioT MoOJenH, BhI-
ABAAKOIOHE KOoINdecTEECHHEIR CBASH MeXIY HG}?T-IEEMI:IM oK A-
aaTelAMH M BANAIOIIMME HA HHX tharTOpPAME. Hayunod#l mHCIIH-
nimHolt, IpeMeT KOTOpoil cOCTABIAeT HM3YHeHHE oroH KoJIHYe-
oTREHHON CTOROHBL HKOHOMHUECHIE ABJICHMI M OpoIleccoB cpef-
CTBAME MATEMATHHYECKOIO H CTATHCTHYECKOTO aHAJHaA, ABNACTCH
AOHOMEMPUR, B KOTOPOH DPesyIbTATEL TEopEeTHUECKOro AHATHIA
JKOHOMMKH CHHTe3HPYIOTCA ¢ BBIBOJAMI MATEMATHEH M CTATH-
CTHKM. OGHGBHB..'FI 3agada aKoHEOMeTPHHE — IIPOBEPR& SHOHOMH-
wyecKWX TEOpHH HA (PaRTHHEeCHOM {amnpme'cxom} MarTepHane
]IPH. MOMOIIH MeTOomaoB MB.TEM&TH‘IE‘GRDITI CTATHCOTHREH.

T'naBHBIM m’m‘rpmenmn': SKOHOMETPHH CJYMXKHT JKOHOMEM:
puHecKaR modeab, T.e. SKOHOMHKO-MATeMATHYECKAaHd Mojelb
taxTopHOre AHANH3A, [mapaMeTpPs! KOTOpOH ONeHHBAKTCA CPei-
CTBAMI MATeMATHYECKOH CTATHCTHEH. Bra Momelk BECTYIAST B
KaueCcTBe CpeficTBA AHANHAA H MpPOTHOBHPOBAHNA KOHKPETHBIX
JHOHOMMUYECKHX IIpoIleccOB HA OCHOBE peaTbHOM CTATHCTHYE-
croli MHpOPMAITHH.

DpoHOMEeTPHUeCKAS MOJEIH MOHHO KNIAcCHQHITHPOBATE IO DALY
KIaccH(QUKATTHOHHEIX TNPH3HAKOB. Tag, mo aHaJIMTHYIE-
croil thopMe MONEIH (ypapHeHHs) BELAEIAIOT nHHeHHBIE,
HeJIMHelHHEIE, CTeeHHble MOJeNH, MOJe/H Bpargona u ap. Ha-
npHMep, MOgelk BpanjgoHa HMeeT BAA:
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§=gh(x) fle).. . fulxn),

v A o
ne y Hey4aeMulH IOKasaTensb (OyneM HasLIBATE ero pesyib-

MAMUEHBIM NPUSHAKOM), YepTa HaJ HUM O3HAYAeT CPe[HIOI Be-
NHYHHY (MATeMAaTHYeCKOe KHIAHHE); X1, X2,..., Xy — BIHAID

e Ha H3yYaeMblil MOKAasaTels BeIWUMHBI (OygeM HA3LIBATH

HMX armopHbiMl NPUIHAKAMIL).

Me'rgﬁtﬂ:::;_{ﬁi;ﬂ r:uHoEHf.Ix KlaccHPHEAIMOHHEIX PYODHK 2HOHO-
il MOH{HES?ILEH ABJIAETCA HIACCHPHKAITHA 0 HAIPAB-
i aintiet s TH IPHUHMHHBIX CBA3EIl Mex(Iy IoKasaTelaMH,
VIOIMUMH 3KOHOMHYECKYID cneTemy. Henw noanzo-
BATBCHA TEPMHHOM <epeMeHHad», To B mwboll  gooraro
CIOKHON IKOHOMYECKOH CHCTeMe MOMHO BBIeJHTH anpeﬂtig
g;p::;g:me (HaTpEMep, BEINYCK NPOSYKIIHH, YHCIEHHOCTD pa-
» IPOH3BONHTE/NILHOCTE TPYA) H BHelIHHe MepeMeHHke
::PHEIIPHMEP, IIOCTaBKA pecy¥pCoB, KIHMATHYSCHKHE YCIOBHA H
OTEANO HAODOPDABIEBHHK H CHOMHOCTIH cngaeﬁm:rr‘].
Ay BHYTPEHHHMH (3HIOTEHHBIMH, BRIXOJHBIMI) HEPEMEHHHME_
J}:ﬁsnemnmn (3K30reHHBIMH, BXOIHBIMHE) IlepeMeHHAIMH BI:I,E[:
MGE;H ;n:gymmne SKOHOMETDHYeCKHe MONeNN: perpeccHOHHBIS
5 s BRAHMO3ABHCHMEIE CHCTEME!, DEKVDCHBHEI® CHOTEMEI
€2PECCUORNbIMU HASLIBAIOT MOJeTH, OCHOBAHHLIE Ha 1.?}:;93-
Z{;;:;:r Bmizr;i?{m::; MJIH CHCTeMe PpEerpecCHOHHBIX YpaBHEeHMI,
s WUHHEI 3HJOIEHHBIX M SK30TeHHBIX IepeMeH-
bl VPABHeHHA (Mojle/in) mapHOil H MHOMecTBeHHOM
. CIH IO I‘JEDEHEFIEHHH JHOOTeHHBIX nepeMeHH
HCIIONL30BATE OYKBY U, & J/LA SK30NeHHBIX MepPeMeHHEIX ByK xHX
B clIyuae JHHEHHO! MOJeNy ypasHeHMe IApHOIL perpecm{;? m,g
BHI Y =ap +@yx, a YypaBHeHHe MHOMECTBEHHOH perpeccHu:

Y=8ap +ayx +agxyt...+a,x, . IlogobHoro THma mogemn pac-
CMATPHBAKTCA MOAPOGHO B cllefylomux maparpadax. OTMerHm
;2);:;0{, ;II:; ;;aﬂ;;in;egm Momgeneil mapHOH M MHOMecTBeHHOH per-
e SARTUAHS, a;:zc;::{ MeTona HAMMEeHBINHX KBajJpaToR.
By o g El HAHGONes [IOMHO OIMCEIBAIT SKO-
B3aHMMOCEA3AHHEIX a}gﬂu?é;iﬁimim,a::;egfunﬂo‘ ity
iBIX  [IepeMeH 5
;[I‘;mﬁninioneﬂﬁ 8AKAIOTCA CHCTEMOM EBMMG@HEHBHMI:FI,K ypaE:;zu
¥ AYEOLIero BHAA (7 — YHCIo 3HJOreHHEIX lepeMeHHBIX
— YHCJIO DK30TeHHBIX IMepPeMeHHbIX):! ‘ :
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Yy = Gy +ap Xt Ao mEm t byaya + byayg+- - Abinln
Yg = g + Gy ¥+ - Flam¥m + Doty + boalg+. . +Banln

) : Y, f . . . . " .

Y, =8gp + 8 X+ tlynX, + Bl + broyat bnp-1¥n-1-

Ins HAXOMIEGHHSA NAPAMETDOB CHCTeMEI B3AMMOZABHCHMEIY
ypaBHeHHH HCIOIB3VIOTCH foJlee cIQMKHEIE METOJBL JBYX- H TpeX-
[MATOEEN] MeTof HaMMeHEBIIHX KBAJAPATOR, METOIEL MAKCHMAIEHOTD
IpaBRonofotHA ¢ OMHON 1 HemojHoM mHbopMalme ¥ Ap.

Ha npakxTHKe CTpPeMATCH YVIPOCTHTE B3AMOSABHCHMEIE CHC-
TeMBl H IPHBECTH HX K TAK HA3LIBASMOMY peKypCHBHOMY BHIY.
Ilna aroro cHauana BRIGHPAIOT DHACTEHHYIO mepeMeHHYI0 (BHYT-
peHHMIT IOKA3ATENEb), 3ABHCAIIYIO TOIBKO OT aK30TeHHBIX Iepe-
MeHHBIX (BHeIIHMX (axTopoRr), 0Do3HAYAIOT ee Hy. BateM BHIOH-
paeTcA BHYTPeHHHH IIOKA3ATEND, KOTOPEIH BABHCHT TOJIBKO OT
BHEIHHX (PAKTOPOB H OT Yj, M T.O.; raxnM obpasoM, KamIbIH
MocaeyIOMMIT TIoKasaTeNlb 3aBHCHT TOJMBKO OT pHeInHEnY (harTopoB
1 OT BHYTPeHHHX NpefbLiyIliis. Tax@e cHCTEMEl HASRIBAIOTCA Pea-
wypeueHbimu. IlapaMeTpsl IepBOro ypaBHeHHA PpPEeKyDCHBHBIX
cHeTeM HAXOJAT MeTOZOM HAMMEHBIIHX KBAJIPATOR, HX MOJCTaB-
AT BO BTOpOe YPABHEHHE M ONATh NPUMEHSETCA MEeTOM HAH-
MeHBIIHX KEAIpPaATOB, H T.O.

Iponece MOCTPOEHHUA ¥ HCIONE3OBAHHA AKOHOMETPHYSCKHX
momeneit ABAAeTcs MOCTATOYHO CHOMKHBIM H BKJIIOUaeT B cebd
CJIe VoI He OCHOBHEIE 3TAIRL: onpejereHHe IeTH Hec /e IoBAHMA,
noCTROeHHE CHCTEMBL nowasarenell ¥ Jjormdeckuit orfiop (axToO-
poB, HauboIee BIHMIOMMIX HA KaMIEIH TIOKA3ATEN; BEIGOD (opMBI
cBASHM Wa3ydaeMLIX TOKasaTeled Mentay cobol M OTOOPAHHBIMH
daxTOpaMu, IPYrHMH CIOBAMM, BHIGOD THIA IKOHOMETPHUECKOH
mofemnn; c6op MCXONHEBIX [JAHHBRIX H aHANTKHE MHEpOpPMAIMM; OO-
cTpoeHNe SKOHOMEeTpHUecKoll Molemn, T.e. onpegeleHHe ee ma-
paMeTpoB; [IpOBEPKA KayecTBa NocTpoeHHOH MofielH, B [epBYIO
ouepefb ee ANEKBATHOCTH H3yHUaeMOMY FHOHOMHUeCKOMY IIDO-

necey: MCHONBL3OBAHAE MOJENH HIA SKOHOMHIHECKOTO AHATH3A H
MpOrHO3HPOBAHHSA.

IIpn DpakTHYeCKOH peajiHaallni yKAZAHHBIX STAIMOB O
BASKHHBIM HRJIAETCH MOCTPOeHIME CHOTEMBI floKasaTelel Heclegye-
MOT'® SKOHOMHYECKOTO Mpollecca ¥ olpejiefleHHe MepetHd dhaxTo-

POB, BIMAKIIHX HA KamIpi morasaTelb.

qyeHb
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i

YraxeM OCHOEHEIe TpeBOBAHHA, NPEbABIAEMEE K BRIIOYAS.

MEIM B SKOHOMETDHYSCKYH) MOTeNs (hakTopam

: }Bl.‘.m:{gmﬁ H3 (PaKTOPOBR JonieH GRITE 0BOCHOBAH TEODETHYCCKH. |
nepeyerb HenecoofpasHo BHIIOTATE TOJRKO BaskHeHImMe dax-

TOPEL, OKASBIBAIOIIHE CYHIECTReHHOe BO3eHCTBHE HA HayYaeMble

szilz:)aamﬂu; IpH 3TOM pPeXKOMEHIVETCH, YToPhl KOMHUeCTRD
£ HaeMBIX B MOAEIs QaKTOPOR He HPEeEBBIIIAN0 OZHOI TRETH
uycaa HabMIOAeHNH B BRIGopKe (IIHMHEI BpeMeHHOTO pana). }

= £
PaKTOPE! He AOJNMKHEI GBITH JMHEHHO 3aBHCHMBL, MOCKOTLKY

2T
8 3IABHCHMOCTH O3HAMAEeT, UT0 OHH XapaKTepHIVIoOT aHAmo-

THYH i

bl&é CBOMCTBA MaydaeMoro Aelenna. Hanpumep, aapaGor-
HadA nuara pabOTHUKOB 3aBHCHT, HAPAAY ¢ APYVIHMEH darTo-
PaMH, OT POCTA OPOHSBEOIMTENLHOCTH TPYIA H OT 0BLEMA BEI-

OycraeMoH NpoAyKOHA. Opgmaxo aTH GaxkToOpsl Moryr 6uITh

:;e:;c; :;aeﬁnézzzgaanm, KODPPEIHPOBAHE] |, CASAOBATENLHO, B
. PASHO BEAKYATE TONBEO OJHH H3 STHX (hax-
xpoa. BiioueHHe B MOJlesIh THHEHHO B3aMMO3aBHCHMELX chae-
api?;]; ;;;fi‘g;ﬂ;;ﬂ; K BOSHHKHOBEHIIO ABNEHUS MUALILKOLLUNE:
! Poe OTPHIATENRHO CEASLIBAPTCA HA KAYECTEE
MogesH; Goee ToApo6Ho 2To ARNeHHe ONMHCAHO HHIKe
Bammomue na skoHoMHuecxkmil nporece thakToPL M.DI'FT BRITE
HOJIMMeCTReHHEIe M KavecTBeHHBle. B Mogems pexomeHmgvercs
BRIIOYATE TOJNBKO TAKHE (haKTODEI, KOTOPLIE MOTYT GLITE UHC
JEHHO M3MEepPeHbI. i
* B omHY Mogens Hemb3s BEmMouath COBOKYIIHLIE darrop 1 ob-
ﬁﬁﬂ;{;ﬂ ?;;;. :EG?;I:;!}EKWPH' OpnoBpeMerane BRMOYeHME
E domnt PHBOIMT K HEONPaBAAHHO YBEIHUEHHOMY
: 1 BABHCHMBIH [I0KA3ATENE, K HCKAMCEHIIO -
HOH JNeHCTBHTEILHOCTH. S
qeeg{penmzi;i? :rf:i]:;ﬂmn}l‘nx }haKTOPOB HCHOABIYIOTCA CTATHCTH-
BAMAOIHX @ﬂKTﬂpOI;&.I'JG?I:;; };g:;giﬂﬂﬂm SEe Tl
C.II
mpoleyp orbopa mepeMeHHbix. Hu ogna ;:I ;u::zmnigli:?; L:;
Bsﬂﬁé}g}ifr I;;:;nyqenna ONTHMANEHOr HAGOpPA ITepeMeHHLIX.
il IPAKTHYECKOM NPHMeHEeHWH OHH MOSBOJISIOT TOTYYaTh
HO XopomMe HAGODBI CYIECTEeHHO BIMAIOIIMX tdar
Ef:, Kpome TOT0 MX MOXHO COMETATH ¢ APYTHMH IIOLXONaMH i 1::::
.31[;311:; ;:lf_HHGH nlpoﬁ.uemm, HAaNPHMED, ¢ 9KCOEPTHRIMH OIEHKAMH
T daxrTopos. Cpenr DOMATORBIX OpoLesyp orbopa
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qparTopor HamGomee TACTO HCHOIBIYIOTCH mpolelyphl IIOMIAro-
BOrO BEAIOUEHHA W HCKIIOUeHHA GaKTopoB. (be aTH NpoUesypel
xopomo (oPMATH30BAHEl H IOTOMY yCHEeIIHO PeajiH30BaHEl B
pasIUUHBIX MANIHHEBIX TPOTrPAMMAX CTATHCOTHUECKOTD AHAM3A.
Memod werxniouerus NpejoNaraeT NOCTPOeHHe YPABHEHHA,
BKIIOUAIOTIEro BCH COBOKYIHOCTH lePeMEeHHBIX, C [IOC eV IOIIHAM
1IoCie JOBATEIEHBIM (noImaroBsIM) COKpallleHHeM 4YHcaa Mepe-
MeHHEIX B MOJENH IO TeX [op, TIOKa He BBEITIOJHHTCA HEKOTOPOE
namepen sajgaEmoe yenospe. CyTb wmemoda aranYeus — B Io-
CceOBATETEHOM BKIOUEHHM TMePeMEeHHbIX B MOojels [0 TeX
mop, TMOKA PerpecCHOHHAA MOJE/b HE fymer oTBeUaTh 3apaHee
VCTAHOBJIEHHOMY KPHTepHIO KavecTBa. MMocnepoeaTe TEHOCTE
BIUTIOHeHHA onpeieifeTcs ¢ MNOMOIEI0 TacTHBIX ioatumen-
TOR KOppeTAlnHH: nepeMeHHEIe, MMEIOIHe OTHOCHTEIBHO HCC/Ie-
nyemoro TokazaTens Gonbulee 3HAYeHHE UACTHOTO roatUITHeHTa
KOppe/IALHH, TePBRIMH BRJIOYAIOTCH B perpeccHOHHOE ypasHeHHE.

Brime oTMedeHO, WTO OXHOM M3 IPeJNOCHLIOK NPHMEeHEHIHH
MEeTOMOE perpeccHOHHOIO AHANNIA JJIA TIOCTPOEHHHA SHOHOMETDH-
qecKHMX Momeneil HABNSETCH OTCYTCTBHE cPenM He3aBHCHMEBIX IIe-
PeMeHHBIX (daxTopos) THHEHHO CBA3AHHEIX. Ecmm gausas opei-
[MOCLIIKA He BEIIONHAETCH, TO BOIHHKAET, KAK YiKe CEAZRHD
BEITIE, ABJICHHe MYTBTHKONIHHEAPHOCTH, T.€. HAJIHTHE CHIBHOH
KOpPeNANMH Mex Ay HesaBHCHMEIMHA mepeMeHHBIMH (BEJIIOYEH-
HEIMH B Mojens darTopamu). B MareMaTHIeCKOM ACITEKTE MYyJb-
THIOLIHHEeAPHOCTE IPHEOTHT K cnaboi oBVCIIOBIEHHOCTH MATDHITH
cMeTeMBl HOPMATBLHBIX YpaBHeHwil, T.e. BIH30CTH ¢ ONpeAeIuTeNsd
K HYJIO, A B COIEP/KATeLHOM acmerTe — K HCKAeHHI) CMBLICIA
koI HeHTOR peTpeccld 1 3aTpYIHEHHI) BRISBIIEHMHE mEaufionee
CYIECTREHHO RINAIONIMX (HAKTOPOS.

OcHoRHEe TIPHYHEB], BEISEIBAIOIIHE MYIBTHEOLIHHEADHOCTE, —
HesABMCHMEIE TepeMeHHEIe, THOO XapaKTepHayHIiHe oo H TO
e CBOMGTBO MAYUIAeMOTo SBIEHHA, THHO ABJIAIINHECH COCTaR-
HBIMH 4HacTAMH OZHOMO H TOro JHe IpH3HAKE.

B HacTosilee BPEMA CYIIECTEYET PAJl METONOR, TO3BOJIAOIIIIX
OlleHMTE HAJHTHEe MyJILTHKOJIHHEAPHOCTH B COBOKYITHOCTH He-
SABMCHMEIX [IePEMEHHBIX, HAMEDUTH ee CTeleHb, BRIARUTL REATMHC
KoppelnpoRAHHEIE TePeMeHHbBIe H YCTPaHuTh HIM ocHaliTE ee
HerATHEHOE BIMAHNE HA PerPecCHOHHYIO MOMAEIb. Hamnbonee pac-
OpPOCTPAHEHHBIM METOJNOM BBIABJIEHHA MYJIBTHEOIHHEADHOCTH
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ABIAETCA MeToJl Koppenanuu. Ha mpakTuke cumrator, uro nBe
OepeMenHble KOMIHHeAPHE! (NMHHEeHHO 83aBHCHMEI), €CIH HapHBIH

KO0(QUIHENT KOPPeNSLHA MKy HHMH 10 abeolloTHON BelH-

"nHe npebbimaer 0,8. YVeTpaBsior MyIbTHKONIHHEADHOCTD uATIe

BCETO IIyTeM HCKIIOUEHMA H3 MOflesIH OQHOIO M3 KODDEe/IHpOBAH-
HEIX (JaKTOpPOE.

7.2. 3apayn aKOHOMUYECKOro aHaNu3a, PellaeMblie Ha OCHOBE
PerpeccUOoHHLIX 3KOHOMETPUYECKUX Mofeneii

Bonpocer mocrpoerns u memonszopaHuA AKOHOMETPHMeCKHX
Mofeneii paceMoTpuM Gojee mogpofHo Ha OpHMepe JHHeHHEIX
PErPECCHOHHEIX Mojeneil Kak B cjyyae IIapHOH perpeccHm
(onuodarropnag MOJie/Ib), TAK U B cliyyae MHOKecTBeHHOMN per-
peccHH (MHOroakTOpHAS MOJe]E); B TocaeqHeM cayiae Byaem
PACCMATPHBATE MOJENIH MHOMEeCTBEHHOH DelDeccHu Ha mpHMepe
JIHHEeHHOH AOBYXdaKTOpHON Momemn.

OcHOBY maTeMarHueckoro ANOAPATA I DACCMATDHBAGMELX
MoJie/iell COCTABIAKT TAKHE Dasgelbl MATEMaTHYeckoil CTATH-
CTHKH, KAE KOPPeXALMOHHEIN N perpeccMoNHEIi amagua. Hnsa
OHPENEICHHOCTH SHIOreHHbIE NePEMeHHbIe B 9THX MOLeIAx Gymnem
HA3BIBATE PESVNLTATHEHBIMH INIPHSHAKAMH M obOSHAYATL X,
K&K M paHee, 6yKBOH ¥, a sxaorenHnle nepeMeHHBIe OVIeM Ha-
3LIBATL (PAKTODHEIMN MPHSHAKAMH H oBOIHAYATE X ByiBoH x.
MeTome: KOpPPeIANHOHHO-DEerPeccHOHHOIO aHANNAA TO3BOLSIOT

PeIIaTh TP OCHOBHEIE 3A[44H: olpefeleHHe (GODMBEI CEAIM Me-

HAY PesyNbTATHBHEIM M GAaKTOPHBIMM IPHSHAKAMM, U3MepeHHe
TECHOTK! CBASH MeXAY HHMMU, OHANW3 BIHAHMA OTHENBHEIX
haKTOPHEIX NpUaHaKoB. PACCMOTDHM pelleHMe aTHx 3ajay 1Ia
YKa3aHHBIX BHAOE 3KOHOMETDHYECKHX MOJeNeil; IpH aToM aas
HATIAZHOCTH 6y/eM HIIIOCTPHPOBATE BEIBOILI HA KOHKDEeTHOM
IpHMepe SKOHOMHYECKOTO AHANHAA.

B tabm. 7.1 mpenerapment cratnermueck e IAHHEIE 0 Pacxo-
AAX HA NHTAHWE, IYIIEROM HOXOfe M PasMeDe ceMBH ANA TeBATH
rpyon cemeli. Tpebyercs mpoaHamHEMPOBATE BABHCHMOCTE BenH-
YHHBl DACXOOR HA NMHTAHHE OT BeIHYMHLI XYINEBOTO JOXOmA 1
pasMepa ceMEm.

B coorsereTBMu ¢ aTHM mepsut TokasaTens BymeT peayik-
TATHBHBIM LPH3HAKOM, KOTODBIH 0003HAYMM y, a jABa APYIMX

et ey m— Y

agom
L
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GynyT (GAKTOPHEIMH IDPH3HAKAMH, HIM [POCTO thaxTOpPAMHE, H
Bl MX oSo3HaYIM  COOTEETCTEGHHO Xy H Xa.

Tabnwua 7.1.
Pacxod Auweaoit Pu:al._uep
zf;::fu ra pumanue (y)|  doxod (x,) r:e,neud{xgj
1 433 528 1.6
2 G616 1577 2,1
3 a0 2659 2.7
4 1113 3701 3.2
53 1305 4796 3,4
6 1488 5926 3,6
i 1645 7281 a7
8 1914 9350 d.-,E
9 2411 18807 3,7

PaccmoTprM cHadajia oOOHOMAKTODHYIY JIHHEHHYI0 MOMelb
3ABMCHMMOCTH PACXOIOB Ha nHuTaune (y) OT BeJHUHHE AyIIeBOro
noxona cemeii (xp). OHa BRIpasKaeTCH JUHeHHoR dyvHERIHe] BHIA

U = ag + d, X1, (7.1)

nmapaMeTps! KOTOpoil @p H @) HAXOJATCH B pe3ysbraTe pEIIIEHH.'IT
cHCTeMbl HOPMAJBHBIX YPABHEHWI, KOTOpaA B CBOI O4epelb q::ﬁ_
MHDYETCH, KaK yie oTMedyaloch B IJI. 5, HA OCHOBE MeTozia 1 o
MeHBIIHX KBagpaTos. CHeTeMa HOPMANLHBIX YPABHEHHMH IUIA p
CMATPHEAEMOTO CJIYYAA AHATOTHYHA cicTeMe (5.5) U HMeeT BHA!

na, +{Zx1}al =%y
{Z x,)aq + (z xf)al =Y yx,,

e cYMMHPOBAHWE IPOBOIMTCH IO BCEM 1 I‘p],."]lf[ﬂl‘-![, Wenonsays
nanAbe Taba. 7.1, monyyuM cHeTeMY YPABHEHHI:

(7.2)

547254, + 540789321 = 98049159,

pelleHHMeM KOTOPOH ABIAKTCH 3HAYEHHHA dg = 549,68; a; =
=0,1257. Takum obpazoM, MOAENs MMeeT BHI
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i = 549,68 + 0,1257x,. (7.8),

Ypaeuenue (7.3) HABEIBAETCA YPASHEHUEM pézpeccull, KOa(-
dbunuerT a; — woapuytenmont pezpeccun. Hanpasnenue cEA3H
MeMIyY Y W X oOpefenaeT sHak woadQHIMeHTA DETPECCHE d; B
HAIleM cJyuae JaHHAas cBASEL ABnderTcH npamoii. TecHora sToif ..
CEASH onpeleldeTcd KOSGHUULEHTION KOPPeLAlun (mapueIM):

(7.4)

rae S, — cpeinss KeajpaTHYeckas ommbka BLIGODKH I M3

raba. 7.1
(¥ - )
.. [Zemv
T

¥ — cpenHas apudMeTHYIecKaA SHAUeHHH Y,

Sg‘rxl — cpenHss KBAIpATHUYECKAd oIDMOKA ypakHenud (7.3) mia |

UHCIA cTeneHeH ceobogsl 1 — 2:

T
S_flh o JZ{y - y}

n-2

rie § — COOTRETCTBYIOIEe SHaueHHe PAacXofloB Ha IHTAHHe,
BEIUHCJIeHHO: 0o MomgenH (7.3).

B srux dopMynax, KaKk M paHee, CYMMHDOEBaHHe BeleTCH IO
BeeM T'pynnaM ot 1 go n.

Hem 0Onuxe sHAYeHHE KOMpOHIMeHTA HKOPpeNAIWH K elu-
HHIlg, TEM TeCHEe KOPPeAAlHMOHHAA cBA2b. B Hamem npHMepe

K ot 2
Sy = 454070, Sﬂi' = 63846, cnemoBaTensHo,

{ 63846
F. . 1—— =]
bn 454070 il

o - I
YYEHHOe BHAYEHHE [y, CBUJETENLCTBYET, UTO CBASH MEXy

pacxojgaM¥i Ha IIHTAHHE W AVIDeBRIM JOXOOOM O4YeHbB TeCHAMN.
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BenmanHa r;x HAZBIBAETCH KOIPHUULEHTOA demepmutayu
1 .

{1 TOKA3EIBAET MNONI0 MaMeHeHMS (Bapuanyy) PesyJIETATHBHOTO
npuanaKa Ton feiicTBHeM (AKTOPHOTO npuaHaka. B HameM

cayiae r;x. —~ 0,859; aro osHauaer, uTo (AKTOPOM [YIIEBOTO

NOX0/a MOMHO ODBACHATL MOYTH 86% maMeHeHHA pacXo[oB Ha
IHTAHHE.

KoadduupueHaTsl perpecchuH (B paccMaTPHEAEMOM cJydae 5TO
roabdHIHeRT a1) Hejb3A HCMONBIOBATE IJIA HenocpecTEeHHOH
plEHKM BAMAHMA (AKTOPOE HA pesyILTATHBHBIN NPHIHAK H3-38
pASINYMA eTHHAL H3MepeHHA HCC/IefyeMbIX noxaaaTenei. A
ATHX Teneil BuUMCIAITCA KoadpHITHenTEl ajacTHYHOCTH B Gera-
woathpUIHERT.

Koagpuyuerm aracmuirocm J1a paccMATPHBAEMOH MO/IesH
napHoi perpeccHu paccYHTHIEAETCA MO (opMye:

e it 8 (7.5)

On MOKASHIBAET, HA CKOJILKO IDOIEHTOB H3MEHAETCA Pesyib-
TATHBHBI NpHSHAK Y IPH H3MeHeHHH (AKTOPHOTO OpHaHaRa
X1 Ha Of(HH IPOLEHT.

B mammem mpuMepe KoadbHIMeHT perpeccHH @i paBeH 0,1257,
a cpemaMe apudMeTHUECKHe X; M y PpABHEl COOTBETCTBEHHO

6080,6 m 1313,9. Iloaromy 1oa(phHIHeHT BIACTHYHOCTH Pacxonos
Ha TAHMEe B 3ABMCHMOCTH OT SYIHNeBoro AOXOAA Bymer papeH

_ 0,1257 - 6080,6

- 15 - 0,58.
i, 1313,9

Sro O3HAYAET, UTO HpH YBelMYeHHH AYLIEROro goxola Ha
1% pacxofsl Ha IUTAHME YBeIYATCH HA 0,58%.
Bemg-xoaguyuenm B HAIEM cayyae sanaeTed thopmyroit:

1S

rie S, u Sy — cpepune KRAgpaTHeckue omnbKu BEIOOPKM Be-

amuwE x; 7 y us 1abn. 7.1 coOTBETCTBEHHO.
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Bemmuuaa Sﬁ yaxe 6bLIa paccuMTaHa paHee u pasHa 454070,

1

noaroMmy BemyuumHa S, paBHa 673,8; aHanlormusEle pacyeTsl fa-
IOT 3HAYeHHe BeIHYMHBI .S:,',1 , paeHOoe 4242.0. Bera-woapduon-

HT MOHKA3RIBAST, HA HAKYI) YacTh BelHYHHEI CBOBOD cpegHeTO

KBAODATHYECKOTO OTK/IOHEHMA HWEMEeHWTCHA B CpPeJHEM SHAYCHMe

PesYyIBTATHEHOTND IPHAHAKA IPH HIMEeHeHHH (aKTOPHOIO [IpHIHA-
KA 1A BeHYHHY ero cpelHeKEBaPATHYECKOID OTHJIOHEeHHS.

B mameMm cayuae Hoaydaem ciefyioliee sHAUeHHe GeTa-Ko-
adubHORenTA:

0125742420

7 = 0,79,
Pox 673.8

T.e. YBelIMUeHHe AYIIeBOr0 NOoXofa HA BeJIMHYMHY CpefHeKBaapa-
THYECKOTO OTHJIOHEHHS 9TOT0 NOoKA3aTells NPHEEIeT K YBeIHUeHHIO
cpefHero sHAYEHWs pacxonos Ha muTaHWe Ha 0,79 cpegmexsagpa-
THYECKOTO OTKJIOHEHHMSA 3THX DACXOIOB.

PaceMoTpuM Temepk NBYX(aKTOPHYIO NTHHeHHYIO MOIeNb 2a-
EHCHMOCTH DACXOAOE HAa NHTaHHe (¥) OT BEJIMYHHBl AYIIEBOrO
Aoxona cemed (x;) M pasmepa ceMed (x3). Kax yme oTMmMeueHo
BEINIE, MHOMECTBEHHBIH (MHOrohaxTOPHEIH) KoppelalHOHHO-
PeTPecCHOHHBIN AHATHS pelllaeT TPH 3afaul: olpefenseT (opMy
CBABH DPedyJhTATHBHOTO IDHAHAKA ¢ (PAKTODHBIMY, BEIABJIAET
TECHOTY 9TOH CBASH M VCTAHABJIMEAET BINAHHE OTAeILHEIX
tharkTopor. B HameMm caydae aTa Mofenb MMeeT BHL:

=ag + 21X, +daXy. (TT}

IlapameTpsl MomenH @, @), B d; HAXOJAATCA IYTEM pelleHns
CHCTeME! HOPMAJLHEIX VPABHeHMH:

nay "'(E x‘i)al"" [E-’fﬂ)aﬂ 5 E!ﬂ'
(Z x:)% “‘(Z xf}al +(Zx1x2]ﬂz T ZH-’CI (7.8)
(X x2)ag + (T 2125 )ay +{z x%]az = ¥ yx,.

Henonbaya paEmble Tabn. 7.1, DONyYHM CHCTEMY HOPMAIBHBIX
VpaBHEHWH B BHIE:

FicoHoMemMPUtECKiLE Moderl

273

9a, + 547250 + 27,96, = 11825
54725a, + 540789321a, +194341,8a; = 98049159

27,9a, +194341,8a; +92,1a, = 40391,7.

Pemas 8Ty cHCTEMY (HaIpHMep, MeTOOM laycea), DOTyYHM:
ag=18,63; a;=0,0985; as=224,6, Tax uTo Mojenh (7.7) uMeeT BHA:

j=18638 + 0,0985x; + 224,6x,.

Jlns onpeneneHAA TeCHOTHI CBASH IPeJBAPITEIRHO BEIMHCIIAIOTCH
rapHbie KoadQHIHeRTEl KOPPEIAHA Py s Tyx, Trx, Harmprmep,
yxl 3 yxl {TaB]

r, =-——————,
yxy
8.9,

rle Wepra HaJ CHMBOIAMM O03HAYAET CPENHION aprpMeTHHE-
CEYyI0, a Sy ¥ 8, — cpeanne KBaJpaTHYeCKHE oImHOKH COOTEET-
1

cTBYIOMMX BLIGOPOK M3 Tabm. 7.1:

{ ) STy
Sy = Z—{yn-y_: 3,1 = -—r-l—,

ARANOTMUHEIE B EMeOT QOPMYIEL AJIH Ty, H Ty -
[Mocie STOre BBYHCIAIOT KoabhHOHEHT MHOMECTEEHHOH

HOPpeAOHHA

2 2 2

A Al s Ll

yx1 1 [ Xy

R i + r!l'-r YEy LTa o Xpia (T.]ﬂ]
iy = x
Xy 1= J"E

ST

KoTopRIH KoneboeTcsd B Ipegenax oT 0 go 1; wem Gmme oH K 1,
rem B Boabineil cTeleHH yYTeHBI (JaxTophl, BIHAONIHEE HA pesyJib-

TaTHBHEeN IIPH3IHAK.
B namem npuMepe pacueThl AT cleAylollee HAUEHHE KO-

adhpHIIHEHTA MHOXECTBEeHHOH KOppeIfAnnH: Rj, ., = 0,983, uro
RLIDe SHAUEHHA Koa(ipHIMEeHTa KOPPeNAOHH B CIyHae OLHO-
dpaxTopHoil Momemn. Taxmm obpasoM, cTeleHh TeCHOTEl CBA3H
pacxojloB Ha NUTaHHe ¢ (GaKTOPaMH AYIIEBOTO J0X0MA H pasMepa
cemeil ABAAETCH OUEHBL BBICOKOI.
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Beamunna R2
%, x, BASBIBAETCH COBOKYTHbLY o uermon

demepMuHayuil W MOKAIEIBAET JOII0 BAPHAIIII pesyIbTATHEHOTO
NPHAHAKA TI0J BO3/elicTBHEM H3y4aeMBIX (DAKTODHEIX IPHAHAKOR

B mamem npumepe R2
o RS

BJ’IZ{HHHB AYOIEROro AoXofa W pasMepa cemeil ofLACHSET IOUTH
97% H3MeHeHHA pacXo4OB HA ITHTAHHE.

3ajlaya AHANH3A TeCHOTHI CBASH MeHAY pPesyiIbTATHEHEIM H
ONHHM N3 (DAKTOPHEIX OPHSHAKOB IPH HEM3MEHHLIX IHAUCHHIX
APYTHX (AKTOPOR pemaeTcsi B MHOTO(AKTODHEIX MOmensx npu
NOMOINM Racmisly koapiuyuenmos woppernyuy. Tar, YacTHEI
HoB(PHHIHERT Koppelamun MEeHIY Pe3yVABTATHEHERIM H;)HEHﬂKDM
¥ mu -‘.i]aKTDpHBII'-I NpHEHAKOM Xy IPH HEHNEMeHHOM 3HAUYeHHH
(aKTOPHOTO MIPHAHAKA Xp PACCUNTEIBAETCS IO tdopmyae

= 0,966; »T0 03HAYAeT, YTO COBMeCTHOE

r G
by rr..'x, rx.:;

Tivrteay = :
Ja-r2a-r )
Ti¢ HMCHOJAE3YVIOTCA TMapHble KoadibHIMEHTEl KOppemAlMH, pac-
CUHTEIBAEMBIE N0 (hopMyIaM, aHanornyasiM (7.9). ;
AHanormvHas gopMyIa MMeeT MecTO ANA YactTHoro Koadd-
OHEHTA KOPPeNAMH Iy, (o ) MEMY DeayIbTATHBHEIM [TPH3HAKOM

(7.11)

H
y GAKTODHEIM DDPH3HAKOM X3 OPH HEU3MEHHOM SHAUEHHH
(haxTOpHOrO NpU3HAKA Xj.
IS pa
4 ,IIE PACCMATPHEAEMOTC NPHMePA YACTHEIE KoapHIiHeHETEl
R JLALMH PACXONOB HA MHTAHHE OT JYIIEBOTO TOXONA M pas
Mepa ceMell COCTABIAMT o

Tin(x) = 0927, iy (o) = 0,849,

T.8. OH
Hccﬂ':ecﬂom CEBASH MeXJAY PacXoJaMH Ha OHT e ¥ OTHHM H3
AYeMEIX (DAKTOPOB NPH HEMIMEHHOM SHAYEHMHH Apyroro
HBIAETCH BechbMA AHAUMTEMELHOH.
E
Sl E'::ql;-ﬂ ;I{ELGTHLIE E03qubHIIMEHTE KOPPeNAlHH BO3BECTH B KRBAJ-
mm, JIYHHM  wacmubie koaddutuenmo: demepaurarin
¥
9 HEBEBEII{:DIH& AOJII0 BADHAIIHH PeayIbTATHBHONO NpH3HAKA
M AEHCTBHEM ONHOTO H3 (GaKTOPOB NPH HeHEMEHHOM SHAYCHMEH
Apyroro tpaxropa. B Hamreit aajaue

B
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2
r;xl ry = 0859 = 0,721,
cIefoBaTe/IbHO, BIRAHMEM [VIIEBOrO JOXO/A npH HEeH3MeHHOM
pasMepe ceMbH ODBACHAETCH IOHTH 86Y% HeMeHEHHHA DACKOJA0B
HA MATAHMe, A MaMeHeHHe pasMepa ceMBH IIPH HEHMIMEHHOM Y-
meroM poxone ofbLACHAET fGomee T2% waMeHeHHA pAcXomob HA
OTHTAHHE.

BnuaHNe OTAeiAbHEIX (pAaKTODOBE B MHEOTOQAKTODHEIN MOIe-
JASX MOBeT OLITE OXADAKTEPHAOBAHO ¢ MOMOIILIO yAemHbLY KO-
apuyuenmos 3AACMULHOCTIL, KoTopesle B caydae JHHEHHOH
npyxdakTopHOH MoJelH (7.7) paccUMTEIBAIOTCS TIO (OPMYant:

;X g5 Gy

ey = 5 5 Yime ST (7.12)

I CcHMBOJIOM, Kaix H DaHee, O3HAYAET CPpegHIONw
apudMernueciyio. HacrHble KoadPHUIHeHTE] AMACTHYHOCTH MO~
KABEIBAIOT, HA CKOJBKO IPONEHTOR H3MeHHTCH peayJIbTATHEHELH

pesi 3HAYeHHe ogHOro K3 (aKTOPHBIX NMPH3HAKOB H3-
[AKA OC-

Hepra Ha

NpPH3IHAK,
semuTea Ha 1% , a sHAYeHHe APYroro (GaxkTOPHOTO IPHIE

TaHeTCA HEHSMEHHEBIM. 5
B paccmarpuBaeMoM IpHMepe & = 0,0085; ap = 224,6; y =

= 1313,9; T = 6080,6; X3 = 3.1, cneoBATENbLHD, TI0 (POPMYJIAM
(7.12) momy1uM:

0,0985-6080,6 _ 4.
1313,9

oL 224631
mEalx) — _1313‘9

; 1 _ 0.530.
D, (xy) = 0,53

Nro o3HAYAET, YTO NPH YBeTHUeHHH AYLIEBOTO JAOXOAA HA
OJlMH TIpOIeHT H HeHsMeHHOM pasMepe CEMbH pacxojikl Ha IH-
TaHHe YBeIHYATCH HA 0,456% , a yBeqHuyeHHe (yemosHoe) Ha 1%
pasMepsa CeMbH IIPH HeHaMeHHOM AYIIeROM JOXONe NPHBEJET X
EO3pACTAHHIO PACXOMLOB HA IHTAHHE Ha 0,530%.

OrnpegeseHHLIe BEIBOABL O BIHAHHA OTAEIBHEIX tpaxTopoBs HA
peaybTATHEHLIH MpH3HAK B clydae TMHEeHHOH MOofe/lH MHOME-
C-TBEH_'EID}TI perpec:}}{}{ MOERHO CIenaTh Ha OCHOBE pﬁ.ﬁ'LIETﬂ wECH-
Hblx Oema-KoapPuiyuenmod, KOTopse A1 pByxarTopHOM MO-

peaw (6.7) zapaiores QOPMYIAMH:
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ay S ayS
ﬁ!-:r { ] 2_.1‘.'-]'“_ Bn = 2 .t'-:
il : () x (7.13
S, s S, ]

HacTtaEle GeTa-KoahdHIHeRTED NMOKASLIBAIOT, Ha KAKVIO JOJII0
CBOETO CPeNHEKBAIPATHYECKOr0 OTKIOHEHHA HEMEHHTCA B Cpel-
HEM Ppeay/IbTATHEHBIH DPHIHAK IPHM M3MEeHEHWH OfHOTO Ha tha-
TOPHBIX NPH3HAKOB HA BEJHYHHY €r0 CPefHEeKBAAPATHYECKOro
OTHJIOHEHHA M HeH3MeHHOM 3HAYeHHH OCTAJBHBIX (haKTODOB.

B pacemarpueaemoit sagaye a1=0,0985; a;=224 6: S,=673,8;
S, =4242,0; Sy, =0,79, max uro pacyers: mo dopmymam (7.13)

AAIOT CNeAYIOMNe 3HAMEHNA YacTHEIX OeTa-KoaddHonerTon:

. _0,0985:4242,0 224,6 - 0,79
By z) = T RBEL LT 0,62; Py = m‘— ='0,26:

ITo 03HAYAET, UTO NPH HEHEMEHHOM COCTAREe CEMEH  YBelH-
eHHe HA BelHYMHY CPe/(HeKBAJIPATHYECKOI'0 OTKJIOHEHHSA paa-
Mepa IY[IeBOTo A0X0oja OPHBEET K YBeAMUSHHIO CPeJHEro aHa-
"eHHA PACXo/oE Ha nuTaHHe Ha 0,62 mx cpegmexmampaTHuecKo-
T OTKIOHEHHA, A NPH HEH3MEHHOM IYIIEBOM HOXOIE VBeJHye-
HHe pasMepa ceMeH HA BeIHYMHY ero CPeIHeHEBAIPATHYECKOID
OTEJOHEHHAA IIPHBeIeT K EDEP&GT&HHI’D PAcXoIoB HA OHTaHHE
mame Ha 0,26 ux cpemHeKBANPATHYECKOTO OTKIOHEHH.

7.3. OueHka KayecTsa aKOHOMETPUYECKMUX PErpecCHOHHBIX
MO/ieneii W NPOrHO3UpOBaHMe Ha MX OCHOBE

Bymem PACCMATPHEATE, KAK H B IPeILIIVINEM naparpacdpe,
JHHEeHHEIS SKOHOMETDHYECKIIE MoJeln perpeceru. Wx mauecrpo
OUeHHBACTCH CTAHJZADPTHRIM A JHOHOMHKO-MATEMATHYSCKHY
Mozeneidt ofpasoM: To afeKBATHOCTH o TOUYHOCTH. ATeKBAT-
HOCTE PerpecCHOHHEBIX MOJelel MoMmeT GRITh VCoTaHOBIEHA, KAL
H B CIyuae TPeHAOBBIX MOJieeif, Ha OCHOBe aHAIN3A OCTATOUHOMN
HOCTIeOBATEIEHOCTH; IIPH 8TOM [DACYATHRIE 3HAUEHIS MoJIyua-
IOTCA MOJACTAHOBKOH B MOJens (GaKTHUYeCKHWX IHAYeHMit BCex
BEIIIOYEHHBIX B MoJe/h arTopoB. OcTaTouHAS TI0CIeI0BATe THHOCTE
OpOBepAETCA Ha BRINOJHEHHe CBOHCTE cayualiHOH KOMITOHEHTED
BPEMEHHOTO 3KOHOMHYECKOTO pANa: GJIMI0CTL HYJIID MaTeMaTH-
HECKOTO OXHIAHHA, CAYYAHHEIN XADAKTED OTKJIOHEHM, OTCYTOT-
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EHiE ABTORODPENIAIMHM M HODMAINLRHOCTE 3AKOHA paclipejleNeHHA.
Ora TpoBepKA NMPOBOAHTCHA TeMH JKe MeTOLAMH ¥ ¢ HCIONb30Ba-
HHEM TeX e CTATHCTHYeCHHMX KPHTEeDHeE, UTo H I8 TPeHIOBBIX
momeneit (cm. § 5.2).

