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IpeauciaoBue

B  nocnegHee  Bpemsi  CYIIECTBEHHO  pacUIMPUIOCh  IPUMEHEHHE
MaTEMaTUYECKUX METOJIOB B 9KOHOMUYECKOM U (PMHAHCOBOM aHAIU3€, IPUHATHI
pEIIeHMiA, YIpaBIeHUN TPOU3BOJCTBOM. B CBSI3M € ATUM BO3pocia poiib
MaTEMaTUYECKUX  JTUCHUIUIMH  JUIi  TIOJTOTOBKM  CIEUUATUCTOB IO
SKOHOMHMUYECKUM CHEIUAIbHOCTAM. [Jenu HACTOAIEro Yy4eOHOro MOCOOus
3aKJTIOYAIOTCS, BO-TIEPBBIX, B O3HAKOMJICHMM CTYJICHTOB C OCHOBHBIMU
SKOHOMHMKO-MATEeMATUYECKUMH MOJIEJISIMHU; BO-BTOPBIX, B O0OYYEHUU CTYJIEHTOB
MIPOBEJIEHUIO PACYETOB M SKOHOMHUYECKOTO aHajM3a C HMCIOJb30BAHMEM 3TUX
MO/IEJIEH.

IIpennaraemoe ydeOHOe T1ocoOue TMpeAHA3HAYEHO JUIS OpraHU3alUU
MPAKTUYECKUX 3aHATUH, KOHTPOJIBHBIX, CAMOCTOSITENIBHBIX M UCCIIEIOBATEIbCKUX
paboT 1o MareMaTuKe CTYAEHTOB, oOydaromuxcs o crenuaibHoctam 080107
«Hanoru n nHanorooGnoxenue» u 080103 d&anumonanbHas skoHoMmuKa». Ero
COJIEpPKATEIBHYIO YacTh COCTABJISIIOT TEOPETUUYECKUE CBEJIEHUS O NMPUMEHEHHUU
MaTEMaTUYECKUX METOJIOB B YKOHOMHUECKHUX UCCIIETOBAHUIX U MIPU TOCTPOCHUU
MaTEMaTHYECKUX MojieNiell, MoApOOHbIE pEIIeHHUs THUIOBBIX 3ajJau MO TEeMe
«IKOHOMHUKO-MaTeMaTUYECKUE MOJENIN», 3aJaHusl JJIs CaMOCTOSATEIbHBIX U
ucciefoBaresnbckux — pabor. Hacrosmee yuebHoe mocoOue — siBisieTcs
JIOTIOJTHEHUEM K TMPakTUKYyMy [0 MaTeMaTHKe, COCTaBIEHHOMY aBTOPOM
Jutst ctyienToB creruanbHocT 080107 damoru u HaJIOro06105)KEHHE.

[Tocobue coctout u3 nByX vacreil. IlepBas yacTh pasjeneHa Ha TeMBl,
B KaXJIOH M3 KOTOPBIX pacCMOTpeHa Kakas-Tru00 HSKOHOMHMKO-MaTeMaThyecKas
MOJIETIb Y MPUMEPHI MPOBEJIEHUSI aHAIM3a M PAcuyeTOB C €€ HUCIOJIb30BAHHEM.
B Havanme kaxaoii TeMbl TNpUBEJIEH IEepeYeHh MaTEeMaTUYECKUX TMOHSITHA,
BJIaJICHUE KOTOPHIMM HEOOXOAMMO TIPU U3YYEHUH JIAHHOM HKOHOMMKO-
MaTeMaThyie-
cKoif Mojienu. B KOHIlE KaKJ10ii TeMbI JJaHbl CCHUIKM HA YYEOHUKU W yueOHbIE
nocoOusi, cojepraliye TEOpEeTUYECKUd MaTepual 1o JaHHOi Teme. Bropas
4acTh COAEPKUT THUIIOBBIE 3aJaHus I OpPraHM3alMU CAMOCTOSITEIbHONH U
UCCJIeI0BATEIHCKOM pabOTHI CTYICHTOB.



YyebHoe mocoOMe MOXKET OBITh HCIOJIB30BAHO TP  OpTraHU3alUU
AyIUTOPHBIX ~ 3aHATHI W CaMOCTOSTENBHONW  pabOTBl  CTYyJIEHTOB  BCeX
HKOHOMHUYECKUX U IKOHOMHKO-MAaTeMaTUYECKUX CHEITUAIbHOCTEN.



Yacrsp |
IKOHOMHUKO-MATEMATHYECKHE MOJIEJIH

BBenenue

Mamemamuueckoit Mooebi0 Ha3bIBAIOT MPUOIMIKEHHOE ONMHUCAHUE KAKOT0-TH00
KJlacca SIBJIGHUU BHEIIHETO0 MHpa, BBIPAXKEHHOE C IMOMOINBIO MaTeMaTHYeCKOH
CHMBOJIHKH.

Matematuueckue MOAENH MPEACTABISAIOT cOO0H MOIIHBIN anmapaT UCCIIeIOBAHMS
¥ TIPOTHO3UPOBAHMS Pa3IMYHBIX SBJICHUH. Vcmomp30BaHre MaTeMaTHYeCKuX MoJIeeit
B SKOHOMHYECKUX HCCIIETOBAHUSIX TTO3BOJISET:

1) BbLIEIUTh ¥ (OPMANBHO ONKCATh HAUOOJIee BAXKHBIC, CYIIICCTBCHHBIC CBS3U
HKOHOMUYECKUX TMEPEMEHHBIX U 00BEKTOB,;

2) w3 dYetko CcGHOPMYIHUPOBAHHBIX HCXOMHBIX JIAHHBIX M COOTHOIICHHUM
MaTeMaTHYeCKUMH METOJaMU TOJIYYUTh BBIBOJBI, COOTBETCTBYIOIIHE H3y4aeMOMY
0O0BEKTY B TOH JKe Mepe, UTO U MPEIIOI0KECHNUS,

3) MaremaTHUeCcKue MeTOJ]ibI (0OCOOEHHO CTATUCTHYECKHUE) MO3BOJISIOT IOJIy4YaTh
HOBBIE 3HaHUS 00 OOBEKTe, OIEHWUBATh (GOPMYy U TapaMeTphl 3aBHCHMOCTEH €ro
MIEPEeMEHHBIX, B HANOOJIbINEH CTETIEHH COOTBETCTBYIOIINX UMEIOIIIMCS HAOIIOICHUSIM;

4) TOYHO W KOMIIAKTHO HU3JIaraTh IOJIOXKEHUS HSKOHOMHYECKOHM TEOpHH,
(hopMyIHpOBATh €€ TIOHSTHS U BHIBOJIBI.

MopenupoBaHue JTFOOBIX SBICHUH U MPOIIECCOB peaIbHOTO MUPA BKITFOYAET B ce0s
CJICYIOIINE CTPYKTYPHBIE 2JIEMEHTHI:

1) 00BeKT HeciteaoBanus (SBICHHE, IPOIIECC);

2) uccienoBarenb (CyObEKT UCCIICTOBAHHUS);

3) Mozenb, OCYIIECTBISIOIIYIO OTHOIICHHWE MEXAYy HCClegoBaTeieM W
M03HABAEMBIM 0OBEKTOM.

[Iporecc MOETUPOBAHISI COCTOUT U3 YETHIPEX ATAIIOB.

Ha mepBom »Tame wuccienoBareib KOHCTPyHpyeT (WM HaxXOIUT CpelIu
H3BECTHBIX) APYroil OOBEKT — MOJEIh HMCXOAHOTO OOBEKTa, OTOOPAKAIOIIYIO JIHIIH
HEKOTOpble HamboJiee CyIIECTBEHHbIE YepThl MOCHeaHero. J[pyruMu ciioBamu, Jiro0ast
MOJIENIb 3aMEHsIET OPHTHHAJ B CTPOTO OrpaHWMYEHHOM cMbicie. OTciofa cieayeT, 4To
JUIE OJTHOTO OOBEKTa MOXKET OBITh IOCTPOEHO HECKOJBKO MOJeNel, OTpaskaroIux
OTIpeNleIeHHbIE €r0 CTOPOHBI WM XapaKTepU3YIONMX €ro ¢ pa3Hoil CTENeHbBIo
JeTaTn3alliH.

Ha BTOopoM »sTame mporecca MOJETUPOBAHMS MOJETh BBICTYMACT Kak
CaMOCTOSITENIbHBI O00BEKT wucciaenoBaHus. OCHOBHBIM BOMPOCOM Ha ATOM 3Tame
SIBIISICTCSL peIlieHNE TaK Ha3bIBAEMON MpAMOIl 3a0auu, TO eCTh TOyUYeHHE B Pe3yJIbTaTe
aHalM3a MOJIeJM BBIXOJHBIX JAaHHBIX JJS WX JaJbHEUIIero COMOCTAaBJICHUS C
pe3yibTaTaMu HaOJIOJCHUI M3ydaeMoro sBIeHWs win mporecca. OmHoit u3 ¢dopm
TaKOTO WCCJICJIOBAHMS SBJISIETCS MPOBEJICHUE MOJCTHHBIX AKCIEPUMEHTOB C TTOMOIIBIO
OBM, mnpu KOTOpBIX IEJICHANPABICHHO W3MEHSIOTCS YCIOBHUS (DYHKIIMOHUPOBAHUS
MOJIETTM U CHUCTEMATH3UPYIOTCS pe3yibTaThl ee MoBeAcHHs. KOHEUHbIM pe3yiahbTaToM
JTama SBISETCS COBOKYNMHOCTh 3HAHWN (TEOPETHYECKUX CIIEJACTBUI) O MOJCIH B
OTHOIICHHUHU BBIICTICHHBIX CYIIECTBEHHBIX CTOPOH 00bEKTa-OpUTHHAIA.

Tpernii dTan 3aKiIrodaeTcss B BBIICHEHHWH TOTO, YJIOBIETBOPSICT JIH IPHHSTAS
MOJIENIb KpUmepuro npaKmuKu, T0 €CTh COTJIaCyIOTCs JI pe3yJbTaThl HaOIIOeHUH ¢
TEOPETHUYCCKUMH CIICICTBUSAMHU (3HAHMSIMH) O MOJCIM B MpejiaraeMoidl TOYHOCTH
HaOmoneHuii. Ecom Mozens He yAOBIETBOPSET KPHUTEPUIO MPAKTHKH, TO €€ Hellb3s



MPUMEHSTH K UCCIIE0BAaHUIO 00bEeKTa-OpuruHaa, Tpedyercst Koppekius Moaenu. Eciu
MOJICSTb  YIOBICTBOPSACT KPUTEPUIO TPAKTHKH, TO Jaliee OCYIIECTBISIETCS MEPEeHOC
3HAHWH C MOJEIH Ha OPUTHHAI M TEPEXOJ]] C S3bIKa MOJEIHM Ha S3bIK OpHTHHAA.
[TosydeHHble 3HAHUS HCIONB3YIOTCA KaK JUIsl TOCTPOSHHs O0O0OIMaroIieil Teopun
peanbHOro 00bEKTa, TaK U JJIst YIIPABICHUS HM.

YeTBepThIif 3TaNl COCTOUT B IOCIEAYIONIEM aHAIN3E W MOJCPHHU3AIMU MOJICITH
B CBSI3HM C HAKOIJICHHEM HOBBIX JIAHHBIX 00 H3ydaeMOM O0OBEKTE.

[TocTpoeHre  SKOHOMHKO-MATeMAaTHYECKUX  MoOJenei  oOnagaeT  psAaoM
CYIIECTBEHHBIX OCOOEHHOCTEH, CBA3aHHBIX KaK C OOBEKTOM MOJEIMPOBAHUS, TaK H C
NPUMEHEHHEM aImapara ¥ CpeJCTB MaTeMaTHYeCKOTO MOJeIMpoBaHus. PaccMoTpum
OCHOBHBIE OCOOEHHOCTH ATAMOB MOCTPOEHHSI SKOHOMHUKO-MaTeMAaTHIYECKHX MOJIEIEH.

IepBobIii 3Tan mojapaszeiseTcs Ha JBa Inara. Ha mepBoM mare TpPOUCXOIUT
MOCTaHOBKA 9YKOHOMHYECKOM MpOOJIeMbl W €€ KadeCTBEeHHbIH aHamu3. [l 3toro
TpeOyercs:

1) chopmynupoBaTh CYIIHOCTH MPOOJIEMBI, MPUHEMAEMble MPEAMOCHUTKA H
JIOTYIIICHUS;

2) BBIICTUTH BaKHEUIIIME YEPTHI U CBOMCTBA MOJEIMPYEMOro o0heKTa, mporecca
WA SIBJICHHS,

3) HU3yYUTHh CTPYKTYPY H B3aUMOCBSI3b 3JEMEHTOB MOJECIHPYEMOro OOBEKTa,
mpoilecca Ui SIBJICHHS,

4) chopmynupoBaTh THUIOTE3BI, OOBSICHSIOIIAE MOBEJACHHE U  Pa3sBHTHE
MOJICTHPYEMOT0 00BEKTa, MPOIecca UK SBICHHS.

Ha BTOpomM mare MpOUCXOIUT (OpMAanu3auua u3y4aeMoil SKOHOMHUUECKOM
mpoOJIeMBbl, TO €CTh 3alUCh B BHJE, MPUTOJHOM JJISi U3YUCHHS €€ MaTeMaTHYCCKUMHU
METO/IaMH, @ UMEHHO:

1) onpenenseTcss THII MOJICITH, U3y4aeTCsl BO3MOKHOCTD €€ TIPUMEHECHHUS B JaHHON
3aja4e, TO €CTh CTPEMATCS MOCTPOUTH MOJIENb, OTHOCSIIYIOCS K XOPOIIO M3YYECHHOMY
KJIACCy MAaTeMaTHYECKMX MOJICIICH, YTO MOYKET NMPHBECTH K HEKOTOPOMY YIIPOIICHHUIO
HCXOJHBIX MPEAMOCHUIOK, HE HCKaXAaIOIIeMy OCHOBHBIX YePT MOJICITHPYEMOT0 00BEKTa,
OJTHAKO, BO3MOXKHA CHUTyalwus, Koraa dopmanu3amnus opoOJIeMbl MPUBOIUT K
HEM3BECTHOM paHee MaTeMaTHUYECKOM CTPYKTYpE;

2) yTouHSIeTCS MepeveHb SK30T€HHBIX W SHIOTCHHBIX MapamMeTpoB, hopma CBsi3eii
(9K302eHHBIMU napamempamu HA3BIBAIOT BEJIMYHUHBI, KOTOPbIE MOTYT OBITh 3a/IaHbI
BHE MOJICITH WJIM M3BECTHBI 3apaHee; IHO02eHHbIMuU napamempamu (nepemeHHbIMU)
HA3bIBAIOT BEJIMYHHBI, KOTOPbIe HE MOTYT OBITH 3aJaHbl W3BHE M KOTOPHIE HYIKHO
OIPEJICTUTh B XOJIC PACUYETOB TI0 MOJICIIN);

3) BBOATCSI 0003HAYEHUS [UIST DK30TCHHBIX U SHIOTCHHBIX MapaMeTPOB;

4) B3aUMOCBSI3M  MEXJIy OHJOTCHHBIMH  IapaMeTpamu  (IepeMeHHBIMH)
3alMCBIBAIOTCS. B BHJE MaTEMAaTHYECKUX 3aBHCHUMOCTEH (ypaBHEHHM, HEPABEHCTB,
GyHKIHHR U T.I1.).

Bropoii 3Tan nocTpoeHust 5KOHOMHUKO-MaTEMaTHYECKOM MOJIENHN OIpa3essieTCs
Ha TpH mara. Ha mepBom miare mpoBOJNTCS aHATUTHYECKOE UCCIIEIOBAHUE M3YydaeMOi
MOJIEJTH, TO €CTh MaTEMAaTHUYECKMMHU METO/IaMU BBISABJISIFOTCS OOIIME CBOMCTBA MOJIEH U
ee perieHui. B 4acTHOCTH, periarTcs CIIeAYIONIe 3aIa4un:

1)  1oKa3aTenbCTBO  CYIIECTBOBAHHsS ~ XOTS  ObI  OJHOTO  pEHICHUS
chopMyJIMPOBAHHOM 33124,

2) ompeieieHre KOINYECTBA PELICHH;

3) oThickaHue crocoOa HAWTH BCe PeIlieH s, CTPYKTYpa MHOXKECTBA PEICHHIA;

4) nuana3oH U3MEHEHUS MapaMeTPOB MOJICITH U JAPYTHE.



Bropoii mar cocTouT B MOATOTOBKE UCXOAHOW wHpopMaruu. Jlns ero
peanu3anuu TpedyeTcs:

1) BeIpaboTaTh OOIIKE MPUHIIUAIIBEI 0TOOPA JAHHBIX JUIS UCIIOJIB30BAHUS B JTAHHOM
HKOHOMHUKO-MaTeMaTU4YeCKO MOJienu;

2) OCyIIeCTBUTH COOp JIaHHBIX;

3) mpoBecTH MEPBUUHYIO OOpabOTKY COOpaHHBIX JAaHHBIX JUIS HCIOJIb30BAHUS
B MOJIETIH.

Tpernii mar TmpeACTaBIsIET CO00W YHCICHHOE pEIICHHEe MOICIHPYEMOM
ASKOHOMUYECKOH mpobiembl. OH BKJIIOYaeT B ceOsl:

1) pa3paboTKy alropuTMOB YHUCIICHHOTO HCCIEIOBAHUS U TOATOTOBKY MPOrpaMMm
st OBM;

2) HEMMOCPEICTBEHHOE MPOBEJICHHUE PacYeTOB (MOICIBHBIN SKCIICPUMEHT).

YucneHHoe pellieHne CYyIEeCTBEHHO JOMOJHSIET pe3ydbTaThl aHAIUTUYECKOTO
WCCIIeIOBaHMs, a JAJI1 MHOTUX MOJIEJIel SIBJIeTCS €IMHCTBEHHO BO3MOXHBIM CIIOCOOOM
WCCIIeIOBAHMS.

Ha Tperbem 3Tame pemaercss BOIPOC O MPaBIJIBHOCTH U TOJHOTE Pe3yJbTaTOB
MOJICTUPOBAaHUS M MPUMEHUMOCTH HMX KaK B MPaKTUYECKOW AESITeThHOCTH, TaK U B
LEJSIX yCOBEpIIEHCTBOBaHUSL Mojenu. llosromy B mepByO0 ouepellb HPOU3BOJISTCS
eéepucpuxayua (npoBepKa NPABUIBHOCTH CTPYKTYpPhI) U eanudauua (mpoBepka
COOTBETCTBUS JIAHHBIX, MOJYYEHHBIX HA OCHOBE MOJICIIH, PEAbHOMY HPOIIECCY) MOJICITH
10 TeM CBOWMCTBaM, KOTOpble ObUIM BBIOpPAHBI B KaueCTBE CYIIECTBEHHBIX. B ciyuae
OTPUIATENILHOTO OTBETA TPeOYeTCsl BEpHYThCS Ha HECKOJIBKO 3TAIllOB HA3aJ U YTOUYHUTh
WM U3MEHHUTHh MOJIeNb. B ciydyae MOJOXKHUTEIbHOTO OTBETA MOJTYYCHHBIE Pe3yIbTaThl
WHTEPIPETUPYIOTCS ¢ YKOHOMUYECKOW TOYKU 3PEHUSI U HCIOJIB3YIOTCS IS aHalu3a
Y IPOTHO3UPOBAHMS SKOHOMHUYECKHX SBJICHUH U MPOIECCOB U YIPABICHUS UMH.

YerBepThlii 3TAlm COCTOUT B COBEPIICHCTBOBAHMHM MOJIEIH  BCIEJICTBUE
HAKOIJICHUSI HOBBIX HAOIOJICHUH U JATBHEUIIIETO pa3BUTHSI TEOPUHU.

Jlnsi mepedyrclieHHBIX STalnoB HKOHOMUKO-MATEeMAaTUYECKOTO MOJIEIMpPOBAHUS
XapaKTepHBI MpsiMast U oOpaTHas B3aMMOCBs3HM dTanoB. [Ipsmas B3auMOCBS3bH 3TaroB
P MIOCTPOECHUHN SKOHOMHUKO-MaTeMaTHUeCKOH MOJIETTN 3aKJII0YaeTCs B
MOCIIeZIOBATeIbHOM TIepexoJie OT dTama K atamy. OOpaTHas B3aUMOCBSI3b 3TaloB
COCTOMT B BO3BpaTe€ K NPEIbIyIIUM dSTanaM [pH BBINOJIHEHUH OIHOIO W3
MpoMeXyTouHbIX. Hanbonee yacTo HEOOXOIUMOCTh BO3BpaTa K MPEIbIIYIIUM dTarnam
BO3HHKAET:

1) npu ¢opmanmu3anu MOJEIH, €CJIA BBIACHSICTCS, YTO HCXOJHAS IMOCTaHOBKA
3a/1a4¥ WU CJIMIIKOM CJIO’KHA WJIM IPOTUBOPEUHBA,

2) TOJArOTOBKE HCXOJHOW HWH(MOpMAIMH, €CJIM BBISCHSAETCS, YTO HEoOXoaumas
rH(pOpMAIIHS WA OTCYTCTBYET HITH 3aTPaThl Ha €€ IMOATOTOBKY CIIUIIIKOM BEJIHKH;

3) aHanM3e YHCJICHHBIX pe3yJbTaTOB, €CIIM BBIICHICTCS, YTO IOJy4YCHHBIC
pe3yJIbTaThl HE COOTBETCTBYIOT peallbHOMY IIpOIIecCy.

Bo Bcex mepeuncieHHBIX ciiydasx TpeOyeTcs KOPpPEeKTHpPOBKA MaTeMaTHUeCKOi
MOJIETIH, a B HEKOTOPBIX CIIydasx —yTOYHEHHUE TOCTAHOBKH UCXOTHON 3a/1auH.

[To cBoeMy ompeneneHuIoO Jr00ast SIKOHOMUKO-MaTeMaTH4YecKasi MOJIENb He MOJIHA,
TaK KaK YYUTHIBACT TOJILKO Hamboiiee CyIecTBeHHBIE (HaKTOphl (YHKIIMOHUPOBAHUS
peaTbHOTO YKOHOMHMYECKOTO 00BeKkTa. BiusHMe KaXA0ro M3 HEYYTEHHBIX (aKTOpOB
MpearoaraeTcss MalbIM, HO COBOKYITHOCTh BCE€X HEYYTEHHBIX (aKTOPOB MOXKET
OTIpeIeIATh CYIECTBEHHOE OTKJIOHEHWE B MOBeJeHUU 00bekTa. B aToM cimydae Takxke
MpeIoaraeTcs, 4YTo COBOKYITHOCTh BceX (DaKTOpOB, HE YUYUTHIBAEMBIX SBHO B
HKOHOMHUKO-MATEeMAaTUYECKOM MOJIeNId, OKa3bIBaeT Ha OOBEKT OTHOCUTEILHO Malloe
pe3yIabTUPYIOIIEe BO3JEHCTBHE C TOUKH 3PEHHUS PEIIaeMOi YKOHOMUYECKOH MPoOIEeMBI.



CocraB YUUTBIBAEMBIX B MOZICIIN (1)aKTOp0B,
MaTeMaTU4eCKOM MOJIeIn MOTYT OBITh YTOYHCHBI B X0/J1€ COBCPIICHCTBOBAHUSA MOJICIIN.

TUII WU CTPYKTypa 3KOHOMHUKO-

B mHacrosmmee Bpems MOKa HE CO3/IaHO EJAWHOW CHUCTEMBI KiaccH(pUKAIUU
HSKOHOMHKO-MaTeMaTHYeCKUX Mojeiei. B Tabn. 1 mpuBoauTcs KiacCH(pHUKAIUSA 110
HanOoJiee YacTO UCMOIb3YEMbBIM ITPU3HAKAM.

Tabnruya

K.]IaCCI/I(l)I/IKaI_lI/Iﬂ 3IKOHOMMKO-MAaTeMAaTHYeCKHUX Mo/ieJIei

1

Ne | Kraccudukammo

- Knacc moneneit KommeHnrapuit
n/m | HHbIM MPHU3HAK
TeopeTuko- Hcnonp3ytoTes npu M3yyeHUM OOLIMX CBOWCTB
aQHAJINTHYECKHE Y 3aKOHOMEPHOCTEH YKOHOMHYECKHX MPOLIECCOB
Oo01wee 1eneBoe
1. HA3HAYCHIE [pumenstoTcs B peleHun KOHKPETHBIX
[puxnagHele 9KOHOMUYECKUX 3aJay aHajiu3a, [UIAHUPOBAHWS U
yTpaBIeHus
OTtpaxaroT HKIIOHUPOBAHWE  SKOHOMHUKH
CreneHb Maxpo3KOHOMHUYECKHE p bynxn p
KaK eIMHOT0 [EeJIOT0
o0beqMHEHNS
2. OGLEKTOR OrtpaxaroT (hyHKIMOHMpOBaHKE OT/IENTbHBIX
MHUKpPO3KOHOMUYECKHE 9KOHOMUYECKUX OOBEKTOB (MpenmpusaTHii, GpupM u
MOJETMPOBAHMS
T.11.)
BeipakatoT TpeOoBaHWE HAIMUMA PECYpCOB M HX
Banancossie D ™ pecyp
WCTIONB30BAHNS
OTpakatoT pa3BUTHE 3KOHOMHYECKOW CHCTEMBI
TpennoBsie gepe3 TpeHI (AIMTENBHYIO TEHICHLMIO) e
OCHOBHBIX MOKa3aTesei
3 Llenb co3panus [lpenHazHaueHsl 17 BbIOOpa  HAWJIyYlLEro
U MPUMEHEHUs BapuaHTa W3 OINpPENENEeHHOr0 YHCia BapUaHTOB
OnTUMU3aLUOHHbIE
NPOU3BOACTBA, MOTpeONeHHs, pachpeleseHus Hu
T.IL
[NpenHasHaueHs! 1718 HCIONB30BaHMA B MpoLEcce
HmuTanuoHHble KOMIIBIOTEPHOI MMUTALMKM  W3yYaeMbIX SBIEHMIA
1 TIPOLIECCOB
[octpoensr Ha ampuopHoit uH(popMmamnu (Ha
AHanmuTHYeCKUEe P p up (popman (
OCHOBE TIPEINOJIOKeHN, 63 MPOBeICHNs OTIbITA)
4. | Tun uadopmarin =
[octpoensr Ha amocTepuopHoii nH(popMaunu
Wnentudunmpyemsore
(Ha OCHOBE JIaHHBIX, MTOJYYESHHBIX U3 OTIHITA)
Bce 3aBucHMOCTH B MOJENN OTHECEHBI K OTHOMY
Vuer ¢axtopa CraTmdeckue
5. BDEMCHI MOMEHTY BpeMEHU
P JlnHamMuueckne OnnChIBAIOT 3KOHOMHYECKYIO CUCTEMY B Pa3BUTHH
COBOKYITHOCTb 3HA4YE€HW Ha BXOIE MOJAENH H
JleTepMUHIPOBAHHBIE pe3ynbTaThl Ha BBIXOIE CBSI3aHBI
HKLMOHAJIbHBIMU 3aBUCUMOCTAMHU
Vuer daxtopa by =
[lpu 3agaHuM Ha BXoAe MOJIENU OMNpeleseHHOM
6. | HeomnpeneeHHO o
. COBOKYITHOCTH 3HAyeHWH Ha BBIXOJE MOTYT
CroxacTuieckue MOJTy4YaThest pazauyHbIe pe3yabTaThl B
3aBUCUMOCTH oT BO3zeiicTBUA ClyqaitHbIX
(hakTopoB
Tun Hcnonp3ytoT ammapar anredpbl  MaTpull U
7. MatpuuHsie Y P p pHit
MaTeMaTHYeCcKO MaTpPUYHOTO aHaJIN3a
TO anmapara, Mopenu TuHeHOTO Hcnonp3ytoT  anmapar  (GYHKUMH ~ MHOIMX
HCIIOIb3YEMOI0 | W HEJIMHEWHOTO [IEPEMEHHBIX,  JIMHEWHOTO U HEJIUMHEHHOro
B MOZENHN MPOTrpaMMHUPOBAHUS MPOTPaMMHUPOBAHUS
Koppensiunonno- N
Hcrnone3ytoT anmapaTr MaTeMaTHIecKOil CTaTHCTHKH
perpeccuoHHbIe
Hcnone3ytoT ammapar MaTeMaTHuecKOro aHain3a
HuddepenunanbHbe

n mddepeHMaNBEHBIX YpaBHEHUH

Mopenu Teopun

Hcnonb3yrot
00CITy)KUBaHWSA

ammapaT  TEOPHH  MacCOBOTO

MacCoBOTO



00cTy)KUBaHUS

Hcnonp3ytor  ammapat Teopun rpadoB  u
TUTAHUPOBAHMUS Ha CETIX

Hrposslie Hcnonp3yroT anmapart Teopuu urp
[IpenHasHaueHbl O OMHWCAaHWUS W OOBACHEHUS

CeTeBble

JlecKpUNTHUBHbBIE o
(akTHueckn HaOIIOJaeMbIX SBJICHUM W/WIM KX

(onmcarenbHbIe)
MPOTHO3UPOBAHMS

IMonxon
8. K H3yUCH [NpenHasHaueHbl [Uisi  BBISICHEHWS BOMPOCA, Kak

JOJDKHA OBITh YCTPOEHa M KaK IOJDKHA Pa3BHUBATHCS

HopmaTuBHBIE

SKOHOMITIECKasi CHCTEMA B CMBICIIE OIpeseNeHHbIX
KpHUTEpHEB

Tema 1. MaTrpuyHbie 0aj1aHCOBBIE MOJEJIH
MaKPOIKOHOMHKH

HeoGxoaumble MaTeMaTHYeCKHE MOHATHS. Mampuyd, uovl mampuy (npsmoyeonvhast,
K8AOpAmMHas, CMYyNeHYamas, mpeyeoivHas, OUAZOHWIbHAR, eOUHUYHAA, Mampuya-cmoidey,
MAmMpuya-cmpoxa, GexKmop), OSAeMeHmapuvle ONepayuu HAO Mampuyamu, Oeicmeus «C
mampuyamu (MpancnoHuposanue, YMHOJNCEHUE HA YUCILO, CIOJICCHUE U YMHOICEHUe MAmpuy),
onpedenumensy KGAOPAMHOU MAMPUYsbl, OOPAMHASL MAMPUYA U CROCOObL ee BbIYUCTIeHUS, DAHE
mampuysl, cucmemvl JUHEUHbIX ANeeOPAUYecKux YpasHeHuil u Memoovl ux peuterus (memoo
obpammoil mampuywt, aneopumm I aycca), cobcmeennvie 3HaYeHUs: KAOPAMHBbIX MAMPUy.

1.1. IlousaTHe 0 0ATAHCOBBLIX MOAEIAX

OpHolt W3 BaKHEUIHX 3a7ad SKOHOMUYECKOW MOJUTHKU TOCYAApCTBa SIBISIETCS
pPETYJIMPOBAaHKWE IIPOW3BOJCTBA C IMEJIbI0 O0OECIeYCHHUS HaCeJeHUS BBITYCKaeMOM
NPOAYKIMEeH W JambHEHIMM OECKPU3MCHBIM  pPa3BUTHEM DKOHOMHUKH. Takoe
PETYJIHPOBAHUE MOXKET OBITH OCYITIECTBIICHO C MMOMOIIBIO TaK HA3BIBAEMBIX O@IAHCOBBIX
Mooeneil. B ocHOBe UX CO3JaHHS JICKUT OAAAHCOBBIIL Memood, TO €CThb METOJ
B3aMMHOTO COITOCTABIICHUS HMMEIOIIUXCS MaTePHAIBHBIX, TPYAOBBIX M (DHHAHCOBBIX
pecypcoB U TOTpeOHOCTEH B HUX.

[Ipenmonaraercss, 49To paccMaTpuBaeMas SKOHOMHYECKas CHCTeMa COCTOUT
13 00BEKTOB, Ka)XJblii W3 KOTOPHIX MPOU3BOJUT HEKOTOPBIM MPOIYKT, OJHA YaCTh
KOTOPOTO TOTPEOISeTCS IPYTHMH OOBbEKTaMH CHCTEMBI, a JIpyras 9acTh BBIBOJUTCS 3a
MpeJieNibl CUCTEMbl B KaueCTBE €€ KOHeuH020 npodykma. llon éanancoeoit mooenvio
MMOHMUMAIOT CHUCTeMa ypaBHEHUH, KaKJI0€ M3 KOTOPBIX BBIpaKaeT TpeOoBaHHME OallaHca
MEXTy KOJIMYECTBOM MPOIYKIIMH, IMPOU3BOJUMBIM OTACIHHBIMA SKOHOMHUYECKUMHU
00BEKTaMU ¥ COBOKYITHOU MOTPEOHOCTHIO B ATON MPOAYKIIHH.

Eciim BMecTo TMOHSATHS <«IPOAYKT» BBECTH Ooyiee OOINee IMOHATHE <«Pecype,
TO moj, OaJaHCOBOM MOJENbI0 CclieAyeT TOHUMATh CHUCTEMY YypaBHEHUH, KOTOpPBIE
VJIOBJICTBOPSIOT TPEOOBAHUSAM COOTBETCTBHS HATMYHS pecypca U ero UCIOJIb30BaHUS.

Bakneiimumu BUIaMu 0aJaHCOBBIX MOJIEIIEH SIBIISIIOTCS .

1) yacTruHBIC MaTepHaIbHBIC, TPYAOBbIC, (DHHAHCOBBIE OalaHCHI IS HAPOIHOTO
X035MCTBA M OTACTHHBIX OTpaciei;

2) MeOoTpacjeBbie OaTaHCHI;

3) MaTpUyHbIe TEXHUYECKHE, TPOMBIILICHHBIC, (PUHAHCOBBIC IIJIAHBI MPEATIPUITUAN
u pupm.

banaHcoBbIil METONl U cO3/laHHBIE HA €r0 OCHOBE OallaHCOBBIE MOJEIH CIYyXKaT
OCHOBHBIM HWHCTPYMEHTOM IIOJJICP)KaHHUS TPONOPIUA B HAPOJHOM XO3SHCTBE.
banancoBele Monmenu Ha 0a3e OTUYETHBIX OAaTaHCOB XapaKTEPU3YIOT CIOKUBIITHECS
MPOIIOPIIMM, B HUX pPECYpCHas dYacTh BCErJa paBHAa pacxXoJHOW. J[s BBIABICHHS
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JTUCTIPOTIOPITNIT UCTIONB3YIOTCS OalaHCOBBIE MOJIEINIH, B KOTOPBIX (PaKTUUECKUE PECYPChI
COITOCTAaBJISIFOTCS HE ¢ UX (PaKTHIECKUM TOTpeOIIeHHEM, a ¢ TOTPEOHOCTHIO B HUX.

OcHOBY HH(pOpPMAIMOHHOTO oO0ecreyeHnus OallaHCOBBIX MOJIENIell COCTaBIIsIeT
Tabmuma Kod(pHUIMEHTOB 3aTpaT pecypcoB IO KOHKPETHBIM HANpPABICHUSM HX
ucnojbp3oBanus. Hanmpumep, B Mozenn MexoTpacieBoro OanaHca TakylO poJib UTpaeT
TabJHIla MEXOTPACIEBOro OajaHca, CoCTaBieHHas U3 KO3 QUIUEHTOB (HOPMATHBOB)
MPSIMBIX 3aTpaT Ha MPOU3BOJICTBO €IMHUIILI IPOAYKIIMHU B HATYPaIbHOM BBIPAKEHUU.

PaznnyaroT cratnyueckue u TuHAMU4ecKre 0aniaHCoBbIE MOJIETH.

Henoctatkom 0OanaHCOBBIX MoOjenell SBISETCS HEBO3MOXXHOCTH CpaBHEHUS
OTJIeIbHBIX BApUAHTOB SKOHOMHYECKHUX PELICHHH, YTO HE IMO3BOJSIET clieNaTh BHIOOD
ONTUMAJIBHOTO BapHaHTa pa3BUTHSI SKOHOMUUYECKON CUCTEMBI.

1.2. Moaean mexkoTpaciaeBoro 6ainanca B.B. JleonTbeBa

PaccmarpuBaemast Mojiels BIiepBbIle ObLTa copMysmpoBana B 1936T. B pabotax
amepukaHckoro »koHomucta B.B.JleoHTheBa, KOTOpHI aHATU3UPOBAT MPHYUHBI
skoHomuueckoit aemnpeccun CIIA 1929 — 1933r. BrnocneacTBun 3té paboThl OBLTH
ynoctoeHnbl HobeneBckoli mpemMuu.

[Toctpoum mpocreiinyto Monenb 3(p(eKTHBHOrO TUIAHUPOBAHUS SKOHOMHUKH
rocyaapcTBa.

bynem mnomarath, 4TO mNpOW3BOACTBEHHAs cdepa XO034HUCTBA COCTOMT H3 N
oTpacyiedf, Kaxknaas M3 KOTOPBIX IPOU3BOJUT CBOWM OJHOPOJMHBEIN MpomaykT. Takoe
MpeJICTaBlIeHre 00 OTpacid SBISETCS IOMYIEHHEM MOJEIH, TaK Kak B pPealbHOM
HKOHOMHUKE OTpPACIh ONpeIesIeTCs] He TOJIBKO Ha3BaHMEM BBITyCKaeMOW MPOIYKINH, HO
W BEJOMCTBEHHOH NPWHAJICKHOCTRIO mpennpustuii. I[lpomsBogmmast oTpacisMu
MPOJYKIINS HJIET Ha MOTpeblieHue HacelIeHHeM, SKCIIOPT U TOCYAapCTBEHHBIE PACcXOJIbl
(HeTPOU3BOJICTBEHHOE MOTPEOJCHNE WM KOHEUYHbIH mponaykt). s obecneueHus
CBOETO MPOM3BOJACTBA KaXKJas OTpacib HYXIaeTcs B MPOIYKIMU APYTUX OTpacieit
(mpousBojcTBeHHOE TOTpeOieHue). Takum oOpa3oM, Kaxaas OTpacib BBICTYIAeT
JTBOSIKO: C OJTHOM CTOPOHBI, KaK MPOU3BOJIUTENh HEKOTOPOH MPOAYKIIUH, a C IPYrol —
Kak 1motpebuTenh. OOBMHO MPOIECC MPOM3BOJCTBA PACCMATPUBACTCS 3a HEKOTOPBIMA
MIePHOJ] BPEMEHH; B psijie CIIy4aeB TaKOW eMHUIICH CITYXKHUT TO/I.

BBenem o0o3HaueHus:

X; —o0umit 00beM NPOAYKIHUH | -i oTpaciu (ee 6410801l 6bINYCK);

Xj — oObeM mpomyKuuu |- oTpacmm, moTpeGuseMbli | -H OTpacibio npu

IIPOM3BOJICTBE 00beMa IPOAYKIUH X; ;

Y; — 0o0beM MpOIYKIMH |-H OTpaciy, IpeIHa3HAUYCHHBIN JUI1 HMOTpeOJICHUs B
HETIPOU3BOJICTBEHHOH cepe (KoHeuHblil npooyKkm).

D¢ dexkTrBHOE BeleHWE HAPOIHOTO XO3SWCTBA MpEAIoiaraeT Hajaudhe OanxaHca
MeXxay otpacisMu. banaumcoewiii  nmpunyun  CBSI3M  PA3IMYHBIX  OTpaciied
MPOMBIIIJIEHHOCTH COCTOMT B TOM, YTO BaJOBOHM BBINYCK |-¥ OTpaciu JOJDKEH OBITh
pPaBHBIM CyMMe€ OOBEMOB MOTPEOJIEHHs] B MPOU3BOJCTBEHHONH U HEMPOU3BOJICTBEHHOM
cdepax. B camoii mpocToii hopme GalaHCOBBIN MPHHIIAIT MOYKHO 3aITUCaTh B BHJIC

Xi = %1+ X2 K + X+, i=1n, (1.1)
VpaBuenus (1.1) Ha3bIBaOT coomHouieHuamu 6ananca. 110CKONbKY TPOIYKITHSI

pa3HBIX oOTpacieid HuMeeT pa3Hble H3MEpeHus, B JalibHEHIIeM Be3le Oylem
paccMaTpuBaTh CTOMMOCTHBIHN OaaHc, TO €CTh BBIPAXKCHHBIN B JICHEKHBIX €IMHUIIAX.
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OTpa’XalOT HMHTEHCUBHOCTH BHYTPUCHCTEMHBIX IIOTOKOB HPOAYKIMH, a HMEHHO

HOKA3bIBAIOT, KaKOe KOIMYECTBO IIPOAYKIMHM |- OTpacid HEeoOXOAUMO JUIs

MPOM3BOJICTBA €AMHUIIBI MPOAYKIIMU | -i OTpaciM, €CJM YYUTHIBATH TOJBKO MPSMbIC

3arpaThl. HyseBoe 3HaueHne Ko3(h(pHIMEeHTa MPSAMBIX 3aTpaT YKa3bIBaeT HA OTCYTCTBUE
MpSIMBIX CBSI3ed MEXKIy KOHKPETHBIMH oOTpaciisiMu. [lpeamonaraercs, uyTo cpenu
K03((QHUIIMEHTOB TPSIMBIX 3aTpaT UMEIOTCS HEHYJICBBbIC, B POTUBHOM CITydae HHUKaKHe
OTpaciu HE CBSA3aHbl MEXAy cOOOH, YTO JHUIIAeT CMBICIA PAacCMOTPEHHE HX Kak
CHCTEMBI.

B.B. JleontheB Ha ocHOBaHMM aHaiu3a skoHoMUkH CIIIA ycraHoBui, 4to B

TECUYCHUE IJIUTCIIBHOIO II€pHOJa BPEMCEHH BCIIMYHHBI aij MEHSIOTCA ¢yiabo u MOTYT

Ha3bIBAIOT Kodhpuuuenmamu npamoix 3ampam. OHU

paccMaTpUBaThCS KakK IMOCTOSHHBIE YHCa. JTO SBICHHWE MOXKHO OOBSCHHTH TE€M, UTO
TEXHOJIOTHUSI IIPOU3BOJICTBA OCTACTCS HA OJTHOM M TOM € YPOBHE JIOBOJILHO JITTUTEIEHOE
BpeMsl, U, cJIeJ0BaTeIbHO, 00hEM MOTPEOICHHsI | -if OTPACIIBIO IPOIYKIUH | -i OTpaciu

Ipu IpPpOU3BOJACTBEC CBOCH mpoayKuuun obobeMa Xj C€CTh TCXHOJIOTHMYECKasd KOHCTaHTa.

Bcuny »storo ¢Qakra MOXKHO chenath CcleAymooliee JOmylieHue (eunomesa
JIUHeNHOCmu). JUI TIPOM3BOJCTBA TPOAYKIMH |- oTpacim obbema Xj HYKHO

HMCIIONB30BATh MPOAYKIMIO |- oTpaciu o0beMa & X, Ie & — HOCTOSHHOE YHCIIO,

TO €CTh MaTepualbHbIE W3ACPKKH MPOMOPIUOHAIBHEI 00BEMY TMPOW3BOAUMOMN
MPOAYKIIUH. DTO JOMYIIEHHE MOCTYIUPYET JTMHEHHOCTD CYIECTBYIONIEH TEXHOIOTUH U
pacmpocTpaHsieTcsl W Ha JpYrue BHJIBI HU3JEPKEK. OIUIaTy TpyJa, HOPMATHUBHYIO
MPpUOBLTH U T.II.

C ydeToM rumnoTe3bl JIMHEHHOCTH COOTHOINEHUS OaaHca MPUMYT BUT

X =aj1xq tapXy tK +apx, +y, i=1n. (1.2)
BBenem o0003HayeHUS: )9= (Xl, X2, K, X, )T — BEKTOP-CTOJIOEI] BaJIOBOTO
BBIILYCKa, 9 = (yl, Yo, K, ¥, )T — BEKTOp-CTOJIOEI] KOHEYHOTO MOTpeOseHus,

a; ap; K a
A=|ay,; ay,, K a,,| — Marpuua npsmsix 3arpar. Toraa cooTHoOIEHHs OaaHca

(1.2) B MmaTpuuHO# hopMe MOXKHO 3aIHuCcaTh TaK:
X=nA+¥. (1.3)

Marpuynoe ypaBaenue (1.3)Ha3bIBAIOT MAMEMAMUYUECKOI MOOE/bI0 TUHEIHO20
cmamu4eckoz2o mexcompacieeozo oananca B.B. /leonmuega.

MaremaTrueckyto MoOJedb MEXOTpPAcieBOro OajaHca MOKHO HCIOJIb30BaTh
JUISI peIIeHUs] TPEX OCHOBHBIX 3ajiau.

3agaua 1. Korja M3BECTHBI BEKTOp BAJIOBOTO BBIMYCKA X M MATPHIA IPSIMBIX
3aTpar A, pacCUMTaTh BEKTOpP KOHEUHOTo moTpeGienust §. JIIs 9TOr0 B MaTpHUHOM

ypaBuernn (1.3) HYXKHO BBIPA3UTH, a 3aTeM BBIYACIUTH BEKTOP Y : (E— A)y= {]),

rne E —enunuunas marpuia.

Bamaua 2. Jlns mnepwona BpemeHu 1 (Hampumep, TOJ) H3BECTEH BEKTOP
KOHEUHOr0 MOTpeOneHns § M Marpuua mpsiMbix 3atpar A. TpeGyercs OIpeeinTh
BEKTOp BAJNOBOTO BBITyCKa X. JUIsSi 9TOTO HEOOXOAMMO PEIIHTH CHCTEMY JIMHEHHBIX
ypaBHenwii (1.3).B cuty npukiiagHoro xapakrepa 3ajiaud BCe 3JIEMEHThI MaTpUIlbl A U
BEKTOPOB X U ¥ IOIDKHBI GBITH HEOTPHIATEIBHBIMH.
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3agaua 3. 3agaB [uig psaaa oTpacieil BeIMYHHBI BaJIOBOI MPOIYKIUH, a I BCeX
OCTAJIBHBIX O00BEMBI KOHEYHOW TPOIYKIIUH, MOXHO HAWTH BEIMYMHBl KOHEYHOU
MPOAYKIIMH JJIs IEPBBIX OTpaciiei 1 00BbeMbI BaJIOBOTO BBIITYCKa JJIS BTOPBIX OTpaciieid.
B astom ciyuae ynoGHee HCMONB30BaTh MOJENb MeEXOTpacieBoro OajaHca B BHJIE
cucremsl (1.2).

Matpunty A, Bce DdJIeMEHThl KOTOpOM  HEOTpHUIATeNbHbI, Ha3bIBAIOT
RPOOYKMUGHOM, eciau sl JI000ro BeKTopa f/’ C HEOTPUUIATEIBHBIMHU 3JIEMEHTAMHU
cymectByer pemienue ypaBHenus (1.3) — BekTop X, Bce omeMeHTHI KOTOPOTO
HEOTpUIATENbHEIL. B 3TOM ciryuae u Mozenb JIeoHTheBa Ha3bIBAIOT HPOOYKMUGHOUL.

Beipasum u3 cucremst (1.3)Bextop X, Torma 3‘()= (E - A)_l {/)
Matpuny B = (E - A)_1 Ha3bIBAIOT Mampuueil NOJIHbIX 3ampam. DIIEMEHTbI

n
marpunel B = (bi' ) : b;
] |,J=]_ ]
Koa¢pduruenTsl MONHBIX 3aTpaT MOKA3bIBAIOT, KaKOe KOJMYECTBO MPOJYKIUH | -i
OTpacid HYKHO IMPOM3BECTH, YTOOBI C y4ETOM MpPSMBIX M KOCBEHHBIX 3aTpar 3TOH

OPOJIYKIUHU TOJNYYHTh €IMHUILY KOHEUHOTO MpoAyKTa |-if orpaciu. Chopmynupyem

Ha3BIBAIOT KOIPuuuenmamu noaHvix 3ampam.

KPUTEPHUH MTPOIYKTUBHOCTH MATPUIIBI MIPSIMBIX 3aTpaT.
Teopema 1. Eciu ans marpunel A ¢ HEOTpUIATENbHBIMH 3JE€MEHTaMU U
HEKOTOPOro BEKTOpa Y ¢ HeoTpHuaTeNbHBIME STeMeHTaMu ypasuenme (1.3) mveer

peaicHuce % C HCOTpULATCIIbHBIMU 3JICMCHTAMH, TO MaTpUIla A HIPOAYKTHUBHA.
TEOPCMa 2. ManI/II_Ia Ac HEOTPULATCIIbHBIMU 3JICMCHTAMU IMPOAYKTUBHA TOr1a

U TONBKO TOI/a, KOrjJa Marpuia (E—A)_l CYLIECTBYET M BCE €€ DJJIEMEHTHI
HEOTPUIATENIbHBI.

Teopema 3. Matpunia A ¢ HeOTpHUIIATETFHBIMU AJIEMEHTAMU MPOJAYKTUBHA, €CITU
MaKCHMyM CyMM €€ 3JIEMEHTOB IO JI0O0OMYy cToJOIly (CTpOKE) He MPEBOCXOIUT

n n
e IUHUIIBI m@(z g < 1, npudem XO0Ts ObI JIJIsI OTHOTO cTOoJI0A (CTPOKH) Z g < 1.
1=lnj i=1
Teopema 4. Marpunia A ¢ HEOTpHITATEILHBIME dJIEMEHTAMH TPOTYKTHBHA TOT/IA 1
TOJILKO TOT/a, KOT/1a HanOoJIbIliee COOCTBEHHOE 3HAYCHUE MATPHIIHI MEHBITIE €TUHUIIBL.
IMpumep 1. OTpaciab COCTOUT U3 ABYX MPEANpHUATHI. BEKTOp BaIOBOTO BBITyCKa

1
IPOAYKLUHU U MaTpulla BHYTPEHHETO NIOTPEOJIEHUSI UIMEIOT BUJL Q = (288) , A= "i

12
Haiiti BeKTOp 00BEMOB KOHEUHOTO NMPOAYKTA, IPEJHA3HAYEHHOI 0 JUIsl pealn3alii BHE
OTpacIH.

Pemenne. [loncraBuM B ypaBHEHHE (E - A)f() = {]) 3HaueHust X u A, IIOJIyYUM

8_ 1 0)\_ % 600) _ % - 600) _( 400-200) _( 200
“1\0 1 1_12 400) ~ _1_12 400) ~ {-50+300)  ( 250/"

NN

Al N
AlowN|-

OtBet. BekTOp KOHEYHOTO MTPOTYKTA 9= (ZOQ 250)T .

IIpumep 2. B Tabiuiie nprBeneHb! JaHHBIE 00 UCITOTHEHUH OallaHca 3a OTYETHBIN
MIEPHO/] B YCIOBHBIX JCHEKHBIX €AMHUIIAX. BEUUCIUTh HEOOXOAUMBIN 00BEM BAJIOBOTO
BEIyCKa KaXIOW OTpacid B CIEAYIOINIEM OTYETHOM TWIepUoJie, €CId KOHEYHOe
MoTpeOJieHne B DHEPreTUKe IJIAHUPYETCs YBEIWYUTH BJABOE, a B MAIIMHOCTPOCHUH —
COXPaHUTh Ha MPEKHEM YPOBHE.

| Ne | Ortpacib | Tlorpe6nenme | Koneumbii | Bamooit |
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n/n 1 2 IPOAYKT BBIITYCK
1. | DHepreTuka 7 21 72 100
2. | MammHOCTpOCHHE 12 15 123 150

Pemenune. 1) [loxroroBuMm JaHHBIC JJISI TPOBEICHHUS PACUYCTOB IO MOJICIIH.
BexTop kKoHeuHOTO MOTPeOJIEHHs] U BEKTOP BAJIOBOTO BBIYCKA 32 OTYETHBIM MEPHOT

UMEIOT BU]L 90 = (72; 123)T u )L()O = (1OQ 150)T COOTBETCTBEHHO.
OObeMBI TOTPEONEHHST B OTpACIHAX Xqq =7, X3 =21, Xpq =12, Xy, =15.

X
Boraucnum KO3 PHUIIUEHTHI IPSIMBIX 3arpar: = % = 1—(7)0 = 007,
1

a12 = X 150 0,14, a21 X, 100 0,12, a22 ) 0,10 Brimmumem

007 014
012 014)°

Tak xak KOHEUHOE MOTpeOJIeHHe YHEPreTUUECKON OTpaciid YBEITUUYUTCS BJIBOE, a
B MallIMHOCTPOEHUU COXPAHUTCS HA MPEXKHEM YPOBHE, TO HOBBIH BEKTOpP KOHEYHOI'O

MaTpHuIly NpsMBIX 3aTpaT A = (

MTPOJTyKTa HMEET BHU]T {/)= (144; 123)T .

2) Marpuma mpsSMBIX 3aTpaT UMeeT HEOTpHIATeNIbHbIe 3JeMeHThl. [IpoBeprm
€€ Ha MPOyKTUBHOCTH C TIOMOIIBIO TeopeMbl 1.3:

max 007+ 012 014+ 010} = max 019,024} = 024<1.

T[TosTOMY [UIst JEOGOTO BEKTOPA KOHEYHOTO MPOAYKTA Y MOXKHO HAWTH HEOOXOIMMBI
00beM BaJIOBOTO BBITYCKA X.

3) HaiiieM HeOOXOXHMBIiT 0GBEM BAIOBOTO BBITYCKA X IBYMSI CIIOCOOAMI:

Iepsorii cioco6. ITo popmyiie Q= (E - A)_lfl) (MeTom 00paTHOM MATPHIBI).

Haiinem MaTpuily OJHBIX 3aTpar (E - A)_l:

E_A:(l o)_ 007 014)_( 093 -014
0 1) (012 010) \-012 090/’

E-A :‘ 093 - Olﬂ = 093090~ (- 012)C{- 014) = 0,8202# 0,

-012 09
AT - 093 -012 _AV1_- 1 (090 014
(E-A) _(— 014 090)’ (E-A)"= 08202( 012 093)'

Torna mony4nm HOBBIM BEKTOP BaJIOBOTO BBIITyCKa
R=(E-A)1f=_1_ ( 090 014j 4144) - (179,0) .
08202\ 012 093)1123) |1605
Bropoii ciioco6. Meton ["aycca.
Tpebyercs  pemuTh  CHCTEMY  ypaBHEHMMH (E - A)J'() = {]) Tak  kak

. _( 093 -014
= A_(—O;LZ 090)’

ypaBHEHHUI IPAUMET BH/T

a {/) =(144; 123)T, TO B MaTpuuHOU (hopme 3Ta cucrema

093 - 014) { % | _(144
-012 090) 1 x, 123)"
BrimuineMm pacimpeHHy 0 MaTpUIly CUCTEMBI U IIPUBEAEM €€ K CTYIIeHUYaTOMY BHTY
012

C2+O’93C1
093 -014|144) 2 °%7(093 -014| 144
(— 012 090‘123) ( 0 0;88‘1416)'
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Panrm oOCHOBHOM M pacIIMpEeHHONM MAaTpHUI] CHCTEMBI DPAaBHBI MEXIy cOOOH,
CJIeZIOBATEIbHO, CHCTEMa ypaBHEHHH COBMECTHA. UHCIIO HEM3BECTHBIX PABHO YHUCIY
ypaBHeHI/Iﬁ CUCTCMEI U PAHTY pacmnpeHHOﬁ MaTpulsbl, CJICA0BATCIIBHO, CUCTEMA UMECT
€IMHCTBEHHOE pelleHNne. BrmuineM paBHOCHIBHYIO CUCTEMY YPaBHEHUH U PEITUM €€:

_ 144+ 014x, .

{0,93x1 - Oldx, =144 _ |4 ="z 01 fx = 144+ %;;43@6&5; _ {Xl 1790

OTtBet. BasioBoii BBITyCK B dHEPreTUYECKOU OTpaci HaIo yBenuuuth 10 179,0
YCIOBHBIX JIEHEKHBIX €IWHUIl, a B MAaIIMHOCTpoHTeNbHOH — a0 160,5 ycrmoBHBIX
JIEHEKHBIX €UHUII.

1.3. JIuneitnass MoxeIL 00MeHAa

Jluneiinass Mojenbs oOMeHa (MOJIENIb MEKIYHApOIHOW TOPrOBIIH) BIEpPBbIe ObLIa
npennoxena J[. Pukkapno B XVIII Beke.

bynem mnonarate, 4to N cTpaH BeayT TOproBmo. OO0O03HAUUM X1, Xo, ..., X
YaCTH HAIMOHAJIBHBIX OFO/UKETOB ATHUX CTpaH, KOTOPHIE PACXOIYIOTCS Ha IMOKYIKY
TOBapOB. DTH BEJIMYNHBI HA3BIBAIOT HAUUOHAIbHBIMU MOP20BLIMU O100XHCEMAMU.

lycte a&; — mons OroKeTa X j» KOTOpYIO j -9 cTpaHa TpaTHT Ha 3aKyIKy

TOBApOB y | -0ii cTpambl. Beesem Marpuiy koo duuueHToB a;

a1 & K &,
A=lay a8p K ay|. (1.4)

Tak kak HaIMOHAIBHBIN TOPTOBBINA OIOKET PACXOAYETCsl TOIHKO HA 3aKyNKH TOBAPOB
BHYTPU CTpaHbl U BHE €€, TO CIIPaBe/INBbI PABEHCTBA

n _
Y& =L j=Ln. (1.5)
i=1

Matpurty A Buma (1.4) co cpoiictBoM (1.5) Ha3wIBAIOT cmpykmypHou mampuueil
mopzoenu.

Jlis i-ii crpaHbl OOINas BBIpyYKa OT BHYTPCHHEH W BHEIIHEW TOPTOBIIH
BBIpaXKaeTcs PopMyJITOH

P =@ + &% +K +apX,, i=1n. (1.6)
VYcnosue cOamancupoBanHo# (0e3neUIMTHOM) TOPrOBIM 3aKIIOYAacTCs B TOM,
9TO BBIPyYKA OT TOPrOBIM KaXIOH CTpaHbl [ODKHA OBITH HE MEHbBIIE ee
HaIMOHAJIBHOTO JIOX0/1a, TO €CTh P; = X; wiH ¢ ydetoM (1.6)
A A%y K +a X, 2%, i=1n. 1.7)
HerpyaHao mokasath, uTo B ycioBusax (1.7) BO3MOXeEH TOJBKO 3HAK paBEHCTBA.

JleHCTBUTENILHO, CIOXHM BCE 3TH HepaBeHcTBa mpu | or 1 mo n. 'pymmupys
cllaraemble ¢ BEJIMYMHAMU OIOJIKETOB X , TOIYUHM

n n n
X Y 8+ Xo Y @ +K + XD =X+ Xy +K + X, (1.8)
i=1 i=1 i=1

B cuy ycnoswii (1.5)HepaBerctBo (1.8)MoxHO 3amucarh Tak:
X+ Xo +K + X, 2% + X, +K + X,
OTKY/1a BO3MOYEH TOJIbKO 3HaK PaBEHCTBA.
Takum o6pazom, yciaosus (1.7) npuHAMAIOT BUJT
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A% + 85Xy +K + & X, =%, i =1n. (1.9)
BBemeM B paccMOTpeHHE BEKTOP-CTOJIOEN HAMOHAIBHBIX TOPrOBHIX OIOKETOB

Q= (Xl, X5, K, Xy, )T , Torga ypaBaenus (1.9)MosxHO 3amucaTh B MAaTpUIHOM hopme
AK=X. (1.10)

DTO ypaBHEHHE 03HAYAET, YTO COOCTBEHHBIH BEKTOP CTPYKTYpPHOH MaTpPHIIBI TOPTOBIH
A, COOTBETCTBYIOIINI ee cOOCTBEHHOMY 3HaueHUI0 A =1, COCTOHUT M3 HAIMOHATBHBIX
TOPTOBBIX  OIOJDKETOB  CTpaH, YJOBJIETBOPSIONIMX  YCIOBHIO  Oe3aeduruTHOM
MEXIYHApPOIHON TOPTOBIIH.