0 xauecTBe MOfeNell pPerpecCHH MOMKHO CYIHTE TAKMKE IO
sHAYeHHAM Koa(pHIHeHTa Koppeianuy (HHASKCA KOPPeasiHm)
¥ KoohdUOHeETa AeTepMHHAIHH AIA olHO(QAKTOPHOH MOJeId H
10 3HAUEHHAM Koa(qpHIHeHTA MHOMKECTBeHHOH KODPeIANHH H
COBOKYIIHOTO KoadduiHenTa JeTepMEHAIIHE I8 Mojejed MHO-
JHECTECHHOH perpeccHy. PopMyIel pacdeTa aTHX KoaqubHITHEHTOR
npueenedsl B § 7.2. Yem 6Gamxe abcoMOTHERIC BeHYMHEL yEa-
BOHHBIX KoMbduiveRToR K 1, TeM TecHee cBAIL MeXITY H3YUASMBIM
IPH3HAKOM W BEIGDAHHEIMH (PakTopaMy H, clefoBaTelbHO, ©
Tem Doibmeil YBepeHHOCTLIO MOMKHO CYIHTE 0f ageKBATHOCTH
NocTpoeHHOH MoAenH, BRAOYawineil B ceba Hanbosee BIMAIOIIHE
(hAKTOPEL.

Ilna oueHKXHM TOYHOCTH PErpecCHOHHBIX Mofeled ODBEIMHO
HCOOABSYVIOTCHA Te e CTATHOTHYEOKHe KPHTeDHH TOUHOCTH, 4TO
U A TPeHJOBBIX MOoIesaei, B YacTHOCTH, cpeJHAA OTHOCHTEIRHAS
omubka annpoxcumanuu (em. dopmyay (5.14)). Ilposepka
FHAYLMOCTIL MOdenl PerPeccHH TIPOROANTES ¢ HCHOILIOBAHHEM
F-gpurepna Puinepa, pacdeTHOe 3HAUEHHe KOTOPOTO HANOIHTCH
KAK OTHONIEHMe NHCOePCHH HcXofHOro pAfa HabmomeHHit
H3YYAeMOTro TOKaAZATe s M HecMelfeHHoll ONeHKH JHCIeDCHH
OCTATOUHOH MOCHenoBATeIBHOCTH IOA JaHHOH Mofedd. Hemn
pacueTHO® 3HAYEHHE HTOTO KPHTEPHA CO CTeNeHAMH CBOOOIEI
vi=n—-1uw=n—-m-1, e n — xonudecTBo HabmogeHHH
M M — YHCJI0 BRANYeHHBIX B MOZenak (axTopos, SolbIoe Tab-
IMYMHOTO 3HAUSHHA KpuTepus PHiepn IPH 3aJaHHOM YPOBHE
AHAYHMOCTH, TO MoJelk NPHSHAeTCH 3HAUMMOIH.

[Ipy npoBepKe KadecTBA PETPECCHOHHOH MOJEIM Hesecood-
pPasHO OIEHMTE TAKIKEe JHAYUMOCMb KOIPPUYLERMOS PEZPECCULL,
Pra omeHKa IpoBogMTed Mo t-cTaTHeTHKEe CThIOfeHTa NyTeM
[IpPOREPKH THIIOTE3EI O PABEHCTEE HYIIO R-TO KO(h(HIHEHTa per-
pecenu (k = 1, 2, ..., m). PacueTHoe sHaueHHe I-KPHTEPHA C SHCJIOM
creneHell ceobogwt (i — m — 1) HaxomaT nyTeM neNeHHA £-TO KO-
adipHOIenTa pErpecedH Ha cpPeIHeKBAJPATHUECHOS OTKIOHEHWE
9TOTO KoadpHIHeHTa, KOTOPOE B CBOK) OYePelb BEIUHCAIAETCA KakK
KBAIPATHREIL KOPeHh W3 IPOHIBCASHHS HeCMeIleHHOH OUeHKH

by
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AHCIIePCHH OCTATOYHOM KOMIOHEHTEI H k-To OTHATOHANBHODID

BIEeMEHTA MATPHILL, ofpaTHOH MaTpHie CHCTEMEl HOPMAIBHEIX
YpABHeHHH OTHOCHTENBHO IapaMeTpPOB MOJeNTH. DTO pacueTHOe
ZHAUeHHe cpaRHMEBAeTCA ¢ TaOMMYHEIM 3HAUeHHEM KDHTEDHS
CTriofneHTA NpH 32JaHHOM VDOBHE 3IHAYMMOCTH, H ecAH OHO
Donsmme TAGIWHYHOTC 3HAYeHHWH, KoaddHIMeHT perpeccHi cHMTa-

eTcA 3HaYnMBIM. B OpOoTHEHOM ojivdae HOOTHETGTHFIOLU.Hﬁ AL~ 8

HOMY KoMbhHOMeHTY perpeccHy daxTop clelyerT HOKJIIOUHTE H3
MO, TIDH 3TOM KadecTBO MOJEeNH He VXVIIIHTCH.

Ilepeiijen K BONpOCY SKOHOMHYECHOrO NMPOTHOZUMDOBAHMA Ha
OCHOEE MOJelH PerpeccMH, OpH sToM OyIeM NDpeXIodATATE, YTO

MOOelk, NOCTpOSHHAad Ha Hase BpeMeHHBIX PAJOE H3YUAEMOIO 1

HoKA3ATeNA H BKIIYEHHEIX B Moje/b (haKTopoB, ABIAeTcH ajle-
KBATHOH W JOCTATOMHO TouHOH. ITpH MCHOAL3OBAHKH IIOCTPOSHHOL
MOJIeJIM JIJI5 TTPOTHOZHPOBAHNA JleflaeTed TaKie NpelIoloKeHe
0 COXPAHEHWM CYIECTEOBABIINX DAHEe BIAWMOCEAZEH [IepeMeHHBIX
H HA MEPHON YIIDeXJeHH .

Jna NporHO3HPOBAHWSA 3aRMCHMON NepeMenHoil (pesyibTa-
THEHOTO NpHaHaka) #a [ maros Bmepej HeobxoguMo IHATE

NPOTHO3HBIE 3HAYEHHH BeexX BXOJALIHX E MOJEeNb (haKTOPOB.
OTH 3HAMEHHA MOTYT GRITE NOJYYEeHE! HA OCHOBE 3KCTPAITIONAIH-
OHHEIX MeTONO0B, HAIIDHMED, ¢ MCIHONBIOBAHHEM cpejHHx abco-
MIOTHBIX TPHPOCTOE (AKTOPHRIX NPHSHAKOBR, OHH MOTYT GhITE
TAHKEEe ollpejle/eHbl MeToIaMH SKCHeDTHRIX OLUeHOE HMIH Heo-
CPefCTBEHHO 3a/laHbl MCCAEIoBATENeM JSKOHOMHYECKOrD MpOIlecca.
ITporaosHLle aHAYeHHS (GAKTOPOR TOACTABIAIOT B MOIEIL H 110.;13?-
AT TOYe'THEIE NPOTHOSHBIE OIIEHKH HaYIaeMoro [noKazaTellid.
Jna onpegeneHna oblacTH BOZMOMKHEIX 3HAYeHMt peayIbTa-
THEHOT'O MOKAIATEIA IPH HEBECTHLIX 3HAMEeHHAX (PakTopoB, T.e.
OOBEPHTENBHOID HMHTEDBANA ITIPOTHORA, HEOOXOTHMO YUMTBHIBATE
ABA BOIMOMKHBIX HCTOUHMKA ommbor. OQmubku nepsoro poga
BBRISLIBAIOTCA pacceMBaHWeM pabmiomeHuil oTHOCHMTEALHO JTHHHAH
PerpeccHM, H HX MOMHO VUeCTh, B YaCTHOCTH, BeIMYHHON coped-
HeKBAJAPATHYECKOH OMHOKH ANNPOKCHMAIIHH H3VIAEMOro IOKA-
BATENA ¢ MOMOINBIO PETPecCHOHHOH Mojenn. ObosHAUHMM 5TV Be-

NHYHHY S; ¥ BRMHMCINM ee 1o dopMmyle, aHanornynoi (5.15).
OmMO KM BTOROED. . POgA - 00VCIOBIEHEL TEeM, UTO B HelcThH-

TeNBHOCTH JHeCTHO 3AMAHHBIE B MoMell xodddpHIiHeHTsl perpec-
CHM ABMAKTCA CAYYaHHBIMH BelWYHHAMM, paclipeleleHHEIME
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no HOPMAalNBHOMY 3aKoHY. OTH OmMUAKY VURTHIBAIOTCA BBOJOM
ponpaBoyHoro KosdwpmmueRTa [PH pacueTe IMHEPHHE JOEEDH-
relLHOTO HHTEpBANa; opMyIa AJs ero pacueTd BEIIOHAST Tab-
nUYHOE 2HAVEHMe [-CTATHCTHEH OpPH 3aJaHHOM YDOBHE S3HAWH-
MOCTH ¥ 3aBHCHT OT BHA PerPecCHOHHON MOJeNH. 1
Ina mHHeAHOH omEo(haKTOPHOH MOeNH, obIOHi B KOTOPOMH
MMeeT CTPYKTYDY, aHamormyHywo (7.1), BemrinHa OTKJAOHEHHA OT
JMHWH PerpeccHi 3a/laeTcsd BhIPAKeHneM (obosmawm ero R):

R(n,L,a) = Syt |1+ 1/n + (x,p — 8 D (% - %, (114

=1

Bneck n — wuueno Habmopmenuit, L — KoJHUECTRO MIATOR
BIIepej, (. — YPOBEHE 3HAYMMOCTH MPOTHO2A, X; — madaionae-
moe aHaveHHe (AKTOPHOrO NpH3HAKA B MOMEHT i, ¥ — CpejHee
sHauenme HafmogaeMmoro daxTopa, X,.; — IPOTHO3HOD SHAWE-
HHe thakTopa Ha L maroe emepej.

Taxum ofpazoM, A pACCMATPHBAEMOH MOjIeT thoprya
pacuera HIDKHeH W BepXHeit TDaHMI [0BEPHTENBHOTC HHTEPEA-
8 MPorHO3a HMeeT BHO:

Uy, = nss, + R0, L), (7.15)

rae i, O3HAYAET TOUEYHYIO IPOrHOZHYIO ONEHKY H3yiaeMoro
peayJRTATHEHOIO MMOKA3aTess 10 MOJeaH Ha L maroe Bmepej.

Bonpockl U 3afaHus

1. MHaitre obmee DoOHATHE arxoHOMeTpAYecKol Mogenn. Haxme
RMIEL DKOHOMETDHYECKHX Mofjesieil BEI araere?

2 UYey BLIGHEASTCH ABJISHHEe MYJIBTHEOINHHEADHOCTH B MHOTO-
(PAKTOPHEIX SKOHOMETDPHYIECKHX mogexax? Kax aTo ABneHHe
cEA3bLIBAESTCA HA KadecTBe MoJelel M KAaK OHO yerpaaseTca?

3. Kaxpe sagauy sxKoHoMHUYelKOTO AHANMI3A pellaloTed Ha 0C-
HOBe 2KOHOMeTPHUECKHX Mofeseif perpeccuu?

4. PackpoiiTe sKoHOMHIeCKYH) HHTeDIIDETAIHIO koadhdunueHTOR
napHoil M MHOMeCTBeHHOH KOPpelAlHH, KoaddHIIHeHTOR
AETEePMHHALME, COBOKYITHBIX KOS(QHIIMEHTOB NeTePMITHAIIHH.
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5. IloscHNTe 3KOHOMHBUeCKHH cMBIcl KoathduiiHedTa annc'ﬂrq M I pouasodumens: Dondoasacopy- | Fiepeosooplyscen-
HocTH ¥ DeTa-KoapdHIlIeETA, - faanain Hocmb mpyda (¥) | wennocms (x() Hocmb (Xg)
6. Ha ocHoBaHMM KaKHx Koa(hdHUIMEeHTOR MOMHO ﬂpnmmnnarrpm 1 74 .38 56
BATH BJHAHHE OTJANLHLIX (DAKTOPOB B JHHEHHBIX MOLENAX . 2 84 34 58
MHOMKECTESHHON perpeccHu? 3 73 36 67
7. Kaxum ﬂﬁpaauM MOKeT DBEITH OLEHEeHO KAYecTBO JTHMHEHHEIX | E] a5 0
Mojeneil perpeccHH? ' 5 56 33 73
8. PackpoiliTe cyTh HOXYYeHMs TOYEUHHIX H HHTepBMLpr 6 71 37 A
TMPOTHOSHLIX IHAUEHWH pPeaVALRTATHBHOTO MOKASATENA Ha 7 117 a9 78
OCHORe PErPecCcHOHHEIX Mojeneil. ! 8 111 42 99
] 135 48 a3
10 125 44 96
YnpaxHeHus
Tpebyeres:

1) paccuyuraTs TapHBIe KOM(DpHIMEHTEl KOPPEIAIMH W MOACHHTE
X PKOHOMHUECKHI CMBICH;

2) HalTH KoaQPHIHERT MHOMHeCTEeHHOH KOoppeldanHH H Co-
BOKYOHEIH KoadbHIMeHT AeTepMHHALMH H OXapakTepHioBaTh
CTemsHbL COBMECTHOTO BIMAHHNA (GAKTOPeB (QOHIOBOODYHEHHOCTH

1. Jampnsie ompoca BOCEMH I'PYIO ceMeli o pacxofax Ha npn-_:-l
IVETHEl IHTAHHA B 3ABMCHMOCTH OT VPOBHSA [0XOO0B CeMBH
OpUBENeHsl B TAbIHOe (YHCIa OTHOCHTEeNRHBIE B DACYETE HA
100 py6. moxoma ¥ pacxola): 1

i1 U SHEProBOOPYIKeHHOCTH HA NPOM3BOJHTENEHOCTD TpYAa;
SOPRE CLCILE) LAl o0 | 8,61 7,60 98 112,0134, 5 715,00 3) moeTpoUTE MOAEIE MHOKecTBeHHON IHHeHHoH perpeccHH
Eﬁ;:fxizl EE i e 11 14l 20| 24| 28| 31| 85 0 NpPOHaBOIMTENIBHOCTH TPY/AA 0T (axTopoE QoH/0- B 3HEPrOBOOPY-
H WMEeHHOCTH;
4) paccHMTATE YACTHELE KoathduHeHTH KOPPeIAIHH, JeTeD-
dpsfiyeros. T MHHAINH, 3IACTHYHOCTH H YacTHble Dera-Koa(pUIIHeHTEl I ¢ HX

1} paccuuTare KoaddHOHEHT KOPPeNANMY H OIEHHTE TECHOTY |
CBASH Me® [V IoXoIaMH CceMbM M pacXofaMH HA TIPOIVETEL ITH- ;
TAHHA;

2) nocTPoUTE MHESHHYID ogHOPARTODHYIO MOTels 3aBHCHMOCTH
PACXOIOE HA MHTAHHE OT TOXONA CEMBH;

3) paccunTarhk Koa(pPHIMeHT NeTepMHHAIMN, KoadduiHeHT
AAACTHIHOCTH # DeTa-KoadMIHeHT B TOACHATE HX 2KOHOMHBYE-
CHEHIH CcMBICT;

4) HalTH ¢PeIHION I0 MOJYIK OTHOCHTEILHYIO OIMAOKY All-
MIpPOKCHMAIIHHE M OHeHHTE TOYHOCTE NOCTPoeHHOH perpeccHoEHOH
MOTEJTH. -

2. Peaynsrarel obcleJoBaHHMA JecATH CTATHeTHYecKH OIHO-

POOHBIX HIMATOE (hHpMBl TpHEeMeHE! B Tabaume {HQPED

YCIOBHEIE):

1OMOIIBIO OLEHNTE BIMAHHE OTAeNbHBIX (axkTOpoB (IpH Hews-
MeHHOM SHAYeHHH JDPYTHX).




ITMABA 8
HEKOTOPBIE NMPUKNAOHBLIE MOAENA
SKOHOMWUYECKHUX NMPOLIECCOB

e

» MonenupoBanue cnpoca 1 HGTF]EEI'IEHI-‘I'FE

= Mogenu YNEasnenuns Janacamu

* MogenMpoBaHWe CUCTEM MacCoBOrD oBcnyxuBaHus

o SNEMEHTH TEOPMM WP B 334343 MOAENUPOBAHWS SKOHOMMYECKMX
npoueccos

8.1. MopenupoBanue cnpoca U notpe6neHus

Ileneean ¢pynrxyus nompebrenun u moderuposanue
nosedenun nompebumeneil

B ycioBHaAX DEIHOYHON CcHCTEMB! VIDABIeHHSA NPOH3BOICT-
BeHHOH ¥ cORITOBOH NEATeNLHOCTBIO NpefOpHATHI ¥ QHPM B
OCHOBG NPUHATHA X03AHCTREeHHBIN DelOeHHI JeyKHT phIHOUHAS
HHGOpMAaIHA, a 0BOCHOBAHHOCTE DENIEHWI [POBEDAETCH PEIH-
KOM B XOJe PeanusallMi TOBAPOB H yeayr. IIpu TakoM monxofe
HAYANBHEIM NYHKTOM BCETD IHKIA NpefDHHEMATEILCKOH Jed-
TEIBHOCTH CTAHOBHTCH HaydeHHe NOoTpefHTelNbCKOro cIpoca.
PaceMoTpHM HeroTODBIe BONPOCHE] MOJeMHpOBAHMS clIpoca H ID-
TpebIeHNA.

YpoBeHb yIOBIETBODEHHA MaTepPHANLHLIX HoTpebHOCTell 06-
mecTea (YpoBeHE HoTpebIeHmA) MOMHO BLIPA3HTE LeleBoH
¢byErouei norpebiaenma U = U(Y), roe BexTop nmepeMeHHBIX

Y = 0 Brawouaer pasHooOpasHEIe BHABRI TOEAPOB W yeuyr. Psapg

cBOHCTE 210if GyHKNUH YH0OHO H3IYYATH, MCIONL3YHA TeOMETDH-
YecKyH HHTepnperauuin ypaeremuit U(Y) = C, rge C — me-

HAWIHIICA NapaMeTp, XapakTepusywuuil sHaveHHe (ypopeHB)

Oenesol GyHKIHK DorpebledHA; B KadecTEe BelWIHHEEB (' MO-
sKeT BRICTYIATE, HANPHMER, JOX0[ HIH VDoBeHE MATeDHANLHOIO
OIarccoCTOAHMA.
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B npocrpagcTBe NOTPefHTENBCKMN DAAr HAXIOMY YPaBHeHHNO
U(Y) = C coorTeeTcTBYeT OMPeIeleHHAH TOBEPXHOCTE DABHOLGH-
HelY, WM Oeapasnu4ynkix, Habopos Diar, KoTopasd HASLIBASTCH
nogepxHocmely Geapgaiuywud. oA Hari#aJHOCTH pPACCMOTDHM
IPOCTPAHCTRO OBYVX GJar, HaupHMep, B BHIe IBYX arperupoBaH-
HBIX PV TOBAPOB: NPoSYVETE MHTAHHA (y1) M HEOpoJOBOJABCT-
BEHHBIE TORADEI, BRIIOYan yeayvr# (ye). Torga ypoeHH mejesoi
DYHKIHE ToTpefIeHHA MOMHO H300pasuTh: Ha IJIOCKOCTH B BH-
e Kpusply Ge3paianviii, cooTBereTEYNIONE PASIHYHBIM SHATe-
auam C (puc. 8.1, rae Cy < €5 < Cag).

Bynem manee MoNB30BATE-
cff TePMHHOM <¢KPUBEIE Ges-
pasIMdYuAs BHe S3ABHCHMO-
OTH OT pAa3MepHOCTH IIpo-
CTPAHCTEA NOTPelMTeMLCKIX
faar (KoJHYecTEa PYIO
TOBAPOR). -

Wz ocHOBHEIX CEOHCTE Ue-
41 nenoit OVERIMH ToTpefaeHmn
o ¥ OTMETHM CJIeiyIonme:

1) dvexoua U(Y) aena-
eTcd Bospacrawmel dyui-
1Mell BCex CEOHX ApryMeH-
TOR, T.e. yBeJuueHue norpebiaenus awoboro Giara npH HeHsMeH-
HOM VpoEHe HMoTpebieHHA BeeX APYTHX Gaar yBenuMuBaeT 3HA-
yenne fappol dyvarnuH. [lostomy Gomee yoamempas oT Hadamza
KOOPIHHAT KpHBAA DespasiHuUHA COOTBETCTBYeT DoNbiDemMy sSHA-
YeHHIO HeneRold GyHKINHE ToTpefleHHA, o caM IIPOMEece MaKcH-
MH3ANMHE 9T0H QVHRIIHE HA HEKOTOPOM OPPAHHYCHHOM MHOME-
0TEe JONYVCTHMEIX HeKTOpPOB Y MOMKHO HHTEDOIPeTHPOBATE Kai
HaxoiceHHe [JOIYCTHMOH TOUEN, OpMHALIe:xaueil KpHpoil
BeapaslHyNd, MAKCHMAILHO YIAICHIOH OT HaYala ROODAMHAT,

2) wpuEple Despasz/MUHa He MOrYT IepeceKaThed, T.¢. Heped
OJHY TOYKY IPOCTPAHCTEA Gaar (TORApOB, YCJIYT) MOMNCHO [IPOBECTH
TOTBLKG OIHY NoBepXHocTh Despasmrmums. B nporusHoM coayuae
ofuH ¥ ToT Me Habop Gnar ONHOBpPeMEHHO COOTBETCTBOBAJ DBl He-
CKOJBKHM PAsHBIM YPOBHAM MATepPHANBHOTO BIArotocTOAHMSA,

3) rpupbie Geapasnauyufd HMeNT OTDHIOATSNBHBEIH HAKIOH K
Kasgod ocH KOOPAHMHAT, IPH aToM ADCOMIOTHRIH HaKNOH KDH-

a4

Ca

k

Pue. 8.1
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BBIX' YMeHBIIAETCH NPH ABIHeHHH B IOJOM(HTeJNEHOM HANDaR-

JeHHH 110 KAasJoil ocH, T.e. KPHBBIe Ge3spasJHYHA ABIATCH
BBINYEJIBIMH KPHBEIMH.

MeTons!l HocTpOeHHA HeleBoil QYHKIHH noTpebileHHs OCHO-
BaHLl Ha o0ODINEHMM ONEITA [oBeJeHHA NoTpebHTeNed H TeH-
OEHIMI NOKVIATENIECHOTO CHOpPocA B 3ABHCHMOCTH OT YPORHS

fnarococToAHHA. B HadecTBe OpHMepa NpHBejeM HKBAIDATHY-

HYI [eleBVH GVHKIHMIO HoTpeb/ieHHA NIA TpeX ATPETHPOBAH-
HEIX TPYIII TOBAPOS, NOCTPOEHHYI) HA OCHOBe o0paboTKH IaH-
HEIX DIOMMKETHOH CTATHOTHEN

U(Y) = (1 - 1,841a)y; + (1 - 2,054a)ys + (1 — 2,116a)ys +

+ 0,668-10~4y? + 1,230 10 4yqyy + 1,234 10 4y1y5 +

+ 0,506 - 1(]‘45;% + 1,104 - 10 4ysy5 + 0,492 - 10‘4y§,
roe IAPpAMETD @ O3HAYAET 4HCJI0 fgeTell B ceMbe, j; — HOoTpebie-
HHE OPOAYKTOB IHTAHHA, Yo — NoTpebiedue NMPOMEBIMIISHHEBIX
TOBAPOE, iy — NOOoTpebleHHe NAATHLIX youyr (B eroMMOCTHOM
BRIpAMEHHM).

IlepeifizeM E BOOpocY MOIeIHDOBAHHA IOBeIeHHA IOTpPelH-
Tejlel B YCIOEHAX TOBADHO-JeHEe:RHEIX OTHOINeHHH Ha base ue-
JEeB0OH GyHKOMH Dorpebmenus. B ocHope Mojenyu IOBeJeHHs
norpebuTened JAemMT rHIoTesa, YTC NoTPebHTENH, OCYINeCTRIAA
BRIGOP TOBAPOR IPH VOTAHOBIEHHEIY [IeHAX ¥ HMemINeMcd JoXode,
CTPEMATCHA MAKCHMH3HDOBATE YDOBEHE VIOBIETBODEHHA CBOMX
ooTpebHoCTEH.

' IIycTh B OpoCTpPAHCTBE /i BHAOB TOBADPOB HCCAEJYeTCH IIOBe-
JeHne CoBOKYNHOCTH moTpedmrened. O0oaHAYMM CclUpoc IoTpe-
fureneil uepes BEKTODP Y = (Y1, U2:..., Ypy), O HeHBl HA PAIJIHU-
HEle TOBAREI — Uepesd BeKTOD P = (pq, Po,.-., Oy)- 1IpH BenrwunHe
Joxofa D morpebHTe H MOTYT BRIGHpATE TOABHKO TakHe KoMOH-
HAUHH  TOBAPOER, KOTODEle VIoBAeTBOpAWT  Grdxemuomy

n
DZPAHUNEHUKD Z py; = D. TIpejiiosoanm, 4To NpeJnouTeHHe Ho-
i=1
rpeburenell Ha MHOMECTEE TOBAPDE BRIDAMAETCH EJeBOMH
yurnmeil norpebremma U(Y). Torga npocreidimas Mogens mo-

Bejenua norpeburenelt B BexTopHOH GopMe saoucH OyaeT
HMeTE B[

U(Y) — max;
PY = D; (8.1)

Yz0.

T'eoMerpiveckan uHTepnperanusa mojenn (8.1) aasa nByX ar-

perHpPOBAHHEIX TPYIII TOBADOB IIpe/icTABJIEHA HA PHC. 8.2,
Juaua AB (B 1npy-

¥a rEx BapHaHTax A;Bi,
% AgB,) coorBeTcTByeT GIOI-
A HETHOMY OrpaHHUYeHHID

H HasseaeTcH Godicem-
Holl aunuell (e, Bojee
noapobao § 8.2.). Bei-
fop morpebHTenei or-
paHHYeH TpeyroJbBHH-
kom AOB (4,08,
o B By a8 1w Ag0B3). Habop ToBapos
Puc. 8.2 M, coomemmymmnﬁv
TOYHSe KACAHWA IIDAMOM
AB ¢ gantosee oTganenHol Kpusoil OespasiuulA, ABMAETCT OO-
THMANBHBEIM pelleHHeM (B ADYTHX BapHAHTAX 3TO TOUKH Ku L).
Jlerxo saMeTHTE, uTo aTuHHMHM AB u A;B; cCOOTBETCTBYIOT OJHOMY
M TOMY JXe pasMepy Joxoja H pasHBIM IlgHAM Ha TOBAPEL U) H Y
nuEES AsBs cooTBeTeTEYET GoNlbIIeMy pasMepy JOXOJ4.
Onupafck Ha HeKOTOPHIE BEIBOJLI TEODHH HelHHeHHOTo Ipo-
rPAMMUDOBAHMA, MOYMKHO ONPENe/UTE MaTeMaTHYecKHe yCIORNA
onTHMATEHOCTH pemtenuit aas Mogenm (8.1). C sapaveii Hean-
HelfHOTO NpOrPAMMMPOEAHHA CBAJHIBAETCA TAK Ha3bBIBAEMAT
dyuxnua Jlarpanska, KoTopad AId 3aga4d (8.1) uMeeT BHL

L{Y,A) = U(Y) + MD - PY),

rie MHOMHTelb Jlarpamsa A ABIAETCH ONTHMANEHOH OIeHKOH

M I
A

v

oXoma.
OfoamauuyM yYacTHLIe npouseogasie dyrkimuy U(Y) gepes Uy
U, =M. S7TH NpoM3BOJHBIE HHTEPHNDETHPYIOTCA KaK Ope-

ay;
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JlenbHBIE MOOJedHEle a(gherTh (npedenbrble NOLEIHOCTUL) CODT-
BETCTEVIONMY IMOTpedUTelReKHX DIar M XapaKTepH3yioT NpH-
pocT neneBol dyHKIUH ToTpebieHMsA NPH YBeNHYCHHH HCIONb-
3oBaHHA i-To biara (Topapa) HA HEKOTODRYH VCIOBHVIO «MalIVIO
eTHHHILY ».

HeobxoUMEIMH VCAOBHAMM TOTO, YTO BEKTOD Y? 6yper on-
THMaJLHEIM pellleHHeM, Aenatored yenopua Kyma—Takkepa:

U{Y? < a%;; i=1,n,

IPH 8TOM

UY" = 3%; , ecan y] > 0 (ToBap mpuobperaerca), (8.2)

U(Y?) < A0p; , ecm y? = ( (ToBap He npuobpeTaeTes),
Yt = D.

Tocnegaes us coorHomeHuil (8.2) cooTBeTCTBYeT IIOJNHOMY
HCOONLIOBAHUIY JIOX0NA, B JJIS STOr0 cIyYad OYeBHJIHO Hepa-
gerereo A" = 0.

Wz yenoswii ontTuMmansrocTH (8.2) caegyer, 4To

ﬂﬂ =)D
o
i

Sro osHAUAST, ITO HOTpebHTElH DoLHKHHE BROHpaTE TORAPED

TakuM obpaszoM, uToDBl OTHOIIEHHEe IPefelbHOH I[ONe3HOCTH K

IeHe ToRapa OLLO OJMHAKOERIM ANA BeeX NPHOOpeTaeMBEIX TO-

epapoB. [pyruMn cloBaMH, B OOTHMANLHOM Hafope npegeibHble

OAe3HOCTH BBEIOMpAEMBIX TOBAPOB JOJKHEL GBITE NPONOPIHO-
HAJIBLHEI TeHAM.

y' > 0.

Dynryul NOKYNLAMERBCKOZO CRPOCA

OyEKIHAME NOKYIATEIBCKOTO chpoca (Janee Gyaem Hasbl-
BATE HX IPOCTO (PYHKULAMI cRpocE) HA3EBaOTeH] QYHKIIAK, OT-
PAEMAIONIME 3ABHCHMOCTE o0BeMa cIpoca Ha OTHeNbHEBIE TOBAPEL
M YeIYTH OT KoMITekca GaxTOpoB, BIMAIOIIHX HA Hero. Taxwne
GOYEEIFEH OPEMeHAKTCH B AHANHTHYECKHX MOJEIAX clipoca M
moTpedIeHRA H CTPOATeA HA OcCHOBe HHOpODMAaUWH O CTPYETYPE
AOXONOB HACENeHWS, [eHa¥ Ha TOBADEI, COCTABE ceMeil B IpYyTHX
taxTopax. PaccMoTpuM NocTpoeHHe PYHKIUMH cIpoca B 3aBM-
CHMOCTH OT JABYX (akTOpoE — OOX04 B lieH.
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Iyers &8 mogenn (8.1) mensl 1 goxojl paccMATPHBAKOTCA KAK
MeHAIMHecs napaMerpst. [lepevernyio goxona GyiaeM obosHauaTs Z.
Torga pellleHWeM ONTHEMH3aNMoHHOH sajaun (8.1) 6ymer Bek-
ropHaa ¢yuxmua Y0 = YO(P,Z), xoMmoHeHTAMM KOTODOH ABIA-
10TeA QYHKIHH cIpoca Ha olpefeleHHRIH TOBAR OT LEH H goXoma:

yf = 1(P, Z).

PaceMorpusM YacTHBRIN caydai, KoTga BeKTOD OeH oCTAeTCH
HeHIMeHHBIM, & HaMeHAeTcAd TONBEO goxon. [ljis ABYX ToBapoB
aTOT caydail npefcraBied Ha puc. 8.3. Ecau no ocH abenuee or-
JIOMHTE KOJITYecTBEO eIIHMI] TOBAPA [f1, KOTODOE MOM(HO npmobpe-
oTH Ha HMeromuiica goxon £ (Touxa B), a no ocH opOHHAT — TO
JKe caMoe JUIA ToBapa Yo (Touxa A), To npsamas auEHA AB, Ha-
aLIBAeMAA OIOMMeTHON JAHHHel, NoxasbiBaeT mobyio KomOuHA-
OHID KOJMYeeTH THX JBYX TOBADOE, KOTOPYIO MOMHO KYIHTE 24
cymmy memer Z. Ilpm yeenuyenns joxofa Omj#eTHEIe JHMHHH
IepeMeIainTed MapaljelbHo caMuM cebe, YIAMAACE OT Hadala
KOOpAHHAT. BMecTe ¢ HEMH IepeMeIIAIOTCA COOTBETCTEYIOL{HE
kpHBEle GezpasnarunA. TouRaMH oOTHMYMa clipoca HoTpefHTe-
Jell JIA cOoOTBeTCTEYIO-
MUY PasMepoB moxona
OyoyT B JOaHHOM ClIy-
yge Toux®d My, Mo, My,
IIpl HYIeBOM JOXOMIE
copoc Ha oba Topapa HY-
nepoii. Kpueas, coepn-
gaoman Touxu 0, M,
Mo, M3, apngerca rpa-
thIIecKHM  oTOOpaNKeHH-
eM BEKTOpHOE dyHKIHA
0 B y, cHpoca OT jioXojja NpH

3a[aHHOM BEKTOpDE IeH.

iy &

v

Puc. 8.3

A MNpumep 1. PaccmorpuM npoiecc aHaNHUTHYECKOro IocTpoe-
nus yHKOHI cOopoca OT JOXofa HA OCHOBe Mofenu (8.1) mHa
KOHKPeTHOM VCIOBHOM npumepe. IIVeTE I1A IBYX TOBAPOE He-
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nNeBad GyEKIHA norpebneEna mmeer Bug U(Y) = ylyg; BER'I‘GP':'
men pasen P = (3; 6); semmumua foxofa pasHa Z. Tak xak B

IAHHOM clIydas OpegeflbHble TOAe3HOCTH HMEeWT BHIL

au(y oLt
Uy =L=y§; Us =-—,,[Y}

- =3yys; D=2,
iy oLy

To HeoOXoAHMbBle YCIOBHA onTHMyMa (8.2) mawnoT caeiyviomyio
cHeTEMY ypaBHeHHI (A — mMHoMETens Jlarpamxa):

ye =3\
Eylyg = BA;
ayl + ﬁyz = F.

Ilocae mogcTaHOBKH IepBOl0 YDABHEHHA BO BTOPOE MOJYVUHM

35;15;% = 2y§ . Bripasue #a TpeTherc ypasHeHus 3y W OOJCTABHE

B IOCAegHee PABEHCTBO, OyvieM HMeTh (Z£ — By jy% = Eyg s OTHYIa
MOMHO IOIYYHTE, 4T iz = 1/8 Z. TlojeraBue aToT peayisTaT B
TpeThe YpaBHeHHe, MoayvueM iy = 1/12 £. Takum obpasom, guoa

OAHHOTO IpuMepa GVHEIWH cIIpoca HA TOBAPBI If] M Yo OT JOXoJAa
£ HMeOT BHI:

y1=1/12 Z; y =1/8 Z. A

OpuodarTopable GYHEUMH clpoca oT JoXofa IDHDOKO IIPH-
MeHAIOTCA NPH aHajnde NoKylaTelkeKoro cmpoca. CooTmerer-
EVIOIOHe 2THM (yHEROUAM Kpussle y; = f; (£) HaswBawTes Kpu-
ebimu IHzeas (M0 MMEeHH M3Y4aBIIero MX HeMel[KOro aKOHOMHCTA).
DopMEl 3THX KPHBHIX JJIA PA3NWYHEIX TOBAPOE MOTYT GBITH pas-
auuHel. Eeaw cnpoc Ha ZAHHELIE TOBAD EBO3PACTAET HNPHMEDPHO
NponopIHOHANEHD NoXony, To (hwHKINA fyger JAuHeHHOH, KaK B
paceMoTpenHonM BelIoe npEMepe. Takolf xapaxrep MMeeT, Ha-
HpHMep, cIpoc HA oIe}Iy, PpyKTE H op. Kpusasa JHreas Qaa
BTOTO CIVUAA NpefcTABIeHs Ha pic. 8.4a.

Ecan mo mepe pocTa Aoxofa clpoc HA JAaHHYK IPYIIY TOBADOB
BozpacTaeT Bce GoJlee BBICOKHMH TeMIAMI, TO KPHBAH JHrens
Bymer BEITYRI0N (pHe. 8.46). Tar Beger ceba copoc Ha npejme-
TEI POCHOTITH.
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Eenu poeT 3gaYeHH cIOpoca, HAUWHAA C ONPeAeeHHOro MO-
MeHTa, o Mepe HachIIMeHHA clipjoca OTCTAET OT POCTa N0Xo[a, TO
KpHBag DHrejis MMeeT Buj BorHYToH EKpHBOH (pme. 8.48). Ha-
npHMep, TAKOH XapaKTep MMEeT CIpoc HA TOBADEI NepBoi Heof-
XOTHMOCTH.

] 1; ¥ L 3

v
v

v

a) 6) B)
Pue. 8.4

Tor se NPHHITHN PASrPAHMYEHHMA IDYNIN TOBAPOB 10 THIIAM
(YHKIMA cOpoca OT AOXONA HCIIOAB3OBAJ IIBeJcKHE  aHOHO-
mucr JI. TopEKEHCT, KOTOPEIH NPEJIOKHI CIeI{HANBHEIE BHLI
dyERIHH copoca (PyHryuLL TopHisucmae) BIA Tpex TPYOI To-
BApOB: IepBoil HeobXofHMOCTH, BTOPOH HeoOXOJHMOCTH, Ipeil-
METOE POCKOIIH.

dyuknna TopHKBMeTa A8 TOBAPOE NepBoil He-
ofXoHMMOCTH HMeeT BHI:

ﬂ-!_z

iT7 G

W oTpaskaeT TOT (bAKT, UTO POCT CIpoca Ha 3TH NepBoouepe[HEIE
TOBAPEl ¢ POCTOM JOXOJa IIOCTEIeHHO 3aMe[ideTcd M HMeeT
opefen @i (KpPHBaA clpoca ACHMITOTHYECKH npubarEaeTes K
OopaMoll JHHMH Y = d;); rpadur GyHKNHAH ABIAETCH BOTHYTOH
kpueoii [ Ha pue. 8.5.

dyurnusa capoca o TopHKBMCTY HA TOBAPHE BTOPO 2}

HeoBXOOLHUMOCTH BHpaxaercs GopMyoi
=M? 1".11.32352-
Z'F'Cz

1 SIROR K-
MATENGITINCLKISD MeTodH
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Trase 8 _

Ora GYVHKOHEA TAKM¥Ee HMeeT IOpenel dg, Ho DoJee BBICOKOTO

YPOBHSA; IIPH 3TOM CIOpPOC HA 9Ty IPYNOY TOBAPOE NOABJIAETCH
JMINE OOoCHAe TOTo, KeK J0X0J MoCTHIHeT BeNW4YHHEI bs; rpadmk
thyEXOHH — BorEyTad KpHeas I1 ma puc. 8.5,

Haxonreir, pyaxina TopHKBHeTa 18 I pPpeAMEeTOB poc-
Kol H HMeeT BHJ

- Gs2tel uy)

, Tme Z = ba.
E+Cs o

dra dyHKIHA He KMeeT mpefena. Copoc Ha 9TH ToBAPEI BOS-
HHKAET TOJBKO IOCTe TOT0, KAK JOXO0J IPEBBICHT BelHYHHY bg,

U janee GHICTPO BO3pacTaeT, TAK UTO rpadux (GYHKIUM — BBI-
nykias kxpusas [I] aa puc. 8.5.

Kpome yxasaHHMX QYHKOHHE, B aHaIHTHYECKHX MOJeIsx

NORVIATEABCKOTO CIPOCA HeMOJb3VIYTCA Takiie apyrae dyvHK-
IMH: cTelleHHEIE, S-00pARHEIE ¥ T.J.

¥y

thy

2y

0 by by z
Bue. 8.5

Broxsayo ponk B aHaNN3e H3MeHeHHA cOpoca NpH HeboMBImEX
HaMeHeHHAX NOXoJla HIPaiT KoaddHOHeHTEl snacTauHocTH. Ho-
appuruenm argcmuLHOCHY cnpoca om doxoda MOKaskIBAET OT-
HOCHTeIBHOE HIMeHeHHe clpoca NIPH M3MeHeHHH Joxoxa (IIpH mpo-
YHX He HaMeHAloUuxcea daxTopax). Beraucenserca no dopayie:

Hercomopbte nPUKAadHbie MOTENL IKOHOMUNECHLY NPOUECCOs 201
Ef = a2 (8.3)
4z i

rie I.f'..‘j;d — gosthHIHEHT 3IACTHUHOCTH A [-7o Tosapa (FPYNIED
ToOBRAPOE) OO AOXOAY Z; y; — cupoc Ha 8T0T TOBAPD, ABIAKIITHHCHA

armmeit goxoma: i = f(Z)- r
> Harmpumep, ecin crnpoc Ha TOBAp onueniBaeTcd (QYHKIIHeH
TopHEKBHCTA AJA TOBAPOB neppoit HeofXOMMMOCTH, TO thopMyIa
(8.3) maer clefyioliee BrIparceHne JUIA K03 HHALIHEHTa IIACTI-
HOCTH CHpOCca OT JIoXOMA:

B ol
e 2 G

Bo MHOIHX SKOHOMMKO-MATEeMATHYECHHX MOMEeNAX ana,cm{;-
HOCTH (DYVHKIHII OTHOCAT K IPOUEHTY OpHpocTa HEEaEHCH]::m
nepemerHoil. TakuM obpazonM, Kos(hHIHEHT anacquHHHT_
cmpoca OT KOX0fA MOKASHIBAET, HA CKONBKO TPOOEHTOR HaMe
¢A cIIpoC HA TOBAp 1IPH HaMeHeHHH noxoma Ha 1% . g

KoatbduiMenThl 9aCTHYHOCTH cIpoca OT HoxXoga pasiud
o BeJHUHHE Ajf PA3HBIX TOBAPOB, BOIOTLH [0 OTPHIATENBHBIX
sHAaYeHll, KOT/ia ¢ POCTOM IOXOIO0E noTpebieHne ymenhma::;c;
IIpuEATO BRIfEAATH YeThIpe rPYNOBEl TOBAPOBE B a&nncnr.fuc
xoahhHIEeHTA BIACTHYHOCTH CIIpOca Ha HHAX OT JOXOmA:

Z i
» manonennsie Tosapsl (Ef < 0);
Z ]
e TOBADHI ¢ MAJIOH 3JIACTHYHOCTEIO 0 <Ef<1);
Z &
e TOBApH CO cpefHeil BIACTHYHOCTEIO ( Ej” Gnuaxn K efMHKHIE);

s TOBAPE C BEICOKOH 3JACTHMHOCTRIO (E,z = 1) ]
K MajomeHHBIM TOBapaMm, T.e. TOBApAM € wp:«m,mem:m:;
2 IACTHYHOCTRIO CIPOCA OF AOXONE, OTHOCATCH TaKHe, KaK xJIeH,
pmaKocopTHEle ToBapsl. Ilo peayarTaTaM obonenoBAHHH, KDSE ﬂ:
MHEeHTE 3JaCTHUHOCTH [IA OCHOBHEIX MPOAYKTOR mﬂa:ﬁﬁﬂ i
nares B umTepBane or 0,4 mo 0,8, no ofeA/e, TKAHAM, ym{xn ;
unreppane or 1,1 mo 1,3 uT.n. llo mepe yaaeimfieﬂnal{ium;;_
crnpoc fepeMelaeTcd ¢ TOBAPOB nepsoil ¥ BTOPOH {;,fm kgt
pHl TpeTbel H yeTRepTOll DY, IpH STOM IIOTPE EHHEH P
nepBoil TPYNIE Mo a6COMOTHEIM paaMepamM COKpaIfaercH.
"
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Ilepeiipem ® paceMorTpenHio H aHanTH3Y GYHKUME TOKYIA-
Te/IbCKOro clpoca OT NeH Ha ToBapsl. Ma Mofenyu nopefeHsd mo-
Tpebureneit (8.1) crepyer, uto cmpoc HA KAMBIN ToBap B 06-
MmeM CcJIy4yae 3aBHCHT OT OeH Ha Bee ToBapsl (BexTopa P), onma-
KO IIOCTPOHTE DYHEOUH oblero BHa iy = o;(FP) oYyeHs clIoHO,
IosroMy B NpakTHUECKHX MCC/IeJOBAHHAX OTPAHAYMBAIOTCH IO-
CTPOEHHEM M AHANHAOM GYVHKIHHE cOpoca IIA OTASTLHBIX
TOBAPOE B 3aBHMCHMOCTH OT M3MeHEeHMs I1leH Ha BTOT Ke TOBAD
MM IPYNNY B3aHMO3aMeHAeMBIX TOBApoB: I; = ¢:(p;).

Ilna GonblnuHCTEA TOBAPOB AeHCTRYET 3ABMCHMOCTE: YeM BEI-
me IMeHsa, TeM HiMN(e cIpoc, ¥ Haohopor. 3Qeck TAKKe BOAMOMCHEL
pasHele THIE! BABMCHMOCTH H, clel0BATeNhHO, PasHEIE GOPMBIL
KPHBEIX. B mpaxTHueckux sagauax HayueHHs crnpoca BAXKHO Pas-
MMYATE JefcTEMTeNbHOS YBeJMYeHHe cIpoca, KOTJa caMa KpH-
Baf COBUTAETCH BEEDX H BOPABO (IPOMCXOSUT MEPEXo)] ¢ KPHBoil
I Ha xpmeyo II Ha puc. 8.6), n yBemuuenue obmema IpHOGpE-
TAEMEIX TOBADOE B Deay/BTATe CHMMEHHA OeH NP HeMaMeHHoH
CYMMe BaTpaT (mepexofi oT ToYkH A K Touke B 1o ool # Toil 3xe
kpugoif I ma pue. 8.6). Kax yixe oTMeueHo Bhile, B obImem Y-
Hae cIpoc Ha OTIeNIbHBIH
TOBAD OPH IPOYHX  pas-
HBIX VCIOBHAX 3ABHCHT
OT YDOBHS LgH BCEX TO-
BapoB. OTHOCHTEILHOE H3-
MeHeHMe obBeMa chOpoca
NpH H3MeHeHHH HeHB
JAaHHOIO TOBAPA HIH IeH
APYTHX CBASAHHEIX ¢ HUM
TOBAPOE XapaKTepH3yeT
roagrpuynenm anacmuy-
0 B, HOCM Ccnpoca Om YeH.