Ipumep 3. CrpykrypHas MaTpulla TOPTOBIM JIBYX CTpaH WMEET BHJI
A= 05 04

05 06
YCJIOBUIO cOaNaHCHpOBaHHOHM Oe37eUIMTHON TOProBIM TPH YCIOBHH, YTO CyMMa
OroxeToB 3THX cTpaH coctapiisgeT 1 800yCIOBHBIX JIEHEKHBIX €UHUIL.

Pemenue. [Tepenumem ypasuenue (1.10)B Buae (A— E)J‘(’ =0 wm

05 04) (1 0))Lx%)_(0 -05 04){x)_(0
((0,5 o,es) ‘(0 1)) [éxzj - (o) » ( 05 - 0,4) [€x2) - (o)'
[Iepenninem MaTpudHOE ypaBHEHUE B BUJIE CUCTEMBI
- 05% +04x, =0;
{O,5X1 - 04x, =0.

Pemum 51y cucremy wmertonom [aycca. Torna {Xl = 08Xs; Xo DR}, U BEKTOp

j . Haiitu HallMOHAJIbHBIC TOPTOBLIC GIO,ZL)KGTBI CTpaH, YAOBJICTBOPAOIIUC

, TO €CTb
l j

HallUOHAJIbHBIX TOPIr'OBBIX 6IOI[)K6TOB ABYX CTpaH HMECT BUI Q = Xz(

OIOIXKETHI TOPTYIOIHX CTpaH oTHocsATes kak 08:1 .
Tax xak cymMMa HallMOHATBHBIX TOProBbIX Or0keToB cocTaBisieT 1 800ycioBHBIX
JEHEKHBIX €JMHHI, TO ecTb X +X, =1800, wmm 08X, + X, =1800, Torga

Xy = %) =1000 ycnoBHBIX JeHexHBIX enuHuim, a X; = 08[1000=800 ycaoBHBIX

JICHEe)KHBIX €JMHHII.
OtBer. HannonaneHble TOProBele OIO/DKETHI JIBYX CTpaH cOCTaBISIOT X =800,

X> =1000 yc10BHBIX I€HEXHBIX €IUHHUII.

Teoperuueckmii matepuat: [1, o 1, 3], [2,rn. 15, 16], [3,r1. 1], [4, Tembr 2—7],
[6], [8], [9, rm. 1], [10], [11,rn. 17], [14,rn. 4], [15], [17,rn. 9], [19,ra. 7], [20,r1. 6].
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Tema 2. MoaeupoBaHue NpocTeimux
(puHaHCOBBIX Onepauuii

HeoOxonqumble MaTeMaTH4YecKHe TOHSITHS.  (QVHKYus, HenpepuleHas — QyHKyus,
cmenenHas, NOKA3amenbHas U Jo2apugmuueckas QYHKYUU; Nocie008amenbHOCHb, npeoe
noce008amebHOCU, CHOCOObI  8bIYUCTCHUS NPEdesios  Nocie008ameNbHocmell, OecKOHeYHO

. n
Manvle u beckoHeuHo OoJbuiue nomedoeameﬂbﬂocmu, 6bIYUCTICHUE npe@eﬂa ||m (1+l) u
n - +oo

cneocmeus U3 He2o,  apu@memuueckas U 2eOMEempUyYecKas Npocpeccul;  GuIYUCTICeHUEe
HeOnpeOesieHHbIX U  ONpeoeieHHblX unmeepanos, ¢opmyna Hetomona—/letionuya; memoo
UHE2PUPOBAHUSL RO YACTHAM.

2.1. llonsaTHE 0 GAHKOBCKOM JeATEIHLHOCTH H GHHAHCOBOM aHAJIH3E

CoBpeMeHHBIE O0aHKH — 3TO (PMHAHCOBBIC MOCPEIHUKH, H3BJICKAIOIIHE MPHOBLIH
Ha JICHe)KHOM pbIHKE. BaHK MOKHO ONpeieNluTh KaK yupekJIeHUE, KOTOPOe MPUBJIEKAET
CBOOOJHBIC JICHE)KHBIE CpE/ICTBA M pa3MeIlaeT MX Ha BO3BpAaTHOM oOcHOBe. Takoe
oTIpeieIeHUe TO3BOJISET BBIACIUTH B JESITEILHOCTH OaHKa AKMUGHbIE U NACCUBHDBIE
¢unancoBele onepanuu. IlaccugHpimu Ha3bBAlOT (UHAHCOBBIE OMNEpAIUN IO
MIPUBJICUEHUIO JIEHE)KHBIX PECYPCOB B OaHK, AKMUGHBIMU — OTIEPAIIMHU IO PA3MELICHHUIO.

Jlrobast  (uHaHCOBas omeparusi MpeanojaraeT COBOKYIHOCTh  YCIIOBHIA,
COTJIACOBAaHHBIX €€ ydacTHHKaMU. K TakuM yCIOBHSIM OTHOCSITCS. CyMMa JIEHEKHBIX
CPEJICTB, CPOKH H CIOCOOBI HAUUCJICHHsI TPOIEHTOB M TMOTAllleHUs J0ira U T.1.
CoBMecTHOE BIIMSIHHE Ha OMEPaIni0 MHOTUX (PaKTOPOB JeNaeT KOHEUHBIN ee pe3yabTaT
HEOYeBHUIHBIM. J[7s1 ero oleHuWBaHUS TpeOyeTcs CIeNHUaTbHbI KOJINYECTBEHHBIH
aHaJIM3, COBOKYIHOCTH METOJOB KOTOpPOTO COCTaBJIIET WpPEeIMET PUHAHCOGOI
Mamemamuku.

K ocHOBHBIM 3a1a9aM, perraeMbIM METOAaMH (PHHAHCOBOM MaTeMAaTHKH, OTHOCSITCS:

1) pacueT KOHEYHBIX pPE3yJIbTaTOB (HUHAHCOBOW OMEpaluu JUIS KaKIOW U3
YYaCTBYIOIIAX B HEW CTOPOH;

2) cpaBHeHHE 3()(HEKTUBHOCTH Pa3IMYHBIX OIepaIiil UM BApUAHTOB;

3) BbIsBIICHHE 3aBUCHMOCTH KOHEUHBIX PE3YJIbTATOB OT OCHOBHBIX IapaMeTpOB
orieparuy,

4) pa3paboTKa IJIaHOB BBITOJHEHHS (DUHAHCOBBIX OIEPAITHiA;

5) pacuer mapamMeTpoB SKBHBATICHTHOT'O U3MEHEHUS! YCIOBHIA (PMHAHCOBOM OTEpaIlHH.

OCHOBHBIMHU DJIEeMEHTaMU 000 (MHAHCOBOW OMEpaluy SBISIFOTCS: pa3Mep
IJIaTexa, CPOKU MPOBEACHHUSI BBITIJIAT U CTaBKa IPOIEHTOB.

HeoOxomuMocTh ydeTa CpOKOB MPOBEJEHUS BHIMIAT B (DMHAHCOBBIX OMEPALIUIX
ONIPENCIIAETCS HPUHUUNOM HEPAGHOUEHHOCMU OeHez2, OTHOCAIIMXCI K Ppa3HbIM
MOMEHTaM BpEeMEHU. B cuily 3TOro mNpHHIMNA <CETOIHSIIHUE JIEHBIH» I[eHHEe
«Oynymux», Tak Kak MOTYT OBITh MHBECTUPOBAHBI U TpHHECTH 10X0ia. ClieJcTBHEM
MPUHIMIIA HEPABHOIEHHOCTH JICHET SBIISETCS HEMPAaBOMEPHOCTh CYMMHPOBAHUS
JICHEe)KHBIX BEJIMYMH, OTHOCSAIMUXCS K pa3HbIM MOMEHTaM BpeMeHH. B (uHaHCOBBIX
BBIUUCIIEHUSX (DaKTOp BPEMEHH YUUTHIBAIOT C MTOMOIIIBIO HAYHCIICHUS TIPOTICHTOB.

Ipouenmusimu oenvzamu (npouenmamu) B GUHAHCOBBIX pacyeTax Ha3bIBAIOT
aOCOIOTHYIO BEIIMYHMHY J0XOJa OT IMPEICTAaBICHHs JCHEr B JOJT B JIO00H (opme:
BbIIaua JIEHEKHOU CCYBI, MMpo/iaXka B KPEIUT, pa3MellleHue JIeHer Ha cOeperaTebHbIi
CUeT, YYeT BeKCells, JISTO3HT, IIOKYIKa cOeperaTeIbHOro cepTuuKaTa 1 T.11.

Ilpouenmnoii cmaekoii Ha3BIBAIOT OTHOIIEHUE CYMMBI MPOIEHTHBIX JEHET,
BBHIIAYABAEMBIX 32 (PUKCUPOBAHHBIA OTPE30K BPEMEHH, K BEIMUYMHE IMPEICTABICHHOMN
B JIOJIT JICHE)KHOU CyMMBbI (HauansvHoii cymmei). CTaBKa U3MepsieTcsi B MPOIICHTAX, a
TaKkke€ B BHUAE JECATUYHOW WM OOBIKHOBEHHOW JpoOu. B koimyecTBeHHOM
(vHAHCOBOM aHaIHM3e MPOIICHTHASI CTaBKa MPUMEHSETCS, BO-TIEPBBIX, KAK HHCTPYMEHT
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YBEJMUCHHS HAYaJIbHOW CYMMBI, 8 BO-BTOPBIX, KaK U3MEPHUTENb CTEIIEHH JOXOTHOCTH
(MHAHCOBOU OIepaIi.

WuTtepBan BpeMeHH, K KOTOPOMY OTHOCHTCS IPOICHTHAs CTaBKa, HA3bIBAIOT
nepuooOM HAYUCIEeHUA.

[TporeHThI THOO BBHIMJIAYMBAIOTCS KPEAUTOPY MO MEpPe WX HAYUCICHHS, JTHOO
MPHUCOCIUHSIOTCS K cyMMe Jtoiira (HauanvHoili cymme). Ilporiece yBenueHus JICHET B
CBSI3U C INPHCOCIMHEHHEM MPOIEHTOB K HAYAIbHONW CYMME HA3bIBAIOT HApAUiCeHUEM
WU Kanumanusayueil.

Haumcnenue mpomeHToOB, Kak IPaBHIO, MPOM3BOJMTCS B OT/CIbHBIE MOMEHTHI
BpPEMEHH (IMCKPETHO), MPUYEM B Ka4deCTBE MEPHOJOB HAYMUCIICHHs MPUHUMAIOT TOJI,
KBapTay, Mecsil. MHorja mpakTHKYIOT €XeTHEBHOEe Ha4yHCIeHHE, a B psie CIIydacB
yJI00OHO TIPUMEHSTH HenpepvléHble npoueHmsl. Eci cTaBKa MPOIICHTOB MPUMEHSETCS
K OJIHOM W TOW kK€ Ha4YaJIbHOH CyMMe Ha TPOTSIKCHHH BCETO CpoKa (pUHAHCOBOMH
omepary, TO TaKyl0 MpPOIEHTHYIO CTaBKy Ha3bIBalOT Hnpocmoii. Eciu  craBka
MPOIIEHTOB TPHUMEHSETCS K CYyMME C IpPOIICHTAMH, HAYUCICHHBIMH B TIPEIBITYIINN
MEPUO;] HAYUCIICHHS, TO TAKYIO MPOICHTHYIO CTaBKY HA3bIBAIOT CIOMCHOIL.

[TpolieHTHBIE CTaBKH, YKa3bIBacMble B KOHTPAKTaX, MOTYT OBITb HOCHIOAHHbLIMU
win nepemennsimu (nnasarowumu). Hapawennoit (koneunoii) cymmoit GuHaHCOBOM
omeparu (Ccyasl, J0Jira, BKJIaga W T.JI.) Ha3bIBAIOT HAYAIBHYI0 CYMMY BMeECTe C
HAYUCIICHHBIMHU Ha Hee K KOHITY cpoka (K KOHIly (PMHAHCOBOM OIepaIiu) MPOICHTaMH.

CraBKa MPOIIEHTOB OOBIYHO YCTAHABIMBACTCS B pacyeTe Ha TOj, MOATOMY IpH
MPOJOJDKUTEIBHOCTH  CCYJIbI MEHee Troja HeOOXOIMMO BBIICHUTH, Kakas 4YacTh
MPOIIEHTA yIJIAYMBaeTCs KpeauTopy. JIJIsi 3TOro BBOJST BEJIMYMHY N — CPOK CCYJBI B

JIOJISIX TO/1a, KOTOPYIO BEIYUCIISIIOT 0 hopmyre N = ﬁ, rae t —cpok onepanuu (ccyabl)

B aHssX, N —u4ucno gHei B roay (BpemenHas 6a3a). CyInecTByeT HECKOJIBKO BAPHAHTOB
pacdera MpOIIEHTOB, pa3jHyaroluXxcs BbIOOpoM BpemMeHHOH 0Oa3sl N u crocobom
U3MEPEHUS CpOKa MOJIb30BaHUA ccynou 1 .

[To BBIOOpPY BpemenHoOM 0a3pl N paznuyaoT 06bIKHOGeHHbLI (KOMMepYecKuil)
npouenm (3a 6a3y U3MepeHHUs BpeMeHHU OepyT roj, yCIoBHO cocrosuiit u3 360 nueit
(12 mecsmeB mo 30 gHelt B KakIoM)) U mouHblil hpouenm (3a 0a3y U3MEpeHUs
BpeMeHHU OepyT JedcTBHTEIbHOE unciio aHedl B roxy (365 mam 366)). Onpenenenue
CpOKa I0JIb30BAHUS CCY/ION t MOXKET ObITh mouHbIM (BEIUUCISIIOT (PaKTHUECKOE YHCIIO
JHEH MeXIy JIBYMs JaTaMHu) W HpubauxdceHHsIM (IPOJODKUTEILHOCTh CCYIbI
OTIpeNIeNISIeTCSl YUCIIOM MECSIIEB M JIHEH cCylbl, MpHYeM BCE MECSIIBl CUUTAIOTCS
paBHBIMH, comepxkamumu mo 30 gHei). B oboux ciydasx jgaTa BbIayM W jgara
MOTAIIEHUS JTOJITa CYATACTCS 32 OJIMH JICHb.

Paznuunple BapuanThl BpeMeHHOH 0a3pl N mMeTomoB mojcyeTa AHEH ccyapl t
MPUBOISIT K CIEAYIONIAM CXeMaM pacydeTa IMPOIEeHTOB, IIPUMEHSIEMbIM B TIPaKTHKE:

1) TouHBIE TPOIEHTHI C TOYHBIM YKCIOM AHEH ccyabl (cxema 365/365 Opurtanckast
MpaKTHKa);

2) OOBIKHOBEHHBIC MPOIEHTHI C TOYHBIM 4YHCIIOM aHed ccyabl (cxema 365/360,
(bpaHITry3cKas IPaKTHKA);

3) OOBIKHOBEHHBIC IPOIEHTHI C MPHUOIMKEHHBIM YHCIOM JHEH ccymbl (cxema
360/360 repmanckast IpaKTHKA).

BapmanT pacuera ¢ TOYHBIMH TPOINEHTAMH H TIPUOIMKEHHBIM H3MEpPEHHEM
BpEMEHH cCyAbl He mpuMeHseTcs. V3 Tpex HCMmoyb3yeMbIX CXeM HaunOoliee TOYHOE
3HaYeHWE KOHEYHOUW CYMMBI IOJIydaeTCs MPH HCIOb30BaHuKM cxeMbl 365/365.Ecmu

0003HaunTh K| —3HaueHHe KOHEYHOHW CyMMBI, BEIYHUCICHHOH Mo cxeme 365/365,K ;
— 3HAYEHHE KOHEYHOH CYMMBI, BhIYMCIEHHOH mno cxeme 365/360, Ky — 3Hauenue

KOHEYHOM CYMMBI, BRIUHCICHHON 1Mo cxeme 360/360,T0 ykasaHHBIC 3HAYCHHS OYIyT
cBsi3aHbl HepaBeHcTBaMu Ky <Kp <Ky

18



B nanpHeifmem npu MoJenupoBaHUM pa3IMYHBIX (PUHAHCOBBIX onepanuii Oyaem
IpearosaraTh, YT0 UCIOIb3YIOTCS TOYHBIE IPOLEHTHI C TOUHBIM YUCJIOM JHEH CCybl.
Pemenue oOpaTHOH 3a1a4M: HaX0XKIEHHE IEPBOHAYAIILHON CyMMBI JieHer K npu

U3BECTHBIX. KOHEYHOM CyMMCE KT’ HpOI_IeHTHOI\/'I CTaBK€C H CPOKE (1)I/IH3.HCOBOI7I
Oonepanv, — HAa3bIBAIOT 0uc1<onmup03auuem KOHEYHOM CYMMBI KT' B sTom ciIydac
BCIIMYHHY KO Ha3bIBarOT 0uc1<0nmup03anubm 3HAYCHHUEM (COGp@M@HHOﬁ GeIUYUHOUL,

meKyuieil CmoUMOoCHbIo, npueedeHHol cymmoii) cymmsl K.

2.2. MoaeaupoBaHue OJHOKPATHBIX HHBECTHIINH KANMTAJIA.
IIpoueHTHI MO BKJIAAAM

[Tpuem BKITAf0B (HEMO3MTOB) y HACEIEHHS OTHOCSAT K MACCHBHBIM OIEPaIUsM
0aHkoB. Briao (0eno3zum) — 5T0O JeHEXHbIE CpPeJACTBa (B HATMYHON M OC3HATMIHOM
dopme, B HAIMOHAILHOM WM WHOCTPAHHOM BalioTe), IepelaHHble B OaHK WX
COOCTBEHHHUKOM ISl XpPAaHEHHsT Ha OIPEICICHHBIX yCIoBusX. Onepannu, CBsI3aHHBIE C
MPUBJICUCHUEM JICHE)KHBIX CPEICTB BO BKJIAJbI, HA3BIBAIOT OCHO3ZUMIHbIMU. YMCHUE
BBIYHCIIITh HAPAICHHBIC CYMMBI IO BKJIAJaM MPH Pa3IHYHBIX YCIOBUSX HAYMCIICHHSI
MPOIIEHTOB MO3BOJISIET IPUHUMATH 00OCHOBAHHBIE PEIIECHHSI O BJIOKEHHSIX JICHET.

ITycte BkiIag B 6aHK coctaBmil K NEHEKHBIX eWHHI (HayaibHas cymMa). baHk
BBHIIJIAYMBAET e€xerogHo P % roaoBeix (mpolleHTHas cTaBka). TpeOyercs HalTh
pa3mep Bkiaga Kt gepes T iert.

Ecau no nanHOMY BKJIaJy HAUUCISIIOTCSI HPOCHIbIE RPOUEHMbL, TO pa3Mep BKIIaaa

€XerofHo Oy/leT yBEINUYMBATBCS Ha OAHY M Ty JK€ BEIMYUHY l—goKO = 001pK,.

CrnenoBarenbHO, yepe3 rox cymma Bkiaga coctaBut Kq = Kg +l—go Ko = K0(1+ 0,0lp)

JICHEeXKHBIX €IuHMI, depe3 zaBa roga K, = K; + 001pK, = KO(1+ 0,0lp)+ 001K, =
= K0(1+2ED,01p) JIEHEXKHBIX equHHI] U T.J. [lpomecc m3MeHeHuss CyMMBbl BKJaja ¢
HAYHACISIEMBIMA TPOCTHIMHU TPOIIEHTAMH MOYKHO TIPEJICTaBUThH B BUJIE apUPMETHIECKOM
nporpeccun ¢ nepseiM wieHoM K u pasHocteio 001pKg. Torpma nmocnennuit unen
nporpeccuu OyeT paBeH

Ky =Ky_y + 001pKo = Ko(1+ 001p(T -1)) + 001pK, = Ko (1+ 001pT).
Taxum o6pazom, yepe3 T €T cymMma BKJIaJia COCTaBUT

K = K0(1+ 0,0lpT) JIEHE)KHBIX €UHUII. (2.1)

@®opmyny (2.1) Ha3BIBAIOT hOpMYI0il HaApaAuwieHUA HO HNPOCHMBIM HPOUEHMAM
Wik opmynoit npocmelx npouenmos. MHOKHUTED (1+ 0011 p) B dopmyne (2.1)
Ha3bIBAIOT MHOMcumenem HapawjeHusa. OH TOKa3bIBaeT, BO CKOJIBKO pa3 HapalleHHas
cymma Oosnblile nepBoHauaibHOM cymMbl. Bemumuumny OOQITpK, Ha3bBaroT cymmoil

npoUeHmog.

[TpocTeie  MpOIEHTHI, KakK TMPABHJIO, MPUMEHSIOT TPH KPaTKOCPOUHBIX
(UHAHCOBBIX orepanusx (CpOK OmIepalii He MPEBBIMIAeT roja) W B cliydae, Korja
MPOIIEHTHI HE MPHUCOCTUHSIOTCS K CyMME JI0JITa, @ BBIMJIAYHBAIOTCS IEPUOTUUCCKH.

[Ipn WCHONB30BAaHUM  C/IOMHCHBIX HPOUEHMI08 pPa3Mep BKIaNa E€XKEerogHo Oyner
YBEIMYHUBATLCS B OJJHO M TO K€ YHCIIO pa3 (1+ 0,0lp), TO €CTh uepe3 roJ] HaparieHHast

cymma coctaBut K =Kg + 001pK, = K0(1+ 0,0lp) JICHE)KHBIX €IMHMII, Yepe3 JBa

roja K, = K1(1+ 0,0lp) = K0(1+ O,Olp)2 JICHE)KHBIX eIUHUI] W T.J. Haparenue
IO CXeMe CJIOKHBIX TIPOIICHTOB IPEJICTABIIIET COOOM T€OMETPHUYECKYIO ITPOTPECCHIO
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cmepBbiM wieHOM Ky # 3HaMeHarelnem (1+ 0,0lp). Tormga mnocnenHuii wieH

MPOTPECCHU Oynet paBeH
— _ T-1 _ T
Ky =K (1+ 001p)=Ky(1+ 001p)' {1+ 001p)=K,(1+ 001p)". Taxum
obpazoM, uepe3 T JIeT cymMMa BKJIaJia COCTaBUT
Ky = KO(1+ O,Olp)T JIEHEKHBIX €IUHUII. (2.2)

@opmyny (2.2) Ha3bIBalOT ¢hopmynoil cnoxyucHvIX npouermog. MHOXUTEID

T
(1+ 0,0lp) B opmyIie (2.2) Ha3bIBAIOT MHOMCUME1eM HAPAUEHUA .

B npaktrke puHAHCOBBIX pacuyeTOB UCHOJIB3YETCS cXeMa, IPU KOTOPOH MPOLEHTHI
Ha KamuTal HAYUCISTIOTCS HECKONBKO pa3 B roxay. Ilpm 3Tom oroBapmBaeTcst romoBast
IPOIIEHTHAS cTaBKa P % W KOJMYECTBO HAUMCICHWH B Te4eHHE roga N. OakTudecKu
B ATOM cily4yae 3a 0a30BBIi MepHoJ MPHHUMACTCS % 9acTh TOJ[a CO CTaBKOM CIIOKHBIX

IIPOLICHTOB ~— . B pesyisrare uepe3 T IIleT cyMMa BKIIaa COCTABUT

nT
Ky = KO(l OOlp) JIEHEKHBIX €IUHUII. (2.3)

dopmyny (2.3) TakKe Ha3BIBAIOT POPMYAOU C10HCHBIX npoueHmos (popmynoii
CILOMHCHBIX NPOUEHMOE C MHO2OKPAMHOIL Kanumanuzayueil). Ee MOXHO HUCIIOIB30BaTh
B leMorpaguyeckux pacderax (€CTECTBEHHBIM TMPHPOCT HAPOJOHACEICHUS), B
MPOTHO3aX SKOHOMHKH (yBeJIMUYEHHE BAIIOBOTO HAIMOHAILHOTO MPOIYKTa, HHMIISAIUSI U
T.IL.).

Yem Oosbile N, TeM MEHBIIE MPOMEKYTKH BPEMEHH MEXIYy MOMEHTaMH
HAYHCICHHUS MPONEHTOB. IIpu N — +0o moiydyaeTcss MOCIeq0BaTeIbHOCT K (n):

(1 OOlp )”T .
=Ko+ npezeN KOTOpoil paBeH

0,01
lim KO(1+%)M= lim Ko(l OOlp)nTO"lS =
n— +oo n- +oo
.\ 001pT
= I|m KO (1+M)(),Tlp =Koeo’01pT.
n - +oo n

Pacuet HapaieHHOW cyMMBI, BBITIOJTHEHHBIN IO (hopMyIie
Ky = KoePPT, (2.4)

HA3bIBAIOT GbIYUCIEHUAMU HO HEnpepvléHbIM npoueHmam. UToObl OTIMYATh CTaBKY
HETPEPHIBHBIX MPOIIEHTOB OT CTaBOK JHMCKPETHBIX IPOIICHTOB, €€ Ha3bIBAIOT CUIOL
pocma u ob6o3nagaror O = 001p. MHOXHUTEIs HapallCHUs IPH HEIPEPHIBHOM

Ha4YUCJICHUU TPOICHTOB PAaBCH e0,0lpT = eTJ .

[IpupaBHUBass MHOXXHUTENINM HApAIleHWS IPH JUCKPETHOM U HENPEPHIBHOM
HAYMCJIEHUU MPOIEHTOB, MOXHO IOJYYUTh (OpMYJy Iepexoja OT OJHUX CTAaBOK K
TPYTHM.

B dopmynax (2.1) — (2.4)moxHo Haiith moOyro Bemmuuny m3 K¢, Ko, p, T,
N, 3Has Bce OCTAJIbHEIE.

Hpumep 1. Ilycts HauanbHas cymma Bkiiasia coctapister 100Teic. pybreit. CtaBka
8 % romoBeIx. OmnpeenuTh HApaIleHHYI0 CYMMY 3a IIOJIT0/ia, TOJI, /IBa ToJIa; a) 1Mo CXeMe
MPOCTHIX MPOLIEHTOB; 0) MO CXeMe CIIOJKHBIX TPOIIEHTOB C OIHOKPATHOM KalMTalu3aluel;
B) IO CXEMe CIOXHBIX IPOIEHTOB C IMOKBAPTAJTHGHOW KalMTaIW3alHel; T) MO CcXeMe
HETIPEPBIBHBIX IIPOIIEHTOB C TOH k€ CHIION pocTa.
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Pemenne. 1. ITo cxeme npocthix mporieHToB (popmyiia (2.1))HapaieHHas cymma
COCTaBHT:

uepes nonroga Kog = 100000[ﬂ1+ 05 ED,OS) =104000 py0uett,
gepes rox K; =100000L{L+1[D08) =108000 py6irei,
gepes aBa rona K, =1000000{1+ 2[D08) =116000 pyGirei.

2. Tlo cxemMe CIOXHBIX MPOIEHTOB ¢ OJHOKPATHOM KamuTaIM3aIiuen
(bopmyna (2.2)) HapaimeHHast CyMMa COCTaBHT:

uepes rorroma K g5 =100000({L+ 008)%° =10392305 py6reii,
yepes rog Kq = 100000Eﬂ1+ 0,08)1 =108000 py6ei,

epes aea roga K, =1000000{1+ 008)? =116640 py6ueii.
3. Ilo cxeme CIOXHBIX TPOIEHTOB C TIOKBAPTAIHHOW KalWTaIU3alHCH
(bopmyna (2.3)upu N =4) HapaieHHass CyMMa COCTaBHT:

54
gepes nonroga Kog = 100000[(& 008) =104040 pyOmeii,
yepes rox Ky = 100000[ﬁ1 008)1m =10824322 py6rei,

yepes Ba roga Ko = 100000[(& 008) =11716524 pyOneii.

4. Tlo cxeme HENMPEepBIBHBIX MPOICHTOB Ipu cuiie pocta 8 % (popmyna (2.4))
HapalleHHas CyMMa COCTABHT:

uepes nonroga Kys =100000C& 03008 - 10408108 pyOueit,
yepes roa K, =1000000e™®8 =10832871 py6uei,

yepes Ba roga K, = 100000C& 298 = 11735109 pyouei.
OrtBert. Pe3ynbrarhl pac4eToB MpeACTaBUM B BHIE TAOJHIIBL:

CxeMa HauMcIeHHsl TPOLIEHTOB, PYO.
[epron Cro>xHBIC CnoxHble
Ha4uCse [IpocTeie TIPOLIEHTHI C MPOLICHTbI HenpepsiBHbie
HUS MPOLIEHTBI OJTHOKPATHOM C TIOKBapTaJILHOM MPOLIEHTBI
KalnuTajauzaldel | KanuTajavzauuei
TI0JIr0/1a 104 000 103 923,05 104 040 104 081,08
roj 108 000 108 000 108 243,22 108 328,71
JIBa TO/Ia 116 000 116 640 117 165,94 117 351,09

3ameuanune. O0600mas MOJyYCHHBIC pPE3yJbTaThl PACUETOB, MOXKHO CJHEJaTh
CJIETYIOIINE BBIBOJIBI:

1) npu cpoke BKJIaga MEHee roja BKJIAIYHKY BBITOJIHEE HCIIOJIB30BATh MPOCTHIC
MIPOLIEHTHI, CIOXKHBIE MPOLEHTHI ¢ MHOTOKPAaTHON KaluTaIu3alueil Wik HenpephIBHbIE
MIPOLIEHTHI;

2) mpu Ccpoke BKIaJa B OJMH TOJ| HCIOJB30BAHHWE MPOCTHIX TPOIECHTOB H
CJIOXKHBIX TIPOIEHTOB C OJHOKPATHON KanuTadu3anueil HpUBOTUT K OJWHAKOBBIM
pe3yibTaraM, — a UCIOJb30BaHUWE  CJOXKHBIX  IPOLEHTOB €  MHOTOKpaTHOU
KanuTaau3aueil Wil HeNpepbIBHBIX IMPOIEHTOB IMPUBOAUT K OOJbIIeH BeIUYHUHE
HapaleHHON CYMMBI,

3) npu cpoke BKJIaga Oojiee rojia BKJIAIUUKy BBITOJTHEE HCIIOJIB30BAThH CIIOXKHBIC
MIPOLIEHTHI; KCIIOJIb30BAHUE CIIOKHBIX IMPOIIEHTOB C MHOTOKpPAaTHOW KamuTajau3anueit
WM HENpPEepbIBHBIX INPOILIEHTOB TaKXKe HMPUBOJUT K OOJIBINEH BeJMYMHE HapalleHHOMN
CYMMBI.
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Ipumep 2. Temn wunpnsuumu coctaBnser 1% B genb. Bo ckombko pa3
YMEHBIINTCS TIEpBOHAYANIbHASI CyMMa Yyepes3 Moroa?

Pemenne. Ilo gopmyrie CIOXKHBIX MPOIEHTOB UMeeM K = Ko(l— 0,01)182, rmue

Ko —nepBoHavanbHas cymma, 182 —ducno aueit B noixyroauu, P = —1%. Mcnons3ys
Ko _ K

HEIpephIBHBIE IPOLEHTHI, NoayyaeM K = Koelszo_ 003) TR at
e

OtBer. Mupmsamust ¢ temnom 1 % B JieHb YMEHBIIUT NEPBOHAYAIBHYIO CYMMY
MIpUMEPHO B 6 pa3.

IIpumep 3. bank mpeanaraer KIMEHTaM JEMO3UT C YCIOBUSIMHU. CPOK 3 roja,
ctaBka 9 % rooBBIX, KaUTAIM3AIUS OCYIIIECTBIISETCS eXXeKBapTanpbHOo. Kakyro cymmy
KIUCHT JIOJIKCH IOJIOKUTh Ha JICMIO3UT, YTOOBI MOJYYHTh B KOHIC CpOKa JICHCTBHS
BkjIaga 200TkIC. py6.?

Pemenne. Ilo ycioBuio 3amaum HapaleHHe CYMMBI TPOUCXOAHUT IO CXEMe
CJIOKHBIX TIpo1eHTOB ((opmyia (2.3))c kanutanu3anueit N =4 pasa B roa, T = 3 roja,
K+ =200000 py6., p=9% romoBeix. /[l ompeneneHWss HAa4YalbHOW CYMMBI

npeobdpasyem Gopmyiry (2.3),a 3aTeM MOJCTABUM B HEe HMEIOIIHAECS TaHHbBIE!

K 200000
Kg= T = =15313350 pyOieii.
0 . 0,?11p)”T (1+ 029)4[3 5 pyoJicu

OtBer. Uto6s! noxyunts 200 Thic. pyOinell, KiIneHTy TpeOyeTcs MOJIOKUTh Ha
ykazanHbii geno3ut 153 133,pyoueii.

2.3. MoaeaupoBaHue MOTOKOB IJIaTeKei

ITomokom nnamediceil Ha3bIBAIOT CEPHIO TIOCIENOBATEIBLHBIX BBIIAT H/HAIH
HNOCTYIJICHUH JIEHE)KHBIX CPEJCTB, DPACHPEJCIICHHYI0O BO BpeMEHH. BpImuarsl
MIPEICTABIISAIOT OTPULIATENIbHBIMU BEJIMYMHAMHU, a MOCTYIJIEHUS — II0JIOKUTEIbHBIMU.
[IpumepaMu TOTOKOB IUIaTeXeH SBISIIOTCA  BBILIATBI € IEJBIO  [OTalleHUs
JOJTOCPOYHOIO  KpeAuTa BMECTE C€ HAUUCICHHBIMM HAa HETr0 IPOILEHTaMH,
HEpPUOINYECKHE B3HOCHI HA PACUETHBIM CUET, TUBUAEH/IbI, BBIIJIAUNBAEMbIE 10 LIEHHBIM
Oymaram, BBIIUIATHl IEHCHM M mocoOuit u T.a1. O000IIAOIMUMU XapaKTepUCTHUKaMU
[IOTOKA IUIaTeXeW SBISAIOTCS HapalleHHas CyMMa W COBPEMEHHas BeJUYUHA.
Hapawennoit cymmoii nomoka TIIaTeXeld Ha3pIBAIOT CyMMY BCEX UJICHOB
MOCJIEI0BATEIBHOCTH IUIATEXKEH ¢ HAUUCICHHBIMU HA HUX IIPOLEHTaMH K KOHILYy CpoKa
¢dunancoBoil onepanuu. Co6peMeHHON 6eIUHUHON NOMOKA NaAmedceil Ha3bIBAIOT
CYMMY BCEX €ro 4JICHOB, JUCKOHTHPOBAHHBIX (IPUBEJCHHBIX) Ha HEKOTOPHIH MOMEHT
BPEMEHH, COBIAJAIOUINI C HadaJoM IIOTOKa IUIATEXEW WM NPEAIIECTBYIOIIUNA eMy.
KoHKpeTHBIN CMBICTT 0000ITAONUX XapaKTEPUCTUK OMpPENeNsseTCs MPUPOIOH MOTOKA
IJIATEIKEU U MOPOKIAIOIIEH €ro IMIPUIUHOMN.

2.3.1. ®uHaHCOBbIE PEHTHI

[Torox marexeil, Bce COCTABIISIONINE KOTOPOTO SIBISIFOTCS TTOJIOKHATEIEHBIMA
BEJIMYMHAMU U IOCTYNAIOT Yepe3 paBHbIE HHTEPBAJIbI BpDEMEHH, HA3bIBAIOT PUHAHCOBOIL
penmout  (annyumemom). DuHAHCOBasS pEHTA XapaKTEPU3YeTCS  CIEIYIOIHMMHU
napameTpamHu:

Y/1eH peHmpl — BEIIMYNHA KaXI0TO OTJIIEHOTO TIIaTeXa,

nepuoo peHmupl —BpPEMEHHOIN NHTEPBAT MEXK]Ty IByMsI COCEHUMU IUIATeKaMH;

CPOK peHmbl — BpeMsi OT Hadaina (UHAHCOBON PEHTHI JIO0 KOHIA €€ ITOCIIETHEro
nepuosa,;

npoUeHmMHaA CMA6KA — CTaBKa, WCIONb3yeMas TpH HapalleHuW WA
JMCKOHTUPOBAHUM IUTATEKeH, 00pa3yIoNIuX PeHTY;
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YHUCIIO IUIATEXKEN B TOAY;

YHCJIO HAYUCIIEHUH IIPOLIEHTOB B IOAY;

MOMEHTBHI IJIaTeka BHYTPU NIEPUOIA PEHTHI.

[Ipumepamu  (UHAHCOBBIX PEHT SBISIOTCS €XKEMECSYHBIE OTYHCICHHS B
TIEHCUOHHBIN (POHJ;, MEepHOJUYecKre B3HOCHI HA pacyeTHBIM CcYeT, Ha KOTOpPOM
bopmupyercst GoHI OIMpeAeIeHHOr0 Ha3HaueHHs (CTPaxOBOW, WHBECTUIIMOHHBIA |
T.I.), HHBECTHIIMOHHBIC TTporpamMMbl. Kitaccuukanus (GUHAHCOBBIX PEHT MPUBEJICHA B
Tabi. 2.

Tabauya 2
Knaccndpukanus puHAHCOBBIX PEHT
Ne | Knaccudukauno "
o (urcan Twun penTs! KommenTapuit
n/m | HHBIA NpU3HAK
BroinnaTa peHTbl OCYLIECTBIISIETCS OJIMH pa3
I'opgosasd p Y p
B ot
[ponomxkuTensHO
M -cpouHast B roay ocymectisiercst M BbIIaT
1. | cTb nepuona b
pEHTBI €HTa BBIIIAYMBAETCS HEMPEPHIBHO
HenpepeiBHas (ucrionp3yeTes I TEOPETUUSCKUX
UCCITIETOBAHMIA)
C oIHOKpaTHBIM Hauncnenne npoueHTOB — ocCyliecTBIIseTCs
Ha4McIeHUeM OJIMH pa3 B rofi
Yucno C N-kpaTHbIM Hauncnenune nponeHToB ocyluecTsiasercd N
2. | HauMcIeHuH HauMCJIEHUeM pa3 B roj
MPOLICHTOB B IO Hauucnenne npoueHTOB  ocCyliecTBIseTCs
C HenpepbIBHBIM
HENpepbIBHO (ncnonb3yercst i
Ha4MCIeHUeM o
TEOPETUUECKUX MCCIIEI0BAHHU)
IlocTosiHHas PeHTa ¢ paBHBIMM UlleHaMU
Benuunna
3. BenvumHa ~ uneHOB  peHTHl  MeHseTcH,
YJIEHOB PEHTbI [Tepemennas
BO3MOXKHO, T10 ONPEACICHHOMY 3aKOHY
BepostHocTb BepHas [Moyexur 6e3ycloOBHOI BhIMJIaTe
4. | BbIMUIATHI VertopHas Beimata peHThl CTaBUTCS B 3aBUCHMMOCTb OT
TIaTeKen HACTYIUIEHHS] HEKOTOPOro CIy4alHOro cOObITHS
Koneunas
Yucno uneHoB peHThl KOHEHHO
5 Yucino uieHoB (orpanuueHHas)
" | peHTBI beckoneunas
Yucno uneHOB peHTbl OECKOHEUHO
(BeuHast)
Hanuuwe cnsura Cpok peHTbl HayMHaeTcss C MOMEHTa
Hemennennas
MOMEHTa Havyana 3aKJIFOYEHUS I0T0BOpa
6. | perThiOT
MOMEHTa OTnoxeHHas Cpok peHTbl CHABHHYT Ha OIpeaeseHHOe
3aKJTIOYCHUS (otcpouenHas) BpeMsi OT MOMEHTA 3aKJIIOYEeHHs 0r0BOpa
JIOTOBOpa
MoMerT OObIuHas BroimnaTsl ocylecTBisIIOTCS B KOHLE KayKAOTO
MOCTHYMEpaH10 nepuoaa
7. | BBINIATHI ( yMmepari o) proa
—— ABaHCHpOBaHHas Bobimmnatel  ocyluecTBAAOTCS B Hadaje
(npeHymepanzio) Ka)KJ0ro nepuoja

Hapamennyto cymmy QUHAHCOBON pEHTHI K MOMEHTY MOCIEIHEro Ijlarexa
npuHsaTo obo3nadats FV (future value)a cospemennyio — PV (present value).

[TocTporM MaTeMaTHuecKre MOJIENI HEKOTOPBIX (PMHAHCOBBIX peHT. Jlyis xaxmoit
PEHTHI TOTydnM (HOPMYJITBI JIjIs Berauciienus FV u PV.

IlocTosinHAs rO0OBas PEHTA ¢ OJHOKPATHBIM HAYHCJIEHHEM MPOLEHTOB
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OObIYHAsT TOCTOSIHHAS TOAOBAs peHTA C OJHOKPATHBIM HAYHCIECHUEM MPOIEHTOB
BBIIUIAYMBAETCS B KOHIIE KaXJOro rojia B TeueHue | Jer mo K JeHeXHBIX eIWHHUIL,
MPOLIEHTHI HAYKUCIISIOTCS OJIMH pa3 Mo cTaBke P % B KOHIIE ToAA.

[Tomyunm Qopmyny nans Berumcnenuss FV. Ha mnepBelif B3HOC TMPOICHTHI
HAYUCIISIOTCS (T —1) pa3 (B TeueHue (T - 1) iet). B pe3ynbTare nepBblii B3HOC K KOHITY

CpOKa pEHTHI BO3PACTET JO BEITUUUHBI K(1+ O,Olp)T_l. Ha BTOpO#i B3HOC MPOIICHTHI
HAYUCIISAIOTCS (T - 2) pa3 (B TeueHme (T - 2) aet). Torma BTOpoi B3HOC BO3pacTeT K

KOHITY CpOKa PEHTHI JI0 BEIMYHHBI K(1+ O,Olp)T_2 u T.0. Ha mocrmemuuii B3HOC

MIPOUCHTBI HE HAYUCIIAIOTCH. HapameHHHe BCJIMYMHBI B3HOCOB, BBIIIMCAHHBIC B DM,
HauuHasA C IOCJIICAHCTO, HOPCIACTABIIAIOT coboit FCOMCTPHUYCCKYIO IIPOrpeCCUro K,

K(1+ 001p), K({+001p)%, ..., K(1+001p) 2, K(1+001p)' ™, B xoropoit
nmepBblii wieH paBeH K, a 3HaMeHarenb paBeH (1+ 0,0lp) (ero Ha3BIBAIOT

MHodcumenem Hapauwienua). CienoBaTebHO, K KOHILy CpOKa PEHTHI e HapalleHHas
cymma FV Oyner paBHa

B 5 T-1_ . (#001p)" -1
FV =K +K(1+ 001p)+ K (1+ 001p)* +K +K(1+ 001p)' * =K ((ﬂo,ofgj—l
HIJIN
_ v (#001p)" -1
FV = K=o P
(#001p)" -1

Benuuuny S(T, p) = Ha3bIBAIOT KOI(hhuyuenmom HapawieHua oObI4HOU

001p
peHmbl.

Jlis Bbuuciienuss PV HaiijieM JHUCKOHTUPOBAHHBIC 3HAYCHUS KaXKIOTO U3
IaTeXxe U ux cymmy. JIjisi BBIYHCICHUS JUCKOHTHPOBAHHOTO 3HAYCHHS ILIATEXKA,
IPOU3BE/ICHHOTO B t;-OM roay, HyHO BenuunHy K pa3ienuTs Ha COOTBETCTBYIOLIHI

MHOYKHTEIb HapaIeHus (1+ O,Olp)ti . Jlmsg mepBoro ImiaTeka uMeeM K(1+ 0,0lp)_l,
JUIi BTOPOIO — K(1+ O,Olp)_2 U T.J., JJIS TOCIEIHEr0 — K(1+ O,Olp)_T. Taxkum
oOpa3oM, JUCKOHTHPOBaHHBIE  3HAUeHUs  IUIATeXed  NpeicTaBiusioT  coOoi

reOMETPHYECKYIO IPOrpeccHIo ¢ nepBbM wieHoM K; =K (1+ O,Olp)_1 ¥ 3HAMEHaTeJIeM

(1+ 0,0lp)_l. Bennuuny V= (1+ O,Olp)_l Ha3bIBAIOT MHOMCUmenem
OUCKOHMUPOBAHUA VT 20008bIM OUCKOHM-(hakmopom. OYeBUTHO, YTO MHOKHUTEIb
JTVCKOHTHPOBAHHUS ¥ MHOXXHUTEIb HapalleHHWs SBISIFOTCS B3aUMHO OOpaTHBIMHU
BEJIMYMHAMU.

Hcnonp3yst GopMyTy CyMMBI T€OMETPHUIECKON MTPOTPECCHH, TIOTyIaeM

PV =K(1+ 001p)™ + K(1+ 001p)? +K +K(1+ 001p)" =

-T
( P) (r001p)™" -1
WA
_ ., 1-(#001p)"
PV =K —ooip (2.6)
_ -T
Benuuuny A(T, p) = % Ha3bIBAIOT  KOI(uuuenmom  npugedeHus

(ouckonmuposanus) ooviunoit penmot. HeTpyaHO BHIETH, YTO

= — - -T
FV(1+ 001p) T = K (0010111, o9p) T = g (200101

001p 001p PV,
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TO €CTh JUCKOHTHPOBaHHE HapameHHOW cymMmmbl FV maer coBpemeHnyio cymmy PV .
CooTBeTcTBeHHO KO3(p(PHUIIMEHTHI MPUBEICHIS U HApAICHUSI OOBIYHON PEHTHI CBS3aHBI

pasencreom S(T, p)(1+ 001p)™" = AS(T, p).

B oTnmume ot 0oOBIYHONM PEHTHI, B Cllydae aBaHCHPOBAHHOW TOJOBOM PEHTHI C
OJIHOKPATHBIM HAYMCJIEHHEM IPOLIEHTOB B KOHIE rojia IpW HApalEHWH Ha IEpPBbIA
IJIaTeX MPOIEHTHl HAYUCISAIOTCS B TeUEHUE BceX | JIeT, a MpU JUCKOHTHPOBAHUU
MEPBBIA IIaTeX HE AUCKOHTHpyeTcs. BcenemcTBue 3T0r0 (OPMYITBI JUIS BBEIYUCIICHUS
HapalieHHOW U COBPEMEHHOM CyMM IPUMYT BHJT COOTBETCTBEHHO

T_
FV = K1+ 001p){* 002N 1 (2.6)
-(#001p)~" ,
PV = K 0L (2.7)

IlocTosinHast roaoBasi peHTa ¢ N-KpaTHbLIM HAYHUCJIECHHUEM NIPOLICHTOB

OObIyHasT TTOCTOSIHHAS rogoBas peHTa ¢ N-KpaTHbIM HA4YUCJICHHUCM IPOLCHTOB
BBIIINIAYMBACTCA B KOHIIC KaXJI0I'o roga B TCUCHHEC T ner mo K JACHC)KHBIX CAWMHMII,
IIPOLCHTHI HAYMUCIIAIOTCA N pa3 B o 10 CTaBKE P % r OJOBBIX.

B stom cjiydac CTaBKa, II0 KOTOpOﬁ MMPOUCXOIUT OIAHOKPATHOC HAYMCIICHUC
IIPOICHTOB, YMCHBIIACTCA B N pa3, a 4UCJIo HAYHCJICHUH BO3pacTacT B N pas. Tor,ua

Ha MEPBBIA B3HOC MPOIEHTH HAYHCIISIOTCS (T —l)n pa3 (B TeucHue (T —1) JIeT)

10 CTaBKe E %. B pesynbraTe mepBBIi B3HOC K KOHI[y CpPOKa PEHTBI BO3PACTET JO

001p)(T ~1)n

BETTMYUHBI K(l . Ha BTOpO#1 B3HOC MPOIIEHTHI HAYUCIISIOTCS (T - 2)n pa3

(B TeueHue (T - 2) net). Torma BTOpOW B3HOC BO3pacTeT K KOHILy CpOKa PEHTHI JIO

OOlp)(T 2)n

BCJIMYMHBI K(l u T.1. Ha MOCJICTHUM B3HOC HIPOUCHTBI HC HAYUCIIAOTCA.

Haparmiennbie BeTMUMHBI B3HOCOB MPEICTABIISIIOT COOOW T€OMETPUUYECKYIO MTPOTPECCHIO,
T-1)n T-2)n
001 001
3allMCaHHYI0 B OOpaTHOM TMOPSIJIKE: K(H Tp)( , K(H Tp)( , .., K, B
KOTOpOii TepBbii wieH paBeH K, a 3HaMeHarenb (MHOXHTENIb HapalleHHs) paBeH
001p |"
— ] - CrnenoBarenbHO, K KOHI[y CpOKa PEHTHI ee HapaleHHas cymma FV Oynet

paBHa

iTn
+ 0,0lp) 4

=)

I[J'ISI BeIumcicHus PV HaigeM JUCKOHTUPOBAHHLIC 3HAUCHUSA KaXXI0ro U3
IJIATEeXKEH U HX CyMMY. I[Jlﬂ BBIUUCJICHUA JUCKOHTHUPOBAHHOTO 3HAYUCHUS IIJIATCIKA,
IIPOU3BEJICHHOTO B tj-M rojy, Hy>)KHO BeJIMUMHY K pa3/ieluTh Ha COOTBETCTBYIOLIMI

FV =K (2.8)

001p |tiN
MHOXXHUTCJIb HapallCHUsA @ —p) . Torz[a COBpPEMEHHOC 3HAYCHHUE IICPBOTO IIJIaTeXKa

001 001 001
paBHO K(l p) , BTOPOro — K(l p) U T.JI., IOCIEeTHETO — K(l p)
Takum 00pa3oM, TUCKOHTHUPOBAHHBIE 3HAYCHHUS IUTATEXKEH MPEACTABISIIOT CO0O0H

OOlp)

TCOMCTPHUYCCKYIO HPOTPECCUIO C IMCPBBIM YJICHOM K(l H 3HaMCHAaTCJIIEM

001p | 001p |
(1+ Tp) . Bemwmumny V = (1+ Tp) TaKK€  Ha3bBIBAlOT  MHOJMcUumesiem

OUCKOHMUPOGAHUA VI 20006bIM OUCKOHM-)AKmMopom NIpu N-KpPaTHOM HAYUCIICHUU
nporeHToB. Mcnonp3ys GopMyiry CyMMBI FeOMETPUUECKOM MPOrpeccui, MoTydaeM
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(2.9)

-Tn -Tn
00t ) T R

PV = K =K LA

e 0010) "y he00i0) g

n n

B Cﬂyqae aBaHCHpOBaHHOﬁ FOI[OBOﬁ peHTLI C n-KpaTHLIM HaAYUCJIICHUCM
HpOHeHTOB B KOHIIC roJa HpI/I HapaI_L[eHI/II/I Ha HepBLIﬁ IJ1aTe K HpOHeHTBI HAYUCJIAOTCSA
B TCUCHHUC BCECX T JeT N pa3 B Irod, a HpI/I I[I/ICKOHTI/IpOBaHI/II/I HepBLIﬁ IJIaTe K HEC

JAUCKOHTUPYCTCA. BCJIe)ICTBI/Ie 9TOro (I)OpMy.]'IBI JJIs  BBIYHMCJICHUA HapaHleHHOﬁ n
COBpeMeHHOﬁ CYMM IIPUMYT BHJ]T COOTBECTCTBCHHO

001p)T“ 1

n K
L

1- (1 + oo1p)‘ n
PV =K —r Q.9
1 (1 0,01p
IMocTosiHHAS rOI0Basi peHTA ¢ HENMPEePHIBHLIM HAYNCJIEHHEM MPOIEHTOB
[TocTostHHAs TOIOBasI peHTA C HENPEPHIBHBIM HAYHCICHUEM ITPOIIEHTOB SIBIISICTCS
MpeeNbHBIM CITydaeM ITOCTOSIHHOM TOJIOBOM PEHTHI ¢ N-KpaTHBIM HAYHCICHUEM
MPOIEHTOB MpH N — +oo. [ToaTOMYy JUIsl BBIYUCIICHHS HAPAIICHHOW W COBPEMEHHOMN
CyMM OOBIYHOW W aBaHCHPOBAHHOM PEHT TpeOyeTCs BBIYUCIIUTH MPEIes Mpu N — +oo
oT mpaBoi yactu B popmynax (2.8), (2.9), (2.8')u (2.9’) (anaymoruuHo npeaeaIrHOMY

nepexoy s BeiBoja popmyiibl (2.4)). Toraa muist 00ObIMHON PEHTHI MOTyIaeM
001pT 001pT

(2.8)

FV = Kel

FV =Ko ‘11 PV = Kl‘oTl, (2.10)
a JUUT aBaHCUPOBAHHOU
0,01pT _ _,-001pT
FV =Ko 11 PV = KlleTlp (2.11)

N3 popmyn (2.10)u (2.11)caemyer, 9TO BEIMUYHHBI HAPAIIIEHHBIX CYMM OOBIYHOMN
M aBaHCHUPOBAHHOM pPEHT COBMAMarOT. HeTpyaHO MOKa3aTh, YTO COBPEMEHHas CymMMa

AaBAaHCHUPOBAHHOM pEHTHI O0JIbINE COBPEMEHHONW CyMMBbI OOBIYHOM PEHTHI B e001p pa3

IlocTosinHAA M -cpoYHAS PEHTA ¢ OAHOKPATHBIM HAYHCJIeHHEM MPOLEHTOB

OObIuHas peHTa BBIIUTAYMBAETCS M pa3 B rojl B TedeHue | jeT. Bcero B rox
BhITUTaunBaeTcss K JIeHeXKHBIX €IMHHUII, MPOIEHTH HAYUCISIOTCS OJWH pa3 MO CTaBKe
p % B KOHIIE TOAA.

B sroMm CJlIydac pasMep OTHACJIBHOI'O IjiaTeka COCTaBIIACT % JCHCKHBIX CIUHMII.

Ha HepBHﬁ IUIaTEX MPOLCHTHI HAYUCIIAIOTCA B TCUCHHUE BCEX T JeT 3a UCKIIFOYEHUEM

HIepBOTrO Incpuoga MIUTCIbHOCTBIO % roza, ImosToOMy HapalmiCHHas CyMMa IICpBOro

-1
IJ1aTeXka COCTaBUT % (1+ O,Olp)T m JeHEXHBIX eAUHUL. Ha BTOpoil muiaTtex nponeHThl

HAYHCISIOTCS B TE€UEHHE BceX | JIeT 3a UCKIIIOUEHUEM IMEePBBIX JBYX MEPHOJ0B 00IIeit

JIIUTCIIBHOCTBIO % roza, mMOo3TOMY HapalmcHHasd CyMMa BTOPOro INNIATCKa COCTABUT

T-2 o
%(1+ 0,0lp) m p 1.0. Ha mM-# miaresx mponeHThl HAYUCISIOTCA B TEYEHUE BeeX [
JeT 3a HUCKIIOYEHHEM HEpBBIX M IEepHOJOB OOLIEH IIUTEIBHOCTHIO % =1 rog,

IIO3TOMY HapallleHHasi cyMMa IM-TO IUIaTeXa COCTaBUT %(1+ O,Olp)T_l u 1.a0. Ha

MTOCJICTHAH TUTATEX MPOICHTHI HE HAUUCIISAIOTCS. Toraa mociie1oBaTeIbHOCTh TIaTeKen
C HAQYMCJIEHHBIMU JI0 KOHIIA CPOKA MPOIIEHTaMH MPEJCTaBISET CO00M reoMeTprUIecKyIO

. K T-1 K T-2
MIPOTPECCHIO, 3aMUCAHHYI0 B 0OPaTHOM THOpPSIKE: E(:H 0,0lp) m, E(:H 0,0lp) m,
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1
oo %, —y KOTOPOM TIEPBBI YieH paBeH %, 3HaAMEHaTEIh PaBEeH (1+ 0,0lp)m, oOmee

YUCJIO YJICHOB MPOTIpeCCUr paBHO Tm. Torz[a HapaliCHHasg CyMMa paCCManI/IBaeMOfI

PEHTHI paBHA CYMME YJIEHOB 3TOM MPOTPECCHM:
1.
Fv = K (#001p)m™-1 _ k. E(B 001p)" -1

m 1 m 1

(#001p)m-1 (#001p)m -1

I[J'[SI Berunciienus PV Haﬁ,[[eM JUCKOHTUPOBAHHBIC 3HAYCHUA KAXKIOTO U3 mIaTexxen

" UX CyMMYy. HJ'[?I BBIUHCIICHUSA JUCKOHTHPOBAHHOI'O 3HAYCHHS IJIATECXKA, IPOU3BCIACHHOTO

(2.12)

B IICPUO/ Lm , HY’KHO BCJIMYMHY IJIaTCXKa % pa3aeiiuTb Ha COOTBeTCTByIOLHI/IfI MHOXXHUTECIb
i

m
HapareHus (1+ 0,0lp) . [ToaTOMy cOBpeMeHHOe 3HauYeHHE MEePBOrO IUIATekKa COCTABUT

%(1+ 0,0lp)_%, BTOPOTO — %(1+ 0,0lp)_% H T.1., M-ro — %(1+ 0,0lp)_l, m+ 1-ro —

K 1-1 K -T

E(:H 001p)™ ™™ w T, ATA mochemHEro — ﬁ(1+ 001p)™". Takmm oGpazom,

JIMCKOHTHPOBAaHHBIE 3HAYEHHs IUIATeXKEH TIPENICTABISIOT CO0OM  TeOMETPUYECKYIO
_1 1

MPOTPECCHIO  C TIEPBBIM ~ WICHOM %(1+ 0,0lp) m W 3HAMEHaTeJeM (1+ 0,0lp) m .

Hcnions3ys hopmyty CyMMbI T€OMETPUUECKOI IPOrpecCHH, MoTydaeM

~Ltm_ -T_
PV = K (14 001p) " (2 001) m =L _ K {1+ 001p)" -1 (2.13)
m (#001p)m-1 ™ 1-(2+001p)m
_T _
Benuuuny A(T, p, m) - _(ar001p)7 11 Ha3bIBAIOT KoI(ppuyuenmom

m[él—( i 0,01p)% )

npusedenua M-CPoOHHOU peHNbl ¢ 0OHOKPAMHBIM HAYUC/IEHUEM NPOUCHMOE.

ABaHCHPOBaHHAs IOCTOSIHHAsI M -CpOYHasi pEHTAa C OJHOKPATHBIM HAa4YMCIECHUEM
IIPOLIEHTOB B KOHIIE I'0J1a OTINYAETCS OT OOBIYHOMN TEM, UTO IIPH HAPAIIEHUN Ha IEPBbI
IJIaTeX IPOLEHThl HAYUCISIOTCS Ha MPOTSIKEHUH BCeX | JIeT, a IpU BBIYUCICHUHU
COBPEMEHHOW CyMMBI IepBbIi IJIaTeX He JTUCKOHTUpYyeTcs. B aTtoMm ciydae dhopmyisl
JUIsl BBIYUCIICHUSI HAPALIEHHOM U COBPEMEHHOU CyMM IPUMYT BUJL

FV = £ (1+ 001p)n (20010 - (2.12)

(w 0,01p)# 1

py = K p-{z00tp) (213
1-(#001p)™m

ITocTossHHAsE M -cpoYHas peHTa

¢ N-KpaTHBIM HAYUCJIEHHEM MPOIEHTOB, M =N

B psge KOHTpakTOB omepanuu MO HAYKCICHHUIO IPOIEHTOB M IOCTYIUICHHUIO
PEHTHBIX IIIaTEKEH MPOU3BOAITCS HECKOJIBKO pa3 B FOJl M COBIAJAIOT 110 BPEMEHH, TO
ecTb M=n. B 3tom citydae paccMarpuBaeMasi peHTa aHaJIOTM4Ha [TOCTOSIHHOM ro10BOM
peHTe C OJHOKpAaTHbIM HAUYUCIIEHWEM IIPOIIEHTOB C TOH JHUIIb pPa3HUIIEH, YTO BCe
napaMeTpsl TENEph XapaKTEpU3YIOT CTaBKy M IIaTeX 3a nepuoi. CTaBka 3a NEpHOL

6yI[€T COCTaBJIATH Fp % (HpI/I CTaBKe P % r OILOBBIX), YUCJIO ICPUOJOB HAYHUCIICHUA —

Tn. Torma Qopmynbl A BBYUCICHHS HapalleHHOH M COBPEMEHHOM CyMM JUIs
OOBIYHOHN PEHTHI MPUMYT BH]L

T

FV =K OrJOlp

-Tn
+ 0,01p)
n

,PV:Kl_(l

—ooip (2.14)

a I aBaHCHpOBaHHOﬁ PCHTEL
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001p)Tn

(1 001p)
o010 PV = K—l_(1+m)—1 . (2.14")

FV = Kel

ITocTossHHAsE M -cpoYHas peHTa

¢ N-KpaTHBIM HAYHCJIEHHEM NPOLEHTOB, MZ N

D10 00mMii ciayyail M -CpoOYHOM PEHTHI ¢ HAYMCIIEHUEM IIPOLIEHTOB N pa3 B rojy,
m>1, n>1. CraBka 3a mepuoj OyJIeT COCTaBIAThH Fp% (mpu ctaBke P % TOMOBBIX),
YHCIIO IEPUOJIOB HAYHUCIICHU — T M.