P Jror koadibHUMeHT 5ia-
e, 8.6
CTHYHOCTH YVjobHO Tpak-
TOBATE KaK BeJHYHHY
HIMeHeHMH CIpoca B OPONeHTAX OPH HaMeHeHnH IeHs Ha 1% .

Jns cnpoca y; Ha i-H TOBAD OTHOCHTENBHO ero coboTBeHHOI

OeHEl p; KO(PPHOHEHT JIACTHUYHOCTH HOUHCAAETCH 110 thopMyae:

5"| E ]

I

¥
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gp % P (8.4)

ap; U
Smavenna KoappHIIHEHETOR MACTHHHOCTH CIPOCa OT LEH TIPak-
THUeCKH BCErma OTpHIATeNbBHEL Oguaxo mo abCOMIOTHEIM 3HAME-
HEAM 2THX Hoad(pHIOIHeHTOB TOBAPEL MOIYT CYIIECTBEHHO Pasmim-

yATLEH OPYT oT Apyra. HMx moHO pasgellMTh Ha TPH TPYIIIBL
s TOBADEl € HERIACTHYHBIM CIPOCOM B OTHOLIEHHH IIeHEI

(EE> -1);
e TOBADBI CO CPefHEeH 3NAcTHYHOCTBIO CIpoca OT IeHEI (E}Er

Gamaxn  —1);
e ToBAp ¢ BrIcoKoil amacTHuHOCTHIO cipoea ( Ef < ~1).

B rTopapax sadcmu%HO020 CNpOca TOBBIINEHHeE IeHBl HA 1%
OPHBOMHT 1 CHHMeHNI0 chopoca foliee ueM Ha 1% #, HacbopoT,
[oHM:EeHHe OeHBE! Ha 1% OPHEOTHT K POCTY NOKYIIOE BoNLIe
wens ua 1% . Ecnan moennmnenue mennl Ha 1% Bueder sa cobo
NOHM)KEHWe cIIpoca MeHee yeM Ha 1%, TO TOBODPAT, YTO 3TOT TOBap
HEIRACTLLHOZ0 CRPOCa.

PaccMOTpHM BAWAHNE Ha CIPOC HA KaKoi-THGo ToBap H3Me-
HeHHA IeH Ha ApyrHe Topapel. HoahdHOHeHT, MOKASHIBAIOINHH,
HA CKOIBKO NPOLEHTOR MAMEHNTCS CIIPOC HA JAHHBIH TOBAD IPH
uaMeHennH Ha 1% HMeHBI HA APYToi TOBAP IpPH YCIOBHH, HWTO
ApYTHE HeHLl H IoXOJEl MOKYHaTeleli OCTAIOTCA [IPeHHMMI, Ha-
SHIBASTCH MEePeKpecniiHbiM  KO3PPUUUeHMOoM  JAACTUYHOCTLL.
Ilns eopoca y; Ha i-# TOBAP OTHOCHTENBLHO IEHBI P; HA J-H To-
Bap (i # j) mepexpecTHRIH KoaQ@HUUEHT SJMACTHYHOCTH paccHu-
TEIBASTCH 1o hopMmyie:

gp < e B, (8.5)

opy M
Ilo sHAKY MepeKpecTHRIX KO0a(QOhHIHEHTOR 3IACTHHHOCTH TO-
BAPE] MOJHO PasgelnTh Ha 83QUMOIAMEHACMbBLE U gaaumodanon-

uaemwte. Eenu Ef > 0, aro osnaqaer, 1ro i-il ToBAp 3AMEHAET B

norpebiedun ToBap j, T.e. Ha TOBAp i MepeKJI0IaeTed CIIpos 1IPH
VEBeJHUeHHH OeHsl Ha ToBap f. IIpuMepoM B3aHMO3AMEHAEMBIX
TOBAPOR MOTYT CAYHHATE MHOTHE IPOAYKTEL IHTAHMNA.
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2 (o
Ecan Eij < 0, 3T0 cAYHHUT NPHIHAKOM TOTO, UTO i-ii ToOBAD B

nporecce DOTPeONIEHHA JONONHACT TOBAD J, T.€. YBeTHYeHHe HEeHb]
HA TOBap / NPHBOJUT K YMEHBEINEHWIO CIpoca Ha rosap i. B xa-
HECTEE NUpHMepa MOXKHO IPHBECTH TAKHe B3aHMONONONHAEMLIe
TOBAPEI, KAK aBTOMOBHIN M GeHanH,

B kavecTse miammecTpammm m Tabn. 8.1 NPHESIeHL] 3HAYE-
HHA OPAMEIX M HePEKPECTHEIX Koo(pHIHEHTOR 3MacTHMHOCTH
noTpefIeHHA OT UeH [if oZHOH Ha EaTeropuii cemeii. Ha oe-
HOBAHHH 3THX TaHHBIX 110 3HAYEHHAM NOPAMEIX KoaddHIHeH-
TOE 3IMACTHYHOCTH (N0 AHATOHAIHR TabAHIEl) MOMKHO clelaTh
BBIBOJM, MTO NMPOAYKTEI NHTAHMA B EJOM MAJO 3JMACTHYHLI [0
OTHOIIEHHIO K NeHe; ofexia, TKAHM H ofyB: MMeIOT CPENHIOn
DJIH[‘.THLEHOETI:; ABe MOCIeNHHe TPYNNEI TOBAPOB — TOBApHl ¢
BEICOKOM 3MACTHYHOCTRIO CIIpOCA II0 OTHOINEHHIO K HeHe.

Tabnuya 8.1. MpamMbie u nepexpectHsie KoadULMEHTBI InacTHYHOCTH

T'pynnse MpogyrTI Opescia, Mebens, Kyaer-
mogapog NHTAHNA THANH, 00YER | xoaToRApRI TOBADLI
IMpogyveTh
THTAHHA -0,7296 0,0012 0,0043 0,0045
Onmesena,
THAHH, 0fVEL -0,1991 -1,000 0,0071 0,0074
Mebens,
KOSTOBAPELL -0,2458 0,0024 —1,2368 0,0092
Kyanrrorapn ~-0,2494 0,0024 0,0089 ~1.2542

Ha ocHOBaEWM asHAYeHMIT BHEIMATOHANLHLIX IIEMEHTOB HTOH
TabJIMILI MOMKHO CHENATE BBIBOX, UTO Bee NPOMBIIIIEHHLIE TOBADE
[{ampaﬂ. TPeTBA H YeTEEPTAA TPVINOEI) — BIAHMOIAMEHAEMEL.
To, uro nepewxpecranie KO3 (MIHERTE 3MACTHYHOCTH IO CTPOKE
«IIpogyeTEr nuTamas MOI0HHTeNARHRIE, 03HAYAST, UTO MTOBLIIIe-
HHE IIeH HA NpPOMEBIIILTEHHEIS TORADEI YEEIHUYHEBAST GIIPD{: Ha
NPONYKTHI MHTAHMA (yMeHBIIEHHe cIpoca Ha NpOMBIILISHEELE
TOBADEI OCEOGOUT cpemcTBa Is NPonyKToB mHTanus). Orpunoa-
TeNbHBIE 3HAUEHHs NePeKPecTHHIX KoohpHIHEHTOR 31aCTHYHO-
eTH 1o cronbuy (rpage) «IIpoaviTsl mHTAHMAS 03HAYAeT, YTO
[IpH pocTe UeH Ha NPoAYKTH DHTAHHA CHPOC Ha NpOMEBIIIIeHHBIE
TOBAPEl COKpamaeTcda (MoBRIICHHe IIEH Ha NPOAYVETEl THTAHHA
YMEHBIIAET pa3Mep cPeficTh HA NpHOGpeTeHMe PVIHX TOBADOE).
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Modenuposaniie u npozHOILPOGaLe

ROKYNATNERBCKO20 CRLPOCa

OuesHOHD, YTO COpOC BO MHOI'OM ONpefelseT CTPATEIHE) H
TAKTHKY OPraHM3alHy [IPOM3BOJCTEA H cOBITA TOBADOB M YCJYT.
V¥uer cmpoca, obocHOBAHHOE NPOTHOBHpOBAHHE ET0 HA KpPaTHO-
CPOYHYVIO M JOJITOCPOYHYI0 TepeleKTHBY — ONHA H3 BarKHeHImmx
aafiad cay’)kb MApPKeTHHTa PaslHYHBEIX OpraHH3anMil @ GupM.

CocTaB M VPOBeHB clpoca HA TOT MM HHOH TOBAp 3aBHCAT
OT MHOrHX (JAKTOPOR, KAK JKOHOMMYECKHX, TAK H eCTeCTBeHHBIX.
K sxomompueckHM (aKTOpaM OTHOCATCA YPOBeHB . IPOH3BOACT-
Ba (IpeaioMkeHnd) TopapoR H yoayr (obosHayuM 2T0T (barkTOp B
obmem Buje IT), ypoBeHb JeHerHHEIX TOXOJOB OTAENEHBIX IDYII
naceneHnsa (D), yposeHs U cooTHomenne HeH (P). K ecrecrsen-
HEIM (aKTOpPAM OTHOCATEH jeMorpadhHuecKHH COCTAaB Hacese-
HHS, B NepPEYI0 ouepedh pasmep H cocTaB ceMbH (S), a Taxie
[PUBEMKH H TPAIHINH, YPOBEHE KYJILTYDPEI, NPHPOIHO-KIAMA-
THYeCKHEe YCAOBHA H T.I.

AxoroMuyeckHe (aKTOPE O4YeHBR MOOMIBHEL, ocobeHHO pac-
npejflelleHNe HACEIEHHUA 10 YPOBHID HeHeiHeIXx moxoxos. Ecreet-
BeHHBIe e GAKTOPE MeHAKOTCH CPABHHTENbHO MeIIeHHO W B
rTeueHHe Heboabmioro mepHoja (Oo 3-5 JleT) He OKAJLIBAIOT 3a-
MeTHOI'O BARAHMA Ha cupoc. MexmodeHEHe cocTaBlAeT JeMorpa-
dbuyeckHit cocrak HaceneHHA. [loaToMy B TeKYIMHX M HepcUex-
THEHBIY IPOTHO24X COpocAa BCE eCTecTBEeHHEBIE (anTopel, KpoMe
nemorpadmyecknx, nenecoobpasHo YUHTHIBATL cooblma, BEeNA
tdaxTOp ION HASBAHHEM «Bpemas ().

Taxum obpazoMm, B obmeM BHIe cupoc onpejie/ifeTca B BHOE
(PYHEUHH NepeyHc/eHHBIX BEIMe (GAKTODOB:

y = f(IT,D,P, 8,t).

Hocronpky sapbonpmiee BAHAHMEe HA COPOC OKAJBIBAET (haK-
Top Aoxofa (HaBeCTHO BhIpaXKeHHe: ¢CIIPOC BCeT/la TJaTeecIo-
cofeHs ), MHOrHe pacyeThl cIpoca H MOTpebJIeHHA OCYIIECTBJIIOT-
¢l B BHjle DYHKIMH OT TYIIEROT0 AeHexHOTo fgoxofja: y = flD).

Hawfonee npocTod HOAXO0N K NpOrHOSMPOBAHHIO Cpoca Ha
HeBoNLIIOH TIepHOJ BpeMeHH CBf3aH ¢ MCIONB30BAHWEM TaK
HAZKIBAEMEIX CMPYKmypHstx modeneir cnpoca. Ilpn mocrpoennn
MOJIeTH WMCXOAST M3 TOTO, UTO JJIA KaXKIOH SKOHOMHYECKOH
rpYIOLT HACENeHHs II0 CTATHCTHUeCKMM OIO[JKeTHEIM JNaHHBIM

(8.6)
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MOKeT DBITE PACCUMTAHA TPHeVINAA el cTpyrTYpa noTpedie-
HuAa. IIpH sToM NOpeldolaraeTcH, 9T0 HA HMIBYUAEMOM OTDeEHe

BEpeMeHH 3anMeTHRIE HIMeHeHHMA OpeTepHneBaeT JHIME JOXOO, 4

[IeHEI, PA3MED CeMBH M OpouHe (QAKTOPHI IPHHMMAKTCH HEM3-
MeHHLIME., MiMenenwe moxofa, HAOpHMeD €ro pocT, MOMKIHO pac-
CMATPHBATE KAK TIepeMelleHHe onpeIe/IeHHOT0 KOAHYeCTEa ceMeil
H3 HMSINMX JOXOAHBIX TPyIN B pmicime. JIpyruvu crioBamu, ua-
MeHAKTCA YACTOTEl B PASIMYHLIY HHTEpPRANAX JOXOJNA: OHM
VMEHEIIAIOTCA B HIDKHHX M VBeIHUHEAIOTCH B BEPXHHY HHTep-
panax. CeMbM, KOTODHIe MOOANAIOT B HOBBIH HHTepean, 6yayT
HMETE TY JKe CTPVKTYDY HoTpefleHHS H CIOpOoca, KAKAA CHOMH-
JAck ¥ ceMell ¢ TAKHM e JoX0f0M K HACTOANIEMY EpeMeHH.
Tagpm 00pazoM, CTPYKTYPHEIE MOJEIH PACCMATDPHEAT
crpoc xaKk (GPYHKIHIO TOMLKO pachpefeleHHA moTpefmTeneil mo
VpoEHK goxojga. Hmesn cooreeTeTBYIOIHEe CTPYETYPEL cOpoca,
PACCUMTAHHEIE 00 HAHHEIM CTATHOTHEHA BIOIMETOR, H HacToThl
pacupefeleHdd IoTpedHTe el M0 YPOBHID NOXONA, MOMHO pac-
CYMTATE OOIYI0 CTPYKTYPY cmpoca. Kenw ofosHAUHTE CTPYETY-
PV cIpoca B TPYONe cemMeil co cpejHHM  Joxonom [ yepes
r(D)), a uacToTel ceMeH ¢ joxogom I; uepes w(D;), To obiman
CTPYKTYPa cupoca B MoseT BLITh PacCUATAHA MO (hOpMYyIIe:

I
R =" r(D;) w(D), (8.7)
i=1
rje it — HOIMYecTEO HHTePBATOB JOXO0HA ceMel.
CTpVKTVPHEIE MoJedd clipoci — OJHH M3 OCHOBHEIX BHJIOR
IHOHOMHKO-MATEMATHUECKHY Mojlefeil NJIanHpoBaHHA H IIpo-
: FHOBMPOBANHA cOpoca B norpefienusa. B uacTHOCTH, IIHPOKO
pPOCOpPOCTpaAHEHE! TAK HA3hIBASMEBIE KOMRAPAMUEHLIE (CPABHH-
TelbHEIE) CMpYyKmypHele sodeal, B KOTOPRIX CONOCTARINIOTEH
CTRPYVRTVPERI clIpoca JAaHHOTO HecleIyeMoro o0EeHTA H HeKOoTopo-
ro aHANOroEoro ODLeKTa. AHanoroM o0RIYHO CUHTAIOTCA PerHOH
HIH IRpYINA HACEAeHHA € ONTHMANBHEIMH NoTRebMTelLCKHME
XAPAKTEDHCTHEAMH.

Hapany co cTpyRTYPHBIMH MOJENIAMH B IUIAHHPOBAHHH M
IPOTrHOZHPOBAHHEH CHpoca MCIoNBIVIOTCH KONCMPYRMUGHLLE MO-
dean cnpoca. B ocHone MX meKaT VPaBHeHHA DIOMHeTa Hacelle-
HHA, T.2. TAKHEe YPABHEHHA, KOTODBIC BRIDAMKAIOT OUMeBHIHOE
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paEeHCTEO ODIEro JeHeXHOTo pacxofa (ApyruMH cIoBAMH, 00D-
eMA TIOTRefISHHA) H CYMMEI NpOH3BeeHHIl KOJIHIECTBA Kaigoro
noTpefaenioro ToBapa Ha ero ueHy. Ecmn Z — obbem noTped-
JNeHMd, M — KOJHIECTBO PASHBIX BHJIOB Gamar, q; — pasMep mo-
rpebaennd i-ro baara, p; — IHeHa i-T0 Biara, 70 KOHCTPYHTHEHAA
MOJIENE CIPOca MOMeT OBITE BANMCAHA CIIeIYIOMIM obpason:

Z= Z‘ItP:- (8.9)
i=1

DrH MO, HAZKIBAEMEIE TAKKe MOOETAMIL GrodHcemos nompe-
fumeneil, HTPANT BAXKHEYIO PONE I MIaHHPOBAHHH norpebaeRMA.
Opmoit M3 TAKHX Mojiellell ARjseTcH, HaNpPHMep, BCeM HIBeCT-
HEIE TIPOMHTOUHBIH MHHAMYM. K TaKHM MOAEISM OTHOCATCH
TaK:Ke palHOHAILHEIE GIOIXKeTHl, OCHOBAHHEIE HA HAYHMHBEIX HOP-
Max morpefieHns, NpeiIe Beero NPOJYKTOB NHTAHHA, NepCIet-
THEHEIE OHOIeTs] (HAOpHMeD, Tak HaselBaeMBIH OmHopseT I0C-
TaTKa) H Op.

B npakTHke IJIAHMPOBAHMA M IMPOrHOIHPOBAHHA COPOCA
iKpoMe CTPYKTYPHBIX M KOHCTPYKTHBHEIX MOIeseil ITpHMeH0T-
cH TaKKe anaiumuweckue modeni cnpocd i nompebieHus, Ko-
TOpEIe CTPOATCH B BH/e YPABHEHMIl, XApAKTEPHIYIONIUX JABMCH-
MocTs noTpebleHns TOBAPOB M YCIYT OT TeX WM HHBIX tparTOo-
poB. B aHATHTHYECKHX MOJEIAX :IJ],?I-IHU,‘I{GH&.I‘.II:HB.:E‘ 3aBHMCHMOCTE
(8.6) npummmaeT BOOJHE ONpPejle/leHHEIH BHI. laxre MogedaH
MOTYT GBITH OQHO(MAKTOPHEIMH H MHOTO(AKTOPHEIMH. AHaNHTH-
YecKHe MOJIedH CIpoca Ha IpHMepe JMHEeHHBIX KOppeaalMoHHO-
pErpeccHDHHEBIY CTATHIeCKHN Mongeneit paceMoTpeHE! B § 7.2,

8.2, Mopenw ynpaenexus 3anacamu

Knaccuveckan aadaya Yynpaenenus 3anacamu

[Toj sagauell YIPABIeHUS TOBAPHBIMH 3alACAMH MOHHMAESTCSH]
TAKAH OITHMHIANMOHHAS 3ajja4a, B KOTOPOH 3aj/jaHa MH(pOpMaIs:
s 0 [OCTABKAX TOEADA;

& ¢ clipoce HA TOBAD,
e of MEMep:KKaX W YCAOEMAX XpPaHeHHA TORADHEIX 3allacoR,
s KpPUTEPHH OITHMH3IALMH.
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- N
Paccmorpum samauy yhnpaBieHHs 3aIacaMH B TAK Ha3bIBae- Sl G
MO Kaaccuveckoil nocmanosie. BrifepeM 3a elMHMVHEIL HH- PDlx; 4 + 1) = Mao(x, 1. Ry 8¢) = j¢(xt—ll £2 8 )dF (3
TePBAN BpeMeHH OfMH HeHb. Ilyers k wouny gua t — 1 Ha ckia- i,

fe HAXOAHTCH 3amac ToBapa B ofbeme x,.; = 0. Criajg penaser
3aKas Ha MOIIOJHEHHe 3allaca ToBapa B obseme fi;. Dro nomoioHe-
HHe MOCTYIAeT K HAYANY CAeOyIOMmEero THA f, TaK 4TO 3AIAC TORADA

. ompefienuTh OFBeM 3aKA3A
Bagaya CTABHTCA TAxiM 00pasoM: o Tnbme H3IEPHEH
1 TIOHOMHEHME fy, MEHHMESHPYIONFTA CPEIIE I :

r.e. ®(x,_y + k) —> min, roe fy 2 0.

B HaMale clIefywilero IHA cocraBider x;.; + h,. Ilyers 5, —
obkeM ToBapa, sampamuBaeMelii morpebHTenem (MAH moTpebm-

TeJAMH) B eHE { (o6heM 3amBEH).
Eenm s; < x, 1 + hy, TO exnay yjoBneTBOPAET 3aABKY noTpe-

OMTeNna MONHOCTEIO, A OCTATKM TOBAPA X; = X, 1 + B — & oepe-

HOCATCA Ha CIEAYIOIIHHA JeHb { + 1, NpHeM HIAeIKKH XpaHeHHA
8TOI'0 3aIaca NPONOPHMOHANLHEL ero 0heMY W PABHEI

cxy = o(x;_y + by = 3).

Ecnm ofeeM sadBKH §; > ;1 + fy, TO CKIAN NOJHOCTBIO OT-

IAeT CBOH 3amac, a 3a He/OMOCTABIeHHBIH ToBap HeceT NoTepH
(nanpumMep, mrpadhyerea 3a pedmmuT), OPOToPUHOHAALHBIE 00h-
eMy fedunuTa M paBHBIe k(S — x_1 — hy) = —k(x;-1 + by — s0).

Taxum obpazoM, nonuele uagepxkn o(x: .y, Ay, §) cxaaga
MOJEHO SAlNCATE B BHIE:

Q(xp-1, Ry, 8¢) = maxie(x,q + by = 5,); —k(x; + hy = 8.)}, (8.10)

IPH 2TOM OCTATOK ToBapa ¥; = max{0; x; 1 + h; — s,}.
Ha (8.10) exeaver:

ecli x; = 0, To plx;) = cxy;
ecnl x; < 0, To p(x;) = —kxy;
ecsin x; = 0, 1o plx) = 0.

B knaccnueckoi MOCTAHOBKE 3aiaul VIIPABJEHHHA 3aIIacamMi
npeamoraraeTcs, 4TO caAMa BedHYHHA clipoca §; HeM3BeCTHA, O[-
HAKO H3ReCTHO, UTO OHA ABIAeTCH HelaBHCHMoOl cayuaiiHoil Re-
JHYHMHOH, HMewIlell 3aJaHHBI 30KOH pacTpeje/eHHA. ITyers
pacnpefiellenie BepOATHOCTe!l BeMHUMHBI §; 3aJaeTCHd Hempe-
PHIBHOH tyHKnuell pacnpemenenus F(x) ¢ mIoTHoCTHIO pacmpe-
nenerma f(x). Torpa cpemmue nmonuste wagepmkn P(x,_; + hy)
aanawrea Gopmynoli (M — maTeMaTHYecKos oHIaHMe):

ToBAPHBIM

PaccMoTpuM  DelieHHE EaAcCHYUeCKOH 3ajadH YIPABIEHHHA
M sanacamMy B praTHYeckoil MocTAHOBKE. (fo3HAYHM

y = (%1 +hy) ¥ OmyCTHM BEMJIY CTATHHYHOCTH 3a1ati HHAEKC
{ B samEcH ofkeMa cOpoca M MOMOMHEHHSH. PacoMoTpHM Ccle-

AYIORIYIO 38711V

D(y) = Tmax{c(y - 8); = kly - SJ}dF[si] —» min. (8.11)

—0

[Mepenumenm HYHKITHIO d(y) B Gomee ypobHOM BHIE:
y et ;
B(y) = ¢ I{y — g)dF(s) + k [{s — y)dF(s) (8.11"
i 3

H BRIUHCINM ee NepBYI0 IPOH3BOJHYI:
®'(y) = cFly) - k(1 - F@)) = (c + IF() - k. (8.12)
JaMeTHM, UTO BTOpAA NDOH3BOJHAA aroit (yYHKIOINK HEOTPH-
naTeiapHA (T.e. QYHKINA BRIIYEIL BHHZ):
®"(y) = (e + BIF'W) = (¢ + B)f W)= 0,

MM
MO3TOMY, NPHDABHAB MepBYIO IIPOM3BOHYIO ; HYIK, MOIYY
ypaBHEeHME [ MAHHMHEHDYIOMIETQ aamaca Y

Py (8.13)

TH-
Pemenue (8.13) sagaun (8.1 1) onpedenseT cTPaTerHio ﬂ;zcun
MANBHOTO TONCIHeHHs 3aTacoB. BeguunHa TOMOIHEHHA 3

BY MHEMMHINDYIOINAA cpejHUE TOJHEIE HaIeQIKKH, 38J18eTCH
(]

cHeAYIOIMIHM [IPABHION:
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Heromopbie npuKIadnbie MOJEAU FKOROMUNECKIX NPOYECCOS
« |0 JeCTH Xy 1 2 ¥, 0 npu x £ —b
hg = Al 3 A {B+14} ! b}g
( mpa-b=x=0

Y —X g, ecmMx,_{ =Y .

KonkperHele YHeNOBbIe XapaKTePHCTHKH CHCTEME] VOpABIe-
HHA 3allaCAMH BABHCAT OT BHAa QYHKOHH IIOTHOCTH Paciipeme-
Jenms f(x) cnyualinofi BeawuwHs! crpoca. B KadecTne IpEMepa
PACCMOTDHMM cIyHall CHMMEeTPHYHOIC +TPeyTrolIBHOIO® pPACIpe-
AeJeHHA CIpoca, IPH KOTOPOM (YHKNHA ILTOTHOCTH pachpere-
JIeHHA HMeeT rpapuk, OpeficTapaeHHslii Ha puc. 8.7a. Ovesugno,

?TDT TpadMK MONYYAeTCA NAPALIEIEHEIM IepeHOCOM BIDPABO |
aaMeHOl x Ha x — a) rpadmka, uaobpamennoro Ha puc 8.76,

HYHRIHH
0 npu x < -b
x+b
ﬂ:] 52 HpH—bixgﬂ
) ==
LX+h | (8.15)
52 mprl<x=<h
[‘3‘ npu x = b.
il st
1/
]
1
I
I
I
|
J '
o a-h € w+-b 1; -k 0 b i’_
a) 6)
Pue. 8.7

BeIYMCIHM 4YHMCIOEBlE XAPAKTEPHCTHEN s DVHKIME ILI0T-
HOCTH pacupejeiieHud, safannoi B (8.15) (puc 8.76). B arom
cayuae QYHKIMA pacnpenenenus F(x) aagaerca dopmymoit:

XapaKTePUCTHKA: MATEMATHYECKOE O
THYecKoe OXHMIaHHe KBappaTa Ms® =

:b2/6 , cpenHee KBAAPATHIECKOE OTKJOHEHHE o(s) = bf J6 .

Foy={ %’ (8.16)

Sl
I—annﬂﬂxib
2p*
[1 opH x = b.

CayuaiiHas BeNHUYHEHA CIpoca § HMeeT clelylolTHe YHCIOBBRIE
npaane Ms = 0; marema-
= b2/6; pucnepcua Ds =

HenocpeqoTeeHHble BEMMHCIEHIA ¢ HCIOML30BAHHEM QyHKIHH
cpefHEX MOJHBIX H3JepHKex B BHAE (8.11") moxaseIBaIOT, |TO

npu x = —b

D(x) = —k j(x ~ $)f(s)ds = ~kx [f(s)ds +
+k |sf(s)ds = —kx + kM35 = —kx. (8.17)

s
Mcrmonkayd Bhlpasenue NJIf NepBoi nponasoguoi P'(x) B

pune (8.12) u soipamenue (8.16) nisa QYEKUMH pacipefeiernd
F(x), MOYHO OIpejelnTh, YTO IPH ~bzx=0

3
o) = e+ HEE _pzsc. (8.18)
6b
3yecs KOHCTAHTA MHTerpupopaHuda C) ompejejifeTcd MyTeM
NpUpABHHBAHUA BBIPAYKEHMS (8.17) u (8.18) mpu x = —b: kb =

=kb + Cq,T.e. Cp =0, _
Anagormugo npu 0< x £ b MoMHO HONYHHTE:

3
D) ==(e + B %}-— e, (8.19)

anpu x = b
Dix) = cx. (8.20)
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Brrpaxennsa (8.17) — (8.20) sagaior B pasHBEIX MHTepBAJax.
HCKOMYH (GVHEOHK CPelHHX HONHBIX H3gep#er. 3aMeHAA B

HeHl X HA X — @, NOAYYUM (YHKIHIO CDeJHHX MOJHEIX H3/lePIKeK,
ecan (YHEIHA IJIOTHOCTH pacHpefeleHM#d cOpoca HMeeT BHT,

M3obpasxkennslii Ha puc. 8.7a. [lna wimocrpanuu rpadur QyVEK-
LMY CPeOHHX MOMHEIX H3JeD#el I8 Taxkoll OyHKOHH cIIpoca B
caydae k >¢ mpejicTaBaeH Ha puc. 8.8, rge omruMansHel ypo-

BeHE 3alaca y* =g+ b— 2¢ i
e+ &

Ull

N

I
|
1
i
1
1
1
1

]
I
|
!
|
!

o a-b a I a+h _.f

Puc. 8.8 ]

B ofutem Buge mna maHHOH (YHKIMH IJIOTHOCTH pacmpeene-

HHA CIpoca ONTHMANBHELT YPOBeHb 3amaca 3aflaeTes GopMyIamMu:

2k
c+k
¥y =@ upu c=F

||2c
a+bh—.|——'b
L ik opH c < &,

S *
a sHavenne " = M(y") MEHUMYMa cPelHHX MONHEIX HaJepPIKex
HMeeT BHI:

a—-b+ -f OpHc >k

(8.21)
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[ (2 [2k
1 npuc >k
-
@' =lb-k/3=b-c/s TpHC=FK (8.22)
a2
b = |2y & < k.
i Sy eEk

(X

Ha dopmyn (8.21) u (8.22) ana naEHOH MOJENH CJe[yeT,
yTO ONTHMANLHEN VpOBeHB 3alaca NPH c#k B MHHHMYM CPeIHHX
NONHBIX H3fepsier IpPH BeeX ¢, kB JHHeilHO 3ABHCAT OT BeMHTHHLI
b, T.e. OT NJMHBEI WHTepBRaja pasbpoca aHAUEHHH BeJIHYHHBI
clpoca HA ToBap.

HanoMHEM, 4TO ¢TpATerHd ONTHMAJIBHOrC IONOJHEHHA 3ama-
coB sagaeTca gopmynamu (8.14).

b Mpumep 2. IlycTe HeKoTopas dHpMa B COOTBETCTBHH C HOTO-
BOPOM Ppeammayer co CHIAJA 10 3aABKAM XONOMHILHHKH, IpHIeM
eiKeHEeBHEI cIpoc ABAAeTes cayuyaiHoll BelH4YMHOH, QyHKIHMA
MIOTHOCTH pACTIpefeleHHd KOTOpol NpeAcTAB/IeHA IpPadHuecKH
Ha puc 8.7a u xonebueres or 20 go 80 x0JIOJUIEHIKOB B HLeHE.
CpejHue H3TepyKKH XPAHEHWS OJHOTO XOJONMILHHKA B NeHb CO-
craBngioT 8 py6., a mrpad sa HedumUT (HEJONOCTABEY) OfHOrO
xoJogMABHMKA B mgeHs pasen 17 pyb. TpeGyerca ompejeinTs
CTPATerMIo ONTHMAJBHOTO INONONHEeHNH 3alaca XoJ0/MILHHKOBR
M MHHUMAIRHLIG cpefHHe NOJHBIE H3JePHKH.

B yesosusax paccmarpuBaeMoit samaum b = (80 - 20)/2 = 30
(xom.); @ = (20 + 80)/2 = 50 (xon.); c = 8 pyb.; k = 17 py6.

B cooreercTBuE ¢ dopuyioii (8.21) onTHMansHEIH YPOBEHB

aanaca (¢ < k) cocrasager y = 50+30—/2-8/(8 +17) -30 =

= 80 — 4/5- 30 = 56 (xon.). Torga BesHyHHA h: MomoJdHeHHS 38-

laca XONOAMALHUKOB (DHPMOM, NPH KOTOPOH CpejHHe HOJHEBIE
HaNePHKH GYIYT MHHMMANBHLI, 3a/laeTCa B COOTEETCTBHH ¢ dop-
myaoii (8.14) npaemiaomM:

ht=

o 0 , ecan x,_; =56
56 —x, , ecad x, ; =36,
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TOe ¥;-] — SAIAC XOJOLMILHHKOE Ha cKJaajie GHPMBI Ha KoHell
ipeaslavidere gHA. Takx, eclM Ha KOHel IpeJBIIVINers THA HA
craage ¢pupMbl Gelto 60 XoXoJHMIBHHEOBR, TO NOINOAHATE 3allac
He COe/IVeT, i 8c/IH HA KoHell IpeJBIAVINero AHA Ha ckIaje hHp-
MBI OCTABAJAOCE 25 XONOTHIRHHKOE, TO CIEJYET DEATHZ0OBATEH
3AKAa2 HA DOMONHeHHs 3ATaca XOJOJHIEHHKOE B HKOJMHYeCTES
56-25 = 31 XoXoQHILHHMKOB.

Ecnu npujep MBEAThHCHA 2ToH CTpaTeriy OOMONHeHHA Iamaca
XOAOMHIBHMKOR, TO MHHMMAILHBIH YPOBEHE CPEIHHMX ITOJAHBIX

HEJep:Eex B pacdeTe Ha OJHMH JIeHh B COOTBETCTEBHH ¢ opMynoil
(B8.22) cocTaBHuT

®" =30-8(1-2/3,2-8/(8+17))=240-7/15=112 py6. .d

HpunyunuaisHsle CUCMeMbl PEZYAUPOSARUL
MogdpHblY 3Anacos

PaccumoTpeHHas B HOpelbiayineM paparpade KiIaccHudecHLd
Bafada YOpaBJeHHA SaAlAcaMyl MLIoCTpHpyeT ofmmil TeopeTH-
YeckHH DOJXO0N K 3afaue PeryIHposaHus saracop. B npaxraze-
CKOH JeATeMbHOCTH OPTAHM3ANMH B coy:#0 MapxeTHHDa MHe-
MoAB3YVIOTCH GoJlee IIPOCTRIE NPHHIHIHAILHLS CHOTEMEl DeryiH-
POBAHHA TOBADHRIX BZAIlACOE, OCHOBAHHLIG HA PA3IMYHEIX CTpa-
TerMAax OONOJNHEeHWA 3AIACOB, T.e. HA ONPEILJeHHBIX MPABHIAX
ATOrC MONOJHEHHH, BRIPAMKEHHEIX B JocTaToddo obujeil dopme.
B radecTee napaMeTpoB B ITHX CHCTEMAX NPHHHUMAKTCH BeJH-
UMHA HMeRINHXCed HA CHJAJE 3AIIACOB, DONYCTHMEIE HodeGaHWdA
YPOBHA 3ATACOE, PASMEDEl S4KA3A HA NONOIHEHHE 3AIACOB, ero
MEPHOINYHOCTE ¥ gp. CHoTeMEl pasiuuawTed MeskIy coboll B
3ABHCHMOCTH OT TOI'O, KAKMe M2 NTApAMeTpOE BEIOPAHEI B KAYECT-
Be peryaHpyruy. IIpHHIMIHATEHEe CHETEME] PEIYIHPORAHIA
BAACOE, HCOOMBRYeMBIE B NpaKTHKe MApHeTHHra, IDogpobHo
OIMCAHBl BO MHOTHX yuebHHEKax M nocobusax'. Ilosromy magmm
3/IeCh JIHIL KPATKHE ob20p aTHX cHeTeM.

Cucrema ¢ )MKCHDOBAHHEIM pazMepoM 3aKasza. Jro Hamubo-
JIee paclpoctpPAHEHHAS CHCTeMa, B KoTopoil pasMep sakasa HA

1 Cwm. nanpumep, Measnurx M. M. SroHoMHEO-MATEMATHYECKHE METOBl M

MOJENH B MASHUPOBAHKHE B VIPARNSHNHE MATCPHANLHO-TEXHHYecKHM cHab-
AeHHeM: Yuebuuk, —M.: Brcooraa mxoma, 1990,

T N~

o

nonoTHEeHHe 3ANAcOB — MOCTOAHHAA BeJMUYHHA, 8 IMOCTABKA OUe-
peqHOH MAPTHH TOBADA OCYIIECTRIIAETCH NpH yMeHBIIeHHH HAIHT-
HEIX 34IIacoB [0 ONpeielleHHOTO KPHTHYECKOTe YPOBHH, HASHI-
paeMoro moukoil Jaxasa. IlosToMy PerVJIMPYIOLHMI IapaMeT-
paMH CHCTEMBI ¢ hHKCHPOBAHHLIM PAasMepoM gaKasa ABAAINTCH:
1) Toura 3aKaza, T.e. duKCHPOBAHHEBIH YDOBEHB 3amaca, OpH
CHIKEHWH A0 KOTOpOro OPTAHWSyeTCH 3aroTOBKA OHEPEAHOMN
[apTHH ToBapa, W 2) pasmep s3akKasa, T.¢. BeJHUNHA [NAPTHH I10-
crapkl. JlaHHYID CHOTEMY YACTO HASBIBAIOT s IBYXOVERepHOH ,
rAK KAK samac XpaHATCA Kak Obl B AByx GyHKepaX: B HEPBOM
fyHKepe JNIA YAOBJETBOPEHHA CIpoca B TeHeHHE MepHoia MEeH-
Ay aKTHUeCcKHM IOIOTHeHHeM 3allaca W JaToM ey oIero
GapKaiImero sakasa, a Eo BTOpoM — JNA YIOBIETBOPEHH:A
ermpoca B TedeHMe ImepHojia oT MOMEHTa HOoNatH saxaza OO mo-
CTYIIEHHA ouyepegHOH [apTHH ToBapa, T.6. BO pToponM OyHKepe
XpaHWUTCA 3aflac HA YPOBHE TOUEH 3aKada.

CHerema ¢ MECHDOBAHHOH NePHOAHYHOCTRIO 3aKasa. IIpu
sTolf CHeTeMe 3aKAa3El HA OUeDeJHYI0 MOCTABKY TOBAPHOIC 3alla-
ca MOBTOPAIOTCH Uepes PaBHBIE NPOMEeMYTKH BPEMEHH. B xonnoe
Kay¢IOre MepHoja TpoBepAeTCS YPOBEHB 3aIACOE M HCXOLA M3
aTOT0 OIpejeldeTcHd DasMen aaEaIMIBAaeMoll [APTHH; IPH 3TOM
sanac IOMONHTeTed KamIblil pas [0 OOpeJle]IeHHOro YpoBHA, He
peRBIMAINETo MAKCHMAJIBHEIH 3allac. Takmm oﬁpaacm: pery-
JAUPYIOITME MApAMETPBI 9TOH CHOTEMBL 1) MaxcHMMANEHBIH YPO-
geHEL 3AIACOB, /0 KOTOPOrO OCYIIecTBIfSeTCA HX MOIOTHEHHEe, H
2) TpOAOMKNTENLHOCTE TIePHOAA TOBTOPEHMA 3aKA30E. Crcrema
¢ (PMKCHPOBAHHON [epPHOJMYHOCTEIO 3AKA3H apheK THEHA, KOTIA
pMeeTcsl BOIMOM(HOCTH IOMOJHATE 3aIlac B PASIHUHBIX DPa3Me-
pax, IpuUueM 3aTpaThl HA O(QODMIeHHC SaKasd nwboro pasMepa
mepeauEH. OJHUM M3 JOCTOMHCTE 3TOH CHCTEMBl MOMKHO CHHTATEH
BO3MOMKHOCTE IEPHOWYECKOH NpoBepKH OCTATHOB HA craaje H
OTCYTCTEHE HeohXoMHMOCTH BECTH CHCTEMATH'MECKHH yHeT JBH-
JKeHHA OCTATKOB. K HeJocTATKAM CHCTEMBl OTHOCHTCH TO, MTO
oHA e MCKII0YAeT BEO3MOMHOCTE HeXBATKH TORADHBIX 3allacOR.

Cuerema ¢ AByM:A (PHECHPOBAHHLIMH YPOBHAMH 3al4COB H
¢ (MKCHPOBAHHONH NEPHOXWIHOCTHIO 3AKA3A. B aroil cHoTeMe
MOTMYCTHMEIR YDOBeHb 3aIlACOE PerNMAMEHTHPYETCHA Kak cBEpPXY,
rax ¥ cHH3y. KpoMe MAKCHMANBHOTO BEPXHEro ypOBHA 3AlAci
yeTAHABIHBASTCH HMKHHHA ypoBeHb (TouKa aaxasa). Ecam pas-

11 ZEAHMEED
MATEMETHHCCKHE METELN
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Mep 3amaca CHIMAETCA [0 HHMKHEro yPOBH# ellle Jo HACTYILIe-
HMA QHKCHPOBAHHOTO BpPeMeHMW I10IOJHEeHWs 3amaca, To geraer-
¢A BHeOYepeJHOH 3akas. B ocrampHEIX cnyyasx cuerema byEK-
NHOHHPYET KAaK cHcTeMa ¢ (MKCHPOBRAHHON NepPHOIHUHOCTHIO
saxasza. B nammoil cucreme mmeercs Tpu PETVIHDYVIOMIHE Napa-
MeTpa: 1) MaxKcHMAaNLHEIH YpoBeHL sanaca, 2) HHMKHHH ypo-
BeHb 3amaca (TouKa 3aKasa) M 8) JIHTeNLHOCTE Oepuoga Memsay
daxkasaMH. Ilepsrie mBa mapamerpa mocTosHHLI, TPeTHH — Yac-
'mu:mu OepeMeHHEIH. PaccMaTrpupaeMad cHCTeMA CI0KHEe Ipek-
AYINEH, OFHAKO OHA MOZBOJAET HCK/IIYHTE BOSMOMKHOCTE HEXBATKI
TOBAPHOIO 3amaca. HepmoeraTeoM cHoTeMBI ABISeTeR T, UTO TI0-
TMOIHEHHE SANACOB [0 MAKCHMAIBHOIO YPORHA He MOMeT [POH3BO-
AHTECH HEBABHCHMO OT (DAKTHYECKOTO PAcXOLOBAHMS SATTACOR,

Cucrema ¢ nByms durenposammnivu YPOBHAMH 3IaNACOE
0e3 IOCTOAHHONH NEPHOAMYHOCTH 3akasa, wim (s, S)-crparerns
mxpamre:nm 3anacamMu. JTY CHCTEMY HAZBIBAIOT TaKie (5—s)-
CHCTEMOM, MM CHCTEMON ¢MAKCHMYM-MHHHMYM». Pacemorpin
(8, S)-crparermio ynpapmenus samacamu Golee nogpobio. Oma
YCTPaHAET HENOCTATOK IPefbIAYINEH CHCTeMBI W ABIAETCH oe
MopupHKanueii. B arofl cuereme — gma DEryAHDYIOUMIME Tapa-
MeTpa: 1) HumHME (KpHrHdecknii) ypoBens aamaca § m 2) Bepx-
HHH ypoReHb samaca S,

Ecnu uepes x obosmaunTh BEJHYHHY 3AlacOB I0 MPHEATHA
PEIIEHMA O MX NOHNOJHEHHN, YePed p — BelM4YHHY NOIOJIHEHHH,
a 4gepes i = x + p — BelMYHHY 3alacoB Nocie IONOMHEHH A, TO
(8, S)-cTpaterus ynparmrenus sanacamp sagaeTcd (hyHRITHeH

£ OpH X > 5
ylx) = J
(S mpux<as, (F:2g)

T.€. NONONHEHNA He [IPOHCXOHT, ec/iH HMEIOIHIECH YPOReHE 3a-
nacoB GoJiblIe KPHTHYECKOro YDOBHA S eciH HMeIImuiics ypo-
BeHb MEHBINEe HIH pABeH S, TO NPHHHMAETCA PElleHHEe O HOmOl-
HeHHH 3anaca obABaTenBHO 10 BepXHero yposHA 8, Tax uTo Re-
JMHYHHA NONOJTHEHHA DaBHA P = 8§ — x,

A Mpumep 3. Pacemorpum THOOEYI0 3afgauy. [Iyers npm mo-
HOJIHEHHMM 3aIACOB ABTOMOGMIEH Ha cIafe ciy:xba MAPEETHHTA
MarasHHa «ABTOMOGMIM» DpHAEpPHHBAeTCH (5, S)-crparerum
npu s = 50, 8 = 300. Tpebyerca onpefieuTs, Ha Kakoe KOTHUE-
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cTBO aBTOoMOoDMIel Hato ohODMHTE 3aKa3, BCIH B MOMEHT IIPH-
HATHA PelleHHA 0 3aKaze Ha ckaagme: a) 40, 6) 70, 8) 150, r) 10,
) 290 apromobRIell (BpeMeHeM IOCTABKM 3AKAZAHHEIX ABTOMO-
Bunelt mpeHebpeun).

B coorsererery ¢ dopmynof (8.23) mennyrAa NONOTHeHHA D
B KadJIOM H3 paccMATpDHBAeMBIX cayuaen OyleT paBHa: a) 260,
&) 0, 8) 0, r) 200, n) 0 asTomobuei, T.e. B caydaax 6), B) H I) saxas
Ha ToNeHeHRe 3anaca agToMobuned He ohopMIfAeTed. y

CamoperyInpymueca CcHCTeMBl. PaccMoTpeHHEIE BBIIIE
cHCTeMBl DErylHpOBAHMA 3ANACOE NPeIIOJATal0T OTHOCHTEIR-
HVIO HEM3MeHHOCTE VCIOBHH HX pyHEmHoHMpopaHHA. Ha mpak-
THEKE Takoe NoCTOAHCTEO VCIOBHIH BeTpeyaercs Pefeo, UTO BEHI-
ARAHO HMaMeHeHHAMH OoTpefHOCTH B TOBAPHEIX BallacaX, Voio-
EMAMM HMX OOCTAEKH M T. 7. B CBEfSH ¢ 5THM EBOSHHEAET HeobXo-
MHMOCTE CO3TAHHA KOMOMHHMDOBAHHEIX CHCTEM © BOSMOMHOCTBIO
CAMOperyIHpoBanud (ANalTallMH K MSMeHHBINHMCS YCIOBHAM).
Coapaores cHeTeMBl ¢ HEMeHAWIIHMHCH IepHOIHYHOCTREID H
pasMepoM (AKASOR, YUHMTHIEAIONIME CTOXAcTHUeckHe (HemeTep-
MHUHHpoBaHHBIe) VeloBHA. B Kamaol Takol cHcTeMe YCTAHAB-
JMEBASTCA ONpefeleHHAA Iejesas (hyHKOHA, cOyEallad KpuTe-
PHEM ONTHMAaABHOCTH hYHEOHOHHMDOBAHHMA CHCTEMBI, B paMEax
COOTBETCTEVIOIIEH SKOHOMHEO-MATEMATHUYeCKol MolelH YOIpaB-
JIEHHMH 2ATIACAMHE.

B mauecTee meneBol (GYVHKIHH B MOTelIdx VIDaRJIeHHH 3a-
nacaMH udallle BCero MeloJBEVeTed MHHHEMYM 3aTpar, ckAsaH-
HEIX C 3aroTOBKOH M XpaHeHHeM 3aTlAcCOB, A TaKHe NOTepH OT
peduumra. [puvep mogobmod menepol (GYHEIHE B o0IIeM EHIOE
pPaccMoTpeH BEINIe OPH M3YVYEHHH KIacCHYEeCKOH 3AJaqM YIIPAB-
JeHHA 30ITacaMu.

OxEFMM M3 2JleMeHTOR LeneBol (VHEIMHM IPH MoCTPosHHH
CAMODEryIHPYIOIHXCA CHCTeM VIDaRIeHHSA 3allACAMH SBIAIT-
oA ZATPATHI, CBASAHHLIE ¢ OPraHH3AOMeH 3aKaza M ero peannaa-
nHel, HAMHHAS ¢ NOMCKA TOCTABIOMEA M KOoHUYaf omsaToii Boex
VoIVD IO J0CTABKE TOBAPHEIX SAACOB HA cKIaf. YacTbk pacxo-
N0B, CEAGAHHBIN ¢ OPraHH3AIMEeH 3aKa30B, He 3aBHCHT OT pasMepa
saKasa, HO 3ABMCHT OT KOJHYECTBA STHX OPraHU3amHM B Troid.
Pacxojpl, cEAZaHARIe ¢ PEAJHSAIHEH 3aKA38, 3ABMCAT OT pasMepa
3aKasaHHOH DApPTHH, IPHYeM pacXolel B pacueTe Ha eJHHHITY

TORADA YMeHBIIAIOTCA IPH VBEEJIHYeHHH pasMepa mapTHH.
1=
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HApyroil sjaeMeHT HelleBoH (YHKIMH — 3aTPaThi, CBA3AHHEIE
¢ XpaHeHMeM 3amaca. HaeTe uajepmer XpaHEHHA HOCHT CYTOU-
HEIH XapakTep (IJaTa aa apeH[ly NOMeLeHwM, 32 OTOILIeHHe B Op.),
OpPyrasd 4acTh NPAMO 3aBHCHT OT YDPOBHA 3allacoB (pACXOOEI HA
CKAANCKYI0 TepepaboTKy TOBapHBIX 3AIIACOE, IIOTEPH OT HOPYH,
H3gepiRKH yueta W ap.). IIpH pacuerax HA OCHOBe SKOHOMHEO-
MATEMATHYECKHX MoOJe/ell VOpaBleHWH 3AIACAMHE obBIYHO [I0Ih-
SYIOTCH y/e/IbHOH BeJMYMHOH WH3JepiKeK XpaHeHHHA, PABHOH Ma-
OAEPHEAM Ha eIHHHIY XPAHHMOTO TOBADA B eMHHHIY BpeMeHH.
Hp:;: 8TOM [peJHoNATaIOT, YTO HAJePAKH XPaHeHHA 2a KajleHJap-
HEIH TePHOI NPONOPIHOHANLHE PASMEDY BATIACOE M IITHTEIBHOCTH
IepHOIa MeAly 3aKazaMH H obDpaTHO DpolIoplMONATBHE] KOJIHYe-
CTBY 3aKA30B 33 OTOT IIePHOJ.

Haxonemn, TpersuM ageMeHTOM paceMaTpHBaeMoit 1enesoit
(DYHKIMM ABIAIOTCA NOTEPH M3-3a TeMIMTA, KOTAA CHABMKEHIeCKO-
COEITORAS OPraHH3ANMA HECeT MATePHalbHVIO OTBETCTBEHHOCTE
38 HeYNOBJCTBODEHHe NoTpebHOCTH NoTpebuTenell M3-3a OTCYT-
CTBHSA 3ATlACOR.

Hanpumep, 0pH HeyIoBIeTROPEHHOM CIIpoce cHABKEHYECKO-
cORITOBAA OPraHH3ANMA MOMKET HECTH VOBITKHM B BHIe mTpadia
3a CPBIB MOCTABKH. BeposATHOCTE JedunuTa — 8T0 OMKHIAEMAS
OTHOCHTENBHAA YACTOTA NOABIEHAA ClYyYaeB HEXBATKM TOBAPHOI
NPONYKIHH B TeYeHHe DoJjiee HIH MeHee NPOIOEHTEALHOTO
HHTepBaIA BpeMeHu. YacTo BeposTHOCTE HedMIMTa Ompeleiserca
HAK YAcTHOE OT JefleHMA UHcla jaHelH, Korga TOBAD HA CHAaje
OTCYTCTBYeT, Ha obllee yncao pabounx mmHell, HanpuMep, B rogy.

Modens sxonomuveciu evizodnvix pazmepos
3aKa3vleaeMbLX NAPMUL

Pacemorpum pabory cknaga, Ha KOTOPOM XPaHATCH TOBAD-
HEI& 3allackl, pacxoiyemMble Ha cHab:enme nmorpebureneii. Pafo-
Ta ;PEH_TII:HDI‘D CRJIala COIIPOBOAIASTCH MHOMECTROM OTKJIOHE-
HHE OT HASAIBHOTO DeX(HMA: 3aKasans DApTHS oJHOoTo ofmema
a npubElIa NApTHA ¢ APYTUM  obBbeMOM; IO [LIAHY nap'rm;
AOJKHA NpPHOLITE Uepes [Be HelelM, A OHA IIPHILIA Yyepea
AecATH AHel; IPM HOpDMe PASIPYSKH OJHM CYTEH PAsrpyaxa nap-
THH AJJIHJachH Thog CYTOR XM T. Fis YuecTh BCE 3ITH OT;{JIDHEHHH
UPAKTHYECKH HEBO3MOJKHO, NOSTOMY IPH MOJEJHMPOBAHHH pabo-
TBI CKAANA 0OBINMHO JAe/IaloTed clieIVIOIHe IpeloNos e Hua:

e CKOPOCTH PACXOHOBAHMA 3aNacoB co CKIaja -—— MOCTOAHHAA
BENHYHHA, KOTOPVIo oD03HAYHM M (eguHMII TOBAPHEIX 3alIa-
coB B EIMHHIYY BpeMeHH); B COOTEETCTBHH C 3THM rpapue
HaMeHeHHH BeJMUHHEI 3AMACOR B 4acTH PACXOAOBAHHA ABJA-
eTes OTPe3KOM NIPAMOI;

» obfbeM NAPTHH OofoJHeHMA @ ecTh NOCTOAHHAA BeTHHHMHA,
TaK 4TO CHCTEMa YIIpAB/IeHHMA 3ANacaMM -— 3TO cHeTeMa ¢
(hHHCHPOBAHHBIM PAEMEpOM IAKA3A;

» EpeMA pasrpysKy NpHOEIBileH OapTHH DONOJHEHHA 3aNacoB
Mano, ByaeM CHHTATE €ro PABHBIM HYIH,

s BpeMs OT NPHHATHA PeIleHHA O MOMOJHeHHH A0 MPHXOAA 38-
KABAHHON NAPTHH ecTh MOCTOAHHAA BelWuuHa At, TAK 4TO
MOMCHO CUMTATH, YTO 2AKA3AHHAS TAPTHA MPUXOAHMT KaK OHI
MIHOBEHHO! €ClIH HYHO, 4To0Rl OHA TIPHIILIA TOMHO B OIpe-
OeleHHLI MOMeHT, TO ee clefyeT 3aKalaTk B MOMEHT BDE-
MeHH Ha At paHee;

e Ha CKJANe He MPOMCXOJHT CHCTEMATHYECKOTO HAKOILIGHHHA
nnu mepepacxofa sanacor. Ecan yepes T' ofoaHayMTE BpeM#A
Mexay ABYMSA MoCAefoBATEIbHBIMH IIOCTABKAMHM, TO obsaa-
TeNbHO BhINONHeHMe papexcrea: @ = MT. Ma cxasaHHOTO
BHIIIe CJOeAyeT, 4To paboTa crJIaja NPOMCKORHT OJHMHAKOBLI-
MM HMEJIAMY JIHTelbHOCThIO T, ¥ 38 BpeMA IHKIA BeJHUH-
HA Zamaca MEMeHdeTcd OT MAKCHMANRHOTO YPOBHA S mo MH-
HHMAIBHOTO VDOBHA §;

¢ HaxoHel, GyaeM CcUHMTATL o0A3aTeIbHBIM BEINOIHEHHE Tpe-
GoBaHMA, YTOBE OTCYTCTBME 34MAcoB Ha cKiale ORINO HeLo-
MYCTHUMBIM, T.e. BEIIOJHAETCA HEPABEHCTBO § = 0. C TourH
apeHHNs VMeHbLIIeHHH H3fepier CKIAJA HA XpaHeHHe OTCIo-
na BeITeKaer, uro § = 0'H, clegoBaTe bHO, S5 =8.
OxoruarentHo rpaduK sHeansHoiis» paGoTer cxnaja B thop-

me JaBHMCHMOCTH BeAHYMHBEl 3aIacoB Y OT BpeMeHH 1 GymeT

MMeTh BHJ, IpeACTABIeHABIH Ha puc. 8.9.

B npeasigymem naparpade oTMeualock, HTO o der THEHOCTE
pafoTsl cKIaza OIEHHMBAETCA Mo ero saTpaTaM Ha noloIHeHHe
aamacoB W WX XpaHeHMe. Pacxojwl, He 3JapHCANIHE OT obBeMa
NAPTHH, HASLIBAIOT HAKIAGHBLMU. Ciofa BXOOAT HOYTOBO-TENE-
rpadEsle pacxXo[sl, KOMAHIHPOBOYHEIE, HEKOTOpaA HacTh TpAHG-
MOPTHBIX pacxogoe u Ap. HaxiagHeie pacxofbl Gygem obo3Ha-
yare uyepes K. MagepmxKM XpaHeHHS 3AIIACOB BymeM CUHTATH

METONEL 1Y rl!:l"x."-'.:lih!f' MW
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OpOoNoPOHOHANBHEIMH BeJIMUMHE XDAHAIMMXCA 3allACOB M BpPeMe-
HH HX Xpadenuda. Hagep:sks Ha xpaneEHe ofHON eIWHHIBI 3a-
nacoe B TedyeHHe Dﬂﬂﬂﬁ eMHHHIILI BPBMBEE HAIBIBAKTCA BeJIH-
YMHOI YAeJBHEIX H3JlepyKeK XPaHeHHd; Mul ux Oymem ofoaHa-
YATE Yepes f.

¥

8

Puec. 8.9

Ilp uamMeHsIOmelica BeauuMHe XpPaHAUIMXCH JAIACOB H3-
TepPXKH XpPaHeHHA 3a HeKOoTopoe Bpema T MONMY4alOT NyTeM VM-
HOoMeHNA BenryuBEsl i B T Ha cpefHee sHadeHWe BeJIMYMHBI 3a-
nacos B Teyenue aroro Bpemedn I'. Taxum ofpasoM, saTpaTh
ckjafa sa spema T IIpH passepe NapTHH HONOJHeHMA @ B cay-
Hae HAeallbHOIO pexcunMa paboTel cKJafa, NpefcTABAeHHONS Ha
pic. 8.9, paBHbI

Zr{@)=K + h-T-Q/2.

ITocme nenenns aroffi GyHKUUM HA [IOCTOAHHYIO BelHuyuHy T
¢ yderoM paseHersa @ = MT IoayuuMm Bripamenue ANs BeiM-
YHHBI 3ATPAT Ha MONOJHEHHe M XpaHeHHE 3aNACOB, IPHXOMA-
OUXCd HA eqUHHEIY BPeMeHH!:

Z1@) = Zr(Q)/T =E/T + h-Q/2=K-M/Q + h-Q/2. (8.24)

910 # Oyzer meiesoll dyHKImell, MHHMMHIANHA KOTOpoii
NO3BOIHT YKA3ATH OMTHMANLHLIL pemumM paboTu cxiaga.

Haiigem ofmem asaxasmBaemoil napTum @, upu HoTopoM
MUHHMHIHDYeTCHA GYHKIHS CPejHHUX 3ATPAT CKJIAJa 38 eQUHHILY
BpeMeHH, T.e. dyuxuua Z;(). Ha npaxkrike @ yacTe npHEHAMA-
0T AHCKDETHRIE 3HAYEHNA, B HACTHOCTH, H3-38 HCIOOJALR3OBAHMA
TPAHCIGPTHEIX CPEACTB oOIpeneJeHHONH IpPYSOHOABLeMHOCTH, B

aTOM cAYyHAe ONTHUMATBbHOE 3HaYeHHe @ HAXOMAT nepebopoM L0-
nyeTHMBIX sHaveHMii Q. Mei GyfieM cuMTaTh, YTO orpaHHueHHH
HA NpUHAMAaeMble 3HAUEHHA @ HeT, Torja sajady Ha MHHAMYM
pyarunn Z(Q) (nerko moKasaTk, HTO OHA ABIAETCH BBIITYKIIOH,
cm. puc. 8.10) MOKHO DelUHTh MeTOZaM# ouddepeHIHATEHOTO

HeUMCIeHHA:
42y KM ko
d@ Fal 2l

OTEYZa HaXoAHM TOUKY MIHHMYMAa Qone

giper {20 (8.25)
onT h

Dra copMyia HasblBaeTcA @opmyaol Vuacona (mo uMeHU
aHrIMiicKoro yueHOro-aKOHOMMCTA, NOJYMHBIIEro ee B ABAajLA-
THIX rojax HALIETo CTONETHA).

OmraManeHell pasdMep NAPTHH, paccuuTEIBaeMBEIil 110 Qop-
myse VuacoHa, o6afneT XapaKTepHCTHMECKIM cBolicTEOM!
paamep napTHH @ onTHMAaneH TOrga M TOABLKO TOTAA, Korga Mi-
JeprAKH XpOHeHHA 3a BpeM# UHKa T paBHABI HAKA8JHBIM

pacxogaM K.

4
K:”;"'I.

Pure. .10
IeiteTpurensHo, ecan @ = JEZKM/h , To usfepmKH Xpame-

HIA 30 IIMKE DABHEL
12*
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Q e Q 2KM
—T:h———:h——EK.
2 2 M 2MHA

Ecnn e Mafep:xKM XPAHEHUS 38 ITHEN PABHE! HAKJIAJNHEIM
pPacxomam, T.e.

h

Qi
M

T0 @ = J2KM/h .

[IpornmiocTpUpyeM XapaKTepHCTHYECKOE CBOHCTBO ONTH-
MAaJILHOTO pasMepa NapTHH rpadwyecku (puc. 8.10).

Ha pumec. 8.10, Buamo, uTo MHHHMATBHOe 3HaYeHMe (PYHRIHH
Z1(Q) AocTuraeTcs npM TOM SHaYeHMH @, IPH KOTODOM DABHEI
SHAYeHHA ABYX NPYTHX (PYHKITHI, ee coCTARIMIONUX.

Hcenonways dopmyny Yuncona (8.25), B emenanunIX pamnee
OpeanonoxeHHax of mpeansHol paboTe ckIaZa MOMHO Toay-

HHTE pAl pacdeTHBIX XapakTepucTHK pabotrl ckmaga B onTi-
MANEHOM peX{MMe:

ONTHMANBHEIH cpeiHMH VDPOBEHL Zamaca

aJ:rJ::-r = QMT‘,I'E = VKM /2h; (8.26)

OINTHMANEHAA NEePHOIHYHOCTE NOINOJIHEHHHA 3allacos

Tnn'r S QD]]'T‘/M = 'IJEK-":M}"'; (82?}

ONTHMAJILHEIE CcpefHHE HIJe[KKH XPaHeHHs 30IACOE B eIH-
HHIY BpeMeHH

Hy =Q,..k = JKEMR/2. (8.28)

A Mpumep 4. Paccmorpum THIOBYI0 3anauy. Ha exnag moe-
TaBAAIOT NeMeHT Ha Gapae no 1500 v. B cytkm co exkmaga ro-
Tpeburenn sabupaior 50 T HemenTa. Haxnagnuere pacxofbl mo
ACCTABKE IIADTHH [eMeHTA DABHE! 2 ThIC. pybh. Hapepmru xpa-
HeHMs 1 T LeMeHTa B TedeHHe CYTOK pasukt 0,1 py6. Tpebyerca
onpefenuTs: 1) AAMTENBHOETE IHMKJA, CPe/lHECYTOYHAIE HAKIALT-
HEIE PACXOALI W CPe/lHeCYTOYHBIE M3NEDIKKM XpaHeHus; 2) atn
e BEIMUNHBL ANA pasmepos naprun B 500 v 1 8 3000 1; 3) ka-

KOBEI ONTHMAMLHEIH pasMep 30KA3LIBAEMOH MAapTHH M pacder-
HBEIE XApPAKTEPHCTHKH paboThl CKJIAAA B ONTHMAJIBHOM pemnme,.
Pemenue: Ilapamerps! paborsl cknaga: M = 50 t/cyT.;
K = 2 teie. py6.; h = 0,1 py6./T-cyr.; @ = 1500 T.
1. JAHTEeIbHOCTE IHKJAAL
T=Q:M=1500T: 50 r/cyr. = 30 cyT;
¢cpeAHecyTOYHBIE HAKJIAAHEIE DACXO/bI!
K : T =2 rere. py6. : 30 cyr. = 67 pyb./eyT.
cpe/iiecyTOUHBbIE H3JePHKH XPaHeHHA:
h-@/2 = 0,1 py6./r-cyr. - 1500 v/2 =75 pyb. feyT.
2. AnajorduHele pacueTh nposefeM Ans @ = 500 T
T;=@;: M =500 t: 50 r/cyr = 10 cyT.;
K : Ty = 2 tuie. py6. : 10 cyT. = 200 pyb./cyT.;
h€qy/2 = 0,1 pyb./r-cyr - 500 v/2 = 25 pyb. feyr.
WA @ = 3000 T
Ty = Qs : M = 3000 T : 50 T/cyr. = 60 cyr.
K : T3 = 2 taie. pyb. : 60 cyr. = 33 pyb./cyT.;
h-@Q5/2 = 0,1 pyb./T-eyr. * 3000 T/2 = 150 pyb./cyT.
3. Hafizem onTHMANBHBIN pasMep JaKasblBaeMOH I[apTHH
o cropmyae Yuncona (8.25):

2 =J2KM =Jz-2mﬂ-su 14007
omnT h (]11

ONITHMANBHEIL cpeqHHH YDOBeHb samaca mo Qopmy.e (8.26):
@onr = Qonr /2 =1400 7/2 = 700

ONTHMANBHYIO NEePHOJHUHOCTE MOMOTHEHNA 3aNacos Ho dopMyne
(8.27):

Qour 14007
Tous: T T8FT F 500 Tlog

ONTHMAJbLHBIE CpeIHHE H3IeDHKKHM XpaHeHHd 3alacoB B eIHHHIY
EpeMeHH 1o dopmyne (8.28):

H, = Q,pph = 7007+ 0,1 py6. /T cyr. = T0 pyb./cyT. y |

= 28 cyT.;
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8.3. MopenupoBaunme cucTeM MaccoBoro o6CyYKUBAHHA

Muorue skoHoMHEUSCKHEe 3nJAYK CBA3AHLI ¢ cUCTREMAMU MaC-
cosozo ofcayxueanus (CMO), 1. e. TAKHMMH cHCTEMaMH, B KOTO-
PEIX, ¢ OJHOH CcTOPOHEI, BOZHMKAIOT MACCOBLIE 3ﬂlIPDc:b::' {Tpebo
BAHMA) HA BRIMOJHEeHHe KAKHX-TAGO YCIyT, ¢ gpyrod — ]:’I[‘PE Hc_
XOANT VAOEJeTBOpeHHe »THX sanpocoB. CMO sxmouaer npcﬂeﬁs;
clIeyIOIIHe dNeMeHTEL: MCTOMHUK TpeboBAHI, BXOAAINIKE DOTOK
TpeGosannii, ouepesib, obeayIKHBAIOMME yeTpoHcTea (Kanaisl of
CAVIHHBAHMA), BRIXOAAIIAN NoTok TpefoBaHui. Hccﬂenoaaaueu-
TAKHX CHCTEM 3AHHMAETCH MENpUs MACC08020 00CAYNUBLIHUR

MeTonaMu TeopHH MACCOBOTO ODCHY:HHBAHHA MOTYT EL;TL
pelledE] MHOIMe 3aJa4M HMcClIefoBAHHA NpolleccoB, NpoHoXomd-
HIMX B sKoHoMHKe. Tak, B OpraHH3nLHH TﬂpI‘ﬂBJ‘[H’ 5TH MEeTOIEI
TOSROAAIOT ONPEIeIHTE OONTHMANLHOE KOJHYECTRD TOPrOBBIX f';o
YyeK JAHHOMC HpouUnd, YUHCIeHHOCTE NPOJABIOE, YDCTOTY aaaﬂas;
TOBAPOR H OPYTHe napaMerpsl. JpyruM xapaxkTepHBIM IIPHMe-
poM CcHCTEM MAaccoBOro obDe/lVHHBAHHA MOTYT CAYIKHTL CKIANL]
unu Gassl cuadmenyecko-cOBITORR X OpPraHuaanii, 1 3ajaya Teo
PHH MaccoBOre ODCHIVAHBAHMA B [JaHHOM c.rlyqz;e CBOOHTCH 1;
TOMY, HTODRl YCTAHOBHTE ONTHMANLHOE COOTHOLICHHE MeX
uyMenoM MOCTYIAIIHUY Ha a3y tpeboBaBnil Ha Dﬁﬂﬂ?ﬂtﬂﬁﬂ!lfi:
H YHCJA0M obCHVAHHBAIIMY yeTPolicTE, OPH KOTODOM cyMMap-
HBle pacxofki Ho ofcAdyMHBaAHWe H YOBITKM OT NHpOCTOA T EHE
nopra OBLIH OB MHHHMAJLHEIMH. TeopHa MaccoBOTO Dﬁ(:.I'IP}EH-
BAHMA MOMeT HallTH NPHMeHeHHe H NOpPH pacdeTe 11.rp.::~F H
CKNAACKHX TIOMeIDeHWH, MpH 3ToM CHAANCKARA nﬂoma,qhmﬂ;::
cMATPUYEAeTCA KAK obeiy:MBawilee yoTpolicTeo, a npnﬁm?rm;
TPAHCIOPTHRLX CPEefCTR O]l BRITPY3KY — Kag Tpi;.EDB&HHB Mo-
Oeld TeopHH MaccoBoro ofcay:HBaHHA [PHUMeHANTCA T;]RJ-KE
MpH pelleHHH PAAa 30404 OPraHH3AOHH B HODMHPOBAHHA TPY-
Ia, APYTHX CONHANRHO-BKOHOMHYeCKHX npobieM. o

Cucrembl Maccoporo oOCAY:KHBAHHA MOTYT DRITE KNlaccudH-
HHP;JB%HH Mo pALY NPH3HAOKOE.

. B zasMcumMocTH OT

oBCAVIHHBAHNA puannqam:: B e
s CMO c nomepamu (oTKA3AMH),
e CMO e owudanuem,

KOTHa BCe KaHANBL oBC/TyKMBAHMA 3AHATHL,
tepmores. KaaccrieckHM [IpMMepoM CHCTEMBI € OTKA3A

eTca TenedoHHARS CTAHINA,

(IHe KAHANE! 3aHATBIMH,
ge ocpoboguTeA OOMH K2 oBCAVHHBAIOIHUX KaHAJIOE.

TpeboBanuii B Heii, HAGBIBAIOTCA CUCTIEMAM

B CMO c oTAa3AMH rpeboBaHNH, nocTynaliue B MOMEHT,
MoAy4awT OTKas H

M¥ ABJH-
Ecau BhI3hIBASMBIH aBOHEHT 3aHAT, TO
GopaHpe HA cOefMHEeHHWe c HUM NoaydaeT oTKAS B TepAeTed.

B CMO ¢ oxunanuen TpeboBaHHe, 3aCTAB BCe ODCAYIKHBA-
CTAHOBHTCHA B G‘IEPE,U.L H oHgaer, IoKa

HO C BI‘pﬂHH‘IEHHE‘IM YHCIOM

CMO, ponycKaioiie ouepelb,
u ¢ OzpaHuUYeHHOU

daiHoil ovepedu.
CMO, ponmyckajompe odepefk, HO C orpaHUYEHHEIM CPOKOM
npedbiBAHHA KAMIOTO rpebopaHNH B meil, HASLIBAOTCA CUCTE
Mami € 02DAHUMEHHDLY BPEMEHEM oM UdaHUA.
9 [lo umecny KaHafgoR o6CcHyKHBAHUA CMO genarcda Ha
s OOHOKAHAABHBIE]
»  MHOZOKQHAABHBIE.

3 [lo MecTy HAXOXKIEHAHA
CMO genaTcs Ha:

s pA3OMKHYTBIE, KOI'/AA perounnx TpebOBAHWA I

CHCTEMBI;
o 3aMKHYTHE, KOTAA HCTOUHHK HAXOAWTCA B caMoil cHcTeMe.

TlpumepoM PA3OMKHYTOH CHCTEMEI MOMKeT CIVHTE ATENbEe
o peMOHTY Te/eBH30pOE. Bnech HeHcIpaBHbIE TeJeBHIOPhl — 1o
sorTouHMK TpeboBaHME HA HX obcay:KuBAHME, HAXOAATCA BHE
camMoii cHCTeMBI, YHCIO rpebopaHHil MOMHO CUMTATE Heol'paHH-
wenneiM. K zamxayTeiM CMO oTnocuTed, HAMPUMED, CTAHOUHEIH
y4aCTOK, B KOTOPOM CTAHKM ARNAIOTCH MCTOYHHMKOM HeHCIIpaB-
HoeTeil, 8 clefoBATeNbHO, HCTOUHITKOM rpebopanHuii Ha HX obery-
#HEBAHHME, HAIDHMED, ppurajoi HATANMHKOB.

BoaMoMKHE ¥ Jpyrue NpHIHAKH waaccudukanun CMO, Ha-
npuMep, 10 AMCIUILITHE obcnyKuBaHHA, ORHOpASHbIE H MHOTO-
daanste CMO u ap.

MeToasl ¥ MOZENH, NpHMeHSIOMuUecs B TeOpHH MaCCOBOTO
oBeTyHBANNSA, MOMHO YCJIOBHO pasfgeNHTh HA QHANHTHUECKHE
1 EMHTANMOHHEIE.

AnanurHyeckHe MeTOLB!
MO3BONAIOT TMONYUHTE Xapak
phie (DYHKIHH TApaMETPOB €€

HeTOUHHKA TP eboBaHMH

AXoQHTCH BHE

TEOPHHM MACCOBOIC obcay:HUBaHHA
TepHCTHKH CHCTeMBl KAK HEKOTO-
dyHKIHOHNPOBAHUA. Baarogapsa
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STOMY NOABIASTCA BO3MOMKHOCTE IPOBCANTE HAUECTBeHHELIN aHaIMa
BIHAHHA OTAENBHEIX DAKTOPOB Ha adipekTHBHOCTE paborsr CMO.
UmMuranuoHHEle MeToBI OCHOBAHBI Ha MOZeNHPOBAHHHE Ipollec-
COB MAaCcOBOTO ofcaymueanmsa Ha DBM i IPUMeHATEH, BCIH
HEBO3MOJKHO NpHMeHeHHe aHANTHTHYECKHX MOJeNei; DAL OCHOB-
HBIX NOHATHH HMHTANHOHHOIO MOJEJHDOBAHUA paCCMOTPEH B
§ 3.5. Janee Gyuem PACCMATPHBATL AHAJIMTHYECKHE METO[k]
Mogeauposanna CMO,

B Hacrosimee Bpema Teopernuecky Haubolee paspaboTaHEl W
VAOOHEI B IPAKTHYECKHX TIPHIOHKEHUAX MeTo[Ll pelleHHA Ta-
HHX 3ajiad Maccororo ofCAy:RUBaHHA, B KOTODBIX BXOZAINH
noTok TpeboBaHEUH SBISeTesn npocmeliuum (nyacconosckum ).

Hns mpoeTeimero noToxa yacToTa MocTYINeHHa TpeforaHm
B cHeTeMy NojduHAeTcH aakoHy llyaccoma, T.e. BeposTHoeTh To-
CTYILIeHHA 3a Bpema t poero k Tpebosanwmii 3agaeTtcs thopMyITON;

13
CO_ o, (8.29)
il

Py(t) =

[TpocTefimmii noTox obxamaer TPeMA OCHOBHEIMM CRocTBAMM:
OPAHHAODHOCTH, CTALIHOHAPHOCTH H OTCYTCTBHEM IoCHeleicTEHA.

Opdunaprocms moToka osHayaeT NPAKTHYLCK VIO HEBOIMOMK-
HOCTEH OAHOBPEMEHHOr0 HOCTYILIEHNA ABYX H Golee TpeboBaHHII.
Hanpuwmep, gocrarouno manoii sensercs BePOATHOCTE TOTO, YTO
M3 TPYIUIB CTAHKOB, obCry:xuBaeMelx Gpuragoit DEMOHTHHKOBE,
ORHOBPEMEHHO BEIHAVT H3 CTPOA cPA3y HEeCKOJbKO CTAHKOR.

CmayuonapHuim HaseBAeTes IOTOK, JJA HOTODPOTO MATEeMA-
THUECKOE OMHIAHHE uyuena TpefopaHwuili, HOCTYIAIOIINY B CHCTEMY
B e[HHHIY BpeMeHH (0603HAYMM 1), He MeHAeTes BO BpeMeHH.
Taxum obpasom, BeposTHOCTE OOCTYILISHHA B CHCTeMY ONpeneieH-
HOTO KOIMYecTBA TPeGoBAHMHI B TeueHMe sagaHHOrO NpPOMEHYTEA
BpeMeHH Af 3ABHCHT OT €ro BeJHMMHBI M He SABHCHT OT HAauaja
€ro OTCHeTa HA OCH BpeMeHH.

Omeymemeue nocaedeiicmaus OSHAYAET, YTO UMD TpeboBa-
HMH, TOCTYTIHBIIAX B CHCTEMY 10 MOMEHTA t, He onpeIeNfeT ToTo,
CKOJMBKO TpeGoBanuil IoeTynur B CHCTeMY 38 IDDOMEKYTOK Bpe-
MeHH oT § jo § + At,

Hanpumep, ecan nma THALKOM CcTAHKEe B OAHHEIH MoMenT
IIPOHBOIIeS 0DPEIE HHTH ¥ OH yeTpaHeH THaUHX0H, TO 3T0 He ol-
pefender, NpoHIcHIeT HORBIG obOpRIE Ha OJOHHOM CTAHKE B CJe-

Hewomopbie npukaadnbie MoJenu HOROMURECKULY NPOUECCOS 317

myromMil MOMEeHT MM HeT, TeM GoJiee aTO He BJAHAET Ha Bepo-
SATHOCTE BOSHMKHOBEHHs 0DpBLIBA Ha APYIHX CTAHKAX. i

BakHaa xapaxrepuctura CMO — speMs Dﬁﬂﬂymﬁﬁma
TpefoBannii B cuereme. Bpems nﬁm_:_}rmnnaﬂnﬁ OIHOID Tpef::—fm;,_
ABJIfAeTCH, KAK [PABIIO, cIy4aiHOi peHUHHONR H, %reiﬁuﬂhmee
HOD, MOMKET OBITE OIMHCAHO 3AKOHOM pacnpe,qe.:lennm CR;!{ a
pacopocTpDaHeHHe B TeOPHH 1; ;;zii:::ﬂn ;Iapﬁ;cﬁm;lzmpeammuﬂ

OIVHMI IKCTIOHE

:;Bet.:;j::fx Eﬁc:f;xmsaﬁuu. dyEKUMA pacTipefefeHus QA 3TOro

AAKOHA AMeeT BHI:
F(t)=1-e™, (8.30)

T.8 ‘BEPDﬁTHUﬂTb TOrO, 4To BReMHA Dﬁﬂﬂ??ﬁﬂﬂaﬂﬂﬁ He Hpﬁ?gﬂ;(&)}a
OUT HeKoTopoil BeJHUYHMHE i, onpefe/fAercd dropmyioH .;Hpm,
rge | — napaMeTp SKCHOHEHIHAJBHOTO 2AKOHA pacnpenel

BpeMeHH obCnyHBAHHA rTpeGopaHHil B CHCTeMe, T.€. BeJWYHHA,

obpaTHas cpegHeMY BpeMeHH oBenyitHBAHMA 15!

t 8.31
= 1lfrta.ﬁ. [ ]
ﬂ_
PaccMOTPHM aHATHTHYECKHEe MOJEIH Hanboiee pacnpucnéo
HenHEX CMO ¢ oxuganueM, T.e. Taknx CMO, B KoTOphIX -rpeK&
alIOHe Ka-
MEHT, KoTjla Bee 00CIYKHE
BAHMA, IOCTYTIIHBIIHE B MO ! i
HAJE 13E.HH'.TI.-.1, CTABATCA B OYepejb H ODCIYXXMBAIOTCH IO MEP
oceoboMIeHNA KAHAIOB.

O6Mmas MOCTAHOBKA 3AJAAUH COCTOMT B CHEIYIOILEM. Cnc-r;::
yMeeT N OBCIYIXHBAIONIAX KAHAIOB, KAMKIBIM H3 KOTOPBIX MO
OJHOBPeMeHHO OGCTyHMHBATE TOALKO -::-_,n;nca TpeboBaHME. 2

B cHeTeMy MOCTYTAET MPOCTEHINMI (myaccoHOBCKHH ;
TpeGoBaHuii ¢ MApAMETPOM %. Eenu B MoMeHT HOCTVIIIEHHA OHe-

poro TpeboBaHHA B CHCTEME HA obCayHHMBAHHH Yike Hm-:um{:gg
Ezumeﬂbme n TpefoBaxui (T.e. Bce KaHAIBI 3AHATHI), TO

AH HTC i AHHH-
TpefoBaHne CTAHOBHTCA B OYEPEb W HAET HaYama oi‘ic.uym?i et

Bpemsa ofcay:XxHBaHUA KaKAOTO TpeboBAHHA f,g — © :ﬂgﬂ_
Hafd BeJHMYIHAO, I{DTDpﬂ.ﬂ NoTUHHASTCH AKCMOHeHIIHATBHOMY
KOHY pacrpeneleHna ¢ MAPAMEeTHOM | iy

CMO ¢ o;xujaHHeM MOGHO pasfuTe Ha [Be SoakIINe I:{p; e
3AMKHYTEIe W pasoMkHyTBIe, K samiHymbly OTHOCATCA © ;



318 o 8_-:

B KOTODHIX MOCTYNAKMmMuil mnoTox TpeboBaHWil BO3HUKAET B ca-
Moii cHeTeme M orpaHmdeH. Hanmpmmep, Macrep, sajadeil KoTo-
poro ABNAeTCHA HAMAAKA CTAHKOB B HeXe, NOJIKeH NepHOTHUECKH
ux obcmy:xueaTh. Kampgeri Haga)XeHHBIH CTAHOK CTAHOBHTCH
NOTeHIHATBHEBIM MeTOUYHHMKOM TpebopaHmii Ha Haxkjagky. B mo-
moGHEIX cHcTeMax oflee wMc/o LMPKYIMPYHOIMHX TpeboBaHHH
KOHEYHO M Halle BCero MNocTOgHHO.

Ecnam nuTalomEil HeTouHRK obmagaeT GecKOHEUHBIM YHCJIOM
TpefoBaHMil, To CHCTEMEl HAaaelBaloTes pasomicnymbtmu. [Ipume-
paM# NOAOGHBIX CHCTEM MOTYT CJOYAHTh MArasHHBI, KACCH! BOK3a-
JIOB, HOPTOB M Zp. IINA 3THX cHCTeM NOCTYNAIOIIHHA I0TOK Tpebo-
BAHHH MOM{HO CMHTATh HeOrpAHMYEHHLIM.

OrMeyennsie ocofeHHOCTH QYHKIMOHHDOBAHNA CHCTEM 3THX
OBYX BHJOB HAKNAABIBAIOT OoNpefe/IeHHEIe YCIOBMA HA HCNOAb-
syeMBI# MaTeMaTHYecKHi ammapart. Pacuer XapakTepHcTHK pa-
forer CMO pasnH4YHOrO BHOA MoXeT ObITH IDOBeJeH HA OCHOBE
pacuera peposTHocTelt cocroarmii CMO (rax HassiBaemble @op-
MYyabt Jpaanza).

PaccMoTpHM aJIOPHTME! pactieTa NMoxasaTenell xadecTea QyHK-
OMOHHMPOBAHNSA PA3OMKHYTON cHeTeMBI MaccoBoro obcay)KHBAHHA
€ OXKMIAHNEM. :

IIpst HaYUeRHH TAKHUX CHCTeM DPACCHMTHIBAKT PASAHUHBIE [10-
KaaaTeaH addeKTHBHOCTH ofcayxuBAKmMER cHeremel. B Kade-
CTEE OCHOBHEIX IoKazaTeneil mMoryT 6uIThE BEPOATHOCTE TOrQ, HTO
BCe KaHAJE! ¢BODOMHE! HAH 3aHATHI, MATEMATHYECKOE OXHIAHHE
JIHHBL odyepedH (cpefHAR ANHHA odepefH), KoadbdHIHeHTRI 3a-
HATOCTH H NPOCTOA KAHAJIOB oGclyHHBAHHA B Ip.

BregeM B paccMoTpeHHe napaMerp oo = AU 3aMeTHM, 4YTO
ecam o/n < |, To ouepefs He MoMeT pacTH GearpagmuHa. JTO
YCJIOBHE HMeeT CleAyIOmMil cMEIeN: A — cpefHee uHcno Tpebo-
BAHMAM, TOCTYIAIOIONK 38 eNAHHOY BpeMenu, 1/t — cpejiuee
Bpema ofcayKHBAHHA ONHHM KaHaTOM oAHoro TpeboBaHMdA, TO-
raa o = A+ 1/u — cpegHee 4YHCI0 KAHANTOB, KoTopoe Heobxogumo
HMeTh, 4To0Bl o6CHVKHEATE B efHHHIY BPeMeHH Bce IoCTYIAo-
mue Tpeboparna. IMoaToMy yernoeme o/n < | ozHadaeT, YTo HHC-

a0 ofcIVRHBAIOIIAY KaHANOB OoMKHO GpITe OoNbIne cpefHEro
yHMcHaa KaHANOB, HeobXofWMBIX ANA Toro, 9robhl 3a egMHBIY
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Heromopbie np

“1- i
ppemMeHH OOCIYHUTE BCE HOCTYIIMBIIAS TpeboBAHHA. BamxaeH ‘
aborer CMO: |

|IHMe XApAKTeDPMCTHKH P ;
I 1 Bipomocm roro, 4To Bee ODCAYHHBAIOIIHE KaHAIbl CBO

foAHBL I

i | |

el B, m |

P, = HZE— o (8.32) \

= ¢
2 - Bl nll-o/n

yro saHATO poBHO k OBCTYIKMBAIOULMX
frjee HMCIO rpeGoraEnil, HAXOMA-
OfCTY HHBATOTIHN

2. BepoATHOCTE TOTO,

o
KaHATOB MpH YCIOBHH, MTO
pxcA Ha obcryrHuBaing, He TIPeBOCKOIHT HC/a

ATIAPATOBR!

&
P, = %Pﬂ npul<ksn (8.33)

yro B CHCTEME HAXOTHTCH k TpebopaHM B

o
S e yyesa OBCIYKHBAIOIIHX KAHATOB:

caytiae, KOrja ux 1Hejo poJspine

k
“ __p, npukzn. (8.34)

Py = 3
nln®"

4. BeposTHOCTD TOTO, UTO BCE OBy KHBAIOIIIHE KAHANL 3AHATHL:

k
% : 8.35)
s WSRALT pos (i) {
P i) 0 (af

CIY -
5. CpenHee BpeMms OMKHIAAHMA tpefoBaHneM HaHuaJA obcmy

HMHEBAHMA B CHCTEeME:
e i
% u(n - a)

; (afn<1). (8.36)

6. Cpensada IHHA ouepeiu:
1
DR I VBRI L
o " pl-afn) nln(d-aofn)
o obcIYYKMBAHNA KAHATIOR:

7. CpegHee 4ucio cBODOTHBIX
Ny = n}i“‘k kD, (8.38)
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8. Koagpunuenr IIPOCTOR KAHAJIOR:
N,
Km0
ap - (8.39)

9. Cpegree uncno 38HATHIX OBCTY:RHBAHMEM KaHaToR:

NE =" - .|!Vﬂ. {Sa‘iﬂ]
10. Koadhdmunenr 3aTPY3KH KAHANTOR
N,
K, -—2, (8.41)

fl r
;Tfp':;,l: I':I I:I;::Hi. nl]:y:fr;‘h thuaman dupMmer no PEeMOHTY paguoalia-
YDE 3 OOBITHBIX MacTeposB. B CPeOHEM B TeYeHHe
padoverc gHs or HACEJeHUA [OCTYNAET B peMOHT A =10 pamuo-
:2;1;-5;; E:I.J;Hgnmee HHCIO pajgnoannapaTos, HAXOOAMUXCA B
; s ¥ HElCE'JI'EHHH, OUEHE BeIHKD, H oHH He3aEpHCcHMO
:p} Apyra B pasimH4YHOe BpeMsA BRIXOOAT H& cTpoA, Huammy
CTh BCE OCHOBaHMA MOJIArATD, YTo IOTOK 38ABOK HA DEMOHT ar- '
NAapATYDBI H!:JIHETB.E CAYHARHBIM, OVACCOHOBCKHM. B n;um oy 1
PeIb Kaawlil annapar s SABHCHMOCTH OT XapaKTepa Heuern ae_
HOCTH TaKixe TpebyeT pasmimuHoro CAYYAHHOrO BpeMeHH Happz-_ |
{1‘;::;:"{';.3 HBpemsr Ha TpOBe[eHMEe DEMOHTA 3aBHCHT Bo MHOroOM or |
Comgs DCTH DoJyMeHHoro TOBpexxfeHUA, KBAMUGUKAIMKN Mac-
i th:;}o;;zﬂi‘il APYITHX npuyus. Ilyers craTmermra moxKaza-
S E'(Tm{p QHTA NOSUHMHAeTCH JKCIOHeHUHATLHOMY 3a-
& M!;CTE M B CDEZHeM B TeyeHMe paGouero gms KasqnIif
POB yCIegaeT OTPeMOHTHpOBATE | = 2.5 PazHoanmapata,

34 egMHHIY BpeMeHH I
PHHEEMaeM 1 paf it
1. Onpenenum napamMeTp R
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1
@=hs=10-1/25= 4,

Tax Kak o < n, To ovepens He MOXeT pacTH GearpaHuyHO.

s

2. BepoATHOCTE TOTo, UTO BCE MacTepA cROOOIHEBI 0T DEMOMTA
ANMAPATYPEI, PABHA caryacHo (8.32):

1
E 2] 3/ 1] 5/ e oie,
1+4+4°/2144°/3144%/41+47/51(1-4/5)
3. BepoaTHoeTe Tore, UTO BCE MACTepa 3AHATLI PEMOHTODM,
Haxoaum 1o (8.35):

Fy

Jro oagadaeT, yTe 55,4% BpeMeHu MacTepa ITONHOCTBIO 3A-

rpyvaseHs paboToil.
4. Cpeguee Bpemsa ofcy:EHEAHNA (peMOHTA) OJHOrC ANIAPATA

coraacHo (8.31):
t.s = 1/ =17/2,5 = 2,8 u/annapat
(npm yejioBHH ceMuuacoBoro pabouero AHs).