IlepBblii uleH OOBIYHON PEHTHI % YIUIQYEHHBIN CILyCTS % roja Iocje Hayaia,

COCTaBUT K KOHIy CpOKa PCHTBI BMECTC C HAYUCICHHBIMHA Ha HETO MIPOLCHTaMHU

K 001p (-1 _ K |4 001p “m
BeunHy - L+ —— _ﬁ - . BTopoit 4ien peHTBI K KOHI[y CpoKa

0,01p)(T‘§1)” _K (1 N 0,01p)T”‘2,'%
m

o p U T.JI., TIOCIEIHUN WIEH PEHTHI

BO3pacTeT 10 %(1+

COCTaBJIACT % Taxum O6p2130M, HapalCHHBIC 3HAYUCHUSA YJICHOB PCHTBHI COCTABJIAIOT

TCOMCTPHUYCCKYIO IPOrpeCCU0 C IMCPBBIM YJICHOM %

001p |m
U 3HAMEHATEJIEM +T ,

3alMCcaHHyI0 B 00paTHOM mopsifike. B pesynbrare mosrydaeM HapalieHHYIO CyMMY
nT
+ 0,0lp) 1

K (1+°$11P)r?1]m-1 K -
FV =& == n . (215)

m n m n
I S L

@opmyna U pacdeTa COBPEMEHHON BEITMYMHBI OOBIYHONW PEHTHI BBITIISIUT
CJIETYIOIINM 00pa3oMm:
OOlp)
ﬁl(l—

™ o)y
AHAJOTUYHO  paccyXaas, MOXHO TMOJYy4YdTh (GOPMYyIbl JUIsI  pacueTa

aBAaHCUPOBAHHOM M -CPOYHOM PEHTHI C HAYKCIEHUEM IIPOLIEHTOB N pa3 B oAy
001p)"T 001p) m

(2)16

TH

Fv =X —, PV = —.
1- (1 OOlp) m 1 (1 OOlp) m

ITocTosHHAs HenpepBIBHAS PEHTA

¢ HelpepbIBHBIM HAYHCJICHHEM IIPOLICHTOB

DTOT BUJ PEHTHI COJEPHKUT JiBa CYIIECTBEHHBIX JIOMYIIEHUS !

1) mratexxn BenmuuHOW K JIEHEKHBIX €AWHHII MOCTYMAIOT B KaXKIBI MOMEHT
BpemeHu t (M — +oo);

2) MPOIICHTHI HAYKCIISIFOTCS. HENPEPBIBHO ¢ critoit pocta P % (N — +0).

B pesynpraTe nepBOoro JIOMYLIEHMs, BO-IIEPBBIX, CTAHOBUTCS HEBO3MOYKHBIM
UCTIONIB30BaHUE (DOPMYNIBI CYMMBI T'€OMETPUYECKOW MPOTPEecCHd, a BO-BTOPBIX,
HCYE3aeT pa3jInuue MeKy OObIYHOM M aBaHCUPOBAHHOW peHTaMu. B 3ToMm ciyuae Juist
ONKCaHMs Tpolecca IOCTYIUIGHUs IIIaTexed yA0OHO HCIHOJIb30BATh JIMHEHHYIO
(GyHKIMIO BUIA K(t) = Kt . JlelicTBUTENBbHO, B KaX/IbIii MOMEHT BpeMeHH noctynaer K

JICHE)KHBIX €JMHUIl. 3a TMPOMeXyToK BpemeHH oT O (Hauanma peHThI) 10 t TOCTYmHT

(2.17)

t
t
= IKdT =Kr ‘ = Kt meHeXHBIX eIUHHIIL.
0
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B pe3yjibTaTe BTOPOro AONYIICHUA MHOXUTCIIb HaApalleHUd CTAHCT pPAaBHBIM

0,01pt -001pt

e , & MHOXMWTCJIb JUCKOHTHPOBAaHUA — € . HeﬁCTBHTeHBHO, B KaKIbII

. 001p |t
MOMCHT BpeMeHI/I HOCTYHI/IBIJ_II/II/I B OTOT MOMCHT IIJIaTCK YMHO)KaeTCH Ha +Tp) .

VYka3aHHEBI MHOXKHTEh HapallCHUs ABJISICTCS HCIITPECPBIBHBIM O606H.[€HI/IeM MHOXHTCIIA

n
001p |m
@ Tp)m (mpm M - oo tI% — OeckoHewyHO Maias BenmumHa). llepexons k

npejeny npu N — +oo | mojgyd4aemMm

im [+-002)"
n - +oo n
Tak xak MHOXUTEIE JUCKOHTHUPOBAHUA U MHOXXUTCIIb HAPAIICHUA SABJIAIOTCSA B3aUMHO
06paTHbIMI/I BCJIIMUMHAMHU, TO COOTBeTCTByIOIHI/If/'I MHOXHTECJIb JUCKOHTUPOBAHUS pPaBCH
V = ~001pt
HYCTB CPOK I[€I‘/'ICTBI/I$I PCHTBL COCTaBJISICT T et TOF,Z[a HapallCHHYIO H

COBpPEMCHHYIO CYMMBI MOJKHO BBIYHCIHUTH KaK HHTErpajbl Ha OTpPE3KE [O;T] oT
0,01pt u Kteo,01— pt

—_[D01pt
. 0,01p)0,01p PP 0p1pt
m [+ == =e”
nI| +oo(1 . e .

¢bynkuuii Kte COOTBETCTBEHHO

T T
FV = [Kte®™'dt, PV = [Kte % 'dt. (2.18)
0 0

PaccmarpuBaeMblii BHIT PEHTBHI HCIIOIB3YETCS B TEOPETHUECKMX HCCIIEAOBAHMIX
B OCHOBHOM IS IPOTHO3UPOBAHUS U3MEHEHHI, BEI3BAHHBIX M3MEHEHHEM MapaMeTpoB
PEHTHI, a TakKe MpH onpeeacHun 3G PeKTHBHOCTH (UHAHCOBOM onepanuu (cM. 1. 2.4).

Omnpenenenne napamerpoB GUHAHCOBOI PEHTHI

WNuorma mpu pa3paboTKe KOHTPAaKTOB BO3HUKAET 3a/avya OIpENeICHUs II0
3aJIaHHOM HapamieHHol cymme peHThl FV  unm ee coBpeMenHoir cymme PV
OCTAJIBHBIX MTApaMETPOB PEHTHI. B 3TOM cilydae, Kak MpaBwIIO, YUCIIO IJIaTexed M u
YHCIIO0 HAYMCJICHUH TPOIIGHTOB N B TOMY 3a/alOTCS MO COTJIACHIO ITOJIMTUCHIBAIOIIAX
cTopoH. U3 ocTaBmmxcs mapaMeTpoB: CpoKa IEUCTBHUS PEHTHI | , TOJIOBOM MPOIIEHTHON
ctaBku P % u TOMOBOM cymMMBI Muiatexxeir K, — moOble 11Ba 3aJar0Tcs, a TpeTUi

BbIpakaeTcsi M paccuuThiBaeTcss u3 ¢opmyn mist PV u FV, cooTBeTCTBYIOIIMX
YCIIOBUSIM KOHKPETHOU PEHTHI.

IIpumep 4. [ npoBeneHus 3aMeHbl 000PYA0BaHUS IPEIIPUITHIO HEOOXOAUMO
3a 10 jgeT HaKOIIUTH 2 MJIH JEHEXHBIX eauHUIl. E)xeroqHo oHa MOKET BHOCUTEL B OaHK
qutst oot nenu 100 ThIC. eHEXKHBIX €MHUI] Ha crienuanbHblid cuet. [los Kakyto cTaBKy
CJIOXKHBIX IPOILIEHTOB HEOOXOJUMO BKIAJbIBaTh OSTH JEHBIW, YTOObI HAKOMUTh
TpeOyeMyIo CyMMY B YKa3aHHBIA CPOK?

Pemenne. CoriacHo yclnoBHSIM 3aJaud, MPEANPUSTHIO HYKHO 3aKIIOYUTh
oroBOp peHThl Ha cpok T =10 ner ¢ exerogasiM BHeceHneM Ha cueT K =100 Tsic.
JICHEeXKHBIX €JIMHMI, YTOObl MOJMY4YHTh BenuuuHy FV =2 MIH [eHEeXHBIX eIWHUIL.
bynmem cuutarth, 4Wro OaHK mpejJiaraeT JOrOBOp OOBIMHOW peHTHI (MPOIEHTHI
HAUUCIISIFOTCS. B KOHIIE K&XIOr0 CpoKa KalmuTalu3alluh) C eXKeKBapTaIbHBIM
HAYHCJICHUEM MPoIeHToB (N =4).

IepsBoiii coco6. CornacHo ¢opmyne (2.8), 1t onpeneneHus BeawmdauHbl P %

0,01p)4°_
R

noxydaeM ypasHenue 2000=100 @ ” , 13 KoToporo noiaydaeM P = 13945%
| 1|o)4
+ -1

4
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TOJMOBBIX (11 BBIUKMCIICHHS BEIMUYMHBI P % WCIOIB30BAICS MATEMAaTHUCCKUAN IMaKeT
Maple 7).

Bropoii cmoco6. Vcmons3ys ¢dopmyny (2.8), HaiiieM HIKHIOIO W BEPXHIOIO
OIEHKH MPOIEHTHOM CTaBKW, MOJCTABISAS B Hee pa3jidYHble YHCIOBBIE 3HAYCHUS
BenmunHbl P % . B wactHOCTH,

(1+ 013m25)* -1
(1+ 013m25)" -1
(1+ 014m25)*° -1
(1+ 014m25)* -1
Jlariee KOPPEKTHPOBKY HHYKHETO 3HAYEHHUSI MPOICHTHOW CTaBKH MPOBEIEM IO

FV - FV
PV (p, - p,) [3, c. 346].
. ~FV (s = pu) [ ]

H

npu p, %=13%, FV, =100 =1901 (tbIC. pYO.),

mpu p, %=14%, FV, =100

= 2006 (tbIC. pyo0.).

CIIEITYFOIIEH MHTePIIOJSIIIMOHHOM dopmyne. p=p, +

2000- 1901(1
2006-1901
[IpoBepuM MpaBUIIBLHOCTH HAXOK/CHUS JEUCTBUTEIHHOM MPOLIEHTHON CTAaBKU:

(1+013943D025)*° -1

(1+013943D25)* -1
Tax xak Bemmumna FV =19998 wmenpmme TpeOyemoit, TO ISl YTOUHEHHUS

Beraucium p =13+ 4—13) = 13943%.

FV =100 =19998 (Tric. py6.).

BEJIMYMHBI IIPOIIEHTHOH CTaBKU CHOBA BOCIOJIB3YEMCSI MHTEPHOISAIIMOHHON HopMyIIoi,
nonaras FV, =19998, p, = 13943%. Torna

2000-19998
——————(14- 130943 = 13945%.
2006—1999,8( ® ) ®

IIpoBepsisi MPaBUIBLHOCTh HAXOXKIACHUS JEHCTBUTEIBHONW MPOIIEHTHON CTaBKH,
monygaem FV =20000 (teic. py6.).

p= 13943+

OTBer. Benuunna nporieHTHOU cTaBku cocTaBiseT P = 13945% ronoBsix.

2.3.2. HeperyasipHble OTOKH IIaTexel

[ToTox maTexkell Ha3BIBAIOT HEPeZYAAPHbIM, €CIIA OTAEIbHbIE IUIATEKU MOTOKA
UMEIOT Pa3HyI0 BEJIMYMHY W TIOCTYNAIOT B JIIOObIC (HEMEPUOIMYSCKHE) MOMEHTHI

BpeMeHH. PaccMOTpUM HeEperyssipHbI IOTOK, IpelyCMaTpUBAOIIUIN IIJIATEXKU K(ti)

B MOMeHT BpemeHu t;, 1 =0,n. Hapamennas cymMma Takoro MHOTOKa ILIaTeXei,

IIpUBEJICHHAs K MOMEHTY BpeMeHH T >t,,, olpeiesiseTcs BIpaXKeHUEM

n
FV(T) =Y K(t)m, | (2.19)
i=0
rjae Ati — MHOXHWTETh HapalleHusT Ha TMPOMEXKYTKE BpPEMEHHU (T —ti). [Tpu

JTUCKOHTHPOBAHUM HEPETYJIIPHOTO MOTOKA IUIaTexed K MOMeHTY BpemeHu t =0 mus
Ka)0ro 1 BBOAIT B pacCMOTPEHHE AMCKOHT-(akTop Vi , TOrIa MMCKOHTHPOBAaHHAs

CyMMa HeperyJiipHOTo MOToKa OyJIeT paBHA BETHUUHE

PV(0) :Zn: K(t ) v, - (2.20)
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B wacTHOCTH, IpH HEM3MEHHOCTH TOJOBOW TPOIEHTHOW cTaBku P % Ha BceM
MIPOMEIKYTKE BPEMEHH [O;T], €KETOHON KaIlMTAIU3ANN M HCIOTb30BAHMH CXEMBI
CIIOKHBIX TporieHTOB (opmyiisl (2.19)u (2.20)npumyT BrI

FV(T)= 3K () s 0010, Py(0)= 3K

o
i:O(lI- 001p)"

2.3.3. IByCTOpOHHHE MOTOKH IIATEXKEH

/Jleycmoponnum  Ha3bIBAIOT IOTOK  IUIATEXKEH, KOTOPBIA  IPENIoIaraet
pacrpelieJIEeHHbIe BO BPEMEHH MEPEXOJbl JACHEXKHBIX CyMM OT OJHOIO BIAJEibla K
npyromy. C mO3UIMA OJHOTO M3 YYACTHUKOB TaKOW MHOTOATAITHOW OTIEPAIMH MOYKHO
CYMTATh, YTO IIOCTYIUICHHE JCHEKHBIX CPEIACTB K HEMY B MOMEHT BpeMeHH {;

COOTBETCTBYET IOJOKUTEIBHOMY IUIATEXY (K(ti)>0), a BBILJIATA UM JIEHEXHBIX
CPCACTB B MOMEHT 1; — OTpPHIATCIBHOMY ILIATEKY (K(tj )< 0). IIpocteiitm

IIPUMEPOM JBYCTOPOHHETO IIOTOKA IUIATEXKEH SBISETCS IOJNydYeHHWE U IOoralleHue
KpeauTa.

PaccmoTpum npocTeiiime MoeNy MoJIy4eHUs U OTallleHNs KpeauTa.

Moaeb NOTPeOUTETBCKOr0 KpeIuTa

[Horpebutensckuil kpeaut B pasmepe K BblgaeTcs Ha CpokK T IOJA IPOCTYIO
rOZIOBYIO NPOLEHTHYIO CTaBKy P % . [IponeHThl HapallleHHs Ha4uCISIIOTCS Ha BCHO
CyMMY KpeIuTa B MOMEHT €ro OTKPBITHS U INPUCOEIUHSIOTCS K OCHOBHOMY JOJTY.
Hapamennas cymma nonira coriacHo ¢opmyne (2.1) B sTom ciiydae OyJer paBHa
Kr = K0(1+ 0,0lpT). Ecau mpenmnonoXuTh, 4T0 M —YHUCIIO BRIIUIAT B TOY, TO MOXKHO

OIMPCACIINTD BEJIMYHNHY Pa30BOro NOraCUTCIbHOIO IJIAaTCXa

oK _ KoL+ 0,01pT)_ (®)?2
mT mT

I[To popmye (2.21)M0KHO HAXOIMUTH U PYTHE MapaMETPhI MOTPEOUTEITBCKOTO KPEIUTa.

IIpocreiimas Moae/b 10JAT0CPOYHON KPeIUTHOM onepanuu
[IpenmonoxkumM, 4To 3aeMINUK OepeT KPeauT MO YacTSIM y OJIHOTO U TOTO XKe
KpeauTopa moj P % roloBBIX IO CXeMe, PeICTaBICHHON B TabIuIle:

Brimtauennast cymma,
CpOoK BBIIJIATBHl CYMMBI 3aeMIIUKY
JICHE)KHBIX €JTMHHUIT
Cpa3y 1o 3aKJII0YeHHH JI0TOBOpa Ko
B MoMmeHT Bpemenu tg Ky
B momeHT Bpemenu t, Ky
B MomeHT Bpemenu t, Km

[Iycth cxema BO3BpallleHUs! KPeIUTa BHITJISAUT CIIEYIOMUM 00pa3oMm:

[Tomydyennas cymma,
JICHE)KHBIX €JIMHUIL

B momeHT Bpemenu t, , t =t Kk

Cpok noxy4yeHus: CyMMbI

B MmoMmeHT Bpemenu ty 4 Ky
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B momeHT Bpemenu t, Kn

Ipenmonaraercs, uto MoMeHTHI Bpemenu t; (I =1, m u i =K, N) xpaTHBI nenomy

yuciay JieT. ['ooBasi mpoleHTHAsE CTaBKa HE MEHSETCS Ha MPOTSHKEHWH BCEro CpoKa
JIECTBUS KPEJIUTA.
HaiineM coBpeMeHHYI0 BEJIMYMHY JaHHOTO NOTOKa Iulatexxkei. [[ias aToro

IpUBEJEM BCe CyMMBI Ha MOMEHT 3aKJIFOUeHHMs JoroBopa (kaxmyro cymmy K; (i=1,m

ui=K,Nn) pasgenuM Ha MHOXHTEIb HapalieHUs (1+ O,Olp)ti ), 3areM COCTaBUM

anreOpandyeckylo  CyMMy  BBIIIAT W TOCTYIUIEHWH, TpUYeM  cllaraeMeble,
COOTBETCTBYIOIIKE BBIILJIATaM, 3aMHUIIEM CO 3HAKOM «—>»,a TOCTYIUIEHUSM — CO 3HAKOM
«+», TOr/1a MOJIyYUM

K o, = —Ko = K1+ 001p)™ - K, (1+ 001p)™2 =K - K,(1+ 001p) ™™ +

coep. ~

+ K, (1+ 001p) ' + K,y 1+ 001p) %1 +K + K (1+ 001p) 7.
Tax kak JAUCKOHTUPOBAHHLIC CYMMBI, COOTBCTCTBYIOIIINE KpeauTam u

TIOTallIeHUsIM, JOJDKHBL OBITh paBHBL, To K., =0. B asrom ciydae momydaem Tak

Ha3bIBAEMOE 0A1AHCOB0E PABCHCMEO
- Ko - Ky (1+ 001p)™ - K, (1+ 001p) ™2 -K - K, (1+ 001p) ™™ +
+ Ky (1+ 001p) ™ +Ky4q (1+ 001p) "t +K + K (1+ 001p) ™ =0.

Takum o0pazom, B paccMaTpuBaeMOW MOJIETM COBPEMEHHAs BEIMYMHA MOTOKA
matexeld MpeacTaBisieT coOoil cooTHOIIeHHe OalaHca MEXAy CyMMOW KpeauTa U
1aTekaMu, MOCTYIAIOIUMHE B CYET €ro MOTaIIeHUSI.

C mnomomipio 0aTaHCOBOIO PABEHCTBA MOXKHO HAXOJWUTh BEJIMUYUHY JHOOOH
W3 CYyMM BBIIUIAT WJIM TIOCTYIUIGHWH TIpH WM3BECTHBIX OCTAIBHBIX BBIJIATaX |
MOCTYIUICHHUSIX /WM BETMYMHY MPOIIEHTA 33 KPEIHT.

Ipumep 5. 3aemMmuk GepeT KpeauT MO YacTsM y OJHOTO W TOTO K€ KpeauTopa
nox 9 %roaoBeix 1o cxeme: 10 MiH py0. B MOMEHT 3aKJIIOUEHHs! JOTOBOpA, Yepe3 roj
8 MitH py0. U emie yepe3 nBa rojia — SMiH pyo. Cxema morameHust KpeIuTa BhITISIUT
TaK: yepe3 S JeT mocie 3aKII0YeHUs: JOroBOpa HYXKHO BBIUIATHTH 4 MJIH pyo0., uepes
6 neT — 6MyH pYO., yepe3 7 1eT — 9mutH pyod., yepes 8 et — 7 muH pyO., yepe3 9 met —
SmiH pyo6., uepe3 10 ner — 7 mun py06. Ilocnenusst BeimiaTa mpezronaraeTcs: yepes
11ner mocie 3akimoueHHs JoroBopa. lIpenrmonaraercsi, YTo MPOIEHTHI HAYUCIISIOTCS
1 pa3 B rox B KOHIE Kaaoro roja. Haiftu BennunHy nocsenHei BBIIIATHI U IPOIEHT
0 KPEJINTY.

Pemenue. 1. Haiinem BenuumHy mociefHed BbIIIATHI 1o Kpeauty. Jlyis sToro
TpeOyeTcss HalTH JMCKOHTHPOBAaHHBIC 3HA4YCHUs (HA MOMEHT 3aKIFOUCHHS JOrOBOpPA)
BCEX JICHE)XKHBIX CYMM JIaHHOTO TOTOKA IIATe)Kel, COCTaBUTh OalaHCOBOE PABEHCTBO
Y HAiTH HEW3BECTHYIO CYMMY IOCJIETHETO IIaTeka. Brrarcienne TUCKOHTHPOBAHHBIX
3HaYeHUH BceX JEHEKHBIX CYMM Ipe/icTaBiM B Buje TaOiuibl. CyMMBbI, KOTOpbIE OaHK
BBIIAYMBAET 3a€MIIUKY B BUJIC KpeIUTa, OTPHUIIATEIIBHEI.

(2.22)

Bpewms Pa3zmep miarexa,
JIMCKOHTUPOBaHHOE 3HAYCHUE ILIaTexka, PyO.
IIaTexa MJTH pYO.
B momMeHT
3aKTFOYCHHUS -10 -1 000 000
JIOTOBOpa
Yepes 1rox -8 ~8000000[{L+ 009)* = -7339449,54
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Yepes 3roza -5 ~5000000C{1+ 009)™ = -3860917,40
Yepes 5 et 4 4000000CfL+ 009)™ = 2599725,55
6 6000000C{L+ 009)™° = 3577603,96
Yepes 7 et 9 9000000LfL+ 009)™" = 4923308,20
- .
5
7

Yepes 6 et

7000000C{L+ 009)™° = 3513063,96
5000000Cf{1+ 009)™° = 2302138,90
Yepes 10 et 7000000C{1+ 009)™'° = 2956875,65
Yepes 11 et Ky Ky 1+ 009) ™ = Ky, (1097

Yepes 8 et

UYepes 9 et

CocraBuM OanaHcoBoe paBeHCTBO (2.22):
—1000000-733944954-386091740+ 259972555+ 357760396 +

+ 492330820+ 351306396+ 230213890 + 295687565+ K, (109711 = 0,

n3 kotoporo HaxoanMm Ki; =3425904,98py0.
2) Haitmem mnporeHT mo Kpemuty. JIJsl 5TOro BBIYKCIHM OOINYIO BEIUYHHY
I1aTexel, MOCTYNHUBIIUX B YIIJIATy KpeauTa:
Ks +Kg + K7 +Kg+Kg+Kyjg+Kyy =
=4+6+9+7+5+7+342590498= 41,4259049miH pyO.
Bennunna naresxeit, moy4eHHBIX B KauecTBE KpeuTa, COCTaBIIsIeT
Ko + Ky + K3 =10+ 8+ 5= 23 miH py0.
Torma mporeHT mo Kpeauty (IUiaTa 3aeMINMKa 3a TOJIb30BAHUE JICHEKHBIMH
cpeactBamu) paBen 41,42590498- 23=1842590498wtH pyo.
OtBer. Bemmumna mnocnexneit Beimiatel mo kpeauty Kiq=3,42 muH pyo.,
MPOIEHT MO KpeauTy cocTaniseT 1842 muH pyo.

2.4. Ouenka 3(ppeKTHBHOCTH HEKOTOPHIX (HHAHCOBBIX onepanmii

Onenka  >p¢exTUBHOCTH  (UHAHCOBBIX  oOmepanuid  HeoOXomuma s
COIIOCTABJICHUS JT0XO/I0B OT UX MPOBEJCHHI U BHIOOpa Hanbosiee BHITOAHBIX.

JUis  OAHOKpAaTHBIX KalUTAJIOBIOKEHUH OJHMUM M3 KpPUTEpHUEB  OLIEHKU
5 GEeKTUBHOCTH SIBJISIETCS CpaBHEHUE BEJIMYMH NpUOBUIEH OT paccMaTpHUBaeMbIX
olepanui, IpyruM — CpaBHEHHE BEJTUUUH UX IPEeKmUGHbIX NPOUECHMHBIX CIAGOK.

Ipdekmusnoin 2000601 npouenmHoi CcmaeKoill Pg; HAZBIBAIOT CTaBKY,

00ecHeunBaoIIyl0 TO K€ 3HAa4YeHHe HapalleHHOW cymMMmbl Ky Ipu 0JHOpa3oBOM B

o %
TE€YEHHUE TOJ[a HAYUCIEHUH MPOIIEHTOB, YTO U N-Pa30oBOE CO CTaBKOU p—, rie p% —
n

rojioBasl TPOIEHTHAsI CTaBKa pacCcMaTpUBacMoi (hMHAHCOBOM omeparuu. Vcmonb3yst
bopmysl (2.2)u (2.3), 1 onpeeNieHnsT Pgs MOIYYaeM, UTO

nT
Ky = KoL+ 001pg )T = K0(1+m) |

n
OTKYZa CJICAYCT

Dt :((1+$)n —1) [100%. (2.23)
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DddexTrBHAs NPOLEHTHAs CTaBKa 00JaJacT CBOHCTBOM Pgf = P U IO3BOJSET

CpPaBHMBATh paA3IUYHbIC BApUAHTHl WHBECTUIMI. €clu A JABYX HHBECTUIIMOHHBIX
TIPOEKTOB MOIYIUIOCH Pef = Pef, » TO MEPBBI MPOCKT CUATACTCS OOJIEE BHITOIHBIM.

Hpumep 6. Kommepuecknii 6aHK, 00CTyXHBAIOIIUN MpeIIpUsTHE MO BbIIaue
3apa0OTHOM IUIATHI, 3aJepXKHUBAET IEpeyHCIsieMble €My CpelcTBa B cpeiaHeM Ha 9
MECSIEB. 3a 3TO BPEMSI OH YCIIEBAET «IIPOKPYTUTH» 3TU JEHBIU B BUAE KPATKOCPOUHBIX
KpPEIUTOB, BbIIaBa€MbIX YaCTHBIM MpEeANpHHUMATENIM Ha 3 Mecsna nox 3 % B mecs.
Paccunrarh, uro BbIrogHee OaHKY: KpeAUTOBaTb U3 COOCTBEHHBIX CpPEJICTB
HIpPEIIpPUATHS Ha YCIOBUSIX CTaBKU IOJJOBOTO IIpoleHTa, paBHOW 20 %,nnm 3aHMMAaThCS
BBIIIEYKa3aHHOHN AESITETbHOCTHIO.

Pemenue. IlepBoiii cnocod. Ilycte Gank 3anepxkuBaer cymmy Kg. Beraucnum

OpuObUTE OT KaXIoW (HUHAHCOBOM OIepanudl C WCHOJIb30BaHWEM CyMMBI Kg.

Jlnst kpaTKocpouHOro Kpeaurta craBka [P %=3% B mecsan, T; =9 mecsmes, Torna
Mo opMyJie CIOKHBIX MPOICHTOB (2.2) HapallleHHas CyMMa paBHa

KT1 = K0(1+ O,Olp)Tl = K0(1+ 0,03)9 = 1305[K neHeXHBIX €IUHUII,
a npubsuIb 11 = 1305[K; — Ky = 0305[Ky neHeXHBIX eAUHUII.
Jns  omeparmu KpeauToBaHUS mpeanpustus npu Pr %=20% ronoBbIX,
T, =1 rox, eXerogHOM HAYKMCICHUHN IIPOLCHTOB IO KPEIUTY, HapalleHHas CyMMa paBHA
KT2 =12[K, meHexHBIX equHu, a mpuosuts 1, = 12Ky — Ky = 02K aeHe)HBIX

enuHuIl. JlomycTuM, 9To HaYMCIeHHEe MTPOIIEHTOB 0 KPEAUTY MPEIPUSTHIO TPOUCXOTUT
. 00120% |12 _
exeMmecssgHo. Torja HapalleHHas cymma KT2 =Kp +T = 1219K,, a

HOpHOBLIb: M5 = 12190K - Ky = 02190K,,. Tax KaK
02K, < 0219[K, < 0305[K,, 10 ectp [1, <M, <My, TOo OGaHKy BBIrO/HEE

BbIJIaBaTh KPATKOCPOUYHBIE KPEUTHI YaCTHBIM MPEIIPUHUMATEIISIM.
Bropoii cmoco6. Haiinem 3snadeHne d>QEKTHBHOI MPOLCHTHON CTABKH Pey

(MHAHCOBOW oOIepanuyd MO BbIaYe KPAaTKOCPOUHBIX KpeAuTOB. COTJIACHO YCIIOBHIO
%

pi—z =3%, cpok KpaTKOCPOYHOTO KpeauTa 3

Mecsna, 3a 9 MecsleB KpeAUT MOXKHO BbyIaTh 3 pasa Mo 3 Mecsna, Torja

NT=9=12[ 075 (9 mecsueB cocraBnsitor 0,75 rona), n=12. Torma >¢dexTrBHAs

3a/1a4yM, peasibHas MPOIEHTHAs CTaBKa

MpPOIIEHTHAs CTaBKa IO KPATKOCPOYHBIM KpEIUTaM MOKET OBITh BBIUHCICHA I10
bopmyite (2.23):

n
Per, = ((1+ %) —1) 100% = (1+ 0032 ~1)1009 = 426 %.
Ecnu HaumcieHre TPOIEHTOB IO KPEAUTY VIS IPEANPHUSITHI HA YCIOBUSIX CTABKH
rojoBoro mporenta P, % =20% ocymecTBusieTcss oAUH pa3 B IO, TO Pet, = P2 =

=20%. Tak KaK Pef, < Pef, , TO OaHKY BBITOJHEE «IPOKPYYHBATH» ICHBIH B BHIC

KpaTKOCPOYHBIX ~KpeauTOB. Ecin HauuciaeHWe TMpOLEHTOB MO KPEAUTy JUIs
IPEANPHUATHH Ha yCIOBUIX CTaBKH IOJJOBOTO IporeHTa P, % = 20% ocymecTtsisercs
exxemecsiaHo. Torna adpexTuBHAs TPOIIEHTHAS cTaBKa 3TOH omeparuu OyaeT paBHa

n 12
e, =((1+%) —1)&00%:((“%) —1)&00%=219%.
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CreoBaTelbHO, W TpPU €XKEMECIYHOM HAUUCIECHUU MPOLEHTOB IO KPEauTy IS
HnpeanpusitTiii  O0aHKy BBIFOJIHEE BBbIIaBaTh KPATKOCPOUHBIE KPEIUTHl YaCTHBIM
MpeAIPUHUMATEIISIM.

OtBer. banky BbIrojlHee BblAaBaTh KpPATKOCPOUHBIE KPEIUTHI YaCTHBIM
MpeAIPUHUMATEIISIM.

IHonnoui 0o0xo0HOCmMbBIO nOMPEOUMENTbCKO20 Kpeouma HaA3bIBAIOT TOJIOBYIO
cTaBKy I %, HauMClIeHUE MPOIIEHTOB M0 KOTOPOH 00ECHEeUnT BBIILIATY BCEX IUIATEKEH.

[Tomyunm ypaBHeHWe ISl OThICKaHWsl BedmuuHbl [ %. Paspemmm ypaBnenue (2.21)

otHocutenbHO K, momyunm Kg = Hg?]-.l;) ) TAe Ko —cymma kpenuta, S — BelWYHMHA

pa3oBOro MOracuUTeNLHOrO IUIaTeXa, M — YMCIIO BBIUIAT B TOXy, | — CPOK KpeauTa,
p % — mpoctast rofoBas craBka HaparieHus. C JIpyroit CTOpOHBI, BBHIIATHI B CYET

TIOTAINeHUST KPEJIUTa MOXKHO TIPEICTABUTH B BHJIE TOJIOBOM M -CPOYHOM PEHTHI IO CTaBKE
r %, coBpeMEHHAs CTOMMOCTh KOTOpod cormacao dopmyne (2.7°) pasHa
1-(#o001r)"
(001 V™1
OTIpeIeJICHUS TIOJTHOM JTIOXOJHOCTH MOTPEOUTEIILCKOTO KPEIUTa
-T
1-(1+ 001r) —_mT (2.24)
(zo0oxr)/m-1  (2001pT)
[lomHast ~ MOXOMHOCTH  MOTPEOUTENHCKOTO  KpEeauTa  SIBIISIETCS  aHAJIOTOM
3¢ (deKTUBHON TPOIIEHTHON CTaBKHU.
Ipumep 7. Ilorpebutenbekuit kpeaut Ha cymmy 100 ThIC. pyO. BhIIaH Ha 4 TOaa
mo crtaBke 8 % romoBbIX. lloracuTeNbHbIC IUIATE)KU BBIMLIAYABAIOTCS €KEMECSIHO.
OnpenenuTh BeJIHUNHY €KEMECSIHBIX BBITUIAT U MOJTHYIO JOXOAHOCTh KpEIUTOpa.

Pemenune. Benunna exxeMecsYHBIX BBILIAT pacCUUThIBaeTcs o ¢popmyie (2.21):
. Ko(L+ 001pT) _ 1000001+ 008[4)

Ko=S . IlpupaBHuBas BelpakeHus 11 K, mosyuum ypaBHEHUE i

= 2750 py6.
mT 1204 by
I[Hﬂ OHpeI[eJIeHI/ISI HOHHOﬁ JOXOOJHOCTHU r % BBIYUCIIUM BeJII/I‘II/IHy
mT _ 1204 _36,(3 ),

(1+001pT) (1+0080H)
crernaeM 3ameHy nepemernbix a =1+ 001r , rorna ypaBHenue (2.24)npumMer BUI

1-a™ = 3(36)({¥a - 1). (2.24)

VYpaBuenue (2.24°) MOXeT OBITH pEIIEHO YHCACHHBIMA METOJAaMH WU C
MIOMOIIBIO MaTeMaTHYeCKUX MakeToB (Hampumep, Maple 7). Pemas ero, momyunm
a=11533, Torna nojaHas JOXOAHOCTh KpeAUTOpa paBHA

r = (a-1)100% = (1,1533-1)[100% = 1533%.

OtBer. BennunHa exeMecsYHBIX BBHITUIAT 1O KpeAuTy paBHa 2 750py06., monHas
JIOXOHOCTH KpeauTopa paBHa 15,33 %ronoBeix.

Jliist onieHkH 3()(EeKTUBHOCTH JABYCTOPOHHHMX (PMHAHCOBBIX MOTOKOB HCHOJB3YIOT
YUCMYI0 NPUBEOCHHYIO 8e/IUYUHA N UHOEKC nPUdbLIbHOCmU GUHAHCOBON OTIEpaIlny.

Yucmon npusedennoii eéeauuunou NPV (net present value)nassiBaror
COBpPEMEHHYIO BenuuuHy mnotoka NPV = PV(O), BhIUHCIsSIEMYIO TI0 opmyne (2.20),B

KOTOpOﬁ BCJIIMYNHBI K(tl) SABJIAOTCA TIOCTYIUICHUSAMH WJIM BbIIIJIATAMUA II0TOKa U

paccMaTpUBAIOTCS] KaK IUIaTEXU IOTOKA C COOTBETCTBYIOIIMMM 3HaKaMu. Onepariust
cuntaercs H3PeKTUBHON 1151 yyacTHHKA, eciu Juist Hero NPV > 0. JlokazaHo, 4To 3HaK
nokazatenss NPV He 3aBHCHT OT MOMEHTa BPeMEHHU, K KOTOPOMY HPUBOJUTCS MOTOK
miarexeit. [losToMy s onleHKH 3 PEKTUBHOCTH JIFOOO0W MHOTOATAITHON (hPUHAHCOBOM
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omepanuu A0cTtatoyHo paccuutaTh NPV ans mobGoro MoMeHTa mpHUBEACHHUS U
OTIPEICTTUTh 3HAK ATOTO IMOKa3aTeJIsl.

[Ippy HEm3MEHHOCTH TOJIOBOM MpOIEeHTHOH cTaBku P %, exerogHoi
KanuTaIN3allid U UCIOJIb30BAHUN CXEMBI CJIOKHBIX MPOIEHTOB YHCTHIA TMPUBEICHHBINA
IOXOMI Ha HavaJbHBII MOMEHT WHBECTUPOBAHUS COCTaBUT
n
NPV = PV(0) = Z—K(t‘ ) :

=01+ 001p)"

BpPEMCHU U OIIUCBIBAIOTCHA (I)yHKHHeﬁ K(t), a IMTPOLCHTLI HAYUCIISIFOTCA HEIIPEPBIBHO, TO

Ecmm nocTynaromue Cpeacrtsa HU3SMCHAIOTCA BO

YHUCTBI NPUBEIECHHBIM NOXOA OT MOTOKA IUiarexeil 3a Bpemss T =t,, BBIUUCISAIOT 11O
T ot
bopmyne NPV = [K(t)e o0t .
0
Hemocratkom mokaszarems NPV gBagercs HEBO3MOKHOCTH — COIIOCTABIIITH
s} dexTUBHOCTH IBYX pa3MuHbIX (PUHAHCOBBIX ONEpaIMii ¢ ILENBI0 BhIOOpa Haubolee
BBITOJHOIA.

Jlyist 5TOTO MCHOMNB3YIOT APYroi MoKa3aTellb, Ha3bIBAeMbId WHIACKCOM MPUOBLIHHOCTH
WM BHYTpPEeHHEH 3()()eKTHBHOU CTaBKO# OIEpaIlny.

Hnoekcom npuoviivhocmu (6Hympenneil IhghekmueHnoii cmaskoil onepauuu,
GHYMPEHHEll HOPMOU NPOUEeHmMAa NO KANUMAI0610HCEHUAM, NOJIHOU O00XOOHOCHIbIO
Qunancoeoil onepayuu) HaA3BIBAIOT TPOLEHTHYIO CTaBKY, IPH KOTOPOH cymMMa Bcex
JMCKOHTUPOBAHHBIX KalUTAIBHBIX 3aTpaT U JUCKOHTUPOBAHHBIX JIOXOJOB PaBHA HYIIIO.
Oo6o3nauenus: Pl (profitability index), IRR (internal rate of return)Coriacao sTomy
OIIpeIeTICHNIO MHJICKC TpuObLTbHOCTH Pl paBeH 3¢ddekTHBHOI MPOIIEHTHO# cTaBKe, pH
kotopoii NPV =0, To ecTh nHAECKC MpHOBLTFHOCTH Pl sBIsIeTCs KOpHEM ypaBHEHHUS

Zn: Kt)  _
t.

=01+ oo1rPr)"

dunHaHCcoBas oneparys cuuTaeTcs BeIrogHou, eciu Pl 215%.

Crnenyet 3aMeTuTh, 4TO 3HaueHWe Pl He 3aBHCHT OT TOro, K KaKkOMYy MOMEHTY
BPEMEHH TPUBOJUTCS (IMCKOHTHPYETCS ) TIOTOK Iiatexeit mpu pacdere NPV .

IIpumep 8. HBeCTHIIMOHHBII MPOEKT pacCYWTaH Ha TPH rojia MpU TPOICHTHOU
ctaBke 8 % ronoBeix. [lepBoHauanbHBIe Oa30BbIe KAMTUTAIOBIOKEHUS cocTaBIT 10 MiTH
py0. W HamedaeTcs €XKEroJHO YBEIMYMBATh KalUTAJIOBIOXKEHUsS Ha 1 MiaH pyo.
Onpenenuth A(PHEKTHBHOCT, WHBECTHIIMOHHOTO MPOEKTa TMPH  EXKETOJHOM U
HEIPEePHIBHOM WHBECTHPOBAHHH.

Pemenne. Tak xak MOTOK TUIaTeX el MHBECTUIIMOHHOTO MPOEKTA MPEACTABISET
co0Ol TepeMeHHYI0 peHTYy, TO JUIS ONEHKH ero A(PQPEKTUBHOCTH IOCTATOYHO
paccuntath NPV moroka. Paccumtaem NPV wHBecTHIIMOHHOTO TIpoeKTa TIpH
€KEeTOJIHOM H HelPePhIBHOM WHBECTUPOBAHUMU.

[TycTh cpencTBa TOCTYMAIOT €XErogHO. lak Kak IepBOHAdabHbIE 0a30BbIE
KamuTanoBlokeHus coctaBuin 10 MuH py0. M HamedaeTcsl €KErojHO yBEINYUBATh
KalMTAJIOBIIOKeHUsT Ha 1 MIH pyo., TO K(O)=1O MJIH py0., Yepe3 TroJ cymma

(2.25)

KalUTaI0BIOXKeHu coctaBur K (1) =10+1=11 wmuH py06., Yepe3 JaBa rojga —
K(Z) =11+1=12 muH py0O., yepe3 Tpu roga — K(3) =12+1=13 miHn py6. Torna NPV
WHBECTULIMOHHOTO MPOEKTa COCTABUT
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NPVZ KE) g, 1, 12, 18
= (1+ 008)" 108 (108)*> (108)*
[omyunm, uto NPV =408 mmm pyd. Dro o3HauaeT, 4YTo Ui MOJIyYCHHUS
OJIMHAKOBOW HAPAIIEHHOM CyMMBI Uepe3 TpH rojia eXeroHble Kanuranosioxenus ot 10 1o
13 mytH py0. paBHOCHJIBHBI OJTHOBPEMEHHBIM IepBOHAYATbHBIM BiioxkeHusM 40,8 MimH pyo.
TIPU TIOCTOSTHHOM TTPOIIEHTHOM CTaBKe.
ITycte cpenctBa moctymaroT HempepslBHO. CocTaBuM  (YHKIHIO H3MEHEHUS
KalMTaJIOBIOKEHUH K(t). Tak kak mnepBoHayYaJbHBIE 0a30Bble KaHUTAJIOBIOKEHUS

= 408 mmH pyo.

coctaBwiM 10MiH py0., 1 HaMEUaeTCsl €KEroIHO YBEJIMUMBATH KAlTUTAIOBIOXKEHHs Ha 1
MJIH py0., TO Yepe3 TOJ CyMMa KalMTAIOBIOKEHUHA COCTABHUT K(l) =10+1 miH pyo.,
yepes3 JBa roja K(Z) =10+1[2 miH pyo., uepe3 t yer K(t) =10+1 mun py6. Torna
YUCTBIA PUBEAECHHBIN T0X0/1 OT KalUTAJIOBIOKEHUH 3a 3T0/1a COCTaBUT

T _pt 3 & 3
NPV = .[K(t)e 100(t = J'(10+ t)e 100qt = I(10+ )™ 0080 =
0 0

_| u=10+t du=dt _
dv=e 2%8gt v=-125¢™ 008

3
- 12510+ t)e™ 0’08‘2 +125 [ 0%t =
0

=-12510+3)e” 3% + 12510 (125)°€™ 098‘2 =

=105 12513 (12,5)(

024

1] ~ 305.

0,24

[Tomyunmu, uro NPV =305 mmaH py6. DTo o3Ha4yaer, 4TO sl TOTYYCHHS
OJIMHAKOBOM HapallleHHOW CyMMBI 4Yepe3 TpH TIoJla €KEroJIHble HeNpepbIBHBIE
kanutanoBnoxkeHuss or 10 go 13 wmuaH py0. paBHOCWIBHBI OJHOBPEMEHHBIM
nepBoHaYaIbHBIM BioKeHUsM 30,5 MuiH pyO. MpH MOCTOSHHOW MPOIEHTHOHM CTaBKe.

Bemnunmna NPV Opru HCIPEPLIBHOM MOCTYIUUICHUXW JOCHCT IIOJYYUJIaCh MCHBIIIC

enmanEel NPV IIpH eXeroHOM IOCTYIUICHHH, TaK Kak JHCKOHT-(aktop € OOt

HENpEpPhIBHON KalNuTaIu3aluu yObIBAeT 3HAUUTENBHO ObICTpee JUCKOHT-(aKTopa
(1+ OOlp) | eKEroJHO! KaluTalu3alum.

OtBer. Ilpu exeroguom wunHBectupoBanun NPV =408 wmun py0., npu
HenpepbiBHOM — NPV = 305 mutH pyo6.

IMpumep 9. OOcyxnaeMblii BApHAHT KATUTAIBHBIX 3aTpaT U 0KUJAEMBIX JOX0JI0B
(MHAHCOBOTO TMPOEKTa MpejacTaBieH B Tadiwme. ONEeHUTh ero 3PQPEeKTUBHOCTH IS
WHBECTOPA, €CJIA T'0JI0Bas MPOIeHTHas cTaBka P =8 % rooBBIX.

Bpems nmnarexa t;, 0 1 ) 3 5 7 10 13 15
roJbl

Pa3zmep miarexa,
MJH pyo.

-12| -8| -5 -3 15 10 8 g 4

Pemenue. Berancium uncteiit npuBeneHubiit qoxon NPV (MiaH py0.) mpoekra
Ha MOMEHT 3aKJIIOUEHUs JOroBopa:

NPVZ() 4o 8_ 5 _ 3 16 14

=1+ 0g)t 108 (108)* (108° (108° (108)
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L, 10 . 8 6 _
(108/° (108 (108)'®

Haiinem mnpnexkc npubbuibHOCTH Pl QunancoBoro mpoekra. Ilo onpenenenuto
Pl sBusercs kopHem ypaBHeHus (2.25). Craermaem 3aMeHy IIEpEMEHHON BHja

445.

_ 1 o
X = rgopr) s © YUCTOM KOTOpO# ypaBHEHHE (2.25) MOkHO 3amucaTh CJIETYIONTHM

15
obpazoMm: z K(t; )x" =0 wm
i=0
~10-8x-5x% —=3x® +16x° +14x’ +10x? +8x™3 +6x'° = 0.
Pemenne ypaBuenus X = 0903 (momydeHo ¢ mcnoib3oBaHueM makera Maple7),torna

Pl =(1-1)m00%= ( ;1. -1)1100% = 1073% rozoseix.

OtBer: NPV = 445 M py0., Pl = 1073 %, mpoeKT SBISETCS BHITOIHBIM.

Teopernueckmii marepuana: [1, rn. 6, 11], [2, 1. 2, 7], [3, tn. 3, 7, 15],
[4, Temur 8, 14], [5], [6,rn1. 2, 7], [13], [14 . 2, 86], [15], [18rn. 2—7], [19,r1. 5].

Tema 3. OaHodakTOpHBIE ONTUMHU3ALUOHHDbIE
MO/1eJI1 MUKPOIKOHOMUKH

HeoOxoaumMble MaTeMATHYECKHe TOHATHS. (QYHKYUs, HeNpepuleHas  (QyHKYus,
OCHOGHbIE  DleMeHmAapHble  (QYHKYUu, Npou3eooHas, maoauya npou3BOOHbIX OCHOBHBIX
DNIeMEHMAPHBIX Gynxyuil, npasuna BbIYUCTICHUS nPOU3600HbIX, npumenenue
ougpepenyuanvHoeo ucuucienus K UcCie008anUIo QYHKYU.

3.1. Knaccuduxanus )KOHOMHYECKHX MOKa3aTeJIei

Bce oskoHOMHUYECKHME [OKa3aTeld MOXHO pa3/ieiiTh Ha a0COlOmHble W
omHocumensHole. A6coromHubvle NOKA3ame1l BRIPAKAIOTCS B KAKUX-THO0 00BEMHBIX
WA JIEHSKHBIX CIUHMIAX M MPEACTABIAIOT coO0OH JMOO 3HAYEHHE BEJIUYMHBI 3a
OIIPEJICTICHHBIA TPOMEXYTOK BpeMEHHU (nomokoeoe 3Hayenue), OO 3HAYCHUE
BeJIMYMHBI HAa ONpEJICICHHYIO JaTy (3anacoeéoe 3Hauenue). OmuocumesbHble
nokazamenu TPEICTABISIIOT  cOOOM  OTHOIICHHS aOCONIOTHBIX (WM JPYTHX
OTHOCHTEJIbHBIX) TTOKa3aTeseil: HaupuMep, KOJHYECTBO ¢IMHMII OJHOTO TOKa3aTesst Ha
SIMHUILY JAPYTOTro B OJMH M TOT )K€ MOMEHT BPEMEHHU WJIM OTHOIICHHE JBYX 3HAYCHUM
OJIHOTO ¥ TOTO K€ MOKa3aTelisi B pa3inyHble MOMEHTHI BPEMEHU (memn pocma 0aHHOZ0
nokazamena). Jlns KOMIUIEKCHOTO aHalW3a AKOHOMHYECKOW CHTYyal[id BaXKHO
YVUHTBHIBaTh Kak abCOJIOTHBIC, TaK M OTHOCHTENbHBIC MoKazarend. Hambosee mmpoko
HCTIOJIB3YIOT CPeOHUe U npede/ibHble BEINYNHbI.

[TycTh F(x) — HEKOTOPBI abCONIOTHBIN IMOKa3arelb. Ero Tak jke Ha3bIBaloOT
CYMMapHoii eeauduHoi. B 5)KOHOMUKE B POJIA CyMMapHBIX BEJIMYUH BBICTYIAIOT TOXO/T
(BbIpyuKa) WM M3AEPKKHA Kak (PYHKIHH 00BheMa BBIIYCKa (R(Q) WK C(Q)), 00BeM

BBIITyCKa KaK (YHKIMSI OT KOJMYECTBAa EPEMEHHOT0 pecypca, Halpumep, Tpyia Q(L),
MOJIE3HOCTh Kak (yHKIMS KojuuecTBa moTpediasiemoro Omara U (X) U Jpyrue
HKOHOMHUYECKHUE TIOKA3aTEIN.
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Cpeonioiro eenuuuny AF(X) OIIPEIETIAIOT KaK OTHOIIEHHE CyMMapHON BEJIMYHMHBI

F(X) K HE3aBHCUMOH IIEPEMEHHOH X! AF(X)=@. IIpumeps! cpeiHUX BeEJIUYHH

RQ) Q)

—Q + CPelHHE H3NEPKKY AC= Q

B DKOHOMUKE: cpefiHuil 10xo7 (Bbipyuka) AR=

(L)

CpefHui IPOAYKT Tpyaa AQ = ~— U T.K.
Mapocunanouyro  (npedenvuyro)  eenuuuny  MF (X) ONpPENIETSIIOT  KakK
MPOU3BOJIHAS CYMMapHOW Benu4ywHbl F (x) M0 HE3aBUCUMOW TEepeMEeHHOU X:

MF(X) = F'(X) LF  (mpenmonaraercs, 4To HezaBHCHMAs TepeMeHHAs MeEHSAETCS

- A|>I(TO Ax
HeNpephiBHO). B ciiydae, Korja cymmapHasi BEJIMYMHA MEHSETCS JUCKPETHO, TO IMOJ
Map)KHHAIBHOU (MIpeIeIbHOM) BEIMYMHON MOHMMAIOT OTHOIIEHHE u3MeHeHus AF (X)

CYMMapHOW BEJIINYMHBI F(X) K BBI3BaBUIEMY JTO H3MEHEHHE W3MeHeHHIo AX

= AF
Ax °

DKOHOMHUKE: TMpeJeNbHbI goxon (Belpyuka) MR= R'(Q), npe/iebHbIe H3IEPKKH
MC =C'(Q), npeeIbHbIA NpoayKT Tpyaa MQ :Q'(L) U T.J.
CymmapHble, CpeJlHUE W TIpeleNibHbIe BEJIHYMHBI MOTYT OBITh 3aJaHbl Kak

aHamuTHYecKd ((hopMyJIoii), Tak U rpaduIecKH.
IIpumep 1. IlycTh 3aBUCHUMOCTH H3JEpXKEK MPOU3BOJACTBA 3agaHa (OpMyIIOi

HE3aBUCHUMON MEPEeMEHHOH X: MF(X) [Ipumepsbl TpefeNbHBIX BEJIUYUH B

C(Q)=3GQ— O,O4Q3. Halitn cpemHue ® TpelelbHBIC W3JIEPKKH TpH 00BeMe
npoaykun Q =10 enunui.

Pemenne. Cpennme u3IEpKKH 3anaHbl  (HopMyIioit AC(Q)=?, TorAa
_ 3

Q =10 egunui AC(lO) =30- 004 M0% =30-4=26 JICHS)KHBIX SMHHMI] Ha €THHUITY
npoaykuuu. Ilpenenshple wu3gepkku 3amatoTces ¢Gopmyioir MC = C'(Q), TOT/Ia

=30- O,O4Q2; CpeHHE W3JEPKKH TpH 00BeMe TMPOIYKITUU

MC = (3(1) - O,O4Q3) =30- 012Q2; peJieNbHbIE U3JIEPKKU MPH 00beMe MPOAYKIUU
Q =10 enunwmIy MC(lO) =30- 012 102 =30-12=18 JICHES)KHBIX eTUHUI] Ha €THHUITY

MTPOTYKITHH.

OtBer. Cpengnme wu3nepkku AC=26 JeHEXKHBIX EIUHUI] Ha CAUHUILY
NPOAYKINK, mpeAenbHble u3aepkku MC =18 neHexHBIX €IWHUI] Ha EIUHUILY
MTPOJTYKITHH.

3.2. Makcumu3anusi npuObLIH GUPMBI

DKOHOMHYECKHMHU  MOKa3aTesIMM,  XapaKTepU3yIOIIUMH  paboTy  (GupMBH,
SIBIISIIOTCSL 00beM BBITycKa MpoAyKuuu Q, IeHa eJMHUIBI MPOAYKIIUH P(Q), JIOXOJ
(BbIpyuka)  OT  TPOJAXH R(Q) = P(Q)Q, U3IePKKH C(Q), puOBLTH
I'I(Q) = R(Q) - C(Q). Jloxox oT mpojax R(Q) = P(Q)Q OIIPEJIETIAETCS 3aBUCUMOCTBIO
P(Q) IIEHBl OT KOJWYEeCTBA IMPOJAHHOW MPOAYKIuu. M3aepxku C(Q) 3aBUCAT OT
TEXHOJIOTUH MPOHM3BOJICTBa. Tpedyercss HAUTH Takoil o0BbeM BBITycKa Hpoaykiuu Q,
MIpU KOTOPOM TIPUOBLIHL OblIa ObI MaKCUMalTbHA.
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B MUKpPOIKOHOMHKE H3BECTE€H 3aKOH: OMMUMANbHYLII YPOBEHb 8bINYCKA MOo8apd
onpeoensemcs paseHCmeoM npedeivbHblX usdepiicex u npeoeivhozo ooxooa. MR=MC .
[Tokaxem, 4YTO STOT 3aKOH MOXHO TOJYYHTh Kak cjeacTBue TeopeMbl dDepma.
JleficTBATENIBHO, 00BEM BBINyCKa Npomykuuu Q. ONTHMaleH, €ClId IpUObLIb

M (QOnm ) MakcuMaibHa. B Touke HaumOombluero 3HadeHus, o Tteopeme Pepma,
I_I'( 0nm)=0 W R’( anm)_C'( 0nm)=0' W R'(Qonm)ZC'(Qonm)’ HIn

MR(Q, )= MC(Q, ).

AHAIIOTUYHO paccykXaasi, MOKHO TOJYYHThH €Ie OJWH 3aKOH MHUKPOIKOHOMUKH:
YpoGeHb Hauboiee IKOHOMUUHO20 NPOUIBOOCBA ONPEOesiemcs PA6eHCMEOM CPeOHUX
u npedenvHvx  uzoepoicexk:  AC=MC . JlelicTBUTENbHO, YpOBEHb HambOolee
SKOHOMUYHOIO Ipou3BojicTBa Q,, XapaKkTepu3yeTcss TeM, 4TO CpeAHHE MH3JEPIKKU

AC(QSK) MHUHHAMAaIIbHBL. Clle0BaTeNbHO, (AC(QgK ))' =0. Tak xak AC(Q) =%, TO

r Cc'(Qo- C
(r0(0) =S o (0,)= 42 s wefe, )= acke, )

B MuKposKkOHOMHKE THIHAYHAS (QYHKIUS U3JICPKEK MOXKET HWMETh BHJI
C(Q)=2g +4Q-1,Q% +13Q3, tue Ay=20, A, 20, 1,20, A3>0 — sK30reHHEe

napameTpbl. [y yrnpolneHust BHIKIanoK OyaeMm moiarath, uto Ag =0, u ¢dyHKIHS
W3JIepKEeK UMEeT BU/T C(Q) =4Q- /12Q2 + /13Q3 .

Hccnenyem (QyHKIUIO H3AEpPIKEK C(Q) =4Q- /12Q2 + /13Q3 Ha BO3pacTaHue,

yObIBAaHME W TOYKH  OJKCTpeMyMma.  IlpouwsBomdas — (QyHKIMHM  H3JEpIKEK
C'(Q) =A-20Q+ 3/13Q2 . Ecmm /1% -34143>0, TO HeoOXoaUMOE YyCIOBHE

Ay =y A5 =3115

SKCTpeMyMa C'(Q) =) -21,Q+ 3/13Q2 =0 Bemonnsiercs npu Q = 3

HQ, = Ay +4/A5-3A 115
2

=T [IponsBoaHas GyHKIUU U3IEPKEK C'(Q) >0 mpu QU (O, Q_L)

n QU (Ql, + 00). Ha »Tux mHTEepBanax M3IepKKH Bo3pacTaroT. [IpousBoaHas GpyHKIHHA
H3JIepIKeK C'(Q) <0 mpu QU (Ql, Qz)- Ha sTtom wWHTepBayle HW3ICPKKH YOBIBAIOT.

Ay =143 -34,15

CnenoBatenbHo, ipu Q = (bYHKIUS U3IepKEK C(Q) UMEET MaKCUMYM,

313
Ap+|A3-3M11
ampu Q, = # — MuHMMYM. Ecin /1% =3MA3 £ 0, To dyHKIHS U3AEPKEK

CTPOrO MOHOTOHHO BO3PAcTaeT.
Haiinem ypoBeHp HamOojiee SKOHOMHUYHOTO mpousBojcTBa. OH ompexaensercs
KaKk TOYKa MHHHMyMa (QYHKOHH cpeiHuX um3aepkek. CpemHue — M3AEPIKKA

C ' p
AC(Q) = % = /11 - /12Q + /13Q2. Torma (AC(Q)) = —Az + 2A3Q =0 npu le< = 723
equanil. [lo BTOpoMy JOCTAaTOYHOMY YCIOBHIO 3KCTpeMyMa (AC(Q))" =243>0

A
npu Bcex 3HaueHusix Q, cinepomarenbHo, Q,, :ﬁ — ToYka MUHUMYMa (yHKIHH
3

cpenuux m3aepxek. Ho, ¢ npyroit ctoponsl, B 3Toit Touke AC = MC .
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HaiizeM MHHHMYM TpeNeNbHBIX  HU3JEPXKEK. MC(Q) = ) = 2A,Q +31,Q%.