5. B cpemmeM BpeMA oKHIAHWA KAMKIOTO HEMCIIPABHOTO aIlna-
paTa HaUAJIa PeMOHTA paBHo no (8.36):

EB}H = LTE:% - 2-:§ = 1.55 5

6. Ouenr paXKHOH XApaKTePHCTHEOH ABISeTCA CPRAHAA LIHHA
ouepeaH, KOTopad onpelelderT HeobxoduMoe MecTo IA# XPaHeHMA
ANMapaTypel, Tpefyiomiedl peMoHTa; HaxofuMm ee mo (8.37):

- 0,554 - 4
oy = ————— = 2,2 anmnapara.
5(1 - 4/5)
7. OmpenenuM cpelHee YHCHAO MACTEDOB, cBOBONHEIX OT pa-

BoTsl, o (8.38):
oy [5-0 h-1 5-2 . 56-8 3 H-4 4

=0 AT e T e —_—gY e — - 4% | = 095..
Ny ,{!13[ 1 1+ T 4+ 21 4% + 31 11 :

Takum obpasoM, B cpefHEM B TedeHHe pabodyero gHA peMOHTOM
3AHATE MeThIDE MAacTeDa U3 ITATH.
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]

[lepelifeM K pacCMOTPeHHIO AJIrOPMTMOB pacyeTa XapaKTepH-
ereK (yExnuoHHpoBannd saMrHyTex CMO. Ilocronsky cucrema
saMKHYTafd, TO K [OCTRHOBKE 3aJa4H ciaefyeTr AofaBuTe ycloBHe:
OOTOK MOCTYNAKIOHX TpebOBEHME olpaHWYeH, T.e. B CHCTeMe

GECJIYH:CHBEHHH OOHOBPEMEHHO He MOMKET HAXOIHTLCH DoJablle m

rpebopanuii (m — unecno ofenyHBASMEIX OOLEKTOE).
3a xpuTepHil, XapaKTEPH3VIOIIHHE KAYECTBO (HYHKIIMOHMPO-
BAHHA paccMAaTPHBAEMOM CHCTeMEI, BHIDepeM OTHOLIeHHe cpeiHeH

ONHHE! ouepesH k Haubonrimemy uMeny TpefopaHuil, Haxogd-

MHXCcA OJHOBpeMeHHO B obcmy:xupBaiomed cHcreMe — HoadubHing-

eHT npocTod obcay:xuBaeMoro obmexta. B kKauecTee IOpyroro
KPHTepHA BOZEMEM OTHOIISHHe cpelHer0 YHCIA He3aHATBIX 0b-

CAYHHBAKMINK KaHANOE K HX oflleMy uHcny — EoaddmHIueHT
npoctod obc/IYHHBASMOTO KaHAKA.

ITepprIil 13 HABBAHHEIX KDUTEPHEE XADAKTEDHBVET IOTepH
EDEeMeHH H3-38 OMMHIAHWA Hauana obcay:MHBAHHA; BTOpPoil MO-
KAZLIBAET IOJTHOTY 3ATPY3HH obDCAVKHBARIONIEH CHCTEMBI.

OueBMpHO, YTO oOYepelb MOMKET BOZHMKHYTL, JHIIL KOILA
YHCI0 KAHANOE MeHBIIe Hanbonpllero uucia TpeGoBAHHIL, HAXO-
IAIMHYCHA OJHOBPEMeHHO B obcmy:xHBaONeld cHeTeMe (i < m).

Mpueegen nociaefoBATENBHOCTL PACYETOB XADAKTEPHCTHH
saMeHYTHX CMO 1 Heobxogumele dhopMyas!.

1. Onpepgenyy mnapaMeTp o = A/ — IMOHAa3ATe]b 3aTpPY3KH
CHCTEeMEI, T.€. MATEMATHHYECKOE OMHIAHHe uHcna TpeboBaHMH,
NOCTYHNAKIIHY B CHCTEMY 38 BDeM:A, DABHOE CDeJHEH OAHTENb-
HOCTH obcayausannd (1/p = {5 ).

2. BepoaTHOCTE TOFD, UTO 3aHATO k obelyIiKKMBAIOLIMX KaHAIOB
IpPH VCIOBHH, UTo YHcIo TpeGosanuil, HaXoMAINHXCA B CHCTEME,
HEe OPeROCKONHT YHCIA 00CAVMHBAIMINY KAHAIOE CHCTEMEL:

ml

S ma’“f’u (1<k<m). (8.42)

Py
3. BepoATHOCTE TOTO, 9TO B CHCTEMe HaXogHTcA £ TpeGoBaHME

IJIA CAyYas, Korga Hx uxciao Goabmme uwHcaa obciaymuBAIOIMNAX
KaHAJOB!

ml k
Py = a Py (nsksm. (8.43)
T R

4. BepoaTHOCTE TOTO, 4TO BCE obcayKHBAKIHE KaHATBL CBO-
GoaHbl, ONpefe nM, HCIOJb3YH OYeBH(HOE yCIoBHE!

m m
ZP# =1, orkyga Py =1- ZP“‘
k=0 k=1
Benwunny Py MOMHO NOMYUHTE TAKMKe NYTEM MOJCTAHOBKH

T
B [ABEHCTEO ZPFE = 13uagenuit Py,Ps,...,Prn, B KOTOpHIE Py
=0 3
sxoguT coMuo:xureneM. IlopcraBnan uX, monydaeM caeyIOLILE
ypaBHeHHe [JIA OnpejiefieHNnd Pa:

L

n ml b m! —-r-{‘,r.* =T
Pﬂ[zkum—k}t“ WD, m— 5!

o
Lk=u E=n+l

OTHY A

i
Pu=[i—L ko i _.”L_.:A . (8.44)

o
Lk__uh!(n:—k}! Mmool it () [ s D

5. CpefHee YHCAC rpeGoBaHMi, OMHAAIOIHX HAUATA ODCTY-
acMBaHUSA (CpefHAA AJMHA ouepeju),

i
M, = Y (k-mP
k=mn+l
HJIH
m i
M__ = Z [kﬂl'—ﬂkpﬂ. [84&}
Nk oy n"'”n][m - k)!
6. KospduuuedaT NPOCTOH ofcnyxHBaeMoro  TpeboBaHNHA
(0bBerTa)
M. 1S P (8.48)
K E-:—_HL:_ Z{k_ﬂ:l e .
np.o - m =
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7. Cpeguee uicao TpeboBanmii, HAXOOAINUXCA B 0bBCIVIKHEBAIO.
el cHereMe, ofcAyiKHBASMEIX H OHUIAIOITHY obCAVIHBAHMA!

L o
M =3 kP + ) kB (8.47)
k=1 E=n+l

IO p

- ! : L Bm! -|
ﬂ'f = |V ——m" —O_'j‘ + —_ﬂk P o
;?;1 (b —1)l(m - k)! ,,fzm] n* " nlm - k)l _|: ;

8. Cpennee uHelIo cBOBOHBIX 0BCIYIKHBAIOIINX KaHAJIOB

n-1 n-1 4
; (n-kym! , .
No=Q (eel)hy.= ) e By, 8.48
0 E(H VB, k_ﬂk[{m—k}]a % ( )

9. KoadhuumerT npocToa obCay:RUBAIOIIErD KAHAIA

N n~1 R-1
K:’:p.xna = n[l = Z‘Pk _;Eth- {8.49)
k=0 Jeaa )

Pacemorpum npumep pacuera xapakTepHoTHE saMEHYTOR CMO.,

A Mpumep 6. Pabounit obcny:xHBAET IPYIINY ABTOMATOB, COCTOM-
iy U3 3 crankor. [ToTok nocrymamwmux tpefoBannit Ha ofey-
AHBAHME CTAHKOE [IYACCOHOBCKHH ¢ mapamerpom A = 2 or./u.
Obcny:xuBanme ONHOIO CTAHKA 3aHUMaeT y pafoyero B cpegHeM
12 munyr, a Bpemsa ofcIyHMBAHMA TOJYMHEHO DKCIOHEHIIH-
aneHOoMY 3akony. Torpa 1/p = 0,2 ufer., Te. u = Her.fu,a o =
= :‘..l,-"ll.l. = ﬁ,-’l

Heobxogumo onpefennrts cpefiHee 4HCAO ABTOMATOB, OMtH-
AKX obcayXUBAHMA, KoaddHOIUEHT NPocTOA ABTOMATA, KO-
apuiinedT mpocrosi paboudero. OBCiYIKHBAIIIHM KaHATOM
3feck fABAAeTCA paboumil; TAK KaK CcTAHKH ofchaymuUBaeT oOfMH
paboumit, To n = 1. Obmee uneno TpeboBaHMH He MOMeT nmpe-
B3OHTH YHC/IA CTAHKORB, T.€. 1M = 3.

CucTeMa MojteT HAXOAHTHCH B UeTHIDEX DASIHYHBEIX COCTOM-
Huax: 1) see crankm paSoralor; 2) onuE eTonT M obcayMHBaeTeS
pabounm, a apa paborawr; 3) g4Ba CTOAT, OIMH OGCIY)KHEBAETCH,

25
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OIHH IHOeT obcaysxupanusA; 4) TPH CcTOAT, HA3 HUX onuH obcay-

GHEBAETCH, & TBA MIYT ouepel i :
It D"'J.“BETB. Ha [oCTABISHHEIE BOIIPOCHE! MOHSHO BOCHOJB30

EATLCH QOPMYJIAME (8.42) u (B.43):

!
Py= o SR 0,4F, = 1,2P;
113 - 1!
1
Pz = 2 = AT 01.42130 = G,QEPB;
1271143 - 2)!
!
Py = 31 .043p, = 0,384F,.
1%-111(3 - 3)!
CpemeM BBRIYNCIGHUA B TADIHIY.
Tabnuya 8.2
e | k-n | PP | B [(k—n)P, | kP
0 0 1,0000 0,2822 0 0
1 0 1,2000 0,3386 0 0,3386
2 1 0,9600 0,2709 0,2709 0,5418
3 2 0,3840 0,1083 0,2166 0,3249
¥ 3,5440 1,0000 0,4875 1,2053

B sroi Tabnmume mepBOH BBIYMCIAETCA TPEThHA rpada, T.e.
oraomenns Py/Po mpe B = 0,1,2,3. BaTeM, CYMMHUDYH BeJIHH-
3

HeI o rpade B YUHTHIBAH, 9TO Y. P, =1, monyuaeM
k=0

orryma Py = 0,2822. YMHoMAA BeqHUHHBL Tpe"rieig E_r-gp;g:b;} 51_1{;
Py, nonyuaenm HTeTBEPTYIO rpady. BennunHA Py=0, ,Gm
HaA BBPDHTH{JGTI”E TOrD, 4YTO BCe ABTOMATEI PEEUTE!.IGT: I:BO&:I_
GLITH MCTOJKOBAHA KAK BEPOATHOCTE TOrO, 4TO paﬁnqﬁnu i
JIeH. HGJ’IY"—IHETEH, uTO B pﬁGGM&TPHBEEI'dﬂM cIIyHae paﬁmum ng;a_
cpobojlen Gosee 1/4 Beero pafouero BpeMeHH. O,E[Hémﬂ aTﬂBaHHH
Hauaer, HTO anUepebi CTAHEOER, oEMIAIONTHY O [y g o o +
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Beerga 6ymeT oTCyTCTBOBATE. MaTemaTHyeckoe osuzanme qHeN
ABTOMATOB, CTOAINNX B OYeDElH, PABHO

I
M, =3 (k-1)P, (rax kakx n = 1).
k=2

. Cymmupya naryio rpady, nonyaum M, = 0,4875, crenora-
I‘EI‘JILHO, B cpefHeM H2 Tpex cramxoB 0,49 cTamia Oyner mpo-
u'mxénam B OMAIAHHE, NOKA 0cBOBOANTeH padoynii.

YMMUDPYA ecTyIo rpady, moayumm MATEMATHYESCKOR OMEH- .'L

3

JaHHe YHeIa IPocTaiEals
OIHX CTAHKEOE EMOHTHDYVE
OHHAAIOIINY PeMOHTA): 3§ Cadon .

=1

ek
ac;:i: 1? cpeguen 1,2 cranpka me Gymzer BRIgaBaTE DpoAVEOHIO. Ko-
: UHMEHT IIDOCTOS CTAHKA paBem Frpos = Myg/3 = 0,1625
= 5 : * 3 3 ¥
qeu.; HAMIABEIH CTAHOK IPOCTAMBAET npamepso 0,16 yacre pado-
;ﬁ EPEMEHH E OIHHIAHHH, Hoka Pabounii ocpofogures.
catdHOHeRT npocTos pabovyero B gammonm COyIae COBITANAST

¢ Py, Tak Kak n = 1, noaroMy Kyp wyn = No =0,2822 y
n

8.4. nementsl TEOPUM Urp B 3afa4ax MOgeNnUpoBaHKs
9KOHOMMYECKMX NpoLeccos

IIpu pemmenwn JRUHOMHYECKHX 38JaY 4acTo NPHXOAHTCH
?;IMH&HPGB&TL CHTYAONM, B KOTODRIX CTANKHBAIOTCH Hr;mepecm
iﬁs;: hl;xélieiiie;\;mHRngpymmnx CTOROH, NpPecIeqyiomig paz-
e T;Komum EHHO XapaKTepHO B VCIOBIAY DEIHOUHOH
MMEMMH;EBEDI& pona cfrr'y‘amm HAsBIBANTCA KOMMALICIHELMLL.
o B Zeapnen EOHQIHKTHEIX CUTYAUM HBIfeTes
£ g i Pe MOTYT CTANKMBATECH MHTEPECHI AByx (uzpa

HIIH HEeCKONBKHX (uzpa MHOMECTHEEHHAA) TDOTHENI-

KOB; CYINECTBYIOT HIPHI ¢ fecKOHeYHEIM MHOMECTEOM HIPOKOEB
5 I:fl.;r;: ;gaigg:;ifBEHHDﬁ HIPe HIPOKH 0BPasYIOT KOATHIMHM, TO
KOGAUYLOMHON, ecliH TAKIX KOAMHOHH [Re

TO MTPa CBOTUTCA K NApHOH. ’
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Ha npoMEBIIIIEHHBIY TPEIIPHATHAY TEODHA HIP MOMeT MIpH-
MeHATLCH JAJIA BeIDOPA ONTHMANBHEIX pelneHHil, HampuMep, IIpH
coSMAHHH PADHOHAJNBHBEIXN S3AIlACOE CBIDBHA, MATEDHANOE, IIONY-
(haBpHKATOB, KOTAA NPOTHBODOPCTBYIOT IBe TeHIeHIHH! YEEelH-
ueHHH 3alacoB, PAPAHTHPYVIOWMY becnepeboligyio pabory Dpoma-
BOICTEA, H COKDAINEHHAA 34IACOE B IeNAX MHHHMM2AIIHHA 3aTparT
Ha HX XpaHeHHe. B cenncroM xosafieTBe TeOpPHA HID MOMKET
NpPUMEHATHCA NPH pPelleHUH TAKHMX JKOHOMHYSCKHX 3ajad, Kak
eLIBOp s 1oceBA ogHOMH M3 BOSMOMHEIN KWILTYD, ypoitail Ho-
TOPBIX 3ABMCUT OT IIOroMRl, €CIH MSEECTHEI HeHa eIHHHUILl Todl
M HHOB KYJARTYDBL M cpefHAd VPo:XaHHooTs KamIoH KYJABTY-
DBl B 38BHCHMOCTH OT IIOTODE (HanpuMep, 6yjeT IH JeTo 2AcyI-
JHBBIM, HOPMAJIBEHEIM HJIH JOMIIHBEIM); B 8TOM CJAYUae OTHHM
H3 MIPOKOE BLICTYIAET CefbCHOXO03AHCTBEHHOE MpPefIpHATHE,
cTpeMAmeecd obecllednT: HARGONLMIMHE JoXol, & ADYTHM —
OpHpoja.

Pemenne nogobuex sagad Tpefyer DOTHOH onpeleleHHOCTH
E hopMYyTHpOBAHHHE HX VCOIOBHH (npaeut Wwepni); YeTaHOBASHHHA
KOJIMYECTHA MIPOKOE, BRIARIEHMSA BOZMOMHBIX CTpATeruii Hrpo-
HOB, BOSMOMHRIX BLRIMIDEIOeH (IPONTDHIN NOHMMAeTCH HAE OT-
PHIATENRHEIH BHIMrpeim). BamHEIM 3IeMEHTOM B YCIOBHH HI-
POBBIX 3anay SBIAETCH CMpAmezii, T.6. COBOKYIIHOCTE NIPaBH,
KOTOPEI® B BABHCHMOCTH OT CHTYAOHHN B HIPEe OOPeIsidioT OJHO-
aHAYABIH Boifop jgeiicTEMit ZaEHOoTe Mrpoka. Ecnw B mpomecce
MI'DEl HIPOK [IPHMeHAeT MONepPeMeHHO HeCKONBKO oTpaTerdi, To
TaKafd CTPATErHs HA3LIBAETCH CMEWWAHHONL, A ee 3IeMEHTHl —
yucmbimi crpaternaMu. KonuyecTBo cTpaTerwii ¥ KaMIOTO MI-
poKa MoseT DBITE KOHeYHBIM H OecKOHeUHBIM, B 3aBHCHMOCTH
OT 3TOr0 HTDH DoApPASJBIAIOTCH HA KOMEYHblE M OECKOHEYHBLE.

BaHBIME ARISIOTCA NOHATHSA ORMUMAILHOL cmpamesil,
YeHbl uzpbl, cpediezo Gbluzpbiud. DTH NOHATHA HAXOAAT OTpa-
JteHHe B onpejeleHHH peureHus uzpht: crparerusn P* u @ mep-
EOTO M RTOPOTO HIrpoKa COOTEETCTEGHHO HABHIBAIOTCA HX O7LML-
MAALHBLML cMpameziani, a YHeao V — yeHoll uzpst, ecIH g
n0BeIx crparternit P mepBeoro Mrpoxa M J0DEIX cTparermi @
ETOPOTO MIPOKA BLIMOJHAKTCA HepaReHCTEA

M(P,Q") < V < M(P",Q), (8.50)
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rie M(P,)) 03HAYAST MATEMATHHECKOE O:MHIAHMEe BBEIHTDEIIA
(cpemHell BEIMCpHIM) IePBOTD HIPOKA, BCHH MePBRIM H BTODBIM
UrpoKaAMH H3BDAHEI COOTEETCTEEHHO cTpaTernu P u §.

Wz meparencrs (8.50) enepyer, & uacTHoeTH, uTo V = M(P*,Q%),
T.@. HeHa HIPE PABHA MATEMATHUECKOMY OIKHIAHWIO BREIMTDPBIIIA
Inepporo WIpoka, eciad ofa Hrpora H3alepyT OOTHMANEBHBIE NS
cebA cTPATETHH.

OneuM U3 OCHOBHBIX BHIOE UID ABIANTCH MAMPUYHLLE Uzpbl,
KOTOPEIMH HASBIEAIOTCH MAPHEIE AIPE! ¢ HYAeeoll cymmol (onguH
MI'POK BBIMIPBIEAET CTOJBKO, CKOJIBKO IIDOMIPEIBAET IPYTOH)
IpH YeJOBHH, YTO KKAEIN HIPDOK HMeeT KOHeWHOS HHCI0 CTRA-
Terdii. B aToM cnyuae mapHad HIpa (OpMAILHO 3A0AeTCHA MAaT-
puneit A = (a;), SMEMEHTEI KOTOPOi{ @;; ONPefelsIOT BEIMIPEIIT
MepBoTD MrpoKa (M COOTEETCTESHHO IPOMIPHINT BTOPOTO), CJIH

nepBElll Hrpox Beibeper i-10 crparermio (i =1,m ), a Bropoit —

j1o crparerstio (j=1,n). Marpunma A HaseBaeTca Mampuyedl
1L2pbl, BN RAGMEHHOL Mampuyell.
PaccMoTpiM mocTpOeHHe ILTATEHHON MATDHOE! HA IIDHMEDE.

A Mpumep 7. Ha Gasze ToprosBoil (HPMEI MMeeTCH 7 THIOE TO-
BAPA ACCOPTHMEHTHOTO MHHMMYyMa. B marasun GupMBl Q0/3eH
GEITE ZaBeaeH TONLKO OFHH HE 5THX THIOE Toeapa. Ecam Topap

tuna j (f=1,n) 6yger NoNL30OBATECH CIIPOCOM, TO MATASHH OT
ero pealu3aluH IoJYUHT npubsiie P;. Eenm ke sror ToBap
He OVIEeT HOAL30OBATBCH CIPOCOM, TO H3ZEPHKH Ha ero XpaHe-
HHe IPHHeCYT Marasuuy yoOuITok g;. Tpefyercs Bribpars THI
TOBAPA, KOTOREIH meneconfpasHo 3aBe3TH B MATAZHH.

B venoenax HeonpefeleHHOTO TOKYNATENBCKOTND CIPOCA KOH-
DIHKTHAR CHTYANHA TOBApocHAGMEeHHA QOpMANHayeTesd MATPHY-
HOH wurpoii. IIyers mepBeIH Hrpok — Marasus, BTopod Hrpox —
NOKYNATeILeKHE copoc. Kamaerd 13 MrpOKOB HMMeeT IO R CTpa-
Terdi. Sapod [-ro TOBApDA — i-A CTDATETHA IIEDBOTO HIDOEL,
COpoc Ha j-H TOBAp — J-A CTPATETHA BETOpOroe Hrpoka. Torga
MaTPHIA BRIMIPRINIEH OepEOT0 HUIPOKA MMEeeT BHI KBAIDATHOMH
MATPHIIEL 71-T0 TODATHKAL '

—

-
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CyuiecTBYeT DAJ METOROE
MATPHIA MIPBI HMEET OJHY us
ONHOTO M3 HIDOKOB HMEeTCH TOJABKO
HHEe HIPbl MOMHET
CHOJBED MeToHoB IIpPH
HalpHMeD, MeTold BpayHa.

pereHus MATPHYHBIX HTP. Ecnn
pasmepHOCTell, PABEYI0 ABYM (v
JBe CTpaTeruH), To pere-
GEITH TONY4YEHO rpa@uiecKH. Hasecfﬂn He-
6IIKeHHOro PelIeHNs MaTPHYHOM HIPBI,

a
B kauecTBe IpHMepa PACCMOTPHM pelleHie WIpbl, KOTA
MATPHIIA HTPBI HMeeT TAK HASLIBACMYIO cednoayn modky.

b Npumep 8. Marpnua Arpsl WMEET B
2 10 8 14 5

QL) Lo N R ]
100 8" 4: '8 12

MuEHMaibHbIH 2JeMeRT riepBoit cTpPoKH (IepEOM CTPATETHH

HepBOTO HIpoKa) paseH 2, BTOpOH
MaJbHOe 3HAUEHHe H3 JTHX BeJHH]
sjeMeHT TepBoro croabna (Mepsod cTpa
pased 10, BTOporo — 10; Tperpero —
roro — 12; MEEMMansHOE 3HAUEHHE H3 H
TenbHO, NAHHAS HIpa HMeeT CejIoByi0 T
paspelyMa B YHCTHIX CTPATe
cTpaTers, nepBElil | MIPOK obecIedHE

— 5, TpeTheil — 4; MaKCcH-
yHH PABHO . MaxcHMaIbHBII
Teruy BTOPOTO MIPOKa)
5, uerBeproro — 14, ma-

ux pasHo 5. CrmefmoBa-
oury (2, 3) u sajga4a

ruax. IpuepKABasAcE SHCTO BTOPOH

ger cebe BLIMTPEBI,

I B
He MeHBIIWI 5; BTopoil HIPOK, NPHMEHAH YHCTYIO TPETBIO CTP

Feriio, MpONrpEIBaET He Gose
JISEOTCH ONMTHMEEHLIMH JUIS 11ePBOro 1 B
nena Hrpsl V = 5.

Bo MHOIHX WIPOBRIX 3aja4dax B ciepe
IeHHOCTE BRIZEAHA He CO3HATEebE
THEHHKA, 8 HeJ0CT ]
KOTOpPBIX JeHCTBYIOT CTOPOHEL Tax, B pPa
npuMepax OBIIH HeH3BeCTHE sapaHee
permoHe, nonynmenmnnﬁ crpoc Ha

13 ShopHoMyka-
MAaTeMaTHY2CKHE MeTolH

e 5. Obe erpatermn i = 2H = 3 uB-
TOpOro MIPOKOB, TIPH JTOM

SROHOMHEKH HeoIpejae-

spIM TPOTHBOJeiCTEBHEM IIpO-
ATOUHON OCBeJ0MJISHHOCTRIO o yCHoBHAX, B

ceMaTPHBAEMBIX BBIIIE
morofa B HEKOTOPOM

HEKOTOPYIO OPOBYKIHIO.




o lnasa 8

IMogoGHOroe poja Mrphl HASHIBAIOTCA UZpaMU ¢ npupodoii. B arux
CAYYAAX CTPOKHM MATDHIIEI HIDBl COOTBETCTBYIOT CTPATEerHH Hr-
poka, a cToNDUbl — COCTOAHMAM <OpHpoAbl». B pane ciyuaes
OpH pPelieHHd TAKOH HIPhl PACCMATDHEBAKT MAMpUyY pUcCKos.

Ilpu pemmeHHH HTpP ¢ NpHpoJoM HeOoJb3YeTcHA TAKME DAT
kpuTepHes: kpuTepuil Comumsa, kpuTepu#t Banbga, kpuTepni
I'yvpeuma 1 ap.

IIpu maxcumuHHOM Kpumepuu Baasda omTHMalbHON c4YH-
TASTes Ta CTPATErM#A JHNA, UpHWHHMAalomero pemenue (JIIIP),
KoTopad obecmevHBasT MAKCHMYM MHHHMAJIBHOTO BRIMIDLIOIA;
npuMeHssA aroT EpuTepuit, JIIIP B Goaelueil cTemeHH opHEeHTH-
pyeTcd Ha HAMXYQIOHe YelopuA (9TOT KPHTePHH WHOTJA HashHl-
BAIOT KPHTEPHEM +KDAHHEro [MeccHMHIMAas ).

Kpurepmit mMunumakcHozo pucka Cssudicg upefloNaraeT,
YTO ONTHMANBHON ABIAETCH TA CTPATErHd, OPW KOTOpPOI BeliH-
THHA PUCKA B HAUXYJUIeM civiae MUHHMAIEHA.

[lpr HCNONBE3OBAHME KDUMEPUR «TMECCUMUIM — ORMUMUIMND
I'ypsuya JIIIP BrifHpaeT HeKOTODBIH TAK HA3LIBAEMEIH «K02(]-
GHIHeHT eccHMH3MAas ; npu ¢ = 1 kpurepud ['vpeuiua npHseo-
IHT K KpHTepino Bankga («Kpafigero NeccHmmaMas ), a 0pu ¢ = 0 —
K KPHTEPHIO ¢KpafHeTo ONTHMH3MAS .

PaccmoTpHM nNpHMep HCIONBIOBAHHMA YKABAHHEIX KPHTeDH-
EB B MIPaX ¢ OPHpPOIoH.

A Mpumep 9. Mucneruep asrobycHore napka (JIIIP) B merHuUe
MECHAIEI B KOHIE Kaigoll HegelnH JoJHeH NPHHEHATE PelleHHEe O
OefecooDpasHOCTH BRIAeNSHHA JONOMHHTEIBHEIX aBTofycon Ha
saropojeeiii Mapmpyr. JIIIP umeer TpH BapHaHTa pelleHHH:
YBeIHYHTE KoJH4yecTBO ABToDycoB Ha 10 (erparerna Pi), vBeaH-
YHTE TO KOMHYecTBO Ha D (cTparerHsa Ps) mnm ocrasuTes Dea Ha-
MeHeHH# o0pruHOe uMcao apTobycoB Ha auHHH (crpaterHsa Pg).
Boamosuel JB4 COCTORHHA MOTOARL: ) — IMoxas moroja, G —
XOpOmmAaf Iorefga, OpUUeM B MOMEHT NPHHATHA pelliedmna HeT
BOGMOMEHOCTH ONpefelHThE OXHIAeMoe COoCTOAHHe Horojnl. Ecam
B BRIXOTHEIE AHH GyIeT Xopoilad Hmorojla M MHOTD JHeNaloimux
BRIEXATE 34 Iopoj, & BEIJENeHO MANXo ABTODYCOB, TO HAPK IIoHEe-
ceT YOLRITHH, CBASAHHEIE ¢ HEOOONYYeHHoOH npHOeLIei. Ecmm
JKe BLIOEeNTeHE! NOIIOMHHTENBHEIE ABTODYCEI, & HOTOSA OHAMKETCH

T S ——— - —i T
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YT e T edi-
oiaoxok, TO BOBHWHEHE norepH ReJlegcTBHE AHCILITVE anuH H
: ]

HONHEHHBIX ABTOBYCOB. '
[IycTs HA OCHOBE AHANHSA CTATHOTHUECKHX JAHHBIX 38 OIp

feleHHBIH TepHOR yeraHOBIeHa DYHKIMA OTEPhb ﬂm.]al E;ﬁ;&cﬁ_
HEIX KOMOWHALMH cocTOAHMI TPHPOJEL ¥ pemenn;mme g ]
e MATPHIBI HIPEL A(P;,Qj), B KOTOPOH OTPHILATE L
AMH [IOKASBIBAIOT HOMONHHTEILHYIO npubblas, 8 Mol

Hble — TIOTEDH:

Q@ @
p(4 -5
p,| 22
plo 6

A=

Ecoi HeT cBeleHHH © BepOSTHOCTAX paanntmmé cccT;ﬁ;gi
moroAbl, TO TIo KPHTEepHID Bankia ¥ M0 KPATEPHIO I‘:;giua o=
THMANLHON ABJIAETCH CTpATeTHH P;. Tlo KprTePITiO it
sxoadpUIAeHTE NeCCHMIIMAY g=1 o;mmnun A

mpu =0 — cTpaTerud . 3
Tem;t-:i:i;o'arpxﬁm Q;:SM{JIID'LIEHHB KOHKPEeTHBIH qﬁcnnnm:i EHTEE:;E
peIneHHd 3agaqu TPHHATHAA pelleHHA B SHOHOMMEKE

TeopHH UIP.

b. Npumep 10. IlIpeiinoe npeAnpHATHE, anyCRammeeq;xe:;
cEHe [IIaTbH 1 KOCTHMEI, pEE.-TII‘IB?E‘T CBOID ﬂpﬂﬂyiﬁ?ﬂﬁ;ﬁﬂ
i : NpoAyKIHH 3ABHCHT O
npMmenHpiii MarasuH. COBIT : :
?Innx?ugm Ilo nadHEBEIM DPOILILX aafmomeHHN NpefnpHATHE B TE
qenWe anpens — Mafg B YCIOBHAX TeILIoi TIoTomEl MOMET pfamino_
aogaTe 600 rocTIOMOB H 1975 naaThes, & NPH NPOXJAaJHON 2
roge — 1000 xocTHOMOE H 625 nuaThes. MaBecTHO, HTO 3n'rp£yru
Ha eMHHIYY IPOJYKIMH B TeUEHUE VKA3aHHBIX MecHAles GDETﬂpﬁ:
i pst Koeriomos 27 py6., 1A [IATHER 8 pvD., a IeHa peamma;u
g ).
‘paBHA COOTBETCTBEHHO 48 py6. u 16 pyo. mﬁiﬂ;lﬂi:&ﬂ?; gy
MHIATHH
Bamaya 3AKI0YAETCH B MAKCH n it
mpuOBLIH OT Deanusarin BEITYIN2HHOM npunyﬁ::::u; Y’IL‘I:R o
£ HBAEMEIS - 1
rojJLl B paccMarp
HEOHPE,I[E}IEHHDETH oo ] el
Hra OpeflpHATHS DO
ofpasoM, cayiEba MapKeTH i
nol;mrx ‘onpenenwm OIMTHMATLHYI) CTPATETHIO HPEeATp :

Boi % enHHI
obecIedHBAIITYI0 MPH JIHO00H morofie onpefeneHHBIN CP 1

137
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foxon. Pemmum ary 3aaqy Mero,
MM TEODHH
cﬂy]tflae 6yner oTHoCHTRCH K THIOY HIp © npipo;;i“ip, b
s che,uanHme PACIIONAraeT B aTHX YelOBMsx ABYMA YHCTEI-
G PATETHAMM: cTpaTerns A — g pacuere Ha TEMLTYIO0 morofy u
Egzma B — B pacyere ua #0107HYI0 moroxy. pupony Oymen
Il:p Dxmmn HaK BTOpPOro MIpoka Taxme ¢ AEYMA CTPATerHAMIT
) ;ijnomga i‘.;ﬁ'l‘gﬂ"f’eﬂm B) v renunan noroaa (erpaTerus 1’}'
e HATHE BhIDEDET cTpareruio A, 1o » cIryHae i
nong,g;: (crparerns IpHpoxE! B) noxon cocTasur oY
(48 - 27) + 625(16 - 8) - (1975 - 625)8 = 6 800 pyG

e

4 B elIYy4as Temmol moro
i ABL (CTpaTerms upupons: I') poxon Gyper
ggg[dg =27y 1 975(16 — 8) = 28 400 py6
M HpennpuATHe Bribeper CrpaTermmn Hr
y TO
npoﬁ;aunn B YCIUOBHAX NpPOXIagHO OOTOJEL JgacT ,agisin i
0(48 ~ 27) + 625(16 — 8) = 26 000 py6
4 B YOJIOBHMAX Temnoir Oroi o]
600(48 - 27) + 625(16 - 8) ~ (1 000 — 600)27 = 6 800 py6

Crefobarennmo
MATDHIIA J1a I
HMeeT Bij: » MATPHLA JanHoH Hrpsl (maaTemaan MAaTpHIa)

A:( 6800 28400
26000 6800/

crpateruaM A u B npemn
PHATHA, 3 TepBhii £
crpateruam B u I' nupupons ; POt AT R
Ilo HMCHOH ;
EPHHTHZF;TE OH MAaTDHHOE BHIHO, 4To Iepesid urpox (mpex-
o Hnmgﬂmtﬂuma HE IOXYUHT Aoxox MeHbme 6200 py6. Ho ec
YCIOBMA COBIAAAIOT ¢ BLIG i ] :
2 ' PaHHOH cTparerueii
Mz;zp;pr{ma (BBturpriun) coerapnr 26 000 wnu 28 400 i}rﬁ D:;I:;)m
s olicneézam BBIBOJ, YTO B VCIOBHAX HeolpefedeHHOCTH I;:If
Bt :;1 DJII.—-]lIIEﬁ MapaHTHpOBANHEIH AOXOm  npepupHATHe
A » BCIH Oymer monepemenno IPHMEHATE TO cTpaTeruio
H;amna Paterno 5. Takas CTPATETHA, KAK OTMEYANoch Brinre
BTCH CMemannoik. Onroy :
. H3aAUWA cMemainoi
e | 10H CTpaTermy
BMHI?JTI;IT TepBoMy HI'poxy Rcerma HONYYaTs cpegHee EI-PI,EFIEHHE
PHIIIA He3aBHEAMO op CTPATerHy BTOPOre Urpoxa.
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IIycTe x o3HAYAeT YACTOTY HNPHMEHeHHH NePBEIM HIDOKOM
cTpaTert A, Torga YacToTa OPHMeHEHMA MM ¢TpaTern B pasHa
{1 — x). B cnyvyae onTHMaNEHON CMEIIAHHON CTPATeruy NepBEIH
Arpox (OpeiOpHATHe) NONYYHT H upH cTpaterss B (xonopmrasn
norofia), ¥ npM cTparermu [’ (Temimas morojia) BTOpOroc HIPoOKa
OIWHAKOBRIN CPeluHil HoXom:

6800x + 26 000(1 — x) = 28 400x + 6800(1 — x).
OTcroga MOMKHO HafTH, yro ¥ = 8/17; 1 — x = 9/17.

CrnenosaTe/ibHO, NEPBLIl WIDOK, NPHMEeHAA UHCTEIE CTRaTe-
rep A u B B coorHomenrH 8:9, 6yoer HMeTh OOTHMAILHYE) CMe-

MAHEYID C¢TPATEerH, ofecleudBaOy0 eMy B mofom ciydae
cpepmiil goxon B cymme B800-8/17 4 26000-9/17 = 16965 pyo.;

§TA ReNHYHHA B OYIeT B JEHHOM CcAVYAS OeHOH HrphL.
Jlerxo paccuMTaTh, KAKOE KOJNHYECTBO KOCTIOMOE M ILTATHEB

OOJIAHO BEIIYCKATEL NPefilIPHATHE OPH ONTHMANEHOH CTPATETHH:
{600 xocromos + 1975 nmuarees)+8/17 + (1000 rocTiomor +
+ 625 nnarees)  9/17 = 812 koertomos + 1260 nnarees.

CrepgoBaresH0, ONTHMANGEAR CTPATETHA HPEINDPHATH 205II0-
yaerci B shmycke 812 xocromor 1 1260 maarnes, 4To uﬁec.nemasj

emy npH mobol morofe cpenHMii Joxof B cymmMe 16 965 pyo.

Bonpock! 1 3apnaHus

1. Packpolite ocHOBHEIE NOHATHA NeleBoll GYEKIHE DoTped-
JeHMA B KpHBoll Gespas/imums.

2. Yro Tance «GloeTHAR JHNOMA? M KAK OHA CRA3AHA ¢ KPH-
Eol Geapasxmsia?

3. ¥Yraxpre nanbolee XaPARTeDHEIS THIILI HDHBEX JHIend AId

 PasNIMYHBIX TPYyON ToBapos. I[oAcHHTE XapaRTepHBIE CEOH-
crea GyEENMA cupoca TopHEBACTA.

4. lloacuuTe sHOHOMMYECKMIt cMBICT woaqpHUHEHTOB BJA-
CTHUHCCTH cOpoca OT AOXCZA, CHpoca OT ITEH, IepexpecT-
HAEIX Koa(PHIHEeHTOB DIACTHYHOCTH.

5. BueM cyThb NOCTAHOEKHM HIACCHUecKOH samgaumM yNpasiie-

HUA 3aI1acamMu’?
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6. VxkamuTe OCHOBHEIE NPHHIHOHAJILHLIE CHCTeMEl DeryIHpPO-
BAHMA 3ATIACOE W HAZOBHTE HX PETYIHDYIOIIHe IapDAMETDEL.

7. IepedHcHIHTe OCHOBHEBIE NpeAnojOofeHHs H EBIBOLH Ha Oa-
de KJIACCHYecKOH MOJeJH SHOHOMHYecKH BEITOAHEIX DasMe-
POB SAKA3EIBASMBIX TAPTHH.

8. IlpuBemnTe NpHMepsl CHCTEM MACCOBOTO ODCHYMHBAHHA B
spoHomure. Ma xaknx snementos coctout CHMO?

9. PackpoiiTe cyTh AHATATAYECKOTO H HMHETAILHOHHOIO MOJeNH-
popanua CMO. Veaxure TpefoBaHMA K BXONAIEMY IIOTOKY H
BpeMeHH O0CAY:EHBAHHA B agalnrudecknx Momenax CMO.

10. HasoBuTe ocHoBHBIe Xaparreprernin CMO B yramuTe Me-
TOOBEI HX pacHeTa JAJd SaMKHYTEIX H DAOMEHYTEIX CHCTEM.

11. [JafiTe ocHOBHBIE HNOHATHA TEODHH HID H OPHBEIHTE IIPH-
MepEl AKOHOMHMYEeCKNX 3ajad, KOTOPhIe MOTYT OBITH pelieHhl
MeTOIAMH TEOPHH HTD.

12. Kaxne napHeie WIPEl HASKIBAOTCA MaTpHYHLIMHT [TpHRem-
Te [IpHMeD MoCTPOSHHA ILIATeNHON MATPHIILL

13. TlofAcHEUTe TPHHOWOHEL HOIOAL3OBAHHS MofeleH TeopHH
HIp B SKOHOMHYECKHX 3ajjadax B VCJIOBHAX HeoNpemensH-
HOCTH (MIPRI ¢ HPHPOJ0H).

YnpaxHenus

1. [Tenenas dyHKIMA ToTpebleHHA N4 OJEVX TOBADOE HMMeeT
eupg U(Y) = Bylzyg , & BEKTOP IleH pasen P = (6, 9); renuunny mo-
xoma obozHayum 2. ITocTpoHTE aHAMHTHYeCKHe (DYHEIIHH CIpO-
ca Ha TOBaphl oT foxoxa ¥y = f1(Z) u yp = f1(Z).

YrazaHHKe:! BHYHCIHTE OpefeJbHBIE NONESHOCTH H HC-
OONLIOBATE HEOOXOOHMBIZ YCIOBHA ONTHMYMA IeleBol QyHK-
oun norpebnenns (coorHontenna (8.2)).

2. dupma peanuayer O OKJaja MO 3aABKAM TeJIeBH3ODEI,
OpHYeM edeJHeBHEI COpPOC ABASeTcHd caydaiinoil BenrHumHoi
¢ CHMMEeTpPHYHOH <4+TpeyToldbHois (VHKIHell DIIOTHOCTH pac-
npegenenna (oM. puc 8.7 a) u konebuaeres or 30 go 70 Tenesu-
30poB B jgeHs. CpejiHAe MaIepHEHN XPaHeHHA 0JHOTC TeJISRHa0pa
B JeHb cocrapaair 6 py6., a mTpad 3a HeZolloCTaBRY oOJHOTO
TeleBH20pa B GeHt paBeH 12 pyh. OnpenenuTs cTPATETHE) ONTH-

1’
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MAaARHOrO MOIMGMIHEeHWA 3alach TeleEH3I0OPOE H MHEHHMAIEHEBIE

cpejiHEe MOJIHbE H3JIePHKH.
3. Marasue ee/lHeBHO IpojaeT 100 renesuaopos. Haxman-

HEle pacXofsl Ha MOCTABKY IAPTHH TeJEBH3CPOB B MArAZHNH oe-
musatoTes B 300 py6. CroMMOCTs XpaHeHHs OJHOTO TElIeBH30PA
Ha CHJIAME MATA3HHA cocTapnaer 6 py6. OmpeienuTh OOTHMATBHEH

ofbeM MAPTHH TEIeBHS0POB, ONTAMAIBHEIE CDE/IHECYTOUHEIE H3-

[ep:KH HA XpaHeHHe H IONOJHEHHEe 3amacos TeNeBH3OPOB Ha
crsage. Jenmy GyIyT paBHBI 5TH HIHEPIKH IPH obbenMax IapTHI

50 1 300 TeneBH30pOB?

Vxazanue: pafory criala OpPHHATE HAeAlLHOH H BOC-
HONE30BATECSH (GOpMYNOi YHIcoHA (8.25).

4. Ha A3C mmewTcs [Be KOMOHKH JJid 3alpaBRH apToMobH-
meit. ABTomMoOHAH MOIBE3KAKT HA A3CE COOTBETCTRIH © myac-
COHOBCKEHM pacnpefelleHHEM O cpemHeil wACTOTOH [BA aBTO-
MoBHIA 8a 5 MHH. Bampaska aBTOMODHIA B CPelHEM JIHTCHA
3 MuEH, ¥ OPOJOKATENLHOCTS SANPABKHA paclpejenena o aKe-
noHennEaIbHOMY saxoHy. Tpebyerca ompeRenTE:

a) BepoATHOCTE TOIO, UTO ¥ ASZC He oxamercd HH OJHOIC aB-
ToNMODHILA;

6) BepOATHOCTH TOTO, YTO obe KONMOHKH OVIYT SAHATHI;

B) CpeHIOW ANHHY OHepeln B OMMIAHHH BAMPABEH;

r) cpefHEe BpeMA OKHIAHMA apTOMODHIIA B OUepeiH.

5. Jlna caeqyiolmux TLIATeKHBIX MATPHIL onpemeiiTh HHH{EEJI{}
¥ BepXHIOIO IIeHY HIPHI, MEHAMAKCHEE CTPATEIHH HIDOKOR; HHI:[‘I“I-!
OITHMATLHOe PellleHre UIPhl, ecaH CYINecTBYeT CelIoBas TOUKA:

45 3 8 90 9 4
a) A=|6 7 4f; 6) A=|6 5 8 T
BLDius 3 45 6

£ B ARGE Tunsd

g 44006 86

B) A |wivgio s 11l

o s Rl
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NPUMEHEHUE OMTUMAIbHLIX
9KOHOMUKO-MATEMATUYECKUX
MOAEJIEW ONA PELWEHUSA
NPOU3BOACTBEHHbLIX 3AL0AY

e iz

 OCHOBHLIE NOHATMA 1 ONPeaEneHms

L]
I'I::crauaaxa aafayi nnawuposanus OTM no akoHoMUM pacxoga mate-
p E anoe W BAPWaHTL ee MATeMaTUYECKOR Moaenu
G%nnaauuﬂ SKOHOMMKO-MaTeMaTH4ecKkinx MOAENeid naHuposaHus
N0 SKOHOMMM MATEPHA/IOR W aHaN3 Pe3yLTATOR

9.1. OcHoBHble noHaTHs 1 onpegene’us

Basn
DYH{'.I’: HiL H3JIOAeHHOM BEIIIIS MHTEPHEU'IE oo MAaTeMATH

YecKo
HERTHM}];GEE;};‘E;:I::HPOBEHHIO,, PACCMOTDHM TIpAKTHYeCKHEe ac-
el H PellleHNs KOHKPEeTHBIX SKOHOMMKO-MAaTe-
Gpmﬂmmm.l HD,LLTE € HA NpHMepe ONTHMH3AUWH MIAHHDOBAHMH
L -TeXHHIeCKHX MeponpuaTiit (OTM) ¢ nenrio sxo-
= ﬂmaTepnanﬁme PecypcoB B MAMIHHOCTDOSHMH,
1Iecj{(;p]."-'[ H;g;;;aigsom“' H PenlHSAIHHA SKOHOMHKO-MATEMATH-
e TOHT H3 HECKOABKNX 2TATIOR!
CTAHOBKA 3a/la4I;
NOCTPOSHWE MOIEH;
obocHoBaHMe MeToja ee PelnesHna;
11;1:,11?01-031{& MOXOOHOH HHEIJD]]M&.II:HH;
e -
i nﬁi ;ﬁ;ﬂ}:ﬂ SagggM H anaHE I0IVIeHHBIX DesyIbTATOR.
e N e Jacavit hopMynIHpYeTcH Hellb PelleHMs M
e an :TCH ee cofepucanmne. lloppeprawres Bcecto-
35;.31.,151{3 s Y XapakTep M cYNIHOCTE BCEX BeIHYMH, HCIIO/b-
Mlatie, W ONpeJleNIAI0TeA YCAOBHA, IPH KOTOPEIX oHA

" " & @

e Hee B 3HAYHTeILHOH
SHCAT BCe NOCHeJVIONHe JTANLl M yclleX B L2 oM

L T g, P, W—

ey i g ¥
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modeneit 00 peuleHUR nPouIE0IcMBeHRbLY saday

Beeit paborel. B Bozee MM MeHee TOUHO cthopMy IHPOBAHHOM
[HOCTAHOBKE 3AJAUH HOJMHEl GBITE OTBETHL IIO KpaiiHell Mepe Ha
TAKHe BOIPOCHI: KAKMe MOHATHA H OIpeleneni HCTIONBEIVIOTCH
B mpejMeTHOH obmacTH; ¥TO NAHO; MTO geobXoOuMa HAHTH, II0-
JMVUMTH; KAK ONPEeJeJHTh PpelIeHie; KaKie naHHBIE JIOMAHE]
GLITEH MOLTOTOBIEHE M KAKOBLI HCTOHHHEH HX uiopMalil; Bee
M MMelolHecH NAHHLIE HYMKHBI, KaKkHe H3 HHX BeclloJIe3Hb];
KAKOEEl TpeInonaraeMuie LOTYIIeHH, rTpefoBAHMA K TOMHOCTH
pellleHHs, OrpaHMYeHHA Ha BPeMs PealH3allith u T.0. C yaeroM
cremmUKE 3aaul BOSHHKAKT M IPyrHe BOMPOCHL, KOTOpRIE
VIOUHAIOTCA 10 XOLY BBIIOJNHEHH TeX WJIH HHBIX TAIOB. Pabo-
ra TID YTOUMHeHHIO DASTHYHEIX 2aKOHOMEPHOCTEeH, CYIIecTBYIO-
mmx B npegMeTHol obmacrH 3ajlauH, OTHOCHTCA K CHCTEMHOMY
AHATHAY.