' A
(MC(Q)) =24, +64,Q =0 mpu Q¢ =i equaun. [lo BTOpoMy mocTaTouHOMY
n A
YCJIOBHIO (MC(Q)) =643 >0 mpu Beex 3HaueHmsIX Q, moatomy Qe = ﬁ — TOYKa
3
MUHAMYMa (QyHKINU TIPeeTbHBIX U3/IePKEK.
[Ipoananu3upyeMm (GYHKIHMH T0X0Ja OT MPOJaX M NMPUOBUIM (PUPMBI Ul JBYX
THUIIOB PHIHOYHOM CTPYKTYPHI: COBEPIICHHOW KOHKYPEHIINU ¥ MOHOIIOJIHH.

Maxkcumusanust npuobLLUTH GUPMBI B YCJIOBHSIX COBEPIIEHHOH KOHKYPEHIIHT
B ycrmoBusix COBepHIEHHOM KOHKYPEHIIMM Il€HA Ha OPOIYKIHMIO  (HPMBI
A OTIpeIETISIETCS PBIHKOM u
f(Q) (0] Q nocTosiHHa (paBHOBECHAs IlEHA He
I 3aBHCHT OT 00BeMa MPOU3BOICTBA
1 o

| JaHHOUW  (pUpMBI): P(Q) =p.
1

! CrnenoBaTeabHo, R(Q) = pQ, To
! €CTh JIOXOJ OT MPOJaXK SBIISIETCS
! JquHeHHOW — yHKumed  oObema
1

! Boimycka (puc. 3.1).B atom ciyuae
1 = =

! MR = AR= p. OyHKIHs
1
1
1

! 1

: i i NpUOBLIA IMEET BU

i /r\ N(Q)=RQ)-c(Q)=
@] Q(Enmlél (IQOl an(le Qlonmz {302 > = (p - /‘1)Q + /]2Q2 - /13Q3.
Puc. 3.1

Q) Pemas mepasencteo  1(Q)>0

WK
(p - Al)Q +A 2Q2 - /]3Q3 > 0, HaiiieM 00BEMBI IIPOU3BOJICTBA, IPU KOTOPBIX MPHOBLIH
MOJIOKHUTENIbHA WM oTpuilatenbHa. [Ipubbuie paBra nHymo mnpu Q=0 (mauano

DB dlo-as ) dgr[Bralpaps

koopauHar), Qyq = s Qo2 2,

Bo3MoxHBI TpH ciryyast:
1) ectu p> A, TO I'I(Q)=O (mpu Q>0) Tompko mpu Q=0 wu mpum

_ Aoty A5+4(p-A1)As .

QOZ 23 ’

2) ectm ps<A wm /1%+4(p—/11)/13>0, TO I'I(Q)ZO mpu Q=0,

_ Ag=A5+4(p-A1)A3 _ Ay A5+4(p-A1)A3
Qp1 = 2y u Qy, = s (puc. 3.1).Ha puc. 3.23T10 TOUKH,

B KoTopbix AR= AC;

3)ecmu p<A u A5+4(p-)As<0, © \MC AC /
TO I'I(Q)=O tonpko mpu Q =0, a npu | | AR=MF
Q >0 sBnseTcst oTpumarenbHOU. B sTOoM | |
cilydae MPOU3BOJICTBO HEPEHTAOECTIHHO. i | |

I
I/ICCJ'IeI[yeM q)yHKHH}O HpI/I6BIHI/I 0 Q()nml QIOJ_ QMC Q3,< Qr)an QOZ QV
M (Q) Ha MOHOTOHHOCTb U 3JSKCTPEMYMBI. Puc. 3.2

Haiinem OITUMAaJIbHBIN YPOBEHB
npomsBozicTBa. OH ompepenseTcss Kak TOYKAa MaKCUMyMma (YHKIUH TPHOBLIH.

L — - N\- S
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Heob6xomumoe yClIOBHE JKCTpeMyMa MeeT BH/]I M '(Q) =0 W
(p=/)+22,Q-31,Q% =0.

31ech Tak)Ke BO3MOXHBI TPHU CITydast:
1) eecou p>A;, 1O TOouka okcTpemyMma (mpm Q>0) Tompko opHa:

_ Ap+yA5+3(p-M)As

Qonm = s . Hcnonp3yst 1oCTaTOYHBIE YCIOBUS  CYIIECTBOBAHUS

9KCTpEMYyMaA, HCTPYAHO ITOKAa3aTh, YTO OHA ABJIACTCIA TOYKOH MaKCHUMyMa,

2) eecru ps<A wm /1% + 3(p - /11)/13 >0, TO TOYEK DOKCTpeMyMa JIBe:

Ao =43 +3(p-M)hs _ Ay B+3(p-A )3

Quomm = 3, 1 Qo = 7 . UccnenoBanne ¢ynkimu

M (Q) Ha MOHOTOHHOCTb IIOKAa3bIBaeT, 4TO MpuObUIL yObIBaeT mpu QU (O, Q]_,mm)
u QU (onnm, + 00), a BO3pacTaeT npu QU (Q]mm onnm). Touka

Ay = A5+3(p-A1)A3

Quonm = o, SBJISETCS TOYKOM MHUHMMyMa HOpUOBUIM, a TOYKa
_ A +yA5+3(p-M g .
Qopym = 3, — Toukoir makcumyma (puc. 3.1). Ha puc.3.2 510 TOUKH,

BKoToppix MR=MC. Dra cutyanus sBiusgercs HauOojee THUIWYHOM s
MUKPOSKOHOMHKH. TIPH MaJbIX 0ObeMax BBIIyCKa HM3AEPKKH pacTyT OBICTpee, 4eM
JOXO0J OT HpOAAX; C YBEIMYEHHEM O0beMa IIPOM3BOJICTBA JOXOJ OT IIPOAAK
YBEJIMUMBAETCST OBICTpEE, YeM U3JEPKKH, a HauyuHas C HEKOTOpPOro YpPOBHS
IIPOU3BOJICTBA, U3AECPKKU CHOBA MIPEBBIIAIOT J0XO OT IPOAAK;

3) ecm ps<A wm /1% + 3(p —/11)/13 <0, T0 QyHKOUS TPHUOBUTH MOHOTOHHO
yOBIBAET M SKCTPEMYMOB HE UMEET. B 9TOM citydae mpou3BOICTBO HEPEHTAOEIBHO.

Maxkcumu3zanus npudbLIH GUPMBI B yCI0BHAX MOHOIIOIHH

B cnyuyae moHomommu ¢upma cama BEIOMpaeT IeHY, UCXO/s W3 KPUBOU cIpoca.
Tax xak kpuBas cmpoca Q = Q(P) SIBJISIETCSL YOBIBAIOIIEH, TO U 3aBUCUMOCTH IIEHBI OT

crpoca P = P(Q), obparmas x ¢yHKumE cmpoca, sBIseTcs yObIBAIOICH, MOSTOMY
P'(Q) <0. ®yHknus 10X0na HMEeT BHUJ R(Q)= P(Q)Q. Ilpu To#t xe QyHKIUH
n3JIepKeK PYHKIHS MPUOBLTH Oy/IeT paBHA

N(Q)=R(Q)-C(Q) = P(Q)Q - hQ + 1,Q% - 1,Q°.

3Has SBHBIA BHJ (YHKITUH

A
P=P(Q), wmoxmo  maiitn f(Q) c©Q
OITHUMAJILHEIA YPOBEHb "RQ)
POM3BOICTBA KaK TOUKY | !
MakcuMyMa (DYHKIMU OpHOLLIH (B | ! L i
5TO  TOYKE  MO-TPEKHEMY ' | Lo :
NpelleNbHbIA  JIOXOX  paBeH | : Lo |
npeaeIbHbIM U3JIEpPIKKaM). : ! el |
Ipapukun  ¢QyHKOHIE  10X01a, Qo i i i ': :
EZH;EQI_(ZK_;I MPUOBLTN TIOKA3aHBI O\iQ/@’l Q. Q2 Quz O 012>(Q)Q

OyHKIMS CpeaHEro I0XoAa Puc. 3.3
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AR(Q) = P(g)Q = P(Q) coBIajaeT ¢ pyHKIUeH ekl OT ciipoca U yObiBaeT. DyHKIHs

MPeACIIBHOTO JTI0X0/a

MRQ) = R(Q) = (PQJQ) = oP(Q)+ P(Q) = ARQ)+ QP'(Q) < ARQ)
npu J0ObIX 00beMax BBITYCKa, Tak ¢ (Q)A 4C

Kak P'(Q) <0 (puc. 3.4). e

IIpumep 2. [lycTh 3aBUCHUMOCTD
LeHbl OT Cclpoca HMEeT  BHJ

P(Q)=100-Q, dpynxunus m3zepxex
C(Q) = @%-37Q%+169Q +4000.

|
|
|
. 1
Haiitu o0beM IIPOU3BOJCTBA, I
o I | |
00eceunBaroIIuii IPEATPHATHIO | Lo ' MR
1 I
MaKCHMAaJIbHYIO IPUOBLIE. R . -
Pemenne. ®ynkuus npudbum O Qom Qo1 Qve QuQomz Qo2 Q

WMEET BUJ Puc. 3.4
N(Q)=R(Q)-c(Q) = P(Q)R - () = -Q” +36Q° - 69Q - 4000.
Torma I'I'(Q)=—3Q2 +72Q — 69. IlpupaBHUBasS TPOU3BOJHYIO (PYHKIIHMH NPUOBLIH
K Hymo, noinydaeM Q,,,.1 =1, Q..o = 23.
[IpoBepuM nocTaTovyHOE YCIOBHE IKCTpeMyMa. Bropas mpow3BomHas (yHKIHA
npuGetn  pasma  M"(Q)=-6Q+72, torma  N"(Q,,,;)=-6+72=66>0,
cnenoBarensHo, npu Q.1 =1 ¢yHKIUS HpUOBUIM JOCTUraeT MUHMMyMa. Tak Kak

M "(Qonmz) =-6[23+72=-66<0, To mpu Q,,,,,» =23 QyHKIUI OpUOBLUIN JOCTUTAET

MakcuMyMa. MakcumanbHas —OpuObub [, = ~233+36[23-6923-4000=1290
JICHEe)KHBIX €ANHHIL.

3.3. OnTuMH3AIHA HAJIOT000/10KeHHsI TIPeXNPUSI T

[lycte [ — Hanor ¢ eAMHUIBI BBHITyCKaeMoOil MpoayKnuu. Torga cyMMapHbIH
Hayor ¢ Q eamuuI npoayknuu coctaBut B = Q. B stom ciydae QyHKIHUS MpHOBLTH
OyzleT UMeTb BH] I'I(Q)= R(Q)—C(Q)— BQ . Tpebyercsi BBICHUTH, KaKUM JOJDKEH
OBITH HaJOTr [, Y4TOOBI BeIWYMHA CyMMapHOro Haiora B co Bceil mpoaykiuum Obuia
HanOOJIbIICH.

Yenosne makenmyma npuGsui uveer Bua 1'(Q) = R'(Q)-C'(Q)- £ =0. Pewas

5TO ypaBHeHHe, HaxomuMm Q. (,8) (To ecTh ONTHMANbHBIA OOBEM IPOU3BOJICTBA
3aBucut or Hamora [). Iloxgcrasum Q,,, (,8) B BEJIMYUHY CYMMAapHOTO Hajora,
noayunm B = ,BQ(,B) M OTCIOJIa Hali/leM ONTUMaJIbHOE 3HAUeHHe Hajora 3.

ITpumep 3. [IycTh R(Q) =16Q - Q2, C(Q) = Q2 + 1. BBIACHHUTH, KaKMM JIOJDKEH
ObITH HaJOr [, 4TOOBI BelWYMHA CyMMapHOro Hajora B co Bceit mpoaykiuu Obuia

HauOOJBINEH, HAUTH ONTUMATBHBIA 00BEM MPOU3BOACTBA U MAKCHUMAIBHYIO TPUOBLITE.
CpaBHUTH NOJTYUYEHHBIN Pe3yIbTaT ¢ Pe3yJIbTATOM OTCYTCTBHS HAIOTOOOIOKEHHUS.
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Pemenune. @Oynknus npubbum umeer Bun [l (Q) = —2Q2 +16Q-1- Q.
HeoGxoaumoe yciioBrHe MakcuMmyma mpuObutd: [1 '(Q) =-4Q +16- £ =0. Orcrona

Q,um(B)=4 —é . TlpoBepumM nocTatounoe ycrmosme skcrpemyma: [1"(Q)=-4Q <0

npu moboM 3HadeHun Q>0. CnenosarenbHo, Touka Q. (,8):4—§ SIBIISIETCSI

TOYKON MakcumyMma npu ycioun 0< 5 <16.
[loncTaBuM TOJy4YeHHOE 3HAaueHHWE oObeMa MPOM3BOJACTBA B  BEIMUUHY

2
CyMMapHOro Hajora, noiyuynM B=pf Q(,B) = ,[:’(4—%): a3 —ﬁT . Heobxomumoe
yCJIOBHE MaKCUMyMa CyMMAapHOTO Hajora B'(,B) =0 wm 4—% =0. Torma £ =8. Tak
kak B" (,8) = —% <0, to =8 sBugercs TOUKOM MakcumyMma. Torga MaKCHMaJIbHBINA

CYMMapHbIA Hajor B,y = B(8) = 32—6744 =16, onTUManbHBIA 00BEM IPOM3BOACTBA

Qunm (8) =2, a MakcuMaibHas IpuObLIb [1 5, =1 (2) =7.
IIpu orcyrcTBum Hanmoroo6noxenus ([ =0) onTUManbHBI 00BEM IPOU3BOJICTBA
Q,um (O) =4, a wmakcumanpHad npuObUL M4, =Tl (4) =31. Takum oOpazom,

YMEHBIIIEHNE HAJIOT000JI0KEHUS CTUMYJIMPYET POCT BBITYCKA IMPOAYKIMHA U MPUBOJIUT
K YBEJIMYEHUIO IPUOBUIN OT €€ pean3aliii.

Teopernueckmii matepuadn. [1, rn. 7, 8], [2,r1. 4, 5], [3,r1. 5, 6], [4,temsr 11, 12],
[5], [6], [7, ,rn. 3, 4, 6], [8], [11rxn. 4, 5], [14], [19,. 4].
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Tema 4. MoaeaupoBaHue pacnpe/iesieHusi 10X010B
cpeau rpyni HaceJIeHUus

HeoOxoaumMble MaTeMATHYECKHe TOHATHS. (QYHKYUs, HeNpepuleHas (QyHKYus,
OCHOGHbIE dleMeHmapHvle QYHKYUU;, Nepeo0OPA3HAs U HeONnpedeleHHbIl UHmezpal, maoauya
nepeoOOPA3HBIX  OCHOGHBIX — DNEMEHMAPHbIX  (QYHKYUl,  ONpeOeleHnviil  unmeepal,
2e0MempUYecKUli CMbICI ONPeOeNeHHO20 UHMe2pald, CHOCOObL IYUCICHUS UHINEZPAIO8.

4.1. IlousiTie 0 pacnpenaejJeHUN 0X0/10B H KpuBoii Jlopenmna

Jloxo0om Ha3bIBAIOT MPEBBIIICHHE CTOMMOCTH IPOU3BEJIEHHOTO IMPOJYKTa HaJl
3aTpaTaMM Ha €ro IPOU3BOJICTBO, a TAKXKE JOJII0 KKIOro Kjacca, COLUMAIbHOMN IpyIIIIbI
WM OIPENIEIEHHOT0 MHJMBUyyMa B NPOU3BEICHHOM IPOAYKTE, MPUCBOCHHYIO HUMHU.
®dopMupoBaHUE JOXOJ0B HACEJIEHUsI — OJIHA U3 TJIABHBIX 337a4 COIMAIBHONU MOJIUTUKU
rocynapctBa. OMHAKO TMPH HAJTWYUU OOIMUX MPHHIUATOB (GOPMHUPOBAHUS JIOXOJIOB
COXPaHSIIOTCSl YCJIOBHSI HEPABEHCTBA MOJYy4YaeMbIX JIOXOJI0B U, KaK CIIEJCTBUE, YPOBHEH
KU3HU PA3JIMYHBIX CIIOEB U IPYIII HACEICHHUS.

B sKOHOMHYECKOW TEOpHH 3aBHCHMOCTH IMPOIEHTa JOXO0J0B (Y ) OT MpoIlleHTa

UMEIOIIero WX HaceldeHus (X) HaspBaloT Kpueoil Jlopenuya. OnHa sBisercs
MoKa3zaTelieM, OTPaKAIOIIMM HEPaBHOMEPHOCTh pacIpelleieHUs] COBOKYITHOTO J0X0Ja
00IIIecTBa MEX/Ty pa3IMYHBIMHU IPYIIIAMU HACEIICHUSI.

PaBHOoMepHOE pacripenenenue JIOXOJIOB (abcomoTHOE PaBEHCTBO)
xapakrtepuzyercs: TeM, uro 20 % Hacenenus noxydaroT 20 % 0T COBOKYIHOTO J10X0/1a,
40 % nacenenus — 40 %ot coBokymHOro noxojna. [Ipu paBHOMEpHOM pacmhpeeeHun
noxonoB kpuas Jlopenna umeer Bux npsimoit OA (uneanpHas Y4
kpuBas JlopeHiia) 1 MoxeT ObITh 3aqaHa QyHKIMeW Yy =X Ha 1F-—-——-------~
OTpe3Ke [O; 1] (puc. 4.1, 3a 1 mpunarter 100 % 10Xx010B
u 100 Ynacenenus).

AOcomoTHOe HepaBeHCTBO o3Hayaer, 4yto u 20 %,
n 40 %, u T.1. HaceleHUs HE TOJYYAIOT HUKAKOTO JI0XO/a, C
3a UCKJIIOUEHUEM OJTHOTO uesioBeka, KoTopblid noiaydaer 100 % B
coBokynHoro goxoxa. Jlomanas OBA ma puc. 4.1 —xpuBas (o 1;
Jlopenria mpu aGCONIOTHOM HEPABEHCTBE. Puc. 4.1

PeanbHOE pacmpeneneHre COBOKYITHOTO JI0XOJla IPENICTaBICHO KPHBOM OCA
(peanbHas kpuBast Jlopenna). Uem nainbiine KpuBas OCA or npsimoit OA, Tem Ooblie
HEPaBEHCTBO B PACHpPE/CIICHHH J0XOJ0B B JIAHHOW SKOHOMHUKE Ha JIAHHBIH MOMEHT
BpPEMEHU.

Jlokazano (cM., Hampumep, [15]), uto peanbHass kpuBas JlopeHna sBisieTcs
BOTHYTOM BoO3pacrarorieil ¢GpyHknued Y= f(X), 3aJ]aHHON Ha OTpe3Ke [0; 1] (a 1
npunstel 100 %mnoxonoB 1 100 Y%uaceneHwus).

4.2. Uapekc JIxxuan

BennunHy, paBHYIO OTHOIIEHHWIO IUIOMIAHM (UTYPHI, OTpaHHYCHHON Tpadukamu
GyHKIMH Yy=X u y= f(x), K miomaau tpeyroisHuka OAB, Ha3bBaloT uHOekcom

(ko3ppuuuenmom) Jicunu: Gl -_S (cm. puc. 4.1). Kospdunment Jxunu

AOAB
XapaKTepu3yeT CTENEeHb HEPABEHCTBA B PaCIIpEeICIEHUH 10X00B HACEICHNUS.
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Tak kak Tpeyrombauk OAB sBisieTcss TpsSMOYTOJBHBIM U PaBHOOEIPEHHBIM CO
CTOpPOHOH KareTa, paBHOW 1, mostoMy Sppp =%. Otcrona monrydaeM (Gopmyiy s

BbIUUCIIEHUS Kod(ppurmenta Jxuau

S 1
Gl = =2 |{x— f(x))dx. A
o =20l 10 o

B ycnoBusix aOCOMOTHOTO paBeHCTBA IUIOMAAb (PUTYpBI, OTpaHUYeHHON Tpadukamu
GyHkuit y=X um y= f(x), S=0, torma u Gl =0. B ycnoBusx aOCOMOTHOIO
HEpaBEeHCTBA IUIOIMIAIb (DUTYphI, OTpaHUYCHHOM TpadukamMu QyHKIHMHA Y =X U Y = f(x),
S=Spopg: Toraa Gl =1. CnenoBarensrno, 0< Gl <1, npuuem yeMm Jaiblie KpuBas
OCA or npsmoir OA, Tem Oosiee HepaBHOMEPHO pacIpeleleHbl JOXOMIbl B JaHHOU
HKOHOMUKE, TeM OoJIblIIle TUIOIMA s GUTYpsl S, u TeM Onuxe 3HaueHue Gl k enuHUIeE.

3ameuanmne. UMuorma B jwmreparype (Hampumep, B [19]) muamekcom JkuHM
HA3bIBAIOT BEJMYMHY, PABHYIO IIOIMAAN (DUTYPBI, OTpaHHUYCHHOM rpadukamMu GpyHKIIHH

y=xu y= f(x).
Ipumep. Ilycts ¢ynkuus JlopeHma umeer BHI f(x):xz. Haiitn wunnekc

JIxuHM.
Pemenne. Cornacuo ¢popmyiie (4.1) umeem

Gl = 21j(x— f(x))dx = 21j(x— xz)dx: 2[x_22 _X_;J _

1 1 1
OtBer: Gl =§. Tak xax Gl =§<§, TO B JAHHOW SKOHOMHUKE pacipeneiieHue

J0XO0O0B JOCTATOYHO paBHOMEPHOC.

Teopernuecknii marepuan: [1, rin. 11], [2, tn. 7], [4, Tema 14], [9, rn. 12],
[11, . 7], [14,rn. 4], [17], [19,rn. 4].



Tema 5. MoaeiupoBaHue PbIHOYHOTO PABHOBECHS

Heo0xoanmble MaTeMaTHyecKHe TOHSTHS. ()YHKyus, HenpepuleHas (QyHKyus,
OCHOBHBlEe dlleMeHmAapHble QYHKYUY;, npeden QYHKYuU, CHROCOObL GBINUCTEHUS NPeOenos
@yuryuil, beckoHeuHo manvie U OeCKOHeUHO Ooabiiue QYHKYUU, 3amMeyamenbHble npeoeivl U
credcmeust U3 HUX, NPoOUu3BO0HAR, MAOIUYA NPOU3BOOHBIX OCHOBHBIX INeMEHMAPHBIX (YHKYUIL,
npasuia BbINUCACHUS NPOU3BOOHBIX; JUHElHble Ouepenyuanvhvie YpagHEeHUs NepEO2o
nOpAOKA U MemoObl UX peuleHus; TuHetinvle Ouppepenyuanvivle YpagHeHus 6Mmopoco nopsoKa
C ROCMOAHHLIMU KOI(pQuyuenmamy U Memoobl UX peulenusl, COCHMOSHUEe PABHOGECUs.
ouggpepenyuanvno2o ypasreHus.

5.1. Caopoc u npeaioxkenue. [lousitue 0 ppIHOYHOM PABHOBECHH

OO6MeH TOBapoB Ha JIEHBIM M HA00OPOT HA3BIBAIOT PHIHOYHBIMH OTHOHICHUSMHU.
Baxnedmumu (pakTopaMH PHIHOYHBIX OTHOIIEHHWH SBIIIOTCS CIPOC M IPEUIOKEHHE.
Cnpocom Ha3BIBAaIOT KOJIMYECTBO TOBAPOB, KOTOPOE IOKYNATENXd MOTYT IPUOOPECTH.
Ilpeonoscenuem nNa3pIBAIOT KOJNMYECTBO TOBAPOB, IPOU3BENEHHBIX HA IIPOJAKY.
Poinounvim  pasnogecuem Ha3pIBAIOT CHUTYallMIO, KOIJa yJaeTcs IIPoJaTh BCe
KOJIMYECTBO TOBAPOB, M3rOTOBJIEHHBIX HA MPOJAXY, TO €CTh BEJIMYMHBI CIpOCA H
NpE/UIOKEHNsT  coBHanaroT. lleHy enuHMIBI TOBapa, IPH KOTOPOH JOCTHIaeTCst
COCTOSIHHE PBIHOYHOTO PABHOBECHs (BEMYHMHBI CIPOCA U TPEUIOKEHMS COBIIAJIAIOT),
HA3bIBAIOT PAGHOGECHOU YeHOU. B cuily TOro, 4To CIpOC U IPEJIOKEHUE MEHSIOTCS C
TEUEHHUEM BPEMEHHM IOJ BO3JEHCTBHEM MHOIMX (DaKTOPOB, BO3HMKAET 3a/ada HMOHMCKa
PHIHOYHOIO PABHOBECHS M PABHOBECHOM IIEHBI, SBIAIONIAACA INIABHOM NpOOJIeMOl He
TOJILKO PBIHOYHBIX OTHOLICHHUH, HO MaTEMaTHYECKOTO MOJIEIUPOBAHHSI.

Ilpocreiimeli MOIENBIO PHIHOYHOIO PABHOBECHs SBIISIETCS TaK Has3blBaeMas
NayTHHHAs MOJENb <«CIpoc-npeioxenue». Ilpy ee NoCTpoeHMH HCIOB3YIOTCS
CIIEJlyIOLIUE JOMYIICHHUS

1. Ha prIiHKe nMeeTcst BCEro OJUH IPOIYKT.

2. I3MeHATBCS MOKET TOJBKO LEHA 3TOr0 NPOAYKTa.

3. Bce ocraneHble (paKTOpEI, OT KOTOPHIX 3aBHCHT CIIPOC Ha JaHHBIA TOBap M
00BbEM MpeJUIOKEeHHs JaHHOTo ToBapa (HEHbl Ha JIpyTMe TOBaphl, OCHOBHBIE
IPOM3BOJCTBEHHBIE (DOHJIBI, XapaKTep MPUMEHAEMOM TEXHOJIOTHH, HAJIOTH U JOTallHH,
HPHUPOJIHO-KINMATUYECKHE YCIIOBHS U T.JI.), OCTAIOTCSI HEU3MEHHBIMH.

C ydeToM nepedrCcIeHHBIX JOINYIIEHHH MOKHO 3a1arh (yHkumum cmpoca D
Y TIpeJIIOKEeHUsT S oT 1eHsl ToBapa P: Q = D(P) uQ= S(P).

XapakTepHOil 0COOEHHOCTBIO (QYHKIMU HPEIOKEHUS S(P) JUIi MHOTHX BHJIOB

TOBApOB SIBIISIETCS. €€ MOHOTOHHOE BO3pacTaHue. POCT MpenioxKeHns MpHu yBETUICHUN
o4 IIEHbl MOXHO OOBSCHUTHL TEM, UTO YBEIHMYHMBACTCS
S ONTUMABHBIA 00BEM BBITyCKa TOBapa MPEANPHUITHEM MPH

YBEJIMUEHUH €TO0 IIeHBI, a TAKXKE TEM, UTO JIJIsl IPOU3BOJICTBA
BBICOKOPEHTA0EIIFHOTO TOBapa B OTPACib BKIFOYAIOTCS
HOBble mpeanpusTus. [lpm srom Ha mmockoctn OPQ

Qol____2

| KpuBas npeanoxkenuss (muHus S Ha puc. 5.1) 3amaercs

! ypaBHeHHeM P = MC(Q) (MC(Q) —  IpeJeNbHbIE

) =" P> WU3/CPXKKM OT NPOUSBOACTBA €/MHULIBI HOPOIYKIIMU) U

Puc. 5.1 IOpeAcTaBiIsieT CcOOOH IeOMETPUYECKOE MECTO TOdYeK
MHHAMYMOB JIMHUH TIOCTOSTHHOM TIPHOBUTH (CM. Temy 7).

XapakTepHass 0cOOeHHOCTh (YHKIIMU CIpoca D(P) — €6 MOHOTOHHOE yObIBaHME

JUIi MHOTHX BHJIOB TOBapoB, npu 3ToM ee rpaduk (kpuBas D wna puc. 5.1)

47



MpeICTaBIISIET COOOM reoMeTpuueckoe MecTo Touek Ha 1iockoctn OPQ, B KOTOpBIX
I[eHa TPUHUMAaeT MaKCHMaJlbHO BO3MOXKHOE 3HAUEHHWE Ha JHMHUAX TOCTOSHHOU
moJie3HocTd (cM. Temy 6).

OyHknuM crnpoca W TOPEUIOKEHHS SBISIOTCS OCHOBHBIMH  COCTaBIISIONTUMU
MOJIEJIA PBIHKA TOBApOB, MOCKOJIbKY OHHM, IO HPEIINOI0KEHUIO, MPEICTABISIOT cOO0H
peleHusl ONTHMHU3AIMOHHBIX 3a/la4, KOTOphle BO3HHUKAIOT Tepel] yYaCTHUKAMHU
(«iroKymaTeNIIMu» U «TOBaponpou3BoauTesaMu»). [lepecedenne rpagukoB crpoca u
MPEUTOKEHUST TTPOUCXOJUT B TOUYKE paBHOBeCHsS (TOUKa (PO; Qo) Ha puc. 5.1), a
COOTBETCTBYIOIIYIO 3TOM ToUke LieHy P = P, Ha3bIBatOT pagnosecHoil.

B cumity cBO#CTB KpUBBIX CIIpoca ¥ MPEIJI0KESHUS PABHOBECHOE PEIIEHHUE SIBIISETCS

YCTOWYMBBIM B TOM CMBICIIE, YTO €cld IleHa CTporo (UKCHpOBaHA H paBHA
aBHOBecHOW P = P,, To ToBapompou3BoanATENH, MAKCUMU3UPYSI IPUOBLIB, IOCTABIISIET
0

Ha PBIHOK TOBap B KOJIMYECTBE S(P0)=QO; OJTHOBPEMEHHO TOTPEOHUTENb, CTPEMSICH
MaKCUMHU3UPOBATh TMOJIE3HOCTh, MPEIBSBISIECT CIPOC D(P0)=Qo. [Ipu ycranoBneHun

Ha COBEPUIEHHO KOHKYPEHTHOM DBIHKE PAaBHOBECHOM IeHbBl O0O0OBEM TOBapOB
(mpeanoxeHue), MpeUlaraeMblii  TOBApOIPOU3BOJUTENIEM W JIOCTABISIONIAN eMy
MakCUMyM IpUOBUIM 110 JaHHOH II€He, B TOYHOCTU paBEH CIPOCY IOTPEOUTEIS.
MaremaTruecku 3TOT (akT MOXKHO BBIPa3sUTh YpaBHEHHEM S(P)= D(P), pelIeHueEM

KOTOporo OyJeT SIBJIAThCSI 3HAueHHe paBHOBeCHOHW IeHbl P =PR,. Eciu nmapamerpsl

ypaBHEHHS S(P): D(P) HE 3aBUCAT OT BPEMEHHM, TO €r0 Ha3bIBAIOT CHAMUUECKOU

MOOeNbl0 <KCHPOC-nPedioiHceHue», B IPOTUBHOM CIIydae — OUHAMUYECKOU MOOeNbI0.
JuHamudeckne MoOJENU pbhIHKA HCIOJNB3YIOTCS IS aHald3a HM3MEHEHHS
nepeMeHHbIX (LleHa, CHpoc, MPEJIOKEHHE) BO BpEeMEHH B ciydae, KOrja IeHa B
HaYyaJlbHBI MOMEHT OTJIHMYaeTcsi OT paBHOBecHOHU. [Ipm 3TOM mpolecc ycTaHOBIEHUS
PaBHOBECHOH IIE€HBI MOKET OBITh OMHUCAH PA3TMYHBIMUA MOJIEISIMHA TIPH UCTIOJIB30BAHUHU

omHux 1 Tex ke pyuxumit cnpoca D(P) u npemtoxenns S(P) (mpeamonmaraercs, ato
(DYHKIIMH TIpe/IIOKEeHHs i CIIPOca YIOBIETBOPSIOT ceayromum yemosusam: S'(P)>0,
D'(P)<0). Pasmauaror 18a momxoza:

1) HenpepBIBHEIA, B KOTOPOM JAMHAMHKA II€H OMHCHIBacTcs AU(depeHIHaTIbHBIM

ap dp d°p

ypaBHEHHEM  BHJA F(D(P), s(P), Cltj=o wm  F| D(P), S(P), i g
t

(cm. myskT 5.3);

2) IWCKpETHBIA, KOTJa IEpEMEHHbIE Ha IMPOMEXYTKE BpPEMEHHU [t, t +1)
MPUHUMAIOTCS] HEU3MEHHBIMH.

B mocnemHem ciydae mocienoBaTeIbHBIM POMEKYTKaM BpPEMEHH [t, t +1)
COOTBETCTBYIOT 3HaUeHHU LieHbl P, cripoca D; u npemtoxenust S;. B 3aBucumocty ot
WCIIOJIB3YyEeMBIX THIIOTE3 B JHUCKPETHON MOJIENM IWHAMHKH II€H TPOHCXOIUT JIH0O
3ana3/pIBaHue MPEJIOKEHHs, — B 9TOM CJIydyae paBHOBECHAs I[eHA OINpejessieTcss U3
ypaBHEHHS S(PHl) = D(Pt ) , TM00 3ama3IpIBaHUE CIIpoca — B ATOM ClIydae paBHOBECHAs
IIEHA OTPEJIEIISETCS U3 YpaBHEHUS S(F’t ) = D(PHl). B o0oux cimydasx mporecc moucka

PAaBHOBECHOW TIICHBI SBJSCTCS HTEPAlMOHHBIM, TO €CTh IPEJACTaBIsAET COOOM
(hopMupOBaHHE MTOCIIE0BATEIHLHOCTH TIeH {Pt} , CXOJIsIIIelicst K paBHOBECHOH 1ieHe Py .

I[I/IHaMI/ILIeCKI/Ie HETIPCPBIBHBIC MOJCIIN «CIIPOC-IIPCAJIOKCHUC» TTO3BOJIAIOT OAaTh
IOpOTHO3 H3MCHCHUA 1LOCHBI € TCUCHHUEM BPEMCHHU. HI/ICerTHBIe Moaeiam C
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3ana3/bIBaHUEM IIPEICTABISAIOT UHTEpEC MOTOMY, YTO B HUX OoJjiee MOocie[0BaTeNIbHO,
YeM B HENpEepbIBHBIX, OTpaXkaloTcsl IMpolenypbl npuHstus pemenuil. [logpoOuee o
MOJIETISIX «CHPOC-TIPEITIOKEHIE» C 3ara3IbIBAaHUEM MOXKHO 03HaKoMHThCs B [11, ri1. 5],
[16, r1. 21]m [19, 1. 5].

Moenb ppIHOYHOTO PAaBHOBECUS B HKOHOMHYECKOW CHCTEME C IPOU3BOACTBOM,
pacmpeneieHueM # TOTpeOJjeHueM OOJBINOro Yucjia TOBAapoB OblIa MpeJIoKeHa
B koHIle XIX Beka Banbpacom. llpu ee mocrpoeHuu mnpenmosiaraercs, 4ro YHCIIO
MIPOU3BOJIUTENEH U MOTpeOUTENel TaK BEJIMKO, YTO HU OJIMH U3 HUX HE MOKET BIIHSTH
Ha neHbl. llpum wccnenoBanum Monenu OBUIO JOKa3aHO, YTO HPU  OIMpPEIENICHHBIX
YCIIOBUSIX CYIIECTBYIOT II€HBI KOHKYPEHTHOIO PABHOBECHS, MPH KOTOPBIX KaXJIbIiA
NOTpeOUTeNh MAaKCUMHU3UPYET CBOIO IMOJIE3HOCTh, a KA/l MPOU3BOIUTEIH — CBOIO
npubsLIs ([9, 1. 7]).

5.2. CraTH4eckasi MoJeJIb PhIHKA

5.2.1. llocTpoenue Mmoaen

Hawnbomnee wacTo ymoMmHaeModl B Kypce SKOHOMHYECKOW TEOPHH IayTHHHOMN
MOJIETILI0 PHIHOYHOTO PAaBHOBECHUS SIBJISETCS CTATUYeCKas MOJIENhb, yIOBIETBOPSIOIIAs
nomyieHussM 1—3 1 IpenoIoKeHuIo0 0 TOM, 4To IleHa P He MeHsieTcsl ¢ TeueHueM
BpeMeHH. Tak Kak 3aBHCHUMOCTb chpoca D(P) om uenvt P Ha TOBap sBiIsETCA
yObIBaromeit QyHKIMe, To B paMKaX paccMaTpUBAaeMOW MOJENTH ATy 3aBHUCHMOCTH

MOHO 3a7aTh cremeHHol ¢ynkmmeir D =kP? +c, rme a<0, k> 0. 3aBucumocTs
npeonoxcenus S(P) om yenvt P Ha ToBap sABISAETCS Bo3pacTraromeil QyHKIuei. DTy

3aBUCHMOCTH TaK K€ MOXKHO 33/1aTh CTETIEHHO!N QyHKIuei S= P°+d, rme b>1.

Bemmunaer D, S, P mnomoxurtenbHbl, Mo3ToMy Tpadukm (GyHKIMHA crpoca
U TIPEJUIOKEHHST PACIIONIOKEeHbI B TIepBoi uetBeptu (puc. 5.1). Benmmumnsr a, b, k, ¢
u d 3aBHCAT OT BHENIHMX NpHUYMH (TaKk HA3bIBAGMBbIC IK302€HHblE RAPAMEMPDI).
Vcnosue paBHOBecHs D(P) = S(P) sBJIIETCS anreOpandeckuM ypaBHeHHeM. Perienue
ATOrO ypaBHEHWs, paBHOBecHas IieHa Py, mpezcraBnser coOoif TOYKY HepeceueHus
rpaduxos pyrxmmit S(P) u D(P) (puc. 5.1).

3aj1aua MorcKa paBHOBECHOM IIEHBI IIPEJICTABIISIET COOON (PaKTUIECKH TOPT MEKITY
IPOU3BOJUTENIEM U TOKyIareneM. B mporecce Topra BO3HHKAeT MOCIEI0BATEIbHOCTD
9HCell, COCTOSIIas W3 Ha3bIBaeMbIX IPOM3BOJAUTENIEM H IMOKylareleM IeH. B
OTIPEJICIICHHBIX YCIOBUAX ((DYHKIIUU S(P) u D(P) soenymwie, To ectb a<0, k>0,

b>1) sra mocienoBaTenbHOCTh CXOAMTCSA K paBHOBecHOU meme: lim P, =P, (puc.
n- +oo

5.2, a)). Ilpu npyrux ycioBusx (GyHKIun S(P) u D(P) evinykivle, To ecth 0<a<1l
npu K>0 m 0<b<l, wm a>1 npu k<O m O0<b<1) paBHOBecHas T1icHa
HeycToiunBa. B mporiecce Topra mociie10BaTebHOCTD IIeH pacxoautes (puc. 5.2,0)).
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Puc. 5.2
Ha mmockoctn OPQ cOOTBETCTBYIOIIHIT TpoOIlecC MOMCKA PAaBHOBECHOW IICHBI

n300pakaeTcss B BHJE <«IIayTHHBI», KOTOpas <«HaMOTaHa» Ha KpUBBIE cIpoca MU
MPENTIOKEHUS. DTO A0 OCHOBAHUE JUIsl HA3BAHUSI MOJIENIN — HAYMUHHAA.

CX0oIMMOCTh MOCJIE0BATEILHOCTH 1IEH K PaBHOBECHOHM I[€HE MOXHO OOBSICHHUTH
U C SKOHOMMYECKOH ToukM 3peHHs. Hampumep, ecim 1eHa ToBapa Ha pBIHKE BBIIIE
PaBHOBECHOH, TO MPEIIOKEHNE IPEBBIIIAET CIPOC U BO3HUKAET 3aTOBapUBaHue. B aToi
CHTYyaIlMl TOBApOIPOM3BOJMUTENHN (IPOJABIIEI) MHOTHX BHIOB TOBApOB T'OTOBBI IMOWTH
Ha CHW)KCHHE IEHBI C [eJIBI0 PUBIICUCHHUs OOIBIIEr0 YHCIIa MOKynaTeneil (Hampumep,
€CIIM pedb HJIET O CKOPOMOpTAIuXcs ToBapax). CrenoBarebHO, TPU 3HAYCHUSIX IIEHBI
BBIIIIE PAaBHOBECHOH NMPOMCXOIUT JaBJIIEHUE HA Hee B CTOPOHY yMeHblleHus. Ecmu xe
IIEHA Ha pBIHKE HWKE PABHOBECHOH, TO CIPOC IPEBBILAECT INPEIJIOKEHUE, U TOBap
CTaHOBUTCS Ae()UIMTHBIM. B 9TOH cuTyanuu gacTh IMOKynaresiel roToBa 3aliIaTUTh 3a
ToBap OoJiee BBICOKYIO ILI€HY, HO CHU3UTHh PUCK M C YBEPEHHOCTHIO MPUOOPECTH TOBap
(mammpumep, ecii 0OpasyeTcst ouepeib MOKyIaTeNei, TO CTOsIIIe B ee KOHIIEe MOTYT He
NOJy4uTh TOBapa). Takum o0Opa3oMm, NpH 3HAYEHHSX IIEHBI HIDKE PaBHOBECHON
IIPOUCXOJUT JIaBJICHNE Ha HEE B CTOPOHY YBEJIWYEHHS. DT JBE TEHACHIUH IIPUBOIAT K
TOMY, YTO Ha pBIHKaX MHOTUX BHJIOB TOBapoOB, KaK IIpaBWJIO, YCTaHABIIMBAETCS
paBHOBeCHE, IPU KOTOPOM CIIPOC PaBEH MPEITIOKEHHUIO.

3ameuanme. [y QyHKIMIA D(P) u S(P) BO3MOJKHBI U pyrue GyHKIHOHATHHBIE
3aBUCHMOCTH (HampuMmep, JTHHEHas, ToKa3aTelbHas WK HoJTrnHOMHUabHas). CIocoObl
MOJyYeHHs 3TUX 3aBUCHUMOCTEH paccMaTpHBarOTCd B TeMaX 6 M 7 COOTBETCTBEHHO.
[Ipu s3TOoM S(P) OyZeT TIOJOKHUTEIBHOW Bo3pacTarommedl  (QyHKIHeH, a D(P) -

MTOJIOKUTEITLHON YOBIBAIOMIEH (DYHKITHEH. BBITYKIIOCTh MJIM BOTHYTOCTD ()yHKITHIA S(P)
u D(P) ompesensieT CXOAUMOCTh WM PacXOJUMOCTh IMOCIENOBATEIIBHOCTA IEH K
PaBHOBECHOM IICHE.

5.2.2. dnacTHIHOCTH PYHKIHH

HpI/I HUCCIICJOBaHUN HayTHHHOﬁ MOJZICJIM PBIHOYHOTO PpaBHOBECUA OJTHOM M3
TJIaBHBIX ABJIICTCA 3agad4a O TOM, HACKOJIBKO CHJIIBHO HM3MCHAIOTCA CIIpOC H
OpeIAJIOKCHUC TIIpU U3MCHCHUU ICHBI. I[pyl" HUMH CJIOBaMH, Tpe6yeTc51 OLICHUTH
YYBCTBUTCIIBHOCTE CIIPpOCa M MNPCIIONKCHHSA K HN3MCHCHHUIO IICHBI. HJ’ISI HU3MCPCHUA
YYBCTBUTECJIBHOCTH OJAHOIO 3KOHOMMYECKOIO ITOKa3arejas Y K HM3MCHCHHIO APYyroro

moKasaressl X HCIOIb3YIOT OTHOCUTEIhHBIC N3MEHEHUS TIEPEMEHHBIX X U Y .

[TycTh BenmmumHa Y HEMPEPBHIBHO 3aBUCHT OT X, W 9Ta 3aBUCHMOCTH OMCHIBACTCS
byHKIHER Y = f(x). W3meHenne He3aBHCHUMOU mepeMeHHOW X (AX) HpUBOIUT K
u3MeHeHuo tepeMerHoit y (Ay). Ilpenmen OTHOIIEHUS OTHOCHUTEIBHBIX H3MEHCHUMN
MEepEMEHHBIX X W Y Ha3bIBAIOT YIACHUYHOCHbIO (PYHKUUU Y = f(x). O603HauNM
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5JIaCTUYHOCTh M3MEHEHUS! NEPEMEHHOW Y TpH HM3MEHEHHM IepeMeHHoi X E, (y)

TOT'JIa, UCTIOJB3Ysl ONPE/IC/ICHHE TPOU3BOTHOM, OTydaeM

E.(y)=tim [ &Y (AXJ=Iim BY X X iy BY X g 2 ) P _ME
ax-o( y X ) Mx-0AX y) ymx-0AX 'y y/x  f(x)/x Af

rone Mf — npenenshoe 3nauenue ¢pynkmum f B Touke X, Af — cpeamHee 3HaueHue

(YHKINU B TOUKE X . DTy 3JaCTUYHOCTD HA3bIBAIOT TaK K€ nPedebHOIl VTN HOYeUHOl
3JIACTUYHOCTBIO.

3ameuanne. B sKkoHOMUKE moa 9SJJaCTHYHOCTBIO IMOHHMMArOT OTHOIICHHC

A A
OTHOCHUTEIIbHBIX H3MEHEHUN MTePEMEHHBIX X U Y ! Ex(y) =Y (ij = A_y E—ﬁ .
y X Xy

CBoiicTBa 3J1aCTHYHOCTH
1. DmactuaHOoCT, — Oe€3pa3MepHas BeJIMYHMHA, 3HAYCHHE KOTOPOH HE 3aBUCHUT
OT TOT0, B KaKUX €IMHUIAX U3MEPEHBI BEIMUUHbI X U Y E (by) =E, (y)

2. DJIaCTHYHOCTH B3aMMHO OOpaTHBIX (DYHKIMH — B3aUMHO OOpATHBIE BEJIMYUHEL:
1
E =—.
X (y) E, (X)
3. DJacTHYHOCTH TPOU3BEICHUS NBYX (GYHKLUHA u(x) u V(X) , 3aBHCAIIAX OT
OJIHOTO M TOT'O Y€ apryMeHTa X, paBHa CyMME DJIACTUYHOCTEN DTUX (DYHKIIHIA:
E,(uv) = E () + Ex(v).
4. D1acTUYHOCTH YaCTHOIO ABYX ()yHKIHMI u(x) u V(X), 3aBUCAIIMX OT OJHOTO
1 TOTO JK€ apryMeHTa X , paBHa Pa3HOCTH 3JIaCTHYHOCTEN STHX (DYHKIMH:

Ex(3j=ex(u)—ex(v).

5. DIacTUYHOCTh CYMMBI JIBYX (yHKIUit u(x) u V(X) 3aBUCAIIUX OT OJHOIO
W TOTO K€ apryMeHTa X , BEIYHCIIIeTCS 10 hopmyie
uk, (u) +VE, (v)

u+v '

£ u+v)=

5.2.3. Ucnoib30BaHueE 3JIACTHYHOCTH
B aHAJIHM3€ DKOHOMHYECKHX MoKas3arejeil

[Tycts Yy = f(x) — (YHKIUS SKOHOMHYECKOTO TI0Ka3areist Y OT SKOHOMHUYECKOTO
nokaszatens (Wi (akropa) X. PazauuaroT Tpu BHJIAa SKOHOMHYECKOTO TOKa3areis Y

B 3aBHCHMOCTH OT BEJIMYHHBI | Ex (y)| :

a) eciu |Ex(y)| >1, TO 5KOHOMUYECKUH MOKa3aTelb Y Ha3bIBAIOT IAACHIUYHBIM
no X,

0) ecmu | E, (y)| =1, TO DKOHOMHYECKHMU TOKa3aTreab Y  Ha3bIBAIOT
HelumpaibHbIM RO X ;

B) eclH | Ex(y)| <1, TO DOKOHOMHYECKHMU TOKazareilb Y  Ha3BIBAIOT
HeINACMUYHBIM RO X .

DnacTUYHOCTh (QYHKIUH Y = f(x) MOKa3bIBaeT MPHUOIMKEHHO, Ha CKOJBKO
MIPOIICHTOB M3MEHUTCS (PYHKIHS Y = f(x) [IpH U3MEHEHUH HE3aBUCHUMOH IepeMeHHOM
X Ha 1%. Ecnu sKoHOMUYeCKU# ToKazareinb Yy JJIacTHYeH MO X, TO MPH U3MEHEHUH
BEJTMYMHBI X, BEIMUMHA Y MEHSETCs CHIIbHO, a €CJIM HedJJacTUYeH, TO ¢labo.
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B KkadecTBe KJIACCHUYECKOTO TpuMepa aOCONIOTHO HEITACTUYHOrO —CIpoca
(Ep(D)=O) paccMaTpUBaeTCs  CIOPOC HA HHCYJIMH, HEIIaCTHYHOTO  CIIpoca

(| Ep (D) | <1) —cnpoc Ha ToBapsl epBOit HEOOXOAMMOCTH (XJ1€0, MOJIOKO | T.II.).

Haitnem wm3menenwe noxona (B MpOIEHTAX) MpH YBEIWYEHHU IIeHBI Ha a %.
BenmuunHa crpoca 4HCIIEHHO paBHA KOJWYECTBY MPOJIAHHBIX €IWHHI] MPOIYKIIUH, TO
€CTb D(P) = Q(P). Tornma moxoxa (BBIpYUKY) IPOU3BOJUTEIS OT POIAXKH Q(P) e IMHUI]
TOBapa MOXKHO BBIUUCIHTE 10 ¢opmyde R=QP. HWcnone3ys dopmyny mwis
AJIACTUIHOCTH TPOM3BEICHUS (PYHKIIMH M YIUTHIBAS, YTO AJIACTUYHOCTD CIIpOca 110 TIeHe
BCerJla OTpHIIaTeNIbHA (3aBUCHMMOCTH CIIpOca OT IEHbI — yObIBaromas (YyHKIHS), a
EP(Q) = EP(D), II0JTy4aeM

0 (R)= En Q)+ En(P)= En(Q)+1=1-| Ex (D). 5.
N3 ¢opmyIsibl BHAHO, YTO 3JACTUYHOCTH BBIPYYKH 1O II€HE OTpHIATENbHA IS
TOBApOB, CIIPOC Ha KOTOPBIE dJIAaCTHYCH (| Ep (D)| >1), ¥ HOJOXHUTEIbHA I TOBApOB,

CIIpOC Ha KOTOpBIE HEAIACTHYEH (| Ep(D)| <1). Dro O3HaYaeT, YTO €CIH CIIPOC

HEe’JIaCTUYEH, TO W3MEHEHHE IIeHBl BBI3bIBAET W3MEHEHHE BBIPYYKH B TOM XK€
HampasieHuu. lIpopaBuaM BBITOJHO MOBBILATH IIEHY, TaK KakK IOBBIIIEHUE IIEHBI
yBEJIMYMBAET BBIPYUKy. Eciim ke cIpoc 31acTHYeH, TO yBEIMYEHHE LIEHBI BBI3BIBAET
HM3MEHEHHE BBIPYUKH B IIPOTHBOIIOJIOKHOM HalpaBlieHUMU. B 3TOM ciyuae mpojaBiam
BBITOJIHEE CHUKATH IIEHY Ha TOBap.

Ipumep 1. IlycTh ONBITHBIM IIyTeM YCTaHOBJEHBI (YHKIMH cIpoca U

+
P 1, S=P? +1. Haiitu: 1) paBHOBECHYIO

MpeUIOXKEHUsT OT IieHbl ToBapa P: D =

[EHy; 2) 3IaCTHYHOCTh CIpOca M MPEUTOKEHHS IIPH PaBHOBECHOM IIeHe; 3) H3MCHEHUE
crpoca (B MpOIEHTax) U U3MEHEHHE J10X0/1a (B MPOIEHTAX) NP YBEJIMUCHUH IIEHbI Ha
10 %.

Pemenune. 1) PaBHOBecHas I1ileHa OIpeaesIeTCS PaBEHCTBOM S(P) = D(P)

P+1 2
=P +1. Pemas 5T0o ypaBHEHHE, [I0JIydaeM, YTO paBHOBeCHas LeHa Py =1

nim

(meHEXKHBIX €MHHMII).
2) Haiinem 51acTHYHOCTD CIIpoOca TI0 ICHE:
P P (P+1) _ P2 P-(P+1)_ -1
Ep(D)=——=D'(P)= = - )
»(D) D(P) (P) (P+]/P)( P j P+1  p?2 P+1
Hpn Py =1 Ep (D):—O,S. Tak kax |EP(D)|=|— O,5| =05<1, T0o cupoc sBISETCS

HEOBJIaCTHYHBIM I10 IICHC.
Haﬁ,ueM 3JIaCTUYHOCTH NPECJIOKCHU A 110 LCHE!

P P (2..Y_ P 2P?
——S(P)=———|P“ +1] = (2P = :
s(P) ® p2 +1( | P2+1  P2+1
lpn Py =1 Ep (S)Zl. To ecTh npeI0KeHNE N0 LIEHE HEUTPAIBHO.

Ep(S)=

3) Haiinem m3menenue cmpoca (B IMpOICHTaX) MpH yBenudeHud 1eHsl Ha 10 %.
Tak kak »1acTHYHOCTH crpoca D = D(P) MOKA3bIBAaET NPHUOJUIKEHHO, HA CKOJIBKO
MPOIIEHTOB U3MeHUTCs cpoc D mpu m3menenuu nensl P Ha 1 %, TO mpu yBennueHUn
nmeHsl Ha a % copoc m3MeHHTCs Ha BenwmumHy AD =a%EEp(D). I[Ipu a=10%

nonyyaem AD =10% [ﬂ— 0,5) =-5%, To ecTh cpoc yMeHbIIHUTCSA Ha S %0.
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Haitnem w3menenue noxona (B mpolieHTax) mpu yBenuueHuH 1eHbl Ha 10 %.
CormacHo  ¢opmyrne (5.1) wumeem EP(R) :1—| Ep (D)| =1-05=05, Torma
AR=a% DEP(D) =10%[05=5%, To ecTb gox01 yBenuuutcs Ha 5 %.

OtBer: 1) paBHOBecHas neHa Py =1 (neHEeXHBIX €JUHUL); 2) IpH PaBHOBECHON
eHe Ep0 (D) =-05, Ep0 (S) =1; 3) npu yBenwuenuu 1ensl Ha 10 % cmpoc

yMeHbIIUTCS Ha 5 %,a 10X0/1 yBenuuuTes Ha S5 %0.
3ameuanme. lcnonbp3ys 3Ha4YeHUs 3JIaCTHYHOCTEH crmpoca U IPeJUIoKEHUs
IO LleHE B TOYKe ), MOXXHO BBIACHHTH, CXOAUTCS JIM IIOCJIEIOBAaTEILHOCTh IEH K

paBHOBECHOMY  3HaYeHHMI0. B wacTHocTH, ecnn ‘EPO(D)‘S Ep, (S), TO

HOCJIENOBATEIHFHOCTD IIEH CXOauTC. Eciu xe ‘EP0 (D)‘ > Ep0 (S), TO PACXOJHUTCH.

5.3. /InHaMu4YecKHe MO/IeJIM PhIHKA

5.3.1. Moaears JDBaHca

IIpocrelimmeid TUHAMHUYECKOH MOJICNIBIO PAaBHOBECHS HAa PBIHKE OJHOIO TOBapa
SBISIETCS MojJeNb OBaHca. llpu ee MOCTpPOGHUMH HCIOJB3YIOTCS — CIelyoIue
MIPEIIOI0KESHUS:

1. Copoc u npeiokeHue SBISIOTCS JIMHEHHBIME (DYHKIIUSIMHU 1[EHBI:

D(P) =a-bP, a>0, b>0 (cpoc ¢ pocToM 11eHBI YOBIBAET);
S(P) =g+ [P, a>0, >0 (upemioxeHnue ¢ pOCTOM IIEHBI PacTeT).

2. Ilpu HyNeBo#t 1IeHe CIIPOC MPEBBIIIAET MPEATIOKEHUE: a > a .

3.Bpems t cuntaercs HeMpepPHIBHBIM.

4. VI3MeHeHHe TIeHBI POITOPIIMOHATBHO MPEBBITICHUIO CIIPOCca Hal MTPEUIOKEHAEM

AP = y(D(P)-S(P))at, y > 0. (5.2)

CormacHo ¢opmyse (5.2) B3auMoeHCTBHE TOTPEOUTENCH W IMPOU3BOAUTEIICH
MPOUCXOIUT TAKAM 00Pa30M, YTO OTPAXKAFOINAS ATO B3aNMOJICHCTBHUE II€HA HETTPEPHIBHO
MpHUCTOcabiuBaeTCs K CHUTyalldd Ha pBIHKE. B clydyae MPEBBIIICHUS CHOpoca Ha
MPEUIOKEHUEM — BO3pAcTaeT, B MPOTUBOIIONIOKHOM Cilydae — Tmagaer. HempepriBHOE

dP
HN3MCHCHUC IICHBI y,Z[O6H0 OIIMChIBATh HpOHBBOI[HOfI IICHBI 10 BPEMCHHU. IﬁL: E . Torz[a,

UCHOJB3Yysl NpeanonoxeHus 1—4, mpuxoauM K ciexyomeMy auddepeHIuatbHOMY
YPaBHEHHIO OTHOCUTEIBHO IICHBI:

B=-yb+p)P+a-a (5.3)
C HAYaJIbHBIM YCIIOBUEM P(O) =F.

Huddepennmansnoe ypasaenue (5.3) sBisercs muHeHHbBIM AuddepeHIInaTbHBIM
YpaBHEHHEM IIEPBOTO IOPs/IKa C MOCTOSHHBIME Kodddurnmentamu. Ero cocrosHnem

a—-a
paBHOBeCHsI, ONpeieNseMbIM ycioBuem =0, sBseTcs mpsvMas P:m.
+

Pemennem, ya0BIeTBOPSIOMNUM HAYQILHOMY YCIIOBHIO P(O) = Py, sBsteTcst pyHKIUSA

p(t):[po _asa je—wbw)t ,asa

yib+B) yb+8)
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Tak  xax lim P(t): lim Po—ﬂ e_V(b+r8)t a-a |__a-a

+ = ) TO
o +oo t o +oo yb+5) b+B)) vb+p)
paBHOBECHAs LI€HA C TEYEHHEM BPEMEHM 00s3aTeNIbHO OyIeT JOCTHIHYTa, IIPUYEM €€
3HAYEHHUE HE OYJET 3aBUCETh OT HAYAIbHOM LIEHBI P(O) =h.

3amMeTHM, 4TO paBHOBECHAS IIeHA TUHAMUYECKONW MOJICNI DBaHCA B )/ pa3 MEHbIIIE
a—-a .
= —) CTATHYECKON MOJIETN <«CIPOC-TIPEIOKEHUE,

(b+p

OIIpelesIeMO  PaBEHCTBOM D(P)ZS(P), C TeMH K€ (YHKIUSIMHU CIpoca H

paBHOBeCHOH IeHbl Pg

MPEeUIOKEHUS.