MMocmpoenue Modenuw xapaKTepHayeTci dopmamnaamne
OTMCAHMA 3aMAYH ¢ MCIONL3OBAHMEM MaTeMATHUeCKHX, CTATH-
CTHUeCKHY, IBPHCTHYECKHX (IOrdUecKnX) M APYTHMX MeTOMOB,
NpH KOTOPOH CYINECTBYIONIHe COOTHOLIEHHA MeTY BeJIHHHAMH,
onpejleIAIIUMH Pe3yIsTaT, H &8 meneBoi (GPYHKIHeH BBIpaKa-
10TCH TIOCPEJICTEOM JMAKOHWUHBIX MAaTeMATHHECKHX thopnayJL, JIOTH-
wecinx orromenwii # ap. Taxum obpasoM QopMHpYeTeH MOIek
AReHHS ¢ ompefeleHHBIMK JOIYINeHHAMH, TPEN0oIoKeHHAMI
M TOUHOCTHIO BEIUHCTEHHI.

Memod peuieHus 3a7a4W BEITEKAET M3 OpMHATON K pealn-
3amuy AKOROMHKO-MATEMATHYeCKOH MOIEemH. C yyerom ocobeH-
Hoorell oroil  Mofend IIocpedcTBOM HOHKPETHBIX YHCIeHHBIX
UK APYTHX MeToIoB OHA [NOJIHCHE ARITE OOBeIeHA JI0 pPeallHIariH.
B mponecce paspaboTKH MOIENH B IIEPBYI0 OHEPEeaDb BRIACHAETCH,
kaKMe MATEeMATHYECKHE MeTo[bl QopMaTH3allHi {THIOOBLIE TIPO-
nenyptl) Gonpmie Beero MOJXONAT ISl PelUeHHA frocTaBIeHHOol
3afaun, M AHAJIHBHPYeTcH MMeITHiicA ONEIT PealHsalHid AHA-
TOrMUHBIX 3aay. YueT HAKOILIEHHOTO ONBITA B MOJEJHPOBAHHM
uaygaeMoil TpeaMeTHOH oBIacTH YACTo TIO3BOJHET OTBETHTE HA
IAHHBIN BOIPOC.

B ¢oHAe UPHKIATHOIO [1POTPaMMHOIO obecmeyeHENs COBDE-
vennprx ITOBM mMeerca focTaTouHbl HaGop MaKeTOB ITPH-
piajHEIX NporpaMM JJs pelleHHdA 3ajad MATeMATHHECKOTO
nporpammuposanna [2, 21, 22]. C moMolnkeio aTHY [PUKIANHEIX
OporpaMM  peajHsyIoTea IKOHOMHEO-MATEMATHIeCKHe MOTEIH
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A1 BCEX BADHAHTOR HCXOMHEIX JAHHBIX 3ajaum B HHTEpecay
NONB30BATENA. AHANIMS NOMYIeHHBIX DeaYIRTATOR H X OLEHKY
HMPOBOIHT CIENUANHCT (NOMB30BATENE), TOCTABHBIII angagy.

Pacemorpum Bompockr komkpernoii PeANH3ATINY HA3BAHHBIX
9TANOB HA NpHMepe pPa3paBoTku AHOHOMHEO-MATEMATHYECIK Y
MOAEJIEN ONTHMH3AIMA MIAHNDOBAHHUA OPraHH3ATHOHHO-TeX HH-
HeCKHX MEepPONPHATHIl o BKOHOMHHM pacxoma MAaTepHANIOR B Ma-
MHHOCTPOSHHH.

B cmyzci'ype cebecToOMMoeTH TpPOIVE MM IPOMEITLIEHHEL X
HPEAUPHATHA MATePHANBHEIE HIZEPHEH HMEIOT GHATHTeNEHE
YAeNBHEN Bec. Marepransaire becypeer, obpasyrompe «eyberanmmo
HPORyETas, MSMEHAA CBOI (GOPMY, 3ATPAYHBAIOTCH HA H3rOTOB-
JIEHHE NPONYKIIHHM KOHKPETHON HOMEHKIATYPEI B COOTBETCTEVIO-
HX THMATHPORAHHEIX TOPHUAX (YPOBHAX), EOTOpPRIE B IIeIax
TUIAaHHPOBAHKA H YIPABICHHAA TPOHABOACTBOM BEIDEGEAIOTCS Hepes
IOKAATeNH HODM pacxoma.

Hopma pacxoda oHpepenfeT MHHHUMATBHO ONYCTHMEIE aa-
TPATBEI COOTBETCTEYIONINX MATePHAIDE HA OPOUSEONCTES eqHHN-
Hbl IPOAYENHH HCXOAA M3 NOCTHIHYTOTO HAVUYHO-TeXHIYecKOro
Nporpecca W TeXHOJOIWH OPraHWaaliii [IPOH3IBOACTEA, -

Cocrar HOpME! pacxoma Marepuana Ha M3IgeNue NpPH ee Tex-
HHMECKOM pacieTe MOeT OBITH BRIDAJKEH 3ABMCHMOCTRIO

n [
a=Am+3'8,+3 8, ,
i=] F=1
rie @ — BeJWYHHA HODPMEI Pacxonn;

Am — eyMmmapnoe KommrecTso MaTepDHALA, CONCPAINerocs B
FOTOBOM HM3Neann (B BECOBRIN, ODBReMHEIX MHIH JTHHeHHRIX enaH-
HHIIaX HEMEPeHHA B 3aBHCHMOCTH OT BHfa MATepHANA); ero Ha-
SBIBAIOT YUCTMOL MACCON MIH NONEIHbIM Pacxodos;

A
ES,, — CYMMa BeexX OTXOJOB M NOTeph B NpOH3BOICTES, KO-

TOPBIE TeXHHUYeCKH HeHM3OeiKHLl MPH WAroTOBIeHM JeTanei Ma-
ACTHA H3 JAHROIO BHIA MaTepHaa;

[
582 j T CYMMa NPOYHX OPrady3AlHOHHO-TEXHHYECKHX OTX0-

AOE M N0Teps, BHIGBAHHBIX OTCTYNJICHHAMH oT peraaMeHETHpO-
BAHHBIX TTPOIECCOB PeXCHMOB paBoThr, PEOENTYP, VCTAHOBIEHHEIX
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dopM OpraRU3anMy [IPoH3BOICTEA W CcHabieHHNH, B YacTHOCTH,
NOTEePH 0T BHIHYAAEHHOH 3AMEeHEl MATePHATIOB (HaNpHMep, KoH-
1eBele OTXOOE] MEeTAJJIA, CBABAHHBIE ¢ HCHOJLIOBAHHEM HeMep-
HBEIX H HEKPATHEIX €ro pasMepoB) W OKOHYATENBHoro Gpana.

HopmaTHBHEIE H3Iep:HKH MATEPHANTBHEIX DecypPCoB XapaiTe-
PHSYIOT BRTHYMHY ZaTpaT OPeilIpUATHA IIPH OPOHEBOACTEE CO-
oTBeTcTEYIOWeH npogyrunu. [ToaTomMy HoOPMEB pacXoma MaTepHa-
JI0B ABAAIOTCA OJHHM W3 PLIYATOB YUIPABIEHWA OPOHSBOICTBOM.
Hx panmoHansHOeThH (OpOrpeccHBHOCTR) OoDy:xpasrT K BHejpe-
HHIO HOBOH TeXHMKEH H OCBOSHHIO IMEPeJOBLIX TeXHOJOTHUESCHKHX
NPOINecCoR, CIOCOOCTEYET SKOHOMHOMY HCNOIBIOBAHHID MATE-
pHANOB B IOpollgcce IPOM3BOICTEA M BLIABIeHHK) BHYTDPEHHNX
Pe3epBOB, COVHKHT IPEJIOCHINKCH OpaBMIBHON OpPTAHHMZATHH
VOTAHOBJISHMA TOTPeOHOCTH, YYeTa H KOHTDOMA 33 PACKOA0BAHHEM
maTepuagor. UHM BoafelicTEYVIOT Ha TAKHe IKOHOMHYecKHe Ka-
TErOPHH, K4k cefecToMMOCcThR, HeHa, HPHOBLIL, DEHTAGEeNEHOCTE.
CrepomarelbHO, MOCTHTHYTHIE VDOBHM HODM pPacXols MATEDHANL-
HEIX DPECYPCOB IIDH OPOM3BONCTES NPOIVEIIHH ABIAINTCH BAMKHEIM
noKasaTelleM KOHEVPeHTOocHocoOHoCTH orvofl npopyxomu, Kpome
TOI'G, HOPMA pacXomla — BeaMuMHa TuHaMpuHan. OHA HaMeHAeTed
B [poligcce COBEPIUIEHCTBOBAHHA OpPTraHHBANMOHHO-TEXHITIECKHX
M SHOHOMMYeCKHX YCIOBHMI IIPOH3BOICTEA.

B priHOYHOM SKOHOMHKE MATEPHATOEMKOCTE BLITYCKAEMOH
OPOOYKOHE, BEIPAKEHHAA Yeped HODMEI Pacxola, He HOCHT JHpeH-
THBHOIO XapakTepa. Poobk 9THX HoODM, HADARY ¢ ODVTHME [HOTped-
HOCTAMY [IPOHSBOJCTEL, B TOM, ITODRl HANENWTE Ipe lDHATHA
HA MHHMMANBHBIH JOCTHUTHYTHIL B cTpaHe W 38 PyDesKoM VDOBEHB
PACKOAOBAHMA MATeDHANBHBIX DECYPCOB IPH M3COTORJGHHH aHA-
gmorHuHOH npopyeuum. Ha ocHOBe MCOONL3OBAHHA IIOKAZATENS
MATEPHATOSMKOUTH BBRINYCKASMOH ITPOIVEIIMH MOMHO HOCTPOHMTE
MEXAHHEM IIOITATHOM IIaHOBEOTO DETVIAHPOBAHHA COKPALNeHHA
3aTparT COOTEEeTCTEVIOIMHX Ppecypcob. llogobHoe peryinpoBaHHe
ooymecTRIdeTcd, HanpuMep, B CIILA u Amsranu, roe norpebienue
BRMMHeIIIHY MATeDHANLHEIX DeCcYRCOB HA eHHHIY KOHedHOTOo
spdhexTa OOVCIAOBIHEASTCH SAROHOTATEILHBIMH AKTAMH; pery-
THpOEAHME 2T0 OUeHE ecTroe [19, ¢, 20-21].

HeobxoguMeIM STATOM IIAHOROTC DPECYIHPOBAHMA pPAITHO-
HANH3AOWH IoTPefieHHS MATePDHANBHBIX [ecYpCaB ARIAETCH
OporpaMMa  BHeIPEHHA Opranu3alHoHHO-TEXHHHUSCHHX Mepo-
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OPpUATHH 110 PKOHOMHH Pacxofa MATeDHANOE B IDOH3BOJCTEE
npegnpraTHa. TakuM ofpasoM, pazpaboTHa IIPOTPeccHBHBEIX HODM
M MX [JIAHWUPOEAHWE HeDASDRIEHO CBAZAHEL ¢ BHeJpPeHHeM PAa3HOoro
polla OpraHdsallHOHHO-TEXHHYeCKHX MepDONPHATHH B IIeiIAX
CHIKEHHA HOPM PACXOOA MATepHANIOB HA NPefOpPHATHAX OTPACIIH
(koMmanun, puHAHCOBO-TpoMEIIIIeHHol rpymns). Ilnanes OTM
JONMHBL VHeCT: peafibHBIE pPe3VIBTATEI HGDTHHCEHH]‘:& HAVUHO-
TeXHHYECKOro Nporpecea, HANPaRIeHHBIe HA COBEPIISHCTEOBAHHE
TeXHOMOTHH MPOHAEOJCTEA H BKOHOMNID DACXOTA MATEDHATBHEIN
pecypcoe. OcofeHHo 3T0 OTHOCHTCA ¥ TAKMM TedMITATHEIM MATe-
PHAJIAM, KK IPOKAT YepPHBIX MeTANIOE, TPYORI CTANBHBIE KATAH-
Hble, TAHYTHIE ¥ TOHKOCTEHHEIe GECIDOBHBIR, AMIOMHHHEBRIH Ipo-
KAT, METHBIH M MaTVHHBRIT NpoxaT M AD.

Hexogs w3 ypoBHA HAVYHO-TEXHHUECKOTO DASBEWTHH OTpAC-
Jell HAPOZHOTO XOSAHCTEA H NEepCUOeKTHE COBeDIIeHCTBOBAHMSA
TeXHOJIOTHHM [NDPOH3BOLCTEA OTPACIEBRIE HHCTHTYTEI H HAVUHO-
HeclefoBaTeIbCKHE MMOXpasfe/eHds KOMIAHUE MoryT paspada-
TEIBATE ¥ 0G00MIATE NpHMepHbIT NepeueHhs HANDABICHHH KO-
HOMMH MATePHAIBHEIX pecypcoB B KosdpHITMEeHTH 3KOHOMMH
WM GAMEHBL JJIA paCUeTA HOPM pacxoja. TOT IepeusHE (B BHe
CIIPABOYIHMKA) IPHMEeHATENLHO K IIPDOKATY UeDHBIN METAJOE,
KOTODPBIH NpHMEeHAJNCH B OTPACIH CTDOHTENLHOTO, HOPOXKHOTO H
KOMMYHATEHOID MAITHHOCTRORHHMA B Havame 90-x rogos, mpHBemeH
B Tabmo. 9.1.

ITox o6zemonm enedperuns OTM nonumaercs obkbeM IIpoH3-
BOJACTEA IIPOAYKIIHH, HA KOTOPEIH DOCIIDOCTDAHAESTCS TO ILIH
HHOE MepolpHATHE.

HKoaghuyuenm swonomuu (g) npegerasiser coboi oTHOIIe-
HHe SHOHOMHM MATEPHAIA OT BHeJDEHHA COOTEBETCTEVIOUIETD Me-

POIIPHATHA K Pacxody 3Tol0 MaTeDHAIA Mocle BHeJPeHHA Mepo-
NPHATHAL

0, onil
a =4
g=L =%, 9.1)
14}
rae a® — Hopma PACX0JA MATepPHATA 0 BHePeHHs MepOIpHATHA;
1
{a — HOPMAa pPacxofa MaTepPHAla Iocle BHeJpeHHA Mepo-
NPMATHA;

. e ol

0 3KOHOMMM MPOKATA YEPHBIX METANI0B

1 KO3 OULMENTbI SKOHOMMM W 3aMEHI

OTM n
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ﬂﬂ y a] = J — 3KOHOMHH MaTepHala OoT BHeIDeHHA Mepo-

OPHATHA, T.¢. BeJHYHHA BRICEOGOMEIASMOTO MATEPHATIA HA HMaj(e-
JHe (DeTasb) B COOTBETCTEVIOIIMX eIHHHIAX HaMeDeHHS E pe-
8yJILTATe BHeJPeHHA MepONDHATHI.

Hz (9.1) BepHO, wTo IPH HaBecTHoOM Ko3bhdHOHeHTe IKOHO-
vuH (g) mo Taba. 9.1 ¥ samanHoil HOpMe pacXoia ONpedeJeHHOIO

MaTepHanpHOro pecypea go sHeaperus OTM (a”) momio ompe-
JeJHTh HOPMY 3Torc pecypea Hocide BHegpenus OTM [al ), He-

IoabB3YVH 3ABHCHMOCTE:

1 {I“

3= &
l+g

(9.2)

HoahdHIHeETH KOHOMHEH MATEDHAMOE IPHMeHAIOTCA B pac-
YeTa¥ SKOHOMHH, HOTYHIAeMOH OPH HeolLIOBAHHH AHANOTHYHBIXY,
Ho Gonee aiperTHBHEBIN MaTepHamoe. Hanpumep, saMeHA [IpoKAaTa
M3 VIAepoXMeTOH CTAMH [IpOKaTOM M3 HHIKOJeTHPOBAHHOH
CTAJH, THCTOROIO MPOKATA — PYIOHHEIM M T.4. (Tadr. 9.1).

KoaddunmerT samensl (g2) — 970 OTHOIIEHHEe pPACKOJa BEI-
cEofos/jaeMoro MaTeprana (J) Ha Mafenre (JeTANb) B peayabTaTe
erc ZaMeHBI K HODMe pPAcXofa MATepPHAJA-3aMeHHTend (d2) Ha
HMETOTOBJEHHE 3TOTO e Hajeand (JeTann):

4]
a
qz:'_sHﬂH qz:___
@z az

(9.3)

B cnyuae momHOH aaMeHsl MaTepuana BeXHdYHMHAa J pABHA
HODME PACXofa AAHHOTO MATEDPHAIA A0 BHEJAPEHHA MepONpHATHS
(an ), Tak Kax a' = 0.

KoaddHnueHTsl 2aMeHE NPHMeHAIOTCH B TOM ciyiae, ecin
PACCYUMTHIBAETCA HOHOMMSA OJHOTO MaTEDHANA OT SAMEHEI ero
ApYruM OpH off3aTelBHOM VOJIOBHH cOXPaHeHHS HeoDxogHMo-
TO KAYecTBA USJe/iNA, HalpHMeD, jaMeHa MeTaNaIa IIACTMACCH-
MH, MeTANJOKePAMHEKOHR ¥ T.O. i saMeHHTeleH XapaKTepHo
COOTHOINeHME g2 > 1.

IIpu maeecrHoM KosdduienTe zamensl (g2) wua Tadbm. 9.1 u

3IAaHHOH BelHYHHE a® HOpMA pACXOOA 3aMeHHTens (¢2) BhI-
uMeIdgeTes no dopmyae (9.3):

x 345
[TpumeHeHUe ORMUMATEHELE FHOHOMUKO-MATMEMAMULECHl

smodeneit Gas pellenis npou3godcmeeHHbLY aadai

u iy
az = <2l (B cayuae TOTHOM 3aMEHEI),

gz

(9.4)

az = o (B coydae Hac HOH BaMeHE).
gz :

0
norpebHoro 00BeMa BHEIpeHNd Kuﬂize;;:;a
MeponpHATA (§) MpHMEHHTENBHO K u3e/IHI0, maHenﬂe Kol
K[;EGPDI‘D cocTABIAET BeIHEMHA N, HQTIG.FU:BEFETGH IHAY

o (9.4):
MBI pAcXoma aToro samenuTend (az) U3 aapmenmoctH (9.4)

Jlna pacuyera

Q =az"N. (9.5)
[namer eEeapenns OTM moryT paspabareiBaThCs B paspese

MAaTe-
3RBOAOBE TIO CHEeHATBHBIM diopMaM pasfielbHo 10 BHAAM

TAK W HA
pPHAJIOE, nerameit, y8moB H panennil KAK eerofiHo,

OJNTOCPOHHYIO MepClerTHRY. ] e
[ToxasaTeseM VpPOBHS MHOJE3HOTO HCIIC

UAR M-
anRHEIX PECYPCOB ABIAETCH roagpuiiLem ucno.?zbsoim; iy
2a (K) Ha TPOHIBONCTBEO KOHKPETHOM [MPOAYHRIMI.

e
rosgeT GRITh BRIUHCIEH IO hopMy e
Am
K=—,
i

i i
roe Am — gyueTad Macca MarepHaia (rmonesHBIH pacxof),

mepialmerocs B roToBOM MamennH;
TepHana.
a — HOPMAa pacxcna i 5 ) g
KoadpdroueET HCIIONL30BAHNA MaTepHAIa MEHI::IE (;f:; A _}II-;LFT
YUT ¥OHO0E. :
§ HopMe moTepb H OT
a BeMHUYHHY EHHLIX sl
HT eMHUTHCH K eIMHHIE H3-34 oHOTEMATHYSCHKOTD crmw; it
i‘epb M OTXOJIOB, BEIpAYKEHHBIX B lONAX oT HOPMEL, B P Gt
P,n;pemm OTM ® copBepIICHCTBOBAHHA Texnnﬂcrm&ennoqecmm
i HITH HO-TEXHH
: 2 TOCTHAE HAYd
ousponeTRa HA Gase I 3 ok
uecmperga KoagdroueHT K — ocHOBHOH ToKazaTelb ad;lﬁHD
I I 2 s i
ngl'IIDCTH HDHD.‘IBEGB&HHH M&TCPHEJH:HHK pECYPGGB B‘Jf{ EETMH
erpoerni. Ero sHaweHHe onpejengercd AIH m;;en::ﬁﬁ )
W Hame/AdA, 10 TpefipUATHIO M TpyOne Ipennpa

oM IO OTDACIAM.
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IMporece NpUACKEHHA KOHKEDETHEIX MEpPOIDHATHH K pasimd-
HEIM HIJeMIHAM OTPACIH MMeeT MHOTOBADHAHTHYH OCHOBY, Tal
HAK MepOOpHATHA MOI'YT ObiTh IPHMEeHeHEl K HHM KaK B KOM-
OIeKce, TAK H o OTAeNBHOCTH., Pe3yALTATE BHEIDEeHHA Mepo-
OpUSATHHE [0 CHHMMEHHIO HOPM pPACXOJa — BelHuYHHA SKOHOMHH
MaTepHada ¥ cebecTOHMOCTE — JUIA KaIOr0 M3geJHd DAS/IMYHEL
Hanuranknpie BAGKEHEHA (eJHHOBDEMeHHBIZ JATPATHI) HA EBHe-
IpAeMEle of'beMEl KAMKIOTO M3 BADHAHTOR HANPABISHHH Mepo-
OPHATHH Takike PA3IHTHEL.

Caepgorarensno, 3deKTHEHOCTE BHEIDSAEMBIX 0FLEMOE Mepo-
OPHATHI ABIAeTcA De3yARTATOM pallHOHAJNBHOIO BhiOopa Ha-
IpABIeHHH WX NPHMEHESHHA K KOHKDETHRIM H3JelHAM 3AB0I0B
orpacm. Orciofla CTAHOBHTCH €CTECTBEHHBIM IIOAXOJ K Ipobieme
NPAIOKeHHA PasIHYHEIX BADHAHTOE MepPOOPHATHH K MHOMECTBY
Ha3JeNHil B PAMKAX 3aBOJOE OTDACKH, HCIIONLAVIOIIHE OAA perme-
HHA paccMaTpHBAeMoil MHOTOBADHAHTHON 3ajadql ANIAPAT MATe-
MATHYECKOTO IPOTPAMMUDPOEAHKMA (B JaHHOM cayuae JHHelHOTo).
Taxoil nNogxom NO3BOIAEST ERIARUTE ONTHMATLHEIE BADHAHTE [1DH-
MeHeHH A MepONpHATHH K HajelHdM NPH HCHOOJBIOBAHHH JHMM-
THPOBAHHBEIX 3AMACOEB pecypcoR (of'LeMoB BHeIPHEMEIN Mepo-
OPHATHI) ¢ yY4eToM [IOCTHKeHHA MAKCHMAILHOH JKOHOMHH Ma-
TepHanos HIH adiberTHEHOooTE OTM.

Kpome Toro, aHHEI DoIXof A8eT BOSMOEHOCTE ONPEISIHTE
HayTHo ofocHOBaHHBIE BEAHUWHE] IOKAZATETeH IIo CHHIMKGHHIO
pacxola MaTepHalol B IPOH3BONCTEE OTPACIH, A TAKME OTIelh-
HBIX NpeJUPHATHI HA KOHKDeTHEIH INIaHHPyeMBIH ITepHOI He-
Xo/s M3 BHEIpAeMEIX obkeMop MepouprarHii. IIpu sToM z2amaua
LIAHNPOBAHAA MeDONDHATHH 10 CHHMEEHHID DACX0[a MaTepHa-
J0B MOMET CTABHTRCA KaK 2a/adl MAKCHMHIAIHK adderTHRHO-
CTH Pe3yIbTATOB BHeZDEeHHA MePONPHATHH IpH coblojeHHH
OrpAHWYEHHH Ha 3a0ackl JUMHTHDOBAHHBIX pecypcoB. 3jech
MOTVT DRITE NpeLIo:KeHEI H TaKHe BAPHAHTED ONTHMANLHOCTH
BHeIpAeMbIX MepOOpHATHH:

a) DoMy4eHHe MAKCHMAJLHON SKOHOMHM AJA JAHHOTO Mare-
pHATA HpH colMMJeHHH OrDaHHYeHHH HA obheMEl IPOH3BOICTEA
BHeJDAeMBIX MepOIDPHATHIL;

6) mocTHxKenue TpelyeMoro VPOBHSE DSHOHOMHH (CHHMeHHH
HOPM) pacxXofla MATEpPHANA TIPH MHMHMMAJIBHEIX 3aTpaTax orpa-
HHYEHHEIX pecypcoB (00BbeMoR BHeJPEHHA MepPOIPHUATHH).

- T
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9.2. MocTaHoBKa 3aAa4M MNaHUpoBaHHA 0TM
N0 9KOHOMMI pacxoa Marephanos i BapNanThl

ce MaTeMaTMyecKoi Moaent

CymmecTBYIOT OT/AelbHEIC HATPARJIEGHNH OTI;i;:rEB znﬂtxgz;r;{:;
HOpM Pacxoja MaTepHAJIoB, HMeHHe B cﬂoer:e‘mm}mmmm 4
MHOXEeCTBO BapHAHTOB npUMeHeHHs € CcOOoT s
adpHIMEHTAMH 2KOHOMHHN HIH 3aMEHEL (cm. Tﬁ 'E:mr;;ycl{aEmmx
eTEYET TAKMKE MHOMECTBO pasTMMHBIX H3fenHil, s b
B [POMSBOJCTEE OTPACIH B JAHHOM TLIAHOBOM TF em.ﬁ:i oS
TOpHIX OnpeeleHEl 3AROJI-M3TOTOBHTENb H IIAHADPY

MEHEHBL
ax mpouaBojcTsa. K oTHM HajienuaM MoryT OBITH TIPH

MHLIE BADHAHTE MeponpHATHIl Kak B KOMILIeKCe, TAK M II0
Te WIH

OTIEIBHOCTH.

Kanxpeiii BapHaHT MepOTIPHSATHI xApAKTepH3yeTCA TeXHH-

MY HIIe-
weckKol BOEMOMHOCTRID npuMeHeHHH ero K EDHHPETHGH feﬁnirirn
IHi0, YpOBHeM 3aTpaT (obBenoM [pHMeHEeHHA) orpaﬁ' e
upeﬂ},rpca, AL COOTBETCTEYIOMIETO Wspe s, a TAKAHe enmrzy;aﬂa g
onpejeeHHOH BejMHHON PKOHOMHM AAHHOTO r.mr:;ip e

: y HAT -
Toro, BApHAHTEL Meponp
aroro uagenus. Hpome - e
MY KATHTANBHBIMH
MaVIOTCA COOTBEeTCTBYION Y
E:enimmn aaTpaTaMu NpH HX BHeIpeHHH B HPGHBB:;::: ik
i1 apH
KYIHOCTh TAKHX B
HeobxoIuMo HAHTH COBO e
eHHil MepOIpHATHIL, KOTOPbIE IpUMeHHMEL K KGHRPETHM:E e
emMAM IpH VCJIOBHE HCTIOB30BAHAA .:1m.1mpuﬁaﬂm;11x;;emym o
J{lc;ﬁmemmn BHeIpeHHA BAPMAHTOB) B KOJNUYECTEE, H;H;I;g b
ey HAJTHYHRIX 34I18COB 3THX Pecypcos, H HDHTMHH i
MANRHOTO HSKOHOMHUECKOIO adperTa HJIH BSKOHO
MAOTEPHATA. .
Bie,u;em CIeVIONIYI) cHeTeMYy ofpsHavenmit: B
o — HHEIEKC HanpaBleHHA MepOrpHATHIL (a=14) Hanlfa_ L
|
sjerma OTM B mabm. 9.1 CHCTeMATHAADOBAHBL IO t:erbrpeMHH'iw; EPD,_
j — wHmeKc BapHAHTA ompefie/ieHHOTO HANPABIE
- a_
puataa (= 1.7, ) The Ta — KOMYEcTBO BADUAHTOB B OL-H
i =L T

e
ppasnernn OTM; HHJIEKCEL BAPHAHTOB, OTMETeHHEIE B}{Ta::aﬁio;
HﬁI’EIﬂT oA KAMKJIOTO HATPABIEHHH OTM croe d::-Hlf{cToPHHﬂencv
xonmyecTeo. Hampumep, U3 aTol T;.tllﬁ.rmuhr EH?:e,sameHHTeneﬁ

; ejiper

anpapjieHe OTM ¢BH
rg COOTBETCTBYET H
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NpOKaTa HYepHEIX MeTalJoB* M rp = 9, r.e. | =19 MOCKONBKY
¥ L

JaHHOe HANPABJIEHHE BEIID
HAET JICBS
3aMeHHTeeil; ACBATL BAPHAHTOB BHE/JDEHHs

BH&E‘,;H; '.E!EJ:[H'-IHHE. SAnaca pecypca — BOIMOMHOTO ofbeMa
PeHNnd (B T MIH Kr) j-ro papuarTa OTM O-HATIDARJIEHMA;
i ]

Joj KO(OHOUEHT SKOHOMMHM HMIHM 3aMEHEI OAA [aHHOTO

Ma ; f
TEpHalla'B pesyjbTaTe BHeJIDEHHA j-ro BapHaHTa O-HANpaRae-

Bua OTM; koaddumment
g : chrig Bl 3aMEHEI (SKOHOMHI) YKAGAHEI B ID.

PRl
MHIEKC 3aBOfla OTpACIH (KOMIAHMH, (GHHAHCOBO-IIPO-
MEIITEHHOH Tpynnsr) (B =1,m);
f E =,
HHIEHKC M3JedHA, BEIIYVCKASMOro B NpOH3BOJCTEE OTpAC
JH B II i :
fanupyemonm mepmofe (i =110, ), rme I, — xomwyecrso
E L ;
f! STMTHLIX H3/IeMHH# £-To 3aBoJa, K KOTODPBIM MOI'YT GBITH IDH
EH;HM COOTBETCTBYIOMMe BapuanTel OTM: i
Tk L]
et ki 0bBEM NpoOH3BOICTEA (mr.) i-ro wagemus A E-M aa-
b ;)TI}HCJIH B IaHHOM IJIAHOBOM IIepHOfe;
1
a 3 —
kia]> Hriaj — HOPMBI pacXofa JAHHOTO MaTepwasia (Kr) mas i-ro
H3Oemia
;:M k-ro saBofa Mo ¥ mocie IpuMeHeHMT X HeMY [-Io BapmasTa
G-HalpaBIeHWA. 3HA :
HEHHE dy,; MOMeT ObITh monyueHO B

JABH
v CHMOCTH OT Ko3(ppHIHeHTa SKOHOMHH WM 3aMeHEI COO
S'I‘EEHHG H3 BeIpaxeHH# (9.2) u (9.3); .
kicj — BEIITIHHA BKOHOMWH AaHHOTO MaTepaia (KT) Lis i-ro

H3llenHa k-ro saBoma m
Pe3yILTATE B i
OTM o-Hanpasnenms. HE/IPEHHA j-To BApMAHTA

0
SHauenne . = apy; = iy

Een
i GHP:B H3BECTHEl KOB(DDHIHENT 3aMeHEl MM SKOHOMMM {gq;)
DHHEKY (Tabx. 9.1) u anavenme HOPMEL pacxoma 'mflr‘xé

PHATA TIocTe IpH :
opuMeHeHns OTM (@hinj ), TO cormacno BRIpaIKenHMAM

(9.1) 7 (9.4) nomyuaerca 3y,,; = Qo Bhic;

brigj — ® THEHEI 06
gmkﬁfﬂ anp:_z:im HE eM IIpUMeHeHHs (Kr) j-ro papHaHTa
o K I-MY H3lenHo R-ro aasoma. B CIyyae BHe-
EHHTeNell IpH MIBecTHOM Ko3(ghHuIeHTe 3aMeRE!
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Modenelt Oan peUleHiA NPOUIS0TCTIEEHHBLY Faday

(o) ® aajaHHOMN -HOpMe pacxofla BeicEOGOMIAeMOro MATepHATa

[aﬂiw] B COOTBETCTEMHE ¢ Bhipaykennem (9.4) momydaeTcs
Gt
b i R IHOMH eHBI )
kiaj = (B coyuae IOJNHOH 3aMeHBL),
quj
Fpinij ;
Brsggi= = (B cnyuae YaACTHYHOH BaMeHEBI);

qﬂj
W,ﬂtlj,ngﬂj __ cebecTonmMocTb (TeIc. pyD.) i-T0 H3HENWA, BRI-

IycKaeMoro Ha E-M 3aBofie OTPaciy, Ao H nocte EHeJpeHHA [-TO
BAPHAHTA MepONPHATHH C-HapaBleHHd;

Bhigj — KANUTANBHBEIE BIOMKEHHA H/H eIMHOBPEMEHHEIE 38-
TpaTsl (Thic. pyb.) HA BHeApPeHHE j-ro BapHaHTa MepOIpPHATHH
o-HalpaBiIeHid IPHMeHHTEIBHO i [-My MagedHio B-To 3aBOTA;

Cpiqj — 9bHEKTUHEHOCTE IPHMEHEHIA j-ro BapuanTa OTM a-
HAnpaBJeHHA K i-MYy HM3IeJHI0, BhIIYCKaeMOMY HAa k-m saBoje
orpacan. OHa onpefeisercd Kak OTHOIIEHHE pasHocTH cebe-
CTOMMOCTH 3TOTO H3IelHd J0 H Imocje NPHMEHeHHA K HeMy Me-
POTIPMATH K DHBE/eHHBIM 3aTPATAM {reic. py0.) Ha BHempe-
HHe B NPOH3BOACTED AAHHOTO MepPOTPHATHHA:

0 1
gl Wiiaj = Whiaj.
o TR

Ricef

(9.6)

Xpigj — MTOAIeNaINHNe OIpPeje e HnI0 HEH3BECTHLIE Zalati,

yEASLIBAIOIHE IejiecoodPasHOCTh HIH HelelecoodpasHOCTE He-
nonezoparna j-ro papuanTa OTM o-HanpaBnenyd K i-My Hage-
M0 k-ro sapoja B MIaHHDyeMOM IepHoIe.

INepemernHas Xpjy; HMeeT 3HAUEHHE 1, ecan j-2 MepOIDHATHE

HerecoobpasHo HMCIIONBIOBATE K [-MY MAJEeNHIo B COOTBETCTEMIL C

TMPHHSTEIM KPHTEPHeM ONTHMANLHOCTH meneroit QVHKOHE 3a-

maun, 1 0 — B OIPOTHEHOM CJHIyHae.

B ciyuae HaMeHeHM# KavecTBa HMPORYKIMH I ONTOBBIX HEH
Iocjie BHejpeHHA MEepPONpHATHA JUIA OUEHKH NpHpocTa NpHOBIIH
B umenUTene Brpaskenusn (9.6) Menoas3yeTces PASHOCTE BAAA:

(20— Wy (Zh—ri),
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rage Z9 Z1 _ crommocTs BLIIYCKA OROIVHUHE B NIaHOBOM IIe-
PHOAe Jlo M Nociie BHeZDeHUS MepPDIPHATHR o HeleTRYIOUIMM
ONTORBIM IHEHAM.

Chopmynupyem BoamomcHLe BADHAHTEL MaTeMaTHuecKoli
MOAE/IH NOCTAHOBKM [JaHHON 3amaud B IPHHATHIX oboanaYeHIAY
IPHEMEHHTEIBHO K IPOKATY YepHLIX MeTAJIIOE.

IRONOMUKO-MAMEMAMULECKAR Aodens
naanuposanua OTM no maxcumansruoi
IKOHOMUL MAMEPUALLHBIX PecY Peos

HomyernM, uro orpacias (KoMnaEMA) fomxHA HMeTH B cRoen
PACTIODAMEHHH B IIaHHDYeMOoM nepuone Gy obsemMon mepo-
OPHATHHE (T), KoTOpLIE OpeIycMOTPeHEl K BHeXDeHMIO B IIPOH3-
BONCTBO B JJAHHOM [EPHOJE ¢ IeTbi0 SKOHOMII Pacxofa npoKxaTa
HepHBIX MeTamnoB. Heobxommmo cocramuts Tamoii [aH HX
OPUMEeHeHHA K DAsNHYHBIM HITeIHAM SABOMOE OTPACTH, KOTo-
PBIH obecrieyupaer MAKCHMAIBHYIO 3KOHOMMIO NPOKATA YePHEIX
METAJLIOE IIDH VCIOBHH HCIONLIOBAHHA 00LEeMOR BHeNDEHHA Ba-
puanror OTM, He HNPeBRIMAIINAY YCTAHOBICHHLEIE JNHMUTLI
(samacer) pecypcos.

B cooTBererBHn ¢ Takoji TNOCTAHOBKON 3a1auu HeHaBeoTHLIe
BEJIHYHHEL Xy, YKASLIBAIOIONE HA llenecoobpasHoCTh IpHUMeHe-
HHMA [-TO BADHAHTA MepONpPHATHA C-HaupapleHUd K i-My H3ane-
THIO k-ro saBofa, JOMKHLI ofeclieynTh MAKCHMYM Ie/JeBoii
PYHEOHYM JTuHeiHoH (opabl, onpemenAmeit CYMMADHYI) 3HO-
HOMMIO MaTepuana saZanHoil HOMEHKIATYPE! (NpOKaTa UepHEIX
METAJIOB) B NPOM3BOLCTRE 3ABOJIoB orpacaM. B npusesenumrx
0003HAYeHMAX JAHHAA Helenad DYHKNMS 3aOHCEIEASTCH Tak:

T .m

4 g
Rxy=3>% 2 Bnieg Ny X ey — max . (9.7)
oyl

J=lk=11=]

1Ipn srvom marmagriparores CIeAVIOHE OrpadHYeHA:
1. O6meMEl BregpAeMEI: MEPONPHATHH B IIAHOBOM HepHoje

He JIOJHHEL NPeRRIIIATE HATHYH LR PECYPCEI IIPHMeHAEMBIX BApH-
anroB OTM (@, i)
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b, R 9.8
Briog N 11X piap 2 Qg a=5L4; i=Lr,. (9.8)
1f=
2. IInagupvemas COBOKYIHOCTE BAPHaHTOR Mepﬂﬂp;ﬁ;;{i
) M I
i eHMTelLHO K onpefeleHHE
BeeX HaAnpaBIeHHH IIpHM b
MB3ne A OrpAHHMHBASTCH HX ODIIMM HOJNHHeCTBOM, :;Tapae ;;:z
IYCMOTPEHO K BHeJPEeHMIO B TIPOHEBOACTRO (oM. Tadaz. 9. }#3? LT
BOM MEepHOJe ¢ VYeToM HAYUHO-TeXHHYEeCKHX NOCTHAEHHH!

E

[1=
b4

=
i}
el

4

4 Ty !
szkiaj = Era’

a=1f=1 o=l

-
&

i=1l; k= (9.9)

¥

-

3. MuoiecTBO PasITYHEIX HAMMEROBAHMWN WM3MENHI, K liDTCIEIbIM
: o
MOryT GHITH IPHMeHEHEL Te HJIM Hible BADHAHTEI MePOIIPHATHH Trcrﬂ
: HITYHEAE
YepHBIX METANIOB, OTpa
SPROHOMMH PACKOZA NPOKATA £ig
0OIINM KOJHUYeCTROM SAITAHHPOBAHHEIX K an'_:,rcx.}r HAMMEH
HHHE 3THEX Ha3gelHi B TaHHOM MIAHOBOM NepHOIe:

m i m
Ei){k!m’ & Ezk*

k=11=1

o =14; (9.10)

i=slyir

o5t
4. Ha HezpecTHLIE NepeMeHHEIE MOJeNH HHE.TE,E{MBEIDTM
OrpaHWYeHHS, YKASHIBAIONINE I1eJecooDpasHOCTh MPHMEeHEHIH kj
B : -0
BAPMAHTA MEPONPHATHA C-HATIpABNEHMA K I-MY H37elHIi0

3AROJA OTPACIIH:

1, ecamr ganestit sapuasT OTM Henonb3yeTces;

(9.11)
Kiaj = {D ecnn ganani sapuant OTM He ucmoassyercd,

L= k=Lms a=T450i=1r,.
10
B npueefeHHOH Moy 2a/a9YH OrpAHHYeHHA (9.913{01; Eicﬂl
OHN XapaAKTepHIYIOT BO3
ABASIOTeA NPOHIBONHBIMI. apg
HaMeHeHHA PAIMEeDOB MATPUILLI MCXOJHEIX fi;meﬂm I;;pnaﬂmn
BHCHMOCTH OT MH
IJAHOBEIE TEPHOAEl B 38 . b
eM JOoCTHIKeHHH HAay
OTM, IHKTYeMBIX BHeOpeH . o
cnun:; nporpecea ¥ HOMEHKIATYPOH BBINYCKAEMBIX HAMEIH

OpOH3BE0ICTEE OTRACTH.
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B pesyasTare
BEITE noayyens::

8) JaHikEe 017 OG0CHOBAHHRIX 3AKAZOE HA ofBeMbl BHeOpAeMEBIX
BapuarTos OTM B paspese xammoro sapofia orpacin. Hanpmumep
BCITH ONPeJeIeHA HHTeHCHBHOCTL HCHOJNb30BAHUA p«aanmmx’
MePONIPHATHE ¥ H3memHaMm (Xpinj), TOo onTUMaTBEEIE 0fBeMEr
BHENIDAEMBIX BAPHAHTOR MepPONPHATHH AIA  KaMAoTo 3aBoga

(@) BEIMMCHAIOTCR M3 BRIpAKEHHA:

PelleHMA paccMATDUBAEMOH 3agaud MorvT

a=14; j=1r:

ol

~ b
Qe = Z Bt X py i N pgs B =1,m
b=l

(9.12)

6) naHEHEIe ob OEHIAeMOH SKoOHOMHH MaTepHana 3aTaHHON
HOMEHKJIATYPEI (ITPOKATA YepPHEIX METAJIOE) M0 KamgoMy BOEOIY
(%) ® orpacmu B nemom {(9):

(9.18)

b T
3"’ 5 Zizaklnjwkzxmﬂi
a=lj=1j=1
i

- { - —
8=39,, k=Lm
k=1
! .
o lOEDGHGB&HE&H BE/ITHHA ILTAHNDPYEMOTO NPOHEeHTA CHIDKEHIS
Ba XOJA TPOKATA YMEePHBIX METAIIOB B PesyIbTaTe BHeApOHIS!
TM xax mo HammgoMy aasony (g,), Tax u
K Bl )y 0o OTpac/i B lejoM (g):

3, dsta
100, k=1m.

63 (9.14)

Ty .I‘n H1

Y Saang

a=1j=11=] k=1

IKOHOMUKO-MameMmamuieckas modens NAGHUDOSAHUR

OTM ne xpumepuio ux MarcumMansHol sPgerxmusnocmu

Hanupi BapuanT MOZeIH MeIoNE3YeTeHA B elydae, KOTIa ¢ yye-
TOM JZOOVCTHMBIX B ILIAHOBOM IlepHofe ofLeMon BHeIPEeHHA BADH-
antoB OTM e npomasojerne OTpACTH HeobXOMUMO OmpemesHTE Ta-
KYI0 COBOKYINHOCT: NPUMOHEHWS STHX BADHAHTOE H M3[e/ITAM:
(Xpicj), KOTOpan obecneynraer MAKCHMATBHYID ad}rpeangmcmz

T'nasa 9

f

S ——
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modeneil das peurenud NPoUIEOdCMEeHHbIY 3aday

Toros ittt

4
Fy(x)= 3> ZchIaijEinaI —» max,

a=1j=1k=1¢=1

(9.15)

rge Ciiq; — 2h(peKTHBHOCT: NPHMeHeHHA Olpele/eHHOTO BapH-
agra OTM K KoHKpeTHOMY Ma3JelHio, IONVdaeMad M3 BRIpayie-
HuA (9.6).

IIpy peammzan@p 5TOro BADHAHTA MOJelNH TaKMe TOTH(HBI
cobaogaTees orpaEruennd (9.8) - (9.11).