5.3.2. Moaesb pbIHKA, YYUTHIBAIOMIAST TEMIT H3MEHEHHUS IEHbI

B peanbHBIX CUTyalUsX CIIpOC U MPEUIOKEHUE 3aBUCIT HE TOJBKO OT ILIEHBI, HO
U OT TEHJEHUUU II€HOOOpa3oBaHUsS W TEMIIOB HU3MEHEHUs IleHbl. B Momensx ¢
HenpepblBHOW © Ju(d(depeHIupyeMoil 3aBHCUMOCTBIO IIEHBI OT BpPEMEHH O3TH

XapaKTepHCTHKH OIMCHIBAIOTCS, COOTBeTcTBeHHO, mepsoil (B) u Bropoit (M)
MIPOU3BOIHBIME (DYHKITUH P(t) mo BpemeHH t. B sTOM cimydae (yHKImME crpoca u
MIPEIIOKEHUS MOTYT UMETh BUJT
D(t)=d, B+ d,Be+ dyP +d,, St)=s B+ s,Bet ;P +5,. (5.4)
[Tpunstere B (5.4)3aBHCHMOCTH MOTYT OBITH OOBSICHEHBI CIICAYIOIIAM 00pa3oM:
1) cmpoc <aioforpeBacTCsS» TEMIIOM WM3MEHEHHUS IIEHBL. ©CIIM TEMI pPacTeT

(koaddunueHT MpH & Gonbime HYJIS), TO PHIHOK YBEJIMYMBACT MHTEPEC K TOBapy, U
Ha000poT;
2) W3MCHEHHUE IIEHBbI TAK)Ke BIIMSET HA CIPOC MOKyHaTess: eCiM IieHa pacTeT

(ko3bdumument npu K Gosbine Hys), TO CIPOC YMEHBIIAGTCS, €C/IM IIEHA MajaeT

(ko3¢ dumment mpu B MeHbIIe HYIIS), TO CIIPOC PACTET;
3) mpeIoKeHNe TaKKe yCHUITMBACTCS TEMITIOM H3MEHEHWSI [IEHBI H POCTOM ICHB.
Ecin npennonoxuts, uto B ypaBHeHHsX (5.4) sx3orennsle mapameTpsl d; u S

(i :ﬂ) — BEIIECTBEHHBIC YHWCIIA, TO, 3alUCHIBas YCIOBHE DPHIHOYHOTO PaBHOBECHS
D(P) = S(P), MOJIy4uM JIHeWHoe auddepeHiuaipbHoe ypaBHEHHE BTOPOTO MOPSIIKA C
MOCTOSITHHBIMH KOA((HUIIMEHTAMHA OTHOCHUTEIIEHO PABHOBECHOH IIEHBI P(t) :
(dy — 1)+ (d - 55 )t (dg — 53)P +(d —54) = 0. (5.5)
Jlnsg TpOTHO3UpOBaHMS W3MEHEHHUS IIeHbl (quHaMuku I1ieHbl) P Tpebyercs
YCTaHOBUTH (DYHKITHOHAIBHYIO 3aBUCHUMOCTh P(t). J[ist aToro HyxHO HaiiTh oOimee

peleHrue JIMHEHHOTO HEOJAHOPOAHOro JuddepeHInaTbHOT0 ypaBHEHUS BTOPOTO
MOpsAKa ¢ MOCTOSSHHBIMU Kodddummentamu (5.5), koTopoe MOXKeT OBITH MOIYYCHO KaK
cymMmMa  oOmIero  pemieHduss  COOTBETCTBYIOUIETO  JIMHEHHOrO  OJHOPOJHOTO
¢ hepeHIIMATEHOTO YPABHEHHS

(dy — 1)+ (d — 5, )t (dg - 55)P =0
U JII000T0 YacTHOTO pEIIeHHsI HEOJHOPOIHOTO muddepenimanboro ypasuenus (5.5).
B kauectBe ;000T0 YaCTHOTO PEHICHHUS MOXKHO HCIIOJIB30BaTh 3HAUYCHHE PABHOBECHOM
nensl Py, koTopoe HaxosT u3 ypaBHeHus (5.5),monarast B HeM B=&=0.
C npuknamgHoit Touku 3penms (yakius P(t) gomwkHa OBITH ompeneieHa
nojoxutenapHa npu t =0 (P(t) >0), ¥ YyIOBICTBOPATH OJHOMY M3 CIICAYIOIIAX
YCIIOBUM:
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1. lim P(t): Py, Py —paBHOBecHas neHa.

t - 4oo

2. lim P(t) ==+00 WK HE CYIIECTBYET.
t - +oo

3. lim P(t) HC CYIICCTBYCT, P(t) — OrpaHUYCHHAad NepuoanvccKas (I)yHKI_II/IH.
t - +oo

VYcnoeue 1 onmmchIBaeT COCTOSTHUE CTAOUJIBHOTO PBHIHKA B YCJIOBUSIX KOHKYpPEHIUH,
yCIIOBHE 2 XapaKTepu3yeT IMaHWUKy Ha pPBIHKE WM THICPUHQISIHIO, YCIOBHE 3 —
JAUHAMUKY IIECH TOBAapoOB CE30HHOT'O CIipoca ((I)YHKI_[I/ISI P(t) HUCIIBITHIBACT
MEPUOINYECCKHE KOJICOAHUsT OKOJIO COCTOSHUSI PABHOBECHSI).

Mpumep 2. Ilycrs D(t)=38 B—2pP +18, St)=48&+ B+ 3P +3. Haiitn
PaBHOBECHYIO IIeHY M OOmuid BUA (YHKITUH P(t). BrrsicHuTh, KakoBa TEHICHIIMS
HU3MCECHCHUSA HCHBI C TCUCHUEM BPEMCHU.

Pemenne.  IlpupaBHuBas D(t) = S(t) U BBIIOJHAAL  HEOOXOJMMBIE
npeobpasoBanus, moxyunM ypasuenue (5.5)B Buze
@+ 28+ 5P -15=0. (5.6)

HaifneM paBHOBecHYIO LeHy, monaras B ypasuenun (5.6) B=B= 0. Torma
paBHOBecHas 1eHa OyJaeT sIBISAThcS KOopHeM ypaBHeHuss SP—15=0, crnemoBarenbHO,
Py =3 (neHeXHBIX eMHHUII).

Haiinem nuHamuky m3ameHeHus 1eHbl. COOTBETCTBYIONIEE JIMHEHHOE OJHOPOTHOE
madepennmatsaoe ypapHeHue uMeer Bix B+ 2B+5P = 0, ero xapaKTepHCTHYECKOE

ypaBHEHHUE k2 + 2k +5=0 nmeer KOPHHU

2442246 -2+-16 _-2+4/-1 _

=-1+2.
2 2 2

Crnenosaremsio,  Py(t)=e™(C;cos2t +C,sin2t) -  oGmee  pemenne

klz =

onHOponHOro muddepennuansHoro ypaBHenus B+ 2B+ 5P =0 (C, m C -
IIPOU3BOJIBHBIE TIOCTOSHHBIE M MOTYT OBITh 33/IaHbI Tak, YTo0B Py (t) >0). Tornaa oOriee
pemenue ypasHeHus (5.6) mpeactasiser coboit cymmy Pj (t) u Py:
P(t)=PR(t)+ P, =e™(C, cos2t + C, sin2t) + 3.
BbisicHiM, KakoBa TEHICHIIUSI U3MEHEHUS IICHbI C TCUYCHHEM BpeMeHu. J1Jis 3Toro
BbuucUM  [im P(t):

to 4o
lim P(t)= lim (e"t (C, cos2t +C, sin2t)+3)=
t - +o0 t - +o0
= lim e™(C, cos2t +C, sin2t)+3=
to 40
:[ lim e'=0, (C cos2t+C, Sinﬁ)—orpaHquHHaﬂ} =3=h.
t - +o0

Tak Kak BBITOJHSETCS YCIOBHE 2, TO COCTOSHUE PhIHKA CTaOWIbHOE. J[MHaMuKa IeHbI
MpU YCIIOBUH, YTO B HAYaIbHBII MOMEHT BPEMEHH II€HA P(O)=4, a CKOpOCTh IICHBI

Fg(O) =1, noka3zana Ha puc 5.3.
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L

0 1 2 3 4 5
Puc. 5.1
OtBer. PaBHOBecHas mneHaP; =3 (meHexHBIX enuHUN). JlMHAMHKA ICHBI
omuceBaercs  ymxmmeit  P(t)=e ' (C; cos2t + C,sin2t)+3, cocrosHme phiHKa
cTaOuIIbHOE.

Teopernuecknii marepuan: [1, rn. 5, 6, 12], [2,rn. 3, 10, 11], [3,r1. 4, 9],

[4, Tempr 9, 10, 21], [5], [6,rn. 2, 5 12], [7], [8,ra. 7], [9], [10, rn. 5, 19-21],
[13,rn. 5, 83], [14], [18;u. 4].
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Tema 6. MoaenupoBaHue noBeaeHUs NOTpedOUTE IS

Heo0xonumble MaTeMAaTHYeCKHe TOHSATHS. (QyHKyusi, HenpepuleHas (yHKyus,
OCHOBHbIE DIICMEHMAPHbBIE QYHKYUU, GLINYKIbIE U GOCHYMIbIe DYHKYUU U UX CGOLICMEA;, npeoe
QyHxyuu, cnocodwl guluUcIeHUs NPedenos PYHKYUl;, OeCKOHEYHO Maible U OeCKOHeYHO OobuLUe
Qyuryuu, 3ameuamenvHvle npedeivl U CIeOCMEUsL U3 HUX; NPOUZBOOHAS, MADIUYA NPOU3BOOHBIX
OCHOBHUBIX ~ DJIEMEHMAPHLIX — DYHKYULl, NPAGUNA  GbIMUCIEHUS NPOU3BOOHBIX, NPUMEHEHUE
ougpepenyuanbHo20  UCYUCICHUA K UCCACO0BAHUIO (DYHKYUI, ACUMNIMOMbL K  2PAuKy
Qyukyuu, packpeimue HeonpeoeieHHOCmel; QYHKYUU MHOSUX HePeMEHHbIX, JTUHUU YPOGHSI
@yHKYUU OB8YX NEepeMeHHbIX; GbIYUCTICHUE YACHHBIX NPOU3BOOHBIX, 2PAOUEHM; DKCIPeMYMbl
DYHKYUL MHORUX NEPeMEHHBIX, VCIIOGHBIN IKCMPEMYM QYHKYUU MHO2UX NePEeMEHHbBIX, Mmoo
mHodxcumeneii Jlazpanorca.

6.1. MaTemaTH4ecKHe Mo/eJH MOTPEONTEIHLCKOr0 CIIpoca

OpHuM ©3 BaXHBIX TOHSATHN JKOHOMUYECKOW TEOpUHU SIBISETCS JIOMAIllHEee
X03scTBO  (mOTpeOHuTE ). B yCIOBUSIX  PBIHOYHOH  CHCTEMBI  YIIPaBICHHUS
MPOU3BOJICTBEHHOW W COBITOBON JEATEIHHOCTHIO MPEANpHUsSTH u (HUpPM B OCHOBE
MPUHATHS XO3SUCTBEHHBIX PEIIeHUH JISKAT WH(POPMAIHS O MOTPEOHOCTSIX JIOMAIITHUX
XO3SIMCTB B TOBapax M yciyrax (o morpedutenbckoM crpoce). OG0CHOBAaHHOCTh 3THX
pereHuii mpoBepseTCs PHIHKOM B XOJIe pealu3aliil MPON3BEICHHBIX TOBAPOB U YCIIYT.
CreoBaTelbHO, HayajdbHBIM MYHKTOM BCEro IHUKJIA  [pPeIIpUHUMATEIbCKON
JIESATeTLHOCTH CTAaHOBHTCS HM3yUYe€HHE TMOTPEOMTEIHCKOrO CIpoca W TOBEACHUS
norpedureneit. [Ipu sTom rnaBHasi mpobiema 3aKiIro4yaeTcsl B TOM, YTOObI YCTAaHOBUTH
3aBHCHMOCTH 00BEMOB ITPHOOPETAEMBIX TOBAPOB U YCIyT (COCTAaB M YPOBEHB CIIpoca Ha
TOBAphI U YCIYTH) OT Pa3InYHBIX (PAKTOPOB, KAK SKOHOMHYECKHX, TaK H €CTECTBEHHBIX.
K oskoHOMHYecKHM (aKTOpaM OTHOCATCS YPOBEHb IPOM3BOJACTBA (IIPEUTOKEHUS)
TOBApOB M YCIYT S, YpOBEHBb JCHEKHBIX JOXOJOB OTACIBbHBIX TPyNH HaceneHus |
ypoBeHb u cooTHomenne IeH P. K ecrectBeHHBIM (akTOpamM OTHOCSTCS
neMorpaduUecKuii CocTaB HaceJIeHUs, B IEPBYIO OUepeIb pa3Mep U cocTaB ceMbr F , a
TakKe TPUBBIYKA ¥ TPAAUILNU, YPOBEHb KYJIBTYPHI, MPUPOTHO-KIMMATHUYECCKHE
YCJIOBHSI, JIMYHBIE TIPEITOYTCHHS U T.]I.

DOKkoHOMUYeckne (aKkToppl OUYEHb MOOWIIBHBI, OCOOCHHO paclpeielieHHue
HAacCeJICHHUsI 110 YPOBHIO JICHEXKHBIX JOXO0JIOB. EcTecTBeHHBIE ke (PaKTOPhI MEHSIOTCS
CPaBHUTEILHO MEIJICHHO W B TedeHue HeOojbimoro mnepuona (mo 3-5 ser) He
OKa3bIBAIOT 3aMETHOTO BIIMSIHHS Ha CIIpoc. VICKIIFoYeHne coCcTaBIIsIeT AeMorpaduaecKuii
coctaB HaceyieHHs. [loaToMy B TEKyIIMX M TMEpPCHEKTHUBHBIX MPOTHO3aX CIpoca BCe
€CTeCTBEHHBIE (DaKTOPHI, KpoMe JieMOTpaduIecKuX, KaK MPaBUjI0, YIUTHIBAIOT COOOIIA,
BBels (akTop 1oJ Ha3zBaHWeM «BpeMms» t. Takum oOpa3om, B 00IIeM BHJE CIPOC
ompeenseTcs Kak (pyHKIIHUsI MHOTHX TIepeMeHHBIX Buaa Q = D(S, I,P, F, t) .

OnHako B 3aBUCHUMOCTH OT XapakTepa 3aJadd OOBIYHO pPaccMaTpUBAIOT U
WCCIIEAYIOT Pa3InYHbIE MOJIETH MOTPEOUTEIHCKOTO CIpoca, KIacCU(PUKAIUSI KOTOPHIX
npejcTaBieHa B Tabmuie 3.

B nanHo#t Teme Oyaer paccMOTpeHa MOJCNb IMOTPEOUTENHCKOro BBIOOpAa W
HEKOTOphle OJHO(AKTOPHBIE W MHOTO(AKTOPHBIE AHAIMTHYECKHUE MOJIEIH CIIpoca,
CJIEYIOIIHE U3 Hee.
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Tabauya 3

Knaccnpukanusi MaTeMaTH4eCKHX Mojielieii IOTPeOUTEIbCKOro cpoca

Ne Knacc Oco6eHHOCTh .
N KommenTapuii

n/n | mozaenei MOJIEIIH

1. | Crpyxtyp | Uccnenyercs Jnsg  Kaxknod HKOHOMMYECKO TpyNIbl HaceleHus Mo
HbIE CTPYKTYypa CTaTUCTUYECKUM  OIOJDKETHBIM ~ JaHHBIM  MOXET  ObITh

crpoca Kak paccunTaHa NpHCyIIas e cTpykTypa crpoca (moTpebieHus).

pacripenenenne | [Ipy 3ToM mpexmosiaraeTcs, 4YTO Ha M3Y4aeMOM OTpe3Ke

notpeduTene BpPEMEHH 3aMETHbIE N3MEHEHHS MPETepIeBaeT JHULIb JOXO, a

10 YPOBHIO LEHBI, pa3Mep CeMbH W Tpoude (aKTOpbl MPUHUMAIOTCS

J0X01a. Hen3MeHHbIMU. VI3MeHeHue noxona, Hampumep, ero pocr,
MOXHO paccMaTpuBaTh Kak MepeMelLleHHe OIpeeseHHOTo
KOJIMYeCTBa ceMel M3 HU3IUMX JOXOIHBIX TPYMM B BBICIIUE.
CeMbH, KOTOpblE MOMAJAIOT B BBICLIYIO JOXOAHYIO IPYMYy,
OyIoyT UMETb Ty XKe CTPYKTypy NOTpeOieHus U crpoca, Kakas
CIIOXKMJIach y ceMel ¢ TakuM JKe J0XOIOM K HacTosLeMy
BpeMeHH. lMess cOOTBETCTBYIOIIME CTPYKTYPHI CIIpoOca,
paccuMTaHHbIe MO JAHHBIM CTaTUCTHKU OIOIKETOB, H
YacTOTHI pacrpenesieHnsi NoTpeduTesel Mo ypoBHIO I0XOa,
MOJKHO pacCumTaTh 0OIIyI0 CTPYKTYPY CIIpoca.

2. | Kommapar | YacTHbIif coydail | B MomensX coOMOCTaBISIFOTCS CTPYKTYPBI CIpoca JaHHOTO
VBHBIC CTPYKTYPHBIX uccieayeMoro 0o0beKTa W HEKOTOPOTO  aHAJIOTHYHOTO
(cpaBHuTEN | MOmeneii cipoca | 00beKTa, B KayecTBE KOTOPOro OOBIYHO paccMaTpPHBAIOT
BHBIE) pPerMoH WAM TPYNNy HAaceleHWs C  ONTHUMaJbHBIMU

NOTPEOUTENBCKIMH XapaKTePUCTUKAMH.

3. | Konerpyk | Hccnemyercs B ocHoBe Mogeneii nexar ypaBHeHUs OroukeTa HacesleHus,
THBHbIE COCTaB crpoca € | TO €CTb TaKue YpaBHEHHs, KOTOPble BBIPAXaIOT PaBEHCTBO
(Mopmenm TOYKH 3peHusi | 00beMa MOTpPeOJIeHHs] B ACHE)KHOM BhIpakeHHH (Oromkera
Oromkero | OanmaHca MeXAy | MOTPeOHTENs) M CyMMBI MPOU3BEACHUIA KOJIMYECTBA KAXKAOTO
B 00BbeMoM NMOTpeOJIeHHOTO  ToBapa Ha ero LeHy. llpuMepsl:
MOTpeOUT | TOTpeONeHNss W | MPOXXKUTOYHBIH ~ MWUHMMYM,  palWOHAJIbHbIE  OIOIKETHI,
eneii) obbemMamu OCHOBaHHbIE Ha HAy4YHBIX HOpPMax TMOTpPeOJeHus, Tpexae

TIOTPeOEHHBIX BCEro, MPOOYKTOB IUTaHUS; MEPCIEKTUBHbIE OFOKETHI
TOBapOB (HampuMep, Tak Ha3bIBaeMblll OFOJDKET IOCTATKA) U IIP.

4. | Ontummza | Hccnemyetcst [lpn moctpoeHnn Mopenell momararOT, 4TO MOTPEOUTENDH
LIUOHHBIE COCTaB  crmpoca | pacrojiaraeT (pUKCHPOBAHHOW BEIIMYMHOW TOXOMIa, KOTOPBIH
(Mopmenm CTOYKH 3pPEHHS | OH TIONHOCTBIO TPATHT Ha MpuobpeTeHue Giar (IPOIYKTOB,
HOTPeOUT | ero ONTHMaJbHOM | TOBapOB, Yyciyr). B Monenu He YdYHWTHIBaeTCS H3MEHEHHeE
€JICKOTO | MOJIE3HOCTH [JIA | NpednouTeHuii mnoTpeduTenss ¢ TeYeHWeM BPEMEHH U
BBIOOpA) noTpeouTeNs, BO3MOXKHOCTb JeNlaTh MM PacxoloBaTh cOepexeHus. LleHsl

HMEIOLLEro 07ar cyMTalOTCA 3aJaHHBIMU. YUUTBIBAs CTPYKTYpPY LEH,

(GUKCUpOBaHHBI | 10XO04 M COOCTBEHHBIE  MPEANOYTeHUs, MOTpeOHUTeNb

JI0XO0JT npuobpeTaeT oOMpedeseHHble KOJWYecTBa Onar TakuM
o0pa3oM, 4YTOOBI WX COBOKyNHas TOJIE3HOCTb Oblia
MaKCUMaJIbHOM AJI HOTpeOuTeNs.

5. | Anamutma | Mccnemyercs Mopenu cTpodtrcsa B BUIE YpPaBHEHUM, XapaKTEpU3YIOLLIUX

ecKHe W3MEHEeHNe 3aBUCUMOCTb CIIPOCa Ha TOBapbl U YCIYTH OT Pa3iIMYHBIX
crpoca mpu | ¢pakTopoB. B  HUX  (QyHKOIMOHANBbHAS  3aBUCHMOCTH
M3MEHEHUH Q= D(S,l P, F,t) NPUHIMAET BIIOJHE OMNpE/eIeHHbIIt
Pa3IMYHBIX
Bua. Takue Moaenn MOryT OBITh OXHO(AKTOPHBIMU U
(paxTopos MHOT0()aKTOPHBIMH.
6. | Perpeccu | Bolachsercs Hcnonbzys metompl 00pabOTKM CTaTMCTHUECKMX AAHHBIX
OHHbIE xapaktep W BHI | (PErPECCHOHHBIN W OUCTICPCHOHHBIN aHANN3), HAXOMIT BHUI
3aBHCHMOCTH pynxkmin Q = D(S,l , P, F,t) U BBISCHSIOT XapaKTep
cripoca 3aBUCUMOCTH (QaHAJMTHYECKU, KOPPENALMOHHBIA W T.n.)
OT PazIMIHBIX
crpoca OT TOTO WIJIM MHOTO (hakTopa.
thaxropos
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6.2. Moaep moTpedHuTEILCKOro BhIOOpa

[Tpu u3ydeHuW TMOBeaeHHs MOTPeOUTENsS HanboJee BaXKHAS 3aj1a4a 3aKII09acTCs
B TOM, 9TOOBI YCTaHOBHUTH, B Kakux 00beMax OH MPHOOpETaeT TOBAPHI M YCIYTH MPU
3aJaHHBIX IIeHaX © jJoxojxe. JIas pelmeHdss 5TOM  3agaud  TOCTPOUM  MOJIEIh
MOTPEOUTEIECKOTO BBIOOPA, UCIIOJB3YsSI CIIETYIOIINE MTPEIMOT0KCHUS:

1. TorpeGuTenb B TEUEHHE OMPEICICHHOTO MPOMEXYTKA BpeMEeHH (Harmpumep,
B T€UEHHWE TO0JIa) pacmojaract IOXoaoM |, KOTOpbIi OH IIOJHOCTBIO TPAaTUT Ha
npuobpetenue 6mar (IpoayKTOB, TOBApoB, yciyr). Todnee roBops, BeauunHa | — 310
HE JI0XOJ, a pacXoj JAHHOTO MOTPeOHMTENs 3a yKa3aHHBIA MPOMEKYTOK BPEMCHH.
Bo3MOXHOCTH JleaTh WM pacxoj0BaTh COEPEKEHUS B TCUCHHE HTOTO MPOMEXKYTKa
BpPEMEHHU HET.

2.Ilycth N — KOHEYHOE YHCIO paccMarpuBaeMbix ToBapoB  (OJar);
Q= (Ql, Q,.,K ,Qn) —Habop 00beMOB Oar (ToBapoB), MPHOOPETEHHBIX TOTPEOUTEIEM
3a yKa3aHHBIM CPOK TPH 3aJaHHBIX IIEHaX W J0XOJ€e 3a TOT e cpok. lleHnl Giar
CUHTAIOTCS 3aJJaHHBIMHU M HE MEHSIOTCS B TEUCHHE TAHHOTO IIPOMEKYTKA BPEMEHH.

MHOECTBO ~ BCEBO3MOXXHBIX HabopoB ©Ojgar Q ¢  HEOTPHUIATEIHLHBIME

KoopAuHATaMu OyJieM Ha3bIBaTh HPOCMPAHCHIBOM HI06APOG. {Q OR":Q =0,i= ZL,_n}
KonkpeTHoe pemienne moTpeOWTENsT O TIOKYMKE OIpeeIeHHoro Habopa TOBapoB
MaTeMaTH4eCKH  MOXKHO  TpPEJCTaBUTh  KaK  BBIOOp  KOHKPETHON  TOYKH
Q= (Ql, Q,,K ,Qn) B IIPOCTPAHCTBE TOBAPOB.

3. Kaxnapiii moTpebutens W3HAYaAIbHO UMEET CBOM MPEIIMOYTCHHS Ha HEKOTOPOM

MMOJIMHOYKECTBE MPOCTpaHCTBa ToBapoB X [ {Q OR" Q20,0 = ZL_n . DTO O3HaA4aerT,

gyro st Kakaod mapel Q [1 X, Q [0 X mMeeT MecTo OJHO M3 TpeX OTHOMmCHHM (T,
¢ , ~ —3HAK{ OTHOIICHUH MPEAMOUTCHHS):

Q @ Q —mnabop 6rar Q mnpeanoUTHTEMbHEE HAGOPa Giar Q |

Q 1 Q —Habop 6mar Q MeHee TpeMOUTHTENEH, YeM Habop Omar Q ;

Q ~Q — mrs morpebutens oba Habopa 00JagaAIOT OJMHAKOBON CTEMEHBIO

MPEIOYTCHUS.

OTHOINEHUS MPEATOYTCHAS 00JIaTaf0T CIISTYIONTUMH CBOWCTBAMHU:

Decm QQ u Q (p@ ,10 Q (p(j (TpaH3UTHBHOCTH);

2) ecu Q>QT10 Q@Q (menacviwgaemocmy: Gonsmmii HaboOp Bcerna
MPEOYTHTEIbHEE MEHBIIIETO).

Kaxnprit morpeOurtens NpUHUMAET pelleHne O MpuoOpeTeHmn Habopa O:ar,
MCXOMsl TOJBKO W3 CBOEU cHCTeMbl mpeamodreHuit. Ilpenmourenuss motpeduTes
ITOCTOSTHHBI M HE MEHSFOTCS B TCUCHUE pacCMaTPUBAEMOT'0 IIPOMEKYTKA BpEMEHH.

4. OTHOIICHUS TMPEINOYTCHUS KaKIAOTO TOTPEOUTEIs] TIPU  OIPEICIICHHBIX
MIPEIMOJIOKCHHUSIX MOXHO IPEJCTaBUTh B (POpMEe HEKOTOPOH @hyHKuuu nonesnocmu
u(Q) raxoit, uro:

1) m Q (p6 cleyeT u(6)> u((j ) (M3 TIpeANOYTHTENBHOCTH Habopa Grmar Q
110 CpaBHEHHIO ¢ HabopoM Q creayer, 4TO TONE3HOCTH OT Habopa 6mar Q Gombire

MOJIE3HOCTH OT Habopa Oiar Q );

2)us Q ~Q cuenyer u((j) = U(S)
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Jlis kaxxaoro moTpeOuTeNsl Takoe IpescTaBlieHHe MHOTOBapuaHTHO. BBeneHue
(GYHKINH TTOJIE3HOCTH HO3BOJISIET 3aMEHHUTh KAUeCTBEHHBIE OTHOIICHHUS MPEIIOYTECHHS
MPUBBIYHBIMUA KOJIMYECTBEHHBIMH OTHOIICHUSIMH MEXJy YUClIaMH. OOJIbIlle, MEHBIIIE,
paBHO.

5. OyHKIMS 0JIE3HOCTU 00J1a/1aeT CIEAYIOINUMHU CBOMCTBAMH:

ou
1) — >0 —c pocrom moTpedaeHus Oara MoJe3HOCTh PacTeT;
i

. du :
2) lim —— =+o0 — HeOONBIION TPUPOCT | -ro O1ara Mpu €ro MepBOHAYATHLHOM

Q -00Q;
OTCYTCTBUH PE3KO YBEINYHBACT MOJIE3HOCTB,
2
0°u .
3) — < 0 — ¢ pocToM moTpedIeHus | -ro Gara CKOPOCTh POCTa MOJIE3HOCTH
0Q;
3ameisieTcst ((yHKIHs u(x) SIBJSIETCSI BBIITYKJIOW BBEPX);
. ou _ , .
4) |Iim —— =0 — mpu oueHb OOJBIIOM OOBEME |-ro Oiara ero JaabHeHIIee
Q -+ aQI
yBEJIMYEHHE HEe IIPHBOJINT K YBEIMUYCHHIO MOJIE3HOCTH;
0%u
5) m >0 — mpezenbHas MOJE3HOCTh KaXXJIOTO MPOJYKTa yBEIHIHBACTCH,
Y]

€CJIM pacTeT KOJIMYECTBO JPYroro MpoayKra.
[Ipumeps! GpyHKIUI TOIE3HOCTH:

a) norapudmrygeckas: U =Zn:ai logy (Qi —Ci), roe a; >0, Q >¢; 20, (i=1n),
d>0,d#1, -
0) (yHKIMS TOCTOSHHON 3JIACTHYHOCTH: U = éﬁ(@ —C; ) rre a >0,
0<b <1,Q >¢ 20, (i=1n);
B) pyukius P. Croyna: U = ﬁ (Qi -C )a,» ,rme Q; >¢; 20, >0 (i =1 n).
1=1
Kosdumment ¢ 20 (i =1 N) mHTepmpeTHpyerTcs Kak MHHHMATLHO HEOGXOTMMOE

KONIMYeCTBO |-ro Onara, kotopoe TpeOyercs s xu3um; & >0 (i=1Ln) —
KOO PUIIMEHT, XapaKTepPU3YIOIIWi OTHOCUTEIBHYIO IIEHHOCTh |-ro Omara s
oTpeOuTelIs.

Ilpeoenvnoii  nonesnocmovio 0aaza Q; Ha3pIBAIOT Ipeiedl  OTHOIIEHUS

MpHUpAIIeHUs] TOJIE3HOCTH K BBI3BABIIEMY O3TOT MPUPOCT MPUPALIECHUIO TOBapa:

) Au ou
I|m —_— = HpeI[CJ'IBHaSI IIOJIC3HOCTh IIOKAa3bhIBACT, HA CKOJIBKO CIWHHUI]

AQ -0AQ; 0Q;
BO3pacTaeT IIOJIE3HOCTh, €CJIM ToBap Bo3pacTeT Ha BenmmumHy AQ;. CsoiictBo 3)

(YHKIIMA TIOJIE3HOCTH HA3BIBAIOT 3aKOHOM YOBIBAHHS MPEIETbHOW ITONE3HOCTH WITH
3axonom Ioccena (I'occen —Hemenkuit skoHOMHUCT XIX Beka).

Ilogepxnocmoto 6Oe3paziuuua HA3BIBAIOT TUIEPIOBEPXHOCTH Pa3MEPHOCTH
(n—l), Ha KOTOpPOW  TOJIE3HOCTh  TOCTOSIHHA: u(Q):C =const wm B

muddepeHnraIbHOR Gopme
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Za—dQ =0 AP
Qi
VYcmosue (6.1) o3HavaeT, YTO KacarelbHas K IOBEPXHOCTH  Oe3pazinums
MEePICHANKYJISIPHA IPAMEHTY MOJIE3HOCTH.

C ToukMm 3peHUs TOTpeOWTENs HAJIMYAEe MHOXECTBA HAOOpPOB TOBApOB,
00JIaIaloOmuX  OJMHAKOBOW  MOJE3HOCTHIO (TO  €CTh  OJWHAKOBOW  CTENEHBIO
MPEAMOYTeHUS), O3HAYaeT BO3MOXHOCTh 3aMEHBI OJHOrO Habopa JIpyrum
PaBHOIICHHBIM HAOOpOM, B TOM YHCJIC BO3MOYKHOCTh 3aMEHBI OJIHOTO TOBapa JPYTHM.

HaanMep, HYCTB B cooTHomenun (6.1) dQ = O s | =3 N, TOrza OHO IPUMET B

dQ, +— =0, oTKyza CIeyeT, uTo dQp _ _0u/0Q
an an dQ  0u/0Q,
HOpMa 3amMeHbl TIEPBOTO TOBapa BTOPHIM paBHA OTHOIIEHHIO MPEIETbHBIX TOJIe3HOCTEH
MIEPBOTO U BTOpPOro ToBapoB. HopMa 3aMeHbI MOKa3hIBAET, CKOIBKO TPeOyeTCs eIMHHUII
BTOpPOTO TOBapa, YTOOBI 3aMEHUTH BBHIOBIBIIYIO €TUHHITY IIEPBOTO TOBAPA.
Broocemnvim MHOMCECMEOM HA3BIBAIOT MHOXECTBO TeX HAOOPOB TOBApOB,
KOTOpBIE MOXET npuodpecTu MOTPEOUTETb, nMest JTIOXO]T | :

, TO €CTh IpClCIbHAasA

n
QDR” :ZP,Qi <ly, P=(P1,P2,K ,Pn) — VYIOpSIOYEHHBIH HAOOp IIeH Ha
i=1
n
Habop Omar Q=(Q1,Q2,K ,Qn). VYpaBHEHHE T'HIIEPIOBEPXHOCTH ZRQi =1,
i=1
OrpaHUYMBaIONIedl OIO/KETHOE MHOXKECTBO, OyJIeM Ha3bIBaThb YPAGHEHUeM JUHUU
010021cemMH 020 02PAHUYEHUA VU JIUHUET O100XHCEMHO20 0ZPAHUYEHUA.

B Tteopun morpebieHus mpearnoiaraercs, 4ro IOTPEOMTENb BCErJa CTPEMUTCA
MaKCUMM3UPOBATh CBOIO MOJIE3HOCTh M €JUHCTBEHHOE, YTO €r0 CAEpXKUBAET, — 3TO
OrPaHUYEHHOCTh A0X0Ja. JIpyrumu ciioBamMH, TpeOyeTcs HaWTH MaKcUMyM (GYHKIMU
HOJIE3HOCTH u(Q) Ha MHO)kecTBe X | B. B MaremarmueckoM aHanmse JOKa3aHO, YTO

GyHKIAS u(Q), yIOBIIETBOpSIOIIas yciaoBusMm 1) — 5)na muoskectse X | B, mocturaer

SKCTpEMyMa Ha rpaHuUlle Z PQ; =1 mHOoxectBa X | B, uTo nmpuBOIUT K clieayromen
i=1
3aJ1a4e HaxOXKJICHHS YCIOBHOTO MaKCUMyMa (DYHKIIMU TIOJIE3HOCTH
max u(Q)= max u(Q). (6.2)
OXI1 B n
0 3 RQ=!
i=1

3anaga (6.2) cBoMTCS K HAXOXKIEHUIO Oe3yclOBHOro skcTpeMmyma (yHkimu Jlarpamka
n
L(Q, /1) = u(Q) -1 Z BQ; — I |. IIpu 3TOM B Kypce MaTeMaTHYeCKOr0 aHaIM3a JIOKa3aHo,

YTO B CHITy CBOUCTB 3) — 5)(YHKIINH MOJIE3HOCTH, HEOOXOIMMBIE YCIIOBHSI 3KCTPEMyMa

:L aa” AR =0i=1n,
Q Q (6.3)
== z RQ -1(=0
i=1
SABJIAIOTCA TakKXE€ MW OO0CTATOYHBIMH  YCIIOBHUAMH JKCTpEMyMa HW  OIIPCACIIAIOT
€IMHCTBEHHYIO TOYKY MaKcHuMyMa (Q*, A *) byHKIAN Jlarpansxa
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n
L(Q,4)=u(Q)-A Z BRQ; — | | H, COOTBETCTBEHHO, €AMHCTBEHHYIO TOUKY YCJIIOBHOIO
=

n
MakcuMyMa X* (DyHKIHH TOJIC3HOCTH u(x) MIpH yCIIOBUHT Z RQ =1I.
i=1
N3 mepBoro ypaBHeHus cucteMbl (6.3) cieayer, 4YTO MOTpeOUTENb TIpU
(UKCHpPOBAaHHOM J0XOJie TaK BBIOMpaeT HAOOp X*, 4TO B ATOH TOYKE OTHOIICHHUS
MpeIeTbHBIX MIOJIE3HOCTEH paBHBI OTHONICHUSIM IeH:

u(at). aulQs). . . uln)

o 0Q 0o,
Ha60pe OpeACIIbHBIC IIOJIE3BHOCTHU BLI6I/IpaeMBIX TOBAapoOB JOJIPKHBI OBITH
IpONOPIUOHAIILHEBI IICHAM.

3ameuanne 1. [l HEKOTOpBIX BHUAOB Ojar (Hampumep, Ui PEAMETOB

pockoinu) (yHKIUS TONE3HOCTH He o0JiafgaeT cBoicTBamu 3) —5) @ dwacTHOCTH,
n

¢yakmus CTOyHA TpU YCIOBUHU Zai <1 ynosierBopseT cBoiictBam 3) —5),a npu
i=1

=P :P,:K :PR,. [pyrumu cioBamMH, B ONTHMaJIbHOM

n

Zai >1 — ner). B atom cityuae (pyHKIHS TOJIE3HOCTH u(Q) Ha MHOXkectBe X | B
i=1
MO>KET U He UMETh IKCTpEMyMa.

3ameuanne 2. AHAIUTAYCCKUAN BUJ (YHKIIUU ITOJIC3HOCTH u(Q) ot Habopa Omar
Q= (Ql, Q,.K ,Qn) MO’KET OBITh YCTAHOBJICH METO/IaMH MaTEMATHIECKON CTATUCTUKH.

PaccmMoTpuM  reoMeTpUuecKyr0 HHTEPIpETali0 MOJETH HOTPEOUTEIHCKOTO
BbIOOpa. [t aToro ymobHO Bocmoib30BaThes (PyHKIMEH MOJIE3HOCTH U = u(Ql, Q2)
oT 1ByX BUJOB Onar Q; m Q, mpu IeHaX Ha HUX, COOTBETCTBeHHO, P, m P,, eciu
MOTPeOUTEIh TPU PUKCHPOBAHHOM J10X01¢ (OromKeTe) | cTpeMHUTCsl MaKCUMU3UPOBATh
(GYHKIIMIO MTOJIE3HOCTH U = u(Ql, Qz) :

[loBepxHocTu Oe3pa3nuuusi GYHKIMU MOJNE3HOCTH U = u(Ql, Qz) MPEJICTABIISIOT
coOoii cemelictBo KkpuBbIX Ha Iutockoctn OQQ,, ompenenseMblXx ceMeHCTBOM
ypaBHEHU u(Ql, Q2) =C (C - moboe TOJOXKHUTEIBHOE YHCII0). brokeTHOE
MHOKECTBO

B={(QQ)0R?:Q 20,0, 2, AQ + P, < I

TIPEICTaBISIET COO0M TPEYTOJBHUK, PACHOIOKEHHBIA B TEPBOM KOOPJAWHATHOW YETBEPTH.
*

*
Touka makcmMmyma (Ql ,QZ) (YHKIMH TTOJIC3HOCTH SIBIISICTCSI TOYKOW KacaHWs JIMHUH
* * *
OromketHoro orpannuenus P Q; + P,Q, =1 u muanum ypoBHs u(Ql ,Q2)= C (cwm. puc.

6.1). oA

IIpumep 1. @yHKUMA DOJE3HOCTH JUIS
IByX Onar wmmeer BuI U :4Q13/ 4Q;/ 4. [lennt
O7ar paBHBI COOTBETCTBEHHO P, =3 neHexHble
enuHHLBl, P, =2 neHexHble €AMHUIBI, JOXOJ

noTpeOuTeNs oOrpaHudeH BenmuuHOM | =6 @ @
JEHeXHbIX eauHull. Haiftu ontumansHoe

pacnpenenenue Oxar Q; u Q,. Caof---

u@.Q)=C,
u@,Qg)z c

TN U@.Q)=C;

0 & QI Fin+BZQ2:| bl
Puc. 6.1 63




Pemenne. B cuiny yciaoBuil 3agaud, ypaBHEHHE JIMHMM — OOJXKETHOI'O
orpanmuenuss PQ +P,Q, =1 u ¢dynknus Jlarpanxa L(Ql,Qz,A) COOTBETCTBEHHO

mpumyT Bux 3Q; +2Q, =6 u L(Q;,Q,,4)= 4Q13/4Q;/4 - A(3Q, +2Q, —6). Bemmmem
cucteMy ypaBHeHuit (6.3)u HaiieM ee pemeHue:

L - _ b
20, =%t -3i=a B ers
il Q, =A'Q,, o Q =15
= = l?/4Q2—3/4_2,1:0, - /]—3_2,1=0' - Q2:—4’ = 4Q, =075
0Q, e 3+24 A
L QL +2Q; =6, =05 A" =05.
—-=-(3 +2Q, -6)=0 =0
04
Q2.1 - Takum 00pa3oM, TOUKa YCIOBHOTO 3KCTpEMyMma

(GyHKIMH TOJIE3HOCTH U= 4Q13/ 4Q;/ 4 umeer

w
n

KOOpJMHATHI (1,5; 0,75). 3HayeHue (QYHKIUU
HOJE3HOCTH B TOYKE YCIOBHOIO 3KCTpeMyMa

[
h

ur = 3294, JInann YPOBHS byHKIIUN
IOJIE3HOCTH W JIMHUS OFOJIKETHOTO OrpaHMUYCHUS
_ TIpeICTaBlIeHB Ha puc. 6.2 (MHHS YpOBHS,
0 05 1 15 2 25 3 Q

Puc. 6.2

L

COOTBETCTBYIOIIas U* = 3[2?/4, BBIZICJICHA OoJiee
KHUPHO).

Otser: u % 15,075)=32%%.

6.3. AHaJMTHYeCKHe 0THO(AKTOPHBIE MOI€EH CIIPoca

6.3.1. ®yHKIUH MOKYNATeJIbCKOr0 Crpoca

DyHKyuAMU NOKynamenbckozo cnpoca (yHKuuamu cnpoca) Ha3bIBAIOT
(GYHKIHH, OTpaKkaroue 3aBUCHMOCTh 00beMa CIpoca Ha OTAETbHBIE TOBAPHI H YCIYTH
OT KOMILIeKca (DaKTOpOB, BIMSIOMUX Ha Hero. lakue (QYHKIMH TPUMEHSIOT B
AHATITHYECKUX MOJIENISIX CIIPOCca U TIOTPEOJICHUS M CTPOSTCS Ha OCHOBE MH(POPMAIIAHU O
CTPYKTYp€ JOXOJ0B HaceJeHus, [IeHaX Ha TOBaphl, COCTaBe ceMeil u Apyrux pakropax.

Haunbornpinee BiMsHUE HA CHPOC OKA3bIBAIOT IIEHA W JIOXOJ, ITO3TOMY MHOTHE
pacyeTsl cpoca M HMOTPeOJICHUS] OCYIIECTBIISIOTCS B BUAE (YHKIUU OT IIEHBI TOBapa
Q= D(P) Wi B BuAe (QYHKIHH OT AYIIEBOrO JeHEeXHOro moxona Q= D(I), aB
Haubosiee 001IeM cityyae — B BUJE (QYHKIIMHU OT JYIIEBOTO JIEHEKHOTO JIOXO0/a U 1IeH Ha
Bce mpuoOperaembie ToBapbl Q = D(I : P) (P= (Pl, P,,K ,Pn) — YHOPSIOYCHHBIH
HaOop 1eH.). [ Toro, 4ToObl MOJYYUTh AHATUTHYSCKUN BHJl YKa3aHHBIX (YHKITHIA
crpoca, HYXXKHO pa3pemuTh ypaBHeHHS (6.3) otHocurensHO Omar Q; (i =1n):
Q =D;(I,P,P,,K ,P,). Ipu 510M, ecim

1) B pyrkmun Q; = D; (I P, PK Pn) 3adukcupoBatTh 10X0oa | W IeHBI HA BCe
Onmara, KpoMme |-ro, TO TOJYYHTCS OJHO(AKTOpHAs MpsiMasi 3aBUCHMOCTH CIIpOCa
Ha Ojmaro X; oT meHsl P emuHuubl storo Omara Q; =D, (P,) (Takue 3aBHCHUMOCTH
BCTPEYAIUCh B TeMe 5);

2) B pynkmuu Q; = D; (I P, P, K, Pn) 3auKCcUpoBaTh 10X0A | U IeHBI Ha Bce

6mara, kpome | -ro (i # | ), TO moay4duTcs oAHO(GAKTOPHAS MMEPEKPECTHAS 3aBHCUMOCTD
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cupoca Ha Omaro Q; or el P; emunuupl Gmara Q;: Q; =D (Pj) (Takue

3aBHCHMOCTH XapaKTepU3YIOT B3aHMO3aMEHIEeMOCTb M B3aHMOIOIOIHAEMOCTh OJ1ar);

3) B ¢ynkmuu Q; = D; (I P, P, K ,Pn) 3aMKCUpOBaTh IIEHBI Ha Bce Ouara,
TO MOJIyYHUTCA OAHOQAKTOpHAs 3aBUCHMOCTh CIpOca Ha Ojaro X; OT Joxoza
norpedutens | : Q; = D; (I )

O6mmii cioyuaih (QyHKIMM CIpOCa HOJYYaeTcs, €CIM M JOXOJ U IIeHbl Ha BCe
paccMaTpuBaeMble OJ1ara CYMTAIOTCS IEPEMEHHBIMH BETMYNHAMH.

3ameuanue. Bo Bcex Tpex ciywasx rpaduk (yHKIMH CIpoca IPeACTaBIsAET
co0oif TeoMeTpHYecKoe MECTO TOUEK IITOCKOCTH, B KOTOPBIX apryMeHT (LeHa HIH

I[OXO)I) NpUHUMACT MAKCUMAJIbHO BO3MOXHOC 3HAYCHHUC Ha JIMHUAX MOCTOSTHHOM
IIOJIC3HOCTH.

6.3.2. 3aBHCHMOCTH cIIPOca OT A0X0/A

Paccmotrpum  onHOdakTopHBIE (GYHKIIMH CcOpoca OT J0XOJa TMOTpeOuTeNs
Q= D(I ) CootBetcTBYyIOIIHE dTUM (DYHKIHUSIM KPUBBIC HA3BLIBAIOT KPUBLIMU IH2eNA

(Mo MMeHW M3ydYaBIIEro WX HEMEIKOTO0 SKOHOMHUCTA). Tak Kak CIpoc Ha pa3lIndHbIe
Onara (TOBapbl U YCIIYTH) CYIIECTBEHHO 3aBUCHUT HE TOJIBKO OT JIOXO/a MOTPEOUTENs, HO
U OoT THma Onara (HampuMep, MPOAYKTHl MOKHO YCIIOBHO DPa3JelUTh Ha >KU3HEHHO
HEOOXOMMbIE M JIEJTMKATECHI), TO CYIIECTBYET HECKOJBbKO KiaccH(PUKaImii (yHKIHA
CIIpOca, COOTBETCTBYIOIINX Pa3IMUHbIM TUIIAaM OJar.

Onmna w3 xmaccupukanmii QyHKIUH crpoca TOBApOB W OJlar MPOBOAMTCS IO
KPUTEPHUIO BBITYKIOCTH COOTBETCTBYIOIINX STHM (QYHKIHSIM KPUBBIX DHrens (Tadu. 4).

Tabnuya 4
Kaacenduxanus kpuBbIX JHreas
Ne | ®dopma kpuBoi | XapakTep 3aBUCHMOCTH N
P p P P Twun 6ara Bun xpuBoii DHrens
n/n DHrenst crpoca OT J10X0/1a
QA
Poct 3HaueHuii cmpoca,
HauMHas ¢ | ToBapsr
1 Brimyknas OTpeIe]IeHHOr0 MOMEHTa, | TIepBOi
" | BBepX QYHKUMS | MO Mepe  HachIlleHus | He0OX0aUMO
crpoca OTCTaeT OT PocTa | CTH
Jnoxozaa
0 1
QA
Togapsl
JIuneiinas N KayecTBa
Cnpoc Ha naHHbBIA TOBap
byHKIMSA JKU3HU
BO3pacTraer
2. | (bynxums (onmexna,
, . MPOTOPLIUOHAIIBHO
HeWTpaIbHON 00yBB,
JOXOAy
BBIITYKJIOCTH) GpyKkTBI  H
T.1.)
0 1
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Ilo mepe pocra moxona
CIpOC Ha NAHHYIO IPYMITY

Beinykias BHU3 [IpenmeTsl
3. TOBapOB BO3pacTacT BCE
dhyHKUuMs POCKOLIH
Gonee BBICOKMMH
TeMIaMu

0 I

Ipumep 2. Jlana ¢ynknua nonesHoctd P.Croyna U= (Ql - Cl)al (Q2 - Cz)az

npu O6rokeTHOM orpanuuenun P Qq + P,Q, < | . Haiitu ¢ynkiuu cripoca Ha Onara Qq
u Q, B 3aBUCHMOCTH OT JOXO0Ja U IpsAMbIE (YHKIMU CIIPOCa OT IICHBI.
Pemenne. CoctaBuM (yHKmuto Jlarpamxa L(Ql, Q,, /1):

L(Q1. Q2. 4)=(Q =¢1)™(Q2 —¢2)* = A(RQ +P,Q, ~1).

3anurieM Jijis Hee HeOOXOIUMbIE YCIIOBHS CYIIECTBOBaHUS 3kcTpeMyma (6.3)

oL 1
—=a(Q —¢;)* 7 (Qy —cy)®2 - AR =0
0Q,
aL — al az_l p— .
——=a,(Q—¢1)*(Qo - c,) 2 - AP, =0
0Q,
oL
—=—-(PQ, +P -1)=0.
Y (PQ +PQ, 1)
PerneHue MOMyYeHHON CHCTEMBI YpaBHEHHH OTHOCUTENBHO Onmar Q; u Q, mmeer
B Q=L 482 Pic; —a,P5C; Q=2 4T apRc; +ayPoCy
(ay +a,)R (ay +a,)R (ay +a,)P, (ay +a,)P,
d
3apuxcupyem mnensl P, m P,, BBemem o6o3HaueHus K;=——-—,
(ay +ay)P,
a,Pc; —a;,P,cC -a,Pc, +a,P
b, = 221 " 91rora , = a . by= aht 31202’ IOy dIM
(ay +a,)P, (ay +a,)P, (ay +a,)P,
cnenyromye ¢yHKnuu crnpoca Ha Omara Qp, Q, or moxoma |: Qp =kl +Dby,

Qo =ky1 +b,. Ob6e ¢pynkuu cnpoca auHEHHBI, ciaegoBatenbHo, Gynkius P. Croyna

MOJICTUPYET TOJIE3HOCTh OT JBYX Ojar ojHoro tuma (IpeaMETOB BTOPOi
HEOOXOAMMOCTH).

a a,Pc, —a4P,c
Ecrm xe B Qynxmmm Q) = 1 | +22 19 ~817% 3aUKCHpPOBAThH
(ay +a,)R (ay +a,)Ry
a -a,Pc, +a;P,c
BeuuuHbl P, u | , a B pynkimu Q, = 2 | 2270 " 272 penpgynm
(ag +ay)P; (ay +ay)P
a (I =P, a»c

PR ml, a 3areMm BBectH 00O3HAYCHUS a=M b =A,
(al + az) (al + az)

- 2, (1 - Picy) R )

y = , TO HOJIqu/IM HpﬂMBIC 3aBUCHUMOCTH CHpOCZi OT LCHBI
(al + az) (al + az)
a C
Q =—+b,Q, =2 +d.
P P,
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OtBer: ¢ynknuu cmnpoca ot jgoxoma Q =Kl +by, Q, =Kyl +b,; npsamere

GbyHKIMM crpoca oT LeHsl Qp = Pi +b, Q, = L. d.

1 2

Tor ke mpHHIUN KIacCHPUKAIMKA TPYII TOBAPOB MO THHAM (GYHKIUI crpoca
OT JIOXO0JIa MCIIONh30Ball MBEACKUN 3KOHOMUCT JI. TOpHKBHCT, KOTOPBIH MPEIIOKIIT
crieranbHbie BUAbl GyHKIuiA crpoca (@yukuyuu Topuxeéucma) ijisi YeThIpeX TPYIII
TOBapOB: MaJOIEHHBIX, TIEPBON HEOOXOAMMOCTH, BTOPOM HEOOXOIUMOCTH, TPEIMETOB
pockomu (tabn. 5). Bemwuunsr @ >0, [, ) SBISIOTCS TMapamMeTpaMd MOJICIH H
ompefenstoTcs depe3 KodpdunreHTsl QyHKIUU TMOJE3HOCTH W 3HAYCHHS IIeH Ha Bce
paccmarpuBaeMble OJiara.

Tabnauya 5
Knacenpukamusa ¢pynxknuii TopakBucta
;\/{i DyHKUUA Tum 6mara Bun rpaduka
of
a(l+8) | m O oo oo T
1 Q= aJlolleHHbIE
' |2 + y | ToBapbl
>
Qf
al T i R e bt T PP T
2 Q= oBapbl epBoOi
' | + 3 HEeOOXOJIMMOCTH
>
of
ToBapsl BTOpoi abe e
3 Q= a (I -y ) HEOOX0qUMOCTH
' | + 3 (oTHOCHTENBHOM
POCKOIIIH)
y o
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QA

Q= a (l - V) [IpeameThr
| +8 POCKOIITHN

>
oY s — oy
Ql 1Q22 il

a
(Qu+a, —a)®
(a; >0, a, >0 — mapamerper) mpu OroKeTHOM orpanmdeHnn PQ; +P,Q, <

Y
Y y+B

Ipumep 3. [ QpyHKIIUN MONIE3HOCTH OT JABYX Oyiar Bujpa U =

Haiitn ¢pyaxumn cripoca Ha 6iara Q, Qo B 3aBHCHMOCTH OT JJ0X0/1a TOTPEOUTEIIS.
Pemenne. CoctaBuM (yHknuto Jlarpamxa

QlalQaz &
(Qu+ay—ay)™
CocraBsist u1s Hee cucTeMy ypaBHeHH# (6.3)u pemrast ee oTHOCUTENbHO Omar Q,

aql _1(1-P(a -ay))
| +a,P,’ Q=" +a,P
BBeJeM O0O3HaueHusd: aQ =a;, y=HR (al - az), B =a,P, momyunMm crenyromue

L(Q1.Q,.1)= -APQ +PQ, - 1).

Q,, momygaem Qq = . 3aukcupyem nensl P u P5,

¢bynKIy cpoca Ha Omara Qq, Q, or moxoxa | :

al
Q= W — (yHKIHS cripoca Ha TOBApHI IEPBOH HEOOXOIUMOCTH
+
_H-y)
Q, = ——* —dyHKIHA cIpoca Ha PeJAMETHI POCKOMIN.

|+
OTcrona cienyer, 4To npHuBeeHHast (YHKIHS TOJIE3HOCTH MOJETUPYET MOJIe3HOCTh OT
6J1ar pa3TUYHbBIX [IEHOBBIX TPYIIII.

al I -
OtBer: Qpynkuuu cupoca Q =—— u Q, = ( 4 )
| +5 | +3
6.3.3. UccaaenoBanue oqHo¢akTOpHBIX (PYHKIUI cripoca.
IIpeaeabHble mapaMeTpbl MOAeIN MNOTPEOUTETHCKOr0 BHIOOPa

HccnenoBanue 0JTHO(haKTOPHBIX byHKInl crpoca MeTOJ[aMHU
maddepeHmaTbHOrO HWCYMCIICHHUS IO3BOJSIET HAWTH HEKOTOPHIE JIOMOJHHUTEIBHBIC
XapaKTEePUCTUKH MOJENH TMOTPEeOUTENbCKOrO BbIOOpA, B YAaCTHOCTH, TEHACHIMH
W3MEHEHUS CIpoca NPH W3MEHEHUH IIeH M J0X0/a, K KaKOMYy THUILy IPHHAIJICKUT
KaXJ0e M3 paccMaTpuUBaeMbIX Ojar, MakCUMalbHO M MHMHUMAJIBHO BO3MOXKHBIN
YPOBEHB CIIpoca  T.II.

[IpuMepHBIii TIaH UCCIeI0BaHUS U SKOHOMHUYECKass HHTEPIPETALUs pe3yIbTaToB
npuBe/ieHbl B Ta0n. 6 (B0 BTOpoM cToyiOne TaOJdHIBI TEePEeMEHHOW X 00O03HaueH
JEUCTBYIOIUHI (GaKTop).

Tabauya 6
HccaenoBanue oqHO(pakTOPHBIX PYHKIMH cripoca
Ne IInan uccnenoBanus Pe3ynbpTar u ero skoHOMUUYecKasi UHTEpIIpeTaLus
n/n (dhyHKUHMM cripoca JUIs COOTBETCTBYIOLIEH pyHKIMHU cripoca
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D(x)

O
I

[Tpsmas
3aBUCHMOCTb
crpoca OT LieHbI

Q =D;(R)

[TepexpecTHas
3aBUCUMOCTD
CIpoca OT LIEHBI

Q =Dh (Pj)v

3aBUCUMOCTh
cnpoca
OT J0oX0aa
norpeduTens

Q=0(1)

i Z ]
N JleBas rpaHuua
Haiitn obnacte onpeneneHus
” obnactn
(GYHKLMY U3 YCIIOBUIA
omnpeseNeHus
D(X) >0, XapakTepu3yeT
x> O ~ IPOMEKYTOK MUHUMAJIbHYIO
1. ’ BEJIUUYKHY
<XO , T 00) , JIEBBIN KOHELL oxoja, ¢
KOTOPOTO MOKET KaK Koroporo
BKJIIOYATHCS, TaK M He HATMHACTCA CIPOC
BKJIIOYATHCS Ha JaHHBIM B
6nara
Qo -
QO - MaKcUMaJIbHas Qo -
MaKCUMaJIbHO 00BEKTUBHASA
ST MUHUMAaJIbHAS
. BO3MOXKHas BO3MOXHOCTb BE/IMUMHA CTIPOca
2. | Qo= lim 0 D(X) CyObeKTUBHAS noTpe6uTens Ha 671aro mpu
> Xg+
X=% MOTPEOHOCTH npruodpectn MUHAMATEHOM
notpeduTens B JaHHOe Oyiaro npu
noxoze | g
JlaHHOM Onare (MKCUPOBaHHOM
YpPOBHE 10X0Ja
Oxonyanue mabaiuyvt 6
Pe3ynbpTar u ero skoHOMHUYECKasi UHTepIIpeTaLus
JUIs COOTBETCTBYIOIIEH pyHKIMHU cripoca
[1nan nccnenoBanus Mosivas HepekpecTHas 3aBUCUMOCTb
Ne ¢yHKLIMM cripoca SaBI/IE IMOCTL 3aBUCHMOCTb cnpoca
n/n Q= D(X) crpoca OT IEeHbI OT 10X071a
crnpoca OT LUEHbI _
_ Q =b;\P; ). norpeduresis
Qi_Di(Pi) P Q=D(|)
I # )
Beruncnutes npon3BoaHyO , ]
!
D'(x) D{(R) D/ (P;) D'(1)
Haiit mpomexxyTkn
MPOMEAYT [To3Bonser
BO3pacTaHus Win yobianus (13
o OTIpeNIeIIsITh
3. | yenosuit D (X) >0 nm LIEHHOCTh Giara
D'(X) <0) IJ1g ToTpebuTeNs
Haiitu Touku 3kcTpeMyma u [o3BossgeT HAWTH TOYKHY HAUOOJIBIIETrO UM HAUMEHBILIETO
OMpeseNUTh X XapaKTep CTpoca ¥ COOTBETCTBYIOLIME UM 3HAYEHUs AECTBYIOLIEro
(MakCUMyM WJIM MUHHMYM) (akropa
Boruucnutb
4. | Q, = lim D(x).
X — +o0o
Bennunna
Ecnu snavenne Q, R, 10 | Benpuuma
Bennuuna Q=Q
OHO XapaKTepu3yeT YPOBEHb Q=Q, o0
HaCBIILEHNUs cIpoca Ha 6iiaro NADAKTEPHEYET Q=Q. XapakTepusyeT
MPY HEOTPAHUYEHHOM POCTE " PFHHM al; N y}o XapakTepu3yeT YpPOBEHb
¢bakropa X (mpsiMast Y MUHUMAJIbHYIO HACBILLEHUA
00BEKTHBHYIO 6
Q =Q,, —ropHsoHTaTbHAS JKH3HEHHYIO 00BEKTHBHYIO crpoca npu
MOTPEOHOCTD B HEOrpaHUYECHHOM
ACHMIITOTa K rpaduky NOTPeOHOCTD B
_ IaHHOM Gare JaHHOM OJare pocte 1oxoaa
dynxunn Q = D(X))- noTpebuTens
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Ecmm  lim D(X) =400, 10
X — 400

ClieyeT HaliTh ypaBHEHHE

HAKJIOHHOW aCHMITOTHI K

rpaduky (GyHKIUM cripoca

T1o3BOJIIET BBIICHUTD 06H.[yIO TEHACHLUIO UBMEHEHMA CIIpoca

Q = kX + b TMpH HEOTPAHNYEHHOM POCTE q)aKTopa X
. Dix
(k = lim L ,
X — +0o X
b= lim (D(x)-kx))
X - +oo
ITosBonser
OmpeeTuTh TTo3BonsieT
Haiitn D"(X),qTo6H XAPAKTED OMpeNeNnTh, K
S. BBISICHUTD XapaKTep YCTOfIQHBOCTH KaKOMYy THUITY
BBIMYKJIOCTH (pyHKLIM cIIpoca PBIHOYHOTO NPUHAIEXKUT
6maro
paBHOBECHs
_ QAQ
IIpumep 4. Jlana GpyHKIUS TOJIE3HOCTH OT ABYX Ojar U= ( ) 5 Iens! Omar
Q+1

paBHbBI COOTBCTCTBCHHO Pl =3 JACHC)KHBIC CIWHUIIBI, P2 =2 JCHCKHBIC C€IWHUIIBI,

JIOXOJT IOTPEOUTEINSI OTpaHUYeH BeTUUnHON | = 6 neHexHbIX enunanil. Haitu:
1) ontumansHoe pacnpenenenue 6mar Q; u Q, (caenars deprek);

2) npsiMble GYHKIMU crpoca Ha 61ara Qp u Q, B 3aBHCHMOCTH OT IICH;

3) nepekpectHbIe GpyHKIUY cripoca Ha O1ara Q; 1 Q, B 3aBHCHMOCTH OT IICH;

4) pynkunm cripoca Ha 6imara Qq, Q, B 3aBHCHMOCTH OT JI0XO/1a ITOTPEOUTEIIS.