OTMeTHM, 4T0 CTPVETYPA PACCMATPUEAGMOTO BADHAHTA MOJe-
M aHANOTHYHA MeDBOMY BAPHAHTY JMINE ¢ TOH pPasHHENe, 4To
B paceMaTpMBAEMOM BADHAHTE B IefeBoll GYHKIHMHA BMecTo II0-
KABATENIA SKOHOMNIH PacXofa MEeTAJIA B PeayiLTaTe BHeJPeHHA
OTM (3piq;) wenonsayerca nokasarens stdexTHBHOCTH (Cpiqj)-

B pesynbpTaTe OOTHMHIANHH [0 AHATOTHH ¢ NPelELIYINHM
BAPMAHTOM Mofenn M3 sBeIpasenuii (9.12) m (9.13) B paspese
KOO0 3aBOOA OTPACTH MOM(HO OIpeJeJHTE OoINTHMAIBHEIE
ofbeMEl pecYpcoB BHepaeMbix eapuanTor OTM, ocsupaemylo
IKOHOMHIO MeTaLIa ¥ ofOCHOBAHHYID BelIMUYHMHY ILTAHHPYeMOTro
CHHMKEHHA PACKO/A NPOKATA YEPHEIX MeTAJLIOB.

IMpuMenenne Tex MIM HHEIX BAPHAHTOE HANPABIEHHI MEpo-
OPHATHH MOMeT IPHEECTH K CHHKSHHIO DACXOJa MATEepHATOR,
OJHAKO 3TO He BCerZa Mo3BONAeT CHM3UTL 3ATPATHEI HA HX IPH-
obperende W obpaforky, a Takie He BRIcBoboEIaer ofopymo-
BAHHA.

Taxum ofpasoM, BAKHRM II0KASATeNEM OPHMeHAEMOCTH Ba-
pHAHTA MEPONPHATHA K M3NeHI0 ABIAeTcd obIIas SKOHOMHA, 110-
ayyaeMad B peaylkTaTe ero pHedpenmd. IlosToMy NaHHBII Bapu-
AHT MOJENH, Ijie B OeleBoi (GVHEINH HCNoMbIVered IOKA3ATeNb
apbexTuBHEOCTH (Chiqj), KOTOPEII BhlpaskaeT Pes3yibTaThl 0DIIei
sroHoMMHM oT BHejperua OTM, nMeeT KaYecTECHHOE JHAYGHHE.

IKOHOMUEKO-MAMEMAMULECKAR MOJERs CHENCEHUA
pacxoda Mamepuaros Ha 3adaninyro eeru Sy

o llonyocTHM, UTD CTABHTCA 38/ld4a cHH3WTE B IIPOM3BOJCTBEE OT-
pacim H IIAHOBOM [lepHOfe Ha &% pacxojl MATepHAIA 3aJaHHON
HOMEHKJATYypEl B peayasTate sHegpernsa OTM. B ceasu c aTum
HeoDXolHMO ONpeJeNiTh MHOMECTEO TAKHX BADHAHTOB HAIIPAB-
menuit meponpmarTuit (Xj), KoTopelie obecmeuaT NpexycMoOT-
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PeHHOe CHIDKeHMe pacXofa MaTepHasa Ha £% NPH MHHUMATRHELK
3aTpaTax OrPAHMYEHHBIX DeCYPCOB (Qaj] — 00BEMOB BHEDHEMEDR
meponpuaTHii (1). Ha ocHoBanun pesynnraros PelleEMA 3aaY4H

clefiyeT TAKMKe YeTAHOBHTE ANA KAaXIoro saaroga ofoCHOBAHHBIR

SaKaskl Ha pecypehl—obbeMbl BapuarTos OTM, KOTOpEIe BymyT
UPMMEHEHB! K H3JelUAM B IJIAHOBOM NepHOie. f

A IIpu rakxoii nocramonxe dalfaul HeHIBEeCTHBIE NepeMeHHBI®
(X piej) momxunl obecmeunTs MHHHMYM OeleBoll QyHKIHN, BRI
PaKalomed cyMMApDHEI obnem BHE/PEHHA DasJHYHLIX BapH-
AHTOE MEpONPUATHH B MIAHHPYEMOM NepHOme;

4 Py Uy
Fy(x) = Zzzzbhﬂthkie} - min. (9.16)

a=1f=1k=ld=l

Mg manmoil nenemofi byHKIMH TpeGyeTea cobmomenme orpa-
HHgenud (9.11) u cregyomero YCJOBHA, OpeqycMATRHEBAKITETS
AOCTHIREHME 2aIAHHONO NPOIeHTa CHIDKeHHA pacxoja MATEDHANA
B OJAHOBOM NepHOme: '

Taom g

INT S o v

a=1)slkalial

100 = &. (9.17)

4 fgimo

>:. Z Z }: afr,m,N,:_,

Z=1j=1 k=1f=]1
IIOJIB-"'-IEE'IHDﬁ PellleHHe MONeNH [O3BONAET ONPedeHTL M3
Belpaycennit (9.12) - (9.14), kax u ana NpPeIEIIVIEHY MG,JIEJIEi'II,
00OCHOBAHHEIE 3AKASHL Ha OBBEeME! BHeJDAEMBIX MEepPOIDPHATHI

A8 KAMI0ro 3aBONA OTPACTH (@pnj); OKHIaeMEIe 3KOHOMITIO
META/LIA i CHUMKEHHE HODM DACXOIA MATePHAN:. o

9.3. Pean13auus aKOHOMUKO-MaTeMaTHYECKIX Mogeneif
nnaunposanus OTM no skoHoMuu maTepuanos
M aHanu3 pesynbTaTos

[Ipusesennee B § 9.2 BADHAHTEl MOJENH 2aTatum DETHMMI:'
HOTO NIAHAPOBAHIA MEPONPHATHIH 110 CHMKEHHIO HOPM pacxo-
A8 M BKOHOMHH Ha 3TOH OCHORE MATEPHAIOR onpefejieHHoll Ho-
MEHKIATYPEL ABIAIOTCH 3a/iadaMH HeJOuHCIeRHOre THHeHHOro
OporpaMmuposanus. B Takom Bupge sanmcniBaiores samaum Ha-
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smodeneis dna pellenita npoussodemae oty Jaday

aHaYeHWsd, PASBHTHA. M pPA3MeINeHHd oTpacieidl HapOJHOTO Xo-
sgHCeTRA. [

B cocTase npuEmajHoro nporpaMMuore obecineuenms ITIBM
tana IBM PC mMeercs makeT NpHEIafHBX nporpamm ([TIITI)
MILP88 pna pemieEdMs 3ajad JAHHEHHOTO NPOTPAMMHDOBAHHA M
JguHeiiHOrO TedouHcieHHOro nporpammuposanna [2, 21, 22]. B
JAHHOM IAKeTe [IA DeanHsamHi MofeleH NelodHCAeHHOTD Ipo-
rPaMMHEPOBAHHA HCIOJIRSYETCS ANTOPHTM MeToJa BeTEeif H IpaHml.

BamHpli sTanm pelmedus 3afaul — CHCTEMATHZAIHA B OOpe-
OeJIeHHOM DOPAAKe HCoXoNHBIX MaHHEIX, Ha Gaze KOTODBIX dop-
MHDYVIOTCH 3HAYEHHA Kosd(pHIHeATOB NeleBRIX (YHKIHHE M or-
pamudeHmi MomenH. TAKYO CHCTEMATAZAIHIG HOXOIHBIN JaHHELX
aazaui mellecoobpasio BecTH B BHOe «Imanosod Mopern OTMa,
IpefcTaRneHHoHd B dopme Tabn. 9.2.

dra Tadauua Toc)le SATOMHeHHA COVIKHT OCHOBON AJA mO-
CTPORHHA HOXONHON CcHMILIeKc-TabaMmel, HeobxolHMO mad
pelleHHsa 3a/JaUn.

B rpajorrerrax Tadn. 9.2 yraskBawTeA MOZHLUER INA GHECA-
UM 3HAYEHHI SKOHOMMM pacxofia mMaTepHana (Jyiq;) wiH adder-
THBHOCTH TIPUMeHeHu: MeponpuaTHa (Cpyj), 8 TAKHKEe HeH3BeCT-
HEIX mepeMeHHBIX (X !etu;’]: IOJAYIACMEIX B PesylILTATE DelleHMsA
Mofelel S4JAYH ¢ YIeTOM pPASIHYHBIX BADHAHTOR BOSMOMKHBIX
3amacoB pecypeoB (BekTopsl @1, G2, G3).

Eenp xaxoii-nibo BapHapT MepoOpHATHE TeXHHYeCKH HelpH-
MEeHHM K oipefeleHHOMY HaTenHid HIH Ke elo NpHUMeHeHHe He
MOBEOJIAST COKOHOMUTE PACKXON AaHHOIO MATEPHANA HA 3T0 MAHE-
Jne Ges YXVIMIEHHS ero TeXHHAKO-3KOHOMHIeCKHXY IToKasaTeleH
paBoTil, TO COOTBETCTRYIOINAA TepeMeHHAA X,y,; cpasy mojara-
eTcd paBEod myamw. Horga sagada peiiaeTcd A OTPACIEROTD
VDOBHA, B YHCJAC AHATHIHPYEMOH OPOIVEIHN BHEIWOYAIOTCA H3-
Jenud (ArpeTarTsl) YKPYOHEHHOH HOMEHKJIATYDPHI KOHeUHOro BhI-
nycka. Hanpumep, sKeKaBaTopsl, cMeHHoe oBopyaoBaHHe K aKC-
KABATOPAM, JalacHRle YACTH K JKcHARaTOpaM H T.4. B nporHeHOM
cjaydae, ecIH BecTH AHANWS ¢ BKIOYeHHeM B Tabn. 9.2 geranei
¥ YEAOE PANHYHEIX THIIODASMEDOR B DAMEAX OTDACITH, TO MATPHILA
HEXOOHBIX JAHHLIY AOCTHTaeT COMIOEOM OD0JABIION pPAsMeDHOCTH.
IloaToMy B paspese geTamell H y3J0B MAINHH Oejgecoofipasxa pe-
OIATE 3AJAHMH HA YPOBIE 3ABOJOE HIIH IPYINBEL 3aB0J0BE OTPACIIH,
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Jlna mamgod YEPYOHeHHOH HOMeHEJATYPR MaTepHAICE
(npokaT YepHEIX METAJJIOB, AJIOMHHMEEEHE OpPOHAT, MeTHEH N
MATYHHBIH NpoKaT, TpyOBl CTAALHLIS KATAHHEIE, TAHYTEIE H TOH-
KOCTeHTRIE GecIToBHEIR) HCoXOMHAS MATPHNIA, COCTABIAeMAA B
(ropme Taba. 9.2, GymeT HMeTh HHIMBHAYAIbHOE COIepIKAHHE
coraacHo obIIeMy IIepeuHE MeDonpHATHIH, NpelycMOTpPeHHBIX
I HMX 9HOHOMHM, H COOTEETCTEBYIOIOYIO DasMepHocTh. Kpome
TOro, PASMEDHOCTE MATPHIIE! 3ABHCHT OT NPHENeKAeMBIX K AHA-
JHEY HoMBUHAUMI BADHMAHTOB MeDONDHATHIH, OpellaraeMbIX
3aBOJAME I0 VeTaHoBIeHHoH dopae maapa OTM. Samaum jpna
OTIeNBHBIY NepeuMcIeHHBIX IRV MeTAJIOB PellalTcd caMo-
cToATeNbHC. OCHOBHEIE HCXO[ible JAHHBIE IIA PeIIeHWA Moje-
Iell  3agoup oTPANKAKTCS B CYIECTBYIOIMMX ¢opMax IIaHa
OTM u BegoMOCTAX CBOAHBIX HOPM pacxoga MATEPHAIOE MO
H3eTMAM.

PeayiasTaThl pelleHHs OpellaracMbiX BaADHAHTOR 3a0a4H OII-
THMATBHOTO nnannposannd OTM B sHaURTeNRHOH MepDe 3aBHCAT
OT CTeNeHH COOTRETCTRHA ILIAHOBHEIX KOaD@HUIIHEHTOR JHOHOMMH
(3aMeHBI), NpHEeeHHBIX B Tabm, 9.1, HX (aKkTHYECKUM BeJHdH-
HaM, KOTOPLIE CEIANEIEAIOTEA 110]] BIMAHNEM CHeDH(pHHH B pealhb-
HEIX VCJIOBHH NPOHIBOACTEA KAX(IONe anBoga oTpacias. Hecae-
IOBAHHE COOTBETCTEHA 3THX EKosdhHIHeHTOER B OPOH3BOICTEE
OTPAcAH OAA oTHedbHEIX kapuaHToB OTM — camocrosrtensHad
3ajlaua, pelmaeMad AHATHTHYECKHMHE MeTOTAME H IDAMEIM CUETOM
OO0 KOHCTPYKTOPCKON W TeXHOJIOrHYECKOH TOKYMeHTATIHH.

Crenyer Takie OTMETHTE, YTO [IPH ONpeJeleHHH BOSMOMKHOCTH
NpHMeHeHHA KaKoro-aubo BADHAHTA HANPABNEHHS MepOnpHATHIL
K H3leJHl) KpoMe VCIOBHA, NOSBOIAINMErD COHOHOMWTE TAHHEIR
MATepHAN Desd YXYIMEeHHHd ero TeXHHKO-DKOHOMHUSCKHX IIOHA-
zaTeneil paBorsl, HeobXogHMO VIecTh B TpeDOBAHHA MeTalAYD-
rHYecKoll TPOMEINIIeHHOCTH. JTH TpeDoBAHHA 3aKINYAINTCA B
TOM, 4UTO BHefpAeMbic ofbeMEl KOHKEpPeTHEIX papHanros OTM
AoacHEl OBITE HE HHMIKE MX TPAHBHTHBIX HODM, VCTAHOBJIEHHEIX
FoCTom. Huaue pacxojkl Ha TIepeBOSKY TAKHX oDBeMOE BHe:
APAeMBIX MEPOOPHATHH BYAYT CIHITKOM HOPOTOCTOAINIMMH, UTO
IOBRICHT celecTOHMOCTE BRINVCKAEMEIX H3Tenwnil sapogos. B ceasH
CATHM H3JeAHd, K KOTOPRIM [IPHMeHATCH TOT HIH HHOM BapHAHT
MepMIpHATHE, SOMMHE MMETh ONpPeNeNeHHbH YyponeHhL CcepHE-
HOCTH BRIOVCKA H MATepHANoeMKocTH. EcIH BO3MOMHEI TAKHE

e
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Modeneil dnn peuterus npoussodcmeennsx saday

CHTYAIMH, TO B YHcJe OrDAHMYeHMil pPaccMOTPEHHEIX BAPHAHTOB
MAaTeMaTHYecKHX Mofeldeil safay niaaEmpoBanma OTM my:HO
IpeflycMOTPeTE H TAKOE YCJIOBHE:

Iy
EbﬂlﬂjNﬂkuﬂj EREIJ'? E= I,m; o= 1.4;
i=1

I=1Lrs,  (9.18)

rge R,;— TpaHaHTHA# HOpMa offbeMa pecypca J-TO BADHAHTA

MepONPHATHA ((-HATIDABJIEHHA.

Kasxpaa M3 cHeTeM OrDAHHYEHHMI OIHCAHHEIX BADHAHTOR
MaTeMaTHYecKHX Mofeneit samauu nnapuposamus OTM gonsxnHa
BLITE coBMecTHMOH (HelpoTHBopeYHBOil), UTO ABIASTCA TVIABHBIM
TpebopaHMeM K Dpoleccy (POPMHDOEAHHA ITHX Mofeneil B Ko-
JHuecTBeHHOH (opme. SHaveHHA KOMPpHHIMEHTOB ¥ HEHIBECTHEIX
Xpiqj MOJKHEI TONBEPraThesl TIIATETBEHOMY JKOHOMHYECKOMY
aHanHay B 0BOCHOBAHMIO, A BeJHYHHEI IPaBRIX yacrell ypaBHe-
HHIl ¥ HepABEHCTB cieAyeT BHIOMpATH B MAKCHMANBHO JONYCTH-
MEBIX IpelleNiax Tak, 9Tobbl 06IacTE cBoGOAB! HONYYaeMBIX perne-
HHII OKA3ATACH JOCTATOUYHO DONBINOH.

Memoduxa peanrusayuu modenu nranuposanus OTM
no KPUmepulo MarKcuMansiol IKOHOMUL HAMePUANbIbLX

pecypcos

C 1eibio MTOACHEHHA METOIWKH DelleHUd 3aa9H OINTHMHSAHH
mnanupoeasua OTM B Tabn. 9.3, KoTopaa ABIAETCH KOHKPETHBIM
KOJMUecTBeHHLIM IpejcTasieHdeM obmgedi Tabn. 9.2, moxaszal
IpHEMep CHCTEMATHSAWHA YCIOBHBIX MCXOJHEIX NAHHEIX BAPHAHTA
ee mogenu (9.7) — (9.11) npuMeHHTENLHO K 3aBOJAM OTpPacid
CTPONTENBHOTO H ZOPOKHOTO MAIIMHOCTPOEHHA.

Pemerre sagaun Bhimoanedo Ha [I9BM IBM PC ¢ moMoineio
nakera OpHEAAAHBIX nporpamm MILP88. Hrorm aroro peine-
HUf B HArTAAHOH (opMe Tak:ke mpHBeAeHs! B Tabm 9.3.

Kax u B obmell HocTAaHOBKE 3aja4d JHHEHHOrD NPOTPAMMH-
POBAHMS, B YKasAHHOM IIAKeTe IPH IOATOTOBKE JIAHHEIX He HC-
HoAB3yeTcH HepapXHuecKas CTPYKTYpa HHIEKCOB NePeMeHHEIX,
4 MpHMeHAeTCHA NBYXYpoBHeBas MENexcanusd. [IpHMeHHTEIBHO K
rabr. 9.3 s IITIII MILP88 nepemenHoii X;111 coorsercreyer I1,
X112 — 12, X1124 — I8, ..., X3234 — I56.
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Ilna ynoberea noscHeHHA (QOPMHPOBAHMSA MATDHI] Koatpu-
OHeHTOB IemeBoit ¢GyHEOUHE (9.7) n cHeTeMBl HepaBeHCTE OrpA-
HUYeHWIl, mory4YaeMbIX 10 HCXOZHEIM JaHHBIM TabII. 9.3, opexn-
CTABMM 5Ty HeleByi0 QYHKIHK B cIeqVIOIieM BHIe:

7 .8
F(x) = ZE N,9,X, — max,
I=] =1
rige N; — of'beM NIpPOHM3BOJCTBA [-TO BHJA M3feMHH OTPACIIH;

Djj — 9KOHOMHSA Pacxofia TIPOKATA YePHBIX METAJLIOB (er wor 7) 1

B peayJbTaTe NMPUMeHeHH j-r0 BADHAHTA MEPONIPHATHH K i-My H3-

Ienuio;
X;; — mujexc nenecoofpasHOCTH IPHMEHEHHA [-ro BapHAHTA

OTM ® i-My H3TeJaHio.
Torpa orpanuyerHa (9.8) m (9.11) Taxxe 3ajgaoTcs B TAKOH 1.

thopme: ] !
: 18 (9-20)

(9.19)

7
Y byN Xy <@, j =18,
i=1

rae bj; — ofkem mpmMeHeHm# (kr mam 7) j-ro sapuanTa OTM x

-MY HETeIHI0;

@; — obbem (BO3MOKHEIH samac) j-ro pecypca — BapHaHTa
npumenerna OTM;

¥ Jll, B0 j-8 MepoIpHATHe IPHMeHASTCA K {-My Hage/lHio;
Y e

0 = nporusHoM coydae, i = 1,7; j= ﬁ (9.21) ..

Ipy pemedud TagEHOH 3agaun kodddHuMeHTH IeleBoil
dyarmun (9.19) — sHayenus sxoHoMHM Meramaa (N;3;;), Bemn-
upHEl moTpebHOro (biiN;) # HaauuHOro pecypcod (@) BapHAHTOB
npumenenus OTM monsxeEel OBITE 330AHEI B OfHHX H TeX e
emMHHAIAY HaMepenms (1). B Hamem ciayuae nias ymoberea Boc-
OPHATHA SHAYEHHA dKOHOMHEM (3;) u obbeMa IPHMeHeHHHA Me-
ponpuaTHA (by;) Ha egmEHNY HagenuA B Tabn. 9.3 NaHEI B KI.
IIpw npepcraprenun B namars IBM onn nepeBofATeA B TOHHEI.

Marpuna xoadguIEeEToE J IPH HeH3BECTHLIX IMepeMeHHBIX
nmenesoit yaxmun (9.19) onpegenserca a3 Tabn. 9.3 Kax cka-
JApHOe OpoHaBefeHwe ofmeMa BoIDycexa HMagenwit (N;) m Bend-
YHMHE JHOHOMME pPBECXOJa MeTANNA Ha efHHHOY COOTBETCTBYIO-
mero uagenuA B pesyawTare npumenenns OTM (3):

|
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modenell G pewenus npousasodemeennny zadan

117,28 - 76,7 S5841 1080 7,35 2827 16,33 4761
| 01 o005 80 01 0l 22 0,05 12,95
513,5? 887 443 11,83 0134 324 188 551, (9.22)
89=N;3;=/1666 1078 539 147 049 392 245 6,86
518,0 3462 1700 4548 196 1237 70,31 2109
1124 7334 37,24 938 0,76 2698 152 450
!59:15 806,68 1958 521,2 4,08 1418 B058 2417

Hassele MaTpHOel 2 (9.22) npegorasieHsl ¢ IepeBogoM SHA-
YeHHMH PHOHOMHH MeTANIa B TOHHEL

Marpuna B norpefumx ofbemoB BEHempemma OTM (1) ma
OpOHABOICTEEHHYED MPOrpaMMY BRIOVCHA Hageami, (N;) aneMmeH-
TEI KOTOpPOTo BBRICTYHAKT KoaddMIIHeETAMHA CHoTeMBl Hepa-
semcTB (9.20), onpegenseres Takxe Ha Tabn. 9.3 xax cramap-
HOE NpPOMBBejleHNe 0OLEeMOE NPHMeHeHHMA Pecy[PCOB BapHAHTOB
OTM ma epwHuny Hagenus (b)) n BeMMHHEEI TPOH3BOJACTBEHHOI
mporpaMaer (N;):

17820 5246 T47.2 2343 2675 5246 9715 18720
2130 640 895 280 320 640 1280 2935
3480 1048 1461 458 523 1046 2002 3661. (9.23)
by =| 2852 857 1195 377 426 857 1715 2999
5509,8 168,2 2241 739 837 1682 336 6833
| 976,9 2020 4093 1284 1467 2930 586 10260
[1827,0 4570 6376 200,0 2285 4670 9129 12020

C yuerom smauenuit sremenTor maTpumet 3 (9.22) eripaskenne
Henepol GyHKROHHE (9.19), aranusupyeMoll AKeTOM DporpamMM, B
MATPHYHOH (bopMe NpefcTARIAETCH ele{VIOIMIN obpazon:

Flx)y = X907,
rage X — MATpHIIA HEHB3BECTHRIX IlepeMeHHEIX, IPelcTABIeHHEEIX
E Tabua. 9.8 ¥ BXofAHx B Henesyi dyERDHI (9.19);
3T — MaTpHIA, TPAHCHOHWpOBaHHAA K MaTpume 3 (9.22).
B ecrecrBennoii dopMe sanwck JaHHOH HeleroH (QYHKIIHH
HMeeT cHefVIOINHHE BHI:

Flx) = 117,3X1; +76,TX 12 +...+ 47,61Xs + 0,1X5; +
<+ G,GE}XEE +...+ 80,58K gy + 241, TX wg . {9.24)

14 TwanomMeKo-
MRTEMATHYNC KNG METOIR
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§ T AT Modeneil Oas peueHua npousgodcmaennsiy Jaday
Kai oTMedeHo Bhiile, B obosHauenusx maxera MILP88 nepe-
E ‘E Eéﬁé :;:‘iiﬁi friE:__'g meHHOH X; cooreercreyer 11, X3 — 12, ... , Xig — I8, X0y — 19,
== |7~ 17 slela Xop — 110, ... s Xnqp — 1565, X7 — I56.
! é 15 Ee 31 alas| 3[;. 8| [2lglala E e Cucrema orpasmuesnfi (9.20), mocTpoeHHas Ha Oase MATDH-
il i | el norpebHEIx ofbemos BHepperua OTM B (9.23) u mexrtopa
l_g slZsl2l |<Ealol=lE |sllelE 3 ‘ BRIfleISeMEIX PECYPCOB BAPHAHTOR IPHMEHeHHT MepONpHATHH
é g a =L E LR L .-%3 Egg @3 (Tabiu. .9.3}, Opy pelleHHH 3aJaui HMeeT clefyiOINee mIpei-
2 | F4R [iapiaete Apap 5 F s ,
s T ey H 1782,0X,; + 213,0X5; + 348,0Xy; +...+ 1827,0Xq; < 3314,85
EEEE% 8 ) EEEE— EEEEE:_ :gggg & 524,6X s + 64,0X 0 + 104,6X g0 +...+ 457,00 < 1176,8
ks g g 3 e ‘§ REApEEREER MR g Elg% E T47,2X43 + 89,6 + 146,1X 5 +...+ 637,0Xq73 < 2068,0
T Ug =8 R|AEEY g 314’ A 4 ! 234,3X 14 + 28,0Xqy + 458X g4 +...4 200,04 < 1477,4
iiié 3 L TR E TR é 267,5X,5 + 82,0Xp5 + 52,8Xgs +...+ 228,5X75 < 569,1 (Hezo)
=E Eé B ol = *:“%ﬂ'; ﬁ%%g g Zhe i 524,6X 15 + 64,05 + 104,6X g5 +...7F 457,0X 75 < 1176,9
jggg o | L B j THE ERE 971,5X 7 + 128,0X,7 + 209,2X3; +...+ 912,9X77 < 2364,4
S | P e e b s 1872,0X 15 + 288,5X 05 + 366,1Xag +...+ 1292,0X75 < 1292,0.
E ﬁ ,% Egﬁgl ARl §§;§ i Ji E C menbio aHATH3A M3MeHeHHA 3HAYEHIHI IeneBoH (QYHKIMM
L ﬁg § | LRl Rl - g dEE é (9.19) 1 ocTaTKoB (HeHCIIOMBAYEMEIX) PECYPCOB BADHAHTOB OTM
EIR R e R R + _E IpH SAfAHHON [POUSBONCTBeHHOH NporpaMme MoOJelIHPOBAHME
F g ; 3 BoRCERCHCNS ;535‘5 j I MJAHHPOBAHMA MEpDOIPHATHH @0 JKOHOMHH Dacxoja IPOKATA
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£ | B9 ﬁéﬁ B(E8 258 ’555 i # mua sapuaHToB OTM (X;,;) pacmosoXeHsl CJeBa Hampaso B
!5‘!’ s ¥ b ; TMopAJKe BO3PACTAHHS OOHEMOB PecypCOB — BJIEMEHTOB BeKTODOB
g 3 ; E z | (@1, Q2, @3). Hanpumep, X911; = 0 gad caydyas obrema pecypea
;; : 3;' £ - == -EE =|=le copToBoit xomofHoTAHYTOH cramm (@13} — 26518 7, Xa111 = 1
;jE il E 0] iz FEF npw @2; = 2983,3 T 1 X131 = 1 mpu @3; = 3314,85 1.
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XApAKTEPHEl COOTBETCTBEHHO HKoa(pHIIHeHTHI poCTa IIeiIeBoil
tyuxoan 1,01 1 1,02,

Kar v3¥e oTMeueHO BEIINe, MEXAHHYECKHH HpHpocT 00LeMOB
pecypcoB BHegpaeMerx obbemoe OTM me sengeTca rapauTHeit
NPONOPOHMOHAILHOTO HPHPOCTA 3HAYEHHH Ienepoil dyHKIMN;
9TOT OPHPOCT MOTYT OBECIIEUNTE TOABKO TAKHE AONOAHHTEILHBIE
obbeMel peeypeor (A €;;), KoTopEIe YAOBISTERODHIOT NnoTpebHOCTH
pIpemeleHHOH IPOTPAMMEl IPOHIBOJCTEA ZABOJA HIH DAIA
aaBoqoE (A @y = bj; Ni). O mojobHEIX cCHTYaHAX CBHIETENBCT-
BYET OHANHZ OCTATHOE PecypCOE, IpHEefeHHEN B Tadn. 9.4. Ha-
IpEMep, B3 JaHH0H TafuIHnEl BHAHD, UTO VBEIHUeHHe Pecypea «IIpH-
MeHEeHWe CTANLHEX Tpyhe ¢ 1654,4 t (Qls) mo 1861,2 1 (Q23) npu-
BEJID TOJBKO K PoCTY ocTarka pecypea ¢ 18,4 7 mo 225,2 T (road-
dnnuent pocra coctasnder 12,24) npe ogHOBpEMEHHOM COXpaHe- i
HHH Ha oJHOM H ToM ke yponue (1636 1) obmema ero norpedie-
HHUA TPH PeaiHzalne onrumaisHoro aana OTM. CreponarensHo,
yeeJIHYeHHe pecypea @2z Ha 206,8 T He DoBIHAMO Ha 3HAMEHHe He- I
Xepoil yERIEH. Eoid OpoaHanManpoBATh ONTHMANBHBEIR 1nad

A
L]

OTM paa BexTopa pecypcoB @2 mo taba. 9.3 H sHatenna morped-
HEIX 0DBEMOB JAHHOTO pecypca mo Matpume B (9.23), To yeummim,
uro X197 = 0, Tar wan ocraTor pecypea (eraibHEIX TPYE) 2252 o
HEJOCTATOMEH IJIH VIOBIETEOPEHHA NoTpedHOCTH 3asoma Nt 1 B
offkeMe BHeApenus ganHore mapHanta OTM mpe mpoHsBogcTEe
sxckaBaTopok +3-4321Bs, roropas cocrapnster T47,2 v, Hanenefi-
mee VEEIIMYeHHe pecypea +IpHMeHeHHe cTANBHEIX TpYDs mo 2068 T I
(§33) mosEONAST YHAOBIETEODHTE 3TV NOTPedHOCTE, CASICTEHEM Yero
ABNAcTCA 3HAUeHHe NepemeHHoH Xp127 = 1 B tabun. 9.3 gna onrm-
maneHoro Iiada OTM, cooTBeTCTBYIOMEro BeKTOPY pecypcoB &3. 1
OpHoBpeMeHHO, KAK MOKASEIBAIOT JaHHBe Tabu. 9.4, npousoniio
yMeHBIIeHHEe OCTATEA HeHCOomE3yeMoro pecypea ¢ 225,2t no 39,9 ¢
(anavenie HenHore KoapHIHEHTA pocTa YMeHBIIHIock ¢ 12,24

Jo 1,8). ITponaoniesn Taw:e COOTBETCTBYIONIHH pOCT SHAMeHHA
memeroil QyHEORN onTHMansHoro mtana OTM,

IlogobaemM obpazoM MoOryr 6GeITH HOJBEPrHYTH AHAAHZY H
00LeMBl IPYVTHY OTpAaHHYeHHH (pecypedr).

B rabx. 9.5, koropas ABAAETCH JoNOMHEHHMEM Npeiblgyiiei
TABMKITE, TPeACTAEMSHEl PesVILTATE! AHANN3A OCTATKOB PECYDOOR,
BOSHNKAKIIIHX IPH PealH3aNHA ONTHMATEHOTO ILTAHA EHeIDeHHA
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368 Praind

MepoTIpHATHII MO SKOHOMMH NpoKaTa YepHBIX MeranaoB. Jlia
COCTABNMEHHA 3ToH TabiMIlEl HCNOABLIYIOTCH JaHHEe 00LeMOB
npumenerns papHasToE OTM k nnanoBoMy KoliMdecTBY Haje-
nuii, npueejenHse 8 Marpuie B (9.23). Haopumep, oaa #age-
ausa swexapatop +3-4321B6+ (i=1) B oroii marpuue B aleMeHT
By; = 1782 1 (morpedHelii ofkeM NIPUMeHEHHS COPTOBOM XO-
JMoAHOTAHYTOH cranm). B Ttab6x. 9.4 ocraTok aToro pecypea co-
cragnger 52 r. Torga npn samommerun Tabmn. 9.5 oo mammomy

uafennio umeem AQ1ly/By;+100 = 52/1782-100 = 2,0%.

Taroll aHamiHs HelecoobDPasHO NPOBECTH, KOTTA HeoOXoIHMO
VOTAHOBHTE, KAKHE PecYPCRl COCTARMMIOT AedMIINT ¢ TOUKHE BpeHHA
JanbHeHIlerc pocTa sHadeHHA NeleBoll GYHKUMH — IKOHOMHH
npokara 4epHeix MeTaxnos. C gpyroH cTOPOHEI, MOMKHO BBIABHTD
MHHHMANLHEIE JOIOJIHMTEIBHEIE pPecyDCEl MepPONpPHMATHH, KOTo-
phle TMOZBONAKT MOTHOCTRIO PEATH30BATL B HWPONSBOACTBE HANNY-
Hele obnemel OTM c MHKEMIAIHeH HX HeHCIOIBIYEMEIX OCTAT-
woB. Hanpumep, ua Tabn. 9.5 BHjHO, YTO B pAMKAX BeKTODA pe-
cypcoB @3 ¢ el PealHIANHH ONTHMANBRHOTO ILIAHA BHeDEHHA
OTM nDpaxTHuecKH IIOJHOCTHI) HCIOAL3YVIOTCH ODEEMEI Mepo-
nprATHH G35 (cHMMKeHHMe NPHOVCKOE Ha MeXaHHYecKylo obpa-
GoTry), §87 (MelloNBE30BAHNE NeMOBBIX OTXOMOR), G031 (npumene-
HUe CcoproBoil XoJoJHOTAHYTOH cramd). Hx ocTraTkH oTHOCH-
TelkHO o0ReMOE NPHMEeHeHHA MepOoNPHATHH K IPOHEBOICTEEH-
Hoif nporpaMme BRIOVCKA H3JeduH ¢OCTABIAINT COOTBETCTEEH-
mo: 0,8; 5,5: 4 u 8,3%.

Buecre ¢ TeM JocTaToUHO JONONHHATENLHO MOBRICHTL o0beM
pecypea G8; u Ql; (vBemmuenmue moaw ImraMmooBok) Ha 4,7%
(1,5 ) u 3,7% (1,2 T), 4ToOBR DOMHOCTEID YEOENETBODPHTH MO-
TpedHB o0beM TpPHMeHeHHMA IAHHOTO MeDOIpPHATHA K IJIAHO-
BOMY BRIIVCEY Mafelnil (sanacHeX dHacTeH K SHCKABATODAM) B
goaudectee 5000 mrr. Ecnd HMeeTcd BOSMOMKHOCTE HoHONHeHMA
OTHelbHLX OCTATKOB PECYPCOB M3 3AJAHHOIO MHOMKECTBA, TO BRI-
fop majgaeT Ha Te BADHAHTREI MeDOIPHATHH, KoTophle obecieds-
BAIOT HAHOOJIBIIVID BKOHOMMIO MATepHATIA.

B rafa. 9.5 obpamaer Ha cefA BHHMAaHMEe OCTATOK pecypea §3s
(DpuMeHeHEHe NIpOKATA H3 HH3KOMeTHDOBAHHON C©TajM) B KOJH-
uecTre 68,4 T, xoroporo (eyas mo marpuue B (9.23) u ra6n. 9.3)
JOCTATOYHO JJIS NPHMeHeHHA K HM3JeJuAM (3amacHBIM UYACTAM

e

IMpumenenue onmiMatbHbLY SOMOMIULIKO-MATEMATMULECTELY 369
amodeneil g pelientn npouzs0dcmaEeHHbLY aaday

K DKCKABATOPAM), BBEINYCKAEMEIM B YKA3AHHOM KOJHYecTBE.
SroT OCTATOE COCTABJIAET 106,8% obbema BHeJpeHHHA MAHHOTO
MEpPOIPMATHS K HASBAHHOMY H3JEIHI0 (e maTpuie B {9.23) ane-
ment Bgz = 64 1). CaegopaTenpHO, HOCTE npHMeHeHHA PACCMAT-
pHBaeMoro BapHaHTa OTM ® uamgenuamM (3amacHBEIM HACTAM, K
PKCKABATODAM) OCTATOK pecypea A Q3; yMeHBIINTCH A0 4,4 .
Tlpasga, Mo JaHHBIM rabfa. 9.3 sHaUeHHE Henesoil QYHKIHH 3a-
AAYH yBeAMuMBAeTCA NHINE HA 0,05 T, uro ABIAETCH HEBII&T-ITH-
TenbHBIM BEJAJOM B OTHOIIEHMH KPHTEPHA omrrHMATEHOCTH. Ta-
KUe CHTYAIMH BOIMOKHBI TAKKE HM3-34 HenoCTATKA ANTOpPHTMA
[IIIII, cBASAHHOTO C TOHYHOCTHID mpecTaBleHHA pesyabTaTa Iene-
goit hVHRITNHN, MAH AKe OpH peanTHaaIMM 3aauN He BLINOJIHEHD
TpebyeMoe KOIHHECTEO pTepalEil AHAMN3A PedyIbTaTOR pelmeHHs.

C nmomomsio ILIIIT MILP88 Hapaay cO 3HAHEHIEM meneroi
dYHKIUE ONpE/elAIOTCA BeTHINHE] HCMONIL3YeMBIX PecypcoB H
HeHCTIOAB3YEMEIX OCTATKOB DpecypcoB B npomecce peaJH3RIIHH
onrumanbaoro mmama OTM (rabi. 9.4). Kpome Toro, IpoBOAHTCH
AHANM3 HA UYBCTEHTENLHOCTh NPH M3MEHEHHH PABEIX qac:;&n
mepasencTs (9.8) ¢ ofHOBPEMEHHEIM ompejeleHUeM HHHE i:;
BepXHeil TDAHWI, MHTepBATa HIMEHEHH }oa(hHIIHeHTOR TeJIeE0
GyHKIMHE, B TTpefe/aX KOTOPEIX OTUMANLHES 3HAUCHHS TIepeMe-
HEIX QCTAIOTCA HeHSMeHHEIMH.

Memoduxa peanusayui Modenu nAAHUPOSAHUR oTM
no Kpumepuio MaKCUMUIAYUL ux adpexmusHoCmMU

BapuaHT MOJEIH 1. PaccmoTpuM MeTOTHEY Hocrpoanug fﬁa-
DHAHTA SRGHUMMG-MamMﬂmmcRnﬁ mogenn (9.8), (9.11), (9.15),
temepasd (YHKIIHA EOTOPOH OIHA MAKCHMHEIHPOBATE CY¥M-
mapuyo addexTHBHOCTE meporpuaruit (9.6), IPAMEHAEMBIX K
papemmam. CHeTeMaTHIAIMHA HCXONHBIX [AHHBIX S DeIleHHH
aToil MojelH BRITIONHEHA B raba. 9.6. OHA ABIAETCA HOHKPEeTHOH
KoJTUecTREHHOM hopMoil TpeAcTABIEHHA obreit Tabm. 9.2 <mma-
mopoit momenn OTM». Speck TaKKe HCIOARZ0BAHE] YCJIOBHEIE
NaHHEE TPHMEHHTENBHO K OTPAcIH CTPOUTENEHOTO ¥ JOPOMKHO-

ro MAamuHoCTPOEHHA. !
PeaynbTaThl pelleHHA 3alatH B paraggHoil dopMe OpHBERe-

HEI B aTOH yKe Tab, 0.6.
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Kax u B mpemsirymmen BAPHAHTE MOJENH, INIA e PealHsamnm
H ygoﬁfma MOACHEHHA (hOpMUpOBAHTA MaTpHn KoaddunHeEToR
ueneBoH dyaxmmm (9.15) orpanuyenwit (9.8), (9.11) mo mexon-
HEIM AanEeIM Tabn. 9.6 npegcrasum ux B ERJe Uenesol (yvHRIIT

T <8
Flx)=3'% CyN, X,; — max
=1 J=1

(9.26)

H YCNOBHIl NHMHTA Ha pecypeh MeponpuATHi (9.20) n neno-
"HCJICHHOCTH 3HAYEHWH HeH3BecTHBIX nepemensnx (9.21) —
HHTeHCHBHOCTA npuMerenns OTM x mamemuam. B Tab, 9.6 -
Hruerud (9.8) u (9.11) nmelor HOHKDPEeTHBIe 3HAYeHHA nﬂnmﬁ-
TEIBHO K yexoBmam (9.20), (9.21) u nenenoit dyaxmum (9.26)

3recs Cﬂ ofioagauaer apderTHBHOCTE NpHMeHeRHES .j—n; BA-
PHAHTA MeDOIIDHATHA K i-My HameTio.

ITpu ompegenenns sravenmi koathdunmentos adperTirROCTH
M3 BEIpasteHnA (9.6), sanmmenisaeMoro 5 ABYMeDHOH dopMe Kak

i B (9.27)

BOSHHKAIOT TPYXHOCTH H3-2a HE3HAYHTEARHOCTH (HIHM OoTeyTeT
BHA) 3aTpar ':Pi;'} HA NPHMEHEHHE OTAeNBHEIL Meponpmyg 1-:
Hagenuam. Kpome roro, gna mamnrx 3HaYeHHH aartpar (P < 1)
NPH HESHAYHTENLHOM HX HiMeHeHMH OPOHCXOIHT CYI.D;E::JTBEH-
Hoe BOspacTaHHe WIH yMeHLHIeHHe BeJIMYMHE! 3(beXTHEHOCTIH
B momobmmrx cayaamx nenecoobpasHo onpegemnTs npn'repnﬁ-

abdexTHEHOCTH Bak
pasHoCTE cebecronmocTH fo {Tf’l—’,}:'} H nocnie

1 A
(W) opumenenns f-ro Bapmaata OTM x i-my magenmmw. B

Taba. 9.6 panmrre MarpmHmEr athdexTBHOCTH C (MIH. py6.) mpn-

BelleHbl OPDHMeHHTeILHO opo i
MIBONCTREEHHON T -
OycKa Hagenmii: ke g

= AL (w0
Cy = Ny(Wyf - wij). (9.28)
Henonsays spagenmsg AIEMEHTOB MAaTpHIE! C wa rafi. 9.6, ypas-

HeHRe nenesolf dymrmum (9.26), AHANHM3HPYeMoil mnaxeToM mpo-
TPaMM, B MaTpiriHo# (hopMe mpeacranmm CHEIVIOINHM ofpasom:

F(x) = X-Cr, (9.29)

i e e g, e
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roe CT — MaTpHIA, TPARCIOHWpOBaHHAA K MaTpune C Tabm. 9.6.
Konrpersad KonnvYecTEEHHaAS JANHchE fJaHHOH Oeaepoil
GVHKIINHE 38848 HMeeT BHIL:
F(x) = 12,9X;; + 8,06X;» +...+ 4,95X,g +0,06X4s +...
+ ﬂ'tEXZT 1 EXEE o it EET.EX-“ RETrER T 224,4X?$+ {9,3(}}

Buecs Taxxxe B obosmayeHuax naxera MILP88 nepemermoii
11, X4 — 12, X4g — I8, Xqy — 19, ... , Xo7 — I15, X9g — I16,
ooy X — I56.

CrcreMa orpaHAuyeHHi HA pecypehbl BHeIpAeMEIX BAPHAHTOR
meponpEaTuit (9.20) nMeer TaKoe e HOHKPETHOE HOIHIECT-
BeHHOe OpEefcTABAeHHe B BHJe HepaBeHcTe (9.258), max u nna
NpeasAyINed MOgelH 3aIadM.

Mogenupoeanie BBEIOONHEHO ¢ HMATAUMEH BO3SMOXMHBIX H3-
MeHeHHH YDOBHEH BeKTOPOR SOMACCE DECYPCOB B MUHIIMATRHBIX
(@1), cpegrmx (Q@2) 1 MaxcHManeERIX (@3) pazMEDAX IO AHAIOTHEH
¢ PACCMOTDEHHEIM BapuaHToM azaga4d (9.19) — (9.21). 3uavemis
2JEMEHTOR BeKTOPOE pecypcoB @2 ¢ @8 TakiKe BOIPACTAIOT COOT-
petereenHo Ha 12,5 u 25% orHocHTensHO BasHcHOTD BeKTopa G1.

B rabn. 9.6 nokasaHsl pesyibTATH 9TOTO MOJeNHDOBAHHA
IA#A BeeX TPeX BApHaHToR ofecmedyeHHMA pecypcaMy: sSHAYEHHSA
meneeoll dyaroum F(x); uenecoobpasroert nprMenenna OTM
K uagenuam (marpuna X); BeAWYHEE! NOTpebNAeMBIX PECYDCOB
OpPH PeajH3aluH ONTHMAILHOTO IaHA MeponpHATHI (BeKTopRI
Ql,él.él }, HA OCHOBAHWH KOTODPHIX OIpemensioTed odheMser (T)
HEUCNHONBEIYEeMBIX pPecypcoB (0CTATKH) BADHAHTOR MepONPHATHH
(rerTopr AQL, AQ2, AQ3).

BuadeHns HeM3BeCTHRIX mepeMeHHBIX {inﬂj] — menecoond-
pasHocTH UpuMeneHHA papuanToE OTM x Magemnam — pacno-
JIAraoTeA B JAHHOH TAGMHIle clieBn HATPABO B TIODAKE BOSPACTAHIA
YpOBHeil 2/eMeHTOB BEKTOPOR samacoB pecypcos (@1, @2, @3).

Hanpumep, Xo111 = 0 1pu ofreme pecypea §1; (npumene-
HHe COPTOROH XoJOZHOTAHYToH crann) 2651,8 1, Xgyqp = 0
ora @2y = 2983.3 T u X117 = 1 B cayuae @3, = 3314,85 1.