B caywasx 2)—4) mpoBectH wucciaemoBanne (QYHKIHHA CIpoca, IOCTPOHTH
CXeMaTH4HO MX rpaduku. BeLSICHUTE: a) K KakoMy THIy IpHHaaIexat oxara Q; u Q,;
0) Kakoii WMEHHO TOBap OHHU MOTYT TPEACTaBIATH (MPOIYKT TMHUTAHHS, OJCKIIY,

OBITOBYIO TEXHHKY U T.II).

Pemenne. 1. Haiinem ontumaneHoe pacnpeznenenue 6mar Q; m Q,. CoryacHo
YCIOBHIO 33/laudl ypaBHEHHE JIMHUU OIOJDKETHOTO OFPAHUYEHUS HMEET BHUJ

PQ+PQs =1 nmm 3Q;+2Q, =6. CocraBUM A1 COOTBETCTBYIOIIEH (QyHKIMU
Jlarparka L(Q),Q,,A)= &22 - A(3Q, +2Q, -6) cucremy ypasmenmii (6.3) u
(Q+1)

pelnM ee:

oL o, @+ -2(@+) 45 [;o0-Q)

0Q (Q +2)* 3Q +1)°

oL __ &« 59 P

0 (Q+1)° | 20Q +1?

& =30 +2Q, -6)=0, Hu 2% =6
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1= Q
2 1 )
2 +1) 2AQ +1)°
QU-Q). @ _R(Q+1)
3Q +1)°  2(Q +1) 1- Q]))
3Ql+2Q2:6; Q]-+Q1Ql+1=2.
1-a)
- & 1
2Q +1)° 2
o o lo =Xy ], 9
T dime) T %
1
== A==
2’ 9
_ Q9Q
Takum o0Opa3zom, ToYka YCIOBHOTO dKCTpeMyMa (PYHKIIMH TOJIE3HOCTH U _W
Q +1
MMEEeT KOOPAMHATHI (0,5; 2,25). 3HaueHue (YHKIUU TOJE3HOCTH B TOYKE YCIOBHOTO
skctpemyma U* = 05. To ects ipu ypoBHE n0X0ona | = 6 HEHEKHBIX €IWHUIl U TIeHAX
Qzf Omar P, =3  [eHeXHble  €IUHUIIB, P, =2

—

0s 1 15 2

Puc. 6.3

25

BQ]

JICHEXKHBIE  €IWHMIIBI, TOTPEOUTENTI0  HYKHO

npuobperars 0,5 equnun 6mara Qq u 2,25 enuHun
O6mara Q,. Ilonme3HocTs OT 3THX Oyar COCTaBUT
u* = 05 (MakcuManbHOE 3HaUYeHue). JIMHUU YpOBHS

(YHKIMHA TIONE3HOCTH ¥ JIMHUS ~ OIO/DKETHOTO
OTpaHUYEHUS TPEJCTaBICHBI Ha puc. 6.3 (KUPHBIM
BbIENICHA JIMHUSL  YpPOBHS, COOTBETCTBYIOINAS
u* = 05).

2. Haiinem (QyHKIHH cripoca B 3aBUCHMOCTH

ormeH (IpsMble W TIEPEKpecTHBIE) M (DYHKIUHU CHOpOoca B 3aBUCHMOCTH OT J0XOJa.
Jlyist aToro Bocmoabzyemcst popmyrnoit At TMHUU OFOJKETHOTO OTpaHUYEeHHS B 00IIeM

BHJIC PlQl + P2Q2 =1.
pereHa cieyomuM 00pa3om:

Torma cucrema ypaBHenuit (6.3) MOXeT OBITH 3amucaHa U

oL _o @+1f-20(@+1) ., _, _0-Q)
00 (g ) N Y
oL _ @ Q
- P,A=0, o dp=—r
0Q, (Q1+1) ? P,(Q +1)°
ZI/I_E ~(PQ +P,Q, - 1)=0; AQL* Q2 =1
:L A:L — I
P, (Q+1)? P, (Q +1)? Ql_|+2Pl'
- Qz(l‘ngz @ _lg,- PlQl(Ql+1) o, = |E|+P1)
p(o, +1° P(Q +1? ' | +2R)
R, S o Ql(zQﬁ%l | fe2n)
(-Q) Pl’ “ap( 4Ry
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Takum 06p2130M, 0o0IUH BHUJ, 3aBUCHMOCTH CIIpOoCa OT AOXO0da W LCH JIA KaKI0ro Hu3

Sxar O, 1 Q o 5 (1 +P,)
nar Qp u umeer Bug Qp =——, =,
12 YT+2r ? T R (1+2R)
B o¢yskmmm Qg :W 3adukcupyeM BeawumHy | =6, a B QyHKIHH
1
(1 +P,)
Q, =—F—=" — BenmuuHbl | =6 u P, =3, noayuuM mnpamsie 3asucumocmu
P,(I +2R)
cnpoca om uenvl Qp = 3 u Q -9 [IpoBenem wucciemOBaHUE MPSIMBIX
P 1735 ) 2 P, p p

(GYHKIUEH crpoca OT IEeHBI MeToJaaMu JH(PepeHIInaTFHOT0 UCYHCICHUS. Pe3ynpTaThl
MCCIICIOBAHUS MIPEJICTABUM B BUJIe Tab. 7.

Tabruya 7
No nan 3P63yJ'II>TaTBI HCCJIeI0BaHMUS -
n/n YCCIIeI0BaHUS Q= 3R Q, = Py
1, | Oomacte P=0 P, >0
onpeseseHIs
VYpoBeHb cripoca
IIpY MMHUMAJIbHOU lim Ql(Pl) lim QZ( )
2. | ueHe Ha ToBap A -0+0 P~ 0+0
' = lim 3-=1 = lim 2=+
lim Q( ) R-0+0 3R P, - 0+0 2P
P Ry+0
r—__ 3 r—__9
HpOPIS’BOZ[Ha?[ Q!(P) Ql = (3+Fi)2 < O npu Pl > O Q2 - 2P22 < O npu P2 > O
IIpomexyTku
3. p y
BO3pACTaHHs U Vo6eiBaer pu P =0 Vo6biBaer npu P, >0
yObIBaHMS
Touku skcTpeMyma Hert Her
Oxonyanue mabdauyot 7
Ne nan 3P63yJ'II>TaTBI HCCJIeI0BaHMUS -
n/n VCCIIeIOBaHUSI Q=3 R Q= ~2p,
VYpoBeHb cripoca _
MPYU HEOTPAaHUIEHHOM lelm Ql(Pl) lelm QZ( ) -
4. | pocte LeHBI _ im -3 =0 i im -2 =0
||m Q( ) P -+ 3H+R P2—.+0002
P - 400
BT’(’)pas[ NIPOU3BOIHAS Qi’ — >0 npu Pl >0 Q 9> 0 npu P2 >0
s | Q'(P) e,
Xapairep Brinyknas BHU3 Brinyknas BHU3
BBIMYKJIOCTH

72



184 184
163 164
1.44 1.44
129 124
a1y Q2 19
6. | I'paduk dpyHKUMM o o]
064 069
0.4 044
029 0.2

0 g 10 TN 0 [ i 15 o & m
P1 P2

Takum oOpaszom, mpsiMble (YHKIIUH CIPOCa OT IEHBI SBISIOTCS YOBIBAIOIIHMMHU
BEIMYKJIBIME BHH3 (yHKIusMu. [Ipn HeorpaHHYEeHHOM pOCTE IEHBI KaXJIoro Onara

CIIPOC Ha HMX NAJaeT J0 HyJs. 3aMeTHM, 4TO IPH HyJEeBOM 3HAYeHHH ILeHbI Onara Qq
CIIPOC HA HEro KOHEYeH W paBeH Ql(O) =1. Hanuume MakCHMalbHO BO3MOXKHOM
CYOBEKTUBHOM MOTPEOHOCTH MOTPEOUTEIIS B JaHHOM OJiare TOBOPHT O TOM, 4YTO OJaro
Q, sBisieTcss HEOOXOJMMBIM IPOJYKTOM IHUTAHUS, BO3MOXKHO, CKOPONOPTSIIIMMCS
(mampumep, XJ1€0 WK MOJIOKO).

B pynxmmm Qq = 3apukcupyem BenmunHy | =6 u P, =3, a B Qynxumn

|
| +2P,

Q, =M — BenmuuuHbl | =6
P,(1 +2P)

3agucumocmu cnpoca om yenwvt Q; = 05 (cnpoc Ha 6;aro Q He 3aBHCHUT OT IICHBI Ha

_36+R)

omaro Q,) m Q, —m, MOCJIe UCCIEAOBAHUS KOTOPBIX MOJYYHM PE3YIbTaThl,
1

n P,=2, nomyuuMm nepexpecmmoie

OpCACTABJICHHBIC B Tabi. 8.

Tabauya 8
PesynbTaTel HcciieqoBaHus
No Inan Y A 16+R)
n/n | wuccregoBaHUs Q=05 Q, :§(S+_P1)
1
1, | Oomacme P, >0 P20
peneneHus
YposeHs cripoca
npu .
o lim Q,(R)=
MUHHAMAaJIbHOU im Q (P ): 05 B - 0+0 2( 1)
2. | uene 1\2 ’ ~ i 3J6+R) _
o P2 - 0+0 e ||m 1 e 3
Ha Ipyrou ToBap R - 0+0 2(3+R)
lim Q(P)
P-R+0
Oxonyanue mabauyvl 8
Pe3ynbratel uccienoBaHusl
Ne [Tnan AL A 16+7)
n/n | uccenoBaHus Q=05 Q> :§(S+_P1)
1
[TpousBoaHas - 9
. =0 mnpu P, 20 Q== 2 mpn P 20
Q(P) Q=0 mpu P 23+R)
TlpomesicyTku CoxpaHseT MOCTOSAHHOE
3. | Bospacrauus Vo6siBaer ipu P; =0
3xauenue npu P, 20
v yObIBaHUS
T
OHIKH Her Her
IKCTpeMyMa
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YpoBeHs cripoca
npu
HEOrpaHUYCHHOM . 3e+R) _
4. | pocre e im_ Qi(P;)=05 imQy(Py)= Jim ) =15
Jpyroro ToBapa !

lim Q(P)
P - 400
Bropas
NPOM3BOIHAS Q/=0npu P, 20 Qs = o ) >0npu P20

" 1
5. | Q'(P)
Xapakrtep ODyHKLMS HEUTpaJIbHOM
BBIMTYKJIOCTH BBIMYKJIOCTH (JTMHEWHAs)

Beinykiias BHU3

19

089 3
6. | Ipadux pynxuunm | = .. ¥ 2¥

0.2 1

0 5 1 15 i E3 Edl i ; ; ; i X
P2 0 £ ] 15 ] 5 Eir
P1

Takum obpasom, cnpoc Ha Giaro Qq He 3aBHCUT OT LieHbI Ha Onaro Q,. Oto
O3Ha4aeT, 4To MoTpedurTess OyneT mpuoOperars ToBap Qp mpu 1000M YpOBHE IEH
Ha ToBap Q,. MakcumaiibHasi OOBEKTHBHAs BO3MOXKHOCTb HOTPEOUTEINsT IPHOOpECTH
6maro Q, cocrapisier 3 €UHMIBI IPU YPOBHE J10X0/a B 6 eHeXHbIX enuHuL. Crpoc
Ha Omaro Q, cHIDKaeTcs HpH pocTe IeHHl Ha O6maro Qq 10 GUKCHPOBAHHOTO YPOBHS
1,5enununel. OTO 03HAYaeT, 4ro HpH pocTe IeHbl Ha Ojaro Q; mnorpeOuTens
yMEHbIIAeT CBOM IpUTsA3aHMUd Ha Omaro Q, 10 ypOBHS MHMHUMAIBHO BO3MOKHOH
00BEKTUBHOI NOTPEOHOCTH B 3TOM OJiare.

I
B ¢yskmmn Q) = T32m 3apukcupyem BemmumHy P =3, a B ¢QyHKumn
1
1(1+P,)

Q, =—F—=" — Bemuuunel P, =3 u P, =2, nomyuum 3aeucumocmu cnpoca

P, (1 +2R)
| 05l (1 +3) y
om 0oxooa Q = I— Q= W Pe3ynbraThl Hccae1oBaHUs ATUX QYHKIUH

TaK)Ke MpeJICTaBUM B BHE TaOI. 9.

Tabnuya 9
Pesynbrarhl Hccie0BaHMSI
Ne [Inan — IS
n/m | uccnenoBaHus Q=15 Q, = “le)
Ob6nactp
1. | =0 | >0
onpe/eneHus
Vposenn im O (I ) i L —o 0+
Im = lim 5= . 05l(1+3
cmpoca 1 | +6 li = \ =0
2. | - 0+0 | - 0+0 im Q im
npu | - 0+0 2(1) | _otg (1+6)
MHHHMAJILHOM
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aoxone
lim Q(1)
| - 1g+0
IIpousBoaHas Q = 6 05!| +15| +15)
=—=>0mpu | 20 =
' l p >Onpu | 20
Q1) (7 N I
[TpomexyTku
3. | Bospacranus Bospacraer ipu | 20 Bospacraer ipu | 20
Y yObIBaHUs
T
QKK Her Her
IKCTpeMyMa
YpoBeHb
cripoca
npu (1+3)
051 (I+3
HeorpaHuueHH | |im Q| lim L. =1, lim ||m =400 .
OM pocTe | - +oo 1(1)= | 40 176 |_>+00Q2( )= (1+6)
LIEHBI
lim Q(I)
| - +o0
* k= tim 0= jim %03 05
| - +o0 l | - 1+6 ’
_ b= 1im (Q,(1)-ki)=
Q =1 —ropusonTansHast
ACUMMNTOTHI 051 (1+3 _
acMMNToTa I|Im (’° e~ 0dl )——1,5,
Q =05l —15 —naknonnas
ACUMITOTA
Bropas
TNIPOM3BOHAS Q= (|_162) <Ompu | 20 Q5 :% >Onpu | 20
" + 2
5.1 Q'(1)
X
aparrep Beimykias BBepx Beimykiast BHU3
BBIYKJIOCTH
1.27 B
1 5]
081 4]
r a Q1 064 Q34
6 | 1P ¢dux
¢byHKIMH 0.4 2]
021 11
0 10 20 30 40 50 0 TETTE T8 12 s
| |
Takum o6paszoM, ucmons3ys JaHHBIE Tabd. 5, momydaem, uto 6maro (ToBap) Qq —
npenMer mepBoil  HeoOxoammoctH, Q, — mpeaMer pockomm  (3TOT  (akT

MOJITBEPKAAETCS TaKXKe U TeM, UTO clpoc Ha Osaro Q; He 3aBHCUT OT LieHBI Ha OJaro
Q). Tak kak cnpoc Ha ToBap Q, HaumHaetcs ¢ oxona | =0, a Ipu HeOrpaHHYECHHOM

pocte moxona (| — +c0) TeHAEHIMS WU3MEHEHHs CIIpoca MPHOIMKACTCS K JIMHEWHON
3aBucHMOCTH (cymiecTByeT HakioHHas acumnrora Q = 051 —15), To cormacHo Tabxn. 4

TOBAp Q2 ABJIACTCA TOBAPOM Ka4eCTBaA JKU3HU.
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OtBer: 1) onTuMaNbHOE pacrpejiejieHne. MPH ypoBHE goxoja | =6 JaeHeKHBIX
eIMHUI] U neHax Omar P, =3 neHexssle eauHuusl, P, =2 neHexHble €IWHUIB,

norpeburento HyxHo npuodbperats 0,5 enunun Omara Qp u 2,25 eaunun 6iara Q.
[Tonesnocts OT 3TUX OJar coctaBuT U* = 05 (MakcHMaabHOE 3HAUYEHUE);

2) Gmaro (ToBap) Qg sBISETCS HPEIMETOM IIEPBOM HEOOXOAUMOCTH (IIPOIYKTOM
nutanus), Q, —IpenIMeToM KadecTBa KH3HU (0JeK 10U MM 00YBEIO).

6.4. AnasnTn4yeckasi MHOrogakTopHasi MoIeJIb CIIpoca

[Iycts mpu wWcClIeOBaHUM MOJEIH IOTPEeOMTEIhcKOro BbhiOOpa (6.2) Obutn
MOJIy4eHbI PYHKIMH MOTPEOUTETHCKOTO CIpoca

QizDi(I,Pl,Pz,K,Pn),i::L_n, (6
B KoTopo# Benmuuuel |, P, P, ..., B, saBmsmrorca nepemenHsiMu. B 3TOM cityuae

cucremy ¢QyHknmii (6.4) Ha3BIBAIOT AHAIUMUYECKOU MHO20()AKMOPHOIU MOOeNblo
nompeodumenbcKozo cnpocd.

O06o00mwMM MOHSATHE diacTHUHOCTH (Tema 5) Ha cioydail (QYHKIHH MHOTHX
nepeMeHHbIX. IlycTh fJaHa 3aBHCHMOCTH JKOHOMHYECKOTO TIIOKaszarens Y OT

moKaszarenen X, Xo, ..., Xp: Y= f(Xl,XZ,K ,Xn). YacmuuHvim npeoeibHbIM

(moueunvim) Ko3ppuuuenmom 1acmuunocmu nokazamena Y no nokazamenio X
X; 0y

Ha3bIBAIOT BeIMYMHY E, (y)zva (i=1n). OHa moKa3biBaeT MPUOJIMKEHHO
i

IIPOUCHTHOC H3MCHCHHUC BCIIMYMHBI MOKa3aTejd Y IIpU HU3MCHCHHH BCIIMYUHBI

nokaszarens X; Ha 1 %.

R dQ , —
Bemunmer Ep Q) ZEIa_PI (i =1, n) HaA3BIBAIOT YaACMUYHBIMU NPedEeTbHBIMU
i I
(moueunvimu) npameimu KodIuuyuenmamu InacmuyHOCMU CUpoca MO IICHE.
Bemnuunsr  Ep (Qi )=—— (i,j=Ln, 1#)) Ha3BBalOT YACHUYHbIMU
] Q P
npedenbHbIMU (MOYeUHBIMU) NePEeKPeCHHBIMU KOIuyuenmamu nacmudHocmu
| 0Q
cmpoca mo 1neHe. Bemmumnel @ E, (Qi )=6T Ha3bIBAIOT  YACHIUYHbHIMU
i

npeodenbHbiMu (MOYEYHBIMU) KOIPuyueHmamu 31acmudHoCmu CIpoca 1o JJOXOy.

3Has YacTWYHBIE KOA(PQHUIMEHTHl DIACTHYHOCTH CIpoca IO JIeHCTBYIOIIAM
(akTopaM, MOXHO KOJMYECTBEHHO CpaBHHBATh MEXIy co0Ooi Oiara, BXOAsIIAE B
MOJIENIb MOTPEOUTENILCKOr0 BbIOOpa (6.2) W  BBIYMCIATH 3HAYEHHS Pa3TUUIHBIX
DKOHOMHYECKUX ToOKazaTenedl. Hambonee BakHble TPUIOKEHUS  YACTUUHBIX
K03( (PHUIIMEHTOR 3JIaCTHYHOCTH PHUBOIATCS B Ta0 1. 10.

Tabauya 10

IMpunoxenns 9YacTHIHBIX K03(GPUINEHTOB 3JIACTUYHOCTH CIIPOCa

Ne Koadduument

Yto nmo3BoJIsIET HAUTU Kak navitu
n/n 3JIACTUYHOCTHU

O

[EnY
>
D
1
m
fa v

PR P_00. Benuuuya AO.
E-~ (O )=—— =

4)



(npsimast
3JTACTUYHOCTD
crnpoca 1o I1eHe)

u3MeHeHus crpoca Q;
Ha TOBap MPU W3MEHEHNH
ueHsl P, Ha Benmunmy

AP, (2 %)

Bennuuna AR

M3MEHEHUs BBIPYUKH R;

AR = fi-|Eq (Q)2R

OT MPOAAXKH TOBapa MpH
M3MeHeHnH ueHsl P Ha

senmunny AP (B %)

Ecnu EP]- (Qi )>O, To 6aaro Q);

3aMeHsaeMOCTb OJiar

P, 9Q, CTb O MOXHO 3aMeHHTb Giarom Q)
EP]- (Qi ): a? QuQ; (1#]) (yBesnMueHue 1IEHBI OJIHOrO TOBapa
! J MPUBOJUT K YBETUYEHHIO CIIpoca
2. | (iIz]) Ha Jpyroi)
(mepexpecTHast Ecnu Epj (Qi )< 0, To 6naro Q,
5J1aCTMYHOCTh Hononnsiemocts 6ar Q,

crpoca 1o 1eHe) MOKHO JOTOJHUTE Gyarom Q i

T
nQj (1#1]) (poct ueHsl r060ro TOBapa
MPUBOJIUT K CHIXKEHHMIO CIIPOCa)

Ecin E| (Qi )> 0, to Gmaro Q;

ABJIACTCS ICHHBIM JJIs1 HOTpe6I/ITeJ'DI
(C POCTOM AOXOA0B CIIPOC HA HETO

00,
E, (QI ) = 1 0Q LleHHOCTH (KauecTBO) YBEHUMBACTCH)
3 Q 9 | Gnara Q ans Ecmu E; (Q;)<0, o 6naro Q
(smacTrUHOCTB noTpeGuTens ABJISIETCS MAIOLEHHBIM ISt

crpoca o 0Xozy) notpedurens (¢ pocToM A0X0J0B
CIPOC Ha HEero najaaerT,
noTpeduTeNb NpeAnounuTaeT Hosee

Ka4yC€CTBCHHBIC TOBapBI)

3ameuanne. Eciu Epj (Qi )= 0, To 6iaro Q; sBiIETCS YACTUYHBIM 3aMEHUTEIIEM

omara Q ji-

IIpumep 5. Haiitu gacTuanbie KO3QQPUITUEHTHI ATaCTUYHOCTH (PYHKIUH cIpoca,
MOJTYYEHHBIX MPU PEIICHUH 3a7a9d MOTPEOUTETHCKOTo BRIOOpa mpuMepa 4.
Pemenne. B npumepe 4 Obutn monyueHbl Tpex(aKTOpHBIE (QPYHKIIMH CIpoca OT
| 0, = (1+R)
,
| +2P, " *°

P, =3 JeHexHBlE €AUHUIBI,

noxona u neH Qq = ) Ilenp! Giar paBHBI COOTBETCTBEHHO

P,(1 +2P,
P, =2 peHexHble €IUHMIBIL, JOXOJA IOTpPeOHTENs

OorpaHWYeH BeJIWUMHONW | =6 [eHeXHBIX eJAWHUIl. BeramcieHne Kod(QQUIHEHTOB
AIACTUYHOCTH W aHAJIM3 Pe3yJIbTaTOB BHITIOJIHAM B Bue Tabm. 11.

Tabauya 11
3HaueHue
DyHKIMA Bripaxkenue ai1s koadpunyeHTa AHanus

ko3 PuumenTta

crnpoca 9NaCTUYHOCTH pe3ynbTraTa
9JIACTUYHOCTH

Q - b
l I +2|:?I IpaMag 3 1acTUYHOCTE CIPOCA IO = {n \ - aYA R 0O
r r LFi \\{ll - U,\J, DJ1arv \{1
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R an — SIBJISIETCS
E 2 [Eq (@) =06<1
Here =R (Ql) Ql oR R (Ql HEDJTACTHYHBIM 10
(1 +2F>1 _ tieHe (mpu pocte
D(| +2p1 LeHbI CIIPOC Ha
op HEro CHIKAeTCSI
— 1
(1+2R) JIOCTaTO4HO €11a00)
[epekpecTHas 3nacmt|13no(;gf crpoca Braro Q
no uewe Ep (Ql) Qzl P, = Ep (Ql) =0 Y4aCTHYHO
2 3aMeHsieT 6Jaro
_P,(1+2R) =0 0
| 2
Bnaro Qg
DJIAaCTUYHOCTD CMPOCa MO TOXOAY
o SBJISIETCS LIEHHBIM
E, (Ql) = (.1)1 T VTSt OTpeOuTes,
(1+ 2Pl E, (Ql) =06 HO He anaCT(HquIM
E = O 6 < l o goxony (npu
[(‘l +2Pl | : (Q1)| pocte oxoza
-_ 2R CIpoC Ha HEro
(142 Pl) PacTeT JOCTATOYHO
crmabo)
Bbaaro
Hp}IMa}I 3JIACTUYHOCTH CIIpoca 1o e/:[I/IHI/IIIHOfl
P, _ E =-1
were Ep, (Q,)= o P, (Q,) : 3JIACTHYHOCTH, TO
> 0P, _ €CTh CIIPOC
_ PE(1+2m) {-1(1+R)) _ -1 ‘EPZ (Qz )‘ =1 yObIBaeT 00paTHO
1{1+R) "P2(1+2R) PONOPLUMOHAJILH
0 POCTY LIEHBI
[epekpecTHast MACTHYHOCTB CTIPOCA Bnaro Q,
R 0Q, _
o uere Ep (Qz) o £ (Q,)=- 1 JOToINHseT G1aro
, R \\2 6 Qq, HO He
0, = 1(1+R) | = AP, (1+2R) - (-12) 5= 1 3/1aCTUYHO
2 =5 liv2R) (1+R) 7, (1+2R) ‘EPl (Qz)( =~ <1 | oTHOCHTENBHO
— -1R 6 WU3MEHEHHUS LIEHbI
12+3P1 +2P? P,
Braaro Q,
DJIACTUYHOCTb CMPOCa MO TOXOAY
| 90, _ SBJISIETCS] LIEHHBIM
E, (Qz) Qo E ( )_ 7 IUTS TIOTPEOHTENTS 1
11Q2)= 6’ BIACTHYHBIM 110
_Ir(1+2m) E 2rap+2P?7 _
=+r) Cp (22R) = 7 noxofy (mpu pocte
2 1 | E, (Q2 )‘ =—>1 | noxopnacmpoc Ha
_ 124ap42p? 6 Hero pacrer
" 1243p)1 +2P2 JIOCTATOYHO
CHJILHO)
Ormser:  Ep(Q)=-06, Ep(Q)=0 (@) . Ep(Q)=-1,
7
Bp (Q2)=-5, Bi(Q) =5
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6.5. YpaBuenue Ciynkoro
Mertoab! tuddepeHInaTbHOr0 UCUUCIIEHUS TT03BOJISIIOT BRIICHUTH, KaK MEHsETCs
CIIPOC TIOTPEOUTENS B IEJIOM Ha Bech Habop Omar Q = (Ql, Q,,K ,Qn) MIpU U3MEHEHUHN

nen P (i = 1, n), a TakKe — KaK MEHSETCs IIPH TOM IOJIE3HOCT u(Q) .

O‘leBI/II[HO, YTO YBCIMYCHHUC ICHDbI Oxara Qi Ha MaJIylO BCJIMYUHY dF‘: CHHMIXKACT

0Q;
crpoc Ha Hero Ha BenuumHy dQ =—P'dR, a BMecTe ¢ HEM u monesHocth U(Q)

I
n n
Ha BemuunHy  du= Zﬂ dQ = Zﬂ Ba& dR . Ilpm »oToM ocymecTBisieTcs
Mepexo/1 ¢ JaHHOW JIMHUU yPOBHS (PYHKIIUH TOJIE3HOCTH Ha APYTYI0, PaCHOIOKEHHYIO
HIDKE TIepBON M OJIMKe K OcsM KoopauHaT. UTOOBI COXpaHUTH MOJIE3HOCTH u(Q) Ha

npexxaeM ypoBre (du = 0), moTpeOuTeNs BBIHYKIEH KO0 3aMeHsTh O6maro Q; apyrum,

100 yBennunBaTh (KOMIIEHCHPOBATh) CBOM JOXOJM Ha HEKoTopyto Benmunny dl .

90.
Bemuuuny 6% Ha3BIBAIOT IPhpexkmom 3amenst 6naza Q; onazom Q;. Benmaumy
J

d0.
% Ha3bIBAIOT Ihghekmom doxooa.

B skoHOMHUYecKOM aHaIM3e TIOKa3aHO, uTo JeicTBre A dekTa 3aMeHbl u 3 dekra
JI0X0JIa CBSI3aHO C PE3YJIbTHPYIONIMM H3MEHEHHEM CIpoca CICAYIOIIUM ypaBHEHHEM
(c ero BBIBOJIOM MOXHO 03HAKOMUTHCS B [6, 1. 5] v B [7, ri1. 26]):

0Q; _| 9Q; 0Q L
= -——Qj, (i, j=1n). (6.5)
oP; oP; ol
Cc
Ono OwuTO omyOmMKOBaHO poccuiickuM MarematukoM E.E. Coynkum B 1915 romy

(BrocnencTBUM 3Ta paboTa OblIa yaoctoeHa HoOeneBcko# HpeMHHM 1O SKOHOMHKE).

Bennunna & OIIHCHIBACT JieHicTBIE A (eKTa 3aMEeHBI IIPU HATMYNU KOMITCHCAIHA
oP; .

(MHmeKC C TOKa3bIBaeT, YTO ITEPEKPeCTHas YacTHAs MPOU3BOJHAS PACCUMTHIBACTCS

IIpH HEOOXOAUMON  JIUIs1  MOJJIepKaHUST  MPEKHEro  ypoBHS  OJarocOCTOSIHHS

0Q y
KOMIICHCAIIUHN J10X0/1a). Bennuwnna TQ j ommceiBaer Jedcreue sddexra noxona,
BBIDOKEHHOE B TEX JKE €/IMHAIAX, YTO U d(deKT 3amennl (MHOKHUTEND Q| MPUBOIUT UX
, 0Q N
K OJHOM pa3MepHocTH). Benmumna P IpeJICTaBIsIeT COOO0M pe3yIbTHPYIOIIEe
i
BO3JICHCTBUE HA CIPOC, CKIIAJBIBAIOIICECS U3 M3MEHEHHSI CTPYKTYPBI CIIpoca U OOIIero
€ro U3MEHEHUS TP H3MEHEHHUH YPOBHS peabHOTo J10x0/1a. Hampumep:
0Q;

1) nns 1eHHOro ToBapa a >0 (cmpoc pacTeT HmpH pocTe JI0X0ja), TOraa
0Q _[9Q
oP; oP;

i i e

MPY HAJIMYUHA KOMIICHCAITNH, €CJIH 11aJ1aeT —TO B MEHBINIEH CTEICHH;

coryacHo ypaBHeHuio (6.5) . €CJI CIIPOC pacTeT, TO OH pacTeT OOJIbIe
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J iJe
HO TPEJICTABISIOTCS B3aHMO/IOMOHIEMBIMHU O€3 yueTa KOMITEHCAIUH;
3) ucnonp3ys cBoiictBa (QyHKIHMH moye3HocTd 1) —5) Em. myHKT 6.2), MOXHO

2) ecmu >0, 1o ToBapel Q; u Q; B3aMMO3aMEHsEMBI,

0Q; . 0Q;
JoKaszaTh, 9to | — | <0; ecaum mpw 3TOM OKa3aioch, YTO 6_P >0 (cmpoc pacter
| c |

MIPH POCTE IIEHBI, TaKOM TOBap Ha3bIBAIOT moeapom I'ugppuna), vo <0, Torma

9
oP;
Cc
0Q;
u3 (6.5)crnenyer a >0 (toBap Q; sIBISETCS MAIOLCHHBIM).

YPaBHeHI/Ie CJ'IYI_IKOF 0O MOJKCT HCIHOJIB30BATBCA JId pacdeTa 3(b(1)eKTa 3aMCHBI

0Q:
IpU HAIMYUH ~ KOMIIEHCAIUH a—' H  OICHKHA B3aMMO3aMEHSEMOCTH  WJIH
P )
Q, 0Q,
B3aMMOJIONIONHAEMOCTH TOBAapOB, TaK KaK YACTHBIE IIPOM3BOJHBIE ——— M —
a " op
0Q; 0Q; '
BEIYMCIATH 3HAYHTEIBHO Jerde, ueM | —<- | . Eemu | —-| >0 u | —2-| >0, 10
oP, oP, ,
C

ToBapel Q m Q; HAa3BIBAIOT 63aumosameHAeMbiMu (KOMIICHCUPYEMOE YBEIMICHHE
9
oP;

I'e

LIeHbI Ha TOBap Q; NMPUBOJAMT K yBEIMYCHHIO CIpoca Ha ToBap Q; ). Ecu <0

oR

(KoMIIeHCHpYyeMoe yBEMYEHHE IEHBI Ha TOBAp Q) NPHBOIWUT K CHIKEHHIO CIIPOCA Ha

0Q;
<0, TmoToBaper Q; ®m Q) HAa3BIBAIOT  63AUMOOONONIHAEMbIMU
C

oba toBapa Q; n Q).
IIpumep 6. Paccunrtare 5QdeKxThl 3aMeHbI IPU HAIMYMU KOMIIEHCAIMH I Osar
Q, m Q, mnpumepa 4. Ouenutrs Omara Q; m Q, ¢ TOYKM 3peHHA HX

B3aUMO3AMEHSIEMOCTH WJIA B3aUMOOIOIHSIEMOCTH.
Pemenne. B mpumepe 4 Obumi monyueHBl TpeX(pakTopHBIE (QYHKIMH crpoca

1 _ 1(1+Ry)
|+2P1' QZ(Pl’lel)_m- HeHBI osar

paBHBI COOTBETCTBEHHO P, =3 neHexHble equHuubl, P, =2 1eHexHble €IUHHUIBI,

OT JOXOIa W IEH: Ql(Pl,PZ,I)=

JI0XOJ NOTpeOuTeNss OrpaHudeH BeludyuHOW | =6 neHekHbIX equHUIl. Bbraucium
YaCTHBIC MPOM3BOHBIE (DYHKIUI Ql(Pl, P,, I) n Q, (Pl, P, I) 1o nepeMeHHsM P,
P,, | u ux 3HaueHus B TOuke (Pl,Pz,I)=(3; 2. 6):

0Q_ -2 0Qi(326) 1 |0Q, _  -12 0Q,(326) _ 1.
0P (1 +2R)? ' op,  12° |om P,(1 +2P)?" o, 8
0 _, 6Q1(3;2;6)=0_ 0Q, _ ~I(1+PR) 0Q,(32,6)__9.
P, 0P, "R, P2(1+2R)’ P, 8’
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0Q_ 2R 0Q1(326)_1 . [0Q,_|2+4PI +2R7 | 9Q,(326)_ 7

o (1+2m)" o 24 |a  p(+2r)?2 | o 16
Suavenns pyuxumit Q (P, Py, 1) u Qy(P, Py, 1) B Touke (P, P,,1)=(326)
OyayT paBHBI COOTBETCTBEHHO Q1(3; 2 6) =05, Q2(3; 2 6) = 225 (cm. pumep 4).
Bamumem ypaBHenune Cayrkoro (6.5) B Buze, yao0HOM st oneHKH 3P deKToB
3aMeHBbl NIPY HAJTMYUU KOMIIEHCAllMU Ul Kaxkaoro u3 omar Q u Q,, B IOIy4eHHYIO

CUCTEMY UYETBIpeX YPaBHEHHH IIOACTaBUM 3HAYEHHs] IPOU3BOJHBIX M (QYHKIUI
Ql(Pl, P, ) Q, (Pl, P, ) B TOYKE (Pl, P, | ) = (3; 2, 6); BBIUUCIIUM BEJIMYUHBI
3¢} dexToB 3aMeHBI IPU HATUYUY KOMIICHCAIUH!

an :an +6Q1 Qli an :_i i[DS & = i’
R ] op ). 12 24 op ). 16
0Q ) _0Q  0Q Q. 0Q _0_,__[225 0 -3
oP, ). op, al oP, )_ P, ) 32
d Q, 0 (o 9 7 "o 9
agzj :agz+ gz Q2 agzj T %} e’
2 c 2 2 2 C
0Q, — 0Q; +6Q2 Q;: 6Q2 1 l D5 a& :i
R o o U o ). 8 16 op ), 32

Takum oO6pa3om, Tak Kak ——= Q2 E<O u 6& = & -3 >0, to Giara
oP, 8 oP, P, ). T32

Ql n Qz SABJIFOTCA B3aUMO3aMCHACMBIMUA, HO ITPEACTABJIAIOTCSA B3aUMOJOIIOJIHACMbIMU

0Q
0e3 ydeTa KOMIICHCAIIMH, a TaK KakK —=1 = 0, To 6iaro Q, momosHseT Omaro Qq, HO

2
0 0 0
He HaoOopoT. Tak  kak &=—i< : &=—9<0, 9 :—i<o
oP, 12 oP, 8 R ). 16
Q) 9
u s —— <0, To 00a Gnara SIBISIOTCS [IEHHBIMHE JIJISI IOTPEOUTES.
2

OtBer. brara Q; u Q, SBIAIOTCA B3aUMO3aMEHSEMBIMH, HO IPEICTaBIISIOTCS
B3aMMOJIONIOJIHIEMBIMU 0€3 ydera KomIeHcanuu; Omaro Q, nomosHser Onaro Q,

HO He Hao0opoT. O6a Onara SBISIFOTCS IEHHBIMU ISl TOTPEOUTEIS.

[Ipu BbBOme ypaBHeHuss Ciynkoro OBLT TOJYY4EH psJl COOTHOIICHUH,
MOJITBEPIKTAIOIIIX PSIT SKOHOMUYECKHX SIBIICHUIA

1. YpaBHeHHe CBS3W MPEKHUX II€H Ha Ollara ¢ M3MEHEHHSIMH CIpoca Ha HHUX

Z P.AQ; =0 xapakTepu3yeT CI0XKHBIM XapakTep U3MEHEHHUs cIpoca: Ha OAHM Onara
i=1
CIIPOC pacTeT, Ha JIpyTrue — naaaeT.

2. BeipaxeHune A7 OLEHKH BeIMYMHBI KOMIeHcanuu aoxoma Al = z QAR
i=1
MOATBEPXKIaeT TOT (HAKT, YTO IPH YBEIIMUCHUH IICH KOMITEHCAITUS J0X0/1a JIOJDKHA OBITh
MOJIOKUTEIBHOM, a PU YMEHBIIIEHUU — OTPUIIATEIbHOM.
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0Q;
. G_P <0. Ilpm moBbBIIIEHWUU IIEHBI CIPOC Ha OJlaro mamaeT Jaxke IMpU
I Jc

KOMIICHCAIIMH J0XO0Ja.

n
Q 5 _
4. YpaBHeHue Z— P, =1 moareep:knaer, 4ro Uil JAHHOIO HOTPEOUTEIS
i=1
CYIIECTBYIOT KaK I[EHHbIE, TaK 1 MaJIOLIEHHbIE TOBAapHI.

n (90
5. YpaBHeHue Z(&J P. =0 noarsepxnaer, uro At ToBapa Q j CYLIECTBYET
=\ "] Je

TOBap-3aMEHHUTENb ITPU KOMIICHCAIIMOHHOM U3MEHEHHH JI0X0/1a.
Teoperuueckmii matepuan: [1, rn. 5-8, 15], [2,r1. 3-5, 8, 28], [3r1. 4-6, 8],

[4, Tempr 9-12, 17, 18], [8pi1. 2—-4, 7-9], [7], [9], [10rx. 7], [11], [12,r1. 3-5, 9-11, 26],
[16], [17], [18,r1. 7], [21,r1. 8].
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Tema 7. MoaeaupoBaHue noBeeHusi MPOU3BOAUTEJIS

Heo0xoanmble MaTeMaTHYecKHe NOHSATHS. QYHKYUU MHORUX HEPEMEHHBIX, JIUHUU
VPOGHA PYHKYUU O8YX NEPEeMEHHUIX; GLINYKIblE U 60CHYMble QVHKYUU, OOHOPOOHbIE (QYHKYUU,
BBINUCTICHUE YACTHBIX NPOUZBOOHBIX NEPBO2O U BMOPO20 NOPSOKO8, 2PAOUCHIN; IKCIPEeMYMbl
QYHKYULl MHOSUX NepPeMEeHHbIX, HeoOXooumbvle U OOCMAMOYHbIE YCI0GUSL CYUeCHBOBAHUS
IKCMPEMYMO8; YCIIOBHBLI DKCIMpPeMyM, Memoo MHoxcumenell Jlazpanoica.

7.1. MoaenupoBaHue MPOU3BO/ACTBEHHOI 1eATEJTbHOCTH

OcHoBHas 11eJIb TIPON3BOCTBEHHOMN c(hephl 5KOHOMHUKH — 0OecIIeYeHre o0IecTBa
npeaMeramMu moTpeOseHus (ToBapamu um yciyramu). llpomsBomurenu (mpenmpusrtus,
GupMBI, OTpaciM ¥ T.I.) B ONpPEACICHHBIX YCIOBHSX CTPEMSITCS BECTH CBOIO
NesITeIbHOCTh ¢ HawmOoJbIel BhIrogoi st ceOs. I[loaTomy mpesncraBisieT WHTepec
CO3/laHMe MaTeMaTUYeCKHX MOoJeNiell MpOM3BOJACTBA W HUX HCCIIEOBAaHUE C TOUKH
3peHHsI MAKCUMU3AIH TPAOBLIH.

[TocTpoenue Mojeneit mpoBeieM Ha OCHOBE CJIAYIOUINX MPEATIOI0KEHHH:

1. TIpou3BOACTBO — A3TO IIENOCTHAS HECTPYKTYPHpPOBAaHHAS €IWHUIA, HA BXOJ
KOTOPOH  HOCTYHNAlOT  pecypchl, a Ha  BBIXOJE  TOJy4aeTcss  pe3yJsbTaT
(YHKIIMOHWPOBAHUS TIPSANPHUITHS B (OpPME BBITyCKA HEKOTOPOTO COBOKYITHOTO
MPOAYKTA.

2. Pecypcel paccMaTpuBaroTCsl Kak apryMeHTHI, 2 00heM BBIITyCcKa — KaK HEKOTOpast
(GyHKIHS, KOTOPYIO B layibHEHIIIeM Oy 1eM Ha3bIBaTh HPOU3EOOCMEEHHOI (hyHKUUeIl.

3. [Ipou3BoauTens paboTaeT B CTAOWIIBHBIX YCIOBHSX, MMOATOMY €T0O TOBEICHHE
olpesieNsIeTcsl CTPeMJICHHEM K MaKCHUMU3allMM MNpUOBUIM MpU  HCIOJIb30BAaHUH
CYIIIECTBYIOIIEH TEXHOJIOTHH IPOU3BOJICTBA.

4. CTpyKTypa NpeAnpHsTUs IOCTOSHHA, TO €CTh B paccMaTpUBAaEMbIi MOMEHT
ACCOPTUMEHT BBIITYCKAeMO¥ IMPOTYKIINY HE MEHSIETCS.

5. B ciaywae mocTpoeHHsT MOJETM Ha MHUKPOIKOHOMUYECKOM YpOBHE
MpeaIoaraeTcs, 4YTO IPOU3BOJAMUTENh JEHCTBYeT B YCIOBHSAX COBEPIICHHOM
KOHKYPEHIIHH.

MaremaTrueckoe MOJISTUPOBAHUE JIEATEIFHOCTH IIPOU3BOIMTENSI HWMEET JIBE
OCHOBHBIX COCTaBJISIOIIHX:

1) MoaemMpoBaHUEe TPOU3BOICTBCHHBIX (PYHKIIHIA;

2) pemieHue 3aJaud O MaKCHMHU3AlMH TPHOBUIM OT IMPOM3BOJCTBEHHOM
NeSITeTTHHOCTH.

3ameuanme. 3aaua 0 MaKCUMM3AlUU MPUOBUIN HE SBJSIETCS €IMHCTBEHHOM MpH
MOJICIIAPOBAHUH TIPOU3BOACTBEHHON JesTelNbHOCTH. [loMUMO Hee paccMaTpUBaIOTCS
CJICAYIOIINE 3ajayuu:

1) o MosienpoBaHMH cOATAHCHPOBAHHOTO IIPOU3BOICTBA (CM. TeMy 1);

2) MPOTHO3UPOBAHHUHU POCTA BhIITycKa (cM. Temy 8);

3) cTpaTtermueckoM IUIaHUPOBAHHH JICSITETbHOCTH TIPETPUSITHS;

4) MOJIeTMPOBAHUY JIESITEIBHOCTH ITPOM3BOIUTENSI B KPU3UCHBIX CUTYAIUSX.

7.2. MoaenupoBaHue MPON3BOACTBEHHBIX QyHKIHH

Ilpouszeoocmeennoit  ()ynKkyueit  HA3BIBAIOT  3aBHUCHMOCTH  pe3yJbTara
MPOU3BOJICTBEHHOM JESITeTLHOCTH OT OOYCIOBHBIIUX OTOT pe3yibTar (aKTOPOB.
He3zaBucumple nmepeMeHHbIe TPUHUMAIOT 3HAYCHHS 00BEMOB HCIIONB3YEMBIX (PaKTOpOB
MPOU3BOJICTBA (PECYPCOB); 3aBUCUMasl TIEPEMEHHAsI — 3HAUYCHUSI 00BEMOB BBIITyCKaeMOi
MPOTYKITHH.
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bynem mpeamonarate, 4TO TpeANpHSITHE BBIMTYCKAeT OJWH WM HECKOJIBKO BHJIOB
MPOJYKITH, OOIHA 00beM KOTOpO#l OyJeM Ha3bIBaTh CO8OKYRHbIM 6blnycKom (An
MPOCTO 6bINYCKOM) W 0003HauaTh rmepeMeHHOW Q. OOBEeM COBOKYITHOTO BBITyCKa

MOXET HM3MEpsThCS KaK B HATypallbHBIX, TaK M B CTOMMOCTHBIX ITOKa3arensxX. B
KadecTBe (haKTOPOB MPOHM3BOACTBA Oy/IE€M HCIIONB30BaTh HACTOSIIUHA Tpya L (cpennee
YHCIIO 3aHATHIX 32 MPOMEXKYTOK BPEMEHH WM KOJIMYECTBO OTPAaOOTAaHHBIX 3a 3TOT
MPOMEXYTOK 4YeIOBeKO-4acoB) W Kamutan K (OCHOBHBIE MPOW3BOJCTBEHHBIC (DOHIIBI
WM TPONUIBIA TPYyX B BHIE CpeACTB Tpyda). Kak mpaBmiio, TakuM IPOMEKYTKOM
BPEMEHH SIBJISIETCS TOJI.

3ameuanune. B nmureparype ([8, rir. 6], [10, rin. 3]) BcTpeyaeTcs MCIOIB30BaHUE
TpeThero (akropa — mpeameroB Tpyaa M (3aTpaueHHOE 3a MPOMEXKYTOK BpPEMEHH
TOIIMBO, CBIPhE, MaTepHalbl, KOMIUIEKTYIOIMe © T.M.). B cmiy TOro, dro
uccienoBaHne GpyHKIHN IBYX W TPEX NePEeMEHHBIX MPUHIMITAAILHO OJUHAKOBO, U TIPU
9TOM (QYHKIMHA JIByX TMEPEMEHHBIX JIOMYCKAIOT HArSIIHYI0 TeOMETPHUYECKYIO
MHTEPIIPETAIMIO, B HACTOSIIEM IOCOOWMM H3Y4YaroTCs IPOU3BOJICTBEHHBIE ()YHKIIUU
JIBYX TIepeMeHHbBIX Q = F(K, L) (mByx(akTOpHBIC TPONU3BOJACTBCHHBIC (DYHKIIHH).

[TpownsBojicTBeHHBIe (QYHKIMH Buga Q = F(K, L) pean3yloT CXeMy <«3aTpaThl-

BBIIYCK» M  HUCHOJIB3YIOTCA B pPa3JIMYHBIX  obOyacTsax  SkoHoMukH. Ha
MUKPOIKOHOMHUYECKOM YPOBHE B KadecTBEe MPOU3BOIUTEINS MOXKET BBICTYMATh QupMa,
oTpacilb, MEXOTpacieBod KomIuiekc. Ha MaKkpodSKOHOMHYECKOM YpOBHE B POJIH
MPOU3BOAUTENSL BBICTYIAeT PETrHOH WM CTpaHa B IejJoM. B oboux ciydasx
MIPON3BOJICTBEHHBIE (DYHKIIMU OIHCHIBAIOT B3aMMOCBSI3U MEXKITy BEITMYMHOW PECYpCOB,
3aTpaueHHBIX 3a HEKOTOPBIA MPOMEXKYTOK BpeMeHH (r0JI) U HMTOTOBBIM BBIITYCKOM
MPOJIYKIIMH 32 3TOT K€ IMPOMEXKYTOK M HCIONB3YIOTCS ISl pelIeHUs 3a/layd aHau3a,
MJIAHUPOBAHUS ¥ IPOTHO3UPOBAHUS PA3BUTHUS IIPOM3BOCTBA.

[Tpon3BOICTBEHHYIO (DYHKIIUIO HA3BIBAIOT CHIAMUYECKOU, eClTi (PaKTOp BpeMEHHU
HE BXOJWT B HEE SBHO, a MapaMeTphbl PYHKIIUU CUMTAIOTCS HEU3MEHHBIMH B TeUEHUE
paccMaTpuBaeMoro MpoMeXyTka BpeMeHH. [Ipon3BojcTBeHHYIO (DYHKIMIO Ha3BIBAIOT
OuHamuyeckoil, ecni BpeMs { BXOJWT B Hee B KadecTBe (haKTopa, BIHSIOIIETO Ha
00beM BBINYyCKA (HAPUMED, YUYUTHIBACTCS HAYYHO-TEXHUYECKHU TIporpecc) u/uiu
mapaMeTphl TPOW3BOJICTBEHHON (DYHKIIMHM 3aBUCAT SBHO OT BpeMeHH. B Hacrosiei
TEMEe UCTIOIB3YIOTCS CTaTUYECKUE TPON3BOJACTBEHHBIE (DYHKIIHH.

OO6nacte ompeneneHHus MPOU3BOJACTBEHHOW (YHKIMM — mepBas KOOPIUHATHAS

4eTBepTh (MHOXECTBO X = { (K, L)D R2:K=0,Lz O}). CBoiicTBa MPOM3BOACTBEHHBIX
(yHKIUH TIpeIcTaBlIeHbl B Ta0. 12.

Tabauya 12
CBoiicTBa NpOU3BOJICTBEHHBIX (PYHKIIUI
H UX JKOHOMHYeCKasi HHTepnpeTanus
Ne .
o/n (DOpMaJ'IBHOC CBOUCTBO DKOHOMUYECKas HUHTEpHpeTallvd

1. F (0, O) =F (K , 0) =F (0, L) =0 bes pecypcoB HeT Bbinycka
K, >K; = F(Kz, L) > F(Kl’ |_), C yBennueHueM obObema 3aTpaT XOTd Obl
2. L,>L, =F (K |—2) SE (K Ll) OZTHOTO pecypca 00beM BBITyCKa pacTeT

C yBenuueHmeM oOBeMa 3aTpaT OJIHOTO

3 K>0L>0= O_F >0 6_F >0 (mobGoro)  pecypca mpH  HEU3MEHHOM
' ' " oL KOJIMYEeCTBE Jpyroro oObeM  BbIMycKa
pacteT
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C yBenuueHmeMm oObemMa 3aTpaT OJIHOTO
(;moboro)  pecypca  mpH  HEU3MEHHOM
2 2 KOJIMYECTBE JAPYroro BelMYMHA MPHUPOCTA
0°F 0°F

4. | K>0,L >02—2< O,—2<O BBIMyCKA HA KXY JOMOJHUTEILHYIO
oK oL eIMHHUILy DTOrO pecypca yObIBaeT (3aKoH
yObIBaro1eit 3hPEKTUBHOCTH
NIPOW3BO/ICTBA)

Oxonuanue mabauyor 12

o
Ne dopMaibHOE CBOMCTBO DKOHOMHYECKAsh HHTePIpeTaIys
n/n P pIp
) ) [Ipn yBenuuennn oObema 3aTpar OJHOTO
5 K>0L>0= 0°F S 0°F > o (oBoro)  pecypca  mpu  HeM3MEHHOM
' ! OKOL ~  OLOK | komuuectse Jpyroro npenaesbHas

3(hpeKTUBHOCTH MOCIIEHETO BO3pacTaeT
[MpousBoncTBeHHass  QyHKIMS — sABIsETCS
oxHopoaHoi creriedn P > 0. Bennuuny P

Ha3bIBAlOT omodauell om Mmacuwimada
npouseoocmea. Tlpu P>1 nHabmomaercs
pocT 3Gh(deKTUBHOCTH TPOU3BOJCTBA OT
pocta Macmitaba npousBoacTBa  (mpu
6. | IMOR F(mK, mL):mpF(K, |_) YBEIIMYEHUH OOBEMOB 3aTpaT pecypcoB B
M pa3 o0beM MPOU3BOACTBA BO3PACTAET B
mP pa3). Ilpu pP<1l — cHmwkeHue
3(ekTUBHOCTH TPOU3BOJICTBA OT pPOCTa
macimtaba npowsBoactea. Ilpu  p=1

3¢ (deKTUBHOCTD MPOW3BOJICTBA MPH POCTE
MaciuTada MocTosHHA

I'paduxom nByX(hakTOpHONW MPOM3BOJACTBEHHOM (YHKIMU SIBISETCS JIBYMEpHas
MOBEPXHOCTh B TPEXMEPHOM IIpocTpaHCcTBe. JIMHUM YpOBHS IPOM3BOJICTBEHHOMN
(GYHKIIMHM Ha3BIBAIOT U30KeaHmamu (JIMHUSIMH TIOCTOSHHOTO YPOBHS IIPOW3BOJICTBA).
IIpu BBIIOTHEHNH BeeX CBOMCTB 1—-6 mpon3BoacTBeHHAs! (QYHKITHS SIBISCTCS BBITYKIIOHN
BBEPX, a €€ JIMHUU YPOBHSI — BBIIIYKJIBIMUA BHHU3.

HanbGonee dwacto mcmosip3yemble NMPOM3BOJACTBEHHBIE (DYHKINUH M TpadUKH WX
JMHUAN YpOBHS MpUBEAEHBI B Ta0d. 13.

Tabauya 13
Buab! npou3BoacTBeHHBIX (PyHKIMIT
Ne o
i ®opmyna Hazpanue Bun nuHuii ypoBHS
1
1 Q=ap+ayK+apl, Jlunelinas
. 08
a;>0,a>0,a,>0 byHKIHS
) 06
04
5 Q= alK +a, L, Jnnetino- 02
. OJIHOpPOJIHAs
ap > 0, a > 0 byHKIMSA 0 a2 04 0s 0B 1
K
ao :1, al =5, a2 =2
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En
254
5]
2 a MynsTUAIuakar | | .
3. Q=apK™*L™, WBHas g
a,>0,a>0,a,>0 MPOU3BOJICTBEH ]
Hast pyHKUMS
o 05 T 15 2 25 3
K
apg=1,a=2,a,=3
Oxonuanue mabauyvr 13
No o
i ®opmyna Hazpanue Bun nunuit ypoBHst
5 \
4
3
Q=agKaLl™ Dy L
’ Ko66a—Jlyrnaca ’
ag>0,a>0 (xmaccuueckast) :
a i H 3 Fi 5
K
3. ap =184 =02
204
184
16
14
Q:aoKalLaz, LE
>0 O<a, <1 Heoxknaccuueck 0
o : a <4, ast pyHKIUs "
O<a, <1 A
O7TITTTETTE 0 12 14 16 18 20
K
ap=1,a8=02, a,=03
10
8
B =] (1— al) yip OyHKUUSA 5
Q=2 F + LP 1| C TIOCTOSTHHOM -
4. 3J1aCTUYHOCTBHIO )
ap >0, y>0,0<a <1, |samemenns z-L
o=-1 (dynkuus CES)
o 2 i 6 ] 10
K
apg=1,a=03,y=09,0=08
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L A
OyHKUUS
_ B.B. JleoHTheBa e -
c Q= mln(alK, a, L) , (dbyHnkums ¢ 7
" a;>0,a,>0 OecKoHeYHOit ,/—

571aCTHYHOCTBIO | —
3aMelIeHus) .

|7 7 >

0 K

3ameuanune 1. Hekotopble W3 MNPOW3BOJCTBEHHBIX (DYHKIHHA, TPUBEICHHBIX
B Tabi1. 13,He yIOBIETBOPSIOT OJTHOBPEMEHHO BceM cBoicTBaM 1—6.

3ameuanue 2. HanGonee 4acTto B 3KOHOMHKO-MATEeMAaTHYECKOM MOJICITMPOBAHUH
WCTOJB3YIOTCS MYJIBTHILTUKATHBHBIE TIPOU3BOICTBeHHbIe PyHKIMU U ¢pyHkuuu CES,tak
KaK OHH HamOoJjiee aJIeKBaTHO XapaKTePH3YIOT pealbHOE POU3BOJICTBO. [T mOoTydeHus
AHATUTHYECKUX BBIPAKEHUH pEATbHBIX MPOM3BOJCTBEHHBIX (YHKIUN MCIOIB3YIOTCS
METO/IbI aHAT3a BPEMEHHBIX PSJIOB M CTATHCTHYECKOW 00pabOTKH JTAaHHBIX (B YACTHOCTH,
METOJT MHOYKECTBEHHOM perpeccuu, CM., Harpumep, [6, ri1. 10], [8,r. 6]).

JInst  mccreioBaHUS TPOW3BOACTBEHHBIX (DYHKIIMM HCIOJB3YIOT CpeJIHUE U
npeneabHbIe TOKa3aTeNu, HalpuMep:

) EQ=m [F))=5R = m(e))L -

AK -0 AL -0
AIIACTUIHOCTH TpoaAyKnuu Q 1o dakTopam IpoU3BOJICTBA (3aTpaTaM KaluTaia U Tpyaa
COOTBETCTBEHHO);
= i A)/(&):ﬁi = i (&)/(&):LLK _
6) EK(L) Al,irﬂo( L/ \K L oK ’ EL(K) Aller.O K/\L/7 KoL

AIIACTUYHOCTH 3aMeIlleHHs] OJJHOTO pecypca JAPYrHM, XapaKTepu3yrolue HeoOXOAUMOoe
MU3MeHeHUe (Kak MpaBWiIo, B MPOICHTAX) BEJIMYHHBI OJHOTO pecypca MpH H3MEHEHUH

KOJIM4eCcTBa JAPYyroro pecypca Ha 1% c Tem, 4TOOBI BBITYCK MPU 3TOM HE U3MEHHIICS,

B) U= —3—5 gTE — IpeJieNbHas HopMa 3aMelIeHUs OTHOTO pecypca IPYTUM.