Awanua peaynsTATOR MOZeTHpPOBAHHA paccMaTpHEacMOH 3a-
gAuUd 75 Tpex RADHMAHTOE 3aNacoB DECYDPCOR MepOIpHATHIE
(rabx. 9.7) u ccraTKoE, 00pA3YVIOIIHKCH B IpOIlecce PealHaAllHH
ooreManeHore nixaga OTM (rabn. 9.8), prnoared mo aHalorsmyu
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¢ Opedpldyined sagadeif. JTH pesyIRTATEI M JaHHEIe Tadn. 9.6
DOKASEIBAIOT, YTO I YPOBHed pecypcoe @33, @ls, @35, @1y,
Rlg, @24, @25, @25, @25 pemeHNA OTIHYAIOTCA OT pelIeHHHR
npeAllecTEVIOMei aagauyn (tabx. 9.3 — 8.5). 9To ecrecTeEenHO,
TAK KAk KPATEDHH ILeJeBX GVHEKIHME Mofeneil samau pasHkele.

C mpyroil CTOPOHEI, B CHJIY HCIOIb30BAHHA eJHHBIX HODPMA-
THBHEIX oDLemMoB norpebierus papuabnros OTM (Tabm 9.3 u 8.6),
oBIIMY orpaHHueHHH Ha pecypes (9.25) ¥ HanwyMA cyllecTBeH-
HO# 3aPpMCHMOCTH cefecToMMOCTH Hafienuil Or SKOHOMHH MpO-
KaTa YepPHbLIX MeTANI0OB B pAfe CAVIAEE DelIeHH:A, NoJVIAeMEIe
c MOMOIIBIO OBYX NOCTPOSHHEIX MofeNell 3afaum, COBIALANOT.
JMarHoe obCTOATENBCTBO HMeeT MecTo A YDoRHell pecypcos
Ql; - @13, @31, G382, @35 — @35, @22, @23, Q2.

PeaynpTaTe pemmeHEns Mojienn aanaud (Tabn. 9.6, 9.7) u ananus
ocTATHOE 00HEMOB MeDONPHATHN JJIfA OIfHMAJBLHEIX ILIAHOB
(Tabn. 9.8) rak e, Kax ¥ B OpelEOYIOeM EBapHaHTe Moje]H,
CBH/IETENLCTEYIOT 0 HelejecoobpasHOCTH MeXaHWYecKOoro Hapa-
MHMEBAHHA 3aMacoR pecypeos. Hampuwmep, npH GasHCHBIX Koad-
theiHerTax pocta pecypeoe 1,125 (@2/Q1) m 1,25 (@3/Q1) =a-
biogaeTcd COOTBETCTEVIONIHI pOCT 3HAYUEHHH IeleBoll (yHKIINM
TONEKO HA YpoBHe kosddmomentos 1,025 u 1,027, Oax nenno-
ro xoaguinmuerTa poctTa samacoB pecypeos 1,11 (@3/@Q2) xapax-
TePeH ellj¢ MeHLIIHH pocT 3HAYeHHA tenesoil dyERDEE: 1,002,

IIo Tabn. 9.7 samMeTHO Tawie yBelHdYeHHe 3HAYeHHH Koad-
(PHOHEHTOB pocTa OCTATKOB AIA OTHENRHBIX pecypcoB. DTo mpo-
HCXOJWT, KAK BEIINe OTMeYeHo, KOrGA HAapalHBacMble BelHdM-
HBl 3alacoB PEeCYPCOE BADHAHTOE MepPONPHATHH He KPATHRI I10-
TpefHOCTAM B JIaHHBIX pecypeax A Eceil NpOrpaMMEl TIpOHa-
BOACTEA i-ro M3genHda. B JaHHOM KOHTEKCTE XapakTepeH IIpH-
Mep ¢ pecYpcosM BAPHAHTA MeponpHATHA <lIpuMeHeHHe oTaih-
HEIX TpyD» (Q@lg, @25, @33). i

Ha Tabn. 9.6 u 9.7 pgHo, yTo HEeCMOTDH Ha IOCAENOBATENLHOE
HapallfHBAHHE S4acOR HASBAHHOIC Pecypcea B npegenax 1654.4 7,
1861,2 v m 2068 T, onTHMANLHEIA IIAH NPUMEeHeHHMA MEPOIPHA-
THIl OCTANCH TAKMM e, Kak JUIs YPOBHS pecypea @l = 1654,4 1.
Bripocnn TosbKo HeHCIONE3YeMEle OCTATKH pecypea: AQlg = 18,4 T,
AQZ2z = 225,2 T 1 AQ33z = 432 7. lIpH naHHOM BApPHMAHTE ONTH-
MANBHOrO ILMaHA NpegycMaTPpHEACTCH NPHMeHeHHe VIIOMAHYTOTD

N L-ﬂnl—“ﬂ
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MEpOIPHATHA KO BeeM H3ZeJHAM, Kpome IEPBOTO {«2-43215+).
MarcHMansHEL ofbeM yBeJWYeHHA erod IIePBOHAYAJLHOTO salaca
s komugecree 413,6 T Tonbko Ha 57,8% (rabn. 9.8) ymoBieTEO-
pser moTpeGHOCTH TOJOBOTO ILIAHA IIPOM3BOACTEA SKCKABATOPOR
«D-4321B» B xoamgecTBe 1155 mTyE.

Ecam poapacteT samac 3TOTO pecypea HA 4742 T {n:-.{ec'r:::
413,6 7), To 6yier YAOBIeTEOPEHA NOTPeGHOCTE IPOUEBOLCTREHHOM
nporpaMmbl BeITycka nagemnii «3-4321B» (X121 = 1) u ocTaTok
pecypea AQ33 = 0. Torpa sHauenue genepoi (GYHEIHE VBeIH-
ynresa Ha 4025 ToIC. PYO.

[IpoTHBOTIOMOAHBIH TIPHMeP MBI BHAMM IO OTHOIIEHHIO K
papuanTy OTM ¢Henonszopanue JeNOBEIX OTXOJ0E? (@lg, @237,
Q3;). Veenmuenne ero sanaca c 1891,5 T (@17) no 2364,4 mpu-
poawT ans onrtuMansHoro muana OTM x yMeHBIIEHMIO OCTATKA
pecypea ¢ 377,7 T (AQLy) o 7 T (AQ37 (Tabn. 9.7, 9.8), baaro-
Japf BO3MOMHOCTH y/{OBIEeTBOPEHHA noTpefHOCTH IIPOHSEONCTEA
nanennit +9-4321B» (X133 = 1, Tabn. 9.6). Braan B nenesymo
QYHEKIHI 3a7a4H COCTABIAET 1700 reic. pyd., TOCKONBKY IJIA
saganHOrO ofbema pecypea (Q37) nepeMeHHaA X233 = 0, T.e. cTa-
HOBUTCHA HellelecooOpasHbiM IIPHMeHeHHe NAHHOIO MepONpPHATHA
KO 2-My H3felHI0 (380aCHBEIM HacTAM K SHOKABATODAM).

Ilo apasorHE ¢ NepBoil MOflenbio ocraTok pecypea «Ilpune-
HeHHe TPoKAaTa Ha HH3KOJIETHPOBAHHOH cTain» (@33) B KOIHUECTBE
68,4 T (Tabn. 9.8) cocrasamer 106,8% or morpeGHOro obheMa BHE-
aperus (B marpune B (9.23) anement Byy=64 1) ® 1IaHOBOMY
komauectsy Bemmycka (5000 wrr.) 2-ro uamenus (sanacHBIX uacTeil
K sxckaBaropam). EcIN NpUMeHHTE [aHHOS MeDONPHATHE K HA-
aBAHHOMY HMajelMi0, TO OCTATOK pecypca AQSz COCTABUT TOJIBKO
4,4 v (5,5% mnorpebuoctr). Ho Braan B HeseByio QyHKIAI af-
(hEeKTHBHOCTH CAMOIKOM MAJ, OH papeH JHIIL 25 Tec. pyb.

Korga pemnaercd BOIPOC BBIABJEHWA YSKMX MeCT SallacoB pe-
CYPCOB, KOTOPEIe He MO3BOJIAIOT JalbHeHIIero pocra sthderKTHEHOD-
cri saeaperna OTM B npoH3BofcTBe OTPACIH, HIAH e ONpejlel-
eTes 11e/Ieco0dpasHocThb JOTIONHEHHS CYIeCTBYIONHY HEHCIOIbIye-
MBIX OCTATKOB PECYPCoB 0 IoTpebHBIX 00LeMOB ANHA WX JIMKBHAA-
MUK ¢ MelB0 NoRLINeHHA addeKTHBHOCTH ILaHa IPHMEHeHIA Me-
PONPHATHIL K H3JeTHAM, HCIOML3YIOTCA I0KAa3aTe Tabn. 9.8.
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Hamarle aToll TabIMIIBEL CBHIETE/NLCTEVIOT, YTo pecype G034
(«[IpumMeHerde COPTOBOH XOMONHOTAHYTOH CTANH:) IpDAKTHUE-
CKM HouepnaH, ero ocTaTok (AG3,) oTHocHTenbHO oDBEMOE ITO-
TpebJIeHHA IIPOW3BOACTBA H3NemuH, He BKIIOYEHHEIX B IJaH
OTM, cocrapager 4,5% u 8,3%. To e caMoe MOMKHO TOBODHTE M
o6 ocratkax pecypeos @35 («CHuenHe NPHNYCKOB HA MeXaHH-
UecKyIo obpaborrys) ¥ @37 («McnonbaosanHe NeNOBEIX OTXOI0OB# ),
KOTOpRIE TIo OTHOUIEHWIO K obheMaM HX NpHMeHeHHS K H3Je/H-
AM MMeT VDPOBEHE COOTBReTeTBeHHO B mpenenax 0,8% u 5,5%.

Mpy pemenwd Janfoil MOmeIH ¢ IOMOIIEI0 HAKETA TIDO-
rpamym  MILPBB Tawxe MoiHO NPOBECTH AHANHS HA YYRCTBH-
TelbHOCTE TIPH HSMeHeHHHaX NpaBklX dacrell HepapeHors (9.25)
¢ OJHOBPEMEHHBIM VCTAHOBJNEHHWEM HEHMHeH M BepXHell rpa-
HWI, WHTePBAJA H3MeHeHNa KoathdHIHeHTOR OPH HeHaBeCTHRIX
HexeBoll QYVHKIHH, B OpegelaX KOTODPEIX OOTHMAJLHEIE 3HAYE-
HHA OepeMEeHHEIX OCTAIOTCA HEeHAMeHHEIMIE.

Husxepe rpadume!l koadwnumrerTtop uenepodl dyveEripnr (9.29),
A8 KOTODHIX OHA COXPAHAST CROE ONTHMANLHOE 3HAUEHHE, COOT-

BETCTEYIOT IOTpeDHOCTAM B pecypeax {(:?LQZ, QS J, OpegCcTARICH-
HEIM B Tabi. 9.7.

BapuanTt monenn 2. HonyeTum, UTO HA NJIAHOBRIH TepHON
CTABATCH S3ajJadH 110 SKOHOMHWH DACXOJa MaTepHAla oIpejleseH-
HOH HOMeHKJIATYPE! (HAUDHMED, IPOHATA HePHBIX METALNOER) W
MOBRIIIeHAI0 KoadduIeETs ero HCHONE30BAHAA B NPOH3BOACT-
Be HKajEIOro BaBOJA OTPACHH HA 3ANAHHEIE BelWYHHE! IyTeM
NpHMeHeHHA pasnmiueex Hanpasnexnit OTM. Hasecrrs! Taxme
JUMHTEl KAaX{JOTo 3ABOJMA HA MPHEAeUeHHe KATHTANLHEIX BIO-
seanit ana speapennsa atuXx OTM. Heobxommmo cooTaRMTh Ta-
ko mnag npumeHenusa OTM gma aasonos oTpacad, uTobbl OH
obecmeunBal MAKCHMANBHYIO HapoAHoXoanHcTReHEYID adidex-
THEHOCTE NpH cobIHeHAN HAZEAHHBIX VCNOBHE IKOHOMHH pac-
XoJa MATE[IANA, TOBLIMEeHNT KoahhHIMeHTa eTD HCIoNLIOBAHNA
¥ OTPAHMYEHHN HA JTUMHTE HATHUTAJNLBHBIX BIOKEHHH, Heobxo-
JMMEIX ANA BHeJAPeHHA KOMILIEKCA MepPOIpPHATHI.

JasHEIH BADHAHT MOIENH CVIIECTESHHO OTIHYASTCH OT Ope-
OBRIAVINEro DHACM AONONHWTeNRHRIX VeioBEH (oTpanmuenil).
Ee dopmantHoe onncanne npueogHTea B pabore [20, c. 168,169].
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Ina mocTpoeHHA paccMATPHBAEMOrO BAPHAHTA MOJEeNH BBO-
DozHAYEHHA!

ToA CIHeLY e FGJ’IGEHBIE o =
g My — ?Iirrpeﬁﬁm'm E mMaTepHaie E-To 3aBOja Ha rc.ua_rmpyer.?;:;}
IepHol, PaccYHTAHHAH M0 FacoBEIM (AeilCTBYIOUINM) Hﬂpa:xar-:c %

£ I . s m "
erc pacxofia ¢ yueToM pOH3BOACTBeHHOH NPOrpaMMEL ;r{-ﬂﬂ] i
Ona onpejeNseTcd Kax MPOHGBENeHHe HODMEL DAcxol
obpem BeImycka (N); _
Quj — koapHITHERT SKOHOMIH (3aMenn!) AIA NAHHOTO MaTepia
L* ] : ; o2
5a B pesyjeTaTe BHeJPEeHHHA [-TO papuarTa OTM o-HANpABJIEHHH;

K,? — ypoBeHb KoaddUOIUERTa Hﬁnﬂﬂb.{.iDBﬂHHH Ma’repnmﬂz
Ha k-M 3aBOIE, }'cTaHDEJIEHHEIﬁ oo GazoBoit HopMe €ro pacxol
(coa. § 9.1) o BHeOPEHHA OTM;

K ,ﬁ — ypoBeHb KO(pHUIMEHTA HeMOMBSOBAHNA :IﬂHHDI“: 1::13
Tepuajia Ha k-M 3aBOJE, KOTOpBIH JOJEKeH BBITE JOCTHIEY

INAHOBOM IepHOLe (sapamme) ¢ LeNBH0 AKOHOMAH MaTeDHAIRHOTD

eawsg OTM;
ecypea B pesyibTaTe BHEIP : \
" ::Enk __ yperas Macca HOTpebIAEMOTO MaTepHana B [POH3

OTI-
pogcTee k-To 3aBOfig 10 HOpME fasuecHOTO roja (THIC. 7). Ona

2 ol KU L ELB ;
peneifeTcd 113 pLIpasKeHna: Amy B
P __ ypenbHBle KANHTANBHBIE RIOMKEHMA Ha eJHHHIY
ke f ;
ofpeMa NPHMEHeHHS [-TO MepoOpHATHA oi-HAIIPARJIeHHA HA h-n

3aB?AI§k(TEc;1§g§}?;IHTEHLHbIE HATHTANLHBIE Bnumerf:{ﬂ. };P]E'HY-
cMOTpeHHBIe JIjif BHEJDeHHA OTM ma k-m 3asofe {:-.!E: M fTeI;K?Ma

2y — oaaHHUpYeMElil ypoBEHE SKOHOMHH pacxof Lo
B IIPOHSBOACTEE k-ro 3aBOfA TIPHM YCIOBHH AOCTIEEH i
ro sHAYeHHA KoadgHITHEHT HCIIONB30BAHHA 3TOTO MarTep

[K;{} E pesyJbTaTe BHEJPEHWA OTM (reic. T). ¥poBeHb 3KOHO-

B MATE-
MUK olpelenferTcH Kak pasHocTh MEeH Y no*r(p;;_ﬁ:;o;;rb:};l il
5 fasoBEIM  HOpPMAM ) npe
1ane, PACCUMTAHHOH IO ,
1111,'.'!T1'ﬂ Jn HOPMATHEHEIM pfneMoM ero pacxoja Ha f-n1 2ABOOR 1:1};:;{:1
, -
yCJOBWH BBEINOJIHEHNA MAAHOROTO 3aJaHNA MOBBIIEHNS waoad
Anty,

K

IHeHTa HCIIOABIOBAHHA JaHHOTD MaTepHana
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.&mk
S M
Kj,
Chaj —VAENBHAR SKOHOMWYECHAS ahheKTHBHOCTE eAHHMIILI
o6BeMa NPHMeHeHHA j-ro BapmaETa OTM C-HANPABIEHHA K Ha-
AemuaAM k-ro saBoga orpacan. Ee aHauenpe OnpegensdgeTcH H3
BEIpa:Kennd (9.6) B paspese wmasxmoro sasona OyTeM CYMMHpO-
BaHMA IO BoeM HagemuaMm (i); :
mew ' lenw — MAKCHMANBHBIH H MHHUMATEHEI ofbeMbl

NPHMEHEHHA j-T0 MEPONPHATHA C-HATIPABICHHS Ha B-M ZaBoje
{TeIC. T);

Xpoj — MHopnerxamue ompejeneHwio HeH3BecTHREIS 3afaun,
YKa3nlBalomue ofseM IPHMeHeHHMA j-ro BapmadTa OTM o -ma-
OpaBJeHua Ha k-M 3aBoje (TeIc. T).

Takum ofpasom, B cooreeTcTBHM o OOCTAHOBKOH DAMHOLO
BADHAHTA 3amaul HeobXOJMMO ONpefelHTL 06LeM NpPHMEHEHHS
Ha k-M saBofie j-ro Bapmamra MEePONPHATHH o-HanmpaBiIeHHs,
Ro'r_opmfl ofecieynBaeT MAKCHMYM menepoii YHEUME IHHe-
HOH (OPMBI, BEIPAMAIOIEH CYMMAapHYIO PKOHOMHYECKYID 5ih-
(beKTHBHOCTE BHeaperns OTM mo OTPACHH:

F

4 m
¥ i b ChayX oy — max . (9.31)

a=1j=1ke=1

ITpu aToM maknageiBaoTes OrpAHAYEHHNA:
Ha o0'beMBl IPHBIEKAEMEIX KaOUTAABHBIX BIOEEHHI:

4 Iy Ll
ZIZiPMXM SAPy, k=1, m; (9.32)
a=li=

Ha obbem BHegpemmns OTM:

Qminy,, = Xho, <@max, »¢ =14, j=Lr, k=1m;  (9.33)

HA 3ajianne 10 SKOHOMMM pACXofa MartepHAA IpH YCIOBHH goC-
THMEHHA NJIAHOBOrO YPOBHA KO3(DGMITHEHTA MCIONLIOBANMS

JAaHHOro MaTepuana ( K A ¥

ITpusenenie ONMUEMAADHBLY KOHOMUKO-MAMEMAMULECKUY asi
Modeneil dna perienua npouzsodcmaenibly jaday

K =—
_1} . X!u} = skl k — 1, mt. (9.34]
K,

Ei%ﬂ =

w=1J=1

Hamomumm, uroe B orpanmdenus (9.34) cocTaBHEIe BRIPASKEHHS
HMEWOT ¢AeYIOIIYVI0 HHTePIPeTANNID:

Qaj * Xpej — PKOHOMHA PacXofia MaTepuana B MPOM3BOJCTEE
k-ro aasofia 6e3 ydyeTa MOBBIIEHAA KO3(pHIIHMeHTA HCIOIBI0OEAHMA
MATepHAIA;

KE ' Xpoj — UMCTAas Macca PACXONyeMOro MaTepHaga NpH
BasrcHoM HoadpHIIHeHTE HCIOMLIOBAHMA,
L
K * Xpoj N
— 7 — HOPMATHBHSIN obkeM pacxola MaTepHAIa
K}

OPH JOCTIKeHHH IIAHOROIO YDORHA KoadGdHIOIHeHTA HCIOIb3I0-
BAHWA €ro B NPOH3BOACTEE R-To 3aBoga;

K,
paenpennra OTM w npH VeaoBHH BEINIOJHeHHA IIAHOBOIC 38TAHMHA
MOBBIIIEHHA KoadupHIHeHTa HCIIONLI0OBAHMA 3TOr0 MATEDHANA B
MPOH3BOICTEE R-TO 3aBofa.

B nmensx HarJIADHOCTH CHCTEMAOTHIAIHSA YCOIOBHRIX HCXOJHBIX
IAHHBIX INA PealHBANNH JAHHOH MONenH TAKIKe BRINOINHEHA B
Tadn. 9.9. B aTy e TabiMiy 3aHOCATCA M Pe3VILTATEHL pelle-
HHA paccMarpieaeMoll sagadgm.

Ilpn peanuaanuu aafauy IIo TAHHEIM Marpun Taba. 8.9 skxo-
HOMHKO-MaTeMaTHyeckas monens (9.31) — (9.34) npueoguTes K
IBEVMepDHOMY IpPeJCcTABJISHMIO B CASIYIONIeM BHIe:

2

oLy
K, - X,
qﬁj[——-ﬂJ — IKOHOMHA DPACKOJA MATEPHANA B Pe3yJLTATE

F(x) =3 ¥ C,X, — max; (9.35)

E=1f=1




Tafizaya 9.5, Marpsigu HEXDRLIE RANHIAK W PESTALTATM DEWEHHA JAREYH CAITHAMATLNA AREHMPaaHis G " 90 sapeasTy mogens 2 (9.31] - (9.34)
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ITpumeneue ONMUMBILHELE JKOHOMUKO-HEMEMEMULECKUY
modenell dna peutenus npouisodemaennsix saday

383

j-ro apmarTa OTM (g;) Ha pasHocTk (1 - g
K

p
LEX S AR, B
J=1

Qm[n” s Xl’f.f = lem w? k= IB:I _i|: = 11.8; .

8 KE
ZI 9,0 -~y 2 3,, k=13
i k

50,8 159,2 2838 1236 200,5 1832 262,0 3624
358,4 2781 2373 3820 3924 258,90 3608 2040
825 204 64,4 447 624 608 363 596

K,

k

(9.36)

Marpuna xosddunuentos C OpH HeHIBECTHRIX TepeMeHHBIX
nesesoi dyvaropn (9.34) ma Tabn. 9.9 mMeer chaeAyiomHe s3HA-

MaTpuna xoaddunuesTor M1 a1A orpaHHYEHHH WO MOBBI-
mennn KoaddHIIeETA HCIOIL30BAHHA MATEPHANTA W SHOHOMHH
pacxoja JaHHOTO MaTepHana onpeieisferca nua Tabm. 9.9 wxax
CKATAPHOS IPOHIBEIeHAS KoMpHITHeHTA 3KOHOMANR OT BHeTDEeHHAA

0,0017 0,0134 0,0805 0,0014 0,0003 0,0107 0,0004

59,9 48,6 52,4 53,2
28,1 86,3 90,7 98,0(.
15,6 152 12,1 14,9

M1=[0,0184 0,0025 0,0195 0,0445 0,0021 00005 00156 0,0006).
0,0003 0,0013 0,0000 0,0226 00011 00002 0,0079 0,0083

Martpuina koadhHIMeHTOE VAeNBHEIX 3ATPAT HA EIHHHIY
obwema OTM P ans orpanmdeHnit Ha JUMHTEI IDHBJIEKAEMBIX

KANMWTAIBHBIX BJIOMKeHHH N0 KamjgoMmy sapogy (rabm. 9.9) B
CEOI0 OUepedb 3aaeTcHd B CAeAYIOMeM BH/IE:
50,4 39,8 473 412
P=|896 927 791 955
16,5 14,7 16,1 149

Marpuna MEEHMANEHEX o6beMoB @, BHeIDAeMEIX Mepo-
NpHATHI WMeeT HyJeBkle 3HaueHMA. MaxcumannHele o6LeMEI

BHeIPAEeMBIX MeDOIDPHATHI Qg M0 KOHIOMY 2aBoay M2 Tabi.
9.9 MoryT GRITE OpeNcTABJIEHRl B clefyIOIMeM BHIE:
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(38,5 41,5 82,7 72,5 41,8 60,5 1325 151
Qm&x =321 336 352 34,3 32,8 357 369 35,8].
29,5 37,2 333 41,7 386 271 175 18,7)

Kak BHIHO H3 Dedenoil Gyurnum (9.35) 1 cHcreMel orpanu-
uelimﬁ (9.36), nannas sagaya ApafeTcH obEIYHOM aamesell J-
HEHNHOTO MpOrpAMMHPOBAHMA, KoTopad MomeT OBITE pelmena
CHMILIEKC-MeTo/loM. B coecrase mnporpammuoro obecnedenus
II9BM mMeioTea naxkeTsl TPHKIATHEIK nporpamm [2, 22], ¢ no-
MOIOEBI0 KOTODBIX PEaJH30BAHA DACCMATDHMEAEMAH IKOHOMMUKO-
nMaTeMaTHieckans mojens (9.31) — (9.34) mocme ee gByMepHOrO
npejgcrasnenus (9.35), (9.36).

C ncmonesoBanmeM 3HaYeHWIT 3IeMeHTOR MaTprOsl C BrIpa-
aenme melesoil QyERDUM (9.35), AHAMHIHpYeMoH nakeToM
nporpamMm LP88, B MaTpmunoit dopMe npencraBiageTes CHEAYVIO-
IIMM obpasoM:

Flx)y = XCr |
rie X — MaTPHIA HeM3BECTHEIX MePEMEHHEEIX;

CT — marpuna, TPAHCIIOHMPOBAHHAA ¥ MATpHOe (.

Torja B ecrecrremHoif opme aammcs OAHHOH HejJenci
DYHKITHY HMeeT clefVIOUTHii Bum:

F(x) = 350,8X,, + 159,2X 1, + 283,8X 5 + 123,61{14 -+

+ 299,5X ;s + 183,2X 14 + 262X 7 + 362,4X13 +
+368,4X 1 +...+ 36,3X 47 + 59,6X 3z — max.

B oBosrauenusax naxera LPSS nepeMeHHoE X;; coorBeTor-
BYeT X-ls Xl?.. s XE* saa g X:gl = Xg seeny ng = X24.

Cuerema orpanmdenmi, mocTpoennas Ha Gaze MaTprner M1
M BEETOpA NIAHOBRIX samanuil (Tabn. 9.9) mo moBEIIIeHIHIO KO-
3 PHIIHEHTA HCIOAB30BAHMA MATEPHATA M JHKOHOMHH pacxoja
ITOT0 MATEPHAIA 110 KaXAoMY 3aBOAY oTpaciH (9.34), pmMeeT Ta-
Koe ROHKDETHO: IIDelcTaBIeHHe:

0,0126X,; + 0,0017X,, + 0,0184X5 + 0,0305X, +

+ 0,0014X 5 + 0,0003X ¢ + 0,0107X 7 + 0,0004X 3> 3,6;
0,0184X5; + 0,0025X,, + 0,0195X 33 + 0,0445X,, +

+ 0,0021X 55 + 0,0005X 55 + 0,0156X 57 + 0,0006X5>1,81;
0,0098X 4, + 0,0018X4, + 0,0099X 35 + 0,0226X 5, +

+ 10,0011 X35 + 0,0002X g6 + 0,0079X 37 + 0,0008X 35> 1,1.

e e e et
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modeneil AR peuenlia npouseodcmaesnnny saday

Orpasnuyesns (9.32), prITexkanmpe U3 MATPHIEL P M BeRTO-
pa JMMHTOB, IPUEBIEKAEMBIX [I0 KaXOMY 24BOJY KANHTANLHBIX
paosennit (AP), salamwTed B BHJe HEPABEHCTE!

504X + 39,8X s + 47,3X 3 + 41,2%4 + 59,9%,; +
+ 48,5X 5 + 52,4X 7 + 53,2X s < 14000;

896X, + 92,?1{22 + 791X + 95,5X04 + 98,1X; +
+ Bﬁ,EXEE -+ g‘[},TXE'; + BB.I}XEE < 124{“];

16,55 + 14,7Xgs + 16,1 X5; + 14,9Xq4 + 15,6 4; +
+15,2X g6 + 12,1X57 -+ 14,9X a5 < 2500.

B cooTEeTCTEMH © OrpaHHUSHHAMH, HAKIAILIBASMEIMH HE
obremel sHegpeana OTM (9.33) no KaxxugoMmy 3aBofy, CODVIACHO
JAHHBIM Taba. 9.9 M MATPHIE @, HMEEM:

Xy 20, k=13 j=18=u

X5 £ 38,5, Xpo £41,6; X33 < 82,7 Xyg < 72,55
XH’: = 41,8; Xlﬁ < 60,5; Xir,r = 132,5: Xlﬁ <-15,1;
Xp = 32,1; Xy < 33,6; Xpa<35,2; Xpg< 34,3;
}f25 < 32,8; ‘¥26 = 85,7; Xz-; = 36,9; X::_rg = 35,8
Xg]_ = 29,5; X32 = 37,2; ng = 83,3; Xg.; = 41,7;
Xar = 38,6; Xg5 < 271 Xar = 17,5: Xag < 18.,7.

Peayasrars! pelieHHT 9KOHOMHKO-MATeMATHYECKOH MORENH
Xpyj — ooTEManeHBIe o6nembl BHeAperns OTM onpejeneHHBIX
HATIPDABNSHKE OO KamJoMy 34BOJY B COOTBETCTEHH C [IeleBoil
thyurnei (9.31), xar BRIIe oTMeUeHO, NPHEEJeHRI B Tabx, 9.9,

C yueroM HalJeHHHIX OOTHMANBHEIX o0LSMOB BHeApeHHHA
MeponpuATHH (Xjy;) ¥ AaHHBIX MATPHIB! HX yHenpHOH asddex-
tHEHOCTH () menesas GyHKIN, BEIPARKAICIITAT MAKCHMYM 2JKOHO-
MHUecKoil addeRTHRHOCTH BHEIPACMBEIY MepDOOPHATHH Ha nja-
HOBBIH IIepHoj, AMeeT 3HAHeHHe

F(x) = 137068.

Henonpsysa pesyibTaTsl permeHds aagaun s Tabm. 9.9, momxac
YETAHOBHTE, UTo adubexrieHocTs BHegperus OTM o sasomy Me 1
xapaxTepuayerca BeamuuHoit 77302, mo sasomy Ne 2 — 49533
o 1o sapogy M 3 — 10233. AmajnorHyYHO MOMHO ONPETEIHTH
atberTHEHOCTE BHeJPeHHs MeDOIDHATHN B paspede HaNpapie-
Hiil M UX BapHAHTOR [0 Ka)XIOMY 3aBOJY H 0TDACTH B I[EJIOM.
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KpoMe Toro, KA B OpegsIAVINHX 2atadax, 14 JaHHOH Moen
TAKAEe MOMHO BREINOJIHHTE 8HANMHI OCTATHOE O'DAHHYeHHRIX pecyp-
coB (Ghyay B AP) ans onTuMmamsEEX DuaHoB. [laxer LP88 n
tpvaromn EXCEL mossoasioT OpoBecTH HCCIeIOBAHHE UYBCTBM-
TEILHOCTH Pe3yAbLTATOE Peanusauui MOAeJdH OpH HIMeHeHHAX
OpaBeIX YacTeld HepaseHcTs (9.36) c ogHOBpEMEHHBIM YCTAHORE-
AEHHEM HIDKHell M BepxHeH TIpPAHHLI HHTePBANE HIMeHeHHH
Koa(hGHIHeRTOB OPH HeM3ReCTHRIX IeneBoll dymrumnm (9.35), B
npefiefiax KOTOPLIX OIITHMANBHEIE 3HAYEHHs IepeMeHHEIX X oc-
TANTCH HeHM3MeHHBIMH.

B saxniouenHe OTMeTHM, 9TO IPHBeJSHHEIe 3ATAYH ONTHMHI3A-
IMH ILIEHHPOBAHMS OPraHH3alHOHHO-TeXHUYECKNX MEepOIpHATHI
o SEOHOMHH pACXOola MaTepHaJoB VHASBIBAIOT Ha ILIHPOKHE
EOBMOMKHOCTH MOJelIHPOBAHUA PelleHuil B 3aBHCHMOCTH OT paa-
MHUHEIY ODOHEBOACTBEHHEIN CHTYALIHA.

Bonpockl

1. JaiiTe xapakTeDHCTHEY STANOE Npolecca paspaboTki ¥ pea-
JH3AITHHE SEOHOMHEO-MATEMATHYSCKITX MD,I.LB.-‘IE;I MIAHHPOBA-
uua OTM.

2. Kaxmpe NoHATHA H oOpefeleHHA HCNONBIVIOTCS NDPH PELISHHH
ONTHMHIAIHMOHHEEIX 38044 10 3KOHOMHH PAcXofa MATEDHANO
B NPOM3BOACTER NpeinpHaATHiT? :

3. Ilo KakMM KPHTEPHAM CTPOATCH MOIE/H ONTHMAMRHOTO ILIA-
aupoBaHEAa OTM nmo sxoHoMHM pAECXOJA MATEDHAILHEIX
pecypcoe?

4, HKarwe pASHOBHIHOCTH ONTHMHSAIMOHHEIX Mofeled NiaHM-
posamua OTM moryT 6wITh pealIHI0BAHEI ¢ IOMOIOEID CDEICTE
MATEMATHYECKOTD NPOIMPAMMHDOBAHNS H YeM OHH OTIHYA-
WOTCA ApYT oT gpyra?

5. HKarde peayneTATEl MOTYT OBITE [IOJAYVHEHL] IPH PealH3allHH
Mogenel onTHMHsanuy nnapdposanna OTM ¢ momoimnmo
CPedcTE MeloUHeNTeHHOTO NROPPAMMHDOBAHMSA M obLIMHELIX
CpeACTE JHHeHHOTo IporpaMMUpoOBAHMAT

6. B ueM sarMOYMABTCH CYIONHOCTE AHANH2A De3yILTATOR 3ajay
peleHus onTHMHBIATHK TragupoeaHna OTM?

Bubnuorpaduyeckuil Cnucox

1. Aryauw H.JI. Maremary4eckoe NporpaMMHpPOBAHIE B npH-
Mepax W 3afadax. — M.: Bricmas mxona, 1986.

9. Topuaxos AA.,Oprosa H.B. KoMnbioTepHble SKOHOMITKO-Ma-
renaTiyeckne Mogemi. — M.: Komnsiorep, JOHUTH, 1995.

3. Iopuaxos AA.,Oparosa H.B.,IlonoeHuKO0E B.A. Meroae! aK0-
HOMHKO-MATEMATHYECKOTO MOJEeJHPOBAHMSA H HPOTHOZHPO-

BAHHMA B HOBBIX VCJIOBHAX X03AHCTBOBAHMA. — M.: BB‘I‘E—]}H,
1991. .
4. Hdaconemon J.2K. IxoHOMeTPHIECKHE METOARL. — M.: ®nr-

waHenl u eTaTHorHea, 1960. :

5. Npeiinep H.,Camum I'. Ipurmagnod perpecCHORHLIN aHa-
mzra. — M.: DumaHchl ¥ crarMcTHka, 1986.

6. Kapaces A.H., Kpemep H.II., Casenvesa T.H. MaremaTmie-
cKMe MeTOJEl M MOIeIH B NIaHHPOBAHHH. — M.: DxoHOMH-
®a, 1987, 4

7. Jonamuukos JI.H. DroHoMHEO-MATEMATHYECKHH CIOBADD.
— M.: Hayka, 1987,

8. Opanosa H.B. IToro6HuKos B.A., Pedocees B.B. Kype nexknui
I0 9KOHOMHKO-MATEMATHIECKOMY MOJeIHPOBAHHI. — M.:
NroHOMIUecKoe obpasosanue, 1993.

9. IToaoeHuxos B.A. Amanuz H NporHo3upoBaEHe TPaHCHIOPT-
HOif pafoTsl Mopckoro aoTa. — M.: Tpamcmopr, 1983.

10, Hpuykep A. Beefenne B HMHTAIMOHHOE MOJEIHPOBAHME H
assix CJIAMII. — M.: Mup, 1987,

11, Cmamucmuseckoe MOgelUpoBaHie ¥ NPOrHO3HPOBAHME. /Tlox,
pen. A.T. Tpambepra — M.: (PHHAHCH H CTATHCTHKA, 1990.

12. CnpagouHus 1Mo MATeMATHHE IS sronommEeToR. /llog pem.
B.1. Epmaxosa — M.: Beicinas mKoJa, 1987.

13. Tepexos JI.JI. Knbeprerura 1 SKOHOMHCTOR. — M.: Pn-
HaHCHl ¥ cTaTHeTHKAa, 1983,

14, dedocees B.B. DxoHOMHKO-MaTeMATHYeCKHe MeTOABL M MO-
nemu B MapkeTHHre. — M.: duncraruadopM, 1996.

15. @penreas AA. IIpouseofuTeNBHOCTE TPYA npobaeMBl MO-
nemupoEaHns pocra. — M.: HHAHCEL ¥ CTATHCTHIRA, 1984,




388

16. Ppennerr AA  IlporHosupoBaHMe IPOMBBONTENILHOCTH
Tpy/Aa: MeToabl ¥ Monenn.— M.: BkoHomuka, 1989,

17. Yemuiprun E.M. CraTHeTuueckne MeTonsi NpOrHOZHPOBa-
HHA, — M.: ©unascs 1 craTHerka, 1979,

18, SxoHoMuUKD-MATEMATHYSCKHE METOIbl ¥ MDHKIATHEIE MOMETH:
Yyuebno-meronmueckoe mocobue. /B.A. Ilonosmukor, I.B.
Opnopa, A.H. Tapmam, B.B. ®egocees. — M.: ®durcTaTni-
dopm, 1997,

19. Cuupnos KA. HopMupopanne W paumoHAMBHOE HEIIOIBIO-
BAHHE MAaTeDPHANBHEBEIX pecypcoB: YuebHoe nocobme, — M.:
Bercmas mxoxa, 1990,

20. Hoxapaes I'.M., Baiiyes AA., Kapaces O.B. u dp. Hopuupo-
BaHNe pacxola MaTePHANbHBIX PECYPCOB B MALIMHOCTPOCHHH:
Copapounnk: B 2 r. T. 1. — M.: Maumnocrpoerue, 1988,

21. Acenoscxuit C.B., I'opGosuoa I'H.,Sasvanicun H.B. Merogm-
HeckHe yKasamHd no opuMenenmio [T gaa pemremus za-
Aat THHEHHOIo IporpaMMuposanns. — M.: MBCH, 1989.

22. Rypuyruit BA. Ilouck onTHMANBHEIX permenuii CpeacTBa-
mu EXCEL 7.0. — CIl6.: BHYV, 1997,

23, Kpemep H.II. u ap. Heenepopanue onepanuit B SKOHOMHKe:
Yuebuoe nmocobue. — M.: IOHHTH, 1997.

-

OIMABJIEHUE

e

Mpeaucnoeue

Maea 1

OCHOBHBIE NOHATHA

MATEMATUYECKOIrO MOOENWPOBAHWUA

COLUMANBHO-3KOHOMWYECKWUX CUCTEM

1.1. CoumanLBO-30HOMUYECKHE CHOTEMEL,
MeTOIbl HX HCCIeZOBAHHA M MOLeIHpOBAHMH

1.2, Drankl SKOHOMHMKO-MATEMATHYECKOI'O
MOJeTHPORAHMUS

1.3. Knaceudurauua sKOHOMHEKO-MATEMATHYSCKHX
MEeTOJOB M MOAenel

Mnaea 2

OCHOBbLI MMHEMHOIO MPOrPAMMUPOBAHUA

2.1. ITpuAIMD ONTHMANLHOCTH B IIIaHHPOBAHUYA
M yIpasieHuH, obImasd sajgaya ONTHMAILHOIO
IpOrpAMMEPOBAHHS

2.2, ©opMEl 3a0HCH 3a7a4H JNHHEHHOTO
NpOrpAMMHEPDOBAHHEA M ee SHOHOMMYECHAS
HHTepIPeTALMI

2.3. MaTeMaTH4ecKuil anmapar

2.4, leomeTpuyecKkad HHTEPNPETALIMA 34189H

2.5. CUMIIEKCHBIH MeTON perieHHd IaJaun

Maea 3
ONTUMAIBHBLIE 3KOHOMWKO-
MATEMATHYECKWE MOOENW

3.1. Teopus ABolicTBEeHHROCTH B AHAMHGE ONTHMAaILHBIX

pelleEnil SKOHOMHYECKHX 38084
3.2. TparcnoprHada 3agada
3.3. Ilenoyncnensoe NpbrpaMMHPOBAHHE

S e e

11

15

20

20

25
30
49

67

67
90

102



390

3.4, Jajgayu MHODOKPHTEPHANBHON ONTHMHIAIIHH

3.5. HemtHeliHoe U JUHAMIYeCKOE TPOrPAMMHDORAHUE;
noHATHE 00 UMHTALHOHHOM MOJelHPOBAHHY

3.6. Mojgeny ceTeroro MIAHMPOBAHUA H YODAaBIeHUS

Maea 4
METOOGLI U MOOENA AHANMUA3A OUHANMWKIA
SKOHOMWYECKWX MPOLIECCOB

4.1. TTopATHA SHOHOMHYECKHUX DASOE TWHAMMHKH

4.2, llpenrapuTeNsHBIH aHANHME M CIMIAKHBAHHE
EpEMEHHRBIX DPHIOE SBKOHOMHUYECKHX MOKa3aTeNel

4.3. Pacuer nmorasarenef gHHAMHKH PARBHTHA
SHOHOMHYECKHX MPOLLECCOB

4.4, TpeHI-ce30HHELIE SKOAOMHYLCKHE TTPOIIECCEI
M UX AHAJHS

laBea 5
MOIENK NPOrHO3UPOBAHWA
3KOHOMWYECKWX NPOLIECCOB

5.1. TpenzoBEIe MOJENH HA OCHORE KPHBEIX POCTA

5.2. OmeAKa aleKBEATHOCTH M TOUHOCTH
TPeHIOBRIX Mogeien

5.3. IlporHosupoRaHHe SKOHOMHYECKOH THHAMHKM
Ha OCHOBe TDEHJAOBLIX MOJelel ’

5.4. AnTanTHEHBIE MOZENH TIPOTHO3HDOBAHHA

maea 6
BANAHCOBBLIE MOOENA

6.1. Banancoeerii meton. [IpwHnMnuanoHEafg cxeMa
MexNPOIYKTOROTO DalaHca

6.2. JHOHOMHKO-MATEMATHYCCKAR MOIE]L
MesoTpaciepore Sananca

6.3. KoadhduiiHeHTE NPAMBIX M IOJIHBIX
MaTePHATBHEIX 3ATPAT

6.4, MesroTpaciesrie HajlaHCcoBEle MOJENN B AHATH3E
BKOHOMHUECKHX TOKasaTeIeH

6.5. [lunaMuvecKas MeKOTpACHeBas DaNaHCOBAH MOTelb

144
144

148
157

163

189
189

198

208
216

231
2381
237
240

248
254

Ozaacaerie 391
MABA 7
JKOHOMETPUYECKHWE MOOENMK 263
7.1. O6mpe NOHATHA SKOHOMETPHYECKHX Mogemneil 263
7.2. 3agavH SKOHOMUYECKOTO aHANKAA, PeUIASMEIS

HA OCHOEe pEI‘pEGUHDHHhIX BRDHGMQTPH‘{ECHHK

Mojjeme 268
7.3. Ouenxa KadecTBa SKOHOMETPHYECHTX

PETPECCHOHHEBIX MojJenell M IpOrHOZHPOBAHHE

Ha HX OCHOBE 276
NMABA 8
HEKOTOPLIE NPUKNAOHLIE MOOEINA
BKDHDMHHECKHX NMPOLECCOB 282
8.1. MopgeanpoBsaHne CIPOCA M MOTpedIeHMA 282
8.2, Mojenan yIpaBleHHS JanacaMu 297
8.3. Mojenuposanne cHeTeM MaccoBoro obeny:kuBanms 314
8.4. JneMeHTH TEOPHH HID B 3aJa48X MOJeNTHPOBAHMS

BHOHOMHYECKHX IDDOIECCOR 326
maea 9
NMPUMEHEHWE ONTUMAIBHbLIX 3KOHOMMKO-
MATEMATUYECKUX MOLENEN AN PELUEHWUA
NMPOU3BOLCTBEHHLIX 3A0AY 336
9.1. OcHOBHEIe TOHATHA M ONpefe/ieHHA 336
9.2. IlocTanoska 3agaun muanuposagua OTM

o AKOHOMHH pacxosa MATEeDHAJIOB H BADHAHTEIL

£ MATEMATHYECEONH MOgeny 347
0.3, Peanuaanud 3KOHOMHKO-MATeMATHYECKHX MOgenei

nnaauposaiua OTM mo sroHOMHE MaTePHAOR

H AHATHE PeayasTATOR 354
Bubnuorpacduyeckui cnucok 387



Yueduoe nocofiue

Menocees Braguwnen Banentunosud,
Fapmam Arexcanap Hukonaepss,
Haiinroeros Jaiiurber Maramenosus u ap.

BROHOMHEKO-MATEMATHUECKHE METO/1bI
H NMPHEIATHBIE MOJETH

Pegarrop J.H. Bouezwcanuna
Koppexrop K 8. @edoposa
Ocopsncnne xyinoxanka A B Jefedesa

OpHUrHHaT-MakeT H3I0TOBICH
B M3laTelbokoM ofbeaHenuy “HOHWTH™

Mvmense cepua FI Ne 03562 ot 19122000 ©
Mommecane B oesats 02.03.9%, Qopuar 60x88 1716
Yoo me. i, 24,5, ¥y owan oL 18,29
Jon. Tupax 5 000 3x3 3axas 2432

000 «M3JATENBCTRO KDOHHTH-TAHA»
lenepansHuit gupertop BH. 3axaudze

123298, Mockna, yn. Hpaue Jlesueagn, |
Tea, (095) 194-00-15. Tea/dare (095) 194-00-14
wwwunity-danaru  E-mail; unity@msm.m

Ornevarano so @IV UMK «¥ieaxonckuit Jou neuamis
432980, r. Vneanosck, yu. [onuaposa, 14




	scan0001.jpg
	1-100.pdf
	102.pdf