Hcnionb3yss WX, MOXXHO MOJYYHUTh 3KOHOMHUYECKYIO HWHTEPIIPETAIUIO [apamMeTpoB
MPOU3BOJICTBEHHBIX (DYHKIIMI M OCHOBHBIC XapaKTePUCTHKH Tpou3BojcTBa ([6, 1. 6]).
B ywactHOCTH, B MYJBTHIUIMKATHBHOW  (YHKIUH  KOI(PPHUIHCHT apg>0
HHTEPIIPETUPYETCST KaK IapaMeTp HEHTPaTbHOrO HAy4HO-TEXHHYECKOTO Mporpecca,
&y >0 — kak >TaCTUYHOCTH BBIITyCKa 10 OCHOBHBIM (oHAaM, &y, >0 — 31acTHYHOCTH
BBIIYyCKAa 10 Tpyay. Ecim a; >a,, To uMeeT Mecro mpyoocbepezaioujuii

(MHTCHCUBHBIN) POCT MPOU3BOJICTBA, B MPOTUBHOM Ccliydyae — (hoHOOCOepezaroujuil
(PKCTEHCUBHBII) POCT.

PaccmoTpum HEKOTOpPBIE MUKPOIKOHOMUYECKHE MOJIENH, UCIIOIB3YIOIIUE anmnapat
MIPOU3BOICTBEHHBIX (DYHKITHIA.

7.3. I[ByX(l)aKToprle ONTUMM3ANMUOHHBIC MOAEJIH MUKPO3IKOHOMHUKH

7.3.1. Makcumu3anusi NPUOBLIH OT MPOU3BOJICTBA OTHOI0 BHAA NMPOAYKIIUH

[TycTh BBITYCK HEKOTOPOTO BHJIA MPOJYKIIMU OIMHUCHIBACTCS ITPOW3BOJICTBEHHOMN
¢byuknmein Q = F(K, L). Jloxooom (evlpyukoit) R TpeanpusTHs B ONPEAeICHHOM
BPEMEHHOM IEepHOJie Ha3bIBalOT mpou3BeaeHne PQ olmmero oobema Q BbITyckaeMoit
MPEANPHUATHEM POAYKIIMHA Ha PHIHOYHYIO TIeHy P atoit mpoxykiuu. H30epackamu C

87



(GupMbl Ha3bIBAlOT OOIIKE BBHIUIATHI (PUPMBI B OIpPEJCICHHOM BPEMEHHOM IE€pHUOjIEe
3a Bce BBl 3aTpar C = C(K, L). JInamro ypoBHs QyHKIMH n3nepxek Cqy = C(K, L)
Ha3bIBAlOT u3okocmoil. Ilpubsineio 1 TpeAnpusTHs B ONPEICICHHOM BPEMEHHOM
MepUO/ie HA3bIBAIOT Pa3HOCTh MEXIY MOJYYEHHBIM MpEeANpHUITHEM J0X0AoM R u ero
m3gepskkamu npousBojactea [1=R-C wumm I'I(K, L) = PF(K, L)—C(K, L). Touky
(KO, LO) HA3bIBAIOT ONMUMAIbHBIM PACHpedesleHUeM Pecypcog, eCiii B Hell pyHKIus

IpUObLIA I'I(K, L) = PF(K, L)—C(K, L) IPUHUMAET MAaKCUMAaJIbHOE 3HAYCHUE.

bynem mpeanonarate, 4To QYHKIMS M3AEpXKEK JUHEHHO 3aBHCUT OT 0OBEMOB
3aTpayMBaeMbBIX PECYPCOB: C(K, L)=WKK+W|_L. Koappummenter Wg, w —
PBIHOYHBIE IEHBl HA Ppecypchl. B MHUKPOIKOHOMHUKE HpPHHATO CYUTaTh, YTO €CJIU
npenpusTue QyHKIMOHHPYET B YCIOBHSAX UMCTOH (COBEpIIEHHOH) KOHKYpEeHIHHU, Ha
PBIHOYHBIE IIEHBI P, Wi, W OHO BIHMATH HE MOXET. B aToM cityyae ocHOBHas I1elb
HPOU3BOAUTENS 3aK/II0YaeTcs B MAKCHMHU3ALUU IIPUOBLIM ITyTEM PAIOHAIBHOIO
pacrpesiefieHHs — 3aTpauuBaeMbIX pecypcoB. opmanbHas IOCTAHOBKA  3a1a4d
MaKCHMH3al[Md NpHOBUIM 3aBUCUT OT TOro, KakoH BPEMEHHOH IIPOMEXYTOK
(moIroBpeMEHHBIM WM KPAaTKOCPOUHBIM) MpEIIIECTBYeT MEpHOLY, B KOTOPOM
MaKCHMH3HPYET CBOIO IPHOBLIb.

B ciyuae J0/roBpeMEHHON0 MPOMEKYTKA MPOMBBOMTESb MOJKET BBIOUPATH JIO00I BEKTOpP 3aTpar pecypcoB (K, L) U3 MPOCTpaHCTBA

pecypcos X = {(K L)D R%2:K=0L2> O} (ycioBHE HEOTPaHHMUCHHOCTH DPECYpPCOB).
CrnenoBaTenbHO, 3aJa4a  MaKCUMM3AUM OPUOBUTH  (OPMYJIUPYETCsl  CIEAYIOIIUM
o0pa3oM: HaWTH ONTHMAIbHOE paCIpelelieHne PecypcoB M MaKCHMyM (YHKIIUH
pUOBLIH I'I(K, L) Ha MHOKeCTBe X HIIH

mXaXI'I(K, L). Ay

JlpyrumMu cioBamu, MOUCK ONTHMAJIBHOTO TJIaHA U MAaKCUMyMa TPHUOBLTH CBOJUTCS
K 3a/1a4e OTBICKAHUS JIOKAJTHHOTO SKCTpeMyMma (DYHKITUH I'I(K, L) B obmactu K =0
u L>0 (mpm ycinoBuH, YTO HET APYrHMX orpaHuueHui). [Ipm 3TOM oOnTHMaIbHOE
pacripesielieHue pecypcoB (KO, LO) HA3bIBAIOT JIOKAIbHbIM PbIHOYHBIM DAGHOGECUEM

¢upmer B crnydae JONTOBPEMEHHOTO TMPOMEXYyTKa. F3okBaHata u W30KOCTa,
MPOXOJISIIIE Yepe3 TOUKY (KO, LO) , 00s13aTeNILHO KacaloTCsl PYT ApyTa.

Haiinem mnpenenbHyr0 HOpMY 3aMEIIEHHsT OJHOIO pecypca JpyruM  IIpu
ONITUMAIIFHOM PpAaCIIpe/IeJICHHN PECYpcoB. B TOUYKe JIOKAIBHOTO JKCTpeMyma TepBbIe
HIpOU3BOJAHBIC (1)}/HKI_[I/II/I HpI/IGBIJII/I PpaBHbI HYJIIO. OTCIO,Z[a HMECM CHUCTEMY HIBYX
YpaBHEHUU
0F (Ko, Ly) _ aC(Kg, Lo)

P = 0'
p o (€5, L) _ ac(h, Lo) _ 0 (7.2)
oL oL -

Torma npenenbHyI0 HOPMY 3aMEHBI B TOUKE ONTHUMAIBHOTO paclpefielieHUus pecypcoB
MOYHO BBIYUCIIUTH CJIEIYIOIIUM 06p2130M'
= _oF( KO,LO /aF Ko, Lo) KO,LO /ac Ko, Lo)

(B muaTeparype npez[enLHy}o HopMy 3aMeHbI MHOTIa onpez[emnoT KaK MOJIOKHATEILHOE
4yrciio). B gactHOCTH, eciu C(K, L) =wg K+w_ L, rie Wx , W — gakTropHble LIEHbI

Wi
Ha TPyJd H KalMTAJbHBIC 3aTpaTbl COOTBETCTBECHHO, TO WU = —W—L. Taxum 06p3,30M,
K

B TOYKE JIOKAITBHOTO PHIHOYHOTO PABHOBECHS B CIydae JTHHEHHOW (DYHKIIHMH HU3IEPKEK
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npeaciibHasgd HOpMa 3aMCHBI IIEPBOIo peCypca BTOPLIM paBHA OTHOIICHUIO ICH HAa 3TU

peCypCHI.
Jlnst muHeHHOW (YHKITMH U3JEPIKEK C(K, L) =Wk K+w_ L cucrema ypaBHeHui

(7.2) mpumeT BH]T

9F (Ko, Lo) _ _
Pap(;?';, Lo) e (7.3)
P oL _WL 0,

13 KOTOPOTO MOKHO HalTH ONTHMAJIbHOE paclpesiesieHHe PecypcoB (Ko, Lo) KaK mapy
GbyHKIMH, 3aBUCAIUX OT IIeH P, Wy , W :
Ko =Dy (P, wi , w ), Lo =Dy (P, wy, w ). (7.4)
Oyukiuu (7.4) Ha3bIBAIOT PYHKUUAMU chpoca Ha pecypcbl. VX 3HAUCHUS BBIPAXKAIOT
OTNITUMAJIbHBIE BHIOOPHI (KO, LO) 3aTpaT pecypcoB Kak (YHKITMH IIEHBI BBITYCKaeMOM
OpOAYKIIMM W TleH Ha pecypchl. Ecimm moxacraButh Bolpaxenus (7.4) B
MIPOU3BOICTBEHHYIO pyHKIMIO Q = F(K, L), HOJYYHUTCS PYHKIIUS
Q=F(Dy (P, wic, w ). D (P, wic, w ))=S(P, wi , w_ ),

KOTOPYIO HAa3bIBAIOT  ()YHKUUENl NpeOnodHceHUuAa 6bvInycka. 3HaHWue (QYHKIUU
Q= S(P, Wy , W,_) MO3BOJISIET OTCIJICKUBATH PEAKIUIO MPOU3BOAUTEINSE HA U3MEHEHHE

IEHbl BBIIYCKA M IICH PECypcoB, a TaKKe OICHMBATh B3aMMO3aMEHSIEMOCTh U
B3aMMO/IOTIOTHAEMOCTh pecypcoB (cm. [6, ra. 6]; [10, rm. 3]). Ilpu dpukcupoBaHHBIX
[IeHaX pecypcoB Wk H W, (QYHKOUS MPeATOKEHUS BBITyCKa HNPUHUMAeT BUJ

Q=S(P), WCTIOJB3YEMBI TIPH  MOJICTUPOBAHUM  PABHOBECHS THIIA  <«CIIPOC-

npeioxkeHue» (tema 5).

3ameuanne. Ecnu QyHKImMsS u3gepKeK HelIWHeWHa, TO (QYHKIMH cIpoca Ha
pecypchl MOXHO HAWTH Kak perieHue cucteMbl (7.2). B atom ciaydae oHm OyayT
3aBHUCETh OT IeHHI MpoaykTa P u mapamerpoB Gpyukimn C = C(K, L).

Ecmm xe HU3JICPKKH HE JOJDKHBI IIPCBBIIIATH HCKOTOPOﬁ 3aJaHHOW BEJIMYMHBI CO y

TO 3aJaya MAaKCHUMH3AalUU MOpUOBUIM B CiIydae JOJTOBPEMEHHOIO MPOMEXYTKa
(bopMymHpyeTCsl CIIeAYIOIUM 00pa3oM: HAWTH ONTHMAIFHOE pacHpeeieHNe PecypcoB
U MakCUMyM (YHKIUH [pUOBLIH I'I(K, L) Ha MHOXecTBe X TIIpH YCJIOBUU

C(K, L) < Cg, 4TO paBHOCHIIBHO ClIe/TyIOLIEH chucTeMe:!

n(k,L)=PF(K,L)-c(K,L),
m)?xF(K, L), (7.5)

C(K,L)=Cy.

Hpyrumu  cioBamu, TpeOyeTcsi HaWTH TOUKY (KO, LO) YCIIOBHOTO 3KCTpEMyMa
MIPOU3BOJCTBEHHON (yHKIMH Q = F(K, L) Ha MHOXecTBeé X TIpH OIrpaHUYEHUU
C(K, L)S Cpy, a 3areM BBIUMCIUTH 3HaueHHE (YHKIUHM NpUObLIN I'I(K, L) B TOYKE
(Ko, Lo)-

3ameuanne 1. B MmaTeMaTudeckoM aHaliu3e JI0OKa3aHO, YTO BBIMyKJas (BBEpX WA
BHU3) (QYHKIHS TIPH OTPAHWUYCHHSX, 0Opa3yIOIUX BBIMYKIOE MHOXECTBO, OCTUTAET
DKCTpeMyMa Ha TpaHMIle 3TOTO0 MHOXKecTBa. Tak Kak MpPOW3BOJACTBEHHAs (DYHKIIHS
¥ MHOXECTBO, 00pa30BaHHOE MHOKECTBOM X TIPH yCIOBUHU C(K, L)S Co, aBisroTCA

BBIYKJIBIMH, TO 3a1a4y (7.5)MOXHO 3aMEeHUTH 00Jjiee MPOCTOH:
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n(k,L)=PF(K, L)-C,,
mXaxF(K, L), (7.6)

C(K,L)=Cy.
3amava (7.6) MOXeT OBITH pellieHa ¢ UCITOJIb30BaHUEM MeTojia MHOKuTeel Jlarpanka.
MHOXKeCTBO pelIeHUH (KO(CO ) Lo (CO )) IOpHd BCEBO3MOXKHBIX 3HayeHHsIX Cgy >0

o0pa3yeT TakK Ha3bIBAEMYIO JIHHUIO 00J1208peMeHH020 pazeumua Qupmel. Touka
JIOKQJILHOTO PBIHOYHOTO paBHOBecHs 3amadd (7.1) o0s3aTebHO MPHHAUICKUT ITOM
muaud (eM. [5, . 11]).

3ameuanne 2. B Teopun GupMBI 10Ka3aHO, YTO 3HAUYCHHE MHOXHTENS Jlarpamka
Ao B pemennu 3anaun (7.6) oOpaTHO MPONOPIHMOHATBHO 3HAYEHHIO PHIHOYHOM IIEHBI

€IMHUIIBI BBIITycKaeMo# nmpoxaykuuu: Py = Ai
0

3ameuanune 3. HexoTopwle MpOM3BOACTBEHHBIE (DYHKIIMH MOTYT M HE HMEThH
JOKaJBHOTO JKCTpeMyMa TIpH HEOTPAaHWYECHHBIX 3aTpaTax pecypcoB (Hampumep,
kinaccuueckas pynknus KoO6a—]lyrnmaca). B stom ciyuae pernenuem 3amgaun (7.1)
SIBIISICTCSL JIMHUS JIOJTOBPEMEHHOTO pa3BUTHS (QupMBL llpm 3TOM NpPOW3BOIMTEINIO
BBITOJHO HapalBaTh MPOU3BOCTBO.

Ipumep. [IponsBojacTBeHHass (YHKIHS HEKOTOPOTO MPEIIPUSTHS WUMEET BHI
Q=3K J[3L]/3, neHa enuHulkl mponykuuu P =10 JeHeXHBIX eNuHUIl, (QYHKIHS
W3JIepKeK JUHEHHa, CTOMMOCTh apeHJbl €IWHUIIBI MPOU3BOJICTBEHHBIX (OHJIOB
Wi =5 JIeHEeXHBIX €IMHUI], cTaBKa 3apa0oTHOM miaTel W| =10 HeHeXHBIX €IUHMIL
Ha JenoBeka. Haiitu:

1. OntumanbsHOE paclpeielieHHe PECYpcoB U COOTBETCTBYIOIIYIO €My MPHOBLIb
OT IPOM3BOJICTBA OJHOTO BHUAA NPOAYKIHUH B JIOJTOCPOYHOM TMEPHOJE, €CIH
MPEeANPUSTHE MOXKET HEOTPAHNUYEHHO YBEIMUNBATh 3aTPaThl PeCypCOB.

2. OnTtuMalibHOE pachpe/ie]ieHHe PeCypcoB U COOTBETCTBYIOIIYIO €My MPUOBLIH
OT MPOU3BOJICTBA OJHOTO BHJIA MPOIYKIIMU B KPAaTKOCPOYHOM IEPHOJIC, €CIIH 3aTPaThl
pecypcoB orpannueHsl BenduHOM Cy =100 neHeXHbIX eIUHUII.

3. dyHKIMH crpoca Ha pecypebl, (PYHKIUIO PEIOKESHUS BBIITyCKa.

4.YpaBHEHUE JIUHUU JOJTOBPEMEHHOTO Pa3BUTHSI (DUPMBI.

5. IlpenenpHyI0 HOPMY 3aMEHBI OJTHOTO pecypca JAPYTHM.

6. PRIHOUHYIO TIEHY €IMHUIIBI TIPOTYKIIHH.

Pemenne. OyHKnMM TpPUOBUIM W U3JAEPKEK JTAHHOM 3aJaud  HMEIOT
COOTBETCTBEHHO BH/I

N(K, L)=P 3K *3Y° -w K -w, L=30K 3 ¥3 - 5K -10L,
C(K,L)=wg K +w, L=5K +10L .

1. Haitnem perrenne 3amaun (7.1) mMoucka ONTHMAIBHOTO IUTAHA B YCJOBHSIX

HEOTPaHWYEHHBIX 3aTPaT PECYPCOB:

mxax(PE%K 13Y3 vy K —w L),

rme X = {(K, L)D R%2:K > O L= O}. Haiimem 4yacTHbIE TPOW3BOJHBIE TEPBOTO

nopsaka GyHKIUH TPHOBUIH: g—E = PK™23 %3 - W , %—T = pPK¥3L778 - W, . 3anmnrem

HEOOXOMMO€ YCJIOBUE CYIIECTBOBAHHUS JIOKAILHOTO JKcTpemyMa (7.3) m HaiijieMm
CTallMOHAPHBIE TOYKH (yHKIIHH:
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WK)3 2 S
& 0 PK 2/3|_1/3_W =0, _ ( K K_sz’
% 13 23 N ()
a—:O PK*°L" —W_ —O Kj/g((WK)ZK j W . L= 2P .
P’ W[ Wk

IIpu P =10, wg =5, w; =10 nomywaem Ky =4 emununs, Ly =2 enuHuIEL
Brruncnum gacTHBIE TPOU3BOIHBIE BTOPOTO MOPSIKA:
M = _2pK~43¥3 o°N - _2pK¥3-43 _on__ on _1pk¥3 23

oK 2 3 " a2 3 ' 9LOK ~ oKL ~ 3

TOFI[a OIIPCACIIUTCIIb, HO3BOH$IIOIHHﬁ IpOBEPUTH JOCTAaTOYHOC yCJIOBUC
CYIIIECTBOBAHHMS JIOKAJIHLHOI'O 9KCTPEMyMa, IPUMET BH/T
0’n  9°n
2 — - 2 — —
A(K, L)=|oK?  OKOLI_ap2y) _ 1p2K =43 =43 - P° K ~43 4/3(4K 1343 —1).
o°n o°m| 9 9 9
oKL g2

Ero 3mayenue B TOUKE (Ko, LO):(4; 2) paBHO A(4 2)— 175>O CIIEI0BATENBHO,

9’n(42) _ _s3

JIOKQJIbHBIN 9KCTpeMyM cyinecTByeT. [lpu sTom 2 5\/5 <0, crengoBareiabHO,

TOYKa (Ko, LO) = (4; 2) SBJIETCS TOUYKOW JIOKAJIbHOTO MaKCUMyMa, 3HaueHue (QyHKIUU
npuObUM B KOTOPOA 1 (4; 2) =302 -20-20=20 neHeXKHBIX €IUHHUL.

2. Haiinem pemienue 3amaum (7.5), TO eCTh ONTUMAIBbHOE pacHpeieicHHE M
COOTBETCTBYIOIIYIO €My IpUOBLIb IIPU YCJIOBHU C(K, L) <Cy. IlpousBoacreenHas

¢yakmus Q = 3K 13 13 yJIOBIIETBOPSICT BceM ycioBusiM 1)—6) myHkra 7.2, B CHIy

KOTOPBIX SIBJISIETCS BBINYKJIOW BBepX. lak Kak (YHKIUS H3JACPKEK JMHEHHA, TO
MOJIMHOKECTBO MHOXeECTBA X, TOUYKH KOTOPOTO YJIOBJIETBOPSIOT HEPAaBEHCTBY
wx K+w L<Cg,, sBisiercs BoimykibiM. CremoBarenbHo, 3amada (7.5) cBogurest K

MMOMCKY  yCJIOBHOTO  3KcTpemyma  (pyakmmm  Q =3K 13 13 pyd  yCIIOBUH
WKK +W|_|_=C0, CO =100.
CocraBum ¢ynknuto Jlarpanxka L (K, L) =P BK *3L¥3 - /I(WK K+w L- CO) ,

3amMIueM Uil Hee HEoOXOIMMOE€ YCJIOBHE CYIIECTBOBAHMS SKCTpEMyMa M HalJIeM
peleHne TOTyYeHHOW CUCTEMBI YPaBHEHHUIA:

K 2‘3|_’/3
Lo [k 2w =0, |17 T
L =0, - k¥ 23—/1wL RVE K—, -
N we K +w L-C o "
Eﬁza K L 0~ ka+m}—CO:Q
2= K~23.1¥3 A= Z3|_]/3 K = Co
-73 ]/\éVK ;/3 -23 WK 2w !
K23 K L oL =kK o dL=lo (7.8)
Wk 2w
wy K +w L - CO—O WKK+W|_L Co=0 A1=3_2
wiw Co *

IIpu  wg =5, w_ =10, Cy =100 noxy4uuM ONTUMAIBHOE paclpeaeIcHHe

pecypcoB Ko =10 emunun, Lo =95 eauHun, cCOOTBETCTBYIOLIas €My IpHOBUIb

M (10, 5) =30010%% B¥° -100= 1052 nenexubix eaunnm. Tax kax [1 (10, 5) <M (4; 2) :
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TO MPEANPUSITHIO BBITOJHEE YMEHBIIUTH 00BEM BBIMTyCKa, TaK KakK 3aTpaThl PecypcoB
Ko =10 eaunun, Ly =5 eauHuIl CIuImKoM BEIUKH.

3. U3 cucremsl ypaBHenuit (7.7) ciemyer, 9ro (GYHKIHUH CIpoca HA PECYpChl

3 3

IpU HEOTPAHUYEHHBIX  H3JEpPKKAX  HUMEIT  BHJ K=-P 7 L= '23 , a
Wi Wk WL Wk

COOTBETCTBYIOILIAA UM (byHKLII/IH MIPEIOKEHUS BEIITyCKa

¥3 13
Q { ) ( 53 j = i . q)yHKHI/H/I CHpoca Ha pecprBI HpI/I Ol"paHI/I‘{eHHLIX
WLWK

W Wy W Wk

Co Co
u3zepkkax B cuiny cucremsl (7.8) paBubl K = aw ' = w MM COOTBETCTBYeT
L

c§
(GyHKIMS TpeyIosKeHus BhImycka Q = 3(2WK )J/ 2WL)J/ %/ e

4. JIuHuS NONTOBPEMEHHOTO paSBI/ITI/ISI ¢bupMbI TpeAcTaBiIsieT co00i MHOMXKECTBO

TOYEK € KOOpAMHATaMU (K L) ( ) (C — mapamerp). YpaBHEHHE STOrO

12w
MHOXXECTBA TOYEK B CHCTEME Koop,Z[I/IHaT OKL MoxHO MOJIYYUTh, €CIU U3 KaXIOU
KOOpAWHATHI BBIpa3uTh napameTp C, a 3aTeM HpHUPaBHATH MOJYYCHHBIC PE3YJIbTATHI:

L =VV\\II—K K. Cyuerom Wy =5, w =10 nomygaem L =05K.
L
5. B cwity nuHeHOCTH QYHKIIMH H3IEpKeK, MpeaebHas HopMa 3aMeHbl OJTHOTO
pecypca ApyruMm paBHA M = VV:,'— =-2, TO eCTh OJWH pabOTaOIINii MOXET OBITh
K

3aMCHCH JABYMJ CIMHUIIAMU ITPONU3BOACTBCHHBIX (1)OHI[0B.

6. U3 cucremsr (7.8) Ay =3—2—, TO pHHOYHAS I€HA EIMHUIBI MPOLYKIUI
wi W Co
cocraput Py = =3/05wy W, Cp =3/05(5[10100= 1357 JCHEKHBIX ~ CMHHIL
0

[To ycroButo nena eauHUIbl mpoAykiuu P =10 neHeXHBbIX eIuHUIl, ClIe0BaTEIBHO,
MIPEANPHUATHE ITPOJIACT CBOFO IMPOIYKITHIO TT0 3aHMKEHHOM IIeHE.

Ha puc. 7.1 mpeacraBineHsl H30KBaHTHI 3K 13198 = Q u 3K 1348 = Qoc
S g, : (Qo =Q(42), Qoc =Q(L05)) n
COOTBETCTBYIOIINE UM U30KOCTBI

10K +5L =40 u 10K +5L =100, a takxe
JVHMUSL ~ JOJTOBPEMEHHOIO  pa3BUTHUSA

8 L =,05K
¢upmer L = 05K .
B_
o OrtBer. IIpn OTCYTCTBUHU
OTpaHWYEHUs] Ha 3aTpaTbl PECypcoB HX
21 kY333 =, 1R +5L =100 P p peeyp
. ontuManbHOe  pacnpeneneHue Ko =4
o 2 i B e T TRk _
10K +5L =40 enuHunbl, Lo =2 eauHuns!, npuoHLLIb
Puc. 7.:

N (4; 2) = 20 feHeXHBIX €IUHUII.
Ecnu 3arpatel pecypcoB orpannuens! BenuuuHod Cqy =100 neHeXHBIX €IUHUIL,
TO ONTHMalbHOE pacnpenenenue pecypcoB Ko =10 emunun, Lg=95 eaunHun,

COOTBETCTBYIOIIAs eMy MpuObLTH [1 (10; 5) = 1052 neHeXHBIX €qUHUIL.

- P
OYHKIIMA cIpoca Ha pecypchl IPH HEOTPAaHWYEHHBIX H3JAepKKax K wZ
p3 3P2
L =——, coorBeTcTByIOmAas QYHKIHUS MIPEIOKEHUs BhITycka Q = . OyHKIIUHU

Wi Wk
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- G _ Co
crpoca Ha Pecypechl MPH OrpaHMYECHHBIX H3fAepkkax K =—>—, L = GyHKIHS
L

2wy
C2
— 0
npeUIoXeHus Boimycka Q =3 TR JIMHUS TOJITOBPEMEHHOTO Pa3BUTUS (UPMBI
LYK
W,
L=05K . IlpenenpHass HOpMa 3aMeHBI U = —W—L = -2 . PriHOYHAs IleHAa €IWHUIIBI

K
nponykuuu Py = 1357 neHexHbIX eUHUIL.

B ciydae KpaTKOCpOYHOTO MPOMEKYTKA IMPOU3BOJUTENb JOJDKEH YUUTHIBATH
HEN30eKHbIE OTPaHUYEHHS Ha 00BEMBI 3aTPAaYNBaAEMBIX PECYPCOB, KOTOpPBIE (hOpMAITEHO

MOTyT OBITh 3aJlaHbl CHCTEMOH HEpaBEeHCTB O (K, L)s by (i=1m). Torma 3amauy
MaKCHMH3AIMH TPUOBLTH MOKHO (POPMAITEHO MPEACTABUTH COOTHOINCHUSIMU
maxT(K, L),
X L (7.9)
gi(K,L)<b,i=1m
B3amaua (7.9) mMoxer OBITH pellleHa METOJaMH HEIMHEHHOTO IPOrpaMMHPOBAHUS.
OpHako mpolecc ee pelieHHs SBIsAETCS Ooliee TpyIOeMKHM, dem 3amauun (7.1), u
CYIIIECTBEHHO 3aBHCUT OT BHJA IPOM3BOJICTBEHHOM (DYHKIHH, (QYHKIIMH H3ICPKEK W
HAJIO)KEHHBIX OIPaHHYCHHUIA.
K 3amaue makcummu3anuu MpHOBLIM OT IPOM3BOACTBA OJHOTO BHJA MPOIYKIIHA
MPUMBIKACT PSIT APYTHX ONTUMH3AIMOHHBIX 3a71a4.

7.3.2. MuHAMH3aNHS U3ePKeK MPH MOCTOSTHHOM YPOBHE BBIITy CKa

ITycts Q= F(K, L) — (yHKIHS BBITyCKa HEKOTOPOT'O TOBapa B 3aBUCHMOCTH OT
UCHOJB3yeMBIX pecypcoB: kanutaiga K u tpyma L; C= C(K, L) — QyHKIUS 3aTpaTr Ha
pecypcsl K u L. YpoBenb mpousBojacTBa 3afaH BenuuuHoil Q. TpeGyercs Haiitu
TOYKY (KO, LO) ONTUMAJILHOTO pacIpelesIeHus] peCypCcoB, TO €CTh Takue 3HadeHus K
u Lg, 4ro mpu naHHOM ypoBHE BbIlycka Qp H3AEpKKH MHUHUMAIBHBL Jlpyrumu

cJIOBaMH, TpedyeTcs HalTh TOUKY yCIOBHOTO 3KcTpeMmyma ¢pyHkiuu C = C(K, L) pu
YCIIOBHH F(K, L) =Qp:

n(K, L)=PQ -C(K, L),
minC(K, L), (7.10)
X
F(K,L)=Qq.
3anaua (7.10)Taxke perraercss MeTo oM MHOXHUTeNeH Jlarpanxka ([5, rr. 11]).

7.3.3. Makcumu3anusi NpuoObLIH
OT MPOU3BOACTBA PA3JIHYHBIX BHI0B MPOTYKIIUH

[TycTh HEKOTOpOE MPEANpPHUSATHE TPOU3BOIUT M BHIOB TOBAPOB B KOJMYECTBE
Q1 Qy, ...y, Qs Py P, ..., Py —COOTBETCTBEHHO, LIEHBI €IMHUIIBI KAKAOIO TOBapa

(P,i=1m, — mocrosHHbIC BEIWYHMHBI). 3aTpaThl Ha MPOM3BOJCTBO ITHUX TOBAPOB
3amaroTcs QyHKIuer m3nepxek C = C(Ql, Q,, K, Qm). Torma GyHKIWS TPHOBLTH UMEET
BUT

M(Q. QK , Q)= RQ -C(Q1, Q2. K . Qpy). (7.11)
i=1
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MakcuMyM MpHOBUIA OTHICKHBAIOT KaK JIOKAIBHBIN dKcTpemMyM ¢yHKimn (7.11)
npu Q, 20, i =1, m (upm orcyTrcTBHU Ipyrux orpanndeHuii). Heodxoammoe ycimoBue

M .
JOKaJIbHOTO JKcTpemyma wmMmeeT Bug —— =0 (i =1, M) nOpuBOAUT K CHCTEME
i

YpaBHEHHUH OTHOCUTENBHO NepeMeHHbIX Qp, Qo ..., Q!
P _9C _p (i=1m). (7.12)
0Q;

Cucrema ypaBHenuii (7.12) peamusyeT U3BECTHOE TMPABHIIO OSKOHOMHKH:
npeodenvnas cmoumocmvb (Yena) mosapa paeHa NPeOeibHbIM  U30EPAUCKAM — HA
nPoOU3B00CME0 9MO20 MOBApd.

Ecnu xe B 3aaue uMeroTes Apyrue orpaHudeHus, 3aJJaHHbIe CHCTEMOW PaBEHCTB
WM HEPaBEHCTB U OOYCJIOBJICHHBIE OTPAaHMUYECHHOCTHIO MMEIONIMXCS Ha MPENNPHITAN
pecypcoB, TO MaKCUMH3AITUS TIPUOBLTH CBOJUTCS K OTHICKAHUIO HAUOOJIBINEro 3HAYCHUS
HAa MHOJXECTBE, OIPEICICHHOM CHCTEMOM OrpaHHYeHHi (B cilydae OTpaHUYCHUM-
HEPABEHCTB), WJIM K OTHICKAHUIO YCJIOBHOTO DKCTPEMYyMa IPH YCIOBUSIX-OTPAHHUCHHSIX
(B citydae orpaHHUYCHHI-PABEHCTB).

7.3.4. OnTuMu3anusi cnpoca

3ajaua cBs3aHA C paclpeqe]IeHUeM ToBapa OJHOTO BHUIA MO pa3HbIM pPbIHKaM
C pa3HBIMH CIpPOCaMH C TE€M, 4YTOOBI MAaKCHMH3UPOBaTh NpHOBUTE. Tak Kak
AJIACTUYHOCTD CIIpOca Ha PhIHKAaX HEOJAMHAKOBA, TO HA TOBAP YCTAaHABIMBAIOTCS pa3HbIe
IIEHBI, 9TO BEJIET K TaK Ha3bIBAEMOU IIEHOBOW JTUCKPUMHUHAIIIH.

Iycts Qq, Q,, ..., Q; — KOJIUYECTBO OJJHOTO U TOTrO kK€ TOBAPa, IPOAABAEMOIO
Ha M pbIHKax II0 LeHaMm Pl(Ql), P, (QZ), Pm( m)’ TO €CTh IleHa Ha KaXIOoM

pBIHKE 3aBUCUT OT KOJIMUECTBA MpoJAaBaeMoro ToBapa. J{omyctum, uro GyHKIUS 3aTpaT
3aBUCHUT OT OOIIEro KOJIMYeCTBO MpojaBaeMoro Torapa: C = C(Ql, Q,,K ,Qm). Torma

(GYHKIHS TPUOBLTH UMEET BUJT

m
M(Qu Q2K Q)= R(Q)Q ~C(Q1, Q2. K, Qn)- (7.13)
i=1
on .
Heo6xonumoe ycioBue JOKaJIbHOIO SKCTpeMyMa 0_:O (i=1, m) npuBoaut
i
K CHCTeME ypaBHEHHH OTHOCHTENBHO IepeMeHHBIX Q, Q,, ..., Q, M1 ompeneneHus
cranoHapHbIX Touek (ynkmuu (7.13) B obmactu Q; 20, | =1m (mpu OTCYTCTBHM
JPYTHX OrpaHUYCHHIA):
0P oC L
P(O)+O0 —-="= =0 i =1 m). 7.14
(Q)+Q 55 mag =0 (=1 m) (7.14)

3areM Ul MOJIyYEHHBIX TOUYEK IPOBEPSIOTCS JOCTATOYHBIE YCJIOBUS CYLIECTBOBAHMS
JIOKQJIBHOTO 3KCTPEMYyMaA.

IIpoBenem anamu3 poxoma R =Q; P (Qi) (i =1, m), mosy4eHHOr0 Ha KaKIOM
pBIHKE, B 3aBHCHMOCTHU OT II€HBI Ha ToBap X;. [l 3TOro HaiifieM IpeeibHbINA JT0XO0.
JUTSL KQJKI0TO PBIHKA

MR =(QR(Q)) =R(@)+QR(@Q)= R(Qi)(1+q—;‘(§¥)= RQ 1+§(1@j,
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rae EP, (Qi) — 9JIaCTUYHOCTB cipoca Ha I-M peiake (i =1, m). Tak kak 3aBUCHMOCTH
cupoca OT IIeHBl — YObIBaromass (QYHKIUSA, TO EF? (Qi )< 0, cremoBaTrenbHO,

HpeIesbHBIN J0XO0/I Ha I-M PBIHKE MOYKHO IIPEICTaBUTh B 0oJiee yI00HOi Ppopme

MR =P (Q) 1—‘ (i=1m). (7.15)

-
Ep (Qi)‘
Ecmu ‘ Ep (Qi)‘ <1, To pemHok Hednactuunbii 1 MR; <0. Ecmu ‘EH (Qi)‘ >1, 10

pbIHOK dmactuunbii 1 MR >0 (i =1, m).
oC . .
Ecmu 0. >0 (i =1, m), to s BemonHeHus yciaoBuil (7.14) tpedyercs, 4TOOBI
i
ObUT BBIOpAaH PBHIHOK C TIOJIOKUTEIBHBIM TMPEICIbHBIM JOXOIOM WM C 3JIaCTHYHBIM

CIIPOCOM, TO €CTh C YCIIOBHEM ‘EP, (Qi)‘>1. Ilepenumem yciosue (7.14) ¢
yuetom (7.15)

1 | _ec . —
IR

U3 KOTOPOTO BBIBOJHUTCS YCJIOBHE ICHOBOM JIUCKPUMUHAIUU». YeM MeHbule No
abconomHou  6euYUHe INACMUYHOCIb OAHHO2O PUIHKA NPU OAHHOM KOJludecmee
npooasaemMo2o moeapa, mem 6viuie OOJJICHA OblMb Yyena Hd Mmoedp Npu YCio6Ul
MaxcumMuzayuy npudbLIU.

P(Q)1

Teopernueckmii matepuay: [1, rr. 15], [2,11. 8], [3, Temsr 17, 18], [4,4. |, rn. 8],
[5, rm 8-11], [6,r1. 1, 6], [7,r1. 25], [8,rx. 8], [10,rm. 3], [11], [12,rx. 7].
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Tema 8. lunamMu4veckne Mo1eJId MAKPOIKOHOMHUKH

Heo0xoanmble MaTeMaTHYecKHe NOHATHA. OugghepenyuanvHvie ypagHenus nepeoco
nopsioxka (ypasnenuss ¢ paz0enslouumMucs NePemMeHHbIMU, JTUHElHble YPAGHeHUs, YPAGHEHUs
Bepuynnu) u memoowr ux pewenus; obwee pewenue, 3aoaua Koww, uwacmmnoe pewenue,
UHMeSPANbHASL KPUBAS, COCMOSIHUE PAGHOBECUs, MPACKMOpust Ough@epenyuanvno2o ypasHeHus,
PABHOBECHAsI MPAeKMOpPUs, npeoel YYHKYUuu.

8.1. [lonsTHe 0 AUHAMHYC€CKHUX MAKPOIKOHOMHYE€CKHUX MOJ€C/ISIX

B teme 1 paccmarpuBaniuce cmamuueckue 6anaHcoBbIe MOJIENHU, TO €CTh MOJIENH,
OTHOCSIIAECS K ONPEIEICHHOMY MOMEHTY WJIM IPOMEXKYTKY BPEMEHHU IIpU YCIIOBHH,
YTO MX KOMIIOHEHTBhl U TapaMeTphl HE 3aBUCAT OT BpeMeHU. Mojeid, B KOTOPBIX
YUYUTBIBAETCS 3aBUCUMOCTh KOMIIOHEHTOB M IMapaMeTpOB OT BPEMEHH, HA3bIBAIOT
ounamuyeckumu. JluHaMUYECKHEe MOJEIM IO3BOJSIOT IPOCIEIUTh H3MEHEHHUE
rporiecca BO BPEMEHH, JaTh INPOrHO3 Pa3BUTHS SKOHOMUYECKOIO SBJIECHUS, HAUTH
B3aUMOCBS3b IIEPEMEHHBIX BO BPEMEHH.

BpeMs B 5KOHOMHYECKON TMHAMHUKE MOXET pacCMaTpHUBATBhCS KaK HEIPEPBIBHOE
unm  JguckpetHoe. HempepbiBHOe Bpemsi yAOOHO JUIsi MOJETUPOBAHMS, TaK Kak
MO3BOJISIET ~ HWCMOJNB30BaTh  ammapar  JaudQepeHIaTbHOr0  WCUUCICHHS U
muddepeHIMATBHBIX  YpaBHeHUH. JlUckpeTHOe BpeMs YI0O0HO Ui MPHJIOKEHUH,
IIOCKOJIBKY CTaTUCTUYECKHE JAHHBIE BCETJa JUCKPETHBI U OTHOCATCS K KOHKPETHBIM
€MHUIIaM BpeMeHH. [[JIs JUCKPETHOTO BpPEMEHHM MOXKET HCIOJIb30BaThCS ammapar
Pa3HOCTHBIX YpaBHEHUW. DOJBIIMHCTBO M3BECTHBIX MOJIENIEd HSKOHOMHYECKOU
JMHAMUKH CYIIECTBYET KaK B HEIPEPHIBHOM, TaK U B IMCKPETHOM BapuaHTax. B obGomx
BapHaHTaxX JUIsi HUX MOTYT OBITh IOJY4YEeHbl aHAJIOTWYHBIE PE3yJIbTaThl, U YPOBEHBb
CJI0’KHOCTH CaMUX MOJIEIEN IPUMEPHO OJIMHAKOB.

[lo menm wccnenoBaHWs JMHAMHYECKHE MOJEIM MaKpPO3KOHOMHKH MOYXHO
pa3feluTh Ha onucameibHble U OnmumusayuonHvle. OnucaTelbHbE MOJAEIU
MpeJHA3HAYEHBl JUII ITPOTHO3UPOBAHUS SKOHOMHYECKOTO Pa3BUTHS M HCCIIEOBAHUS
PaBHOBECHOTO cOCTOsIHUS. Ha3HaueHune ONTUMUBAIMOHHBIX MOJENIEe — H3ydeHHe
BIMSHUS HA OSKOHOMHKY YHOPABISIIOIIMX BO3JACHCTBAN W OINPENCICHUE YCIOBUUN
BO3HHUKHOBEHUSI B SKOHOMHMKE IEPEXOJHBIX IPOLIECCOB, YAOBJIETBOPSIOMINX 3aJaHHBIM
CBOWCTBaM.

B Hacrosimem mocoOuum  paccMarpuBaeTCs — HECKOJbKO  OMHCATENIbHBIX
OJIHOCEKTOPHBIX MOJIEJIEW SKOHOMUYECKON JTUHAMUKH C HETIPEPBIBHBIM BPEMEHEM.

Ilon 3xonomuueckum paszeumuem, Kax IPaBUIO, IOAPA3yMEBAIOT H3MEHEHHUE
HaIlMOHAJIBHOTO J0X0/J1a JAHHOTO TOCyJapcTBa WJIM W3MEHEHHE KOJIMYECTBA PECYpPCOB
(Tpyma w xammrtana ¢ TedeHueM BpeMeHu). CocmoaHuem pagHoeecua TPHUHSTO
Ha3bIBaTh TAKOE€ COCTOSIHUE 00BEKTa, KOTOPOE OH COXPAHSET MPH OTCYTCTBUH BHEITHUX
Bo3ecTBUN. Cekmopom TIPUHATO HAa3bIBaTh CTPYKTYPHYIO €AMHUILY SKOHOMHKH,
MIPOU3BOISAIIYIO OJUH COBOKYIIHBIM MPOAYKT. JIOCTOMHCTBOM OJHOCEKTOPHBIX MOJENIEH
C HEINPEpPbIBHBIM BPEMEHEM SIBIIIETCS BO3MOXKHOCTH AHAJIUTUYECKH NPEACTABUTH
pa3BUTHE SKOHOMUKH.

[Ipu u3ydeHnn onucaTeNbHBIX MOJIeNIell SKOHOMUYECKON TUHAMUKHA HAHOOIbIITNiI
HWHTEpEC C MPAKTUYECKON TOUKH 3PEHUS BBI3BIBAIOT CIIEAYIOIINE 3a0a4H:

1) ompenesneHue YCIIOBHM, TPU KOTOPHIX OyJIeT HAOIIOIAThCS 3KOHOMUYCCKHIA
pocT;

2) onucaHue MPOIIECCOB BBIX0JIa K COCTOSIHUIO PABHOBECHS,
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3) MOHWCK YCIOBWiA, TPU KOTOPBIX K COCTOSIHAIO PABHOBECHS MPUBOJUT
SKOHOMHYECKUN POCT.

Bcrony nanee juisi OCHOBHBIX SKOHOMHYECKUX (DAKTOpPOB OyJeM HCIOIh30BaTh
cienyromue 0003HaAYCHHUS .

X — BajJOBO# BBINYCK B JICHE)KHOM BBIPOKEHUM (HAIIMOHAIBHBIA JIOXOJ),
IIOJIyYEHHBI HAa MOMEHT BpeMeHH

| —wHBecTUIIMH B IPOU3BOJICTBO HA MOMEHT BpeMeHH t

S —o06mee motpediieHre HAa MOMEHT BpeMeHH 1

Y —KoHeyHOoe moTpeblieHue Ha MOMEHT BpeMeHH 1 ;

G —rocyaapcTBeHHBIE pacXojbl HA MOMEHT BpeMeHH 1 ;

K —kamuran (KOJHYeCTBO JIeHET);

L —T1pyx (kosmdecTBO pabOTAIOIIET0 HACCICHHS);

I D(O; 1) — HOpPMa WHBECTHIIMN WM HOpMa HAKOIUICHHS (I0JI1 HAIMOHAIBHOTO
JI0X0J1a, UAyINas Ha HHBECTHUIINU B IIPOU3BOJICTBO);

m>0 — KanuTaIo0TAaya, BEIMIMHA 1/M — TeMn npupocTta Kanuraia (Wim HopMa

aKcelepalM¥ WM TPMPOCTHAs —KalUTAIOEMKOCTB); HOpMa akcenepamumu 1/m

oTpenieNsieTcsl YPOBHEM TEXHOJOTHH W HHQPACTPYKTYphl TAaHHOTO TOCYAapcTBa M
MpeNoJiaraeTcsi HOCTOSIHHOW BO BPEMEHHU;

Z(t):?t) — HENPEepbIBHBIM TEeMIl MPUPOCTa SKOHOMUYECKOTo IMokazaTens Z

B MOMEHT BpeMeHH 1.

Jnst  omHocekTopHoit 3kxonomukum X, Y, G, |, K, L sBuasorcs
HEOTPHIIATEIIEHBIMU YHACIOBBIMU (YHKITUSIMHU.

OcHOBO# JIs1 TIOCTPOEHHS PA3IMYHBIX OMUCATENBHBIX MOJEIeH dKOHOMHYECKOM
JTUHAMUKU SIBJISIETCS] TaK Ha3bIBAEMOE Oa/1aHCO80€ YPAGHeHUe

X=S+1I, (8.1)
B KOTOPOM IIpEAIoJiaraeTcsi, 4Yro BECh INPOM3BEACHHBIA HAIMOHAIBHBIN 10Xx0a X
pacrpenenseTcss MeXIy OOIMUM TOTPEOJICHHEM S W MHBECTHIIUSMH B MPOU3BOICTBO
l.

OJHOCEKTOpHbIE  HSKOHOMUKO-MATeMaTHUYeCKUe MOJEIU C  HeNpepbIBHBIM
BpEMEHEM, OIHUCHIBAIOIINE 3KOHOMUYECKOE Pa3BUTHE B YCTAHOBHUBIIEMCS pekume (TO
€CTh HE TEePEeXOJHBIA MpOIecC), MOTYT OBITh OIHCAHBI OJHUM OOBIKHOBEHHBIM
muddepeHIMATFHBIM YPAaBHEHHEM C MOCTOSSHHBIMH KO3 PUIIMEHTAMHU WU CHUCTEMOMN
TaKWX YPaBHCHUU BUJIA

% =Y, (ty;,.yn), i=1n. (8.2)

BBeneM HECKOJIBKO Ba)KHBIX MaTEMATHYECKHUX MTOHSITHH.

Jlunmio, ompenensemyio yciosmsvu % =0 (i =1,N), HasBBAIOT pasHosecHOl
mpaekmopueil W cocmoanuem pagnogecua cuctemsl (8.2) (% o3Hauwaer
pou3BOAHYIO 10 BpeMerH ot (yrkmun Y; (i =1,N)). CocTosHIe paBHOBECHS TaKiKe
Ha3bIBAIOT PAGHOBECHBIM PeuleHUeM WU PA6HO8EeCHOI mpaeKmopueil cucteMsl (8.2).

CocrostHue paBHOBecust Y = f; (t) (i=1n) cucrempr (8.2) Ha3bIBAIOT
yemouiuugvim (no Jlanynogy) 1o OTHOIICHWIO K BEIMYMHAM Y, €CIH JUIS BCSKOTO
MaJIOTO MOJIOKHUTEIFHOTO YHCIA £ HaiiieTcs Ipyroe MoJOXKHUTEIFHOE YHACIO O , TaKOe,

9TO JUIS BCeX HEPAaBHOBECHBIX pEINCHUH Y, =Y, (t) (i=1n), st KOTOpHIX B

HavyalbHBIM MOMEHT BpeMeHH t =1, chmpaBe/IMBEI HEPAaBEHCTBA |yi (to)— f; (to )| <0
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(i=1n), npu Beex t > ty OyIyT BBIIOJIHSATHCS HEPABEHCTBA |yi (t)— f; (t)‘ <e (i=1n).
VCTOHYMBOE COCTOSIHAE paBHOBECHST Y = f(t) " GepeHIMaTbHOTO  YPaBHEHHS
%= Y(t, y) mpeacTaBieHo Ha puc. 8.1,a), HeycroiunBoe — Ha puc. 8.1,0).

éA y A o
yotol o+0+ y=ya(t
yi(to) f(t)+e ’ S
—_ yl(tO) — f(t)+€
f(to) y=yi(t)  f(to)
\/_ V=IO yi(t) \/- y=f(t)
Yo P YY) \/\ f(t)-¢
W3 T “S~oIT7 T T e YT TS =TT ey
T 0 T
o) ) t 6)
Puc. 8.1

Ecmu coctositHEe paBHOBECHs YCTOWYHMBO, W €CJIM YHCIO O MOXHO BBHIOpaTh

VA HACTOJIBKO MaJIbIM, YTO JIJIsSI BCEX HEPABHOBECHBIX

yotd 1 pEIleHNH, YAOBJIETBOPSIONIUX  HEPABEHCTBAM

yi(t) O+ Jyilte)-filto)| <o (i=1n), OyayT

f(to) S~ y=Y«() BpiommsTeCs ycmoBus  lim | Y, (t) - 1, (t)| =0

N0 o b

yz(b)J y=yt) (i=1,n), To HepaBHOBecHOE pemenne Y; = Y; (t)
'6-- = S~ s -~ - . - o

yo T=- f(t)-¢ (i=1,n) HA3bIBAIOT ycmouuuevim

ACUMRMOMUYECKU. ACUMIITOTHYECKH

> YCTOWYHBOE COCTOSTHHE PaBHOBECHS

o) t i PepeHMaILHOr0  ypaBHEHHS — R= Y(t, y)

Puc. 8.2
MpeACTaBICHO Ha puc. 8.2.

HOCTpOI/IM " UCCJIEAYECM OCHOBHBIC JTUHAMUYCCKHUEC MOJACTIN MAaKPOSKOHOMUKH.

8.2. Moesia ecTeCTBEHHOT0 POCTA

Mopgenmn  ecTeCTBEHHOTO  pOCTa  ONHCHIBAIOT  JUHAMHKY  HEKOTOPOTO
HKOHOMHYECKOTO TIoKa3arens (BaloBOro HalMOHAIBHOTO jgoxoma X, o0bema
MPOAYKIIMK HEKOTOpoi oTpacou Q, KojwmdecTBa JeHer B rocydapctBe K,
HaApOJIOHACEICHUSI W, B YaCTHOCTH, KOJHMYECTBA TPYIOCHOCOOHOTO HaceieHus L) um
SIBIISTFOTCSI HAauOoJiee MPOCTHIMU W3 MOJIENIel MOJMO0OHOTO poja, TaK KaK yYUTHIBAIOT
HauMEHBITIee YUCIIO (PaKTOPOB.

ba3zoBoii MojenpI0 MOXXKHO CUMTAaTh MOJETh ECTECTBEHHOTO pPOCTa BaJOBOTO
HallMOHATBHOTO  Joxoxa. llpm ee MOCTpOEHMHM  HCHONB3YIOTCS — CIEAYIOIIUe
MIPEITOIOKECHUSI:

1. Yacte HaAIMOHATIRHOTO JOXOJA HWJST HAa WHBECTHIIMH B TPOU3BOJCTBO,
OanmancoBoe ypaBHenue umeet Buja | =X . O6iee moTpebdiieHre He BBIACISCTCS.

2. VlHBeCcTHIIMM MTHOBEHHO TIOCTYHNAIOT B IPUPOCT HAIMOHAIHHOTO J[0X0Ja
(MHBECTHIIMOHHBINM Jlar paBeH HYIIO) U PACXOJYIOTCS TOJBKO HaA TPOHU3BOJCTBO
(BBIOBITHS J€HEKHBIX CPEACTB HET).

3. B pesynprare pacmupeHuss TpPOW3BOACTBA OyAeT TOJYy4eH MPHUPOCT
HAITMOHAIEHOTO JIOX0/1a, 9aCTh KOTOPOTO OISITh OYyJeT MCIIOJIb30BaHa Ha WHBECTHUIINH B
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MPOU3BOJCTBO. DTO TMpPUBEJACT K U3MEHEHHIO (YBEIMYCHHUIO) CKOPOCTH pOCTa
HAI[MOHAJILHOTO JI0XOJa, MIpHYeM JTa CKOPOCTh IIOJIaraeTcs MpONOpLIUOHAIBHOMN
KOJIMYECTBY MHBECTHUIIMNA: Xe=ml.

4. DKOHOMHUKA CUATACTCS 3aKPBITOU (UUCTHIN SKCIIOPT paBEH HYIIIO).

Mogeramss | =IX B X=ml, noyrydaeM JudQepeHnuaipbHoe  ypaBHCHHUE
Mamemamu4eckoii MoOeau eCmecmeeHH020 IKOHOMUYECKO20 POCMA
X=miIX . (8.3)

VYpaBuenue (8.3) npezacrasisier coboit audhepeHnnanbHoe ypaBHEHHE TIEPBOTO
MOpsIJIKa C pa3JeNsIIoIUMH TiepeMeHHbIME. Pernenne 3amaun Kommwm ¢ HavanbHBIM

yeioBueM X (0) = Xy ypaBHeHus (8.3)umeet BUI
X(t)= Xqe™. (8.4)
Oyukius (8.4)upy M>0 u | >0 sBisgeTcss cTPOro MOHOTOHHO BO3paCTaIOIIEH.

Temn IIpUpoCTa HANUOHAJIIBHOTO J0XOJa X(t):)(_() =ml| sBIgeTCS TOCTOSHHBIM.

CnenmoBareibHO, TPH  BBINOJHCHUW  TpeAmnonoxkenuit  1-4  HaOiromaeTcs
HKCTIIOHEHIMATIBHBIN POCT HAIMOHAJIBHOTO JIOXOJIAa ¢ MOCTOSIHHBIM TemrioM Ml. Eciwu
BECh HAI[MOHAJIBHBIN JIOXOJI UJET Ha MHBECTHIIMU B mpou3BojcTBo (| =1), To Mozaens
(8.3) mo3BoJiseT HAWTH, YTO MaKCHMAJIbHO BO3MOXHBIN (TEXHOJOTUYECKUN) TEMIT
HIPUPOCTA HAITMOHAIBHOTO JOX0AA Xyax = M.

CocrosinreM paBHOBecus AuddepeHnuanbHoro ypasueHus (8.3), onpenensieMbiM
u3 ycnopust X&=0, sBiseTcs perueHue X(t) =0.C

DKOHOMHYECKOW  TOYKH  3pEHUS  paBHOBECHAs
TPAEKTOPUSl XapaKTepU3yeT CHUTYaIHMIO OTCYTCTBUS
06 MPOM3BOJICTBA, @ HEPABHOBECHBIE TPACKTOPHH C
TE€UYEHUEM BPEMEHHU yJASIOTCS OT MpsIMOi X (t) =0.

CrieoBaTelbHO, paBHOBECHAS! TPACKTOPHUSI X(t) =0

sBiseTcss HeycToWumBoil. IloBeneHue TtpaekTopuit

@ @ & = ypaBHenuss (8.3) B OKPECTHOCTH COCTOSIHHS
t

paBHoBecust mpu MI=003 w©  pasaTHYHBIX

Puc. 8.3
HavaJIbHBIX YCIOBUSX MTOKa3aHo Ha puc. 8.3.

JoGaBuB k mpeanosoxkeHusiM 1—4 HECKOJbKO JOMOJHUTENBHBIX, MOYXKHO
MTOJIYYATh MOJTU(PUKAIANA MOJCITH €CTECTBEHHOTO0 SKOHOMHUYECKOTO POCTa, Ha3bIBacMbIe
MamemamuiecKumMu MOOeJAMU poCma Kanumana.

5. BayioBoii BbIycK (HallMOHAJIBHBIN JTOXO0JI) ONpeeNseTcs [EHOH ToBapa P(K)
Y IPOU3BOJICTBEHHON  (pyHKIIMEH F(K) ciaeayomum obOpazom: X = P(K)F(K),
rae kanutan K = K(t) siByIsieTCsl QYHKIMEH BPEeMEHH.

6. Bce mHBecTMIIMM MIYT TOJILKO HA pACIIMPEHHE MPOU3BOJCTBA (TO €CTh Ha
yBenuueHne pecypca K), BBIOBITHS KaluTajla HET, YTO HPUBOJUT K H3MEHCHHUIO

CKOpOCTH pocTa Kanurtaia: | = K&, Torma X=mi&.
7. HayuHO-TeXHUUYECKUN TPOrpecc He YUUTHIBACTCS.

IloncraBmsss X = F(K) n K=m& ypaBaenue (8.3), momyunm
muddepeHIMaIbHOe YpaBHEHUE BHIA
K= 1P(K)F(K). (8.5)
B 3aBucuMmocTH oT BHma QyHKIIAN P(K) U TIPOU3BOJICTBEHHOW (DYHKITHH F(K)
MO’KHO TIOJTyYHTh HECKOJIBKO pa3JIMUHBIX BApHAHTOB MoJienH (8.5).
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Ecnu npeamnonoxuts ciemyoriee:

8. Becp mpou3BeNeHHBIA MPOIYKT pealnu3yercs MOJTHOCThIO (PBIHOK He
HACBIIAeM), TO P(K) =P =const.

9. IlpomsBojacTBeHHass (yHKIMS JuHEHA (MO0 3aTpaThl Tpylda ITOCTOSHHBI
BO BPEMEHH, JINOO BBHITYCK HE 3aBHCHUT OT 3aTpaT TPYAa, IMOCKOIBKY TPYA HE SBISIETCS
nedunuTHEIM pecypcom): F (K) =K.

Torna ypaBuenwue (8.5)npunnmaer Buj

K= IPK (8.6)

U Ha3bIBaeTCs OUphepeHUaNbHBIM YPaAGHEHUEM eCHIeCEEeHHOZ0 POCHA KAnumand.

VYpasuenwue (8.6) sBisercs nqudhepeHIIaTbHBIM YpaBHEHHEM IEPBOTO MOPSIIIKA C
Pa3NENAIOMUMI TIepEeMEHHBIMH, pelIeHueM 337aud Komm KOTOporo ¢ HavdallbHBIM
yciouem K (O) =Ky sBasercs QyHKIH

K =Kge™. (8.7)

CocrostHEM paBHOBECHS, OIPEJIENIIEMbIM YCIOBUEM K= 0, susercs peleHue
ypaBuenus (8.6) Buma K(t)=0. [ToBenenue TpaekTOpWii B OKPECTHOCTH COCTOSIHHS
paBHOBecusi nubdepeHnUaAILHOrO  ypaBHeHus (8.7) aHaJOrMYHO  IMOBEICHHUIO
TPaeKTOpUH B OKPECTHOCTU COCTOSIHUSI paBHOBecusl AU(DdepeHnnanbHOro ypaBHEeHUs
(8.3).

Ecnu sxe BMecTo mpennoioxkeHust 8 JOmyCTUTh, YTO 3aBUCUMOCTD II€HBI €IMHUIIBI
pecypca KamuTtajia OT KOJIHYecTBa 3Toro pecypea (GyHKIuUs crpoca Ha KarmuTan) P(K)
SIBIIsieTCsT yOBIBaromed (QyHKIUEH, TO ecTh ¢ YBeJIMYCHHWEM KOJHMYECTBa pecypca Ha
pBIHKE IleHa Ha Hero mnajgaer (PhIHOK HACHIIIAeM, YTO BO3MOYKHO B YCIOBHSIX
KOHKYPEHIIMHK), TOTJa ypaBHeHue (8.5) mpuHumMaeT BuI

K=1P(K)K (8.8)
U Ha3bIBACTCS OUGPepeHUUATbHBIM YPAGHEHUEM pOCMA KANUMAAA 6 YCA06UAX
koukypenuuu. CocrosHUsAMH paBHOBecus auddepenimansaoro ypaBHenus (8.8)
SIBJISIFOTCS  PELLECHUE K(t):O U pELICHUE K(t)= K, ompenensemas uz P\K ,|=0.
MoHO [0Ka3aTh, YTO COCTOSIHHE PABHOBECHSI K(t):O SBIISIETCS. HEYCTOMUYUBBIM, a
K (t) =K, —yCTOI4HIBBIM aCHMITOTUYECKA.

Ipumep. Ilycts P(K) =a-bK (a>0, b>0), rtorma ypaBuenue (8.8)
_a
b+aCe 3"
aKO

- bKO '+'(a_bK0)e_alt l

npurmmaer i K= 1(a-bK)K . Pemmas ero, momyunm obmee pemenne K =

U pemenre 3a1aun Komu ¢ Ha4anbHBIM yCIIOBUEM K(O) =Kp: K(t)

CocTosHESIMI paBHOBecHs ypaBHenns K= I(a—bK)K, OTIpeIeTIIEMBIMU U3 YCIOBHS
i - K=0, sBumoTCE  mpsMble K(t)=0
u K(t)= 2.  Tosemenne  TpaekTopHit
ypaBHEHUS }&=I(a—bK)K opu | = 003,

a=3, b=2 W pa3sTuUUHBIX HaAYAILHBIX
K()=2 YCJIOBHSX TMOKa3aHO Ha puc. 8.4.3ameruM,

—
1-/////’/"//— uro  ecmu K>3, 10 cocrosmme

paBHOBECHS K(t)=% JocTHTaeTCs B

PE3YIBTATC SKOHOMUYCCKOTO CIIajia, a €CJIn
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Ko < % , TO —B pe3yJIbTaTe SKOHOMUYIECKOTO POCTa.

8.3. Knaccuueckast Moes1b JKOHOMHYECKOT0 POCTA H € MOAU(PHKAIINT

Krnaccudeckass Mojiellb SKOHOMHUYECKOTO POCTa OMHUCHIBACT JUHAMUKY BaJIOBOTO
HAIMOHAJILHOTO JIOXO/a U CTPOUTCS IPH CIICAYIOIMNX MPEATTOI0KECHHUIX

1. HamuwoHanpHBIH  JOXOA  pacmpelensercs MeXAy MNoTpedlieHueM U
WHBECTHIIUSAMH B COOTBETCTBUU C OalaHCOBBIM ypaBHeHmeM (8.1): X =S+1 .
I'ocymapcTBeHHBIE pacXo/Ibl He BBIICIISIOTCS.

2. VHBecTHIMM MTHOBEHHO IOCTYMAIOT B MPUPOCT HAIMOHATHHOTO J0XOJa
(MHBECTHIIMOHHBIA JIar paBeH HYII0) W PACXOIYIOTCS TOJBKO Ha IPOM3BOJCTBO
(BBIOBITHS JICHEKHBIX CPEJICTB HET).

3. Pacmmpenne mpon3BoOACTBA OOECIeUnBaeT MPUPOCT HAMMOHAIBHOTO J0XOJa.
CKopocTh pocTa HAIMOHATBLHOTO JIOXOJa TMOJIaraeTcs MPOMOPIHOHATBHON KOJTHYECTBY
MHBECTHUILINI: X=ml .

4. DKOHOMHUKA CUUTACTCS 3aKPBITOU (YUCTHIN SKCIIOPT paBEH HYIIIO).

5. 3arpaThl TpyJda MOCTOSHHBI BO BPEMEHHM WJIM BBITYCK HE 3aBHCHT OT 3arpar
TpYyJa, MOCKOJIbKY TPY HE SIBISETCS Ae(PUIIMTHBIM PECYpPCOM.

6. HaydHo-TeXHHYECKHI TPOTpecc He YIUTHIBACTCS.

7. O6mee moTpebdiieHne S mpenoiaraeTcs 3aIaHHbIM YK30T€HHO.

PaccmarpuBaroTcst iBa BapuaHTa MoJieNid: S = CONSt (moTpediieHre MOCTOSIHHO)

uS= Soert (motpebiieHue pacTeT ¢ MOCTOSIHHBIM TeMrioM I > 0).

[ToncraBnsas X w3 (8.1) B X=ml, nostydaeM auddepeHiuaibHoe ypaBHEHHE
KJlaccu4eckoil Mooeu IKOHOMUUEeCKo20 pocma
X=mX -mS. (8.9)
Ecmu  S=const, To ypaBuenue (8.9) mnpencraBiser co0oi JHMHEHHOE
HeoHOpoHOe au(ddepeHnnanbHoe ypaBHEHHE TIEPBOTO TIOPSIKA, IS KOTOPOTO
pemenueM 3anaun Kormw npu HadaapHOM yCelIoBHH X (O) = Xy sBisieTcst pyHKIUs

X(t)=(Xy - Se™+S. (8.10)
CocrosiareM paBHOBecust ypaBHeHus (8.10)sBistiercs pemenne X (t) =S. Tak kak
! / - GyHKIASA (XO - S)emt npu m>0u Xy > S gBusercs
3 CTporo Bo3pactaromieid ¢ynkmueit, a mpu m>0
xt)=s ¥ Xg<S — crporo yOpBaoomei, TO TPacKTOpPUH

ypaBueHus (8.10) ymansrores oT mpsAMoii X(t)= Sc
1 TeueHreM BpeMeHH. CocTosiHAe paBHOBECHS X (t) =S
HE SBIIIETCS YCTOMYMBBIM. lloBeleHWe TpaeKkTopuit
U77277TTE e 12 s 18 18 20
; ypaBuerust (8.9) mpu m= 01, S=2 u pa3IuYHBIX

Puc. 8.5 HaYaJIbHBIX YCIOBUAX IIOKAa3aHo Ha puc. 8.5.
Temn mpupocTa HAMOHATILHOTO JoXxozaa B Mozeid (8.9) B MoMeHT Bpemenn t umeer

BH]T x(t)=m(1—75(t—5). ITpu >ToM x(0)=m(1—xi0) u tIin;00 X(t):tliTm m(l—ys(t—)): m.

3amernM, uto ecit X < S, T0 B criry yosBanus Gpyrknun (8.10)mpu Beex t > 0 temn

npupocra X(t) = mtl—f(’a)< 0 u mHabmomaercs skoHOMMYecKuii craf, a ecma Xg > S,

To B cmwry Bo3pactanus ¢ysknuu (8.10) mpm Bcex t>0 Temn mpupocra
X(t) = m(l— YS(F)) > 0 u HaOMr01aeTCsl dKOHOMUYECKUH POCT.
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Ecmu S= Soert, To ypaBHenue (8.9) Taxxke mpencTaBiseT coOOW JHMHEHHOE

HeoJHOpoaHOe uddepeHnaIbHOe ypaBHEHNE IIEPBOTO TOPSAAKA, JIS KOTOPOTo
pemenremM 3amaud Komwm mpu I #M W HAaYaJIbHOM YCJIOBUU X(O) = X ABIseTcs

byHKIUS

x(t):(x0 —ﬁjemuﬁe“. (8.11)

m-r m-—r
Cocrosinust paBHOBecust ypaBHeHus (8.10)pacnonokeHs! Ha uHIA X (t) = Soert ,

He sBJIsIONIeiics pemenneM 3Toro ypasHenus. CienoBarensHo, Mogens (8.10)B ciydae
NOTpeOJIeHUs], pacTyIIero ¢ IMOCTOSHHBIM TEMIIOM, HE UMEET COCTOSHUSI paBHOBECHS.
[IpuBeneM aHanu3 NOBEIEHUS TPACKTOPHUHA CUCTEMBI.

I[Ipu r>m norpebienue OyJeT COCTaBIATh  HOJABISIONIYIO  YacTh
m$
m-r
pe3yjibTare 4Yero BTOpPOE CcllaraeMoe SIBJISETCS OTpUIaTelIbHBIM, OyaeT YyObIBaTh
ObicTpee, 4eM IMepBoe (IIOJIOKHUTENBHOE) cllaraeMoe M, B KOHIIE KOHIIOB, CliellaeT
OTPULATENIbHBIM HAlMOHAIBHBIM JOXOJ, YTO PABHOCUJIBHO KPHU3UCY SKOHOMMKH.

HalmoHanbHOroO noxoxa. [Ipu atom ycrmosuu B popmyne (8.11)Benmunna <0, B

Tpaektopuu (8.11) OyayTr mnepecekaTh JIMHUIO X(t) = Soert , YAQISSCh OT Hee.
IToBenenue Tpaekropuit ypasuenus (8.10)npu r = 08, m= 0,7, Sy =4 u pa3nuuHbIX

X mokazaHo Ha puc. 8.6, a). Ilpu r =m pemenue ypaBHenus (8.10) mmeer BHJ

X (t) = (XO - mS)t) e™ . TloBeaeHre TPAEKTOPHIl AHANOTHYHO CITydaro [ > M.,
Ilpy r <m MHOroe 3aBHCUT OT COOTHOLIEHHMsS MEXAY [ M TEMIIOM IpPUPOCTA

So

HaIlMOHAJFHOTO JI0XOJla B HAYaJbHBIH MOMEHT BpPEMEHH X(O)= 1—x— . Ecimn
0

r>ml-——|, To TpeOyeMblii TeMNI NPUPOCTa CIMIIKOM BBICOK JUISI SKOHOMMKH.
0

IlepBoe cmaraemoe pernenus (8.11) oTpumarebHO M pacTeT OBICTpee, YeM BTOPOE
(TOJIOKUTENTFHOE), YTO TPUBOJUT K HKOHOMHUECKOMY CIay U KPH3UCY 3KOHOMHKH.

IIpu r <m 1-——| HauMOHAJIBHBIA JOXOJ pacTeT, HO TMpPU HTOM IPOUCXOJUT
0

KHAKOINNICHHUEC paayd HAKOIIJICHUA>, TaK KaK HOTpe6J'IeHI/Ie PacTeT € 3aJlaHHBIM TEMIIOM [,

a HallMOHAJIBHBIN JIOXOJ — C BO3PaCTAOIIMM TEMITOM X(t) = n{l - Xi(t)j .

Ecm r = 1-— (TeMH OpUpoCTa HAOMUOHAIBHOIO J0XOHda paBCH TEMILY
0

npupocta norpebnenus), pemenue (8.11) mnpuHEMaer BHJ X(t): Xoemt.

HanmonanbHbIi 10X0/1 BO3pacTaeT MPONOPIUOHAIBHO NOTpedieHuto. B 3tom cimydae
KJIAaCCUYECKYI0 MOJEJIb HKOHOMHYECKOTO pOCTa Ha3bIBAIOT Modeavio Xappooa—
Homapa. Ilosenenne tpaekropuii ypasHenus (8.10)mpu r = 014, m=07, Sy =4 u

pa3IM4HBIX X MOKa3zaHo Ha puc. 8.6,0).
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x0)= s

7] 2-\
0 0s 1 15 P 25 3 0 1 2 3 3 5
t t
a) 6)
Puc. 8.6

8.4. Inunamudeckast Moaeab Keiinca

Hunammueckass  mozenb — KeifHca ~ paccmaTpuBaercss  Kak — HEKOTOpOe
YCOBEPILICHCTBOBaHNUE KJIACCHYECKON MOJIENIM SKOHOMHUYECKOTO pOCTa M CTPOUTCS MPH
CIIETYIOIUX MPEIOTOKEHUSIX

1. HamumoHanbHBIA  J0XOJ  pacmpeiessieTcs MeXIy HoTpeOleHueM |
WHBECTHUIIMSIMH B COOTBETCTBUY ¢ OanaHCOBBIM ypaBHeHHeM (8.1): X =S+1 .

2. VHBecTHIIMM MTHOBEHHO IIOCTYNAIOT B MPUPOCT HAIMOHAIBHOIO J10X0Ja
(MHBECTHIIMOHHBIA JIar pPaBeH HYJIIO) M PACXOIYIOTCS TOJBKO Ha IPOU3BOJCTBO
(BBIOBITHS J€HEKHBIX CPEACTB HET).

3. Pacmupenue mpousBojcTBa 00ECIeUMBAEeT MPUPOCT HAIMOHAIBHOTO J0XO0/a.
CkopocTh pocTa HaIMOHATIBLHOTO JI0XOJA IOJIaraeTcsl MpONOPIHOHATFHON KOJIMYECTBY
UHBECTHUIIUN: =ml.

4. DKOHOMHUKA CUATACTCS 3aKPBITOM (YUCTHIN SKCITOPT paBEH HYIIIO).

5. 3arparhel TpyAa MOCTOSIHHBI BO BPEMEHHU WM BBITYCK HE 3aBUCUT OT 3aTpaT
TPYy/a, TIOCKOJIBKY TPY/ HE SBISIETCS Te(DUITUTHBIM PECYPCOM.

6. HayuHo-TexHHYeCKHii mporpecc He YUUTHIBAETCS.

7. OOmee mnoTpebieHMe S COCTOMT W3 BHYTPEHHEro MOTpeOJIeHUsT YacTh
HAIIMOHATLHOTO JIOXO0/Id B HAPOJHOM XO3SMCTBE (IPOM3BOJCTBEHHOrO MoTpeOieHus) aX,
KOHEUHOTro TmoTpedsieHns Y W TocymapcTBeHHBIX pacxogoB G: S=aX+Y +G,
rae all (0; 1) —  ko3pduimeHT TpsMbIX 3arpar  (KOA(Q(OHUIUEHT CKIOHHOCTH K

MOTPEOJICHHIO).

8. Bemmumnsr G, Y, a, mM mnpeamonararoTcs 3aaHHBIMH SK30T€HHO (B
YCTQHOBUBIIEMCS PEXMME MX MOXHO CUHTATh IOCTOSHHBIMH, B OOIIEM CIydae OHHU
3aBUCST OT BPEMEHH) H SIBJISIOTCS] XapaKTEPUCTHKaMU (DYHKIIMOHUPOBAHUS U Pa3BUTHUS
JAHHOTO TOCY1apCTBA.

Mogcrapmsis S=aX+Y+G u X=ml B X=S+I+G, HOJIy4aeM
middepenuansHoe ypaBHEHUE Oaiancoeoit modenu Keiinca 014 IKOHOMU4YECKo20
pocma

X=m(l-a)X -m(Y +G). (8.12)

VpaBuenue (8.12) sBisieTcss JMHEHHBIM HEOMHOPOAHBIM Ju(PepeHInATEHBIM

ypaBHEHHEM IIEPBOTO IMOPSAKA ¢ MOCTOSHHBIMH Kodddumumentamu. Ero cocrosame

paBHOBecHsl, ompeienseMoe ycnosaeM &= 0, mMeeT Bux X(t)=ﬁ

o U sBIeTCH
yacTHBIM permeHreM ypaBHeHust (8.12). Pemennem 3amaun Komu ypasuenus (8.12)c
HaYaIbHBIM yCIIOBHEM X(0) = Xg SIBJISIETCSI byHKITHS
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X (t) :%+(Xo _Y+G gmit-ak KOTOpo# amanormdyen ¢yskmmu  (8.10)

1-a
(aHTErpasbHBIC KPUBbIE aHAJOTWYHBI MPEICTaBIeHHBIM Ha puc. 8.5). CiemnoBaresbHo,
cocTosHMe paBHOBecus X = t: nuddeperuansHoro  ypaBuenus (8.12) e

SABIIACTCA yCTOfI‘IPIBBIM .

8.5. Heoki1accu4ueckasi Mo/1e/Ib POCTA KAMTATAJIA

PaccmoTpennsle B myHKTe 8.2 MOJeNu pocTa KalmuTajga 4YacTo Ha3bIBaOT
Kknaccuyeckumu. 1lpyu X MOCTPOCHUN OCHOBHBIMU SIBIISLUTUCH MPEAIONIOKEHUS O TOM,
YTO MHBECTHIIUH PACXOIYIOTCS TOJBKO HA pAaCIIUpEHHE MPOM3BOJACTBA (BBIOBITHS
JICHEeXKHBIX CPEJICTB HET) U O TOM, YTO IMPOU3BOJICTBEHHAS (PYHKIIUS JIMHEIHA, a 3aTpaThl
TpyJia JIMOO TOCTOSIHHBI BO BPEMEHH, JIMOO HE BIMSIOT Ha BBIIYCK MPOIYKIUHU (TPyI He
SBIIETCS eUIMTHBIM pecypcoM). Heokimaccuueckass MoJielib SKOHOMHUYECKOTO pocTa
YUUTBHIBAET BBHIOBITHE JEHEXKHBIX CPEICTB M JEPHUIIMTHOCTh pecypca TpyAa U CTPOUTCS
MIPH CIEAYIOUINX MPEANONI0KCHHSIX:

1. Yacte HaIMOHAJIBHOIO JOXOJA HWJET Ha HWHBECTHIIMH B IMPOU3BOJCTBO,
6anmancoBoe ypaBHenne umeet Bua | =X . O6imee moTpebdiicHre He BBIACTICTCA.

2. VHBecTHIIMM MTHOBEHHO IIOCTYNAIOT B IMPUPOCT HAIMOHAIBHOIO J10X0Ja
(MHBECTHIIMOHHBIN JIar paBeH HYIIO) U PACXOAYIOTCS Ha paclIMpeHHe MPOU3BOJCTBA
(yBenmuueHHe MPOU3BOACTBEHHBIX (OHIOB) W aMopTu3anuio (PEMOHT M 3aMEHY
obopynoBaHus), To ecTh | = K&+ LK ,Tie [ —HOpMa aMOPTHU3ALINH.

4. DKOHOMHUKA CUATACTCS 3aKPBITOU (YUCTHIN SKCIIOPT paBEH HYIIIO).

5. BanoBoii Bbimyck (HallMOHAJIBHBIN TOXO) OMpeAeseTcs IeHOH ToBapa P
¥ TIPOU3BOJICTBEHHON (yHKITHEH oT KanmuTaia K utpyma L: X = PF(K, L) :

6. IlpomsBojcTBeHHAs (YHKITUS F(K, L) SIBIIIETCSL OJTHOPOJHON (yHKITUEH
MEpPBOTO TIOpsIIKAa, TO €CTh Ui JIFOOOTO dYWCiia Z  CHpPaBeNTMBO  PaBEHCTBO
F(zK, zL) = zF(K, L).

7. Bech MPOM3BEICHHBIA MPOIYKT pean3yeTcsl MOJHOCTHIO (PBIHOK HE HACKIIaeM),
IIeHa eTMHUILIBI IPOJTyKTa mocTostHHa P = const.

8. Hay4HO-TeXHHYECKHii Tporpecc He YIUTHIBACTCS.

9. HMmeer MecTo ecTeCTBEHHBI MPUPOCT BO BPEMEHU TPYIOBBIX PECYPCOB C
MOCTOSIHHBIM TEMIIOM V (TO €CTh CKOpPOCTh POCTa pecypca TpyjAa HpONOpIHOHATBHA
KOJIMYECTBY pecypca): S=vL, (tme VD(— 1;1) — TEeMI HW3MEHEHHWs 4YHCjia 3aHATHIX B
MIPOU3BOJICTBE).

IloncraBmsaa | = I&+,UK u X= PF(K, L) B | =IX, yuureBas &= vL,
noyydaeM cucteMy TuddepeHIMalIbHbIX YpaBHEHUH, HA3BIBAEMYIO HEOKI1ACCUUECKOIL
MoOenblo pocma Kanumania

K= - 1K +IPF(K, L),
&= vL.

C uCmoNb30BaHUEM TMOHATHS (POHO0800pYHceHHOCmU K =% cucrema (8.13)

MOXXET OBbITh TNpeoOpazoBaHa K OJHOMY HelWHEHHOMY Tu(epeHITHaATEHOMY

YpaBHEHHWIO TEPBOTO TIOPSIKA, OMHCHIBAIOIMIEMY IHHAMUKY (OHIOBOOPYKEHHOCTH.

JlelicTBUTENBHO, TaK Kak K = % 10 K =KL, a &= & + K& Toxcrasiss B mocientee

paBercTBo BbpaxkeHms st K& 1 1& w3 cucremsr (8.13), meist 0Ge yacTH paBeHCTBA Ha
L u BeImomHSs anrebpandeckue MpeoOpa3oBaHusl, MOTyUYUM ypaBHEHUE

et (v+ )k = IPF (k), (8)14

(8.13)
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e F(k) = FEL) = F (k,1).

[Ipou3BocTBEHHOH (DYHKIMEH, yIOBIETBOPSIOIIEH MPEIIOIOKEHUIO 6, IBIsieTCs
npousBojicTBeHHas ¢yHkius Kob6a—/[yriaca F(K, L) =bK?LY? . Ioxacrasus ee
B ypaBHeH#ue (8.14),momydnm

et (v+ )k = 1bPK? (8)1
KOTOpOe siBIsieTcst ypaBHeHueM beprysutu. Perenuem 3anaun Ko ypaBaenus (8.15)
C HaYaJIbHBIM YCIIOBHEM k(O) = kg — QyHKnus

Vi \

k() = (wjlb_P + g — P Jg-l-a)lvra)t (8.16)

v+ U v+

CocTostHUSIME paBHOBecUsl (M YaCTHBIMHU pellieHusiMH) ypaBHeHust (8.15) sistoTes

npsiMble k(t):O u k(t)z(l‘a%ﬁ—';. HokazaHo, yro ecou V+ 4 >0, 1o cocrosHue

pasroecus K(t)=0 meycroitamso, a cocrosmue pasuosecust k(t) = (-a }\'/E—'; YCTOHYMBO

acuMmrToTHuecku. [loBeneHue Tpaekropuit auddepeHimanbHoro  ypaBaenus (8.15)
npu | =01, b=2, P=1,v=03, =02, a = 04 u pa3munsix K, mokasano Ha puc.
8.7.

0.6

8.6. Moaean P. Cosoy

0.4

B OTJINYHE oT
047 HEOKJIACCUYECKOW MOJENN  pocTa
. 3_\ kanutana  wmoxens  P.  Conoy

o5 MMOCTpOEHAa €  y4eToM  OOIIero
k(t)z(“’d—v e NOTpeOJIEHUsT W BIUSHUS HAay4dHO-

TEXHUYECKOTO mporpecca Ha
0.1_/ sKoHOMMUecKui  pocT. [losTtomy
kt)=0, - : =  BMCCTO MPC/IIIONOKCHHs 1 nynkra
' : ' 8.5 wucmomm3yercs cleayroiree
Puc. 8.7 IIPEI0JI0KEHUE!

1. HamumoHanbHBIA  JOXOJ  pacmpeiessieTcs MeXIy HoTpeOleHueM |
WHBECTUIIMSMH B COOTBETCTBHHM ¢ OaxaHCOBBIM ypaBHeHHeM (8.1): X =S+1.
I'ocynapcTBeHHbBIE pacxoibl HE BBLIENAIOTCA. J[0J MHBECTHUIMH B HAllMOHAJIBHOM
JOXOJIe COCTaBJsleT BeNWUMHy |, ciemoBaTenbHO, 10N OOINEro MOTpeOIeHHs
cocrapmsier Bemmamny (1-1),

BwMmecTo npeanonosxeHus 8 mpeabIyero MyHKTa HCHOIb3YETCs Cleayolee:

8. TpynocOeperaromuii HaydHO-TEXHUYECKUI Tporpecc umeeT TeMn g (To ecthb

YHCIIO EJUHUI] TPpyAa C TOCTOSHHOUW A(PPEKTUBHOCTHIO B pacueTe Ha OJHOTO
paboTaroIIero pacTeT ¢ MOCTOSHHBIM TEMIIOM ().

[Ipennonoxenuss 2—7 u 9 nynkra 8.5 He wmensmores. Mcxons u3 oTHX
IPEATONIOKEeHNH, moaydaeM quddepeHuaabaoe ypaBHEHIE, OMUCHIBAOIIEE JUHAMUAKY

pocra pecypea tpyaa; &= (v + g)L .
[loncrarmsas | = I&+,UK u X= PF(K, L) B (8.1), yuuthBas, uto S= (l—I)X ,
noxy4yaeM cucteMy nuddepeHIManbHBIX YpaBHeHU Modenu pocma kanumana P. Conoy

K= 1K +IPF(K, L),
{L&Z(V+ oL . (8.17)
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Cucrema (8.17) ornmyaercst ot cucremsl (8.15) ronpko koadduimentom npu L
BO BTOpoM YypaBHeHHH. CremoBaTenbHO, IONCK €€ COCTOSHHH paBHOBECHS U
UCCIIeJOBaHHE UX HAa YCTOHYMBOCTH IMPOBOAMTCS QHAJOTMYHO HCCIIENOBAHUIO ITyHKTA
8.5, mpuyeM MOXXHO TIOKa3aTh, YTO TOBeaeHHe TpaekTopuii Momemu P. Comnoy
aHAJIOTHMYHO TOBEICHHUIO TPACKTOpHH HeokIaccumueckoi mozenu (puc. 8.7). Omnaxo,
€CII TIPH COCTAaBJICHWH IIEPBOTO YPAaBHEHHS CHCTEMBl HE WCIIOJIB30BAaTh YCIOBHS
S:(l—I)X, TO TOJYYUTCA TaK Ha3blBaeMas onmumusayuonnaa mooeiv P. Conoy

BuUJa

{r&=-uK +PF(K,L)+S, (8.18)

= (v+g)L,
KOTOpasl TI03BOJIIET pellaTh 3a/Jady MaKCHUMH3allMd YpPOBHS TOTpeOJieHHs Ha
HEKOTOPOM MHOYECTBE yCTOMUMBBIX TpaekTopuii. Kpome storo mozxenu (8.17)u (8.18)
JIONYCKaroT 000O0IIeHre Ha ciIy4ail HEeJIMHEHHBIX NpPOM3BOJCTBEHHBIX (yHKImH (HE
00s13aTeNTbHO OJTHOPO/IHBIX MIEPBOI CTEIICHHN).

Teopernuecknii matepuas: [1, . 12], [2,rn. 11], [3,rm. 9], [4, Temsr 19, 20],
[7, . 12], [8,rn. 3, 4], [11,ra. 20], [14,rn. 3], [15], [19,r1. 22].
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Yacre ||
3agaum Qg opraHu3anum
CAMOCTOSAITEJHLHON M HCCJEA0BATEJLCKOH

padoTHI CTYICHTOB

1. Moaeab JinHeliHOr0 Me:KOTpac/ieBoro d6ajanca

DKOHOMMYECKAsl CHCTEMa COCTOMT M3 N oTpacied. Marpuma npsMbIX 3arpar

U BCKTOP KOHCYHOI'O HOTpe6J'IeHI/Iﬂ HUMCIOT BUJ A= (a.ij )

n

ij=1’

1) BoIsICHUTB, SIBIISICTCS JTK MATpHIia A MPOJTyKTHBHOM.

2) Haittu maTpuIty OJHBIX 3aTpar.

§=(y; vo K o).

3) HaifTi BEKTOp BAJOBOTO BEIMTYCKA X JABYMS CIOCOGAMHU (C TTOMOMIBIO MATPHIIBI
NOJTHBIX 3aTpat u MeToioM [ aycca). BEIToHUTE IpOBEpKY .

No NaHHbIE No JIaHHEBIE
Bap. A \ Bap. A y
03 04 01 100 02 04 03 150
1. 03 02 03 200 2. 03 02 03 200
01 02 05 300 05 02 02 200
04 01 025 160 01 01 02 160
3. 01 02 02 221 4, 01 02 01 200
04 02 02 251 04 02 02 250
04 02 02 160 01 01 02 160
5. 02 02 01 150 6. 02 02 01 200
02 03 03 230 04 02 02 250
01 02 02 150 02 02 02 310
7. 02 02 01 190 8. 02 01 01 210
03 02 02 245 02 001 011 190
03 04 01 310 01 01 02 160
9. 03 02 03 210 10, 01 02 02 221
01 02 05 190 04 02 02 251
02 04 02 260 03 03 01 260
11 02 02 04 382 12) 02 02 04 382
04 02 02 310 04 02 02 310
03 03 01 260 03 03 01 275
13 02 03 03 380 14, 02 03 03 380
04 02 02 320 01 03 02 326
03 03 01 315 04 03 01 329
15 02 03 02 410 16, 02 01 03 429
03 01 02 355 01 04 02 361
04 03 01 320 02 03 02 251
17 02 02 03 410 18, 02 02 03 210
01 03 02 350 01 03 02 250
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No JTAHHBIE No JTAHHBIE
Bap. A {]‘ Bap. A y
02 03 02 251 02 03 02 265
19 03 02 03 210 20. 03 02 03 220
01 03 02 250 01 03 02 255

2. Mopaejb MeKIyHAPOIHOI TOProBJIN
CrpykTypHas MaTpulia TOProBIM N CTpaH HMeeT Bua A= (aij )inj—l' Haittu

HallMOHAIIbHBIE ~ TOProBble  OIOJUKETHI  CTpaH,  YJIOBJIETBOPSIOUINE  YCIIOBHIO
cOanancupoBaHHON OezneguuuTHOW TOproBiu. [Ipu pemeHHMM HUCHOIB30BATH METOX
lNaycca s perieHus cucteM JIMHEWHBIX ypaBHEHUH. BBIOIHUTE TPOBEPKY.

No TaHHBIE No TaHHBIE No TaHHBIE
Bap. A Bap. A Bap. A
025 03 04 07 02 05 03 01 04
1. 025 03 04 2. 01 02 05 3. 02 01 O
05 04 02 02 06 O 05 08 06
03 02 03 06 05 03 01 04 05
4, 01 05 05 5. 01 02 03 6. 05 05 01
06 03 02 03 03 04 04 01 04
02 08 09 03 04 05 04 02 03
7. 07 01 O1 8. 03 04 05 9. 04 05 04
01 01 O 04 02 O 02 03 03
04 02 06 03 01 06 02 06 02
10. 02 02 02 11. 06 06 O 12. 02 02 06
04 06 02 01 03 04 06 02 02
02 01 06 02 03 06 03 0 06
13. 025 0,75 03 14. 0O 02 03 15. 05 02 04
045 015 01 08 05 01 02 08 O
05 035 033 02 04 01 02 01 06
16. 025 035 033 17. 02 02 08 18. 02 07 03
025 03 034 06 04 01 06 02 01
05 025 02 06 02 03
109. 035 035 025 20. 025 02 04
015 04 055 015 06 03

3. MoaeanpoBaHHe OJHOKPATHBIX (PHHAHCOBBIX OoNepanuii

He4veTHble BApHAHTHI

[Ipu poxkneHuu BHyKa JeAylIKa MOJIOKUT B OaHK Ha t sieT moa p % roaoBbIX
HekoTopyto cymmy Kp. Kakoit Oymer cymma Bkiaga uepe3 7 JieT, €clu TPOIEHTHI
HauyuCcIstoTess M pa3 B roa? Ecnmu mM#1 HallTH COOTBETCTBYIOIIYIO TOJIOBYIO
2 peKTHBHYIO CTaBKy mporeHTta. Kakoit OymeT cymma Bkiama yepe3 1 JieT, ecid
MPOICHTHI HAYKUCIISIOTCS € CHIION pocta O = P %7?
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YeTHbIE BAPHAHTHI
Temn wHpMsIEE coctaBiusier p % B Mecsan. Ha CKOMBKO  yMEHBIIATCS

nepBoHauanbHas cymma Ko uepe3 BpeMs 1 ? HaiiTu aOCOJIOTHYIO IOTPEITHOCTh
BBIYHCIICHUI 10 TOYHOW W NUpHOIMKEHHOW (opmyrnam u 3((HEKTHBHYIO T'0JIOBYIO
MPOICHTHYIO CTaBKY.

No JTAHHBIE No JTAHHbIE
Bap. | p% KCI);yTg .IC' m T ner | Bap. p% K(I);yTg .IC' T ner
1. 7,75 10 1 4 2. 1 11 1
3. 4 100 3 2 4. 2 25 3
5. S 50 4 1 6. 3 500 0,5
7. 1,5 15 12 3 8. 2,5 800 0,25
9. 2,5 3 6 3 10. 4 30 5
11. 6 7 3 1 12. 6 25 4
13. 5 20 2 1,5 14. 8 35 2
15. 6,5 15 4 2 16. 3 40 2,5
17. 9,75 5 2 0,5 18. 2 20 3
19. 7 300 1 2 20. 0,6 15 3,5
21. 9,5 70 4 2 22. 0,2 50 S
23. 10 30 2 3 24. 0,3 40 4

4. PuHAHCOBbIE PEHTHI

Omnucath peHTY B TepMUHAX (PMHAHCOBOW MAaTeMATHWKH, YKa3aTh €€ MapaMeTphl.
Omnpenenuth KOA(GQUIMESHTH HAPAIICHAS U PUBEJCHUS PEHTHI. BEIMONIHATE 3aj1aHue,
YKa3aHHOE B YCJIOBUU 33JIa4H.

Ne
Bap.
1. | B ¢onn exxeromno B koHIle roja nmoctynaroT cpeacta mo 10 000py06. B Teuenue
7 7ner, Ha KOTOphIE HAYHCISIOTCS MPOIEHTHI Mo cTaBke 15 % roaoBBIX.
Onpenenuth BenunHy (OHJIA HAa KOHEI[ CPOKa U €T0 COBPEMEHHYIO CTOUMOCT.
2. | B doun exeromno B KoHIe roja moctymarot cpeacrsa mo 10 000 py6. B
Te4eHue 7/ JIeT, Ha KOTOphle HAYMCISIOTCS MPOIEHTh Mo craBke 15 %
rofoBbIX. lIpomeHTsl HaumcistoTes exeMecsdHo. OTmnpeneinuTbs BeTHIHHY
(oHJ1a Ha KOHEIl CPOKA U €r0 COBPEMEHHYIO CTOUMOCTb.

3. | B doHn exeromHo B KoHIE roja moctymaroT cpeacrBa mo 10 000 py6. B
Te4eHue 7 JeT, Ha KOTOphIe HAYUCISIOTCS MPOIEHTHl Mo crtaBke 15 %
roZIoBbIX. [IpOTIeHThI HAYMCISIOTCS eXeKBapTalbHO. OIpeneuTh BEeTHINHY
($oHJ1a Ha KOHEIl CPOKA U €r0 COBPEMEHHYIO CTOUMOCTb.

4. | B ¢onx exxeroaHo B Havase roja mocrynaror cpejacrsa mo 800py0. B TeueHme
9 ner, Ha KOTOphIE HAYHCISIOTCS MPOILEHTHI Mo cTaBke 12,5 % romoBBIX.
Onpenenuth BenuMunMHY (OHIA HaA KOHEI[ CpOKa M €ro COBPEMEHHYIO
CTOUMOCTb.

5. | B ¢gonx exerogno mocrymaror cpeactBa mo 10 000 py6. B TedeHwe 7 JieT,
Ha KOTOpbIe HAYHCIIFOTCS TMPOIEHThI Mo cTaBke 15 % romoBbix. Beimmarer
MIPOU3BOJIATCS B KOHIIE KBAapTala, a MPOIEHTHI HAYMCISIIOTCS €KEMECSIHO.
OnpenenuTh BeMUUHY (POHA HAa KOHEI] CPOKA M €r0 COBPEMEHHYIO CTOMMOCTD.

6. | Ilpennpustue maaHUpPYeT MPOBECTH 3aMeHy oOopyaoBaHus dYepe3 4 roja.
Jlnst aToro emy notrpedyetcst 20 maH py0. Kakyro cymmy TpeGyercsi BHOCUTh

VcnoBue 3agaun
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€XKeroJHo B OaHK, YTOOBI HAKOMHUTH yKa3aHHYI) CYMMY HpH YCIOBHH, YTO
OaHk mpejpraraet cTaBKy 9 YT00BBIX € €KEKBAPTATHLHON KalTUTATU3AINCH ?

VYciaoBue 3amaun

B ¢onx exeromno mocrymaror cpepctBa mo 10 000 py6. B Tedenwe 7 JieT,
Ha KOTOpbIe HAYHCIIFOTCS TMPOIEHTHI Mo cTaBke 15 % romoBeix. Beimmarer
MIPOU3BOJIATCS B KOHIIE KKIOTO MECSIIA, MPOIEHTHI HAYUCIISIFOTCST €KEMECSIHO.
OnpenenuTh BeMUUHY (POHA HAa KOHEI] CPOKA M €r0 COBPEMEHHYIO CTOMMOCTD.

B ¢oun exeromno moctynarot cpeactBa mo 800 py6. B Teuenme 9 ner, Ha
KOTOpBIE HAYHUCISAIOTCS TPOIEHThl Mo cTaBke 12,5 % romoBbix. BeImuiarer
MPOM3BOSTCS B Haudalle KaXIOTO KBapTala, a TPOIEHTH HAYMCILIFOTCS
exemecsyHo. Onpenenuts BenUuuMHY (GOHJA HAa KOHEI[ CpOKa U €ro
COBPEMEHHYIO CTOUMOCTb.

B ¢oun exeromno moctymaroT cpeactBa mo 800 py6. B Teuenue 9 net, Ha
KOTOpBIE HAYMCISIOTCS TMPOIEHTH 1o cTaBke 12,5 % romoBwix. Beimiars
MPOU3BOJATCS B Hayaje MECAIA, IPOIEHThI HAYHCIISIOTCS EKEMECSIHO.
Onpenenuth BenuMunMHY (OHIA HaA KOHEI[ CpOKa M €ro COBPEMEHHYIO
CTOUMOCTb.

10.

B ¢onn exeromno moctynaror cpeactsa o 10 000py0. B TeueHne 7 JeT, HA
KOTOpbIe HAYUCISIOTCS MPOIEHTHl 1o cTaBke 15 % romoBeix. BeimmaTer
OCYIIECTBIISIOTCS. B KOHIIE KaXI0TO KBaprana. OmnpenennTs BeInunHy (oHIA
Ha KOHEI[ CPOKa U €r0 COBPEMEHHYIO CTOMMOCTb.

11.

B ¢onn exeromno moctynaror cpeactsa mo 10 000py0. B TeueHne 7 JeT, HA
KOTOpbIe HAYUCISIOTCS MPOLEHTH 1o craBke 15 % romoBeix. BeimmaTsr
OCYIIECTBIISIOTCS. B KOHIIE KaXKI0r0 Mecsia. OnpenenuTs BeIuuuHy (QoH/Ia Ha
KOHEIIl CPOKa ¥ €r0 COBPEMEHHYIO CTOUMOCTb.

12.

B ¢oun exerogno mocrynarot cpenacrsa mo 10 000py6. B TeueHne 7 JeT, Ha
KOTOpble HAYUCISIOTCS TpomeHThl 1o craBke 15 % romoBeix. Brmmmarsr
MPOU3BOJITCS B Haualle KaXJAOTO KBapTala, a TMPOIEHTH HAYHUCIISTIOTCS
exxeMecstyHo. OnpeenuTh BelnuuHy (POoH/a Ha KOHEIl CPOKa U €T0 COBPEMEHHYO
CTOMMOCTb.

13.

B ¢oHI exeroHo B Havyalle rojia moctymaroT cpeactsa mo 800py6. B TeueHHe
9 7ner, Ha KOTOphIE HAYHCISIOTCS MPOILEHTHI Mo cTaBke 12,5 % romoBbIX.
[IporieHThl HAYMCHSAIOTCS eXemecsuHOo. OnpenenuTh BenMUMHY (oHIA Ha
KOHEIIl CPOKa ¥ €r0 COBPEMEHHYIO CTOUMOCTb.

14.

B ¢oHI exeroHo B Havyalle rojia moctymnaroT cpeactsa mo 800 py6. B TeueHHe
9 ner, Ha KOTOpPHIE HAYUCISAIOTCS MPOIEHTHI Mo cTaBke 12,5 % ro/oBHIX.
[TporeHThI HAYUCIIAIOTCS eXKeKBapTalTbHO. ONpeeuTh GOH/Ia Ha KOHEIT CpoKa
U €r0 COBPEMEHHYIO CTOUMOCTD.

15.

B ¢oun exeromno mocrymaroT cpeactBa mo 800 py6. B Teuenue 9 neT, Ha
KOTOpBIE HAYHCISAIOTCS TMPOIEHTH 1o cTaBke 12,5 % romoBwix. Beimiars
OCYIIECTBIISIOTCS B HaYaJle KaIoro kBapraia. OnpeeuTh BeIMIUHY (POH 1A
Ha KOHEIl CPOKa U €r0 COBPEMEHHYIO CTOMMOCTb.

16.

Jlst mpoBeieHUsT 3aMEHBI 000PYA0BaHUS MPEIMPUATHIO HEOOXOAMMO 3a S JIeT
HaKOMUTh 5 MITH py0. EkekBapTalibHO OHO MOKET BHOCUTH B OaHK JJIs ATOMU
nenu 50 Teic. pyO. Ha cmenmuadbHBIA cdeT. [lom Kakylo CTaBKY CIOKHBIX
MPOILIEHTOB HEOOXOJUMO BKIAJbIBAaTh JTH JIGHBIH, YTOOBI HAKOIHUTH
TpeOyeMyIo CyMMY B YKa3aHHBIN CPOK?

17.

Jlns mpoBesieHrs 3aMeHbl 000PYAOBaHUS MPENPHUITAI0 HEOOXOIUMO HAKOIHUTH
10 My pyO. Esxerogno oHO MOKeT BHOCHTB B OaHK i1t 3Toi e 100TeIc. pyo.
Ha CrelualbHbI cuet. bank mpemaraer craBky 9,5 %ronoBeix. Uepes CKOIBKO
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JIET Ha cUeTe OKakeTcs Tpedyemast cymma?

18. | lns mpoBefeHHsT 3aMEHbl OOOpYJIOBaHUSI MPENNPUATHIO HEOOXOAMMO
HakomuTh 30 MutH py0. ExxemecsuyHO OHO MOYKET BHOCHTH B OaHK ISl 9TOH
nenmu 100 TeIc. py6. Ha cnenumanbHblid cuer. bank mpeanmaraer craBky 8 %
rofioBbIX. Yepes CKOJIBKO JIET Ha cUeTe OKaKeTCsl Tpedyemasi cymma?

VcnoBue 3agaun
Bap. A

19. | [IpennpusiTie IUIAaHUPYET IMPOBECTH 3aMeHy oOopyloBaHMs uepe3 4 rona.
Jlst aToro emy motpedyercs 20 maH py6. Kakyto cymmy Tpebyercs BHOCUTH
€XKerogHo B OaHK, 4TOOBl HAKOMHUTH YKA3aHHYIO CyMMY IpH YCJIOBHH, YTO
OaHK npejpraraet cTaBKy 8 Y0T0JOBBIX C €KEMECTIYHOW KauTaTn3ainei?

20. | [nsa mpoBeneHHs 3aMeHbl 000y I0OBaHUS MPEANPHUITHIO HEOOX0IUMO 3a 6 JieT
HakomuTh 10 MiH py6. Exerogno oHO MOXKET BHOCHTH B OaHK ISl TOW LIEeNTH
100TsIc. py0. Ha crieruanbHbIi cueT. [1o/1 Kakyro CTaBKy CIIOKHBIX IPOLIEHTOB
HEOOXOMMO BKJIJBIBATh ATH JEHBIH, YTOOBI HAKOIHTH TPEOYEMYIO CyMMY
B YKa3aHHBIH CPOK?

5. MoaenpoBaHue NOTPeOUTEILCKOTO Clpoca

JlaHa QYHKIMS TOJE3HOCTH OT JBYX OJjar u(Ql, Qz). Ilenpr Oyar paBHBI
coorBercTBeHHO P} =10 nenexHsIx eauHul, P, =2 neHexHble €IUHMIBI, JOXOX
noTpeduTens orpanuueH BenuunuHoM | = 60 IeHeKHBIX eTUHUII.

1. Haiitu ontumansHoe pacupeneneHue o6gar Q; u Q, ¥ COOTBETCTBYIOIIYIO UM
MOJIE3HOCTH (CeNIaTh YEPTEK).

2. IloxyunTs 00muit BUA GYyHKIUN TOTPEOUTEIHCKOTO CIIPOCa, a TAKKe:

a) npsiMble QyHKIWH cripoca Ha Oiiara Q u Q, B 3aBHCHMOCTH OT IICH;
0) mepexpecTHbIe GYHKINU crpoca Ha 6mara Qp u Q, B 3aBHCHMOCTH OT IICH;
B) (¢yHKIMH cripoca Ha 6iara Qp, Q, B 3aBHCHMOCTH OT JI0X0/1a TOTPEOUTEIIS.

3. IlpoBectn wuccienoBanue OJHO(AKTOPHBIX (YHKIUI copoca, MOCTPOUTH

CXEeMaTHYHO WX TpapuKu. BEISICHUTE!
a) K KakoMy THITy IprHaIexat omara Q u Q,;
0) KaKoi MMEHHO TOBAp OHH MOTYT HPEACTABIATH (IPOIYKT MUTAHUS, OISKIY,
OBITOBYIO TEXHHKY H T.IT)?

4. Haiftm dacTU4HBIE KOI(Q(UIUEHTH 3JACTHYHOCTH OO0MmMX  (QyHKIUH
HOTPeOUTENILCKOTO cripoca Ha Osara Qp, Qo mo BceM aelcTByromuM (hakropam.

5. Paccunrtats 3(pexTrl 3aMeHb! IpU HANUYUU KoMIeHcaruu ajst 0xar Q u Q,.

Onenuts Omara Q; m Q, C TOYKM 3peHHS HMX B3aUMO3aMEHSEMOCTH MU
B3aHMO/IOIOJTHSAEMOCTH.

No OyHKIMS MOJE3HOCTH No DyHKIUS TOJE3HOCTH
Bap. u(Ql, Qz) Bap. U(Ql, Qz)
1L | u(@,Q;)=2In(Q,-3)+5In(Q,-6) | 2. u(Q1, Q2)=QiQ,
Q%
. , =5Q, -3)+2 -10 . =
3 u(Q1, Q2)=5(Q; -3)+2(Q, -10) 4 u @ +2)
5. u(Q;, Q2)=10l0g3(Q; -2)+5log; Q, 6. U(Q1,Q2)=Q1]/2Q22/3
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7. u(Q, Q,)=4(Q, -6)+(Q, -8) 8. _%123
(Q,+2)

9. u(Q:,Q,)=3IgQ; +5lgQ, 10. | u(Q,Q)=9/%Q;*
11. U@ Q)= -0*(@Q-9%* |12 | u(@.Q)=0/%Q3?
No OYHKIMS MOJE3HOCTH No DyHKIS TOJIE3HOCTH
Bap. u(Ql, Qz) Bap. U(Ql, Qz)

3

13. | u(Q, Q,)=2log,(Q, -16)+log,(Q, -8) | 14. u :%
(Q.+3)

15| u(Qn0s)= -S4 -(Q-20f |16 | u=— %

Q>(Q -3)

17. uQuQ2)=(@-2**(Q,-9)* |18 | u(QQ,)=Q0Q}

302 4~-2

10 U :%%5 20. 4 :&22
(Ql + 2) (Ql - 2)

toapa P: D(P), S=S(P). Haiiru:

1) paBHOBECHYIO IICHY;
2) 5IaCTHYHOCTD CIIPOCa U MPEIOKEHUS TIPH PAaBHOBECHOM IIE€HE;
3) usmenenme cmpoca (B MPOIEHTaX) W HM3MEHEHHE JjJ0Xxoaa (B IPOIEHTaX)

1IpH YBCIIMUCHUHA IICHLI HA d %,

6. [IpocTeiiast Moae/ib PLIHOYHOTO PABHOBECHSI

HyCTB OIIBITHBIM ITYTEM YCTAHOBJICHBI (I)yHKI_[I/II/I CIIpoca U NPCJIOKCHHUA OT IICHBI

4) BBIACHUTH JABYMsL crmocobamu  (rpaduvyeckd ¥ € HCIOJH30BAHHUEM
BHaCTI/I"IHOCTI/I), ABJICTCH JIM JaHHAA TaYTUHHASA MOJCIIb «Cpr‘lHBB,IOH.IGﬁCSI».
No JaHHEIE No JAHHEIE
sap.| D =D(P) S=S(P) |a%|sap. D(P) S=S(P) |a%
1, | D300 1 s_16412p | 25| 2.| D=10-2P | S=1+4P | 4
3.] D=9-P S=1+P [10| 4. D=13-5P [ S=5+11P [ 35
5.| D(P)=7-p | S(P)=p+1 | 5| 6.| D=8-2P | S=2+6P | 1,5
_p+8 _ _p+ 10 )
7.| D)= | SP)=p+os5 | 5 | 8. D(P)=="7 | s(P)=p? | 25
1 1
9, D(P):F s(P)=p? | 3 |10 D(F’)——IO P=p | 11
D(p)—i 04 D(P):i 3
11. R s(P)=p 3 |12 o2 s(P)=p® | 7,5
13.| D=19-2P | S=3+2P [11[14.| D=10-3P | S=2+6P | 45
3
15.| D=11-3P | s=3+P | 8 |16.| D(P) "0 qp)=2mp | 3
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48
17.| D=15-3P | sS=1+4P | 6 |18. D(F’)=? 4P)=3p | 5
32
19.| D=23-3P | S=5+6P |1,5/20. D(P):F 4P =8p | 5,5
/. IlpenenbHble MOKA3aTeJU B IKOHOMHUKE
U ONITUMH3ALHUA IPOU3BOACTBA
[Tpon3BoUTENb peau3yeT CBOIO MPOJYKIIUIO 110 IICHE P(Q): p—-cQ 3a
CNUHMILY, a W3JICPKKA TpPH OTOM  3aJal0TCs  KyOMYEeCKOM  3aBHCHMOCTBHIO

C(Q)=aQ+ Q3 (a<p, A>0). Haiiru:

1) onTHManmBHBIA JUIS TPOU3BOJMTENS 00BEM BBITyCKa NpoayKnuu Qy u

COOTBETCTBYIOIIYIO €My MPHOBUIb. a) MPH OTCYTCTBHHM HAJIOrOOOJIOXKEHHS, 0) mpH
Hajore [ Ha €IWHUIYy NPOIYKIWH, B ciydae O) HANTH MaKCHMMAIbHO BO3MOYKHYIO

CTaBKY HaJlora Ha IIpUOBLIb;
2) cpenHMeE U IpeJiebHbIe H3JIeP)KKHU IIPU YpOBHE BhITycka Qg ;

3) cpeHIOI0 U MpeeTbHYIO BEIPYUKY IIPH YpOBHE BhITycKa Qg

4) omnpenenuTh, KaKOH THUI HSKOHOMHYECKOW CTPYKTYpbl (MOHOIIOIHMU WA
COBEPIIECHHON KOHKYPEHIIMH) UMEET MECTO B JJAHHOM 3a1aye.

Ne JTaHHBIE No JaHHbBIE
Bap. | p c a ) B | Bap. | p c a A b
1. 100 3 30 0,03 5 2. 340 0 200 0,06 50
3. 100 | 2,75 20 0,04 10 4/ 150 0 50 0,007 55
5. 200 5 20 0,04 24 6. 250 0 8 0,04 50
7. 300 15 25 0,06/ 38 8. 500 0 340 0,05 10d
9. 220 15 40 0,06 20 10, 450 0 150 0,03 120
11. 400 20 50| 0,005 20 12) 15 0 7,5 0,003 3
13. 400 25 80 0,02 4% 14, 22 0 7,5 0,004 8
15. 350 10 100 0,02 4% 16) 25 0 10 0,002 8
17. 420 18 160 0,2 60 18. 40 0 11 0,008 16
19. 380 8 160| 0,009 56 20| 50 0 15 | 0,007% 25

8. Ouenka paBHOMEPHOCTH pacripe/ie/ieHus1 JO0X0A0B B 001IeCcTBe
Haiitu unnexc Jxunu, ecnu peanbHas Gynkuus JlopeHna umeer Buj Yy = f(X).

BrimonauTh YUCPTCIK.

Ne AHHBIC Ne AHHBIC Ne AHHBIC Ne AHHBIC
Bap. A Bap. A Bap. A Bap. A
Lol y=h3| 2| y=x* | 3 y=x® 4. | y=3x
5. | y=x | 6 | y='x® | 7. | y=4x° 8. | y=3
0. | y=x [10. | y=x* | 1L | oy |12 y=%(x2 )
13. | y=x" |14. | y=x® | 15 y=x° 16. y=x0
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17. | y=x2 [ 18, | y=y/3 | 19. | y=1-41=@ [ 20. | y=y/a

9. Ouenka 3¢)¢eKTUBHOCTH NMOTOKA MJIaTekKei

IlepBonauasibHble 0a30Bble KalMTAIOBIOXKEHUS 110 WHBECTUIMOHHOMY IIPOEKTY
COCTaBWJIA ¢ MITH py0. M HaMe4aeTCsl €KEroTHO YBEIMYMBATh KAlTUTAJIOBIOKEHUS Ha D
MJTH py0. OmpenenuTs:

1) NPV 3a T 7ner mpu NpoOIEHTHON cTaBKe p % TOJOBBIX IO JIUCKPETHOW M

HEINpephIBHOU (hopMyITaMm;

2) MakcuMabHO Bo3MokHOe 3HaueHne NPV o HenpepriBHOM Bopmyie;

3) mepro1 OKyIaeMOCTH HHBECTHIINHA.

No JAaHHBIE No JAaHHBIE
- a, MiH | b, M tner | p% | Bap a, MiiH | b, Myt tner | p%
py6. | pyb. py6. | pyo.
1 11 2 2 7 2. 15 5 5 7
3. 15 1 3 5 4, 14 4 7 4
5. 12 3 5 8 6. 17 2 4 6
7. 10 1 4 9 8. 11 5 3 3
9. 18 4 7 7 10. 16 2 2 3
11. 13 2 3 6 12. 13 1 3 5
13. 14 5 4 2 14. 11 6 4 7
15. 20 4 3 5 16. 12 2 5 3
17. 16 6 6 9 18. 10 4 8 4
19. 11 1 2 4 20. 14 2 7 8

10. lmHaMuyeckas Mo/ieJib PbIHOYHOTO PABHOBECHS

3aBHCUMOCTH CIIpoCa W NPCJIOKCHHUA OT BPEMCHHU 3adaHbl COOTHOUICHUSIMU
D(t)=d;P" +d,P' +dsP +d,, S(t)=5P"+s,P' +5;P+s,,tme d; u s (i=14) —
BCUICCTBCHHBIC 4YHCIIA. B HavanbHBIT MOMEHT BpEMCHU t=0 oeHa CcocCTaBlisiiia
BCIIMYHUHY PO YCIIOBHBIX ACHCKHBIX CAWHUI], @ CKOPOCTH HU3MCHCHHA NCHLI HMECJIa
3HAQUYCHUC Pl YCIIOBHBIX JICHCKHBIX CIUHUI] B CAUHUIY BPCMCHU. Haiitu PaBHOBECHYIO
ICHY Pp " JUHAMUKY I CHBI P(t) Ha TOBap. BLISICHI/ITB, KaKO€ COCTOSHHEC OIIMCHIBACT

MOJYYEHHOE  pEeIlIEHUWEe:  COCTOSIHUE  YCTOMYMBOIO  pPAaBHOBECHS,  COCTOSIHHE
HEYCTOHYMBOIO PaBHOBECHSI, COCTOSIHUE TTAHUKHU Ha PhIHKE?

No JTAaHHBIC
Bap.| d d, d3 dyg S S S3 Sy Po P
1. 2 4 7 13 1 2 7 13 11 4
2. 1 4 -3 10 2 2 -3 10 3 8
3. 2 -2 6 1 1 1 4 1 3 4
4, -2 -2 6 2 -1 1 4 1 3 3
5. 4 1 2 -3 3 -3 2 -3 5 -2
6. 4 1 8 11 3 3 8 11 5 )
7. 2 3 3 3 1 3 -1 -1 4 D
8. 2 2 1 9 1 2 5 9 8 a4
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W = Oy 0O &= Ur =

UT

9. 2 3 5 3 1 2 5 5 1(
10. 2 2 6 5 1 3 6 3 1(
11. 2 7 1 6 1 7 5 2 T
12. 2 2 1 26 1 2 5 2 14
13. 2 1 3 4 1 4 2 5 3
14. -2 1 3 4 -1 3 2 5 12 -1
15. 2 4 3 4 1 1 2 5 12 -3
No JTAaHHBIE
Bap.| d d, ds dyg S S S3 Sy Po P
16. 4 1 2 1 3 3 3 2 1,5
17. 4 3 2 4 3 1 3 2 1,5 1
18. 4 5 2 2 3 1 3 1 3 1
19. 2 4 6 10 1 2 3 10 4 4
20. 3 -1 -2 18 4 1 3 3 4 1

11. Makcumu3anusi NpudbLIH NpeANPUSITHS

[IpouzBosacTBeHHAs (PYHKIMSI HEKOTOPOTO HpeINpHUsITHsS uMmeeT Bujg Q = yKaL'B ,
LeHa eIMHUIBI TPOAYKIMH P JeHeXHbIX enuHHI, (YHKIHS HU3JepXkKeK JIHHeWHa,
CTOMMOCTh apEH[Ibl €MHUIBI TTPOM3BOJCTBEHHBIX (OHIOB Wy JICHEKHBIX €IUHHII,

CTaBKa 321p216OTHOI7I I1J1aThI W|_ JCHCKHBIX CAMHUIL Ha YCJIOBCKA. Hatitu:

1. OnTumansHOE pacmpesiefieHHe PecypcoB M COOTBETCTBYIOIIYIO €My HPUOBLIb
OT IPOM3BOJICTBA OJHOTO BHUJA NPOAYKIMH B JIOJTOCPOYHOM TMEPHOJE, €CIH
MPEeANPHUSTHE MOXKET HEOTPAHNUEHHO YBEIMUNBATh 3aTPaThl PECypCOB.

2. OntuMalibHOE pacIpe/ielieHne PecypcoB M COOTBETCTBYIOIMIYIO €My MPHUOBLIH
OT MPOU3BOJICTBA OJJHOTO BHJIa MPOIYKIIMH B JIOJITOCPOYHOM IEPHOJIE, €CIU 3aTPaThl
pecypcoB orpaHndeHs! BennanHoi C NeHeKHBIX eUHUII.

3. dyHKIUY crpoca Ha pecypehl, (QyHKIHIO MPEATOKEHHUS BBITYCKA.
4. VpaBHEHHE JIUHUU JIOJITOBPEMEHHOTO Pa3BUTHUSL (PUPMBI.

5. IIpenensHyt0 HOPpMY 3aMEHBI OTHOTO pecypca APYTHM.

6. PpIHOUHYIO IIEHY eIMHUIIBI TPOTYKIIHH.

Ne JTaHHBIE
Bap. | Wy w Co P y o S
1. 2 3 6 8 1 0,5 0,5
2. 2 2 5 7 2 0,4 0,6
3. 3 2 6 7 3 0,5 0,4
4, 4 1 6 10 3 0,3 0,6
5. 1 4 6 9 4 0,7 0,3
6. 2 2 6 8 4 0,5 0,2
7. 3 2 7 12 5 0,2 0,5
8. 1 2 4 9 2 0,3 0,5
9. 3 3 6 5 2 0,6 0,3
10. 2 9 12 10 3 0,6 0,6
11. 4 2 8 5 4 0,5 0,6
12. 2 4 8 6 3 0,6 0,5
13. 3 3 8 6 2 0,6 0,6
14. 4 4 10 5 6 0,4 0,4
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15. 2 5 7 5 2 07 0,5
16. 5 4 0 6 2] 05 0,7
17. 1 4 6 6 3 2 4
18. 4 1 6 5 4 1 2
19. 3 1 4 4 4, 0,1 1,5
20. 1 3 5 4 3 3 3
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